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MISSION STATEMENT

T} s £ the New 3 E : ¢ of Envi .

Protection and Energy is to conserve, protect, enhance, restore and
manage our environment for present and future generations. We
strive to prevent pollution; ensure the efficient use of safe,
environmentally sound and reliable energy resources; provide
opportunities for recreation and enjoyment of natural and historic
resources; and promote a healthy and sustainable ecosystemn.

For further information contact:

NJ Department of Environmental Protection and Energy
Division of Science and Research
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Trenton, NJ 08625-0409
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INTRODUCTION

Many researchers have reported the presence of dioxins in
environmental samples throughout the world. Data collected by the
New Jersey Department of Environmental Protection has demonstrated

that the tissues of the blue crab, _g;l;ngg;gg §§n;gg§ and the

dlbenzofurans. The résults of these studies suggest that
additional data should be collected on the 1levels of these
chemicals in the tissues of these species from the Raritan/Newark
Bay system. These data will be used to help the DEP and the DOH
set possible consumption guidelines for the crustacea from this
ecosysten.

Tb . ¢ N : -

and H. americanug from 4 stations in the Raritan/Newark Bay system
in the late Spring, Fall, and Winter of 1991 - 92 (2) dissect,
archive, and ship the muscle and hepatopancreas tissues from these
animals to MCMS (3) perform isomer specific analysis for PCDD/Fs in
these samples. No 1lobsters were caught during any of the
collecting trips at any of the stations, therefore the study was
restricted to ¢, sapidus. The animals were collected using the
resources of the New Jersey Marine Sciences Consortium. The
tissues were analyzed by HRGC/HRMS using the Carlo-Erba GC/Kratos
MS-50 system at MCMS.

This report describes analytical results of crab tissue samples
collected from four stations in the Raritan/Newark Bay system
during September 1991 and June 1992. The samples were analyzed for
17 selected 2,3,7,8-substituted polychlorodibenzo-p-dioxins and
polychlorodibenzofurans (PCDD/Fs). This report consists of five
sections: 1) Sampling Methods, Analytical Results and Discussion;
2) Sample Preparation and Analysis; 3) Quality Assurance and
Quality Control (QA/QC) for sample analysis; 4) Terminology,
abbreviations and. symbols employed in this report (in the
appendix); 5) References.
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SAMPLING METHODS, ANALYTICAL RESULTS AND DISCUSSION

1.1 Methods

earch grou . experime
maximized the efforts used for sampling and tissue preparation.
We collected and saved tissue samples from more than twice the
number of animals that were chemically analyzed. Therefore, if
the results indicate that further samples will be needed to
establish firm consumption guidelines no additional sampling must
be carried out. In addition, this design allows for a seasonal
“snap shot" of the contaminants in the tissues of this specie
that has the possibility of being expanded using data from
animals collected in the same time frame. ‘

Discussions with Mr. J. Nickels from the NJMSC and Mr. P. Hauge
from the NJDEPE resulted in the establishment of the following
four stationsg: Station 1 - sandy Hook Bay (40026.38 min N,

74000.90 min W); Station 2 ~ East Reach of Raritan Bay (40028.99
min N, 74004.61 min W); Station 3 - Newark Bay (40042.08 min N,
74007.56 min W); Station 4 - Wards Point (40028.66 min N,
74013.82 min W) (Map 1). Adult, legal size blue crabs were
collected by Dr. Cristini and the NJMSC personnel using an otter
trawl or a crab rake. Animals were collected on September, 1991;
March, 1992; and June 1992.

As soon as the crabs were removed from the net they were placed
in coolers containing crushed ice. They were stored on ice
overnight; the next day at Ramapo College the crabs were sorted
by size and sex, placed in labeled plastic bags while still alive
and frozen in a large freezer at -80 0C. All of the crabs
collected during the March sampling were archived and remain
frozeu at -80 0C at Ramapo college. Ten to fourteen crabs from
each station were chosen for chemical analysis the remainder of
the animals remain in the freezer at Ramapo college.

Before dissection the animals were measured, weighed, and staged
for their position in the molt cycle. The muscle and
hepatopancreas of 5 - 7 similar sized animals of the same sex
were each dissected from the animal while still frozen and placed
in new glass scintillation vials with foil lined caps that had
been rinsed with methanol, acetone and methylene chloride. The
ovaries of the female crabs were also removed and placed in
scintillation vials for future analysis. The vials were kept in
an ice bath during the dissection; after dissection the weight of
the tissue contained in each vial was determined and the vials
were stored at -80 C. The samples were sent to MCMS packed in
dry ice.
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1.2 Analytical Results and Discuasion

extracted and analyzed for selected 2,3, 7 8 substltuted PCDD/Fs.
The method used was mass proflle monitoring by gas
chromatography/high resolution mass spectrometry (GC/HRMS) The
notable results, the levels of 2,3,7,8-TCDD/Fs in all pancreas
samples, are listed in Tables 1a and lb. All other 2,3,7,8~-PCDD/Fs
were not detected or at levels less than 100 parts-per-trillion
(ppt) .

Tables la and 1b also give the levels of total TCDD/Fs. Three to
six isomers of TCDF were detected, in addition to 2,3,7,8-TCDF, but
their identities were not determined. One other isomer of TCDD, in
addition to 2,3,7,8-TCDD, was also detected but not identified.
The exact mass data and lsotope ratlo of the selected confirmation

compounds are TCDD/F isomers. The relatlve responserfactors of
2,3,7,8-TCDD and 2,3,7,8-TCDF were used for the quantification of
the isomers.

Tables 2a through 5a and Tables 2b through Sb show the analytical
results including concentration levels, detection 1limits, and
internal standard recoveries for all selected 2,3,7,8-PCDD/Fs,
respectively, in the crab tissue samples collected in September
1991 and in June 1592.

More detailed data for the analyses are presented in Table 8. These
additional data include the criteria for the identification of the
PCDD/Fs. Some typical QA/QC data are given in Table 10 and Table
11 as an indication of the reproducibility and integrity of the
method.

The pancreas samples from station 3 have the highest concentration
level, followed by station 4, station 2, and station 1. However,
2,3,7,8-TCDD/Fs were only detected in the muscle samples from
station 3, and the levels are less than 50 ppt. The concentrations
of the PCDD/Fs in sample composite 1 (male animal) are higher than
those in composite 2 (female animal). The animals collected in
September (1991) have higher dioxins contamination than those
collected in June (1992).

Sulfur analogues of TCDF and P5CDF were also discovered in all
samples containing 2,3,7,8-TCDD/Fs. The levels of the TCDF
analogue are more than 5 times that of 2,3,7,8-TCDF if the response
factor of 2,3,7,8-TCDF is used for the quantification.
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The results of the chemical analysis indicate that the levels of
leXln in both the hepatopancreas and the muscle tlssues from

guldellnes of 25ppt. The values are very szmllar to the levels
found in crabs from this area in the 1982 DEPE study. These data
strongly suggest that the ban on consumption of this species from
these waters be continued. Personel observations indicate that

there are a large number of people that catch blue crabs for
consumption from Newark Bay and there are few signs to warn them
of the consumption ban. This situation should be corrected in
order to afford the maximum health protection to citizens of New
Jersey.

The levels of dioxin in the hepatopancreas of all the animals
from all of the stations in Raritan Bay are well above the
suggested FDA guideline although the values for the muscle
tissues were below 25ppt. These data indicate the necessity for

a consumption advisory including directions for removal of the
hepatopancreas before cooking. The advisory and cooking
instructions should be well publicised because of the number of
people that catch and consume crabs from Raritan Bay.

The data also indicate seasonal differences in the dioxin levels
of the hepatopancreas; higher values appear to occur in
September. This could possibly be the result of the "feeding
state" of the animals; in September the crabs have been active
and feeding for the 3-4 months before capture, in June the crabs
have just begun to feed after inactivity because of the lower
winter water temperatures. ' The present study collected crabs
from all stations in March 1992; these animals are archived at
Ramapu College. The tissues from these animals should be
arinzlized for dioxin in order to complete the seasonal profile
for this species. These values, from crabs that were not feeding
when captured, would help to clarify the relationship between
feeding and tissue levels of dioxin. These data are important,
particularly since there is a commercial fishery for this species
during the winter months.

In addition, the ovaries and egg masses from female crabs have
been archived at Ramapo College. These tissues should also be
analyzed for selected 2,3,7,8-substituted PCDD/F’s in order to
establish the levels of dioxin that are being passed to the next
generation of C. sapidygs that will be recruted as larvae into
this and other estuaries along coastal New Jersey.
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Table 1a: Concentration of 2,3,7,8-TCDD/Fs and Total TCDD/Fs in the Crab Tissue
Samples.

