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I Abstract 
The present study aimed to improve the gas chromatography- 
mass spectrometry (GC-MS) method, already developed in our 
laboratory, for trace analysis of diazinon in hair. Furthermore, it 
aimed to compare the disposition of the pesticide in the hair of 
two different animal species, one susceptible to diazinon toxicity 
and one resistant, under identical experimental conditions. 
Sprague Dawley rats were systemically exposed to two dose levels 
(6 mg/kg/day and 3 mg/kg/day) of the pesticide, through their 
drinking water, for a period of one and a half months. Hair samples 
from the back of the rats were removed before commencing the 
experiment and at the end of the dosing period. Diazinon was 
selectively isolated from pulverized hair, sample or spiked, by 
stepwise consequent extractions with methanol and ethyl acetate 
and quantified by GC-negative chemical ionization.MS. It was 
found that the concentration of diazinon in the hair of exposed 
animals was dose dependent and was found to be 0.24 + 0.01 
ng/mg (n = 5) and 0.53:1:0.05 ng/mg (n = 5) for the low and high 
dosage, respectively. The concentration in both dose groups was 
much higher than the corresponding rabbit hair (rabbits were 
exposed to the pesticide under similar experimental conditions) as 
previously reported. Our results strongly point to the possibility of 
using hair analysis for low-level exposure monitoring of diazinon. 

Introduction 

Diazinon is still a widely used organophosphate pesticide 
and one of the most popular ones in Crete. It is classified in tox- 
icity class II, moderately toxic (1). Diazinon is used to control 
cockroaches, silverfish, ants, and fleas in residential and non- 
food service buildings. It is also used on home gardens and 
farms to control a wide variety of suckling and leaf-eating in- 
sects. There is the potential of exposure to a large proportion 
of the population, the most prone to exposure being those 
working in the agriculture and chemical industry (2-5). 

Diazinon exerts its action by the phosphorylation of acetyl 
cholinesterase (resulting in inhibition of the enzyme), acetyl- 
choline accumulation, and altered cholinergic neurotrans- 
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mission (6). Although it is not a potent enzyme inhibitor itself, 
in animals, including humans, it is biotransformed by cy- 
tochrome P450 (7) to diazoxon, a very strong enzyme in- 
hibitor (8). The acute toxicity of diazinon is not very high, but 
chronic exposure to the compound (even at very low levels) 
may cause a series of adverse effects (9,10). Studies have in- 
dicated that it may be mutagenic, or cause developmental 
toxicity in various animal species (11). The enzyme paraox- 
onase I is thought to play a protective role against low levels 
chronic exposure to organophosphates, including diazinon, 
by hydrolyzing diazoxon (12,13). These findings indicate the 
necessity of an easy, non-invasive method of assessing chronic 
exposure to the pesticide. 

Segmental hair analysis has been successfully used to assess 
chronic exposure to various chemicals such as drugs of abuse 
(14), pharmaceuticals (15), heavy metals (16), etc. It has been 
shown that several environmental pollutants such as 
organochlorine pesticides and polychlorinated biphenyls can be 
detected in hair (17). A study has indicated that methomyl 
may also be detected in hair (18). There were two main goals 
of the present study. The first was to improve the gas chro- 
matography-mass spectrometry (GC-MS) analytical method 
already developed in this laboratory for the trace analysis of di- 
azinon in hair. The second was to compare the disposition of 
the pesticide in hair of two different animal species, one sus- 
ceptible to diazinon toxicity (19) and one resistant, under iden- 
tical experimental conditions. Sprague Dawley rats were used 
as the pesticide resistant animal model. 

Experimental 

Animals 
Three groups of Sprague Dawley rats were used for the 

experiment. Each group consisted of five rats. One was used as 
a control, and the others received two different doses of the 
pesticide in their water. The high-dose group received approx- 
imately 6 mg/kg/day and the low-dose group received 3 
mg/kg/day, contained in approximately 20 mL water, for a pe- 
riod of 45 days. The selected doses were at least 10 times less 
than the literature-reported LDs0. The animals were kept in a 
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12-h dark/light cycle and were fed with food pellets ad libitum. 
The experimental protocol was approved by the Veterinary 

Administration Office of Heraklion, Ministry of Agriculture 
and conformed to the National and E.U. directions for the care 
and treatment of laboratory animals. 

Sample collection 
Hair was removed from the back of the rats at the beginning 

of the dosing period and at the end of it, rinsed in water and 
methanol (to exclude external contamination), dried at 40~ 
for 30 rain (in order to remove the solvent residues), and 
stored in sealed plastic containers at room temperature until 
analysis. 

Reagents 
All solvents used were of high-performance liquid chro- 

matography (HPLC) grade and were supplied by Merck. The 
pesticides diazinon and fenthion were of analytical grade and 
a generous donation of Ciba Geigy Hellas S.A. (Anthousa, 
Greece) and Bayer Hellas (Akakion 54A, Polydroso, Attiki, 
Greece). 

