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·Peterminat1AD gf N£MACUB!, N£MACUR Su]fox1de and N£NACJ,1 Sulton, 1D Watte·
and Soil Samples fro, tbt GtOt9il Runoff StudY, StudY NYIRIC NE222401 

1.0 totCQductt0a · 
The Mtles Environmental Fate Analytical Laboratory analyzed water and sotl 
samples to deter� tne the concentrations of NEMACUR. NEMACUR sulfoxtde and 
NEMACUR sulfone. NtnetJ one water samples tncludtng twelve field sptk�s 
and forty one soil samples were analyzed. Thts analytical report ts tn 
conjunction with the NEMCUR Runoff Study. StudJ Nuaber NE2ZZ401 performed
by Mtles' Ecological Effects Group. 

The sU1Ples for th� study w� re received between 03/02/90 and 04/19/90. The 
analyses of the samples •re c~leted tn July 1990. All suples were 
shipped tn coolers containing dry tee. and were received frozen. The 
samples were placed in a walk-in freezer after receiving unttl analysts. 

2.0 Method 
Tho method for the wat�r analysts was based on the report titled "Gas 
Chromatographic Method for the Deterilinatton of Fe~atphos. Fenatphos 
Sulfoxide. and Fenaaiphos Sulfone in Vater• subllttted to MobaJ Corponttoa 

• 
by Alpine Vest Laboratories tn Provo. Utah. The lt� tt of deter� tnatton for 
each c111111ound .tn thts study ts O.Z l'CJIL. · 

The method for the sotl analysts was based on the report titled "Fenaiphos
Analytical Method for Soil" subllttted to Mobay Corporation by Alpine Vest 
Laboratories in Provo. Utah. The ltmtt of deter� tnatton for each COIIPOUnd 
in thts study is 10 119/kg. · · 

2.1 Preoacatipn of the standard solutions foe water analv,is 
1) \leigh 0.01 t 0.0001' CJ each of NEHACUR analytical standard (Ref. 791· 

29•146, 97.SS purity). NEMACUR sulfoxide analytical standard (Ref. 68· 
105-72, 93.4S purity). and NEHACUR sulfone analytical standard (Ref•. 
76-207-91, 98.0S purity) into a 100·111. volumetric flaik. ryflute to 
volume with ethyl acetate and mtx thoroughly. Correct the standard 
concentration to its absolute concentration u~tng the standard purity. 

2) Ptpet 2 ml of the standard solutton from Step 1 into a 100-ml 
volumetric flask. Dilute to volume with toluene and mix thoroughly.
This is the 2-ppm standard solution. . . 

3) Pipet 5, 2.5, and l ml of the standard solution fro� Step 2 into 
separate 10-mL voiumetric flasks, dilute to volua with toluene·and 
mix thoroughly ..7hese are the 1.0, O.S·, and O.Z-ppm standard 
solutions, respec:ively • 
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• z.z er,oaration of the water 1atDPJes · · • - · 

1) Allow· the sample to thaw completely, then 1111asure 500· ·�L of the sue:,-. 
using a graduated cylinder. Transfer the sami,le fro� the graduateci 
cylinder into a l·L separatory funnel. · . 

Z) . Extract the sami,la· with 75 ml of methylene chloride for three � 1r.,,us. 

3) Allow the ph~sai to settle·, then drain the ~rgailtc phase through a. 
glass funnel containing a sodiu� sulfate layer (pre-rinsed with 
methylene· chloride)' into a 300-mL boil tng flask. 

4) Repeat Step 2 and 3 two more times. 

5) .. Rotoevapor~te the i;;.thylene chloride to approximately 3 Ill at 4o•c and ' 
transfer ~he sample extract into a 1/2-oz square bottl• .using a · · .. ·.. 
disp.osable pipet. Rinse. the bot ling flask with methylene chloride, 
then transfer th1f rinses into the sue bottle. · · ·. · 

6) Evaporat:t the s11111le extract to dryness under a stre111 of dry
nitrogen. ., '• 

7) Ptpet 0.5 mLof toluene Into the square·'bottle, rotate to dissolve ili 
. residues on the instde walls of the bottle. , . .· . · 

' , • ! • • 

' . 

8) Transfer the suq,le solution fro� ·step 7 into a s111111e·vtal and inject 
on the gas c~ro111tograph. 

