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Observations on Human Exposure
to the Organophosphorus Insecticide Fenthion

in Nigeria*
A. TAYLOR 1

The search for substitutes for chlorinated hydrocarbon insecticides has led to the trial
of organophosphorus compounds. Fenthion is promising as a residual spray in malaria
eradication, but information on its human toxicology is scanty. In the work reported in
this paper the inhabitants ofa Nigerian village have been studied during a trial offenthion.
Moderate depressions ofplasma cholinesterase were observed.for five weeks after spraying,
though there was no effect on red blood cell cholinesterase. A search was also made for
other possible effects, including measurements ofpeak expiratory flow rate. No serious
toxic effects were found.

Fenthion (dimethyl-4-methylthio-3-tolyl phospho-
rothionate) 2 iS an organophosphorus insecticide with
physical and chemical properties which make it
suitable for use as a residual spray. Several studies
(Schoof, Mathis & Austin, 1961; Smith & Hocking,
1962; Rao et al.; I Elliott & Barnes (1963); Gratz
& Carmichael 4) have established its effectiveness in
the field against a wide range of insect vectors of
disease. If its safety in general use is established,
then it could be regarded as a substitute for the
chlorinated hydrocarbons, where resistance to these
compounds occurs.
From mammalian experiments by Francis &

Barnes 5 fenthion is regarded as an organophos-
phorus insecticide ofmedium toxicity owing its effects
solely to its conversion in vivo to an inhibitor of
cholinesterase (ChE). An inquiry by the manu-
facturers (Farbenfabriken Bayer A.G.) into the use
of 300 tons of the material by 33 authorities through-
out the world disclosed no human casualties. On the
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other hand, Lebrun, it appears, in this inquiry noted
some ChE inhibition among exposed human subjects
and, during the 1960 field trials by the WHO Insecti-
cide Testing Unit in Nigeria, definite depression of,
whole-blood ChE occurred in spray operators and
inhabitants of the sprayed villages (Elliott & Barnes,
1963). However, some uncertainty arose in the
interpretation of the whole-blood ChE values
because of the frequent occurrence of severe anaemia
and the possibility of liver disease among these
people.
The work reported here was carried out in July-

September 1961 to assess the significance of ChE
inhibition occurring during the use of fenthion, and
to look for any other possible signs of toxicity.

METHODS

Blood samples were taken from adults by vene-
puncture into heparinized Vacutainers and from
children by finger prick into heparinized glass capil-
lary tubes.
Haemoglobin (Hb) was estimated as oxyhaemo-

globin in the MRC grey wedge photometer. The
blood dilutions were made directly from the finger-
prick samples and in the laboratory from the venous
samples.
Haematocrit values were recorded on all specimens

after centrifuging at 3000 r.p.m. for 15 minutes.
Plasma and erythrocyte ChE levels were estimated

separately by the micro-electrometric method of
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Michel (1949). Preliminary experiments showed that
unwashed erythrocytes gave mean values for ChE
only 1% higher than washed cells and that washing
introduced greater irregularity in the results. It was
therefore felt reasonable to omit this step provided
that centrifugation of the blood was standardized.
ChE values were expressed as percentages of the
accepted normal mean values of A pH/hour of
0.703 for plasma, and 0.753 for red cells.
Two villages, two miles (3 km) apart and 25 miles

(40 km) north of Lagos, were selected for the tests.
The inhabitants, about 200 in each village, were
principally Yoruba, engaged in agriculture. Their
houses were built with mud walls and with roofs of
galvanized iron or palm thatch.

In one village (A) spraying was performed with
a 40% suspension of fenthion at a rate of 1.5 g/m2
on one occasion only, while the other village (B)
served as a control. Details of the actual distribution
of the insecticide in the village huts are reported
by Gratz & Dawson.1

Reference is made below to the estimation of peak
expiratory flow rate, employed as a possible method
of detecting bronchoconstriction. The measurements
were made with the portable device described by
Wright & McKerrow (1959). On each occasion the
subjects (standing) made several practice attempts
with the device, after which the highest meter reading
in three maximal expiratory efforts was taken as the
peak expiratory flow rate (PEF).

