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Levels of exposure and biological monitoring of
pyrethroids in spraymen
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Abstract
To assess the exposure response relation of
pyrethroids in spraymen, 50 adult male cotton
growers were selected and divided into three
groups, one group to spray pyrethroids for one
day, two groups to spray for three days.
Deltamethrin, fenvalerate, and a deltamethrin
methamidophos mixture were sprayed by
appropriate subgroups for five hours a day.
Exposure levels were evaluated by measuring
the air concentration, dermal exposure con-
centration, and urinary content ofpyrethroids
by gas chromatography. Air concentrations of
deltamethrin at the breathing zone were 0 01-
0-89 g/im' in the deltamethrin exposed group.
For fenvalerate, air concentrations were 0-06-
1-98 pg/m'. Dermal exposure, particularly on
the legs, feet, and hands was appreciable and
indicated that this was the main route of
absorption. In those spraying for one day,
urinary deltamethrin was not detectable by 12
hours after the beginning of exposure whereas
fenvalerate was still detectable up to 24 hours
after first exposure. Both pyrethroids could be
detected two days after the end of three day
spraying. Health effects were investigated by
interview and physical examination. Twenty
nine spraymen complained ofabnormal facial
sensations that developed mostly two to three
hours from the start of pyrethroid spraying
and that disappeared by 24 hours after
exposure ceased. Some had dizziness, head-
ache, and nausea, but no subject was diagnosed
as having acute pyrethroid poisoning. The
symptoms showed no significant correlation
with urinary pyrethroid excretion. Blood
cholinesterase activity of spraymen using the
pyrethroid methamidophos mixture did not
change.
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Pyrethroid insecticides have been extensively used in
the cotton growing areas of China since 1982. The
most common are deltamethrin and fenvalerate.
Pyrethroids were classified as compounds unlikely to
present hazards in normal use but several outbreaks
of acute intoxication due to exposure to deltamethrin
and fenvalerate have occurred among spraymen in
China since 1982.' Signs and symptoms included
burning sensations on the face, headache, nausea,
loss of appetite, and fatigue in mild cases, and
muscular fasciculation and frequent attacks of con-
vulsion in severe cases. Measurement of exposure to
deltamethrin and fenvalerate under defined condi-
tions of spraying and assessment of risks to spraymen
have not, however, been investigated. Because
pyrethroids are an increasingly important class of
pesticides, this study was carried out to assess the
exposure levels and health effects in pyrethroid
spraymen, with the aim of preventing pyrethroid
poisoning.

Subjects
Fifty male cotton growers, in three groups, were
selected in 1987 and 1988. The subjects had no
history of exposure to pyrethroids in the week before
the investigation and were all confirmed as healthy by
an interview and physical examination.
Group 1 (from Gaocheng county) for one day

spraying consisted of 18 subjects aged 16-60 (mean
28-7) years. These subjects were divided into three
subgroups-namely, subgroup la, six subjects who
sprayed 2 5% deltamethrin EC (Roussel-Uclaf
Company) diluted 1:1250; subgroup lb, six subjects
who sprayed a deltamethrin (dilution 1:2000) meth-
amidophos (dilution 1:600) mixture; and subgroup
lc, six subjects who sprayed 20% fenvalerate EC
(Suimoto Company) diluted 1:1250.
Group 2 (from Gaocheng county) for three day

spraying consisted of 20 subjects divided into four
subgroups-namely, subgroup 2a, five subjects who
sprayed 2 5% deltamethrin EC diluted 1:1000; sub-
group 2b, five subjects who sprayed deltamethrin
(dilution 1:1000) methamidophos (dilution 1:600)
mixture; subgroup 2c, five subjects who sprayed
20% fenvalerate EC diluted 1:1000; and subgroup
2d, five subjects who sprayed fenvalerate (dilution
1 :1000) methamidophos (dilution 1:600) mixture.
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Table 1 Use ofpyrethroids

Amount of
Consumption pyrethroid

Dilution ofpyrethroid EC (ml/mu;*
No of (pesticide: EC (ml; mean

Groups subjects water) mean (SD)) (SD))

1:
a 6 D (1:1250) 100 (14) 81 (26)
b 6 D (1:2000)+M 117 (103) 82 (59)

(1:600)
c 6 F (1: 1250) 96 (77) 68 (22)

2:
a 5 D (1:1000) 376 (30) 94 (9)
b 5 D (1:1000)+M 420 (45) 87 (15)

(1:600)
c 5 F (1:1000) 376 (50) 90 (16)
d 5 F (1:1000)+M 364 (64) 87 (17)

(1:600)
3 12 D (1:1000) 428 (90) 116 (29)

D = Deltamethrin, F = fenvalerate, M = methamidophos.
*1 mu = 0-067 hectares.

