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Submission to AR-226 and TSCA 8(e) Office o

Miscellaneous: Analytical Methods and Environmental Monitoring/Fate :::

™3

Dear Chatlie: et

The attached document production and information submitted with this letter represents :_‘
DuPont’s continued good faith effort to respond to EPA’s November 4, 2004 request for .
voluntary submission of certain matetial. f;,

Submission for January 10, 2005

The documents submitted with this letter are documents that DuPont located during this
continued document review and that relate to categories for which DuPont has already made
document submissions — namely, environmental monitoring, biodegradation, environmental fate,
and water analytical methods. A summary of the steps taken to collect the information requested
by EPA for this submission, along with the guidelines used to assess responsiveness to the EPA
request, is provided on the Attachment 1 to this letter.

A summary of the contents of this submission is provided in Attachment 2 to this letter. There is
confidential business information contained in this submission. In addition to a cumulative index
for this submission, each individual binder also contains an index for the contents of the binder.
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TSCA 8(e) Office Submission

DuPont does not believe that the information submitted with this letter triggers reporting
obligations under TSCA section 8(e). However, in the course of discussions with OPPT and the
Office of Regulatory Enforcement (ORE), it has become clear to DuPont that those two offices
are applying standards of reporting under TSCA section 8(e) that DuPont cannot anticipate.
Accordingly, DuPont initially informed EPA that DuPont intended to submit all productions to
both the AR-226 docket and the TSCA 8(e) office, as was done with the submission of
November 15, 2004. EPA has, however, informed counsel for DuPont that it is not necessary to
make a duplicate, formal submission to the 8(e) office in order to discharge any reporting
obligations that EPA might otherwise assert. Instead, EPA has asked that DuPont make only a
single submission and advised that DuPont should indicate in this cover letter that the
submussion 1s intended for both the AR-226 docket and the TSCA 8(e) office.

As such, DuPont states that the enclosed documents are intended to be a submission to both the
AR-226 docket and, as a precaution, to the TSCA 8(e) office, notwithstanding DuPont’s firm
belief that the information does not trigger reporting obligations under that section of TSCA.
This submission should not be construed as a direct or indirect admission that DuPont believes
that any of the enclosed information triggers such reporting obligations. We understand that
ORE has agreed that DuPont’s submission shall not prevent DuPont from asserting, in any
proceeding, that section 8(e) did not require submission of this information.

Continued Activity

After EPA has had the opportunity to review this letter and the documents, we are available at
your convenience to discuss the documents in further detail to assist in your understanding. In
the meantime, we will continue to review and produce any additional documents that are located
and are relevant to the topics that are the subject of this submission, or prior submissions, and
create the electronic files you requested.

Please contact me directly if you have any questions or need further clarification with respect to
this submission.

eter D. Robertson
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Attachments
¢ Attachment 1
* Attachment 2 — Summary of submission (3 volumes — 2 public, 1 CBI)
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ATTACHMENT 71

The sections below provide a summary of the steps taken to collect and produce the information
provided in this submission. DuPont had previously provided EPA with documents pettaining
to Environmental Monitoring, Environmental Fate, and Biodegradation. For each category,
please note that DuPont does not maintain a comprehensive file of all such information for the
entire Company. In making the initial submissions for these categories and other categories,
documents were collected either from the over one million pages of documents collected for a
class action lawsuit in West Virginia or from files of individuals most likely to have documents
responsive to EPA’s request. Note that the documents collected for purposes of the West
Virginia litigation are primarily related to PFOA. After the initial submissions were made, review
continued of collected documents pertaining to the subject matter of this letter and the
documents submitted with this letter are the result of that review.

For purposes of this document production, and in the interest of attempting to make this
production useful and purposeful to the Agency and to avoid redundancy, DuPont followed the
guidelines provided below. Please note, however, that if the Agency wants DuPont to submit the
type of information that is indicated below as not being submitted herewith, please notify us and
we will provide the requested information.

It is noted, in particular, that DuPont requested specific guidance on whether the Agency wanted
DuPont to provide all undetlying raw data and other underlying information for environmental
data. The Agency stated that, at this time, it is not necessary to provide those documents.
DuPont will provide such information upon request from the Agency, although the
documentation is expected to be voluminous and as such, we will need sufficient time to gather
it.

General Guidelines for January 10" Submission

In reviewing documents for this submission, and following discussion with EPA concerning the
content of the prior submissions, DuPont focused on submitting final reports, draft reports
where no final report is known to exist, and documents that contain data. This submission does
not include the following types of documents:

® Draft documents where it is known that a final version exists
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Documents known to be in the possession of EPA (either at headquarters or an EPA
Regional Office)

Non-DuPont documents (includes documents from other companies, plaintiffs’ counsel, etc.)
Presentations and other documents that reference data that is in a report submitted to EPA
Documents known to be publicly available

Documents that are subject to attorney-client privilege

Documents concerning work-in-progress

Supporting reports/documents for data (e.g., lab analysis, lab notebooks, field logs, waste
characterization sheets, model inputs, etc.)

Air permits, underlying documents for the air permits, and analysis to show permit
compliance

Documents on emissions reduction, treatment, recycle, process improvements




r 2550 M Street, NW
. U UGBS 1p Washington, DC 20037-1350
[

ATTORNEYS AT LAW 702-457-6000
Mzr. Charles M. Auer Facsimile 202 457-5315
January 10, 2005 www pattonboggs.com
Page 6

Summary of Collection Process for Specific Categories of Requested Information

The documents for this submission were collected from review of the documents produced in
the class action litigation, along with collection of documents from individuals in the Company
most likely to possess such information.

Washington DC | Northern Virginia | Dailas | Deaver | Anchorage | Doha, Qatar




r
= PATT0
ATTORNEYS &1
Mr. Charles M. Auer
5

January 10, 200
Page 7

2550 M Street, NW
U GS " Washington, OC 20037-1350
LAW

202-457-6000

-

Facsimile 202-457-6315
www pattonboggs.com

ATTACHMENT 2

Summary of January 10, 2005 Submission

Public Version

Box no. Yolume Part no. Topic

1 - - Cumulative tndex for Vols. 39 and 40

1 39 - PFOA in Water - Past Analytical Procedures
1 40 - Environmental Fate/ Monitoting

Confidential Business Information Version

Box no. Volume Part no. Topic
1 40 - Environmental Fate/ Monitoring
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PFOA IN WATER

PAST ANALYTICAL
PROCEDURES

VOLUME 39

January 10, 2005
EPA PRODUCTION

Does Not Contain TSCA CBI
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ENVIRONMENTAL
FATE / MONITORING

VOLUME 40

January 10, 2005
EPA PRODUCTION

Company Sanitized
Does Not Contain TSCA CBI
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g lancster Labortories T~ AR226-2725

Analysis #0615.01
Revision 01
i Supersedes Date: None
Effective Date: | ... « .
Page 1 of 16 APRD 9 2003

FC-143 in Water/Wastewater by SPNE/GCNS

Reference:

5 Determination of

72, No. 201, October
15, 2000, pp. 4865-4873. -

4. SPME Applications Guide Bull

5. Agilent Technologies Op

Cross Reference:

The following procedureg ! efe I:lCed in this document:

MC-EX-001, “GC/]

COMPANY CONFIDENTIAL
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Lancaster Laboratories

7425 New Holland ke = Lancaster, PA 17801 Analysis #0815.01
Revision 01
Supersedes Date: None

Effective Date: spp p
e e APRD 9 2001

Basic Principle:

HCL. lon paring agent, diethyl sulfate, ethanol and sulfuric acid arg us
' Yolii

Apparatus:

1. Hewlett-Packard Model 5890 (S
equivalent

2. Hewlett-Packard Mode!l 59% 973 Mass Selective Detector or

equivalent
oftware, Thru-Put Systems Target data
action (SPME) — Supelco - 100 pm

(PDMS) fiber, fiber pen for manual injection, and
Fequivalent

Cle;r vial with Teflon/silicon septum or equivalent

Plate — VWR — mini stirrer, Model 200 or equivalent

Stir Bars — VWR Teflon stir bars 1:/2" X 516" or equivaleht ’

8. Disposable Glass pipettes

9. 10 mL Class A graduated cylinder

COMPANY CONFIDENTIAL



Lancas’[er Laboratones

5235 New Hofland Pike  Lancaster, PA 17601 Analysis #0615.01

3
-3
i

|
4
-

T

;
;
i
H
{3
;
3
;
i
i

Revision 01
Supersedes Date: None

Effective Date: g
Page 3 of 16 APR 0 9 2001

10. Syringes — 1 mL, 10 mL, 10 pl, 25 pk, 50 pl

11. Timers — Capable of measuri‘ng time to'30 minutes.
12. Class A volumetric flasks, aésorted sizes
13. Anélytical balance - Capable of Weigh;mg to 0.0001
Réagen_ts:~
1. 111 HCL reagént grade or equivalent
2. Ethanol — AAPER Chemical — 7 200" '~ of or equivalent

3. Chromatography column — 4 2"30M x 0.25 mm ID, 1.0 pmidf or
equivalent ' ‘

UPC helium for ca

atrabutylammonium hydrogen sulfate (TBA-HS) - Fluka 89% pure or
equwalent lon pairing reagent

9. Diethyl Sulfate —Aldrich, 98% or eguivalent Ethylation reagent

40, Sulfuric Acid — ACS grade or equivalent

COMPANY CONFIDENTIAL
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3275 New Fiolland Pike « Lancaster, PA 17601 Analysis #0615.01
Revision 01
Supersedes Date: None

g’;ff;gz/z ;31age: APRB 9 2001

11. Deionized water

Standards:

Note: Working stocks are prepared by diluting stock solutions to the
concentration with a syringe and volumetric flask. '

C-143) - Weigh
nium saltinto a

1. Stock Pentadecafluorooctanoic acid Ammonh{__
approximately 0.02 g pentadecafluorooctan

2000 ppm ampul
standard spike;
volume. .

Jition to 50 ppm in MeOH. This is the internal
ndards and samples with 20 pl per 1 mL of final

4, Stocks
He

Hrononanoic acid surrogate — Weigh approximately 0.02g
nonanoic acid into a 10-mL volumetric flask and dilute to
.ethanol. Record in database or Dept 26 spikes and special
€book. This is a stock solution.

g Stock Heptadecafluorononanoic acid — Dilute the stock
ptadecafluorononanoic acid solution to 500 ppm using ethanol.

8. lon Paring Agent — Tetrabutylammonium hydrogen sulfate (TBA-HS) weigh
approximately (0.016 g to 100 mL deionized water) -

- 7. Diethyl Sulfate solution 0.15 Molar in ethanol — 2mL of diethyl sulfate in
" 100 mL of ethanol. :

CONPANY CONFIDENTIAL
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5475 New Holland Pike » Lancaster, FA 17601 - Analysis #0615.01
Revision 01
Supersedes Date: None

Page 5 of 16

8. Calibration Levels

Level 1: F1432.5: 25 pl of calibration and surrogate
intermediate + 10 pl of infernal

standard
Level 2: F1435.0 50 pl of calibration and surrog
' ‘intermediate + 10 pL of interp
standard
Level 3: F14310.0: 100 pl of calibration
intermediate + 10 pls
standard .
Level 4: F14315.00: 150 pL of calibias: frogate
intermedia} '

Level 5: F14320.00;

Level 6: F14325.0

10 L of calibration and surrogate
intermediate + 10 pk of internal
standard

Effective Date: APRD § 2004

ielonized water,
0.5 mL 1:1 HCL, -
to 5.0 mLs

deionized water,
0.5 mL 1:1 HCL,
to 5.0 mLs

deionized water,
0.5 mL 1:1 HCL,
to 5.0 mLs

deionized water,
0.5 mL 1:1 HCL,
to 5.0 mLs

deionized water,
0.5 mL 1:1 HCL,
fo 5.0 mLs

deionized water
0.5 mL 1:1 HCL,
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!:ggﬁagrp,&;agg@tm% Analysis #0615.01
Revision 01
Supersedes Date: None
Effective Date:

Page6of 16 APR 0 § 200§

Safety Precautions:

exposure limits is 0.1 mg/m®. Therefore, extreme care must be yj
working with this compound Also heating of the neat standard

safety spotter.
~ The compounds used as surrogate standards are & : These compounds
form hydrofluoric acid upon heating or breakdow, the exposure of the neat

Each analyst instrumental analysis will work with an experienced analyst
for a periog

Extraction/Ethylation Procedure:

NOTE: Prepare Standards/ Samples only when ready for analysis as variations in
ethylation time -and absorption time will affect results. A timer is used which can
measure two separate times, one for ethylation and one for absorption onto the fiber.

COMPANY CONFIDENTIAL
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5225 fevs Holland Pike » Lancaster, PA 17601 Analysis #0615.01

Revision 01
Supersedes Date: None

Effective Date: i
Page 7 of 16 APR 1 S Zﬁﬁ?

1. Measure 5.0 mL of deionized water (sténdardé) or éample into 15 mL clear
vial and add 0.5 mL of 1:1 HCL to pH the solution below 3.

2. Spike Standards with appropria’té amount of target and surr

acid surrogate solution. Add 10 pl of 50 ppm BFBi
vial prior to ethylation. '

3. Add a rinsed stir bar and 250 pl_ of TBA-HS |

the pen height from 1.0 to 3.6 on the fiber pen. Insert the pen
: jéction port and lower the fiber into the port. Press the START
[0 initiate the injection. '

TE: Consistent speed rate and timing for the ethylation, absorption and
nsertion steps greatly increases the reproducibility and precision of the '

method. Conditions above may change to increass sensitivity, reproducibility
and overall chromatography.

COMPANY CONFIDENTIAL




%E@ Lancaster Laboratories
{F 7425 New Holland Pike » Lancaster, PA 17601

GC/MS Analysis:
Instrument Setup
Detector -

Detector temperature —

Oven Temperature Program —

Carrier —
Injection —
Injector Temperature—

Injettion Mode —

The conditions listed abov

A.

Analysis #0615.01
Revision 01
Supersedes Date: None -

Effective Date: 31 .
Pagesof 16 “TR U9 2001

Mass selective detector (MSD
300°C

45°C for 3 minutes, 5% ) B5°C, then

n aliquot of 0.5 ng/uL BFB must analyzed and meet the criteria described in
Table . If the criteria are not met, the mass spectrometer must be retuned

and BFB reanalyzed until all criteria are met. For BFB fiber analysis, Spike
50 pL of 50 ppm BFB working standard into 5.0 mL deionized water with
0.5 mL 1:1 HCL and place on the stir plate, insert the fiber pen, setto

1.0 through the septum and lower the fiber for 10.0 minutes. Raise the fiber,
remove the pen and insert into the injection port Start the injection.

COMPANY CONFIDENTIAL
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3425 New Holland Fike = Lancaster, PA 17601 Analysis #0615.01

Revision 01

Supersedes Date: None
Effective Date: | '
Page 9 of 16 APR U § 2001

2. If the performance criteria are met for the BFB solution, perform an
calibration by injecting the six calibration standard solutions referd
previously. o

must be repeated unde'r conditions that will yields
the MDL/LOQ solution. Instrument maintenay
may be required.

4. Due to the nature of the technique, i >,
days for analysis. Inthe eventag
resuming calibration standard i
previously, then inject a cor
standards and confim s
Response factors mus
calibration. If the %

gDy response factor comparison.
% drift in order to continue with

Alx) x C (i)

[Als) x ¢

A(X) = Area of the quantitation ion for the compound being measured
C(is) = Concentration of the specific internal standard
A(is) = Area of the qﬁanti‘ration ion for the specific internal standard

"~ C(x) = Concentration of the compound being meaéured

COMPANY CONFIDENTIAL




- @Egz«Lancaster Laboratories .
o P 2425 New Holland Fike » Lancaster, PA 17601 Analysis #0615.01 .
' Revision 01

Supersedes Date: None

Effective Date: - s
Page 10 of 16 APRE 3 2001

C. For FC-143 and the surrogate PFNA, calculate the mean RF from the REg of the
six calibration standards. Calculate the relative standard deviation:

%RSD = —°2 _ x 100
_ Avg RF
Where: |
RF-avg RF
SD = Z a;/g and
n__

L BEB must be analyzed and meet the criteria
. If the criteria are not met, the mass spectrometer must
eria are met. See A 1. above for injection procedure.

inuing calibration check by injecting an aﬁquot of the mid-point
ristandard. Calculate the percent drift:

c)-cl) |
a (') 100

Where:
C(i) = Calibration check compound standard concentration

C(c) = Measured concentration using selected quantitation method

COMPANY CONFIDENTIAL
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Lancaster Laboratories

5475 New Holland Pike » Lancaster, PA 17601 - Analysis #0615.01

Revision 01
Supersedes Date: None

Effective Date: > 0 g 2007
Page 11 of 16 APR DS 20

The percent drift for FC-143 should not be greater than + 20%. If the %drift
exceeds 20%, then corrective action must be taken and a new initi
calibration may need to be performed.

3. The absolute areas of the quantitation jons of the internal s
within —50% ta +100% of the average area from the last

action must be ‘[aken and documented.

4. The MDL/LOQ standard must be injected aftgf t BFB and a
compliant continuing calibration check sta
FC-143 in the MDLALOQ solution. Ifth
the tuning and calibration procedure g
will yield 2 detection for FC-143 ingh
maintenance as outlined in MC

Analysis of Samples:

atogram. 1f the ion abundance of the FC-143 jon used for
Texceeds the calibration range, dilute the aliquot and
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Lancaster Laboratories

Quantitative Analysis:

2425 New Rolland Pke = Lancaster, PA 17601 Analysis #0615.01

Revision 01
Supersedes Date: None

Effective Date: -
Page 12 of 16 TR 08 2001

Qualitative Analysis:

A compound is identified by Comparisoh of the sample mass spectrum (

should be met:

1. The 'sample component retention time should be;
observed for the component when a calibratic

2. Allions in the reference spectra at >10
présent in‘the sample mass spectra
An example spectrum for the ethy
Figure 1.

a of the quantitation ion for the appropriate internal standard
RF = Average responée factor from the current initial calibration

V(o) = Original water sample volume (in-liters)

COMPANY CONFIDENTIAL
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3435 Hew Holland Pike » Lancastes, PA 17601 Analysis #0615.01

Revision 01
Supersedes Date: None

Effective Date: ,

Quality Assurance:

At least one deionized water blank, laboratory control spike, and spike duplicate

analyzed with every group. A matrix spike and matrix spike duplicate ;
analytical batch, unless insufficient client sample volume is supplied.

LCSD must be substituted for the MS/MSD extraction. The spikiggss
analytes of interest. A surrégate standard spiking solution co :
acid is also added. ' '

The advisory QC windows are 70 — 130 for the mean

MS/MSD, and surrogate. If the recovery falls out ndows, corrective action

may be taken based on the nature of the non-c
be documented and may include reinjection
preparation of new calibration standards. - S
acted upon once sufficient data points ha

Revision Log:

Initiated Date: 03/28/01

Ver.#  Effective D&
01 APR 4

COMPANY CONFIDENTIAL




‘ Zlﬁg&%ﬂgﬁlﬁlgg{i{gﬁl%% Analysis #0615.01

Revision 01

Supersedes Date:s None
Effective Date:

Page 14 of 16 APR 0 § 2004

Prepared by:

Approved by: %w-// (‘_/M/ P’

Approved by: el R W\(‘}@/«m

Quality Assuranse

COMPANY CONFIDENTIAL
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7425 New Holland Fike = Lancaster, PA 17601 _ Analysis #0615.01
Revision 01
Supersedes Date: None

: Page 15 of 16

Tablel

BFB Key lon Abundance Criteria

Mass lon Abundance Criteria

50  15%to 40% of mass 95
75 30% to 60% of mass 95
95 base peak, 100% relative abundances
96 5% to 9% of mass 85

173 less than 2% of mass 174 g

174 greater than 50% of mg!