Methods 

Diazinon extraction from hair 
Initially, 50 mg of hair was weighed out and pulverized in a 

ball mill homogenizer (Bioblock Scientific). The powder was 
transferred in a test-tube with 2 mL of methanol together with 
the internal standard (10 ng/mg final concentration fenthion) 
and was sonicated in an ultrasonic bath for 6 h. The samples 
were then centrifuged, and the supernatant was transferred to 
a clean test-tube through a sartorius filter. Methanol was evap- 
orated to dryness under a gentle nitrogen stream. The residue 
was resuspended in 2 mL of HPLC-grade water, liquid-liquid 
extraction followed, with 3 mL of ethyl acetate twice. The com- 
bined organic phases were transferred to a clean test-tube, 
evaporated to a final of volume of 50 pL, and analyzed by 
GC-MS. 

GC-negative chemical ionization (NCI)-MS analysis 
GC-NCI-MS analysis of hair extracts was performed on a 

Finnigan Matt GCQ ion trap system equipped with a DB-5 
MSITD (30 m x 0.25 mm x 0.25 pro) capillary column. Pure 
helium with a velocity of 20 crrgs was used as a carrier gas. One 
microliter of the solution was injected 
into the system in the splitless mode and 
was analyzed under the following condi- 
tions: the column temperature was ini- 
tially held at 110~ for 4 rain, raised to 
200~ at lO~ held for 3 min, and Concentration 
was finally raised to 300~ at 20~ (ng/mg) 
where it remained stable for 2 min. The 
injector temperature was 200~ The ].0 
transfer line temperature was set at o.6 
275~ The MS acquisition parameters 
were ion source 200~ electron impact 

(EI) ionization at 70 eV, and electron multiplier voltage of 
1200 V. The MS was operated at the selected-ion monitoring 
(SIM) mode and programmed for the detection ofm/z 169 for 
diazinon and 263 for fenthion. The total cycle time was ap- 
proximately 30 min. Methane was used as the ionizing gas. 
Under these conditions, diazinon eluted at time t = 16.12 + 
0.02 min, and fenthion, which was used as the internal stan- 
dard, eluted at time t = 18.57 + 0.04 min. 

Method Validation 
Extraction recovery. The recovery evaluation of the extrac- 

tion method was performed on spiked hair. It was experimen- 
tally determined at two concentration levels. The pesticide 
was added to 50 mg of blank hair to the final concentrations of 
0.60 and 1.00 ng/mg hair. In the first case, the pesticide and the 
internal standard were added at the beginning of the extraction 
procedure, whereas in the second, the hair was treated in an 
identical manner to the first, but the analytes were added in the 
last step. The ratio of the area of the analyte to that of the in- 
ternal standard was calculated for each concentration point of 
the two groups. Then the ratio given for the first group was di- 
vided by the corresponding one of the second group in order to 
determine the recovery ratio, which was then multiplied by 100 
in order to find the percentage recovery. 

Linearity. A 6-level calibration curve was prepared using 
hair samples spiked with known concentrations of diazinon and 
internal standard. The curve was linear between the concen- 
trations 0.0 and 1.0 ng/mg (Figure 1). 

Method stability evaluation. Sensitivity and reproducibility 
were evaluated in the SIM mode on spiked hair samples at two 
concentration levels, 0.6 ng/mg and I ng/mg hair. Within-day 
and between-day standard deviations are presented in Table I. 
Within-day variation was estimated by injecting the same 
sample four times during one working day. Between-day vari- 
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Figure 1. Diazinon calibration curve. 

Table I. Extraction and GC-NCI-MS Analysis Method Validation Parameters 

Recovery Quantitation Limit 
(%) (ng/mg) R 2 Coefficient 

Accuracy and Precision 
Mean Concentration 

(ng/mg) _+ SD* (conc.) n = 4 

Within-day Between-day 

73 0.1 0.9976 
65 0.1 0.9976 

1.0+_0.14 0.95+_0.12 
0.6 -+ 0.09 0.50 +_ 0.09 

* SD = standard deviation. 
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ation was estimated using the same sample during four con- 
secutive days. 

Results 

Each sample was measured in triplicate, and the concentra- 
tions reported are the mean values of three measurements + 
the standard deviation. Blank samples from the untreated an- 
imals were run to ensure lack of interference. 

The recovery of the target compounds with the employed 
method was 69.0 + 4.0%. The standard curve prepared for the 
sample quantification was linear between the concentrations 
0.00 to 1.00 ng/mg and approached an excellent fitting (R 2 = 
0.9976) (Figure 1). The limit of quantification (LOQ) was 0.1 
ng/mg 

A picture of the analytical results is presented in Figures 2 
and 3. Figure 2 exhibits the chromatogram obtained from the 
hair sample of low-dose animal 1 in NCI mode. Figure 3 ex- 
hibits the results from the analysis of the same hair sample in 
EI mode. 

The concentration of diazinon in the hair of the exposed 
rats ranged between 0.23 and 0.61 ng/mg hair. In the low- 
dose treatment group, the mean concentration measured was 

0.24 + 0.01 ng/mg hair, and in the high-dose treatment group, 
it was 0.53 + 0.05 ng/mg hair (Table II). 

