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ÀåSTBAçT

Part 1 contains a conprehensive riterature survey d.earing

with the behavior and analysis of chrorpyrifos (o,o-diethyl
o-3,5r6-trichloro-2-pyridyl phosphorothioate) and. netabo-

rites in four environmental systems: soil, plant, animal,

and water.

a study of the degradaticn of chlorpyrifos in outdoor

artif icia.l- pools was conducted jointly Hith G. Rawnn ü,sc. ¡
1977 {Rawnr 19777, THo formulations of chrorpyrifos were

examined; the 2"5Y, slow-release formuration. and" the 4g'1"

emulsifiabl-e concentrate fornurat-ion" The ?harf-livesi

observed f or these fornu lations wer*â 14x4 and. 5t3 hours

respectively. Th? concentratÍon-tine ilata !ras analyzed by

three mathematrcal- morl.eLs, including a polrâr rate law, a

hyperbolic rate nocalo and a pouer function. The data sas

best described by the polrer funcr-ion, folloued. by the

hyperbolic and poHer rate models-

rn Part 3, a methocl was developed for the tap water

extraction of chlorpyrifos and two if¡portant m€tabolites;

the O-analog (,1iethyl 3,5 r6-trichloro-2-pyridyt phosphate) ,

an<ì the nyrirlinor {3,5r6-trichlcro-2-pyricinor}. The latter
conpound. r{as d.etermin+d as i-ts methylatron procluct, emproy-

ing.ìiazomethane as the derivatiz1nq asent. lverage extrac-
tion effici.encÍes for chlorpyrifos, the o-analoq" and the
pyr:-rlinol wcr-? 84tl, fi2t_J, and 77!10% r+spectivelv.
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g!EIÀç!

Chlorpyrifcs, the active ingredient in Dursban insecti-
cide (Dow Chemical Co" ), is af fec*-ive in the control of
mosqui-to and blackfly larva. I'tith respect to this applica-
tion, two important problems t,lere examined relating to t-he

environmental- impact of this conpound.

1) Experiments þrere conducted to exanine the .persis-
tence of chlorpyrifos ia natural pond water

(Part 2) " Thi-s study .,las contlucted throughout

th= summer of 1975, using outdoor pools located

at Gì_enIea, tanitoba.

2) llffort i,ras directed towards the devel-opment of

nethod f or the sinulLaneous .ietermination

chlorpyrifos and tHo irnportant me+.abolites

'¡¡ater (Part 3) "

All abbreviat.ed. chemicar names are i,lentif ied with a

bracketted. Roman nuneral when encountered in the text for

the first tine. The reader is referrecl to Table 1 rhich

contains the fUPÀC name and mol-ecular structure of these

co mpou nd.s "

a

of

in



Table l. Chemical Names and Structures of CHLORPYRIFOS and MetaboliÈes.

O, O-dierhyl q-3, 5, 6-rrichloro-Z-
pyridyl phosphoroÈhioate
(chlorpyrifos)

dieEhyl 3, 5, 6-trichloro-2-
pyridyl phosphare (O_analog)

IÏ

S

[ -'Ol-l
-t:ocrH,

III

VI]

O-ethyl 9-3, 5, 6-trichloro-2-
pyridyl phosphorothioate

o-ethyl o-rnethyl g-3,s, 6-trichloro_
2-py r ídyL phosphoro rhioa re

ethyl 3, 5, 6-trichloro-2
pyrídyl phosphare

9-3, S, 6-trichloro-2-pyridyl
þ-hosphorothioate

3, 5, 6-trichloro-2-pyridyl
phosphate

3, 5, 6-Erichloro-2-pyridinoJ_
(Rxridinol)

s

[--OCH.' \oczH,
IV

o
l!zon' \oczHs

S

-f;.zOn' \On
VI

cl
o

o-åc;

ct

.,cy*

emical Name

cl

\

N

cl

VIII



Table I (continued)

Structure Code Chenical Name

IX 3, 5, 6-trichloro-2-methoxy-
pyridine (Me-pyridinol)

5-chloro- 2, 3, 6-tr Lhydroxy
pyridine

XI O, O-diethyl thiophosphare

XII !,_Q-diethyl phosphate

ocH3

OH

.- !-'OCzHsg ,\ocrH,

OH

s:!1oc'H,\oczHs
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(1.1) LN.lRoD!ç3Jq.I

Chl-orpyrifos {T) is a broad-spectrun insect.icide" Àt

present- it is used for the ccntrol of mosquito and brackfly
larva (Eto, 1974), cattle ti-cks, stored. product insects
(Claborn et a1., 196Ub; and cutenrnen gt aI" p 19681 " and pest

insec+-s of wheat and other cereal crops (l{cDonaICo'lg7Z; and

HcDonald and Swail-êsr 1971, " This iliversity of applications
covers four basic environmental systems: soil u plant,
animaln ancl r¡ater. Th*ose four systems will be revieired vith
two thenes t-n minrl: 1) the behavior of chlorpyrifos in the

environment" and ?-) exlraction and analysis of chlorpyrifos
and. netabolites-

{1 " 2) q!!98!ISIE9S_IE_3 H E_E}r r/_r8qgg_EIr

(1 .21) gg_I!

The soj-l ecosystem provides a complex med.i um for pestì--

cide activi-t-y" Two of the important types of reactions

tynical of soil are: adsorption react j_ons, e.9. r pesticide

arlsorrrtion onto tha cray lattice surface, and, biological

reactÍonso sucli as pesricide rlegrailat.icn by soil bact-eria.

ft has been sho'¡n t hat pestici.le rlegr;rd.at-ron takes place

larg+1','via bac+.crÍaI ntiairclrsm or relatsd enzymatic reac-

tions, alt hcuqh Ger,z.in aäC Fo:f ,3nf r¿lil (1968) have est-ab-



lished eviclence t- hat nonbacterial, chemicar d.eqra,lation may

be siqnifj-cant in certain casÈs. Th¿ ret.e of. pestici<le

deqradation will controÌ the persistence of biolcgical
activity in the soil {duration of effectiveness against soit
insects¡ " The desired length of +-his period is rargery
crop-dependent (l{arris and Hutch, 1970). For axample*

cabbaqe maggot (ilylenla Þtasg+gag) is a serioì¡s pest of
cruciferous crops. rn raclisheso a highly effective, short-
residuar material is arl that is reguired.. rn contrastn the

longer growing season of ca bbage requires a motleratery

residual pesticj-de"

Chlorpy rif os has been f ound to be ttslightJ-y resid.ualfr in
the soil by a com¡:arative sturly of sixteen insecticirles
(llarris anC Hitchoa* 1970) " Tn t hr=ir experiment, zero

percent mortalit y Has recorded four weeks after apptication
for the test insect (first-instar nymphs of a connon fielcl
cricket, Achglg ¡elgsvlvanlcgs) on sandy soil at roon

temperature. rn a second ccmparative stutly of seven insec-
ticideso cblorpyrifos sas again found. to be trslightly

residuarnn r¿ith zero percent mortality observe,i eight weeks

after treatnent in sandy soil {24"1, êrploying mature furl
grorln individuals of g. cegdldg as the test insect-

Soil temperature has been shown by Thompson (1970) to be

a significant factor in the persistence of chlorpyrifos"
For tirc t-est inscet- I. ga-lqr-gg, z?io percent- m,ortaì-ity r+as

observed aft,e¡ erEht weeks in sanrly soi-l at- 24t_n and

increa.seil to 100"/, af ter the same t-ime '¡hen the soil



temperature i,J1s lowererì to 1.Jo.

tr ear-nen+* , 5l% rnortal_ity of the

f nd eerl , ZD '"¡egks a f ter
t-est insect uas stilt

observerl at this Iower teinperat_ure.

soil morsture conten t has been shown by i{arris and

Hit-chon ( 1970) to aff ect pestici<te activity in the soil.
These wori<ers compared sixteen insecticid.es appried to dry
sandy loam, moist sancty 1oam, anrl muck soiIs. The pesticicle
activity ratios for the test insect Acheta penÊsyrvaglgus

ranged fron 1to 100 (lrable 2,) with chtorpyrifos having an

in termediate value of 1 0, i.e" n 1 0 times more active in
rnois+- soit t-han dry soil" These ratios may also be rrsed as

a comparatrv: index of soil acsorption; higher act-ivi¡y
ra+-ios indicat,ing r-;tronger adsorption to soil particles.
Thrrs, chrorpyrÍf cs ,¡ould be a moderat ery acsortred pesticid.e
¡¡ith respect to the sixteen compounds tested,.

ïn an overalr soil activity comparison by Harris ancl

Hitchon {197c), using as criteria; contact toxicir.y to f ries
an d crickets, toxicities in tlry and moist soils, and

toxicity rn muck soil" chlorpyrifos appeared t-o be rnost
pronising as a soil insect_icicle. I of the insecticides
test:d, th-- bioect-ivity of chlorpyrif os in soir Þras exceed^ec

7



¡Tâ hl å 2" Intluenc:-'of -sorl mcrsture on the bioactiv
candidate insectici-des stuC.ied by Harris and
chon (1970).

ppm in soilz showing
activ i-tYr

Rat io
ll o l s+- Dry (drylm oist Ì

ity of
Eit -

fnsect_i ci,fe

ne*. hon./l-
c-10015
AC t+7 47 0
ac fi70 3 1

l{o Ìra n
clonethnate
aldr in
Ðursbln
bromoph.os
AC 43064
mer car b a:n
Di-syston strlfoxrd::
C- BB74
diazincn
¡{ocap
di sulfoton

50
50
't lìIU

1C

10
1û

0
5
5

50
50
10

1I

5

50 1

100 2

505
505
50 5
50

"1 1

,5 5
50
50

500
.5 10

500

5
10
1ü
10
10

500 10
500 10

100 100

50
100

100
=============r--- --I Àn insecticide Has classed as I activer r¡hen tha percent-

mortal rt y exceeded 10'Å f or the test insect Acheta
p:nnsvlvan icus.

e Sandy loam soil lras userl , moist = 127" uater, dry = 0'l
water.



onl.y hv -h,l+- ot ai-'lrin (Table 2) "

(1 .22) e.!ÀII_

In Fl-ani- ql+tiri:oIism sttl11 ies I'rl-i-h c()rn an{ beans usinl

[3'5CII chlc!:pyritcs, it was toun,l t.h;;r1- or:,Iy a sn.ì]-l anount

of applierl radroactivity (1-2%) rvas tlanslocated into f-he

plant {5mrt-h, i{at-sor:, and Fischrr" 1C67). Labelad chlor-

pyrif os Has applied direct ly to thÊ leaf , anal af t-sr three

days .¡ bout B0% cf t-.he apnlreri chlorpyrif os t{es Þresum;rbl.Y

lost due to volatLLt-zation, while .rborrt 1,91!, renainecl at- the

si j:e of appli cati-on,

Cherni-ca L breakd,ri+n of. r.he tr,-ansporr-+i chlorpyrrf os {1-2'/o}

apÞearr:d to be quite r:xt.c¡sÍve. Àn.rly.=is t:f lhe treated

leaves shouecl t.he Dres+Ilce of t-race:; of [ 36Cl ] chlorpvrif os

r+ith sígnrfrcant qtlantit ies of L3^CL l pTrr{inol (VIII) anrl

I s ocl ] chlorirle" This woul d .suqgest thal: hyCrolysis and

dehalogenation r¡rere cccuring at the sit+ of apolicatrcl'l r and

the decomposition proctucts r{ere bei nq transpÐËte11 into tire

plant {Smith et Ê1. n 1967a) " The importance of IIV Iight i-n

+-hase react-ions as rliscrrssecl 1n :eetiori 1.j21.

(1.23) ¡IIgÀ!_
Tn lh'o rn,leorn'fiÌnr- s+tldios ut-ilizLt q rats (snÍth g! af.'

19h1) än1 a lactei: rng cord (Grlr"nman :! a!., 1968) i*r l'l3s

torrnrl t[rat, chlorpyritos r..¡as hy'lroIyz::'1 anrl elitninat-r:d in

ua:jt_e CXC¡er_l?n l--{_) t_frc cXt..-nt_ rl 'tn1'/:;ln¡l 6'lu- resp+ctively.

ChLorD.,'rtlôs !tfr:ì L:tril:L +o l.= t'lCrIÌtt,i.::1 ,1tt:in:¡ :Lrmlnlt-trrn to



ti.r-,ì+-h.¡l+hr-oÐhosDh,f.+:ì (-LlI) and Cll*-lrvlpliospÌiatc (XII) in the

Làc'.r: inl co:;!, âni to [ 36CI ] 'lrichloropyrr.lyl phcsnhate

(VTT) rnd [ ]oCI I pvrr,lrncl (VIII) in r.ti--s,

Tho Êâr+nt- cornoor:nri (chlorp'¡¡1 fr)s) i{as noi. cletecterì in

rnilk or wasta oxcrrtron of thç cowT lna! onLy trace anounts

of eh-l-ornyrrtos Her? found rn the fec:s and uríne cf the

rats, Flt¡therinore, arrtopfìiÐs of the ratS revealetl that

chlorpyrrfo-s accumrrlated in fat (in whreh it is more

so.lulrle) where rt nrrsrst.ed with a half-tife of 62 hours.

{1 . ?.4) !¡IIi
The hyCrolyt,ic stahilrty of chlorpyrifos i-n wates is an

import-anL trctor clu,: tc t.he widc-spreard rrs? of chlorpyrifcs

as a iÐosqrrito l,lrvicld+. Schaefer rnd DìtÞras 11979) have

sho¡.¡n *.hat- chlcrrryr:itos exhibits signrticant residual acti-

vrty in ooll¡ted '"la t-ers while possessl-ng Iimited stability

1n r¡ater in r-he abscnce of orqa nic matt-er.

Fron their concen-*-ration-time 11a-La' a half-tin*o (secÈion

13211 ot 6---Ì hou:s {38") Has calculai-ed for chlorpyrifos

pU¡. e Wat- Ðf r

'2.

in

lo



ondl5hrin sewaga \¿a+-er" ït r{as observed that

chlorpyrifos in s€wage vater did not d+grade cornpletaly, but

equilibrated at a resid.ual l-evel near 0" 003 ng/1. Àn

adsorption-desorption equilibrium bet.re?n water and organic

natter tras proposed to account foi this residual Ievel, and

for the extended sj-x seek ccntrol periorl of chlorpyrifos in

sewaqe water"

( 1 " 3) çgEurSTBI_9l_gglqgeIBIgq!

Knov-ì-ed.ge of the chemistry of chlorpyrifos is f undanental

in unCerstandinq its nechanism of action and metaboLism"

Chlorpyrifos iras discovered by Dos CheinlcaJ- Company in
1965 (Kenaga, 1965) " It is a uh-i-te crystaline solirl; np

¿+2.5-43o; and hiqhly soluble in Ìflost o.nunr" solvents" but

almost insoluble Ín '¡ater (0"4 ng/L; Brust ¡ 19.661 - It is

stable except under strong alkaline or acidic cond.itions.

The hyrlrolysis rate is generally enhanced by the catalytic

action of cupric ion {Eto" 1974).

The nass spectrrrm of chlorpvrifos using eJ-ectron impact

ionization has been reported by Lores (19771, and tuke

(1916\, As shown in Figure 1, the base peak Has the

pyridinol moiaty as shown heloNo

T

OH
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rh ila only a sinall parent ion r.¡as observed.

(1.31) gA!-E_qI_ÀilIqI

Pantavalent phosphcrus esters have phosphorylating and

alkylatinq properties. fnsecticirlal and. nannalian toxicity

is generally acc-opted as due to the phosphorylaLion of

acety lchoJ.inesterase (Eto, 197 4\ " Inac+,iva+-ion of this

enzyme prevents the breakdo'ltn of acetylchoIj_ne, a neurohor-

mone, causinq innairment of the central nervous systern.

Eto (1974) has pointed out that two prerequisites are

necessary for phosphorylatinq activity: 1) rlecreasetì p pi

d pi contribu tion to the P-OAr tonC. (i. e. o d.:creased. double

bond charact 3r) ,

phosphorus atom.

and 2\ increase,i positive charge on the

P pi - rl pi bonding Ís a result of p electrons fron

oxygen overlaping with empty d orbitals oÊ phosphorus" This

is the confì-guration of P=C" P=S " P=C, P=N" and. P=Se bonrls,

but a srnall coinponent is also observed with P-OR bonds {Eto,

1914') " For chlorpyrif osn however, this wouIC be recluced by

the elect-r cn withtirasing ef f ect of t-he chlorinated pyridine

ri no.

Snith et aI., (1967) have rlemonstrateC that the Q-analog

of chl-orpyrifos j-s the âc+uu.lI acetylcholinasterase inhibi-

lor. This metabtrlil--,: satisfies the Sêcort,1 preresuisite for

phosclorvlat-inq act-ivitv more so than chlorpyrifos. The

qrtatr:t eI:ctrclnerlafivrtT of o.Kygcn coaDareå l-o sulfur

s,5rv?:; tr.> C,:cr,¡tse ,:l+ctlrtn rìensltv abor¡l phcsphorus, ta -ci-
t3



Iitatinq nuclaophilic attack at this c?iì"le'

The ¡hosnhcryl.atiol: reaction ;rright be dra''rn es foll-oHS,

cl

,ï)o,-eri*
/ \.,

-OK\ lt -OEt

N:

where ROH l-s the acetylcholinest-erase molecule, the OH l:eing

that of serine (Eto, 1974) "

(1 " 32) AEgBÀlA3Igl!

Reportec met,abolic ciegradation protltlc*us of chlorpyrifos

forrnd i-n a wid.-o di-v,--rsity of bioloqical systems are lisf-eö

in Table l. The lat-a f rom this table i s present ed' in f Io¡¡

<liaqram form Ín Figure 2"

{1 .32"1 ) ghe_er!!4rss!

chlorpyrifos hydrolyses in acid. and basic media. rn the

latter media" the pyridinol and Qro-diethyl Phosphorothoic

acid (xI) are formed as a result of aro-P bond cleavage

(Brust, 1966) .