··, ' .-•. . 
A l-pp11 NEMACUR standard concentration ts equivalent to 1-ppb s11111le · : 
residues as calculated below: . · · · ; 

• .. 
0.5-mL .. ·.,.· , . •t 

.' : ~ 
. I iig/ml X 1F;na1 Volume) • i'"9/L ' 

.50O111L··. '·" •,' 
(Extraction Volume)

~ .. • . • • •¢ • 

.,. ......\ 

2.3 Spjking proceduce· ~,or '(ab;_catorx OA \:0nCUrrsnt _r·eeovec·t · · 
. ·, , ·-. I ' • I , . , i · 

1) \letgh 0.01 t 0.0001 g each of NEMACUR. analytical standard '(Ref. 79R-
29•146, 97 -~purity), NEMACUR sulfoxide analytical standard (Ref. 68-
105-72, 93 ,4~ purity), and NEMACUR sul.fone analytical standard. (Ref. 

·76-Z07~9lj 98.0S purity), into.a 100-ml volumetric flask. Dilute: to. 
volume with· acetonitrile and mix thoroughly•. ': · ... · . .. . . 

• •' • , 1 

Z) ?ipet I m!..of solution from Step 1 into a 100-mL .volumetric flask•. 
dilute t~ .~olume'with· ~c:etonitrile and inix ~th,oroughly. •. .. ,. .' 

3) Pi pet 0.5 mL,'of solution f'rcm Step"Z into 'soo-mL of c~ntrol w'ater;"to 
produce al ppb spike. · · 

• ~....... . . •, - "~---...... ·-•~ •..~ ,,._ ~ ,,.. •--•'--,L ••,~ 

"'~E""'2"'2"'z-:c40"'1,-.,.(""GA:-,;Rr,-UN"'O""F"'F'°)----,----.:-?a_g__e_,,.z-o""~~Z...2.----------'-_;_--,.~/..13'"';"'9"2 ' - ,;.-
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2.3 Sotk1na prncedur, for Labocaton QA coDcurnnt cuovea (conttnued) 

t 4) Pipet 5 � L of solution fro• Step Z into 500-IIL of control water :o 
produce a 10 ppb spike. 

5) Extract. concentrate and analyze th• spiked suiplts with the SIM 
method used for the field s111111les. · 

2., ·Pceoara1:tcin gf tb1 standard solutions for sot] aoalxsts 
1) Weigh 0.01 t 0.0001 g each of NEMACUR analytical standard (Ref. 79R• 

29-146. 97.SS purity), NEMACUR sulfoxidt analytica1·standard (Ref. 68-
105-72, 93.4~ purity), and NEMACUR sulfone.analytical standard (Ref.
76-207-91. 98.~ purity) into a 100-IIL voluatric nut. Dtlute to · 
volume with ethyl acetate and � ix thoroughly. 

2) Pipet 10 � L of thi standard solution froa Step 1 into a 100-lll. 
volu•tric flask. dilute to volume with ethyl acetate and � ix 
thoroughly. This fs a 10-ppa standard solution. · ·· · 

3) Pipet z. ind 1-� L ·aliquots of the standard solution fl'OII Step Z into 
separate 10-� l vol1111111tric flasks, dilute to volu� e with ·ethyl acetate 
and � ix thoroughly. These are the Z· and 1-ppa standard solutions, 
respect i va1y.• 

4) Pipet s- and Z-ml aliquots of the standard solution fraa Step Z Into 
separate 100-IIL vol1111111tric flasks. dilute to volu� e with ethyl acetate 

I , and � ix thoroughly. These are the 0.5- and 0.Z-ppa standard 
solutions•. respacttvely. 

5) Transfer the standard solutions tnto sample vials for analysis. 

z.s Prgparat1on "f the soil samples 
1) Allow the samples to thaw completely, then weigh 50 g of steved sample

Into a 500-� L bolling flask. If the moisture content in the sample is 
less than 10 percent, pipet 5 � L of HPLC-grade water to the sample
before proceeding. Extract three tims with 75 � l of •thylene
chloride by shaking for three minutes after each solvent addition •. 
After each extraction, penait the soil to settle. Decant the organic 
hyer through a glass .funnel containing approximately .10 g of sodium 
sulfate supported by glasswool and into a separate boiling flask. · 

2) Evaporate the methyl'ene chioride to approximately 5 Ill using a roto 
evaporator. Transfer the soil extract using a disposable pipet into a 
15-mt i.d~ x 250-m long, with 250-ml reservoir, Kontes 
chrcmatographic column packed with Florisil prepared as follows: 

1) A plug· of glass wool to hold the packing in .the 'column. 

