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Table 1 
Toxicity Equivalency Factors for CDDS and CDFs 

Congener 

2,3,7,8-TCDD 
1,2,3,7,8-PeCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,4,6,7,8-HpCDD 
OCDD 
2,3,7,8-TCDF 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
2,3,4,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDF 

Table 2 

TEF 

1.0 
0.5 
0.1 
0.1 
0.1 
0.01 
0.001 
0.1 
0.05 
0.5 
0.1 
0.1 
0.1 
0.1 
0.01 
0.01 
0.001 

Bioaccumulation Equivalency Factors for CDDs and CDFs 

Congener 

2,3,7,8-TCDD 
1,2,3,7,8-PeCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,4,6,7,8-HpCDD 
OCDD 
2,3,7,8-TCDF 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
2,3,4,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDF 

298 

BEF 

1.0 
0.9 
0.3 
0.1 
0.1 
0.05 
0.01-
0.8 
0.2 
1.6 
0.08 
0.2 
0.7 
0.6 
0.01 
0.4 
0.02 
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CORRESPONDENCEntiEMORANDUM 

DATE: 

TO: 

FROM: 

SUBJECT: 

February 7, 1990 

Larry Maltbey • NCO 

Brue e Baker - YR/2:,-./.~"UZ(.)'---~• ) 

Sediment Quality Criteria for Pent:Achlorophenol 
Related to the Semling-Menke Company Contaminated 
Groundwater Inflow to the Wisconsin River 

~,,_ ~, 
StatVof Wisconsin 

FILE REF: 3200 ® 

At the request of NCO, the in-place pollutant staff have developed sediment 
quality criteria for pentachlorophenol. The developed criteria along with 
procedures and rationale for the criteria are attached. Sediment quality 
criteria are based on an approach U.S. EPA has developed and is refining that 
applies an equilibrium partitioning method for deriving criteria for nonpolar 
hydrophobic organic compounds. Because pent:Achlorophenol dissociates in 
natural waters depending on pH, adjustments vere made in the partitioning 
model in an attempt to address for this physicochemical factor. 

The sediment quality criteria are based on vater quality standards in NR 102 
and NR 105, ~isconsin Administrative Code. Assuming no other inputs of 
contaminants through groundwa~er inflow, successful remediation of in-place 
pentachlorophenol in the sediments to the levels of the attached criteria 
would allow promulgated state surface water standards to be met. 
Pentachlorophenol levels in the sediments above the calculated criteria could 
potentially be toxic to benthic organisms that inhabit the sediment pore water 
or the pentachlorophenol could potentially.be released to the overlying water 
column at concentrations that would exceed surface water quality standards. 

Also, attached is applicable literature related to pentachlorophenol 
characteristics and distribution in the environment. 

Remediation of PCP-contaminated river bank sediments should be.preceeded by 
the cleanup and/or discontinuation of the contaminated groundwater flow toward 
the river. Removal of contaminated surficial sediments, bedded sediments and· 
possibly underlying substrata materials and replacement with clean natural 
materials may need to be considered. A necessary buffer zone needs to be 
created to ensure PCP in deeper strata and soils does not continue to be 
transported to the sediment-water interface. The armoring or placement of an 
impenetrable barrier over the impacted river bottom area either alone or in 
conjunction with excavation and clean fill repiacement is another approach to 
consider. The armoring of the bottom sediments should provide a more 
substantial barrier than only riprapping placement to prevent transport and 
release of PCP from and through the sediments to the overlying water column. 

TPJ:fk\pc23 
d:\9004\wr9sedst.tpj 

Attachments 

cc: Bill Jaeger· NCO 

k' ~ "ir1 f.< Jr /.c.r". c..J a./ 'L 

t jlMtl Ill,~ - AD/~ 



Comments on Approach Taken to 
Perive Sediment Quality Criteria 

for Pentachlorophenols @ 
Sediment quality criteria were developed for pentachlorophenol (PCP) utilizing 
an equilibrium partitioning approach (EQP). The approach was developed and is 
currently under review by U.S. EPA.~ The approach is based on the established 
characteristics of organic compound to partition between an organic solvent 
and water at a constant ratio. Thi physicochemical relationship is 
extrapolated to natural conditions by relating the sorption of organic 
compounds to sediment particles containing organic carbon present in 
organic matter. 

That portion of the organic chemical compound that is partitioned to the 
sediment pore water is related to surface water quality criteria. It is 
assumed that benthic organisms have the same sensitivity to the organic 
compound as water column organisms used to develop the toxicological data base 
for water quality criteria. Yater quality criteria are used to derive 
sediment quality criteria in the EQP approach. 

The organic carbon partition coefficient value (Koc) for a specific organic 
compound can be found experimentally or derived from the octanol water 
partition coefficient values (Ko.,). The Koor value is a proportionality 
constant characteristic of a specific compound and can be found in standard 
chemical references and technical papers. Any Koc and Ko., value used needs to 
be assessed if references report different Koor or Koc values. 

U.S. EPA has applied the EQP approach to only neutral, nonpolar hydrophobic 
compounds. The partitioning of these compounds between sediments and sediment 
pore waters has been demonstrated to be dependent on the organic carbon 
content of the sediment, with little or no dependence on or effects by any 
other physical or chemical factors. Sediment criteria that can be referenced 
or normalized to one factor such as organic carbon content can apply across a 
wide variety of sediment types and variable physical and chemical conditions 
found in the sediment environment. 