"-[# 
+ H2o -o" *.,

S

o- . -"-Ë1jri

Ch Iorcy r if cs is nore re-s is tant t-o

case, lhe re'1 '3Licn pro'ìrlc+:s are tha

fi:on 1_,.asc hy,1 rl.l_vsi:-lr btlt ¿lrè

ac id hyd.roI Yze s. fn this

sans as t hose cbtained'

nreseti in th+ Proi-onat-o'd

14



Table 3. Reported degradaticn products of chlorPyrifos.

== ==== === == == = == ==== === = = = = == ==== ==== == == = == = = = = = = === = = = ====== ==
Reference Srrbstrate Degradaticn Products r

Hutacharern |15
Hann r'7 1

Dishburger r72
Smith t 67b

Srn ith | 61a

Struble | 7,lb
lo res | 7'l

t{cKe-Ilar | 7 5

Gutenman I 6B
Bakke t76

Snit.h ' 66

Uetcalf. I 73

snith | 67b

o-analog (II) ; PYrid.ino]. (VIIf)
pyridinol
p vrid in ol

d.ech 1o rínat-ed PYridí nol
pyri-dino I
O-a nalog
o, o- die t hyJ. q-4-t.hionrethyJ--
3, 6- dichloro-2 -PYridYl
p hos phoro th io ate
pyrr'1inol

pyridinol

rat ( urine) 3 
' 

5 ' 6-t richloro-2 -pyriilyI
PhosPhate (VII) ; PYrirlinol-

plant pyridinol; ethyl-3r5"6-trichloro- -2-PYridYl PhosPhate (V) ; 3,5'6-
trichloro-2-PYri dYI PhosPhate ;

termite
bird
bircl

soil
uheat
Ij- ver
(h uman )

mi l-k

f ish

uaternalga,
snaiJ- ,1 arvae 

"

cow {uri}k, diethvl thiophosphate (Kf ) ;
rat glucuronide of PYridino};
(urì-ne) glYcoside of PYridinol;

p yriilinol
Þ:"thyl o-3 t5,6-+urichlóro-2-
pyridyl PhosPhorothioate (III) ;
ethyl 3, 5"6-trichlor o.-Z.-PYridYI
phosphate; PYriclinol

. fish
rat (urÍne" 3' 5' 6-trichloro-2-pyridyl
feces) phosphate; pyrid.inol

== === == == = = == = ==.= = = = === == = === = = == = = = = = = = = === == = === ==== = = == = === = =

l See Table 1 for structures corrâs.Ðonding t-o Ponan numerals"
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fo rm.

As mentioned in seetion 1 "23 e Gut-enman et a1" o (1 968)

observecl that 6BiA of chlorpvrifos fed to a Holstein cord was

accounted for in the urine as tha tçyo metabolites:

diethylthiophosphate (XI) , antl diethylphosphate (XIr) .

Al-though this work did not include analysis for the Fyri-
dinolo it is inplierl that 68iA of chlorpyrifos r+as met-abo-

lized to the pyrirlinol and the other tHo compounds"

El-imination of rngested chlorpyrifos as r-he pyridinol

(18,ry") in rat urine was also reported by smith g! a!, ,

{1967b) " In this sturly the majority of chlorpyrifos f,707}

rùas eliminated as trichloropyriCyl nhosphate (VïI). In a

recent paoer, Bakke et ê1., (1976) showed that this netabo-

lite \ras incorrectly i"rlentifie,l, and. vlas actually the

gJ-ucuronide of the pvriclinol as follows:

OH

r7



In studj-es of chlornyrifos netabolism in the raL ancl +.he

ccw, the mechanj-sm of degradation -r¡as not discussetl " Tro

possibilities are eviden t: acid hydrolysis j-n t-he digestive

tr act, and eûzy mat-ic brea kdown in the Iiver anC kidney " T'hto

factors substantiate the latter process: 'l) chlorpyrifos is

not degraded by cow rumen fluicl (Gutennan gt- aI., 1968), and

2l in rats, chlorpyrifos is rapidly absorbed from the

digestive system and circul-ated thoughout the bori.y (smith et

al. , 1967b) -

Hhen ring-labeled chlorpyrifos t{as applied +-o tbe leaves

of corn and beans, only 1-2% of the raC.ioactivity was

translocated into the plant (sect.ion 1"22'1. Smith {1968)

found that only 1'2"/" of solid chlorpyrifos TJas rlecomposed

when exposed to artificial sunlight" Àssr:ming the decompo-

sit-ion prod.uct- was the pyri d1no.l-o the above translocation of

radioactivity nay be explained, due to tha increased uater

solubility of the pyridinol courparerl to chlorpvrif¡s" Tn

support of this assunptiono Snith" in the same paPer' found.

that al,coholic solutj-ons of chlorpyrifos were rlecomposed to

the pyridinol when exposecl to UV light, Dechlorination ïras

a]-so observed" 'ri-th the fornation of C.iols and triols as

sho¡¡n in block ¡a! of Figure 2.

In general o the pyridinol þIas found to be

metabolite in the animal systems revie"''e'1" In

chlorpyrifos metaþo1ism in fish, several P-c¿:ntain

bolites 'dere observed as'¡e11 as the pyriJ.itroi.

metabolite 'cas nost,Iv rrresent at the enC of the e

the major

a study of

ing neta-

The latter

f

l8

xperiment



and

ul

1S

ânnârenl-'lv was slowly decomposel by d.ehalog=nation anrl'-t"F* ---"-I

cl-ea,rageof thering (Smithg!a1., 1966). This process

in.licated by arrows A and B in Fiqure 2.

(1 "322) P-containing l'!et-abolites

The Q-analog (II) is the most important toxic netabolite

of chlorpyrifos. Às mentj-oned earlier it is the active

ant ich cl-inesterase aqent"

The Q-analog llas not detectetl in plant.. ratp or cos

netabolism studies, Iu termites, hoH?veru it was found to

be the ma jor metabolite " Ilhen t-hese Íns:cts were topically

treate,l , the O-analog Ievel- reached 18% of aIl residues

af ter 16 hr (Hut,echarern and Kno'eles" 1975) . this dif "

ference in netabolism by insects accoun{:s for the hiqh

tr¡xici+-y of chlorpyrifos t-o insects compared to animals

(Kaemnerer and Buntenkotf-er e 1973; aad Kenaga" 1965) -

Conversion of chl-orpyr:ifos to the o-analog in insecLs is

probably similar t,o the general reaction cf phosphoro-

thioates citetì by Fukuto (1957) " i.e., an enzymatS-c Frocess

in the presence of oxygen"

so
(Ro)2-E-ot #L*(no)r- þ-oi

oth ?r P-containing rilet-abolites as shown in blocks I b I and

tcr of Fi<¡ur: 2 have been repor+--:if but are of consirlèrably

lesser impcrtlnce. Smith e! al., (1q67b) r1.:scrihêd. trich-

19



loropyridyr phosphat-e (vrr) as a inajor metabolit-e fcund in
rai urine (section 1.231 . Hotlever" âs discusse,f in the

previous section, this metabori te r{as iclent if ied by ma.ss

spectrometry as the glucuronide of the pyrid!nol- by Bakke e!

ê1., (1976) ,

Bhen fish were pl_aced j_n water containing 300 ßtg/L

chlorpyrifos, two des-ethy1 metabolites l.¡ere detected in

fish t-issue after 48 hr: ethyl (trichloropyridyl) phosphate

(V) and ethyl (+-richloropyridyl) phosphorothioate (TfT)

(Smith et aI" n 1967b). Similarlyo where an excessiv= amount

of chlorpyrifos das ingested, lores (1977, reported an

unusual thiomethvl netabolite in a hunan liver saurple (Table

3) " The presence of these metabolites in fish and human

t:-ssues do not necessarily indicate najor metabolic pathvays

since unusual pat.h na ys m ay have been induced by high

concent,rations of chlorpyrifos (I'oces, 1977¡,

( 1 " 4) ¿!Â!I!rcAt_r''Er-EQÞqlqqI

Pesticiile resÍclue analysis j,nvolves three basic pro-

cesses: extraction, cleanup, anti quantitat-ive analysis

{usua}1y by gas-liquid chronatography) -

Extraction is perhaps the most conplex of these threa

steps. It is very much dependent on the type of substrate"

and, as seen from Tables 4, 5, and. 6n chlorpyrifos anil

meÌ-âbolit-e.s have been extracted from iì wide ùiversity of

sul:strates. To sinolify the discussion of extraction, .these

suhstrates havc be:n assirJne¿l to forlr g*oneral groups: soiI,

20



trlìn+-, :ì¡ltnaL, ìn.l'¡;ttl:.

!erlrr:*t,:1 sainola cl ealull ntthocl ._; wârc qqn.-5 1:rlly fesi-ricted

io t-çio type:;: l-1,1u1,1-IrqrlÍrl cartitioninq, and ccl-umn

chroma+oqrl':iny. SilÍrpl(] cleanup will- h+ d.rscrrss:d with

respeci-- t-o L h+se tr,{o topics,

The s"ct rcD on quant"t-tative ana lysrs is ccncerned with

qas-liqur,1 chronetcgraphy (GLC) - Soecial attention is paid

to the pj/rrdinol which requires d=rivatizaLion to convert it

rnto a mori: volitr-Ie forn tor GLC"

{1 .41) 3Iï!.-iqIIgI
Prrbli:;h.rct e;<traclioil resull-s tor chlorpyrifos, the A-

analoqr ârC +.h+ pl/r-i-cJr-ncI are Irste.l i4'r'ablas 4r 5, anrl 6"

Extr:actrorì ol- nestÌ.crC+ residucs in gfn"iaI, reqrriras a

hi<¡h rì.eq re: of assocr-ation betr,+eên the substrat-e anrl

extrac+.-ing solvan+- to mobilize the pesticide mat-erial. This

¡ìarrroo ¡f âq.:Oct-at On iS lafgely A f UnCtÍOn Of SUt Stçate-

solvent polari*-y" Thus ron-polar substrates such as fat

were 
"rtracted 

with non-polar solv:nts such as hexane,

whcraar: plñrt m.lt"rrals !¡êr1 .-:xtract=d wiih nore polar

sol vents such as n=t-hvlîne chloride" This r-rend is rlis-

pl.rva4 rn:r-- foII,:i.ring sect.ion d::rlin.¡ lvith extraction

2l



TabLe 4" Reported extraction results- Chlorpyrifos"

== === ========== = ==== === =====================-========== == ======
Reference Substrate ¡t €t hod Solventr % Recouery

Bo',{man

Bo wman
Braun t

Cl aborn
Claborn

| 6Ba

t 6B gEass
g rass

I 67 cornrgrass
74 veg. tissue
| 6Bb fat

co rd ur uscle , li
kiilney, heart,
brain, spleen

b-l-end
sox hlet
bI end
blend
bl end

ver

b I end.
acidify, H2SO4
tunble
blend
m acerati-on
maceration
n acera tio n
m aceration
--2
s hake
blend
blend
blend

B
107oC /Y,

Ð

a,I/B
H/\L

A/celite

A

A

¡,1
¡lI
nf¡tr
AI
iÌf c
A/H
lì .,' Ft

a/ù
A/B

À1
ltl-

HC
M ¡'-

i,l l-
c
B

B
n

it
A

r{c
C
B

c

49
100

97
97
87

B7
92

110
80
75
93

100
B5
>¿

;;
9,)

120

B8
92
B2

::
94
B6

100
96
94
92

104
92

93

Dusch t70 water
uru d
vegetation
fi sh
duck
in sects
cr ustacea

Faust | 75 water
Getzin | 68 soil
Gutenma n milk

¡ 68 feces
rr r i n o

Iarganian bÍotaosan,J,
t12 mud, water blend

[1cKellar¡ 76 milk,crean SiG3
Rice Û 68 water shake

si-]t blend
Schaefer | 70 water shake
Schaefer | 69 water partition (pil1)
Struble wheat plants soxhlet

r73b T{ht. kernels grind E sha}ce
tk rI2 f lies grincl

flies grind
Tletters soil sh ake?71 water shake
l{inter lin rice r, pasture blend

| 6B water
n ud 

" 
in verts o

f ish

1 A=aCetr:ne" B=benzene, C=chloroform, H=hexan e, A 1=
acel-onitrile, üC=methvl-ene chloriCe"
2 not given.
3 sample absorbed orìt-o an excess of sili-ca gel"

22



Table 5. Reported extraction results- the O-analog"

Reference Sub-ctrate t'let hocl Solventl % Recovery

Bo Frna n gr a ss
| 68 grass

Bownan t6'l cornrgrass
Braun 174 veg" tissue
Claborn | 68b fat
Claborn co!l ruuscle,

t 68a liver,
h eart,
kidneyo
brai-n t
spleen'
milk

Table 6.
i

Reported, r:xtracticn resul+-s- the pyridinol"

b1end
so xhl et
blenrl
blend
bl- enil
blend
blend
blend
bl end
blend
b1 end
bI end

tt
107,C/fl

B

AL/B
aL/B

À/celite
Illceli te
lTcelite
A,/ce 1i te
A,/ceI i te
À/cel i te
ålcelite

47
100

8B
B3
92
70

0
30
18
62
5B
B8

r see Table 4 for soLvent keY.

Reference Subs+-rate i{ethod 5o1\rent1 % Recovery

Braun t'74 veg" tissue blend
^I/B

B 83

B4

tlcKellar milk,
r76 cream

aciclifyo
s hake

---- -- -
1 see Table 4 for solvent key"
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rlthorlîl oq't.

(1.411ì

TabIe

Soi I

tl coni-arns sevÊral nct-ho.ds for extracting

oyrrios f ron soil. Perhaps the sí$ÞLest and mos+'-

methorl was tha*" reported by rtiel--tsrs (197I) ' ll 20

sanple t+as vigorouslv shaken wrth acei-onc (20 nI) for

minut-es. The extractíon mixture I¡Ias centrifuged

aliquot of acet-Dne was analyzecl rlirectly by GLC.

c hlor -

rapid

g soil

t'dt ent y

and an

Gel-zin and Rost-:lltreld (1968) modified this met-hod' by

ad.cling hexan+ tc the acetone/sorl systaln anrl performrng a

second exr-reci"r-on, This stêF would help to remove chlor-

pyrifos bor¡nr1 to non-poIar organiC nl att,er compcnentS such as

f aÌ.s and wâl:13 iTaylor a nrl Ashcrof t ' 1972\ .

Dusch ( 1 970) exl:act-efl chlorpvrifos from mu4 (a soil

suspension) vith acetone. The aqueous acetone eXtract was

filter+11 anC Irarti-aIly evaporated to reÍnove acel-on-â. The

reurainì ng agueous srllulron r,las then part it-i one1L uith hexane

f ol-Iowed by rtirect GLC a na lysis.

Ot-her sol-Vents were also used +-o exttracl chlorpYrifos

from soil including acetonitrile, chloroforn, anC nathylene

ch l.oriCe.

i{algania;r (19'12} 
"xti:acted 

nud s;lmnl-es bly bLendinq qith

¿ç:,rf.onr+.ri-I; follcw-o11 b:¡ a Petrcletlrn lLh.r P;l:ï.iticn and GLC

analysis.

r,trnterLrn (1gh'ò\ axf¡ilct-od chlo[?:¡rit-os fron nuC by

rkin,i uit-1 chlo-¡'rtoirn. irn r.n-terf +ril1 naak Ha:; renove:l bv

.Lr:a tl:1.1. c.; Lill ll rll,:ari tìr.r.

24
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llicc and Dishburger

methylene chloride"

(1968) extrac+-ad air dried silt wii.h

This extract eas evaporated to clryness

and redissolved in hexane, fcllowed by muI tipl e

acetonitriJ.e/hexane partitions in which the hexane was

extracted three times" The collective acetonitrile extract

was then evaporated and t-he residue àissolved in hexane for

silica gel colunn cleanup"

Sevaral of the above methods have incorporated a second

solvent partition after the initial extraction" This is a

form of sample cleanup as discrrssed in section 1"42-

(1.412) ?]ee!
Bowman and tseroza (1967) extracteC chlorpyrj-fos and the

O-analog from corn and qrass by 'blendinE with benzene.

Struble (19'73) rrsed the same extraction technique for t-he

analysis of these compounds in wheat. Both authors eutplcyed

silica gel chromatogranhy to renove undesireC. coextractives"

ry{interlin ( 196U) used chl-orcf orm to extract chlorpyrif os

fron rice and. pasture grass samples. SHeep co-dístillation

rdas lrsed. for sample cleanup.

