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Summary of Results
. DuPont Washington Works Samples
Sample Dates 5/8/97 (groundwater), 5/30/97 (soil)

Vol. & Semi
Vol. F,Cl,
DuPont POAA",  IBrby AED,
3M LR No.] Smpl. No. Matrix ppb ppm
R2008-1 1 groundwater | 52 <MaL®
. |R2008-2 2 |ground water | 49 <MaL
. |R2008-3 3 ground water 52 <MQL
- +|R2008-4 4 ground water 53 <MQL
|R2008-5 5 DI blank ~_ngde <MQL
R2008-6 none _|soil . 364 <MaL

(1) POAA = Perfluorooctanoic acid anion
(2) limit of detection/limit of quantitation = 650 ppt.

(3) Minimum quantitation limits:
Br = 1.176 ppm in water, 1.187, 1.220 ppm in soil
Cl = 1.408 ppm in water, 1.253, 1.461 ppm in soil
F = 0.280 ppm in water, 0.282 ppm in soil

EID129575




” :Caﬁ_ﬁo

ﬁeo mz.t_& ol

o

EE Y

aM Environmental Laboratory

s

vb
Resid- Sail W, Summary of Results ASHO10477
# ler % ™ DuPont Washington Works Groundwater Samples
A% W Sample Date 6/26/97
Adsorb. |Vol. & Semi-| Trichlorotri-

DuPont | POAA® | Total Fluorine | Fluoride lon | Organic | Organic F,| Vol. F by | fluoroethane | Acetone
3M LR No.|Smpl. No.| mg/L mg/L mg/l _|F, mg/L| mg/lL | AED, ppm pg/L ug/L
R21481 | MW-1-1 | 564 8.0 0.20 7.8 45  10.20<[Fl<25 820 _
R21482_ | MW-1-2 | 532 16 0.20 16 42 lo20<[Fl<25 730 10
R21483_| MW-2-1 | 0.234 33 0.16 —3.d 0.28__[0.20<[Fl<25 1600 —
Rei48-4 | MW-2-2 | 0.234 3.5 0.16 3.3 0.46  10.20<[Fl<25 1500 _
R21485 | MW-3-1 | 0.487 4.2 0.14 4.1 11 [0.20<[Fl<25 2300 _
R2148-6 | MW-3-2 | 0.477 3.3 0.14 3.2 0.76_ [0.20<[Fl<25] 2400 _
R2148-7 | MW-4-1 | 0.0842 4.0 0.1 3.9 0.19  |0.20<[Fl<2.5 760 _
R2148-8__| MW-4-2 | 0.0590 4.2 0.11 4.1 0.14__ [0.20 <[Fl<2.5 670 10
R2148-9 | MW5-1_| <PQLP 3.0 <0.10 2.9 011 | [F]<0.05 130 _
R2148-10 | MW-5-2 | <PQL® 2.8 <0.10 2.7 0.14__[0.05 <[F]<0.20 140 _
R2148-11 MW-6-1 | < MDL® 2.3 0.10 2.2 <0.05 [F] <0.05 _ _
R2148-12 | MW-6-2 | < MDL® 4.2 0.10 4.1 <0.05 [F] < 0.05 _ —

1,1,1-
tert-Butyl cis-1,2- trichloro-| Trichloro- | Tetrachloro-| Trichlorofluoro;

DuPont | Alcoho! | Dichloroethene | Chloroform | ethane | ethene ethene methane
3MLR No.|Smpl. No.| pg/L pg/L pg/L pg/l pg/l pg/L ug/L
R2148-1 MW-1-1 59 _ _ _ - — _

[R2148-2 MW-1-2 49 _ _ _ _ _ —
R2148-3 | MW-2-1 _ _ _ _ 140 _ 16
A2148-4__| MW-2-2 _ _ _ _ 150 _ 18
R2148-5 MW-3-1 _ _ 5.5 14 520 5 26
R2148-6 | MW=3-2 _ _ 5.9 14 570 5.2 26
R2148-7 | MW-4-1 _ 5.8 37 6.3 81 _ 59
R2148-8 MW-4-2 _ 5.0 39 6.2 66 _ —
R21480 | MW-5-1 _ _ 13 J.. _ _ _
R2148-10 | MW-5-2 _ _ 16 5.8 _ _ _
R2148-11 | MW-6-1 _ _ _ _ _ _ _
R2148-12 | MW-6-2 _ _ _

(1) POAA = Perflucrooctanoic acld anion

(2) Practical quant. limit = 0.0510 mg/L., ... - (3) Limit of detect, = 0.0255 mg/l. (4) Total Fluorine - Fiuotide lon = Organic Fluorine
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ASHO010478
Summary of Results
DuPont Washington Works Soil Samples
Sample Date 6/23/97
Total
DuPont | Fluoride, | POAA®, | Sulfate, | Sulfite, | Nitrite, | pHin | pHin |  CEC, | Moisture,
3M LR No. | Sample No.| mgkg | mgkg | mgkg | mgkg | mg/kg | water | CaCl, | meq/100g| %
R2382-1 |SS-1 0-2' 21,300 | 0.119 98 <2 0.41 77 | 7.2 15.8 12.3
R2382-2 |SS-1 4-6' 20,100 0.17 99 <2 0.41 7.7 7.3 18.4 12.7
R2382-3 |SS-18-10 61,200 614 73 <2 0.36 7.3 7.0 '17.5 15.5
R2382-4 {SS-1 12-14' | 78,300 207 54 <2 0.14 6.7 | 6.3 17.5 18.9
" '|R2382-5 |SS-116-18' | 106,300 | 219 43 <2 <0.10 | 5.7 5.3 18.4 18.3
‘|roas2-6 |ss-12022 | 82700 | 398 | 70 | <2 | <0.10 | 60 | 55 19.3 19.2
-.|R2382-7  |SS-124-26" | 59,100 | 24.6 220 <2 <0.10 | 5.8 5.3 17.5 20.0
|R2382-8  [SS-1 28-30' | 37,600 | 29.3 150 <2 0.11 6.8 | 6.3 11.4 18.1
R2382-9 |SS-132-34' | 33,500 | 13.1 100 <2 <0.10 | 58 | 5.2 131 |, 13.6
R2382-10 |SS-136-68' | 41,200 6.78 63 <2 <0.10 6.1 5.4 9.6 17.9
R2382-11 |SS-1 38-40' | 30,300 2.11 46 <2 <0.10 6.8 6.2 6.3 22.2

(1) POAA = Perfluorooctanoic acid anion
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Project Description

Three coolers were received from E.I. DuPont de Nemours and Company
(“DuPont”), each containing samples for analyses by the 3M Environmental
Laboratory. Each cooler-group was assigned an unigque project number (Lab
Request Number). Each sample was also given an unique number which was
a sub-set of the project number. The project numbers are as follows:
R2008, samples 1-6 ‘
Four groundwaters, one DI water blank and one soil sample, with

sample dates 5/8/97 (waters) and 5/30/97 (soil).

R2148, samples 1-12 L ampiss
Twelve groundwater samples, with a sample date of 6/26/97 =~

R2382, samples 1-11
Eleven soil samples, with a sample date of 6/23/97

Samples were stored at 4°C, in the dark, until analyzed.

Different groups within the 3M Environmental laboratory were responsible for
various analyses. Attached are the summary reports for analysesdf:ROAA, #
Total, free, organic and adsorbable fluoride, volatiles and semi=volatiles; nitrate,
sulfate, and sulfide, and soil pH, percent moisture and catiorcex¢hiangécs .
capacity. v
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POAA Analyses in Grouri'dwater and Soil (5/97 Samples)
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Data Transmittal Summary
‘ Fi

" Contract Laboratory #

{Date Received:
Sponsor or Client: Representative Name
Company Name DuPont
Company Address
Phone

Group Leader: Jim Johnson (8-5294)

Analyte(s) or Test Method #: POAA
Sample Matrix: water and soil
Analysis Dates: 9/97-11/97 Analyst(s): GML, JJ, kjh
Author; kih '
' Data Reviewed by: LB
roject Lead (or designee): gy,
ames D. Johnson (or designee): | temanesd
Internal ~ Sent by: / Date
J: kih on 10/21/97
QAU (Archives):
IRN System:
roject Manager: Sue Beach '
Sent by: / Datgnl / e

Others (List Recipients / Address / Phone / FAX)

T. DiPasquale, 22-11E-03; 3-1891; 736-3257 khon 11/10/97 . ag. 525+

oI
<
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5
=]
b

A copy of the reportincludingthia'fommdtheclientwverpageiﬂobegiventoQAU,LIRNandtothe
Group Leader.
8 o 125
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3M Environmental Laboratory- Advanced'Method Development Team
Kris Hansen - Sr. Analytical Chemist )
Advanced Method Development Team

Building 2-3E-09
612-778-6018
kjhansen@mmm com
Report - Analytical Study
Determination of POAA in Soil and Water
1.0 Summary :

Omsdlsamplemdﬁvewmrsamplﬁwmmnﬁmedbymmforquanﬁmﬁvemalysisof R
perfluorooctanoic acid anion (POAA). The soil sample was assigned number R2008-6; the water samples ‘i4r wh e
were given numbers R2008-1 through R2008-5. Analysis of the samples by negative ion electrospray agk FIDBEE, basl
mssp&uomymsmﬁ)mmmamﬂwmmaddmﬁmkpmmmmplumpt 2
R2008-5. Specific results are listed in Table 1. ' :

Table 1. Concentration of POAA in R2008 samples.

Corrected |
Dilution concentration |Average
Sample# | Matrix | Factor |Extractability]  (ppb) (ppb) |Std. Dev.
R2008-6 soil na. na. 0.364 mg/kg na. n.a.

R2008-1-1 ] water 13 52

R2008-1-2 | water 13 52 52 0

R2008-2-1 | water 13 49

R2008-2-2 | waler 13 . 49 0

PR eY FORINY FUINY) U XY PR3 )

| R200831 | waater 2 ﬁ ST D S T
* R200832 | water : g %l wsgwel - 0 IR BT S
R2008-4-1 | water 13 57 ,
R20084-2 | water 13 49 53 6
R2008-5-1 | water 13 nd*
R2008-5-2 | water 1.3 nd* na. n.a.
* limit of detection/limit of quantitation is 650 ppt.
2.0 TEST MATERIALS :
One soil and five water samples were received from DuPont or 06/10/97. The samples were —
stored at 4°C until extraction; extracts were stored at 4°C until analysis. .
3.0 EXPERIMENTAL-OVERVIEW AND METHODS SERTE

3.1.1 Sample, soil .

Because 1o uncontaminated soil was available for blank analysis, the metbod of standard
addition was used to determine the concentration of POAA in the soil received from DuPont. An eight
point standard curve was prepared by spiking 2,grs samples of the soil with some amount of POAA.
solution between 500 pptand 1.0 ppm. The soil was mixed with approximately 1 gram of diatomacecus
earth and loaded into a 10 mL stainless steel extraction cartridge. The spiked samples were extracted
using high pressure solvent extraction (HPSE) with methanol; the extracts were dried with nitrogen and
reconstituted with ACN/water (1:1). After analysis by negative jon ES/MS, the data was subjected to
ﬁnmmMnmdmcmddngpmdicﬁmmﬁmmusedmmmmmmﬁonofmm

C8PO10HSY
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in the unspiked material (see Figure 1, attached). Four unspiked soil samples were also extracted to
confirm that the method reproducibility was better than 10%,

The method of standard addition assumes there are no interferences in the analysis and that the
extraction efficiency of the analyte from the matrix is not dependent upon analyte concentration. The first
assumption is addressed by the selectivity of the both the extraction and the analysis; the latter bas been
verified in another study that focuses on a similar matrix.

3.1.2 Sample, water
For method development, two seties of samples were prepared for analysis by ES/MS. In series
A, the target analyte was extracted from the samples with an fon pairing reagent and analyzed; in Series
B, each sample was diluted (1:1) with acetonitrile (ACN). Both Series A and B consisted of 2 aliquots of e
, ) water from two of the submitted samples (R2008-1 and R2008-3). TherecoveryofPOAAmnlnngfmm
¥ -+ Series A and Series B analysis were in close agreement.
Aﬂﬁvewa&rmplawmpmpam&mduphmte,ﬁormlymumgtthmemml The
samplés were analyzed by ES/MS between two unextracted curves of POAA in ACN/H20.- The
reproducibility of the curves was within 15%.

3.2 Calibration and controls, water
A set of controls, including a milli-Q water blank, milli-Q water spiked with POAA, and four
samples of matrix spiked with POAA, was prepared along with each sample series. The contxols were
used to evaluate extraction efficiency of the POAA from water and subsequently determine an accurate
extractability factor for final concentration calculations. A POAA standard curve from 50 ppt to 1.0 ppm
in ACN/H2O (1:1) was prepared; all extracts and prepared samples were analyzed by negative ion ES/MS
and quantitated relative to a standard curve. The unextracted standard curve was plotted according to
linear regression with a coefficient of determination (%) equal to 0.999.
A Two-1 mL aliquots of sample R2008-1 were spiked with POAA. These samplwweredmgnawd et wwery
thematnxspikc(MS)andmematnxspikednphme@JSD)andwmpmpamdfomnalys:sbytheme = vlicate |
- procedure as the samples. The final concentration of POAA in the MS and MSDuwas:espected to be 52
 ppb. The concentration of POAA recovered from the samples was evaluatedireliitivestoithe standard
. % curve, QEve

3.3 Exiraction specifics, soil
The soil sampls were extracted with the ISCO 3560 Accelerated Extraction System, thh ISCO
100DX high pressure syringe pumps according to the following conditions:

Extraction solvent: methanol, HPLC grade
Extraction pressure: 2500 psi
Extraction temperature: 706°C
Restrictor temperature; - 70°C
Static extraction time-1: 40 minutes
Dynamic extraction volume-1: 15 mL
Static extraction time-2: 2 minutes
S i Dynamic extraction time-2: 2 minutes
Restrictor flow rate: 2.5 mL/min
Samples were reconstituted in glass autovials with HPLC-grade ACN and milli-Q water. %
=
o
A=Y
2@
Word Version 6.0 R2008.D0C 2
Lab Request #R2008
10 o 125
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3.4 ES/MS Analysis specifics, soil and water
Negative ion ES/MS analysis was performed on a Micromass Platform Il atmospheric pressure
ionization mass spectrometer unning Mass Lynx 2.1. A Hewlett Packard 1100 was used for the
autosampler and HPLC system.
Mobile pbase: ACN/H20 (1:1)
Flow rate: 60 yL/min
Injection volume: 153L
Cone Voltage = -20
Capillary voltage = -2.56
Source Temperature = 80°C .
- Analyzer Vacoum Pressure = 0.000079 mBar

Quantitative results were based on the instramental response generated by monitoring a single
ion characteristic of the analyte. This type of monitoring minimizes interference by other ions in solution
and increases system sensitivity to the target analyte.

4.0 DATA ANALYSIS
4.1 Sample, soil .

BythememodofstandmdaddiﬁomﬂmsoﬂmdetumimdwwmainosﬂmgPOAAlkg.

TMSvduemswcmmduﬁngmcpmﬁcﬁone@mﬁmmﬂﬁngﬁomﬁmmgtmEnmﬁsofm

eight point extracted curve, The coefficient of determination for the curve is 0.990. Calculations used to
determine the concentration of POAA in the soil are shown in Appendix A.

4.2 Samples, water

The concentration of POAA in each water sample was determined by comparison.ofdetected,.
peak areas resulting from analysis of the samples to the average of the two unextracted calibration;curves
using the following formula: . 1ot Glleetay Sormuls

C.=@-D/S | @

Where, -

C, = Concentration of POAA in sample (pg/mL)

P = Peak area of sample (response)

I = Intercept of the calibration cuzve (response)

S = Slope of the calibration curve (response / concentration)

Thewmnuaﬁohdewmimdmbemmemﬁueﬁvumdmhmmmﬁonmmm&mp{es

according to the following equation: -~
C=(C.,*D)'E )
Where, . ' 5
C, = Concentration of POAA in actual sample (pg/mL) - . fas
C, = Concentration of POAA in prepared sample (g/mL) =2
D = Dilution Factor ®
E = Extractability R
Word Version 6.0 -~ R2008DOC 3
Lab Request #R2008 :
n o 125
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4.3 Determination of percent recovery and extractability, water
Matrix spike samples were analyzed to determine the recovery of POAA from the water. POAA
recovery and the related extractability value are calculated as follows:

%R = [(Ce- Co) / CJ*100% ©

where,
%R = Percent recovery of POAA
C;= Concentration of POAA. found in MS/MSD (pg/mL)
C. = Native concentration of POAA in sample before dilution adjustment (j1g/mL)
C, = Concentration of POAA. spiked in MS sample (ug/mL).

As an example, the percent recovery for the R2008-1-1, MS sample is calculated as follows:
Cr= 0,057 pg/mlL;
Cp=0.020 pg/mL;
C,=0.052 pg/ml;
therefore,
%R, = (0.057-0.020)/0.052 x 100% = 74%.
The extractability is equal to 100% divided by %R.

The percent recoveries of POAA in the MS and MSD samples and the corresponding extractability factors
are presented in Table 2. ‘ ~

Table 2 % recovery and extractability determined from analysis of MS and MSD. 2oy s i)

Recovered |  Spiked “Native * wd | ‘
Concentration | Concentration | Concentration % thee | o ompemiratig 4
Sample (p.g[mL) (ggImL) Mml.) Recovery | Extractability . wimiy e
MS 0.057 0.052 0.02 74 1.3 )
MSD 0.059 0.052 0.02 75 13
Average 75 1.3

5.0 CONCLUSION )

High pressure solvent extraction, ES/MS analysis and linear regression analysis were useditoss: sottyncisos. . -
determine that 0,364 mg/kg of POAA is present in the soil sample received from DuPont. Water sample§<iaz .
R2008-1 through R2008-4 also contain about 50 ppb POAA. No POAA was detected in R2008-5. =0 RS wes v

6.0 MAINTENANCE OF RAW DATA AND RECORDS « e, £ B
Hard copies of these data are filed in the AMDT archive. ik by phe

S8POTIOHSY

Word Version 6.0 . R2003DOC 4
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R-2008 DuPont Soil Data
POAA Standard Curve and Data Table

DATA TABLE 1.0
Spiked Standard Volume of Spiked Amount of Mass of Cone. of
Cone. of POAA In Extract of POAA in Soil POAA In
Extract (pg/mlL) (mL) Extract (ug) (g) Soil (ng/kg)
Blank 2.0 0.00 2.025% 0.00
0.0005 20 0.001 2.0032 0.50
0.005 2.0 0.01 2.0004 5.00
0.050 2.0 0.10 2.0319 4922
0.100 20 0.20 2.0075 99.63
0.250 20 0.50 2.0083 24897
0.500 2.0 1.00 2.0248 493.88
0.750 20 1.50 2.0043 748.39
1.000 20 2.00 2.0097 995.17
Conc. of POAA in Peak Area of Peak Area of Total Peak
Soil (ug/ke) Extract-a Extract-b Area (a +b)
0.00 1822272 141494 1963766
0.50 2076435 396700 2473135
5.00 1967476 475027 2442503
49.22 2129047 623624 2752671
99.63 2457197 225468 2682665
248.97 3249144 395568 3644712
493.88 5136166 666830 5802996
748.39 5879632 ] 786883 6666515
995.17 .. 7704024 . 842187 8546211
FIGURE 1.0
Extracted POAA Standard Curve
9000000 .
8000000 = =6247.9282x +2275108.6871%
R} = 09875
7000000
. 6000000 §
; 5000000
2‘: 4000000 §
& 3000000 }
2000000 ¢
1006000 >
/5]
0 ] L e vl
: o
0.00 200.00 400.00 600,00 800.00 1600.00 1200.00 S
Concentration of POAA in Soil (ug/kg) g\'%
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R-2008 DuPont Soil Data
POAA Standard Curve and Data Table

CALCULATIONS

In order to plot the Total Peak Area versus the Concentration of POAA in Seil, the following
conversion calculations were performed:

Conc. of POAA, from Volume Mass Convert Cone. of
spiked standards, X of X of X g to = POAA in
in the extract Extract Soil kg Soil
pg X mk X _1 X _1000g = ug
mL 1 g kg kg

To calculate total Peak Area, the area integrated for peak "a" for the initial extraction of the soil and

the area integrated for peak "b" for the second extraction of the same soil are summed. 2

Using the Method of Standard Addition determine indigent analyte concentration by solving for

for the x-intercept:
where y = 0, and equation of the slope of the line of Peak Area vs. Conc. of POAA in Soil is:
|y =6248 x +2275109
x =-2275109/ 6248
x=-364

concentration of indigent analyte POAA. in soil determined to be 364 ug/kg
>
17
jan
2
)
B
oo
~
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3M Environmental Laboratory

POAA Analyses in Groundwater (6/97 Samples)
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Data Transmittal Summary
Final

Contract Laboratory #
Fate Received:
Sponsor or Client: Representative Name
Company Name DuPont
Company Address

Phone

Project Lead: Kiis Hansen (8-6018)

nalyte(s) or Te
Sample Matrix: water

Analysis Dates: 9/97-11/97 Analyst(s): LAC
Author: LAC, kih

Data Reviewed by: PAR
Project Lead (or designee):kjh

ames D. Johnson (or designee):

EEEER

J:
QAU (Archives):
IRN System:
oject Manager: Sue Beach

Others (List Recipients / Address / Phone / FAX) Sent by: / Date
kjh on 11/10/97

T. DiPasquale, 22-11E-03; 3-1891; 736-3257
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A copy of the report including this form and the client cover page is to be given to QAU, LIRN and to the
Group Leader.
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3M Environmental Laboratory - Advanced Method Development Team

Contact: Kris Hansen - Senior Analytical Chemist
Building 2-3E-09
778--6018

Final Report - Lab Request R2148
Electrospray Mass Spectrometry Analysis
of DuPont Water Samples Prepared 8/26/97

1.0 SUMMARY

Twelve samples from DuPont were submitted to the 3M Environmental
Laboratory for the analysis of Surfactants. These samples were numbered R2148-1
through R2148-12 (MW-1 through MW-6) and analyzed with an Electrospray Mass
Spectrometer. This analysis determined that perfluorooctanoic acid anion is present in
samples 1 through 10. Results are listed in table 1.

