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5/017 f_-0-7 /87 BOD in Water and Wastewater 7/30/87 

l .s. Environmental Protection Agency 
l~LP Sample Management Office SAS Number 
P.O. Box 818, Alexandria, Virginia 22313 

f 'HONE: (703)/557-2490 or FTS/557-2490 
I 
I 

' l 
i . 
t 

SPECIAL ANALYTICAL SERVICES 
Client Request 

Approved for Scheduling 

r·-- Regional Transmittal Telephone Request i ·,· __ 
EPA Region/Client: ___ R_e_g_i_on_v _________________________ _ 

RSCC Representative: Dennis Wesolowski 

•~. Telephone Number: 

f ~- Date of Request: 

(312) 886-1971 

E. Site Name: Moss-American WI 
1. 

Please provide below a description of your request for Special Analytical Services under 
· ; •.he Contract Lahoratory Program. In order to most efficiently obtain laboratory capability for 

: our request, please address the following considerations, if applicable. Incomplete or 
!erroneous information may result in delay in the processing of your request. Please continue 
.. response on additional sheets, or attach supplementary information as needed. I . 
. -. 

j_ 

]_ 

L> 

L 

L 
L 

General description of analytical service requested: Analysis of 

biological oxygen demand (BOD) in water and wastewater. Samples will be unfiltered. 

Results are reported as mg/1 oxygen. 

Definition and number of work units involved (specify whether whole samples or 
fractions; whether organics or inorganics; whether aqueous or soil and sediments; 
and whether low, medium, or high concentration): 

Analyze 27 groundwater and 10 surface water samples including field duplicates and 

blanks. Whole aqueous samples of low concentrations are assumed. 

Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA, 
NPOES, etc.}: 

Superfund, Enforcement 



5/017l!:,-0-7 /87 BOO in Wat.and Wastewater 7/30/87 
1' 

- 2 -

4! · Estimated date(s) of collection: ---------------------------
5. Estimated date(s) and method of shipment: Daily by overnight carrier 

, . 

I 
I , 

,o. 
j I 

i 
I 
l. 

Number of days analysis and data required after laboratory receipt of samples: 

Laboratory should report results within 30 days of receipt of samples. 

Analytical protocol required (attach copy if other than a protocol currently used in 
this program): 

BOO "Standard Methods for the Examination of Water and Wastewater" 15th or 16th 

Edition, Method 507. All samples will be seeded unless otherwise stated. 

Special technical instruction (if outside protocol requirements, specify compound 
names, CAS numbers, detection limits, etc.): 

Set-up 3 or more sample dilutions so that two 
or more sam le dilutions overla to result in a residual 0.0. >or= to 1 m /1 and a 0.0. 
depletion~ 2 mg/ • Measure the seed BOO using 2 or more di utions Section 5d. BOD 
results for 2 dilutions should a ree within+ or - 15\. Anal ze unseeded dilution water 
banks , and g ucose-g utam,c acid checks Section b of Method O , both 1n dup icate, 
in addition to samgle dilutions. Determine the initial and final 0.0. for each bottle. 
Store samples at 4 C until analysis. The holding time is not to exceed 48 hours from the 
time of the be innin of sam le collection. Dilution water will be seeded so that calcu
lated 00 uptake from BOO of seed w11 be between 0.6 and 1.0 mg/1 Section 5d of Method 
507). Do not use seeded blanks to estimate seed corrections. All rocedures defined in 
the Method must be fol owed precise y. Check for interferences Section Se. 

Analytical. results required (if known, specify format for data sheets, QA/QC reports, 
Chain-of-Custody documentation, etc.). If not completed, format of results will be 
left to program discretion. 

All measurements and calculations must be documented and submitted. Submit all raw 
data. Report initial and final 0.0. from each bottle. Report BOO in mg/1 for each 
bottle and the deletion ran e listed above usin cal-
cu at,ons spec, ect,on o Metho • Report resu ts o 
du licates unseeded dilution water blank BOO of seed calculated 00 u take of seed in 
seeded dilution water, and g ucose-g utamic acid check. 
EPA QC reference samples, or any other reference sample or initial calibration verifica
tion, will be identified as to source, lot number, and sample number. Corresponding 
"true""or tar et values and associated 951 confidence limits for anal sis will be rovidec 
or a re erence samp es used. 

j 
J .10. Other (use additional sheets or attach supplementary information, as needed): 

I 
l 
L ·11 • Name of samp 1 i ng/ shipping contact : ____ J_e_f_f_K_e_1~· s.,.e_r _____________________ _ 

Phone: ____ 4wlw4.(.2.z2.-~2~4w2~6.._ _______________ _ 



3. 
5/017G-0-7/87 BOD in Water and Wastewater 7/30/87 

\. I. DATA REQUIREMENTS_ 

, .... 
' 

' . 

,. 
i 

' ' . I 

I. 

I 

'·. 

f . 

1 . 

1-

Parameter: Detection Limit 

BOD 2 mg/1 

Precision Desired 
(:,i or Cone.) 

Differences in duplicate 
series of sample results 
shall not exceed 
2 mg/l for concentrations 
less than 20mg/l. 

II. QC REQUIREMENTS Oo not use any field blanks for QA audits. 

Audits Regui red 

Glucose-Glutamic acid 
checks 

Duplicate (full dilution 
series) 

Unseeded Dilution Water 
Blanks 

DO Uptake of seed in 
seeded dilution water 

(calculated) 

1 set of EPA QC Demand 
Reference Samples 
( if specified) 
Yes No 

Frequency of Audits 

1 pair per set of 
samples 

Limits*(% or Cone.) 

160-240 mg/1 

at least 1 per group + or -(10% or 2 mg/1) 
of 10 or fewer samples 

1 pair per set of sam- <or= to 0.2 mg/1 
ples, including 1 pair 
for each lot of dilu-
tion water 

calculated for each 
lot of seeded dilution 
water 

1 set of 2 per sample 
set 

. ...... 

0 .6 to 1.0 mg/1 

75 - 125~ Recovery 

Ll I I. ACTION REQUIRED IF LIMITS ARE EXCEEDED: 

I 
l ~ Take corrective action and reanalyze samples - Contact Jay Thakkar (312) 886-1972 

L or Chuck Elly (312) 353-9087. 

[ . 
~-Please return this request to the Sample Management Office as soon as possible to expedite 
, orocessing of your request for special analytical services. Should you have any questions 
l!r need any assistance, please call the Sample Management Office. 



~Lo20.,G;_-o-6181 Total Organic Carbon in Water 6/30/87 

' 
l.S. Environmental Protection Agency 
CLP Sample Management Office 
I?··· O. Box 818, Alexandria, Virginia 22313 
P. ONE: (703)/557-2490 or FTS/557-2490 

I. 

SPECIAL ANALYTICAL SERVICES 
Client Request 

r -:-1 Regional Tcansmittal Telephone Request 

r· 
I 
; 

/!;. EPA Region/Client: Region V 

~- RSCC Representative: Dennis Wesolowski 

c. Telephone Number: (312) 886-1971 
r 

d 1 . Oate of Request: 

E- Site Name: Moss-American, WI 

SAS Number 

Approved For Scheduling 

Please provide below a description of your request for Special Analytical Services under 
t·e Contract Laboratory Program. In order to most efficiently obtain laboratory capability for 
y ur request, please address the following considerations, if applicable. Incomplete or 
erroneous information may result in delay in the processing of your request. Please continue 
r; sponse on additional sheets, or attach supplementary information as needed. 

r. General description of analytical service requested: Analysis for total organic 
' 
I 
i" 

I . 
I • 

\ : . -
carbon in water (surface waters, groundwaters, drinking waters, leachate, etc.). Most 

samples will be unfiltered, although certain aliquots can be filtered· and preserved at 

the time of collection. Results are reported as mg/1 C • 

~~ Oefiniti~n and number of work units involved (specify whether whole samples or 
fractions; whether organics or inorganics; whether aqueous or soil and sediments; 
and whether low, medium, or high concentration): i . 

i 
\; Analyze 27 groundwater and 10 surface water samples including field duplicates and 

blanks. Whole aqueous samples of low concentration are assumed. 

~.~ ~~~~~~ee~~-)~alysis (specify whether Superfund (Remedial or Enforcement), RCRA, 

Superfund, Enforcement 

r : 



5/020.,(i-0-6/87 Total Organic Carbon 6/30/87 
- 2 -

~. Estimated date(s) of collection: ---------------------------·-• Estimated date(s) and method of shipment: __ o_a_i_l_y_by_o_v_e_r_n_i_g_h_t_c_a_r_r_i_e_r_. _________ _ 

6. Number of days analysis and data required after laboratory receipt of samples: 

7 
i • 

'. 

Laboratory should report results within 30 ~ays of receipt of samples. 

Analytical protocol required (attach copy if other than a protocol currently used in· 
this program): 

EPA Method 415.1 (combustion or oxidation). 

Samples will be preserved with 1 ml/1 H2S04 to pH <2. Samples will be stored at 4°C 

until analysis and validation of results. 

6. Special technical instruction (if outside protocol requirements) dilute and rerun samples 
with absorbances higher than the highest standard: 

I 

I . 

Check sample pH with (wide range pH 
paper). If pH >2 contact CPMS, CRL for instructions. The holding time is not to exceed 28 
days from samele collection. Homogenize samples if necessar~. Qualify results where 
suspended solids content may affect accuracy. Instruments with syringe injection will 
utilize 2 injections er measurement. If the 2 injections differ b more than 10% or 
2 mg , repeat and report the average of injections. Inorganic carbon wi be purged 
from solution or, if determined separately, subtracted from total carbon values. Obtain 
approval of CPMS, CRL, prior to use of any other method. The calibration curve must include 
at least 5 standards. (One of the standards must be zero concentration). 

9. Analytical results required (if known, specify format for data sheets, QA/QC 1·eports, 
Chain-of-Custody documentation, etc.). If not completed, format of results will be 
left to program discretion: 

Test procedures and specific instrument used will be clearly 
identified. Bench records tabulating order of calibration standards, lab blanks, samples 

1.··_. lab control standards, spikes, duplicates etc., with resulting output on concentration 
readout will be provided along with worksheets used to calculate results. Specify the 

i 
j 
l. 

or anic com ound used to re are standards ands ikes. A hotoco of the instrument read
out, i.e. stripcharts, printer, tapes, etc. must be inc uded. Resu ts are to be reported 
in m /1 C. Records of anal sis and calculations must be le ible and sufficient to re-
calculate al concentrations. 

l
. EPA QC reference sam les or an 
_ w, e 1dent1 ,e as to source, 

target values and associated 95% 
for all reference samples used. 

·nitial calibration verification 
er. Correspon ing true or 

confidence limits for analysis results will be provided 

l.J. Other (use additional sheets or attach supplementary information, as needed): 

L 
11. Name of sampling/shi'pping conta.ct: --------------------------Jeff Keiser 

1. 
I Phone: --------------------------414/272-2426 



~~ 5/0206-0-6/87 Analysis of-Total Organic Carbon 6/30/87 
3. 

-~ I. DATA REQUIREMENTS 

Parameter: 

TOC 

NOTE: These are minimum 
requirements. Report 
actual detection limits 
used based on specified 
methodologies. 

Detect ion Limit 

2 mg/1 

Precision Desired 
(:_1. or Cone.) 

Dtfference in duplicate 
results should not 
exceed+ 1oi for 
concentrations >20 
mg/1 or 2 mg/1 for 

- concentrations less 
than 20 mg/1. 

11. QC REQUIREMENTS - Do not use designated field blanks for QA audits. 

l 
L. 

L 
I . 
I .• II. 

L 
r -
I 

L 

Audits Required 

Matrix Spike* 

Lab Duplicate 

Lab Blank 

Calibration verification 
standard 

1 set of EPA demand QC 
reference samples (cone. 
1 and 2} 

Frequency of Audits Limits* (% or Cone.) 

at least 1 per group of 
10 or fewer samples asi - 115% 

at least 1 per group of 
10 or fewer samples _! (lOi or 2.0 mg/1) 

at least 1 per group of 
10 or fewer samples ~ 2.0 mg/1 

1 per group of 10 samples 90% - 11oi 
and end of set 

1 per sample set asi - nsi 

*The matrix spike concentrations will be approximately 30% of sample concentra
tions, but spiked samples shall not exceed the working range of the standard 
curve •. 

ACTION REQUIRED IF LIMITS ARE EXCEEDED: 

Take corrective action and reanalyze samples - Contact Jay Thakkar (312} 886-1972 

or Chuck Elly (312) 353-9087. 

Please return this request to the Sample Management Office ai ioon as possible to expedite 
I Jrocessing of your request for special analytical ser_vices. Should you have any questions 
i->r need any assistance, please call the Sample Management Office. 



./018£,-0-6/87 COD (Hi- and~o-levels). 6/26/87 

~~s. Environmental Protection Agency 
' _p Sample Management Office SAS Number 
P.·O. Box 818, Alexandria, Virginia 22313 
PHONE: (703)/557-2490 or FTS/557-2490 

Regional Transmittal 

SPECIAL ANALYTICAL SERVICES 
Client Request 

Telephone Request 

Approved for Scheduling 

Ar EPA Region/Client: Region V 

, RSCC Representative: -------------------------------Dennis Wesolowski 

C. Telephone Number: 

l . Date of Request: 

~ Site Name: 

312/886-1971 

Moss-American WI 

please provide below a description of your request for Special Analytical Services under 
· ,e Contract Laboratory Program. In order to most efficiently obtain laboratory capability for 
JJur request, please address the following considerations, if applicable. Incomplete or 
erroneous information may result in delay in the processing of your request •. Please continue 
· isponse on additional sheets, or attach supplementary information as needed. 

1. General description of analytical service requested: 

l . 

' i ' . 

l 
I. 

l • 

Anal sis of chemical ox en demand 
(COD) (Hi-level) (50 - 800 mg/1) and COO (Lo-level) (5 - 0 mg in water surface water, 
roundwater leachate wastewater drinkin water etc.). Sam les will be unfiltered. An 

samp e with COD va ues less than 50 mg/1 will be determined and reported as COD Lo-level • 
Sam les with COO values reater than ore ual to 50 m /1 will be determined and re orted 
as COO Hi- eve • The C Q Lo- eve method is used or optimum precision and accuracy 
of measurement of low concentration COD values. 
If field specific conductance values are greater than or equal to 5000 umhos/cm, field per
sonnel will indicate this on the SAS Packin Lists or an future RAS/SAS Traffic Re ort 
Forms, the field conductance values and the instruction Check for Possib e Chloride 
Int~rference in COO Test" for any such samples. If this is the case or if there is other 
definite knowledge of chlorides exceeding 2000 mg/1, the laboratory will determine the 
chloride content and inhibit chloride interference pursuant to Section 7.1 of EPA Method 
410.3. 
NOTE: It is expected that few waters from Region V (<3%), will have chloride concentrations 
in excess of 2000 mg/1, however, it is the responsibility of field personnel to first iden
tify any samp1es having a chloride interference for COD so that the COO test can be modi
fied to compensate for any chloride interference. 

!~ Results ar.e reported as mg/1 COD. 

2. Definition and number of work units involved (specify whether whole samples or 
; · fractions; whether organics or inorganics; whether aqueous or soil a-nd sediments; 
L.: and whether low, medium·, or high concent:-ation): Analyze-27 groundwater and 10 surface water 

samples including field duplicates and blanks. Whole aqueous samples of low concentration 

i a·re assumed. 
i~ Purpose of analysis (specify whether Superfund (Remedjal or Enforcement), RCRA, 

NPOES, etc.): 
Superfund, Enforcement 



4. 

l 

' ' 

( ·. 

I 
I. 

L 
L 

.... . 

- 2 -
- COD (Hi- and Lo-1 evel s) 

6-26-87 

Estimated date(s) of collection: _________________________ _ 

Estimated date(s) and method of shipment: Daily by overnight carrier 

Number of days analysis and data required after laboratory receipt of samples: 

Laboratory should report results within 30 days of receipt of samples. 

Analytical protocol required (attach copy if other than a protocol currently used in 
this program): 

EPA Method 410.1 (Titrimetric, Mid-level) for COD> 50 mg/1. 
EPA Method 410.2 (Titrimetric, Low-level) for COD< 50 mg/1. 

Use Section 7.1 of Method 410.3 if chloride concentration exceeds 2000 mg/1 in a sample. 
If titration blank is necessary for each different amount of mercuric sulfate used for 
inhibition of chloride interference, SAS Packing .Lists will note the samples requiring 
assessment of chloride interferences. Measurement of chloride will be done using any 
method of "Standard Methods",16th ed., or "EPA Methods for Chemical Analysis of Water and 
Wastes 11

, 1983 ed., whenever possible chloride interference is noted. 
Samples will be preserved with 1 ml of H7S04 to pH less than 2 and kept at 4°C until 
sample analysis and validation of results are completed. Holding time is not to exceed 28 
days from date of sample collection. 

Special technical instruction (-if outside protocol requirements, specify compound 
names, CAS numbers, detection limits, etc.): 

1. 

2. 

Check sample pH (wide range pH paper). 
instructions. 

If pH>2, contact CPMS, CRL for further 

Use a) 50 ml sample aliquots for both methods, b) 0.250 N K2Cr207 reagent and 0.25 N 
ferrous ammonium sulfate titrant for Method 410.1 1 and c) 0.0250 N KzCrzOz reagent 
and 0.025 N ferrous ammonium sulfate titrant for Method 410.2. 

3. Dilute and reanal ze (b Method 410.1 an sam les with COD values> 800 m /1 or ti-

4. 

trant vo umes < .om. Reana yze samp es y Method 10. , 1n1t1a samp e va ues 
are> 50 m /1 COD b Method 410.2. Reanal ze sam les b Method 410.2 if initial 
samp e values are< 50 mg/1 COD by Method 410.1. 
Any samTle aliquots< 50 mls will be diluted to 50 mls so that the COD reaction mix-
ture wi 1 be 50% H2S04/ 50% water by volume. 

5. Titration blanks will be determined, at 1east in duplicate each day of analysis and 
will not differ more than+ 0.1 ml titrant for Method 410.1 and+ 1.0 ml titrant for 
Method 410.2. 

6. 

7. 

8. 
9. 

10 • 

Separate sets of QA Audits will be performed for each method, if both methods are 
used. 
Use potassium hydrogen phthalate as a matrix spike compound. Use 20 mg/1 matrix spike 
concentration for Method 410.2. 
Samples will be refluxed for at least 2 hours. 
Homogenize sample aliquots, as necessary, to obtain sample aliquots of representative 
suspended solids. 
Use only the method specified. 



t 

'. /018~...:0-6/87 ( 2) COD (Hi-and Lo-levels} 
6/26/87 

! 

i ' . ,. 

• I 

Analytical results required (if known, specify format for data sheets, QA/QC reports, 
Chain-of-Custody documentation, etc.). If not completed, fonnat of results will ·be 
left. to program discretion. 

Bench records, tabulating titrant standardization, titration 
volumes for titration or sam le blanks 2 or more in number sam les and QA Audits will 
be provided for each method used. Al records of analysis and calculations must be 
legible and sufficient to recalculate all sample concentrations and QA Audit resultsc 
Records of chloride analysis will be provided for any samples so specified on the RAS/SAS 
Traffic Re ort or SAS Packin List. Se arate bench records will be rovided for an COD 
determinations of high ch oride samp es > 00 mg · C inc uding weight of mercuric 
sulfate used sam le titration vol~me and titration blank volume for each sam let e. 
EPA QC Reference samp es, or any other reference samples, will be identified as to source, 
lot number and sam le number. Corres ondin "true" or tar et values and associated 
95% confidence imits for analysis results will be provided for all reference samples 
used • 

10. Other (use additional sheets or attach supplementary information, as needed): 

Jeff Keiser ,11. Name of sampling/shipping contact: 
I --------------------------

' 
\ 
! .J 

I 
l . 
!.. 

L 
I 

I . 
L-

Phone: 414/272-2426 --------------------------



, ...... 
I 

5/018G-0-6/87 

I. DATA REQUIREMENTS 

Parameter: 

COD (Method 410.1) 

COD (Method 410.2) 

NOTE: These are minimum 
requirements. Report 
actual detection limits 
used based on specified 
methodologies. 

3. 

Detection Limit 

50 mg/1 

-COD (Hi- and Lo-Levels) 6-26-87 

Precision Desired 
(:!:.'• or Cone.) 

Method 410.1: Differences in 
sample duplicates are to be 
< o~ = to 0.2 ml titrant or 
< 8 mg/l for concentrations 
< 80 mg/1 and< 10% ·for .coo 
concentrations exceeding 
80 mg/1. 
Method 410.2: Differences in 
sample duplicate results are to 
be< i.o ml titrant or< 4 mg/1 
for-concentrations less-than 
40 mg/1 and are to be< 5 mg/1 
for concentrations between 40 
50 mg/1. 

, II. QC REQUIREMENTS 
I 

I 
\. 

! . 

r . 

Audits Required 

Matrix spike {KHP) 
Method 410.1* 

Frequency of Audits 

at least 1 per group of 
10 or fewer samples 

Method 410.2(Use 20 mg/1 spike) ________ _ 

Lab duplicate 

Titration blank (used for 
calculation of results) 

1 set of EPA QC Demand 
Reference samples -
2 concentration levels 

II II 

at least 2 per sample 
set for each method used 

1 per sample set for 
each method used 

Limits*(% or Cone.) 

85 - 115% Recovery (410.1) 
75 - 125% Recovery {410.2) 

Diff < ( 8 mg/1 or 10%) 
- (410.1) 

Oiff < ( 4 mg/1 - 5 mg/1) 
- (410.2) 

Oiff in titrant volumes shall 
not exceed 0.1 ml for 410.1 
and 1.0 ml for 410.2 

90 - 110% Recovery or< 8 mg/1 
error for 410.1 and <-5 mg/1 
error for 410.2 in aTiquot 
tested 

• - Matrix spike will be greater than 30% of the sample concentration, but spiked sample 
shall not exceed 800 mg/1 for Method 410.1. 

) :11. ACTION REQUIRED IF LIMITS ARE EXCEEDEO: 
1 .• -

L 

l 

Take corrective action and reanalyze samples. Contact Jay Thakkar (312) 886-1972 

or Chuck Elly (312) 353-9087. 

Contact Region V RSCC Dennis Wesolowski (312) 886-1971 concerning questions on 

chloride interferences and modifications of COD test. 

'Please return this request to the Sample Management Office as soon as possible to expedite 
. orocessing of your request for special analytical services. Should you have any questions 
·L!r need any assistance, please call the Sample Management Office. 



(-1011~-0-7 /87 

u.s. Environmental Protection Agency 
,C.LP Sample Management Office 
: • O. Box 818, Alexandria, Virginia 22313 
, ,-!ONE: (703)/557-2490 or FTS/557-2490 

Sulfate 

SPECiAL ANALYTICAL SERVICES 
Client Request 

Regional Transmittal Telephone Request 

A. EPA Region/Client: Region V 

-
in Water July 30, 1987 

I sAs Number. 

I 

Approvea For Scheduling 

RSCC Rep resent at i ve : __ D_e_n_n_i_s_w_es_o_l_o_w~s_k_i ______________________ _ 

~. Telephone Number: 
I 

(312) 886-1971 

~- Date of Request: 

Site Name: Moss-American WI 

r~ease provide below a-description of your ·request for Special Analytical Services under 
~ 1e Contract Laboratory Program. In order to most efficiently obtain laboratory capability for 
your request, please address the following considerations, if applicable. Incomplete or 
,~roneous information may result in delay in the processing of your request. Please continu~ 
j :sponse on additional sheets, or attach supplementary information as needed. 

1. 

I 
i 

r . 
L. 

General description of analytical service requested: Analysis for sulfate in water 

(surface water, groundwater, drinking water, leachate, etc.). Samples will be unfiltered. 

Results are reported as mg/1 S04. 

Definition and number of work units involved (specify whether whole samples or 
fractions; whether organics or inorganics·; whether aqueous or soil and .sediments; 
and whether low, medium, or high concentration): 

Analyze 27 groundwater and 10 surface water samples including field duplicates and 

j~ blanks. Whole aqueous samples of low concentrations are assumed. 

L~ Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA, 
NPDES, etc.): l~ Superfund, Enforcement 



-5/011~0-7/87 
- 2 -

Sulfate in Water July 30, 1987 
l' I 

~. Estimated date(s) of collection: ---------------------------
:, Estimated date(s) and method of shipment: Daily by overnight carrier 

~ · Number of days analysis and data required after laboratory receipt of samples: 

Laboratory should report results within 30 days of receipt of samples. 

7 Analytical protocol required (attach copy if other than a protocol currently used in 
this program): 

1. EPA Method 375.2 (Colorimetric Meth lthmol Blue) - 1983 ed. 
- Note: This method requires 0.75 mg/1 S04 in Dilution Water See Reagent Section 6c8 

2. Method 426C of Standard Methods, 16th ed. {Tuibid1metric) 
- Note· this last method rovides for measurement of sulfate usin 

or su fate mg , and between 
sulfate. 

Samples will be kept at 4°C until validation of results. 

8. Special technical instruction (if outside protocol requirements, specify compound 
names, CAS numbers, detection limits, etc.): 

Sample holdin~ time is not to exceed 28 
daTs from date of sample collection. Sulfate standards will be prepared dail~ from stock 
so ution. Samples with absorbances or turbidities greater than that in the highest stan
dard will be diluted and rerun. For Method 426C', 1) the reanalysis solution should contain 
between 20 and 40 mg/l sulfate, and 2) concentrations must be corrected for background 
turbidity and color per Section 5d of Method 426C using pH adjusted sample aliquots. 
Use only the methods specified. Calibration curves must include at least 6 points 

(including a zero concentration standard) for Method 375.2 and Buffer A of Method 426C. 

g. Analytical results required (if known, specify format for data sheets, QA/QC reports, 
. Chain-of-Custody documentation, etc.). If not completed, format of results will be 
! · left to program discretion. 

The test procedure used must be clearly identified. Results 
\ · shall be reported as mg/1 S04. Bench records tabulating the order of calibration standards, 
I~ lab control standards, lab blanks, samples, spikes, etc., with resulting absorbances 

[ 
! 
'·. 

or concentration readouts, will be provided along with copies of woiksheets used to cal
culate results. Back round absorbances used for turbidit corrections must be tabulated 
or eac samp ea 1quot tested. A photocopy of the instrument readout ,e. strip charts, 
rinter ta es etc. must be included. All records of anal sis must be le ible and 

sufficient to ca cu ate a concentrations and resu ts. 
j __ · EPA QC reference samples, or any other reference sample or initial calibration verification, 
·- will be identified as to source,lot number, and sample number. Corresponding "true" or 

target values and associated 95% confidence limits for analysis results will be provided 
f 
L 

for all reference samples used. 

10. Other (use additional sheets or attach supplementary information, as needed): 

L. 
11. Name of sampling/shipping contact: --------------------------Jeff Keiser 

Phone:. 414/272-2426 --------------------------
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5/0llG-0-7 /87 Sulfate in Water July 30, 1987 

I. DATA REQUIREMENTS 

Parameter: 

Sulfate 

Note: These are min-
imum requirements. Report 
the actual detection limits 
used based on allowable 
met ho.do 1 ogy opt ions. 

-3-

Detect ion Limit 

5 mg/1 

Precision Desired 
(!_% or Cone.) 

Method 375.2: 
Differences ,n duplicate 
sample results are to 
be< 5 mg/1 for con
centrations< 50 mg/1, 
and< 10%-for concentrations 
> 50 mg/1. 
Method 426 C: 
Differences in dupli
cate sample results 
are to be< 2 mg/1 for 
concentrations< 20 
mg/1 and< 10% for 
concentrations> 20 
mg/1 in aliquot tested. 

II. QC REQUIREMENTS - Do not use designated field blanks for QA audits. 

Audits Required 

Matrix Spike* 

Lab Dup 1i cate 

Lab Blank (o mg/l S04) 

Lab Blank (10 mg/1 S04) 

Calibration Verification 
Standard 

1 Set of EPA QC Mineral 
Reference Samples 

Frequency of Audits 

1 per group of 10 or 
fewer samples 
ii II 

u II 

1 per group of 10 samples 
and at end of sample set 
once per sample set 

Limits*(% or Cone.) 

85-115% 
+ (10% or 5 mg/1) for 
Method 375.2 
+ (10% or 2 mg/1) for 
Method 426C 
< 5 mg/l - Method 375.2 
-2 tn +2mg/l-Buffer B of 
Method 426C or 
8 to lOmg/1 - Suffer A of 
Method 426C 

90 - ll0% 

85-1151 for each 
concentration. 

*Matrix spike concentrations will be greater than 30% of sample concentrations, 
but spiked samples shall not exceed working range of standard curve • 

. 
III. ACTION REQUIRED IF LIMITS ARE EXCEEDED: 

Take corrective act·ion and reanalyze samples. 

Contact Jay Thakkar (312) 886-1972 or Chuck Elly (312) 353-9087. 

Please return this request to th·e Sample Management Office as soon as possible to 
expedite processing of your request for special analytical services. Should you 
have any questions or need any assistance, please call the Sample ~anagement 
Office. 
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5/025G-0-6/87 Total sus.ed solids in water 6/29/87 

U.S. Environmental Protection Agency 
HWI Sample W.anagement Office l SAS Number 

P.O. Box 118. Alexandria, Virginia 22313 
PHONE: ( 70_3) 557-21190 or FTS-557-21190 Approved for Scheduling 

SPECIAL ANALYTICAL SERVICES 
Regional Request 

~ Regional Transmittal D Telephone Request 

A. EPA Region and Site Name: Region V Moss-American, HI 

s. Regional Representative: Dennis Wesolowski 

c. Telephone Number: ( ) 312/886-1971 

D. Date of Request: 

l 

Please provide below a description of your request for Special Analytical Services under 
l . the Uncontrolled Hazafirdous Waste Dumt psi

1
te Progdrad m. lnheo~d

1
e
1
r to mc,st efficiently obtain 

labol"atol"y apabillty or your reques • p ease a l"ess t ,o owing considentions, if 
. . applicable. Incomplete or erroneous Information may result In delay In the processing 
! of your request. _Please continue re•~•• on additi_onal sheets, OI" attach supplementary 

Information as needed. 

L 
~ 
l 

i· ;. 

i 
I 
i ,, 

L 
! 
l ~ 

' 
1. Ceneral description of analytical service requested: Analysis for total suspended 

solids (103-lOS°C) in water (surface waters, groundwater, drinking water, leachate, 

2. 

3. 

etc.) Results are reported as mg/1 total suspended solids. 

Definition and number of work units Involved (specify whether whole samples OI" 

fractions; whether organics or lnorganlcs; whether aqueous or soil and sediments; 
and. whether low. medium. or high concentration): 

Analyze 27 groundwater and 10 surface water samples including field duplicates and 

bl~nk.s. Whole aqueous samples of low concentrations are assumed. 

Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA. 
NPOES, etc.): 

Superfund, Enforcement 

L 11. Estimated date(s) of collection: ________________________ _ 

s. Estiml!lted date(s) and method of shlp!'Mnt: paily by overnight carrier 
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5/025Ji.,-0-6/87 -2- TSS in water 6/29/87 

6. Approximate number of days results required after lab receipt of samples: 30 

7. Analytical protocol required (attach copy if other than a protocol currently used in 
this program): 

1. EPA Method 160.2, 1983 ed.; (Gravimetric,· Dried at 103° 105° C) using glass fiber 
filter discs without organic binder such as: Millipore AP-40, Reeve Angel 934-AH, 
Gelman A/E ore uivalent. Use onl membrane filter a aratus with 47 mm diameter 
g ass , ter and a coarse 0- 0 micron fr,tted disc f1 ter support. The f1 ter 
and su ort s ecifications are mandator. Sam les will be held at 4°C until sam le 
ana ysis and va 1dation of resu ts are competed. Ho ding time is days from date 
of sample collection. 

8. Specail technical instructionns (if outside protocol requirements, specify compound 
names, CAS numbers, detection limits, etc.): 

1. Samtle aliquot volumes are selected 
on the basis of the following factors. a) During initia sample filtratrion, filtration 
rate should not dro ra idl or re uire more than 5 minutes of filtratrion time. {In-
crease the i ter area or ecrease t e samp e vo ume as needed or samp e reana ys,s , 
b) The sam le ali uot filtered should rovide a residue with reater than 1.0 m for 
a iquots ess than 200m in vo ume, and c Samp ea 1quots shou d not exceed 200m in 
volume. 2. Ou licate sam le ali uots will be filtered with 2 or more intervenin 
samp es. • ina res, ues are to e we,g e e,t er to constant weig t pursuant to 
Section 7.6 of Method 160.1 (The final wei ht is to be used for calculations) or dried 
overnight 12 hours of drying time with the singe weight used for ca culations. Constant 
weight is defined as less than 0.5 mg or less than 4% weight loss from the previous 
weight, whichever is smaller. 4. Use only the method specified above in items 7 and 
8. 

9. Analytical results required (if known, specify format for data sheets, QA/QC reports, 
Chain-of-Custody documentation, etc.). If not completed, format of results will be 
left to program discretion. 

Identify EPA QC reference .sample lot numbers used and their true values and 95% con-
fidence intervals. Bench records of tare weights, final weights, volumes filtered, blanks, 
du licate sam les and reference sam les (all in the order filtered) will be rovided 
a ong with copies o worksheets used to ca cu ate resu ts. Dates and time of a f1 tra
tion of initial 100ml volume b) determination of tare wei hts c) sam le filtration and 
d determination of constant residue weights wi be part of bench records. All records of 
anal sis must be le ible and sufficient to recalculate all sam le concentrations and 
A resu ts. 

10. Other (use additional sheets or attach supplementary information, as needed): 

j 11. Name of sampling/shipping contact: Jeff Keiser l. _..,_ ..... .....;;......,..,_, _______________ _ 

-L 
Phone: 414/272-2426 

Please ret~rn this requ~st to the Sample Management Office as soon as possible to expedite 
processing of your request for special analytical services. Should you have any questions 
or need any assistance, please call the Sample Management Office. · 
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: 5/025G-0-6/87 

.I. DATA REQUIREMENTS 

Parameter 

, ... suspended Solids 

:_ Note: These are minimum 
requirements. Report the 

: ·.actual detection limits 
l ·used based on a 11 owab le 
I • 

methodology options. 

-3-

Detection Limit 

2-3 mg/1 for 200 ml 

sample aliquot 

TSS in water 6/29/87 

Precision Desired 
(~% or Cone.) 

Difference in duplicate 
results shall not exceed 
0.5 mg for duplicate 
aliquots filtered. 

; ·11. QUALITY CONTROL REQUIREMENTS Do not use designated field blanks for QA Audits. 
I . 
I 

Audits Required 

1 Lab Du licates 
See item 8. on Page 

2) Lab Blanks 
(200 ml aliquots} 

3) 1 set of 2 EPA QC 
Residue Reference 
Samples-2 concentration 
levels 

Frequency of Audits 

1 per group of 10 or 
fewer samples 

1 per group or 10 or 
fewer samples 

1 per sample set 

Limits*(~% or Cone.) 

less than 0.5 mg 

-0.5 to +0.5 mg 

< 5 mg/1 error for con
centrations< to 50 mg/l 
or< or= to-1oi for nom
inal concentrations> than 
50 mg/1 

* Alternate reference samples must be approbed by Region V RSCC prior to analysis. 

III. *Action Required if Limits are Exceeded: 

Take corrective action and reanalyze samples. 

i Contact Jay Thakkar (312) 886-1972 or Chuck Elly (312) 353-9087. 
I . 

L 
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5/024-'z:_-0-6/87 

U.S. Environmental Protection Agency 
HWI Sample Management Office 
P.O. Box 818, Alexandria, Virginia 22313 
Phone: {703) 557-2490 or FTS-557-2490 

Special Analytical Services 
Regi ona 1 Reques_t 

-· Total Dissolved Solids 6/29/87 

SAS Number 

I X I Regional Transmittal 1=1 Telephone Request 

A. EPA Region and Site-Name: Region V Moss-AMerican, WI 
Dennis Wesolowski 
886-1971 

B. Regional Representative: 
c. Telephone Number: (312) --------------------------~-D. Data request: 
E. Site Name: 

Please provide below a description of your request for Special Analytical Services under 
the Uncontrolled Hazardous Waste Dumpsite Program. In order to most efficiently obtain 
laboratory capability for your request, please address the following considerations, if 
applicable. Incomplete or erroneous information may result in delay in the processing of 
your request. Please continue response on additional sheets, or attach supplementary 
information as need~d. 

( 
! 1. General description of analytical service requested: Analysis of total dissolved 

I. 

i 
solids (180°C) in water (surface waters, wastes, groundwaters, drinking water, leachate, 

etc.) Results are reported as mg/1 dissolved solids. 

2. Definition and number of work units involved (specify whether whole samples or 
fractions; whether organics or inorganics; whether aqueous or soil and sediments; 
and whether low, medium, or high concentration): 

i ·. Analyze 27 groundwater and 10 surface water samples including field duplicates and 

I 

1 .· 

I 
L 

blanks. Whole aqueous samples of low concentrations are assumed. 

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA, 
NPDES, ,etc.): 

Superfund, Enforcement 

\. 4. Estimated date(s) of collection: 
L 

5. Estimated dat_e(s) and method of shipment: najJy by avernjgbt caujer 
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5/024..G:,-0-6/87 TDS in Water 6/29/87 
-2-

6. Approximate number of days results required after lab receipt of samples: 30 days 

7. Analytical protocol required (attach copy if other than a protocol currently used in 
this program): 

1. EPA Method 160.1, 1983 ed., or 

2. Method 2098, "Standard Methods", 16th ed. Samples will be kept at 4°C until 

sample analysis and validation of results. Holding time is 7 days from date of 

sample collection. 

8. Specail technical instructionns (if outside protocol requirements, specify compound 
names, CAS numbers, detection limits, etc.): 

1) Use standard aliquots of 100ml; 
however do not use sample aliquots yielding more than 200 mg residue. If residue is 
reater than 200 m at the an a smaller sam le ali uot. 2) If the 

pH va ue ,s ess than • , raise t e pH o tea ,quot using a H t1trant to etween 
H 4 and 8 and subtract the wei ht of sodium added from the wei th of the residue. 

3 Residue wi 1 be weighed either to constant weight pursuant to Section 7.6 of Method 
160.1 the final wei ht is to be used for calculations. Constant wei ht is defined as 
a ess than 0.5 mg or ess than 4% weight ass from the previous weight, whichever is 
smaller orb) dried overni ht (12 hours dr in time) with a sin le wei ht used for 
ca cu at,ons. 

9. Analytical results required (if known, specify format for data sheets, QA/QC reports, 
( Chain-of-Custody documentation, etc.). If not completed, format of results will be 
I. left to program discretion. 

I 
i 
j 
'. 

\ . 

I . 
) 
\ '. 

Identify the QC reference sample lot numbers used and their true values with 95% con-
fidence intervals. Bench records of tare weights, final weights, additional weights 
to determine constant weights, volumes filtered, blanks, duplicate samfles, and refer-
ence samples will be provided with copies of work sheets used to calcu ate results • 
Oates and time of 1 determination of tare wei hts 2) sam le filtration and 3) deter
m1nat1on o res, ue weights an constant res, ue we,g ts w, e part o ench records. 
All records of analysis must be legible and sufficient to recalculate all sample 
concentrations and QA results. 

10. Other (use additional sheets or attach supplementary information, as needed): 

i 11. Name of sampling/shipping contact: __ J_e_f_f_K_e_i_s_e_r ________________ _ 

\ . 

Phone: 414/272-2426 -----------------------
, _Please return this request to the Sample ~anagement Office as soon as possible to expedite 
'· processing of your request for special analytical services. Should you have any questions 

or need any assistance, please call the Sample Management Office. 



· · 5/024G-0-6/87 

I. DATA REQUIREMENTS 

Parameter 

Note: These are mini
mum requirements. 
Report the actual 
detection limits used 
based on allowable 
methodology options. 

-3-

Detection Limit 

20 mg/1 

TDS in Water 6/29/87 

Precision Desired 
(:!:_1. or Cone.) 

Difference in duplicate 
sample aliquots shall 
not exceed 2 mg for 
residues. Duplicate 
differences shall not 
exceed 10% for sample 
values greater than 
200 mg/1. 

II. QUALITY CONTROL REQUIREMENTS Do not use any designated field blanks for QA Audits. 

Audits Required 

1. 1 set of EPA QC 
Mineral Reference 
Samples*- 2 concen-
tration levels. 

2. Lab Duplicate 

3. Lab Blanks (100 ml 
of filtered reagent 
water) 

Frequency of Audits 

1 per sample set 

At least 1 per group of 
10 or fewer samples 

At least 1 per group of 
10 or fewer samples 

Limits*(+% or Cone.) 

85-115% Recovery 

.!. (10% or 2 mg of residue) 

- 20 mg/1 to+ 20 mg/1 

* Alternate reference samples must be approved by Region V RSCC prior to analysis. 

III. *Action Required if Limits are Exceeded: 

Take corrective action and retest samples. Contant Charles T. Elly (312/353-9087) or 

Jay Thakkar at (312/886-1972). 



s10031c-o-6181 Alk/Acid/pH 6/29/87 

, u.s. Environmental Protection Agency 
CLP Sample Management Office sAs Number 
P.O. Box 818, Alexandria, Virginia 22313 
PHONE: (703)/557-2490 or FTS/557-2490 

x 

A. 

B. 

c. 
D. 

E. 

Regional Transmittal 

EPA Region/Client: 

RSCC Representative: 

Telephone Number: 

Date of Request: 

SPECIAL ANALYTICAL SERVICES 
Client Requ_est 

Telephone Request 

Region V 

Dennis Wesolowski 

312/886-1971 

Site Name: Moss-American ~fl 

Approved For Scheduling 

Please provide below a description of your request for Special Analytical Services under 
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for 
your request, please address the following considerations, if applicable. Incomplete or 
erroneous information may result in delay in the processing of your request. Please continue 
response on additional sheets, or attach supplementary information as needed. 

, 1. General description of an·alytical service requested: Analysis for alkalinity, acidity 

I 

!. -

(if necessary), and pH in waters (s~rface waters, groundwaters, drinking waters, leach-

ates. etc.). Sampl_es will be unfiltered. Determine alkalinity and pH first. Only those 

samples with pH values less than or equal to 5.0 or alkalinity values less than or egual 

to 20 mg/1 CaC03 will be tested for acidity. Use attached SAS for acidity (titration 

after hydrogen peroxide addition and boiling). if any such determinations are reguired. 

Report alkalinity and acidity as mg/1 CaC03. 

2. Oefi~ition and number of work units involved (specify whether whole samples or 
fractions; whether organics or inorganics; whether aqueous or soil and sediments; 
and whether low, medium, or high concentration): Analyze· 27 groundwater and 10 surface 

water samples including field duplicates and blanks. Whole aqueous samples of low 

! concentrations are assumed. 

l. 3. Purpose of analysis (specify whether Superfund 
I 
I 

L 

L 

(Remedial or Enforcement), RCRA, 
NPDES, etc.): 
Snperfund Enforcement 
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5/003~-0-6/87 Alk/Acid/pH 6/29/87 

- 2 -

4. Estimated date(s) of collection: -------------------------
5. Estimated date(s) and method of shipment: Daily by overnight carrier. 

6. Number of days analysis and data required after laboratory receipt of samples: 

Laboratory should report results within 30 days of receipt of samples. 

7. Analytical protocol required (attach copy if other than a protocol currently used in 
this program): 

1 Alkalinit EPA Method 310.l Titrimetric h 4.5 or Standard Methods 
th dition, Method C and d. 

H - EPA Method 150.l Electrometric - Initial Hof alkalinit titration is an 
acceptable procedure so ong as sample has not been diluted. 

3) Acidit - EPA Method 305.l Titrimetric) - Use attached SAS and its s ecifications 
for acidity. etermine acidity if samp e pH< .O or aka inity < O mg/ CaC03. 

Samples will be stored at 4°C until analysis and validation of results. 

8. Special technical instruction (if outside protocol requirements, specify compound 
names, CAS numbers, detection limits, etc.): 

Samele holding time should not exceed 14 
days from date of collection. Use potentiometric titration to pH 4.5 for alkalinity> 
20 m /1 CaCO. For concentrations< 20 m /1 use EPA Method 310.1 (Section 6.3 or 
Standard Methods, Method 40 4d. Do not use titrant volumes greater than 50 ml. Use 
only the Methods specified above. 
Use Na2C03 to standardize titrant. Standardize the pH meter and the titrant each day. 
Standardize the pH meter using at least two buffers which bracket the alkalinity end 
point. Record pH of each sample prior to titration. 

9. Ar.a1jtical results required (if known, specify format for data sheets, QA/QC reports, 
Chain-of-Custody documentation, etc.). If not completed, format of results ~~11 be 
left to program discretion. 

The test procedure used will be clearly identified. Bench 
records tabulatin the order of anal sis includin H meter calibration titrant stan-
dardization, samp e pH va ues, ab banks, samp es, ab contro standards, dup icates, 
etc., with resulting titrant volumes or read-outs, will be provided alonT with calculatio~ 
worksheets. All records will be legible and sufficient to re~alculate a 1 sample concen
trations and QA· audit l"esults. Report method of titrant .standardization. 
EPA QC reference samples, or any other reference sample, will be identified as to source, 
lot number, and sample number. Corresponding "true" or target values and associated 
95i confidence limits for analysis results will be provided for all reference samples 
used. 

10. Other (use additional sheets or attach supplementary infonnation, as needed): 

! 11. Name of sampling/shipping contact: l . Phone: ___ 4_1_4 ___ 2_7-2--2-4_2_6 ________________ _ 
Jeff Keiser 

-------------------------
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5/00JG-0-6/87 

I. DATA REQUIREMENTS 

Parameter: Detection Limit 

Alkalinity ( as mg/1 CaC03) 2 mg/1 for low level 

20 mg/1 for high level 

pH" not applicable 

11. OC REQUIREMENTS Do not use any field blanks for OA audits. 

Audits Required (Alkalinity) 

lab blank 

lab duplicate 

lah control sample 
1 set of EPA QC mineral 
reference samples 

Frequency of Audits 

at least 1 per group 
of 10 or fewer samples 

at least 1 per group 
of 10 or fewer samples 

1 per sample set 

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED: 

Alk/Acid/pH 6/29/87 

Precision Desired 
(!,i or Cone.) 

+ 2 mg/1 for concentrations 
< 20 mg/1 CaC03 

+ 101 for concentrations 
> 20 mg/1 CaC03 

Report to nearest 
0.1 pH va 1 ues. 

Limits* (i or Cone.) 

< 10 mg/1 for high-level 
samp 1 es tested. 
< 2 mg/l for low-level 
samples tested. 

!. 101 or!. 2 mg/1 

90 - 1101 recovery 

Take corrective action and reanalyzesamples. Contact Jay Thakkar (312} 886-1972 

or Chuck Elly (312) 353-9087 

Please return this request to the Sample Management Office as soon as possible to 
expedite processing of your request for special analytical services. Should you 
have any questions or need any assistance, please call the Sample Management Office. 
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·U.S. Environmental Protection Agency 
HWI Sample Jl.anagement Office 
P.O. Box 118. Alexandr-la. Virginia 21313 · 
PHONE: ( 703) S57-2tlt0 or FTS-557-ltltO 

l 
SPEC~AL ANALYTICAL SERVICES 

Regional Request 

Phenols 

SAS Number 

Q Regional Transmittal D Telephone Request 

I 

A. EPA Region and Site Name :_R_e_g_i_o_n_v_, _M_o_s_s_A_m_e_r_ic_a_n ______________ _ 

B. Regional Representative : __ ce_n_n_i_s_w_e_s_o_lo_w_s_k_i ________________ _ 

C. Telephone Number: ( ) 312/886-1971 -.,;;;,;;;~~~------------------= D. Date of Request: __________________________ _ 

Please provide below • description of your request for Special Analytical Services under 
the Uncontrolled Hazardous Waste Dumpsite Program. In order to mc,st efficiently obtain 
laboratory capability for your request. please address the following considerations. if 
applicable. Incomplete or erroneous lnfonaatlon may result In delay In the· processing 
of your request. _Please continue_ re•~•• on addi_ti.onal sheets. or attach· supplementary 
Information •• needed. 

1. Ceneral description of analytical service requested: _____________ _ 

Analyze groundwater and s-urface water samples for total phenols. 

Definition and number of work units Involved (specify whether whole samples or 
fractions; whether organics or Inorganic•; whether aqueous or son and sediments; 
and whether low. medium. or· high concentration): 

Analyze 27 groundwater and 10 surface water samples including field duplicates and 

blanks. Whole aqueous samples of low concentrations are assumed. 

3. Purpose of analysis (specify whether Superfund (Remec:Ual or Enforcement), RCRA. 
NPOES, etc.): 

Superfund, Enforcement 

4. Estimated date( s) of collection: ---------------------=------_,,..-
s. Estimated date( s) and method of 5hfpment: Daily by overnight carrier 



Phenols 
•l· 

,. Approximate nUfflber of days r9sult1 required after lab rec■ipt of umples: -----
7. Analytical P"toc:DI r.qulred (1ttact\ mpy If ott.r than I pnatoc:DI a,rrw,tfy USC In 

Ulla program) : 

EPA Method 420.l chloroform distillation for concentrations between 2 and 200ug/1 or 420.l 

direct ~hotometric method for cone. greater than 200 µg(J or 

Standard Methods SlO-A followed by B for cone: from 2 to 200ug/l or c for cone.greater than 

200 ug/1. 

1. Spedal technical ln1tructlon1 (If outside protocol raqufre11111nt1, specify cmnpounc:l 
names, C:AS numbers, detection llmits, etc:.): 

Samples will be preserved with phosphoric acid and l~ Cuso4 in the field to a pH 4. 
If the Chloroform extract is over 200ug/1 the sample must be diluted and redistilled. Do not 

dilute the chloroform.extract. Holding time is not to ~xceed 7 days. A 5 point calibration 

curve should be used (blank and 4 std.). Use only the methods specified above. Obtain 

approval from CPMs CRL prior to using any other method. Rerun samples with absorbances 

greater than the highest standard. 
,. Analytical resurts ,-quired (If known. specify format for data ,,,_t,, QA/QC: reports. 

Chain-of-Custody clDc:umantattan. ecc.). If not campleted, fo1'1118t of "suits will be 
left to program alscretJan. 

records tabuhtjng the ocdec of tjtraot ~tanda'"djzatjgp Jab bla"ks sernohs soikec: "''"He: 
etc. whth tg;y]tjng §hsgcbance oc cone cA~dguts wjJJ bG acov1de1 along witb ca"'i~s a~ 'Mark 

sheets used tg s;aJcuJate Ce$Y]ts, aJJ records nt aoaJxs1s aca ca~culatiocs roust be JegibJe 

10. Other (UM addltlonal 1tlaets or attadl suppl...,tary lnformtJan. •• needed): 

11. Name of aampllng/lhlpplng cant.act: _J_e_f_f_K.;;;e;.;.i.se;;.;,r _____________ _ 

Phane: (414) 272-2426 

-- Pteasa return tl'_lis request to the Sample Management Offfca •• ~ as possible to ex ;:eci 
processing of your r.quest for spadal analytlcal 1ervlc■1. Should you have any ~uest;cr 
"'., ,,_ ....... ••v ••••••••-• •·•••• ~SIi th. C•---·• L1~.,.•--••• t,ffl-• 
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I. DATA REQUIREMENTS 

Parameter Detection !:!!!!! 
Phenols 2 ug/1_ for Chloroform 

200 ug/1 for direct 

Photometric method 

II. QUALITY CONTROL REQUIREMENTS 

Audits Required 

Lab Blank (distilled) 

Lab Duplicates 

Frequency !! Audits 
At least 1 per analytical 
run and 1 per 10 samples 
At least 1 per analytical 
run and 1 per 10 samples 
At least 1 per analytical 

Matrix Spike (distilled) run and 1 per 10 samples 
At the end of each run 

Calibration verification check and 1 per 10 ------------s~mple ( Undistilled) 

EPA QC Phenol reference sample 
1 set of 2 samples 1 per this project 

Precision Desired 
(11 or Cone.) 

+ - 20% or 5 ug/1 for 

cone. less than 20 ug/1 

Limits• (!\ or Cone.) 

2 ug/1 

20% or 5 ug/1 

80% - 120% 

90% - 110% 

80% -120% 

Spike concentrations will be gr_eater than 30% of the sample cone. but will not exceed 
the working range of the standard curve. 

111. *Action Reguf nd If Limits are Exceeded: 

Reanalyze the sample, contact Jay Thakkar or Chuck Elly at the Region V CRL 



Appendix H 
SPECIAL ANALYTICAL SERVICES (SAS) 

PARAMETERS FOR SOIL/SEDIMENT 

Attachment H.-1: 
Attachment H-2: 
Attachment H-3: 
Attachment H-4: 
·Attachment H-5: 
Attachment H-6: 
Attachment H-7: 
Attachment H-8: 
Attachment H-9: 
Attachment H-10: 
Attachment H-11: 
Attachment H-12: 

GLT595/38-4 

HSL Organics 
-HSL Inorganics 
Proximate Analysis 
Ultimate Analysis 
Heating Valve 
Flash Point 
Soil/Sediment pH 
Soil/Sediment TOC 
Water Soluble Chlorides 
Dioxin 
Particle Size Distribution 
Atterberg Limits 
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U.S. Envlronmental Protection Agency 
HWI Sample Jl•n■gement Office 
P.O. Box 111. Al1x1ndrla, Virginia 22313 
PHONE: (703) ss1-2,,o or FTS-557-2,,0 

I .. ___ s_A_s_N_u_m_b_e_r __ ..,I 

SPECIAL ANALYTICAL SERVICES 
Regional Request 

~ Regional Transmittal D Telephone Request 

A. EPA Region and Site Name :-:R:""e_g_i-:-on--:-V~_M':"'os_s----:-A-:-m_e_r,_· c_a_n _____________ _ 

B. Regional Representative :_D~e:-:n-:::n~i """.s ~W~e:-s-:-0
7
1 o:".w:-s_k_i ________________ _ 

c. Telephone Number: ( ) _(3_1_2_) _a_a6_-_1_97_1 _______________ _ 

D. Date of Request: __________________________ _ 

Please provide below a description of your request for Special Analytical Services under 
the Unccntrolled Hazardous Waste Dumpsite Program. In order to mc,st efficiently obtain 
laboratory capability for your Nquest. plus• address the follow Ing considerations, if 
applicable. Incomplete or erroneous information may Nsult In delay In the processing 
of your request. Please continue response on 1ddlU.onal sheets. or attach supplementary 
Information as needed. · · 

1. Central description of analytical Hrvlce requested: --------------An al y z e soil and sediment samples for HSL volatiles, acid, base/neutral extractables and 

pesticides/PCB's. All samples should be analyzed using high level extraction techniques. 

Volatiles and pesticides/PCB's should be analyzed at medium level detection limits. The 

acid, base/neutrals should ~~·~nalyzed at high level detection limits. 

2. Definition and number of work units Involved (1paclfy whether whole samples or 
fractions; whether organics or lnorganfc1; whether aqueous or soil and sedim.,ts; 
and whether low. medium, or high conc.,tratlan): 

Analyze 16 high concentration soil samples .and 10 high concentration sediment samples for 

the parameters listed above. The samples contain high levels of creosote. 

3. Purpose of analy1l1 (specify whethar Superfund (Remedial or Enforcement). RCRA. 
NPDES. ate.): 

Superfund, Remedial 

•~ Estimated dat1(1) of collec:tlan: _____________________ _ 

5. Estimated date(1) and method of shipment: Daily by overnight carrier 

s1 . 
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ffii Organic 

-2-

,. Approximate nUfflber of days results required after lib rec1ipt of Mmples : ___ _ 

Report results within 30 days of receipt of samples 

1. Analytical protoml required (1tt1ch copy If other tnan I protoc:DI currw,tty usec! In 
thi • progra'!' _> : 

As specified in proposed US ~PA protocol for analvsis of hi-:rh/~p-;,i·,,,.. ~<7r;r-ont-..- .. t-;,-., 

organics. (Rev. 4/85) 

a. Speclal technical ln1tructlon1 (If outside protocol requl,..ments, specify ccmpound 
names, CAS numbers, detection lhnlts, etc.): 

Analyze for volatiles and pesticide/PCB at medium level detectiop limits. Analyze tor 

acid, base/neutral extractables· at high level detection limits, 

t. Analytical ,..suits requlrec:I (If known, 1paclfy format for data shNtJ. QA/QC r9~r!,, 
Chain-of-Custody documentation, etc.). If not completac:t, format of .-.suits will be 
left to program discretion. 

Provide deliverables as per proposed US EPA protocol for analysis -:,f ::i=::/'.!'!ed.:.·•~ 

concent:=ation organics (Rev. 4/85). Dccu-ment sample preparat:.on =l-ear:u;: ,me .3.r:.a!.' . .-s:.s. 

Report all QA/OC data. 

10. Other (UH addltlonal sheets or atta~ suppl....ntary lnfon:11tlon, 11 needed): 

11. Name of Mmpllng/shlpplftl contact: Jeff Keiser 

Phone: (414) 272-2426 

P!ease return this rwquest to the Sample Management Offfca •• soon as possibl• to expeoite 
• ;rec:!u!r:51 =f 1cur ,-~yest for speclal 1nalydcal t•r""ic:as. Shoui~ ~QY :~a..-e ~~v :•..;es··:-s 

or need any usistanca, plus• ~II the S•mpl• .\1ar,ag~mer,t 'Jf!ica . 
.. ~ ~-
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I. DATA REQUIREMENTS 

Parameter 

HH Organic 

-J-

DetectlOft Limit - Precision 0esh·ed 
- (!I or Cone.) 

HSL volatiles as per US EPA proposed protocol 

HSL BNA extractables for high/medium organics 

HSL oesticides analysis (Rev. 4/85) 

11. QUALITY CONTROL REQUIRIMINTS 

Audits Required Preguency !! Audits Umfts • ( !I or Cone. ) 

As per US EPA ?reposed protocol for high/medium organics analysis (Rev. 4/95) 

111. •Action Ragufred If· Ll■lts IN lscNdad: 

Contact Chuck Elly (312) 353-9087 
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Attachment H-2 
HSL INORGANICS 
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U.S. Environmental Protection Agency 
HWI Sample W•n19ement Office 
P ~o. Box 111. Alexandria. Virginia 22313 
PHONE: ( 703) 551-2,10 or FTS-557·2•to 

1 .. ___ s_A_s_N_u_m_b_e.,...r __ ..,I 

SPECIAL ANALYTICAL SERVICES 
Regional Request 

D Regional Transmittal D Telephone Request 

A. EPA Region and Site Name :_Re_g_i_o_n_V_. _M_o_ss_A_m_e_r_i c_a_n _____________ _ 
B. Regional Representative : __ oe_n_n_i_s_W_e_s_o_l_ow_s_k_i ________________ _ 
C. Telephone Number: ( ) _(3_1_2 __ )_8_8_6-_1_97_1 _______________ _ 
D. Date of Request: __________________________ _ 

Please provide below I description of your request for Special Analytical Services under 
the Unccntrolled Hazardous Waste Dumpsite Program. In order to mc,st efficiently obtain 
laboratory capabillty for your request. please 1ddres1 the following considerations. if 
applicable. Incomplete or erroneous information may result In delay In the processing 
of your request. Please continue response on addl_ti.onal sheets, or attach supplemen~ry 
Information as needed. 

1. Ceneral description of analytical Hrvice requested: _____________ _ 

Analyze soil and sediment high hazard samples for HSL metals and cyanide. The samples are 

high in creosote and fuel oil. The metals should be analyzed using medium level detectjgn 

limits. 

2. Definition and number of work units Involved (specify whether whole samples or 
fractions; whether organics or lnorganlcs; whether aqueous or toll and sediments; 
and whether low. 111edh,1111. or high concentration): 

Analyze 16 soil high concentration soil samples and 10 high concentration sediment samples 

for the parameters listed above. The samples contain high concentrations of creosote and 
fuel oil. 

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement). RCRA, 
·--·' NPDES. etc.): 

Superfund, Enforcement. 

r ·· 4. E·stlmated date(s) of collection: __________________ ...;... __ _ 
~ 

s. Estimated d1te(1) and method of shipment: Daily by overnight carrier 
-~.... . ~-- ~ :- --i~:·:-4 ~ 

~.=-:··~- . . -'-~ ..... ~-:-•·. ,c.. 

.... _.. ...................... ~- a« e,; ., ....... ~ -~-~--~............___ ... ~ ............. ~ a-1:eo.,1 ~-;:-.... _, 



HH Metals 
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,. Approximate number of days "suits required 1ft1r -lab r1e1ipt of Mmples: -----
Report results within 30 days of receipt of samples 

7. Analytical protOCDI required (attach mpy If other than a protocol currently usee In 
U,11 progr■'!') : 
As specified in US EPA protocol for high concentration inorganics ana~ysis 

(Feb, 1985) 

1. Special technical ln1tructlcn1 (If outside protocol requl,..11111nt1, specify ccmpound 
names, CAS numbers, detection ll111it1, etc.): 

Medium concentrations are 

anticioated. The above methodoloaies are reauested to provide analysis for oil 

matrix samples. 

t. Analytical ,..,ults required (If known, 1pedfy fonnat for data sheets, QA/QC re~rts, 
Chain-of-Custody dDcUffllntatian, etc.). If not completed, format of "suits will ~• 
left to prognm dlscretJan. 

Provide deliverables as per US EPA protocol for high concentration inorganics 

analysis (Feb, 1985). Report all QA/QC data. 

\ 
1 10. Other (us• ldclltlonal 1hlet1 or attach suppl...,tary lnfon:atJon, •• needed): 
C. 

(. 
I 
I 
'·-

11. Name of umpllng /shipping cant.act: Jeff Keiser 

Phone: 414-272-2426 

~"'7--: Please return this ".9CIUHt to the Sa":ple Management __ Offfca •• ~ as possible to expedite 

·- ~roces.stn~_of your ~~est ~.-Cl•~ analyt~I .• .. ~•• ··;ft?:t.~Y~ ~v~ _!"Y ~ues•.ions 
nr n@•· any Hslstanc~..-=call t,_ _5.ua~~9~!'';~itjlu~··· .,.~~-......:;: --- ., ... -~ .. ·--~--~ 



I. DATA REQUIREMENTS 

Parameter 

HH Metals 

•J-

Detection Ll111lt - PrecJ1lon Desir•ed 
(!I or Cone. J 

HSL metals as specified in US EPA protocol for high 

concentration inorganics analysis (Feb, 1985) 

II. QUALITY CONTROL REQUIREMENTS 

Audits llteguf r9d P,;oguer,cy . !! Audits LJ111fts• (!I or Cone.) 

As per us EPA protocol for high concentration inorganics analysis (Feb, 1985) 

Ill. •Action Regufrad If U■lts aN lxce1ded: 

Contact Chuck Elly (312) 353-9087. 



Attachment H-3 
PROXIMATE ANALYSIS OF COAL AND COKE 

Method: American Society for Testing Materials 

Proximate Analysis of Coal and Coke: 
Moisture: 
Ash: 
Volatile. Matter: 
Fixed Carbon: 

D3172-73 (1979) 
D3173-73 (1979) 
D3174-82 
D3175-82 
D3172-73 (1979) 
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U ,.i. Envl.-onmentil Protection Agency 
HWi Sample Jl.anagement Office 
P .0. Box 111, Alexandria, Virginia 22313 
PHONE: ( 703) 557·211t0 or FTS-557-2,90 

I -___ s_A_s_R_u_m_b_e_r __ ..JI 

SPECIAL ANALYTICAL SERVICES 
Regional Request 

~ Roglon:il TnnsmltUI D Talephcne Request 

A. EPA Region and Site Name: __ R_eg_,_·o_n_v_,_M_o_s_s_Am_e_r_i_c_a_n _____________ _ 

e. Regional Represenutive : __ 
7
De~n;-:n:;,ir-'s'ooW~e~soi"il;"!:o~w_s_k.._i _______________ _ 
(312) 886-1971 C. Telephcne Humber: ( ) 

C. C:ite of Requast : ___________________________ _ 

Please provid~ below ~ dascrtpticn of ycur roqu<!st for Special An.1lyticl ServicH und~r 
the Unccntrolled Hazardous Waste Dumpsite Program. In order to mt1St efficiently obtain 
J.ibor:itory ~p:ibillty for ycur roquest, pluse 1ddress the following ccnsideraticns, if 
.ipplic~ble. lnccmplete or erroneous lnf0rm.1ticn .my nsult In dCll.1y In the precessing 
cf your r~uast. Pl'!:JSC! =ntin\.~ MS~se en addition:al sheets, or ~tt:Jch supplementary 
inform:ation .1s na~ad. 

1. Cenenl description of analytic! Hrvic~ r~quested: ---------------An al y z e soil and sediment samples for 1) Proximate analysis fo~: a) moisture content, 

b) ash, c) volatile matter, and d} fixeci cacboa 2) :JIJtimate aoaJ¥sis far 
a) C, H, S, O, N 3) Heating Value, 4) Flash Point and 5) pH 

2. Definitic.9\ •nd number cf work units Involved (specif'! whether whole samples or 
frlc:!ion:s; ~th~r :rs~ni:~ :r incrsanic:~; ,.hether ~c:ueous or soil .ln:: 1ac:im~::.: 
.snd whether lcw, :necium, er hi5h :=nc:n:r2ticn): 

Analyze54 soil samples and 20 sediment samp1es foi the parameters listed above. The 

samples will have low to high concentrations of creosote and fuel oil. 

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA, 
NPCES. etc.): 

Superfund, Enforcement 

4. Es:irnatec d~te(s} of collection: _______________________ _ 

.J• ~s!it:'late~ d~te(s) .Ind rnettio.d af ~l\lp~t: !}ail_t;.:_by_overnig-ht. carrier. 

-- -~, it:C:"~• .",g:)ll:-.:~g,;z=;~;:s~,!~~~~j~::,:~, .~--



Proximate Analysis 

-2-

6. Approximate number of d1y1 results required after lab receipt of samples: ___ _ 

Lab will report results within 30 days after receipt of samples 

7. A.nalytical protocol required (attach copy If other than I protocol currently used In 
this program): 

AS'IM D 3172-73 (1979) proximate analysis for Coal and Cokes 

(a)% Moistures AS'IM D 3173 

(b) % Ash ASTM D 3174 

(c)" % Volatile Matter AS'IM D 3175 · 

(d) % Fixed Carbon AS'IM D 3172 

See Attachnent F - I 

a. Special technical Instructions (If outside protocol requirements, specify ccmpound 
names, CAS numbers, detection limits, etc.): 

Note that these samples may be toxic and/or flrrmable. 

