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Of the 35 pestidiOes LhaL gave aL least one pcsiLive result, only
a fer" were detedfed by any one tesl in Lhe initial batLery.

Amons the Jix Lests used iniLiaIly, \T3 detectecl the largest
number of genet:{caI}y active chemicals, and LPU the smal}est. Of

the cbemi.I:.r td"t gave positive results in one or more Lests in
the ioitial ces{ b"it..y, the prokaryotic systems REW, SAL, R-EP'

and ',rpU derecLed tt/32 (3a77, tO/34 (29'D, 9/32 (28'L), and 4/34
OZiil, respecLi',f eIy' '-0." tester strain in the SAL assay, TAl00,
detected all l0 of the chemicals Lhat gave positl've resulLs in
this system. T$. eukaryotic systems in the initj.al Lest batLery'
IE3 a,nb UDH, de{.ected l8/34 (53%) and 1/31 (23%) chemicals, re-
spect.ivelv. Cofrelation with inj.tial test results'*as highesL
for t.be fSf "rt{y (I7 /77 , or 100%) and lowest for the }!',r}1 test
(3il:1 , or 23'L). !{hen the tesi resulLs for the functional classes
of pesticides wfre considered independenLly, iL '*'as seen that of
rhe j.niria] tesfs, \rE3 detected the largest nu-rnbers of tlie
genet-ically actfve insecticides and fungicides , 8/ 1/' (57%) and

3 /6 {:83%) , respNctiveiY.

of ube 18 festicides that gave positive results in YE3, 12

su,bsequently ga+/e positive resulLs in L5T (the other 5 have not
vet beeo a"rala in L5T). Hence, it appears that L5T confirms ttre
gene,:ic acLivit! of many of the chemicals detected in \T3. Of
iC, p,=rticides tpatJ!""e positive resufts in SAL,6 uiso gave

c,c,sirti,re resultb UotU:-n YE3 and in L5T (the other 2 pesLicicies
ta,ve oot vet bebn tested in L5T) . Tbus, L5T also appears Lo cori-
fj.rnr the eenetic activiCy delected by SAI for many pesticides'
Orr the otber Uafa, SAL appears Lo miss some geoeticaliy active
ctiemicals: of 10 pesticides giving negative resuits in SAL, a1)'

qave positive r.r,rlL, in YI3, and 4 gave positive results in L5!l

it,l" i"ruining 6 have noL been Lested in L5T). Fur:trermore, of
3l* pesticides that gave positive results in the initial test
battery, 24 gave negative resulLs in SAI.

CIearly, do single LesL of the initial batLe''' \ras suf-
f:icientlv sensitive Lo detect aLI genetically active pesticides '

The r".uit" uuderscore the need for a battery of screening testts
Lo detec! the.Jarious kinds of genetic acti-vity displayed by
pr:sticide cbem jl ca I s .

The genoLdxicity LesL results for 15 pesticides a re compared
r^,itn resuits od .rrcinogenj-city studies i.n Table 5. Four berbi-
cides (diallat{, monuroo, sulfa}IaLe, and trifluralrn) and one

f,uneicide (capdan) evaluated in the present study ceuse tunors in
,.odlors (l, 1b). 0ne of tbese compounds, trifluralin, \tas sbown to
t, e cooraninate{ with dipropyl niLrosamine io the }iational Cancer

lnstitute ."r.{oog.nesis bioassay (21). Three insecticides
t?

t

'rL



Table 5. tllompa rison f Genotoxicity and Carcincgeniciry TesL ResuILs

Carcinopenicj ty Resultsb

.. aresL1clde:

Ca rci noBernir:

CapLan (I')

Dia IlaLe (H)

llcnuron (H)

Su1fallat.ec (H)

'Trifluralin (H)

Pos s ib]]r Ca rcinogenic
Azj nphos-methyl (I)

Fertfrron (I )

Prrethinr fT\
. erueu4v!. 

