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Subject: Detarmination of Ch:orpyrifas and TCP Residues in
' Soit.

L) SCope
This method s used for the determinaticn of
resicues of <Chtarpyrifos arg TCP  in soil. The
iimit o©f detectiaon for tne mechad is O.05 ppm  far

each comgound.

2.0 PRINCIPLE
Sail

samples are extracted at rocm temperature with
acetone uwsing a placiorm ratary snaker. An aliguarc
of the extracet is diluted with deianized water arag
tha acetane remnved byy wvacuum rotary evapgratian.
The pH of the residual aquecus phase is adjusted to

11 and rthe parant chlarpyrifos is partitioned inta
toluene. The aqueous phase is then adjusted to aH
1 and the TCP s partitinoned into toluene. The TC

toluene phase is evaporated to drynass by wacuum

rotary evaporation and the residue is treated wich

diazomethane. Tha chiorpyrifcs toluene partitian

sample is added to the TCP diazomethane sample and
) . the rtoluene removed by vacuum ~fotary evaporation,

The sample is reconstituted in toluene and analyzag
by Gapillary gas chromatography using an electron

capture detector. Tha flow Jiagram for the metngd
is shown in Figure 1. '

3.0 APPARATUS

3.1 . Bottle, Nalgene, 500-mi .

3.2 Filter paper, Reeve Ange! Grade 802, 24-cm.

3.3 Fil rer paper, Whatman 2V, 24-cm..
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4_...Flask, . Erlermeyer, 500-ml, -260-m{_wih 24/40

s,
3.5 Flask, round »ottom, 250-mi, 300-ml.
3.6 Funnel , separatory, 250-mi wicth Teflan
' Stopcock.
3.7 Funne!l, 12.5—cm size.
3.8 Glass wool . ) . A
3.9 Rotary evaparator, 8uchi or equivalent.
3.10 Sample vials, GC autosampier.
3.11 Shaker, ratary, platiorm,
REAGENTS
1.1 Acetone, distilled-in-glagu.
4.2 Chlarpyrifos analytical scandard.
3.3 Oiazomethaﬁe, preparad by Analyrtical Methoo:
Colorada Analytical-345-Diazomethane.
4.4 Phosphoric aclid, concentrated, ACS.
4.5 Sodium carbonzta, ACS.
4.8 Sodium swl fac=, anhkydrcous, ACS.
2.7 Toluene, dis:ﬁlléd—in—glass.
4.8 315.6-Trichlora-z-Pyridinol (TC=2) , énalyrica:
standardag.
PROCESURE
5.1 Extraction
S5.1.1 Weigh 25 grams of a we! | -homogenized.
Stone~free soil sample inte a $S00-my
Nalgene bottle. Add 250 mi of acetone.
5.1.2 Ptlace the bottle an a rotary plattor=
shaker and shake at 250 rpm for 30
minutes.,
5.1.3 Filter the extract through a Reeve
Angel Grade 302 filter paper inslide a
Whatmam 2V fllter paper into a 500-rm!
Erienmever tlask. Covar _ the funne !
with aluminum foil to prevent Iloszses

€ue to evaporation of solivent. -
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Chlarpyrifos Partition

5.2.1

§.2.35

Transfer a 100-mi aliquot (10.0 gm of
soil) to a 250-miI Ertenmever , flask.
Add 20 m!| ot deionized water.

Evaparate the aquecus acetone .sclutiaon

to rasiduval water using a rotary
evaporator {(bath temperature a0=C}.
NOTE: INSURE THAT ALL ACETONE IS

REMOVED B8EFQORE PROCEEDING TO THE NEXT
STEP. .

Transfer the aquecus salution from Stap
5.2.2 to a 250-ml separatory fupnel,

Add 30 ml aof a 1% sodium carbonate

soifution to tha residual aguecus
sampie.

Add S0 mi of toiwene and shake tae
Separatory funnel for approximarctaely 415
sSeconds and allecw the lavyers ta
saparate, Orain the 1oluene through a
bed of anhydrous scdium sul fate.

Repuear Step 5.2.5 —wo more times.
Wash the sodium suifare with 25 my1  ofF

Toluena a.anag sat tnig toluene partitian
sample aside for further work up.

ICP Parctircion

5.3.1

5.3.2

Adjust the pH of tme aqueous phase from
Step 5.2.5 to 1 with concenctratad
Phuspharic acid (aoproximately 5.5 mi).