Samples Collected Date: September 1991
Concentration: ppt

Sample ID | Sta- | Compo-| tis- 2378- Total 2378- Total
tion site sue TCDD TCDD TCDF TCDF
| NJCI9E | 1 | 1 | m | ND(@) { ND | ND(@) | ND |
NJCLSD 1 2 m—|ND<(5) ND ND(7) ND
NICL7A | 2 1 m ND (5) ND ND (14) ND
NJCL7B 2 2 m | ND (10) ND ND (15) ND
NJCLSE 3 1 m 45 45 15 65
NJCLSD 3 2 m 40 40 ND (8) 35
NJCLSF 4 1 m | ND(12) ND ND (10) ND
NICLSG* | 4 1 m | ND (16) ND ND (14) ND
NJCL9F 4 2 m ND (7) ND ND (5) ND
NICL9G* | 4 2 m ND (8) ND ND (7) ND
NJCL9A 1 1 P 50 90 100 360
NJCLSA 1 2 P 40 40 75 215
NJICLI2A* |} 1 2 p 35 35 90 260
NJCL7C 2 1 P % 130 150 510
NJCL7D 2 2 P 90 1150 140 440
NJCLSC 3 1 P 940 1120 200 1170
NICLSB | 3 2 P 690 850 160 680
NJCLI2B*} 3 2 p 600 810 185 790
NJCL9B 4 1 P 210 320 220 800
NJCL9C 4 2 P 60 110 125 400
NJcL12C*| 4 2 P 65 125 115 410

* = results for analysis of a second portion of the sample; data given in italics.
m = muscle; p = pancreas. :
ND = not detected with the detection limit in parenthesis.
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Table 1b; Concentration of 2,3,7,8-TCDD/Fs and Total TCDD/Fs in the Crab Tissue

Samples.

PY_V_ VN

Samples Collected Date: June 1992

Concentration: ppt

Sample ID | oo | “ORe” | sus | TepD | TCbD | TeDF | TCBE
NJCL11IA | 1 1 m | ND(5) ND ND (5) ND
NJCL11B | 2 1 m | ND(10) ND ND (5) ND
NJCL11C | 2 2 m | ND (10) ND ND (5) ND
NJCL1ID | 3 1 m 30 30 ND (6) ND
NIcL12D* |3 1 m 40 40 ND (10) 35
NICL1IF | 3 2 m 20 ND ND (6) ND
NJCL1IG | 4 1 m | ND(10) ND ND (5) ND
NJCL11H | 4 2 m | ND(10) ND ND (15) ND
NJCL10A | 1 1 P 80 80 100 340
NJCL10B | 2 1 P 70 100 110 370
NICL10G | 2 2 P 45 45 70 120
NJCLIOH®] 2 2 p 65 65 90 150
NJCL10C | 3 1 p 475 595 130 670
NJCLI2E* | 3 1 p 425 520 140 665
NJCLI0E | 3 2 P 580 710 150 800
NJCLI2F*] 3 2 p 480 580 150 630
NJCL1OD | 4 1 p 80 80 115 400
NICLI1OF | 4 2 P 60 60 110 300

* = results analysis of a second portion of the sample; data given in italics.
m = muscle; p = pancreas.
ND = not detected with the detection limit in parenthesis.
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1 81

Samples Collected Date: September 1991

Concentration: ppt
Samples Muscle Muscle Pancreas Pancreas

Composite #1 | Composite #2 | Composite #1 | Composite #2
MCMS ID NICL9E NJCL9D NICL9A NJCL8A(12A)
Analyte Conc | %Rec| DL | Conc | %Rec| DL | Conc | %Rec| DL | Conc | %Rec| DL
2378-TCDD" ND|8 [ 6 |[ND| 70 50 |70 | 6|40 | 4510
12378-PSCDD* ND|! 8 | 7 |ND| 75 ND| 65| 9 |ND| 50 | 1S
123478-H6CDD JND| - | 6 |[ND| - |10{ND| - |10|ND| -- | 13
123678-H6CDD [ND| - {10|ND}| - |10|{ND} - |1S|IND}| -- | 1§
123789-H6CDD* {ND{ 80 | 6 |[ND| 60 | 7 {[ND|110| 10 |{ND | 65 | 13
1234678-H7CDD fND | 70 [ 10| ND | 60 | 8 [ND | 95 | 8 | ND| 60 | 20
12346789-OCDD*IND | 60 | 31 [ ND | 45 [90 [ ND | S0 {S3 |ND | 45 | 41
2378-TCDF"* ND | 85 ND|70 {7 {100] 8 | 7 {75 60 |10
12378-PSCDF" ND| 8 | 6 |[ND| 70 | 8 IND| 8 {29 |ND| 55 | 10
23478-PSCDF ND| - |10|ND| - |[10|ND| - [10|ND| - | 10
123478-H6CDF" |ND| 70 | 9 |[ND| 50 [ 12 |ND| 60 | 18 [ND | 50 | 25
123678-H6CDF [ND| -- |1S{ND| -- |20|ND| - |20 |ND| - |20
123789-H6CDF fND| - |10{ND}| - |1S|ND| - |20|ND| - |25
234678-H6CDF |ND| - | 9 [ND| - |12 |ND| - |I8ND| ~ |25
1234678-H7CDF"® I ND| 70 {20 | ND| 40 |SO|ND| S0 {21 |[ND | 45 | 30
1234789-H7CDF {ND| -~ |20|ND| - |SO|{ND| - |21 |ND}| - |30
12346789-OCDF fND | 60 |SS|{ND| -- | S2|ND| - [|28|ND| - |48

Lipid Content < 1% < 1% 9% 8%

MCMS ID = sample ID given at MCMS ID in parenthesis is the ID of duplicate sample.

Conc = results on tissue weﬁht basis
for each

%Rec = recove
DL = detection i
ND = not detected.

Ci2-labe ed mternal standard (identified by *).
it for each congener (ppt).
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Samples Collected Date: June 1992

Table 2b: Resulits of Dioxins Analysis for Crab Tissue Samples From Station #1

Concentration: ppt

Samples — §  Muscle Pancreas
Composite #1 Composite #1
MCMS ID NICLI1A NJCL10A
Analyte Conc | %Rec| DL | Conc { %Rec{ DL | Conc | %Rec| DL | Conc |%Rec| DL
2378-TCDD" ND| 8 |5 80 | 75| 7
12378-PSCDD"  IND | 75 | 6 ND | 65 |15
123478-H6CDD - |10 ND| -- |10
123678-H6CDD {ND| - | 10 ND| -- |10
123789-H6CDD" I ND | 70 | 10 ND| 75 | 10
1234678-H7CDD"§ ND | 60 { 15 ND | 65 | 15
12346789-OCDD* | ND | 60 ND | 60 |30
2378-TCDF* ND| 8 | S 100 8 | 5
12378-PSCDF° | ND | 80 ND | 65 |20
23478-PSCDF ND| - |10 ND| - |20
123478-H6CDF" | ND | 70 | 10 ND| 70 | 15
123678-H6CDF | ND | - | 15 ND| - |15
123789-H6CDF |ND| - | 15 ND| - |15
234678-H6CDF {ND| - | 15 ND| - |15
1234678-H7CDF" | ND | 65 | 10 ND| 60 | 20
1234789-H7CDF |ND| - | 20 ND| - {20
12346789-OCDF |ND | 60 | 25 ND| - |20
Lipid Content < 1% 8%

MCMS ID = sample ID ngen at MCMS

Conc = results on tissue weig
for each

%Rec = recove

ht basis

DL = detection limit for each congener (ppt).

ND = not detected.

Ci2-labe ed mternal standard (xdenuﬁed by *).
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Table 3a: Results of Dioxins Analysis for Crab Tissue Samples From Station #2.

