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State-of Wisconsin

N

CORRESPONDENCE/MEMORANDUM

DATE: February 7, 1990 FILE REF: 3200
TO: Larry Maltbey - NCD
FROM: Bruce Baker - WR/2

SUBJECT: Sediment Quality Criteria for Pentachlorophenol
Related to the Semling-Menke Company Contaminated
CGroundwater Inflow to the Wisconsin River

At the request of NCD, 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 pentachlorophencl dissociates in
natural waters depending on pH, adjustments were made in the partitioning
model in an attempt to address for this physicochemical factor.

The sediment quality criteria are based on water quality standards in NR 102
and NR 105, Wisconsin Administrative Code. Assuming no other inputs of
contaminants through groundwater 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 replacement 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: Jk\pc23
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Attachments

cc: Bill Jaeger - NCD
Kevia k(}f/-l.f‘ kJQ/-;_
ijan Wible - AD/S -



Comments on Approach Taken to
erive Sediment Qualit teria

(o} entachlorophenols

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 compounds to partition between an organic solvent
and water at a constant ratio. This 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. Water quality criteria are used to derive
sediment quality criteria in the EQP approach.

The organic carbon partition coefficient value (K.) for a specific organic
compound can be found experimentally or derived from the octanol water
partition coefficient values (Ka). The K. value is a proportionality
constant characteristic of a specific compound and can be found in standard
chemical references and technical papers. Any K. and K, value used needs to
be assessed if references report different K, or K. 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 1s based on
consideration of the natural pH present in surface waters.

The K. 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 coeffic1ent of PCP as a
function of ph found the following relationships:



Procedures and Values Utilized in Calculating
Sediment Quality Criteria For Pentachlorophenol
in the Wisconsin River; Semling - Menke Co.,
Merrill; Contaminated Groundwater Inflow

Water Quality Standards for Pentachlorophenol (PCP) that Apply to the
Wisconsin Ri§er Based on NR 102 and NR 105, Wis. Adm. Code

a) Human Threshold Criteria - 840 ug/L
b)  Threshtold Concentration Causing Taste and Odor in Water - 30 ug/L

c) Chronic Toxicity Criteria (CTC)

CTC = e(V(pb) + ln CC1
pH Wisconsin River at Merrill - 7.0
CTC = e(l.(l)S x 7.0 497T%)

* 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.

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): :

Logy Koc = 0.00028 + 0.983 Log;,, Kow
= 0.00028 + (0.983) (3.32)
= 0.00028 + 3.26
- 3.26028
Koc = 1821 liters/Kg OC

Insertion of the above Koc value and the Water Quality Standzrd into the
Figure 1 formula are as follows:

Sediment Quality
Criteria - wQs X' Koc
(ug PCP/Kg 0C) (ug/L) L/Kg OC

Sediment Quality = 7.82 ug/L x 18621 L/Kg OC
Criteria = 14,240 ug PCP/Kg OC

To derive site specific sediment quality criteria, the 14,240 ug PCP/Kg
0C 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



<2 -

contaminated with PCP. The TOC value is the foc 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 orgaric carbon weight fraction =
0.01 kg OC/Kg sediments = foc

5. Applying the formula

Sediment Quality = 7.82 ug/L x 1821 L/Kg x foc (Kg OC/Kg sediments)
Criteria

and using a range of foc 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 Site Specific Sediment
Carbon In Sediment Quality Criteria
Samples (ug PCP/Kg Sediment - dry weight)
0.5 71.20
1.0 142.40
2.0 284.80
3.0 427.21
4.0 569.61
5.0 712.01
6.0 854.41
7.0 996.82
8.0 1,139.22
9.0 1,281,60
10.0 1,424.00

PCP analytical results from seciment samples can be directly compared
with the sediment quality criteria in the table based on TOC content of
the samples. The comparison will determine whether or not the PCP levels
in the sediments meet the sedicent 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
d:\9004\wr9merrl.tpj



Figure 1.
Formulations and Calculations
" Used in Deriving Sediment
Quality Criteria

A SQC = WQCx K. x I

where:

SQC =

wQC =

B. To find the

Site specific Sediment Quality Criteria for a pollutant. If the 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.

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/l.

Organic carbon partition coefficient. K, is 2 measure of relative sorption potential
for organics. K, 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

K. = 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 unknown for a compound, the octanol-water partition
coefficient can be used as a surrogate to derive a K, value by use of the following
formula. (U.S. EPA, 1986):

Logyo (Kw) = 0.00028 + 0.983 x Logi, (Ku)
Fraction of organic carbon found in sediment samples expressed as a decimal. e.g. a
Total Organic Carbon test result of 32,000 mg/Kg = 3.2% = 0.032=0.032 Kg of
C/Kg sediment. '

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):

IWC, (ug/L) = Sediment Concentration (ug/Kg)
Ko x foc

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

v:\9004\wrSforml.tpj
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POTTCU vve "’\-'q_’— ST IUT N RPN TN Y
Concentration Converted