Table 1 Sample Results
Sample # Ton Count| Dilution |Concentration| Average | Std. Dev.
Area Factor pg/mL
. (ppm)
T R2148-1-1 (MW-1) 160473 20 5.71 -
: R2148-1-2 (MW-1) 157432 20 5.58 5.64
R2148-2-1 (MW-1). 148341 | 20 521
‘ R2148-2-2 (MW<):2 | 15353020 542 532 3
' R2148-3-1 (MW-2) 79430 2 0242
R2148-3-2 (MW-2) 75610 2 0.226 0.234
R21484-1 (MW-2) 30126 2 0.245
R2148-4-2 (MW-2) 74915 2 0.224 0.234 0.0149
R2148-5-1 (MW-3) 135558 2 0.469
R2148-5-2 (MW-3) 143990 2 0.504 0.487 0.0242
R2148-6-1 (MW-3) 135283 | 2 0.463
R2148-6-2 (MW-3) 139707 2 0.486 0.477 0.0127
R2148-7-1 (MW-4) 43324 2 0.0954
R2148-7-2 (MW-4) 37814 2 0.0731 0.0842 | 00158
R2148-8-1 (MW-4) 35756 2 0.0647
R2148-8-2 (MW-4) 32916 2 0.0532 0.0590 | 0.00814
R2148-9-1 (MW-5) 24116 2 <PQL
R2148-9-2 (MW-5) 23264 | 2 <PQL <PQL <PQL
R2148-10-1 (MW-5) 31873 2 <PQL - >
R2148-10-2 (MW-5) 26025 2 <pQL .| <PQL <PQL =
R2143-11-1 (MW-6) 11696 | 2 <MDL =
R2148-11-2 (MW-6) 11932 2 <MDL <MDL | <MDL 3
R2148-12-1 (MW-6) 9132 2 <MDL e
R2148-12-2 (MW-6) 10595 2 <MDL <MDL | <MDL
Word Version 6.0 R2148.D0C Page 1 of 5
17 o 125
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2.0 TEST MATERIALS

Twelve water samples were received from DuPont on 07/02/97 (MW-1-1, MW-1-
2, MW-2-1, MW-2-2, MW-3-1, MW-3-2, MW-4-1, MW-4-2, MW-5-1, MW-5-2, MW-6-
1, and MW-6-2). These samples were checked-in as R2148-1 through 12 and were
analyzed for surfactants. The samples were stored at 4°C until preparation and analysis.

3.0 EXPERIMENTAL-OVERVIEW AND METHODS

3.1 Investigative Samples
One half mL was removed from each sample and diluted with 0.5 mL of
acetonifrile (ACN, TN-A-1504) for a final sample solvent composition of 1:1
o ACN:Water. These samples were vortex mixed and ready for analysis by electrospray
s mass spectrometry (ES/MS).

3.2 Matrix Spike Samples
Matrix spike (MS) and matrix spike duplicate (MSD) samples were each prepared
diluting 0.5 mL from sample R2148-12-1 with 0.5 mL of ACN. The MS and MSD
- samples were each spiked with 0.005 mL of 2 101.1 pg/mL (ppm) ammonium
perfluorooctanoate standard solution (W397-741) for final concentrations of 0.503pg/mL.

3.3 Calibration
Ammonium Perfluorooctanoate calibration standards, ranging in concentration - uotiecions - o
from 0.0500-1.01 pg/mL, were analyzed bracketing the samples. The calibration curve ¢ wumlyzeo

was developed by plotting the mean of two standard peak areas of ammonium g o mean of ta
perfluorooctanoate versus the concentration of ammonium perfluorooctanoate standardsthe concsntratic:
using linear regression.

3.4 Instrumentation
The following instrumental conditions were used to analyze these samples:

Micromass Platform Electrospray Mass Spectrometer
Hewlett Packard 1100 Pump and Autosampler
MassLynx 2.1 software

Cone Voltage =-14

Skimmer Lens Offset =3

Source Temperature = 80°C

Analyzer Vacuum Pressure = 0.000079 mBar
Injection/sample: 1

3>
Injection size: 10 pL f£
Flow Rate: 0.080 mL/min 3
(en)}
. .
3.5 Continuing Calibration Standards 2
Continuing calibration standards at 0.253 ppm ammonium perfluoroctanoate
were analyzed bracketing every ten samples during sample analysis.
Word Version 6.0 R2148.D0C Page2 of 5
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3.6 Detection Limits

The method detection limit (MDL) is equal to approximately 3 times the baseline
noise and half the practical quantitation limit (PQL). The PQL corresponds to the lowest

point on the calibration curve. The PQL is 0.0510 pg/mL; the method detection limit is
0.0255 pg/mL.

4.0 DATA ANALYSIS

4.1 Calibratien Curve

Average peak areas from the initial curve were plotted against the concentration

of ammonium perfluorooctanoate in the calibration standards. The standard curve was
linear (R? > 0.99).

4.2 Continuing Calibration Standard .

Continuing calibration standards were analyzed before and after every 10 samples. o
The continuing calibration standards remained within 20% of the initial standard. This e
meets the criteria used to determine if the calibration curve has maintained linearity. The & e cals
relative percent difference is calculated using the following equation:

Equation 1
Ri-R
%D = ———x100%
Ri
where, o fany
%D = relative percent difference ' derence \
R; = area 0.253 ppm calibration standard from the initial calibration Cabinr st

R, = area 0.253 ppm calibration standard from the continuing calibration

4.3 Investigative Samples
4.3.1 Calculations
Concentrations of ammonium perfluorooctanoate were determined by comparison srvite
of detected peak areas to the calibration curve using the following formula: v
Equation 2
P-1I >
Ce = —~ 2
s .
" Where, 2
C. = Concentration of ammonium perfluorooctanoate in extract (ug/mL) N
P = Peak area of sample
I = Intercept of the calibration curve
Word Version 6.0 R2148.D0C Page 3 of 5
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S = Slope of the calibration curve (mi./p.g)

The concentration of ammonium perfluorooctanoate in the extract was converted to the
concentration in the water samples by using the following equation:

Equation 3
Cp = CexD

Where, ,
C, = Concentration of ammoniuth perfluorcoctanoate in water sample (ug/mlL)
C, = Concentration of ammonium perfluorooctanoate in extract (ug/mL)
D = Dilution Factor

As an example, ammonium perfluorooctanoate anion was detected in sample R2148-1,
where P = 160473, S = 493135 mL/pg, I = 19797; therefore, using Equation (2), C,=
((160473-19797)/493135) = 0.285 pg/mL. To determine the concentration in water,
using Equation (3), C, = 0.285 pg/mL and D =20; thus C,;=0.285 pg/mL x20=5.71
pg/mL (ppm).

4.4 Matrix Spike Samples
Matrix spike samples were analyzed to determine the recovery of ammonium
perfluorooctanoate. Recovery was calculated using the following equation:

Equation 4 ) - : e £V
%R = S 100%
Cme
/ where,

%R = Percent recovery of ammonium perfluorooctanoate
C,, = Detected concentration of ammonium perfluorooctanoate in MS sample

(1g/mL)

ey, = Average background concentration of ammonium perfluorooctanoate in

sample (j1g/mL) wne gy
C,. = Expected concentration of ammonium perfluorooctanoate in MS sample

(ug/mL).

As an example, the percent recovery for the R2148-12-1, MS sample is calculated as o

follows: ‘ . &=
- e e e e e e e o eimm m e i m—mminn mm = o 7 et o o e e = S e e e S
C,, = 0.404 pg/mL; 2
C, =0.00 pg/mL; w
Cp=0.503 pg/ml;
therefore, %R = (0.404-0.00)/0.503 x 100% = 80%.
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The percent recoveries of ammonium perfluorooctanoate in the MS and MSD samples are

presented in Table 2.
Table 2
Matrix Spike Results
Recovered Expected
Concentration | Concentration'
Sample Type Sample ID (pg/mL) (pg/mL) % Recovery
DuPont Water R2148-12-1, MS 0.404 0.503 80
R2148-12-1, MSD 0.401 0.503 80
Average 80
Notes: B
! Recovered concentration is equal to the concentration detected in the spiked sanipl’e
minus the average concentration detected in associated unspiked samples.

5.0 CONCLUSION

The results of ES/MS analysis determined that the ammonium perfluorooctanoate
anion is present in DuPont water samples R2148-1 through R2148-10 at average
concentrations of 5.64 ppm, 5.32 ppm, 0.234 ppm, 0.234 ppm, 0.487 ppm, 0.477 ppm,
0.0842 ppm, and 0.0590 ppm respectively. The results have been presented in table 1.

6.0 MAINTENANCE OF RAW DATA AND RECORDS
Hard copies of these data are filed in the AMDT archive. o

7.0 APPENDICES
The appendices are not included with these data. They are filed in the AMDT
archive.
7.1 Extraction Logbook
---- - T2 Instrument Runlog————-— -~~~ -~ - -’ R
7.3 Curve and Chromatograms
7.4 Results

H At

P6¥010HSV
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3M Environmental Laboratory- Advanced Methgd ngelopment Team
Kris Hansen - St. Anaytical Chemist v

Advanced Method Development Team
Building 2-3E-09

612-778-6018

kjhansen@mmm.com

Report - Analytical Stady
PDetermination of POAA in Soil and Water
Lab request- R2382
1.0 Summary

mwﬂmmmsmmwmmﬁtqmnﬁmﬁvemalyﬁufpnﬂmmmokadd
anion (POAA). The soil samples were assigned pumber R2382-1 through -11. Extraction of the soils
solventamacﬁon&IPSE)ﬁouowed ax:alysisofthecmactsbynegaﬁveinn
WMWMNMEMEG“WB»@QN%
wmenuaﬁonofPOAAmm&-lwasdmminedusingmzmahndofmndudm 1l.other

S wdmmmmmzmmmmwdmmmdmmmm ficTesults are
isted in T : < wors avatumied .
e e T
Table 1. goneentration of POAA in R2382 sampies.
Sample # |mg POAA/Kg soil
R2382-1 0.119
R2382-2 0.170
‘ R2382-3 748
i 3 LB
R2382:6 28 - CasEd % B
R2382-7 373
R2382-8 39.7
R23829 18.0
R2382-10 12.7
R2382-11 2.21
* hmitofdctecuonnxmnofquanﬁtanonrso 100 mg (100 ppb)
SR B 5.

2.0 TEST MATERIALS
‘Eleven soil samples were xeceivedﬁomDuPontonOGnom. Thcsan:pleswetesmredat4’c
until extraction; extramswestotedau"Cnnﬁlanalysis.

3.0 EXPERMNTAL—OVERVIEW AND METHODS
~ 3,11 Sample, soil '
Bewmmummmhmasoﬂmavaﬂahkfotbhnkmﬂyﬁ&mwhodofmdﬂd

addiﬁonwasusedmdaumiMMconoenuaignufPOAAinmesoﬂmivedﬁomDquL A five point
mndmdcmemprepamdbyspiEnngdemmﬂ(m%Z—l)whhmmmoﬂOAA
solution between 500 ppt and 1.0 ppm. ining soi
mmmhmmmwylmdwmmmmammmm
extraction cartridge. Thcsnmplwwereexmctzdusinghighpmmsotventemacﬁon ) i
“methanol. Eachsamplewasmmedintoan‘a'(pﬁmarymmad)and‘b‘ (seoondaxymact)wal. The

i
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§

g
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E
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:
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145 5

with nitrogen and reconstituted with acetonitrile (ACN), filtered, and diluted with water (1:1). After
analysis by negative ion ES/MS, the data from the spiked samples was subjected to linear regression and
the resulting prediction equation was used to determine the concentration of analyte in the unspiked sample
R2382-1 (see Figure 1, attached). The remaining soils were evaluated relative to this curve. Soil fom
samples R2382-2 through -11 was prepared in the same way. For most samples, dilutions of the extracts in
‘a’ and ‘b’ vials were necessary. It was also necessary to dilute and reanalyze four samples on 11/04/97.
The POAA concentrations of these samples were determined by the same method, using a standard curve
generated that day (see Figure 2, attached).

The method of standard addition assumes there are no interferences in the analysis and that the
extraction efficiency of the analyte from the matrix is not dependent upon analyte concentration. The first
assumption is addressed by the selectivity of both the extraction and the analysis; the latter has been
verified in another study that focuses on a similar matrix.

3.1 Extraction specifics
The soil samples were extracted with the ISCO 3560 Accelerated Extraction System equipped
with ISCO 100DX high pressure syringe pumps according to the following conditions:

Extraction solvent: methanol, HPLC grade
Extraction pressure: 2500 psi

Extraction temperature: 70°C

Restrictor temperature: 70°C

Static extraction time-1: 40 minutes

Dynamic extraction volume-1: , 15mL

Static extraction time-2: 2 minutes

Dynamic extraction time-2: 2 minutes

Restrictor flow-rate: 2.5 mL/min

Samples were reconstituted in glass autovials with HPLC-grade ACN and milli-Q water.

3.4 ES/MS Analysis specifics ‘ J——
Negative ion ES/MS analysis was performed on a Micromass Platform II atmospheric pressure . .

jonization mass spectrometer running Mass Lynx 2.1 operating system. A Hewlett Packaﬁg%,‘;ggﬁmg@segm o
for the autosampler and HPLC system. 20 .

Mobile phase: ACN/H20 (1:1)

Flow rate: 60 pL/min

Injection volume: 15uL

Cone Voltage =-20

Capillary voltage = -2.56

Source Temperature = 80°C

Analyzer Vacuum Pressure = 0.000079 mBar

Quantitative results were based on the instrumental response generated by monitoring a single fon
characteristic of the analyte. This type of monitoring minimizes interference by other ions in the extract
and increases system sensitivity to the target analyte.

4.0 DATA ANALYSIS

, By the method of standard addition, sample R2382-1 was determined to contain 0.119mg/kg of
POAA. This value was calculated using the prediction equation resulting from linear regression analysis of
the five-point extracted curve. The coefficient of determination for the curve is 0.999. Calculations used
to determine the concentration of POAA in the soil are shown in Appendix A.

" The concentration of POAA in samples R2382-2 through R2382-11 was determined by evaluation
of ES/MS response relative to the curve generated for sample R2382-1. Calculations are detailed in
Appendix A.
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5.0 CONCLUSION

High pressure solvent extraction, ES/MS analysis, and linear regression analysis were used to

determine that between 0.119 and 614 mg/kg of POAA is present in the eleven soil samples received from
DuPont.

6.0 MAINTENANCE OF RAW DATA AND RECORDS
Hard copies of these data are filed in the AMDT archive.

Sample preparation : GML/3}
Analysis: GMLAYKh

Report preparation: kjh/I}
apw s :
it
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<
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R-2382- DuPont Soil Data
Appendix A

R-2382 POAA Determination Calculations

Step 1: From Plot of Peak Area vs Spiked POAA Standard Concentration determine
equation of the linear regression by least squares analysis, fory=mx +b

Example: vy = 126000 x + 15000

Step 2: Solve linear equation for x, where y = 0, for the x-intercept of the line.

Example: 0= 126000 x + 15000 x=-15000/126000 x=<-119

Step 3: Indigent amount will equal absolute value of x.

For Soil R-2382 _Sails 2-11
Step 1: (Peak Area - Y intercept)/ Response = Diluted Conc. of POAA (ug/ml) e AR,
Peak Area, intercept, and response from std.additions curve calculated in ug/mi o cruvn gale
v Example: (31000 - 15000126000 = 0.127 ug/mi e .
|
‘ Step 2: (Diluted Conc. of POAA ug/ml * Dilution Factor ) + Indigent Conc. ug/mL= ST RERLE
i Adjusted Conc. of POAA ug/ml ‘
Example: (0.127 vg/ml * 50)+ .119 ug/ml =647 ug/ml
Step 3: Adjusted Conec. (uélml) * 2ml extract/mass (g) * 1000 g/hkg * 1 mg/1000 ug =
‘Total Cong. of POAA (mg/kg)
Example: 6.47 ug/ml * 2mi extract/ 1.9999 g * 1000 g/kg * Img/ 1000 ug = 6.47 mg/kg POAA
Step 42 Add Total Conc. of POAA determined for Peaks "a" and "b" = Total determined POAA (mg/kg) O;J;
- Z
Example: - 6.47 mg/kg + 0.43 mg/kg = 6.90 mghkg e
73
=
=)
Calculations R2382_103007 8:59 PM11/4/97
' A7 4 135
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R-2382- DuPont Soil Data

Figure 1

Conc. of POAA | File D102897B | File D102897B | File D102897B | File D102397D] Average of
Spiked into Soil | Peak Areaof | Peak Areaof |Total Peak Area)Total Peak Areal Initial & Final
(ug/ml) Extracts-a Extracts-b {atb)

0.05 20000 1000 21000

0.10 25000 3000 28000

0.25 40000 4000 44000

0.50 71000 9000 80000

0.75 96000 14000 110000

File D102897D | File D102897D

Peak-a Peak-b
0.05 20000 1000
0.10 27000 3000
025 44000 4000
0.50‘ 71000 9000
0.75 94000 14000
Extracted POAA Standard Curve
120000 : B8 ~
100000 } y = 125802x + 15485 “ i |
3 20000 4 Rz =0.999
; 60000 4
& 40000 }
20000 4
0 . _ . '
0.00 0.10 020 830 0.40 0.50 0.60 0.70 0.80
POAA Cone. (ug/ml)
Y-intercept Slope (mj X-intercept
Curve Equation: 15000 126000 -0.119
Indigent POAA analyte (Absolute value of X-intercept): ' . 0.119 ug/ml
z
<
oy
o]
Lh
et
Soil 1 Curve ugml | R2382_103097 9:00 PM11/4/97
28 & 135
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R-2382- DuPont Soil Data

Conc. of POAA | File D110497B | File D110497B | File D110497B
Spiked into Soil | Peak Areaof | Peak Areaof |Total Peak
(ug/ml) Extracis-a Extracts-b (atb) .
0.05 21000 1700 22700
0.10 26000 3200 29200
0.25 41000 4400 45400
T 0,50 T 67000 ] T 82000 T T UU752000
0.75 94000 13700 107700
Extracted POAA Standard Curve e
120000
100000 4 y= 120449 + 16292 ki
2 =
. s0000 | R*=0.999
& 40000 | 1~
BT
20000 } ,
0 - 4 + ' 4 o
0.00 0.10 020 . 030 0.40 0.50 0.60 0.70 0.80
POAA Conc. {ug/ml)
) Y-intercept Slope (m) X-intercept
Curve Equation: 16000 120000 <0.133
Indigent POAA analyte (Absolute value of X-intercept): 0.133 e Ben
l‘ >
n
an
=
[y
o
(%4
S
)
11.04 Curve ugmi R2382_103097 8:58 PM11/4/97
A1 4 125
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3M Environmental Laboratory
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Volatiles and Semi-volatiles in Groundwater by Purge andn
Trap Concentration with GC/MS Analyses (6/97 Samplesj::
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ANALYTICAL SUMMARY

ar Department: 3048 Contract Lab: Pace-1
leah Lab Request: R2148 Project Lead: Dennis R. Seeger
Prgject Description: DuPont Water Sample Matrix: Water
Summary Prepared by: Dennis Seeger, Pace-1 Date: 10/7/97
Analytical Tests Requested uesteo

Twelve water samples were submitted for identification and quantitation of volatile organic sample .
components by purge and trap sample concentration with gas chromatography/mass spectrometry (GC/MS) 1 aonesaation -
analysis.

Analytical Results

The results of the GC/MS analyses are reported in Appendix A. After an-initial analysis of the undiluted TRPRYIEEG W ¢
samples, appropriate dilutions were analyzed for quantitative determinations of trichlorotriflucroethane  wsbyzes for o
and trichloroethene. Where the calculated concentrations were below the practical quantitation limit (J ~“i£2 wead conoe

footnote), the reported values should be considered as estimates. + bve eonsidered 2
Analytical Summary R

Gas Chromatography Methods: WIS

Summary

The samples were analyzed using the GC/MS instrument and sample concentrator conditions listed below.

Procedure
GC/MS Parameters (Instrument ID “Alphie”) %
Sample Concentrator: Tekmar model 2000 sample concentrator and model 2050 vial autosampler.
Trap: Carbopack B/Carboxen 1000 & 1001 (Vocarb 3000) g
Purge time: 11 min, X
Purge gas flow: 40 mL/min. =
Desorb time: 0.5 min. x
Desorb temp.: 270°C R
Desorb flow: 30 mL/min
GC column: Restek RTx-624, 60 m x 0.32 mm LD, 1.8 pm film thickness.

1 .
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GC conditions and oven temperature g. rogram:

Initial temp.: 40°C; 2.0 min. hold

Oven temp. ramp: 12°Cfmin. to 220°C; 1.0 min. hold
Injection port temp.: 250°C

Interface temp.: 250°C

Purge B: Initial value ON

Head pressure: 19.6 psig

Split flow: 30 mL/min.