See Safety Notice 

9. Analytical results required (If known, specify format for data sheets, QA/QC reports, 
Chain-of-Custody· documentation, etc.). If not completed, format of results will be 
left to program discretion. 

Report all sanple, spikes, duplicates reports data legibly. Supply 

copies of all laboratory log books, reports fonns related to these 

sample.<;/::. samples arxi standards. 

10. Other (use addltlonal sheets or_ attach supplementary Information, 11 needed): 

11. Name of sampling/shipping contact: ___ J~e-=f_f_Ke ___ iser==----------------
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I. DATA REQUIREMENTS 

Parameter 

Parameter 

% Moisture 

% Ash 

% Volatile Matter 

% Fixed Carbon 

(by difference) 

Proximate Analysis-

-3-

Detection!:!!!!!!, 

Detection Limit 

< 1% 

< 1% 

< 1% 

11. QUALITY CONTROL REQUIREMENTS 

Audits Required Frequency !! Audits 

Reference MateriaJ 1 per 10 SampJes 

Duplicates· 1 per 10 Samples 

Precision Desired 
(!\ or Cone.) 

< .2% for Moisture Values 
< 5% 

< 0.3% for moisture Value~ 
7 5% 

No Carbonates< 0.2% 

Carbonates<. 0. 3% 

Not Established 

Limits• (!\ or Cone.) 

% R 80 to 120% 

R % D < 10% 

Report of all 

OC Values 

% R = Percent recovery R % D = Relative % difference 
111. • Action Regui red If Limits are Exceeded: 

a) Reference Material - if %-R is exceeded, rerun, if R % Dis exceeded, 

rerun. Take best pair. 

b) Duplicates - rerun sample in duplicate 

If out, ·ca11 Dennis Wesolowski 312-886-1971. 

,,;";ii.jj\.i- • 



4ITT~ Desi_gnatton: D 3172 - 73 (Reapproved 1979) 

Standard Method for 

PROXIMATE ANALYSIS OF COAL AND COKE 1 

Tll&l ll&lldard 11 11111ed 1111cler \he riacd dcs1g111uoo O 3172. t!le 01i111ber unmed,atel~ r0Uow1Dg 1hc de"gn111011 1nclu:11e, 1h, 
year of onglD&I adopuon or. ID Ille case or rr,woo. uic year or Lui rnis,on. A 011mber ID pano1ilac, 1Dd1ca1c, Ille .car or w.1 
,approval. A 111pcnc12p1 '1"4100 (c) 111d1cata u a111onal cbao1c siAcc \he Lut rr,11100 or rappro~al. · 

•-~ 
.1. L. This method covers the determination of 

moisture. volatile mauer, and ash and the 
calculation of filed carbon on coals and cokes 
sampled and prepared by prescribed methods 
and analyzed according 10 ASTM established 
procedures. Methods as herein described may 
be used to establish the rank of coals. to sho"'· 
the ratio of combustible 10 incombustible con
stituents, 10 provide the basis for bu)·ing and 
selling. and to evaluate for beneficiation or for 
other purposes. 

1. Anficable Docutettts 
2.1 ASTM Standards: 
D 346 Collection and Preparation of Coke 

Samples for Laboratory Analysis' 
D 388 CJ&ssifacation of Coals by Raak2 

D 2013 Preparin1 Coal Samples for Analysis' 
D 2234 Collection of a Gross Sample of Coal 1 

D 3:7l Test for _Moisture in the Analysis 
Sample of Coal and Coke1 

D 3174 Tes& for Ash in the Analysis Sample 
of Coal and Coke1 

D 3175 Test for Volatile Matter in the Anal
ysis Sample of Coal and Coke• 

_l. Deflaitioll 

3.1 proiimatr arral_,·sis of coal and cok,-an 
assay of the moisture. ash. volatile mauer. and 
filed carbon as determined b>· prescribed meth-

ods. Other constituents such as sulfur and 
phosphorus are not included. 
4. Sampli111 

4.1 Coal sample collection shall be in ac
cordance with Sections S and 6 of Classification 
D 388 if the prolimate analysis is to be used 
for classification of coal by rank. ln all other 
cases. sample colleaion shall be in accordance 
with Methods O 2234. Prep1ration shall be in 
accordance with Method D 2013. Coke sam
pling shall be in accordance with Method 
0346. 
5. Test Methods 

5.1 Moistur,-Method D 3173. 
S.2 Ash-Method D 3174. 
S.3 Jlolatilr Maur-Method D 317S. Ir the 

modified procedure is required. the n:port 
should show that the modified procedure was 
used. 

S.4 Fiird Carbon-The filed carbon is a 
calculated value. h is the resultant of the 
summation of pcrcenta1e moisture. ash. and 
volatile matter subtracted from 100. All pcr
ccn1a1cs shall be on the same moisture refer
ence base. 
'\- filled carbon • 100 - ('\- moisture 

+ c., ash + 'l volatile matter) 

'Til,s mc1hod i, under the junsdiction or ASTM C ommn
t• I).~ on Coal and Co~c. 

Current cdnion IP1Jrovcd Apnl 27. 1973. Published 
Jul\ 197). 

1 INJ .◄IM• &r.Ji If AS'TIJ SIGltllllrds. Vol 05.n 

Tlw .4"'1"Plran S.■·,,n· ~" Tr111tritmt1 Al,n,.,,ol, 1Gl.n """'""""''""".""'rite· 1·al1d111· c'f P,· /ffllffll rr,hll tu.<mrd 111 ,,.,,nt'crwn 
•·i1lt an,· flt'ffl -Hlllffi 111 1/tn v1111d11td. l:.s,-,., uf 1hr, Jlallllard lltt' r.'fC/Wnsl_,. Ollnlt'fi I/tat dtrrrm1NUtnn ttf IN 1·al1d11_1· t1f 1111 , . .111c-h 
fl'Mrrtl ,,,,.,.,. tmtl 1/w- ru4 nl 111_fr1n,- nl suc-lt rrpu. "" r,,11,rtr 11tn, 0,011 mf'"'Ui/t,/11_1· 

Tlti., Jlandard i., su/i,«1 ,,. rc-ru11111 Ill Qltl IIWW h,· tlH· rr.-,-111siltlr 1,rltnrc·al C~lfllllft" tlltd "'"-" t.. ,r,·,,--t'd ,i·~- firt' .l"t'II" and 
;( 11111 rc~r.w. nrltn _,,,.,.,..l'fl ,., •·11hdra•n )°mi, ,.,,,.,,,,,.,,,, 1111· 1ttwrd c-111,,-, (ttr tC'l"m111t ,,/ rlt,, 11111Hlllrd ,., f,,r add:111111,1/ 
1111ttJar,J, 111111 .1/wlflld ,_. adlJm..,,,J 111 .4ST-'I Ht'Odq1111rrrr, row, n_,,,,.,,,_, •·•II rc,r,,·r rg,eft,/ n111.<ukrt11111t1 111 a mn,111e 11f th,· 
,r.,p111.<1hl,• i,r/111,c," n..,,,,,,,n-. a11r1&-lt _,.,.,,, tt111.1· 1111,'flll (f.n,u fffl 1""111111, (tllft"""'s hll•·r ,.. rrt·n,·C'r/ a (11,r ltranttr .... ,,, ,1,.,11/d 
lllelr _,_ .._.s •-• '" 1/tr ASTM c-111« otr SIIPtdllrd.,. 1916 lla.·r S, .• 1¥td0Mipl,111. h l9l0J 
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AL ANO COKE 1 

uely foUowuig 1hr dcupiauou 111du:.a1c1 1hr 
.,11bcf III pa~albaa 111d1c.a1a Ille year of laa1 

1"e¥11&011 or rcappro.-al. 

constituents such as sulfur and 
arc not included. ... 

I 
sample collection shall be in ac• 
th Sections .S and 6 of Classification 

11; proximate analysis is tu be used 
:ation of coal by rank. In all other 
le collection shall be in accordance 
.ds D 2234. Preparation shall be in 
with Method D 2013. Cote sam

.1 be in ac:cordmce with Method 

etbocb 

•isu,rr-Method O 3173. 
'-Method D 3174. 
uilr Maur,-Method O 317.S. If the 
procedure is required. the rcpon 

,ow that the modified procedure was 

~d Carbon-The fixed carbon is a 
j value. ll is the resultant of the 
,n of percentage moisture. ash. and 
,auer subtracted from 100. All per• 
,hall be on the same moisture refer-

'fbon ., 100 - <" moisture 
+ " ash + 'I> volatile matter) 

I 
-.c1hocl i, 11ndcr 1hc j11rild1c11on of ASTM Commn- -• 
Coal and Coke. 

edauon approved April 27. 1913. Publilllcd 

.•""41 IJnc,I; ti{ ASTJ.I ~J. Vol OS.OS. 

,tw ~a1,d,1,,· of GIii' (ltllMf n1h11 ournrd ,,, ('Olllft'ffiOII 

"4/Yis,d tltot thrtn,1111111u11t of 1/tr ro/1d11,· of GIii' s11t·h 
rs,t,lflSl/0,/111· • . . 

. 
nwftm111w oltl/ mUJt tit- ,,...,,,..rd ~m· firr '"''·' oNI 
mltrr rn, rrrm,.,. nl rh,., uondord or for Gdii1111""1I 
,·,II fft'ftl'I' rrurful NIIUU#"fGIIOII III o mrr,11111 (f( th,· 
.,. __ , ho•'t' - r,rr,,·t'd o /111r ltran11• .1·~1 ~11/d 
"""'1Mi(lllio. Po. 191 OJ. 

~~l~ Designation: 0 3173- 73 (Aeapproved 1979) 

Standard Test Method for 

MOISTURE IN THE ANALYSIS SAMPLE OF COAL 
ANO COKE 1 

1'JS IIUdanl ii illlled llll4c1' lbc Iii.al daipauoo D 3173; Ille DWllbcr imm9daa1cly foUowiag Ille dalpa110D illd1c.a1~ Ille 
year of onguw adopuoo or, 111 Ill• cue o!~llioa. llac yur oflut 1'1'¥Wotl. A Dllfflbcr III pa~alhcscs 111dlca1a Ille year o!las1 
~~roval. A 111pcn,cnp1 cpliloD (c) iD4icat• u edi10nal dwlgc - Ille lal& re-tisioa or 1'ApprO¥al. 

I.Scope 

1.1 This method covers the determination or 
moisture in the analysis sample of coal or·coke. 
It is used for calculating other analytical results 
to a di"}· basis. \\'hen used in conjunction with 
the air dr)·ing loss as determined in accordance 
with Method D 2013. Method D 2961. or 
Method D 346. each analytical result can be 
calculated lo an as-received basis. 

%. Applicabl~ Documents .. 
2.1 ASTM Standards: 
D 346 Collection and Preparation of Coke 

Samples ror Laborator1 Analysis1 

D 2013 Preparing Coal Samples for 
Analvsis1 

D 2961. Tow Moisture in Coal Reduced to 
No. 8 (2.38 mm) Top Sieve Size (I.united 
Purpose Met!aod)2 

3. S.aa.,,- ol Medlod 
3.1 Moisture is determined by establishing 

the loss in weight of the sample when heated 
under ritidl) controlled conditions of tempera
ture. time and atmosphere. sample weight. and 
equipment specifications. 

'- Aaalysis Sampl~ 
4.1 The analysis sample is that sample which 

has been puh·erizcd 10 pass 250.,am (No. 60) 
sie\·e as prepared in accordanc.:c ,.-ith Method 
D 346 or Method D 2013. 

!. Apparatus 
5.1 D,_,·inR O,·~n. for coal samples: 

5.1.1 For determining the moisture or coal. 
the oven shall be so consuuc:ted as to have a 
uniform tempcnture in all pans. have a mini• 
mum of air space. and be capable or temperature 
rqulation between the limits of 104 and 11o•c . 
It may be of the form shown in Fi&- I. Provision 
shall be made for renewin& lhe reheated air in 
the oven at lhe rate of two to four times a minute. 
with the air dried bypassing it through a dessicant 
as defined in 6.1. 

5.1.2 In the oven sho,.·n in Fit. I. the door 
should contain a hole of approximate!) 1 ~ in. 
(3.2 mm) in diameter near the bottom 10 permi1 
a free now of air through the oven space. 

5.2 Dryin1 Ovrn. for coke samples. For 
determining the moisture of coke. an ordinan 
dr)·in1 oven with openings for natural ai·r 
circulation and capable of temperature regula
tion between limits of 104 and 110°C may be 
used. 

5.3 Capsulrs, with covers. A convenient 
form. which allows the ash determination to be 
made on the same sample. is a porcelain 
capsule. ~•in. (22 mm) in depth and I :'•-in. (44 
mm) in diameter. or a fused silica capsule of 
similar shape. This shall be used with a well-fil
ling Oat aluminum cover, illus1rated in Fig. 2: 
Platinum crucibles or glass capsules wilh 

• Thi, mc1hod i, 11ndcr 1hc i11rilldicuon of ASTM C nmm11. 
1cc D-~ on Co,11 and Co~c . 

C11mn1 cd111on appro,cd .,pral :1. 197~ P11bh,hed Jul. 
l97~. 

2 Jl/,\.1 .•1111110I S.•• ,ol .• ST.If S1andorJ, \'ol O~.O~ 
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4m~ 
Jround-i:la~~ car~ ma~ al~o be -u~d. The~ 
~hould he a~ ~halh\"' a~ ro~~ihk. con~1Mcn1 "'it h 
con,·cnienl handl1ni: 

6. Ruacnt!i 
6.1 Dr.,irrant: 
6.1.1 Sulfuric Acid (H,SO •. sr Jr 1.114) 

(Note I) or Anln·drouJ MaflntJiunr Ptrcltloratt 
(Mg (CIO.>sl appro1ima1ely 2.36-mm (""o. II) 

~ie,·e. A~ a safe,~ rrci.:;1u1ion mal?nes1un1 pcrJ 
chh\ral,: ~h,1uld nol he re~cncra1cd for reu~c h 
should be de~lro~ed b~ dis!,ol,inl? in "'a1er and 
0u~h,ni: do"'n a drain 

1'1111 1-H .SO, ,~r i:r I.II~ 1 " ~,. •~ cun,·o:n-
1ra1cd. h, .ifhnn, lur V.jlcr d1n,1n1,h,:, a, lh,· cnn• 
ccn1r.111on 4tcreJ.c,. Tht' acid should b.: rcrljccd 
,...ith nc"' ,tCid l~r Jr 1.11.a, "'hen tho: oni:1nal ,·olumc 
has incrc:ascd b) : , ( c,fl ~ ). 

· .-7. Procedure for Sample Passinc • ~,.m 1No. 
601 Sic•e 

7.1 Heat the empty capsules under the con
ditions at which the sample is to be dried. place 
the stopper or CO\'er on the capsule. cool over a 
desiccant for 15 lo 30 min and weigh. Dip out 
111·ith a spoon or spatula from the sample bottle 
appro1imately I g of the samrle. Put this 
~uickl~ into the carsule. close:. and weigh at 
onc:e. 

7.2 An alternative procedure for weighing 
the sample (more subject to error) is as follo"'·s: 

• After transferring an amount of the sample 
slightly in uc:ess of I g. bring to euc:tly I g in 
w.eighl (:t:0.5 mg) by quickl)· removing the 
e!\c:ess weight of the sample with a sp .. tula. The 
utmost dispatch must be used in order to 
minimize the exposure of the sample until the 
•·eight is determined. 

D 3173 

7.~ After rcmlwini: the c,"·cr~. quidh r'•-: 
the car~uk, 1n a r,rehcatcd o•·en (at l(i,. 1l 

110°C I I hrnui:h "'hic:h r,a!,!,e, a current o! ••· 
dried b~ H,SO. (sr [?r 1.1141 (Note I l (Tr-.~ 
current of dr~ ai'r ii. not ncce~~.ir~ for co~c , 
Clo~ the -o,·cn al once and heal for I h. Or11:r 
the oven. co,·er the car~ulc~ qu,c_k I~. cuol ,r , 
de~iccator over dc~iccant and ,...e,[!h as. soor, •· 
cold 

7.4 Use the pcrcent:l[!e of moiMure in 1h~ 
sample passing a 1~0-,..m (l'-o. 601 sic,c 1, 

c:alcula1e the re~uhs of the other anal~~e, IC·. 

dr~ ba~i~. 

8. C'alcula1ioni. 

8.1 Calculate the pcrccn1 moisture in th: 
analysis sample as follo\\'S: 
Moisture in analysis sample. ~ 

• l(A - B)/ A) :k IOi. 

where: 
A • grams of sample used. and 
B • grams of sample arter heatinJ. 

9. Precision 

9.1 The follo"'·ing criteria should be used for 
· judtiing the acccp1abilit~ of re!iult~: 

9.1.1 R,pratability-Ouplicate result~ b~ 
the same laboratory should not be considered 
suspect unless they differ by more than o.: c: 
for coals ha\·ing less than S ~ moisture and 0.: 
~ for coals having more than 5 llt moisture. 

9.1.2 R,p,oducibility-The results submit
ted b)· two or more laboratories should not be 
considered suspect unless they differ by more 
than 0.3 ~ for coals having less than ~ r. 
moisture and 0.~ 'l- for coals having more tha~ 
5 Cl moisture. 
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i: 1hc: c1wcr,. quid.I~ r,lacc 
,rchca11.:d o,·cn (al 104 to 
-.:h Jl;.i,,c~ a current of air 
, ~r 1.!t41 (1'otc ll. (The 

.. , not ncce~~;.ir~ for c:o~l:'.I 
nee and heat for I h. Oren 
;.ir,,ulc, qu1c~I~. cool in a 
:c;.int and v.e1~h a~ soon a, 

:enta~c of moi~ture in the 
'.~0-11 m (!'1-o. 601 sie\'e to 
of the other anal~ ~e~ to a 

: percen1 moisture in the 
f O IICl\lo s: 

·mrlc. t;; 

,pie used. and 
,le after heating. 

,~ criteria should be used for 
nilit~ of re~ulu: 
/it_,·-Duplicate rei.uhs b~ 

r~ should not be considered 
. differ b~ more than 0.2 ~ 
s than 5 Ii moisture and 0.3 
more than 5 ~ moisture. 

ibi/it_r-The results submit
·-: laboratories should not be 

unless the) differ b)· more 
.;,als ha,·ing less than ~--~ 
~ for coals havin1 more t~an 

, .... · 

l'ion-Dc1:,1I, ,n l:.S. Buruu or Mine~ Bulleun So. 49:. 19~1. rt, 

FIG. I Moill•ff °'" 
=,;; ,... 

7'li, ~ u •Jff' 10 ~ • •.•· ,._ by rlw rnpo,uibl, r«ltltinl ~11,n ad _,, ~ rnin.-.d rttn· fl-.r 
,_, .,. if - rrwllffl. tillwr ~~ or a111tdrn• t·- c-_,J - ill,11nl nrw for ,n1Jio11 of rllu 110JUJard o, 
it11 oMil-1 1111111/11,,b MIi sltOMIII ~ iMllll'ru#d 10 AST/rt H"""t-''"- t·- c-OMlltfflU •vi rrc,i-.r rorefwl roiwhr011011 
., 11 -IIIJ of llw rnpottSib/r l«lunt"a/ t"_,,.lllff. a-lwll .•- "9G'.I' Gll'flll. ff.•- fffl lluu _,_, t"Otftfft"'U 1111,·, 1101 r«nrn/ 
o f111t ltftlnltJ _,_ Jliollld lft4h ·"°"' rwa·J boaw 10 rlw AST/rt CotftlfWlff OIi Sttlltlillrd.•. /910 Rae-, S1 .. 111ilod,tpl110. 111. 
19/0J. a-lwll will ,rll,di,/, er f11nlr,r IIH""I "l"'ll"'f .- c--,J. FcrilutJ wufcrmo11 111,rr. yoa, -• crpf1HI to 1/w 
AST/II a-d of D;,«-1crr1. 
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~I Dfflgnatlon: D 3174 - 82 

Standard Test Method for 

ASH IN THE ANALYSIS SAMPLE OF COAL ANO COKE 
FRQM.COAL1 

Tb11 swidant ii illucd under the fiacd daigoation D 317•: lbe numbc_r immcdiatell' rollowing the dcsignauon indu:a,cs the 
yea, ol ong,nal adoJM1on or. 111 the c:aM o_r rcYUton. the y_car or l»t rcv1110n. A number in parenthnft ind1c:a1cs the year of tu, 
l'M1'Pf0l'&I. A supencnp1 cpuloo (• I 111dicato III editorial dlaqc aiac:e the lut nr,,i1i011 or rupprowal. 

I. Scope 
1.1 This method covers the determination of 

the inorganic residue as ash ill the analysis 
sample of coal or coke as prepared ill accord
ance with Method D 2013 or Method D 346. 
The results obtained can be applied as the ash 
ill tbe proximate analysis. Method D 3172. and 
ill the ultimate &aal)'!is. Method O 3176. For 
the detenniDation of the constituents in ash. 
reference is made to Method O 2795 and 
0.3682. Sec Dc(LDitions O 121 for definition 0£ 
ash. -

%. Appiicule Documeats 
2.1 A STM Sl41Uiludr. 
D 121 DcfiDitioasofTcrms Relatiagto Coal 

udCokr 
D 346 Collection ud Preparation of Coke 

Samples for Laboratory Aulysir 
D 388 Clasmication of Coals by Rank2 

D 1756 Test for Carbon Dioxide ill Coal2 

D 1 757 Tau for Swfur ill Alb from Coal 
udCokr 

D2013 Preparing Coal Samples for ADalysis2 

D 2795 Analysis of Coal and Coke A.sb2 

D 3172 Proitimate Analysis of Coal and 
Coke2 

D3173 Test for Moisture in the Analysi! 
Sample of Coal and Coke2 

D 3176 Ultimate.AAalysis of Coal and Coke2 

D 3180 Calculatiag Coal ud Coke Analyses 
from As,,,Oetcrmined 10 DifTerat Bascs2 

03682 Test for Major and Minor Elements 
ill Coal aod Coke Ash by tbe Atomic: 
Absorption Method2 

1 Sumaary ol Metbod 
3.1 Ash is determined by weighing tbe rcsi-

398 

due remaining after buming the coal or coke 
under rigidly controlled conditions of sample 
weight.. temperature. lime. atmosphere. and 
equipment speaJications. 

'- Sipiftcaacc and lJse 

4.1 Ash. as determined by this method. i$ 
the residue remaining after burning the coal 
ud coke. Ash obtained differs in composition 
from the inorganic constituenu present in the 
original coal. Incineration causes an expulsion. 
of all water. the loss. of carbon dioitide from· 
carbonates. the conversion of iron pyrites into 
fcnic oxide. and other chemical reactions. Ash. 
as detenaiDed by this method. will differ in 
-:mouat from ash _produced in furnace opera
UoDS ud other rinng systems because inciner
ation c:onditioas illfluence tbe chemistry and 
amouat of the ash. References for correcting 
ash resubs detcrmillcd by this method to a. 
miaeral-matter-frce basis arc listed in Method. 
D 388. Section 8. Classification of Coal by 
R&llk. 

5. Apparatus 

S. l Electric Muff1~ Fumacr for Coal or Cob 
(Note I )-for determination of ash of coal. the 
furnace sball have an adequate air circulation 
and be capable of baviag its temperature reg
ulated at 700 to 1SO•C. The fumace shall be 
equipped with a temperature indicator and 
means of controlling the temperature within 

. 
1 Tbit mcdlod ii llllder w jurilclicuoo or ASTM Com• 

IDltlft 0-S OIi Coal UKI Coke 1110 ii &tic direct rapo11$1btlu, 
olSubcommmnOO,.ll oa Mclbocbo( AAaln~. · 

Cuna& ed&u. appRl\'9d Mardi l. 1982. Pliblubcd Ma, 
1912. • . 

Oripullypubliaud • D Jl7• - 73. Z.- p,eviolll ediuoc 
D Jl7'97J (1919). 

2 INJ _.....,,, ... fl/ ASTM Slrwrd.,. Vol OS.OS. 
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.. mils. Means shall be pr.;i,·idcd for 
g air flow at a rate: of:? 10 4 change~ 

sec Fig'.'. I and 2). Inlet and oullct 
: located and arranged to disuibutc: 

10rml) throughout the fu~~acc area 
c p0))ibihty of sw·ccpin& solid parti• 

,c cap~ules. The temperature over 
,orking area of the furnace floor 

,aintained within the specified tem-
mits. 

:ombustioa gases sball be vented from 

ctlain Capsules, about ¾ in. (22 mm) 
-"ld 1¥• in. (44 mm) in diameter, or 

low dishes or platinum crucibles. 
w,ICC, sensitive t0 0.1 mg. 
·ciblt Cover, aluminum, porcelain, or 

:rs. 

-rature Calibration 

~~ a preignitcd capsule with 1 g of 
: ceotcr of the working area of the 

•wd by the USC of a potentiometer and 
,uple or other suitable temperature 

device measure the temperature of 
the crucible. The crucible and sand 

= •t temperature equilibrium with the 
There should be 2 to 4 air changes per 

ving throughout the furnace (the air 
c measured by using a wet-test meter 

uent calibrated at standard conditions 
>nnected to the ceramic-pipe exhaust). 

"fumace temperature until the poten-
·:ads 750°C :t 10 and then adjust or 

temperature on the indicating pyrom
: this reading as the proper setting for 

, the furnace. 

.dure 

·,sfer approximately I g (weighed to 
t 0.1 mg} of the thoroughly mixed 

(otc 2) to a weighed capsule and cover 
An alternative way is to use the dried 

1 the moisture determination in 
• 3173. Place the capsule containing 

. _ e in a cold furnace and heat gradually 
a rate that the temperature reaches 450 
i i.alh. 

.-The sample shall be the material pul
' .pus No. 60 (250-mm) sieve in accordanc.c 
thud D 2013 or Medtocl D l46. 

- -------. . - . . :.. -. ,_ .. - -~ •· . . . . . 

.. - . 
p • . . ... . .. 

-
D 3174 

7.2 Continue heating so thal a temperature 
of 700 to 750°C is reached by the cod of the 
second hour. Continue the ashing at 700 to 
750°C for tw·o additional hours (Note 3). Re• 
move the capsule from the muffic. place the 
cover on the capsule, cool under conditions to 
minimize moisture pickup. and weigh. 

Non 3-Wbile the 4-b incineration in1erval de• 
scribed is suffic1ea1 with most coals 10 reach a con• 
dition of complete burn-off. cciuin cokes and aon
ructive coals may require addilional time. If un
bumed carbon panicles are observed. or if duplic:a1e 
raults are suspect, the samples should be rc1umed to 
tile fumace for sufficiea1 time to ruc:b a CODSWlt 
wci&hl (: 0.001 g). ly this means. pyritic sulfur will 
be oxidized and expelled before the calci1e is decom
posed. All ample supply of air in 1be muffle, .. 2 10 4 
chanacs per minute,· mus1 be assured at all times 10 
en.sure complete oxidation of tile pyritic sulfur and 
10 remove 1be SO: formed. Tbc 4-h time limil may 
be reduced iftlle.samplc.zcachcs a coaswit wcsght at 
700 10 ,so•c ill less than 4 h. 

Non 4-Some samples may be encountered !hat 
con1ain a bigb amount of carbonates (calci1e) or 
pyri1cs, or both. ID such cases sulfur rciained u 
sulfa1cs may be both Wlduly bigh and nonuniform 
be1wecn duplica1e samples. In such cases sulfa1e sul
fur in lhc asb can be determined ill accordanc.c with 
Mctbocl D 1757 and tile value properly corrected. If 
such is done, the uh value should be reponcd and 
desipated both u dctermi.ncd and corrected. 

I. Calculadoas 
I. I Calculate the ash percent in the analysis 

sample as follows: 
Asb in analysis sample, 1i • ((A - a)/CJ x 100 

where: 
A • weight of capsule, cover, and ash residue, 

g. 
B • weight of empty capsule and cover, g, 

and 
C • weight of analysis sample used, g. 

9. Report 

9.1 For rcponing analyses to other than as
determined basis, refer to Method D 3180. 

10. Precision 

10.1 Tbe following criteria should be used 
(or judging the ac:ccptability of the rcsuhs: 

10.1.1 Repcatab,1it,......Duplicate results by 
the same laboratory should not be considered 
suspect unless they differ by more . tbao. the. 
following percentages: -

No carbonata pta1111 
Carboaaca pn,cnt 
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·-~ wi1II more lllu 12 • 11h coni.io,ai 0.S • 
.an,ooa1O ud pynto 

. ,: 1.2 R,producibility-Resulu submitted 
to_- :-o or more laboratories should aot be 
e-~dercd suspect unlc5S they differ by moR 

~ 
~ 
Iii! 

than the follo.,.·ing percentages: 

No carbou1a pracat 
C.rboaa1a P,CICOI 1 
Coab ... ,11 111arc lllao 12 • ull coo1&101og· 

carboaa1a locl pyn,a -~ 

CA'P.IJ J£CiltJN /IF rvA'KAet' lflYIJ Plff..f 
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COAt. ASH Ml/f'Fl.e 
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4~~ D 3174 

CR,1/f J!CT/0/V (Jr ,rvA'NACE AIV,1 PIP.:.S 

• 
COAL ASH MVFFL.!' 

••• 

·-

C111i1.,,11io11 F1ou,.rtrr ... ,,ll Tlllhi111-Alllhi...,1 Ail • For calibra1iot111K only. adjull (arced air valve 10 deliver 2 10 4 furnace 
volun,c .:hangc, per m1nu1c c11 uan~rd 1cmpcra111rc•prcu11rc.:011cliuc,,1111.1 

Non-Flo•mc,crurc usuall) calibra1e1' for one &1m...pllcrc 11 70°F 1760 mm Hg II ll.l"C). 
(Sugcsccd layout for calibr11ion.1 

nc. z .., ..u,;,,,. 

77w A_n,1111 S«ir~1· /111 Tr1tiltf IIIUJ M111rri11L• 111•n MO ,or11in1t rr.,«tittf tltr 'IClulitf of ""-~ ,otrttt rifltll aurr,,t ill 
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~~n,- Designation: D 3175 - 82 

Standard Test Method for 

VOLATILE MATTER IN THE ANALYSIS SAMPLE OF COAL 
AND·COKE1 

Tian IIUClard ii illllCd llllder die rad 4eapauoo D J 175; die a111Dbar immelfgtel~ followia1 tllc desip111oa iad.ic:a10 liar 
:,ar o( onpoal ldoplJOll or. ill die CUI ol l'fflllOL t11c :,ar of'lal& l'IMIIOII. A a111Dbar III pamnllaa llld.ica1e die year o( IAI: 

• _..pprovat. A aupmcnpt e)lliloa lcl LDd.icata u editorial daup um tac lul ,.,,_ or ruppro,,u. 

I. Scope 
I.I This method determiaes the percentage 

of gaseous products. exclusive of moisture va. 
por. ia the analysis sample which arc released 
under the specific CODditioas of tbc test. 

2. Applicable Documeal 
2.1 A.STM Standard: 
D3173 Test for Moisture ia the Analysis 

Sample of Coal and Coke2 

• 3. Semmvy ol Metbod 
3.1 Volatile matter is determined by est.ab

lishiag the loss ia weight resulting from beating 
a coal or coke Wider rigidly coauolled coadi
tions. The mcuured weight loll, conected for 
moismre u dctcrmiaed ia Method D 3173 es
aablisba tbe volatile matter coataL Two pro
cedures an described to permit comormity with 
dill'eraca ia sample behavior. 

._ Slpfflcwe aDII U•· 
4.1 Volatile matter. wbCD determined u 

bereia described. may be used to est.ablisb the 
rank of coals. to iadicate coke yield on c:arbon
izalioa process. to provide the basis for pur
dwiag aad selliag. or to est.ablisb bunWlg 
cbanClcrisw:s. 

5. Deflaitioa 

S. I sp11rkin1fa~ls-witbm the conteiu of this 
st.aadard. fuels that do not yield a coherent 
cake u residue ia the volatile matter detenni
nation but do evolve gaseous products at a rate 
sufficient to mechanically carry solid particles 
out of the crucible wba heated at the swadard 
rate. Such coals normally iadude all low-rank 

aoacakiag coals and lignites but may also iD• 
dude those uthracites, semi&Dthracites. bitu
miDous. cban and cokes that lose solid panicl~ 
u described above. These arc defined u 
-sparkiag fuels" because panicles escaping a: 
the higher temperatures may become incaDde~
can ud spark u they are emitted. 

6. Apparatus 
6. I Platinum Crvcibl~. with closely fitting 

cover. for coal. The crucible shall be of Dot Ins 
tbu 10 or more thu 20.mL capacity. Dot I~ 
tbu 25 or more thu 35 mm in diameter. and 
aot less tbu 30 or more tbaa 35 mm in height. 

6.2 l'llllimlm Crvdlll,. with closely fitting 
cover. for coke. The crucible sbaU be of JO.ml 
capacity. with capsule cover having thia Oui• 
ble sides fitting down iato crucible. Or the 
double-cnacible metbod may be used. in which 
tbe sample is placed ia 10.mL platinum cruci
ble. wbidl is tbea covered with another crucible 
of such a size that it will fit dosely to the sides 
or the outer crucible aad its bottom will rest '-:. 
to"' ill. (8.5 to 12.7 mm) above the bottom of 
the outer crucible. 

6.3 Ymical Eltttric TUM Fumac~. for coal 
or coke. The fwuce auiy be of the form sho-.-n 
ia Fig. I. It shall be regulated to maintain a 
temperature of 950: 20°C in the crucible. u 
meuured by thermocouple positioned in the 
funw:e. 

'Tl111 lllftlk1d i, ulldff 1tw 111m1bn1on co( .. $TM romm,11.: 
0- ~ OIi (' aal and n-~ and "1ti.- dirir..1 l'ftl'(ln1,t-th1, of S11i-.·,,r.- . 
111111ft D11~.: I Oft Mttl!olb ol ... nahw,. . 

Cumm ldmon appro.flt 4US j1, 111~:. f'uN1\llt'd ~,n,. 
brr 1M:. °"'1nall~ puNatllld • D )11, • 7l L.ut iltt''°'" 
tdlt- D )17~. 77. 

: JWCJ .4--111,■J.. 111 .4ST." Slllftdflrd1. \'ol o,.o,. 
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: -:- : : :-:-rucedurc 
Procedure for oonsparlting coals and 

1 Weigh I g of the sample in a weighed 
=====:.;m crucible. close with a co"'er (Note I). 
. __ . or: platinum or Nichrome-wire supporu 
·-- · · :lert direc:tly into the furnace chamber. 

- ---- shall be maintained at a temperature of 
. . . . ---=- 20°C, and lo-.·er immediately to the 950 
---· k.egulatioa of the temperature to withia ===~-.scribed limits is critical. After the more 

- -· • · cisc:harge of volatile matter has subsided 
... ___ •• -;.-.11 by the disappearance of the lumiaous 

.;. -: .• .-·.-_-_. Jr. ill the case of coke after 2 or 3 min. 
----·:: the crucible (Note 2) to verify tbe lid is 
--------. :,perly seated. IC necessary, reseat the lid 
___ ._. ___ . · ~J against the admission of air iato the 
____ :.::. Do this as rapidly as possible by rais
===== crucible to the top of the furuace cham
___ oositioa the lid (Note 3) to more perfectly 
___ . -== crucible. thea lower immediately back 

.. · · . - ·. 950 zoae. After heating for a total of 
7 mill, remove the crucible from the 

_____ -: and. without disturbiag the cover, al-
.: to cool Coke sho1&ld be cooled ill a 

====::.ator. Weigh as sooa u cold. Tbe per
______ :-: loss of weight mUlllS the pen::cntage 
=====·re eq11als the volatile matter. 

· - , 1-TIie caver should fit closely enough 10 

----------,: carbon deposit Crom bitumino&&S. subbitll• 
_;_ ___ ._. and li&nite coab doa IIO& bum away from 
====:..:•:~ side. 

_ . : 2-lmpcclioo or tbl crucible may be aided 
• · • • • • -- :ue of a mirror bcld aboff lbe furnace well. 

: 3-With some suoa&1y c:aking tow-vola&ile 
-===~-=:.:·.:,um-volatile bitumillous coals. &be cake but• 
· · ···----:--._. be broken wilb nploli.c violCDCL due IO 
---- --:,ii:1on of volatile mancr wilhiA the buuon. 
_____ ~ually designated as •popping.• Such pop-

- : , blow the lid off' Ille crucible and c:ause 
_..;,_,._;. __ ..... ·;al loues or tile coked ma&erial. When such 

•. : is obscncd. lbe dcunninalioa sll&U be ,e. 
_____ .-:-.J the tat repeat~ until popping doa DOC 

Modifi~d Proc~dMrr for All SparkinJ 

_ ._ Fuels that do aot cake or cake weakly 
volatile matter is detennined shall be 

. ·------·:i closely for sparlcillg during the heating 
... - (Note 2); aJso, 11 die ad o( lhc test lhc 

1 ====-=· -=-==-= cover shall be inspected (or ash dcpos-
1 • : the pracncc o( such deposi&s shall be 
·=====-=red as evidence of sparkin&, 
_____ . All fuels that spark when lhc volatile 

0 3175 

is determined by the methods described in 7.1 
shall be treated as rono..-s: The sample shall be 
given a preliminary gradual heating such that 
a temperature of 600 : 50°C is reached iD 6 
min (Note 4). After this preliminary heating 
the sample shall be heated for exactly 6 mi.a at 
950 : 20°C. If sparkuig is thea observed. the 
detenniaatioa shall be rejected and the test 
repeated 1&ntil ao sparkuig occurs either duruig 
tbe preliminary beating or during tbe 6-min 
period at 950°C. Remove the CNcible from the 
fiaruacc. cool on a metal cooling block (Note 5) 
and weigh. Tbe percentage loss iD weight minus 
tile perceat moisture iD acc:orducc witb 
Method D 3173, is the volatile matter. All anal
yses by this method shall be so marked when 
reported to iDdicate that the modified proce
dure was used. 

Non '--If a tubular fumacc oC lbe Fieldncr type 
(Fi&- I) ii IIICd for lbe detm11ination of volaltle 
maucr. tile preliminary gradual llca1ing may be ac
complisbcd by moving lbc crucible to predetermined 
poaitioas iA tile cooler \Op &Olle of lbc fumacc. Due 
to variations ill lbc heating cllaraatrislics or the 
furnace. lbc operator must prcdC1Crminc by tlacnno
couplc tlac proper positioas to meet a preliminary 
llca&ing rate as specified iA 7.2.2. A mechanical dcvicll 
to lower &Jae crucible into lbt funw:c may be 1111d to 
faciliW. CIOll&rol of lM lowering operation. 

Non S-To ensure llllifOffllily or raulu. dlc 
CDOling period sbould be kept conswu and sbould 
aot be p,oloapl bcyoad t, aai1L · 

I. Caiculadoas 

I.I ~late the weight Jou pcn::cnt u fol
lows: 

Wcipt 101a.,. • (A - .,IA ,c 100 

where: 
A • weight of sample t&SCd. g. and 
B • weight of sample after beating, g, 

1.2 Calculate the volatile matter percent in 
the analysis samples as follows: 

Vo~tilc matter ill aoalysis sample,~ • C - D 

where: 
C • weight loss, ,. and 
D • moisture, ft. 

,. Precision 

9.1 The following criteria should be used for 
judging the acceptability o( results: 

9.1.1 R,paatability-Duplicate raults by 
the same laboratory should IIOl be considered 
suspect Wllcsa they dilfer by more than . die 

t. 

.. - .. - .. · . ~ ~. ,- . . . . . . ... . 

·d!.==--=: ·:· -~ _.: ::..--. -~ 
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follc"'• in& rcrccn1ases: 
H19IHCfflf"CtlhllC collt O 2 
An1llr1c:11c O ) 
Scn111nthr1c11c. '111C11/ftlftl'll• C:l'll. 1 ..... ,,,,,r,rr1t11rc o.~ 

coke. ,,,d cha" 
S11hh1111m1nl\111 0. 7 
t.•&""' and ptll 1.0 

9.2.1 R~pruducibilit_)'- The re~uhs submitted 

by two or more laNHa1c,r,c~ ~h.no1 bt 
C<'n~idc:rcd ~u~pc:c1 unlc~~ they d1 ~ mor, 
lhan lhc foll1,-. ins pcrt.:cn1ases: 
ll11h-1cm~r1t111ccoh o, 
An1hr1c:11c Ot 
Sc ffl•-'llhra,uc. ·b1111m,no11, Cl\1l.- lo,0-rcmr,cr 1111rc 1.0 

g,kc. and cl11" 
S11'111'"111m,no~ 1 c 
L1gn11c 11\d l'UI 2.c, 

~ ,.,,,,,.,o,. Sortff)' fo, r,.,.,., 01ttl Mot,,,o/J '°'" lfO ,,,.,,,,,,. tripr,,,,., ,,., •o/u/Jr_, of""·' ro,,,., .,.,,,,,, ou, .. ,,"' 
,o,.,.,,,..,,. •ult""-'',,,,,."''""""'"'" tltu 1101td11,t1 Ui,,, o.f '"" sto11dw•tl o,, r •p•ru~, otl•urd tlto1 dr,,,,.,,,,11,,011 of tit, ,11114u, 
of 1111_., """ I''""" "I""· Olftl tit, "'" of ,,.f,,,.,,,,,,,., of n,rlt ,,,,.,j, or,"""">·,,.,,, ow1t •rJpo1111bilu,1·. · 

1',;1 n0tttlo,t1 ii 111b1tt1 to ,,,;.,o,. o, .,,._,. ,.,.,, b_,. 1/u rr,po11sibl, ,,,,.,.;,o/ ,;,,.,,.,.,,,, 011tl '"'"' t,, ,,.,,,.,ti,~,,· f,.., _,,.,. 
""" if 1101 •r•urtl. ,,,,.,, 1rorr.•o•rtl or •·itl1dr11-,11 Yo11, ro"'"''"" ort ,,.,.,,ti r111t,, for ,,.u,01t of tlti.• 11011do•d or for odd111o,w1 
1'011tlords """ slto11ld br oddrn,rd 10 ASTM Htod911ortns. Yo11, ro"'"'""U will rttr,,, ,o,,f11I ro1t•1dtro1,01t 11111 mr,,,,.

1 
of 

1
11, 

,r1pu11s,blt trtltrt,col tOlftntllltt. •lurlt _vo,, ,..o_, Olltttd If)"'" /rr/ 11101 .•011, to"'"'""" llo•f' 1t01 r,rri•,tl o fo,, l,rora111 ,.,., J~oMld 
moJ., .•ow, •14'•·14rto,.,111011tr ASTM C""'"'""' 011 S1011do,d1. /9/0 R.a,r Si .. f'lt1iodrlr1t,o. f'o. /9/0J. . 
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Attachment H-4 
ULTIMATE ANALYSIS OF COAL AND COKE 

Method: American Society for Testing Materials 

Note: 

Ultimate Analysis of Coal and Coke: 
Carbon·and Hydrogen: 
Sulfur: 
Nitrogen: 
Oxygen: 

D3176-74 (1979) 
D3178 
D3177-82 
D3179 
D3176 

1. See Proximate Analysis for moisture, fixed carbon, 
volatile matter, and ash. 

2. See Halogen Analysis. 

GLT595/38-10 



U.S. Envlronniental Protection Agency 
HWI Sample fl.anagement Office 
P.O. Box 111. Alexandria, Virginia 22313 
PHONE: ( 703) 557-lU0 or FTS-557-2-90 

.... I ___ s_A_s_._N_u_m_b_e_r __ _.l 

SPECIAL ANALYTICAL SERVICES 
Reglonal Request 

D Talephcne Request 

Region V, Moss American A. EPA Region and Site Name: _______________________ _ 

B. Regional Represent~tive =---,D~en;-:n~ir-s~W~e_so~l~o~w_s_k_i _______________ __ 
(312) 886-1971 C. TQlephcne Nl.!mber: ( ) 

D. C~te of Reque?St : ___________________________ _ 

Please provid~ below ~ dasc:rlptien of ycur roqu<!St for Special An.2lytic::al Servicas und~r 
the Unc:cntrolled Hazardous Waste Cumpsite Program. In order to mc,st efficiently obain 
liJbor.2tory e.:,p:,bility for ycur roquest. pla.ase 1ddress the following consideraticns. if 
.1pplie3ble. lnccmplet~ or erroneous inform.1tien may ~suit In dcal.:ay In the prcc~ssing 
of your r~\Jast. Pl'!!:isa c::ntin1.:e r~sJ:ense en Ddditicn.21 sheets, or ~tt:Jc:h supplementary 
inform.Jtion i25 n~~~d. 

1. Cene~I description of analytJc:~I servic::s requested: ______________ _ 
Analyze soil and sediment samples for 1) Proximate analysis for: a) moisture content, 

b) ash, c) volatile matter, and d} fixed carhnn 2) ;q]tjmate aoah,tsis foe 
a) C, H, .. S, 0, N 3) Heating Value, 4) Flash Point and 5) pH 

2'~;::-Cef"1iilie:, ~nd number of work units Involved (s~ecif'! whether whole samples er 
rr~c:tlin~; "iheth~r :r;~ni:3 :r incr9anic:~; ._hether 1aueous 0r ,cil ,1n::: s8cimer,~:; 
and irheth~r low, .11edium, er hi5h c=nc::n:r2ticn): 

Analyze54 soil samples and 20 sediment samples for the parameters listed above. ·The 

samplei.will have low to high concentrations of creosote and fuel oil . 
. ' 

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA. 
NPDES. ate.): 

Superfund, Enforcement 

Q. Estimated d~te(s) of collection: _______________________ _ 

., . .-:;;;.~• ~tf"ate~ d~te(s) ind method of shipment: Daily by overnight carrfer;. 
---~ . ~----~.o:-

~~'· 
'..::..~~..,,,,,:r,_·.?_·_.;._,~-·~-·-··.-_·..,.: 

·.· ,._;. ·:>--..:..;:..: 
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-Ultimate Analysis 

-2-

,. Approximate number of day1 results required after Jab receipt of umples: -----
Lab will report results within 30 days after receipt of samples. 

7. Analytical protOCDI requirad (attach mpy If other than • protocol currently used In 
this program): 

1) Elemental Analysis for carbon ASTM D3178 Ultimate Analysis of Coal and Coal o 

3176-74 ( 1979) Hydrogen D 3178 

Sulfur D 3177-82 

Nitrogen D 3179 

Oxygen by difference 

See Attachment ~-2 

1. Spedal technical Instructions (If outside protocol requlremants, specify compound 
Mmes, CAS numbers, detection limits, etc.): 

l) Note these samples may be toxic and/or flammable. 

' 2) Note the special safety notice in each method 

,. Analytical results required (If known, specify format for data shfftl, QA/QC reports, 
Chain-of-Custody· documentation, etc.). If not completed, format of results will be 
left to program dlscretJan. 

1) Supply copies of all lot notebook pages and related data. 2) Copies of all 

instrument data printouts. 3) All QC data, standards data and sample data 

10. Other (use addltlanal sheets or attach supplementary lnfon:atlan, •• needed): 

Use a summary report form for sample reference and QC results 

11. Name of sampling/shipping cant.act: Jeff Keiser 

Phone: 414-272-2426 



- Ultimate Analysis -
3 -

12 . DATA REQUIREMENTS 
... 

Parameter Detection Limit 

i Sulfur < 1% 

i Carbon/Hldrogen < 1%· 

% Nitr09en < 1% 
• I Sulfur 

% Oxz:gen Bz: difference 

13. QC REQUIREMENTS 

Audits Required 
Blank 
Oup1 icate 

Reference Material* 
run irr duplicates 

Frequency of Audits 
l per 10 sample 
l per 10 sample 

l per 10 sample· 

R% D 2 Relative Percent Difference 
% R 2 Percent Recovery 

*NBS or EPA approved test Saft!.Ple 
14. ACTION REQUIRED IF LIMITS ARE EXCEEDED 

l. Blank outliers rerun 
2. Duplicate outliers rerun same sample 

Precision Desired 

C! S or Cone.) 

See Table I I I 

Pa9e 409 

ASTM 05.05 1983 

03176 {See attachment)· 

03176 for Table III 

Limits 
(!. I or Cone.) 

< D.L. 
RID< 101 

R I D < 101 
IR 80-1201 
See Table 2 and 3 

D 3176 

run different sample to varify matrix· problem 
3. Reference material. Rerun. 

If outside limits call Dennis Wiscolowski 312-886-1971 

Please return this request to the Sample Management Office as soon as possible to 
expedite processing of )Our request for special analyt1c·11 senices. Should you 
have any questions or need any assistance, please contact your Regional 
representative at the Sample Management Office. 
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~t Deal;natlon: D 3176 - 74 (Reapproved 1979) Alt·--" Ne•-·~ 

Standard Method for 

ULTIMATE ANALYSIS OF COAL AND COKE 1 

T1ul s1&11dard IS i»"cd w,ocr lllc ru.cd dn1gna11on D 317«.. Ille ""mbcr 11nmcd111cl~ rouo..-1ng the dcs1@na11on 1nd1.:z1c, u, 
year o( on@inal adopuon or. 111 tJlc c:aac or rcv,s1on. lllr year or w1 rcvu1on. A ""mbcr III parentheses uid1u1c,. the yu, o( ~= 
rc.approval._A su,pencnpt cpsiloa <• J 111chc:atn ui edttonal cbangc SUIC:C Ille Lut rcvia,on or re.approval . 

•-~ 
1.1 This method covers the term ultimate 

analysis as it is applied to the analysis of coal 
and coke. The information derived is intended 
for the general utilization by applicable indus
tries. to provide the basis for e,·aluation. benefi
ciation. or for other purposes. 

1. Applicable Documn11s 

2.1 ASTM Standard.,: 
D 346 Collection and Preparation of Coke 

Samples for Laboratory Analysis2 

D 2013 Preparing Coal Samples for 
Analysis2 

D 2234 Collection of a Gross Sample of 
Coal' 

D3173 Test for Moisture in the Analysis 
Sample of Coal and C olte2 

D3174 Test for Ash in the Analysis Sample 
of Coal and Coke2 

D 3177 Test for Total Sulfur in the Analysis 
Sample or Coal and Coke' 

D 3178 Test for Carbon and Hydrogen in the 
Analysis Sample or Coal and Coke' 

D 3179 Test fo~ Nitrogen in the Analysis 
Sample or Coal and Coke' 

3. Definition 
3.1 ultimai, anal_rsis-in the case of coal 

and coke. the determination or carbon and 
hydroren in the materi_a.!:__~s. •~~d in the 
1ascous products of its_co~letc combustion. -
theaetermination of sulfur. nitrogen. :ind ash .ii 
the material as a whole. ancf11ie'calc:ulallon of 
oxvgen by difference. 

Non I-The determination of phosrhorur. or 
chlorine is not ~ definition a part of the ulum:ue 
anal~si~ of coal or coke. Sec Method D 2361 Test for 
Chlorine in C.oal.' for the dclerm,nauon of chlorine 
and· Method D 2795 Tes, for Analnis of Coal ilnd 
Coke Ash.' for the de1ermin11lion of ph~rh(lru, 

Non 2-Moisaure is no& b~ definition a ~n of 
the ultimaae ..nalvsis of coal or coli.e but mu,: bf 
deaermincd in order 1ha1 analytical da1:a ma~ be 
converted 10 bases other than 1ha1 of the anal\\" 
sa mi, le . · 

Non )-Inasmuch as some coill~ cona;un m,nc~a: 
carbonil&es. and pr.ic1icall) all con1:a1n cla~ or 111,lc 
con1ainin1 c:omb,ncd Willer. a put or 1hc c:arb.>~. 
hydro1en. and 0•~1en found in 1he prod11ct, or 
combusuon ma~ arise from lhcsc m1ner:al c:orr:;,o. 
nenas. 

,. General Reqairemcnrs 

4.1 Coal sample collection shall be in ac:. 
cordance with Method D 2234. and sample 
preparation shall be in accordance with Method 
D 2013. Coke sampling and preparalion shall 
be in accordance with Method D 346. 

5. Specific Requirements 

S.I Carbon and Hydrogrn-The carbon and 
hydrogen determination shall be made in a.:
cord with Method D 3171!. 

S.2 Sul/ u~ The sulfur determination shall 
be made in accordance with Method D 31i'7. 

S.3 i\"irrorrn-The nitrogen determin:uion 
shall be made in accordance with Methud 
D 3179. 

5.4 Ash-The ash determination shall be 
made in accordance with Method D 3174. 

S.S O:r_,·grn-There bein& no sausfactor~ di• 
rcct ASTM method of determining ox~ ~er:. 11 

shall be calculated by subtracting from 100 the 
sum of the other components of the ultimate 
anal~sis. The result so obtained is affe1:ted t,~ 

error!i incurred in the other determination~ of 
the ultimate anal~·sis and also b~ the c:han~e• 1n 

'Th,, method i, undcrthc juriM11o:1ion or ASTl\4 Corr.,... :. 
tee 0-~ OIi C0:1I ~nd Coke. 

Curren, cdiuon llPP,U\.S Ma~ 27. 1974. P11bl11J1ed J-
1974. 

1 /WIJ .◄ ttttUMI &ail. ,t( AST.41 SIOltdllrth. Vol 05.0~. -...... 
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ANO COKE 1 

~ followmg the designauoa illd1ca1a Ille 
:r III pareatllaa mdlc::ata Ille year or laa 
111011 or rcapprowal. -

·• 
isture is not b"· definition a"!'pan di 
11\·1i1 of coal or coke but must br 
Jrdcr 1hat analnical data ma, br 
sc, other than that of 1he analysi, 

i.much as some coal, contain miner,11 
practical!~ all contain c:la~ or shale 

b1ncd water. a pan of lhe carbon. 
oa~1en found in the produch of 
. arise from these mineral compo. 

quireme111s 

mplc collection shall be in ac
Mcthod D 2234. and sample 

1,dl be in accordance wi1h Method 
sampling and prcpara1ion shall 

,cc ..-ith Method D 346. 
.. :~·. 

:11•ire111e111s 

I and H,vJ,oi,11-The carbon and 
,rmination shall be mad.c. in- ac
_ hod D 3178 ... ·.···• -~ 

-The sulfur. dctcrminatio~'. sh11II 
·cordancc- with Method D 3-177. 
n-Thc· nitrogen determination 

_c in accordance ,.-·ith Method 

o:-hc ash dctcrmina1ion shall be 
dance with Method D 3174. 

~-There being no s..tisfactor~ di-
11cthod or determining oxygen. it 
·;ated b~· subtractinp rrom 100 the 
;her components or the ultim;atc: 
· rc!.ult so obtained is• affected b~ 
cd in the other dctcrmin,uions of 
· nal~ si!> and also b~ the ch.1nJe~ in 

! ,. 1111dcr the junlld1e1iotl ol ASl'M C omm11• 
·,1111 Colle. 

11 qpra,·at Ma, 27. 191'. Pllbbsbcd Ju,w 

'••• .,, .4ST." St..,._ Vol OS.OS. 
""':I., 

~-- ~ . 
~.•.~ 

~SI~ D 3176 

wcit?hl or the .1sh-formin~ cons1i1ucn1~ _on i1?ni-
1ion. 8~ dcfini1ion. ox~Jcn calcul111cd a!, a 
wciJhl pcrcentaJe or the analysis sample ac
cordinl! 10 this procedure doc~ not inclutic 

0ayJcn in the mineral ma11cr or in the ash. bu1 
doci, include ox)·gcn in the free water (moisture) 
a~~ociatcd ,.-ith the anal~sis samrlc. Sec Scc-
11on fl or thi~ method for calcul111inl! and 
rerortin~ re~ulls on other ba!,C~. 

5.t- M oi.rn,rr-Thc moisture determination 
shall be made in ac,ordltncc ,.ith Method 
D3173. • • 

6. Calculatina ud Reportiac Rnuhs --6.1 The results or an ultimate analysis may 
t,c reported on any or a number or bases. 
dirfcring from each other in the manner by 
which moisture is treated. 

6.2 To avoid ambiguity and to provide a 
means for conversion or data to bases other 
than the reported basis. it is essential that 
except for data reported on a dr) basis. an 
appropriate moisture content be given in the 
data report. 

6.3 It is recommended that for data reported 
on the as-received basis (or any other moist 
basis) a lootnote or some other means be 
employed in the report to indicate whether the 
hydrogen and oxygen values reported do in
clude or do not include the hydrogen and 
oxygen in the free water (moisture) associated 
with the sample. 

6.4 Procedures for converting ultimate anal• 
ysis sample data to other-bases arc presented in 
Table I. 

b.4.1 Symbol~ ~ed ,n Tahlc I arc: 
M • moiMure. v.e1ght ,;; 
P • a symbol used intcrch;angcabl~ in the 

table to refer 10 ash. or carbon. or 
nitrogen. or sulfur. wei[!hl a.; 

H • hydroJcn. weit?hl q; 
0.\ • oxygen. wcit?hl t:; . 

b.4.2 Subscrirt~ u~ed in Tahh: I ar.: 
ad • as-determined from anal~ ,i~ samrh: 
ar • a~ received or an~ other mu1!iturc-con

taining basii. Uhat is. equilibrium capac
ity moisture basis. as-shipped moisture 
basis. bed moisture basisl if the appro
priate moisture value is substituted for 
M ., in the formulae 

d • dry basis 

6.4.3 H)·drogcn and oxygen on the as-deter
mined basis include hydrogen and oxygen in 
free water (moisture) associated v. ith the analy
sis sample. However. hydrogen and oxygen 
values reported on other moisture-containing 
bases may be reported either as containing or as 
not containing the h·ydrogen and oxygen in 
water (moisture) reported on that basis. Alltr• 
native conversion procedurci- arc shov.·n in 
Table I. 

6.5 An example or ultimate analysis data 
tabulated for a hypothetical coal on varin11s 
bases is gi,·cn in Table 2. 

7. Reproducibilic,· or Rnults 
7.1 The permissible differences between t,.·o 

or more determinations shall not exceed the 
values given in Table 3. 
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T 4IH.t· 1 \ 'Iii•••~ 4-■i~li• Oat ■ 

A .. 0.1crm111ed A,- Rccc1•cd a..,,. 

Tc.i Parameter 

( arhon. •CIF hi <: 
t4,dru,cn. •c•Fh! C: 
l'i11roi:cn. •c1i:h1 ,., 
Sulfur. •c•FIII C: 
A1h. •c1fht c. • • 
O1ytcn. ,oc11h1 'Ii I~ diffcrcnccl 
Total" 
Total mois1urc. oacifht 'Ii 

tu-~••n 
Moiiturc wcifht 'I (sample u

dclcrm111cdl 

H~·dropcn and 
o• ~,en include H 
and o., ,n umpk 

mo,~turc 1.w..,1 

flO 011 

~" 
0.ll~ 
0.1~ 
1.111, 

2~.01 
100.00 

9.00 

Dr~ a.. ... 

fl6 0: 
'~· 
0.9~ 
0.80 
11.t,,& 

18.10 
100.00 

(Air•O,, Lou in accordanc,c wilh Method D 201) • U.OO'ii) 

TAoiL£ 3 Pl'fflliN 

Hydrofcft and 
o•~,cn ,ncludc H 
and o., ,n 1amr1c 

mo1~1urc 1M., 1 

.,_ llfl 

1110 
Oi,9 

0.~7 
II. I~ 

)9.0~ 
10000 
(2Q.021 · 

Pcrm111iblc Dirrcnncn. ~ 

Sulrur: 
Coal. under l c; 
Coal. over 2 c; 
Colr.c 

• Carbon 
Hydrosn 

I Nilropll 
Alli: 

No carbo11a1n prnctll 
Carbonllcs 1'-' 
Coal1 wilh mOft 1han 

I~ ub. C0lllainin, 
carbollata and · 
pyrile!I 

S.mc La► 
ora10~ 

0.0~ 
0.10 
0.0) 
0.) 
0.01 
o.~ 

o.i 
0.) 
u 

DilTcrcnt 
Labora,o~ 

0.10 
0.20 
o.~ 

0.3 
o.s 
1.0 

H ,1trofcn and 
o• ~ ,en do no1 

,ncludc H and O• 
in~mplc 

mo,siurc IM,. l 

'fl Ml\ 
~ .,. 
0 "" 0 <-

1) I~ 
11.:, 
70.9~ 
2'.0~ 

Total 'Ii 100.00 

7ait .4-Sonttr for Tnti/ff tlM !llt11,r,oJs rllkn ""ptlli1it11t fffP!lffi1t111r(, Wllilli1.1· '1{ (111_1· ptll- riflru OSSMl'd ;,. ('OtttM:Jion 
a;11t OIi.i' ;,,,,, _,,-,t itt tltis Sl"""4n/. (.'s,n '1/tlt,s ~ Gtr np,flJ/,1· odrilfli tlltlz d1tfffl11110ti011 of tllr .a/14il_1· of 1111.1· me-II 
IJIII"" rr,rlru. 111111 ,,., na II/ i,ifritqtrfffffll of swlr npru. ""-•m.,· r/wi, oa11 ,np,,,uibi/11-'·· 

. Tllis SltllH'4td iJ 1111,!«f '" M'IS,Olf Ill <ffll' ,;- b.1· '"' fff11(11Uibl, 1«11tt1C'a/ CVffllfflllff ON/ ttfllSI b, ,,..,,..'ffl .... .., .. nv, )'f'llrs and 
if 11t11 rt<ns,d. "'""' ~ t11 •·i1lldra•11. Your '°"'"'"'" "" ittvllrd "'""' fo, rfffJIOlf of rim szalfliArd or Jo, olit/111onal 
11llllllartl.• alfll JhotJd ~ 11/J#rnsrd 10 ASTM HftuJqwm,n Your '°"'"""'s •·ii/ ,w"" ra,eftJ c-o,u1drr11111N1 GI a '"'""'' o,f '"" 
rnr11,uihlr t«llttlC'al l'tWfftnlllft'. •-lrlC'lt _,_ -.1· 1111,,,,J l/.1'0II /ff'f tllal _,v,u COttftttfflls ltGvr "°' r«rr,·ff/ a fair ltftlnn~ ·"""' should 
-"" ·'""' ~i,ai loi-11 in rltr ASTM C""'mllltt 1111 Slottdardl. /9/11 Roe, St .. l'ltillldt#plt111. Pa. 19/0J 

~:""~::~F· :~~,~,L~ t;:·:~lt~:''.:~::~f•~~;:c ,~;,_~ 

i,:;~:~,,::~·· 
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~ITTt? Designation: D 3177 - 82 

Standard Test Methods for 

TOTAL SULFUR IN THE ANALYSIS SAMPLE OF COAL 
ANO COKE1 

Th" 11andard i• \U11cd.1111der Ille ru.ed dn1gna11oa D 31n; Ille a11111bc_r iauned1a1cl} following tbe dn1gna11on indica1c, tbc 
ya, of onpnal ad'opt1oa or. ID Ille cue ol fCYIUaa. Ille yar of Lut '"WOii. A a11mbcr ID parcntllaes iad1ca1n uae year of las, 
rcapproval. A 111pcncnpt cpuloa (ti Uldicata aa cduonal dau1c lia« Ille Lut l'eYlliao or rupproval. 

_l._Scopt 

IC'"'." 
' c;erufi• 
I t,,&'1• 

inc1ts: 
used · 
~su.i: 

!,. Al 

; ' 
or 5 
f.,seh 

sulf.: 

"' s. 1.1 These methods cover three alternative 
procedures for lhe determination of total sulfur 
in samples of coal and coke. Sulfur is included 
in \be ultimate aaalysis of coal ud coke. 

A weighed sample is burned in a tube furnace 
at a temperature of 1350°C in a stream of 
o•ygen. The sulfur o•idcs and chlorine formed 
are absorbed in a hydrogen pero•ide (H20 2J 1 

sule 
~ 

mL 
cru 
ing 
eel 
of 
i!I 

1.2 The procedures appear in \be following 
order. 

Mctbod A-Eacllu Method 
Mctbod S-lomb Wulliog Method 
McthodC-HiJll•TcmpcratweColllblllliao 

Mctllod 

Z. Applicable Documeats 

2.1 ASTM Sttlltdtud.r: 

Seaiou 

5 to I 
9 ID II 

12 to 16 

D 346 Collection and Preparation of Cote 
Samples for Laboraaory ADalysis2 

D 1193 Specification for Rcagmt Wacer 
D 2013 Preparing Coal Samples for ADa1ysis2 
D2015 Test for 01011 Calorific Value of 

Solid fuel by. the Adiabatic Bomb Calo
rime&cr' 

03173 Test for Moisture in tile Aulysis 
Sample of Coal1 

D 3176 Ultimate ADalysis of Coal ud Coke' 
D 3180 Calc:ulatiag Coal aad Coke Allalyses 

from As-Determined to DitTerat Bucs2 

l. Summary of Metbods 
3.1 Esds/u, Metltod-A weighed sample and 

£$ebb millture arc ignited together, and the 
~ci.fur is precipitated from lhe res&&ltiag solution 
a:- barium sulfate (BaSO.). The pra:ipiiate is 
ti!:ered, ashed. llld weighed. 

~-2 Bomb Wt1W11f Metltod-SulCur is pre· 
,~;-:1atcd as BaSO. from o,iygen-bombcalorim
~::~ wasbinp. ud lhe precipiiate is filtered. 
&.:-.:.ed. ud ..-eigbed. 

~.3 HiJll•Tnnr,atrn Clllftbrutio11 Merltod-

solution yielding hydrochloric (HCI) and sul
furic (H~SO.) acids. The total acid content ~ 
determined by titration with sodium hydro•idc 
(NaOH). and the amount of sodium chloride 
(NaCl) resulting from the titration of the HCI 
is convened to NaOH with a solution of mer
curic o•ycyanide (Hg(OH)CN). This sodium 
bydro•ide is determined titrimetrically and 
used to comet the sulfur value which is equi,·
alent to the amount of H2SO. formed during 
combustion of the coal. 

4. Sample 

. 4.1 The sample shall be the material pulver
ized to pass No. 60 (250..un) sieve in accord• 
uce widl Method D 2013 or Method O 346. 

