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	 Lead	poisoning	occurs	when	lead	builds	up	in	the	body,	regularly	over	a	period	of	months	or
years.	 Insignificant	 amounts	 of	 lead	 can	 cause	 serious	 health	 complications.	 The	 main
objective	of	 this	study	 is	 to	determine	the	effect	of	gases	rising	 from	electric	generators	and
the	lead‐induced	oxidative	stress	and	adversarial	health	properties	by	biochemical	markers	in
Iraqi	workers	employed	on	the	operation	of	diesel	generators	mainly	increased	lead	poisoning
symptoms.	Serum	lead,	advanced	oxidation	protein	products	(AOPP),	total	antioxidant	activity
(TAA),	 malondialdehyde	 (MDA),	 and	 other	 biochemical	 parameters	 were	 analysed	 in	 fifty
workers	 in	a	 large	private	electrical	generator.	The	results	of	the	study	showed	a	significant
elevation	 in	 lead,	 AOPP	 and	MDA	 activities	 in	 Iraqi	workers	 employed	 on	 the	 operation	 of
diesel	generators	in	association	to	healthy	control	samples.	The	results	showed	that	elevated
serum	lead	has	a	significant	correlation	with	oxidative	stress,	and	biochemical	markers	that
may	be	help	to	detect	impairment	in	the	body	function	in	lead	exposed	workers.	
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1.	Introduction	
	

Diesel	 generators,	 which	 are	 second	 hand	 in	 the	 living	
lodgings	when	electricity	 is	 cut	off.	Generators	provide	nearly	
all	 of	 the	 power	 for	 electric	 power	 grids.	 The	 reverse	
conversion	of	electrical	energy	into	mechanical	energy	is	done	
by	 an	 electric	 motor,	 and	 motors	 and	 generators	 have	 many	
similarities.	 Many	 motors	 can	 be	 mechanically	 driven	 to	
generate	electricity	and	 frequently	make	acceptable	generator	
[1].	

To	protect	the	cells	and	organ	systems	of	the	body	against	
reactive	 oxygen	 species,	 humans	 have	 evolved	 a	 highly	
sophisticated	and	complex	antioxidant	protection	system	[2].	

In	 general,	 an	 antioxidant	 in	 the	 body	may	work	 at	 three	
different	 levels:	 (a)	 prevention‐keeping	 formation	 of	 reactive	
species	 to	 a	 minimum	 e.g.	 desferrioxamine	 (b)	 interception‐
scavenging	 reactive	 species	 either	by	using	 catalytic	 and	non‐
catalytic	 molecules	 e.g.	 ascorbic	 acid,	 α‐tocopherol	 and	 (c)	
repair	repairing	damaged	target	molecules	e.g.	glutathione	[3].	

The	 advanced	 oxidation	 protein	 products	 (AOPPs)	 are	
proteins,	 predominantly	 albumin	 and	 its	 cumulative	 damaged	
by	oxidative	 stress	 [4].	The	AOPPs	are	one	of	 the	biochemical	
parameters	 indicative	 of	 oxidation	 stress.	 Its	 concentration	
closely	 correlates	 with	 the	 level	 of	 dityrosine,	 a	 hallmark	 of	

oxidized	protein.	Therefore,	AOPP	have	been	considered	as	the	
markers	 of	 oxidant‐mediated	 protein	 injury	 [5].	 Malondi‐
aldehyde,	 in	 fact,	 is	 not	 only	 an	 end‐product	 of	 lipid	
peroxidation,	 but	 also	 the	 oxidative	 product	 of	 amino	 acids,	
carbohydrates,	 and	 DNA.	 Both	 radiation‐	 and	 iron‐induced	
oxidative	 damage	 can	 make	 MDA	 to	 be	 produced	 from	 free	
amino	 acids.	Oxidant‐induced	DNA	 strand	 breakage	 is	 accom‐
panied	 by	 release	 of	 thiobarbituric	 acid	 reactive	 compounds,	
including	MDA	[6].	Total	antioxidant	activity	(TAA)	consists	of	
all	antioxidants	present	in	body	fluids	[7].	The	total	antioxidant	
activity	 is	 the	 measure	 of	 the	 moles	 of	 a	 given	 free	 radical	
scavenged	 by	 a	 test	 solution.	 Although	 the	 terms	 ‘antioxidant	
capacity’	and	 ‘antioxidant	activity’	are	often	used	 interchange‐
ably,	 their	 actual	 meanings	 are	 quite	 distinct	 [8].	 Classically,	
"lead	 poisoning"	 or	 "lead	 intoxication"	 has	 been	 defined	 as	
exposure	to	high	levels	of	lead	typically	associated	with	severe	
health	effects	[9].	Poisoning	is	a	pattern	of	symptoms	that	occur	
with	toxic	effects	from	mid	to	high	levels	of	exposure;	toxicity	is	
a	wider	 spectrum	 of	 effects,	 including	 subclinical	 ones	 (those	
that	do	not	cause	symptoms)	[9].		

