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E.L DuPorit de Nemours and Company s Pass Chnstlan/Dehsle Hnmson County, »

M1551ss1pp1 Titanium D10x1de Plant.
De'ar Mr. Palmer and' M. Skinner:

It has come to our attention that, in the recent past, the EPA has filed two comniaints against E.L

DnPont de Nemours and Company (“DuPont”) regardingits Washington Works Facility located in ‘
Wastungton, Wood County, West Virginia for failing to disclose information in viclation of TSCA § 8(e), .

15U.8.C.§2607 (e). Specifically, the first complaint addressesDupont s failure to submit datato the
EPA from 1981 to"2001 concerning human blood sampling of pregnant employees confirming

transplacental movement of PFOA blood levels in humans, and DuPont’s failure to submit data concerning

PFOA contamination mpubhc drinking water’ in and around the facility. ! The second complaint addresses

DuPont’s fallure to submlt tothe EPA data concexmng human serum sampling of twelve members ofthe
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general 'pc')pula_tilonv living near the Washington Works Facility 2

 Webelieve that Dupont continues to violate TSCA § 8(e), 15 U.S.C. § 2607 (e) regardmg :
disclosure of information at ifs other plants, which presents a substantial risk of health. Specifically, DuPont

. owns and operates a t1tan1um dioxide plant in Pass Chnst1an/Dellsle, Harrison County, Mississippi.

Dupont’s DeLisle plant is the second largest producer of dioxin in the United States according to U.S. EPA
TRIreports. Dupont has been aware of elevated blood dioxin levels in members of the ¢ communityresiding
in the same zip code as Dupont’s DeLisle, Mississippi plant since September, 2004. The human serum .

samples were obtained | during the course of currently pending litigation relating to commumty exposureto
DeLisle’s plant emissions. We doubt that Dupont has reported these tests to the EPA. A copy of the

serum sampling results along with the report of Rwhard Clapp, D.Sc., M.P.H. is attached (See
Attachment 1). ‘ ,

Further, Dupont has also known since. September 2004 that dioxin in house dust levels in the area
surrounding its DeLisle plant are elevated. This datawas also obtained during the course of the pending

- litigation. A copy of the Delisle house dust results is attached. (See Attachment 2). Also attached is the

report of Rod O’Connor, Ph.D. (See Attachment 3). Comparing Attachment 2 and 3 shows that Delisle
dioxin'house dust levels are 500% higher than background dioxin house dust levels in rural Mississippi. Dr.

‘O’Connor’s rural MISSISSlppl background dioxin house dust study has been accepted for publicationina

peer rev1ewed journal and is scheduled for publication in September of 2005

Finally, Dupont has lcnown since November, 2004 that oysters and sedament in:St. LOlllS Bayare
contaminated with elevated amounts ofheavy metals emanating from Dupont’s Delisle fac1hty DuPont’

DeLisle plant is located on the edge of St. Louis Bay and DuPont has an outfall that drains directlyinto the -
~ bay. The testing results were recently published in the Journal of Shellfish ﬂeseax_gh A copy of the

pubhcatlon is enclosed for your convenience. (See Attachment 4).

Unless Dupont has previously reported this datato the EPA, we beheve that Dupont s DeLlsle

B Mississippi plant is knowingly violating TSCA § 8(¢), 15 U.S.C. § 2607 (¢) and TSCA § 15(3)(B), 15

U.S.C. § 2614(3)(B), which makes it unlawﬁll “to fail or refuse to submit reports, notlces or other.

~ information” required by TSCA. The human serum sampling results, house dust levels, and oyster and

sediments data is information that reasonably supports the conclusion that dioxins and heavy metals

 emanating from DuPont’s DeLisle plant present a substantial risk of injury to humanhealth. Assuch,

DuPont is required under TSCA § 8(e)toimmediately report the information to the EPA Administrator.
IfDuPont has indeed falled orrefused to submit this datato the EPA, we believe the EPA should take the
appropnate enforcement actlon against DuPont. -

~ Thank you for YOur-attennon-to this matter.

~ Sincerely, :
- BARON & BUDD P.C.

Allen M. Stewart

“In the Matter of: E.I. du Pont de Nemours and Company, Docket No. TSCA-HQ-2005-5001,
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“ PLAINTIFF'S EXHIBIT

et

A COMPARISON OF BLOOD DIOXIN LEVELS AMONG PERSONS IN PASS

’CHRISTIAN MS ANDTWO LOUISA.NA PARISHES

Richard Clapp (1) and Sara Donahue (2)

(1) B.U. School of Public Health, and (2) University of _Massachusetts - Lowell -

Introduction

Pass Christian, I\/lS is the location of the Dupont chemical company 5 DeLlsle tltamum
dioxide plant-for many years. The plant used lhe chlonde—llmemte process and heated
‘the ore ina coke—ﬂred oven in order to produce the product. Because of desngn and
operations. charactensncs (Powell 1968) this plant has released dioxins and. furans into
" the surroundmg commumty and water bodies, leading to concerns about human health
'effects mcludmg cancer. In one report (2000) of EPA Toxic Release Inventory

information, this plant was the second leadmg emitter.of dioxins and dloxm—hke

~compounds i in the U.s.

As a result of a petltlon by a community member in 2001 the Agency for Toxnc ' : '
Substances and Disease Reglstry conducted a health consultatlon (ATSDR., 2004) Tlns :
consultanon mcluded an assessment of sources of dioxin and dioxin-like compounds |
,from the DuPont DeLisle plant potentlal roites of exposure including air dnspersxon and
food chain contamination, mcludmg oonsumptlon of fish and shellﬁsh from a bay (St.

Louis Bay) adjacent to the plant, The draft report concluded that current air emnsstons

- CLAP. - 000289



and fish consumiption pose no apparent public health hazard, but recommend further

testmg of crab i i St. Louis Bay and further testing of surface soil on the plant grounds

" This report falled to consider other routes of exposure and accumulatlon of d10x1n and

‘related com_po‘unds in house dust or other environmental media.

During the oas_t two years, residents near the DeLisle plant have sought legal - .

representation- ahd filed a l'awsuit The clients in this lawsuit include 494 individuals who

lived in th Code 39571 where the DeLlsle plant is located for at least ﬁve years and

were between the ages of 15 and 59. ‘From' these 45 were selected randomly and agreed

to have their blood drawn and analyzed for dioxin and. dloxm-hke compounds These

: results were compared to other recently published results in the same age groups in two
' communities in Louisiana, Calcasieu and Lafayette, one of whose residents were also _

' potentlally exposed to airborne dioxin emissions (Mxllette et: al 2003) The age: groups

and selection cntena for the comparison commumtles in Loulslana were the same asin

thxs study.‘

N Methods -
- This comparison consisted of drawing a stratified randoxn sample of 45 particips.nts from
va database of chents ina lawsmt who resided in le Code 39571 for at least ﬁve years

- The samplmg was done in order to select 15 1nd1v1duals in three age groups:: 15-29 30-

44, and,45—-59. fI?he blood samples were analyzed at a commercial laboratory meeting all

relevant quali'ty assurance criteria (ERGO Lab; Hamburg; Germiany) and presented as

" both lipid based eo'ngener specific concentrations and WHO Toxic Equivalent values

CLAP. - 000290
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(TEQ) The methods used by the laboratory have been descnbed elsewhere (Papke 0, |
and Herrmann T 2002) '

‘The mean'vand 95% confidence intervals for the Dioxin TEQ values of the three‘age '

groups in Pass. Chnstlan partlcrpants were calculated along wrth the 95" percentlles of

the drstrlbutlons and therr attendant conﬁdence intervals,

Results and Dlscusswn
The results of the equtvalent WHO TEQ an'*lyses for Pass Chnsttan and the two '
Loursrana commumtles are presented in the Table. The results indicate that Pass

Christian parttcrpants mean droxm levels were higher than both companson commumtles

‘in all age groups. In partlcular the older Pass Christian residents had mgmﬁcantly hrgher ‘

mean droxm levels in thelr blood than those in the older age groups in both Calcasreu and

' Lafayette Loutsrana

Furthermore, the specrﬁc congeners in the blood of Pass Chnstran partrcrpants were a

mixture of droxlns furans and other dloxm-hke compounds. The percentage of the TEQ

~ contributed by furans varied between 12% and 20% in the three age groups, wrth the

S

- largest percent contubunon from furans in those aged 30-44 (data not shown) Tlns isa

_ hrgher percentage than in the Calcasieu partrcrpants (Orloff, etal., 2001). and is. conmstent

with exposure from a hlgh temperature prouuctron process (Schecter and Gaserlcz,

©2003).

CLAP. - 000291
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‘These rcsults suggest an unusual exposure to dioxin and dioxin-like compounds in long- :

term resndents of le Code 39571, Pass Chnstlan MS Further studies are underway to

determme whether there are unusual patterrs of cancer and other adverse health effects in

this population.

iy

onxm TEQ in Pass Chnstlan. Calcasieu and Lafayette :

SN S N

11.710.1- 12.2) &

Aﬂthmetlc Mean a5th Percentile
|AgeGroup | - Parsh N (85% CI) @5%CH
45.59 Fass Chistan 15 1288(23.5-36.0) 50.0(43.8- 56.2).
T Calcasieu 79 191(189-213) .1352(305-564) |
—ILafayette 31 [18.1(153-228) 1324(204-48.4)
30-44 Pass Christian 15 |16.2(12.2-20.8) (329 (28.6-37.3)
T Calcasieu 70 111B8(96-136) 245(211-504)
N Lafayeite 31 1368(108-16.4) 130.4(21.0-320)
15.29 1P ass Chistian 15 195@FA1-119)  180(165-21.4).
j __[Calcasieu 75 150(44-7.9) 14.0 (109-538) -
. |tafayette 26 _|58(43-73)

:
|
]
1
¥
3
i
v
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O N A L AR I T R e S T A I Y SO R T T e et

Dioxin TEQ in Pass Christian, Calcasieu and Lafayette

Arithmetic Mean (95%

s 4

Age Group - Parish N el 95th Percentile (95% Cl)
45-59 Pass Christian 15 29.8(23.5-36.0) 50.0 (43.8 - 56.2) :
: Calcasieu 79 19.1(16.9-21.3) 35.2 (30.5 - 55.4)
Lafayetie 31 19.1(153-22.8) 324 (29.4-46.4)
130-44 Pass Christian 15 16.2(12.2-20.8) 32.9(28.6-37.3) .
Calcasieu 70 11.6(9.6-13.6) 24.5(21.1-50.4)
,  Lafayette 31 136(108-16.4) = 30.4(21.0- 32.0)
15-29 Pass Christian 15 95(7.1-11.9) 19.0 (16.5 - 21.4)
, Calcasieu 75 59(4.4-74) 14.0 (10.9 - 53.9)
Lafayette 26 ° 58(4.3-7.3)

117 (101-122)

- CLAP.-00029}




current city- Age at Time of
Number lastname middiename [firstname _|state-zip ooB Blood Draw TEQ (WHO)
Pass Chasuan
1 & MS 395714 51 52 17.674
"~ |Pass Cheistian,
2 I MS 39571 59 4 21938
Pass Chvislian
3 39571 50 53 49.930
Pass Chaslian ¢
4 39571 50 51 36.125
Pass Chnstian,
5 MS 29571 57 46 24,842
Pass Chnistian,
6 MS 39571 153 50 25.459
Pass Christian,
7 MS 29571 155 49 42.702
. Pass Christian,
8 MS 39571 58 46 6.695
Pass Chnstian,
9 MS 39571 54 43 - 18.875
Pass Chastian,
10 MS 395714 A(- 57 50.176
‘ Pas3 Chnistian,
11 MS 39571 51 52 26.353
- Pass Christian
12 MS 39571 50 54 36.533
Pass Chastian,
13 MS 39571 52 5t 26,530
T Pass Christian,
14 MS 39571 31 S2 23.702
Pass Chwistian,
15 MS 39571 .. 36 57 19.115
T S,
Mean 1 _ . B 29.8 e
St_Dev [ U MU AR ENOU O C % T
95% confidence interval T 6.2
Mean +/- @l o 23.5 29.8 36.0
_C—E[gasieu ‘_
IMean +/-Cl - 1. 16.9 19.1 21.3
Lafayelte |
Mean +/-Cl__ 153 19.1 228
l
95% Percentile
Population| 50.0
St. Dev 12.3
95% Confidence Interval_ | 6.2
95% Percentile +/-C T 438 50.0 56.2
Calcasieu 30.5 35.2 55.4
Lafayette 29.4 324 46.4

CLAP. - 000294
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Age at Time
cur city- of Blood
Number lastname  Imiddiename {firstname state-zip D08 Draw TEQ (WHO)
Pass Christian
1 MS 39571 50 44 9.440
Pass Christian, -
2 MS 39571 70 34 5.080
Pass Christian
3 MS 39571 1Al 2 9.351
Pass Christian,
4 MS 3957t 63 40 12.606
Pass Christian,
5 MS 39571 64 39 10.691
Pass Christian
6 MS 39571 " 32 19.331
Pass Christian
7 MS 39571 " 32 11.877
Pass Chriatian,
a MS 39571 59 35 14,396
Pass Chistian
9 MS 39571 64 39 16.486
Pass Christian,
10 WS 39571 | E_S_ 28 17.128
ass Chvistian,
11 18 39571 '59 44 20628
ass Christian
12 1S 39571 62 41 20.655
ass Chrislian,
13 S 39571 m kil 11.692
155 Christian,
14 53951 we0 43 37.561
55 Christian
15 39571 166 38 30.943
Mean 16.5
St Dav 1 RE
95%Cl | IS N 4.3 e
Mean +/-Cl _ e 1. 12.2 16.5 20.8
9.6 11.6 13.6
Lafayette _ 108 13.6 16.4
95th percentile 32.9
St Dev B 8.6
95% CI 1 43
95th +/- Ci B 28.6 329 37.3
Calcasieu 211 24.5 50.4
Lafayette 21.0 30.4 32.0
2/1712005 Page 1 of 1
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Aqge at Time |
curvent city- ol Blo
Numbes lastname  |middiename |ficstname |state-zip D08 Draw TEQ (WHO)
Pass Christian,
1 MS 39571 87 t6 10.530
[Pass Christian, -
2 MS 39571 7 26 19.748
Pass Christian,
3 . MS 39571 76 27 11.053
Pass Christian,
q MS 38571 84 19 18.617
Pass Christian,
S MS 39571 87 16 2.946
Pass Christan
6 MS 39571 ‘a7 17 5.952
Pass Chnstian,
7 MS 39571 76 28 11.180
Pass Christian
8 MS 39571 86 17 8.215
Pass Christian
9 MS 39571 88 15 9.663
Pass Christian,
10 MS 39571 87 16 7.751
Pass Christian,
" MS 39571 76 27 9.774
Pass Chislian,
12 MS 39571 76 28 3.524
Delisle -Pass
Christian, MS
13 39571 75 29 10.972
Pass Christian,
14 MS 39571 79 24 T.208
Pass Chnstian
15 VS 29571 87 17 5.169
Mean | 1. s |
StDev | , 48 -
95%Cl_ | . 24
Mean +/-CI__ | 7.08 3.49 11.89
Caicasieu
Mean +/- Cl 44 5.9 74
Lafayette 4.3 58 73
95th percenlile 19.0
St Dev 48
95% C! 24
95th +/- C1 16.5 190 214
Calcasieu 109 14.0 539
Lafayette | 101 [TX; 122
|

211712005 1 CLAP. - 000296
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"PLAINTIFF'S EXHIBIT

Report 2004-0498cc
Page 1 of 26

Baron & Budd, P.C.

Aft.: Mr. Jim Piel

3102 Qak Lawn Avenue, Suite 1100
Dallas 76219

USA

Repaort 2004-0498¢cc

1 Order

~ The erder was given in writing on 21.05.2004 by the client menhoned above,
The arder has the following internal project code: A- -0507-04-400.

2 Sampling

The sampling was done by the customer.

3 Description of sample

" Sample Code Client Code Matix | Receiptofsam- | Date of the test
- , ple . pérformance
09 o
H-04-06-0082 | Serum/Plasma|  04.06.2004 125;’:‘;220:&'
' Date: 5/21/04, i
approximately 30, ml '
1 ' R
L . ' ; " 16.06.2004 -
H-04-06-0083 | L oo " SérumIPAlas.vTa 04.06.2004 25,06 2004
approximately 30 ml s

DAC-P-0200-03-00

Testing Laboratary accreditad by the DAP Deutschas Alkreditierungssystam Prafwesen GmbH ac- -
cording to DIN EN ISOAEC 17025. The muaauonappkn far tha Testing | Molhods mmuomd In
the List attached to the Carlificate.’

Accreditation by the Genman Aulhoﬂﬂns {Notification) celatod to §§ 26, 28 BimSchG, Enlalun— and
Arblant Alr Measurement, Oifactometry and Function Test.

Laboratary for Diokin Testing in Foading Stull kstod by tha European Cammission (DG V).

Board members: Dr. Midual Bafl, Olaf Pipke

- Geil Re {1 0-22305 Tol: +4§406’97098-0 FGX.HDWBDMDGDD
Bank ac nk Hamburg - BLZ 200 400 00 - Account-No 2707826
LocalcowaambamHmzzm FA Hamb ik £ - Tax-No T'1 856 01913

RS ey ERGO.000046
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Report 2004-0498cc
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Sample Code

Client Code

" Matrix

Reteipt of sam-
ple

Date of the test |
- performance

 H-04-06-0084

21

Date: 6/20/04,

approximately 20 mil | '

Serum/Plasma

04.06,2004

* 15.06.2004 -
29.06.2004

- H-04:06-0085

22

Date: 5/20/04,

' Serum/Plasma .

15.06.2004 -

04062004 | 29,06.2004

H-04-06-0086

approximately 20 ml

28

Date: 5/18/04, .

" | approximately 30 ml

Serum/Plasma

04.06.2004

- 15.06.2004 -
' 29.06.2004

H-04-06-0087

32

" Date: 5/22/04,

approximately 30 ml.

- | serumiPlasma

04.06.2004

15/06.2004 - -
29.06.2004

H:04-06-0088

33

~Date: 5/17/04,

approximately 20'ml | -

Serum/Plasma

' 04.06.2004

15.06.2004 -
29.06.2004

14-04.06:0089

3

Date: 5/20/04,

~ .- | approximately 20 mi

Serum/Plasma

04.06.2004 -

15.06,2004 -
. 29.06.2004

 H04.05-0090

36
o

Late: 5/6/U4,
approximately 30'mi

Serum/Plasma

04.06.2004

- 15.06.2004 -
20.06,2004

IR P
'H-04:06:0091 |

Date: 5/18/04,

‘| SerumiPlasma

04.06.2004

16.06.2004 -
29.06.2004

| ++-04-06-0092

_approximately 30 ml.

4

- Date: 5/26/04,

‘approximately 15 mi

Senim/Plasma

. 04.08.2004-

- 15.06.2004 -
| 20.06.2004

'ERG0.000047



[Report 2004:0498cc
Page Jof26.: . -
‘SampleCode |  Client Code Matrix | Teeceipt of sam- |, Date of the-test
aaol - - ple : -performance
46 ‘ et
H-04-06-0003 | SerumiPlasma|  04.06.2004 | LLERZIM
: Date: 5/22/04, S
approximately 30 ml
, . 49 v »
N - ~ 15.06.2004 -
(FOROSR08 1 Date: siogioq,  |SerumiPtasmaj  0406.2008 | g o o0y
.| approximately 20 mi :
. " 50 . Z -
ST e : -16.06.2004 - -
H-04—06—0095 Date: 5/27/04, SergmlPlasma 04.06‘2004 1 '29'.06.200 4
approximately 15 ml L
51 e ‘ |
“H:04-06-0096 SeumPlasma|  0406.2004 | |>05-2004 -
S5 o " Date: 5/28/04, ' R
approximately 15 ml '
52 , L .
el - . 15:06.2004 -
THOHOGO0T | Date: siogipa, | SerumiPlasmal 04062004 | g 6 o000
approximately 10 m| : L
23 - 4 .
- H-04-06-0098 - [Serum/Plasma|  04.06.2004. '} .12550(%2%):4.'
S v Date: 6/1/04, . Rttt
approximately 20 mi. '

”  ERGO.000048



Report 2004-0498c¢
Page 4.0f26

4 Anél_y’tical }nethods

PCDDSIPCDFs in blood

Cincthe followmg the analytical procedures for the. analyss of hurnan blood is shown We

would Ilke o mention, that the' measurements are done by high resolution mass. spectmme-
try (HRMS) which guarantees high specificity and hlgh sensitivity.

_ Prior.the extraction followmg He-uL- Iabeled internal standards are added to the sample

- Internal standards ("‘C-UL) PCDDs/PCDFs
N PCDDs - - PCDFs ‘
© 123,78 -Tetra-CDD -~ 12,378 - -Tetra-COF
1,2.3.7.8 -Penta-COD 1,23.7.8.. -Penta-CDF-
1. : 23478 -Penta-CDF.-
1123478 -Hexa-CDD 123478 -Hexa-CDF
23678 -Hexa-CDD..~ '11,23,6,7.8 -Hexa-CDF .
: 1,2,3,7,89 ' -Hexa-CDD 123,789 - -Hexa-CDF -
] : 1234678 -Hexa-CDF. )
[17233678  HeptaCOD - [1.23456738 Hepta-COF
1 C 1,234,789 -Hepta-CDF
1,2,34,6,7.89 -Oct'a~c:DD 12346789 -Octa-COF -

After the spukmg, the samples are extracted -with hexane for ultratrace- analyses {eg.
: nanograde) by using a hqmdlhquid extraction.

After: performing. the gravimetric lipid determination, the clean up is done ona mumcolumn ‘

system - (involving carbon-on-glasfibre -or carbon-on-celite for PCDDs/PCDFs) The: ‘meas-
uremant.is done by means of high resolution gaschromatography and high resolution mass

: spectrometry (HRGCMRMS) with VG-AutoSpec and/or Finnigan MAT 95 XL uslng 0B-5

capillary columns.

! For each component 2 isotope masses are measured. The quantification is camed ‘out by

. the: use.-of -internalexternal standard * mixtures . (isotope - dilution melhod) Following

'PCDDsIF’CDFs are determined and reported.

PCDDs/PCDFs
‘ PCDDs : PCDFs
: f2378 -Tetra-CDD 2.3,7,8 -Tetra-CDF
12378 Penta-COD ~~ [1,23,78 -Penta-CDF
1 . a 23478 _ _ -Penta-COF
123478 -Hexa-COD 123478 -Hexa-CDF
123878 Hexa-CDD. 123,678 Hexa-COF _
1123789  -Hexa-CDD 123,789 - -Hexa-COF
o N 234,6.7.8 -Hexa-CDF
- |1234,678  -HeptaCDD [1,2346.78  -HeptaCOF
SN R ’ 1234788  -Hepta-CDF
12346789 -Oca-COD 12346789 OctaCOF-

ERGO.000049
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4.2

In addition to the single results, calculations of the tofdcit)/ equivalents (TEQ) a_céonf'ﬁlhg to

- the WHO-system are carried out.

WHO-PCBSs in blood

. the fallowing the analytical procedures for the analysis of hurrian blood_bis"sh»dwn. We

wauld like to mention, that the measurements are dorie by high resolution mass spectrome-
try (HRMS}), which guarantees high specificity and high sensitivity. ’ '

Prior_ithe' extraction following **C-UL-labeléd intemal standards are added to the sample:

Internat standards (“C-UL), PCBs o
| Compound - ' S - JWPAC Code '}
3344 -~ -Tetra-CB PCB 77 .
o » [344°5 ___TetraCB [PcB8T
55833445 ___PentaCB - [PCB126
Z o0 3374455 -Hexa-CB PCB 169
233 A -Penta-CB ~  |{PCB105 |-
2 (23445 : -Penta-CB PCB 114 = -
9 123744'5 “Penta-CB PCB 118.
g |2.344'5. .-Penta-C8 - PCB 123
£ [233445  HexaCB. - PCB 156
8 233445 © -Hexa-CB PCB 157
& (234455 -Hexa-CB PCB.167
Z 2334455  Hepw-CB ~ [PcB 189

_ After- the spiking, ‘the samples are extracted ‘with: -hexane for ultratrace-analyses, (e.g.
‘nanograde]) by using a liquid/iquid extraction. S S
After performing the gravimetric lipid determination, the.clean up is done on a muytticolumn

. system (involving carbon-on-glasfibre or carbon-on-celite for PCBs). The measurement is
done-by means of high resolution gaschromatography and high resolution mass spectrome-
try(HRGC/HRMS) with VG-AutaSpec and/or Finnigan MAT 95 XL using DB-§ Cgpiilaiy col-
umns, : : :

 ERGO.000050
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- For each companent 2 isotope masses are measured. The quantification is carried out by

. the use of internal’external standard mixtures (isotope dilutuon method). Following PCBs are
determuned and reported.

PCHs
Compound ‘ _ [WPAC Code
: 3344 ____ TetraCh —__|pcBT7?
o o 13445 -Tetra-CB PCB 81
LW IE — PentaCB__ PCB 126
€08 I3344°55 - -Hexa-CB —]PCB 169
23344 Penta-08 |PC8 105
8 23445 Penta-CB - |PcB114
O 123445 . Penta-CB {PcB 118
o 23445 . -Penta-CB - PCB 123
€ (233445 Hexa-CB PCB 156
L8 233445 -Hexa-CB PCB 157
§ |23.4455 “Hexa-CB PCB 167
E (23344755 “HeptaCB . |PCB 189

' |n add:tion to the single results, calculations of the toxicity equwalents (TEQ) accordmg to
: the WHO-system are carried out. -

5 General information about PCDDsIPCDFs

’ Polychlonnated dnbenzo ~p-dioxins (PCDDs) and polychlorlnated dibenzofurans (PCDFs) are
'unwanted by—products in a variety of industrial and thermal processes. However, theirlevels
in the:environment increased signifi cantiy with the beginning of the industrial ch!onne indus-
try ini/this century. Because of their many saurces, PCDDs and PCDFs are ublquitously dis-

‘ trlbuled ‘The degrese of chiorination of the tricyclic components varies betwaen 1 and 8 at-
oms per molecule. The overall number of dioxing and furans is 75.and 135, respectively.

In humans only the isomeres with 2,3,7 8-substitution are found, totaling seven dioxins and

10 furans. Humans may become contaminated with. PCODIPCOF thmugh environmental
(baekgmund) occupanonal or accidental exposure.

tis generally agreed that for the normal population, food represents the main route of envi-
- ronmental: exposure to PCOD/SIPCDFs. Usually more than 90% of the tal‘al dally lntake of

the oontammanls derives from food.

In: mntrast, exposi%’ via other routes, such as Inhalation and Ingastion of pamdes fram air,
|ngesﬂon ‘of contaminated sall, and dermal absarplion, normally contributes-less than 10%
of daily intake. Because humans are the high ‘end of the food chain, it bacames obvious that

" human tissue may contain relatively high ameunts of xenohistics such as PCODSPCOFs,
Because of the lipophilic nature of these two classes of enviranmiental conramlnan!s foad-
stuffs of anima| origin are of spacial importance.

ERG0.000051
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The followmg figure shows the general structure of polychlonnated dcbenzo—p—dtoxms
"~ (PCDDSs) and po|ychlonnated dibenzofurans (PCDFs): -

Polychlounalcd dibcnzo~p-diaxms
(PCODs)

l’olychlonnaled dibcnzofuws
(PCDFs)

The followmg f igure shows the formula of 2,37 B—Tetrachlnrodibenzo-pd|ox|n lhe most
tomc compound of PCODS/PCDFs.

Tl O a
cx: : :o: ‘ :él_

2,3.’1,!-TEWC['H.ORODH}HNZO-P-‘DI(')X N

ERGo.oooosz
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Certain PCBs Were found to have "dioxin-like” pro

equivalent factor) by WHO as well;

perties and were given a TEF {toxic .

International TEFs for human beings and mammals

PEODS (dloxins) yoF |
) .2.3.‘?‘,((4":(’)[) o w oy
Q'Tcw’] B kS
TlRazaecon b ¥
L2307 8 HCOD

$.23.7.8.9H0D

12363 AHEOD

2R &4PO

v

1 28462 81000 T am
acon : o.oéol'l
PCDFs (futans)
{2376 TCOF o0 ea
éa.u,.v.a-oecw A Y
zaerapecoe 0B
LRAS LB OO 5o
%1,@'3,7.a£~nxcor F AL AP
. Eu,s.ea.a-n-«:cr 3.; 2 0
asasrgmuoe 2003 g0
{12.348.1.84ipCOF {} i‘a 00t
i‘m.s.-t.r,aw.m, ;’"""’;@ 000
Ocor ' iwj& 00001

Source: Persistent Organic Pollutants, Monitor 16, 2000, Swedish.
Environmental Protection Agency '

| PCBS with no shlorine af drfhia”
{ positions.(‘coplanar' PCHS) ;

TEF

i

. 344108 - 04001 |

144 57CB 0.0001

) s
344 5 PaCE EORRN N R
: .

FFALLE HCH B 0.0

: PCA3 with one chilotine stom
i atortho position

2244°5PC0
; LEAL APICE
TAALSPALE

LIF AL GHRCE, 3

2ITAESHOE 5 e 00008
: . &8 )
aracss s 5 "% ooonor,
2370455 HCH eff”fm onuot
-

T «iolm i chitxing aloms)

wurm(smmm;

%’ ) chhmm
'm m

O woom (8 dviorne aons) -
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PCDD/PCDF and PCB in Serum

Values in pg/g (ppt),
lipid based

Analysis-No. H-04-06-0082

09 .
Date: 5/21/04, approximately 30
ml

TEQ (WHOYhased on PCB

o ] Concentration TEF (WHO) “TEQ (WHO) LOD
2.3.7.8-Tetra-COD 1.5 1,000 1457
1.2.3.7.8-Penta-CDD 6.4 1,000 6,445
a 1.2.3.4.7.8-Hexa-CDD 59 0,100 0,592
8 1.2.3.6.7.8-Hexa-CDD 311 0,100 3,113
& 1.2.3.7.8.9-Hexa-CDD 9.8 0,100 0,979
1.2.3.4.6.7.8-Hepta-CDD. 45,0 0,010 0,450
ocoD 394,7 0,0001 0,039
2.3.7.8-Tetra-CDF 19 0,100 D.187
1.2.3.7.8-Penta-COF n.d. 0,050 . ( 1.0)
2.3.4.7.8-Penta-COF 3.8 0,500 1,914
1.2.3.4.7.8-Hexa-CDF 8,2 0,100 0,822
% 1.2.3.6.7.8-Hexa-CDF 58 0.100 0,576
g 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - { 1.0 )
2.3.4.6.7.8-Hexa-CDF n.d. 0,100 - (18 )
1.2.3.4.6.7.8-Hepta-CDF 15,4 0,010 0,154
1.2.3.4.7 8 9-Hepta-CDF n.d. 0,010 . ( 10
OCDF n.d. 0,0001 - { 12 )
o 3.3.4,4-TCB (77) nd. 0,0001 - - - C 32 )
gg 3,4,4',5-TCB (81) nd. 0,0001 . ( 3 )
£o 3.3'4,4,5-PeCB (126) 15 0,1000 1,455
€ 3,3'4,4' 5,5-HxCB (169) 8 0,0100 0,082
2.3,3.44PeCB (105) 987 0,0001 0,000
2,344 5-PeCB (114) 202 0,0005 0,101
2 2,344 5-PeCB (118) 5113 0,0001 0,511
5 2',3,4,4'5-PeCB (123) 90 0,0001 0,009
ga 2,3,3'4,4' §-HxCB (156) 1205 0,0005 0,603
E 2,3,3'4,4'5-HxCB (157) 288 0,0005 0,144
2,3'4,4'5,5HxCB (167) 465 0,00001 0,005
2,3,3'4,4'5,5-HpCB (189) 110 0,0001 0,011
Total PCDD/PCDF 529.5
Total non-ortho:PCB 23
Total mono-ortho-PGB 8460
TEQ (WHO) baged on PCODIF 16,728

TEQ (WHO).

