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I. INTRODUCTION

In support of the continuing investigation by the U.S.

Environmental Protection Agency of the contamination of New Bed-

ford Harbor in Massachusetts with polychlorinated biphenyls (PCS)

and related contaminants, Dr. Thomas 0. Tiernan of Wright State

University, who is a consultant to the U.S. EPA in connection

with litigation relating to this environmental pollution episode,

arranged to have relevant samples of sediments from New Bedford

Harbor analyzed for PCB, and also for polychlorinated dibenzo-p-

dioxins (PCDD) and polychlorinated dibenzofurans (PCDF). Al-

though numerous samples of sediment, water, lobster and fish

collected from New Bedford Harbor and its environs have been
»

analyzed for PCB by various laboratories over the past several

years, apparently none of these samples have been analyzed for

PCDD and PCDF. The latter compounds are now known to have been

present in some PCB fluids which were used in electrical devices,

or in degradation products from these fluids. Moreover, certain

PCDD and PCDF isomers are apparently significantly more toxic

(and therefore more hazardous) than PCB. It was therefore of

interest to determine if PCDD and PCDF are present in New Bedford

Harbor sediments as a consequence of the PCB pollution. Another

important objective of the analyses reported herein was to obtain

more definitive Gas Chromatograhy-Mass Spectrometry (GC-MS) data

on PCB in New Bedford Harbor samples which had been previously

analyzed only by GC, or by other techniques such as High Per-

formance Liquid Chromatography (HPLC) and Thin-Layer Chromatogra-

phy (TLC). Most previous analyses of PCB accomplished on New



Bedford Harbor samples have utilized only GC as the quantitating

instrumentation. Only analyses accomplished within the past 1-2

years, such as those currently in progress by Battelle New

England Marine Research Laboratory, have utilized GC-MS instru-

mentation. It is important to obtain some PCB data using GC-MS

in such cases, because the latter technique can yield more reli-

able information on the concentrations of specific chlorinated

congener groups of PCB (that is, the mono-, di-, tri-, tetra- and

so on chlorinated groups) and even, in some instances, on the

concentrations of specific PCB isomers. The latter information

is more useful in terms of assessing toxic potential, bioaccumu-

lation, and related factors bearing on the pollution episode than

are the GC data which attempt to identify contaminants solely as

Aroclors, which are mixtures of large numbers of various PCB

isomers, and are the form in which the PCB were originally intro-

duced into the harbor. The latter capability (GC determination

of Aroclors) is made more difficult by the fact that all of the

components of the originally introduced Aroclor mixture of PCB

may no longer be present in the environmental samples analyzed

several years following the pollution. This is due to the fact

that selective volatilization, degradation or other processes

occurring in the environment can alter the observed concentration

of some PCB isomers to a greater extent than others, that is,

these processes can distort the original Aroclor pattern of PCB

components.

Consistent with the objectives cited above, two different

sets of samples were shipped to Dr. Tiernan for analyses. One of



these was a set of extracts of New Bedford Harbor sediments which

had previously been collected and analyzed by the U.S. Coast

Guard (USCG) R&D Center in Groton, CT. Arrangements to obtain

these samples were made through Dr. J.R. Jadamec of the USCG R&D

Center. The USCG laboratory had extracted some of these samples

using hexane-acetone as the solvent, whereas others had been

extracted with methanol. These extracts had previously been

analyzed by the USCG laboratory using a combination of instrumen-

tal techniques, including GC/ECD {Electron Capture Detector),

HPLC and TLC. Portions of the very same extracts which the USCG

laboratory had analyzed were provided to Dr. Tiernan for analyses

by his laboratory. Copies of the shipping and sample identifica-

tion documentation for these samples are shown in Attachment A to

this report. Of the extracts shipped by Dr. Jadamec, it was

possible to analyze only two samples in the present study, and it

was decided that only the hexane-acetone extracts would be exa-

mined. Accordingly, two of the extracts for which the USCG

laboratory had found the highest concentrations of PCB, namely

USCG Sample Numbers 9 (B,C) and 27, were selected for GC-MS

analysis to determine the content of PCB, and in addition, the

content of PCDD and PCDF.

The second set of samples provided to Dr. Tiernan by U.S.

EPA were actual New Bedford Harbor area sediments which had been

collected by coring. These samples were collected by an EPA

contractor, NUS Corporation, Superfund Division of Bedford, MA,

and sections of the cores were provided to Dr. Tiernan as sepa-

rate samples. Copies of the shipping and chain-of-custody docu-



mentation for these samples are shown in Attachment B to this

report. As seen from the Sample Receipt Memorandum shown in

Attachment B, six sample containers, corresponding to three ac-

tual sediment samples in duplicate, were received from NUS Corp.

Aliquots of each of these three samples, which are from three

different core depth sections, were removed from the sample

containers and analyzed.

II. ANALYTICAL PROCEDURES UTILIZED

The analytical procedures utilized by Dr. Tiernan's labora-

tory in determining PCB, PCDD, and PCDF in both the sediment

extracts provided by USCG and in the sediments provided by NUS

Corp. are described in detail in the Analytical Protocol which is

shown as Attachment C to this report. Additional details of the

procedures applied in the present analyses are provided in the

Intralaboratory Sample Tracking Forms which are shown in

Attachments D and E to this report. Shown therein are the quan-

tities of the samples which were analyzed, the amounts of

isotopically-labelled internal standards which were added to each

sample, the identities of the analysts, the dates of analyses,

and references to the actual laboratory notebooks in which de-

tails of the analyses are recorded. It should be noted that in

the case of the sediments, the labelled internal standards were

added to these prior to extraction, and therefore serve as true

internal standards for the entire extraction, cleanup and GC-MS

measurement sequence. In the case of the sediment extracts

received from USCG, of course, the labelled standards could only

be added to the extracts as received, and therefore the resulting



data are not corrected for possible losses of the analytes which

might be incurred in the extraction process.

III. RESULTS OF THE PRESENT ANALYSES

The results of the analyses for PCDD and PCDF are shown in

Attachment^ to this report. Table 1 shows the measured concen-

trations of total tetra-, penta-, hexa-, hepta-, and

octachlorinated dibenzo-p-dioxins (CDD) and dibenzofurans (CDF),

as well as for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and

2,3,7,8-tetrachlorodibenzofuran (TCDF) in the two USCG extracts

which were analyzed here. Corresponding data for the three NUS

sediment samples are shown in Table 2. Tables 3 and 4 present

more detailed supporting data for the 2,3,7,8-TCDD analyses,

while Tables 5 and 6 give similar data for the 2,3,7,8-TCDF

analyses. Tables 7 and 8 show recovery data for the internal

standards added to the samples. These recoveries are generally

within acceptable bounds, indicating that overall, the analytical

method is efficacious. Tables 9 and 10 show calibration data

(response factors for standards) and the results of analyzing a

performance evaluation mixture to demonstrate adequate GC

resolution of the 2,3,7,8-TCDD isomer. Tables 11 through 22 show

additional supporting data for the results summarized in Tables 1

and 2. It should be noted that data reported in this section for

the sediment samples are on a wet sample weight basis. It should

also be noted that the data for the sediment extracts are

reported in terms of quantities of analytes per total sample

received (rather than in the more customary concentration units.)

This is due to the fact that we do not know what quantities of



the sediment samples were extracted to obtain the extracts

provided to us by USCG. Also, presumably, we did not receive the

entire extract, since USCG had already analyzed portions of

these.

The results of the analyses for PCS are shown in Attachment

G to this report. Data for total tri-, tetra-, penta-, hexa-,

and hepta-CB are given in Tables 23 and 24 for the USCG extracts

and the NUS Corp. sediments, respectively. Supporting data and

calibration data for the results summarized in Tables 23 and 24

are presented in Tables 25-34. Again, data reported in this

section for the sediments received from NUS are on a wet sample

weight basis. The moisture contents of the samples analyzed are

summarized in Table 35, so the data can be corrected to dry

sample weight basis if desired. Here also, the data for the USCG

extracts are reported as quantities of analytes in the total

extracts, as received, whereas the results reported for the NUS

Corp. sediments are expressed in concentration units.

Copies of the actual mass chromatograms obtained in the GC-

MS analyses reported herein are shown in Attachments H and I to

this report.

The results of the PCDD/PCDF analyses, shown in Tables \1 and

a. (Attachment F), indicate that only higher chlorinated CDD
•

(hexa-, hepta- and octa-) are present in the extracts and in the

sediment samples, but that readily detectable quantities of the

tetra-, penta-, hexa-, hepta-, and octa-CDF are present in both

sample sets. In addition, 2,3,7,8-TCDF is apparently present in

these samples, although additional analyses using another capil-



lary GC column would be required to definitively confirm that

this isomer is indeed 2,3,7,8-TCDF. These results probably

indicate that the PCDF detected originate from the PCS sources,

while the higher chlorinated dioxins are associated with other

sources. The latter tend to be found in many environmental

samples, but are not usually associated with PCB sources.

The results of the PCB analyses summarized in Tables 23 and

24 (Attachment G) indicate that quantities of the tri-, tetra-,

penta-, hexa- and hept-CBs are present in the samples. In the

sediments, the order of concentrations is tri-CB > tetra-CB >

penta-CB > hexa-CB > hepta-CB, and the summed total of all PCBs

detected is 232 ppm, 243 ppm, and 124 ppm for NUS/EPA Sample Nos.

13855, 13858, and 13867, respectively. The quantities of total

PCBs in the USCG sediment extracts are quite high, being 21,502

micrograms and 16,074 micrograms in USCG Sample Nos. 27 and 9

(B,C), respectively. Presumably these are consistent with the

very high concentrations reported by USCG for these same ex-

tracts, but as already noted, we cannot directly relate our

results to the USCG data since we do not know what quantities of

the sediments were extracted by USCG. The order of concentra-

tions of the PCB congener groups in the extracts is slightly

different than that found in the sediments, and somewhat

different even in the two extract samples analyzed here.

IV. DISCUSSION

In general, the results obtained from the present analyses

fully support the previous observations of PCBs in New Bedford



Harbor sediment samples, and tend to confirm the validity of the

U.S. Coast Guard R&D Center analyses. In addition, for the first

time, as far as we are aware, PCDD and PCDF have been detected in

such samples.



ATTACHMENT A

SAMPLE RECEIPT DOCUMENTATION FOR SAMPLE EXTRACTS
RECEIVED FROM U.S. COAST GUARD R&D CENTER,

GROTON, CT



WRIGHT Wright State Universif,

Campus Communication

Date: Dec. 16, 1985

To: Memorandum for File

From: Dr _ T - O > Tiernan

Subject: sample Extracts

Received From:

Date Shipped:
Date Received:

Shipped By:
Registered Mail I.D. No.:

J.R. Jadamec
U.S. Coast Guard R&D Center
Avery Point
Groton, CT 06340-6096

Dec. 11, 1985
Dec. 16, 1985
U.S. Mail, Registered
R 227-161-671

USD
SaiPle Jo.

DSC 6-1

USC 6-2

DSC 6-3

USC 6-4

USC 6-5

1

DSC 6-6

USC 5-7

DSC 6-3

U.S. Coast
Guard Core Depth

Identification [Section Extracted}

27

9(3, Cl

10iA,3l

31

2

28

28

28

5 1/2

5 1/2

8 1/2

9

5 1/2

0

5 1/2

12

- 6 1/2 inches

- 6 1/2 inches

- 9 1/2 inches

- 10 inches

- 6 1/2 inches

- 1 inch

- 6 1/2 inches

- 13 inches

Matrix
Provided

Hexane-Acetone
Extract

Hexane-Acetone
Extract

Hexane-Acetone
Extract

Hexane-Acetone
Extract

Hexane-Acetone
Extract

Methanol Extract

Methanol Extract

Methanol Extract

Coajents

Bright Yellow
Solution

Bright Yellow
Solution

Bright Yellow
Solution

Bright Yellow
Solution

Bright Yellow
Solution

Yellow Solution

Yellow Residue,
Hearly Dry

Yellow Residue,
Dry

Approxiiats
Sanple

Quantity

10 iL

5 iL

5 aL

10 aL

10 aL

2 aL

0.5 aL

Dry

Saiple
Condition

Good

Good

Good

Good

Good

Good

Good

Good

The samples are solvent extracts of sediment cores which
were shipped in vials (screw capped and sealed with tape on the
outside) in a cardboard box lined with plastic foam pieces, by
Registered U.S. Mail, addressed to Dr. Tiernan. Dr. Tiernan
opened the box, after removing the outer paper wrapping, inspec-
ted the samples and prepared the sample receipt memorandum.
Information regarding the samples was provided on the label



affixed to each vial, as well as in an attached letter from J.
Richard Jadamec (copy attached). Note that the letter from Mr.
Jadamec, of the U.S. Coast Guard R&D Center, indicates that the
second set of three samples are identified as methanol extracts
of USCG Sample No. 27, corresponding to three different core
sections. However, the actual sample vials received for this set
showed sample number 28 on the labels attached to the vials. No
formal chain-of-custody accompanied these samples, although
chain-of-custody was maintained. A copy of the front portion of
the paper wrapper which covered the cardboard shipping box which
contained the sample extracts is also attached. After opening
the container, the samples were placed in the refrigerator in 067
Brehm Laboratory until some of these were analyzed.



US Department
of Transportation
United States
Coast Guard USCG R&D Center

Avery Point
Groton, CT 06340-6096

764154.1
Ser: 2154B (JRJ)
December 10, 1985

Dr. Thomas 0. Tiernan
Brehm Laboratory
Wright State University
Dayton, Ohio 45435

Dear Tom:

I have enclosed a draft copy of a paper presented at a local spill workshop
describing our methods used in the analysis of Acushnet River Sediments. We
are going to restructure this paper, include additional data, and in the near
future submit it for publication.

As you requested at the 18 November 1985 meeting I am forwarding the following
samples under separate cover:

Sample No.

2
9

10
27
31

(B.C)
(A,B)

Core Depth

5 1 / 2 - 6 1/2
5 1 / 2 - 6 1/2
8 1 / 2 - 9 1/2
5 1 / 2 - 6 1 / 2
9 - 1 0 inches

Concentration (ppm)

inches 30,700
inches 30,700—
inches 19,650
inches 66,500—

2

These above samples are hexane/acetone extracts. The samples were prepared by
sonification. As evidenced, they have undergone some evaporative losses.
Additionally, I have enclosed a complete set of the methanol extracts of
sample number 27, i.e., 0-1 inch, 5 1 / 2 - 6 1/2 inches, and 12-13 inches.
These concentrations are 1,980; 66,500; and 27 ppm, respectively. All
concentrations are reported relative to Aroclor 1254.

If you have any questions feel free to contact me by telephone (203) 441-2723.

Sincerely,

J. RICHARD JADAMEC

End: (1) Draft, "Studies of PCB's in the Acushnet River Estuary"

Copy: Ms. Patti Saris
Room 1017
John W. McCormick Building
Boston, MA 02116
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ATTACHMENT B

SAMPLE RECEIPT DOCUMENTATION FOR SEDIMENT SAMPLES
RECEIVED FROM NUS CORP., SUPERFUND DIVISION,

BEDFORD, MA.



BREHM LABORATORY, WRIGHT STATE UNIVERSITY, DAYTON, OHIO 45435

SAMPLE LOG-IN CHECK LIST

1. Samples Received by; &<ZCr€TT Vcco N<?S.S Date:

At Location:

2. Sample Received from:

MA

3. Project Number:

4. Chain of Custody Seals Intact:

JDate Shipped

5. Chain of Custody Records Signed by; M/4-I2K J-

6. WSU Laboratory Sample Designation: N6C5"

7. Sample Logged in Notebook:

8. Sample Log-In Sheet Completed: (EPA Samples)

9. Comments on Sample Shipment:

a) Samples Received and Number of Each Sample Type: (Q

b) Shipping Container Type: (CO LE'fc, ScAL&P k>£ T/+

c) Condition of Shipping Container:_

d) Packing Material (Type); $H&£pi>£O Cg(JJjLlZF£'\

e) Is Amount of Packing Material Sufficient?

f) Type of Sample Vessel and Its Condition: &LASS
&60D

g) Type of Seal on Sample Vessels and Condition of Seal :
\6C01>

h) Type(s) of Sample Identification: *>HfPPlW6i LA&2L.

i) Condition of Samples:

j) Miscellaneous Comments: ~- I , H&CS~-

Approved by Sample Custodianj. Date:



of

1=3 
a

U
J
 

U
J

U
J

 
U

J
<^ 

<-}
U

J
 

U
J

0
1

 
C

£.

U
J

 
U

J
I— 

2:
<C

 
—

 '

U
J

C
O

ftn-O
L

U
J

C
O

O
 

—
I

o
 

—
•

00 
CO

—
c 

o
:

Q
- 

•—
i

o4->in3OI
M

-
OtC•r—toJZu

i—
i 

C
-

Z
 

"
O

 I—

£
!

O
 0

.

o
 5

o
 ooU

J
• • _J

O
O
 Q

.
^

 s:
a: <
<

 oo
U

J
 
U

.
a: o

Z
 

O
O

 t̂
-

H
-l
 
_
J
 
O

 
U

J

_
J

 D
C

 U
J

oo cc o
 
a
:

U
J 

O
 
O

o
 z

 u
j <

Q
 
O

 O
i

ISoO
-

ooU
J

z
 o

o
o

 o
:

>—i LU
t—

 co

it i i3
i Z

^^O
O

o
:

n
: u

j
o

 c
o

C
O
 

ZU
J C

d
c
t _

j U
J

o
. o

. co
LU s; z

«i =>
oo z

o:U
J

:D
 co

oo 2
:

o
 >-o o

 o
:

jz
 o

 a
: u

j
e
-, (—

 
O

 C
O

ie
£
 
0
0
 O

 S
13

 U
J ̂

3
o

 o
: z

fi8aH0"CO

am
r

aUN

fci
H*2»«uC

id
kuSNcs

C
O
^rT

|
iAfcZVD

±T«J

co0?
CD



OF CUSTODY RECR
REM/FIT PROJEC

I
REMARKS

1

Of

4aR

(A

O
U

.Z
U

J

*°si

<a .*
«

 
*

CO

0
0

11I

!I4
°2J
""E

C
0

3
U

K
>

<
uiZ
u
o

S
s'

V
)

X



PLEASE COMPLETE ALL INFORMATION IN THE 5 BLOCKS OUTLINED IN CHANGE
SEE BACK OF FORM SET FOB COMPLETE PREPARATION INSTRUCTIONS.

YOUR FEDERAL EXPRESS ACCOUNT NUMBER

I *':/.£ -.r xfL.

OEPAHTMeNTJFLOOR NO.

STREET AOOflESS

1 G rpC'

YOU* NOTES»B=BWCE

-. $300 MA

otT

AKfti

< r

^777352^51

STATE

•rf A

' SSSSSS3—

• ' •• v * ' » Jt ' m
iTKST 12 OMUCIB6 WU. ALSO A*«FEAA ON MVOCQ

DATE

10/31/85
TO » Had For Pick-Up or Sautfay IMhwy,

STREET

«>«?;

DEPAflTMENT/FLOCfl NO.

* ^*^V.

CITY 36'iOKopnalCIcn Highway STATE

it
'c

~r

INTENDERlNGT>feSHIPMENT. SHIPPfflAGREESTHAT
F E.C. SHALL NOT BE UABLE FOR SPECIAL INCIOW-

»SSHBH*H1
rM-MCONSauf

ifiCAoa." C] M M F*VU£ tact' DBllCndtCM

SERVCES

CHECK ONLY ONE MX

NOMOI

.STANDARD MM

MBKIM.I

"OVERNIfiHr IS NEXT ̂
W THROUGH FRWA'

ORM'S AND
RADIOACTIVE
MATERIAL ONLY

E "SPECIAL HANDLING

DAY
"DAYS•WAT innuuun rruwnii, inu L»«IJ

M AUSXA/HAWM. SATURDAY 0£LIV-
' AVAILABLE IN CONTINENTAL U.S.

OBJVERY AND SPECIAL HANOUN6

CHECK SERVICES REOUMB)

^^^nULUrurtntMjrAlrULLOWINU
. Q FEBERAL EXPRESS LOCATION SHOWN
1 " IN SERVICE GUIDE. ""•'"=""

'IE NUMBER IS

3D jr
40

, n •» ii»»» «•"» «•<•
' LJ HMM.MIMWIIIIW

• D «"»_ —

PMXtGli

RECBVH1AT
SMPPSrSODOR
ORECULARSTOP

a D
9D

TOTAL

WBGHT

TOTW. TOTAL

n etc LOG
F«dnl Ejprta Capon** InjBfH (to.

CATEflME

HAL DAMAGES ARISING FROM
CARRIAfi&UBCOF. Fit 08- •••••̂ •̂ fc -„ CCT«.,,-i~C
CIAWSOLL WMRANTKS. EXPRESS OR IMPLIED. WITH i FBIERAL EXPRESS USE ^
RHSPKWO THIS SHIPMENT. IMS S A NON-NEGOTIABLE F
AIRML SUBJECT TO CONOmONS OF CONTRACT SET FORTH
ON REVERSE OF SWPPER-S COPY. UNLESS YOU DECLARE A _ ,
HKJHER VALUE. THE UABIUTY OF FEDERAL EXPRESS COT- | *•
POHATION IS UMnED TO JIOO.OO. FEDERAL EXPRESS DOES I --.....-.„., ,1....... &

NOT CARRY CARSO LIABILITY INSURANCE. i DECLAH6) VALUE CHARGE

EMr.ND. DATE

DCASHRECSva

a MBNIIT

Q a&no*. D o*.

STREET AOOWSS

I
ACT/MO

AGMWO

CITY STATE

DA' RECEIVED Ft C. EMPLOYEE NUMBER

ADVANCE OMGM

ADVANCE OESTMATHN L

OTHER

TOTAL CHARGES

PART
•2W1730764

REVISION DATE
2/83 S
PRINTED U.S.A.

AIRBILL NUMBER

777352951 SHIPPER'S CERTIFICATION FOR RESTRICTED ARTICLES
. fTVPE OR PRINT)

!̂ -̂ .-*!*Sp53sAS£gBF

Hazardous Substance Solid H,0.s; ORM-E NA9188 6 «. lib.

ADDITIONAL
DESCRIPTION

FOR

RADIOACTIVE
MATERIALS

IjSEEBACK)

BABELS .TRANS. INDEX r PACKAGE IDENTIFICATIt

|2l!S_SHlPMENT IS WITHIN THE LIMITATIONS PRESCRIBED FOR
(DELETE-NONAPPLICABLE)

[' IF ACCEPTABLEFOR^PASSENGER AIRCRAFT, THIS SHIPMENT CONTAINS RADIOACTIVE MATERIAL INTENDED FOR USE IN. OR INCIDENT
_TO.RESEARCH, MEDICAL DIAGNOSIS OR TREATMENT. , . . . . - „ . - . . . . . - . . •

1 HEREBY CERTIFY THAT THE CONTENTS OF THIS CONSIGNMENT ARE FULLY AND ACCURATELY DESCRIBED ABOVE BY >ROPER
SHIPPING NAME AND ARE CLASSIFIED, PACKED, MARKED, AND LABELED, AND IN PROPER CONDITION FOR CARRIAGE BY AIR
ACCORDING TO APPLICABLE NATIONAL GOVERNMENTAL REGULATIONS. '
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ATTACHMENT C

ANALYTICAL PROTOCOL APPLIED BY THE BREHM LABORATORY TO
DETERMINE POLYCHLORINATED DIBENZO-P-DIOXINS (PCDD),

POLYCHLORINATED DIBENZOFURANS (PCDF) AND POLYCHLORINATED
BIPHENYLS (PCB) IN SEDIMENT SAMPLES AND IN U.S.
COAST GUARD-PREPARED EXTRACTS OF SEDIMENT SAMPLES



BREHM LABORATORY, WRIGHT STATE UNIVERSITY,
DAYTON, OHIO 45435

ANALYTICAL PROTOCOL APPLIED FOR EXTRACTION AND QUANTITATION OF
POLYCHLORINATED DIBENZO-P-DIOXINS (PCDD), POLYCHLORINATED

DIBENZOFURANS (PCDF), AND POLYCHLORINATED BIPHENYLS
(PCS) IN SEDIMENT SAMPLES AND IN EXTRACTS OF
SEDIMENTS PREPARED BY ANOTHER LABORATORY

A. Drying Procedure, Calculation of Percent Moisture For Sediment
Core Samples

1. Withdraw an aliquot of the sediment (approximately 10-20

grams) after stirring the sample to make it homogeneous, and

accurately weigh the aliquot by placing it into a new tared 250

mL flint glass bottle. New glass bottles are pre-cleaned prior

to use by rinsing with methanol, followed by rinsing with

methylene chloride, and air drying. The bottles are fitted with

teflon-lined screw caps. The balance used to weigh samples

should be capable of weighing to the nearest hundredth of a gram.

To the sample, add a known quantity (approximately 60 g) of

purified anhydrous sodium sulfate and mix thoroughly with a

spatula. Allow the sample to stand for a period of approximately

4 hours. After this period has elapsed, the sample/sodium

sulfate mixture should flow smoothly within the bottle. If this

is not the case and the sample is still insufficiently dry, add

another 20 g of anhydrous purified sodium sulfate, mix

thoroughly, and allow the sample mixture to stand for another 2

hours. Repeat until the sample mixture is dry and free flowing.

The dried sample mixture is then transferred to a pre-cleaned

Soxhlet apparatus, as discussed in Section B.I..

2. Place a second aliquot (approximately 5 grams) of the

sediment sample into an aluminum boat, weigh the aluminum boat



and the sample after transferring the sediment to it, and then

dry this aliquot for 24 hours by heating it at 105°C in an oven.

