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ABSTRACT .

. Pesticides present a special interest in our daily life either as pesis control or ax envirommental haz-
ards. The o:gmmplmypa’mtm are the most widely used pesticides in industry, agriculture and houses. This’
sty intends fo cmhm!e organophosphate poisoning among inscctivides cases of different localities pre-":
sented 1o Poison Unit at Emergency Hospital, Mansoura University during the period from July 2003 1o/
January 2005 (18 manths period). A total number of 614 inhabitant blood samples were collected consec-
wiively from patients (447 adults and 167 childréi) clinicaily diagnosed pesticides poisoning drid ri:r&-
Iyzed for plasma cholinesterase level (PChE) and red blood cells acetyl cholinesterdase activity (AChE). -

The pesticides were identified nsing thin - layer chromatography ( TLC) and gas chroniatograpliy-mass
spectrometry (GC-MS). A significant 361 cases of parathion poisoning consiituting about 58.79% of the
total distributed as 310 adulf cases (85.87%) and 51 children cases (14.13%). The mode of poisoning was
accidentally by infialation and skin contact {ro. 217 (60%)] and intentional intake [no. 144 (40%)]. The
averall mean level of plasma cholinesterase level (PChE) for the rotal significant cases were categorized
as severe poisoning (185.617 + 61.945), moderate poisoning (714.773 + 104.314) and mild poisoning'
(1497.9 £ 52 ) The mean levels of red blood cells aeetyl cliolinesterase activity (AChE) were categorized
as mild degme pmsonmg (8628 + 0 5 135); rioderate degree | po:somng (0.225 + O 853) ‘arid severe degree
poisoning ( 3.898 + 0.598). The level of ACKE éorresponded with the clinical prcrme of the patiénts more
thai PChE. So, the rotal significant cases were categot ized according to AChE activity into inild degiee

poisaaﬁ:lg (23.55%), moderate degree poisoning (54.02%) and severe degree poisoning (22.43%).

INTRODUCTION. . . ... sived aclivity is the killing of unwanted

L ;= living organisms, in a more or less specific

 Pesticides are a group of substances  manner. There are a number of possible.
with heterogeneous toxicity whose de- - ways in which humans can be exposed to
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pesticides, thus the toxic effects of pes-
ticides may have consequences for con-
sumers of food as well as farmers and oth-
er applicators. Moreover, pesticides used
domestically as household insecticides
may be important sources of exposure
of the general public. Further more,
pesticides may enter the water supply. It
should also be remembered that the more
acutely toxic pesticides have been used for
suicide and murder (Marrs and Dewhurst,
2000).

The World Health Organization esti-
mates that approximately 3 million pesti-

cide poisonings occur annually world-

wide and cause more than 220.000

deaths (Karalliedde, 1999). 95% of fatal
pesticide. poisonings occur in develop-
ing countries. Serious cases of pesticide.

poisoning are more likely to occur in

adults than in children (Schonwald et al,,

2001).

Pesticide exposures have acute, chronic
and long-term health effects. Besides the

classical
cholinesterase inhibition caused illness,

other health concerns: include dermatitis, -

pulmonary injury, carcinogenesis, renal
disease, liver disease, reproductive toxici-
ty, neurologic and neurobehavioral toxici-
ty. The pesticides most frequently impli-
cated in acute field exposures have been
the organophosphates and carbamates.
These pesticides exert their primary and

Mansoura J. Forensic Med, Clin. Toxicol.
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acute toxic effect by inhibiting acetylcholi-
neslerase (John et al., 2001). A 60% inhibi-
tion in cholinesterase activity can produce
relativity mild nonspecific symptoms,
such as vertigo, nausea, anxiety, vomiting,
diarrhea, asthma like tightness of the

- chest, increased sweating, increased sali-

vation, wheezing and shortness of breath,
increased lacrimation, constriction of the
pupils, and malaise (Padilla, 1995).