4.l A separate ponion of the analysis sample 
lbould be amJyt.ed for moisture content in 
accord&Dce with Mctbod O 3173, so \bat cal
culation to otbcr thu the u determined basis 
cu be made. 

4.3 Procedures for convening as determined 
sulfur values obtaiacd from lhe analysis sample 
to other bases are desc:ribcd in Melhod O 3176 
ud Method O 3180. 

4.4 Sta11dard Referenc-.c Material (SRM) 
1631-Sulfur in CoaJ• comisu of thRc different 

_ 
1 T1lew mnllodl arc under lllt junsdiction of 4.STM C"om

ffllllff O.~ on Caal and ColLc and arc lllt dilffl raponvblht, 
afSubcofflm1ttce 00~.!I on Methods of Anal\"SI'- . 

Cllfffllt cdl11011 ac,pro,-m AUi- !7. I 98!. f'iibhllltd Oft-em. 
brr 19C. On.,nail~ Pllbhshcd a D 3177-73. I.as& P"C'•O"' 
cdlllon O 3177 - 751191!1. 

1 l"IIJ .41111"'11 &•• u(.4ST.II Slottdordi Vol O~.O~ 
. 1 /9.'JJ .41111"'11 llt•ol. uf.4ST.\I Slolldll,dl. Vol 11.01: 
• A•-ailablt fl'Offl tllt Off'K'C of Slindant Ref~ Matmal._ 

·- 1314. C11mml~ liq.. ~ Buta. of 5wldann. 
WlllliflllOIL D.C. 20!34. 

6. 
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MPLE OF COAL 

rollow1n! tbc dcs1,na11on 1nd1ca1e) tbr 
10 parcatllcsa 1nd1ca1~ tbc vcar of w.1 
:)II or rappro.,al. · 

pie is burned in a tube furnace 
re of 13S0°C in a stream· of 
fur oxides and chlorine lorm~ 

1 a hydrogen peroxide (H2O:) 
.g bydrocbloric (HCI) and sul
cids. The total acid content is 
itration with sodium hydroitide 
be amount of sodium chloride 
~ from the titration of the Ha 
NaOH with a solution of mer
le (Hg(OH)CN). This sodium 
letermined titrimetrically and 
•be sulfur value which is equiv
ouat of H2SO. formed during 

.he coal 

,le shall be the material pulver
. 60 (25~~) sieve in accord

.od D 2013 or Method D 346. 
te ponioo of the uwysis sample 
.yzcd for moisture content in 
1 Method D 3173, so that cal
:r lbu the u delermiaed basis 

es for coavertiDg u determiDed 
Wiled from the analysis sample 
. re described in Method D 3176 
3180. 

Reference Material (SRM) 
.:oai• consists of three diJTerent 

lff llndcr tJw j11rudic'tian of "5TM Com
Hd C ~ and lff tlw d11~n l'ftPOtlllbiln• 
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• .JDl'O~ Allf. :!7. 191:!. Piabhlhed Dffem. 
, · pubhslled as D 3177-13. Lul Pff\''°"' 

1191:!1. 
,,. "' .4STM Sto,i"'1rth. vo1 o,.o~. 
•• uf AST.II S,ondotdJ. Vol I 1.01. 
1w Oft'tR ofSwlclard Rd'ffl'n« MatnWr.. 

;_,, Ilda-. Nalaonal lun:au of 5&uda,dl, 
··>:34. 
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tci~·-volatile coal samples. each of which ha~ a 
certified sulfur content. Sulfur values obtained 
by analyzing these coals. using any of the three 
,nethods described in this standard.· may be 
used for checking the accuracy of analytical 
results. 

ALTERNATIVE PROCEDURES 

Nttll.od A-Esc#t.ka N,r#t.od 

S. Apparatus 
5.1 Gas (Note I) or Electric Mu/J1t Furnact, 

or Burners, for igniting the sample with the 
Eschlla mixture and for igniting the barium 
sulfate (BaSO.). •· • · 

Non I-Gu may contain sulfur compounds. 

S.2 Ca,dbles or Cap.n,/n-PorcelaiD cap
sules. ¾ in. (22 mm) in depth and I+'• in. (44 
mm) in diameter, or porcelain crucibles of 3~ 
mL capacity, high or low form. or platinum 
crucibles of similar size shall be used for igait• 
mg the sample _with the Escbka mixture. Por
celain. platinum. alundum. or silica crucibles 
of 10 to IS-mL capacity, shall be used for 
igniting the BaSO •. 

6. Reqeats 
6.1 Purity of R~agmu-Reagent grade 

chemicals shall be used iD all cau. Uolcss 
othet"'Wde indicated, it is intended that all re
agents shall conform to the specifications of the 
Committee on Available Reagentsofthe Amer
ican Chemical Society, wbcN such spccifica• 
tioas are available.• O\ber grades may be llSCd. 
provided it is fim ucenaiDed that the reagent· 
is of suffic:iauly bigh purity 10 permit its use 
without lesSCDiDg the accuracy of the determi
ution. 

6.2 hrity of Watcr--UalcSI otherwise indi• 
cated. referenc:cs 10 water shall be udentoOd 
to mean reagent water, Type IV CODformillg to 
Specuu:atioa D 1193 . 

6.3 Barium, Clllorilk Soluzio11 (100 g/L)
Dissolvc 100 g of barium chloride (BaCl2• 
2Hi0) ud dilute to I L with water . 

6.4 E.sdk.o Nu:nu.-Thoroughly milt 2 
pans by weight of light c:alc:iDed magnesium 
oxide (MgO) with I pan of anhydrous sodium 
carbonate (Na2CO3). Both materials should be 
as free as possible from sulfur. 

6.S Hydrochloric Acid (I + 1)-Mix equal 
volumes of concentrated bydrochloric acid 
(HCl. sp gr 1.19) and water. 

6.6 Hydrocltlorie Acid (I + 9)-Mix I vol
ume of concentrated hydrochloric acid (HCl. 
sp gr 1.19) with 9 yolumes of water. 

6.7 Mttltyl Orangt Indicator Solution (0.2 g/ 
L)-Dissolve 0.02 g of methyl orange in 100 
mL of hot water and filter. 

6.8 Sodium Carbonatt, Saturattd Solution
Dissolve approitimately 60 g of crystallized so• 
dium carbonate (Na,CO3° IOH2O) or 22 g of 
anhydrous sodium carbonate (Na1CO3 ) in 100 
ml of water. using a sufficient excess of 
Na1CO3 to ensure a saturated solution. 

6.9 Sodnrm H_ydro1'id~ Solution ( 100 g/L)
Dissolve 100 g of sodium bydroitide (NaOH) 
in I L of water. This solution may be used iD 
place of the Na2CO3 solution. 

7. Procedure 

7.1 Pnparatio11 of Sample tmd Mixlrlr~ 
Thoroughly mu oa glazed paper approiti• 
mately I g of the sample, weighed to nearest 
0.1 mg. and 3 g ofEsc:hlta awtture. The amount 
of sample to be taken will depend oo the 
amouai of BaCI, solution required in accord
ance with 7 .3. Transfer to a porcelain capsule 
or porcelain crucible, or a platinum crucible, 
ud cover with about I g of Esc:bka mixture. 

7.2 lpition-Heat the crucible over u al
cobol, gasoline, or gas flame as described in 
7.2.1, or in a gas or electrically heated muffle 
u described in 7 .l.l for coal and iD 7 .2.3 for 
coke. The use of anificial gas for heating the 
sample Uld the £,chk.a muture is permissible 
oa1y wba the crucibles are heated in a muffle. 

7.2.1 Heal the crucible. placed in a slaating 
positioll OD a uiaagle. over a very low flame to 
avoid rapid apulsioa of the volatile matter 
which tends to prevent complete absorption of 
the products of combustion of the sulfur. Heat 
the c:ruc:ible slowly for 30 mill. gradually in
cra.se the temperature. and occasioaally stir 
util all blac:lt panicles have disappeared, 
which is an iDdicatioa of the completeness of 
the procedure. 

7.2.l For Coal-Place the crucible iD a cold
vcated muffle ud gradually raise the temper
anare to 800: 25•c in about I b. MaiDLliD this 
maximum temperature until on stinillg all 

• •aapa1 Ocmic:alL Amfficu Chemical Socicly Spec• 
i&a&ioL" Am. Oacmacai Sac .. Wulua!too. O.C. For 1111• 
aa-oa Ille ICIWII oC ragca11 aot lasacd by Ille Amcnc:a.a 
Cbcmacal Soacty. • '"Ruge111 Cbemacals ud S1aadarcb." 
by JOMpb ROIID. 0. V&11 NOllrud Co .• Inc .. Ne-a Yor~. 
N.Y" uct 111c ·ua11at Swcs PllanDacopeia. -
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black particles have disappeared (about I\'~ h). 
7.2.3 For Cokr-Plaa the crucible in a 

wann-vcnted mume (about 200°C) and grad
ually raise the temperature to 800 :t 25°C in 
about 30 min. Maintain this maximum temper
ature until on stirring all black particles have 
disappeared. 

7 .3 Subseq,"nt Treatment-Remove the cru
cible and empty the contents into a 200-ml 
beaker and digest with 100 ml of hot water for 
"': to~. h. while stirring occasionall~·. By dccan
tation. filter. ud thoroughly wash the insoluble 
matter •·ith ~ot "".ater. After several washings 
in this manner, transfer the insoluble matter to 
the filter and wash five times with bot water. 
keeping the amture well agitated. Make the 

• 1Dtrate. amounting to about 250 mL. just neu
tral to methyl orange with NaOH or Na2CO, 
solution; then add I mL of HCL ( I + 9). Boil 
again and add slowly from a pipet, wbilc stir• 
ring conswnly, 10 ml or more of BaCI, solu
tion. The BaCl2 solution must be iD excess. If 
more than 10 ml ofBaC12 solution is required. 
reduce the weight of sample to about 0.5 g and 
repeat the ipition and digestion. Continue 
boiling for 15 miD and allow to stud for at 
least 2 h. or preferably ovcmigbt. at a temper
ature just below boiling. Filter through an ash
less paper and wash with bot water Wltil I drop 
of silver nitrate (AgNO,) solution produces no 
more than a slight opalCSCCDc:c when added to 
8 to 10 mL of filtrate. 

7.3.1 Place the wet filter containing the pre
cipitate of barium sulfate (BaSO.) iD a weighed 
platillum. porcelaiD. silica. or AJWldum cnac:i
bie. allowini a free aa:as of air by fokliDg the 
paper over the precipitate loosely to prevent 
spattering. Smoke the paper otT gradually and 
at ao time allow to bum with flame. After the 
paper is pnctically comumcd. raise the tem• 
perature to approximately 925•c and beat to 
coDSta.Dt weight. 

7.4 Bltlllks aNI Corrtttions-lD all cases a 
correction must be applied. Either a reagent 
blank may be nm exactly as dcsaibed above. 
using the same amount of all rcagenu that were 
employed iD the routine determination. or a 
more uc:urate correction may be made by an
alyzing a weighed ponion of a standard sulfate 
using the prescribed rcagenu and operations. If 
the latter procedure is carried out once a week, 
or whenever a new supply of a reagent is wed. 
for a series of solutions covering the approxi-

mate range of sulfur concentrations in the ~IT. 

pies. it is only necessary to add to or subtr1c
from the weight of BaSO. detennined for Ult 
sample. the deficiency or excess found by Ult : 
appropriate "check .. dctennination: This pr1,. · 
ccdurc is more accurate than the simple rcaget· 1 

blank because. for the amounts of sulfur 11. . 

question and the conditions of prccipitallot 
prescribed. the solubility error for BaSO,. ~ 
probilbly the largest one to be considered. Bar. 
ium sulfate is soluble~ in acids and pure waie: 
and the solubility limit is reached almost iJr •. 
mediately 00 contact with the solvent. Heact 
if very high-purity reagents arc used or cxtr-1 
precaution is exercised. there may be no sulfate 
apparent iD the "blank." 1D other words, tht 
solubility limit for Baso. bas not been reachcc 
or at any rate not exceeded; consequently. SOIDf 
sulfate iD the sample may remain iD solution or 
redissolve. 

I. Calculadoa 

8.1 Calculate the sulfur content as follows: 
Sulfur. 'l. in the analysis sample 

u - B> x 1J.n~ 
• C 

where: 
A • grams of BaSO. precipitated. 
B • grams of BaSO. corrcctioo, and 
C • grams of sample used. 

M,tlt,od B-Bomb Was/ling MerJiod' 

9. Reqents 
9 .1 Puriry of Reopnts-(See 6.1.) 
9.2 Purily of Watn--(See 6.2.) 
9.3 .Ammonium Hyd.ro:,cide (sp gr 0.90) 

-Concentrated ammonium hydroxide 
(NH.OH). 

9.4 Hydrocltloric Add (1 + IHSee 6.5) 
9.5 Sodiwn Carbonaie Solurion-Dissolve 

20.90 g of anhydrous sodium carbonate 
(Na,CO3) ill water and dilute to 1 L. The 
Na,(:O3 should be previously dried for 24 b at 
105°c. 

9.6 Wa.slt Solauion-Dilute I ml of a satu
rated solution of methyl orange 10 1 l with 
water. 

1 JOfllftlll of tlw A-GIi Clw,,,m,J Soc11t_,-_ J ACSA. Vo: 
32. 1910. p. ~II: Vol ll. 1911. p. 129. 

'Sclvi&. W. A.. Uld FieldDcr. A. C. -check Detcnzuna· 
tiou ol S1111111 ill Coal ud Coke by tJlc Escbk&. B0111t-
Wub1Dg &11d Sodi11m Pcrollidc FIISioa Mctbocb."" llldtu1....: 
.w Ear--1 C--.~. JE.CHA. Vol 29. 1927. pp. 72~-
733. 
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10. Procedure 
10.1 ltnition-Sulfur is determined in the 

.-ashings from the oxygen-bomb calorimeter 
(oU"wi.ng the calorimetric: determination 
(Method D 2015). Tbc type of bomb. amount 
of water in the bomb. oxygen pressure. and 
a,uount of sample taken sball be the same as 
specified w,dcr the c:.alorimctric determination 
,scctions4 to 8 of Method D 2015). Tbc bomb 
~hall stand iJl the calorimeter water for not less 
than S min after firing . 

10.2 Subsequent Treatmenr-Rcmovc the 
t,omb from the c:.alorimctcr water and opca the 
valve carefully so as to allow the gases to escape 
at an appro1imately_ even rate so the pressure 
• reduced to atmospheric: ill no, less than I 
miD• Bombs equipped with valves other than 
accdlc valves, suc:h as compression valves. sball 
be provided with a devic:.e so the valve C&D be 
controlled to perm.ii a slow and uniform release 
o( the gases. Open the bomb ud examine the 
islsidc for traces of uaburned material or sooty 
deposit. If thae arc found, discard the deter
mination. Wasb carefully all pans of the uite
rior of the bomb. uicludillg the capsule. witb a 
flDC jct of water containing methyl orange (9 .6) 
until ao ac:id reaction is observed. It is csscati&J 
to wuh through the valve opeaing ill the c:asc 
ofbom1?5 equipped witb compression valves, or 
olhcr types of valves witb large openings. u 
considerable spray may collect iJl suc:h valve 
openings. 

10.3 Collect the washings iD a 250-mL 
beaker IDd titrate with standard sodium car
boa.ate solution (9..S) to obwn the '"acid c:or
~D" for Ille bcauslg value.. u spcc:ified UD• 

dcr the calorimctric: dctcrl!lin&tioa D 20 IS. Ad
just the pH to S.S to 1.0 with dilute N~OH, 
beat the solulioD to boiling. and r&11cr through 
aqualil&livepaper. Wuh the residue and paper 
thoroughly 6vc or six times with bot water. 
Adjus& Ille M:idity of the riltrate aad wasbings • 
amoualiDg to about 250 ml. precipitate, and 
dctermiuc the sulfur as specified w,der the 
b:hb method. Sections 5 to 8. 

/llftltod C-Hip-T~ COlftbtutioft Nftltotl' 

II. Apparatas 

11.1 TWH Fumac~Capable of heating a 
tube approximately 34-mm external diameter 
over a length of 150 mm to a temperature of 
l3S0°C. It is heated electrically using either 
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silicon carbide resistance rod~ or a resistance 
wire. 

Non 2-lnduaion rumac.c techniques ma)· be 
used_ provided it can be shc,..,n that they meet the 
prec:mon ~u,rements of Section 17. 

11.2 Combustion Tube--Approximatcly 28> 
mm internal diameter with a 3-mm wall thiclt
ae~s ud 750 mm in length. which is gu tight 
at working temperature. A high-temperature 
porcelain or zircon straight refractory tube has 
been found most efficient. It require~ a silica 
( 12.12) adaptor with a flared end that jusl fits 
uisidc the combustion tube and scr,,cs as an 
exit for the gases. Alternatively. the combustion 
may be carried out ill • tapered end tube that 
is directly connected to the elbow of the frittcd 
gas bubbler (ll.8) or to a 10/30 standard-taper 
poWld-joillt wbic:h is au.ached to a borosilicate 
glass right•&Agle bend. The temperature at the 
tapered end of the tube sbould be bigb enough 
to prevent condeas&tion iD the tube iuclf. 

11.3 O~fffl Cylilldn-. fitted with pressure 
regulator and needle valve lo control flow rate 
ofoaygen: 

l l.4 Flowmetn-, for measuring aa oaygca 
flow rate of 300 ml/min. 

l 1.5 Sample Combustion Boau-Iron-frcc. 
unglazed porc:claill or zircon boats. A conven
ient size is 100-mm long. 19-m.m wide. and I I
mm deep. 

11.6 Heat-Resistant Wn, 1.5-m.m thic:k with 
bent aid to remove boats from combwtion 
tube. 

11.7 Silko Ptultlr or HNI-Resistant Rod, 
with a disk end for pushing the combustion 
boat into the hot r.oac. The pusher passes 
througb a T-picce wbicb is fitted illto a rubber 
stopper at the inlet end of the combwtioa tube. 
The opca end of lhc T-picce is scaled with a 
rubber tube or one-holed stopper to permit 
movcmcutof the pusber and prevent escape of 
oxygen wbic:h caters at the side limb of the T. 
The rubber Stopper or tube should be changed 
periodically to avoid leakage. 

11.8 Gos.Absorption B011/e:s with Fritted Disk. 
125-mL capacity, for gas absorption. Frincd 

1 lued oa Ille mclllod of Mou. It A .. 111d Witlwuon. H. 
c .. ·01tcn1w1aum ol Sulfllf Ill Coal &Del Coke a, tbc 
Sbcffiel4 Htp TClllpauutt Mctbod.- Fun. FUEL i. Vol 
35. 1"6. p. 6. T1w IDCIAOd ii dcsapiccl for die rapid detcr
milWICle ol i.ulfur ill CDal ucl coke. h ii DOI appucab•c 10 
mall or CDal clcuity fncuou lha1 II.ave been 1ub1cctcd 10 
trutmnt WIUl dlloruwed bydroc:arbom bccal&IC of Ute po
lftll.lily lllp aadity ol U1C combllll100 IIIIG-
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glass end porosity should be 15 to 40 ~m. The 
bottle should be of such a diameter that the 
frittcd end i.s covered by peroxide solution to a 
depth of at least 50 mm. The bottles arc fitted, 
in a series of two per combustion tube. to the 
outlet cad of a combustion tube. Alternatively 
a single narrow gas absorber may be used so 
that the fritted bubbler is covered to a depth of 
at least 90 mm. 

11.9 VaC"Uum Rtgvlating Soult, containing 
mercury with an open-coded tube dipping into 
it. 

l 1.10 C!:tubt, packed with soda-asbestos. 
II.II Yaanun Source. 
11.12 Silica AdJJptor, 300-mm long by 8 mm 

in outside diameter and flved at one end 1.0 26 
.·- mm.. 

12. Reqeau 
12. l Purity of Rtagmts-(Sce 6.1,) 
12.2 Purity of Watu-(Sce 6.2.) 
12.3 Ahunimun O%idl (.A./20,), finely divided 

and dried at 1350°C. 
12.4 Hydrogm Puoxidt (H202) S0l111ion

Oae volume percent (50 ml of 30 % H202 with 
1450 ml or water). The pH is adjusted (using 
NaOH or H2SO. as appropriate) to that which 
is used for the end point in the titration. Solu-

• tions should be discarded after 2 or 3 days. 
12.S Jndkator- lndicaton that change color 

(titration end point) between pH 4 and 5 are 
recommended. but in no c:a.se should the pH 
exc:ccd 7. Adequate lighting and stirring 10 
CIIS1IR proper detection of the md point ii 
essential. A choice or indicaton or use of a pH 
meter ii permitted. i>im:tiom for preparing 
two ac=pcable limed indicators are as follows: 

12.S. l Mia I pan methyl red solution (dis~ 
solve 0.125 g iD 60 mL of ethanol and dilute ta 
100 mL witb water) with 3 pans bromc:raol 
green solution (dissolve 0.083 g in 20 ml or 
etballol and dilute 1.0 100 mL with water). 
Discard the mued solution after l week. 

12.S.2 Mi.A equal volumes of methyl red so
lution (dissolve 0.125 g in 60 mL of ethanol 
and dilute to 100 mL witb water) and methy~
enc blue solution (dissolve 0.083 g iD 100 ml) 
of ctha.Dol and store in a dark glass bottle). 
Discard the milled solution after 1 week. 

12.6 Mut:Mric O%ycyanidt H(/.OH)CN 
(Note 3)-0ne g/80 ml of water. Prepare fresh 
solution every 2 or 3 days. 

Non 3-Tbis is a higbly poisonous substance allld 

will u.plodc wbcn 1011c:bcd w11h a flame or b~ ~
cussion. 

12.7 Soda-Asbestos, 8 to 20 mesh. 
12.8 Sodium Hydro~id~ (NaOH) So/1111011 

0.050 N. . 
12.9 Sulfuric Acid (HiSO,). 0.050 N. 

13. Procedure 
13. l Raise: the temperature of the furnace 10 

1350°C at such a rate that the combustion tube, 
will withstand the thermal shock.. Measure JC,, 

ml of 1 ~ H20 2 (12.4) into two gas absorpuoc 
bottles so that at least 50 mm of the frittcd di.sk 
is covered in the fi.nt bottle, or pour the whole 
amount into a single absorption bottle. Asscm. 
ble the apparatus as shown in Fig. l exupt do 
not CODDect the rubber tube from the oxygen 
supply to the soda-asbestos U-tube. Dr .. .- air 
through at about 350 ml/min. The rate of tlo, 
can be adjusted by cha.aging the depth of pen. 
euation into the mercury of the open-ended 
gl&ss tube in the vacuum regulating bottl:. 
CoDDect the oxygen supply to the U-tube and 
adjusl'thc rate of flow of oxygen to 300 mil 
min. This now rate, at a temperature of 135o~c. 
will prevent the formation of oxides of nitrog~. 
The preliminary adjustment to 350 mL/m.ui of 
air ensures that the CODDections at the outlet 
end of the combustion tube arc wider slightly 
reduced internal pressure and DO leak of com
bustion produc:u will occur. 

13.2 Weigh about 0.5 g of the analysis sam
ple (Note 4) 1.0 the nearest 0.1 mg and spread 
evenly iD a combustion boat previously lined 
with a thin layer of Alz03 (0.02 to 0.05 g); then 
cover with approximately 0.5 g of Al20 3. 

Non 4-li may be ucasary to grind coab of 
higb mineral maucr CDDICDl to pus through a ~o. 
100 ( 150-,&m) sieve. 

13.3 Put the charged boat iDto the inlet end 
oftbe combustion tube so that the unter of the 
boat is 270 mm from the unter of the combus
tion tube bot zone. and if necessary readjust 
the rate of now of oxygen to 300 ml/min. 
Move the boat forward a distanu of 30 mm at 
the bcgimung of each minute with the ex~ 
lion of the mth minute. for the next 10 mic. 
The boat should be left at the fifth minute 
position until the seventh miDute to ensure a 
slow beating rate. At the end of the 10-min 
~riod the c:ombustion boat will be in the center 
of the bot zone. W ithdra,.- the pusher after each 
movement to prevent distonion of the rod. 
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t'eer the boat in the hot zone for an addnional 
, min. o,~onnect the gu ab!tC1rpt1on honlei, 
and -.·ithdra-.· the boat on10 a shee1 or ubcs1oi, 
Th•~ heating rrogram ha), been e!itahh),hed for 
all IYJ'C!o or coal. and where it is shortened for 
a panicular coal. results should be checked 
against those ob1ained by using the longer heat• 
ing schedule. · 

13.4 Pour the content of the absorption bot· 
ties into a suitable titration flask.. Wash the 
bOttles and the interior of the silica adaptor 
with water (12.2) and add the washings to the 
nask. Add 5 or 6 drops of indicator solution 
and titrate with 0.050 N NaOH solution (12.8). 
The total acidit,·. due to oxides or sulfur and 
chlorine. is given according to the following 
reactions: 

SOr + HiOr - H2SO. 
Clz + HiO, - 2 HCI + Or 

13.~...After titration, the chloride ion is pres
eDt isl solutiOD as NaCl. Conven the NaCl to 
J',laOH by addislg 20 mL of Hg(OH)CN (13.6) 
solution (sufficient for coals coot.aiD.ing up to 
l.2 ,;; chlorine): 

NaCl + Hg(OH)CH - H1C1CJII + JllaOH 

13.6 Titrate the liberated NaOH with the 
0.050 N H2SO. (12.9). Make a blank determi
nation in the same manner but without sample. 

1'- Calculadoa 
14. I Calculate the percentage sulfur isl coal 

as folla.ws: 
S • 1.603 (F,(111-a,) - Fib-b1)] 

w 
where: 
S • percent sulfur iD coal. 
o • millilitre of NaOH solution used isl full 

detcrmillation. 
o, • millilitre ofNaOH solution used isl blank 

determination. 
b • millilitre of HtSO. used isl full determi

nation. 
b1 • millilitre of H2SO. used isl blank deter• 

minatioo. 
Fa • normality of tbe NaOH solution. 
Fz • normality of the H2SO. solution. and 
W • grams of coal taken. 

15. Re,ort 
15.1 The results of the sulfur analysis may 

be reponed on any or a number or base!>. 
difTeMg from each other Lil the manner by 
which moisture is treated. 

15.2 Use the percentage or moisture in lhc 
sample passing a No. 60 (260-1,1m) sieve to 
calculate the results or lhe analysis sample lo a 
dry basis. · 

15.3 Procedures for convening lhe value ob
tained on lhe analysis S&mple lo other bases arc 
described in Specifications D 3176 and D 3180. 

PRECISIO:'li 

16. Escbka aod Bomb-W ashin& Met bod!> 

16. I R~p~a,abili1y-Resuh!> or two consecu• 
tive detenninations carried out on the same 
sample isl the same laboratory by the same 
operator using the same apparatus should not 
differ more than the following: 

• 
Coll _,,iniq laa llau 2, 11111w 0.05 
Coal COIIWlllfll 2 • 1\llfw or more 0.10 
Coke 0.03 

16.2 Rq,roducibiUty-The means of results 
of duplicate detennislations earned out by dif
ferent laboratories oo representative samples 
taken from the same bulk sample after the last 
stage of reduction should Dot differ by more 
thu the following: 

• 
Coal cmawnin! laa 1h11 2 • sllllur 0.10 
Coal eoo111n1a12 • l\llfw or more 0.20 
Coll& 0.05 

17. Hl&b-Temperature Combustion Method 

17 .1 ~ability-Results of two '-OD.SCC:U· 
tive determiaatioos carried out on the same 
sample isl the same laboratory by the same 
operator using the same apparatus should not 
differ more thu 0.05 ., sulfur for all '-Cal and 
coke. 

17.l Rqrodlldbility-The meam of results 
ot duplicate detennillatiom carried out by dif
fercDt laboratories OD representative samples 
taken from the same bulk sample after the last 
stage of reduction should not differ more than 
the following: .. 

CCIIU~IIIJllla&tllan21i sulfur 0.15 
Coal, conta1n1a12 c; 111lfur or IIIOff 0.2~ 
Col.c 0.1~ 
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" 

Standard Test Methods for 
CARBON ANO HYDROGEN IN THE ANALYSIS 
SAMPLE OF COAL AND COKE 1 

T11i1 S1andard i1 issued under 1hc fiacd drsifnllion D J 171: the n"mbc, immcd111el~ folio• ,n, 1hr dr~ifn.tiion indicates inc 
,c .. , 01 o,.,,n,.i ador11011 or. ,n 1tw e:nc of rc--,-,oa.1hc ~c:n of l:u1 rc,·i!olon. A numbc, ,n s,;.,en1hc,c, ,nd,c.1c, inc >c.i• or 1:.11 
i-c .. r1,ro-.,1. 

I.~_,. 
1.1 These method~ co,·c:r the determination 

of total carbon and hydrogen in samples of coal 
or coke. Both the carbon and hydrogen arc 
determined in one operation. This method 
,·iclds the total percentages of carbon and 
hydrogen in the: coal as analyzed and the: results 
include not only the carbon and hydrogen in the 
organic: matter. but also the carbon present in 
mineral carbonates and the hydrogen present in 
the rrc:c: moisture accompanying the: sample as 
wc:11 as hydroaen present as water of hydration 
of silicates. 

NoTt I-It is recotniz.cd that cenain technical 
apphcauons or the data derived rrom this ,esa proce, 
du,c ma, jus1ir~· adchtional a>rrca10111. Thcwc:orm:• 
tion1 could involve compcnsauon ror the carbon 
present as carbonates. the hydrogen or rrcc moisture 
accompanyin1 tbc sample and tile calculated hydro
pa present u water of hydration or silicata. 

1.2 When data arc convened and rcponcd 
on the "dry.. basis the hydroaen value is 
corrected ror the hydrogen present in the free 
mf.listurc accompanying the sample. 

2. Applic:abw l>oaunfflts 
2.1 ASTM S1a11dartb: 
D 346 Collection and Preparation or Coke 

Samples for Laborator1 Analysis• 
D 1193 Specification for Reagent Water• 
D 2013 Preparing Coal Sample for Analysis• 
D 3173 Test for Moisture in the Analysis 

Sample of Coal' 
D 3} 76 Ultimate Analysis of Coal and Coke' 
D J 180 Calculating Coal and Coke Analyses 

fro01 As-Determined to OirTercnt Bases• 

3. Sample 

3.1 The sample shall be the material pulvcr-

izcd to pass No. 60 (250-,.m) sie\'e and "'ell 
miAed according 10 Method D 346 or Method 
D 2013. It ma~ be beneficial to grind the ash. 
pit ash. calcined col.e 3nd high mineral content 
materials to pass a No. 100 (150-.11,m) s1c,·e. 

3.1 The 1es1 sample should be -.eighcd just 
prior lo commencing the analysis 10 minimize 
chance for moisture change. A change in mois
ture content would introduce error in the hydro
sen analysis. In order to provide the data 
neccss:ary 10 correct for the h)·drogcn present in 
the moisture and ensuing final calculations or 
both the hydrogen and carbon. a separate 
sample should be weighed out at the same time 
for a moisture analysis. and analyzed in accord
ance with Method D 3173. 

TOTAL CARBON AND TOTAL H\.DROCtN 

4. Summar,- of M~tbN 
4.1 The determination of carbon and hydro

gen is made b)· bumin1 a weighed quantity or 
sample in a closed system and fixing the 
products of combustion in an absorption train 
arter complete o-.idation and purification from 
interferin1 substances. This method gi11es the 
total percentages of carbon and hydrogen in the 
coal as anal)·zed. and includes the carbon in 
carbonates and the hydrogen in the moisture 
and in the water of hydration of silicates. 

1 T1ln,r mcthaiib ... linder ,i. jurildiCliOII or 4STM 
Comminec D-S 11t1 Coal and Coke. 

Cum,u afihOII app,o_, No-. 11, 191.J. Publilhaf 
Mardi 191♦. 

'A,.,.,., &lo4 of ASTM S,.IIIMV"• Pan 26. 
'A.....,_._ of ASTM S,.IIMT"• Pan JI. 
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5. Apparan,s 

S. I 0:x>·rtn Pw,ifyinr T,ain, c:ons1st1ng of 
the following un1lS arranged as listed in the 
order or passage of ox)gen: 

S.1.1 Fi,st Wat tr A bsorbtr-A container 
for the solid dehydrating reagent. It shall be so 
constructed that the Ox)gcn must pass through 
a column of reagent adequate to secure water 
equilibrium equal to that secured in the pre• 
scribed absorption train. A container or large 
volume and long path of oxygen travel through 
the reagent will be found to be ad,·antageous 
where many carbon and h)drogcn determina
tions arc made. 

S.1.2 Carbon Dioxidt Absorbtr-A con
tainer for solid carbon dioxide absorbing agent. 
It shall be c:onstruc:tcd as described in S.1.1 and 
shall provide for a column of reagent adequate 
to remove carbon dioxide completely. 

S.1.3 Stcond Watt, Absorbtr, same as spec
ified in S.1.1. · 

S.2 F/o...,mtttr. used to permit volumetric: 
measurement .or the rate or now or oxygen 
during the determination. ll shall be suitable 
for measuring now rates within the ran1e from 
.50 to 100 ml/min (standard temperature and 
pressure). The use of a double-stage pressure
reducing regulator with gage and needle valve 
preceding the first water absorber is recom
mended to permit easy and accurate adjustment 
of the rate of now. 

.S.3 Combustion Unit-The combustion unit 
shall consist of three electrically heated furnace 
sections. individually controlled. which may be 
mounted on rails for easy movement; the upper 
pan of each furn.ice may be hinged so that it 
can be opened for inspection of the combusl-ion 
tube. The three furnace sections shall be as 
follows: 

.5.3.1 Furnau Stction I. ncaRst the 011.y1en 
inlet end of the combustion tube. appro,i.i
m:uely 130 mm lo~ and used to heat the inlet 
end of the combustion tube and the sample. It 
shall be capable of rapidly attaining an operat
ing temperature of 850 to 900•C (Note 2,. 

S.3.2 Furnau Stction 1. appro11.imately JJO 
mm in lcn1th and used to heat that portion of 
the tube filled with cupric 011.idc. The operating 
tempcrauare sh:ill be !ISO s ZO•C ( Note 2). 

S.l.3 Fwrnou Stction J. _approaimately 230 
mm long. and used to heat that portion of the 
tube filled with lead chromate or silver. The 
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operallng temperature shall be 500 s SO•C. 

Non 2-Comb11s110n tube tem~rature shall be 
mcas11rcd b~ muns of a thermoc011ple pl.c-ed 1mme
d1atcl) adi4ccn1 10 the tube near the center of the 
appropraaic tube secuon. 

5 . .3.4 Corrtb111tion Tubt-Thc combustion 
tube shall be made of fosed quartz or high-sil• 
ica glass' and shall have a nominal inside diam• 
etcr which may vary within the limits of 19 to 
22 mm and a minimum total length of 970 mm. 
The exit end shall be tapered do11o n 10 pro\·idc a 
tubulatcd section for connection to the absorp
tion train. The tubulatcd section shall have a 
length of 20 to 25 mm. an internal diameter of 
not less than 3 mm. and an external diameter of 
approximately 7 mm. The total length of the 
reduced end shall not exceed 60 mm. If :i 

translucent fused quartz tube is used. a trans
parent section 190 mm lon1. IOC:.ited 250 mm 
from the oxy1en inlet end of the tube. will ~ 
found convenient (sec Fig. I). 

S.3.S Combustion Boat-This shalt be either 
glazed porcelain. fused silica. or platinum. 
Boats with internal dimensions of approxi• 
matcly 70 by 8 by" 8 mm have been found 
convenient. 

S.4 Absorption Train-The absorption train 
shall consist of the followin1 units arranged as 
listed in the order or passage of 011.ygen: 

S.4.1 Watt, Absorbtr. havin1 a capacity for 
4.5 cm• of solid reagent and a minimum length 
or gas travel through the reagent of 80 mm.• 

.5.4.2 Carbon Dio~idt Absorbtr-lf solid 
reagents arc UJed for carbon dio,i.ide absorption 
the container shall be as described in S.4.1. If a 
solution is used. the container shall be a Vanier 
bulb. 

S.4.3 Guard Tubt-A container as de
scribed in S.4.1. 

6. ReacHrs 
6.1 Purit_v of Rtogtnts-Rcagen1 grade 

chemicals shall be used in all tests. U nlcss 
otherwise indicated. it is intended that all 
reagents shall conform to the specifications of 
the Committee on Analytical Rca111=nts of the 
American Chemical Society. where such spcc:i• 

• V~cur ll;at bnn lo.ond s..111f:aeto') lo, tlll\ p11rpo111. 
• Ga..1 .. t1opprrcd con1;a1ncn · .cti u the Snlltu. 

Scllw;ar\l U-1111111 ;and tlle S1cucr-Son1111 bl&U11 ll;awc lift• 
round w1itf..ct0t>. 
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fica11ons arc: 1,.al~blc:. 
used. prondcd 1t 1$ Ii! 
rca!ent i!> or su1Ti..:1cn!. 
its use ,..i1hou1 lc:~!>Cn1 
dc1crmin~110n. 

b) Puri,,. of w·a,..-r
c:atcd. rerercnco 10 --~ 

to mean reat?cnt "'atcr 
cation [) 1193. 

6.) Ongtn. ~-S ~ i 
b . .i C,;,.1liwsi,on Tu, 
6 . .i. I Cuprrr 0tide 

free. 
6.4.~ Fwud Lead ( 

proximate!~ 1.38 to 0. 
6 . .i.J Sit,u Gau:t. 

purit). 0.l!.i mm. m: 
No. 11 B&S !a!C 11oir 

6A.4 Cupptr Gau 
mum purit). 0.lf.i rr 
matcl) ~o. 16 8&S 1 

6.5 Purifico1ion 
Rtagtnts: 

6.5.1 Wart, Abso, 
sium perchlorate ( 
matcly 1.JK to 0.35 r 

Non 3-Tradc na,,. 
drone "nd Odl~dnte. 

6.5.2 Carbon Dio 
reagent is usc-d. it sh 
h)droxidc (!\aOH o 
inert carrier of appr 
size. Use of soda lim 
admixture ,.ith then 
a solution is used. 
potassium h~dro,id 

Non 4-Tracx "" 
sium h')odro,idc ;.-i:rm, 
sorbin1 rca@en1s ~~: . 
bne. If soda lime " us 
forqo,nr,. it should , 
total re;igcnt. In min@ 
M1d :a re .. dro~ of 
comi,lc1c absor;-t,on 

7. Prepanrioe oC , 

7.1 Comb&£Srion 
complete oxidatior 
complete rcmova 
such H oxides of 
shall be pack.cd 
chromate or sil 
lengths of the tub, 
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soo 2 5o•c. 
·11 urc shall bi: 
: pl;Ati=<f 1mmc. 

1c ccn1cr of thr 

c combustion 
iru or hiJh-sil, 
~al inside diam . 

limits of 19 to 
~th of 970 mm. 

J.,...n to provide a 
., to the absorp. 
on shall ha,·e a 

. rnal diameter or 
crnal diameter of 

.. ngth of the 
d _., mm. If a 

: is used. a trans
. located 250 mm 

the tube. will be 

This shall be either 
lica. or platinum. 
sions of appro1ti• 
have been found 

'he: absorption train 
1 units arranscd as 

,e Of OllyJen; 
,aving a capacit)' for 
f a minimum length 
:a1cnt of 80 mm.• 

-· Abso,bu-lf 101id 
,n dio11.ide absorption 
:scribed in 5.-4.1. If a 
,ncr shall be a Vanier 

container as de• 

nu-Reagent 1rade 
in all tests. Unless 

is •·· Jtdcd that all 
> th =cifications or 
/\icai7tca1enti,..af the 
.cty. wherc-iu~ - -~ 

. ~:. 

fic:1til1n!, arc a,·ailablc. • Othc:r irade~ m.i~ be 
u(ed. pH\\ ,ded it i!o first a:-certained that the 
re.1~cn1 ii. o( ~ufficicn1l~ hi~h i,urit~ to i,crmit 
it~ use 14ithout lc~~cning: the ac:curac} of the 
determination. 

b.2 Purit_,· of K'ar,,-Unlci;~ other,.,isc indi
cated. rcfcrcnceli to ,. atc:r shall be understood 
10 me.in rcascnt ..-;uc:r. conforming to Si,ccifi• 
cation O 1193. 

td Ong,n. 99.~ ~ purit~ or bener (Note ft}. 

t,.4 C()mbustion T11bt' R,oRrnu: 
b.4.1 Currie Oxidt' (C'uO). •·ire form. dust

frcc. 
t, .;.~ Fu.~,d Ltod Ch,omolt'. (PbCrO.> ar• 

pro~1mately 2.38 10 0.84 mm size. 
b.4J Si/,·u Gau:,. 99.9 G sih·er minimum 

purit). 0.84 mm. made from appro11im,uel) 
No. 27 B&.S gaJe .,...ire. 

b.4.4 Corpu Gou:,. 99.0 ~ copper mini
mum purit), 0.84 mm made from approxi
m.itel~· No. 26 B&S Jage .,...ire. 

b.~ Purification and A bsarptian Train 
Rragrnts: 

65.1 Waz,r Abso,b,nt-Anhydrom m.&@nc• 
sium pcrehlorate (Ms<ClO.>,) of appro11.i
ma1el~ 2.38 to 0.3!'> mm size. · 

Non 3-Tr.idc namo o( ltlc n:;,1cnu arc Anh)• 
droM and Dch~·dr11c. 

65.2 Corban Diaxidf' Absorb,nt-U a solid 
rcag.ent is used. it sh.&ll be sodium or potassium 
h)dro11ide (NaOH or KOH) impre1nated in an 
inc:n carrier or appro1timately 2.31' to 0.84 mm 
site. Use of soda lime in ph1cc of the above or in 
admil-ture "'·ith them is pcrmiuible (Note 4). If 
a sohllio·n is used. it shall be JO weight ~ 
potassium hydro11.idc (KOH l. 

Non 4-Trade t1afflft o( the Sl)di11m and po1u
si11m hydro11idc pcrmiuiblc solid carbon diollidc ab
sorbinJ ru1en1s arc: Asc:.aritc. Caro11itc. and Mili.oh• 
buc. If M>da hmc is utcd in adrnia1urc with an) of thc 
forc1oinJ. it should not e•c:ud 30 wci1ht 'i of the 
\Olal rc.11cnt. In 111in1 Asc-..rilc il ma~ be IICCCU.1') \0 
ldd a fc• dtol)I o( •ater 10 this rca1en1 to assure 
complete absorpuon of carbon dio11ide. 

7. Pre,arado• or Apparanas 
7.1 CombMStion Tub, Pad.i111-To ensure 

complete o.1idation of combustion products and 
complete removal of intcrferin1 substances 
s11ch u 011.idc:s of sulfur. the combustion tube 
shall be packed with cupric oaide and lead 

J'illli.' ·- fair .. a1----Thit.15,lll and 

sh.ill be a~ ~ho"'n in Fi~. I. It i~ recommended 
that the tuhc: be i,IJted in a vertical po~ition 
(con~tricted end do14nl4ardl for r,ackint:. \\'hen 
lill,n!? the tuhc 14ith lead chromate:. an~ rc~idu.il 
reaE?ent adherin!? to the ,.all~ o( the: emi,t~ 
portion of the tube mu!it be remo\'cd. When 
sih•er is used .i~ a tu~ filling. the required 
lenJth of filhn!? m.iy be prepared con\'cnientl~ 
from three or four strips of sil\'Cf ~auze 150 to 
200 mm Ions. b)· rolling each strip into a 
cylindrical plug and in~r1in1 the strir:- end-to
end in the tube. 

Non !1-Ll'IIIJCf furn;ac:e~ -with .1pprorri.a1t 
len~th~ or lube J1.itl.1nF ,.ill be ~ll~f.ittnr). 

1.~ Ah.torr1ion Train: 
7.2.1 M'olt'r .◄ h.c<Jrbtr-A c:on1ainer is filled 

with a pcrmii.i.ible solid desiccant b) adding the 
required amount in small portions and senling 
each portion b~ 1en1Je 1appin1 bet-ween addi
tions. A Jh.ss •ool plut sh.ill be placed bc:t..,ccn 
the reagent and the absorber outlet to pre,·cnt 
loss of reaient .. dust". 

1.2.2 Carbon Dioxidr Absorbu-lf a solid 
re1o1gcnt is 11sc:d for the retention or carbon 
dioaide. the absorber sh1o1II be filled as described 
in 7 .2.1. A layer or "c:ap .. of desiccant shall be 
pl1o1ccd in the outlet section of the container and 
sh:lll be the s1o1mc a!i th.&t used in the "'·ater 
absorber. This l:.a)cr ih.ill ha\.'e a bulk \'Olume 
not less than one fourth nor more than one third 
of the combined volume of both reattents. Ir a 
liquid abM>rb!cnt is used. the inner tube of the 
Vanier bulb shall be filled "''ith the same 
desiccant used in the 14·ater absorber. A slau 
wool plu1 sh·1o111 be placed in the outlet scc:tion of 
the container to prevent loss or reagent .. dust ... 

7.2.3 Gllllrrl TMbf'. packed with equal vol
umes of the water absorbent and a solid carbon 
dio11.idc abiorbent. 

7.2.-4 C'onnution.s-To ensure a closed sys
tem from the suppl) tank of 011ygen to the 
guard tube al the end of the absorption train. it 
is recommended that all connections be glass
to.1lass or 1lass-1o-quaru bun joints with shon 
lengths or Oc:aiblc tubin1 u seals. The connec
tion between the purification train and the 

••au..- Clicmicaa. Amcric.'111 Clicmical Socist, 
Spmr1Ca11-• 4111. Clicmic.ilSoc •• V.'i11sh,nr10t1. D. C. For 
lllfffll- OIi Ille talittf o( fC:¥,CffU IIOC liilcd "b)· Ille 
Amma11 Olc1111cal 5oc.,.,. - '"llca,c:111 Chcmic:,la and 

., Shll!ilrd1.: II) JOICpll ·-· 0 V;,11 Not.1t•nd Co .. Inc. 
"!-.:!..._~- "~ .... -'~ "'\llltl .. Sl•IC,- ~i!!"''"Gprla· -
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combus1ion lube may be made b) mean, of a 
rubber stopper or other ,uitable device. All 
connections sh~II be 1:n tight. No lubricant 
shall be uli>ed for making tubing connections in 
the absorp1ion train. 

7.3 Conditionin1 of Aproratus: 
7.3.I tv,wl:v • Pad.td Combustion Tub,

Burn a s.1mple of co.ii or cc~c as de~crihcd in 
8.4 e,ccpl that the products of combu5lion 
need not be fixed in .& ""eighed absurp1ion train. 

7 .J.2 Uud Combustion T"b,-After any 
utended shut do .. n. one day or more. test the 
combustion train under procedure conditions. 
but ""ithout burning a s.imple. for 40 min with 
.,.eighcd absorption bulbs connected. A varia
tion of not more than 0.5 mg of ei1 her bulb shall 
be considered satisfactory. 

Non 6-lr 1hc blilnk 1esis for now indic:a1e in1cr
fcrin1 impuri1ics in lhe o•y1cn suppl~ by c:onsment 
vrciah1-1ain in the absorpllon bulb\. ehm1nate these 
impumics by ll$1na a prehu1er f11rnac:e ;and tube. 
tilled with cupric o"dc. Operate this prchc:11er fur
n,1cc 11 ll~O * 20•c and in'5Cn in series be1,.ccn the 
supply tank of 0•~1cn ind the purific:auon train. 

7.).3 Absorptio11 Trai11-Condition freshly 
packed absorber and 1uard tubes by burr.it'll a 
sample or coal or coke as described in 8.4 e•
cept th.it tube v.ci1?hts need not ~ determined. 

7.J.4 Standard Clm:lu shall be made fre
quently. particul.irly ""hen interminent use or 
the .combustion train is common or when any 
chan1es have been made in the system. A 
standard substance of certified analysis. such as 
benzoic .ic:id or sucrose as rurnished by the 
National Bure.iu or Standards shall be burned 
as described in Section 8. A variation from the 
theoretical of not more than 0.07 'lt for hydro
gen nor more than 0.30 ~ for carbon shall be 
considered satisfactory. 

I. Procedure 

8.1 After the combustion tube and absorbers 
have been conditioned as prescribed in Section 
7. conduct the test as follows: 

8.2 AbJorption T.""'in-Bring the absorption 
tubes to room temperature near the balance for· 
15 to 20 min. vent moment.irily lo the atmos
phere. wipe with a chamois or lint-free cloth in 
the areas where handled. and wciah to lhc 
nearest 0.1 ms. 

8.3 Samp/C'-Weigh appro11im:uely 0.2 · 1 
(.,.eighcd to the nearest 0.1 mg) or air-dry 
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sample ground to pass a No. t,0(250-.wm) s1c:11e 
into a combustion boat. 

8.4 Samplr .◄ nalysis-With furnace: Section 
S.3.2 and 5.3.3 at specified temperatures and 
po~itionc:d as sho...,n in Fig. I. perform the 
follo,. ing opcr:itions in rapid succession in the 
order listed: 

8.4.1 If :i c:on11cntional type of sample heat• 
ing furn.tse is ukd ror he:iting -5.3.1. place ,i so 
tha1 its left-hand edge is about 100 mm from 
the Oll)'gen inlet end or the combustion tube. 

8.4.2 Au;ich the ...,eighed absorption train 10 

the tube: 
8.4.3 Push the sample boat into the tube to a 

point within appro11imately 20 mm from plug 
P,; 

8.4.4 Close the tube and adjust the o,~gcn 
no..., to a rate or 50 to 100 ml/min (standard 
temperature and pressure) bein1 the· same as 
used in blank.in& (sec 7.3.2). 

8.4.5 Apply full heat to hea1in1 section No. I 
to bring it to an operatina temperature of 850 to 
900°C as rapidly as possible. Mo11e the heater 
slowly toward the boat so that it completely 
covers the boat and is brou1ht into c:o:,tact with 
hutin1 S.3.2 in a period or 10 to 20 min (Note 
7). Allow it to remain in this position for an 
additional 5 to 10 min :ind then shu1 ofrthe hc:it 
and retum the sample heater to ils original 
position. Continue the now or 0111.ygen through 
the tube for 10 min (Note 8). close the absorb• 
ers under a positive pn:ssurc of oxygen. and 
detach them from the train. Remove the ab• 
sorbers to the vicinity of the bahlncc. allow 
them to cool to room 1emperature for I 5 to 20 
min. vent momentarily to atmosphere. wipe 
them with a chamois or lint-free c:loth in the 
areas handled. and finally weigh them to the 
nearest 0.1 ma. While the absorbers arc cool• 
ing. it is recommended th:u the ash remaining 
in the combustion boat be eumined for traces 
of unburned cubon which. if present. will 
nulliry the determination. 

Noll 7-Somc variation in opcr:itin1 technique 
and heater manipulation ma) be pcrm,ucd here ll the 
discretion or the ;1nalyst. provided that it is conducive 
10 a gradual and concrollcd rclcuc or volatile m:mcr . 
Conditions that le.id 10 visible burnin1 (name com• 
bustionl of the sample shall be avoided. 

Non 1-Sinc:i: water may condcn,c in the cooler 
outlet end of the combus·iun t11bc or in the inlet ann 
o( the w11ccr absorber. the UM of an c1uern:i.l or 
internal hc:u .c:onductin1 dctic:i: (a mct:il hut bridfel 
is recommended to prevent such c:ondcn~tion or 
promote rccvaporation dur1n1 this nushin1 period . 
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9. Cakularions 

9.1 CalculJle rhe ixrc,:nt 
9) in she anillyrn 5.lmplc ., 

Carbon. ~ • IA A 

""here: 
A • incre:isc in •eight 

. bulb. g. and 
B • grams of sampled u:. 

Non. 9-11 is re,:o,n,1«1 it 
or n11ro1cn d11rinf ,~ come 
Ind to sligh1•~ h,gh rcs111ts 
UICftSIYC SI lld~ o( '"'' cfTcc:t 
10 lhc c:oncl11s1on th~• error • 
s11n1ftc:an1 in commcrc:,,., a 
rc)e:irc:h ;applic:;a11on1. ,.here 
order 1s required. me.ins ~ 
n11roi;cn prior to \\Jt,r .ind ca 
should be ,ncl11ded 

9.2 H.~·droge.- ::alcul 
hydrogen in the .onalvsis 
ro11ows: . 

H)drogcn. ~ • ,, 

where: 

B - arams or sample U! 

C • incre:isc of ~·eight 
bulb. g. 

-•-Ctca, (11w:d qu;anz lff\10 

1-C,.pnc oudc lilhftf. 
C" -Lnd cflrom;atc or 11hcr 1 
'•·,,.or ,,-•idizclll corl" 

1'iuTt-All d1mcnuons ;ar, 
cll:,nrn in the ;abo•c d1mcns1< 
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9. C1kul11ions 

9.1 Calcul,:uc the i,erc:entaFe of c:.arbon (Note 
9) in the analysis samr,lc .as follows: 

C.uhon.c.. c.◄,. n.:~91/B 

,.here: 
A • increase in "eiFht of CO, absorrtion 

bulb. g. and 
B • gr:ims of sampled u~ed. 

Non 9-lt is rcco,n,zcd th.it formation of oaidc!, 
of n11roicn dunni the combusuon pr~edurc may 
le.id to sh1h1ly htt:h rcsulh ror c.arbon. Ho"'c"cr. 
,,,ens,,c s1udy of 1h1!, errcc1 t,y lhc h1bora10ric~ led 
10 lite conchmon that error so incurred "'ould not be 
1,,n1Cican1 1n commercial apr,hc:uion. In ccrt;un 
,e~c.irch apphcauons. •here acc:11r.icy of a hit:hcr 
order I!, required. me.an!> of rcmonni: oaidc!< of 
n,aro,cn rmor 10 .,..,.1e, and carhon dioa.ide ab!,Orption 
$11ould he included. 

9.:? H_l·d,01rn-Calculate the pcrc:enta1e or 
h~ dropc:n in the analysis s.1mple (Note 10) as 
follo.,.·s: 

Hydro,cn.'S. (C x 11.191/B 

~here: 
B • arams of sample used. and 
C • increase of wciaht or water absorption 

bulb. 1· 

0 3178 

. ~1111 10-Thc .,.,lier at>,or~d 1n I he ,. :.iitr ah
•orr1,on luhc include~ nn1 onl~ ,..,,c, formed ii~ a 
rl\oduc:1 of c0mt>u•11nn. hu1 .ii~,• rrcc .,.;ncr lmo,.lurc) 
,n the Siimrlc and •.i1er of hydr.i11on or .tn~ c:1;,y 
m1nero1b rrc!>Cnl 

10. Report 

10.1 The result~ of the c.arbon und h~droFen 
analysis ma~ be reported on .tn) of a numt\Cr of 
ba!-e!I. diITerin~ from e.ach other in the manner 
b} "'hich moisture i~ treated. 

10.2 Use the pcrcent;,llc or•mo1s1ure in the 
sample: passini a No. 60 (:?SO- .I'm) sic"e to 
calculate the result! of the anal) sis ~ample to a 
dry basis. 

10.3 Procedures ror converting tM ,·alues 
obtained on the analysis sample to other basc:s 
arc described in D J 176 and D 31 SO. 

I 1. PrKisiOII 

I I. I The permissible differences bct,.een 
t"o or more: determinations ~hall not ucccd 
the followin1 ,·alues:· 

Carboll 
Hydropctt 

Res-••· 
ebthl). 

'I 
0.) 
0.01 

Rc11ro, 
du~b1hl). 

• 

r;~-, 
: SectlOft I : 

~-----------------~-----------~ I Fumocc S.ct>an 2 :,..,_. Sect10tt :sl 

I 
I I 

I 
f 

I I I I I 
_____ ..,, -~.s·-----.~==i=~~~-J 

..--------------97 -------------
A--clcar ruted qunr MClion I0pll0flall .... a 1ra11slua111 CIU•l'U 1ui. ~ .... 
I-C11pric oatde lilhftf. 
C'-Lcacl chromate or lil•er rm,.,. 
1 .. '• o, r.-•td11cd cvpprr 1,u,zc pluJ• 

Non-All d1mcn..- arc ,,,.en u, cxnume1cr\. WIien ru"'"" ~cuon1 lon,cr than •hole 1rc,c,rted in ~.J arc 10 be 11wd. 
m,.,., ia tlls allow,r d1mca110111 shall be 111 accordancx ,. ,111 111c prtw111on1 of Noce ~-

Fie. I 4nup- el T• FiUiap ,_ c....,;.. T•. 

nt .A-,,ir• S«wry /• 1":J .w ,.,.,~ 1ua .,. t-lilt011 ,.s,«flltf IM .....,, '1f •r ,-- rifllu UlltffN • 
tMMCt- -• •.•· •- - ill ,_, 111~, U111n -, tAu tltlNMV' .,--, •s,,,wl.• o,,._J tlwtl .,.__ o/ 11w 
,.., ., •1· a,c/1 ,-- ripu, GM 1/w ,,_ of illfrili1•- o/ ,wli "I""- ., _,,n_, uwr o-~}: 
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AST/II,_,., Dir«-
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~t.~ ... ~~signation: D 3179 - 73 (Reapproved 1979) 

Standard Test Methods for 
NITROGEN IN THE ANALYSIS SAMPLE OF 
COAL AND COKE 1 

Tbll s~d.trd 1s 1»1&ed 1&ndcr 1bc fi•ed dcsi@naiion D 3179: the number 1mmedra1cly f0Uow1ng the dcmgnau.:in 1nd1~aic, ch~ 
year of ong111al adopuon or. LIi lbc.ca.M of revtS100. the year of las1 rcvu1.:>n. A 111unber 1n parcn1hcsc, 1nd1c:a1c~ 1hc ,ear of 1.uc 
ruppraval. A siapeni:npc epsilon tel 1.11d1ca1a ui eclnonal dlaagc s1.11u lhc lu l"C\'UIOD or rcapproval. · 

I.Scope 

1.1 These methods cover the determination 
of total nitrogen in samples of coal or coke. The 
analytic:al data from these methods arc to be 
reported as part of ultimate analysis where 
ultimate analysis is requested. If ultimate anal
ysis is not requested the value is to be reported 
ac:cording to the request. 

l. Applicable Documents 
2.1 ASTM Standards: 
D 346 Collection ·and Preparation of Coke 

Samples for Laboratory Analysis' 
D 11 '13 Specification for Reagent Water' 
D 2013 Preparing Coal Samples for 

Analysis' 
D 3173 Test for Moisture in the Analysis 

Sample of Coal and Coke' 
D 3176 Ultimate Analysis of Coal and Coke1 

D 3180 Calculating Coal and Coke Analyses 
from As•Dctermi~ to Different Bases1 

3. Summary of Methods 
3.1 The determination of nitrogen is made 

by either the Kjeldahl-Gunning method (Sec
tion 7) or the alternative method (Section 8). In 
these procedures nitrogen is converted into 
ammonium salts by destructive digestion or the 
sample with a hot. catal~·zed mixture of concen
trated sulfuric ac:id and MJassium sulfate. 
These salts arc subsequently decomposed'ilr a 
hot alkaline solution from which the ammonia 
is recovered b~ distillation. and finally deter
mined b) alkalimetric or ~cidimetric titration. .___, ____ _ 
4. Appararus 

4.1 Digr.uiorr L'rrit-An electrical heater of 
approllimatel~ 500-W minimum rating or a Ila~ 

burner of comparable capacity: either t~·pe of 
heater shall be provided with adequate means 
of control to maintain digestion rates as de
scribed in 7.1 (Note I). Commercially made. 
multiple-unit digestion racks pro,·ided with 
fume eithaust ducts may be used. 

NoTE I-If commercial!~ made electrical heaters 
arc used, auAilial'} voltage c:ontrol equipment. such as 
autotransformer. may be needed 10 maintain the 
specified rates or digestion and distillation. 

4.2 Distillatiorr Unit-An electrical heater 
or gas burner as described in 4. I: either type 
shall be provided with adequate means of 
control to maintain distillation rates as de
scribed in 7.1. Commercial_ly made. multiple• 
unit distillation racks provided with water
cooled glass or bloc:k tin condensers ma,· be 
used. · 

4.3 Cond,ns,r, glass. water-cooled. having a 
minimum jacket length of 500 mm. This appara
tus is not ordinarily rcqui~d when a commer
cially made distillation rack is used. 

4.4 Kj,ldahl Dig,stiorr Flask. of heat
rcsistant• glass. having a capacity of 500 or 800 
ml. 

4.S Kj,ldahl Connrrting Bulb .. cylindrical 
type. 45 mm in diameter by 100 mm long. or 
larger. with curved inlet and outlet tubes. 

4.6 Erlrnmr_,.,, Flask. having a capacity of 
250 or JOO ml. 

'The..: mc1hod, ~re under 1hc 11msd1~ll\1n uf ,\ST'I (.' un,, 
m1llff 0-~ on l:o~I ~nd Co~c. 

C11rrcn1 ed111on appro•ed f',;o, 27. 1973. Pubh~hcd 
March 1974. 

'/'Iii.I . ◄ nnuul &•"- ,,r_4ST.\t Standurd• Vol 0~.0~. 
1 /'Iii.I .fnnuul B••"'- 11(, ◄ST.\f S,u,,,JurJ, Vol I 1.01. 
• 8<1rosilitatc fla• ha~ l!ffn fo1&nd '-tmf~cio~ for 111,, our

OQ1r. 
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4.7 GlaH 
10 mm 1n O:J 

4.1< Rubb~ 
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rac:ks provided with water
block tin condensers may be 

• [!lass. water-cooled. havint1 a 
~ngth of 500 mm. This appara-

.mly required when a c:ommer-
1 llation rack is used. 
· Digrstion Flask. of heat

. ~aving a capacity of 500 or 800 

, .Connreting Bulb. cylindrical 
· .:liameter by 100 mm long. or 
, .,d inlet and outlet tubes. 
,,. Fla.JI,,, having a capacity of 

re under 1he Jur1sd1c11on of ASTM Com
· •"'d Coke 

1 
pprowcd No, 27. 1973. Published 

,.-,.,_.4ST.lt Stundord.,. Vol o,.o,. 
' n/ .4.'iT.\f Slondord,. Vol 11.01. 

( ~ bffn found sa11sfacto11 for th" 1111,. 

i 
'-~ 

I 
I 
l. 

4.7 Gla.u Cunntrtin, Tuh<'. api,roi1ima1el) 
10 mm in outside diameter by 200 mm lontz. 

4.1! Ruhb<'f' Tubin,. short piece. 

5. Reagents 

5. I Purity of Rtagtnts-Reagent grade 
chemical~ shall be used in all tests. Unless 
otherlo\isc indi1;:ited. it is intended that all 
rea2ents shall conform to the specilicat,on~ or 
the· Committee on Analytical Reagenh of the 
American Chemical Society. ~here such spec
ifications are aviUlabJo. • Other grades may be 
used. provided it is lirst ascertained that the 
reagent is or sufficiently high purity to permit 
its u~ without lessening the accuracy of the 
determination. 

5.2 Puritr of Watrr-Unless otherwise indi
cated. references to water shall be understood 
to mean reagent water conforming to Specifica
tion D 1193. 

5.3 Alkali Solution-Dissolve 8.0 g of potas
sium sulfide (K~) and 500 g of sodium hy
droxide (NaOH) in water and dilute to I litre. 
The use of appropriate amounts of sodium 
sulfide (NaiS) or potassium hydroxide (KOH) 
ma)· be substituted for the above. if desired 
(Note 2 (3)). 

5.4• Ethyl Alcohol (95%)-Elhyl alcohol con
forming to Formula No. 30 or 2A of the U.S. 
Bureau of Internal Revenue. Methyl alcohol 
may be used. 

5.5 M,rcury. metal. 

NOTE 2-other satisfac:tory and permissible cata• 
lysts for the di1estion. toiether with the quantities of 
K,SO. required in their use are H follows: 

(/) Five 1rams of a mi,nure c:ontainina 32 pans by 
weight of K,5O., S pans by weight of merc:unc 
sulfate (HpO.). and I pan by weiaht of selenium. 

(2) Threc-1enths 1ram of mercuric scleni1e 
(H1Se0,l witb 7 10 10 g of K,5O., 

(J) Three-tenths gram of cupric selenite dihydrate 
tCuSc0,,2H:01w11h710 10 g of K,SO,. When this 
mi,uure is used. 1hr addiuon of a sullide 10 the alkali 
soluuon " not neceuary. 

5.6 Potassium Prrmanganatr (KMnO.). 
crystals. 

5. 7 Potassium Sul/ atr ( K iSO .). c:ryslals. 
5.8 Sucrosr. National Bureau of Standards 

primary-standard grade. 
5.9 Sulfuric Acid (sp gr 1.84)-Conc:en

trated sulfuric: acid ( H iSO .). 
• 5. 10 Zine. mossy or granular. _ 
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Ml'lhud 

5.11 Mtthyl Red Indicator Solution (0.4 to 
J g/litf't)-Dissolve 0.04 to 0.1 g of mcth~·I red 
in 50 ml of95<;;. ethyl alcohol or methyl atcohol 
and add 50 ml of waler. Bromcresol green 
solutions of equal concenlrations may be used. 

5.12 Sodium H.~·d,-o.Tidt. Standard Solimon 
(O.I to 0.1 N)-Prepare and accurate!~ stan
clardize a 0.1 to 0.2 N sodium h~droi1id1; 
(NaOH) solution again~t a pnmar~ ~tandard. 

5.IJ Su(furi<" Acid (0 . .? N)-Preparc and 
standardjze a 0.2 ,\' sulfuric acid (H,5O,l 
solution. The solution need not be standardized 
against a primary standard. 

R,ag,nts R,quind Only for Alurnai, Mrthod 

5.14 Boric Add Solution (50 g/litrr)-Dis
solve 5 g of boric: acid (H 1801) in 100 ml of 
boiling water. Allow to cool before use. 

5.15 Mix,d Indicator Solution-Prepare a 
solution containing 0.125 % methyl red and 
0.083 % methylene blue in 95 % ethyl alcohol or 
in methyl alcohol. Prepare a fresh solution at 
bimonthly intervals . 

5.16 Sulfurie Acid (0.I to 0.l N>-Prepare 
and accurately standardize a 0. I to 0.2 N 
sulfuric: acid ( H iSO .) solution against a pri
mary standard; hydrochloric: acid (HCI) of 
similar concentration may be substituted. 