Mags spectrometer:

Solvent delay: 2.2 min.

Electron multiplier: 2053 volts

Scan range: 35 to 260 amu

Scans per second: 2.17

Scan threshold: 160-

Instrument Calibration vapv

Prior to sample analyses, the analysis of 50 ng of bromofluorobenzene (BFB) demonstrated the accuracy o
and resolution of the mass spectrometer. A calibration check standard containing each of the target

analytes at the midpoint concentration of the most recent five level calibration curve was analyzed to

demonstrate acceptable instrument response for target analyte quantitation. A blank water sample water P
sample was analyzed to demonstrate analytical system cleanliness. All quality control analyses satisfied W PV
the criteria specified for analyzing samples by EPA method 8260.

wione ) 2 C[os’ng : osl i

i €1
'I'lns analyncal summary and associated analytical rwults have been reviewed ‘andiaretapproved for release. S VR A

Dennis R. Seeger, Project Manager
(612) 778-6093

SOSOIOHSY
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Appendix A: Report of Laboratory Analysis s
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Method 8260 Results for R2148

PRL Sample Concentrations (ug/L)

Compound (uglL): R2148-1 R2148-2 R2148-3 R21484 R2148-5 R2148-6 <
Dichlorodifiuoromethane 10 1 - - - - - -
Chloromethane 0] - - - - - -

Vinyl Chlaride 10 ! - - - - - -
Bromomethane 10 - - - - - -
Chloroethane 0 - - - - - .
Trichlorofluoromethane 07 - - 16 18 26 26
Ethyt Ether 5 : - - - - - -
Trichlorotrifiuoroethane 5 1 820 730 1600 1500 2300 2400
Acrolein 40 } - - - - - -
1,1-Dichloroethene 5 { - - - 374 - -
Acetone 10 1 - 10 - - 7.8J 8.0J
isopropyl Alcohol 60 : - - - - - -
Carbon Disulfide 5 : - - - - - -
Allyl Chioride 5 1 - - - - - -
Methylene Chioride 5 1 274 29J - - 234 274
tert-Butyl Alcohol 20 ; 59 49 - - - -
tert-Methyl Butyl Ether 5 { - - - - - -
trans-1,2-Dichloroethene 5 1 - - - - 2.99 3.0J
Acrylonitrile 40, - - - - - -
Isopropyt Ether 5 : - - - - - -
1,1-Dichloroethane 5 1 - - - - - -
2,2-Dichloropropane 5 : - - - - - -
Ethyl Acetate 10 |} - - - - - -
cis-1,2-Dichioroethene 5 : - - - - 334 3.54
2-Butanone 10 - - - - - -
2-Butanol 60"} - - - - - -
Bromochloromethane 5 : - - - - - -
Tetrahydrofuran 10 1 - - - - - -
Chioroform 5 | - - - - 55 5.9
1,1,1-Trichloroethane 5 : - - - - 14 14
Carbon Tetrachloride 5 1 - - - - - -
1,1-Dichloropropene 5 : - - - - - -
Isobutanol 100 | - - - - - -
Benzene 5 : - - - - - -
1,2-Dichloroethane 5§ - - - - - -
n-Butanol 100 ; - - - - - .
Trichloroethene 5 : 1.8J 154 140 150 520 570
1,2-Dichloropropane 5§ 1 - - - - - -
Dibromomethane 5 | - - - - - - >
Bromodichloromethane 5§ 1 - - - - - - =
2-Chloraethyl Vinyl Ether 10 ! - - - - - - =
2-Nitropropane 10 - - - - - - &
cis-1,3-Dichloropropene 5 | - - - - - - <
4-Methyl-2-pentancne 10 : - - - - - -
Toluene , 5 1 - - - - - -
4-Methyl-2-Pentanol 60 § - - - . - -
PRL — Practical Quantitation Limit .
J — The concentration is below the practical quantitation limit. Page 4
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Method 8260 Resuits for R2148

PRL i Sample Concentrations (ug/L)
Compound (ugIL): R2148-1 R2148-2 R2148-3 R2148-4 R2148-5 R2148-6
P trans-1,3-Dichloropropene
e 1,1.2-Trichloroethane
Tetrachloroethene
1,3-Dichloropropane
2-Hexanone
Dibromochloromethane
1,2-Dibromoethane
Chiorobenzene
Ethylbenzene
1,1,1.2-Tetrachloroethane
m & p-Xylene

o-Xylene

Styrene

Bromoform

Isopropyl benzene
Cyclohexanone
1,1,2,2-Tetrachloroethane
Bromobenzene

n-Propyl benzene
1,2,3-Trichloropropane
2-Chlarotoluene
1,3,5-Trimethylbenzene
4-Chlorotoluene
tert-Butyl benzene

1,2 4-Trimethylbenzene
sec-Butylbenzene
p-Isopropyitoluene
1,3-Dichiorobenzene
1,4-Dichlorobenzene
n-Butyl benzene
1,2-Dichlorobenzene
1,2-Dibromo-3-Chloropropane
1,2,4-Trichlorobenzene
Hexachlorobutadiene
Naphthalene
1,2,3-Trichlorobenzene

- - - 114 52

(4]
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Method 8260 Results for R2148

PRL | Sample Concentrations (ug/L)
Compound (ugll.): R2148-7 R21488 R2148-0 R2148-10 R2148-11 R214812
Dichlorodifluoromethane 10 - - - - - -
Chloromethane 10 - - - - - -
Vinyl Chioride 10 - - - - - -
Bromomethane 10 - - - - - -
Chloroethane 10 - - - - - -
Trichlorofluoromethane 10 59 - - - - -
Ethy! Ether 5 - - - - - -
Trichlorotrifiuoroethane 5 760 670 130 140 324 1.8J
Acrolein 40 - - - - - -
1,1-Dichloroethene 5 - - - - - -
Acetone 10 6.7J 10 - - - 564
Isopropyl Alcohol 60 - - - - - -
Carbon Disulfide 5 - - - - - -
Allyl Chioride - - - ¥ - -
Methylene Chloride - - - - - -
tert-Butyl Alcohol - - - - - -

tert-Methyl Butyl Ether
trans-1,2-Dichloroethene
Acrylonitrile
Isopropy! Ether
1.1-Dichlorcethane
2,2-Dichloropropane
Ethy! Acetate
cis-1,2-Dichloroethene
2-Butanone
2-Butanol
Bromochloromethane
Tetrahydrofuran
Chioroform
1,1,1-Trichloroethane
Carbon Tetrachloride
1,1-Dichloropropene
{sobutanol
Benzene
1,2-Dichloroethane
n-Butanol
Trichiorcethene
1,2-Dichloropropane
Dibromomethane
Bromodichioromethane
2-Chloroethyl Vinyl Ether
2-Nitropropane
cis-1,3-Dichloropropene
4-Methyl-2-pentancne
Toluene

. 4-Methyl-2-Pentanol 60

274 2 Gigrasme _
SUET

- - -
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PRL — Practical Quantitation Limit
J -~ The concentration is below the practical quantitation limit. Page 6
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‘Method 8260 Results for R2148

PRL | Sample Concentrations (ug/L)

Compound _(EglL): R2148-7 R2148-8 R2148-9 R2148-10 R2148-11 R2148-12
Trans-1,3-Dichloropropene | 5 - - -
1,1,2-Trichloroethane
Tetrachloroethene
1,3-Dichloropropane
2-Hexanone
Dibromochloromethane
1,2-Dibromoethane
Chlorocbenzene
Ethylbenzene
1,1,1,2-Tetrachloroethane
m & p-Xylene
o-Xylene
Styrene
Bromoform
Isopropyl benzene
Cyclohexanone
1,1,2,2-Tetrachloroethane
Bromobenzene
n-Propyl benzene
1,2,3-Trichleropropane
2-Chlorotoluene
1,3,5-Trimethylbenzene
4-Chlorotoluene
tert-Butyl benzene
1,2,4-Trimethylbenzene
sec-Butylbenzene
p-isopropylitoluene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
n-Butyl benzene
1,2-Dichlorobenzene
1,2-Dibromo-3-Chloropropane
1.2, 4-Trichlorobenzene
Hexachlorobutadiene
Naphthalene
1,2,3-Trichiorobenzene

484 5.8 - - - -
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PRL — Practical Quantitation Limit
J - The concentration is below the practical quantitation limit. Page7
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3M Environmental Laboratory - Advanced Method Development Team

Contact: Kris Hansen

Building 02-3E-09
612-778-6018
kjhansen@mmm.com
Final Report - Lab Request R2008
DuPont Water and Soil Samples N
07 November 1997
1.0 SUMMARY

samples from DuPont wire analyzed for.thes:.
arbon, and hydrogen using headspace sampling~

Five water samples and eight s
presence of fluorine, chlorine, bromine,

CERFENANYS, Ty
and gas chromatography coupled with an atomic emission detector (GC/AED). The  « with an &
samples were analyzed on two different columns, a DB-5 and a DB-624. Standard curves fememt oot
were generated during each analysis. Very little was seen in the samples and the A Ve
compounds that were detected existed at levels below the lowest standard. _ £y feve

2.0 INTRODUCTION

. Five water samples and eigh ples were received fom DuPont under i eight-sit s
request #2008. The samples were to be analyzed for the presence of perfluorooctanoic: ware %=
acid anion (POAA). However, since it is not volatile, POAA was not detected using
GC/AED. A headspace sampler was used to introduce any volatile or semi-volatile
components of the samples into the GC/AED. The samples were monitored for fluorine
(F690), bromine (Br478), chlorine (C1479), hydrogen (F436), and carbon (C496). ' h

de |

3.0 TEST MATERIALS

The five water samples were labeled on large amber glass bottles as follows:

Lab Request # # of Bottles Sample Description
R2008-1 1 DuPont Wash. Works ® Ranney Well FC143 1:48 pm
R2008-2 1 DuPont Wash. Works @ Ranney Well FC143 1:48 pm
R2008-3 1 DuPont Wash. Works @ Ranney Well FC143 1:50 pm >
R2008-4 1 DuPont Wash: Works @ Ranney'Well FC143 1:50 pm 7 2
R2008-5 1 DI Water e
&
W
3M Environmental Laboratory, Lab Request R2008 Page 1 of 5
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The eight soil samples were labeled on 1L plastic containers as follows:

Lab Request#  # of Containers Sample Description
R2008-6 8 DuPont Washington Dirt 5/30/97 11:00

All samples were refrigerated at approximately 4°C until sample preparation and
analysis. A

4.0 EXPERIMENTAL - OVERVIEW

Sample Preparation
The water samples were prepared by pipetting 10mL of each sample into 20mL
glass headspace vials. Each sample was "salted” by adding approximately 2 to 3 grams
of sodium chloride (this was done fo increase the ionic strength of the solution). The soil
samples were prepared by transferring 10 + 0.5 grams of soil (weight recorded) into
headspace vials. The soil samples were not salted. ( BT
. The standard curves were prepared using two differenttstandards, para-
bromofluorobenzene (p-BFB) and ortho-dichlorobenzene (0-DCB).-.Fhe-p-BFB was
prepared in acetone and the 0-DCB was prepared in methanol. The standards:were spiked

“into 10mL Milli-Q water at levels of 25ul, SOpl, and 100pl. Acctone and methanol

spikes (100p! each) in 10mL Milli-Q as well as a 10mL Milli-Q blank were also
analyzed. o tf

Since all eight containers of soil were the same, three of the eight samples were
used to make a standard curve. These were spiked exactly as the waters.were. One soil

, , sample was spiked with acetone and methanol, leaving four..containers ofisoil to be

treated as "samples.” Aprt oo

Because two different columns were used and all five elements could not be
monitored simultaneously, the water and soil samples were prepared four separate times.
Each time a standard curve was generated. When just F690 was monitored, the standard
curve was generated based on p-BFB. When all other elements were monitored, two
standard curves were generated, using p-BFB and 0-DCB. TP :

Instrumentation and Operating Conditions

Headspace Sampler: Hewlett Packard 19395A
Settings: Bath Temperature 85°C

Valve/Loop Temperature 140°C.

Probein, t=1second .

Vial Pressurized, t =3 seconds to 13 séconds

»>
Vent/Fill Loop, t = 14 seconds to 19 seconds 2]
Inject into GC, t = 20 seconds to 50 seconds g
Probe out, t = 51 seconds w
Packed column on vent -
3M Environmental Laboratory, Lab Request R2008 Page2of 5
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Gas Chromatograph: Hewlett Packard 5890 Series Il
Column: DB-5 (J&W Scientific) 30 x .25 x .25, serial # 2633586
Oven Program: 1 min @ 60°, 10°/min to 300° for 5 min (F690)

1 min @ 40°, 10°/min to 300° for 5 min
Column: DB-624 (J&W Scientific) 30 x .32 x 1.8, serial # 5812142
Oven Program: 1 min @ 40°, 10°/min to 200° for 5 min
Injection Port: 225°C, split

Atomic Emission Detector: Hewlett Packard 5921A "Flo"
GC Block/Transfer Line Temp 275°
Cavity Block Temp 275°

5.0 DATA ANALYSIS

SAMPLE RESULTS:

Lab Request # Column Element Results®...
R2008-1 DB-5 F no peaks détécted
R2008-2 DB-5 F no peaks detected
R2008-3 DB-5 F no peaks detected
R2008-4 DB-5 F no peaks detected
R2008-5 DB-5 F no peaks detected
R2008-6 DB-5 F no peaks detected

*minimum quantitation Limit: 0,280 ppm F in water, 0.282 ppm F in soil

Lab Request # Column Elements Results*
R2008-1 DB-5 H,C,Br,Cl no peaks detected
R2008-2 DB-5 H,C,B1,Cl no peaks detected
R2008-3 DB-5 H,C,Br, Cl no peaks detected
R2008-4 DB-5 H,C,Br,Cl no peaks detected
R2008-5 DB-5 H,C,B1,Cl no peaks detected
R2008-6 D‘B-5 H,C,Br, Cl M_eaks detected
*minimum quantitation limits: 1.176 ppm Br in water, 1.220 ppm Br in soil B

1.408 ppm Cl in water, 1.461 ppm Cl in soil

Lab Request # Column Element Results*

R2008-1 DB-624 F no peaks detected

R2008-2 DB-624 F no peaks detected

R2008-3 DB-624 F . no peaks detected

R2008-4 DB-624 F no peaks detected =

R2008-5 DB-624 F no peaks detected =

R2008-6 DB-624 F . no peaks detected =
*minimum quantitation limit: 0.280 ppm F in water, 0.282 ppm F in soil .L.h”'..
3M Environmental Laboratory, Lab Request R2008. Page3 of 5
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Lab Request # Column Elements Results*

R2008-1 DB-624 H,C,Br,Cl peaks detected on Cl channel (below mgl), no peaks
on other channels

R2008-2 DB-624 H,C, Br,Cl peaks detected on Cl channel (below mq}), no peaks
on other chumnels

R2008-3 DB-624 H,C,Br,Cl peaks detected on Cl channel (below mq), no peaks
on other channels

R2008-4 DB-624 H,C,Br, Cl peaks detected on Cl channel (below mgql), no peaks
on other channels

R2008-5 DB-624 H,C,Br,Cl no peaks detected

R2008-6 DB-624 H,C,Br,Cl no peaks detected

*minimum quantitation limits: 1.176 ppm Br in water, 1.187 ppm Br in soll
1.408 ppm Cl in water, 1.253 ppm Cl in soil

STANDARD CURVES:

The following are examples of standard curves taken from the analyses:

F Curve for DuPont Soil {DB-5)

y = 180.4x - 35.766
150 1. Re=0.9837

.0 05 1 15
" ppmF

C1 Curve for DuPont Water (DB-624)

15000

y =2581.8x - 505.73
10000 |  Re=0.064

5000 1

° 7
0 2 4 8 7
ppm Cl 2
<
wh
oy
N
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6.0 CONCLUSION .
Qualitative analysis of DuPont water and soil revealed very little was present in
any of the samples. Cl-containing compounds were found using the DB-624 column in
water samples R2008-1 through R2008-4. The levels of these compounds were not
quantitated because they were present in levels below the lowest standard.
7.0 MAINTENANCE OF RAW DATA
Hard copies of the data are filed in the AMDT archive.
SE Miller
110797
>
[22]
T
[«=}
‘1 =
W
3
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3M Environmentai Laboratory-Advanced Method Development Team

Contact: Kris Hansen

Building 02-3E-09
612-778-6018
kjhansen@mmm.com
Final Report - Lab Request R2148
DuPont Water Samples
07 November 1997
1.0 SUMMARY

Twelve water samples were received from DuPont on July 2, 1997. The samples:; ...
were & d, for;the presence of fluprine, chlorine, bromine, carbon,.and hydrogenesc: - . ...
using - sice sampling and gas- chromatography coupled with-an /atomicsemissignund « .o v .
detector (GC/AED). The samples were analyzed on two different columns; a:PB-5 andiavpie:
DB-624. Standard curves of no less than R*=0.99 were generated during each analysis

Column Samples Results Description Levelst,rics s O
DB-5 1-8 halogenated organics 023-1.3 ppm F, 0.29-0.86 ppm C, "I
0.39-2.5 ppm Cl
s i lOW l,evg%g %g‘genated orga_nics 0.32~0§§,5 ppm C, F andiQ}l areas less ;.00 PTI
AR ke than low standard response :
DB-5 11-12 C only detected C area less than low standard
. response
DB-624 1-8 halogenated organics 0.23-1.1 ppm F, 0.24-0.50 ppm C,
0.45-3.6 ppm Cl
DB-624 9-10 low levels of halogenated organics  0.082 ppm F (#10), F, C, and Cl areas R
less than low standard response
DB-624  11-12 C and F only detected’ C and F areas less than low standard
, response

*reported as total ppm per sample

Bromine was not detected in any of the samples on either column. Hydrogen was
detected in four samples on the DB-5 and in one sample on the DB-624.

0CSOTOHSY
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2.0 INTRODUCTION

Twelve monitoring well water samples were received from DuPont under lab
request R2148. The samples were to be analyzed for the presence of organofluorines. A
headspace sampler was used to introduce any volatile or semi-volatile components of the

samples into a GC/AED. The samples were monitored for fluorine (F690), bromine
(Br478), chlorine (Cl479), carbon (C496), and hydrogen (H486).

3.0 TEST MATERIALS

The water samples were received in amber glass bottles and labeled as follows:

rdbaion,

3M Lab Request # Sample Description

R2148-1 MW-1 10f2
R2143-2 MW-1 20f2
R2148-3 MW-2 10of2
R2148-4 MW-2 20f2 :
R2148-5 MW-3 1of2 A
R2148-6 MW-3 20f2
R2148-7 MW-4 10f2
R2148-8 MW-4 20f2
R2148-9 MW-5 10f2
R2148-10 MW-5 20f2
R2148-11 MW-6 10of2
R2148-12 MW-6 20f2

H
i

All samples were refrigerated at approximately 4°C until sample preparation and “ire-nese -

analysis,
4.0 EXPERIMENTAL - OVERVIEW
Sample Preparation

The water samples were prepared by transferring approximately 10mL of each
sample into tared headspace vials containing approximately 4 + 0.1 grams of sodium
chloride. The vials were rewieghed to get the weight of the water. This was done instead
of pipetting an exact volume so that exposure to air was kept to a2 minimum, and the
possibility of losing volatile components reduced.

Standard curves were prepared using two different standards, para-
bromofluorobenzene (p-BFB) and ortho-dichlorobenzene (0-DCB). Two standard curves
were necessary so calibration curves could be generated for all elements of interest:
fluorine, carbon, hydrogen, and bromine from p-BFB; carbon, hydrogen, and chlorine
from 0-DCB. The p-BFB was prepared in acetone and the 0-DCB was prepared in

methanol. The standards were spiked into 10mL Milli-Q water (salted) at levels of SpL,
3M Environmental Laboratory, Lab Request R2148 Page 2 of 8
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25uL, 50pL, 75uL, and 100pL. Acetone and methanol spikes (100pL each) in 10mL
Milli-Q as well as a 10mL Milli-Q blank were also analyzed.

The combination of two columns (the DB-5 is good for late eluting compounds
and the DB-624 is used to separate compounds that elute relatively quickly) yielded a
thorough analysis for each sample. Because two different columns were used and all five
elements could not be monitored simultaneously, the samples were prepared four separate
times. When just F690 was monitored, the standard curve was generated based on p-
BFB. When all other elements were monitored, two standard curves were generated,
using both p-BFB and o-DCB. The final results for fluorine, carbon, hydrogen, and
bormine were based on p-BFB. The chlorine curve was based on 0-DCB.