Greater inhibition of cholinesterase
activity may produce pulmonary ede-
ma, unconsciousness, respiratory failure,
and even death (Khan and Ali, 1993}.
The benefit of early otc_al_aifyngoldgical
consultation  for  the prevéhtior{ _émd '-
trealment of a_ii'way dbstruct__io'n_' in pa-
tients with suspéct_ed ofganophos'phate
poisoning was shown by' Th'o'mpson: and
Stocks, (1997). Effects on lhé_ g'asti"om'testi-
nal system and 'bradycar_dia” have-_ also
been associated with poisoning by: _pesti~
cides that inhibit cholinesterase activity
(Graceetal,2000). = . .

Two groups of anticholinesterases, the
organophosphates (OPs) and the carba-
mates; are widely used as agricultural in-
secticides ~and  veterinary = medicines
(Marrs, 1996). Vertebrates have two differ-
ent enzymes that hydrolyze acétylcholine
(ACh); the acetylcholinesterase (AChE) in
the RBCs and the nervous tissue. The oth-
er cholinesterase is present in plasma and

is called butyrylcholinesterase (BChE) or
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pseudocholinesterase {plasia . cholineste-
rase). Inhibition of the activity of erythro-
cyte ACOE is reasonably well correlated
with the severity of poisoning. BChE
(plasma cholinesterase) is the most sensi-
live to inhibitors (lotti; 1995). So that plas-
ma cholinesterase inhibition can be taken
only as a marker of exposure. {Mason et
al., 1993).

Organophosphate compounds can be
classified as direct and indirect AChE in-
hibitors. Direct inhibitors are effective
without further metabolic modification,
whereas indirect inhibitors undergo bio-
transformation in the body to be effective.
The insecticide dictilorves is a direct inhib-
itor and parathion is an indirect inhibitor
of the AChE (Jeyarainamn and Maroni,
1994). These indirect inhibitors organoph-
osphates may present with delayed clini-
cal toxicity.. .- - -

Organophosphate insecticides are es-

ters, amides, or thiol derivatives of.phos-.

phoric, phosphonic, phosphorothioic, or
- phosphonothioic acids (Bey et al., 2001}, .

- Aim of the work

The aim gf the present work is o evalu-

ate organophosphate poisoning among in-

secticides cages presented io Poison Unit
at Emergency Hospital, Mansoura Univer-
sity during the period from July 2003 to
January 2005, '

Mansours J. Forensic Med, Clin. Toxicol.
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MATERIAL AND METHODS

A total number of 614 patients {447
adults and 167 children) were presented
with insccticides poisoning admitted to
poison unit at Emergency Hospital, Man-
soura University: over 18 months period
(July 2003 to January 2005)... . v

_Diagn@sis- of acute. o'rganophosp.hal'e
poisoning by complete history, evidence
of exposure o orgamopllospi‘tate,‘signs or
sympioms of cholinergic excess and im-
provement with atropine plus toxogonine
therapy.

Diagnosis.- of suspecled - organophos-
phale poisoning was confirmed by labora-
tory investigations; pseudocholinesterase .
level (PChE) which was ahalyZed by spec-.
irophotometry according to Ellman et al.,
(1961)- and acetyl- cholinesterase (AChE}
aclivity according to Crane et al., (1970}.. .

Thin layer chromatography and gas
chromatography - mass speciroscopy
(GC.MS) were done for. detection of orgaa_
nophosphate insecticides‘la'f't'er: blioo'd sam;

. ples extraction.

| Extmctidﬁ of i)lobd .sm_np.lés.:_ o _
- The pH of 10 ml of sample is adjusted

Vol XIV No.1, Jen. 2006
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to about 7 by sodium bicarbonate.

- The sample is extracted with 5 ral of
methyl tertiary ether for 5 minutes us-
ing a rotary mixer.

- Allow to stand for 5 minutes, then the
upper ether layer is taken off and re-
extracted with a 5 ml of cther.