Dry Weight

Pg/3 (m9/Kg/ppl) Dry. Weight

_ | PE0e| S-21 | S-22 | %58 | 523 | §24
2318-TcDD | ND | ND | D | ND | ND IND | |

/,225’,7.6'>~PeCDD ND | ND | ND | ND | ND

/,23.478-Hx CDD NMD | 400 | 300 | ND ND

[L230TIB=-HxCDD Q70 | 2450 | /660 | ND | ND

12,3,789 -H>CbD_ 380 | 9/0 | 700 | D | ND

/,2,3,4618-ApCDD_

[25350| ¢#750| 40000 | 1380 | 1600

—____Qcbp

259790 5T7500| 520000/ 44590 | /8600

o4 Dioxin Tzomer

286,190 61+6,010/562 64| 15,370 | 19,600

2378 TC‘DF L

ND IND IND | ND | ND

/,2,318-Pe CDE_| NP | ND | ND | np | ND | ND

2,3418-PeCOE_|

ND | MD | ND | MD | ND

/J 2) 3@2 8 '_—HJ(__QD%—

940 |2630 (/660 | ND ND

£,2,3,678-H2CDE

‘3lo | 790 | 580 | ND | ND |

2,34618-HxCDE | ND | 320 | 790 | 780 | ¥D | ND
/23,789 ~H+LDF |/ ND | 750 | 380 | ND | ND
/2,346718-Hp COF /6020 |24500(17000 | 520 | (000

123,978 9 -HpCDF |

1066 | 3150 | /340 | ND | ND

OCDF

153210] 115500 8B000 | 2740 400,

e b ..

TOTAL Fufan Isomer |

TorAL FuRan +

66,070 |198,110/110,34(| 3,260y 5,000

DioXin L somers

382560[794,201673,000} 19,230/ 24600

uq/Kq ppb

352,56194.12 (673,00 19.23 | 24.¢0

- 7?9#3}




Table 2. Reported Detection Limits

for Lsomers and Sites Where
NoT Detected Based On Wet

Weight

Medod Detection Limits  P9/g Wet Ueigh?
o s-21| 5-22(5:82 | 5-23] 52

e —— : Yo7

2,318-TCDD___|¥p (3)|ND 35) 0 (53] 80 (28) N0 (47) N0 (25) B

4,2,378~PeCDD__|#PCM) MO (9) Mo (50)| Wb (g7) MD_(@7) N (50)

[,23,478-HxCDD (N (1)|mo(iwe) | | np (o) (59)

4,2,3678=H2CDD_ WP (7% i N5 (120 MO (s8)

12,3780 -HxCoD_|¥ (1) | ¥ G20) VP ()

/,2,3,4678=4pCDD WPC48) | | o

ocpp__[PPBRY |

2378-7CDF.___|NP 1) Inp (23} M (43)|ND (30)| M0 (39) | WD (21)]

1,2,3,1,8-Pe COE _ [WP(#D|no (s2) o (79) w0 (116) | wb (61)| b (53)

2,3,4,7,8-Pe CDEL _ N0 (43)|wp (55) v (136 N0 (120)| w0 (65)| M (35)

/2,3478 ~HxCOF_|NOC)| R SRR TV Y €15 LLINCTS H .
4,2,3,678-HrcDE || ol meoym@y |
2,34,67B-HxCDE (MOGQ) |1 IND (2] (47)
£,2,3,789-4xCDE_MO(5YM0(g] | |NOGuo)| MO (Y,
[2,34,678-HoCOFNOGB)| B
(2,3,4789-HpoDF WO(D| | |No@o| (1Y

OCOE PGt | '

)

N

e’

G




/ Wet Weight Detection
" ?_::bw/v%i'sg'COnVe—ried 7'57 A Dry Weight
Basis.
Method Detection Limits  pg /g Dry Weigh &
e w S-z/ | s-22 | B&% | S-23| S-24 fﬁ@gg
ND ND ND ND ND MD .
2.318-TCDD Z%%;Z“Qg%éi\ @2.75) (56.0) | (77599 (125.0) NI, 3"
12,378~PeCDD (6642 |(247.07) (202.5) ((74.0) |47, 4] @50.0)| MO
/23,478~ Hx CDD (gggoe\»(szgﬂ) (182,40) (2950) M1
423618 -HxCDD. (9,/:509) Qg’?qo (Z%S‘Oy ND (. 3
/2,3,789 -H>CDD |(59.43) RN S
4,2,3,%6,18-Hp DD \évqg.ehf - n(0.96.
___9chp g;/;’cg?u‘
2378-7CDF (4 L6l (2199 (zg.cz)s\ (;c’i 6). (E%Dzs) (_/Aébs‘) N3 (0.6
4,2,3,78:F COF._|(958) (210 7.5\ | G200 @ 72) (o) | *(0-36
£,3418 PeCOF |(358.9 (1215)| 221.5) Gi0.0)| (968 (15) wo(0.54
42,3478 -HxCDE |@37485) (3or2) 1235y v (©.79
4,2,3,678-HxcDE ngalfzo\ 12,6\ (210) wj(0. 38
2,3,4,678-HxCDF Cxomish (\/Q';aw@’fs) woj(C.4 ¢
12,3,7,89 ~HxCDE |(44749)G30.2) P P N I (X
12,3%678- Ho COF |(s7485) ) vj(0. 62
23,9789 -HsCDE |(51640) % (zes) »(0.9¢
i T ND S =
_OCDE [t . ICES
:




. /able & talculation ot 1CDD -
X 1 : Eq/wva, ENCIES : Wsﬁ Df
2.3.7.8 aubsh vted 7CDD dnd T[‘Df" IZS‘oMer
_ l pg 7CDD-EQ/q Dry Weight
? B 5-2) | 5-22 | 3522 | S-23 | S-24
2378-Tcpd | ND | nD | ND | ND | ND | OND
1,2378~PeCDD | ND | N> [ np [ND | ND | P |
/,23478-HxCDD | MD | ND | 40 | 30 | ND | ND
123679 -H:CDD | ND_| 100 | 250 | 170 | ND | ND
12,3,789-H>cpp | NP | 40 | 31 | (O | NP | ND |
/2,34618-ApCDD | NP | 250 | 650 | %00 | 3.8 | I6 B
QchD MD | 260 | 580 | 520 | I5 | I8
Dioxin Isomer EQ G50 | IG]].| /IO | 288 | 34
 2378-7cDE | ND | ND | WD | ND | ND | WD
 4,2,318-Pe COE | ND | N | ND | ND | ND | ND |
ZB,‘!,ZB,J?&CDF NO | ND | ND ND ND | WD |
12,3478 -HxCOF | M> | 90 [260 [ 170 | nD | AD ]
42,3,678-HxcpEe | ND | 30 | 79 | 58 | ND | MD |
2,34,678-HxCDF [ N> | 50 [ 78 | 80.[ mp | wD -
/23789 -HsCDF | ND | ND | 75 | 38 | MND | MD
[2,34678-HoCOF| M| 100 | 250 | 170 | 5.2 | IO
/23,9789 -HpopF | D | 10 | 30 | 19 | Np | NP
- ocor ™ 53 lnoles |3 [ 4 | |
Foran Tsomer EQ 333|893 [ca3] 8.2 | 14 ]
_TorAL TCDD-EQ 983 |2504|[§I37] 37 | 48 |




‘dbI€ 3.

reveent  Lontribution OT

Ind/wdua/ Isomers:

To 7otal TCDD-EQ

S R e R i
| R 5o [s-22 [ 522 | s-23 ] S-2y
27318-7cDD | ND | ND | ND | ND | \ND | ND
1,2378~PeCDD | NO | NP | WD | ND |/ND | AD
/,23,478-HxCDD | ND | ND Lo | L7. | Wb ND
(2,3,61p-H2CDD | ND | IO |IO0 |94 | VD | ND
/2,3,789-Hxcpp | ND | 41 136 | 3.3 | MD | MD |
/,2,3,%67.8-HpCDD | ND 2541260 | 22;) | 373|333
_ OCDD ND | 26.5|23.2.| 28,.7] H0.5| 31.5
Total Percent 66,2 | G+ | 658 | 7.8 | 70.8
2378 7cDF | ND | ND | nD | ND [ ND | WD
/,2,3,78-Pe COF_|ND_| ND | ND | ND | MD | ND
2,3418-PeCOE | NP ND | ND | D | ND | ND
423418 -HxCDE | NP | 92 |IoM 9t | ND | WD
42,3,678-Hzcpe | NO | 3] |32 | 3.2 | ND | ND |
2,34,618-HxCDE | ND | S\ 1 |32 |4 | M | ND -
/23789 ~HxCDF | ND ND | 30 | 2] ND | ND
[2,34678-Hp COF| ND | 102 [100 [9.4 | ] |20.8
(234789 -HpcDF | ND IO |42 |4l | N | ND |
 OCHE | ND L 54|48 49 |1 8. | 83
Total Percent 34.0[ 35.6| 34.2 22,2429, )




 Table 6. Rossible Mo

 levels of
~____Chlotine
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of 2

Subs?itvtion

N UMET‘ of
Rsidomal

37,8 Substituped Lsomers
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Touf]

mber 070 /%5}})07)3
PCDF Isomers a'nc{ Momber

Pev"

Number of

Jsomers

_.13 ) 3 ;,-._7, 8 :Subﬂll zIU Zl_éc

Isomers

T pcob

e _Mono-(HM ) | 2 | 0
. Di- _Coepp)_ | . 10 1.0 .
eenooioiri=Cwend) | 4% | _ O
_ _____ 7Jetra-crepd) | . 22 A
. [Pentg-(CrcDD) | 14 Y A
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e doTAL | 75 7

- RCDE IR R
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Table 7. /‘)ZLmospbez‘/c

Sovrce of .
TG Sed,-menz's 0, stK/wz% LéIKC)IS)e P‘Wa

[SDOS/ 221077 As A

R U 4

P70 Jeels) T

I E?*f"ﬁg\, |-

Cm

_TCDD |

ol | Lo

___Pb-CDD | t2 | I | <on )
___HxCDD| O | 8 | <o o
__HpCDD| 70%| 46* | 45 o

QCDD 560 396 5‘+
<. PcDD| 678 | #67 | 597 | B

TCDF |

lg | <o

PeCDE

2 | <o

WOGMWM
from Llakiwid Tabs 39u0 Kunh.

 HxCDF | 2 | 2 |<o4 | )
_ HpCDF | 2027 867™| 1.9% |
OCDF | H 3.2 /. /
> PcDf | 463 | 338 | 42
> PCDD+RCDF] 7242| 5008| €39 | -
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Table . Semiruval Sai| Levels of Chlorohomelog

PCDDs and PCDFs Growps and Asseciated
TCDD-EQ In Those Groups @

1816

_ 1986

Sum
Tsomers

P3/g

3

pg TCDDEG

- ___/f:—

Sum

P4/9

Tsomers

e —————

PYTCDDEG
=

. ____TCDD | 0.86_
Pe CDD| 2.53

Q.07

___HxCbp|

o _HpcbD
OCDD

0.028
0.013

0.048

0.077

16

8.6

| 0:058 |

130
250

= PCDD |«

~_ _TCDF | 85
- PeCDF | 10/
~_ RHxCDF| 77,
H pCDF 48

OCDFE

| 0.2H

o019 |

0.47

1023 |
1027 ||
0.003

= _PCDF_|

0.8

Z PeDD +PCDF | G,

9 | 106 |

0.005 -
0.88 - -
N
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l "Eb‘/e /1. PCDDs and FCDEs I Sediments