The EQP approach used to describe the sorption of neutral hydrophobic organic 
chemicals by natural sorbents is applicable only to a limited agree to organic 
compounds which dissociate or ionize at natural pH values, unless appropriate 
considerations are made. Phenolic compounds dissociate based on pH. 
Chlorinated phenols are hydrophobic weak acids. Because of this 
characteristic, calculation of water quality criteria for PCP is based on 
consideration of the natural pH present in surface waters. 

The Ko., value for PCP in most standard chemical reference text and technical 
papers is a value of 5.01. This value does not appear to consider the pH -
dissociation relationship and assumes a total undissociated PCP concentration 
in the solution. Predictions of the overall distribution ratios based on 
simple partitioning of nondissociated species are generally in error. One 
study that examined the apparent octanol-water portion coefficient of PCP as a 
function of pl found the following relationships: 
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Procedures and Values Utilized in Calculating 
Sediment Quality Criteria For Pentachlorophenol 

in the Wisconsin River; Semling - Menke Co., 
Merrill; Contaminated Groundwater Inflow 

Water Qualitr Standards for Pentachlorophenol (PCP) that Apply to the 
Wisconsin Ri7er Based on NR 102 and NR 105, Wis. Adm. Code 

a) Human Threshold Criteria - 840 ug/L 

@ 

b) Thresr,old Concentration Causing Taste and Odor in Water - 30 ugjL 

c) Chronic Toxicity Criteria (CTC) 

CTC - eCV<Pbl • 1n ca 
pH Wisconsin River at Merrill• 7.0 
CTC - e<t.OOS • 7.o. 4.9779J 

* CTC - 7.82 ug/L 

* PCP CTC of 7.82 ug/L is the most stringent value, therefore it was 
used to derive the sediment quality criteria for 
pentachlorophenol applying the formula in the attached 
Figure 1. 

2. To derive the particle organic carbon normalized partition coefficient 
(Koc) needed for the formula in Figure 1 to calculate sediment quality 
criteria, the above discussed Kow value (PCP octanol/water partition 
coefficient) of Log Kow - 3.32 was used in the following formula (also in 
Figure 1): 

Log10 Koc - 0.00028 + 0.983 Log1o Kow 
- 0.00028 + (0.9S3) (3.32) 
- 0.00028 + 3.26 
- 3.26028 

Koc - 1821 liters/Kg OC 

3. Insertion of the above Koc value and the Water Quality Standard into the 
Figure 1 formula are as follo~s: 

Sediment Quality 
Criteria 

(ug PCP/Kg OC) 

Sedirrent Quality 
Criteria 

l.'QS 
(ug/L) 

x Koc 
L/Kg OC 

- 7.82 ug/L x 1621 L/Kg OC 
- 14,240 ug PCP/Kg OC 

4. To derive site specific sediment quality criteria, the 14,240 ug PCP/Kg 
OC value needs to be multiplied by the concentration of Total Organic 
Carbon (TOC) found in sediment samples taken from the Wisconsin River in 
the area that is being impacted by the groundwater inflow that is 
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contaminated with PCP. The TOC value is the foe component in the 
Figure 1 formula needed to calculate site specific sediment quality 
criteria. Analytical results for TOC can be reported as a percent or 
concentration. Some interrelationships of expressing TOC values are as 
follows based on an example concentration: 

10,000 ppm TOC - 10,000 mg TOC/Kg sediment -

1% of sediments due to particle orgaLic carbon weight fraction -
0.01 kg OC/Kg sediments - foe 

5. Applying the formula 

Sediment Quality - 7.82 ug/L x 1821 L/Kg x foe (Kg OC/Kg sediments) 
Criteria 

and using a range of foe values that are representative of the TOC 
concentrations that may be present in the Wisconsin River sediments, the 
following site specific sediment quality criteria were calculated: 

Percent Total Organic 
Carbon In Sediment 

Samples 

0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 

Site Specific Sediment 
Quality Criteria 

(ug PCP/Kg Sediment - dry ~eight) 

71.20 
142.40 
284.80 
427.21 
569.61 
712.01 
854.41 
9~6.82 

1,139.22 
1,281,60 
1,424.00 

PCP analytical results from sediment samples can be directly compared 
with the sediment quality criteria in the table based on TOC content of 
the samples. The comparison ~ill determine whether or not the PCP levels 
in the sediments meet the sedi=ent criteria. 

The site specific calculated sediment quality criteria are above the 
Method Detection Limit of 20 ug/Kg reported by the State Laboratory of 
Hygiene. 

pc25 
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Figure 1. 
Formulations and Calculations 

Used in Deriving Sediment 
Quality Criteria 

A. SQC = WQC X Koc X foe 

where: 

SQC = Site specific Sediment Quality Criteria for a pollutant If lhe calculated sediment 
criteria are exceeded, there is a potential for the interstitial water concentration of 
the pollutant to exceed the Water Quality Criteria. SQC expressed as ug/Kg. 