TEQ, TEF (WHO) = Yoxic equtvalenl I -falgor by WHO:for hiimans & mammals :

3,020

= maximum value, contaiiis Pogslile aitside containation

nd. = not detected, limltofdutacﬁon Ouﬂn(). tha. 2t ammad Valﬂﬂ!wm“(o‘on :;:;;. .
™) ! e

Small differenoes on totals tesatt fram camputerouniings

A TR AT
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PCDD/PCDF and PCB in Serum
Values in pg/g (ppt).
lipid based
Analysis-No, H-04-06-0083 "
’ Date: 5/18/04, approximately 30 ml
Concentration TEF (WHO) _1EQ (WHO) Kelo}
2.3.7.8-Tetra-CDD 2.7 1,000 2,659
1.2.3.7.8-Penta-CDD 5.8 1,000 5772
a 1.2.3.4.7.8-Hexa-CDD 34 0,100 0.335
a 1.2.3.6.7.8-Hexa-CDD 328 " 0,100 3,281
o 1.2.3.7.8.9-Hexa-CDD 69 0,100 0,693
1.2.3.4.6.7.8-Hepta-CDD 11,6 0,010 0,116
ocDD 166,0 0,0001 0,017
2.3.7.8-Tetra-CDF n.d. 0,100 - (1.0 )
1.2.3.7.8-Penta-CDF n.d. 0.050 - ( 1.0 )
2.3.4.7.8-Penta-CDF 2.3 0,500 1,141
1.2.3.4.7.8-Hexa-CDF 35 0,100 0,348
s 1.2.3.6.7.8-Hexa-COF 19 0.100 0.191
& 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - ( 1.0 )
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - ( 1.1)
1.2.3.4.6.7 8-Hepta-COF 2.8 0,010 0,028
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - ( 1.0)
OCDF nd. 0,0001 - ( 14 )
2 3.3.4.4-1CB (77) n.g. 08,0001 - T 23 )
1 3,4,4',5-TCB (81) n.d. 0,0001 - ( 2 )
g8 3,3'4.4' 5-PeCR (126) 14 0,1000 1,442
€ 3,3'.4.4',5,5-HxCB (169) 15 0,0100 0,149
2.3.3.4,4PeCB (105) 1858 0,0001 0.186
2,344 5-PeCB (114) 1006 0,6005 0,503
0 2,3'4,4',5-PeCB (118) 11199 0,0001 1,120
§ @ 2'3.4,4'5-PeCB (123) 79 0,0001 0,008
ge 2,3,3'.4,4',5-HxCB (156) 6300 0,0005 3,150
£ 2,3,3'4,4',5-HxCB (157) 1488 0,0005 0.744
2,2'.4.4'5.5-HxCB (167) 1625 0,00001 0016
2,3,3'4.45,5HpCB (189) 406 0,0001 0,041
Totat PCDD/PCDF 239,7
Total non-ortho-PCB 29
Total mono-orthe-PCB 23960
TEQ (WHO) baged on PCDD/F 14,581
TEQ (WHO) based on PCB 7,358
TEQ (WHO) 21,938

TEQ, TEF (WHO) = Toxic equivalent / -faktor by WHO for humans & marmmals
nd. = not detacted, fimit of detaction (LOD)in (), n.a. = not analysed, Valies with < contribute with §0%
(M) = maximum valus, contains possibie outside contamination

‘Small differences on totats result fram coniputerroundings

ERGO.000055
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PCDD/PCDF and PCB in Serum
Values in pg/g (ppt),
lipid based
Analysis-No. H-04-06-0084 2
Date: 5/20/04, approximately 20 ml
Concemration TEF (WHO) TEQ (WHO) 10D
2.3.7 8-Tetra-CDD nd. 1,000 - ( 1.0)
1.2.3.7.8-Penta-CJOD 28 1,000 2.786
a 1.2.3.4.7.8-Hexa-CbhD 2,1 0,100 0,211
a . 1.2.3.6.7.8-Hexa-CDD 19,2 0,100 1,925
O 1.2.3.7.8.9-Hexa-CDD 31 0,100 0,313
1.2.3.4.6.7.8-Hepta-CDD 14,5 0,010 0,145
ocoD 185,5 0,0001 0,019
2.3.7.8-Tetra-COF 1.9 0,100 0,193
1.2.3.7.8-Penta-COF n.d. 0,050 - { 1.0)
2.3.4.7.8-Penta-COF 1.8 0,500 0,909
1.2.3.4.7.8-Hexa-CDF 3.6 0,100 0.358
w 1.2.3.6.7.8-Hexa-COF 2.1 0,100 0,212
g 1.2.3.7.8.9-Hexa-COF nd. 0,100 - (10
2.3.4.6.7.8-Hexa-COF n.d. 0,100 - ( 11)
1.2.3.4.6.7.8-Hepta-CDF 3,2 0,010 0,032
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 - ( 10)
OCDF n.d. 0,0001 - { 1.3)
o 3.3.44-1CB (77) n.d. 0,0001 - C 33 )
f}g 34,4'5-TCB (81) n.d. 0,0001 - { 5 )
¢ o 3,3'4,4' 5-PeCB (126) 8 0,1000 0,809
€ 3,3'4,4',5,5'-HxCB (169) 9 0,0100 0,087
2.3 44-PeCB (105) 6682 0,0001 0,068
2.3,4 4 5-PeCB (114) 367 0,0005 0,183
9 2,3 4.4'5-PeCB (118) 3494 0,0001 0,350
? ® 2,344 5-PeCB (123) 61 0,0001 0,006
og 2,3,3'4,4',5-HxCB (156) 3343 0,0005 1,671
g 2,3,3' 4,45 -HxCB (157) 770 0,0005 0,385
2.3'4,4' 5,5 -HxCB (167) 594 0,00001 0,006
2,3,3'4,4'5,5-HpCB (189) 238 0,000 0,024
Total PCDD/PCOF - 240,0
Total non-ortho-PCB 17
Total mono»ortho—PCB 9552
TEQ (WHQ) based on PCODIF
TEQ (WHO)Based on PCB
TEQ (WHO)

TEQ, TEF (WHO) = Toxic equivalent / -faktor by WHO for huinans & mameoals
ad. = not delected, limit of detection (LOD)in (), n.a. = not analysed, Valuas with < oatitittirts with 50%
(M) =maximum value, contains possible outside contamination

Small differences on tatals restilt from mmputen'oundmgs
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PCDD/PCDF and PCB in Serum
Values in pg/g (ppt), '
lipid based
22
Analysis-No. H-04-06-0085 Date: 5/20/04, approximately 20
mi
. Concentration TEF (Wmm
2.3.7.8-Tetra-CDD nd. 1,000 - ( 1.0 )
1.2.3.7.8-Penta-CDD 4.1 1,000 4,075
a 1.2.3.4.7.8-Hexa-CDD 2,4 0,100 0,241
a8 1.2.3.6.7.8-Hexa-CDD 27,0 0,100 2,701
& 1.2.3.7.8.9-Hexa-COD 5,4 0,100 0,537
1.2.3.4.6.7.8-Hepta-CDD 19,1 0,010 0,191
0CDD 301,7 0,0001 0,030
2.3.7.8-Tetra-COF 1.3 0,100 0,130
1.2.3.7.8-Penta-CDF nd. 0,050 - ( 10
2.3.4.7.8-Penta-CDF 2,5 0,500 1,233
1.2.3.4.7 8-Hexa-CDF 34 0,100 0,344
a 1.2.3.6.7.8-Hexa-CDF 33 0,100 0,331
4 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - 10)
2.3.4.6.7.8-Hexa-COF nd. 0,100 - ( 14 )
1.2.3.4.6.7 .8-Hepta-CDF 5.8 0,010 0,058
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 - ( 10 )
QCDF n.d. 0,0001 - ( 1.5 )
o 3.3.44-1CB (17) n.d. 0.0001 - 24 )
£m 3.4,4'5-TCB (81) n.d. 0,0001 - 3
§ & 3,3 4,4',5-PeCB (126) 6 0,1000 0,596
c 3,3'4,4',5,5-HxCB (169) 11 0,0100 0,110
2.3,3,4,4-PeCB (105) 470 0,0001 0,047
2,3,44'.5-eCB (114) 254 0,0005 0,127
0 2,3' 4 4' 5-PeCB (118) 2611 0,0001 0,261
% @ 2'3.4.4' 5-PeCB (123) 39 0,0001 0,004
2a 2,3,3',4,4',5-HxCB (156) 2588 0,0005 1.294
£ 2,3,3',4,4'.5-HxCB (157) 538 0,0005 0,269
2,3'4.4'5,5HxCB (167) 397 0,00001 0,004
2,3,3'4,4'5,5-HpCB (189) 225 0,0001 0,022
Tatal PCDD/PCDF 376.0
Total non-ortho-PCB 17
- Total mono-ortho-PCB 7124 _
TEQ (WHO) bgsed on PCDDF 9,871
TEQ (WHO) based on PCB 2,735
TEQ (WHO) 12,606

TEQ, TEF (WHO) = Toxdc aquivalent / faktor by WHO for humans & mammals
n.d. = not detected, limit of detection (LOD) in (), n.a. = notanalysed, Valuas with < contribute with §0%
(M) = maximum value, contains possible outside contamination

Small differances an totats rasult from camputervoundings
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PCDD/PCDF and PCB in Serum

Values in pg/g (ppt).

lipid based

Analysis-No. H-04-06-0086

Date: 5/18/04, approximately 30 mi

TEQ, TEF (WHO) = Toxic equivatent / faktor by WHO for humans & mammals

nd. = nat datected, limit of detaction (LOD}in (), n:a. =not analysed, Values with < contribute with 50%

(M) =maximum value, contaiivs possible outside contamination
Small differances on totals result from computemoundings

Concentration TEF (WHO) 1EQ (WHO LoD
23.7.8-Tera-COD 15 1,000 1,504
1.2.3.7.8-Penta-COD 34 1,000 3,436
a 1.2.3.4.7 B-Hexa-CDD 33 0,100 0,327
8 1.2.3.6.7.8-Hexa-COD 17,3 0,100 1,727
~ 1.2.3.7.8.9-Hexa-CDD 45 0,100 0,448
1.2.3.4.6.7 8-Hepta-COD 32,3 0,010 0,323
0OCDD 234,6 0,0001 0,023
2.3.7 8-Tetra-CDF n.d. 0,100 - { 1.0 )
1.2.3.7.8-Penta-CDF n.d. 0,050 - ( 1.0)
2.3.4.7.8-Penta-CDF 1.4 0,500 0,709
1.2.3.4.7.8-Hexa-CDF 31 0,100 0,307
& 1.2.3.6.7.8-Hexa-CDF 2,1 0,100 0,207
e 1.2.3.7.8.9-Hexa-COF nd. 0,100 - ( 1.0)
2.3.4.6.7.8-Hexa-CDF n.d. 0,100 - ( 21)
1.2.3.4.6.7 8-Hepta-CDF 53 0,010 0,053
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - { 1.0)
OCDF n.d. 0,0001 - ( 16 )
o 3,3.44-TCB (17) n.d. 0,0001, - T 29 )
ta 3.4,4'5-TCB (81) n.d. 0,0001 - ( 2 )
£ 3,%",4,4' 5-PeCB (126) 9 0,1000 0,867
€ 3,3'4.4',5,5'HxCB (169) 6 0,0100 0,057
23,3 4 4-PeCB (105) 785 0,0001 0.079
2,3.4,4',5-PeCB (114) 313 0,0005 0,156
€9 2,3.4,4',5-PeCB (118) 4070 0,0001 0,407
¢ 2'3,4,4'5-PeCB (123) 66 0,0001 0,007
ga 2,3,3',4,4',5-HxCB (156) 2009 0,0005 1,004
g 2,3,3',4,4',5'-HxCB (157) 435 0,0005 0,218
2,3 4.4'5,5HxCB (167) 495 0,00001 0,005
2,3,3'4.4'5.5-HpCB (189) 136 0,0001 0,014
Total PCDD/PCDF 308.7
Total non-ortho-PCB 14
) Total mono-ortho-PCB 8308
TEQ (WHO) based on PCODIF 9,064
TEQ (WHOY based on PCB 2,813
IEQ (WHO) 11,877
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PCDD/PCDF and PCB in Serum
Values in pg/g (ppt),
lipid based
Analysis-No. H-04-06-0087 32
Jate: 5/22/04, approximately 30 mi
Concentration TEF (WHO) 1 E£Q (WHO) LOD
2.3.7.8-Tetra-CDD n.d. 1,000 - (10)
1.2.3.7.8-Penta-CDD 19 1,000 1,928
a 1.2.3.4.7.8-Hexa-CDD 17 0,100 0,172
] 1.2.3.6.7.8-Hexa-CDD 12,9 0,100 1,285
« 1.2.3.7.8.9-Hexa-COD 13 0,100 0,127
1.2.3.4.6.7.8-Hepta-CDD 9,2 0010 .. 0002
0chD 60,8 0,0001 0,006
2.3.7 8-Tetra-CDF nd. 0,100 - ( 1.0)
1.2.3.7.8-Penta-COF nd. 0,050 - ( 1.0)
2.3.4.7 8-Penta-CDF 11 0,500 0,549
1.2.3.4.7 8-Hexa-CDF 1,2 0,100 0,116
s 1.2.3.6.7.8-Hexa-CDF 1.6 0,100 0,157
g 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - { 1.0 )
2.3.4.6.7 B-Hexa-CDF n.d. 0,100 - ( 1,1)
1.2.3.4.6.7 8-Hepta-CDF 2.8 0,010 0,028
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 - ( 1.1)
QCDF n.d. 0,0001 - { 1,9 )
g 3.3447TCB (77) nd. 0,0007. - - (26 )
gg 3,4,4'5-TCB (81) nd. 0,0001 - ( 3 )
La 3,3'4.4' 5-PeCB (126) n.d. 0,1000 - { 10 )
€ 3.3'4,4'5,5HxCB (169) 9 0,0100 0,088
2.3,3°8,4-PeCR (105) ) ©,0007 0,009
2,3,44'5-PeCB (114) 224 0,0005 0,112
2 2,3',4,4',5-PaCB (118) 828 0,0001 0,083
1 a 2,34,4'5-PeCB (123) 22 0,0001 0,002
2a 2,3,3'4,4'5-HxCB (156) - 3147 0,0005 1,574
E 2,3,34.4',5HxCB (167) 670 0,0005 0,335
2,3'4,4'5,5'HxCB (167) 215 0,00001 0,002 .
23344 5.5'—HpCB (189) 302 0,0001 0 naovv
Total PCDDIPCOF 94,4
Totat non-ormo»PGB I R
G §489.

Small differéncas an totais casult from- nnmputenmmdmgs
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PCDD/PCDF and PCB in Serum

Values in pg/g (ppt).
lipid based

Analysis-No. H-04-06-0088

Jate: 5/17/04, approximately 20 mi

Concentration TEF (WHO) TEQ (WHO) LOD
2.3.7.8-Tetra-COD 13 1,000 1,338
1.2.3.7.8-Penta-CDD 56 1,000 5621
a 1.2.3.4,7.8-Hexa-CDD 24 0,100 0,238
8 1.2.3.6.7.8-Hexa-CDD 247 0,100 2,473
& 1.2.3.7.8.9-Hexa-CDD 24 0,100 0,240
1.2.3.4.6.7.8-Hepta-CDD 10,3 0,010 0,103
0CDD 140,6 0,0001 0,014
2.3.7.8-Tetra-CDF n.d. 0,100 . ( 1.0 )
1.2.3.7.8-Penta-COF nd. 0,050 - ( 1,0 )
2.3.4.7 8-Penta-COF 2.6 0,500 1.279
1.2.3.4,7.B-Hexa-CDF 3.0 0,100 0,300
o 1.2.3.6.7.8-Hexa-CDF 25 0,100 0,253
2 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - (11
2.3.4.6.7.8-Hexa-CDF n.d. 0,100 - ( )
1.2.3.4.6.7 8-Hepta-CDF 39 0,010 0,039
1.2.3.4.7.8 9-Hepta-CDF n.d. 0,010 - ( 14 )
OCDF n.d. 0,0001 - { 26 )
o 3.3 44-TCB (77) .. 0,0001. - 34 )
£m 3,4,4'5.TCB (81) nd. 0,0001 - ( 2 )
3 3,3'4.4'5-PeCB (126) n.d. 0,1000 - (1)
& 3,3'.4.4'5,5HxCB (169) 27 0,0100 0,266
233 4 PeCB (105) 237 0,0007 0,023
2,344’ 5-PeCRB (114) 420 0,0005 0,210
o 2,.3'4,4" 5-PeCB (118) 1380 0,0001 0,138
ﬁ a 2'3,4,4' 5-PeCB (123) 31 0,0001 0,003
2a 2.3,3'4,4'5-HxCB (156) 10422 0,0005 5211
g 2,3,3' 4,4 5HxCB (157) 2034 0,0005 1.017
2,3'4.4 5,5 HxCB (167) 390 0,00001 0,004
2,3,3'.4,4'5,5HpCB (189) 1051 0,0001 0,105
Total PCDO/PCDF 1994
Total non-ortha-PCB 27
Tatat mono-ortho-PCB 15954
TEQ (WHO) baged on PCDD/F
TEQ (WHOYbdsed on PCB
TEQ (WHO)

TEQ, TEF (WHO) = Toxle equivalent / faktar by WHO tor humans & mammais

n.d. = nat detacted, lmit of detaction (LOD) in (), n.a. = not analysed, Values villh'< cantibuts with 50%
(M) = maximum valus, contains possible outside contamitiatioi -
Small differencas on totals rasult from computenotndings

ERGO.000060
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PCDD/PCDF and PCB in Serum
Values in pg/g (ppt),
lipid based
Adalysis u
rfalysis-No. H-04-06-0089 Date: 5/20/04, approximately 20 ml
Concentration TEF (WHO) TEQ (WHO) 1.OD
2.3.7.8-Tetra-CDD 1.5 1,000 1,519
1.2.3.7.8-Penta-CDD 34 1,000 3,355
a 1.2.3.4.7.8-Hexa-CDD 3.1 0,100 0,305
] 1.2.3.6.7.8-Hexa-CDD 16,2 0,100 1,625
& 1.2.3,7.8.9-Hexa-CDD 46 0,100 0,461
1.2.3.4.6.7.8-Hepta-CDD LY 0,010 0,378
oCcDD 2134 0,0001 0,021
2.3.7 B-Tetra-COF nd. 0.100 - ( 1.0)
1.2.3.7.8-Penta-CDF n.d. 0,050 - { 1.0
2.3.4.7.8-Penta-CDF 1,2 0,500 0,589
1.2.3.4.7 8-Hexa-CDF 2.8 0,100 0,281
5 1.2.3.6.7.8-Hexa-COF 2.0 0,100 0,199
g 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - ( 1.3)
2.3.4.6.7.8-Hexa-CDF n.d. 0,100 - ( 1.7 )
1.2.3.4.6.7.8-Hepta-CDF 8.0 0,010 0,080
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - ( 4.7
OCDF nd. 0,0001 - { 28 )
" 3.3.4.4-1CB (77) n.a. 0,0001, 34 )
-gg 3,4,4',5-TCB (81) n.d. 0,0001 - ( 4 )
£ o 3,3.4,4' 5-PeCB (126) n.d. 0,1000 . ( 16 )
£ 3,3.4,4'5,5HxCB (169) 4 0,0100 0,038
2.3.3°4,4-PeCB (105) 628 0.0001 0,063
2,3.4,4' 5-PeCB (114) 134 0,0005 0,067
2 2,3.4,4' 5-PeCB (118) 2866 0,0001 0,287
5a 2',3.4,4',5-PeCB (123) 62 0,0001 0,006
e5 2,3,3',4,4'5-HxCB (156) 786 0,0005 0,393
& 2,3,3'4,4'5HxCB (157) 187 0,0005 0,094
2,3'4,4,5,5-HxXCR (167) 291 0,00001 0,003
2.3,3'4,4'.6,5-HpCB (189) 73 0,0001 0,007
Total PCOD/PCOF 294,0
Total-non-ortho-PCB 4
_Tatal mono-artho-PCB 5027
TEQ (WHD) based on PCODIF ' 8814
TEQ (WHgiased on PEB 85
VHO).

fnd. "mxl delm:ted lirml ofd !e
M) = maxlmurnvalua, mn .
Small differances on 1otals re

ERGO.000061
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PCDD/PCDF and PCB in Serum

Values in pg/g (ppt),
lipid based

Analysis-No, H-04-06-0090

36
Date: 5/6/04, approximately 30 ml

Concehtratlon TEF (WHO)  TEQ (WHO) LOD
2.3.7.8-Tetra-CDD 54 1,000 5443
1.2.3.7.8-Penta-CDD 13,5 1,000 13,511
a 1.2.3.4.7.8-Hexa-CDD 20,0 0,100 1,997
8 1.2.3.6.7.8-Hexa-CDD 69.8 0,100 6,976
o 1.2.3.7.8. 9-Hexa-CDD 16,8 0,100 1,685
1.2.3.4.6.7.8-Hepta-CDD 154,8 0,010 1,548
ocDD 1142,0 0,0001 0,114
2.3.7.8-Tetra-CDF 21 0,100 0.213
1.2.3.7.8-Penta-CDF 1,6 0,050 0,082
2.3.4.7.8-Penta-COF 7.0 0,500 3,513
1.2.3.4.7.8-Hexa-CDIF 13,3 0,100 1,332
] 1.2.3.6.7.8-Hexa-CDF 10,9 0.100 1,087
b4 1.2.3.7.8.9-Hexa-COF n.d. 0,100 - ( 1.0)
2.3.4.6.7.8-Hexa-CDF 2.5 0,100 0,255
1.2.3.4.6.7 B-Hepta-CDF 9.6 0,010 0,096
1.2.3.4.7.8.9-Hepta-COF n.d. 0,010 - ( 1.0 )
OCDF n.d. 0,0001 - { 1,0 )
a 3.3.4.4-TC8 (77) n.d. 0,0001 . C 14 )
§8 3,44',5-TCB (81) n.d. 0,0001 - ( 2 )
Ee 3,3'4,4',5-PeCB (126) 50 0,1000 5,049
€ 3,3'.4,4',5,5'HxCB (169) 24 0,0100 0,240
7.3,34.4-PeCH (105) 2771 0,0001 0.277
2,3.4,4' 5-PeCB (114) 1375 0,0005 0,668
g 2,34, 4' 5-PeCB (118) 18281 0,0001 1,828
5o 2'.3.4.4' 5-PeCB (123) 373 0,0001 0,037
a 2,3,3'.4.4',5-HxCB (156) 6744 0,0005 3,372
E 2,3.3',4.4' 5 HxCB (157) 1511 0.0005 0,755
2,3'.4,4' 5,5 -HxCB (167) 2194 0,00001 0,022
2,3,3.4.4'.5,5-HpCB (189) §73 0,0001 0,057
Tatal PCOD/PCOF 1469.4
Total non-ortho-PCB 74
Total mono-oitho-PCB 33823 _
TEQ (WHO) based on PCDD/F 37,851
TEQ (WH®} based on PCB 12,325
TEQ (WHO) 50,176

TEQ, TEF (WHO) = Toxic equivalent / -faktor by WHO for humans & mammals
nd. = not detacted, limit of detaction (LOD) in (), n.a. = not analysed, Values with < contribute with 50%
{M} = maximum value, contains possibie oulside contamination

Small differances on totals resuft from computemoundings

R R ST R
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PCDD/PCDF and PCB in Serum

" Values in pglg (ppt),

lipid based

Analysis-No. H-04-06-0091

40.

Date: 5/18/04, approximately 30 mi

Total non-artho CB

Small dilfarenoes on ﬁutals resultﬁnm coim| ennundings

Concentration TEF (WHQ) TEQ (WHO) LoD
2.3.7.8-Tetra-CDD nd. 1,000 - { 10 )
1.2.3.7.8-Penta-CDD 14 1,000 1,386
a 1.2.3.4.7.8-Hexa-CDD 1.2 0,100 0,121
a 1.2.3.6.7.8-Hexa-CDD 76 0,100 0,759
& 1.2.3.7.8.9-Hexa-CDD 19 0,100 0,185
1.2.3.4.6.7.8-Hepta-CDD 18,6 0,010 0,186
ocbb 120,8 0,0001 0,012
2.3.7.8-Tetra-CDF n.d. 0.100 - { 1.0 )
1.2.3.7.8-Penta-CDF n.d. 0,050 - ( 1,0 )
2.3.4.7 8-Penta-CDF n.d. 0,500 - ( 1.0 )
1.2.3.4.7.8-Hexa-COF 1.7 0,100 0.174
& 1.2.3.6.7.8-Hexa-CDF 14 0,100 0,136
g 1.2.3.7.8.9-Hexa-COF n.d. 0,100 - { 1.0 )
2.3.4.6.7 8-Hexa-CDF n.d. 0,100 - ( 19 )
1.2.3.4.6.7 8-Hepta-CDF 23 0,010 0,023
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - ( 1.0)
OCDF nd. 0,0001 - { 1.0 )
o 3.3.44-TCB(77) nd. 0.0001 . C 21 )
Em 3,4,4',5-TCB (81) nd. 00001 - { 2 )
g 3,3'4,4',5-PeCB (126) n.d. 0,1000 - { 9 )
€ 3,3'.4.4' 5,5 -HxCB (169) 3 0,0100 0,029
23,5 4,4 PeCB (105) 315 0,0001 0,032
2,3,4,4',5-PeCB (114) 79 0,0005 0,039
g 2,344 5-PeCB (118) 1617 0,0001 0,162
s m 2'3.4.4' 5-PeCB (123) 45 0,0001 0,005
ga 2,3,3'4.4',5-HxCR (156) 453 0,0005 0,227
g 2,3,3'4.4' 5-HxCB (157) 88 0,0006 0,044
2,34,4',5,5'HxCB (167) 17 0,00001
2.3,3'4,4'5,5'-HpEA (189) 33 0,0001
Total PCDD/PCOF 156,8 ‘

ERGO.000063
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PCDD/PCDF and PCB in Human Blood
Values in pglg (ppt),
lipid based
Analysis-No. H-04-06-0092 M .
Date: 5/25/04, approximately 15 m!
Concentration TEF (WHO) _1EQ (WHO) (Xe]3)
2.3.7.8-Tetra-CDD 1,4 1,000 1362
1.2.3.7.8-Penta-CDD a5 1,000 3470
o 1.2.3.4.7.8-Hexa-CDD 22 0,100 0,215
a9 1.2.3.6.7.8-Hexa-CDD 17,7 0,100 1,770
= 1.2.3.7.8.9-Hexa-CDD 35 0,100 0,346
1.2.3.4.6.7.8-Hepta-CDD 21,7 0,010 0,217
QCDD 162,5 0,0001 0,016
2.3.7.8-Tetra-CDF 1,0 0,100 0,098
1.2.3.7.8Penta-CDF n.d. 0,050 - ( 1.0 )
2.3.4.7.8-Penta-CDF 1,7 0,500 0,859
1.2.3.4.7 8-Hexa-CDF 48 0,100 0,482
& 1.2.3.6.7.8-Hexa-CDF 3.2 0,100 0,317
8 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - { 1.0)
2.3.4.6.7.8-Hexa-COF n.d. 0,100 - { 22 )
1.2.3.4.6.7.8-Hepta-CDF 9.5 0,010 0,095
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - ( 1,0 )
OCDF nd. 0,0001 - ( 1,7)
a 3.3 44-TCB(T7) nd. 0,0001 - (37 )
§3 3,4,4'5-TCB (81) nd. 0,0001. . ( 3 )
¢ 6 3,3'4,4',5-PeCB (126) n.d. 0,1000 - ( 13 )
€ 3,3'4,4'5,5'HxCB (169) 7 0,0100 0,068.
23,344 DeCB (105) 1470 0,0001 0,147
2,3,4,4' 5-PeCB (114) 336 0,0005 0,168
9 2,3',4,4'5-PaCB (118) 6379 0,0001 0,638
? 8 2'34,4 5-PeCB (123) 146 0,0001 0,015
a4 2,3,3',4,4',5-HxCB (158) 1103 0,0005 0,551
g 2.3,3'4,4'5HxCB (157) 252 0,0005 0,126
2,3'4,4' 5,5 HxC8B (167) g7 0,00001 0,004
2,3,3'4,4'5,5-HpCB (189) 74 0,0001 0,007
Total PCDD/PCDF 232.5
Total non-ortho-PCH 7
Total mano-arthe-PCB 10147
TEQ (WHO) based on PCD
- TEQ (WHG_;based dn PCB
TEQ (WHO)

TEQ, TEF (WHO) = Taxic aquivalant / -falor by WHO for tuimans & mammals
.d. = not detacted, limit of datactign (LOD)in{ ), n.a. =nat snﬂysed Valuas wrth < cunhwe wiﬂl 50%
(M) = maximum value, contairis possitie outside coptarmination :

Small differencas. on tofals result from uumpmamunqmgs

ERGO.000064
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PCDD/PCDF and PCB in Human Blood
Values in pg/g (ppt),
lipid based
Analysis-No, H-04-06-0093 46
' ) Date: 5/22/04, approximately 30 m}
Concentration TEF (WHO)  TEQ (WHO) LOD
23.7.8-Tetra-CDD 1.0 ~71,000 1,000
1.2.3.7.8-Penta-CDD 15 1,000 1459
o 1.2.3.4.7 8-Hexa-CDD 1.0 0,100 0,103
9 1.2.3.6.7.8-Hexa-CDD 6,1 0,100 0,609
& 1.2.3.7.8.9-Hexa-CDD 2.0 0,100 0,205
1.2.3.4.6.7 8-Hepta-CDD 12,0 0,010 0,120
QCDhD 98,3 0,0001 0,010
2.3.7.8-Tetra-CDF 13 0,100 0,130
1.2.3.7.8-Penta-COF n.d. 0,050 - { 1.0 )
2.3.4.7.8-Penta-CDF 1,1 0,500 0,558
1.2.3.4.7.8-Mexa-CDF 2,5 0,100 0,249
& 1.2.3.6.7.8-Hexa-CDF 15 0,100 0,145
b4 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - { 1.0 )
2.3.4.6.7.8-Hexa-CDF n.d. 0,100 - { 23 )
1.2.3.4.6.7.8-Hepta-CDF 2.4 0,010 0.024
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - { 1.0 )
OCDF n.d. 0,0001 - ( 1,6 )
o 3.3 44TCB(77) nd. 0,0001 - { 36 )
§3 3,4.4',5-TCB (81) n.d. 0,0001 .. - { 4 )
£ 6 3,3 4,4',5-PeCB (126) n.d. 0,1000 - ( 12 )
g 3,3'4,4'5,5'HxCB (169) 4 0,0100 0,039
2,3,3,4.4-PeCB (105) 430 0,0007 0,043
2,344 5-PeCB (114) 64 0,0005 0,032
% 2,344 5PaCB (118) 2222 0,0001 0,222
s 2'3,4,4',5PeCB (123) 40 0,0001 0,004
g a. 2,3,3'4,4',5-HxCB (156) 336 0,0005 0,168
E 2.3,3'4,4' 5-HxCB (157) 89 0,0005 0,045
2,.3'4.4.5,5-HxCB (1687) 214 0,00001 0,002
2,3,3'44'5,5'HpCB (189) 28 0,0001 0,003
Total PCDD/PCOF 130,7
Total non-artho-PCB 4
Total mono-otho-PCB. 3423
TEQ (WHO) based on PCPRIF
TEQ (WHO) based on PCB
__TEQ (WHO)

TEQ, TEF (WHO) = Toxic equivalent  faktor by WHO-for fdri:

nd. = not datected; imit of detaction (LOD|

(W) = maximiurn vithte, containg possibile outsida an
Small differaricas: on totals vésult froi camputa

ERGO.000065
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PCDD/IPCDF and PCB in Human Blood
Values in pg/g (ppt),
lipid based
Analysis-No. H-04-06-0094 9.
526104, approximately 20 mi
Concentration TEF (WHO)  TEQ (WHO) LOD
2.3.7 8-Tetra-CDD 1,2 1,000 1,200
1.2.3.7.8-Penta-CDD 3.2 1,000 3,196
a 1.2.3.4.7 8-Hexa-CDD 3.2 0,100 0,319
8 1.2.3.6.7.8-Hexa-CDD 15,5 0,100 1,561
- 1.2.3.7.8.9-Hexa-CDD 49 0,100 0,487
1.2.3.4.6.7.8-Hepta-CDD 30,2 0,010 0,302
QCDD 187,3 0,0001 0,019
2.3.7.8-Tetra-CDF nd. 0,100 - 1.0)
1.2.3.7.8-Penta-CDF n.d. 0,050 - { 10 )
2.3.4.7.8-Penta-CDF 1.9 01,500 0,934
1.2.3.4.7 8-Hexa-CDF 4.8 0,100 0,484
= 1.2.3.6.7.8-Hexa-CDF 24 0,100 0,239
g 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - { 1.0 )
2.3.4.6.7 8-Hexa-CDF n.d. 0,100 - ( 1.8 )
1.2.3.4.6.7.8-Hepta-COF 5.1 0,010 0,051
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 - (10)
OCOF n.d. 0,0001 - ( 1.3 )
o 3,344 -TCB(77) n.d. 0,0001 - ( 22 )
*{; @ 3.4,4'5-TCB (81) n.d. 0,0001. - ( 2 )
& 8. 3,3',4,4',5-PeCB (126) 9 0,1000 0,886
c 3,3'4,4'.5,5'HxCB (169) 6 0,0100 0,059
23,3 ,4,4-PeCB (105) 546 0,0001 0.055
2,344 .5-PeCB (114) 109 0,0005 0,055
Q 2,3',4,4'5-PeCB (118) 2801 0,0001 0,280
g 9 2',3.4.4' 5PeCB (123) 51 0,0001 0,005
a 2,3,3 4.4 5HxCB (156) 651 0,0005 0,325
E 2.3.3.4,4'.5HxCB (157) 156 0,0005 0,078
2,3 4,4'56,5-HxCB (167) 267 0,00001 0,003
2,3,3,4,4'5,5-HpCB (189) 36 0,0001 0,004
Total PCDD/PCDF 2597
Total non-ortho-PCB 15
Total mono-oitho-PCB 4617
YEQ (WHO) based an: Pcﬁbﬁ
TEQ (WH%&&ed on PCB_
TEQ (WHQ]