Associared With Harbor A

reags

/‘)/on\? The Elbe @)Vef) GE?"M&W

| Hather |

,,Ge_es{/)a c})z’

Tespe

R /g Dy Weight— = —
| Bunthaos

)

Harbor |

______T7CDhD

/20 |

140

270

B, R oela 93 B

__(rcODY,

. pPCDDY| 20 | 20 | /0O |
__ HxCDD| 420 | I70 | 2l0 B
~_ _HpCDD| 2670 | 2760 | /410 | o
| OcDD | 8540 | 7970 | 4660
= PCDD | /1480 | 11060 | 6,650
___TCDF | /190 | 20 | 1820 o
 PeCDF | T50 | 1730 | 740 B
 _HxCDF | 1880 | o806 | 1680 -
_HpCDE | 3750 | 2510 | 5390 )
__OCDF | 7020 | 8526 | 1030
_Z PCDE | 14590 | 16,300 | 2,180
= PCDD+_ | 26,070 | 27,860 | 27,830 )
PCDE | o
69 TCOD-EQ| (27 | /38 | 156 |
~ 9 _ _ _ _ o

ES




Table 12, Results

For PCDD and PCDF Homolog Groyp “Mmalysis

For Lijttle Menomonee Rivev- Sediment DUT}*\j
Remedial Iwmveshigation For Superfund -
P3 /9 ‘
302 | 303 | 305 308 L\ TaR7eTchbD

Dibenzo-p-dioxins | NP z® | Uz |6 7) [vD B — L

Tetrachloro = |vp (19) | no (17) | NP (10) | D RY)

Pevtachloro— |[~b(68)| 450 | n0BT)| 8D B

Hexachloro = |~o (100)| @700 | wp (k)| NP (39

Heptatlore - 1200 | 11000 | Mp(42)| vb (00D

Octachloro - — k| — —
< PCPD 1200 | 20,150 | < |05 | £219
Dibenzofurans L |

Tetrachloro - | M0 (20)| no(i3) | no(6.7) MD(S)

Peytacthloro - [ nD (86)| 550 | ~p(22)| MDD

Hexachleto - 230 3400 | wo(i6) | NDB3)

Heptachloro — | 756 | 22000 | vb(39) | ND(53)

Qctachlors - [vp(i700) | 8BGO | MPU4G)| ND (200)
* OCDD met Teporied

, 2l q zoo/ (389 | <©0Z
< PCcDD+ PeDF 80 | 49,

&)




Ta,b’)é, I

Sediment S&m e Ama\/s)s For
PCDDs and PCDFs Chloyohomo 0

GTOUPSPQ 71 % Wiscensin Kjver, Walg saq
Above Below | So, Fime [Se. Blve
Dam | Dam F Is)land [Gil]l Ts.
Dibenzo-p-dioXins
Tetrachlor = |[vD(owd)|nD (1.2) | MD (21)| Mo (19)
Pewtachloro=  |ND (0.63) vp (0.69)ND Q2.) | ND (1.2)
Nexachloro = 9.2 INDCQLT) | 12,8 18.8
Heptaclore - 133 5. 73.6 | 122
Octachloro - 1010 84.5 520 927
< PCPD 1163.5] 93.19| 61. | 16769
Dibenzofurans ’
Tetrachloro - 26.1 |nvp (030)| 1).9 3|7
Pentachloro - 1 7.8 [npCo8D)| 134 237
Hexachloto - | u47.2. | 4. 214 | 317
Heptachloro — | 7.0 | 5.8 336 | 68.8
Octachlore - | 47.4 4,3 5.5 | 35.4
<_ PCDF 218.11 1590 195.8 | 19).3
= pPcDD+PCDE| /38,6 109.] | 707 | 1263.9,

4+ Not Corvected Tor
34- Sites sampled Im Wiscongim River at Wausay

N

/

% Re Co\)ery

o‘P ‘\"ﬁfﬁ“ﬂa} S'}aﬂdafd




DM omd RA. Ndew, Lispme sndd
ﬁble“l- O(BWWA) W Que, ol ang Wakar

?EDIMENTS

A
| LAKE HURON 270 PET |

m--
2004 | i |
TCDF PCDF HCDF H7CDF OCDF TCDD PCDD HCDD H7CDD OCDD

B
1 LAKE MICHIGAN 890 PPT

TCDF PCDF HCDF H7CDF OCDF TCDD PCDD HCDD H7CDD OCDD

wl SISKIWT LAKE 570 PPT
1204 ?
PSS -~ . % P - B 7 B é

TCOF PCDF HCDF H7CDF OCDF TCDD PCDD HCDD H7CDD OCDD

D

1000+ L—AKE ZURICH 1 200 PPT 7
Z

7

sco %
Z | P

o PZ2a oepm. | I2ZZA é Z ez =2 % % %

O]

TCDF PCDF HCDF H7CDF OCDF' TCDD PCDD HCDD H7CDD OC D @



Rpsirca Landfill
ference AL r3p 0, A

le IS0 Lehrer landfi) and /@771(’@/062‘ (reek

S-1] [k [6=12 [5e [5-13 | 514 [5rs

d,3,1,8~ TCD_D ND(0.31)| ND(0.36)| AD(o-64)| ND(0.49)| ND(0.58) |#D (0.86)| 4D (0.