• 
b) ~dd 1/2 teaspoon of anhydrous .odium sulfate into the column 

containing five cent'.~eters of 2.5~ acetone in benzene ·z.s~ 
acetone/benzene). · 
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2.5 Prepar•tjgn 'gf the sgtJ samp]es (continued)

•• 
f •• 

c) Weigh 3 g of 2.51 water deactivated Flortstl. · 'Make I slurry 
using 2.51,acetone/benzene. then wai~ the Flortsil into the 
column with 2.51 acetone/benzene. leave five centtaaters of Z.;S 
acetone/benzene on the top of the Floristl. · · · 

. .. ,.._' " . '. ·. \ . . .,,, •..,.,. . . 
,, . •I 

d) Gently add 1/2 teaspoon of anhydrous sodiua sulfate tnto· the 
column; then rinse the column with 15 Ill of 2.51 acetone/benzene . , 

·. and adjust the solvent· l_eveL to one centimeter .aoove the upper 
· sodiW1'sulf~te l_ayer. ··. · ·.::", • -::::· . .. _· , 

.'.
Chrorn1to9caab1c C0Jumn Cleanup .. .· .... ' 

3) Preparation of the column .must precede the s~le transfer•. Allow the 
sample extract to flow into the column unttl the ltqutd lever ts· at.·' 
the top layer of the column packing. Rinse the boiling flask twice · 
with 10 ml of 2.51 acetoneibenzene; transfer each rinse into the" 
column. Place the boiling flask under the colWM and adjust the 
solvent.level _to the top layer of the·colwa packing.· . · 

- ' . . . . ' . .,_ ' '•, ' .. . . . ... .. ,. . ., ' ' . 
4) Remove the botl Ing ·fl ask ccintatniilg all eluates· and discard. Place a 

clean ZSO•ml boiling flask under the chl'Ollltographlc col111111. then add 
100 ml of 901 acetone/benzene to the coluai. .. , 

5) All;,_ alt th~ ~olve~t to pass through the column one :drop at a time. ·· 

6) Evaporate the solvent mixture to a voluila of approx1·111tely 2 ml· then ·t · transfer the solution, into a,1/2,oz glass bottle. Rinse the bo;ltng
flask two· times wtth 2 · ml of· acetone. 'transfer the rinses Into the 
bottle. Wrap the sample bottle with al1111tn1111 foil to.exclude light. 
Evaporate the solvents using _a nitrogen streaa. then·pipet -1-ml of · 
ethyl acetate into the glass bottle. Rotate to dissolve the residue 
Jnside the bottle•. , . ·. ·, . :··· . ·· ' ' ;. · . : . . · -· · . · 

• • " .• , • ,; l .. ,, 

A 1-ppm NEMACUR standard concentration is;equivalent to.a 20-ppb: 
sample residue .as calculated below: · · 

' • • 1 ~ , 
t •·• ·1 ' 

Final Volume . : . , 
I µg/ml X 11 ml) · --~ 0; 02 µg/g • ZO jPPli' . , . 

Sample we;ght - · ; · 
(50 g) . . · -'', . ,.. , ·, . . C , '. • • , •• ,. 

- • ' .. • . ,, •.• ' .... ! 

2.6 Spjking ccoceduc, ·fol- i 10- and ·a 100~0Pb ·,oncucient ;recOvetie5 (~aboratoY-i.
OA Samp)es) . , · · · · · 

. \ , , '. • , ~·I (- '-1 f'• \ '. • • • L : , I -, 

' . . ' , ' . 
I) Weigh 0.01 t 0.0001 g each of HEMACUR. HEMACUR sul foxide and HE.'4ACUR. 

sulfone into the same 100-nil ·volumetric flask, dilute to volume with· 
ethyl acetate and mix_ thoroughly (100 ppm solution). , : . · 

• . __,' ! '· ..• ; .. ,, .J • •• • • • • • ,; 

• -~- _1,, •- ,•• ' ,- ,, ' : ·: ·: - ·: ,. ~ • '··, ' ,,• • • ' ' • . 

