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Effects of Pesticides and of Nitrate and Nenitrosocompounds
on Human and Animal Health In the Troplcs:
Epidemiological and Toxlcological Aspects (")

It s surprising that wheress the US.A. is using more thin soc-third of the
whole production of pesticides, much fewer accidents pér year than in tropical
countries a5 ed.

An anslysis of the problems in tropical countries shows that tasicological
parameices are different for varlo E

Fies:, the spectrum of insecticides changes. considersbly from eoe counszy
o the other, depending on specific roquirements.

Sccond, the regulations for the use of pesticides also differ from one country
to anoihet, belng pencrally Jooser than in, eg., US.A. o western Burope,

Third, a pesticids claborated in 1 definite sociocultural context acquirss
quite different implications when this context is modified, sometimes. drastically.
A fourth poins should be bome in mind: the goacral ignorance of the real
dangens of poisoning. The toxicology of pesticides should take into account acuto
effects 3 well as longterm cffects comprising teratogenic, earcinogenic and mo-
tagenic cffecis.

For obvious reasans, acute poisonings, either accidental or voluntary, are
more often reconded.  Epidemiclogical evalustions are difficalt, however, since
from the propertion of deths tecorded in  flaite populatien, it s not exsy 1o
derive the proportion of contaminated persany, the degree of eontamination, and
to wha cxtent the epidemic will spread.

Now & priori, I consdering only toxicology and epldemiology of scute
polsoning, we are neglecting potcntial Jong.term offocts.

(%) Univenind da Litge, Laboruiokie & tonlenlogie. péndique, SurTiiman B 22, 1400
Litge (Belgive).

[#%) Prescnced st the Tngermatiomal Mecsing: “Towards  Sccond Green Revoluiica: from
Chemicl to New Bikoghal Tochnologies In Agticlias n the Teopics® (Rome, $10 Scp-
b 19661,
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Unfortunately, the evaluation of such complex effects can ooly be extzap-
olated from data which should ideally fnckde, not oaly the bulk of our knowledge
on animal experiments, but also the specific wic or mituse of the pesticide in
the country under investigation,

In various texibooks, the lage number of pesticides available today are
Classified in different weys. Fitst, according to thelr wse as Insecricido, berbi
cides, fungicides, molluscicides, rodenticides and nemarocides, ic., by the name
of the organisan 1a be cradicated,

Second, inside cach geoup, they cun be classifisd by their chemical farmala
Since the chemical propertics of the malecules will determine their pharmacological
and ecologieal propertics, this in certainly the best way o get informasion sbous
the structuresctivity relationships from which cecommendations for skilful vae
can be derfved. There s an aliemative way to proceed. 1t i to claborate n
practical clasification. based on the hazards which ke into account the toxic

i wibution and use of esch pesticide. WHO attempied to

pot poteotial Jongeterm hazands, However, this effort to get a practical e
cificient classficyiton was rew
Tn the present context, i s out of the question 0 review exhaustively the
toicology of pesticides couménated i this clssificition, We raher aim to
Wentify In esch clasical category problems raised by the most frequently used
cicides In tropical eountries.
In tsbles 1, 2, 3, 3, 7, & we aumpt 1o Encorporate some data involved
in WHO's dassification

Tamee 1 - Classification of some OPI's used in tropical countries,

Mame 105 in o WHO. Risks
ol el clasid

Parachion schyl 35 85 T b
Puaibionmschyl 14 & A ERaR!
Leptophslpbonsel) 43 500 eubbit) " e
Dichlorves 56 ] » 4t
Teichlorfon * 10 = m e
Dimerhoane e m n 44
Malshion 1500 4 1 ot

* Used also an snthelminaic.




—

Tanie 2 - Classification of some OCT's used in tmpical comntries

= D% o WHO
anl el cluit.
Aldein 3850 » B e
Dicldin “ &g wa ) B
Eadrin 13 13 m ot
DOT sl 23300 () n 4
derivatives 250 2510 (porder)
Lindsee 8225 £ n ++
Hepeachlor 00 193 195 s
Hescdorobemiens 100 - i 44
HEH