Remove the aluminum boat containing the dried sample from the*

oven, place it in a desiccator and allow it to cool to room

temperature. Remove the aluminum boat from the desiccator after

cooling, obtain a final weight of the dried sample and the boat

and calculate the percent moisture in the soil sample as re-

ceived. Discard the dried sample aliquot after determining the

percent moisture.

B. Isolation of PCDD and PCDF from the Sample Matrix

1. Prepare a glass Soxhlet extraction thimble (90 mm by 35

mm) for use by rinsing sequentially with methanol, acetone, and

methylene chloride. Add silica to form a 3-6 mm layer on the

surface of the glass frit at the bottom of the thimble and place

a 10 mm layer of glass wool over the layer of silica.

2. Prepare a soxhlet extraction apparatus, consisting of a

Soxhlet extraction tube, a 250 mL Erlenmeyer flask and a water-

cooled condenser, for use by rinsing sequentially with methanol,

acetone, and methylene chloride, and allowing it to air-dry.

Place 175 mL of a solution consisting of 50% benzene and 50%

acetone (by volume) along with 6-10 pre-cleaned 2 mm glass beads,

into the Erlenmeyer flask. Place the Soxhlet thimble (prepared

as described in Step #l)0into the Soxhlet extraction tube, assem-

ble the Soxhlet extraction apparatus, heat the contents of the

Erlenmeyer flask to reflux temperature and continue the Soxhlet

extraction procedure for a period of 3 hours.

3. Remove the heat source from the Soxhlet apparatus, allow



the apparatus to cool, and then decant the benzene/acetone solu-

tion into a clean, 250 mL flint glass bottle and seal the bottle

with a Teflon-lined screw cap. This solution is retained in case

additional analyses are required to check the cleanliness of the

Soxhlet apparatus, as a QA/QC measure.

4. Place a fresh 175 mL aliquot of 50:50 (volume/volume)

benzene/acetone into the precleaned Erlenmeyer flask of the

Soxhlet extraction apparatus and re-connect the Soxhlet

extraction tube to the Erlenmeyer flask. Transfer the

sediment/sodium sulfate mixture contained in the screw-capped

bottle (see Step A.I.) to the Soxhlet extraction thimble by

inverting the bottle and allowing the sample to flow into the

Soxhlet extraction thimble. Replace the screw cap on the bottle

and re-weigh the bottle. Subtract the weight of the empty bottle

from the combined weight of the bottlee and sample mixture to

obtain the weight of sediment/sodium sulfate actually transferred

to the Soxhlet extraction thimble and subsequently analyzed.

Calculate the sample weight utilizing the known ratio of sediment

to sodium sulfate.

~ 5. Using a microsyringe, add, typically, 1-2 ng of an

internal standard solution containing 13Ci2-2,3,7,8-TCDD, 3~Cl*-

2,3,7,8-TCDD, 3 ~ Cl< -2 , 3 ,2 , 8-TCDF, *3Ci2-)CDD, and d6 -3 , 3 ' , 4 , 4 ' -

i.f tetrachlorobiphenyl to the Soxhlet extraction thimble. Place the

condenser on the Soxhlet extraction tube and heat the solvent

reservoir so that the extraction solvent refluxes. Soxhlet

extract the sample using refluxing benzene/acetone for a period

•,,of 16 hours, then discontinue heating the apparatus.



6. Remove the Soxhlet extractor from the Erlenmeyer flask

reservoir and replace it with a 3-ball Snyder column. Resume

heating the reservoir and concentrate the benzene/acetone extract

to a volume of about 15 mL. Rinse the Snyder column twice with
$

small quantities of 50% benzene/50% acetone solution, then conti-
tf
&

nue heating and concentrating the solution until a final volume

I
is of 10 mL is attained.

7. Using a 10 mL disposable pipette, transfer the concen-

trated solution obtained in Step B.6. to a pre-rinsed, 125 mL

flint glass bottle fitted with a Teflon-lined screw cap, and

rinse the Erlenmeyer flask four times using 10 mL aliquots of

hexane (transferring each rinse solution to the bottle) to effect

a quantitative transfer of the concentrate from the Erlenmeyer

flask to the bottle.

8. Add 30 mL of aqueous potassium hydroxide (20% w/v) to

the organic (hexane) extract in the bottle, seal the bottle and

agitate it for a period of 15 minutes. Remove and discard the

aqueous phase, retaining the organic layer.

9. Add 30 mL of twice-distilled water to the residual

organic extract in the bottle, seal the bottle, and agitate it

for a period of 1 minute. Again, remove and discard the aqueous

layer, retaining the organic layer.

10. Add 30 mL o* concentrated sulfuric acid to the residual

organic extract in the bottle, seal the bottle, and agitate it

for a period of 15 minutes. Remove the acid layer and discard,

retaining the organic layer. Repeat this step until the acid

layer is visually colorless or until no further color change is



discernible.

11. Repeat step B.9.

12. Add 5 g of anhydrous sodium sulfate to the organic

extract in the bottle, seal the bottle, and allow it to stand for

at least 20 minutes.

13. Quantitatively transfer the organic extract from the

bottle to a 45 mL glass culture tube, along with three 5 mL

hexane rinses of the bottle and the sodium sulfate drying agent.

14. Concentrate the extract in the culture tube to a volume

of approximately 5 mL by passing a stream of pre-purified nitro-

gen over the extract while maintaining the glass tube at a

temperature of 55°C by immersing it in a water bath.

15. Fabricate a glass Macro-column (20 mm OD x 230 mm long)

tapered to 6 mm OD on one end. Pack the column successively with

1.0 g silica, 2.0 g silica containing 28% (w/w) 1 M NaOH, 1.0 g

silica, 4.0 g silica containing 30% (w/w) sulfuric acid, and 2.0

g silica.

16. Quantitatively transfer the concentrated extract ob-

tained in Step B.14. to the silica column, along with two hexane

rinses of the tube (1 mL each) and elute the column with 90 mL of

hexane. Collect the entire eluate in a culture tube and then

*concentrate it (by passing a stream of pre-purified nitrogen over

the extract) to a volume of 1-2 mL.

17. Construct a disposable liquid chromatography column as

described in the following. Cut off a 10 mL Pyrex disposable

pipette at the 4 mL mark and retain the lower portion of the

pipette. Pack the small end with a plug of silanized glass wool.



Next add 3 grams of Woelm basic alumina previously activated

overnight at 600°C in a muffle furnace and placed in a desiccator

for 30 minutes just prior to use.

18. Using a disposable pipette, transfer the concentrated

extract from Step B.16. to the liquid chromatography column

prepared in Step B.17. Rinse the test tube which contained the

concentrate successively with two 1 mL portions of hexane, each

time transferring the rinsate to the alumina column.

19. Elute the alumina column with 15 mL of hexane and dis-

card the eluent.

20. Elute the alumina column with 10 mL of hexane containing

8% of methylene chloride (v/v). Collect the alumina eluent in a

glass culture tube. Retain this fraction for PCB analysis.

21. Elute the alumina column with 15 mL of hexane containing

50% methylene chloride (v/v), collecting the column eluent in a

glass culture tube.

22. Concentrate the eluents from Step B.20. and B.21. to a

volume of about 0.5 mL by passing streams of pre-purified nitro-

gen over each solution wh^Le heating the culture tubes in a 55°C

water bath.

23. To the residues obtained from Steps B.20. and B.21., add

1 ml of methylene chloride, gently swirl each culture tube to

dissolve the residue and, using a pipette, transfer the solutions

from each tube into separate 3 mL reaction vials. Using a second

1 mL portion of methylene chloride, rinse each tube which con-

tained the residue and transfer this rinsate into the appropriate

3 mL reaction vial. By flowing a stream of pre-purified nitrogen



over the solution in each reaction vial, concentrate these solu-

tions to incipient dryness.

24. To the extract obtained from Step B.21., add 10 uL of

the external standard solution containing 0.05 ng l3Ci2-1,2,3,4-

TCDD per uL of dodecane and proceed to quantitate the PCDD and

PCDF in the sample extracts using the GC-MS procedure described

below in Section D. Both extracts from Steps B.20. and B.21. are

combined for the PCB analyses, using GC-MS procedures described

below in Section E. Sample extracts which are not immediately

analyzed are stored (shielded from light) at room temperature

(20°C + 3°C) .

25. Soil extracts which, following concentration to near

dryness, appear (on the basis of visual inspection) to contain

extraneous compounds, such as oily or colored residues, which are

likely to interfere with the quantitation of PCDD and PCDF, are

subjected to an additional chromatographic clean-up procedure

prior to addition of the external standard solution, as described

in Step B.24. This additional clean-up step is described below.

Prepare a gravity-flow liquid chromatography column by cut-

ting off a 0.5 inch section from the constricted tip of a 9-inch

disposable Pasteur pipette. Insert a filter paper disk at the

top of the tube, and position the disk 2.5 cm below the constric-

tion. Add a sufficient quantity of PX-21 Carbon/Celite 545

(prepared as described in Section D.8. of this Protocol) to the

tube to form a 2 cm length of the Carbon/Celite. Insert a glass

wool plug on top of the Carbon/Celite. Pre-elute the column

sequentially with 2 mL of a 50% benzene/50% ethyl acetate



solution (v/v), 1 mL of a 50% methylene chloride/50% cyclohexane
ff-

solution (v/v), and 2 mL of hexane, and discard these eluents.

Transfer the residual extract (in 1 mL of hexane) resulting from

£, the alumina column cleanup (Step B.21.) onto the top of the
*
I Carbon/Celite column, along with 1 mL of a hexane rinse of the

S -V original sample vessel. Elute the column with 2 mL of 50%

ap methylene chloride/50% cyclohexane solution and 2 mL of 50%

benzene/50% ethyl acetate and discard these eluents. Invert the

column and elute it in the reverse direction with 4 mL of

toluene, retaining this eluent. Concentrate the eluent using a

stream of pre-purified nitrogen and repeat Steps B.17. - B.24.

C. Preparation Procedure for Sediment Extracts Obtained by Ano-

ther Laboratory

For samples which have been extracted by another laboratory,

the extracts being provided to Wright State for analyses, the

following procedures are utilized.

1. Measure the total weight of the liquid extract provided,

then remove an aliquot of known weight and transfer it to a 125
*

mL flint glass bottle filled with a teflon-lined lid.

2. Dilute the aliquot of the extract to be analyzed by

adding 40 mL of hexane to the 125 mL glass bottle containing the

extract.

3. Add isotopically-labelled internal standards to the

bottle containing the sample, as described in Step B.5. in the

foregoing section of this protocol.

4. Proceed with Step B.8. and the following procedures, as

described in the foregoing section.



D. Reagents and Chemicals

Reagents and chemicals used in implementing the procedures

described herein and the sources of these are described in the

following:

1. Potassium hydroxide (anhydrous), granular sodium sulfate

and sulfuric acid (all Reagent Grade): J.T. Baker Chemical Co.,

Glen Ellyn, IL, or Fisher Scientific Co., Cincinnati, OK. The

granular sodium sulfate is purified prior to use by placing a

beaker containing the sodium sulfate in a 400° C oven for four

hours, then removing the beaker and allowing it to cool in a

desiccator. Store the purified sodium sulfate in a bottle

equipped with a Teflon-lined screw cap.

2. Hexane, Methylene Chloride, Benzene, Ethyl Acetate,

Methanol, Toluene, Cyclohexane, Isooctane: "Distilled in Glass"

Burdick and Jackson, Muskegon, MI.

3. Tridecane, Reagent Grade: Sigma Chemical Co., St.

Louis, MO.

4. Basic Alumina, Activity Grade 1: ICN Pharmaceuticals,
/

Cleveland, OH. Immediately prior to use, the alumina is

activated by heating for at least 16 hours at 600°C in a muffle

furnace and then allowed to cool in a desiccator for 30 minutes

prior to use. Store conditioned alumina in a desiccator.

5. Silica (Bio-Sil A 100/200 mesh): Bio-Rad, Rockville

Centre, NY. The Bio-Sil A is conditioned prior to use by placing

it in a 30 mm x 30 cm long glass tube (the silica gel is held in

place by glass wool plugs) which is placed in a tube furnace.

The glass tube is connected to a prepurified nitrogen cylinder,



through a series of four traps (stainless steel tubes, 1.0 cm

O.D. x 10 cm long )*. Trap Number 1 contains a mixture composed

of Chromosorb W/AW (60/80 mesh coated with 5% Apiezon L),

graphite (100 mesh, 1-M-USP), and activated carbon (50 to 200

mesh), in a 7:1.5:1.5 ratio. Chromosorb W/AW and Apiezon L were

obtained from Supelco, Inc., Bellefonte, Pennsylvania; graphite

was obtained from Ultracarbon Corporation, Bay City, Michigan;

activated carbon was obtained from Fisher Scientific Co.,

Cincinnati, Ohio. Trap Number 2 contains Molecular Sieve 13X

(60/80 mesh, obtained from Supelco, Inc., Bellefonte,

Pennsylvania). Trap Number 3 contains silica gel impregnated

•| with 30% (w/w) sulfuric acid (prepared as described in D.6.

below). Trap Number 4 contains Carbosieve S (80/100 mesh,

obtained from Supelco, Inc., Bellefonte, Pennsylvania). The

first step in conditioning the Bio-Sil A entails heating the

glass tube containing the 200 g aliquot of silica for 30 minutes

at 180°C while purging with nitrogen (flow rate 50-100

mL/minute), subsequently the tube is removed from the furnace and

allowed to cool to room temperature. Methanol (175 mL) is then

passed through the tube, followed by 175 mL methylene chloride.

The tube containing the silica is then returned to the furnace,

the nitrogen purge is again established (50-100 mL/minute flow),

the tube is heated at 50°C for 10 minutes, then the temperature

is gradually increased to 180°C over a period of 25 minutes and

maintained at 180°C for 90 minutes. Heating is then discontinued

See T.J. Nestrick and L.L. Lamparski, Anal. Chem 5_3., 122
(1981) for additional details and rationale regarding use of
these traps.

10



but the nitrogen purge is maintained until the tube cools to room

temperature. Finally, the silica is transferred to a clean, dry,

glass bottle and capped with a Teflon-lined screw cap for storage.

6. Silica Gel Impregnated with Sulfuric Acid (30% w/w):

Concentrated sulfuric acid (4.4 g) is combined with 10.0 g silica

gel (conditioned as described above) in a screw capped bottle and

agitated to mix thoroughly. Aggregates are dispersed with a

stirring rod until a uniform mixture is obtained. The K2SO* -

silica gel is stored in a screw-capped bottle (Teflon-lined cap).

7. Silica Gel Impregnated with Sodium Hydroxide: IN Sodium

Hydroxide (30 g) is combined with 100 g Bio-Sil A (conditioned as

described above) in a screw capped bottle and agitated to mix

thoroughly. Aggregates are dispersed with a stirring rod until a

uniform mixture is obtained. The NaOH-silica gel is stored in a

screw-capped bottle (Teflon-lined cap).

8. Carbon/Celite: Combine Amoco PX-21 carbon (Amoco,

Naperville, IL) (10.7 g) with Celite 545 (Fisher Scientific Co.)

(125 g) in a 250 mL glass bottle fitted with a Teflon-lined cap.
•\

Agitate the mixture to combine thoroughly. Store in the screw-

capped bottle.

9. Nitrogen (Prepurified) and Hydrogen (Ultra High Purity):

Airco, Inc. Montvale, NJ.

D. Calibration Standards

1. PCDD and PCDF

Stock standard solutions of various PCDD and PCDF isomers

and mixtures thereof are prepared in a glovebox, using weighed

quantities of the authentic isomers. These stock solutions are

11
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contained in appropriate amber bottles and are stored tightly

stoppered in a refrigerator. Aliquots of the stock standards

are removed for direct use or for subsequent serial dilutions to

prepare working standards. These standards must be checked

regularly (by comparing instrument response factors for them over

a period of time) to ensure that solvent evaporation or other

losses have not occurred which would alter the standard

concentration. The several standards solutions required are

listed below.

a. Standard Mixture A: Prepare a stock solution containing

the following isotopically-labelled PCDD and PCDF in isooctane at

the indicated concentrations: 0.25 ng/uL 1 3Ci 2-2,3,7,8-TCCD,

0.10 ng/uL 37Cl«-2,3,7,8-TCDD,0.10 ng/uL 37Cl<-2,3,7,8-TCDF, and

tJ 0.25 ng 13Ci2-OCDD. Portions of this isomer mixture are added to

y: all samples prior to analyses and serve as internal standards for

p use in quantitation. Recovery of these standards is also used to

' guage the overall efficacy of the analytical procedures. {Other
T"

S isotopically-labelled PCDD/PCDF internal standards may also be
'*,
,<# used if these are available) .
4' *

b. Standard B: Prepare a stock solution containing 0.05 ng
a£

of l3Ci2-1,2,3,4-TCDD/uL dodecane. This standard is coinjected

with aliquots of the final sample extract to reliably estimate

the recovery of the TCDD internal standard.

c. Standard Mixture C: Prepare a stock solution containing

5 ng/uL of isooctane of each of the following PCDD and PCDF:

2,3,7,8-TCDD; 2,3,7,8-TCDF; 1,2,3,7,8-PeCDD; 2,3,4,7,8-PeCDF;

1,2,3,4,7,8-HxCDD; 1,2,3,6,7,8-HxCDF; 1,2,3,4,6,7,8-HpCDD;

12



•*- ( 1, 2, 3, 4,6,7, 8-HpCDF, OCDD and OCDF. This isomer mixture is used

to determine GC-MS response factors for representative isomers of

, each of the penta-, hexa-, hepta-, and octachlorinated groups of

|J CDDs and CDFs.
F-**

d. Standard Mixture D: Prepare a stock solution

I6 containing 50 pg/uL of isooctane of each of the following TCDD
i-
p isomers: 1,3,6,8-TCDD; 1,2,3,7-TCDD; 1,2/3,9-TCDD; 2,3,7,8-TCDD;

? and 1,2,8,9-TCDD. Two of the isomers in this mixture are used to

IT define the gas chromatographic retention time window for TCDDs
*?
*' (1,3,6,8-TCDD is the first eluting TCDD isomer and 1,2,8,9-TCDD

*f is the last eluting TCDD isomer on the DB-5 GC column). The

t remaining isomers serve to demonstrate that the 2,3,7,8-TCDD

' isomer is resolved from the other nearest eluting TCDD isomers,

m and that the column therefore yields quantitative data for the

2,3,7,8-TCDD isomer alone.

2. PCS

Stock standard solutions of various PCB isomers and mixtures

thereof are prepared in a blovebox, using weighed quantities of
fcr

the authentic isomers., These stock solutions are contained in

appropriate amber bottles and are stored tightly stoppered in a

ip, refrigerator. Aliquots of the stock standards are removed for

lp' direct use or for subsequent serial dilutions to prepare working

'̂ standards. These standards must be checked regularly (by compa-

ring instrument response factors for them over a period of time)

to ensure that solvent evaporation or other losses have not

I,/, occurred which would alter the standard concentration. The seve-

1" ral standards solutions utilized are listed below.

13



PCS Calibration Standards Employed: These were obtained

from Ultra Scientific, Hope, Rhode Island (native PCBs), and from

KOR Isotopes, Cambridge, Mass, (labelled PCB). The PCB standards

utilize an isomer from each PCB class to determine response

factors and elution time windows.

a. Low Level PCB Standard: Prepare a stock solution contai-

ning the following native PCBs at 1 ng/uL isooctane: 2-chlorobi-

phenyl, 3,3'-dichlorobiphenyl, 2,3,5-trichlorobiphenyl,

2,2',3,3'-tetrachlorobiphenyl, 2,3,3'/4,4
t-pentachlorobiphenyl,

2,2',4,4',5,5'-hexachlorobiphenyl, 2,2',3,4,4',5,5'-heptachloro-

biphenyl, 2,2,3,3',4,4',5,5'-octachlorobiphenyl, 2,2',3, 3' , 4,4', -

5,6,6' nonachlorobiphenyl, and decachlorobiphenyl and also

internal standard at 2 ng/mL: de-3,3',4,4'-tetrachlorobiphenyl.

b. Medium Level PCB Standard; Prepare a stock solution

containing the native PCBs listed above at 5 ng/uL and the inter-

nal standard at 2 ng/uL isooctane.

c. High Level PCB Standard: Prepare a stock solution
t

containing the native PCBs listed above at 25 ng/uL and the

internal standard at 2 ng/uL isooctane.

d. Internal Standard PCB Mixture: Prepare a stock solution

containing 1 ng of ds-3,3',4,4'-tetrachorobiphenyl/uL isooctane.

This isomer is added to all samples prior to analyses and serves

as an internal standard for use in quantitation. Recovery of

this standard is also used to gauge the overall efficacy of the

analytical procedure.

E. Analysis of Sample Extracts for PCDD and PCDF Using Gas
Chromatoqraphy-Mass Spectrometry (GC-MS).

Sample extracts prepared by the procedures described in

14



the foregoing are analyzed by GC-MS utilizing the following

instrumental parameters. Typically, 1 to 5 uL portions of the

extract are injected into the GC. Sample extracts are initially

analyzed using the DB-5 capillary GC column to obtain data on the

concentrations of total tetra- through octa-CDDs and CDFs, and on

2,3,7,8-TCDD. If tetra-CDFs are detected in this analysis, then

another aliquot of the sample may be analyzed in a separate run,

using the DB-225 column,if more definitive data on the

concentration of 2,3,7,8-TCDF is desired.

1. Gas Chromatograph: Carlo Erba 4200 or Varian 3740

a. Injector: Configured for capillary column,

splitless/split injection (split flow on 60 seconds following

injection), injector temperature, 2508C.

b. Carrier gas': Hydrogen, 30 Ib head pressure.

c. Capillary Column: For total tetra- through octa-

CDDs/CDFs and 2,3,7,8-TCDD, 60 M x 0.25 mm I.D. fused silica

DB-5; temperature, programmed, see Table 1 for temperature

program. Capillary Column 2 (Optional): For 2,3,7,8-TCDF only,

30 M x 0.25 mm I.D. fused silica DB-225, temperature programmed

(180° for 1 min., then increase from 180° to 240° @ 5° C/min,

hold at 240° for 1 min)

d. Interface Temperature: 250°C

2. Mass Spectrometer; Kratos MS-30 or Kratos MS-25

• a. lonization Mode: Electron impact (70 eV)

b. Static Resolution: 1:600 (10% valley) or 1:10,000

£ depending upon requirements. Usually the sample extracts are

|. initially analyzed using low resolution MS, then if PCDD/PCDF are

15



detected, it is desirable to analyze a second portion of the
f

sample extract using high resolution MS.

c. Source Temperature: 250°C

d. Accelerating Voltage: 2KV or 4KV, depending upon

instrument

e. Ions Monitored: Computer controlled Selected Ion
%

Monitoring, See Table 1 for list of ion masses monitored and time

intervals during which ions characteristic of each class of PCDD
g

and PCDF are monitored.

3. Calibration Procedures:

a. Calibrating the MS Mass Scale: Perfluorokerosene,

decafluorotriphenyl phosphine, or any other accepted mass marker

compound must be introduced ihto the MS, in order to calibrate

.«- the mass scale through at least m/z 500. The procedures

specified by the manufacturer for the particular MS instrument

"•' used are to be employed for this purpose. The mass calibration
j

should be rechecked at least at 8 hr. operating intervals.

b. Table 1 shows the GC temperature program typically

used to resolve each chlorinated class of CDDs and CDFs from the

other chlorinated classes, and indicates the corresponding time

intervals during which ions indicative of each chlorinated class

are monitored by the MS. This temperature program and ion

monitoring time cycle must be established by each analyst for the

particular instrumentation used by injecting aliquots of Standard

Mixtures C and D. It may be necessary to adjust the temperature

program and ion monitoring cycles slightly based on the observa-

tions from analysis of these mixtures.
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i-s
c. Checking GC Column Resolution for 2,3,7,8-TCDD and

2,3,7,8-TCDF: Utilize the column resolution TCDD and TCDF isomer

mixtures (Standard Mixture D), containing 50 pg/ uL, respectively

of the appropriate TCDD and TCDF isomers to verify that 2,3,7,8-

TCDD and 2,3,7,8-TCDF are separated from the other TCDD and TCDF

isomers, respectively. A 20% valley or less must be obtained

between the mass chromatographic peak observed for 2,3,7,8-TCDD

and adjacent peaks arising from other TCDD isomers and similar

separation of 2,3,7,8-TCDF from other neighboring TCDFs is re-

quired. Analyze the column performance standard using the

instrumental parameters specified above and in Table 1. The

**" column performance evaluation must be performed each time a new

feI" column is installed in the gas chromatograph, and at least once

if, during each 8 hour operating period. Providing that the same
i
|, " column is employed for a period of time, its performance can also

*fc- be gauged by noting the peak width (at 1/2 peak height) for
Jr.