Z) Pipet ~ :nl of solution 'from Step I 'into a IOO~ml volumetric flask. 
dll1Jte to volume with ethyl acetate ·and mix thorough!"y. · This is the 
I-ppm spiking solution.) ·---~-- .....•. ~ ;· ,, :· . ' 
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2.6 SP1k1D9 prgcedun fQc I 10- 'and i JQO~PAb ,;gocurnnt CKPYIC.111 flabacatoa 
QA sampJes) (conttnued) 

3) Pfpet o.s and S Ill. of the spiking solution tnto separate boiltn~ 
flasks containing SO g of control soil to produce 10· and 100-ppb 
spikes, "specttvely. · 

vi,~) 
4) Extract, concentrate and analyze the. spiked suiples witll the sue . ,i..:>f .. · 

method used for the fteld samples. , r , i O .~; ,..,. ; • 
·" ).~ 1..IS"'· . 

' ])fl ~ .2.7 tn,trvment -v-4.-"-
. . .. / 

Gas chro111tograpll, Varian 3400, or. equivalent: :equtpp.td with a nitrogen-•'
phosphorus detector and a 7-11 long'-SS_ll_~ Cyanopropyl ·capillary coluan 
with a 100 11111 t-.d. and a 0.25·1' ft111 thicluiitss. \~,.¥,p "-,,;/.,LI~ 

The following parameters we" set on the chro111tograpll for both water and 
soil analyses: 

Detector teaqieratu", "C: 300 
Injection port temp., •c: 250 
Injection volume, '61. z.· 
Teftllltrature p1r1111tters:

initial •c 100 
hold time, min 1 

Program 1 rate, 30 'C/11in; final t9111P. 210 'C;
·hold time 10 � in 

Program 2 rate, 30 'C/min; final temp. 250 'C; 
hold time 15 min 

Flow rate: 
Air • 170 ml/min.
He (carrier gas) • 2 ml/min
Hydrogen . • 4 llll/� in 
Nitrogen (�ake-up) • 26_ ml/min 

Inject the-standard solution to establish a calibration curve, then the 
sample solutions. Typical standard and sample scans are shown in Figure 1. 
2. 3, 4, S, and 6. 
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, z.a ca1culat1on 

. . ' 

l) Use least squares',curve fitting .to generate the "best~_·iine which can 
be used to· calculate the corresponding concentration .for a given peak 
area or peak height. Enter the standard responses as variable ·x. -and 

,, . the respective standard concentration as -variable Y. ,.
h, ' , , , , , •' . . ', ,. ~ ! " ., ~~ " . • ~ . • • • , , , • • • • 

2) Detel"llline the concentration (Cppm) corresponding to each sample peak· 
response using the·interc;_e~t and slope fr011 the calculation tn Step 1. 

Cppm • (Slope of Regression Curve XSample Are1)-+·Intercept of Cune 
' ' ·- . 

3) Calculate the amount ·of NEMA~UR~ Sulfoxide and Sulfone in.the water . ' 
sample: 

NEHACUR, iig/L • Cppm X 1000 X 0.5 X OF• . 
Volume Extracted (ml) 

NEMACUR sulfoxide, µ.g/L ·• Cppnt.X 1000 X 0.5 X OF• 
Volume Extracted (ml) 

NEMACUR sulfone. iig/L • Cppm x·1000 ·x 0.5 X OF• 
Volume Extracted (ml) 

' •OF• Dilution Facto!"', if applicable 

EXMPLE OF NEMACUR CALCULATION FOR A WATER SAMPLE, ID I &A-103 

Stand~rd Concentration· ).verage Average 
----'.-·- ·,nq/L · Standarg Area · Sampj e Area 

I , · . I 1,.,i...~• 
0.198 7702 
0.494 :az10 .,,1 . 

0.988'' .. ,, j6773
! . 976 ·,; · c, !:~3076 .. - · '., 

Cppm • (0.0000247- X 16944) •+'•0:0371346 • 0.4563 
. ~ilution Factor • :co · 

~o I ume Extracted :(mt:) •· :.JO : . · ' ! .-. . . . , . 

~EMACUR, ;.g/L • ll.J563 { '.COO :: 0.5 X !00 • 45.6 .., ·.., 
500_ 

... ,.:alculate :he amount of ,E~AC~R. Sulfoxide and Sulfone -~ :he S.... 
;ample: 

~E11ACUR. ,ig/~g • ,,--_,,.~:...;.,.pm"'---- X OF* 
S1moi~,•etgnt (g) 

'IE1".ACUR ;:,;;oxide. ig1'<g • Cqpm ·:C JF* 
31=.Jie ~etgnt (g) 

a ... , •• 

; ,g_e -~ ~f ·22 
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2.8 Ca]cuhtion (continued) , 

NEMACUR sulfone, mg/kg • Cgpm X DF* 
Sample Weight (g) 