A Insrcrcmes

1. Organophospborus Insecticider (OPF)

Chemical and biochemical properties of organophosphorus insecticides have
been amply described Woekd War
It s iospoctant o schedulé firsc some points of interest o wnderstand the:
oxicology and epidemiology of wuch widesqeead compounds. They aze highly
reactional compounds carlly biodegraded. From theic phosphorylating activiry,
e thorttenn effects wheteas from thelr alkylating properties we can
m effects (survey in Moatschen ¢f af , 1984).
The plwwlm!\\nm processes, namely the proferental attack of the
ospharus atom followed by the detvage of the PO bond resilts in. the inac-
ummn of acetykcholincsterase,  The inactivation of this enzymatic ysiem can
cxplain by itsclé the main toxie effecs 1o seasiive orgasiims, i, the seue
iy, The insecticidal p of otganophasphors compoy
viously due to the inhibitian of acetylcholinesterase st the endings of the merves.
They are clearly nervous poisons. The tatioaale for using such compounds
porwesful iasecticides i that In insccts, sceryleboline acts predominantly &
a teansmitter In the synapscs of the central nervous sysicm, but aot the peripheral
ncrves, In mammals, the cholinergic symptoms induced by organophosphorus
eompounds cun be subdivided in two stages, 18 it the case of most nervous poisons:
an initia] atimelation of- cholinergic transmission, duuﬂmmd by convulsion,
followed by .mm mhc— symptoms, a depression 10 pasalysls especlally
of the Tespirare
Epidemiologic lmdlu of such acure poisonings have been carchully desribed.
Aliiough industrintised counttics arc generally dealing with occupasional hazards
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in the factorics in which such compounds are prepared, the development of evenis
after poisonings is oot at all the same in tropical countries. The example of
Tunisia shed light on some problems. In this country, a3 in others, one of the

most powerful organophosphorus compounds is given free, and oaly in 1980, 140
o s a0 Ta A Ser. pedd, 1973 k0 TR0,
1132 cases of acote poisonings auibured o this drug were hospitalized, which
might sill be an naderestimation of the total cases of acute polsomings.

were
1981). In this specific case, most patients could be sved by an cquipped « cen-
ter s which took care manly of urban cases, buy the situation could be worse if
we consider rural regions.

Theto aze & lot of other examples of epidemiological susdics due 1o organc-

rus compoands.  Phosved (leprophas) is a special OPI, the symptoms
u( which are delayed, appearing only £13 days afier cxposure. A large smount
(15 1ons) wos wsed in tropical sress in 30 different countries. We sbould
meation epidemics of scute poisonings especially in Egypr, where it was most
investigared, and also in Colombis (1977-1978), Costa Rica, Indonesia (1980)
and Nigesia (1983} (Shea, 1977).

In spite of its relatively low toxicity, malathion was respunsible for im-
portant epidemics. In Guian, 264 cases of micides were investigated (Nalin,
1973). The toxicity of malathian was fully secogalzed In 1976 for malasia control
in Pakistan. A number of wotkers (2810) were involved but only 5 deaths
ware soponied.  The knowledge of the sympioms was considerably improved
(Baker, 1976 a and b

Tor organephosphorus mmmumlu there s an example which fs particolar
‘o troplcal countris. It the use of & pestcde mot oaly as uch bat st the

sme time a3 anthelminric. is erik
unique example of that sort. Trichlorfon is widely used in the eresimen: of
schistosomiasis and to u leseer extent of oachocercasis. Dichlorvos, which is &
close: derivative of merrifonate, was lso wsed foe curing gasrointestinal helmintic
infections of dog, pig and horse. Theoretical and practical wspects of the use
of such pesiicides were rocenily summarised (Acta Pharmacologica et Toxicolo-
gies, vol. 49, 1981)

Millions of people over the world, chiefly in tropical countries, we con-
cerped with these two terrible pathological conditions.

It is diffieul to evalusre exsctly the epidemiological extension of thess two
diseases, but enchocercasis alone s reported to affect 40 million. people In Africa
a8d Centeal America, where it comes up t 20% of the village population t be
treated (Awadzi ef ol 1981). Now, the efieets of the unthelmiatic compound
ont b mpuiiptea on'the efear o otber componnds sl w epicidis
in the same

The s » pial mp\; of a palaﬂd: for which intense toxicological and
epidemiological investipations bad to be pecformed, aot only in shortemm but
also in longerm sescarches. 'Uring also alkylating agents, otganophosphorus
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enmpoands. are most fikely candidutes for loag-term effects. To the best of our
knowledge, o such stadies were aystematically undertaken in topical countries.
The seasitivicy of various biological materials differs comsiderably.

Macagenicity of OFT has been tesizd i u larie varioty of s sysémms from
prokaryotcs 1o mamals (review i Moutschen ef dl,, 1964]. Soms resulis are
stll controversial, however.  All OPI tested 40 far show obvious posiive effects
ax the chromosame Jevel of plants.  This is in itself an mportant conclusion fo
agriculraral regions.

For 12 compounds which include those most often utllized in tropical
countries, s strucruresctivity relation was esuablished (GllovDelhalle o af.,
1983) This research includes a sy of detoxification processes by liver micro.
samal fractions. The data suggest strongly the exisience of efficient deto:
processes n man. Fowever, it thould be kept & t these processes depend
ot only on the alkylating and phosphorylating meictics of the melecule bat alwo
n the aliphatic or eyelic radicals,

From experimental genetic swudics In mammals it can be concluded that
OFT are not significansly astogenic in different tissues such s bone marrows
or testes. important exception: the cases where the commercial formulation
contaiss @ combination of different insecticides for synergistic effects (Degraeve
ef o, 1977). It raisey the problem of tosting the commercial formulations
speciialy used in diffrens countre.