The abor¡e three nethods have t-v¡o t-hings in ccrntnon, 1)

coextractive compounrls wele present- after cleanìlp (Bowman

ancl ReÊoza (1967) Ieported this problem only for low leve1

analyses), anil 2l analyses werc performed lqith a flame

photometric detector (fPD) in the phosphorrls (P) r¡od.e"

Phosphorus is incorporat-ed by the plant into many types

of compounrl:;" e.g., nucleic acids, phospholipids, coeàzynes

¡lAD anrl I'iÀDP, 11?P, etc., (Ðev1i-n, 1969) . The o."urþnce of

25



P-containing coextractives is, then, not unlik eIy" The

elect ron capture ,letector (ECD) responds poorl-y or not at

alt to some P compounds {Bot+ruan e! 4l.o 1968} t Hhile

of fering excellent sensitivity to chlorpyrifoso and the

O-analog anrL pyridinol mei,abolites " Use of this detector as

opposerl to the FpD might have helped to alleviate the

problen of plant coextractives"

Extractj-on of P-containing insecticides fron field

t-reated crops ruas revieved by Bcr¡nan g! 91", (1c68) . These

authors foun<1 that with six P insecti.cides and their

metabolites" best recoveries Here obtaineC with an exhaus-

tive soxhlet extraction usinrJ 10% methanol/chloroform"

f n a com parison bet lleen bl-ending v¡ith benzene (5 min. )

an d 10qo methanoL/ch}-o rof ornr soxhlet extraction (2 hr) f or

coin, chlorpyrifos recoveries !fere found to be approxinately

16l{ higher f or the latt-er nethod " In a sinilar conparison

sith Coastal Bermuda grass, a 4 hr soxhlet extraction with

10% methanol/chloroforn extracted. 517, more chlorpyrifos ancl

53% nore g-analog than the benzene blend. extraction" As

shovn in Tabl-es 4 and 5, these results contradict an earlier

paper by Bowman and Beroza (1967) in r¡hich recoveries of 97

and BB. hlere reported for chlorpyrifos an'd its O-analog

respectively usinq the benzene blenrL techn{ue to extract

Coaslal EermttJa gra:ss.

l-lr aun ( 1 97 4) report erÌ

fos, the 0-analog , and t

As seen ln FtgrlrP 3t

a method. for d.et-ermining chlorpyri-

he pyridÍno1 in vegetable tissue.

t he veqet-a'oIa sample was inii-ia}ly
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bl ended with acetoni trile/r+ater (2:1 , v: v) f oIloi.,ed by a

benzene partition t-o extract chlorpyrifos and the 9-anaIog"

The agr:eous acetonitrile phase Has +-hen acidifieC i--o pH 1to

protonate the pyridincl, which rras extracted by a second

benzene partition" Sil-ica geI column cleanup was enployed,

as discusseil in section 1" 422.

(1.413) A-Eigêl

Claborn gt al", (1968b; 1968a) and Ivey ancl Claborn

(1968) extracted chlorpyrif os and its 9-;rnaloE f rom milk and

several tissue.s of the Holstein co,r¡ I-nclud.inq fat, muscle,

livern hearto kid.neyø âhd brain. fn each case both con-

pounds were extracteil by the same method"

Fat samples were extracted with hexane, '*hile aIl other

tissues Here j-nitiallv extract-ed with acetone" The latter

tissues were re-extracted with hexane tc mobilize chlorpyri-

fos and the o-analog from the small amount of fat that was

pEesent in these Inon-fattyr tissues {Figure 4). The seconil

important step Ín the extraction of fatty and non-fatty

tissue was the hexane-acetonitrile partitÍon" Chlorpyrifos

anrl its O-analog partition into the more polar acetonitrile,

Ìeaving non-polar coextractives in the hexane l-ayer. The

acetonitrile fractions r+ere evaporated and, mad.e up in 1 ml

hexane for colunn cleanup"

Ext-racti-on re.sul-r-s of the o-analog (Table 5) ltere lot¡ for

Iiver, heart, and kidney t-j-sslre samples- It. htas postulated

t-hrt an enzylnat-ic reaction o..u{"a r+hen tha o-analcg rdas

blanded rvith these r-issues, r€sultirg in ,-ither d.ecomposi-
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ti on, or

1969) .

the fornation of a conjugate (fvey and CJ-abornn

Dusch gt al., (1970) extracted chlorpyrifos f roir fish

sa nple s using acetonitrile. Extraction of fish and fat

samples is similar in that bofh methods must accotilnoa"te

excessive amounts of li-pid material. To renove -these

undesirable coextractives " Dusch enployed a coagulation

solutj-on (1,25 g anmonium chloride plus 2.5 mI of phosphoCic

acid per -Li-tre of water) " Àfter cooling of the treated

acetonitrile extract solutiono the fipid material Precipí-

tatetl una Has removed by filtration.

Ciaborn (1968a) and Ivey anrl Claborn (1968) determined

chlorpyrj-fos and its O-analcg in miLk separately, by absorb-

in q the sample into an excess of silica gel. Ttre f ree-

flowing powder rltas packed into two:ieparate columns" Chl-or-

pyrifos Has eluted wit-h 10y" methylene chloride/hexan3, which

lfas evaporaterf anrl the residue dissolved in hexane fo¡ GLC

analysis " The O-analog llas eluterl vith hexane' Column

cleanup sas necessary for this extract before analysis-

ItlcKellar { 1976} analyzed milk and crean sanples f or

chlorpVrif os and its Q-analog by Clai¡orn I s metho.{ ' but also

Eeported a nethod (Table 6) for extracting the pyrÍdinol

metabolite. AS shown in Figure 5, the milk or cream sanple

was acidifieC to protonate the "reekly acirlic pyridinol

hydrox y <troup" Salt Has also adrleC to f urther ilecrease its

solubility in rnilk. The protonai-eri pYrirìinol I{as then

extrac+-ed by be nzene partrt ion.
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HOH

êY

nÍl-k sample (109) + rleoH (10mI)
(5m1) + Na2So4 (89) + 4:6 HCL/HO

I

t
tract; shake with benzene (2 X

I

v
cen trif uge t-o separate phases

I

Y

column cleanup and GLc

{v: v¡ ,

Figure 5.

20mJ-)

Extraction of the pyriclinol from nilk (l{cKe1lar"
e76l "

did not employ colurnn clean up"

HethyLene chloricle rras usecl by several v¡orkers to extract

cblorpyrif os f ronr pond water (flet ters o 1971; Rice and

Dishburger 1968; Schaefer" 1970)" The nethylene chloritle

extract lras evaporated and the residue dissolved in hexane

for GtC analysis" fn each case, recoveries of over gjy" were

re ported, Schaefer ( 1 9 69) extracted chlorpyrifos with

(1.41 4) Ee!eg

Irr generalo water is the least

those mentioned ln t-his section

coextrastives- This rs reflected i

beJ-ow for extracting chlorpyrifos

offensive subst,rate of

from'cha point of vieu of

n the me thorls discussed

fron watero alì- of which

ô

rnt_s

v¡h o

tèr.

3l

chì"oroform, but di'i noi report the percent recovery.

Dusch i1970) use,l hexane as the "xtract-ing solvent, i

eliminating r-he ev1ìporation step rnentioneC above.

.sr inp li f icat ron l{as ,rlso acccmplishoil b y ilin terlin ( 1963}

uscrd benzena t.s extract- chlorpyrifos from ponrì rìJa



tsxtraction of chl-orpyrifos metaborites from water has not

been reporte,i using cLC anarysis" He+-calf et ê1" o { 1973)

extracted +,he o-anarog and the pyridinol from water but

employed thin-layer chromatography {Ttc) and scintilration
counting for quantitative anflfy-cis.

Recoveries greater than 9O% uere reported

an,l benzene e xtractions"

(1 "42' gag!rE_g!E¿!q!

Generallyo t¡.¡o typcs of

for removing undesirable

titioni-ng, anC column chro

for bot-h hexane

cleanup procerl.ures Here em ployeð

coextractives: liquid-Iiquid par-

mat ogra ph y.

(1 " 42 1\ Lig,u¿d-LÀSlrd_BaE!-rt ion

llost of +,he methods for tìetermininq chlorpyrifos ancl its
metabol-ites incorporated a liquic-riquid partiticn using

solvents of different polaritj-es such as hexane and acetoni-
trile" The principle involved is the difference in solubi-
rity of pesticide and coextractives in the polar or non-

polar phase, the degree of separation of pesticide from

coextractives being proportional to this rjifference. com-

plete separation, ho'revern is seldon observed, since ccex-

tractive inaterials are rarely of homoga.n{:ous nature, ten,iing

to clistribute betueen polar and non-polar phases. converse-

Ly o the pesticirie may arso be solubl,¡ in both inmiscibre
phases (Bowman anrl Reroza, 1965)

Thi:; behavior t{as excellently

(1969\ i n t-hair co un tercurrent d

rlisplaye,l by 13eroza et" a1.

ist-ribu iÍon :;tudies sith

,

a
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variety of pesticides, sâr'ple extracts, and. solvent sysrems.

of t, h,) pesr-icides and sample ext-racts exanined, nos t Here

f oun l +o be :;cl-uble or slig htty solub L: in both phases of
+-he solvent syslems used, indicating that a complete sepaEa-

ticn of pesticide from substrat-€ coextractives in one or two

partitions woulrì not- be possible in most cases.

Liguid-rrquid partitioninq is usefu.l for rcoarser sample

cleanr¡p before coÌumn chromatography" An example of this is
the extraction of animat tissue for chrorpyrifos shor¿n in
Figure 4. The hexane extract Has partition--ti into acetoni-
trile, leaving lipophilic coextractives in the hexane layer"

rn the metho.l of Braun (1974) for vegetables (Figure 3), the
extr:actÍnq solvent-, acçtonitrile/water, nas partitionerl with

benzene. rn this case mcst cf the plant coextractives

remained in the more porar phase (agueous acetonitrile) .

{1 . 422) C9Ågfi:I,,_Cbroqslogre!¡I

FlorisiI (mainly magnesium silicat_e), silica 9eI" and

arumina are polar adsorbents and are used most frequentry
for cleanup cf pesticide residues.

Tabre 7 is a list of creanup corumns reported. for
ch 1-ornyrif os and metabolites. sirica qel ,,ùas the mosr

!¡id-'Iv usec adsorbent, the cieactivate,l and ras received.t

form:-; hoi nr rlSeCl rnCSt f ¡=rrrìên+l \¡-r"Y Florisil and acirlic

alumina t,l-årÊ rerrorted only once fcr the analysis cf chlor-
pyri- fos and the pyridinol resoect-iv--l'/.

Acfrvar--ron cf nolar ad-scrhenls is rìccomplisherl bv heaf-l¡1 g

:.." r-diìcvi ìilsori:aL 'irator (1n0-200o Ícr sr3veral horrrs),
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Table 1. Reported cleanup methods.

Bowman | 6'7 Sic 109
+ lta2 SO4

Braun '74 SiG lDg
À

CLaborn ¡ óu

Ðrtsch t70

iÞlcKeIlartJ6 SiG ilq
+ Na2 SO4
AcAl 4q

Rice I 68 SiG 99
+Nar SO,r

Struble sie- td¡
| 7 3b 1:2T"DA

tk t72 Sic 19
tr{interlin Sic

r68
Lo¡es r77 SiG

B

¡l

ts

27,!cOH/B

Sic 99 12%DA gf,\C/H
SiG 129
1¿7"Ð^ HOH sat.
sic 20%HC/H
F lor fjcn A A

corn r chlor+
qr ass O -ana log
veg. tissue chlor

9-anaì-og: 
"pyridinol

animal tis. chlor

UC aninal tis. O-analog
veg" ti.ssue cblor

nc/H
i\q c

a 4 0%HCI/HOH

ByÊi|¡c /H
4 ÙiÃMC/H.
HOH sat.l{C
B/H 1: 1

20Y,C/H

B/H

duck 
"in sects

milk,
cream

wate r,
silt
wh eat

in sec ts
mudrfish,
in ve rts
Iive r
(human)

chlcr
c hlor
O -anal og
pyrid inol

chlor
chlor
Q-anal"og
chlcr

ch-l-or
qôô

Table -3
== === = === = =.============ == ====== ===.=__==.====.==== =__===========r Solvent key: i.=ncetone, B=benzene, C=chloroform, AI=acetonrtrile, :'ic=methylene chloricle, Acog=acetic acid.2 Column codes: SiG=.silica geI, Flor=florisil, ÀcÀl=acidicalumina, A=activated, ÐÄ=deactivated.¡ e lut€l as t he pyrirìino1, ãfi hydr:olysis product.+ chlor=chlcrpyrifos.
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whereas deactivation is aceomprished by the àccrrrate addi-

tion of wat-er" Partialry deactivar-ed, mat-eriats arê often

preferable to very active ones since even the transfèEence

of hiqhly active adsorbents is liahle Lo resrrlt in altera-

ti-on of activity of the transferreC material. fn addition,

covering of the most active sites in an a<lsorbent results in

more homoqeneous adsorptive povler and consequently less

t.ailing on elution (üor1ey, 1966) "

Versino g,! 31. " 11971) compare,l florisil and silica gel

columns using malathion, parathion, anil their Q-analogs.
For the solvent systems used, tro sÍgnificant difference lras

observecl for the parent compounds, although the O-anatogs

Lrere not eluted fron the silj-ca gel column.

In the method of Braun (1974) for vegetable tissuen the

chlorpyrifos g-analog t+as eluted frorn silica gef as its

hydrolysis prod uct, the pyridinol. uith 2% À,cOH/benzene,

This Q-analog-deriveil pyridinol rlas derivatizel and analyzed

by cLC as shown in l¡igure 3" lletaboLically-derivecl pyti-

clinol sas also analyzed in this method; column cleanup Has

performed on a separate silica ge1 colrrmn and the pyridinol
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was elutecl with the same solvent (,21, L:OH/benzene) "

{1"43) g!q_ÀNÂ!Y5rs,

T,isted. in Table B are GLC columns reported for the

analysis of chlorpyrif os a nd metabolites, Of the liquitl

phases used, the order of popularity is DC-200 (4), SE-30

(3) " ov-I7 (2), 5F-96 12), and carbowax-20tf (2\ " where the

bracketted numbers indicate the frequency of use (no'b

including nixed columns) "

Ttlo problems have generally been associated with the

cochrorratography of chlorpyrifos and its o-analog: 1)

resolrrt-ion of t.he two compounrls, and 2') obtaining optimum

sensÍtivity f or the Q-ana1og" Cha racteri.stic of many F=O

compounds, the O-analog binds more strongly to the columno

reCucing sensitivity" and often elutinq as a tailing peak"

This is largely due to an increase in pclarity when sulfur

is replaced by the more electronegative oxygen"

Several corkers have conpared different colu¡nns for their

ability to resolve chlorpyrifos and its O-analog" Struble

(19?3a) examined several Carbowax and Ucon liquicl phases"

Ucon 75-H-90000 gave the best resolution of chlorpyrifos and

its o-analog as r¿el-l as provirling t he highest sens-itivity

for the Q-analog

T,latts (19ó8)

an ri 2Y" rliet hyI

co-l-umn gave poor

tivity for the

compared 10?i DC-200, 107, DC-2OO/15Y"

ene glycol succinate (DEGS) " The 10%

resolution, while of ferinc Ìha l'rrqr

QF-1"

DC-200

sensi -

on theO-analog. The mix'-d-phase column,

3ó



Table B. Reporterl GIC columns used for analysis of
anrl metaboli tes.

=== = ====== = ======= = == == ==== ==== ==== == ==-=== == = =======
Reference Column Compound (s) Ànalyzedz

c hJ-orpyrÍf os

Bowman ,67
Bowrnan r'1 0

Brauo ,74

Claborn | 68

Cochrane 17 6

Dusch t 70
Gutenman | 68
Lores |77
llarganian 172
llcKellar t 7 6

Rice | 68

Schaefer r 69
Struble r73

Struble r73a

ttk t 72

I{a tts t 69

5% DC-200
5% ov-101
5y, ov-17
57" ov-210
5% ov-225
4X Sr-3 0/6',% Qr- 1

5% ov- 1

57" SF-96
8% DC-200
37" S ilar-SCp
3% ov-17
3Y, Carb3 20i5
10% DC-200
2'ñ OV-17/2',b OV-210
5'/" IJCON-I,]98
5% DC-200

5% SE-30
57Ã SF- 96
1% sE-30
5 7" ÍJCON 75-ti-
90000
5% UCON 50-fr-5100
5%, Carbs 20t1
5% Carb: 2 0ll TPA
37, SE-30
3il 0F- 1

10Y, DC-200
2% DBGS

chlor. Q-analog
chlor" 9-analog
chloro o-analog
chloro Q-analogr
chlorn O-analog
pyridinol (Ttls t¡
chlor
chlor
O-a na 1og
chloro ?-analog
ch lor " 9-a nalogi
chl-or
chl- or
ch 1or
chlor
chIor, o-ânalog,
pyridinol (rlts t¡
chlor
ch lor
chlor
chlor 

"O-a na loq
chlor, o-analog
chlor, 9-analoq
chlorn o-analog
chl or
ch1 or
chlor " o-analor¡
chlor

10% DC-200/15%9-F-1 chlor, Q-analog
: : : : : : 

== = : 1 I = = = I I I = : : =- ::(::! =21 = I = = : I I : : _: 
= = = = = = = = = = = = =r lUS=trimethylsilyl derivative.2 chlor=chlorpyrifos"

3 Carb=Carbr:wax.

37



of her han(ì., provideC better separation at- th: expense of

loss of sensitivity for the Q-analcq (about 6 fotd) "

Of the OV phases examined by BcH'nan et ql" o ( i970) 5

OV-210 provirled the best resol-ution of chlorpyrifos and the

O-analog (O-analog response data ,i,ere not giuen) 
"

l{cKellar gt al., (1976) separate,f chlorpyrifosn the

O-anaLog, as weII as the pyridinol (as the BSÀ derivative)

on a 5,q" DC-200 column" Eraun (1974) rletermined. alt three

compounds in veget-abLe tissueo but, as previously discussed."

analyzed the O-analog as the pyridinol (BSÀ derivative) *

Braun chromatograrrhed chlcrpyrifos on a +y" SE-30/6,,", QF-1

nixed-¡:hase colunnr'¡hereas the derivatieed pyridinol rras

analyze.d separately on a 5% OV-1 column.

{ i " 431) Del¿gelization_oÊ_!¡e_BJ-E¿ê¿ggf_-E1l[_gfezoneth an e

The pyridinol J.s not chromat-cgraphabì-e under conditions

used for chlorpyrifos due to its low volatility" This may

be increased by attaching an electron-donating group to the

2-hydroxy oxygen" such as a methyl cr trimethylsilyl moJ-ety,

As seen in Table 6, GtC analysis of the pyridinol has

been report-ed by tllo authors. Both ücKellar et al. o fi9761

and Braun ( 1974) react-er1 t he pyri'1inoI '*i th Nr O-bis (

trimethylsj-lyì-) acetamide (llsÀ) to synthesize the trinethyl-

38



silyl rìerivative.