Add 50 mi of roluens and shake the
separatory funna! for approximactely 45
sSeconds and atlaw the lavers o=
sSeparate, Drain the toluene through a
bed of anhydrous sedium suifate into a
B00-mi round botrcom rlask:

Repeat Step 5.3.2 rwo mare times.

Wash the sodium sulfate with 25 m! af
toluena. '
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$.3.5 Evaporarte the toluene sotlution oD

dryness using a rotary evaparator (bazh
temperature 30°C),

5.4 TGP Derivatization

5.4.1 Add 4 mi af a diethyl a titenr
diazcmethane solution to the resicwse
trom Srep 5.3.5.

5.4.2 lLet rthe sample sit for 30 minutaes.
NOTE: THE YSLLOW COLCA SHOULD PERSIST
FOR THE 30 MINUTE PERIOD. - NOT, ALDD
MORE DIAZOMETHANE IN 1 mi INCREMENTS.

5.5 Chtorpvyrifes and TCPZ Analvsis

5.5.1 Add <the chiorpyrifos taluene solution
from Step S5.2.7 to tha diazcmetham=
Feactad residue from Step 5.4.2.

.5.5.2 Evapaorate The toluene gsnlutian ==

dryness using a rortary evaporafcr {ba—h
temperaturse I0°C).

Bring the sample to volume wizth 10.0 i
of teiuane angd analyze by capillary gms
chromatogragny. Ditutions with toluems
may be necessary ta br ing Cimas
¢hlarpyrifos and/or TCP peaks withiin
the range of the standard curves.

CAPILLARY GAS CHEOMATOGRAPH IC ANALYSIS

The sample from Step 5.8.3

is analyzed by capiliasry
gas chromatogranhy using an electron capture .
detector, The chromatographic condlt:ons ara given
in Table 1.
6.1

Preparation of Standa:r = Chiorpyrifos

6.1.1 Weigh 10.0 =g of chiorpyrifos inta a
100 mi valumaetric flask and bring <o

volumse wicth toluene. The standard
solution s 100 micrograms ger
milliliter, Serial diturtions of thr.is
Sfancard solution are made wlth toluems
until a sslution containing 1aoo0
Nnanggrams per milliliter is achieved.
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6.2

Preparatiaon of Standard TCP (methy! der ivatiwe)

‘8.2.1 Weigh 10.0 mg of TCP inta a 100 =t

volumetric flask.

6§.2.2 Add 5 mt of diazcmethane/diethyl ather
sclutian and lat the sample stand for
thirty minutes. DO _NOT evaporate the
“diathyl ether off.

6§.2.3 Bring the sanple to volume ~NiTH
toluene . The standard solution is 10D
micrograms per millititer. Serial
dilutions of this standard solutian ara
made with toluene vuntil a sglutien
containing 11300 nanograms per
mitlilicer is achieved.

Preparatiaon of Warking Standards of

Chlorowvrites ama TiIP

5.3.1 Combine ‘aqual volumes of tha

chtltaorpyrifos (Step 85.1.1) and TCP® {(Stasn
5.2.3) to yield a soiuTion containiog
500 nanograms per miililiter of
Ghlorpyrifos anag TCP.

6.3.2 Serial dilutions of this worcisg
solutinon are made with toluene unki.l
waorking solfutions containing 250, 100,
50 anad 25 nanagrams chlorpyrifos and
TCP per milliliter of toluene.

Standardizatian of Gas Chromatogragh

6.4.1 Standarcize the yas chromatograph by
injecting 2.0 microliter aliquots aof
the diluted solutions. This represencs

8 working range of 1000, 500, 200, 120
and S50 piccgrams esach of chlorpyrifcs

and TCP.

6.4,2 Determine the peak area or peak ‘heigh:
for the injected standards. Typicsl
chromatcgrams of Standards are shown in
Figure 2 and typical standardizaticn
data are shown in Table |1,

6.4.3 Enter the standardization data into =an

appropriate computer ar electranic
calcecularvor, : :
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6.5

Determination of Sample Residues

6.5.1 Inject 2.0 ul aliquots of the samples
from Step 5.5.3 into the gas
chromatograph. Compare peak area ar
peak height of unknawn samples Ew
entering into the least squares program
aof the compurtar ar calculator T
detarmine the amount of chlorpyrifes
and TCP. Typical chromatograms aof
check and recovery samoies are snocan im
Figqure 3.

