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Abstract:  The studies concerning the effects of pesticides on the human body focused 
mainly on their local action or chronic poisoning of the organism. In this study we 
examine the pesticide penetration into the eyeball resulting from direct contact with the 
eye. We used an isotope-labelled carbamate pesticide - carbaryl. The determinations of 
the amount and concentration of this substance in the cornea, aqueous humour, vitreous 
humour and retina were performed using the method measuring ��UDGLDWLRQ�HPLWWHG�E\�

radioactive carbon. The results revealed measurable concentrations of labelled carbamate 
in the cornea and aqueous humour 10 and 30 min after application. The levels of this 
pesticide in the vitreous humour and retina were very low and difficult to analyse 
statistically. The described method appears to be useful in determining the range and 
rate of eye penetration by environmental toxins having direct contact with the eyeball. 
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INTRODUCTION 
 

The synthetic pesticides introduced as crop protection 
products in the 1940s significantly affected an increase in 
agricultural production. However, it took 20 years of their 
common use to notice the side effects of their action on 
the environment and human organisms [3]. The latest data 
from WHO indicate that one million accidental pesticide 
poisonings occur each year world-wide [6]. 

Many groups of pesticides are distinguished, including: 
insecticides, herbicides, fungicides and rodenticides. The 
active ingredients of these products are mainly organo-
phosphates, carbamates, chlorinated hydrocarbons, carbamide 
derivatives [6, 9]. 

Poisonings with pesticides are likely to occur through 
inhalation, food, skin or mucous membranes. The disorders 
may result from long-term exposure to toxins [1] or direct 
contact of tissues with these compounds [5]. Moreover, it 
should be remembered that pesticides may affect the 
visual system [2, 4]. However, the papers concerning this 
issue available in ophthalmologic literature are rare; only 

single cases of optic neuritis [10], optic injuries [8] and 
accomodative asthenopia [7] resulting from long-lasting 
exposure to pesticides have been described. Direct contact 
of eye tissues with pesticides is likely to cause eyeball 
irritation, conjunctiva or/and cornea burns [1, 5]. 

Since pesticides are in common use, many people, 
especially farmers are exposed to accidental eyeball 
injuries caused by these compounds. Therefore, the aim of 
the study was to determine whether pesticides, in addition 
to causing the above-mentioned local changes, may 
penetrate the eyeball. 

 
MATERIALS AND METHODS 

 
The compound studied was [14C]-carbaryl ([14C]-1-

naphthyl-N-methylcarbamate; 99.8%; 400 MBq/g) obtained 
from the Centre of Isotope Production and Distribution in 
�ZLHUN��3RODQG���7KH�SHVWLFLGH�ZDV�DGPLQLVWHUHG� WR�HDFK�

eyeball in the volume of 0.15 ml. Two concentrations of 
carbaryl were used: 40% and 2%. The 40% solution is a 
concentrate available on the market while the 2% solution 
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is used for spraying. In both concentrations, the 
radioactivity was adjusted with cold carbaryl to 75 kBq/ 
0.15 ml. The recovery was determined using the standard 
radioactive solution of [14C]-n-hexadent (51.4 kBq/g) 
purchased from the Institute of NuFOHDU�6WXGLHV�LQ��ZLHUN�

(Poland). 
The experiments were performed in 9 rabbits of both 

sexes weighing 2–2.5 kg fed with a standard laboratory 
mixture. Food and water were available ad libitum. The 
rabbits were divided into 2 groups. The first consisted of 
4 rabbits (8 eyeballs) who received 2% suspension of 
labelled carbaryl. In 2 rabbits of this group (4 eyeballs) 
the exposure time was 10 minutes, in the other two 
(4 eyeballs) – 30 minutes. The second group also consisted 
of 4 animals (8 eyeballs); the procedure was the same but 
the concentration of carbaryl was 40%. One rabbit (2 
eyeballs) served as control. The conjunctival sac was 
anaesthetised with 0.25% pantocaine and 0.15 ml of 
carbaryl was administered to both eyes of all 8 rabbits. 
After the exposure time (10 and 30 minutes), the 
conjunctival sac was washed thoroughly with 0.9% NaCl 
to remove the pesticide. The rabbits were subjected to 
euthanasia according to the standard procedure and the 
samples of the anterior chamber humour, cornea and 
vitreous humour with retina were collected. The tissue 
was placed in the balanced scintillating vessel and 
weighed with the accuracy of 0.1 mg; then 1ml of the 
macerating solution (NSC- II Tissue Solubilizer, 
Amersham) was added and the samples left for 24 h at 
room temperature. After that period the samples were 
placed in the shaker with water bath of 350 shakes/min at 
50ºC for 2 hours. Then they were cooled and 5 ml of 
scintillator added. The material was left in a dark place 
for 48 h and its radioactive activity measured using a ��

counter (LSC, Wallec model 1409). The measurement 
time for each sample was 5 minutes. The yield of the 
counter, of the samples used for background determinations 
and of those with the radioactive standard, was 
determined by performing 20 measurements in each case. 
The number of measurements for the eye tissue samples 
exposed to carbaryl was 5. The results were presented as 
the number of counts per minute per 100 mg tissue 
(CPM/100 mg). 

The eye tissue samples collected from the rabbit not 
exposed to carbaryl were used to determine the 
background levels. A series of measurements of samples 
containing the eye tissue with the added radioactive 
solution (n-hexadecan), scintillator and standard was 
performed to determine the quantitative impulse suppression 
caused by the tissues in the scintillating fluid. The 
detection values observed in the anterior chamber humour 
samples decreased by 18.28% while those in the samples 
containing the cornea and vitreous humour + retina were 
found to be decreased by 18.80% and 17.68%, respectively. 
The results were expressed as mean ± standard deviation 
and statistically analysed using the Student t-test at 
significance level of p < 0.05. 

 

RESULTS 
 

The rabbits exposed to local action of 2% carbaryl for 
10 minutes showed high penetration of this compound 
into the anterior chamber – 5869 CPM/100 mg tissue. 
After 30 minutes of exposure, this level significantly 
decreased to 509 CPM/100 mg tissue. Similarly, application 
of 40% suspension of carbaryl resulted in radioactivity 
level of 4431 CPM/100 mg tissue and 1157 CPM/100 mg 
tissue after 10 and 30 min of exposure, respectively. After 
administration of 2% carbaryl the radioactivity detected in 
cornea reached 12273 CPM/100 mg tissue after 10 min 
and 3111 CPM/100 mg tissue after 30 min of exposure. 
Application of 40% carbaryl produced corneal radioactivity 
level of 54360 CPM/100 mg tissue and 15064 CPM/100 mg 
tissue after exposure lasting 10 and 30 min, respectively. 

The values of carbaryl found in the vitreous humour, 
retina and vascular membranes were low and difficult to 
analyse statistically and thus were omitted. 

 
CONCLUSIONS 

 
The results of our study lead to the following conclusions: 
1. The measurements of recovery show low percentage 

of radiation suppression and indicate that the conditions 
of determinations were properly prepared. 

2. The background values calculated for the anterior 
chamber humour and the vitreous humour with retina 
were similarly small while these values for the cornea 
were 10-fold higher. 

3. In accordance with expectations, the highest 
accumulation level of the radioactive compound was 
found in the cornea; the lowest one - in the anterior 
chamber humour. 

4. The vitreous humour and retina penetration was 
small and almost unrelated to the concentration of locally 
applied carbaryl. 

5. In all the eye structures examined, especially in the 
aqueous humour, the radiation values were significantly 
lower after 30 minutes compared to those after 10 minutes, 
which indicates rapid pesticide elimination from the 
eyeball. 

6. The described method appears to be useful in 
determining the range and rate of eye penetration by 
environmental toxins having direct contact with the 
eyeball. 
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