2,3,7,8-TCDD or for 2,3,7,8-TCDF. If this peak width is observed

to broaden by 20% or more as compared to the usual width for
A

satisfactory operation, then the column resolution is suspect and

must be checked. If the column resolution is found to be
W
*" insufficient to resolve 2,3,7,8-TCDD and 2,3,7,8-TCDF from their

neighboring TCDD and TCDF isomers, respectively, (as measured on

the two different columns used for resolving these two isomers),

then a new DB-5 column must be installed.

d. Calibration of the GC-MS-DS system to accomplish

quantitative analysis of 2,3,7,8-TCDD and 2,3,7,8-TCDF, and semi-

quantitative analysis of the total tetra- through octa-CDDs and
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CDFs contained in the sample extract is accomplished by analyzing

a series of at least three working calibration standards. Each

of these standards is prepared to contain the same concentration

of each of the stable-isotopically labelled internal standards

used here (Standard Mixture A) but a different concentration of

native CDDs/CDFs (Standard Mixture C). Typically, mixtures will

be prepared so that the ratio of native PCDD and PCDF to

isotopically-labelled PCDD/PCDF will be on the order of 0.1, 0.5

and 1.0 in the three working calibration mixtures. The actual

concentrations of both native and isotopically-labelled PCDD and

PCDF in the working calibration standards will be selected by the

analyst on the basis of the concentrations to be measured in the

actual sample extracts. At the time when aliquots of each of the

standards are injected (and also when injecting aliquots of

actual sample extracts) an aliquot of a standard containing

typically 0.1 ng of *3Ciz-1,2,3,4-TCDD may be drawn into the

micro syringe containing the calibration solution described above

(or the sample extract) and is co-injected along with the sample

extract in order to obtain data permitting calculation of the

percent recovery of the 13Ci2-2,3,7,8-TCDD in internal standard.

Equations for calculating relative response factors from the

calibration data derived from the calibration standard analyses,

and for calculating the recovery of the x3Ci2-2,3,7,8-TCDD and

the other isotopically-labelled PCDD and PCDF, and the

concentration of native PCDD/PCDF in the sample (from the extract

analysis) are summarized below. In these calculations, as can be

seen, 2,3,7,8-TCDD is employed as the illustrative model.
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However, the calculations for each of the other native dioxins

and furans in the sample analyzed are accomplished in an

analogous manner. It should be noted that in view of the fact

that stable isotopically-labelled internal standards

corresponding to each tetra- through octachlorinated class were

not used here (owing to limited availability) the following

approach is adopted: For quantitation of tetrachlorinated

dibenzofurans 13Ci2-2,3,7,8-TCDF is used as the internal

standard. For quantitation of tetrachlorodibenzo-p-dioxins,

13Ci2-2,3,7,8-TCDD is used as the internal standard. For quanti-

tation of PeCDD, HxCDD, PeCDF, and HxCDF, the stable-isotopically

labelled TCDD and TCDF internal standards are used. For quanti-

tation of HpCDD, OCDD, and HpCDF, OCDF, the isotopically-labelled

OCDD is used. Inherent in this approach is the assumption that

the response factors for each of the isomers of each chlorinated

class are the same, and in the case of the penta-, hexa-, and

hepta-CDDs and CDFs, the assumption is made that the responses

for these three classes are equivalent to those for the tetra-

isomers and the octa-isomers, respectively. These limitations,

coupled with the fact that the method described here cannot be

demonstrated to resolve all PCDD and PCDF of a given chlorinated

class into uniquely separated components, dictate that the data

reported for the concentrations of total tetra-, penta-, hexa-,

and hepta-CDDs and CDFs are semi-quantitative.

Vf.
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4. Equations for Calculating Response Factors,

Concentrations of PCDD/PCDF, and Recoveries of Internal

Standards.

Equation 1: Response Factor (RRF) for native, 2,3,7,8-TCDD
using *3Ci2-2,3,7,8-TCDD as an internal
standard.

RRFd = (AsCis /AisCs )

where; As = SIM response for 2,3,7,8-TCDD ion at
m/z 320 + 322

Ai s = SIM response for 13Ci2-2,3,7,8-TCDD internal
standard ion at m/z 332

Cts = Concentration of the internal standard
(pg/uL)

Cs = Concentration of the 2,3,7,8-TCDD (pg/uL)

b. Equation 2: Response Factor (RRF) for 37C«-2,3,7,8-TCDD,
the co-injected external standard.

RRF = ( A l s C e s / A e s C l s )

where: At * = SIM response for 37Cliz-2,3,7,8-TCDD
internal standard ion at m/z 322

Aes = SIM response for 37C4-2,3,7,8-TCDD
external standard at m/z 328 - 0.009 (SIM
response for native 2,3,7,8-TCDD at m/z 322)

Cis = Concentration of the internal standard
(pg/uL)

Ces = Concentration of the 2,3,7,8-TCDD (pg/uL.)

-,i
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c. Equation 3.: Calculation of concentration of native 2,3,7,8-
f - TCDD using l 3 d 2 -2 , 3 , 7 , 8-TCDD as internal

standard

'*' Concentration, pg./g. = (As) (Is ) / (Ai 3 ) (RRFd ) (W)

where: As = SIM response for 2, 3, 7, 8-TCDD ion at
; m/z 320 = 322

.; Ai s = SIM response for the 1 3 Ci 2 -2 , 3 , 7 , 8-TCDD
internal standard ion at m/z 332

i*
Is = Amount of internal standard added to each

sample (pg. )

W = Weight of soil or waste in grams

RRFd = Relative response factor from Equation 1
*-
*J

-* d. Equation .4: Calculation of % recovery of * 3 Ci 2 -2 , 3 , 7 , 8-
TCDD internal standard

-1 % Recovery = 100 (At s ) (E. )/(Aes ) (It ) (RRFf )
i

& - Ais SIM response for * 3 Ci 2 -2 , 3, 7 , 8-TCDD

W
internal standard ion at m/z 332

as

f Aes SIM response for 3 7 Cli -2 , 3, 7 , 8-TCDD
9> external standard ion at m/z 328 - 0.009

(SIM Response for native 2, 3, 7, 8-TCDD at
m/z 322)

* Es = Amount of 3 7 Cl< -2 , 3 , 7 , 8-TCDD external
h standard co-injected with sample extract
i

It = Theoretical amount of 1 3 Ci 2 -2 , 3 , 7 , 8-TCDD
internal standard in injection

RRFf = Relative response factor from Equation 2
*•-

5. Criteria for Qualitative Identification of PCDD/PCDF Are

Specified Below.

a. Mass Spectral responses must be observed at both

the molecular and fragment ion masses corresponding to the ions

indicative of each chlorinated class of CDDs/CDFs identified (see
*
& Table 1) and intensities of these ions must maximize essentially™

21
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simultaneously (within + 1 second). In addition, the

chromatographic retention times observed for each CDD/CDF signal

must be correct relative to the appropriate stable-isotopically

labelled internal standard.

b. The ratio of the intensity of the molecular ion [M] +

signals to that of the [M+2]+ signal must be within +20% of the

theoretically expected ratio (for example, 0.77 in the case of

TCDD; therefore, the acceptable range for this ratio is 0.62 to

0.92) .
c. The intensities of the ion signals are considered to

be detectable if each exceeds the baseline noise by a factor of

at least 2.5:1. The ion intensities are considered to be

quantitatively measurable if each ion intensity exceeds the

baseline noise by a factor of at least 5:1*.

d. For reliable detection and quantitation of PCDF it

is also necessary to monitor signals arising from chlorinated

diphenyl ethers which, if present could give rise to fragment

ions yielding ion masses identical to those monitored as

indicators of the CDFs. Accordingly, in Table 1, appropriate

chlorinated diphenyl ether masses are specified which must be

monitored simultaneously with the CDF ion-masses. Only when the

response for the diphenyl ether ion mass is not detected at the

In practice, the analyst can estimate the baseline noise by
measuring the extention of the baseline immediately prior to
each of the two mass chromatographic peaks attributed to a
given CDD or CDF. Spurious signals may arise either from
electronic noise or from other organic compounds. Since it
may be desirable to evaluate the judgement of the analyst in
this respect, copies of original mass chromatograms must be
included in the report of analytical results.
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same time as the PCDF ion mass can the signal obtained for an

apparent PCDF be considered unique.

e. Semi-Quantitative measurement of the concentration

of the congeners in a chlorinated class using the methods

described herein is based on the assumption that all of the

v" congeners are identical to the calibration standards employed in

terms of their respective chemical and separation properties and

in terms of their respective gas chromatographic and mass

r- spectrometric responses. Using these assumptions, for example,
4

* the *3Ci2-2,3,7,8-TCDD internal standard is utilized as the

internal calibration standard for all of the 22 TCDD isomers or
T

;. congeners. Furthermore, the concentration of the TCDDs present
*

{* in a sample extract is determined' by calculating, on the basis

of the standard procedure outlined above, the concentration of

I- each TCDD isomer peak (or peaks for co-eluting isomers) and these

individual concentrations are subsequently summed to obtain the

concentration of "total" TCDD.

f. Frequently, during the analysis of actual sample

extracts, extraneous compounds which are present in the extract

(those organic compounds not completely removed during the clean-

up phase of the analysis) can cause changes in the liquid and gas

chromatographic elution characteristics of the PCDD/PCDF

(typically retention times for the PCDD/PCDF are prolonged).

Such extraneous organic compounds, when introduced into the mass

spectrometer source may also result in a decrease in the

sensitivity of the MS because of suppression of ionization, and

other affects such as charge transfer phenomena. The shifts in

4
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chromatographic retention times are usually general shifts, that

is, the relative retention times for the FCDD/PCDF are not

,'• changed, although the entire elution time scale is prolonged.

The analyst's intervention in the GC-MS operating sequence can

T?
,*, correct for the lengthened GC retention times which are sometimes

^ observed due to the presence of extraneous organics in the sample

extract. For example, using the program outlined in Table 1, if

the retention time observed for 2,3,7,8-TCDD (which normally is
s

'•* 19.5 minutes) is lengthened by 30 seconds or more, appropriate

adjustments in the programming sequence outlined in Table 1 can
;
\ be made, that is, each selected ion-monitoring program is delayed

by a length of time proportionate to the lengthening of the

retention time for the 2,3,7,8-TCDD isomer. In the case of

ionization suppression, this phenomenon is inherently

*" counteracted by the internal standard approach. However, if loss
8
* of sensitivity due to ionization suppression is severe,
Sr

additional clean-up of the sample extract may be required in

order to achieve the desired detection limits

F. Quality Assurance/Quality Control

f Quality assurance and quality control are ensured by any or
y
^ all of the following provisions, depending upon the requirements

of the analysis.

1. Each sample analyzed is spiked with stable isotopically

labelled internal standards, prior to extraction and analysis.

Recoveries obtained for each of these standards should typically

1 be in the range from 60-90%. Since these compounds are used as
f
| true internal standards however, lower recoveries do not
i: *
t
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necessarily invalidate the analytical results for native

PCDD/PCDF, but may result in higher detection limits than are

desired.

2. Processing and analysis of at least one method blank

sample is generally accomplished for each set of samples (a set

being defined as 20 samples or less) .

3. It is desirable to analyze at least one sample spiked

with representative native PCDD/PCDF for each set of 20 or fewer

samples. The results of this analysis provide an indication of

the efficacy of the entire analytical procedure. The results of

this analysis will be considered acceptable if the detected

concentration of each of the native PCDD/PCDF added to the sample

is within +50% of the known concentration. (The appropriate

native isomers to be added here are those indicated in Standard

Mixture F.)

4. At least one of the samples analyzed out of each set (of

20 samples or less) is usually analyzed in duplicate and the

results of the duplicate analysis are included in the report of

data.

G. Analysis of Sample Extracts for PCS Using Gas Chromatography-
Mass Spectrometry (GC-MS)

Sample extracts prepared by the procedures described in

Sections A, B, and C are analyzed for PCB by GC-MS utilizing the

following instrumental parameters. Ten to twenty percent of the

total sample extract is injected into the GC. Sample extracts

are analyzed using the DB-5 capillary GC column to obtain data on

the concentrations of total mono- through deca-CB.

* 25



1. Gas Chromatograph; Carlo Erba 4200 or Varian 3740

a. Injector: Configured for capillary column,

splitless/split injection (split flow on 60 seconds following

injection): injector temperature, 300°C.

b. Carrier gas: Hydrogen, 30 Ib. head pressure.

v c. Capillary Column: For total mono-through deca-

chlorinated biphenyls, 60 M x 0.25 mm ID fused silica DB-5;

temperature, programmed, see Table 2 for temperature program.
r*.

t d. Interface Temperature: 250°C

2. Mass spectrometer: Kratos MS-30 or Kratos MS-25

a. lonization Mode: Electron impact (70 eV)

b. Static Resolution: 1:600 (10% valley) or 1:10,000

^ depending upon requirements.

4 c. Source Temperature; 250°C

d. Accelerating Voltage: 2KV or 4KV, depending upon

instrument.

e. Ions Monitored: Computer controlled Selected ion

Monitoring, See Table 2 for list of ion masses monitored.

3. Calibration Procedures:

a. Calibrating the MS Mass Scale: Perfluorokerosene

is introduced into the MS, in order to calibrate the mass scale

through m/z 500. The mass calibration is rechecked at least at 8

hr. operating intervals.

b. Table 2 shows the GC temperature program typically used

to resolve each chlorinated class of PCBs from the other

chlorinated classes, and indicates the corresponding time

intervals during which ions are monitored by the MS. This
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temperature program and ion monitoring time cycle is established

by injecting aliquots of Standard Mixtures of PCBs. It is

sometimes necessary to adjust the temperature program and ion

monitoring cycles slightly based on the observations from

analysis of these mixtures.

c. Calibration Standards for mono-deca CB consist of

the solutions described in section D.2.

4. Quality Assurance/Quality Control for PCB Analyses

Quality assurance and quality control are ensured by

following provisions.

a. Each sample analyzed by GC-MS is spiked with stable

isotopically labelled internal standards, prior to extraction and

analysis. Recoveries obtained for each of these standards should

typically be in the range from 60-90%. since these compounds are

used as true internal standards, however, lower recoveries do not

necessarily invalidate the analytical results for native PCBs,

but may result in higher detection limits than are desired.

b. Processing and analysis of at least one method

blank sample is accomplished for each set of samples (a set being

defined as 12 samples or less).

c. It is desirable to analyze at least one sample

spiked with representative native PCBs for each set of 20 or

fewer samples. The result of this analysis provides an

indication of the efficacy of the entire analytical procedure,

the results of this analysis will be considered acceptable if the

detected concentration of the native PCBs are within +50% of the

known spike concentration.
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TABLE 1. Segyence of Ogeratigns in 6C;HSrpS Dyantitation of
fC$P/CPDF in Extracts of Environiental Saigles

Elapsed
Tiie
din)

0.00
1.00
LOO
6.00

7.00
14.00

22.00

22.50

23.00
26.00

Ions Monitored Appro* iiate
GC Coluin Teaperature by Hass Theoretical
Teiperature Prograa Rate Spectroieter Identity of Coipounds Ratio

Event (»C) («C/iin) (i/z) Fragient Ion Monitored of [H]*:[«t2]f

Injection, splitless 190
Turn on split valve 190
Begin tejp. progra to 220 C 190 5
Open coluin flow to lass

spectroieter 215 5
Coluin teiperature hold 220
Start Tetra Program; sweep =
350 ppi; tiie/iass = 0.08 sec.

Stop Tetra Prograi 220

Start Penta Prograi; sweep =
350 ppi; tiie/iass = 0.12 sec.

Begin teip. prograi to 235 220 5
Coluin Teiperature hold 235

240.938
258.930
303.902
305.899
311.890
319.897
321.894
327.885
331.937
373.840

274.899
290.894
337.863
339.860
353.858
365.898
355.355
407.801

[H-COC11+
[H-COCi]*
M*
[11*2] *
[H]*
[«*
[H*2l*
[H]*
[«]*
[H]*

[H-COCl]*
[H-COCl]*
[H]*
[H*2]*
[«+
[Hi*
[H+2J+
[H]*

TCDF
TCDD
TCDF
TCDF
37Ci4-TCDF
TCDD
TCDD
"CH-TCDD
uCiz-TCDD
HxDPE(a)

PeCDF
PeCDD
PeCDF
PeCDF
PeCDD
13Cii-PeCDD
PeCDD
HpDPE (a)

0.77

0.77

1.54

1.54

32.00 Stop Penta Prograi

01.Pro



TABLE 1. Sequence of Qgerations in 6C:HS;DS Quantitation of

Elapsed
Tite
(•in)

32.50

33.00
36.00

42.50

43.00

53.00

53.50

54.00
58.00

PCDD/PCOF in Extracts of Environiental Saigles - Continued

Ions Monitored Approxiiate
GC Coluin Teiperature by Mass Theoretical
Teiperature Prograi Rate Spectroieter Identity of Coipounds Ratio

Event ("0 (»C/iin) (i/z) Fragient Ion Monitored of [H]+:[H+2]*

Start Heia Prograi; sweep = 235
350 ppi; tiie/iass - 0.20 sec.

Begin teip. prograi to 250 C 235 5
Coluin teiperature hold 250

Stop Hexa Prograi

Start Hepta Prograi; sweep - 250
350 ppi; tiie/iass : 0.30 sec.

Stop Hepta Prograi 250

Start Octa Prograi; srffep = 250
350 ppi; tiie/iass = 0.30 sec.

Begin teip. prograi to 270 250 5
Coluin teiperature hold 270

310.857
326.852
373.821
375.821

389.316
411.856
391.813

443.759

344.318
360.813
407.782
409.779
423.777
425.774
435.817
477.720

378.763
394.774
441.732
443.740

457.738
459.735

[H-COC1I*
[H-COCl ]+
[M]*
[H+2]+

[H3̂
[H]+
[H*2]+

[H]+

[H-COCl]*
[H-COCi]f
[HJ*
[H+2]*
[H]+
[H*2]*
[H]*
[H+]

[H-COCl ]+
[H-COCl]*
[H]*
[«+2]*

[HJ+
[H+2J*

HxCDF
HxCDD
HxCDF
HxCDF

HxCDD
13Ci:-HxCDD
NxCOD

ODPE (a)

HpCDF
HpCDD
HpCDF
HpCOF
HpCDD
HpCDD
1JCi2-HpCDD
NDPE (a)

OCDF
OCDD
OCDF
OCDF

OCDD
OCDD

1.23

1.23

1.03

1.03

0.88

0.88



. Elapsed
t Tiie

(nn) Event

TABLE 1. Se.gue.nce of Ogerations in 6C:HS:DS Quantitation of
PQ55/PQDF in Extracts of Environiental Sa.ip.les - Continued

Ions Monitored Approxiiate
6C Coluin Temperature by Mass Theoretical
Teiperature Prograi Rate Spectroieter Identity of Compounds Ratio

(•C) («C/iin) (i/z) Fragient Ion Honitored of [H]t:[H+2]+

65.00 Stop Octa Prograi

65.00 Begin teip. prograi to 300
71.00 Coluin teiperature hold
75.00 Cool Coluin to 190

471.776
511.631

13Ci2-OCDD
DOPE (a)

270
300

(a) HxDFE, HpDPE, ODPE, NOPE, DOPE are abbreviations which designative (respective) hexachloro-, heptachloro-, octachioro-,
nonachloro-, and decachlorodiphenyl ethers.



IABLE 2

of Ogeratigns in SC;MS:DS Quantitation of PCSs in Saiole Extracts

r
I

Elapsed
III? iliol _. _Event_

0.00
1.50
7.00

23.00
35.00
40.00

Injection, spiitless
Split valve on
Open coluin flow to tass spectroueter;
begin tetp. prograi to 2708C
Start HID prograi: sweep width : 100; tiie
on ion aass ; 0.1 sec
Tiie on ds-tetra-CBP ion lasses : 0.1 sec

Hold coluan teip
Stop HID prograi
Cool coiuin to initial teap.

6C Coluin
Teiperature
i'C

190
170
190

190

Ions Monitored
Teiperature by Hass
Progra»/Rate Spectroieter
i'C/iinj Ii/jl

5 138.039
190.036
222.000
223.997
255.961
257.953
289.922
291.919
325.880
327.877
359.841
361.339
393.802
395.800
427.763
429.761
463.722
465.719
497.633
499.680
295.922
297.919

PCB
Hpnjtcred

Hono-
Hono-
Di-
Di-
Tri-
Fri-
Tetra-
Tetra-
Penta-
Penta-
Hexa-
Hexa-
Hepta-
Hepta-
Octa-
Octa-
Hona-
Nona-
Deca-
Deca-
d«-Tetra
d«-Tetra

270
270

13



ATTACHMENT D

INTRALABORATORY SAMPLE TRACKING FORMS FOR BREHM LABORATORY
ANALYSES OF U.S. COAST GUARD EXTRACTS OF SEDIMENT SAMPLES AND OF

SEDIMENT SAMPLES RECEIVED FROM NUS CORP. FOR PCDD AND PCDF
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^reject name:

Samp-9 tyoe :

Sa«cles to be preoped for analysis by:

SUMWIRY Of CDD/CDF BNflLYTICflL REQUIREMENTS

c'. 0. fiû be?' :

Hazard level :

of

Date retirements established:

*3U sawole number(s): fySC(s "

Total Riiwber of sassie
tyoes and foms/oro;ec::

GC/KS: 015 KS-25
New «S-25

Required analyses: /f 2378 TCDD(seecific) £378 TCDD/TCDF (not
_ 3378 TCDF(scecific) 2378 TCDF soecific)

Detec:. lisit : Recionl 2J//-/ga?Tarset^a* Sec'jired

Sanale Preo Size : &>• <
~r

015 MS-33
067 KS-30

TCDD isoaers
TCDF isosers

Recion2

6C rl
EC

TCDD/F-HxBD/F
TCDD/F-CC3D/F

Target Reouired

Internal I Internal
Standard ! Standard

Nam

TCHD only

TCDD/TCDF

Ext. Std.

T-Q CDD/F

Number

102294-1

EPfl 1833-1

102092-11

102110-1
-\-

NeH T-0 I
-i-

NIEHS 1 102096-5

2378
37CL4
TCDD

0.103

2378
6C12
TCDD

0.050

0.050

Concentration of Internal Standard Coaponent (ng/aicroliter)
2378 1 2378
13C12 1 37CL4
TCDD ! TCDF

0.025

0.250

0.250

0.125

0.100

0.100

0.050

2378
13C12
TCDF

12378
13C12
PCDD

0.125

0.050 I

12378
13C12
PCDF

1234781 12347811234678112346781
13C12
HxCDD

8.125

0.050 i

13C12
HxCDF

13C12
HpCDD

13C12 1 13C12
KpCDF 1 CCDD

- I 0.253

13C12 I
QCDF I

Total no Int Std added I ̂y' I l<>, / I 1 / 1

Internal Std t Microliters Internal Std/saaple Microliters External Std/sanple

1
Native 1 Native 1

Std Nam 1 Std No. 1 TCDD1 1
TCDD only 1 102094-2 1 0.0051 1
TCDD/TCDF lEPfl 1835-41 0.020

T-0 CDD/F lEPfl 1840-31 0.050

NIEHS 1 102096-4 1 -

Total ng Native added 1

TCDF

0.020

0.050

0.026

Concer

PCDD

-

0.050

rtration
23467

PCDF

-

(0.050)

0.026

of Nati>
12478
PCDF

-

-

0.026

1 1 1

is Standi
23478

PCDF

-

-

0.026

ird Ccapc

HxCDD

-

-

0.050

>nent (n

HxCDF

0.050

0.026

1 1

l/eicrol:

HpCDD

-

-

0.050

ter)

HoCDF

0.050

1

OCDO ! DCDF i
! 1

- I I

0.050 0.050 ! i
i •

- 1 - ! !

1 i 1

Native spike std tt Microliters Native Std/savole

Gfl/QC : Lab blanks
Matrix blanks
Native spikes
Duplicates

oer 2_ samples
per """ saaoles
per saaples

List saaple numbers and requireaents
(if specified by contract) for Qfl/QC:

~ per sanples Other(detect. l imit verification,ect):

Special Prep Reaui resents: _ Dioestion with
y" Boitle extraction
_'_ Other (soecify)

__

Soxn
Other digestion conditions

6C/MS soecifics: Column: _x^DB5(6«N) (no 2378 specific TCDF) _. DB225(20«) 2378 TCDF soecific only Other:

Stds reouired daily: j£ P'eniix Lowest std curve seaber Detection Unit ve-ification

Data reauirenents: _^ Original chroaiatograits
Data nust natcn orevioMS foroat

(describe t n ce ta i l )
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SUMKflRY Of CDD/CDf flNflLYTICfll REQUIREMENTS c-ace ! of

Pt eject nan*:

D:s tvoe :

Saiecles to be preooed for analysis by:

Recuired analyses: /fej78 TCDD(scecific)
2378 TCDF(specific)

Ci l\

Hazard level

GC/XS:

Date retirements established:

5U samole nu»ber(s) :

015 KS-23
New KS-2S

2373 TCDD/TCDF (not
2378 TCDF specific)

Total number of sassle
types and fonts /orojec:: _

015 MS-33
867 KS-30

TCDD isoaers
TCDF isosers

F!
EC

TCDD/F-HxCDD/=
xTCDD/F-OCDD/F

Detec;. liait : Reoionl

Sanple Prep Size : ,SOc

Tar:et. Recion2 Target Required

Internal
Standard

Nane

TCDD only

TCDD/TCDF

Ext. Std.