Me

O-S¡-Me
\**

Me+'hylation is another important derivatization reactìon.
rt is commonly employed to esterify carboxylic acids, using

rliazonethane or methanoric boron trifluoride (Drozd" 1975).

üethylatj-on of phenols has been reported with d.iazone-

thane (Smith o 1937; Khan , 1975; IIil,7=t.ag and ilartini, 1972;

Fieser and FÍeser, 1967) " The reaction is usualry qrrantita-

tive" and tak-os place under rnil'l conrlitions j-n an inert
merlium such as ether, alcohcl" or chloroform (Hilgetag and

Hartini" 1912t "

Reaction velocity increases r¿ith the acidity of the oH

group, indicating that the reaction mechanism may involve
protonation of the diazonethane calbon (Smi-tho

193?): the methylation reaction might be vritten as

folloHS "

cl
"?y-*r¡Ñ=N ----=-->Cl

-\ 
(t*

o- a GH3¿N=N

+H3

cl

\\
:N

N2
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DÍaz omet hane Ì{as successf ul ly enploye,ì in this sturl y f or
meth}¡)-atinq the _cyrid.i lrol metaboli-te of chlorÞyrif os.
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Chlorpyrifos Degradat-ion in Ponrl I{ater"
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(2" 1t IUIRo-u-uçIJqE

Chlorpyrifos has been shown to be effective in
control as a larvj_cj-tle, This sect ion contains
the chemicaJ. stability of chlorpyrifos in pond

inportant factor in effective larval control"

mosquito

a stuily of
watec r €rn

rn the summer of 1975" a cooperative study was conclucted

at Grenrea ITanit-oþa in wh ich ma r made pools ç¡ere fortified
wiÈh chlorpyrifos" t.later samples were coll_ected throughout
the snmmer to nonitor the change in chlorpyrifos concentra-
tion " E ield '¿ork anil hioassay analysis of water samples was

conducterì by cary Rawn (Bntcmolcgy )epartmento Ilniversity of
l{anitoba} . GLC analysis of water sampl-es Has conducterl by

the author.

12 " 2) uÀl! RI¡1s_en.d_g Er-Ug-Ðg

Pesticide gcarle organic scrvents were obtainecl fron
ca ledon Laboratories rnc" Anhydrous sodium sulfate r¡as

obtained from Fisher scientific co., anc was washed. with
hexane before use. An anal-ytical standard of chrorpyrifos
for GLC analysis, as well as the 2"s.Ã slor¿ release and 4u%

ernulsif iable concantrate f crmula tions of chlorpyrifos rÌere
proviried by Ðo'¿ Chenical Ccmpany of Cana,:l.r Ltd.



(2. 21) ¿3!JyrçIÀ!_!aq!s

Each pool at Gl¿nrea lgas formetl froir a wcocen frame with
diinansions of 1 m square by 30 cm d,eep and sunk into the
qround to a depth of approximately 15 cm.

rnside the wootfen frame r¡,as placed a rining of 4 mir
polyethyrene, which was covered with a 5 cm lfayer of sod

.i

(sod hras heLd on the sides by wooden we,lges b-otween so,l

Pi ece-s) "

À rectangular pro+.- of twerve such pco.Is Þras fabricated
vith a uinimum distance of 1"¿l m separating each pool.

During the degradation experinent 
" pool voLumes lJere

mainta ined at 150 I . The water source .das a rarge
poryethylene-rined dugout containing spring nelt uater.

{2 . 21 1, Poo!_IoE!!!!salriqn

r,isted in Table 9 are the fortification rates for each

pool as werr as the type of formulation usecl. At the botton
of this table, cates from spikinq to last sanptinq are also
inclu,le<1"
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Tabfe chrorpyrifr:s fortif ication revels of indj virl.ual
noo Is at GI enlea ,

i=========== 
==== === =======__ =Pool Fo:-t-if ication Rate Fornulation r

(1b7acr e ) (ng/Il

1 0.050
)ôn
3 0,050
4 0 "0255 0.050
6 0.250
7 C.050

0.0383 2.5% sR
0.0 control
0.0383 48% EC
0.01916 2.570 SIì
0.0383 48% EC
0. 1 91 6 2.5y" sR
0.0383 2"5,ø" SA

Ðate of forri;;;;;;"iï;=;;;;=;;=;;==;iliiirl=^,i"=. 18 toSeptenbe¡ 11 19-/5.1 7-"5.)â sR= 2 "5y, Active inqredi_ent granular srow release,
4fl7o EC= 48% emr¡l_sifia¡le ccncenirate.

Fro n t h e percent act_ i ve ing red ie n.. a s stat-ed. by the
manufacturer, r,reights of eBy, emulsifiable concentrate and

2" 57" slow release granular f ormulations $¡ere calculated to
forti-fy each pool to the desired l+ver. Fortification was

achieved by applying the correct weight of formuration
evenly into each pool without stirring.

{2 " 212\ sê-UE-I ing

Sampling r{¡as acccmplished by combining f ive I00 url

centre of each pool" Bach

beaker attE_che,1 to a

sampl=s taken at- t he corners a nd

sa mple uas co Il ect e.l with ,r 1()0 ml

long-hanrl-l-ed claup.

Three 100 n l_ aliquot-s of this
pipetr-",i in+-o l7O ml silaniz=rl n

sl-opD.lrîrl ll-th i_i:tI¡lt-.Ll-Ìì,1ì.ì g¿DS. Tw¿l

50C rnl mixture ',Jere

¡drcine botileso anC

of '.hÈse san ples ilere
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SU

SA

bmitted for GIC anaysÍs" uhile the renaininq i00 rnl water

npl,e was bi-oassa.¡ed usinq Cr¡Ie¿ !ar-gg-lls"

(2 "22) çgto-BlIEIiAg_À!À!ggJ5

(2 " 221) Bigas sel

Twenty-four 4th instar ]arvae of c-ure5 larsarls \.rere

added to the 100 m1 water sample immecliately upon arrival in
t.he raboratory, The samp]-e bott-l-e containinq the J_arvae was

then stored in the dark f or 24 horlrs f orlcwing which " the
percent mortality r"as recorded.

The c" tarsalis colony origina te,i f rom the Glenrea

Research station and llas reared in the rabcratory" penare

ad ults were brood f ed with Ja panese euail (got-uigi x colgrnlx
Japanica) in plexiglass cages (30 cmi) maintained at 25o and

737" relative humidity. The eggs deposite,l t¡ere alloweil to
pupate in photographíc trays" pupae lrere transferþd to the
pJ-exigrass cages where they developetl to the larvar stage

'¡hich Has f eil sixty nesh liver powdar (Rawn o 19771 "
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(?- .'22?.) !ès:L rq.t¡I1_!¡lps4Iasigp!_Li_À¡If vslt
?onti wat+r sanplr>:; i.iere ¡xÌ_ract_?j irn+diai,>Iy upon arciv-

al in J'-he labrra+-oly sucli that thc tim- bet-r,¡+en _qemplinq anl
ox-raction Hits apD:ol(im;rt_e'Iv one hotrr.

('¿.22¿1) 5x!!ac!iot
The met-ho(ì of i.t? t+-ers ( 19'73) wiìrs employed f-6 extract

chlorpvritos rrom water, with ni_no¡ rnortifications {iigure
6) . Id.r t-er sanpras ( 100 nrl) 1{ere extracted u¿th rnet hylene
chlori-rle bv gentle rockinq rat.her than shaking. The L.rtter
procedr:re produce,l ån enuLsion that in scrne casas wor:lrL not
settle.

I'lethylene chlorirle extracts r{ere,lrarnec into srlanized
nedÍcine bottles ( 170 ml) trtted .¿ith t*-f Lon-1inec caps.

Pond '¡ater extracts were stored ;¡t -40o auaitinq GLC

analysis"

R+moval of '#at-âr i¡:on the nethylene chLorij: extracc das

accompl.i shed by shaking '¡rth a smarl arncuat of sodium

sulfat+. This Has clone untir no vÍsibr= w.ater reroained.

The ,lried extract ¡,ras pourerl into a 100 nl ro,.rnd -hctton -
f la sk (RBF) , bein g caref rr I not to tr,ensi'.r any soclium

sulf ate . The contents of t his f lask i{"re avaporated. to ca.

20 nr to nake room for r-h-ô merJicíne bottre rlnses (z x 15 ml

hexane) . The hexan e/n?t hylene chl_orrrle ax+.ract was then

evàoorat?,1 just to ,1ryness. Both evaÌro:ations l,Jere don*- on

a rc+-¿lry evarrorat-orî with the fl_ask imner:;=c in a .J5-40o

\crr,-âr bath. The Ðr,:ssrrre of tbe sy:;tern i,ras rscucr¡r{ r+it.h a

iaÐ as¡:jrat-cr.

Tho re-s'irlll: 'd''s d:-s:;ol_.¡e.ì 1n 5.0 ml h:xan: and ¡.nal vz¿ð,
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extract water samÞ1e (100 mr) with methyrene chroride(4 times: 25, 20n 15, and 10 mI)

I

dry methylene chloridJ ou=, small aaount of
sodiun sul_fate

+
transfer to RBp (100 ml) with

2 X 15 mL hexane rinses

+evaporate just to dryness on a rotary evaporator
I

redissoLve residu"* ,n hexane {5,0 ml}
for GLC anal_ysis

Fi-qure 6" Extractlon of chlorpyrifos from water.
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C,yt+c+-Ly b.¡ cLC (Fir¡r1¡ç 6)"

(2.'2222\ !!!
Llsted belcr,¡

arr,rly!1s.

are the GtC paraine1:lrs r:seC for s¿inple

Tnstrumetìt: Varlan 2400.

CoIu¡na: 5i DC-200/15Y, QF- 1

mesh, 122 cn X 4 mm fD

on Gas Chron

gIass, nitrogen

Q, 80-1 00

carrÍer" 50

mllnin.

Detect-or: Il:ct.ron capturê, 3.H.

Têmperaturês: cven 200or arjection pr:rt 2Z3o, detec-

to¡ 2200.

st-andarci curve-s'Jere mad.e waeklv to establish the rinear
ranqe of the llectron car¡ture rletector (ECD). àl_I sanples

Hera .a nal yz+d q uarit al Í veJ-y t o d.etern ine i.he dilr¡tion
rt)ñt!irr¡ñ r f ìn\r Fnr *ha ¡h-lnrnrrri4a,-¡v\r(¡!!!;\r, LL årìy, t-or the chlorpyrifos peak to remain in the
Linear ranqe with a 2 ¡lI ì-njection"

The ex+--rnal standarcì method '/as anploye,c, with ail runs

beinq nace at- an atl'-enuatÍon of 3'¿y.10-1o amps and. Hith a

constant rn'j*ctì-on volume of 2 ttl. The injection sêquence

!¡as as f ol-lo'úrs: standard, 4- 5 sanpl-eso standar:d., t-5

sanples. ".
Each rnjeclion r,ras made in crrolicaten ãlthouqh under

unstaþli: conditions more Ínjections per sar¡pr+ .Tretre

reTllrrid. lirih =;tch 1¡ìor-iinn :h¡ .ample i,l.en¡_ifiCatì-On,

a.tt:eluetronr trjec+.ir:n '/cLumc. l¡rl¡, ;rn,t ,1 iLution rlat--a wers

r)c.ord.lc. c hl,rrpirlrfos conccntrllion w;r.s carcuralel f com e

:;!.-..1t'r ia:.j ci:ry - ilsi.n ; na,li: hr::qht, lxi:rnaL :tanCarC iniec-
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t ions 'r,?r? tls?,1 to

de iector r "sp )rì.ì1.

co r r:ct f cr: ,1 i¡ v-t-o-C.ay chånge.s in

(2 "'2 :t) LII!4CrI9I-IÏrcIIrçI-!E!-E3IIgÀ!IaI
s:andarls of chlorpyrifos \teî.Q lnade trcn technicaI gra'1e

ch Lorpvrif cs and t-hc emrtlsif ianle concentratêr the same

fo:mulation trsed in t-hc tiel-d experinents;

ñechnical standarct- 0"0500 g 
^I/"10o 

nI acetone'

Eurulsifiaole r,lcnc"ntrate standard- 0'0tr9'f q ÀIl100 nl

ecêtcn?, i¡here AI= active inqredient'

Distilllci vater;rnr:l ponc vater l¡Ierâ fcrt-ified wibh --hese

stan4arrls by ad¡lin q 42 t<'r 160 P.]. rlirectly to 1 litre of

r¿¿i-âË +.o oþr-ain applicatron rales of O'O2 t 0'04 ' and 0' 2

r|q/L.Äfterat1,¡ohourec{uilibrationperiodatroct

tenperíìture , 1i.\q :nl sanpltrs lfere extracf-ed (Figure 6).

(2. 3) 3i5UlgÞ-s!d ,!r-EqgSSI9N.

(2. 31) exI&ÀclrQu-!erIçIguçI

chlorpyrrfo:; ,?xtrac-rion effici-encv results trom pond

wa.l..,eranlclrstiIlea.'{aterarepresentarlinTablel0.

RecoV,?rycf.chlorpyritosfromd].st.í1le'åwa|erappear¿0to

decì:1a:;e as th: fortitrcation rat" increased' Àf- the lcwest

i:¿rt.e ..tf fJ.0'¿ \g/L, è3s,?nt-la Il"' aIl of t he chlorpyrif os was

rlcÕvo:+i, wherla:ì ai l-he hiqh=st- rat-+ (0.2 nq/Ll 61x\fn was

.?xtr ¡' c-..e4. 'l'hi5 ohlnolr'noi I'ras abl'e:v+C in ot-her tan '¡ater
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extraction experiments as discussed in section 3 "31.
Such a trend Has not observed in ponrl '¿ater re,cults

(section 3. .17 ) " The averagê recovery of atl rates r{as 5?+-3)}"

(99% conf idance Iimits) . Although this value was lo'r, its

re prod ucibility j usti f ied t he use of this extraction me+"hoil

in the ponrl elâ-u€r persistence study of chlorpyrifos"

Table 10. Ch1-orpyrj-f os extraction eff iciency results"

Fortification Rate (nq/L) Percent Recovery
Disti-Iled Pond

Water n Hater nl

O.02 technical: 98rB 4 60+4 4
0.04 'f 82!23 6 49t3 4
0,20 n 61!3 5 60t2 4
0.02 EC+ 102t6 6 52x5 20
0.04 ß 12!4 I 57!8 17
O.20 " 67+4 10 51+4 1 1

Averagee 57+3

1 n = number of results averaged"
2 99Í confidence limits
: technical grade standard of chlorpyrifos.
+ llB% emuLsifiable concentrate formulation of chlorpyrifos.

(2 " 32t s!g.BÀgE_DEç3å!ÀTIQU

As mentioned earlier, Glenlea water samples ulere

extrac-{:ed rn mediateJ-y upon arrival in i'-}re Iaboratoryo and.

th e me5-hylene chloride extracts Here stored at- -40o" The

Curation of this stcraqe period i{as of the order 'of 10

¡onths.
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An experrnenL t*as contlucted to determine the stability of
chrornyrifos in methylene chl-oride extrs.cts storerl at this
temperature. several wate¡ sampres Hetre trk¿n fron pool 6

(fortified to 0"2 ng/rl, 7z hours after chrorpyrifos appli-
cation" The extracts from these sampres were stored at
-4 0o, and retrieve<1 a f ter various storage periorls f or
analy sis "

ås sho'¿n in Table 11 , no signi-f icant storage d egrailation
of methylene chloride extract-s occure,i.

Table 11" Storage deqradation cf chlorpyrifos extracts.

;;; ;;;; =;;;;= 
ì;;;;;==;;;;;;;; ;; ;; =i 

;;;;i;=;;= ==

0
2B
49
61
B1

220

2 "6!."9 5
2"5r"5 2
2.9!" 4 2
2.1 +"7 5
1"7+" 5 3
2.5!"5 5
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(2 " 33)

The

i-t ored

r¡ater was mon-

(2 "331) þiogssgy_ResuIts

Bioassay results for pools 1, and 3-7 are shown Ín
Figures -l-12" zeco percent nortality hras observed. throu-
ghout +-he sturly for the control pool (2) "

tonsiderabre data scatt€r was observed in poor 1 and 7

results (Figures 7 and B) " Regressional analysis Has

employed in these two cases to fit a curve through f-he data
poittts" A third orrler polynomial '¡as chosen cue to the ûss

shaped degradation curve generally observed for the majority
of pools.

Bioassay resurts of pools 3-5 {Figures g-11) shol¡ed a

dj.stinct pattern, with less data scatter. This allogeal a

line to he drawn by hand through the data points. The

validity of these curveso however, in areas of rapid percent
mort.ality change'¡ith time may be guestionable due to a lack
of data in these regions.

Poors 1, 31 5, ancl 7" (Figures 7-10) Here fortiEietl to
the ler¡eI recominended for Ìarval control {0"0r1 ng/L,r; pools

l and I being *-reated with the srow release (sR) formura-
tion, anc pools; 3 anrl 5 uith th= emul_sifiable concentrate
(3c) of. chrorpyrifos. Th.e lDso (tls<r = LDro) concentration

r/e s reached a t- 125+4 hr (n =2) f or poors i ane 5 ([c) , and êt

P,gI!_EÀlER_ANÀ rYSgs

degradation of chl-orpyrifos in pontl

by bioassay and GLC analyses.
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478):98 hr (n=2) for pools 1 aucl 7 (sR) . zero percent
mor:tali+:y was not obserrred until 960t100 hr (n=2) for tha
-l-atter poors, and, occurci much sooner f or ooors 3 and 5;
approxinately 300 ho¡¡s (n=2, n is the number of resurts
averaged" i. e., one from each pool) . Th-ose ,1ata adequately
di-splayed the effectiveness of the ?.57, slow release iornu-
Iation over the qS% enulsifiable ccncentrate formulation of
ch lorpy rif os.