However,	 professionals	 often	 use	 "lead	 poisoning"	 and	
"lead	 toxicity"	 interchangeably,	 and	 official	 sources	 do	 not	
always	 restrict	 the	 use	 of	 "lead	 poisoning"	 to	 refer	 only	 to	
symptomatic	effects	of	lead	[9].		
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Table	1.	The	biochemical	parameters	in	fifty	large	private	electrical	generators	workers	(Group	A)	and	40	normal	men	(Group	B).	
Characteristic	 Group	A	(n	=	50)	 Group	B	(n	=	40)	 p	value	
S.	Lead	(µg/dL)	 15.75±0.90 3.39±0.05 <0.001	
R.S.G.	(mmol/L)	 4.33±0.85 4.52±0.52 >0.05	
S.	Protein	(g/dL)	 7.00±1.09 7.85±0.92 <0.05	
MDA	(nmol/mL) 3.06±0.39 1.46±0.23 <0.05	
S.	TAA	(mmol/L) 0.93±0.19	 1.83±0.40	 <0.001	
AOPP	(ng/dL)	 108.11±38.21	 60.23±19.09	 <0.001	
Vitamin	C	(mg/dL)	 1.48±0.17 2.21±0.28 <0.01	
GSH	(mg/dL)	 34.22±6.14	 62.815±9.33	 <0.001	
		
	
Table	2.	Correlation	between	serum	lead	with	MDA,	TAA,	AOPP,	Vitamin	C	and	GSH	in	Group	A	(Large	private	electrical	generators	workers).		
Characteristic	 Serum	lead	(µg/dL)

Pearson	correlation	 Significant	(2‐tailed)	
R.S.G.	(mmol/L)	 0.08	 NS
S.	Protein	(g/dL)	 0.04	 NS
MDA	(nmol/mL)	 0.77	 0.01	
S.	TAA	(mmol/L)	 ‐0.82	 0.01
AOPP	(ng/dL)	 0.83	 0.01	
Vitamin	C	(mg/dL)	 ‐0.72	 0.01	
GSH	(mg/dL)	 0.80	 0.01	
	

	
The	 aim	 of	 the	 present	 study	 is	 to	 evaluate	 the	 effect	 of	

gases	 rising	 from	 electric	 generators	 on	 Iraqi	 workers	
employed	 on	 the	 operation	 of	 diesel	 generators	 particularly	
increased	 lead	poisoning	 symptoms	 such	 as	muscle	weakness	
irritability,	 headaches,	 fatigue,	 difficulty	 sleeping,	 difficulty	
concentrating,	 stomach	 pain,	 constipation,	 vomiting,	 nausea,	
anemia,	unusual	paleness,	kidney	function	disorder,	and	loss	of	
appetite	on	some	biochemical	parameters.	
	
2.	Experimental	
	

Blood	 samples	 were	 collected	 from	 50	 Iraqi	 workers	
employed	 on	 the	 operation	 of	 diesel	 generators	 (35.47±5.29	
years)	comparing	with	40	male	healthy	34.80±4.28	years.	The	
medical	 history	 was	 taken,	 none	 of	 these	 patients	 received	
antioxidant	medicines	or	 foods.	The	blood	was	allowed	to	clot	
for	10‐15	min.	at	room	temperature,	centrifuged	for	10	min	at	
3000	rpm.	Serum	was	removed	and	was	divided	into	two	parts	
the	first	to	measure	the	biochemical	parameters	and	the	other	
part	was	stored	at ‐18	C	until	 the	 time	of	AOPP	assay.	Serum	
total	 protein	 was	 determined	 by	 Lowry	 et.	 al.	 method	 [10]	
using	bovine	serum	albumin	(BSA)	as	a	standard	protein.	Total	
antioxidant	 activity	 (TAA)	 in	 serum	 samples	 was	 carried	 out	
according	 to	 Rice‐Evans	 and	 Miller	 [11].	 Plasma	 malondi‐
aldehyde	 (MDA)	 was	 determined	 according	 to	 the	 modified	
method	 of	 Satoh	 [12].	 Ascorbic	 acid	 levels	were	 estimated	 by	
the	method	of	Tietz	 [13].	Glutathione	(GSH)	was	estimated	by	
the	 method	 of	 Beutler’s	 method	 [14].	 Serum	 glucose	 was	
measured	 by	using	Randox	kit.	 Serum	Lead	was	measured	by	
atomic	 absorption	 spectrometry.	 The	 serum	 AOPP	 was	
measured	 by	 Enzyme	 Linked	 Immunosorbent	 Assay	 (ELISA)	
(Cusabio	Biotech	Com.)	