175 5% to 9% of mass.&
176 greater than gag:fan 101% of mass 174

5% to 9%

§ } Effective Date: APR G § bl
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Analysis #0615.01

Revision 01
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Lancaster Laborator

2425 New Holland Pike » Lancaster, PA 17601
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" Extraction of Low Level
FC-143 in Water and Wastewater

Refefenc_e:'
Low Level Determination of FC-143 in Water, CH2M Hill, Inc., O :
Cross Reference:

The following procedure is cross-referericed in this dot

Scope:

This method is designed to extrac;'" : imonium perfluorooctanoate) from water.

Basic Principles:
FC-143 is extracted fra mplé”at a pH <1.5 info MTBE. The MTBE is ,
The sample is then concentrated and exchanged to
Fto the vial and then heated at 65°C for 1 hour fo
ollowing this step, the sample is washed multiple times
Ia] placediinto an autosampler vial for analysis.:

derivatize the ¢
with deioniz

wild be extracted within 14 days of collection. All samples should be stored
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matrix

2. Kudema-Danish (K-D) assembly with appropriate amg
solvent used during the extraction

.3, ’.Gl‘a:ss pipettes
4. 'N-evap with nitrogen supply
S. Water bath or S-evap
6. Glgss vials, various size
7. lCentrifuge

8. liEes. s A assorted sizes

' Pipettes — Class A, assorted sizes
14. Pipettes — Disposable

15. préper-—Aséorted ranges
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16. Solvent pumps

17 _ lAutomaticv shaker-—-Capable of hblding 2L separa’tor funnels_ ;
18. 'Be.ai(ers - Assorted sizes
19. R;s;acﬁ therrﬁ vialsA

20. Screw cap GC Vials.

21. Glass woodl

22. Amber crimp top GC vials

23. Balance —Capable of wej
Reagents:

Methylene chig

Saium sulfate — Reagent grade or-equivalent.- Bake at 400°C for'4 hours in
a shallow pan to remove contaminants. Store in a glassijarforupto 1 year
= after baking. '

6. Sulfuric acid — ACS grade or equivalent (To prepare 1:1 solution, using
graduated cylinders, add equal amount concentrated acid to deionized water
in & volumetric flask. Never add water to acid. Store for up to 1 year.)

COMPANY CONFIDENTIAL
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7. Sodium hydroxide — ACS grade or equivalent — 10 N —Add 40 g NaOH to
approximately 80 mL of deionized water in a volumetric flask. Sh il
NaOH goes into solution. Using a wash botle, dilute to 100 ral, witfr
deioriized water. Store at room temperature in a glass botfiesaate
stable 1 year. If 1 N NaOH is needed a dilution of 10x can ot the
10 N solution. |

to remove contaminants.
Preparation of Glassware:

See SOP-OE-001. Prior to use, th

Hnsed with either ethyl ether or

iangerous in the neat form. The time weighted average
01 mg/m®. Therefore, extreme care must be used when working
sund. Also, heating of the neat standard or any concentrated '

e avoided. Any handling of the neat product must be done In &

The c:ompounds used as surrogatés standards are also dangerous. These compounds
form hydrofluoric acid upon heating or breakdown. Therefore, the exposure of the neat -
material fo any concentrated solutions must be avoided.

COMPANY CONFIDENTIAL
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waste matenal (disposable plpettes brokd :
in the normal solid waste collection ¢ st

ef experienced preparatlon technician to assure the trainee is
dent preparation.
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bottle vigorously and then pour the contents into a 2+
the bottle to'the marked level with water and trangfgs

zely, weigh the

1 arked level with
This¥eight rounded to a

.samples using a specified

==blanks, and spikes.
;‘iaiking solutions — Add 1 mL FC-143 spiking solution ta the laboratory
ontrol sample (LCS), LCSD if applicable, matrix spike, and matrix spike

duplicate samples.

=3, Using a disposable pipette, adjust the pH of the sample to >12 with 10 N
NaOH. Check the pH using pH paper to ensure it is >12.

COMPANY CONFIDENTIAL
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4. Using a solvent pump, add 100 mL of methylene chioride to the se ﬂ,aratbry
funnel, cap the funnel, invert it, and vent immediately. Place the ¢z Finle opf

~ the automatic shaker and shake at the designated speed for 2.min
the stopcocks closed. : :

NOTE: Shaker speeds vary greatly between instrum
setting is marked on each. '

en the stopcock and

5. Allow the phases to separate for at least 10 ,
' .a waste container and

drain the methylene chloride (bottom laye
discard.

6. Using a disposable pipette, adjug e samples to <1.5 with

separate for 5-10 minutes before draining the aqueous
o a 2-L beaker. ‘ '

efore adding the MTBE to the separatory funnel.
12. Repeat steps 8 through 11.

13. Repeat steps 8 through 10.

COMPANY CONFIDENTIAL
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15.

16.

17.°

18.

Revision 01
Supersedes Date: None

Effective Date: -,
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Attach a 3-ball Snyder column to the K-D, wet with MTBE, and congentrate at
80° to 85°C to less than 4 mL. =

Uéing a pipette, add 5 mL of ethanol to the ampule and N~ ;
35° +2°C to 1 mL. '

¥ diately place the reactor vials
inutes. Remove the cap and

separaté and using g diggos Hipette remove the methylene chloride
(lower) layer. = ‘

~chidride layer into a screw cap GC vial containing
awater. Cap the vial and shake vigorously for several
phases to separate. Remove the methylene chloride

: 1 the exiract through a disposable pipette containing a plug

nd store in the freezer. Record the final volume in the extraction log.

Calculations:

See analysis method.
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Statistical Information:

See analysis method.
Quality Assurance:

Each day samples are ex’tracted, a blank, laboratory control
water blank spiked with all compounds of interest carried
and LGSD if applicable must be prepared. In addition
duplicate must be extracted. If there is limited sam 5

ire procedure),
and matrix spike

ay an additional batch must be
ingent QC or batch requirements,

Revision Log:

Initiated Date: 03/22/



©»

Lancaster Laboratories

2475 New Holland Pike « Lancaster, PA 17601

Prepared by:
Approved by:
- Approved by:
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Table |
FG-143 Prep Rinsing List

Rinse 2x with acetone and then 2x with MTBE

2-L sepafato_ry T’unnels

o K-Ds |

« Ampules

e Sodium sulfate colﬁmns

¢ Snyder columns

2-L beakers
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Extraction of Low Level
FC-143 in Water and Wastewater

Reference:
Low Level Determination of FC-143 in Water, CH2M Hill, Inc., O
Cross Reference:

The following procedure is crosé;referenced in this-d
SOP-0OE-001, “Classware Clean.ing'for Crgani
Scope:

This method is designed to extra Fonium perfluorooctanoate) from water.
Basic Principles:
FC-143 is extracted f

concentrated on a s
ethanol, Sulfuri

mple at a pH <1.5 into MTBE. The MTBE is

he sample is then concentrated and exchanged to
to the vial and then heated at 85°C for 1 hour to
ollowing this step, the sample is washed multiple times

derivatize the
j placed into an autosampler vial for analysis.

with dei
orage Conditions:

Héuld be extracted within 14 days of collection. All samples should be stored
prior to extraction.

COMPANY CONFIDENTIAL
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Apparatus:

1. 2-L separatary funnel for extracting organic components froman aqt
matrix

2. Kuderna-Danish (K-D) assembly with appropriate am cting the

solvent used during the extraction
3. Gléss pipettes
4. 'N-evap with nitrogen supply
5. Water bath or S-evap

g8. Glass vials, varicus sizes

- 7. 4Centrifuge
8. Graduated ¢ s, s A, assorted sizes
ass A, assorted sizes
Pipettes — Class A, assorted sizes
14. Pipettes — Disposable
15. ' pH paper — Assorted ranges

COMPANY CONFIDENTIAL
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16. Solvent pumps
"17. Automatic shaker — Capable of holding 2 L separator funnels
18. Beékers — Assorted sizes

19. Réac’ti therm vials

20. Screw cap GC vials_
21. Glass woal
22. Amber crimp top GC vials

23. Balance - Capable of weigl
y Reagents:
1. Methylene chl : e grade or equivalent
2. MTBE - rade or equivalent

icide grade or equivalent

—*Pesticide grade or equivalent

diim sulfate — Reagent grade or equivalent. Bake at 400°C for'4 hours in
-shallow pan to remove contaminants. Store in a glass jar for up to 1 year
after baking.

o

Sulfuric acid — ACS grade or equivalent (To prepare 1:1 solution, using
graduated cylinders, add equal amount concentrated acid to deionized water
in a volumetric flask. Never add water to acid. Store for up to 1 year.)

COMPANY CONFIDENTIAL
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7. Sodium hydroxide — ACS grade or equivalent — 10 N — Add 40 g NaOH to

10 N solution.
8. Alumina N (neutral) super | activity — Use as r¢

9. Teflon™-boiling chips — Rinse thoroughly’ ie chloride prior to use

to fremove contaminants.
Preparation of Glassware:

Seas SOP-OE-001. Prior fo use, th
hexane to remove contaminant

nsed with either ethyl ether or
with a list of glassware and the
appropriate rinse solvent.

Safety Precautions:

™ mg/m®. Therefore, extreme care must be used when working
nd. Also, heating of the neat standard or any concentrated

second analyst observing the process and acting as a safety spotter.
The compounds used as surrogates standards are also dangerous. These compounds

form hydrofluoric acid upon heating or breakdown. Therefore, the exposure of the neat
material to any concentrated solutions must be avoided.

b,
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The toxicity or carcinogenicity of each reagent used in this method has not begn
precisely defined; however, each chemical compound should be treated as e
health hazard. From this viewpoint, exposure to these chemicals must be re

the lowest possible level by whatever means available, such as fume, 5
safety glasses, and gloves.

containers. These will then be transferred
waste material (disposable pipettes, broks
in the normal solid waste collection cg

Wate, pH paper) may be disposed of

Personnel Training and -Qualifi

&s should have performed a quad study that
43. Personnel should spend several days
eparation technician who has demonstrated their

All personnel performing
yielded acceptable recg
working with an ex
proficiency of thesg

oFferbicide water samples should be performed under the direct

ther experienced preparation technician to assure the trainee is
dent preparation.

COMPANY CONFIDENTIAL
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Procedure:

1. Setup a2-L separatory funnel for each sample and QC sam
extracted. For field samples which are using 1 full bottle, eff
the bottle with a scriber at the meniscus of the sample vol

bottle vigorously and then pour the contents into a 2 funnel. Fill
the bottle to the marked level with water and tran a '
graduated cylinder to determine the initial vol ly, weigh the

empty bottle and tare the balance. Fill th
water and place the bottle on the tared ba weight rounded to a

: amples using a specified
volume, shake each bottle vigoro
cylinder to measure the desired
graduated cylinder. Record t
samples in the extraction |

2-L separatory funnel

asfer the sample to a 1-L
time and any comments about the

iking solutions — Add 1 mL FC-143 spiking solution to the laboratory
ntrol sample (LCS), LCSD if applicable, matrix spike, and matrix spike
duplicate samples.

Using a disposable pipette, adjust the pH of the sample to >12 with 10 N
NaOH. Check the pH using pH paper to ensure it is >12.

COMPANY CONFIDENTIAL
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4. Using a solvent pump, add 100 mL of methylene chioride to the separatory
funnel, cap the funnel, invert it, and vent immediately. Place the
the automatic shaker and shake at the designated speed for 2.mi
the stopcocks closed.

NOTE: Shaker speeds vary greatly between instru
settmg is marked on each.

5. Allow the phases to separate for at least 10t : ipen the stopcock and
drain the methylene chloride (bottom laye !
discard.

samples to <1.5 with

6. Using a disposable pipette, adjug
i aper to ensure it is <1.5.

1:1 sulfuric acid. Checkthep

le bottle or graduated cylinder with
separatory funnel.

7. Using a solvent pump
100 mL of MTBE a

8. Shake the sep ol for 2 minutes on the automatic shaker.

separate for 5-10 minutes before draining the aqueous
iito a 2-L beaker.

extract through approximately 10 cm of sodium sulfate into a
s containing a Teflon™-boiling chip.

fn the aqueous sample to its respective separatory funnel. Using a
solvent pump, rinse the sample bottle or graduate with 60 mL of fresh, MTBE
efore adding the MTBE to the separatory funnel.

12. Repeat steps 8 through 11.

13. Repeat steps 8 through 10.

COMPANY CONFIDENTIAL
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14. Attach a 3-ball Snyder column to the K-D, wet with MTBE, and congentrate at
80° to 85°C to less than 4 mL.

15. Using a pipette, add 5 mL of ethanol to the ampule and N-
35°+2°Cto 1 mL.

acid into a

16. Place 10 drops from a disposable pipette of conce
= p tightly and swirl.

reacti therm vial, then transfer the extract to thg:

17.

18.

water. Recap and sh
separate and using_a
(lower) layer.

y or several seconds. Allow the phases to
Hipette remove the methylene chloride

de layer into a screw cap GC vial containing
water. Cap the vial and shake vigorously for several
phases to separate. Remove the methylene chloride
the extract through a disposable pipette containing a plug
*and sodium sulfate. Bring the extract to exactly 1.0 mL with

& chloride.

Place the
1.0 mL
secoRs
(lo¥

7o the extract in an amber crimp top GC vial. Cap the GC vial securely
nd store in the freezer. Record the final volume in the extraction log.

Calculations:

See analysis method.
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Statistical Information:
See analysis method.
Quality Assurance:

Each day samples are exiracted, a blank, laboratory controt
water blank spiked with all compounds of interest carried t
and LCSD if applicable must be prepared. In addition, 8
duplicate must be extracted. If there is limited sam
of the MS/MSD, the LCSD must be prepared insig
field or equipment blank samples, the LCC/LQ&
is defined as the samples to be extracted
samples. If more than 20 samples are pre:
prepared. If any client, agency, or staf
these must be followed instead

re procedure),
and matrix spike
prevents the preparation
e batch contains only
should be used. A batch
Jéy, but not to exceed 20 field
ay an additional batch must be
ngent QC or batch requirements,

Revision Log:
Initiated Date: 03/22/

Ver. # Effec
01

0813F
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Approved by-: /Z /ﬂ e %ﬁb
Ap_provéd by: L/;//j//‘///é///,

. \.\ . .
Approved by: I oo Y
Quality Assurafte
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Table |
FC-143 Prep Rinsing List

Rinse 2x with acetone and then 2x with MTBE

« 2-L sepafatory funnels

« K-Ds

» Ampules

+ Sodium suifate colﬁmns
s Snyder columns
» 2-1L beakers

» Teflon™ stoppers
« 250 r;xL beaker

Reacti-vialé
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1OW LEVEL DETERMINATION OF FC~143 IN WATER

‘October 1991

CH2M HILL, INC.
MONTGOMERY, ALABAMA 36116




LOW LEVEL DETERMINATION FC-143 IN WATER

Scope and Application

1.1 This method uses capillary gas chromatography with electren
capture detection (GC/ECD) to analyze water samples for the
presence of FC-143. FC-143 is a technical grade of ammonium
perfluorooctanoate whose most abundant component has CAS Number
3825-26-1. The use of this method should be restricted to only
those analysts who can demonstrate acceptable precision and
accuracy with four spike replicates into laboratory water at the 1
ppb level. Sample results are reported without blank subtraction
and without correction for surrogate recoveries.

1.2 The estimated limit of detection for FC-143 is lower than 0.1
ug/L.

Summary of the Method

2.1 A one-liter aliquot of sample is fortified with surrogates,
acidified, and extracted by partitioning with an organic solvent.
The extract is concentrated to small volume before adding ammonium
hydroxide and further concentrating to dryness. Alcoholic HC1 is
added to the dry residue and heated for one hour to form the ethyl
ester. Several cleanups are described as part of the overall
procedure to remove interferences from the extract before analysis
using GC/ECD.

safety

3.1 The hazard of each reagent used in this method is not
accurately known. Exposure to the chemicals should be held to the
smallest practical level. Safety data sheets for all materials

must be made available to the personnel involved in the chemical
analysis.

3.2 Any unfamiliar water sample may offer dangerous native
contents beyond the list of chemicals listed in this method.

Apparatus and Materials

4.1 Samples should be collected in the field in accordance with
the quality assurance project plan. Sample containers should be
amber glass or similar inert material which will not offer
interferences for the analysis.

4.2 Glassware

4.2.1 Optional all glass continuous liquid/liquid extractor

1




g

designed to extract one liter of water sample using
dichloromethane scolvent.

4.2.2 Separatory funnel, 2-1 size, PTFE stopcock.

4.2.3 Erlenmeyer flask,'l—L size with calibration mark
etched at the 1.0 liter volume.

4.2.4 Concentrator tube, Kuderna-Danish, 10-mL size,
graduated, ground glass joint.

4.2.5 Evaporative flask, FKuderna-Danish, 500-mL size,
purchased with a 24/40 ground glass stopper for the upper
joint.

4.2.6 Snyder column, Kuderna-Danish, three-ball macro,

ground glass joint, floodless type.

4:2.7 Snyder column, Kuderna-Danish, two-ball micro, ground
glass joint, floodless type.

4.2.8 Pipets, various sizes and types.-

4.2.9 Autosampler vials, 2-mL size, PTFE-faced septum.
4.2.10 Screw-cap vials, 4-dram size, PTFE-~-1lined cap.

4.2.11 Micro Reaction Vessels, graduated 5-mL size (Catalog
#3-3299M, Supelco Inc., Bellefonte, PA}.

4.2.12 Replacement PTFE-faced Rubber Septa for Micro Reaction
Vessels, 20 mm size. (Catalog #2-3264M, Supelco Inc.,
Bellefonte, PA)

4.3 Analytical Balance.
4.4 Centrifuge, IEC HN-SII or equivalent.

4.5 Heated water bath, steam delivery and temperature should be
controllable, ccncentric ring covers for openings.

4.6 Nitrogen blowdown apparatus.

4.7 Gas Chromatographic System, ECD, split/splitless capillary
injector and pneumatics, complete with a data system for collecting
and processing chromatographic data.

4.8 Rtx-200 Primary column or equivalent, 100% trifluoropropyl
methyl polysiloxane stationary phase, 30 meters in length, 0.32 mm
inside diameter, 0.5 um film thickness. (Catalog #15039, Restek
Corporation, Bellefonte, PA}).



4.9 HE-5 Confirmation column or eguivalent, 5% phenyl methyl
polysiloxane stationary phase, 25 meters in length, 0.32 mm inside
diameter, 0.5 um film thickness. (Hewlet Packard part number
10091J-112, Telephone 1-800-227-3770).

Reagents

5.1 Blank water which does not produce an interference for
parameters of interest.

5.2 Ether, pesticide quality or equivalent.

5.3 Hexane, pesticide gquality or equivalent. Cleaned prior to

use by briefly shaking 100 mL of hexane against 2 grams of Activity
I Neutral Alumina.

5.4 Dichloromethane, pesticide quality or equivalent.
5.5 Acetone, pesticide quality or equivalent.

5.6 3% Ethanolic HC1. Prepared by adding 2.4 mL of Acetyl
chloride (Instant Methanolic HCl Kit, Stock #18053a, Alltech
Associates, Deerfield, IL) dropwise to 56 ml. of absolute ethanol
(Florida Distillers, Lake Alfred, FL). Sealed tightly in an amber
glass bottle, this reagent may be stored at room temperature for at
least two weeks. '

5.7 sulfuric acid, ACS grade. Carefully dilute with an equal
volume of laboratory blank water to prepare 1+l sulfuric acid for
use.