Cancentranon. ppt

Samples Muscle Muscle Pancreas | Pancreas |
Composite #1 | Composite #2 | Composite #1 | Composite #2

MCMS ID NICL7A NJCL7B NIJCL7C NJCL7D
Analyte ——J}-Conc | %Rec{ DL| Conec | %Rec| DL-|-Conc | 2Rec| DL Conc { %Rec| D
2378-TCDD* ND| 75| S|ND|8 |10[9 [ 9 | 7|9 |8 |6
12378-PSCDD® |ND| 70 | 8 [ND|{ 68 | 1S{ND| 70 | 8 [ND| 65 | 8
123478-H6CDD |ND| - | 12|ND| -~ |18|ND| - | 8 [ND] - |15
123678-H6CDD IND| -- |15|ND| -~ [20|ND| - |10|ND| ~ |20
123789-H6CDD"* [ND | 65 |12 {ND | S8 | 18 |[ND| S6 | 8 |[ND| 60 | 15
1234678-H7CDD*|ND | 75 | 8 {[ND| 75 |10 | ND | 60 ND| 65 | 10
12346789-OCDD*IND | 65 | 20 |ND| 50 {35 |ND| 55 {18 | ND | 50 | 26
2378-TCDF"® ND| 8 [14|ND| 8 |15]{150] 90 | 8 |140]| 90 | 6
12378-PSCDF* |ND| 75| 6 |[ND| 65 |14 |ND| 65 | 15| 30 | 70 | 17
23478-PSCDF ND| - |10|ND| - |15]| 28| - |15| 30| - |20
123478-H6CDF® |ND | 65 | 10| ND| 65 |1S|ND| 60 | 10 [ND | 55 | 16
123678-H6CDF [ND| - |1S|ND| - |20|ND| - |1S|ND| - |20
123789-H6CDF |ND| - |20 |ND| - |1S|{ND| - |20|ND| -~ |20
234678-H6CDF |ND| - [10|ND| - |1S(ND| - [10|ND| - |13
1234678-H7CDF* [ND | 70 [ 10 |ND| 70 | 14 [ND | 60 | 10 | ND | 60 | 14
1234789-H7CDF |ND| -- [10|ND| - |14 |ND| - |12|ND| - |14
12346789-OCDF |ND| -- [IS{ND| —- |SO{ND| - |20 |ND| ~ |27

Lipid Content < 1% < 1% 7% 8%

MCMS ID = sample ID given at MCMS,

Conc = results on tissue weight basis (i)

90Rec = recovery for each ‘°Ci2-labeled internal standard (identified by *).
DL = detection limit for each congener (ppt).

ND = not detected.
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Table 3b: Results of Dioxins Analysis for Crab Tissue Samples From Station #2.

Samples Collected Date: June 1992

Concentration: ppt

Samples Muscle Muscle Pancreas Pancreas
Composite #1 | Composite #2 | Composite #1 | Composite #2
MCMS ID NJCL11B NJCL11C NJCL10B |NJCL10G(10H)
Analyte Conc{%Rec| DL Conc {%Rec| DL-| Conc {%Rec| DL Conc | %Rec{ DL
2378-TCDD*® ND| 70 |10|ND)| 70 |10] 70 | 70 | 8 | 55§ | 70 | 9
12378-PSCDD® |ND| 75 | 8 [ND| 8 | S [ND| 70 | 12| ND| 65 | 10
123478-H6cDD [ND| -~ [10{ND| - [10|ND| - |10{ND| - |15
123678-H6CDD {ND| -- |10{ND| -~ |10|ND| - J10|ND| - |15
123789-H6CDD® | ND| 70 | 10 {ND | 65 |10 |ND| 70 | 10| ND| 75 | 15
1234678-H7CDD"| ND | 60 (20 {[ND | 60 [ 1S|ND| 75 [ 10 | ND | 65 | 20
12346789-OCDD*IND | 65 | 15| ND | 60 |20 ND| 50 | 35 | ND | 55 | 40
2378-TCDF* ND | 80 ND|75|5j1mo|75]s5 |8 |7/|?7
12378-PSCDF® | ND | 85 ND| 9 | S|ND| 65 [20|ND| 70 | 15
23478-PSCDF ND| - | S|ND| ~ {[IS|ND| - |IS5|ND} - |15
123478-H6CDF* [ND| 65 |15|ND| 70 |10 |ND | 65 | 10 |[ND | 60 | 20
123678-H6CDF |ND| -~ |1S|ND| - |20|ND| - [1S|{ND| ~ |20
123789-H6CDF |ND| - |20 |ND| - [10{ND| - |20 |ND| - |20
234678-H6CDF [ND| - |1S|ND| -~ |10|ND| - |10|ND| - |20
1234678-H7CDF* | ND | 60 | 25 |ND | 60 |1S|ND} 60 | 20 | ND | S5 | 25
1234789-H7CDF JND| - |20 |ND| - [1S5|{ND| - |20|ND| - |25
12346789-OCDF §ND| -~ |40 |{ND| - |[1S|ND| - [25|{ND| - | 40

Lipid Content < 1% < 1% 6% 6%

MCMS ID = sample ID given at MCMS, L'D in parenthesis is the ID of duplicate sample.

Conc = results on tissue w
for each

%Rec = recove
DL = detection li
ND = not detected.

t basis (pp

it for each congener (ppt).

h
isC12-labe ed internal standard (identified by *).
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Table 4a: Results of Dioxins Analysis for Crab Tissue Samples From Station #3.
Samples Collected Date: September 1991

_ Concentration: ppt

Samples Muscle "Muscle Pancreas Pancreas
Composite #1 | Composite #2 | Composite #1 | Composite #2 |
MCMS ID NJCLSE NJCLSD NJCLSC NJCLSB(12B)
Analyte | Conc | %Rec| DL | Conc { %Rec| DL | Conc { %Rec} DL | Conc |%Rec| DL
2378-TCDD" 45 | 60 | 10| 40 | 65 | 10| 940 | 60 | 3 | 690 | 65 | 4
12378-PSCDD® [ ND | 70 ND| 60 [20| ND| 55 | 3 |[ND{ 60 | 4
123478-H6CDD {ND | -- ND| - |25|ND| - | S|ND| - | 7
123678-H6CDD {ND| -- |1S|ND| - |1S|ND| - |10|ND| - | 10
123789-H6CDD* | ND| 70 [ 10 {ND| 5S |25 |ND| 60 | 2 |[ND} 45 | S
1234678-H7CDD"IND | 55 |25 |ND| 60 |20 |ND| SO | 8 |[ND| 45 | 7
DD} ND | 55| 32 | ND| 50| 40| ND | 50| 20{ND|50}|9
2378-TCDF"® 15| 70| 7 |[ND| 70 200 31160| 70 | 2
12378-PSCDF* IND| 75| 6 [ND| 65 | 12| 70 | 85 | 10| 25 | 62 | 5
23478-PSCDF ND| - [10|ND| - |10] 90| - |15] 18] - |10
123478-H6CDF* [ND| 65 | 10| ND| 60 |20 | 95 | 65 | 10| 48 | 45 | 7
123678-H6CDF |ND| - |20|{ND| - |20|ND| - |20|ND| - | 10
123789-H6CDF |ND| - [20|ND| -~ |20{ND| - |20{ND| - | 10
234678-H6CDF |ND| - |12|(ND| - |20|ND| -~ | 8 |[ND| - | 9
1234678-H7CDF* I ND | 60 | 17 [ND| 55 |26 |[ND | 50 |20 {ND | 50 | 15
1234789-H7CDF |ND| - |17 |ND| -~ |26 |[ND| -~ |20|ND| 50 | 15
12346789-OCDF |ND| - |40 |ND| - |45|ND| SO |35|ND| - |30
Lipid Content <1% <1% 5% 6%

MCMS ID = sample ID given at MCMS ID in parenthesis is the ID of duplicate sample.
Conc = results on tissue weight basis

%Rec = recove

for each

DL = detection limit for each congener (ppt).

ND = not detected.

Ci2-labe ed mtemal standard (identified by *).
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Table 4b: Resulits of Dioxins Analysis for Crab Tissue Samples From Station #3,

Samples Collected Date: September 1991

Concentration: ppt

Samples Muscle Muscle Pancreas Pancreas
Composite #1 | Composite #2 | Composite #1 | Composite #2
MCMSID |NJCL11D(12D)| NICL11F | NJCL10C(12E) | NJCL10E(12F)
Analyte Conc | %oRec| DL | Conc | %Rec| DL | Conc {%Rec| DL | Conc {%Rec| DL
2378-TCDD*® 38 | 75{ 612 | 75] 7 ]|450] 8 | 3|53/ 8 |3
12378-PSCDD* [ ND | 80 ND| 65 | 10| ND| 70 ND | 80
123478-H6CDD |ND| -- ND| - |10|ND| - ND| - |10
123678-H6CDD |ND | - ND| - |10|ND| - |10[ND]| - |10
123789-H6CDD" I ND| 70 | 10 |ND | 65 |10 |ND| 60 |10{ND | 80 | S
1234678-H7CDD*IND | 75 | 10| ND| 70 | 1S|ND| 55 |10 {ND| 70 | 10
12346789-OCDD*IND | 60 |20 [ND | 70 {20 [ ND | 55 | 20 | ND | 60 | 10
2378-TCDF"® ND| 8 | 6 {[ND| 80 13| 75 { 3 {150] 60 | 10
12378-PSCDF* [ND| 75 | 5§ |{ND| 80 4 |70 |10] 40 | 80 | 5
23478-PSCDF ND| - |10|ND| - |10} 70| - |15] 50| -~ |10
123478-H6CDF® IND| 65 | S |ND| 80 | 10| 50 | 60 |10} 75 | 45 | 10
123678-H6CDF |ND| - |10 |ND| - 10|~ | - [10|[8D | = | 10
123789-H6CDF |ND| - |10|{ND}| - |20|{ND| - |10|ND| ~ | 10
234678-H6CDF |ND| - |10|ND| - |20|ND| - |10|ND| - | 10
1234678-H7CDF" | ND | 45 |30 |ND ] 65 |20 |ND| S5 |10 [ ND | 50 | 15
1234789-H7CDF |ND| - [1S|ND| - [20|{ND| - [ 10| ND|{ S0 | 15
12346789-OCDF IND| - [20|{ND| - [25|[ND| 60 |[IS|ND| ~ |25
Lipid Content <1% < 1% 5% 6%

MCMS ID = sample ID given at MCMS, ID in parenthesis is the ID of duplicate sample.