Poors 6 and 4 r¡ere forti-fiect ¡rith 5 and 0,5 times the
recomnended rate respectÍvely (0.2 anrl 0.02 ng/L, 2.57" slow
release formurat-ion) . The hi_qher dosage of pool 6 resurted
in 100% mortality fo¡ nearly the entire sampling period (5g

days) ' whereas poor q, fortified to hatf the reconmended

revel, attained the LDboccncentration at approximateì.y 100

horrrs af ter chrorpyri-f os apnlicatÍon (Figuces 11 and 12\ -

It is interesti¡g to note that half the reconnended dosage

of the 2.sit slow rel ease f ormur ation degraried to the r,Ds o

concentËation at about the sane time as the furr dosage of
the 48% emul-sifiabre concentrate formuration.

(2.332) Gas:!ig¡Àd_qbtgrnaloqrapþy_Rgsgtts

GLC, results of chrorpyrifos deqradation in pond r¿ater are
shown for each poor in Fioures 13-19. Each deta point in
t,hese figures reÐresents an avâraqê af four results. The

contror pocr (rigure 19) shcwec an erroneous chlorpvrifos
conc=ntraticn at t=240 hours. This, ho'wever, was not
ref lec+-erl rn the tortif ied poors an,l bras attributed to
ìia;rI)1ì r:onta:ni¡it tron iìrl¡1r','.r analysis.
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Resurts of chlorpyrifos degra,Jar_ion, in qeneralu showed. a
non-linear concentration-time relationship .*hich is best
illustrated in ligure 13. Ì'lathematicaÌ characterization of
this relationship Has somer¿hat- hamperecl by the variation
observed in the results, This r,¡as presenr_ r,o a noderat-e

extent in poors f ortifieci to 0 "04 ng/L (poots 113 15, and 7;
Figures '13-16) u uhile nore seriously af f ecting pool 4

results (0"02 ng/L, Figure 11).

{2 " 3321t -Ecl!:I¿ss
The term half-tine is used in the fcllowing text to

indÍcate the time regui-red for the chlcrpyrifos concenrra-
t-1on to reach half the initiar valueo i.e." half of the
co ncen trat ion at ti-me - 0 " Th is shorr lil no t be con f used r+it h

half-life, which is calculated from a kinetic equation. The

general form of this equation may be written as

c = F(t)

xhere c is concentration, and t is time. The function r(t)
mal¡ be a function deriverl fron one of severat kinetic
reLationships" such as first order or enzyme kinetics" such

a function for tbe degradation of chlorpyrifos in outdoor
pools HouId be diffÍcult to formul-ate riue to the many

factors inf J-uenci ng t his process {section '2" .1322,) .

The hal-f-time of chl,crpyrifos in each tort-ified pond r{as

ca rcurated f rom a poider f unct ion, f it to the ilata by a

least-sgua res prog ram as rliscusseil ín t he next section . lIs
shown in Tenle 12, ',he half -tine of pools f ort.if ied with t-he

s.l-ou release tornul_ation (.l4j4 irtr, n=2) ï/es anproximately
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twice t-hat of poors fortified :¡j-th the emulsifiabl€ con-

centraìe formulat-iç¡ (513 hr" n=2), at th: 0.C4 rr.E/L rate.

This d if f er?nce r/ras al-so ref lectei in the bioassay results
(secticn 2"331); i"e", the lDso concentratron r¡as naintained
in pools fortifieri uith the slcr¿ release forinulation for

more than tr-ice as long as those fortified with the

emul-sifiabte concentrate formurat-ion (at the 0.04 ng./L

rate).

a harf-t-ime of 15 hours lras estiinated for chlorpyrifos in

seldage water (approximately 20-30o) from the,fata of schaef-
er anrl Dupras (1?70" section 1.2t1't . .This i:; consider:abIy

lon.qer than that reported in this sturly for: the degradation

of chlcrpyrifos (emursifiabte ccncentrate) in pond water

(513 hru av€rage water temperature = iqoÌ " It is probable

that higher Levels cf organic mal-ter Ðtresent in sâ!¡age.¡ater

significantly elevated the concentr:ation of reversibJ-y bcund

chlorpvrifos, creatj-ng the same effect as the slow-release

formuration" This might be repre*sented by the fotlowing

no ilel

c 
--> 

lll

1'
AC

''+here c is r-lissolv:'.1 chl-orpyrifos, AC is adsor:hed chlorpyri-

ios, anC Ì rf tl:es:nj:s metabcli tes.
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(2 " 33221 2e-gEe-llt]-9!_gcde-ls

Disoppeoronce of chrorpyrifos i.n pord water is a conprex
process, lntrr:enc--d by several fa.ctors such as photodegrada-

ti-on, temp-orature' ailsorption, ricrobiaì- populationr ðnd pn.

The complexity cf a mathematica I nrcrlel incorporating these

variables precluded rts applicaticn to the observed degrada-

tion pat-terns" Three sj_npler motle1s, however, rrere tested,
inclurl ing -+.ro kinetic (mechani-stic) rate mod.els, and one

empirica-ì- (regressional) equaticn.

Each mechanistic rate mocel represenis a specific type of
feaction nechanisn as 11 rscussed belo's" By courparing the
I f it ¡ of each ncdel i-o the concent¡ation-time ,Lat_a 

" it was

possiìrle to ccmment qualitaiivery on the inportance of these

two reaction mechanisms in the overalr d.egradation of
chlorpyrifos in pond water

rt is arso important to note thatr üDlike a regressicnal

eguation, each const-ant employed in a mechanistic ¡nod.el has

a specific physical meaning, such as a rate constant or
reacticn ori.er. titeral interpretaticn of these constants
cannot be irade in the case cf chlorpyrifos ilegrad.ation in

\

ou t-rloor poors 'due to the ccmprexity of the d.egradation
proce.ss. Tc rn,1 icate lhis, ccnstants such as rreaction

or.r1 ert an,l rrete consJ--antt r¡ill- be us?rL ¡rith guctation marks

ín t-he f ollcvinq tort.

Th" pow:r_riì!:_lljcl is shoivn t;:lou,
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rJh ere c í s concen +uratio n

the reaction crder (üodel 1)

equation t,akes the forn

expEessíon 
"

= kcd = kc if d=1 (1)

k is t-he rate

. fn the case

of the fa;ni

constant., and d is

whe¡-e d = 1, the

lia r f irst ord.e r

-Êc
dt

The power rate 1aw arises frour

reaction follows activat-ion of mclecu

qroups, by collision" Tt usually appli
homoge neous soLution at constan+. t
1972) .

Equation 1 may be man j_pu1at etl

linear form"

the situation where

les, sinEularly or in
es tc reacti_ons in
ern peratrr re { Ha m ake r ,

obtain i-he f oI lo'*ing

(2\

The ty=ax+bt form

coefficient trz)
an indication of

( ¡: c,i eI 2) was t_ tre
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t-c

sl:d
1-d

=-kt+Ki

where Ki is the constant of integration.
of t-his equatíon permitted the correlation
to be caleulatecl for each pool_o rilhich is
the goodness of fit"

C 
"¡e 

re chosen (Tabl z 1'2) .

ThE seconrl nechanistrc rala:ionship

First, houever, the r react-ion orderf (c) !ras determinerl
nu merically. This involved itteratinq eguat.ion 2 betwÊen ¿l

= 0" 1 anri tJ "1 by steps of 0.1, calculating a value of yz tor
each step" Correlatíon coefficient maximi. t{?re obseryed for
each pocl (except pool 4) , at r+hich point optiinum varues of



if k2>> c (3)

maximum rate

and kz is a

to K''' of the
i{ichaelis-I+nten kinatíc eqr:ation.

rndeed, +quation 3 cJ-csery reseübres fichael_is-t{enten
kinetics, and, unlike the Fower rate nodel" reflects an

equilibriun betHeÐn a reactant and a catalyst (Hanaker,

197 2)

Transfornatlcn intc a finite difference form gives

Ì,\r4arl^nl ì¡ --te nOdt:1,

k.r::t_:__
'Å2+ c

!¡s-:-!; - (1/k2\
c¡ - ci*r

'¿here c is concentrat_ion, t j-s time, k, is a

approached 'rith increasing concentrat-icn,

conbination of several_ rate constantsr similar

_-_z__
ci * c¡*r

Al
i\2

L = krA!
e k2Ac

(4)

l1 /k2 ) (5)

t¿h+¡e j- is i+,terateÌ from 1t-o the ni¡aber of lata points (by

1), c- is the average concentration between t,ao consecutive
,lata pcints, ;rnc 

^t 
and Ac are lhe chanqe in tine ancl

concentratrcn r."sFectiveIy between t_he sain: tuc cata points.

Thr alrcvc ,:ì',ìl'.rcn l^ras,1 r¡i_rreC àssrlninq ,1 c,/ð.t = A.c/At al_ c.
i.)jlta r73l-¡;.:.: ir':i" c;.rrcuf,l+*rii froi:r dã-.r points in ch¡onolog-
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ical orrler , start.inq a t f- = 0 ho'Jrs" This creatêd
problens ,lue to the data variabirit-y; i.e", concentration

dirl not decrease with t ime in a1I c3ses. Valrres of -Ac/At
'¡hich'iÍere negative or zero'rrere climinated f,rom regression-
al analysis, causing a noteabre reducticn in the number of
useabl-e cata points ccmpared to the cth-or norlels tested

(TabIe 12, rr¡e columns) "

.A por,,eE_fgnctign (i.IodeI 3) !,las chosen as the empirical or

regressional modelo

c=mtb

where b and n are constants,

time" The linearized form is

I f\l\--'

c is concentraf-ion, ân11 t is

ln (c) = b[ ln (t) ] + ln (m) t7t

concentration-time data for each pooL (Appendix 3) was

analyzed by a linear regression program to yierd correlation
coefficients (rz) for each of the th¡ee linearize,l models as

shown in Table 12"

Excessive variabiiity in the correlation resurts (stem-

ning rrom that founc in the concentration-time data) arlcwed

only a gual itati-ve evaluaticn of the three noCels tested.

Àveraqe corrâÌation coefficients fcr pools fortified to 0-04

ng/L (pools 1r3r5, ând 7; Figures 1j-16) .É,ere 0.6t0-1,

0.7tC.3, and 0"8r0-2 for î4odels 1, 2, an.i 3 r"spect.ively.

lìo siqni itcant dif l^:rence Has obseivel het.ween th¡ emulsif i-
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TabIe 12. GLc results of chlorpyrifos degradation in pond r¡ater.' Harf times for each pooJ- as welr as correration
coefficients for fiodel_s 1" 2, and 3"

== ============= == ==== ===.=== ==--=== ======== = == ==:== ====== ===Pool Fortifica- Correlation Coeff icients (rz¡ o ¡Orrferr Iial-ftion lng/L) Hl ¡z fl2 n u3 n (d) 3 Time
(hr)

1 0.04 sR4 0"60 11
7 0.04 sR 0.62 B
3 0"04 ECs 0.38 9
5 0"04 EC 0.65 7
4 0.02 sR 0.97 4
6 0.20 sR 1.00 3

0"44 6
c"98 4
0.97 6
0.42 6

1

2

0"82
0"53
o"7B
0"9c
0.4 1

0"99

10 0.9 16"2
E 1-7 11"1
I 1"4 3.1
7 1"6 7"0
3 4. 1 12.2
3 2"8 9.8

AV ERAG ES
0.04 SR+EC 0"6r"1 4 0.1x.3 4 0-B+"2 q
0.04 Ec 0"5+"2 2 0.7r"4 2 0.9+.'l z
0"04 SR 0"611.01 Z 0.'t+.4 2 O"7x-2 z

- --= = === = == === == ======= ====== =--===== ==== = = == == ==r calculaterl from I{odet 3. Average tenperature = 14o"2 ¡ at the top of the table is the nunher of data points used tocalculate 82. n for the averages is the number of results
averaged.3 d is the f reaction order r in t{odel 1 .4 SR = 2.5% slow release fornulation of chlorpyrifos.s Ec = 48% enulsifiable conc€ntrate fornulation of chlorpyrifos.6 ìf 1, flZn ancl U3 = llodeJ-s 1r'2" and 3.
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observ erl . The correlat

able concentrar-e and s-r-ow rerease fornrurations, a-r-r-owing

both to be inclr:ded in these aveEages; i.e. n n=4. It uas

not possibl: to assiqn a preference tc any oÐe of the
,legradation inodels due the high stanrlard deviations

coefficients of aII noclelso
howev:r ' w€re f airly high, which i,ras especially signif icant
in the case of the mechanistic rnoders (1 and zr. This
provi,ìed evirlence that enzymatic oc surface reactions (Mode1

2l ' as r+eIl as rnolecular collision and activation reactions
{hydro].y.sis anrl phor-olysis: If odel 1) were both inportant in
the overarl- disappearance of chlcrpyrifcs i-n pond water.

Pools 4 and 6 (rigure.s i7 and 1s) were fortified to o.02
and 0 "2 ng/L respectively with t-he 2,5,qo slou rerease
formulation 10"5 anl 5 times the reccnmended. rate) . Results
from these pools rrere nct consiclerecl due r:o lack of data
(pool 6l , and excessive data variability (pool 4).

as mentioned earlier, the 0 reaction cr,ler. (d) cf l{oilel 1

was estimated numericarly fcr each pool (Table 1zt , The

averag€ | crderr of pools fortified at 0.0¿l ng/1 {paols
1r3"5* and 7l lras 1"4t0"4. AS founrl for the correlation
coafficients, no relationship r{as otlserved batlEeen formula-
tion and !reaction orderr, Fernitting the arrove average to
ínclurle resrrlts cf bot_h formulations.

to

icn
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PART 3"

Extraction of chlorpyrifos t{etabolites from Bater.
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(3" 1) Iì!!!g-?qçrJqI
The çþjr:'¡t- of t-his studv !/as to osr-;ìbrish a method for

thr: sinul-*anâous letermina+.icn cf chrcrpyrifcs anrl. metabo-

rr t-es in 'rater. This was accomprishec to the =xtent that_ 1)

chlorpyrifos, +.he C-analog (II), and the pyridinol- (,tfII)
wel:e extracted separat-e1y by t-he sane method, and, 2l

eh Lorrryrit os and t- ha pyr idi nol rJê r;â sim uI taneously deter -
mined in tap 'nrater. Ðevelopment- of this inethod !{as con-

cernecl with three rn,rjci areasr cxtract-ion, cleanup, and

analysi-s (Grc) , cach cne ca pabra cf accomolar-ing atl three
conp()uni{s. Only cne (ìLC ¡nethod warì r:port-ed. which satisfieit
this condi-tion (rcKellaro 1926) , '¡hj-1e reported. extraction
(Tables tlt 5, and 6) an<1 clsanup {Tabte T\ methods wêre

,:Jeve-l.opet1 to accorpodat-c, ¿_rt most" chlorÞyi.ifos ancl the
9-analog simrlltaneously.

The method of !lê+-'uers { 197L) f or extlacting chrorpyrifos

fron erater proviCed the f ounrlation for rleveloping a met-hod

r*o extract chlorpyrrfos and urata-bolites from Hat-oc- The

onry na jor modrf ication necessary 'd,as acidificati-on of the
wat-er sample to nak e t he pyridi nol soluble in the extractingr

solvenlio rnethylenê chloride 
"

Host r.,5Ðorted cleanup techniqu,:s rlsed B-15 g of adsorbent

an'1 rlp to seve:al- hundrerl rrril-Li I iters of elrrting solvent.
ilecau:ìâ of the r=la:i very :;narl voruines of wat er extracled
1n the nr?sent stldv {50- 1(J0 n1) , and the honogeneous n¿ltur=

of
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tJater coínÐar-èd to oth+r substrates, it- w,1 s feasible to
rstrea:l 1i n+ I +-he repor+_cd r_-l_eanup proceJures consiclerably.
i'rcrí.si1 i.,as chosen ¿s the aicscrbent n,rinly for its high
porosityr trDtike srrica gel, allowing rapid unaicect colunn
frot¡. special consi,lerations iùêre reguired to elute the
more hiqhry adsorb=,1 g-anal-oq anrl methylated pyridinol (this
rierivative rs r+f erred to as t he fle-pyrirlinor (rx), in t he

followinq text) .

The o-des-et hy 1 (T Tr) ne-+-abolite of chloroyrifos $ras also
inr¡estigatecn but could not be extracted from water by the
methorls employc,l. (Appendix l)"

( 3" 2) rÀirÂrèlE_¿g!_gE!rcqg

(3 " 21) Sq!I'.EI _ÄI! tlÄggrrt
Pesticid.e grad€ Ðethyl ene ch.Loride, benzene, âr d cycJ_ohe-

xane rdere obtained from caledon Laboratories rnc. Aû ether
so luticn of diazomethane was prepared f ron d.iazalrl {Aldrich
chen' ' co- ' Ltd") " Florisil {Floridin co.) sas activated
(120o ì 6 hr) and deacti',¡ated by adding 1c170 water {w:w)

forroued. Ì:v thcrough mixing by rotation. Glacial acetic
acrd {BDI{ chenicals) i./as usecl to prepare z,z AcoH/benzene

(r¡:v)" sìrlfuii: acil ojrtaÍned from,lllic,ì chenical co., r'ras

u:;ed. f or an alueous 10f .solution (v: v) .