Group 3 (from Langfang county) for three day
spraying consisted of 12 spraymen who sprayed
deltamethrin (dilution 1:1000) for three consecutive
days.

All subjects were asked to spray pyrethroids in a

cotton field for five hours a day using sprayers of
single nozzle pressure type. Table 1 shows the mean
use of pyrethroid EC and the mean amount of
pyrethroid per 0-067 hectares. All the spraymen were
followed and watched by the project personnel
through the spraying.

Methods
COLLECTION OF SAMPLES
Air samples were collected from the subjects in
groups 1 and 2 by Du Pont personal samplers set at
the breathing zone with an air flow of 2 1/min
throughout five hours of spraying. The polyester

filters used were kept in small bottles until required
for extraction and analysis.
For measuring the particle size distribution of

pyrethroid aerosols, an impactor fraction sampler
with an air flow of20 1/min for 20 minutes was used to
collect air samples from six sprayers.
Pads made of five layers of gauze, size 5 x 5 cm',

pretreated by Soxhlet extraction with n-hexane were
fixed to the head, chest, back, forearms, thighs, legs,
hands, and feet of each subject in groups 1 and 2 for
the measurement of dermal exposure. These pads
were kept in small bottles after removal. For testing
the protective efficacy of polyester trousers, a pair of
gauze pads were fixed, one on a leg and one on the
trousers at a corresponding position on the
spraymen.
Urine samples were collected in polyethylene

bottles rinsed with 1 N HC1. Collections were made
at zero, three, six, nine, 12, 24, 48, and 72 hours after
the start of spraying for each subject of group 1; at
zero, 12, 24, 36, 48, 60, 72, and 96-120 hours after the
start of spraying for those ofgroup 2, and at zero, 24,
48, 72, and 96-120 hours after the start of spraying
for group 3. The filters, gauze, and urine samples
were stored in a freezer and transported by vehicle to
Beijing for analysis.

Air temperature, relative humidity, wind force,
wind direction, and atmospheric pressure were

monitored during the period of spraying.

DETERMINATION OF PYRETHROID CONCENTRATIONS
Concentrations of deltamethrin and fenvalerate in
urine and in n-hexane extracts of filters and gauze
were determined by gas chromatography with a 63Ni
electron capture detector. A varian 3700 gas
chromatograph equipped with a 3% OV-101/
ChromosobWAW DMCS 60-80 mesh 1 m x 2 mm
column at 240°C was used. The detection limit was 2

Table 2 Exposure levels of 38 pyrethroid spraymen in Gaocheng county

Air concentrations (pg/imn) Respiratory exposure (pg/h)J Dermal exposure (mg/h)§ Total exposure level (pglkglh) II

No of Mean No of Mean No of Mean No of Mean
Groups samples (SD) subjects (SD) subjects (SD) subjects (SD)

1 (1 day):
a (D) 6 0-02 (0-01) 6 0-01 (0-00) 6 0-46 (0-39) 6 4 00 (4-00)
b (D + M) 6 0-32 (0-36) 6 0-19 (0-22) 5* 0-72 (0-49) 5* 8-00 (6-00)
c (F) 6 0-69 (0-74) 6 0-41 (0-44) 6 4-24 (1-96) 6 44-00 (22-00)

2 (3 day):
a (D) 15 0-11 (0-11) 5 0-07 (0-06) 4t 0-59 (0-30) 4t 7-33 (3-33)
b (D + M) 15 0-10 (0-08) 5 0-06 (0-05) 5 0-27 (0-13) 5 4-67 (2-67)
c (F) 15 1-09 (0-54) 5 0-65 (0-32) 5 3-97 (1-88) 5 68-00 (32-67)
d (F + M) 15 0-69 (0-34) 5 0-41 (0-20) 5 2-83 (1-20) 5 48-00 (18-00)

D = Deltamethrin, F = fenvalerate, M = methamidophos.
*One subject was excluded because of loss of one gauze pad on a hand.
tOne subject was excluded because of loss of one gauze pad on a foot.
+Respiratory exposure was estimated by air concentration at breathing zone (pg/m') x ventilation volume (0-01 m3/min) x 60 minutes
= ug/h.
§Dermal exposure was estimated by Z (concentration in one gauze pad (pg/cm2) x total body surface area (cm2) x percentage of area of
detected part)/(sprayed time (h)/1000) = mg/h.
'ITotal exposure was estimated by (respiratory exposure level (pg/h) + dermal exposure level (mg/h) x 1000)/body weight (kg)/spraying
time (h) = pg/kg/h.
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Table 3 Mean concentration (ig/cm2 samples) of
pyrethroids by dermal exposure