WQC = Water Quality Criteria - can be derived from published aquatic - life water quality 
criteria or human health criteria documents, or criteria promulgated in regulations 
or codes (e.g., NR 105, Wis. Adm. Code). U.S. EPA (1988) in developing interim 
SQC uses chronic water quality values because it protects aquatic life from effects 
due to long-term exposure to contaminated sediments. WQC expressed as ug/1. 

Koc = Organic carbon partition coefficient K.,. ~ a measure of relative sorption potential 
for organics. Koc indicates the tendency of an organic chemical to be adsorbed and 
it is largely independent of soil properties. 

K.,. = mg adsorbed/Kg organic carbon 
mg dissolved/liter solution 

Koc = liters/Kg 

For nonpolar organic contaminants, the primary sorbent is the organic carbon on 
the sediment The higher the K.,. value, the greater the affinity for the nonpolar 
organic compound to concentrate in organic matter in sediments and in lipid 
deposits of biota, and the lower the solubility in water. 

Where the K.,. value is unkno\l.11 for a compound, the octanol-water partition 
coefficient can be used as a surrogate to derive a Koc value by use of the following 
formula. (U.S. EPA, 1986): 

. Log10 (K.,.) = 0.00028 + 0.983 I l.og10 <Ko.,) 

C.., = Fraction of organic carbon found in sediment samples expressed as a decimal. e.g. a 
Total Organic Carbon test result of 32,CXX> mg/Kg = 3.2% = 0.032=0.032 Kg of 
C/Kg sediment. · 

B. To find the interstitial water concentration (IWCO) of an organic contaminant to compare with 
the WQC criteria value, with a known sediment concentration and organic carbon percentage, 
the following can be used (see tables 6-19): 

IWC0 (ug/L) = Sediment Concentration (ug/Kg) 
l(.,. I f..c 

Where the IWCo exceeds the WQC, the SQC value is also being exceeded. 

v:\9004\wr9forrnl.tpj 
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?:i/:J (-n.9 I I<!] I p.p-1.] D-r_y. Weijht · ) : 

I • ✓-

I ~i;ttq S-l.2.. S--2.I 5 .. 22 5-23 s .. 2.LJ DuP . -

---
2 .37 Pi-TCDD ND ND ND ND ND ND 

- -· - - - . -- -- ------ - --··· - . - . - - - ·-- --- . ·-· 

I, Z )~ 7 e -Pe C Dfl /VD ND ND ND ND ND 
, 

112.3~ 11,7.8 - H x.CDD ND ND 400 300 ND ND 

l,Z.3 ,1e-H1..C DTJ ND q10 2 lJ'SO l(cfoO ND ND 
, , 

/12, 3 , 7, 8. 9. .-H >- CD D _ ND 380 q,/o 700 ND ND 
... ---- -- -- --· - . -- - ... - -

0 2, 3/tb.iB-IJpC DD . NP '2.5"350 <o4-1'50 40060 /3F30 ,~co 
- .. .. - --- - .. -

QCDD ND 2.r:;q1qo S77500 52.C>CCO i45'f() /SttXJ 
-- ----- - ----· 

ToTAL {)ioxi11 Tso1tk!r 28G}¼.qo G4-G,Ol0 5,2.,b{,O 1s,q10 19,bOO 

-- H-•--- •+ • - •••-•- ---· . ---- ----- -- --- -•- H --- --- -- - ----- --- ---- .... -----

2 3 7 8- -rc.DF N-0 ND N--D NP Nb ND ' . . . - - . . ., .. _ - . . -- - - -- .. -·· ··•· -

I, Z, '317, &:-Pe_ CDF ND ND ND ND ND ND 
- -- --- - ·-·· ... --- - ... 

2, 3.4-}.8-Pe C.Dr. NP ND ND ND NJ) Nt) 
- --- - - - -· 

~2,3.'t 7.8 __ -_f/x£-D£ ND '1 '1-0 2~30 IG ~O ND ND 
--- ------ . - - .. 

1,2,3. G,_78.--_H 1- CD£. ND 310 7qo 5"80 ND ND 
-- ·--- --- . - - .. . --- . -- . - . . - . ·-- - . -----

2 ,3.4.~.7.8-l!_t C_D~-- ND 5"30 7'JO 780 ND ND 
-~-- - . .. .. - -

/, 2. 3 .. 7.8. 9 -_t-1,_CDF .. ND ND 75'0 380 NC> ND 
.. 

li Z, '3.ll,G.78-l-lD CIJF ND /(!)Ol.O 2IJSOO rzooo 5"2.0 /000 

I. 2. 3. '-/.78. 9 -I-ID CD I=- N'D /060 3150 ICf 40 NJ:) ND 
.. -- - . . -- -·- . . -··. - --- -- - - ·- ... ·-·-·· , . 

.OCD.F ND -5"32JD 115500 eeo:o 2740 4cx:>O 
.... . . - - -- .. -- ... ··- .. - . - -- - .. ---·-· - ·-. --- - - -- - - .. 

10TAL Fv-ran I&J'ftJif' , Gif>\010 148JI0 IIOJit-0 3, 2.bO , S,000 . 
-

FuRan_ TorAL + --- --------,__, 

•·- D iox 1 n 1 so1>1er.c: 35?.,,5"~0 7q4, 12.0 ~13..J;[i ~'qiiJo ... 2-tQTJ ·-

---- - -------· 

... ____ LLJ/-K:J-· pnl,. 352.5"6 194.12 G73,00 19.23 l tf.60 
I I 

' 

---~~_A,}_--=_-~----~::~-----------~-------------·--_ --- -~-=--- -c}) . . 