6. Sample 

6.1 The sample shall be the material pulver
ized to pass No. 60 (250-,14m) sieve and well 
mixed in ac:c:ordanc:e with Method D 346 or 
Method D 2013. 

6.2 A separate portion of the analysis sam
ple should be analyzed for moisture content in 
accordance with Method D 3173. etc:. in order 
to allow calculation of the as-analyzed data to 
other bases. 

6.3 Weigh approximately I g (weighed to the 
nearest I mg) or the analysis sample tzround lo 
pass a No. 60 (250-,14ml or finer sieve. into a 
weighing scoop. In the case or coke and anthra-

· "Rn1en1 Chemic:al1. Amcric:an Chcm,c:al Soc1el) Spe,.;
iric:auon,." Am. Chem,c:al Soc .. W:a1h1ns1on. D. C. Fur 
1uares11on, on 1hc 1e:-11n1 o( rc:agen1~ no, hs1cd b~ 1hc 
Americ:an Chem,c•I Soc,ct~. ice .. Rc:at1cn1 C.'hem,c:al, •nd 
S1.nd:arch ... II~ Jo.crll Rn .. n. D. v.n ~ .. ,ir:and Co .. Inc .. 
Ne• 'fork."'· Y .. :and the .. L:n11cd S1:a1e, Ph:arm;icorc1:a ... 
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cite. grindin1 the sample lo pass a No. 200 
(75-l'm) or liner sieve is recommended. 

7. Procedure for Kjeldahl-Gunninc Method 

7.1 Careful!) transfer the sample into a 500 
or 800-ml Joi.jeldahl flask containing 7 to 10 g of 
K ,SO, and 0.6 to 0.8 of mercury ( Note ~l. Add 
30 ml of H,SO, (sr gr l.t14) lo the mi:1.1urc b~ 
pourintt it down the neck of the flask wilh 
rotation. in Qrder .to wash an~ adherent sample 
material into the· mixture. Swirl the contents of 
the flask several times to ensure thorough 
mixing and wetting or the sample. Incline the 

• ·fTask at an angle or 45 to 60 deg on the digestion 
heater in a fume hood (Note 3). and heat the 
contents to boiling: controlling the heat input in 
such a manner that the H ,SO, vapors condense 
no more than halfway up the neck or the flask 
(Note I). Continue the boiling until all sample 
panicles arc oxidized. as evidenced by a nearly 
colorless solution. or for at least 2 h after the 
solution has reached a straw-colored stage. The 
total time or digestion will require 3 to 6 h. 
except in the case or coke and anthracite. which 
may require 12 to 16 h ( Note 4 ). When the 
digestion is completed and the solution has 
cooled. a few crystals or KMnO, may be added 
to ensure complete oxidation: funher heating 
may be necessary to destroy the excess perman
ganate and dccolorizc the solution. 

NOTE 3-Whcn fume exhaUll ducu or hoods are 
not available a Hcnaar tube may be inserted in the 
neck or the nuk ..• 

NoTE 4-Addition or 0.1 1 or chromic anhydride 
(C,01) to the dipstion mixture has been found very 
helpful ia reducin1 tbe time of dipstion for coke. 

7.2 Dilute the cooled digestion mixture to 
about 300 ml with cold water. and remove any 
heat of dilution by cooling with water. Mean• 
while. pipct into the 250 or JOO.ml Erlenmeyer 
flask. 20.0 ml of 0.2 N H ,SO• and add 6 drops 
of methyl red or bromcresol green indicator 
solution. Attach the glass connecting tube to 
the discharge end of the condenser. using the 
short piece of rubber tubing as a seal. Incline 
the Erlenmeyer flask at a suitable angle. and 
insert this tube so that the end is immersed to 
the maximum depth in the acid. Add I to 2 i of 
granular zinc to the mill.lure in the Kjcldahl 
flask (two or three sm.all pieces if moss)· zinc is 
used). and slowly add 100 ml of the alkali 
solution so that it forms a distinct layer under 
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the acid solution. This may be accomplished b~ 
inclining the flask at an an!_?lc of 45 10 60 de~ 
and pouring the alkali solulion down the neck. 
Failure lo maintain discrele la~·ers durin1 this 
operation may lead lo loss of ammonia. 
Quickly connect the flask 10 the distilling 
condenser through the Kjeldahl connecting 
bulb. and then sv. 1rl the contenl~ to promot,: 
1horou1_?h m1:\ing. 

7.J Bring the contents of the Kjeldahl nasl,. 
to a boil carefull)·. in order 10 avoid violent 
bumping. and then distill the ammonia over 
into the acid solution in the Erlenmeyer flask. 
Continue the distillation at a maximum rate: of 
approximately 350 ml/h until ISO to 175 ml of 
distillate have been collected. Discontinue the 
boiling. and remove the glass connecting tube 
from the condenser and Erlenmeyer flask. 
Rinse the tube with distilled water. collecting 
the washings in the Erlenmeyer flask. and then 
back-titrate the excess acid with 0. I to 0.2 S 
NaOH solution. 

7.4 Run a blank determination in lhc same 
manner as described above. using approxi
mately I g of sucrose (weighed 10 the nearest I 
mg) as the sample material. 

NOTE S-Blank determinations must be made to 
correct for nitrogen from sources other than the 
sample. A blank determination shall be made when
ever a new batch of any one reagent is used in the: 
analysis. 

7.5 Ca/c11/a1ion-Calculate the percentage 
of nitrogen in lhc analysis sample as follows: 
Nitroecn . ._, 

• (((8 - A) N x 0.014)/CJ x 100 

where: 
A • millilitres of 0.1 to 0.2 N NaOH solution 

required for titralion of the sample. 
B • millilitres of 0.1 to 0.2 .'V NaOH solution 

required for titration of the blank. 
N • normalit)· of the NaOH solution. and 
C • grams or sample used 

I. Procedun for Altemati,e Method 

8.1 Digest the sample as described in 7. I. 
8.2 Dilute and cool the digestion m1:1.lure as 

described in 7.2. Add to the 250 or 300-ml 
Erlenme~·er Oas~ appro"imatel~ 20 ml of 
H 180 1 solulion and 6 drops of m1"ed indicator 
solution. Then proceed as described in the 
remainder of 7.2. 

8.3 Distill the ammon.ia into the H ,BO 1 



This ma~· be accomplished b,· 
,k at an antrlc of 45 to 60 deg 
:tlkali solution down the neck. 

in discrete layers during this 
lead to losi. of ammonia. 

l the Oas!. to the distilling 
·}h the Kjcldahl connecting 
•·irl the contents 10 promote 

contents of the 1-i.jcldahl flask 
I~. in order to avoid ,·iolcnt 
en distill the ammonia over 

iution in the Erlenmever flask 
aillation at a muimu;,, rate o·r 

0 ml/h until ISO to 175 ml o(' 
en collected. Discontinue the 

n·ove the glass connecting tube 
.cnscr and Erlenmeyer flask. 

,ith distilled water. collecting 
;,e Erlenmeyer flask. and then 
excess acid with 0.1 to 0.2 N 

nk determination in the same 
. • ribed above. using approxi
icrosc (weighed to the nearest I 
-le material. 

determinations must be made to 
!!en from sources other than the 
determination shall be made when
' of an)· one reagent is used in the 

.m-Calculate the percentage 
he analysis sample as follows: 

((CB - A) N x 0.014)/C) x 100 

. of 0.1 to 0.2 N NaOH solution 
; -~,, titration of the sample, 
: ~of 0.1 to 0.2 N NaOH solution 

for titration of the blank. 
,. of the NaOH solution. and 

,ample used 

>r AUemarhe _Method 

: sample as described in 7.1. 
: :i cool the digestion mixture as 
;·;-:?. Add to the 250 or 300-ml 
.ak: approximate!~ 20 ml of 

;· ·and 6 dropi. of mixed indicator 
i proceed as described in the 
··:2. 

he ammonia into the H 2B0 2 l : 
r __ 

solution exactly as described in 7.3 and finally 
titrate the ammonia with 0.2 N H ,SO~. 

8.4 Run a blank determination in the same 
manner ai. described above. using approxi
mately I g (weighed to the near~st I mg) of 
sucrose as the sample material ( Note 5). 

8.5 Calc-11/ation-Calculate the percentage 
of nitrogen in the sample as follows: 
N11rogcn. <;;. in the analym sample 

• l(A - B) .'II x 1.4)/C 

where: 
A • millitrcs of a:i N. H .,SO. required for 

titration of the sample. 
B • millilitres of 0.2 N H.SO. required for 

1it"ration of the blank. 
N • normality of the H.SO., and 
C • grams of the sample used. 

9. Report 

9.1 The results of the nitrogen analysis may 

be reported on any of a number of basel'l.
differintr from each other in the manner by 
which moisture is treated. 

9.2 U sc: the percentage of moisture in· the 
sample passing a No. 60 (250- 11m) sieve to 
calculate the results of the analysis sample to a 
dry basis. 

9.3 Procedures for converting the value ob
tained on the analysis sample to other bases arc 
described in Specifications D ~ 176 and D 31 MO. 

10. Precision 
10.1 The permissible differences between 

two or more determinations shall not exceed 
the following values: 

Nitropn 

Rcpea1-
1bili1y. .. 
o.os 

Repro
ducibility, .. 

n,, Am,ncan 5«;,,_,._ro, Tniini artd Mlllrria/s talin IIO poJillort ,nprrrrn, ,,,, Wliidit_Y of an_,. Plllffll n6'tJs IISR'l«J ;,, COrllf«liOlt 

•·i1lr /lrt.1· ,,,,,,, "'"""'"rd '" tlris Jt/lNl,ard. UMrS of tlris Sl/llttlard ll'P ,xp,nsi_,. /lll,1s,d tlrlll d"""''"""''" of,,,, -.a/itiu_,. of lllt)' SIIClr 
JIIIJffll nillls. II/Id tlr, nSM of irtfrirt,,,,,,.,U of SIICII nfl,ts. GW ffllim_,. tltnr - ,npo,uibilit,-. 

Tlris 11/llldard is su/lj«r 10 ""isi01t III an_,. tillW I,)• ,1r, ,nptJ11Jibl, 1«#11tical commi11« 1111d "'1UI 1w rffi-,J _,. frvr _ _,,, 1111d 
,f IIOI t'P'liW. ritlrrr r,apprflfff/ or .;,lrd,a-. Your ~ "" ,,,.,;,«J ,ull,r Jo, ,r,isiort of tlris SIIINlard o, for IIIJll11imia/ 
Jtandanb and sltould 1w lllillrnwd to ASTM H'°"'1ululm. Yaw ~s will ffffiw auefM/ C01Uuurat1011111 11 mttr1r11 of ,1r, 
,npo,urol, t«miica/ commm«. wlriclr )11111 11111)' IIUffllL If )111111 J«i tlttlt Jlflll' -J ~ -r«rtwd II fair lwrmltf )'OU slrauid 
"""'' _ _, .,,.., "- 1111/tr ASTM COfflfflillff 1111 SllllfdllnJs. 1916 R4a SI .• P#rillllh/pltill. Pa. 19/0J. 
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Attachment H-5 
HEATING VALUE 

Method: American Society for Testing Materials 

Gross oaiorific Value of Solid Fuel by Adiabatic 
Bomb Calorimeter: D2015-77 (1978) 

• •• -':":4:-_ -;~ ~ ~-

:L~:::~.:~,:~~+.::~:t-.;~:·•~j ~~~t~;:~~•,:;,:, .. 
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U.S. Environmental Protection Agency 
HWI Sample W.anagement Office 
P.O. Box 111, Alexandria, Virginia 22313 
PHONE: ( 703) 557-200 or FTS-557-2,,0 

l ............. _s_A_s_N_u_m_b_e_r __ .JI 

SPECIAL ANALYTICAL SERVICES 
Regional Request 

~ Ctoglon::11 Tr.,nsmltUI D Tolephcne Request 

A. EPA Region and Site Name : __ R_eg_,_· 0_n_v_,_M_o_s_s_Am_e_r_,_· c_a_n _____________ _ 

B. Regional Representative :_.....,oe;""n:;":n;,irs~W~e_so;'il~o~w;.;;;s_k..:.i _______________ _ 
C. Talephcne Humber: ( ) (312 ) 886-1971 
D. C::1te of Reque:St : ___________________________ _ 

Please provid~ below ~ d:ascrlpticn of ycur roquast for Special Analyticl Servic:!s under 
the Unccntrolled Hazardous Waste Cumpsite Program. In order to mc.,st efficiently obtain 
J;1bor.atory Qp::1bility for ycur roquest, please address the following ccnsideraticns, if 
;Jpplic:::1ble. lnc:cmplete or erroneous lnfcr~ticn Ny nsult in d~l.1y In tM precessing 
of ycur r~u.!St. Pl'!:isa c:ntin\:~ r~spcnse en Ddditicn:>I sheets, or att:>ch supplementary 
inf 0rm::1tion ~s ne~<fad. 

' 
1. Cenenl description of analytlc~l s.ervic~ requested: ---------------An al y z e soil and sediment samples for 1) Proximate analysis for: a) moisture content, 

b) ash, c) volatile matter, and d) fixed carhnn 2) illJtimate analysis far 
a) C, H, S, 0, N 3) Heating Value, 4) Flash Point and 5) pH 

2. Cefinitic:, ~nd number cf work units lnvclved (1J:)ecify whether whole samples or 
fr:2c!ion~; 'iheth~r :rs~ni::~ :r incrsanic~; ,hether ~aueous er ,oil ~n= nc:imeM~:.: 
and; whether· lcw, .1\edium, er hi5h c=nc=i:rlticn): 

Analyze 54 soil samples and 20 sediment samples for the parameters 1 i sted above. The 

samples will have low to high concentrations of creosote and fuel oil. 

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA, 
NPCES, etc.): 

Superfund, Enfor·cement 

4. Es:imatec c:~te(s} of a,llection: _______________________ _ 

':;_:..., .. =-~~-;,,..~~:;~~a:e~ d~:_e~sl aad~~thod 0t~s~~~~~:D!l i ~.{08P'%:~rrit~.~arrier _ .. 
·~ -~1;-,~: ~~--~--,!·;;~~- . _;_, :- :-,.~~~.:~~<-,-~~~-,f~~; ~"- -~~=~(-;~--- ,,_ 



Heating Value 

6. Approximate number of days results re0uired after lab receipt of sanple: ------
Lab will report results within 30 days a~ter receipt of s_amples. 

7. Analytical protocol required (attach copy if other than a protocol currently used in 
this progran): 

A.) Heating Value ASTM Method · 0 2015-77 

See Attachment i:--J 

8. Special technical instructions (if outside protocol requirements, specify compound 
nanes, CAS nunbers, detection limits, etc.): 1.) Exact compliance to the specific 

requirements of the method must be met. particularly the restandard1zat1on 

requirements. 

2.) A reference standard of Benzoic Acid from the NBS for heating value must be run 

with each sample set. The acceptable range is~ 6 BTUt•c. 

9. Analytical results required (if known, specify format for data sheets, QA/QC reports, 
Olain-of-Custody do0111entation, etc.). if not canpleted, fonnat of results wi 11 be 
1 eft to progr111 discretion. 

1.) Copies of Ther"fflOllleter•s Certificate· to NBS Certification 

2.} Logs of restandal'"d1zat1on data. 

3.) Copies of 111 log pages particularly the calculations. 

10. ether (use additional sheets or attach supplementary information, as needed): 

The correlation coefficient for standards must be calculated and supplied. 

ll. Name of s~l ing/shipping contact: __ J_e_f_f_K_e_i_s_er ____________ ~--

Phone: 414-272-2426 

Please return this request to the Sample Management O,fic• u soOft u possible to 
expedite processtri!J of your request for special .. analytical selV'tcn. Shaul d you + .J,av~y quastiQDS or need any ass.1stan~1.,~l \_ ~-S•pta ·Man111enent Office. 

<~.-~~ -· = :~L,~ ~r~~' J!.~'"i'~!r.it;._~:I:~r~ , •;~-~"::,; ~-
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I. DATA REQUIREMENTS 

Parameter 

Heat Valve 

(Adiabatic Banb Calorin'eter) 

Heating Valve 

-3-

Detection Limit 
. -

Repeatability 

11. QUALITY CONTROL REQUIREMENTS 

Audits Required F reguency !!! Audits 

Precision Desired 
(±\ or Cone.) 

< 50 BTU/lbs Dcy Weight 

Limits• (±1 or Cone.) 

Restandardization 
After changing any part of 
the calorin'eter and at least ----------once a month. 

Duplicates 1 per 10 samples < 50 BTU/lbs Dry Weight 

111. *Action Required If Limits are Exceeded: 

Call Dennis Wesolowski (312) 886-1971 
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~I Deei1natlon: D 2015 -11 (Reapproved 1978) 

Standard Test Method tor 

GROSS CALORIFIC 'i ALUE OF SOLID FUEL BY THE 
ADIABATIC BOMB CALORIMETER' 

T1III ll&lldar4 ia iaaued IMldCf \bit fia• da1pauoa O 201!; Illa oumber immacliaatly (0Uowio1 w daipa&&oe 1Ddica1• lll• 
yea, ol on11ul adoy,uoo or. 111 IIN CUii o1 r1•1110L Ille yea, of la11 ~o. -' oumbcr ia pamlUl- uad1ca1a lb 7QI ol lal& 
... ,PfV"aL A 111pancnp1 cpl&lae t•I Uldaca&a u lld11on&1 cllua• - Ille IAII - or rupp,o,,aL 

l. Scope 
1.1 This method coven determination of 

the 1ross calorific value of solid fuel by the 
adiabatic bomb calorimeter. 

l.l TIM valua s&a&ed ill SI \aai11 ue to be 
regarded U the SWld&rd. 

Z. Applicable Docwmea1S 
2.1 ASTM StlUldard.l: 
D 121 Definitions of Terms Relatin1 to 

Coal and Cokc1 

D 346 Collection and Preparation of Coke 
· Samples for Laboratory Analysis' 

D 1193 Specification for Reagent Water' 
D 2013 Preparina Coal Samples for Analy• 

sis1 

D 3173 Moisture in the Analysis Sample of 
Coal and Cokel 

D 3177 Total Sulfur in the Analysis Sample 
of Coal and Cokel 

03180 ~tins Coal aad Cou: Analy-
1e1; - from A5-0etcrmined to Different B_. 

E 1 $pacification for ASTM Thennome
te~ 

E 144 Recommended Practice for Safe Use 
of OxY&en CombuSlion Bombs' 

3. Semple 

3.1 The sample shall be the material pw• 
venzed to pass No. 60 (250-,,.m) sieve a111d 
well-mixed in accordance with eilher Mcthodi 
D 346 or D 2013. 

3. 2 A separate ponion of the analysis sam
ple should be analyzed simultaneously far 
moisture content in accordance with Methods 
D :?0 1 J and D 3173 so that calculation to 

other than the u-determined basis can be 
made. 

•• S.amu, of MetllM 
4.1 Calorific value is determined in this 

method by bumin1 a wei1hed sample ill an 
adiabatic oxyaen bomb calorimeter under 
controlled conditions. The calorific value is 
computed from temperature observations 
made before and after combustioa. makin1 
proper allowance for thermometer and ther
mochemical COffections. 

Mon 1-0uda&ioa aft.- umptiq ol ~ble 
low-nu caal Of ...... , rwul& ia. NdUCliaa ol 
caJarulC value. 1.11111 l,Y ISpalUft ol cbl ...,.. 
IO air f'tDal cbl WM ol SUllpwll Of delay iD ualysia 
lllallbla,,.._ 

Non 2-Taa.mail&uleclNnaiaa&iaaolcbl .... 
pl_e 111&11 bl paf'otmed lilnll&UOUlly ia aa:anlucll 
widl Mcdloll DJ 173. 

s . .,.., ... ,... 
5 .1 a/orifc Nlw - tbe beat of c:ombustioa 

of a subs&aacil. It ii mually aplllled iD 
Britisb thermal units (Btu) per pound. (Calor• 

.ific value may abo be computed ill calories 
per anm or joules.par pm when required.) 

NOff 4-n. llllit cquiYalen11 an u follows: 
I Btu • 1055.061 I BtU/lb • 2.3261/t 
1 cat' • 4.18&8 J I.I Btu/lb• 1.0 calla 

• International Tabin calorie. 

'TIiis _,_ ii ..... 111e illftldiaioat/1 ASTM c-llliaa 
~SoaCOIAaMCOUullildllldiNa. a ·,,- 1 tllS... 
~-DOS.ll oe Mldleldlt/1 A..,,_ 

C...-........... Oft.ll.lffl ........ Danllllr 
1911. °"9MII, ..... aDJIHS-UT. 1,a...,__. 
lioll 02015-6641912\. 

1 JNJ .fMIIII ,_. tl(.fSTM .S..-- Yot 05.0!. 
1 t91J ,f__, ,- tl(.fSTM .S..-- Vol 11.01. 
• /911 ,.,.,,,_.,.,. uf ASTM ~ Yot 14.01. 
1 t91J -•-- .,_ uf ASTM S,...,. Val 14.01. 
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,.2 iros, (alorifir Ya/Mr <xros., ltrot of roM• 
hM.fllOff (II (OffSl(lffl ,aiMMr). Q, ( ,,n.u)-see 
definition c:on1aincd in Oefiniuons D 121. 

S.3 "~ (alnrifk ra/11r ( nrt lira, of romhMst1011 
at ronstant p,rssvrr). Q,, ( 11r11-sce definition 
c:on1ained in Ocfinuions O 121. 

S.4 •·atrr ,quiva/rnt or rnrrg,· rqui11a/rnt- in 
this method. 1he calorific: value (Btu·s per 
pound, required 10 raise tl,e temperature (Note 
4 of the calorimeter 1•c or 1°F per gram of 
sample. This II the number that is mulllplied 
by· the temperature rise in degrees and divided 
by the sample wci!ht in gram~ to !•\·c the 
heaung value in Btu per pound (Note~). 

Non ~ T~atun ia measured in either de· 
p-wa Celsius or Fahrenheit. Tempcra11ara may Ibo 
lie nicorcled ill obms or GUia llllill wbcn llling elcctnc: 

" t&irmome1as. Comiacnt ulliu 1111111 be IIICd in bolb 
Lbs 11.UMLudizauoa ud aav.al calorific clelannina• .... 

r,,,.,; ii~ in miauta w,.,,.,, an mcasl&Nd ill ~-
Non S-Eneray lllli&a for quaatitia listed 

throushout 1h11 method arc such 111a, the numttcr 
ol enc~· units per s,am ol sample conesrond, 
csactly 10 the number of 8111·1 per pound or sample. 
For brevity these arc referred 10 as Btu·s. The 

_ actual cnersics arc smaller than those stated b~· the 
ra1io of the number or pounds per 1ram (1/453.59 
•·•). The cntt~ equivalent of Ille calorimeter has 
the units (Btu/lb) • (J/dca). 

f• AppanhlS 
6.1 Tat Room-The apparatus should be 

operated in a room or area free from dnfts 
which can be kept at a n:asonabl,- uniform 
temperature for the time n:quired for the 
determination. The appara1us should be 
shielded from direct sunli1h1 and radiation 
from other sources. 

6 . .2 Oz,·Jnt Bomb, constructed of materi
als ihat an ,._ affected by the combustion 
process or products suffacicndy to introduce 
measurable heat input or al1era1ion of end 
products. If the bomb is lined •ith platinum 
or pd. all openinp shall be sealed to prevent 
combuslion products from n:achin& the baK 
metal. The bomb must be desianed so that all 
liquid combu5tion produc:1s can be c:omrletely 
recovered t,:· washina 1he inner surfaces. 
There must be no ps leakage during. a test. 
The bomh mu.~, be capable of withstanding. a 
hydrostatic pre5sure test to a 1age pressure of 
3000 psi (arrro~imatel~ 20 MPa) at room 
temrerature .-ithout streuinJ an~ pan be· 
yond its elar.tic: Jimit. 
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6.3 C«lorimrtrr (Note 6>. made of metal 
(rrefcrat,I~ c:or~r or t,ra,,) w,rh a 1arn1~h
rei;151an1 c:0a11ns, and .,.,,h all ourcr "urfacc, 
hi(:hl~ poli!ihed. It!!> ~i,c !>hall he such 1 hal I he 
boml't will he comrletel~ immersed in waler 
when the calorimeter i!!> a!'-!'>emhled. It shall 
have a devic:e for surrins the wa1er thoroushl~ 
and at a uniform rate. hut with minimum 
heat input. Continuoul> stirring for. 10 m,n 
shall not raise the calorimeter 1emrcrat_urc: 
more than o.01•c (O.o~•F) starting .,..,th ,den
ric:al remreraturer. in the: calorimeter. room. 
and jac:l.et. The immer!,Cd rortion or the 
stirrer shall !'le courted 10 the out~idc 1hrouch 
a material of lov. he:11 conduc11n1~. -

Non 6-As IIICd in uus method. the 1erm .. ~lo
rimeter" describes the bomb. the vCSKI -wnh stirrer. 
Uld lJlc wa,cr ia wtudl the bomb as immencd 

6.4 Jad:~, - The c:alorimeter shall be com
pletely enclosed within a stirred water jac:ke1 
and supponed so that its sides: 10. and bonom 
are approximatcl)' 1 cm from the jacket walls. 
The jacket shall be arran1ed with provision~ 
for rapidly adjustin1 1he jacket temperature 
to equal that of the calorimeter for adiabatic 
operation. It must be constructed so that an, 
water evaporatin1 from lhe jact.e1 will not 
condense o:, 1he calorimeter. 

6.5 Thrrmom1t11tn -Temperatures in the 
calorimeter and jac:kct shall be measured with 
the followin& thermometen or combinations 
thereof: 

6.5.1 M1trc:11ry•in-Gloss Th1ti;11om1tr1tn con~ 
fonning to the requirements for Thennome
tcn 116C. 117C. 56C. or 56F as prescribed 
in Speafscation E 1. may be used. Other 
thcnnomctcrs of equal or benc, accuracy arc / 
satisfactoey. These tbermomctcn shall be 
tested for accuracy asainst a known standard 
(preferably by the National Bureau of Stan- I 
dards) at intervals no larger than 2.S•F or I 
2.0-C OYer the entire ,raduated scale. The 
maximum difference in correction between I 
any .-o test points shall not be more than 
0.02-C or 0.05-F. j 

6.5.2 B1tckmann Diff1trrnrial Thrrmom1t• I 
tu. ha\·ing a ran1e of approximat¢I~ 6°C in , 
0.01 -C subdivisions reading up"ard and con
fonnin, to the requirement~ for Thcmnome1er 
J J SC. as prescribed in S~cificatiun E I . m;i~ 
be used. Each of these thermnm¢tc:n1 shall b~ 
tested far ac:c:ura~ a,ainst a L.n<1wn standard 
(rrcfcrat,I~· b~ th~ National Burnu (lf Stan-
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(Note 6). made of metal 
. or bras~) with a tarm~h
and with all outer surface~ 

Its size shall be such that the 
,i,letch immersed in water 
,cter i~ asscmtiled. It shall 
stirring. the v,atcr tho~o~ghl~ 

·m rate. tlut with m1n1mum 
,inu(lU!< 5tirring. f(lr 111 min 
he calorimeter temperature 

C (O .o:2•F) starting with idcn• 
•~s in the calorimeter. room. 
e immersed portion of .~he 

...Juplcd to the o~~sidc ~~ro!~h 
,w heat conductw1t)". . 

cd in Ibis IDClhod. tbc term -~~ 
me bomb. \be wacl w,\b sumr. 

. ,bidl tbc bomb ii ilnfflCl$ld. 

. The calorimeter shall be_ com-
1 within a stirred water 1acket 
;o that its sides; to, and bottom 

I . 1 _ from the jacket walls. UC l ..... . . 
•:lll be arran1cd with provmons 

;ustin& the jacket tem~ratu~e 
>f the calorimeter for ad1abauc 

must be constructed so th~• an~ 
-·uing from the jacket w,ll not 

he calorimeter. . 
.Jmrrm - Temperatures '" t~e 
ind jacket shall be measu~ed ~tth 

thermometers or combtnauons 

·t·un••in•Glass T1tt1onomtttrs con
the . rcquirenu;nlS for n,ermo_mc-
17c. S6C. cw- 56f as prescnbed 
. E 1 ma" be used. Other t1on • :, 

·rs of equal or better accuracy are I 
·. These thermometers shall be 

. :curacy against a kn(l,-.11 standard I 

b,· the National Bureau of Stan- I 
. int~f\'als no larger than 2.5-F or 
·r the entire graduated scale. ~ 

difference in correcuon betv.een 
' .:st points shall not be more than 
· o.05~F. 
"~ckmann Di/f<"rtntial Tlu•rm?m~-

~ a range of appr(litimatcl~ 6 C ,n 
.t,divisions reading. urward and con• 

·;;, the requircmC'Ot!- fc,r Thi:rmomctcr ' 
!o('1"it,cd in s~cificatil,n E 1 • ma~ 

' pre. hall tii: 
: :.ach of these thermom~tcr.. s 
:.,, accura~ a1ainst a l.no,-.·n standard 
,b·l~· .by t~ National Bureau of Stan-
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dards) at intervals nc, larger than 1 •c over 
the entire Jraduated scale. The maximum 
difference in the correction between any two 
test points shall not be more than 0.0rC. 

6.5 .3 Calon·mttrir Typt Platinum Rt'sist
anct Thtrrnomtttr, 25-0. tested for accurac,· 
against a kno-·n standard (preferably by th~ 
National Bureau of Standards). 

6.6 Thtrmomttrr Autssori"s -A magni
fier is required for readin~ mercury-in-glass 
thermometers to one-tenth of the smallest 
scale division.-This shall have a lens and 
holder designed so as to introduce no signifi
canl errors due to parallax. A Wheatstone 
~ and galvan~meter capable of measur
ing resistance to 0.0001 n are necessary for 
use with resistance thermometers. 

6. 7 Samplt' Holdt'r - Samples shall be 
burned in an open crucible of platinum • 
quanz. or acceptable base metal allO)". Base 
metal alloy crucibles arc ac:ccptable if after a 
few preliminary firings the weight does not 
change sipificantly between tests. 

6.8 Firing Wirt' shall be 100 mm of No. 34 
B & S nickel-chromium alloy wire or 100 mm 
of No. 34 B & S iron wire. Platinum wire 
No. 38 B & S pge may be used provided 
constant ignition energy is supplied. Alterna
tively. a cotton thread may be used for ipi
tion in conjunction with the firing wire. In 
this case. the firing wire shall be just Iona 
enough to suetch tautly between the ipition 
terminals. The lengths of the firin& wire and 
cotton thread shall remain constant for all 
calibrations. 

6.9 Fuini Cimlif-A 6 to l~V altematina 
or direct c:urrcnt is required for ipition pur
poses with an ammeter or pilot lipt in the 
circuit to indicate when curTent is flowing. A 
s&ep,down transformer connected to an alter
nating cwrent lighting circuit or batteries may 
be used. C..doa-The ignition circuit switch 
shall be of the m~mentary double-contact 
type. normally open, excepl when held closed 
~- the operator. The s-itch should be de
pressed only long enough to fire the bomb. 

7. Reqcats 
7.1 Puriry of Rtagt'nts - Reagen& grad~ 

chemicals shall be used in all tests. Unlen 
other.1·isc indicated. it is in&endcd that all 
reagents shall conform to the specification!II of 
the Committee on Analytical Reagents of the 

American Chemical Society. where such spec
ifications arc available.• Other grades may be 
used. provided it is first ascenained that thC' 
~agent is of sufficiently high purity to permit 
ns use without lessening the accuracy of the 
determination. 

7 .2 Puri,_,. of Wa,,r - Unless otherwise in• 
dicated. references to -·ater shall be under• 
stood 10 mean d1s1illed water or -·ater of 
equal purity. 

7 .3 Bt"nt.oic Acid, Standard (C.H~· 
COCH)- Use National Bureau of Standards 
benzoic acid. The crystals shall be pelleuzed 
before use. Commercially prepared pellets 
may be used provided they arc made from 
National Bureau of Standards bcnzoic acid. 
The value of beat of combustion of benzoic 
acid, for use in the calibration calculations • 
shall be in accordance with the value listed in 
the National Bureau of Standards certificate 
issued with the standard. 

7 .4 Mt"thyl Oran~. Methyl Rt'd, or Mt'th_,·I 
Purplt lndica1or may be used for the acid 
titration. The indicator selected shall be used 
consistently in both calibrations and calorific 
determinations. 

1 .S Oxygen, free of combustible matter. 
Oxyaen manufactured from liquid air. guar
an&ced to be greater than 99 .S % pure. will 
meet this requirement. Oxy1cn made by the 
elecm,lytic process may contain a small 
amount of hydrogen rendering it unfit without 
purification. 

7 .6 SodiMm C11rbont1tt', Standard Solution 
(20.9 a/litrc)-Onc millilitre of this solution 
should be equivalent to 10.0 Btu in the nitric 
acid (HNO,) tiuatioa (Note 4). Dissolve 20.9 g 
of ULbydn>us IOdium c:atboutc (Na2CO,) ill 
wa&er and dilute to l litre. The Na,CO, should 
be previously dried for 24 b at 1os •c. The 
bum used for the HNO, tiuatioa shall be or 
such ac:curac:y that estimations to 0.1 ml can be 
made. 

L Scuantlzadoa (Note S) 

8.1 Determine the water equivalent of the 
calorimeter as the nerage of a series of ten 

• "Rc■sen1 Chemical,. Amcrian Chcm,cal Soac,, 
Spcaficauon,:· Am Chemical Soc .. Wa1h1n11on. D C. 
For 1UUfll10M on the 1n11ns of reaJcn11 no1 h11cd b~ 1hr 
A-ncan Cbt-15-1). - --Rea1cn1 Chcm1c:al1 and 
SWtcludl.'' ~ .loNpfl Roau1. D. Van Nosirand Co .• Inc .• 
N.- York, N.Y., Md !DI MU111ted S111cs Pllannacopcia ·• 
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individual runs. made over a period of nor 
less than '.' dan. nor more than 5 dan. To be 
acccr,tahlc. the standard de,·iation ~{ the se
ries.shall be b.5 BturC p.t, BturF) or IC!>!>. 

(Sec Appendix XJ. Table Xl.1.) For thi!> 
purpose. any individual run may be discarded 
onl)· if there is evidence indicatin~ incomplete 
combustion. If this limn is not met. repeal 
the entire series until a series is obcained wich 
a standard deviation below the acceptable 
limit. 

8.2 The wei&hts of the pellets of benzoic 
acid in each series should be regulated 10 

yield the same temperature rise as thac ot,. 
tained with the various coal samples tested in 
the individual labontories. The usual range 
of weiaht is 0.9 to 1.3 I· Make each determi
nation in accordance with the procedure de
scritN,cto;n Section 10 and compute the cor
rected temperature rise. , , as described in 
11.1. Determine the c:otTCc:tions for HNO1 

and firin1 wire as described in 11 .2 and 
substitute into the followin& equation: 

W • ((H)(f) + ,, + ,, + ,.l/t 
where: 
W • water equivaJent. 
H • heat of combustion of benzoic acid, as 

stated in the National Bureau of Stan
dards cenificate, Btu/lb, 

g • wci&ht of benzoic acid. I• 
t • ~rrccted temperature rise, (see 11.1), 
"• • titration correction, Btu, (see 11.2), 
t> 1 • fuse wire correction, Btu, (see 11.2), 

and 
~. • mnon thread comction, if used, Btu. 

(see 11.2). 

9.1 Make checks on tbe standard water 
equivalent after changin1 an,· pan of the 
calorimeter and at least once a month. The 
test procedure for clleckin1 the standard wa
ter equivalent factor shall be in accordance 
with Section 8, ncep& that the requ.ircd num
ber of indivich&al runs shall be determined as 
follows: 

9.1.1 If a sinaJc new standard value ex
cecds the old standard by :6 BturC (:4 
BtW-F), the old standard is suspect. thereb~ 
requiring a second tcsa. 

9.1.2 The difference between the two ne..
standards muse nol exceed 8 BturC (S Btu/ 

•F). and the averatte of the two ne-.· standard~ 
must not differ from the old standard b, 
more than :4 BturC (:~ BturF). lf the\~ 
requirements are met. do. not change the 
standard on the calorimeter. 

9 .1.3 If the requirements aiven in 9. 1.2 
arc not met, two more standards must be 
run. The range of the fou.r new standards 
must not exceed 14 BturC (8 BturF).- and 
the average of the four new standards must • 
not differ from the old s:andard b) more than 
:3 BaurC (:2 BturF}. Ir these requiremenh 
are met. do not change the standard on the 
calorimeter. 

9.1.4 If the requirements given in 9.J.3 
are not met, a fifth and sixth standard must 
be run. The ran1e of the six new standards 
must not exceed 17 BturC (10 B1urF). and 
the avcrasc of the six new standards must not 
differ from the old scandard b)· more than : 2 
BtW-C (:2 BtW-F). lf these requirements 
are met. do not chan1e the standard on the 
calorimeter. 

9.1., If the requirements ,;ven in 9.1.4 
arc nol met, four more standards must be run 
to complete a series of ten runs. The range of 
these ten results must not exceed 20 BtW-C 
(12 BturF), and the avcrasc of the ten new 
standards must not differ from the old stan
dard by more than :1 BturC (:1 BturF). If 
these requirements arc met, do not change 
the standard on tbe calorimeter. 

9.1.6 If the requirements ,;ven in 9.1.5 
are not met. the average value from the ten 
new standards must be used for the new 
standard water equivalent, provided that the 
standard deviation of the series does not 
exceed 6.5 8111rC (3.6 Btu,4F). 

9.2 The summary of the numerical require
ments at each stap of restandardization is 
pvcn in Table 1. 

II. ,._ I • (NOIII I wl 2) i"· 

10.1 wap, of Satple-Thorougbly nm 
tbe ualysis sample o( coal or coke iD lbc 
sample bouJe uul c::anfuUy weigh approlti
matcly I I of it illto tbe crucible ill wbich it is 
to be buncd. Tbc sample shall be weighed to 
tbe aarcs& 0.1 mg. 

Non 7-TIM blluc:II sbouJd bt cbeckad period• ' 
ically IO clelcrnaulc ill tlllli&ivi1y. 

~on I-For aa&bnacc. coke. and CD&I of lliah 
ub CIDIIICSll, •bidli do IIO& rcaclily buni complacfy. 
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1tw followinf procedures arc . recommended: (I) 
The inside o 1hc CT\IClble is lined complete!~ with · 
i1nned 11ba1os in a thin la~er prcucd well down 
into the an1tn. and IM sample is lhen ·sprinlLled 
e-wenl~ over IM surface of lhe asbestos; or (2) The 
wci1ht of the sample may be vaned to obtain 1ood 
i1nitt0n. If the wc11h1 is varied. it will be necassary 
to rwcalibrate the calorimeter so lhat the water 
cqui'"alent will be based on the same temperature 
riw •• 1h11 otitained wnh the new sample wei1ht; 
or (J) A ILnown amount of benzoic aad ma, be 
m11ed with the sample. Proper allowance must be 
made for the heat of combusuon of benzo1c acid 
when determinin1 th\gl9afic value of lhe sample. 

10.2 Wat~, in Bomb-Add 1.0 ml of water 
to the bomb by a pipet. Before ad din& this 
watcr.,.anse the bomb. invert to drain, and 
leave undried. 

10.3 Firin1 Win-Connect a measured 
len11h of firin& wire to the i1nition terminals. 
with enou&JI slack to allow the firin& wire to 
maintain contact witb tbe sample. If cotton 
thread is used. connect the firin1 wire tautly 
across the ianition terminal. and tie the cotton 
thread around it at about the ccn1er. Arranae 
the ends of the cotton thread so that the)" are 
in contact with the sample. Assemble the 
bomb in the normal manner. 

10.4 O.r>·s~n -Charae the bomb with OX)"• 

sen 10 •• consistent pressure between 20 and 
30 atm (3 MPa). This pressure must remain 
the same for each c::alibntion and for each 
calorific determination. For the calorific value 
of coke. it is necesury to use 3~atm 0:1y1en 
pressure. If. by accident. the osyaen intn>
duced into the bomb should ucced the spe
cific pressure• tlo nOI proceed witb the c:om
buslion. Derach the fallina connection and . 
eshausa tbe bomb in tfle usual manner. Di5-
card this sample. 

10.4.l C.C--The followin1 precau
tions are recommended for safe calorimeter 
operation. Additional precautions are pven 
in Recommended Practice E 144. 

10.4.1.1 The wei&ht of coal or coke sample 
and the pressme of the oxyaen admitted 10 
tbe bomb must not exceed the bomb manufac
tmer"s recommendations. 

IO .4 .1 .2 Bomb parts should be inspected 
carefully after each use: Threads on the main 
dosure should be chc«:ked frequentl)" for 
wear. Cracli.ed or significantly ,.-om pans 
should be replaced. The b<lmb shauld be 
returned to the manufacturer occasionally for 
inspection and possibly proof farina. 
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10.4.1.3 The oxygen supply cylinder 
should be: equipped with an approved type of 
safety device. such as a reducing valve. in 
addition to the needle valve and pressure 
1a1e used in regulating the oxygen feed t~ 
the bomb. Valves. gages. and gaskets mu!>t 
meet industl')· safety code. Suitable reducing 
valves and adar1ors for JOO IC\ 500-psi (2070 
IC\ 3440-kPa) discharge pressure arc otitaina• 
blr from commercial wurcc!> of comprcs!>ed 
aas equipment. The pressure gage shall be 
checked periodically for accuracy. 

10.4.1.4 During ianition of a sample. the 
operator must not permit any ponion of his 
body to e:1tend over the calorimeter. 

10.4.1.5 Extreme caution must be exer
cised when combustion aids arc employed so 
u not to e:1ceed the bomb manufacturer's 
recommendations and to avoid damage to the 
bomb. Do not fire loose fluffy material such 
u unpclleted benzoic acid. unless thoroughl)" 
mixed with the sample. 

10.4.1.6 Admit oxy1en slowly into the 
bomb so u not to blov. powdered material 
from the crucible. 

10.4.1.7 Do not fire the bomb if it has 
been filled to pater than 30 atm (3 MPa) 
pressure with oxnen. the bomb has been 
dropped or named over after loading. or there 
is evidence of a au leak when the bomb is 
submersed in the calorimeter water. 

10.5 CQ/orimn,r Wcr,n--Adjust the calo
rimeter water tempcnture to 1.0 to l .4•C 
(2.0 to 2.59F) bela.· room tempcratme. but 
not lower than 20-C ( 68.F). Use the same 
weiaht masuRd to :0.5 I of water in each 
experiment. For 2000-ml calorimeters. the 
proper quantity can be obtained by use of a 
volumetric Ouk caJibrated to deliver 2000 : 
0.5 I· As the density of water varies v.·ith 
tempcnture. suitable corrections shall be 
made if the water temperature varies from 
the temperature at which the flask was cali-
brated. . 

10.6 Obs,rvcrtions-Transfer the bomb 10 
the calorimeter. check that it is iastight. and 
connect it to the firinJ circuit . Place the 
stirrers. thermometers. and co\·cr in position. 
Stan the stirrers and keer them in continuC\U!
opcration throu(:hout the detrnnina1ion. Slir 
for at least ~ min before rcadins any tempcr
uures (Noce 9). Adjust tbe jacket tempera-

....... -· ··i....--· - - ~. --- ·----- .-·- - .--.,.,__ 
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narc to match the calorimeter within :0.0t•C 
(0.0:?~ and maintain for 3 min. Record thc.
"initial temperature ... 2o•c (6~•F) or higher. 
to within one-tenth of the smallest tbermom• 
eter subdivision and fire the charge. Adjust 
the jacket temperature to match that of the 
calorimeter during the period of rise. keeping 
the two temperatures as nearl)' equal as pos
sible during the rapid rise and adjusting to 
within :o.01•c (0.029F) when approaching 
the final equilibrium temperature. Take cal()a 
rimeter temperature readings at I-min inter
vals until the samr temperature (within one 
tenth of the smallest thermometer subdivi
sio,u.. observed in three successive readings. 
Record this as the '"final temperature.•• 

Non 1 o- Before takilla any rudinp. tap tbe 
dtcnnornctcr liptly and esamine for merau, sep
araeioa. Men:ury sepanuon will ca111C erroneous 
readiDp and should be conected before proceed,, 
ina. In addition, tbe entire tbennometcr should be 
eumincd daily. 

10.7 Analysis of Bomb Conrmu-Remove 
the bomb and release the pressure at a uni
form rate, such that the operation will require 
not less than 1 min. Examine the bomb inte
rior and discard the test if unbumed sample 
or soety deposits are found. Wash the interior 
of the bomb with distilled water containing 
the titration indicator. until the washinp are 
free of acid. and titrate the washings with 
standard carbonate solution using an indicator 
specified in 7 .,. Remove and measure or 
weip the combined pieces of unburned firing 
wire. and subtnct from the original len1th or 
weipt to determine tbe wire QfflSUfflCd in 
firina. Deiennine tbe sulfur content of the 
sample by any of tbe proccdwes described in 
Method 03177. 

11. ClkwlDi• (Noce 5) 

11.1 Tnnpm,,urr Risr-Usin1 data o~ 
laincd as prescribed in 10.5. compute the 
correct~ temperature rise. r. as follows: 

,-,,-,. 
where: 
r • corrected temperature rise. -C or 9F. 
,. • '"illiti&l temperature" when dl&rge wu 

rued. c:arreaed for lhermometer effor 
(Note 10). ud 

,, • "final tempenture ·· corrected for ther-

mometer error. 

Non 10-With all memir,-in-glua thennome
ten. ~t IS necessary to make tne tolll",.,n, correc
tlC'lns 1f the total heat value is altered b~ S.O Btu m 
more. llus represents a chanJe of O.OOi'C nr o.oo: 
"F 1n a c:alnnmeter usinJ approaimatel" 2000 s of 
water. The corncuons include the c:alibraunn cor
!~c:tKHI ~ stated _on the calibration c:eruficau:. th, 

scmn, CC1rTec:t14:'n for Beckmann 1hermomtter\. 
accord•ni t~ the directions fumished ti, 1hc calit,r;,i. 
tion au,_ nn~y. and the corrcctmn for emer~en1 
stem. D1recuon" for these: corrccuon~ arc '-"en 1n 
Appendi~ X2. Sccuon x:. I. I. 

11.2 Th~rmoch,mical Corrt'ctions (Arrcn
dix X2. Section X2.2. l )-Compute the fol
lowing for each test: 
,., • correction for the heat of formation of 

HNO,. Btu. Each millilitre of standird 
alkali is equivalent to 10.0 Btu. 

"• • c:onection for heat of formation of 
H,S04• Btu, . . 

• 23. 7 times percent of sulfur in sample 
times ~eight of sample. g. 

-, • Clffl'ecllOD for heat Of C:OJDbustiOD of (u, 
iDg wire, Btu (Note 11). 

• 0 . .tl Btu/mm or 2.6 Btu/mg for No. 34 
B 41: S gage Chromcl C, 

• 0."9 Btu/mm or 3.2 Btu/mg for No. 34 
B 41: S gage iroa wire (Note 11). aad 

"• • correction for heat of combustion of 
c:onon thread (if used). in Btu. The 
beat supplied by the ignition of cotton 
thread is preferably determined by 
combustion in the bomb. As an alter
native. it can be determined from the 
calorific value of cellulose. which is 
equivalent to 7 .52 Btu/mg. 

Non 11-n.n ia ao CIDff9ISioll ror platinum 
wire pl'O\'idecl die ipitioo enerl)' ii con11ant. 

11.3 c.Jori/k' Valr.w: 
11.3.1 Calculate the poss calorific value 

(Foss heat of combustion at constant volume) 
Or (arou) u follows: 

Cl, (Jrou) - ((1)( W) - "• - ,., - ,., - ,.)/1 

v.·hcre: 
Or (&ross) • gross calorific value. Btu/lb. 
I • corrected temperature rise as calculated 

in 11 .1. -C or 9F. consistent v.·ith the 
· water equivalent value. 

11' • watcf equi\'alent (see Section 8) 
"•· t>,. r,. ,. • corrections a~ prescribed in 

11.2. and 
I • weight of sample. g. 

11.3.2 Calculate the net calorific: value 
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mcrnr,•iJl•glw l.bcrmomc• 
mai.c \fie tolla•1n1 cc,rrcc• 

aluc II al\crcd b) S .0 Btu or 
, c:han1c of 0.001-C or 0.00: 
ns approiumatc\v 2000 I of 
. include the cahbrauan cor• 
,c c:alibrauon ccnif1catc. the 
,r Bccll.mann \hcrmomc:tcr\. 
1c,n, fumi,hed b~ the calibra• 
he: C:C,l'TCC:IIUfl for cmc:rJc:nt 
hc!oC' c:arrrc:uan, arc: ,,,·c:n ,n 
x:u.1. 

"rlical Co,rtttions (Appen• 
2.2.1)-Compute the fol• . . . ... 
:; the heat of formati¥ of~
Eacb millilicre of standard 
valent to 10.0 Btu. 
·or beat of formation of 

,ercent of sulfur in sample 
t of sample.,. 
:,r beat of cambustioa of rar-
:1 (Now II). 
ID or 2.6 Btu/mg for No. 34 
QromclC. 

.m or 3.l Btu/mg for No. 34 
irall win (Note 11). aad 
for heat of combustion of 

cad (if \&$Cd). in Btu. The 
ied by the iplition of couon 

preferably determined by 
, in the bomb. As an alter
:an be determined from \be 
alue of cellulOIC, which is 
to 7 .52 Btu/ma. 

·: ii, DO QWIICIWft ror platiJIUI 
:piUOfl ene,U ii Clfflll&III, 

- Vtllw: 
ate the srou calorific value 

··mbustion at constant volume) 
llov.-s: 
_(I)( W) - ,, - ,, - Is - "•Ill 

·ass calorific value. Btu/lb. 
; temperature rise as calculated 
-C or 9F. consistent •·ith the 

·. 1uivalent value . 
. ui,·alent (see Section 8) 
, conections a,- pr.:scribcd in_ 

. d . 

· ·;f sample. I· 
:ulate the net calorific value 

(M't heat nf c:umt,u~tion at a c:on~tant rr'-"!>
~un:) (J,, (net) a" fulhno; 

(},.(net)• (}, (Jrmi.) - lll.~U. (H • ¥) 

•·here: 
(},. (net) a net calorific \'aluc. Btu/It,. 
(}, (Jrn!i~) a Jru~, calorifk \'alu"·. Btu/It,. 

and 
H a total hydru~en. ,;; . 

12. Rcpc»rt 
12.1 The resulo oi 1hc c:alnrific value ma)' 

be: reponed on an~ of a number of ha~. 
differins. from each other in th.: manner •·hich 
moiswre is treated. 

12.2 Use the percentaJe of moi11ure in 
the sample pauinJ a No. 60 (250-,,.m) sieve 
to calculate the results of the analysis sample 
tn a cir)· basi1. 

12.~ Procedures for convenin1 the value: 

nt,tained nn the_ anal~·si~ samric tu nthc-r ba!oei. 
arc dc!IC'rit,cd in Method D ~ 180. 

JJ. Predsio■ 
I~. 1 ~ follow ins. criteria shnuld be: used 

fnr iudl?in&: the acccrtahilit~ m re'.'ulli. (IJ~ i;; 
prnhahilit~·) on spin t,O-me!lh (2~0-1,1,m) sam
rle!I. 

I~. I. I Rrpc-a1ahili1_,. - Durlicate resulti. t-:, 
the ~me: lat,oratur~ on diff..:rcnt da~~- u!\1n~ 
the same operator and equipment. should not 
be cnnsidered suspect unleu the,· differ b,· 
more than 50 Btu/lb. dry basis. · · 

13 .1.2 Reproducibilily - The results sub
mitted by two or more laboralories (different 
equipment. open1on. date of test, and differ
ent pnnions or the same pulp) should not be 
considered suspect unless the t•·o result!> dif• 
fer b)· mare than 100 Btu/lb. dry basis. 

TA8U I S-, elNwlW ac..-,w• 
(Nau s, 

• 

Non-Tna walllft euadiftt llllle lniu ~ add► 
lioftalNIII,• 

a,.rc .,.,.., 8111/"C .,.,.., 
I =• =• 2 I ' =• :3 
• 1• I :3 :2 
6 17 10 :2 :2 

10 20 12 :I :1 

•va1 .... dlil..._..,.,, .... ,.....,.a11er 
llaDllial alculaliaa, IN .. Wll'lfln mll ll"ffllllt) ill I 
l9liD al I.I IO 1.0. 

•k,•...,.alClliplal~. 
k,•...,.a1a.a,-. 

APPENDIXES 

XJ. CALC\JLATION Of STANDA&D DEVIATIONS ,oa CALORIMETER 
ST ANDA&DIZA TION 

XI .1 The eumple ~en in Tatilc XI.I illin,. for calarimctcr s&anclardizatiom. 
tratn the mcthad nf c:akulatins standard dc\'iatiamo 

X2. CORRECTIONS (Note 7) 

XJ.I n.,,._,., CornctiNI 

Xl. I.I It i, ncrni.a~ tn mai.~ the follc,•·ins 
C'Dffffliom in the event the) reMalt in an equivalent 
dlanp al 5.0 Btu or more. 

Xl.J.1.1 C.Jib,.,iOlf ConttaOII lllal.l be made 

in accardancc ..-iah tlK- c:alit-rati,~n ccnific:a1c: f11r• 
ftnhed ti\ the c:alitiraainn authuril\ . 

X:.J.L:? S.-rri11i Corrttrion i,.. nec:c,1a~ fnr the: 
BedJnann thcnnocncter. II shall be made in ac:• 
COldance •ith the dircctiont fumished by the cali
bration autbaril\'. 
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X2. J. J .3 Difl,r-rnriol Emtf'V"' S1tm Cow«• 
lio11 - Tiw calaaiauon of differen111I siem correction 
depcndl upon lJlc way 1he 1hcrm<'me1cr was cali• 
br11cd and how it is used. Two conditions arc 
possible: 

(/) T'1tlnno_,,,,, Ctllib,111td ill Tou,J /,,.,,.,,.,ion 
Md Uud in Penu,J /m,,c,n,,,,. -This emer1cn1 
saern correction is made as follows: 

Concction • K (r. - r.)(t,. +,. -L - n 
where: 
IC • 0.00016 for thcrmometcB calibra,~ in de-

1rcn Celsius. 
0.00009 for thermometers calibrated in de
crees fahrenhcu. 

L • IClie n:ldina to whkh n lhennomc1cr was 
immersed. 

T • mean temperature of cmC1'1ent saem • 
,. • initial tclllperature radin&. and ,. • ~•un rudiDa. 

Non X2.1: £a,spw-Suppo1e Ille point L. to 
whicb dN lba1Domcser wu iml'DCl'led wu 16-C; 
ita initial reac1m, r. wa 24.127'C. i1s ftna1 n:adina 
,. wu 27 .176, lJlc man teinpcrature of the cmcr
pnt ICal. T wa 26-C; men: 
Ditferwnlial saem canection 

• 0.00016 (21 - 24) (ll + 24 - 16 - 26) 
• +0.006-C 
'2) 77wffll0ffll1"n c.Jibr.ud Md Ufftl ill PvriM 

llfttMrsioft, bw • • Dif!,mtr T~ ,,,_ ""1 
Clllib,_.,,. T~ -Thia emcraent s&cm cor
ra:tion is made • follows: 

<:amaioa • IC (C. - ,_) (11 
- t') 

wbcrc: • 
IC • 0.00016 for dlsrmomctcn cahlntcd ill de,, 

C.lsiua. f.~ for dlimDometen calibrated ill de,, 
~ fabmlbeit. 

,. • miual \elllpcnture readiq. 
,. • &1a1 temperann radina. 
,, • oblerffd llflD temperature, and 
t' • 11em teaq,aann al wbxb dis IMffllOCIMter 

.. c:alibmecl. 
Nan Xl.l: ~-S.,,C- dis illicial 

radilla r. wu IO"F. dis fllw rudiq ', wa 169f. 
and 11111 • ob.awd W taaperahft , .... 
129f. 111d dis caAiN'atioa temperature t' wa 729f; 
lbn: 
Dilfemnial ... OINiec:tion 

• o.0009 (16 - 90) (12 - n> 
-0.00,-,: 

XJ.J 'lllllWla t I l~.emcdNI 
Xl.l.1 £nar, of Fomtlllion of Nitric Acid -A 

wca..aioa (,,. iD 11.l) of 10.0 Btu for caJcu.lations 
iD Bhlllb (23 .2 J b caJculations in J/1 is app{icd 
b udl millililft ol l&andard Na,C01 sohnion uted 
ia die acid titraaicm. l'1lc SWldard solucioft contains 
20.9 fol Na.CO,ilitre. This conCClion is based on 
tbe assumplion dial (1) all die acid 1i1raacd is 
HNO, formed bf tbc follo•iDI reaction: 1/i N, (I 
x ''• 0 1 (I) + Ii H,O (I) • HNO, (in .500 inal 
H10). and (2) tbat the encra) of formaticln of one 
11101 of HNO, in 1pproaima1cly .SOD moi of -••er 

under botnb condilions ii -.59.0 kJ/mol.' 'Nhcn 
H,so. is alto present p1r1 or the CIOITCctlOn for 
H,so. is cc,n1a1ned in the ,, COrTeetion and the 
remainder in the ,, l:OrTection. 

X2.2.2 £,c,rry of FonnGIIO,t of Sul{Mric Acid
s, definition (ace Ocfini1ions D 121). lJlc ,ross 
calorific Yalue is obtained •hen the product or the 
mrnbustion of sulfur in the sample is 501 (J)· 
Howe.,er •. in actual bomb ~mbustion prcxessc\: 
the sulfur II found IS H,S0. 1n the bomb washintt~ 
A correction (,, in I I .2) of 23. 7 Btu for calcula. 
lions in Bu,Jlb (~.S.l J for calculatic,ns in J/J is 
applied_ for each pcrccn1 cif sulfur 1n _lhc 1-J samrk. 
which IS CIOflYened to H,so.. nu~ COrTec:uon ii 
bucd upon the encrJy of formatinn of H,SO, in 
aolutions such as will be present 1n 1he bomb II the: 
end of • combustion. llus energy is ta~en as - 29S 
tJ/mol.' A cornction of 2 x .59.0 11.J/mol of sulfur 
wu applied in die , 1 correction, so lJlc additional 
CIDffKlioa INCalU)'· ii 29.5 - (2 ll .59 .0) • 177 
tJ/mol or 2300 ltll/1 of sultar in die sample (23. 7 
Btu )( ~t of sun~ in srams )C per01n1 swfl&r 
iDampie).1'11c factor 23.711177/(32.06 ,c 2.326) 
• .S.5.2/2.326. 

. X2.2.2.J l'1lc Yalue of 2370 Btu/1 of tulfllr is 
bucd oo a coal conuinin1 1bou1 .S ~ suJflar and 
about .S ~-The usumption is also made 
dial dN ~ ; dissolved ent1rcly iD lbc water 
condensed durin1 combustion of tbe sample.• If a 
1-a sample of such I fuel is bwncd. tbc resultin1 
H,SO. c:andcnted with water fonncd on tbc walls 
ol lbc balftb will have a ratio of abotU 1.S mol of 
water to 1 IDOi ol HtSO.. For Ibis coacntnlion 
dis cm'I)' of Ille reK"tion 
so.(a) + 1/10,(a) + H.0(1) 

• HtSO. (in 15 mo! H,0) 
ander dis CDllditiom of dw bomb procea is - 29.5 
U/mol. 

X2.2.2.2 Buina tbc cak:watioo upon a sample 
al compualively larp IUJhu content reduces tbc 
oweraU poaiblc errors. because for smaller pcn:cnt
~ of llllflar tbc CIOffCCflOII is smaUcr. 

X2.l.3 ,,,. Ww-Cak:ulale the beat in British 
dlcrmal llllia coatn1'utcd by bumin1 tbe flue wire 
ia aaurduce wit.b tbc directions flamishcd by the 
mpptiar of die wire. For cumplc. die encro of 
~ al No. 34 B A S pp OlromcJ C wire 
ii 6.0 Jtma or qp10lciaa.tcly 0.95 J/mm cquivalenc 
ID 2.6 Bta11111 or 0.41 Ball/mm for c:alclllacions of 
caloriftc ¥al• ill Btll/lb. aad tllat of No. 34 8 A S 
pp iron wire is 7 .33 Jtm1 or app_rosimatcly 1.1 S 
l/111111. Tbne ii DO c:onec:uon of platinum wire 
pn,wiclld dis ipition C11Ct1)" is consaant. The beat 
IUIIPlicd by ipitioft of cotton tbrnd. ii 111ed. is 
pnfenblv cleccrmiDcd by combustion iD the bomb. 
Al an aliemative. it can be determined from the 
calorific Yalue of c:ellwos.;. 17 . .S Jtm1. •·hic:h is 
equivucat to 1.52 Btlllm1 for cakulauons in Btuf 
Jb(7.$2 • 17 . .5/2.326). 

• Cllcuiared ,,_ data in National Bureau of Siandarcb 
Cimalar500. 

• Mon, R. A .• and hrhr. C .• '"S1uc1tc, ,n Bomt, 
Cuonmev, IX-Formauon of Sulfunc Aao:· Fwl. 
FVELB. Vol 37. l9SII. p. 371. 
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mcnilall. • 
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~niciil&t ~r 
1cdb)...,.. 

Y, 
-ing the muimum heit:ht ahave the principal 

sur<acc of the hquid I<' ... -hich 011 ri~e) on the 
hydrumeter ~ale ,.-hen the h~drometer in ~ue~
lion is immer)Cd in a tritn~rarent oil havin! a 
surfac:c tension similar to that of the umple 
under test (sec Fig. 2). 

Non 7-Ahernauvclv. corrccuoru •~ given 1n 
Table I may be applied.· 

9.8 Immediately after obscrvin! the hy
drometer scale value. again c:autiously stir the 
sample with the thermometer keeping the mer
cury thread fully immersed. Record the tem
perature of the sample to the nearest o.2•c 
(0.s•F) (Note 8). Should this temperature differ 
from the previous reading by more than 0.s•c 
(I •F), repeat the hydrometer test and then 
thennometer obscnations until the tempera• 
ture becomes stable wilhiD O.s•c o •F). 

Non a-After use II a temperature hi!hcr than 
31•c ( 1oo•F). allow all hydromctcn of 1he lead sh0t 
in wu type IO dra.&11 and cool an a vcrucal posiuon. 

10. Calculations and Report 

10.1 Apply any relevant corrections to lhe 
observed thermometer n:adillg (for scale or 
bulb) and to lhe hydrometer reading (scale). 
For opaque samples. make lhe appropriale cor
rection lo tbe observed hydrometer reading u 
given in 9.7. Record to the Dearest 0.0001· den
sity or relative dcmity (specific gravity) or 0.1 • 
API tbe fmal corrected bvdrometcr scale rcad
illg (Note 9). Aitcr application of uay relevant 
COff'CCUODS record to tbe Dearest o.s •c or I ·i:. 
tbe mcaa of tbe temperature values observed 
immediately before and after tbe fmal hydrom• 
ctcr rcadiag. 

Non 9-Hydromctcr scale radiAp at tcmpera
llUCS other IUD calibratioa temperatures o,•c or 
60•F) slaould DOI be CDDSidered u more tb&D scale 
readings UCII llac hydromNr bulb c:haaga wida 
IClllpcnllU'L 

10.2 To cmlvcn corrected values from 10.1 
to SWldard tcmpcmun. use tbc (ollowiag ftom 
the Peuoleum Mcasuremcm Tabla (D 1250): 

10.2.1 Whal a density scaled hydrometer 
bu bccD employed. use Tabla S3 A orj3 8 to 
obwa dalsity a1 1s•c. 

10.2.2 Whal a relative dalsity (specific grav
ity) hydrometer bu bccD employed. use Tabla 
23 A or 23 8 to obcaiD Relative Density (Spe
cific Gravity) 60/60 f. aad 

10.2.3 Whal aa API gravity scaled hydrom
eter bu bea employed. use Tables S A or S 8 

649 

-to C1h1a1n the ,ra~·it~· 1n API degree). 
10.:- When a value 1s obtained w11h a hy• 

drC1n,e1er ~caled in one of the unm de!>cnbed 
herein and a result is required in one o( the 
01 her units. make the con,,ersion by one of the 
arprC1priate tables given in Standard D 1250. 
Physic.al Data Tables. For conversion (rom 
density al 1s•c. USC Table SI; from relative 
density (si,ecific gra,,ity) 60/60 F, use Table 21: 
from API gravity, use Table 3. 

10.4 Reron the final value u density in 
kilC1grams i,er litre at IS•C. or as relative den
sity (srecific gravity) at 60t60•f. or as gravity 
in degrees API. as applicable. 

11. Preci!licHI 

11.1 The roltowing criteria should be used 
(or judging the acceptability of resuhs: 

11.1.1 Rrp~a,ability- Duplicate results by 
the same orerator should be considered suspect 
i( the results differ by more than the following 
amouna.s: 

Pffldua 

Tra111pa,• -~ -
Opaque 

T CIIIJ'ffllllff 

llanp 
-2 10 24-'•C 

29 IO 76•P 

42 ID 71•F 
-210 24.S"C 
29 IO 76"F 

Uuu .... , llcput• 
abilaty 

0.0005 

rmu.. ~ o.0005 
(spea{IC lfl¥• 
ity1 

API l'IWU, ._ .. 
ruau ... dnlity 

(spmfic .,. ... 
ity) 

0.1 
0.0006 
0.0006 

42 10 11•, Alt anwu, cu 
11.1.2 Rq,rodllcibilit_v-Tbe results submit-~ J 

ted by each of two laboratories should Dot be 
considcrcct SUSJ"Cl unless the results differ by 
more tbaa the following amounts: 

llepn> 
TanJIIR&llft d1IO-

ProduCI llaap Ulliu bilily T,...,.,_ -2 IO 2'.S-c:' dnliay 0.0012 -........ :Z, IO 76•F ......... daam• 0.0012 - (spm{IC pa.,:. . 
ily) 

42101r, Alt l'l"'l' cu. 
0,... -210 2o•c ..., o.ooi, 

29to7••P rdali .. ....,, o.ooi, 
tapm6c .,..;. 
ily) 

42io71•F APlan1'ily 0., 

I 1.1.3 for very viscous products. or when 
the conditions given in II.I.I and 11.1.2 arc 
not compiled with. no spccifac variatiom caa 
be given. 
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23.7 11177/(32.06 )( 2~6) •.• 

c of 2370 B111/1 of mlfllr ii 
linin1 about 5 ,. sulfur and 
11le Ulllffl~ ii also made 
i.lOIYed enun:ly in the water 
nbusiion of tbe sample.• U a 
fuel ii bumcd. the rcsultins 

JI -icr formed on the walls 
e a l'lltio of about 15 mol Of 
:.so •. For this concznualion 
:1ion 
H,0(1) 

• H.sQ. (in 15 mol H,O) 
of tbe bomb proccu ii - 295 

:be calculation upm a sample 
ae sulfur content reduca uie 
,. because for smaller percent• 
tec:tion is smaller. 
-Calculate the beat in Brilish 
,uted by bul'llinl Ule fuse wire 
:JN: directions fl&nlished by \be 
·• For eumple. the CDCflY of 
~ B A S pge Qromel ~ wire 
:imately 0.95 J/mm equSYalent 
11 Btu/mm for caJculalions of 
/lb. and dial of No. 34 B & S 

·· 3 Jtm1 or appro~ately 1._1~ 
correction of ptaunum wve 

, eacr1Y ii com&ant. The beat 
of cotton uin:ad. if 111Cd. ii 

d by combustion in the bomb. 
, can be determined from UIC 

~Uulosc. 17.S J/mg. wbich is 
B11&1m1 for calcwa1ioas ill Btu/ 
126) . 