sdemiological srudics of workers scutely intoaicared with OPI (Trinh Vao
o, 1974) revealed a sigaificant but temporary inceease of chromatid beeaks
and stable chromosome sbemations. It was shown, however, that the level of
*genctic intoxication” decreased 1o the contzol level after 6 months. The model
of genctic toxicological studics s cermindy Trichlorfon and Dichlorvos for the
reasons mentioned above. Al possible biologieal teses have been performed after
scute, subicute ad chronic treatments (Mouischen ef of, 1981). The duta
allowed to assess coafidence limirs for pharmaceutical use from which hazaeds
of longserm cffects could be derived. A cerain number of OPI were sk
investigated for carcinogenicity. Here the dara are sometimes difficult 1o inter-
pect, and the aarcinogenic effects of mach compounds are not esblished (téview
In Moutschen et al., 1984). In fact, the resulis are will conflicting and the
cuinogeniity of onc of the most importaat of them, purnhion, is ill queston-
able. Embryotoxicity was alio reported but it does not wem 10
peoblem, with the exception of the catde afier repested sprapieg. Tryig 1o
s i s o e ronicological ad ‘cpidemiological dita
oa OPL, it seema that Jong-term cffects are pot of great

ification

2. Orgamuchlorine Tnsecticides (OC1)

Tosicological and epidemsological problems sfter trestments with OCI ate
quite different from those due to OPE, The tosiciiy is variable. The moss
frequently reported acute accidents ate doe to molecules such a5 aldin, endrin
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and dieldrin, which are cyelodiencs containing & chloring substituted codomethy:
Jeoe. i, Tn s imiations such compomds e 4 peiiniotinl
syndrome w ssea and womiting, sometimes associated with nervous symptom
,..d. s diorientation, loss of consciousacss and. convulsions. These

mptoms occur i the most severe cases. In contemst with OPI, thete it no
el ik s |OCE iton casof stdece s 0. OCL vt
reporsed in tropical areas. Some conclusions can be drawn

The first factor to be taken inta sccount s the pershecnce of OCI after
releasing them in the environment.

T peacne it . b g 3. i Bl ot o

i miological studics were

India was the most. widely m.u..
dealing with populations a1 high ri

Results of some investigations nﬂ.ixni under the auspices of WH.O. (1982)
are summarized in table 3.

Except some neurological signs, these was 00 great diffesence betweea the
control and exposed groups, though in this latier one, the blood concentration
of OCI was three times lﬂgl:r in Brazil. In Indis, the hlood concentrarion,
75 w0 15 the couirol concentration in exposed groaps, is of the same

Tants 3 - Towl DOT in noo-occupationally exposed populations.
(e from. WHO, 1982)

Countey Yeu  Wolmmpies  DDT Reference.
malyred g/

AFRICA
South Alica - - 19 Wescrmun ot . (1970)
72 Wamerman v 4. (1970}
Keoa = = 24 Wasersan o of. (19728}
Nigsla 1997 o ns Wiczman s of. (1965)
1563 # 3 Wanscrman i 4. (19724)
Ussads = = 23 Wasscrman ot o, (1974]
SOUTH AMERICA
Anpentics 1967 b B2 Wassceman ot o, (1963)
Beasil 19631970 ] 41 Wasscrman ot & (1572b)
Venezuela 1564 ® 103 Dale (unguibiihed 1971)
ASTA
Tadin 1964 @ = Dule et . (1967)
(Dedhl reglon)
1531970 n 124 Wassermam o1 o, (19726)
BELGIUM
33 Mas and Heyndiica (i566)
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erder of migitixle ss:in workens who are preparing the formulation in s
dostrialized countries.

These slight nevrological signs disppeared with time, and the intensity of
the symptoms could pever be correlased with the blood concentration during.
the same period. The epidemics described sbove could be somewhat controlled
v g ot o wie pgiucal i ool f ol el el
paludesn arear.  In other cases, however, the epidemics extended In & way d
i v e T i i e origin, ie. the hypocenter, ru-
10 be searched for, In 1967, four epidemics of poisoning nrose independently in
Ddl (Qatar) and in Holuf (Saudi Arabia). In Doha, 490 paticnts were hospi-
from an scure gastreintestioal syndrome.  The foor
eptdemic volved 600 cises of scute poisonings esalting in 26 death (Jalambo,
1980}, The origin of these unusual epidemics could be detected. Tt was proved
that all patienss ate bread made with & conaminated flour. The analysis of this
flour, the bread and alio the sutopsics of deceased patients revealed the presence
of an OCI: endrin. The contamination occurred o & boat on which Teaking
containers of endrin contaminated four sacks located peatby. The development
of such fortitous epidemics b sompletely uncontrolled In contrast with those
of palidean coantries

Another example of epidemioligical studies after OCI was performed in
Beaxll, whers dangerons pesticides, e.5., insecticiles of defolinoss, are. widely used.
Aldrin, nnother OCL with scute effects (Yorinor, 1983) wis. responsible for
13 deaths in the state of Pars. ~As in the majority of epideminlopical investigation,
exact extension of the arca where the contaminations occurred fs somewhat
defined, It might be seriomly underestmated because of poor reporting.
In fact in Bracdl, 208 deaths presumably due to pesticides were seported (Yori-
wori, 1983},

Caiterla foe the control of environment polluted with DT and derlvatives
have heen reviewed by WHO (1982). This repors led to interessing obscrvasions
and recommendstions: Some data shout the consumption of DDT i developing
countrics are given in table 4. 1t shows tha iill a claiively recent daie, the

e of DDT on & world scale remained particularly high in spite of interdiction
o vl e iU sl widsly urilized in wopical conarrics.