EXAMPLE OF NOW:IIR CALCULATION FOR ,_ SOIL SAll'I.£. ID I liA-16 

Standard Concentration Average Average 
mall Standard Area Sanmla Acea 

6816 - 584220.23 
0.57 16749 
1.13 40354 
2.27 107095 

Cppm • (0.000019671 X 58422) + 0.208993239 • 1.358212401 
Dilution Factor • 100 
Sample Weight (g) • 50 

NEMACUR, mg/kg• 1.358212401 X 100 • Z.7Z 
50 

. Z.9 Bromide OeterminattPD 
Ten runoff samples from Plot Z wen analyzed for bromide by (on 

•-
Chro.iatography. The samples were filtered through a Sep-Pak filter and 
injected against a 1-ppm bromide standard solution. _ -. 

Z.9.1 Preparation of the Standard Solution 
a) Weigh 1.2841 g of sodium bromide (99.4 S purity) Into a l•l 

volumetric flask, dilute to volwae wi\h Barnstead water and mix 
thorough1y. · 

b) P1pet 1 ml from Step a) into a 100-ml volumetric flask, d1iute to 
volume with Barnstead water. 

c) Pipet 10 ml from Step b) into a 100-ml volumetric flask, dilute 
to volume w'''., Barnstead water· and mix thoroughly. This is the 
!,ppm bromide standard solution. 

c.11cu1 at ion 

l) Weight corrected oy purity: 

1.2841 g X 0.99~ • 1.2764 g sodium bromide. 

2) Bromide concentration • 1.2764 g/L X 77.66 s• • 0.99125 g/~ in 
the stock solution. 

•
<' • (Percentage of bromide in sodium bromide molecular weight) 

3) ·~orking standard concentration • 0.991 ,ng/L 
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2.9.2 tnstnunent .~ondtt1ons • 

Dfonex Ion Chromatograph Hodel ( 4000 t equipped with a conductivity 
detector and a HPIC • AS4A _column. 

Flow Rate,· ml/min i.7 
Injection volume, ml 2.5 
Mobile phase 1.7 11111NaHCOy'l.81111 Na2CO, 
Regeneration, so 1 vent . 0.025N H2S04 . , . 

2.10 free vs, Bound Eenamiohos 
Four samples (GA-85, GA-86, GA-87, GA-88) were filtered and analyzed for 
NEHJ!.CUR and Its metabolites in water.. phase as well as in .the sediments to 
determine the distribution of fenamiphos· in both phases·. 

2.11· Oetennjnat!on of Total Suspended Solids (JSS) 
Two water samples (GA-98 and GA-99), we~e· submitted. for' Tot~l Suspended '·' 
Solids (TSS) analysis. 

1) Shake the sample vigorously for one minute, then pour 100 ml of.sample 
into a 100-ml graduated cylinder•. Record the volume as V. 

• 
. ., . . ~ . ; ,. ,. ' ,_ '(: : ' . : . ' '' ,,, ·., ·. . 

2) Filter the sample through a pre-weighed (V1 t O.OOOl'g) polypropylene : 
Buchner funnel containing a glass fiber filter under vacu1111.· -

3) Place the funnel in a 103•c oven overnight;· 
. • I , • ; • ·,. ' ,, • ,-• .•. ·~ ' ' • .' 

4) Remove the funnel from the oven and allow tt. to ·.cciol · in a desiccator. 

5) Reweigh the funnel and record as W2 t 0.0001 g. .' 

,- ,· •· , • t l • ': ,:,i . .., . ~ . '' Calculati.,n 

1·_ .. 

Z.12 Moisture Determination 

The moisturi! was determined for ,;il 1 soil samples. 
.,, ·- + 

•Weigh an aluminum pan on a ~ared top.~loader' :ialance, rec·ord'the weight1) 
(W,). .. .... 1!-•, :-~:;\..",It.\. • ~· ' • T \ 

Place approximately 10 • 15 g_o( th~ ,Sif!Ved ~ample onto the.aluminum2) 
pan, record the weight (W2). Pl ace the p'an ind samp I e fnt_o,:an ·oven at· 
IOJ"C. . , 

' • ,· I • 

• 
3) Mter three h·ours, 're~ove t.ie aluminum pari from the oven and pi~c'e ft· 

in a des.iccator. · Allow the:s~mple.,to cool t.o ambient temperature. 1 , 

- . ·-·- - :,-• . -·-- - . ,.., --· - - 1 ., • ~ ... 
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