~ble 2. Repo-ried De-/:ec-t-ior, L,-miis 
fo-r ISt>--r-t'Je-r.s a7Jd Siies Whe7"e, 

/V(), De·fected &sed On Wet Wei9hf 

t"fC:17•.,...,._ s 2.. 2 _ ____________________ s-zo s-21 s-22 -no-p s--z3 s-2'+ 
____ 2 ,3,7t8-= TCDD _____ ~~_(aj) _ND(~~ ~'?__{5~ ~Q_{g._e: Nb (~1' ~_tlzs. ____ -- --

__l,Z, 3,1.&_- Pe_CDD_!!_DC!~) _ND _{!1)~~~4~9) N1>_~1) ND (91· NP (so'------
IJ 2,3/J,~B_-_)l_x_CD.D __ ND C7,) -NQ_(!_~_i __ _ _________ ND G20)_,_ N_D---=(Stl'---'•·-----

J,2.,31,),'o_::_tLl..C D.D_ ~/) -~7_3), ___ --- ---- ND Q_20~~~!-~ -- --

~2,3;7,&)9 -}lyCDD_ NI) (71) _____ ------- ·----- - _>JP {Jzo: ~D (st ----
~ 2, 3/+,G/,8:::.l-lp_CDJJ_ '!_D{48) ___________________________ , __________ _ 

_____ QCDD ___ !!_?[~~) __________________________ , ______ _ 

- - . ·------- - - ------- ---- - ..... -·----·-- ---- i----- --1----t--~----

__ 2,3,7,8~T.C.DF ____ '!_~_QJ)_ '>JO~}~ _ty?__(~) ~(:!>o) _IY.~-b!z) l!JL(?jJ ______ _ 

/J 7.., P1Z.'tr,~/?_e__CQF___ N~(_':1-1? ~I) (_5-2~ !J_~ (]it) ~D fJ 10) N () (<ol) >JJ) (5 "3' ·- t---···· 

2, 3/1,7,8,-:Pe CO_[ __ ~? C~3) NI) f.5-5.") _ ~oJL~-o~ NO __ (lfg) tJ_p _~sj _11r, (3s: ______ _ 

~ 2,_3/t,7,8_: 1/~_C D£~- ~~-('Is)_____ _ _ _________ ,YQ_(~~) f:!O __ (4~: _____________ _ 
1) 2, 3, rs,,18 :-_H, c D£ ____ ND< 40) ______ __ ____ __ _ _ __ ND _(so: JJD _('j_~ ______________ _ 
2, 3,'f, ,

1
7,6 ~/i~ CD_t_ __ ~~-~J~~ ___ ___ __ _ _ _ _i:'~_f~z.: NO (_<n~ __________ _ 

/,. 2, ;,,7.8, 9::_!!_l_CD F_ N~(_53) !!EiJ'fo) _______________ NDQ10) _}!_b (st.1 _ __,__...1r--------

f,_Z 1 "]J,l/>G»7.8::_/lp_C_l)_F ND('IS) ______ ___ _ __ __ _ _____ __ ,.. ___ , ____ _ 

/,.2.3/-/,~8~_9__:__l-/pC:Df:'_ '!_D_~~-1~ _______________________ NO{n.o) ND (111· ___ _ 

-·-- _____ OCDE ---- ND(7_¥) ... _____ -----------1---- ---1-----4----t----

,,. 

--- ---------------------- ----------

- -- -·-·. -- ·-·------
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table 3. Wet Weiqht LJetec:ti9f) 
Lim;ts Grnve,ted To A Dry We.ij~-t 

Basis. 

1>2 3 7&- PeCDD 
/1 2 3 J '-1>7 8 __ - ti x CD D 

2 3 7 8-: .7C.DF 
I,?. ;, 7 e-Pe __ CDF 

~2,3 't 78 -f/xCOF 



• ivrva e_"f?CJ~~~ : Us11v~ TEr-:n.[?r. -....... 
.. .. ~ ":1; 7: "P\ Subs-I:, v-J..e·d TC t:1"tlcl TtDt :I::.t:/11.er 

.,,. P!J 1CDD-t:.GJ/3 D"l'j Wel3ht · 

1 able · '1-. Latcu/at1on ot ~r-cDD -£ . I .. 

I 
. 

I 

f :iSa~~Ob~ I s--2.2. S-23 S-2.} S-22. 5 .. 2. '-t .s-z.o OOP ·---- :--. 

2 ~37 ~-TCDD NO ND ND N-0 ND ND 
. . - . ·- .. .. -- .. - - . .. 

I 

l,Z ~ 78- PeCDn rvD Nb t-Jt> N-D ND N$, 
, . 

//2...3}-JlZe. - H.x CDD N-D ND '-fO "30 NO NP 

t,2..3 ,1'A-/-11..C nn NJ) lOO 250 170 ND NO 
, 

__ /12. o.J7.S.9. -H" CD D · ND 4-0 qJ 70 __ ND ND - -- . -· -- . - - - . . .. ··- --- .. 

-~ z, 3/t,b.1-,e-l-1.J:,_coD ND 2.50 ~5t) 4(JJ ,~.e /6 
.. . . -- -··- .. 