RESULTS

It was hoped to obtain blood samples from a large
proportion of the villagers, once before and twice
after spraying. In fact, at Village A, 312 samples
were collected from 163 people, made up by 121
before spraying (27 July to 11 August), 102 approxi-
mately one week after spraying (21-23 August) and 89
on the third occasion (22-27 September). They were
arranged as follows:
Number examined three times . . . . . . . . . 44

on first and second occasions
only ...... . . . . . 20

on first and third occasions
only ...... . . . . . 24

,, ,, on second and third occasions
only . . . . . . . . . . . 13

,, ,, once only . . . . . . . . . 66

In the control village (B) it was possible to make
only two examinations, corresponding in time to
the second and third visits to A, as follows:

'See the article on page 185 of this issue.

Number examined on first occasion (3-5 September) 134
Number examined on second occasion (21 Septem-

ber to 3 October) . . . . . . . . . . . . . 62
Number examined on both occasions . . . . . . 39

Changes in plasma cholinesterase
Table 1 summarizes the changes observed in

blood ChE. The important findings were a definite
depression of plasma enzyme in practically all people
tested in Village A one week after spraying. In many
cases, a further, smaller fall had occurred four weeks
later. The controls are not ideal because observations
were made on only two occasions but showed a small
rise of plasma ChE during the period when most
people in the sprayed village showed a further fall,
which makes this continued depression appear that
much more significant.
There were small changes in erythrocyte ChE

during the week after spraying giving a mean fall
of 1.4%; this difference is not statistically significant
by the ' t ' test. An attempt to correlate changes in
erythrocyte and plasma ChE gave a trivial correlation
coefficient of -0.03, further demonstrating that the
red cell changes were of no significance.

Single estimations on subjects who were examined
once only were valueless because of the wide indi-
vidual variation in initial enzyme levels. It is possible
to express changes in ChE level either as simple
differences from the control values or to calculate
these differences as percentages of the initial values.
The latter method might be justified if it led to smaller
scatter in the observed changes, which would be the
case if observed falls of ChE were correlated with
initial values. This was tested in the case of the
plasma ChE changes in the first week in Village A.
The correlation coefficient of 0.58 derived from
64 observations is statistically significant at the 0.1 %
level. (The coefficient of correlation from the results
of Village B was 0.23 from 37 values, and is of no
significance.) However, recalculating the depression
as percentages gave a mean depression one week
after spraying of 20.5% instead of 22.2%, the co-
efficients of variation of the differences being 69.6%
and 73.6% respectively. Thus, very little is to be
gained by the process as a means of reducing scatter
in the data. Consequently, all the ChE changes are
expressed here as simple differences between ob-
served values.

Depressions ofplasma ChE related to age
The subjects in Village A examined before and

one week after spraying were divided into four age-
groups, and an attempt was made to relate the
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TABLE 1

CHANGES IN BLOOD CHOLINESTERASE IN THE TWO VILLAGES

Village A Village B

te\ 4 1 Plasma Erythrocyte Plasma Erythro-tL~~~~~~~~~~~~~~~4/q~~~~~~~~~~~~cyte

I to2 2to3 1 to3 1to2 2to3 I to3 2to3 2to3

No. of observations 64 57 68 63 52 65 37 37

Falls 59 39 65 29 26 33 14 23

Rises 4 18 2 30 23 29 21 13

No change 1 0 1 4 3 3 2 1

Mean change -22.2% -4.7% -26% -1.4% -1.2% -1.9% + 3.9% -1.2%

95 % confidence -18.2 to -0.6 to -22.4 to + 1.4 to + 2.2 to + 1.7 to + 7.6 to + 2.1 to
limits -26.2 -8.8 -29.7 -4.2 -4.6 -5.4 + 0.2 -4.5

Significance of
difference:

t 10.9 2.3 14.1 1.0 0.7 1.1 2.2 0.7

P (approx.) 0.001 0.03 0.001 0.3 0.5 0.3 0.03 0.45

a 1 = Before spraying; 2= one week after spraying; 3= five weeks after spraying.

depression of plasma ChE to age-group by an
analysis of variance. The results shown in Table 2
confirm the impression that there are noteworthy
differences between these age-groups, the greatest
depression being in the youngest. Unfortunately, it
was difficult to persuade the mothers to submit their
young children to repeated blood-testing, with the
result that this most interesting age-group is deficient
in numbers.

