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15/017&;;0-7/37 BOD in Water and Wastewater 7/30/87

.S. Environmental Protection Agency
oLP Sample Management Office SAS Number
P. 0. Box 818, Alexandria, Virginia 22313
"HONE: (703)/557-2490 or FTS/557-2490

iy

Approved for Scheduling
SPECIAL ANALYTICAL SERVICES
Client Request

=--'-~

Regional Transmittal Telephone Request

. EPA Region/Client: Region V

1. RSCC Representative: Dennis Wesolowski
‘. Telephone Number: (312) 886-1971

:. Date of Request:

E. Site Name: Moss-American, WI

1
1.

‘Please prov?de below a description of your request for Special Analytical Services under
+*he Contract Laboratory 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.

-« General deséription of analytical service requested: Analysis of

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

Results are reported as mg/l oxygen,

2. Definition and number of work units involved (specify whether whole samples or
i. 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.

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

Superfund, Enforcement




5/0171370-7/87 BOD in WatdWPand Wastewater 7/30/87

4 Estimated date(s) of collection:

5. 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):

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

Edition, Method 507. A1l 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 sample dilutions overlap to result in a residual D.0. > or = to 1 mg/1 and a D.0.
depletion > 2 mg/i. Measure the seed BOD using 2 or more dilutions (Section 5d). BOD
results for 2 dilutions should agree within + or - 15%, Analyze unseeded dilution water
blanks , and glucose-glutamic acid checks (Section 5b of Method 507), both 1n duplicate,

, in addition to sample dilutions. Determine the initial and final D.0. for each bottle,

' Store samples at 4°C until analysis. [he holding time 1s not to exceed 48 hours from the
time of the beginning of sample collection. Dilution water will be seeded so that calcu-
lated DO uptake from BOD of seed will be between 0.6 and 1.0 mg/1 (Section 5d of Method

i 507). Do not use seeded blanks to estimate seed corrections. All procedures defined in

the Method must be followed precisely. Check for interferences (Section 5e).

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

{ A1l measurements and calculations must be documented and submitted, Submit all raw

. data. Report initial and final D.0. from each bottle. Report BOD 1n mg/1 for each

bottle and the average of each fitting the depletion range listed above using cal-
culations specified by "Standard Methods™(Section 6 of Method 50/). Report results of
duplicates, unseeded dilution water blank, BOD of seed, calculated DO uptake of seed in
seeded dilution water, and glucose-giutamic acid check.

EPA QC reference samples, or any other reference sample or initial calibration verifica-
tion, will be 1dentified as to source, lot number, and sample number. Corresponding
"true" or target values and assocjated 95% confidence limits for analysis will be providec
for all reference samples used.

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

S e

(rm————

"11. Name of sampling/shipping contact: Jeff Keiser

Phone: 414/272-2426
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3. .
_ 5/017G-0-7/87 BOD in Water and Wastewater 7/30/87
{ . 1. DATA REQUIREMENTS
g Parameter: Detection Limit Precision Desired
: (+% or Conc.)
80D ' 2 mg/1 Differences in duplicate

series of samplie results
shall not exceed
i 2 mg/1 for concentrations
: less than 20mg/1.

I1. QC REQUIREMENTS Do not use any field blanks for QA audits.

, Audits Required Frequency of Audits Limits* (% or Conc.)
Glucose-Glutamic acid 1 pair per set of 160-240 mg/1
. checks samples
L
Duplicate (full dilution at least 1 per group + or -(10% or 2 mg/1)
series) of 10 or fewer samples
Unseeded Dilution Water 1 pair per set of sam- < or = to 0.2 mg/l
Blanks ples, including 1 pair
o for each lot of dilu-
tion water
i D0 Uptake of seed in calculated for each 0.6 to 1.0 mg/]
seeded dilution water lTot of seeded dilution
] (calculated) water ‘
. 1 set of EPA QC Demand 1 set of 2 per sample 75 - 125% Recovery
! Reference Samples .. set

(if specified)
Yes ___ No ____

“f1I. 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 as soon as possible to expedite
orocessing of your request for special analytical services. Should you have any questions
r need any assistance, please call the Sample Management Office.

s



5/02013;0-6/87 Total Organic Carbon in Water 6/30/87

t Se Environmental Protection Agency

CLP Sample Management Office I - SAS Number |
P-- 0. Box 818, Alexandria, Virginia 22313 .

F ONE: (703)/557-2490 or FTS/557-2490 | |

: SPECIAL ANALYTICAL SERVICES )
b Client Request Approved For Scheduling

k Regional Transmittal l Telephone Request

R. EPA Region/Client: Region V

£ RSCC Representative: Dennis Wesolowski

C. Telephone Number: (312) 886-1971

i Date of Request:

E. Site Name: Moss-American, WI

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

n sponse on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Analysis for total organic

g carbon in water (surface waters, groundwaters, drinking waters, leachate, etc.). Most

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

I
{ the time of collection. Results are reported as mg/l1 C.

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):

N

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

blanks. Whole aqueous samples of low concentration are assumed.

- »

1 Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCéA,
> NPDES, etc.):

{ . superfund, Enforcement




5/020 (;~0-6/87 Total Organic Carbon 6/30/87

Lde

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 415.1 (combustion or oxidation).

Samples will be preserved with 1 ml/1 H>SO4 to pH <2. Samples will be stored at 4°C

until analysis and validation of results.

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

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 sample collection. Homogenize samples if necessary. Qualify results where

suspended soiids content may affect accuracy. Instruments with syringe injection will
utilize 2 injections per measurement., If the 2 injections differ by more than 10% or

2 mg/l, repeat and report the average of 4 injections. Inorganic carbon will 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).

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:

Test procedures and specific instrument used will be clearly
identified. Bench records tabulating order of calibration standards, lab blanks, samples
lab control standards, spikes, duplicates etc., with resulting output on concentration

readout will be provided along with worksheets used to calculate results. Specify the
organic compound used to prepare standards and spikes. A photocopy of the instrument read-

out, i.e. stripcharts, printer, tapes, etc. must be included. Results are to be reported
in mg/1 C. Records of analysis and calculations must be legible and sufficient to re-

catculate all concentrations,

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 1imits for analysis results will be provided

for all reference samples used.

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

Name of sampling/shipping contact: Jeff Keiser

Phone: 414/272-2426




" §/020G6-0-6/87 Analysis of -Total Organic Carbon 6/30/87
: 3.

.~ I+ DATA REQUIREMENTS

Parameter: Detection Limit Precision Desired
(*% or Conc.)
T0C 2 mg/l _ Difference in duplicate
results should not
NOTE: These are minimum exceed + 10% for
requirements, Report concentrations >20
actual detection limits mg/1 or 2 mg/l1 for
- used based on specified - concentrations less
; methodologies. than 20 mg/1.

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

| Audits Required Frequency of Audits Limits* (% or Conc.)
: at least 1 per group of
Matrix Spike* 10 or fewer samples 85% - 115%
at least 1 per group of
Lab Duplicate 10 or fewer samples + (10% or 2.0 mg/1)
at least 1 per group of .
: Lab Blank 10 or fewer samples < 2.0 mg/1
( Calibration verification 1 per group of 10 samples 90% - 110%
standard and end of set
1 set of EPA demand QC 1 per sample set 85% - 115%
| reference samples (conc.
i 1 and 2)

*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..

~11. 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 as soon as possible to expedite

[ »rocessing of your request for special analytical services. Should you have any questions
i.or need any assistance, please call the Sample Management Office.

f
|

rav



./018 -0-6/87 COD (Hi- and To-levels) 6/26/87

~~S. Environmental Protection Agency
_P Sample Management Office , SAS Number
P.-0. Box 818, Alexandria, Virginia 22313
"PHONE: (703)/557-2490 or FTS/557-2490 l |

SPECIAL ANALYTICAL SERVICES

Client Request Approved for Scheduling
| X , Regional Transmittal l l Telephohe Request
A. EPA Region/Client: Region V
" RSCC Representative: Dennis Wesolowski
C. Telephone Number: 312/886-1971
i, Date of Request:
F., Site Name: Moss-American, WI

Please 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
,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

* :sponse on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested:
Analysis of chemical oxygen demand

! (coD) (Hi-level) (50 - 800 mg/1) and COD (Lo-level) (5 - 50 mg/1) 1n water (surface water,
groundwater, leachate, wastewater, drinking water, etc.). Samples will be unfiltered. Any
sample with COD values less than 50 mg/1 will be determined and reported as COD (Lo-level).
Samples with COD values greater than or equal to 50 mg/1 will be determined and reported
as COD (Hi-level). The COD {(Lo-ievel) method is used for 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 Packing Lists or any future RAS/SAS Traffic Report
Forms, the field conductance values and the instruction "Check for Possible Chloride
.. Interference in COD Test" for any such samples. If this is the case or if there is other
l' definite knowledge of chlorides exceeding 2000 mg/1, the laboratory will determine the

- chloride content and inhibit chloride interference pursuant to Section /.1 of EPA Method

410.3.

; NOTE: It 1s expected that few waters from Region V (<3%), will have chloride concentrations
i . in excess of 2000 mg/1, howéver, it is the responsibility of field personnel to first iden-
tify any samples having a chloride interference for COD so that the COD test can be modi-
fied to compensate for any chloride interference.
Results are reported as mg/1 COD.

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 concentration

N
Y.

are assumed.
_ Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,

NPDES, etc.):

Superfund Enforcement

R yp—
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5,018 &.~0-6/87

4,

Estimated date(s) of collection:

. COD (Hi- and Lo-levels)
-2 - 6-26-87

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 uséd 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/l1 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", 1983 ed., whenever possible chloride interference 1s noted.
Samples will be preserved with 1 ml of HoSO4 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. Check sample pH (wide range pH paper). If pH>2, contact CPMS, CRL for further
instructions.

2. Use a) 50 ml sample aliquots for both methods, b) 0.250 N KpCr207 reagent and 0.25 N
ferrous ammonium sulfate titrant for Method 410.1, and c) 0.0250 N KoCro07 reagent

and 0.025 N ferrous ammonium suifate titrant for Method 410.2.
3. Dilute and reanalyze (by Method 410.1) any samples with COD values > 800 mg/1 or ti-

trant volumes < 5,0 mi. Reanalyze samples (by Method 410.1) if initial sample values
are > 50 mg/1 COD by Method 410.2. Reanalyze samples (by Method 410.2) if initial

sample values are < 50 mg/1 COD by Method 410.1.
4. Any sample aliquots < 50 mls will be diluted to 50 mls so that the COD reaction mix-

ture will be 50% H2504/ 50% water by volume.
5. Titration blanks will be determined, at least in duplicate each day of analysis and

will not differ more thaan + 0.1 mi titrant for Method 410.1 and +1.0 ml titrant for
Method 410.2.

6. Separate sets of QA Audits will be performed for each method, if both methods are
used.

7. Use potassium hydrogen phthalate as a matrix spike compound. Use 20 mg/1 matrix spike
concentration for Method 410.2.

8. Samples will be refluxed for at least 2 hours.
9. Homogenize sample aliguots, as necessary, to obtain sample aliquots of representative

suspended solids.
10. Use only the method specified.



o~
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f“/01812f6;g/87 (2) COD ( Hi- and Lo-levels)
1 6/26/87

-

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

Bench records, tabulating titrant standardization, titration

‘- volumes for titration or sample blanks (2 or more in number), samples, and QA Audits will

e be provided for each method used. All records of analysis and calculations must be

legible and sufficient to recalculate all sample concentrations and QA Audit results.

. Records of chloride analysis will be provided for any samples so specified on the RAS/SAS
Traffic Report or SAS Packing List. Separate bench records will be provided for any COD
determinations of high chloride samples (>2000 mg/1 C}) Inciuding weight of mercuric

__sulfate used, sample titration volume and titration blank volume for each sample type.
EPA QC Reference samples, or any other reference samples, will be identified as to source,

L 1ot number, and sample number. Corresponding "true" or target values and associated

95% confidence 1imits for analysis results will be provided for all reference samples
used.

-

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

i
i
.

11, Name of sampling/shipping contact: Jeff Keiser
'

I Phone: 414/272-2426

p——tem—



5/018G-0-6/87 COD (Hi- and Lo-Levels) 6-26-87

1.

Il.

3

DATA REQUIREMENTS

Parameter: Detection Limit Precision Desired
(+% or Conc.)
COD (Method 410.1) 50 mg/] Method 410.1: Differences in
R . - samﬁTe duplicates are to be
COD (Method 410.2) 5 mg/1 < or=to 0.2 ml titrant or

£ 8 mg/1 for concentrations
< 80 mg/) and < 10% for COD

concentrations exceeding

NOTE: These are minimum 80 mg/1.

requirements. Report Method 410.2: Differences in
actual detection limits sample duplicate results are to
used based on specified _ be < 1.0 ml titrant or < 4 mg/1
methodologies. ' for concentrations less than

40 mg/1 and are to be < 5 mg/]
for concentrations between 40

50 mg/1.
QC REQUIREMENTS
Audits Required Frequency of Audits Limits* (% or Conc.)
Matrix spike (KHP) at least 1 per group of
Method 410.1* 10 or fewer samples 85 - 115% Recovery (410.1)
Method 410.2(Use 20 mg/1 spike) 75 - 125% Recovery (410.2)
Diff < ( 8 mg/1 or 10%)
Lab duplicate " " (410.1)
v " Diff < (4 mg/1 - 5mg/1)
(410.2)
Titration blank (used for at least 2 per sample  Diff in titrant volumes shall
calculation of results) set for each method used not exceed 0.1 ml for 410.1
and 1.0 ml for 410.2
1 set of EPA QC Demand - 1 per sample set for 90 - 110% Recovery or < 8 mg/]
Reference sampies - each method used error for 410.1 and < 5 mg/1
2 concentration levels error for 410.2 in aliquot

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.

ACTION REQUIRED IF LIMITS ARE EXCEEDED:

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

| > need any assistance, please call the Sample Management Office.
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£1011(;~0-7/87 Sulfate in Water July 30, 1987

U.S. Environmental Protection Agency

CLP Sample Management Office SAS Number

. 0. Box 818, Alexandria, Virginia 22313 ‘

" {ONE: (703)/557-2490 or FTS/557-2490 | |

SPECIAL ANALYTICAL SERVICES Approved For Scheduling

Client Request .
X , Regional Transmittal | I Telephone Request
A. EPA Region/Client: Region V
RSCC Representative: Dennis Wesolowski
F, Telephone Number: (312) 886-1971
i
b. Date of Request:
i Site Name: Moss-American, WI

rease provide below a-description of your request for Special Analytical Services under

i 1e Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, if applicable. Incomplete or
e~roneous information may result in delay in the processing of your request. Please continue

gfsponse on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Analysis for sulfate in water
|
1

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

lj Results are reported as mg/1 SOg.

A
1. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sed1ments,
?' and whether low, medium, or high concentrat1on)

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

‘. blanks. Whole aqueous samples of low concentrations are assumed.

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

{: Superfund, Enforcement

£ =ma——



5/011G~0-7/87

1.
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8.
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Sulfate in Water July 30, 1987
?

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):

1. EPA Method 375.2 (Colorimetric Methylthmol Blue) - 1983 ed.

- Note: This method requires 0./5 mg/1 SO4 in Dilution Water(See Reagent Section 6.8)

2. Method 426C of Standard Methods, 16th ed. (Turbidimetric)
- Note; this last method provides for measurement of sulfate using 2 standard curves-

1 for sulfate concentrations between 0 and 10mg/1, and 1 between 10 and 40 mg/l
sulfate.

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

Special technical instruction (if outside protocol requirements, specify compound

names, CAS numbers, detection limits, etc.): .
- Sample holding time is not to exceed 28

days from date of sample collection. Sulfate standards will be prepared daily from stock

solution. Sampies with absorbances or turbidities greater than that in the highest stan-
dard will be djluted and rerun., For Method 426C, 1) the reanalysis solution should contain

between 20 and 40 mg/! 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.

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 SO4. Bench records tabulating the order of calibration standards,
1ab control standards, lab blanks, samples, spikes, etc.,, with resulting absorbances
or concentration readouts, will be provided along with copies of worksheets used to cal-
culate results., Background absorbances used for turbidity corrections must be tabulated
for each sample aliquot tested. A photocopy of the instrument readout (le. strip charts,
printer tapes, etc.) must be included. Al} records of analysis must be legible and
sufficient to calculate all concentrations and resuits.

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

for all reference samples used.

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

Name of sampling/shipping contact: Jeff Keiser

Phone 414/272-2426




. 5/011G-0-7/87

1.

IT.

-3-
DATA REQUIREMENTS

Parameter: Detection Limit
Sulfate 5 mg/1

Note: These are min-

imum requirements. Report
the actual detection limits
used based on allowable
methodology options,

Sulfate in Water July 30, 1987

Precision Desired

(+% or Conc.)

Method 375.2:
Differences in 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.

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

Audits Required Frequency of Audits

Matrix Spike* 1 per group of 10 or

Limits* (% or Conc.)

85-115%

fewer samples
—

"

Lab Duplicate

+ (10% or 5 mg/1) for
Method 375.2

+ (10% or 2 mg/1) for
Method 426C

Lab BTank {0 mg/T SO4) L " <5 mg/1 - Method 375.2
-2 to +2mg/1-Buffer B of
Method 426C or
Lab Blank (10 mg/1 S04) " " 8 to 10mg/1 - Buffer A of
Method 426C -
“Calibration Verification T per group of 10 samples 90 - 110%
Standard . and at end of sample set
1 Set of EPA QC Mineral once per sample set 85-115% for each

Reference Samples

concentration,

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

ACTION'REOUIRED 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 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

Offi ce, -
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5/025G-0~-6/87 Total susg ed solids in water 6/29/87
- ‘ p.i
U.S. Environmental Protection Agency
HWI Sample Management Office SAS Number
‘' P.O. Box 818, Alexandria, Virginia 22313
~ PHONE: (703) 557-2890 or FTS-557-26490

Faand

Approved for Scheduling

SPECIAL ANALYTICAL SERVICES
Regional Request

x | Regional Transmittal Telephone Request

. A. EPA Region and Site Name:_Region V _ wMocc_ Amerjcan, Wl

. B. Regional Representative:__ Dennis Wesolowski
C. Telephone Number: ( ) 312/886-1971 .
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 must 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. Ceneral description of analytical service requested: Analysis for total suspended

solids (103-105°C) in water (surface waters, groundwater, drinking water, leachate,

etc.) Results are reported as mg/l total suspended 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):

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

blanks. Whole agqueous samples of low concentrations are assumed.

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

Superfund, Enforcement

3\ 3. Estimated date(s) of collection:

S. Estimated date(s) and method of shlpmnt:wﬂi@t carrier

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

7. Analytical protocol required (attach copy if other than a prbtocol 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, or equivalent, Use only membrane filter apparatus with 47 mm diameter
giass fiber filter and a coarse (40-60 micron) fritted disc filter support. The filter
and support specifications are mandatory. Samples will be held at 4°C until sample

analysis and validation of results are completed. Holding 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. Sample aliquot volumes are selected
on the basis of the following factors. a) During initial sample filtratrion, filtration
rate should not drop rapidly, or require more than 5 minutes of filtratrion time, (In-

crease the fiiter area or decrease the sampie volume as needed for sample reanalysis),
b) The sample aliquot filtered should provide a residue with greater than 1.0 mg for

aliquots less than 200ml in volume, and c) Sample aliquots should not exceed 200m| in
volume., 2. Duplicate sample aliquots will be filtered with 2 or more intervening

samples. 3. Final residues are to be weighed either to constant weight pursuant to
Section 7.6 of Method 160.1 (The final weight is to be used for calculations), or dried

overnight (12 hours of drying time) with the single weight used for calculations. Constant
weight js 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 i1ntervals., Bench records of tare weilghts, final weights, volumes filtered, blanks,
duplicate samples, and reference samples (all in the order filtered) will be provided

along with copies of worksheets used to calculate resuits. Dates and time of a) filtra-
tjon of initial 100ml volume, b) determination of tare weights, ¢) sample filtration, and

d) determination of constant residue weights will be part of bench 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):

11. Name of sampling/ﬁhipping 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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i 1., DATA REQUIREMENTS

Parameter

_Suspended Solids

. Note: These are minimum

requirements. Report the

ractual detection limits

‘used based on allowable

methodology options.

Detection Limit

2-3 mg/1 for 200 m

sample aliquot

Audits Required

1) Lab Duplicates
(See item 8.3 on Page 2)

_2) Lab Blanks

—

PR

(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

TSS in water 6/29/87

Precision Desired
(+% or Conc.)

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

"1I. QUALITY CONTROL REQUIREMENTS Do not use designated field blanks for QA Audits.

Limits* (+% or Conc.)

less than 0.5 mg

'0.5 tO +005 mg

< 5 mg/1 error for con-
centrations < to 50 mg/l
or < or = to 10% 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.

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

»
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U.S. Environmental Protection Agency
HWI Sample Management Office o I SAS Number
P.0. Box 818, Alexandria, Virginia 22313 ‘

Phone: (703) 557-2490 or FTS-557-2490

Special Analytical Services
Regional Request

. I I Regional Transmittal I ' Telephone Request
X
A. EPA Region and Site-Name: Region V.  Moss-AMerican, WI
B. Regional Representative: Dennis Wesolowski
C. Telephone Number: (312) 886-1971

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 needed.

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

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

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

2. Definition and number of work units involved (épecify 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.

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

Superfund, Enforcement

4, Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily hy overnight carrier




5/024 (;~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 protoco1 currently used in
this program)

1. EPA Method 160.1, 1983 ed., or

2. Method 209B, "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
greater than 200 mg, repeat the analysis using a smaller sample aliquot. 2) If the

pH value 1s Tess than 4,0, raise the pH of the aliquot (using NaUH titrant) to between
pH 4 and 8 and subtract the weight of sodium added from the weigth of the residue.

3) Residue will be weighed either to constant weight pursuant to Section 7.6 of Method
160.1 the final weight is to be used for calculations. Constant weight is defined as

a) less than 0.5 mg or less than 4% weight loss from the previous weight, whichever is
smaller, or b) dried overnight (12 hours drying time) with a single weight used for

calculations,

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 the QC reference sample lot numbers uéed 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 samples, and refer-

ence samples will be provided with copies of work sheets used to calculate results .
Dates and time of 1) determination of tare weights, 2) sample filtration, and 3) deter-

mination of residue weights and constant residue weights will be part of bench records.
A1l 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):

.

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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I. DATA REQUIREMENTS

Parameter . Detection Limit Precision Desired
(+% or Conc.)
DS 20 mg/1 Difference in duplicate
' - sample aliquots shall

Note: These are mini- not exceed 2 mg for
mum requirements. residues. Duplicate
Report the actual differences shall not
detection Iimits used exceed 10% for sample
based on allowable values greater than
methodology options. 200 mg/1.

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

Audits Required Frequency of Audits Limits* (+% or Conc.)
1. 1 set of EPA QC 1 per sample set 85-115% Recovery

Mineral Reference
Samples*- 2 concen-
tration levels.

At least 1 per group of + (10% or 2 mg of residue)
2. Lab Duplicate 10 or fewer samples
At least 1 per group of - 20 mg/1 to + 20 mg/]
3. Lab Blanks (100 ml 10 or fewer samples
of filtered reagent
water)

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

111. *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).
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——————

U.S. Environmental Protection Agency

CLP Sample Management Office | SAS Number |
P. 0. Box 818, Alexandria, Virginia 22313 | |
PHONE: (703)/557-2490 or FTS/557-2490 | |

SPECIAL ANALYTICAL SERVICES Approved For Scheduling
Client Request )

l X ‘ Regional Transmittal | Telephone Request
—_

A. EPA Region/Client: Region V

B. RSCC Representative: Dennis Wesolowski

C. Telephone Number: 312/886-1971

D. Date of Request:

E.

Site Name: Moss-American, WI

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.

2.

General description of analytical service requested: Analysis for alkalinity, acidity

(if necessary), and pH in waters (surface waters, groundwaters, drinking waters, leach-

ates, etc.). Samples 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 equal

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 required.

Report alkalinity and acidity as mg/l1 CaC01y.

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 (Remed1a1 or Enforcement), RCRA,
NPDES, etc.):

~Superfund. Enforcement
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4, Estimated date(s) of collection:

5. Estimated date(s) and methéd 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) Alkalinity EPA Method 310.1 (Titrimetric, ph 4.5) or Standard Methods,

16th Edition, Method 403 4c and 4d.

2) pH - EPA Method 150.1 (Electrometric) - Initial pH of alkalinity titration is an
acceptable procedure so tong as sample has not been diluted.

3) Acidity - EPA Method 305.1 (Titrimetric) - Use attached SAS, and its specificatijons,
for acidity. Determine acidity if sample pH < 5.0 or alkalinity < 20 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.):

Sample holding time should not exceed 14
days from date of collection., Use potentiometric titration to pH 4.5 for alkalinity >
20 mg/1 CaC03. For concentrations < 20 mg/l, use EPA Method 310.1 (Section 6.3) or
Standard Methods, Method 403 4d. Do not use titrant volumes greater than 50 ml. Use
only the Methods specified above.
Use NapCO3 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. 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,

CT The test procedure used will be clearly identified. Bench
records tabulating the order of analysis including pH meter calibration, titrant stan-
dardization, sample pH values, lab blanks, samples, lab control standards, duplicates,
etc., with resulting titrant volumes or read-outs, will be provided along with calculation
worksheets. All records will be legible and sufficient to recalculate all sample concen-
trations and QA audit results. Report method of titrant standardization,

EPA QC reference samples, or any other reference sample, will be 1dentified as to source,

1ot number, and sample number. Corresponding “"true" or target values and associated

95% confidence limits for analysis results will be provided for all reference samples

used.,

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

{ 11. Name of sampling/shipping contact: Jeff Keiser

Phone: 414-272-2426
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I.

I1.

I11.

DATA REQUIREMENTS

Parameter:

Alkalinity ( as mg/1 CaCO03)

pH

QC REQUIREMENTS Do not use any field blanks for QA audits.

Audits Required (Alkalinity)

lab blank

Yab duplicate

1ab control sample

1 set of EPA QU mineral
reference samples

3.

Detection Limit

2 mg/1 for low level

20 mg/1 for high level

not applicable

Frequency of Audits

at least 1 per group
of 10 or fewer samples

Alk/Acid/pH 6/29/87

Precision Desired
(+% or Conc.)

2 mg/1 for concentrations
20 mq/1 CaC01

Al +

+ 10% for concentrations
> 20 mg/1 CaC0y

Report to nearest
0.1 pH values.

’

Limits* (% or Conc.)

< 10 mg/1 for high-level
samples tested.

L 2 mg/l for fow-ievel
samples tested.

at least 1 per group
of 10 or fewer samples

+ 10% or + 2 mg/1

1 per sample set

90 - 110% recovery

ACTION REQUIRED IF LIMITS ARE EXCEEDED:

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

’ . Phenols

HW! Sample Nanagement Office SAS Number
P.O. Box 818, Alexandria, Virginia 22313
PHONE : (703) $57-2490 or FTS-557-2490

SPECIAL ANALYTICAL SERVICES
Regiona! Request

x| Regional Transmittal Telephone Request

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

8. Regional Representative: _ Dennis Wesolowski

C. Telephone Number: ( ) _ 312/886-1971 -

D. Date of Request:

Please provide below a description of your request for Special Analytical Services under
the Uncontrolled Hazardous Waste Dumpsite Program. (n order to must 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. Ceneral description of analytical service requésted:

Analyze groundwater and surface water samples for total phenols.

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):

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

blanks. Whole aqueous samples of low concentrations are assumed.

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

Superfund, Enforcement

§. Estimated date(s) of collection:

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




Ph 1
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¢. Approximats number of days results required after lab recaipt of samples:

B - |
= +ars ranar+ racylt ithin 230 days aftar racsipt of samnles.

7. Analytical protoco! required (l""h copy If othar than a protocol currently used In

l.[ this program):
EPA Methad 420.1 ch]oroform distillation for concentrations between 2 and 200ug/1 or 420.1

,- dlrect nhotometric method for gonc, dgreater than 200 na/l or
Standard Methods 5;4.5 followed by B for conc. from 2 to 200ug/l or c for conc.greater than

200 ug/1. . ' .

Special technical Instructions (If outside protocol requiremants, specify compound

s.
names, CAS numbers, detection limits, etc.):

Samples will be preserved with phosphoric acid and 1% Cu&in the field to a pH 4.
1f the Chloroform extract is over 200ug/l1 the sample must be diluted and redistilled. Do not

dilute the chloroform extract. Holding time is not to exceed 7 days. A 5 point calibiration

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

reater than the highest standard
g,. Analytical s-nu? y red (I7 known, specify format for dats sheets, QA/QC repcris,
Chain-of-Custody mmnutlm. ttc.). If not complieted, format of resuits will be

left to program discretion.

The_%ast oracaedurs ycad must ha claarly ddontifisd  Tnclude a camnla nAranaratign Jog  Qonc!

recor the arder of titrant ctandardizatign, lab hlanke, <cammlag, spikes dunlic
etc. whth r ' a2 i11 ha i with coniss af wark
sheets u i W i

10. Other (use additional shests or attach supplementary informmtion, as needed):

11. Name of sampling/shipping contact: Jeff Keiser
' Phone: (414) 272-2426

—— Pleasa return this request to the Sample Management Offics as soon as possible to exgedi
processing of your request for special analytical services. Should you have any Guestics

nleoneca rail tha Camnale Marnsmamant AfMea

e e e —— e
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Phenols
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DATA REQUIREMENTS
Parameter Detection Limit
Phenols 2 ug/1 for Chloroform

Precision Desired
. 2% or Conc.)
- 20% or 5 ug/l for

200 ug/l for direct

conc. less than 20 ug/l

photometric_method

.

QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits
At least 1 per analytical
Lab _Blank (distilled) run and 1 per 10 samples
At least 1 per analytical
Lab Duplicates run and 1 per 10 samples
; At least 1 per analytical
Matrix Spike (distilled) pun_and 1 per 10 samples

: . . At the end of ch n
Calibration verification check and 1 per 10 ea T

sample ( Undistilled) \

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

Limits® (2% or éonc.)

2 ug/1

20% or 5 ug/l

80% - 120%
90% - 110%
808 -120%

Spike concentrations will be greater than 30% of the sample conc. but will not exceed

the working range of the standard curve.

*Action Required If Limits are Exceeded:

Reanalyze the sample, contact Jay Thakkar or Chuck Elly at the Region V CRL
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Attachment
Attachment
Attachment
Attachment
Attachment
Attachment
Attachment
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GLT595/38-4

Appendix H

SPECIAL ANALYTICAL SERVICES (SAS)

H=-1:
H-2:
H-3:
H-4:
H-5:
H-6:
H=7:
H-8:
H-9:
H-10:
H=-11:
H-12:

PARAMETERS FOR SOIL/SEDIMENT

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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Attachment H-1
HSL ORGANICS



U.S. Environmental Protection Agehéy .
HW! Sample Management Office ‘ﬁs Number
P.0. Box 818, Alexandria, Virginis 22313 :
PHONE: (703) 557-2890 or FTS-557-2090

SPECIAL ANALYTICAL SERVICES
Regional Request

X Regiona! Transmittal Telephone Request

A. EPA Region and Site Name: Region V Moss American
B. Regional Representative:_Dennis Wesolowski

C. Telephone Number: ( ) _(312) 886-1971

D. Date of Request:

Please provide below a8 description of your request for Special Analytical Services under
the Uncontrolied Hazardous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable. [ncomplete or erroneocus information may result in delay in the processing

of your request. Please continue response on additionsa! sheets, or attach supplementary
information as needed. ~ ~

1. Ceneral description of analytical service requested:

Analyze soil and sediment samples for HSL volotiles, 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 b8 dnalyzed at high level detection limits.

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):

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 analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, eotc.): -

Superfund, Remedial

8. Estimated date(s) of collection:

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

* -



. HH Organic .

--

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

Report results within 30 days of receipt g

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

As specified in proposed US EPA protocol for analvsis of high/mediam ~Apcantrarian

organics. (Rev. 4/85)

Special technical instructions (If outside protocel requirements, spocify mpeund

8.
names, CAS numbers, detection limits, etc.):
Analyze for volatiles and pesticide/PCB at medium level detectiop limits. Analyze far.
acid, base/neutral extractables at high level detection 1limits.
. Analytical results required (If known, specify format for data sheets. QA/QC repor:s,
? Chauya-of-Custody documentation, etc.). If not completed, format of resuits will be
left to program discretion.
Provide deliverables as per proposed S EPA protocel for analysis oF nizh/medium
concentration organics (Rev. 4/85). Dccument sample oreparation cl2anug and aralwsis.
Report all QA/OC data.
10. Other (use additional shests or attach supplementary inforration, as needed):

Jeff Keiser

11. Name of sampling/shipping contact:
Phone:  (414) 272-2426

Pleasas return this request to the Samplc Management Offica as soon as possible to expecite
sreeassing of yeur request for special analytical servicas. Shouic oy =ave 3~y 2ues ':-s
or need any assistanca, pleass call the Sample Management J(fics. :
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I. DATA REQUIREMENTS
Parameter Detection Limit Precision Desired
© (2% or Conc.
HSL volatiles as per US EPA proposed protocol
HSL BNA extractagles for high/medium organics
HSL pesticides analysis (Rev. 4/85)
1. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits Limits® (2% or Conc.)

As pver US EPA sroposed protocol for high/medium organics analysis (Rev. 4/83)

*Action Required If Limits are Exceeded:

Contact Chuck Elly (312) 353-9087

o

~~
B

—
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Attachment H-2
HSL INORGANICS
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U.S. Environmental Protection Agency o — ;
HW! Sample Management Office .Wﬂumber

P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2490 or FTS-557-2090

SPECIAL ANALYTICAL SERVICES
Regional Request

Regional Transmittal Telephone Request

A. EPA Region and Site Name:_Region V . Moss American
8. Regional Representative:_ Oennis Wesolowski

C. Telephone Number: ( ) _(312) 886-1971

D. Date of Request:

Please provide below a description of your request for Special Analytical Services under
the Uncontrolied Hazardous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable. Incomplete or erronecus information may result in delay in the processing

of your request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. Ceneral description of analytical service requested:
Anaiyze soil and sediment high hazard samples for HSL metals and cyanide. The samples are

high in creosofe and fuel oil. The metals should be analyzed using medium level detectign

Timits.

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):

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,

Superfund, Enforcement.

a. E‘stimatqd date(s) of collection:

. 4 - .Daily by overnight carrier
5. Estimated dlte(sl&md method of shlpm:?}: kil

- %
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. HH Metals .
. -z-
6. Approximate number of days results required after lab receipt of samples:

Report results within 30 days of receipt of samples

7. Analytical protocol required (amch copy If ether than a3 protocol curnnt!y used in
this program):

As specified in US EPA protocol for high concentration inorganics analysis

(Feb, 1985)

8. Special technical instructions (If outside protocol requiremants, specify compound

names, CAS numbers, detection limits, etc.):
Medium concentrations are

anticipated. The above methodologies are regquested to provide analysis for oil

matrix samples.

9. Anaiytical resuits required (If known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of resuits will de
laft to program discretion.

Provide deliverables as per US EPA protocol for high concentration inoraganics

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

10. Other (use additional sheets or attach suppiementary informetion, as needed):

11. Name of sampiing/shipping contact: Jeff Keiser
| Phone: 414-272-2426

> Please return this request to the Samplo Mamgmnt Office as soon as possible to expedite
~grm:esstng_ of your request fct..lpcchl andytkal sc’lcu 2= ,ld ym mve any ques’ icns
or nead- anv assistancer:plesiucall the Sampies 8gS o CRss 2




. I-ﬂ-ll?'letals - .

) =3
. nrriﬁsoumeusrar.'s =
Psrameter Detection Limit Precision Desired
: sVor Conc.)
HSL metals as specified in US EPA protocol for high

concentration inorganics analysis (Feb, 1985)

1. QUALITY CONTROL REQUIREMENTS

———

Audits Requirsd Froguency of Audits ~ Limits® (28 or Conc.)

As per US EPA protocol fof high concentration inorganics analysis (Feb, 19853)

11, *Action Required If Limits are Exceeded:

Contact Chuck Elly (312) 353-9087.

V¥
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Attachment H-3
PROXIMATE ANALYSIS OF COAL AND COKE

Method: American Society for Testing Materials

Proximate Analysis of Coal and Coke: D3172-73

Moisture: D3173-73
Ash: - ’ D3174-82
Volatile Matter: D3175-82
Fixed Carbon: D3172-73

(1979)
(1979)

(1979)




U.S. Environmentil Protection Agency L
HW! Sample Nanagement Office SAS Number
P.O. Box 818, Alexandria, Virginia 22313 :
PHONE: (703) 557-2090 or FTS-557-2490

SPECIAL ANALYTICAL SERVICES
: Regional Request

X Regional Transmittal Telephcne Request

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

B. Regional Representative: Dennis Wesolowski
C. Telephone Number: ( ) (312) 886-1971
D. Date of Request:

Please provide below 3 descripticn of ycur roquest for Special Analytical Servicas undar
the Uncentrolled Hazardous Waste Dumpsite Program. In order to most efficiently obtain
laboratory capability for yeur raquest, please address the following consideratiens, if
applicable. Inccmplete or erronecus informaticn may result In dalay in the precassing

of yeur raquast. Please csntinue raspense cn additional sheets, or attach supplementary
information as neasded.

1. Ceneral description of analytical service raquested:
Analyze soil and sediment samples for 1) Proximate analysis for: a) moisture content,

b) ash, c¢) volatile matter, and d) fixed carhon. 2) lltimate apalysis for
a) C, H, S, O, N 3) Heating Value, 4) Flash Point and 5) pH

2. Definiticn and number of work units invoived (specify whether whole samples or
fractions; wnethser srganiss or incrsanics; whether aqueous or scil ang saciments:
and whether low, medium, or hign concaniratien):

Analyzes4 soil samples and 20 sediment sampies for 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,
NPODES, etc.): -

Superfund, Enforcement

a. Es:imated date(s}) of collection:

o R ‘ er.
Istimatad date(s] and method of shipment: gwhtwca"'er'




. Proximate Analysis .
: o3 ,
6. Approximate number of days results required after lab receipt of samples:

Lab will report results within 30 days after receipt of samples

7. Analytical protocol required (atuch copy If other than » protocol currently used in
this program):

ASTM D 3172-73 (1979) proximate analysis for Coal and Cokes

(a) % Moistures ASTM D 3173

(b) % Ash ASTM D 3174

(c) % Volatile Matter AST™M D 3175

(d) % Fixed Carbon ASTM D 3172

See Attachment F-|

8; Special technical instructions (if outside protocol requiremeants, specify compound
names, CAS numbers, detection limits, etc.):

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

See Safety Notice

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

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

! copies of all laboratory log books, reports forms related to these

sample. QC samples and standards.

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

{f 11. Name of sampling/shipping contact: Jeff Keiser

L ' : Phono: 414-272-2426




.. . Proximate Analysis. = -

=
?
-3-
|. DATA REQUIREMENTS
Parameter ' Detection Limit Precision Desired
(2Vor Conc.)
Parameter Detection Limit < .2% for Moisture Values
< 5%
% Moisture < 1% < 0.3% for moisture Values
) > 5%
% Ash < 12 No Carbonates< 0.2%
Carbonates < 0.3%
% Volatile Matter <13 < 1%
% Fixed Carbon < 1% Not Established
(by difference)
" 1l. QUALITY CONTROL REQUIREMENTS
Audits Required Frequency of Audits Limits® (2% or Conc.)
. Reference Materia] L per 10 Samples $ R 80 to 120%
R $ D<10%
Duplicates 1 per 10 Samples
& Report of all
;.lvi 4
% R = Percent recovery - R % D = Relative % difference

1il. *Action Required If Limits sre Exceeded:

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

rerun. Take best pair.

b) Duplicates - rerun sample in duplicate

If out, call Dennis Wesolowski 312-886-1971.




q(‘ﬂb Designation: D 3172 - 73 (Reapproved 1879)

St;ndard Method for

An Amercan Natwonat Siandarg

PROXIMATE ANALYSIS OF COAL AND COKE'

Thus siandard 1s ssued under the fired designauon D 3172, the aumber immediately following the designation indicates the
year of ongunai adoption of. 10 tie case of reviuan. the year of last revision. A sumber un parentheses wdicates the vear of Last
reapproval. A superscnpt epsiloa (¢) indicates an ediional change since Wi last revusion or reapproval.

1. Scope

1.1 _This method covers the determination of
moisture. volatile matter, and ash and the
calculation of fixed 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 show
the ratio of combustible 10 incombustible con-
stituents, to provide the basis for buying and
selling. and 10 evaluate for beneficiation or for

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

4. Sampling

4.1 Coal sample collection shall be in ac-
cordance with Sections § and 6 of Classification
D 388 if the proximate analysis is to be used
for classification of coal by rank. In ail other
cases. sample coilection shall be in accordance
with Methods D 2234. Preparation shall be in
accordance with Method D 2013. Coke sam-
pling shall be in accordance with Method
D 346.

other purposes.
S. Test Methods

5.1 Moisture—~Method D 3173,
5.2 Ash~Method D 3174,
. . $.3 Volatile Matter—~Method D 3175. If the
D?m;::lefz?o:a::fm::;p::;;;sg f Coke modified procedure is required. the repon
D188 ification of Coals by Rank? should show that the modified procedure was
Classif - . used.
D 2013 Preparing Coal Samples for Analysis? . .
D 2234 Collection of a Gross Sampie of Coal?® 5.4 Fixed Carbon-TThe fixed carbon is a
D373 Test for Moisture in the Analysis Ciiculated value. It is the resultant of the
Sample of Coal and Coke? - summation of percentage moisture, ash, and
D 3174 Test for Ash in the Analysis Sample volatile matter subtracted from 100. All per-
of Coal and Coke® centages shail be on the same moisture refer-
D 3175 Test for Volatile Matter in the Anal- 5" ‘:’; bon - 100 - (% mai
. - P 14 - - 1sture
ysis Sample of Coal and Coke? + % ash + % volatile matter)

N 2. Agplicadle Documents
s 2.1 ASTM Standards:

3. Definition

3.1 proximate anaivsis of coal and coke—an
assay of the moisture, ash. volatile matter, and
fixed carbon as determined by prescribed meth-

The American Sixiery v Testing and Muicrials 1akes no pusition respecting the validuv of anv pgiemt nights asseried in connecnion
with anv wem memioned n this uandard. Users of this siandard are expressiv advised thar deverminain of the validuy of anyv such

poient nghts. and the nsk of infringemens of such nghts. are enticely ther own respoasibiiy

' This method is under the junsdiction of ASTM Commu.
tee D-$ on Coal and Coke.
Current ednion approved Apnl 27. 1973, Pubdlished

Juls 1973,
11983 Ananol Bous: of ASTM Standards. Vol 05.05.

This standard is subpeet 1o revision at am Lime by the responsible technical commutee and mug de reviewed every five vears and
if mn rvised. euher reapprived or wikdrawn  Your comments ane invited oither for revision of this stgndard or fir add:nongt

standards and shouid he addrevwed to ASTM Headquaricrs Your commems will rexerve careful consideration a1 @ mevnne of the
responsible techmcal commutee. which you may atend I you feel thar vimr comments have mu recerved g fair heanne v showld

meke your views knoan 10 the ASTM Commuiice on Siundards. 1916 Race Si.. Philadeipha. Pe. 19103
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An Armencan Nations) Stendars

AL AND COKE'®

sely following the designanon indicates the
.ober b parcotbeses indicates the year of last
revauon of reapproval.

constituents such as sulfur and
are not included. = -.g
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sample collection shall be in ac-
th Sections 5 and 6 of Classification
¢ proximate analysis is 10 be used
:ation of coal by rank. In all other
le collection shall be in accordance
ds D 2234. Preparation shail be in
¢ with Method D 2013. Coke sam-
1 be in accordance with Method

rthods

isture—Method D 3173.
"—Method D 3174.
nile Mater—~Method D 3175, If the
procedure is required. the repon
ow that the modified procedure was

¢d Carbon—The fixed carbon is a
i value. It is the resultant of the
>n of percentage moisture. ash. and
iatter subtracted from 100. All per-
ihall be on the same moisture refer-

arbon « 100 - (% moisture
+ % ash + % volatile matuter)

vethod is under the jurisdiction of ASTM Commu.
Coal and Coke.
edion approved April 27, 1973, Published

_tnual Bexa of ASTM Standerds. Vol 05.08.

the validity of any patem nghty asserred in connection
advised 1hat dacrminanon of the validuy of any such
esponsabiiuy

commustee and must be revicwed every five vears and
suher fow revision of ths {ard or for add /
vill revewve cgreful considerasion ai a mevting of the
mments Aave not recerved a fair heanine v should
__ Phudadeiphie. Pa. 19103,

qsn’ Designation: D 3173 - 73 (Reapproved 1979)

Standard Test Method for

MOISTURE IN THE ANALYSIS SAMPLE OF COAL

AND COKE'

- .

This standard is issued uader the fixed designanon D 317); the aumber immediately followiag the designanon indicates the
year of ongunal sdopuos of, in the case of revision. the year of last revuion. A oumber 1 parestheses indicates the year of last
mmmll. A supericnpt epsilon (¢) indicates an editonal change unce the last revision or reapproval.

1. Scope

1.1 This method covers the determination of
moisture in the analysis sample of coal or-coke.
ft is used for calculating other analytical resuits
to a dry basis. When used in conjunction with
the air drying loss as determined in accordance
with Method D 2013. Method D 2961. or
Method D 346, each analyticai result can be
calculated to an as-received basis.

2. Applicable Documents

2.1 ASTM Siandards:
D 346 Collection and Preparation of Coke
Samples for Laboratory Analysis?
D 2013 Preparing Coal Samples
Analysis?

D 2961 Total Moisture in Coal Reduced to
No. 8 (2.38 mm) Top Sieve Size (Limited
Purpose Method)?

3. Summary of Method

3.1 Moisture is determined by establishing
the loss in weight of the sampie when heated
under rigidly controlled conditions of tempera-
ture. time and atmosphere. sample weight. and
equipment specifications.