Decisions concerning preventive sanitary measures are usually left to mational
governments and dnlln ,,muy from one country to snother. Some countries
attempied 1o repd I by Malathion (sn OCI) and Propsxur (s CDI).
However this vprulw: il b s xpensive and more than one country
eould not face such experience.

Therefore, in soch coumtries where malaria and trypasominsis remain
sach an acute problem, preventing meamres should pos invalse a total

Two other facets of the toricology and epidemiclogy of OCI, are the possl-
bility, on the ane hand, to remain for & Jong time in the environment, cveaually
contaminating the food chain, ad on the other hand ta sccumulate for  long
time in the mammal body

In the USA, DDT' occuiring in food, manly of snlmal odgin, can amount
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Tanis 4 - Use of DT in developing countics (yeat 1970)
(e WHO 1962)

AFRICA
Comary Quaniy Coustry Quantity
o) (s}
Eavpt 3 Madaguecar 132
Chuna s uwals 176
Upper Velia 25 Sacan 166
AMERICA ASIA
Conmiry Quaniny Goairy Quantiy
romn) froas)
Colombls i Cambodia 02
Bl Sabeader 1 S Lanks w0
Guatezaala 13
Uruguay 5

1@ 0.184 mg per persoa per day, but the total absotbed dose can be fairly higher
in topical counries (Hayes of af., 1956, Ducham et ol 1965). It should be
kept inmind that no i effect conld ever be derected after cepested. daily
intakes of 1.3 mg per kg body weight, » bt mare than 0.1 g per adult, but can
reach 35 mg occupationally exposed workess (WHO, 1982), indicating wide
sonfidence limits. The degradation of DDT into carbon dioxide and hydsochloric
acid was more substantially documented (WHO, 1982),

Mot important woxicological problems arise from the PprogTessive accumu-
lusion. of OCI in the body far. It is well known that the acoumulation of DDT
and Jis DDE meuabolite 15 much highes in warm countries as- excmplified in
table 4, in which we compare: the resulty of measirements in Belgium and in
some South Amesicta, African and Aslatic countrics. A large namiber of param.
cters should be takea inko accomnt and the concentrations (in tg/kg) given
in this table are not more than indicative,

Another problem with OCls is theit excretion. in mammallin. milk after
contamination, 1n Guatcomala, this excretion was knvestigated fos 4 L3-ycar period
in & large spraying wes for malsria control, DDT in human mother's milk
amouated from 0.5 10 123 ppm. (Farvar, 1971), which is fom 13 10 300
times the acceprable daily ntake recommended by WHO (Farvis, 1971). A com-
parsble investigation was made in Lean, where human milk samples from malaria
controlled aras were found 1o contain from 0.4 to 2.5 ppm (8 times higher
than the narmality) quored in Farvar and Milton (1973), This caises the problem
of toxicity for newborn infants.

Another problem might be of great importance in tropical countries.  This
s derived from an extensive experimental program ca animals. It is known from
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experimental dusa that OCL in pasiculas, and more genenally all insecticides,
are more harmful o animals sulfezing from protcin deficiencies m ia sometimes
the case in subtropical and tropical countries as, e. Guatemals (Farvar, 1971).
This effec has 10 be estended 1o domestic mammals, especially catile

As concerns long-term effects of OCI, data of the literature, mainly cbtained

from b mammals are sill coatcoversial,

investigations for mutagenicity some conclusions emerge (review
Moulicbm et af., 1984). Firs, the majority of investigated OCT induce chro-
masome sberrations and mutatioas in sprayed crogs. for O
wainly an imporiant infesence for agriculiuss.  Even the most toxic compounds,
such a5 Aldrin, Dickdrin and Endrin (ble 2) have slight matagenic cffects in
all biokogical systems tested. Chromosome analysis on plane wosker
lymphocytes cultured fn pitra from Dieldrin did not show aay increase as com-
pared with the control popalation (Dean et al; 1973}, In experimental animals,
s well s in epidemiological studies of cocupational workers, there s certainly
limited cvidence of carcinogenicity of OCIL  In workens exposed for a loag time
o the mos toxic compounds {Aldrin, Dickirin, Eadrin and Telodsin) Jager
(1970) did not find any swdistically significant incidence difference between ooo-
pationally exposed and contsl groups. With OCI compounds, one factor should
be especially nken into accoant. These compounds have the sbility o induce
Tives mised functions oxiduse, ie., enzymes. of the microsomal fractions. This is
the case of DDT (Kolmodin of al., 1969).