TABLE 2
ANALYSIS OF PLASMA CHOLINESTERASE DEPRESSION

IN RELATION TO AGE

| _ _ Age-group (years)

<7 7-14 15-30 >30

Number 9 15 20 20

Mean depression (%) 39.9 16.5 16.3 23.8

Source of variation x2 d.f. variance

Between groups 4.042 3 1 344

Within groups 12.667 60 211

F = 6.37 P < 0.001

ChE depression related to spraying density and type
of house
Chemical estimates of the amount of fenthion

actually sprayed in some of the houses are available
from the work of Gratz & Dawson.' However,
there was evidently too much individual variation
in ChE depression and too little range in spraying
density for any possible correlation to emerge.
The only marked differences in construction

between houses were in the method of roofing, by
galvanized iron or by palm thatch. No systematic
difference in response of the people was observed
according to type of house, nor was there any
tendency for the greatest depressions to occur in
particular families. Each seemed to have its share
of high and low values.

Haemoglobin and haematocrit
It is of interest to consider whether there were any

blood changes unrelated to the spraying which could
have caused misleading results had the ChE changes
been estimated by the whole-blood method. In
normal human blood, approximately 660% of the
total ChE activity is carried by the erythrocytes.2
Their activity per unit volume usually remains more
constant than that of the plasma, but if the propor-

1 See the article on page 185 of this issue.
2 D. G. Wailling-personal communication.



A. TAYLOR

TABLE 3
CHANGES IN HAEMOGLOBIN AND HAEMATOCRIT OVER A PERIOD OF

APPROXIMATELY FOUR WEEKS

tion of cells in the blood (i.e., the haematocrit) fell
for any reason, there would be an apparent fall in
whole-blood ChE; for example, a change of haema-
tocrit from 46% to 36% would cause an apparent
fall from 100% to 70%. The differences in haemo-
globin and haematocrit between the first and third
visits to Village A, and the two visits to Village B
are shown in Table 3.
There were small but significant falls in Hb in

both villages and an accompanying fall in haema-
tocrit in the control village. Although the mean fall
in haematocrit in Village A is not significant in itself,
the directions of changes in Hb and haematocrit in
individuals were definitely related (43 concordant
changes, 21 discordant; X2=7.6; P=0.01), sug-
gesting that the small falls were not due to experi-
mental error. On the other hand, these blood changes
occurred in both villages and could not, therefore,
have been due to fenthion itself, but were probably
seasonal changes, possibly related to the incidence
of malaria. Certainly the changes in haematocrit
were much too small to have been capable of causing
misleading results had the ChE changes been studied
by the whole-blood method.

Clinical observations and respiratory measurements
Opportunity was provided for the villagers to com-

ment on any symptoms or illnesses they might have
experienced, by arranging simple treatment clinics
for the common ailments. No symptoms or clinical
signs were noticed which could be attributed to
intoxication with organophosphorus compounds. It
is appreciated that some of the earliest symptoms of
such intoxication might be confused with the com-
mon symptoms of other trivial natural illnesses, and

it was as an attempt to look objectively for possible
clinical effects of fenthion that the peak expiratory
flow rate (PEF) measurements were made. Anti-
cholinesterase compounds are known to be capable
of causing bronchoconstriction which could result
in a reduction of the PEF. An analysis of the results
in Table 4 shows a definite mean fall in PEF of
about 20 litres per minute one week after spraying,
with a small rise in the subsequent month but still
not back to the control level. There was no correla-
tion between the degree of plasma ChE inhibition
and changes in PEF. The control village (B) observa-
tions showed no significant differences in PEF on
two occasions.

DISCUSSION

The depression of plasma ChE activity among
people in Village A one week after spraying shows
that practically all of these people absorbed an ap-
preciable amount of fenthion, or active derivatives
of it. The ChE depression was not so great that toxic
symptoms or signs might have been expected, nor
were any observed. Testing after one month re-
vealed in most cases a further small fall in plasma
ChE, which indicates continued absorption of anti-
cholinesterase substance during this period. If
absorption had been limited to within a few days
after spraying, then plasma ChE levels should
definitely have been returning to normal by the end
of a month.