4. Analysis Sample

4.1 The analysis sample is that sample which
has been pulverized to pass 250-um (No. 60)
sieve as prepared in accordance with Method
D 346 or Method D 2011,

S. Apparatus

for

5.1 Drving Oven, for coal samples:

5.1.1 For determining the moisture of coal.
the oven shall be so constructed as 10 have 2
uniform temperature in all pars. have a mini-
mum of air space. and be capable of temperature
regulation between the limits of 104 and 110°C.
It may be of the form shown in Fig. 1. Provision
shall be made for renewing the reheated air in
the oven at the rate of two 1o four times 2 minute.
with the air dried bypassing it through a dessicant
as defined in 6.1.

5.1.2 In the oven shown in Fig. I, the door
should contain a hole of approximately 's in.
(3.2 mm) in diameter near the bottom to permit
a free low of air through the oven space.

5.2 Drving Oven, for coke samples. For
determining the moisture of coke, an ordinary
drying oven with openings for natural 2ir
circulation and capabie of temperature regula-
tion between limits of 104 and 110°C may be
used.

5.3 Capsules., with covers. A convenient
form, which allows the ash determination to be
made on the same sample, is a porcelain
capsule. *s in. (22 mm) in depth and 134-in. (44
mm) in diameter. or a fused silica capsule of
similar shape. This shail be used with a well-fit-
ting flat aluminum cover, illustrated in Fig. 2:
Platinum crucibles or glass capsules with

' This method is under the yurisdiction of ASTM Commu.
1ee D-¢ on Coul and Cobe.

Current ecition approved Apnl 27, 197} Published Jyl.
197,
2 JyS3 Annual Biad of ASTN Siandards Vot 05,05
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ground-glass caps may also be -used. They
should be as shallow as possiblc, consistent with
convenient handling

6. Reagents

6.1 Desiccan:: -

6.1.1 Sulfuric Acid (H,SO,. sp gr 1.34)
(Note 1) or Anhvdrous Magnesium Perchloraie
(Mg (C10,),) approximately 2.36-mm (No. 8)
sieve. As a safety prevaution magnesium pers
chivrute should not be regenerated for reuse
should be desiroved by dissolving in water and
flushing down a druin
R STY 1=H,S0, (sp gr LX) s 9% 4 congen-
trated. 1s afhinny lor water diminishes as the con.
centration decredses. The ucid should be repluced
with new ucid (sp gr 1.¥4) when the onginal volume
has increased by 1 (66 %).

"«==7. Procedure for Sample Passing a 250-,m (No.

60) Sieve

7.1 Heat the empty capsules under the con-
ditions at which the sampie is to be dried. place
the stopper or cover on the capsule. cool over a
desiccant for 15 to 30 min and weigh. Dip out
with a spoon or spatula from the sample bottle
approximately | g of the sample. Put this
quicklys into the cupsule. close. and weigh at
once.

7.2 An alternative procedure for weighing

the sample (more subject to error) is as follows:

s After transferring an amount of the sample
slightly in excess of 1 g. bring to exactly 1 g in
weight (£0.5 mg) by quickly removing the
excess weight of the sample with a spatula. The
utmost dispaich must be used in order to
minimize the exposure of the sampie until the
weight is determined.

-

D 3173

7.3 After removing the covers, quichly ply_.
the capsules in @ preheated oven (at 18
110°C) through which pusses a current 6! 4.
dried by H,SO, (sp gr 1.84) (Notc 1) (T,
current of dry air is not necessars for coke ,
Close the oven at once and heat for | h. Oper
the oven. cover the capsules quickly. cool ir
desiccator over desiccant and wergh as soor. a.
cold S

7.4 Use the percentage of moisture in the
sample passing a 250-um (No. 60) sieve w«
culculate the results of the other anulyses tc
dry basis.

8. Calculations

8.1 Calculate the percent moisture in the
analysis sample as follows:
Moisture in analysis sample. &
= (4 - By A) x 100
where:
A = grams of sample used. and
B = grams of sample after heating.

9. Precision
9.1 The following criteria shouid be used fo:

" judging the acceptability of results:

9.1.1 Repeatabiliry—Duplicate results by
the same laboratory should not be considered
suspect unless they differ by more than 0.2 ©
for coals having less than 5 % moisture and 0.3
% for coals having more than 5 % moisture.

9.1.2 Reproducibility—The resuits submi:-
ted by two or more laboratories should not be
considered suspect unless they differ by miore
than 0.3 % for coals having less than § @
moisture and 0.5 % for coals having more than
S % moisture.
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g the covers. quichhy plage
rcheuted oven (a1 104 4
vh pusses a current of 4j
vopr L4 (Note 1) (The
.» not necessury for coke )
nce and heat for | h. Open
zupsules quickiy. cool in 4
:cunt and wergh us soon g,

:entage of moisture in the
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of the other anulyvses 10 4

percent moisture in the
follows:
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sle after heating.

1g criteria should be used for
bility of results:
lity—Duplicate results by
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- differ by more than 0.2 %
s than § & moisture and 0.3
more than 5§ & moisture.
ibilitv==The results submit-
-2 laboratories should not be
unless they differ by more
.oals having less than %
% for coals having more than

NOTt==Details in LU.S. Bureau of Mines Bulletin No. 492, 1941 p 6
FIG.] Moisture Oven

-

FIG. 2 Capsuile for Use ia Determisiag Meisrure.

The American Society for Testing and Materials takes no position respecting the volidity of anv paremt righis asserted in
connection with ey ilm{nmwnjia this standard Umo]:ﬁ:nndadmcxpnulyadmdtgdnmm of the

valudity of amy sech patens righis, and the risk of infringemens of sch rights, is entirely ther own responsibility.

This stondard is subject 10 revision or amy time by the responsible lechnical commuitiee and must be reviewed every five
veers and f et revised. either reapproved or wuhdrawn. Yowr comments are invited euber for revision of this sandard or
Jor additronal nondards and should be addressed 10 ASTM Headquarters. Your comments will receive careful consideration
&1 a meeung of the responsible techmeal commuttee. which vou moy artend. If vou feel that vour comments have not recetved
a fair heanng vou shouid make yowr wews known 10 the ASTM Comnurtee on Standards. 1910 Race Si.. Philodelphia. Pa.
19103. which will schedule a further hearng regarding vow commerss. Failing sansgfaction there. vou may appeal 10 the
ASTM Board of Diretiors.



TR

gyt

=73.80.,

qﬂb Designation: D 3174 - 82

Standard Test Method tor

ASH IN THE ANALYSIS SAMPLE OF COAL AND COKE

FRQM COAL'

This siandard is issued under the fized designation D 3174; the number immediately following the designation indicates the
year of original adopuion or. 18 the case of revision. Wbe yesr of last revision. A aumber in parentheses indicates the year of tast
. A superscnpt epailon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This method covers the determination of
the inorganic residue as ash in the analysis
sampie of coal or coke as prepared in accord-
ance with Method D 2013 or Method D 346.
The results obtained can be applied as the ash
in the proximate analysis. Method D 3172, and
in the ultimate analysis, Method D 3176. For
the determinauon of the constituents in ash.
reference is made to Method D 2795 and
D 3682. See Definitions D 121 for definition of

ash.

1 Applicadle Documents
21 ASTM Standards.
D 121 Definitions of Terms Relating to Coal
and Coke?
D346 Collection and Preparation of Coke
Sampies for Eaboratory Analysis®
D388 Classification of Coals by Rank?
D 1756 Test for Carbon Dioxide in Coal’
D 1757 Tents for Sulfur in Ash from Coal
and Coke?
D 2013 Preparing Coal Samples for Analysis®
D2795 Analysis of Coal and Coke Ash®
D3172 Proximate Analysis of Coal and
Coke?
D3173 Test for Moisture in the Analysis
Sample of Coal and Coke?
D 3176 Ultimate Analysis of Coal and Coke?
D 3180 Calculating Coal and Coke Analyses
from As-Determined to Different Bases?
D 3682 Test for Major and Minor Elements
in Coal aad Coke Ash by the Atomic
Absorption Method?

3. Summary of Method
3.1 Ash is determined by weighing the resi-

398

due remaining after burning the coal or coke
under rigidly controlled conditions of sample
weight.. temperature. time. atmosphere, and

equipment specifications.

4. Significance and Use

4.1 Ash, as determined by this method. is
the residue remaining after burning the coal
and coke. Ash obtained differs in composition
from the inorganic constituents present in the
original coal. Incineration causes an expulsion.
of all water, the loss of carbon dioxide from-
carbonates, the conversion of iron pyrites igto
ferric oxide. and other chemical reactions. Ash.
as determined by this method. will differ i
amouat from ash produced in furnace opera-
tions and other firing systems because inciner-
ation conditions influence the chemistry and
amount of the ash. References for correcting

ash results determined by this method to a.
mineral-matier-free basis are listed in Method.

D 388, Section 8, Classification of Coal by
Rank.

S. Apparatus

5.1 Electric Muffle Furnace for Coal or Coke
(Note 1)—For determination of ash of coal. the
fumace shall have an adequate air circulation
and be capable of baving its temperature reg-
ulated at 700 to 750°C. The furnace shall be
equipped with a temperature indicator and
means of controlling the temperature within

' This metbod is under the jurisdiction of ASTM Com-
wittee D-5 0 Coal acd Coke a8d is the direst respoasibibits

of Subcommuttee DOS.2) 0a Metbods of Aoalysis.

. ”gmldwcn sppraved March 3, 1982. Published May
Originally published a8 D 3174 - 73. Last previous edi

D 317473 (1979). uae
2 1983 .4naual Bovk of ASTM Sicadards. Vol 05.08.

N 99 OV A

W -

e et e e e A




Hy

.mits. Means shall be provided for
g air flow at a rate of 2 to 4 changes
sec Figs. 1 and 2). Inlet and outlet
¢ located and arranged to distribute
tormly throughout the fur~ace area
¢ pussibility of sweeping solid parti-
te capsules. The temperature over
corking area of the furnace floor
1aintained within the specificd tem-
mits,

Combustion gases sball be vented from

celain Capsules, about % in. (22 mm)
-ad 1% in. (44 mm) in diameter, or
low dishes or platinum crucibles.

u.1ce, seasitive to 0.1 mg.
«cible Cover, aluminum, porcelain, or
s,

‘rature Calibration

~+ a preigpited capsule with 1 g of
: ceater of the working area of the
.ud by the use of 2 potentiometer and
uple or other suitable terperature
device measure the terperature of
the crucible. The crucible and sand
< at temperature equilibriurn with the
There should be 2 to 4 air changes per
ving throughout the furnace (the air
e measured by using a wet-test meter
ient calibrated at standard conditions
»nnected to the ceramic-pipe exhaust).
‘furnace temperature until the potea-
iads 750°C = 10 and then adjust or
témperature on the indicating pyrom-
: this reading as the proper setting for
, the furnace.

-

.dure

" “sfer approximately 1 g (weighed to
1 0.1 mg) of the thoroughly mixed
Yote 2) to a weighed capsule and cover
An aiternative way is to use the dried
4 1 the moisture determination in
13173. Place the capsule containing
__ein acoid furnace and heat gradually
a rate that the temperature reaches 450
limlh
~The sample shall be the matenial pul-

. .pass No. 60 (250-mm) sieve in accordance
thod D 2013 or Method D 346.

D 3174

7.2 Continue heating so that a temperature
of 700 to 750°C is reached by the end of the
second hour. Continue the ashing at 700 to
750°C for two additional hours (Note 3). Re-
move the capsule from the muffle, place the
cover oa the capsule, cool under conditions to
minimize moisture pickup, and weigh.

Note 3—While the 4-h incineration interval de-
scribed is sufficient with most coals to reach a con-
dition of cornplete burn-off, certain cokes and non-
reactive cosls may require additional time. If un-
burned carboa particles are observed. or if duplicate
results are suspect, the sarnples should be returned to
the furnace for sufficient time to reach a constant
weight (£ 0.001 g). By this means, pyritic sulfur will
be oxidized and expelled before the calcite is decom-
posed. An ample supply of air in the mufTle, “2t0 4
changes per minute.” must be assured at ail times to
ensure comzlete oxidation of the pyritic sulfur and
1o remove the SO: formed. The 4-b time limit may
be reduced if the samplereaches a constant weight at
700 to 750°C in less than 4 h.

Nott 4—Some samples may be encountered that
contain a high amount of carbonates (calcite) or
pynies, or both. In such cases sulfur retained as
sulfates may be both unduly high and aonuniform
between duplicate samples. In such cases sulfate sul-
fur in the ash can be determined in accordance with
Method D 1757 and the value properly corrected. If
such is done. the ash value slmuldpe be reported and
designated both as determined and corrected.

8. Calculations

8.1 Calculate the ash percent in the analysis ~

sample as follows:

Ash in analysis sample, % = {(4 - 8)/C] x 100
where:
A = weight of capsule, cover, and ash residue,

&

B = weight of empty capsule and cover, g,
and

€ = weight of analysis sample used, g.

9. Report
9.1 For reporting analyses to other thao as-
determined basis, refer to Method D 3180.

10. Precision

10.1 The following criteria should be used
for judging the acceptability of the resuits:

10.1.1 Repeatability—Duplicate results by
the same laboratory should not be considered

suspect unless they differ by more than,the.

following percentages: .

No carbonates present . 02%~ :
Carbonates prexeat 0%
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“aiy with more an 12 % b conummb 0se than the [ono“.'mg percentages:
Srboaaies aad pyrues
. " 1.2 Reproducibility—Results  submitied o carbanates present 03%
b ~wo or more laboratories should B0t be  Coul wub more thas 12 % aab costaimnog.* 104
cuudered suspect unless they differ by more carbonates s0d pymes -
¢
s
&
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CRILS SECTION OF FURNALE AND PIPES

Venturs
T Jain? / CERAMIC PIPE
7" pipe
Sr2tondry Cantro —\/
Flow Meter

Adjus? ferced air
valve to defiver 2/ d
Fernzce chonges measured
by Calrbratian Flawmeler.
Mzerk these poinls on
the Statisnary Central
Flommeter For roufine
eontrol purposcs.

7. |
777777777777

COAL ASH MUFFLE

NN
=R
Caliteation Flow meter with Tubing —Ambient Air - For calibration use only. adjust forced air valve (o deliver 2 10 4 furnace
volumie changes per minuie (2t standard temperature-pressurevondi )
Noit~ Flowmeters 3re usually calibrated for one aimusphere at 70°F (760 mm Hg a1 21.1°C).
(Suggested layout for calibratian.)

FI1G. 2 Ar Aspirator

The Americun Societs for Testing and Materialt iakes no pontinn respeciing the validity of any patent rights asserted in
connretinn with uny item menninned in (Ais siandard Users of this siandard are expressly advised that determunation of the validity
of any such patent righis. and the ruk of infringemens of nech rights. are entirely their onn responsbility.

This s1andard is subjsect 10 revision a1 any nime by the resporaibdle technical vrtee and must be reviewed every five yeurs
Od if not revised, euher reapproved or withdrama. Your commenss are invited euher for revision of this siandard or for additional
Saadords and sthould be addressed 1o ASTM Mesdg 2 Youwr will recerve careful derationar a g of the
rexponsdle technical commitiee, which you may asiend, If you feel 1hat your Aave not received o foir hearing you should
Mgke your views known (0 the ASTM Commutee on Siandards, 1916 Race St., Philadeiphia, Pa. 19103
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qsw Designation: D 3175 - 82

Standard Test Method for

VOLATILE MATTER IN THE ANALYSIS SAMPLE OF COAL

AND COKE'’

Thus standard is issued under the fixed denignation D 3175: ihe aumber isunediately following the designation indicates the

year of ongisal sdopuios or. in the case of revision. the

1. Scope

1.1 This method determines the percentage
of gaseous products, exclusive of moisture va-
por. in the analysis sample which are released
under the specific conditions of the test.

2. Applicable Document

2.1 ASTM Standard:
D3173 Test for Moisture in the Analysis
Sample of Coal and Coke’

"3 Summary of Method

3.1 Volatile matter is determined by estab-
lishing the loss in weight resulting from heating
a coal or coke under rigidly controlled condi-
tions. The measured weight loss, corrected for
moisture as determined in Method D 3173 es-
tablishes the volatile matier content. Two pro-
cedures are described to permit conformity with
difTerences in sample behavior.

4. Siguificance and Use:

4.1 Volatile mater. when determined as
herein decribed, may be used to establish the
rank of coals. t0 indicate coke yieid on carbon-
ization process, to provide the basis for pur-
chasing and selling. or w0 establish burning

I -

$. Deflnition

5.1 sparking fuels—within the context of this
standard, fuels that do not yield a coherent
cake as residue in the volatile matter determi-
nation but do evolve gaseous products at a rate
sufficient 10 mechanically carry solid particles
out of the crucible when beated at the standard
rate. Such coals normally include all low-rank

; year of last revision. A qumber 10 parentheses indicates e year of las
. ==reapproval. A supsrscnpt epsiloa (¢) indicates an editorial chasge since the last revision or reapproval.

noncaking coals and lignites but may also in-
clude those anthracites, semianthracites, bitu.
minous. chars and cokes that lose solid pariicles
as described above. These are defined as
“sparking fuels™ because particles escaping a:
the higher ternperatures may become incandes-
ceat and spark as they are emitted.

6. Apparatus

6.1 Platinum Crucible, with closely fitting
cover, for coal. The crucible shall be of not less
than 10 or more than 20-mL capacity. not less
than 25 or more than 35 mm in diameter. and
0ot less than 30 or more than 35 mm ip height.

6.2 Platinum Crucible. with closely fitting
cover, for coke. The crucible shail be of 10-mL
capacity, with capsule cover haviag thin flexi-
ble sides fitting down into crucible. Or the
double-crucible method may be used, in which
the sample is placed in 10-mL platinum cruci-
ble, which is then covered with another crucible
of such a size that it will fit closely to the sides
of the outer crucible and its bottom will rest -
to % in. (8.5 10 12.7 mm) above the bottom of
the outer crucible.

6.3 Vertical Electric Tube Furnace. for coal
or coke. The furnace may be of the form shown
i Fig. 1. It shall be regulated to maintain a
temperature of 950 = 20°C in the crucible. as
measured by thermocouple positioned in the
furnace.

' This methad is under the sunsdiction of ASTM Commutte:
D4 on Caal and cuhe and i the direct responsidihiny of Sulore -
mniee DUS. 21 on Methods of Analvus.

C urrent echiion approved Aug 27, 1982, Published Decem.
ber 1982, Ongunally published 28 D M 78 - 73, Last previous
eohtion D 3178 - 77,

2 J9RS Ammunl Bind of ASTAL Signdurd). Vol 0%.08.




-2 -=tucedure is determined by the methods described in 7.1 ; S Tl
Procedure for nonsparking coals and  shall be treated as follows: The sampie shall be H RN AR g
given a preliminary gradual heating such that . B SO

| Weigh 1 g of the sample in a weighed 3 temperature of 600 £ 50°C is reached in 6 ; "r.:-:: -

min (Note 4). After this preliminary heating T
the sample shall be heated for exactly 6 min at

=m crucible. close with a cover (Note 1),

. — =2 or plainum or Nichrome-wire suppors
——====: =sert directly into the furnace chamber,
—_——=-= shall be maintained at a temperature of
ee e 20°C, and lower immediately to the 950
- Regulation of the temperature 10 within
rescribed limits is critical. After the more
=== . discharge of volatile matter has subsided
——=—=-=:>wn by the disappearance of the luminous
==z .rrr-. ot in the case of coke after 2 or 3 min,
zz==—===:2" the crucible (Note 2) to verify the lid is
= Jpcri] seated. If gecessary, reseat the lid
===-.=d against the admission of air into the
———.iz. Do this as rapidly as possible by rais-
——==———2"2 crucible to the top of the furnace cham-
—==—"——==vosition the lid (Note 3) to more perfecily
———>—==2 crucible. then lower immediately back
..7".=: 950 zome. Afier heating for a total of
7 min, remove the crucible from the
sooo =2 and, without disturbing the cover, al-
: 10 cool. Coke should be cooled in a
——=————=ator. Weigh as soon as cold. The per-
=2 loss of weight minus the percentage

:re equals the volatile matter.
-=r |—=The cover should fit closely enough so

===z carbon deposit from bituminous, subbitu-
. and lignite coals does not burn away from
32¢ side.
- .z 2-=Inspection of the crucible may be aided
—cazaz ase of & mirvor beld sbove the furnace well.

: : 3==With some strongly aaking low-volaiile
=====—=—==_c2ium-volatile bituminous coals, the coke but.
- - w-—=~—=__. be broken with explosive violence. due 0

i=—==c====crauion of volatile matter within the button.
—— e waually designated as “popping.” Such pop-

= :y blow the lid ofT the crucible and cause
iemeeo: 221 103323 Of the coked material. When such

"o ...— . 2.l observed. the determination shall be re-

e —5.d the test repeated until popping does no¢

cee=w- - Modified Procedure for All Sparking.

. . - . Fuels that do aot cake or cake weakly
T volatile matter is determined shall be
~===—==——qzd closely for sparking during the heating
- .o+ -.. = (Note 2); also, at the end of the test the
—=mew—m==is cover shall be inspected for ash depos-
s======—=—== the presence of such depasits shall be
==m=—==eazmanered as evidence of sparking.
- All fuels that spark when the volatile

950 = 20°C. If sparking is then observed, the
determination shall be rejected and the test
repeated until no sparking occurs eithet during
the preliminary heating or during the 6-min
period at 950°C. Remove the crucible from the
furnace, cool on a metal cooling block (Note 5)
and weigh. The percentage loss in weight minus
the percent moisture in sccordance with
Method D 3173, is the volatile matter. All anal-
yses by this method shall be so marked when
reported to indicate that the modified proce-
dure was used.

NOTE 4—If a wbular furnace of the Fieldner type
(Fig. 1) is used for the determination of volatile
matter. the preliminary gradual heating may be ac-
complished by moving the crucible to predetermined
positions in the cooler top zone of the fumace. Due
to variations in the heating characteristics of the
furnace, the operator must predetermine by thermo-
couple the proper positions (o meet a preliminary
beatiag rate as specifiedin 7.2.2. A mechanical devies
o0 lower the crucible into the furnace may be used to
facilitate control of the lowering operation.

Notz $-—-To ensure uniformity of results, the
cooling period sbould be kept constant and should

a0t be prolonged beyond 1S min.

8. Caiculations

8.1 Calculate the weight loss percent as fol-
lows:
Weight loss. % = (4 ~ B)/A4 x 100

where:
A = weight of sample used, g, and
B = weight of sample after heating, g,
8.2 Caiculate the volatile matter percent in
the analysis samples as follows:

Volatile matter in analysis sample, % = C - D
where:

C = weight loss, %, and
D = moisture, %.

9. Precision

9.1 The following criteria should be used for
judging the accepiability of results:

9.1.1 Repeatadility—Duplicate results by
the same laboratory should not be considered
suspect unless they difTer by more than .the
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following percentages: by two or more laboratones .\h‘nm e
High-tempecature cake : 02 considered suspect unless they di N More
Anihrgcite 03 than the following percentages:

Scmuanihracie. hiuminous coal. low-iemperature 03

High-tempersture coke 04
coke. and chan
Subbiuminous 0.7 Aathiaciie . 0¢
Lignne and pess 1.0 Semianthracite. riunvaous coal-low-tempersture 10
& pe cohe. and chans
: . ) SubMiuminows 1e
9.2.1 Reproducibility—The results su bmitted  Lignue and peat 10

The American Society for Tesung and Materials takes no pesitiua respecting the validis of any patent rights osserted (o
connrction with any siem menvianed in this siandard Users of this siandard are expressly advised that deermunation of 1he saivdy,

of any such parent nghts. and the nsk of infringement of nuch rights. are ennirely thewr gwn responsibitity,

N

This nandard is subjecs to revision a1 any ime by the res technical cé e and must be reviened tvery five veary

" and if nai revued. euther reapproved or withdrama Your comments are wnvited etther for revaion of this siandard or far addiiang)
siandards and should be addressed 10 ASTM Meadguarters. Your commenis will recerve careful connderaranar o meeung of the
responsible iechmical comamitee, mhich vou may atiend If you feel that vour commenss have nos recerved a fair hearing you should
make vour vews hnown ta the ASTM Commuciee on Standards. 1916 Race Si.. Philadeiphia, Po. 19103,
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Attachment H-4
ULTIMATE ANALYSIS OF COAL AND COKE

Method: American Sociéty for Testing Materials

Ultimate Analysis of Coal and Coke: D3176-74 (1979)

Carbon  and Hydrogen: D3178
Sulfur: - D3177-82
Nitrogen: D3179
Oxygen: D3176

1. See Proximate Analysis for m01sture, fixed carbon,
volatile matter, and ash.

2. See Halogen Analysis.

GLT595/38~10




U.S. Envlron;i:enul Protection AéeﬁcY » o
HW! Sample Management Office : ;Aiﬂiwber
P.0. Box 818, Alexandria, Virginia 22313 :
PHONE: (703) $57-2490 or FTS-557-2490

2aa
B

SPECIAL ANALYTICAL SERVICES
Regional Request

X Rogional Transmittal Telephcne Request

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

8. Regional Representative: Dennis Wesolowski
C. Telephone Number: ( ) (312) 886-1971
D. Date of Request:

Please provide below a dascripticn of your roquest for Special Analytical Servicas undar
the Uncontrolled Hazardous Waste Dumpsite Program. In order to moust efficiently obtain
laboratory capability for ycur raquest, please address the following consideratiens, if
applicable. Inccmplete or erronecus informaticn may rasult In delay in the precassing

of your raquast. Please cantinue raspense cn additional sheets, or attach supplementary
information as nezadec.

1. Ceneral description of analytical servica rsquested:
Analyze soil and sediment samples for 1) Proximate analysis for: a) moisture content,

b) ash, c) volatile matter, and d) fixed carhon. 2):Uitimate analysis for

a) C, H,, S, 0, N 3) Heating Value, 4) Flash Point and 5) pH

2?#0;-{'1 ficn and number of work units involved (specify whether whole sampies or
fractfdns; whethsr srganiss or incrganics; whether acueous or scil anz sacimen:s;
and whether low, medium, or higR concsaniratien):

Analyzes4 soil samples and 20 sediment sampies for the parameters listad 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,
NPOES, etc.): -

Superfun-d, Enforcement

8. Es:imated date(s) of collection:

: d3te(3) and method of shipment: D211y by overnight carrier.




- Ultimate Analysis
-z-
6. Approximate number of days results required after lab receipt of samples:

————————crrs

Lab will report results wi:hin 30 days after receipt of samples.

7. Analytical protoco! required (attach copy If othnr than » protocol currently used in
this program):

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

3176-74 (1979) Hydrogen D 3178

Sulfur D 3177-82

Nitrogen D 3179 *

Oxygen by difference

See Attachment F-2

s. Special technical instructions (if outside protocol requiremants, specify compound
names, CAS numbers, detection limits, etc.):

1) Note these samples may be toxic and/or flammable.
N " -

2) Note the special safety notice in each 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 resuits will be
left to program discretion.

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 additional sheets or attach supplementary information, as needed):

Use a summary report form for sample reference and QC results

11. Name of sampling/shipping contact: Jeff Keiser

Phone: 414-272-2426

Please return this request to the Sample Management Office as soon as posslble to expedlte
processing of your requést for special analyti B B 53



‘ Ultimate Analysis .

3

12. DATA REQUIREMENTS Precision Desired
(+ % or Conc.)
Parameter Detection Limit
X Sulfur < 1% See Table [II
Page 409
% Carbon/Hydrogen < 1% ASTM 05.05 1983
03176 (See attachmént)~
% Nitrogen < 1% D3176 for Table [II
% Sulfur
% Oxygen By difference
13. QC REQUIREMENTS Limits
(+ % or Conc.)
Audits Required Frequency of Audits
81ank 1 per 10 sample <D.L.
Duplicate -1 per 10 sample R %0 < 10%
Reference Material* 1 per 10 sample R%0< 10%
run in duplicates % R 80-120%
See Table 2 and 3
D 3176

R8 D = Relative Percent Difference
% R = Percent Recovery

*NBS or EPA approved test saqple
14. ACTION REQUIRED IF LIMITS ARE EXCEEDED

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

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

1f outside 1imits call Dennis Wiscolowski 312-886-1971

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 contact your Regional
representative at the Sample Management Office.




Standard Method for

qgn’ Designation: D 3176 - 74 (Reapproved 1979)

An Amerncan Nanons! Suray,

ULTIMATE ANALYSIS OF COAL AND COKE!

Thus standard 15 issued unger the fired designation D 3176. the number immediately following the designanon indizier @e
year of onginal adopuon or. i the case of revusion. the year of last revision. A sumber \n parentheses wadicaies the year of uy:
reapproval A supercnpt epsilon (¢) indicates an editonal chaoge swce the last revision or reapproval.

1. Scope

1.1 This method covers the term uitimate
analysis as it is applied 10 the analysis of coal
and coke. The information derived is intended
for the general utilization by applicable indus-
tries. to provide the basis for evaluation, benefi-
ciation. or for other purposes.

2. Applicable Documents

2.1 ASTM Standards:
D 346 Collection and Preparation of Coke
Samples for Laboratory Analysis?
D2013 Preparing Coal Samples
Analysis? .

D 2234 Collection of 3 Gross Sample of
Coal’

D3173 Test for Moisture in the Analysis
Sample of Coal and Coke?

D3174 Test for Ash in the Analysis Sample
of Coal and Coke’

D 3177 Test for Total Sulfur in the Analysis
Sampie of Coal and Coke?

D 3178 Test for Carbon and Hydrogen in the
Analysis Sample of Coal and Coke*

D 3179 Test for Nitrogen in the Analysis
Sample of Coal and Coke?

3. Definition

3.1 ultimate analvsis—in the case of coul
and coke. the determination of carbon and
hvdrogen in the matenal. as lound in the

for

gaseous products of its compiete combustion. ~

he determination of sulfur. nitrogen. and ash in
the material as a whaie. and Thie calculdfion of
oxvgen by difference.

NoTtt 1=The determination of phosphorus or
chiorine is not by definition a part of the uitimate
analysis of coal or coke. See Method D 2361 Test for
Chiorine in Coal.’! for the determinauion of chilorine
and Method D 2795 Test for Analysis of Coal and
Coke Ash.? for the determination of phosphorus

Nott 2—Moisture is not by definition 4 pan of
the ultimate analvsis of coal or coke but mus: be
determined in order that analytical datu may be
converted to bases other than that of the anabvsis
sample.

Nortt J—Inasmuch as some coals contuin minesa!
carbonates. and pructicaliy all contuin clay or shale
containing combined water. 3 part of the carbu:
hydrogen. and oxygen found in the product: of
combustion may arise from these mineral compo-
nents.

4. General Requirements

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

§. Specific Requirements

5.1 Carbon and Hydrogen—The carbon and
hydrogen determination shall be made in ac-
cord with Method D 3178.

5.2 Sulfur—The suifur determination shail
be made in accordance with Method D 3177.

5.3 Nitrogen—The nitrogen determination
shail be made in accordance with Method
D 3179.

5.4 Ash—The ash determination shall be
made in accordance with Method D 3174,

5.5 Oxyvgen—There being no satisfuctory di-
rect ASTM method of determining oxyger. nt
shalil be calculated by subtracting from 100 the
sum of the other components of the ultimate
analysis. The result so obtained is affected by
errors incurred in the other determinations of
the ultimate analysis and also by the chunge~ in

' This method is under the jurisdiction of ASTM Come= :-
tee D-¢ on Coul and Coke.
97C|.m'em edition approved Mas 27. 1974, Published Jume
1974,
21983 Annuul Bk of ASTM Signdards. Vol 05.08.
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weight of the ash-forming constituents on igni-
tion. By definition. oxygen calculated as a
weight percentage of the analysis sample ac-
cording 10 this procedure does not include
oxygen in the mineral matter or in the ash. but
does include oxygen in the free water (moisture)
associated with the analysis sample. See Sec-
tion 6 of this method for calculating and
reporuing resulls on other bases.

S.6 Moisture—The moisture determination
shall be made in agcordance with Method
D 3173,

6. Calculating and Reporting Results

6.1 The results of an ultimate analysis may
be reported on any of a number of bases,
differing from each other in the manner by
which moisture is treated.

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

6.3 1t is recommended that for data reported
on the as-received basis (or any other moist
basis) a Jootnote or some other means be
employed in the report 10 indicate whether the
hydrogen and oxygen values reporied 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 otherbases are presented in
Table 1.

0 3176

6.4.1 Symbols used 1n Table | are:

M = moisture, weight % .

P - a symbol used interchungeably in the
table to refer to ash. or carbon. or"
nitrogen. or sulfur. weight %

H < hydrogen, weight &

Ox = oxygen. weight %,

6.4.2 Subscripts used in Table | are

ad = as-determincd from analssis sample

ar = as received or any other maisture-con-
taining basis (that is. equilibrium capuc-
ity moisture basis. as-shipped moisture
basis. bed moisture basis) if the appro-
priate moisture value is substituted for
M,. in the formulae

d = dry basis

6.4.3 Hydrogen and oxygen on the as-deter-

" mined basis include hydrogen and oxygen in

free water (moisture) associated with 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 hydrogen and oxygen in
water (moisture) reported on that basis. Aller-
native conversion procedures are shown in
Table 1.

6.5 An example of ultimate analvsis data
tabulated for a hypothetical coal on varinus
bases is given in Table 2.

7. Reproducibility of Results

7.1 The permissible differences between two
or more determinations shall not exceed the
values given in Table 3.
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TASLE | Pyecedures for Converting Ao-Determined Values to Other Bases

"-ﬂ‘:’.‘.‘.’.‘.‘.ﬂ’-"’

As-Determined”

D¢y

As-Recewved’

.. sad Ox,, include M;snd
Ox in Moisture (M,,)

H,. and Ox,, do not include
Head Ocas M,,

Ash

Carbon
Nitcogen (P)
Sulfur

Hydrogen (H)

Onrygen (Ox)

No corrections (See standard
method)

OI“-"I)-A—-("'"n
- Nog - Ses

- Pux—1
100 - M,
o (He - 0.0019M )
100
x [0
(mo - u_)
= (Ov., - ORRRIM,,)

(%)

Ox4 = 100 - A, -Cs-H,

- Ny - S

P - Pux [ M.
0 - M.,

M, - [(Il,. - 0.00I9M )

(@)

+ 0.0119M,,

[101.. - 0O8RRIM )

(2]

+ OANBIM,,

<ame as column at ke

H,, = (Hoo - 0 1119M )
wo - M,
[P M.
0o - M,

On,. = (O, - ORARIM, )

(nm - M,
v [ M
oo - M,

' All parameters eapressed on 8 weight percent basis.
* Hydragen and anygen seported an as-determined basis include hydrogen and onygen in free moisture sssaciated with snalysis sample.
included or are not included 10 the reparted values. A (omnote of

* Aliernative proceduses are shuwn. differing on the hasis of whether hydrogen and orygen in the moustuse sre

athes means should he emploved 0 indicate the hasis used.
" Yo convent resuls 10 » momuve-conmning basis other than s1-received. a3 for example equilibrium capacity moisture. substitute the appropriate manture value for M. in the

equations.
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* AWl parameters expressed an 8 weight percent basis.
* tvdiogen and anygen seporied on ss-determined basis include hyd

‘ Alicinanve procedures are shown. differing on the basis of w!

rogeg snd orygen in free mossture sssacisted with snalysis sample.

sogen and orygen in the moistuse are included or are aot included in the seporied values A fomnme or
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other means should he employed 10 indicaic the basis used.
equations

) 40 3 MOL

1

-2
R

@b o376

TABLE 2 \ttimsie Assivsis Date

As-Determined As-Received Basis
: Hydrogen and
Test Parameter 0::"2:'?::“::‘” Dry Basis on;g:\‘:?c?:d:dﬂ o'l“er;' do not
snd Os insamplc and On in sampic ne 'i':‘, ":d 0s
moisture (M) maisiure (M,,) mm“’:,:':";”‘
Carbon. weight & 60 Ox 66 02 46 X6 46 %6
Hydrogen. waight < 44 48" [ %1] AT
Nitrogen, weight & 0.%a 0.97 049 0 &v
Sulfur. weight & 0.7 0RO 0.47 0 <
Ash. waight & o .- T80 $.64 6.12 ot
Oxygen. weight % (by difTerence) 25.00 18.70 39.0¢ 13.27
Total ® 100.00 100.00 100 00 70.9%
Total moisture. weight & el (29.02) - 29.02
(as~ggpeived)
Moisture weight & (sample as- 9.00 Total®  100.00
determined)

{A1r-Dry Loss in

o

with Method D 201} « 22.00%)

TABLE 3 Precision

Permissidle Differences. %

Same Lab- Different
oratorn Laboraion
Sullyr:
Coal.under 2 & 0.0 0.10
Cosl.over 2 & 0.10 0.20
Coke 0.03 0.0%
Carbon 0.3 e
Hydrogen 0.07
Nitrogen 0.04
Ash: .
No carbonates present 0.2 0.3
Carbanates present 0.3 0.5
Coals with more than 0.$ 1.0

12% ash. comtaining
carbonates and ;

pyrites

The American Saciery for Testing and Materials takes no position respecting the validity of any patent rights asserted in conretion
with gny item mentioned in this ssandard. Users of ts siandard are expressiy advised thar devermination of the vahdity of anv: such
patent rights. and the nsh of infringemens of such nghts. are ensirely their own responsibiluy.

This gandard is sudsecy 10 revision a1 anv time by the responsidle techmcal ¢
if noe revised. esther reapproved or withdrawn. Your comments are invited either for revision of this sandard ov for addirional
sandards and should be addressed 10 ASTA Meadquariers. Your commenis will recerve careful consideranion a1 a meenng of 1he
respoasible technical commuiec. which you may aitend If vou feel thar your comments Aave not receved a fair heanng vou shouid
make your views known (0 the ASTA Commutee on Standards. 1916 Roce Si.. Philadelpina. Pa. 19103

and must be reviewed every: five vears and




qﬂb Designation: D 3177 - 82

Standard Test Methods for

TOTAL SULFUR IN THE ANALYSIS SAMPLE OF COAL

AND COKE'

This siandard is wsued under the fized designanon D 3177; the number immediately following the designation indicates the
yesr of onginal adoptido o1. in the case of reviion. the year of last revision. A aumber 10 parentheses indicates the year of last
reapproval. A superscnipt epsilon (¢) wodicates an ediional chaage sioce e last revision or respproval.

1._Scope

1.1 These methods cover three alternative
procedures for the determination of total suifur
in samples of coal and coke. Sulfur is included
in the ultimate analysis of coal and coke.

1.2 The procedures appear in the following
order.

Sections
Method A— Eschia Method S
Method B—Bomb Washing Method 9w il
Metbod C— High-Temperature Combustios 1210 16

Metbod

2. Applicable Documents

2.1 ASTM Siandards.

D346 Collection and Preparation of Coke
Samples for Laboratory Analysis®

D 1193 Specification for Resgent Water®

D 2013 Preparing Coal Samples for Analysis’

D20tS Test for Gross Calorific Value of
Solid Fuel by the Adiabatic Bomb Calo-
rime

D3173 Tent for Moisture in the Analysis
Sample of Coal®

D 3176 Ultimate Analysis of Coal and Coke*

D 3180 Calculating Coal and Coke Analyses
from As-Determined to Different Bases®

3. Summary of Methods

3.1 Eschka Method—A weighed sample and
Eschka mixture are ignited together, and the
sulfur is precipitated from the resulting solution
3s barium sulfate (BaSO,). The precipitate is
tiliered, ashed. and weighed.

3.2 Bomb Washing Method—~Sulfur is pre-
vir:tated as BaSO, from oxygen-bombd calorim-

127 washings. and the precipitate is filtered,
as2ed, and weighed.

3.3 High-Temperature Combustion Method—

A weighed sample is burned in a tube furnace
at a temperature of 1350°C in a stream of
oxygen. The sulfur oxides and chlorine formed
are absorbed in & bydrogen peroxide (H,0,)
solution yielding hydrochloric (HCl) and sul-
furic (H,S0,) acids. The to1al acid content is
determined by titration with sodium hydroxide
(NaOH). and the amount of sodium chioride
(NaQ)) resulting from the titration of the HCl
is converted 10 NaOH with a solution of mer-
curic oxycyanidé (Hg(OH)CN). This sodium
hydroxide is determined titrimetrically and
used to correct the sulfur value which is equiv-
alent to the amount of H,SQ, formed during
combustion of the coal.

4. Sample ’

4.1 The sample shall be the material pulver-
ized 1o pass No. 60 (250-um) sieve in accord-
ance with Method D 2013 or Method D 346.

4.2 A separate portion of the analysis sample
shouid be analyzed for moisture content in
accordance with Method D 3173, so that cal-
culation to other than the as determined basis
can be made.

4.3 Procedures for converting as determined
sulfur values obtained from the analysis sample
to other bases are described in Method D 3176
and Method D 3180.

4.4 Standard Reference Material (SRM)
1631-Sulfur in Coal* consists of three different

' These methods are under the junsdiction of ASTM Com-
mittee D-5 on Caal and Coke and are the direct responsubiliity
of Subcommuittee DOS.21 on Methods of Analvus.

Current cdition approved Aug. 17. 1982, Published Decem-
ber 1982. Onpnally published a3 D 3177-7). Lau previous
edion D 3177 = 75 (1982).

31983 Annual Bewd «f ASTM Siandards Vol 05.08.

31983 Annual Bins of ASTM Siandards. Vol 11.01.

¢ Availabie from the Office of Standard Reference Maienals.
Room Bli4. Chermairy Bidy. Natwonsl Bureaw of Standands.
Washingioa. D.C. 20234,
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low-volatile coal samples. each of which has a
centified sulfur content. Sulfur values obtained
by analyzing these coals. using any of the three
methods described in this standard, may be
used for checking the accuracy of analytical

results.
ALTERNATIVE PROCEDURES
Method A— Eschka Method

§. Apparatus

5.1 Gas (Note 1) or Electric Muffle Furnace,
or Burners, for igniting the sampie with the
Eschka mixture and for igniting the barnium
sulfate (BaSO,). = '

NoTE 1—Gas may contain sulfur compounds.

5.2 Cgucibles or Capsules—Porcelain cap-
sules. % in. (22 mm) in depth and 1% in. (44
mm) in diameter, or porcelain crucibles of 30-
mL capacity. high or low form. or platinum
crucibles of similar size shall be used for ignit-
ing the sample with the Eschka mixture. Por-
celain. platinum, alundum. or silica crucibles
of 10 10 15-mL capacity, shall be used for
igniting the BaSO..

6. Reagents

6.1 Purity of Reagenis—Reagent grade
chemicals shail be used in all tests. Unless
otherwise indicated, it is intended that all re-
agents shall conform to the specifications of the
Committee on Available Reagentsof the Amer-
jcan Chemical Society, where such specifica-
tions are available.® Other grades may be used,
provided it is first ascertained that the reagent
is of sufficiendy high purity to permit its use
without lessening the accuracy of the determi-
pation.

62 Purity of Water—Unless otherwise indi-
cated, references to water shall be undersiood
10 mean reagent water, Type IV conforming to
Specification D 1193.

6.3 Barium, Chloride Solution (100 g/L)—
Dissolve 100 g of barium chloride (BaCl,-
2H,0) and dilute to 1 L with water.

6.4 Eschka Mixrure—Thoroughly mix 2
parts by weight of light caicined magnesium
oxide (MgO) with | pant of anhydrous sodium
carbonate (Na,CO;). Both materials should be
as free as possible from sulfur.

6.5 Hydrochloric Acid (1 + 1)—Mix equal
volumes of concentrated hydrochloric acid
(HCL, sp gr 1.19) and water.

.0oa77

6.6 Hydrochloric Acid (1 + 9)—Mix | vol-
ume of concentrated hydrochlonc acid (HCl.
sp gr 1.19) with 9 volumes of water.

6.7 Methyl Orange Indicator Solution (0.2 g/
L)—Dissolve 0.02 g of methyl orange in 100
mL of hot water and filter. .

6.8 Sodium Carbonate, Saturated Solution—
Dissolve approximately 60 g of crystallized so-
dium carbonate (Na;CO,-10H;0) or 22 g of
anhydrous sodium carbonate (Na.CO;) in 100
mL of water, using a sufficient excess of
Na;CO; to ensure a saturated solution.

6.9 Sodium Hydroxide Solution (100 g/L)—
Dissolve 100 g of sodium hydroxide (NaOH)
in | L of water. This solution may be used in
place of the Na:CO; solution.

7. Procedure

7.1 Preparation of Sample and Mixture—
Thoroughly mix on glazed paper approxi-
mately 1 g of the sampie, weighed to nearest
0.1 mg, and 3 g of Eschka mixture. The amount
of sample t0 be taken will depend on the
amount of BaCl, solution required in accord-
ance with 7.3. Traasfer 10 a porcelain capsule.
or porcelain crucible, or & platinum crucible,
and cover with about | g of Eschka mixture.

1.2 Ignition—Heat the crucible over an al-
cohol, gasoline, or gas flame as described in
7.2.1, or in a gas or electrically heated muffle
as described in 7.2.2 for coal and in 7.2.3 for
coke. The use of antificial gas for heating the
sample and the Eschka mixture is permissible
only whea the crucibles are heated in a muffle.

7.2.1 Heat the crucibie, placed in a slanting
position on a triangle, over a very low flame to
avoid rapid expulsion of the volatile matter
which tends to prevent complete absorption of
the products of combustion of the suifur. Heat
the crucible slowly for 30 min, gradually in-
crease the temperature, and occasionally stir
until all black panicles have disappeared,
which is an indication of the completeness of

the procedure.

7.2.2 For Coal—Place the crucibie in a cold-
vented muffle and graduaily raise the temper-
ature to 800 £ 25°C in about | h. Maintain this
maximum temperature until on stirring all

$ “Reagent Chemicals, American Chemical Society Spec-

ification.” Am. Chemucal Soc., Washungion. D.C. For sug-

os the testing of reagents aot Lisied by the Amernican

heaucal Socvety, soe “Reagent Chemicals and Siandards.”

y Josepd Rosmin. D. Van Nostrand Co.. lac.. New York,
.Y.. and the “Usited States Pharmacopeia.”™




@

black panticles have disappeared (sbout 1% h).

7.2.3 For Coke—Place the crucible in a
warm-vented mufTle (about 200°C) and grad-
ually raise the temperature to 800 = 25°C in
about 30 min. Maiotaio this maximum temper-
ature until on stimsg all black panticles have
disappeared.