In warkers exposed 1o commescial DI, it was mm\ that n= mesaboliss
of some pharmaccaticals can be activaied (Poland et af,
1974), s0 that the use of DDT was recommended in somc s
such s ia or overdoses of

Finally, receat exhaustive seviews concluded that there s no evidence of
carcinogenicity of OCI in man. (IARC, 1974; van Raake, 1977; Sternbesy.
1579),

Some embryooxicity and teratogenicity have been reporied in vatious ani-
mals (review in Moutschen of of, 1984). There are no systemstic cpidembological
studies 5o far, but only reports of baclated cases, s ceruinly a facet of the
problem not to be neglcied in the countries in which extensive spraying s used.

]

3, Corhamate Derivative lusecticides (CDIy

A tenth of carbamase derivatives ase wied as Inserticdes In sropio] coun-
ties, bt Jess exteatively than the two preceding classcs, For this. reason, the
sumber of scute poisonings reconded is lower, A preat

the mode of sction of CD1 aad OPT in animal experis
oelty s due 1o the inhibition of scetylholinestesse in b central nervous
spuem,  However, carbamates do not require. m
toic action. On the basis of esperimental duta, several CDI, amang which
Landrin and Proposur, were tesied in & group of small villages mear Kaduoa
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(Sudsn) under the suspices of WHO for spraying and for indoor applications.
Slight symptoms were noted fn a fow workers, but those symptoms disappeared
in gencral after a short time.  Some recommendations emerged from this con
trolled experiment for the safe use of these compounds (WHO, 19791,

16, on ove hand, acute poisanings with CDI can be: minimiscd, these is 3
poine worth considering, especially dealing with potential long-term - effects.
It is a fact that CDI can casily give rise to Nealtroso, compoonds. This. parvic-
Mt rescion bas > be aben fito sccount. In countvies where it ave
cutensively wsed ws fertilizens (sce below)

Mainly carbaryl decvatlves have boen dnvestigated for mutsgenicity, earci-
nogenkity and terarogenicity (review in Moutschen ot al., 1984). Some con:
wadictory resulty were obtained, but potential risks of Jongierin effects stll
remain,

B. Fumsicmes

Fungicides have been secommended in developlng countries for several
10 increase <rop. production, 1 fmprove crop qualiry and also for wnl
a loud 10 sccondary Infestar
tions with noious weeds or moulds which are. able 1o pollute gralns.  Some
of them are able to exert toxic (inclading Joogterm) cffects in saimals, In par.
sicular, myeotoxins (cxamples of which arc given n table 6), which are known
to be thermostable (Heinze, 1983) are particularly toxic and highly curcisegenic.

There ase certainly good ressons 1o treat crops with fngicides, but in this
Class, alkylmercury compounds. certainly -represent the highest risk in_tropical
if not in all connsries (mble 7). Misuse of them has been the origin of disnters.

The tragedy of Minamasa in Japan is s#ill in our minds. This was. inisially
duc 1o the pollation of waters with methykmercury, follaowed by the accumula
tion of this compoand in fishes, where it meached concentrations as bigh 15
20 mg/kg of body welght (Bougulaux, 1974). It was nov sprisiog that it
sesalted §n a terrible accidental cpidemic: the far sonsequences. of which are still

Tanes 3 - Classification of some CDI used in tropical counties-

Name s in e WHO
ol dermat o,
Carturms s - :n et
Carbayt o0 4000 (i ® i
Mabomy] 1 i » it
Propasar £ 2800 m +

Rp—
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Taner 6 - Comparison berween scute toxicity and residue tolerunces of some.
Important. mycatoxins,

Mysoioia LD onl Spaces Residas
{mesKe) Tolerance 8/Ke

Aflstonin BI 72 ™

&

3 Ochramsain & £ =

1§ Patulin % mse.

2 Cirinia £ -

5 Muslificd from Heinze 1533 B nor deserminid

under investigation,  Alkylmercury fungicides are poisans of the pesvous system,
although in most cases the deletetious effects oo kidney are cemaialy pot o be
neglected for therapeutic decisions.

The first symptoms observed after scate poisoning are parestbesia of the
extremities (hands and fer), atasia, dysarsheia, constriction of the visual fiekd
snd imprired heaing. There s« Jong incubstion period from the acident 10
the onset of the first sympioms, 1t can lase for weeks or even months, piviny

in most cuses problematical, In severe poisonings, the
shove-described symptoms lead to- blindness, coma and desth. The recavery is
racely complete and such terrible syiptoms. a5 wtaxia may ndefinisely persist
Some of the most well documented - epidemiolagical records shter methyl
mercuty poisonings came from Iraq (Bakir et ol , 1973). Before 1973, mare than
300 cases had been wscribed ta methylmercury, and in all twopical areas 1000
10 ethylmercury, Cases reported were due mainly 1o occupational exposures

Tants 7 - Classification of some fungicides used in tropical epantsies.
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sl e g Bt o > scdenl oot when- ol Fonpl 08
affections and after suicidal ingesti