O_CDD t-.tD 2~ 580 ~2.0 15· ,e 
... 

D1cxi11 Iso'W'Je-r E'Q ~50 l ~ r 1. 1/~0 28.8 34 
' 

---- - --- - -- . 

2,3.7.B- -rcIJ.F _ ND tJI) ND ND N-D tvD 
--- .. --· . - ··-

I) 'Z. ~~ 7. &.:-Pe CDF ND NP NO ND N.D N.D 
.. - --- . - .. . ... - - -- . . .. ---- - - ..... -- -

~, 3.4-,7.8::P.e CD r NO ND N-D . ND ND ND 

-~i, 3.'t.28~1 C..D£ ND· 90 2~0 170 ND ND 
. . 

I, 2, 3 fs,_78-: H 1 CD£ ND 30 79 58 ND ND .. . .. . -- .. ... - - - --- - .. - - ·--- .. 

2 ,3.4,fp.7.6-!-lt CD_F ___ NC, 50 1q ,'5<J' ND ND 
-- ·- -· .. 

l 2, "3_,. 7 8 9 _- /.l"f._C.D F ND ND 1S "38 ND tvD 

I, Z, ?,.4,G.78-IIJJ CIJF NO /00 250 L70 5,2. /0 
, 

/. 2 3.'-/,78 9-t/pCDF_ ND /0 3'0 l9 N-0 N-0 
-· ·----- - -·- ... - -- ·-- .. 

7 

__ OCDF ND l... 5"3 /20 se "3 '1-- -· - ·- - . .. ' .. ·-- . . -••· - .. --- - - ·- - - .. --

Fu'fa-r, Isomer E Q ."3'33 eq3 G~5 8,2- r 14 .. 

IOTAL TCM --EO 't83 2 50Lf- {i133; ·37 48 
'-

! 
' I 

I 

-- ---- -· -· ----- .fiA-
__________ -- ------- ------- _____ \];) __ 



'dDte :::J. rerce..-rrt Co'Y)tribution or 
·. I?1c/ividua/-IsotY1ers· To· To-tq/ TCDD-EQ 

I • 
0 /~ Conirihvtion of 2, ~,7,8 S1JbstitutecJ .tso~ _,. 

- o ~-;-AL 2 .. 3 7.~ -T"DD E ':JuJVALl:NTS 
' ~J~t~ S-2~ S-22 1) .. ~P2. S-23 S-2L/ 

--
2 ~3.7 ~-:JCDD ___ . NO N-D N-D ND . _\ tvD ND .... - -

l,Z ~ 7~- PeCDn ND N-D NI) ND ) ND ND . . 
//2..3~ 11,ZB - H_x CDD_ ND N-D l.~ / .. 7~ t\JD ND 

l,2.3.,1r'-J -H-x.C DD ND /0,2.. 10.0 f/ .. '±· tvD ~D 
7 

_ '1Z. o.JZ.8.9 -H "¥CD D ND 4. I 3,b ~9-- ~-D ND 
·- -···· -··- - . -·- -• - --- -- ... --- - -- - - -

~ 2, 3/t G,i 8 - /.Ip C DIJ _ Nt) 25',4 26.0 22.;1 37,3 33,3 
------ .. - . 

OCDD ND 2,.5 23.2.. z~ ... 7· 40.~ 37,S-
. -

Tot4/ Perce-ri+ G{,,i Glj-, 4 GS.8 ,7.e 70.~ 

------- -- - ---- - --- --- -- -

_ 2.3.7.B- 7C.DF ND ND ND ND Ni) tvD 
----~ .. . -- -- - - -

I, Z, ~17,_&_:-Pe CDF Np N-0 N-D .N"D N'D ND 
·- - . - ---· -- - . . .. - - . -

2., 3.i.Lrs.-& cDr ND N.t) NO ~D Nt:> ND 
-

~~, 3-.'t.lB -fl_x C..D£ ND '1, 2. 10,4 ca/+· N1) NO 
- . - - -

1,213. ~.18-H , __ CD£ ND 3. J 3,2 ,~:,i ND 'ND 
. -· - ... -- . -- ·- ---

2 1 3. 4 .ft>, 7. 6 - !-1.x CD F _ Nn S. I 3.2.. :if.~ 'i ND N.0-
- - .. - . 

/, 2. 3 .. 7.8. 9--: l-l;_CD F NC N-0 3,0 2·./ ND ND 

I, Z, p,l./,G.7.8-1-hj ClJF ND t0.2. /0,0 9.4- flf.1 20.8 
-·-· . 

