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Icon 10 WP insecticide, a wettable powder formulation containing 10% lambda-cyhalothrin, was evalua-
ted for possible adverse effects on the health of spraymen and villagers during treatment of dwellings
for malaria vector control. Skin sensory effects and occasional coughing and sneezing in confined
spaces were the only symptoms noted by the workers resulting from the handling and spraying of the
insecticide. Absorption of lambda-cyhalothrin was estimated by determining its metabolites in urine and
serum. The average amount of lambda-cyhalothrin absorbed by the workers per day (54 igg) represents
less than 0.0001% (<1 ,g.kg-1.day-1) of the average daily amount of the substance handled. Only a
small proportion of villagers showed detectable levels of lambda-cyhalothrin metabolites in their urine.

Absorption of lambda-cyhalothrin from the formulation tested was therefore very low and, apart from
the nuisance of skin sensory effects, there should be no risk to the health of workers or to the villagers
whose dwellings are treated.

Introduction
Icon 10 WP, a wettable powder formulation con-
taining 10% of the pyrethroid insecticide lambda-
cyhalothrin, is currently being evaluated by the
WHO Pesticide Evaluation Scheme (WHOPES) for
use in vector control activities (code number OMS-
3021). A study was therefore organized to evaluate
the exposure and possible adverse health effects on
workers who handle and apply lambda-cyhalothrin
and on villagers whose dwellings are treated with the
substance to control endophilic malaria vectors.

As part of an action undertaken by the Pakistan
Malaria Control Programme, Icon 10 WP was
applied under normal operational conditions in the
Sheikupura District of Punjab, with a medical obser-
ver and monitoring team in attendance. The specific
objectives of the study are outlined below.
* To conduct basic medical examinations on
the workers handling/spraying Icon 10 WP to
determine possible adverse effects; in particular to
include an evaluation of the extent, severity,
duration, and sites of skin paraesthesia-a well-
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known effect of many pyrethroid insecticides.
* To determine the degree of systemic absorption of
lambda-cyhalothrin and its excretion by determining
its principal metabolites in samples of blood and
urine from the spraymen and villagers.

The spraying operation was carried out from 4
to 19 July 1988.

Methods
Study population
A total of 21 pesticide workers, consisting of three
teams of seven men each (1 supervisor, 1 mixer-
loader, and 5 spraymen) took part in the study. The
men were dressed in typical work clothing (known
locally as shalwah kameez) and worked normal
hours.

A sample of 15 male villagers was monitored
for systemic absorption of lambda-cyhalothrin by
collecting and analysing 24-hour urine outputs for 3
consecutive days following spraying of their houses.

Application of the pesticide

A suspension of Icon 10 WP in water at a spray
strength of 0.75 g of lambda-cyhalothrin per litre
was applied to the walls and ceilings of the houses at
the rate of 30 mg of active ingredient per m2 using a
standardized hand-held compression sprayer.a Each

a H.D. Hudson Man. Co., Washington, DC, USA.
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spray-pump discharged 8.3 litres, i.e., 6.25 g of
lambda-cyhalothrin. A daily spraying record was
kept for each worker.

During the spraying operation observations were
also made of the workers' clothing, incidents such as
spillages, and equipment performance.

Medical observations and sampling

All the workers underwent four detailed medical
examinations (pre-study, mid-first week, mid-second
week, and at the end of study) and were questioned
daily about any adverse effects they experienced.

On a daily basis, 24-hour urine outputs were
collected from each worker; also, four venous blood
samples were taken from each worker by the medical
officer, one on the day before exposure, one mid-first
week, one mid-second week, and one 4 days after
the last spraying day.

Analytical methods

After collection, the samples of urine and serum
were stored in a deep-freeze and air-freighted on dry
ice to ICI Central Toxicology Laboratory, England,
for analysis of lambda-cyhalothrin metabolites. The
structure of lambda-cyhalothrin and of its major
metabolic products in urine are shown in Fig. 1 (ICI,
unpublished data). Quantitative determination of
these metabolites in urine therefore provides an
estimate of the amount of lambda-cyhalothrin
absorbed. Furthermore, the amount of 3-(2-chloro-
3,3,3-trifluoroprop- 1-enyl)-2,2-dimethylcyclopro-
panecarboxylic acid (CTFMVA) should be roughly
equivalent (on a molar basis) to the total amount of
3-phenoxybenzoic acid (3-PBA) and 3-(4-hydroxy-
phenoxy)benzoic acid (4-OH-3-PBA).