Deltamethrin +
Deltamethrin Fenvalerate methamidophos
(group la; (group Ib; (group I c;
n = 6) n = 6) n = 6)

Head <0 01 0-02 0 01
Chest 0-01 0 25 0 06
Back <001 005 <001
Forearm 0-14 4 71 0 41
Hands 0 65 6 97 1.68*
Legs 148 14161 369
Lower leg 0 23 5 57 0-45
Feet 0 70 6 23 0 74

*n = 5.

ng/ml hexane for air filter and gauze samples and 0-2
jug/l for deltamethrin and fenvalerate using a 10 ml
urine sample.23

DETECTION OF TOXIC EFFECTS OF PYRETHROIDS
All participants were interviewed, completed a ques-
tionnaire, and had a physical examination after
spraying.
Blood cholinesterase was measured by test paper in

each member of the subgroups lb, 2b, and 2d before
and after spraying.

Results
EXPOSURE LEVELS
Table 2 shows the air concentrations of deltamethrin
at the breathing zone for the subgroups la, lb, 2a,
and 2b and of fenvalerate for subgroups lc, 2c, and
2d. The distribution of pyrethroid particulate size
varied from nozzle to nozzle. Most particles were

larger than 5 ,um in four sprayers; in the other two
most were less than 5 jm.

Dermal exposure, particularly for the legs, feet,
and hands, was considerable (table 3). These concen-

trations indicated that skin could act as the main
route for pyrethroid absorption.

The temperature during spraying was 256-290C
and the relative humidity was 89-92%. The atmos-

pheric pressure was 750-751-4 mm Hg and the wind
force ranged between 0-64-069 m/s. Some of the
spraymen wiped off sweat with their hands and
sleeves, leading to an increase in secondary dermal
exposure to pyrethroids.
Most spraymen wore polyester trousers. Their

efficacy of protection was shown by the fact that
concentration ofpyrethroids in the gauze pads on the
leg v that on the trousers was 66-88% on average and
ranged between 8 8-99%.

Urinary deltamethrin was not detectable in those
spraying for one day by 12 hours after the beginning
of exposure (table 4) whereas urinary fenvalerate in
group Ic (one day spraying) was still detectable up to
24 hours after the start of exposure (table 5). This
suggests that either fenvalerate exposure was greater
than that of deltamethrin or deltamethrin is more

rapidly metabolised than fenvalerate in man. Con-
centrations of both pyrethroids in urine were higher
in the three day spraying groups, even two days after
exposure had ceased (tables 4 and 5).

HEALTH EFFECTS
Twenty nine spraymen complained of abnormal
facial sensations, which developed after 0-5 to five
hours of pyrethroid spraying and disappeared four
hours after cessation of exposure. Six subjects re-

ported dizziness, two had headache, and three had
nausea and fatigue. These subjects recovered in 24
hours and showed no change in blood cholinesterase
activity. No case of acute pyrethroid poisoning was

diagnosed. No significant correlation existed be-
tween the symptoms and urinary pyrethroid concen-

trations.

Discussion
Pyrethroid insecticides have been imported into
China and extensively used since 1982 and 229 cases

Table 4 Amount of urinary deltamethrin for 34 spraymen (ag/collection interval)

Deltamethrin spraymen (n = 23) Deltamethrin + methamidophos spraymen (n = II)

One day spraying Three day spraying Three day spraying One day spraying Three day spraying
Sample (Gaocheng county) (Gaocheng county) (Langfang county) (Gaocheng county) (Gaocheng county)
collection
time (h) Frequency Mean (SD) Frequency Mean (SD) Frequency Mean (SD) Frequency Mean (SD) Frequency Mean (SD)

0- 5/6 0 01 (0 01) 5/5 0 07 (0 07) 12/12 4 20 (2A46) 6/6 0-05 (0 04) 3/5 0-29 (0-46)
3- 4/6 0-03 (0-01) 6/6 0 01 (0 01)
6- 4/6 0-02 (0-01) 6/6 0-04 (0-03)
9- 1/6 0.01 2/6 0-02 (0-01)
12- 0/6 4/5 0 29 (0 28) 0/6 4/5 0-37 (0 68)
24- 0/6 4/5 0 15 (0-07) 12/12 0-94 (0-57) 0/6 4/5 0 43 (0 87)
36- 5/5 0 18 (0 27) 5/5 0-48 (0 59)
48- 0/6 5/5 0-09 (0-13) 10/10 1-43 (1 30) 0/6 4/5 0-27 (0 25)
60- 3/5 0 41 (0 37) 2/5 0 73 (0 96)
72- 2/5 1-79 (1-68) 11/11 2-80 (1-95) 3/5 1-23 (1-46)
96-120 4/5 0 41 (0 30) 10/10 1-75 (1 83) 3/5 0 34 (0-34)
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Table S Total amount of urinary fenvalerate for 16 spraymen (pg/collection interval)