Is 2. 3 '-/.78. 9 -I-Ill CD F NO J.O J. 2..., /. I ND ND 
- - . --- - . .. - - -- -·- .. -, 

_OCDF_ ND ~ s.4 4-.8 J./., 9 8.} 8,3 
- ---· ---- . - . --- - - -- -- - -

Total Pe-rceYJt 31t.O 35,G 3!.f. '2. 22..2 ,29. J 

-------
, I ----,1---------------------

; 

-------------- ------------'---

... . ·- ---------- ------- ---- --·-------- - - .... -·. --



. Tiib(e b. PossiUe Nu'r'tlber of Posil:io"Y)q/ 
PCDD -a--nci PcDF IsoYt>ers a~d No"rtJbef' 
of 2 3,7,8 Substituted Isom-ef's Per 

Ch]o-ro o-rr16loS G-ro 
--- . --- -- -------- -- --------- --

------- --- ___ Levels __ of_-------- -U'f(Jbe, of --- __N_u~b_e-c___o_r __ 
___ -· .. _Ch/o!i'II~ ... ·----- __ o_1Lt1~naJ ____ 2,_3)~_8_-Sdd:,>lu-!~( 

U O -r 
----------- ----r!?CDD ___ __ _ _____________________________________________ _ 
-- ----------- __ Mono:.(!!1CJ)J)) __ _______ _?__ __ _____ _ ___ Q_ __________ _ 

___ _ __________ __ [J_i_: ____ ( O_c DD)__ . __ __l 0__ __ _ _ _ _ __ ____ _ __ Q_ ___ _ ___ _ ____ _ 
____ ______ ____________ Tri::: ___ ( 1re RD)__ __ _ __ _ 1 ¥ _ _________________ o ____________ _ 

_____ __ ___ TetLa-_c-cco_n)___ _?2-______ __________ / ___ ________________ _ 
___ ___ ____ __ Pent~: (RCDP) _ I '-I ____________ ____ ! _________ _ 

__ ______ __ _ fJf.Xtt-___ (HxCDP) _ j_(J_ __ _ __ _ ;3 _ ___ _ _____ _ 
_________ _ ____ Hept_~{f/pCDD)_ _ ~ _____________ ( _________ _ 

Oc - OCD / I 
_______________________ "I9_yA_L _______ ___ _ ]5______ __ 7. _______ _ 
- -- -- --~ ·- - - --- -------- ·-- ----- ------- --- ------------~---------

---- __ , p_c DF __ ___________ _ _ _ __________________________________________ _ 
) - 4-. 0 ___ . _ Mono~- (/Vl CDF __ __ __. ___ ______ _ ___ _ 

__ __ ___ __ ___ Dj ____ --_ _(._D_COF) __ l<t;; _____ ______________ Q ______________ _ 
__ _ ---------~i __ =-1Tre ~.E)____ _ _ __ ?:_8_ ______________ 0 ____________________ _ 

__ _ ___ . ______ Tetra _-_(IC D_F) __ _ __ _ ___ 3 _e____ _ _ __ _ _________ _ )_ _ ___ ______ ___ __ _ _ 

__ _ _ ____ _ Pe"tJi a _-:-_{_~C_IJF) _ _ __ __ }._8_____ __ _ 2 _______ _ 
__ _ ________ . H_exa=-~J-J-x_CDf:) _ _ _L~------ _____ Lf ________________ _ 
. ·-·- fJ~pf.q_:{HACPD ..... _!! ____ ____, _______ z 

-• _ 0 - ( OCDF I ! 
__________________________ ToT~L ________ . __ _ /3~ _________ /0 __ 

-··-- - . -----·-·----- ··----·-•--- . ----. ----(n--
.'3/-. 



_________ TC OD _______ 2. ~ __ __ 1 __ ?- L. o. ~ _ _ ____ _ _ _ ____ _ __ 
_ ___,,Pe C DD __ , 2.. ______ 1 _ _1 ___ -~o.~_ _ ___ __ ___ __ _ _____ _ 

______________ Jjx_CDI) __ J_Q _______ ------~---- ~ 0 -'+ _______ _ 
.. _______ H~CDD _ 7_0~ ___ tf§_;: _ ___ '±~_'5_____ _____ __ _ ___________ _ 
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Table 19 T...,pv-ri l:ies ( .,.,!J/kJ PCP) iri diffe,.ent ..,.,a7Jvfaciu-;-ed 
PCP p~vcts © 

0/4 PCP Cc,"J\-tel'li" 
I 2. 3 Lf ,- s ~ <o 7 

az+.to ee.'+ tot- &C,A ~ qf>.4 'Y\ ~ R7 IF ~h 

Di be112.o - p -dioxins 
Tetrachlor - ~O, I L.O.OS- '-.0.0S- L.o.os- ~0.2 <. o.coJ l.O. OJ 

Pevatac h loro - ~o. l ncs Y\S ns '-.0,2 "YIS 1\5 

H exach lofo - 8 4 L..O.S J q 3.5" s-
Heptac.lo-ro - 52.0 12.S L.o.5' fu,S- 235 L30 isc 
Oc.t achloro - 1'390 2~00 '-l,0 lS- 2.SO (o()O fuoo 
z PCDD I qoe.2.. 2.fo2..fj - ---, 4q4-_ '-I 7'33, 5 

Di be-nzof u-r a Y\ s 
, ... 

Tet-ra.c.hl~ - ~'-I- )\5 Y\5 ns LC>.2. J\S ns 

Pe111achlo'f'o - '-1-0 ns -ns )'\5 L..0.2. 0.2 1\5 

He](achlo-ro - qo 30 ~o.s- 3.4 "3q 10 1\5 

Hepta..ch\oro - Y.00 eo 4.0.S- l· 8 280 ~o )l$ 

Octach,\c-ro - 2.~0 80 ~o.s '-l .O 2'30 LS-O YIS 

'2:. PCDF 7q4 iqo - - 5q.q .'-f 220.2.. 