It should be noted that the mean depression of
plasma ChE, though significant and continuing for
a month, was not severe. Although the children
showed the greatest enzyme inhibitions, there were
no cases of depression of ChE to levels recognized

216



HUMAN EXPOSURE TO FENTHION IN NIGERIA

TABLE 4
CHANGES IN PEAK EXPIRATORY FLOW RATE

ifltervajalto2 Village A Village B
Interval Ra _

I__ 1 to 2 2to3 1 to3 2to3

No. of subjects 39 25 29 26

Rises 9 15 5 14

Falls 27 9 20 11

No change 3 1 4 1

Mean change
(litres/min.) -20.4 +10.4 -17.2 +1.7

95 % limits -9.6 to -31.2 0 to -34.4

t 3.8 1.8 2.9 0.20

P <0.001 0.1>P>0.05 <0.01 0.85

a 1 = Before spraying; 2 = one week after spraying; 3 = five weeks after spraying.

as demanding removal from contact with the organo-
phosphorus compound, nor were there any cases of
individual idiosyncrasy to fenthion. The absence of
inhibition of erythrocyte ChE is important. Changes
in this fraction are regarded as reflecting changes in
the enzyme at its important sites in the tissues. No
physiological function has been clearly ascribed to
plasma ChE and its level must be depressed to a
small fraction of normal (by slow absorption of
anticholinesterase substance) before toxic manifesta-
tions are to be expected.
The fact that there were only very small changes in

haematocrit during these observations shows that
reliable results could have been expected from the
use of the whole-blood field method for ChE (Edson;
cited by Barnes et al., 1957, p. 58), and lend further
support to the previous findings by the WHO Insec-
ticide Testing Unit in Nigeria (Elliott & Barnes,
1963). However, since enzyme inhibition was
restricted to the plasma, the separate examination of
plasma clearly afforded a more sensitive index
of absorption of insecticide.

Regarding the routes of absorption of fenthion in
this trial, it was particularly noticed that a consi-

derable amount of the substance fell on to the earth
floors during spraying. In view of the way in which
food was frequently kept and prepared on the floors
of the houses, it seems that ingestion may well have
been the most important route. This may explain
the greater effects in children, who crawl and suck
their fingers. The logical recommendation in an
attempt to reduce absorption of fenthion (or indeed,
of any other sprayed material) is to prevent undue
contamination of the floors, perhaps by covering
them with some disposable material.

Opportunity exists for skin absorption but no
estimate of this is possible, and further information
is needed of the persistence of fenthion under field
conditions and its possible conversion into other
active substances. The data on peak expiratory flow
should probably not be taken as indicating definite
bronchoconstriction due to the fenthion, but only as
suggesting the need for further study of this pos-
sibility and of any other method which might be
readily applied under practical conditions to give
objective and quick indication of anticholinesterase
absorption.
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RtSUMt

L'effet physiologique du fenthion pulverise dans les
habitations, a ete evalue dans un village du Nigeria, par
determination du taux des cholinesterases. La baisse du
taux des cholinesterases plasmatiques des la premiere
semaine suivant la pulverisation indique que pratique-
ment tous les habitants, et surtout les enfants, ont
absorbe soit l'insecticide soit ses produits de decompo-
sition; mais aucun sympt6me d'intoxication n'a et6
observ6. La baisse s'est poursuivie, chez la plupart des
sujets, durant un mois, sans atteindre cependant le
niveau critique au-dela duquel il faut supprimer tout
contact avec l'insecticide. I1 n'y eut a aucun moment
inhibition des cholinesterases erythrocytaires, indice
interessant puisqu'il reflete des changements dans les
localisations enzymatiques tissulaires importantes. On
ne connait pas nettement les fonctions physiologiques des

cholinesterases plasmatiques, et les sympt6mes d'into-
xication ne se manifestent que lorsque le taux n'est plus
qu'une faible fraction du taux normal. Quant a la voie
d'absorption, il semble que l'ingestion orale ait joue un
r6le preponderant; une bonne partie de l'insecticide
tombe sur le sol, et, comme les aliments sont souvent
prepares au niveau du sol et que les enfants, se trainant
et lechant leurs doigts peuvent en absorber de fortes
doses, il y aurait lieu de proteger le sol, lors des pulve-
risations, par des baches ou tout autre materiel amovible.
Les differences dans le volume de l'air expire, si elles
n'indiquent pas une bronchoconstriction nette, suggerent
la possibilit6 - qui est encore a etudier - de recourir
a la methode respiratoire comme a l'un des moyens
rapides et objectifs de deceler l'absorption de substances
anticholinesterasiques.
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