TEQ, VEF (WHO) = Toxic equivatent / -faktor by WHO for humans & mariieals
n:d. = not detected, limit of detection (LODY in (), . ma. =not analysed, Valuas ¥
(M) = maximuim value, contais possible oulsids confamination

Small diffarencas an totals resultfrom computecoundings

ERGO.000066 ©
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PCOD/PCOF and PCB in Huiman Blood
Values in pg/g (ppt).
lipid based
50
Analysis-No. H-04-06-0095 527104, approximately 15 mi
Concentration TEF (WHO) TEQ (WHO) LOD
2.3.7.8-Tetra-CDD n.d. 1,000 - { 137)
1.2,3.7.8-Panta-COD 2,5 1,000 2,531
a -1.2.3.4.7.8-Hexa-CDD 2,0 0,100 0.198
a 1.2.3.6.7.8-Haxa-COD 12,8 0,100 1,282
& 1.2.3.7.8.9-Hexa-COD 36 0,100 0,357
1.2.3.4.6.7. B-Hepta-CDOD 14,8 0,010 0,148
0CDD 159,3 0,0001 0,016
2.3.7.8-Tetra-COF 1,5 0,100 0,148
1.2.3.7.8-Penta-CDF n.d. 0,050 - ( 10)
2.3.4.7.8-Penta-COF 26 0,500 1,284
1.2.3.4.7.8-Hexa-CDF 35 0,100 0,348
5 1.2.3.6.7.8-Hexa-COF 3.2 0,100 0,315
& 1.2.3.7.8.9-Hexa-CDF < nd. 0,100 - ( 1.3)
2.3.4.6.7 8-Hexa-CUF n.d. 0.100 - ( 42 )
1,2.3.4.6.7.8-Hepta-COF 14,8 0,010 0,148
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - { 15)
, OCDF n.d. 0,0001 - ( 3.7)
o 3.3 44-TCB(77) nd. 0,0001 - ( 59 )
i:;g 3,4,4'5-TCB (81) n.d. 0,0001 - - ( 3 )
ge 3,3.4,4'5-PeCB (126) nd. 0,1000 - { 14 )
c 3,3'4,4',55-HxCB (169) 8 0,0100 0,083
23,3 44 PeCB (105) 504 0,0001 0,050
2,3,4,4',5-PeCB (114) 148 0,0005 0,074
2 2,3,4,4'5-PeCB (118) 2740 0,0001 0,274
5 a 2,3.4,4' 5-PeCB (123) 28 0,0001 0,003
g G 23,34 4" 5-HxCB (156) 783 0,0005 0,392
€ 2,3,3'4.4'5-HxCB (157) 184 0,0005 0,092
2,3'4.4',6,5-HxCB (167) 201 0,00001 0,002
2,3,3,4.4',5,5-HpCB {189) 57 0geat . . 0006
Total PCBDIPCOF 2206 R
Total-non-artho-PCB -8
Total moao-onthoPCB. 4645
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PCDDIPCDF and PCB in Human Blood
Values in pgl/g (ppt),
lipid based
Analysis-No. H-04-06-0096 51 ’
: vate: 5/Z8/04, approximately 15 mi
Concentration TEF (WHO) TEQ (WHO) LoD
2.3.7.8-Tetra-CDD nd. 1,000 N ( 1.3)
1.2.3.7.8-Penta-CDD 3.0 1,000 2993
a 1.2.3.4.7 8-Hexa-CDD 1.8 0,100 0,183
8 1.2.3.6.7.8-Hexa-COD 12,7 0,100 1,269
o 1.2.3.7.8.9-Hexa-CDD 23 0,100 0,235
1.2.3.4.6.7.8-Hepta-CDD 13,2 0,010 0,132
ocDp 160,9 0,0001 0,016
2.3.7.8-Tetra-CDF 1.6 0,100 0,162
1.2.3.7.8-Penta-CDF n.d. 0,050 - ( 10)
2.3.4.7.8-Penta-CDF 2.7 0,500 1,327
1.2.3.4.7.8-Hexa-CDF 44 0,100 0,439
=y 1.2.3.6.7.8-Hexa-CDF 3.6 0,100 0,355
& 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - { 1,3)
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - ( 34 )
1.2.3.4.6.7.8-Hepta-CDF 14,2 0,010 0,142
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 - ( 15
OCDF n.d. 0,0001 - { 41 )
© 33 345CB(77) n.d. 0.00071 N ¢ 60 )
tm 3,4,4',5-TCB (81) nd. 0.0001 , - ( 4 )
g 3,3',4,4' 5-PeCB (126) n.d. 0,1000 " - ( 14 )
< 3,3'4.4' 5,5 -HxCB (169) 9 0,0100 0,001
2.3,3°4.4-PeCB (105) 508 0,0001 0,051
2,3,4,4'5-PeCB (114) 144 0,0005 0,072
5 2,34 .4' 5-PeCB (118) 2400 0,0001 0,240
5@ 2'3,4.4'5-PeCB (123) 29 0,0001 0,003
s 2,3,3' 4,4 5-HxCB (156) 814 0,0005 0.407
€ 2,3,3'4,4,5-HxCB (157) 182 0.0005 0,091
2,3'4,4' 5,5-HxCB (167) 216 0,00001 0,002
2,3,3' 4,4'5,6HpCR (189) 51 0.0001 0,005
Total PCOD/PCOF 2204 ' ‘
Total non-ortho-PCHB 9 ' '
Total mono-ortho-PCB ] 4344 )
TEQ (wuo) based on ch"ﬁ"t’r

nd. = not deteolad, imit of detaction (LOD)in (), fa. = not aiv
(M) = maximum value, coitalng poWe auma ecmm ¢
Small differences on totals resuit froii mmputano I
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PCDD/PCDF and PCB in Human Blood
Values in pg/g (ppt).
lipid based
Analysis-No. H-04-06-0097 52 .
5126104, approximately 10 ml
Concentration TEF (WHO)  TEQ (WHO) LOD
2.3.7.8-Tetra-CDD 1.1 1,000 1,108
1.2.3.7 8-Penta-COD 24 1,000 2,399
a 1.2.3.4.7 8-Hexa-CDD 21 0,100 0,208
a 1.2.3.6.7.8-Hexa-COD 9.9 0,100 0,990
& 1.2.3.7.8.9-Hexa-CDD 2.5 - 0,100 0,245
1.2.3.4.6.7.8-Hepta-COD 18,6 0,010 0,186
ocDD 108,0 0,0001 0,011
2.3.7.8-Tetra-CDF nd. 0,100 - ( 1,0 )
1.2.3.7 8-Penta-CDF n.d. 0,050 - ( 10)
2.3.4.7.8-Penta-CDF 12 0,500 0,613
1.2.3.4.7 8-Hexa-CDF 29 0,100 0,287
5 1.2.3.6.7.8-Hexa-CDF 1,6 0,100 0,160
g 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - ( 1.0 )
2.3.4.6.7.8-Hexa-CDF n.d. 0.100 - ( 28 )
1.2.3.4.6.7 8-Hepta-COF 3.1 0,010 0,031
1.2.3.4.7.8.9-Hepta-CDF n.d. 0.010 - ( 1.0 )
OCDF nd. 0,0001 - { 1.5 )
a 3.3 44-1CB (17) nd. 0,0001 - { 34 )
§3 3,4,4'5-TCB (81) n.d. 0,0001 . - {3 )
£o 3,3'.4,4' 5-PeCB (126) nd. 0,1000 - ( 13 )
€ 3,3'4,4',5,5' HxCB (169) 6 0,0100 0,083
2.3.3.4,4-PeCB (105) 632 0,0001 0,063
2.3.4,4',5-PeCB (114) 146 0,0005 0,073
2 2,3',4,4'5-PeCB (118) 3138 0,0001 0,314
% @ 2'3,4,4' 5-PeCB (123) a1 0,0001 0,004
ga 2,3,3,4,4" 5-HxCB (156) 726 0,0005 0,363
E 2,3,3'44' 5'HxCB (157) 169 0,0005 0,082
2,3'4.4',5,5HxCB (167) 278 0,00001 0,003
2,3,3',4.4',5.5-HpCB (189) 55 32,0001 0,008
Tatal PCODPCDF 153,3 ‘ e
Total non-ortho-PGB 6
Total monooﬂho«? 2B 5181,
TEQ (WHO) based on PCDDIE
TEQ (WHO) ,based on PC‘B ,

n.d. =t datﬂctad fi
(M) maxdmum vallee,
Small difteraticas or Etals rasult: tmm mfnpinemm

?&,‘ ".. %
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PCDD/PCDF and PCB in SERUM
Values in pg/g (ppt},
lipld based
23
Analysis-No. H-04-06-0098 ) Date: 6/1/04, approximately 20 mi
Concentration TEF (WHO) TEQ (WHO) LOD
2.3.7.8-Tetra-CDD 1.5 1,000 1,455
1.2.3.7.8-Penta-CDD 3.1 1,000 3,0M
a 1.2.3.4.7.8-Hexa-CDD 3.0 0,100 0,303
8 1.2.3.6.7.8-Hexa-CDD 19,6 0,100 1,956
o 1.2.3.7.8.9-Hexa-CDD 24 0,100 0,243
1.2.3.4.6.7.8-Hepta-CDD 27.0 0,010 0,270
0CDD 253,0 0,0001 0,025
2.3.7.8-Tetra-CDF n.d. 0,100 - ( 10)
1.2.3.7.8-Penta-COF nd. 0,050 - ( 1.0)
2.3.4.7.8-Penta-CDF 2.1 0,500 1,050
1.2,3.4.7.8-Hexa-CDF 4.0 0,100 0,396
% 1.2.3.6.7.8-Hexa-CDF 2.1 0,100 0,213
g 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - ( 1,0)
2.3.4.6.7.8-Hexa-CDF 1.8 0,100 0,182
1.2.3.4.6.7.8-Hepta-COF 26 0,010 0,026
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - ( 1,0)
OCDF n.d. 0,0001 - ( 20 )
o 3.344-TCB (77) nd. 0,0001 - ( 26 )
€03 3,4,4',5-TCB (81) nd. 0.0001 - ( 3 )
go 3,3'4,4',5-PeCB (126) n.d. 0,1000 - ( 1)
€ 3,3'4,4',5,5-HxCB (169) 8 0,0100 0,081
2.3,3 4, 4PeCB (105) 657 0,0001 0,066
2,3,4,4',5-PeCB (114) 452 0,0005 0,226
2 2,.3.4,4'5-PeCB (118) 4966 0,0001 0,497
g @ 23,44 5-PeCB (123) 80 0,0001 0,008
geo 2,3,3'4,4',5-HxCB (156) 1772 0,0005 0,886
] 2,3,3',4,4' 5'-HxCB (157) 415 0,0005 0,208
2,3'4,4' 5,5 HxCB (167) 545 0,00001 0,005
2,3,3'4,4'55-HpCB (1889) 129 0,0001 0,013
e —
Tatal non-ortho-PCB 8
Total mano—oﬂho-PCB' 9016

Small dlffarenuasm to!alsrasul fro

- End of Report 2004-0498¢c -
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6 Results

The detailed results of all 2,3,7,8-substituted PCDD/PCDF as well as the resuits of the
PCBs are shown on the data sheets enclosed (second column). The sheets also present
the individual Toxic Equivalent Factor (according to WHO, third column), which is used for
the calculation of the single individual Toxic Equivalents (fourth and fifth calumn). The total
of these values is the TEQ (WHO) value, which is used for the quantitative evaluation of the
overali PCDD/PCDF- and PCB-contamination of a sample.

The results are valid for the analyzed samples only.

7 Final Remarks

For duplicating the report in parts a written permission by ERGO Forschungsgesellschaft
mbH is required. The samples are stored — on dependence of the test parameters — not
longer than three months after the date of the report.

Hamburg, 30.06.2004

ERGO Forschungsgesellschaft mbH

Olaf Papke Claudia Callingro
board member (official certified food chemist)
project manager
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- RGO, MAtt. Gienr.1. 22303 Harmtus. Gomagay
Attn, Mr. James Plet. . - o . | l
- Baron & Budd, P.C. - : : ‘

3102 Oak Lawn Avenue, Suite 1100 i

75219 Dalias, Texas
USA '

Report 2004-0413th

1 .Order

The order was given by the client mentioned abave. =
The order has the following internal project code: A-0426-04-400.
2 Sampling and shipment _ ) ‘
The sampliﬁg was done resp. organized by the cdslomgr. The samples were sent in frozen
state by a courier service. The samples arrived frozen in the ERGO laboratory and were
“stared at ~18°C until-the beglnning of the analyses. o

\

A wrosi "'..,.,. : Tulnquhoahq Ract by $a DAP O o edit

F GewbH a0-
Jar © ., coRding 4o DIN EN ISOMEC 17025, Ve Acerediigiion epplles (or the Tasting Methods meationad in
U List altiched o the Cariiicate. ] . .
DAC-P-000-02.40 . A y Aty related 1o §§ 26, 28 BUNSCHG, Emiasion. and

. byt G ijos (HNutil )
Mmﬂmnm&olﬁmmmmfst
WMMT&GHWWWWNWWWM.
" Boara membars: D Aichas! 8sl, OR! Plake -
Golerstmie 1, 022305 Hembuig, Tol: +42 40 82 70 96 -, Fax: +42 4068 70 96 99

. Bank sccount: Commetybenk Hambung - LT 200 400 00 - Aconunt-No 2707825 ,
Lacel court Hamburg HRE zmo-n\mwunm- Tux-No 71 856 01013

ERGO0.000164
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3 Description of sample

'

R '-*3-2“-5:‘45&1@15&9 -

S I Receiptof | Date of the test
1 P ¢ :
Sample co#a 1 .C,Ient code Matrix sample patfqrmanco
; T % | - -
: . B ) ) . 14.05.2004 -
H-04-05-0173 date: 4/27/04, SerumyPlasma | 07.05:2004 28.05.2004
approxmalety 20 mi :
‘ BRI . . .
: : " 14.05.2004 -
H-04-05-0174  Date: 4727104, Serum/Plasma [ 07.05.2004 28:05.2004
appraximately 20.mi
12 -
< . y 14.05.2004 ~
H-04-05-0175 Date: 4/17/04, Serum/Plasma 07.05.2004 28.05.2004
" approximately 20 mi’
13 -
: , N E 4 14.05.2004-~
Wq4_05_0‘175 " Uate: 4115104, Serum/Plasma 07.(_)5.20q4 ‘' 28.05.2004
.approximately 20 mi
14 .
‘ . » : 14.05.2004 ~
H-04-05-0177 Date: 4/19/04, SeumPlasma | 07.05.2004 | g 552004
aooroximatelv 30 ml - )
15 '
VNN » S 14.05.2004 ~
 H-04-05-0178 Date: 4118104, SerumiPlasma | 07.05.2004 | 28062004
approximately 20 mi :
, T 16 c
: . I . | 14.05.2004 -
HO4-050179 | * - (yate: wizzsoa, Serum/Plasma | 07.05.2004 | 0 neon0a
-approximalely 20 mi )
. . AT -
p . : 1 14.05.2004 -
H_@,gﬁ.omp " Date: 427104, Serum/Plasma | 07.05.2004 : 28.05.2004
- agproximately 15 mi. ' L
RTINS ‘ b
. S ‘ 14.05.2004 —
HOLOSOBY | o onioa, SerumfPlasma | 07.052004 | a5 052004
‘approximately 30 ml '
S [
i3

ERGO.000165
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. . Rucsipt of | Date of the tast
Sample code Cllent code Matrix samplo performance
19 . :
. . 14.05.2004 ~
HO4-05-0182 | ey Serum/Plasma | 07.05.2004- | o0 o0
approximalely 20 ml. )
20 . .
| 17.05.2004 -
H-04-05-0183 Dale: 4/16/04, Serum/Plasma | .07.05.2004 28.05.2004
- -appmximale!y 40 mt
24 co
) L . i 17.05.2004 —
H-04-05-0184- Urate: 4120/04, Serum/Plasma | - 07.05.2004 | = g ge 50q4
~-apofoximately 30 mi
: . _ 17.05.2004 ~
H-04-05-0185 Date: 4121104, - Serum/Plasma | 07.05.2004 28.05.2004
: approximalely 30 m :
6 .
N K . ’ 17.05.2004 —
H-04-05-0186 Dale: 4/29/04; Serum/Plasma | 07.05.2004 28.05.2004
appmxima_taly 20 mi
21 :
, S \ 17.05.2004 -
HOLOSOIBT | o wnene, SerumfPlasma | 07.06.2004 | 55 05 2004
annraximalaly 20 ml
29 '
) 17.05.2004 —
H-04-05-0188 Date: 4118106, Serum/Plasma | 07.05 '_2004 28.05.2004
_ approximately 30 m|
% T s
. . . ) 17.05.2004 —
- approximately 20 mi N '
) : .
.. - 17.05.2004 —
HOE0S0100 | oo ace, SerunuPlasma| 07.06.2004 1 - »g 95,2004
__ approximately 20mi |- N
T 35 ] A3
s Co 18.05.2004 ~
HO4050181 | ' ooy, | SenmPlasma| 07.05.2004 | o500 aggs
. approxdmatety 20 ml — '
v

ERGO.000166
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L e aagmsgpsgiisoial
: . | Recéiptof | Oato of tha tast
‘1 Sample code Cllent code Matrix sampl o parformance
, | ar : -
: - o - : 18.05.2004 -
H-04-05-0192 “ Bate: SH/04; Serum/Plasma | 07.05.2004 28.05.2004
approximately 20 mi
[ F- | O '
‘ SR v : : _ 18.05.2004 — .
H-04_-O5"0193 Oate: 5/404, Sommlesma 07.05.2004 | 28.05.2004
) . “approximately20 ml | ) :
38 ' ; )
- . 18.05.2004 -
H-04-05-0194 Date: 4720004, Serum/Plasma| 07.05.2004 © 28.05.2004
i .a,ppfmdmately o ml
. : ) 18.05.2004 —
H-04-05-0195 - waie 412004, SerumIPlasma 07.05.2004 28.05.2004
approximately 40 mi ) )
I res B - ' -
. - : . : : 18.05.2004 ~
H-04-05-0196 Date: 4/18/04, . Seruml?lasrrp 07.05.2904 28.05.2004 .
) approximatety 30 mi
B 1. : SR 18.05.2004 —
&04-05-0197 Oate: 421104, Serum/Plasma | 07.05.2004 28.05.2004
© ] . approximately 20 mi ’
. 45 ' :
8 e " 18.05.2004 -
.H«04_-05-0198 . Date: 428004, Serum/Plasma | 07.05.2004 . 28.05.2004
) : - approximately 20 ml ) :
_ N - : | 18.05.2004 -
}1-04-05-0199 v Date: 4!29104 SeunvPlasma |- 07.05.2004 28.05.2004
. - approiimately 15 mi ) :
. RS N -
¥ e - 1 18.05.2004 —
HO405-0200 1 pafe: itajos, - | SerumPlasma | 07.05.2004 | 55 g5 o004
- | :.. approximately 30 mi & ) :

. ERGOSOMET
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4 Analytical methods

In tha following the analytical procedures for the analysis of serum/plasma is shown. We
would like to mention, that the measurements are done by high resolution mass spectroma-
try (HRMS), which guarantees high specificity and high sensitivity.

Prior the extraction following '°C-UL-labeled Internal standards are added to the sample:

internal standards {'"C-UL), PCDDs/PCDFs
PCDOs PCDFs .

2378 Tetra-COD 2378 “Tetra-CDF
12378 PentaCOD  [1.23738 -Penta-COF
234748 -Penta-CDF

1,2,3,4,18 -Hexa-CDD 1,234,7.8 Hexa-CDF

- 1,2,3,6,7.8 -Hexa-CDD 1.236.7.8 -Hexa-COF
1,2,3,7,88 -Hexa-CDD 123789 -Hexa-CDF
234,678 -Hexa-COF
1234678  HeplaCOD [1234678  -Hepta-COF
1234789  -Hepta-CDF

12346785 -Octa-COD 12348789 -Octa-CDF

internal standards {"C-UL), PCBs
Compound IUPAC Code
3344 Telra-CB PCB 77
o w3445 Tetra-CB PCB 1
5E8 (33445 Penta-CB PCB 126
Z S8 AFAF5S5 “Hexa-CB PCB 169
23344 “Penta-CB PCB 105
2 (23445 -Penta-CB PCB 114 z
O 123445 Penta-CB PCB 118 ‘
o |2.244°5 Panta-CB PCB 123
£ [233445 “Hexa-CB PCB 156
3 |2334as -Hexa-C8B PCB 157
s l234455 Hexa-CB PCB 167
- = 3334455 “Hepta-GB PCB 169

After the spiking, the sam;;!es are extracted with hexane for ultratrace-analyses (e.g. nano-
grade) by using a liquidfliquid extraction.

After performing the gravimetric lipid detenmination, the dean up is done on a multicolumn
system (involving carbon-on-glasfibre or carbon-on-celite for PCODPs/PCDFs and cerain-
PCBs). The measurement is done by means of high resalution gaschramatography and

high resolution mass spectrometry (HRGCHRMS) with VG-AutoSpac andfor Finnigan MAT
95 Xt using DB-5 capiliary columns.

For each companent 2 isotope masses are measured. The quantificatian ls cun'-ihd out by
the use of Intemallextemal standard mixtures (isotope diliifion . methiod).  Fe
PCDDs/IPCDFs and PCBs are determined and ceportad. :

A

'ERGO.000168
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PCDDs/PCDFs
PCDDs PCOFs

2378 -Tetra-CDO 2378 -Tetra-COF
12,378 -Penta-CDD 12378 Penta-CDF
23478 -Penta-CDF

1.23.47.8 -Hexa-CDD 123478 -Hexa-COF
1.2,3.6.7.8 -Hexa-CDD 1.236,7.8 -Hexa-COF
1,2,3,7.8.9 -Hexa-CDD 12,3789 -Hexa-COF
234678 -Hexa-COF
1,2346,78 -Hepta-CDD 1234678 -Hepta-CDF
1,234,789 -Hepta-CDF

12346789 -Octa-CDD 12346789 -Octa-CDF

PCBs
Compound IUPAC Code

3344 -Tetra-CB PCB 77

, o w3445 -Talra-CB PCB 81
5 € 8 33445 -Penta-CB PCB 126
001334455 “Hexa-CB PCB 169
233,44 “Penta-CB PCB 105
@ (23445 -Penta-CB PCB 114
8 2,344°5 -Penta-CB PCB 118
2 2°.344°5 -Penla-CB PCB 123
T 23,3448 -Hexa-CB PCB 156
I (233445 -Hexa-C8 PCB 157
5 23,4455 -Hexa-C8 PCB 167
E  |233344°55 Hepta-CB PCB 189

In addition to the singla resuits, calculations of the toxicity equivalents (TEQ) according to
the WHO-system are carried out.

The analytical method for WHO-PCBs is not part of the accreditation, but it is scheduled for
accreditation in 2004,

General information about PCDDsIPCDFs

Polychlorinated dibenzo-p-dioxins (PCDOs) and polychlorinated dibenzofurans (PCDFs) are
unwanted by-products in a variety of industrial and themal processes. However, their levels
in the environment increased significantly with the beginning of the industrial chlorine indus-
try in this century. Because of their many sources, PCDDs and PCOFs are ubiquitously dis-
tributed. The degrae of chlorination of the tricyclic components varies between 1 and 8 at-
ams per molecule. The overall number of dioxins and furans is 75 ang 135, respectively.

In humans, only the isomeras with 2,3,7,8-subslitution are fnund."loiallng seven dioxins and
10 furans. Humans may bacome contaminated with PCDD/PCOF through environmental
{background), occupational, or accidental exposure.

Itis generally agreed that for the nonmal population, food represents the maln route of envi-
ronmental exposure to PCDD/SIPCDFs. l{sually mare than 90% of the total daily intake of
these contaminants derives from food.

ERGO.000169
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In contrast, exposure via other foutes, such as inhalation and ingestion of pasticies from air,
ingestion of contaminated soil, and dermal absorption, normally contributes less than 10%
of daily intake. Because humans are the high end of the food chain, it becomas obvious that
human tissue may contain relatively high amounts of xenabiotics such as PCDDs/PCDFs.
Becausa of the lipophilic nature of these two classas of environmental contaminants, food-
stuffs of animal origin are of special importance.

The following figure shows the general structure of polychlorinatad dibenzo-p-diokins
(PCDDs) and polychlorinated dibenzofurans {PCDFs):

(o]
3 NN
s l Polychlorinated dibenzo-p-dioxins
A " L (PCDDs)
/ NG X

(€l

Polychlorinated dibenzofurans
{PCDFs)

The following figura shows the formula of 2,3,7,8-Tetrachlorodibenzo-p-dioxin, the most
toxic compound of PCODs/PCDF s,

Cl: : C1
Ci Cl

1,3.7,8-TETRACHLORODIBENZO-P-DIOKIN

ERG0.000170
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Certain PCBs were found to have “dioxin-like” properties and were given a TEF {toxic

equivalent factor) by WHO as well:

- S herpsguselechal gumH R ———

International TEFs for human beings and mammals

PCDDs (dioxins)
2,2.7,8-YCDD
(TCOD)
1.2,3.7.8-PeCOD

'
1.2.34.7.8HsC0OD -
1.2,3.7.8,6-HxCOD -3
1,23.6.7 5-HxCOD .

1.23.4.6.7.8-HpCOD

‘ccopo

PCOFs (lurans)
23,7.8-TCOF
1.2,3.7.8-PeCOF
2.3.4.7.8-PaCOF
12247.8HC0F . "y
L2ATASHCOF
v2asrstacor Y
=
2.3,4.6.7.8MCOF y
Th e

1.234676HpCOF T

L

i s
11.2.9.4.7.8.9-HpCOF o

4%

- OCDF

Source: Persistent Qrganic Poflutants, Monitor 16, 2000, Swedish

Environmental Protection Agency

TEF

ot

o1

01

Q.01

0.0001

A

0.05

0s

(A

01

o1

01

a0

LX)

00000 °

PCBs with no chiorine et orthe

positions (‘coplanar’ PCBS) '

TEE |

33442708 > . 0000 1

3445-Tc8 = % 0.000)

. ‘

1

33,44 5-PeCB AP RE 1 | .
-

5 !

33 4.4.55-HCB YT |

i

1

| pcan with one chiorine atom
4. st ortho poslttion

; 233 4.4-PsCB

23,44.5-PaCl

.
]
i
i
i
:
i
H
!
H

293'44 5-PaCB

2,344 5-PaCB

2.3.9'4,4°,5HxCB

23.3°.4.4° 5 -HxCB
[

234455 HCE &
<

23944'55-HpCB &+ T 0.0001

I3
H
T =loira (4 chiodne atoms) i
Po = genta (S chiorne siams) i
Hx=hoxm {6 chiosine stoms)
; Ho=hepta (7 chiorine atoms)
10 zocts (Bchine atoms) i

'ERG0.000171
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6 Results

The delailed results of alf 2,3,7,8-substituted PCOD/PCOF as well as the resulls of the
PCBs are shown on the data sheets enclosed (second column). The sheels also present
the individual Toxic Equivalent Factor {according to WHO, third column), which is used for
the calcutation of the singfe individual Toxic Equivalents (faurth and fifth column). The fotal
of these values is the TEQ (WHO) value, which is used for the quantitative evaluation of the
overall PCDD/PCOF- and PCB-contamination of a sample.

The results are valid for tha analyzed samples only.

7 Final Remarks

- For duplicating the repost in parts a written pemmission by ERGO Forschungsgasellschaft
mbH is required.

The samples are stored — on dependence of the test parameters — not longer than three
months after the date of the report.