1.3 Subsequent Treatment—Removethe cru-
cible and empty the contents into a 200-mL
beaker and digest with 100 mL of hot water for
¥ 10 3 h. while stirring occasionally. By decan-
tation, filier, and thoroughly wash the insoluble
matier with hot water. Afier several washings
in this manner, transfer the insoluble matter to
the filter and wash five times with hot water,
keeping the mixture weil agitated. Make the
- Mitrate, amounting to about 250 mL. just peu-
tral 10 methyl orange with NaOH or Na,CO,
solution; then add 1 mL of HCL (1 + 9). Boil
again and add slowly from a pipet, while stir-
ring constantly, 10 mL or more of BaCl; solu-
tion. The BaCl, solution must be in excess. If
more than 10 mL of BaCl; solution is required.
reduce the weight of sample to about 0.5 g and
repeat the ignition and digestion. Coantinue
boiling for 15 min and allow to stand for at
least 2 b, or preferably overnight. at a temper-
ature just below boiling. Filter through an ash-
jess paper and wash with hot water uatil | drop
of silver nitrate (AgNO,) solution produces no
more than a slight opalescence when added to
8 10 10 mL of filtrate.

73.1 Place the wet filter containing the pre-
cipitate of barium sulfate (BaSO,) in a weighed
platinum, porcelain, silica, or Alundum cruci-
ble, allowing a free access of air by folding the
paper over the precipitate loosely to prevent
spatiering. Smoke the paper off gradually and
at no time allow to burn with flame. After the
paper is practicaily consumed, raise the tem-
perature to approximately 925°C and heat to
constant weight.

7.4 Blanks and Corrections~—In all cases a
correction must be applicd. Either a reagent
blank may be run exactly as described above,
using the same amount of all reagents that were
employed in the routine determination. or a
more accurate correction may be made by an-
alyzing a weighed portion of a standard sulfate
using the prescribed reagents and operations. If
the latter procedure is carried out once 8 week,
or whenever a new supply of a reagent is used,
for a series of solutions covering the approxi-
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mate range of sulfur concentrations in the sap,
ples. it is only necessary 10 add 10 or subtrac
from the weight of BaSO, determined for
sample. the deficiency or excess found by g,
appropriate “check™ determination. This pr,,
cedure is more accurate than the simple reage;.

blank because. for the amounts of sulfur y .

question and the conditions of precipitang,
prescribed, the solubility error for BaSO,.
probably the largest one to be considered. B;;.
ium sulfate is soluble® in acids and pure ware:
and the solubility limit is reached almost i,
mediately on contact with the solvent. Hence
if very bigh-purity reageats are used or exir,
precaution is exercised, there may be no sulfas,
apparent in the “blank.” 1o other words, the
solubility limit for BaSO, has not been reacheg
or at any rate not exceeded; consequently, some
sulfate in the sample may remain in solution or
redissolve.

8. Cailculation

8.1 Calculate the sulfur content as follows:

Sulfur, %, in the analysis saraple
- (4 - B) x 1373
C

where:
A = grams of BaSO, precipitated.
B = grams of BaSO, correction, and
C = grams of sample used.

Method B— Bomb Washing Method’

9. Reagents

9.1 Purity of Reagents—(See 6.1.)

9.2 Purity of Water—(See 6.2.)

9.3 Ammonium Hydroxide (sp gr 0.90)
—Concentrated - ammonium  hydroxide
(NH.OH).

9.4 Hydrochloric Acid (1 + 1)—(See 6.5)

9.5 Sodium Carbonate Solution-—Dissolve
20.90 g of anhydrous sodium carbonate
(Na,CO;) in water and dilute 0o 1| L. The
Na,CO; should be previously dried for 24 b at
105°C.

9.6 Wash Soluwion—Dilute 1 mL of a satu-
rated solution of methyl orange to | L with
water.

¢ Journal of the Amencan Chemucal Socsery; JACSA. Vo.

32, 1910. p. 538: Vol 33, 1911, p. 829.

" Selvig. W. A.. and Fieldner. A. C. “Check Determuna-
uoas of Sulfur in Coal apd Coke by the Eschka. Bomb-
Washing and Sodium Peroxide Fusion Methods.” Indusina.
73“) Engincerng Chemusiry, JECHA, Vol 29, 1927, pp. 725
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10. Procedure

10.1 Ignition—Sulfur is determined in the
esshings from the oxygen-bomb calorimeter
following the calorimetric determination
(Method D 2015). The type of bomb. amount
of water in the bomb, oxygen pressure, and
smount of sample taken shall be the same as

ified under the calorimetric determination
(Sections 4 10 8 of Method D 2015). The bomb
shall stand in the calorimeter water for not less
than § min after firing.

10.2 Subsequent Treatment—Remove the
pomb from the calorimeter water and open the
valve carefully so as to alidw the gases 10 escape
al an approximately even rate so the pressure
is reduced 10 aunospheric in not less thap |
pin. Bombs equipped with valves other than
geedle valves, such as compression valves, shall
be provided with a device so the valve can be
controlied to permit a slow and uniform release
of the gases. Open the bomb and examine the
inside for traces of unburned material or sooty
deposit. If these are found, discard the deter-
mination. Wash carefully all parts of the inte-

. nor of the bomb. including the capsule, with a

fine jet of water containing methyl orange (9.6)
until 0o acid reaction is observed. It is esseatial
to wash through the valve opening in the case
of bombs equipped with compression valves, or
other types of valves with large openings, as
considerable spray may collect in such valve
openings.

§0.3 Collect the washings in a 250-mL
beaker and titrate with standard sodium car-
donate solution (9.5) to obtain the “acid cor-
rection” for tbe heating value, as specified un-
der the calorimetric determination D 2015. Ad-
just the pH t0 5.5 10 7.0 with dilute NHLOH,
heat the solution to boiling, and filter through
s qualitative paper. Wash the residue and paper
thoroughly five or six times with hot water.
Adjust the acidity of the filtraie and washings,
amounting 1o about 250 mL. precipitate, and
determine the sulfur as specified under the
Eschka method, Sections § to 8.

Method C— High-Temperarure Combustion Method®

11. Apparatus

11.1 Tube Furnace—Capable of beating a
tube approximately 34-mm external diameter
over a length of 150 mm to a temperature of
1350°C. It is heated electrically using cither

D 3177
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silicon carbide resistance rods or a resistance
wire.
Nott 2—Induction fumace techniques may be

used provided it can be-shown that they meet the
precision requirements of Section 17.

11.2 Combustion Tube— Approximately 28-
mm isternal diameter with a 3-mm wall thick-
ness and 750 mm in length, which is gas tight
at working temperature. A high-temperature
porcelain or zircon straight refractory tube has
been found most efficient. It requires a silica
(12.12) adaptor with a flared end that just fits
inside the combustion tube and serves as an
exit for the gases. Alternatively, the combustion
may be carried out in s tapered end tube that
is directly connpected to the elbow of the fritted
gas bubbler (12.8) or to a 10/30 standard-taper
grouad-joint which is attached to & borosilicate
glass right-angle bend. The temperature at the
tapered end of the tube should be high enough
to prevent condensation in the tube itself.

11.3 Oxgen Cylinder, fitted with pressure
regulator and needle valve to coatrol flow rate
of oxygen.

11.4 Flowmeter, for measuring an oxygen
flow rate of 300 mL/min.

11.5 Sample Combustion Boats—Iron-free.
unglazed porcelain or zircon boats. A conven-
ieat size is 100-mm long, 19-mm wide, and 11-
mm deep.

11.6 Heas-Resistant Wire, 1.5-mm thick with
bent end 10 remove boats from combustion
tube.

1.7 Silica Pusher or Heal-Resistant Rod,
with 3 disk end for pushing the combustion
boat into the hot zone. The pusher passes
through a T-piece which is fitted into a rubber
stopper at the inlet end of the combustion tube.
The open end of the T-piece is sealed with a
rubber tube or ope-boled stopper to permit
movement of the pusher and prevent escape of
oxygen which eaters at the side limb of the T.
The rubber stopper or tube should be changed
periodically to avoid leakage.

11.8 Gas Absorption Botiles with Fritted Disk,
125-mL capacity, for gas absorption. Fritted

* Based 0w the metbod of Mot R. A.. and Wilkinson. H.
C.. “Determinauce of Sulfur 1o Coal aad Coke By the
Sheffield High Temperature Method.” Fuel. FUEL 8. Vol
35. 1936, p. 6. Thus method is dengned for the rapid deter-
minsuos of sulfur in coal and coke. It is oot applicabie 10
coals or coal density fracuions that have been subjected 10
treatment wih chloninated hydrocarboas because of the po-
tesually ligh acdity of tbe combusiion gases.



glass end porosity should be 15 to 40 um. The
bottle should be of such a diameter that the
fritted end is covered by peroxide solution 0 a
depth of at least 50 mm. The bottles are fitted,
in a senies of two per combustion tube, to the
outlet end of a combustion tube. Alternatively
a single narrow gas absorber may be used so
that the fritted bubbler is covered 10 a depth of
at least 90 mm.

11.9 Vacuum Regulating Bottle, containing
mercury with an open-ended tube dipping into
it.

11.10 U-tube, packed with soda-asbestos.
11.11 Vacuum Source.

11.12 Silica Adaptor, 300-mm long by 8 mm
in outside diameter and flared at one end to 26
mm.

12. Reagents

12.1 Purity of Reagents—(See 6.1.)

12.2 Purity of Water—(See 6.2.)

12.3 Aluminum Oxide (A1,0,), finely divided
and dried at 1350°C.

12.4 Hydrogen Peroxide (H:0;) Solution—
One volume percent (50 mL of 30 % H,0; with
1450 mL of water). The pH is adjusted (using
NaOH or H;SO, as appropriate) to that which
is used for the end point in the titration. Solu-
tions should be discarded after 2 or 3 days.

12.5 Indicator—Indicatorsthat change color
(titration end point) betwees pH 4 and 5 are
recommended, but in no case should the pH
exceed 7. Adequate lighting and strring to

easure proper detection of the end point is

essential A choice of indicators or use of a pH
meter is permitied. Directions for preparing
two acceptable tixed indicators are as follows:

12.5.1 Mix 1 pan methyl red solution (dis-
solve 0.125 g in 60 mL of ethanol and dilute to
100 mL with water) with 3 pans bromcrescl

solution (dissolve 0.083 g in 20 mL of
ethanol and dilute 10 100 mL with water).
Discard the mixed solution after | week.

12.5.2 Mix equal volumes of methyl red so-
ution (dissolve 0.125 g in 60 mL of ethanol
and dilute 10 100 mL with water) and methyl-
ene blue solution (dissoive 0.083 g in 100 mL.)
of ethanol and store in a dark glass bottle).
Discard the mixed solution afier | week.

12.6 Mercuric Oxycyanide Hg(OH)CN
(Note 3)—One g/80 mL of water. Prepare fresh
solution every 2 or 3 days.

Nore 3—Thisis a highly poisonous substance and
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will explode when touched with & flame or by pe:.
cussion.

12.7 Soda-Asbestos. 8 10 20 mesh.

12.8 Sodium Hydroxide (NaOH) Solution
0.050 N. ’

12.9 Sulfuric Acid (H:S0.). 0.050 N.

13. Procedure

13.1 Raise the temperature of the furnace
1350°C at such a rate that the combustion tube.
will withstand the thermal shock. Measure 10,
mL of 1 % H,0: (12.4) into two gas absorpuoc
bottles so that at least 50 mm of the fritted dusk
is covered in the first bottle, or pour the wholie
amount into a singie absorption bottle. Assem.
ble the apparatus as shown in Fig. 1 except do
pot connect the rubber tube from the oxygen
supply to the soda-asbestos U-tube. Draw air
through at about 350 mL/min. The rate of flow
can be adjusted by changing the depth of pen-
etration into the mercury of the open-ended
glass tube in the vacuum reguiating botte.
Connect the oxygen supply to the U-tube and
adjusnthe rate of flow of oxygen 10 300 mi/
min. This flow rate, at a temperature of 1350°C,
will prevent the formation of oxides of nitrogez.
The preliminary adjustment to 350 mL/mig of
air easures that the connections at the oute:
end of the combustion tube are under slightly
reduced internal pressure and no leak of com-
bustion products will occur.

13.2 Weigh about 0.5 g of the analysis sam-
ple (Note 4) 10 the nearest 0.1 mg and spread
evenly in a combustion boat previously lined
with a thin layer of Al;O; (0.02 to 0.05 g); then
cover with approximately 0.5 g of Al;O;.

NoTE 4—Ii may be necessary to grind coals of

i m«dmmmtwpasg::ughnso.

100 (150-um) sieve.

13.3 Put the charged boat into the inlet end
of the combustion tube so that the center of the
boat is 270 mm from the ceater of the combus-
tion tube hot zone, and if necessary readjust
the rate of flow of oxygen to 300 mL/mun.
Move the boat forward a distance of 30 mm at
the beginning of each minute with the excep-
tiop of the sixth minute. for the next 10 mir.
The boat should be left at the fifth minute
position until the seveath minute to ensure a
slow heating rate. At the end of the 10-mun
period the combustion boat will be in the center
of the hot zone. Withdraw the pusher after each
movement 10 prevent distortion of the rod.
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Keep the boat in the hot zone for an additional
4 min. Disconnect the gas absorpuon bottles
gnd withdraw the boat onto a sheet of asbesios
This heating program has been established for
il types of coal. and where it is shortened for
s panticular coal. results should be checked
sgainst those obtained by using the longer heat-
ing schedule. :

13.4 Pour the content of the absorption bot-
tes into a suitable titration flask. Wash the
pottles and the interior of the silica adaptor
with water (12.2) and add the washings to the
flask. Add 5 or 6 drops of indicator solution
and titrate with 0.050 N NaOH solution (12.8).
The total acidity. due to oxides of sulfur and
chlonine. 1s given according to the following
reactions: o .-
SO + HyO; — HaS0,

Clh + HO; = 2 HCl + O,

13.5.After titration, the chloride ion is pres-

ent in solution as NaCl. Convert the NaCl to

" NaOH by adding 20 mL of Hg(OH)CN (13.6)

solution (sufficient for coals containing up to
1.2 % chlorine): .
NaCl + Hg(OH)YCH — HgCICN + NaOH
13.6 Titrate the liberated NaOH with the

0.050 N H,SO., (12.9). Make a blank determi-
nation in the same manner but without sample.

14. Calkculation
14.1 Calculate the percentage sulfur in coal
as follaws:

S= 1.603 [Fi(a-a)) = Fx(d-by))

w

where: ur u

S = percent sulfur in coal,

a = millilitre of NaOH solution used in full
determination,

a = millilitre of NaOH solution used in blank
determination.

b = millilitre of H:SOQ, used in full determi-
nation,

b, = millilitre of H,SO, used in blank deter-
mination,

F\, = gormality of the NaOH solution.

F: = normality of the H,SO, solution. and

W = grams of coal waken.

15. Report
15.1 The resulis of the sulfur analysis may

415
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be reported on any of a number of bases.
diffenng from each other in the manner by
which moisture is treated.

15.2 Use the percentage of moisture in the
sample passing & No. 60 (260-um) sieve to
calculate the results of the analysis sample to a
dry basis. ’

15.3 Procedures for converting the value ob-
tained oo the analysis sample to other bases are
described in Specifications D 3176 and D 3180.

PRECISION

16. Eschka and Bomb-Washing Methods

16.1 Repeaiabilitv—Results of two consecu-
tive determinations carmed out on the same
sarople in the same laboratory by the same
operator using the same apparatus should not
differ more than the following:

%
Coal containing less than 2 % sulfur 0.05
Coal contaunung 2 % sulfur or more 0.10
Coke 0.03

16.2 Reproducibility—The means of results
of duplicate determinations carried out by dif-
ferent laboratories on representative samples
taken from the same bulk sample after the last
stage of reduction should not differ by more
than the following:

L3
Coal containing le3s than 2 % sulfur 0.10
Coal conuuning 2 % sulfur or more 0.20
Coke 0.0%

17. High-Temperature Combustion Method

17.1 Repeatability— Results of two consecu-
tive determinations carried out on the same
sample in the same laboratory by the same
operator using the same apparatus should not
differ more than 0.05 % sulfur for all coal and
coke.

172 Reproducibility--The means of results
of duplicate determinations carried out by dif-
ferent laboratories on representative samples
taken from the same bulk sample after the last
stage of reduction should not differ more than
the following:

L4
Coals comssining iess than 2 & sulfur 0.1%
Coals containing 2 & sulfur or more 0.2¢%
Coke 0.1¢
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Standard Test Methods for

CARBON AND HYDROGEN IN THE ANALYSIS

SAMPLE OF COAL AN

This Standard is issued under the fiacd designation D 3178 the number immediaiels foliowin
reat 0 Onpinal adopiion or. in the case of revivion. the year of fast revision. A number in parent

respproval.

1. Scope

1.1 These methods cover the determination
of 10tal carbon and hydrogen in samples of coal
or coke. Both the carbon and hydrogen are
determined in one operation. This method
vields 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 free moisture accompanying the sample as
well as hydrogen present as water of hydration
of silicates.

Note 1=t i3 recognized that cenain technical
spphicatians of the data derived from this test proce.
dure may justify additional corrections. These correc-
tions could involve compensauon for the carbon
present as carbonates, the hvdroges of free moisture
accompanying the sample and the calculated hydro-
gen presem as waier of hydration of silicates.

1.2 When data are converted and reported
on the “dry™ basis the hvdrogen value is
corrected for the hydrogen present in the free
moisture accompanying the sample.

2 Applicable Documents

2.1 ASTM Siandards:

D 346 Collection and Preparation of Coke
Sampies for Labaratory Analysis?

D 1193 Specification for Reagem Water?

D 2013 Preparing Coal Sample for Analysis?

D 3173 Test for Moisture in the Analysis
Sample of Coal®

D 3J76 Ultimate Analysis of Coal and Coke?

D 3180 Calculating Coal and Coke Analyses
from As-Determined to Different Bases?

3. Sample

K e

REL L . =3z

3.1 The sample shall be the material pulver-

D COKE!

%Iht designation indicates the
eses indicates IRE yeus of Jast

ized 10 pass No. 60 (250-um) sieve and well
mixed according 10 Method D 346 or Method
D 2013. 11 may be beneficial to grind the ash.
pit ash. calcined cohe and high mineral content
mailerials to pass a2 No. 100 (150-um) sieve.

3.2 The test sample should be weighed just
prior 10 commencing the analysis 10 minimize
chance for moisture change. A change in mois-
ture content would introduce error in the hvdro-
gen analysis. In order to provide the data
necessary to correct {or the hydrogen present in
the moisture and ensuing final calculations of
both the hydrogen and carbon. a separate
sample should be weighed out at the same time
for 2 moisture analysis. and analyzed in accord-
ance with Method D 3173.

TOTAL CARBON AND TOTAL HYDROGEN

4. Summary of Method

4.1 The determination of carbon and hydro-
gen is made by burning a weighed quantity of
sample in a closed system and fixing the
products of combustion in an absorption train
after complete oxidation and purification from
interfering substances. This method gives the
total percentages of carbon and hydrogen in the
coal as analyzed. and includes the carbon in
carbonates and the hydrogen in the moisture
and in the water of hvdration of silicates.

! These methods are under the jurisdiction of ASTM
Comminee D-5 on Coal and Cohke.

Current  odition spproved Now. 27, 197}, Publithed
March 1974
¢ Anual Book of ASTM Siandords. Pant 26.
® Anmual Book of ASTM Standards, Pan 33.
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S. Apparactus

S.} Oxygen Purifving Train, consisting of
the following unuts arranged as listed in the
order of passage of oxygen:

S.1.1 First Water Absorber—A container
for the soiid dehydrating reagent. It shall be so
constructed that the oxygen must pass through
a column of reagent adequate 10 secure water
equilibrium equal to that secured in the pre-
scribed absorption train. A container of large
volume and long path of oxygen travel through
the reagent will be found to be advantageous
where many carbon and hydrogen determina-
tions are made.

5.1.2 Carbon Dioxide Absorber—A con-
tainer {or solid carbon dioxide absorbing agent.
1t shall be constructed as described in 5.1.1 and
shall provide for a column of reagent adequate
to remove carbon dioxide completely.

5.1.) Second Waier Absorber, same as spec-
ified in 5.1.1. -

5.2 Flowmeter. used t0 permit volumetric
measurément .of the rate of flow of oxygen
during the determination. [t shail be suitable
for measuring flow rates within the range from
50 to 100 mi/min (standard temperature and
pressure). The use of a double-stage pressure-
reducing regulator with gage and needle vaive
preceding the first water absorber is recom-
mended to permit easy and accurate adjustment
of the rate of Nlow.

5.3 Combustion U nit—The combustion unit
shall consist of three electricaily heated furnace
sections, individually controlled, which may be
mounted on rails or casy movement: the upper
pant of cach furnace may be hinged so that it
can be opened for inspection of the combustion
tube. The three furnace sections shail be as
follows:

5.3.1 Furnace Section [, nearest the oxygen
inlet end of the combustion tube. approxi-
mately 130 mm long 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.

5.3.2 Furnace Section 2. approximately 330
mm in length and used to heat that portion of
the tube filled with cupric oxide. The operating
temperature shall be 850 = 20°C {Note 2).

5.3.3 Furnace Section 3, approximately 230
mm fong. and used to heat that portion of the

tube filled with lead chromate or silver. The

D 3178
operating lemperature shall be 500 = 50°C.

Note 2—Combustion tube temperature shall be
measured by means of 3 thermocouple placed imme-
diately adjscent to the tube near the cenier of the
appropriate tube section.

5.3.4 Combustion Tube—The combustion
tube shall be made of fused quartz or high-sil.
ica glass® and shall have a nominal inside diam-
eter which may vary within the limits of 19 w0
22 mm and a minimum total length of 970 mm.
The exit end shall be tapered down to provide a
tubuyiated section for connection to the absorp-
tion train. The tubulated section shall have 3
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 a
transiucent fused quarnz tube is used. a trans-
parent section 190 mm fong. located 250 mm
from the oxygen inlet end of the tube, will be
found convenient (see Fig. 1).

5.3.5 Combusiion Boat—~This shall be either
glazed porcefain, fused silica. or platinum.
Boats with internal dimensions of approxi-
mately 70 by 8 by 8 mm have been found
convenient.

5.4 Absorption Train—The absorption train
shall consist of the following units arranged as
fisted in the order of passage of oxygen:

5.4.1 Waier Absorber. having a capacity lor
45 cm?® of solid reagent and 2 minimum length
of gas truvel through the reagent of 80 mm.?

5.4.2 Carbon Dioxide Absorber—If solid
reagents are used for carbon dioxide absorption
the container shall be as described in 5.4.1. 1 a
solution is used. the container shall be a Vanier
bulb.

$.4.3 Guard Tube~—A container as de-
scribed in 5.4.1.

6. Reagents

6.1 Purity of Reagenis—Reagent grade
chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that ail
reagents shall conform to the specifications of
the Committee on Analytical Reagents of the
American Chemical Society, where such speci-

* Vycur has been found sauisfactory for this purpose.

*Glass-rioppered  contuiners “ swch a3 L Nesdat.
Schwartz U-ube and the Sictser-Nartoa dulds have been
found satisfacton.
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6.2 Puritv of Water—Unless otherwise indi-
cated. references 1o water shall be understood
10 mean reagent water. conforming 1o Specifi-
cation O 1193,

6.3 Ovigen. 99.5 % purity or better (Note &)

6.4 Combustion Tube Reagenis:

6.4.1 Cupric Oxide (CuQ). wire form. dusi-
free.

6 3.2 Fused Lead Chromaite, (PBCrO,) 2p-
proaimately 2.38 10 0.84 mm size.

6.4.3 Silver Gauze. 99.9 & silver minimum
purity. 0.84 mm. made from approximately
No. 17 B&S guge wire. .

6.4.4 Copper Gauze. 99.0 % copper mini-
mum purity, 0.84 mm made from approxi-
mately No. 26 B&S gage wire.

6.5 Purification and Absorptian Train
Reagents:

6.8.1 Waier Absorbent— Anhydrous magne-
sium perchiorate (Mg(C10,),) of approxi-
matehy 2.38 10 0.35 mm size.

Note 3—=Trade names of the reagents are Anhy-
drone and Dehvdnie. -

6.5.2 Carbon Dioxide Absorbeni—If a solid
reagent is used, it shail be sodium or potassium
hydroxide (NaOH or KOM) impregnated in an
inen carrier of approximately 2.3% 10 0.84 mm
size. Use of soda lime in place of the above or in
admixture with them is permissible (Note 4). If
a solution is used. it shall be 30 weight %
potassium hydroxide (KOH).

Nove 4~Trade names of the spdium and potas-
sium hydronxie permissibie soiid carbon dioxide ab-
sorbing reagents are: Ascarite. Caroxite, and Mikoh-
bite. If soda lime is used in admisture with any of the
forcgoing. it shouid not exceed 30 weight & of the

1012} reagent. In using Ascarite it may be necessary 10
sdd a few drops of water 1o this reagent to assure

. compiete absorption of carbon dioxide.

1. Preparation of Apparatus

1.1 Combustion Tube Packing—To ensure
complete oxidation of combustion products and
complete removal of interfering subsiances
such as oxides of sulfur, the combustion tube
shall be packed with cupric oxide and lead

NOARAE. - & . b n and

NS
)

L Juves Lok
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shall be as shown in Fig. 1. h is recommended
thut the tube be placed in a vertical position
{constricted end downward) for pucking. When
filling the tube with leud chromatc. any residual
reagent adhening 10 the wulls of the empny
portion of the tubc must be removed. When
silver is used as g tube filling, the required
length of filling muy be prepured conveniently
from three o four strips of silver guuze (S0 to
200 mm long. by rolling each strip into a
cylindrical plug and inserting the sirips end-to-
end in the tube. :

Nott S—Longer furnaces with appropriste
lengihs of tube puching will be satisfacior.

1.2 Absorpiion Train:

1.2.1 Water 4bsorber—A comainer is filled
with 2 permissible solid desiccant by adding the
required amount in small portions and settling
each portion by gentle wapping between addi-
tions. A glyss wool plug shall be placed between
the reagent and the absorber qutiet 10 prevent
loss of reagemt “dust™.

1.2.2 Carbon Dioxide Absorber—If a solid
reagent is used for the retention of carbon
dioxide, the absorber shall be filled as described
in 7.2.1. A layer or “cap” of desiccant shall be
placed in the outlet section of the container and
shall be the same as that used in the water
absorber. This layer shull have ¢ bulk volume
not less than one fourth nor more thun one third
of the combined volume of both reagents. If 3
fiquid absorbent is used, the inner tube of the
Vanier bulb shail be filled with the same
desiccant used in the water absorber. A glass
wool plug shall be placed in the outlet section of
the container to prevent loss of reagent “dust™.

7.2.3 Guard Tube, packed with equal vol-
umes of the water absorbent and a solid carbon
dioxide absorbent.

7.2.4 Connections—To ensure a closed svs-
tem from the supply tank of oxygen to the
guard tube at the end of the absorpuion train. it
is recommended that all connections be glass-
to-glass or glass-to-quartz dutt joints with short
lengths of flexible tubing as seals. The connec-
tion between the purification train and the

*“Reugest Chemicals. American Chemical Society

Specifications.™ Am. Chemical Soc.. Washingion. D. C. For
suggestions om (he testing of resgems not listed by the
Amencea Chemxcal Socaety. see ~“Reageat Chemiculs and

« Standards’ by Joweph Rosm. D Van Nostrand Co.. Inc.,

y J_«g_y ¥..and the “Unued Siater Pharmacopeia.”
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combustion tube may be made by means of 2
rubber stopper or other suttable device. All
connections shall be gas tight. No fubricant
shall be used for making tubing connections in
the absorption train.

1.3 Conditioning of Appararus:

7.3.1 Newiy™ Packed Combustion Tube—
Burn 3 sampie of coul or cche as described in
8.4 except that the products of combustion
need not be fized in 4 weighed absorption train.

7.3.2 Used Combustion Tube—After any
extended shut down, one day or more, test the
combustion train under procedure conditions,
but without burming a sample, for 40 min with
weighed absorption buibs connected. A varia-
tion of not more thun 0.5 mg of either bulb shalt
be considered satisfactory.

Nove 6—If the blunk tests for Mlow indicate inter-
fering impuritics in the oxygen supply by consisient
weight-gain in the absorption bulbs. eliminate these
impunties by using a preheater furnace und tube.
filled with cupnc oude. Operate this preheater fur-
nace at 850 = 20°C and insert in series between the
supply tank of oaygen «nd the purnification tran.

7.3.3 Absorption Train—Condition freshiy
packed absorber und guard tubes by burning a
sample of coal or coke as described in 8.4 ex-
cept that tube weights need not be determined.

7.3.4 Siandard Checks shall be made fre-
quently, panticularly when intermitient use of
the combustion train is common or when any
changes have been made in the system. A
standard substance of certified analysis, such as
benzoic acid or sucrose as furnished by the
National Bureau of Standards shall de burned
as described in Section 8. A variation from the
theoreticai of not more than 0.07 % for hydro-
gen nor more than 0.30 % for carboa shall be
considered satisfactory.

8. Procedure

8.1 After the combustion tube and absorbers
have been conditioned as prescribed in Section
7. conduct the test as follows:

8.2 Absorption T~ain—Bring the absorption

tubes to room temperature near the balance lor-

15 to 20 min. vent mamentarily to the atmos-
phere, wipe with a chamois or lint-free cloth in
the areas where hundled, and weigh to the
nearest 0.1 mg.

8.3 Sample—Weigh approximately 0.2 g
(weighed to the neurest 0.1 mg) of air-dry

D 3178

sample ground 10 pass 3 No. 60 (250-um) sieve
ino a cambustion boat.

8.4 Sample 4nalvsis—With furnace Section
5.3.2 and 5.3.3 at specified temperatures und
positioned as showa in Fig. 1. perform the
following operations in rapid succession in the
order listed: :

8.4.1 If a conventional type of sample heat-
ing furnase is used for heating $.3.1. place ut so
that its left-hand edge is sbout 100 mm from
the oxygen inlet end of the combustion 1ube.

8.4.2 Atiach the weighed absorption train to
the tube:

8.4.3 Push the sample boat into the tube to a
point within approximately 20 mm from plug
P,
8.4.4 Close the tube and adjust the oxygen
flow to a rate of 5O to 100 mi/min (stundard
temperature and pressure) being the same as
used in blanking (see 7.3.2).

8.4.5 Apply full heat 10 heating section No. |
to bring it to an operating temperature of 850 to
900°C as rapidly as possible. Move the heater
slowly toward the boat so that it completely
covers the boat and is brought into contact with
heating 5.3.2 in a period of 10 to 20 min (Note
7). Allow it to remain in this position for an
additional 5 to 10 min 3ad then shut off the heat
and return the sample heater to its original
position. Continue the flow of oxygen through
the tube for 10 min (Note 8), close the absorb-
ers under a positive pressure of oxygen, and
detach them from the train. Remove the ab-
sorbers to the vicinity of the balance, allow
them to cool to room temperature for 15 10 20
min, vent momentarily to atmosphere, wipe
them with a3 chamois or lint-lree cloth in the
areas handled. and finally weigh them to the
nearest 0.1 mg. While the absorbers are cool-
ing, it is recommended that the ash remaining
in the combustion boat be examined lor traces
of unburned carbon which, if present, will
nullily the determination.

NoTE 7—Some variation in operating technique
and heater manipuiation may be permitted here al the
discretion of the analyst. provided that it is conducive
10 a gradual and controlled reicase of volatile matter.
Conditions that lead 10 visibie burning (lame com-
busiion) of the sampie shall be avaided.

Nove §~—Since waler may condense in the cooler
outlel end of the combus*ion tube or in the inlet arm
of the water absorber, the use of an cxiernal of
internal heat caonducting de¥ice {a metal heat brdge)

is recommended to prevent such condensation of
promote secvaporation during this (lushing period.

9. Calculations
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9. Calculations

9.1 Calculate the percentage of carbon (Note
9} in the analyvsis sampie as follows:

Carbon, & = (4 » 27.289)/8

where:

A = increase in weight of CO, absorption
bulb, g. and

8 =+ grams of sampled used.

NOTt 9—11 is recognized that formation of oxides
of nurogen dunng the combustion procedure may
kad to shghtly high resuits for carbon. However.
eviensine siudy of this effect by five laboratories led
10 the conclusion that error so incurred would not be
;.gmﬁcam i commercial apphcation. In cernain
rescarch apphications. where accurucy of 3 higher
order 15 required. means of removing oxides of
mirogen prior 10 water and carbon dioaide absorption
shouid be inciuded.

9.2 Hydrogen—Calculate the percentage of
hydrogen in the analysis sample (Note 10) as
follows:

Hydrogen. % « (C x 11.19)/8

D 3178

Nov 10-=The waier abvarbed in the water ab-
sorphion tube includes Aot onis water formed us @
preduct of combusiion, but also free waicr {morcture)
i the sample and waier of hydration of any clus
minerals present ’ .

30. Repont

10.1 The results of the carbon und hydrogen
analysis muy be reported on any of a number of
bases. differing from each other in the munner
by which moisture is treated.

10.2 Use the percentage of moisiure in the
sample passing 2 No. 60 (250-um) sieve to
calculate the resuits of the analysis sample 1o a
dry basis.

10.3 Procedures for converting the values
obtained on the analvsis sample to other bases
are described in D 3176 and D 3180.

11, Precision

11.1 The permissibie difTerences between
two or more determinations shall not exceed
the following values:’

) . Repeat- Repro-
where: ability, ducibiny.
B = grams of sample used. and s s
C = increase of weight of water absorption Carbon 0.3

bulb, g. Hydrogen 0.07
rre e
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NoTt—~AH dimensions are given in cenumeters. When {urnuce sections longer thun those specifocd in 5.3 are 10 be used.
changes in the above dimensions shall be in accordance with the provisions of Note 8.

FIG. 1 Arvsagement of Tobe Fillings for Combusiion Tube.

The Amgrican Society for Tah}_-\:“)lunhh takes e pusition re.
ni

connsction nah ey dem dord Users

the validity of any psews rights asseried in
tha d are cxpressly advaed tha dcurfnuamn of the

valicizy of any nch paaeva righus, and the risk of infringemens of such righis, u enwely ihew own responsibility.

This manderd is sbject 10 revision at any time by the responsibie rechnicel commiiiee and mmns be reviewed rvevy five
yoars ond if not revied. cihevy reapproved or wuhdrawn Yowr commens are invied ciher for remuon of 1his mandard er
Jor additional sandards end should be addresred 0 ASTM Heandgquariers. Yowr comvmenss will receive careful connderanon

& o macting of the rexponsible vechnical

which you may assend If you foul 1Aat vour comments Aave net received

@ fair hearing you should make your wews knonn 10 the ASTM Commiiiee on Siendwds. 1916 Rece Si.. Philadeiphia, Pa.
19103, which will schedule @ further hearmg regacding your commenss. Failing rungfaction theve, you may appenl 1o the

ASTM Bowd of Diseciors.

40$

&
;§
|

13
}\

!

TERS o

st

&

(

/
"

&

£

By




ol b b sgline a-i i)

-

»eTh > P

1hiek

qs'“’{.bc'signation: D 3179 -~ 73 (Reapproved 1979) AR American Netiona! Sisnaarg

¢

Standard Test Methods for
NITROGEN IN THE ANALYSIS SAMPLE OF

COAL AND COKE'

This standard is 1ssued under the fixed designation D 3179: the number immediaiely following the designanon indicates the
year of onginal adopuon or, 1o the.case of revision. the year of last revision. A sumber in parentheses indicaies the vear of las;
reapproval. A superscript epsilon (¢) indicates an edsional change swice the last revision or reapproval.
1. Scope burner of comparable capacity: either type of
1.1 These methods cover the determination heater shall be provided with adequate means
of total nitrogen in samples of coal or coke. The of control ;0 maintain dlgesuop rates as de-
analytical data from these methods are 10 be 5cribed in 7.1 (Note 1). Commercially made.
reported as pan of ultimate analysis where multiple-unit digestion racks provided with
ultimate analysis is requested. If ultimate anal-  fume exhaust ducts may be used.
ysis is not requested the value is to be reported NOTE 1—~If commercially made electrical heaters
according 10 the request are used, auxiliary voitage control equipment. such as
g quest. autotransformer, may be needed to maintain the
2. Applicable Documents specified rates of digestion and distillation.
4.2 Distillation Unit—~An electrical heater

2.1 ASTM Siandards:
D 346 Collection and Preparation of Coke or gas burner as described in 4.1: either type
Samples for Laboratory Analysis? shall be provided with adequate meuns of
control to maintain distillation rates as de-

D 1193 Specification for Reagent Water'
D 2013 Preparing Coal Samples scribed in 7.1. Commercially made. muitipie-
Analysis? unit distiliation racks provided with water-
D 3173 Test for Moisture in the Analysls cooled glass or block tin condensers may be
Sample of Coal and Coke? used.
D 3176 Ultimate Analysis of Coal and Coke? 4.3 Condenser, glass. water-cooled. having a
D 3180 Caiculating Coal and Coke Analyses minimum jacket length of 500 mm.This appara-
from As-Determingd to Different Bases? tus is not ordinarily required when a commer-
cially made distillation rack is used.

3. Summary of Methods 4.4 Kjeldah! Digestion Flask. of heat-
3.1 The determination of nitrogen is made resistant® glass, having a capacity of 500 or 800

by either the Kjeldahl-Gunning method (Sec- ml.

tion 7) or the alternative method (Section 8). In 4.5 Kjeldahl Connecting Bulb. cylindrical

these procedures nitrogen is converted into type. 45 mm in diameter by 100 mm long. or
larger. with curved inlet and outlet tubes.

ammonium salts by destructive digestion of the
sample with a hot, catalvzed mixture of concen- 4.6 Erlenmever Flask. having a capacity of

trated _sulfuric _acid and muﬂm_gia‘:e. 250 or 300 mi.
These salts are subsequently decomposed iIf a

hot alkaline solution from which the ammonia
is recovered by distitiation. and fnally deter-

for

mittee D-5 on Coal and Cobke.

' These methods are under the junsdicnion of ASTN Come

4.7 Glas
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solu

cry-

mined by alkali ic_or_agidimetrnc titration.
M *ﬁ-ﬂn-c‘g‘ dimetric ¢ Current edwson approved Nov 27, 1973, Pubiished
March 1974,
4. Apparatus Z 54 Annual Bek of ASTN Standards Vol 05.0%.
Y JUKS Annuul Benik of ASTA Standards Vol 11.01.

4.1 Digestion U'nit—An electrical heater of * Boroulisate glass has heen found sausfacton for s pur-

approximately S00-W minimum rating or 3 gus  pos.
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r{.as been found ausfactony for this pur.
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4.7 Glass Counnecting Tube. approximately
10 mm in outside diameter by 200 mm long.
4.8 Rubber Tubing. shor piece.

S. Reagents

5.1 Purity of Reagents—Reagent grade
chemicals shall be used in all tests. Unless
otherwise indicated. it 1s intended that all
reagents shall conform to the specifications of
the Committee on Analytical Reagents of the
American Chemical Society. where such spec-
ifications are avajlable.® Other grades may be
used. provided it is first ascertained that the
reagent is of sufficiently high purity to permit
its use without lessening the accuracy of the
determination.

5.2 Purity of Water—Ualess otherwise indi-
cated, references 10 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,S) and 500 g of sodium hy-
droxide (NaOH) in water and dilute to | litre.
The use of appropriate amounts of sodium
sulfide (Na,S) or potassium hydroxide (KOH)
may be substituted for the above. if desired
(Note 2 (3.

S.4" Ethyl Alcohol (95%)—Ethyl alcohol con-
forming to Formnula No. 30 or 2A of the U. S.
Bureau of Internal Revenue. Methyl alcohol
may be used.

5.5 Mercury. metal.

NOTE 2—Other satisfactory and permissible cata-
lysts for the digestion, together with the quantities of
K SO, required in their use are as foilows:

(1) Five grams of a mixture containing 32 parts by
weight of K,SO, 5 parts by weight of mercuric
suifate (HgSO,). and | part by weight of seienium.

(2) Three-tenths gram of mercuric selenite
(HgSeO,) with 7 t0 10 g of K SO,

(3) Three-tenths gram of cupric selenite dihydrate
(CuSe0 .- 2H.0) with 710 10 g of K:SO.. When this

mixture is used. the addinon of a sulfide 10 the alkali ~

solution s not necessary.

5.6 Potassium Permanganate (KMnO,).
crystals.

5.7 Porassium Sulfate (K ,SO,), crystals.

5.8 Sucrose. National Bureau of Standards
primary-standard grade.

5.9 Sulfuric Acid (sp gr 1.84)—~Concen-
trated sulfuric acid (H,SO,).

-5.10 Zinc. mossy or granular.

D 3179

Reagenis Required Onlv for Kjeldahi-Gunning
Meihod

5.1\ Methyvi Red Indicator Solution (0.4 to
I g/litre)=Dissolve 0.04 to 0.1 g of methyl red
in 50 mi of 95%. ethyl alcohol or methyl aicohol
and add SO mi of water. Bromcresol green
solutions of equal concentrations may be used.

5.12 Sodium Hydroxide. Standard Solution
(0.1 10 0.2 N)—Prepure and accurately stan-
dardize a 0.1 to 0.2 N sodium hsydroxide
(NuOH) solution aguinst 4 primary standurd.

5.13 Sulfuric Acid (0.2 N)—Preparc and
standardize a 0.2 .V sulfuric acid (H,SO,)
solution. The solution need not be standardized
against a primary standard.

Reagents Required Only for Aliernate Method

5.14 Boric Acid Solution (50 g/litre)=—Dis-
solve § g of boric acid (H,BO,) in 100 mi of
boiling water. Allow to cool before use.

5.15 Mixed Indicaior Solution—Ptepare a
solution containing 0.125 % methyl red and
0.083 % methyiene blue in 95 % ethyi alcohol or
in methyl alcohoi. Prepare a fresh solution at
bimonthly intervais.

5.16 Sulfuric Acid (0.1 1o 0.2 N)y—Prepare
and accurately standardize a 0.1 to 0.2 N
sulfuric acid (H,SO,) solution against a pri-
mary standard: hydrochloric acid (HCl) of
similar concentration may be substituted.

6. Sample

6.1 The sample shall be the matenial puiver-
ized to pass No. 60 (250-um) sieve and well
mixed in accordance with Method D 346 or
Method D 2013.

6.2 A separate portion of the analysis sam-
ple shouid be analyzed for moisture content in
accordance with Method D 3173, etc. in order
1o allow calculation of the as-analyzed data to
other bases.

6.3 Weigh approximately 1 g (weighed to the
nearest | mg) of the analysis sample ground to
pass a No. 60 (250-ym) or finer sieve, into a
weighing scoop. In the case of coke and anthra-

*Reagent Chemicals. Americun Chemical Society Spec-
ificatiom.” Am. Chemical Soc.. Washingion. D. C. Fur
suggesuions on the tesiing of reagenis not histed by the
Amencan Chemical Society. see “Reagent Chemicals and
Stundurds,” by Joseph Rosun. D. Van Nustrund Co.. Inc..
New York. N. Y.. and the "United States Phurmacopera.”
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cite. grinding the sample (o bass a No. 200
(75-um) or finer sieve is recommended.

7. Procedure for Kjeldshi-Gunning Method

7.1 Carefully transfer the sample into a 500
or 800-m1 Kjeldah! flask containing 710 10 g of
K,SO,and 0.6 10 0.8 of mercury (Note 2). Add
30 ml of H,SO, (sp gr 1.84) 10 the miature by
pouring it down the neck of the flask with
rotation, in order to wash any adherem sample
material into the mixture. Swirl the contents of
a4 the flask several times to ensure thorough

mixing and wetting of the sample. Incline the
- {Task at an angle of 45 10 60 deg on the digestion
heater in a fume hood (Note 3). and heat the
contents to boiling: controiling the heat input in
such a manner that the H,SO, vapors condense
no more than halfway up the neck of the flask
{Note 1). Continue the boiling until ail sample

o
H particles are oxidized. as evidenced by a nearly
colorless solution. or for at least 2 h after the
solution has reached a straw-colored stage. The
g total time of digestion will require 3 to 6 h.

except in the case of coke and anthracite, which
. may require 12 10 16 h (Note 4). When the
digestion is completed and the solution has
cooled, a few crystals of KMnO, may be added
to ensure complete oxidation: further heating
may be necessary to destroy the excess perman-
ganate and decolorize the solution.

NoTe 3—=When fume exhaust ducts or hoods are
not avgilable a Hengar tube may be inserted in the
neck of the Nask..,

Note 4-—Addition of 0.1 g of chromic anhydride
(CrO,) 10 the digestion mixture has been found very
heipful in reducing the time of digestion {or coke.

7.2 Dilute the cooled digestion mixture to
about J00 mi with cold water, and remove any
heat of dilution by cooling with water. Mean-
while. pipet into the 250 or 300-mt 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 angie. and
insert this tube so that the end is immersed to
the maximum depth in the acid. Add lto2gof
granular zinc to the mixture in the Kjeidahi
flask (two or three small pieces if massy zing is
used). and siowly add 100 mi of the alkali

-

solution so that it forms a distinct layer under

245
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the acid solution. This may be accomplished by
inclining the flusk at an angle of 45 10 60 dep
and pouring the alkali solution down the neck.
Failure to maintain discrete lavers during this
operation may lead to loss of ammonia.
Quickly connect the flusk to the distilling
condenser through the Kjelduhl connecuing
buib, and then swiri the contents to promote
thorough mixing.

7.3 Bring the contents of the Kjelduhi Nusk
to a boil carefully. in order to avoid violent
bumping. and then distill the ammonia over
into the acid solution in the Erlenmeyer Nask.
Continue the distillation at a maximum rate of
approximately 350 mi/h until 150 10 175 ml of
distillate have been collected. Discontinue the
boiling. and remove the glass connecting tube
from the condenser and Erienmever flask.
Rinse the tube with distilled water. collecting
the washings in the Erlenmeyer flask. and then
back-titrate the excess acid with 0.1 to 0.2 N
NaOH solution.

7.4 Run a bilank determination in the same
manner as described above. using approxi-
mately | g of sucrose (weighed to the nearest 1
mg) as the sample material.

NoOTe 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.