5.8 Sodium hydroxide, ACS grade. Dissolve in laboratory blank
water to prepare both 10 N NaOH and 1 N NaOH for use.

5.8 Ammonium hydroxide, ACS grade. Use as. received.
5.10 Florisil, Selective Adsorbent for Gas Chromatography, 100/200

mesh. (Baker Analyzed Catalog #M363-07). Activate at 130 °C in a
shallow tray overnight prior to use.

5.11 Alumina N (Neutral) Super I Activity. (Catalog #04580,
Universal Scientific Inc., Atlanta, GR). Use as received.

5.12 Boiling Chips, 10/40 mesh, heat at 400 °C for 30 minutes
before use to insure freedom from contamination.

5.13 Wide and narrow range of pH paper.

Standards

5.1 Concentrated stock solutions may be prepared by weighing the
primary neat materials and dissolving in ethanol. Primary

3



standards may be secured from the following vendors.
6.1.1 PCR Incorporated, Gainesville, FL 1-800-331-6313

§.1.2 MTM Research Chemicals, Lancaster Synthesis, Windham,
WH, 1-800-238-2324

6.1.3 ChemService, West Chester, PA 215-682-3026

6.2 Surrogate spike solution. Prepare a three-component
surrogate spiking solution Dby diluting the concentrated stock of
perfluorononancic acid, perfluorodecanoic acid, and 118~
Eicosafluoroundecanoic acid. The final concentration of each
surrogate should be 10 ug/mL in ethanol.

Note: Early work did not include the perfluorodecanoic

acid surrogate. ‘

6.3 Matrix spiking solution. Prepare an FC-143 spiking solution
by diluting the concentrated stock to 10 ug/mL using ethanol.

6.4 Tnternal standard stock solution. Prepare a three-component
internal standard solution by diluting concentrated stocks of
1,2-Dibromoethane,1,2—Dichlorobenzene,and1,2,4-Trichlorobenzene.
The final concentration of each internal standard should be 2
ug/mL, 40 ug/mL, and 4 ug/mL respectively in hexane.
EXCEPTION - TRecent work has discontinued 1,2~
Dibromoethane as an internal standard and substituted
Ethyl perfluoroheptanoate at 20 ug/mL in this solution.
A concentrated stock solution of the ester may be
prepared by weighing approximately 10 mg of the acid
directly into a reactor vial and following the
derivatizing procedure beginning at procedure step 7.22.

6.5 Instrument calibration working standards may be prepared from
either the acids or the salt primary materials by processing known
masses through the derivatization steps of the sample preparation.

Sample Extraction - Separatory Funnel Technique

7.1 Set up a different 2-L sepzratory funnel for each sample and
the blank. Using a graduated 1-L Erlenmeyer flask place 1 liter of
sample into the separatory funnel.

7.2 Fortify each sample and the blank with 0.1 mL of the
surrogate spiking solution (see 6.2). Fortify any matrix or blank
spike aliquots with both surrogate and 0.1 mL of matrix spiking
solution (see 6.3). .

7.3 Adjust the sample to pH >12 with 10 N NaOH. Test the pH with
pH paper.



7.4 add 100 mL of dichloromethane to the separatory funnel and
shake for two minutes tc reach equilibrium. Vvent the funnel
frequently especially for the first few seconds of shaking to
release the vapor pressure which will be produced. Allow the
liquid phases to separate and discard the lower organic phase. If
a significant emulsion develops, use a centrifuge to separate the
rhases.

7.5 Adjust the sample to pH <1.5 with 1+1 sulfuric acid.

7.6 Rinse the 1-I, Erlenmeyer flask used to aligquot the sample
with 200 ml: of ether before adding this ether to the separatory
funnel.

7.7 Assemble a Kuderna-Danish (KD) apparatus by connecting a 10-
ml. concentrator tube to a 500-mL evaporative flask. Place two or
three boiling chips into the unit.

7.8 Shake the separatory funnel for two minutes and allow the
phases to separate before draining the sample (lower phase) back
into its original Erlenmeyer. Drain the ether extract directly
into the assembled KD apparatus. .
7.9 Return the agqueous sample to its separatory funnel. Rinse
the Erlenmeyver flask with 100 mL of fresh ether before adding the
ether to the separatory funnel for the last extraction. Repeat
step 7.8.

7.10 Add 4.0 mL of 1 N NaOH and approximately 20 mL of fresh ether
to the "empty" separatory funnel and shake (roll around) for
several seconds. Allow at least two minutes for the liquid to
drain down to the stopcock before adding the base and the ether to
the KD apparatus.

7.11 Attach a three-ball macro Snyder column tc the KD flask.

7.12 Concentrate the combined extract on the steam bath until
boiling slows considerably and the KD begins to get warm. Only the
aqueous liquid should be present in the receiver with ether
refluxing in the Snyder column.

7.13 With the KD still on the steam bath slowly add at least 5 mL
of dichloromethane into the macro Snyder column. The
dichloromethane should be added slowly to avoided superheating with
any contact against the warm receiver region. Continue heating for
approximately one minute to exchange most of the residual ether.

7.14 Remove the KD from the heat and cool for two minutes oxr more
before pouring 5 mL of dichloromethane down the macro Snyder
column. Remove the Snyder column and add two or three new boiling
chips. Replace the Snyder column and return to the steam bath.
Heat the KD until only the aqueous phase appears to be present in
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the receiver and the KD begins to warm. This procedure should
remove the dissolved ether without floating the aqueous keeper out
of the receiver into the KD regions.

7.15 Remove the KD from the heat for the last time and allow it to
cool. Replace the Smyder column with a 24/40 stopper. Disassemble
the receiver and transfer all liquid to a 4-dram vial. Add three
mL of 1 N NaOH and three mL of fresh dichloromethane to the
receiver before reconnecting it to the KD flask. Gently rotate the
apparatus to rinse the interior walls. Vapor pressure will be
produced which should be released frequently at the stoppered
joint. After several seconds of rotation, return the apparatus to
the upright position and allow a few minutes for the liquids to
drain into the receliver. Remove the receiver from the KD and
transfer the rinse liquids to the 4-dram vial. Additional fresh
dichloromethane may be required to establish equal volumes of the
two liquid phases in the vial.

Note: = The stopper, the KD, the Snyder, and the empty receiver
should be rinsed with water without delay to avoid future problems
with this reusable glassware. Do not allow the basic water to dry
on the glass surfaces. 3
7.16 Secure the cap on the 4-dram vial. Vigorously shake the vial
for 30 seconds to reach equilibrium. Remember to vent any pressure
which may be produced. Briefly centrifuge the vial to secure a
good phase separation. Use a disposable 5-mL pipet to remove the
dichloromethane phase (lower) and discard it to waste.

7.17 Adjust the aqueous sample extract to pH <1.5 using 1+1
sulfuric acid. Verify the pH by placing a small drop of the
adjusted sample onto pH indicator paper.

7.18 Place 5 mL of fresh ether into the wvial containing the
acidified agqueous extract. Recap the vial and shake for 30 seconds
remembering to vent any pressure which may develop. After
equilibration and phase separation, transfer the upper ether phase
to a clean 10-mlL receiver. CAUTION: Do not approach the
liquid/liquid interface too closely. Severe problems may result
from the transfer of any aqueous phase.

7.19 Repeat step 7.18 for the last extraction. To the combined
ether extract add 0.1 mL of concentrated ammonium hydroxide. Add
two or three boiling chips to the receiver and attach a micro two-
ball Snyder column. Take the extract to the steam bath and
concentrate it to approximately 0.5 mlL volume. Remove the sample
from the heat and allow it to cool.

7.20 Transfer the extract to a clean 5-mL reactor vial. Complete
the transfer quantitatively using 0.5 mL of acetone.

7.21 Further concentrate the sample to dryness using a gentle
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stream of clean nitrogen at room temperature. This process should
take approximately one hour due to the small amount of water in the
sample. Many samples will offer a visible residue at dryness.
Each sample will require careful inspection to determine that all
water has been removed. Some samples may have tiny droplets cf
water covered by a thin membrane of solid phase which can be broken
by adjusting the stream of nitrogen. Experience will dictate the
best way of judging the dryness of the sample. Nitrogen blowdown
may be continued as long as one hour past dryness without loss of
target compounds.

7.22 2dd 1.0 mL of ethanolic HCl reagent to the dry sample
residue. Secure the screw cap to the vial and shake it for several
seconds. Place the sample into an oven at 65 °C for one hour to
derivatize the compounds of interest to their respective ethyl
esters.

7.23 Remove the samples from the oven and allow the reactor vials
to cool. Remove the cap and add 1.0 mlL of clean hexane and 1.0 mL
of laboratory blank water. Recap and shake vigorously for several
seconds. Allow the phases to separate and discard most of the
lower liguid phase keeping the upper "hexane" phase.

7.24 Add Florisil to a clean empty 2-mL autcsampler vial. The
amount of Florisil should provide approximately 1 mm of depth in
the vial. Transfer the "hexane" phase from the reactor vial in
procedure step 7.23 to the vial containing Florisil. Be careful
not to transfer any residual agqueous phase which may still be
present. Shake the Florisil vigorously for a several seconds and
then allow it to settle.

IMPORTANT NOTE: The extract is stable against the Florisil for
less than one hour. Leaving the extracc against Florisil for more
than several minutes will result in gradual loss of the compounds
of interest. The "hexane" phase from procedure step 7.23 contains
a significant amount of ethanol and should not be diluted with pure
hexane before performing the Florisil adsorption step. If any
dilutions are needed, then they should be performed after removing
the extract from the Florisil wvial.

7.25 Transfer a measured portion of the final extract away from .
the Florisil and place it into an eautosampler vial already
containing internal standards. This final extract should be stable
for at least forty days. The vial should be clearly labeled and is
ready for analysis.

Sample Extraction - Continuous Extractor Technique

8.0 An alternative to separatory funnel extraction is continuous
liguid/liquid extraction. FC-143 may be successfully extracted
from an acidified water sample using a continuous extractor and
dichloromethane solvent.



8.1 Set up a different l-Liter continuous extractor unit for each
sample and a blank. Place a few boiling chips in the round bottom
flask supported snugly by the heating mantle. Attach the
extraction reservoir to the flask with sufficient support for safe
operation. Add approximately 300 mL of dichloromethane to the
reservoir.

8.2 Use a graduated Erlenmeyer flask to measure 1 liter of the
sample and transfer it into the continuous extractor reservoir.
Fortify the sample with 0.1 mL of surrogate solution (see 6.2).
Fortify any matrix spike or blank spike sample with both surrogate
and 0.1 mL of matrix spiking soluticn (see 6.3).

8.3 Adjust the sample to pH <1.5 using 1+1 sulfuric acid.

8.4 Add extra dichloromethane to the reservoir if necessary to
insure proper solvent circulation during the extraction. Attach
the condenser to the reservoir and start cool water flow through
the condenser jacket. Energize the heating mantle to maintain
gentle solvent boiling for sixteen hours of continuous extraction.

8.5 When extraction time has expired, discontinuing heating and
allow the unit to cool. Turn off the water to the condenser
jacket. Disconnect the collection flask and transfer the extract
directly to a KD apparatus using a small amount of acetone to
complete the transfer guantitatively.

8.6 Concentrate the extract using the steam bath. When the
apparent volure of the extract reaches 2 mL, remove the KD from the
heat and allow it to cool.

8.7 Replace the 3-ball Snyder column with a 24/40 stopper.
Disassemble the receiver and transfer the extract to a 4-dram vial.
Add seven mL of 1 N NaOH and three mli of fresh dichloromethane to
the receiver before reconnecting it to the KD flask. Gently rotate
the apparatus to rinse the interior walls. Vapor pressure will be
produced which should be released frequently at the stoppered
joint. After several seconds of rotation, return the apparatus to
the upright position and allow a few minutes for the liguids to
drain into the receiver. Remove the receiver from the KD and
transfer the rinse liquids to the 4-dram wvial. Additional fresh
dichloromethane may be required to establish equal volumes of the
two liquid phases in the vial.

Note: The stopper, the KD, the Snyder, and the empty receiver
should be rinsed with water without delay to avoid future problems
with this reusable glassware. Do not &llow the basic water to dry
on the glass surfaces. :

8.8 Finish the sample preparation in the same manner as that used
for separatory funnel extractions. Continue at procedure step
7.16.



Instrument Calibration - Primary Analysis

5.1 Figure 1 through Figure 4 are example chromatograms with
recommended instrument conditions included in the legends. Figure
1 is a typical instrument calibration standard. Figure 3
illustrates the multiple peak pattern of FC-143 using the primary
analytical column.

9.2 Instrument calibration and sample analysis must be performed
using multiple internal standards. The three internal standard
compounds listed in section 6.4 are recommended to establish both
relative retention times (RRT) and relative response factors (RRF).
Internal standards appearing in a chromatogram will establish
primary search windows for those target compounds nearby in the
chromatogram. Relative retention times are calculated using
equation 2.

RRT = RTtarset/RT?S Eg.2
The reiative response factor is calculated as follows.
Absolute Response Factor = RF = Amount/Area Eqg.3
Relative Response Factor = RRF = RF™9°/RF*® Eg.4

Note: Amount in equation 3 refers to the mass
(e.g. ug) of compound mixed into the solution
injected.

9.3 Prepare initial calibration standards at a minimum of three
concentration levels for both FC-143 and the surrogates. Analyze
each level of calibration standard. For each compound, tabulate
the RRF at each level (see eguation 4). If the RRF over the
working range is constant enough (less than 20% relative standard
deviation), then the midpoint value may be used for calculation.
Alternatively, the calibration data may be used to construct a
calibration curve of relative response against relative amounts.

9.4 Continuing calibration standards must be injected after every
ten sample extracts and at the end of an analytical sequence.
Relative response factors must be compared to the initial
calibration values. Treat the continuing calibration standard as
an unknown sample and compute the concentration injected. If the
calculated concentration differs more than 20% from the true value,
then initial calibration must be repeated and all affected samples
must be reanalyzed.

Instrument Calibration - Confirmation Analysis
10.0 FC-143 tentatively identified by the primary analysis should
be confirmed by at least one qualitative technique. Confirmation

data may be supplied by analysis using a dissimilar analytical
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column, or by gas chromatography with mass spectrometry detection
(if the target concentration is adegquate), or by a second
derivatization forming a different ester. Confirmation analysis
must be qualitative and may be quantitative.

10.1 GC Dissimilar Column Confirmation

10.1.1 Column: HP-5 (or equivalent) 5% phenyl methyl
polysiloxane stationary phase, 25 meters in length 0.32 mmn
inside diameter, 0.5 um film thickness.

10.1.2 Chromatographic conditions:
Oven Program: 50 °C for 2 minutes

to 90 °C at 5 °C/minute

to 280 °C at 10 °C/minute

(hold 2 minutes)

Injector Zone: 200 °C
Detector Zone: 320 °C
Helium carrier inlet pressure: 5.5 psig
1.0 uL splitless injection, split on at 0.5 minutes

10.1.3 The primary initial and continuing calibration
standards and criteria are used for GC dissimilar column
confirmation ({sections 9.2 - 9.4)

10.1.4 The sample extracts requiring confirmation and the
associated method blanks should be analyzed at the same
dilutions as for the primary analysis.

10.2 @GC/MS Confirmation

10.2.1 GC/MS analysis normally requires a minimum
concentration of 10 ug/mL in the field sample extract. The
sample extracts requiring confirmation and the associated
method blanks must be analyzed. A reference standard for the
target compound must also be analyzed by GC/MS. The
concentration of the reference standard must be at a level
that would demonstrate the ability to confirm the target.

10.2.2 To confirm the identification of FC-143, the
background corrected mass spectrum of the compound must be
obtained from the sample extract and compared with a mass
spectrum from a stock or calibration standard analyzed under
the same chromatographic conditions.

10.3 Confirmation by Analvsis of an Alternate Ester

10.3.1 Both standards and sample extracts may be derivatized
to an alternate ester before analysis according to the
following reaction.

RCOOH + R'OH ~---> RCOOR’ + HOH
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Choice of the alcohol to which acetyl chlecride is added
(section 5.6) will determine which ester is prepared at
procedure step 7.22. The methyl, ethyl, n-propyl, and n-butyl
esters of FC-143 have been prepared by using the corresponding
alcoholic HC1. only the ethyl ester has been processed
through full method validation.

10.3.2 Before samples are confirmed by this technique, the
laboratory must demonstrate the ability to successfully
process and analyze representative standards.

10.4 Simultaneous Primary and Confirmation Analysis

10.4.1 A gas chromatograph using only one injection pcrt, one
column oven, and one detector can produce a chromatogram from
two dissimilar columns installed in parallel. The resulting
chromatogram is a superimposed (overlaid) composite of the
separations achieved with each independent column. Each
compound in the sample will produce two chromatographic peaks
thus providing enhanced qualitative information for every -
injection.

10.4.2 The recommended primary and confirmation columns may
be connected in parallel using two "Y" connectors (part numbex
20405, Restek Corporation, Bellefonte, PA) and short sections
of uncoated deactivated fused silica tubing. Alternatively,
a 2-hole ferrule may be used at the injection port and at the
detector.

10.4.3 BAn example chromatogram is presented in Figure 4. The
"#* gsymbol precedes the name of a chromatographic peak
produced by the confirmation column. Named peaks produced by
the primary column will not include the "#" symbol.
Therefore, the FC-143 peak was produced by the Rtx-200 column,
and the # FC-143 peak was produced by the HP-5 column.

10.4.4 When a 2-hole graphite ferrule is used at the
detector, peak identification may be assisted by temporarily
removing cne coclumn from the detector for selected injections.

Quality Control

11.1 Every laboratory must operate a formal quality control

program which meets or exceeds the requirements of the data quality
objectives.

11.2 Before using this method, laboratory capability must be
demonstrated by analyzing spiked samples. Seven replicates spiked
at sufficiently low FC-143 concentration must be analyzed to
estimate the method detection limit (Table 1 and Table 2). Figure
2 is an example chromatogram of blank water spiked to estimate the
method detection limit using the separatory funnel extraction
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technique. Also four additional replicates must be spiked at the
matrix spike level and analyzed to create additional precision and
accuracy data available for audits (Table 3).

11.3 Ongoing performance evaluation will be accomplished by
analyzing a matrix spike and a matrix spike duplicate for every
twenty field samples. A control sample will be extracted and
analyzed with every set of matrix spikes. Surrogates will be
spiked into every field sample, matrix spike, matrix spike
duplicate, control sample, and laboratery blank. Surrogate
recoveries will be control charted to determine control limits for
corrective action.

Gas Chromatography

12.1 The gas chromatographic conditions listed in Figure 1 are
recommended for primary analysis. Peaks tentatively identified in
a sample require confirmation analysis (section 10.0).

12.2 Qualitative Analysis.

12.2.1 Peak identification is based upon relative retention
time comparison to calibration data. Library retention times
are established on a daily basis. A nearby internal standard
serves as a time reference for all chromatographic
acquisitions. A target compound should be identified in a
sample only if the chromatographic peak matches the predicted
retention time within 0.05 minutes.

Predicted RT = (RRT-P™TV) (RT 2"P1%) Eg.5

12.2.2 Equation 5 should serve only as a recommended
treatment for peak identification. The experienced analyst
must consider other chromatographic features such as peak
shape, resoluticn, distance from the time reference, and
maltiple peak pattern recognition.

12.3 Quantitative Analysis.

12.3.1 sSample extracts shculd be prepared for analysis by
mixing 50 ul of internal stardard solution (see 6.4) into 0.5
nl, of the sample extract.

12.3.2 The concentration of FC-143 identified in a sample may
be calculated using equation 6. It is recommended that the
nearest internal standard not suffering from co-elution be
used for calculation, but the discreticn of the analyst should
prevail.