Hamburg, 28.05.2004

ERGO Forschungsgeselischaft mbH

S ot g

Thomas Herrmann (Dipt.-lng.) Claudia Coliingro

manager anglyticel sarvice (official certified food analyst)
project manager

ERGO.000172.
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PCDD/PCOF and PCB in Human Blood

Values in pgfg (ppt),
lipld basad

a8

Analysis-No. H-04-05-0173 aate: 4rZ/1U4, approximately 20 ml

Concentralion TEF (WHO)  TEQ (WHO) 10D
2.3.7.8-Tetra-COD 24 1,000 2.427
1.2.3.7.8-Penta-COD 44 1,000 4,439
a 1.2.3.4.7.8-Haxa-CDD 35 0,100 0,347
8 1.2.3.6.7.8-Hexa-CDD 216 0,100 2,756
& 1.2.3.7.8.9-Hexa-CDD 50 0,100 0,500
1.2.3.4.6.7.8-Hapta-COD 315 0,010 0,315
0Ccop 3203 0.0004 0,032
2.3.7.8-Telra-CDF nd. 0,100 - ( 1.0 )
1.2.3.7.8-Penta-COF nd. 0,050 - { 1.0 )
2.3.4.7.8-Penta-COF 19 0,500 0,949
1.2.3.4.7.8-Hexa-CDF 3.0 0,100 0,297
B 1.2.3.6.7.8-Haxa-CDF 26 0,100 0,261
8 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - { .7)
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - { 1.2 )
1.2.3.4.6.7.8-Hepta-COF 27 0,010 0,027
1.2.3.4.7.8.9-Hopta-COF nd. 0,010 . (27
_ QGCOF nd. 0,0001 - {(698)
° 3.3.44-TCB (77) nd. 0.0001 - 14 )
gg 3,4,4'.5-TCB (81) n.d. 0,0001 - (2
34 3,3'.4,4',5-PeCB (126) a 0,1000 0,846
g 3,3'.4,4',5,5-HxCB {169) 17 0,0100 0,472
2,3,3"4,4-PeCB (105) 1562 0,0001 0,156
2,3,4,4',5-PoCB (114) 996 0,0005 0,498
2 2,3'.4,4' 5-PeCB (118) 9937 0,0001 0,994
Eg 2',3,4,4',5-PeCB (123) nd. 0,0001 - { 12)
22 2,33 4,4 5-HxCB (156) 4368 0,0005 2,184
E 2,3,3',4,4'5-HxCB (157) 849 0,0005 0,425
2,3'4,4,5,5HxCB (167) 1044 0,00004 0,010
2.3,3'4.4.5,5-HpCB (189) 396 0.000% 0.040
Total PCOD/PCDF 403.5
Total non-ortho-PCB 26
Total mono-artho-PCH 19152
TEQ (WHO) based on PCDOF
TEQ (WHO) hased on PCB
TEQ (WHO) :

TEQ, TEF (WHO) = Toxic equivalant ! faidor by WHO forhiymans Scmemmals |

L = not defecied. imitor dewcton (LOD) (|, - n&: =00 i, Vasoy Wiy 5. contriu

(M) = maxh valus, contaiins possiia outsida cantaminstion i
Smalt difatences an tolals cesiit Hom sompuléroundings
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_PCDD/PCDF and PCB in Human Blood
Values in pglp (ppt),

lipid based

Analysis-No. H-04-05-0174

1C

4/27/04, approximately 20 i

Concentration TEF (WHGO) TEQ (WHO) 0D
2.3.7.8-Tetra-CDD 1,6 1,000 1,625
1.2.3.7.8-Penta-CDD 1.5 1,000 3,495
o 1.2.3.4.7.8-Hoxa-CDD 3.8 0,100 0,383
8 1.2.3.6.7.8-Hexa-COD 14,8 0,100 1477
a 1.2.1.7.8.9-Hexa-CDD 30 0,100 0,298
1.2.3.4.6.7.8-Hapta-COD 24,3 0,010 0,243
acoD 114,3 0,0001 0,011
2.3.7.8-Tewra-COF nd. 0.100 - (10
1.2.3.7.8-Penta-CDF n.d. 0,050 - ( 10 )
2.3.4.7.8-Penta-CDF 24 0.500 1,202
1.2.3.4.7 8-Hexa-COF 24 0,100 0,244
w 1.2.3.6.7.8-Hexa-COF 2.7 0,100 0,273
8 1.2.3.7.6.9-Hexa-CDF nd. 0,100 - { 15)
2.3.4.6.7.8-Haxa-CDF nd. 0,100 - ( 13)
1.2.3.4,6.7.8-Hepta-COF 6.3 0,010 0,063
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - ( 24 )
QCDF nd. 0,0001 - (. 68)
> 3,3°4,4-1CB (17) nd. 0,0001 - C 20 )
Ta 3,4,4'5-TCB (81) nd. 0,0001 - (1)
ie 3,3'4,4',5-PeC8 (126) 6 0,1000 0,636
€ 3.3'4.4'.5.5-HxCB (169) 6 0.0100 0.056
2.3.3',4,4PeCB (105) 431 0,0001 0,043
2,3,4,4',5-PeC8 (114) 164 0,000 0,082
2 2,3'4,4,5PeCB (118) 2180 0,0001 0.218
§ a 2',3,4.4'5-PeCB (123] 14 0,000 0,001
L 2.3.3'4,4',5-HxCB (156) 1140 0,0005 0.570
H 2,3,3'4,4",5-HxCB (157) 238 0.0005 0,119
2,3'4.4',5,5-HxCB (167) 290 0,00001 0,003
2,3,3',4.4',5,5 HpCB (189) 103 0,0001 0,010
Total PCOD/PCDF 119,14
Tofal non-ortho-PCB 12
Total mono-odho—P% 4559
TEQ (WHO) based on PCDDFF 9,315
TEQ (WHO) based an PCB 738
TEQ (WHO) T 11,053

TEQ, TEF (WHO) = TaMc aquivaiant 7 faktor by WHO for humans & mammals
n.d. = not detected, limit af deteclion LOD}in (), na.= nol analysed, Valuas with < conlributs with 50%

(M), = manx valua,

possl tside contamindtion

Small differences on tatals restill from mmpuu:wndlngs

ERGO.000174
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PCDD/PCDF and PCB In Human Blood

Values in pg/g (ppt).
lipid based

Analysis-No. H-04-05-0175

12

Date: 4/17/04, approximately 20 mi

Concentation TEF (WHO) _TEQ (WHO) LoD
2.3.7.8-Tetra-CDD 25 1,000 2,456
1.2.3,7.8-Penta-CDD 54 1,000 5,365
o 1.2.3.4.7.8-Hexa-CDD 43 0.100 0427
8 1.2.3.6.7.8-Hexa-CDD 218 0,100 2.180
o 1.2.3.7.8.9-Hexa-CDD 6.0 0,100 0,597
1.2.3.4.6.7.8-Hepta-CDD 66 0.010 0.663
QOCoD 484 4 0.0001 0,048
2.3.7.8-Tetra-COF 3,0 0,100 0,399
1.2.3.7.8-Penta-CDF nd. 0,050 S (12
2.3.4.7.8-Penta-CDF 44 0,500 2,187
1.2.3.4.7.8-Hexa-COF 60 0,100 0,596
& 1.2.3.6.7.8-Hexa-COF 68 0,100 0.679
e 1.2.3.7.8.9-Hexa-COF nd. 0,100 - (26 )
2.3.4.6.7.8-Hexa-CDF 22 0,100 0,221
1.2.3.4.6.7.8-Hepta-COF 87 0,010 0.087
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - (41
QCDF n.d. 0,0001 - { 109 )
- 3.3 44TCB (77) nd. 0.0001 (W)
ta 3.4.4.5-TCB (81) nd. 0,0001 - (1)
§ 2 3,3'4,4',5-PeCB (126) 18 0.1000 1,827
2 3,3'4.4,5,5-HxC8 (169) 3 0,0100 0,034
2.3.3.3,4-PeCB (105) 634 0,0001 06,063
2,3,4,4',5-PeCB (114) 120 0,0005 0,060
o 2,3'4,4"5-PaCB (118) 3230 0,0001 0,323
H @ 2'3,4,4',5-PeCB (123) 24 0,0001 0,002
§ & 2,3,3'.4,4',5-HxCB (156) 636 0,0005 0,318
2 2.3,3'4,4",5HxCB (157) 150 0.0005 0.075
2.3',4,4'5,5-HxCB (167) 304 0,00001 0,003
2,3,%',4,4',5,5-HpCB (189) 64 0,0001 0,006
Total PCOD/PCDF 6225
Total non-ortho-PCB 2
Total mono-ortho-PCB 5162
TEQ (WHO) based on PCDDIF 15,905
TEQ (WHO) based on PCE 2,712
TEQ (WHO) 16,617

Small diffsrences on totals rasult from computorroundings
%

tsida contamination

TEQ, TEF (WHO) = Toxic equivalant / -faktor by WHO foc humans & mammats
nd. = not detectad, imit of datection (LOD) in (), a.5. = not aralysed, Values with < contibute with 50%
(M) = maxd value, i ibl

ERGO.000175
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PCDD/PCDF and PCB in Human Blood

Values in pgfg (ppt),
tlipid based

Analysis-No. H-04-05-0176

13

Date: 4/15/04, approximately 20 mi

Concentration TEF (WHO) TEQ (WHO) [X]8)
2.3.7.8-Telra-CDD 13 1,000 1,348
1.2.3.7.8-Penta-COD 25 1.000 2,533
a 1.2.3.4.7.8-Haxa-CDD 2.4 0,100 0,206
8 1.2.3.6.7.8-Hexa-COD 141 0.100 1,411
a 1.2.3.7.8.9-Hexa-COD 23 0,100 0,233
1.2.3.4.6.7.8-Hepta-COD 10,3 0,010 0,103
0CDD 87.5 0.0001 0,008
2.3.7 8-Tetra-COF nd. 0,100 - ( 1,0)
1.2.2.7.8-Penta-CDF nd. 0,050 - ( 10)
2.3.4.7.8-Penta-CDF. 13 0,500 0,653
1.2.3.4.7.8-Hexa-COF 18 0,100 0177
w 1.2.3.6.7.8-Hexa-COF 15 0,100 0,148
2 1.2.3.7.8.9-Hexa-COF n.d. 0,100 - { 13)
2.3.4.6.7.8-Hexa-CDF n.d. 0.100 - ( 1.6 )
1.2.3.4.6.7.8-Hepta-COF 2.0 0,010 0,020
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 - { 23)
OCDF nd. 0,0001 - { 64 )
o 3,34.4°TCB (77) n.d. 0,0001 - 19 )
£o 3.4.4'57C8 (81) nd. 0,0001 - 1)
i 3,3'.4,4'5-PeCB (126) 5 0,1000 0,543
€ 3,3'4,4',5,5-HxCB (169} 9 0,0100 0,093
2,3,3,4,4-PeCB (105) 286 0.6001 6,029
2,3.4.4' 5-PaCB (114) 235 0,0005 0,117
[ 2.3,4,4'5-PaCB (118) 1723 0,0001 0.172
§ @ 2.3,4.4'5-PeCB (123) 12 0,0001 0.001
48 2,3,3.4.4',5-HxCB (156) 2713 0,0005 1,356
£ 2,3,3,4,4',5HxCB (157) 495 0,0005 0,247
2,3'4.4',5,5-HxCB (167) 288 0,00001 0.003
2,3,3'4,4',5,5-HpCB (189) 363 0,0001 0,036
Total PCOD/IPCOF 1268
Total non-ortho-PCB 15
Total mono-ortho-PCB 6115
TEQ (WHO) based on PCOD/F 6.841
TEQ (WHO) based on PCB 2.589
TEQ (WHO) 9,440

TEQ, TEF (WHO) = Toxic equivalent / faktor by WHO for humans & mammala

nd. = not detectad, limit of datection (LOD) in (). n.a. = notanatysed, Values with < conlritugte with §0%

™ =

valua,

p ouisida contamination
Small difforences on tolals result from computeroundings
*

-

ERGO.000176
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PCDD/PCDF and PCB in Human 8lood
Values in pg/g (ppt).
tipld basad
) 1
Analysis-No. H-04-05-0177 Date: 4/19/04, approximataly 30 mi
Concentration TEF (WHO) _1EQ (WHO). ToD
2.3.7.8-Tetra-COD n.d. 1,000 - ( 1.0 )
1.2.3.7.8-Penta-CDD 17 1,000 1,654
a 1.2.3.4.7.8-Hexa-COD 24 0,100 0,205
8 1.2.3.6.7.8-Haxa-COD 122 0,100 1,223
- & 1.2.3.7.8.9-Hexa-CDD 2,0 0,100 0,204
1.2.3.4.6.7.8-Hepta-CDD 136 0,010 0,136
0oCcoD 1089 0,0001 0,011
2.3.7.8-Tetra-COF 1.1 0,100 0,110
1.2.3.7.8-Penta-CDF nd. 0,050 - { 1.0}
2.3.4.7.8-Penta-COF n.d. 0,500 - ( 1.0 )
1.2.3.4.7.8-Hexa-CDF 1.7 0,100 0.166
% 1.2.3.6.7.8-Hexa-CDF 1,3 0,100 0,127
e 1.2.3.7.8.9-Haxa-CDF nd. 0,100 - 1,0 )
2.3.4.6.7.8-Hexa-CDF n.d. 0,100 - ( 1.2 )
1.2.3.4 6.7.8-Hepta-CDF 2.4 0,010 0,024
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - ( 1.8 )
OCDF n.d. 0,0001 - (52)
" 3.3.4,4-1C8 (17) n.d. 0,0001 - C 14 )
§3 3,4,4'5-TCB (81) nd, 0,0001 - ( 1)
ie 3,3,4.4'.5-PeCB (126) 4 0,1000 0,426
£ 3,3'4,4'5,5-HxCB (169) 4 0,0100 0,037
2.3.7,4,4-PeCB (105) 372 0.0001 0,037
2,3,4,4',5-PeCB (114) 146 0,000 0,073
2 2,3',4.4',5-PeCB (118) 1839 0.0001 0,184
?, 8 2.3,4.4'.5PeCB (123) 34 0.0001 0,003
gx 2.3,3',4,4",5-HxCB (156) 745 0,0005 0,373
. g 2,3,3'4,4', 5-HxCB (157) 166 0,0005 0,083
| - 2,7',4,4.,5,5HxCB (167) 196 0,00001 0,002
2.3,3'4,4°,5,5"HpCB (189) 59 0,0001 0,006
i . Yotal PCDD/PCDF 1468
: Total non-ortho-PCB 8
i Total mono-ortho-PCB 3556
TEQ (WHO) based on PCOD/F 3,856
TEQ (WHO) based on PCB 1,223
TEQ (WHO) 5,080

TEQ, TEF (WHO) = Toxlc equivalant/ -fakior by WHO for humans & mammals

nd. = not detected, timit of detection Q.OD) in{), na = nol anatysed, Vaiues wiih < contritrue with S0%

(M) = max value, possible outsido
Small differences on totals result from eompuht:wndlngs

ERGO.000177
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PCDD/PCDF and PCB in Human Blood

Values in pg/g (ppt)
lipid based

Analysis-No. H-04-05-0178

), Date: 4/18/04, approximately 20 mi

Concentration TEF (WHO) TEQ (WHO) [Xe]3)
2.3.7 8-Tetra-CDD X 1,000 5,129
1.2.3.7.8-Penta-CDD 11,5 1,000 11,471
a 1.2.34.7.8-Hexa-CDD 16,3 0,100 1631
8 1.2.3.6.7.8-Haxa-CDD 63.8 0,100 6,381
. 1.2.3.7.8.9-Hexa-CDD 19,0 0,100 1,895
1.2.3.4.6.7.8-Hapta-COD 1683 0,010 1,683
ocho 13739 0,0001 0,137
2.3.7.8-Tetra-CDF nd. 0,100 N ( 1.0)
1.2.3.7.8-Penta-COF nd. 0,050 - { 10 )
2.3.4.7 8-Penta-COF 2.9 0,500 1,971
1.2.3.4.7.8-Hexa-COF 95 0,100 0955
5 1.2.3.6.7.8-Hoxa-COF 6.2 0,100 0622
e 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - { 1.0)
2.3.46.7.8-Hexa-COF 13 0,100 0,133
1.2.3.4.6.7.8-Hepta-CDF 8,1 0,010 0,081
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - ( 1.7)
OCDF n.d. 0,0001 - (46)
> 3.3,4,4-1C8 (17) nd. 0,0001 - ( 20)
Ta 3,4,4',5-TCB (81) nd. 0,0001 - ( 1)
ie 3,3.4,4',5-PeCB (126) 80 0,1000 7.958
e 3,3,4.4',5,5-HxCB (169) 17 0,0100 0,169
2.3.33.4-PeCH (105) . 7806 0.6001 0,781
2,3,4,4',5-PeCB (114) 1699 0,0005 0,849
2 2,3',4,4",5-PeCB (118) 32017 0.0001 3292
So 2'3.4,4',5-PaCB (123) 559 0.0001 0,056
X 2.3.3'4,4',5-HxCB (156) 7701 0.0005 3,851
£ 2,3,3',4,4' 5-HxCB (157) 1619 0,0005 0810
2.,3,4,4'5,5-HxCB (167) 2778 0,00001 0,028
2,3.3'4,4,5,5"HpCB (169) 457 0,0001 0,046
Total PFCDD/PCDF 1687,0
Total non-ortho-PCB 97
Total mono-ortha-PC8 55535
— TEQ (WHO) based on PCDIVF 32,091
TEQ (WHOQ) based on PCB 17,839
TEQ (WHO) _ 48,930

L3

TEQ, TEF (WHQ) = Toxic equivaiant / -fakiar by WHO for humans & memmale

nd. = aot detocted, iimit of detaction (LOD) in{), na. = notanalysed, Vatess with < contribute with 50%
(W) = maximum value, conlains possibia outside contaminaton

Small diferances on totals rasult from computaroundings

ERG0.000178
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PCDD/PCDF and PCB in Human Blood

Values in pglg (ppt),
fipid based

Analysis-No. H-04-05-0179

16

Date: 4/27/04, approximately 20
mi

Concentration TEF (WHO) TEQ(WHO)  LOD |
2.2.7.8-Tetra-COD n.d. 1,000 - ( 17 )
1.2.3.7.8-Penta-COD nd. 1,000 - ( 20)
a 1.2.3.4.7.8-Haxa-CDD n.d. 0,100 - ( 25)
8 1.2.3.6.7.8-Hexa-COD 104 0,100 1,044
e 1.2.3.7.8.9-Hexa-COD 5,5 0,100 0,549
1.2.3.4.6.7.8-Hepta-COD 292 0,010 0,292
0coD 271,0 0,0001 0,027
2.3.7.8-TetraCOF nd. 0,100 - (13)
1.2.3.7.8-Panta-CDF nd. 0,050 - ( 11}
2.3.4.7.8-Penta-COF nd. 0,500 - ( 1.1 )
1.2.3.4.7.8-Hexa-CDF 23 0,100 0,227
w 1.2.3.6.7.8-Hexa-CDF 18 0,100 0,77
s 1.2.3.7.8.9-Hexa-CDF n.d. 0.100 - ( 25)
2.3.4.6.7.8-Hexa-COF nd. 6,100 - ( 27)
1,2.3.4.6.7.8-Hepta-COF 78 0,010 0,078
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - ( 42)
OCDF n.d. 0,0001 - (128 )
- 3T 44TCB(17) nd. 0,6001 - ( 36 )
fa 3.4.4',5-TCB (81) nd. 0,0001 - ( 2 )
g& 3,3',4,4',5-PeCB (126) nd. 0,1000 - ( 13 )
2 3,3',4,4',5,5-HxCB {169) n.d. 0,0100 - (7 )
2.3.3,4,4-PaCB (105) 308 G.0001 0,041
2,3,4,4' 5-PeCB (114) 87 0,0005 0,043
e 2,3',4,4'5-PeCB (118) 1900 0,0001 0,180
€ g 2'3,4,4' 5-PeCB (123) 25 0,0001 0,002
&g 2,3,2'4,4", 5-HxCB (156) 43ag 0,0005 0,220
g 2.3,3'4,4".5-HxCB (157) 103 0,0005 0.052
2,3',4,4,5,5-HxCB (167) 185 0,00001 0,002
2,3,3,4,4',5,5-HpCB (189) 41 0,0001 0,004
Total PCOD/PCOF 3279
Total non-ortho-PCB 0
Total mono-ortho-PCB 3187
TEQ (WHO) based on PCDOF 2,393
TEQ (WHO) basaed on PCB ,0.564
TEQ (WHO) + "2,946

TEQ, TEF (WHO) = Toxic aquivalent / -fakor by WHO fof humans & mammals
n.d. = not detectad, timit of detaction (LOD) in { ). n.a. wnol analyses, Valuas with < contribute with 0%

(M) = masimum vaiue,

Yk

possitite

ation

Small diffarences on {otals result rom computemoundings
. L]

e

ERGO.000179
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PCDD/PCDF and PCB in Human Blood

Values in pg/g (ppt),
lipid based

Analysis-No. H-04-05-0180

17

Date: 4/27/04, approximately 15 mi

[oF lon TEF (WHO)] _TEQ (WHO) LOD
2.3.7.8-Tetra-COD 30 1,000 2,952
1.2.3.7.8-Penta-COD 8.6 1,000 8,571
o 1.2.3.4.7.8-Hexa-CDD 6.2 0.100 0.618
9 1.2.3.6.7.8-Hexa-COD 528 0,100 5,275
& 1.2.3.7.8.9-Hexa-CDD 8,1 0,100 0812
1.2.3.4.6.7.6-Hepta-CDD 4.5 0,010 0,445
ocDD 5078 0,0001 0,051
2.3.7 B-Tetra-CDF 13 0,100 0,126
1.2.3.7:8-Penta-CDF nd. 0,050 - ( 10)
2.3.4.7.8-Penta-CDF 35 0,500 1,726
1.2.3.4.7 8-Hexa-COF 8.5 0,100 0,848
5 1.2.3.6.7.8-Hexa-CDF 49 0.100 0,486
4 1.2.3.7.8.9-Haxa-CDF n.d. 0,100 - (19)
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - (11)
1.2.3.4.6.7.8-Hepta-COF 9.0 0,010 0,090
1.2.3.4.7.8.9-Hepta-CDF n.d. 0.010 - { 35)
OCDF 16.3 0.0001 0,002
> 3TAFTCB (1) n.d. 0,0001 - 32
g o 3.4,4'5-TCB (B1) 3 0,0001 0,000
i 4 3,3,4,4',5-PeCB (126) 4z 0,1000 4,180
< 3,3'4,4',5,5-HxCB {169) 26 0.0100 0,263
2,3.34,4-PeCa (105) 5374 0.0001 0,537
2,34,4'5-PeCB (114) 1564 0,0005 0,782
] 2,3'4,4'5-PeCB {(118) 18220 0,0001 1,822
§ Y 2'3.4.4" 5-PeCB (123) 239 0,0001 0,024
¢ 2,3,3',4,4',5-HxCB (156) 10627 0,0005 5313
H 2,3,3'4.4' 5-HxCB (157) 2195 0,0005 1.097
2.3'4.4',5,5-HxCB (167) 2447 0,00001 0,024
2.3,3'4.4'5,5-HpCB (189) 792 0,0001 0,079
Total PCOD/PCOF 674,2
Total non-ortho-PCB 72
Total mono-artho-PCB 41458
TEQ (WHO) based on PCODIF 22,002
TEQ (WHO) based on PCB 13,124
TEQ (WHO) : 36425

TEQ, TEF (WHO) = Touic equivalant ? -taktor by WHO for humans & mammals
nd. = not dotacted, Gmit of detection (LOD) in (), n.a. = not analysed, Values with < contribute with 50%

™M) =

value, ¢

sside contamination

Small differances on totals result from computemayndings
B
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PCDD/PCDF and PCB In Human Blood

Values in pg/g (ppt),
lipid based

Analysis-Na. H-04-05-0181

18-
Data: 4/23/04, approximately 30 m!

Cancentration TEF (WHO) TEQ (WHO) LOD
2.3.7.8-Tetra-CDD 1,8 1,000 1,846
1.2.3.7.8-Penta-CDD 2,5 1,000 2,517
a 1.2.3.4.7.8-Hexa-COD 22 0,100 0,216
8 1.2.3.6.7.8-Hexa-CDD 1",7 0,100 1,166
a 1.2.3.7.8.9-Hexa-COD 3.8 0.100 0,377
1.2.3.4.6.7.8-Hepta-CDD 28,6 0,010 0,286
QCDD 177,0 0,0001 0,018
2.3.7.8Tetra-COF nd. 0,100 - ( 1.0
1.2.3.7.8-Penta-CDF nd. 0,050 - ( 1.0
2.3.4.7.8-Panla-COF 1,6 0,500 0,779
1.2.3.4.7.8-Hexa-COF 2.7 0,100 0,275
5 1.2.3.6.7.8-Hexa-CDF 18 0,100 0,181
e 1.2.3.7.8.9-Hexa-COF nd. 0,100 T,
2.3.4.6.7 8-Hexa-CDF n.d. 0,100 - (1
1.2.3.4.6.7.8-Hepta-COF kK 0.010 0,031
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 - ( 1.0)
QCDF 9.1 0,0001 0,001
Py 3.3.4.4-1C8 (77) nd. 0,0001 - { 23
£ 3,4.45-TCB (81) nd. 0.0001 - (2
e 3,3',4,4',5-PeCB (126) 8 0,1000 0,800
< 3,3'4,4' 5,5 HxCB (169) nd, 0,0100 - ( 6
2,3.3',4,4°PeCB (105) 511 0,0001 0,051
2,3,4,4'5-PeCB (114) 163 0,0005 0,082
g 2,3',4,4'5-PeCB (118) 2548 0,000 0,255
?, @ 23,4 4',5-PeCB (123) 34 0,0001 0,003
R 2,3,3',4,4',5-HxCB (156) 760 0.0005 0,380
g 2,3,3'4,4',5-HxCB (157) 161 0.0005 0,080
2,3',4,4',5,5-HxCB (167) 253 0,00001 0,003
2.3,3',4,4',5,5-HpCB (188) 56 0,0001 0,006
Total PCODPCDF 2459
Total non-ortho-PCB 8
Total mano-ortho-PCB 4486
TEQ (WHO) based an PCDD/F 7.692
TEQ (WHO) based on PCB 1,659
TEQ (WHO) 9,351

TEQ, TEF (WHO) = Toxic equivalant/ -fakior by WHO for humans & memmals
nd. = nol datectad. fimit of detaction (LOD) in { ). n.a. = nol anatysed, Valuas wilh < contribute with 50%

(M) = mani valug, poasit

Iside contaminiation

Smal difforances on totals resutt from computeroundings
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PCDD/PCOF and PCB In Human Blood

Values in pg/g (ppt).
lipid based

Analysis-No. H-04-05-0182

19

Date: 4/168/04, approximately 20 mi

Concentration TEF (WHO) TEQ (WHO) LOD
2.3.7.8-Tetra-CDD 1.0 1,000 1,032
1.2.3.7.8-Penta-CDD 29 1,000 2,668
o 1.2.3.4.7 8-Hexa-CDD 21 0,100 0,207
8 1.2.3.6.7.8-Hexa-CDD 6,1 0,100 0,608
- o 1.2.3.7.8.9-Hexa-COD 2,6 0,100 0,258
1.2.3.4.6.7.8-Hapta-COD 15,8 0.010 0.1568
oCcDD 874 0,0001 0.009
2.2.7.8-Tetra-CDF 12 0,100 0,122
1.2.3.7.8-Penta-COF n.d. 0,050 - ( 1.0)
2.3.4.7.8-Penta-CDF nd. 0,500 - { w0 )
1.2.3.4.7.8-Haxa-CDF 22 0,100 0,217
5 1.2.3.6.7.8-Hexa-CDF 13 0,100 0,129
e 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - {14)
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - (16 )
1.2.3.4.6.7.8-Hepta-COF 28 0,010 0,028
1.2.3.4.7.8.9-Hepta-COF nd. 0.010 - (22)
OCDF nd. 0.0001 - (62 )
- 3,3.4,4-1CB (77) nd. 0,0001 - C 21 )
g a 3.4,4",5-TCB (81) nd. 0,0001 - {( 2 )
e 3,3'.4.4" 5-PeCB (126) nd. 0.1000 - { 8 )
< 3.3.4,4',5,5HxCB (169) n.d. 0,0100 - { 4 )
2,3.3'.4,4-PeCB (105) 226 0,0001 0,023
2,3,4,4'5-PeCB (114) 47 0.0005 0,023
2 2,3',4,4'5-PeCB (118) 1152 0,0001 0,115
§ @ 2'3.4.4',5-PeCB (123) 21 0,0001 0,002
144 2.3.3.4,4' 5-HxCB (156) 241 0,0005 0,121
g 2,3,3'4,4',5HxCB (157) 60 0,0005 0,030
- 2.3'.4.4'5.5-HxCB (167) 92 0,00001 0,001
2,3,3'4.4',5,5-HpCB (189) 20 0,0001 0,002
Total PCDD/PCDF 1253
Total non-ortho-PCB o]
Total mono-ortho-PCB 1858
TEQ (WHO) based on PCODIF 5,635
TEQ (WHO) based on PCB ,0,311
TEQ (WHO) 5,952

TEQ, TEF (WHO) = Toxic equivalant / -fakior by WHO for humans & mammala
f1.d. = not detectod, mit of detsction {LOD) in (). n.a. = ot analyssd, Vaiues with < conlibuts with 50%

(M) = maximum vaiue,

oinsida contamination

Smalt differences on botals result from computeroundings
L]
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PCDDIPCDF and PCB in Human Serum

Values in pg/g (ppt),
lipid based

Analysis-No. H-04-05-0183

20

Date: 4/18/04, approximately 40 ml

Concentration TEF (WHO) TEQ (WHQ) LOD
2.3.7.8-Tatra-CDD 2.7 1,000 2,744
1.2.3.7.8-Penta-COD 7.0 1,000 7,046
a 1.2.3.4.7.8-Hexa-COD 44 0,100 0,442
8 1.2.3.6.7.8-Hexa-COD 424 0,100 4,243
& 1.2.3.7.8.9-Haxa-CDD 6.6 0,100 0,660
1.2.3.4.6.7.8-Hopla-COD 29,5 0,010 0.295
ocop 235,0 0,0001 0,023
2.3.7.8-Tetra-GDF nd. 0,100 - C 1,5 )
1.2.3.7.8-Penta-CDF nd. 0,050 - ( 10)
2.3.4.7.8-Penta-COF 2.9 0,500 1,445
1.2.3.4.7.8-Hexa-COF 56 0,100 0,563
% 1.2.3.6.7.8-Hexa-CDF 25 0,100 0,248
& 1.2.3.7 8.9-Hexa-COF nd. 0,100 - ( 15 )
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - { 20 )
1.2.3.4.6.7.8-Hepta-COF 5.4 0,010 0.054
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - ( 19 )
OGDF nd. 0,0001 - { 64 )
° 3.3 44TC8 (11) nd. 06,0001 - ( 24 )
£ 3.4.4'.5-TCB (81) nd. 0.0001 - 2
i8 3,3.4,4.5-PeCB (126) 1 0,1000 1,362
e 3,3'4.4'5 5 HxCB (169) 24 0,0100 0,239
2.3,3,4.4-PeCB (105) 570 0.0001 0,057
2,3,4,4,5-PeC8 (114) 758 0,0005 0,379
2 2,3',4,4',5-PoCB (118) 4286 0,0001 0,429
% @ 2'3,4.4',5-PeCB (123) 32 0,0001 0,003
e o 2,3.3',4.4' 5-HxCB (156) 7400 0,0005 3,700
g 2,3,3,4,4",5"-HxCB (157) 1657 0,0005 0,828
2,3 ,4,4',5,5-HxCB (167) 945 0,00001 0,009
2,3.3.4.4'5,5-HpCB (189) 720 0,0001 0,072
Total PCOD/PCDF 344,2
Total non-ortho-PCB a8
Total mono-orthoPCB 16369
TEQ (WHO) based on PCDD/F 17,763
TEQ (WHO) based on PCB 7.080
TEQ (WHO) . 24843

TEQ. TEF (WHO) = Toxic equivalent / -fakior by WHO for humans & mammals
nd. = ot delected, imit of dalaction (LOD) In (), n.a. = not analysed, Values with < contribute with 50%
(M) = maximum value, contains possible outside contamnation

Small differences an totals result from computemraundings

.1
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PCDD/PCDF and PCB in Human Serum

Values in pg/g (ppt),
lipid based

Analysis-No., H-04-05-0184

24

Dane: 4720104, approximately 30 mi

Concentralion T1EF (WHO) TEQ (WHO) LOD
2.3.7.8-Tetra-CDD 2,7 1,000 2,696
1.2.3.7.8-Penta-CDD 4,9 1,000 4,949
a 1.2.3.4.7.8-Hexa-CDD 7.2 0,100 0,718
8 1.2.3.6.7.8-Hexa-CDD 348 0.100 3,480
& 1.2.3.7.8.9-Hexa-CDD 7.8 0,100 0,776
1.2.3.4.6.7.8-Hepta-COD 729 0,010 0.729
0coD 411,6 0,0001 0.041
2.3.7.8-Tetra-CDF nd. 0,100 - ( 186
1.2.3.7.8-Penta-COF nd. 0,050 - (10
2.3.4.7.8-Pénta-COF 26 0,500 1,306
1.2.3.4.7.8-Hexa-COF 5,2 0,100 0,525
3 1.2.3.6.7.8-Haxa-CDF ar 0,100 0,315
i 1.2.3.7.8.9-Hoxa-CDF nd. 0,100 - 1.0
2.3.4.6.7.8-Hexa-COF nd. 0,100 - 2.1
1.2.3.4.6.7.8-Hepta-CDF 5.5 D010 0.055
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - 1.2
OCDF n.d. 0,0001 - 4,6
o 3,3,44-1CB(17) 19 0,0001 0,002
$ @ 3.4.4'5-TCB (81) 2 0,0001 0,000
ia 3,3'.4,4',5-PeCB (126) 39 0,1000 3,945
€ 3,3.4.4',5.5-HxCB (169) 17 0.0100 0.170
7.3.3 4.4-PeCB (105) 3097 0,0001 0,310
2,3,4,4",5-PeCB (114) 1085 0,0005 0,642
2 2,3',4.4',5-PeCB (118) 16361 0.0001 1,636
Ea 2°.3,4.4"5-PaCB (123) 402 0,0001 0,040
-3 2,3,3,4,4",5-HxCB (156) 5139 0,0005 2,570
g 2,3,3',4,4',5-HxCB (157) 1061 0,0005 0,531
2.3.4,4'5,5-HxCB (167) 1744 0,00001 0,017
2,3,9',4,4',5,5'-HpCB (189) 460 0,0001 0,046
Total PCOD/PCOF 559,0
Total non-ortho-PCR mn
Total mono-ortha-PCB 29349
"TEQ (WHO) based an PCODAF 15,650
TEQ (WHO) based on PCR 9,810
TEQ (WHO) 5

TEQ, TEF (WHO) = Toxic equivaient / -faktor by WHO for humans & memmats
n.d, = not detactad, tirmit of detaction (LOD) In( ). n.8. = not analysad, Values with < conlibute with 50%
(M) = manirmum value, contains possible outside cortambmation
Small differoncas an totals result (rom computsroundings

<
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PCDD/PCDF and PCB In Human Serum
Values in pglg {ppt),
lipid based
. 25 .
Analysis-No. H-04-05-0185 Date: 4/21/04, approximately 30 m!
: Concentration TEF (WHO) 1EQ (WHO) LOD
2.3.7.8-Tetra-CDD n.d. 1.000 - (LT
1.2.3.7.8-Penta-COD 36 1,000 3612
a 1.2.3.4.7.8-Hexa-CDD 34 0,100 0,345
8 1.2.3.6.7.8-Hexa-COD 163 0,100 1,627
& 1.2.3.7.8 9-Hexa-CDO 6.4 0,100 0,636
1.2.3.4.6.7.8-Hepta-CDD 264 0,010 0,261
ocoo 2378 0,0001 0,024
2.3.7.8-Tetra-CDF nd. 0,100 - ( 12)
1.2.3.7.8-Panta-CDF nd. 0,050 - { 1.0)
2.3.4.7.8-Penta-CDF 15 0.500 0,737 -
1.2.3.4.7.8-Hexa-COF a3 0,100 0,333
w 1.2.3.6.7.8-Hexa-CDF 31 0,100 0,315
2 1.2.3.7.8.9-Haxa-COF nd. 0,100 - ( 18 )
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - ( 31)
1.2.3.4.6.7.8-Hepta-COF 329 0,010 0,329 ( )
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - ( 25 )
_OcCoF nd. 0,6001 - ( 57 ‘
° 334.4-TCa (17) nd. 0,0601 . ( 26 ;
£ 3,4,4',5-TCB (81) nd. 0,0001 - (2
ie 3.3'4.4' 5-PeCB (126) 6 0.1000 0.589
< 3,3',4.4',5,5-HxCB (169) 4 0,0100 0,041
2,334,4PeCB (105) 547 06,0001 0,055
2.3,4,4'5-PeCB (114) 143 0,0005 0,071
g 2,3,4,4"5-PeCB (118) 2718 0,0001 0,272
g 8 2'3.4,4'5-PeCB (123) “ 0,0001 0,004
ad 2.3,3,4.4'5-HxCB (156) 649 0,0005 0,324
g 2,3,3'4,4',5-HxCA (157) 163 0,0005 0,081
2,3.4.4'55-HxCB (167) 253 0,00001 0,003
2,3,3.4,4'5,5“HpCB (189) s 0,0001 0,004
Total PCOD/PCOF 3345
Total non-ortho-PCB 10
Total mono-orthe-PCHB 4551
~ TEQ (WHOQ),based on PCODIE 8,219
TEQ gv_vuo; based gn PCB 1,444
TEQ Q 9,663