(J .22) I!3III-IÇi:IAI !I TÀ P li 1\'f E I?

rrd fh- nr¡rì--
Ì-.¿4:

7l

St..r:'d,iri,; .;I cl I ::1,/^:-fls, Ih,: 0-antl.cr),



tlrnol (100 ng/I) Here

ert-raction experinent s,

fort-ifie,1 ,¡ith 50 to
co ncen t ra t icn desi re,ì .

used tc fortify tap ,¿ater for
Volumes of 1C0 m I to 50C mI ,$,ere

50C pJ. of stan,jar<1 Cepenrlinq on the

Fortification was accomplisherl by ad,ling the required
emount of standarrì, by s1¡riD93, ,iirectly to a volumetric

.flask- The standard sorvent was evaporatetì with a qentre
strean of nitrogen, and tap water !,as then add.ed to the
mark" After end-ove¡-end mixing for several minutes the
fortified wate¡ '¡as extracted immediately,

(3 " 23) EXTBAçIIq.U-TiTT!!
r'{ater sanples (50 m1) Here extracted cith m=thylene

chloride (Fiqure ?-.1). Each of the fcrrr extractions Has

performed by shaicing vigorousJ-y for l minute" Emulsions
ï7ere usualry a prcblem rsith the first extractiono decrsasi-ng
in intensity with successive extracLions. Àfter allowi-ng a

settling time of about i5 minutes methylene chrori-de
extracts \{ere caref ully drained into a ,tzs ml round_bottom
f lask (R BF) .

The total mef-hyrene chloride extracL was evaporated to
about 1 mI (rotary eva,Doratcro 40o uater bath) , anC t-rans_
feri:ed t-o a 5 ml centrifuge tube with 2 x I rnl an,l 2 x 0.5
ml hexane rinsinqs. The hexane/net-hylene chloride extract
r/as thon placerr in a 40o wal er bat-h anrr evaporated with a

rientle strt:in oI nrtrc(]+n to ah,out

rlerivajiizat ion.
0.5 inl, follow.erl hy
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'datêr sa mple ( 51 nI)
I

aciclify t[ pH 1 with
10'g sul-furið acLdTHa+,er (v:v)

I

vextract with methyì-ene chloride; I X 15 ml oand 3 T 10 mI; drain into BBF (125 nl)
I

Yevaporate methylene chlcride extract to
ca " 1 n1; rotary evapcra+,or " reduced

pressure, uater bath (¿+0")

I

v
transf er to cen trif uqe tube (5 ml.) , rinse RBp r¡ith hexane;

2 X 1 ml" and 2 X 0.5 mI

I

Yevarrora+_? to ca" 0"5 rnl; rater bath (40o),
qentfã stream of nitroqen

I

úderivatize; add etherial diazonethane (1 mli oreact for 5 mi nutes, at roon tenperatrrre

*evaporate just- to dryness (l'ith nitrogen as above) uredissolve ín 1 "0 ml hexane
I

Yflorisil col_umn cleairup (10F. deactivated)
I

Y
cLC analysis

Figure 20- Extract.ion and analysis of chl orpyrifos and
¡netat¡oli tes in water.
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(3. 231) !:r¿gelrza!¡el
all met-hyL':ne chlori'le extracts were react-ecl with dia-

7.onc t h,r ne regac'rr-ess of whether they conJ-_ainerl the pyri_
rli nol - As ¿lrscusserl in .scct ion 1. 43 i , rleriv ttization with
di¿rzomethana -qerves to m+thyla+_e tha nyridinol for Grc
anarysis- chlorpyrifos and the o-anarog srere arso subjected
tc this step to ensure the applicabil.it_v of 1:he method tc
t-he sinultaneous determinat ion of chlorpyrifos and

met-aÌ:olites.

Derivatíz,rtion r{as performed hy ariirnq 1 irrr etheriar
dLezonethane {or srrffrcient guàntit-.r to maintain a yeIIow
col0ur in the reaction mixt-r:re) to the wat-er extract
contained in ga- 0.5 nr hexane/methyle:re chrorid.e,

Af t er 5 ninutes at room tern p.-olat-ure the reaction mixture
'Iias evaporated just to dryness (400 .,¡ater bathu g€ntre
nitrogen frow) and the residue dissorved. in 1 ml hexane for
column cleanup or direct GtC analysis.

(3 ,2321 Hlcso;Ccf u¡LÇf,gên rl!

a siLanized grass woor prug lras inserte,i into a dispos-
able Pasteur pipet which 

'oas then pac*ed to 5 cm with 1oiÃ

rleactivated f rorisil (0. 5-0 " 6 g) " The column .vas Bashed

çith 2 ml cf i:1 hexancThenzene- (v;v) and roaced with the
derivatizeti i,.ìt3r €xtract or standard ilissolverl in 1 n1

hexane.

!Jir*'n applicrl singJ-y to r-L:e flo¡isir corunn, chlorpyrifos
',.¡,àf; .:l lt:d l+itn h=-x¡_f Ììelb_-nze nÐ 1: l (r/:,¡, 6 nr I) , an,l tha
r)-rn,ì.ì-oiì ;rn:l ir =-Ð'¡:icr-,rc.l wr rh z,r, -\crii,/hetz=te (v:v, \ :nl) .

74



cleanup of -âxtracts ccnt,ainÍnq chlorpyrifos anri the
Ïe-pvridincl'd3re concluct.C by firs+- eluring chlorpyrifos in
6 ml. of h-oxe¡=rTbenzene 1:1 , f oIlolr:¡l by the le_pyridincl in
5 ml of 2\ tecH/benzene, without changing the receiver.

After roa,-ring the corumn, the meniscus ïas alrowed to
re,tch the llcrisrl b_¡fore .rdding hexane/trenzene. This
solution rdas simirarry arlowed to drain before eruting with
2% AccHlbenzene as in t-he case of extracts containinq
chlorpyrifos and the lie-pyridinol.

Al t cof recterr eruates u,ere evaporated just r_o dryness in
a water bath (35-+oo¡ under a gentre s+-rean of nitroqen.
Th e resirlue 'vras dissolve<ì in he xane f or GLC anarysis.

(3 " 2 3 I ) !as-T,iqg¿q_q_blgmalgtraph-y

Listecl bero,¡r are the ctc conditions used throughout this
st urlv.

Instr un enl-: Varian model 2q00

cclumn: 5y" ov-101/5% ov-210 on B0-100 mesh chromosorb
H HP, 102 cn x 2 mm fD; oven, 1B0o (2OOo for the
o-a nalcg) ; nitroqen ca¡rier, 86 rnllni n-

Injecticn port: Teflcn-lined septua, Z2Do

Detector: 3q electron ca ptur_o (EC) , ZZgo.

c;LC methoc'rlogv '{as the same {ì.s th¡t- d.:-scribÊ,J in section
?2?.2., the cnly ,iift-erenc-. bei:rg that in adìition to
lorr'¡ri'€'o:;, r-liì ¡r-¡)vrici¡lc1 .enc n-enålog were arso
.. 1t¡7:r,l ,

2"

c: Ir

a:l
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,4clguat-â cclunn ccnditicni-nc was re-Jur-red to obt_.rín

consi::ts'ent re.surts for t-he o-.anaJ-ogo ôs for¡nì fcr nany p=o

compouncls (Bcwnan anrl 3ercze, 1967). conditioning consisted
of se'¿aral- inj13çlions of r.he o-ana10g (4 ng) untir constant
pe¡rk heights !{erì obtained (rrsuarry after tI-6 in-jec+-ions} 

"

To marntain this ccnditioning, i-he g_analog r,¡as in jected at
least rvery 1C to 15 minutes.

GLC standards of the Iç-pyridinol t{ere prepare(l by the
method use'l fcr dr:rivat-izinq sampli: extracts (section 3.
231). The .iesire,l anount of the py¡icìinoL, contained in 1

ml- of mer-hylene chr-ori rier lras derivatized in a 5 nl
volumatric frask by arìdinq iriazomethane (1 nr) and reacting
for 5 minDtes. The content,s cf the flask Here then
evaporatec un'ler a gentle *ctream of nitrogen anù hexane l{as

added to the mark"

(3 " 24) çgqEl3gÀrJoI

Glc peaks of chlorpyrif os and metabolites ï,/ere con f Írned
by 1) colnparison of retention time to a srandard" and zl
gas chrcmatcqraphy/nass spectrosccpy. À stancard. o f the
lfe-pyricìinol was not availabJ-e, and 'Jas synthesized on a

milligram scale with riiazomethane. rn this synthesis, rl0 ng

of t-h+ pyridinol 
"¡-stÊ dissclved in 1 ml acetone. rnouqh

etheii-,rl rir¡zornetilane sorrrtion ,Has adùeri J:o maintain a

yellcv celouc. Àit:r react-inq fc: 5 minutes the sorr¡tion
t*al; :; Lcr,rlr¡ .lv.rii()r.:li:ri .rí) riryn,::;.s nndâr ¡rif-roEen le, ving
snal.L r;rVSl ì.l.i cL :.ì iíj+1or t :llucl.
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,\ smaÌ1 crystal of thi s product i^res ais-sorverì in 1 mr

hexane for qualitative GLC analysi.s. Two peaks llere
obserr¡ed with retention t imes of 0.4 (compound 4) , and 1. 8
mi nutes (cornpor:nd 5) " These co¡nocnenr_s !rere separated cn a

florisif column as CÍscussÊd in Àppendix Z.

(3 " 241) N-EL_egg_Ma:g_spec!rg

l{ass spectra of chrorpyrif os, the o-anarog¡ âtr d }re-
pyridincr standards l,rer:e obtainec on a Finnigan mo,fel 1015

nass spectroneter usinq an ionization energy of ?0:80 ev.
samples were introduced via drrect inr-et probe heated to
1000.

The NMR spçctrun of the -[e-pyrirrinor standard. ]¡as
obtained on a varian À-50l604 instrument. Tetramethylsilane
hras added as an ínternal reference.

Â Ðupont Ðimaspec Gcr/r.s was empLoyerr for confir¡aation of
GLc peaks obtained frcm extracts cf fortified. ç¡ater.

Concli ti ons:

c clumn: 514 ot/- I 01/5y" ov-210 on chromosorb I{ Hpo s6 cü
x 4 mm fD; oven, 2000i heLium carrier, 40 m},zmin_

Injector temp: 22Oo

Separatori qlass jeto Z20o

ro¡izaLion: electrcn impact (ig ev) ; source temp. o

220:,
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(3 " 3) BE5!!I!_À-Up_pI'5cg55]8ll

{3 " 3 1 ) gag-lIqlip_ggBaugtgq¡Àä:

Before each extraction experimentr ð standard cuEve was

made which Has used to calculat-e peEccnt recovery and to
determine t-he lineal range of the electron capture detector"
Linear EcD response was typicaì.ly observed ovår a range of
0-1-1 ng for chlorpyrifos and the lfe-pyridinor, and 1-B ng

for the g-analog" ?eaks obtainecl fron the exf_raction of
fortifi,ed r+ater samplas were maintained within this range by

diluting or concenlrar_ín9 the extract as necessary. The

minimum detectabre limits (z x noise revel) were approxim-
ately 0-01 ng for chì.orpyrif os anrl the üg-uyridinolo anr1. 0" 3
ng for the O-analog.

let ention times for the t're-pyrirlinor" chJ-orpyrifos, and.

the g-analog noere 1. gu 5.2n and 3-6 u¡inutes respectivery
(chlorpyri-fos ancl the ge-pyridinol erere chronatographed at
lB0oo and the o-analog at 2000). separation of alr three
compounds in jected simultaneously is sho,¿n in Fi-gure 21 .
Temperature proqramming (190-195o at ?-oTmLnl Ì,r.s emproyed to
increase the rssolrrticn of the c-anarog: reteni-ion tÍures

''ere 1-J" 4"4, and 6-2 rninutes for the Me-pyriri_inol"
chLornyrifos, and the n-analcg respectrvely.
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Figure 21. GLC separation of chrorpyrifos ancr metabolites usingEemperature programming; rg0"-195" a, 20 /min A - the Me_pyridinol(0'5 ng, rx), B = chlorpyrifos (0.5 ng), c = tte o-analog (2 ng, rr),D = end of temperature programmed. run.
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(3 " 32) qqII-I3gÀILgI

Discussed bcIo,¿ are the ma

chlorpyEifosn r-he O-analog"

spectra of GLC peaks (obtained

compared to t-hese speetra fcr

ss spÊctra of standards of

and the fie-pyriCinol. Ètass

on ¿ì. GC/HS instrument) Hers

ccnfi-rnation"

{3.321)çblglpyrifos
Figur e 23 shows the mass spectrum of chlorpyrifos"

Fragmentation agrees with that reported by Lr¡ka (1976) anc

Lores (19771 as shown in Fiqure 1"

(3 " 322) g,be_o:À!ê_l9g

Fragrmentation of thre c-analcq, shown in Figure 22, r,as

si m j-1ar to that. of chlorpyrif os, ,*ith base pe;rks at B I and

109 n/eu

iþË--" 81 m/e
HOr +

EtO,- 
P:O 1Qg mr/e

and a weak parent ion at 333 n,/e"

{ 3 " 3 2 3 ) rhe_!s¡id¿¡gl_q-s{_99:pff !Êr¡sl
?he mass spectrurr of the najcr product of He-pyrirlinol

synthesis {Anpenrlix 2\ revealed a rarqe parent ion at 211

w/4 correspcnding t-o Me-pyrirlinor (Fígure 2q\. Sirnilarly. a

la rqe parenr, ion at- 197 n/e ',ras also obs;erved f or the
pyridjnor (Eigure 25) " Subsesuent- fragmentai:j-on of these

conpound.s folrowec the proposed patterns shown in tabies 13

(I:-pvrílinoI), ani'l 14 (pyriclincl). In +_h+s,,. schenes a â
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methyl or hydrid-: shift ,cas propose,r, for_row+d hy th+ ross
of Co anci the formation of ¡ five_membererl pyrrole
structure 

"

The mass soectrum of the

reÞoir_ed in the literaturr: surveye(1.

been published on ¡elat ecl pyrirli ne

the proposed fragmentation pattern.
considering the pyridincl tragnentai:ion pattern in Table

14, several facts substantiate the Dossible existence of the
pyridone structure {a); 1) pyri,lone-hyrlroxypyridine tau..
tomeri-sm lbnrov¡ has been observerl in agueous nedia f'r
6-chlorc-2-pyriCone (Katr ]-Lzky et 31. " 1g6-tl .

oH ;+

pyri:linol has not been

However, studies have

compoun'ls which s upport

2l a similar rearransement

oceur in the nas.s spect ro¡n eter

rdas re ported by tou ( 1g 7 1 ) t o
f or 3,6-dich-l_oro-2 -pyriilinol :

i
OH

+

o

3) becan.se of resonance stabil-Ízai-ícn" it- would he pre C ict ed

83
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t.hat tbe pyriCinol frac¡ment

OH

197 m/e

wourd appear as an intense peak in th.: o-anarog and

chlorpyrifos mass spectra. This rras, Ín fact, observe<ì.

Th-o next step proposed. r.ras the loss of co from the parent
Íon" This has been reported for 2-pyridinol (rlagnestian et
4r", 19751 o âr+-hough the protìucts formed were not stated"
The proposed mechanis¡n of cc loss i-s shown to occur via
homolvtic cleavage of. tlie pyridone structure (Table 14,
structure I af ) , aJ-t houqh t his has not been r"por+,ed"

The only differênce bethr€en r-he pyririinol and Se-
pyridincr fragmentatrons is that ,ì methyl ¡ather than a

hydrirle shif t Has propnsed (Table 1i). This has not
previously been reporterl for the !e-pyridinol. pragmenta-

tion Ji-g loss of ocFt2 r zrS f cund for 2- methoxypyrirìin e

(stenhagen anil Àbrahamsson ? 1974l, e Has not observed.i i,ê. ¡

no peak was observed at 191 û/e.

st-rong supporti-ng evidence for the proposed gg-pyri,linol
fragmentation pattern (as fcr the pyriC.inol) !ras provided by

t.he paak isotopic ahunrlance pat+_erns fcr: each trarlment
containing chlorin: (natur:ar abuncance for 3scl and rTcl is
100: -32"5) . The ratios of t hese peaks (Tables 1J and t 4) are
in agrÐeirent '¡ith +,_hcse repcrtr:d by ticLaf fert.y (1g73),

Tha NïR speclrum of the rg-pyridinol containe,l two peaks

+

cl \
N
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Ta bIe i I " pro posed Iq-p yri di nol_ f ragrn er¡t at- i_cn .
====== ==-=====.===== ===== ============== == =========== ====== =======

Fragmen t s Peaks Ratios of
n/e ht.. icm ¡ r Pea k Hts"

+ +

ocH3 cl

211 2.4
213 2- 3
215 0. I
217 0. 1

183 I . fi
185 1.u
187 0 " 6189 0"1

176 2.1'r-l9 i " 4180 0.3

I68 4"1
170 4" B

172 2^3
114 0" 5

148 10"1
150 6.3
152 1 "2

1A7 3. 1

109 2.0
11i 0.4

1

0.96
0.3-3
0 " 04

'l
1

0.33
t.06

1

0"67
0.14

0 .85
I

0" 48
0. 10

7

o"62
0"12

1

0.65
0"13

I

I

| 
-.'-

I

ct I t*,
| -coct---l-

.' 
j-* jl.,

I

/ cH't

/t
/,," \-.,-

\

r

c\
I

Cl -._

.,{*,!-
I

t cïg

''Ji-_l
cl^N ^

+

ocH3
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TabIe 14" pro.oosr,J pyridi-noI fra,linentation.