.... 111 N11ioftal Buruu of Stanclarlb 

· nd Parker. C.. '"Studia in Bomt
. ~ rfflallOfl of Sulhmc Aad," Fwl. 

-8. p. 371. 
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TAIU ll s. ....... o.. ...... Calarwl,it., 
S.1M1rolia11iaa(~•1l) 

Column A Column 8 Column 
C 

Standanza. 
lion Numbsr "111er Equilr• Code 10 uoo (Column (Colllffln A-alcn1.B1urc UOO) Bl' 

I Ul2 12 IU 
2 "'°' 7 ,9 
l "'" 15 22~ 

' UOII I 6,1 

5 "'°' ' 16 
6 "'°" 6 ltt 
1 UO'I 9 II 
II UIO 10 100 
9 UI:? 12 IU - JO .wo9 9 II 

Sum 92 9'0 

·.- A1"Cft&W •kt• 1•/10 • ('2/10) + 6IIOO • .. 

Variucll • .. 

1 eoi-c-ca eoi- w, .. 1 
!' - l 

• M - [Cf2)'/10V9 • lU 

Slandud dffllliao • , • V Yllim • v' 10., • 3.22 

Titt ,.~.,, s«,11,-.ror rn1;111 """Mt11,rraJ1,.,,,., ,om;,,,. ,np,n,,,, ,,., rcitli,.,. ti/.,,,.,._,,,,.,,-•;,, ff#Ufffl'"" 
•11" 4111,1 ,,_ -·"""' j,r tllu SIii,..,. l:MPS II/'"" •MGIUtl "" nr,rrul_,. llllriwtl ,,,., .,_,,.,,,,,,,.a/,,., IIGiutu,· a( 1111,· JWff 
/11111""1 rr,ttrs. OIi 1llr ml. II/'"""''"""" a/ JWi1 rr,ru. .,. ,,.,,.,,. tltrr, oa• ~111,· · · 

T1lis s,""""1d is a,/,Jtff 10 ,..;s- • .,_,. ,;_ b,I· iJtr tftpa111ibl, t«llttinJ _,.,;,,,. MIi 111aur br ,.,,;,awl~-Ji-. ,..,1 Md 
if,.. ff"llwti. 111/wr ~ or 'Ifft,,.,,,_ >·-_, .,. ,_,,rJ rilllff jr,r '"1liolf a/ 11111 SIIUIIMllf/ o, Jo, 111/4111-1 
11"""'1rds f slttNJtl W tllJilrnMd 10 ASTM H,.._,rrJ, r-_, writ IWftW Olrdlt/ tf/llllltMPIIIIOII Ill 11 _,,., of lllr 
ffl11111Uib/r ,ltlutmll _,,,111,., wltidt ,-__ ,. _,,._ If,- /wt INII ,,_, ~-,,,,,, - IPfflMl 11 /tlir ..,,,,,., )11111 JluNJtl 
--.:r .-_, t..w 10 tlw ASTM c_,,,;,,,. °" ~ 1910 kr SI .. "'1il4dllfJNII,. l'a. I9/0J. 
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Attachment H-6 
FLASH POINT 

Method: Federal EPA "Test Methods for Evaluating Solid 
Waste," July 1982, SW846, 2nd Edition, No. 1010 

'and 1020 

GLT595/38-12 



I ·-

' 

U.S. Environmental Protection Age,cy 
HWI Sample W.an19ement Office 
P.O. Box 118, Alexandria, Virginia 22313 
PHONE: ( 703) 557-2U0 or FTS-557-2,90 

I .. ___ s_A_s_N_u_m_b_e_,. __ .JI 

SPECIAL ANALYTICAL SERVICES 
R~lonal Request 

EJ Roglon:al T~nsmltUI D Tolephcne Request 

A. EPA Region and Site Name: __ R_eg_,_·o_n_v_,_M_o_s_s_Am_e_r_i_c_a_n _____________ _ 

B. Regional Representative :_..,.o~en~n:;oii:--s~W~e~so~l~o~w:.:s~k.:.i _______________ _ 
C. Telephcne Number: ( ) __ (3_1_2_}_a_a_6_-1_9_1_1 _______________ _ 
O. C.JtC! of Rec;u~t : ___________________________ _ 

Please provid~ below ~ dascrlptien cf ycur r~uC!St for Special An.1lytiQI ServicH undar 
the Unccntrolled Hazardous Waste Cumpsite Progr-am. In order to mc.,st efficiently obtain 
l.abor:atory ~p:ability for ycur roquest, please nddress the following consideraticns, if 
:,pplic:ible. lnccmpletl! or erroneous lnfcr~ticn may ~suit In dczl:ay In the precessing 
cf your r~u~st. Pl~:asa c::ntin\:e Ms~se en Dddition.11 sheets, er ~tt:,ch supplementary 
lnform:aticn :as n~~~d. 

1. Cenenl description cf ~n~lyUc~l Hrvic:s requested: ---------------An al y z e soil and sediment samples for 1) Proximate analysis for: a) moisture content, 

b) ash, c) volatile matter, and d) fixed carbco 2) :ultimate aoahcsis foe 
a) C, H, S, 0, N 3) Heating Value, 4) Flash Point and 5) pH 

2. Oefinitic:, ~nd number of work units Involved (1~ecify whether whole samples or 
rr~c!ion:s; ~th~r :rs2ni:~ :r incrs~nl~,; ,.hether u;uecus 0r ,cil ,1n:: ,~c:imer::~; 
.ind whether low, :11edium, er hi5h c.::1nc=n:r2ticn): 

Analyze54 soil samples and 20 sediment samp1es for the parameters listed above. The 

samples will have low to high concentrations of creosote and fuel oil. 

3. Purpose of 1nalysls (specify whether Superfund (Remedial or Enforcement), RCRA, 
NPCES, ate.): 

Superfund, Enforcement 

q_ Es:imated d~te(s) of collection: _______________________ _ 

~s:i~a:e::: dlte(s) and method of shipment: Daily by overnight carrier. 



' •-.--

I 
) . 
J t ___ ,/ 

f . 
I 

i --~ 

Flash Point 

6. Approximate number of days "suits required after lab receipt of samples: ___ _ 

Laboratory will provide results within 30 days after reciept of samples. 

7 . . Analytical protOQl)I requlrad (attach copy If other than a protocol c~rrently used In 
this program): 

Flash Point 

Reference: "Test Methods for Evaluating Solid Waste" 

July 1982 SW 846 2nd Edition 

a. Special tachnical Instructions (If outside protocol requirements, specify compound 
names. CAS numbers, detection limits, etc.): 

Note the special precautionary statement in the method 

9. Analytical results required (If known, specify format for data sheets. QA/QC reports. 
Chain-of-Custody· documentation, etc.). If not completed, format of results will be 
left to program discretion. 

1) Supply copies of all notebook pages 2) Copies of all instrument data printouts/ 

charts 3) All QC data 4) All standards data. 5) Specify the method used. 

10. Other (use additional sheets or attach supplementary Information. as needed): 

Use a summary report form for sample reference and QC results. 

11. Name of sampltng/shipplng contact: Jeff Keiser 

Phone: 414-272-2426 

Please return this request to the Sample Management Office as soon as possible to expedite 
processing ~f your request for special analytical services. Should you have any questions 
.......... _ .......... ..... :_. __ ..... ....,.~•• ,-211 th.a c~ ...... , .. 1.,~ ..................... rt,r.~-
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12. DATA REQUIREMENTS 

Parameter 

Flash point 

13. QC REQUIREMENTS 

Audits Required 

Duplicate 

Reference Material 

run in duplicate 

p-xylene is the 

recommended 

reference material 

Flash Point 

-3-. 

Detection Limit 

Frequency of Audits 

1 per 10 Samples 

1 per 10 Samples 

R % D = Relative Percent Difference 

14·. ACTION REQUIRED IF LIMITS ARE EXCEEDED 

Call Dennis Wesolowski 312-663-9415 

Precision Desired 

(.::_ % or Cone.) 

Limits 

(Percent or Cone.) 

R % 0 < 20% 

Please return this request to the Sample Managenent Office as soon as .possible 
to expedite processing of your request for special analytical services. Should 
you have any questions or need any assi stanc;e7 pl ease contact }Our Regional 
representative _at the Sample ~anagenent Office . 
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METHOD 10101 

MODIFIED PENSKY-MARTENS CLOSED-CUP METHOD 

1.0 Scope and Application 

1.1 A modified Method 1010 uses the Pensky-Martens 
closed-cup tester to determine· the flash point of soils. 

2. O -- Summary of Method 

2.1 The sample is heated at a slow, constant rate. A 
small flame.is directed into the cup at regular intervals. 
The flash point is the lowest temperature at which 
application of the test flame ignites the vapor above the 
sample. 

3.0 Interferences· 

3.1 Ambient pressure, sample homogeneity, uneven 
heating, drafts, and operator bias can affect flash point 
values. 

4.0 Apparatus 

4.1 Pensky-Martens Closed Flash Tester, as described 
in Annex Al of ASTM Method D93-77. (Automatic flash point 
testers are available and may be advantageous since they 
save testing time, permit the use of smaller samples, and 
exhibit other advantages. If automatic testers are used, 
the user must be sure to follow all the manufacturer's 
instructions for calibrating, adjusting, and operating the 
instrument. In any cases of dispute,· the flash point as 
determined manually shall be considered the referee test.) 

4.2 Thermometers: Two standard thermometers shall be 
used with the ASTM Pensky-Marten tester. 

4.2.1 For tests in which the indicated reading 
fails, with -7° to +110°C (20° to 230°F), inclusive: 
either (1) an ASTM Pensky-Martens Low Range or Tag 
Closed Tester Thermometer having a range from -7° to 
+110°c- (20° to 230°F) and conforming to the 
requirements for Thermometers 9C (9F) and as prescribed 
in ASTM Specification El, or (2) an IP Thermometer lSC 
(lSF) conforming to specifications given to Annex A3 of 

ASTM D93-77. . 

1This method is based on ASTM Method D93-77. Refer to 
D93-77 or D93-80 for more information. 



2 / CHARACTERISTICS - Ignitability 

4.2.2 For tests in which the indicated reading 
falls within 110° to 370°C (230° to 700°F): either 
(1) an ASTM Pensky-Martens High Range Thermometer 
having a range from 90° to 370°C (200° to 700°F) and 
conforming to the requirements for Thermometers l0C 
(16F) conforming to specifications given ln Annex A3 of 

ASTM D93-77. 

5.0 Reagents 

5.1 Calcium chloride 

5.2 p-Xylene reference standard 

6.0 Sample Collection, Preservation, and Handling 

6.1 All samples must be collected using a sampling 
plan that addresses the considerations discussed in Section 
One of this manual. 

6.2 Samples shall not be stored in plastic bottles 
since volatile materials may diffuse through the walls of 
the bottle. 

7.0 Procedure 

7.1 Routine Procedure 

7.1.1 Thoroughly clean and dry all parts of the 
cup and its accessories before starting the test. Be 
sure to remove any solvent that was used to clean the 
apparatus. Fill the cup with the sample to be tested 
to the level indicated by the filling mark. Place the 
lid on the cup and set the latter in the stove. Be 
sure to properly engage the locating or locking device. 
Insert the thermometer. Light the test flame and 
adjust it to a diameter of 5/32 in (4 mm). Supply the 
heat at such a rate that the temperature as indicated 
by· the· thermometer increases 5° to 6°C (9° to 11°F)/ 
min. 

7.1.2 If the sample is expected to have a flash 
point of 110°C (230°F) or below, apply the test flame 
when the temperature of the sample is from 17°C (30°F) 
to 28°C (50°F) below the expected flash point and 
thereafter at a temperature reading that is a multiple 
of 1°C (2°F). Apply the test flame by operating the 
mechanism on the cover which controls the shutter and 
test flame burner so that the flame is lowered into the 
vapor space of the cup in 0.5 sec, left in its lowered 
position for 1 sec, and quickly raised to its high 



I 

' ,_ 

, . 
! 

L 
("' l . 
L 

position. Do not stir the sample while applying the 
test flame. 

7.1.3 If the sample is expected to have a flash 
point above 110°C (230°F), apply the test flame in the 
manner just descr.ibed at each temperature that is a 
multiple of 2°C (5°F), beginning at a temperature of 
17°C (30°F) to 28°C (50°F) below the expected flash 
point. NOTE: When testing materials to determine if 
volatile contaminants are present, it is not necessary 
to adhere to the temperature limits for initial flame 
application as stated in 7.2.2 and 7.2.3. 

7.1.4 Record as the flash point the temperature 
read on the thermometer at the time the test flame 
application causes a distinct flash in the interior of 
the cup. Do not confuse the true flash point with the 
bluish halo that sometimes surrounds the test flame at 
applications preceding the one that causes the actual 
flash. The actual flash will have occurred when a 
large flame propagates itself over the surface of the 
sample. 

7.2 Calculation and Report 

7.2.1 Observe and record the ambient barometric 
pressure at the time of the test. When the pressure 
differs from 760 mm Hg (101.3 kPa), correct the flash 
point as follows: 

(A) Corrected flash point= C + 0.25 (101.3 - p) 
(B) Corrected flash point= F + 0.06 (760 - P) 
(C) Corrected flash point= C = 0.033 (760 - P) 

where: 

F 
C 
p 
p 

NOTE: 
must be 
time of 
used at 
to give 

= 
= 
= 
= 

observed flash point, °F 
observed flash point, °C 
ambient barometric pressure, mm Hg 
abmient barometric pressure, kPa 

The barometric pressure used in this calcula_tion 
the ambient pressure for the laboratory at the 
test. Many aneroid barometers, such as those 
weather stations and airports, are precorrected 
sea level readings. These must not be used. 

7.2.2 Record the corrected flash point to the 
nearest 0.5°C (or 1°F). 

7.2.3 Report the recorded flash·point-as the 
Pensky-Martens Closed Cup Flash Point ASTM O93-IP 34, 
of the sample tested. 
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4 / CHARACTERISTICS - Ignitability 

7.3 Refer to Method ASTM D93-77 for more details and 
background on the Pensky-Marten method. 

8.0 Q~ality Control 
-

8.1 All quality control-data should be available for 
review. 

8.2 Duplicates and standard reference materials should 
. be routinely analyzed. 

· 8.3 The flash point of the p-xylene reference standard 
must be determined in duplicate at least once per sample 
batch. The average of the two analyses should be 27° 
± 0.8°C (81° ± l.5°F). 

GLT595/41 



GLT595/38-13 

Attachment H-7 
SOIL pH PAPER TEST 
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U.S. Environmental Protection Agency 
HWI Sample Jl.an19ement Office 
P .0. Box 111, Alex1ndrl1, Virginia 22313 
PHONE: ( 703) ss,-2,,0 or FTS-557·2•to 

.. I ___ s_x_s_N_u_m_b_e_r_· _ _,J 

SPECIAL ANALYTICAL SERVICES 
Regional Request 

~ Roglon~I Tr.2nsmitul D Tolephcne Request 

A. EPA Region and Site Name : __ Re_g_i_o_n_v_, _M_o_s_s_Am_e_r_-i c_a_n ____________ ~-

B. Regional Represent~tive :_~De~n;--::n;ii_sn"W~e~s-;o~l~ow~s_k_i _________________ _ 
C. Tolephcne Number: ( ) (3l2) 886-1971 
0. C.ltl! of RequC!St : ___________________________ _ 

Please providz below :a dascrlpticn of ycur roc;u~st for Special An.ilyticl Serviczs und~r 
the Unccntrolled Hazardous Waste Dumpsite Program. In order to mc.,st efficiently obtain 
l:abor:atory ~p.lbility for ycur ~quest, please nddress thu following consideraticns, if 
.lpplic.1ble. lnccmpletl! or erroneous lnfor~ticn m.iy ~suit In d~l:ay In the prcc21sin9 
of your r,quost. PJ~:isa c:ntin\.:e Mspcnse en addition.ii sheets, or :att:,ch supplementary 
inform:ati0n i2S ne!:c:lad. 

1. Cenenl description of an:alytlc~I Hrvic~ requested: --------------An al y z e soil and sediment samples for 1) Proximate analysis for: a) moisture content, 

b) ash, c) volatile matter, and d} fixed carhpn 2) :II) ti mate aoa]l,si s far 
a) C, H, S, 0, N 3) Heating Value, 4) Flash Point and 5) pH 

2. ·cefinitic.9' ~nd numcer of work units Involved (1~ecify whether whole samples er 
rr~cticn,; i.'iieth~r :rs~ni::, :r incrsanic,; ,.hether 1c:uecus or ,oil ,1n:: :Hc:imer,-:.j: 
and whether lcw, :11edium, er hi5h c=ncffltr2ticn): 

Analyze54 soil samples and 20 sediment samples for the parameters listed above. The 

samples will have low to high concentrations of creosote and fuel oil. 

3. Purpose of analysis (spec:Jfy whether Superfund [Remedial or Enforcement), RCRA, 
NPCES. ate.): . 

Superfund, Enforcement 

4. Estimated date(s) of collection: ______________________ _ 

3. !stimatec dite(s) and method of shipment: Daily by overnight carrier. 



Soil PH 

-2-

6. Approximate number of days results required after l■b receipt of samples: -----
Laboratory will provide results within 30 days after reciept of samples. 

7. Analytical protOCDI required (attach copy If other than a protocol currently usec! in 
thi I program) : 

See Attachment 

a. Special technical Instructions (If outside protocol requirements, specify compound 
names, CAS numbers, detection limits, etc.) : 

9. Analytical results required (If. known, specify format for data sheets, QA/QC reports. 
Chain-of-Custody· documentation, etc.). If not completed, format of results will be 
left to program discretion • 

. Report: 1) Water reaction 2) Wide range PH 3) Narrow range PH and narrow range 

PH duplicate within 0.5 Incerment. 

10. Other (use additional sheets or attach supplementary Information, as needed): 

11. Name of sampling /shipping contact: Jeff Keiser 

L_, Phone: 414-272-2426 

Please return this request to the Sample Management Ofnce as soon as possible to expedite 
processing of your request for special analytical services. Should you have any questions 



12. DATA REQUIREMENTS 

Parameter 

pH 

13. QC REQUIREMENTS 

Audits Required 

Duplicate 

Soil PH 

-3-

Detection Limit 

0.1 pH un·it 

Frequency of Audits 

See method 

14. ACTION REQUIRED IF LIMITS ARE EXCEEDED 

Call Dennis Wesolowski 312-886-1971 

Precision Desired 

(:. % or Cone.) 

+ 0.1 pH unit 

See pH paper 

manufacture's 

specifications 

Limits 

(Percent or Cone.) 

See pH paper 

manufacture' s 

specification. 

Please return this request to the S11!11ple Management Office as soon as possible 
to expedite processing of your request for special analytical se~ices. Should 
you have any questions or need any ass.i'stance, pl ease contact your Regional 
representative at the Sample Management Office. 
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I Equipment 

A. pH Paper 
1. Wide range Oto 12 pH units 
2. Narrow range °'lpH units 

B. Deionized/distilled water 
1. ASTM D 1143 Reagent water 

C. Glass Ware 

pH Test 

1. Beakers Griffen; 150, 250 ml 
2. Glass stirring rod 6 to 8 inches by 1/4 inch. 
3. Test tubes; glass or plastic 150 to 250 ml 

volune and rubber stopper to close the top of the 
test tube for shaking. 

Il Water Reaction Test 
Warning: This test in used to evaluate the reaction of 
the sample with water. Caustic, sulfuric acid or other 
reaction canpounds may be present. 

1. In a beaker, place 50 ml water. 
2. Md about 10 gr ans of sanpl e. 
3. Carefully stir with a glass rod. 

4. Note any reaction Wtich would create a hazard in this test 
Report any reaction. 

III pH Touch Test 
1. Using a wide range paper, \otEt the paper with water and touch to 

the sample. 
2. Record wide range pH. 

3. If necessary use a narrow range paper and touch the narrow range, 
wet paper to the sample 

4. Repeat #3 
Report: React ion to Water 

Wide range pH 
Narrow range pH for both sanples tested 
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IV pH Shake Test 

1. Place about 50 gr<llls (or 50 ml) of sanple into a 
test tube. 

2. Add 15-20 ml water. 
3. Carefully stir the sanple and the water with glass rod. 

WARNIN61 s~ careful of any reaction!!! 

4. ANY REACTION? 

a) Yes. Stop and evaluate 
b) No. Proceed to 5 

5. Shake gently then 
6. Shake vigorously if no reaction occurs. 
7. Let stand for phase separation 
8. Measure pH of aquious phase first with wide range 

paper then with narrow range paper. Repeat narrow range test 
Report: Water react ion 

Wide range pH 
Narrow range test for both sanples tested. 

Notice: 

.. 
These sanples may be toxic, flanmable- and/or react with water. 
Use· good safety lab, sample and operational procedures. 
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Attachment H-8 
SOIL/SEDIMENT TOTAL ORGANIC CARBON 

Method: By Versar, Inc. using the Dohrmann DC-80 Carbon 
Analyzer 

GLT595/38-14 



U.S. Envlronm.ental Protection Agency 
HWI Sample Jl.an1gement Office 
P.O. Box 111, Al1x1ndrl1, Virginia 22313 
PHONE: (703) ss,-2,,0 or FTS-ss,-2.,0 

l ___ s_A_s_N_u_m_b_e_r __ ..,I 

SPECIAL ANALYTICAL SERVICES 
R~lonal Request 

EJ Regional Transmittal D Telephone Request 

A. EPA Region and Site Name : __ Re_g_i_o_n_v_, _M_o_s_s _Am_e_r_i c_a_n ____________ ~-

B. Regional Representative : _ _,De~n~n;-,i~s~We~s-;o~l~ow~s_k_i _________________ _ 
c. Telephone Number: ( ) __ (3_1_2_) _a_a6_-_1_97_1 ______________ _ 
D. Date of Request: __________________________ _ 

Please provide below a description of your request for Special Analytical Services under 
the Uncontrolled Hazardous Waste Dumpsite Program. In order to mc,st efficiently obtain 
Jaboratc,ry capability for your ,..quest, please address the follow Ing considerations, If 
applicable. Incomplete or erroneous information may result In delay In the precessing 
of your request. Please continue response on addl_ti_onal sheets, or attach supplemen~ry 
inf or mat ion as neec:led. 

1. General description of analytical Hrvice requested: --------------
An al y z e soil and sediment samples for total organic carbon (TOC). 

2. Definition and number of work units Involved (specify whether whole samples or 
fractions; whether organics or lnorganlcs; whether aqueous or soil and sediments; 
and whether low, medium, or high concentration): 

Analyze 54 soil samples and 20 sediment samples for the parameters listed above. The 

samples will have low to high concentrations of creosote and fuel oil. 

3. Purpoie of analysis (specify whether Superfund (Remedial or Enforcement). RCRA, 
NPDES, etc.): . 

Superfund, Enforcement 

4. Estimated date(s) of collection: _____________________ _ 

s. Estimated date(1) and method ·of shipment: Daily by overnight carrier. 



,.,. 

,. Approximate number of day1 re1ults required after lab receipt of samples: ____ _ 

Laboratory should report results within 30 days after receipt of samples. 

7. Analytical protoa,1 required (attach copy If other than a protocol currently usee In 
this program): 

See attached method. 

a. Special technical Instructions (If outside protocol requfremants, specify compound 
names, CAS numbers, detection limits, etc.): 

Homogenize the samples. Inorganic carbon values will be subtracted from the total carbon 

values or purged from the samples prior to measurement. Use a minimum of 5 point standard 

curve (blank and 4 std.). Report results on a dry weight basis.· Rerun sam?les with results 

greater than the highest standard. Obtain approval of CPM's, CRL prior to use of any 

other method. 

· 9. AnalytJcal results required (If known. specify format (or data sheets, QA/QC reports. 
Chain-of-Custody documentation, etc.). If not completed, format of results will be 
left to program discretion. 

The test procedure and specific instrument used will be clearly identified. Bench records 

tabulating the order of calibration standards, lab blanks, samples, duplicates and spikes, 

I l '. etc., with resulting output of concentration readouts will be provided along with worksheet 

used to calculate results. Specify the organic compound used to prepare standards and 
spikes. All rec0 td5 gf ana]y5j5 roust be JegjbJe 

10. Other (use addltlonal sheets or attach supplementary Information, as needed): 

11. Name of s_ampling/shfpplng contact: _J_e_f_f_K_e_i_s_er ________________ _ 

Phone: (414} 272-2426 

Please ret-urn this request to the Sample Management Office as soon as possible to expedite 

processing of your request for special analytical services. Should you have any questions 
or need any assistance, please call the Sample Manag~ment Office. 
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I. DATA REQUIREMENTS 

Parameter Detection Y!!!!, 

0.1 mg/gn 

Precision Desired 
hi or Cone. l 

+ - 20% for cone. greater 

thap 1 Q mg/Qm or 2 mg/~ 

for cone. less than 

1.0 mg/gm 

11. QUALITY CONTROL REQUIREMENTS 

Audits Required 

Lab Blanks 

Lab Duplicate 

Matrix Sp.il<e 

NBS Reference Standard 

Frequency of Audits Limits• (!I or Cone.) 
At least 1-per analytical 
run and 1 per 20 samples 0.1 mg/gm 
At least I per analytical 
run and 1 per 20 samples ! 20% or o. :~ mg/g 
At least I per analytical 
run and 1 per 20 s~les 80%-120% recovery 

1 per this project _.8::;.;;0;.::%~--12:.:0~%:.... ___ _ 

111. *Action Regufred If Limits ■re Exceeded: 

Rerun the samples in the affected batch. If limits are still exceeded contact 

CPM's of the CRL. 
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' Vers:11~ VERSAR, INC. 
LABORATORY OPERATIONS 

Analyte: TOC 

Matrix: Soil/Sediment 

Method: Dohrmann DC-80 

Reference: ( 1) Methods of Soil ASA, 1982. 

( 2) OC-80 Total Orga C C 5th Ed., 
Oohrmann/Xertex, 

(3) Methods for Chemical Analysis of Water and Wastes, 
EPA 600/4-79-020, USEPA, 1983. 

(4) Standard Versar Quality Control Plan 

l. GENERAL. The OC-80 carbon analyzer is designed mainly for analysis of 

water samp12s by ~CAWW methcd 115.2 (3). The PRG-1 furnace and sludge/ 

sediment sampler modules allow introduction of soil/sediment samp1es, 

either as a solid or as a slurry. The instrument is capable of deter

mining TOC at sub-ppm 1e'lels. "This sensiti·,it:1 may lead to. prob1erns 

when analyzing soils, which typically range from l to 4 percent TOC. 

The instrumental sensitivity requires introduction of a very small 

sample (on the order of 1 to 100 mg) depending on TOC content. Since 

soils are inherently non-homogeneous. ~he ana1yst ~ust take :are that c 

. . . . .. . - . representat1~e suosamp12 :s ana1;:2c. : • J ,-. '"'., I 

':Hi 1 C -~ :- Q ! ! C'\'J S :1 a S 

been shown to meet this requirement . 

The OC-80 sludge/sediment sampler determines TOC by oxidizing carbon in 

an 800°C furnace. The evolved CO2 is then measured with a non

dispersive infrared detector (NOIR). Thus, CO2 and other inorganic 
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2. 

of co2 in humid region soils are not a Some sediments 

and many arid soils, however, may contai levels of carbonates 

which must be destroyed prior to a 1 h o4/FeS04 

pretreatment described in referenc ____ een found to be suitable 

determination, and spread the· remainder of the sample on a large 

watch glass. Allow to air dry at room temperature. Depending on 

the nature of the sample, this will take from 8 to 48 hours. 

Thoroughly mix the dry sample and reduce to a conven1ent siz2 by 

halving and quartering, as necessary. Grind the subsample in a 

mortar and pestle. 

[NOTE: Fine textured sludges and muds may ~ct reauir2 drying and 

grinding. Peats, mucks, and some industrial siudges shou1d 

not be dried, since these materials resist re1:1et~ing.] 

2.2 Test for inorganic carbon. Place a few mg of ground sample on a 

spot plate or small watch glass, and perform the i~organic :;rte~ 

spot test as described in ref. (l}, sac. 29-3.3.i. If ::a.r:-onates 

are not present, prepare the sample for injection according to 

2.3.1. If carbonates are present, proceed according to 2.3.2. 

2.3 Preparation of Slurry. 

2.3.l Carbonates not ~resent. Weigh accurately 100 to 500 mg of 

sample into a diluti~n tube. Add 10.00 ~1 or reagent 



stand 5 minutes. 

sparge to remove CO 2, as directed by ref. (2), pg. 3-

12. Place the sample on a vortex mixer and mix at high 

speed for 5 to 10 seconds. Proce~d IMMEDIATELY to section 

3.2.2, below. 

~ 2.3.2 Carbona~es pres~nt .. Weigh accurately 100 to 500 mg of 

J sample into a d1lut1on tube. Add 10.00 ml of H2so4-Feso4 

digestion reagent (see ref. 1, sec. 29-3.3.2.2) a few drops 

at a time. Swirl to mix and allow to digest at room 

temperature for 30 minutes. Sparge to remove co2, as 

directed by reference (2), pg. 3-2. [NOTE: Omit the 

addition of 10% HN03.] ?lace the sample on a vortex mixer 

and mix at high speed for 5 ·to 10 seconds. Proceed 

IMMEDIATELY to section 3.2.2, below. 

r: 
L 
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ANALYSIS 

3.1 Instrument Preparation. 

3.1.1 Prepare the instrument as directed by ref. (2), p. 11-i. 

Make certain the pumo and UV lamp are joth off. 

3.:.: Cambust tha empty joat fer 2 ~i~utas: :hen. ~etar~i~e ~ha 

system blank as directed by reference (2), section llc. 

3.1.3 Prepare a calibration curve by injecting a suitable series 

of standards. Use a minimum of 5 standards covering the 

range 0-1000 mg/1. Do not use the one-point calibration 

method in reference (2). 
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3.2 TOC Determination. 

3.2:1 Using a sharp razor blade, remove abour 3/16" from the tip 

of a 1000 ul (blue) Eppendorf pipet tip. 

3.2.2 IMMEDIATELY after mijing ceases (2.3.1 or 2.3.2,· above) 

pipet a suitable aliquot (normally 200 to 400 ul) into the 

sample boat. Analyze as directed in reference (2), 

section 11. 

3.2.3 Determine TOC in the sample from the calibration curve. 

4. REPORT 

4.1 Report TOC in mg/Kg, dry basis. 

4.2 Analyze and report cal~~ratioi standards. ·blanks, dupl~cates. ar~ 

spiked samples as required by contract provisions. In the absenc2 

of contractual QC requirements, the provisions of reference (4) 

are to be followed. 

4.3 Duplicate analyses must come from two seoarately oreoared 

slurries. Duplicate 

acceptable. 



Attachment H-9 
WATER SOLUBLE CHLORIDES 

Method: Methods of Soil Analysis, Part 2, Chemical and 
Microbiological Properties, 1973, 62-3.5, 
American Soci~ty of Agronomy 

GLT595/38-15 



U .s. Environmental Protection Agency 
HWI Sample Jl.anagement Office 
P.O. Box 111, Al1x1ndrl1, Virginia 22313 
PHONE: ( 703) 557-2,10 or FTS-557·2•to 

.. I ____ s_A_s_N_u_m_b_e_r __ .JI 

SPECIAL ANALYTICAL SERVICES 
Regional Request 

(J Regional Transmittal D Telephone Request 

A. EPA Region and Site Name =-~R_eg_i-:o_n __ V_M~o_s_s _A_m_e_r_i c_a_n ____________ ~-
8. Regional Reprenntatlve :_~De_n_n""'.'i_s_W_e_s_o_l_ow_s_k_i ______________ --=~ 

C. Telephone Number: ( ) ___ (3_1_2) __ 88_6_-_19_7_1 ______________ ,,,,,. 

D. Date of Request: __________________________ _ 

Please provide below a description of your request for Special Analytical Services under 
the Unccntrolled Hazardous Waste Dumpsite Program. In order to m"'t efficiently obtain 

· laboratory capability for your request, please address the following considerations, if 
applicable. Incomplete or erroneous Information may result In delay In the processing 
of your request. Please continue response on addlUonal sheets, or attach supplement.Ary 
Inf or mat ion as needed. 

' 
1. Ceneral description of analytical Hrvice requested: --------------

An al y z e soil and sedi~~nt samples for water soluble chlorides. 

2. Definition and number of work units Involved (lpaclfy whether whole samples or 
fractions; whether organics or lnorganlcs; whether aqueous or soil and sediments; 
and whether low, medium, or high concentration): 

Analyze 54 soil samples and 20 sediment samples for the parameters listed above. 

The samples will contain high and low concentrations ofi creosote. 

3. Purpose of analysls (specify whether Superfund (Ramedlal or Enforcement), RCRA, 
NPDES, etc.): . 

Superfund, Enforcement. 

l •· Estimated date(s) of collectlon: _______________________ _ 
L., 

5. Estimated ·d1te(1) and method of shipment: Daily by overnight carrier. 
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6. Approximate number of days results requlred after lab receipt of samples: 

Laboratory should report results within 30 days after receipt of samples. 
-----

7. Analytical protOCDI required (attach 00py If other than a protocol currently used In 
this program): 

.Methods of Soil Analysis 62-3.5 See. 4tf-a.,_l..,.cAJi . 

a. Special technical Instructions (If outside protocol requirements, specify ccmpound 
names, CAS numbers, detection limits, etc.) : 

Standardize the silvernitrate solution (0.025N) before each run. If more than 10 ml 

of titrant is necessary to achieve the end point, rerun the analysis with a smaller 

sample. amount. At least 2 lab blanks should be prepared per analytical run and an average 

value used for calculating the chloride concentration. Report results in mg/~Cl. 

9. Analytical results required ( If known, specify format for data sheets, QA/QC reports, 
CNin-of-Custody documentation, etc.). If not completed, format of results will be 
left to program discreticn. 

The test procedure used will be clearly identified. Bench records tabulating the order of 

titrant standardization, lab blanks, samples, duplicates. spikes etc., with resulting 

titrant volumes will be provided along with copies of worksheets used to calculate ---
results. All records of analysis and calculations must be legible. 

10. Other (use addltlonal sheets or attach 1upplem.,tary Information, as needed): 

11. Name of sampling /shipping contact: J_e_ff_K_e_i_se_r ________________ _ 

Phone: ( 414) 272-2426 

Please retur!"I this request to the ~ample Management Ofnce as soon as poHible to ex;:iecite 

:::rocessin2 of your request for special analytic3I servlc:~s. Should -,~ ... ~a·.-: ~~-, :· .. :~· ::-::; 
~r neec: 3ny assistance!! please call the Sample .. \~anage~e~~ ; ffice. 
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I. DATA REQUIREMENTS 

Parameter' Detection Limit -
Chloride 50mg/kg 

11. QUALITY CONTROL REQUIREMENTS 

Audits Required 

Lab blank 

Lab Duplicate 

Lab Matrix Spike* 

Frequency !! Audits 

2 per run 
At least 1 per analytical 
run and 1 per 20 samples 
At least 1 per analytical 
run and 1 per 20 samples 

EPA QC Mineral reference std. one per this project. 
(use only the high std.) 

+ 

Precision Desired 
(~\ or Cone.) 

- 10 mq/kg for cone. less 

+ 
than 50 mg/kg or - 20% 

for concentrations greater 

than 5o mg(kg. 

Limits• (!\ or Cone:.) 

50 mg/kg 

+ 
- 20% or l0mg/kg 

80% - 120% recovery 

85% - 115% recovery 

Matrix spike will provide chloride value greater than 30% of the sample concentration 

but will not exceed the maximum 10· ml titrant. 

111. *Action Required If Limits are Exceeded: 

Reanalyze the samples, contact the CPMS, CRL if problems persist. 



SOLUBLE SALTS 
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62-3 CONSTITUENTS IN AOUEOUS EXTRACTS 947 

Table 62-2. The titration of hydroxide. carbon:llc. an~ bicarbonate ions in the pres
ence of.phenolphthalein and methyl orange indicators. 

Result of 
t.ttration• 

P=O 
P < 1/2 T 
P = 1/2 T 
P > 1/2 T 
P=T 

Hydroxide 

0 
0 
0 

2P-T 
T 

Titration value related to each ion 

Carbonate 

0 
2P 
2P 

2(T- P) 
0 

Bicarbonate 

T 
T-2P 

0 
0 
0 

• P = ml. of standard strong acid used in titration to the phenolphthalein 
end point. 

T = total ml. of standard strong acid used in titration to the methyl orange 
end point. 

To facilitate calculations, a table similar to that shown in Am. Public 
Health Assoc. standard methods ( 1960) is included (Table 62-2). Report 
the results to 3 significant figures, but do not report more than 1 place to 
the right of the decimal. 

62-3.4.2.4 Comments. The results of the titrations are satisfactorily 
reproducible and are generally accurate to about 0.1 me. per liter. 

Water extracts from sodic soils are often so dark in color that it is 
difficult or impossible to titrate CO:?- and HCO3 - with color indicators. 
Under such circumstances, the titrations can be made by using a glass elec
trode pH meter instead of the indicators. Carbonate is titrated to pH 8.2, 
and HCO:,- to pH 4.5. 

62-3.S Chloride 

62-3.5. 1 INTRODUCTION 

The chlorides of Ca, Mg, K, an<l Na arc all very soluble. Chloride is 
usually the principal anion in extracts of saline soils, and the concentration 
may reach several hundred me. per liter. 

Chloride is· specifically toxic to some tree and vine crops. Chloride is more 
toxic to many plants where present as CaClz than as NaCl (U. S. Salinity 
Laboratory Staff, 1954). 

The well-known Mohr volumetric method is satisfactory for the determi
nation of chloride in aqueous soil extracts. The chloride is titrated with a 
standard silver nitrate solution, using potassium chromate as the indicator. 
As the equivalence point is passed, the excess of silver combines with the 
chromate to form a red or reddish-brown precipitate of silver chromate. This 
color change is easily recognized and serves as the end point of the titration. 
Other methods for chloride are found in sections 81-3 and 81-4 . 

. , 
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62-3 . .S.2 METHOD 

62-3.S.2.1 Special Apparatus. 
I. Magnetic stirrer. 
2. Titration assembly including a 10-ml. buret. 

62-3.S.2.2 Reagents. 

SOLUBLE SALTS 

I. Potassium chromate ( K:!Cr04) indicator: Dissolve 5 g. of K~CrO4 in 
approximately 75 ml. of water. Add a saturated solution of AgNO:1 until 
a small"quantity of red Ag:iCrO4 precipitates. Set the solution in the dark 
for 24 hours. Then filter it to remove the Ag~CrOh and make the volume 
to 100 ml. 

2. Standard silver nitrate (AgNO:1) solution, 0.025N: Dissolve 4.2472 g. 
of AgNO3 in water, and dilute the solution to a volume of 1 liter. Check 
the normality by titrating an aliquot of the 0.01 N KCl conductivity ref
erence solution reagent (section 62-2.2.2). 

3. Sodium bicarbonate (NaHCO:1), saturated solution: Renew the solution 
every few weeks because it has a tendency to lose CO:? and become too 
alkaline. Dispense the solution from a dropping bottle. 

62-3.S.2.3 Procedure. Place the solution from the carbonate-bicar
bonate titration in the titration assembly, and start the stirrer. If this solu
tion is not available, take a new aliquot of the sample. Adjust the pH with 
NaHCO:i solution (reagent 3) so that th~ solution is alkaline to methyl 
orange but acid to phenolphthalein. Usually a single drop of the NaHCO:1 
solution is sufficient. Add K:?CrO4 indicator ( reagent I ) , I drop per 5-ml. 
aliquot, and titrate the solutiQn with the standard silver nitrate ( reagent 2) 
until the appearance of a red or reddish-brown precipitate. 

Determine a blank correction by titrating a like volume o( Ct-free distilled 
water. The normal blank correction is 0.02 to 0.05 ml., depending on the 
final volume. 

Calculation: 

me. of Cl per liter 

= I I fOOO I X (ml. of AgNOi - blank) X Normality of AgNOJ. m. o samp e 

62-3.S.2.4 Comments. The end point is sharper if the titration is done 
under a yellow light. 

In general, the reproducibility and accuracy are of the order of 0.05 me. 
per liter in the aliquot titrated. 

Difficulty is encountered if the solutions are highly colored, as may happen 
with extracts from sodic soils. These can be titrated potentiometrically, us
ing an Ag-AgCl half-cell, as described in section 81-3. 

62--3 CONSTITUENTS 

62-3.6.1 /NTRODUCT/C 

Boron tends to 
trations of B in th 
values of several h 
have been found i: 
leached from the 
necessary to reclai; 

Methods for th 
studies are not we 
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tion, are seldom n 
in from 1 to 2 ho 
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of concentrated H1 

62-3.6,2. METHOD"' 

62-3.6.2.1 Sp 
l. A spectrophotc 

14 Universal s· 
satisfactory.) 

2. Flasks, alkali-r, 
ml., of Corning 

62-3.6.2.2 Rl 
free containers. 
1. Sodium hydrox 

in water, and di 
2. Hydrochloric a, 
3. Hydrochloric :i 

trated HCI to 1 
4. Sulfuric acid (I 

• Hatcher and Wile 



Attachment H-10 
DIOXIN (all isomers) 

Method: Based on "Analytical Chemistry," 1980, 52, 
2045-2054 

GLT5.95/ 38-16 
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U.S. Envlronm.ental Protection Agency 
HWI Sample tl.anagement Office 
P.O. Box 111. Alex1ndrla, Virginia 22313 
PHONE: ( 703) 557-2'90 or FTS-557·2•9O 

.. I ___ s_A_s_N_u_m_b_e_r __ ~I 
SPECIAL ANALYTICAL SERVICES 

R~lonal Request 

~ RoglonAI Tr-ansm_itul D Telephone Request 

A. EPA Region and Site Name: __ Re_g_i_o_n_v_, _M_o_s_s_Am_e_r_ic_a_n _____________ __ 

S. Regional Represenutive :_~De~n~ni'\"i_s;;:W~e=-s~o~l~ow-:-s_k_i _______________ _ 
C. Telephone Number: ( ) (312) 886-1971 

D. C.ate of Request: __________________________ _ 

Please provide below a descrlpticn of ycur raquHt for Special Analyti~I Sarvic~s und~r 
the Unccntrolled Huardous Waste Dumpsite Program. rn order to mc.,st efficiently obtain 
laboratory c:.:1pability for ycur request. please address the following consideraticns, If 
applicable. lnccmplete or erroneous lnform.iticn may f'Qsult In d~lay In the prcc21sin9 
of your roquest. PfC!ilSC! c::ntinue N!S~se en additional sheets, er att.>ch supplementary 
lnform.>ticn .JS needed. 

1. Cener-al description of analytic~, servic~ requested: --------------
An al y z e for 2,3,7,8 specific tetrachlorinated dibenzodioxin and dibenzofuran, total tetra 

through octa polychlorinated debenzodioxins and dibenzo furans and percent moisture. 

Do not subcontract without prior Regional approval. 

2. Definitic:, and number of work units Involved (specify whether whole samples or 
f'r~cticns; whether crganic, er inorganic,; ,hether 3(:!uecus or 10il inc secimen~:: 
:1nd whether tow, medium. or high c=nc=itr2ticn): 

Analyze 54 soil samples and 20 sediment samples for the parameters listed abcve. The 

samples will have low to high concentrations of creosote and fuel oi1. 

3. Purpose of analysts (specify whether Superfund [Remedial or Enforcement). RCRA, 
NPDES,, etc.): .·. 

Sup~rfund, Enforcement 

4. Estimated date(s) of collection: ______________________ _ 

s. ~stimatec! cate(s) and method of shipment: Daily by overnight carrier. 
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6. Approximate number of days results required after lab receipt of 

samples: Extract within days VTSR, analyze within days. 

7. Analytical protocol required (attach copy if o_ther than a protocol 
currently used in this program): (Sec._ 4,t"'",_l,.,,..e,.,,, F-8) -

Extract~on: Benzene soxhlet as described in Anal. Chem. 1980, 52, 

2045-2054. (Appendix I) 

Clean Up: HPLC/RPHPLC as described in above reference or Dioxin IFS 

WA 86-K357 ootions including carbon column cleanup as needed to meet 

surrogate oercent recovery limits. (Appendix II) 

Inst~ument: Use HRMS or LRMS to meet target detection limits. 

8. Special technical instruction (if outside protocol requirements, 
specify compound names, _CAS numbers, detection limits, etc.): 

(1) Determine and report i moisture (use.CLP IFS protocol - Appendix III) 

(2) Report all data on dry weight basis. 

(3) Stir soil samples for 30 seconds before removing aliquot. 

(4) Quantitation and standards requirements. (A endix IV) 
5 MUST monitor for the masses of the po ych orinated dipheny ether 

interferences in all furan isomer groups. 

9. Analytical results required (if known, specify format for data sheets, 
QA/QC reports, Chain-of-Custody documentation, etc.). If not completed, 
format of results wi_ll be left to program discretion. 

Appendix V for deliverables. 

Aopendi x Vt for sugaested data report format. 

Remember to report% moisture. 

10. Other (use additional sheets or attach supplementary information as 
needed): -------------------------
DO NOT SUBCONTRACT WITHOUT PRIOR REGIONAL APPROVAL. 

11. Name of sampling/shipping contact: Jeff Keiser 

Phone: 414-272-2426 

Please return this request to the Sample Management Office as soon as
possible to expedite.processing of your request for special analytical 
services. Should you have any questions or need any assistance, please 
call the.Sample Management Office. 
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DATA REQUIREMENTS 

Parameter: 

2 378~ TCDD/TCDF 

Total TCDD/TCDF 

Total Penta CDD/CDF 

Total Hexa CDD/COF 

Total Heota COD/COF 

OCDD/OCOF 

QC REQUIREMENTS 

Audits Required 

Method Blank 

In lab matrix spike 

Matrix spike duplicate 

Surrogate spikes 

5 

5 

20 

20 

20 

Dioxin 

3. 

TARGET 
Detection Limit 

ppt 

ppt 

ppt 

ppt 

ppt 

50 ppt 

Freauency of Audits 

1 per 20 SPLS or r..,,, 

In every sample 

*ACTION REQUIRED IF LIMITS ARE EXCEEDED: 

Precision Desired 
{+i or Cone.) 

. See Dioxin page 4,c. 

Limits* (i or Cone.) 

< Target D.L. 

see attachment 

see attachment 

1) FOLLOW PROCEDURES SPECIFIED IN DIOXIN IFB 11A86-it35.7 {Appendix I I). 

2) Call Region V if problem persists. [Frank Thomas 312-886-5482] 

,. 



Dioxin 
4 •· 

Surrogat=, Duplicate and Matrix Spike Limits 

In Laboratory Matrix Spike 

Compound 

2 378-TCOO 
2378-TCOF 

enta CDO/CDF 
.. exa CDD/CDF 
·pta CDD/CDF 

OCDD/OCDF 

Level 

·< 50 ppt 
< 5.0 ppt 
< 200 ppt 
7 200 ppt 
7 200 ppt 
< 500 ppt 

* 
* 
* 

'* . 

Recovery 
Limits 

70 - 130% 
70 - 130% 
40 - 160% 
40 - 160% 
40 - 160% 
40 - 160% 

. t least one isomer from each of these classes should be used in the spike 
=,olution. 

Surrogate Spikes (required in e~ery sample) 

Surrogate 

1'4. 2 378-TCDD 

c12 or 37 Cl 4 2 378-TCDF 

14-0COO ~r 13c-HpCDD 

-ded to 10g sample 

In Matrix Spike Duplicate 

Class 

, "'8- TCDO/TCOF 
· enta CDO/COF 
'riexa COO/CDF 
.Hepta CDO/CDF 
' OCDO/OCDF 
j ~ 

Level a 

5· ng 

5 ng 

10 - 20 ng 

Recovery 
Limits 

50 - 115% 

50 - 115% 

40 - 110% 

RPO Limit 

< 30% RPO 
7 60% RPO 
7 60% RPO 
< 60% RPO 
7 30% RPO 



Anal. Chem. 1t80, 5-45-2054 

··tion of Tetra-, Hexa-, Hepta-, and 
udibenzo-p-dioxin Isomers in Particulate Samples at 
Trillion Levels 

• and T. J. Nestrlck 

_'S, 574 BuiJding, Dow Ch1Jmical U.S.A., Midland, Michigan 48640 

~edure Is presented which permits the lso-
-nlnatlon of tetra-, hexa-, hepla-, and octa

.Jloxlns slmultaneousty at parts .per trtlllon 
Typical data are presented to establish Its 
,ariety Of envirorvnental partlcuJate samples. 
y spe<:lflc sample clean-up procedure based 

omatographles Is shown to permit the lso
it_ermlnation of 2,3,7,8-tetrachlorodibenzo-p

CD) by packed-column gas chromatogra
m mass spectrometry In the presence of any 

:CD Isomers. 

.nation of parts per trillion (l0-12 g/g. pptr) 
s of chemical residues generally requires the use 
'-ly selective sample purification procedures 

ecific detectors (l, 2). As detection limits are 
.iumber of possible interferences present at 

oncentrations increases dramatically (3). Don• 
· surmized that every known organic chemical 
ct.ed in water at a level of 10-15 g/ g or higher. 

.,~idering an analysis at the 10 ppt:r concentration 
nple matrix that is 99.9% pure, intc~ :-«. ~~ from 
· 15 compounds at concentrations 103 times higher 

· 1ponent of interest are possible. Naturally the 
mterferences from sources other tban·the sample 

. make this task formidable. Such contamination 
, re&t{ents by a multitude of compounds has been 
19) . .Lcdeed, in some cases. the controlling factor 
~ the limit of detection (LoD) for a given analysis 
instrumental sensitivity of the detector but the 

· ?sponse observed in reagent blanks (20-22). 
. :er reports the development of an analytical pro
;icb permiu the isomer-specific determination or 

, >.D at low parta per trillion concentrations, even in 
iat have been intentionally fortified with equivalent 

: _>! each of the other 21 TCDD isomers. Higher 
. ted dioxins, including hexachlorodibemo-p-diox.i.Ds 
,=. 10 possible isomers), heptachlorodibemo-p-dioxins 
· , 2 possible isomers), and octachlorodibeme>-p-dioxin 

•. , .can also be determined at low parts ·per trillion levels 
1g this technique. In regards to the isomer-specific 
hation of 2378-TCDC, the other 21 TCDD isomers 
! 1 be considered as possible interferences. Several 
~ .... ons have recently appeared which demonstrate CDD 
.lination capabilities but do not provide complete TCDD 
r 1pecificity (23-32). 

L EXPERIMENTAL SECTION 
agents. The preparation or 44% concentrated sulfuric acid 
ica. 10% silver nitrate on silica, basic alumina. and purified 

[ 
a (Femtogas) have been described (1). 
:a. This adsc!rbent is prepared from chromatographic grade 

cacid as de,cribed for the preparation of 44o/o sulfuric acid 
ilica (1). ; · 
f , 1 M Sodium Hydroxide on Silica. The silica aupport 
1 iared as described (I). Activated silica i3 weighed into an 
~opriately sized glass bottle. On the basis of _the support 

weight. the amount of l M aqueous sodium hydroxide necessary 
to yield a reagent containing 33% by weight is added i.a a stepwise 
Cashion with shaking to produce a uniformly coated, Cree-flowing 
powder. 

Chemicals and Solvents. All solvent., used a.re Burdick a.Dd 
Jackson. distilled-in•gl.as.s quality. Laboratory chemical3 (H~04, 

AgN03, NaOH) are ACS reagent grade. These materials are tested 
by subjecting them to th~ analytical procedure to verify the 
absence of contamination. Spectrophotometric grade Gold-label 
n•heudecane was obtained from Aldrich Chemical Co. (Mil• 
waukee, WI} and was purified by paaaage through basic alw:ni.na.. 
· Expendables. Pyrex glass wool, silica boiling stones, and 
disposable pipettes are cleaned before use. Glass wool and boiling 
stones are So:dilet e:ltncted -1 h consecutively with the following 
aolvent.s: methanol, chloroform + benzene (1:1 by volume), 
benzene, and methylene chloride. They are then dried in a hot 
air oven at ~ 160 °C for -, l h. Disposable pipettes are cleaned 
ultrasonically in deionized water a.Dd then methanol and fmally 
methylene chloride prior to drying at ~ 160 °C. Final sample 
residues are stored in Reacti-Vials obtained from Pierce Chemical 
Co. (Rockford, ll.). The vials a.re cleaned by washing with de
tergent and water and then boiled sequentially in benzene + 
chloroform+ methanol (1:1:1 by volume), benzene+ chloroform 
(1:1 by volume), benzene, and finally methylene chloride. They 

· are air-dried and arain rinsed with methylene chloride imm~ 
diately before use. 

Diozm Sta.nda.rda. The primary standard of2378-TCDD was 
prepared by W.W. Muelder (Dow Chemical Co.) and its structure 
was c:onfi:med by single-crystal X-ray diffraction techniques (33). 
Purity was assessed at 98% by mass spectrometry. Standards 
of other TCDD isomers were synthesized and isolated as previously 
described (34). Primary standards of 1,2,3,4,6,7,8-beptachloro
dioemo-JMlioJ:in (1234678-HtCDD) and OCDD were synthesized 
by H. G. Fravel and W. W. Muelder (Dow Chemical Co.). A 
standard containing two HCDD isomers was prepared by Aniline 
(35). Standards of 1234679-H,CDD and the 10 HCDD isomers 
were synthesized and isolated in a manner similar to that reported 
for TCDDs (34). Isotope-enriched 13C-2378-TCDD and 13C-
123478-HCDD were synthesized by A. S. Kende (University of 
Rochester, Rochester, NY). Mas., spectrometric analysis indicated 
the9e standards to be 86 atom Ofo and 43 atom % 13C, respectively. 
Perchlorination of the 13C-2378-TCDD provided UC.0CDD . 

Apparatu1t. Rever,e-Phase Hi1h.-Performance Liquid Chro
matography (RP-HPLC). Residues containing chlorinated diomis 
are injected into the RP-HPLC system: column, two 6.2 x 250 
mm 1.orbu-0DS (DuPont. Instruments Division, Wilmington. DE) 
columns in aeries; isocratic eluent. methanol at 2.0 mL/min; pump, 
Alte.t Model ll0A; column temperature, 50 °C; UV detector, 
Perkin-Elmer Model I..Co.5T liquid chromatc,graphic column oven 
and detector operated at 0.02 aufs at 235 nm; injector, Rheodyne 
Model 7120 with 50-µL sample loop • 

Nonnal-PhaH Acuorption High-Performance Liquid Chro
mato,raphy (Silic:a-HPLC). Residues containing TCDDs are 
injected into the silic:a•HPLC sY3tem: column. two 6.2 X 250 mm 
Zorbax-SIL (DuPont Instruments Division} columns in series: 
isocratic eluent. he:wie at 2.0 mL/min; pump, ·Altez Model 110A; 
column temperature, ambient; UV detector, Laboratory Data 
Control Model 1204 variable-wavelength detector at 0.05 au!s at 
235 nm; injector, Rheodyne Model 7120 with lQO.µL sample 
injection loop. The columns were activated by the procedure of 
BreJeweg et aL (36). 

Packed-Column Gaa Chromato1raphy-Low-Resolution Ma.sa 
. Spectrometry (GC-LRMS). Chlorillated dioxin quantification . 

Reprinted from Analytical Chemistry, 1980, 52, 2045. • • --·•--•n ChemicAl Society and reprinted by permission of the copyright owner. 
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was accomplished by GC-LRMS using a Hewlett-P:1ckard Model 
5992-A opera~ in the selected ion mode (SD.fl at unit resolution: 
column, 2 mm i.d. x 210 cm silylated gl.w: packing, 0.60% OV-li 
silicone+ 0.40% Poly S-li9 on 80/100 mesh Permaoond Methyl 
Silic:on~lO cycle (HNU Systems Inc.. Newton.~); injection pen: 
temperatun!. 250 °C on-<0lumn: carrier gas. helium at 14 az,.l/rJJi.n: 
separator. single stage gias.s jet oper3ting at column temperature: 
electroa energy, iO eV. TCDD analyses conditions: column 
temperature. 2~6 °C isothermal: ions monitored. native TCDDs 
at m/ e 320. 32!?. and 324. and 13C-2378-TCDD internal standard 
at m/e 332. Higher chlorinated dioxin analyses conditions: 
column temperature, programmed from 230 to 300 °C at 10 
°C/min and hold at ma.xi.mum: ions monitored. native HCDDs 
at m/e 388,390, a.ad 392. native H7CDDs at m/e 421. 424, and 
426. and native OCDD at m/e 458. 460. and 462. 13C-1234i8-
HCDD and 13C-OCDD aze monitored at m/ e 398 and 4i0, re
spectively. 

Environmental Particulate Samples. lndu.strial Dwt. 
Particulates were removed Crom the air ictake filtration system 
from a research building located ic Midland, Ml 

Electrostatically Prer:ipicated Fly Ash. Particulates were 
collected from the ash-removal system associated with the elec
trostatic precipitator on the Nashville Thermal Tramier Corp. 
refuse iccinerator located in:Na.shville, TN. 

Ar:tiuated Municipal Sludge. Representative samples were 
removed from the center of a commercially purchased 20-kg bag 
of Milwaukee Milorgan.ite. · 

Urban Particula:e.J{atter. Standard Reference Material No. 
1648 was obtained from the National Bure.au of Standards (NBS). 

European. Fly Ash. Particulate emissions from a municipal 
trash incinerator were collected on filter paper by a nonisokinetic 
sampling procedure. The location of the sampling port was 
down.stream from the electrostatic precipitator. Tbis incinerator 
was not operated to recover energy for·power generation. 

Sample Preparation. Prior to GC-LR."dS SIM quactification. 
the sample is prepared by u.sini five basic steps: (1) chlorinated 
dio%ins removal from the matrix via hydrocarbon em-action. (2) 
chemic:ally modified adsorbent treatment of the extract to remove 
easily ozidizable species, (3) adsorbent treatment to remove 
common chemical interferences. (4) RP-HPLC residue frac:tian
ation to remove midual chemically similar interferences and to 
separate diozim present into groups acam!ing to their degree of 
chlorination, and (5hilica-HPLC rettactionacion of the RP-HPLC 
TCDD fractions to provide a second high-efficiency chromato
graphic separation having different selectiviiy to remove residual 
interferents and. to permit TCDD isomer specificity. 
~ appropriately sized ail-glass Soxhlet eztrac:tion apparatus 

equipped. with a water-cooled condenser, a 43 x 125 mm g.La.sa 
thimble with coazse frit, a 250-mL boiling tlask. and a tempera
ture-controlled heating mantle is assembled. Each of the part.s 
is thoroughly scrubbed with an aqueous detergent solution, rinsed 
with deioaized. water followed by acetone, methanol, and meth
ylene chloride, and finally m~ed. Depending on the particulate 
sample size (larger samples require most), S-15 g of silica is 
charged into the thimble followed by a plug of glass wool large 
enough to cover the silica bed completely. The assembled system 
( thimble installed) is charged with benzene ( ~ 250 mL) and al
lowed to reflux at a ncycle rate of ~20 mL/mm for a minimum 
period of 2 h. Following this preextraction period, the system 
is permitted to cool and the total benzene ·extract is discarded. 
The extraction thimble is removed and allowed to drain completely 
on a clean wire stand in a fume hood. The glass wool plug is 
removed with clean forceps while a representative particulate 
sample, ranging from 50 mg for filtered airborne particulates to 
100 g for heavy soils, is quickly ch.azged on top of the silica bed. 
The glass wool plug is replaced and the thimble returned to the 
Soxhlet extractor body, At this time aliquots of isooc:tane intemal 
standard solutions containing isotopicaily labeled 2378-TCDD, 
123478-HCDD, and OCDD are introduced directly into the 
particulates bed. The system is~ with fresh benzene and 
uhaustively extracted at the rate previously described for a 
minimum period of 16 h. Each sample or set should have at leut 
one system treated as described for the sample to serve u a 
rea~ent blank . 

Upon completion of the prescribed enrac:tion period. the flask 
r.nnr.Ainino: r.h• "-".,."""' .. nr.on: i~ ,,.,nnv-.i 11nri fir.rPri wirh II r.hr-. 
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Ftp• 1. Uquid d'lromatographic dean~p columns. 

to six-stage Snyder distillation column. ·The volume of the extra 
solution is then reduced by atmospheric pressure distillation , 
the bemene ~olvent to a final volume of approximately 25 m,j 
The concentrated bemene extract is then diluted with a rough. 
equal volume of he:une when cool 

Built matrix (benzene extract.ables other than CDDs) remov, 
is accompli.,hed by pusing the residue extract solution throug 
a Super-Macro chromatographic column (see Figure l) prepare 
• follows. The column is thoroughly washed and dried just pric 
to use via the same procedure desaibed for the Sowet extracto 
A glass wool plug is inserted into the end of the column to ser; 
as a bed support. and the following re~ents aze then ca.refuil 
weighed ~y into the column: 1.0 g of silica (bottom layer 
2.0 g of 33"!o l M sodium hydroxide on silica, 1.0 g of silica. 4. 
g of 44% concentrated sulfuric acid on silica. and 2.0 g of silic 
(top layer). The freshly packed column is then immediate! 
prewuhed with 30 mL of heune and the eifluent discarded. Th 
residue extract is then passed through the column followed b· 
3 x ~m.L huane rimes of the boiling flask vessel Folio~ thes 
rinses an additional 30 mL of hexane is passed through th 
column. The total effluent is collected in a 150-mL beaker anc 
then evaporated to dryness under a stream ofFemtogas nitrogeo 
A single drop of n-hesadecane ( ~ 25 mg) is added to the res.gen 
blank prior to its evaporation to dryness as a means of improvtni 
internal standard recovery. 

Common chemical interferences are removed by passage of the 
residue through a dual column mt.em consisting of a top Macrc 
chromatographic column draining into a bottom High Aspec1 
column. (See Figure 1.) Eac.h of these colwnn.s is cleaned ~ 
previously described. and a glass wool bed support inserted jwt 
prior to use. The Ma~ column is packed with 1.5 g oi 10% silver 
nitrate on silica and prewashed with 15 mL of he.une prior tc 
use. The High A:lpect column is packed with 5.0 g oi basic 
alwnilla. Wben the top Macro column prewash has drained. it 
is positioned over the H.igh Aspect column reservoir. The sampie 
residue is dissolved in ~ 15 mL of hexane and introduced into 
the top column followed by 3 x 5-m.L hexane beaker rinses. 
Following the rinses, an additional 30 mL of hexane is passed 
through the system. When drai.aed. the top column is discarded. 
After the heune has drained to bed level in the High Aspect 
column. 50 mL of 50"lo (v/v) carbon tetrachloride in beUJle is 
puied thro~ The total effluent to this point c:an b¢ ciiscarded. 
A 25-m.L glass vial (cleaned same as.chromatographic columns) 
ia used to collect the total effluent after 21.5 mL of 50% (v/v) 
methylene chloride ·in hes.ane is introduced into the column. 
When elution is complete this fraction ~hich coctains chlorinated 
dioxins is evaporated to dryness under a stream of Femtoga.s 
nitrogen (1). 

RP-HPLC fractionation of the residue is initiated by calibration 
of the appropriate collection zones ior TCDDs. HCDDs. H.,CDDs. 
anri OCDO. Thi~ is accomnli~h,.,i hv ;_;,._; __ 1 ~- 1:1..-~--~-
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·,te l. TCDO Isomer RP·HPLC Fraction:ition Scheme 
i Specific Retention Indices 

RP·HPLC silic:i• 
abs RT.cs HPLC GC packed column 

:DD isomer min rel RT" rel RTc 

RP·Iso No. l Fraction 
1269 11.6-13.0 1:702 0.998 
1469 ll.6-13.0 1.497 0.912 
.26i /1259 12.2-12.9 1.623 1.081 

12.2-12.9 1.795 1.200 
J.268/1279 13.3-13.9 1.238 0.956 

13.3-13.9 1.291 1.065 
1369/14i8 13.3-13.9 1.220 0.802 

13.3-13.9 1.340 0.907 

RP·23i8 Fraction 
12-l.6/1249 13.7-n.5 1.325 0.896 

13.7-14.5 1.411 0.898 
23i8 13.8-14.5 1.000 1.006" 
1236/1239 13.8-14.-l 1.356 1.037 

14.4-15.2 1.350 0.969 
1278 1~.0-14.7 1.288 0.893 
1237/1238 14.0-15.0 LlOO 0.979 

14.0-15.0 1.128 0.990 
1247/1248 H.2-15.l 1.154, 0.854 

14.2-15.l 1.199 0.857 

RP•Iso No. 2 Fraction 
1378 14.9-15.7 1.000 0.858 
1379 14.9-15.9 0.940 0.771 
1368 tt9-16.8 0.977 0.729 
1234 15.8-16.8 1.248 0.960 

cs RP·HPLC abs RT= absolute retention time (:tO.l min) 
to collect peak. " Silica•HPLC.rel RT= retention time 
relative to 2378·TCDD {:t0.010). c GC·packed columa 
rel RT= retention time relative to "C=2378·TCDD 
{:t0.005). d Native 2378•TCDD elutes siiihtly later than 
"C·2378·TCDD. 

subjected to reverse-phase high-performance liquid chroma
tography fractionation. The resultant liquid chromatograms 
monitored by a UV detector at 235 nm ( ~ >._ for TCDDs) 
and 0.02 aufs are shown in Figure 3b-f. Shown in Figure 3a 
is the chromatogram obtained for a CDO calibration standard 
by RP-HPLC. Although the appropriate CDO collection 
zones, denoted by dotted lines, were initially established by 
individual injections of 22 TCDD isomers. 10 HCDD isomers, 
2 H7CDO isomers, and OCDD, we routinely compute their 
location from the observed retention times of only a few se
lected species. The specific RP-HPLC retention indices for 
TCDDs are given in Table I and those for HCDDs, H,CDDs, 
and OCDD are listed in Table n. 