TEQ, TEF (WHO) = Taxic equivalant 7 fakior by WHO- ﬁur hnmln: & mammais
0.4. = not deteclad, mit of dataction (LOD) (), n.a, lniynd. Values with < contribute with. m
M) =maximum value, contiing possible outside contamination
Sewrtt differences on totals result from computeargundings
% P
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PCDO/PCODF and PCB in Human Serum

Values in po/p (ppt).
lipid based

Analysis-No. H-04-05-0186

26 ..
), Date: 4/29/04, appraximately 20 mi

Concentration TEF (WHO) TEQ (WHO) LOD
2.3.7.8-Tetra-COD 24 1,000 2,085
1.2.3.7.8-Penta-CDD 33 1.000 3.317
a 1.2.3.4.7.8-Hexa-CDD 45 0,100 0,450
g 1.2.3.6.7.8-Hexa-COD 419 0,100 4,192
1.2.3.7.8.9-Hexa-COD 9.3 0,100 0,932
1.2.3.4.6.7.8-Hepta-COD 822 0.010 0,822
QCoD 46,0 0,0001 0,045
2.37 8 Telra-COF nd. 0.100 = {15 )
1.2.3.7.8-Penta-COF nd. 0,050 - (10
2.3.4.7.8-Panta-COF 22 0,500 1,083
1.2.3.4.7.8-Haxa-CDF 44 0,100 0,441
& 1.2.3.6.7.8-Hexa-CDF 29 0,100 0,290
2 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - { 14)
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - (23)
1.2.3.4.6.7 8-Hepta-CDF 6.0 0.010 0,060
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 - (1T
OCDF n.d. 0,0001 - 41)
" 3.3.44-TCB (I7) n.d. 6,0001 T 24 )
gg 3,4,4'5-TCB (81) nd. 0.0001 - { 2
i8 3,3'4,4'5-PeCB (126) 12 0.1000 1,196
e 3.3'4,4',5,5-HxCB (169) 8 0,0100 0,079
2,3,3,4,4-PeCB (105) 780 ; 0.078
2,3,4.4'5-PeCB (114) 448 0,0005 0,224
2 2,3°4,4'5-PaCB (118) 4566 0,0001 0457
g, 234.4'5-PeCB (123) 98 0.0001 0,010
2d 2.3,3'4,4'5-HxCB (156) 2168 0.0005 1,084
g 23,3 4.4 5-HxCB (157) 512 0,0005 0,256
2,3'4.4'5,5HxCB (167) 621 0,00001 0,006
2,3,3'4,4',5,5-HpCB (189) 179 0,0001 0,018
Total PCOD/PCOF 604,9
Total non-ortho-PCB 20
Total mono-ortho-PCB 9372 .
TEQ (WHO) based on PCODIF 13,718
TEQ (WHO) based on PCB .3,907
TEQ (WHO) 47,125

TEQ, TEF (WHO) = Toxic equivalent 7 -faktor by WHO for humans & mammals
LQO)in(). n.a. =noranalysed, Vaives with < contribute with 50%
(W) = maxdmum valua, canfalns possible oulsida contatnination

Small diffsrences on totals result from mnu@aumnﬂngs

nd. = notd Hmitof
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PCDDIPCDF and PCB In Human Serum

Values in pg/g (ppt),

lipid based
27
Analysis-No. H-04-05-0187 Lata: 4/16/04, approximately 20
ml
Concentration TEF (WHO) _TEQ (WHO) LoD
2.3.7.8-Tetra-COD 1.8 1,000 1,806
1.2.3.7.8-Penta-CDD 46 1,000 4,582
a 1.2.2.4.7.8-Hexa-CDD 49 0,100 0,491
8 1.2.3.6.7.8-Hexa-CDD 304 0,100 3,038
o 1.2.3.7.8.9-Hexa-CDD 68 0,100 0,679
1.2.3.4.6.7.8-Hepta-CDD 30,0 0,010 0,300
0coD 2342 0,0001 0.023
2.3.7.8-Tetra-CDF n.d. 0.100 - ( 1.0)
1.2.3.7.8-Penta-CDF n.d. 0,050 - ( 1,0)
2.3.4.7.8-Penta-CDF 2.4 0,500 1,225
1.2.3.4.7.8-Hexa-CDF 5.0 0,100 0,499
& 1.2.3.6.7.8-Haxa-CDF 29 0.100 0,291
[ 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - ( 1.0)
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - ( 1.5)
1.2.3.4.6.7.8-Hepta-CDF 5,1 0,010 0,051
1.2.3.4.7.8.9-Hepta-COF nd. 0.010 - ( 1.4 )
OCODF nd. 0,0001 - ( 34 )
- 3,34,4-TCB (17) nd. 0,0001 - (19 )
gg 3,4,4'57CB (81) n.d. 0,0001 - ( 2 )
ia 3,3',4,4',5-PeCB (126) 12 0,1600 1,155
€ 3,3'.4,4',5,5-HxCB (169) 6 0,0100 0.059
2,3,3°4,4-FeCB (105) 1093 0,0001 0,109
2.3,4,4'5-PaCB (114) 418 0,0005 0,209
] 2,3'4,4',5-PeCB (118) 5879 0,0001 0,588
g o 2.,3.4.4'5-PeCB (123) 87 0,0001 0,009
e o 2,3,3',4,4",5-HxCB (156) 2224 0,0005 1,112
£ 2,3,3'4,4" 5-HxCB (157) 481 0,0005 0.240
2.3'4,4°.6,5-HxCB (167) 607 0,00001 0,006
2,3,3'4,4'5,5HpCB (189) 144 0,0001 0,014
Total PCDD/PCDF © 3281
Total non-ortho-PCB 17
Total maono-ortha-PCB_ 10932
TEQ (WHO) based on PCDD/F 12,985
TEQ (WHO) basad on PCB 3,501
TEQ (WHO) 16,486

TEQ, TEF (WHO) = Toxic equivalent / fakior by WHO for humans & mammals

n.d. = not detected, imit of detaction LOD) in (), n.e. = notanalysad, Values with < contribite with 50%
M) = maximum value, contains possitte oulside contamination
Small diffarences on totals result from computamaundings

L
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PCOD/PCDF and PCB In Human Serum

Values in pglg (ppt),

lipid based
29
Analysis-No. H-04-05-0188 " Date: 4/18/04, approximataly 30
ml
Concentration TEF (WHO)} TEQ (WHO) LOD
2.3.7.8-Tetra-CDD 16 1,000 1,554
1.2.3.7.8-Penta-CDD 47 1,000 4,719
o 1.2.3.4.7.8-Hexa-CDD 48 0,100 0.484
8 1.2.3.6.7.8-Hexa-CDD 21,2 0,100 2,116
& 1.2.3.7.8.9-Hexa-CDD 45 0,100 0,446
1.2.3.4.6.7 B-Hepta-COD 58,9 0,010 0,589
ocoD 221,1 0,0001 0,022
2.3.7.8-Tetra-COF n.d. 0,100 - C 10 )
1.2.3.7.8-Penta-COF n.d, 0,050 - ( 1.0)
2.3.4.7.8-Panta-COF 2.4 0,500 1,203
1.2.3.4.7.8-Hexa-CDF 44 0.100 0,443
% 1.2.3.6.7.8-Hexa-CDF 19 0,100 0,386
8 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - 14 )
2.3.4.6.7.8-Hoxa-COF nd. 0,100 . ( 26 )
1.2.3.4.6.7.8-Hepla-COF 7.5 0,010 0,075
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - ( 22)
QCDF ad. 0,0001 - ( 58 )
o 3.3.44-1CB(77) nd. 0,000) - C 23 )
® 3,4,4',5-TCB (81) n.d. 0,000% - ( 3 )
ie 3,3,4.4'5-PeCB (126) 1 0,1000 1,127
= 3,3'.4.4'.5 5-HxCB (169) 8 0,0100 0,075
2,3.3°,4,4PeCH (105) 360 0,0001 0,036
2,3,4,4'5-PeCB (114) 138 0,0005 0,069
2 2,3'4,4'5-PeCB (118) 2251 0.0001 0,225
5o 2°3,4,4,5-PeCB (123) 24 0,0001 0,002
28 2,3,3,4,4'5-HxCB (156) 1304 0.0005 0,652
g 2,3,3'4,4'.5HxCB (157) ao7 0,0005 0.154
2.3.,4,45,5-HxCB (167) 284 000001 0,003
2,3,3,4.4'5,5HpCA (189) 134 0,0001 0,013
Total PCOD/PCDF 3350
Total non-ortho-PCB 19
Taotal mono-ortho-PCB 4799
TEQ (WHO) based on PCOD/F 12,040
TEQ (WHO) basad on PCB 2,357
TEQ (WHO) 14,396

TEQ, TEF (WHO} = Taxic equivalont / -fakior by WHO for tumans & mammals
ad. = nol detactod, timil of detection (LODY iIn( ). n.a. = nol analysed, Vatues wilh < confribale with 50%

value, posatble

Small differences on lotels result from cumpuwndinas
*
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PCODI/PCDF and PCB In Human Serum
Values in pg/g (ppt).

lipid based

Analysis-No. H-04-05-0189

30

), Date: 4/20/04, appraximately 20 mi

Concentration TEF (WHO) TEQ (WHO) LOD
2.3.7.8-Tetra-CDD nd. 1,000 - ( 1.0)
1.2.3.7.8-Penta-CDD 5.1 1,000 5,108
a 1.2.3.4.7 8-Haxa-CDD 57 0,100 0,573
2 1.2.3.6.7.8-Hexa-CDD 31,5 0,100 3,147
& 1.2.3.7.8.9-Hexa-CDD 7.6 0,100 0,764
1.2.3.4.6.7 8-Hepta-COD 64,1 0,010 0,641
0oCcDD 3004 0,0001 0,030
2.3.7 8-Tetra-COF nd. 6,100 - (1.0
1.2.3.7.8-Penta-CDF nd. 0,050 - (10)
2.3.4.7.8-Penta-CDF 6.0 0,500 2,999
1.2.3.4.7 8-Hexa-CDF 8.3 0,100 0,828
& 1.2.3.6.7.8-Haxa-COF 6.7 0,100 0,669
& 1.2.3.7.8.9-Hexa-COF nd. 0,100 - (12
2.3.4.6.7.8-Hexa-COF 4.0 0,100 0,405
1.2.3.4.6.7.8-Hepta-COF 9,0 0,010 0,090
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - (15
OCDF n.d. 0,0001 - ( 55 )
. 3344-1CB (7Y n.d. 0.6001 T2
g 3.4,4'5-7CB (81) nd. 0.0001 - (2
g L4 3,34,4,5-PeC8B (126) 24 0,1000 2,372
£ 3,%,4,4'5,5-HxCB (169) 9 0,0100 0,092
2,33 4,4-PeCB (105) 813 06,0001 0,081
2.3.4,4'5-PeCB (114) 212 0,0005 0,106
e 2,3'4,45-PeCB (118) 4685 0,0001 0,468
g @ 2,3,4,4' 5-PeCB (123) 108 0,000t 0,011
g 2,3,2'.4,4' 5-HxCB (156) 1505 0.0005 0,753
3 2,3,3'4,4' 5-HxCB (157) 3 0,0005 0,171
2,3',4.4'5,5HxCB (167) 549 0,00001 0,005
2.3,3'4.4',5,5HpCB (189) 166 0,0001 0,017
Total FCOD/PCOF 4484
Total non-ortho-PCB N
Total mona-oriho-PCB 8378
TEQ (WHO) based on PCODAF 15,255
TEQ (WHO) basad on PCB 4,076
TEQ (WHO) 39,331

TEQ, TEF (WHO) = Toxic squivatent / -fakior bty WHO for humans & mammals
nd. = oot datected, Emit of detacion (LODY In (), n.a. = not analysed, Valuos with < cantribute with §0%

M= vakia, i

Small diffarancas on totals result fram computenroundings

A1
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PCDD/PCDF and PCB in Human Serum
Values in pa/g (ppt),
lipid based
. N )
Analysis-No. H-04-05-0190 Late: 4/18/04, approximataly 20 mi
Concenlration {EF (WHO) _TEQ (WHO) [Xe]3)
2.3.7.8-Tetra-COD 36 1,000 3,598
1.2.3.7.8-Penta-COD 8.5 1,000 8,454
o 1.2.3.4.7.8-Hexa-CDD 9,9 0,100 0,994
8 1.2.3.6.7.8-Hexa-COD 75.4 0,100 7,541
- & 1.2.3.7.8.9-Hexa-CDD 14,8 0,100 1,482
1.2.2.4.6.7.8-Hepta-CDD 457 0,010 0.457
ocoD 8334 0,0001 0,083
2378 Tetra-COF n.d. 0,100 - (10
1.2.3.7.8-Panta-CDF nd. 0,050 - ( 10)
2.3.4.7.6-Penta-COF 59 - 0,500 2,964
1.2.3.4.7.8-Hexa-COF 124 0,100 1,236
&« 1.2.3.6.7.8-Hexa-COF 72 0,100 0,723
8 1.2.3.7.8.9-Hexa-COF nd. 0,100 - 12)
2.3.4.6.7.8-Hexa-COF n.d. 0,100 - ( 20)
1.2.3.4.6.7.8-Hepta-COF 5.9 0,010 0,059
1.2.3.4.7.8.9-Hepta-CDF n.d. 0,010 - ( 16 )
QCDF n.d. 0,0001 - ( 42 )
- 3T 44-TCB (T nd. 0,0001 ) (30 )
T 3.4,4°,5-TCB (81) 3 0,0001 0,000
iz 3,3,4,4',5-PeCB (126) 42 0,1000 4,207
e 3,344'5,5-HxCB (169) 27 0,0100 0,270
23,3 44 FPaCB (105) 7104 0,0001 0,310
2,3.4.4',5-PaCB (114) 1880 0.0005 0,940
o 2,3',4,4' 5-PeCB (118) 24538 0,0001 2,454
g @ 2',3,4,4',5-PeCB (123) 237 0,0001 0.024
cn 2,3,3' 4.4 5-MxCB (156) 11360 0,0005 5,680
g 2,3,34,4',5-HxCB (157) 2400 0,0005 1,200
- 2,3'4,4'.5,5'HxCB (167) 3317 0,00001 0,033
2.3,314.4',5,5-HpCA (189) 716 0,0001 0,072
Total PCOD/PCOF 1022,7
Total non-ortho-PCH 12
Total mong-orthe-PCB 47552
TEQ (WHO) based on PCOO/F 27,592
TEQ (WHO) based on PCB 15,190
TEQ (WHO) . W2,782

TEQ, TEF (WHO) = Toxic aquivalant  faklor by WHO for humans & mammals
n.d. = ot detectad, Ilmltofdotaulon (LODMn (). n.a.=notanalysad, Valuas with < contribule with 50%
M) = value, possitie outside I
Small differences on lotals sesolt from computenoundings
*
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PCDD/PCDF and PCB in Human Serum
Values in pg/g (ppt),
lipid based
. 35 .
Analysis-No. H-04-05-0191 Data: 4/29/04, approximataly 20 mi
Concentration TEF (WHO} TEQ (WHO) LOD
2.3.78-Tetra-COD 23 1,000 2,263
1.2.3.7.8-Penta-CDO 5.1 1,000 5135
o 1.2.3.4.7.8-Hexa-CDD 49 0,100 0,489
3 1.2.3.6.7.8-Hexa-CDO 38,5 0,100 3,853
- * 1.2.3.7.8.9-Hexa-CDD 51 0,100 0,513
1.2.3.4.6.7.8-Hepta-COD 33,2 0,010 0,332
OCDD 281,3 0,0001 0,028
2.3.7.8-Tetra-CDF- - n.d. 0,100 - { 11)
12.3.7 8-Penta-CDF nd. 0,050 - ( t.1)
2.3.4.7.8-Panta-CDF 29 0,500 1,464
1.2.3.4.7.8-Hexa-CDF 4,7 0,100 0,467
w 1.2.3.6.7.8-Hexa-COF 4,0 0,100 0,404
£ 1.2.3.7.8.9-Héxa-COF nd. 0,100 - ( 1.8 )
| 2.3.4.6.7.8-Hexa-COF nd. 0,100 - ( 20 )
l 1.2.3.4.6.7.8-Hepta-CDF 6.8 0,010 0,068
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 . { 25 )
| OCDF nd. 0,0001 - ( 62 )
{ o 3,3'4,4-TCB (77) n.d. 0,0001 - { 41 )
' £ 8 2,4,4,5TCB {81) nd. 0.0001 - { 5 .
e 3,3',4,4' 5-PeCB (126) 10 0,1000 1,015 !
& 3,3.,4,4',5,5-HxCB (169) 22 0.0100 0,224
2.3,3'4,4-PaCB (105) 673 0,00-('1‘1 0,067
2,3,4,4'5-PeC8B (114) 479 0,0005 0,240
4 2,3'4,4'.5-PeCB (118) 3943 0,0001 0,394
g m 2',3,4,4',5-PeCB (123) T4 0,0001 0,007
£ & 2,3,3.4,4',5-HxCB (156) 5912 0,0005 2,956
E 2,3,3'4,4',5-HxCB (157) 1272 0,0005 0,636
- 2,3,4,4'.5,5-HxCB (167) 655 0,00001 0,007
. 2,3,3',4,4',5,5-HpCB (189) 654 0,0001 0,065
Total PCOD/PCDF 388,9
Total non-artho-PCB 33
Total mono-artho-PCB 13663
TEQ (WHO) based on PCDDfF
TEQ (WHO) based an PCB
TEQ (WHO) *

TEQ, TEF (WHO) = Trixtc aquivalent/ fakior by WHE for tiiivans. &
n.d. =nobdétectsd, fmit ol date

mammals
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PCDD/PCDF and PCB In Human Serum
Valuses in pg/g (ppt),
lipid based
Analysis-No. H-04-05-0192 a
: Date: 5/1/04, approximately 20 ml
Cancenlration V&F (WHQ) TEQ (WHO) LOD
2.3.7.8-Tetra-CDD 2,0 1,000 2,004
1.2.3,7.8-Penta-CDD 5.9 1,000 5,871
a 1.2.3.4.7.8-Haxa-CDD a6 0,100 0,363
8 1.2.3.6.7.8-Haxa-COD 429 0,100 4,294
- b 1.2.3.7.8.9-Hexa-COD 7.0 0,100 0,696
1.2.3.4.8.7.8-Hepta-COD 16,0 0,010 0.160
0CoD 2277 0,0004 0,023
2.3.7.8-Tetra-COF nd. 0,100 - ( 1.0
1.2.3.7.8-Penta-COF n.d. 0,050 - ( 1.0)
2.3.4.7 .6-Penta-COF 29 0,500 1,465
: 1.2.3.4.7.8-Hexa-CDF 42 0.100 0,424
! 4 1.2.3.6.7.8-Hexa-COF 3,0 0,100 0,302
s 1.2.3.7.8.9-Hexa-COF nd. 0.100 - (16 )
2.3.4.6.7.8-Hexa-COF nd. 0.100 - ( 19
1.2.3.4.6.7.8-Hepta-COF 4,3 0.010 0,043
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - ( 1.9)
QCOF nd. 0.0001 - ( 48 )
a 33 44-1CB (17) nd. 0,0001 N (30 )
g 3.4.4'5-TCB (81) nd. 0,0001 - (4
se 3,3'4,4',5-PaCB (126) 7 0,1000 0,736
€ 3,3'.4,4',5,5-HxCB (169) 13 0,0100 0,132
2.3.3 4,4 PeCB (105) 366 0.0001 0.037
2,3.4,4',5-PeCB (114) 539 0,0005 0,270
X H 2,3',4,4',5-PaCB (118) 2496 0,0001 0,250
; 38 2',3,4.4',5-PaCB (123) 16 0,0001 0,002
ga 2,3,3',4,4',5-HxCB (155) 5876 0,0005 2,938
£ 2,3,3',4,4,5-HxCB (157) 1185 0,0005 0,592
- 2.3'4,4',5,5-HxCB (167) 605 0.00001 0,006
2,3,3',4,4',5,5-HpCB (189) 460 0,0001 0,046
Total PCDD/PCOF 3197
Total non-ortho-PCB 21
Total mono-ortho-PCB 11544
TEQ (WHO) basad on PCODIF 15,646
TEQ (WHO) based on PCB 5,009
TEQ (WHD) . 20,655

TEQ, TEF (WHO) = Toxic equivalent / faktor by WHO for hwmans & mammals
.d. = not detected, limit of dataction (LOD) in (). A.0. = not analysed, Values with < contribute with 50%
™) - i valus, ing possi tside contamination

Smat differences on totals result mmwmpmrrmmlngs
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PCDDI/PCDF and PCB In Human Serum

Values in pgig (ppt).
lipid based

Analysls-No. H-04-05-0193

38
Date: 5/4/04, approximately 20 mi

Concentration TEF (WHO) _TEQ {(WHO) LOD
2.3.7.8-Tetra-CDD 3.1 1,000 3,105
1.2.3.7.8-Penta-CDD &7 1,000 6,697
a 1.2.3.4.7.8-Hexa-CDD 7.4 0,100 0.736
] 1.2.3.6.7.8-Hexa-CDD 44,2 0,100 4,421
& 1.2.3.7.8.9-Haxa-CDD 9,2 0,100 0,921
1.2.3.4.6.7.8-Hepta-COD 513 0.010 0,513
QocoD 395,5 0,0001 0,040
2.3.7.8-Tetra-COF 1,2 0,100 0,123
1.2.3.7.8-Penta-COF nd. 0,050 - ( 10
2.3.4.7.8-Penta-CDF 48 0,500 2,380
1.2.3.4.7.8-Hexa-COF 6.4 0,100 0,642
w 1.2.3.6.7 8-Haxa-COF 4.4 0,100 0,442
e 1.2.3.7.8.9-Hexa-COF nd. 0,100 - ( 10)
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - ( 24 )
1.2.3.4.6.7.8-Hepta-CDF 2.9 0,010 0,029
1.2.3.4.7.8.9-Hepta-CDF nd. 0.010 . (13
OCOF nd. 0,0001 - (37 )
- 3.3°4.4°1CB (77) nd. 0,6001 - 24 )
Pa 3,4,4'5TCB (81) nd. 0,0001 - ( 2 )
; 4 3.3',4,4',5-PaCB (126) 16 0.1000 1,646
c 3,3'4,4,5,5-HxCB (169) 17 0.0100 0,174
2.3.3.4.4-PeCB (105) 2723 0,0001 0.272
2,3,4,4'5-PaCB (114) 754 0,0005 0,377
2 2,3'.4,4' 5-PeCB (118) 11067 0,0004 1,107
g @ 2',3,4,4'5-PaCB (123) 100 0,0001 0,010
34 2.3.3.4.4.5-HxCB (156) 4394 0,0005 2.197
g 2,3,3',4,4',5"-HxCB (157) 946 0,0005 0,473
2,3',4,4',5,5HxCB (167) 1150 0,00001 0,012
2.3,3'.4,4,5,5-HpCB {189) 365 0,0001 0.036
Yotal PCOD/PCOF 537,1
Total non-ortho-PCB 34
Total mong-ortho-PCB 21498
TEQ (WHO) basad on PCOD/F 20,049
TEQ (WHO) based on PCB 6,304
TEQ (WHO) 26,363

TEQ, TEF {WHO) = Toxic equivalent / akior by WHO for humans & mammals
n.d. = not detectad, limil of detaction LOD)in ), n.a. = not analysed, Valuas with < contribita with 50%

(M) = maxd

valua,

outside cantamination

Smatl differances on totals result from eumpue:lmundngn
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PCOD/PCDF and PCB In Human Serum
Values in pg/g (ppt),
lipid based
. 39
Analysis-No. H-04-05-0194 Date: 4/20/04, approximataiy au mi
Concentration TEF (WHO) __TEQ (WHO] LOD
2.3.7.8-Tetra.COD 32 1,000 3,222
12.3.7.8-Panta-CDD 92 1,000 9,219
a 1.2.3.4.7.8-Hexa-COD 159 0,100 1,589
8 1.2.3.6.7.8-Hexa-COD 52,5 0,100 5.246
- b 1.2.3.7.8.9-Hexa-COD 18 0,100 1,177
1.2.3.4.6.7.8-Hepta-COD 1415 0.010 1.475
0CDD 694,0 0,0001 0,069
2.3.7.8-Tetra-COF n.d. 0,100 - ( 1.0
1.2.3.7 8-Penta-CDF n.d. 0,050 - { 1,0 )
2.3.4.7 B-Penta-COF 34 0,500 1,682
1.2.3.4.7.8-Hexa-COF 128 0.100 1,279
W 1.2.3.6.7.8-Hexa-COF 67 0.100 0,666
e 1.2.3.7.8.9-Hexa-CDF n.d. 0,100 - { 10)
2.3.4.6.7.8-Hexa-COF 18 0,100 0,179
1.2.3.4.6.7 B-Hepta COF 77 0,010 0,077
1.2.3.4.7.8.9-Hepta-CDF n.d. 0.010 - ( 15 )
QCOF nd, 0,0004 - ( 51 )
° AIFA4TCB(IT) n.d. 0,0001 N ( 22 )
o 3.4.4'5-TCa (81) nd. 0,0001 - ( 3 )
g b4 3,3,4,4.5-PeCB (126) a7 0,1000 4,696
€ 3,3'4.4.5,5'-HxCB (169) 16 0,0100 0,155
2,1,3.4.4'-PeCB (105) 3516 0,0001 0,352
2,3,4,4.5-PaCB (114) 1041 0,0005 0,524
s 2.3',4,4'.5-PeCB (118) 17642 0,0001 1,764
% a 2'3,4,4',5-PeCB (123) 236 0,0004 0,024
L34 2,3.2,4,4',5-HxCB {156) 5077 0,0005 2,539
g 23,3'4.4',5-HxCB {157) 1092 0,0005 0.546
- 2,3'4,4',5,5HxCB (167) 1783 0,00001 0,018
2,3,3'4,4',5,5-HpCH (189) 74 0,0001 0,037
Total PCOD/PCOF 966,4
Total non-ortho-PCB . 62
Total nwno—onho-PCE 30762
TEQ (WHO) based on PCOD/F 25,882
TEQ (WHO) based on PCB 10,651
TEQ (WHO) . Xxx]

TEQ, TEF (WHO) = Yoxic equivatent / -faktor by WHO for humans & mammals
nd. = nol deteclad, limit of detection (LOD)in (), n.a. = not analysed, Values with < contribule with 50%
M} = valus, p outsida i

Smafl ditferances an totala resut from mmwta:mtmdlngs
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PCDD/PCODF and PCB in Human Serum

Values i pg/g (ppt).
lipid based

Analysis-No. H-04-05-0195

42
Date: 4/20/04, approximataly 40
ml

Conceniration TEF (WHO) _ TEQ (WHD) TOD
2.3.7 8-Tatra-COD 16 1,000 1,594
1.2.3.7.8-Panta-CDD 2.9 1,000 2,922
a 1.2.3.4.7.8-Hexa-CDD 28 0,100 0,202
8 1.2.3.6.7.8-Hexa-CDD 14,5 0,100 1,447
& 1.2.3.7.8.9-Hexa-CDD 33 0,100 0335
1.2.3.4.6.7.8-Hepla-CDD 216 0,010 0216
0CcDD 2024 0,0001 0,020
2.3.7.8-Telra-COF 22 0,100 0.219
1.2.3.7.8-Penta-CDF 13 0,050 0.067
2.3.4.7.8-Penta-COF 38 0.500 1,893
1.2.3.4.7.8-Haxa-CDF 54 0,100 0,536
5 1.2.3.6.7.B-Hexa-CDF 40 0,100 0,397
8 1.2.3.7.6.9-Hexa-CDF nd. 0,100 - (10
2.3.4.6.7.8-Haxa-CDF nd. 0.100 - 1.7 )
1.2.3.4.6.7.8-Hepla-CDF 38 0,010 0,038
1.2.3.4.7.8.9-Hepta-CDF nd. 0,010 ~ (10
OCDF nd. 0,0001 - (26 )
a 3.3,4.4-1CB (77] n.a. 0.0001 - {17 )
gg 3.4.4'5-TCB (81) nd. 0,0001 - (2 )
i 3,3.,4,4'5-PeCB (126) 6 0,1000 0,590
€ 3,3,4,4',5,5-HxCB (169) 4 0,0100 0,043
2.3.3,4,4-PeCB (105) 347 0,0001 0,045
2,3,4,4'5-PeCB (114) 194 0,0005 0,097
g 2,3,4,4',5PeCB (118) 2417 0,0001 0,242
£8 2'.3.4,4',5-PeCB (123) 52 0.0001 0,005
28 2,3,3',4,4"5-HxCB (156) 978 0,0005 0,489
& 2,3,3'4,4'5HxCB (157) 212 0,0005 0,106
2,3,4.4',5,5-HxCB (167) 282 0,00001 0,003
2,3,3'.4,4'5,5-HpCB (189) 71 0,0001 0,007
Total PCOD/PCOF 2696 -
Total non-artho-PCB 10
Total mono-ortho-PCB 4653
TEQ (WHO) based on PCODIF 9,966
TEQ (WHO) based on PCB 1,626
TEQ (WHO) . 11,592

TEQ, TEF (WHO) = Taxdc aquivalent / faktor by WHO '.orhumani & mammals
n.4. = not delected, Umi of detaction (LOD)In (), na. = not analyssd, Values with < coatridits with 50%

(M) = value,

outside ¥

Smal differsnces on totals result from compulemoundings

]
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PCDD/PCDF and PCB in Human Serum

Values in pg/g (ppt),
lipid based

Analysis-No. H-04-05-0196

43
Date: 4/18/04, approximately 30 ml

Conceniration TEF (WHO) TEQ(WHO) ____LOD
2.3.7.8Tetra-COD 2.7 1,000 2,673
1.2.3.7.8-Penta-COD 6.9 1,000 6,877
o 1.2.3.4.7.8-Hexa-COD 58 0,100 0,579
3 1.2.3.6.7.8-Hexa-CDD kY] 0,100 3.790
& 1.2.3.7.8.9-Hexa-CDD 6.6 0.100 0,658
1.2.3.4.6.7.8-Hepta-COD 45,5 0,010 0,455
oCcpD 393.8 0,0001 0,039
2.3.7.8-Tatra-COF nd. 0,100 - ( 10
1.2.3.7.8-Pema-CDF n.d. 0,050 - { 10)
2.3.4.7.8-Penta-COF 28 0,500 1,399
1.2.3.4.7.8-Hexa-COF 55 0,100 0,552
5 1.2.3.6.7.8-Hexa-CDF 3.1 0,100 0,307
td 1.2.3.7.8.9-Hexa-COF n.d. 0,100 - ( 1.0)
2.3.4.6.7.8-Haxa-COF ng. 0,100 - ( 15)
1.2.3.4.6.7.8-Hepla-CDF 3.0 0,010 0,030
1.2.3.4.7.8.9-Hepta-CDF nd. 0.010 - { 1.0)
OCOF n.d. 0,0001 - {24 )
- 3,34,4-1CB (77) nd. 0.0001 z C 16 )
gg 3,4,4'5-TCB (81) nd. 0,0001 - ( 2 )
ge 3.3',4.4'5-PeCB (126) 34 0,1000 3,355
= 3,3'.4,4'.5,5-HxCB (169) 14 40,0100 0,137
2.3,3,4,4-PeCB (105) 3476 06,0001 0,340
2,3.4,4',5-PeCB (114) 834 0,0005 0417
2 2,3'4,4'5-PaCB (118) 17805 0,0001 1,764
§ o 2',3,4.4',5-PaCB (123) 190 0,0001 0,019
e g 2,3,3',4,4'5-HxCB (156) 5036 0,0005 2,518
g 2,3,3'.4.4',5-HxCB (157) 1068 0,0005 0,534
2,3'4,4',5,5-HxCB (167) 1625 0,00001 0,016
2,3,3'4,4',5,5-HpCB (189) 454 0,0001 0,045
Total PCOD/PCDF 5136
Total non-ortho-PCB 47
Total mono-ortho-PCB 30489
TEQ (WHO) based on PCODIF 17,360
TEQ (WHO) based on PCB 2170
TEQ (WHO) » 26,530

TEQ, TEF (WHO) = Toxic equivalant / -fakior by WHO for humans & mammals
n.d. = nol datected, fimit of detaction (LOD) 0 (). n.a. = not analysed. Valuas with < contibuts with S0%

W) = maxd

taled

valua, U

Small differences on totale result from computsmraundings
L]
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PCOD/PCDF and PCB in Human Serum
Values in pg/g (ppt).

tipid based

Analysis-No. H-04-05-0197

44

Date: 4/21/04, approximately 20 m!