L PCDD+PCDF 2.102..2 2e1q.o /OLJ-3.8 953.7 
/. Mapied -F-ro-,,, Wof'IJ Healt'1 O~ani2.atio>,. 1987. Envj,011-ntttz-fd/ 

I-/~ t'1 C-r, te.,-iq 7/. Pe?J ta c>ito r"C ?he no/ 

~ 

-~ 



Table zo. Pe-r Cent COl)tf'jbui1ol) of Dioxi-,, cr)}J ~u,av, 
Ch l o-ro h oniol 01 G-roup s To M antrf'a e+,rr·eci .PT'CQvc:t- © ® 

I 2- 3 '-t ... s- G, 7 -~ 
0/4 0/4 .. $/o o/n 0/t') 0/0 .. ojf) 

D·1be112-o-p-dioxins 
Tetrachlor - 0.003 _o.oo~ - - - -02 --. 

PeV\tachloro - 0.002, - .oz ' -
H exach 1010 - 0.3 (J;;l Lt .. , . . ,· o.&t> 0,37 
Heptaclo-ro - 19.~ 4-.'+ ~d,.s- 13.f, 

Oc.tachloro - 5/./ B8.7 J,Lj-, 0 '~ .9 
IOTd.l Pe-rce"'f'I. + 70,b 93.2, 4-7.L/- 76,~ .. 

Di be-ozof u;-a Y\ s 
Tet-rac.hlc;o - Q.1'5" --, o.o.l. 
Pe1\ta chlo-ro - /,5" - Q.OJ o.o~ 
Heiac:hlo-<o ~ 3,3 I ... /_ 3.7 /. I 
Hepta.c h )oro - 15.0 l~s·- ~6.8 .6.3· 
Octach\o-ro - 9,(;, Z,8 a~.o /5 .. 7 
Total P€t~e~ 2._c:1/-/. ~,R 52.G Ji"!)./ .. 

1. F,ro'YYJ c/atq irn Table 20. 
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Table 2. 3. S-l} 
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. - . -· - ...... . - -· . ·-·-·- .. - -- ----· ... 

I, Z 3 7 e - Pe C Dn - - - - -- -. . 
112.3/1,78 __ - H x CDD - - - - -- -
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--- - ---· -
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.. D . ..... -- - . -- - - !07 ,r/() _ .. 
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-· ... - }_ -· ..... . ·-. ·-

2 , 3. '-I.({> .7. 8 - H,~ C D.F .53 '2.5\ ll ~,0lo4 .os- l) l551 ct4 ~ .<:Jt~104 ... . .. . - ·-· 

/\ 2. '3,. 7. 8. 9 _-1-1 ~ C_D_ F _ .__ 

Ii _Z, ~. 1./, G.7 8- 11/j CIJF 10.0 79) L¾~ 2, S.l.3 .os- 3,9111 ~4/ 
-1:> 

.D1S)(\l) 

/. 2. 3. '-/.78. 9 -I-ID CDP l•Ob S-,01 /~72 ,OS- -· 2~_(\ 5q4 .~2.>dO; 
. --· . -, 

63.2. ~:zs-)1 9)6~1i ., 0~ _1)2.ss-11 >q3 
.. i<o OCDF ____ .Cl\l~tO 

-~- - -· -- -- . - . . . . - -- -· ,. 
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Table ZLf. 
Se.clc 5-22.. 
u3/K.9 I<< lC >< foe~ - Wcxl 1ft .... 

- --
2 .3 7 R_-TCDD - .. --· -- --· . ·-· .. . .. .. . - - . 

I, 2 ~ 7 8- Pe C Dn \ . 
,94!/ 112.3/i,7,8 __ - H x CDD 0.4 JJ\/ 1~,Stslf • DS- ,, 25~ .03 x Ji ~-~ 
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-· ---·· .. - .. . -- .. -

~ 2, 3/f,b,7,8-.NP-CD.D __ ,t./-. 8 ~?, oc 5131./ .os 3~\S-~ \?eh .2.1 ""ic -~ 
- . ·- . - .} •.. - ) ... ·-

QCDD_ 518 . ,q )4: ~28J3 .()5 3,91/ Ct,4 / ,lSx lO --tc 
·--

---· .. --

_2,3.7 .. B- -re.DE . ~ .... . .... - . -

I, 'Z, ;,17,_'a;:Pe. CDF -- -· - - - -· . -· .. - - - . .. -
__ 2., 3,4,rB __ -Pe_C[) /: ~5,l\ ~'6fu4 '.o-s J_J._55 ,:lPl-3 

.. - '.. 

- ~--

~2,_3,'t.7.8 -fl-, C. D£ 2.-b?l d\S) l 8_)_8~4 .os - /, 2..5 ~ r1 q Ll- 3 .., ~ ~ lt i-~ 

1,2,3. G,.78_--H 1- CD£ ... ,19 ;2.5.> l l 3 e<o4 .OS- l,L55 , 9.43 .(¼ x 10 "'(p 
.. . L - .. . .. 

_1. ,3.4. ,.1.8-Hx CO/:- ,19 __ l5\ I l :3~~4 _ ,C!J 1,2 ss-. q4 ~ .Ob.)( 10 ~ 
.. - . . 