====--= ========== = ==.============ === === ============== ==== ===.=====
Fragüent s Peaks Ratios of

ts./e ht" (cu¡ t Peak Hts"

/\
:N

+@ Á

-rJoH <-\ cl
\

.ebo
N

H

cl

CI

197 3 "5199 3.3
201 1"2
203 0"2

169 3"6
171 .3.5
173 1"3't15 0.2

134 2"0
13ó 't"4
138 q"2

107 2.9
109 2.O
111 0"4

1

0. 94
0"34
0"06

1

0"97
0"_36
0"06

1

0.7 0
0.10

1

0"69
0. 14

el
//

f

/c
/Cl\- +

Itrlcl^\ N ^cl
I

H

l-.'-crn\
crA*/*

I

H
I

I
I

+
C3HC12 +

lrinC fragmentation)

o

8ó



{Fr-<lrtri: 26) . lìeson,rrìce ;rt 4" O 1 E corresponded r-e methoxy
protons, 1{herea< the rescrìanca of the single aronatic
hvdrocTpn was observed at ?.74 E, Al-though the NtiR

spectrun of the re-pyridinol_ Has nct reported in the
ritecaiure survey:d, the above assignments Hetre made by
coaparison wir:h sÞec*-ra of simiLar compounds as shown in
Ta bl-e 15.

(3 " 3 3) i!9EISJ!_IiÇ!Q:t9!gr!_g!!3Igt
corumn cl.eanup recovery '¡as evaluate,l by roadinq florisil

nicro-cclumn.s with stan<iards of ch lorcyrif os, the o-analog,
and the rTe-pyridínol {in hexane). Elutj-on results aEe shown

in Table 16.

Recovery of chlornyrifos r,ea s not f ounrl to depend on
corunn roading within the range investigated, The av€rage
amount- eluted over three application rates (0.4, 1.0, dfid 10

¡lg) was 9tlt5%, in 5 ml of hexane/benzêne 1:1 (v:v) .

The erution technigue for the o-analog and t{e-pyridinol
'ras tleveloped from reported silica get cleanup methcds.
tsraun (1974) elutecl the pyridinot ard o-anarog from silica
gel '¡Ít-h zvo \caT/benzene (v:v) . The latter co*pcund,
howev2T.t r,,,ls hydroÌyzed ron columnf to the pyrirlinol,
rerluirinq a s:parate cclumn tOr each conpcund (Figure 3) "

ilith fLorísil, t!:.e O-analcq rras found t_o hyd.ro¡-yze onty
narf Ìallv; ir1t2'z of 5 pr] Has r;^covereii uith zy" åc0H/benzene
(5 ml) . The pyricii;:o L which is c.r-=atrltl rloes not interfere
ç¡,ill ihc ':;r-ir:-rLr-ar: lot- ,rr.: a.l vsis r¡i: ih,: pyrid.lnol and th=

B7



' : r I r , I rf I t r r r f rlt r lr-L ,r rr l, r rrf rl
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Fi.gure 26. N|IR specrrum of synrhesizecJ {g_pyrrdinol (IX).



Table 15. Reported NMR Spectra of Compounds Relate4 to the Me-pyrÍdíno1
¡/ TVI
\.¡r!/ '

Compound Resonance ( $ ) Reference

3, 5, 6-trichloro-2-pyridyl-
tetra-o-ace tyl-Þ-D-glycopyranos id e

à = 7.72

b = 4.03

Bakke, 1976

Stadtler, L967

\G
>ocH3

2-methoxy-5-nitro pyridine
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TabIe 16 " ELut-ion of chlorpyrif os"
I!e-pyridinol from fl_orisiI.

the O-analog, and the

== === = = == ===== == = ==== === = = = === == = __ = == ==.==.=== = = ==== ==== = === = === ==ConpC . + Loadj- nq Solvent¡
{uq)

7,, Recovery per Fractionr
123¿156 lotal

ch 1or

¡le-pyr

O- an

0"4
1

10

1

)
10
47
21

9

0"2

1

5
11

5
10

B/n
B/ il
B /\1

HC
¡,1 C

i'lc
2Y,AcOH/B
27,AcOH/R
2%IrcoH/B
2u,AcOH /B

MC
l{c
¡tc

2%tAcOfl/B
2%AcoH/B

9Bt2
9 917
9Bt6

B9r1
104t5
116 a9
96 t3
99+3
94t5
I 0t9

rì

tì

0

1+i
n

0
f'ì

--2

0

:;

--z

3B t2 52t3
40+4 5 9t 10
32!5 6Cx7

J9t2 3 4t 1

53t1 0 3616
58ù22 441_8
2x1 69!V

11ri 4t1 0
1113 4t2 0
1 0r3 4t1 0

::'- __' -_

6+1 0
7 t5 3+4
6+1 2+A

42+4 B+1

flt2
0
613

0
0
n

0
0
0

0 17t3
8t7 't 8 t7

11+8 28t15
0 3013

0 23+2
0 3616
o 47 !.6

1+0 71+z
76rB

_: :_ _: == == === = == === = = = = = == =.= =__ == ==.= == = = = == ===== = === = = == = =r fraction volume = 1 mr. stancard deviations are for av€ragesof two values {two ccJ_ umns) .2 individual fracticns o,ere nct collected, Erution volume = 6ml
3 solvent' key: R/H=benz ene/ hexane, 1: 1 (v: v) ; tlc=inet-hyrenechloride; 2%A,cO.H,7b=2% acetic aciat/benzene (v: v)+ compcund key: chror = chlorpyrifos, e-an - o-anaroq, He-pyr =ie-pyrid inol (IX, Tai^rl.e 1) ,
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O-analog in'dai:r because no clerivatj_zation
after colunn cleanun (Figure 20).

Acetone, methanor, ancr 2"io Ac}{./methanor_ !rere also inves-
t'iqat ed f or their abirity to erute the o-analog f ron
frori:;il. At a cor-umn roarrinq of 1 pg, the o-anarog i{as not
el ute'l in 1c mr- of ac€tone or urethanol. À snarr amount
(3 6ã) i,üas recovere,ì i n 10 m 1 of 2|"AcOHrtnethanol,

tha He-pyridinol !ras eluted from flcrisil with Z.yn AclH/
benzenc over a loading range of 0.2_47 ¡tE, An average of
92!B% was recovere'r over this range in an erutíon vorune of
5 m1 (Table 16)"

l'lethylene chlori,le Has reported for the el-ution of the
O-anal-ocl from silica gel by t{cKelIar eç êI., t1g76l, an,1

Struble and l{cÐonaLrt i19?3b) 
" Recoveri+s from florisiJ_,

however¡ 
'oâr-a inco:nprete; at a column loading cf î1 lrgr

47t6% uas eJ-utedo decreasing to 23tzro at the rowest roading
of 1 ttg" The rTe-pyridinol, hoveverr was totally recovered.
from florisir in 4 nl of methyrene chroride (Table 16) -

Results of col.umn clea¡ up evaluation l-etl. to the cboice of
hexaneTbenzene 1:1 and 2% åc0H/benzene as erution sorvents.
Effort was then rrirected to extracting chrorpyrifos anti
metabolites fron water"

(3 " 3 4 ) I NlIg I'!u Ä !_ 8! ç! IIBI-EÞ_r89 r_iÄ3_ gèrEE

chlorpyrifos, the o-analog, an,i th-- oyridinol r{ere
extr;rc+lC fron *'ìP'Jat-er rnrl ividuallv, b,¡ th3 siame methcd as
otrtl-ined in Pi ;t:x: ZC. peccvârte.s .,\¡illtc conriucLe,.l at. lllree

ta kes place
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rat€s, eaclt rate being duplicat€,1. Each

Lt¡zed twicç by GLC so that ther€ HÐre a

results per fortification rate.

eXtract 'rIAS anA-

t-ot-aL of four

Extraction resr¡rts of chlorpyrifos and metaborites are
presented in Tables 17-19. No significant refationship rüas

observed between fortification rate and recovery" althor:gh,
consi,lering othar datau this may not be the case for
chlorpvrifoso a-e rliscused in section 3.37.

averaqe recoveries over alr fortÍfication rates r{ere

84t7, 82+3" anc 7'1t10% for chlcrnyrifosn the e-analogn ancl

t-he pyrirlinor respectivelv (99% confid.ence rimits¡.

{3 " 3 4 I ) Uellylgte_qhlg r¿dgl!e!Êr_E!-UI_ten

Ii-s ment-ioned Ín secticn 3.2J r R_or.hylene chl_o rLd.e/water
emulsio¡s poserl a pro blem in the extr,lction method " This
was nost serious in the first 15 mr methyLene chLcride
extract ion where only fl- j 0 url of this vol_urne could be

recovered withor¡t visible þrater contanination.
Exp eriment i of the chlorpyrifos extracti.ons emproyecl a

centrifugation step to clear the emu1siono allo,¡ing recovery
of the total amoun+* of met-hylene chloride in each extrac-
t.ion" This.rras accorplisheri hy draining the enulsion into a

clean qlass test tube r¿hich was centrifugec for 5 minutes at
fu ll- speed (lnternationa I clinicar centrifuge) . The

sÊÐaraterl phas,os',r?râ gently pourecl back intc +.he separatory
f u nnel and the nath lrIene chlorirle dra j_eed " The centrif uge

tr,jbe !Ias rinse'l ."vith the neyt m+th,vrene chror:ide extraction
voltìme"
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Table 17" Recovery of chlorpyrifos fro¡n tap water.

=============== === =========:= == ==.========= =Experinent Fortificat i on Recovery t%t ¡ r
r"(ate (ng/I)

avera q e

average

average

0
0"010
0"040
0. 200

t_t

0.001
0" 041
0"206

0
72+4
87r10
64t15
7 4t'J2

0
105r7
112t4
46+7
88t36

rì

rr.
001
041
210

2
ll

4
4

2
t?
I

llt

4

0Z
84t11 4
88+2 4
88+5 z
87 a6

= = ===,== = == = =.= = = = = = = === = == = = == =.=.== = = = == = == = =1 ¡ is the number of results averaged; n=4, duplicate extractionand anarysis ; n=2, onry 1 extiaction was perf ormerr,
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'iat-tle'lB" Recovery of the pyrì-dinol (V IIf ) from tap '¿arer.

= = = == == = = = = == ==== =.= == ====
Ðx periment Fortif ication

Fate (ng/I)
P onn

== ==========
very (1?,) ¡ r

0

n
l'ì

ônq.

¿>LT
495

rì

0" 005
0"254
0" 495

3O
0.005
0.130
0"260

=.=.==- -__==== === =__== ======.==see Ta,bl_e 11.

16
0.01
0"10
1.00

U

64+i 3
B 3t7
B 512

80t5
83t6
85t1 2

0
l7 t6
B0 13
ii 0 trt

=================

0
67 x6

1 08+1 1

95+1 4

0
82!3
85+14

10918

0
98 tfr
83 t4
65rB

==== =_-===_-=

2
4
4
îr

2
4
tl

4

2
4
4
2

Tabre 19' Recovery of the o-anarog (rr) from tap water.

0
0.005
0.1()0
1.0c

2
4
4
4

2
lr

2
tl

)
4
tl

)
=====_-

0
0.01
lì 1n
0.40

I qon 'i.;¡hl

94



i\ve;:aqe chl0rpy:Í:os r-'coveii-es f or 
"xperiments 1î 2, anrl

-l vere 11t12, U8t3É), anii B-tt6% resp"ctively. The reduceC
st-andarcì 'leviar,ic. of the r-at-+-er result indicates the
impor'Lance of ,:lrminatinq thc extraction emuÌsion. ,i¡ith
pond water ' oil t-he or-her hand, it r,ras f ound that anti-
emrrlsion mêasures nere not cnly tJesireable, but necessary.
This 'uas due to the fcrrration of severe and sometimes
irrev+rsibl-e emursicns, probabl y ca:rsed by the presence of
suspenried oriJanic nat ter (sect_ion Z.2ZZ1,) .

(3 . 3 5) !r¿ltlI¿!IAit5_ÀI¿ll.sit
chl0rpyrifos and metabcr.rtes have been extracted intlivi-

dr:a1lv by the same method with acceptabre resurts, and it is
lor¡ica1- that thes-o compcunds could be rreterrninerl in the
presence of ,tach oi_her. fn partial verification of this
statement-, chlorpyrifos and the pyridincr,,irere successfuJ_ly
coextracted f¡cm tap water. lecoveries (1ab1e ?0) $ere
comparabre tc those fo,'nd for these coinpounds extracted
individuar-ry; average recoveries cf alr three fortification
rates rrTere 7g+15, and 6gt127, for chl0rpyrifos and the
pyriCinol respecì:ively, l¡o re lati cnshi p Has observed
between extraction efficiency anc fcrtification rate for the
pyridincl. chlorpyrifos, on th: other han11, showed a

re'lr¡cei ex traci-1or ef f iciency cf 6l t g -,, at- t he highest
fort-ificai-ion r-ev,:L (0-2 :rq/L), as ciscusse,i in section
ì 17
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Tabl+ 20. Simultaneous e
pyrj.dinol from

xtraction of chlorpyrifos
tap ç¡ater.

an.l the

===== = --== == == == == == ==== ====== == ===== === ==Compound Fortification Reccvery (T.lr
Êa te lng/L,t

Fxperiment 1

chlorpyrifos 73t5
86!11
67¿10

63+3
6511 4
u4 r6

pyriC inol

Experiment z
chJ"o rpy rif os 99 +4

90r?
55rB

79+6
67r4
52 r8

0"0c1
0.041
0.2a6

n

005
25t+
495

pyrid inol

0,001
0"041
0"21{)

0" 005
0" 130
0,260

===== ===== = = =====.= __== == ======= = = =no ch10¡pyrifcs or pyrirlincl- (vrrr) o,as detected in theccntrols- Each recovery is an average of 4 results(duplicate extraction an¿ GLC anal-vsiÉl .
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(3 " 35) ÀgPlIçÀlIgI!

The major apprica+,ion of this m:thod was for the deter-
mination of chrorpyrif o-s and metabolites in pon.J wa ter,
r+here the former is userl fcr mosquito larva control. unlike
tap water, ponc ría+Ler contains srrspended organic matf_êf¡

which is a source cf compouncs that nay interfe¡e with GLc

anarysi-s, To ensu::e t hat such interf eronces would be

reaoved by fl-orisil chromatcgraphy, a pon,ì water blank lras

extracted (Fiqure 2 0) anrì the exr.ract anar yzeð. e fore and

after cleanup" The pond water exl.ïact before cleanup

contained severar interfering peaks as sho',¡n in Fiqure 27

{chromatogrilm tar), This extract uas loarlerl onto

nicro-column and eluted with h...xan +,/benzenå 1:

fo1lo'¿ed by 5 rnl of 2'A AccHlbenzene. Eruates -reie collected
in 'l ml fractions and analyzerl by cLC (z?r åcol1,/benzene

fractions ktere evaporated under nitrogen and. the residue
dissolverl in 1 nl of hexane) . Ponrl urat er coextractives Here

el uted in f ract-ion 5 of 2% ÃcoH/ben z.eûe (5th nl) as shown in
cbromatcgFam rbr of Figure 27" À11 ot-her fractions of both

solvents were essent,ially free cf coextractives as shosn in
the ehromatogram of fraction 4 cf 27, AcoHlbenzene {Figure
27" tct).

â

a
I

fl or is i1

{6 mt)

Heferring to the florisil elution
analog and l1¡-pyrirlinol lTable 151 ,

t-hese ccnpounds'd€re eluted in the 5th

Ac 0H /henzen e {ca. 4%) . Thus o ',¡ ith

-+-he Z'rn ùcOl1 /bênzene elrrticn vollrne,

clpanup met hod could be ada¡:tecl to oond

nrliornc nf the O-

on ly smal_l amounts of

1 inl fraction of 2y,

ca ref irl monitor in q o f

the florisil column

wai:+r anatysis, wit-.h
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Fígure 27. Florisíl_
a) before cleanr:p, b)
c) lrth 1 ml fraction

b

cleanup of pond \ùarer
5th 1 ml fraction of
oÍ ZI ACOII/benzene.

extract;
2\l ACOH/benzene,
Díscussed in text.
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only sna1l losses of the o-analoq anri pyridinol metaborites.
Apnlication of this method r_6 ot-her substrat,es such as

veqet-aticn an soil- rnay be feasihle with several moCifica_
tions. This nossibirity is more +:asily examineù if the
method is broken down into its basic steps; 1) extractionr
2l Cerivatization, j) col-rlmn cleanup, and 4) GLC analysis.

'st ê!---L: simurtaneous extraction o,f chrorpyrif os, the
9-analog, and the pyridin o-l- f rom vegetable tissue has been
rePorterl by Braun Í197,r) " ilcKel-1ar et _e! " " (1916t ext,racted
the pyridinol frcm nilk, also usinq the sane basic m_othcd to
coextract ch rorpvrif os and the o-ana log {Tables q e 5. a'rl
6) " rn hot-h mer. horls, t he sample Has acidif ie,l to facilitate
partitioninq cf, the pyrirlinol- into the extract_j-on solvent-
fn g'-ìneral, it may be possihle to adapt nany of the repcrted
chlorpyrif os ancl Q-analog extraction metho,ls (Ta bì_es 4 and
5) to include the pyridinol by lo,,rering the pg of the
extraction system

Þ!çp*?: Derivatization of the pyridinot in tap wateË
extracts {befcre column cleanup) ,!res successfully acco*p*
lishec uslng diazonethane" Application of this nethcrl to
other substrates would almost certainty reguira that deriva_
tization be performec in the presence of con.sid,erably more

coeKtcactec materials, depending or the substrate" Deriva-
tizat:-cn uncer these ci rcumstancas alrors:; any reactive
coextr.lctì ves r:o bc met- hyrateci arcng with the pyrirlinor.
Thrl; irì.ìy cr:er-? soveral nerr i-nt.ert,-=rences;. 50me may be lost
dnrinq q:vai:orat-icn, but r¿ìny mav reluire removar Iy corumn
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cleanrp- The type an'r amcunt of co.sxtractiv_os presânt may
aLso h in,3er the derrv atízation reaction. This problem may
be eliminatad by performing coLumn cleanup before derivati_
zation as discusserl below,

slsr-l: The florisir- creanup rnethorì sas shoiEn to Eemove
undesj_rable coextractives from derrvatizetl pond water
extracts" However, a ninor anount of carry-over of coextra-
ctives r{as observea in the 22, AcOH/benzene fractíons con-
taininq the Q-analoq and fle-pyridinol. Thr:so for substrates
containing morÊ interfering compor¡n,lsn such as soj-l and
vegetat j-ono this cÌeanup Froced ure may be unsati.sfactory-
severar modifications might be proposed, incru,rinq; 1) aû
increa-se in t-he amcunt of florisirn zl the us3 of silica ger
instearl of' florisí1o and 3) performance of the deriva tiza-
tion step after column cleanrìp.