Conc = results on tissue we{sht basis
for each

%Rec = recove

C12-1abe({e

).
pé internal standard (identified by *).

DL = detection limit for each congener (ppt).

ND = not detected.
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Table Sa: Results of Dioxins Analysis for Crab Tissue Samples From Station #4.

~ Samples Collected Date: September 1991

Concentration: ppt

Samples Muscle Muscle Pancreas | Pancreas |
Composite #1 | Composite #2 | Composite #1 | Composite #2
MCMS ID NJCLSF(8G) | NICLIF(9G) NJCL9B NJCL9C(12C)
Analyte Conc | %Rec| DL | Conc | %Rec] DL | Conc {%Rec| DL | Conc | %Rec| DL
2378-TCDD* ND| 70 | 12|{ND| 75 | 7 | 210 80 60 | 80 | 6
12378-PSCDD* IND| 75 | 1S|ND | 70 ND | 75 NDJ| 70|09
123478-H6CDD |ND| - | 18| ND| - ND| - |10[ND| ~ |5
123678-H6CDD |ND| - [20|ND| - |IS|{ND| - [10{ND| - | 10
123789-H6CDD* [ND | 55 |20 [ ND | 65 | 9 [ND| 65 | 10|ND| 75 | 5
1234678-H7CDD’{ND | 70 [ 11 {ND | 70 |20 |[ND| 60 | 1S|ND | 75 | 7
12346789-OCDD’|ND | 65 | 20 {ND | 50 | SO[ND | 60 {30 |ND | 70 | 22
2378-TCDF"® ND| 70 |10|{ND| 75 | S |220] 8 | 6 | 125| 8 | 4
12378-PSCDF* |ND| 75 [11{ND}| 75 | S | 45 | 80 | 17| 20 | 95 | 7
23478-PSCDF ND| - |I1S|ND| - [15| S0 | - |15| 28| - |10
123478-H6CDF* | ND | 60 | 17 {ND | 60 |15} 20 | 70 |15 |ND | 80 | 8
123678-H6CDF [ND| - |20 {ND| - |20({ND| ~ [1S{ND| - | 10
123789-H6CDF |ND| - [20|ND| -~ |20|ND| - |IS5|ND| - |10
234678-H6CDF |ND| - |1S|ND| - |1S|ND| - |10{ND| - | 8
1234678-H7CDF" [ND | 65 | 12| ND | 50 |25 |[ND| 65 |21 |ND| 80 | 11
1234789-H7CDF IND| -~ |12|ND| - |25|ND| - |21 |ND| - | 1N
12346789-OCDF |ND| - [30(ND| - |46 |ND| - {20|ND| - | 22
Lipid Content |  <1% < 1% 8% 1%

MCMS ID = sample ID given at MCMS lD in parenthesis is the ID of duplicate sample.
Conc = results on tissue w tbasls

%Rec = recovery for each 12-labe ed mtcrnal standard (1denuﬁcd by *).

DL = detection limit for each congener (ppt).

ND = not detected.
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Table Sb: Results of Dioxins Analysis for Crab Tissue Samples From Station #4.

Samples Collected Date: June 1992

Concentration: ppt

Samples — | Muscle Muscle Pancreas | Pancreas |
Composite #1 | Composite #2 | Composite #1 | Composite #2
MCMS ID NICL11G NJCL11H NJCL10C NJCL10F
Analyte Conc | %Rec| DL | Conc | %Rec| DL | Conc | %Rec| DL | Conc | %Rec| DL
2378-TCDD"* ND|65|10|ND|65|10| 8 |8 | 6|60 |75]|S5
12378-PSCDD* |ND| 80 | S [ND| 75 | S [ND| 70 |10 |ND| 70 | 15
123478-H6CDD {ND| -- |10|ND| - |10|ND| - |10|ND| - | 15
123678-1H6C DD ND| - 10 NDY{ - IO NDY| - I0{ND] - 15
123789-H6CDD® IND | 70 | 10| ND | 70 | 10 {ND | 75 | 10 |ND | 65 | 15
1234678-H7CDD*{ ND | 70 | 10 [ND ] 65 |20 |ND | 65 | 15|ND | 70 | 15
12346789-OCDD*ND | 70 {20 [ND| 60 {20 [ND | 60 {35 |ND | 60 | 30
2378-TCDF* ND|[8 [S|ND| 65 |15|115( 90 | 5 |110{ & | S
12378-PSCDF* | ND | 80 ND|8 |S|25|8 [10{ND| 70 |15
23478-PSCDF ND| - {S(ND| - | S|[ND| -~ |1IS5|ND| - |15
123478-H6CDF® [ND | 70 | 10|{ND| 60 | 10 |[ND| 65 | 1S|ND| 70 | 15
123678-H6CDF |ND| - |10{ND]| -~ [10|ND| - [15|NC| - | 15
123789-H6CDF |ND| - |10|ND| -~ j10|ND| - |15|ND| - | 15
234678-H6CDF |ND| -~ |10|ND| -~ |10|ND| - |IS|ND| - |15
1234678-H7CDF* I ND | 75 | 10 |ND | 60 |20 |ND | 65 |20 {ND | 65 | 20
1234789-H7CDF {ND|{ - |10|{ND| -~ |20|ND| ~ |20 |ND| - |20
12346789-OCDF fND| -- [20|ND| - {20|ND| - |20|{ND| - |30
Lipid Content < 1% < 1% 6% 7%

MCMS ID = sample ID given at MCMS

Conc = results on tissue weight basis.(pp

%Rec = recovery for each 1°Cyz-labe ed mternal standard (identified by *).
DL = detection limit for each congener (ppt).

ND = not detected.
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2. SAMPLE PREPARATION AND ANALYSIS.

The analytical protocol that is used is based on both updated versions of EPA
procedures!2, specifically Method 1613 (1989), and over 15 years of accumulated experience.
In brief, the protocol consists of basic digestion, liquid/liquid extraction, acid wash, multiple
column chromatographic clean-up, and GC/HRMS analysis3-8. Strict criteria are required
in GC/HRMS for positive identification of the PCDD/Fs in a sample, including correct mass
measurement, correct retention time, and proper isotope and signal-to-noise ratios. The data
were acquired in the mass profile mode8, and internal standard method was used for
quantification of the PCDD/Fs!-7. Quality assurance/quality control samples were run in
parallel with the unknown samples under the same conditions, and the results met strict
requirements for the analysis to be valid.

2.1. Sample Composite.

The crab tissue samples were received from Prof. Cristini in good condition. The samples
contained crab muscles and pancreas from four stations in the Raritan/Newark Bay system.
Two composites of the muscle and two of the pancreas (each from 5-7 animals) were made
for each station. The samples were homogenized and stored in a freezer kept below -20 °C
until dioxin analysis was performed. An MCMS sample ID was given to each composite.

2.2. Sample Preparation.
22.1. Crab Tissue Samples.
Ten grams crab tissue was accurately weighted and fortified with the following 13Cy2-labeled

PCDD/Fs as internal standards:

5 ng 13C2-2,3,7,8-TCDD 5 ng 13C42-2,3,7,8-TCDF

5 ng 13C42-1,2,3,7,8-PSCDD 5 ng 13C¢5-1,2,3,7,8-PSCDF

5 ng 13C12-1,2,3,7,8,9-H6CDD 5 ng 13Cy2-1,2,3,4,7,8-H6CDF

5ng 13C12-1,2,3,4,6,7,8-H7CDD 5 ng 13Cy2-1,2,3,4,6,7,8-H7CDF
10 ng 13C13-0CDD :

The fortified sample was digested with 40% KOH (50 mL for muscle and 70 mL for pancreas)
and 20 mL ethanol at room temperature until all tissue was visibly saponified. The analytes
were extracted three times with 60 mL hexane. The combined hexane extracts were evaporated
to 50 mL and washed with 30 mL water to remove some highly polar interferences, washed
with successive 20 mL portions of concentrated sulfuric acid until both layers became clear,
and finally washed with 30 mL portions of water until the pH of the aqueous phase was 6 - 7.
The hexane solution was concentrated to approximately 1 mL under a stream of dry nitrogen
for the subsequent column chromatographic clean up.
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22.2. Method Blank Sample.