6.5.2 Calculate res;cue  cesults as ppm o
chlorpyrifas anay/s/ar TCP using Cha

following equac:ons:

ppmiwar basis)

picograms chlorpyrifos and/ce TC2
(1000 pc/ngl{mg injected) (R) (A)

ppm{dry basis) = oicoqrams chiorovrifos and/=r TP
11000 pe/ng) (mg injected) (R} {A) )

wharsa R is rhe racovery tacrcer
cetarimined wusing a fortified controci
sample carriaed through the procadur=

and is expressed as a decimal (100% =
1.00, 2rc.) ; where A is the corracra-=
soil weight aliquot based on the sai:
moistura content and is axpressed as =2
decimal (11.84% moisture from 25-gm
S0il sampie vyields 2.96 mi’' of addawo

0.988); ana wherea M is the dry weigh=
facter for the moisture content of thea
soil and is expressed as a decimai
(11.84% so0i! moisture vields M = 22._¢=
* 25.00 = 0.382). ’

water wvalume. A = 250 m{ + 252.96 m| =

DISCUSS 10N

This

"analytlical! method was developed with tha=

concept of analyzing botn chlarpyrifaes and |t=

major metaboljta (TCS)

in a single analytical runm .

Since TCP was tound not to be amenable %o the
capillary gas chrematographic analysis used fer
chlorpyritas, it was necessary to der ivatize tnhe
compound with diazcmethane. The methaxy compourc -
was amenable to gas chromatographic analysis.-
Structures of the compounds related to this

analytical methed appear In Figure 4,

1
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TABLE |

CAPILLARY GAS CHRCMATOGRAPHIC CONDITIONS

lngtrument:

Carrier Gas:

Makeuo Gas:

Cclu@g:

lnjectian:
—_—t e ilan

Detector: °
=ertector

Temperatures:

injector:
Daetector:

Hewlett-Packard Mode! 5880A Caplllary Gas

Chromatoyr-aph with Model 7672A Automatic
Sanplier.

Hel ium, tlow adjusted to give 15 psi (-2 c=
per minute) .

Argon/methane, 30 cc per minute.
J3W DB-1701, 0.25 4, 0.32-mm 1.D., 15 merers.

Enlittess.

Slectran capture.

250=C
3C0-C

Oven Program and Run Table

VALVE 8 ON

TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
TEMP
2715

(ANNCTATION OFF)

60

EQUI2 TIME
INITIAL VALUE 80
INITIAL TIimeE |
PRAGM RATE 30
-FINAL VALUE i85S
FINAL TIME 7.5
FOST VALUE 240
POST TIME s

CHART SPEED 0.2

SET 1

5

AUN TIME ANNOTATION OQfF ‘
AUN TBL ANNOTATION OF=
REPORT ANNOTATI1ON QfF

DELETE RUN T8L

RT ON

CELETE REPORT
PEAK WIDTH 0.11
THRESHOLD 7

PROGRAM:
i0

20 QVEN
30 OVEN
40 OVEN
g0 OVEN
60 OvEN
70 OVEN
80 OVEN
g0 OVEN
- 100  OQVEN
110 ATTN
120

130 Z%ZOFF
140

15C

160

170 REPO
180

130

200

210

220 RAYN
230 RuUN.
240  PunN
250 RUN
280 AuUN
270 RuUN
280 Run

TIME
TIME
TIME
TIME
TIME
TIME
TIME

(Continued on

0
0
0
B
5
5
5
t

T3L

VALVE 6 ON

o

IMTG OFF

-5 VALVYE 8 2FF ' ' -
ATTN 2T10

.01

ZERO ' T

.02 CHART SPEED 1

.03

INTG oOn

he faollowing gage)
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TABLE | (Page 2)

CAPILLARY GAS CHROMATOGRAPHIC CONDITIONS. CONTINUED

290 RUN TIME 6.04 RUN TIME ANNOTAT!CN ON

300 ARUN TIME B8.25 INTG OFF . '

310 RN TIME 6.26 RUN TIME ANNOTATICN OFF
320 RUN TIME 6.31 CHART SPEED 2.2

330 RUN TIME 9 INTG ON

340 RUN TIME 9.01 RUN TIME ANNOTATION ON
350 RUN TIME 9.04 CHART SPEED 2.5

360 AUN TIME 11.3 INTG OFF

370 RUNMN TIME 11,31 RUN TIME ANNOTATICN OFS
380 RUN TIME 11.32 VALVE 5 ON

390 EDIT AUTO SEQ 1,2

400 SIGNAL C DEVICER 1

410 AREAY

420 REFCRT TIME 0 REJECT 0.5

Minimum Dezecction

Limi<: 50 picograms

Velume iniactod:

2 microfiters

Raetention Time: TCP: S5.83 =inutes + 0.02 minute

Chlorpyrifcos: 19.27 minutes * 0.02 minute

f— -"f_- —  Wmems —
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FIGURE 1

FLOW DIAGRAM FOR THE DETERMINAT |ON
OF CHLORPYRIFOS AND TCP IN SOIL

25 gm sample
v .
Shake for 30 minutes with 250 ml of acetone
&
Filter
A
100 mi atiquoat
4
Acdd 20 m! warter
. +
Vacuum rotary evapgoration to watar

4
Add 30 miI ot % NaaxCOa
+

Partition 3 times with 580 mi of totluene

l

Toluene fraction ) Aquenus fracticn
(contains TCP)

(contains chlaorpyrifaos) '
| , [

!