Epidemics of paisanings were. a.ho reported in Pakistan, Tty and Guatemala
afuas ingestion of flour from wheat treated with alkylmercury compounds. The
1972 epldetnic in Traq was particularly cassstrophic, Many paticais (6330) wete
baspitalized In rural ateas, sod 439 deaths were suributed only o methylmercury.

was rather complicated by the wse of mixtures containing various
alkylmercury derlvatives. These compounds fad 10 be dosed in the hair of con-
taminated patients not oaly for therapeutic decisions, but alsa for tracing back
the times at which the exposure(s) oceurred and bow severc they were. From
these measures In hair and in blood, a pood correlation could be made between
the dose and the amount of mercury compounds present in bresd.

The epidemialogical study has some interesting consequénces in therapeutic

ures. - Classically. 23 dimercaptopeopanel (Britsh-An-Lewisice) s adanine
Wienl i Stk BT A i BN e
w0 be ineffective In cases of poisonings with alkylmercury derivs e
T e e e
1961). As mercury binding agents thio aceryl
Tk i i i ot i beings (Bakic er .,
1573) as compared with animals. (Epatcin er ., 1963) and it scemed an impor.
iant step in such poisonings. They should be given a5 soon as possible after the
exposure.

Another baand in such epidemics arising afier massive contaminations of
alkylmercury dedvatives, elther accidental as i the Iriq case or possibly sfter
occupational poisanings after soed dressings, i3 for infants and abio ferus. The
problem for fers is that of a loag-term effect (see below), wheress infants can
sulfer acute paisoning, afier consuming milk of mothers fed contaminaied bread.
Yet, newboms from mothers suffering from Minamata ditesse In Japan were
reported to have nervous sysem damage (Mamh et af,, 1977), bat the action
of mercury derivatives in such cuses was through the placental burtier. In the
sbovementianed Iraq epidemics, o signs of scuie poisoning were teparied, but
the conceateation of mercury dose in the infunt blood was comidered harardous
(Bakie f of, 19731,

Loogerm clfects of mercury derivatives have been amply worked out
(Review Léomard e o, 1984). Mutagenicity has been reviewed by Ramel (1972)
and Léonard et af. (1981). Tn all eukaryotic organisms, investigased mercary
poisons can. prodhuce Cmitonis which result in ascaploidy or polyploidy. In
higher plants, Ramel (1772) emphasized the fact that the confidence limit between
the highest dose of mercury fungicides a w:m 1o elfect can be chacrved and
the lowest dose at which they are found i rrow. This is an important
bl s bolbanis bl ol iy nlhyhnnrur, desivaiives on
plasma membanes (witochoadeia, puclear cavelape nce, etc.) tich
o e o i el kg, Ak i it e e 1 cpilogi
wnd phenorypical effects mentioned sbove (Kasuya, 19721975). Other obser.
vations sugaest thar these compounds. also reace direetly with chromosomes pro-
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ducing clastogenic and motsgenle effects,  Comparable tesults are sill contra-
in mammals (reviews in Léonard ef af., 1984).

Reevuat. pidemsloia oy sboviog e peminencs of dmogeic clecs
in monitored populations with high occupational risks are not yer ww No

carcinogenic effects of alkylmercury fungicides have been demonstrated to d.m
b observations should be continucd,  As concerned embryotosic and teratogenic
effects, the situation is aot far from dramatic

From animul experiments, wrganomercuric compounds are well known
far their neurorxic effects in embryos because the brain of the fews concentrates
mercury, High doses of these (uwﬂdﬁ to the fetus can cause braln atrophy
ot severe mental sesardation, This is parsicalarly evident b domesiic animals.
T e Db of monbiss uffry, G Aot s showed. (el
dammage of the ceatral nervous syviemn (Marsh ef ., 1977
Tonq. epidessics, this podar vess ot faveigated (Bakir ¢f o, 1973),

st (I H), st extrinvey o

Symptoms of acute poisoning are in general the same us those of OCT (see
above). Apart from the general sympeoms, there is a special skin sensit
UV which resulis in hyperpigmentation and bypestichosis. Loogeterm effects
of this drug ace kmporuanr. Some patients Jarcly show neurological sympwms
wich a8 paresthesia, motos inatability resembling Parkinson's disease or develop
Jeukemia or sarcoms. From 1955 ta 1961, this lullgm.k iellod from 400 t0 600
persons n Turkey, An cpideaiologicl suudy of this condidon known
o i i Bl i e e llr

The arigin of epidemics was found 10 be in conuminated wheat seeds which
had been 100 abundantly spraved with HCH.  The extension of the epidemics
could ot be exactly pssessed since only cuses. sdmiised in hospitals wese ecorded
and & certain proporticn of deaths remained undetected. H.CIH. i persistent in
the environment, which leads 1o biosccumulation, especially in marine organisms
can concentiate the fusgicide up 1o 10,000 times, More than OPLL,
H.CH. i kaown for its bigh embryotoxicity and its tosiciy for infants aftec
contaminating the mothe's milk, In the Turkish epidmiological study, 1000
10 2,000 infant desths were aitsibuied to HCH. in mother's m

€. Hexmcmes avn DERLIANTS

Phenosyacetic acid derivatives such as 2,4 D. and 24,5 T. hase o prominent
i hqnnl cavatsies. The extensive use of sich compounds as herbicides

is has almost complercly climinated some dominamt plant species
oj the rmmwve forest and abo trees of tropical wountain forests.