A mixture of 20 mL ethanol and SO mL 40% KOH solution was fortified with all the labeled
internal standards mentioned above and served as a method blank. The method blank was
subjected to the complete procedure of sample preparation and GC/HRMS analysis.

2.2.3. Matrix Blank Sample.

Catfish tissue (5 00 grams) was obtained commercxa.lly ataLincoln supermarket and was dzced

was fomﬁed mth all l3C-labeled mtemal standards and the complete analysxs procedure
was performed.

2.2.4. Fortified Matrix Blank Sample.

Ten grams catfish tissue that had been previously analyzed and proven to contdin no dioxin
contamination was fortified with some or all of the native 2,3,7,8-PCDD/Fs. The fortified
native standards were allowed to become absorbed into the sample for at least 1 hour. The
sample was then fortified with the related internal standards and was subjected to the complete
analysis procedure.

22.5. Recovery Test Sample.

A sample was prepared as in Section 2.2.4, except that the internal standards were added into
sample extract prior to GC/HRMS analysis.

2.3. Column Chromatographic Clean Up.
2.3.1. Silica Chromatography.

Silica gel for chromatography was used without any activation. A 4-cm column was prepared
in a disposable Pasteur pipet, and the silica gel was capped with a 0.25-cm layer of anhydrous
sodiwn sulfate. The column was washed with ca. 6 mL of hexar:. prior to transferring the
sample extract. The extract was quantitatively transferred to the column and eluted with 6
mL of hexane and then with S mL of 20% benzene in hexane. The eluates were combined
and concentrated to approximately 1 mL, while benzene was being replaced with hexane, in
preparation for alumina chromatography.

2.3.2. Alumina Chromatography.

Alumina was washed by saturating with methylene chloride, removing excess solvent, then
activating at 200 OC for at least 24 hours. A 4-cm column was prepared in a disposable Pasteur
pipet and capped with a 0.25-cm layer of anhydrous sodium sulfate. The column was cooled
to room temperature in a desiccator before use. Six mL of hexane was used to wet the column
before the sample was added. The sample eluent from the silica chromatography step was
quantitatively transferred to the column. The column was eluted with 6 mL hexane, then with
6 mL 25% methylene chloride in hexane. The methylene chloride/hexane fraction was
collected and concentrated under nitrogen to 1 mL in preparation for the carbon
chromatography. All other fractions were discarded.

DEP\DA0120007



2.3.3. Carbon Chromatography.

Carbon (Amoco PX-21) was mixed with previously extracted (in a Soxhlet with methanol)
silica gel (2 g of silica and 50 mg of carbon). A disposable Pasteur pipet was cut at th

e nd A), and glass wool w. i

filled with a 0.5-cm layer of silica and 2-cm layer of carbon/silica mixture. The column was

then capped with a 0.25-cm layer of anhydrous sodium sulfate and plugged with glass wool.
The column was washed in the direction B to A with S mL methylene chloride and 5 mL
toluene. Subsequently, it was washed in A to B direction with 7 mL hexane, and the sample
eluent from the alumina chromatography was transferred onto the column. It was then eluted
with methylene chloride (5 mL), 3:1 methylene chloride/benzene (5 mL) in succession, and
finally the PCDD/Fs were eluted in the reverse flow (B to A) with 8 mL toluene. The toluene
eluent was collected in a centrifuge tube and evaporated to dryness under a gentle stream of
nitrogen. The PCDD/Fs were then redissolved in 10 pL of toluene for GC/HRMS analysis.

2.4. GC/HRMS Analysis.

Analysis of the sample extracts were performed on a Kratos MS-50 high resolution mass
spectrometer directly coupled to a Carlo-Erba gas chromatograph.

2:4.1. - Operating Conditions of the Instrument.
A fused silica capillary column, DB-5 (60 m x 0.25 mm i.d., 0.25 u film thickness) was used for

the gas chromatographic separation. The GC conditions were: on column injection (injection
volume 1 or 2 uL); helium carrier gas at a head pressure of 1.5 kg/cmZ; column temperature
initially held at 80 ©C for 1 min, then programmed to 300 C at a rate of 25 °C/min (Program
A). A second temperature program (Program B) was used, if necessary, to get better GC
separation (see Section 2.4.2.2): column temperature initially held at 80 ©C for 2 min,
programmed to 230 OC at a rate of 35 ©C/min and held for S min, then heated from 230 °C
to 300 OC at S OC/min.

The entire GC column effluent was passed directly into the mass spectrometer ion source via
an interface operated at 250 C. The mass spectrometer was operated in the EI mode (70
eV, source temperature 250 °C) at 10,000 resolving power (10% valley definition). Data
acquisition and processing for the mass spectrometer were controlled by a Kratos MACH-3
computer system. Selected ion monitoring (SIM) of five groups of selected ions (see Table
6) was used for the analysis. Two ions were selected for each analyte, one as the confirmation
ion and the other, more abundant one to provide for quantification. A quantification ion was
also selected for each internal standard. Mass profiles of the selected ions were acquired at
an amplifier bandwidth of 1000 Hz, a sweep width of 300 ppm, and a scan time of 0.8 sec/cycle.
The mass chromatograms and mass profiles for the selected ions of the target compounds
were obtained during GC elution over the retention time windows. The mass profile data
were used for qualitative and quantitative analysis of the PCDD/Fs.
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ected ions for the analysis of the PCDD/F's by using th

Compounq Ions for Native PCDD/Fs Labeled PCDD/Fs
A R

TCDF 303.9016 M 305.8987 [M+2| 077 317.9390 M+2
TCDD 319.8965 M 321.8936 |M+2 0.77 333.9339 M+2
PSCDF 3398598 |M+2| 341.8567 [M+4} 065 351.9000 M+2
PSCDD 355.8547 |M+2| 3578518 [M+4| 065 367.8949 M+2
H6CDF | 3738209 |M+2| 3758179 |M+4| 082 | 3858612 | M+2
H6CDD 389.8158 |[M+2{ 391.8128 [M+4| 0.82 401.8561 M+2
H7CDF 407.7820 |M+2] 409.7790 |M+4| 097 419.8222 M+2
H7CDD 4237769 |M+2]| 425.7739 {M+4| 097 435.8172 M+2
OCDF 4417431 [M+2] 443.7401 |[M+4 0.88 455.7804 M+4
OCDD 4577380 |M+2| 459.7350 |M+4| 088 471.7753 M+4

M = peak of the molecular ion on mass spectrum.
M + 2 = chlorine isotope peak of the molecular ion shifted two mass units higher.
M + 4 = chlorine isotope peak of the molecular ion shifted four mass units higher.
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2.42. Gas Chromatographic Separation of PCDD/Fs.
2.42.1, Test of GC Column Performance.
One mLofaTCDD standard mlxture of1478 2378- 1234 1237 /1238 1278-

2.42.2, Retention Time of the 2,3,7,8-PCDD/Fs and SIM Retention Time Windows.

A W I‘ICV

obtain their GC retention times. The assignments of PCDD/F isomers in a sample are based
on the comparison with GC/HRMS runs of native and labeled standard compounds containing
the 2,3,7,8-PCDD/Fs analyzed under the same conditions. Assignments of the isomers for
whxch no mtemal standards were available were based on chromatographrc data in the

separatton of PCDD/Fs (see Section 2. 4 1). Program A was used for the routme analysxs of
the samples Program B was desrgned to separate better the l 2 3 4 7 ,8-H6CDD and

takes 10 min more for a GC/ HRMS analysxs by using progxam A than by using program B.
Thus, program B was used only if any signals had been found at the retention time of the
target compounds.

The wmdows were set for the temperature program A for 5 mass groups: (1) TCDD/F
(2) PSCDD/F, (3) H6CDD/F, (4) HTCDD, and (5) OCDD/F. The retention time range of
each window covered the GC retention time of all analytes in the group. The windows and
their time ranges, as well as the retention time of the analytes are given in Table 7.
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Table 7: SIM Windows and GC Retention Time Windows for Analysis of the PCDD/Fs.

13C5-labeled internal standard (specified by *).