Diaxin Isomer £0| 138 | 473 | 449 |0.39 | 0,33 | 0.4 | 0.
Firan Teomer FQ | 0% 0.6/ | 0.37 10,07 | 0.97 | 0.33 | 0.1

_TomaL TCAD-£Q| /7R | 337 | /.86 [0.36 | 0.39 | O.47 |09

- Wlsclé:]ns}n Dat — Sgdémenf s

a,nbow owaqe dKe egiments

_R‘CM‘F}SST? e ?rzes O‘?,,}’s;k;{',gj 'Veé‘“f | ﬁ’;ﬁé’;” DLAZ%C*
2,3.7.8-TCDD___|#>(0.27)| DG 78) No(z.zsj_ ND C131)

Dioxin Isower FQ | 1162 | 1.4/ 0.4 | 0,20

Foram TsomerFQ | 083 0.92 .0/2. | 0.03
__ToTALTCDD-EQ | R 45 |R.33 0./5 | 0.23 i

Literature Data

Bvitaim | 201l Samples, demi-
_Great Britain | 59l amples, pom-gul,

1846 ] 1986

CKjelkr et al. 199/)

3,3,1,8-TCDD 0.048 [0.058
Dioxin Isomer FQ_| 0-2% | 043

Foran Isomer £Q 0.82 |0.88

TetALTCDD-EQ| /05 | /.30 !
Sweden —|—Sediment—Samples—Taken—Tn—Baltic—Se:
Ba,PrrtSeéq, /Oﬁoe fe/;lS' ?/ of Swedy_s n[’ st k‘%
Sediments 7eficed M Raffpe g7 gl 999 as backgrove
- Est. Zhat Standimavi
_3,3,78-TCDD /.4 /.0 pornand papen T

Contribute 300,000-4400,000

_Dioxin Isomer EQ | 8.%6 | 5.9/
Foran Tsomer £Q | /4.08 Q.02

tons—o+ leormai-ed-—or ami
materials 2o Loasial w‘?z-l-ef

Ay lly. [Jeyels in

Balijc Sta at lefi even

ToTAL TCDD-EQ | 20.5% | /493
(7R

thovgh_Temoved from
Doa&;-_c. may be. m venced’



" Table 15 (Cont)

Evrope Seils From Vaﬁ_qn_)'s Parts
Soils of Europe (Rappe etal. 1987)
> Rural Urban
A,3,18-TCDD 2.0 | <02 24 ) 0.8%
Oioxin IsomerEQ | O | 0.0 | 15.9% | 2912
Foran Tsomer EQ | 1165 | 1.07 | 33.52 | 16062
TorAL TCDD-EQ| /.65 | 1.09 | %46 |)8q .74
Wisconsim Fox Rver ~ 10 Sediment Samples
Fox River From Below De e Dam To Mouth of
- Sediments Green Bay (Ankley et al- 1943D
2,378-TCOD T4 |45 |11 |34 |42 |40 |aR)|24 |42 (22|
Dioxin Teomer EQ|38%|222 |45 |205|270 {33317 |73 |20] |49
Futan Tsomer EQ | 5Ti 46 |7 |48 |44 |46 | 4 |12 |28 |12
ToTAL TCDD-EQ|*4) (26852 [253(3M (319 | 2/ |85 |229 |6/ _
o From Above S‘bu%y_
Wisconsm Sediment Sampls| FETRAG 0,
From GreenBay J:_Ra“\s,er
3,3,778-TCDD.. .| 20 | 20 | O5 |
Dio¥im Teomer FQ| 38 | 3! 26|
Fotan Isomer EQ | ! M LT
ToraL TCDD-EQ | #9 | 42 | 13 |




b Table 15 @ont

S

Sediments From Fetenwel) and Castle Rock

Wiscons! Fl O Wis—River—BelowWis—Rapds——
" 'dtn%uﬁ-_g_ :s”:qm_Co_n solidated angd Neknosa 13 per - Mi )
8 C
&4,3,18-TCND 46.6 | 363 | 15.7
Dioxin Tsomer EQ_| 60.82 p 5047 | 3327
Foran Tsomer EQ | #7.15 l0.99 | 7.59
Torar TCDD-EQL 77.97 | 61.48 | 30.84

~
N




’ Table 16 Te‘}ya_ i‘o OC%a’ CCD ang CDF’ .)7)
Mawsfactured Pewta chlorophenol ©

™g/Kg

%
Contributi
b

PCPD+PCD

L7 /Kg |1

OTAL

PCDD + [PCH

Supih

)

DN

~TTDD.
_FeCDD.

__Hx(DD|

~_HpCDD.
CDD

0019 |«

0065 _

000A
L8006

[T

0./6

/54

1.4

733

61,6

L0004 |-

00003

00 |\

0152

1636 |
| 15.60

63,4

2 PCDD

- TCOF
__PRODF.
- HxCDF
HpCDF
DCDF

| O]

888.7
L0008
43 |
T4+ |
IE

0.013

6.8
10,87

8L ||
200007]| 4

040 || |

27

10,77

37806

{00003}

SPCDF

2 PCDD+ PCDF

|1ae.r

18.1

108511

| 219

|l

7691764,

tief PCDD guer PO DE o b —

PPB Bey.  Coumsfiure /6(8-2)S

®



“Table i 7.