T-0 CDD/F

NCM T-0

N1EHS

Internal
Standard

Number

102094-1

EPA 1833-1

102092-11

182110-1

/W*/d
1020%-5

2378
37CL4

TCDD

-

0.100

0.100

0.050

-

2378
6C12
TCDD

-

-

0.050

Concez
2378

13C12
TCDD

0.025

0.253

0.250

0.125

rtration
2378

37CL4
TCDF

-

0.100

-

0.109

0.050

of Inter
2378

13C12
TCDF

0.100

- 1 0.050

•nal Stai
12378
13C12

PCDD

-

-

-

-

0.125

Total no Int Std addedl fl,/ 1 1 y 1 ̂  1 1 y

idard Con
12378
13C12
PCDF

-

-

-

-

0.050

loonent
123478
13C12
KxCDD

-

-

-

-

0.125

- 1

ng/ncrc
123478
13C12
KxCDF

'0.050

>liter)
1234678112346781

13C12 1 13C12 1 13C12
HpCDD HpCDF 1 CCDD

-

0.125

-

/ I I t

- 1 -

1
_, i

t

- 1 '0.253

- ! 0.125

- 1 -

I i

i
13C12
QCF

-

-

-

-

-

-

Internal Std I &(/03$-Jt4 Hicroliters Internal Std/saaple _^_ Nicroliters External Std/sasple __

I
Native I Native I
Std NaK I Std No. I TCDD

1 1
TCDD only I 102094-2 I 0.005

1 j.
TCDD/TCDF lEPfl 1835-41 0.020

1 1.

Concentration of Native Standard Coaoonent (na/Bicroliter)

Native spike std t Microliters Native Std/sanole

Qfl/QC : Lab blanks / per
Matrix blanks ~^_~.~ per
Native soixes - per
Duplicates __*•__ f»i"

List sacple numbers and requireaents
( i f soecified by contract) for Qfl/QC:

samoles
sanples
samples

_ sanples Othertdetect. liait verification,ect)

Special Preo Reouirements: Digestion with
Bottle extraction ~
Other (soecify) '_

Other digestion conditions

GC/MS soecifics: Column:

Stds reouired daily:

Data reauireaents:

DB5(6flM) (no 2378 soeci'ic TCDF) ... DB225120M) 2378 TCDF specific only Other:

Lowest std curve neniber __ Detection halt ve-ificatjon

Original cnrcaiatograns
Data nast aatcn orevious rot-teat

(descrioe in cetai i )
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Or CDO/CD? f.'AvT:CCi. ^-JISS^TS

•3:; -vce : I

:ir9s to be 3--eo:=d for snaivsis cv:

-irars

Dat? recu

Total ru-iref cf
tyces ana wst

:uire: analyses: _X2375 TCK'.SMCir'ic) __ 2373 TCDD/7"f (not
2373 TCjr!s:°c:fiL> "" 127s "1? =3ec:f:c)

TCDD isosers
T

;sct. hait : 3srtOT1':

isi?

•iar:s: / -i/-sc'j'.rr-:/x». / ^ Tarcst

nternal
tandard
Nace

DD only

3D/TCEf

V CVJ
* • 3* W«

0 CDD/r

it T-0

KIEMS

^

1
Internal 1 2372
Standard I 37CL4
Nustsr 1 TCDD

ICJflSM 1 -

EW 1333-1! 0.K3

1C2992-111 -

1W11U-1 1 0.183

ioy&i-ri 9-CM

192395-5 1 -

2373
6C15
TCDD

-

-

e.esa
-
-
-

Concentration
2373 1 2373

13C12 i 37CL4
TCDD ! TC£f

• i . i

e.e£5
8.253

-

a. 253
8.125

_

cf Inter
2378

13C12
TCDF

-

0.1C3 1 -

-

a.i«)
0.050

-

arnsr

0.050

•nal Star
1S37S
13C12

PCDD
,

-

0.125

;darc! Cor
12373
13C12
PCDF

-

0.053

aoor*nt
123473
13C12
KxCDD

-

0.125

ns/aicrc
123478
13C12
HxCDF

0.050

)hter)
12246781123*6731 i

13C12 1 13C12 1 13C12 I 13C12 :
HcCDD 1 KsCDF t CCDD 1 GCIF '

- 1 - 1 - ! -
. I _ 1 _

- i - : -
- 1 - 1 8.253

0.125 1 - 1 0.125

- 1 - 1 -

;

!

- 1

- 1
1
i

al no Int Std added l^^/ 1 ' / ' /O, s/ ' ' / ' ' / ' ' / ' ' / ' '

iternal Std * Microliters Internal St2/saaple Microliters External Std/sasple ___

Native 1 Native
>td Naee 1 Sta No.

i

:DD only 1 1G2W4-2
i

:DO/TCDf lEPfl 1835-4

-0 CDD/F lEPfl 1B40-3

NIEHS 1 1K096-4

TCDD

0.C35

0.020

0.053

-

Ul no Native added 1

TCDF

-

0.020

0.05J

a. ess

Concei

PCDD

8.053

itration
23467

PCDF

-

-

(0.050)

0.026

1 1

of Nath
12478
PCDF

-

0.0CO

is Standc
23478

PCDF

3.025

»rd Cc3K

HxCDD

3. CSS

-

inent (ns/Bicroh
f

HxCDF 1 HcCDD

- 1 -

- ! -

0.853 ! 0.353

ter)

KcCDF

0.050

0.326 1 - 1 -

DCDD

0.250

-

1
CCDF i

J

i

0.050 1
|

:

1 1 1 1 1 1 1

itive spike std * Kicroliters Native Std/sauole

9/CC : Lab blanks / oer 2. saaales Us: sample nursbers and recmreaents
l"atrix blanks I^L~ c«r ™~ sanoles ( i f specified oy contract) for Qfl/QC:
Native SOIKBS ~_jl~~ per _ sanoles
Duohcates _.<zl~ per sanoles Cfier(detect, hnit ver i f ica t ion ,ec t ) :

oscial Preo Recuirenents: Digest ion mt f i
Beetle entrac:u?T
Cther!s?ecifv)

Ot'ier c'loestion conditions

^ccc i f i c s : Colur-n:

Stds recuircd da i lv :

DL'S(6k» (nc- 2373 r.otc: fy T'^f)

:'wiix L'-'NPSt etc; c-jrve

t2^'") 2373 TCC- SDecif ic oi.I.

Detect ion h-it ve-if ' .ca'. :on

: *\. O - i a i n j l chtxrjtoorai^
Oat i i--"-.: rnitcT ctevio'io f ? r r a



ATTACHMENT E

INTRALABORATORY SAMPLE TRACKING FORMS FOR BREHM LABORATORY
ANALYSES OF U.S. COAST GUARD EXTRACTS OF SEDIMENT SAMPLES
AND OF SEDIMENT SAMPLES RECEIVED FROM NUS CORP. FOR PCB
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ATTACHMENT F

TABLES OF DATA

RESULTS OF BREHM LABORATORY ANALYSES OF U.S. COAST GUARD SAMPLE
EXTRACTS AND OF SEDIMENTS RECEIVED FROM NUS CORP.

FOR PCDD AND PCDF



r
(,*_.

* TABLE 1
?"'

* ore"..* Laboratory, niricnt State LTHversity. Day?on. unio »5*35

Results of HflsC-LJ^S analyses of sanrales for 'straCn lor mated tnrouan
DtriaCriiorinatea BIBENZC-o-DIQXINS iCBDs), DiBI^ZCrL'wNS (CDFs), 2,3.7.8-TETSfl-OD I 2.3,7,8-TETRfl-CDF

Concentrations Found (nanocraas oer total saaole) a.

_ of of of of
USCS/=yfl Brsriia 2378 13C12 Surro- Total Total Total Total Total 12C12 2373 37CI^ Total Total Total Total Total
SaBoie Lab Tetra 2376 ca:e Tetra Penta rsxa hesta ucta CCTD Tetra 2378 Tg-ra Penta Hexa Hsota Octa

< I.D. NO NO. TCDD TCDD " CDDs CDDs CDDs CDDs CDD TC:f TCDF DFs CDFs CDFs CDFs CDF

27 UK 6-1 ND lcS.5 58.3 ND ND ND 8.472 8.763124.? 1L7 133.4 *1.7 c£.£ iL3 L«2 8,s25
8.15*

(B.C) USC 6-2 ND e. 164.9 ND ND ND 9.532 3.3SS 154.6 5.91151.2 23.3 33.9 25.9 2.K 1.13
0.0977 0.0656 8.143 8.561

La3 Slank USC5-8B ND 56.5 94.1 ND ND ND ND ND 48.7 ND 55.9 ND ND ND NO ND
0.8311 0.0488 8.130 8.558 8.192 0.177 8.8338 8.8371 8.8778 0.171 8.547 8.349

a. The cesignation ND iraicates "Sens DetsctK* in excess of tne minimus detecfacle concentration wiicn is listed oirectly belot*
tne ND oesicration.

fa. Unless otherwise indicated, the concentrations listed for 2,3,7,8 TCDF couid include contributions fron co-eiutinc TCDF isomers.
<

e. The internal standard renion failed to yield a value because of chemical interference.
The native regions that were to be calculated by the failed internal were calculatea by using
the nearest non-interfered internal standard.



TABLE 2

Brena Lacoratory, Siricht State university, Dayton, Ohio 45425

Results of HRC-C-LSMS analyses of sasoles for TetraChiorinated throusn
GctaChlorinatsd D15ENZC-3-DIOXINS (CDDsii DISENZCFiiSfiN-S (CBFs). 2. 3, 7. 3-TET3fl-CI)D I 2. 3. 7T 3-TETSfi-CEF

Concentrations Founa (nanegrinis cer gran of saaole or oarts-oer-biliion) a.

*Rec %?.K *Rec *Rec $ -^ ^ /̂ "^
of of of of

NIJS/EPA 2i"sJi* 2278 S3C12 Surro- To;ai Total Total Total Total 124T12 2378 37C14 Total Total Total Total Total
ii.i:i= L=3 T=-ra 2273 :a;s Tetra Psnta i-exa Heata Octa OCDD Tetra 2378 Tetra Penta Hexa heata Ccta

I.j. NO NC. TC2D T2D " CDDs CDDs CTDs CDDs CDD TCDF TCD? CDFs CDFs CDFs CDFs GIF

138S3 NBC5-3 ! ND 55.6 71^ ND ND 8.2«3 8.675f l.o£ 35.3 3.474 74.7 4.37 1.54 1.83 2.462 *.4c3
0EZ a. '#55 '

Lab Blank NBC5-«-3 ND 54.6 32.4 ND ND ND NDJS.02S5 33.2 ND 5«.2 ND ND KD ND NO
0.̂ 7 a.wes e.a«e« a.a£23 8.M6?. ' 0.8803 a.eeto o.a«2a «.ae45 0243 a.a«55

13858 'NBC5-i: ND 44.5 186.2 ND ND 0.352 0.573) 2.80,150.3 0.730 73.3 3.63 ' 2.43 !.91 «.623 0.675
0.0039 0.0031 0.0074

1
13667 -N3C5-5 I I® 54.2 IK. 5 ND ND 0.171 3.272 8.S211 £3.2 0.4«6 53.2 2.50 1.54 2.24 0.2^3 0.221

«.W»3 3.0820 0,0861 !

Lab Blank NBC5-0B-S ND 32.1 32.4 ND ND ND 0.02340.0782125.7 ND 27.4 .ND ND ND ND ND
0.0026 0.0023 0.0676 0.0102 ' j 0.0025 0.00200.08380.00670.08640.0203

a. The oesinnation ND indicates "None Dstecteo" in excsss of the aininua oetectaale concentration wnich is listen cirsctly beicw
the ND "designation.

b. Unless othernise inoicated. the concentrations listed for 2.3.7,3 TCDF could include contributions from cc-eiutinc TCDF isooers.

1- lit? COU.

3 )c ^ >^ ̂



TABLE 3

rv. H»i:nt State University, I'aYton. Giio i5«35

Results of "HtC-.'JtS ?naiyses OT~ Extracts for 2,3.7.5-TE"nfl&iJ3?QD!SNZO-3-DU3XIN

lECB/E?fl
Samole Plicuct ns 7CID !ns*r. Ion lit. ^atios Sur. ion Intensities a.b.
Nuace- of Tciiai Mess." DL ID Date Tire 22?/322 33&33<t Pec.* 313 322 257 2£3 33c 33-r

31ar« i.3® « «.«3:i *fi£S5 ?«2S35 15:1? 2.34- 34.1 7.325-S3 5.25E+83 2.33E-84

a. 7n-s_ TOTar.on ussn ners to Desigrate ion intensities is exconertiai notation (for exairclB, 7.S8E +85) iisnratES fie foilo«:nc:
ine nmxer Dreranna E siouid be sultioiisc rv a factor c^ 1? raisea to tne power of tne Tjaoer following E.
So. the designaticn~7.8«E-Q5 indicates 7S

b. fl negative sign oreceair'O tne oeaK intensity value citec inoicates tnat no resoonse was ooserved at tnat ra/z WHICT excseas tne
noise level'ay a factor of 2.5 or greater. The nusaer following tne negative sign is the ooserved noise level at that n/i.



TABLE 4

Jrenu La3ora:cry. vtri:rr; Siate university. Daytor, un:o 45435

Pesuits or" nSK-uRfS ^fiaivsas o* Extracts 'cr 2.2. 7,8-TiTSflCrt.D3CDIBENZG-3-DlQXIi<

NUS/EPA
Saaaie Alieuot ?PB TCDD Ins-r. Ion Int. Ratios Sur. Ion Intensities a.2.
iteoe- v»t. (g) feas. DL ID Dais Tise 32-3/222 3i£/334 Pcc.S 32? 222 257 226 322

123f5 15.53 ND 9.»23 *S2f3 KJ555 lo:«7 3. S3 73. 4 -l.£=-^i -1.21-^A -2.5E-B

Laa Sian-< 15. W NU B.?W7 ,vS2f3 a«25sS l£:fl ?.Sa 53.* -2.H-83 -i.tc-«3 -l.'<-24

125:3 11.73 W) «. #33 J«S2f3 351355 14:c2 3.35 185.2 -s.fE-33 -I.TE

13567 1*.*7 ® 3. »ij «S2fr 35:526 15:21 8.77 125,5 -L7E-i5 -1

Laa 3iara 13. M ND 8.8225 1£fB «52«a5 iii 19 8.34 32.4 -2.6£+ei3 -2.6E-^3 -5.5£+e3 1.73E-S5 1.9S=-(^5 LT

a. Tne notation used here to designate ion intensities is exoonential notation (for exawcie. 7.88E +05) indicates tne foilowinc:
The nuraoer orecedinn E saoula be auitioheo bv a factor of 18 raiseo to tne cower of tne munner following £.
So. the cesignation~7.88E+85 indicates 780, Md.

D. fl iw:ati»e sinn orscscin? tns ceax inte*s:iy value- citea inoicates tnat no resocnss was ooservec at tnat s/z wnicn BXCSKS fs
noiss level'Dy a factor or 2.5 or greater. Tne mincer foiiowing the negative sign is tne ooservec noise level =t tnat ra/z.



TABLE 5

Srena Laboratory, Wriont State University, Dayton, Cnio *5435

Results of HSBC-UWj finalyses of Extracts for 2. 3, 7, 3-~tTffiC:HLGRi]DiBE|iZQFi.R~N

U3C3/E?fl
Saaoie fliiauot no TCDF Instr. Ratios Ion Intensities a. s.
Nuscer of Total teas." DL ID Date Tise 304/346 364 306 2*1 312

27 0.;?ea 11.7 .IScf

3 (B.C) ?.2?OT 5. 31 MSS53 84£5S5 13:£3 ^S2 2.55E-H36 3.13E-^S 6. 17£-K !.63E*%

_i3 rlar.̂  ,̂.??3* \D ?.«533 MS253 342986 15:10 -5.1E*KS -3.3E-K -2.2E-M 8.95c*«

7he_ notation useo here to casisnsie ion intensities is exoonentiai notation (for exsiois. 7.52E *S3 irsucsies tne
ina nuocer prscecir;; I Fiouic be auitioiiec 3y a factor of 14 raiseo to tr.e newer of t^e ntatssr fciloxiBE L
Sc, the cs5icrration"7.50£-^ incicates

b. ft nenative sign arecsding tne peak intensity value cited indicates that no resoonse was ooserveo at tnat ra/z union exceecs tne
noise ievel'by a factor of 2.5 or greater. The number following the negative sign is the ooserved noise level at that a/z.

c. Unless otherwise indicated, the concentrations listed for 2,3,7,8 TCDF couid induce contributions fron co-elutins TCDF isoaers.



TABLE 6

Pr2".a laboratory, wri:m Stats 'jrnvers:tv. Davtc-i. Cnio "ivK

:.esal:s of r33C-_VS Piraiysss of Extracts -or 2.2.7.S-TE"x!5C-5.u!?CD15ENZiJFLi?ftN

NUS/EPA
Sassle -houct ^3 7Cr~ >str, Ratios Ion Integrities a.a.

'*?. (:i teas. DL ID Tate Tise 2^»/3^6 2?* 3K £»1 312

1^55 11.72 ?.7Z? "£If3 X.j-5t .-:5i 2.~i l.£=-*7 i.2i£-?7 Llls-K 5.5H-J5

12S5" 14.47 J.486 MS253 051966 15:31 8.Si i. 55£-i€

05365 12:13 -7.7E-*2

a. Tre ictation useo here TO designate ion intensities is exaonentiai notation (for sxauoie. 7.S3E +85) incicates tne following:
me nuncser oreceainc £ s^c•ulo oe nultiohed by a factor of 1$ msec to tne power of the nunoer following t.
CD, t*ie aesinnation"7.S3ETi?5 inoicstes 7831.808.

3. Q ie:at;ve sagr orecaoins tne DBS.* inte^ositv value citso iicicates mat no rasoonss was oasen'eo at tnat a/z wnicn excsscs fe
no:== levei'sy a factor of £.; DT greater. The nuace1" foilonira tne negative sign :s we onss^veo noiss level at trat wz.

c. Lnlsss ctnerwise ircicatec, the concentrations hstea for £,3.7.8 TCDF couia incluce contricutions frou co-e:utinc TCDF iso-ters.



TABLE 7

rre-'a L3Dora»cry. **•:"•, STSTS ..Sivai-sity. Daymen. Dmo

CP/SC ^esuh SuBBsrv for uSC

In^eriai Srancs'1: Results for 3 Sarnies (-ve>"ac5 ^sccve1^/ *- S:: lev)

37C14 TOF 37O 7CDD 13C12 TCDD 12:4 ~ZD .̂ 11 KID

lcS.3i-/-5c.7 llr.3-/-3;.3 W. 7-I-/-62.5 13. j-'-l^.r !«.«-'-*£. 1



TABLE 8

rrsnra .arori'ory, ,ir:i," 5:a'5 truvsrsi'y, Darter*, inio

K/QC Res jit Suiisary for USCE/EPfl

Internal S;aroa.'o «esui:s for 5 Sacclss !Avgra:s isccve'y

37C14 TCDF 37C1^ TCDD IZZ;1 ~ll :i> "CID IZI



TABLE 9

BSE-M LfiEOrtA'CRY, WIGHT STATE LNrVEiSITY. MYTCx Ci!3 45*2

Sl*IHflRY OF 2,3,7,8-TCDD CflLIBSflTICN MT5 6C-MS isS255

WTE

3V29/5S
3V2S/SS
tf /̂ 85/86
£5/05/66
$5/' 13/85
837 15/85
$5/£8/fiS
26/23/85

INSTR
ID

*Sc53
"£2f3
*S£55
CS255
J1S33
l"S2f5
MS25B
fl£25B

SOL
ID

P9IX ?2
18^8 - 1
PEJIIX «2
lo^ - 1
-€<IX ?2
le-^ - 1
PBIIX ?2
18»8 - 1

INSURED nF
NPTIVE SUflSflGflTE

0.89 1.15

8.81 1.86

8.8fi l.«9

0.83 1.96

>£%< S
WTIVE

8.82

8. £2

8.S£

8.82

F '."ccj
SLh->.*- = '

1 t '

l.il

LJ

1.11

t y£_rr'-'

<=•

£^

£4

5t



TABLE 10

3REH3 LSBQSfiTOSY. WISH" STATE UNIVERSITY. MY7GN. OHIO 45435

SUK!«fiSY Cf TETSfi TO OCTfi CSD fiND CDF CflLIBSflTIGN RF fl,ND MEflN RF

DfiTi 37C14 TCDF 37C14 TCDD 13C12 TCDD 13C12 E3D TCDf TCDD PCDr PCDD HXCDf hXCDD HPCDF HPCDO CCDF CCI'D

TISS CL'H'Vs L»7 l.li 2.25 3T6££c6.?7 1.13 a.82 '3.76 '3.51 3.57 8.23 2.67 l.£t $.75 a.ia

1 *»/S/36 117 1.15 2.13 3373372.53 1.19 8.39 3.84 8.47 0.71 U.31 2.53 l.«8 3.72 3.35

i 85/35/66 2,3s l.K 2.13 ££c472£.5S l.la 3.31 3.73 3.47 0.55 3.32 3.?3 1.3i 3.75 -i.SS

1 25/1S/SS 1.77 I.as 1.57 28«4£33.a 1,15 8.38 «.7« 2.45 3.57 3.27 4.15 1.32 -3.57 l.ffl

1 «5/2«/S5 1.81 l.«6 1.87 2352274.97 1.15 3.63 8.71 3.41 3.63 3.32 3.55 1.63 3.5» 3.-:*



TABLE 11

Saisols Suaaary for TCDF - OCDD 2378 TCDF, TCDD
Custoaer ID 27 £U ID UK 6-1
Date: 04/29/S6 Tias: 11:4*
Run .No. CT04488 File ~ 2
Sample Size 3.20W to-ai saaole Injection .nuiount ?. 2£0 of S

ID ."ISeSB

Soike -evels 37:14 TCDr 37C14 TCD2 I3C12 TCDD 1234 TCDD 13CI2 CCDD
0.4 NG 0.4 N6 1.0 1C 0.1 N6 1.0 W

Internal Sianaars Siamary
M/Z I*X TIC * TIC Ratio Sesiw Recovery
312 27251 3 '3.i^ Z7O TwF 133.4
KB 13521 -3= 0.33 37C> ^-D SS.8
332 1 :̂2* 95 •i.B: UIl: T3D 12S.S
33* f 7*£E S"5
232 1»1£4 17 8.31 123* TCDD 124.5
33̂  17422 17
i73 3524 97 ?.£5* 13C12 QCDD 124.0
472 5^*1 S8

2373 Isomers Suraarv nn Levels'M/Z MAX TIC * TIC RfiTIQ "SESION
241
304
385
257
32«
322

TCDF -

EMDQ
CND3
INT
Iscmer
M/Z f
241
304
396
257
320
322
275
338
340
291
354
356
311
374
375
327
390
392
345
408
410
361
424
425
379
442
444
395
458
460

21669
45782
56533
1503
533
255

OCDD
TCDF
41.7

Sumnary
«X TIC !
29316
45365
57050
132601
1483
533

26620
18413
28707
6545
1323
1272
9040
9401
7331

466902
909
368
6670
2641
1304
7357
273
239
782
813
671
901
553
686

73
100
130 0.81 TCDF
-30
-20
-30 0.00* TCDD

VALUE MDQ

11.727 0.000

0.000 0.066

2378 TCDF, TCDD ng Levels
TCDD PCDF PCDD HXCDF HXCDD HPCDF HPCDD GCDF OCDD
NO 26.6

0.0322
0.0322

fieoort
t TIC SmTQ SE6ION

45
53
39 0.81 TCDF
-1
23
42 1.92* TCDD
31
93
33 0.64 PCDF
-8
-3 0.00* PCDD
-10
-15
99
33 1.27 HXCDF
-1
-10
-13 0.00* HXCDD
4
50
98 1.03 HPCDF
-3
33
35 0.33* HPCDD
25
71
87 0.39 OCDF
15
31
95 0.77 OCDD

ND 11.8 ND 1.02 0.472 0.329 0.788
0.0826 0.150
0.0626 0.150

PK1 PK2 PK3 PK4 PK5 PK5 PK7 PK8 PK3 P10 Pll P12 P13 P14 P15 P16 P17 PIS P13 P20

2 10 3 38 20 22 44 19 10 35 7 39 18 14 12

-7

4 33 29 22 13 14 3 36 55 40

-3

3 75 4 27 33 41 5 13 8 22

-15

38 73

78 35

87

35

SUMP

353

0

315

0

237

*

171

173

87

55



TABLE 12

Samle Sumaary for Chance Native-Internal Sto. SF
Custoaer ID ' 5 (B.C>~ HSU ID USC 5-2
Dare: 84/29/86 Tiae: 13: £8
Sun No. CT04381 File =? 3
saaais size 8.28W total samole Inienion ftnount {1.288 of Susie
!n«rj.«rrc ID MS25B

332 327751

PCDD
ND

8.143
0.143

HXCDF
25.9

HXCDD
ND

8.551
8.551

HPCDF
2.86

HPCDD
8.592

GCDF
1.13

OCDD
8.968

Levels 37CI4 TCDF 37C14 TCDD 13C12 TCDD 1234 TCDD 13C12 OCDD
8.4 NG 8.4 N6 1.8 NG 8.1 NS 1.0 N6

Internal Standard Sumary
M/I MfiX TIC X TIC Ratio Senior* Recovery
312 2=54! 6-3 8.?8 37C14 TCD' 191.2
323 1W5 53 0.80 37C14 TCDD 164.9
33'2 327751 - 3.73 13C12 TCOD -48.1

1234 TOD -158.2

7̂? Itnl 23 0.78 1X12 ODD 15̂ .6
aTE 17775 33

2378 Isoners Sunmary ng Levels
WZ W)X TIC X TIC Rfli 10 REGION WLL'E MDQ
241 28157 29
304 26843 98
386 31587 98 8.82 TCDF 5.9W 0.888
257 4£95 -4
320 2225" -4
322 1496 -10 8.88* TCDD 8.888 8,898

Channe Native-Internal Stri. «F no Levels
TCDF TCDD PCDF
23.3 ND 33.9

EMDQ 8.8656
CfDQ 8.8656
INT i
Isoner Suimary Reoort
«/7 wait TIC'X TIC RflTIO RE3ION PHI PK2 PK3 PK4 PK5 PX6 ?«7 PK8 PK9 P18 Pll P12 P!3 P14 P15 P16 P17 PIS P19 P28 SUMP 1

i|,
72 Si 57 38 18 11 37 99 35 6 387 !