Instrumentation and Operating Conditions

Headspace Sampler: Hewlett Packard 19395A
Settings: Bath Temperature 85°C
Valve/Loop Temperature 140°C
Probe in, t =1 second
Vial Pressurized, t =3 seconds to 13 seconds
Vent/Fill Loop, t = 14 seconds to 19 seconds
Inject into GC, t = 20 seconds to 50 seconds
Probe out, t =51 seconds
Packed column on vent

Gas Chromatograph: Hewlett Packard 5890 Series I

Column: DB-5 (J&W Scientific) 30m x .25mm x .25pm, serial # 2633586
Oven Program: 1 min @ 40°, 10°/min to 300° for 3 min

Column: DB-624 (J&W Scientific) 30m x .32mm x 1.8pm, serial # 5812142
Oven Program: 1 min @ 40°, 10°/min to 240° for 5 min

Injection Port: 225°C, split

Atomic Emission Detector: Hewlett Packard 5921A "Flo"

- CCSOTOHSV
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5.0 DATA ANALYSIS

SAMPLE ANALYSIS:

Column: DB-5

Lab Request# F600*
R2148-1 0.23 ppm, 1 peak < low std. response
R2148-2 0.23 ppm, 1 peak < low std. response
R2148-3 0.079 ppm, 0.55 ppm
R2148-4 0.34 ppm, 1 peak < low std. response
R2148-5 0.26 ppm, 0.57 ppm
R2148-6 0.39 ppm, 0.0 ppm
R2148-7 0.066 ppm, 0.21 ppm
R2148-8 0.075 ppm, 0.22 ppm
R2148-9 2 peaks < low std. response
R2148-10 2 peaks < Iow std. response
R2148-11 none detected
R2148-12 none detected

*low standard concentration: 0.056 ppm F

Column: DB-624

Lab Request # F690* i f
R2148-1 026 ppm F, 3 peaks < low std. response
R2148-2 0.23 ppm F, 3 peaks <low std. response.3-.
R2148-3 0.075 ppm, 0.44 ppm F, 2 peaks < low std. resporise.
R2148-4 0.074 ppm, 0.42 ppm F, 2 peaks < low std. response
R2148-5 0.086 ppm, 0.27 ppm, 0.70 ppm F, 3 peaks <low std. response
R2148-6 0.080 ppm, 0.23 ppm, 0.59 ppm F, 3 peaks < low std. response
R2148-7 0.087 ppm, 0.20 ppm F, 2 peaks < low std response
R2148-8 0.083 ppm, 0.16 ppm F, 2 peaks < low std. response
R2148-9 : 5 peaks < low std. response
R2148-10 0.082 ppm F, 4 peaks < low std response
R2148-11 1 peak < low std. response -
R2148-12 : none detected

*same low standard concentration as above

ECSOIOHSY
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Column: DB-5

H486*

Lab Request # C496* Cld79* Br478*
R2148-1 1 peak <low std. none detected 0.39 ppm none detected
response
R2148-2 1 peak < low std. none detected 0.46 ppm none detected
response
R2148-3 0.43 ppm none detected 1.2 ppm, 2 peaks none detected
< low std. response
R2148-4 0.39 ppm, 3 peaks <low 1 peak < low 1.0 ppm, 2 peaks none detected
std. response std. response < low std. response
R2148-5 0.32 ppm, 0.42 ppm, 0.13ppm, 2 043 ppm, 1.2 ppm,  none detected
2 peaks < low std. peaks < low 0.31 ppm
response std. response
R2148-6 0.36 ppm, 0.50 ppm, 0.078 ppm, 2 0.54 ppm, 1.6 ppm,  none detected
2 peaks < low std. peaks < low 0.40 ppm
response std. response
R2148-7 0.29 ppm, 2 peaks <low 1 peak <low 046 ppm, 2 peaks  none detected
std. response std. response < low std. response
R2148-8 2 peaks < low std. none detected 0.46 ppm, 2 peaks none dete¢ted
response < low std response
R2148-9 0.32 ppm, 2 peaks <low  none detected 2 peaks < low std. none detected
std. response response
R2148-10 0.35 ppm, 2 peaks <low ~ none detected 2peaks<lowstd.  none detected-
std. response response I
R2148-11 1 peak <lowstd. . none detected none detected none detetted < -
response. . . A
R2148-12 1 peak < low std. none detected none detected none detected
response
*low standard concentrations: 0.21 ppm C, 0.060 ppm H, 0.28 ppm C}, 0.24 ppm Br
>
w
ex)
S
pamry
o
W
]
=
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Column: DB-624

Lab Request # C496* HA486* Ci479* Br478*
R2148-1 1 peak < low std. none detected 0.57 ppm none detected
response .
R2148-2 1 peak <low std. none detected 0.45 ppm none detected
response
R2148-3 0.24 ppm, 1 peak <low  none detected 12ppm none detected
std, response
R2148-4 1 peak <low std. none detected 1.0ppm none detected
response
R2148-5 0.34 ppm, 3 peaks <low  none detected 040 ppm, 1.6 ppm,  none detected
std. response 042 ppm
R2148-6 0.50 ppm, 3 peaks < low 1 peak < low 0.57 ppm, 2.4 ppm,  none detected
std. response std. response 0.58 ppm, 1 peak
< low std. response
R2148-7 2 peaks < low std. none detected 0.45 ppm, I peak none detected
response < low std. response
R2148-8 2 peaks < low std. none detected 0.66 ppm, 2 peaks none detected
response < low std. response
R2148-9 1 peak <low std. none detected 3 peaks < low std. none detected
Tesponse response
R2148-10 1 peak <low std. none detected 3 peaks < low std. none detected
response response
R2148-11 1 peak < low std. none detected none detected none detected
response
R2148-12 1 peak <low std. none detected none detected none detected .. g1v.
response we

*same low standard concentrations as above

All results were normalized, assuming the density of water = 1g/mL.

3M Environmental Laboratory, Lab Request R2148
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STANDARD CURVES:

Example of a standard curve from the analysis (all standard curves had R* of 0.99 or

greater):
F Curve for R2148 (DB-624)
gg V= 23422%-9807
2000 t R2=0997
2 1500}
s 1000 |
500 1
0 + " = + :
0 02 04 06 08 1 12
ppmF '
SEE

6.0 CONCLUSIONS

Twelve water samples were analyzed on two different columns with a GC/AED.
More fluorine was detected using the DB-624 than the DB-5; in the DB-5 analysis, more

carbon, hydrogen, and chlorine were detected. All of the samples evidence of at least one B ST
o of the elements targeted. Many peaks were detected but not quantitated because the peak v poaks were Jow
area was less than the low standard response for that element. ¢ emgmasse for
o 7.0 MAINTENANCE OF RAW DATA oW BANA

Copies of all data will be filed in the AMDT archive. ' o fud

8.0 APPENDICES .

Appendix A: Chromatogram of sample 6 (MW-3 2 of 2)

F650
DB-624
SEMiller
110797
>
(7]
T
e
v
. , ]
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Appendix A: Chromatogram of sample 6 (MW-3 2 of2) *
F690 i
DB-624

F 639@ of 138@T:F@21R13A.D

40
30
20
181
— TE———— |= Y T T T T 1
a 18 . 28 3Q
Time (min.)} o
F-688 of 130@8T:F@21A13AR.D CSHG af o uien
-] W
48
307
207
181
_—"—"-'-r‘-_'!_—'-—l-—""“"‘—l' T L 4 T
i 2 3
Time (min.)
>
[¢2]
s}
=
‘ 3
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3M Environmental Laboratory - Advanced Method Development Team
Kris Hansen - Sr. Analytical Chemist
Advanced Method Development Team

Building 2-3E-09
612-778-6018
kjhansen@mmm.com
Final Report
Determination of Total Fluoride in Soil
Laboratory Request R2382
1.0 SUMMARY
Eleven soil samples from Dupont, Washington Works Plant were submitted to the B L
Environmental Laboratory for analysis of total fluoride. The samples were submitted ssabyels ol o
under Lab Request No. R2382, samples 1-through 11. 7 mapgples T

The samples were analyzed using an Orion EA 940 Expandable Ton Analyzer after

combustion using a Dohrmann DX2000 Organic Halide Analyzer modified for fluoride
analysis.

The following table contains a summary of the results. The Total Fluoride values are the
average of three replicates of the same sample, and are given in the table along with the
standard deviation of the three replicates. Total fluoride is defined as the concentration of

F- measured followmg complete c@m stiopof the'sample. ¥+

[Summary Table: _ ' o
Soil Samples from Dupont Washington R2382

: l.’ll 01,400 O ;l 06300 3

uoride: \verage (mg/Kg): : 600 00 41200 U300
Standard Deviation: 3600 2200

>
2.0 TEST MATERIALS 2
' o
The soil samples were sent from Dupont, Washington Works Plant, and received at the g
Environmental Laboratory in St. Paul on 6/6/97. The samples were logged in under Lab =)
Request R2382, samples 1 through 11. Samples were refrigerated at 4°C until analysis.
Analyst / Date
Daniel Howman / 10-1-97 Page 1 of7
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3.0 INSTRUMENTATION

A. Dohrmann DX2000 Organic Halide Analyzer modified for fluoride analysis
OPERATING CONDITIONS
Combustion tube temperature = 950° C
Oxygen and Helium flow = 50 cc/minute
Vaporization/Drying time = 240 seconds
Bake time = 300 seconds
Collection fluid = 3.0 mL of 1:1 TISAB/Milli-Q H,O
B. Orion EA940 Expandable Ion Analyzer with Orion 9609BN Combination Fluoride
Electrode :

4.0 EXPERIMENTAL OVERVIEW: Total Fluoride Determination

4.1 Standards
A standard curve was prepared from Amonium Perfluorooctanoate
(POAA) stock solution (S397-420) at the following concentrations: 25, 50,
250, 500, 1000 ppm POAA in MeOH. For each sample, 0.2mL of soil
was extracted thermally with the Dohrmann DX2000 Organic Halide
Analyzer. The EOX-Liquids computer program was used for the standard
extraction. Standards were prepared and analyzed in triplicate. The
extraction products of the standards were collected in 3 mL of 1:1 TISAB
II/H,0. The collection vial was placed so that the tip of the combustion
tube was in the collection fluid. Gases released during pyrolysis bubble
through the collection fluid; the F- partitions into the collection fluid.

The concentration of ﬂuoridé in the collection vial was determined by
direct measurement with the Orion EA940 Expandable Ion Analyzer with

calibrated by direct measurement with no blank correction, using standards
with a concentration of 0.1, 0.5, 1.0, 1.5, 5.0 ppm F". Standards were
prepared using Corning Sodium; (IN-A-0572) and diluted in 1:1
TISAB II/H,0. b ) '

Orion 9609BN Combination Fluoride/Electrode: The Orion EA940 was ™ °

AR

SR

sgrd byt e B
Bitisei i - teiem g

i DU

4.2 Blanks ' ‘
Prior to analysis of the samples and standards, 0.{mL of Milli-Q was >
extracted on the Dohrmann DX2000 Halide Analyzer in the same way as I
the standards to insure the system was free of any fluoride contamnination. §
Total fluoride was then measured on the Orion EA940. @
Analyst / Date :
Daniel Howman / 10-1-97 Page 2 of 7
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4.3 Samples
For sample analysis, 0.02 gram samples of soil were extracted in triplicate
on the Dohrmann DX-2000 in the same way as the standards. The EOX-
Solids computer program was used for sample extraction. The
concentration of fluoride extracted was determined by direct measurement
with the Orion EA940.

5.0 DATA ANALYSIS: Total Fluoride determination

5.1 Standards
A standard curve was developed using the POAA standard solutions (see
appendix). The fluoride content of POAA is 66.10%, thus, the
concentration of fluoride in the standards was determined by multiplying
the concentration of POAA by 66.10%.

Concentration of F- = (Standard concentration) * (0.661)
Concentration of F- = (25ppm POAA) * (0.661)
Concentration of F- in 25ppm POAA = 16.5ppm

These calculated values were plotted and a standard curve calculated using
linear regression. The equation of the regression is y = 0.0067x - 0.1061.
A linear correlation coefficient of 0.9962 was obtained for the standard
range of 25 - 1000 ppm APO.

5.2 Blanks “ -
No further analysis was done on the blanks. - . ey S

5.3 Samples
The Total Fluoride in the samples is reported as the average of triplicate
sample analysis using the linear regression equation to correct for
extraction efficiency (see appéndix).

Calculated F- (mg/L) = (Meter Reading + Intercept) / Slope

Calculated F- (mg/L) = (Meter Reading of R2382-1-1 +0.1061) / (0.0067)
Calculated F- (mg/L) = (0.8047 + 0.1061) / (0.0067)

Calculated F- of R2382-1-1 = 136mg/L

Calculated F- (ng/Kg) = (Calculated F- (mg/L)) *
(Collection Volume) / (Sample Weight)

. Calculated F- (mg/Kg) = (136mg/L) * (3ml) / (0.0203grams) 2
Calculated F- (mg/Kg) = 20100mg/Kg =
S
Analysis blanks and calibration check standards were analyzed 'é‘

periodically to verify that the system continued to operate properly.

Analyst / Date
\ Daniel Howman / 10-1-97 Page 3 of 7
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6.0 CONCLUSIONS

Triplicate analysis of the pyrolysis products of R2382-1 to R2382-11 determined that
fluorine is present in all samples. Total fluoride concentration varies from 20100ppm to

106,300ppm; data are summarized in the Summary Table (section 1.0).

The highest levels of fluoride were found in R2382-5 and R2382-6 and the lowest levels

in samples R2382-1 and R2382-2.

Analyst / Date
Daniel Howman / 10-1-97

Page 4 of 7
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Standard Curve POAA

ASH010534
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Analyst / Date
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Project: R2382

Dupont Washington Soil Samples
Calculations for Standard Curve
Calculated F- {mg/L) = Meter Reading * Coltection Voiume / Sample Volume
Sarpie l?m‘ Sample ‘caneeuon!annam| Standard F- Metef‘ % ‘ Comments
D Voiume (mt) | Volume (ml) | F-(mgA) | Concentration( Reading | Rec.
2 2.062 95.25
1 0.0 30 - 0.05853
3 001 3.0 0.03891
1 0.01 3.0 0.02618
1 0.01 30 183 . 16.5 0.06097 | 110.69
1 0.01 30 165 165 005505 | ©9.96
1 0.01 30 128 165 0.04256 77.28
1 i "3, 13.9 16.5 0.04638 84.20
1 .01 3. . 0.9685 96.85
.01 3 305 T 331 01016 | 9222 [Duetoiow meter
1 0.01 a0 26.2 331 readings and low
1 001 30 2.7 33.4 decided to
(] 0.01 30 1.7 1653 refun using 20UL. 25
1 0.0 3.0 128.4 185.3 | . vnlugalll
-
1 0.02 3.0
1 0.02 30
1 0.02 30 -
1 0.02 3.0 13.7 16.5
1 0.02 30 17.2 165
1 0.02 3.0 16.0 16.5
1 0.02 3.0 265 331
1 0.02 a0 28.6 34
1 0.02 a0 265 324
0.02 3.0 130.6 165.3
1 0.02 30 14565 . 1653
1 0.02 30 144.1 1653 ,
1 0.02 3.0 a0t.8 3305
1 0.02 3.0 3006 3305 .
4 0.02 3.0 314.4 330.5 -} 2088 95.13
1 0.02 3.0 645.2 661.0 E 4301 87.61
1 0.02 3.0 6721 661.0 4.481 101.68
1 0.02 3.0 §58.5 661.0 4,390 99.63
1 0.9646 96.46
>
=
o
ol
o
n
. W
w
Analyst / Date
Daniel Howman / 10-1-87 PageBof7 -
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Project: R2382
Soil Samples from Dupont Washington )

Calculations for Total Fluoride in Soil

Calculated F- (mglL) = (Meler Reading + Intércep!) / Stape

EID129635

Calculated F- (mg/Kg) = Calculaled F- (mgh) * Collection Volume / Sample Welght
Sample Diivtion | Sample | Caiection | Meter | Calculaled Calcula!edFiahsﬁs % Comments
D Weight (0) Volume (inL) | Reading | F-(mgl.) ] F-(ma/Kg) {mp/Kg){ Recovery
Pnalysrs: DRH 9-30-97 o
2 2.079 . 860
1 30 807719
1 3.0 0.05811
1 o 30 0.05168
0.0203 30 0.8047 | 136 20100 |AVE 21300
0.0231 30 0.8870 148 19200 |STD 2800
0.023 30 1.155 188 24500 oV 13
0.0236 30 0.3080 136 | 17300 |AVE 20100
0.0215 30 09163 153 21300 |STD 2400
0.0219 30 0.9542 158 2700 fev 12
1 . 0.9698 Ba43 970
0.0204 30 2.485 38/7 56,900 |AVE 61200
00225 30 2.983 485 61500 |sTD 4200
00202 30 2.841 440 es3m |ev 7
00235 30 3,658 563 71900 |[AVE 78300
00227 30 3898 598 70000 |STD 6000
0.0225 30 4109 629 g3g0 lev 8
0023 30 6.189 940 122,600 514
0.0228 30 5.349 814 107,100 |AVE 106300
0.023 30 5436 827 107300 {STD 2100
0.0226 30 5136 782 103900 fcv 2 _
1 0.9856 | B85
0.021 EX) 3835 588 BA000 |AVE 82700 |
0.021 30 3.789 581 83000 |STD 400
0.0214 30 3.774 579 1200 jev 2
00218 30 2.963 61 53,400 |AVE 59100
0.0201 30 2588 402. 60,000 |STD 4g00
0.021 30 2.415 378 53800 lcv_ 8
0022 30 181 2668 30,000 |AVE 37600
00216 30 1.841 291 40400 |STD 3800
0.0215 30 1.503 240 3350055 cv__ 10
1 0.9777 @EE&%& 578
00208 | 30 1.485 237 34,1005 AVE . 33500
0021 a0 1.509 24t 34,400 |STD 1400
0.0203 30 1.342 216 3900 jov 4
1 09727 S74
2 2018 93
1 30 0.1319
] 30 0.06430
1 ag 0.05910
10,0203 30 1665 264 39,100 |[AVE 41200
0.0201 30 1.741 278 41,100 |sTO 2200
00208 30 1,909 301 @400 lcv 5
0.0218 30 1.288 208 28500 |AVE 30300
00223 30 1471 235 31,700 |STD 1800
0022 30 1.402 25 20700 lcv__ S
0.5420 942
hotehaok Referanca: cmm-s;t-z p.21-23
>
w
e
o
ot
o)
W
o
N
Analyst / Date
Daniel Howman / 10-1-97 PageTof 7 193 % 125‘
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3M Environmental Laboratory - Advanced Meth;)d Development Team

Contact: Kris Hansen - Sr. Analytical Chemist

Building 02-3E-09
778-6018
kjhansen @ mmm.com
Final Repert - Lab Request R2148
‘Total Fluoride Analysis - DuPont
30 September 1997
1.0 SUMMARY

Twelve water samples from DuPont were submitted to the 3M Environmental
Laboratory for organic fluorine analysis. The samples were submitted under Lab Request
R2148, samples 1 through 12. Samples were tested for fluoride ions, total fluorine, and
adsorbable organic fluorine (AOF). A modified version of DIN method 38 402 H29 was -
used to measure the AOF.

The following table contains a summary of the results.

21y

Sample . Sample Fluoride Ion Total Fluorine Total Fluorine - Adsorbable
D Request (pg/mL F-) (ng/mi F-) Fluoride Ion Organic Fluorine
(pg/mL) (ug/mL F-)

MW-1-1 R2148-1 80 s 18 ¥ 4.5 I
MWw-1-2 R2148-2 g “16 R [ ' 42 R
MW-2-1 R2148-3 0.16 33 3.1 028
MW-2-2 R21484 0.16 35 33 0.46
MW-3-1 R2148-5 0.14 42 4.1 1.1
MW-3-2 R2148-6 0.14 33 3.2 0.76
MW-4-1 R2148-7 - 011 40 39 0.19
MW-4-2 R2148-3 0.11 42 4.1 0.14
MW-5-1 R2148-9 <0.10 3.0 29 T 011
MW.5-2 R2148-10 <0.10 28 27 0.14
MW-6-1 R2148-11 0.10 23 22 <0.05
MW-6-2 R2148-12 0.10 42 4.1 <0.05
2.9 INTRODUCTION

A request was made of the 3M Environmental Laboratory to determine the
amount of fluoride and organic fluorine in twelve monitoring well water samples, using a
modified Dohrmann Organic Halide Analyzer and the Orion EA940 Meter with a fluoride
specific electrode.

3.0 TEST MATERIALS

6£SO0TOHSY

Twelve monitoring well water samples were received from DuPont. The samples
were labeled as having been collected on 6/26/97. The samples were logged in as Lab

P ‘ 3M Environmental Laboratory, Lab Request R2148
tb o 135
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Request R2148, samples 1 through 12. Samples were kept refrigerated until they were
analyzed.

A standard curve was prepared, from an ammonium perfluorooctanoate (POAA)
standard (S397-386) for total fluoride plus organic fluorine analysis and from an
ammonium perfluorooctanoate (POAA) standard (S397-383) for adsorbable organic
fluorine. The Orion meter was calibrated daily with standards prepared from a Corning
fluoride stock standard in 50% TISAB II/50% Milli-Q water
4.0 EXPERIMENTAL - OVERVIEW

4.1 Fluoride Ior Analysis

This analysis measured the amount of fluoride ion in the sample without
combusting the sample. For measurement of fluoride ion, an Orion EA940 meter
was calibrated daily, using Corning standards over the range of 0.05 - 1.5 ppm
fluoride. One milliliter of unfiltered sample was diluted with one milliliter of
TISAB H and analyzed on the Orion meter. A mid-range calibration standard was
analyzed periodically to verify that the system continued to operate properly.

4.2 Adsorbable Organic Fluorine (AOF)

This analysis measures the amount of adsorbable organic fluorine as
fluoride in the sample by passing the filtered sample through two carbon columns
and then combusting the carbon. For measurement of AOF, a modified version
of the German wastewater analysis method, DIN method 38 402 H29 (column
method), was followed. The POAA standard curve and samples were prepared by
running 100.0 mL of standard or sample (or an aliquot of samplé:diluted to 100
mL) through two carbon columns using a Dohrmann AD-2000 Adsorption
Module. The carbon columns were burned in a modified Dohrmann DX2000
Organic Halide Analyzer, collecting the off-gases in 3.0 mL of 1:1 TISAB
II/Milli-Q water and analyzing on an Orion EA940 meter with a fluoride specific
electrode. The Orion meter calibrated from 0.5 - 25.0 ppm fluoride.