(ugys™*°) (Area,®*™®) (RRFy)
PPB, ™ P18 = e EqQ.6
(Area;"*™®'®) (L extracted)(D.F.)
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PPB,*™P!® = concentration of target (in the sample)

ug,™™* = mass of material (I.S.) mixed with the solution
injected.

Area,*™®!® = peak area of target (in the sample)

RRF, = relative response factor (equation 4)
Area,"*™?® = peak area of internal standard (in the sample)

I, extracted = Total raw sample producing total extract
D.F. = dilution factor of the extract

12.3.3 The concentration of FC-143 identified in a sample may
alternatively be calculated using the initial calibraticn

curve.
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TABLE 1
LOW LEVEL SPIKING STUDY - SEPARATORY FUNNEL

FC-143 PC~143 Conc. FC-143 % ET-C9 ET-C1l1
Spiked Found (ug/L) Recovery SURR. SURR.
0.0 ppb ND N/A 52% 47%
0.1 ppb _ 0.062 62% 51% 48%
0.1 ppb 0.052 58% 44% 41%
0.1 ppb 0.061 61% 49% 46%
0.1 ppb 0.059 59% 53% 47%
0.1 ppb 0.058 58% 50% 48%
0.1 ppb 0.062 62% 51% 47%
0.1 ppb 0.062 62% 54% 50%
0.2 ppb 0.11 55% 48% 48%
0.4 ppb 0.23 58% 53% 46%

ND - Not detected

Mean Concentration FC-143 (seven 0.1 ppb replicateé) = 0.059 ppb
Standard Deviation FC-143 (seven 0.1 ppb replicates) = 0.0036 ppb
Three std. dev. FC-143 (seven 0.1 ppb replicates) = 0.011 ppb

One liter of blank water was spiked and extracted
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TABLE 2
LOW LEVEL SPIKING STUDY - CONTINUOUS EXTRACTOR

FC-143 FC-143 Conc. FC-143 % ET-C9 ET-C11
Spiked Found (ug/L) Recovery SURR. SURR.
0.0 ppb ND N/A 50% 490%
0.0 ppb ND N/A 61% 64%
0.1 ppb 0.041 41% 64% 65%
0.1 ppb 0.039 39% 64% 58%
0.1 ppb 0.045 45% 69% 67%
0.1 ppb 0.042 42% 57% 50%
0.1 ppb 0.045 45% 67% 60%
0.1 ppb 0.043 43% 64% 64%
0.1 ppb 0.041 41% 67% 70%
0.2 ppb 0.076 38% 64% 68%
0.4 ppb 0.155 39% 60% 65%
1 PpPb 0.670 : 67% 61% 68%
10 ppb 8.94 89% 81% 81%
100 ppb 96.3 96% 90% B83%

ND - Not detected

Mean Concentration FC-143 (seven 0.1 ppb replicates) = 0.042 ppb
Standard Deviation FC-143 (seven 0.1 ppb replicates) = 0.0022 ppb
Three std. dev. FC-143 (seven 0.1 ppb replicates) = 0. 0066 ppb

One liter of blank water was spiked and extracted
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TABLE 3
PRECISION & ACCURACY STUDY - SEPARATORY FUNNEL

FC-143 FC-143 Conc. FC-143 % ET-C9 ET-C1l1
Spiked Found (ug/L) Recovery SURR. SURR.
1 ppb 1.10 110% 100% 88%
1 ppb 0.88 BB% 78% 69%
1 ppb 1.01 101% 94% 87%
1 ppb 1.03 103% 98% 92%
1 ppb 0.84 B4% 78% 65%

One liter of blank water was spiked and extracted
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Figqure 1. GC/ECD chromatogram of instrument standard at 1 ug/mL
FC-143. _ Fused silica _capillary column: Rtx-200 (Restek

Corporation), 30m x 0.32mm I.D., 0.5um film thickness. Column

program: 50°C for 2 minutes to 90°C at 5°C/minute then to 2B0°C at
10°C/minute and hold 2 minutes. Injector zone: 200°C. Detector
zone: 320°C. Helium carrier inlet pressure = 5.5psig. lul
splitless injection, split on at 0.5 minutes.
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Figure 2. GC/ECD chromatogram of blank water (extracted by
separatory funnel) spiked at 0.1 ug/L FC-143. Fused silica
capillary column: Rtx-200 (Restek Corporation), 30m x 0.32mm I.D.,
0.5um film thickness. Column program: 50°C for 2 minutes to 30°C
at 5°C/minute then to 280°C at 10°C/minute and hold 2 minutes.
Injector zone: 200°C. Detecteor zone: 320°C. Helium carrier inlet
pressure = 5.5psig. lul, splitless injection, split on at 0.5
minutes.
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Figure 3. GC/ECD chromatogram of instrument standard at 1 ug/mL
and multiple peak pattern of FC-143. Fused silica capillary
column: Rtx-200 (Restek Corporation), 30m x 0.32mm I.D., 0.5um
film thickness. Column program: 50°C for 2 minutes to 20°C at
5°C/minute then to 280°C at 10°C/minute and hold 2 minutes.
Injector zone: 200°C. Detector zone: 320°C. Helium carrier inlet
pressure = 5,5psig. lul, splitless injection, split on at 0.5
minutes.
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Figure 4. GC/ECD chromatogram of instrument standard at 1 ug/mL
FC-143. bual (parallel) capillary columns: Rtx-200 (Restek
Corporation), 30m x 0.32mm I.D., 0.5um film thickness. HP-5
(Hewlett Packard), 25m x 0.32mm I.D., 0.5um film thickness. Column
program: 50°C for 2 minutes to 90°C at 5°C/minute then to 2B0°C at

10°C/minute and hold for 4 minutes. Injector zone: 200°C.
Detector zone: 320°C. Helium carrier inlet pressure = 5.5psig.
lul. splitless injection, split on at 0.5 minutes. Peak naming

convention: The "#" symbol preceding the compound name indicates
a peak produced by the HP-5 capillary column.
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Mr. Michael McClusky

E.I. Dupont de Nemours

P.O. Box 1217

Parkersburg, West Virginia 26102

RE: Progress Report for FC-143 Method Development.
Dear Sir:

Since the beginning of work we have talked by telephone frequently
concerning the FC-143 method development in progress at our
laboratory. In brief summary, we have developed an analytical
method capable of measuring FC-143 at levels below 0.1 ppb in water
matrix. Further method refinement and ruggedness testing continue
on schedule. Development costs to date are approximately $16K and
are below projected estimates. The final costs are not expected
to exceed plan. Details of the technical progress will be

described below followed by a breakdown of the current expenses.
TECHNICAL PROGRESS

The analytical method uses liquid/liquid partiticning to extract
FC-143 from a one-liter acidified water sample into an organic
solvent. Method validation has already been completed using
separatory funnel technique with diethyl ether as the solvent. We
are hopeful that the approach can be expanded to include continuous
extractors using dichloromethane solvent. Continuous extractors
are less likely to .produce emulsions with difficult samples,_ and
dichloromethane is a less hazardous solvent. Solid state
extraction using granular activated carbon was briefly investigated
but failed to offer early success.

Sample extracts are concentrated by boiling off the solvent using
standard Kadurna Danish technique on a steam bath. A few
milliliters of 1 N NaOH is mixed into the sample as a keeper before
concentration. We have not yet tested the use of nitrogen blowdown
to complete this procedure step where a large volume of solvent
must be removed. There is some concern that the boiling action may
be necessary to rapidly convert the acid form of the analyte to its
salt and avoid volatility losses. Our laboratory is equipped with
Zymark nitrogen blowdown units to test this option.

The NaOH concentrate is transferred to a 4-dram screw cap vial and
washed with dichloromethane to remove neutral and basic
interferences. A centrifuge may be necessary to separate the
liquid phases before discarding the organic phase. Sulfuric acid

CH2MHILL Quality 2567 Fairlane Drive, P.O. Box 230548, 205.271.1444
Analytical Laboratories Montgomery, Alabama 36116
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is then added to the aqueous concentrate to convert the analyte
from the salt to the associated acid before performing a last mini-
extraction into ether.

Early work attempted to dry the etherial extract after the final
extraction using drying salts. Anhydrous potassium carbonate was
tested for speedy drying. Deactivated anhydrous sodium sulfate was
also tested. Both drying salts werxe found to produce measurable
loss of analyte and were therefor removed from the procedure and
replaced by concentration to dryness described below.

One hundred microliters of concentrated ammonium hydroxide is added
to the final "wet" etherial extract immediately before micro-
concentration on a steam bath. The final extract is quickly
concentrated from approximately 10 mL to approximately 0.5 mL.
Ether is used to quantitatively transfer the extract to a 5-mL
reaction wvial. Gentle nitrogen blowdown is used to finish
concentrating the sample to dryness.

Acetyl chloride is carefully mixed with absolute ethanol to prepare
a very dry 3% ethanolic HC1 solution. The sample residue is
dissolved in 1.0 mL of the ethanolic HCl solution and heated at
60°C for 30 minutes to form the ethyl ester.

pwo final cleanups are performed before the esters are analyzed.
After the reaction vials have cooled, 1.0 mL of hexane and 1.0 mL
of blank water is mixed into the sample with vigorous shaking. The
ester will partition into the top liquid phase. Most of the
floating phase is transferred to a 2-mL autosampler vial already
containing approximately 1 mm of Florisil. After shaking the vial
for a few seconds, the extract is ready for analysis by gas
chromatography with electron capture detection (GC/ECD).

Two surrogates (perfluoroncnanoic acid and 11H-
Eicosafluoroundecanoic acid) are spiked into every sample at the
beginning of sample preparation to monitor the success of that
sample prep. Three internal standards are mixed into a measured
portion of the final extract to monitor the success of data
acquisition. FC-143 and the surrogates are derivatized to form
esters because neither the acid nor the salt forms are amenable to
gas chromatography.

How should the instrument be calibrated, and how should sample
results be calculated? These are issues which have several
options. If pure and accurate ester standards were available for
FC-143 and the surrogates, then these could be diluted and used for
instrument calibration directly. Several standards were secured
from three sources: PCR Research Chemicals, MTM research Chemicals
of Lancaster Synthesis Inc., and FC-118 was provided by Dupont.
For the perfluorococtanoic acid both the technical and the pure
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grades were purchased from PCR. Disturbing discrepancies were
observed when various standards were compared.

If calibration standards were to be prepared through the entire
lengthy procedure for every batch of samples, one would worry about
the variability of calibration from batch to batch. A reasonable
alternative would be to prepare a calibration standard using only
minimum preparation to reduce variability. This approach was taken
for the validation work. The FC-118 supplied by Dupont was blown
to dryness and assumed pure as a primary standard for FC-143
determination. A mixture of this FC-143 and the surrogate acids
was introduced to the procedure at the derivatization step and
carried from that point to the end of the preparation. Instrument
calibration was performed by diluting the final preparation to
create five concentrations injected into the instrument.
Calibration curves were constructed to calculate FC-143 and
surrogate recoveries for all subsequent samples. To test the
linearity of the derivatization itself, the first five samples
analyzed were five discrete samples at variable masses of FC-143
taken only through the derivatization and final cleanup steps.
These five discrete partial preparations were virtually identical
to dilutions of the one partial preparation diluted for
calibration. Linearity of samples processed through the entire
preparation is still under investigation.

Ten samples were processed through the entire analytical method and
are summarized in the table below.

FC-143 FC-143 - ET-CY ET-C1l1
SPIKED FOUND SURR. SURR.
0.0 ppb 0.000 ppdb 52% 47%
0.1 ppb 0.062 ppb 51% 48%
0.1 ppb 0.052 ppb 44% 41%
0.1 ppb 0.061 ppb 49% 46%
0.1 ppb 0.059 ppb 53% 47%
0.1 ppb 0.058 ppb 50% 48%
0.1 ppb 0.062 ppb 51% 47%
0.1 ppb 0.062 ppb 54% 50%
0.2 ppb 0.11 ppb 48% 48%
0.4 ppb 0.23 ppb 53% 46%
These samples used laboratory blank water as the matrix. a

significant bias is observed in the FC-143 data and is reflected
in the surrogate recoveries. Analytical precision was good. Three
standard deviations of the seven 0.1 ppb replicates was 0.011 ppb.

Typical chromatograms are enclosed as well as the calibration curve
described in this text.
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Confirmation analysis may be accomplished by using a dissimilar
analytical column. Chromatographic conditions have been developed
for two dissimilar columns. A second approach to confirmation is
possible by derivatizing the acids to a different ester. The
methyl, ethyl, n-propyl, and n-butyl esters have been successfully
prepared.

CURRENT PROJECT COSTS
The table below offers a current breakdown of costs. Some figures

are estimated since shipping costs or effective discounts are not
vet known.

Labor - Consulting Chemist..... (129Hr)($71.07/Hr) = $9168.03
Labor - Senior Chemist......... (2Hr) ($48.93/Hr) =$ 97.86
Labor - Extraction Supervisor.. (4Hr)($50.00/Hr) = § 200.00
Labor - Associate Chemist...... (24.7Hr)($35.33/Hr) = $ 872.65
Instrument Time - GC....veuunes (40.75Hr) ($85.00/Hr)= $3463.75
Instrument Time - GC/MS........ (0Hr) ($150.00/Hr) =8 0.00
Reagents and supplies
Analytical Standards Ordered 7/31....... e $ 274.00
RTX-200 Capillary Column Ordered 8/1........... $ 450.00
Reaction Vials Ordered 8/1.........0t0iiuecennn $ 78.92
Ethanol Reagent.......ceses Cerrerrarn e $ 150.00
24/40 StOPPEIrS...veressnnssesss s eenserbtaseraraas $ 126.88
Acetyl Chloride...... e reresssasseseanacanan e $ 100.00
Analytical Standards.....scevereesrecnsarcrcves $ 75.00
Reaction Vial Septa........cvceviuninnnn. veeane $ 130.24
Miscellaneous Supplies....cccviiiiirenoencrens $ 100.00
CoOmMMUNICAtioN. it irasrtentsssecnacnsccasssnsancsanss $ 200.00
POtal.veeeesanesososasoseanososnanscancnsaccsensnssssnsssnss $ 15487.33

The next written report will accompany the final analytical
method as well as summarize complete costs for the project.

Sincer,}y, v
Jewell W. Smiley

Consulting Chemist
Gas Chromatography Supervisor

cc: Craig Vinson/LMG
Herb Kelly/LMG
David Smith/ILMG



Analysis of Perfluoro-Octanoic Acid Samples
Dave DuBois, Betsy McCord and Liz Lozada 10/2/20C0

Summary and background:

We received 4 samples from M. Kaiser to analyze for chemical structure.
We analyzed them by "°F and '"H NMR. One sample was also analyzed by
C NMR.

Samples:

Notebook LIMS Description

88570-8-1 68425 3M FC-118 20% PFOA

88570-8-2 71402 Miteni RM 350T 20% PFOA
88570-8-3 71404 MDF Recovered C-8 20% PFOA
88570-8-4 71405 Dynan 30% PFOA GUS-NR-69641

Results:
Sample 8-1 was typical of the 4 samples. It contains the following groups:

CF3(CF2)X
(CF3)2CH(CF2),
3 types of CF3(CF,),CF(CF3)(CFy),

Thus there are 4 types of CF;CF (-71 to -75 ppm; -184 to —188 ppm)
groups and 4 additional types of -CF; groups (-82 to -85 ppm), as shown
in the about structures. There are a large number of signals in the =110 to
~130 range which are CF, groups.

There was an unidentified signal at =63 ppm which might be —CF,Cl, CF,l,
CF,Br, CH;ORf, or possibly a vinylidene CF; or a tBu CF.

Sample 8-3 was almost identical to 8-1 except that it contained a small
amount of CF;CFHCOOH (-76, -196 ppm). This material had sharper NMR
lines. The 1H NMR showed a doublet of quartets at about 5.2 ppm that
supports this assignment. The j values observed agreed with that of an
authentic spectrum of A. Sievert.

Samples 8-2 and 8-4 were almost identical to 8-1.



Quantitative Results, relative mol%:

| Sample] CFy(CFa)| (CFa),CF(CFu)] CF3(CF2),CF(CF3)(CFs),| CF3CFHCO,H|  pentad]
~ {ppm) 835 7390 A 717 B 719 C,-723] 7581955 -633
| 8_1 789 8.6 43 33 XN 0.0 07
82 79.0 7.9 3.9 3.5 47 6o 10
i 83 724 10.2 5.1 44l 57 )
| 8_4l 830, 74 33 23 38| 0.0] 05

Experimental:

F NMR spectra were obtained on a 400 MHz Varian Inova
spectrometer on a 5 mm probe on samples run neat with a D,0O containing
capillary for lock. Spectra were externally referenced to a capillary
containing F-11 (0 ppm). Spectra were acquired at 30 °C using an rf pulse
of 2 usec (pw90 = 14 usec), a spectral width of 90 kHz, an acquisition time
of 1.28 sec and a recycle delay of 20 sec. A total of 256 transients were
acquired. 'H (with water suppression) and "*C (10 mm) spectra were
obtained on the same instrument using standard conditions.

Acknowledgement:

We would like to thank A. Sievert for his help and advice with the '°F
NMR spectra.
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Analysis of Perfluoro-Octanoic Acid Samples
Dave DuBois, Betsy McCord and L'z Lozada 10/2/2000

Summary and background:

PFOS chemicals are used in a wide range of products from fire-fighting
foams, coatings for fabrics, leather, and some paper products, to industrial
uses such as mist suppressants in acid baths. DuPont produces
fluorochemicals based on the perflucroctany! iodide chemistry such as
Telomer B alcohol. If DuPont can replace materials made with 3M’'s PFOS
with materials based on DuPont's telomer chemistry, there would be a
large potential replacement market for us. Our knowledge of persistence,
bioaccumulation, and toxicity (PBT) of DuPont matérials is incomplete
based on the possible applications in the marketplace. CTO Dr. Joseph
Miller established a team to quickly address the issues. The team’s charter
s to provide the science and technology basis to proactively address SHE
concerns related to our products. Subteams on Toxicology, Exposure,
Environmental Fate and Effects, and PFOA alternatives are working on
solutions. Key to each of these teams is the Analytical subteam. which will
need to provide product analysis via existing or newly developed methods.

We received 4 samples from M. Kaiser to analyze for chemical structure.

We analyzed them by °F and 'H NMR. One sample was also analyzed by
1
C NMR.

Samples:

Notebook LIMS Description

88570-8-1 68425 3M FC-118 20% PFOA

88570-8-2 71402 Miteni RM 350T 20% PFOA
88570-8-3 71404 MDF Recovered C-8 20% PFOA
88570-8-4 71405 Dynan 30% PFOA GUS-NR-69641




e

Results:

Sample 8-1 was typical of the 4 sarhples. It contains the following groups:

CF3(CF2)x

(CF3)2CF(CF2),

3 types of CF3(CF;),CF(CF,;)(CF,),
(CF3)aC(CF2),

Thus there are 4 types of CF4CF (-71 to -75 ppm; -184 to —188 ppm)
groups and 4 additional types of -CF, groups (-82 to -85 ppm), as shown
in the about structures. There are a large number of signals in the =110 to
—130 range which are CF, groups. ‘

There was a signal at <63 ppm which was assigned to (CF3);C(CF,);

group. lIts chemical shift and multiplicity correspond to values found in the
literature.

Sample 8-3 was almost identical to 8-1 except that it contained a small
amount of CF3CFHCOOH (-76, -196 ppm). This material had sharper NMR
lines. The 1H NMR showed a doublet of quartets at about 5.2 ppm that
supports this assignment. The j values observed agreed with that of an
authentic spectrum of A. Sievert.