The latter two modifi-cat ions Hould
eluting soLven ts" Severa I sol-vents
the elution of chlorpyrifos and the
ge1" ¡rhile el_ ution of the ge_pyridinol
from silica gel (Tab1e 7).

By performing derivatizaticn after column cleanup, the
probrem of neo' interfering compounds created by the methyra-
ti on react ion is e linina te d . [{o wever , this modif ication
reguires that the pvridincl rather than the l,Íe-pyridinor. be
eluterl f rom the f r-orisir ccrurnn. T. this case , 2% Àc0H/
beazeno r+o'rc not be srritabre due to the parr,iar hy,Jrolysis
of t.he O-anaìoq to r_he pyri.rlrnol"

require changes in the
h ave been repotted for
o-analog fron silica
has not been reported
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9!if__!: GLC. âû.1lvsts :{oul¡l

a-ì,';D{ntnq il il ìtfiCiln._ C.)1.ttrìn CIeanltp

r?(Iutr+ no nod].trC;rtiOnS

ha d b=e n ¡l eve looe l.

(.r . 37) qilleqql3l:2r_tEqelE3iI5

in generar, Lcr" ch rorpyritos r2covlries (Tabre 211 frorn
tan water w3r? obsailred at the highest fc¡rtificat-ion rate of
0"1 nq/L. chlo:pvriios rccoveries wer,: colrectecr f¡on three
tof tif j cat_ion experinents (Ta-bI e 2jl ..

lrperin_-n1: 1) ÉìTt,rac',.ì on of chlorpyritos f rom t.rp water
in conjrnetio¡r with thc chlorpyrif-os c:)gradation
.st.urll/ {Par+ 2).

Exp:rl-ment 2) extraction of chlornyrifos in conjunction
with the Gr-nurt,aneous ilef_erminatron of chrorpvri_
fos anC n:l-aþolrtes i¡ ,¡at_er (part 3).

Exo'3ri. nçnt l) ccextraction of chlorpyrif os and the
pyrillnol by the ne+_hod of Experiment Z,

ch I orpvrif os recoveries at t he 0.20 ng,/L concentration
wlre approximater y 25% rowçr than thcse at the lo,¿er
f ort-if i-catron rates" It is possrbl e that. loss of chlorpyri_
tos oecurrad during rotary evaporation oi met-hyr.ene chrorice
exl=racts r:ncjgr rerJuced nr*ssltre.

Àdsorntion of ctrlornyrito-s on +_he gl¿rssr,rare used for
ro j'ar:r' iva rrorat*ion may h¿ve ceuse,f a reductr,rn in th+ vapor¡r
nllrlssllle ot- calor¡;yrr los at + he Io'¿er fortif ication Ievels.
A+- ttre hi.3hrst. rrv+r (0,20 .1tE/L) , rrìorc than enouqh chror_
pl/rrf.s ray ha'¡e b€,r-lì presenì_ t_o satisry +-hs silrface
'1ì'l:ìör u+ i r)n f liÍ'ì rr'ril':n t, (l l ì.rsing a r incrsas,? rn t he vapou-f

nr':sÍìrl:l lF ':h. ll::nl/ttf.:).ì. -hiS t.j ¡rtbsLAtir,¡.il11 ity tsh.? faCt
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th;rl-_ thr rDunì-lr,r*i.orl-tlasks lts=rl ln t.hrs a¡-ep .,,{?rè no.t:

sil,anized. lrh? vapour I;,r?ssrlre oi. chlorDVrtlos at l5.J is
tj"1l T 1C-5 mn ,lJ, ilttÌst 1966.)

The o -20 n1/L rcr rrir-ca.tron rcv:l is rprer_ivery close to
the .solrrbilrty .tf chlo¡pyr:ifos in l¡ater (0.4 nq/L) . Reac_
tions favouring the z-emoval of chlorpyrifos fron sol_ution,
1-e-o Ldsorption onto container wa1_ls, may arso haye be=n
s:-gnif-icant at- this concentration .Jurirq the torfifrcation
process.

Tabl+ 21- Re-sults of cirrorpvrifos extraction from tapwat ar: collect-+d trom pa rts 2 and 3.

=== =====.===== ====.=.======= == =.====== === =====Experiment-r Fort-ification 'ñ Recovêry ¡?Rate lng/L)

9fjtg tt
82t23 6
67tl 6

87 ç17 12
961 1 t+ 12
55t21 12

il6 È1u 1 2
{JBt9 12
6it9 1')

I ie 
" 

1._" -, 
=;;:=;-;;;;;;,;;=;;=;;;;;;;;;: == === == ===

? T,- i-s i-he numbr,.r Õf results ,tvêrar_I ,:rJ,

c"02
0" 04
0 "20

0,001
0.044
0.20

0.001
0.040
0.20
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in par'+ 2 a' :;rrrì y of * he ,reqraìa+. lon ct- chrorpyrif 
's in

()urífoor ar1-'ltrcrrr rcois t+as conllrcr-ec _jo:_ntl-.¡ qrth G.
Iìar+n, -',1 .Sc., j9-// (na.;n, 1g7-I). Two fo:nulriions ot_ chLor_
py;:it-os ,.¡ere ?Xlinin ail i t h- 2.5% slo."r_.rÉìleas? formuì-attOnn
¿lnrl thÊ t+t}'t' rnur:;rfralrr+ conc:nrrate fornrrlation. The
th'elt--1ir¡esr observ,:,1 tor these formr¡r_etions Here .r4+q and
5tJ hours r3sÐêc+_i-ïel,/. Tha conc?ntration_time data,ras
an;rlyze<1 bil three nalhqna+ical no,{els, including a power
raì:e law" a hyp+rl_.cl_rc rate mcrlel" and. a power f,¡nction"
?h': 11 ata was best d:scriberj by the Ðo,,-år funcr,ion, forto.pe,l
by t.h+ hirperlroric anrr co,ner rate nocrer-s. corrêration
coeffici+nts fot the lat.t+r tHo moders, how+var, Her* fairly
hir¡h {0-6ùt)-1t and c.-/t{).3 respecti,¡,:ry) indicating J:hat
hy,iroJ-ytic ,ts -d311 3.s +nzyxìatic or catal_ytic reactions were
inportant rn th: rlegradatron of chlorpyrifos in pond. ¡¡af-er"
À correlalion coef f icient of 0. g1.2 wa!ì calcr:laf_ed, for t_he

po'der f u netion

Tn Part 3, a nethod was devel0ped for the tap sater
ext'raction of chlorpyrif os ancr +-wo rmportant nÊtabcr_ites;
rh" ?-a.llog (11Íethyl 3'\,6-trichroro-?-pyricryr phosphate),
and r-h'r nYridinor (J"5,r¡-trrchraro-z-nyridinoì-) . Th¿ r¿tt_er
colrr¡oUrì''r 'JAS ,1:t:rnr-c?.1 às its n:t_hylation nrcrluc+"r êr1ìproy_
tnri l1 iaz.cn+th,rnt ?s t_. l-: íiìr1vatizrr..q a{J3nr_. ;4,vât:age extrac_
'tr.n efficiencr:s ir: chlorpTrifos, r_h+ í)_ånaloq, anrl the
¡r'¡lirJinoI "/er: rJ4t-r t a,¿t-1 , anr1 l7t101i resp:.ìctivelJ¡, That
t-l-t,:r n.l-hrrj corlJ-,1. i:+ ,ll:olt-il to ttr" sinultan¡ous axtraction
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of chrorcvrlt-i)s zrl,l netar¡olites Ha.s partiattv verifi*.rl by
t-hr coexÌrlcrion of chJ,ornyrrtos rnc *-he pyrr:,! i-no1 m.ltabo-
l-il+. res,lr +-:r- ot thes-. exÐeriments uer? :;iuilar to those
raoor+-erl rDli-.h= rnirvidtrà-ì- extraction cf chlcrpyrifos and
th: ovt irlrnol f ro¡n taf uat-er.
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ÀgPEllDIL_]: The o-ci:s-ethyI l{etabolrta cf Ch torpyrif os,

As discuss€d in section 1"322n thè o-des-ethyt metabolite
of chlcrpyrì-fos (struct-ure rri, Table 1) 1.,as reportec in
fish subjecte,l to a hiqh concentration of chrorpyrifos. rt
wa:; also st-ate,1 lhat the des-ethvLation pathr+ay of i:retabo-

l-i.sm is of rninor importance in manrnals. The object- of this
sork Has to deternine the stabiti+-y oi +-he o-des-ethy1. in
wa 1--er 

"

this compound was analyzed by GLC as if-s nethylation
protluct (,,t9-Q-des-ethyl, structure fVo Table 1). A stock

solution ('122 ng/r) '¿ras prepared by dis:;olvinq the potassium

sart of the o-des-ethyl in acetone tzs ml) plus a drop of
conc"ntraterl HCl. A diluticn of this stcck solution (l ng/L

in acetone) was derivatizerl with diazcinethane by the method

discussed in s--ction 3"231 for the pyridinol. cÌ,c analysis
of the methylaticn product revealetl three peaks eluting at
1" B {compound 1) , 4"4 (ccmpounrì 2) , and 6-6 ninut-es (com-

pounC 3). (See section 3"233 for GtC conditions; oven at
î80o") comoound 1 cas identified by Grc retentj-on time and

mass spectroscopy as the f{e-pyridinol (rr). coinpound 2 vas

identified from it-s mass spectrun (pigure 2s) as th=
l{e-o-rles-ethvl" The ident-ity of ccmpou:rrì 3 was unkncwn.

The mass spectrum cf. this conpound (Fi.;r¡¡ÉJ 2gl did not _.how

the pvridincl fraqment at 197 n/"- (secricn 3.323), fcund in
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1:he rniìss spectra of chrorpyrifos, tha o-ana10q, th-o r{e-
pyri''lincr, 3rtrt d--s-ethvI chlorpy rif os. 

.The isotopic abun-
tlancn patter:n i:.ypicaì. of cc--rnpounds ccnt=aining thr:ee chl_crine
atcms tras al_sc not ob_c+rved. The pcssi bility that fragments
at 295 an,ì 269 n/e cc n taine d t wo c hrorine aroms ,uas
investiqaf_ed; +_he averace peak height ratios (1 : 0.82 :
0.51) were in poor agreement llith predicted valuas (1 :
0.65: 0"11)"

conpcuncis l and 3 nay have been present as impurities in
the o-'Jes-ethyr stancard., the purity of rvhich lras not stated
by Dor+ chemicar- co., or th€y may har¡e been produced rlurinq
dissolution and derívatization.

Àn experinent was then ccnriucte,l to determine if o_ries_
et hyr chrcrnyrif os cour-cr b,e extracted fron ¡rater. an
aqueous solution 

"'as marre by dissorvinr¡ 0"00 2 g of the
o-des-ethyl pctassiurn sal t in tap water (25 nl) . This
solution was diluted to 1 ngTr with taj water and extracted
u¡ith nethylene chl0ride according to the nethod. described in
Part 3 (îigure zc), r¡ith the forr.cwing exceptions: 1)
column cleanup Has not performed, and 2t extracts !¡ere
anaryzed befcre anr after rlerivatization sith diazonethane.

¡ro ccmpc unds l{er? det-êct €d by Grc anarysis of ext-rects
before ,rerivatization. Àfter derivatization" however, two
peaks 'olre obserr¿er ç cQrrespcncìi.ng to the ¡e-pyridinor
(comoor:n11 1), anrj the unknor¡n (ccmoounrl l), llo ¡ïe-o-des_
ethyl- 'y¡as detectel ,

To ch+ck r-he pos.ìibillty ihat ¿rciilificati_on t_o ÐH 'l nay
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ha-¡e caused acid hydrolysis of the Q-des-ethyI t several

extractions'crer,? pe:fcr:necl uher= fcrtrfied water samples

i'¡ere acidif iec over a pH ra nqe of 4-'t with 1z aqueous acetic
acirl. ,lnalysis oî. thçse derivatizel extracts,ìitl not show

t-hË Dres,ônca of the [S-Q-des-ethyI compound; only the

He-pyridinol" and compound 3 r¡ere present, as found for the
pH 1 ex traction. similar results .dere obtained when other
extracting solvents t,¡ere triedu incruding hexane" benzene,

an d ch lcroform.

The ratio cf

----:--- --.Eea-L-IÊfqh!---equivalent tìanograins of g-Ces-_ôthyl ínjected

ì,¡as u.sed as an inci ca tion of r¡het-her cornpounås 'l and 3 r.,ere

produced in Ìreter fortified with the o-des-ethyl compcund.

For the o-cles-et hyI chlorpyri.f os cLC standard these ratios

were about 1"3 an.i 1"2 fcr compcunds 1 and. 3 respectively.

For the vat-er samples fort if i_ed with 1 mgrrL of the O-des-

et hyl con pound " th ev r'lere 1 . 1 and D.'I f or corn poun ds 'l anrl 3

respect-iveIy.

As ment.ione,l earlrer, ccmpor:nd 1 was confirilerl as the

Ig-pvrírlinol-, rLs :?rtrcrct-ion ef f iciency ua:i established as
-11!101; bv ihe metlrod emtloyerl" IJsing i-his valne, the

correcteil rati a ro. comcor:nrl 1 in watcr wa:ì calculated as

1.1/0.77 = 1. .li.2. Therclore, Hithrn *xperinent¡rl_ .Ðrror,

r,he r,¡,tio.. i-er f,h; {ìI.t' :;t,tn,lald (1"3} anl war_lr sanpl¿ ìrore
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ef{ual_, indicating that comround i (t
produceíì when '¿ater ua.i fortifiel

conpo und..

he r'13-pyri,linol) rfas not

zith t,he Q.-d.es*ethyl

For cornpol.lncl 3, the above defined ratio was signific;rntly
rower for the watar sampì-e (0"7) than for the GLC standa¡d
(1 "2) " rnterpretatíon of these results .*as hamp+red hy the
fact that t-he extraction effic iency of compound 3 was

unknown. Depending on this value, cQmpound 3 may or may not
have been produced when water r,Ías fortitied wi_th the
!-des-ethyl compounri.

rt- r.¡as concluded t hat o-de.s-ethyt chlornyrif os was not
extraetecl f rom tap 'rater r¿ith t he methcds employed. Evi_
cence to suppcrt the cheuricar breakdcr+n of o-rr.+s-ethyI
chlorpyrifos in'¡a+-er was inconclusive; it ïras possible that
co;npound 3 may have been producecì in eater fortified with
the O-des-ethyI compcunrl . It .¡¡as al so feasible that e,t1es_
et hy1 chlornyrif os rlegraded into compounds which r{É--ìre not
detect e11.
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Àggrlillr-Z: purirication of the i'ro---pyridinol.

s"paration of the pyridinoL methylation r3acticn proc.ucts
(compound.s 4 anri 5) i.ras performerl on a florisil column.
Actirrated frorisir t12 g) !,as packed into a grass tube (,2 cn
x 30 cn) fitted '¡ith a stcpcock to control solvent fl-ou_
(corumn packing Has retained with a grass-i+oor prug.) The
col-umn r{as ri nsed with r} 0 rnr of hexa ne1benzene 1 : r (v: v} and
loacled with the methyr-aticn prociuct contai'ed in hexane (z
mL) " ccmpound rl .,,as eÌuted with 30 mr of this solution"
The ccruun lras then eluted with 17s mr of z,n ÀcoE/banzene
(v: v) . conpound 5 was contained in the l_ast 15 mr of this
volr¡ me .
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APe-Er.DrÄ-li- chlcrpyrifcs concentration-time'Jata for out-loor pools; (.;lC resul_+,s.

== ==='===== ======= ==== = ===.=_---
Pocl Conc . Îi_m e

(nglnI) (hr)
Pcol Ccnc. Tine

(n9lrnl) {hr)
Pool Conc. Time

(nglmt) (hr)
1A

?-.7
2.2
1"6
0.9
0.7
^flrìc
Vo Z

;)"¿
0.4

rì

2
8

24
4E
-t2

I Dõ
196
24A
408
516

0"0
0"2
0.0
0.0
0"0
0.0
0" 0
0" 0
'2"3
fìn

0
2

24
4B
72

168
196
240
408
576

10,0
4"7
qq

2.0
0.7
o"7
0"2
0" 5
0- 0
0" 5
0.0

0
z
8

2t+
4B
72

168
196
240
q0B
5'7 6rì

7 1"1 2
2.2 B

0.9 24
1.3 ¿rB

0"4 72
0. 5 168
0" 5 196
o"2 240
0,0 576

u. Ð

1"3
1"rj

n

2
24

1rt8

6"6
rl. 0
1^

0"7
0"5
0"2

2
B

24
48
72

168
195
24C
,f^o

26.0
9" 5
3.3

2
24

168
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À9?!jf!II_!: Cirlcrpyr:-fos percent mcrtality dar_a for outrloorpools.

== ==== = ==_-= _-========= ==== == ======== == == == ======Percent Hortality in pcols 1-'l
123456-ITi me

(h r)

0
fl

2tt
4B
72
96

168
240
288
360
408
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576
6't2
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10c
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100
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25
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Qq
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50

5
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10

5
5
n

n

5
ri5
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100
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100
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5
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0
5
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7
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rì

0
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0
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