- The two extracts are combined, fil-
tered into a clean tube and evaporated
to dryness under a stream of air, 1pl
of the extract was injected into GC-MS

(Hewlett Packard 6890 series) of NP

(nitrogen-phospliorous) detector and
examined in pesticides library. -

GC/MS conditions:

Column Hp! (ultra-1) Ion source tem-
perature 2000C, Ionization voltage 70 ev,
Initial oven temperature 70°C, Final oven
ternperature 250°C, Injection port temper-
ature 2500C, Initial time 3.00 min, Final
time 3.00 min, Equilibration time 0.50 min,
Rate 80C/min, Carrier gas Helium, Flow
rate 13.5 ml/min.

phy (Moffat, 1986);

The' residue of the extracts was  dis-
solved in 0.5 ml ethanol. The"dissolved
residues were spotted on precoated silica
gel'plates (20 x 20 cm) with standard par-
athion solution (1000 ppm) and developed
in TLC glass tank. The mobile phase was
hexane : acetone : chloroforim (70 : 25 : 5).
The plates were sprayed with palladium
chloride reagent (Stevens, 1986) and then

Mansoura |. Forénsic Med. Clin. Toxicol.
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photographed using a digital camera.

. Statistical analysis:-

Mean + SD was used to describe quanti-
tative data. These tests were run on an "
IBM compatible personal computer using -
the Statistical Package for Social Scienlists - -
(SPSS) for windows 13 (5PSS Inc.,, Chica-
go, IL, USA). : R

RESULTS -

614 patients (447 adults and 167 chil- -
dren) presented to Emergency: hospital,
Mansoura Universiiy with signs of insecti-
cide poisoning . (salivation, ~diaphoresis, -
vomiting, diarrhea, miosis; weakness and
agitation). Those patients received both at-
tention-and complete treatment.- -~ 7 ¢

Thin layer chromatography examina- "
tion revealed 361 (58.79%) positive organ-.~
ophosphorous cases; Fig. (1-a) shows a .

. photographic picture of a TLC plate’ of

positive. organophosphosphorus- - cases.
Yellow spots of the standard and the sam- .
ples were observed at lhe same Ry value
(0.81). : ‘ -

Fig. (1-b) shows a photographic picture
of a TLC plate of negative organophos-

~ phorous cases. Examination by GC-MS in- -
- dicates that there were significant 361 cas-

es of parathion toxicity (diethyl 4-nitro -
phenyl phosphoro-thioate) of molecular
weight 291 and chemical = formula

Vel XIV- No. 1, [au. 2006
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CigH14NO5PS), fig. (7). These toxic cases
constituting about (58.79 %) of the tolal,
distributed as 310 {85.87%}) adults and 51
(14.13%) children. The rode of poisoning
was accidentally in 217 cases (60%) by in-
halation and skin contact and suicidal in
144 cases (40%), table (1). The poisoning
cases of children were of mild poisoning.
The degrees of poisoning for adulis ac-
cording to plasma cholinesierase level
were severe poisoning in 201 cases with
plasma cholinesterase level (<500 U /L),
moderate poisoning in 76 cases with plas-
ma cholinesterase level (500 -~ 1000 U/L),

mild poisening was found in 33 cases with

plasma cholinesterase level (1000 - 1500
U/L), Table (2). Also ihe degree of poison-
ing for children were mild poisoning in all
“cases (51) with plasma cholinesterase ac-
tivity (1000 - 1500 U/ L), Table (2). Also the
"degree of poisoning for children were
“mild poisoning in all cases (51) with plas-
ma- cholinesterase activity (1000-1500 U/
L), table {3). The overall mean levels of
cholinesterase enzyme [or the total signifi-
cant cases were categorized as severe pol-
soning (185.617 & 61.945 U /L)y, moderate

poisoning (714.775 4+ 104.314U/1L). am@

mild poisoning {14979 + 52 U/L), Table
(4).- Table (5) and Fig. (3) show frequency
for each degree of poisoning in children
and adult patien%:s..accdrding to plasma
cholinesterase level.- ‘