\_!/

Not Carcilegenic (unde

Diazinon (i)

Endrrq (I)

Genotoxicity
Resul Ls

/:,
SM, L?U,
CDT DtrDur\! t lwr ,

SAR, YE3
DH, DIlt

sAL, l5T,
)T3
wu, [R,
L5T, SCC,
9 tests

SA],
4 tests

7 tests

T \T \Ttr?uJ - t

10 LesLs

5 tests

B tests

Hi ce Ra Ls
(^/ f) (^/ f )

L5T,
MW,

qpT

}TH

ff,\iH

+/+

+

-/+

+/+ / \

\,

Reference

( 10)

(7 )

tt )

\/.,

r7\

tt )

\-
/r\

+l+ (8)

+

+

t

+/+

+/+

+ l+

(7)

\/.,

+

ass o! conditions )

Lests

{"

(continued )
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Table 5 (continued)

., a
PFctrclalt,

Halathiorr (I)

Hethoxyctrlor (i )

Hethyl perrathion (I

Pcl,ts (r)

2,4-D ancl esters (H

a*
iF = fu-ngicide; H =

^* = pos:_c1ve respo
'Hutag,en:.city Lesti

'7:t/ (azinpbos-metby
de,nce of carcin
between genetic
thLe eukaryot,ic
SCC, |f,iitt, aod
resu.lts in the
re:su.lts obtaine
el.sewbere (20).

Pest:icides Used

laDre o r1
in tonnaSe quaD
st-ud'y are unde
sj,gnificant am

Et;:lp t include a

d j.az.inon, disul
tirioo, metbory'
The geoetic to
in Egypt can b

Genotoxicity
ResuILs

Ca rcinogeni city ResultsD
Hice Rats
(r/f) (^/ f) Reference

8 iests

5 tests

L5T, 83, SCC

B tests

6 tests

MH, REP

5 Lests

(7)

(7)

(i )

(7)

(10)

herbi.cide; I = insecticide.
se; - = neSative respoose; 1 = eguivocal response
g cf sulfallate is inccrnPlete.

, fenthion, and paraLhion) show equivocal evi-
genicity (7). 0veraIl, stronger relaLionships
bioassays and carcinogenicity are apparenl for
ests (L5T, YE3, SRL' and, Lo a lesser extent,
H). The noncarcinogens generally gave negative
eootoxicj.ty assays. The genotoxicity Lest
in this study are discussed in more detail

fn Esvpt

ts the pesLicides that have been or are now usetl
ities in Egylpt. Those tested in the present
ined. 0Lher insecticides tested tbat' are used i-n
nLs (or bave been Lested for lar8e-scaIe use) irr
epbate, carbofuran, chlordimeform, demeton,

foton, endrin, eLhion, fenLhion, fonofos, nala-
1cr, uretbyl parathion, parathion, and phorate-

icology of tbe most imporLanL pesticides used
sur:Tarized from Lhe findings of the present study.
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Insecticides

Azi nohos-meth
Ca rb a ryl
(lhiorpvriPhos
()2ermethrin
DDT
De cameLhrin
llndrin
.Fe nva 1e ra te
Lep topho s
Li nda ne
,5ephosfolan
,5e thomyl
Hon o crotophos
Phc,s f olas
Prc, fenofos
To>:aphene
Tri azophos
Tri. cbI or f on

aUnderlined 
c

Inr;ecticides

Azinpho
asrsays. In
in tbe S. ce
coli polA an
aod P,Etl) , tb
gave negativ
gene mutaLio
activation s

Chlo
did not prod
k"U). In th
prokaryotic
euJca ryotic s

not cause se
(SRi), but i
fer rential Lo

ble 6 Hajor Pesticides

Herbicides

Used in EgYPt"

tr"--i ni rlecr q,,6^

Ben omyl
Capta fol
LdP Ldlr

Choranil
Dicblone
Dinocap
Eci iphenphos
Ethylmer cury chloride
Fe rbam
FolpeL
IBP
Hancozeb
rfi;b
I nr ram
Tri,azbutil
Zineb

presenL studY.
t ../',.:

Ametryn
Atrazine
Bensulide
Cacodylic acid
Da Iapon
Dicamba
piilset
Diuron
FIuome turon
Hexa zinone
Honu ron
Pa raquaL
Propanil
S ima zine
Tll?tu.' t io
2,4-D
2,4,5-T

methyl. This conpound uas tested j'n all 14 bio-
e iniLial battery, i". gave posiLive. results. onIl'

evisiae D3 asrry iot DNA damage (lT3)' In tb" 9:--
ffi.lii, i".n aifferenrial toxicity assays (P,-EP

--_t:-^!^i""rIrJ-i*i.-liioncLusive. The confirmaLory as:;ays

resuILs, witb ooe exception: .azinphos-metbyl c;rused

s in mouse llmphoma cells (L5T) uhen a metabolic

rnpounds vere testeo rn

stem r*'as PreseDt

icity assay (SAR)

ifos. In the initial battery of assays ' chlo-rpy:rifos
E" !-o:-.,t muLations in prokaryotic systems (SAl arrd

DNA-damage assays ' it gave positive results in lihe

yrr"*, (nip ana iUw), but neg-ative results in Lhe

stems (YE3 and UIH).' In confirmaLory assays ' it did
-Iinked recessrve Iethal mutations in Drosophila=

g,ave posi.tive results in Lhe S ' tlphimurium dif -
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e rme Lh in. This insecticide'ras tesLed
;. IL gave negaLive results in
NA-damage assaYs in ProkarYotic
the rg5ulgs uere inconclusive'

The resulLs for this
he iniLial batLerY.
sex-linked recessive

compound were negative in aIl
|lethomyl uas also tesLed in
leLbal test (SRL), with neg'ative

only in the inil-ia1
aIl of these
sys tems (RIP anrJ

. r:oIi

braltery of ass
e:xcept the t'lo
RtW), for whic

HethomvI.
six assays of
the Drosophila
resu lts .

Mono c ro Lo

I t prroduced Po
cere:visiae D7

Eorl utz Tu'pu)
Tszu;) . Resul L

subt.ilis recA
;"-.ti.*:."TU
DNA synthesis
cnlv with meta
exchange (SCC)
f'or chromosoma

Erss,ays excePL
po i:nt f gene mut

tiL5T), but ga
):ece-ssive Let
r:ukaryotic te
1:oxicity assa

subtilis recA
toxicitY assa
(UDH). Cacod
assay (folH) ,/^^^\as:say \Dt-L.r.

hos. HonocroLophos uas Lested in "I1-il.bioassays '

ff;."; mutations in S ' tYpbimu{i!l. (tP) ' 9:
r.,-'-l-,^-: eer r s -7TsT) - but not in E.*iai, "to mouse lytphotu ctlts (rsr) ' but not

. t !L - I

;; ;i" Drosophila'"""-linked recessive lethaI Lest
,e'e iiE6iifilli" j'" Ltre E'.9*! o?l*-,",id P:-

ifferential toxicity assays (RIP and Rl-w)' but
-oiU"t 

assays for DNA darnage' In Lhe unscheduLed

ssay (UDH), monocrotophos g,ave positive results

Tri chlo rf n. This insecLicide r''as tested in all of Lhe

;; r;;;" dominant lethaI assay (DIx) ' It causecl

lit activatioa. IL induced sisLer-chromatid
buL gave negative results in tbe otber Luo assays

e ffects .

Lioss io boLh prokaryotic LesL systens (SAL- and

n"guti"" t"t"iLi in tbe DrosoQhj=1a :"T-1ilit"9
r";:;.-Cinrl . DNA du'uge-ii-iodtced in alr rhr:ee

I ty"t.', anci in tbe S' iYphimu5iurn dille::it:ai

;I

liPU) , in S. S t""i=f ae D7 (lTit), and in mouse llmpboma ::i:"

(;ARt;-;"t resurts ttEte-iiiottclusive in :::-g
polA aod 9. :
l.r€k). Tri.chI
,gave negaLive

if." "f t-induced sisLer-chromatid excbange 
'

but
results in the mouse micronucleus assay'