The taxiciy of such defoliants is fomunately low loe vertcbrates (table ),
bt in contrast it is high for other classes of molloscs.  After acute
poisanings hexokinase and phosphorylase accivity is found 1o be impaired. This
impairment rosults, among. other things, b the deteriomsiion. of mitochondia,
which in muscles produces microfibrillar besions leading 10 a peciliac type of
myopathy, Le;, myotonda,
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Tasie 8 - Classification of some herblcides wsed in tropical countrics.
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Acute poisonings can alsd tesult In two oher syndromes: the sevtological
syndrome arising from the depletion of the glycopenolysis In the brain and the
more complex. porphyrine syndrome characterized by the excretion of coptopar-
phyrines.

One of the maii’ problems relateil 16, ihe massive st ol phienosyaceric scid
derivatives i the coniamisation of the commercial formulations by the highly tovic
dioxins (tetoackloro 2,3,78 diberzo-pdioin

The countries mostly involved in -_u..imlc, are Fgype, Sudan, India, Viernam
and more drascically the Amamonian forest in Brazil (Bauguerrs, 1984).

Trom exteasive sprays of the jungle in the years 19811982, it became clear
that a certain number of deaths, sbartions and fems malformations, such 23 cranial
‘malformations and spina bifids, could be aunbuiad o sprays cootsining dioxins.
a4 Imporitiss.  The Seveso seaedy stimulated - new lnvestigations of such classes
of compounds, especially of long-term effects.  Froms all the researches, it bocame
bvious that such pesticides are potendally mutagenie, carcinogenie and terato-
penic (Review i Wassom e¢ al,, 1977-1978).

Acute poisaniags after intoxications with another type of berbicide (Paracuat
o Gramovane) occurred in New Guines in special conditions. Within four
years, 18 patients died after deinking eontaminated
ciemtly washed. This problem of using old containers it ceruainly of great fompor-
tance in wopical countrics.  Pre<mergence herbicides of the class of tinine raise
2 special problem of loag-term clfects. They show low toxicity for mammals
but it is demonstrated that in some tesistant plant species they can &t 48 pro-
mutagens, being slowly metsbalized into an vlimate mutagen (Plewa and Gen
tile, 1982).

Therefore, It is possible that some other herbicides can be Farther activated
by plants into mutagen for animals and man. Howeves, in all these cases impu

fities present in the commercial formulation should be investigated.

water from containers insaffi-
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Criteria of Hygiene of Enviroument concetning aitrs s and Nook
10 compounds haee been reicmed by W10, (WH.0, 1980} The wedd
peoduction of nitrogen fertilizers. s tremendously high and has sill increased
duting the list decades, e, from 158 x 10° foas in 19611965 to 42.3x 10*
1008 in 19741975 (eepors of United Nations 1976). The use of nimates s
fecifizers in high queniities resulis in an increase of unmetabolised compounas
in various plant species — panticularly high In such species ms letruce and
spinach, (Sch 1969). The taxicology of nitrutes s well known

“The toxiclty s due 10 the transformation ino nitsites, sithee in the environ-
ment or in animal tissae, and the subsequent rescrion with hemoglobin lesding
to methemoglobinhsemia (review in man, 1982). In the same time, there
s & vasodilatation which incresses the effects of methemoglobinhacauia,

Over & concenteation of 20%, it results In 4 severe hypoxia, Apart from
the acute cases, embryotoxicity of nitrutes is demonatrated in experiments with
Iaboratory animals: rat (Shitval and Grlner, 1972) or yminea pig (Skeight and
Anllah, 1968), Reproduction is slo impaired and high doses (510 g/kg)
resslted in 100% fetal losses in guinea pig (locyeit.). Thercfore, it is admitted
that mitrates go through the mother placenta and iaduce severe methemaglobine
loemia in the fetus, The fint scute Inoication with mitrates was in cantle
{Majo, 1895). The economic loss follywing ncute intoication is especially im-
partant in teopical countries (Ochme, 197%).  Apart from their use s fertiizess,
shere s her possible sources of Intoxication with nitrates: ax lndunrial
i e e e 1 i e 1 f e e s g
xal coantrics (Commines on Mizrate Accamolation, 1972), the scoond. shoul
1o account.  Nitrates are amply used in food as curing or
(review i Ingram, 1974). Low doses prodce but slght
wcouble i aduls, the so-called “hot dog ", Tt is not the sume in infants,
in which severe poisonings occar.  Apart from the mhrymmu:lly described
sbave, long of nitrates aze generally related to their porensial sran
formation inio niswites and then into Nesitroso compouads {sevicw i Wio,
1980).