/, 2,!J .. 7.8. 9 -1-1, C_D F ,75" _:3:;CJS v~_p1~- ,OS- l qq> )5tf .'37 "= l0 
fo 

/, __ Z,_p,4,G.78-Jln CIJF 21.f,5 1q, 4' B~ ,'8i3 .es- 3,q11) 1 041 -.6l. )( ll -<, 
) 

/. 2. 3. L/,78. 9 -ti;::, cD;::- 3, 15" ~,C>ll r,97l ,D5 250, 5q~ . of~_ic -(p 
... 

... OCDF ____ 1/G ---~ ~, l _l 9,~~ . cs- 1,2.55" . q43 .oq )co IC -b 
I 

-· ~-. .. - ·-

' -___________ Tc---..cc-C5td-=-=-/1CDD-EQ= . .Z, x 10 ~ 
_______________ C,..._0_11~ce_'Ylt-t--ri-=-cti_io_o __ ~ll:J~/_L_ 

1n wat-er 



Table 2S. 
Sedc s-22 [)UP 

u9/l<9 Kee' .. X..; fuc-= - Wr ~- ,-tf -
.. ~.> 3( )q,513 '· _ ~.15~L 419 2 .37 R-TCDD - .os- --, 

... - - .. 

I, 2 ~ 7 R - Pe CD n - <o., 3 09157: ~05"\ 31~419 - I . . . os-1 /) ~:)t-943 .c1~1d-~ 112.3,Lf,78.- H x CDD C 30 2511 8,8btf 
1,2,3 ,1e-H-x.C DD /,4t 2:r, 11 B, 96}-I • OS- ,l~SS,q4 3 of3 )(l(t~ 

, 

. l _9 __ 9 > r 5 tf .3S-.\- Lor~ 1,2. 3 ) 7, S. 9- -: I-/" CD D .. .1q· . 3,9 8 )/, 67.2 .OS' 

~-2, 3/f,b,7,8-../.JJ:? CD!) __ 40. G3 oc . .. ).. . 5"\]3_'7 • 05' 3,15~ , 7 Bb ol, >c tc+4, 
. ___ QCDD_ 520 ,q)l.! a-4e2.~ ,DS- '3,q1 I ) (o 4] .l"~ ~ tC> 

I-~ 

i------ ·-

--·--- I-.. ---

2,3.7 .. 8- TCDF .. "'-I ~ 301 R,5-.7~ 0 C,5" 3 \: ~419 -~- .. 

_I,,, ~J7.fr.~Pe _ CDF. - , 301 ~):f].3 .. ,05" _ 3_L_51; !+ 7 9 -- .. -- - - -- . .. _) '· - .. 

. 2, 3.4,7.8_.:Pe.CD/: -- ~~ Jl e_,~~~ IL~~ - L~ 

~ 2,_3 _lt· 7. a ~ If x_C: D £ I .ts,·b di~1 u t:s< U.4_ I . ~-? - . .J) ~55/;q3 .13 >dot~ 
1,2,3 G.78.---H r CD£. ,~8 ~5"J !I ~~_Bb_Lf I.· 0~ . I)~ 5,tqll 3 , Dll- 'le l Of 4> 

.213.4.~,7.8-Hx CD{" ,18 J~ Jlf ~) 8~.4 ,OS- L~5t,943 .()(, ~ l --~ 
- - . - ... .... J- .. 

/ 2, 3 .. 78. 9 -1-1~ CDF ,38 3)C)~ ,01l .os- l 99,CSL/- .I~ >r l ol-<,, 
I, Z, '3,4,G 78-Jl,o CDF 17 1q, '-¼3 R,Ba3 ~DS- 3,971) 6}f) -OS)(l(f ~ 

. 

.08 ,r 1ot'4> 12 3 '-1.78. 9 -I-!;::, co;::- /.94 51011 87~ • DS- JSO r>5q4-

. -· -··· ___ OCDF .. 8_8 - ~J_ 5) 1.1. ~-~t,4 I ,_OS-: l1~ !55 ~qi+?, .01 l\' 10~" 
, 

I ---------- --~To:tJoC,..t<4l TCDD-.EQ 1.38xl0 ~ 
-··· Co71Ce1rira-l:}of) un,/ 

i-n water- .J-

---·- ----- ----------- --



Table 26. 

Sedc 5-2 3 .-
u9/K9 Koc' .. X.; fuc --, w(' )c--~tf ---

- ~_> jl ~q ,513 2 ,37 A-TCOD - ,OS- ~.1s:L 419 - .. - -- - ···-· 

I, 2 ~ 7 R- Pe C Dl1 - <o., 3 09 ,57~ ~OS- 31~419 I 
, . 

112.3, LJ,Za_- H-,: CDD -- 2511 8,8b'-r . OS- /) d,5.t94.i I 
1,2..3 ,1e-Hx.C DI) - 25,ll B,9~9 • OS- /)cl.Sf q4 3 I 

I 

_ l __ 9 __ 9, ~51+ I 02, 3 )7.8.9 -:If>- CD D_ - _3,9 8 )L 07_2 .05" 
-- . I 
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-- - ... r .. 
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. --·· . .. -
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