In the analysis, samples of urine and serum were
thawed and incubated with enzymes to release the
metabolites from their conjugates. After solvent
extraction, purification and derivitization, the
metabolites were determined quantitatively by gas
chromatography-mass spectroscopy (GC-MS) using
a double focusing mass spectrometer (VG70-70E)
coupled to a gas chromatograph (Hewlett Packard
5792A) fitted with an auto-injector. 4-Phenoxy-
benzoic acid (4-PBA) was used as the intemal stan-
dard for CTFMVA and 3-PBA; and 4-(4-hydroxy-
phenoxy)benzoic acid (4-OH-4-PBA) was used as
the intemal standard for 4-OH-3-PBA. The lower
limit of determination was approximately 0.01 ,ug/ml
for all three metabolites.

Creatinine levels in urine were also determined
(using the Jaffe reaction) to monitor the subjects'
compliance with the 24-hour urine collection pro-
cedure.

Fig. 1. Structures of lambda-cyhalothrin and its major
metabolic products. CTFMVA = 3-(2-chloro-3,3,3-trifluoro-
prop-i-enyl)-2,2-dimethylcyclopropanecarboxylic acid;
3-PBA= 3-phenoxybenzoic acid; 4-OH-3-PBA = 3-
(4-hydroxyphenoxy)benzoic acid.
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Results
Sensory effects

The sensory effects reported by the individual
workers are shown in Table 1; significantly, nobody
complained of pain. The effects experienced were
variously described as hot, buming, numbness, no

feeling, cold, a sensation like insects crawling on the
skin, discomfort, and irritation. As expected, most of
the symptoms described related, in decreasing order
of frequency, to the face, neck, chest, and
arms/hands. None lasted more than 24 hours and
most subsided before the workers went to bed (about
9.00 p.m.) following that day's work.

Considerable person-to-person variations were
noted in the symptoms with respect to onset, dura-
tion, and intensity, even for the same person from
day to day. Washing the affected area did not re-
duce the symptoms significantly.

Other effects

Coughing and/or sneezing were reported occasion-
ally when spraying was carried out in low-roofed,
non-ventilated buildings; the symptoms stopped
when exposure ceased. Mild redness of the eyes and
irritation developed in 2 of the 21 workers. This was
the result of spray droplets rebounding into the
workers' eyes while they were spraying low ceilings.
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Table 1: Sensory effects reported by the workers In the study

Day of the study

Worker 2 4 5 7 8 9 1 1 13 15

1 ob 0 0 0 0 0 0 0 0
2 + + + 0 0 0 + + +

3 _ 0 + c + + +d + 0 +

4 + 0 0 0 0 0 0 0 +
5 - + - 0 0 0 +c 0 +
6 - 0 + +e 0 + +f 0 0

7 0 0 0 0 0 0 0 0 0
8 + 0 - + + + 0 _

9 + - - - 0 0 + - -

10 + + f + + c + + _
11 + 0 -0 0 0 0 - -

12 0 0 - + + + + - -
13 0 0 - 0 0 0 0 - -
14 0 +' - + +c + + - -

15 + 0 +d0 0 0 0 0 0
16 + 0 0 + 0 0 0 0 0
17 0 0 + d + 0 + e 0 + 0
18 + 0 + f + 0 + e + 0 +

19 + 0 +c 0 0 0 0 + +
20 + 0 + c + + c + e + 0 +

21 0 0 + f 0 0 0 0 0 0
a Summary: total number of possible recordings = 189; positive sensory effect = 69; no sensory effect = 93; and no recording made = 27
(workers left the site before observations could be made).
b 0 = no complaints; + = sensory effect experienced; - = no recording.
c Cough and sneezing.
d Sneezing.
e Eye irritation.
f Cough.

Medical examinations
A pre-employment medical examination eliminated
three prospective workers from the study: two with
skin lesions and one with high blood pressure. At the
first mid-week examination it was noticed that one
worker had developed a face rash; the rash lasted 2
days and cleared with treatment, and the individual
concemed continued to work without further
problems. No other effects of medical concem were
noted at the examinations during and at the end of
the spraying period.