Concentration TEF (WHO)] _TEQ (WHO) 10D
2.3.7.8-Tetra-CDO 32 1,000 3,158
1.2.3.7.8-Penta-CDD 74 1,000 7,378
a 1.2.3.4.7.8-Hexa-COD 9.1 0,100 0,905
8 1.2.3.6.7.8-Hexa-COD 49,0 0,100 4,903
* 1.2.3.7.8.9-Hexa-COD 103 0,100 1,020
1.2.3.4.5.7.8-Hepta-CDD 90,1 0,010 0,904
ocpD 3340 00001 0,033
2.3.7.8-Telra-COF 6.8 0.100 0,675
1.2.3.7.8-Penta-COF 75 0,050 0,376
2.3.4.7.8-Ponta-COF 12,3 0,500 6,164
1.2.3.4.7 8-Hexa-COF 21,8 0,100 2176
w 1.2.3.6.7.8-Hexa-COF 163 0,100 1,634
8 1.2.3.7.6.9-Hexa-COF nd. 0,100 - (16)
2.3.4.6.7 8-Hexa-COF 76 0,100 0.765
1.2.3.4.6.7.8-Hepta-COF 16.9 0,010 0,169
1.2.3.4.7.8.9-Hepta-COF nd. 0,010 - (24
OCDF nd. 0,0001 - {27
o 3.3.44-1C8 (71) n.a. 0,0001 - ( 26
£a 3,4.4'5-TCB (81) 3 0,0001 0,000
i 3,3",4,4',5-PeCB (126) 32 0,1000 3,192
& 3,3,4,4'.5,5-HxCB (169) 23 0,0100 0,225
23,3 4.4PeCB (105) 1216 0,0001 0122
2,3.4,4',5-PaCB (114) 597 0,0005 0,299
£ 2,3',4,4'5-PeCB (118) 7975 0,0001 0,797
m 2',3,4.4'.5-PeCB (123) 92 0,0001 0.009
é g 2,3,3',4,4" 5-HxCB (156) 4289 0,0005 2,145
H 2,3,2',4,4',5HxCB (157) 895 0,0005 0,447
2,3',4.4',5,5HxCB (167) 1085 0,00001 0,011
2,3,3',4,4’,5,5-HpCa (189) 418 0,0001 0,048
Total PCDD/PCOF 5923
Total non-ortho-PCB 57
Total mono-ortho-PC8 16624
TEQ (WHO) based on PCDDYF 30,266
TEQ (WHO) basad on PCB w
TEQ (WHO) 356

s

TEQ, TEF (WHO) = Toxie aquivalent! taktor by WHO for bumans & mammals
0.9, = not detectad, fimit of detection (LOD) N[, s = o analysed, Valuas with < contdt
(1) =maximuin value, coritains possible: outside coramication o

Small differences on totals result from mmpulu;,-‘alailnsn

.

with S0%’
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PCDD/PCDF and PCB in Human Serum
Values in pg/g (ppt), :
lipid based
Analysis-No. H-04-05-0198 45
Date: 4/28/04, approximately 20 ml
Concentralion TEF (WHQ)  TEQ (WHO) LoD
2.3.7.8-Tatra-COD 2.4 1,000 2,062
1.2.3.7.8-Panta-CDD 5.5 1,000 5,541
o 1.2.3.4.7 B-Hexa-CDD 48 0,100 0,477
§ 1.2.3.6.7.8-Hexa-CDD 54,0 0,100 5,398
- 1.2.3.7.8.9-Hexa-CDD 56 0,100 0,558
1.2.3.4.6.7.8-Hepta-CDD 29.6 0,010 0,296
OChD 2429 0,0001 0,024
2.37 8 Tetra-COF nd. 0,400 - { 10
1.2.3.7.8-Panta-CDF nd. 0,050 - ( 1.0)
2.3.4.7.8-Penta-CDF 33 0,500 1,668
1.2.3.4.7.8-Haxa-CDF 64 0,100 0,644
‘é 1.2.3.6.7.8-Hexa-CDF 4.7 0,100 0,471
Q 1.2.3.7.8.9-Hexa-COF nd. 0,100 . ( 1.2
- 2.3.4.6.7.8-Hoxa-CDF nd. 0,100 - ( 24 )
1.2.3.4.6.7.8-Hepta-COF 2.4 0,010 0,024
1.2.3.4.7.8.9-Hepla-COF nd. 0,010 - {17
OCDF nd. 0,0001 - { 50 )
o 3,3,3,4-TCB (77) nd. 0,0001 - { 29 )
ga 3.4,4'5-TCB (81) n.d. 0,0001 - (4
£g 3,3'4.4',5-PeCB (126) 13 0,1000 1,348
< 3,3.4,4',5,5-HxCB (169) 22 0,0100 0,221
23,3 44 PeCB (105) 1053 0,0601 0,105
2,3,4,4'.5-PeCB (114) 931 0,0005 0,466
2 2,3',4,4',5-PeCB (118) 5325 0,0001 0,532
£, 2,3,4,4'5-PeCB (123) "7 0,0001 0,012
g & 2,3,3,4,4'.5-HxCB (156) 6226 0,0005 3,113
€ 233445 HCB(157) 1349 0,0005 0,675
- 2,3'4,4',5,5HxCB (167) 814 0,00001 0,008
2,3,3'4,4',5,5-HpCB (189) 589 0,0001 0,059
Tatal PCDD/PCOF 3614
Total non-ortho-PCB 36
Total mono-ortho-PCB -~ 16404
TEQ (WHO) basad on PCDD/F 17,163
TEQ (WHO) based on PCB % 539
TEQ (WHO) T 23,702

TEQ. TEF (WHO) = Toxic equivatant / -faktor by WHO for iumans 8 mammals
nd. = notd ad, tirnikt of datacion (LOD) in (), a.2. = not analysed, Valuma with < cantrituta with 50%
(M) = maximum value, conlalna possible outside contambiatian

Smal diferances on tlals rasult huméommlaq‘?unmms

'ERGO.000198

.



&>

Raport 2004-0413th
Page I6of 37

N =/ gy =/ i
Fouscier gegeselischalt mbH

PCDD/PCDF and PCB in Human Serum
Values in pglg (ppt).
fipid based
. a1 .
Analysis-Na. H-04-05-0199 Date: 4/29/04, approximataly 15 m
Concentration TEF (WHO) TEQ (WHO) LOD
2.3.7.8Tetra-COD 32 1,000 3,233
1.2.3.7.8-Penta-CDD 59° 1,000 5,853
o 1.2.3.4.7 8-Hexa-CDD 8.6 0.100 0,857
8 1.2.3.6.7.8-Hexa-COD 25,1 0,100 2,509
- & 1.2.3.7.8.9-Hexa-COD 9,5 0,100 0,954
1.2.3.4.6.7.8-Hepta-COD 90.7 0,010 0,907
QcoD 318,9 0,0001 0,032
2378 Tetra COF 59 0,100 0.586
1.2.3.7.8-Penta-CDF 5.7 0,050 0.284
2.3.4.7 8-Penta-CDF 128 0,500 6,392
1.2.3.4.7.8-Hexa-CDF 21,1 0,100 2,114
w 1.2.3.6.7 8-Hexa-CDF 186 0,100 1.862
b 1.2.3.7.8.9-Haxa-CDF nd. 0,100 - ( 30 })
2.3.4.6.7.8-Hexa-CDF 8.3 0,100 0,826
1.2.3.4.6.7.8-Hepta-CDF 325 0.010 0,325
1.2.2.4.7.8.9-Hepta-COF n.d. 0,010 - (35)
OCDF nd. 0,000 - (97}
- 3,3,4,4CB{7T) n.d. 0,0001 S (a7 )
2m 3,4.4'STCB (81) nd. 0.0001 - ( 6 )
g 8 3,3',4,4'5-PaCB {126) 15 0,1000 1,545
e 3.3'.4.4',5,5'-HxCB (169) 18 0,0100 0,180
2,3.3'.4,4-PeCB (105) 750 0,0001 0,075
2,3,4,4',5-PaCB (114) 336 0,0005 0,168
2 2,3'.4.4',5-PeCB (118) 4424 0,0001 0.442
€ o 2',3,4,4'5-PeCB (123) A6 0,0001 0,005
ig 2,3,3'4,4"5-HxCB (156) 2888 0,0005 1,444
H 2.3,3',4,4',5-HxCB (157) 629 0,0005 0314
. 2.3'4.4°,5,5-HiCB (167) 557 0,00001 0,006
2,3,3'4,4',5,5HpCB (189) 289 0,0001 0,029
Yatal PCODIPCOF 566,7
Total non-artho-PCB 33
Total mono-ortho-PCB 9917
TEQ (WHO) based an PCODVF
TEQ (WHO) based on PGB _
TEQ (WHO)

Yoxc equhvaient? aktor tiy; WHD

Smadt differencas on tolels result (rom sompits
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PCODIPCOF and PCB in Human Sarum
Values in pglg (ppt),
lipid based
48.
Analysis-No. H-04-05-0200 4714104, approximately 30 mi
Concentrafion TEF (WHO) _TEQ (WHO) TOD
2.3.7.8-Telra-CDD 45 1,000 4,493
1.2.3.7.8-Penta-COD 109 1,000 10,863
a 1.2.3.4.7.8-Hexa-COD 9,9 0,100 0,992
§ 1.2.3.6.7 8-Hexa-CDD 65,1 0,100 6,508
- 1.2.3.7.8.9-Hexa-CDD 14 0,100 1.139
1.2.3.4.6.7.8-Hepta-CDD 66,0 0,010 0.668
OCDD 4473 0,0001 0,045
2.1.7.8-Tetra-COF 1.9 0.100 0,193
1.2.3.7.8-Panta-CDF 16 0,050 0,079
2.3.4.7 8-Penta-COF 53 0,500 2,643
1.2.3.4.7.8-Hexa-COF 101 0,00 1,006
5 1.2.3.6.7.8-Hexa-COF 88 0,100 0,883
4 1.2.3.7.8.9-Hexa-CDF nd. 0,100 - ( 12)
2.3.4.6.7.8-Hexa-CDF nd. 0,100 - ( 37 )
1.2.3.4.6.7.8-Hepta-COF 108 0,010 0,108
1.2.3.4.7.8.9-Hepta-COF nd. 0,610 ~ { 1.8 )
QCOF nd. 0,0001 - ( 4.7 )
° 3.344TCB(I7) nd. 0,0001 - ( 32 )
ta 3,4,4'5-TCB (81) nd. 0,0001 - (4
: i 3,3'4,4',5-PeCB (126) 20 0,1000 2,008
; < 3,3,4,4',6,5"HxCB (169) 28 0,0100 0,279
: 2.3.3.4.4-PeCB (105) 1831 0.0001 0.183
2,3.4,4'5-PaCa (114) 1329 0,0005 0,665
] 2,7'4,4'5-PaCB (118) 12235 0,0001 1,223
% 8 2'3.4,4'5-PeCB (123) 119 0,0001 0,012
fo 2,3,3',4,4',5-HxCB (156) 8140 0,0005 4,070
E 2,3,3'4,4°,5-HxCB (157) 1929 0.0005 0,965
- 2344 55-HCB(167) - 2006 0,00001 0,020
2,3,3',4,4',5,5-HpCB (189) 693 0,0001 0.069
Total PCOD/PCOF 654,32
Total non-ortho-PCB 48
Total moanlho-PQ!_ar 28281
TEQ (WHO) based on PCOD/F . 29.621
P TEQ MHO)vbas__ed on PCB 9,494
TEQ (WHO) 3915
TEQ, TEF (WHO) = Yoxic equivalent  -faktor by WHO for humans & mammats
nd. = nat datected, limit of detecion (LOD)in (). 0.8. = Aot analyssd, Vaiuas with < caniriuta with 50%
(M) =max value, ins posslble outsid
Smat diffarances on tbtals rasull from compulemoundings
- End of Report 2004-0413th - ..
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Summary of Dioxin Assays in DeLisle, MS Homes

in ppt |
(using WHO 1998 TEFs)
Location No. | Soil | House Dust
01 0.1 537
03 0.5 170
04 6.2 189
05 5.0 82
06 0.2 42
07 4.3 178
08 0.9 51
09 1.3 56
10 1.9 93
11 0.1 128

14 150
15 24
16 79
17 69
18 68
19 110

For values from non-shaded entries:
SOILS (n = 14) — mean: 2.6, std. dev.: 2.6, 95% C.L.: 1.1-4.2

HOUSE DUSTS (n = 16) — mean: 127, std. dev.: 121, 95% C.L.: 62-191
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Background Dioxins in House Dusts

Rod O’Cennor
Chemical Consulting Services
1300 Angelina Court
College Station, TX 77840
Telephone: 979-693-5804
Telefax: 979-696-1227
¢-mail: docroc34@hotmail.com
Abstract - The levels of dioxins in house dusts are frequently associated with household
exposures to emissions from incinerators, industrial stacks and other sources. Although the U.S.
EPA has studied air, soil and water dioxin concentrations in locations considered as “unpolluted”
background, comparable information for house dusts has been limited to studies outside the
United States. The present study reports house dust dioxin concentrations in Columbia, Marion
County, Mississippi, an area believed to be suitable for “unpolluted” dust background data.

Results indicate an average TEQ for 14 samples of 20.3ppt, based on WHO 1998 TEF values.

Keywords - background, dioxins, house dust

INTRODUCTION

The health impact of airbome dioxins frequently has been associated with dioxin assays of
dust samples [Dahlgren 2003, Kumagai 2002). However, these studies have typically focused on
the health risks posed by existing “dust loading”, i.e., on the amounts of dioxins in dust from a
measured surface area, without measurement ~f the amount of dust. Unfortunately, this method
cannot distinguish between a small quantity of dust with a very high dioxin concentration and a
large quantity of dust with a low dioxin concentration. Thus, such data are necessarily limited to
estimations of health risks and cleanup needs based on current and future exposure to the
existing dust. The largest example of such assessments is the study of dusts from the World
Trade Center disaster (www.cpa.gov/wiclbga_attacha.pdf), for which the U.S. EPA utilized
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mathematical models for risk factors such as skin-to-mouth dust transfer or inhalation of
resuspended dust.

Without an assay of the concentration of dioxins in the dust it is impossible to estimate the
health risk from prior inhalation and/or ingestion of airborne dioxins during the period in which
the dust was being deposited, or for ongoing exposures to continuing dioxin sources. For
persons exposed to short-term, high levels of contaminated air, dust loadings taken months later
will fail to assess acute €XpOSUres. For persons having been, or continuing to be, exposed over
long periods of time to airborne dioxins, the chronic health risks may be very much greater than
would be estimated from considerations of only the future risks from dust loading factor
analysis. Accordingly, any risk assessment other than that limited to current and future risk from
existing dust must take into account the concentration of contaminant in the dust.

Since dust depositions are related to air concentrations [Lotber 2002, Hiester 2004},
although not by a simple proportionality because of particle size effects on deposition rates and
other contributors to dust composition, it is useful to have dust dioxin comparison concentrations
from unpolluted areas. The U.S. EPA has §tudied air, soil and water levels in locations
considered as “unpolluted” Lackground [http:/lcfpub2.cpa.gov/ncea/cﬁn/partland2.cfm], but
comparable information for house dusts has been limited to studies in Germany [W ittsiepe 1997]
and Japan [Saito 2003], except for a very small set of Canadian data [Berry 1993}.

Wittsiepe’s report of “background” dust levels in Germany (n = 10, range 7.83-332 ppt,
mean: 101ppt, using I-TEQ TEFs) cannot be compared directly with Saito’s report of dusts in
rural Japan (n = 10, renge: 43-25.8, mean: 13.5, using WHO 98 TEFs) because of the
differences in TEF values between I-TEQ and WHO 98 with respect to certain congeners (Van
den Berg 1998], and the absence of complete congener profile data in the German report. The
Canadian study, with only two. house dust samples from vacuum cleaner bags (8.3 and 12 ppt 1-
TEQ) lacks sufficient information to provide & reliable background estimate.

It is unlikely that Wittsiepe’s data are typical of U.S. house dust background since only
the smaller particulate fraction (< 2.0 mm) of the dust was assayed, and — more importantly -
since most of the samples (9 of 10) were collected in the urban and industrial Ruhr district, an
area of Germany known to have high dioxin contamination {Hohn 1995).

The Japanese data also fail to reflect U.S. backgrounds for total house dusts, since the
Japanese samples would typically fail to include “track in” dust similar to that in most American
homes. Thus, although Saito’s group also issayed only the smaller particulates (0.75pm -
1.0mm), which would normally yield higher concentrations that total particulates, the Japanesc
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custom of removing shoes when entering a home must necessarily have made the collected dusts

different from typical American dusts. Household dusts in U.S. areas of low (background)
airborne dioxins would normally reflecta major component of “track-in" dust.

In order to provide background data more representative of unpolluted areas in the
United States, samples were collected from homes in Columbia, Marion County, Mississippi, 8
small community several miles distant from any identified industrial sources of dioxins, and 2
community in which apen burning of trash is banned. Homes were selected on the basis that
they either contained no fireplaces or wood-burning stoves or, if such were present, DO
chemically-treated wood had been burned.

Columbia, Mississippi was selected as a reasonable location for house dusts unpolluted
by airborne dioxins on the basis of the following criteria:

a) The community had been studied in the past for dioxin residues from a
1977 fire at a wood products plant, and the U.S. EPA determined in 1999

that the arca was no longer significantly contaminated [www.epa.gov/
region4/wastc/npllnplmsl newsomms.htm].

b) The city ordinances forbid the open burning of trash, a known source of
airbome dioxins.

c) The Environmental Defense Fund “Scorecard” [www.scorccard.org]
listing of the top 25 emitters of dioxin and dioxi -like compounds in
Mississippi shows no source closer than 29 miles (at Purvis, MS), and
shows that Marion County, MS is not among the top 25 Mississippt
counties for either PM-10 or Volatile Organic Compound emissions.

d) Toxic Release Inventory (TRI) reports [www.rtknet.org/tri] for Marion
County, MS contain no dioxin releases, nor are the industries identified in
those reports of the types typically expected to generate significant dioxin
releases [www.ep&govlncea/pdfsldioxinlparti’»lchnpteﬂ -6.pdf].

e) Rural Mississippi has ore of the lowest concentrations of dioxin WHO 98
TEQ in the National Dioxin Air Monitoring Network (NDAMN)
[Cleverly 2004].

f) Columbia has a population of about 7,000 in a county of only about

25,000, so general houschold contributions to aitbome dioxins are
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MATERIALS AND METHODS
Sample Collection and Selection

Samples were collected by personnel from Aqua-Tech Laboratories, Inc., Bryan, Texas,

using protocols consistent with U.S. EPA SOP# 2011 (Chip, Wipe, and Sweep Sampling,
11/16/94).

Two types of samples were collected, carpet dusts from home vacuum cleaners and
general household dusts from Sharkrm hand-held vacuum cleaners [www.sharkvac.com]. The
latter uses a HEPA dust cup filter capable of trapping 99.97% of particles above 0.3 pm
aerodynamic mean diameter.

The dust from carpet vacuum cleaners was removed by cutting the vacuum cleaner bag
with a pre-cleaned box cutter and transferring the sample to a Yoz. certified precleaned glass jar.
New box cutters were used at each location to avoid any possibility of cross-contamination.

Separate Sharkrw hand-held vacuum cleaners were used at each location to avoid any
cross-contamination. Field blanks run by using both dry and wet (methylene chloride) wipes of
the filter and nose cones revealed residual dioxins of only HpCDD (7.39 ng/Kg) and oCcDD
(32.97 ng/Kg) for the dry wipe and only OCDD (121.81 ng/Kg) for the wet wipe. The Sharktv

units were used to collect general house dust from rarely-cleaned areas such as the tops of ceiling

fans and behind and under large furniture. The filter cartridges were sealed in certified

precleaned glass jars.

Sampling personnel wore hooded Ty-Vac suits, gloves, goggles and dust masks. Suits

and other gear were placed in trash bags after leaving each residence to avoid any possibility of

cross-contamination.

All samples were refrigerated by the sampling team and hand delivered, along with
proper chain-of-custody documentation, to Columbia Analytical Services, Inc. in Houston,
Texas.

At the time of sample collection, detailed questionnaires were completed for each
household, and further telephone questionnaires were subsequently used, to determine if any of
the collected samples might have been contaminated by materials such as carpet powders or
household sprays that might have affected dioxin concentrations. Samples were also examined
visually for evidence of significant amounts of sand or carpet powder that would have skewed
the dioxin results low. A total of 34 dust samples were collected from 18 homes. Of these, 20

samples were discarded as contaminated by sand, carpet powders, or household sprays.
PCDD/PCDF Assays
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The remaining 14 samples were assayed for polychlorinated dibenzo-p-dioxins and

polychlorinated dibenzofurans (PCDD/PCDF) by Columbia Analytical Services, Houston,

Texas, using GC/MS by EPA method 8290. Cleanup of sample extracts used silica gel and

activated carbon. All holding times were met foor both sample preparation and sample analysis.

Method blanks, lab control spikes, and lab control spike duplicates were used, and contract-

required limits for percent recovery of 40-135% were met, all as set forth in Method 8290.

RESULTS

The results are summarnized in Table 1, with Shkarkyy vacuum units indicated by “S”
and home vacuum cleaners indicated by “H”. Results from the two collection methods were
comparable, as expected from previous studies [Colt 1998].

The average WHO 98 TEQ value for the 14 samples was 20.3ppt (standard deviation:
18.4, range: 1.30-53.7). Homes with fireplaces that did not use treated wood had dioxin
backgrounds (average: 21.2ppt, range: 1.30-53.7ppt) comparable to, and not much higher than,
the homes where no wood was burned (average: 19.2, range: 2.80-48.5).

None of the samples contained a detectable concentration of tetrachlorodibenzo-
The congener profiles of the 14 samples are summarized in Table 2.

ioxin.

PISCUSSION

The results appear to be reasonable as reflective of background dioxin levels in U.S.
homes, suggesting that dust dioxin concentrations significantly higher than 20ppt may indicate
increased health risks. The difference between measured dust contarninant concentrations and
background concentrations may help to identify contaminant sources, but the total concentrations
must be considered in assessing health risks [Smith 1996].

It is important to recognize that there are two levels of risk assessment associated with
concentrations of toxins in house dusts. Certainly the existing methodology for assessing heaith
risk from continuing exposure to existing dusts is critical to a determination of cleanup needs.
However, of equal, and in some cases greater, importance is recognition of the fact that house
dust contamination may be important evidence of past or ongoing exposures to airbomne toxins.
A prime example is the U.S. EPA assessment of dioxins in house dusts months after the World
Trade Center disaster, when the dioxin concentrations would have been sigpificantl;y diluted by

subsequent “clean” dust deposition. Such an analysis is certainly useful in determining whether
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or not dust cleanup is needed, but it totally fails to address the health risk of persons inhaling
very high levels of dioxins during exposure to the dust clouds released during the disaster.

Similarly, an assessment of dioxins in houses exposed for many years to smoke from
wood treatment plants burning pentachlomphenol-tmated wood scrap, a few years after the
practicc had stopped, would assist in cleanup decisions, but would significantly underestimate
the health risk fro chronic past exposure to such smoke.

Proper risk assessment in such cases would need, in addition to dust concentration data,
information on dust loadings (for assessment of cleanup requirements, if any) and information on
past, present, and future exposure levels and exposure times, if the risk assessment is to take into :
account all of the critical factors associated with chronic or acute exposures. Thus, a comparison |
with the background data is a first step in identifying a location for which a complex and detailed
risk assessment is warranted.

Further research is needed to develop good methodology for exposure reconstruction in

cases for which analysis of curmrent dust composition can only provide a piece of what is
invariably a complex puzzle.
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Table 1 — PCDD/PCDF (ppt) Content of Background House Dusts

Sample ID Collector Wt(g) Fireplace

CMS 01

CMS 02

CMS 03

CMS 04
CMS 05
CMS 06
CMS 07
CMS 08
CMS 09
CMS 10
CMS 11
CMS 12
CMS 13

CMS 14

H
H
H
H
H
H

S

S

n2
4.0
1.4
116
10.5
107

3.0

23

20

11

49

42

16

35

no

no

yes

yes

yes

yes

no

no

no

no

yes

yes

yes

yes

WHO 98 TEQ
1.1

8.4
1.3
29
22.8
14.1
48.5
28
8.2
399
6.2
53.7
41.2

21.5
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Table 2 — Congener Distribution (ppt) in 14 Samples of Background House Dusts

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
0OCDD
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

MRL = minimum reporting limit; ND = not detocted

Disclaimer:

Mean

ND
1.62
2.87
262
5.50
661
6,010
12.1
1.57
3.80
15.3
6.63
10.5
0.16
161
0.38

214

2.86
432
33.0
124
616
4,550

11.1

4.15

5.58
214
8.42
15.9
0.59
17
1.44

233

ND-190.5
ND-10.9
ND-119
ND-41.4

105-2,050

1,070-25,500

ND-29.7
ND-15.1
ND-15.6
ND-60.1
ND-25.5
ND46.8
ND-2.20
13.3-585
ND-5.38

ND-676

3.27
5.37
452
12.6
1,020
9,690
18.5
397
7.02
21.7
11.5
19.7
0.50
259
1.21

348

Std. Dev. Range P95 Max MRL

1.0
2.5
25
2.5
235
25
50
1.0
25
2.5
25
25

25

25

2.5

50
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DIOXIN AND HEAVY-METAL CONTAMINATION OF SHELLFISH AND SEDIMENTS
IN ST. LOUIS BAY, MISSISSIPPI AND ADJACENT MARINE WATERS
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ABSTRACT Dioxins, furans, and trace metals were evaluated in sheilfish and sediments from St. Louis Bay, Mississippi and adjacent
waters of Mississippi Sound. Highest concentrations and the most toxic dioxin congener were found in St. Louis Bay sediments in
closest proximity to the effluent outfall from the titanium dioxide refinery on the northern shore of the bay. Using conservative
assumptions, we estimated the dioxin and furan burden of 17 measured congeners in St. Louis Bay sediments to be between 3.72 and
6.16 kg. Comparison of lipid-adjusted dioxins and furans in oysters (Crassostrea virginica) from this study with those collected from
séafood markets and grocery stores in southern Mississippi in 1997 shows dioxin and furan contamination about 1.7 to 8 times higher
in the samples from this study, depending on collection location. Oysters from St. Louis Bay and adjacent marine waters may
accumulate higher concentrations of dioxins and furans than measured here, at other times during the year, due to the low lipid content
of oysters in this single-season study. At other times, with typical higher oyster lipid levels, the dioxin content of oysters could increase
by a factor of 8.5 to 12.7 times, commensurate with the expected increase in oyster lipids, although the rate of uptake of these
contaminants is not known. Certain trace metals have increased markedly in St. Louis Bay shellfish since a 1978 baseline study that
was conducted prior to the operation of the titanium dioxide refinery that produces large quantities of soluble waste metals such as
chromium, nickel, and lead. In 2004, the percent value of chromium in oysters in St. Louis Bay was at least 1,167% greater than the
1978 values, and the percent value for nickel in oysters in the bay was at least 467% greater than the 1978 value. The percent value
for chromium in 2004 from oysters outside the bay was between 7,700% and 11,300% greater than the 1978 reported in bay values.
Rangia clams (Rangia cuneata) from St. Louis Bay tended to have greater increases than did oysters for all metals measured above
detection limits in both studies, except for zinc, which declined in both shellfish species. Metals also increased in sediments, but soluble
metals which are produced by, and apparently released from, the titanium dioxide refinery may be flushed out of the bay to higher
salinity seawater before becoming adsorbed on fine silt and clay-size particles which are consumed by shellfish and/or deposited in
sediments. Oysters from waters near the mouth of St. Louis Bay were also contaminated with dioxins, furans, and heavy metals. Based
on widely published estimated safe and adequate daily dietary intake for chromium and nickel (the latter standard for hypersensitive
individuals) the values recorded in this study indicate that less than one oyster per day should be consumed from the open harvest site
sampled in adjacent Mississippi Sound. An evaluation of other regional sources of dioxin and dioxin-like compounds and heavy metals
was conducted using data reported to the United States Environmental Protection Agency. Because of the lack of other identifiable
large sources of these contaminants, the transport dynamics of soluble metals and the occurrence of highest dioxin and dioxin-like
compound concentrations near the titanium dioxide refinery outfall, we conclude that the refinery is the most likely and most significant
source of the measured dioxins, dioxin-like compounds, chromium, and nickel contamination found in St. Louis Bay and adjacent
marine waters of Mississippi Sound.

KEY WORDS: dioxin, furan, trace metals, chromium, nickel, St. Louis Bay, oysters

INTRODUCTION

St. Louis Bay is a 3,860-ha elliptical-shaped, shallow embay-
ment with a narrow entry to the western end of Mississippi Sound
(Fig. 1). The bay receives freshwater input from 2 primary rivers,
the Jourdan and the Wolf, and, according to a 1978 study (Lytle &
Lytle 1982), suffered the least of all bays along the Mississippi
coast from sources of anthropogenic poilutants. The study of Lytle
and Lytie (1982) was part of a characterization of St. Louis Bay
because of concerns about potential pollution resulting from the
future placement and operation of a titanium dioxide refinery near
the northern shore of the bay in 1979. The refinery is reported to
produce quantities of dioxins, furans, PCBs, and heavy metal by-
products as well as other hazardous chemicals, based on the re-
finery’s annual reporting requirements to the United States Envi-
ronmental Protection Agency’s Toxic Release Inventory (TRI)
(USEPA 2003). Such by-products are injected into ground wells

*Corresponding author. E-mail: ralph@aquatechnics.com

on the site, disposed of at on-site landfills, released as point source
air emissions, fugitive air emissions, and surface water discharges
according to the reporting data. There is an effluent pipe from the
refinery, labeled as a sewer pipe on National Oceanic and Atmo-
spheric Administration (NOAA) nautical charts 11371 and
11372A (NOAA 2001; NOAA 2004), located on the northern
shore of St. Louis Bay, and releases from this pipe may constitute
a portion of the reported surface-water discharges. In addition,
airborne emissions from the refinery could be deposited, in part, by
settling into the marine waters of St. Louis Bay, surrounding tidal
marshes and the adjacent Mississippi Sound.

Based on the reported chemical production in close proximity
to St. Louis Bay, the potential for release of a portion of the
chemicals and their entry into the bay ecosystem and adja-
cent offshore marine waters, and the availability of the baseline
study, we undertook the current study to assess the degree of
contamination of marine shellfish and sediments in the bay and
adjacent offshore waters of Mississippi Sound in the summer of
2004.
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Figure 1. St. Louis Bay, Mississippi location map.

MATERIALS AND METHODS

Field Collection of Samples

Sediment and shellfish collections were made on July 11 and
12, 2004, from a 15.2-m length (50 foot) oyster dredging vessel,
the F/V Nova Star, fitted with a 16 tooth oyster dredge weighing
about 265 kg, known as a Mississippi dredge. Samples were col-
lected under permit from the Mississippi Department of Marine
Resources inside St. Louis Bay, between US Highway 90 and the
CSX railroad bridges at the mouth of the bay and in adjacent
waters of Mississippi Sound outside of St. Louis Bay at the loca-
tions shown in Figure 2 and Figure 4 (see Fig. 4 later in text).

A GPS (global positioning system) receiver (Garmin GPSMAP
76, WAAS-enabled) was used onboard the sampling vessel for
tracking the sampling vessel’s path and marking sediment sam-
pling station waypoints. The receiver was mounted vertically on
the bow of the vessel, as far as possible from all other electronics,
to increase accuracy and reduce any possible interference. Ob-
served accuracy was approximately 3.0 m. Track locations and
time were automatically recorded about once per minute along all
oyster-collection trawls. Waypoints and collection time were
manually saved at appropriate locations. Tracks and waypoints
were downloaded to a computer for plotting on digital versions of
NOAA nautical charts 11371 and 11372A using GIS software.
Start and stop endpoints of the shellfish dredges were also noted by
hand recording and cross referenced to locations recorded by a
separate GPS system used on board the sampling vessel.