4.3 Total Fluorine Analysis

This analysis measured the amount of total fluorine by combusting an
aliquot of unfiltered sample, collecting the off-gasses, and analyzing the collection
solution for fluoride. For this measurement a modified Dohrmann Organic Halide
Analyzer and an Orion EA940 meter (calibrated from 0.1 - 5.0 ppm F-) were used.
An POAA standard curve was generated by buming 0.10 mL standard and
collecting the off-gasses in 3.0 mL 1:1 TISAB II/Milli-Q water for analysis on the

Orion EA940 meter. The water samples were analyzed following the same
method as the standards.

INSTRUMENTATION

0VSOLOHSY

Dohrmann DX2000 Organic Halide Analyzer modified for fluoride analysis
- Dohrmann Adsorption Module AD2000

3M Environmental Laboratory, Lab Request R2148
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INSTRUMENTATION |

Orion EA940 Expandable Ion Analyzer with Orion 9609BN Combination
Fluoride Electrode

DX2000 software, version 1.00, modified for fluoride extraction

DX2000 software, version 2.00, modified for fluoride extraction (AOF analysis)
Microsoft Excel '

OPERATING CONDITIONS

Combustion tube temperature = 9500 C

Oxygen and Helium flow = 50 cc/minute

VPOA Arization/Drying time = 240 seconds

Bake time =300 seconds

Collection fluid = 3.0 mL 1:1 TISAB II/Milli-Q water

REAGENTS

Fluoride Standard 100 ppm, purchased from Corning (part #478170, lot #1113022)
Total lonic Strength Adjustment Buffer (TISAB II), Orion (part #940909, lot AR1)
5.0 DATA ANALYSIS

The Orion Meter, serial # 4202, was calibrated each morning prior to any samples
being run. Calibration was based on direct measurement of calibration standards made
from Coming fluoride stock standard. An acceptable correlation coefficient is =0.9950.

date analysis done correlation coefficient (R%)
: Total Fluorine Analysis /
18 - 21 August 1997 POAA standard curve ) >0.9993
18 August 1997 Fluoride ion analysis >0:9998
15 - 25 August 1997 - AOF Analysis / POAA standard curve >0.9999

A standard curve for total fluorine was generated by combusting 0.1 mL aliquots
of 2.0, 5.0, 20, 50, and 100 pg/mL POAA standard (POAA is 66.1% fluoride) in the
Dohrmann DX2000 Modified Organic Halide Analyzer. The off-gasses were collected in
3 mL of 1:1TISAB II/ Milli-Q water and analyzed with the Orion meter. Using least
squares linear regression, plotting the fluoride concentration of the standard on the x-axis,
and the Orion meter response on the y-axis, the following curve was generated:

Y =0.0341x 0.0157 and R? = 0.9988.

A standard curve for adsorbable organic fluorine (AOF) was generated by pushing
100 mLs each of 5 standards containing 4.9, 14.4, 23.6, 33.5, and 43.1 pg/mL fluorine as
POAA through two carbon columns. The carbon columns were combusted in the
Modified Dohrmann DX2000 Organic Halide Analyzer. The effluent was collected in 3
mL of 1:1 TISAB II / Milli-Q water and analyzed with the Orion meter. Using least
squares linear regression, plotting the fluoride concentration of the standard on the x axis,
and the Orion meter response on the y axis, the following curve was generated: Y
=0.2894x + 0.0196 and R? = 0.9949,

1$S010HSV

~ 3M Environmental Laboratory, Lab Request R2148
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SAMPLE ANALYSIS:

Fluoride Ion Analysis
Meter Dilution Quantity of Fluoride Ion
Sample # Reading Factor Sample in Sample
(mL) (#g/mL)

R2148-1 0.1005 2 1.0 0.20
R2148-2 0.1017 2 10 020
R2148-3 0.0813 2 1.0 0.16
R2148-4 0.0801 2 1.0 0.16
R2148-5 0.0701 2 1.0 0.14
R2148-6 0.0696 2 1.0 0.14
R2148-7 0.0567 2 1.0 0.1
R2148-8 0.0556 2 1.0 0.11
R2148-9 0.0465 2 1.0 <0.10*
R2148-10 0.0463 2 1.0 <0.10*
R2148-11 0.0491 2 1.0 <0.10 *
R2148-12 0.0497 2 1.0 <0.10*

*Method detection limit (MDL) = 0.100 ppm (lowest calibration standard x dilution factor)

AOF Standard Curve
Total Ammonium Perfluorooctanoate Standard in Columns (top + botton)

Quantity Combined Spiked
Sample ID Sample Orion Meter pg/mLF-
* {mL) Reading in Sample
. {ng/mL F-) *

POAA Standard 1 0.072 ppm 100 1.62 0.05
POAA Standard 2 0217 ppm 100 4.18 0.14
POAA Standard 3 0.362 ppm 100 6.75 0.24
POAA Standard 4 0.507 ppm 100 931 0.34
POAA Standard 5 0.652 ppm 100 129 043

*POAA Standard is 66.1% Fluoride

AOF Sample Analysis
» Sample ID Combined Quantity of Sample  Adsorbable Organic Fluorine
o : Meter Reading (mL) in Sample (ug/mL)
R2148-1 (top + bottom) 6.544 5.0 45
R2148-2 (top + bottom) 6.063 5.0 42
R2148-3 (top + bottom) 6.776 © 850 0.28
R2148-4 (top + beitom) 1130 | '85.0. 046
R2148-5 (top + bottom) 3.235 10.0 1.1
R2148-6 (top + bottom) 2229 10.0 0.76
R2148-7 (top + boitom) 2.696 50.0 0.19
R2148-8 (top + bottom) 2.024 50.0 0.14
R2148-9 (top + bottom) 1.556 50.0 0.1
R2148-10 (top + bottom) 1.937 50.0 0.13
R2148-11 {top + bottom) 0.537 100.0 <0.05*
R2148-12 (top + bottom) 0.536 100.0 <0.05*
*MDL =0.05 pg/mL.
3M Environmental Laboratory, Lab Request R2143
‘ b1

Y =0.2894x + 0.0196 RZ =0.9949
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Total Fluorine Standard Curve
Ammonium Perfluorooctanoate in Milli-Q water

Quantity  Orion Meter  Spiked ug/mL

Sample ID Sample Reading F- in Sample
(mL) (ng/mL F-)* *
POAA standard 1 - 2.00 ppm 0.100 0.048 132
POAA standard 2 - 5.00 ppm 0.100 0.100 3.31
POAA standard 3 - 20.0 ppm 0.100 0.421 132
POAA standard 4 - 50.0 ppm 0.100 1.089 33.1
POAA standard 5 - 100 ppm 0.100 2248 66.1

"Based on the average of three replicates. Y =0.0341x ~0.0157 R*=0.9988
*ammonium perfluorooctanoate standard is 66.1 % Fluoride

Total Fluorine Sample Analysis #IHEER
Meter*  Quantityof  Total pg/mL *
Sample ID Reading Sample(mL)  F-in Sample

MW-1-1  R2148-1 02568 0.1 8.0
MW-12  R2148-2 0.5217 0.1 16
MW-2-1 R2148-3 0.0964 0.1 33
MW-2-2 R2148-4 0.1051 0.1 35
MW-3-1 R2148-5 0.1279 01 42
MW-3-2  R2148-6 0.0963 0.1 33
MW-4-1  R2148-7 0.1199 S0l 4.0
MW-4-2  R2148-8 0.1260 0.1 42
MW-5-1  R2148-9 0.0960 0.1 3.0
MW-5-2  R2148-10 0.0802 0.1 23
MW-6-1  R2148-11 0.0636 0.1 ' 23
MW-62  R2148-12 0.1286 0.1 42

* Based on average of three replicates.

6.0 CONCLUSION

Fluoride ion concentrations range from <0.10 to 0.20 pg/ml, <0.05 to 4.5 pg/mL
F- for adsorbable organic fluorine analysis, and 2.3 to 16 pg/mL F- for total fluorine
analysis. The large difference in concentration of total fluorine for samples, R2148-1 and
R2148-2 (duplicate samples) may have been caused by differences in the amount of solid
particulate matter in the sample aliquots. The results for the adsorbable organic fluorine
analysis may be lower than expected, due to the fact that the solid particulate matter was

filtered from the AOF samples, and some polymers may not adsorb on to the charcoal
columns.

ERtENE S i eyt il o
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7.0 MAINTENANCE OF RAW DATA g
Hard copies of the data are filed in the AMDT archive. §
JG Schutz
09-30-97
3M Environmental Laboratory, Lab Request R2148 .
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Orlon Data ASH010545 W
x
DATA FOR AMMONIUM PERFLUOROOCTANOATE AOF STANDARD CURVE _ _ _ N
Sample Actual - Cale.  F-Cone. I\
D Meter Collect Dilution Sample CalcAOF ~ Tofalof TOTAL AOF in %
reading Vol{mL) Factor Volume of = .,  Oronread (Top & Standard Recovery
E F-) . (mb) column .~ top&bottom Bottom) Aﬁas
blank bottom 0.1522 3.0 1 1 0.4565
Std # 1 bottom 0.4536 3.0 1 100 0.01361
Std # 2 bottom 0.3701 3.0 1 100 0.011.1
Std # 3 bottom 0.3843 3.0 1 100 0.0109296
Std # 4 bottom 0.1815 3.0 1 100 0.00544
[Std # 5 bottom 0.1232 3.0 1 100 0.00370] T
|blank top 0.0544 3.0 1 100 0.00163 .
._ma #1top 1.1620 3.0 1 100 0.03486 1.616 0.048 0.049 100%
Std # 2 top 3.8126 3.0 1 100 0.1144 4,183 0.125] - 0.144) 87%
Std # 3 top 6.3834 3.0 1 100 0.1915 6.748 0.202 0.239 85%
1Std # 4 top 9,1307 3.0 1 100 - 0.2739] 9.312 0.279 0.336 83%
Std # 5 top 12.764 3.0 1 100 0.3829 12.887 0.387 0.431 90%
1QC check 5.0 5.008 1.0 1 1 '5.098 -
FLUORIDE ION ANALYSIS Total Fluoride
Sample 1D Meter Read TISAB Vol Dilution Sample Vol (ug/mb)
QC check 0.50 pp 0.5018 1.0 1 1.0 0.502 100%
[R2148-1 0.1005 1.0 2 1.0 0.201
|R2148-2 -0.1017 1.0 20 1.0 0.203
|R2148-3 0.0813 1.0 2 1.0 0.163
[R2148-4 0.0801 1.0 2 1.0 0.160
[R2148-5 0.0701 1.0 2 1.0 0.140
|r2148-6 0.0696 1.0 2] 1.0 0.139
R2148-7 0.0567 1.0 2 1.0 0.113
R2148-8 0.0556 1.0 2 1.0 0.111
R2148-9 0.0465 1.0 2 1.0 0.093
R2148-10 0.0463 1.0 2 1.0 0.093
R2148-11 0.0481 1.0 2 1.0 0.098
R2148-12 0.0497 1.0 2 1.0 0.099
Qc check 0.50pp __ 0.5038 1.0 1 1.0 0.504 101%

Page 1 R2148.xls
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- Orion Data

ASHO010546
. l
AOF Gaic. (pg/mL) = ((total meter reading - intercept)/ siope) | sample volume %
AOF ANALYSIS : Calc. Adsorbable y=0.2894+0.0196
Sample Meter Collect Dilution Sample Meter Reading Organic Fluorine Comments % e
D Reading Vol (mL) Factor Vol (mL)  Total (top&bottom) JEQBS Recovery ™
QC check 5.0 ppm 5.039 1.0 1 1 L iig 101% ™~
AOF instr blank Bottom 0.0280 3.0 1 1
R2148-1 bottom 0.3019 3.0 1 85
R2148-2 botiom 0.2972 3.0 1 70
R2148-3 bottom 0.1222 3.0 1 85
|R2148-4 bottom 0.1358 3.0 1 85
R2148-5 bottom 0.2881 3.0 1 90
R2148-6 bottom 0.2803 3.0 1 85 .
QC chack 5.0 ppm 4,903 1.0 1 i 98%
R2148-1 Top 124.9 3.0 1 85 125.2 5.089 Read abovs top std, re-run
R2148-2 Top 102.7 3.0 1 70 103.0 5,083 Read above top std, re-run
R2148-3 Top 6.654 3.0 1 85 6.776 0.275 99%
[R2148-4 Top 11.16 3.0 1 85 11.29 . 0.458
|Rr2148-5 Top 30.15 3.0 1 90 30,44 1.168 Read above top std, re-run
25.09 3.0 1 85 256.37 1.030 Read above top std, re-run
QC check 5.0 ppm 4.955 1.0 1 1 99%
{Mill @ Bik Battom 0.0565 3.0 1 100
[R2146-1 bottom 0.1633 3.0 1 5
|R2148-2 bottom 0.1910 3.0 1 5
{R2148-5 botiom 0.1423 3.0 1 10 i
[R2148-8 bottom 0.1128 3.0 1 10
[R2148-7 bottom 0.2298 3.0 1 50
[R2148-8 bottom 0.1861 3.0 1 50
{Miti Q bik Top 0.0531 3.0 1 100 0.110 0.0031
|R2148-1 top 6.381 3.0 1 5 6.544 4.5091
|R2148-2t0p 5.899 3.0 1 5 6.090 41851
|R2148-5 top 3.093 3.0 1 10 3.236 1.1113
[R2148-86 top 2.116 3.0 1 10 2.228 0.7632
[R2148-7 top 2.466 3.0 1 50 2,696 0.1849
|R2148- 8 top 1.836 3.0 1 50 2.024 0.1386
[QC cal check 4.33 ppm 2.04 1.0 2 1 4,072 94%
Page 2 R2148.xIs
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SaEe

Orion Data
ASH010547
AOF Caic. (ug/mb) = ((total meter reading - intercept)/ slope) / sample volume
AOF ANALYSIS Calc. Adsorbable y=0.2894+0.0196
Sample Meter Collect Dilution Sample Meter Reading Organic Fluorine  Comments %
D Reading Vol{mL) Factor Vol (mbL) Total (top&bottom)  (top&bottom) Recovery
|R2148-8 bottom 0.2705 3.0 1 50
|R2148-10 bottom 0.2784 3.0 1 50
[R2148-11 bottom 0.1188 3.0 1 50
|R2148-12 bottom 00713 3.0 1 50 :
|R2148-910p 1.2856 3.0 1 50 1.5561 0.1062
[R2148-10 top 1.6588 3.0 1 50 1.9372 0.1325
[R2148-11 top 0.3520 3.0 1 50 0.4707 0.0312 read below low std, re-run
[R2148-12t0p 0.2683 3.0 1 50 0.3396 0.0221 read below low std, re-run
~ |R2148-7 MS Bottom 0.1134 3.0 1 100
[R2148-7 MS Top 3.0297 3.0 1 100 3.143 0.1079
QC cal check 4.33 ppm 2.228 1.0 2 1 4.456 103%
|R 2148-11 bottom 0.0760 3.0 1 100
R 2148-12 bottom 0.0839 3.0 1 100
[R2148-11 Top 0.4608 3.0 1 100 0.5368 0.0176
" IR2148-12 Top 0.4518 3.0 1 100 0.5357 0.0175
QC check 0.050 ppm 0.4988 1.0 1 1 98%

Page 3
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DUPONT1.Xls  11/7/87 3:30 PM

FACTOR | SAWPLE |

ASHO010549

ERA 4.33PPM STD 2 2.200
QC 1.0PPM STD CHECK " 09652 95.52
1 0.1 3 47 0.0491
1 0.1 3 402 0.0340
1 0.1 3 0.48 0.0161 -
1 0.1 3 116 0661 0.0388 176 BELOW DETECTION LEVEL
1 0.1 3 0.7 0661 00323 147 USE2.0PPMSTDDATA
FOAA 1.0 PPM W307-795 1 0.1 3 140 0661 00467 212 NOTINCLUDED IN CURVE
ERA 4.33PPM STD : 2.162 99.86
QC 1.0PPM STD CHECK 0.9864 98.64
1 0.1 3 0.01599
1 0.1 3 0.01455
1 0.1 3 0.01481
1 0.1 3 1473 1422 004811 111 1
1 0.1 3 1473 1322 004911 111 111
1 0.1 3 1307 1322 004685 106 106
1 0.1 3 2.82 331 00939 652
1 0.1 3 322 331 04074 075
POAA 5.0 PPM Wa97-796 1 0.1 3 2.99 331 00098 906
QC 1.0 PPM CHECK 09651 069
1 0.1 3 1210 1322 04033 915
1 0.1 3 1280 1322 04268 969
1 0.1 3 1296 13.22 04321 981
POAA 50PPM W387-798 1 0.1 3 3192 3405 1064 966
POAA 50PPM W397-798 1 0.1 3 3312 3305 1104 100
POAA 50PPM W397-708 1 0.1 3 3207 3305 1089 998
POAA 100PPM W387-789 1 0.1 3 6654 6640 2218 101
FOAA 100PPM W307-799 1 0.1 3 69.60 6610 2320 105
POAA 100PPM W397-799 1 0.1 3 6627 6640 2209 100
09930 993

QC 1.0 PPM CHECK

Page 1
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DUPONT1xls  11/7/97 3:17 PM A
ASH010550

TABLE : R2148 F- DETERMINATION: SAMPLES DUPONT INC. mw
X
ﬁn>_.oc_.>._.mu (PPMF-) = (meter reading- @ww.mma%s | slope) 0
SEE STANDARD mcx<m FOR EQUATION: Y = 0.0341X - 0.0157 N
~
BLK-1 0.1 3 0.01599
BLK-2 0.1 3 0.01455
BLK-3 0.1 3 0.01491 . )
QC 1.0PPM CHECK '0.9743 . 97.43
R2148-11-1 0.1 3 0.05555 2,08 AVE 233
R2148-11-2 0.1 3 0.06031 2,23 STD 030 :
R2148-11-3 0.1 3 0.07499 2.66 cv 128 )
R2148-12-1 0.1 3 0.1699 5.44 AVE 423 ,
R2148-12-2 0.1 3 0.1233 4.08 STD 1.14
R2148-12-3 0.1 3 0.09247 3.17 CcvV 270
R2148-10-1 0.1 3 0.08379 2.92 AVE 2.81
R2148-10-2 0.1 3 0.06284 2.30 STD 047
R2148-10-3 0.1 3 0.09400 3.22 CV 166 .
QC 1.0 PPM CHECK 0.9663 _ _ 06.63
R2148-9-1 0.1 3 0.1042 3.52 AVE 296
R2148-9-2 0.1 3 0.07910 2.78 STD 049
R2148-9-3 0.1 3 0.07286 2.60 CV 164
R2148-8-1 0.1 3 0.1361 445 AVE 4.15
R2148-8-2 0.1 3 0.1279 4.21 STD 034
R2148-8-3 0.1 3 0.1131 3.78 Cv 824
QC 1.0PPM STD CHECK 0.96524 96.24
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DUPONT1.xis

11/7/97 3:17 PM

s

TABLE contiued : R2148 F-

DETERMINATION: SAMPLES DUPONT INC.

% REC

b rnw.,.-.w i Nl
TR pryE T
ERA 4.33PPM STD X Mm%.i 100.6
QC 1.0 PPM STD CHECK 0.9781 97.81
BLK-1 0.1 3 0.05542 2.09 AVE 171
BLK-2 0.1 3 0.04169 1.68 STD 036
BLK-3 0.1 3 0.03074 1.36 OKI!NJ 2
R2148-7-1 0.1 3 0.1088 3.65 AVE 3.98
R2148-7-2 0.1 3 0.1075 3.61 STD 060
R2148-7-3 0.1 3 0.1435 4.67 lmwn\| 16.1
R2148-4-1 0.1 3 0.1323 4,34 AVE 3.54
R2148-4-2 0.1 3 0.1028 3.48 ST 077
R2148-4-3 0.1 3 0.08024 2.81 cV 216
QcC 1.0PPM STD CHECK . 0.9507 95.07
QC 1.0PPM STD CHECK 0.9941 99.41
0.1 3 0.1003 340 AVE 329
0.1 3 0.09065 3.12 stD 0.5
0.1 3 0.09833 3.34 CV 45
0.1 3 0.1024 3.46 AVE 329
0.1 3 0.09557 3.26 sSTD 017
0.1 3 0.09102 3.13 cv 511
0.1 3 0.1225 4,05 AVE 4.21
0.1 3 0.1538 4,97 STD 069
0.1 3 0.1075 3.61 cV 164
0.9623 28.68 96.23
0.1 3 0.1808 577 AVE 799
0.1 3 0.2924 9.04 STD 19
0.1 3 0.2972 9.18 cvV 241
R2148-2-1 0.4 3 C.&.m&m 14.09 AVE "15.76
R2148-2-2 0.1 3 " 0.4517 13.71 STD 32
R2148-2-3 0.1 3 0.6487 19.48 cv 205
OC 1.0PPM STD CHECK 0.9623 96.23
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aM Ecotoxicology and Environmeqtal Fate Laboratory

1.0 Introduction

Eleven soil samples were received from E.I. DuPont de Nemours and Company
for preparation and analyses by the Ecotoxicology and Environmental Fate
Testing Group of the 3M Environmental Laboratory. These samples were
assigned a Lab Request number (LR No.) of R2382. The sample date was
6/23/97. Samples were numbered R2382-1 through R2882-11 as follows:

3M LR No. DuPont COC Description
R2382-1 SS -1 0-2
R2382-2 SS-1 4-6'
R2382-3 SS-1 810
R2382-4 §S-1 12-14
R2382-5 §S-1 16-18
R2382-6 S§S -1 20-22
R2382-7 SS -1 24-26'
R2382-8 SS-1 28-30
R2382-9 SS -1 32-34
R2382-10 SS -1 36-38
R2382-11 SS -1 38-40'

- 2.0 Results

A summary of the results obtained is presented below. Copies of methods, raw
data sheets, and contract laboratory reports are attached to this summary report.