8 !

3 41 47 32 299

8

25 99 46 7 15 11 27 383

8

137

161

93

96

241
384
386
257
328
322
275
333
340
291
354
356
311
374
376
327
398
392
345
408
418
361
424
426
379
442
444
395
458
460

28116
25341
31843
255037
3106
1941
13924
27351
42468
2665
2353
2312
98£5
21973
17659
438138
5184
2301
5588
12912
3691
6981
928
467
644
1530
931
598
986
918

30
98
99
-1
-3
-4
66
98
99
98
98
78
43
99
99
-1
-4
-15
18
26
75
3
49
94
48
59
93
55
98
96

8.

8.

8.

1.

1.

82

Pv*

54

43*

24

8.88*

1.

1.

1.

1.

15

04

84*

81*

TCDF

TC3D

PCDF

PCDD

HXCDF

HXCDD

HPCDF

HPCDD

OCDF

OCDD

72

-4

4

-5

69

-5

75

57

93

%

2*

99

4

62

94



TABLE 13

Saaole Siaaary for TCDF - OCDD 2278 TCBF,TCDD
Customer ID Lao Slanx WSU ID USC6-0B
Date: 94/23/35 Time: 15:13
Sun No. CTD450932 File * S
Scnoie Size 9.2999 total sareoie
Instrunent ID MS25B

Injection fimourt 9.299 of Saanie

Soike Levels 37CI4 TCDF 37C14 TCDD 13C12 TCDD 1224 TCDD 13C12 OCDD
0.4 US 9.4 N6 1.0 NG 9.9 N6 1.9 N6

Internal Standard Susnarv
M/Z
312
323
332
22»
"22
22*
4"0

472

MfiX TIC
14663
86 c5
3525
11286
5525
11236
1776
2597

* TIC Ra.io fieaion Secovery
61 0.99 37C14 TCDF 55.3
53 0.99 37C14 TCDD 5̂ .1
93 9.S4 12C12 TCDD 55.5
35
13 9.84 1224 TOD 125.5
13

• 55 9.65* 13C12 ODD 49.7
37

2378 Isoners Suranary no Levels
M/Z
241
304
395
257
320
322

TCDF

EMDQ
C1DQ
INT

MflX TIC
22383
5192
433

2S15
792
154

- OCDD
TCDF
ND

0.0371
9.152

Isoner Suraary
M/Z HflX TIC
241
394
396
257
329
322
275
338
349
23!
354
356
311
374
376
327
339
332
345
498
419
361
424
425
373
442
444
335
45S
460

22457
5107
453
3675
2934
1223
475
259
353
382
165

2101
8618
482
747

323167
1281
2461
892

12635
2362
3550
374
773
313
281
223
217
155
136

* TIC RflTIO "REBION VALUE MDQ
-1
-1
-8 9.90* TCDF 0.900 9.033
a
10
32 1.34* TCDD 0.099 0.031

2375 TCDF. TCDD no Levels
TCDD PCDF PCDD HXCDF HXCDD HPCDF HPCDD OCD?
ND ND ND ND ND ND NO ND

0.9460 0.0770 0.139 0.171 0.558 9.547 9.132 9.343
9.577 9.129 9.146 9.233 9.558 1.64 1.46 9.553

Reaort
* TIC RflTIO REGION PK1 PK2 PK3 PX4 PK5 PK6 PK7 PK8 PX3 P19 Pll P12 P13 P14 PIS P15 P!7

38
10
32 1.13* TCDF -3-32
-10
-2
-3 9.99* TCDD -3 -50
-29
-2-3
-18 9.09* PCDF -18 -70
-29
-20 0.09* PCDD -79 -25
-39
-20
-29 0.00* HXCDF -70 -2«
-39
-2
-13 0.00* HXCDD -13 -30
-13
-30
-15
-15 0.09* HPCDF -69 -8
-20
-15
-5 0.00* HPCDD -35 -5
-39
-30
-20 0.00* OCDF -30 -29
-29
-29
-29 0.99* QCDD -79 -29

OCDD
ND

0.177
0.246

P18 P13 P23 SUMP

0

9

0

0

e

9

0

9

0

0



TABLE 14

Saaoie Suamary for TCDC - CCDD £273 TCE^.TCDD
disposer ID 13353 i&J ID N5C5-3
Daze: 85/35/35 Tiae: 15:37
Hun No. £704*8057 File * 7
Saaols £i:e 15.53 crsa IrreKion Aaount 0.188 of Sancie

ID *£Z3

-2vei= 37CIt TCDF 37C14 TCDD 13C12 TCDD 1234 TCDD 13C12 OCDD
0.4 NS e.i.NG 1.3-Mis 0.1 NS 1.0 S6

Inisna
,K/i

312
TT?

Z3-+
332
334
47*3
i7£

All
241
384
305
257
328
322

TCDF

EMDQ
CSM
INT
Isom
M/Z
241
384
386
£57
320
322
£75
336
JTw

£91
354
356
311
374
376
327
398
392
345
488
410
361
424
426
373
442
444
395
458
468

• i:.sr IM wvarius* * s\asaAl f

&t 7 C S TIC 3eti; 'scion Recovery
33: £ 5 8.38 37C> TCDF 74.7 '
_3cs<- 55 3.3 37c> TCDD 73.4
135770 6
55030 18 0.74 1234 TCDD 135.1
185770 7

1313 80 8.55* 13C12 QCIS 33.0
1735 85

2378 Isoners Surasary PPB Levels
MflX TIC X TIC RflTIO RESIGN VflLUE MDQ
97745 12
58003 100
78371 188 8.75 TCDF 0,474 8.808
513S: -5
1603 -10
612 -20 0.80* TCDD 0.008 0.004

- OCDD £373 TCDF. TCDD PPB Levels
TCDF TCDD PCDF PCDD HXCDF HXCDD HPCDF hPCDD OCDF OCDD
4.07 NO 1.64 ND 1.83 8.283 8.482 0.575 8.428 1.52

8.8172 8.8093 0.8154 8.8058 8.8129 0.8148 8.0205 0.0258 8.0522 0.0381
8.8172 8.8633 8.0328 8.8315 8.8181 8.188 8.8205 8.0268 8.184 8.8381

er Sunmary "teoort
MflX TIC % TIC RflTIO RESIGN PK1 PK2 PK3 Pitt PK5 PK6 PK7 PX3 PK3 P10 Pll P12 P13 P14 P15 PIS P17 PIS P13
166436 20
38826 188
113323 108 8.78 TCDF 6 £3 3 63 72 188 10 38 £3 £1 31 20 70 52 23 4 -2 -1
54325 -5
4464 33 0.80* TCDD -33 -5
1576 -30
68952 20
45313 99
76114 180 8.60 PCDF 5 100 £2 6 17 8 13 8 18 18 18 13 -5 -1
23911 -10
2510 90
2067 88 1.35* PCDD -68 -18
75025 15
£0946 %
15488 38 1.23 HXCDF 87 5 7 32 50 99 48 6 15 11 38 -7 -2
723306 1
6039 68
2919 96 1.27 HXCDD 50 £4 55 -85 -5
31164 13
14361 97
13969 98 1.02 HPCDF 98 6 55 13 -5 -3
58301 7
9230 37
8433 97 1.99 HPCDD 86 97 -5 -3
12258 -48
6451 94
6447 95 0.59 OCDF 35 -25 -5
£6763 -38
23913 39
32662 99 0.92 OCDD 39 -£ -2

P28 SUMP

583

8

252

9

390

163

177

183

95

93



TABLE 15

Saaoie Sunnary for TCDF - OCDD 2378 TCDF,TCDD
Custcaer ID ' Lao Blank USU ID NBC5-0-3
Date: 34/29/86 Tine: 16:51
Run No. CT04$?383 File * 8
SaflDle Sirs 15.00 nram In;ection flaount 0.300 of Saaoie
Instruser* ID MS25B "

Soixe Levels 37C14 TCDF 37C14 TCDD 13C12 TCDD 1234 TCDD 13C12 CCDD
0.4 NG 0.4 N6 1.3 NS 0.3 NS 1.8 NS

Internal Stancarc Suanary
M/Z
312
323
332
334
332
334
•»70
472

MPX TIC
16304
S2S3
9155
11455
3lf3
11455
1788
2565

% TIC Ratio See ion Recovery
43 0.30 37C14 TCDF 50.2 "
53 0.00 37C14 TCDD 50,4
99 0.30 13C12 TCDD 54. £
93
14 8.S5 1234 TOD 123.7
13
37 0,71* 1302. 003 39.2
56

2378 Isouers Sumarv PPB Levels
M/Z
241
304
306
257
320
322

TCDF

9IDQ
C.1DQ
INT

MflX TIC
20748
4356
507
2743
713
183

- OCDD
TCDF
ND

0.3004
3.0023

Isoner Sunnary
M/Z
241
304
306
257
320
322
275
338
340
231
354
355
311
374
375
327
330
332
345
408
410
361
424
426
379
442
444
395
458
460

MflX TIC
23748
4356
507
2749
713
183
653
251
232
304
157
1723
8145
546
714

323368
1236
2084
815

10643
2531
3235
205
302
338
232
213
163
670
773

X TIC SflTIO REGION VflLUE MDQ
44
-2
-5 0.00* TCDF 0.0W 0.000
-5
-4
-25 0.00* TCDD 0.000 0.001

2378 TCDF. TCDD PPB Levels
TCDD' PCDF PCDD HXCDF
ND ND ND ND

0.3008 0.0020 3.0020 0.0945
0.0010 0.0020 0.0020 0.0045

fieoort
* TIC RflTIO RESIGN PK1 PK2 PKS PK4 PKS PKS

33
10
33 1.05* TCDF -33 -7
-5
-5
-25 0.00* TCDD -75 -25
-30
-40
-40 0.00* PCDF -50 -40
-40
-30 0.00* PCDD -73 -30
-30
-10
-40
-40 0.00* HXCDF -20 -40
-1
-40 0.00* HXCDD -50 -40
-40
-30
-30
-30 0.00* WCDF -40 -30
-20
60
83 0.51* HPCDD -80 -30
-30
-25
-25 3.00*OCDF -75-25
-40
35
36 0.85 OCDD 36 -5 -5

HXCDD hPCDF HPCDD OCDF OCDD
ND NO ND ND 0.32S5

0.0223 0.0243 3.3062 0.0055 0.3035
0.0223 0.3243 0.0066 0.0068 3.3035

PK7 PKS PKS P10 Pll P12 P13 P14 P15 P16 P17 PIS P!9 P20 SUMP

0

0

0

3

0

0

0

3

0

36



TABLE 16

Sauoie Summary for TCDF - OCDD 2278 TCEF.TCDD
Customer ID " 12358 HSU ID NBC5-1
Date: 05/13/86 Tiae: 1^:52
Run No. CTQ44136 File i 14
Saraole Size 11.73 cram Irrsction Pmount 8.108 of Sanoie
Instrument ID BS253

Soike Levels 37C1* TCDF 37C14 TCDD 13C12 TCDD 1234 TCDD 13C12 OCDD
0.4 NS 8.4 N6 1.0 N6 8.1 NS 1.0 NG

Internal Stancarc Susraary
M/Z MPX TIC S TIC Ratio nesion 3sc?very
312 22572 48 0.W 37Ci- 'CV1 72.3 "
328 6323 33 0.08 37O 7C?j 126.2
332 3057 57 8.S6 I2C12 TOD «.5
334 18652 £3
332 9067 93 0.33 123* 7CD 4=2,2
33* 18632 53
478 2573 30 8.77* 13D2 DO) 1=8,3
*72 3121 37

2378 Isosrers Sunmary P°B Levels
M/Z MflX TIC * TIC RflTIO REGION

60203 35
304
386
257
320
322

TCDF -

E1DQ
CMDQ
INT
Isomer

184872
137997
75872
34?
674

OCDD
TCDF
3.63

Suanary
H/Z «flX TIC" ?
241
394
386
257
320
322
275
338
340
231
354
355
311
374
376
327
330
332
345
488
410
361
424
426
373
442
444
335
458
460

135318
106121
133514
73206
664
1138
36392
77466
125898
33454
3221
2413
46882
51206
41382
810484
7280
4144
33510
25225
23774
43103
13719
13087
13186
15488
16647
61779
72582
88366

108
100 0.75 TCDF
3

-25
-25 8.00* TCDD

8.738 8.880

0.080 0.084

2378 TCDF, TCDD PPB Levels
TCDD PCDF
ND 2.43

0.0831
0.0031

Reoort
I TIC RflTIQ REGION

22
100
100 8.76 TCDF
-2
-10 8.00* TCDD
-12
27
188
108 8.62 PCDF
-5
-3
-5 8.08* PCDD
33
53
33 1.24 HXCDF
-1
71
38 1.27 HXCDD
18
100
100 1.86 KPCDF
7
39
33 1.85 hPCDD
43
33
99 8.33 OCDF
33
180
188 8.38 OCDD

PCDD HXCDF
ND 1.31

8.0874
8.8074

PK1 PK2 PK3 PK4 PK5 PKS

2 3 5 22 20 42

-18

5 100 £3 £1 10 15

-6

31 67 10 £8 25 33

15 46 14 16 38

100 13 73 28

33 %

99

108

HXCDD hPCDF hPCDD OCDF CCDD
0.352 8.628 0.673 0.679 2.60

PK7 PK8 PK9 P10 Pll P12 P13 P14 P15 P15 P17 P13 P19

7 72 37 53 17 108 57 35 18

6 23 22 23

47 15 3

.1
I

432 '

0 !
i
t

254 ^

I

:
331 i

i

183 |l

214

135

33

188



TABLE 17

Saaoie Suaitery for TCDF - OCDD 2373 TCDF,TCDD
Customer ID 13357 hSU ID NBC5-5
Date: 95/19/86 Tins: 16:31
Sun Mo. CT04iI97 F:l» ? 15
SaaDle Size 14._47 gran Injection flmount 8.188 of Sanoie
Instruasn* ID X"

Soike Levels 37C14 TCDF 37C14 TCDD 13C12 TCDD 1234 TCDD 13C12 OCDD
8.4 a/o 8.4 NS 1.9 NG 8.1 NG 1.9 N6

Internal Standard Sonary
M/Z MAX TIC * TIC Ratio Reoion Recoverv
312 14582 47 9.39 37C14 TCDF 59.2 '
323 6328 53 9.38 37C14 TCDD 185.9
332 5c«25 11 8.77 12C12 TCDD 54.3
22i C22'3 £
"~ *WW"' I 2,52* 1234 TC5 434.5

*78 4431 75 8.92 13C12 OCDD 68.2
472 4442 88

2378 Isoners Su»ary PPB Levels
H/Z MflX TIC * TIC RflilO REGION
241 95475 15

VflLUE MDQ

384
396
257
329
322

TCDF

EMDQ
CHDQ
INT

49129
51431
5=53
4988
439

- OCDD
TCDF
2.58,

I5c«er Sumnarv
M/Z
241
394
386
257
329
322
275
338
349
291
354
356
311
374
376
327
398
392
345
498
418
361
424
426
379
442
444
395
458
468

MflX TIC *
131828
116549
191862
22978
877
1595

196627
47735
78173
55159
1175
3676

129945
44736
36209
891684
3482
2898
54934
26669
25817
64265
9169
8747
18389
11639
12413
27159
39914
43258

99
99 9.89 TCDF
-25
-35
-25 8.98* TCDD

8.486 8.889

8.989 9.994

2378 TCDF, TCDD PPB Levels
TCDD PCDF
ND 1.64

8.9938
9.9939

Seoort
TIC fiflTIO RESIGN
44
66
99 8.77 TCDF
-12
-7
-5 9.88* TCDD
16
98
99 8.61 PCDF
-3
98
38 9.96* PCDD
49
98
98 1.24 HXCDF
-1
87
87 1.29 HXCDD
12
97
97 1.87 HPCDF
2
96
% 1.85 HPCDD
39
92
93 8.93 OCDF
48
97
97 8.99 OCDD

PCDD HXCDF HXCDD HPCDF KPCDD OCDF
ND 2.24 8.171 8.343 8.272 9.391

8. 0061
9.9961

PK1 PK2 PX3 PK4 PK5 PK6 PK7 PXfl PK9 P19 Pll P12 P13 P14 P15 P16 P17

17 18 42 99 7 22 27 21 15 61 29 27

-7

4 99 33 5 14 19 21 16 23

-4

35 82 28 29 98 55 12 19 29

19 62 87

97 11 42 25

% 98

93

97

OCDD
9.921

P18 P19 P29 SliMP

377

9

225

9

--.
"-̂  369
•̂v.•̂v.

>

/'»/ l

s ' 95

/



TABLE 18

Sasele Sunury for TCDF - OCDD 2378 TCDF, TCDD
Custowr ID Lao Blank HSU ID N8C5-8B-3
Date: 85/28/66 Tisie: 12:19
Run No. CT044189 File * 16
Saiwle Size 13.88 craa Injection finsount 8.188 of Saaoie
Instruaent ID «S253

Ssike Levels 37C14 TCDF 27C14 TCDD 13C12 TCDD 1234 TCDD 13C12 OCDD
0.4 N6 0.4 N6 1.8 N6 8.1 N5 1.8 N6

Internal Staixarc Suaaary
II «X TIC S TIC Setio Re=M/2 !"SX TIC S TIC Ratio Resicn seccvery
312
3cS

334-
332
334
478
472

1557
1523
41**
4929
4144
4929
36:
453

'3s
38
-3
48

188
18855
95

8.33
8.88
8.O4-

8.84

8.77*

37CI4
37CI4
13C12

1234

13C12

TCP
TOD
TCDD

TCDD

OCDD

:y_i
9L 4
32.1

281.5

26.7

2378 Isoaers Suaiarv 2PB Levels
M/Z
241
384
386
257
320
322

TCDF

EMDQ
C.1DQ
INT

MflX TIC < TIC RfiTIO RESIGN
494 -63
129 -58
59 -53 8.08* TCDF
78 -73
47 -S3
46 -58 8.38* TCDD

VflLUE MDQ

8.888 8.8()2

8.838 8.833

- OCDD 2378 TCDF, TCDD PPB Levels
TCDF TCDD PCDF
ND ND ND

0.8828 8.8823 8.8838
8.8828 8.8823 8.8838

PCDD
MO

8.8876
8.8876

8.
8.

Isoaer Suranary Report
jij/7
241
304
306
257
320
322
275
338
348
291
354
355
311
374
376
327
390
392
345
408
410
361
424
426
379
442
444
395
458
468

PfflX TIC * TIC RfiTIO RESIGN
588 -48
119 -48
63 -45 8.88* TCDF

171 -35
55 -35
69 -35 8.88* TCDD

269 -35
84 -35

189 -35 8.88* PCDF
188 -48
94 -35 8.88* PCDD

1875 -6
28565 -28

486 -10
362 -10 0.88*HXCDF

659568 -1
573 -15
379 -8 0.80* HXCDD
698 -48
428 -48
83 -48 0.88* WCDF

135 80
94 88

111 88 8.85* »CDD
232 -48

98 -48
88 -48 8.88*OCDF

149 78
382 95
413 95 8.73* OCDD

PK1 PK2 PK3 f

-45

-35

-35

-35

-10

-9

-40

68 88

-48

95

W

HXCDF HXCDD HPCDF (£CDD OCDF OCDD
ND ND ND 8.8234 ND 8.8762

8.8867 8.0132 8.8864 8.8283
8.8867 8.8182 8.J064 8.0203

PK7 PKS PK9 P18 ?il P12 ?13 P!A »15 PIS P17 P18 P19 P20 SUMP

148

95



TABLE 19

W S.Wutf FOR TE".fl T>SGi£-: OCTQ OLDRlNflTES DIOXINS n.\
'TO !D 16*8 - 1

?4/£S/36 TIME: 18:18
,0. CTG4*8079 FILE ? 41 STD &RVE 3 5
;nCN ,WOUN7 1.388 ii OF STMKttD
VENT ID J1S25B
INhi. ST^-flRD LEVELS N6 JE^ J.
- TCI? 37C14 "DD 13CIE ~CDE :2Cia 122t I2:ic OCIH)
•5 «.* V3 i.J •« 8.1 NS 1.8 -6
E LEVELS NS ?E^ .i

8.40
NTEPAft.

«jpj( 7J2 i
15875
4323
"#""£

51354
40%8
51354
14548
13582

€ SLWSflY
KfiX TIC i

4835
13558
25378
643S

14443
18753
3186

12262
13S24
3888
6758

18304
13743
15129
11827

871623
6338
4934
3728

17365
17343
2231
7518
7224
1216
4641
4383
1374
5638
6477

'• TICes
*^

33
180

7
7

33
33

SnTI3 ^EsI2N
8.80 2731* TdJF
0.80 37O T25
8.73 !3C12 TCjB

0.80 13C12 1234

8.75* 13C12 OCDD

fg^g.y~! %• '
LIT*
L.1S

4385368.88

£2^ 3T
~L U7

1. **

7:31246.67

3378372.983752586.87

REPORT FOR STfiMMSD
i TIC

33
35
55
99
33
55
97
33
33
38
39
38
17
33
33

1
33
39
97
93
33
%
33
33
35
35
39
97
55
33

:?PTTO RErHLN

8.77 TCDF

0.77 TCDD

8.62 PCDF

8.53 PCDD

1.28 rlXCDF

1.23 HXCDD

1.84 h$CDF

1.84 HPCDD

8.37 OCDF

8.83 OCDD

JOSURED RF J

1.13

8.83

8.34*

8.47

0.71*

8.31

2.55

1.08*

0.72

0.33

4EP.N 1C

1.18

0.32

8.76

8.51

8.57

8.33

2.67

1.24

0.75

0.88



TABLE 20

W SWflflY FOR TF& THROUGH QC'fi ChLCSINCTED DIOXIN3 P.ND RJRflNS
3RD ID 1848 - 1
05/85/85 TIME: 09:51

1. CT0443095 FILE 4 58 STD CURVE * 2
flON flWXWT 1.808 UL OF STflNDfiRD
ji€NT ID JS25B
nft. STfiNDfiRD LEVELS N6 PER 11
TCiF 37214 TCDD 13C12 TCDD 13C12 1234 13CI2 CCDD

<6 8.4 NG 1.8 NG 0.1 NG 1.3 NS
r LEVELS M3 3E.R Li.

KfiSL^D Rf
2.3S
1.06

4647673.33 71312*6. &7

2824702.98H3762636.87

F̂RjNfiL ST
MfiX TIC %
iifA2
42557
45055
54458
45055
54458
11718
16813

E SUMMARY
NBt TIC S

5733
22816
29525
7538
14383
18181
3543
12429
20068
3549
7232
11711
23434
13503
11853
356314
7145
5751
3713
18563
16387
2517
8015
7478
1034
4343
4259
1191
4575
5163

AMJflRD S1MKRY
TIC
99
99
33

180
7
7
99
59

Hirio
0.80
8.3
0.32

0.83

0.70*

RESIGN
37CI4 TCDF
37C1A "CDD
13CI2 TCB

13C12 1234

13C12 OCDD

REPORT FOR STfWDflRD
TIC
97
55
99
S3
55
55
55
55
59
58
99
98
12
99
99
1
97
97
95
55
93
55
99
99
92
58
100
97
99
59

RSTIO

0.77

0.79

0.52

0.62

1.22

1.24

1.06

1.07

0.59

0.91

RESIGN

TCDF

TCDD

PCDF

PCDD

HXCDF

HXCDD

t*CDF

HPCDD

GCDF

OCDD

•ESSDED ^ ME3S R?

1.18 1.18

8.81 0.82

0.73 8.76

0.47 8.51

0.55 8.57

0.32 0.33

3.83* 2.67

1.36 1.24

0.76 8.75

0.36 8.38



TABLE 21

jflRD SWSSY FOR TETRfi 7H33UCK GCTfi CHLCRINfiTED DIOXI.NS AND FUSANS
3RD ID !8*« - 1
; 05/19/65 ilJ€: 11:33
<3. C7G44*1S5 FILE * 3 STD CURVE - 2
:neN flwajfr 1.000 UL OF SIAMM^
'l&BT ID *£cf3
iNfiL STSMMRD LEVELS ,N6 PES LI
- TOP 3TC14 TCDD 15C12 TCBD 13C12 1234 13CI2 OCDD
N6 ^.4 NS 1.3 NS a.i NG l.« N6
E ^/ELS « =i3 LL

MflX TIC
57219
58585
53̂ *3
74080
59468
74060
12213
16122

it SUlWflY
*£X TIC

7133
28837
38056
9350

21150
26204
3738

15306
2472!
4030
9512

15122
25381
18100
14541

810197
8202
5483
4570

24490
22844

3018
10613
10944

1384
5473
5540
1526
52%
5398

% TIC
100
100
100
100

9
9

33
33

nffTTO RSaiufc
0.00 37C14 TCSF
0.20 37CIi TCDD
0.80 13C12 TCDD

0.80 13C12 1234

0.76* 13C12 OCDD

JS.-S.nU r.-
1,77*

2570%3.tf

*£AN *?
L *7
1. 11

10 7131246.67

2804630.533752506.07

SEPORT FOR STflWMRD
X "1C

95
39
53
93
33
39
37
99
39
99
33
38
12
33
33
1

93
95
95
99
93
38
33
33
92
39
33
35
33
33

SffTD RE-ION

0.75 TCDF

0.81 TCDD

0.62 PCDF

0.64 PCDD

1.24 HXCDF

1.26 HXCDD

1.07 HPCDF

1.06 HPCDD

0.39 CCDF

0.66 OCDD

BEPSUSED re

1.15

0.88

0.70

0.45*

0.57

0.27*

4.16*

1.82*

0.37*

1.00*

•fP-H >?