1.5 Calculation—Calculate the percentage
of nitrogen in the analysis sample as follows:

itrogen, %

Nirose = [((B - A)N x 0.014)/C] x 100
where:

A = millilitres of 0.1 10 0.2 N NaOH solution
required for titration of the sample.
millilitres of 0.1 10 0.2 N NaOH solution
required for titration of the blank.
normality of the NaOH solution, and
grams of sample used

B =

N =
C =

8. Procedure for Alternative Method

8.1 Digest the sample as described in 7.1.

8.2 Dilute and cool the digestion miature as
described in 7.2. Add to the 250 or 300-mi
Erienmever flush approximately 20 mi of
H,BO, solution and 6 drops of mixed indicator
solution. Then proceed as described in the
remainder of 7.2.

8.3 Distill the ammonia into the H,BO,
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be reported on any of a number of bases.
differing from each other in the manner by
which moisture is treated.

9.2 Use the percentage of moisture in the
sample passing a No. 60 (250-um) sieve to -
calculate the results of the analysis sample o a
dry basis.

9.3 Procedures for converting the value ob-
tained on the analysis sample to other bases are

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
maunner as described above. using approxi-
mately | g (weighed to the nearest | mg) of
sucrose as the sample material (Note 5).

8.5 Calculation—Calculate the percentage
of nitrogen in the sample as follows:

M . . 3 . | )
Nurogen. . in the md‘ys“-ulm, e— 8) N x 1.4]/C described in Specifications D 3176 und D 3180.
where: L .
A = millitres of 0.2 N H,SO, required for

10. Precision

10.1 The permissible differences between
two or more determinations shall not exceed
the following values:

titration of the sample,

B = millilitres of 0.2 N H,SO, required for
titration of the blank.

N = normality of the H,SO,. and

C = grams of the sample used.

Repeat- Repro-
ability, ducibility,
9. Report 4 ) Py
9.1 The results of the nitrogen analysis may Nitrogen _ 0.08

The American Saciery for Tesiing and Materials takes no position respecting the validity of anv patens nghts a.s.wmd in connection
with any iem mentioned i this standard. Users of 1his standard are expressiv advised that determinanion of the validity of any such
pasens nghts. and the nisk of infringement of such rights, are entirely therr own responsibility.

andard is subject to revision al any lime by the responsible mhmml committee and must be rmau:ﬁ overy five vears and
if n::' '::nud. mllc’n n)::pnmd or withd! Your are ed either for revision of this or for
:mndard.v and should be addressed 10 ASTM Hmdvumm Your commenis will receive careful consideranion ar a meetng of the
responsible technical which you may aitend. If you feel 1Aas your comments have not received a fair hearing you shouid

make vour views known 10 the ASTM -Committee on Standards. 1916 Race St.. Philodeiphia Pa. 19103
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Attachment H-5
HEATING VALUE

Method: American Society for Testing Materials

Gross Calorific value of Solid Fuel by Adiabatic
Bomb Calorimeter: D2015-77 (1978)




U.S. Environmental Protection AWCY

HWI Sample Nanagement Office SAS Number
P.O. Box 818, Alexandria, Virginis 22313 -
PHONE: (703) $57-2490 or FTS-557-2490
SPECIAL ANALYTICAL SERVICES
Regional Request
X Rogional Tronsmittal Telephcne Request

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

B. Regional Representative: Dennis Wesolowski
C. Telephone Number: ( ) (312) 886-1971

D. Date of Request:

Please provids below a dascripticn of ycur roquest for Special Analytical Servicas undar
the Uncentrolled Hazardous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for ycur raquest, please address the following consideratiens, if
applicable. Inccmplete or erronecus informaticn may result In dalay In the precassing
of ycur raquast. Please centinue raspense cn additional sheets, or attach supplementary

information as naedac. .

1. GCeneral description of analytical servica requested:

Analyze soil and sediment samples for 1) Proximate analysis for: a) moisture content,

b) ash, c¢) volatile matter, and d) fixed carhon. 2) llitimate analysis far

a) C, H, S, O, N ‘ 3) Heating Value, 4) Flash Point and 5) pH

2. Definiticn and number of work units invoived (specify whether whole samples or
fraciions; wnethsr srganiss or incrsanics; whether agqueous or seil anc sacimen:s:
and whether low, medium, or high concaniratien):

Analyzes4 soil samples and 20 sediment sampies for 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,
NPDES, atc.): -

Superfund, Enforcement

8. Es:iimated date(s} of collection:

| and.method of-shipment: D2 ily.Rupevernight.carrier..

R ey Ry CERY
- :



Heating Value

6. Approximate number of days results required after lab receipt of sample:
Lab will report results within 30 daysafter receipt of samples.

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

A.) Heating value ASTM Method -0 2015-77
See Attachment F-3 |

8. Special technical instructions (if outside protocol requirements, specify compound
nanes, CAS numbers, detection 1$m1ts. etc.): 1.1,Exactqcomplianc§ tg theyspec$f$2
requirements of the method must be met. particularly the restandardization
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 8TU/°C.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). {f not canpleted, format of results will be
left to program di scretion, :

1.) Copies of Thermometer's Certificate to NBS Certification
2.) Logs of restandardization data.
3.) Copies of all 1og pages particularly the calculations.

10. Cther (use additional sheets or attach supplementary information, as needed):
The correlation coefficient for standards must be calculated and supplied.

11. Name of sampling/shipping contact: Jeff Keiser

Phone: 414-272-2426

Please return this request to the Sample Management 0ff1¢. as soon as possible to
expedite processing of your request for special analytical services. Should you
-have.any questions or need any as :




Heating Valve

-3-
i. DATA REQUIREMENTS
Parameter ' | Detection Limit ; Precision Desired
N (2% or Conc.)
Heat Valve Repeatability <50 VBTU/lbs Dry Weight

(Adiabatic Bomb Calorimeter)

" 1l. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits Limits® (2% or Conc.)

After changing any part of
Restandardization the calorimeter and at least
once a month.

~ Duplicates 1l 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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qgn’ Designation: D 2015 - 77 (Reapproved 1978)

Standard Test Method for
GROSS CALORIFIC VALUE OF SOLID FUEL BY THE
ADIABATIC BOMB CALORIMETER'

1. Scope

1.1 This method covers determination of
the gross calorific value of solid fuel by the
adiabatic bomb calorimeter.

1.2 The values stated in S1 units are 0 be
regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

D 121 Definitions of Terms Relating to
Coal and Coke?

D 346 Collection and Preparation of Coke

-Samples for Laboratory Analysis®

D 1193 Specification for Reagent Water®

D 2013 Preparing Coal Samples for Analy-
sis? )

D 3173 Moisture in the Analysis Sample of
Coal and Coke?

D 3177 Total Sulfur in the Analysis Sampie
of Coal and Coke?

D 3180 Caiculating Coal and Coke Analy-
ses. - from As-Determined to Different
Basss’

E 1 Specification for ASTM Thermome-
ters®

E 144 Recommended Practice for Safe Use
of Oxygen Combustion Bombs?

>y

al .

\

3. Sample

3.1 The sample shall be the material pul-
verized to pass No. 60 (250-um) sieve and
well-mixed in accordance with either Methods
D 346 or D 2013.

3.2 A separate portion of the analysis sam-
ple shouid be analyzed simuitaneously for
moisture content in accordance with Methods
D 2013 and D 3173 so that caiculation to

mn

e~
:

Thus swandard i issued uader the fized designauoca D 2015; he sumber immediacely followiag thes desigosuce indicates the
yeas of ongiaoal #dopuos or. 10 the case of revision. Lhe year of last revuion. A aumber 1a pareniheses wadicates the year of last
reapproval A superscnpt cpailos (¢) usdicates as editonal change uace tie last revisios of reapproval.

other than the as-determined basis can be
made.

4. Semmary of Method

4.1 Calorific value is determined in this
method by buming a weighed sample in an
adiabatic oxygen bomb calorimeter under
controlled conditions. The calorific value is
computed from temperature observations
made before and after combustion, making
proper ailowance for thermometer and ther-
mochemical corrections.

Nots |—0xidation after ing of ible
low-rank coal or lignite mymm‘ mw of
o s oo o (e of saspling o delay o sanhpms
0 air time of sampling ot i :
thall b avosd pling y o analysis

mm:.-mm' determinstion of the sam-

" 3
D Mebod DI, Y i8 sccordance

S. Deflnitions

5.1 calorific value — the hest of combustion
of a substance. It is usually expeéssed in
British thermal units (Btu) per pound. (Calor-
ific value may also be computed in calories
per gram or joules per gram when required.)

Nore 4-The unit equivaients are as follows:

1 Btu = 1055.06 J 1 Bru/Tb = 2.326 J/g
1l = 4.1868 J 1.8 Btu/lb = 1.0 cal/g

4 International Tables calorie.

! Thes method & uadey the jurtsdicion of ASTM Comminee
D5 on Conl and Coke and is the direct responsibelity of Sud-
commettas D03S.21 on Methads of Asalyms.

Current adition approved Oct. 28, 1977. Published Dscember
1977. Ongnally publnshed 28 D 2013 -62 T. Lan previowm o=
o D 2015 -68(1972)

! 1987 .4nnual Book of ASTM Siendends. Vol 05.05.

Y 1983 ¢nwual Book of ASTM Siendards. Val 11.01.

¢ 1981 .Annual Bock of ASTM Siandards. Val 14.01.

) 1983 .Annuel Buak of ASTM Siandends. Vol 14.02
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8.2 gross calorific value (gross heat of com-
busnon ai constamt volume), Q. (gros<)—see
definition contained in Definitions D 121,

5.3 net calorific value (net heat of combustion
at consiant pressure). Q. (ner)—see definition
conizined in Definuions D 121.

5.4 water equivalent or energy equivaleni— in
this method. the calorific value (Biwu's per
pound) required to raise the temperature (Note
4 of the calonmeter 1°C or 1°F per gram of
sample. This 1s the number that is muluplied
by the iemperature rise in degrees and divided
by the sampie weight in grams to give the
heaung value in Btu per pound (Note §).

Nove 4T aiure is measured in either de-

Celsius or Fahrenbeit. Temperatures may also

recorded in ohms or other units when using clectng
Consistent units must be in both

the standardization and actusl calorific determing-

ton.
Time is expressed in minutes.
Weights are measured in

Nors $—Energy units for quantities listed
throughout this method are such that the number
of energy units per gram of sample corresponds
exactly 10 the number of Biu's per pound of sample.
For Dbrevity these are referred to as Buu's.
actual energies are smaller than those siated by the
ratio of the number of pounds per gram (1/453.59
-«2). The energy equivaient of the calorimeter has

the units (Btu/lb) x (g/deg).

9. Apparstas
6.1 Test Room - The apparatus should be
operated in a room or area free from drafis
which can be kept at a reasonably uniform
temperature for the time required for the
determination. The apparatus should bde
shielded from direct sunlight and radiation
from other sources,
6.2 Oxygen Bomb, construcied of materi-
als ihat are nos affected by the combustion
process or products sufficiently to introduce
measurable heat input or alteration of end
products. If the bomb is lined with platinum
or gold, all openings shall be sealed to prevent
combustion products from reaching the base
metal. The bomb must be designed so that ail
liquid combustion products can be completely
recovered b washing the inner surfaces.
There must be no gas leakage during a test.
The dbomb must be capable of withsianding a
hvdrostatic pressure test 10 3 gage pressure of
3000 psi (approaimateh 20 MPa) at room
temperature without stressing any part be-
yond its elastic limit.

38

D 201§

6.3 Calorimeter (Note 6). made of metal
{preferably copper or brass) with a tarnish.
resistant coaning, and with all outer surfaces
highhy polished. lts size shail be such that the
bomb will be completely immersed in water
when the calorimeter is assembled. It shall
have a device for stirring the water thoroughiy
and at a uniform rate, bul with minimum
heat input. Continuous stirring for. 10 msn
shall not raise the calonmeter temperature
more than 0.01°C (0.02°F) starting with 1den-
tical temperatures in the calorimeter. room.
and jacket. The immersed portion of the
stireer shaill be coupled 10 the outside through
3 material of low heat conductivity.

NOTE 6~ As used in this method. the term “calo-

rimeter” describes the bomb. the vessel with stirver.
and the water in which the bomb s immersed

6.4 Jacket - The calorimeter shall be com-
pletely enclosed within a stirred water jacker
and supported so that its sides: 10, and botiom
are approximately I cm from the jacket walls.
The jacker shall be arranged with provisions
for rapidly adjusting the jacket temperature
10 equal that of the calorimeter for adiabatic
operation. i1 must be constructed so that an\
water evaporating from the jacket wiil not
condense on the calorimeter.

6.5 Thermometers — Temperatures in the
caiorimeter and jacket shall be measured with
the following thermometers or combinations
thereof:

6.5.1 Mercury-in-Glass Thei.nometers con-
forming 10 the requirements for Thermome-
ters 116C. 117C. 56C. or 56F as prescribed
in Specification E 1. may be used. Other
thermometers of equal or better accuracy are
satisfactory. These thermometers shail be
tested for accuracy against a known standard
(preferably by the National Bureau of Stan-
dards) st intervais no larger than 2.5°F or
2.0°C over the entire graduated scale. The
maximum difference in correction between

any two test points shall not be more than
0.02°C or 0.05°F.

6.5.2 Beckmann Differential Thermome-
ter. having a range of approximately 6°C in
0.01 °C subdivisions reading upward and con-
forming to the requirements for Thermometer

115C. as prescribed in Specification E 1. may
be used. Each of these thermometcers shall be
tested for accuracy against a known standard
{preferabiy by the National Bureau of Sian-

—— e —tm——
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dards) at intervals no larger than 1°C over
the entirc graduated scale. The maximum
difference in the correction between any two
test points shall not be more than 0.02°C.

6.5.3 Calorimetric Type Platinum Resisi-
ance Thermometer, 251, tested for accuracy
against a known standard (preferably by the
National Bureau of Standards).

6.6 Thermometer Accessorics — A magni-
fier is required for reading 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-
cant errors due to parallax. A Wheatstone
britlge and galvanometer capable of measur-
ing resistance to 0.0001 @ are necessary for
use with resistance thermometers.

6.7 Sample Holder ~Samples shall be
bumed in an open crucible of platinum.
quartz. or acceptable base metal alloy. Base
metal alloy crucibles are acceptable if after a
few preliminary firings the weight does not
change significantly between tests.

6.8 Firing Wire 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 gage may be used provided
constant ignition energy is supplied. Alterna-
tively. a cotton thread may be used for igni-
tion in conjunction with the firing wire. In
this case, the firing wire shall be just long
enough to streich tautly between the ignition
terminals. The lengths of the firing wire and
cotton thread shall remain constant for all
calibrations.

6.9 Firing Circuif - A 6 to 16-V alternating
or direct current is required for ignition pur-
poses with an ammeter or pilot light in the
circuit to indicate when current is flowing. A
step-down transformer connected to an alter-
nating current lighting circuit or batteries may
be used. Castioa - The ignition circuit switch
shall be of the momentary double-contact
type. normally open, except when held closed
by the operator. The switch should be de-
pressed only long enough to fire the bomb.

7. Reagents

7.1 Purity of Reagenis —Reagent grade
chemicals shail be used in all tests. Unless
otherwise indicated. it is intended that all
reagents shall conform to the specifications of
the Commitice on Analytical Reagents of the
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American Chemical Society, where such spec-
ifications are available.* Other grades may be
used. provided it is first ascertained that the
reagent is of sufficiently high purity to permit
its use without lessening the accuracy of the
determination. :

7.2 Purity of Water — Unless otherwise in-
dicated, references to water shall be under-
stood to mean distiled water or water of
equal purity.

7.3 Benzoic Acid, Standard (CeH;-
COOH) - Use National Bureau of Standards
benzoic acid. The crystais shall be pelletized
before use. Commercially prepared pellets
-may be used provided they are made from
National Bureau of Standards benzoic acid.
The value of heat 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 cenificate
issued with the standard.

7.4 Methyl Orange, Meithy! Red, or Methyi
Purple Indicator may be used for the acid
titration. The indicator selected shall be used
consistently in both calibrations and calorific
determinations. -

7.5 Oxygen, free of combustible matter.
Oxygen manufactured from liquid air, guar-
anteed to be greater than 99.5 % pure, will
meet this requirement. Oxygen made by the
electrolytic process may contain a smali
amount of hydrogen rendering it unfit without
purification.

7.6 Sodium Carbonate, Standard Solution
(20.9 g/litre) — One millilitre of this solution
should be equivalent 10 10.0 Btu in the nitric
acid (HNO,) titration (Note 4). Dissolve 20.9 g
of anhydrous sodium carbonate (Na;COs) in
water and dilute to 1 litre. The Na,CO, should
be previously dried for 24 h at 105°C. The
buret used for the HNO; titration shall be of

such accuracy that estimations to 0.1 ml can be
made.

§. Standardizatioa (Note 5)

8.1 Determine the water equivalent of the
calorimeter as the average of a series of ten

¢ “Reagent Chemicals. American Chemical Societs
Specifications.” Am Chemical Soc.. Washington, D C.
For suggestions on the testuing of reagents not listea by the
Amencan Chemcal Soaety, see “Reagent Chemicals and
Standards,” by Joseph Rosun, D. Van Nostrand Co.. Inc..
New York, N.Y., and the “United States Pharmacopea ™
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°F). and the average of the twa new standards

less than 3 davs, nor more than § days. Tobe must not differ from the old standard by
scceptable, the standard deviation of the se-  more than =4 Bwu/*C (=3 Bw/F). If these
ries shall be 6.5 Btw/°C (3.6 Blu/*F) or less.  requirements are met, do. not change the
(See Appendix X1, Table X1.1.) For this  standard on the calorimeter.

purpose. any individual run mav be discarded 9.1.3 If the requirements given in 9.1.2
only if there is evidence indicating incomplete  are not met, two more standards must be
combustion. If this limit is not met, repeat run. The range of the four new standards
the entire series until a series is obtained with  must not exceed 14 Btu/°C (8 Btu/*F). and
a standard deviation below the acceptable the average of the four new standards mus: -
limit. not differ from the old s:tandard by more than
8.2 The weights of the pellets of benzoic =3 Btu/*C (=2 Btu/"F). If these requirements
acid in each series should be regulated 10 are met, do not change the standard on the
vield the same temperature rise as that ob-  calorimeter.

tained with the various coal samples tested in 9.1.4 If the requirements given in 9.} .3
the individual laboratories. The usual range  are not met, a fifth and sixth standard mus:
of weight is 0.9 to 1.3 g. Make cach determi-  be run. The range of the six new standards
nation in accordance with the procedure de-  must not exceed 17 Buw/*C (10 Btu/*F), and
scribed=in Section 10 and compute the cor-  the average of the six new standards must not
rected temperature rise, !, as described in  differ from the old standard by more than =2
11.1. Determine the corrections for HNO, Btu/*C (=2 Btu/*F). If these requirements
and firing wire as described in 11.2 and are met, do not change the standard on the
substitute into the following equation: . calorimeter.

We [(H)g)+e, +e;+eli 9.1.5 If the requirements given in 9.1.4
where: . are not met, four more standards must be run
W e 'w““ equivalent. to complete a series of ten runs. The range of
H = heat of combustion of benzoic acid, as ‘2;“;‘;;“"": ":‘““ not exce‘edhzo Buurc

stated in the National Bureau of Stan- (12 BW/'F). and the average of the ten new

. standards must not differ from the oid stan-

dards cenificate, Biu/lb, dard by more than =1 Biu/°C (=1 Bru/F). If

g = weight of benzoic acid. 3. th:se :e:':i'r:m:nu-are met S!; notucha)t;ge
¢ = vorrected temperature risc, (see 11.1), the standard on the calorimeter.

individual runs, made over a2 period of not

e, = titration correction, Btu, (see 11.2), 9.1.6 If the : ; .
- . . .1. requirements given in 9.1.5

€ :’: wire correction. Btu, (see 11.2). "ot mer, the average value from the ten
. . new standards must be used for the new

¢ = ggno?llgr)ead correction, if used. Btu, o sard water equivalent, provided that the
(see 11.2). standard deviation of the series does not

: b dard 9.2 The summary of the numerical require-
9.1 Make checks on the sian WaleT  ments at each stage of restandardization is
equivalent after chariging any part of the given in Table 1.
calorimeter and at least once & month. The
test ptoeed‘lm :or che::;tll‘g ;ehe. sunda::a w8 10, Precedure (Notes | and 2)
ter equivalent factor in accordance . )
with Section 8, except that the required num- mio.:.:::““a:{ Pks" of"";;l“h';“e:l?n T;:
:I‘;:v‘n l.ndmdul runs shail be determined as sam ‘eplk l‘ i and ::efully br e\gb ;PF:"“'
’ . it into the crucible in which it is
9.1.1 If a single new standard value ex- maely | g of 1 .
ceeds the old standard by =6 Bw/*C (=4 :::‘ bumeg.l'nn sample shall be weighed to
Bw/°F), the oid standard is suspect, therebs nearest 0.1 mg. .
requiring a second test. J“‘: ’I —The belsace should be checked period-
9.1.2 The difference between the two new N%n $—For anthracite. Q{'e' and coal of hi
standards must not exceed 8 Btwu/"C (5 Btu/  ash content. which do not readily busn compierely.
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Notes | and 2)

“of Sample—Thoroughly mix

wmple of coal or coke in the

‘and carefully weigh approxi-

_into the crucible in which it is
" The sample shall be weighed 10

mg

balance sthould be checked period-

;?"mi“% and coal of hi
uch do oot readily buncnpﬁ‘sy.

-

(i

the following procedures are recommended: (/)

The inside of the crucidle is lined completely with -

ignited asbestos in a thin laver pressed well down
into the angles. and the sampie is then sprinkled
evenly over the surface of the ssbestos: or (2) The
weight of the sample may be vaned to obtain good
ignition. If the weight is varied, it will be necessary
to recalibrate the calonmeter so that the water
equivaient will be based on the same temperature
rise as that obtained with the new sample weight:
otf {(3) A known amount of benzorc acid mav be
mized with the sampie. Proper allowance must be
made for the heat of combustion of benzoic acid
when determining thg caloufic value of the sample.

10.2 Water in Bomb — Add 1.0 mi of water
to the bomb by a pipet. Before adding this
water,ginse the bomb, invert to drain, and
leave undried.

10.3 Firing Wire—Connect a measured
length of firing wire to the ignition terminals,
with enough slack to allow the firing wire to
maintain contact with the sample. If cotton
thread is used. connect the firing wire tautly
across the ignition terminal, and tie the cotton
thread around it at about the center. Arrange
the ends of the cotton thread so that they are
in contact with the sampié. Assemble the
bomb in the normal manner.

10.4 Oxygen —Charge the bomb with oxy-
gen to"a consistent pressure between 20 and
30 atm (3 MPa). This pressure must remain
the same for each calibration and for each
calorific determination. For the calorific value
of coke, it is necessary to use 30-atm oxygen
pressure. lf, by accident, the oxygen intro-
duced into the bomb should exceed the spe-
cific pressure, do not proceed with the com-

bustion. Detach the filling connection and -

exhaust the bomb in the usual manner. Dis
card this sample.

10.4.1 Castien-The f{ollowing precau-
tions are recommended for safe calorimeter
operation. Additional precautions are given
in Recommended Practice E 144,

10.4.1.1 The weight of coal or coke sample
and the pressure of the oxygen admitted to
the bomb must not exceed the bomb manufac-
turer’s recommendations.

10.4.1.2 Bomb parts should be inspected
carefully after each use. Threads on the main
closure should be checked frequently for
wear. Cracked or significantly worn pars
should be replaced. The bomb should be
returned to the manufacturer occasionally for

inspection and possibly proof firing.
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10.4.1.3 The oxygen supply cylinder
should be equipped with an approved typc of
safety device. such as a reducing valve, in
addition to the needle vaive and pressure
gage used in regulating the oxygen feed to
the bomb. Valves. gages. and gaskets must
meet industry safety code. Suitabic reducing
vaives and adaptors for 100 to 500-psi (2070
to 3440-kPa) discharge pressure arc obtaina-
ble from commercial sources of compressed
gas equipment. The pressure gage shall be
checked periodically for accuracy.

10.4.1.4 During ignition of a sample, the
operator must not permit any portion of his
body to extend over the calorimeter.

10.4.1.5 Extreme caution must be exer-
cised when combustion aids are employed so
as not to exceed the bomb manufacturer's
recommendations and to avoid damage to the
bomb. Do not fire loose fluffy material such
as unpelleted benzoic acid. unless thoroughiy

- mixed with the sample.

10.4.31.6 Admit oxygen slowly into the
bomb so as not to blow powdered material
from the crucibie.

10.4.1.7 Do not fire the bomb if it has
been filled to greater than 30 atm (3 MPa)
pressure with oxygen. the bombd has been
dropped or turned over after loading. or there
is evidence of a gas leak when the bomb is
submerged in the calorimeter water.

10.5 Calorimeter Water — Adjust the calo-
rimeter water temperature to 1.0 to 1.4°C
(2.0 to 2.5°F) below room temperature. but
not lower than 20°C (68°F). Use the same
weight measured to =0.5 g of water in each
experiment. For 2000-ml calorimeters. the
proper quantity can be obtained by use of a
volumetric flask calibrated to deliver 2000 =
0.5 g. As the density of water varies with
temperature. suitable corrections shail be
made if the water temperature varies from
the temperature at which the flask was cali-
brated. .

10.6 Observations — Transfer the bomb to
the calorimeter. check that it is gastight. and
connect it to the firing circuit. Place the
stirrers. thermometers. and cover in position.
Start the stirrers and keep them in continuous
operation throughout the determination. Stir
for at least S min before reading any temper-
atures (Note 9). Adjust the jacket tempera-

LY .
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ture to match the calorimeter within =0.01°C
(0.02°F) and maintain for 3 min. Record the
“initial temperature”. 20°C (68°F) or higher.
to within one-tenth of the smallest thermom-
eter subdivision and fire the charge. Adjust
the jacket temperature to match that of the
calorimeter during the period of risc. keeping
the two temperatures as nearly equal as pos-
sible during the rapid risc and adjusting to
within =0.01°C (0.02°F) when approaching
the final equilibrium temperature. Takc calo-
rimeter temperature readings at l-min inter-
vals until the same temperature (within one
tenth of the smallest thermometer subdivi-
sion)-s observed in three successive readings.
Record this as the “final temperature.”

Norz 10-Before taking any readings. tap the
thermometer lightly and examine {or mercury sep-
aration. Mercury separation will cause erroneous

readings and should be correcied before proceed-
ing. In sddition, the entire thermometer shouid be

examined daily.

10.7 Analysis of Bomb Contents = Remove
the bomb and release the pressure at a uni-
form rate, such that the operation will require
not less than | min. Examine the bomb inte-
rior and discard the test if unbumed sampie
or soety deposits are found. Wash the interior
of the bomb with distilled water containing
the titration indicator. until the washings are
free of acid, and titrate the washings with
standard carbonate solution using an indicator
specified in 7.4. Remove and measure or
weigh the combined pieces of unbumed firing
wire, and subtract from the original length or
weight 10 determine the wire consumed in
firing. Determine the sulfur content of the
sampie by any of the procedures described in
Method D 3177.

11. Caiculations (Note §)

11.1 Temperawure Rise -Using data ob-
ained as prescribed in 10.5. compute the
correct=d temperature rise. ¢. as follows:

[ Rl

where:

t = corrected temperature rise. °C or °F,

{, = “initial temperature” when charge was
fired, correcied for thermometer ervor
{Note 10), and

4, = “final temperature”™ corrected for ther-

2
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mometer error.

NoTe 10—With all mercury-in-glass thermome.
ters. 1t 13 necessary 10 make the following correc-
tions if the tolal heat vaiue is aliered by $.0 Biu ar
more. This represents 8 change of 0.001°C or 0.002
°F in a alorimeter using approximately 2000 g of
water. The corrections include the caiibration cor.
fection as stated on the calibration ceruficate. the
“setting”* correction for Beckmann thermometers.
qc:otdmg to the directions furnished by the calibra.
tion authority. and the correction for emergent
stem. Directions for thesc corrections are gnen 1n
Appendir X2, Section X2.1.1.

11.2 Thermochemical Corrections (Appen-
dix X2. Section X2.2.1)=Compute the foi-
lowing for each test:

e, = correction for the heat of formation of
HNQO,, Btu. Each millilitre of standard
alkali is equivalent to 10.0 Bty.

ey = correction for heat of formation of
H,SO,. B, . .

= 23.7 times percent of sulfur in sample

times weight of sample. g.

¢3 = correction for heat of combustion of fir-
ing wire, Btu (Note 11),

= 0.41 Biu/mm or 2.6 Biu/mg for No. 34

B & S gage Chromei C,
= 0.49 Btu/mm or 3.2 Btu/mg for No. 34
B & S gage iron wire (Note 11), and

e, = correction for heat of combustion of
cotton thread (if used). in Btu. The
heat 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 ceilulose. which is
equivalent to 7.52 Btu/mg.

Norz 11—There is 0o correction for platinum
wire provided the ignition energy is constant.

11.3 Calorific Value:

11.3.1 Calculate the gross calorific value
(gross heat of combustion at constant volume)
Q: (gross) as follows:

Q. (gross) = {(I}(W) =¢, =€y - €y - e)/g
where:

Q. (gross) = gross calorific value. Bu/tb.

t = corrected temperature rise as caiculatcd
in 11.1. °C or °F. consistent with the
water equivalent value.

W= wal* equivalent (see Section 8)

€. €5 &5. €, = corrections as prescribed in
11.2. and

8 = weight of sample. g.

11.3.2 Calculate the net calonfic value




mercury-un-glass \bermome-
make the tollowing correc-
slue 13 altered by 5.0 Btu or
. change of 0.001°C or 0.002
ng spproximately 2000 g of
. include the calibration cor-
1e csalibration cerntificate. the
»r Beckmann thermomcters.
ions furnished by the calibra-
he correction for emcrgent
hesc correclions are given in
2.1.1.
nical Corrvections (Appen-
2.2.1)=Compute the fol-

¢ the heat of formatian of ..
Each miliilitre of standard
valent 10 10.0 Bwu.

‘or heat of formation of

sercent of sulfur in sampie
i of sample. g.
or heat of combustion of fir-
a (Note 11),
m or 2.6 Buu/mg for No. 34
Chromel C.
am or 3.2 Biu/mg for No. 34
iron wire (Note 11), and
for hest of combustion of
ead (if used). in Bw. The
ied by the ignition of cotton
preferably determined by
1 in the bomb. As an aiter-
=an be determined from the
alue of cellulose. which is
to 7.52 Bw/mg.
-+ is 8o correction for platinum
.gnition energy is constant.
" Value:
ate the gross calorific value:
“mbustion at constant volume)
llows:
W) = - e =es = elds

-0ss calorific value. Btu/lb,
*temperature rise as calculated
*C or °F. consistent with the

" juivalent value.
.uivalent (see Section 8)_ '
: corrections as prescribed in
g A
"} sample. g. .
-ulate the net calorific value

il

(nct hecatl of combustion at a2 constant pros-
sure) (2, (ner) as follows: .

Q. (nct) = Q, (grons) = 1030 (H x 9)
where:
Q. (nct) = nct calorific valuc. Bu/ib.
Q, (gross) = gross calorific valuc. Buu/ih.

and

H = total hvdrogen. % .

12. Repont

12.1 The results of the calorific vaive may
be reporied on any of a number of bases.
differing from each other in the manner which
moistuse is treated.

12.2 Use the percentage of moisture in
the sample passing a No. 60 (250-um) sieve
to calculate the resuits of the analysis sample
to a dry basis. ’

12.3 Procedures for converting the value

D 2018

abtaincd on the analysis samplc to other bases
are deseribed in Mcthod D 3180,

13. Precision

13.1 The following criteria should be uscd
for judging the acceptability of resuits (95 5
probability) on spint 60-mesh (250-um) sam-
ples.

13.1.1 Repeatability = Duplicate results by
the same laborators on different days. usmé
the same operator and equipment. should not
be considered suspect uniess they differ by
more than 50 Buw/Ib. dry dasis.

13.1.2 Reproducibility = The results sub-
miu.ed by two or more laboratories (different
equipment. operators. date of test. and differ-
ent portions of the same pulp) should not be
considered suspect unless the two resuits dif-
fer by more than 100 Buu/Ib. dry basis.

TABLE 1 Semmery of Namerical Requirements
{Notwe $)
Nori = Tesi values exceeding wubie limits require addi

tional runs .4
Mazimum of Maumun Diffsrence
Nember h::nn detween X, and £,°
. of Rums
Bww/C Bw/'F B/ C | (Ve

1 ce. ves =6 =4

2 ] s =4 =3

4 14 [ ] 23 22

6 17 10 =2 =2

10 20 12 =1 E3)

4 Values in this table have been rownded off after
istical calculation. and sre therefore act precisely in &

satistical
ool 1.8 1.0.

. * X, = gverage of original standard.
Xy = average of chech ram.

APPENDIXES

X1. CALCULATION OF STANDARD DEVIATIONS FOR CALORIMETER
STANDARDIZATION

X1.1 The example given in Table X1.1 illus
trates the method of calculating standard deviation

for calorimeter standardizations.

X2. CORRECTIONS (Note 7)

X2.1 Thermometer Corvections

X2.1.1 It is necessany to make the following
corrections in the event they result in an equivalent
change of 5.0 Btu or more.

X1.1.1.1 Calibrasion Correction shall be made

in accordance with the calibration certificaic fur-
nished ™ the calibration authority .

X2.1.1.2 Sering Correcnion is necessars for the
Beckmann thermometer. It shall be made in ac-
cordance with the directions furnished by the cali-
bration authority.

1)
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X2.1.1.3 Differenrial Emergent Siem Corrvec-
tion ~ The caiculstion of differential stem correction
depends upon the way the thermametcr was cali-
brated and how it is used. Two conditions are
possible:

(1) Thermometers Calibrated in Total Immersion
end Used in Parmal Immersion ~This emergent
siem correction is made as follows:

Comrection = K (& ~ o) (¢ + 4, ~-L - T)

where:
K = 0.00016 for thermometers calibrated in de-
rees Calsius.
.00009 for thermometers calibrated in de-
grees Fahrenheut,
= scale reading 1o which she thermometer was
immersed.
mean temperature of emergent stem,
= initial tempersture reading., and
= finsltempersture reading.
Nors X2.1: Ezemple ~ Suppose the point L. o
which the thermometer was immersed was 16°C;
its initial resding ¢, was 24.127°C., its final reading

D 201§

under bomd conditions & ~59.0 kJ/mol.” When
H,S0, is aiso present par1 of the correction for

H,SO, is contained in the ¢, correcrion and the
remainder in the ¢, corvection.

X2.2.2 Energy of Formation of Sulfuric Acid -
By definition (see Definitions D 121). the gross
calorific value is obtained when the product of the
combustion of sulfur in the sampic s SO, (g):
However, in actual bomb combustion processes,
the sulfur s found as H,50, in the bomb washing,
A correction (e, in 11.2) of 23.7 Btu for calcula.
tions in Blu/b (55.2 J for calculations in lig is
applied for each percent of sulfur in the 1-g sampic.
which is converted to H,SO,. This correction is
based upon the energy of formation of H,S0, in
solutions such as will be present in the bomb at the
end of 3 combustion. This energy is taken as =295
kJ/mol.' A correction of 2 x 59.0 kJ/mol of suifur
was applied in the ¢, correction, o the additionai
cofTection necesaary i 295 - (2 x 59.0) = 177
kJ/mol or 2300 Btu/g of sulfur in the sample (23.7

Btu x weight of sampie in grams x nt sulfur
in sampie). The fmﬂzeJJ 51771(35.06 x 2.326)
= 58.2/2.326.

of sulfur is

& was 27.876, mean temperature of the emer- X2.2.2.1 The value of 2370 Btu/
geot stem. T was 26°C; then: based oo a coal containing about 5 % sulfur and
Differential stem correction sbout 5 % . The assumption is aiso made
= 0.00016 (28 ~ 24) (28 + 24 ~ 16 ~ 26) that the s 18 dissolved entirely in the water

= +0.006°C condensed during combustion of the sample.® If 3
) Thermometers Calibrated and Used in Parvial  1-g sample of such s fuel is burned. the resulting
H,SO, condensed with water formed on the walls

. Immarsion, bws a1 & Differens Temperature than the

Calibration Temperaiure ~ This emergent stem cor-
rection is made ss follows:

Cormrection = K (¢, = ) (¢! - %)

where: ',

K= oooog&:umm calibrated in de-
§100009 for thermometens calibrated in de-
grees Fahrenbeit.

initial temperature resding.,

final temperature reading,
observed siem temperature, and

stem temperature at which the thermometer
was calibrated.

Nors X2.2: Exemple ~Suppose the  initis}
reading , was 80°F, the final reading ¢ was 86°F,
and that the obssrved stenr temperature ' was
$2°F, and the calidbration temperature * was 72°F;
Dift

e
e

then:
= 0.0009 (86 — 90) (82 - 72)
= 0.005°F
X2.2 Thermechemical Corrections

X2.2.1 Energy of Formarnion of Nigric Acid ~A
correction (e, in 11{2) of 10.0 Bu{ for calculations
in Bru/ib (23.2 J for calculations in J/g is applied
for each mllilitre of standard Na,CO, solution used
in the acid titration. The standard solution contains
20.9 g of Na,COyflitre. This correction is based on

sssumption that (1) all the scid titrated is

the
HNO, formed by the foliowing reaction: /a2 N,
x 3a O (g) + 2 HO (1) = HNQ, (in 500

H;0). and (2) that the energy of formation of one
mol of HNO, in approximately 500 mol of water

of the bomb will have a ratio of about 15 mol of
water to | mol of HSO,. For this concentration
the energy of the reaction

SOug) + '10xg) + H:OO)
undey the conditions of the bomb process is ~ 295

kJ/mal.

X2.2.2.2 Basing the calculstion upon a sampie
of comparatively large sulfur content reduces the
overall possible errors. because for smaller percent-
sges of sulfur the correction is smaller.

X2.2.3 Fuse Wire —Calculate the beat in Briush
thermal units contributed by buming the fuse wire
in accordance with the directions furnished by the
supplier of the wire. For exampie, the energy of
_en:;bonjdoaolﬂo.%BdlS s)Qmmch‘:’re
i 6.0 J/mg or approzimately 0.95 J/mm equivaient
10 2.6 Btu/mg or 0.41 Buw/mm for calculstions of
calorific value in Btu/ib. and thatof No. 34 B & S
iron wire is 7.33 J/mg or approzimately 1.15
/mm. ‘n:;.n ® bo correction of putin}'s{: :eiu
provided ignition energy is constant. at
mp‘pliedbyigﬁonolewon thread, if used. is

erably determined by combustion in the bomb.
As an sltemative. it can be determined from the
calorific value of cellulosc, 17.5 Jimg. which is
equivaient to 7.52 Btu/mg for calculations in Bty/
1b(7.52 = 17.5/2.326).

o

L

' Cﬂu;lloomd from data in National Bureau of Standards

*Mott, R. A., and Parker, C.. “Studies 1n Bomb
IX = Farmauon of Sultune Aad.” Fuel

ery
FUELB. Voi 37. 1956, p. 371.
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ing the maximum height above the principal
surface of the hquid to which ail rises on the
hydrometer scale when the hydrometer in ques-
tion is immersed in a transparent oil having a
surface tension similar to that of the sample
under test (see Fig. 2).

Nore 7—Aliernatively, correcions 85 fiven in
Table | may be applied.

9.8 Immediately after observing the hy-
drometer scale value. again cautiously stif the
sample with the thermometer keeping the mer-
cury thread fully immersed. Record the tem-
perature of the sampie 10 the nearest 0.2°C
(0.5°F) (Note 8). Shouid this temperature differ
from the previous reading by more than 0.5°C
(1°F), repeat the hydrometer test and then
thermometer observations until the tempera-
ture becomes stable within 0.5°C (1°F).

Nore 8—Afier use at 3 temperature higher than

38°C (100°F). allow sll hydrometers of the lead shot
in wax type 10 drain and cool 1n a verucal posiuon.

10. Calculations and Report

10.1 Apply any relevant corrections to the
observed thermometer reading (for scale or
buld) and to the hydrometer reading (scale).
For opaque samples, make the appropriate cor-
rection to the observed hydrometer reading as
given in 9.7. Record to the nearest 0.0001 desn-
sity or relative deasity (specific gravity) or 0.1°
AP! the final correcied hydrometer scale read-
ing (Note 9). Afier application of any reievant
corrections record to the nearest 0.5°C or 1°F,
the mean of the temperature values observed
immediately before and after the final hydrom-
eter reading. .

Note 9—Hydrometer scale readings at tempera-
tures other than calibration temperatures (13°C or
60°F) should aot be considered as more than scale
readings since the hydrometer buld changes with
temperaturs.

10.2 To conven corrected values from 10.1
to standard temperature, use the following from
the Petroleum Measurement Tables (D 1250):

10.2.1 When a density scaled hydrometer
has been employed, use Tables 3 AorS3 B o
obtain density at 15°C.

10.2.2 When a relative deasity (specific grav-

ity) hydrometer has been use Tables
23 A or 23 B to0 obtain Relative Density (Spe-
cific Gravity) 60/60 F, and

10.2.3 When an AP! gravity scaled hydrom-
eter has been employed. use Tables S A or 5 B

lo obtiin the gravity in APl degrees.

10.2 When s value 1s obtained with a hy-
drometer scaled in one of the unity descnbed
herean and a resultl 15 required in one of the
other unuts, make the conversion by one of the
appropriate tables given in Standard D 1250,
Physical Dawa Tables. For coaversion from
density at 15°C, use Table 5!; from relative
density (specific gravity) 60/60 F, use Table 21;
from AP! gravity, use Tabie 3.

10.4 Repont the final value as density in
kilograms per litre at 15°C. or as relative den-
sity (specific gravity) at 60/60°F, or as gravity
in degrees APl as applicable.

11. Precision

11.1 The following criteria should be used
for judging the accepiability of resulis:

11.1.1 Repeatability—Duplicate results by
the same operator should be considered suspect
if the results difTer by more than the following
amounts:

Temperature Repear.
Product Range Unus abiluy
Transpare =210 24.5°C  density 0.0008
om
Noavis- 29w 1°F reistive density  0.000S
cous (specafic grav-
iy)
4210 78°F APt gravity 0.1
Opaque =210 24.5°C densiy 0.0006
29 10 76°F relauve deasity  0.0006
(speaafic grav-
ity)
4210 78°F AP} gravisy 02

11.12 Reproducibiliiv—The results submit==’
ted by each of two laboratories should ot be
considered suspgct unless the results difer by
more thaso the following amounts:

) Repro-
Temperature dua-
Product Range Uaits bilisy
Transpar- =110 435°C  denmity 0.0012
om
Noavis- 2910 76°F relatve denmsity - 0.0012
cous (specrfic graw -
#y)
42w 78°F APlgnviay = 03,
Opaqus =110 245°C  deamty 0.0013
%0 76°F relstive density  0.00)$
(spocafic grave
ity)
42w 18°F AP gravity 05

11.1.3 For very viscous products. or when
the conditions given in 11.1.1 and 11.1.2 are
not compiled with, no specific variations can
be given.
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TABLE XI Stasdard Deviatioms for Calorimeter
Scandardizstion (Nete 3)

Column A Column B Colgmn

Standanza-
tion Number . Equir- Code 10 4400

{Column A= (Column
alem. B/ C 4400)

] 4412 12 144

2 4407 7 49

3 M1 15 228

4 4408 8 o4

s 4404 4 16

] 4400 [ ] 3o

7 4409 9 81

[ ] 4410 10 100

9 “12 12 " le4

LA 10 4409 9  §
Sum 92 940

- Average = £* = 1 3/10 @ (92/10) + 4400 = 4409
Variance = o#
X Column C - [T Column BY/n)
a=-1

= 940 ~ [(92/10)/9 = 10.4
Standard devistion ® 3 = Vvanasce = V10.4 = 322
The American Society for Testing and Maierials takes no position respecting the validity of eny paiews nghts asserted in connection

with any uem mentioned in thiy aandard Users of this sandard are expressiy advi.
patent nghts. and the nsk of infringement of such 'nvm. are emurely therr u:v ml)" rinalion of the waliduy of anv such

This srandard is subpect 10 revision at awy time by the responsible technscal committee and must be revieaed every five years and A

if mn revised. exther reapproved or wuhdrawn Yowr commenss are iwvied o 7 andard

ather revision
’widb’l should be addressed 10 ASTM Headguarters. Your comments will mﬁ:nv mmwm a: 'ﬁ:"ddmoud
responsidie techmcal commutter. which you may aitend. If you feel thal your com: have not d a fai '"Mdd "
maie your news known (0 the ASTM Commitiee on Signdards. 1916 Race Si.. Philadeiphia. Pa. 19103 " hearing you
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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
v and 1020

GLT595/38-12



U.S. Environmental Protection Agency - ’
HW! Sample Nanagement Office ;AS Number
P.O. Box 818, Alexandria, Virginis 22313 :
PHONE: (703) $57-2890 or FTS-557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

X Regional Tronsmittal Telephcne Request

A. EPA Region and Site Name: Region V, Moss American -
B. Regional Representative: Dennis Wesolowski

C. Telephone Number: ( ) (312) 886-1971

D. Date of Request:

Please provids below a3 dascripticn of ycur roquest for Special Analytical Servicas undar
the Uncentrolled Hazardous Waste Dumpsite Program. In order to moust efficiently obtain
laboratory capability for ycur raquest, please address the following consideraticns, if
applicable. Inccmplete or erronecus infermaticn may result in dalay In the precassing

of ycur raquast. Plaase cantinue raspense cn additional sheets, or attach supplementary
information as nzedec.

1. Ceneral description of analytical sarvica requested: .
Analyze soil and sediment samples for 1) Proximate analysis for: a) moisture content,

b) ash, ¢) volatile matter, and d) fixed cachon. 2) illltimate analysis far
a) C, H, S, O, N 3) Heating Value, 4) Flash Point and 5) pH

2. Definiticn and number of work units invoived (specify whether whole samples or
fractions; wnethsr srganizs or incrsanics; whether aqueous or seil ang sacimen:s:
and whether low, medium, or higf concsniratien):

Analyze g4 soil samples and 20 sediment sampies fTor the parameters listed above. The

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

8. Es:imated cate(s) of collection:

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

Superfund, Enforcement

3. Zstimatac date(s) and method of shipment: Daily by overnight carrier.




Flash Point

-2-

6

Approximate number of days results roqulrod after lab receipt of samples:

Laboratory will provide results within 30 days after'reciept of samples.

7.  Analytical protocol required (lttoch copy If other than » protocol currently used in
this program): :

Flash Point

Reference: "Test Methods for Evaluating Solid Waste"

July 1982 SW 846 2nd Edition

.