--l“Té‘bl@ (6):7 shows Mean values 4 std. de-

" viation of red blood cell acetyl cholineste-

Mansoura j. Forcusic Med. Clin, Toxicel.
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rase {AChE) aclivity which ranged from
minimum 2,30 to maximum 2.80 p moles/
miin/m) red cells. The total significant cas-
es were divided according to these levels.
into mild degree inhibition [n. 85 (23.55%)]

-of which 51 children cases {14.13%) and 34
‘adult cases (9.42%) with mean acetyl choli-.

nesterase level 8.628 ¢ 0.515, moderate de-,

- gree inhibition [n.195 (54.02%)] with mean.

acetyl cholinesterase level. 6.225 + 0.853,
and severe poisoning cases [n.81 (22.43%)] "
with mean acetyl cholinesterase level 3.898
+ 0.598. * -

Table (7) and fig. (4). show f{requency
for each  degree of poisoning .in the
total - significant cases according to red
celi cholinesterase activity. The. greatest
percentage  (54.02%) was -of- moderate .
degree inhibition all' of adult cases; then
23.55%.. of mild - degree inhibition
(14.13% children cases and 9.42% adult
cases) and the least percentage (22.43%)
was of severe degree inhibition (all of
adult cases).

Table (8). shows dégree of poisor-l.ing in

 the total significant cases according to clin-
. ical picture, time of response to treatment.

and number of atropine and.toxogonine
ampoules. - . ' ‘ '

. DISCUSSION.
i Hundreds - of ﬁx'ganopﬁo.sphdt.é; -cﬁm_-
pounds are currently available to use as,
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insecticides (Bardin et al,, 1994). They
are irreversible cholinesterase inhibitors,
causing accumulationn of acetylcholine
at synapses and overstimulation of nic-
otinic and muscarinic receptors (Morten-
sen, 1986). The mode of exposure to or-
ganophosphorus  insecticides  varies,
including dermal, gastrointestinal, inhala-
tional and intravenocus routes (Guven et
al., 1997). Poisoning occur as a result of ag-
ricultural use, accidental exposure, suicide
and rarely, homicide. (Midtling et al,

1985).

The mortality rate of organophosphate
poisoning is high due to a-delay in diagno-
sis- or an improper management (Murat
‘and Muhammed,; 2001). The Environmen-
tal protection Agency (1992), reported that
over 80% of all hospitalization from pesti-
cide poisoning was due to erganophos-
phate insecticides.

* In this study, the cases of organophos-
phate poisoning among cases presented to
Poison Unit at Emergency Hospital, Man-
soura’ University during the period (July
2003.to January -2005) represented 361 cas-
es (58.79%) as ‘revealed by thin- layer
chromatography and GC/MS (Fig. l-a)
and fig. (2), of which 310 adults-cases
(85.87%) and 51 children cases (14.13%).
These finding are nearly similar to Jeyarat-
nam et al., (1982); Karalliede and Senanay-
ake, (1988) and Gooriasekera et al., (1999)
who revealed that organophosphates ac-

Mansozira J. Forensic Med. Clin. Toxicol,
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count for 50% of all cases of acute poison- .
ings.

Fig. (2) shows that all these cases are
of parathion insecticide by G.C/MS. anal--
ysis. This coincides with Bey et al., 2001:
who recognized that parathion is one of:
the most widely used organophosphate. .
insecticide owing to its insecticidal activity
and physiochemical profile. In contradic--
tion, Grace et al,, 2000 revealed that the
most often used organophosphate insecti- -
cide were malathion and dimethoate in
Kenya.