The surface area of St. Louis Bay, north of the US Highway 90
bridge, south of Interstate Highway 10, including the adjacent tidal
marshlands, was estimated using ArcView GIS software (ESRI,
Redlands, California).

Sediments collected in July 2004 were compared with samples
that had earlier been analyzed as part of a 1984 Mississippi-
Alabama SEA GRANT investigation. The 1984 study (see Is-
phording, 1985) encompassed the entire Mississippi Sound, as
well as all adjacent bays (as well as Lake Borgne, Louisiana). A
total of 109 2-meter vibracores were collected, 6 of which were
obtained in St. Louis Bay. Each was subjected to mineralogic
analysis to determine the mineralogy of the clay-size (-4 pm)
fraction, using x-ray diffraction, chemical analysis, using a Perkin-
Elmer Model 6500 ICP spectrophotometer, carbon analysis, using
a LECO carbon-sulphur analyzer, and sediment texture analysis. A
bottom sediment texture map of the Mississippi Sound was con-
structed by carrying out size analyses on the upper 10-cm portion
of each core using ASTM method D 422-63 (also used in the
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present study). The size frequency distribution of each sediment
sample was obtained and also a complete description of the mea-
sures of central tendency and dispersion. The same computer al-
gorithm used to analyze the 1984 samples was similarly used to
process sediment data for the July 2004 samples in order that
meaningful comparisons could be made.

Sheilfish Collection and Handling

Shellfish collected with the Mississippi dredge on or close to
the substrate surface were brought on board and rinsed clean of
visible sediments using ambient water at the end of each dredge
collection. The objective was to collect American oysters (Cras-
sosirea virginica, Gmelin 1791), but at a few locations incidental
collections of common Rangia clams (Rangia cuneata G. B.
Sowerby 1, 1831) and hooked mussels (Ischadium recurvum
Rafinesque 1820) were made. The shellfish were blotted dry and
packed in aluminum foil (precleaned by treatment in a muffle oven
for a minimum of 3 h at a minimum temperature of 450°C) and
then packed inside plastic bags. The shellfish were cooled in heav-
ily insulated containers with frozen ice packs. At the end of each
sampling day, small amounts of dry ice were added to the samples
and a programmed temperature recorder (Optic Stowaway Temp,
Onset Computer Corp., Bourne, Massachusetts) was added to each
container. All samples were shipped to the processing laboratory in
Sequim, Washington by overnight courier on July 13, 2004, for
delivery on July 14, Temperature was maintained between 1°C and
4°C in all containers. All samples were assigned a predetermined
sample number and entered into a chain of custody logging system.
The shellfish sample collection locations are shown in Figure 2
and Figure 3 and labeled in numerical order as collected. Some
numerical sample designations were subdivided into sequential
alphabetical designations (e.g., 7A and 7B) representing two or
more dredge samples with a given sample number. Start and end
points are labeled S and E, respectively. All sample transfers were
accompanied by chain-of-custody documentation.

After processing, samples for dioxin and furan analysis were

1 S /

Figure 2. Shellfish collection tracks inside St. Louis Bay, Mississippi.
Map adapted from NOAA nautical chart number 11372A. Tracks are
shown in numeric and alphanumeric order with start points of the
shellfish dredge tracks labeled with an S and end points labeled with
an E. The sewer is the outfall from the dioxin titanium refinery shown
in the referenced NOAA chart.
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Figure 3. Shellfish collection tracks south of and adjacent to St. Louis
Bay, Mississippi. The mouth of St. Louis Bay is shown at the top center
of the map. Map adapted from NOAA nautical chart number 11371.
Tracks are shown in numeric and alphanumeric order with start
points of the shellfish dredge tracks labeled with an S and end points
labeled with an E.

submitted to the analytical laboratory on July 19, 2004. Additional
oysters from most collection sites were stored frozen and whole at
the processing laboratory at —20°C for later possible analysis.
Samples for metals analysis were submitted to the analytical labo-
ratories between September 3 and October 27, 2004. Samples were
collected according to protocols acceptable for both dioxin and
metals analysis, as referenced in the following methods, but as an
added precaution, control oysters from a non-industrialized site in
Puget Sound, Washington were also processed using part or all
of the dioxin-preparation procedure to verify that no artifact from
the dioxin sample preparation process would affect the metals
analysis.

Sediment Collection and Handling

Sediments were collected with a Petite Ponar grab sampler,
precleaned with Alconox Laboratory Detergent (Alconox Corp.,
White Plains, New York). Each sediment sample was removed
from the grab sampler using individually prepared nonmagnetic,
noncorrosive stainless-steel sediment spoons wrapped in alumi-
num foil and precleaned by washing in laboratory detergent and
heating as described previously. Samples were placed into certified
precleaned 4 ounce (118.4 ml) amber glass sampling jars (Envi-
ronmental Sampling Supply [ESS], Oakland, California) according
to a method validated for collection of both organic contaminant
and metals sample collection (PSEP 1997). Sediment was stored
and shipped to the laboratory as described for shellfish samples.
Sediment blanks were included for a manual reading of tempera-
ture in shipping containers using a calibrated thermometer on ar-
rival at the laboratory. Sediment samples were logged and tracked
using the chain-of-custody system described for shellfish samples.
Sediments from a Puget Sound, Washington site were also handled
with and without the sediment spoons used in St. Louis Bay to
verify that no artifactual metals were added to the samples that
would affect the metals analysis. Sediment samples were taken
independently from shellfish samples and labeled from 1 to 13 as
shown on Figure 4.

Sediment samples for grain-size analysis and total volatile or-
ganic content were removed from the grab sampler while onboard
the sampling vessel and placed in freezer bags with paper tracking
labels to match exterior marking with waterproof felt-tip pens.
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Sample Processing and Storage at Laboratory

Upon receipt at the laboratory, the recorded temperature data
from each shipment container were downloaded and examined to
ensure that temperature had not exceeded 4°C. Sediment samples
were then frozen at ~20°C in a non-self-defrosting freezer. Shell-
fish samples for dioxin and furan analysis were maintained be-
tween 0° and 4°C until processing. Shellfish were either archived
within their precleaned foil wraps, shucked and archived for metals
analysis, or processed for dioxin analysis as follows.

All instruments and glassware for shellfish tissue processing
for dioxin and furan analysis were precleaned and recleaned be-
tween individual sample processing by scrubbing thoroughly while
immersed in Alconox soapy water, then rinsed by immersion and
agitation in laboratory 18-M() reagent-grade water, followed by
unused rinse water poured over the instruments. The instruments
or materials were then rapidly air dried on paper, rinsed with
reagent grade 100% absolute methyl alcohol (Certified Analytical
Reagent, ACS, USP Reagent), rinsed with dichloromethane (Cer-
tified Analytical Reagent, ACS, USP Reagent), and allowed to air
dry. A method blank consisting of rinse water was also collected
and analyzed.

Each replicate sample of oysters contained between 10 and 20
individuals, except as noted in Table 3 (see Table 3 later in text).
Prior to shucking, each oyster was scrubbed with fresh tap water in
a laboratory sink and measured for shell *length” the linear dis-
tance between the dorsal umbo tip and the ventral shell margin (the
morphologic shell height). The oysters were opened on a cleaned
surface (Alconox scrubbed and rinsed). The oyster meats did not
contact the work surface during preparation and only oysters that
were previously tightly closed were selected for analysis. The soft
tissues were placed in aluminum weigh “boats” that were cleaned
by heating as previously described, to determine individual wet
weights.

A section for histological examination was removed and placed
in a histological cassette, followed by immersion into fixative. The
remaining oyster meat was placed in a cleaned beaker and homog-
enized to a liquid slurry form using a Pro Scientific (Oxford,
Connecticut) 200-series homogenizer with a 20-mm, saw-tooth
generator. Depending on the amount of homogenized tissue avail-
able, one or two laboratory splits of the samples were then poured
into the ESS-certified clean amber-glass jars and the net amount of
tissue weighed. Samples were then stored at <4°C. Replicates not
submitted to the laboratory within 2 days of processing were stored
at —20°C.

Shellfish tissues for analytical chemistry analysis were dis-
patched to the analytical laboratory packed in a solid cooler with
labels and matching chain-of-custody forms. Ice packs and a small
quantity of dry ice (0.5 —1.0 kg) were included within the sample
containers. A blank sample for temperature recording upon receipt
was included. Samples were sent by overnight courier for dioxin
and PCB analysis and hand delivered or sent by courier for metals
analysis.

For metals analysis, shellfish were opened using nonmagnetic
corrosion-resistant stainless-steel shucking knives, previously vali-
dated for handling bivalve tissues used for trace-metals analyses
(PSEP 1997; Stephensen et al. 1979). In addition, control oysters
from a non-industrialized site were processed and analyzed in an
identical manner to ensure that no artifactual metals were added to
the samples.
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Figure 4. Sediment collection sites within and near St. Louis Bay, Mississippi. Map adapted from NOAA nautical charts 11371 and 11372A.
Sediment stations are shown as black circles numbered sequentially from 1 to 13. The sewer is the outfall from the dioxin titaninm refinery shown

in the referenced NOAA charts.

Chemical Analysis of Shellfish Tissues and Marine Sediments

Dioxin and Furans

Frozen shellfish tissue homogenates and sediments were
shipped as described above to Paradigm Analytical Laboratories
(Wilmington, North Carolina) for analysis of sample content for 17
dioxin/furan congeners using the United States Environmental
Protection Agency method SW846, method 8290 (USEPA 1997).

Polychlorinated Biphenyls

The same sample set used for dioxin and furan analysis was
analyzed for polychlorinated biphenyls (PCBs) by Paradigm Ana-
lytical Laboratories using the United States Environmental Protec-
tion Agency, method 1668A. (USEPA 1999).

Trace Metals

An initia] set of sediments and shellfish tissue samples were
analyzed for total metals by the Battelle Marine Sciences Labora-
tory, Sequim, Washington using inductively-coupled, plasma-
mass spectrometry (ICP/MS) as the analytical technique (except
for mercury) using EPA methods 1638 and 200.8 (USEPA 1996a
& 1994, respectively), adapted for analysis of solid-sample diges-
tates. Mercury was determined by cold-vapor atomic-absorption
spectroscopy (CVAA), based on EPA method 245.5 (USEPA
1991a). For these analyses, samples were freeze dried and homog-
enized using a ball mill prior to digestion with nitric acid, hydro-
fluoric acids and peroxide in a Teflon vessel, and heated in an oven
at 130°C (x10°C) according to the laboratory standard operating
procedure and quality assurance/quality control documentation.
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This sample procedure was expected to yield total metals, includ-
ing those that are bound as crystal silicates.

A second set of sediment and tissue samples were analyzed by
the same ICP/MS method (EPA Method 200.8 [USEPA 1994], but
were digested using EPA method 3050B (USEPA 1996b) which is
not designed to be a total digest for most samples but will dissolve
almost all elements that could become environmentally available
and is thus comparable to the United States Environmental Pro-
tection Agency method used by Lytle and Lytle (1982). These
samples were analyzed by Analytical Resources, Tukwila,
Washington.

All shellfish were processed whole so that measured metals
may have been either incorporated into the tissues or resident in
the digestive tracts. This processing represents the potential inges-
tion exposure of the metals to human consumers because oysters
are commonly eaten whole or the entire oyster body is used in
preparing the oysters for consumption.

Grain Size-Analysis and Volatile-Organic Content of Sediments

Grain-size analysis and percent volatile solids were determined
using methods ASTM D422-63 and EPA 160.4, respectively
(ASTM 2003; USEPA 1979). These analyses were performed by
Aquatic Research Inc. of Seattle, Washington. Grain size and vola-
tile organics were examined and compared with prior data from St.
Louis Bay (Isphording 1985).

RESULTS

Dioxins and Furans

Dioxin and furan concentrations expressed as toxic equivalen-
cies for shellfish collected in and near St. Louis Bay are shown in
Table 1. Toxic equivalencies (TEQs) are expressed as WHO-TEQs
(Vanden Berg et al. 1998) and I-TEQs (USEPA 1989), for com-
parison with a previous evaluation of oysters from southern Mis-
sissippi (Fiedler et al. 1997). The set of international toxic equiva-
lency factors (I-TEFs) returns TEQ values that are higher than
those derived from using the World Health Organization TEFs due
to differing TEF values for three congeners. In addition, the data
available from the Fiedler et al. (1997) paper are based on using
one half the limit of quantification value (2 LOQ) for nondetects.
The LOQ is defined as 10 times the standard deviation of the
average of a series of blank measurements and likely overstates the
contribution of non-detects (Jensen & Bolgar 2001). Therefore,
our comparison, from data derived using one half detection limit
values for non-detects, to the Fiedler et al. (1997) values is a
conservative estimate of the difference between the two data sets,
because the 1997 values may have been lower than reported if the
raw data had been presented as we present our raw data. Congeners
measured are shown in Table 2. The shellfish tissue values for data
generated in this study were converted to I-TEQs and WHO-TEQs
with appropriate TEFs using the EPA- referenced method (USEPA
1989) advising that the common conservative approach for non-
detected congeners is to set their value at one-half of the detection
limit (ND = 1%).

In addition, the I-TEQs were expressed adjusted for lipid so
that they could be compared with the prior study by Fiedler et al.
(1997) of dioxins and furans in oysters collected as part of a
market-basket assessment of food products from southern Missis-
sippi. Only the specific congener analytes common to both studies
were used in the comparison. Table 1 shows that the WHO-TEQ
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TABLE 1.

Dioxin toxicity equivalent concentrations for St. Louis Bay,
Mississippi shellfish samples.

I-TEQ
Shelifish (ND = 1/2)
Sample WHO-TEQ I-TEQ [corrected
Tract Percent (ND = 1/2) (ND = 172) for lipid]
Number Lipid [pe/g) [pe/e]’® [pe/el*
1 0.35% 0.581 0.579 165.544
2 0.55% 0.444 0.838 152.407
3 0.35% 0376 0.868 247.866
4 0.70% 0.381 0.379 54.147
5 0.66% 0412 0413 62.505
6 0.53% 0.395 0.400 75.474
7A 0.54% 0.378 0.364 67.429
7B 0.71% 0.463 0.451 63.568
7C 0.60% 0.382 0.379 63.118
8 0.34% 0.348 0.330 96.995
aC 0.46% 0.335 0.364 79.124
oD 0.64% 0.337 0.352 55.038
15 0.58% 0.312 0.294 50.627
16 0.46% 0.327 0.334 72.654
17 1.07% 0.405 0.391 36.561
Average all samples: 0.392 0.449 89.537
Average oysters only
(all except #1): 0.378 0.440 84.108

' Toxicity equivalencies (WHO-TEQ and I-TEQ) calculated using World
Health Organization toxic equivalence factors (WHO-TEF, Vanderberg et
al. 1997) and International toxic equivalency factors (I-TEF, USEPA
1989), respectively. All values expressed as pg dioxin equivalent per g of
shellfish tissue, wet weight. Congeners measured are shown in Table 2.
2 Values in this column are calculated using values for non-detects at 1/2
the detection limit (ND = 1/2) (USEPA 1989).

* Values in this column are given to provide a basis for comparison with
Fiedler et al. (1997) who used I-TEF conversion factors and used 1/2 the
limit of quantification for no detect congener values.

* Values in this column are adjusted for lipid, assuming that all dioxins and
furans are contained in lipids, and thus represent the calculated concentra-
tion using such an assumption. Thus the values in the far right column are
comparable to the values published by Fiedler et al. (1997), after adjust-
ment so that only the congeners measured in each study are included in a
comparison.

values (ND = %) for the 17 congeners of dioxins and furans in
oysters (total tissue basis) from within and near St. Louis Bay
ranged from 0.312 pg/g to 0.463 pg/g wet tissue weight with an
average value of 0.378 pg/g. Rangia clams collected from shellfish
collection track 1 had a higher WHO-TEQ of 0.581 pg/gm. Oys-
ters from inside the bay only (collection tracks 2 to 8) had an
average WHO-TEQ of 0.398 pg/g and oysters collected from open
harvest sites between the highway and railroad bridges at the
mouth of the bay and from sites outside the bay had an average
WHO-TEQ of 0.343 pg/g. The shellfish collection track with the
highest WHO-TEQ inside the bay was collection track-7B, located
in the midbay region, and the site with the highest TEQ outside the
bay was shellfish collection track-17 (located ~7 km southwest of
the center of the bay mouth and between 0.67 and 1.48 km off-
shore).

When the I-TEQ values for shellfish tissues were lipid adjusted
(i.e., expressed as a concentration in the lipid fraction only) for
comparison with those reported by Fiedler et al. (1997), the I-TEQ
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TABLE 2.
Dioxin compounds and dioxin toxicity equivalent concentrations for St. Louis Bay, Mississippi sediment samples.?
Sediment Collection Station Number
Analyte 1 2 3 4 5 6 7 8 9 10 11 12 13

2378-TCDD 0.449 0.407 0.564
12378-PeCDD 1.22 1.7 1.78 1.74 Q.717 0.803 1.31 1.37 0.286 1.31 2.3 1.83
123478-HxCDD 34 5.26 5.41 5.01 1.99 2.32 4.09 422 0.691 2.73 391 7.36 5.27
123678-HxCDD 6.49 9.67 10.6 9.75 3.63 4.53 8.57 8.2 1.39 534 6.98 14.2 10.3
123789-HxCDD 14.7 222 23.4 229 8.41 5.77 18.4 18.4 299 10.8 13.4 29 18.7
1234678-HpCDD 245 377 403 362 140 179 332 336 54.7 214 247 546 384
OCDD 5,590 7,950 7,810 6,920 3,460 4,120 6,750 7.140 1,220 4.330 4,630 10,100 7,310
2378-TCDF 0.462 1.2 0.805 0.755 0.301 0.389 0.612 0.657 0.152 0.937
12378-PeCDF 0.313 0.796 0.398 0.179 0.198 0.348 0.387 0.241 0.3 0.575 0.473
23478-PeCDF 0.353 0.787 0.582 0.532 0.232 0.249 0.484 0.489 0.346 0.493 0.857 0.728
123478-HxCDF 1.01 227 1.72 1.37 0.432 (1.543 1.14 L13 0.642 0.79 1.62 1.33
123678-HxCDF 0.989 1.76 1.6 1.36 0.449 0.568 1.23 0.213 0.777 1.67
234678-HxCDF 1.02 1.89 1.75 1.68 0.525 0.656 151 1.36 0.226 0.809 1.06 2.24 1.69
123789-HxCDF 0.356 0.508 0.395 0.184 0.293 0.489
1234678-HpCDF 7.25 15.1 13.5 14.5 3.91 5.08 114 10.5 1.74 0.692 7.22 16.8 12.3
1234789-HpCDF 2.04 1.46 1.31 0.441 0453 1.19 1.08 0.138 0.623 0.733 1.79 1.36
OCDF 154 40.6 26.7 315 0.769 10.1 22.3 18.9 3.54 13 11.9 311 25.5
Sums (total dioxins

and furans): 5,888 8,433 8,403 7375 3,622 4,335 7,155 7,543 1,286 4,579 4,926 10,757 7,774
Average at in bay stations (1 to 8): 6,594 Average at out of bay stations (9 to 13): 5,864
WHO-TEQ

(ND=1/2) 7.25 1141 11.78 10.66 417 5.05 9.11 9.12 1.62 493 7.18 15.33 10.56

! Toxicity equivalent factors (WHO-TEQ) calculated using World Health Organization toxic equivalence factors (TEFs). All values expressed in pg analyte per gram of

sediment dry weight. TEQ values calculated using 1/2 the detection limit value (ND =

2 Blanks in analyte table indicate non-detects or values below the detection limit.

values for the clam sample was 165.5 pg/g lipid, the average value
for oysters within the bay was 98.2 pg/g lipid, and the average
value for oysters south of the highway bridge and outside the bay
was 58.8 pg/g lipid. The two highest values for lipid adjusted
I-TEQ were shelifish collection track 2 (152.4 pg/g lipid), located
just south of the refinery outfall in St. Louis Bay and shellfish
collection track 3 (247.9 pg/g lipid) also located nearby the outfall
and southeast of Grassy Point (Fig. 2).

Total dioxins and furans and TEQ values for sediments are
shown in Table 2. The two highest WHO-TEQ values in St. Louis
Bay (11.41 and 11.78 pg/g sediment dry-weight basis) were lo-
cated at sediment stations 2 and 3, respectively, which were the
stations closest to the titanium dioxide refinery effluent outfail
point, labeled as a sewer on National Oceanic and Atmospheric
Administration (NOAA) Nautical Charts 11371 and 11372A and
in Figure 2 and Figure 4. These two stations were also the only
in-bay stations with detectable levels of 2,3,7,8-TCDD, the most
toxic of the dioxin congeners. Sediment station 2 is located ap-
proximately 260 m south of the discharge of the refinery outfall
pipe, and sediment station 3 is located approximately 1.6 km to the
south-southwest of the outfall discharge (Fig. 4). The highest value
outside the bay (15.33 pg/g) was located at sediment station 12
between Henderson Point and Square Handkerchief Shoal, which
was also the only out-of-bay station with a detectable level of
2,3,7,8-TCDD. The average sediment WHO-TEQ value inside the
bay (sediment stations 1 to 8) was 8.57 pg/g, and the average
WHO-TEQ value for the stations outside of the bay (sediment
stations 9 to 13) was 7.92 pg/g. Due to variation in half-life of
constituent congeners (Sinkkonen & Paasivirta 2000) and lack of
source test data, we did not attempt a quantitative comparison of
congeners from the various stations.

1/2) for non-detect analytes (USEPA 1989).

Sediment Grain Size, Volatile Solids, and Association with
Dioxin Concentrations

The sediments in this study were largely sandy-silts (median
diameter, 82 wm). Sediment grain size did not correlate well with
total dioxin, but total volatile solids, consisting of all organic ma-
terial and carbonates, showed a higher inverse correlation coeffi-
cient for sites inside the bay (r = 0.86; n = 8) than for sites
outside the bay (r = 0.73; n = 5).

Total Dioxin Load Estimate for St. Louis Bay Sediments

The total load of the measured 17 congeners of dioxins and
furans in St. Louis Bay sediments was estimated by using the
average concentration of all congeners at each sediment site lo-
cated within the bay, north of US Highway 90. The surface area of
the bay was estimated at 40.9 km? and the area of the bay and
surrounding marshlands was estimated at 54.1 km®. However, a
figure of only 75% of the bay surface area was used as a conser-
vative factor in estimation of a minimum burden number. The
marshlands surrounding the bay and comprising an additional 13.2
km? were not included in the minimum estimate calculation, al-
though they may be periodically inundated with seawater at high
tide. The maximum estimate calculation included the full area of
the bay and the surrounding marshlands or an area 76% greater
than the minimum estimated area (consisting of 75% of the bay
surface area). Therefore the minimum calculation is conservative.

To estimate the total burden of the 17 measured dioxin and
furan congeners in St. Louis Bay, the sediment concentration per
gram was calculated by converting the dry weight concentrations
of dioxins and furans to wet weight concentrations using an aver-
age moisture content of sediments of 66% (determined in the ana-
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lytical preparation of sediments) and the empirically measured
average of 1.35 g of wet sediment per cubic centimeter. Because
sediment samples were taken and mixed from the top 4 cm of
sediment, the burden was calculated for the top 4 cm of sediment
only. This calculation yielded a total burden of measured dioxins
and furans in the sediments of 3.72 kg for 75% of the area of St.
Louis Bay, to a depth of 4 cm, assuming that the bay bottom was
a planar surface. If the entire area of the bay as well as the marsh-
lands were to be included, this estimate would increase by 76% to
6.56 kg. In addition, dioxins and furans may be present at sediment
depths >4 cm.

Polychlorinated Biphenyls

The WHO-TEQs for PCBs (ND = %) for sediment samples
ranged from 0.113-0.225 pg/g on a dry-weight basis for all sample
sites. The WHO-TEQs for PCBs (ND = V%) for oyster samples
ranged from 0.108-0.125 pg/g on a wet-weight basis.

Trace Metals - Shellfish Tissues

Trace-metal values for shellfish, derived using the extraction
method for bioavailable metals (second analytical set), inside St.
Louis Bay and in locations near the mouth of the bay are shown in
Table 3, referenced to sample locations shown in Figures 2 and 3.
For edible oysters inside the bay, these values show large increases
from the 1978 study in arsenic (percent value of 404% compared
with 1978), chromium (percent value of at least 1,167% compared
with 1978), and nickel (percent value of at least 467% compared
with 1978). Selenium increased 48% and the other metals showed
decreases from the 1978 study. In Rangia clams, also evaluated in
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the 1978 study, there were increases in the content of all metals
measured, which registered above detection limits (Table 3) and
were measured in the 1978 and 2004 studies, with the exception of
zinc. There was only a minor increase in mercury in clams. The
increased concentrations in Rangia clams were greater than that for
oysters with the largest increases in arsenic (percent value of
1,920% compared with 1978) and nickel (percent value of at least
1,225% compared with 1978). A value for chromium in Rangia
clams was not reported in the 1978 study. Hooked mussels, con-
sidered a non-edible species, showed the lowest concentrations of
metals. Based on this data set, the highest concentrations of chro-
mium and nickel in any of the shellfish were from oysters taken at
shellfish dredge site 16 (Fig. 3), an area open to oyster harvest,
located about 1.7 km south of Henderson Point, which forms the
eastern aspect of the mouth of St. Louis Bay.

The first data set (i.e., metals obtained by total digestion)
yielded similar but somewhat higher values for metals, as ex-
pected. Because this could have been due to a contribution of
mineral-bound and nonbioavailable metals and a small artifactual
increase during processing (measured at 1 pg/g for Cr and about
0.5 pg/g for Ni, for tissue samples only) of the samples for dioxin
analysis (not conducted on or applicable to the second sample set),
we have excluded this data set from comparative evaluation with
the 1978 data. However, it is included in summary form (Table 4)
because it confirms the high values of metals in oysters from an
open harvest area and emphasizes the need for public health agen-
cies to consider these data in regard to the suitability of such
oysters for human consumption and, at a minimum, to provide
public notice of the potential for negative health effects to specific

TABLE 3.

Metals in shellfish in St. Louis Bay, Mississippi and out of bay locations.!

Metal Element Measured in Shellfish (ng/g wet weight)?

Shellfish Collection

Site Number and Species Ag As Be Cd Cr Cu Hg Ni Pb Sb Se Zn
1978 values for Eastern oysters
(Crassostrea virginica) in
St. Louis Bay 01222  <0.08 1.61 <0.1 31.5 0.0746 <0.2 <0.5 <0.05 0.248 821
1978 values for wedge clams
(Rangia cuniata) in St. Louis Bay 0.056 <0.08  <0.05 NR 2,46 0.107 <0.2 <0.5 <(.05 0.493 16.5
3C  Wedge clams (n = 4) 039 093 <0.04 0.12 2.30 3.60 0.04 3.30 <0.20 <0.04 0.50 9.90
7A  Eastern oysters (n = 12) 0.57  0.63 <0.04 112 1.20 37.00 0.01 0.90 <0.20 <0.04 0.40 543.00
7A  Wedge clams (n = 5) 2.01 1.22 <0.04 0.10 1.00 4.00 0.03 1.60 <020 <0.04 1.10 8.50
7B Eastern oysters (n = 6) 0.53 055 <0.04 0.95 1.70 34.00 0.02 1.40 <0.20 <0.04 0.30 549.00
7B Ischadium recurvum
(hooked mussels) (n = 15) 005 074 <0.04 0.24 0.50 1.70 0.02 0.60 <020  <0.04 0.60 7.10
7C  Eastern oysters (n = 3) 030 030 <0.04 0.62 0.60 2200  <0.01 0.50 <0.20 <004 <040 342.00
9B  Eastern oysters (n = 12) 058 070 <0.04 0.92 0.80 33.00 <0.0t 0.80 <020 <004 0.50 486.00
15 Eastern oysters (n = 10} 0.71 0.77 <0.04 1.03 0.20 28.00  <0.01 0.40 <0.20 <0.04 0.60 252.00
15 Hooked mussels (n = 15) 005  0.90 <0.04 0.17 0.90 1.80 0.02 0.50 <0.20 <0.04 0.90 7.90
16 Eastern oysters (n = 5) 087  0.99 <0.04 1.37 7.70 49.30 0.02 7.30 <0.20 <0.04 0.60 580.00
Average in bay Eastern oysters,
this study 047 049 <0.04 0.90 1.17 31.00 <001 0.93 <0.20 <0.04 0.37 478.00
Average in bay wedge clams,
this study 1.20 1.08 <0.04 0.11 1.65 3.80 0.12 2.45 <020  <0.04 0.80 9.2
Percent value, 2004 compared
to 1978, Eastern oysters® 404% 56%  >1170% 98% 17% >467% 148% 58%
Percent value, 2004 compared
to 1978, wedge clams 1920% 220% 154% 2% >1225% 162% 56%

' Data set 2, as referenced in text, extraction using EPA Method 3050B.

? Values listed as < indicate the detection limit and therefore the concentration is less than the detection limit.
* Change values listed as > indicate that the percent value in 2004 is at least the indicated percentage in comparison to the 1978 values because the latter were below the
indicated detection limits. Blank values in the comparison rows indicate that both 1978 and 2004 values were below the limits of detection.
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TABLE 4.

Metals in shellfish in St. Louis Bay, Mississippi and out of bay locations.’

Metal Measured in Tissue (ug/g wet weight)?

Ag As Be Cd Cr Cu Hg

Avg. of 4 in-bay sites

(7A, 7B, 7C, 8) + SD? 031002 0.34+0.03 0.003£0.001 0.63+008 4213+335 20.5+1,01  0.006 £ 0.001
Range of same 4 in-bay sites 0.29-0.34 0.32-0.39 0.002-0.003 0.54-0.73 1.15-8.68 19.5-21.7 0.005-0.007
Avg. of 3 sites south of bay

(9, 15,17) = SD? 031+£0.01 0441010 0.002+£0.000 0.53+0.12 6.91 + 4.68 17.2£5.70  0.006 = 0.002
Range of same 3 sites south of bay*  0.21-040  0.34-0.53  0.0014 (U)-0.002 0.46-0.66 3.86-12.30 11.6-23.0 0.004-0.007

Metal Measured in Tissue (pg/g wet weight)®
Ni Pb Sb Se T Zn

Avg. of 6 in-bay sites

(1,2,3,5,7, 8 +SD? 275196 0.08 +0.02 0.005+0.00 0.21+.01 0.001 + .000 461 + 68
Range of same 4 in-bay sites 0.92-5.28 0.06-0.10 0.005 (U) 0.20-0.22 0.001-0.002 407-550
Avg. of 3 sites south of bay

(9, 11, 13) = SD* 443270 0.05x0.01 0.005x0.00 032+0.093 0.002+0.001 256101
Range of same 3 sites south of bay*  2.67-7.54 0.04-0.07 0.005 (U) 0.23-0.42 0.001-0.002 159-361

' Data set 1, as referenced in text, extraction using hydrofluoric acid method.
? Values followed by U indicate that the value is the detection limit and the value for that indicated site and element is thus below the detection limit.

? Site numbers refer to site locations shown in Figure 3.

“ For silver, arsenic, cadmium, chromium, nickel, and selenium the highest values for open harvest areas south of St. Louis Bay, indicated by the upper
range number, were for shellfish collection site 15, as indicated on Figure 2.

groups of the population. Examination of metals content from
shellfish from data set 1 shows that values as high as 12.3 j.g/g for
chromium and 7.54 pg/g for nickel were found in edible oysters
from open harvest shellfish collection site 15. Even allowing for a
reduction in up to 1 pg/g in these values, based on control studies
applying only to this data set, these are still high values with regard
to human consumption, as will be discussed in following text.
Using the first and second data sets for metals, respectively, the
chromium content of oysters in Mississippi Sound, adjacent to St.
Louis Bay showed percent values of at least 11,300% and 7,700%
compared with the 1978 values (below detection limit) reported for
in Bay oysters in 1978. However, in utilizing the US Food and
Drug Administration estimated safe and adequate daily dietary
intake for specific metals (USFDA 1993a, b, ¢), we used only
metals data set 2, designed to analyze for bioavailable metals.

Trace Metals-Sediments

The 1978 values for trace metals in sediments from St. Louis
Bay were from sampling and analysis reported by Lytle and Lytle
(1982) prior to the construction and operation of the titanium di-
oxide refinery. Based on comparison of the 1978 data with our
values for sediment station 2, chromium, beryllium, nickel, arse-
nic, and lead increased (listed in descending order of magnitude) in
St. Louis Bay sediments between 1978 and 2004 (Table 5). The
percent value for copper in 2004 was 90% of that in 1978 and the
similar value for zinc in 2004 was 80% of that in 1978. Cadmium,
antimony, and selenium were below detection limits in the 1978
study and this data set from 2004. Mercury was detected at 0.107
ug/g in 1978 and found to be 0.095 pg/g in 2004. Although
there were no 1978 data to compare sites outside of the bay

TABLE 3.