Samples 8-2 and 8-4 were almost identical to 8-1. The 'H NMR spectrum
of 8-4 showed a singlet at 3.4 ppm, which may be methanol; spiking
experiments are underway te verify this,

Quantitative Results, relative mol%:

["Sample | CF4(CF,), | (CF3).CF(CFan CF5(CFa)CF(CF3)(CF,),  [CF,CFHCO,H] (CF2):C(CFan
. (ppm)] 835 -738] A-717[ B 718] C.-723] -75.8-195%5 533
g1 78.9 86 43 33 44 0.0 02!
8 2 780 7.9 39 35 a7 0.0 03
r 8 3 72.4 10.2 51 ry 57 12 03
8.4 83.0 74 33 23 36 0.0 0.2




Experimental:

YF NMR spectra were obtained on a 400 MHz Varian Inova
spectrometer on a 5 mm probe on samples run neat with a D,0 containing
capillary for lock. Spectra were externally referenced to a capillary
containing F-11 (0 ppm). Spectra were acquired at 30°C using an rf pulse
of 2 usec (pw90 = 14 usec), a spectral width of 90 kHz, an acquisition time
of 1.28 sec and a recycle delay of 20 sec. A total of 256 transients were
acquired. "H (with water suppression) and ™*C (10 mm) spectra were
obtained on the same instrument using standard conditions.

Acknowledgement: N
We would like to thank A. Sievert for his help and advice with the '°F
NMR spectra.
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Figure 4. TSF NMR of Sample 88570-8-4, Dynan 30% PFOA GUS-NR-69641




For Sample 88570-8-1

Compound: NMR mol%  3M Fax mol%
o)
CF CF CF /“\ .
CF3/ Z\CFQ/ Z\CFZ/ 2\CF2 - 789 80%
o
CF CF CF /U\
3\CF/ 2\CFZ/ 2\c:F2 o- 86 85
/
CF,
CF3 o)

ks _CE 12.0 11.3
\(“CF;)/X \(CFZy o-

ca\/i\m/ca\ A 0.2 0.3
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1I.

1II.

Determination of Perflucrooctanoic Acid in Water

Gas Chromatogrephie Method

Appliecsbility

This method hes been developed for the determinstion of ammonium
perfluorooctancate (C,~APFC) and perflucrooctanoic acid in aqueous
solution, at concentrations from 0.01-10 ug/mlL. The procedure

described here is for the analysis of agqueous solutions from air
impingers. The method has also been used for determination of C, in
blood seamples and, depending on specific interferences, could be applied
to other agueous systems. A modification which eliminates the drying
step can be used for sppropriate Bolid samples (such as Nuclepore filters
used in eair sampling) and for methanol solutions.

Unusuel Safetv Considerstions

The 3M Company has found in preliminary studies that Cq caused birth defects
when fed to rats in a laboratory experiment. Female employees of child besring
capability should be restricted from any portion of this Procedure which offers
significant chance for exposure. Although no health problems are known for
workers exposed to Cg, it has been found in blood semples and may be very
slowly eliminated from the body (Reference 3). Standara laboratory safety
practices for hendling toxie, emoroyotoxic, etc. materials and for corrosives
should be used in working with these perfiluorinated acids and their soclutions.

The electron caputre detector conteins & radiocasctive source (63Ni),
and the menufacturer's instructions for safe operation must be observed.

Care should be taken to avoid contact in working with the low temperature
baths used for freeze-drying.

Principle

Freeze-drying (lyophilization) is used to remove the weter from sample
aliquots and permit derivatization. Addition of methanclic HC1 to the
dried residue, along with perfluorodecancic acid (C,.) internal standard,
converts the acids to more volatile methyl esters. ese are extracted
from the reection mixture into hexane solution for GC eanalysis. An
electron cepture detector (ECD) is used for sensitivity end selectivity.

Fundamental Equations

~nt 3% BC1
F + = ,
C7 15COO M CHBOH > CTFISCOOCHB + MOH
+ . .
M = F,*, met, H+)
(acid not amenable to GC anelysis) ———> (non-polar, volatile

ester for GC)
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VI.

VII.

Interferences

As in eny GC analysis, compounds with the same retention time as
the compound of interest will not be distinguished from it. These
can include impurities present in the reagents or other components
in the semples themselves.

Interfering pesks from solvents, derivatizing reagent, etc., are not
generally observed in this laboratory with the reagents specified
below (Note 1}, but each new batch should be checked and a blenk
included in every analysis. A small peak st the Cg ester position

is found in reagent blanks containing perfluorcdecanoic acid internal
standard however, probebly from C, present as an impurity in that
material. This will give an intercept slightly greater then zero in
the calibration plot, but is a significant contribution to the C
peak area only at the lowest concentrations (ca 1/3 of the totel for
0.01 ppm Cg, When ca 1 ppm C, 4 is added).

Tn the sir impinger semples examined to date, no obvious interference or
contribution from compounds other than C, has been observed. Preliminary
analyses of FEP "in-situ" dispersing sgent indicate that while one
component of that mixture would co-elute vwith CB’ it should be accompanied
by other nearby peaks.

Sensitivity, Precision and Accurscy

The method has been used over the concentration range 0.01-10 pg/mL Cq.
Adjustments in the volumes of sample or reagents could probably be made
to extend this somewhat in either direction, if necessary. Due to the
relatively narrow linear range of the ECD, however, the calibration
curve must mlways cover the region of interest.

From the limited data available at this time, precision is estimated to
be + 10% relative, with quantitative recovery of spikes within this
uncertainty. Accuracy will also be affected by the choice of C, standard,
which should correspond to the fluorcsurfactant composition of éhe
samples (Note 2).

Apparatus

Instruments and equipment used in this leboratcry are specified here;
equivalent apparatus can be substituted.

1. Gas Chromatograph and Supplies

Hewlett-Packard 5830 GC with HP 18803 Electron Capture Detector,
equipped for on-column injection yith glass pecked columns

10 ft x 2 mm id glass columns (HP configuration 5 with ECD sdapter),
pecked with 10% OV-210 on T0/80 mesh Chromosorb W.AW.DMCS. and
conditioned at 200°C

Hemilton TO1N 10 ulL syringe
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2. Iyophilizer
Labconco No. 75352 bench-top freeze dryer (12-port, dry ice cooled)
Labconeco No. T5k06 (150 mL) or No. 75408 (300 mlL) Fast-Freeze
flasks, with No. TS5L76 stainless steel adapters
Vacuum pump with suxiliary ccld trap
McLecd gage (or electronic vacuum‘gage) reading in the
5~0.005 Torr range.

3. Thermostated Reaction Block
Pierce No. 18802 Reacti-Therm Heating Module, with Reacti-Block to
hold 2-dram vials and thermometer (Block C, No. 18803, has 12 holes
but they must be enlarged to ca 19 mm to accomodate the 2-dram vials.
Block B, No. 18802, can be used as is, but will hold only 9 vials
and provides poorer thermal contact).

L. Viels and Septum Caps
Wheaton No. 224884 or Pierce No. 13028 2-dram (ca T mL) screw cap
septum vials (borosilicate glass)
Pierce No. 12713 Teflon®-Silicone Septs and No. 13216 open top
screw caps

5. Pipets and Dispensers
Gilson P200 Pipetman, micropipet for quantitative delivery of
50 uL aliguots
1 end 2 mL volumetric pipets for measuring sample and reagent
eliquots. (Brinkman Dispensette Bottle-Top Dispensers are a
great convenience for repetitive delivery of solvents.)

6. Analytical Balance

T. Common lasboratory eguipment

Reagents

1. €, standard, FC-143 ammonium perfluorooctanoate (3M) or materiel
in use in the area to be monitored (Note 2)

2. Perfluorodecanoic acid, PCR Research Chemicels

3. Methanol, Fisher HPLC (A-U52) or Fisher Certified ACS (4-112) (Note 1)

* Reg. U.S. Pat. & Tm. Off.
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IX.

€.

7.

Derivatization Reagent, 3% HCl in methanol, prepared from
Applied Science No. 18053 Instant Methanolic HC1 Kit, but
substituting Fisher HPLC or ACS Methanol for the Lipopure
Methanol provided (Note 1).

The reagent should be stored in the refrigerator, and can
be kept for ca 1 month.

Hexane, Phillips Spectrograde or Applied Science Lipopure (Note 1)
Water, distilled or deionized

Sodium hydroxide, 0.05 M agueous solution

Procedure

A.

Preparation of Standard Solutions

Only final soclution concentrations are given here without detailed
preparation procedures, since amounts needed, concentrations of
interest, ete., will vary between laboratories. Preparations should
be such that concentrations can be calculated to three significant
figures.

1. Perflucrcdecanoic acid in methanol: ca 20 ug/mL

2. Ammonium perfluorocctanoste in water: At least four solutions
should be prepared which cover the concentration range of
interest. For the example in the chromatograms and calculations
below (0.1-1.0 ppm), standard solutions were prepared containing
0.1, 0.25, 0.5, 0.75, and 1.0 ug/mL FC-1L3.

Preparation of Samples and Stendards for Analysis (Note 3)

For each sample or standard solution, pipet 2 1 mL aliguot into

a 2-dram viasl. Prepare & blank similarly, using distilled water.
Add 50 yL 0.05 M XaOH to each and mix gently, keeping the solution
in the bottom of the vial to avoid loss to the cep, sides, etc..

Freeze~-Drying

i. A schematic diamgram of the feeeze-drying apparatus is shown
in Figure 1. Each of the 12 ports has & separate valve, SO
that flasks can be attached or removed while the system is
under vacuum. The apparatus should be pumped down to an
acceptable vacuum {Note 4) and the cold traps filled before
attaching the drying flasks"
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To prevent bumping, the samples must be frozen before they

are placed under vecuum. To reduce the chance of contamination
or sample loss, cover each vial with a light filter beforehand;
a small piece of Kimwipe held in plece with a rubber band works
well. TFreeze the solution in each {Fote 5), and keep the vials
at dry ice temperature until all of them are ready.

Place up to four viels in each drying flask and attach to the
drying chamber. The pressure should drop below 0.5 Torr again
within a few minutes if no leaks are present, and the samples
should remein frozen as sublimation takes place. Allow them
to dry for ca b4 hours, or until no ice is left in any of the
vials.

Derivatization

1.

To the dried residue in each vial, add 1 mlL methanclic EC1
derivetizetion reagent and 50 uL C standard solution

(ca 20 pg/mL in methanol). Close With e septum screw cap
and shake well.

Thermostat for 1 hour at 65°C.

(At this point, the samples can be cooled to room temperature
and left overnight to analyze the next day.)

Cool to room temperature, add 1 mL each hexane and distilled
water, and shake for ca 2 minutes.

After the Thases separate, the upper hexane layer can be
sampled directly for GC analysis. The solutions are
stable in this form for at least several days, although
hexane will gradually eveporate after the septum has been
pierced.

GC Analysis

1.

GC Conditions - Instrument and column es above,

Temperatures: InJection port 200°C
Detector 325°¢C
Column oven 100°C, isothermal

Carrier Gas: 90% argon/lo% methane (or nitrogen if
recommended for the instrument)
flow ca 30 mL/min

Injection 2 ulL

Volume:

Sensitivity: ettenuation ag neeifd to keep peak height
measurable, 27 - on HP 5830.

Run Time: 11-20 minutes, depending on sensitivity
(Note 6)
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After installing the column end establishing the conditions sabove,
check the ECD base frequency and noise level according to the
manufacturer's instructions, to insure that they ere stsble and
within acceptable limits.

2. Each solution should be run twice (or duplicates run once each),
brecketing samples with standerds of similar concentratlon
in the second series of injections.

Representative chromatogrems are shown in Figure 2 for blanks,
standards and semples. Either peak height or peak area can be
measured for guantitation.

X. Calculations (Note T)

1.

Normelized CB Peek Values

A tabulation of pesk heights for analysis of a series of five
standards and two samples {each prepared in duplicate) is shown
in Figure 3.

To correct for any varistions in inJection volume, reagent volumes,
etc., the raw C, peak heights (or areas) are first normalized relative
to the internal standard average

Clo averege

c

C, (corrected) = C, x
8 8 10

(Calculation of the C,. average also provides a measure of the
precision in sample preéparation and GC analysis).

Calibration Plot

A calibration curve obtained by plotting corrected C, peak height
vs. concentration of the standards is &lso shown in gigure 3.

For non-linear plots such as this, a smooth curve should be drawn
through the datae points. In some cases, a straight line can be fit
through several points, and a linear least squares calculation made
for the slope and intercept in thet region.

Calculation of Sample Concentrations

Using the corrected C, peak heights (or areas) for the samples,
corresponding concentrations cen be read directly from the calibration
plot as shown in Figure 3. Average the values from duplicates for
each sample.
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Notes

The solvents specified in Section VIII were found preferable to
several tried for this analysis, but others may also be satisfactory.
Even with the same reagents, the appearance of the blank may depend
on the condition of the detector. With the ECD used here,
contamination results in & significant decrease in select1v1ty

and increased reagent interference.

The FC-143 samples examined to date appear to be & mixture of
ce T0-75% straight chain material with several secondary components
(including branched isomers) from 1-9%. (Determined by NMR and
capillary GC with FID peak area). Under the GC conditions used
here, this results in e group of poorly resoclved peaks at the C
ester position, as seen in Figure 2. In contrast, commercial
perfluoro-n-octanoic acid (PCR) and some other ammonium salts
contain'zQS% straight chain CB’ and appear more nearly as g
single peak in the analysis. The response factor determined
relative to the C internal standard also differs for the two
types of material, so it is important to choose the standard
most similar to the samples to be analyzed. All of the agueous
samples examined thus far closely resemble FC-143 standards, but
for chromatograms differing greatly in appearance it may be more
spproprigte to substitute a straight-chain standard.

At least for initial analyses using this procedure, duplicates
should be prepared as a check on precision.

For this freeze-drying application pressures less than 0.5 Torr
seem to be satisfactory, although 0.025-0.05 may be achieved.
Readings will also depend on the type of gage used, since the
McLeod gage does not read the pressure of weter vapor as electronic
gages do.

A small dry ice/mcetone bath or the center cold well of the drying
chamber can be used for rapid freezing of the solutions in the
bottom of the vials. As noted in Section II, care must be teken
to avoid contact with the cold bath.

As seen in the chromatograms in Figure 2, some small, broad pesks
appear late in the run. (These appear to come from the C
standard, and might be eliminated in purified meterisl). l%hen
running at high sensitivity for low Cp, concentrations, these

can interfere with the following run &nd must be allowed to elute
before the next injection.
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7.

From the calibration plot in Figure 3, it can be seen that the
ECD response is not linear with concentration over this range.
Linear plots may be obtained over other ranges, but still with
concentration~-dependent response factors. The calculations
described here thus make use of a calibration curve, where the
internal standard is used to normelize raw pesk values before
plotting. .
Celculations could be done by & general internal standard
procedure instead for en ECD which -shows & more linear response
and constant relative response faectors. (A calibration plot of
this sort has been observed with & Varien 3700 GC under similar
conditions).
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FIGURE 2 -~ CHROMATOGRAMS FOR 08 DETERMINATION *

GC conditions Bs on p. 5. Attenuation 27, chart speed 1 cm/min.

" Retention time (minutes) indicated by each peak.
A n

11 _ ol

Reagent Blank, solvents and . ; Reagent Blank, with 1 ppm C
derivatizing reagent only : internal standard added 10

—7% 9%

10

1.4

08 confaminant

y

[ o
n

~

5.87

‘e
-

1
i2.08

Standard, 0.5 ppm FC-143 - : : " Sample frcm Air Impinger
: (PRAL No. 80-k536)

C,. ester !

4.33
YK\CD
=t
—9.99

3,83

7.m

l\ﬂ..

o ¥The results shown here are for solutions prepared using 2 mL each derivatizing
reegent, hexane, and water, rather than 1 mlL 85 in the method. Relative peak heights
vill not be affected, but attenuation is 2x lower. o
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GooD LABORATORY PRACTICE COMPLIANCE STATEMENT

The study described in this report, with the exception of the items listed below was conducted in
compliance with the following GLP Standards:

e United States Environmental Protection Agency, (FIFRA), Title 40 Code of Federal
Regulations Part 160 (effective October 16, 1989)

which are consistent with:

e The OECD Principles of Good Laboratory Practice (as revised 1997),
ENV/MC/CHEM/98(17), OECD, Paris, 1998

e MAFF Japan Good Laboratory Practice Standards (11 NohSan Number 6283).

The following items are exceptions to the GLP Standards. These items do not impact the validity
of the study.

The test chemical was not characterized under GLP. It is a commercially available material that
was provided by the submitter. The certificate of analysis (COA) was provided by the
manufacturer and the accuracy of the data is considered sufficient for the purposes of this study.

The reference chemical was not characterized under GLP. It is a commercially available
material. The COA was provided by the supplier and the accuracy of the data is considered
sufficient for the purposes of this study.

The Study Protocol was not signed by the study director prior to the start of the study. The study
director gave approval to start the study by an electronic message.

Analysis to confirm concentration and uniformity of the test solutions was not performed. This
is believed not to affect the validity of the study because the test chemical was accurately
measured and added to the test vessels.

Study Director
S N Y s 20-Ousg - 09%
William R. Berti, Ph.D. Date

Senior Research Biologist
DuPont Environmental and Microbiological Sciences & Engineering

Submitter
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QUALITY ASSURANCE STATEMENT

Study Number
97-03/4842

Study Title
Activated Sludge Respiration Inhibition Test of Zonyl OECD 209)

The conduct of this study was subjected to periodic Quality Assurance inspections. The dates of
inspection are indicated below:

Dates Findings Dates Findings
Inspection/Audit Reported to Reported to
Study Phase Inspected Dates Study Director Management
Study Conduct 14 Nov 2003 19 Nov 2003 19 Nov 2003
Report (7-08 Jul 2004 12 Jul 2004 12 Jul 2004

%m/@ OA}Q—_‘\ 77 /}vgus—; 2ooY

Mar}/an B Oster Date

Staff Quality Assurance Auditor e bt
DuPont Haskell Laboratory for Health &

Environmental Services
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CERTIFICATION OF AUTHENTICITY

ACTIVATED SLUDGE RESPIRATION INHIBITION TEST OF ZONYL®HOECD

209)

We, the undersigned, declare that the work described in this report was performed under our
supervision, and that this report provides an accurate record of the procedures and results.

Report by:

QAN E T

William R. Berti, Ph.D.
Senior Research Biologist

Approved by:

LD o

?In T. Gannon, Ph.D.
esearch Manager
Study Initiation Date:
17-Nov-2003

Date Study Completed:
30-August-2004

Submitter:

E. I. du Pont de Nemours and Company
Wilmington, Delaware 19898
U.S.A.

20-Oungy~ 9%

Date

O~ 3v- %

Date
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ACTIVATED SLUDGE RESPIRATION INHIBITION TEST OF ZONYL®(FCC ]
(OECD 209)

1.0 SUMMARY

Test System:

Zony1®(FC(5-as tested for toxicity towards activated sludge according to OECD Guideline v
209 in the version dated 4-April-1984. For the determination of the toxic behavior of the test
substance, activated sludge from the aeration tank of a municipal sewage treatment plant was
exposed to the test chemical over a range of 10 to 1000 mg L. After 30 minutes of incubation,

the respiration rate of the activated sludge was determined and compared to the respiration rate

of the controls.

Findings:

Under the conditions of the test, the highest test concentration of the test substance,
1000 mg L™, exhibited <20% inhibition of the respiration rate (the detection limit of the
system).

Conclusions:

The ECs, of the test chemical could not be quantified because the highest nominal test
concentration of 1000 mg/L resulted in less than 20% inhibition after 30 m of contact time.
The ECs, of the test chemical is estimated to be greater than 1000 mg L™

2.0 GENERAL STUDY INFORMATION SR ek,

Study Objectives

The aim of this study was the determination of the acute toxic behaviour of Zonyl®(-\ v
towards the microorganisms of activated sludge according to OECD guideline 209 in the
version of April 4, 1984. The objectives of this study were to:

» Determine the effect of the test substance, Zonyl®Hon microorganisms from v
municipal sewage sludge and

e Assess the potential of the test chemical to adversely affect aerobic municipal sewage
treatment plants

The testing protocol used a microbial inoculum derived from a municipal wastewater
treatment plant and an artificial sewage feed. The respiration rate of the test system was
determined after a 30 m time period under controlled laboratory conditions.