DuPont | Suliate, | Sulfite,] _ Nitrite pHin pHin CEC, %
Sample No. | mg/kg | mgi } Nitrogen, | CaCl2 water meq/100g | Moisture,
— ma/kg — {as-rec’d)
F23821 | S5-1 02 | 98 2 0.41 7.2 77 1=- 158 - | 123
R23822 | 551 46 | 09 2 0.41 7.3 737 18.4 12.7
236231 651 8100| 73 | <& 0.36 7.0 7.3 17.5 155
R2382-4 | 861 12-14'] 54 2 0.4 5.3 6.7 175 18.9
23825 | 55-1 16-18'] 43 ] <0.10 5.3 5.7 18.4 18.3
R2382-6 | 55-1 20-22'| 70 2 <0.10 5.5 5.0 19.3 i9.2
551 24-26'| 220 2 <0.10 5.3 58 17.5 20.0 2
651 2830'] 150 2 0.11 6.3 6.8 11.4 18.1 %
'SS-1 3234] 100 2 <0.10 5.2 5.8 131 136 =]
51 3638| 63 2 <0.10 5.4 5.1 9.6 17.9 S
Ro382-11) S5-1 38-40'] 46 2 <0.10 5.2 6.8 6.3 222 ‘ﬁ
2 81 o 125
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3M Ecotoxicology and Environmental Fate Laboratory

3.0 Initial Observations

3.1 Sample R2382-1
Half of the two foot column not filled. Only one foot of soil present.

3.2 Samples R2382-2 through R2382-11
Had an unusual odor, possibly hydrocarbons.

3.3 Samples R2382-1 through R2382-6 o
Appear to be clay/silt.

3.4 Samples R2382-7 and R2382-8 e
Appear to be clay/silt/sand, more silt/sand.

3.5 Sample R2382-9
Appears to be sand/silt.

3.6 Sample R2382-10
Appears to be sand/silt with free-flowing water in column.

3.7 Sample R2382-11

Appears to be coarse sand. ik RsH

4.0 Sub sampling
A one-foot core from the top of each column through the center was removed.

The sample was thoroughly mixed then split for inorganic and organic analyses.
The remaining intact cores were refrigerated at 4°C in the dark.

5.0 Sample Preparation
Aliquots of well-mixed wet soil (as received) were prepared as necessary for
soil properties testing, nutrient analyses, CEC, and total fluoride analyses. After
preparation, aliquots were provided to the proper laboratory personnel for
testing.

5.1 Air-Dried Soil - 2.00 mm

EID129654

. >

Soil samples were air-dried at ambient room temperature to constant weight. 2

- Soil was crushed, as necessary with a mortar and pestle, and passed through a =
2.00 mm stainless steel sieve. Soil prepared this way was used for pH S
analyses. - b
3‘ 82 o /135



3M Ecotoxicology and Environmental Fate Laboratory

[

5.2 Air-Dried Soil - 0.500 mm v

Aliquots of air-dried 2.00 mm soil were crushed with a mortar and pestie until
the entire sample passed through a 0.500 mm stainless steel sieve. Soil
prepared this way was used for CEC and nutrient analyses.

53 Oven-Dried Soil - 0.063 mm

Aliquots of the 2.00 mm air-dried soil were finely ground with a mortar and
pestie until the entire sample passed through a 0.063 mm stainless steel sieve.
The samples were then oven-dried (105°C) to constant weight. Soil prepared

this way was used for total fluoride analyses (results presented in a separate
report by 3M AMDT Laboratory) .

6.0 Analytical Methodology

6.1 Soil Water Content

Aluminum pans were oven-dried to constant weight. Twenty-three to thirty-five
gram aliquots of well-mixed wet soil (as-received) were weighed in the
aluminum pans. The pans and soil were then oven-dried at 105°C to constant
weight. The soil water content was determined by the following equation:

Weight of il - Weigh D i R ML
Weight of Dry Soil X 100 .
6.2 Soil pH
s 6.2.1 pH in Water
yaEa Ten grams of 2.00 mm-sieved soil and 10 mL Milli-Q® water were placed FREVERT S

into 50 mL conical centrifuge tubes. The tubes were then capped and
shaken for one hour. After shaking, the tubes were allowed to stand for
one hour. A Cole-Parmer Model 5992-60 soil electrode was used to
measure the pH.

'6.2.2 pH in 0.01M CaCi2

After pH in water was determined, 6.10 mL of 1.0 M CaCl2 was added to
each tube. The tubes were shaken for 30-minutes then allowed to stand

for 30-minutes. A Cole-Parmer Model 5992-60 soil electrode was used >
to measure the pH. ‘ . )
o
' A
6.3 Cation Exchange Capacity {CEC) by Sodium Saturation *
6.3.1 Adsorption Step o
Five grams of 0.500 mm-sieved soil and 132 mL of 1.0N pH 8.2 NaOAC
were placed into 250 mL conical polypropylene centrifuge tubes. The
4 23 o 125
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3M Ecotoxicology and Environmental Fate Laboratory

tubes were then capped and shaken overnight at 300-400 rpm. After
shaking, the tubes were centrifuged for 10 minutes at 3000 rpm. The
supernatant was then decanted and discarded.

6.3.2 Washing Step

Fifty mL of 2-propanol was then added to each soil. Tubes were capped

and shaken for 30-minutes. After shaking, they were centrifuged as in
BV 6.3.1 and the supernatant discarded. This step was then repeated with SUETO
i another 50 mL aliquot of 2-propanol. ong

6.3.3 Desorption Step '

One hundred mL of 1.0 N, pH 7.0 NH4OAc was added to each sample.

The tubes were stoppered and shaken over-night. After shaking, they

were centrifuged for 10-minutes at 3000 rpm. The supernatants were g
decanted for sodium analyses. The supernatants were then submitted to

the Inorganic Analysis Group of the 3M Environmental Laboratory for RWE S
analysis of sodium by ICP (SW-846, Method 6010). W.BAE

6.3.4 Calculation of Cation Exchange Capacity

0.1 x(conc. of Na, mg/L)y23 . o
oven-dried weight of soil, g* X 100 = meq/ 100 g soil .

*Sub-samples of 0.500 mm air-dried soil were oven-dried to .
constant weight and the moisture content was determined. The values
obtained were used to calculate the final CEC value of soil on an oven-
dried weight basis.

6.4 Nutrient Analyses

Aliquots of the 0.500 mm-sieved soil were submitted to Minnesota Valley
Testing Laboratories, inc. (MVTL) for analysis of nitrite, sulfate and sulfite. The
following methods were employed:

6.4.1 Nitrite Nitrogen
Methods of Soil Analysis, 2nd Edition, 33-8.

6.4.2 Sulfate

SW-846, Method 9088. >

6.4.3 Sulfite 5

EPA Method 377.1. S

; 3
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Copies of Raw Data and Contract Laboratory Reports
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ENVIRONMENTAL LABORATORY

SOIL WATER CONTENT
PERCENTAGE OF WATER IN THE SAMPLE ON A DRY-MASS BASIS

Gardner, Walter. 1986. Water Content. p. 493-544. In Amnold Kiute (Ed.). Methods of Soil Analysis,
Part 1. Physical and Mineralogical Methods. Agronomy Monograph No. @ {(2nd Edition).

- % Water Content = Weight of Wet Soil - Weight of Dry Soil  x 100
Weight of Dry Soil

AsRecd _
SAMPLE DESCRIPTION | wet Songu;ﬁ%) Dry Soll g (oven-dried) | NETiOssg | . %

sl RYBRT=] 3% I8 2M,12% 20495
2, 25,192, 20. 580 2.2
Fo 25.891 272,159 =432,
4 24, 335 22,10 - 0 i S 7
a 2242710 - 1a. it 2.50 /%5
o 22 "Gl 72.35% 5. 992 19.2;
Y 2711495 22,04 <.599 20.0
< . 21,929 £.8377 .|
9 laslle 2. 0,91 AL
10 21068 2,92, A il
T

29,159 L.5T0

09S0TOHSV
1

ANASYS =5 ,
DATE:_)_X/j-— /,//?/4
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ENVIRONMENTAL LABORATORY
1

SOIL pH and LIME REQUIREMENT(LR)

McLean, E. O. 1982. Soil pH and Lime Requirement. p. 199-224. In A. L. Page, R. H. Miller & D. R. Keeney {Eds.)
Methods of Soil Analysis, Part 2. Chemical and Microbiological Properties,
Agronomy Monograph No. 9 (2nd Edition).

2.00 mm air-dried soil used.

Soil - to - Millipore Milli-Q™ Water Ratio 1:1, 10 g plus 10 mL.
For LR, SMP single-buffer method used, Soil - to - SMP Buffer Ratio 1:2, 10 g plus 20 mb.

g s SAMPLE DESCRIPTION pHw (pH in water) pHs (_pH in 0.01M CaCi2) Soil-Buffer pH LA (T/A):
e kR R2AR2-{ 7+ g7
2 7.4 7.5
k3 7.5 7.0)
4 {2, 7 /Ir 5
5 7 __A53BA
fa LD Y
1 59 5%
£ le. 6 Dr A ' :
] S.% gz_ -
10 leel 51} . hgk
i 2. (2. 22 4
>
w
=
S
<o
L%,
ANAL%%:S a
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ENVIRONMENTAL LABORATORY
SOIL WATER CONTENT
PERCENTAGE OF WATER IN THE SAMPLE ON A DRY-MASS BASIS
Gardner, Walter. 1986. Water Content. p. 493-544. In Armold Kiute (Ed.). Methods of Soil Analysis,
Part 1. Physical and Mineralogical Methods. Agronomy Monograph No. 9 (2nd Edition).
% Water Content = Weight of Wet Soil - Weightof Dry Soil  x 100
Weight of Dry Soil
For CEC Caleulatior
SAMPLE DESCRIPTION Wat Soll g {alr-dried) Dry Soll g {oven -dried) - ﬁ&ET»LOSig %
RZAB2~ v1.729 1. (%8 2.0lp! a.79
2 q.1351 9.05% 0.083 0,87
5 1. $1K 1111 a.07/ 0.9/
o 1.0719 1.02] Q.059 2,83
G b SI0 L. 9452 2.058 4.92
Lo _b.hSt Le. (02 4.049 a.7¢
1 7128 +1.010 2055 2.78
- 7.05( M.022 0.0%5¢ 04K
9 12,749 122 0.027 240
10 Lo (aSS Lo l234 0.021 2.3
T L. 090 L. 01S 2.0L85 2.Z5
>
72}
m 4
o
S
AN 3
DATE: % gh1/94%
777
90 o 135
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ENVIRbNMENTAL LABORATORY

CATION EXCHANGE CAPACITY (CEC)
BY SODIUM SATURATION

Rhoades, J. D. 1982. Cation Exchange Capacity. p. 149-157. In A. L. Page, R. H. Miller & D. R. Keeney (Eds.)
Methods of Soil Analysis, Part 2. Chemical and Microbiological Properties,
Agronomy Monograph No. 9 (2nd Edition).

Extracts prepared using 0.500 mm air-dried soil. Cation Exchange Capacity by Sodium Saturation;
modification of method is as follows:
*ADSORPTION Batch equilibrium methad {over-night) with 1.0 N NaOAc pH 8.2 as saturation solution.
*WASHED Two washings with 2-Propanol.
*DESORPTION Batch equilibrium method (over-night) with 1.0N NH40Ac pH 7.0 as extraction solution.

CEC EQUATION: (0.1 Na ppnv 23/ oven-dried wt. of soil g) x 100 = meg/ 100 g soil

SAMPLE DESCRIPTION | AIR-DRIEDWT.g | OVEN-DRIEDWT.g | mgNall..-.l meq/100,g soil
RZ5R7 -1 5.000 4.5ip! a0 /SB
' 2. a.00D 4,951 Z10 IB.¥
3 5,000 -4.985 200 I'hS
4 S.000 4,954 200 115
s 5,000 R 210 /18
{o 5000 4,965 220 19,3
1 5,000 D Ta PLA . 200 7.5 .
£ 5,000 <431 120 Wik 2
9 5. 000 4480 . 150 N 2o 9 B
10 5 apd 4.98¢ Lo Do
1! 5.000 4988 72 {p.D
>
2]
s
=2
53
N
o+

ANALYST- . .
ﬁ%ﬁ/z;;/ﬁ

2
*
Y
(2
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P.O. BOX 249, 1126 N. FRONT STREET
NEW ULM, MN 56073-0249
PHONE {507) 354-8517 WATS (800) 782-3557 FAX {507) 359-2890

WE ARE AN EQUAL OPPORTUNITY EMPLOYER

Report To:  Rochellec Robideau Date: 27 August 1997 o
3M Environmental Lab Work Order: 10-0447 ——r
935 Bush Ave., Bldg. 20 Date Recelved: 25 August 1997

St. Paul, MN 55106

Page 1 of 4

Inorganics LabNo. .......... 54352 $4353 $4354 84355 54356 S43%7
SollLabNO. «.ceveeerensnns W-547 W-548 W-549 W-550 W-551 W-552
SampleID. .....euuennnnns R2382-1 R23822 R23823 R23824 R2382-5 R2382-6

Analyte

Nitrite Nitogen (mg/KgN) .. 041 041 036 - 014 <01 ..f01 .4
Sulfate (MPKE) . ..ovennen- 984 986 733 539 434 704
Sulfite (ML) - .o evvrennen- <2 <2 <2 <2 <2 <2

Report approved by: d )(

Anthony R. Kocbele _

By and for Minnesota Valley Testing Laboratories, Inc. >
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\ | ABORATORIES, Inc.

P.O. BOX 249, 1126 N. FRONT STREET
NEW ULM, MN 56073-0249

PHONE {507) 354-8517 WATS (800} 782-3557 FAX {507) 359-2890
WE ARE AN EQUAL OPPORTUNITY EMPLOYER

Report To: Rochelle Robidean Date:
3M Envirommental Lab Work Order:
935 Bush Ave., Bldg. 20 Date Received:
St. Panl, MN 55106
Page 2 of 4
Inorganics LabNo. ...... .... 84358 84359 84360 84361 = S4362
SoilLabNo. .........00n00e W-553 W-554 W-555 W-556 W-557
SampleID. ............... R2382.7 R2382-8 R23829 R2382-10 R2382-11
Analyte
Nitrite Nitrogen (mg/KgN) .. <01 011 <01 “witsd@il  <0.1 -
Sulfate (mKg) «.......... 217 153 102 63.3 462
Sulfite (/L) ............. <2 <2 <2 <2 <2
Report approved by: cjk;JLK
Anthony R. Kocbele 7
By and for Minnesota Valley Testing Laboratorics, Inc. o
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LABORATORIES, Inc.

P.O. BOX 249, 1126 N. FRONT STREET
NEW ULM, MN 56073-0249
PHONE (507) 354-8517 WATS (800) 782-3557 FAX (507) 359-2890

WE ARE AN EQUAL OPPORTUNITY EMPLOYER

Analysis of 3M Samples
Page 1 ofl
Analvte Detection Level Method Reference
Nitrite Nitrogen 0.1 mgKgN Methods of Soil Analysis, 2nd
Edition, 33-8
Sulfate 40mgKgonasSg SW-846, Method 9038
sample
Sulfite 2.00 mg/L | EPA Method 377.1
aums - -—-— T
—— - m—
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DATE: 08/21/15%7 ‘ ' .

M ENJIRONMENTAL LABIRATORY
CONTRACT LABCRATORY WORK ORLDER BY PARAMETER

LAB REQUEST HO. R2332

COMTRACT LaR  © RVIL FROJECT LEAD: RD HOWELL

PFRIOJECT MUMBER ¢ BICENENVIR TELEPHONE S

SHIP DATE : _M FAX T 612-778-6174
Compuisy Test Mare Sample Numbers Sample Result
Csde Available Due
Date Date
MO2-N MITRITE NITROSEM - as ¥ 1, 2, 3, &, 5y 03/13/313727 0B/22/1977
&, 7, 8y, 7, 10y
11
€03 SULFITE 1, 2, 3, 4 =, 08/13/1657  08/27/1557
6, 7, 8, 9, 10, '
11
&% SU_FATE - as S04 1, 2, 3, &, 5 08/13/1977  08/27/197?

&, 7, 8, ?, 10,
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Coplés of Soil Methods
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aM ENVIRONMENTAL LABORATORY
PRELIMINARY PREPARATION OF SOIL SAMPLES FOR LABORATORY ANALYSIS

2.00 mm Air-Dry Soll

. Air-dry (ambientroom tamperature) soil samples on flat trays for24 10 48 hours or uatil thoroughly dry {constant
woight). If desired, samples canbe avan-dried at 35°C overnight (18 & 4 hours).

. Pass air-dried soil {crushed and mixed via mortar and pestie) through a 2.00 mm (10 mash) stainless stoel sieve. This removes large
pleces of foreign material such as stonas, gravel and twigs.

. Partition the sample by the “quarter” system of by passing through a riffle sampler (sample spiitter). If desired, quarters can
be further divided into smaller partions.

. Thesoilsampleismwreadylurlaborawryanalysis.Usemez.OOmmalr-dlysniUotsuimauﬁonmmandfor R
soluble salts analysis or store in a cool, dark room. This soil is also used for physical charactaristic analysis. R R e
pH Electrical Conductivity Sod texture and classification i SA
Ume Requirement C1-,504
Gypsum Requirement Allalinity

0.500 mm Alr-Dry Soli

) Obtain about 20 to 40 g of a representative portion of the 2.00 mm soil and grind in an agate mortar and pastie until the
entire sampla passes through a 0.500 mm {35 mesh) siave. .

. Use this soil for exchanga activilty tests {Cation Exchange Capaaty Basa Saturation, SAR, ESP) and for nutrient o
analysis (N, P, S). R

0.063 mm Oven-Dry Soit

. Obtain about 10 to 20 g of a representative portion of the 2.00 mem soil and finely grind in an agate ball mill untl
tha entira sample passes through 2 0.063 mm {250 mash) sleve.
. Oven-dry (105-110°C) the above sample (placad in a tared a!umi;rum weighing dish) ovemight and report the loss in weight.

. Usa this finely ground (ball milled) oven-dry solt for total elemental analysis {ICP, AA), total fluoride and TOC analysis..

SPECIAL NOTE

. All dried sofl samples are placad in impermeable, polypropylane bottles. They are stored in the soil cabinet {dark and
at ambient room temperature) for one year after lesting. st AR
. Disposal for at soils and their sxtracts is by incineration.
REFERENCES }
Page. A. L., Miller R. H. & Keeney D. R. (Eds)) 1982, Methods of Soil Analysis, Part 2. Chemical and Microbiclogical Proparties, g
Agranomy Monograph No. 9 {2nd Ediien). au
£ik, K. and R. H. Geldarman, 1988. Soill Sample Preparation. p. 2-4. In: Recommendad Chemical Soil Test Procaduras for the =
North Central Reglon. North Cantral Regional Publication No. 221 {Revised). z\!h
*NOTE , If nitrate analyses are to be determired, the soil should ba-dried within twelve hours of sampling to pravent changes in <
the nitrate contant.

{Revised 12/94 RAA) .
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3M ENVIRONMENTAL LABORATORY

SOIL. WATER CONTENT
PERCENTAGE OF WATER IN THE SAMPLE ON A DRY-MASS
BASIS

PRINCIPLE OF THE SOIL WATER CONTENT METHOD

The amount of water in a soil alfects directly the growth of crops, microbes, and insects. The strength of the
soil, which determines root penatration and the energy requirements for tillage are dependent on the water
content, howevar, tha amount of plant available water in the soil is dependant an the soil water potential.
Since the water potential is mare difficult to determine, the water contant is used as the indicator of the state
of watar in tha soil. (In laboratory terms, practically avery type of soil analysis requires that the results be
reported on a dry mass basis.)

Traditionally, the water content has been expressed as the ratio of the mass of water,presentinthe sample
to the mass of the sample after it has been driad at 105 °C to a constant mass. Thus, the water.contont as
usually used in soil studies is a dimensionless ratio of two masses or is expressed as a percentage resulting

.« - from multiplying the dimensionless ratio by 100.

The laboratory procadure amployed hers is water content measurements by the gravimetric method. It
involves weighing the wet sample, removing the water, and reweighing the sample to determine the amount
of water ramovad. Water content is determined by dividing the difference betwean wet and dry masses by
the mass of the dry sample o obtain the ratio of the water mass to the mass of the dey soil, then multiplied
by 100. This is now tha parcantaga of the water in the sample on a dry-mass of dry-weight basis.

RANGE AND SENSITIVITY

The range and sensitivity will depend on the time necessary to reach constant weight ang, the analytical

balance used. o uned

INTERFERENCES

Factors that may influence the results include:

® Failure of tamperature control. The drying oven used must maintain a temperature in the range of 105 to

110°C.

* Sample marix. Onganic soils may have mass losses arising from oxidation and volatilization of organic
components, also stony and gravelly soils, both on a mass and voluma basis, can be grossly
misleading.

PRECISION AND ACCURACY
Accuracy and repreducibility of water cantent measurements, assuming that the waighing precision is

consistant with tha desired precision of the watar content measurements, depend upon the drying technique
and how used {whether 24 hours is adequate in obtaining a constant weight).