Substituted Tety
2 3r-:] f’z‘n éﬂsiz:ci;))ofoP heno

2" 1o Hepta— CCD and

PCP Propuct= |

PeP PRoDUCT F 2

49/kg

Sy

ug/Ky

[ TCBB] 6/5 TCDD)
g/

EQ Conty]

2.318-TCDD _

140.03

sbga
T63

002

£0.05]

L05

002 |

1,2,37.8~PeCDD

T 1o

Qo5

03

2.0

ol

04

/} 213)17})7,.8_.. HX CDD

2.0 “

v

» 007

</.0

. 003

(23,618 ~H1LDD

83./

8.3

O.55

1480

BT

12,3789 -HxCbD_

2.8

1918

53

10.20

_h2,3,%618-HpCDD I

5120

13.8

138,000

51 1

QCDLD

/33

8.76

130,000

= PcoD

19647

63.33

929,536

29.2
&6.04

2378-7TCDF_

0007

46‘} " ]

000

[0.025

009

0.2

|-0o04

.05

0.9

02

: /J 2.) .3;9', 71 8 _:HX_CD/[:__,

84

1163

1.+60

4,2, 3, 678-H*CDE

«00T7

<0

[s004 |

- 2,34.678-HsxCDE

PR

D e 4

L

/,2,3,189~HxCDF

3.2,

3l

146

4, 6

os4

12,8

T1.43

19,940

/%7

7.38

/) z’/ 3,416,7.8'%'{,0 COF
£2,3,978.9 -H-CDF_

631

0.4

%80

780

036|

_OCDF

- /18

107

37,000

137

5.01

_ = PCDF

25374

161!

15823

377

1348

I5185]

= PCDD+PUIF
i

loo_fj,osmﬂ* 2102,

IOO

Nepewmans H. et al

1987. __ _



I'erceT

..Ta‘bl__e 18.

Grot

Suvpsiizu ted

+  VWERIgNT CLowmtribviion oOF X, 3,7.86-

Somers 76 Ch Lov*'o\/wmo/oy
CODs —awm7TCchfs 7
Manvfactvred Peptachloropheno

/

% Wejsht (owtripution

2318-TCPD |

57|

/) 2;3'7.8"' Pe CDD

/5.38

—

/) 2,3.)5)7. 8:7' H X CDD

06

12,3619 -HxCDD | 7.88

12,3,789-HA>CbD_|

1% |

12.3,4628-HpCDD |T27L|

ocbp. |

0]

_2378-7TCDFE

4£2,3,18:-:Fe COE | 0.36 |

. _Z ).3a9)7, 8,:EE_QD ['

42,3478 -HxCOEF

12,3,678-HzcpE | 02| |

2,34,618-HxCDE | °

(23,7189 ~HxCDF

4%,34618-Hp COF | .

[2,3,478.9 ~Hp COF

__OChFr __

T Tr——

) Boed or Nagmmwgﬁ et._al /987

(70)



Table 19

PCP prodvets ©

Imporities ('mg/kj PCP} in different manvfactored

% PCP Content sit.e _ 88%'-!- - 338 qgﬁ i n5'5 F 86"7 - 5;75
Dibenzo-p-dioxins ‘ |
Tetrachlor - Z20.] | £0.09 | £0.05 | 2005 | <0.2 |<L0.00] | L0.0)
Pewtachloro— £0.1] ns ns ns 0.2 Mg ns
Hexachloro ~ 8 4 2.0.5 | 9 3.5 5
Heptaclore - 520 125 40.5 6.5 235 130 150
Octachloro - 1380 | 2500 | «I.0 |5 250 | 60O 600

= PCDD 1908.2. | 2629 — —_ qa4.4 | 7235
Dibenzofurans ' i '
Tetrachloro - 4 ns ns ns £0.2 NS ns
Pentachloro - 40 ns ns ns 0.2 | 0.2 1S
Hexachloto - g0 30 £0.5 | 34 39 16 NS
Hep'ta,CMOTo - | 400 0 £0.5 X 2 80 G0 ns
QctachloTd - | 260 80 <0.5 | 4.0 230 | 50 ns
Z. PCDF 794 | 190 — _ 5494 | 220.1%
Z. PCDD+ PCDF| 27102.2 | 28/9.0 [043.8 | 953.7 \

/. Adgpied from

Health Criteria

World Hea/?h Ovanhd’b‘on_ /987. Ewvirommental
. Fertachloro phenc/ |




T , rbution of Dicxin and Furaw |
able 20 C%\SOf%ﬁimoﬁ?%Gfoupsnj—é Manvfactored Preduet @ @
] 2 3 T | 5 L © 7
/0 % - /o " o/o 2 /6 " %
Dibenzo-p-dioxins
Tetrachlor - 0,003 {Q.004 - — R .02 —
PEV]'}&C\\\OT'O" 0.0032 — .02 —_
Hexachloro ~ 0.3 | ouH 0.86 | 0.37
Neptacloro - 19.2 | 4.4 22.57 | 13.¢
Octachloro - 5.1 88.7 240 | ¢A.9
Total Percent | 706 | 23.2 414 | 769
Dibenzofurans | [ (
Tetrachloro- | 0.5 | — 0.04 | —
Pentachloro - /5 — 0-02 0.0
Hexachloto - | 3.3 /-l 3.7 [.]
Heptachloro - | /5.0 | 2.8 268 | 6.3
Qctachloro - | 3¢ 2.3 23.0 | /5.7
;ﬁrtal Pereent | 294 6.8 526 | 33./ |