Reactions which produce Nonitrowo compounds sre muliiple and complex.
T food cured with citrates these salls can ceset i reduced into nitrites with
amines concurrently produced, among which, meshlamine, pyrrolidine and ple
peridine huve been identified. Various resctions lead 1o various nitrasamines.
These latter compounds are abandant in fishes (Sen e Ender and
Eeh, 1971) but can also occur In meat,

A secand possbility of production of Neaitroso compeunds s the nitioso
resction with pharmacenticals or pesticides, rome of which are widely utiized such
us tines (scc nbove) and thiram (Mirvish, 1975), There fs a second. level of
potential action of nitrates redured in ni at low pH. Tt occurs in the living
arganisms. themselyes, For example, if s demonsiraied that the concuirent
ingestion of nitrates and pyrrolidine (whatever the soutce of this compound) pro-

&,
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dvces Nenitropyrrolidines that result fn the formation of the corresponding itro-
samines (Myaliwy er o, 1974). The ultimate production of nitrosamines can
be sccelerated by a higher speed of production of nitrites. ‘This is the case when
bactesia of the digestive tract particularly rich in nitroreductase scccleaie. the
process, The rumen of bovine stomach has a high content In such bacterla
e, 1973), 4nd in o bacret peoliferate [n intestines (Hawksworth
and Hill, 1971), from which nitrosamines can diffuse to other organs reacting
5 & trget, The acure toxicity of Nenltroso compounds s of less importance
compared with longaerm effecrs, The curcinogenicity and mutgenicity of nltro.
samines have been unquestionsbly demonstrated fn animal experiments (W.HO.,
1980). A number of ¢pidemiological studics have been performed. Some daia
are summarised In table 9. The first aim is 1o corvelate the frequency of some
types of mmors with the consent in nitrosamines, ¢, in food. For naso-pharynx
and esaphagus tumors, no correlation could already be definitely established. Foe
stamach, the results are someswhat il defined, Tn the first sct of researches (a)
o correlation was obtained but the hypotbesis was put forwasd of & dixsct kocal
i nitrosxmides on gastric mucowse.  Nitrosamides would be formed o the
stomach (of acidic pH) with amides arising fond.

In the second set of rescasches (b), an atiempt was made o correlate the
frequency of stomach cancers with the nitrate contents of soil and witer in
Colombis, Chile and the United Kingdom, but in these yeudies no correlation
could be obtained. In fact, in epidemiclogieal studies the namber of varisbles
s genenlly wo great that we canaoi safcly buse the loag-erm cffocts of Nnitzoso
<ompounds o0 the tesults cbiained with liboratory animals (see sbove). More-
over, there are reasons to belicve that the problems of long-term effects are more
drastic in tropical coantrics.

Tamr 9 - Epidemiological reports on several cancers mi the possible wole of
nitrosamines in some tropieal count

Troe of caner County Relerenees
Naso phasyns Soudenn Cliffed 1978, Fosg. sed Chang 1973
A

Exophagus Barel 21 o, 1966

Cortes ¢t ol 1975
acmssl and Comrea
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After reviewing some toricological and cpidemiological problesms ralsed by
the use of pesticides in tropical countries, some genenl idess emerge.

The taxicologics] studies reviewsd in the present contest sim to show the
ks of acute poisonings for each class of pesticides and therofore what could
be avoided, or handied with carc o possibly replaced i not excenively expensive.

Toxicologicsl and epidemiological suudies in tropical couniries revealed that
he highest tisk is incontestably acutc: poisonings, the main sessans fo that siton
tion being free sale of posticides, abasive use and not safficient knowledge of
the parameters involyed, and alsa oo aumerus sulcides. It should be nderlined
that in tropical countries there s & policy of subvention for sale of pesticides
aiming to pramate agricalsure, which cventually leads o exaggerated and uncon-
trolled uillization.

The acute polsoning of animal popalation is also, mote thn in industrialissd
aroas, 1 be taken invo account. We wre dealing here with animals wsed us food,
ot only bavines but also wild animas such #s fishes.

Besides immediate effects, long-term effects, although deserviayg consideration
a5 evidenced i the previoas surveys floc. el are pot al pICNI an cmergency
I tropical coutries. In fact, the evidence of carcinogeaicity, mutagenicity
sertogenicity of some of the pesticides atises from laboratory animal expeciménts.
The mote cample epideatiological data are generally difficult 1o interpret.

A quite geaeral idea, which emerges as well from agricultural swodies as
shown n several sections of the present syposiam as from toxicological ee med-
{cal Tnvestigations, is, as staied by Smith (see Davics ¢r ol 1978), the aced for
whit be named with the neslopiem: « Agromedicine ». The definition &
follows.. It is *the integrated interdisciplinary application of the akill and knowl
odge of aguiculture, applied chemisery and medicine 1o the production of n
adequate and. wholcsome food supply for the welfare of min®.
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