Fenvalerate spraymen (n = 1I) Fenvalerate + methamidophos
spraymen (n = 5)

Sample One day spraying Three day spraying Three day spraying
collection
time (h) Frequency Mean (SD) Frequency Mean (SD) Frequency Mean (SD)

0- 5/5 0-02 (0-01) 3/4 0 54 (0-51) 4/5 1-08 (1-09)
3- 6/6 0 01 (0 01)
6- 1/6 0 01
9- 3/6 0-02 (0-01)
12- 2/6 0-07 (0 04) 3/5 0 20 (0-34) 2/5 0-24 (0-33)
24- 0/6 2/5 1-16 (1 07) 5/5 0-83 (0-51)
36- 1/5 1 10 2/5 064(041)
48- 0/6 2/5 0-62 (0 04) 3/5 0-89 (0 49)
60- 3/5 0-13(0-11) 3/5 008(0-14)
72- 2/5 0-13 (0 18) 2/5 LD*
96-120 2/5 LD* 4/5 0 51 (0 34)

*Lower than detection limit.

of acute occupational pyrethroid poisoning were
reported in Chinese medical publications between
1983 and 1988.4

It was difficult to monitor the exposure levels of
those patients. Therefore, fifty adult male spraymen
were selected and their exposure levels were assessed
during the spraying of pyrethroids. The air concen-
tration of pyrethroids at the breathing zone of
spraymen in this study was lower than that in
workers engaged in packaging deltamethrin.5 The
urinary excretion rate of deltamethrin and dermal
exposure, however, were higher in the spraymen.
The exposure through the air route was less than 1%
of that through skin. Even if the pyrethroids at the
breathing zone were assumed to be absorbed totally,
it would not be sufficient to give the concentration of
urinary deltamethrin and its metabolites found in
spraymen during and after spraying. These results
show that dermal exposure seems to be the most
important route of absorption and minimising der-
mal exposure is of paramount importance in the
prevention of acute pyrethroid poisoning.

Deltamethrin and fenvalerate were both detectable
in urine, confirming the absorption of pyrethroid in
spraymen. In one day spraying, deltamethrin was not
present in urine by 12 hours after the beginning of
exposure, whereas the urinary fenvalerate was detec-
table until up to 24 hours after starting exposure. The
deltamethrin metabolite Br2A was detectable for
longer, and in higher amounts than deltamethrin in
urine (P Yao et al, VII International conference on
epidemiology in occupational health, Tokyo, 1989).
The excretion time and amount of urinary pyreth-
roids in the three day spraying group were also
greater than those in the one day spraying group.
Hence, concentration of deltamethrin metabolite
Br2A and fenvalerate in urine could be used as
possible indicators for biological monitoring of
subjects exposed to pyrethroids.

Studies in animals have shown that the hydrolysis
of pyrethroids can be inhibited by organophosphates
in vivo and in vitro.6 In our study the urinary
excretion of pyrethroids in these workers spraying
pyrethroid organophosphate mixtures tended to be
higher than that in those spraying pyrethroids alone.
This suggests that the metabolism of pyrethroids in
man may also be inhibited by organophosphates;
thus, the toxicity of pyrethroids can be potentially
increased. Although there was no change in blood
cholinesterase, nor significant differences in the
prevalence of symptoms and intoxication between
the group spraying only pyrethroid and that spraying
an organophosphate mixture, the spraying of pyreth-
roid-organophosphate mixtures should not be
encouraged.

In our study, only a few spraymen developed
adverse effects such as abnormal facial sensation and
these were mild. None of them were diagnosed as
having pyrethroid poisoning. No correlation was
found between the concentration of urinary pyreth-
roids and the clinical manifestations. Severe cases of
occupational acute pyrethroid poisoning, with con-
vulsion and coma, had, however, previously been
reported in China. A risk ofacute poisoning therefore
exists for the spraymen who do not safely handle
pyrethroids, and the need for prevention of acute
pyrethroid poisoning should be emphasised to cotton
growers. The safety recommendations should
include adequate handling, personal protection,
education strategy, and implementation of regula-
tions.
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