8; Special technical 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 sttach supplementary information, as needed):

Use a summary report form for sample reference and QC results.

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

e mamed Smme. 2 a®otecas mloces call 0ha Comele 18ca c e e o AEE
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Flash Point
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12. DATA REQUIREMENTS Precision Desired
| (* % or Conc.)
Parameter Detection Limit
Flash point < 1°C or 1.5°F
13. QC REQUIREMENTS
| | Limits
Audits Required Frequency of Audits (Percent or Conc.)
Duplicate 1 per 10 Samples R %D < 20%
Reference Material 1 per 10 Samples 27° + 0.8°C
run in duplicate 81 + 1.5°F

p-xylene is the

recommended

reference material

R 8 D = Relative Percent Difference

14, ACTION REQUIRED IF LIMITS ARE EXCEEDED

Call Dennis Wesolowski 312-663-9415

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 contact your Regional
representative at the Sample Management of fice.



METHOD 101071

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.

2.0- 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
falls 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 El1, or (2) an IP Thermometer 15C
(15F) conforming to specifications given to Annex A3 of
ASTM D93-77. ’

l'I'his method is based on ASTM Method D93-77. Refer to
D93-77 or D93-80 for more information.
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2 / CHARACTERISTICS - Ignitability

5.0

6.0

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 10C
(16F) conforming to specifications given in Annex A3 of
ASTM D93-77. -

Reagents
5.1 Calcium chloride
5.2 p-Xylene reference standard

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
1lid 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 1If the sample is expected to have a flash
point of 110°C (230°F) or beiow, 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
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position. Do not stir the sample while applying the
test flame.

7.1.3 1If the sample is expected to have a flash
point above 110°C (230°F), apply the test flame in the
manner just described 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 = observed flash point, °F

C = observed flash point, °C

P = ambient barometric pressure, mm Hg

p = abmient barometric pressure, kPa

NOTE: The barometric pressure used in this calculation
must be the ambient pressure for the laboratory at the
time of test. Many aneroid barometers, such as those
used at weather stations and airports, are precorrected
to give 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 D93-IP 34,
of the sample tested.



4 / CHARACTERISTICS - Ignitability

7.3 Refer to Method ASTM D93-77 for more details and
background on the Pensky-Marten method.

8.0 Quality 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° + 1.5°F).

GLT595/41
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Attachment H-7
SOIL pH PAPER TEST



U.S. Environmental Protection Agency . ' ,
HW! Sample Nanagement Office 5' AS Number

P.0. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2090 or FTS-557-2890

SPECIAL ANALYTICAL SERVICES
Regions! Request

X Regional Transmittal Telephcne Request

A. EPA Ragion and Site Name: Region V, Moss American -
B. Regional Representative: Dennis Wesolowski

C. Telephone Number: ( ) _ (312) 886-1971

D. Date of Request:

Please provide below 3 dascripticn of ycur roquest for Special Analytical Servicas undar
the Uncentrolled Hazardous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for ycur raquest, please address the following consideratiens, if
applicable. Inccmplete or erronecus Informaticn m3y result in dalay in the precassing

of yeur raquast. Please centinue raspense cn additional sheets, or attach supplementary
information as nessdec. :

1. Ceneral description of analytical servica raquested:
Analyze soil and sediment samples for 1) Proximate analysis for: a) moisture content,

b) ash, c) volatile matter, and d) fixed carhon 2) Mtimate analysis for

a) C, H, S, 0, N 3) Heating Value, 4) Flash Point and 5) pH

2. Definiticn and number of work units involved (specify whether whole samples or
fraciions; wnethar srganiss or incrganics; whather aqueocus or 3oil ang sacimen:s;:
and whether low, medium, or high concaniraticn):

Analyze 54 soil samples and 20 sediment sampies for 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,

Superfund, Enforcement

8. Estimated date(s) of collection:

3. Istimatad date(s) and method of shipment: D211y by overnight carrier.




Soil PH
-2-

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

————————————rmn

Laboratory will provide results within 30 days after reciept of samples.

7. Analytical protocol required {attach copy If other than a protocol currently used in
this program): : ‘ -

See Attachment

8; Special technical lnitructlons (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, stc.). 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

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



. Soil PH '

-3-
12. DATA REQUIREMENTS Precision Desired
(+ % or Conc.)
Parameter Detection Limit
pH 0.1 pH unit _*0.1 pH unit
See pH paper
manufacture's
specifications
13. QC REQUIREMENTS
Limits
Audits hequired Frequency of Audits (Percent or Conc.)
Duplicate ‘ See method See pH paper

manufacture's

specification.

‘-

14, ACTION REQUIRED IF LIMITS ARE EXCEEDED

Call Dennis Wesolowski 312-886-1971

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 contact your Regional
representative at the Sample Management Office.



pH Test

1 Equipment

A. pH Paper
1. Wide range 0 to 12 pH units
2. Narrow range QlpH units

B. Deionized/distilled water
1. ASTM D 1143 Reagent water

C. Glass Ware
‘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
volume and rubber stopper to close the top of the
test tube for shaking.

II 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.

In a beaker, place 50 m1 water.
. Add about 10 grams of sample.
Carefully stir with a_g]ass rod.

oW N
L2 [ ]

. Note any reaction which would create a hazard in this test
Report any reaction.

IIT pH Touch Test
1. Using a wide range paper, wet the paper with water and touch to
the sample.
2. Record wide range pH.
3. If necessary use a narrow Eange paper and touch the narrow range,
wet paper to the sample
4., Repeat #3
Report: Reaction to Water
Wide range pH
Narrow range pH for both samplies tested



IV pH Shake Test

1. Place about 50 grams (or 50 ml) of sample into a
test tube.
2. Add 15-20 ml water.
3. Carefully stir the sample and the water with glass rod.

WARNING! Be careful of any reaction!!!

4. ANY REACTION?
a) Yes. Stop and evaluate
b) No. Proceed to 5
. Shake gently then
. Shake vigorously if no reaction occurs.
Let stand for phase separation
Measure pH of aquious phase first with wide range
paper then with narrow range paper. Repeat narrow range test
Report: Water reaction
Wide range pH
Narrow range tegg for both samples tested.

0 N O m

Notice:

These samples may be'toxic, flanmable and/or react with water.
Use good safety lab, sample and operational procedures.



Attachment H-8
SOIL/SEDIMENT TOTAL ORGANIC CARBON

Method: By Versar, Inc. using the Dohrmann DC-80 Carbon
Analyzer

GLTS595/38-14



U.S. Environmental Protection Agency .
HW! Sample Management Office ~ SAS Number

P.0. Box 818, Alexandria, Virginis 22313
PHONE: (703) 857-2090 or FTS-557-2490

SPECIAL ANALYTICAL SERVICES
Regional Request

X Regional Transmittal Telephone Request

A. EPA Region and Site Name:_ Region V, Moss American -
B. Regional Representative: _ Dennis Wesolowski

C. Telephone Number: ( ) (312) 886-1971

D. Date of Request:

Please provide below a description of your request for Special Analytical Services under
the Uncontrolied Hazardous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable. Incomplete or erroneous information may resuit in delay in the processing

of your request. Please continue response on additional sheets, or attach supplementary
information as needed. »

1. Ceneral description of analytical service requested:

Analyze 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 inorganics; 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. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES. .‘c.): -

Superfund, Enforcement

8. Estimated date(s) of collection:

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




‘I' ‘ %3%} TOC 'l'

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

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

7. Analytical protocol required (attach copy If other than a protocol currently used in
this program): : ‘
See attached method.

8. Special technical instructions (if outside protocol requirements, 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 samples with results

greater than the highest standard. Obtain approval of dPM's, CRL prior to use of any

other 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 resuits 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,

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 records of analvsis must be legible
10. Other (use additional sheets or attach supplementary information, as needed):

Jeff Keiser

11. Name of sampling/shipping contact:
' 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,



"

e

Soil TOC
-3-
I. DATA REQUIREMENTS
' stection Limit Precision Desired
Parsmeter Detection LI (2% or Conc.)y
TOC 0.1 mg/gn I 208 for conc. greater
. —tban 1.0 mg/gn ar .2 mg/c
) for conc. less than
1.0 mg/gm
QUALITY CONTROL REQUIREMENTS '
Required Frguencz of Audits Limits® (2% or Conc.)
Audits Req At least 1 per analytical
Lab Blanks run and 1 20 s les 0.1 mg/am -
At least 1 per analytical + :
Lab Duplicate ’ run and 1 per 20 samples - 20% or 0.  mg/a

At least l per analytical

Matrix Spike run and 1 per 20 samples __803-120% recovery
NBS Referencé Standard 1 per this project 80%-120%

*Action Required If Limits are Exceeded:

Rerun the samples in the affected batch. If limits are still exceeded contact

CPM's of the CRL.
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AmOQI Age VERSAR, INC.
Wersar. LABORATORY OPERATIONS

Analyte: TOC

Matrix: Soil/Sediment

Method:  Dohrmann DC-80 Carbon Analyzer _'

Reference: (1)

p—

(2)

(3) Methods for Chemical Analysis of Water and Wastes,
EPA 600/4-79-020, USEPA, 1983.

(4) Standard Versar Quality Control Plan

GENERAL. The DC-80 carbon analyzer is designed mainly for analysis of

1373 “ ~

water sampies Dy ACAWM methed 2i2.2 (Zj. The PRG-1 furnac2 and sludge;

sediment sampler modules allow introduction of soil/sediment sampies,
either as a solid or as a slurry. The instrument is capabie of deter-
mining TOC at sub-ppm levels. This sensitiviiy may lesad to orobiems
when analyzing soils, which typically range from 1 to 4 percent 70C.
The instrumental sensitivity requires introduciion of a very smaii

sample (on the order of 1 to 100 mg) depending on TOC content. Since

fu
ot

soils are inherently non-homogznecus. <he anaiysi aust fake zare th

represzniative supsampi2 I3 ana:sz=ad. a2

been shown to meet this requirzment.

The DC-80 sludge/sediment sampler determines TOC by oxidizing carbon in

an 800°C furnace. The evolved COZ is then measured with a non-

dispersive infrared detector (NOIR). Thus, COZ and other inorganic

. . - -
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of €Oy in humid region soils are not a major cern. Some sediments

and many arid soils, however, may contai er Tevels of carbonates

which must be destroyed prior to agalysi he 04/FeSQy

een found to be suitab}e

2.1 Reserve about 5 grams for moisture
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 reducz to z convenient sizz by
halving and quartering, as necessary. Grind the subsampTe in a
mortar and pestle.

[NOTE: Fine textured sludges and muds may nct rszauirs drving and

grinding. Peats, mucks, and some indusirial siudges shouid

not be dried, since these materials resist rewetiing.]

2.2 Test for inorganic carbon. Place a few .mg of ground sampie on 2

p)

D el e Ta e
Eﬂ. R Y ERVAVI )

spot piate or smail watch giass, and perform the incr

)
C

~n
(Vo)
]
(98}
o)
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3
[+1]

roonat

[
[19]
[¥4)

spot test as described in ref. (1), sec. ORI
~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.
2.3.1 Carbonates not present. Weigh accurately 100 to 500 mg of

" sample into a dilution tube. Add 10.00 @i of reagent



&ter; cover, and allow to stand 5 minutes. Acidify and
sparge to remove COp, as directed by ref. (2}, pg. 3-

- -i\s % 12, Place the sample on a vortex mixer and mix at high

speed for 5 to 10 seconds. Proceed IMMEDIATELY to seétion

3.2.2, below.

Carbonates present. Weigh accurately 100 to 500 mg of

sample into a dilution tube. Add 10.00 ml of Hy504-FeS0y

digestion reagent (see ref. 1, sec. 29-3.3.2.2) a few dreps
at a time. Swirl to mix and allow to digest at room
temperature for 30 minutes. Sparge to remove €0y, as
directed bj reference (2), pg. 3-2. [NOTE: Omit the
addition ofAIO% HNO3.1 Place the sample on a voriax mixsr
and mix at high speed for 5 to 10 seconds. Proceed

IMMEDIATELY to section 3.2.2, below.

ANALYSTS

3.1 Instrument Preparation.
3.1.1 Prepare the instrument as directed by ref. (2). ». 11-4.

Make certain the pumo and UV lamp ars Soth off.

,‘.)

“han. Aatavmina *h
wobmai s I A A= -l

wr
w

“
¥
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Combusit the =mpty Soat Tor 2 minutss:

system blank as directed by referencs (2), saction lic.
3.1.3 Prepare a calibration curve by injecting a suitable series

- of standards. Use a minimum of 5 standards covering the

i : . range 0-1000 mg/1. Do not use the one-point calibration

method in reference (2).

e




?

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 mixing ceases (2.3.1 or 2.3.2, above)
pipet a suitable aliquot (normally 200 to 400 ul) 1into fhe '
sample boat. Analyze as directed in reference (2),

section 11.

(V8]

.2.3 Determine TOC in the sample from the calibration curve.

REPORT

4.1 Report TOC in mg/Kg, dry basis.

4.2 Analyze and report calisration standards. bianks, duplicates. znd
spiked samples as required by contract provisions. In the adsencs
of contractual QC requirements, the provisions of reference-(4)
are 0 be followed.

4.3 Ouplicate anaiysas must come from two separately oreparsd

slurries. Duplicate injections from a single slurry are not

acceptable.
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Attachment H-9

WATER SOLUBLE CHLORIDES

Method: Methods of Soil Analysis, Part 2, Chemical and

Microbiological Properties,
American Society of Agronomy

GLT595/38-15

1973,

62-3.5,



I

1. Ceneral description of analytical service requested:

U.S. Environmental Protection Agency .
HW! Sample Management Office js Number

P.O. Box 818, Alexandria, Virginie 22313
PHONE: (703) 557-2890 or FTS-557-2490

SPECIAL ANALYTICAL SERVICES
Regiona! Request

X Regional Transmittal Telephone Request

A. EPA Region and Site Name:__Region V Moss American
8. Regional Representative:__Dennis Wesolowski

C. Telephone Number: ( ) _ (312) 886-1971

D. Date of Request:

Please provide below a description of your request for Special Analytical Services under
the Uncontrolied Hazardous Waste Dumpsite Program. In order to must efficiently obtain

‘laboratory capability for your request, please address the following considerations, if

applicable. [ncomplete 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.

\

Analyze soil and sedi~ent samples for water soluble chlorides.

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

Analyze 54'501'1 samples and 20 sediment samples for the parameters listed above.

The samples will contain high and low concentrations of creosote.

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

Superfund, Enforcement.

8. Estimated date(s) of collection:

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




@ ‘W.S. Chlorides @)

-2-
6. Approximate number of days results required after lab receipt of samples:

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

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

Methods of Soil Analysis 62-3.5 See B #tackmenT .

8. Special technical instructions (if outside protocol requirements, specify compound
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,
Chain-of-Custody documentation, etc.). I[f not compieted, format of results will be
left to program discretion.

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 additional sheets or attach supplementary information, as needed):

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
_zrocessine of your reguest for special analytical servicas. Should 2y =ava 38y 3237 273
3r neec any assistanca, please call the Sample \anagemen: Sffice.
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I. DATA REQUIREMENTS

Parameter

Chloride

W.S. Chlorides

Detection Limit

50mg/kg

i, | QUALITY CONTROL REQUIREMENTS

Audits Required

Lab blank

Lab Duplicate

Lab Matrix-Spike *

EPA QC Mineral reference std.
(use only the high std.)

Frequency of Audits

2 per run

At least 1l per analytical
run and 1 per 20 samples

At least 1 per analytical
run and 1 per 20 samples

one per this project.

Precision Desired
2V or Conc.)
- 10 mg/kg for conc. less

than 50 mq/kg or - 20%

r co ntrations greater

than 50 ma/kg.

Limits® (*% or éonc.)

50 mg/kg

z 20% or l0mg/kg

80% - 120% recovery

85% - 1158 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 AQUEQUS EXTRACTS 947

Table 62-2. The titration of hydroxide. carbonate. and bicarbonate ions in the pres-
ence of phenolphthalein and methyl orange indicators.

Result of Titration value related to each {on )
-

titration Hydroxide Carbonate Bicarbonate
P=0 0 0 T
P<1/2T 0 2P T-2P
P=1/2T [} 2P 0
P>1/2T 2P-T 2(T-P) 0
P=T T 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 HCO;~ 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.

62-3.5 Chloride

62-3.5.1 INTRODUCTION

The chlorides of Ca, Mg, K, and 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 CaCl, 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 8 -3 and 81—4. ‘




948 SOLUBLE SALTS

62-3.5.2 METHOD
62-3.5.2.1 Special Apparatus.

1. Magnetic stirrer.

2. Titration assembly including a 10-ml. buret.
62-3.5.2.2 Reagents.

1. Potassium chromate (K.CrO,) indicator: Dissolve 5 g. of K. CrO4 in
approximately 75 ml. of water. Add a saturated solution of AgNOj until
a small quantity of red Ag.CrO, precipitates. Set the solution in the dark
for 24 hours. Then filter it to remove the Ag.CrO,, and make the volume
to 100 ml.

2. Standard silver nitrate (AgNO;) solution, 0.025N: Dissolve 4.2472 g.
of AgNO; in water, and dilute the solution to a volume of 1 liter. Check
the normality by titrating an aliquot of thc 0.01N KCl conductivity ref-
erence solution reagent (section 62-2.2.2).

3. Sodium bicarbonate (NaHCOy), 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.

62-3.5.2.3 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 thc samplc. Adjust the pH with

NaHCO; solution (reagent 3) so that thc solution is alkalinc to mcthyl

orange but acid to phenolphthalcin. Usually a single drop of the NaHCO;

solution is sufficient. Add K.CrO, indicator (rcagent 1), | drop per S-mi.

aliquot, and titrate the solution with the standard silver nitratc (rcagent 2)

until the appearance of a red or reddish-brown precipitate.

Determine a blank correction by titrating a like volume of Cl-frec distilled
watcr. The normal blank correction is 0.02 to 0.05 ml., depending on the
final volume.

Calculation:

me. of Cl per liter

1,000

= m X (ml. of AgNO; — blank) X Normality of AgNO;.

62-3.5.2.4 Comments. The end point is sharper if the titration is donc
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 encountcred if the solutions are highly colored, as may happen
with extracts from sodic soils. These can be titrated potentiometricaily, us-
ing an Ag-AgCl half-cell, as described in section 81-3.

62--3 CONSTITUENTS
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Attachment H-10
DIOXIN (all isomers)

Method: Bééed on "Analytical Chemistry," 1980, 52,
2045-2054

GLT595/38-16



U.S. Environmental Protection Agency B _
HW! Sample NVansgement Office 5. AS Number

P.O. Box 818, Alexandria, Virginia 22313
PHONE: (703) 557-2090 or FTS-557-2490

SPECIAL ANALYTICAL SERVICES
Regiona! Request '

X Regional Transmittal Telephone Request

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

B. Regional Representative:___ Dennis Wesolowski
C. Telephone Number: ( ) ~(312) 886-1971
D. Date of Request:

Please provide below a descripticn of ycur request for Special Analytical Servicas undar
the Uncentrolled Hazardous Waste Dumpsite Program. [n order to must efficiently obtain
laboratory capability for ycur request, please address the following consideratiens, if
applicable. Inccmplete or erroneous informaticn may result in dalay In the precassing

of your request. Please centinue raspense cn additional sheets, or attach supplementary
information as needed.

1. GCeneral description of analytical servica requested:

Analyze 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. Definiticn and number of work units invoived (specify whether whole samples or
fractions; whether organics cr inorganics; whether aguecus or 3cil and secimen:s:
and whether low, medium, or high concantraticn):

Analyze 354 soil samples and 20 sediment samples for the parameters listed abcve. The

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

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

Superfund, Enforcement

8. Es:imated date(s) of collection:

3. Istimated date(s) and method of shipment: Daily by overnight carrier.
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7.

Dioxin

-2 -

Approximate number of days results required after lab receipt of

samples: Extract within days VTSR, analyze within days.

Analytical protocol required (attach copy if other than a protocol
currently used in this program): (See ATfachmesT ;:.8).

Extraction: Benzene soxhlet as described in Anal, Chem. 1980, 52,

2045-2054. (Appendix 1)

Clean Up: HPLC/RPHPLC as described in above reference or Dioxin IFB

WA 86-K357 options including carbon column cleanup as needed to meet

surrogate percent 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 % moisture (use.CLP IFB 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. (Appendix IV)

(5) MUST monitor for the masses of the polychlorinated diphenyl ether
jnterferences 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 will be left to program discretion.

Appendix V for deliverables.
Appendix VI for suggested 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.



III.

DATA REQUIREMENTS

Parameter:

2378-TCDD/TCDF

Total TCDD/TCOF

Total Penta CDD/CDF

Total Hexa CDD/CDF

Total Hepta CDD/CDF

0CDD/0OCDF

QC_REQUIREMENTS

Audits Required

Method Blank

" Dioxin

TARGET
Detection Limit

5 ppt

5 ppt

20 ppt

20 ppt

20 ppt

50 ppt

In lab matrix spike

Matrix spike duplicate

ASurrogate spikes

Frequency of Audits

1 per 20 SPLS or mun

Precision Desired
(*% or Conc.)

_See Dioxin page 4,c.

Limits* (% or Conc.)

< Target D.L.

see attachment

see attachment

In every sample

*ACTION REQUIRED IF LIMITS ARE EXCEEDED:

1) FOLLOW PROCEDURES SPECIFIED IN DIOXIN IFB wA86-Kk357 (Appendix II).

2) Call Region V if problem persists. [Frank Thomas

312-886-5482]




Dioxin

Surrogata; Duplicate and Matrix Spike Limits

In Laboratory Matrix Spike

Recovery

Compound Level Limits -
2378-TCDD "< 50 ppt 70 - 130%
. 2378-TCDF < 50 ppt 70 - 130%
enta CDD/CDF < 200 ppt * 40 - 160%
“exa CDD/CDF < 200 ppt * 40 - 160%
‘pta CDD/CDF < 200 ppt * 40 - 160%
0CDD/OCDF < 500 ppt o x 40 - 160%

t least one isomer from each of these classes should be used in the spike
solution,

Surrogate Spikes (required in every sample)

_ Recovery
Surrogate Level 3 Limits
1, 2378-TCDD 5 ng 50 - 115%
¢y, or 1, 2378-TCODF 5 ng 50 - 115%
14-0€00 or 13c-HpcoD 10 - 20 ng 40 - 110%
:ded to 10g sample
. In Matrix Spike Duplicate
- Class o RPD Limit
;78 TCDD/TCOF < 30% RPD
* enta CDD/COF < 60% RPD
'Hexa CDD/CDF < 60% RPD
Hepta CDD/CDF < 60% RPD
", 0CDD/0CDF < 30% RPD
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-tion of Tetra-, Hexa-, Hepta-, and @
vdibenzo-p-dioxin Isomers in Particulate Samples at

Trillion Levels

* and T. J. Nestrick

18, 574 Buiding, Dow Chemical U.S.A., Midland, Michigan 48640

~adure |s presented which permits the iso-
mination of tetra-, hexa-, hepta-, and octa-
Jloxins simultaneously at parts .per trilllon
Typical data are presentied to establish its
rariety of environmental particuiate sampies.
y speciflc sample clean-up procedure based
omatographles {s shown to permit the iso-
:termination of 2,3,7,8-tetrachlorodibenzo-p-~
OD) by packed-column gas chromatogra-
n mass spectromelry in the presence of any
DD Isomers.

)
4

_nation of parts per trillion (1072 g/g, pptr)

s of chemical residues generally requires the use

-y selective sample purification procedures

ecific detectors (1, 2). As detection limits are

aumber of possible interferences present at

oncentrations increases dramatically (3). Don-

- surmized that every known organic chemical

cted in water at a level of 107!% g/g or higher.

nsidering an analysis at the 10 ppir concentration

nple matrix that is 99.9% pure, inteTZ vt zes from

" compounds at concentrations 10° times higher

" 1ponent of interest are possible. Naturally the

interferences from sources other than'the sample

. make this task formidable. Such contamination

+ reayents by a multitude of compounds has been

19). Indeed, in some cases, the controlling factor

ing the limit of detection (LaD) 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-

uch permits the isomer-specific determination of

,)D at low.parts per trillion concentrations, even in

@t have been intentionally fortified with equivalent

of each of the other 21 TCDD isomers. Higher

ted dioxins, including hexachlorodibenzo-p-dioxins

.. 10 possible isomers), heptachlorodibenzo-p-dioxins

. 2 possible isomers), and octachlorodibenzo-p-dioxin

,.can also be determined at low parts per trillion levels

 this technique. In regards to the isomer-specific

~ation of 2378-TCDC, the other 21 TCDD isomers

» be considered as possible interferences. Several

.ons have recently appeared which demonstrate CDD

wation capabilities but do not provide complete TCDD

ipecificity (23-32).

EXPERIMENTAL SECTION

nts. The preparation of 44% concentrated sulfuric acid
.10% silver nitrate on silica, basic alumina, and purified
(Femtogas) have been described (I).

. This adsorbent is prepared from chromatographic grade
id as described for the preparation of 44 % sulfuric acid
().

| M Sodium Bydroxide on Silica. The silica support
red as described (1). Activated silica is weighed into an
iately sized glass bottle. On the basis of the support

weight, the amount of 1 M aqueous sodium hydrozide necessary
to yield a reagent containing 33% by weight is added in a stepwise
{ashx:n with shaking to produce a uniformly coated, free-flowing
powder.

Chemicals and Solvents. ‘All solvents used are Burdick and
Jackson, distilled-in-glass quality. Laboratory chemicais (H,SO,,
AgNO,, NaOH) are ACS reagent grade. These materials are tested
by subjecting them to the analytical procedure to verify the
absence of contamination. Spectrophotometric grade Gold-label
n-bexadecane was obtained from Aldrich Chemical Co. (Mil-
waukee, WT) and was purified by passage through basic alumina.
" Expendables. Pyrex glass wool, silica boiling stoges, and
disposable pipettes are cleaned before use. Glass wool and boiling
stones are Soxhlet extracted ~1 b consecutively with the following
solvents: methanol, chloroform + benzene (1:1 by volume),
benzeoe, and methylene chloride. They are then dried in a hot
air oven at ~160 °C for ~1 h. Disposable pipettes are cleaned

- ultrasonically in deionized water and then methanol and finally

methylene chloride prior to drying at ~160 °C. Final sample
residues are stored in Reacti-Vials obtained from Pierce Chemical
Co. (Rockford, IL). The vials are 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 sgain rinsed with methylene chloride imme-

diately before use.

Dioxin Standards. The primary standard of 2378-TCDD was
prepared by W. W, Muelder (Dow Chemical Co.) and its structure
was confirmed by single~crystal X-ray diffraction techniques (33).
Purity was assessed at 98% by maass spectrometry. Standards
of otber TCDD isomers were synthesized and isolated es previously
described (34). Primary standards of 1,2,3,4,6,7,8-beptachloro-
dibenzo-p-dioxin (1234678-H,CDD) 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 *C-2378-TCDD and ®C-
123478-HCDD were synthesized by A. S. Kende (University of
Rochester, Rochester, NY). Mass spectrometric analysis indicated
these standards to be 86 atom % and 43 atom % C, respectively.
Perchlorination of the 13C-2378-TCDD provided 3C-OCDD.

Apparatus. Reverse-Phase High-Performance Liquid Chro-
matography (RP-HPLC). Residues containing chlorinated dioxins
are injected into the RP-HPLC system: column, two 6.2 X 250
mm Zorbax-ODS (DuPont Instruments Division, Wilmington, DE)
columns in series; isocratic eluent, methanol at 20 mL/min; pump,
Altex Model 110A; column temperature, 50 °C; UV detector,
Perldn-Elmer Model LC-65T liquid chromatographic column oven
and detector operated at 0.02 aufs at 235 nm; injector, Rbeodyne
Model 7120 with 50-uL. sample loop.

Normal-Phase Adsorption High-Performance Liquid Chro-
matography (Silica-HPLC). Residues containing TCDDs are
injected into the silica-HPLC system: column, two 6.2 X 250 mm
Zorbax-SIL (DuPont Instruments Division) columns in series;
isocratic eluent, hezane at 2.0 mL/min; pump, Altex Model 110A;
column temperature, ambient; UV detector, Laboratory Data
Control Model 1204 variable-wavelength detector at 0.05 aufs at
235 om; injector, Rheodyne Model 7120 with 100-xL sample
injection loop. The columas were activated by the procedure of
Bredeweg et al (36). .

Packed-Column Gas Chromatography-Low-Resolution Mass

_ Spectrometry (GC-LRMS). Chiorinsted dioxin quantification

Reprinted {rom Analytical Chemistry, 1980, 52, 2045,
* ~=siran Chemical Society and reprinted by permission of the copyright owner,




B

i

b P—

i

R ‘ ¢ 2048 ¢ ANALYTICAL CHEMISTRY, VOL. 52, NO. 13, NOVEMBER 1980

- was accomplished by GC-LRMS using a Hewlett-Packard Model Suome sacro Mo N avorce
Frew 5992-A operating in the selected ion mode (SDM) at unit resoiution: e 2o 2o
I column, 2 mm id. X 210 cm silylated glass: packing, 0.60% OV-17 I —_ I
Fa i . silicone + 0.40% Poly S-179 on 80/100 mesn Permatond Methyi

4 - Silicone-10 cycle (HNU Systems Ine., Newton, MA); injecdon port P

F temperature. 230 °C on-column: carrier gas. helium at 14 cm®/min: £ £

2 4 separator, single stage glass jec operating at column temperature; = 8!

PR electron energy. 70 eV. TCDD analyses conditions: columa d

I temperature, 246 °C isothermal: ions monitored, native TCDDs i
e at m/e 320, 322, and 324, and '*C-2378-TCDD internal standard

S at m/e 332. Higher chlorinated dioxin analyses conditions: H H ’

R column temperature, programmed from 220 to 300 °C at 10 2) g1

;4 °C/min and hold at mazimum; ions monitored, native HCDDs ) -

e '. ) at m/e 388, 390, and 392, native H,CDDs at m/e 422. 424, and | g =
= 426. and native OCDD at m/e 458, 460, and 462. 13C.123478- — 3

& HCDD and “C-OCDD are monitored at m/e 398 and 470, re- i

& spectively. : “‘—L_-

C ¥ Environmental Particulate Samples. Industrial Dust. 4 emn L
. Particulates were removed from the air intake filtration system H iV
e ? from a research building located in Midland, MI. 2 -
e Electrostatically Precipitated Fly Ash. Particulates were "'—L_, 8 mm
4 collected from the ash-removal system associated with the ejec- . o
%\, trostatic precipitator on the Nashville Thermal Transfer Corp.

refuse incinerator located in-Nashville, TN.
Activated Municipal Sludge. Representative samples were
" removed from the center of a commercially purchased 20-kg bag

Figure 1. Ulquid chromatographic clean-up columns.

of Milwaukee Milorganite.
" Urban Particulate Matter. Standard Reference Material No.
1648 was obtained from the National Bureau of Standards (NBS).
European Fly Ash. Particulate emissions from a municipal
trash incinerator were collected on filter paper by a nonisoldnetic

. to six-stage Sayder distillation column. “The volume of the extra

solution is then reduced by atmospheric pressure distillation
the benzene solvent to a final volume of approximately 25 mi
The concentrated benzene extract is then diluted with & rough.
equal volume of hexane when cool

Bulk matrix (benzene estractables other than CDDs) remov:

sampling procedure. The location of the sampling port was
downstream from the electrostatic precipitator. This incinerator
was not operated to recover energy for power generstion.

" Sample Preparation. Prior to GC-LRMS SIM quantificadon,

SEY M

is accomplished by passing the residue extract solution throug
a Super-Macro chromatographic column (see Figure 1) prepare
as follows. The column is thoroughly washed and dried just pric
to use via the same procedure described for the Soxhlet exrracto

)

A%
e

1A
S

P e the sample is prepared by using five basic steps: (1) chlorinated A glass wool plug is inserted into the end of the column to ser
s 7o dioxins removal from the mawix via hydrocarbon extraction, {(2) as a bed support, and the foliowing reagents are thea carefull

3T ' chemically modified adsorbent treatment of the extract to remove weighed directly into the column: 1.0 g of silica (bottom layer
é}j.‘-"u.' - easily oxidizable species, (3) adsorbent treatment to remove 2.0 g of 33% 1 M sodium hydroxide on silica, 1.0 g of silica, 4
g}g’ common chemical interferences, (4) RP-HPLC residue fraction- g of 4% concentrated sulfuric acid on silica, and 2.0 g of silic
=

ation to remove residual chemically similar interferences and to

R

2
3

{top layer). The freshly packed column is then immediate.

separate dioxins present into groups according to their degree of
chiorinadion, and (5)-silica-HPLC refractionation of the RP-HPLC
TCDD fractions to provide a second high-efficiency chromato-
graphic separation having different selectivity to remove residual
interferents and to permit TCDD isomer specificity.

An appropriately sized all-glass Soxhlet extraction apparatus
equipped with a watar-cooled condenser, a 43 X 125 mm glass
thimble with coarse frit, a 250-mL boiling flagk, and a tempera-
ture-controlled heating mantle is assembled. Each of the parts
is thoroughly scrubbed with an aqueous detergent solution, rinsed
with deionized water followed by acetone, methanol, and meth-
ylene chloride, and finally air-dried. Depending on the particulate
sample size (larger samples require most), 5-15 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 recycle rate of ~20 mL/min for 2 minimum
period of 2 h. Following this preextraction period, the system
is permirtted to cool and the total benzene extract is discarded.
The extractdon thimble is removed and ailowed 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 charged on top of the silica bed.
The glass wool plug is replaced and the thimbie returned to the
Soxhiet extractor body. At this time aliquots of isooctane internal
standard solutions containing isotopically labeled 2378-TCDD,
123478-HCDD, and OCDD are introduced directly into the
particulates bed. The system is recharged with fresh benzene and
exhaustively extracted at the rate previously described for a
minimum period of 16 h. Each sample or set should have at least
one system treated as described for the sample to serve as a
reagent blank. '

Upon completion of the prescribed extraction period, the flask
enntaining the heanzane arrract is remavad and fittad with 5 thrae-

prewashed with 30 mL of hexane and the effluent discarded. Tt
residue extract is then passed through the column followed ¢
3 X 5-mL hexane rinses of the boiling flask vessel Following the:
rinses an additional 30 mL of hexane is passed through ti
column. The total effluent is collected in a 150-mI, beaker ar
then evaporated to drimess under a stream of Femtogas nitroge
A single drop of n-hesadecane (~25 mg) is added to the reage:
blank prior to its evaporation to dryness as a means of improvix
internal standard recovery.

Common chemical interferences are removed by passage of t}
residue through a dual column system consisting of a top Mac
chromatographic colump draining into a bottom High Aspe
column. (See Figure 1.) Each of these columns is cleaned .
previously described and a glass wool bed support inserted ju
prior to use. The Macro column is packed with 1.5 g of 10% silv
nitrate on silica and prewashed with 15 mL of hexane prior
use. The High Aspect column is packed with 5.0 g of bas
alumina. When the top Macro column prewash has drained.
is positioned over the High Aspect column reservoir, The samg
residue is dissolved in ~15 mL of hexane and introduced in
the top column followed by 3 X 5-mL hexane beaker rins
Following the rinses, an additional 30 mL of hexane is pass
through the system. When drained, the top column is discarde
After the hexane has drained to bed level in the High Aspe
columa, 50 mL of 50% (v/v) carbon tetrachloride in hexane
passed through. The total effluent to this point can be discard
A 25-mL glass vial (cleaned same as chromatographic columr
is used to collect the total effluent after 22.5 mL of 50% (v/
methylene chloride in besane is introduced into the co.lun:
When elution is complete this fraction which contains chlorinat
diozins is evaporated to dryness under a stream of Femtog
nitrogen (1). o

 RP-HPLC fractonation of the residue is initiated by calibrat
of the appropriate collection zones for TCDDs, HCDDs, HALDI
and OCDD. This is accomnlishad hy imiameime o ~slihesss
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Sie I TCDD Isomer RP-HPLC Fractionation Scheme Table [I. HCDDs, H,CDDs, and OCDD Retention Indices
i Specific Retention Indices RP
RP-HPLC  silica- silica- HPLC GC-packed
abs RT,¢ HPLC GC packed column HPLC  abs column
:DD isomer min rel RT® rel RT¢ CDD isomer rel RT® RT® rei RT®
RP-Iso No. 1 Fraction HCDDs
1269 11.6-13.0 1702 0.998 122469-HCDD 1.081 19.28 0,954
1469 11.6-13.0 1.497 0912 123467-HCDD 1,192  19.47 1.077
.267/12389 12.2-12.9  1.623 1.081 124679/124689-HCDD 0.958 19.62 0.80%
12.2-12.9 1.795 1.200 124679/124689-HCDD 0.972 19.70 0.806
1268/1279 13.3-13.9 1.238 0.956 123678/123789-HCDD 1.060 20.07 1103
13.3-13.9 1.291 1.065 123879/123689-HCDD 0.970 20.20 0.903
1363/1478 13.3-13.9 1220 0.802 123679/123689-HCDD 1.039  20.28 0.908
13.3-13.9  1.340 0.907 123678/123789-HCDD  0.974 20.85 1.016
RP-2378 Fraction 123478-HCDD 0.941 21.02 1.0069
. Ll & - Lnd
1246/1249  13.7-13.5 1.328 0.896 H,lc'ﬁ?)is RCDD 0.890  21.37 0361
13.7-14.5 1411 0.898 24679-H, .
2378 13.8-14.5  1.000 1.006¢ %234578;2 888 ' 2“;'2&-
1236/1239  13.8-14.4 1.356 1.037 oCDD ! " 29.40
14.4-15.2 1.350 0.969 ’
1278 14.0-14.7 1.288 0.893 @ Silica-HPLC rel RT = retention time relative to 2378-
1237/1238 14.0-15.0 1100 0.979 TCDD (20.010). ® RP-HPLC abs RT = absolute retention
14.0-15.0 1.128 0.990 (£0.1 min) at peak maximum. ¢ GC packed column rel '
124771248 14.2-15.1  1.154 0.854 RT = retention time refative to *C-123478-HCDD.
14.2-15.1  1.199 0.857 4 Native 123478-HCDD elutes slightly later than “C-
123478-HCDD.
RP-Iso No. 2 Fraction .
1378 14.9-15.7 1000 0.858
% g‘é g Jig_g-} 2 g 83 ;2 g;;; relative to 2378-TCDD). Their retention times are very close
1234 158-16.8 1248 0.950 - to the fraction boundary separating Iso No. 1 and 2378 and

¢ RP-HPLC abs RT = absolute retention time (£0.1 min)
to collect peak. Y Silica-HPLC rel RT = retention time
relative to 2378-TCDD (:0. 010) ¢ GC-packed column
rel RT = retention time relative to *C:2378-TCDD
(£0.005). 9 Native 2378-TCDD elutes slightly {ater 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 (~ Ay, for TCDDs)
and 0.02 aufs are shown in Figure 3b~f. Shown in Figure 3a
is the chromatogram obtained for a CDD calibration standard
by RP-HPLC. Although the appropriate CDD collection
zones, denoted by dotted lines, were initially established by
individual injections of 22 TCDD isomers, 10 HCDD isomers,
2 H,CDD 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 QCDD are listed in Table [L :

As indicated, all 22 TCDD isomers can be fractionated from
a sample residue by collecting the column effluent beginning
at ~11.5 and ending at ~17.0 min. The initial stage of TCDD
isomer specificity is achieved by collecting the 22 isomers in
three separate fractions as shown. TCDD [so No. 1 (RP-
HPLC TCDD isomer fraction no. 1) can contain the following
isomers: 1269-, 1469-, 1267-, 1289-, 1268-, 1279-, 1369-, and
1478-TCDD. The TCDD 2378 fraction contains 1246-, 1249-,
2378-, 1236-, 1239-, 1278-, 1237-, 1238-, 1247-, and 1248-TCDD.
TCDD Iso No. 2 contains the remaining four isomers: 1378,
1379-, 1368, and 1234-TCDD. 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 poasible isomers in TCDD
Iso No. 1 must be sacrificed in order to ensure quantitative
collection of 2378-TCDD in the following fraction. This
consequence will be discussed later. Its occurrence is related
to the RP-HPLC retention times for the isomers: 1369-TCDD,
1478-TCDD, and one of the pair 1268 or 1279-TCDD having

Sil rel RT 1.238 (normal-phase silica HPLC retention time

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 quantitation essentially becomes
impossible. For cases where quantitation of these three
TCDDs is required, a second aliquot. of sample residue can
be fractionated by RP-HPLC in such a manuer 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 II. Although isomer-specific HCDD de-
terminations are possible by using essentially the same
chromatography procedures described for TCDDs (i.e., RP-
HPLC —=silica-HPLC —~ GC), we have not yet applied this
system to samples. Similarly, the two H.CDD isomers are
collected in a single fraction, as is OCDD.

The RP-HPLC residue fractionation chromatograms in
Figure 3 are typical of those associated with particulate sam-
ples. The presence of higher chlorinated species, such as
H,CDDs and OCDD, can often be observed at this point in
the analysis. Although the UV detector has been adjusted
for maximum sensitivity for TCDDas, under these conditions
a detectable response for HCDDs, H,CDDs, and OCDD is
obtained for approximately 5 ng. Similarly, heptachlorodi-
benzofurans (H,CDF's) and octachlorodibenzofuran (QCDF)
may also be observed in the RP-HPLC fracdonadon. Because
of the lack of availability of autbenticated chlorinated di-
benzofuran (CDF's) 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 established the possible presence of four H,CDF isomers
and OCDF in a variety of particulate samples.

Refractionation of the RP-HPLC TCDD fractions via
normal-phase HPLC (silica-HPLC) is the final stage of the
sample ceanup prior to GC-LRMS analysis. Normally
monitoring of these chromatograms with a UV detector at 0.05
aufs and 235 nm does not produce observable peaks with the
exception of the 3C-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, and GC
packed column retention indices for each species. By use of




standard containing approximately 10-20 ng each: 2278-TCDD,
HCDD(s), H,CDD(s}, and OCDD in no more than 30 uL of
chloroform. In accordance with the chromatogram obtained,
appropriate collection zones are established for each of these
species (see Discussion section). Following caiibration, the injector
is rinsed with copious quantities of chloroform, o inciude muitiple
consecutive injections of 30 wL of chioroform into the column to
ensure that oo residual chlorinated dioxins remain.

The residue is prepared for RP-HPLC fracticnation by
quantitative transfer to a 0.3-ml Reacti-Vial. Quantitative in-
jection requires complete residue solubility in 30 uL or less of
chioroform. Larger injections of chloroform into this RP-HPLC
system severely reduce column efficiency. An aliquot of no more
than 30 uL can be fractionated if the sample residue requires
greater amounts of chloroform to be dissolved. Appropriate
chlorinated dioxin fractions are collected in 25-mL voiumetric
flasks. equipped with ground glass szoppers, containing ~1 mL
of hexane. The chlorinated dioxins are recovered by addition of
2% (w/v) aqueous sodium bicarbonate. The hexane layer is
transferred to a 5-ml glass vial and the aqueous phase is exzactad
three additional times with ~1 ml. of hexane. The combined
extracts are then evaporated to dryness under a stream of Fem-
togas nitrogen. HCDD, H,CDD, and QCDD fractions are
quantitatively transferred to 0.3-mL Reacti-Vials and diluted to
appropriate volumes for determination by GC-LRMS.

Regarding the case for an isomer-specific 2378-TCDD deter-
mination, additional silica-HPLC fractionadon of the RP-HPLC
2378-TCDD fraction is required (see Discussion section). Cali-
bration of the appropriate collection zone is accomplished by
injecting approximately 10 ng of 2378-TCDD into the silica-HPLC
in 60~80 uL of hexane and monitoring the chromatogram obtained.
Adequate isomer specificity is obtained when the silica-HPLC
columns are suifici~=tly dzy so as to provide a 2378-TCDD re-

" tention time rangi. . yom a minimum of 12.5 min to maximum

of 17 min (24). Foilowing injection of the residue fraction, the
chromatogram is monitored and the appropriate 2378-TCDD
fraction is collected in a 5-mL glass vial. This fraction is then
evaparated 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 isomers
as described in the Discussion section; see Figure 2,

DISCUSSION

The purpose of this paper i3 to demonstrate the feambl.hty
of using a single multiple-step procedure to accomplish the
isorner-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 recovering each of the
listed chlorinated dioxin (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 he conducted in the
greatest aumber of analytical facilities. These prerequisites
have determined the means by which the described analyses
can be accomplished. That is, a neutral or acid extraction
procedure must be used. Any treatment of either the sample
or its extracts with swong bases is known to cause degradation
of the higher chlorinated dioxins (21, 37). In accordance with
ease of handling and the general solubility characteristics of
higher chlorinated dioxins (least soluble species), continuous
benzene extraction was found to be adequate for all particulate
samples examined. The selection of packed-column gas
chromatography-low-resolution mass spectzometry as opposed
to capillary column gas chromatography-high-resoiution mass
spectrometry represents our attempt to use the least so-
phisticated insrumentation for CDD determination. Because
packed-column GC-LRMS is inherently more subject to
possible interference than capillary column GC-HRMS, a more
rigorous sample preparation is required. The approach of
combining classical extraction and adsorbent clean-up tech-
niauea with consecutive RP-HPI.(C and silica- BPILC reaidue
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fractionations can be one solution to this problem. Under
these circumstances a significant portion of the method ca-
pabilities to prevent MS interferences during the identfication
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
sampies 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

incorporates the consecutive RP-HPLC and silica-HPLC steps
that we bave published for the separation and isoladon of the

.22 TCDD isomers (34). Their described application in this

procedure permits the analyst to predetermine which possible
TCDD isomers can be present in a given residue fraction.
Hence, the necessity of using a capillary GC column to obtain
improved TCDD isomer separstions 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 simultaneously using a single ca-
pillary GC column. The described methodology will address
this problem. :

It is to be understood that this procedure has been de-
veloped and used for survey purposes on a variety of different
environmental particulates. A compiete method validation
including controls, fortifications, and replicates would be
required for each specific matrix 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, 1.0 g
of industrial dust, 1.0 g of electrostatically precipitated fly ash
from a municipal bumner (fly ash}, 16.7 g of Milorganite, and
0.3968 g of European flyash were Soxhlet extracted with
benzene for ~16 b and the resuiting residues processed
through the preliminary liquid chromatographic clean-up

" steps. Each sample, to include a reagent blank, was fortified

with 5-20 ng of isotopically enriched internal standard CDDs
(C enrichment) prior to analysis. After transfer to a 0.3-mL
Reacti-Vial and evaporauon of tbe solvent, all samples vieided
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Figure 3. RP-HPLC fracionation chromatograms: (a) calibration standard, (b) industrial dust, () electrostatic fly ash, (d) municipal siudge, (e)

European fly ash, () NBS urban particulatss.