Difference of pesticide concentrations between the high- 
and low-dose groups was estimated using an independent 
sample t-test (two-sided). The estimated difference was statis- 
tically significant [t --- -12.01, degrees of freedom (df) = 8, p < 
0.001]. One-sample t-test was also used to compare the con- 
centrations of low-dose exposure rats versus controls. Results 
showed that there is a statistically significant difference (t = 
66.68, df --- 4, p < 0.001). 

This verified that diazinon concentration in hair was dose re- 
lated. Consequently diazinon quantification in hair can be em- 
ployed for exposure assessment. 

Discussion 

Diazinon is a very effective and widely used pesticide. It ex- 
erts its pesticidal action mainly through the inhibition of the 
enzyme acetyl cholinesterase and is reported to induce inter- 
mediate syndrome in humans (6). There is strong indication 
that several other important enzymes such as fatty acid amide 
hydrolase, an enzyme regulating the activity of endogenous 
compounds involved in sleep induction and analgesia, is 
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Hg.re 2. GC-MS chromatogram of real hair sample coming from low-dose rat 2 in NCI mode. 
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affected by diazinon and other organophosphates (20). 
Chronic exposure to low levels of diazinon may result in a se- 

ries of other adverse effects such as reduced bone formation 
(21) or alterations in the immune system (22). These findings 
indicate the necessity of low level chronic diazinon exposure 
monitoring. Hair is a matrix that has been excessively studied 
for the assessment of chronic exposure to several substances 
(23,24). 

The main objectives of the present study were to develop a 
sensitive and selective method for the analysis of diazinon in 
hair and to compare the results obtained in this experiment to 
those obtained from a previous study in rabbits (19). This 
should give an indication of the effect of metabolic species dif- 
ferences on the concentration of the pesticide detected in hair. 
In both experiments white animals were used. 

No segmental analysis was performed because of the way hair 
grows in rats. When the rats were shaved, the hair did not 
grow back in the normal way. Long hair appeared that con- 
densed gradually. They were shaved again when the hair grew 
back to normal. 

At the end of the dosing period, which coincided with the 
time needed for the hair to fully grow back, hair was removed 
again and analyzed as described. 

GC-NCI-MS analysis in the SIM mode (Figure 2) proved to 
be much more sensitive than GC-EI-MS analysis in the SIM 
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mode (Figure 3). Both figures show the chromatograms ob- 
tained from hair sample of low-dose animal 1. The difference 

Table II. Diazinon Concentration in the Hair of the 
Exposed Rats 

Diazinon Concentration Group Mean ng/mg 
Sample ng/mg Hair Hair + SD* 

Control group 0 0 * 

Low dose rat 1 0.24 
Rat 2 0.25 
Rat 3 0.25 0.24 + 0.01' 
Rat 4 0.24 
Rat 5 0.23 

High dose 1 0.61 
Rat 2 0.53 
Rat 3 0.47 0.53 + 0.05 
Rat 4 0.50 
Rat 5 0.55 

* SD = standard deviation. 
t p < 0.001. p-Value estimated by comparing low dose rat group to control 

rat group, using an one sample t-test. 
p < 0.001. p-Value estimated by comparing low and high dose group rats using 
an independent sample t-test. 
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Figure 3, GC-MS chromatogram of real hair sample coming from low dose rat 2 in El mode. 
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probably arises because of the higher fractionation that occurs 
in the EI mode, and although it may not be so impressive, it is 
critical when quantification close to LOQ is required. The 
problem we faced here was that no libraries exist for this mode 
of analysis. This was overcome by running high concentrations 
(l~g/mL) of standard solutions in full scan. The masses obtained 
from each peak were used in the SIM mode. 

The concentrations detected in the hair of the treated ani- 
mals ranged from 0.23 to 0.25 ng/mg (mean value 0.24 ng/mg 
hair) for the low-dose group and 0.47 to 0.61 (mean value 0.53 
ng/mg hair) for the high-dose group. When those values were 
compared to those obtained in a similar study that used rabbits, 
it was evident that much higher concentrations of the pesticide 
were measured in the hair of the rats, although they received 
only one third of the rabbit dose. Rabbits received 15 and 8 
mg/kg body weight of the pesticide daily. The mean concen- 
tration for the low group in the study of rabbits was 0.17 ng/mg 
hair, whereas for the high dose group it was 0.23 ng/mg hair. 
Because white animals were used in both studies, this differ- 
ence may be attributed to the interspecies variation in the pes- 
ticide metabolizing enzymes. Rabbits are known to be more ef- 
fective than rats at biotransforming diazinon to diazoxon. As a 
result, rats are quite resistant to diazinon (LDs0 = 300 mg/kg 
body weight), while rabbits are more susceptible (LD50 = 130 
mg/kg body weight). 

In conclusion, our results strongly point to the possibility of 
using hair analysis for low-level exposure monitoring to di- 
azinon. Before extrapolating the results to other species and 
humans, factors such as metabolic differences and the effect 
that hair color may have on the concentration of the detected 
pesticide in hair need to be studied. 
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