Window | Time Range 1 Analyte GC-Retention Time (min)
(min) Program A Program B
1 13:00 - 16:30 2378-TCDF® 14:51 (1.000)2 21:26
2378-TCDD® 15:07 (1.000) 21:56
2 16:00 - 18:30 12378-PSCDF"* 16:36 (1.000) 24:33
23478-PSCDF 16:59 (1.023) 25:11
12378-PSCDD" 17:12 (1.000) 25:28
3 18:30-22:00 | 123478-H6CDF* 19:10 (1.000) 28:05
123678-H6CDF 19:20 (1.008) 28:18
234678-H6CDF 19:46 (1.031) 28:53
123789-H6CDF 20:41 (1.079) 29:51
123478-H6CDD 19:50 (0.977) 29:00
123678-H6CDD 19:57 (0.983) 29:11
123789-H6CDD" 20:18 (1.000) 29:33
4 22:00-26:30 | 1234678-HTCDF* |  22:34 (1.000) 32:12
1234789-H7CDF 24:42 (0.914) 34:35
1234678-H7CDD* | = 23:59 (1.000) 33:49
5 26:30 - 33:00 OCDF 30:00 (0.991) 40:18
ocDD* 29:43 (1.000) 40:03
1. 'This time range was designed for the temperature program A.
2. Relative retention time (in parenthesis): retention time of native PCDD/F related to its
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2.4.3. Identification of PCDD/Fs.
A positi dentification of PCDD/F satistied all of the following

1. Signal to noise (S/N) of the peak determined either from mass chromatogram or from
) mass profile was greater than 3:1.
> The relati C I ithin + 0.3% of that s! .

3. The accurate masses of the selected ions were equal to the correct masses equal to
within 8 ppm (measured with respect to the ions of internal standards).

4. The isotope ratio of the proper ions was equal to the theoretical value to within + 0.10
(see Table 6).

The 2,3,7,8-PCDD/Fs identified in the crab tissue samples as well as the criteria information

hia R
(9] {2 2y

For further identification, GC/low resolution MS was applied to the samples containing
sufficient 2,3,7,8-TCDD/F so that a full mass spectrum could be obtained. The full-scan mass
spectra (EI) of the analytes in the samples were compared with the EI mass spectra obtained
from the analysis of authentic standards. Figure 1 demonstrates the identification of
2,3,7,8-TCDD and 2,3,7,8-TCDF in the sample NJCL8B by using GC/low resolution MS.
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Table 8: Identification of the Seiected 2,3,7,8-PCDD/Fs in the Crab Tissue Samples.

Sample ID Analyte Relative RT Isotope ratio AM (ppm)
For the Samples Collected in September 1991
NICL7C 2378-TCDD 1.000 0.68 34
2378-TCDF 1.000 0.78 22
23478-PSCDF 1.020 0.63 59
NJCL7D 2378-TCDD 1.000 0.80 -0.8
2378-TCDF 1.000 0.79 27
12378-PSCDF 1.000 0.68 29
23478-PSCDF 1.020 0.74 36
NICL8A 2378-TCDF 1.000 0.82 438
2378-TCDD 1.000 0.79 6.2
NJCLSB 2378-TCDD 1.000 0.79 4.6
2378-TCDF 1.000 0.70 33
12378-PSCDF 1.000 0.65 4.1
23478-PSCDF 1.022 0.66 -3.6
123478-H6CDF 1.000 0.77 27
NICLSC - 2378-TCDD 1.000 0.70 0.8
'2378-TCDF 1.000 0.71 3.8
12378-PSCDF 1.000 0.63 0

23478-PSCDF 1.020 0.61 4.6
123478-H6CDF 1.000 0.78 23
NJCLSD 2378-TCDD 1.000 0.86 23
NJCLSE 2378-TCDD 1.000 0.70 -1.0
2378-TCDF 1.000 0.79 2.7
NLCL9A 2378-TCDD 1.000 0.74 32
2378-TCDF 1.000 0.80 4.7
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Table 8: (continued)

NICL9B 2378-TCDD 1.000 0.79 26
2378-TCDF 1.000 0.77 -1.0
12378 PSCDF |  1.000 0.55 2.6
23478-PSCDF 1.021 0.62 0.2
123478-H6CDF 1.000 0.95 0.2
NJCL9C 2378-TCDD 1.000 0.75 2.5
2378-TCDF 1.000 0.80 -5.9
12378-PSCDF 1.000 0.68 -1.1
23478-PSCDF 1.025 0.67 5.0

For the Samples Collected in June 1992
NICL10A | 2378-TCDD 1.000 0.76 -1.6
2378-TCDF 1.000 0.74 -5.9
NJCL10B 2378-TCDD 1.000 0.84 -8.0
2378-TCDF 1.000 0.82 0.1
NJCL10C 2378-TCDD 1.000 0.79 4.8
2378-TCDF 1.000 0.78 4.8
12378-PSCDF 1.000 0.66 3.8
23478-PSCDF 1.020 0.65 2.7
123478-H6CDF 1.000 0.81 -7.0
NJCL10D | 2378-TCDD 1.000 0.81 -5.0
2378-TCDF 1.000 0.81 -7.6
_ | 12378-PSCDF 1.000 0.61 4.0
NJCL10E | 2378-TCDD 1.000 0.81 0.4
2378-TCDF 1.000 0.79 37
12378-PSCDF 1.000 0.64 2.4
23478-PSCDF 1.022 0.63 2.9
123478-H6CDF 1.000 0.87 -13
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Table 8: (continued)

NJCL10F 2378-TCDD 1.000 0.70 0.9
2378-TCDF 1.000 0.75 -3.8
12378-PSCDF 1.000 0.66 42
23478-PSCDF 1.024 0.62 0.4
NJCL10G 2378-TCDD 1.000 0.70 1.2
2378-TCDF 1.000 0.78 4.9
NJCL11D 2378-TCDD 1.000 0.69 2.7
NICL1TF 2378-TCDD 1.000 0.75 2.2

See Tables 1 - 4 for the detailed information for the samples.

Relative RT = relative retention time (see Table 7).

Isotope ratio was the ratio of abundances of the two selected ions of the target PCDD/F. The

theoretical values are 0.77 for TCDD/F and 0.65 for PSCDD/F isomers.

AM = relative m/z deviation between the measured m/z and the theoretical m/z of the

quantification ion (measured with respect to the ions of internal standards).
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Figure 1. Identification of 2,3,7,8-TCDD and 2,3,7,8-TCDF in Sample NJCLSB (Pancreas,

Station 3, Composite 2, Collected in September 1991) by Using GC/Low Resolution MS.

100+ @A) i 100+ (B)
904 30
204 0
704 194
60

100 150 200 250 00 100 130 200 250
Mess Mass

EI'mass spectra of 2,3,7,8-TCDD (A) and 2,3,7,8-TCDF (B) obtained from a GC/MS analysis
of the sample NJCLSB.

scan 128 15:14 sub 140-145 100X= 359356" scan 126 15:00 sub 140-145 100Xx= €

az2 EIY:
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El mass spectra obtained from a GC/MS analysis of authentic standards of 2,3,7,8-TCDD
(A)and 23 7,8-TCDF (B). The injection amount was 500 pg for both compounds, respectively.
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2.4.4. Quantification of PCDD/Fs.

The internal standard ratio method (also termed iluti
to quantify 2,3,7,8-PCDD/Fs in the samplesi-7. The area of mass profile peaks of the
quantification ions were used for the quantification.

2.4.4.1. Relative Response Factor.

e relative res ' L of a native sign
that of the internal standard, was used for the quantxtauve analysxs to improve the accuraq
of the method. The RRF was obtained by the standard calibration (see Section 2.4.4.2) and
was defined by the following equation:

RRF = (As X Cis)/(Ajs X Cy)

where Ag and Ajs are the mass profile peak areas of the exact m/z for the native compound
and the internal standard, respectwely, Cs and Cls are the concentrauons of the native

2.4.42. Calibration

Calibration was done by using seven data points ranging from 10 pg to 1000 pg for
2,3,7,8-TCDD/F and three points for the other 2,3,7,8-PCDD/Fs (2S5 pg/50 pg/7S pg for
PSCDD/F, H6CDD/F and H7CDD/F, 125 pg/250 pg/ S00 pg for OCDD/F). The amounts
of the internal standards were constant for all calibration runs: 50 pg for each compound
except OCDD (150 pg). Three GC/HRMS analyses were performed to obtain each point.
The relative response factors were calculated and listed in Table 9. For 2,3,7,8-TCDD/F, the
average relative response (native to labeled ) vs concentration of native compound in standard
solutions was plotted and a linear regression obtained (Figure 2). The data in Table 9 shows
that each relative response factor was constant (less than 10% coefficient of variation) over
the calibration points. Therefore, the average response factors (from > 9 determinations)
were used for the quantification of the analytes.

Calibration standards were analyzed periodically. If the RRF value deviated by more than
20% of that determined from the slope of the calibration plot, a new calibration plot was
determined over the entire concentration range.
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Table 9: Relative Response Factors Obtained From the Calibration Analysis.