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 IIT
is dwgned to provide maximum isomer-specific information
when using our packed-column GC-LRMS analysis, while
minimizing the total aumber of fractions collected. Remem.-
bering that the primary goal was to provide the highest quality
analytical data for 2378-TCDD, this scheme is adequate.
Examination of the GC packed column relative retention timea
(GC rel RT, TCDD retention time relative to 3C-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 *C-2378-TCDD)
of 2378-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 max-
imum of four other TCDD isomers (2378-TCDD + 4). How-
ever, examination of the silica HPLC relative retention times
(Sil rel RT, TCDD retention tire relative to 2378-TCDD) for
these TCDDs indicates that 2378-TCDD is the first isomer
to elute. The next isomer to elute s 1237/1238-TCDD (Sil
rel RT 1.10); however, even at the minimum 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 single isomers with
the exception of those in Sil Fraction No. 1. Although 1237-,

1238-, 1247-, and 1248-TCDD are easentially basel.ine sepa-
rated by silica-HPLC, attempts to collect them in individual
fractions under conditions where the species cannot be ob-
served by a UV detector would be difficult. Hence a single
,fraction is collected for GC-LRMS analysis. As indicated by
*the respective GC rel RTs, these isomers 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. 1 are
sacrificed in order to ensure maximum recovery of 2378-TCDD
in the following RP-HPLC fraction. The consequence of thig
situation is the possible presence of 1268/1279-TCDD (Sil rel
RT 1.238), 1363-TCDD, and 1478-TCDD in the RP-2378-
TCDD fraction. Regarding their effect upon the isomer-
specific determination of 2378-TCDD, it can be observed that
no interference occurs by virtue of both their respective sil-
ica-HPLC rel RT's and their GC-packed column rei 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 RT's for these isomers
as indicated in Table . The 1369/1478-TCDD (Sil rel RT
1.220) will not cause any similar interference problems with
those TCDDs present in RP-2378-TCDD fraction—Sil
Fraction No. 1 because of its GC rel RT of 0.802. The re-
maining isomer, 1369/1478-TCDD (Sil rel RT 1.340), if
present in high concentration may interfere with 1246/
1249-TCDD (Sil rel RT 1.411) in RP-2378-TCDD fraction-Sil
Fraction No. 3.
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GC-LRMS mass chromatograms for the isomer-specific

2378-TCDD fractions of each particulate sample analyzed are
shown in Figure 4. Native 2378-TCDD is monitored at m/e
320, 322, and 324 and 3C-2378-TCDD at 332. The calibration
standard (Figure 4a shown is typical for a 2-uL injection of

a reference standard containing 100 pg/uL of native 2378- .

TCDD and 500 pg/uL of *C-2378-TCDD. .

Tbe GC-LRMS mass chromatograms in Figure 5 compare
the analysis of the RP-2378-TCDD fraction from electro-
statically precipitated fly ash for 2378-TCDD, before and after
silica-HPLC refractionation. As 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 sample. One portion was
analyzed directly by GC-LRMS as illustrated in Figure 3a.
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).

Isomer-specific TCDD analysis data for each of the de-
scribed particulate samples appear in Tables IV and V.
Quantitation of TCDDs was accomplished by averaging the
observed response at m/e 320, 322, and 324 for all cases except
where denoted. Instrumental calibration for ail TCDD isomers
was based upon the observed responses for a primary standard
of 2378-TCDD. The listed concentrations for 2378-TCDD
have been corrected for recovery of the 13C-2378-TCDD in-
ternal standard as given in Tahle 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

elu_tion time. Observed concentrations less than the LoD are
listed as not detected (ND).

w )
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m/e 324
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Flgure 5. Comparative 2378-TCDD GC-_.RMS mass chromatografy

for elsctrostatic fly ash (a) after RP-HPLC (RP-2378 fracdon) (D) aft
sifica-HPLC (silica-2378 fraction).

m/e’ J20-

As a means of investigating the degree of reliability ass
ciated with the isomer-specific determination of 2378-TCD.
in a sample containing equivalent concentrations of all 21 othi
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{II. TCDD lsomer Silica-HPLC Fractionation
and Specific Retention Indices

GC
silica- packed
HPLC Sil collection column
ZDD isomer rel RT® zone ret RT? rel RT?
RP-Isol No. 1 Fraction TCDDs
‘raction no. 1 1.180-1.370
"68/1279-TCDD 1.238¢ 0.956
1.291 1.065
39/1478-TCDD - 1.220¢ 0.802
. 1.340¢ 0.907
- {raction’'no. 2 *" 1.455-1.850
. "39-TCDD . . 1702 . 0.998
39-TCDD° .. 1.497 0.912
__37/1289-TCDD: 1.623 1.081
: 1.795 1.200
RP-2378 Fraction TCDDs
action 2378 0.950-1.050
.78-TCDD 1.000 . 1.006¢ ;
fraction no. 1 1.050-1.244 ;
237/1238-TCDD*¢ 1.100 0.979
1.128 0.990 .
47/1248-TCDD* 1.154 0.854
1.199 0.857
fraction no. 2 1.244-1.300
~78-TCDD 1.288 0.893
saction no. 3 1.300-1.385 L
.-46/1249-TCDD 1.328 . 0.896 .
1236/1239-TCDD  1.356 1.037 .
1.350 0.969
raction no. 4 1.385-1.450 -
146/1249-TCDD  1.411 0.898
. RP-Iso No. 2 Fraction TCDDs _
. !fractionno. 1/ 0.900-1.050 :
-168-TCDD 0.940 0.729 -
379-TCDD - 0.977 0.771
+1378-TCDD 1.000 0.858"
| fraction no. 2/ 1.210-1.288. - -
©234-TCDD 1.248 0.960 -

lica-HPLC rel RT = retention time rejative to 2378-
JD (£0.010). ® GC packed column rel RT = retention
2 relative to ¥C-2378-TCDD (£0.005). € See text for

ery information. ¢ Native 2378-TCDD elutes

ly later than '*C-2378-TCDD. ¢ Related isomers
_.ally reported as a total. [ Fractions typically com-
ed prior to GC-LRMS analysis. '

D isomers, we intentionally fortified a second portion of
ipal sludge with each TCDD isomer at the levels shown
Table 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 in

2 VL. Regarding the 2378-TCDD data, the amount found

5 corrected for the recovery of the C-2378-TCDD and also
- *he 20 pptr natural 2378-TCDD previously observed in

$So128 e 460 |
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FSe110  mue 458 . f /
LT RAL ] e 428
i JJL/\
H
g \ native #y OO
S| 5o mve ale /
1234879 /r 1734878
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Flgure 8. Higher chiorinated dioxin GC-LRMS mass chromatograms

« e b0
i3 & 8§ ¢ 7

- for electrostatic fy 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 corrected for natural levels when necessary as listed in
Table VL .

Typical temperature programmed GC-LRMS mass chro-
matograms for the determination of higher chlorinated dioxins
appear in Figure 6. For the analysis of electrostatically

. precipitated fly ash the RP-HPLC HCDDs, H,CDDs, and

OCDD fractions were combined prior to GC-LRMS exami-
nation (see Figure 3c). As a means of overcoming problems
associated with samples having relatively large amounts of
native chlorinated dioxins compared to the 1-20 ng of fortified
internal standards, a complete method validation study was
conducted for HCDDs, H;CDDs, and GCDD ranging from 50
potr to 10 ppm (ug/g) and from 10 pptr to 5 ppb for 2378-
TCDD, The control particulate sample used was a sandy loam
soil, to which was added ~150 uL. 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, 122678-HCDD, 123679/123689-HCDD (Sil rel
RT 1.039), 1234678-H,CDD, and OCDD. The results of this

.

‘e [V. Chlorinated Dioxins Observed in Envirorunental Particulate Samples

parts per billion

: reagent industrial eleétrostatic municipal European NBS urban
CDDs blank, ng dust flyash sludge flyash " particulates
2378-TCDD + 4 isomers?® ND (0.06) ... 1.5° <ob cab 0.12 (0.12)*
other TCDDs (17 isomers) ND (0.04) . L. ub N ) ..k 0.16 (0.08)
HCDDs¢ (10 isomers) ND (0.18) ND (14) 14 2.1 5509 2(2)
1234679-H.CDD¢ ND (0.14) 200 11 14 - 470 16
"~ 1234678-H,CDD¢ ND (0.14) 220 17 15 570 18
OCDD*¢ ND (0.29) 4000 30 180 650 210

- RP-HPLC RP-2378 fraction analyzed directly by GC-LRMS and not isomer specific as described in text. ® Sample fully

._:tionated for isomer-specific results given in Table V.

¢ Observed vaiues without correction rin as part of validation

rork reported in Table VII. ¢ For “semi’ isomer specific see Table VIII. ¢ C-2378-TCDD recovery 78% and value listed
as been corrected, see Table V for others, and ND = compound not detected at limit of detection in parentheses and no

! ‘entheses indicates detected signal > 10x limit of detection.
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Table V. [soiner-Specific TCD D Analyses of Environmental Particulate Samples

parts per trillion

reayent industrial electrostatic municipal European
TCDD isomer blank, pg dust flyasn sludge N1y ash
2378-TCDD® ND (40) 1100 430 (110) 20(2) - 2200
1269-TCDD ND (20). ND (40) 190 (60) ND(2) -.- 1000 (140)
1469-TCDD ND (20) ND (50) ND (50) ND(2)" ' 250 (140)
1267/1259-TCDD Sil rel RT 1.623 ND (20) ND (50) 100 (60) ND (2) 300 (140)
1267/1259-TCDD Sii rel RT 1.793 ND (20) ND (50) 120-(60) ND (2) 500 (140)
1268/1279-TCDD Sil rel RT 1.238 ND (30) . ~-eb 190 (90)¢ 1000¢
1268/1279-TCDD Sil rel RT 1.291 ND (30) ND(50) 310 (90) 3(3)¢° 1500-
1369/1478-TCDD Sil rel RT 1.220 fee e e e T
1369/1478-TCDD Sil rel RT 1.340 .  ---- e e e - e
1278-TCDD ' ND (60) ND (40) . ND (80), ND (3) 3100
1236i1239-TCDD Sil rel RT 1.356 ND (60) ND (60) 250 (110)" * ND (3)+ 1500
1236/1239-TCDD Sil rel RT 1.350 ND (60) ND (60) 150 (110) ND (3) 800 (400)
1227/123S-TCDD Sil vel RT 1.100 . , Ry -
1237/1238-TCDD Sil rel RT 1.128 } ND (60) 240 (50)° 720¢ 230°¢ 8500°
1246/1249-TCDD Sil rel RT 1.323 ' 2000¢
1246/1219.TCDD Sil rel RT 1411 | ND (60) ND (60 730 (110)° ND (3)* 1500
1247/1248-TCDD Sil rel RT 1.154 - -
1247/1245-TCDD Sil rel RT 1,195 | ND (60) 140 (50) 310(70) L 8(2). . 6900
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) - 780 1320 (150) 13(5) v - 16200
1234-TCDD ND (20) 180 370 (150)- ND (30)- ~ 2100
total TCDDs.  __ . ND 6340 7730 - ‘310 69800
1C.2378-TCDD % recovery 63% 59% 54% 61% - - 56%

@ Corrected for 3C-2378-TCDD recovery and all other isomers are absolute observed. °

in text.

+ <« = not recovered as described

in text. © Observed but recovery questionable, ¢ Detected on n1/e 322 only. ¢ Possible isomer interference as described

Table VI. Isomer-Specific TCDD Analysis of Municipal Sludge after Fortification

TC_DD isomer
2378-TCDD

1269-TCDD

1469-TCDD

1263(1289-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 rei RT 1.220
e 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
1237/1238-TCDD Sil rel RT 1.128

1246/1249-TCDD Sil rel RT 1.328
1246/1249-TCDD Sil ret RT 1.411

1247/1248-TCDD Sil rel RT 1.154
1247/1248-TCDD Sil ref RT 1.199

1378-TCDD
1379-TCDD
1368-TCDD
1234-TCDD

conen in pptr

added

. found % recovery

143 140 98
150 108 .
166 122 73
150 126 84 ’
171 145 85
137 I e
140 69 49
143 P ceo e
151 . .-
160 104 65
147 103 70
146 80 55

b (180)¢
141° i
151° fazo¢ I
131.. .

163 | 203 69
171 151 88
171 133 81
101 45 45
143 122 85

@ Corrected for recovery of '7C-2378-TCDD (72%) and native 2378-TCDD present given in Table V, all other isomers are

absolute observed.

- = not recavered as described in text. € Total not added. High native concentration given in
Table V, 9 Absolute amount observed in this sample. ¢ Total.

study appear in Table VII. These data indicate that the
average recoveries of HCDDs, H,CDDS, and OCDD over the
described concentrations range are reasonably constant-and
are between 70 and 80%. Because typical particulate samples
contain higher chiorinated CDDs within this range, recovery
factors derived from the validation can be used. Since 13C-

labeled internal 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
13G.2378-TCDD internal standard recoveries after RP-HPLC
fractionation.
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Chlorinated Dioxin Recovery and Precision Data for Fortified Sandy Loam Soil®

2373-TCDD? HCDD H.CDD ' ocbo

.dded, found, added, found, added, found, added, found,
pptr pptr % pptr pptr % pptr pptr % ppuw pptr %
10 13 130 50 30 60 S0 46 92 200 160 80
20 28 140 100 72 72 100 75 73 400 330 83
20 21 105 100 ST 37 100 63 65 400 260 63
50 49 98 280 160 64 250 170 68 1000 730 73
50 45 90 250 180 72 250 200 80 1000 820 82
50 S1 102 250 170 68 250 200 80 10060 780 78
S0 53 106 250 170 68 250 170 68 1000 720 12
S0 §¢ 100 250 190 76 250 210 .84 1000 880 - 88
50 50 100 250 160 64 250 160 64 1000 700 70
S0 47 94 250 180 72 250 180 72 1000 690 69
50 52 104 250 170 68 250 160 64 1000 690 69
100 97 97 500 410 82 500 430 86 2000 1900 93
100 109 109 500 4410 886 500 460 92 2000 2060 103
5000 5330 107 1x10* 81x10° 87 5x10* 45x10° 90 10x 10* 8.4 x 10* 84
5000 5400 108 1x10* 9.1x10* 91 $x10° 4.7x10° ' 94 10x 10* 9.0x 10* 20
108 x 13 : 78 : 80
13 ' 10 i 11 11
50 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 of appropriate RP-HPLC fractions. 2378-TCDD values corrected for

R-TCDD internal standard recovery, other CDDs are absolute observed. ® Corrected for *C-2378-TCDD where
ecovery was 59.8% for all samples. © x all and ¢ all represent the mean and standard deviation of all samples. ¢ x
o prec represent the mean and standard deviation of samples 4-11 to determine precision of the analysis.

JUL *Semi” Isomer-Specific HCDD Analysis Data for European Flyash, Absolute Values Reported

parts per billion ]

HCDD isomer? ) _ reagent blank European flyasi
124679/124689-HCDD Sil rel RT 0.958 5,
124679/124689-HCDD Sil rel RT 0.972 }ND (0.13)% 82¢
123468-HCDD : ND (0.13) 9(9)
122679/123689-HCDD Sil rel RT 0.970 :
123679/123689-HCDD Sil rel RT 1.039 }ND (0.13)¢ .. 280¢
123469-HCDD ,
123478-HCDD © .
123678/123789-HCDD Sil rel RT 0.974 } ND (0.13)¢ 110¢
123678/123789-HCDD Sil ref RT 1.060 ‘ -
123467-HCDD . }ND (0.13)¢ 85 (9)¢

-

{CDD Sil rel RT = retention time relative to 2378-TCDD by silica-HPLC (Table [I). ® ND (0.13) is not detected with
- of detection in ppb based on flyash sample size. € Total. ) .

-LRMS analysis data for higher chlorinated CDDs ap- of a less sophisticated cleanup followed by both packed and
- in Tables IV and VUI. Table VIII illustrates a format capillary column GC-HR MS has failed. Interested individuals
HCDD determination that is “semi -isomer specific. In may request a more thorough discussion of the method de-
ase, the total RP-HCDDs fraction was analyzed directly velopment experiments from the authors.
..cked-column GC-LRMS. However, because GC rel RTs '

‘e been experimentally determined (see Tabie II) for all ACKNOWLED.GMENT .

‘~dividual HCDD isomers, we can separate the HCDDs Tl.ae authors express their gratitude to O. Hutzinger for
rved into five distinct groups. Within each group only graciously suppling the European fly ash sample and to R.

.aited number of isomers are possible. These analyses are B“‘."?b' W.. Cmmmett.. and V. Stenger. for their help in re-

-omplished by using isothermal column condition {~270 pairing this manuscript.
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Secondary lon Mass Spectra of Diquaternary Ammonium Salts

.
i

Dapartrnent of Chemistry, Purdue University, West Lafayette, Indiana 47907

Molecular dlcations emitted by me~—antumn transfer processes
are observed In secondary lon mass spectra (SIMS) ot di-
quaternary ammonium saits. The relationship between mo-
lecuiar structure and the obsarvation of dications Is explored,
Large intercharge separatlons, corresponding to lessaned In-
tramolecular coulombic repuisions, are observed o correlate
with dication detection. Fragmentation with charge separation
Is faciltated by small intercharge distances and can preciude
obsarvation of the dication. Electron attachment to yleid the
monocation i{s an aiternative to dicatlon emission when the
structure of the dication facilitates reduction. This occurs, for
exampie, for the herbicide diquat ( N,N'-ethyiene-2,2'-bipyridyl
dibromide) which {s detected as its monocation. Complete

spectra of diquatermaries can be taken with nanogram size
samples.

Secondary ion mass spectrometry (SIMS) has recently been
shown to be a sensitive method for the characterization of
organic salts (I~4). Reported here is the observation of intact
organic dications emitted from diquaternary 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 of 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 faclitate
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 are sputtered when monocations
are reduced during ion bombardment.

EXPERIMENTAL SECTION

All compounds were synthesized by using standard methods
for the preparation of quaternary ammonium salts. The organic
salts were burnished onto a 1 cm?® roughened foil of either silver

or platinum prior to SIMS analysis using argon primary ions ai
5 keV and 0.3~0.5 nA primary ion current. Beam diameter was
approximately 1 mm and pressures in the uitra-high-vacuux
chamber remained below 1 X 10™ torr during the course of the
experiments.

All spectra were taken with Riber SIMS system using a
quadrupole mass analyzer, Channeltron electron multiplier, and
pulse~counting electronics,

Intercharge distances were measured by using Dreiding models;
charge localization on nitrogen was assumed and the maximum
distance in the unstrained molecule is reported. Intercharge
distances (r) were used to calculate coulombic repulsxve enerTias
(T) 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 shown in Figure 1. This
spectrum provides both the molecular weight (inferred 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 3C
isotope peak one-half mass unit above the dication peak (m/:
134.5 in Figure 2). Changing the counterion does not affec
the SIMS spectrum: for example, the dibromide and diiodide
of compound 1 gave identical STMS spectra.

Analogous results were obtained for N, IN-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{(dimethylethyl)-4,4"
methylenedianiline diiodide (4). The spectrum of compounc
3 is shown in Figure 3; the dication, 284** at m/z 142 is o
relatively low abundance, but its 13C isotope is well resolvec
in high-resolution scans.

A considerable number of diquaternary saits (5-19, Tabl
1) did not exhibit observable dications. Compounds 18 ant
19, while they did not yield molecular dications, did show thi
corresponding singly charged ions in their SIMS spectra
Compounds 5~17 may fail to exhibit dications because the
fragment by a favorable charge separation route, M** — M,
+ M,*. This is indicated by the absence of both singly an
doubly charged molecular ions for these samples.

>
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APPENDIX TL

11.1.2.9 Transfer the concentrated extract to an 8-ul glass
culture tube. Rinse the evaporator flask with
three 5-mlL portions of hexane; transfer each rinse
to the culture tube. Between additions of hexane
rinse, reduce the extract volume in the culture
tube enough to allow addition of another 5-awlL
volume of rinse. To reduce thé 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)
with the tip of the nitrogen dellvety tube 2 cm
above the solution. :

11.1.2.10 Afcer the final rinse has been added, reduce the

. extract volume to approximately 1 mL. !

11.2 Column Chromatography

11.2.1 Column Preparation

11.2.1.1 Column 1l: Place 1.0 g of silica gel into a 1 cm x
: 20 em column and tap the column gently to settle
the silica gel. Add 2 g sodium hydroxideimpregnated
_silica gel, 1 g silica gel, 4.0 g of sulfuric acid- "
impregnated silica gel, and 2 g silica gel. Tap
' column gently af ter each addition.

11.2 1.2 Column 2. Place 6 0 g of alumina into alemzx 30
cm column and tap the column gently to settle the
alumina. Add a l-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 swall positive
pressure (5 psi) of clean nitrogen can be used if
needed.

I1.2.2 Quantitatively transfer 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 0.5
mL portions of hexane; transfer rinses to Column 1.

11.2.3 With 90 mL of hexane, elute the extract from Column 1 directly
into Column 2 containing alumina and sodium sulfate.

.11.2.4 Add 20 ml of hexane to Célumn 2 and elute until the hexane
level 1{s just below the top of the sodium sulfate; discard
the eluted hexane.

D - 16



11.2.5

11.2.6

11.2.7

11.3 GC/MS Analysis

11.3. 1

Add 20 mL of 20X methylene chloride/80% hexane (volume/volume)
to Column 2 and collect the eluate.

Reduce the volume of eluate with a gentle streaam of filtered
dry nitrogen. When the volume is about 1 to 2 mL, transfer
aliquots to a l-aL 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 0.5-mL portions of hexane; transfer rinses
to the mini-vial, with further concentration as necessary.
CAUTION: Do not evaporate sample extract to drvmess.

With the final sample extract volume at approximately 1 mlL,
store the extract until time for GC/MS analysis.

!
’

Remove the sample extract or blank from s:orage and allow ic
to warm to ambieat laboratory :empera:ure if necessary.

~With a streanm of dry, filtered nittogen, reduce the

11.3.2

11.3.3

11.4 Identification Criteria. NOTE: Refer to Exhibit E, Section 7,

extract/blank volume to mear dryness. Immediately before '
GC/MS analysis, adjus: the excract or blank volume to 50 L
with toluene. . .

Inject a 2= L aliquot of the extract into the GC, operated
under conditious previously used (Sect. 9) to produce
acceptable results with the performance check solution.

Acquire mass spectral data for the following selected
characteristic fons: m/z 257, 320, and 322 for unlabeled
2,3,7,8 TCDD1 m/z 328 for 37C14-2,3,7,8-‘ICDD; and m/z 332
and 334 for °°C,,-2,3, 7,8-TCDD. Use the same data

"acquisition time and MS operating conditiouns previously used

(Sect. 9.3.8) to determine response factors.

for application of identification criteria.

11.4.1

11.4.2

Retention time (at maximum peak height) of the sample com-~
Esnen: must be within 3 seconds of the retention time of the

Cl -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.

The integrated ‘ion currents detected for n/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 i{nterfering peaks. This should be reported
on a separate chromatograam. '
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11.5

11.4.3

11.4.4

11.4.5

Column

The-integrated ion current for each analyte and surrogate
compound ion (m/z 257, 320, 322 and 328) must be at least 2.5
times 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.

Relative abundance of m/z 257 to m/z 322 should be > 20% and
< 457%.

Abundance of integrated ion counts detected for m/z 320 must

be > 67% and < 87X of integrated ion counts detected for m/z
3227

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.

11.5.1 Mix 3.6 grams of Carbopack C (or equivalent) with 16.4 grams

11.5.2

11.5.3

11.5.4

of Celite 545R (or equivalent) in a 40-mL vial and activate

by heating in an oven at 1309C 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 solution to this procedure and
measure the quantity of labeled and unlabeled 2,3,7,8~TCDD.

-

Insert a small plug of glasé wool inio a dispoéable pipet

approximately 15 em long by 7 mm 0.D. Apply suction with a
vacuum aspirator attached to the pointed end of the pipet,

and add the Carbopack/CeliteR mixture until a 2 cm column is
obtained. : .

Pre~elute the column wi;h:

11.5.3.1 2 ol of toluene

11.5.3.2 1'mL of a mixture of 75% (by volume) methylene
chloride, 20Z methanol and 5% benzene

11.5.3.3 1 mL of S0%Z (by volume) cyclohexane and 50X
methylene chloride

11.5.3.4 2 ml of hexane

While the column is still wet with hexane, add the sample
extract. Elute the column with the following sequence of
solvents and discard eluents.

11.5.4.1 2 oL of hexane

D- 18



N 11.5.4.2 1 oL of 50% (by volume) cyclohexane and 50% methylene
)

chloride

11.5.4.3 1 ml of 75% (by volume) methylene chloride, 20/
methanol and 57 benzene

11.5.5 Elute wich 2 mL of toluene and collect the eluent, which
contains the TCDD.

11.5.6 Store the sample extract until just before GC/MS analysis.’

12. CALCULATIONS
12.1 Concentration . . !

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:

Ax, . Q*Q

c, =
where Cx =2,3,7,8-TCDD comcentration, ia micrograms

per kilegram

Ag .- the sum of integrated ion abundance
detected for m/z 320 and 322

Ajg = the sum of integrated ion abundances
oo detected for m/z 332 and 334
isharacteristic ions of

12—2 3,7,8-1ICDD, the in:ernal
standard)

Qs = ?uancicy (in nanograms) of
Cy2-2,3,7,8-TCDD added to the sample
before extraction

i RF = calculated mean response factor for

_ unlabeled 2,3,7,8-ICDD relative to

. 3¢, ,-2,3,7,8-TCOD

! W = weight (in grams) of wet soll or sediment

. sample.

.

{

!

(. .
g

1

{;, D~ 19
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1.7.1.2

srr@rx L o

Immediately after weighing the sample for extraction,
weigh 5-10 g of the sediment into a tared crucible.
Determine the percent moisture by drying overnight at
105°C. Allow to cool in’'a desiccator before weighing,
Concentrations of individual analyteé vill be reported

relative to the dry weight of sediment,

gm of samvle = gm of dry sacole ) '-)
gD of sample X 100. = X moisture .

D - 29 Rev: 1/85




APPENDIX IV

Tetra-Octa CDD/CDF Scan Quantitation Protocol and Analytical
Standards

- Minimal Requirements for Bidders

Analytical Standards

13 37

- 2378 TCDD, C12’ Cl

4
- 2378 TCDF

- Mixture of TCDD isomers to verify column resolution*

13

- OCDD, C,,-0CDD

12

- Mix of Penta CDD/CDF, Hexa CDD/CDF, Hepta CDD/CDF to
establish RT windows for spiking

Quantitation

Quantitate:
TCDD, TCDF, Penta CDD, Penta CDF, Hexa CDD, Hexa CDF

against 13C12-2378-TCDD

(Quantitate TCDF, Penta CDF, and Hexa CDF against 13C12—TCDF,
if available) A
Quantitate:

Hepta CDD, Hepta CDF, OCDD, OCDF against 13C12-OCDD

Qualify data as "estimated" 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).

GLTS595/50



APPENDIX V

DELIVERABLES REQUIRED FOR GC/MS DIOXIN/FURAN ANALYSIS

A. SAMPLE PREPARATION AND METHOD DOCUMENTATION

(1)

(2)

(3)

"Cookbook" style step-by-step method including instrument/condi-
tions, type and source of reagents.

Analyst bench records describing dilutions, weighings and any
unusual occurrences during prep, extraction or clean up.

Calculations and method used in determination of percent lipfds
and percent ‘solids (where applicable).

B. DIOXIN/FURAN QUANTITATION AND IDENTIFICATION DOCUMENTATION

(M
(2)
(3

(4)

(5)
(7)
(8)
(9)

(10)

Detailed explanation of the quantitation and identification proce-
dure used for all isomer classes and specific xsomers.

List of criteria for pos1t1ve 1dent1f1cat1on of 2,3, 7 8-TCDD
and 2,3,7,8-TCOF.

Example calculations of response rat1os, sample results. and detection

Timits.

Simultaneous'disp1ay/offset SICs and peak areas of native, 13012-

and 37C14-2 3,7, 8-TCD§ in all samples and QC, including blanks.

Simultaneous d1sp1ay/offset SICs and peak areas of ions monitored
for each PCDD/PCDF class.

List of exact ion masses for each isomer/class, current and
historical response factors and retention times for positive ID.

Simultaneous display/offset SICs to check for polychlorinated
diphenylethers which may co-elute with the furans.

Simultaneous display/offset SICs of M/Z 257, 259 in samples with
positive 2, 3, 7, 8-TCDD content.

Simultaneous display/offset SICs and peak areas of ijons monitored,
for all standards used, for each PCOD/PCOF class., Include a

listing of response ratios, ion ratios and amount of each s~andard
used.



APPENDIX VI
CASE # .

PCDD/PCDF Concentration (PPT) as Dry Weight
ISOMER DATE: ALTQUOT WT. [DATE: ALIQUOT WT,
OR (9) (g) |PRECISION AS|PRECISION COMMENTS
HOMOLOG Samp . # Samp. # RPD LIMITS
7.3,7,8-1CDF
31612,3,7,B-TCDF
_% Recovery
ng 3e- 2,3,7,8-TCDF
Added
Total TCDFs
Total Penta CDFs
Total Hexa CDFs
Total Hepta CDFs
OCDF
2‘3 7,8-TCDD
’Cl 2 3,7,8-TCDD
% Becoverz
ng ’CTJ? 3,7,8-TCDD
Added ’
Total :Tetra CDDs
Total Penta CDDs
124679 & 124689
Hg CDD
23679 & 123689
HsCDD
123469 HgCDD '
T23478 RCOD ] ~
123678 HgCDD — . @
123467 & 123789 - :
Hg CDD
-Bqtal HgCDNs
€1-123478 H7CDD
B3 Recovery
ng IICT-1232478
H7CDD Added
T234679 HyCOD
7234678 H7COD
TOTAL H7CDD
ocnD
3ITT-0CDPD %Recovery
ng3c1-0CDD Added
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Attachment H-11
PARTICLE-SIZE ANALYSIS OF SOILS

Method: American Society for Testing Materials
D422-63 (1972)

GLT595/38-17 .



U.S. Environmentsl Protection Agency
HW! Sample Management Office 3AS Number
P.0. Box 818, Alexandria, Virginis 22313
PHONE: (703) 557-20490 or FTS-557-20490

SPECIAL ANALYTICAL SERVICES
Regional Request

Rog-l;nnl Tnnsmltul- ' Telephone Request
A. EPA Region and Site Name: Region V, Moss American
8. Regional Representative: Dennis Wesolowski
C. Telephone Number: (312) 886-1971

D. Date of Request:

Please provide below a description of your request for Special Analytical Services under
the Uncontrolied Hazardous Waste Dumpsite Program. In order to must efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable. Incomplete or erroneocus information may result in delay in the processing

of your request. Please continue response on additional sheets, or attach supplementary
information as needed. .

1. Ceneral description of analytical service requested: Soil samples analyzed

for particle - size distribution and atterberg limits.

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):

Analyzed 12 soil samples for the parameters listed above.

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

Superfund, Enforcement

8. Estimated date(s) of collection:

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




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

————————— i

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): :

Particle Size Analysis of Soils, uTM Method D422

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

Use onl§ 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.). [f not completed, format of results will be
left to program discretion.

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 information, as needed) :

: ' 11. Name of sampling/shipping contact:

Phone:

. Please return this request to the Sample Management Office

nrarcraccinm Af Umiie mamitmcd Far crnaorial amealisd®aat

as soon as possible to expedite

_____ | D ™8 __ a =
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I. DATA REQUIREMENTS
Parameter ‘Detection Limit Precision. Desired
{28 or Conc.)
Percentage Finer Than Not Applicable

1. QUALITY CONTROL REQUIREMENTS

Audits Required Frequency of Audits - Limits* (2% or Conc.)
2 for sets< 10
Lab Duplicate 1l per 10 for sets > 10 10% passing

Iti. *Action Required If Limits are Exceeded:

Reanalyze contact Chuck Elly at the Region V CRL




qmb Designation: D 422 - 63 (Reapproved 1972)"’

Standard Method for

PARTICLE-SIZE ANALYSIS OF SOILS'

This mandard is issued under the fized designation D 422: the number immediately {oliowing the designation indicates the year of
oripnal adopuon or. in the case of revision. the year of lasi revision. A number in paresthases indicates the year of 1as reapproval.
A supersenipt epnion (¢) 1adicates an ediorial change since the last revision or reapproval.

** Nors—Secuon 2 was added editonally and subs

bered in July 1984.

1. Scope

1.1 This method covers the quantitative de-
termination of the distribution of particle sizes
in soils. The distnbution of particle sizes larger
than 75 um (retained on the No:. 200-sieve) is
determined by sieving, while the distribution of
particle sizes smaller than 75 pum- is determined
by a sedimenuation process, using a hydrometer
10 secure the necessary data (Notes 1 and 2).

NOTE 1—Separation may be made on the No. 4
(4.75-mm). No. 40 (425-um). or No. 200 (75-um) sieve
insiead of the No. 10. For whatever sicve used. the size
shall be indicated in the report.

NOTE 2—Two types of dispersion devices are pro-
vided: (/) a high-speed mechanical surrer, and (2) air
dispersion. Extensive investigations indicate that air-
dispersion devices produce a more positive dispersion.
of plastic soils below the 20-um size and appreciably
less degradauion on all sizes when used with sandy soils.
Because of the definite advantages favoring air disper-
sion. its use is recommended. The results from the two
types of devices differ in magnitude, dep:ndxn; upon
soil type, leading to marked differences in particle size
distribution. especially for sizes finer than 20 um.

2. Applicable Documents
2.1 4STM Siandards:

D421 Method for Dry Prepmuon of Soil-

Samples for Particle-Size Analysis and De-
termination of Soil Constants®

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes’

E 100 Specification for ASTM Hydrometers*

3. Apparatus

3.1 Balances—A balance sensitive 10 0.01 g
for weighing the material passing a No. 10 (2.00-
mm) sieve, and a balance sensitive 10 0.1 % of
the mass of the sampie 10 be weighed for weighing

the matenal retained on a No. 10 sieve.

3.2 Stirring Apparaius—Either apparatus A
or B may be used.

3.2.1 Apparatus A shall consist of a mechan-
ically operated stirring device in which a suitably
mounted electric motor turns a vertical shaft at
a speed of not less than 10 000 rpm without load.
The shaft shall be equipped with a replaceable
surring paddle made of metal, plastic, or hard
rubber, as shown in Fig. 1. The shaft shall be of
such length that the stirring paddie will operate
not less than % in. (19.0 mm) nor more than 1%
in. (38.1 mm) above the bottom of the dispersion
cup. A special dispersion cup conforming-to
cither 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-jet
dispersion cup® (Note 3) conforming to the gen-
eral details shown in Fig. 3 (Notes 4 and 5).

Note 3=—The amount of air required by an air-jet
dispersion cup is of the order of 2 fi’/min; some small
air compressors are not capable of supplying sufficient
air 10 operate 3 cup.

NoTte 4—Ancther air-type- dispersion device,
known as a dispersion tube, developed by Chu and
Davidson at lowa Sute College, has been shown 10 give

' This method is under the jurisdicion of ASTM Comminee
D-18 on Soil and Rock and 13 the direct responability of
Subcomminee D18.03 on Texture, Plasucity. and Dengaty Char.
actensucs of Soils.

Current edition approved Nov. 21. 1963. Originally pub-+
lished 1935. Replaces D 422 - 62,

! Annual Book of ASTM Siandards, Vol 04.08.

? Annual Book of ASTM Standards, Vol 14.02.

* Annual Book of ASTM Siandards, Vol 14.01.

? Detsiled working drawangs (or this cup are svailable st a
nominal con from the American Sociely for Tesung and Ma-
tenals, 1916 Race St Philadelphia, PA 19103. Order Adjunct
No. 12-404220-00.
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results equivalent to those secured by the air-jet disper-
sion cups. When it is used. soaking of the sample can
be done ia the sedimentation cylinder, thus elirpinating
the need for wansferring the slurry. When the air-
dispersion tube is used, it shall be so indicated in the
report.

NoOTE S—Water may condense in air lines when not
in use. This water must be removed. cither by using a
water trap on the air line, or by blowing the water out
of the line before using any of the air for dispersion
purposes.

3.3 Hydrometer—An ASTM hydrometer,
graduated 10 read in either specific gravity of the
suspension or grams per litre of suspension, and
conforming to the requirements for hydrometers
151H or 152H in Specificauons E 100. Dimen-
sions of both hydrometers are the same, the scale
being the only item of difference.

3.4 Sedimentation Cylinder—A glass cylinder
essentially 18 in. (457 mm) in height and 2%2 in.
(63.5 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
bottom on the inside.

3.5 Thermometer—A thermometer accuraie
to I°F (0.5°C). )

3.6 Sieves—A series of sieves, of square-mesh
woven-wire cloth, conforming to the require-
ments of Specification E 11. A full set of sieves
includes the following (Note 6):

3-in. (75-mm) No. 10 (2.00-mm)
2-in. (50-mm) No. 20 (850um)
1'4-in. (37.5-mm) No. 40 (425um)
1-in. (25.0-mm) No. 60 (250-um)
Yein. (19.0-mm) No. 140 (106-um)
Y-in. (9.5-mm) No. 200 (75-um)

No. 4 (4.75-mm)

NOTE 6==A set of sieves giving uniform spacing of
points (or the graph. as required in Section 17, may be
used if desired. This set consists of the following sieves:

3.in. (75-mm) No. 16 (1.18-mm)
1'A-in. (37.5-mm) No. 30 (600-um)
Yein. (19.0-mm) No. 50 (300-um)
Y¥-in. (9.5-mm) No. 100 (150-um)
No. 4 (4.75-mm) No. 200 (75-um)

No. 8 (2.36-rom)

3.7 Water Bath or Consiant-Temperature
Room-—A water bath or constant-temperature
room for maintaining the soil suspension at a
conswant temperature dunng the hydrometer
analvsis. A satisfactory water tank is an insulated
tank that maintains the temperature of the sus-

pension at a convenient consiant lemperature ag

or near 68°F (20°C). Such a dewvice is illustrated
in Fig. 4. In cases where the work is performed
in a room at ap automatically controlled constant

temperature, the water bath is not necessary.
3.8 Beaker——A beaker of 250-mL capacity.
3.9 Timing Device—A waich or clock wvath a
second hand. -

4. Dispersing Agent

4.1 A solution of sodium hexametaphosphate
(sometimes called sodium metaphosphate) shall
be used in distilled or demineralized water, at the
rate of 40 g of sodium hexametaphospbate/litre
of solution (Note 7).

NoTte 7—Solutions of this salt, if acidic, slowiy re-
vert or hydrolyze back to the orthophosphate form with
3 resultant decrease in dispersive acuon. Solutions
should be prepared frequently (at least once 2 month)
or adjusied 1o pH of 8 or 9 by means of sodium
carbonate. Bottles containing solutions shouid have the
date of preparation marked on them.

4.2 All water used shall be either distlled or
demineralized water. The water for a hydrometer
test shall be brought to the temperature that is
expected 10 prevail during the hydrometer test
For example, if the sedimentation cvlinder is to
be placed in the water bath, the distilied or de-
mineralized water to be used shall be brought 10
the temperature of the controlled water bath: or.
if the sedimenuation cylinder is used in a room
with controlied temperature. the water for the
test shall be at the temperature of the room. The
basic iemperature for the hydrometer 1est is 68°F
(20°C). Small variations of temperature do not
introduce differences that are of practical signif-
icance and do not prevent the use of corrections
denved as prescribed.

5. Test Sample

5.1 Prepare the test sample for mechanical
analysis as outlined in Method D 421, Duning
the preparation procedure the sample is divided
into two portions. One portion contains only
particles 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, shail be sufficient to yield quan-
tities for mechanicai analysis as follows:

S.1.1 The size of the portion retained on the
No. 10 sieve shall depend on the maximum size
of panticle, according to the following schedule:

Nominal Diameter of

Largent Panticles. Approximaté Minimum
in. (mm) Mass of Portion, g
% (9.5) 500
%(19.0) 1000

118



i

Approximate Minimum

Nominai Diamearer
of Largest Panicies,

in (mm) Mass of Porion. g
1 (25.4) 2000
tw (38.1) 3000
2 (308 4000
3 (%2 5000

5.1.2 The size of the pontion passing the No.
10 sieve shall be approximately 115 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 selecied for
purpose of tests, the separation 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. 10 sieve. From these two
roasses the percentages retained and passing the
No. 10 sieve can be calculated in accordance
with 12.1.

NOTE 8—A check on the mass values and the thoe-
oughness of pulverizauon of the clods may be secured
by weighing the pontion passing the No. 10 sieve and
adding this value 10 the mass of the washed and oven-
dried portion retained on the No. 10 sieve,

SIEVE ANALYSIS OF PORTION RETAINED
ON NO. 10 (2.00-mm) SIEVE

6. Procedure

6.1 Separate the poruon retained on the No.
10 (2.00-mm) sieve into a series of fractions using
the 3-in. (75-mm). 2-in. (50-mm), 1%A-in. (37.5-
mm), l-in. (25.0-mm), Yein. (19.0-mm). %-in.
(9.5-mm), No. 4 (4.75-mm), and No. 10 sieves,
or as many as may be needed depending on the
sampie, or upon the specifications for the mate-
rial under test.

6.2 Conduct the sieving operation by means
of a lateral and verucal motion of the sieve,
accompanied by a jarring action ia order 10 keep
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 | mass %
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 described above.

6.3 Determine the mass of each fracion on a
balance conforming to the requirements of 3.1.
At the end of weighing, the sum of the masses
retained on all the sieves used should equal

D 422

closely the original mass of the quantity sieved. -
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HYDROMETER AND SIEVE ANALYSIS OF
PORTION PASSING THE NO. 10 (2.00-mm)
SIEVE

7. Determination of Composite Correction for
Hydrometer Reading

7.1 Equauons for percentages of soil remain-
ing in suspension, as given in 14.3, are based on
the use of distilied or demineralized water, A
dispersing agent is used in the water, however,
and the specific gravity of the resulting liquid is
appreciably greater than that of distilied or de-
mineralized water.

7.1.1 Both soil hydrometers are calibrated at
68°F (20°C). and vanations in temperature from
this standard temperature produce inaccuracies
in the actual hydrometer readings. The amount
of the inaccuracy increases as the variation from
the standard temperature increases.

7.1.2 Hydrometers are graduated by the man-
ufacturer 10 be read at the bontom of the menis-
cus formed by the liquid on the stem. Since it is
not possible to secure readings of soil suspensions
at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for
the three items enumerated is designated as the
composite correction, and may be determined
experimentally.

7.2 For convenience, a graph or table of com-
posite corrections for 2 series of 1° temperature
differences for the range of expected test temper-
atures may be prepared and used as needed.
Measurement of the composite corrections may
be made at two temperatures spanning the range
of expected test temperatures, and corrections for
the intermediate 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 proportion as will prevail in
the sedimentation (hydrometer) test. Place the
liquid in a sedimentation cyclinder and the cvl-
inder in the constant-temperature water bath. set
for one of the two temperatures 10 be used. When
the temperature of the liquid becomes constant,
insert the hydrometer, and, after a short interval
to permit the hvdrormeter to come to the temper-
ature of the liquid, read the hydrometer at the
top of the meniscus formed on the stem. For
hvdrometer 151 H the composite correction is the
difTference between this reading and one; for hy-
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drometer 152H it is the difference berween the
reading and zero. Bring the liquid and the hy-
drometer 10 the other temperature 10 be used,
and secure the composite correction as before.

8. Hygroscopic Moisture

8.1 When the sample is weighed for the hy-
drometer test, weigh out an auxiliary portion of
from 10 to 1S g in a small metal or glass con-
tainer, dry the sample 10 a constant mass in an
oven at 230 = 9°F (110 = 5°C), and weigh again.
Record the masses.

9. Dispersion of Soil Sample .

9.1 When the soil is mosuly of the clay and silt
sizes, weigh out a sampie of air-dry soil of ap-
proximately 50 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 hexameu-
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 sample further. using either stiming apparatus
A or B. If stirring apparatus A is used, transfer
the soil - water slurry from the beaker into the
special dispersion cup shown in Fig. 2, washing
any residue from the beaker mto the cup with
distilied or demineralized water (Note 9). Add
distilled or demineralized water, if necessary, so
that the cup is more than half full. Sur for a
period of | min.

NOTE 9—A large size svringe is a convenient device
for handling the water in the washing operaton. Other

devices include the wash-water bortle and a2 hose with
nozzle connected 10 2 pressurized distilled water tank.

9.4 If surring apparatus 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 gage must be on the line berween the cup
and the control valve. Open the control vaive so
that the gage indicates 1 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 demineraiized water. Add
distilled or demineralized water, if necessary, so
that the total volume in the cup is 250 mL, but
no more.

Note 10—The initial air pressure of | psi is required
10 preveat the soil - water mixture from entening the
air-jet chamber when the mixture is vansferred 10 the

dispersion cup.

D 422

9.5 Place the ccver cap on the cup and open
the air control valve until the gage pressure is 20
psi (140 kPa). Disperse the soil according to the
following schedule:

Disperuon Penod,

Plasticity Index min
Under § H
61t0 20 10
Over 20 . 15

Soils containing large percentages of mica need
be dispersed for only | min. After the dispersion
period, reduce the gage prassure 10 | psi prepar-
atory to wansfer of soil - water sturry to the sed-
imentation cylinder.

10. Hydrometer Test

10.1 Immediately after dispersion, transfer the
soil - water slurry 10 the glass sedimentation cyi-
inder, and add distilled or demineralized water
until the total volume is 1000 mL.

10.2 Using the palm of the hand over the open
end of the cylinder (or a rubber stopper in the
open end), turn the cylinder upside down and
back for a period of | min t0 complete the
agitation of the slurry (Note 11). At the end of |
min set the cylinder in a convenient location and:
take hydrometer readings at the following inter-
vals of time (measured from the beginning of
sedimenuation), or as many as may be needed,
depending on the sample or the specificauon for
the material under test: 2, §, 15, 30, 60, 250, and
1440 min. If the controlled water bath is used,
the sedimentation cylinder should be placed in
the bath between the 2- and S-min readings.