1.18

0.62

0.76

0.51

0.57

0.33

2.67

1.24

0.75

0.88



TABLE 22

m SUWfifiY FDR TETSfi TH=OUCH OCTfl DiCRlNffTED DIQXINS PM3 FURfiaS
AFJ5 ID 1340 - 1
05/3/86 TIME: 18:«

3. CTC4431*B FILE * 53 STD CURVE 5 2
"ON iWOUNT i.ew UL cf STfiNDflfiD
•JCVT 13 CS253
NflL STfifiKSD LEVELS S3 PE3. IL
Ti^F 370 7CDD 12C12 TC^D :212 :=2± 12C12 OCDD
^ «." S5 1.2 .N5 «.! \S 1.3 !6

MEHSL3ED RF
1.81*
1.06

•TEH.VL
*SX TIC * TIC RflTIQ RESIQIV

46363 100 0.00 37CI4 TCDF
512*7 100 0.00 37C14 TCDD
53735 :» 0.30 13C12 TCDD
67383 100
53735 6 0.80 13C12 1234
67366 8
12431 S3 0.77* 13C12 CCDD
16325 33

-. SLWfflaY S£?ORT FOR STfiNDflRD

2.47
LI1

2147364.44 7131246.67

2852274.973762606.07

£X TIC S
5634
23656
33653
7523
17377
£2662
3197
12-311
20763
3412
7607
12753
26168
16472
132S2
824513
8730
6813
3394
E1757
22341
2497
3530
8303
1327
5375
5433
15£5
5125
5713

' iw

•39
99
33
39
S3
99
97
39
33
36
33
38
12
39
99
1
98
98
95
33
33
98
99
99
95
99
33
38
33
33

RhlTD

0.77

0.79

0.62

0.60

1.24

1.28

1.07

1.07

0.33

0.30

£5101

TCDF

TCDD

PCDF

PCDD

HXCDF

HXCDD

HPCDF

HPCDD

OCDF

OCDD

fESSiSEj SF

1.15

0.83

0.71

0.41*

0.63

0.32

3.65*

1.60*

0.34*

0.34

."£-̂  •?

1.18

0.82

0.76

0.51

0.57

0.33

2.57

1.24

0.75

0.33



ATTACHMENT G

TABLES OF DATA

RESULTS OF BREHM LABORATORY ANALYSES OF U.S. COAST GUARD SAMPLE
EXTRACTS AND OF SEDIMENTS SUBMITTED BY NUS CORP. FOR PCB



TABLE 23

Brena LsDoratory, Hririt State University, Dayrtn. Chio 45*25

Results for PCS s
Concentrations Found (aicrosrasis cer Total Saaale) a.

% Sec_

S/'=.ufl Brena 5C13 Total Torsi Total Total Total Sussed
Lib Tetra Tri Tetra Pent a Hexa He:ta Total

0 NC. ?€3 ?C3s PC3s PCBs PC3s PC5s ?Cra

USK-i ae.« 5^15 1£?25 2SS9 623 K.5 215K

0 USC6-2 127.1 W!3 5«S« 4353 £218 154 15374

lank USCS-0-3 88.5 «.M«5 *.8«16 ND NO NO

Tne oesigration ND indicates "None Detected" in excsss cf the atnifflua detectable concentration xhicn is lis-tec directly ceiow
the ND'desianation.



TABLE 24

Ers-ffl Lacoraiory. wrj;nt :;a:= UTUVS^SITY. Dayton, OHIO 45*35

3esjl:s f;r SC3 s
Concentrations Founc (aicricrais 32" 2r«3 o* sasaie or oaris-jer-siihon) a.

NUS/SPA Br=T3i 5C13 "otal Total Tc?al "«al Tc^al
zesclr La: Tŝ ra "r: Ts:ra c=^£ rexs ue:"a "cja

1335: fitC5-3 lc».6 :£2 33,: £L3 ;.r3

Laa Sianx NBK-«-3 50.3 «.M«: a.?Wl «.W«£ 2.e8ffi

13358 NEC5-1 56.3 114 56. 5 27.6 Z.% 0.3S6 243

11357 NBD5-5 37.1 £3.1 43.^ 34.5 11.9 1.3* 12.4

L3= Blank NBC5-8&-5 65." a.Mlffi 8.38W2 3.«

a. Ths assignation ^ ircicat=s ''None Catectec" in excess of tne Bimma cssectasie concentration wnicn is hstea cirectiv belcw
the ND'ossionaticn.



TABLE 25

PCS
Saaoie ID "27 HSU ID USCS-i
Date: 05/14/te Tiae: 15:18
Run NO. PC3.MS7 FILE # !
Saaple Heisht 8.23 G Infection flaou/ii 2. M3 of
Instrument "IB MS25B

Ssike Levels Do 73D
123N.0 N6

Internal otancaro Suaurv
a/: yax TIC S TIC Ratio Re::or Ssccvery
£55 £37523 1W «.Sd DC TED 53. A
ass is=54i tee
To-ai ?C3 .fesults PP" levels

Tri T«tra Penta Hexa Hecta
5815 12S« £S5 &£3 52.5

EMDQ
OIDC
Isooier Suamary Seoort for Sample
a/2 Max TIC % TIC Ratio Seaion PK! Pffi PK3 PX4 PK5 PKS :=K7 PK8 ?K3 P10 Pll P12 P13 P14 P!5 P15 P!7 P13 Pi9 PS3
2ffi 297528 1M 0.80 Tri 180 93 25 35 65 33 98 130 100 93 2 2 3 3 3 70 " BSS
253 363644 100
290 453221 100 0.98 Tetra 1L 6 24 12 75 5£ 42 5« 5* 33 =2 IS i - 7£ 55 180 f2 12 E~3
292 506696 100
325 251210 100 1.S3 Penta 3 5 7 2 4 3 3 2 4 2 3 3 2 5 7 4 1 0 0 2 3 4 5 : 2 2 9 401
328 154452 100
350 36551 100 1.36 Hexa 37 7 15 7 108 12 2 2 13 12 7 7 3 86 14 3 13 10 2 352
352 25317 100
394 1743 93 1.13 Heata 50 12 24 4 4 33 60 31 3 3 52 6 98 450
335 1470 38



TABLE 26

Saaois Summary for PCBs
Samoie ID '9 (E.C) KSLi ID 'jSCS-2
Data: 85/14/86 Tina: 15:12
Run NO. PCBKta FILE i i
Sanioie Heicht 3.23 G Injection wioum 8.888 of Sarnole
Ins;ruiaent~ID MS25B

Levels D6 TrO
125*88.* NS

Internal Standard Sumarv
a/2 Max TIC * TIC Ratio Reoicn Rsccv"1"/
256 5M5bc 1W «.32 £̂  TED 127.1'
£93 553468 1W
Total ?C3 fesuits P?M Lavais

Tri Tetra Pertta Hexa reaia
•419 5333 iSS 22IS IS4

EMDG
CMDQ
Isoaer SuBraary Reoort for Saaole
n/2 Max TIC'* TIC Ratio Renion PK1 PK2 PK3 PK4 PK5 PK6 FK? PK8 PK3 PI 8 Pli P12 PS3 P14 P15 P16 P17 PIS P13 P28 SUMP
256 56«4fl« 180 1.08 Tri 97 58 18 68 2 32 92 188 13 93 56 6 2 2 3 24 656
258 578535 198
258 424737 188 8.92 Tetra 10 4 12 4 188 66 18 78 14 21 43 7 2 2 35 91 53 23 4 585
252 461389 188
326 485666 188 1.30 P-nta 2 68 13 !2 81 35 2 4 22 33 12 188 5 2 3 65 28 471
328 372182 188
368 164173 188 1.17 Hexa 22 13 11 3 78 7 2 18 65 33 14 6 6 188 15 5 17 18 489
362 148633 188
394 9816 188 1.85 Heota 32 28 12 3 57 33 5 73 35 27 2 18 138 7 3 62 431
396 6553 188



TABLE 27

Sascis Suraary for
Sanole ID Laa Bianx HSU ID USCS-9-B
Da;e: 95/I4/S& Tine: 12:28
Sun SO. •PCBMSsA FILE = 4
Saaiole Wei ant 3. £9 5 Iniection ftsount 9.399 of Sanole

'lD MS25B

So MS Levels D6 TBD
3.8 NS

Internal Stsncaro Sumary
a/z «5x TIC - TIC Satio lesion Recovery
2?5 148353 1W 2.33 <£ TBD g?.5
£35 : 31535 !W
TCTal ^3 53suits pc« Levels

"r: Terra Penta Hexa Keota
m «D ND

a.wi e.
Isomer Suunary Resort for Saaole
ra/z Max TIC * TIC Ratio Semen PK1 PK2 PK3 PK4 PK5 PKS PK7 PK8 PK9 Pie Pll P12 P13 P24 P15 PIS 017 pta pig pp? stlKP

40 29 39 58

95 59 33 61 32 19 13 72 25 IS 491

-19 9

-4 ?

-15 9

256
253
299
292
325
329
359
362
394
396

5469
5131
tq i f i
2176
12£4
1239
297

1636
395
319

49
29
99
95

-19
-13
-19
-2

-15
-15

1.29* Tri

9. S3 Tetra

9. 99* Persia

9.99* Hexa

9.99* Keota



TABLE 28

o.e sugary -:^_--rs
Is 13 " 13=c; *£j D N5C3-3

=: Jfyl'/Js "ins: '.~:K
FILE = 3

In.sKiGr. -:»UK ?.W8 of Samoie

^ -2v=.= jfi T?D
f**f«.« s6

IrTs^a. starcarc Sasarv

1W
"otal ;1? iesjhs PPM Levels

Totra Pe*ita Kexa Heota
123 53.3 213 5.93 8.42*

SiiaDary 'snort for Saaoie
ra/: ,*ax Ti: < TIC Sano Renion OKI PK2 W3 PK4 PK5 PK6 PK7 PK8 W9 Pl« Pll P12 P13 Pi* P15 PIS P17 PIS C19 pa
255 45?65c 108 i.«5 Tri 3 57 34 5 36 43 35 1M S2 27 38 7 ifi2
253 436882 100
25* 11533 1«« 0.73 "srra 7 7 1 7 5 5 2 i 0 0 i « 6 3 £ 7 2 3 3 1 2 e i 4 f S 2 5 f 3 a 5 S£3
2?£ l"752i 100
326 facSSl S3 1.54 Canta 3 4 5 2 4 5 2 5 f i 5 4 - 2 2 3 5 ? 3 5 1 3 3»3
32fl 43407 93
360 13108 100 1.31 Hexa 28 7 12 7 100 11 3 17 4 2 2 45 13 8 11 6 2?£
362 10033 100
394- 381 95 0.98 Heota 50 52 77 53 25 68 22 95 453
395 390 95



TABLE 29

Suraary for PCBs
Saaole ID Lao Blank HSU !D NK5-«-3
Da:e: 95/14/66 Tiae: 13:13
Sun NO. PCBMsS FILE » 5
Sample Weight 15.333 Injection flsount ?. IM of Sassls
Instruaent'lD MS25B

Soine Levels DS T3D
3.8 NS

Intemai Siar.carc Suraary
a/z Mix : :C * TIC 3a7;o Sscion Secovery
2SS «e« 1W a.Ji 55 TrD «.;
255 5NN 1W
Total 5C3 fesalts 3» Lav-Is

~ri Terra Penta few Hsta

CJiDQ
!5c*er Suamary Reoort for Sample
a/z Max TIC * TIC Ratio Sesion PK1 PK2 PK3 PK4 PK5 PK6 PK7 Ra ?X3 P!« Pll P12 P13 P1A P15 P16 PS7 P18 P19 P23 SUMP
£56 4632 » 9.88* Tri 35 £5 38 68 1W 38 15 =« £5 ' 370
£53 5881 3«
£5« 2837 97 0.77 Tetra 85 33 25 52 £5 15 S3 45 £3 4*3
292 3757 57
325 7533 98 1.63 Penta 42 6 1* 8£ 25 19 4i 12 38 6 78 6* ififr
323 4614 98
36* 3023 98 1.40 Hexa 15 12 7« 6 13 36 18 43 1? 7 98 12 6 24 13 442
362 2164 98
334 -212 9* l.W Heota 35 72 45 65 25 5* 58 332
335 213 98



TABLE 30

y for PCSs
Samo.e ID 13853 kSU ID NBC5-S
Date: K/14/55 Tine: 15:31
Run NO. PC3Mil7 FILE 4 6
Samoie fe:ght 11.73 6 Injection flnouni 8.383 of Saanle
InstnuKRt'lD MS258

Saike Levels DS TBQ
125338. 9 ,NS

Internal Svancaro Suaaarv
E/2 *ax TIC X TIC ^st:c Rer.cn ?.ecove>>y
£56 cWS3I 1W «. 74 Da TTJ 55. 3
«a £715*8 1«
Tc-,ai PC3 ?.»suh5 &>* Lsvels

"r: Tetra Pe?^ hexa tesa
lit 38.5 £7.5 2.55 a.3B5

Isower Sunraary Seoort for Samole
ra/z i"!ax TIC * TIC Ratio Reaion PK1 PK£ ?K3 PK4 W5 PKS PK7 PK3 W9 P18 Pll P12 P13 P14 P15 P16 P17 P18 P19 P2« &j«o
256 628118 in l.W Tri 15 12 4 63 18 38 43 1W 41 87 3 27 443
258 638149 IN I
293 25M32 1W 8.72 Tetra 3 2 15 12 2 4 7 4* 4-1 25 138 IS 8 12 76 5s 2 18 415
292 35&t l»
326 228273 m 1.63 ô ta 12 15 30 8 m 13 2 18«
328 137445 Itt
36« 8934 99 1.24 Hexa 3 7 43 37 3 £4 99 13 23 17 3 £59 J
362 7265 99 '
394 1419 98 1.19 Heota 13 35 17 98 163 '
356 1238 98



TABLE 31

Saaois S'jaaary fo" PCBs
Saisols IB ' 13867 HSU ID NBC5-5
Data: 25/21/55 Tiie: 15:25
Sun NO. PCEfclS FILE * 7
Saaole wejgnt 14.47 G Injection Amount & M8 of Saraoie

"

SsiKs -sveis US TsO
125300.3 N6

Interra; Stancara Susaarv
•s/: *ax TIC * TIC Sat:o =,=2:
2s 1274S 1« 3.73 14

"oral :C3 iasaits -** .sveis
JPI.J . Jfeia Penta. hexa. Heota
&&**£**-&& 11. y i.»

EMDQ
C?1DQ
Isosier Suraary Seoort for Saiaole
ffl/'z Max TIC * TIC Ratio Resion PHi PK2 W3 PK4 PK5 PKfi PX7 PXB PKS Pl« P!l P12 P13 P14 PI5 P16 =17 P!8 P^S P2« SUJP
25S 155498 1M l.«8 Tr: 65 33 4 32 £6 18 71 188 37 23 2 2 7 -423L
253 152372 1W
29« SSSES 100 8.3« Tetra 5 2 *• 3« !W 33 32 23 3B A3 3 3 2 23 S3 31 IS 3 i
252 11:335 m
326 ie7775 :« 1.58 Penta 43 35 13 86 35 8 3 24 3 1W 2 5 82 2
328 56333 1*3 ,
35« 33253 iW 1.23 Hsxa IS 15 8 1OT 7 18 108 3 2 2 47 6 8 4 3̂6 /
362 25819 1W ,
394 2«Sa 99 1.85 Heota 38 7 28 15 88 35 22 13 10 7 99 11 2 33 413 '
395 1985 99



TABLE 32

Saaois suraary for PCSs
SaBsis ID '.as Biarx fcSJ ID NBC5-J3-5
Da-is: K/£1/SS Tiae: 14:37
Rur, NO, &CBXii5 FI1£ * 3
Sarnie neirre 13.JO G Injection %JOUTST $. 1J? of Saaole'

Ssi«e -svels S "rD
£LZ NS

Ir:ar-il Siancarc ii^
a/': "ex "I" X ~IZ ^=-1: :»3icp -^
2?£ i'̂ JS 1M ^.~ :l "53
£=e 31323 1W
local ?C3 :5su".:5 —>! Bevels

"n Te:rs "»^ta Hexa heota

EMDQ
C1DQ
Isoner Suaraary Rê cn: ror
a/: J"ax TIC % '1C Ra:io Region PK1 PK2 FS3 P« PK5 PKS FK7 PKS PK9 ?13 Pll P12 P13 P!*. Pi5 PIS °'J P18 Pi3 Pi'3 SdfP
cK 7435 36 1.24 Tri 98 53 61 £3 15 61 32 52 28 12 7 502
258 7123 38
233 3*13 58 2.53 Tetra 5 I 1 3 3 S 5 3 5 5 5 * 1 S 3 4 - 8 2 1 5 2 . 3 * 2 2 463
2S5 3731 55
325 43̂ 1 S3 i.si *e*r?a *S 2« 12 64 ** 2S 22 58 £3 la 4«o
328 2631 58
369 1162 53 1.21 Hexa 22 14 16 82 11 13 78 35 13 38 15 10 437
362 963 38
334 !*3 3(8 8.37 H?2*a 57 35 15 67 33 52 23 15 3« 52 433
336 165 90



TABLE 33

gjffl Stf«fi3Y FQ.3 ~TSH Ti-.SQLCH OCTfl CHLOai.NflTED DIQXINS AND RjSSN
BSD ID 7SSS-£
"ffi/I 4/gS TI*E: 11:12
<). PCBte3 FILE * 5 STD CURVE * 2
;TION fldCUNT 0.50* liL CF STflNC-ARD

-

."res

ID «S-£5
_TV=L5

?*s Li

?€S 'JL

£ LEVELS
5. aw

'HTEiftHl S7SNWSD £l»
«gX TIC % TIC =£710
146065 1» 2.75

KfiX TIC

215659
266673
257254
179206
149975
126549
109718
104467
90466

104175
129509

. 84647
75391
S4453

FDR
TIC RfiTIQ REGION
100
100 1.44 tore

40VVV0 ivv
483057 108

100
100

100
100

100
100

100
100

1W
100

1.55 Di

1.09 Tri

0.75 Tetra

1.44* Penta

1.19 Hexa

1.05 Keota

0.37 Octa

1.52* Nano

1.17 Deca

33211136. W 66422 .̂ 99

ICSSURED RF

1.32

1.23

0.61

0.53

0.33

0.26

0.23

0.26

0,17

l€SN RF

1.32

1.23

1.12

0.61

0.53

0.33

0.26

0.23

0.26

0.17



TABLE 34

..fiRD SMBRY FCRJETIM THROUGH CCTfl CHLORINATED DiOXIlS AND riiSANS?

"«/2l/86 'TlJJE: 13:19
,0. PC3Mtl5 FILE * 5 STD CURVE * 3
;TIQN AMOUNT 0.588 LI OF STANDARD
•UHENT ID MS-25
'NflL STANDARD LEVELS N6 PE.i UL
STC3
N6
•£ IsVELS NS DE3 L».

5.2OT
.NTEWflL STftffiflSD SLWW3Y

MfiX TIC < TIC RATIO f£BlW ?£H£L'

17382 IS '?'55

F
fflX TIC *
388888
688888
408888
508088
548782
538889
£35373
317811
364219
232491
228765
155762
191956
184574
aaotCtot
JVVVV

108888
128888
84880

155888
1364-53

TIC
188
188
108
108
188
188
188
108
108
188
180
180

108
188
188
188
100
188
188
120

RATIO RE5ICN

8.58* Mono

0.38 Di

1.32 Tr;

8.74 Tetra

1.57* Penta

1.33 Hexa

1.04 Heota

8.58 Octa

1.52* Nano

1.14 Deca

HEASQHED RF

1.12

1.12

1.32

8.53

0.74

0.48

0.47

0.24

8.26

8.26

MEAN RF

1.12

1.12

1.-Z3

8.59

0.74

0.48

8.47

8.24

8.25

8.36



TABLE 35

MOISTURE CONTENT OF NEW BEDFORD HARBOR AREA SEDIMENT SAMPLES
RECEIVED FROM NUS CORP. AND ANALYZED FOR PCB, PCDD, AND PCDF

NUS/EPA WSU % Moisture

13855 NBC 5-3 59%

13858 NBC 5-1 66%

13867 NBC 5-5 55%



ATTACHMENT H

MASS CHROMATOGRAMS OBTAINED BY THE BREHM LABORATORY IN GC-MS
ANALYSES OF U.S. COAST GUARD SAMPLE EXTRACTS AND OF SEDIMENTS

RECEIVED FROM NUS CORP. FOR PCDD AND PCDF



.\.. ","" , I - - " ,  " 4 " "  -."I I*ICI,\L. I \ "+* .  bI".."A,UY. W J U  l31,l.IC& U a C O -  b 

S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODIBENZOFURANS 

HRGC-LRMS A N h L Y S I S  O E T A I N E D  FOR E P A  S.4MPLE NO.  
F I G U R E I  1 



180 280 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  S A M P L E  N O .  
F I G U R E :  2 



~ K H I U S  m S Z S .  U S 5 5  SUt . I ' i4ARE.  RUN:  C T O 4 0 3 8 8 ,  WSU NAI-IE: IJSC6- ) 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLOROD 1 UENZO-P-DIcI: .  I N S  

'- 
<<-I r -I-r-I \I t -7 -_ - 1  - I 1-1- - --r-l--- ------- 

1 5 0 10B 150  .? BO ('5U 3011 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T 4 I N E D  FOR E P A  S9MPI .E  N O .  
F I G I J R E :  3 



1 SF, Z0B 220 238 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N O .  
F I G U R E :  4 



KRATOS MS25. O S 5 5  SOFTWARE.  RUN:  C T 0 5 0 i 3 8 0 ,  WSU NAbIE: U S C 6 - L  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR PEI4TACHLOR001UENZOFURANS 

1 5 0 1 0 0  2 0 0  3UB 3 5 8  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  
F I G U R E :  5 



h K H 1 U S  m 5 L S .  UZbS SUt CWARE. R U N S  C T 0 5 0 0 8 0 ,  WSU NAYE: USC6-( ",,.-. . ,+ , . _ ,  . . -  "I 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR PENTACHLORODIOENZO-P-DIO} 114s 

" 
I I I I I  I I I I I # I I I I I I I I I I I I I I I I I I I I U I I I  1 1 1 1  1 t m 1 1 r  

1 -1 -1 - I i--r-r-r-T r-r-l-I-1- 

1 5 0 1 08 150 210 2 68 381 350 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPI E NO. ' 

F I G l J R E :  6 



KRATOS M S Z S .  D S 5 5  SOFTWARE, RUN:  C T 0 6 0 0 8 8 ,  WSU NAME$ U S C 6 - I  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEXACHLORODIBENZOFURANS 

1 5 1  20B 
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  O B T A I N E D  FOR EPA SAMPLE N O .  
F I G U R E :  7 



AKMIUS maLb. ubss a u t l W A K E ,  RUN1 C T 0 6 ~ 3 B 8 0 ,  WSU NAME:  U S C 6 - \  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR H E X A C H L O R O D I B E N Z O - P - D l O X i N S  

1 5 0  1 0 0  15i3 2 0 1  2 5 0  3 iVB 3 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA . SAMPLE NO.  
F I G U R E  r 8 



1  5  0 1 5 0  288 3 00 
SCAN NUMBER 

HRGC-LRMS ANALYSIS O B T A I N E D  FOR E P A  SAMP1.E NO. 
F I G U R E :  9 



. - -  ..-- - .  ---- -.-I ..C-.I.L. I ."**. C I " I . , U " U ,  w a u  IlMl.IC1 uaC.0- 1 ....... 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR H E P T A C H L O R O D I B E N Z O - P - D I O Y I I J S  

1 0 0  1 5 0  2 0 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N O .  
F IGIJRE $10 



n n c r l U 5  ~ 1 5 2 5 .  U S S S  Sub- [WARE,  R U N :  C T 0 8 0 1 6 8 0 ,  WSU NAME: USCC-  ( 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR O C T A C H L O R O D I B E N Z O F U R A N S  

4 0  6 6  8 8 1 60 1 2 0  1 4 1  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE NO.  
F I G U R E :  11 



K R A T O S  M S Z S .  D S 5 5  SOFTWARE. RUN8 CT088iY8U. WSb NAME: USC6-\ 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR O C T A C H L O R O D I B E N Z O - P - D I O X I N S  

1 E 0 4 0 6 0 1 80 120 1 4.8 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR E P A  S.1MI'LE NO.  
F I G U R E :  1 2  



. . " .' . . . , ." .a&> * '  '$2 . ** . ' {~ww?qy 
hnH I u 3  P)SL*.  US* *  3ut I \ J A K E .  HUN r C T 0 4 Y d 8 1  . WSU NAME I U S C C - 2  
S E L E C T E D - I O N  MASS CHR014ATOGRAMS FOR TETRACHLORODIBENZOFURANS 

HRGC-LRMS A N A L ' / S I S  O B T A I N E D  FOR EPA SAMPLE N O .  9 ( R , C b  
F I G I J R E :  1 3  



200 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  S A M P L E  N0.9 ( 8 , C )  
F I G I J R E :  14 



n t \ m a v a  r l o ~ u .  v a o o  S U ~ I W H K E ,  R U N :  L I U 4 1 M U I .  WSU N A M t l  U S C 6 - 2  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODIUENZOFURANS 