As indicat.ed. all 22 TCDD isomers can be fractionated from 
a sample residue by collecting the column effluent beginning 
at~ ll.5 and ending at~ 17.0 mm. The initial stage ofTCDD 
isomer specificity is achieved by collecting the 22 isomers in 
three separate fractions as shown. TCDD Iso No. 1 {RP
HPLC TCDD isomer fraction no. 1) can contain the following 
isomers: 1269-, 146.9-, 1267-, 1289-, 1268-, 1279-, 1369·, and 
1478-TCDD. The TCDD 2378 fraction contains 1246-, 1249-, 
2378-, 1236-, 1239-, 1278-, 1237-, 1238-, 1247-, and 1248-TCOO. 
TCDD I.so No. 2 contains the remaining four isomers: 1378-, 
1379-, 1368-, and 1234-TCDO. Preliminary evidence, gained 
by fortifying samples with roughly equal amounts of all 22 
TCDD isomers at approximately the 150 pptr concentration 
level, has indicated that three of the possible isomers in TCDD 
Iso No. l must be sacrificed in order to ensure quantitative 
collection of 2378-TCOO in the following fraction. This 
consequence will be discussed later. Its occurrence is related 
to the RP-HPLC retention times for the isome~ 1369-TCOD, 
1478-TCDD, and one of the pair 1268- or 1279-TCDD having 
Sil rel RT 1.238 (normal-phase silica HPLC retention time 

Table ll. HCDDs, H,CDDs, and OCDO Retention indices 

CDD isomer 

HCDOs 
123.!t69·HCDD 
123.!t67•HCOO 
1246i9/124689·HCDD 
124679/12-l.689-HCDD 
123678/123i89·HCDD 
123679/123689-HCDO 
1236i9'tl23689·HCDD 
1236i81123'.i89-HCDD 
123478-HCDD 
123468-HCOD 

H,CDOs 
1234679-H,CDD 
1234678-H,CDD 

ocoo 

silica• 
HPLC 

rel RT" 

1.081 
1.192 
0.955 
0.972 
1.060 
0.970 
1.039 
0.974 
0.941 
0.890 

RP· 
HP tC GC-packed 
abs column 
RT0 rel RTC: 

19.25 
19.-.7 
19.62 
19.70 
20.07 
20.20 
20.25 
20.85 
21.02 
21.Si 

0.954 
1.077 
0.805 
0.806 
1.103 
0.903 
0.908 
1.016 
1.006 d 

0.561 

. 24.00 • 
24.65~: 

. 29.40 · 

cs Silica-HPLC rel RT= retention time relative-to 2378• 
TCDD (!0.010). " RP·HPLC abs RT= absolute retention 
(!0.1 min) at peak maximum. c GC packed column rel 
RT= retention time relative to 1'C·l23478·HCDD. 
d Native 123478-HCDD elutes slightly later than uc. 
123478-HCDD. 

relative to. 2378-TCDO). Their retention times are very close 
to the fraction boundary separating Iso No. l and 2378 and 
are split rather irreproducibly between these fractions. Al• 
though these isomers do not necessarily interfere with the 
quantitation of the isomers expected to the present in the 
TCDD 2378 fraction. their quantit.ation essentially becomes 
impossible. For cues where quantitation of these three 
TCDDs is required, a second aliquot of sample residue can 
be fractionated by RP-HPLC in such a manner so as to ex
pand the Iso No. 1 fraction to ensure their collection. 
· The 10 HCDD isomers are collected in accordance with 
Figure 3 and Table ll. Although isomer-specific HCDD de
terminations are possible by using essentially the same 
chromatognpby procedures described for TCDDs (i.e., RP
HPLC - silica-HPLC - GC), we have not yet applied th.is 
system to samples. Similarly, the two H7CDD isomers are 
collected in a single fraction. as is OCDO. 

The RP-HPLC residue fractionation chromatograms in 
Figure 3 are typical of those associated with particulate sam
ples. The presence of hig!ler chloril:lated species, such as 
H1CDDs and OCDD, can often be observed at this point in 
the analysis. Although the UV detector bas been adju.sted 
for maximum sensitivity for TCDDs, under these conditions 
a detectable response for HCDDs, H7CDDs, and OCDD is 
obtained for approximately 5 ng. Similarly, heptachlorodi
bemofurans (H,CDFs) and octachlorod.ibemofuran (OCDF) 
may also be obser,,ed in the RP-HPLC fractionation. Because 
of the lack of availability of authenticated chlorinated di
bemofura.n (CDFs) standards, we have made no attempt to 
quantitate these species. Via collection of appropriate RP· 
HPLC fractions, and capillary GC-EC and GC-LRMS. we 
have estabwihed the possible presenre of four H.,cDF isomer.! 
and OCDF in a variety of particulate samples. 

Refractionation of the RP-HPLC TCDD fractions via 
normal-phase HPLC (silica-HPLC) is the fmai s~e of the 
sample cleanup prior to GC-LRMS analysis. Normally 
monitoring of these c:bromau,gra:ms with a UV detector at 0.05 
aufs and 235 nm does not produce observable pea.ks with the 
exception of the UC-2378-TCDD internal standard. For this 
reason example chromatograms are omitted. Table I lists the 
individual TCDD isomers contained in each RP-HPLC TCDD 
fraction. Included are the RP-HPLC, silica-HPLC, aDd GC 
packed column retention indices for each species. By use of 
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standard containing approximately 10-20 ng each: 2378-TCDD, 
HCDD(sl, H7CDD!s), and OCDD in no more than 30. uL ~f 
chloroform. In accordance with the chromatogram obtained. 
appropriate collection zones are establiahed for each of these 
species (see Discussion section). Followiq caiibratillll. the injectar 
is rimed with copious quantities of chloroform. to include multiple 
consecutive injections of 50 ~ of chloroform into the column to 
e.asure that no residual chlorinated dioxins remaia. 

The residue is prepared for RP-HPLC fractionation by 
quantitacive tra.n.sier to a 0.3-m.L Reacti-Vial. Quantitative in
jection requires complete residue solubility in 30 1,1L or less of 
chloroiorm. Larger i.njection., of chloroform into this RP-HPLC 
system severely reduce column efficiency. AZ1 aliquot of no more 
than 30 1,1L can be fractionated if the sample residue requires 
greater amowits of chloroform to be dissolved. Appropriate 
chlorinated dioxin fractions are collected in 25-mL volumetric 
flasks. equipped with ground glass stoppers,.containi.ng ~ l mL 
of heune. The chlorinated diomis are recovered by addition of 
2% (w/v) aqueous sodium bicarbonate. The heu.ne layer is 
t:ramfened to a 5-mL ~ vial and the aqueous phase is emacud 
three additional times with ~ l mL of hexane. The combined 
extracts are then evaporated to dryness under a stream of Fem
togas nitrogen. HCDD, H1CDO, and OCDD fract~on.s are 
qua.atitatively transferred to 0.3-m.L Reacti-V"ials and diluted. to 
appropriate volumes for determination by GC-LRMS. 

Regard.i.ng the case for an isomer-specific 2378-TCDO deter
mination. addicional silica-HPLC fractionation of the RP-HPLC 
2378-TCDD fraction is required (see Discu.saion settion). Cali
bration of the appropriate collection zone is accomplished by 
inj~ approximately 10 ng of 2378-TCDD into the silic:a-HPLC 
in 60-80 l'L oihexane and monitoring the chromatogram obtained. 
Adequate isomer specificity is obtained when the silica-HPLC 
columns are suific: 0 -:tly diy so as to provide a ~78-TCDD re-

. tention time rant..; .. :n>m a minimum of 12.5 min to maximum 
of 17 min (.24). Foilowmg injection of the residue fraction, the 
chromatogram is monitored and the appropriate 2378-TCDD 
fraction is collected. in a 5-m.L glass vial. This fraction is then 
evaporated to dryness under a stream of Femtogas nitrogen and 
diluted to appropriate volume for determination by GC-LRMS. 
This procedure can also be used to collect other TCDD illomers 
u described i.n the Discussion section: see Figure 2. 

DISCUSSION 
The purpose of this paper is to demonstrate the feasibility 

of wing a single multiple-step procedure to accomplish the 
isomer-specific determination of TCDDs, HCDDs, H.,cDDs, 
and OCDD at low part per trillion concentrations in a variety 
of environmental particulate samples. There were two 
prerequisites for our development of the methodology. First, 
the sample cleanup must be capable of recovermg each of the 
listed chlorinated diozin (CDD) groups from a single sample 
and from a single workup. And second. all procedures must 
use the least sophisticated and most reliable instrumentation 
possible so that such analyses could be conducted in the 
greatest number of analytical facilities. These prerequisites 
have determined the means by which the described anal~es 
can be accomplished. That is, a neutral or acid extraction 
procedure must be used. Any treatment of either the sample 
or its extracts with strong bases is known to cause degradation 
of the higher chlorinated dioxins (21, 31). In accordance with 
ease of handling and the general solubility characteristics of 
higher chlorinated dio~ (least soluble species), continuow 
benzene em-action was found to be adequate for all particulate 
samples examined. The selection of packed-column gas 
chromatography-low-resolution mass spectrometry aa opposed 
to capillary column gas chromac.ography-b.igh-resolution mass 
spectrometry represents our attempt to use the least so
phisticated insaumentation for CDD determi.natioa. Because 
packed-column GC-LRMS is inherently mon subject to 
possible interference than capillary cclumn GC-HRMS, a more 
rigorous sample preparation is required. The approach of 
combining classical extraction and adsorbent clean-up tech• 
niques with consecutive RP-HPLC and silica-HPLC residue 
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figure 2. Block diagram fo, COO sample preparaUon. 

frac:tionatioas can be one solution to this problem. Under 
these circumstances a significant portion of the method ca
pabilities to prevent MS interferences during the identification 
and quantification of CDDs is relegated to the cleanup rather 
than to the final gas chromatographic separation. This can 
be advantageous when dealing with highly contaminated 
samples because the chromatographic capacity of the clean-up 
steps is usually much greater than that of the GC column. 

• especially when capillaries are used. In addition. this approach 
inccrporates the consecutive RP-HPLC and silica-HPLC steps 
that we have published for the separation and isolation of the 

. 22 TCDD iaomers (34). Their described application in th.is 
procedure permita the analyst to predetermine which possible 
TCDD isomers can be present in a given residue .fraction. 
Hence, the necesaity of using a capillary GC column to obtain 
improved TCDD isomer separations is eliminated. This ca
pability may be of utmost importance as the authors are not 
aware of any published data suggesting that all 22 TCDD 
isomers can be separated simultaneowly using a single ca
pillary GC column. The described methodology will address 
this problem. 

It is to be understood that Um procedure has been de
veloped and used for survey purposes oa a variecy of different 
environmental particulates. A complete method validation 
including controls, fortifications, and replicate, would be 
required for each specific maw before its absolute degree 
of reliability can be established. The inclusion of isotopically 
enriched TCDD, HCDD, and OCDD internal standards pro
vide a reasonable degree of reliability under the circumstances 
of its described uses. 

The samples 1.0 g of NBS urban particulate matter, l.0 g 
of industrial dmt, LO g of electrcstatic:ally precipitated fly ash 
from a municipal burner (ny ash), 16.7 g of Milorganite, and 
0.3968 g of European fiyash were Soxhlet extracted with 
bemene for -16 h and the resulting re,idues proc!?ssed 
through the preliminary liquid chromatographic clean-up 

-· steps. Each sample, to include a reagent blank. was fortified 
with 5-20 ng of iaotopically enriched internal standard CDDs 
(UC enrichment) prior to analy,is. After transfer to a 0.3-mL 
Reacti-V"lal and evaporation of the solvent, all samples yieided 
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Figure 3. AP-4-!PI.C fradonalfon chrcmatograms: (a) calibration standard. (b) lndus1rlaJ dust, (cl electros1alfc fly a.sh, (d) municipal sludge, (e) 
European fly ash, (f) NBS urt,an partiCUlates. • • 

this information, appropriate fractions can be collected from 
the silica-HPLC which permit isomer-specific GC-LRMS 
identification and quantitation. 

The silica-HPLC TCDDs fractionation scheme in Table m 
is designed to provide maximum isomer-specific information 
when using our packed-column GC-LRMS analysis, while 
minimizing the total number of fractions collected. Remem• 
bering that the primary goal was to provide the highest quality 
analytical data for 2378-TCDD, this scheme is adequate. 
E:rarnination of the GC packed column relative retention times 
(GC rel RT, TCDD retention time relative to UC-2378-TCDD) 
for all TCDDs present in the RP-2378-TCDD fraction indi
cates that four other TCDDs have GC rel RTs within ::0.050 
( ~ 12 s for 4 min absolute retention time for UC-23i8-TCDD) 
of 23i8-TCDD. Arbitrarily defining GC rel RT ::0.050 as the 
minimum GC pakced column separation for qualitative 
identification of a TCDD isomer from 2378-TCDD and then 
direct GC-LRMS analysis of the RP-2378-TCDD fraction 
would yield a 2378-TCDD value which could include a mu
imum of four other TCDD isomers (2378-TCDD + 4). How
ever, e::tamination of the silica HPLC relative retention times 
(Sil rel RT, TCDD retention time relative to 2378-TCDD) for 
these TCDDs indicates that 2378-TCDD is the rU'St isomer 
to elute. The next isomer to elute 1s 1237 / 1238-TCDD (Sil 
rel RT 1.10); however, even at the mini.mum acceptable sil
ica-HPLC retention time for 2378-TCDD which is ~ 12.5 min, 
.this isomer is separated by ~ 1.75 min. The remaining nine 
TCDD isomers, other than 2378-TCDD, present in the RP-
2378-TCDD fraction can be determined as sjngie isomers w;th 
the exception of those in Sil Fraction No. 1. Although 1237-, 

1238-, 1247-, and 1248-TCDD are essentially baseline sepa
rated by silica-HPLC, attempts to collect them in individual 
fractiom under conditions where the species cannot be ob
served by a UV detector would be difficult. Hence a single 

• fraction is collected for GC-LR.'15 analysis. As indicated by 
: the respective GC rel RTa, these isomer.i can be determined 
as a total for 1237- and 1238-TCDD and a total for 1247- and 
1248-TCDD. 

Three of the TCDD isomers present in RP-Iso No. l are 
saamced in order to ensure aw:imum recovery of 2378-TCDD 
in the following RP-HPLC fraction. The consequence of this 
situation is the pOS!ible presence of 1268/1279-TCDD (Sil rel 
RT 1.238), 1369-TCDD, and 1478-TCDD in the RP-2378-
TCDD fraction. Regardin~ their effect upon the· isomer
specific determination of 2378-TCDD, it can be observed that 
no interference occur! by virtue of both their respective sil
ica-HPLC rel RTs and their GC-packed column rel RTs. 
However, under circumstances where the 1268/1279-TCDD 
(Sil rel RT 1.238) isomer is relatively high in concentration, 
it could be misidentified as 1237- and 1238-TCDD present 
in Sil Fraction No. 1 of the RP-2378-TCDD fraction. This 
interference results from similar GC rel RTs for the!e isomers 
as indicated in Table Ill The 1369/1478-TCDD (Sil rel RT 
L220) will not cause any similar interference problems w;th 
those TCDDs present in RP-2378-TCDD fraction-Sil 
Fraction No. 1 becaU5e of its GC rel RT of 0.802. · 'The re
maining isomer, 1369/1478-TCDD (Sil rel RT 1.340), if 
present in b.igh concenuation may interfere with 1246 / 
1249-TCDD (Sil rel RT 1.411) in RP-2378-TCDD fraction-Sil 
Fraction No. 3. 
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Figure 4. Isomer-specific 237~TCCO GC,.l.RMS mass c:nromatograms: (a) ca!ibrauan standard. (b) reagent blank. (c) lndus1rial dust. (dl elec:::rostati, 
fly ash, (el municipal sludge. (f) European tty ash. 

GC-UUvlS mass chromatograms for the isomer-specific 
2378-TCDD fractions o( each particulate sample analyzed are 
shown in Figure 4. Native 2378-TCDD is monitored at m/e 
320, 322, and 324 and l.:IC-2378-TCDD at 332. The ca.h'bration 
standard (Figure 4a shown is typical for a 2-iu, injection o( 

a reference standard containing 100 pg/ iu, of native 2378- . 
TCDD and 500 pg/µL of UC-2378-TCDD. 

The GC-LRMS mass chromatograms in Figure 5 compare 
the analysis o( the RP-2378-TCDD fraction from electro
statically precipitated fly ash for 2378-TCDD, before and afw 
silica-HPLC refractionation. ~ a means of ensuring homo
geneity, a 2-g portion of sample was processed through the 
cleanup including RP-HPLC fractionation. At this point the 
RP-2378-TCDD fraction was divided into two equal portions, 
each equivalent to 1 g of original ~ple. One portion was 
analyzed directly by GC-LRMS as illustrated in Figure Sa. 
The other portion was further fractionated by silica-HPLC, 
the Sil Fraction 2378 collected, and this residue analyzed by 
GC-LRMS (Figure 5b). Comparison of 2378-TCDD quanti
tation for these residues yields 1500 pptr before silica-HPLC 
refractionation, and 430 pptr after. The value obtained before 
silica-HPLC refractionation must be qualified as being the 
concentration of 2378-HPLC plus four possible unseparated 
isomers (see Table IV). · 

lsomer-speeific TCDD analysis data for each of the de
scribed particulate samples appear in Tables rv and V. 
Quantitation of TCDDs wu accomplished by averaging the 
observed response at m/e 320,322. and 324 for all cases ucept 
where denoted. Instrumental calibration for all TCDD isomers 
was based upon the observed responses for a primary standard 
of 23i8-TCDD. The listed concentrations for 2378-TCDD 
have been corrected for recovery of the 13C-2378-TCDD in
ternal standard as given in Table V. Concentrations given 
for all other TCDD isomers represent absolute observed 
values. The limit of detection (LoD) for all species was defined 
as 2.5 x peak-to-valley noise in a region nearby the expected 
elution time. Observed concentrations less than the LoD are 
listed as not detected (ND). 

(al 
1111 

-'"c • ma• TC0D 

~ 

5 m/o· 32• 

.s 
! ! 

'"'•· 322 

m/0° 320· 

FS•:___A__ 

r m/o· 320 

• ,• I • • I 
(ffll11ll 5 I (minll' 5 a 

Ftgur• S. Corni,aratlVe 237~TCCO GC-UlMS mass chromatograms 
for elecrrostalic fly ash (a) atter RP-HPLC (RP-2378 fradon) (b) atter 
silica-HP\.C (silica-2378 fraction). 

As a means of investigating the degree of reliability asso
ciated with the isomer-specific determination of 23i8-TCDD 
in a sample containing equivalent concentrations of all 21 other 
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!II. TCDD Isomer Silica-HPLC Fr:ictionation 
and Specific Retention Indices 

silic:i-

:DD isomer 
HPLC Sil collection 

rel RT 0 zone rel RT 0 

RP-Isol No. l Fraction TCDOs 
:·raction no. l 1.180-1.370 
'li8/1279-TCDD l.23SC 

l.291 
i9/H78-TCDD · l. 220c 

l.340C 
:raction·no .. 2•: 1 • 1.455-1.850 
·,9-TCDD. 1;702 

;g;TCDD 1.497 
,_ 37 /1289-TCDD': 1.623 

l.795 

RP-2378 Fraction TCOOs 
action 2378 0.950-1.050 

.., i8-TCDD l.000 
fraction no. l l.050-1.244 
"37 /1238-TCDD• l.100 

l.128 
4 7 /1248-TCDD• 1.154 

l.199 
fraction no. 2 1.244-1.300 
-18-TCDD 1.288 
:action no. 3 l.300-1.385 

.-46/1249-TCDD 1.328 
l236/1239·TCDD 1.356 

l.350 
raction no. 4 1.385-1.450 
(46/1249-TCDD 1.411 

. RP·Iso No. 2 Fraction TCDDs . 
! fraction no. 1' 0.900-1.0.S0 
· 168·TCDD 0.940 
179-TCDO · 0.977 

· 1378-TCDO, .1.000 
I fraction no. 2t 1.210-1.288. 
· 'Z34·TCOD 1.248 

GC 
packed 
column 
rel RT11 

0.956 
1.065 
0.802 
0.907 

0.998 
0.912 
l.081 
l.200 

1.006d 

0.979 
0.990 
0.854 
0.857 

0.893 

0.896 
l.037. 
0.969 · 

0.898 

I 

0.129 ·• 
0.771 
0.858' 

0.960 · · 

lica·HPLC rel RT= retention time relative to 2378• 
JD (~0.010). 11 GC packed column rel RT= retention 
e relative to uc-2378-TCDO (~0.005). c See text for 

ery information. d Native 2378-TCDO elutes 
ly later than uC·2378•TCDD. • Related isomers 

._ally reported as a total. f Fractions typically com-
ed prior to GC· LR.'vtS analysis. · 

D isomers, we intentio~y fortified a second portion of 
. ·ipal sludge with each TCDD isomer at the levels shown 

fable VI. Neither 1237- or 1238-TCDD was added due 
· heir natural presence at 230 pptr (see Table V). Analysis 

e fortified sample yielded the recovery data shown i.D 
.? VI. Regarding the 2378-TCDD data. the amount found 

; corrected for the recovery of the UC-2378-TCDD and also 
· •he 20 pptr natural 2378-TCDD previously observed in 

,s • 101 "" .. l90 

1/-"c:00• 
• • I •••• I • 

-• J • S I 7 I I 1a 11 12 

Figure I. Higher chlorinated dioxin GC-UIMS mass chrcmatograms 
• for efedrcstatic fly ash. 

the sample. These data indicate that no other TCDD isomer 
interferes with the determination of 2378-TCDD when this 
analytical procedure is used. Recovery values given for all 
other TCDD isomers represent absolute observed values and 
were conected for natural levels when necessary as listed in 
Table VI. 

Typical temperature prognmmed GC-LRMS mass chro
matogramS for the determination of higher chlorinated dioJ:ins 
appear in· Figure 6. For the analysis of electrostatically 

• precipitated fly ash the RP-HPLC HCDDs. H7CDDs, and 
OCDD fractions were combined prior to GC-LRMS enmi
nation (see Figure 3c). As a means of overcoming problems 
associated with samples having relatively large amounts of 
native chlormated diozins compared to the l-20 ng of fortified 
internal standards, a complete method validation study was 
conducted for HCDDs. H~Ds, and dCDD ranging from 50 • 
pptr to 10 ppm (pg/g) and from 10 pptr to 5 ppb for 2378-
TCDD, The central particulate sample used was a sandy loam 
soil to which was added ~ 150 ,,.L of Mobile 1 synthetic engine 
lubricant per 20 g, as a means of increasing the total organics 
content to better simulate typical particulates. The following. 
native CDD standards were used for sample fortification: 
2378-TCDD, 123678-HCDD, 123679/123689-HCDD (Sil rel 
RT 1.039), 1234678-H7CDD, and OCDD. The results of this 

·e rv. Chlorinated Dioxins Observed in Environmental Particulate Samples 

parts per billion 

re:igent industrial electrostatic municipal European NBS urban 
CDDs blank, ng dust Oyash sludge flyash particulates 

2378-TCDD + 4 isomers 0 ND (0.06) .. . b 1.511 ••• II ••• II 0.12 (0.121• 
other TCDDs (17 isomers) ND (0.04) ••• II • • .II •• . b •. • b 0.16 (0.08) 
HCDDs-= (10 isomers) ND (0.18) ND (14) 14 2.1 s5od 2 (2) 

:.<J 
1234679•H.CDDC ND (0.14) 200 11 14. 470 16 
1234678-H,CDDC ND (0.14) 220 •17 15 570 18 
ocnoc ND (0.29) 4000 30 180 650 210 

RP·HPLC RP-2378 !r:iction analyzed directly by GC·LR.'\1S and not isomer specific as described in text. b Sample Cully 
~ :tionated for isomer-specific results given in Table V. c Observed values without correction run as part of validation 
:ork reported in Table VU. d For "semi" isomer specific se~ Table VUI. c 11C·2378·TCDD recovery 78% and value listed 
as been con-ected, see Table V for others, and ND = compound not detected at limit of detection in parentheses and no 
; en theses indic:ites detected signal ;:a, l0X limit of detection. 
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Table V. [somer·Specific TCD D An:ily~s oi Env.izonment:il Particulate Samples 

parts per trillion 

re:115ent industri:il electrostatic municipal Europe:i..n 
TCDD isomt!r bl:ink, pg dust fly:isi, sludge fly a,si, 

2378•TCDD 0 ND (40) 1100 430(110) ·20 (2) 2300 

1269-TCDD ND (20) ND (40) 190 (60) ND(2l .. 1000 (140) 
l-169•TCDD ND (20) ND (50) ND (50) ND (2) .• ' 250 (140) 
1267/12!:i9·TCDD Sil rel RT l.623 ND (20) ND (50) 100(60) ND (2) 300(1-10) 
1267/12S9-TCDD Sii rel RT 1.795 ND (20) ND (50) 120-(60) ND (2) 500 (HO) 
1268/1279•TCDD Sil rel RT l.23S ND (30) . - • • b • 190 (90)C: .... 1000c: ~-
1268/1279-TCDD Sil rel RT l.291 ND (30) ND (50) 310(90) 3(3)d· 1500-
1369/1478-TCDD Sil rel RT 1.220 
1369/1478-TCDD Sil rel RT 1.340 

1278-TCDD ND (60) ND (40) , ND (SO),. ND (3) 3100 
l236il239·TCDD Sil rel RT l.356 ND (60) ND (60) 2S0 (110)'· · ND (3) .• 1500 
1236il239-TCDD Sil rel RT 1.350 ND \60) ND (60) 150 (110) ND (3) 800 (-+00) 

l237il23S·TCDD Sil rel RT 1.100 } ND (60) 240(50l 
. 

120• 230" 8500e 1237il:?3S·TCDD Sil rel RT l.12S 

1246:1249-TCDD Sil rel RT l.32S } ND (60) ~D (60)• 730 (110)• ND (3)" 2000" 
.1.246/1249-TCDD Sil rel RT l.411 1500 

1247/124S·TCDD Sil rel RT 1.154 } NO (60) 140 (50) 310 (70) . 8 (2) , 6900 1247/1248-TCDD Sil rel RT 1.199 1 
1378-TCDD ND (20) 560 (110). 1370 (150) 23 (5) 13200 
1379-TCDD . ND (20) 1340 1160 (150) 13 (5) :·· 7000 
1368-TCDD. ND (20) 2780 1320 (150) 13 (5) .' 16200 
1234-TCDD ND (20) 180 370 (150) ND (30)- 2100 

total TCDDs ND 6340 7750 · '310 69800 
uc.2378-TCDD ,,,-recovery 63% 59% 54% 61%, 56% 

"Conected for &JC·23i8-TCDD recovery and all other isomers are absolute observed. b •.-•=not recovered as described 
d Detected on 111/e 322 only. • Possible isomer interference as described in te:ct. c: 0 bserved but recovery questionable. 

in te:tt. 

Table VI. Isomer-Specific TCDD Analysis of Municipal Sludge after Fortification 

TCDD isomer 

2378-TCDD 

1269·TCDD 
1469-TCDD 
126:i-L1289·TCDD Sil rel RT 1.623 
1267/1289-TCDD Sil rel RT 1.795 
1268/1279-TCDD Sil rel RT 1.238 
1268/1279-TCDD Sil rel RT 1.291 .. 1369/1478-TCDD Sil rel RT 1.220 
1369/1478-TCDD Sil rel RT 1.340 

1278-TCDD 
1236/1239-TCDD Sil rel RT 1.356 
1236/1239-TCDD Sil rel RT 1.350 

1237/1238-TCDD Sil rel RT 1.100 
1237/123S·TCDD Sil rel RT 1.128 

1246/1249-TCDD Sil rel RT 1.328 
1246/1249-TCDD Sil rel RT 1.411 

124 7 /1248-TCDD Sil rel RT 1.154 
12~i/12-18·TCDD Sil rel RT 1.199 

13i8•TCDD 
1379-TCDD 
1368-TCDD 
1234·TCDD 

concn in pptr 

added found 

143 140 

150 108 
166 122 
150 126 
171 145 
137 •• • b 

140 69 
143 
151 

160 104-
147 103 
146 80 

} C: ... -~ . (l80)d . 
141· 

·151 · }220• 

131-- }203• .. 163 .. · , 

171 151 
171 138 
101 45 
143 122 

% recovery 

98" 

72 
73 
84 
85 

49 

65 
70 
55 

75 

69 

88 
81 
45 
85 

" Corrected Cor recovery oC "C·23iS•TCDD (72%) and native 237S•TCDD present given in T:ible V, all other isomers are 
absolute observed. b • • • = not recovered :is described in te:tt. c: Total not :idded. High native concentration given in 
T:ible V, d Absolute :imount observed in this sample. • Tot:iJ. 

study appear in Table VII. These data indicate that the 
average recoveries of HCDDs, HrCDDS. and OCDD over the 
described concentrations range are reasonably constant-and 
are between 70 and 80%. Because typical particulate samples 
contain higher chlorinated CDDs within this range, recovery 
factors derived from the validation c:m be used. Since 13C-

labeled illtemal standards are added to all samples, whenever . 
very low native concentrations are observed appropriate 
correction factors can be applied. Note that recovery values 
reported for TCDD have been corrected for the observed 
UC-2378-TCDD·mtemal standard recoveries after RP-HPLC 
fractionation. 
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Chlorin::ited Dioxin Recovery :ind Precision Data for Fortified Sandy Loam Soila 

'.?373•TCOO 11 HCDD H.CDO oc!m 
·.ddeci, found, added, found, added, found, acideci, found, 
1Jptr pptr % pptr pptr 'fo pptr pptr % pptr pptr % 

10 13 130 50 30 60 50 46 92 200 160 80 
20 23 HO 100 72 ·? ,_ 100 75 75 400 330 83 
20 21 105 100 Si Si 100 65 65 400 260 65 
50 49 98 250 160 64 250 r:o 68 1000 730 73 
50 45 90 250 180 72 250 200 80 1000 820 82 
50 51 102 250 170 68 250 200 80 1000 7S0 78 
50 53 106 250 170 68 250 170 68 1000 720 72 
so 50 100 250 190 76 250 210 84 1000 880 88 
50 50 100 250 160 64 250 160 64 1000 700 70 
50 47 94 250 '180 72 250 180 7~ 1000 690 69 
50 52 104 250 170 68 250 160 64 1000 690 6':I 

100 97 97 500 410 82 500 430 86 2000 1900 95 
100 109 109 500 440 86 500 460 92 2000 2060 103 

5000 5350 107 l X 10" 8.lx 10' Si 5 X 10" 4.5 X 10" 90 10 X 10" 8.4 X 10' 84 
5000 5400 108 1 X 10" 9.1 X 101 91 5 X 10" 4.7 X 10" 94 10 X 10" 9.0 X 10' 90 

106 :~ 73 78 80 
13 10 11 11 so 49.6 99.2 250 173 69 250 181 72 1000 751 75 

2.6 5.2 10.4 
\ 

6.0 19.6 10.8 69.4 9.2 

1 for all species obtained by GC·LRMS analysis oi appropriate RP-HPLC fractions. 2378-TCDO values corrected for 
f\•TCDD internal standard recovery, other CDDs are absolute observed. 11 Corrected for uc-2378-TCDD where 

ecovery was 59.8% for all samples. c i all and a all represent the mean and standard deviation of all samples. d -,r: 
a prec represent the mean and standard deviation of samples 4-11 to determine precision of the analysis. 

;rut "Semi" l.wmer-Specific HCDD Analysis Data for European Flyash, Absolute Values Reported 

parts per billion 

HCDD isomer0 · 

124679/124689-HCDD Sil rel RT 0.958 
124679/124689-HCDD Sil rel RT 0.972 

123468-HCDD 

123679/123689-HCDD Sil rel RT 0.970 
123679/123689-HCDD Sil rel RT l.039 
123469-HCDO 

123478-HCDD 
123678/123789-HCDD Sil rel RT 0.974 

123678/123789-HCDD Sil rel RT 1.060 
123467-HCDO 

reagent blank 

} ND (0.13)11 ,c 

ND (0.13) 

}No co.13>c 

} ND (0.13)C 

} ND (0.13)C 

Eu.ropean flya.sn 

s2c 

9 (9) 

260C 

noc 

85 (9)C 

-iCDD Sil rel RT= retention time relative to 2378-TCDD by silica.·HPLC (Table ll). 11 ND (0.13) is not detected with 
· t"JC detection in ppb based on flyash sample size. c Total. · 

-LRMS analysis data for higher chlorinated CDDs ap-
~ in Tables IV and Vlll. Table VllI illustrates a format 
!.:CDD determination that is .. semi .. •isomer specific. In 

~e. the total RP-HCDDs fraction was aDalyzed directly 
__ eked-column GC-LR.\15. However, because GC rel RTs 
:e been e:tperimentally determined (see Table II) for all 
=...,dividual HCDD isomers, we can separate the HCDDs 

rved into five distinct groups. Within each group only 
. ...1ited number of isomers are possible. These analyses are 
:omplished by using isothermal column condition (~270 
' so as to ma.rimize the separation power of the columD and 
.nprove relative retention time measurements. 

CONCLUSIONS 
AJthough this paper demonstrates the applicability of a 
ltiple-step procedure to isomer-specifically determine a 

. . .iecy of CDDs in environmental particulate samples, we have 
iso applied the technique to many other matrices successfu.lly. 
;-uple modification of the preliminary matrix extraction has 

rmitted the analysis of tissues, human milk, vegetable 
.._..itter, chemical products, and wastes without sacrificing high 
. ensitivity or isomer specificity. This procedure, utilizing 
,·--.eked-column GC-LRMS, has provided reliable results for 

veral heavily contaminated matrices where the combination 

of a less sophisticated cleanup followed by both packed and 
capillary column GC-HR MS ha., failed. Interested individuals 
may request a more thorough discussion of the method de
velopment experiments from the authors. 
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Secondary Ion Mass Spectra of Diquaternary Ammonium Salts 

Timothy M. Ryan, Robert J. Day, and R. Graham Cooks• 

Department of Chemistry, PurrJutJ Univtll'Sity, West t.afaytJrttJ, Inaiana 47907 

Molecular dlcatlons emitted by me,.. '!ntum transfer processes 
are observed In secondary Ion m .. ss spectra (SIMS) of dl
quatemary ammonium salts. The relationship between mo
lecular structure and the observation of dlcatlons Is explored. 
Large lntercharge separations, corr~ondlng to lessened tn
tramolecular coulomblc r~ulslons. are observed to correlate 
with dlcatlon detection. Fragmentation with charge separation 
Is facilitated by small lntercharge distances and can prectude 
observation of the dlcatlon. Electron attachment to yield the 
monocatlon Is an altematlve to dlcatlon emission when the 
structure of the dlcatlon facllltates reduction. This ocCW'S, for 
example, tor the h_e!1)1dde dlquat (N,N'-ethylene--2,2'~pyrldyt 
dlbromlde} which Is detected as Its monocatlon. CQmptete 
spectra ot dlquatemartes can b• taken wHh nanogram size 
samples. 

Secondary ion mass spectrometry (SIMS) bas recently been 
shown to be a sensitive method for the charactemation of 
organic salts (l-4). Reported here is the observation of intact 
organic dications emitted from diquaten:wy ammonium salts 
upon sputtering. This constitutes the first observation of 
multiply charged organic molecular ions in SIMS. The result 
is of interest with regard to both analytical applications of 
SIMS and the fundamentals oi ionization during sputtering. 
Specifically, some biologically important compounds, such as 
the herbicides paraquat and diquat and the curare alkaloids, 
have the diquaternary structure, so that SIMS may facilitate 
their characterization. In addition. studies on organic dications 
reflect the degree to which electron attachment occurs during 
sputtering. This process yields observable charged products 
for dications, but neutrals a.re sputtered when monocation.s 
are reduced during ion bombardment. 

EXPERIMENTAL SECTION 
All compou.nds were synthesized by using standard methods 

for the preparation of quaternary ammonium salts. The organic 
salts were burnished onto a 1 cm2 roughened foil of either silver 

or platinum prior to S1MS analysis using argon primary ions a1 
5 ke V and 0.3~.5 nA primary ion current. Beam diameter Wa! 

approximately l mm and pre35ures in the ultra•bigh-vacuwx: 
chamber remained below l X 101 torr during the course of the 
erperiments. 

All spectra were taken with Riber SIMS system using a 
quadrupole ma.u analyzer, Channeltron electron multiplier, anci 
pulse-cou.nting elecuonic:s. 

Intercha:ge disw1ces were measured by using Drei~ models; 
charge loca.lization on nitrogen was assumed and the maximum 
distance in the unstrained molecule is reported. Intercharge 
distances (r) were used to calculate coulombic repulsive ene~.es 
(1'.) from T (eV) • 14.6/r (A)., -

> 
RESULTS AND DISCUSSION 

The SIMS spectrum of N,N'-bis(dimethyl)-4,4'-tri• 
methylenedipiperidine diiodide (1) is ahown in Figure l. This 
spectrum provides both the·molecular weight (infened from 
the highest mass doubly charged ion, 268~"') and structural 
information on the compound. Emission of the doubly 
charged species is confirmed by the observation of the 13C 
isotope peak one-half mass unit above the dication peak (m / z 
134.5 in Figure 2). Changing the counterion does not affect 
the SIMS spect?Um: for e:wnple, the dibromide and diiodicie 
of compound l gave identical SIMS spectTa. 

Analogous results were obtained for N,N'-bis(ethyl
methyl)-4,4'-trimethylenedipiperidine diiodide (2) and for the 
aromatic compounds N .N'-bis(trimethyl)-4,4'-methylenedi• 
aniline diiodide (3) and N,N'-bis(dimethylethyi)-4,4'• 
methylenedianiline diiodide (4). The spectrum of compound 
3 is shown in Figure 3; the dication, 2842"' at m./z 142 is of 
relatively low abundance, but its 13C isotope is well resolved 
in high-resolution scans. 

A conside~ble number of di~uatemary salts (5-19, Table 
n did not exhibit observable dications. Compounds 18 and 
19, while they did not yield molecular dicatio:ns, did show the 
corresponding singly charged ions in their SIMS spectra. 
Compounds S-17 may fail to exhibit dications because they 
fragment by a favorable charge separation route, M2

"' - M 1 • 

+ M'l •. This is indicated by the absence of both singly and 
doubly charged molecular ions for these samples. 

0003-270018010352-205401.00/0 C 1980 American Chemical Society 
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11.1.2.9 Transfer the concentrated extract to an 8-mL glass 
culture tube. Rinse the evaporator flask with 
three 5-mL portions of hexane; transfer each rinse 
to the culture tube. Bet~een additions of hexane 
rinse, reduce the extract volume in the culture 
tube enough to allow addition of another 5-mL 
volume of rinse. To reduce the volume, place the 
culture tube in a water bath adjusted to operate at 
50°C and position the tube so that the surfaces of 
the extract and the water are at· about the same 
level. Evaporate the solvent with a stream of 
nitrogen (flow rate of approximately 150 mL/min) 
.lJ'ith the tip of the nitrogen delivery tube 2 cm 
above.the solution. 

11.1.2.10 After the final rinse has been added, reduce the 
extract volume to approximately l mL. 

11.2 Column Chromatography 

11.2.1 ColU1Dn Preparation 

11.2.1.1 · Column l: Place l.O g of silica gel into al cm x 
20 cm column and tap the column gently to settle 
~he silica gel. Add 2 g sodium hydroxideimpregnated 

:silica gel, l g silica gel, ·4. 0 g of sulfuric acid
impregnated silica gel, and 2 g silica gel. Tap 
column gently after each addition. 

11.2.1.2 Column 2: Place 6.0 g of alumina into al cm x 30 
cm column and tap the column gently to settle the 
alumina. Add a 1-cm layer of purified sodium 
sulfate to the top of the alumina. 

11.2.1.3 Add hexane to each column until the packing is free 
of channels and air bubbles. A small positive 
pressure (5 psi) of clean nitrogen can be used if 
needed. 

lI •. 2~2 Quantitative·ly trans£ er· the· hexane sample extract from the 
culture tube to the top of the sulfuric acid-impregnated 
silica gel in Column l. Rinse the culture tube with two O.S 
mL portions of hexane; transfer rinses to Column 1. 

11.2.3 With 90 mL of hexane, elute the extract from Column l directly 
into Column 2 containing alumina and sodium sulfate • 

. 11. 2. 4 Add 20 mL of hexane to Coluum 2 and elute until the hexane 
level is just below the top of the sodium sulfate; discard 
the eluted hexane. 

D - 16 
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11.2.s Add 20 mL of 20% methylene chloride/SO? hexane (volume/volume) 
to Column 2 and collect the eluate. 

11.2.6 Reduce the volume of eluate with a gentle scream of filtered 
dry nitrogen. ~en the volume is about l to 2 mt, transfer 
aliquots to a 1-:nL amber mini-vial with-conical reservoir. 
Concentrate and add-additional aliquots with further concen
tration until entire eluate is transferred. Rinse eluate 
container with two O.S-mL portions of hexane; transfer rinses 
to the min1-vial, -with further concentration as necessary. 
CAUTION: Do not evaporate sample extract to dryness. 

ll.2.7 ~ith the final sample extract volume at approximately l mL, 
store the extract until time for GC/MS analysis. 

f 
ll.3 GC/MS Analysis 

ll.3.l Remove the sample extract or blank from storage and allow it 
to warm to ambient laboratory temperature if necessary. 

With a stream of dry, filtered nitrogen, reduce the 
extract/blank volume to near dryness. Immediately before 
GC/MS analysis, adjust the extract or blank volume to SO uL 
with toluene. 

11.3.2 Inject a 2-uL aliquot of the extract into the GC, operated 
under conditions previously used (Sect. 9) to produce 
acceptable results v_ith the performance check solution. 

11.3.3 ~quire -mass spectral data for the following selected 
characteristic ions: m/z 257, 320, and 322 for unlabeled 
2,3,7,8-TCDDi m/z 328 for 37 c14-2,3,7,8-TCDD; and m/z 332 
and 334 for 3c12-2,3,7,8-TCDO. Use the same data 
acquisition time and MS operating conditions previously used 
(Sect. 9. 3. 8) to det_ermine resp!)nse factors. 

11.4 Identification Criteria. NOTE: Refer to Exhibit E, Section 7, 
for application of identification criteria. 

ll.4.1 Retention time (at maximum peak height) of the sample com
~3nent must be within 3 seconds of the retention time of the 

c12-2,3,7,8-TCDD. Retention times are required for all 
chromatograms, but scan numbers are optional. These parameters 
should be printed next to the appropriate peak. 

ll.4.2 The integrated·ion currents detected for m/z 257, 320, and 
· 322 must maximize simultaneously. If there are peaks that 
will affect the maximization or quantitation of peaks of 
interest, attempts should be made to narrow the scan -window 
to eliminate the interfering peaks. This should be reported 
ou a separate chromatogram. 
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11.4.3 The integrated ion current for each analyte and surrogate 
compound ion (m/z 257, 320, 322 and 328) must be at least 2.5 
tices background noise and must not have saturated the detector; 
internal standard ions (m/z 332 and 334) must be at least 10 
times background and must not have saturated the detector. 

11.4.4 Relative abundance of m/z 257 to m/z 322 should be> 20% and 
< 45%. 

ll.4.5 Abundance of integrated ion counts detected for m/z 320 must 
be> 67% and< 87% of integrated ion counts detected for m/z 
3227 

ll.5 Column Chromatography Procedure for Difficult Samples -- Use· the 
following procedure for extracts previously subjected to the' column 
chromatography procedures in Section 11.2, but· found by GC/MS 
analysis to contain interfering components. 

. •··. 

11.s.1 Mix 3.6 grams of Carbopack C (or equivalent) with 16.4 grams 
of Celite 545R. ·(or equivalent) in a 40-mL vial and activate 
by heating in an oven at l3CPC for 6 hours. Store in a 
desiccator. CAUTION:. Check each new batch of mixed Carbopack/ 
CeliteR. to ensure TCDD recovery of> 50%. Subject the low 
level concentration calibration soluti.on to this procedure and 
measure the quantity of labeled and unlabeled 2,3,7,8-TCDD. 

i1.s.2·Insert a small plug of glass wool in~o a disposable pipet 
approximately l5 cm long by 7 mm O.D. Apply suction with a 
vacuum aspirator attached to the pointed end of the pipet ,. __ 
and add the Carbopack/C_eliteR mixture until a· 2 cm column is 
obtained. 

ll.5.3 Pre-elute the column with: 

11.s.3.l 2 mL of toluene· 

11.s.3.2 1 °mL of a mixture· of 75% (by volume) methylene 
chloride, 20% methanol and 5% benzene 

11.s.J.J. l mL of 50%" (by volume) cyclohexane and 50%. 
methylene" chloride 

11.s.3.4 2 mL of hexane 

ll.S.4 While the column is still wet with hexane, add the sample 
extract. Elute the column with the following sequence of 
solvents and discard eluents. 

11.s.4.l 2 mL of hexane 

D - 18 
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11.S.4.2 l mL of SOi: (by volume) cyclohexane and 50% mechylene · 
chloride 

11.S.4.3 l mL of 757. (by volume) methylene chloride, 207. 
met:hanol and 57. benzene 

11.s.s Elute wich 2 mL of toluene and collect the eluent, which 
contains the TCDO. 

11.S.6 Store the s·ample extract uncil just before GC/MS analysis. 

12. CALCULATIONS 

12.l Concentration l 

12.1.1 Concentration when a linear response factor was obtained: 

12.1.1.1 Calculate the concentration of 2,3,7,8-TCDD using 
the formula: 

where • 2,3,7,8-TCDD concentration in micrograms 
. ' per kile1gram . · . 

• the sum of integrated ion abundance 
detected form/~ 320 and 322 

• the swn ·of integrated ion abundances 
detected for m/z 332 and 334 
f~haracteristic ions of 

c12-2,3,7,8-TCDD, the internal 
standard) · 

• iuantity (in nanograms) of 
3c12-2,3,7,8-TCDD added to the sample 

before extraction 

R.F • calculated mean response factor for 
unlabeled 2,3,7,8-TCDD relative to 
13c12-2,3,7,8-TCDD 

W a weight (in grams) of wet soil or sediment 
sample. 

. D - 19 



L7.l.2 

Hf'f' • .OIK 
f I I. -

Immediately after weighing the sam?le for extrac:ion, 

weigh 5-10 g of the sediment into a tared crucible. 

Determine the percent moisture by drying overnight at 

ios•c. Allow to cool in'a desiccator before weighing. 

Concentrations of individual analytes vill be reported 

relative to the dry weight of se~iment. 

gm of sam~le - ~= of dry sac~le 
gm of sample X lOQ •%moisture 

D - 29 Rev:-1/85 

j 

. )i;;~/'.;{i)::·:~·--t>:: .. ;;~ ::/.\i_y/{-:;··· .. ··· - . ... .·:,·; . . ~--· ..... ·_-!·:·~. ·· .. ~ ., . .: . -~ .. ~::* . 
. •.... , . 

. ":'"i--..· . : ~· ••.. 
. ~f-. 

.. -_·.·.;.:·:\-· .-: _·._-. ~- !" .... . • ··-~· ..... · .. ~ ... ,:.:. : .. .·· ... ·-.· .. .. . • ':r° ·:·-:·.~· 

. _;,:_\ ::-::_:;.t~--:. :.··:/_:~:(/::~;} ::.:.J; <}t: :: ;:{ · .. /-\-_. :.~: '\ ,/ .. :;.:::i·. -~::., .,/.-~ __ :.·:) /-:.~:-·--/ ··. :,';\:.: _. ... :e :-;_;/? ---?--~~-=:~: tL 
:\ ":_--':::,);:\ . :<.·.</-~ . .. : - t:.~:·:)t_:;._,\ -~ -:j:' ·. - ... -!f ··- ...... :.~:·~~ ~~:~:. ·~-~: 

:_---:-. • •♦ : •• •• :M • :-• • •---•~~ :••.}·• '• :~• ~ • 

~-::· --·::-·-:.. -.~ ·-.:. .. ,_ -~··· .:.f;·, 
: F- -<~ _,:-.-'" .:. ~-. ;~:.--·-·· .,.· -· -::. '..':" _, 7:···.-_~!:'_·.-:-. ':--· . .-·-· ••, .• • ;" • .~:~•_':.,.-.;, 4. 'I-.• 

·. ~ :· ... 
•·=····.· . 

. ~--, r. ' .. 
........ ~.~-.-t:·•.· . .. ~:·-. :-.• ···'!.._.._·~:.·.~·•·._.- ··"' .-- ·-·~. ·(_~ .... -..... ~ .. ·: ..... ·: ... :··.~':",· ~ ... :·· ,1,,~·.· 

r 
L 

L 
r· l . 

L 

·-··:.· ··.: .. ...;•:•-i~· :··. ,-;•:..-:-~~ :--:-:-::.• .. '".-.-· ·.• ... !~ ...... 



I. 

L. 

L 

APPENDIX IV 

Tetra-Octa CDD/CDF Scan Quantitation Protocol and Analytical 
Standards 

Minimal Requirements for Bidders 

Analytical Standards 

2378 TCDD, 13 c 12 , 37c1
4 

2378 TCDF 

Mixture of TCDD isomers to verify column resolution* 

13 OCDD, c 12 -OCDD 

Mix of Penta CDD/CDF, Hexa CDD/CDF, Hepta CDD/CDF to 
establish RT windows for spiking 

Quantitation 

Quantitate: 

TCDD, TCDF, Penta COD, Penta CDF, Hexa COD, Hexa CDF 

against 13c 12 -2378-TCDD 

13 (Quantitate TCDF, Penta CDF, and Hexa CDF against c 12 -TCDF, 
if available) 

Quantitate: 

Hepta COD, Hepta CDF, OCDD, OCDF against 
13

c12-OCDD 

Qualify data as "esti~ated" concentrations with tentative 
identifications unless you have access to pure isomer 
standards (i.e., all 38 TCDF isomers, etc~) 

*Column resolution should meet Dioxin IFB WA86-K357 
criteria; i.e., 25 percent valley or lower between 
2,3,7,8-TCDD and it's nearest neighbor in SIC display 
(Appendix VII). 

GLT595/50 



APPENDIX V 

DELIVERABLES REQUIRED FOR GC/MS DIOXIN/FURAN ANALYS~S 

A. SAMPLE PREPARATION ANO METHOD DOCUMENTATION 

_( 1) "Cookbook" style step-by-step method incl ud~ ng i nsti'Ument/ condi
tions, type and source of reagents. 

(2) Analyst bench records describing dilutions, weighings and any 
unusual occurrences during prep, extraction or clean up. 

(3) Calculations and method used in determination of percent lipids 
and percent:soljds (where applicable) • 

. 
B. OIOXIN/FURAN OUANTITATION ANO IDENTIFICATION DOCUMENTATION 

'; 

(1) Detailed explanation of the quantitation and identification proce
dure used for all isomer classes and specific isomers • .. .. 

(2) List of criteria for positive identification of 2,3,7,8-TCOD 
and 2,3,7,8-TCOF • 

. (3) Example calculations of response ratios, sample results- and detection· 
limits. 

(4) Simultaneous display/offset SICs and peak areas of native, 13c12-
j] . 

and c1 4-2,3,7,8-TCOO in all samples and QC, including blanks. 

(5) Simultaneous display/offset SICs and peak areas of ions monitored 
for each PCOO/PCOF class. . 

· (7) List of exact ion masses for each isomer/class, current and 
historical response factors and retention times for positive ID. 

(8) Simultaneous display/offset SICs to check for polychlorinated 
diphenylethers which may co-elute with the furans. 

(9) Simultaneous display/offset SICs of M/Z 257, 259 in samples with 
posit~ve 2, 3, 7, 8-TCOO content. 

(10) Simultaneous display/offset SICs and peak areas of ions monitored, 
for all .standards used, for each PCOD/PCDF class. Include a 
listing of response r-atios, ion ratios and amount of each standard 
used. 



APPENDIX VI 

CASE # 
PCDD PC F Concentrat on / 0 1 (PPT) as rv e g t D W 1 h 

ISOMER DATE: I ALI QUOT WT. DATE: I ALI QUOT WT. 
OR (q) (q) PRECISION AS PRECISION COMMENTS 

HOMOLOG Samp./J Samp.# RPO LIMITS 
2 3. 7 ,8-TCDF 
3,cl-2.3,7,8-TCDF 

1. Recovery 
ng37cl-2,3,7,8-TCDF 

Added . 
Total TCDFs 
Total Penta COFs 
Total Hexa CDFs 
Total Hepta CDFs 
OCDF 
- - - - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
i 3.1,H-ICDD 
3,cl-2,3.7,8-TCDD 
i ~ecovery 

ng3 Cl-2,3,7,8-TCDD 
Added 

Total :Tetra coos 
Total Penta CDDs . 

124679 & 124689 
-MCDD 

3679 & 12 3689 
_&COD 
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Cl-123478 H7CDD 
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ng37c1-1232478 
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T2 34679 H7COO 
12 34678 H7CDO 
TOTAL H7COO 
or.no 
37cJ-OCOll 'X.Recoverv 
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PARTICLE-SIZE ANALYSIS OF SOILS 

Method: American Society for Testing Materials 
D422-63 (1972) 

GLT595/38-17 



/' 
; 

U.S. Environmental Protection Agency 
HWI Sample JJ.anagement Office 
P.O. Box 111. Alexandria. Virginia 22313 
PHONE: ( 703) 557-2,t0 or FTS-557-2,t0 

I 
SPECIAL ANALYTICAL SERVICES 

lileglonal Request 

SAS Number 

□ Regional Transmittal D Telephone Request 

l 

A. EPA. Region and Site Name : ____ R_e_g_i_on_v_,_M_o_s_s_A_m_e_r_l_c_a_n ___________ _ 

a. Regional RepreHntative : ____ o_e_n_n_i_s_w_e_s_o_l_o_w_s_k_i ______________ ~ 

C. Telephone Number: ( 312) 886-1971 

D. Date of Request: ___________________________ ~ 

Please provide below a description of your request for Special Analytical Ser-vices under 
the Uncontrolled Hazardous Waste Dumpsite Program. In order to mc,st efficiently obtain 
laboratory capability for your request. please address the following considerations. if 
applicable. Incomplete or erroneous Information may result In delay In the processing 
of your request. Please continue response on additi.onal sheets. or attach supplementary 
Information as needed. 

1. Cenenl description of analytical Mr-vice requested : __ s_o_i1_s_a_m_p_1_es_a_n_a_1.;.y_z_ed ____ _ 

2. 

for particle - size disiribution and atterberg limits. 

Definition and number of work .units Involved (specify whether whole 11mples or 
fractions; whether organics or Inorganic•; whether aqueous or soll and sediments; 
and whether low. medium. or high concentration) : 

Analyzed 12 soil samples for the parameters listed above. 

3. Purpose of ■nalysls (specify whether Superfund (Remedial or Enforcement). RCRA. 
NPDES. etc.): 

Superfund, Enforcement 

4. Estimated date(s) of collection: _______________________ _ 

5. Estimated date( 1) and method of shipment : __ o_a_i_l..;.y_by~o_v_e_r_n_i.;;.g_h t_._c_a_r_r_i_er ______ _ 
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,. Approximate number of days ,..1ult1 required after lab receipt of aamples: -----
Laboratory _should report results within 30 days of receipt of samples. 

1. Analytical protoml required (attach mpy_ If other than a protocol currently us~ In 
thi I program J : 

Particle Size Analysis of Soils, ~~TM Method 0422 

a. Special technical Instructions (If outside protocol requirements, specify compound 
n•m~s. CAS numbers, detection limits, etc.): 

use only the method specified above. Obtain approval of CPMS, CRL~ prior to use of 

any other method. Rewrite SAS request to reflect new methodology. 

t. Analytical results required (If known. specify format for data sheets, QA/QC reports, 
Chain-of-Custody documentation. etc.). If not completed. format of results will be 
left to program dlscretlan. 

Submit all raw data· including container tare weights. Report results as percent finer 

than the specified particle diameter and present data in the form of a grain- size 

distribution curve on a semilogarithmic chart with percent finer by weight plotted on 

the arithmetic scale and grain size plotted on the logarithmic scale. 

10. Other (use additional sheets or attach supplementary lnforr.ation, as needed): 

L 11. Name of sampling/shipping contact: 

Phone: 

Please return this request to the Sample Management Office as soon as possible to expedite 
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I. DATA REQUIREMENTS 

Parameter · Detection h!!!!!!, 

Percentage Finer Than Not Applicable 

11. QUALITY CONTROL REQUIREMENTS 

Audits Reguf red 

Lab Duplicate _ 

Frequency ~ Audits -
2 for sets4' 10 
1 per 10 for sets "> 10 

Ill. •Action Required If Limits are Exceeded: 

Reanalyze contact Chuck Elly at the Region V CRL 

Precision. Desired 
(!\ or Cone·.) 

Limits• (!I or Cone.) 

10% passing 



~t Designation: D 422 - 63 (Reapproved 1972)'' 

Standard Method for 

PARTICLE-SIZE ANALYSIS OF SOILS1 

This mndanl is iw,cd under the li•cd daicnatian D 4:U: lhc number immediate!~· rollowins the desicnauoa indicates the ,a, ol 
oripnal adopuon or. in the QX or ~uion. the ,,a, or laa rc,,ision. A aumbcr in paRatllacs inclicatn the -,ar oi lUI n:app,vvaL 
A supmcnp1 epalon (,) 1nd1c-a1n an cdnorw dlanSC since thc luz fl:'lision or ,approval. 

·• son-s«uon 1 ,.-as added cdilonall~· and sublcquen11«tions r,:numbcral in Jul,· 1984. 

1. Scope 

I. I This method cnvers the quantitative de
termination or the distribution of particle sizes 
in soils. The distribution of particle sizes larger 
than 75 µm (retained on the No; 200·sieve) is 
determined by sieving, while the distribution of 
panicle sizes smaller than 75 µm is determined 
by a sedimentation process. using a hydrometer 
to secure the necessary data (Notes I and 2). 

NOTE 1-Scpantion may be made 011 the No. 4 
(4. 75-mm). No. 40 (425-l'm). or No. 200 (75-µm) sieve 
instead of the No. 10. For whatever sieve used. the size 
shall be indicated in the rei,ort. 

Non 2-Two m,es of dispersion devices are i,n>
,;ded: ( /) a high-si,eeS mechanical stirm-, and (.?) air 
dispcnion. Extensive investigations indicate that air
dispersion de,,;ces produce a more positive dispenion, 
of plastic: soils below the 20-µm size and appreciably 
less degndation on all sizes when used with sandy soils. 
Because of the definite advaniages favoring air disper
sion. iu use is rec:ommended. The rcsulu from the two 
types of devices differ in magnitude. dependin1 upon 
soil 1yi,e, Jc.ading 10 marked differences in panic:le size 
distribution. especially for sizes finer than 20 J.lffl. 

2. Applic:able Documents 

2.1 .-tSTM Standards: 
0421 Method for 01)· Prci,aration of Soil

Samples for Particle-Size Analysis and De
termination of Soil Constantr 

E 11 Specification for Wire-Cloth Sieves for 
Testing Purposcs3 

E 100 Specification for ASTM Hydrometers• 

3. Appar:arus 

3.1 Balances-A balance sensitive to 0.01 g 
for weighing the material passing a No. 10 (2.00-
mm) sieve, and a balance sensitive to 0.1 % of 
the mass of the sample to be weighed for weighing 
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the material retained on a No. 10 sie,·e. 
3.2 Stirring Apparatus-Either apparatus A 

or B may be used. 
3.2.1 Apparatus A shall c:onsist of a mechan

ically opented stirring device in which a suitably 
mounted electric motor turns a vertical shaft at 
a speed of not less than IO 000 l'l)m without load. 
The shaft shall be equipped with a ~lac:eable 
stirring paddle made of metal, plastic:, or hard 
rubber, as shown in Fig. I. The shaft shall be of 
such length that the stirring paddle will opente 
not less than 1/, in. (19.0 mm) nor more than l'h 
in. (38.1 mm) above the bottom of the dispersion 
c:up. A special dis~on cup conforming• to 
either of the designs shown in Fig. 2 shall be 
provided to hold the sample while it is being 
dispersed. 

3.2.2 Apparatus B shall consist of an air-jct 
dispersion cup' (Note 3) c:onfonning to the gen
eral details shown in Fig. 3 (Notes 4 and 5). 

Non 3-The amount or air required by an air-jet 
dispersion cup is oftbc order of2 ft1/min; some small 
air c:ompn:ssors a11: not capable of supplyin1 sufficie1lt 
air to opente a cup. 

Non '-Another air-t)i,e ·· dispersion device. 
known u a dispersion tube. dc,,eloped by Chu and 
Davidson at Iowa State Collcsc. has been shown to pvc 

'This fflftllod is under the juri~ or ASTM Comminec 
0-18 on Soil and Rock and II the din:ct n:s;ion11bilit" o( 
Subcomminee DI I.OJ on T catuR. .Pluucny. and Ocnsn:v Olar• 
actfflSUQ or SoilL 

Cunut cdnion app,v,,at Nov. 21. 1963. Oripnally pu~-
lisllcd 1935. Replaces D•ll-62 

'A1111wol Book of AST"M S,anda,rb. Val 04.08. 
1 A11,illi/ll Book of AST"M S1a11tlards. Val l•.0:?. 
'A1111wol Boole of AST"M Slandatds, Val 1•.0I. 
' Detailed work.ins dnwtnp rar lllil eup are 1,-.ilablc at 1 

nominal cost rrorn the American Socin,- Car T suns and Ma• 
tcnau. 1916 RX"C St. Plliladdplua. PA 19103. Order AdJunc:I 
No. I ~o40IUO.OO. 
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resuhs equivalent 10 those sec:un:d by I.be air-jet disi:,er
sioa cups. When it is used. souing of the Ymple caa 
be done ia the sedimen~1ioa cyliadc:r. thus c!Jrainatinc 
the need for traasferria& the slun-y. When the air
dispe~on tube is used. it shall be so iadiated in the 
repon. 

Non S-Water may conden.se in air linc:s when not 
in use. This water must be removed. either by usin1 a 
water trap on the air line. or by blowing the _,er out 
of the line before using any of the air for dispe~oa 
p~ 

3.3 Hydromerv-An ASTM hydrometer. 
graduated to read in either specific gravity of the 
suspension or grams per litre of suspension. and 
conforming to the requirements for hydrometers 
ISIH or IS2H in Specifications E 100. Dimen
sions of both hydrometers are the same, the scale 
being the only item of difference. 

3.4 Sedimmtation C.vlinder-A glass cylinder 
essentially 18 in. (457 mm) in height and 2112 in. 
(63.S mm) in diameter. and marked for a volume 
of 1000 mL The inside diameter shall be such 
that the 1000-mL mark is 36 :: 2 cm from the 
bonom on the inside. 

3.5 Thermometer-A thermometer accurate 
to I "F (0SC). 

3.6 Sie\·es-A series of sieves. of square-mesh 
wo\·en-wire cloth. conforming to the require
ments of Specification E 11. A full set of sieves 
includes the follo"'ing (Note 6): 

3-in. (75-mm) 
2-in. (SO-mm) 
l'h-in. (37.S-mm) 
I-in. (2.5.0-ram) 
1/ .. in. ( 19.0-mra) 
¼-in. (9.S-ram) 
No. 4 (4.7.5-mm) 

No. 10 (2.00.mm) 
No. 20 (850-µ.m) 
No. 40 (425""m) 
No. 60 (250-µ.m) 
No.140(106-µ.m) 
No. 200 (75-µ.m) 

Non 6-A set of sieves giving unifonn spacing of 
points for the graph. as requin:d in Section I 7. may be 
used if desi~ This set consists of the followin& sieves: 

3-ia. (75-mm) No. 16 (1.18-mm) 
l'h-in. (37 . .5-mm) No. 30 (600-i&m) 
¥ .. in. (19.0-mm) No. 50 (300-J,tm) 
¼-in. (9.S-mra) No. 100 (150.µ.m) 
No. 4 (4.75-mm) No. 200 (75-µ.m) 
No. 8 (2.36-mm) 

3.7 Water Bath or Constant-Temperature 
Room-A water bath or constant-temperature 
room for maintaining the soil suspension at a 
constant temperature during the hydrometer 
analysis. A satisfactory watertank isan insulated 
tank that maintains the temperature of the sus
pension at a convenient constant temperature at 
or near 68"F (20"C). Such a device is illustrated 
in Fig. 4. In c:ascs where the work is performed 
in a room at an automatically controlled constant 
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temperature. the water.bath is not ncc:essary. 
3.8 Beaker-A beaker of 250-mL capacity. 
3.9 Timing Device-A watch or clock With a 

second hand. 

4. Dispersing Agent 

4.1 A solution of sodium hexamctaphosphate 
(sometimes called sodium metaphosphate) shall 
be used in distilled or demineraJized water, at the 
rate of 40 g of sodium hexametaphosphate/litre 
of solution (Note 7). 

NOff 7-Solutioas of this salt. if acidic. slowlv re
ven or hydrolyze back to lhe orthophosphate fonn °with 
a r=ulwit decrease in dispenivc action. Solutions 
should be prei,ared frequently (at leut ona: a month) 
or adjusud to pH of 8 or 9 by means of sodium 
c:art,oute. Bonles conwnia1 solutions should have the 
date of prepantioa marked on them. 