- The most frequent signs of these cases

.are miosis, vomiting, abdominal pain, res-

piratory distress and muscle fasciculation;
which: coincides with- Murat- and Mu=-
hammed, 2001 findings. = - :

Regarding to- the degree of poisoning:
acoording to pseudo cholinesterase level

. (PChE) in adults. There-are 201. cases:

(45%) of severe poisoning degree with-
plasma cholinesterase level <500 (U/L) 76
cases (17%) of moderate poisoning with-
plasma cholinesterase level 500~ 1000 (U/
L) and 33 (7.4%) mild poisoning cases:
with plasma cholinesterase level 1000~
1500 (U/L). The children poisoning cases
[n. 51 (30.5%)] were of mild degree. This
may be due to the low exposure incidence,*
time and early hospital arrival. The overall
mean levels of cholinesterase enzyme for
the total significant cases were categorized

Vol XIV- No. 1, [ait. 2006
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as severe degree poisoming’ (185617 &
61.945 Vi/L) [n.201 (32.7%}, moderate de-
gree poisoning (714.773 + 104.314 U/L)
[.76 {12.4%}} and mild degree poisoning
(1457.9 + 52.00 U/L) [n.84 (13.7%)].

Our study revealed that the degree of
poisoning in children was of mild degree
[n.51.(30.5%)] but in adults cases, the ma-
jority lie in severe poisoning degree [201
cases (45%)].

These findings don't correlate with the
severity of the clinical pichure of the pa-
tients. This coincides with Olga et al.,
(1999) who reported that PChE is not spe-
cific-as AChE activity because it may be

. depressed owing to genetic deficiency or

medical illness.

As regards to red cell AChE activity,
the total significant cases were categorized
into mild degree poisoning (23.55%), mod-

‘erate’ depree poisoning (54.02%) and se-
vere degree poisoning (22.43%). All chil-
dren cases were of mild degree inhibition
{14.13%). This was attributed to the low
exposure tirhe and incidence. The majority
of adult cases were of moderate degree in-
hibition (34.02).These findings correlate
with the severity of the clinical picture of
patients as regard duration and response
to treatment. These coincide with the re-
sults of Grace et al., (2000} who revealed
that there was relation between AChE ac-
tivity and clinical picture of subjects ex-

Mansoura ] Forensic Med. Clin, Toxicol,
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- posed to insecticides especially eye, respir-

atory and ceniral nervous systerm symp-
toms.

The severity and number of poisoning
cases among adulis are more than chil-

- “dren. This is attributed to occupational ex-

posure, the widespread use of organoph-
osphates in spraying and the lack of
protective measures.

In conclusion, results of our study re-
vealed the presence of a relation between
ACKE activity and the degree of poisoning
clinically, the widely used insecticides in
Dakhlia are the organophosphorus insecti-
cides specifically parathion - insecticide,
and the prevalence of insecticides intoxica-
tion in adults which is explained by occu-
pational exposure, lack of knowledge, un-

safe attitudes, faulty sprayers, lack of

protective equipments, and non existent

first-aid provisions.

The lack of inforination at all levels may
be one of the most important causative
factors of insecticides intoxications.So, de-
velopment efforts are critically needed in
behaviors correction on dealing with in-
secticides, in safety devices, availability of
free first aid measures, and in assessment
of workers in the insecticides field by mul-
tiple monitoring of them by cholinesterase
levels (pre exposure and post exposure)
and removal of the worker from the work
and not return until the enzyme level re-
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turn to 80% of baseline. Insecticides must
be kept out of the reach and sight of chil-
dren and never be stored in food or bever-
age containers.

‘On the other hand, we must pay atten-

Mansoitra J. Forensic Med. Clin. Toxicol,
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tion to the magnititude of suicide problem
by pesticides use. There must be a limita-
tion in easy. access of pesticides purchase
to anyone. Psychiatric assessment and fol-
low up of these patients are of worthy val-
ue in reducing this problem.

 Vol.XIV, No.1, Jan. 2006
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Table (1): Distribution of cases of acute orgavophosphate poisoning
prescated te Emergency Hospital, Mansoura University

secording to circumstances of poisoning.

Accxdental

'l‘:ub!;g: (2): Degree of poisouing in saa}is.i}gs secording to plasus e&th@!iﬂg&tef@ée )
level (UIL).