1 8 0  2 0 8  2 2 0  2  4 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA SAMPLE NO.  9 ( 8 , C )  
F I G U R E :  15 



....... ..- .."+-. - 4 4 4  4-1 I Y M R C .  nutrz L I U ~ @ U C ) I ,  W S U  NHMt 1 USCb-2 
S E L E C T E D - I O N  MASS CHROI4ATOGRAMS FOR TETRACHLORODIBENZO-P-D IOX I t IS  

5 0 100 1 5 0  2 88 2 5 8  
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  9 (B,Cl 
F I G I J R E :  16 



' i.J 4 KKWTOS M S 2 5 .  0 5 5 5  SOFTWARE. R U N :  C T 0 4 1 8 8 1 .  WSU N A M E S  USC6-2 

195 2 0 0  2 1 0  2 2 0  248  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  9 ( B , C )  
F I GlJRE I 17 



100 200 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR € P A  SAMPLE N O .  9 ( B , C )  
F I G I J R E :  18 



a ua V I ~ L Q .  U ~ U U  3ur I W H K ~ .  KUII: C IU3uUal. MSU N n N t :  USC6-2 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR P E I I T A C H L O R O D I B E N Z O - P - D I O ) ;  114s 

208 
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  9 ( B , C l  
F I G l J R E :  19 



h n ~ ~ u a  m a ~ s .  11333 5 u t l l d ~ u t .  nuria C I U ~ M U H ~ ,  wsu NAME: USCC-P 
S E L E C T E D - I O N  MASS CHR014ATOGRAMS FOR HE:(ACHLORODIBENZOFURANS 

1 5 0 100 150 20d 2 5fl 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE NO.  9 ( 6 . C )  



KHATOS M S 2 6 ,  U S 5 5  SOFTWARE, RUN: C T 0 6 0 1 3 8 1 ,  WSU NAME: U S C 6 - 2  
S E L E C T E D - I O N  M A S S  CHROMATOGRAMS FOR HEXACHLORODIBENZO-P-DlOXlNS 

- 
1 1 1 1 1 1 1 1  I *-T ~T‘T-TT~ I I I I I I I I I 1 

1 5 0 100 1 5 8  2 08 2 519 3130 3 513 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  9 ( 0 . C )  





hnnrua n s r s ,  ub33 hub IUAHE, H U N t  C T 0 7 8 8 8 1 .  WSU NAME: USC6-2 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEPTACHLORODIBENZO-P-D IOX INS  

1 0 0  1 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  OBTAINED FOR EPA 
F  IGlJRE r 23 

2 0 0  350 

SAMPLE N O .  9 ( 0 . C )  



~ K A  I us M 5 L b .  U S S b  SUk PJARE , RUN I C T 0 8 B ~ f 8  1 . WSU NAME r USC6-2  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR O C T A C H L O R O D I D E N Z O F U R A N S  

1 1 0 1  1237 2 :  14 3 1 5 2  3 : 2 9  4 1 0 7  4 r 4 4  5 : 2 1  5  1 5 9  6 I 36 

6 0 8 0  1 i?0 1 2 0  1 4 0  
SCAN NUMBER 

1 GI 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  S A M P L E  N O .  9 ( 0 . C )  
F I G U R E :  24 



-...-. -.-.. - d r  r "  . r . , C . .  .".II, 

KRATOS M S 2 5 ,  O S 5 5  S O F T V A R E ,  R U N :  C T 0 8 0 1 8 1 ,  WSU NAME:  USC6-2 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR O C T A C H L O R O D I B E N Z O - P - D I O X I N S  

1 2 0 4 0 60  8 0 1 f l 0  1 2 0  1 4 0  168 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  9 (0.C) 
F I G U R E z 2 5  



KRATOS M S 2 5 .  D S 5 5  SOFTWARE. RUN:  C T 0 4 8 H 8 2 .  WSU NAME: USC6-0C  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODIBENZOFURAt lS 

2 1  :09  221  19 2 3 :  1 8  2 4  1 3 8  26  1 4 7 

1 5 0 100 1 5 0  2 08 25W 
SCAN NUMBER 

3 0 8  

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE NO.  LAB BLANK 
F I G U R E :  26 



l 5 B  168 1 8 0  2 8 8  221 2 4 8  
SCAN NUMBER 

HRGC-LRMS AN.4LYSIS O B T A I N E D  FOR EPA SAMPLE N O .  LAB B L A N K  
F lG lJRE:  27 



S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODIBENZO-P-D IOXINS 

20101 21 209 221  19  23  I 2 8  2 4  I 3 0  25847  26  I 57  

- a -  

\- -------/----- 

T l l - I - V T  I t I I I I I I 

1 5 5 10d 150 300 25U 3UJ 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  L A B  P L A N K  
F I G I J R E  128 



2 18 228 2 3 8  2 4 8 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  S A I I P I E  NO.  L A B  R L l N K  
 FIGURE:^^ 



100 1 5 0  2 8 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR E P A  
F lG lJRE I 30 

SAMPLE N O .  LAB @ L A N K  



_...  - - d-.. L d ,  " V  I *..L. *.,. ., 
KRATOS M S 2 5 .  D S 5 5  SOFTWARE,  RUN:  C T 0 5 0 0 8 2 ,  WSU N A H E X  U S C 6 - B e  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR PENTACHLOKODIOENZO-P-D IOX INS  

2 0 0  2 5 8  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  L A B  R C A N K  
F I G I J R E :  31 



A K A ~ I J ~  n s z s ,  VSbb  SUI-IWAKE. RUN: CT068882 .  WSU NAHLl USC6-BC 

1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1  1 1 1  I I I I I I r 7 - v ' . 1 1 - 1  I I I I 1 I I I I r I r ( 

1 5 0  108 15d 2 88 250 3r3.u 3 1.j .u 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE NO.  LAB BLANK 
F I G U R E :  32 



KRATOS M S 2 5 ,  D S S S  SOFTWARE,  RUN: C T 0 6 0 8 8 2 .  WSU NAME: USC6-BR 
SELECTED- ION MASS CHROMATOGRAMS FOR HEXACHLORODIBENZO-P-DIOXI~S 

-r -I --I- 1-1 -i.-n-r 

1 5 0 1 0 0  15B 20U 2 5 8  312'0 350 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE NO.  LAB FLANK 
F I G U R E :  3 3  



M ~ A I U S  M ~ L S .  U 5 5 3  5 U t  I W A R E ,  R U N :  C T 0 7 M 8 8 2 .  WSU NAME: USC6-Ub 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEPTACHLOROOlBENZOFURANS 

1 5 i3 1  00 1 5 0  2 0 Q  2613 3 0 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  L A B  b L A N k  
F I G l J R E t  34 



. . 
I _  

" ,  - - -  ! ,. . 7  me."+- '> .*'%WV 1 
KRATOS M S 2 5 ,  D S 5 5  SOFTWARE, RUN:  C T 0 7 0 0 B 2 ,  WSU NAME: U S C C - H a  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEPTACHLORODIUENZO-P-D IOX l l4S  

5.0 100 1 5 0  2 00 2 6 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N O .  L A B  r jLANK 
F I G U R E :  35 



- 

- 

- 
6 1  

- 

- 
1 

- 

- 

c I 
- 

1 20 4 0 6 8  8 0  1 90 1 2 0  1 4 0  160 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N O .  L A B  B L A N K  
F I G I J R E :  36 



- -  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR O C T A C H L O R O D I B E N Z O - P - D I O X I ~ ~ B  

-. 

- 

-- 

- 

- 

- 

4: 

- 

- 
- 

- 

1 : 0 1  1 8 3 6  2 1  1 4  2 1 5 1  3 a 2 8  4  1 0 6  4 1 4 3  5 1 2 1  5158 6 8 3 5  

- 

- 

- 

i 
- 

1 
- 
I 

4 
1 2 0 4 8 6  8 8 0  1 B0 1 2 0  1 4 8  1 6 8  1  U I  

SCAlJ NUMBER 
HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  S.4MPLE N O .  L A B  H U N K  

F I G I J R E :  37 



, . S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODlPENZOFURANS 

HRGC-LRMS A N A L Y S I S  O B T 4 I N E D  FOR E P A  S A M P L E  N 0 . 1 3 8 5 5  
F I G U R E :  38 



KRATOS M S Z S .  0 5 5 5  SOFTWARE, R U N *  ' C T 0 4 8 8 9 7 ,  WSU NAME, NBC6-3  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODlDENZOFURANS 

1 8 0  208 2  2 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA SAMPLE N 0 . 1 3 8 5 5  
FIGJRE: 39 



5 0 1  BB 1 5 8  2 8 8  2 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBT4INED FOR E P A  SAMPLE N 0 . 1 3 0 5 5  
F I GIJRE : 40 



210 230 2 30 
S C A N  NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR € P A  S A M P L E  N 0 . 1 3 8 5 5  
F I G l J R E t  41 





2 00 2 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N0 .13855  
F I G U R E :  43 



KKAI 'US  M S 2 5 .  O S 5 5  SOFTWARE. RUN: C T 0 6 0 0 9 7 ,  WSU NAMEI NBC5-3  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEXACHLORODIBENZOFURANS 

5 0  1 0 0  1 5 0  2 0 0  2 5 0  3 85 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAM?LE N 0 . 1 3 8 5 5  
F I G I J R E :  44 



1 5 0 100 1 5 6  2 08 250 3 88 I 

SCAN NUMBER 
HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N 0 . 1 3 0 5 5  

F I G U R E :  45  



, - 1 

KHATOS M S 2 5 .  DS55  SOFTWARE; RUN: C T 0 7 0 8 9 7 ,  WSU NAME: N B C S - 3  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEPTACHLORDDIUENZOFURANS 

0 1 8 1  1 2 0 6  2 :  1 3  3 :  1 9  4 8 2 6  5 : 3 2  6 1 3 9  
L--LL-.L_I-II-I- -1. 1 - 1 1  . - . I .  I -1. 1 . . I  . I 1 ~ -  I. 0 I 

4 1 0  1 0 0 X = 1 3 9 6 9  

- - - - - - - - - 
0 4 0 8  1 0 0 X = 1 4 3 6 1  

- - - - - - - - -  
3 4 5  1 0 0 X = 3 1 1 8 4  

- - - - - - - - -  - - - - - - -  
4 7 8  1 0 0 X = 3 5 1  

I 

I 

7--1-- 
T-l--- ~,. --,- 

1  5 0 1 0 0  1 5 0  2  08 25W 3  88 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N 0 . 1 3 8 5 5  
F I G U R E :  46 



5  0 1 0 0  1 5 0  2 08 2 5 0  3 00 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAWPLE N 0 . 1 3 8 5 5  
F I G I J R E r  47 



S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR OCTACHLORODIBENZOFURANS 
I 

1 :H1 1 :36  2 :  14 2851  3 : 2 9  4 $ 0 6  4 8 4 3  5821  5r5I-l 6 1 3 6  

" 
I I I I I I ~ I ~ ~ I I I I I I I I I ~ ~ I I I I I ~ I I I I I U ~ I  I I I I I " I I ~ T ~ ~ ~ I I I I ~ I I I  

1 2 8  4 0  6 0 8 8 1 El0 120  1 4 8  168 180 
SCAN NUEtBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N 0 . 1 3 8 5 5  
F I G i J R E :  48  



1 2 0  4 0  6 0 85 100 120 140 1  ti0 180 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N 0 . 1 3 8 5 6  
F I G U R E :  49 



1 5 0 l 0 B  150 2 88 2 5 (1 3111tr 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE NO.  LAB HLANK 
F I G U R E r  So 



U A I C I  J O ~ / L Y / U ~  I ints lbasi 

KRATOS M S 2 5 ,  DS55  SOFTWARE. RUN: C T O 4 0 1 8 3 ,  WSU NAME: N B C 5 - 0 - 6  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODlBENZOFURANS 

2SB 2 2 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR E P A  S A M k L E  N O .  LAB RI-ANK 
F I G I J R E :  51  



1 5 0  2 0 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR E P A  SAMPLE NO.  LAB f!l-ANK 
F I G U R E  r 52 



-,,..<. '7 "-UC.,"*@' 3 - 2  " ' * r a t Y . , . &  JC .;*, g-**'-"*,.p*5'?.'?.*f 
~ ~ ~ € 1 ' % ~ / 2 9 ' / 8 6  'TIME8 16151 

KRATOS M S 2 5 ,  D S 5 5  SOFTWARE, RUN:  C T 0 4 0 Q 8 3 ,  WSU NAMFr NBCS-0-B 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR T E T R A C H L O R O D I B E N Z O - P - D I O X I N S  

2 1 0  2 2 0  2 3 0  248  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE NO.  LAB nLANK 
F I G U R E  1 5 3  



1 5 0  1 0 0  1 5 8  2 0 0  2 5 0  3 0 0  3 5 0  
SCAN N U M B E R  

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O .  L A B  PLANK 



\;"I , ' R* 4 
? .@sq ;- %. ' , + ,-T4$.L; . * -.. .,-", 

KRATOS M S 2 5 .  O S 5 5  SOFTWARE. RUN: C T 0 5 0 0 8 3 .  WSU NAME: N B C 5 - 0 - 8  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR PENTACHLORODIBENZO-P-D IOXINS 

1 5 0 2 0 0  2 5 0  380  3 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR €PA SAMPLE NO.  LAB LLANK 
F  IGIJRE 8 55 



1 1 5 8  2 88 2 5 8  3 0 0  3 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR € P A  SAMPLE N O .  LAB FLANK 
F I G l J R E z  56 



-.*-., - - .-. . . , 't .'" - , . . ."."'Wl*'*1,.,.,,. 

K K A I O S  M S Z S .  U S S b  bObTWARE. R U N S  CT068d83. WSU NAME: NBCS-0-8 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEXACHLORODIBENZO-P-D IOX INS  

0 : 0 1  0 1  59  1159 2 : 5 8  3 I 5 8  4157 5 1 5 7  6 : 5 c  
I I I , , l , , , , I I 1 I I I I I I , l t r , , ,  , , a I I I , r r , , , . I , , , , , , - , - , -  

0 392  1003=2084 

# 3 9 0  100%=1236  

* 3 2 7  lBBX=323368 
- 

- 

- 

- 

- 

- 

I I -- --- -. ------A- _ 
I--I I-r-r-r-r 1 I I ~ - r - r - m i ~ -  

1 5 0 1 0 0  1 5 0  2 08 2 5 0  3d0 3 50 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T I I N E D  FOR E P A  S A Y P L E  N O .  LAB B L A N K  
F IGIJRE r 57 



KRATOS M S 2 5 .  D S 5 5  SOFTWARE. RUN:  C T 0 7 P 8 8 3 ,  WSU NAME: N B C 5 - 0 - 0  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEPTACHLORODIBENZOFURANS 

1 5 0  2 8iY 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA SAMPLE NO.  LAB RLAPK 
F IGURE z S 8  



5 0 158  2 0Q 2 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR E P A  SAMPLE N O .  LAD BLANK 
F I G U R E t  59 



S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR OCTACHLORODIBENZOFURANS 

1  r 5 l  1 1 3 6  2 :  1 4  2 1 5 1  3 8 2 8  4  1 5 6  4  r 4 3  5 8 2 1  6 1 5 8  6 r 3 5  

1 2 0  4 5 6.0 8 5 1 8 0  1 2 0  1 4 1  1 6 8  1 0 8  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N O .  LAB BLANK 
F I G U R E :  60 



KRATOS M S 2 5 ,  D S 5 5  SOFTWARE,  RUN:  C T O 8 0 Q 8 3 .  WSU NAME: NBCS-8 -0  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR OCTACHLORODIDENZO-P-DIOXI~S 

6 S3 1110 1 2 0  1 0 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N O .  LAB BLANK 
F I G I J R E :  6 1  



FRCC-LRMf PNAL' !S IS  OBTAINED FCR E P h  SAMPLE N O .  1 2 R 5 9  
F I GURE 5 2  



SELECTED-ION MASS CHROMATOCRAMS FOR T E ~ ~ A C ~ L O R O D ~ ~ E N ~ O F U R A N S  

158  1 6 0  18D 288 228 2411 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  ~ L ? A I N € D  FOR EPA SAMPLE NO. 1385l! 
F I G U R E I  63  



S E L E C T E D - I O N  MASS CHROIMTOGRAMS FOR TETRACHLOROD I ~ ~ N Z O - P - D  I O X  1 NS 

2 1 :  1 0  2 2 1  19 2 3 : E 9  24 : 30  2 5 ~ 4 0  



S E L E C ~ E D - I O N  MASS CWAOHATOGRAMS FOR T E T R A C ~ L O H ~ D  1 ~ E N Z O - P - D I O X  1J iS  

2 4 x 3 1  2 4 :  38 2 4 : 5 2  2 5  r06 25 a 2 0  25834  
I. 8 . L  . I . ,  1 , 
I 1 .  - ' ' * '  LL-- L - 1 - 1 h . 1  . - I - - L L I L J L - .  

2 if0 2 28 
SCAN HUMBER 

HRCC-LRMS A N 4 L Y S I S  QIHRIHED FOR E P A  SAMPLE NO. 1385R 
F I G U R E :  65 



~ . K M I U ~  mscb. US55 S U ~ I W A R E ,  RUN: CTOSYlU6. WSU N A M k r  NBCS-1  
SELECTED-  I O N  MASS C H R O I ~ A T ~ G R A M S  FOR PENTACHLORI~D 1 BENZOF ~ P A H S  

I 5 i~ 1 13 f i l  1 L J:I 2 f iU  l: ~ I J  .III!I 
SCAN I iUI4UER 

HRGC-CPMS A N A L Y $ ! S  QPTP,!t!ED FQR EPA S.4MPLE NO. 1 3 R S P  



- ...-. - 4 ,  * A ,  "13 I I I I L .  A . * . d d  

1:RATOS M S Z C .  D S 5 5  SDFTWAEE, RUN: C T b S 0 1 0 6 ,  WSU NAME: ~ 8 ~ 5 - 1  
S E L E C T E D - I O N  MASS CtlROllATOGRAMS FOR P E N T A C ~ L O R O O ~ ~ E N Z O - P - D I O X I N S  

HRGC-LRMS A N A L ' I S I S  b e f A I H E D  FOR EPA S A M P L E  N O .  1 3 8 5 R  
F I G U R E :  67 



. . .  
b.RATOS MS25 .  DS55 SOFTWARE. RUN:  C T 0 6 0 1 0 6 ,  WSU NAME: NBC5-1  
S ~ L  ECTED- I O N  MASS CtlROI4ATOGRAMS FOR H E : ( A C H L O R O D ~  (LCNZOFURANS 

HRGC-LRMS A N A L Y S I S  blbTAItlED FOR E P A  S A Y P L E  N O .  1 3 8 5 F  
F I G U R E :  68 



S E L E C T E D - I O N  MASS ~ H R O I ~ A T O G R A M S  FOR H E : ( A C H ~ O R O D I ~ ~ ~ J ~ O - P - C ) I O ) ( ~  NS 



HRCC-CRMS ANALYSIS b 6 t . 4 1 ~ E D  FOR E P A  SAMPLE FO. 13R5e 
F I C U R E  : 70 



- -  - .  
K R A V O S  MS25. US55 'SO) 1WAP.E. R U N  1 C T o i ' B l 8 6 ,  WSU NAME : lJB66- 1 
SELECTED-ION MASS CNROI~ATOGRAMS FOR H E P ~ A C ~ L O R O D ~ ~ E N Z O - ~ 4 . 1 1 0 ~ 1 1 4 ~  

1 UErB 15fl 2 8@ 2 5 0  
SCAN N U M B E R  

HRGC-LRMS A N A L Y S I S  O ~ ~ A I N E D  FOR EPA S A M P L E  NO.  1385R 
F I G U R E :  71 



~ . K A ' I O S  M S 2 5 .  OS55  SOFTWARE, R U N  a C T O 8 H l 8 6  WSU NAME : N W E - 1  
SELECTED- IOH MASS CHROI~ATOGRAMS FOR O C ~ A C H L O R O G I B ~ N Z O F U ~ A H S  

40 68 8 8 1 fl0 1 2 8  1 4 8  l I iM i BQ 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  Q ~ T A I N E D  FOR E P A  SAMPLE N O .  13858 
F I G U R E :  72 



E L  :3U113IJ 
YZi8El  ' O N  3ldW'VS Vd3 l o 3  03NIQ100 S I S A S V N V  SWUl-33UH 



5 0 1 BU 150 3 0ff 
SCAN NUMnER 

HRGC-LRMS A N A L Y S I S  b b f ~ 1 N E D  FOR EPA SAMPLE NO.  1 3 0 6 ?  
F IG IJRE:  74 



1 

1 
~ M H I U >  mbL3 .  U b S S  5 u r l W A R E .  HUN: CT04UlY7, WSU WAMtr NBCS-b 
S E L E C T E D - I O N  M A S S  CWAOI~ATOGRAMS FOR T E ~ ~ \ A ~ ~ ~ L O R O D I ~ L N Z O C U R A N S  

1 5 ~  1 6 8  I e r l  ZJTB 230 
SCAN H U M B E R  

HRGC-LRMS A N P . L S I S I S  O ~ ~ A I N E D  FOR E P A  S+,MPLE N O .  1386'7 
FIGURE: 75 



, ,  , *.. '  . "l. .C.-.-:2Q.'- .  . T i ?  7 4 .  6 . 4  . . A  ! t d ? * : l d w -  
i t i A  r US r n s i b . ' u ~ b ~ " . j ' o ; T ' ~ ~ ~ € ,  RUN: C T O 4 8 1 8 7 .  WSU NAME* NBC5-5  
SELECTED-ION MASS C H ~ ~ O ~ ~ A T O G R A M S  FOR T E T R A C ~ L O R O D I B E N Z O - P - D I O X I N S  

i U U  1 F, lf 3) LI 1 ,  I I 

SCTiId fIUI4CEl? 
HPGC-LPMS P N 4 L Y S I S  O B ~ ~ , I N E D  FOR E P A  S>,MPI k N O .  1 3 0 6 7  

F I C I ! R E :  76 



, a  ' 1 *, A e r . h .  .a .  

t .nHlus  m a d s ,  UbSS S U P l V A R E ,  RUN:  C T O 4 k l l Y 7 ,  WSU NAME: N 6 C 6 - 6  
S E L E C T E D - I O N  MASS CH&OI~ATOGRAMS FOR T E ~ ~ A ~ ~ L O R O D I D E N ~ ~ - P - D I O X ~ ~ ~ S  

195  318 231 
SCAN NUMBER 

HRGC-LRMS A N k L ' I S I S  O ~ T A I ~ I E D  FOR E P A  SAMPLE N O .  13067 
F I G U R E 2  77 



1 !iB 100 280 2 5 0  398 
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  ~ & ~ A I N E D  FOR EPA SAMPLE N O .  13867 
F I G l J R E r  78 



S E L E C T E D - I O N  MASS C H ~ O I ~ A T O G R A M S  FOR P E I ~ T A ~ ~ L O R O D I ~ E N Z O - P - ~ 1 0 ~  I NS 

8: 53  1 : 45 2x36  3 1 3 0  4 r 2 3  4 1  15 6 : 08 

HRGC-LRMS A N A L ' I S I S  ( I f i f ~ I t i E D  FOR E P A  S>,MPLE N O .  1386? 





-- - ,?& . . ., . I?, ,, qqp: TI?;- . c.. *r;e.:,q...'q,d ; .'(. ,:? A'fr*r*;*.2*""Yw . $ ' .  - 
,.,,n 8 V J  1 . 6 ~ -  J ,  024  J a Y t  l W M f i e l  KUI*  I *L I U O U  I@ $' $ W 2 . U  l \ h V l L  : )\bLb-t) 
S E L E C T E D - I O N  MASS CHROI~ATUGRAMS FOR H E : ( A C H L O R O D I ~ ~ N Z O - P - [ ~ I O X I N ~  

I 

Ln.. - J r -  r .  TI'-T"-T~T~ I 

-, c i l l l l  f 
~ I ~ I J  L !i J? ~ b d  ,- -5 0 

1 5 r) SCAN RUMLEI? 





SELECTED-  I O N  MASS C H ~ ~ I ~ A T O G R A M S  FOR H ~ P T C I ~ H L O I I O ~  I~EN~o-P-DIOX 1149 

"dl- 

\ 

. . 