1. From datq im Table 20.




- Tabple 2/, Relative Favtition Coeﬁﬁc:en%s
o PCDDs -

:Rela%}v_c |

Relative |
BCF

Paf %n}lOﬂ
Co efficien

1_Relative |
__Sell

y

| Reldive
| Agqueovs

g L ,p_oph)/ ‘n.c}t.y_ B

Solob}’iiy,

) OCDD | 700 300 | 700 | O.006]
. |HpCDD | 100 0 | 160 | 0.007
____|HxCDD 30 20 | 30 | G.0

_|RCDD| 5 | 4 | 5 | 02

__|Tcob |1 I S 1.0

__|TCDD | 0.2 02 | 02 | .5
DCDD | 0.04 | 0.06 | O.0% A.w__jO




Table 22, Bicavi lability Imdex For 2,3,7,8
| Substitvted” PCDD awd PcDF Isomers
Based On Cavp Uptake Exposed To
Pexenwell Flowage Sediments BE
o BsAr S%@+
_ Picavailabilidy | —HEMe
Tnde x S|~ TChD

7,8-TCDD 027 | LO_
8-

 12378-RCDD  0.060 | 022
T8 H«CDD  0.035 | o.
o)

oY

T 12,3467,8-HpCDD . 0.0048 | 0!
C‘Db 0.Qoou47
8

o
O 3478-PeCDE . og8 |
L ,3,6,08-HxCDF . 0,037 | O.I4
4,0,73-

_ 0033 | 0012
i} OCDF 6.0023 | 0.008

o Kueht, Pl etal 1987 Rusavaltadd
_APCODsonch PCDFE Do

& Corgp. Chompugbore

 a@iesr-679, "




Table 273. -7 |

Sed¢
g/l Koc X [Toe F We xTEF
2.318-TCDD —T=1=-1- 1= R
L2378-PeCpD | =~ | = | = |~ | = | = |~
/,23,418-HxCDD | — |-l -1 - |- —
(,L2361B~-H1CDD 471 25)1113,86% 09 /;255)‘343 .07)(!6“.
12,3,789 -4xCpp | +38 | 3,281,072 | .05 | 19905% |90
12,3,4678-HpCDD |25 1 | 63,095,734| .05 |3,154,786  |.cxi0]°
QChHD 260 | 79,432,823 .05 3>Q7/)_§>4l ,o"u;o"b
. 2378-1CcDF | = | T R . — | =
4,2,3,78:FPe COE | — - I e = = =
23478-PeCOF | = | = | = |~ | = |- |-

9% | 25,118,864].05 [1,2553 |Lo7sis"

1,23 678-HxcDE | *3l |25,118,86%].05 | 1255043 e

2,34.678-HxCDL |53 25,118,806 | .05 |1,255R43  |oh5*

(23789 -~HsCDF | —

/2,34678-HoCOF|10:0 | 79,432,823| .05 3,971,604 | .N.‘leé% |

23,4789 -#pcpe | 106 | 5,01),872 | .05 | 2500594 |lowxd|
___OCDF __|53.2} 25,118,864 .05 |1255943  |.onxio]®

Total TCOD-EQ= 0.649 x I0”

Concentration ‘fj/t

rTwater

D

j L

N

N



Table 24,

Sede 5-22 |
W/ks|  Koc X |fooE We ¥ TEF

2,318-TCDD 1 o
1,2 378~ PeCDD \
123.478-HxCDD | OF | &%, 108,864 05 |1,255,94% .03 x jo~*
123613 -H2CDD |45 | 35,11B,864|. 05 | 1,255,343 |.19x/0-°
12,3789 -4>cpp |09/ | 3,98/,013 |05 | 149054 |45xig-*
/2,3,467.8-4pCDD. | 618 | 63,095,73%].05 |3,15%,786 | 21x107°

QCchD 518 |79,433,823[.05 |3,3764! |)5x10/¢

_2378-7TCDE.
4,2,378:Pe COE | — | R
2,3418-PeCOE | — [A51BBe4|.05 |h255a43 | .
/23478 -HxCDE |2.62] 35,108,864 .05 | 1,255,943 L& vitf®

4,2,3,678~Hscpr | 39 | 35,8864 | .05 | 12551983 Logwio]®
2,34.678-HxCDE | T9 | 25,1B.86% | 1057 |1,255a4 3 Lot xlor®

/23,789 ~HxCDE | TH 3,985,012 (.05 | 199,054 37xl0f®
[2,34678-Hp COF|248 | 19,482 833 .05 [3QTh,64 1 06 107"
/234789 -tpcoF |35 | 500,872 | 05 | 2504594 |3 v "

—ocorlue 1as,ug,eet| .05 [1,2550943 logx1d®

| i

= | Total TCODEQ= . R x 107
| Cemcentration ug/L

a m water




Table 25.