Adjust pH to 1| with concentrarcad HarfQu

!

Partitian 3 times with 50 m! af taluene

v
Vaguum rotary evaporation. to dryness

{

Add 4 mi af diazomethane in diethyl ether

‘ | |

Lat sit for 30 minutes

l

L________9Add toluene fraction containing chlorpyrifos

L

Vacuum fotary evaporation to dryness

4
Reconstitute in toluenea
4 ‘
Analyze by caplllary gas chromatography
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.FIGURE 4

CHEMICAL STRUCTURES

S
Cl ] /ocln‘
N o—p_ °

SocH,

Chiarpyrifas

: 9,0-Diethyl 9-3,5,6~-trichtoro-
2-pyridy! . pnosphorothicate

oL I
CI—-\N H

TCP

3,5.8~Trichlaro-2~-pyridinal

2-Mathoxy-3.5.6—Trichlcrnpyridina
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COLORADNO ;\N.-\L.YTIC:\L IFESEARCH .& DEVELOPMENT CORPORATION

4720 Forge Road, Swuite 108
Colorado Springs, Colorado 80907
(303) 593-1143

Ar{alyticnl fechod: fColorado Analytical-345-Diazomecthane

FEdition:

11/12/84

Submitted By: W.D. Rhoads

.-\ppr?ved Ry: [/L) _L,\.\.q_hg\;-\-\-.\thmr(a

Subject:

1.0

Preparation of Diazonmethane

SCOPE

This mechod describes the preparation of ethyl et@er
solucions of diazonmethane to e used for the methylac<on
oL various acidic conmpounis. The procedures are
nodifications of those publisiked in Organic Syntheses and

o kic.

the iastructions for the Aldrich Chemical Company BDiazald

CAUTTOMNARY NOTE

PRecause of che hazardous character of diazomethane, =he

folloving statedent is reprinted from Oreanic Senthes=s,
Call. Vol. IV, ap. 250-251.

"Caucion: Diazomethane is =oxic and prone Eto cause
development of specific sensicivicy: in addition, ic 1is
potanctially explesive. Hence one should wear heavy

gloves and gogsles vhile performing this experiment and
should work behind a safety screen or a hood door with
safety glass. Also, ir is recommended that grouad jofiacs
and sharp surfaces Ye avolded. Thus all glass tubes
should be carefully fire-polished, ceonpecrions should %YHe
made with rubher stappers, and separatory funnels shocald
be avoided, as should ecched or scratched flasks..
Furcthermore, at least one exzlosion of diazomethane has
been observed at the momenz crystals (sharp edges!)
suddenly separated from a supersaturated solucfion.
Stirring by means of a Teflam-coated magneclic stirrer is
greatly to be prefarred to swirling the mixture %y hend,
for there has heen at least one case of a chemist vitpse
hand was injured by an explasion during the preparacion
of diazomethane in a hand-swirled reaction vessel,

"It 4is  imperative that diazomethane solutf{bns not hHe
exposed to direect sunlight or placed near a stTong
artificianl light, lhecause lighe is thought to have Segen

%
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responsihle for some of the explosions that have hesn
encountered with diazomethane. Particular camtion shomld
he ezercised when an organic solvent boiling higher thmn
ether 4s used. Because such a solvent has a lower vapor
pressure than ether, the concentration of diazomethane 4n
the vapor above cthe reaction aixture i{s greater and an
explosion is more apt to occur.

"Most diazomethane explosions take place during £zxs
discillation. Ilence diazomethane should not be disgilled
unless the need jusetifies tt. An ether solution =nf
diazomethane satisfactory for many uses can be prepacad
as described by Arndx, whare nitrosomethylurea 13 add=d
to a mixture of ether and 50% aqueous potassium hydroxfde
and the ather solutian of diazomethane is sSubsequently
decanted from the agumeous layer and dried over potasstunm

hydroxide pellets (aor sharp-adged sticks!)., - Nhan
distilled diazomechane {3 rTequired, the nresent proceduwre
is particularily good Secause at no rize is murch

diuszoaethane preseat in the distilling flask.