4.2 All water used shall be either distilled or 
demineralized water. The water for a hydrometer 
test shall be brought to the temperature that is 
expected to prevail during the hydrometer test. 
For example, if the sedimentation cylinder is to 
be placed in the water bath.• the distilled or de
mineralized water to be used shall be brought to 
the temperature of the controlled water bath: or. 
if the sedimentation cylinder is used in a room 
with controlled temperature. the water for the 
test shall be at the temperature of the room. The 
basic temperature for the hydrometer test is 68"F 
(20"C). Small variations of temperature do not 
intrOduc:e differences that are of practical signif
icance and do not prevent the use of corrections 
derived as prescribed. 

5. Test Sample 
5.1 Prepare the test sample for mechanical 

analysis as outlined in Method O 42 I. During 
the preparation procedure the sample is divided 
into two ponions. One portion contains only 
panic:les retained on the No. 10 (2.00-mm) sieve 
while the other portion contains only particles 
passing the No. 10 sieve. The mass of air-dried 
soil selected for purpose of tests. as prescribed in 
Method D 421. shall be sufficient to yield quan• 
tities for mechanical analysis as follows: 

5.1.1 The size of the portion retained on the 
No. 10 sieve shall depend on the muimum size 
of panicle. according to the following schedule: 

Nominal Dia111e1« o( 
ut1cst PaniclCL 

in.(mm) 

"'19.SI 
¼ (19.0) 

APl'ftlairnati Minimum 
Mau of Ponion. & 

$00 
1000 



Nominal Ownncr 
of Latia• Panicles. 

ia.lmml 
I (2).41 
IYI (JI.II 
2 uo.a1 
J (76.l) 

APIIIVai-w Minim11m 
Maa or Ponioa. & 

2000 
JOOO 
4000 
.5000 

5.1.2 The size of the ponion passing the No. 
10 sieve shall be approximately I 15 g for sandy 
soils and approximately 65 g for silt and clay 
soils. 

5.2 Provision is made in Section 5 of Method 
D 421 for weighing of the air-dry soil selected for 
purpose of tests. the scpar.ation of the soil on the 
No. 10 sieve by dry-sieving and washing. and the 
weighing of the washed and dried fraction re
tained on the No. JO sieve. From these two 
masses the percensagcs rewncd and passing the 
No. 10 sieve can be calculated in accordance 
with 12.J. 

Non 8-A check on the mass values and tJie thor
oughness of pulvcriution of the dods cnay be secured 
by weighing the poruon passing the No. 10 si- and 
adding this value to the mus of the washed ud oven
dried portion m.a.incd on the No. 10 sieYC. 

SIEVE ANALYSIS OF PORTION RET AJNED 
ON NO. 10 (2.00-mm) SIEVE 

6. Procedure 
6.1 Separate the portion retained on the No. 

IO (2.00-mm l sieve into a series of fractions using 
the 3-in. (75-mm). 2-in. (50-mm). I 'h-in. (37.5-
mm), 1-in. (25.0-mm). ¥ .. in. (19.0-mm). ~in. 
(9.5-mm), No. 4 (4.75-mm), and No. JO sieves. 
or as many as may be needed depending on the 
sample, or upon the specificauons for the mate
rial under test. 

6.2 Conduct the sieving operation by means 
of a lateral and vertical motion of the sieve, 
accompanied by a jarring action in order to k~ 
the sample moving continuously over the surface 
of the sieve. In no case turn or manipulate frag. 
mentS in the sample through the sieve by hand. 
Continue sieving until not more than 1 mass CJ{, 
of the residue on a sieve passes that sieve during 
1 min of sieving. When mechanical sieving is 
used. test the thoroughness of sieving by using 
the hand method of sieving as dcsc:ribed above. 

6.3 Detennine the mass of each fraction on a 
balance conforming to the requirements of 3. I. 
At the end of weighing. the sum of the masses 
retained on all the sieves wed should equal 
closely the original mass of the quantity sieved. 

0422 

HYDROMETER AND SIEVE ANAL \'SIS OF 
PORTION PASSING THE NO. JO (l.00-aam) 

SIEVE 

7. Determination or Composite Cornction for 
Hydrometer Reading 

7. I Equations for perc:ensages of soil remain
ing in suspension, as givea in 14.3, arc based on 
the use of distilled or demineralizcd water. A 
dispersing agent is used in the water, however. 
and the specific gravity of the resulting liquid is 
appreciably greater than that of distilled or de
mineralized water. 

7 .1.1 Both soil hydrometen arc calibrated at 
68"F (20-C). and variations in temperature from 
this Standard temperature produce inaccuracies 
in the actual hydrometer readings. The amount 
of the inaccuracy inCTQSCS as the variation from 
the standard temperature inc:re:ucs. 

7.1.2 Hydrometers are graduated by the man
ufactun:r to be read at the bonom of the menis
cus formed by the liquid on the stem. Since it is 
not possible to secure readings of soil suspensions 
at the bonom of the meniscus. readings must be 
taken at the top and a corm:tion applied. 

7 .1.3 The net amount of the col'T'CCtions for 
the three items enumerated is designated as the 
composite correction, and may be detennined 
experimentally. 

7.2 For convenience, a graph or table of com
posite c:ol'T'CCtions for a series of 1 • temperature 
differences for the range of expected test temper
atures may be prepared and used as needed. 
Measurement of the composite c:ol'T'CCtions may 
be made at twO temperatures spanning the range 
of cxl)ec:led test temperatureS, and corrections for 
the intenncdiate temperatures calculated assum
ing a Straight-line relationship between the two 
observed values. 

7.3 Prepare 1000 ml of liquid composed of 
distilled or demineralized water and dispersing 
agent in the same proportioo as will prevail in 
the sedimentation (hydrometer) test. Place the 
liquid in a sedimentation cyclindcr and the cyl
inder in the constant-temperature water bath. set 
for one of the two temperatures to be used. When 
the temperature of the liquid becomes constant. 
inscn the hydrometer, aod. after a short interval 
to permit the hydrometer to come to the temper
ature of the liquid. read the hydrometer at the 
top of the meniscus formed on the Stem. For 
hydrometer 151 H the composite correction is the 
difference bctwe-en this reading and one; for by-
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drome1er I 52H it is the difference between the 
reading a_nd zero. Bring the liquid and the hy
drometer 10 the other temperature to be used, 
and secure the composite correction as before. 

8. Hyeroscopic Moisture 

8.1 When the sample is weighed for the hy
drometer test, weigh out an auxiliary portion of 
from 10 to 15 gin a small metal or glass con
tainer. dry the sample to a constant mass in an 
oven at 230 : 9"F ( 110 :: 5"C), and weigh again. 
Record the masses. 

9. Dispersion of Soil Sample 

9. I When the soil is mostly of ihe clay and silt 
sizes. weigh out a sample of air-dry soil of a~ 
proximately SO g. When the soil is mostly sand 
the sample should be approximately 100 g. 

9.2 Place the sample in the· 250-ml. beaker 
and cover with 125 mL of sodium bexameta• 
phosphate solution (40 g/1). Stir until the soil is 
thoroughly wetted. Allow to soak for at least 16 
h. 

9.3 At the end of the soaking period, disperse 
the S3fflple funher. using either stirring apparatus 
A or B. If stirring appantus A is used, transfer 
the soil • water slurry from the beaker into the 
special dispersion cup shown in Fig. 2. washin& 
any residue from the beaker· iTuo the cup with 
distilled or demineralized water (Note 9). Add 
distilled or demineralized water, if necessary, so 
that the cup is more than half full. Stir for a 
period of 1 min. 

Non 9-A large me syringe is a convenient device 
for handling the water in the washing operation. Olber 
devices include the wash-water bonle and a hose with 
nozzle connec:ted to a prasurized distilled water Wik. 

9.4 If stirring appantus B (Fig. 3) is used. 
remove the cover cap and connect the cup to a 
compressed air supply by means of a rubber hose. 
A air ga1e must be on the line between the cup 
and the control valve. Open the conuol valve so 
that the gage indicates I psi (7 kPa) pressure 
(Note 10). Transfer the soil - water slurry from 
the beaker to the air-jet dispersion cup by wash
ing with distilled or demineralized 1o1o-ater. Add 
distilled or demineralized water, if necessary, so 
that the total volume in the cup is 250 ml., but 
no more. 

Non I 0-The initial air pressure of I psi is n:iquired 
10 prevent the soil • water mixture from entering the 
air-jet chamber when the mixture is tnnsfcmd tO the 
dispersion c:up. 

0422 

9.5 Place the ccver cap on the cup and open 
the air control valve until the gage pn=ssurc: is 20 
psi ( 140 kPa). Disperse the soil according to the. 
following schedule: 

Pluua1y lnctca 
Under 5 
6 IO 20 
0-20 

Oisp:n,011 Pmod. 
min 

' 10 1, 
Soils containing large percentages of mica need 
be dispened for only 1 min. After the dispersion 
period, reduce the gage pressure to 1 psi prepar
atory to tnnsfer of soil • water slurry to the sed
imentation cylinder. 

10. Hydrometer Test 

I 0.1 lmmediatdy after dispersion. tr.ansfer the 
soil• water slurry to the glass sedimentation cyl
inder, and add distilled or demineralized water 
until the total volume is 1000 mL 

I 0.2 Using the palm of the hand over the open 
end of the cylinder (or a robber stopper in the 
open end), tum the cylinder upside down and 
back for a period of I min to complete the 
agitation or the sluny (Note 11 ). At the end of I 
min set the cylinder in a convenient location and· 
take hydrometer readings at the following inter• 
vals of time (measured from the beginning of 
sedimentation), or as many as may be needed, 
dependin& on the sample or the specification for 
the material under tesi: 2, S, JS, 30, 60,250, and 
1440 min. If the controlled water bath is used, 
the sedimentation cylinder should be pl.aced in 
the bath between the 2- and 5-min readings. 

Non I I-The number or tums during this minute 
should be approximately 60. counting tile tum upside 
dOWII and back as tw0 turm. Any soil mnaining in the 
bonom o( the eyliader during the nm few turns should 
be loosened by vigorous shwnc o( the c:ylinder while 
it is ia the iDYatcd posilio11. 

10.3 When it is desired to take a hydrometer 
reading, carefully insen the hydrometer about 20 
to 25 s before the reading is due to approximately 
the depth it will have when the reading is taken. 
As soon as the reading is ween, carefully remove 
the hydrometer and place it with a spinning 
motion in a graduate of clean distilled or demin
eralized water. 

Non 12-lt is important 10 remove the hydrometer 
immediatdy after each reading. Readings shall be wen 
at the top of the menisais fonned by the suspension 
around the Stem. since it is n01 possible to scc:ure 
readings at the boJIOll1 of the men~ 

120 



10.4 After each reading. take the tcmpenture 
of the suspension by insemng the thennoroetcr 
into the suspension. 

11. Sic•c Analysis 

11.1 After talung the final hydrometer read
ing. transfer the suspension to a No. 200 (75-µm) 
sieve and wash with tap water until the wash 
water is clear. Transfer the material on the No. 
200 sieve to a suitable container, dry in an oven 
at 230 : 9"F ( I JO : S"C) and make a sieve 
analysis of the ponion retained. using as many 
sieves as desired. or required for the material, or 
upon the specification of the material under test. 

CALCULATIONS AND REPORT 

12. Sieve Analysis Values for the Portion 
Coarser than the No. JO (2.00-mm) Sieve 

12.1 Calculate the percentage passing the No. 
10 sieve by dividing the mass passing the No. JO 
sieve by the mass of soil originally split on the 
No. 10 sieve. and multiplying the result by 100. 
To obtain the mass passing the No. 10 sieve, 
subtract the mass retained on the No. 10 sieve 
from the original mass. 

12.2 To secure the total mass of soil passing 
the No .. 4 (4.75-mm) sieve, add to the mass of 
the material passing the No. 10 sieve the mass of 
the fraction passing the No. 4 sieve and retained 
on the No. 10 sieve. To secure the total mass of 
soil passing the ¾-in. (9.S-mm) sieve:. add to the 
total mass of soil passing the No. 4 sieve, the 
mass of the fraction passing the ¾-in. sieve and 
retained on the No. 4 sieve. For the remaining 
sieves, continue the calculations in the same 
manner. 

12.3 To determine the total percentage pass
ing for each sieve. divide the total mass passing 
(see 12.2) by the total mass of sample and mul
tiply the result by 100. 

13. Hycn,scopic Moisture Correction Factor 

13.1 The hydrosc:opic moisture correction fac
tor is the ratio between the mass of the oven
dried sample and the air-dry mass before drying. 
It is a number less than one, except when there 
is no hygroscopic moisture. 

14. Percentages or Soil in Suspension 

14. l Calculate the oven-dry mass of soil used 
in the hydrometer analysis by multiplying the 
air-dry mass by the hygroscopic moiSture corrcc-
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tion factor. 
14.2 Calculate the mass of a total sample rep

resented by the mass of soil used in the hydrom
eter test., by dividing the oven-dry mass used by 
the percentage passing the No. 10 (2.00-mm) 
sieve, and multiplying the result by 100. This 
value is the weight W in the equation for per
centage remaining in suspension. 

14.3 The percentage bf soil remaining in sus
pension at the level at which the hydrometer is 
measuring the density of the suspension may be 
calculated as follows (Note 13): For hydrometer 
lSlH: 

P • ((100000/W) x G/(G- G,))(R - G,l 

Noff 13-The bnckcied pan.ion of the equation 
for hydn)mctcr I 51 H is consunt for a series of radinp 
and may be calculated lil'Sl and then multiplied by the 
portion in the parentheses. 

For hydrometer I S2H: 
P • (R.o/W) x 100 

where: 
a =- correction faction to be applied to the read

ing of hydrometer 1 S2H. (Values shown on 
the scale are computed using a specific grav
ity of 2.65. Correction factors are given in 
Table 1), 

P • perccnuge of soil remaining in suspension 
at the level at which the hydrometer mea
sures the density of the suspension, 

R • hydrometer reading with composite correc
tion applied (Section 7). 

U·' • oven-dry mass of soil in a total test sample 
represented by mass of soil dispersed (sec 
14.2). g. 

G • specific gravity of the soil paniclcs. and 
Ga • specific gravity of ~e liquid in which soil 

panicles arc suspended. Use numerical 
value of one in both innanccs in the equa
tion. In the fim inswu:c any possible vari
ation produces no significant effect, and in 
the second innanc:e., the composite correc
tion for R is based on a value of one for G ,. 

I 5. Diameter of Soil Particles 

I 5.1 The diameter of a panicle corrcspondfog 
to the percentage indicated by a given hydrome
ter reading shall be calculated according to 
Stokes" law (Note 14), on the basis that a particle 
of this diameter was at the surface of the suspen
sion at the bcgjnning of sedimentation and had 
settled to the level at which the hydrometer is 
measuring the density of the suspension. Accord-
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ing to Stokes' law: 
D • ,1·"'130=-n""t9"='8~0(""G:-----,G'"',)~J -x""'L:-/,::T 

where: 
D = diameter of panicle, mm. 
n =- coefficient of viscosity of the suspending 

medium (in this case water) in poises (vane$ 
with changes in temper.1ture of the sus
pending medium), 

L = distance from the swiace of the suspension 
to the level at which the density of the 
suspension is being measured. cm. (For a 
given hydrometer and sedimentation cyl
inder, values van· according to the hydrom
eter readings. This distance is known as 
effective depth (Table 2)). 

T • interval of time from beginning of sedimen
tation to the taking of the reading. min. 

G • specific gravity of soil paniclcs, and 
G1 • specific gravity (relative density) of sus

pending medium (value may be used as 
1.000 for all practical purl)OSCS). 

Non 14-Since Stokes' bw considm the terminal 
velocitv or a single sphere falling in an infinity o(liquid. 
the sizes calculated ~resent the diameter o( sphcra 
that would fall at the same rate as the soil panicles. 

I S.2 For convenience in calculations the 
above equation may be wrinen as follo\\-S: 

D • K.fl:i'f 

where: 
K = constant depending on the temperature of 

the suspension and the specific gravity of 
the soil paniclcs. Values of K for a range of 
temperatures and specific gravities arc given 
in Table 3. The value of K docs not change 
for a series of readings constituting a test. 
while values of L and T do vary. 

15.3 Values of D may be computed with suf
ficient accuracy, using an ordinary 10-in. slide 
rule. 

Non I 5-The value of L is divided by T usin& the 
A· and 8-scales. the ,quarc root beina indicated on the 
D-scale. Without asceruining the ,-alue of the square 
root it may be multiplied by K. usin& either the C • or 
CJ-scale. 

16. Sieve Analysis Values for Ponion Finer tb2n 
No. JO (2.00-mm) Sie,·e 

16.1 Calculation of percentages passing the 
various sieves used in sieving the ponion of the 
sample from the hydrometer test involves several 
steps. The fim step is to calculate them~ of the 
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fraction that would have been retained on the· 
No. 10 sieve had it not been removed. This mas.s 
is equal to the total percentage retained on the 
No. 10 sieve ( 100 minus total percentage passing) 
times the mass of the total sample represented 
bv the mass of soil used (as calculated in 14.2), 
a~d the result di~ded by 100. 

16.2 Calculate next the total mass passing the 
No. 200 sieve. Add together the fractional masses 
retained on all the sieves, including the No. I 0 
sieve. and subtract this sum from the mass of the 
total sample (as calculated in 14.2). 

16.3 Calculate next the total masses passing 
each of the other sieves., in a manner similar to 
that given in 12.2. 

16.4 Calculate last the total percentages pass
ing by dividing the total mass passing (as calcu
lated in 16.3) by the total mass of sample (as 
calculated in 14.2), and multiply the result by 
100. 

17. Graph 
17. I When the hydrometer analysis is per

fonned, a graph of the test results shall be made, 
ploning the diametm of the paniclcs on a loga
rithmic scale as the abscissa and the percentages 
smaller than the corresponding diameters to an 
arithmetic scale as the ordinate. Wben the hy
drometer analysis is not made on a portion of 
the soil, the preparation of the graph is optional. 
since values may be secured directly from tabu
lated data. 

18. Report 

18.1 The report shall include the following: 
18.1.1 Maximum size of paniclcs, 
18.1.2 Percentage passing (or retained on) 

each sieve, which may be tabulated or presented 
bv ploning on a graph (Note 16), 

• 18.1.3 Description of sand and gravel parti
cles: 

18.1.3.1 Shape-rounded or angular. 
18.1.3.2 Hardness-hard and durable. soft. or 

weathered and friable. 
18.1.4 Specific gravity, if unusually, high. or 

low. ~ ... t 

18.1.S Any difficulty in dispersing the fraction , • 
passing the No. 10 (2.00-mm) sieve, indicating 
any change in type and amount of dispersing 
agent. and 

18.1.6 The dispersion device used and the 
length of the dispersion period. 
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Non 16-Tbis 1ab~tion or graph rcprese11u the 
gr.ubiion o( the sample tened. I( paniclcs Luger than 
those c:on&&ined in the sample were remo"cd before 
testing, the report slwl so mie ahin& the amount and 
muimum size. 

18.2 For materials tested for compliance with 
definite specifications. the fractions called for in 
such specifications shall be reponed. The frac
tions smaller than the No. IO sieve shall be read 
from the graph. 

18.3 For materials for which compliance with 
definite specifications is not indicated and when 
the soil is composed almost entirely of panicles 
passing the No. 4 (4. 75-mm) sieve. the results 
read from the graph may be rcponed as follows: 

(/) Gravel. passin13-in. and mained on 
No.4sie,,e 

(2) Sand. passing No. 4 sieve and re• 
wned OD No. 200 sieve 

(a) Coane sand. passing No. 4 sieve 
and rewncd on No. 10 sieve 

(b) Medium sand. passina No. 10 
sieve and rewncd on No. 40 
sieve 

(c) Fine sand. passing No. 40 sieve 
and rewncd oa No. 200 sieve 

(J) Sill size. 0.074 10 0.005 rnm 
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(4) Oay·size. smaller than 0.005 mm % 
Colloids. smaller than 0.001 mm ~ 

18.4 For materials for which compliance with 
definite specific::uions is not indicated and when 
the soil contains material retained on the No. 4 
sieve sufficient to require a sieve analysis on that 
portion, the results may' be reported as follows 
(Note 17): 

Sieve Size 
3-in. 
2-in. 
l'h-in. 
I-in. 
¼-ia. 
~ia. 
No. 4 (4.7S-mm) 
No. 10 (2.00-mm) 
No. 40 (425"!'m) 
No. 200 (751'm) 

HYOllOMETU. ANALYStS 

Perc:eniage 
Passini . 

0.074 mm ......... . 
O.OOS mm ......... . 
0,001 mm ......... . 

Non 17-No. 8 (2.36-mm) and No. 50 (300-$£ml 
sieves may be substituted for No. 10 and No. 40 sieves. 
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TA.BL£ I \"aJun of Coffecrioe Fac,or. ca. fo, Oi1Tere111 TABLE 2 CClfttinuod 
Spocil"..- c,...;,; .. or Soil Pamci..• 

H~dromc,cr 151 H H~dromr1c1 151 H 
Spe,:i(..- GBmy Com:aio11 Factor" 

2.95 
Aaual Act..al 

0.9• Actual H~- EITcc- H,·. EfTec. EITcnivc 1.90 0.95 H~drom- drom- uvc drom- IIYC 
2.15 0.96 c,e, Deinh. e,cr Dei,11\. .,., ~II. 
:uo 0.97 Radin& £..cm Rad- L. cm Read- £..cm 
2.7' 0.91 i111 ins 
2.70 0.99 
1.65 1.00 I.OJI I.I 

2.60 1.01 1.032 7.8 

2J5 1.02 1.033 7.6 

2 • .50 I.OJ 1.034 7.3 

2.45 1.05 1.035 7.0 
1.036 u 

• For 11SC in equation for pm,:masc ol soil remainana in 1.037 6.5 
suspension when usin& Hydramcu:r 152H. I.OJI 6.2 

• Values of elTecuve clelltll are c:ua,la1ed from tlle cquauon: 
Valaa ol Effacriw• Depcb BuH oa H:,dra-er · TA.BL£ 2 

L • L, • \I: (L, - (l"JA)J 1111d s.d~tioll C7liader ol Speir~ Siad' 

H)'dromacr UIH Hydramcm U2H wllcre: 
L • elTfflive ~ cm. 

Aelual Ac,ual L, • di.aance Ilona lhc Siem of lhc ll!'drorneter from w top 
Aaual Elfeaive 

Hy. Elfcic- Ml'" Elfcc• o{ w bulb to Ille 111art. for a llyclrornc,cr rudi~ cm. 
H~'drorn• 0cpill, 

dram- live dram- Ii"" L, • ~ lcnpll ol lbc ll~·dninietcr bulb. cm. 
etcr £..cm 

CICI" 0cpill, Cler Oci,tA. , ·, • volume o{ h!'droffll!lcr bulb. cm•. and 
Radin& Read- l..crn Read- Lem A • cnlSHCC!ional area of ICdirncniation cylinder. cm• 

i111 ins Values used in cala&latin1 w •-alucs in Table 2 are as folio-,: 

1.000 16.3 0 16.3 31 11.l For botll ll!'drorneta1. IS I H and ISlH: 

1.001 16.0 I 16.1 32 II.I L, •· 14.0 cm 
1.002 IS.I 2 16.0 JJ 10.9 ,·, • 67.0 cm• 

1.003 U.5 l IS.I 34 10.7 A • 27.8 cm: 

1.004 IS~ 4 U.6 35 10.6 For ll~rornctcr 1,iH: 

1.005 u.o 5 U.5 L. • 10.J cm for a n:adin1 ol_ 1.000 
•· 2.3 cm for a rcadin1 or 1.031 

1.006 14.7 6 U.3 36 10.4 For ll~l'Offletcr ISJH: 

1.007 14.4 7 IS~ 37 10.l L. • 10.5 cm for a n:adin& of O &/litre 

1.00I 14.l a 15.0 38 10.1 • l.J cm (or a n:adin& of .SO &/litre 

1.009 13.9 9 14.8 39 9.9 
1.010 13.7 10 14.7 .a 9.7 

I.Oil 13.4 II 14.J 41 9.6 
1.012 13.1 12 14.l 41 9.4 
I.Oil 12.9 ll 14.l ., 9.l 
1.014 12.6 14 14.0 ... 9.1 
1.015 ll.J u 13.I 45 8.9 

1.016 11.1 16 ll.7 '6 I.I 
1.017 II.I 17 ll.5 47 8.6 
I.OIi 11.j II ll.l 41 1.4 
1.019 11.l 19 13.2 49 1.3 
1.020 11.0 20 ll.O 50 I.I 

1.0ll 10.7 21 12.9 51 7.9 
1.022 10.5 22 12.7 52 7.1 
I.O!l 10.l 2l 12.5 5l 7.6 
1.024 10.0 24 12.4 s.c 7.4 
1.02.5 9.7 2.5 IU 55 7.3 

1.026 9.4 26 12.0 56 7.1 
1.027 9.l -27 11.9 57 7.0 
1.021 8.9 21 11.7 ,a 6.1 
1.029 u 29 11.5 59 6.6 
1.0)0 8.4 )0 11.4 60" 6.5 
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TABLE l \iuun of K for Uw i11 £quarioa for Co111p111iac Dia11M1tr of Pu,icic ia H~dtomcter Acaly•i• 

T CfflPffltlll'I:. 
Sc,ecific G~vi,y of Sotl Patutjes 

·c 2.45 l.50 .:.55 .?.60 2.65 :.70 .:.75 2.80 2.15 

16 0.01510 0.01505 0.01411 0.01,57 0.01,35 0.01'1' 0.0139' 0.0137' 0.01356 
17 0.01511 0.01486 0.01~2 0.01439 0.01417 0.01396 0.01376 0.01356 0.01331 
II 0.01,91 0.01~7 0.01""3 0.01421 0.01399 0.01371 0.013'9 0.01339 0.01321 
19 0.0147' 0.01'49 0.01425 0.01~3 0.01312 0.01361 O.Oll42 0.13:!3 0.01305 
20 o.01,s6 0.01431 0.01~ 0.01)86 0.01365 0.0IJ.M 0.01.325 0.01307 0.01219 

21 0.0101 0.01414 0.01391 0.01369 0.01341 0.01321 0.01309- 0.01291 0.01273 
~ 0.01,21 0.01397 0.01374 0.01353 0.01332 0.01312 0.0129, 0.01:!76 0.01251 
23 0.01«),t O.Ollll 0.0ll51 0.01337 0.01317 0.01297 0.01?79 0.01161 0.0120 
2, 0.01311 0.01365 0.01~2 0.013:!I 0.01.301 0.0121:! 0.0126.c. 0.012,6 o.om, 
lS 0.01372 0.013"9 0.013:!7 0.01.306 0.01246 0.01267" 0.01249 O.Olll:! · 0.01215 

26 0.013S7 0.01334 0.0131:! 0.01191 0.01172 O.Ol:!S3 0.0l23S O.Ollll 0.01201 
:!1 0.01342 0.01319 0.01:!97 0.01.?77 0.01:!51 0.01?39 0.01221 0.01204 0.01111 
21 0.01327 0.013°' 0.01213 0.012~ 0.012"" 0.01:!H 0.01208 0.01191 0.01175 
29 0.01312 0.01290 0.01269 0.012,9 O.OlllO 0.01212 0.01195 0.01171 0.01162 
30 0.01291 0.01276 O.OllS6 0.01236 0.01217 0.01199 0.01112 0.01165 0.011,9 

~ 
_L,-,. 

~ 
~ c=:: I l 

r::·✓·, 
T;;:. ,a aw Go• 0.049° 

Pundt 
0.203• .±o.oo1• 

(a) tb) 
Mfflic E.ti11PU1111 

in. 0.001 0.0.9 0.20) Y: "" mm 0.0) 1.24 5.16 117 19.0 

... FlC.. l Dl1ailo1Sciffllllf'Nelft 

' l .. 
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"'4kr .rour .,,..., .l:ne111-.r 101hr .4STM Comm111rr on S1011daftb. 1916 Rocr Sl .. Pltilodnpl110. Po. /9/0J. 
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Attachment H-12 
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY 

INDEX OF SOILS (ATTERBERG LIMITS) 

Method: American Society for Testing Methods 04318-84 

GLT595/38-18 



U.S. Environmental Protection Agency 
HWI Sample W.anagement Office 
P.O. Box 118. Alexandria. Virginia 22311 
PHONE: (703) 551-2,to or FTS-551-2,,0 

I 
SPECIAL ANALYTICAL SERVICES 

Regional Request 

SAS Number 

D Regional Transmittal D Telephone Request 

] 

A. EPA Region and Site Name : ____ R_e_g_i_o_n_v_, _Mo_s_s_A_m_e_r_i_c_a_n ____________ _ 

B. Regional Representative : ____ o_e_n_n_i_s_w_e_s_o_1o_w_s_k_1_· ______________ _ 

C. Telephone Number: ( 312) 886-1971 

D. Date of Request: ___________________________ _ 

Please provide below a description of your request for Special Analytical S•rvlces under 
the Uncontrolled Hazardous Waste Dumpsit• Program. In order to mc.,st •fficlently obtain 
laboratory capability for your request. please address the following considerations. if 
applicable. Incomplete or erroneous Information may result In d•lay In the processing 
of your request. Please continue res~•e on addi_ti.onal sheets. or attach supplementary 
information as needed. 

1. Cenenl description of analytical service requested : __ s_o_i_1_s_a_m....;p_1_e_s_·_a_n_a_1y.:..z_e_d ____ _ 

for particle - size distribution and atterberg limits. 

2. Definition !ru!_ number of work units Involved (specify whether whole samples or 
fractions; whether organics or lnorganlcs; whether aqueous or soll and sediments; 
and whether low. medium. or high concentration) : 

Analyzed 12 soil samples for the parameters listed above. 

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement). RCRA, 
NPOES. etc.): 

Superfund, Enforcement 

ii. Estimated date( s) of collection: 
_____________ _:._ ___________ _ 

S. Estimated date(s) and method of shipment: Daily by overnight carrier ---~_.:.... ___ .;;._ _________ _ 



Atterberg Limits 

-2-

6. Approximate number of day, results required after lab receipt of samples: -----
Laboratory should report results within 30 days of receipt of samples. 

1. ANlytical protOCDI required (attach copy If other than a protocol currently usec! In 
thl • program) : 

Liquid Limit Plastic Limit, and Plasticity index, Plastic Limit, and Natural Water 

Content of Soils ASTM D-4318 

a. Special technical Instructions (If outside protocol requirements, specify compound 
names, CAS numbers, detection limits, etc.): 

Liquid Limit using the Multipoint Method. 

Use.only the method specified above. Obtain approval of CPMS, CRL, prior to use of any 

other method. Rewrite SAS request to reflect new methodology. 

9. Analytical results required (If known,, specify format for data sheets, QA/QC reports, 
Chain-of-Custody documentation,, etc.). If not completed,, format of results will be 
left to program discretion. 

Report all raw date. Results. reported as percent water content. 

10. Other (use additional sheets or attach supplementary lnfon:sation,, as needed): 

11. Name of sampling/shipping contact: 

Phone: 

Please return this request to the Sample Management Office as soon as possible to expedite 
processing of your request for special analytical servlcll!~- ~hnulA ........ a..-··- --·· .-.. ~ ... :,.. ...... 



. _, 

I. DATA REQUIREMENTS 

Parameter 

Liquid ·Limit 

Plastic Limit 

Natural Water Content 

Atterberg Limits 

-l-

Detection Limit -
Not Applicable 

Not Applicable 

Not Applicable 

11. QUALITY CONTROL REQUIREMENTS 

Lab Du9licate-

Frequency ~ Audits· 
2 for sets 4'. 10 
1 per 10 for sets 7 10 

Z .. GiEiZ 

I II • • Action Regul red If Limits are Exceeded: 

Reanalyze contact Chuck Elly at Region V CRL 

Precision ·Desired 
(!\ or Cone~) 

. ' 

Limits• (!I or Cone.) 

20% 



. ~t-. Designation: D 4318- 84 

Standard Test Method for 

LIQUID LIMIT, PLASTIC LIMIT, ANO PLASTICITY INDEX OF 
SOILS' 

Thi, icandard i, issued under 11W fiacd dcsisna1ion DO 18: tlle number immcd~tclr followin1 1111! dnicna1io11 indicates 111c -ar of 
onpnal adopuon or. in Ille C'2SC ol r,:•ivon. 1hc ,er of last r,:.-,sion. A number '" 111~n1heics indic:a1c:s 1111! ,cu of lasl rupprowal. 
A W~PI ri,silon (cl 1ndu:a1cs an cd11onal dlan~ '"'" 1he Lui r,:vision or rc:approval. 

I. Scope 
1.1 This test method covers the determination 

of the liquid limit. plastic limit. and the plasticity 
index of soils as defined in Section 3. 

1.1:1 Two procedures for preparing test spec
imens and two procech~.res for performing the 
liquid limit are provided as follows: 

A MultiPoint test using a wet preparation 
procedure. described in Sections 10.1, 11. 
and 12. 

B MultiPoint test using a dry preparation 
procedure, described in Sections 10.2, ! I. 
and 12. 

C One-point test using a wet prepar.1tion pro
cedure. described in Sections 13, 14, and 
15. 

D One-poi'nt test using a dry prepar.1tion pro
cedure. described in Sections 13. 14, and 
15. 

The procedure to be used shall be specified by 
the requesting authority. If no procedure is SP«• 

ified, Procedure A shall be used. 

NOTE I-Prior to the adoption of mis test method. 
a curved groo•ing tool was specified as pan of the· 
apparatus ror performin& the liquid limit ten. The 
curved tool is not considend to be ·u accurate as the 
fla1 tool deKT'ioed in 6.:! since i1 does not control the 
depth of the soil in the liquid limit cup. Howc,,er. lhc:re 
are some: data which indicate that typically the liquid 
!imit is slightly increased when uie na1 tool is u.5Cd 
instead of inc curved tool. 

1.1.2 The plastic limit test procedure is de
scribed in Sections 16, 17, and I 8. The plastic 
limit test is performed on material prepared for 
the liquid lim.it test. In etTec:t. there arc two 
procedures for preparing test specimens for the 
plastic limit test. 

1.1.3 The procedure for calculating the pw
ticity index is given in Section 19. 

1.2 The liquid limit and plastic limit of soils 
(along with the shrinkage limit) an: often collec:• 
tivcly refened to as the Anerberg limits in rec• 
ognition of their formation by Swedish soil sci
entist. A. Atterberg. These limits distinguish the 
boundaries of the several consistencv nates of 
plastic soils. · 

1.3 As used in this test method. soil is anv 
natural aggregation of mineral or organic mate• 
rials. mixtures of such materials. or artifici:il mix• 
tures of aggregates and natural mineral and or
ganic panicles. 

1.4 The multipoint liquid limit procedure is 
somewhat more time consuming than the one• 
point procedure when both an: perfonned by 
experienced operators. However. the one-point 
procedure requires the operator to judge when 
the test specimen 1s approximately at its liquid 
limit. In cases when: this is not done reliably. the 
multipoint procedure is as fast as the one-point 
procedure and provides additional precision due 
to the information· obia..ined from additional 
trials. It is particularly recommended that the 
multipoint procedure be used by inexperienced 
operators. 

1.5 The correlations on which the calculations 
of the one-point procedure arc based may not be 
valid for certain soils. such as organic soils or 
soils from a marine environment. The liquid 

' Tlus 1m mctllod it under 111c jurisdiaion or ASTM Com• 
min« 0-18 Oft Sod Ind Roell: aiid is inc dim:t -DJibiliti, ol 
Subcommru« O11.0l on Tca1u~ l'laslM:icy and Density Oia,. 
ac:tcnn,g of Soils. 

Cumn1cdilion ~proved OcL l6. 1914. l'llblislltd Oel:-cmbff 
1984. On11nally pubhlllcd ;u 0 4311 - ll. l..:ut ~ouacd1uo11 
04JIS-ll•'. .. 
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limi1 or these soils should therefore be de1er
mined by 1he multipoint procedure (Procedure 
A). . 

1.6 The liquid and plastic limits of many soils 
that have been allowed to dry before testing may 
be considerably different from values obtained 
on undried samples. If the liquid and plastic 
limits of soils are used to com:late or estimate 
the engineering behavior of soils in their natural 
moist state. samples should not be permined to 
dry before testing unless data on dried samples 
are specifically desired. 

1.7 The composition and concentration of 
soluble salts in a soil affect the values of the 
liquid and plastic limits as well as the water 
content values of soils (see Method D 2216). 
Special consideration should therefore be given 
to soils from a marine environment or other 
sources where high soluble salt concentntions 
may be presenL The degree to which the salts 
present in these soils are diluted or concentrated 
must be given consideration if meaningful results 
are to be obtained. 

1.8 Since the tests described herein are per
formed only on that ponion of a soil which passes 
the 425-µm (No. 40) sieve, the relative contri
bution of this ponion of the soil to the propenies 
of the sample as a whole mUSt be considered 
when using these tesu to evaluate the propenies 
of a soil. 

1. 9 The values stated in acceptable metric 
units are to be regarded as the st:1ndard. The 
values given in parentheses are for information 
only. 

1.10 This standard mar im·ofre ha:ardous 
maurials. operations. and equipment. This 
standard does nai p11TpQn ta address all of the 
safn_,. problems associated with its use. Ir is the 
respansibilit.v of tt.•honv uses this standard ta 
cons11/1 and establish apprapriar, sa_fet.v and 
health praaicn and dnvmine 1he applicabili1y 
of regulator,: limitations prior to use. 

2. Applicable Documents 
2.1 ASTM Standards: 
C 702 Methods for Reducing Field Samples of 

Aggregate to Testing Size= 
D 75 Practice for Sampling Aggregates' 
D 420 Recommended Practice for Investigat

ing and Sampling Soil and Rock for Engi
neering Purposes• 

D 4318 

D 653 Terms and Symbols Relating to Soil 
and Rock Mechanics' 

D 1241 Specification for Ma1erials for Soil
Aggregate Subbase, Base, and Surface 
Cou~• 

D 2116 Method for Laboratory Determination 
of Water (Moisture) Content of Soil, Rock, 
and Soil-Aggregate Mixtures' 

D 2240 Test Method for Rubber Propeny
Durometer Hardness' 

D 2487 Test Method for Oassification of Soils 
for Engineering Purposes" 

D 2488 Practice for Description and Identifi
cation of Soils (Visual-Manual Procedure)' 

D 3282 Practice for Oassifiation of Soils and 
Soil-Aggregate Mixtures for Highway Con
struction Puri,oses" 

E 11 Specification for Wire-Cloth Sieves for 
Testing Purposes6 

E 319 Methods of Testing Single-Ann Bal
ances• 

E 898 Method of Testing Top-Loading. Di
rect-Reading Labor2tory Sales and Bal
ances• 

3. Definitions. 

3.1 Atlerberg limits-originally. seven •limits 
of consistency· of fine-grained soils were defined 
by Alben Atterberg. In cu1Tent engineering usage. 
the tenn usually refers only to the liquid limiL 
plastic: limiL and in some references, the shrink
age limit. 

3.2 consistency-the relative ease with which 
a soil can be deformed. 

3.3 liquid limit (LL)-the water content. in 
percent. of a soil at the arbitrarily defined bound
ary between the liquid and plastic states. This 
water content is defined as the water content at 
which a pat of soil placed in a standard cup and 
cut by a groove of standard dimensions will flow 
together at the base of the groove for a distance 
of 13 mm (1/J in.) when subjected to 25 shocks 
from the cup being dropped IO mm in a standard 
liquid limit apparatus operated at a rate of :! 

· shocks per second. 

I AM..a/ tloolt of:CST.'tt S,41Ulortb. Vot <M.o:. 
1 AMuol Book of AST.W SttllldortU. Vols (M.0!. ()ol.03. and 

(M.08. 
'.fMuo/ Boole of AST.\f S,ONiords. Vol (M.01. 
1 ,t,o,ouo/ Book of.◄STM Sttllldords. Vol 09.01. 
• A1111uo/ Book of AST.\f StONlords. Vol 14.0:. 
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Non 2-The und~ncd shear strength of soil at the 
liquid limit is considen:d 10 be 2 :0.2 Ir.Pa (0.28 psi). 

3.4 plastic limit (PL)-the water content. in 
percenL of a soil at the boundary between the 
plastic and brittle states. The water content at 
this boundary is the water content at which a soil 
can no longer be deformed by rolling into 3.2 
mm (1/1 in.) in diameter threads without crum
bling. 

3.S plastic soil-a soil which has a r.inge of 
water content over which it exhibits plasticity 
and which will retain its shape on drying. 

3.6 plasticity" ind~x (Pl)-the r.inge of water 
content over which a soil behaves plastically. 
Numerically, it is the difference between the liq
uid limit and the plastic limiL 

3. 7 liquidit.v ind~.\'-the ratio, expressed as a 
percentage. of ( /) the natural water content of a 
soil minus its plastic limit, to (2) its plasticity 
index. 

3.8 activit>• numb~, (A)-the ratio of(/) the 
plasticity index of a soil to (l) the percent by 
weight of panicles having an equi"-alent diameter 
smaller than 0.002 mm. 

4. Summary o( Method 

4.1 The sample is processed to remove any 
material retained on a 42511m (No. 40) sieve. 
The liquid limit is determined by performing 
trials in which a portion of the sample is spread 
in a brass cup, divided in two by a grooving tool. 
and then allowed to flow together from the 
shocks caused by repeatedly dropping the cup in 
a standard mechanical device. The multipoint 
liquid limit. Procedures A and B. requires three 
or more trials over a range of water contents to 
be performed and the data from the trials planed 
or calculated to make a relationship from which 
the· liquid limit is determined. The one-point 
liquid limit. Procedures C and D. uses the data 
from two trials at one water content multiplied 
by a correction factor to determine the liquid 
limit. 

4.2 The plastic limit is determined by alter
nately pressing together and rolling into a 3.2 
mm (1/1 in.) diameter thread a small ponion of 
plastic soil until its water content is reduced to a 
point at which the thread crumbles and is no 
longer able to be pressed together and rerolled. 
The water content of the soil at this stage is 
reponed as the plastic limit 
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4.3 The plasticity ind-ex is calculated as the 
difference between the liquid limit and the plastic 
limit. 

5. Sianifiance and Use 

S. I This test method is used as an integral pan 
of several engineering classification systems to 
characterize the fine-grained fractions of soils (see 
Test Method D 2487 and Practice D 3282) and 
to specify the fine-grained fraction of construc
tion materials (see Specifiation D 1241 ). The 
liquid limit. plastic limiL and plasticity index of 
soils are also used extensively, either individually 
or together with other soil properties to com:late 
with engineering behavior such as compressibil
ity, permeability, compactibility, shrink-swell. 
and shear strength. 

S.2 The liquid and plastic limits of a soil can 
be used with the natural water content of the soil 
to express its relative consistency or liquidity 
index and can be used with the percentage finer 
than 2-µm size to determine its activity number. 

S.3 The one-point liquid limit procedure is 
frequently used for routine classification pur
poses. When greater precision is required. as 
when used for the ac:ceptanai or a material or for 
com:lation with other test data. the multipoint 
procedure should be used. 

S.4 These methods are sometimes used to 
evaluate the weathering characteristics of clay
shale materials. When subjected to repeated wet
ting and drying cycles, the liquid limits of these 
materials tend to increase. The amount of in
cr=se is considered to be a measure of a shate·s 
susceptibility to weathering. 

S.S The liquid limit of a soil containing sub
stantial amounts or organic matter decreases dra
maticallv when the soil is oven-dried before tCSt0 

ing. Co&iiparison of the liquid limit of a sample· 
before and after oven-drying can Jherefore be 
used as a qualitative measure of organic maner 
content of a soil. 

6. Appararus 

6.1 Liquid Limit Dnice-A mechanical de• 
vice consisting of a brass cup suspended from a 
carriage designed to control iu drop onto a hard 
rubber base. A drawing showing the essential 
features of the device and the critical dimensions 
is given in Fig. I. The design orthc device may 
vary provided that the essential functions are 



preserved. The device may be operated either by 
a hand c:rank or by an electric: motor. 

6. I. I Bau-The base shall be hard rubber 
having a D Durometer hardness of 80 to 90. and 
a resilience suc:h that an 8-mm W,o-in.) diameter 
polished steel ball, when dropped from a height 
of 15 cm (9.84 in.) will have an average rebound 
of at least 80 % but no more than 90 %. The tests 
shall be conducted on the finished base with feet 
attached. 

6.1.2 Fm-The base shall be supponcd by 
rubber feet designed to pro\·idc isolation of the 
base from the work surface and having an A 
Durometer hardness no greater than 60 as mea
sured on the finished feet attached to the base. 

6.1.3 Cup-The cup shall be brass and have a 
weight. inc:luding cup hanger. of 185 to 215 g. 

6.1.4 Cam-The cam shall raise the c:up 
smoothly and continuously to its maximum 
height. O\"er a distance of at least 180" of c:am 
rotation. The preferred earn motion is a uni
formly ac:c:elerated lift curve. The design of the 
cam and follower combination shall be such that 
there is no upward or downward velocity of the 
c:up when the om follower leaves the cam. 

Non 3-The cam and follower design in Fig. I is 
for uniformly aa:eler.uecl (parabolic) motion after con
tact and assures that the cup has no velocity at drop 
ofT. Other cam designs also provide this feature and 
mav be used. However. if the cam-follower lift panem 
is riot kno,.,·n. zero velocity at drop ofT can be assured 
by carefully filing or machining the cam and follower 
so that the cup height remains constant over the last .20 
to 4S" of am rotation. 

6.1.5 C a"iage-The cup caniagc shall be 
constructed in a ~-ay that allows convenient but 
secure adjustment of the height of drop of- the 
cup to 10 mm (0.394 in.). The c:up hanger shall 
be anac:hcd to the carriage by means of a pin 
which allo~·s removal of the c:up and cup hanger 
for cleaning and inspection. 

6.1.6 Op1ional Mo1or Drivr-As an alterna
tive to the hand crank shown in Fig. I. the device 
may be equipped --.ith a motor to tum th: cam. 
Such a motor must tum the c:am at :? :0.1 
revolutions per second. and must be isolated 
from the rest of the device by rubber mounts or 
in some other ~-ay that prevents \ibration from 
the motor being transmitted to the rest of the 
apparatus. It must be equipped ~ith an ON-OFF 
switch and a means of conveniently positioning 
the cam for height of drop adjustments. The 
results obtained using a motor-driven device 
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must not differ from those ol'itained using a 
manually operated devi~c. 

6.2 Fla, Groo,·ing Tool-A gtOO\ing tool hav
ing dimensions shown in Fig. 2. The tool shall . 
be made of plastic or noncorroding meta.I. The 
design of the tool may vary as long as the essential 
dimensions arc maintained. The tool may. but 
need not. inc:ollJ()r.:tc the gage for adjusting the 
height of drop of the liquid limit device. 

6.3 Gagr-A meta.I gage block for adjusting 
the height of drop of the cup. having the dimen
sions shown in Fig. 3. The design of the tool may 
vary provided the pgc will rest securely on the 
base v.ithout being susceptible to rocking. and 
the edge which contacts the cup during adjust
ment is straighL at least 10 mm ('/a in.) wide. and 
without bevel or radius. 

6.4 Con,ainrrs-Small corrosion-resistant 
containers with snug-fining lids for water content 
specimens. Aluminum or stainless steel cans 2.5 
cm ( I in.) high by 5 cm (2 in.) in diameter arc 
appropriate. 

6.5 Balance-A balance readable to at least 
0.0 I g and ha-.·ing an accuracy of 0.03 g --.ithin 
three standard dc,·iations ~ithin the range of use; 
Within any 15-g range. a difference between read
ings shall be accurate within 0.01 g (Notes 4 and 
5). 

NOTE 4-See Methods E 89& and E 319 for an e!\• 
planation of terms relatin1 to balance performance. 

Non S-For frequent use. a 1op-loadin1 tYJ)e baJ. 
ance with automatic load indication. rcadable to 0.01 
g. and havin1 an indea. of precision (stand:lrd deviation) 
of 0.003 or better is mOSI suitable for this method. 
However. nonau1om21ic inclicatinc equal-arm anal~ii• 
cal b.31ances and some small equal ann top pan balances 
ha,ing readabilities and sensitivities of0.00.21 or better 
pro,idc: the required ac:curac:y when used ~ith a weight 
set of ASTM Cass ' (National Bureau of Standards 
Clw P) or better. Ordinary commercial and classroom 
tl'l)C balances such as beam balances are not suitable 
for this method. 

6.6 Storagr Contain,r-A container in which 
to store the prepared soil specimen that will not 
contaminate the specimen in any way. and which 
prevents moisture loss. A porcelain. glass. or 
plastic: dish about 11.4 c:m (4•.~ in.) in diameter 
and a plastic: bag lalJc enough 10 enclose the dish 
and be folded over is adequate. 

6. 7 Ground Glass PlaJ~A ground glass plate 
at least 30 c:m (I:? in.) squan: by I cm(¼ in.) 
thick for mixing soil and rolling plastic limit 
thrc3ds. 

6.8 Spam/a-A spatula or pill knife ha\·ing a 
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blade about 2 cm ci,; in.) wide by about 10 cm 
(4 in.) long. In addition. a spatula having a blade 
about 2.5 cm ( I in.) wide and 15 cm (6 in.) long 
has been found useful for initial mixing of sam
ples. 

6.9 Sie,·e-A 20.3 cm (8 in.) diameter. 425-
µ.m (No. 40) sieve confonning to the require
ments of Specification E 11 and having a rim at 
least 5 cm (2 in.) above the mesh. A 2-mm (No. 
10) sieve meeting the same requirements may 
also ~ needed. 

6.10 W-ash Boule. or similar container for 
adding controlled amounts of water to soil and 
washing fines from coarse panicles. 

6.11 Dr_,•ing Oven-A thermostatically con
trolled oven. preferably of the. forced-draft type, 
capable of continuously maintaining a temper.I- -
ture of 110 :t5"C throughout the drying chamber. 
The oven shall be equipped with a thennometer 
of suitable range and accur.1cy for monitoring 
oven temperature. 

6.12 Washing Pan-A round, flat-bonomed 
pan-al least 7.6 cm (3 in.) deep, slightly larger at 
the bottom than a 20.3-ari (8-in.) diameter sieve. 

6.13 Rod (optional)-A metal or plastic rod 
or tube 3.2 mm (1.la in.) in diameter and about 10 
cm (4 in.) long for judging the size of plastic limit 
thrc:ids. 

7. Materials 

7.1 A supply of distilled or demineralizcd wa
ter. 

8. S:.1mpling 
8. I Samples may be taken from any location 

that satisfies testing needs. However. Methods 
C 702. and Practice D 75. aod Recommended 
Practice D 420 should be used as guides for SC• 

lecting aod preserving samples from various 
types of sampling operations. Samples which will 
be prepared using the wet preparation procedure, 
I 0.1, must be kept at their natur.11 Wllter content 
prior to preparation. 

8.2 Where sampling operations have pre
served the natural stratification of a sample. the 
various strata must be kept scpar.1tcd and tests 
pcrfonned on the particular stratum of interest 
with as little contamination as possible from 
other strata. Where a mixture of materials will 
be used in construction. combine the various 
components in such proponions that the result
ant sample represents the actual construction 
c.uc. 
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8.3 Where data from this 1esl method are 10 
be used for correlation with 01her laboratory or 
field tes1 dat.1, use the same material as used for 
these tests ,.,-here possible. 

8.4 Obtain a representative ponion from the 
total sample sufficient to pro•,ide 150 to 200 g of 
material passing the 425-µm (No. 40) sieve. Free 
flowing samples may be reduced by the methods 
of quanering or splitting. Cohesive samples shall 
be mixed thoroughly in a pan -.ith a spatula, or 
scoop and a representative ponion scooped from 
the total mass by making one or more sweeps 
with a scoop through the mixed mass. 

9. Calibnation of Appana1us 

9.1 lnsptttion of Wear: 
9.1.I Liquid Limit Deviu-Determine that 

the liquid limit device is clean and in good work
ing order. The following specific poinu should 
be checked: 

9.1.1.1 Wear of Bast-The spo1 on the base 
where the cup makes contact should be worn no 
greater than 10 mm (¾ in.) in diameter. lf'the 
war spot is greater than this. the base can be 
machined to remove the worn spot provided the 
resurfacing docs not make the base thinner than 
specified in 6.1 and the other dimensional rela
tionships arc maintained. 

9.1.1.2 Wear of Cuf>-The cup must be re
placed when the grooving tool has worn a de• 
prcssion in the cup 0.1 mm (0.004 in_) deep or 
when the edge of the cup has been reduced to 
half iu original thickness. Verify that the cup is 
finnly anachcd to the cup hanger. 

9.1.1.3 Wear of Cup Hang~r-Verify that the 
cup hanger pivot docs not bind and is not worn 
to an extent that allows more than 3-mm ('la-in.) 
side•t~side movement of the lowest point on the 
rim. 

9.1.1.4 Wear a/Cam-The cam shall not be 
worn to an extent that the cup drops before the 
cup hanger (cam follower) loses contact with the 
cam. 

9.1.2 Grooving Tools-Inspect grooving tools 
for wear on a frequent and regular basis. The 
rapidity of wear depends on the material from 
which the tool is made and the types of soils 
being tested. Sandy soils cause r.1pid wc:ir of 
grooving tools; therefore, when testing these ma
terials. tools should be inspected more frequently 
than- for other soils. Any tool with a tip ~idth 
greater than 2.1 mm must not be used. The depth 
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of the tip of the grooving tool must be 7.9 to 8.1 
mm. 

NOTE 6-The width of the tip of groo,·ing tools is 
conveniently ched;ed using a pocket-sued measunng 
magnifier equipped with a millimetre scale. Magnifiers 
of this type are a,·ailable from most labor.uory supply 
companies. The depth of the tip of sn,o.-ing tools can 
be checked using the depth measuring feature of vcmier 
calipers. 

9.1 .'4djus1mrn1 o/Hright of Dro~Adjust the 
height of drop of the cup so that the point on the 
cup that comes in contact with the base rises 10 

a height of IO :0.2 mm. See Fig. 4 for proper 
location of the gage relative to the cup during 
adjustmenL 

NOTE 7-A convenient procedure for adjusting the 
height of drop is u follows: place a piece of masking· 
tape across the outside bottom of the cup parallel with 
the uis of the cup hanger pivot. The edge of the tape 
away from the cup hanger should bisect the si,ot on the 
cup that contacts the base. For new cups. placing a 
piece of c:art,on paper on the base and ~lowing the cup 
10 drop scvenl times ,.;11 mark the contact spot. Attach 
the cup 10 the device and turn the c:nn k until the cup 
is ~ised to its muimum height. Slide the height gaae 
under the cup from the front. and obscf'•e whether the 
gage contacts the cup or the tape. See Fig. 4. If the tape 
and cup are both contacted. the height of drop is 
approximately COl'l'ffl. If not. adjust the cup until si• 
multaneous contact is made. Check adjllSlment by 
turning the crank 11 2 l'rlolutions per second while 
holding the gaae in position against the tape and cup. 
If a rinsing or clicking sound is beard ,.;,hout the cup 
rising from the PIC. the adjustment is com:ct. If no 
ringin1 is heard or if the cup rises from the pge. readjust 
the height of drop. If the cup rocks on the PIii= during 
this check.in& opention. the cam follo,.·er pivot is ex
cessively worn and the worn pans should be replaced.. 
Al,.-a)IS remove tape after completion of adjuStment 
opention.. 

MULTIPOll\'T LIQUID UMIT-PROCEDUR£S 
A AND B 

JO. Preparation of Test Specimens 

10.1 Wn Prtparmion-Exccpt where the dry 
method of specimen prepantion is specified 
( 10.2), prepare specimens for test as described in 
the following sections. 

IO.I.I Samplts Passing 1he 425-µm (No. 40) 
Sinr-When by visual and manual proc:cdurcs 
it is determined that the sample has little or no 
material retained on a 425,µm (No. 40) sieve. 
prepare a specimen of I SO to 200 g by mixing 
thoroughly with distilled or demineralized water 
on the glass plate using the spatula. If desired. 
soak soil in a storage dish with small amount of 
water to soften the soil before the stan of mixing. 

Adjust the water content of the soil to bring it 10 

a consistency that would require :!5 10 35 blo,.·s 
of the liquid limit device to dose the uoove 
(Note 8). If. during mixin~ a small percen~ge of 
material is encountered that would be retained 
on a 4:!5-µm (No. 40) sie\'e. remove these pani
cles by hand. if possible. If it is impractical to 
remove the coaner material by hand. remove 
small percentages (less than about IS % ) of 
coarser material by working the specimen 
through a 4:!S-µm (No. 40) sieve using a piece of 
rubber sheetin~ rubber stopper. or other conven
ient dC'ice pro\·ided the operation does not dis
ton the sieve or degrade material that would be 
retained if the washing method described in 
I 0.1.2 were used. lflarger percentages of coarse 
material are encountered during mixin~ or it is 
considered impractial to remove the coarser 
material by the methods just described, ...,-ash the 
sample as described in 10.1.1. When the coarse 
paniclcs found during mixing are concretions. 
shells. or other fragile panicles. do not crush these 
panicles to make them pass a 425-µm (No. 40) 
sieve. but remove by hand or by washing. Place 
the mixed _soil in the· storage dish. cover to pre
vent loss of moisture. and allow to stand for at 
least 16 h (overnight). After the standing period 
and immediately before staning the test. thor
oughly remix the soil. 

Non 8-The time taken to adequatelv mix a soil 
will vary a,eatl)•. depending on the plasticiiy and initial 
,.-a,er contenL lni~ mixing times of more than 30 -
in may be needed for stiff. fat clays. 

10.1.2 Samplrs Coruaining Maurial Re1ai11ed 
on a "1S11m (No. 40) Sin~: 

I 0.1.2.1 Select a sufficient quantity of soil at 
natural water content to provide I SO to 200 g of 
material passing the 42511m (No. 40) sieve. Place 
in a pan or dish and add sufficient water to cover 
the soil. Allow to soak until all lumps have 
softened· and the fines no longer adhere to the 
surfaces of the corase panides (Note 9). 

NoTE 9-ln some cases. the cations of salts present 
in tap water will exchange: ,.;,h the natural cations 1n 
the soil and siJ11ificantly alter the tc:st results should tap 
water be used in the: soaking and wuhina opentions. 
Unless it is known that such cations are not present in 
the: tap water, distilled or deminc:nlized '"'lier should 
be used. As a senenl rule. water containing more than 
100 mg/L of dissolved solids should not be used for 
washing opeBtions. 

10.1.2.2 When the sample cont.a.ins a large 
percentage of material retained on the 4:!5-µm 
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(No. 40l sieve. perform the following washing 
operation in increments. washing no more than 
0.5 kg (I lb) of material at one time. Place-the 
4.25-µm (No. 40! sieve in the bottom of the clean 
pan. Pour the soil water mixture onto the sie,·e. 
If gravel° or coarse sand panicles are present. rinse 
as many of these as possible with small quantities 
of water from a wash bottle. and discard. Alter
natively, pour the soil water mixture over a 2-
mm (No. 10) sieve: nested atop the: 425-µm (No. 
40) sieve. rinse the fine material through and 
remove the 2-mm (No. 10) sieve. After washing 
and removing as much of the: coarser material as 
possible, add sufficient water to the: pan to bring 
the level to about 13 mm (1'2 in.) above the surface 
of the 425-µm (No. 40) sieve. Agitate the sluny 
by Stirring with the lingeB while raising and 
lowering the sieve in the pan and swirling the 
suspension so that fine material is washed from 
the coarser pan.icles. Disaggregate fine soil lumps 
that have not slaked by gently rubbing them over 
the sieve v.ith the fingenips. Complete the wash
ing operation by raising the sieve above the water 
surface and rinsing the material retained with a 
small amount of clean water. Discard material 
retained on the 425-µm (No. 40) sieve. 

I 0.1.2.3 Reduce the water content of the: ma
terial passing the 425.:µm (No. 40) sieve until it 
approaches the· liquid limiL Reduction of water 
content may be accomplished by one or a com
bination of the following methods: (a) exposing 
the air currents at ordinary room temperatun:.' 
(b) exposing to wann air currents from a source 
such as an elecuic hair dryer, (c) filtering in a 
Buckner funnel or using filter candles, (d) de
canting clear water from surface of suspension. 
or (e) dr.aining in a colander or plaster of paris 
dish lined with high retentivity, high wet-strength 
filter paper. 7 If a plaster of paris dish is used. take 
care that the dish never becomes sufficiently 
saturated that it fails to actively absorb water into 
iu surface. Thoroughly dry dishes between uses. 
During evaporation and cooling. Stir the: sample 
often enough to prevent overdrying of the: fringes 
and soil pinnacles on the surface of the: mixture. 
For soil samples containing soluble salts. use a 
method of water reduction such as a or b that 
will not eliminate the soluble salts from the test 
specimen. 

I 0.1.1.4 Thoroughly mix the material passing 
the 4~5-µm (No. 40) sieve on the glass plate using 
the spatula. Adjust the water content of the mix
ture. if necessary, b)· adding small incrementS of 
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distilled or demineralized ,1,ater or by allo-..ing 
the mixture to dry at room temperature while 
mixing on the glass plate. The soil should be at a 
water content that will result in closure of the 
groove in 15 to 35 blows. Return the mixed soil 
to the mixing dish, cover to prevent loss of mois
ture. and allow to Stand for at least 16 h. After 
the standing period. and immediately before 
Staning the test. remix the soil thoroughly. 

10.2 DI'}• Preparation: 
I 0.2.1 Select sufficient soil to provide 1 SO to 

200 g of material passing the 425-µm (No. 40) 
sieve after processing. Dry the sample at room 
temperature or in an oven at a temperatun: not 
exceeding 60"C until the soil clods will pulverize 
readily. Disaggregation is expedited if the sample 
is not allowed to completely dry. However, the 
soil should have a dry appearance when pulver
ized. Pulverize the sample in a mortar with a 
rubber tipped pestal or in some other way that 
does not cause breakdown of individual grains. 
When the coane pan.ides found during pulveri
zation arc concretions. shells, or other fragile 
pan.iclcs. do not crush these paniclcs to make 
them pass a 425-µm (No. 40) sieve, but remove 
by hand or other suitable means. such as washing. 

10.2.2 Separate the sample on a 425-µm (No. 
40) sieve, shaking the sieve by hand to assure 
thorough separation of the finer fraction. Return 
the material retained on the 425-µm (!'io. 40) 
sieve to the pulverizing apparatus and repeat the 
pulverizing and sieving operations as m:iny times 
as necessary to assure that all finer material has 
been disaggregated and material retained on the 
425-µm (No. 40) sieve consists only of individual 
sand or gravel grains. 

10.2.3 Place material n:maining on the 425-
µ.m (No.· 40) sieve after the final pulverizing 
operations in a dish and soak in a small amount 
of water. Stir the soil water mixture and pour 
over the 425-µm (No. 40) sieve. catching the 
water and any suspended fines in the -..-ashing 
p:in. Pour this suspension into a dish containing 
the d~· soil previously sieved through the 425-
µm (No. 40) sieve. Discard material retained on 
the 4~5-µm (No. 40) sieve. 

10.1.4 Adjust the water content as necessary 
by drying as described in I 0.1.2.3 or by mixing 
on the glass plate. using the spatula while adding 
increments of distilled or deminc:ralizcd \l,·ater. 

'S and S 59' lihcr paper. 1vail1blc in l1<m circl~ tw 
lffllVCII wis(aaory. 
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until the soil is at a water content that will result 
in closure of the groove in 25 to 35 blows. 

10.2.S Put soil in the storage dish. cover to· 
prevent loss of moisture and allow to stand for 
at least 16 h. After the standing period. and 
immediately before starting the test. thoroughly 
remix the soil (Note 8). 

II. Procedure 
I I.I Place a portion of the prepared soil in 

the cup of the liquid limit device at the point 
where the cup rests on the base, squeeze it down, 
and spread it into the cup to a depth of about I 0 
mm at its deepest point. tapering to form an 
approximately horizontal sud"ac:e. Take care to 
eliminate air bubbles from the soil pat but form 
the pat with as few strokes as possible. Heap the 
unused soil on the glass plate and cover with the 
invened storage dish or a wet towel. 

I 1.2 Form a groove in the soil pat by drawing 
the tool, beveled edge forward.. through the soil 
on a line joining the highest point to the lowest 
point on the rim of the cup. When C\lning the 
groove. hold the grooving tool against the surface 
of the cup and draw in an arc. maintaining the 
tool perpendicular to the surface of the cup 
throughout its movement. Sec Fig.· S. In soils 
where a groove. cannot be made in one· stroke 
without tearing the soil, cut the groove· with 
several strokes of the grooving tool. Alternatively, 
cut the groove to slightly less than required di
mensions with a spatula and use the grooving 
tool to bring the groove to final dimensions. 
Exercise extreme care to prevent sliding the soil 
pat relative to the surface of the cup. 

11.3 Verify that no crumbs of soil ~ present 
on the base or the underside of the cup. Lift and 
drop the cup by turning the crank at a rate of I. 9 
to 2.1 drops per second until the two halves of 
the·soil pat come in contact at the bonom of the 
groove· along. a distance of. 13 mm ('h in;). See'. 
Fig.· 6. 

Norr 10-Use the end ofthe sn,oving tool, Fig. 2. 
or a scale 10 verify that the groove has closed 13 mm 
('Ii in.). 

11.4 Verify that an air bubble has not caused 
premature closing of the groove b)" observing that 
both sides of the groove have flowed together 
with approximately the same shape. If a bubble . 
has caused premature closing of the groove, re
form the soil in the cup. adding a small amount 
of soil to make up for that lost in the grooving 

operation and repeat 11.1 to 11.J. If the soil 
slides on the surface of the cup. repeat I I. I 
through 11.3 at a higher water contenL If. after 
several trials at successively higher water con
tents. the soil pat continues to slide in the cup or · 
if the ·number of blows required to close the 
groove-is always less than 25. record that the 
liquid limit could not be determined. and report 
the soil as nonplastic: without performing the 
plastic limit test. · 

I 1.5 Record the number of drops. N. required 
to close the groove. Remove a slice of soil ap
proximately the width of the spatula. extending 
from edge to edge of the soil cake at right angles 
to the groove and including that portion of the 
groove in which the soil flowed together, place in 
a weighed container. and cover. 