1 Ufl 1 5 1  
SCAN NUMBER 

HRCC-LPMS A N A L n / $ I S  ~ ~ T A I H E D  FOR E P A  
F I G U R E :  83 

SAMPLE N O .  1 3 8 6 7  



6 80  1 fl0 
SCAN RUMBER 

HRGC-LRMS ANAL ' (S IS  ~ ~ ~ A I H E D  FOR E P A  
F I G I J R E :  84 

120 14d 

SAM P L E  N O .  1 3 8 6 7  





... ... .!: ',7.:. i 
K'RATOS M S ~  
S E L E C T E D -  I 

I 
, , , , I  I , , ,  I I , I I , I I , I I ' " , I I ; I I I  \I I I I ~ I I I I ~ , ~ ~ ~  I I 1- - T l - - r l  I -1 1 V - r -  1 

1 5 8 10I 1 5 0  2 8 8  2 5 0  . , 4 1.4 

SCAN NUMBER 
HRGC-LRMS ANAL' IS  I S  O ~ T A I N E D  FOR E P A  SI\MPLE NO. LAB BLANK 

F I G I J R E :  86 







KRATOS MS25 .  OSSS S O F W A R E .  RUN: C T 0 4 & 1 8 9 .  WSU NAME: NBCS-Be-&?I 

HRGC-LRMS A N A L Y S I S  O ~ T A I N E D  FOR EPA SAMPLE N O .  LAB PLANK 
F I G I J R E :  89 



HRGC-LRMS P.NP.L'ISIS O ~ T A I N E D  FOR E P A  SAMPLE N O .  L A B  RLt\f41: 
F IGIJRE:  90 



S E L E C T E D - I O N  

0 :  5 2  1 : 4 5  2 : 3 $  3 1 3 0  4 : 2 2  5 1  1 5  6 : 0 7  
0 : 0 1  

+ 

, , , , , - ,  ( , , , , A ,  , , , , - ,  ,*, ,, , , , , . , . . I . I . . . . I I I ,--I L-. . A - c  - J  I 

h 





. ~ . -P 
. , ",. - I.. r - .*I  ..- -.=-w >,...*,,. u -  

KRATOS ~ ~ 2 5 .  0 ~ 5 5  SOFTWARE,  R U N :  C T O ~ B ~ ~ ,  wsu NAME: NBCS-m-B 
S E L E C T E D - I O N  MASS CHROI~ATOGRAMS FOR H E : ( A C H L O R O D I B E N Z O - P - D ~ O X I N S  

1513 28d 
SCAN NUMBER 

HRGC-LRMS P.N.A.LSIS I S  ObTAI  NED FOR EP.4 SAMPLE N O .  LAB EL-ANK 
f I G I J R E  I 93 



HRGC-LRMS ANAL' IS IS  O ~ T A I N E D  FOR € P A  SAMPI F. N O .  L A R  P L A N K  
F I G I J R E :  94 



1 5 3 1 B0 1 50 2811 
SCAt4 NUMBER 

HRGC-LRMS A N A L ' I S I S  O ~ T A I N E D  FOR E P A  S A q P L E  NO. L A B  P L A N K  
F I G I J R E :  95 



H R G t - I  RMC ANAI.'(S19 ~ ~ ' ~ A I N E P  FOP E P A  SAMPLE N O .  1.4R ('I ANK 





HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA S A M P L E  N O . P E M I i  2 
F I GlJRE : 98 



1 5 0 188 1 5 0  350 2 5 0  3Ud 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O . S T D  1fl4d-1 
FIGURE 199 



188 2 r30 2 2 0  :: 4 ( 1  
SCAN N U M B E R  

HRGC-LPMS ANALYSIS OBT4INED FOR EPA S 9 M P I  F NO.STD 1 P 4 8 - 1  
FIGURE: 100 



1 5 0 10B 150 108 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N O . S T D  1 B 4 Q - 1  
F I G U R E :  101 



2 1 0  2 2 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  
F  IG IJRE 1 102 

2 38 

SAMPLE N O . S T D  1 t ; 4 8 - 1  



HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O . S T D  1U4AY-1 
F I G U R E :  103 



S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR PENTACHLORODIDENZO-P-D~O. I~ \ IS  

0: 5 3  1845 2838  3  : 3 0  4423 F i r  15 

108 158 2 88 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA 
F IG IJRE:  104 

" C j f l  d -  . 3 flu 

SAvf'1.E NO.  STD I P 4 8 -  1 



I 

' -1- 

1 5 0 100 15Q 2BB 2 5 0  
SCAN NUMBER 

HRGC-LRMS ANALYSIS OBTAINED FOR E P A  SAMPLE NO.STD ~ F J J L J - I  



KRATOS M S Z 5 ,  D S 5 5  SOFTWARE, RUN:  C T 0 6 0 ~ 3 7 9 ,  WSU NAME: STD 1 8 4 0 - 1  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR H E X A C H L O R O O I O E N Z O - P - D I O X l N S  

1 5 0 0  1 : 5 9  2 8 5 9  3 : 5 8  4 : 5 8  5157 

1 00 15.u 2 01 250 :jao 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA SAMPLE N O . S T D  1 8 4 8 - 1  
FIGURE: 106 



KRATOS M S 2 5 ,  DS55 SOFTWARE, RUN:  C T 0 7 0 0 7 9 ,  WSU NAME: S T D  1044 -1  
. S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEPTACHLORDDIBENZOFURANS 

2 :  13 3 : 2 0  4 1 1 6  ( j r  3 3  
I 1 ~ l I t I I  , l l , 4 a ~ * . , n l , , # , , ~ , , ~ - J  --,.-I- 

1 0 0  1 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L V S I S  O B T A I N E D  FOR EPA 
F I G U R E *  107 

2 0 9  1 5 8  

SAMPLE N O . S T D  1 P 4 Q - 1  



1 100 158  208 2 5 8  
S C A N  NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE N O . S T D  1 8 4 0 - 1  
F I G U R E :  108 



STD 1810-1  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR OCTACHLORODIBEYZOFURANS 

1 2 9  40 6 1 8 0 1  10 1 2 0  1 4 f i  1 6 8  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA SAMPLE NO.  STD 1 R ~ B -  1 
F I G U R E :  109 



'Fy% -- " ", " 

S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR OCTACHLORODIBENZO-P-D IOX INS  

4 0  6 0  80 1 B0 120 1 GB 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  . SAMPLE N O . S T D  lHlU-l 
F I G U R E  : 110 



KRATOS M S 2 5 .  OS55  SOFTWARE. RUN:  C T 0 4 8 8 9 5 .  WSU NAME; S T D  111 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODjUENZOFURAt i5  

rr- L 

10B 155 2 80 
SCAN NUl4BER 

H R G C - L R M S  A N A L Y S I S  OBTAINED FOR EPA SAMPLE NO.  S T D  1 0 4 0 - 1  
F I G U R E :  111 



S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACHLORODlBENZOFURANS 



. -- 
> ., .,,..%.:. . - .*, b. h~. .+d**~?** *< . .b  . *+,.- .. * i. . ' 

KRATOS M S Z 5 .  0 ' 5 5 5  SOFTWARE,  RUN: C T 0 4 0 0 9 5 ,  WSU NAbIE: S T D  1 0 1 : ~ ~ - 1  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR TETRACMLORODIBENZO-P-D l t?k INS  

2 1  1 0 9  2 2 1 1 9  2 3 : 2 8  24 r  38  2 6 1 4 7  

188 1 5.13 x o  
S C A N  NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FQR E P A  SAMPLE NO.  STD 11144-1 
F I G U R E :  113 



KRATOS M S 2 5 ,  D S 5 5  SOFTWARE; RUN:  C T O 4 H a 9 5 ,  WSU YAMEI STD l a d @ -  4 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR T E T R A C H L O R O D I B E N Z O - P - D l O w  

24131  24 I 38 24 : 52  25386  25 :  19 25 t 33  

t - - " ~ " ' " ' " " " " '  1 " " ' ' ' 1 . .  . . 1 ~ - - - _ 1  

195 2 10 2 2 0  2 3 0  2 4 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR E P A  SAMPLE NO. S T 0  1 8 4 0 - 1  
F I G U R E  :I14 





- - 

S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR PENTACHLORODIBENZO-P-~10;: I N S  

01 5 2  1 3 4 5  2 : 3 7  3 1 3 0  4 : 2 2  51  l!i 

1 
I..-- --w"JvJL\r--J'-%%---e /-7.l--+\ >.n.,4--.' +A--'4~ 
I " " "  " ~ " " ' l " l ~ l l ' l l l l l l ~ l l l " l '  1 ~ 1 ' 1 1 , 1 1 1 , ~ ' ' , ' 1 1 - ~ ~ - ~ - - , ~ ,  

1 5 0  1 0 0  1 5 0  2 0 0  255  3U0 3 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE NO.  S T D  1840-1 
F I G U R E :  116 



-... -. ..,-,̂r.,, "I 1 . I , & .  I N . " "  

KRATOS M S 2 5 ,  DS55  SOFTWARE. RUN:  CT060d95,  WSU NAMEr S T D  1BrB-1 
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEXACHLORODIBENZOFURANS 

I 1 I-- 1-1- 1-17--7 

1 58 1 85 156 2 0 8  256 3 80 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE NO. STD 1040 -1  
F I G U R E :  117 



-.: +'&'*,, , :i2-:', trrw.mq ..%e -,iy~-:5?T$. . . , 

S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEXACHLORODIBENZO-P-DIOX1I4S 

L- --- 
~ 1 1 1 1  , ,  , , I , , ,  I ,  , ,  , , , .  , . . I  I .  I l l . .  I  . I  1 1  I l.l-'l I  I t  I l l  l l - r - ' l l - l - r l - l - l - - l  

150 2 D0 250 .j ilB 
1 50 180 

SCAN NUMBER 
HRGC-LRMS A N A L Y S I S  O B T 4 I N E D  FOR E P A  S 4 p P L E  NO.  S T D  1848 -1  

F l G l J R E :  118 



KRATOS MS25. D S 5 5  SOFTWARE, RUN: C T 0 7 8 d 9 5 ,  wsu NAhE:  S T 0  I 8 ) f U - l  
SELECTEO- ION MASS CHROMATOGRAMS FOR HEPTACHLORODlf iENZOFURANS 

5 8  100 1 5 0  2 0 8  2 5 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA SAMPLE NO. STD 1 8 4 0 - 1  
F IG IJRE:  119 



-...-. r . . , Y - r  Y Y  I . I . & .  4 L I .  4 -  

KRATOS M S Z 5 ,  0 5 5 5  SOFTWARE, RUN: C T 0 7 0 8 9 5 ,  WSU NAMES S T D  1 6 t 0 - 1  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR HEPTACHLORODIPENZO-P-DIOXINS 

I . ..-.I. '-'T' -,-,TT7-1717 - 
I I I I I l ~ l l l ' l l " l ~ ' l ~ l " " l ~ " " " ' " I " " " "  

1 5 8 1 0 0  1 5 0  206 2 6B 380 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA SAMPLE NO. S T 0  1 8 4 0 - 1  
F l G l J R E l  120  



v. 

KRATOS M S 2 5 .  D S 5 5  SOFTWARE,  RUN1 C T O B B 8 9 5 .  WSU HAMEt S T 0  1 0 ' 8 - 1  
S E L E C T E D - I O N  MASS CHROMATOGRAMS FOR OCTACHLORODlBENZOFURANS 

. - \__-. 

1 1 1 1 1 1 , 1 1 1 1 1 1  1 1 , 1 1 1 , , 1 1 1 1 , , 1 , 1 1 1 1 1 1 , 1 , , 1 1 1 1 ~ 1  
-.- 5- I - - ~ - I - ~  I I I-rt -r I-11-rr-I 3 I 

6 0 8 ff 1 0 8  1 2 0  1 4 1  I G U  1 0 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T 4 I N E D  FOR EPA SAMPLE NO.  S T D  1 0 4 8 - I  
F I G U R E :  1 2 1  



KRATOS MS25,  D S 5 5  SOFTWARE, R U N S  C T 0 8 0 0 9 5 ,  WSU NAMES STD 1 8 4 8 - 1  
SELECTED- ION MASS CHROMATOGRAMS FOR OCTACHLORODIBENZO-P-D IOX INS  

l r n l  1  :36 2 :  1 4  2 8 5 1  3 : 2 9  4 : 0 6  4 1 4 3  5 1 2 1  5tSB 6 1 3 6  
L--L&--A .I-L..L I . - ~ - . ~ . - I . - I - J L J - L , - L  L 

- - - - - - -  - - - - - - - - - - - - - - - - - - _ - _ -  ._... 

I 
I 

& 458 1 0 0 % - 4 6 7 5  
i 

- - - - - - -  - - - - - - - - - - - - - - _ - - - _ _ _ _ _ . . _ _ _ _ .  

0 3 9 5  1 0 0 % = 1 1 9 1  

- - - - - - -  - - - - - - - - - - - - - - - - - - _ _ _ _ I _ . _ _ _  

# 4 7 2  1 0 0 % = 1 6 8 1 9  
- - - - - - -  --------- I - - --_--- I  I 

I 
I 

I 

I 



-r 

I R A T O S  VSP5. 0 5 5 5  SOFTWA.RE. RUN:  FGH40125. WSU NAMF: 
P E M I X * :  

5ELECTEE-IOH l4AS5 CHROI4bTOGRkHS TOR TETRCCHLOROOIBENZO-P-DlO' I N S  

24.111 21 : 37 25 : 8 5  
2 5 : 3 3  

:?:?I! 23: 4 2  



1 5 8 10B 155 38U rl !I 11 
SCAt4 NUMBER 

HRGC-LRMS P.N*L'ISIS OBTAINEO FOR B R E H M  LP.B SAMPLE NO. srn l o  10-1 
F I G I J R E :  124 



HRCC-CRMS A N b h ' I S I S  O B t A l N E f l  FOd P R E H M  L A B  S.4HPLE KO. S T D  l e t s - l  
F IGI!RI: : 125 



. . . . . .- -."...- i . 
KiAios  ~ $ 2 5 .  DS55 SOFTWARE.  RUN*  C T 0 4 0 1 8 5 .  WSU N A k E *  S T 0  184D-1 
S E L E C T E D - I O N  MASS CHROlrlPTOGRAMS FOR T E T R A C H L O R O D I ~ E N Z O - P - D I O ~ I I ~ S  

S B 168 1 5 8  
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  OBTAINED FOR BREHM L A B  SAMPLE N O .  STD 1 0 4 0 - 1  
F I G U R E :  126 



SELECT ED- lor( MASS C H R ~ I ~ A T O G R A M S  FOR TETRACHLORO~ I BENZO-p -b  10% 1 NS 

I-, i l l  , .  , , , ; ,  . , ,  
/----\ . 

.- - / --L- -i- I , . . , -;7--TT---F;- ------ a- - 
l a  r-m - -"-A -p''-P -la- I 

31Li . 2 2 8  ? 38 
SCAN NUMBER 

H R G C - L R M ~  P N A L ' I S I S  ~ B ~ A I N E D  FOR 6REHM L A 6  S A ~ P L E  NO.  S f D  1848-1  
FIGI!RE: 127 



. 
SELECT ED-  I O N  MASS CHROI4ATOGRAMS FOR P E N T A C ~ L O R O D  ~ D E N Z O F U R A I ~ S  

I . V  
1 1  I I I I I I I I ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~  1 1 1  ~ ~ ~ ~ I I I I I  - - - - - t n - 1 ~ 5 - ~ - ,  
1 '3 t 1 J ) i '  l !J/J 2 0 U .! !J IJ : 11 11 . !, 1 1  

SCAN NUI1CCR 
UPGC-LRP5 ANAL'tSJS F@T.\ I I IED FOR EPEHM L f i B  C,\MPI E I?O. ST0 If{ l e - I  

F JLIIRI:: 128 



S E L E C T E D - I O N  MASS CHROI~P.TOCRAMS FOR P E I ~ T A C ~ L O I ~ U D I B ~ ~ N S  

I: 
'I' 
E 
N 
S 
I 
T 
Y 





H R G C - L R M S  Ar(AL' fS1S o B f ~ 1 t l E 6  FOR BREHM L A 6  SAMPLE N O .  STD 1 8 4 0 - 1  
F I G U R E :  131 









I P+ r. 
17)-R. * - .  

) . R A T 0 9  MS25. 0555 SOFTWAR2,  RUN: ~ ~ b 8 0 1 b 5 ,  WSU NAME% S T D  1 8 4 $ ~ 1  
S E L E C T E D - 1 0 k  MASS C H R ~ I ~ A T ~ ~ R A M S    OR O C T A C H L O R O D I ~ ~ N Z O - P L D  1 0 x 1  143 

1 b?D 1 2 B  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B ~ A I N E D  FOR BREHM L A B  S A Y P L F  N O .  STD 1 8 4 8 - 1  
F I G U R E :  135 



I :RATOS M S 2 5 .  D S 5 5  SOFTUARE.  Rut4 r F G H 4 0 1 2 6 .  WSU NAME: PEC\IX#T' 
I S E L E C T E D - I O N  MASS CHROI4ATOGRAMS FOR T E T R A C H L O R O D I B E N Z O - P - D I O ) , l N S  

\ 

1 -- -1 -Tb- 
- - - 

2 5 8  2211 24D 
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  O B T A I N E D  FOR E P A  SAMPLE N O . P E M I X # Z  
F I G U R E :  136 



, ... 
hKHIOS M b L S .  U b b S  S U I - I V A R E ,  RUN8 C T 0 4 U l f i 8 ,  WSU NAME8 STU lU>la-1 
S E L E C T E D - I O N  MASS CHROI4ATOGRAMS FOR TETRACHLOKODIDCNZOFURANS 

h i -  

- - -- 

1 5 0  1 BIT 1 5 0  2 08 .'!,I# 
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  O 0 T A I t ~ E D  FOR E P A  SAMPLE N O . S T D  l F ( 4 r J - I  
F I G I J R E :  137 



1 6 0  18B 2 A 8  
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  O ~ T A I N E O  FOR E P A  SAMPLE N O .  STD 1 R ~ J T -  1 
F I G l J R E r  138 



5 0 150 
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  O B T A I N E D  FOR E P A  SAMPLE NO . S T D  1 P ~ J J - I  
F I G U R E :  139 



, - - . -  - 
SELECTEO-ION MASS CHROMATOGRAMS FOR TETRACHLORODI BENZO-P-DIOX I 14s 





I 4 0  108 158 2 88 268 313'0 
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  OITAINED FOR E P A  SAMPLE N O . S T D  l84rl-1 
F I G U R E :  142 



K K A I U ~  m s ~ a .  us33 s u r ~ v ~ ~ t ,  nuns ClobllMB, WSU NAME: STD l 8 4 i J - 1  
S E L E C T E D - I O N  MASS C H ~ O I ~ A T O G R A M S  FOR HE:(ACHLORODIBEVZOFlJRANS 

0:%l 0 1  59 1 : 5 8  k : k 8  4 : 57  5 156 # I  ; 1 ; - 0 t - L . I " - ' a .  . ,  0 .  , , I. , , , , , , , , . , , , 

A , 

, , , , , , , , , , , , , , 

1 00 l5 iT  2 BB 
SCAN NUMBER 

HRGC-CRMS A N A L ' / S I S  O ~ T A I N E D  FOR E P A  SAMPLE N O . S T b  1841T-1  
F I G U R E  t 143 



A K H I O S  A S Z S .  Us55 Sur W A R E ,  R U N :  C T 0 7 f i l B 8 ,  WSU H A t l L :  STD lU4U-1 
SELECTED- ION MASS CHROI~ATOGRAMS FOR H E P T A C H L O R O ~ ~ ~  NZOFURANS 

HRGC-LRMS ANhL'ISIS O ~ ~ A I N E D  FOR EPP 
FIGIJRE: 144  





, , , , 
, , , l l r , l l l l l l l , l l l l  

1 :  

I 5 8  188 15a 2 0d 250 .mr I 

SCAN NUMBER 
HRGC-LRMS A N A L S ( S I S  OBTAINED FOR E P A  SAMPLE N O . S T D  l R 4 r J - 1  

F I G U R E :  146 





. >  . ..- - 
KRATOS M S 2 5 ,  D S 5 5  SOCTL~AR'E,  R U N 1  C T 0 8 0 1 0 8 .  WSU NAME: S T D  1 8 4 0 - I  
S E L E C T E D - I O N  MASS C H ~ O I ~ A T O G R A M S  FOR OCTACHLORODIBENZO-P-DIOXlNS 



ATTACHMENT I 

MASS CHROMATOGRAMS OBTAINED BY THE BREHM LABORATORY 
IN GC-MS ANALYSES OF U.S. COAST GUARD SAMPLE EXTRACTS 
AND OF SEDIMENTS RECEIVED FROM NUS CORP. FOR PCB 



I KUATOS M S 2 5 ,  DS55 SOFTWARE. R U N :  PCBMBJBf, WSU NAME: USCb-1 

50 15f i  2 r f 0  
S C A 3  NUMBER 

HRGC-LRMS A N A L ' I S I S  O B T A I N E D  FOR E P A  SAMPLE NO.  2 9  
F I G U R E :  149 



HRGC-LRMS A N A L Y S I S  OBTAINED FOR E P A  SAMPLE N O .  27 
F I G U R E a  150 



HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR EPA SAMPLE N O .  9 ( B , C j  
F I G I J R E :  152  



HPGC-LPMS A N A L Y S I S  OBTAINED FOR E P A  SAMPLE N O .  2 f  
F I G U R E :  151 



I .  , .: .. ' - , , , -5-q 
K K A T O S  M S 2 5 .  DS55 SOFTWPRE. R U N :  P C B M B * B 6 .  WSU NAME: M S C 6 - Z  

6: 17 7 8 3 2  8848 18:03 llr19 12134 1 6 t 0 L  I t  21 

L 1L.I . A L L . .  - .._I A . - A , . d &  

.-* A.... 1 .  ,-L-..'".-r ... .. . 

t i  BB n c . .  , . ,  

I iRGC-LRMS A N A L ' I S  IS OBTAI HED FOR E P A  SAMPLE ~ d .  ( f ! , C )  
F IG IJRl i  r 153 



HRGC-LRMS A N A L ' I S  IS OBTAINED FOR E P A  S A M P L E  NO. 9 ( R . s )  
F I G l J R E r  154 



HRGC-LRMS AIJAL' IS IS  O B T A I N E D  FOR E P A  SAMPLE N O . U S C ~ - P - B  
FIGURE: 155 



2 0 1  251 3fl0 3 5 1  -1 88 4 5 0  she T sty  
I I 

SCAN NUMBER 
HRGC-LRMS A N A L ' I S I S  O B T A I N E D  kOR E P A  S A M P L E  N O .  USGC-b)-B 

F I G U R E 8  156 



4 0  6 a BB I kYhJ 1 i$ 1 4 0  l lrU 
SCAN NUMBER 

HRGC-LRMS ANALYSIS OBTAINED FOR  PA $AMPLE N O .  USC6-fi,-R 





HRGC-LRMS A N A L ' I S I S  O B T A I N E D  FOR E P A  
F I G ~ J R E :  159 



1 2 0 I OH 128 168 ' 1 
SCAN NUMBER 

HRGC-LRMS At iAL ' lS  IS OBTAINED FOR EPA S A M P L ~  N o .  13855 



HRGC-LRMS A N A L ' I S I S  O B T A I N E D  FOR E P A  $ A Y P L F  N O .  L A B  RLANK 
F I G U R E 8  161 



HPGS-I .RMT ANAL'ISIS OET>.INED FOR E P R  ,S$.MPLE N O .  L A B  FLJ.NK 
F I QJRI:  : 162 





1 5 0  2 8 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  SAMPLE NO. 13058 
F I G U R E :  164 



HRGC-LRMS A N h L Y S I S  O B T A I N E D  FOR E P h  S.4MPLE N O .  1385P 
F I G U R E I  165 





1 1 1 1 1 , 1  l i l l l l i , ~ ~ \ l l . ~  

L ,!, 
\JI. ,\ , , , , :\R.I\~ , 8 , - # - - I  I I I I -  I 1 I 

1 5 u I sa 15u 280 2 5 8  .!II(J 

SCAH NU14UER 
H R G C - L R M S  ANALYSIS OBTAINED FOR € P A  SAMPLE N O .  13867 

F I G U R E :  167 



2 0 0  2 5 0  388 3 5 0  4 08 4 5 0  50f l  55iJ 0 U 0  
SCAI4 NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  S A M P L E  NO.  1 3 8 6 7  
F I G U R E :  168 



40 6  8 8 0 1 0D 1 2 0  1 4 0  168 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR €PA SAMPLE N O .  1 3 8 6 7  
F I G U R E :  169 



! 
K K H I O S  M b Z 5 .  US55 SOFTWARE, RUN8 PCDMBU16. WSU NAME: NBCS-BB-1\ . 4 

1 5 0 180 151J 200 2 5 8  
S C A N  NUMBER 

HRGC-LRMS A N A L Y S I S  O B T A I N E D  FOR E P A  S A M P L E  N O .  L A B  B L A N K  
FIGURE: 170 



H R G C - L R M S  A N A L Y S I S  O B T A I N E D  FOR EPA S A M P L E  NO.LAB B I  Pt4K 
F I G U R E :  171 



0101 If: 2 7  0: 54  1 : 2 1  1 : 4 8  2 :  15 2  : 4 2  3 :09 3:3G 4 $03 4 : ?0 

4 0 6U 8 0 1 I3B 120 1 4 0  
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA S A ~ I P L ~  NO.  
F I G U R E :  172 



1 5 8 118 1 5 0  2 UrJ 2 5 0  3 &D 
SCAN NUMBER 

HRGC-LRMS A N A L ' I S I S  O B T A I N E D  POR PCB ~ t b  S A M P L E  N O .  7 6 9 9 - 2  
F I G l J R E a  173  





LL -.. 
& .-. 

I... 

L.. -. 

L L  

l* .. 

..L 

11)o 1 ! i b j  z i lu  
SCAFI N U M B E R  

H F M - I  RMS A N P L ' I S I T  OBTAINED ~ O P .  PCB ~ l f )  SAMPLE NO. 7 6 9 ~ - 2  
F I G U R E :  175 



18,J 12U 141T 1 GI) 
SCAN NUI4UER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR EPA SAMPLE NO. STD 7 6 9 9 - 2  
F I G U R E :  178 - 



4 00 4 50 5 00 1.r.t 
SCAN NUMBER 

HRGC-LRMS ANALYSIS OBTAINED FOR EPA S A M ~ L ~  NO. STD 7609 -2  
F I G U R E :  177 



t 
8 8 1 5 .  WSU NAME: PCB STO 

1 5 0 10d 158 21r0 2 50 3 J.) fl 
SCAN NUMBER 

HRGC-LRMS A N A L Y S I S  OBTAINED FOR E P A  SAMPLE NO.  STD 7699-2 
F I G U R E :  176 
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