Adverse incidents

Three adverse incidents resulting from poor occupa-
tional practice occurred in which workers (No. 3, 6,
and 9) accidentally spilled spray solution onto
various parts of the body, including the eyes (No. 3).
Contaminated items of clothing were removed

immediately, and the affected parts of the body were
washed within 5 minutes of the incident. Apart from
temporary irritation, no lasting effects were recorded
and no further treatment was necessary.

Analysis results

The values for 24-hour creatinine excretion showed
that, in the majority of cases, the subjects had com-
plied with the requirement for complete collection of
urine.

No lambda-cyhalothrin metabolites were detec-
ted in urine samples taken the day prior to starting
the trial; subsequently, when metabolites were detec-
ted, CTFMVA was usually the most abundant.

The average daily excretion levels of lambda-
cyhalothrin metabolites for the spray operators are
plotted in Fig. 2. A slight upward trend is apparent;
however, at the end of the spraying operation, the
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Fig. 2. Average daily amounts of lambda-cyhalothrin
metabolites excreted by the spraymen before, during,
and after the spraying operation.
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average values declined quite sharply. Since the
levels of metabolites in urine were low, it was expec-
ted that they would not be detectable in blood serum.
Nine serum samples were selected from those
subjects whose urine had the highest levels of
metabolites. No traces of lambda-cyhalothrin metab-
olites were evident in any of these samples and the
remaining serum samples were not analysed.

Lambda-cyhalothrin metabolites were detected
in only a small proportion (12/44) of urine samples
collected from villagers whose homes had been
sprayed. Only one villager excreted more than
0.1 mg of such metabolites in his daily urine sample,
and he was the only individual who had detectable
levels of metabolites in more than one urine sample.

By analogy with the known metabolic fate of the
related pyrethroid insecticide cypermethrin,b most of
the cyclopropane moiety of lambda-cyhalothrin is
probably recovered in urine as CTFMVA. Therefore
if 3-PBA and 4-OH-3-PBA are the major metabolites
of the phenoxybenzyl alcohol moiety of lambda-
cyhalothrin, the sum of the molar amounts of these
two metabolites in urine should be equivalent to that
of CTFMVA.

b Endsforth, C.V. & Baldwin, N.K. Human dose-excretion stu-
dies with the pyrethroid insecticide cypermethrin. Xenobiotica,
13: 67-72 (1983).

The ratio CTFMVA: (3-PBA + 4-OH-3PBA),
i.e., 1/(2 + 3) in Table 2, expressed in terms of
lambda-cyhalothrin equivalents, was calculated for
18 of the subjects (for the other 3 workers, the level
of excretion was so low that it made the calculation
meaningless). The observed mean ratio (1.13) is
consistent with the hypothesis that the urinary
metabolites which were determined accounted for
most of the lambda-cyhalothrin absorbed.

In Table 2 are shown the daily amounts of
lambda-cyhalothrin that the workers handled,
together with the total amounts of the three
metabolites excreted over 15 days. The sum of the
amounts of these metabolites in urine represents the
approximate amount of lambda-cyhalothrin absorbed.
The average amount of active ingredient absorbed
by the spraymen was 54 gg/day, which represents
less than 1 gg.kg-'.day-' for a 60-kg man. If we as-
sume that the average amount of lambda-cyhalothrin
handled by the spraymen was 65 g per day (Table
2), the average amount absorbed per day represents
about 8.3 x 10-5% of this.

Conclusions
The sensory effects recorded were the only signifi-
cant symptoms noted by the workers involved in
handling and spraying the 10% wettable powder
formulation of lambda-cyhalothrin in an aqueous
suspension of 0.75 g/l. These effects are consistent
with those previously reported for other pyrethroid
insecticides and are considered to have no medical
significance. At the end of 15 days' spraying, none
of the workers was suffering from any ill effects as a
consequence of the spraying activities.

The total amount of the three metabolites in
urine gives an approximate measure of the total
lambda-cyhalothrin absorbed. The mean amount
absorbed per day (54 bg) by the spraymen was very
low and represented less than 0.0001% of the
amount handled, i.e., for a 60-kg man represented
less than 1 jig.kg-'.day-1. The low absorption was
confirmed by the absence of detectable metabolites
(<0.01 gig/ml) in blood serum.