11.6 Return the soil remaining in the cup to 
the glass plate. Wash and dry the cup and groov
ing tool and reanach the cup to the carriage in 
preparation for the next trial. 

II. 7 Remix the entire soil specimen on the 
glass plate adding distilled wat~r to increase the 
water content of the soil and decrease the number 
of blows required to close the groove. Repeat 
11.1 through 11.6 for at least two additional trials 
produc:ina successively lower numbers of blows 
to close the groove; One of the trials shall be for 
a closure requiring 2S to JS blows. one for closure 
between 20 and 30 blows. and one trial for a 
closure requiring IS to 25 blows. 

11.8 Determine the water content, W.,·. of the 
soil specimen from each trial in accordance with 
Method O 22 I 6. Make all weighings on the same 
balance. Initial weighings should be performed 
immediately after completion of the test. If the 
test is to be intemipted for more than about I S 
min. the specimens already obtained should be 
weighed at the time o( the intmUption. 

J 2~ C.lc:ubtions 

12:1 Plot the relationship between the water 
content, w,.., and the corresponding number of 
drops. /\', of the cup on a semilogarithmic: graph 
with the water content as ordinates on the arith
metical scale. and the number of drops as abscis
sas on the· logarithmic scale. Draw the best 
straight line through the three or more plotted 
points. 

12.2 Take the water content corresponding to 
the intersection of the line ~ith the 2S~rop 
abscissa as the liquid limit of the soil. Computa-
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tional methods may be substituted for the graph
ical method for fining a straight line 10 the data 
and determining the liquid limit. · 

o:-.E-POl'.'T LIQUID LIMIT -PROCEDuRES 
C AND D 

13. Preparation or Test Specimens 
13.1 Prepare the specimen in the same man

ner as described in Section 10. except that at 
mixing. adjust the water content to a consistency 
requiring 20 to 30 drops of the liquid limit cup 
to close the groove. 

14. Procedure 
14.1 Proceed as described in I I.I through 

I 1.5 except that the number of blows required to 
close the groove shall be 20 to 30. lflcss than 20 
or more than 30 blows arc required. adjust the 
water content of the soil and repeat the proc:c
dure. 

14.2 Immediately after removing a water 
content specimen as described in 11.5. reform 
the soil in the cup, adding a small amount of 
soil to make up for that lost in the grooving and 
water content sampling operations. Repeat 11.2 
throuRh 11.5. and. if the second closing of the 
groov; requires the same number of drops or no 
more than two drops difference. secure another 
water content specimen. Otherwise. remix the 
entire specimen and repeaL 

Non I I-Excessive drying or inadequate mixin& 
will cause the number ofblo"" 10 vary. 

14.3 Determine '11,·ater contents of specimens 
as described in 11.8. 

15. Calculations 

I 5.1 Determine the liquid limit for each water 
content specimen using one of the follo'll,ing 
equations: 

{"')o.m LL• If'~ - or 
25 

LL• K(lr.,·l 

,.-here: 
N • the number of blows causing closure of the 

groove at water contenL 
U •.,· • water contenL and 
K ,z a factor given in Table I. 

The liquid limit is the average of the two trial 
liquid limit values. 

I 5.2 If the difference between the two trial 
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liquid limit values is greater than one percent.age 
point. repeal the test. 

PLASTIC LIMIT 

16. Preparation or Test Specimen 

16.1 Select a 20-g ponion of soil from the 
material prepared for the liquid limit test, either 
after the second mixing before the test, or from 
the soil remaining af'ter completion of the test. 
Reduce the water content of the soil to a consist
ency at which it can be rolled without sticking 10 
the hands by spreading and mixing continuously 
on the glass plate. The drying process ma~• be 
accelerated by exposing the soil to the air current 
from an electric fan, or by blotting with paper 
that does not add any fiber to the soil, such as 
hard surface paper toweling or high wet strength 
filter paper. 

17. Procedure 

17. I From the .20-g mass. select a ponion of 
1.5 to 2.0 g. Form the test specimen into an 
ellipsoidal mass. Roll this mass between the palm 
or fingers and the ground-glass plate with just 
sufficient pressure to roll the mass into a thread 
of unifonn diameter throughout its length (Note 
12). The thread shall be further defonned on 
each stroke so that its diameter is continuously 
reduced and its length extended until the diam
eter reaches 3.2 :::0.5 mm (0.125 :.020 in.), 
taking no more than 2 min (Note I 3). The 
amount of hand or finger pressure required will 
vary greatly, ac:c:ording to the soil Fragile soils of 
low plasticity are ~ rolled under the outer edge 
of the ~m.or ~- base of the thumb. 

Noff· 1-2~ acinli&I r21e of rolling for most soils 
should be 80 to 90·' suokcs per minute. counting a 
Stroke as one complete motion of the hand forward and 
back 10 the swtin& position. This nte of rollin& may 
have 10 be dccrcascd for very frqilc soils. 

Non I 3-A 3.2-mm (Y,-in.) diameter rod or tube 
is useful for (Rquent comparison witb the soil thread 
10 asccruin when the thread has reached the proper 
diameter, especially for incxpcricnc:cd opcntors. 

I 7 .1.1 When the diameter of th: thread be
comes 3.2 mm. break the thread into several 
picc:es. Squeeze the pieces together. knead be
tween the thumb and first finger of each hand, 
reform into an ellipsoidal mass. and reroll. Con
tinue this alternate rolling to a thread 3.2 mm in 
diameter. gathering together. kneading and re
rolling. until the thread crumbles under the pres-
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sure re(luired for rolling and the soil caa ao 
longer be rolled into a 3.2-mm diameter tbtead 
(Sec Fig. 7). It has no significance if the thread 
breaks into threads of shoner length. Roll each 
of these shoner threads to 3.2 mm in diameter. 
The oaly requirement for continuing the test is 
that they are able to be reformed into an ellii> 
soidal mass and rolled out again. The operator 
shall at no time attempt to produce failure at 
exactly 3.2 mm diameter by allowing the thread 
to reach 3.2 mm, then reducing the rate of rolling 
or the hand pres.sun:. or both, while continuing 
the rolling without funher deformation until the 
thread falls apan. It is permissible, however, to 
reduce the total amount of deformation for fecblv 
plastic soils by making the initial diameter ofth~ 
ellipsoidal mass nearer to the required 3.2-mm 
final diameter. If aumbling occurs when the 
thiud has a diameter greater than 3.2 mm, this 
shall be considered a satisfactory end point. pr~ 
vided the soil has been p~ously rolled into a 
thread 3.2 mm in diameter. Crumbling of the 
thread will manifest itself differently with the 
various types of soil Some soils fall apart in 
numerous small aggregations of particles. others 
may form an outside tubular layer that StanS 

splitting at both ends. The splitting progresses 
toward the middle, and finally, the thread falls 
apan in many small platy panic:Jes. Fat clav soils 
require much pres.sun: to deform the thread. 
particularly as they approach the plastic limiL 
With these soils, the thread breaks into a series 
of ban-el-shaped segments about 3.2 to 9.S mm 
(1/1 to .I/a in.) in length. 

17.2 Gather the portions of the aumbled 
thread together and place in a weighed container. 
Immediately cover the container. 

17 .3 Select another I . .S to 2.0 g portion of soil 
from the original 20-a spec;imen and repeat the 
operations described in 17. I and 17 .2 until the 
container has at least 6 g of soil. 

17.4 Repeat 17.1 through I 7.3 to make an
other container holding at least 6 g of soil. De
termine the water content, in percent. of the soil 
contained in the containers in accordance with 
Method D 2216. Make all weighings on the same 
balance. 

. ~~ I~ lbe. inteat of performing two plastic 
limn trials IS 10 vcnfy the consiste11cv oftbe ICSl results. 
II is ac=puble prKticc to perform only one plutic 
limit trial whe11 the consistc11cy ia the test results caa 
be confirmed by other mcam. 
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18. Cakulatioas 

18.1 Compute the average of the two water 
contents. If the difference between the two water 
contenu is gi::eater than two percentage poinu. 
repeat the test. The plastic limit is the average of 
the two 11.-ater contents. 

Pu.snon· INDEX 

19. Calculations 

I 9.1 Calculate the plasticity index as follows: 

Pl• LL - PL 

where: 
LL • the liquid limit. 
PL• the plastic limit. 

Both LL and PL an: whole numbeB. If either 
the liquid limit or plastic· limit could not be 
determined. or if the plastic limit is equal to or 
greater than the liquid limit. repon the soil as 
nonplastic. NP. 

20. Repon 

20.1 Repon the following information: 
20.1.1 Sample identifying information. 
20.1.2 Any special specimen selection process 

used. such as remo,-al of sand lenses from undis
turbed sample. 

20.1.3 Repon sample as airdried if the sample 
was airdried before or during preparation. 

20. I .4 Liquid limit. plastic limit. and plastic
ity index to the nearest whole number and omit
ting the percent designation. If the liquid limit or 
plastic limit tests could not be performed. or if 
the plastic limit is equal to or greater than the 
liquid limit. repon the soil as nonplastic. NP. 

20.1.S Ao estimate of the percentage of sam
ple retained on the 42.S-µm (No. 40) sieve. and 

20.1.6 Procedure by which liquid limit was 
perform~ if it differs from the multipoint 
method. 

21. Prec:ision and Bias 
21.1 No intertaboratory testing program has 

as yet been conducted using this test method to 
determine multilaboratory precision. 

21.2 The within laborator)· precision of the 
resulu of tests performed by different Ol-'Crators 
at one laboratory on two soils using Procedure A 
for the liquid limit is sho11.·n in Tabl: 2. 
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TABLE I Facton Cor Ob,.ini111 Uqaid Umit Crom Watet TABLE 1 W-~hia uboratoo,: f'Nocisiofl far Ll,iuid Limit 
Coatmt u4 Number ar Draps Ca111i111 Oosen ar Croo•e 

,... 
(Number of Drops) 

20 
21 
l2 
23 
24 
25 
26 
27 
21 
19 
30 

K 
(Factor ror uquid Umitl 

0.974 
0.979 
0.915 
0.990 
0.995 
1.000 
1.005 
1.009 
1.014 
I.OIi 
1.0~ 

Soi/A: 
l'L 
LL 

SoiJ B: 
l'L 
LL 
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A¥Cft1C Value. l S~ndatd 
~a,,on.J 

21.9 1.07 
27.9 1.07 

20.1 1.21 
32.6 0.91 
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DIMENSIONS 

L~TTERI Ali 84 IC 4 04 E 4 F4 

MM 2 II 40 8 50 2 
±0.1 ±0.2 ± 0.5 :!: 0.1 ± 0.5 ±o., 

LETTER G H J I( 4 L4 N 

MM 10 13 60 10 60 OEG 20 
MINIMUM ±0.05 ±IOEG 
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Attachment I-1 
FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE 

Method: YSI Conductivity Meter Model 33 
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FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE 
ANO TEMPERATURE 

J: Specific Conductance, umhos@ 2s•c 
_,ice: EPA 1979, Page 120.1, Standard Methods, 15th edition, pp 70-73 

ion Limit: 1 umho/cm@ zs•c 
.1um Range: O. 1 - 100,000 umhos/cm 

? Handling: Determine on-site or within 24 hours 

.ents and Apparatus: 

Conductivity meter (YSI) and electrodes. 
-, Deionized water fn squirt bottle. 

Standard potassium chloride so1ution, 0.0100 N. 

edure: 

I Conductivity Meter 

1. With mode switch at off position. check meter zero. If not zeroed, 
· use meter. screw and adjust to zero. 

2. Plug probe into jack on side of meter. 

3., 

4. 

s. 

6. 

7. 

8. 

9. 

Turn mode switch to red line, and turn red line knob until needle 
aligns- with red line- on dial. Change batteries if cannot be aligned. 

Totally i11111erse probe in sample. Do not allow the probe- to touch 
the sample container. 

Turn mode switch to appropriate conductivity scale, XlOO, XlO, or Xl. 
Use a scale that will give a mid-range output on the meter. 

Wait for needle to stabilize (about 15 sec.) and record conductivity 
multiplying by scale setting. 

While gently agitating the probe. take sample temperature c•c> and 
record • 

Rinse probe with deionized water. 

Record specific conductivity (1st column) and temperature on F.O.S. 
sheet. 
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Notes: 

1. Calculate conductivity using fo·llowing formula: 

G25 = \, LI+ 0. 2 (t-2SJJ 

G25 = Conductivity at 25°C. umhos/cm 

T = Temperature of sample. 0 c 

Gr = Conductivity of sample at temperature r. urnhos/cm 

2. Report results for the standard solution with each data set. 

3~ Record on field sheet which meter and probe were used. Meter should 
be wiped clean as necessary. 

4. After returning to lab. compare results with previous data. Report 
problems ·to lab personnel. 

Reagent Preparation: 

1. Stock Potassium Chloride Solution. 1.00 N: Dissolve 74.555 g. K Cl 
in Milli-Q water and dilute to 1.ooo ml. in a volumetric flask. 

2. Standard Potassium Chloride Solution, O.OlOON: Dilute to 10.0 mls. 
of stock solution to 1,000 mls. with Milli-Q water using a volumetric 
pipet and flask. 
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GENERAL DESCRIPTION 
The YSI t.,odol 33 and 33M S-C-T Meters are portable. bauery 
powered. 1rans1s1oriied m11,umen1s dH1yned 10 accura1ely measure 
salm11y, conduc1iv11y and 1emp•ra1ure They use a probe conl>1~11ng of 
a rugyed. plastic conduc11v11y coU and a prec1s1on YSI 1he1m1s1or 
h1mpera1uro sensor combined in a single uml 
Conduc1ivi1y wilh aha Model 33 is e•pressed as m1c1omhos/cen1i
me1er l11mhos/cml: wilh 1he 33M. ifs mill,siemens/meter CmS/m). 
These are measuremenls of 1he olecuical conductance 1he sample 
would show if measured between opposile faces of a- 1cm cube. 
(Conversion informalion: I 11mho/cm a 0.1 mS/m.l Salinily is lhe 
number of grams of sail/kilogram of sample (%0 = palls per 
1housand). This measurement a11umos Iha sample con1ains a "s1an
dard"' sea waler sall mi•lure. The sample lemperalure is measured m 
degrees Celsius. 
Salinity mcas.uremenli are manually 1empera1ure compensa1ed by 
d11ec1 dial Cond111:11v11y measuromen1s are nol 1empera1ure compen
sa1ed. however. a 1empera1ure func11on •~ provided.on lhe ms11umen1 

_10 a,d w11h calcula11on of co11ec11ons Also. when 1us1 1empeu11ure 
. and conduc11v11y are known 11 1s po551blo 10 calcula1e salm11v and 

when only 1empera1ure and sahn11y are known II ,s po551ble 10 
calcula1e conduc11v11y 

SPECIFICATIONS 
Model 33 Conduclivily 

Ranges 

Accuracy 

0-500. 0- 5.000. 0-50.000 
µmhos/cm w11h YSI 3300 Seues 
Probes IN01e The '"µmho·· dcs,g-
11a11ons on lhe meter a,e a 
shorlhand form for ··µmho/cm·· I 
:t 2 5'lb ma11 error a1 f>OO. 5.000 
and 50.000 plus probe. 
t J O'lb ma11 error a, 2f>O. 2.f>OO 
and 25.000 plus probe 
See Euor Seu,on 
2 

! 

I 

Readabihly. 2 5 µrnlios/cm- on f>OO µ111ho/cm 
range 
25 µmhos/cm on f>.000 ,,111ho/cm 
range. 
2f>O l'mhos/cm 011 50 000 
µmho/cm ,ange 

Te.~peralure Compensa11on None 

Model 33M Co,,duclivity 
Ranges: 

Accuracy. 

Readab1l11y. 

0-f>O. 0-500. O-f>.000 mS/m w11h 
YSI 3300 Se,,es P10Lles 
t 2 5'lb ma11 e1101 aa 50 500 an<l 
5.000 plus probe 
-t J 0% ma• e1101 a1 2 5 2 50 a11r 
2.500 plus p,ol.le 
See £1101 Sec1,on 
0 25 111S/m on 50 mS/111 ,a119e 
2 5 mS/m on 500 ·ms/m ,anyt: 
25 0 mS/m on 5.000 mS/m ,ange 

Tempe1a1ure Compensa11on None 

Salinity 
Range. 

Accuracy 

Rcadab1h1y 
Tempe, a lure Comp1:nsa11on 

0 40 ,-, ... ,n 1c,npc1Jlult: IJll~l· c.,I ·2 
10 +4s~c 
AL>ove 4'C i09 r .. , a1 40 · .· and 
:t O 1 °1111 al 20 °1111 plus t:01)(luL 1,v,1v 
p,olle 
Below 4"C. i I I 0 , ... a1 40 " .. ,rn<l 
i: 0 9 "'"' 81 20 · "' pl11'!. t:u111l11c 1,v,1~ 
prolle 
See [1,01 Seu,un 
02 ",,.. 011040 u,._ 1Jll!je 
Manual llv tl11ei:1 c1,al hom 
t45"C 

2 10 
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Tempe,atu/e 
Range 
Accu,acv 

Rcadab,hly 

Powe, Supply 

P,obe 

Accuracv 

lnsuumenl 
Amb,enl Range 

OPERATION PROCEDURE 
1. Setup 

·2 10 ♦ 50°C 
:i:01°C at ·2°C. :i:06°C al 45°C 
plu,.p,obe 
See Euo, Sec11on. 
J:0 I 5°C ill ·2°C 10 :i:O 37r.c a1 
45°c 

Two 0-srze 11lkahne balleries. Eve,
eady E95 or equivalent. p1ov1de ap• 
p1oxima1elv 200 h,s ol opera1oon 
YSI JJOO Se11es Conduc1ov11y/Tum
pe1a1u1e Probe 
Nominal P,obe Cons1an1: K = 5/cm 
:I: 2% ol reading lo, conduc1ov11y and 
sahn,1y 
£1101 ol :i:O l°C aa o~c and 
±O 3,c a1 4or.c 

Sa11slac101v opt:ra11on -510 t·45°C 
A maximum e1101 ol :t O I '¼o ol Ille 
,ead,ng pe, °C change in msuumenl 
1empe1111u1e can occu, Th,s e1101 ,s 
negl,g1ble ,I lhe 1n:.11u;ne,:1 1s 1ead-
1us1ed 10 1edhne lo, each 1ead1ng 

lal A<11u$1 mete, 1e10 Iii necessa,yl by lurn,ng lhc bakel,1e 
screw on 1he rne1e1 lace so 1ha1 1h1: me1e1 needle co,ncuJes 
w11h lhe 1e10 on 1he conduc11v11y scale 

llll Cahb1a1e the meae, by 1urn111g Ille MOOE Lu111101 10 
REDLINE and ad1us1111g 1he REDLINE conuol so 1h1: me1er 

4 

needle lines up w11h 1he 1edlo11e on lhe me1e1 lace II 1h,s 
cannot be accomplished. ,epla.:e 1he ba11e11es 

(cl Plug the probe 0010 lhe prolle 1ack on lhe s,de ul 1he ,nsuu· 
menl 

ldl Pul 1he probe on lhe solu11on 10 lle measu1ed ISee Proue 
Use I 

2. Tempe,aau,e 
Sea lhe MOOE con11ol 10 lEMt•ERA JURE Read 1he 
1empcra1ure on 1he bo11om scale ol 1he me1e1 m dc':.)11.:cs 
Cels,us Allow 1,me lor 1he probe 1empe,a1ure 10 come 10 
cqu1lob11um w,1ll lhal ol 1he wc111!1 llelore rcat.l,ng 

J. Salinity 
(al T1ansle1 1he 1cmpera1ure rcacJ,119 lrorn Srep 2 10 1he • C 

scale on 1he ms11umen1 
(bl Sw,1ch lhe MOOE conuol 10 1he SALINITY pos,1,on ana 

,ead sahn,1y on 1he red O 40 u,.,. 1111:1e1 railye 
lei Oep1ess lhe CELL TEST bullon Thi! me11:1 read,ng .!>houla 
• fall less lhan 2\. 11 u•ea1e1. 1t1e p1olle 1s loult!c.J c;11 •LI 11 1t! 

measuremen1 ,s ,n erro, Clec1n 1he prolle illlt.l re mc;osu,e 

4. Conduclivily on Model 33 (Model JJM data a, r. in 
pa,enahese&.I 
la) Sw,1ch lhe MOOE conlrol 10 lhe XI 00 scale II lhe , ,_.;,d,ny 

1s below 50 on 1he 0-500 ,ange 15 0 on Ille 0·50 ,.:rnyel 
sw11ch IQ 1he X 10 scale If Ille read,ng ,s !>11II helc.,w 50 
15 01. sw11ch 10 1he XI scale Read lhe me1cr scall! ana 
mulhply lhe read,ng approp1,a1ely The answer ,s e• 
pressed ,n µmhos/cm lmS/ml Measur1:m4?111s Joe 1101 
1empera1ure compen:.a1ed 
Example: Meier Reading 24 7 124 71 

'"' - .• , . .,.. ... 

Scale 

Answer 

XIO 

24 70 µmhos/cm 
1247 0 mS/ml 

,-·---:~ ....... ·~--:·-; - ... 
t.l:•<,•·•~,:,~ .•. \'f!:•:t,:··:' ~--·" ... 

l"' • 
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l E11ample: Mcie, Rl!ad,119 

.......... 

Cb) When measuring on the XIOO and XIO scales. depress the Total Euo, 
CELL TE ST button. The m&1ter reading should fall less than 

1s 0 c 
04°c 

2'M.; if greater. the p,obe is fouled and the measurement 1s Accu,acv I 5°C l O 4°C lo, probe 
an.I ,11~11u111cn1 cumb1ned in error. Clean the probe and re-measure. 

NOTE: The CELL TEST does not funi;tion un the Xl scale. 

6. Error 
The ma11imum error in a reading can be calculated by using the 
g, aphs 1n the following section,. 
(1) Tempera1u1e 

The temperature scale is dei.igned to give the minimum 
salinity error when the temperature readings are used 10 
compensate salinity measuremenll. 
r 1uure 1 shows total e11ur for probe and instrument versus 
°C meter reading. 

10 
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(21 Co11duc1av,1y on Mo<lel 33 (MoLlel 33M «Ja1a a,e ,n 
pa1en1hcsos I 

• 

f1!)ure 2 shows tho wo1s1-case i:ond11i.:1111,1y c1101 a~ a lune· 
hon ol the conduc111111y reading lo, lhe ~•vhc and ,n~llu· 
men, combined 

•1-------------
: ...... . 
RIAOlkG 

figure 2 

10 10 JO 

E,cample: Mete, Rea«J,ng 360 µmhus/.:m 136 111S/m1 

Scale XIO 

% Readmg [1101 :t 4 5% 

Accu,acy 

1 

3600 i 162 ,, 111liu~/ cm 
1:iuo , 1 o 2 ,11S/1111 
lur p1ul,e .111,I 111~11t1111c111 



l 

- -

II 
l,l: 

oo•, ?to· 
II 

)·lZeeo·e wee ON'1 tt HOOW ISA 1 

--1 
:' .. . 

'f .. . 

.. -------~---.. . -------J 
OOlllO• 

1----~1:. -· 1 
I-··· -

1. 

• .. 
0 

---· .. -·· -·----

... , .... .•... J. • ....... ·.:.-: ............ -_ _.._.,.,,. 

....... •lol I ....... , '"'° ..,.,..,, . .,.. ..a . " • '"'-. t u_..,. 
, ... .,. ... , ......................... . 
... r .,._ .. ,,, ..... '" "°'" .... •11• 
... ... ....... " ... - ....... ...... .., 1 

... ," ....... - .......... ,..... u, . .,. ·-
........ , ooo·•·• ... .,.. •• ,.,..., • .,u,,, ... ., 1 

11011 

--· .... - ··- -----------------~ 

"' , .. 
; i • ! 

C 

' ; 0 

"' ... ·• ii 

• ! 

--~---------~-• 
• i :-
'I 

, 
• ! 

i "' • r , "' ◄ I • .. • J_ . !IOI .. • i . 0 ... 
... -~10J• _ 

0 
_ 0 ... 

i O+S ••w••• ... 

0 

I • a 
"' 

0 

0 

T 
I 

' I .__ ... -.) 



1:-,;•-:\·.-· 
.• . .. . . •~C ·".,., 

,~l~~~ 
.·• .. ' 

CIRCUIT DESCRIPTION. MAINTENANCE AND CALIBRATION 
1. Description 
The circuit is composed ol two parts: a mull1111bra10, and sw11ch1ng 
transistors. The muhivibrator produces a square wavelorm vollage. 
The square wave is applied to two swilching tra11si11ors They alter· 
nalely apply two balleries ol opposile polarity 10 1he probe 1hus 
prov1d1ng AC power which min1m1zes pola11za11on eflects the 1111:1er 
is in series with one ballery and measures the cu11en1 lrom 11 The 
cuuent from the ballery is propo111onal 10 the conductance ul 1he cell. 
Salinity 1s measured in a special range conduc1iv1ty c11cu11 which in· 
eludes a user-adjusled 1empe1a1ure compensa10,. In the temperature. 
redhne and XI positions the mul11v1b1a101 operates al 100 Hz· In lhe 
salinity. X 100 and X 10 pos111ons the mul11v1l>rator operales a1 600 Hz 
and in these ranges pushing lhe CELL TEST butlon drops the frequen• 
cy to 100 Hz allowing the operalor to Judge the degree of 1-JIObe 
P(?lariza11on. 

2. Maintenance 
The only maintenance requued 1s bauery replacemen1 Two "O" s,ze 
alkaline llai;hlrght cells. such as Eveready E95 or equ1~alent. will 
provide 200 hrs ol operation Accuracy will nol be mamta,ned 11 zinc· 
carl>on "D" cells are used. Ba11ery replacement 1s indicated whe.n 1he 
redhne adjustment cannot be accomplished. 
Replace balleries every six months to reduce 1he danger of co11os1on 
due to leaky bat1e11es. To replace ba11e11es. remove the s111 screws 
from the rear plate. The batlery holders are color coded The Positive 
( -t bullon) end must go on red. 

3. Calibration of Model 33 (Model llM data are in pa,en,theses.l 
It II possible lor the 1empe,a1ure knob to become loose or sl,p l,om 
us normal pos111on In an emergency lhe dial can be re pos111oned 11 
must be emphas,,ed 1ha1 th,s is an emergency procedure only. and 
that the ,nsuument should be returned 10 the factory lo, proper 
1ecahbra11on at the earliest opportunity 
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RcatJ &he temperature and conductivity ol the soluhon Dc1er
m,ne lhe salm11y ol the solu1ion by running a hne ve11,callv on 
lhe graph from &his conductance value un11! 11 111te1sec1s &he 
appropriate °C line (interpolate as requue~ lor tempera1u1e 
he1ween the given °C lines). From 1h,s mtc1sec11on e•tend a 

\ ~
li)\-~·· ':,) 

l ' 
CAI 1811A 110N CNAat 1o•c 

LU.LL , , , I I a a , I , 1 , , 1 , , , 1 t , , , , I , a a , t 1 , •..LU.u.. 
o. 10.000 J0.000 Ml.000 •o.ooo Ml.000 

(o 

10 

JOOO 
ml/,n 

4.000 

1· •.. , •.• •. •·· 

line hori1on1allv 10 &he edge ol &he g,aph Th,s dc1e,m,11e~ 1he 
sahn,tv lo, llus sample 
f•ample 25.000µmhos/cm and 20°C gives a sal,n,1v ol 17 
(Eiiample 2.500 mS/m and 20°C g,vcs a sal111,1v of 17 I 

(bl Re,move lhe °Clo.nob. sw,lch lo SALINITY. and lutn lhc .:0111101 
shall unhl the me1e1 needle ,nd,cates &he sal,n,1v value de UH· 
m,ned ,n Step (al. In the e•ample g,ven. &he value ,s 1 7 

(cl Sw11ch 10 TEMPERATURE IN01e Th,s 1einpe,a1u1e ,eact,ng 
must be lhe same as Step (al. ,I no&. IJcg,n aua,n a1 Sll!P lal I 
Place the knob on the conllol shah (w11hou1 1u111,ng 1hc co1111ol 
shah) wllh lhe knob po,nie, al 1he SiJ1ne 1cmµe,a1u,e as 11,e 
mete, ,ead,ng and llghlen /:>Olh sel SCICWS SCt:1111:ly 

Al ea,hest opponumiv recahb,ate us,ng lhe followmg µ,uu•dute o, 
re1um &he ,ns11umen1 10 lac101v to, se,v,ce 

. (al Set lhe ins11umen1 lo, a sahn,1v measuiemcnl a:. normal 
(b) Subst1lute a I 000 µ I capac,101 and I 12 7 ohm O I% 1olc1 a nee 

,es,stor lo, &he probe 
Connect &he 1es1stor and capac,101 be1ween 1he yrcen 1111,re and recJ 
wue on &he 1ack connections u1s,de the u1suumen1 

Qi----'VV\,~---~ L----

GREEN WIRE 112.7 {l 1000 ,.t 

·'" 
RED WIRE 

11 



lei Jum the 11m1pe1a1u1e dial unltl 1he me1e, ,eads ,edhne 
Now ,ns1all the 1empe,a1u1e knob wtlh lhe auow al 25"C This 1s a 
1ein1,o.ra1y cal1b1a11on only Re1um lhe msuumenl lo lhe lac101y to, 
p1ope1 1ecal1IJ1a11on 

PROBE 
1. Oesc,iplion ol YSI 3300 Se,iH Conductivi1y/Tempera1urt1 

P,obe 
Jhe YSI 3300 Se11es Conduc11v1ly P1obes are des,gned tor l1eld use. 
emhody1ny consuucllon and design for rugged. iiCCu1a1e service 

. Each p1obe fea1ures a buil1-in cell consaanl of 501500 0/MI ±2%. a 
p,ecision YSI 1hermis1or aempe,alure sensor of ±0.1 °C accu,acy al 
0°C and :i 0.3°C al 40°C and a tow capac,1ance cable assumbly 1e,
mina1ing in a lhree lherminal O 25 .. dia. phone lype connec1or. 
Jhe 3310 hu a 10 h cable and the 33111s a 50 h version Other 
le11u1hs are available on spec,al o,de, 
The probe has a uy,d PVC body. plalln1zed pure nickel electrodes. 
and a du1abte cable. p10111d1ng 1es1s1ance 10 a wade ,anye ol wa1er
bome substances 

2. Main1enance 
lal Cleaning 

When 1he cell 1cs1 indicates low ,ead,nys the p1obable cause 1s d111y 
elccuodes .Hard wa1c1 dc:pos,ts. oils and o,yan,c mane, a,e 1he mos, 
likely con1am1na1111 
fo, convenient no,mal cleaning soak 1he elel:11odes fu1 5 mmules 
w11h a locally ava,lallle ba1h1oom Ille cleaning p1epa,a1100 such as 
Dow Chemical Ba1l11oom Cleane, ... tio11,oo lmJusu,es ·Rally. J,le. 
Porcelain. a11d Cluome Cleane,.. Juhnson Wa• · Em·y. lm,1an1 
Clcane, 01 Lysol B1and ··eas,n. Tub T,le Cleane, · 

for suongor cleaning a 5 minute soak in a solution made ol 10 pa,1s 
d1s11lled water. IO pa, as isopropyl alcohol and I pa11 UCI can be. used 
Always rinse lhe probe after cleaning and before s101.tge 
CAUTION: Oo nol louch 1he elecuodes inside the probe 

Platinum black ,s soil and can be sc,apcd ofl 
If cleaning doos no1 rcsto,e the p,obe pe,to,mance. ,e pla11n1c1ng ,s 
1equ11ed. 

(bl Re r1a11nizing 
Equipment Required 
( II YSI #3140 Pta1m111ng Solu11on. 2 fl o, (3% plallllum 
chlo1,de dissolved m O 025% lead ace1a1e soluhonl 
121 YSI Model 33 01 JJM S-t:-T Mete,. 
Ill 50 ml glass b1eake1 01 equ111alen1 bo11le 
(41 01s11lled wa1e1 
P1ocedu1e -
111 Clean the p,obe as in Sec11on (al -- e11hc1 me1hod 
121 Place the cell in the beake1 and add sull1cum1 YSI #3140 

solu1,on 10 cove, the electrodes Do not cove, 1he 1op of 
the p1ooe 

(31 Plug lhe p1obe into lhe Model 33 01 JJM. sw11.:h 10 lhe 
X 100 scale 10 pla1m11e 1he elecuode Move the p101.>e 
shyhlly 10 obtain the h1yhes1 me1e1 ,eadmg and co1111nue 

· pla11n111ng to, the app1oa11na1e 1,me shown below 

Mete, Reading 
µmhos/cm mS/m 

30.000 ,3.000 
25.000 2.500 
20.000 2.000 
15.000 1.500 
10.000 1.000 

13 

T ,me 
(minutes) 

5 
'6 

8 
11 
16 
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l4l 

(til 

Ahe, &he elapsed limo ,emovo lhe probe and rinse in hesh 
walor. 
Re1u1n the solution lo ill conlainor. 2 or. of solu11on 
should be sutficionl for 50 1roa1mon11. 

3. Prob• Uao 
Cal Obs11uc1ions near the p1obe can dis1u1b ,eadings. Al least two 

inches of clea,anco must bo allowed from non-metallic un• 
deiwa1e, obj~·cls. Metallic objec11 1uch •• pier1 or weights 
should be kepi at least 6 inches f,om tho probe. 

lbl Weights a1e auached lo the cable of the YSI 3310 and 3311 
P,obes The YSI 332 7 Weights are supplied in pairs wllh a 
101al weight of 4 ounces per pair. Should 11 become necessarv 
lo add more weight 10 overcome wale, cuuonts. we suggest 
lim1&1ng the total we1yhl 10 two pounds (8 pairsl. Fo, weights 
in excess of two pounds use an independent suspension 
cable. In ei1he1 case. weights must be kepi al least 6 inches 
awav horn the probe. 

(cl Gentle ayi1a1ion bV raising and lowering &he p1obe seve,al 
times du,ing a mei5u1emen1 insures flow of specimen solu• 
lion 1h1ough the p,obe and 1mp1oves lhe hme ,osponse of the 
1empe1a1u,e sensor. 

4. Coll Calibration • Standard Solution1 
The YSI #3300 Series Cells are calib,aled 10 absolute accuracv of 
:t I 5'11. based on a standard solution Since the hle1a1u1e on conduc-
1,vitv does not indicate a consis&entlv accepted s1anda1di1a&ion 
method. we have chosen lhe 0.0 I demal KCI soluhon method as 
de1e1mmed bv Jones and 81adshaw ,n 193 7 as our slandard Recent 
lea1books. as well as the ASTM S1anda1ds: concur w1lh 1h15 choice. 
The solu1ion is prepared bv diluling 0. 745 grams of pu1e drv KCI w11h 
d1shlled waler unld lhe solulion 1s I· lulogiam The cable below shows 
lhe values of conduc11vi1v 1his solu11on would have 11 the disulled 
water were non-conduclive However. since even high pu111v d1s11lled 

14 
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waler 15 shghllv conductive. the measu1ed conduc11v11y w·II be highe, 
bv an amount equal lo &he wa1e,·s conduchv11y 

Temperature °C 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
JO 

Conductivity 
µmhos/cm mS/m 

11415 1142 
11675 1168 
11936 1194 
12199 1220 
1246 4 124 6 
1273 0 127 3 
1299 7 130 0 
13266 1327 
13536 1354 
1380 8 138 I 
1408 I 140 8 
14365 1437 
14632 146·3 
14909 1491 
1518 7 151 9 
1546 7 154 7 

The opera101 may use lhe s1anda1d soluhon and the 1able 10 ~he(k ac
curacv of a cell's conslanl 01 10 determine an unknown con:.1an1 The 
formula 15 shown below 

whe,e K :::; 
R :::; 
C1:::; 
C, = 

K :::; R (C, + C1) 
lo+ 

Cell cons1an1 

01 

Measu,ed res1s1ance m H 
Conducl1V1ly in µmhos/cm 
Conduc1tv11y in µmhos/cm 
used lo m.,ke solu1ton 

15 

of 1he d,:.1,llc,I waler 



5, = 
s, = 

Conduc1ivi1v in mS/m 
Conduclivily in mS/m ol the d1~1illed waler used 
10 make lhl 1olu1ion. 

R. C, and C1. or S1 and S1. must eilher be de1e11mnud al lhe same 
1cinpe,a1u1e o, co11ec1ed 10 the Hme 1empe,a1uie 10 make lhe equa· 
1,on-vahd 
Nole: for lu11her inlo,malion on conduc1ivi1v and lhe above slan· 
da,d inlo,mahon. ,ele, 10 ASTM S1anda,ds Pan 23 - S1andard 
Mt:1hods ol Tes1 lo, Elecuical Conduclivi1v. or Wa1e, and lndusu,a! 
Was1e Wa1er - ASTM Oes1gna11on 01125-6~. 

YSI MODEL 33 ANO llM USED WITH YSI 61A, ti4 and 67 
OXYGEN METERS 
II the sahn11v meMuremenl is lo be used lo, sahnily couec1ion on lhe 
51 A. 1he reading should be conve11ed 10 Chlorosnv The lo,mula 15: 

5al11u1y "no -003 
• 10) PPM Chlo1os11y ;:: 

1 8 

for lhese insuumenls lhe 0.03 can be neglec1e~ so lhe equa1,on 

s1mphl1es 10: 

PPM Cl 
55 °(111. 101 

= 1.8 

0 • 18 21 36 S°luo 

r I I I I 
0 5.000 10.000 15.(iuO 20.000 l'l'MCL 
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for salin11y co11ec11on when using 1he Moi.lel 5 7 use 1he sal11111y 
1ead1ng duecl f,om 1he Model 33 o, 33M No conve1s1on ,s 
necessary. 
Model 33 and 33M salinily readings taken 1n con1unc11on w,th Model 
54 dissolved 011ygen readings can be used 10 co11ec11he Mu1..lt:I 54 lo, 
sahnily and 10 make pos1 -measu1emen1 salinity co11eo.:1,011s· 10 d,s
solved o■ygen da1a Co11ec1ion 1ables a,e available hom the fac101y 

WARRANTY 
All YSI p1oduc1s cauy a one-yea, uncond111onal wa11an1y on 
wo1kmanship and pa,1s. e11clus1ve ol 1Ja11c11es Oamaue 1h1011yh acc,
denl. misuse. or 1ampe11ng w,11 be ,epaued al a nominal ch.:uue 
If you are e11pe,iencing d1ll1cul1v w1lh any Y51 p10<111c1. ,1 may Ile 
,e1u,ned 10 an authouzed YSI dealer lo, ,epau. even ,I 1he wa11an1y 
has expued. If you need fac1ory ass1s1ance 101 any reason. co111a1.:1 

5e,v,ce Depa11men1 
Yellow Sp11ngs lns11umen1 Co . Inc 
P.0 8011 279 
Yellow Sp11ngs. Oh,o U 5 A 
Phone 15131 767-7241 

"~---- -: ;7;3:-.f~\-~~'.'!:~_::_·.: !~~.;_{·-·· .. , . 
.-. 

.... .. 
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FIELD MEASUREMENT OF pH 

Method: El ectrometri c 

Reference: EPA 1979. Page 150.1 

Sensitivity: 0.1 pH unit 

Optimum Range: 1-12 pH units 

l' 

Sample Handling: Determine on-site or within 6 hours. 

Reagents and Apparatus: 

1. pH meter (Orion Model 211 Mini pH meter). 

2. Combination electrodes 

3 ~ Beakers or plastic cups. 

4. pH buffer solutiQns, pH 4, 7, and 10. 

s. Deionized water in squirt bottle. 

6. All glassware soap and water washed, followed by two hot water 
rinses and two deionized water rinses. 

Calibration: 

1. Place electrode in pH7 buffer solution. 

2. After allowing several minutes for meter to stabilize. turn calibra
tion dial until a reading of 7.00 is obtained. 

3. Rinse electrode with deionized water and place in pH4 or pHlO buffer 
solution. 

4. Wait several minutes and then turn slope adjustment dial until a 
reading of 4.00 or 10.00 is obtained. 

5. Rinse electrode with deionized water and place in pH7 buffer. If 
meter reading is not 7.00, follow Steps 2-5 again. 

Procedure: 

1. Calibrate meter using c~libration procedure. 

2. Pour the sample into a ciean beaker ·or- J)lastfc cup. 



3. Rinse electrode with deionized water between samples. Recheck 
calibration with pH7 buffer solution after every 5 samples. 

4. Immerse electrode in solution.· Make sure the white KCl junction on 
side of electrode is in the solution. The level of electrode 
solution should be one inch above sample to be measured. 

Notes: 

1. When calibrating the meter, use pH buffers 7 and 4 for samples with 
pH< 8, and buffers 7 and 10 for samples with pH> a. If meter 
wili not read pH4 or 10, something may be wrong w1th the electrode. 
Return it to the lab with a note. · 

2. pH is a temperature dependent analysis. Therefore, temperatures of 
buffer-s and samples should be within about 2•c. For refrigerated 
or cqol samples, use refrigerated buffers to calibrate meter. 

3. Weak organic and inorganic salts and oil and grease are interferences 
in pH measurements. If oil and grease are visible, note on data 
sheet. Clean electrode with soap and water, followed by lOS HCl. 
Then recalibrate meter. ' 

4. When not in use, the electrode should be stored in pH4 buffer. 

s. Before going into the· field: 

a) Check batteries; 
b) Do a quick calibration at pH7 and 4 to check electrode; 
c) Obtain fresh solutions. 

6. Following field measurements: 

a) Report any problems; 
b) Co~are with previous data; 
c) Clean all dirt off of meter and inside case; 
d) Make: sure electrode· is stored in pH4 buffer~ 
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for lnlormallon on repair or replacement ol lhis lnslrumenl, conlacl Orion 
Research loll-lree. Ask lor Cuslomer Service. • 

ORION RESEARCH INCORPORATED 
Customer Sen,lce 
840 Memorlal Drive 
Cambridge, Massachusells 02139 U.S.A. 
800-225-1480 (Conllnenlal U.S.) 
617-864-5400 (Massachusetts, Alaska, Hawaii, Canada) 
Telex: 921466 

C>l883O1lonR11ea1chlnco1po1111ed 

ORION• la• 11gl1111ed 11adema11,. ol 01ion Auea1ch lncorpor 1110a 

formlM2111J860 
P,1n1ea1nu s A 
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- .. - - --- -
ipecifications 

package model 211 digital pH meter, with model 910600 gel-filled 
contents unbreakable combinallon pH electrode, support rod, elec

trode holder, bollles lor pH 7 buller and distilled water, one 
· packet pH 7 buller powder, AC adapter, six 1.5 y balleries,· 
and carrying case 

range Oto 14 pH 

r,solullon. % .01 pH 

temperature 
ompenullon manual (0 to 1oo•c, 

lsopotenllal 
point pH 7 (fixed) 

power 
requirement six 1.5 V ballerles; 

ballery Ille: 3000 ten second Intermittent measuremenls 
when line adapter Is not used. 

llne adapler. 110 or 220 V % 20•10, 50160 Hz 

dimensions 1-4 cm high x 9 cm wide x 4.5 cm deep 

weight 0.4 kg 

1,-clllcallon1 autllacl lo changa •llhoul nollca 

I 

-

·I 
' 

- - - - - - - ------
notice of compliance 

The Model 211 may .generale radio lrequency energy and ii nol installed and 
used properly, lhal is, in stricl accordance wilh lhe manulacluier's Instruc
tions, may cause interlerence lo radio and television receplion. It has been 
lype lesled and lound lo comply wilh the limits lor a Class B compuling device 
in accordance wilh specilicalions in Subparl J ol. Part 15 ol FCC R1,1les, which 
are designed 10 provide reasonable p101ec1ion agalnsl such lnlerlerence In a 
residential lnstallalion. However, there is no guaranlee lhal lnterlerence wlll 
not occur In a parllcular inslallation. II the Model 211 does cause interlerence 
lo radio or television receplion, which can be delermlned by turning lhe unil 
oll and on, the user Is encouraged 10 try to correcl lhe lnlerlerence by ooe or 
more ol lhe following measures: 

- reorient the receiving anlenna 

- relocale the Model 211 wilh respecl lo the receiver 

- move the Model 211 away lrom the receiver 

- plug lhe Model 211 Into a dillerent oullel so lhal the meter and receiveP'are 
on dillerent branch circuits 

II necessary, the user should consull lhe dealer or an experienced radio/lelev,
sion technician lor additional suggestions. The user may 1,nd the lollowing 
booklet prepared by lhe federal Communications Commission helplul: 

"How to ldentlly and Resolve Radio-TV lnlerlerence Problems" 

This booklet Is available horn the U.S. Governme~I Prinling Olli~e. Washinglon. 
OC 20402, Stock No. 004-000-00345·4. 

11 
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ORION RESEARCH model 2111dlgllal pH meter 

B
ON 

Off 

(OHi 

(i) 
TEMP °C 

40 60 

20 

0 

legend ® 
1. ·strip chart recorder binding posts 
2. BAT LOW 
). LC cUaplay . 
,. 1uppo,1 rod clip 
6. llfflPll'I\Ure Indicator conlrol 

11•,ff~ .,.l.,~#11 

CAI-IB 

,---...._, 

6. AC line adapter input 
7. !unction control 
8. calibration control 
9. electrode connector 

10. slope control 

- - - - - -- ~ - - -
introduction •a\?_l" 

The Model 211 is a battery- or line-operaled (110/220 V AC adapter) digilal ph 
meter lor lleld or laboralory use. The meter is complete with strip chart recoroer 
binding posls and Is supplied with an unbreakable, gel-lilled combination p11 
electrode, one packel ol pH 7 buller powder, one bollle lor pH 7 bull er, one boll Ir 
lor di stilled water, support rod, electrode holder, AC adapter, six 1.5 V bat1e11es 
shorllng plug, and carrying case. 

_instrument description 
See llgure 1. 

1. strip chart recorder binding posts: black post Is low (ground) and red post is 
high Input side ol recorder. See page 8. 

2. BAT LOW: an arrow pointing towards BAT LOW appears on the display 
when ballery requires replacement. • 

3.- LC dlsplay: pH display over the range ol 0- 14 with ::t .01 pH uni ls resolutron 

4. support rod cllp: holds sleel rod used 10 mount eleclrode holder. 

5 .. temperature Indicator conlrol (TEMP •C): compensales lor varialio
electrode slope or temperature changes. Used in two-butler calibra1,on 

6. AC llne adapler lnpul: jack used to inser•I AC line adapter. Wilh AC line 
adapter operational, the internal bal~ery is bypassed. 

7. lunctlon conlrol: rocker switch with three positions - ON, OFF and (ON) 
Depress (ON) lor a momentary reading. The swilch will rel um 10 OFF when 
released. 

8. callbrallon control (CALIB): used 10 calibrate lhe meler wilh bullors ol 
known pH. 

9. electrode conneclor: accepts BNC conneclor lrom pH ereclroda. 

10. slope control: screwd1iver adjuslmenl used lo sol second butler In lwo
buller calil>1a1ion 

J 



- - - - - - -
instrum·ent set-up 
support rod 

1. Insert sleel support rod lnlo lhe hole in lhe supporl rod clip on side ol lhe 
maier. 

2. Mounl electrode holder on lhe rod by pinching lo compress lhe spring. 
Release lo hold In ~lace. 

power source 
The Model 211 operales on she nonrechargeable 1.5 voll ballerles or on 110 or 
220 i:· 20'/e V wllh an approved AC adapler (speclly vollage when ordering). Low 
ballery ·1s lndicaled by lt"!e BAT LOW lndlcalor on lhe dlsplay. 

NOTE: Ballerles are nol rechargeable - use ol llne adapler whenever possible 
will prevent lhe unll's balleries lrom being discharged. II ballery operation Is 
desired, lollow lnslallalion inslruclions under ballery replacement 

meter check-out 
1. Install six AA ballerles In lhe meler. Orlenl the (+)and(-) ballery termi

nals lo match the orlenlatlon shown In the ballery compartment. 

2. Depress ON bullon on lhe Iron& panel. 11 lhe BAT. LOW Indicator on lhe 
llonl dlaplay llghls up, lhe ballerles musl be replaced. 

3. II ballery mode Is not lo be used, disregard steps 1 and 2. lnserl pin end ol 
appropriate AC llne adapter Into lhe meter. and the olher end inlo lhe ap
propriate grounded AC llne receptacle. 

4. Allach BNC ·ahorUng plug lo BNC Input on lhe boll om side ol lhe meler. 
Oepresa ON bullon on lhe lronl panel. Turn CALIB knob so display reads 
a aleady 7.00. II lhls cannot be done consul! ORION Technical Service. 

R11move the ehorllng plug. Successlul completion ol sleps 1-4 show lhe 
• _· _;~!!•, ~~•d_y_tor use . 
. . -•• ~4,~;-:li'...: " 

;.i,,.•-~··· 

• I 

, 

- -
connecting electrode 

1. lnserl lhe BNC conneclor inlo lhe eleclrode jack on lhe bollom panel ol lhe 
meler. Turn connector clockwise unlil ii seals lirmly. 

2. Mount eleclrode in lhe electrode holder by spreading lhe elec.1rnde clip 
open and sliding the eleclrode Into the holder so lhal the clip closes on 
eleclrode cap. See llgure 2. 

3. Follow measuremenl procedures lo use lhe meter 10 measure pH . 

4.. Olsconnnecl eleclrode by lurning conneclor counlerclockwise untll releas
ed lrom pin. 

llgure 2 

squeeze u allown lo ,n,e,1 eleclroele 



- - - - - .. .. .. Iii 

measurement procedures 

ieneral measurement technique 
11mperalure: All samples and hullers should be al lhe same lemperalure, as 
mall varlallons In lamperalure can cause errors In measurement. The slope ol 
'la pH electrode, lhe polenllal ol lha ralaranca elaclloda, and Iha pH ol lha bul
u are lemparalura-dependanl. 

nHnlng eleclrodH: Electrode should be rinsed and shaken between measure
IenIs 10 remove drops and lo prevent aolullon carryover. 

llnlng: Sllr measured solullons modaralaly lo obtain good conlacl between 
oa glass bulb and the solullon. lnaerl electrode to a depth of about 3 cm. 

rt measurements 
ngle-bufler 1landardliallon 
•here maximum precision Is nol required) 

OTE: For maximum accuracy II ls recommended lhal .1 lwo-bullar callbralion 
e perlormad once al the beginning of each day (sea page 7). This procedure en
uras Iha correct selling of Iha slope control. Subsequent measuremenls during 
Ie day may be made using a slngla polnl callbrallon. 

n. Place lhe electrode In a buffer solullon whose pH Is near Iha expecled pH of 
lhe sample. Insert electrode lo a deplh of about 3 cm and stir moderalely. 

2. Sel Iha lemp1r1lur1 Indicator control to Iha lemperalure ol lhe bulfer. 

l. Sci Iha function conlrol lo ON and allow lhe bulfer reading lo slablllze. Ad
jusl lhe CALIB so lhal the display Indicates lhe pH ol lhe bulfer al Iha solu
llon lemparalura. Sea Table 1. 

4 Remove Iha electrode from lhe buller solulion and rinse by slluing 
moderately In dlslllled waler. Shake all excess drops ol waler. 

5. Place electrode In lhe sample lo a deplh of aboul 3 cm and slir moderalely. 
Sci lhe luncllon control lo ON and allow lhe reading to stabilize. Record lhe 
~leady pH reading. 

-

J 

l 

llil Iii i1I Iii 

two-buffer slandardlzallon 
(where maximum precision is required) 

1. Selecl lwo bullers lo bracket lhe expecled pH of lhe sample, wilh one bul· 
fer having a pH ol 7. 

2. Place lhe eleclrode in lhe pH 7 buller 10 a deplh ol aboul J cm and slir 
moderalely. Sel lhe lemperalure lndlcalor conlrol I0 lhe tempera lure of lhe 
bulfer. Sel lhe luncllon control lo ON and allow Iha reading 10 slabllize. 
Turn CALIO unlil lhe display lndicales lhe pH ol lhe buller al lhe solution 
lemperalure. See table 1. 

3. Remove electrode hom lhe lirsl buller and rinse by stirring moderalely in 
distilled waler. Shake oll excess drops ol water. 

4. Place Iha electrode In lhe second bu lier lo a deplh ol aboul J cm and slir a, 
moderately. Sel lhe luncllon control to ON and adjust the slope control un- W' 
Iii lhe pH al lhe solullon lemperalure is displayed. See Table 1. 

5. Remove lhe aleclrode and rinse by sllrring moderately in distilled water. 
Shake oll excess drops ol waler. 

6. Place Iha electrode In Iha sample lo a depth ol aboul J cm and slir 
moderalaly. Set Iha luncllon control to ON and allow Iha reading 10 
slablllze. Record the steady pH reading. 

TABLE 1 

TEMP(°C) pH 7.00 Bulfer pH 4.01 Buller pH 10.01 Butter 

5 7.08 4.00 10.25 
10 7.06 4.00' 10.18 
15 7.03 4.00 10.12 
20 7.01 4.00 10.06 ,· 
25 7.00 4 01 10.01 V• .. ,.. 
30 6.98 4.02 9.97 ., -
35 6.98 4.02 9.93 :• 

40 6.97 -4.03 9.89 
50 6..97 4.06 9.83 
60 6.98 -4.09 

-



- - -
1attery replacement 
1 replace lhe batteries, remove lhe panel on lhe back ol lhe meter. Be sure lo 
1serve the polarlly marking when lnserling new balleries. 

tcorder output 
! red and blac!l binding posts at the side ol lhe meter provide an output lor 
Ip chart recording ol absolute mV Independent ol luncllon mode. For 
orders wllh lnpul Impedance ol 100 Kllohms or greater, the oulput Is llxed lo 
lul 100 mV/pH. pH 14.00oulpul Is 1.40 V. Lower Impedance recorders may be 
~d bul lull-scale output Is reduced. 

Connecl lhe lead lrom lhe high (Input side ol the recorder) lo the red binding 
posl and lhe lead lrom lhe low (ground) side IQ lhe black binding posl. 

P,oceed according lo directions In lhe slrlp chart recorder lnslruclion 
manual. 

ipair and service 
,ION wa,r anly covers I allures due lo manulaclurer's workmanship or malerial 
eel horn lhe dale ol purchase by lhe user. User should relurn lhe wa,ranly 
d to ORION and re lain prool ol purchase. Warranty Is void II product has been 
JSed, misused, or repairs allempled by unauthorized persons. 

111 anlies herein are lor products sold/installed lor use only In lhe Unlled States 
:1 Canada. For ORION products purcha~ed lor use In all other countries consult 
al in-country, al.!lhorlzed ORION sales agenl/dlslribulor lor product wa,ranty 
>rmalion. 

lelurn Authorization Number must be obtained horn ORION Laboratory Pro
:1s Customer Service belore returning any product lor in-warranty repair, 
1lacement or credll. 

o lemon" lnstrumenl Wuranli, 

e inslrumenl Is covered by the ORION "No Lemon" wauanly.11 lhe instrument 
,Is within twelve months horn dale ol purchase lor any reason other than 
,i.!.e. the purchaser may elect lo have ii repaired or replaced al no charge. This 
111 anly covers the orlglnal or replacement/repaired meter lrom date ol original 
eter purchase; lhe wauanly Is nol extended beyond lhe buyer's origlnal war• 
.nly dale. 

- - - - - - - -
accessories 

815600 

91048N 

910600 

912600 

913600 

915600 ..• 

91628N 

91638N 

910004 

910007 

91,0009 

910104 

910107 

910110 

970899 

910002 

020030 

020120 

020121 

Ross1
M epoxy body, bulb guard combination pH elect,ode 

Laborato,y grade combinalion pH electrode (BNC connector) 

GX-series epoxy body, gel-lilled combinalion elect,ode (BNC 
connector) 

GX-serles epoxy body, gel-lilled flask combination electrode 
(BNC connector) 

GX-series epoxy body, gel-lilled flat su,lace combination pH 
electrode (BNC connector) 

RX-series relillable, epoxy body combination pH electrode (BNC A 
connector) W 
Combination pH electrode wilh rugged bulb (BNC connector) 

Combination pH electrode wilh needle shape (BNC connector) 

pH 4 buller packets, box ol 25 packets, each packet making 
200 ml ol bu lier 

pH 7 buller packets, box ol 25 packets, each packel making 
200 ml ol butler 

pH 9 buller packets, box ol 25 packels, each packel making 
200 ml ol buller 

pH 4.01 butler, 475 ml bollle 

pH 7.00 butler, 475 ml bollle 

pH 10.01 butler, 475 ml bollle 

Dissolved oxygen electrode 

Electrode holder 

Shotling plug 

110V AC line adapter 

220V AC line adapter 

0 
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FIELD MEASUREMENT-OF PERMEABILITY 
(SLUG TEST} 

INTRODUCTION 

The objective is to determine hydraulic parameters (transmissivity, storativity, 
hydraulic conductivity} of the water-bearing strata. Single well aquifer tests 
are used because they may be conducted using a minimum of equipment, personnel, 
and time. They may also be done at many points within an aquifer and may be 
used to better plan a full scale pumping test. 

PROCEDURES 

Each slug test is conducted by measuring the static water level with an 
electric water lev!l indicator, placing a pressure transducer (connected to a 
Hermit datalogger} , below the water level, lowering a 10.5 foot stainless 
steel slug bomb into the well above the static water level, starting the 
recorder, and submerging the bomb at least 10 feet below the static water 
level (or lowering it to the bottom of the well screen in wells with less 
than twenty feet of standing water). The change in water level back to the 
static level is recorded over a period of hours, using a logarithmic sampling 
mode on the data 1 ogger. 

The electric water level tape and transducers is wiped, first with methanol 
and then with deionized water as they are placed in the wells, to prevent 
cross-contamination between wells. New nylon rope (3/8-inch diameter) is 

' 

used to lower the slug bombs into the wells. The slug bombs are decontaminated 
between uses by washing and rinsing with Liquinox soap and water, rinsing_ 
three times with methanol, and rinsing three times with deionized water. The 
slug bombs are then allowed to air-dry on steel supports and are covered with 
new sheet plastic. 

DATA REDUCTION 

The data accumulated during the slug tests are used to calculate hydraulic 
parameters using several published methods. Hydraulic conductivity is 
calculated for shallow, unconfined wells using the Bouwer and Rice method 
(1976). The NAVFAC method (1971} is used for comparison. Transmissivities 
and storativit1es for the deeper, confined wells.are determined using the 
curve matching method described by Cooper, et al. (1967). For comparison, 
hydraulic conductivities are also calculated using the Hvorslev method (1951). 
All methods assume an infinite, homogenous, isotropic aquifer and an instan
taneous change in head in the we 11. 

The method described by Bouwer and Rice (1976) is based upon modifications to 
the Thiem equation, with the use of an analog model. A straight line is 
drawn through a semi-log plot of relative head versus time, and the hydraulic 

1 Hermit Environmental Data Logger, Model SElOOOB, 
In-Situ, Inc •• Laramie, Wyoming·a2010. 
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conductivity is calculated using the slope of that line and the geometry of 
the well and aquifer. The formulation assumes that drawdown of the water 
table around the well is negligible, that flow in the captllary fringe may be 
ignored, and that well losses are negligible. It is applicable to completely 
or partially penetrating wells in unconfined aquifers, but may be used for 
confined aquifers that receive water from the upper confining layer. 

In the NAVFAC method (1971), a straight line is also drawn through a semi-log 
plot of recovery data for unconfined aquifers. The method is based on the 
Hvorslev method. It assumes that the well is cased below the water table and 
the ratio of the screen length to the well radius (L/R) is greater than 
eight. 

The Cooper, et al. (1967) formulation calculates the transmissivity of an 
aquifer by matching a plot of relative head (linear scale) versus time 
(logarithmic scale) to one of a set of type curves. The method assumes that 
the change in head after a known volume of water is injected or removed is 
instantaneous and that the well (non-flowing} is screened over the entire 
thickness of an artesian aquifer. It is directly applicable to fully pene
trating screened wells in confined aquifers, but may be used to determine the 
transmissivity of the portion of an aquifer over which a partially penetrating 
well is screened, ·assuming no vertica1 flow occurs. 

The Hvorslev method (1951_) is based on a solution of the LaPlace equation and 
does not account for aquifer storage. A straight line is drawn through a 
semi-log plot of relative head versus time·. The• time that would be required 
for complete equalization of head difference if the original rate of inflow 
were maintained (defined as the basic time lag, T0• and equal to the time 
when H-h/H-Ho= 0.37) is used to calculate the hydraulic conductivity. The 
value of T0 1s measured graphically and the ratio of the piezometer length to 
radius is assumed to be greater than eight (L/R>8). 
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Attachment I-4 
FILTERING OF WATER SAMPLES 



FIELD FILTERlrJG 

Reference?: EPA 1979, Metals 5 

Sample Handling: Filter as soon ,1s possible after sa1i1ple collection 

Reagents and Apparatus: 

1. 1oi ICl solution in a squirt bottl~ and in a liter plastic bottle. 
2 . Mi 11 i -Q 1-1a te r 
3. Pl as tic forceps 
4. Millipore pressure filtration 4pparatus 
S. 0.45 um. me1nbr.1ne filters ( 142 rtan) 
6. Glass fiber prefilters (124 mm) 
7. a.so um. membrane fi 1 ters ( 142 111n) 
8. Comprcs~ed air 
9. Pressure gauge 

Procedure: 

1. Using plastic forceps. place a 0.45 um. filter on top of blu~ grid. 

2. Center the stainless steel cylinder on top of the filters. with the 
"'"; te gasket do"'". 

I .. Place a p~efilter on top of membran~ filter. 

4. Place top onto cylinder rim. Screw handwheel bolts down until even 
and snu~. Finish tightening with pl~stic wrench. 

s. Attach end of PVC hosing to compressed air source. 

6. Using squirt bottle, squirt about 10 to 25 mls. of 101 HCl into top 
openin!J. 

7. us.i ng the' c.1 amp, attach the hosa adaptor to the top opening. 
Tighten cl arnp. 

8. Place beaker under outlet. 

~L Slo,-111 inc:rea~a pressure on compressed air tank. When liquid flow~ 
fr-oin outlet, lower µressu.rc and bleed .iir Fr-0111 top pl-lta vent vulvC? 
until p_ressurc gauge reads ltl-15 PSI. Close valve and continue until 
flow stops. Ho l~aks should be observed. 

HJ. Shut off co111pressed air and opcn release valve. 

11 . Di sconMct top cl am11. 

12. Rins\? t•,·1ice v:ith Milli-Q wc1ter; following above p1·ocedure. 
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13. Place clean bec1ker or sa~ple container under outlet. 

14. Add sa~ple, Following above procedure, except that when flow of 
sample fro,n outlet stops, increc1se pressure in incre,nents of JO PSI 
to 75 PSI and continue until flow stops. 

15. After shutting off air and openillg rell!ase vJ.lvc, disconnect clamp 
and top pla ta and remove cylinder. Throw fi 1 ters a\1ay. 

lG. Pour sample into a 100 ml. plastic bottle, label and preserve. 

17. Run a Milli-Q blank every 10 to 20 samples. 

Notes: 

1. · S,imples with high sedi,nent can be filtered throuCJh severa 1 membranes 
\'lith increasing pore• size and several prefilters. The 0.45 um. 
meinbrane fil'ter should al''t.eys be on the .grid, and tile coarsest filters 
on the. top. · 

Reagent Preparation: 

l. 10i. uc 1 Solution: Add auout 900 mls. of Mi 11 i-Q ~,a ter to a one 
l1 ter Erlenmeyer flask. Using a y·radua tee.I cylinder, add 100 1nls. 
concentrated HCL to the Milli-Q water while stirring. 
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Attachment I-5 
HNu MONITORING 
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HNU MONITORING 

1.0 Operation. For complete operating instructions, refer 

to the manufacturer's instruction manual. 

2.0 Calibration. By analyzing a gas of known 

concentration, the HNu is easily calibrated. Benzene 

is typically useq as the calibration gas. When 

calibrating an HNu, always remember to: 

Also: 

o Calibrate in the range to be tested. 

o Deliver the calibration gas at ambient temperature 

ad pressure. 

o Calibrate everyday. 

o The calibration gas must be stable ~uring the 

period of use. 

o The c~libration gas must be at concentration which 

reflects field sample concentrations. 

o All gas cylinders must have proper regulators. 



2.1 Calibration Procedure 1 . To calibrate an HNu: 

1. Identify the probe by lamp label. 

2. Connect the probe. 

3. Affirm the ionization potential of the cal i bration gas ·. 

4. Perform a battery check. 

5. Zero the HNu 

6. Sample calibration gas and adjust to proper reading. 

7. Repeat steps 5 and 6. 

8 • If calibration cannot be a chi e ve d , 

cleaned. 

9. Replace lamp if the lamp output is too low or if the 

lamp has failed. 

To obtain more than a two point calibration, dilute the 

calibration gas to known concentrations and take additional 

readings. 

*CAUTION: Handle gas cylinders with care. 

3.0 HNu Monitoring Procedure at Moss/American 

1. Sample soil. 

2. Place soil sample in a glass jar, leaving ample 

headspace. 



3 . Cap jar and shake. 

4. Uncap and sample headspace via HNu. 

1For a complete calibration procedure, see the 

manufacturer's instruction manual. 
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OVA MONI .H. .i. N ~ 
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OVA MONITORING 

1.0 Operation. For complete operating instructions, refer 

to the manufacturers instruction manual. 

2.0 Calibration. By analyzing a gas of known 

concentration, the OVA is easily calibrated. Methane 

in air is typically used as the calibration mixture, 

although the OVA can be calibrated to many other 

compounds. 

Primary calibration of an OVA is performed at the 

factory. 

2.1 Calibration Procedure'. To calibrate an OVA (in the 

field) . 

1. Zero the instrument. 

2. Sample the calibration mixture and adjust to 

proper reading. 

3. Next, set the calibration switch to a different 

range. 

4. Sample another calibration mixture of different 

concentration and adjust to proper reading. 



-~ , 
' 5 . Zero the instrument. 

*CAUTION: Handle gas cylinders with care. 

3.0 OVA Monitoring Procedure at Moss/American 

1. Sample soil. 

2. Place soil sample in a glass jar, leaving ample 

3. Cap jar and shake. 

4. Uncap and sample headspace via OVA. 

1 For a complete calibration procedure, see the manufacturers 

instruction manual. 
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