Comparison of sediment metals in St. Louis Bay 1978 versus 2004.*

Metal Element Measured in Sediment (pg/g dry weight)

As Be Cd Cr Cu Hg
1978 Average Value in St. Louis Bay (SLB) 7.05 0.789 <0.087 10.67 10.04 0.107
2004 Value in SLB (Site 2) 8.55 1.05 <0.5 16.5 9 0.095
Percent value, 2004 compared to 1978 (in bay values) 121% 133% 155% 90% 88.8%
2004 Average Value outside SLB (Sites 12 & 13) 6.1 0.85 <0.5 15 10 0.090

Metal Element Measured in Sediment (ng/g dry weight)

Ni Pb Sb Se Zn
1978 Average Value in SLB 9.35 154 <0.025 <0.013 69.35
2004 Average Value in SLB 115 17 <0.5 <1.0 55.5
Percent value, 2004 compared to 1978 (in bay values) 123% 111% 80%
2004 Average Value outside SLB (Sites 12 & 13) 13.5 13 <0.5 <1.0 53

' Data set 2, as referenced in text, extraction using EPA Method 3050B.
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with the 2004 values, chromium and nickel values from sites out-
side but near St. Louis Bay were higher in 2004 than the values
reported for these metals inside the bay in 1978.

The increase noted in some of these metals is undoubtedly
an anthropogenic effect. Particle size analyses carried out by Is-
phording (1985) in St. Louis Bay versus those in the present in-
vestigation clearly show a coarsening trend for bay sediments over
the past 20 y. Thel985 sediments were largely silty-clays (median
diameter, 14.1 um) whereas those at present are chiefly sandy-silts
(median diameter, 57 pm, in-bay). As such, the expected trend
would be for lower natural levels of heavy metals to be found in
the sediments. Sorption of heavy metals in sediments is closely
related to grain size (see Cordi et al. 2003) because sand-sized
sediment (i.e., >62 um) and medium to coarse silt-size sediment
(those 10-62 um) will consist almost entirely of the mineral quartz
(5i0,). Quartz shows almost no tendency to adsorb contaminants
because it closely approaches its stoichiometric composition under
natural conditions and has few site vacancies that produce posi-
tions where ions can “attach.” The clay-sized sediments (by defi-
nition, those <4 wm in size) in St. Louis Bay, in contrast, consist
largely of the Smectite Group clay mineral montmorilionite,
(Ca,Na)(Al,Mg.Fe),[(5i,Al)30,,}(OH),-nH,0). This mineral is
characterized by numerous Schottky-Wagner (missing ion) defects
that render the clay micelle surfaces “charged.” Hence the mineral
can abundantly adsorb organic and inorganic impurities and con-
taminants. Montmorillonite clays also possess very high cation
exchange capacities (100-300 milliequivalents/liter). This prop-
erty, similarly, renders them capable of adsorbing a wide variety of
metals and organo-metallic species. Not unexpectedly, then, when
the median diameters of the 13 samples coliected in this study
were compared with the total dioxin and furan levels from Table 2,
an inverse correlation of r = 0.70 was obtained. A less strong, but
statistically significant inverse correlation (r = 0.54) was also
obtained when dioxin and furan levels from Table 2 were com-
pared with the percentage of sediments in each sample in the 3- to
12-micron range. This size fraction is important because it includes
the size range of particles that are ingested by filter feeding oys-
ters. Given that the sediments demonstrably contain elevated levels
of both dioxins and furans, it is not therefore surprising that St.
Louis Bay shellfish exhibit heightened levels of both of these
compounds.

In addition to contaminants associated with the clay minerals,
the fine silt and clay fraction (particles <10 wm) also contains
significant quantities of iron and manganese oxide and oxy-
hydroxide compounds. These, similarly, are marked by extensive
substitation of a wide variety of metal ions for both iron and
manganese. Hence, a decrease in the quantity of fine silt and
clay-size sediments over the 20-y period would be expected to
produce a decrease in metal levels and other contaminants. The
increase observed in this investigation must therefore be the result
of “loading” of the reduced quantities of fine silt and clay due to
high levels of contaminant influx.

DISCUSSION

Toxic Equivalents of Dioxins, Furans, and PCBs in Shellfish

The WHO-TEQ values based on a whole-shellfish soft tissue
wet-weight basis averaged 0.392 pg/g for oysters and was 0.581
pg/g for the single sample of Rangia clams. While there is no
defined action level in the United States, the US Food and Drug
Administration advises that “Since there are no tolerances or other
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administrative levels for dioxins in food or feed, the appearance of
these compounds in a food or feed supply is of gravest concern”
(USFDA 2000). The European Union (EU) has defined action
levels of between 0.5 and 4.5 pg/g (based on WHO-TEQ) for
dioxins, furans, and dioxin-like biphenyls in various seafoods re-
lated products (EC 2002). Because these action levels include
dioxin-like biphenyls, and in setting the action level, studies
showed that only 25% to 50% of the total dioxin equivalents came
from dioxins and furans, the effective EU action level for dioxins
and furans separately is closer to 1.0-2.0 pg/g. In 1981, The US
Food and Drug Administration recommended a 25-pg/g maximum
dioxin level to address contamination of fish in the Great Lakes.
Subsequently, in 1997, the USFDA (1997) issued prohibition of
the sale of catfish containing more than 1 pg/g dioxin, but subse-
quently rescinded this restriction (USFDA 1997). We compared
the values for oyster dioxin and furan TEQs from this study with
those reported previously by Fiedler et al. (1997). Only the con-
geners reported by Fiedler et al. (1997) that were also evaluated in
this study were used, and I-TEQ (ND = !4) values for nondetects
in our data were used. The Fiedler values could be an overestimate
of the actual toxic equivalents present because they use 4 LOD
values for nondetects. Thus, our comparison to their values of the
increase in dioxins and furans includes a conservative estimation
factor, due to the necessity of using their values based on 2 LOD.
The Fiedler et al. (1997) study was a market-basket survey of
various food stuffs, including oysters, from grocery stores and
seafood markets in southern Mississippi, although the source lo-
cation of the oysters was not specified. Fiedler et al. (1997) report
lipid-adjusted values (i.e., they expressed the total dioxin and furan
analytes as a concentration of the lipid portion only of the animal)
because, as they noted, dioxins and furans accumulate in the lipid
compartment of animal tissues.

Using this lipid-adjusted means of expression, these authors
reported values of from 21.0-31.4 pg/g I-TEQ for the oysters.
Using the same method of calculation (but using % detection limit
values for nondetects), we found lipid-adjusted I-TEQ concentra-
tions ranging from 54.2-247.9 pg/g for oysters in St. Louis Bay,
165.5 pg/g for Rangia clams in St. Louis Bay and concentrations
ranging from 36.6-79.1 pg/g for oysters from open harvest areas
south of and adjacent to St. Louis Bay. Thus, the comparison of
lipid adjusted values from the 1997 paper to those of the current
study indicates a doubling to near an order of magnitude greater
values for dioxin and furan TEQs for St. Louis Bay oysters versus
those from southern Mississippi in 1997. In most circumstances,
this would be surprising because a number of studies have indi-
cated that dioxin concentrations in the environment, in food stuffs,
as well as human exposure levels, have been decreasing for several
decades (e.g., USEPA 1991b; Smith et al. 1995, Pearson et al.
1995, Pinsky & Lorber 1998, Winters et al. 1998). Dioxin and
furan concentrations in St. Louis Bay in 2004 were about 2.6 to 7.9
times higher than the low and high values, respectively, reported in
the 1997 study. Dioxin and furan values outside of St. Louis Bay
in 2004, in open harvest areas, are about 1.8 to 2.5 times higher
than the low and high values, respectively, reported in 1997. The
actual increase may be higher due to the use of 2 LOQ values by
Fiedler et al. in 1997. Our average value for total dioxin and furan
TEQs is lower than a national average (0.448 ppt) reported by
Jensen and Bolgar (2001) for mollusks (using Y4 detection limit
values for nondetects). However, that study did not specify the
collection sites or mix of species used in the reported number. The
more significant comparison is the rise in values of contaminants
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in oysters collected in southern Mississippi between 1997 and
2004, during a time period when dioxins were generally decreasing
in the environment.

It should be noted that the female oysters collected for this
study were not in a condition of peak reproductive development,
when lipid levels would be expected to be higher. At that time,
lipid levels can range from 10% to 15% as a proportion of total
body weight, even after peak reproductive conditioning (Barber et
al. 1988a, Barber et al. 1988b). Rather, the average lipid levels of
oysters from all sites in our study were low, only 0.59%. Assuming
an equal proportion of males and females, this indicates that the
lipid content could be greater by a factor of 8.5-12.7, assuming no
lipid increase in reproductively mature males. This indicates that at
certain times of the season, the dioxin content of oyster samples
could similarly increase by a factor of 8.5-12.7 to levels that
would be of public health concern, although the rate of accumu-
lation is unknown and thus the maximum potential accurmulation is
also unknown. However, the high potential accumulation rates
would be of particular concern for sites outside of, but near, St.
Louis Bay that are open for harvest.

The even higher TEQ values of sediments, compared with
shellfish TEQ values, and potential new dioxins and furans added
to the marine environment, provide the source for such additional
accumulation of these carcinogens. A paper published in 1996
(Comber et al. 1996) indicated that relatively high values of diox-
ins and furans were acceptable in freshwater sediments. However,
these guidelines were based on toxicity of the sediments to trout
eggs and fish and did not address toxicity to organisms residing in
marine sediments. The risk posed by sediment dioxins and furans
to mollusks residing in or near the sediments is a function of
multiple factors including sediment resuspension, congener half-
life, sediment transport, addition rate of new congeners, and re-
moval rate of dioxins by natural processes.

Calculation of TEQ values for PCBs in shellfish and sediments
showed that they were below recognized levels of concern.

Estimation of Total Dioxins and Furans in Bay Sediments

As noted in the Results section, we conservatively estimated
the total load of the measured 17 congeners of dioxins and furans
in sediments of St. Louis Bay at 3.72 kg. This estimated value
would increase by 76% to 6.56 kg if marshlands and the total bay
area were included.

Visual inspection of the data (Table 2) suggests similarity be-
tween the dioxin and furan content of all the sites with relatively
high proportions of OCDD and 1,2,3,4,6,7,8-HpCDD: 1,2,3,7,8,9
HxCDD; and 1,2,3,6,7,8 HxCDD in all samples, both inside and
outside St. Louis Bay. However, we judged that a numerical analy-
sis of the similarity of congener composition between sites in this
study and between our values and the reported discharge values
from the titanium dioxide refinery (USEPA 2003) would not be
meaningful because the residence time of the dioxin and furan
components at each site is unknown, and the half-life of congeners
in sediments varies markedly (Sinkkonen & Paasivirta 2000).

Heavy Metals in Shellfish and Sediments of St. Louis Bay and
Adjacent Marine Waters

Our study found a marked increase in the bioavailable heavy
metals, namely chromium, nickel, and arsenic in oysters in St.
Louis Bay and adjacent waters of Mississippi Sound compared
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with the prior survey. Chromium and nickel were not detected in
oysters in St. Louis Bay in 1978 and arsenic was detected at about
25% of the 2004 concentration in 1978 oyster samples. Evaluation
of Rangia clams shows that the burden of all metals measured
above detection limits, except zinc, have increased in shellfish in
St. Louis Bay since 1978, with the greatest increases in arsenic and
nickel.

Metals appear to have also increased in sediments in St. Louis
Bay and adjacent marine waters. However, because the large in-
creases in chromium and nickel accumulation in shellfish appear
spatially linked to the titanium dioxide refinery, which produces
soluble metal chiorides, the discharge of such compounds may, in
large part, be carried outside of St. Louis Bay where precipitation
and dispersion in the higher salinity waters of Mississippi Sound
would occur. Thus, sediment data are of limited value in estimat-
ing the contamination of St. Louis Bay waters by metals from the
titanium dioxide refinery because the refinery process that utilizes
the chloride-ilmenite process (USEPA 2001) results in acidified
soluble metal chlorides (MDEQ 2003) which, assuming these are
the most likely source of contaminants, would be expected to be
largely flushed out of St. Louis Bay as dissolved matter, where,
they would tend to precipitate and be dispersed in the more saline
waters of Mississippi Sound. It is also presumed that this process
produces primarily chromium-III, rather than the more highly toxic
and carcinogenic chromium-VI.

Metal Content of Edible Oysters and Recommended Safe
Consumption Levels

Table 6 shows the estimated safe and adequate daily dietary
intake (ESADDI) for chromium-I1I and nickel and compares these
to the content of the metals in oysters from St. Louis Bay and
adjacent waters of Mississippi Sound in this 2004 study (USFDA
1993b, USFDA 1993c). Although these values are stated to rep-
resent only the historical record, according to the US Food and
Drug Administration, they have not been replaced by new USFDA
recommendations or guidelines and have been widely adopted as
the standard for ESADDI (Beers & Berkow 2004; PDR 2004).
Using these ESADDI values indicates that the oysters, which pre-
viously had no detectable chromium and nickel in 1978 and about
25% of the 2004 value of arsenic, are now sufficiently burdened
with these metals that less than one oyster per day can be con-
sumed from open harvest areas near St. Louis Bay without ex-
ceeding the ESADDI levels for chromium-III and nickel for hy-
persensitive individuals. The oysters inside St. Louis Bay, cur-
rently a closed area due to bacterial contamination, have lower
concentrations of these metals but are markedly elevated compared
to1978.

The increases in chromium and nickel are the most significant
in terms of ESADDI of these metals (Table 6). Based on these
values, and assuming that oysters are the only source of dietary
chromium, for example, the consumption of oysters from inside St.
Louis Bay should not exceed about 3 % per day. However, oyster
harvest from the bay is not permitted because of bacterial con-
tamination. More significantly, based on average chromium levels
(assumed to be chromium-III) in oysters from adjacent waters
outside the bay, such oysters should not be consumed at a rate of
more than two medium oysters per day. At the site with the hi ghest
chromium level, medium-sized oysters should not be consumed at
a rate of more than 0.8 oysters per day to not exceed the ESA DDI.
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TABLE 6.
Estimated safe consumption levels of oysters from St. Louis Bay and near Bay open harvest areas.!
Nickel Nickel
(general (hypersensitive
Chromium I population)® individuals)®
Estimated safe and adequate daily dietary intake (ESADDI): 200 1200 50
pg/person/day wg/person/day wg/person/day
Average concentration in oysters from in Bay sites (ug/g wet weight) 1.17 093 0.93
Specific consumption level of concern from in Bay sites (g oysters per day) 171 1290 54
Number of oysters (34 g) consumed daily to reach consumption level of concern 5.0 38.0 1.6
Maximum concentration in oysters from in Bay sites (ug/g wet weight) 1.7 1.4 1.4
Specific consumption level of concern from in Bay sites (g oysters per day) 118 857 36
Number of oysters (34 g) consumed daily to reach consumption level of concern 35 252 1.1
Average concentration in oysters from near Bay sites (p.g/g wet weight) 2.9 2.8 2.8
Specific consumption level of concern from near Bay sites (g oysters per day) 69 424 18
Number of oysters (34 g) consumed daily to reach consumption level of concern 2.0 12.5 0.5
Maximum concentration in oysters from near Bay site (pg/g wet weight) 7.7 7.3 7.3
Specific consumption level of concern from near Bay sites (g oysters per day) 26 164 7
Number of oysters (34 g) consumed daily to reach consumption level of concern 0.8 4.8 0.2

! These calculations of estimated safe consumption levels of oysters are based on the more conservative metals data set 2.

23 USFDA 1993. Values from guidance documents for chromium and nickel in shellfish (also PDR 2004, Beérs & Berkow, 2004).

For individuals hypersensitive to nickel (estimated to be about
10% of females and 2% of males in a European population, for
example [Flyvholm et al. 1984]) and who are thus susceptible to
nickel eczema, oysters with average nickel concentrations outside
the bay should not be consumed at a rate of more than 0.5 oyster
per day or at a rate of more than 0.2 oyster per day from sites with
the highest recorded nickel content, based on the ESADDI. Based
on the USFDA (1993a) advisory, arsenic levels are probably not of
concern, although elevated over those of 1978, because 90% or
greater of the arsenic found in shellfish is usually in organic form,
rather than the toxic inorganic form. The analysis performed in this
study did not discriminate between organic and inorganic arsenic.
All of the above computations of the ESADDI of these metals
assume that oysters are the sole dietary source of the metal.

The relatively high chromium content in the oysters in this
study is surprising due to the discrimination of Eastern oysters
against accumulation of chromium in relation to other metals
(Huanxin et al. 2000). These authors found that chromium con-
centrations were lowest in relation to sediment concentrations
when compared with several other metals. Our study established
the content of chromium in whole oyster meats, some of which
may have been in the digestive tract, associated with food par-
ticles, including those that would have complexed with soluble
chromium compounds. However, as indicated previously, the total
content of bioavailable chromium is important due to the con-
sumption of whole oysters as a food product.

Transport of Contaminants out of St. Louis Bay

Studies of St. Louis Bay and the adjacent waters of Mississippi
Sound indicate that a salinity gradient exists across the mouth of
St. Louis Bay, and that the low salinity outflow of the bay con-
sistently occurs on the western side and continues to follow the

shoreline westward for some distance (Eleuterius 1976). This cir-
culation pattern helps explain the higher than average TEQs for
dioxins in shellfish from sample tract number 17 and the relatively
high value for total dioxins and furans at sediment site 13 as well
as the lower values at sediment sites 9 and 10. However, consid-
erable mixing occurs outside the mouth of St. Louis Bay and
depends on weather and sea state conditions. Weather fronts from
autumn through spring may push waters south of the bay either
northeastward or southeasterly depending on the wind direction.
Such conditions could account for mixing and higher accumulation
of contaminants such as total dioxins and furans at sediment sta-
tion 12 and chromium in oysters in shellfish dredge tract 16. Ac-
cording to a circulation model of the bay (Cobb & Blain 2002),
there can be a net west to east flow south of the mouth of St. Louis
Bay resulting from ebb tide flows and wave induced currents.
Chromium, presumed to be released in soluble form into St. L.ouis
Bay, would be likely to accumulate in oysters near the bay than in
sediments because soluble chromium compounds would be ex-
pected to precipitate or complex with fine particles that are in-
gested by filter-feeding oysters.

Other factors acting to control distribution of contaminants ob-
served in the fauna and sediments again involved both the grain-
size distribution of sediments at a given site and mineral speciation
at the site. Higher levels of furans and dioxin are found where the
content of fine silt and clay-size sediment is greatest. Clay min-
erals, however, are more likely to settle out where a change to a
higher salinity is encountered. This causes the clay particles (mi-
celles) to flocculate and thus “clump” to form hydraulically larger
sized sediment, which settles more quickly to the bottom. This is
particularly apparent at sites 7, 8, 12, and 13, each of which con-
tains approximately 20% or more of clay-size particles. Each of
these sample locations is also the site of elevated congeners of
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dioxin and furans that are similar, or exceed levels found imme-
diately offshore from the titanium-dioxide refinery.

Sources of Contamination

Potential sources for dioxin, chromium, and nickel contamina-
tion of St. Louis Bay and the nearby waters of Mississippi Sound
were reviewed using the United States Environmental Protection
Agency Toxic Release Inventory (TRI) Program’s TRI Explorer
(www.epa.gov/enviro/html/tris/) and the EPA Envirofacts Ware-
house (http://www.epa.gov/enviro/index.html). The Toxic Release
Inventory Program makes data available to the public. However, it
is important to recognize that the program does not mandate moni-
toring, and some of the TRI data are based on monitoring protocols
whereas other data are derived by using various estimation tech-
niques. Because facility activities and patterns of disposal or other
releases can vary dramatically from one year to the next multiyear
data were evaluated, as available.

Toxic release data from facilities in Hancock and Harrison
Counties, the Mississippi counties directly adjacent to St. Louis
Bay, were complied for all years available. TRI data are available
through 2002, with early release of 2003 TRI data making those
numbers available in November 2004, but with the caveat that
“...the traditional public data release, which includes more quality
checks...” is expected in Spring 2005. At this time, the 2003 data
are in the form of an electronic facility data release, which have not
completed all verification. However, as the 2003 data are consis-
tent with prior years for the facilities that have been reviewed for
this study, and the EPA website states that the data have “under-
gone the majority of the data quality checks routinely conducted
by EPA’s TRI Program,” we included this year in the multiyear
compilations.

EPA Toxic Release Inventory records report release of dioxins
only for the years 2000 to 2003, due to regulatory changes effec-
tive in the year 2000, when certain new persistent bicaccumulative
toxic (PBT) chemicals were added to the TRI list of reportable
chemicals.

In reviewing the EPA TRI records, no significant sources of
dioxin contamination were found in the St. Louis Bay watershed,
other than the titanium dioxide refinery on the northern shore of St.
Louis Bay. In fact, TRI records show no release of dioxin or
dioxin-like compounds reported in Hancock County for 2000 to
2003. In Harrison County, only 2 facilities reported release of
dioxins: the titanium dioxide refinery and the Mississippi Power
Company Jack Watson Power Plant. Total reported release of di-
oxin and dioxin-like compounds for the Mississippi Power Com-
pany Watson Plant for the years 2000, 2001, and 2002, was, re-
spectively, 0.3691 g, 0.3425 g, and 0.3109 g. For the same years,
the titanium dioxide refinery reported release of 19,493.17 g,
18,201.2 g, and 20,078.11 g. The total amount of dioxins released
on-site for the years 2000 to 2003 for the Mississippi Power Com-
pany Jack Watson Power Plant was 1.39 g, compared with
72,817.41 g disposed of or released on-site by the titanium dioxide
refinery for the same time period. Dioxin release by facilities in the
other counties in the Mississippi Coastal Watershed was examined
also. In 2002, a representative year, the total amount of dioxin and
dioxin-like compounds reported released was as follows; Jackson
County, 3.8 g; Lamar County, 1.57 g; Pearl River County, 1.2 g;
and Stone County, 4.47 g.

Over 99.99% of the dioxin and dioxin-like compounds released
by the titanium dioxide refinery are listed as being disposed of in
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“other on-site landfills.” “Other landfills” (Section 5.5.1B on the
TRI Form R) are defined by the EPA TRI program as “those
landfills which are not authorized under Subtitle C of the Resource
Conservation and Recovery Act (RCRA) to accept hazardous
wastes. These landfills are commonly referred to as non-hazardous
waste landfills and may be regulated under a variety of other
Federal, state, and local programs.” (USEPA TRI Explorer, http://
yosemite | .epa.gov/oiaa/explorers_fe.nsf/Doc 1/Other+Landfilis?).
The titanium dioxide refinery does not use RCRA Subtitle C land-
fills for disposal of dioxins, as indicated in Section 5.5.1A on the
TRI Form R completed for dioxins in 2000 to 2003. The RCRA
Subtitle C landfill is designed and authorized to accept hazardous
waste for disposal, with requirements for lining to prevent leakage
of landfill contents.

Given the large quantity of dioxin and dioxin-like compounds
that are disposed of on-site, the type of disposal, the plant’s prox-
imity, and the lack of any other significant sources of dioxins in the
vicinity, it seems likely that the titanium refinery is the most sig-
nificant source of the dioxins found in St. Louis Bay. The distri-
bution of dioxin and furan compounds in St. Louis Bay also im-
plicates the refinery as the source. Such compounds could enter the
bay by several pathways, including fallout from airborne emissions
as well as fugitive emissions from surface-water runoff or dis-
charges. The latter inference is supported by the fact that the two
highest concentrations of dioxins and furans in St. Louis Bay
sediments were found at the two stations closest to the facility’s
surface-water discharge pipe (identified as the “sewer” noted in
Fig. 1, Fig. 3). In addition, the two oyster samples with the highest
lipid-adjusted I-TEQ values were from shelifish dredge sites 2 and
3, nearest to and close to, respectively, the facility’s surface-water
discharge pipe.

The potential for shellfish to accumulate greater concentrations
of dioxin as the lipid content increases is suggested by the higher
TEQ values for the measured dioxins and furans in sediments in
and near St. Louis Bay. These WHO-TEQ values ranged from
4.17-11.78 pg per gram for in bay sites, with the highest sites
recorded closest to the titanium dioxide refinery outfall (sediment
collection sites 2 and 3, Fig. 3). However, relatively high sediment
values were recorded at two open harvest sites near the mouth of
St. Louis Bay (sediment collection sites 12 and 13). The elevated
concentrations in sediments at these sites may be due to water-
borne transport out of the bay and local current patterns in the
vicinity of sediment collection sites 12 and 13. As noted earlier,
during wave-tidal coupled action there is consistent flushing of the
mouth of the bay into Mississippi Sound during all phases of the
tide.

The US Environmental Protection Agency Toxic Release In-
ventory (USEPA 2003) was examined for potential sources of
chromium and nickel in the St. Louis Bay watershed. The titanium
dioxide refinery on the northern shore of St. Louis Bay was found
to release the largest amounts of chromium and nickel, and appears
to be the only facility in close enough proximity to significantly
affect the metals levels in St. Louis Bay. According to the figures
reported by the titanium dioxide refinery to the USEPA Toxic
Release Inventory, the refinery disposed of 304,928 kg (672,252
Ib) of chromium compounds and 32,888 kg (72,505 1b) of nickel
compounds in 2002. These are assumed to be metal chlorides
based on the described manufacturing process for the refinery
(USEPA 2001; MDEQ 2003). The majority of the chromium
(303,907 kg = 670,000 Ibs) and nickel (32,659 kg = 72,000 Ib)
were disposed of in Class 1 wells, whereas only 6.4 kg (14 1b) of
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chromium compounds and 45.5 kg (100 1b) of nickel compounds
were reported to be released to surface water discharges (into St.
Louis Bay) in 2002.

Multi-year data compilations were done to compare the
amounts of chromium and nickel released by the titanium dioxide
refinery with the two other sources of chromium and nickel in the
counties bordering St. Louis Bay. For the years 1995 to 2003, the
only years that the titanium dioxide refinery reported release of
chromium and nickel compounds, the total quantity released was
238,872 kg (526,623 1bs) of nickel compounds and 3,168,142 kg
(6,984,558 1bs) of chromium compounds. As noted earlier, most of
the chromium and nickel compounds were injected into Class 1
wells. However, over this 9-y period, nickel compounds were also
released as follows: 160 kg (353 lbs) stack or point source air
emissions, 1260 kg (2778 lbs) discharged into St. Louis Bay, and
1996 kg (4400 1bs) placed in “other landfills” (not RCRA Subtitle
C landfill). The corresponding amounts of chromium compounds
for this 9 y period were: 131 kg (287 1bs) stack or point source air
emissions, 156 kg (344 lbs) discharged into St. Louis Bay, and
10,841 kg (23,900 Ibs) placed in “other landfills”.

The Mississippi Power Company Watson Plant in Harrison
County reported release of nickel compounds for the years 1998 to
2003 totaling 1299 kg (2864 1b) stack or point air emissions and
1134 kg (2501 1b) discharged to surface waters. The corresponding
amounts for chromium compounds for these years (except no Cr
release reported in 2002) were 946 kg (2085 Ib) stack or point
source air emissions and 349 kg (770 1b) discharged to receiving
streams or water bodies. Plant Watson is located 28.2 km (17.5 air
miles) east-northeast of Grassy Point in St. Louis Bay and at least
72.4 km (45 water miles) from Grassy Point via Biloxi Bay and
Mississippi Sound. An examination of the prevailing winds in the
area indicates that no significant heavy-metal components in the
plant’s air emissions would be expected to reach St. Louis Bay;
likewise, the water distance and the lack of a direct water route to
St. Louis Bay makes it highly improbable that the Bay would be
affected by discharges from the Mississippi Power Company
power plant. In addition to these two release routes, this plant
places nickel and chromium compounds in surface impoundments;
however, this release of chromium and nickel would not affect St.
Louis Bay.

The other source of chromium compounds and nickel com-
pounds in the vicinity is General Electric Plastics, located at Port
Bienville in Hancock County, MS. This plastic polymer facility is
located approximately 30.6 km (19 air miles) southwest of Grassy
Point in northern St. Louis Bay and at least 45.1 km (28 water
miles) via the Pearl River and Mississippi Sound from Grassy
Point. This facility reports their toxic releases in ranges, as per-
mitted by the EPA. These ranges are large enough to make it
impossible to know how much nickel or chromium has been re-
leased to the air over the years reported (1999-2003). For each of
these years, the amounts for chromium compounds and nickel
compounds in fugitive air releases are noted to be 5.0-226.5 kg
(11-499 1bs). The yearly amounts for both compounds released to
water are noted to be 0.45 to 4.5 kg (1-10 lbs) for each of two
water bodies. However, the total quantity released on-site is only
45.5 kg (100 Ibs) of each metal compound per year, so the total
amount of chromium compounds for the 5-y period is 227.0 kg
(500 1bs), and for nickel compounds, the total released on-site for
this period is also 227.0 kg (500 1bs). Given the relatively modest
amounts of chromium and nickel released, coupled with the dis-
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tances (via air and water) from St. Louis Bay, it seems unlikely
that the releases from this facility affected the bay.

No other USEPA-permitted discharges of chromium or nickel
compounds were identified from either Hancock or Harrison
Counties. As noted, General Electric Plastics and Mississippi
Power Company Watson Plant likely do not contribute to the metal
contamination of St. Louis Bay. The distances via air and water
over which these contaminants would have to travel to reach St.
Louis Bay and the physical, meteorological, and hydrological bar-
riers to migration would preclude, in our opinion, any significant
addition by these two sources to the metal contaminants in St.
Louis Bay.

The titanium dioxide refinery has been discharging nickel and
chromium compounds into the water of St. Louis Bay and into the
air near the bay for at least 9 y. In addition, it seems possible that
some of the nickel and chromium compounds placed in the land-
fills could, over time, leach out and contribute to the contamination
of the bay.

Because the metals are likely to be metal chlorides, they would
be expected to be soluble but likely precipitate and form particle-
bound complexes when released and mixed into waters of increas-
ing salinity. Thus, leakage of such compounds from the northern
aspect of St. Louis Bay would likely result in a substantial portion
of such metal chlorides being transported to the mouth of the bay
and out of the bay to the higher salinity waters of Mississippi
Sound where they would tend to precipitate out of solution. There-
fore, the measured amounts of leachable and bioavailable chro-
mium and nickel remaining in St. Louis Bay would represent only
a fraction of the amount released into the bay. This further explains
why a source of metal chlorides in the bay could result in higher
accumulations of the metals in shellfish outside the bay than in the
bay.

We also examined the potential for heavy-metal aerosols to
reach St. Louis Bay from air-emission point sources along the
Mississippi River industrial corridor. That corridor runs from Ba-
ton Rouge downriver past New Orleans, Louisiana, and includes
numerous petroleumn refineries and chemical-manufacturing
plants. Baton Rouge is 160 km (100 mi) due west of St. Louis Bay
and New Orleans (the closest point along the industrial corridor) is
80 km (50 mi) southwest of the bay. Year 2002 EPA-TRI data
(USEPA 2003) show that 134.4 kg (296 1b) of chromium and
chromium compounds and 3,778 kg (8,322 1b) of nickel and nickel
compounds were released from industrial sources within the
“River Parishes” along the corridor.

We analyzed windrose data from the years 1987, 1988, 1990,
and 1992 recorded at Louis Armstrong International Airport at
New Orleans (MSY) to determine the potential for heavy-metal
aerosols to reach St. Louis Bay from the industrial corridor. The
windrose data show that winds that could potentially transport
chromium and nickel aerosols occur only 11.8% of the time from
the west through the southwest. Theoretically, only 11.8% of the
chromium and nicke] had the potential to be transported directly to
the bay (15.8 kg = 34.9 1b of Cr; 445.8 kg = 982.0 Ib of Ni). At
least 75% of those westerly-through-southwesterly winds had ve-
locities of 18.5 km/h (11.5 mi/h) or less; and the average velocity
was 15.0 kmv/h (9.3 mi/h) for the entire period from all quadrants.
Given the significant distances over which those aerosols would
have to travel to reach St. Louis Bay (80-160 km; 50-100 mi), and
the tendency of those aerosols to continually settie out before
reaching the bay, we believe those aerosols would have no sig-
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nificant impact on chromium and nickel levels we found in sedi-
ments and shellfish in that bay.

Because of the specific source of metals, particularly chromium
and nickel, the increase of these in sediments and particularly in
shellfish, the association of dioxin with the refinery outfall, and the
lack of other reporting large sources of these contaminants in the
watershed, we conclude that the most likely source of these el-
evated contaminants in St. Louis Bay and the adjacent waters of
Mississippi Sound is the titanium dioxide refinery on the northern
shore of St. Louis Bay.
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