Nore 1}—=The aumber of turns duning this minute
should be zpproximately 60, counting the tum upside
down and back as two turns. Any soil retnainiog in the
bottom of the cylinder during the first few turas should
be loosened by vigorous shaking of the cylinder while
it is in the inverted position.

10.3 When it is desired 10 take a hydrometer
reading, carefuily insert the hydrometer about 20
to 25 s before the reading is dué 10 approximately
the depth it will have when the reading is taken.
As soon as the reading is taken, carefully remove
the hydrometer and place it with a spinning
motion in a graduate of clean distilled or demin-
cralized water.

Narte 12—=Itisimportant 10 remove the hydrometer
immediately after each reading. Readings shall be taken
at the 10p of the meniscus formed by the suspension

around the stem, since it is not possible 1o secure
readings at the bontom of the meniscus.
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10.4 Afier each reading. take the temperature
of the suspension by inserung the thermometer
into the suspension.

11. Sieve Analysis

11.1 Afier wking the final hydrometer read-
ing, transfer the suspension 10 a No. 200 (75-um)
sieve and wash with tap water untl 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 (110 = 5°C) and make a sieve
analysis of the portion 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. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No.
10 sieve by dividing the mass passing the No. 10
sieve by the mass of soil originally split on the
No. 10 sieve. and multiplying the result by 100.
To obwuain 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 10 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 %-in. (9.5-mm) sieve. add 10 the
total mass of soil passing the No. 4 sieve, the
mass of the fraction passing the %-in. sieve and
retdined on the No. 4 sieve. For the remaining
sieves, continue the calcuiations 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 sampie and mul-
tiply the result by 100,

13. Hygroscopic Moisture Correction Factor

13.1 The hvdroscopic moisture correction fac-
tor is the ratio between the mass of the oven-
dried sample and the air-dry mass before drying.
It is a2 number less than one, except when there
is no hygroscopic moisture.

14. Percentages of Soil in Suspension

14.1 Calculaie the oven-dry mass of soil used
in the hvdrometer analysis by multiplying the
air-dry mass by the hygroscopic moisture correc-
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ton 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
151H:

P = (100 000/ W) X GAG = G)R - G.)

NOTE 13—The bracketed portion of the equation
for hydrometer 151H is constant for 2 series of readings
and may be calculated first and then muluplied by the
poruon in the parentheses. .
For hydrometer 152H:

P = (Ra/W) x 100

where:

a = correction faction to be applied to the read-
ing of hydrometer 152H. (Values shown on
the scale are computed using a specific grav-
ity of 2.65. Correction factors are given in
Tabie 1),

P = percentage 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),

H° = oven-dry mass of soil in a total test sample
represented by mass of soil dispersed (see
14.2). g.

G = specific gravity of the so0il particles. and

G, = specific gravity of the liquid in which soil
particles are suspended. Use numerical
value of one in both instances in the equa-
ton. In the first instance any possible vari-
ation produces no significant effect, and in
the second instance, the composite correc-
tion for R is based on a value of one for G,.

15. Diameter of Soil Parricles

15.1 The diameter of a panticle corresponding
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 beginning 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 10 Stokes’ law:
D = J{30n/980(G - G} x L/T

where:

D = diameter of particle, mm,

a = coefficient of viscosity of the suspending
medium (in this case water) in poises (varies
with changes in temperature of the sus-
pending medium),

L = distance from the surface 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 vary according to the hydrom-
eter readings. This distance is known as
effective depth (Table 2)),

T = interval of time from beginning of sedimen-
tation 10 the taking of the reading, min,

G = specific gravity of soil particles, and

G, = specific gravity (relatve density) of sus-
pending medium (value may be used as
1.000 for all practical purposes).

NoOTE 14—Since Stokes’ law considers the terminal
velocity of a single sphere falling in an infinity of liquid.
the sizes caiculated represent the diameter of spheres
that would fall at the same rate as the soil parnucles.

15.2 For convenience in calculations the
above equation may be wrirtten as follows:
D= KJL/T

where:

K = consiant depending on the temperature of
the suspension and the specific gravity of
the soil panticles. Values of X for a range of
temperatures and specific gravities are given
in Table 3. The value of X does 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.

NoOTE 15—The value of L is divided by T using the
A- and 8-scales, the square root being indicated on the
D-scale. Without ascertaining the value of the square
root it may be multiplied by K. using either the C- or
Cl-scale.

16. Sieve Apalysis Values for Portion Finer than
No. 10 (2.00-mm) Sieve

16.1 Calculation of percentages passing the
various sieves used in sieving the portion of the
sample from the hydrometer test involves several
steps. The first step is 1o calculate the mass of the

D 422 -

fraction that would have been retained on the-
No. 10 sieve had it not been removed. This mass
is equal to the 1otal percentage retained on the
No. 10 sieve (100 minus total percentage passing)
times the mass of the total sample represented
by the mass of sou used (as calculated in 14.2),
and the result divided 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. 10
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 maoner 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.]1 When the hydrometer analysis is per-
formed, a graph of the test resuits shall be made,
plotiing the diameters of the panticles on a loga-
rithmic scale as the abscissa and the percentages
smaller than the corresponding diameters to an
arithmetic scale as the ordinate. When the hy-
drometer analysis is not made on a portion of
the soil, the preparauon of the graph is optional,
since values may be secured directly from tabu-
lated data.

18. Report

18.1 The repont shall include the following:

18.1.1 Maximum size of paruicles,

18.1.2 Percentage passing (or rewined on)
each sieve, which may be tabulated or presented
by plotting on a graph (Note {6),

18.1.3 Description of sand and gravel pari-
cles:

18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardness—hard and durable. soft. or
weathered and friabie,

18.1.4 Specific gravity, if unusually high or.
low, L C
18.1.5 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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Nort 16—This abulavon of graph represeats the
gradation of the sampie 1ested. If particles larger than
those contined in the sample were removed before
tesung, the report shall so state giving the amount and
maximum size.

18.2 For matenials tested for compliance with
definite specifications, the fractions called for in
such specifications shall be reporied. The frac.
tions smaller thaa the No. 10 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 aimost entirely of panicles
passing the No. 4 (4.75-mm) sieve, the results
read from the graph may be reported as follows:

(1) Gravel, passing 3-in. and retzined on %
No.dsieve 70
(2) Sand, passing No. 4 sieve and re- %
wined on No. 200 sieve " °°°
{a) Coarse sand, passing No. 4 sieve %
and rerained on No. 10 sieve  ~ 77"
{b) Medium sand, passing No. 10
sieve and rewined on No. 40 ... .. %
sieve
(¢) Fine sand, passing No. 40 sieve %
and rewained on No. 200 sieve  ~ "
(3) Siltsize. 0074160005 om = ..... %

(4) Clay size, smaller than 0.005 mm . %
Colloids. smaljler than .00l mm .. ... %

18.4 For matenials for which compliance with
definite specifications is not indicated and when
the soil contains material retained on the No. 4
sieve sufficient to require 2 sieve analysis on that
portion, the results may' be reported as follows
{Note | 7):

SIEVE ANALYSIS

Sieve Size
3-in.
2-in.
1%-in.
1-in.
Youinn.
¥in.
No. 4 (4.75%mm)
No. 10 (2.00-mm)
No. 40 (425-um)
No. 200 (75-um)

HYDROMETER ANALYSIS

0.074 mm
0.005 mm
0.001 mm

Note 17—No. 8 (2.36-mm) and No. 50 (300-um)
sieves may be substituted for No. 10 2ad No. 40 sieves.
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Values of Corvectioa Factor, a, for Different
Specific Gravities of Soil Parnicies*

TABLE 1

Correcuon Facrtor*

Specific Gravuy
298 0.94
290 098
2385 0.96
230 0.97
.78 0.98
170 0.9
.65 1.00
260 1.01
2.58 1.02
2.50 1.03
2.48 1.08

TABLE 2 Continued

Hydrometer 152 H

Hydrometer ISIH

“For use in equation for percentuage of s0il remaimng in
suspension when using Hydromeier 152H.

* TABLE 2 Valves of Effective Depth Based oo Hydrometer
and Sedimentation Cylisder of Sperified Sires*

Hvdrometer 1SIH Hydrometer 1 52H
Actual £ A;unl -
Actua) . Hy- ec- v- ec-
Hydrom. Effecuive drom- tve drom- uve

eter Lem eter Depth. «cter  Depth,

Reading Resd- Lcom Rad Leom

ing ing

1.000 16.3 0 16.3 5 112
1.004 16.0 1 16.1 32 1.1
1.002 15.8 2 16.0 33 109
1.003 15.5 b) 15.8 34 10.7
1.004 152 4 15.6 38 10.6
1.005 15.0 H 15.5

1.006 14.7 6 15.3 36 10.4
1.007 14.4 7 152 3 102
1.008 142 8 15.0 38 10.1
1.009 13.9 9 14.3 39 9.9
1.010 13.7 10 14.7 L] 9.7
1.011 1).4 11 14.5 41 96
1.012 13.1 1 143 Q 9.4
1.013 129 13 142 43 92
1.014 126 14 140 4 9.1
1.018 123 13 133 43 8.9
1.016 121 16 3.7 44 R
1017 1.8 17 13.5 €7 8.6
1.018 ns 18 133 48 | X)
1.019 113 19 132 49 | B}
1.020 1190 20 130 50 8.1
1.028 10.7 21 12,9 st 19
1.022 10.8 2 127 52 7.8
1.023 102 23 12.5 53 7.6
1.02¢ 10.0 28 124 54 7.4
1.028 9.7 25 122 55 73
1.026 9.4 26 12.0 56 7.1
1.027 92 27 e~ 8 10
1.028 8.9 28 1.7 58 63
1.029 8.6 2 11.5 59 6.6
1.030 8.4 30 14 60 6.5
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Acwal Actual
Acwual . Hs- Effee- Hy-. Effec.

Hvdrom- Effecrive drom- uve drom- uve

eter L m‘ eer Depth, erer Depth.
Reading Read- L em Rede Lem

ing ing

1.0 1.1 D

1.032 78

1.033 1.6

1.034 13

1.038 10

1.036 68

1.03? 6.5

1.038 6.2

4 Values of effecuve depth are calculated from the

Lol +%(li-(1a)
where:
L = cflectve depuh, cm.,
L, = distance sjong the stem of the hvdrometer from the top
of the bulb w0 the mark for a hydrometer reading. cm.

L: = ovenrall length of the hydromerer bulb. em,
by = volume of hwdrometer bulb. cm’. and
A = cros-secuonal area of sedi ion cylinder, cm?
Values used in calculating the values in Table 2 are as follows:
For both hvdrometers, 151H and 1S2H:
Ly = 140cm
by = 67.0cm?
A ® 18 cm’
For hvdrometer 151H:
Li = 105 om for a reading of 1.000

=- 23 cm for a reading of 1.031
For hvdrometer | $2H:
Ly = 10.5 cm for a reading of O gNlive

= 2.3 cm for 3 rading of 50 g/live
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TABLE 3} Values of X for Use in E iaa {or Computing Di of Particle in Hydrometer Acalysis
Temperature. Specific Gravity of Sorl Parucies .

c 245 2.50 .55 2.60 2.65 210 215 2.80 285

16 0.01SI0 00ISO5 001481  0.01457T 001435 001414 001394 001374  0.01356
17 001511 001486 001462 001439 001417 00139 001376 001356 001338
18 001492 001467 001443 001421 001399 001378 001359 001339 001321
19 001474 001449 001425 001403 001382 001361 001342 01323 001305
20 001456 001431 001408 001386 001365 001344 001325 001307 0.01289
2 001438 001414 001391 001369 001348 001328 . 0.01309- 001391  0.01273
2 001421 001397 001374 001353 001332 001312 001294  0.01276  0.01258
3 001404 001381 001358 001337 00I137T 001297 001279 001261  0.01243
2 001388 001365 001342 001331 001301 001282 001264 001246 001239
13 001372 001349 001327 001306 0.0128 001267 001269 001332 - 001218
26 001357 001334 001312 001291 001272 001253 001235 001238  0.01201
23 001342 001319 001297 001277 001258 001239 001221 001206 001188
28 001327 001304 001283 001264 001244 001255 001208 00119 001178
29 001312 001290 001269 001249 001230 001212 001195 001178 001162
30 001298 001376 00125 00123 001217 001199 001182 001165  0.01149

e o e

LNc:. 18 W Go = 0,049°

3"
B Chrome Ploted
yach -
0.203" 2a.000
{a) {b)
_ Metric Equivalests
n. 0.001 0.049 0.203 " %

ma 0.03 124 8.16 1.7 19.0

F1G. 1 Detail of Stirring Peddies
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The.{menican Saam hr Tesung and Mazerials 1ok e3 no position respecting the validity of any patent nghts asserted in connection

with any item ioned in this dard. Users of this siandard are expressly advised that devermination of the validity of any such
patens nphu. and the nsk of infringement of such righis. are emirely their own responsibilury.

This siandard is subjiecy 10 revision a1 any ime by the responsidle technical commuttee and must be reviewed everv five vears and
i not- revised. enther reapproved or wiuhdrown. Your comments are avited either for revision of this dard or for adduional
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ponsible technical ¢ e. which vou may aitend If vou feel that vour comments have not received & fair hearing vou ; thould
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY
INDEX OF SOILS (ATTERBERG LIMITS)

Method: American Society for Testing Methods D4318-84
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) °
U.S. Environmental Protection Agency
HW! Sample Management Office SAS Number

P.O. Box 818, Alexandria, Virginis 22313
PHONE : (703) $57-2490 or FTS-557-2490

SPECIAL ANALYTICAL SERVICES
Regiona!l Request

Regional Transmittal Telephone Request
A. EPA Region and Site Name: Region V, Moss American
8. Regional Representative: Dennis Wesolowski
C. Telephone Number: (312) 886-1971

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 moust efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable. Incomplete or erroneous information may resuit in delay in the processing

of your request. Please continue response on additional sheets, or attach supplementary
information as needed. .

1. General description of analytical service requested: Soil samples analyzed

for particle - size distribution and atterberg limits.

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; 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,
NPDES, etc.): .

Superfund, Enforcement

8. Estimated date(s) of collection:

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




Atterberg Limits
-2-

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

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

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

Liquid Limit Plastic Limit, and Plasticity index, Plastic Limit, and Natural Water

Content of Soils ASTM D-4318

2 §

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

Liquid Limit using the Multipoint Method.

Use-only the methodrspecifiéd above. Obtain approval of CPMS, CRL, prior to use of any

other method. Rewrite SAS request to reflect new methodology.

9. Analytical results reqidred (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). [f not completed, format of resuits wiil be
left to program discretion.

Report all raw date. Results. reported as percent water content.

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

11. Name of sampling/shipping contact:

Phone:

Please return this request to the Sample Management Office as soon as possible to expedite
processino of your request for special analytical servicas. Shattld vaie hasa ame ~oiactinme
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I. DATA REQUIREMENTS
Parameter Detection Limit Precision Desired
. {2V or Conc.)
Liquid ‘Limit Not Applicable
Plastic Limit Not Applicable
Natural Water Content Not Applicable

N

1. QUALITY CONTROL REQUIREMENTS

Audits Required ' Frequency of Audits Limits® (2% or Conc.)
' 2 for sets < 10
Lab_Duplicate: 1 per 10 for sets > 10 20%

ll(. *tAction Required If Limits are Exceeded:

Reanalyze contact Chuck Elly at Region V CRL
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qgﬂ"i Designation: D 4318 - 84

Standard Test Method for

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF

soiLs'

This standard is issued under the fized designation D 4318: 1he number immediateiy lollowing the designation indicates the vear of
ongpnal adopuon or. in the case of revison. the year of last revision. A aumber in parentheses indicates the yaar of last rezpproval.

4 " I rh

A superscnpt epsilon (¢}

1. Scope -

1.1 This test method covers the determination
of the liquid limit, piastic limit, and the plasucity
index of soils as defined in Section 3.

1.1.1 Two procedures for prepanng test spec-
imens and two procedyres for performing the
liquid limit are provided as follows:

A Multipoint test using a2 wet preparation

procedure. described in Sections 10.1, 11,
and 2.
8 Mulupoint test using a dry preparation
procegure, described in Sections 10.2, i1,
and 12.
C One-point test using a wet preparation pro-
cedure. described in Sections 13, 14, and
15.
D One-point 1est using a dry preparation pro-
cedure. descnibed in Sections 13, 14, and
15.
The procedure 10 be used shall be specified by
the requesting authority. If no procedure is spec-
ified, Procedure A shall be used.

Note |-~Prior 1o the adoption of this test method,

2 curved grooving tool was specified as pant of the

apparatus for performing the liquid limit 1est. The
curved tool is not considered to be as accurate as the
flat 100l described in 6.2 since it does not control the
depth of the soil in the liquid limit cup. However. there
are some data which indicate that typically the liguid
limit is slighuy increased when the flat 100f is used
instead of the curved to0l.

1.1.2 The plastic limit test procedure is de-
scribed in Sections 16, 17, and 18. The plastic
limit test is performed on material prepared for
the liquid limit test. In effect. there are two
procedures for preparing test specimens for the
plastic limit test,

an gr uce the lagt revision or reapproval.

1.1.3 The procedure for calculating the plas-
ticity index is given in Section 9.

1.2 The liquid limit and plastic limit of soils
(along with the shrinkage limit) are often collec-
tively referred 10 as the Arnterberg limits in rec-
ognition of their formation by Swedish soil sci-
entist. A. Atterberg. These limits distinguish the
boundaries of the several consistency states of
plastic soils.

1.3 As used in this test method, soil is any
natural aggregation of mineral or organic mate-
nals. mixtures of such matenials, or anificial mix-
tures of aggregates and natural mineral and or-
ganic particles.

1.4 The multipoint liquid limit procedure is
somewhat more time consuming than the one-
point procedure when both are performed by
expenenced operators. However, the one-point
procedure requires the operator to judge when
the test specimen is approximately at its liquid
limit. {n cases where this is not done reliably. the
multipoint procedure is as fast as the one-point
procedure and provides additional precision due
10 the information- obtained 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 are based may not be
valid for certain soils. such as organic soils or
soils from a marine environment. The liquid

' This ten method is under the junsdiction of ASTM Com-
mintee O-18 oa Sorl and Rock and is the direct respoasibility of
Subcommittee 018.0) on Texture, Plasucity and Density Char-
actensucs of Soils.

Current edition approved Oct. 26. 1984, Published December
1984, Onpnally publsned a3 D 4318 - 83. Last previcus ediuon
D438 83",
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limit of these soils should therefore be deter-
mined by the 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 correlate or estimate
the engineering behavior of soils in their natural
moist state, samples should not be permirted 10
dry before testing uniess 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
10 soils from a marine environment or other
sources where high soluble sait concentrations
may be present. 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 portion of a soil which passes
the 425-um (No. 40) sieve, the relauve contni-
bution of this portion of the soil 10 the properties
of the sample as a whole must be considered
when using these tests to evaluate the properties
of a soil.

1.9 The values stated in acceptable metnc
units are to be regarded as the standard. The
values given in parentheses are for information
only.

1.10 This standard mayv invoive hazardous
matierials. operations. and equipment. This
standard does not purport 1o address all of the
safety problems associated with its use. It is the
responsibility of whoever uses this standard to
consult and esiablish appropriate safety and
health practices and derermine the applicability
of regulatory limiwations prior 10 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-
neening Purposes*

D 4318

D 653 Terms and Symbols Relating to Soil
and Rock Mechanics® -

D 1241 Specification for Matenals for Soil-
Aggregate Subbase, Base, and Surface
Courses*

D 2216 Method for Laboratory Determination
of Water (Moisture) Content of Soil, Rock,
and Soil-Aggregate Mixtures*

D 2240 Test Method for Rubber Property—
Durometer Hardness®

D 2487 Test Method for Classification of Soils
for Engineering Purposes*

D 2488 Practice for Description and [denufi-
cation of Soils (Visual-Manual Procedure)*

D 3282 Practice for Classification of Soils and
Soil-Aggregate Mixtures for Highway Con-
struction Purposes*

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes*

E 319 Methods of Testing Single-Arm Bal-
ances®

E 898 Method of Testing Top-Loading. Di-
rect-Reading Laboratory Scales and Bal-
ances®

3. Definitions.

3.1 Auerberg limits—originally. seven “limits
of consistency” of fine-grained soils were defined
by Albert Atterberg. In current engineering usage.
the term usuaily refers only to the liquid limit,
plastic limit. and in some references, the shrink-
age limit.

3.2 consistency—the relative ease with which
a soil can be deformed.

3.3 liguid 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 (%4 in.) when subjected to 25 shocks
from the cup being dropped 10 mm in a standard
liquid limit apparatus operated at a rate of 2

- shocks per second.

3 Annual Book of ASTM Siandards. Vot 04.02.

} Annual Book of ASTM Standards. Vols 04.02. 04.03, and
04.08.

* 4nnual Book of ASTM Siandards. Vol 04.08.

3 Annual Book of 4STM Siandards. Vol 09.01.

¢ Annual Book of ASTM Standards, Vol 14.02.
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NOTE 2—The undrained shear strength of soil at the
liquid limit is considered 10 be 2 =0.2 kPa (0.28 psi).

3.4 plastic limit (PL)—the water content. in
percent. 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
aan no longer be deformed by rolling into 3.2
mm (4 in.) in diameter threads without crum-
bling.

3.5 plasiic soil-=a soil which has a range of
water content over which it exhibits plasticity
and which will retain its shape on drying.

3.6 plasticity index (Pl)—the range of water
content over which a soil behaves plastically.
Numerically, it is the difTerence between the lig-
uid limit and the plastic limit.

3.7 liquidity index—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 activity number (A)—the ratio of (/) the
plasticity index of a soil to (2) the percent by
weight of particles having an equivalent diameter
smailer than 0.002 mm.

4. Summary of Method

4.1 The sample is processed to remove any
matenal retained on a 425-um (No. 40) sieve.
The liquid limit is determined by performing
trials in which a portion of the sampie is spread
in a brass cup, divided in two by a grooving 100,
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 10
be performed and the data from the trials plotted
or caiculated 10 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 aiter-
nately pressing together and rolling into a 3.2
mm (" in.) diameter thread a small portion 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
reported as the plastic limit.

D 4318

4.3 The plasticity index is calculated as the
dilference between the liquid limit and the plastic .
limit.

S. Significance and Use

5.1 This test method is used as an integral pant
of several engineering classification systems to
characterize the fine-grained fractions of soils (see
Test Method D 2487 and Pracuice D 3282) and
10 specify the fine-grained fraction of construc-
tion matenals (see Specification D 1241). The
liquid limit, plastic limit, and plasticity index of
soils are also used extensively, either individually
or together with other soil properties 10 correlate
with engineering behavior such as compressibil-
ity, permeability, compactibility, shrink-swell,
and shear strength.

5.2 The liquid and plastic limits of a soil can
be used with the natural water content of the soil
10 express its relative consistency or liquidity
index and can be used with the percentage finer
than 2-um size to determine its activity nurober.

5.3 The one-point liquid limit procedure is
fréquently used for routine classification pur-
poses. When greater precision is required, as
when used for the acceptance of a matenal or for
correlation with other test data, the multipoint
procedure should be used.

5.4 These methods are sometimes used to
evaluate the weathering characteristics of clay-
shale materials. When subjected 10 repeated wet-
ting and drying cycles, the liquid limits of these
materials tend to increase. The amount of in-
crease is considered to be a measure of a shale’s
susceptibility to weathering.

5.5 The liquid limit of a soil containing sub-
stantial amounts of organic matter decreases dra-
matically when the soil is oven-dried before test-
ing. Comparison of the liquid limit of a sample:
before and after oven<drying can therefore be
used as a qualitative measure of organic marter
content of a soil. -

6. Apparatus

6.1 Liquid Limit Device—A mechanical de-
vice consisting of a brass cup suspended from 3
carmage designed to control its drop onto a hard
rubber base. A drawing showing the essential
features of the device and the critical dimensions
is given in Fig. {. The design of the device may
vary provided that the essential functions are
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preserved. The device may be operated either by
a hand crank or by an elecinic motor.

6.1.1 Base—The base shall be hard rubber
having a D Durometer hardness of 80 t0 90. and
a resilience such that an 8-mm (¥:e-in.) diameter
polished steel ball, when dropped from a height
of 25 cm (9.84 in.) wiil 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 Feer—The base shall be supported by
rubber feet designed 1o provide 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 10 the base.

6.1.3 Cup—The cup shall be brass and have a
weight. including cup hanger. of 18510 215¢g.

6.1.4 Cam—The cam shall raise the cup
smoothly and continuouslv 10 its maximum
height. over a distance of at least 180° of cam
rotation. The preferred caro motion is a uni-
formly accelerated lift curve. The design of the
cam and follower combination shall be such that
there is no upward or downward velocity of the
cup when the cam follower leaves the cam.

NOTE 3=The cam and follower design in Fig. | is
for uniformiy accelerated {parabolic) motion after con-
tact and assures that the cup has no velocity at drop
of. Other cam designs also provide this feature and
may be used. However, if the cam-follower lift panemn
is not known. zero velocity at drop off can be assured
by carefully filing or machining the camn and follower
so that the cup height remains constant over the last 20
10 45° of cam rowation.

6.1.3 Carriage—The cup carriage shall be
constructed in a way that allows convenient but
secure adjustment of the height of drop of the
cup to 10 mm (0.394 in.). The cup hanger shall
be atached 1o the carmiage by means of a pin
which allows removal of the cup and cup hanger
for cleaning and inspection.

6.1.6 Optional Motor Drive—As an alterna--

tive to the hand crank shown in Fig. 1. the device
may be equipped with a motor to turn ths cam.
Such a motor must tum the cam at 2 =0.1
revolutions per second. and must be isolated
from the rest of the device by rubber mounts or
in some other way that prevents vibration from
the motor being transmitied to the rest of the
apparatus. It must be equipped with 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 obtained using a
manually operated device.

6.2 Flar Grooving Tool—A grooving tool hav-
ing dimensions shown in Fig. 2. The tool shall -
be made of plastic or noncorroding metal. The
design of the 100l may vary as long as the essential
dimensions are mainuined. The 100l may, but
need not, incorporzte the gage for adjusting the
height of drop of the liquid limit device.

6.3 Gage—A metal gage block for adjusting
the height of drop of the cup. having the dimen-
sions shown in Fig. 3. The design of the 100l may
vary provided the gage will rest securely on the
base without being susceptible 10 rocking. and
the edge which contacts the cup during adjust-
ment is straight. at least 10 mm (%4 in.) wide. and
without bevel or radius.

6.4 Containers—Small corrosion-resistant
containers with snug-fitting lids for water content
specimens. Aluminum or stainless steel cans 2.5
cm (1 in.) high by 5 cm (2 in.) in diameter are
appropnate.

6.5 Balance—A balance readable to at least
0.01 g and having an accuracy of 0.03 g within
three standard deviations within the range of use:
Within any 135-g range. a difference between read-
ings shall be accurate within 0.01 g (Notes 4 and
3).

NOTE 4-=See Methods E 898 and E 319 for an ex-
planation of 1erms relating to balance performance.

NOTE S—=For frequent use. 2 1op-loading type bal-
ance with automatic load indication. readabie to 0.01
8- and having an index of precision (standard deviation)
of 0.003 or better is most suitable for this method.
However. nonautomatic indicating equal-arm analyu-
cal balances and some small equal arm top pan balances
having readabilities and sensitivities of 0.002 g or better
provide the required accuracy when used with a weight
set of ASTM Class 4 (National Bureau of Standards
Class P) or better. Ordinary commercial and classroom

type balances such as beam baiances are not suitable
for this method.

6.6 Storage Coniainer—A conuainer in which
1o store the prepared soil specimen that will not
contaminate the specimen in anv way. and which
prevents moisture loss. A porcelain. glass, or
plastic dish about 11.4 cm (4'4 in.) in diameter
and a plastic bag large enough to enclose the dish
and be folded over is adequate.

6.7 Ground Glass Plate—A ground glass plaie
at least 30 cm ()2 in.) square by | cm (% in.)
thick for mixing soil and rolling plastic limit
threads.

6.8 Sparula—aA spatula or pill knife having a
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blade about 2 e¢m (% in.) wide by about 10 em
(4 1n.) long. In addition. a spatula having a blade
about 2.5 cm (1 in.) wide and 15 ¢m (6 in.) long
has been found useful for inital mixing of sam-
ples.

6.9 Sieve—A 20.3 cm (8 in.) diameter, 425-
pm (No. 40) sieve conforming to the require-
ments of Specification E 11 and having a nm at
least 5 ¢cm (2 in.) above the mesh. A 2-mm (No.
10) sieve meeting the same requirements may
also be needed.

6.10 Wash Boule, or similar container for
adding controiled amounts of water 10 s0il and
washing fines from coarse particles.

6.11 Drving Oven—A thermosutically con-
trolled oven, preferably of the forced-draft 1ype,

capable of continuously maintaining a tempera- °

wre of 110 £5°C throughout the drving chamber.
The oven shall be equipped with a thermometer
of suitable range and accuracy for monitoring
oven temperature,

6.12 Washing Pan—A round, flat-bottomed
pan.at least 7.6 cm (3 in.) deep. slightly larger at
the bottom than a 20.3-cm (8-in.) diameter sieve.

6.13 Rod (optionai}—A metal or plastic rod
or tube 3.2 mm (‘4 in.) in diameter and about 10
cm (4 in.) long for judging the size of plastic limit
threads.

7. Materials

7.1 A supply of distilled or demineralized wa-
ter.

8. Sampling

8.1 Samples may be taken from any location
that satisfies 1esting needs. However. Methods
C 702. and Practice D 75. and Recommended
Pracuice D 420 should be used as guides for se-
lecting aod preserving samples from various
types of sampling operations. Samples which will
be prepared using the wet preparation procedure,
10.1, must be kept at their natural water coatent
prior 10 preparation.

8.2 Where sampling operations have pre-
served the natural stratification of a2 sample. the
various strata must be kept separated and tests
performned 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 vanous
components in such proportions that the result-
ant sample represents the actual construction
case.
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8.3 Where daua from this test method are to
be used for correlation with other laboratory or
field test data, use the same matenial as used for
these tests where possible.

8.4 Obtain a representative portion from the
total sample sufficient 1o provide 150 to 200 g of
matenal passing the 425-um (No. 40) sieve. Free
flowing samples may be reduced by the methods
of quartering or splitting. Cohesive samples shall
be mixed thoroughly in a pan with a spauula, or
scoop and a representative portion scooped from
the towal mass by making one or more sweeps
with a scoop through the mixed mass.

9. Calibration of Apparatus

9.1 Inspection of Wear:

9.1.1 Liquid Limit Device—Determine that
the liquid limit device is clean and in good work-
ing order. The following specific points should
be checked:

9.1.1.1 Wear of Base—The spot on the base
where the cup makes contact should be wom no
greater than 10 mm (% in.) in diameter. If the
wear spot is greater than this, the base can be
machined 10 remove the worn spot provided the
resurfacing does not make the base thinner than
specified in 6.1 and the other dimensional rela-
uonships are maintained.

9.1.1.2 Wear of Cup—The cup must be re-
placed when the grooving tool has worn a de-
pression in the cup 0.1 mm (0.004 in.) deep or
when the edge of the cup has been reduced to
half its original thickness. Venfy that the cup is
firmly attached 10 the cup hanger.

9.1.1.3 Wear of Cup Hanger—Verify that the
cup hanger pivot does not bind and is not worn
10 an extent that allows more than 3-mm (%-in.)
side-10-side movement of the lowest point on the
nm.

9.1.1.4 Wear of Cam—The cam shall not be
worn 10 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 matenal from
which the 100l is made and the types of soils
being tested. Sandy soils cause rapid wear of
grooving tools; therefore, when testing these ma-
terials. tools should be inspecied more frequently
than for other soils. Any tool with a tip wadth
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 10 8.1
mm. .

Note 6—The width of the tip of grooving tools is
conveniently checked using a pockel-sized measunng
magnifier equipped with a millimetre scale. Magnifiers
of this type are available from most laboraiory supply
companies. The depth of the tip of grooving tools can
be checked using the depth measuring feature of vernier
calipers.

9.2 4djustment of Height of Drop—Adjust the
height of drop of the cup so that the point on the
cup that comes in contact with the base rises to
a height of 10 =0.2 mm. See Fig. 4 for proper
locaton of the gage relative to the cup during
adjustment.

NOTE 7—=A convenient procedure for adjusting the

height of drop is as follows: place a piece of masking
tape across the outside bottom of the cup parallel with
the axis of the cup hanger pivot. The edge of the tape
away (rom the cup hanger should bisect the spot on the
cup that contacis the base. For new cups. placing a
piece of carbon paper on the base and allowing the cup
to drop several times will mark the contact spot. Atuach
the cup to the device and wm the crank until the cup
is raised to0 its maximum height. Slide the height gage
under the cup from the front, and observe whether the
gage contacs the cup or the tape. See Fig. 4. If the upe
and cup are both conucted, the height of drop is
approximately correct. If not. adjust the cup until si-
multancous contact is made. Check adjustment by
tumning the crank at 2 revolutions per second while
holding the gage in position against the tape and cup.
If a ringing or clicking sound is heard without the cup
rising from the gage. the adjustment is correct. If no
ringing is heard or if the cup nses from the gage, readjust
the height of drop. If the cup rocks on the gage duning
this checking operation, the cam follower pivot is ex-
cessively worn and the wom parnts should be replaced.
Alwayvs remove tape afier completion of adjusiment
operation.

MULTIPOINT LIQUID LIMIT—PROCEDURES
A AND B

10. Preparation of Test Specimens.

10.1 Wet Preparation—Except where the dry
method of specimen preparation is specified
(10.2), prepare specimens for test as described in
the following sections.

10.1.1 Samples Passing the 425-um (No. 40)
Sieve—When by visual and manual procedures
it is determined that the sample has little or no
material rewained on a 425.um (No. 40) sieve,
prepare a specimen of 150 to 200 g by mixing
thoroughly with distilled or demineralized water
on the glass plate using the spatuia. If desired,
soak soil in a storage dish with smail amount of
water to soften the soil before the start of mixing.
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Adjust the water content of the soil 1o bring it 10
a consistency that would require 25 to 35 blows
of the liquid limit device to close the groove.
(Note 8). If. during mixing. a small percentage of
matenal is encountered that would be retained
on a 425-um (No. 40) sieve. remove these pani-
cles by hand. if possible. If it is impractical 10
remove the coarser matenal by hand. remove
small percentages (less than about 15 %) of
coarser material by working the specimen
through a 425-um (No. 40) sieve using a piece of
rubber sheeting. rubber siopper. or other conven-
ient device provided the operation does not dis-
tort the sieve or degrade material that would be
retained if the washing method described in
10.1.2 were used. If larger percentages of coarse
material are encountered during mixing. or it is
considered impractical 10 remove the coarser
matenal by the methods just described, wash the
sample as described in 10.1.2. When the coarse
particles found during mixing are concretions,
shells. or other fragile panicles. do not crush these
particles 10 make them pass a 425-um (No. 40)
sieve, but remove by hand or by washing. Place
the mixed soil in the storage dish. cover 1o pre-
vent loss of moisture, and allow to stand for at
least 16 h (overnight). After the standing period
and immediately before starting the test. thor-
oughly remix the soil. i

NoOTE 8-—The time taken to adequately mix a sail
will vary greaily. depending on the plasticity and initial
water content. Initial mixing times of more than 30 —
in may be needed (or stiff. fat clays.

10.1.2 Samples Containing Maierial Retained
on a 425-um (No. 40) Sieve:

10.1.2.1 Select a sufficient quantity of soil at
natural water content to provide 150 10 200 g of
matenial passing the 425-um (No. 40) sieve, Place
in a pan or dish and add sufficient water to cover
the soil. Allow 10 soak until al} lumps have
softened-and the fines no longer adhere to the
surfaces of the corase particies (Note 9).

NOTE 9==In some cases. the cations of salts present
in wap water will exchange with the natural cations in
the soil and significantly alter the test resulis should up
water be used in the soaking and washing operations.
Unless it is known that such cations are not present in
the ap water, distilied or demineralized water shouid
be used. As a general rule. water containing more than
100 mg/L of dissolved solids shouid not be used for
washing operatons.

10.1.2.2 When the sample contains a large
percentage of matenial retained on the 425-um
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{(No. 40} sieve. perform the following washing
operation in increments, washing no more than
0.5 kg (1 Ib) of matenal at one time. Place the
425-um (No. 40) sieve in the bottom of the clean
pan. Pour the soil water mixture onto the sieve.
If gravel or coarse sand particles are present. rinse
as many of these as possible with small quantities
of water from a wash bottle, and discard. Alier-
natively, pour the soil water mixture over a 2-
mm (No. 10) sieve nesied atop the 425-um (No.
40) sieve, rinse the fine matenal through and
remove the 2-mm (No. 10) sieve. After washing
and removing as much of the coarser material as
possible, add sufTicient water 10 the pan to bning
the level to about 13 mm (*4 in.) above the surface
of the 425-um (No. 40) sieve. Agiwaie the slurry
by stirring with the fingers while raising and
lowering the sieve in the pan and swirling the
suspension so that fine material is washed from
the coarser panicies. Disaggregate fine soil lumps
that have not slaked by gently rubbing them over
the sieve with the fingenips. Complete the wash-
ing operation by raising the sieve above the water
surface and rinsing the matenal retained with 2
small amount of clean water. Discard matenial
retained on the 425-um (No. 40) sieve.

10.1.2.3 Reduce the water content of the ma-
terial passing the 425-um (No. 40) sieve until it
approaches the liquid limit. 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 temperature,
(b) exposing 10 warm air currents from a source
such as an electric hair dryer, (¢) filiering in 2
Buckner funnel or using filter candles, (&) de-
canting clear water from surface of suspension,
or (¢) draining in a colander or plaster of paris
dish lined with high retentivity, high wet-strength
filter paper.” If a plaster of paris dish is used, take
care that the dish never becomes suflicienty
saturated that it fails 10 actively absorb water into
its surface. Thoroughly drv dishes between uses.
During evaporation and cooling. stir the sample
often enough to prevent overdrying of the fringes
and soil pinnacies on the surface of the mixture.
For soil samples conuining soluble salts, use a
method of water reduction such as a or b that
will not eliminate the soluble salts from the test
specimen.

10.1.2.4 Thoroughly mix the material passing
the 425-um (No. 40) sieve on the glass plate using
the spatula. Adjust the water content of the mix-
ture, if necessary, by adding small increments of
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distilled or demineralized water or by allowing
the mixture 10 drv at room temperature while
mixing on the glass plaie. The soil should be at a
water content that will result in closure of the
groove in 25 10 35 blows. Return the mixed soil
to the mixing dish, cover 10 prevent loss of mois-
ture, and allow 10 stand for at least 16 h. After
the standing period, and immediately before
starting the tegt, remix the soil thoroughly.

10.2 Dry Preparation:

10.2.1 Select sufficient soil to provide 150 to
200 g of material passing the 425-um (No. 40)
sieve after processing. Dry the sample at room
temperature or in an gven at a temperature 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 2 morar with a
rubber tipped pestal or in some other way that
does not cause breakdown of individual grains.
When the coarse particles found durning pulverni.
zation are concretions, shells, or other fragiie
particles, do not crush these particies 1o make
them pass a 425-um (No. 40) sieve, but remove
by hand or other suitable means. such as washing.

10.2.2 Separate the sample on a 425-um (No.
40) sieve, shaking the sieve by hand to assure
thorough separation of the finer fraction. Return
the material retained on the 425-um (No. 40)
sieve 10 the pulverizing apparatus and repeat the
pulverizing and sieving operations as many times
as necessary 1o assure that all finer material has
been disaggregated and material retained on the
425-um (No. 40) sieve consists only of individual
sand or gravel grains.

10.2.3 Place material remaining on the 423-
um (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-um (No. 40) sieve, catching the
water and any suspended fines in the washing
pan. Pour this suspension into a dish containing
the dry soil previously sieved through the 425-
um (No. 40) sieve. Discard matenial retained on
the 425-um (No. 40) sieve.

10.2.4 Adjust the waier content as necessary
by drying as described in 10.1.2.3 or by mixing
on the glass plate, using the spatula while adding
increments of distilled or demineralized water.

'S and S 595 fiher paper. available in 32<m circi=s. has
proven satsfaciory.
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until the soil is at a water content that will result
in closure of the groove in 25 10 35 blows.

10.2.5 Put soil in the siorage 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).

11. Procedure .

11.1 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 10 a depth of about 10
mm at its deepest point, lapering to form an
approximately horizontal sucface. 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

inverted storage dish or a wet towel.

11.2 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 cunting the
groove. hoid the grooving tool against the surface
of the cup and draw in an arc. maintaining the
100l perpendicular 10 the surface of the cup
throughout its movement. See Fig. 5. 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-
measions 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 10 the surface of the cup.

11.3 Verify that no crumbs of soil are present
on the base or the underside of the cup. Lift and
drop the cup by tumning the crank at a rate of 1.9
to 2.1 drops per second until the two haives of
the soil pat come in contact at the bontom of the

groove along.a distance of 13 mm (%4 in.). See:

Fig. 6. '

Nore 10—Use the end of the grooving tool, Fig. 2.
or a scale 10 verify that the groove has closed 13 mm
(*Ain.).

11.4 Verify that an air bubble has not caused
premature closing of the groove by 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 2 small amount
of soil 10 make up for that lost in the grooving
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operation and repeat 11.] to 11.3. If the soil
siides on the surface of the cup. repeat |1.1
through 11.3 at a higher water content. 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
piastic limit test.

11.5 Record the number of drops. N, required
10 close the groove. Remove a slice of soil ap-
proximately the width of the spatula, extending
from edge 10 edge of the soil cake at nght angles
10 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 reattach the cup 10 the camage in
preparation for the next wal.

11.7 Remix the entire soil specimen on the
glass plate adding distilled water to increase the
water content of the soil and decrease the number
of blows required 1o close the groove. Repeat
11.1 through 11.6 for at least two additional tnals
producing successively lower numbers of biows
1o close. the groove. One of the trals shall be for
a closure requiring 25 10 35 blows. one for closure
between 20 and 30 blows, and one trial for a
closure requiring 15 to 25 blows.

11.8 Determine the water content, Wy, of the
soil specimen from each trial in accordance with
Method D 2216. Make all weighings on the same
balance. Initial weighings should be performed
immediately after completion of the test. If the
test is to be interrupted for more than about 15
min. the specimens already obtained should be
weighed at the time of the interruption.

12; Calculations

12.1' Plot the relationship between the water
content, H's, and the corresponding number of
drops. N, 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 with the 25-drop
abscissa as the liquid limit of the soil. Computa-
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tional methods may be substituted for the graph-
ical method for fitting a straight line to the data
and determining the liquid limit.

ONE-POINT LIQUID LIMIT—PROCEDURES
C AND D

13. Preparation of 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 10 a consistency
requiring 20 to 30 drops of the liquid limit cup
to close the groove.

14. Procedure

14.] Proceed as described in [1.1 through
1 1.5 except that the number of blows required to
close the groove shall be 20 10 30. If less than 20
or more than 30 blows are required. adjust the
water content of the soil and repeat the proce-
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 1o make up for that lost in the grooving and
water content sampling operations. Repeat 11.2
through 11.5. and. if the second ciosing of the
groove requires the same number of drops or no
more than two drops difference. secure another
water content specimen. Otherwise. remix the
entire specimen and repeat.

Note |1 —Excessive drying or inadequate mixing
will cause the number of blows 10 vary.

14.3 Determine water contents of specimens
as described in 11.8. :

15. Calculations

15.1 Determine the liguid limit (or each water
content specimen using one of the following

equations:
A' Qi3
LL= "';.(E) or
LL = K(Wy)
where:
N = the number of blows causing closure of the

groove at water content.
I\ = water content. and
K = afacior given in Table 1.
The liquid limit is the average of the two tnial
liquid limit values.
15.2 If the difference between the two tnial
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liquid limit values is greater than one percentage
point, repeat the test.

PLASTIC LIMIT

16. Preparation of Test Specimen

16.1 Select a 20-g poniion of soil from the
material prepared for the liquid limit test, either
after the second mixing before the test, or from
the soil remaining afier completion of the test.
Reduce the water content of the soil 10 a consist-
ency at which it can be rolled without sticking to0
the hands by spreading and mixing continuously
on the glass plate. The drving process may be
accelerated by exposing the soil 1o 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 1oweling or high wet strength
filter paper.

17. Procedure

17.1 From the 20-g mass. select a portion of
1.5 t0 2.0 g. Form the test specimen into an
eilipsoidal mass. Roll this mass between the palm
or fingers and the ground-glass plate with just
sufficient pressure 1o roll the mass into a thread
of uniform diameter throughout its length (Note
12). The thread shall be further deformed 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.),
aking no more than 2 min (Note 13). The
amount of hand or finger pressure required will
vary greatly, according to the soil. Fragile soils of
low piasticity are best rolied under the outer edge
of the paim or at'tht base of the thumb.

Note 12=A nomial rate of rolling for most soils
should be 80 10 90'strokes per minute. counting a
stroke as one complete motion of the hand forward and
back to the staning position. This rate of rolling may
have to be decreased for very fragile soils.

NOTE |3—A 3.2-mm (%-in.) diameter rod or tube
is useful for frequent comparison with the soil thread
10 ascerain when the thread has reached the proper
diameter, especially for inexperienced operators.

17.1.1 When the diameter of the thread be-
comes 3.2 mm, break the thread into several
pieces. Squeeze the pieces together. knead be-
tween the thumb and first finger of each hand,
reform into an ellipsoidal mass, and reroil. Con-
tinue this alternate rolling 10 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 required for rolling and the sod can no
longer be rolled into a 3.2-mm diameter thread
(See Fig. 7). It has no significance if the thread
breaks iato threads of shornter length. Roll each
of these shoner threads to 3.2 mm in diameter.
The only requirement for continuing the test is
that they are able to be reformed into an ellip-
soidal mass and rolled out again. The operator
shall at no time attempt to produce failure at
exacuy 3.2 mm diameter by allowing the thread
to reach 3.2 mm, then reducing the rate of rolling
or the hand pressure, or both, while contiouing
the rolling without further deformatoa until the
thread falls apart. It is permissible, however, to
reduce the total amount of deformation for feebly
plastic soils by making the initia] diameter of the
ellipsoidal mass nearer t0 the required 3.2-mm
final diameter. If crumbling occurs when the
thread has a diameter greater than 3.2 mm, this
shall be considered a satisfactory end point, pro-
vided the soil has been previously 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 particies, others
may form an outside tubular layer that suars
splitting at both ends. The splitting progresses
toward the middle, and finally, the thread falls
aparnt in many small plary particles. Fat clay soils
require much pressure to deform the thread,
particularly as they approach the plastic limit.
With these soils, the thread breaks iato a series
of barrel-shaped segments about 3.2 to 9.5 mm
(Y to % in.) in length.