"The Razards associated with diazomethane have hean

discussed hy Sutsche, and LeWian has reparted on a facal
case of diazomethane Qoisaaing.™

The procedures described in this method are designed to
confora with this statemenc. The method not requirtng
distillation was not chosen because nitrosomechylurea dis
a known carcinogen. Clear-Seal joints are used

throughout the distrillation apparatus instead of groumd-
glass joints.

It is imperative <that extreme care be taken when
preparing or using diazomethane,  All glassware must be
examined and discarded if chips or cracks are found. £11

~operations must he performed in an effiecient hood, with

the door down as far ag possihle.

Only experienced .npergsannel may uase this zmethoz. -

PRINCIPLE

Diazomethane, Clalta, is generpted from Niazald, N-methwl-
ﬂ—nicroso-g—toluenesulEonanide by the action of potassZum
hydroxide in the presance of Carhitel [2-(2-ethoxyethoxy)

ethanol], water anj echyl ether accordiag to zhe
following equation:

no 2ou ’
1
CEIJ-Q 30pR-SHy = RO —3 i i, + d,0 + CH]’@‘ 5043,

The diazomechane. {3
is foraoed. !

distilled in an ether solution as It
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" 4.0 APPARATUS

4.1 Diazald Kit (Aldrich Chemical Company, Cat. No.
- Z10, 025-0) or equivalent glassware as Lllustzated

in Figure 1 with Clear-Seal joints (Available from
Wheaton Scientific Co.).

4.2 Combinaction Stirrer - Hotc Placs

Heating bath: ethylene glycol in a 15-cn
crystallizing dish.

4.4 Ice bdachs.

4.5 Test tude, wizh rim, 25 2 125 =n.

5.0 REAGENTS

5.1 2lazald - (U-methyl-%-airroso-s~coluenesulforazide),
Aldrich Yo. N-2800-0.

5.2 Zthyl echer, distilled ia 3lass.
5.3 diazald Soluzion: 36g of Niazald in 300 =1 of

ethyl ether (solution will bhe cloudy). An
ultrasoaic bath helps disparse solids.

5.4 Potassiunm lilydroxide, pellacrs, reagent;
5.5 farhitol [2-(2-ethoxyethoxy) ezhanoll, techai=zal.
6.0 PROCEDIIRE
6.1 Aésemhle the reaction-diszillation apparatus as
shown in Figure 1. An egg-shaped Teflon stizrinag

Sar is placed in the discillarion flask. Az icae-
. 7ater hath is arranged to be raised and low=red.

It should cover the recaiving flask durinzy the
discillacion,

The Eest tuhe used as a trap contains ahour 27 191
af echyl cther and is {a=zersed in a heaker o= ice

during clic distillacion. Run cold water =xzough
the condenser.

6.2 Place 24 g of porassium hydroxide and 40 =<1 of
<“ater in the discillacion flask and sci- za
dissolve. Add 140 ml of Carhitol and 80 =1 of
2thyl ether £o thig solucion. Starc heating the

-bath to 55°C.

6.3 4hen the hath temperature igs near 53°C and etzer is

distilling, start edding che Diazald-ether so-uctien
dropwise rthrough the dropping funnel. Tellow
diazometrhane in ether will discill 1inte the -

i
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receiving flaask. Continue the addition at about
the same rate as the diazomethane-ether soluticm is
discilled. About 1-1/2 hours 1i's required to add
the 500 ml of Diazgqld solution.

f.4° Whenever the receiving flask is filled, stop the

: addition of the Diazald solution and transfer the

distilled diazomethane solution to an amher storage
hottle.  Reassemble and continue the reaction.

6.5 When all of the Niazald solution has been added,
rinse «the Diazald solution flask with 100 al of
ethyl ecther and add this wash to cthe dropming
funnel. Add this ether to the distillation flask

-as  before and continue the distillation until the
distillare 1s colorless.

6.6 Combine the distillates with the ether solutiem in
the test tube trap and store in the freezer seec=ion
of an explosion-proof refrigerator.

NOTES

7.1 The distilled solution contains about 11 g of
diazomethane in 500-600 ml of ether (18-22 mg/m).

7.2 NDiazomethane solutions have been stored for several
months with no problens. The yellow color of

the solution gives an indication of its
concentration, : :
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Figure 1

Diazomethane'Distillation Apparatus

Ethylene
Glycol
Bath

Stirror
ot 2lata

A
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