Test System Justification
The test system is outlined by the OECD guideline 209 and was requested by the submitter,

97-03/4842 Page 70f19
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P
Study Personnel
E. 1. du Pont de Nemours and Company
Environmental and Microbiological Sciences & Engineering
Management: John T. Gannon, Ph.D.
Study Director: William R. Berti, Ph.D.
E. I. du Pont de Nemours and Company
Environmental and Microbiological Sciences & Engineering
Central Research & Development, Glasgow Building 300
P.O. Box 6101
Newark, DE 19714-6101 USA
Principle Investigator: William R. Berti, Ph.D. Study Phase(s): All
Same as above
Technical Personnel: Lynn Ann Dekleva
Patrick W. Folsom
Mark Starr
Lisa M. Sulecki
Study Execution Dates
Study Initiation Date: 17-Nov-2003
. Experimental Start Date: 13-Nov-2003
Experimental Termination Date:  14-Nov-2003
Study Completion Date: 30-Aug-2004
3.0 MATERIALS AND METHODS
3.1 Test Guidelines
The purpose of the procedure is to provide a rapid screening method whereby substances that
may adversely affect aerobic microorganisms from municipal sewage treatment plants can be
identified and to indicate the suitable non-inhibitory concentrations of test substances to be
used in biodegradability tests. The test uses a microbial inoculum and a synthetic sewage
feed. The respiration rate of the test system is measured after an exposure period of
30 minutes under controlled laboratory conditions. The inhibitory effect of the test chemical
at the particular concentrations is expressed as percentage of the mean respiration rate of the
controls.
97-03/4842 Page 8 of 19
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3.2 Test System

3.2.] Chemical System

3.2.1.1 Test [tem

Name:
Synonyms:
Active substance:
CAS Name:
CAS Number:

EMSE Sample Number:

Supplier

Submitter Sample:
Lot Number:

Reference ltem
Toxic Reference

Name:

Active substance(s):
CAS Number(s):
Product Number:
Lot Number:

EMSE Sample No.

Concentration of a.s., nominal:

Concentration of a.s., analyzed:
Certificate of Analysis Date:

Expiry Date:

Date Received:
Appearance/Color:
Storage Conditions:
Safety Precautions:

Manufacturer:

Zonyl®f,\ o
NA
Zonyl®b\\J /
NA

NA
CRD12005

Scott Krenzel
DuPont Haskell Laboratory
Newark, DE

H-24616
436

3,5-dichlorophenol

3.5-dichlorophenol

591-35-5

Aldrich D70600

15809K1

M57657

97%

99.7%

August 2000

August 2005

January 2002

White Powder

Store in a cool dry place; keep tightly closed
[rritant; wear suitable gloves and eye/face

protection.

Aldrich Chemical Co., Inc.
1001 West St. Paul
Milwaukee, WI 53233 USA

97-03/4842 Page 9 of 19
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3.2.1.4

3232

3.3

Test Vehicle
No test vehicle was used in this study for the test substance. The test chemical was mixed
with synthetic sewage feed, water, and inoculum before addition to the test vessel.

Application Information

The test chemical was added to the test vessels from a stock solution at the following
concentrations: 1000, 320, 100, 32 and 10 mg L™\

Biological System

Secondary activated sludge from Cecil County Fletchwood Facility, Maryland (USA)
Publically Owned Treatment Works (POTW) was used as the microbial inoculum. The
activated sludge was aerated and used within 24 h of collection. The solids were separated
by coarse filtration, centrifuged at 10,000 m s for approximately 10 minutes, washed twice,
and resuspended in tap water. The solids concentration was determined by dry weight and
adjusted to yield an inoculum concentration equivalent to about 4 g per liter (on dry weight
basis).

Physical System

Test Units

The test vessels used in the incubation period were glass flasks of approximately 1-liter. For
the measurement of the respiration rate, samples were transferred to 300-mL Biological
Oxygen Demand (BOD) glass bottles.

Test Conditions
Test solutions were aerated for a 30-minute contact period at room temperature.

Test Conduct

All test vessels were 1-liter glass flasks and contained a final volume of 500 mL. The test
solution contained 16 mL of synthetic sewage feed, 200 mL microbial inoculum (containing
approximately 4 g dry weight/L), the test chemical at the appropriate test solution
concentration, and tap water to a final test volume of 500 mL. The test was initiated with the
first positive control by combining the sewage feed, tap water, and inoculum in a 500 mL
graduated cylinder and transferring it to the appropriately labeled test vessel. Aeration at 0.5
to 1.0 liter per minute initiated the test. The test vessel was continuously stirred using a stir
bar and stir plate. The procedure was repeated at approximately 15-minute intervals with the
reference chemical (at three concentrations) and then the test chemical to give a series of test
vessels containing different concentrations of the test substance. A negative (abiotic) control
at the highest test concentration was initiated by combining sewage feed, tap water, and test
substance stock solution at the highest concentration in a 500 mL graduated cylinder. The
solution was transferred to the test vessel to begin aeration. The final flask was a second
positive control, prepared exactly as the first. The test was conducted so that the reference
and test substances were bracketed by the two controls:

1. first positive control
2. reference chemical at 3 concentrations

3. test chemical at 5 concentrations

97-03/4842 Page 10 of 19
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3.4

3.4.1

3.5

4. negative (abiotic) control at highest concentration of test substance

3. second positive control

Parameters Observed

Analysis of Test Svstens

The respiration rate of a well-mixed sample of each treatment was determined after exactly
30 minutes of incubation time with aeration. The axygen concentration was measured with
an oxygen electrode and recorded over a period of up to about 10 minutes. During
measurement, the samples were continuously stirred with a stirrer built into the oxygen
electrode and measurements were recorded using an attached printer. The rate of oxygen
consumption (in mg O, L' h') was determined from the most linear part of the respiration
curve.

The temperature was measured in the positive control flasks at the start and the end of the
incubation period.

Result Analysis

The respiration rate was calculated from the recorder output as mg O, L™ h”' over a period of
approximately 10 minutes or less. The portion of the respiration curve over which the
respiration rate was determined should be linear.

The inhibitory effects were determined by comparing the rates at each concentration of either
test or reference chemical to the rates in the controls. The results are expressed as
percentage of the mean value of the respiration rates of the two controls according to:

2R,

- *100= Percent inhibition 1)
va + R(‘2

where
Rs = oxygen consumption rate at tested concentration of test substance
R,; = oxygen consumption rate of positive control 1
R.; = oxygen consumption rate of positive control 2
The percent inhibition was calculated at each test concentration as above.

A linear regression analysis was performed using the Regression Analysis Tool in
Microsoft® Excel 2000. Percent inhibition was used as the input y-values. Logl0 of the test
or reference chemical concentration was used as the input x-values. From this analysis, an
equation relating chemical concentration to percent inhibition was determined at the 95%
confidence level (p = 0.05)
Percent Inhibition = A * [log10 (EC)] + B )
where:
A =X Variable 1, determined by the regression analysis
EC = Effective Concentration of the Test or Reference Chemical, in mg/L

B = Intercept, determined by the regression analysis

97-03/4842 Page 11 of 19
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To calculate an ECsg. equation (2) was solved for [log;o(EC)]. Percent Inhibition was then
set equal to 50.

Logo(ECso) = (Percent Inhibition — B) A (3)
For A = 50.933 and B = -5.404
Logo(ECso) = (50 — (-5.404))/ 50.933
=1.088
ECso= 10" = 12 mg/L

Similarly, an EC20 and EC80 can be calculated by using a Percent Inhibition equal to 20 or
80, respectively, in equation (3). For example:

Log1o(ECa0) = (20 — (-5.404))/ 50.9353
= 0.4988
ECy = 10%* = 3 mg/L,

The percent inhibition also was plotted against concentration as a log-normal (or log-
probability) graph, from which an ECs, value can be derived graphically.

3.6 Validity Criteria of the Study

The test results are valid if:

The two positive control respiration rates (PCRR) rates are within 15 percent of each
other.

The ECs, of reference chemical 3,5-dichlorophenol is in the accepted range of 5 to
30mg L.

4.0 RESULTS AND DISCUSSION

e The test chemical showed no acute toxic effect towards the microbial inoculum
(activated sludge) at the highest concentration of 1000 mg L™’ that was tested.

e ECsq of the reference chemical was 12 mg 3,5-dichlorophenol per liter, which was
within the acceptable range of from 5 to 30 mg L™

e The respiration rates of the two positive controls were within 4%.

5.0 CONCLUSIONS

The ECs of the test chemical Zonyl®u estimated to be greater than 1000 mg L™,
The ECs, of the reference chemical 3,5-dichlorophenot is 12 mg L
The respiration rates of the two positive controls were within 15% of each other.

The test is valid.

97-03/4842
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6.0 RETENTION OF RECORDS
For the periods demanded by GLP guidelines and specific country requirements, study
documents and materials will be stored in the archives of the DuPont CR&D Environmental
& Microbiological Sciences and Engineering (EMSE) archives and/or Iron Mountain
Records Management, Wilmington, Delaware 19802 USA, including but not limited to:
e study protocol;
e any protocol and/or report amendments or addenda or SOP deviations;
s all raw data;
e one original signed copy of the final report;
¢ all documentation generated by the Quality Assurance Unit (to be archived by the
Quality Assurance Unit, separate from study records);
* laboratory-specific or site-specific raw data such as personnel files, instrument,
equipment, refrigerator, and/or freezer raw data.
Documents and materials are archived according to the principles of Good Laboratory
Practice in the organization of the testing facility.
7.0 DisPOSAL OF TEST ITEM
After issuance of the final report, the remaining test chemical will be stored at the DuPont
EMSE laboratory until its expiration date and then destroyed by burning, unless other
arrangements are made between the submitter and the Test Facility.
8.0 REFERENCES
1. OECD (1984) Guideline for Testing of Chemicals, Section 2, No. 209: "Activated
Sludge, Respiration Inhibition Test", adopted April 04, 1984
2. International Standard ISO 8192: “Water quality — Test for inhibition of oxygen
consumption by activated sludge”. First edition 1986-07-15. Ref. No. 1SO 8192-1986 (E).
97-03/4842
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TABLE 1: N

INFLUENCE OF TEST CHEMICAL ZONYL®_AND REFERENCE CHEMICAL 3,

5-DICHLOROPHENOL ON THE O, CONSUMPTION OF ACTIVATED SLUDGE

02 02
No. Treatment Concentration Concentrationt Consumption Inhibition
Start End
mg/L mg O mg Ox/L/h %
1 Positive Control 1 0 6.32 272 44.0 NAY
11 Positive Control 2 0 4.37 2.61 42.6 NA
Mean 43.3
Standard deviation 1.02
2 3,5-dicholorophenol 3.2 6.26 3.19 334 229
3,5-dicholorophenol 10 6.50 3.54 235 45.7
4 3,5-dicholorophenol 32 8.00 6.89 12.2 71.9
5 Zonyl@b\ 10 498 2.53 418 3.58
e 6 Zonyl@ﬁ 32 518 274 41.9 3.31
7 Zony1®"\d} 100 652 264 421 273
8 Zony!® g} 320 6.38 2.52 419 3.27
s Y
9 zonye R ) 1000 6.35 2.38 39.7 8.25
™ 10 Zonyl(Ri‘ 1000 8.69 8.71 -0.11 100
(negative control)

TThe readings of the Dissolved O, meter at start and end of linear portion during the period over which
respiration rate was calculated between approximately 6.5 and 2.5 mg O,/L or over a 10 min period
when the repiration rate was low.

fInhibition of the reference and test substances was calculated using the average value of the positive
control solutions: A negative value indicates that respiration was enhanced, not inhibited.

§ NA = Not Applicable.

97-03/4842 Page 14 of 19
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FIGURE 1:

INFLUENCE OF THE REFERENCE CHEMICAL 3,5-DICHLOROPHENOL ON THE
RESPIRATION RATE OF AEROBIC WASTEWATER MICROORGANISMS AFTER
30 MINUTES OF EXPOSURE

100 ’

90 | ¢ Reference Substance

80  — Linear (Reference Substance) B

70 4 ——1y = 49.065x - 2.402}-
9 .

Inhibition, %
o
o

0 ; T: : T ‘ - = "'l d T 1‘ 1 T “ T v| 3
04 05 0.6 0.7 0.8 0.8 1.0 1.1 1.2 13 14 15 1.6
Concentration, log10 mg/L
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FIGURE 2:

INFLUENCE OF THE TEST CHEMICAL ZONYL®(‘ON THE RESPIRATION RATE OF
AEROBIC WASTEWATER MICROORGANISMS AFTER 30 MINUTES OF EXPOSURE
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APPENDIX A:
DATA TABLES AND CALCULATIONS FOR PoOSITIVE CONTROLS, REFERENCE AND
TEST CHEMICALS

Positive Controls

Total Positive Positive
Time Control 1 Control 2
h Dissolved Oxygen, mg/L
0.00 8.96 8.94
0.01 6.69 4.48
0.02 6.32 4.37
0.03 5.97 4.04
0.03 5.63 3.64
0.04 5.31 3.29
0.05 468 2.95
0.06 4.34 2.61
0.07 4.02 224
0.08 3.70 1.91
0.08 3.35 1.50
0.09 3.06 1.20
0.10 272 0.87
0.11 2.40
0.12 2.06
0.13 1.77

97-03/4842
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Reference Chemical: 3.5-dichlorophenol
Total Reference 1: 3.2 Reference 2: Reference 3: 32
Time mg/L 10 mg/L mg/L
h Dissolved Oxygen, mg/L
0.00 9.07 9.36 8.09
0.01 7.89 6.50 8.00
0.02 7.65 6.28 7.91
0.03 7.36 6.07 7.78
0.03 7.16 5.88 7.68
0.04 6.83 568 7.59
0.05 6.55 548 7.50
0.06 6.26 5.27 7.39
0.07 5.96 5.08 7.30
0.08 5.68 4.87 7.19
0.08 5.38 471 7.07
0.09 5.10 4.50 6.98
0.10 4.83 432 6.89
0.11 4.56 412
0.12 4.29 3.93
0.13 4.01 3.73
0.13 3.71 3.54
0.14 3.46
0.15 3.19
Pl
97-03/4842
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Test Chemical: Zonsfl®<Q'§

Abiotic
Total Test Chemical, 10 Test Chemical, 32 Test Chemical, Test Chemical, Test Chemical, Control, 1000
Time mg/L mgll. 100 mg/L 320 mg/L 1000 mg/L mg/L
h Dissolved Oxygen, mg/L
0.00 8.58 8.05 8.20 8.84 8.64 9.03
0.01 4.98 5.18 652 6.71 7.00 8.69
0.02 460 4.83 6.13 6.38 668 8.71
0.03 422 4.49 5.81 6.03 6.35 8.72
0.03 3.80 415 5.44 566 6.04 8.74
0.04 3.55 3.79 5.09 5.26 5.70 8.74
0.05 32 3.45 474 4.97 536 8.72
0.06 2.86 3.08 4.37 462 504 8.77
0.07 253 274 4.05 4.26 4.71 8.73
0.08 2.20 2.39 3.68 3.894 4.39 8.73
0.08 1.88 2.09 3.37 3.56 4.01 8.76
0.09 1.47 1.75 2.98 3.22 3.71 8.72
0.10 1.14 1.36 2.64 2.88 3.39 8.72
0.11 0.83 1.03 2.31 2.52 3.07 8.73
012 2.00 2.19 271 8.71
013 1.68 1.85 2.38
0.13 1.25 1.48
0.14 1.11
97-03/4842 Page 19 of 19
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DuPont EMSE Report No. 054-00

MODELING RELEASES OF
AMMONIUM PERFLUOROOCTANOATE INTO THE OHIO RIVER

SUMMARY

PDM indicated that APFO concentrations of 1.0 pg APFO/L would be exceeded about
50% of the time during the year. APFO concentrations of in the river would exceed 0.1 pg
APFO/L 90% of the time during the year and 10 ug APFO/L about 2.2% of the time during the
year.

Average annual APFO concentrations in the Ohio River calculated by using a Microsoft®
Excel spreadsheet was 0.423 pg APFO/L. Modeled APFO concentrations in the river ranged from
a low of 0.199 ug APFO/L in March to a high of 0.965 pug APFO/L in September, which
correspond to high and low river flows, respectively. Average Ohio River flows and volume data
calculated from the US Geological Survey was collected at the Belleville Dam and used in the
spreadsheet model. The Belleville Dam is on the Ohio River 13 miles downstream of the
Washington Works Plant. This river flow data is the closest location downstream from the plant
where this type of information is available.

Study Conducted and
Report Prepared by:

William R. Berti (date)
Senior Research Biologist
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INTRODUCTION/PURPOSE

APFO (ammonium perfluoroocatanoate) is a fluorinated surfactant used in the
manufacturing of Teflon® at Washington Works. A portion the APFO (18,416 kg in 1996) was
released to the Ohio River as part of an NPDES permitted release for the facility (WV0001279).
The molecular weight of APFO is 431.098 g/mole. Other properties of APFO are listed below.

¢ Made by 3M Company

s Health rating of 2

» Exposure limits 0.01 mg/m’ skin 8 hr
o LDs acute oral rat = 680 mg/kg

o BODy =nil
e Biodegradation = nil
e BCF=123

s  Molecular formula CFg(CFz)(,COO”I\IH4+

e pH~5(0.5% aqueous)

e pKa=238(-COOH)

»  Melting point = 56-58°C (-COOH)

» COD =700 mg/kg

¢ Koc=25

» Water solubility > 1000 mg APFO/L

e Vapor pressure (at 22C) = 7.1 * 10% mm Hg

Our objective was to calculate the concentrations of APFO that could reasonably be

expected to occur in the Ohio River downstream of the NPDES permitted outfall at the DuPont
Washington Works.

MATERIALS/METHOD

Releases of ammonium perfluorooctanoate (APFO) to the Ohio River from the DuPont
Washington Works Plant were modeled using the Probabilistic Dilution Model (PDM Beta
Version 4.0 Beta June 11, 1999, US EPA Office of Pollution Prevention and Toxics) and a

constructed Microsoft® Excel spreadsheet model. APFO release data for 1996 were used in both
modeling exercises.

PDM inputs included the NPDES number of WV0001279. This corresponds to a reach
number of 05030202039, a mean streamflow of 4.75E+04 million liters per day (MLD), a low
streamflow of 9980.47 MLD and an effluent flow of 216.75 MLD. We assumed that APFO was
released 335 days/year, the loading was 55.138 kg/day, and the wastewater treatment efficiency
was 0%. We then varied the APFO concentration as the Concentration of Concern (COC) from
0.1 to 50 pg APFO/L to determine the COC percent of year exceedence.

Microsoft® Excel spreadsheet used river flow data from the US Geological Survey
(USGS: <http://waterdata usgs. gov/nwis-w/WV/data.components/hist.cgi?statnum=03 [59530>).
This is the mean daily river flow in cubic feet/sec measured at the Belleville Dam from 10/1/1974

Page 4 of 8
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to 9/30/1985. The Belleville Dam is on the Ohio River 13 miles downstream of the Washington
Works Plant. This river flow data is the closest location downstream from the plant where this
type of information is available. This river flow data compares well with Ohio River monthly
average flows at Pittsburgh, PA, Huntington, WV, and Cincinnati, OH from the US Amy (orps
of Engineers (ftp://www.Ird-wc.usace.army mil/Monthly_htm/). The average daily river flow for
the month was calculated from available data between those two dates. This was then converted
to the average measured flow per month. We assumed the APFO was discharged to the river at a
constant rate except for the month of October when production at Washington Warks is usually
suspended for annual maintenance. We assumed that the total discharge of was 18,416 kg APFO
(40,600 Ibs APFO) divided by 11 months. Table shows the results of this spreadsheet model.