ILSOTOHSY
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EQUIPMENT AND REAGENTS
1). Analytical balance accurate to 0.001 g.

2). Ovan-dried aluminum weighing dishes.

3). Drying oven with temperature control device that will maintain a temperature between 105-110°C.
Forced -air circulating ovens will dry samples more rapidly, but convection ovans are sufficient.
4). Desiceators containing active desiccant. ‘

5) No reagents are required.

WATER CONTENT PROCEDURE

1). Obtain at a minimum 10 to 40 g representative portion of either a ball milled {air-dried) sample or as
recaived (wet) sample. :

“ g z,;;g”; R

2). Place in oven-dried aluminum weighing dish.

e 3). Weigh the sample to the nearest 0.001 g a5 scon as possible.
4). Place the sample in the drying oven and dry #tto a constant weight (at a minimum 24 hours). ,

5). Remove the sampla from the oven and place itina dasiccator until cooled to ambient rcom
temperature.

6). Reweigh the sample to the nearest 0.001 g.

e ik GHTTE
7). Calculate the water content as percentage of water in the sample on a dry-mass basis:.. warer e
% Water Content = (Wei Wk p: x 100 I
Waight of Dry Soit ¥

REFERENCES

Gardner, W. 1986. Water Content. p. 483-544. In: Amnold Klute {Ed.}. Methods of Soil Analysis, Pant 1.
Physical and Mineralogical Metheds. Agronamy Monegraph No. 9 (2nd Edition). .

TLSO10HSY
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aM ENVIRONMENTAL LABORATORY

SOIL pH METHOD

PRINCIPLE OF THE SOIL pH METHOD

Soil pH is ona of the most indicative measurements of the chemical properties of a soil. Whether a soil is
acidie, neutral, or basic has much 1o do with the solubility of various carpounds, the relative bonding of fons
1o exchange sites, and the activity of various microorganisms. Three soil pH ranges are parlicularly
informative: a pH <4 indicates ths presence of fres acids generally from oxidation of sulfides; a pH <5.5
Sé\?gests the likely occurrence of exchangeable Af; and a pH from 7.8 10 8.2 Indicates the presence of

e

Soil pH is a measurs of the activity of H* in the soil solution. lonized H is in equilibrium with the adsorbed
nonionized H but usually is a small fraction of it. Much of the nonionized acidity is exchangeable only at
higher pH. Although other criteria are sometimes used as indicas of lime needs of acid soils, the lime
requirernent is genarally a measure of tha base (lime) required to neutralize that fraction of the total acidity
that must be nautralized to attain a desired soil pH that is favorable for crop growth, Hence the activity of H+
in the soil solutions is the intensity factor {index), whereas exchange acidity and lime requirement are the
capacity factors of soil acidity. ey

RANGE AND SENSITIVITY

The range and sensitivity of the method will depend on the pi mster used. In routine soil testing, it is only
necessary fo read the pH to 0.1 units.

INTERFERENCES

fFactors that may influence the measured pH include: PV U A REEAET, o
= The nature and type of inorganic and organic constituents that contribute to soil acidityy; ¢ § narasnic ang o
{ Hydrogen ions may dissociale from the exchange sites or may be displaced by hydrg §§ W Qg@&@fﬁ;;% m,;.ﬁ )

The soil/sclution ratio (1:1 .is the most commonly used). ugbor sats {1 Ip—
The salt or electrolyte content (H+ are displaced by the cations of salts contained in the soils, in

addition, the salts also displace exchangeable Al, which upon hydrolysis increases the H in solution. T

« The CO2 content {(CO3 from the atmosphere or soil air) dissolves in water forming carbonic acid
{H2COg3) which can lower the pH. In the actual measurement of soil pH, the soil and water are shaken so
thsy come to equilibrium with the COg in the air, there is no alfect on the pH measurement. Only in soils
of very low [H+] where the pH is considerably above 7.0 and particularly in soils containing free CaCOg
doaes the CO2 concentration of the air has any appreciable measurement effect on pH. :

« Errors associated with equipment standardization and liquid junction potential,

Ths use of 0.01 M CaCla is racommended to minimize differences caused by some of the above

factors. This dilute salt solution masks small differences in salt contents without displacing a large fraction

of the H+ or A3+, In addition, errors due to the liquid junction potential are decreased.

PRECISION AND ACCURACY

Random variation of 0.1 to 0.2 pH units is allowabls in replicate determinations and can be expacted from
one laboratory to another. Dehydrated and scratched electrodes will give erratic values.

€LS0TOHSY
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EQUIPMENT AND REAGENTS

1). pH meter aquipped with a combination alectrods { or soil pH electrods, Cole-Parmer Model
#5992-60) and automatic temparature compensation (ATC) probe.

2). Standard buffers, pH 7.0 and pH 4.0.

3). 50 mL conical, polypropylene centrifuge tubes.
4). Automatic pipets.

5). Gyratory shaker.

6). Milipors Mill-Q™ water.

7). Calcium chioride {CaClg) solution, 1 M or0.01 M.

pHw AND pHg PROCEDURES

1) Calibrate pH metar with commercially prepared buffer solutions of pH 7.0 and 40 according to the
instrument instruction manual.

2). Waigh 10.000 g of 2.00 mm air-dried soil into a £0 i conical centrifuge tube.
a). With automatic pipet, add 10 mL of Mill-Q™ water to each tube.

4). Mix thoroughly for 5 minutes, preferably on a gyratory shaker.
{Option: mix for one hour.)

5). Let stand for 10 minutes.
{Option: let stand for one hour.)

6). Insert the electrodes into the container. Note; the test mixture after settling will have an upper,
relatively clear layer {supematant layer) and a lower layer of opaque soil suspension. lmmeggg}&e“

electrode into this mixture until the pH sensitive bulb is covared by the opaque soil suspen:

o eBe-C8

AT+ (AN £

PRI T L I

mnoteot Toyer) snd g o

SIOR. ., iy :
while leaving the reference contact in the supematant layer. e il the pH sunslbeg |

7). Allow tims for the electrode to reach equilibrium (~1 to 3 min.) and record as soil pH in water, pHy.

8). To detarmine the sail pH in 0.01 M CaClp, add 0,10 i of 1M CaCla solution to the soil water
suspension.

9). Mix intermittently for 30 minutes.
(Option: mix 30 minutes, let stand 30 minutes.)

10).-  Ingert electrodes, and record as soil pH in 0.01 M CaClp, pHs. Alternatively, the soil pHin 0.01M
CaCl may be determined directly by substituting 0.01 M CaClp for the water in step 2.

") it the lima requirement is to be determined on the samples (pH < 6.9), save them for this purpose
after reading the pHy of pHs,
REFERENCES

McLean, E. O, 1862, Soi pH and Lime Reguirament. p. 199-224, In: AL, Page, R. H. Miller &D. R. Keeney

(Eds.) Mathods of Soil Analysis, Part 2. Chemical and Micrabiological Properties, Agronomy Monograph No.
9 (2nd Edition).

Eckert, D. J. 1988. Recommended pH and Lime Requirement Tests. p. 6-8. In: Recommendad Chemical Soil
Test Proceduras for the North Central Region. North Cantral Ragional Publication No. 221 (Reviged).
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31 ENVIRONMENTAL LABORATORY

CATION EXCHANGE CAPACITY (CEC) BY SODIUM SATURATION
BATCH EQUILIBRIUM METHOD

PRINCIPLE OF THE CEC METHOD

Soils possess an electrostatic charga as @ resutt of the atomic substitution in the lattices of the sail
minerals and as a result of hydrolysis reactions on broken edgas of the lattices and surfaces of the oxides,
hydroxides, hydrous oxides and organic matter. These charges altract exchangeable ions and form the

exchange complex.

The cation exchange capacity {CEC) is the measure of the quantity of cations reversibly adsorbed per unit
weight of soil. tis axprassed in milliaquivalents per 100 grams of oven-dried soil. (An equivalent weight is

that quantity that is chemically equal to one gram of hydrogen.) The principle of the method dascribad here
measures CEC by saturating the cation axchange sites in the soil with a

the sxcess saturating selution {washing); and finally replacing the adsorbed cation, sodium with the
ammonium lon (desorption) which is measured by an appropriate mathod {e.g. ICP).

RANGE AND SENSITIVITY
The range and sensitivity of the method are dependent on the complicating interactions between saturating,
washing, and extracting solutions and the soil constituents.
INTERFERENCES

Potential errors exist in each step of the CEC method use. The three steps are saturation of the cation
exchange sites with a specific cation; the ramoval of the excess saturating solution; and repiacement of the

_ saturating cation. Possible factors of error influencing thase steps are: .

«  Saturation Step. Exchange sites may not be completely saturated with-thersiturating cation due to
ather cations in the saturating solution competing for adsarp ion sites or miy:be:due to the saturating
cation’s replacing power is insufficient to replace the more strongly adsorbed:cations, such as

exchangeable aluminum and its hydroxy forms. {Exchangeable aluminum andits hydroxy forms are not
readily exchanged with monovalent cation saturating solutions.) This effect causes an underestimate
of the CEG. Another problam associated with this step could be the presence of other cations inthe
saturating solution {dissolution of calcium carbonate, gypsum and silicate minerals).

e Washing Step. This step has the most potential sources of arrors. The adsotbed cation may be
removed by hydrolysis and replacad by a hydrogen jon. it may also be raplaced by cations brought into
solution in the washing solvent from the dissolution of calcium carbonata, gypsum and silicates. Fine
clay particles and organic maltter may be lost during the decanting {these exchangers have a tendancy
1o disperse as the excess glectrolyte is ramoved during washing). Some of the saturating solution may
be retained in the soil and later extracted as an exchangeable cation # the washing is incomplete or i
the salt is retained. The majority of these errors cause the CEC 10 be underastimated.

¢ Replacement Step. Adsarbed cation could be trapped between interlayers by contraction of expandable
2:1 layer silicates (this is aspecially true in vermiculites and weathered micas) thus, preventing its
replacement during extraction. The and result is an underestimate of the CEC. The secand factor
causing potential error is that aonexchangeable cations may be extracted from zeolites, feldspathoid,
feldspar, and mafic minerals by the extracting solution. The error gives high CEC values.

PRECISION AND ACCURACY

>
Errors can be reduced by using a method of CEGC detarmination that employs reagents of simitar %
concantration and pH to these "of the soil to be analyzed. 1=
&

~J
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1).
2).
3).
4).
5).

6).

7).

1).

2).

3).

4).

5).

6).

7).

8).

EQUIPMENT ' AND" REAGENTS
1
250 mL conical, polypropylene centrifuge tubes.

Automatic pipets.
Gyratory shaker.
Programmable centrifuge.

1.0 N, pH 8.2 NaOAc (Scdium acetata), identified as Roagent #1:

Eor each liter of solution, dissolve 82.03 g of NaCzHz302 in Milli-Q™ water. Maasurs the pH. The pH
of this solution should be 8.2. if necessary, adjust the pH with aither a few drop of acstic acid
{CH3COOH) or sodium hydroxide {NaOH) to bring the reaction of the solution to pH 8.2.

1.0 N, pH 7.0 NH4OAc {(Ammonium acetate), identified as Reagent #2:

For each liter of solution, add 58 mL of glacial acstic acid (CH3COOH) to approximately 600 mi. of
Milli-Q™ water and then add 70 mlL of concantrated ammonium hydroxide (NH4OH, specific
gravity 0.90). &t is best to add the NH4OH under a lume hood through a long-stemmed glass funnel
so that it is introduced into the bottom of the acid solution. Cool the solution to room temperature
{~20 to 25 °C) and adjust the pH 10 7.0 with either CH3COOH or NH4CH. Dilute the solution

to volume, mix it and store until ready for use. Recheck the pH prior to using the solution.

Reagent grade, 2-propancl (98% isopropy! alcohol).

PROCEDURE FOR CEC BY SODIUM SATURATION

Waeigh 5.000 g of a 0.500 mm air-dried soil sample and transfer the sample to 2 250 ml conical,
polypropylene cantrifuge tubs. ]

Add 132 mL of 1.0 N, pH 8.2 NaOAC solution {Raagent #1), stopper the lube and shake on the
gyratory shaker over-night {18 hours) at 300 o 400 rpm. This is the saturation step.

“ Remove the sample from ths shaker and placa it in the centrituge. Centrifuge 10 qggqgggﬁat 3000
“ rpm. This recommended time and spead will be sufficient; a clear supernatant will b ol

biained.
Decant the supernatant and discard the liquid. NOTE: Careful decanting is very important.
Particles of soil lost during the decanting steps will aftoct the final CEC result; a lower CEC value
is the end resuk of this which leads to atalse interpratation: poor seil quality.

Washing the sample is the next step. This eliminates the axcess sodium. Add 50 mL of
2-propancl to the sample, stopper the tube and shake it on the gyratory shaker for 30 minutes.
Centrifuge as before. Decant the supamatant and discard the fiquid. Repeat this step once
more. Shaker speed should be the same as used in the saturation step. (Total wash time 60 .
minutes using 100 mL of 2-propancl.)

Add 100 mL of 1.0 N, pH 7.0 NH4OAc (Reagent #2) to the sample, stopper the tube and shake iton
the gyratory shaker.over-night {~18 hours). This is the replacement step. NOTE: Make sure the
idantical shaker speed and time are used as inthe saturation step.

Remove the sample from the shaker and place it in the centifuge. Centrifuge 10 minutes at 3600
tpm and decant the supernatant into a 125 mL polypropylene bottla.

Determina the sodium (Na) content by available methods, 8.g. ICP.

9LSOTOHSV
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CALCULATION

CEC EQUATION:
____OiNapomP3 _ x 100 = maqg/i00g sail
oven-dried weight of soil ()"
* % soil moisture was previously datermined.
REFERENCES

Chapman, H. D. 1965, Cation Exchange Capacity. p. 891-900. in: C. A. Black (Ed.) Methcds of Soif, . s
Analysis, Part 2. Chemical and Microbiclogical Properties, Agronomy Monograph No. 9 (1st Edition). ...t ssuanbiiar.

Rhoades, J. D. 1982. Cation Exchange Capacity. p. 149-'57. In: A. L. Pago, R. H. Miller & D. R. Keaney
(E(j;% l\égﬂ;ods of Soil Analysis, Part 2. Chemical and Microbiological Properties, Agronomy Monograph No.
] ition).

Brown, J. R. and D. Warncke. 1988. Recommended Cation Tests and Measures of CationExchange . . ...
Capacity. p. 15-16. In: Recommended Chemical Soil Test Procedures for the Noith Central Re MQ};@W e

Central Regional Publication No. 221 (Ravised). it M DB Tow en
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9M Environmental Laboratory

of Custod'y; Shipping Papers,

Copies of Chain
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) 1mSHIPPING MEMORANDUMOm
(FOR NO-CHARGE SHIPMENTS ONLY)

imb4m
= I
Ship to 4m 3M Environmental Technology & |Date 05/08/97 No. 38-972°
i
&4m Service Laboratory, B-2-3E-09 jRouting
i
4m 935 Bush Avenue |F.0.B.
: ] Date
4m St. Paul, Minnesota 55144-1000 {Shipped
|
4m Attn: Robert Howell |B/L
| . |
4m Quantity | Product Code / Description | Weight
4m 1 | Container of Water Samples ! | 48 1lbs
' .
4m | ' |
|
4m | ! |
|
4m | ! |
1 i
4m ] |
i |
4m | 1
| |
4m i |
| l
4m i ]
A I
4m | |
| |
4m | |
Special Inst 4mAbsolutely must arrive Friday AM/Time restraints. i
Freight Class 4m
4m
4m
4mOriginator VERA L WIGAL Phone 304-863-4895
4mCharge (Cost Code) 8309019511001280 |MSDS Sheets Required?
I ;
4nPurchase Order No. |Hazardous Material? N
|
4mValue for Customs { MATERIAL CLASSIFICATION
1
Ship From 4mStores, Bldg. 4 |Corrosive Toxic
4m ’ |Flammable Other
4m _ .- Om
4m) %% AUTHORIZATION #* {Om
4m] |Om
|
4m} ] Om
|
4m| |Om
>
7
=2
o —
% 106 4 125
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ASH010580
Purchase Order # o, - - LAB TEST CODES ™ SHADED AREA~ FOR LAB ‘USE ONLY.:
I T WA ) @ : Lab1# Lab2# :

Project Name : .

E~ wGfer L0 M CYOO FEORE ] RO I P B 0 Gl et
gun RoBeT Hom/GLL ¢ " A
u‘o_mou_ Msnsger & Phons # Report Copy to: ; >zw_.<mmm REQUESTED Project #

" ” -f -] 2 5] O . “ _ * 1 ~ .... . ’

wil @, 2| PFCe | R zipeok |§1F ) Lo o
z.a\:%annu.&ocavi_e_u._a Sampling Requirements | Sampla Disposal: .ﬂ C N. m | "

i "~ SDWA NPDES RCRA Dis Reum | a y - ; :
qneer-EAT 0 g 0 iV o fu}! b
- Tye |Matrix -m. d :
clalwis R
sweina (S1RI018] CHEMARAY 5|3
o e LU HE |
O Gretdrash K| |2l | wlvie| 1) o=l & | F T chather | oAl dsGBES
o] 77 e o 0 O o O B R R L P A L
Y6, w\.,q 11508 i SR R o O T B ) =0
YoY 7z T e i . Vot TR R N NN RO RS O
| O [oaan A | (et geedml) LCIC | N T 1 I
U S J S U I I O ey — 1.— N B i doondoo
|
g 1 O W A 1o
T e N - N JUUIRY (RPN PR PR e m ot g
, - - - JE R OV DU My e | i 4 -
: L | !
Sampled By & Title on AT Daterima Relinquished By Trieses ian and pivt s} Beteriime
" DCer 2V S/efaz 18-V 50 pra CACAMENT OEA G
] Reselved By [ Daj Relinquished By {Poase wign and peint neme) Date/Time
, Recelvad By sgasnd prinipeme). 77 até/fime Relinquished By (Piense sign pnd peint rame) Date/Time
Recelvad By {Plasa 2ign and prnt name) Date/Tima Shipped Vin Shipping #
uPsS BUS Fed-Ex Hand [+ ]1, 1] T——

Work Authorized By {Ploase #ign and print nema} Remarks

Instryctions and Agreement Provisions on Reverse Side DISTRIBUTION: ORIGINAL - LAB, Yellow - LAB, Pink - Client
AFV 110 FONM A0
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ImSHIPPING MEMORANDUMOm
(FOR NO-CHARGE SHIPMENTS ONLY)

imém ) Om
|
Ship to 4m 3M Envirommental Technology & |Date 06/()2/97§ No. 38-9732010m
4m Service Laboratory, B-2-3E-09 {Routing Om
4&m 935 Bush Avenue |F.0.B. Om
| Datre
4m St Paul, Minesota 55144-1000 |Shipped Om
1
4m | Attn: Robert Howell }|B/L Om
1
4m Quantity | Product Code / Description | Weight Om
| : |
4m 1 | Container/Soil sample { 30 1bs Om
|
4m | i Om
i |
4m ! ) . 1 Om
| |
4m 1 { Om
| 1
4m ! ] On
! |
4m | i Om
| |
4m I | Om
i 1
4m { i Om
1 | '
4m i ) { Om
i ' |
4m } | Om
Special Inst 4mShip Overnight 6/2--Must be delivered Tues. AM  gip sverpughn - OB
Freight Class 4m 4 Om
4m Om
4m Om
4pOriginator VERA L WIGAL Phone 304-863-4895 Om
|
LmCharge (Cost Cade) 8309019511001280 . |MSDS Sheets Required? g e O
: !
4mPurchase Order No. |Hazardous Material? N Om
l
4mValue for Customs | MATERIAL CLASSIFICATION Om
|
Ship From &4mStores, Bldg. &4 |Corrosive Toxic Om
i
4m ‘ |Flammable Other Om >
4m ) Om s
4m| %% AUTHORIZATION ** l]Om =
i o
4m| | }0m §
|
4m| ’ {0m
I |
4m| {Om
108 of 125
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2 Environmental Laboratory e " . T aGues MG, Taia Facewsd ; o~
Request Form e R 200 1’4 A \ A / % E HDo

Address - ) - Requester —— Environmen 3
3M Environmental Laborato ame ocaton Phone No. Bis N Picject Laag
935 Bush Ave. Y I'DLR /ADT [] Routine S0 (1a-3\-971 w
Building 2-3E-09 Tojatt DRICHNoN 40 CRATGre Nax) Fiart Code Fianning Statas
St. Paul, MN 55106 D %%w Sorl and Grousdwadter , A [
Attn: mm-.:—.u_o Custodian 78 (his & TSCA B(0) project? (See back eids for Tnatructions) | Dept. No. (Main} Sub. Acet. Class/Jot/Project No. WE\B [N ) Clans/Priority Date Shippad

Phone (612) 776.6750 | MUSTBE CHECKED [ ves Pa EE Se

i .
. A Fe-/1¥3 aenanScs-
Diport Wackinglon Works S For Fe-lt a% ASH010583

Fax (612) 778-6176 Faipain of oG ,
[Qrera [dtsca DClowa [lom Osowa [Iwmsos K pnum\kmh Service
faty € /Spacial b 8
. Sp\it chexge Soiso ‘oaiuen 305T & Z2O0U8 BT EEANTANITR