All	 statistical	 analysis	 in	 the	 study	 was	 performed	 using	
SPSS	 version	 19.0	 for	Windows	 (Statistical	 Package	 for	 Social	
Science,	 Inc.,	 Chicago,	 IL,	 USA).	 Descriptive	 analysis	 was	
showed	 the	 mean	 and	 standard	 deviation	 of	 variables.	 The	
significance	of	differences	between	mean	values	was	evaluated	
by	 Student	 t‐test.	 The	 probability	 p	 <	 0.05	 was	 considered	
statistically	 significant,	 while	 p	 >	 0.05	was	 referred	 to	 statis‐
tically	 insignificant.	 Correlation	 analysis	 was	 used	 to	 test	 the	
linear	 relationship	between	 the	 factors.	ANOVA	 test	was	used	
to	 confirmation	 the	differences	between	variables	 of	 different	
groups.	
	
3.	Results	and	discussion		
	

The	 results	were	observed	as	 follows	of	 fifty	 large	private	
electrical	 generators	 workers	 (Group	 A),	 forty	 normal	 men	
(Group	B)	were	serve	as	control	group	shown	in	Table	1.	

There	were	significant	positive	correlations	between	serum	
lead	 with	 MDA,	 TAA,	 AOPP,	 and	 negative	 significant	 with	
vitamin	C,	GSH	 in	Group	A	 (large	private	 electrical	generators	
workers)	as	shown	 in	Table	2.	As	our	knowledge	no	previous	
study	referred	to	these	correlations.		

The	 present	 study	 showed	 that	 lead	 is	 a	 persistent	 toxic	
metal	 and	 associated	 with	 impairment	 of	 various	 body	
functions	 in	 workers	 employed	 on	 the	 operation	 of	 diesel	
generators.	Oxidative	 stress	has	been	 reported	such	 as	one	of	
the	 significant	mechanism	 of	 toxic	 effect	 of	 lead	 [15,16].	 It	 is	
suggested	 that	 the	 alterations	 in	 glutathione	 as	 well	 as	
antioxidant	 enzyme	activities	 implicate	 oxidative	 stress	 in	 the	
toxicity	of	lead.	Acute	and	chronic	loud	noise	contact	generates	
extreme	free	radicals	and	reason	disorders	 that	 involve	extra‐
auditory	 body	 part	 such	 as	 neural	 cells,	 endocrine	 functions	
and	 cardiovascular	 homeostasis	 [17].	 Accumulation	 of	 AOPPs	
has	 been	 described	 in	 many	 pathologie	 [18‐20],	 also	 those	
connected	 with	 impaired	 carbohydrate	 metabolism	 [18,21].	
These	products	create	as	a	result	of	 the	action	of	free	radicals	
on	proteins	and	may	act	as	inflammatory	mediators	triggering	
the	 oxidative	 “ignition”	 of	 neutrophiles,	 monocytes	 and	 T	
lymphocytes	 thus	 leading	 to	 up	 regulation	 and	 excessive	
motivation	of	dendritic	cells	[22].	

The	 correlation	 in	 Table	 2	 between	 serum	 lead	 and	
antioxidant	 parameters	 referred	 to	 harmful	 effect	 to	 direct	
contact	to	gasses	from	Diesel	Generators	on	workers	employed	
on	the	operation	on	it.	
	
4.	Conclusion	
	

The	current	study	recommends	that	the	Ministry	of	Health	
(Iraq)	should	 inform	all	owners	of	 the	 industrial	 factories	and	
electrical	 generators	 about	 the	 harmful	 effects	 of	 the	 gasses	
from	generators	on	human	health.	Furthermore,	the	number	of	
resting	 days,	 as	 a	 recovery	 period,	 must	 be	 7‐10	 days	 per	
month	 for	 all	 workers	 who	 are	 working	 in	 such	 nuisance	
environment.	
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