Calibration 1 Calibration 2 Calibration 3
- Compound | pg RRF pg RRF pg RRF RRFRSD
23784D° 25 (068072089 50 [ 086|084 [0.74]100 [ 0.79| 069|086 084 | 96
12378-5D° | 25 Jom2|063]|0m] 50 080070 100 [067|072]075] 073 | 74
134786D | 25 [o51|o062]064] 50 |060]050|0ss] 100 [060057[062] 0ss | 81
1226786D | 25 [066[068]059] 50 072|079 064 100 [067[075]071] 089 | 82
1237896D° | 25 | 075|082 078] 50 | 084|088 |0 100 |089[ 077|084 0m2 | 56
1234678 7D° | 50 | 065 0.62] 053] 100 | 0.55 [ 0.55| 056§ 200 | 056 [ 0.51 | 048] 056 | 83
ocop* 125 {095 093 | 106 | 250 [ 096 [ 0.86 | 10 J 500 | 1.0 {096 093 | 096 | 55
2378-4F° 25 | 10 {091]095] 50 [117] 115/ 110] 100 | 093|098 | 114] 114 | 94
12378-5F° | 25 [0s8]056|059) s0 [o064]067]065] 100|062]|060]060] 061 | 58
23478-SF 25 [o067[o062[061] 50 [075] 071 |068] 100 [062]056{063] 068 | 82
124786F° | 25 |125|117]1.23] 50 | 112|128 | 118 100 | 120 ) 104|128 ] 121 | 46
1226786F  J 25 [132]128]125] 50 [129] 133|137} 100 [ 120|126 [129] 129 | 36
123789-6F '?mesommmmommm w2 e |
246786F | 25 | 099088096 50 [096 094 ] 101] 100 [092] 094|096 095 | 35
1234678-TF" Iwo 18 {173 176§ 200 {171 164 | 1.9 ] 400 | 181 | 165 [ 183] 138 | 40
1234789-7F | 50 | 096091089 100 | 0.77] 0.71 [ 086 | 200 [ 0.92 [ 076 | 086 | 088 | 93
ocDF  J 125 | 098] 103] 110] 250 [ 094 | 105|105} 500 | 1.09[ 102 [ 090 108 | 62

RRF = relative response factor of native PCDD/F to internal standard (speciﬁed by *).
4D/F = TCDD/F; SD/F = PSCDD/F; 6D/F = H6CDD/F; TD/F = HICDD/F.
RRF = average RRF, RRF for 2378-TCDD/F were from 6 data points.

RSD = relative-standard deviation (n = 9) in percentage.
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Figure 2: Calibration Curve of 2,3,7,8-TCDD and 2,3,7,8-TCDF.
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2.4.4.3. Calculation of the Concentration of the 2,3,7,8-PCDD/Fs in Samples.
After identifying a PCDD/F from a GC/HRMS analysis, the concentration of the compound

(Cx) in the sample was calculated according to the following formula:

Cx = [(Qis/ WX Ax/Ais)l/ RRF

where Qjs is the quantity of the internal standard fortified into the sample; W is the weight
of the sample analyzed; Ay is the peak area of the exact m/z for the analyte; Aj; and RRF
are as defined as in Section 2.4.4.1.

Cha [} Yy

Recoveries of some selected 2,3,7,8-PCDD/Fs were determined for the column
chromatographic clean-up procedures as well as for the complete procedure including sample
preparation, clean-up, and analysis (see Section 2.2.5).

The recovery was calculated as follows:

Recovery (%) = (100) Cx/C¢
where Cs and Cy are the fortified and determined concentration of a native PCDD/F,
respectively.

The recovery of internal standard fortified in sample was based on the comparison of the peak
areas for peaks centered at the exact m/z of the internal standard in a sample run and a
standard run. Thus, this recovery not only depended on the sample preparation but also was
affected by the instrument response, which changed from analysis to analysis.

The recoveries of internal standard were in the range of 40% - 110%, which is acceptable.
2.4.4.5. Detection Limits.

Detection limit (DL) is defined as the concentration of a PCDD/F required to produce a
signal with an intensity of at least 3 times the baseline noise. The following formula is used
for the calculation: '

DL = (3) [(Qis/W)(Ano/Ais))/ RRF

where Apg is integrated noise intensity of baseline nearest to and having the same width as
the internal standard peak, measured at same m/z in mass profile. Other terms are defined
in Sections 2.4.4.1 and 2.4.4.3.

For some samples, signals representing low levels of TCDD/Fs were detected but did not
meetall the criteria for positive identification. Inthese cases, the detection limit was calculated
on the basis of the actual signal and not on the basis of 3 times noise. For these samples, the
detection limit was often slightly elevated.
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2.4.4.6. Accuracy and Precision.

Accuracy data were obtained from the analysis of fortified matrix blank sample in which known
amount native 2,3,7,8-PCDD/Fs were added. The accuracy was shown as a relative analysis

error (RAE) and was calculated by the following formula:

RAE (%) = x - CH/Ct

Cgand Cy are defined in Section 2.4.4.5

The relative analysis error should be + 50% for each analyte.

Precision was calculated from the analysis of a tissue sample and its duplicate samples as
— follows:

precision (%) = (100) | (C1-C2) | / [(C1 + C2)/2]

where Cj and C are the concentrations of a 2,3,7,8-PCDD/F determined for the sample and
its duplicate sample.

The precision expected for duplicate analyses should be better than 40% for each analyte.
3. QUALITY ASSURANCE AND QUALITY CONTROL (QA/QC).

MCMS follows the QA/QC and safety guidelines of the EPA method? and the QA/QC
document specified by the Division of Science and Research of the New Jersey Department
of Environmental Protection and Energy (NJDEPE)9.

3.1. Sample Shipment and Receipt.

1. The samples were received from Prof. Cristini in good condition (less than -10 °C)
and stored in a freezer at -20 ©C until analyzed. Only the samples received and stored in good
condition were analyzed.

2. Arecord of the shipment including the sample codes, date of receipt, shipment carrier,
condition of the samples received and storage location was logged in the research logbook.

3. A chain-of-custody letter regarding the shipment was sent promptly to Prof. Cristini.

4. As suggested by Dr. Paul Hauge at the NJDEPE in his letter on March 17, 1992, the
temperature of the samples was measured as soon as the samples were received. This was
done for the samples collected on June 1992. The temperatures were less than - 10 °C and
were recorded in-chain-of-custody letters.

5. A check solution containing native 2,3,7,8-TCDD/F and OCDD/F each at 500 pg/ul
level was sent to Prof. Cristini, and then sent back to MCMS at ambient temperature. The
standard solution was analyzed after it returned back to MCMS and showed no measurable
changes for the compounds as well as for the concentrations.

6. Portions of samples that remained unused after analysis were kept in storage in the
freezer at -20 OC.

DEP\DA0120021



7. One batch of samples collected in June 1992 thawed during shipment, and many
bottles were broken, causing samples to intermix, A replacement batch was sent by Prof.

Cristini, and it was received in good condition (temperature on arrival was less than 10 °C)

and was analyzed. The original batch was kept in the freezer and not analyzed.

32. Instrument System Performance Test.

1. The mass spectrometer was tuned to obtain acceptable resolution and sensitivity. The
sample analysis was performed only when the instrument met the required conditions.

2. During the period of GC/HRMS analysis, accurate mass measurement and mass
resolving power were frequently monitored and adjusted.

3. A GC column performance check solution was conducted to demonstrate adequate
GC resolution to separate 2,3,7,8-TCDD from other TCDD isomers before samples were
analyzed (see Section 2.4.2.1).

4. In addition to the calibration standard solution series, which was done at the beginning
of each analysis period, one of the standard solutions was periodically "inserted” into sample
runs.

S. A toluene blank was run on GC/HRMS, from time to time, particularly after a high
concentrationsample (e.g., the pancreas samples fromstation #3), to demonstrate the absence

of any "memory ettect’.
The tissue sample extracts were only analyzed when all the above criteria were met.
3.3. QA/QC Results for Sample Analysis.

1. Matrix blagk (see Section 2.2.3): Analysis of matrix blank sample showed that no
2,3,7,8-substitued PCDD/Fs were found in the catfish. This result allowed the catfish to be
used for the recovery test and for the samples of fortified matrix blank.

2. Recovery test (see Section 2.2.5): This was done before any samples were analyzed.
The recovery of each compound was more than 50%.

Recoveries of the internal standards shown in the Tables 1 to 4 were better than 40% for
each internal standard.