17.2 Gather the portons of the crumbied
thread 1ogether and place in a weighed container.
Immediately cover the conuainer.

17.3 Select another 1.5 10 2.0 g portion of soil

from the original 20-g specimen and repeat the

operations described in 17.1 and 17.2 until the
container has at least 6 g of soil.

17.4 Repeat 17.1 through 17.3 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. :

Note 14—=The intent of performing two plastic
limit trials is 10 verify the consisteacy of the test results.
It is acceptable practice to perform only one plastic
limit tnial when the consistency in the test results can
be confirmed by other meaas.
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18. Calculations -

18.1 Compute the average of the two water
contents. If the difference between the two water
contents is greater than two percentage points,
repeat the test. The plasuc limit is the average of
the two water contents.

PLASTICITY INDEX

19. C:alculan'ons
19.1 Calculate the plasticity index as follows:
Pl=LL - PL

where:
LL = the liquid limit,
PL = the plastic limit.

Both LL and PL are whole numbers. 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, report the soil as
nonplastic, NP.

20. Report

20.1 Report the following information:

20.1.1 Sample identifying information.

20.1.2 Any special specimen selection process
used. such as removal of sand lenses from undis-
turbed sample.

20.1.3 Report sample as airdried if the sample
was airdried before or during preparation,

20.1.4 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,

20.1.5 An estimate of the percentage of sam-
ple retained on the 425-um (No. 40) sieve, and

20.1.6 Procedure by which liquid limit was:
performed. if it differs from the multipoint
method.

21. Precision and Bias

21.1 No interlaboratory testing program has
as yet been conducted using this test method to
determine multilaboratory precision.

21.2 The within laboratory precision of the
results of tests performed by different operators
at one laboratory on two sotls using Procedure A
for the liquid limit is shown in Tabie 2.
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TABLE 1 Factors for Obuaining Liquid Limit from Water

D 4318

TABLE I Within Laboratary Precision for Liquid Limit

Cootent snd Nuraber of Drops Causing Closure of Groove Sundard

N K - Average Value. £ Deviauon. s

{(Number of Drops) (Factor for Liquid Limit) Soil A
20 0974 PL 219 1.07
21 0.979 L 219 1.07
2 0.985 Sodl B:
23 0.990 rL 20.1 121
26 0.99S (75 326 0.98
25 1.000 "
26 1.008
27 1.009
28 1.014
29 1.018
30 1.022

.m
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DIMENSIONS
LETTER] A® 8% | c¢* ET F | G H J?B K3 Ls ME
MM 54 2 27 56 32 10 16 60 50 150 125
to5ftot}] £05] £ 20 +10}] 20| £ 2.0] + 2.0
LETIER] N P R | T U s v | W z
MM 24 28 24 45 a7 3.8 13 6.5
£ 1.0
® ESSENTIAL DIMENSIONS Aﬁars CAM
. DEGREES RADIUS
g H pee 0 |0.742R
V DIAMETER 30 |0.753R
CRS OR BRASS PIN 60 |0.764 R
/ 90 lo.773R’
3 120 |0.784 R
150 [0.796R
180 |0.818 R
210 | 0.854R
240 | 0.90IR
i 270 | 0.945R
. E E 300 | 0.974R
e L |
\(i/ ( - - <y ; 360 l.OO(_)R
! L K

HARD RUBBER BASE CONFORMING
TO SPECIFICATION IN 6.

SOFT RUBBER CONFORMING TO
SPECIFICATION IN 6.).2
FIG. ¢ Lland-Operated Liquid Lhmii Device
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OIMENSIONS )
LETTER| A3 B3 cs 03 ES Fe
MM 2 " a0 8 50 2

+ 0.l +0.2 | £ 0.5 £ 0.1 + 0.5} £ 0.t
LETTER] 6 H J K3 Lo N ]
MM 10 13 60 10 60 DEG| 20

MINIMUM +0.05] £ 1 DEG

S ESSENTIAL DIMENSIONS

©84CKk AT LEAST IS MM FROM TIP

NOTE > DIMENSION A SHOULD BE L9=2.0 AND DIMENSION D
SHOULD BE 8.0-8.1 WNEN NEW TO ALLOW FOR
ADEQUATE SERWCE LIFE

=

==

- G)

FI1G. 2 Grooving Tool (Optioas Height-of-Drop Gage Attached)

S0 10
..-*:.05‘

V "t

.
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DIMENSIONS IN MILLIMETRES
F1G. 3 Height of Drop Gage
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POINT WHERE
CuP CONTACTS BASE

HEIGHT GAUGE

\ S
MASKING TAPE APPLISD AS
IN ACJUSTMENT OPERATION

F1C. 4 Calibration for Height of Drop

F1G. § Grooved Soil Pat in Liquid Limic Device-
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FIG. 6 Soil Pat After Groove Has Closed
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F1G. 7 Lean Clay Soil ar the Plastic Limit

The .dmerican Suciery for Tetting and Matericls takes no position respecting the validity of any pateru rights asserred in connection
d in 1713 dard. Users of this siandard are cxpressiy adwised thar desermination of the vaidity of anv such

with any item ¢
patent rights. and the risk of infringemens of such rights. are entirely thesr oun responsibility.

This siandard is subject 10 revision a1 any time by 1he responsidie 1echnical ittee and must be reviewed every five vears and
if not revised. either recpproved or withd Your are invited either for revision of 1his dard or for add; {
siandards and should be addressed to ASTM Headgquarters. Your commerus will receive careful considerarion ar a meeing of the

/ . which vou may atiend. If vou feel thar your comments have not received a fair hearing vou should

ible techni p
make your views known 10 the ASTM Commuitee on Siandards. 1916 Race Si.. Philodeiphia Pa. 19103.
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Appendix I
FIELD ANALYTICAL SERVICES

Specific Conductance

pH

Permeability (Slug Test)
Filtering of Water Samples
HNu Monitoring

OVA Monitoring



Attachmenf I-1
FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE

Method: YSI Conductivity Meter Model 33
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FIELD MEASUREMENT OF SPECIFIC CONDUCTANCE
AND TEMPERATURE

I: Specific Conductance, umhos @ 25°C

_ice: EPA 1979, Page 120.1, Standard Methods, 15th edition, pp 70-73
jon Limit: 1 umho/cm @ 25°C

um Range: 0.1 - 100,000 umhos/cm

: Handling: Oetermine on-site or within 24 hours

.ents and Apparatus:

Conductivity meter (YSI) and electrodes.
", Deionized water in squirt bottle.

3. Standard potassium chloride solution, 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. Turn mode switch to réd line, and turn red line knob until needle
aligns. with red line on dial. Change batteries if cannot be aligned.

4, Totally immerse probe in sample. Do not allow the probe to touch
. the sample container.

5. Turn mode switch to appropriate conductivity scale, X100, X10, or X1.
Use a scale that will give a mid-range output on the meter.

6. Wait for needle to stabilize (about 15 sec.) and record conductivity
multiplying by scale setting.

7. While gently agitating the probe, take sample temperature (°C) and
record. :

8. Rinse probe with deionized water.

9. Record specific cdnductivify (1st column) and temperature on F.0.S.
sheet. .



v

,.__
v
4

.

—

Notes:

Calculate conductivity using fo1lowing formula:

G

+ -

G2s

G2s5 = Conductivity at 25°C, umhos/cm

T = Temperature of sample, °C

Gt Conductivity of sample at temperature T, umhos/cm

Report results for the standard solution with each data set.

Record on field sheet which meter and probe were used. Meter should
be wiped clean as necessary.

After returning to lab, compare results with previous data. Réport
problems to lab personnel.

Reagent Preparation:

1.

2.

Stock Potassium Chloride Solution, 1.00 N: Dissolve 74.555 g. K C1

in M1111-Q water and dilute to 1,000 ml. in a volumetric flask.

Standard Potassium Chloride Solution, 0.07100N: Dilute to 10.0 mls.

of stock solution to 1,000 mls. with MiT11-Q water using a volumetric

pipet and flask.



OPERATING INSTRUCTION
YSI MODEL 33
CONDUCTIVITY METER
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GENERAL DESCRIPTION

The YSI Model 33 and 33M S-C-T Meters are portable. battery
powered. transistorized instrumenis designed 10 accuralely measure
sahnty: conduclivity and lemparature They use a probe consisting of
a rugyed. plastic conductivity cell and 8 precision YSI theimistor
tamperature sensor combined in a single unit

Conductivity with the Model 33 is expressed as miciomhos/centi-
meter (umhos/cm); with the 33M. it's milhsiemens/meter {(mS/m).
These are measuremenis of the electrical conductance the sample
would show if measured between opposite faces of a- Icm cube.
{Conversion information: 1 ymho/cm = 0.1 mS/m.) Salinity is the
number of grams of sali’kilogram of sample (Yoo = pans pers
thousand). This measurement assumes the sample contains a “'stan-
dard” sea wailer salt mixture. The sample temperature is measused 1n
degrees Celsius.

Sahnily measurements are manually temperature compensated by
duect dial Conducuivity measurements aié nol tlemperature compen-
sated. however. a temperature funclion is provided on the insttument
1o aid with calculation ol conections Also, when jusl lemperature
. and conductivity are known it 1s possible 1o calculate sabmity and
when only lempesralure and salinily are known o 5 possible to
calculate conductivity

SPECIFICATIONS
Moadel 33 Conductivity
Ranges 0-500. 0-5.000. 0-50.000
umhos/cm with YSI 3300 Senes
Piobes (Note The “umho’ desig-
nations on the meter are a
shorthand form for “umho/cm’ )
Accuracy 12 5% max enor at 500. 5000
and 50.000 plus probe.
£t 30% max ewnor a1t 250 2.500
and 25.000 plus probe
See Euor Secuon
2
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Temperature Compensation

Model 33M Cosductivity

Temperature Compensation

Tempesature Compensauon

8
RS X, VeI

[P0
B

25 umhos/cm on 500 umnho/cm
range
26 pmhos/cm on 5000 jmho/cm

sange.
250 umhos/cm on 50 000
umho/cm range

None

0-50. 0-500. 0-5.000 mS/m with
YS! 3300 Sesnes Piobes

+2 5% max ewor at 50 500 ana
5.000 plus piobe

+30% max eiror a1 25 250 ane
2.500 plus piobe

See Error Secuon

025 mS/m on 50 inS/m 1anye
25 mS/m on 500 mS/m range
250 mS/im on 5.000 inS/m range

None

0 40 . in 1emperatute tanye of -2
1o +45C.

Above 4°C. $09°.. a1 40 .. and
10 7 You at 20 %uo plus condutbivity
ptobe

Below 4°C. t 11 %, a1 40 .. and
109w al 20w plus contucCtivity
probe

See Enor Sechon

02 tw on 040 Vi ranye

Manual by duect cial iom -2 10
+45-C

3
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Temperatule
Range -2 10 +50°C
Accuracy 0 1°C at -2°C. £06°C a1 45°C
plus probe
See Enor Section.
Readability £015°C a1 -2°C 10 £037¢C at
45°C
Power Supply Two D-size alkaline batternies. Ever-

eady E95 os equivalent. piovide ap-
promimately 200 his of operation
Piobe YSi 3300 Senes Conductvity/ Tem-
pesature Piobe
Nominal Probe Constant: K= 5/cm
Accuracy 1 2% of reading lor conducuwvity and
salinity .
Evior of £01°C ar 0°C and
10 3°C a1 40¢C
lastrument
Ambient Range Saunslactory operawion -5 10 +45°C
A maximum esor of £0 1% of 1he
reading pes °C change i instuument
temperature can occur This enor s
neghgible o the instrument is read-
justed 1o tedhine lor each reading

OPERATION PROCEDURE
1. Setup
{a) Adjust meter zeio (i necessary) by tuining the bakehte
sciew on the meler face so that the metes needle comncides
with the ze10 on the conduclivity scale
(b) Cahbrate the meter by turning the MODE conuol 1o
REDLINE and adjusting the REDLINE conuiol so the meter

4
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needle ines up with the redline un the metesr face It this
cannot be accoinpbished. replace the battenes

{c) Plug the probe into the probe jack on the side of the instiu-
ment

(d) Put the probe in the solution 10 be measwed (See Piobe
Use )

. Temperature

Set the MODE conuiol to 1EMIERATURE HRead the
temperalwe on the bottom scale ol the meter in degicvs
Celsius Allow ume lor the probe lemperature 10 come 10
equilibiium with that of the water belore reading

. Salinity

{3} Tiansfer the 1emperatuse reading liom Step 2 to the ' C
scale on the instrument

{b) Switch the MODE control 10 the SALINITY position and
1ead salinity on the red 0 40 Yo mieter range

(c) Depress the CELL TEST bution The meter reading should

* fall less than 2% .l yieater. the probe s louled and ine
measurement s in enor Clean the piobe and 1e measure

. Conductivity on Model 33 {(Model 33M data e in

parentheses.)

ta) Switch the MODE control 1o the X100 scale H the reading
is below 50 on the 0-500 range (5 0 on 1he 0-50 1anyel
swilch 10 the X10 scale If the reading is stll below 50
(5 0). switch 10 the X1 scale Read the meler scale and
multiply the i1eading appropnately The answer s e
piessed in umhos/cm (MS/m) Measuiemenls die not
lempetalute compensated

Example: Meter Reading 247124 7)
Scale X110

Answei 2470 umhos/cm
{2470 mS/m)
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{bl When measuring on the X100 and X10 scales. depress the
CELL TEST button. The incter reading should {all less than
2% if greater. the piobe is fouled and the measurcment 1s
in etror. Clean the probe and te-ineasure.

NOTE: The CELL TEST does not function un the X1 scale.

Ewor

The maximum ernos in a teadmg can be calculaled by using the

graphs 1n the folfowing sactions.

(1} Temperature
The temperature scale is designed to give the minimum
salinity e1ror when the temperature readings are used 10
compensate salinily measuiements.
Figure 1 shows total enur for probe and instrument versus
°C meter reading.

»
i
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RVGWARD SO

Ao ad a2

°c READING

6

e tmem e g o em e - y— T

f e et - - -

tnet .
ALADING

T A bR s L

RS, NN ’ ..
Example: 15°C
04°C

15°C £ 04°C for piotie
and instiument cumbined

Meter Reading
. Total €qios

Acculacy

(2) Conducuvity on Madel 33 (Model 33M daia are in

parenthesos )

Figure 2 shows the wosst-case conductivily eror as a func-
uon of the conducthivity teading for the pivhe and nstiu-
ment combined

s -
[ 3 \
“ -
Figure 2
I .
o i i | I DN &
[ ] 190 200 200 «00 500
~0iR0s o o Scole
‘o o 20 10 «© :u)
™% ‘a s Scale
Example: Meter Reading 360 umhus/cni36 nS/in)
Scate x10
% Readng Fuor £ 4 5% '

3600 1162 )mhus/cm
t360 1162 mS/mnv)
lur probe and mstimnent

Accuracy
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CIRCUIT DESCRIPTION. MAINTENANCE AND CALIBRATION
1. Description

The circuit is composed of two parts; a3 mullivibrator and swilching
transistors. The muluivibrator produces a square waveform vollage.
The square wave is applied 10 two swiltching tiansistors They alier-
nalely apply two batteries of opposile polarity to the piobe thus
providing AC power which nunimizes polanzation effects The meter
is in series with one battery and measures the curenl fiom it. The
cuirent fiom the battery is proportional 10 the conductance of the cell.
Sahinity 1s measured in 3 special range conductivity circuit which in-
cludes 3 user-adjusted tempetatuie compensalor. In the tempesature,
redhine and X1 positions the mullivibsatos operates at 100 Hz In the
salinity, X100 and X 10 positions the multivibrator operates at 600 Hz
and in these ranges pushing the CELL TEST button diops the fiequen-
cy 10 100 Hz allowing the operator 10 judge the degree of probe
polarization.

2. Maintenance

The onty mainienance required is battery replacement Two "D” size

! alkaline flashlight cells. such as Eveready E95 or equivalent. will
provide 200 his of operation Accuracy will not be maintained f ninc-
carbon "D” cells are used. Batlery replacement is indicated when the
redhine adjustiment cannotl be accomplshed.

Replace batleries every six months to reduce the danger of coriosion
due 10 leaky baltenes. To replace balilenes. remove the six screws
from 1he rear plate. The batiesy holders are color coded The Pousitive
{+ bulton) end must go on red.

3. Calibration of Model 33 (Model 33M data are in paaen}hosas.)

it 15 possible for the temperature knob to become loose or shp from
its normal posiion In an emergency the dial can be e posioned M
must be emphasized that this is an emergency procedure only. and
that the instiument should be teturned 1o the laclory lor propes
recalibsanion atl the earhest opporunity




{a) Read the temperature and conductivity of the solution Detes-
mune the salinity of the solution by running a bine vertically on
the graph fiom this conductance value until it inessects the
appiopniate °C line (interpolate as requured lor temperature
between the given °C tines). From this intersecuion extend a

Xy
- 3 1,0 b )
T' CALIBRATION CHARY a2 o 10°¢
%
‘“L 2'c
» -
r
) 3 »'c
3
. E
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g 3
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: | 3
-
o Y] w..wa.mE
0. 10.000 20,000 30.000 40.000 $0.000
wmhos
{ ° 1.000 2.000 3 900 4.000 s 300)
10
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- ~;;o;”: RISt ', b

SAPIR bug \ 25 14

hine horizontally 10 the edge of the graph This detesmines the

salinity for tlus sample

Exampte 25.000umhos/cm and 20°C gives a salimity of 17

(Example 2.500 mS/m and 20°C gwes a saluuty of 17)
(bl Remove the °C knob. switch to SALINITY. and tuen the control

shalt until the meter needle indicates the sahnity value deter-

muined in Step (a). In the example gwven. the value 1s 17

{c) Switch to TEMPERATURE (Note This temnperature reaching
must be the same as Siep (a). i not. begin agan a1 Step (a) )
Place the knob on the control shahl {withoul tuining the contiol
shalt) with the knob pointer at the saime tempesalure as the
mete: reading and tughlen both set sciews secuiely
At eathest opponunity recahbrate using the following prucedure or
seturn the instrument to faciory for service
. (a) Set the instrument for a salimly measurement as normal
(b} Substitute a 1000 uf capacitor and 112 7 otun 0 1% wlerance
1esistor los the probe
Connect the resistor and capacitor between the gicen wie and ted
wire on the jack connections inside the insirument

O AN N '{ !
GREEN WIRE na Nl 1000 uf
%
RED WIRE

O

T2 00 arihinheta A duic 3 SIETIEIRY
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ic) Tuin the temperatuse dial until the meter reads redline
Now nstall the 1empeidiure knob wih the arrow at 25°C This 1s a
temporaty calibiation only Return the instrument 1o the factory for
proper 1ecahibiation :

PROBE

1. Description of YS! 3300 Sesies Conductivity/ Temperature
Piobe

The YSi 3300 Senes Conductivity Prabes are designed for lield use.

eimbodying constiuchion and design for rugged. accurate service

. Each probe features a built-in cell consiant of 5 0 (500 0/M) +2%. a

precision YSI thermistor tempesature sensos of £0.1°C accuracy at

0°C and £0.3°C at 40°C and a low capaciance cable assembly tes-

minating in a thiea theiminsl 0 25" dia. phone type connector.

The 3310 has a 10 fi cable and the 3311 s 2 50 It veision Other

lenyths are available on special order

The piobe has a ngid PV C body. platinized pure nichel elecirodes.

and a duable cable. providing resistance 10 3 wide 1ange of water-

basne subsiances

2. Maintenance

{3} Cleaning ' .
When the cell test indicates low teadings the probable cause s duty
elecirodes .Haid waler deposits. ods and organic maites are the most
hhely contaminants
fos convenient normal cleaning soak the electiodes fur 5 minutes
with @ locally available bathioom tule cleaning preparation such as
Dow Chenucal Battwoom Cleanes . Hoizon Indusines 'Rally. Tie.
Poicelain. and Chiome Cleaner” Juhnson Wax “Eavy. Insiant
Cicaner  or Lysol Biand "Basin. Tub Tide Cleanes

12
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For stronges cleaning a 5 minute soak in a solution made of 10 pails
distitled water. 10 paits isopropyl alcohol and 1 pan HCI can be.used

Always ninse Lthe probe after cleaning and before storage
CAUTION: Do not touch the electrodes inside the piobe
Platinum black 1s soft and can be sciaped ofl
if cleaning doos not restore the piabe performance. te platniing s
requued.
(b) Re Planmizing
Equipment Required —
(1) ¥YS1 3140 Plaunizing Solution, 2 fl 0z (3% platinum
chlonde dissolved in 0 025% lead acelate solution)
(2) YSi Model 33 or 33M S--T Meler.
(3) 50 ml glass breaker or equivalent botile
{4) Disulled water
Proceduie —
{1} Clean the probe as in Section (a} -- either method
(2) Piace 1he cell in the beaker and add sulhicient YSI §3140
solution 10 cover the electrodes Do nol cover the tap of
the prooe
(3) Plug the probe into the Model 33 or 33M. switch 1u the
X100 scale 10 plaunize the electiode Move the piobe
shightly 10 obtain the highest meter reading and continue
- plaunmining for the approxunale ume shuwn below

Meter Reading Tune
umhos/cm mS/m {minutes)
30.000 3.000 5
25.000 2,500 6
20.000 2.000 8’
15.000 1.500 "
10.000 1.000 16
13
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{4) Aters the elapsed time temove the probe and rinse in fiesh
waler.

(5) Return the solution 10 its container. 2 or. of soluion
should be sufficient for 50 treatments.

3. Probe Use

(a) Obstructions near the piobe can distuib seadings. At least two
inches of clearance must be allowed from non-metallic un-
derwater objucts. Metallic objects such as piers or weights
should be kept al least 6 inches fiom the probe.

(b) Weights are atlached to the cable of the YSI 3310 and 3311
Piobes The YSI 3327 Weights are supplied in pairs with a
total weight of 4 ounces per pair. Should it become necessary
to add more weight 10 overcome water curnonts, we suggest
hmiting the total weight 10 two pounds (8 pairs). For weights
in excess of two pounds use an independent Suspension
cable. In either case. weights must be kept at least 6 inches
away from the piobe.

(c) Gentle agitation by raising and lowering the probe several
times duting 3 measurement insuses flow of specimen solu-
tion through the probe and improves the ume response of the
tempesature sensos.

4. Coll Calibration & Standard Solutions

The YSI §3300 Series Cells are calibrated 10 absolute accuracy ol
1 1 5% based on a standard solution Since the literature on concduc-
tivity does not indicalte 8 consistently accepled standasdization
method. we have chusen the 0.01 demal KCi solution method as
deletrmined by Jones and Biadshaw in 1937 as our standard Recent

Tomperature °C

textbooks. as well as the ASTM si1andaids. concur with this choice. where :
The solution is prepared by diluting 0.745 grams of pure diy KCl with C
distilled water until the solution 1s V kilogram The 1able below shows C.

the values of conductivity this solution would have il the distilled
water were non-conductive Howevei. since even high punity disuilled
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Cell constant

10¢

- RIC: + Ca)

Conductivity
nmhos/cm

11415
1167 6
11936
12199
1246 4
12730
12997
1326 6
13536
13608
1408 1
1436 5
1463 2
14909
15187
1546 7

mS/m
1142
1168
1194
1220
1246
1273
1300
1327
1354
1361
1408
1437
146 3
149 1
1519
1547

R(S: + S>)

10%

Measured resistance in {}
Conductivity in umhos/cm

Conduchivity in umhos/cin of the distilled wates

used 10 make solution

T~ - ey - """"'mﬂ-ﬂ"-
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walet 1s shghtly conductive. the ieasured conductivity will be tigher
by an amount equal to the water's conductivity

The operalor may use 1he standasd solution and the table 1o (heck ac-
curacy ol a cell's constant or 10 determine an unknown constant The
formula 1s shown below




Conductivity in mS/m
Conductivity in mS/m of the distilled water used
10 make the solution.

n
nou

R. Ci and Cz. or S and S2. must eithes be determinud at the same
temperature or corrected 1o the same temperatuse 10 make the equa-
tion vahd

Note: For fuither information on conductivity and the above stan-
daid information. teler 10 ASTM Siandards Part 23 — Siandard
Mecthods of Test lor Electricat Conductivity, or Wates and Indusinal

. Waste Water — ASTM Designation D1125-64.

YS! MODEL 33 AND 33M USED WITH VSI 61A, 64 and 67
OXYGEN METERS

If the salinily measurement is 10 be used for sabnity cosrection on the
S1A. the ceadmg should be converied 10 Chioiosity The formula is:

Salnty o0 -003

3
T8 x 10

PPM Chiorosity =

For lt{eée instruments the 0.03 can be neglected so the equation
simphlies to: .

['] ]
PPM Cl = §S %a x 10
° Y 18 22 36 S%
1 | | | |
r | | | 1
° 5000 10000 15000 20,000 PPMCL

16
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For ;alin-ly cotrection when using the Model 57 use the saluty
teading duect fiom 1he Model 33 or 33M No conversion 1s
necessary.

Model 33 and IIM salinity readings taken 1n conjunchion with Model
54 dissoived oxygen readings can be used 10 conect the Mudel 54 for
salinily and 1o make post-measuiement sahinity corections to dis:
salved oxygen data Costection tables aie available liom the factory

WARRANTY

All YSI papducls cany a one-year unconditional watanly on
workmanship and parts. exclusive of baticues Damage thiough acc
dent. misuse. o1 lampenng will be tepanved a1 a nomuinal charye

il you are experiencing difhculty with any YSI product. it may be
returned to an authonzed YSI dealer lor sepai. even if the waianty
has expued. Il you need lactory assistance for any reason. conlact

Service Department

Yellow Spungs instrument Co . inc

P.O Box 279

Yellow Spungs. Ohio US A

Phone. (513) 762-7241

—7'"‘:"(‘-'-‘,’5 A TRt
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Attachment I-2
FIELD MEASUREMENT OF pH

Method: Orion pH Meter Model 211

GLT595/38-20



FIELD MEASUREMENT OF pH

Method: Electrometric
Reference: EPA 1979, Page 150.1
Sensitivity: 0.1 pH unit

Optimum Range: 1-12 pH units

Sample Handling: Determine on-site or within 6 hours,

Reagents and Apparatus:

1. pH meter (Orion Model 211 Mini pH meter).
2. Combination electrodes
J . Beakers or plastic cups.

4, pH buffer solutions, pH 4, 7, and 10.

5. 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 pléce in pH4 or pH10 buffer
solution.

4. HWait 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 calibration procedure.

2. Pour the sample into a clean beaker or plastic cup.



Notes:

Rinse electrode with deionized water between samples. Recheck
calibration with pH7 buffer solution after every 5 samples.

Immerse electrode in solution. Make sure the white KC} junction on

side of electrode is in the solution., The level of electrode
solution should be one inch above sample to be measured.

When calibrating the meter, use pH buffers 7 and 4 for samples with
pH < 8, and buffers 7 and 10 for samples with pH > 8, If meter
wIIT'not read pH4 or 10, something may be wrong w1th the electrode.
Return it to the lab with a note.

pH is a temperature dependent analysis. Therefore, temperatures of
buffers and samples should be within about 2°C. For refrigerated
or cool samples, use refrigerated buffers to calibrate meter.

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 102 HC1.

Then recalibrate meter,

When not in use, the electrode should be stored in pH4 buffer.
Before going into the field:
a) Check batteries;

b) Do a quick calibration at pH7 and 4 to check electrode;
c) Obtain fresh solutions.

Following field measurements:

a) Report any problems;

b) Compare with previous data;

c) Clean all dirt off of meter and inside case;
d) Make sure electrode: is stored in pH4. buffer.



INSTRUCTION MANUAL
model 211
digital pH meter

IR Ak Ak S &S & e

. gt o By Vg
L

| | ORION RESEARCH




amm T T AN

i [

aa i e d S . .

batteryreplacement

contents
introduction : 3
instrument description

instrument set-up 4

supporlt rod

power source

meter check-out
connecting elecliodes

measurement procedures 6

general measurement lechnique
pH measurement
" single-buller slandardization
two-bufler standardizalion

recorderoutput
repairandservice
accessories
specifications

= O 0w &® ©» ™

—-—d ek

nolice of compliance

repairl/service

For Intormation on repair or replacement ol this instrument, conlacl Orion
Research loll-free. Ask lor Customer Service. )

ORION RESEARCH INCORPORATED

Customer Service

840 Memorlal Drive

Cambridge, Massachusells 02139 U.S.A.

800-225-1480 (Continental U.S.)

617-864-5400 (Massachusetts, Alaska, Hawail, Canada)
Telex: 921466 :

©1883Oslon Resesschincorporated - ' FormiM211/3860
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pecifications
package model 211 digital pH meter, with model 910600 gel-lilled
conlents unbreakable combinalion pH elecirode, support rod, elec-
trode holder, botties lor pH 7 buller and distilled waler, one
-packel pH 7 buller powder, AC adapter, six 1.5 V balteries,
and canying case
tange Oto 14pH
resolution. = .01 pH
temperature :
ompensation manual (0 (o 100°C)
Isopotentlal
point pH 7 (lixed)
power
requirement six 1.5V batteries;
battery life: 3000 ten second intermitient measuremenis
when line adapler Is nol used.
line adapler: 110 or 220 V £+ 20%, 50160 Hz
dimenslions 14 cm high x 9 cin wide x 4.5 cm deep
welght 0.4 kg

speciiicaiions subject to change withoul notice

——— o .

:

notice of compliance

The Model 211 may generale radio lrequency energy and il not installed and
used properly, thal is, in slricl accordance with lhe manulaclurer's lnstruc:
tions, may cause inlerlerence 1o radio and lelevision reception. It has been
lype lesled and lound to comply with the limils lor a Class B compuling device
in accordance wilh specilications in Subpart J ol Part 15 ol FCC Rutes, which
are designed lo provide reasonable protection agalnst such Interlerence In a
residential installation. However, there is no guaraniee thal interlerence wlilt
not occur in a particular installation. Il the Model 211 does cause interference
to radio or lelevision reception, which can be delermined by turning the unil
otl and on, the user is encouraged to try 10 correct the Interference by oone os
more of the lollowing measures:

reorient the receiving anlenna ‘ ’
relocale the Model 211 wilh respeclt lo the receiver
move lhe Model 211 away from the receiver

plug the Model 211 Into a dillerent oullel so thal the meter and receivemare
on dillerent branch circuils

Il necessaty, the user should consull the dealer or an experienced radiol/lelevi-
sion technician lor additional suggestions. The user may lind the lollowing
booklet prepared by the Federal Communications Commission helplul:

“How to Identily and Resolve Radio-TV Inlerlerence Problems”

This bookiet Iis available from the U.S. Government Prinling Olliée. Washington,
OC 20402, Stock No. 004-000-00345-4.

RIS S S
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figure ¥ | ._@ introduction _ AP
The Model 211 is a batlery- or line-operaled (110/220 V AC adapler) digilal pH
meter lor fleld or laboralory use. The meleris complete wilh strip charl recoraer
BAT. . . binding posls and is supplied with an unbreakable, gel-lilled combination pt
Low . R ' electrode, one packet ol pH 7 bulier powder, onebollle tor pH 7 bulier, one boltie
@ : lor distilled water, suppori rod, eleclrode holder, AC adapter, six 1.5 V batleties
@ @ shorting plug, and carrying case.
- \ .
[[ | : @
" ' | ®
ORION RESEARCH modal 211/digital pH meler

M.
I
®

TEMP °C CALIB

instrument description

See figure 1.

T 1. stdpchartrecorderbinding posts:black post is low (g(oun-d) andred postis
high input side of recotder. See page 8.

i 2. BAT LOW: an arrow poinling towards BAT LOW appears on the aisblay
when ballery requires replacement. ’

3. LCdisplay: pH display over tharange ol 0 - 14 with x .01 pH unils resolution
4. supporl rod clip: holds sieel rod used to mount eleclrode holder.

. 5. lemperature indicalor control (TEMP °*C): compensales for varjalio.
eleclrode slope or tlemperalure changes. Used in two-buller calibration

6. AC line adapter Input: jack used 10 insert AC line adapter. With AC line
adapler operalional, the inlernal batlery is bypassed.

— 7. lunction control: rocker swilch wilh three positions - ON, OFF and (ON)
o Depress (ON) lor a momentary teading. The swilch will relurn 1o OFF when
@ \ released.
legend : @ ) 8. calibratlon control (CALIB): used 10 calibrate the meler wilh bullars ol
1. ‘stiip chant recorder binding posts 6. AC line adapter input known pH.
2. BATLOW 7. funclion control : 9. electrode connector: accepts BNC connector lrom pH elecliode.
72 3. LC display . 8. calibration control . . .
n‘!“J 4, suppont rod cllp 9. elecliode conneclor 10. ;ch;::'i:r‘nig?;.“zf‘tewduver adjustment used lo sel second butfer In two-
2’\" # 6. lempersiure Indicetor contiol 10. slope conliol

baade . .l‘im ) 3



instrumént set-up connecting electrode
d 1. Insertthe BNC conneclorinto the electrode jack on 1he bottom panel ol the
support ro meler. Turn conneclor clockwlise until it seals firmiy.
1. lmn::er: steel support rod Into the hole in the support rod clip on side of the 2. Mouni electrode in the electiode holder by spreading the elecirode clip

' open and sliding the electrode into the holder so thal the clip closes on
electrode cap. See ligure 2.

Follow measurement procedures 10 use the meler to measure pH.

4.. Disconnnect electrode by lurning connector counterclockwise untilreleas-
ed lrom pin. :

2. Mount elactrode holder on the rod by pinching to compress Lhe spring.
Release to hold In place. ‘

- .

power source

The Model 211 operales on six nonrechargeable 1.5 voll batteries or on 110 or
220 £ 20% V with an approved AC adapler (speclly voltage when ordering). Low
battery Is Indicated by the BAT LOW indicator on the display. !

NOTE: Balleries are nol rechargeable - use ol line adapler whenever possible
will prevent the unit's balleries Irom being discharged. Il batlery operation is ‘
desired, follow Installation instructions undes batlery replacement.

figure 2

squeeze as shown {0 1nsest elecliode
mefler check-out
1. Install six AA batlerles in Llhe meler. Orlent the ( +) and (-) battery termi-
nals 1o maich the orientation shown in the ballery compartment.

2. Depress ON butlon on the lront panel. I the BAT. LOW Indicator on the
front display lights up, the balleries must be teplaced.

3. il baltery mode Is nol to be used, disregard steps 1 and 2. Insert pin end ol
appropriate AC line adapter into the meter, and the olher end into the ap-
propriate grounded AC line receptacle. i

4. Autach BNC shorling plug to BNC input on the botiom side of the meter.
Depreas ON butlon on the tront panel. Turn CALIB knob so display reads
a steady 7.00. I this cannot be done consult ORION Technical Setvice. )

' 8. RAnmove the shorting plug. Successful completion of steps 1-4 show the
: '_I!)h ready for use.

‘. - .I" 42" " . 4 .
1 1 T B |
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measurement procedures

jeneral measurement technique

amperature: All samples and bullers should be al the same lemperature, as
mall variations In temperature can cause efrors in measurement. The slope of
e pH electraode, the potential of the relerence electrode, and the pH ol the bul-

ar are temperalure-dependent.
leaning slecirodes: Electrode should be rinsed and shaken belween measure-
renlts (o remove drops and to prevent solulion carryover.

Hrring: Stir measured solutions moderalely to obtain good contact between
10 glass bulb and the solution. inserl eleclrode to a depth of about 3 cm.

H measurements

ngle-bulfer standardliation

here maximum precision is nol required)

OTE: For maximum accuracy it Is recommended that a iwo-bulfer calibration
g perlormed once at the beginning of each day (see page 7). This procedure en-
ures the correct setling of the slope control. Subsequent measurements during
e day may be made using a single polint calibration.

1. Place lhe electrode in a buller solutlon whose pH Is near the expected pH of
the sample. Insert electrode 10 a depih of about 3 cm and stlr moderalely.

Set the lemperature Indicator control to the temperature of the buffer.

3. Sctthe lunction control to ON and allow the bulfer reading 10 stabilize. Ad-
justihe CALIB so that the display Indicates the pH ol the bufler at the solu-
Lon lemperature. See Table 1.

4 Remove lhe electrode from the bulfer solution and rinse by slirring
modeialely in distilled water. Shake oll excess drops of waler.

5. Placeelectrode In the sample (0 a depih of about 3 cm and stir moderately.
Setthe lunctlon control 10 ON and allow the reading 10 slabilize. Record the
sleady pH ieading.

two-bulfer standardization
{(where maximum precision is required)

2.

Select lwo buflers lo bracket the expecled pH of the sample, with one bul-
fer havingapHol 7.

Place the eleclrode in the pH 7 buller to a depth of aboul 3 cm and slir
moderalely. Set the temperature indicator control lo the temperatuce ol the
bulter. Set the lunction control to ON and allow the reading 10 stabllize.
Turn CALIB until the display indicates the pH ol the buller al the solution
temperature. See table 1.

Remove electrode from the lirst buller and rinse by stirring moderately in
distilled water. Shake olt excess drops of waler.

Place the electrode in the second butler 10 a depth ol about 3 cm and slir
moderately. Set the tunction control to ON and adjust the slope control un- .
tit the pH al the solution lemperature is displayed. See Table 1.

Remove the electrode and rinse by slirring moderately in distilled waler.
Shake ol excess drops of water.

Place the electrode in (he sample 1o a depth of about 3cm and slir
moderately. Sel the function control 10 ON and allow the reading lo
slabilize. Record the sieady pH reading.

1

i
i

TABLE 1 ’
TEMP (°C) pH 7.00 Butfer pH 4.01 Buller pH 10.01 Buller ‘

5 7.08 " 4.00 10.25
10 7.06 400" 10.18
15 7.03 4.00 1012 '
20 7.01 " 4.00 10.06
25 7.00 4.01 10.01 - %
30 6.98 4.02 997. °
35 6.98 4.02 903
40 6.97 4.03 .89
50 6.97 4.08 9.83
60 6.98 400 . --




attery replacement

 replace the ballerles, remove the panel on lhe back ql the meler. Be sure io
serve the polarity marking when Inserling new balleries.

corder output

y red and black binding posts al the side ol the meler provide an oulput for
p chart recording of absolute mV independent of function mode. For
orders with inpul Impedance ol 100 Kilohms or greater, the outpul is tixed to
but 100 mV/pH. pH 14.00 output is 1.40 V. Lower Impedance recorders may be
»d bul lull-scale oulput Is reduced.

Connecl the lead from the high (inpul side ol the recorder) 10 the red binding
posit and the lead from the low (ground) side 10 the black binding post.

Proceed according to directions In the strip charl recorder Inslruction
manual.

pair and service

ION warranly covers fallures due to manulaclurer's workmanship or malerial
ecl Irom the date of purchase by the usar. User should return the warranly
d 1o ORION andrelain prool ol purchase. Warranty Is void if product has been
ssed, misused, of repairs allempled by unauthorized persons.

irranties hereln are for producls sold/installed for use only in the United States
1 Canada. For ORION products purchased lor use In all other countries consull
al in-counlry, authorized ORION sales agent/disiribulor lor product warranty
ymalion.

leturn Authorization Number must be oblained lrom ORION Laboralory Pro-
:ts Customer Service belfore returning any producl lor in-warranly repair,
Hacement or credit.

oLemon’ Instrumen! Warranty

einstrument is covered by the ORION “No Lemon' warranty. ll theinstrument
iIs within twelve months from date ol puichase lor any reason other than
wwse, the purchaser may elect to have it repaired or replaced at nocharge. This
piranty covers the original or replacement/repaired meler from dale of original
eler purchase; the warranty is nol exlended beyond the buyes's original war-
Nty dale.

accessories : i

815600 Ross™ epoxy body, bulb guard combination pH elecirode

9104BN Laboratory grade combination pH eleclrode (BNC connector)

910600 GX-series epoxy body, gel-lilled combinallon electrode (BNC
conneclor) :

912600 GX-series epoxy body, gel-lilled flask combination eleclrode
{BNC connector)

913600 GX-series epoxy body, gel-lilled llal surlace combinatlon pH
eleclrode (BNC conneclor)

915600 . RX-serles relillable, epoxy body comblnation pH electrode (BNC
connector)

91628N Combination pH eleclrode with rugged bulb (BNC conneclor)

91638N Combination pH electrode wilh needle shape (BNC conneclor)

910004 pH 4 bufler packels, box ol 25 packels, each packet making
200 ml of buller

910007 pH 7 bulfer packels, box ol 25 packets, each packel making
200 mi of bulfer

910009 pH 9 buller packels, box ol 25 packels, each packel making
200 ml ol butler .

910104 pH 4.01 buller, 475 ml boltle

910107 pH 7.00 bulter, 475 ml bottie

910110 pH 10.01 bulfer, 475 ml boltle

970899 Dissolved oxygen electrode

910002 Eleclrode holder

020030 Shorting plug

020120 110V AC line adapler

020121 220V AC line adapler
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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 aqu1fer 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 1evil 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 N
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 datalogger.

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 NAYFAC method (1971) is used for comparison. Transmissivities
and storativities 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).
A1l methods assume an infinite, homogenous, isotropic aquifer and an instan-
taneous change in head in the well.

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 SE10008,
In-Situ, Inc., Laramie, Wyoming 82070.



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 capillary 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 vertical 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, Ty, and equal to the time
when H-h/H-Ho= 0.37) is used to calculate the hydraulic conductivity. The
value of T, 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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FICLD FILTERING

Reference: EPA 1979, Metals 5

Sample Handling: Filter as soon as possible after sawple collection

Reagents and Apparatus:

1
2
3
4
5
8
7
8
9.

1.
2.

9.
11.

2.

10%% 1IC1 solution in a squirt bottle and in a liter plastic bottle.
Mil11i-Q water

Plastic forceps

Millipore pressure filtration gpparatus

0.45 um. membrane filters (142 dm)

Glass fiber prefiltars (124 mm)

0.80 um. mewmbrane filters (142 mn)

Compressed air

Pressure gauyge

Procadure:

Using plastic forceps, place a 0.45 um. filter on top of bHluz grid.

Caenter the stainless steel cylinder on top of the filters, with the
whita gasket dawn. _

Place a prefiltar on top of membrane filter.

Place top onto cylinder rim. Screw handwheel bolts down until even
and snug. Finish tightening with plastic wrench.

Attach end of PVC hosing te compressed air source.

Using squirt bottfe, squirt about 10 to 25 mis. of 10% HC1 into top
opening.

Using the clamp, attach the hase adaptor to the top opening.
Tighten clamp.

Place beaker under autlet.

Slowly increase pressure on compressed air tank. ¥Yhen liquid flows
from outlet, lowar pressurc and blced air From top plate vent valve
until pressure gauge reads 10-15 PSI. Close valve and continue until
flow stops. MNo leaks should be obsarved.

Shut off compressed air and open release valve.

Qisconnect top clamn.

Rinse twice with Milli-Q water, following above procedure.

FF-1



13. Place clean beaker or sample container under outlet.

14. Add sample, following above procedure, except that Qhen flow of
sample from outlet stops, increase pressure in increments of 10 PSI
to 75 PS1 and continue until flow stops.

15. After shutting off air and opening release valve, disconnect clamp
and top plate and remove cylinder. Throw filters away.

16. Pour sample into a 100 ml. plastic bottle, label and preserve.
17. Run a Mill1i-Q blank every 10 to 20 samples.
Notes:

1. Samples with high sediment can be filtered through several membranes
with increasing pore size and several prefilters. The 0.45 um.
membrane filter should always be on the grid, and the coarsest filters
on the top. ’ .

Reagent Preparation:

T. 10% HC) Solution: Add about 900 mls. of Milli-Q water to a one
[1ter trienmeyer flask. Using a yraduated cylinder, add 100 mls.
concentrated HCL to the Milli-Q water while stirring.
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2.0

Also:

HNU MONITORING

Operation. For complete operating instructions, refer

to the manufacturer's instruction manual.

Calibration. By analyzing a gas of known

concentration, the HNu is easily calibrated. Benzene
is typically used as the calibration gas. When

calibrating an HNu, always remember to:
o Calibrate in the range to be tested.

o0 . Deliver the calibration gas at ambient temperature

ad pressure.

o Calibrate everyday.

o The calibration gas must be stable during the
period of use.

o The calibration gas must be at concentration which

reflects field sample concentrations.

o All gas cylinders must have proper regulators.

1



Calibration Procedurel. To calibrate an HNu:

Identify the probe by lamp label.

Connect the probe.

Affirm the ionization poﬁential of the calibration gas.
Perform a battery check.

Zero the HNu

Sample calibration gas and adjust to proper reading.
Repeat steps 5 and 6.

If calibration cannot be achieved, Llic lamp must ke
cleaned.

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.

HNu Monitoring Procedure at Moss/American

Sample soil.

Place soil sample in a glass jar, leaving ample

headspace.



3 Cap jar and shake.
4. Uncap and sample headspace via HNu.
1

For a complete calibration procedure, see the

manufacturer's instruction manual.
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OVA MONITORING

Operation. For complete operating instructions, refer

to the manufacturers instruction manual.

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.

Calibration Procedure'. To calibrate an OVA (in the

field).

i Zero the instrument.

2. Sample the calibration mixture and adjust to

proper reading.

i Next, set the calibration switch to a different
range.
4. Sample another calibration mixture of different

concentration and adjust to proper reading.



9 '

5 Zero the instrument.
*CAUTION: Handle gas cylinders with care.

3.0 OVA Monitoring Procedure at Moss/American

1z Sample soil.

2. Place soil sample in a glass jar, leaving ample

headanare

3. Cap jar and shake.

4. Uncap and sample headspace via OVA.

1For a complete calibration procedure, see the manufacturers

instruction manual.
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