RESULTS/DISCUSSION

PDM indicated that APFO concentrations of 1.0 pg APFO/L would be exceeded about
50% of the time during the year. APFO concentrations of in the river would exceed 0.1 pg
APFO/L 90% of the time during the year and 10 ug APFO/L about 2.2% of the time during the
year (Table 1). Figure 1 shows model input/output.

Average annual APFO concentrations in the Ohio River calculated by constructing and
using a Microsoft® Excel spreadsheet model was 0.423 ug APFO/L (Table 2). Modeled APFO
concentrations in the river ranged from a low of 0.199 pg APFO/L in March to a high of 0.965 pg
APFO/L in September, which correspond to high and low river flows, respectively. Average Ohio
River flows and volume data calculated from the US Geological Survey was collected at the
Belleville Dam and used in the spreadsheet model. The Belleville Dam on the Ohio River 13 miles
downstream of the Washington Works Plant This river flow data is the closest location
downstream from the plant where this type of information is available.

Page Sof 8
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TABLE 1:
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Probabilistic Dilution Model (PDM) results ol APFO concentrations and percent
of vear that the concentration of APFO will be exceeded in the Ohio River.

Concentration
of APFO

Percent of year
concentration
exceeded

ug/L

%9

0.1

50.9

0.5

71.6

51.0

17.8

1
3
6

6.1

2.2

0
5

B | —

0.2

w
o

0.0
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Table 2. Microsoft Excel spreadsheet calculations of modeled APFO concentrations in the
Ohio River.
Month Measured flow | Measured flow | APFO discharge to Estimated APFO
Ohio River in 1996 | concentration in Ohio

River
fr/sec Lmo kg Uzl
January 64,001 4 69E+12 1,674 0.357
February 88,909 6.74E+12 1.674 0.248
March 111,230 8 43E+12 1,674 0.199
April 94,017 6.90E+12 1,674 0.243
May 67,107 5.09E+12 1.674 0.329
June 47,379 3.48E+12 1,674 0.482
July 30,989 235E+12 1,674 0.713
August 30,502 231E+12 1,674 0.724
September 25,339 1.73E+12 1,674 0.965
October 33,030 2.50E+12 0 0.000
November 42,330 3.11E+12 1,674 0.539
December 78,986 5.99E+12 1,674 0.280
Average 4.44E+12 0.423
Total 713,824 5.33E+13 18,416 0.345

Page 7 of 8
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ADSORPTION-DESORPTION STUDIES OF AMMONIUM PERFLUOROOCTANOATE

FIGURE - Probabilistic Dilution Model (PDM) Beta Version 4.0 input and output screen.
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ADSORPTION-DESORPTION SCREENING STUDIES OF
AMMONIUM PERFLUOROOCTANOATE

SUMMARY

Five of nine materials appeared to adsorb a significant amount (greater than 25% of
APFO added) at one or more concentrations of APFO. For four of the five materials to which
APFO significantly adsorbed, most of the adsorbed APFO appeared not to desorb after 2
washings at one or more concentrations of added APFO.

Study Conducted by:

Kristi Barnett (date)
Research Technician, EMS&E

Study Conducted by:

Jack DeCarolis (date)
Staff Biologist, EMS&E

Study Conducted by:
George Fisher (date)

Research Technician

Study Conducted by:

Bogdan Szostek, Ph.D. (date)
Research Scientist, Haskell Lab

Report Prepared by:
William R. Bert1, Ph.D. {date)
Senior Research Biologist, EMS&E
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INTRODUCTION AND PURPOSE

APFO adsorption/desorption screening studies were performed on several test materials,
including two clays, a washed sand, peat moss, and an agricultural soil from Delaware, USA.
The adsorption/desorption screening studies were also performed using two surface soils and two
sediments from the Ohio River collected in the vicinity of the DuPont Washington Works plant
near Parkersburg, West Virginia.

The adsorption/desorption procedure used in this study was adapted from a method
developed by the Office of Prevention, Pesticides and Toxic Substances (OPPTS), United States
Environmental Protection Agency for use in the testing of pesticides and toxic substances, and
the development of test data (1). Our objectives were to develop an adsorption/desorption
protocol and analytical procedure for APFO. As part of this objective, we screened a variety of
test materials for their APFO adsorption/desorption characteristics.

MATERIALS AND METHODS

Test Materials

The Kaolin (KGa-2) and Montmorillonite (SAz-1) are Clay Mineral Society "Source
Clays” and were obtained from the curator of the sample collection in the Department of
Geology at the University of Missouri, Columbia. Additional information on these and other
Source Clays has been published (2). The Quikrete® All-Purpose sand and Scotts® sphagnum
peat moss were purchased locally at a builders' supply store (Home Depot®). The Sassafras soil
is a surface (0 to 15 cm) soil collected from an agricultural field in Delaware, USA. The Garden
Area soil and East Wood soil were surface soils collected from the DuPont Washington Works
plant. The Upstream sediment was obtained from the bank of the Ohio River upstream of the
DuPont Washington Works NPDES permitted outfall, and the Downstream sedment was from
downstream of the outfall. The two soil and sediment sample from the vicinity Washington
Works were collected in the fall of 1999

Physical and chemical properties of the less than 2-mm size fractions of the soils,
sediments, clays, sand, and peat moss used in this study are listed in Tables 1 and 2. Except for
the clays, all samples were screened through a 2-mm ( 10 mesh) stainless steel sieve 1n
preparation for the absorption/desorption screening test. Furthermore, the sand was washed using
DI water through 2-mm and-50-um stainless steel sieves. Material retained on the 50 um sieve
was used in the study. The sand, soils, and sediments used in the studies were air-dned prior to
use in the studies. Data calculations, however, were based on oven-dry weights of the samples.
Oven-dry weights were determined after drying a subsample of matenal in an oven at 105°C for
a minimum of 24 h.

The pH of the sample were determined in a 1:1 test material to water. Percent organic
matter was determined using the loss on ignition method.

Screening Test: Adsorption Studies

The adsorption test was performed in duplicate on each matenal. A blank containing
0.01M CaCl, solution with test materials and no APFO and a single control at each APFO
concentration but no material were also included. Each matenal was equilibrated with the
aqueous phase of a solution of the test chemical at 5.0, 0.5 and 0.05 mg L. prepared in 0.01M
CaCl,

Page 4 of 16
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Sterile 50 mL Coming polypropylene centrifuge tubes were used as the test vessels. One
part air-dried material (4.0 g) was weighed and 5 part test solution (20 mL) was decanted into a
centrifuge tube, except the control tube. The centrifuge tubes were secured on an en@»over-end
mixer and agitated at about 30 rpm for 24 hours. Samples were centrifuged for 20 minutes using
a RT6000B Sorvall centrifuge at 4000 x g and then filtered through a 0.2 um nylon syringe filter
into a new centrifuge tube. The volume of aqueous supernatant was measured and refrigerated at
about 5°C until analyzed for the parent compound using an LC-MS. The blank and the control
tubes were subjected to the same steps as the test systems, including filtering.

Screening Test: Desorption Studies

To each solid phase (pellet) was added a fresh volume of 0.01M CaCl, solution without the test
chemical equal to that added in the adsorption test, 20 mL. The sample was mixed, centrifuged,
filtered, stored, and analyses as was done in the adsorption studies. This desorption step was
repeated a second time, resulting in two washings that were analyzed separately.

Calculations

Data calculations included:
1. The percent of APFO adsorbed, A:
A = (G~ Ce x Vo)/G x 100 = x/G x 100
2. The percent of APFO which is desorbed, D:
D=[(Cl +C2)V - (Vo - V)Ce]/x x 100
3. The percent of APFO which is not desorbed, R:
- R=[G-(Ce+Cl+C2)V)x x 100
4, The adsorption coefficient, K":
K'=(x/m)/Ce
5. The adsorption coefficient calculated as a function of the organic carbon content of the test
material, K'oc:
K'oc = K {100/percent organic carbon)

Where:
1. m = dry weight of soil employed (g)

2. Ce = concentration of APFO remaining in solution (V) in the adsorption step (ug L)
3. C1 = concentration of APFO in solution in the first wash (jg L)

4. C2 = concentration of APFO in solution in the second wash (pg L")

5. Vo = original volume of solution employed (mL)

6. V =volume of solution obtained after the adsorption step (mL)

7. G = quantity of material recovered from the soilless control (ug)

RESULTS AND DISCUSSION

Of the nine materials tested, five of them (peat moss, Upstream sediment, East Wood
soil, Garden Area soil, and Kaolin Clay) exhibited significant adsorption (greater than 25% of
APFO added) at one or more of the added concentrations of APFO. Peat moss alone, however,
adsorbed a significant amount at all three concentrations of added APFQ; 50, 500, and 5,000 pg
APFQO/L. Kaolin clay adsorbed a significant amount of APFO at 500 and 5,000 pg APFO/L. The
Garden Area soil collected at Washington Works also adsorbed significant amounts of APFQO at
500 pg APFO/L. Upstream sediments from the Ohio River and East Wood soil adsorbed a
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significant amount of APFO at 50 ug APFO/L only. Sand, Montmorillonite clay, Downstream
sediment, and Sassafras soi] did not adsorb a significant amount of APFO at any concentraticn of
the added APFO.

Once adsorbed on peat moss, most of the APFO (>76%) did not desorb after two
washings with a solution of 0.01M CaCl,. For the Kaolin clay, most the APFO adsorbed when
added at 5,000 pg APFO/L desorbed with washing (>60%). At APFO added at 500 ug APFO/L,
however, an average of 98% did not desorb from the Kaolin clay after two washings. The East
Wood soil, which adsorbed 46% of the APFO added at 50 pg APFO/L desorbed only about 2%.
For the Garden Area soil 57% of the APFO desorbed when adsorbed from the 500 pg APFO/L
solution. No measurable desorption of APFO from the Upstream sediment after two washings
was observed when the APFO was added at 50 pg APFO/L.

Page 6 of 16
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Reference:

1 US EPA. 1998. Fate, transport and transformation test guidelines: OPPTS 835.1220 sediment
and soil adsorption/desorption isotherm. United State Environmental Protection Agency
Office of Prevention, Pesticides, and Toxic Substances. EPA712-C-98-048. January 1998

2 Olphen, H.V_, and I.J. Fripiat (eds.). 1979. Data handbook for clay materials and other non-
mctallic mincrals Pergamon Press. New York 346 pp.
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CLOSING REPORT

ADDENDUM #1

PRODUCT AREA: DUPONTM FINE POWDER / DISPERSION

1

AUTHOR
TL MAYLE - B168, WW
SCION - CRD P14-1286

B
TANO. T-4655 REV. 2 PAGE 1 QF 12 STACCOUNTING: MTE [X Mpbv[J
OPERATION: __M COST OF TEST: N/A
PRODUCT: ROCESS WASTE DISPOSAL AMT OF PRODUCT: N/A
ISSUE DATE: 9/26/97 REF. TA'S: N/A

PURPOSE: TO SEPARATE AND PROPERLY DISPOSE OF C-8 CONTAMINATED PROCESS WASTE AND
NON-C-8 WASTE.

REASON FOR ADDENDUM:  IN THE INITIAL CLOSING REPORT THE RECOMMENDATIONS WERE
INADVERTENTLY LISTED AS CONCLUSIONS. THIS ADDENDUM NOW
INCORPORATES THE PROPER CONCLUSIONS.

SUMMARY: ATTACHED.

DISPOSITION OF PRODUCT: N/A

PSM/FOS FOLLOW-UP: (Ref. FQS Manual, Procedure 11, Att. 1, “Checklist for Managing Changes™)

Are any of the recommendations from this TA being commercially implemented?

O Yes ¥ No

If yes applies to only SOME of the recommendations, list them below for tracking purposes.

RESPONSIBILITY FOR FOLLOW-UF:

Date TA Completed: 2/01/97 Approvals:

Date CR Written: 4/16/97 ,!

DA

CR Submitted By: CX. DILLON. M\‘h Authorization:

CR4655R2-ADD1.DOC

Lompany Sanitized. Does not contain TSCA CBI
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All

CLOSING REPORT T—655 (ADDENDUM #1)
REVISIONNO.: :

PAGE 2 QF 12

DATE ISSUED: 9/26/97

CONCLUSIONS: SEE ATTACHED.
RECOMMENDATION(S): SEE ATTACHED.
DISCUSSION: SEE ATTACHED.

ANALYSIS OF CHANGE: SEE ATTACHED.

Environmental Impact (Optional): N/A

Waste Impact (Optional): N/A

Effect on Advertising Claims (Optional): N/A
Energy Effect/Utilities Effect (Optional): N/A

Cost Accounting (Optional):  NJA
Patent Situation (Optional): N/A
Attachments (Optional): N/A

SUMMARY:

On January 1, 1996, waste disposal ceased at the DuPont Letart Landfill. This landfill was the primary waste
disposal point for the dBTO non-RCRA waste.” This waste was generally made up of waste
Corporate Management elected to dispose of C-8
contaminated waste in a contained landfill. A hazardous waste landfill in Emelle, Alabama was selected as
the disposal point for the C-8 contaminated waste. Waste not contaminated with C-8 would be disposed in
the DuPont Dry Run Landfill. In order to effectively implement these new landfill requirements, a team was

containing C-8 and waste not containing C-8.

developed which was made up of representatives from the variou

the team were

e Determining what waste in each area needed to be sent to the Emelle Landfill and what
waste was acceptable for the Dry Run Landfili,

s+ Developing procedures/ practices for packaging C-8 contaminated waste and packaging

waste not contaminated with C-8, and

s Developing a system for tracking each areas’ costs associated with solid waste disposal at

the Emelle Landfill.

CR4655R2-ADD!.DOC Tompany Sanitized. Does not ¢

ontain TSCA CBI

eas. The primary products of

926/97



*DUBQ LYMERS CLOSING REPORT T—4655 (ADDENDUM #1)
All REVISION NO.: 2
PAGE 3 OF 12

DATE ISSUED: 9/26/97

“7arious samples of process waste were tested and evaluated for C-8 levels to determine which waste needed
.0 be disposed at the Emelle Landfill and which waste could be disposed at the Dry Run Landfill. Tables for
each area were constructed which listed the waste and the required disposal point. This information was
then incorporated into the BTO Waste Disposal Manual.

A general procedure was written for all areas for packaging C-8 contaminated waste and for packaging
waste not contaminated with C-8. Any area specific requirements were included in the procedures for the
specific area. Initially the areas were not diligent in complying with the procedures; therefore, the
procedures were modified to require drum inspection and inspection sign-off within each area.

Cost accounting for waste sent to the Emelle Landfll is based on a user-pay system. Loadsheets break-down
shipments by building number/area, and these loadsheets are then used to distribute the invoiced disposal

costs for each load. In 1996, disposal charges for the Emelle Landfill were approximately
Mﬂne Powder/Dispersion’s portion of this was approximatel v

The ground water and surface water at the Dry Run Landfill are tested for C-8 levels on an annual basis.
Testing has been completed only once since gan using this landfill; therefore, no conclusions have
been drawn from this test data.

CONCLUSIONS:

s The drum packaging procedures and/or practices developed in this TA do not ensure that all
drums from all areas will be at least 90% full and have no free liquid when they arrive at the
Emelle Landfill '

e The accounting system developed for tracking Emelle Landfill costs on an area-by-area basis is
acceptable.

RECOMMENDATIONS:

¢ Continue to use the waste packaging/inspection process outlined in this TA and
incorporate the procedures into the Fine Powder/Dispersion operating procedures. Resp.

» Include as part of the procedures the requirement to wear a Comfo Il respirator with
GMAH cartridge when adding absorbent to the waste drums. by:
12/31/97 :

¢ Change Waste Disposal Manual for Fine Powder/Dispersion wastes to include all required
drum labeling information for Emelle and Dry Run Drums. Also verify with the Site

Environmental Group that empty Triton containers can be disposed in Dry Run Landfill.
ﬂ 12/31/97

CRA655R2-ADD1.DOC Company Sanitized. Does not contain TSCA CBI .



DURC OLYMERS CLOSING REPORT T-6535 (ADDENDUM #1)
Alle Areas REVISION NO.: 2

PAGE 4 OF 12
DATE ISSUED: 9/26/97

DISCUSSION:

Corporate Management elected to dispose of C-8 contaminated wastes in contained landfills. For
ashington Works, the Emelle Treatment Facility in Emelle, Alabama was chosen as the disposal

ocation for C-8 contaminated wastes. The landfill at the Emelle Facility has a double liner and leachate
collection system. The facility is a permitted secure hazardous waste treatment, storage and disposal facility.

To determine the wastes that needed to be sent to Emelle for disposal (C-8 contaminated wastes), sample
testing and process experience were utilized. The Washington Works Environmental Group had no defined
quantitative limit for C-8 levels in waste to be disposed at Dry Run. The Environmental Group and_]
Representatives did define process “dividing points” for C-8 versus non C-8 material. Attachment No. 1
summarizes test data and defines process dividing points. Since C-8 is used extensively in the Fine
Powder/Dispersion process, no process scrap from this area will be disposed in the Dry Run Landfill
without conducting C-8 testing and obtaining approval from the Environmental Group.

Using this information, waste tables were generated for each area which list the disposal point for the area’s
wastes. The waste tables for Fine Powder/Dispersion are in Attachment No. 2. This information was
incorporated into the BTO Waste Disposal Manual No. 30 in mid-1996. Review of this information for Fine
Powder Dispersion shows that the tables do not contain all of the drum labeling requirements for Emelle and
Dry Run wastes. In addition, the manual indicates that empty Triton containers can be disposed at Dry Run,
whereas the TA waste tables indicate that these containers must be disposed at the Emelle Landfill.

In order to implement the change in disposal practices, procedures were written for packaging and labeling
of Emelle and Dry Run wastes. Properly packaged drums (ie. at least 90% full and no free liquids) is a
requirement in order for the drums to be landfilled. The Emelle Facility inspects each drum, and if the drum
is not properly filled, the deficiency is corrected at Emelle for an additional charge. Initially, the procedures
were written such that the areas packaged and labeled the waste, and the warehouse personnel inspected the
drums for packaging/labeling deficiencies. This approach was unsuccessful as some areas were not diligent
in following the procedures. As a result, the waste drum inventory destined for Emelle occasionally built to
over 500 drums as the drums were held waiting on deficiency corrections.

In an effort to improve the packaging/labeling process, the procedures were modified to require inspection
by the areas. Prior to moving material to the drum storage area, each area was required to inspect individual
drums for proper packaging and labeling. Once this was completed, a date inspected label was attached to
the drum and initialed. If drums were moved to the storage area without the label, the warehouse notified
the area or moved the drums back to the area until the problem was corrected. This appears to have been
only partially successful; some drums still contain free liquid and are not at least 0% full when they arrive at
the Emelle Landfill. It is believed that drums less than 0% full can be attributed to settling during transit
and/or inadequate filling of absorbent. Drums with free liquid may be partially attributed to separation
during transit, however, limited dewatering capabilities in the areas has been cited as the more likely cause.
Gravity separation has generally been used to dewater the waste, and it is recognized that this process is not
always effective for some types of waste. The number of drums that needed additional filling/dewatering at
Emelle in 1996 was typically less than 20% (18 drums) of each shipment. For the first 3 months of 1997, this
number increased to 25%-30% (22-26 drums). No recommendations have been made regarding
Improvements to the dewatering/packaging facilities used within the areas. Each area will have the ability
to monitor Emelle disposal costs and the area can make improvements to their processes if viable. For Fine
Powder/Dispersion, drums prepared for Emelle should be periodically audited to ensure that drums are
being packaged according to the procedures.