R L R T R i e f-:

MlldPotsonmg ] _ Modemic H”@gwmm

Cho!:nesterasc_ . C!miimst_emg@

1e§c| o | | eemeny
1000-1500 y i 500«1000

Ta:b!e(.?:) Degrce of Poasonmg in’ chams’m %coﬂimg m pIasma_.'

cholmestcmse level (UIM

z}vﬂ@_wmwm%.&

| Mlld”_msomng

Choliniesterase level (U/L)

1000-1500
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Table (4): Overall mean vaiuéé + S'taxixdiard.Deviafﬁon (SD) of plasma

Cholinesterase level (U/L) in the total significant cases. . .

d pozsemm -

0 erate Pmsomng

Mean+ S.D

_ Mean:I:SD

14979+52

714773 £ 104314,

Tablc (5) Frequency for each degrce of pmsomng in chnldrcn and adu!t

patlents accordmg to plasma cholmcsterase Ievei (UIL)

Degreeofpo;somng e

Negative -

: Mlld_- - |- Moderate

Severe }-- - o

116.0

51.0 0.0

0.0

69.5

305 | 00

0.0

137.0

B0 | 760

2010

30.6

17.0

'450"

253.0

76.0

2010
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Table (6) Statistical ddta of red blood cell acetyl cholinesterase (AChE) actnvnty in

thc total sngmﬁcant mses (n 361)

Mild | 3628 | 0515 | 800 | 980
Moderme T g T o s 790 -
Severe . | : 598 | 230 o0 |
Total | . : 230 980

*Normal red blood cell cholinesterase activity 10.20 b moles/min./ml. red cells.

Tablé (N Frequency for cach degrec of pmsonmg m the tota! srgmﬁcant cases.

rlccmrdmg to red blood cell acetyl cho%mester'tse (AChE) activity. -

Degr of poisoning - .

Modcrate Schrc_ _ Total
0.0 o0 | 5L

0.0 0.0
195 . (. 81
54.02 22.43
195 81

54.02

* §l Children
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Table (8): Dégrcc of poisoring in the total significant cases according to
clinical picture, time of response to treatment and number of
“atropine and toxogonine ampoules. |

* Moderate

= Abdominal colic | - Abdominal colic - Abdominal colic
Salivation - ‘;&alivalion_ - Salivation, Sweating

- Miosis : - Nosis: . - Miosis

o - Cnest cr'épit'ati'dns - Chestscr'epita'libns

- Bradycardia

- Arrhythmias

- Puimonary oedema

Times of response L _ _ R R -
i 2 hours ~ 5 hours ' o [0 hours’
fo treatment

.. Number of
| atropine ampoules

given to patients

Number of

toxogonine

ampoules

Mansotira |. Forensic Med. Clin. Toxicol. 7 S Vol. XIV No. 1, [an. 2006
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Fig. (1-a) shows a photographic picture of a TLC plate of positive organo-
phosphorus poisoning cascs.

B b w8 & 9,::;3 g @ \,ﬁ b o S
X oo gty v 08 b U LRt

Fig. (1-b) shows a photographic picture ol a TLC plate ol negative organ-
: ophosphorus poisoning cases. '

Mansoura J. Forensic Med. Clin. Toxicol.
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Fig. (2) : Spectra and structure of parathion.
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#ADULY
@ CHILDREN

707 /0

60—

50— ::._. : A
o 69.
401

ADULT

30.
20~

Frequency (%)

10

ﬂ CHILDREN

0 ..I |

T 1
NEGATIVE MILD MODERATE  SEVERE

Fig. (3) : Frequency for each degree of poisoning in children and aduit
patients according to plasma cholinesterase level (U/L).
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s ADULT
# CHILDREN

601

50

40-

30

20+

Frequency (o)

10

Mid - - Mcderate Severe

Fig. (4) : Frequency for each degree of poisoning in the total significant
cases according to red blood cell acetyl cholinesterase (AChE)
activity.
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