The average amount of lambda-cyhalothrin
absorbed by the mixer-loaders and supervisors was
less than that absorbed by the spraymen.

Only a small proportion of villagers had detect-
able levels of lambda-cyhalothrin metabolites in their
urine and these were mainly at, or close to, the limit
of the determination.

Apart from the nuisance caused by skin sensory
effects, there should therefore be no risk to health in
applying Icon 10 WP for vector control purposes
under the conditions that prevailed in this study.
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Table 2: Summary of worker exposure to lambda-cyhalothrin and the urinary excretion of its major metabolites

Range of
lambda-cyhalothrin

used/handled
(g/day)

244-438
50-88
50-88
50-88
50-88
44-88

45-94
207-440
50-94
69-88
63-88

44-94
50-88
31-88
38-88
44-88
150-440
31-88

Amount of metabolites excreted:

Totala CTFMVAb 3-PBAb 4-OH-3-PBAb
(mg) 1 2 3

0.401
0.291
0.112
0.593
0.405
0.600
0.195
2.386
0.170
1.079
0.490
1.178
0.450
0.814
0.780
1.190
0.548
1.308
0.073
0.975
0.059

0.44
0.31
0.17
0.68
0.46
0.58
0.21
2.27
0.16
1.02
0.44
1.27
0.47
0.83
0.69
1.13
0.55
1.29
0.14
1.04
0.11

0.20
0.12
0.04
0.35
0.25
0.38
0.12
1.46
0.14
0.64
0.34
0.76
0.22
0.45
0.53
0.80
0.32
0.70
0

0.58
0

0.14
0.13
0

0.11
0.07
0.21
0.02
0.90
0.03
0.44
0.18
0.25
0.18
0.29
0.30
0.39
0.20
0.55
0

0.26
0

2+ 3 1/(2+ 3)c

0.34
0.25
0.04
0.46
0.32
0.59
0.14
2.36
0.17
1.08
0.52
1.01
0.40
0.74
0.83
1.19
0.52
1.25
0

0.84
0

1.29
1.24
4.25
1.48
1.44
0.98
1.50
0.96
0.94
0.94
0.85
1.26
1.17
1.12
0.83
0.95
1.06
1.03

1.24

a Average total amount of metabolites excreted: spraymen = 0.81
b Calculated as mg lambda-cyhalothrin equivalents.
c Mean value of the ratio 11(2 + 3) (excluding workers 3, 19, and

Resume

Pulverisations de lambda-cyhalothrine
contre les vecteurs du paludisme au
Pakistan: 6valuation de l'exposition et des
cons6quences pour la sante

L'Icon 10 WP est un insecticide contenant 10%
de lambda-cyhalothrine sous forme de poudre
mouillable qui est pulverise dans les habitations
pour d6truire les vecteurs du paludisme. Ses
6ventuels effets nocifs sur la sante du personnel
effectuant les pulv6risations et sur les habitants
ont ete evalu6s. Les seuls sympt6mes not6s par
les travailleurs lors de la manipulation et de la
pulv6risation de l'insecticide ont ete des effets

mg; mixer-loaders (ML) = 0.24 mg; and supervisors (S) = 0.23 mg.

?1) = 1.13.

sensoriels au niveau cutan6, parfois accompa-
gnes de toux et d'eternuements. L'absorption de
la lambda-cyhalothrine a 6t6 6valu6e par dosage
de ses m6tabolites dans l'urine et le serum. La
quantit6 moyenne absorb6e en un jour par les
travailleurs (56 ,ug) repr6sente moins de
0,0001% (<1 g.kg-1.jour1) de la quantit6
moyenne manipulee quotidiennement. Les m6ta-
bolites de la lambda-cyhalothrine n'ont et6
detect6s dans l'urine que chez une faible pro-
portion des habitants.

L'absorption de la lambda-cyhalothrine a
donc ete tres faible. En dehors des sensations
cutanees d6sagr6ables, cet insecticide ne
devrait pas pr6senter de risques pour la sant6
des travailleurs charges de la pulverisation, ni
des occupants des habitations trait6es.
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