Sampla No, (Range 0-999) —— / 2 3 & =
Sample Code (12 Character Max) ==+ UPT. A, > st Rlank
Sample Date & Time (MMWDD/YY, HH:MM) == 5 m\wﬂ \..3.\. W\w\ﬁu VR4 4 w\\m\%ﬂ Y14 m\w\\ﬂ /S0 )
Same Desorption (12 CharacterMex) ——>|@f L) okes — N
g ae o tUTIMAD, (11 Character Stock No)——>
T i o | COMPUTET COR v val. Date -
SRSy g L\ - — (e "
oY fanea])
N—
/
\ .
e e S
Lo
DuPr. vwrsH
m\ mo_\ 77
/ 50(L
\ \ ;
A N4 v

Fotm 10620 - P - PWO White - Environmental Lab Archives Pink - Contractor Canary - Disbursements _‘nwﬁ_wm To: . _
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LuSHIPPING MEMORANDUMOm
{FOR NO-CHARGE SHIPMENTS ONLY)
1lmém . Om
Ship to 4m 3M Environmental Technology & l |Date 06/26/97 No. 38-9737950m
4m Service Laboratory, B-2-3E-09 I {Routing Om
4m 935 Bush Avenue l |F.0.B. Om
Date
4m St. Paul, Minnesota 55144-1000 }Shipped Om
4m Attn: Robert Howell |B/L ‘ Om
4m Quantitjlr | Product Code / Description ! | Weight Om
4m 7 : | Coolers containing water samples/water & ice l | .40 each On
4m ! | *3 ! d  _ om
4m l i l | Om
tm ! [ ! ! Om
4m ! | ! | Om
4m l ‘x ' I | Om
4m l | I } Om
4m | i ‘ I Om
4m l | ‘ | Om
m ' | : i Om
Speci%l Inst 4mNeed 7 labels, Overnight Air, Deliver '&»;(2? ‘beforeuiioon Om L
Freigl;t Class 4m A Om
4m Om
4m ‘ Om
4mOriginator VERA L WIGAL Phone 304-863-4895 Om
4mCharge (Cost Code) 8309066742001280 ' |MSDS Sheets Required? Om
4nmPurchase Order No. l |Hazardous Material? N Om
4mValue for Customs l | MATERIAL CLASSIFICATION Om
Ship From 4mStores, Bldg. &4 ~ |Corrosive Toxic Om >m>
4m l |Flanmable Other om X
4m ’ o Om =
4m} dok AUTHORIZATION %% |Om &
by ' on =
4m| ' ! |Om
bm| ' : [Om
& 125~
EID129683




[ILMG 2667 Fairlana Drive £ LKW Cavira Analytical Laboratocies, inc,

G
gomefy, Bathurst, Unk 12, Waterloo, Ontario, Canada N2V 2C5 K
‘ CH2MHILL Analytical Services %aﬁq_&.b_. ﬁha%»»:ﬁs .m%s:#.»ﬂm FAX (518) 747-2808 B )
CILRD 5090 Caterpitar Road [ CVO 2300 NW Walmut Boulavard o
- Corvalis, Oregon 97330-3538 =
m.‘%_matm’ﬂﬂ m&%s»t&& (B 7524201 | FAX (514) 7520078 cocs .
Project # Purchase Order # Requested Analyticsl Method ¢ THIS AREA FOR LAB USE ONLY
T Lab # Page of
Project Name )
T
|___pufant ahsiowerod ohees |
Compary Name
.w\ M Fu Jw “ Lab PM Custody Review
1%;2 &Phone# | Report Copy to: m m <& Wv
30L - \.\Q @ '
iy
NTTE 18 m 2 PH Custody Seals ¥ N
Raquested Compietion Date: | SheiD Sample Disposal: ﬂ N ¢
Dlepose  Retun A
O lce YN
® ~_~ Presarvalive
Type | Madrix E QCLevel 1 2 3 Other
R
sumpling | 121X131% CLIENT SAMPLE D s § Cooler Temperature
m{alTi1{R}] - (9 CHARACTERS) ac
pae | Tme 1 (B1EIE Alternate Description Lab 1D

N
8
X
/a8
K
A
X
a4

ASHO010585

% s plug =13

Sam) N»ﬁmﬁ \. Fiease sign and grin namal %f W \>\ , (sl d it o) N@\Q% \NQQ
§~ N (Placss g v e ame) E__.Me_.._mf 7 Floase i ik i) SM_E
= {Ploass sgh sed i mome) /DateTihe. | Shippad Via Shipping ¢
ups Fed-Ex Other .

Insiructions and Agresment Provisions on Raverse Side umamtéing <§|§3:§

EID129684




uta o e LT i v 25 ¥
‘ CGH2MHILL Analytical Services (334) 271-1444 " FAX (334) 271-3428 (519) 747-2675 FAX (619) T4T-2808 -
C1LRD 5000 Caterpilar Road [16VO 2300 NW Walrest Boulevard
- Redding, CA 1412 Covalls, Oregon 97300.3508 ™
(916) 244-6227 FAX (816) 244-4109 (541) 7624271 FAX (514) 7620278 . cocs =
Project# Purchase Order # mzil&%f_!: : THIS AREA FOR LAB USE ONLY
T ‘ 1 Lab 4 Page | of
Project Name g o
00 onrr _ Masrimron Wiett-s |4 il
Company Name : <
o \y W W /w Lab PM Custody Review
Do lorr o HYHelE
Project Manager &Phona# | Report Copy io: " F ™
CARL INBEREEE
g1 ™ 3 ol 2 PH Custody Seals ¥
:.i!a?iis__u.: m__._o Sample Diponal: | N W X Y | e tody Seals ¥ N
= 'O |A fos YN
5L b - - Pressrvative -
Type §  Mabrx E QCLevel 1 2 3 Other
Sampling m m <>~ w o CLIENT SAMPLE ID LAB m Cooler Temperature
MIAITITIR (6 CHARACTERS) [
Date | Time & Alternate Description LabiD
s * w =4 2 I <1< X ASHO010586

E-_ﬁ Pless slgn enc ik ramne) Dete/Time §§W «\\\\A :!.RM.@. .“:s v7 \RQQ

%.”..&i}i. tﬁ. Rellnquished By (Pers i d et ]
y o/ 20/
000 s e ik rune) Delo/Time’ | Shipped Via Shipping 2
urs Fad-Ex Ohw
Special Instructions: :
S &

Instructions and Agresmant Provislons on Reverse Side DISTRIBUTION: Originel - LAB, Yolow ~LAB, Pink - Cllert

&
i

&
®
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[ILMQ 2567 Fainane Drive I LKW Canviro Analytical Laborstorles, Inc. : -
‘ CH2ZMHILL Analytical Services (334) e u%hamau_.nv»m:g %@.ﬁ«u&ﬁ- FAX ﬁuﬁsﬂs 2 w
[JLRD 5090 Caterpitar Road . [1CVO 2300 NW Wainut Boulevard _—
- 1 Comvalls, 97330-0638 =
m..%ﬁ.aqu FX Hie) 2444100 (501) 7824217 FAX (514) 7520278 cocs. -~
Project# Purchese Ordec § Requesied Analytioal Method # ___ THIS AREA FOR LAB USE ONLY
T . Lab @ Page of
Project Name 9
_MCNRKH (MASHINGTON NOLKS 'y
Company Name ' Lab PM Custody Review
Z 1 Copy 1 2 M _.m K
Frojedt Gontact & Phoned | Repor Copy tor 0 Mm,
oL M2 6020 S i 3 m a
11 ~ JV ) pH
Ruquasled Compietion Date: | Site D Sample Disposals -._.. ~J o WJ m NP4 S Custody Seals ¥ N
% T - 2 = T
b Preservalive
Type | Mtk £ QCLevel 1 2 3 Other
R
samping  |S181%15]% CLIENT SAMPLE [0 sl s Cooler Temperature
TRHIEL {0 CHARACTERS) ¢ B
Date | Time plB m L Alternate Desctiption Lab iD
Gf14htiosz| | [X Tnalw!-11 2INIX SASERA X ASH010587

B w7 GEDURIST R e T C26/1? 1400
N [r—pm—— AMNMN.NQ Relinguished By 7 Floses i i et name) me 7
%\\ \3.__....&.11...._ Date/Time/ mww%.._s.ma.m. o Shipping #

Spacial insiructions:

(8-

Inatrsctions snd Aareameiit Provisions on Reverse Side

Huqﬂameggillg Yoliow - LAB, Pink ~ Client
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[LMG 2667 Falrlana Drive

{J LKW Canvira Analyiical Laborstories, inc.

115 ¢ la

%
u

Montgomery, AL 361 £0 Bathurst, Uni 12, Waterioo, Ontario, Canada
‘ GH2NMHILL Analytical Services (304) B‘._to_. u%%ﬁ%ﬂnﬁﬁnm as:a.»mm- FAX .m“s 747-3808 Nav 208
[1LAD 5090 Cat Road £1 GVO 2300 NW Walnut Boulevard
-~ Redding, CA 1412 Coryalts, Oregon 97330-3538
(916) 2445227 FAX (916) 244-4108 (641) 76524271 FAX (514) 7520276 coc4
Project # Purchase Order # Requested Analytical Method # THIS AREA FOR LAB USE ONLY
T Lab # mzf of
Project Hame ©
m(m_mk._\ A5 H e ToV Molr.s A
Company Name M M E Lab PM Custody Review
Project aoo;.sZﬁ._.. Fsport Copy to: ¢ E w_ﬂ /nwv
—.!-_WJ £ : F
(9L AR ~68%0 o < o
AOLEW Moy sl 1Y 5 Y < PH
Requested Compietion Date: | SiteID mmpeompont: [N O R 3 2 Custody Seals Y N
e Dopore  Meum | A W
= (m] o lee YN
N Proservative
Type | Matrx m QCLevel 1 2 3 Other
sampiing  {S1R1X(814 CLIENT SAMPLE D tae| s
IR ER 9 CHARACTERS) ac Cooler Temperature
Date | Time (X} ] m L Alternate Dascription Lab iD
- |geploms| X -z 2] SN WX ASHO010588
By & Tile Ploses s el il pisn) Date/Time § (Pioasa sign e peind ene)
ey B G4 g2/ 7r Liwo
Plesea sign and i ) Helinguished By . Pieass tign o] il nome) Dete/Time
/ By ot sgn md e posne) OutaTife / | Shippad Vie Shipping #
UPS  Fedfx  Othw
Spocial inetructions:
st s W&%@m
bid - 1WA s
Inetructions and Agreemanit Provisions on Reverse Side g e “ars DISTRIBUTION: Original ~ LAB, Yakow ~ LAB, Pink - Cllent
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Ruazs o, G Cemis eklsboot 5, e <.
‘ CH2MHILL Anafytical Services (334) 271-1444~ FAX (334) 271-3428 (519) 747-2575 FAX (610) 7473806 v
CILAD 5050 Catorptar Foad £1CY0 2300 NW Wainut Boufovard
- . CA 1412 Conyall, Oregon 97330 3538 =2
sé 227 FAX (816)244-4109 (541) 7524271 FAX (514) 752-0276 cocH, = - |
Project # Purchsse Order § Requesied Anslytical Method # THIS AREA FOR LAB USE ONLY ,
T Lab# Page of " o
Project Name ..w : ®
Du font WASHINATIN WS A 0 r 2
Company Name T . W h \ \, T P Custody Review i A
0 W o 1]
acl & Phono# | Report Copy to; F E w
G2 442+ 2. B osqrmnmw,mc. |
Eﬂﬁ ol 1} - L Y pH i
Tequeeted Completion Dete: | SHa D sampleonposa: | N1 O O M 3 S 2.3 Custody Seals Y N !
L mwow mm | 4 AA les YN |
.B\ = ~_. Presarvative
Type | Mstrix £ QCLevel 1 2 3 Other
samping 1 S1R1X (3[4 CLIENT SAMPLE ID wal § Cooler Temperature
MIAITIIIR {9 CHARACTERS) oc i
Date | Time R Alternate 0-8:2_0: LabiD
lepafmizas | D | b ol I FINS 2L ASH010589
I
1
Byatne [ —— Rel P , ,
Esiey 2L BB . e g ¢/26/9% /400 ,
#Fosace dgn o prind ) SQ Relinqulshad By (Ploass sign e ot ama) Date/Time t
r/22/49)
By i gt o i ) 7 Datartime / | Shipped Vie Shipping ¥
UPS  FedEx  Other

Spaciel instructions:

. instructions and Agraament Provisions on Reverss Skde DISTRIBUTION: Original - LAB, Yollow ~ LAB, Pink ~ Cliermt




C1L.MQ 2607 Fairane Drive D LKW Canviro An. | Laboratories, ine.

=
Batt 4 Onlarlo, C. i oy
.‘ CH2MHILL Analytical Services ﬁenﬂr?o_. ﬂkw%»:ﬁs %e:a.»%m. ._"wx aﬂ.ﬁmu&s. Nav 2c8 *¥ ¥
; ) LRD 5000 Caterpliar Road [ CVO 2300 NW Wainut Boulevard ~
- Redding, CA 1412 Corvalis, 97330-3538 ~
(916) 244-6227 FAX (916) 244-4100 (541) 7624271 FAX (614) 7520278 cocH -~ .
Project # . Purchass Order # " Requosted Analyileal Mothod # THIS AREA FOR LAB USE ONLY
T ‘ . Leb # ﬂpn- of
Project Name «
OulpnrY (RS NBTON DOlKS |4 m
Company Name . Wu W. %) Tab P Cusiody Review
Dy bint o| w\ § o o _m.
Project Managar or Contact & # Repert Copy fo: F =
mRNM\wn ~ P\ _ —m ' ) > -4 pH
Requestad Completion Dete: | Stta D Sample Disposal: m J VIR M- /M“ Wa Custody Seals Y N
Oispase am: A ice YN
174 ) Pressrvative
. .“IJ__. Matrix _m. QCLevel 1 2 3 Other
Samping | EIRIRISI4 CLIENT SAMPLE tas| §
u m M M w A—-..muﬁ z»ﬂmm% o Cooler Temperature
Dats | Time F R . L Afternate Description LabiD
Yaifptlusol X wl=1g] 2 XXX XK < ASH010590

. N e A
LN

y % Ploase sign end i rume) Retinglished By '~ T p—
TaxN
4 Piowssigh and i resnsp Date/Time / | Shipped Via Shipping @
ups Fed-Ex o

Instructions and Agreement Provisions on Reverse Side DISTRIBUTION: Original ~ LAB, Yelow  LAB, Pink ~ Client

dritessspuaimn
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iz wkwemc.}. "
Environmental Laboratory |
- Request Form =T
Address EnvironmentaiLab .~ lon
3M Environmental Laboratory = - PR pect Baw| —
935 Bush Ave. Vb /) KDH JOJ o197
Building 2-3E-09 Frojoct Deacrplion (40 Gharaciers Max) Flarning S8 Gualiy Rotiow
st. Paul, MN 55106 Av: HQ\,&. E&T\. .
tin: S le Custo dian _::_-.—mgzena_on:mig-_eo.ﬁ_:-w:&&é Dept. No, (Main) Sub, Acclh Ciass/Job/Project No. Ciass/Prlority Date Shipped
Atin vﬂﬂw%aﬁ O ea7s0 | MUSTBECHECKED [ ves Dw|307€ Blg=EN
Fax (612) 778-6176 Firpeas of ToRG
[Jnora [ TSCA OOowa [Joan [ sowa wmsos [
Safety C I.mmmw-_. 0 [
Two Sasples of eadh .
i .
Sample No. (Range 0-899) =% \ Z 3 Y s
. Sample Code (12 Charecter Max) == \7&\_!_ mw =\ -2 mw =2 =1 M =— =2 mw= 3~}
Sample Date & Time (MWDDIYY, HHMM) =1 {, \ 26 \Q.V 6 \u\ﬁ /27 ¢ \u\m \%J é \ hm\% - 16 \: /%7
Sample Descilption (12 Character Max) ———%" mw-} tefa | mw -1 20f2| mw-~2 T\N mw—2 202 mw=3 1of2
aM 1.0, {11 Character Stock No.) ==
.ﬂlﬂndall‘lll.ﬂad..".ac%. —E | Aval. Dale [DugDate
B eree | Sfefoilelest ASHO10591
\ll&%%wf
..IM;W: %mgé
c Y &
Form 10620 - P« PWO Wiite - Environmental Lab Archives Pink - Contractor Canary - Disbursemants &@ Touwam To: t_

e
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3M Environmental Laboratory

e of W

. Environmental Laboratory TaB Fecoes e
. i . 3E-
M oo Gontnued  dnszse T ReMB
Fom 10820+ 14-C - PWO St. Paul, MN 55106 2 of 2
Wﬂeﬁﬂgg.. o
ASH010592
Sampls No. (Ranga 0-999) ~ G 7 4 9 70
Sample Cods (12 Charecter Max) = W = 3.5, mw-$-) . [mw- Yo | MW-S=) |Mw-5-2
Sarmple Date =] L/ab/e | & (acfer | 6/ 26lF | ¢ f2/o7. | érae/p7
Sample Description (12 Character Max) =¥| M @) -~ 3 u.q.ﬁv. \39\\ .\ \Q.\N \52\.! & u&.ﬁni A€ \o.\u. \.E\Wl .Mn.\h.
.- 3M 1.D. {11 Character Stock No.) =
Tesis Raquired Computer Code Clab AV Date D Oate
IVL-SPEC
White - Environmantal Lab Archives Pink - Gontrsctar Canary - Requoster
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1

. . 3M Environmental Laborato e
g Environmental Laboratory Building 2-3E-09 i e R2148 m
Request Form - Continued 935 Bush Ave. - .
Form 10820- 14+ PWO St. Paul, MN 55106 s.w o 2 lo
ga& Handiing Commaenis 1ln _
ASH010593 |
o
o
Sample No. (Range 0-899) — // /2 g
Sample Cods (12 Character Max) | m i) = & = . \x&\\m,u\ m
e
Sampls Date (MM/DDAYY) l 4 \Vn \.« 2 ¢ \.N W/ ?7

Sample Description {12 Character Max) = MW~ 6 { 0% 2 ™ W [ 2 e.\ 2

- - 3M L.D. (11 Charactsr Stock No.) —¢» .
Compiier Gode Clab AVDAle  |DDate "

v

White - Environmental Lab Archives “Pink - Contracior Canary - Requaster




1mSHIPPING MEMORANDUMOm
(FOR NO-CHARGE SHIPMENTS ONLY)
1mbm ’ Om
1
Ship te 4m 3M Environmental Technology & |Date 06/24/97 No. 38-9737400R
I
4m Service Laboratory, B-2-3E-09 JRouting Om
- |
4m 935 Bush Avenue |F.0.B. Om
| Date
4m St. Paul, Mimmesota 55144-1000 |Shipped . Om
|
4m | Attn: Robert Howell |B/L Om
!
4m Quntit{ [ Product Code / Description | Weight Om
|
4m 1 | ] Cooler of soil samples/soil & ice | 100 1bs Om
: I
4m I | Om
| ]
4m | i Om
| i
4m I ] Om
] I
4m ] | Om
I |
4m i | Om
] |
4m ] I Om
| ' |
4m | | Om
1 |
4m | _ ] Om
| !
4m § . | Om
. - Fore, N soN o
Special Inst 4mOvernight-EAGLE USA AIR’ w’—/ s e - s Om
Freight Class 4m : Om
4m Om
4m Om
4mOriginator VERA L WIGAL Phone 304-863-4895 Om
' |
4mCharge (Cost Code) 8309066742001280 {MSDS Sheets Required? Om
4mPurchase Order No. |Hazardous Material? N Om
|
4mValue for Customs | MATERIAL CLASSIFICATION = Om
l
Ship From ,Score.s, Bldg. & ]Corrosive Toxic Om
i .
4m |Flammable . Other - Om g
4m Om s
4m| %% AUTHORIZATION ** [Om 2
| S
4m| jOm b
[ .
4m| |Om
] |
4m| |Om
121 o 125
PRSP e E—
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=

[ILMG 2567 Falrlans Driva " QLKW Camvio i Laboratories, Inc. "
c CH2MHILL Analyticel Services ﬁ!.so:%ﬂ»u.%&é&u%ﬁ%»»ﬂ 3428 wmﬁw%.q.u«a»%u-m.mx Amguog_f_o.o-gﬁnom. o¢
- pRAOm o o kg By s e >
(§16) 2445227 FAX (916) 244-4100 (541) 7624271 FAX (514) 762-0276 cocH P
Profect# Purchass Order # Requested Anaiylical Method # THIS AREA FOR LAB USE ONLY <
T Lab# ﬂ-n- of -
Project Name 9 ' _
T, (-8 sTuoY | A :
Company Hame “ Lab PM Custody Revie
D Ooutr _Envitavmentar Cees) |! WL 0wl wl W N
P P PO PR
| Avogew Hretred sAM E ¢l S ,m.mw,.rw o
equested Completion Dete: | Ste 1D swpenwponat: | N | U1 | D gl 3 % 3 Custody Seals Y N
MEW mihﬂ)ﬁﬂ ~<~7\\_ me sMﬂ m . Pressrvative los b o
e | Manx | E QCLevel 1 2 3 Othor _\\.
Sampling clajwis|A 3
I ﬁ.mnﬂ»nﬁm% —%ou s Cooler Temperature W...W OfF 8 v
oate | Tme | |°|R|" A Altornate Description | LabID
(/o) 1550 ¥ X SIS =1t 1=lel~|2 LI S > ASHO010595
v IIsS d Islsl-11] -|4]-1& _ , .
1610 s lst=| W-181= 11 \
f jt20] X mmap\_wal. |
1 gl g e 15is =11 |~lle|- |18 !
2l X [N SIS i<t 1|-pol- 22 {
ﬂWﬁXXmmJ_ssaﬂ. \
U lresd 1 IS tsT=T=kel=13d | {1 UV
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