Sed, S-22 DLP
ugfkg | Kog, X. [Foc=F Wp xTE?
2318-7cpd | — | 6,309.53.05 | 315419 1> |
,2378~-PeCDD | — ©,309,513 .05 315419 |—
123,478-HxCDD | 36 | 25,1)8864 05| , 355043 .00 xlor*
(2367®~HxCDD | bbb | 25,118,867 .05 | 1,455,943 L13 xlor®
123789 -Axcpp | +10° | 3,981012].05 | 199,054 |35 100
/.2,3,4678-4pCDD | 40 63,095,734 -05 3,154,786 |13 x100
ocnp_ | 520 [79,4B2,823 +05 | BATIL6Y] Lidxlpr
_2378-7CDF | - 16,300,573 .08 315419 |—
£42,378:Pe COE | — | 6,308,573 |.05 | 3BIY,479 |-
2,3478-PeCOE | —~ | A5, 11B,B64|.05 | |, 355,943 (—
12,3478 -HxCOE | 1bb |35,))Bieed | .05 | 1,255:343 LI3 xI0*
1,2,3.678~Hzcpe | »B8 |35, 118,864 | 05 | 2557943 LO%x10®
2,34,678-HxCDE | 18 |25.118,864% | +05 | 355,343 |01
/23789 -H«cDF | 38 | 3,88],072 ] -05 | 199,054 LI9x10r®
42,34678-HoCOF| 17 19,430 833| -05 3,97/, 64! J.oswo!-“
/23,4789 -HscoF | 194 |5.01{872 | .05 | 250,534 L08x10[*
__ochF | BB 5HB, e 105 |1,255[943 L0Txlof
4
: Testal TCOD-£Q) 1.38x10°¢
) Comcendration ug/
M Water

>7)
N/




Table 26.

Sed, S-273.
ug/ka | Koec X_ lFoc | = We X TEF
2318-TcDd | — | 6,300,50.05 | 315419 ~
L2378~PeCDD | — | ©309,5713 .05 | 315 479
/,23,478-HxCDD | — | 25,(|8864 05 |,d55343
123,618-HxCDD | — | 25,118,864 .05 | 1,455,943
12,3,789-AxCop | — | 3,98),0712] .05 | 139,054
12,3,4678-4oCDD | 138 163,095,734 .05 | 3,154,786 |.00tx |0 *
ocpp_ |14.6 | 79,4872 827 05 | 3T 64] Loozxjo™°
_2378-7CDE. __| — |6,30R,573|.05 | 315419
42,378:Pe COE | — | 6,308,573 |.05 | 3479 |
2,3478-PeCOL | — | A5 1IB,86% .05 | |, A5H443
4%3,‘2%,7,8:/‘1’.!.CD[ -~ QS)U 53%"71 ___'_05_~ __))25 \CHB
42,3 678-HrcpE | — |35, 1B.BeH |05 | 1,255,943
2,34,618-HxCDE | — |25,118,864| :05 | 1,355,343
/23789-#«CcDEF | — | 3,98],072| .05 | 1 99,p5% i
72,34678- Ho COF| 52 19,430 gas| -05 | 3,974,641 |.cotxid™
/23,4789 -#scpF | — | 5014872 | .05 | 250,534 R
__ochF__ 1274 A58, et .05 |1,2551983 Loo2 x]0~°
) |
Total TCOD-EQ= 0.01x10"¢
_ Comeentration “3/ L
In_water
TN .

<8k




Table 27

Sed, -4
u/g | Koc,- X lFoc | = We XTEF
2318-Tcpd | | 6,309.53.05 | BI5L419| |
1,2378~PeCDD |\ ©,309,513 .05 | 315,419
/,23478-HxCDD | 25,1)8864 -05 | 1,3553u3
12,361®-HaCDD 25,118,864 .05 |,A55.94 3
12,3789 -H>CDD. 3,981,672|.05 | 199,054

12,3,%678-HpCDD. __Z"C'éﬁ 63,095,734 :”55“ 3,154,786 |, 005 xll0™"
ocpp. | '8 79,482,803 05 | BATL6Y] |oosxo"

6,300,573/.05 | 315479

_2378-7TCDE__ _

£2,378:Fe COE | | ¢,308,573 |.05 | 3,479

2,3478-PeCOE AS, B, 8% .05 | |, A55 943
123478 -HxCOE _[35UB@ed | .05 | LA5EA43
42,3678-Hrcpe | |35,1BB64 |05 | |,2557943
2,34,678-HCDL | 25,118,864 | -05 | 1,355,943

/23,789 ~H2CDE 3,881,072 -05 | | 9,054
[2,34678-HoCOF) 10 19,430 83| -05 | 3,97 64/ |.oo2x|o~®
(23,9789 -tphops | — | 501487 | .65 | d50,59%

__ocpr 4.0 [35,U8,04] 105 |1,2551983 [.003x[0°°

r
Total TCDD-FO=0.015x10™"
Coneentration ug /L
m water )

(29)
=




L'Tctb}eZB OKgamc Carbony Pavtion Coefficients
Fov 2.3 78, Substituted

PCDD a*nd PCDF Tsomers (B roman etdl 199
L.
L og Koo Koc /KS

——Tsomer—Groy
2;3,7,% \SUb‘;):l'} 45071,

__TehD
~ PcDD

e I

__HpCDD

OCDD

| 19833,633
58489320

| ¢3.0085,734
1 19, %32 81>

31 6,227770

238 TCy

12378 PecDD |
12,3418 HXCDD |

1,2)3,67,8 HxCDD

_ 1,2 3,7,quxCDD ‘
12 24,61, HPCDD b

2,378 TeDF

12378 RCDF |

. 23%,1,8 RCDF

_1,2,347,8 HxCDF|_7.
l 12,3,6,7.3_HxCDA.

253 '+ 678 HxCDF
f'\?.w

3 q HxCDF |-

_ _";L 6, 3@9_,‘513_“,7;"_7*'

| 19432823
63,095,734

158,469,320

|25 )i %%Lf

0,309,573
25‘ 118,864
25, 18,8y

3,881,072
(03 045,734

)7
1.2.3.4.677.8 NoCDF