3. Blanks and Duplicates: For preparation and analysis of each batch of samples (6 - 8
samples), three QA/QC samples were included, as listed below:

a) Method blank (see Section 2.2.2): The method blanks (NJCL7G, NJCLSI, NJCL9J
and NJCL12G) were analyzed and showed no positive response for native 2,3,7,8-PCDD/Fs.

b) Eortified matrix blank (see Section 2.2.4): Analysis of this sample provides an estimate
of the sensitivity and accuracy of the analysis. The internal standard recovery was within a

range of 40-120 percent. The accuracy, expressed as a relative analysis error was better than
+ 40% (see Table 10).
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¢) Duplicate sample: The relative difference (precision) of the results for the samples
and their duplicate samples were less than 40% for each analyte (see Table 11).

—following re-analysis were performed:
1. All tissue samples collected in September 1991 and in June 1992 were re-analyzed
because the recoveries of the internal standards in previous analysis (NJCL3- to NJCL6-

series) were < 10%.

2. Duplicate samples for pancreas of station 4 and composite 2 (NJCLIC, collected in
September 1991) were re-analyzed because the precision (relative deviation) for
2,3,7,8-TCDD (55%) exceeded the precision limit (40%). The relative deviation for
2,3,7,8-TCDD from the re-analysis of the duplicate sample was 8% (see Table 11).

3. Duplicate samples NJCL12A and NJCL12B (for samples collected in September 1991),
and NJCL12E and NJCLI12F (for samples collected in June 1992) were analyzed again after
the tissue samples had been stored for S months, in order to check whether any change of the
results occurred during sample storage. Because extractions were done by three different
persons (Z. Cai, V.M.S. Ramanujam, S. Monson), it was of interest to test agreement between
different coworkers. The results were compared and shown in Table 11.
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Table 10: QA/QC Data for Fortified Matrix Blank Samples.

- Concentration: ppt
NJCLSH NJCL9I NJCL10I
Analyte Cs Cx |RAE] Cf Cx |RAE] C¢ Cx | RAE
¢ 2378-TCDD || 500 | 475 | -5.0 | 500 | 495 | -10 | s00 | 490 | 20
2378-TCDF | 500 | 470 | 6.0 | 500 | 465 | -70 | s00 | 495 [ -10
12378-PSCDD | NF | ND | - | 500 | 475 | 50 ND | -
12378-PSCDF | NF [ ND [ - | s00 | ss0 | +10 ND | -
123478- ND | = | 500 | s40 | +80 ND | -
23 NE | ND | - L sool 675 | +35 ND | -
1234678-H7CDD| NF | ND | - [ 1000 | 980 | 20 ND [ -
1234789-HICDF | NF | ND ND | -
OCDD 1000 | 1190 | +19 | 2500 | 2760 | +10 +12
OCDF NF [ND [ - | NF[ND | -
i i

NJCL111 NJCL12H
2378-TCDD 500 | 495 | -1.0 § SO0 | S25 | +5.0

2378-TCDF | 500 | 465 | -7.0 | s00 | ss0 | +10
12378-PSCDD | 500 | 475 | -5.0 | 500 | 520 | +40
12378-PSCDF | 500 | 550 | +10 | s00 | s0s | +1.0
123478-H6CDD | 500 | 540 | +80 500 | 575 | +15
234678-H6CDF | 500 | 675 | +35 | 500 | s6s | +13] - | - | -
1234678-H7CDD | 1000 | 980 | 20 1000 | 935 | 65 | - | - | -
1234789-H7CDF | 1000 | 950 | -50 J 1000 | 1020 [ +22] - | - | -

ocDD 2500 [ 2760 | +10 [ 2500 | 2610 [ 444 ] - | - | -

OCDF NF |ND [ - [3s00|3170] 94 ] - | - | -

NF
NF
NF
NE
NF
- 1000 | 675 | -32 § NF
1500
I

C¢ = fortified concentration of the PCDD/F in ppt.

Cx = determined concentration of the PCDD/F in ppt.
NF = not fortified, ND = not detected.
RAE = relative analytical error in percentage (see Section 2.4.4.6).
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Table 11: Analysis Results for 2,3,7,8-PCDD/Fs in Duplicate Samples.

Analyte Ci C2 Rel. Dev. Ci C Rel. Dev. | —
(ppt) | (PPY) (%) (ppt) | (ppt) (%)
Sample collected September 1991 June 1992
NJCLSF/8G (S4, m, Cp1) NICL11D/12D (83, m, Cp1)
2378-TCDD ND ND - 30 40 28
2378-TCDF ND ND - ND ND --
NJCL9F/NJCLI9G (S4, m, Cp2) -
2378-PCDD/Fs ND ND - - - -
NJCL8A/12A (S1, p, Cp2) NJCL10G/10H (S2, p, Cp2)
2378-TCDD 40 35 14 45 65 36
2378-TCDF 75 90 18 70 90 25
NJCL8B/12B (83, p, Cp2) NJCL10C/12E (S3, p, Cp1)
2378-TCDD 690 600 13 475 425 11
2378-TCDF 160 185 15 130 140
12378-PSCDF 25 35 33 45 45 0
23478-PSCDF ND 15 - 75 60 22
123478-H6CDF 45 65 36 ND SO -
1234678-H7CDF ND 20 - ND ND -
NICLIC/NICL12C (4, p, NJCL10E/12F (83, p, Cp2)
Cp2)
2378-TCDD 60 65 8.0 580 480 19
2378-TCPBF 125 115 83 150 150 0
12378-PSCDF 20 20 0 45 40 12
23478-PSCDF 25 20 22 ND 50 -

C1 and Cp = concentration determined in the sample and in its duplicate sample.
Rel. Dev. = relative deviation (precision)

2378-PCDD/Fs = 2,3,7,8-substituted PCDD/Fs.

ND = not detected, p = pancreas, m = muscle, S = station, Cp = composite
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3.4. Report and Storage of the Analytical Data.
1. N otes on the conditions of the samples recexpt, storage, and sa.mple prcpa.rat]on were

lWr_tWw?

used at MCMS.

2. All original mass chromatogram and mass profile spectra acquired from the GC/HRMS
analysis were printed out and stored at MCMS. They are also archived on magnetic tape for
permanent storage.

3. The analytical data were processed by using the mathematical formulae described in
Section 2 and directly recorded on the original spectra. The data were organized and reported
by using computer software Lotus Manuscript.

4. This report was typed by using the Lotus Manuscript. The data and report can be
transferred to NJDEPE via a computer diskette, if required.
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APPENDIX
List of Terminology, Abbreviation and Symbols

EPA: Environmental Protection Agency

MCMS: Midwest Center for Mass Spectrometry

PCDD/Fs: polychlorodibenzo-p-dioxins and polychlorodibenzofurans
2378-PCDDs: 2,3,7,8-substituted PCDDs

DEe
Iy ly 1§

- s: 2,3,7,8-substitute s
TCDF: tetrachlorodibenzofuran
TCDD: tetrachlorodibenzo-p-dioxin
PSCDF: pentachlorodibenzofuran
PSCDD: pentachlorodibenzo-p-dioxin
H6CDF: Hexachlorodibenzofuran
H6CDD: Hexachlorodibenzo-p-dioxin
H7CDF: heptachlorodibenzofuran
H7CDD: heptachlorodibenzo-p-dioxin
OCDF: octachlorodibenzofuran
OCDD: octachlorodibenzo-p-dioxin

Ajs: peak area at the exact m/z for an internal standard

Apq: area of noise baseline measured at the exact m/z

Ag: peak area at the exact m/z for a native PCDD/F standard

Ay: peak area at the exact m/z for an analyte

C1 and Cy: concentrations of a PCDD/F determined in a sample and its duplicate sample
Cr. fortified concentration of a native PCDD/F

Cis: concentration of a 13C-labeled internal standard

Cs: concentration of a native standard PCDD/F

Cx: determined concentration of an analyte

DL: detection limit
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GC/HRMS: capillary gas chromatography/high resolution mass spectrometry

GC/MS: capillary gas chromatography/mass spectrometry (low resolution)

ID: identification code

AM: deviation between the measured m/z and the theoretical m/z of a quantificatioh ion
. m: muscle of crab tissue

M: peak of the molecular ion

M + 2: chlorine isotope peak of the molecular ion shifted two mass units higher

NF: not fortified

ND: notdetected

P: pancreas of crab tissue

ppm: parts per million

ppt: parts per trillion

QA/QC: quality assurance/quality control

Qjs: quantity of the internal standard fortified into a sample

RAE: relative analysis error (for accuracy)

Rec: recovery of a 13C12-labeled internal standard

Rel. Dev.: relative deviation (for precision)

RSD: relative standard deviation

RRF: relative response factor of a native PCDD/F to the internal standard

RRF. average relative response factor

RT: gas chromatographic retention time
S/N: signal to noise ratio
W: the weight of a sample analyzed
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