.i{e rb i ci. de s

acid. This compound was tesLeC in all.of !b"
dii; *;;;; do'Lnant letha1 assav. (ory]',.i3:"1I]t'
;;t;;;s;;;-;"a,iior," in s'. cerevisiee.DT (:=l]-:i9
."rr""(t5T), but not in tb;@g sex-linked
I Lest (SRI) or in eitirer prokaryotic test.systen'

"i."-""t.-po"i.i". 
in S ' cerevisiae !l-lP3) .":d g'

ays e

ro duc
Il'mpb
ive l1

L--
ma 8e
siae

ri
nr

e

SS

rri

I

;
e

1

d

eL

DI tyrHl , incinclusive io !.g41Era (REP) 
".i9 "q'(REl{), and negative in inel._twhimuriuru dif ferenLial

'(SARj 
and Lhe unscbeduled DNA syntbesis assay

lic acid gave positive results in tbe mouse microuucleus

ut negaLive results in the sister-cbromatid excb'ange



Di camba .

cr,.,re liliFtuL
dama g;e in both
the t.wo euka ryo
sex-1 inked rece
differrential to

Monuron.
stx zr ssays ot t
resul.Ls in thre
f o rwa rd -muta t i o
and tbe sister-
exchzr nBes rrere
rras iioL tested
(Sm.t or in the

Propanil.
"., posil-ive result

assav (RIW). T
differential Lo

S irirazine .

.* ."i,i-iEE-E6."
ge rre nuta Lions
vaLioo and in t
(SRf). Tbe res
su.bt:lLis recA d
n.trLi"e for al

Triflurali
as ssrr'S of gbe i
linhed recessi

2.4-D.
nr, lrr in iha

Resu.lts were
for tbe S. t

initial battery of
in the B. subtilis
confirmatory test,
assay (SAR), also

assays, propanil gave
recA differenLial toxicitv
tbe S. tl'lhimurium

gave positive results

n the initial, batLery of assays' dicamba did not
tions in Lhe prokaryotic sysLems. It caused DNA

roka ryotic les! systems (RIP and RIlt-) , but nct in
ic systems. Two conf ir0-ratory assays, the Drosophila
sive lethal test (SRL) and the S. ly2$ryggl
icity assay (San1, both yielded negaLive results.

n Lhe initial battery, dinoseb produced positive
the Lwo assays for DNA damage in prokaryotic sys-
W). A third such assay, for differential toxicity

Dinoseb
resul.ts only in
tems (R-EP and
in S. tvohimuri (SAR), also Save positive results. lJegative
results were ob ained in the Drosophila sex-linked recessive
lethar I test..

e results for this compound were negative in aII
e initial battery. However, monuron gave positive
of the confirrnaLory assays: the mouse lymphoma
assay (L5T), the mouse micronucleus assay (It\-11),

hromatid exchanSe assay (SCC). SisLer-chromatid
roduced only wiLh metabolic activation. Hoouron
n tbe S. t)-pbimuriurn differential toxicity assa)'
aouse dominant lethal assav (DLH).

In the
only

e one
.i ^ i r ,,a!r LJ

This herbicide was test-ed in ajl of the assa)rs
dominant Iethal assay (DL|l). Simazi-ne caused

n mouse I;'mpboma ceIIs (t5T) with meLabolic acti-
e Drosophila sex-linked recessive letha] Lest
Its were inconclusive for the E. coli poIA aod Ii.
fferential toxicity assays (RIP aod REW-) and
of tbe other assavs.

. Trifluralin gave negative results in alI of t.he
itial battery and also in Lhe Drosophila sex-
IetbaI test (SRL)

tbe initial battery, 2rL-D Save posiLive results;
(t(Ih j .

and alscr
ubtilis recA differen*.ia1 toxicit.y assay
ative for lbe otber five initial assavs

imurium differestial toxiciLy assay (SAR)
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d micronucleus formation (fOiH).
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