CR4655R2-ADD1.DOC 926/97
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Review of the drum preparation process has also shown that respiratory protection will be required for
~ackaging the Emelle waste. It has been noted by area operators that the absorbent used to top-off drums
generates dust when poured into the drums. In order to provide adequate protection from the dust
components, a Comfo Il (or approved equivalent) with GMAH cartridges will be required to be worn by the
operator when filling drums with absorbent. This requirement will be included as part of the operating
direction update.

The cost accounting system for the Emelle Landfill costs was developed based on a “user pay” philosophy.
Warehouse personnel tabulate drum information on loadsheets as the trailer is loaded for shipment to
Emelle (Attachment No. 3). This loadsheet is forwarded to the Accounting Group and is used to distribute
the Emelle Landfill invoice costs for the shipment. A typical Emelle invoice is shown in Attachment 4. The
drum and cost data are tabulated by the Accounting Group on a spreadsheet (Attachment No. 5).

The current dispesal costs (per unit) for the Emelle Landfill are listed in Attachment No. 6. The base disposal

cost per drum i This is the cost that is charged if the drummed waste is properly packaged (i.e. no free

liquids and at least 90% full). If a drum has free liquid, the waste in the drum is “solidified” at Emelle at a

cost of $165/drum. If a drum is less than 90% full, absorbent is added at a cost o{ﬁper drum. During

1996, Fine Powder/Dispersion disposed o@drums d aper rolls at Emelle for approximately
It is estimated that the paper rolls accounted fortl f this total

As noted previously in this closing report,{ﬂ\‘]non—C—S solid waste disposal in the Dry Run Landfill
began in January, 1996. The C-8 levels at the Dry Run Landfill are monitored in the ground water and

irface water (leachate) on a yearly basis. Ground water tests completed in April 1996 showed C-8 levels of

-10 ppb. Likewise, tests completed in June of 1995 showed C-8 levels of 9-10 ppb. Studies have shown that
ground water moves only about 2 feet per year at Dry Run; therefore, ground water testing for C-8 levels is
likely to be inconclusive for many years. On the other hand, surface water tests should be able to provide
some indication within a few years as to whether or not th ]waste is significantly increasing the C-8
levels at Dry Run. In April of 1996, surface water testing showed C=3 levels of 86 ppb, compared to levels of
53 ppb shown in June of 1995. It is unknown if this change in surface water C-8 levels is statistically
significant. The Washington Works Environmental Group does not believe these results currently warrant
any changes in the waste flow stream to Dry Run Landfill. As such, no recommendations have been made at

this time regarding{-]Waste disposal practices at the Dry Run Landfill.

Analysis of Change:

As noted in the discussion of this closing report, additional respiratory protection will be required when
adding absorbent to the drums. No other new safety or health issues were observed that were a result of
running this TA.

CR4655R2-ADD1.DOC 9/256/%7
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ATTACHMENT 1

INTEROFFICE MEMORANDUM

Date: 05-Dec-~1995 1ll:29%am

From: CRAIG K DILLON
DILLONCX

Dapt: Flucroproducts

. Tel No: 304-853-4972
T0: Distribution List
Subject: Meeting Notss - C-8 at Dry Run
A meating was held on Navember 30 to discuss the accaptable C-8 levels for

waste that is proposed to be landfilled at Dry Run. Thosa in
endance were

reganted data on various waste saxples that wers extracted
for C-3 levels, De th lam ctad ars recorded in
Bo. ES63513 page 123 . E& also provided as
reference extraction data Quality Analytical Lab on bio—cake.
Summary of tha data is as follows:
POLYMER WATER EXTRACTION
C-8 LEVEL EXTRACTED C-8 LEVEL
SAMELE LESCRIPTION BPM EEM*»
150-1 fae -ivder Trench Scrap - undried 59 0.44
130-2 Granular Vacuum System Scrap - dry ' 2 g.08
150-1 PFA from Process K test dryer.~ dry 11 0.04
150~4  PEP-4100 from Line 3 -~ dry 7 0.04
150-5 1 ppm blank - 1.04

NA Bio-cake sample (Quality Analytical) 0.5-1.0 0.004

noted that the extraction method used by Quality Analytical diffared
rom the mathod used by Doughty. Based on the axtraction of the bio—cakae,
Weber indicated that approximately 7 pounds par year of C-8 is currently
landfilled at Dry Run due to bio~cakas.

Based on the test results, the group agreed that Granular scrap can be
landfilled at Dry Run. In addition, any melted scrap PFA or FEP can be

. landfilled at Dxy Run. PFor PFA, this would be scrap material ganerated at
tha exit side of the extruder and beyond (generally cubes). Por PEP, this
would be scrap material generated at the exit side of the humid heat treatsr
and beyond (generally slabs, shred, cubes). It was the consensus of the
group that the potential landfill amounts of thesa scrap materials would not
significantly impact C-8 levela at Dry Run. ’

For Pine Powder/Dispersion, no process scrap will be allowed at Dry Run.
This was based on the test results and also on process configuration. There
is concern that the process configquration would not allow for distinct

CR4655R2-ADD1.DOC Company Sanitized. Does not contain TSCA CBI 9126/97
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separation of C-8 and non-C~8 scrap. If a large amount of finished ping
Powder/Dispersion must ba disposed, then this zaterial should be teated for
C-8 and handled on an individual basis. It was also the consensus of the
group that continue to driva the sala of all scrap to reduce the
need for landfilling. ) :

Concern was also raiszed regarding a list of materials &m!htcm
to landfill at Dry Run. This list was submitted to the nman Group

for review. A is planned for December 6 between
mm%n%iu scuss the list. A copy cf this list (for
dizcussion) wiIl be Rade available to the group after the mesting.

Please leat »e know if I have left out any items or if I have misintarpretea
anything discussed at the meating. Thank-you for participating.-

Craiqg

* DuPont Registered Trademark
** Datection limit of test is 0.1-1.0 FER

CR4655R2-ADD1.DOC o , 9/26/97
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ATTACHMENT 2

[ad 04 ]~

ACCEPTABLE WASTE FOR DRY RUN LANDFILL

EST. YEARLY | SPECIAL PREPARATION CONTAINER FCOR
ON
WASTE DESCRIPTI QUANTITY REQUIREMENTS DISPOSAL
GENERAL PAPER TRASH, GENERAL PLANT TRASH
CARDBOARD. PPE B ~’\ NO Glass DUMPSTER
o WATER WASHANY RAW | 2 GUTINE PICY-UP WILL BE
MATERIAL LEVERPAIS. EMPTY | [ IVTNE FICICUP W
LSS — awm LEVERPAXS 3 BE e L W
MOVED TO THE 164
nauss——" B s LANDFILLING
FINE POWDER/DISPERSION WASTE TABLE
WASTE FOR EMELLE LANDFILL
EST. YEARLY | SPECIAL PREPARATION CONTAINER FOR
WASTE DESCRIPTION QUANTITY REQUIREMENTS DISPOSAL
SCRAP WAX AND POLYMER BLEND RED SS-GALLON STEEL
TANKS ‘WASTE am— MO FREE LiauiDs DRUM
WAX DECANTER WASTE o— NO FREE LIQUIDS RED smu STEEL
SCRAP POLYMER FROM PLASTIC UNED RED 5.
COAGULATORS, SUMPS, SCREENS| |  TRe—G——me NO FREE LIQUIDS GALLON STEEL DRUM
SCRAF POLYMER FROM GRYERS, RED SS-GALLON STEEL
PAPER BREAKS, CLEANINGS —— NONE DRLAM
EMPTY TRITON CONTAINER'S NONE RED 56;‘;53" STEEL
SUPERNATE TANK 80TTOMS P NO FREE LIQUIDS RED S5 GILON STEEL
OISPERSION COAGULUM,
PACKOUT FILTERS, DECANTER SRS NO FREE LIQUIOS REDSS-CALLON STEEL
CLEANINGS, TANK CLEANINGS
LOAD ROLLS ON BOX
USED FP DRYER PAPER ———— NONE TRARLER
BULK FIBRE PACKS OR RED
HAV SYSTEM FLTERS [ ) NONE S5.GALLON DRUMS
WATER WASH TO SUPERNATE
SUMP TO REMOVE HEELS.
ONE-WAY TOTES Y TOTES MUST Then BE | PALLETZED AND STRAPPED
CRUSHED
EMPTY/FULL SAMPLE
BOTTLES/BAGS CONTAINING a NONE RED mon LLON STEEL
POLYMER/DISPERSION
REMOVE LINER FROM RED SS-CALLON STEEL
DISPERSION DRUM UNER3 - LEVERPAXS. NO FREE LIQUIDS DRLUMS
..

CR4655R2-ADD1.DOC
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ATTACHMENT 3

EMELLE LOADSHEET
(Example only)

LOADING DATE: . ORDER % __- SEAL M

Bullding & AREA OF

822 RESEARCH LAB

823 BEAD FACILITY

npppg—

B184

i)

8162 FINE POWDER/DISPERSION (DRUMS)
B162 FINE POWDER/DISPERSION (#OF PAPER ROLLS)

B163 FEP

B164 GRANULAR

B177. B162M MONOMERS

B180 TELOMERS

B212
=

Note: FORWARD COMPLETED SHEET TO THE PRODUCT ANALYST INB170 )

Form Appcowal: Dute:

*DuPut Registered Tracemarnk

CR4655R2-ADD1.DOC ) 9/26/97
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ATTACHMENT 4 - .

SERVICE PROYIDED AY
EMELLE DISPOSAL FAtILn'Y

IRILAER AT
- DUPONT (PARKERSEURG
- .ATTN ACCOUNTS PAY
PO BOX 4909
BEAUMONT ™
(0043%5’0\-?\ 970319 -
\~~ . -
REFERENCE WO.~ PROFILE DESC /7 OMIT QUANTTTY RATE puT
0000829971-01 at-uzm FLUOROPOLYMER WASTE  SVC DATE: 7|
:mn SERVICES "uén g o
L]
SOLIDIFIED DRUKS o S5 DRN VR '
gg‘uo:ogn - owew
:3:5 MONITORING FEE WY TONS '~
- SUMTER COUNTY FEE WY 55 GAL g L]
SUBTOTAL o] +
-

ﬂﬂc)u”]’t \._,- :_ SLENMT Crel '

St v ——— - "'ﬂ

P

CHEMICAL WASTE MAKAGENENT, I
Aoorass ™ DALIAS, Tx 75284-0606 e Ay > H

ORIGINAL INVOICE R

WE ADDUESTATE YD RiCTNECC]
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AEMR # 24.97

EVALUATION OF THE BIODEGRADABILITY OF
C-8
USING THE MODIFIED STURM TEST (OECD 301 B)

SUMMARY

The test chemical - C-8 - was tested for biodegradability using the
Modified Sturm Test. Within the 28-day test period, C-8 reached a peak
of 13 % at Day 28. Since the "PASS" criteria for the Modified Sturm Test
is 60 % biodegradability in a 10 day window within the 28 day test

period, it may be concluded that C-§8 did not demonstrate "Ready
Biodegradability".

Please note that failure to pass a "Ready Biodegradability Test"
does not imply that the test material will persist in the environment
for an extended period of time. Furthermore, evaluation of the
individual components of the formulation would yield more specific
information on the biodegradability potential of C-8.

Study Conducted By: /Pfjj/f?;fé‘- %Q/@-v/’ 3 ////77

George &. Fisher (date)
Senior Microbiology Technician

Report Prepared and .
App:overd fcfr pIss?Je Bl;: M%&W\ \g////7 7

(John T. Gannon Jr., PhD.  (datd)
Senior Research Microbiologist
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Introduction/Purpose

The Modified Sturm Test was performed to determine the
biodegradability of the test material, C-8.

The Modified Sturm Test can be used for either water-soluble
or water-insoluble and non-volatile chemicals. In this test,
biodegradability is measured as CO2 evolution. When bacteria
biodegrade an organic chemical in an aerobic system, the end
product of the metabolism is carbon dioxide. Therefore, carbon
dioxide evolution is indicative of a chemical being biodegraded. If
CO2 evolution is greater than 60 %, then Ready Biodegradability has
been demonstrated and no further testing is necessary. This "PASS"
value must be reached in a 10-day window within the 28 day period
of the test. The 10 day window begins when the degree of
biodegradation has reached 10 % ThCO2, and must end before day 28
of the Modified Sturm Test.

Materials/Methods

The Modified Sturm Test determination was conducted in
accordance with AEM SOP MIO56-P: Modified Sturm Test. See Table
1 for materials tested. Activated sludge collected from the City of
Wilmington, DE POTW was used as the inoculum.

Results/Discussion

In the Modified Sturm Test, C-8 reached a peak of 13 % at
Day 28 (Table 2 and Figure 1). Therefore, it may be concluded
that "Ready Biodegradability" was not demonstrated.

Please note that fajlure to pass a "Ready Biodegradability Test"
does not imply that the test material will persist in the environment
for an extended period of time. Furthermore, evaluation of the
individual components of the formulation would yield more specific
information on the biodegradability potential of C-8.

The reference chemical, sodium benzoate, exceeded 60 %
biodegradability within 14 days, therefore the biodegradability test

was considered valid (Table 2 and Figure 1). The Theoretical CoO,
Produced was 0.24 mg CO, per mg of 30 % C-8.

-4-
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The toxicity test (which includes both the test chemical and the
reference chemical in the same flask) yielded less than 25 %
biodegradation within 14 days, therefore C-8 was considered as
inhibitory to microorganisms in the inoculum.

Path Forward Discussion

If it can be assumed that the 30 % C-§ solution was essentially
pure with only trace levels of impurities, then there may be a
possibility that the terminal carbon (COO’) may have been
biodegraded by the microorganisms. As a path forward, we will
repeat the experiment to determine if we have reproducible results.
The Modified Sturm Test is used to determine biodegradability of
organic chemicals by measuring the amount of CO, evolved without
using '"*C labelled carbon. Therefore, the analysis is non-specific and
it is not possible to conclusively determine which carbon was
attacked by the microorganisms.

If reproducible results are observed upon repeating the
Modified Sturm Test, then it is recommended that a follow-up
biodegradability test should be conducted with '*C labelled carbon on
the terminal C (COO") of C-8. This will allow for the conclusive
determination as to whether the terminal carbon of C-8 is
biodegraded.

-5.
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TABLE 1

Description of Test and Control Substances

Test Substance Description

C-8
Sodium Benzoate

-6-
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@UPOND

E. I. bu PONT DE NEMOURS & COMPANY CC: A. H. Pagano-Chem-Chambers Works
P. O. Box 6090 H. W. Heath Jr.-Chem-Chambers Works
NEWARK, DE 19714-6090 S.W.C. Constable-Engr-L33E34
R. A. Reich-Engr-L3356

ENGINEERING DEPARTMENT

Novembar 26, 1991

F. SEPULVEDA - DU PONT POLYMERS - D-12032-1
R. J. ZIPFEL - DU PONT POLYMERS - WASHINGTON WORKS

EVALUATION OF SURFACTANT C-8 RELATIVE TO CHAMBERS WORKS

SUMMARY:

Washington Works is currently discharging the surfactant C-8, (Ammonium
Perflurooctonate) in a wastewater generated from one of its processes, to the Ohio
River. Washington Works would like to decrease the amount of C-8 being discharged
into the Ohio River. An alternative method of disposal would be to send additional
wastewater containing C-8 to Chambers Works for treatment. Currently Washington

Works is sending 12,000 Ibs./year of C-8 mixed with wastewater by rall cars to
Chambers Works and would like to increase it to 24,000 Ibs./year.

The surfactant C-8 is not degradable by biological systems. Thus Washington
Works has requested Engineering to determine the fate of C-8 in the Chambers Works
wastewater treatment system and the Delaware River at the proposed loading of
24,000 Ibs./year.

It appears that the increase of C-8 to 24,000 Ibs/year to Chambers Works will
not affect their NPDES parmit. Also the point at which Chambers Works discharges
into the Delaware River is brackish water thus not suitable for drinking water. Specific
comments, conclusions, and recommendations are presented below:

o Currently no data exists on whether C-8 will bicaccumalate in fish tissue.
However, an estimation of the octanol-water partition coefficient predicted that
C-8 will not accumulate to large concentrations in the fatty tissues of organisms.

o Washington Works would like to concentrate the wastewater going to Chambers
Works to reduce the amount of waslewater that needs to be sent. Therefore an
evaluation of the Chambers Works ability to handle the increased concentration
of pollutants form Washington Works should be completed. An E/BOD Test 1o
determine if the increased concentrations will effect the PACT system should be
done by Chambers Works (Stan Temnple), Engineering, thru the Engineering
Test Center or Washington Waorks.

"7 Company Sanitized. Does not contain TSCA CBI




o The percent removals of C-8 across the PACT system should be determined.
Currantly a bench scale test is planned by Washingion Works with Chambers
Works activated carbon to determine the amount of removal of C-B by the PACT
system.

o kis recommended that Chambers Works equalize the Washington Works
wastewater as much as possible to reduce concentrations within the PACT
system and the discharge outfall, if this is not already being done.

DISCUSSION:

In review of the proposal ta increase the amount of the surfactant C-8 to be
treated at Chambers Works from 12,000 Ibs/year to 24,000 Ibs/year the following was
evaluated to determine the fate and impact of C-8 within the Chambers Works WWTP
and the Delaware River: ‘

o Chambers Works NPDES permit

o Concentrations of C-8 at outfall 661, outfall 001, edge of the zone of initial
dilution, and the edge of the mixing zone.

o The disposal of the activated carbon in relation to C-8

Attachment 1 outlines some human health and aquatic toxicity information on
C-8 relative to Chambers Works NPDES permit. In relation to aquatic toxicity testing
and the Ames test , this information shows that the surfactant C-8 will not negatively
impact the permit. The Chambers permit does have & festing requirement for
suractants; however, it is only @ monitor and report requirement. The Delaware River
at the point which Chambers Works discharges is brackish, thus drinking waters
concerns are not present.

The concentrations of C-8 were calculated at the following points; outfall 61,
outfall 001, edge of the zone of initial dilution, and the edge of the mixing zone (Figure
1). Table 1 shows the current and proposed loading concentrations at the points
identified above. Note, these concentrations were based on the assumption that no
{reatment occurs in the Chambers Works PACT system.

If the surfactant C-8 is attaching/coating to the activated carbon, the C-8 would
be removed with the carbon once wasted. Chambers Works is currently disposing of
waste PACT carbon to an onsite landfill. However, in December 1991 Chambers
Works plans to regenerate the wasted carbon to reuse within the PACT system. The
carbon regeneration system is a multiple hearth fumace with counter current flow.

First the water in the carbon fines will evaporated at 212 F(100 C), then the poralysis of
the carbon fines will occur at 1000 F(573 C) and lastly the PACT carbon will be
regenerated. The surfactant C-8 volatilizes at 382 F(200 C) and decomposes at 762 F

Company Sanitized. Does not contain TSCA CBI



(400 C) to CO2 and HF. Therefore any C-8 removed by the PACT carbon will be
destroyed during the regeneration process.

An evaluation was performed by Tony Rogers of Michigan Technological
University on C-B to estimate the octanol-water partition coefficient (kow) to predict the
ability of C-8 to accumutate in the fatty tissue of organisms. His evaluation is in
attachment 2. Based on his evaluation it was predicted that very little of the target
chemical will partition into a lipid phase and therefore will not accumulate to large
concentrations on the fatty tissues of organisms.

DU PONT ENGINEERING
Water Quality Group

T RBed @i, .

J. B. Ruiter
Consulting Engineer

JBR/kcl
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