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ABSTRACT	

Heavy	metals	 like	 Pb,	 Cd,	 Cu,	Ni	 and	 Zn	were	 determined	 quantitatively	 in	 soil	 samples	which	were	 collected	 from	 eight	
different	sites	of	two	highways	of	Rohtak	city	to	assess	the	degree	of	contamination.	Metals	were	extracted	by	acid	digestion	
method	with	heating	on	hot	plate	and	their	concentration	was	determined	by	atomic	absorption	spectrometry	(AAS).	Some	
physicochemical	parameters	like	pH,	TDS	and	conductance	were	also	measured.	In	these	samples	concentration	of	Cu	is	found	
to	vary	between	62.77	mg	Kg‐1	‐	1.14	mg	Kg‐1	of	soil;	Zn		is	found	to	vary	between	94.69	mg	Kg‐1	‐	3.42	mg	Kg‐1	of	soil;		Cd	is	
found	to	vary	between	2.37	mg	Kg‐1	‐	1.03	mg	Kg‐1	of	soil;	Pb	is	found	to	vary	between	115.8	mg	Kg‐1	‐	3.11	mg	Kg‐1	of	soil	and	
Ni	 is	 found	 to	 vary	 between	 59.79	mg	 Kg‐1	 ‐	 11.2	mg	 Kg‐1	 of	 soil.	 Lead	 concentration	was	maximum	 and	 Cadmium	was	
minimum	in	soil	samples.	Hisar	road	is	more	polluted	than	Jind	road	with	Pb,	Cu,	Ni	and	Cd.	Contamination	of	soil	by	heavy	
metals	 is	 in	 the	order	Pb>Zn>Ni>Cu>Cd.	Pearson’s	correlation	coefficient	was	applied	on	physicochemical	parameters	with	
heavy	metals.	Results	showed	negative	correlation	of	Cu,	Pb,	Cd	and	Ni	with	pH.				

KEY	WORDS:	‐	heavy	metal,	soil	sample,	AAS,	physicochemical,	correlation.	

1. INTRODUCTION	

Soil	 is	 one	 of	 the	 very	 important	 components	 of	
environment.	But	today	it	is	deteriorated	due	to	various	
activities.	 Different	 pollutants	 are	 added	 from	 various	
sources	 like	 vehicular	 exhausts,	 industries,	 waste	
disposal	 and	 other	 human	 anthropogenic	 activities	 [1]	
heavy	metals	are	one	of	them.	The	term	“heavy	metal”	is	
used	 for	 those	 metals	 which	 have	 density	 higher	 than	
five	times	of	water	and	have	toxic	effect	[2,	3,	4].	Heavy	
metals	 are	generally	 toxic	 to	 the	 living	organisms,	 even	
essential	 metals	 become	 toxic	 if	 present	 in	 excess	 [5].	
Lead	and	cadmium	are	 toxic	even	at	 low	concentration.	
Lead,	 cadmium,	 copper,	 and	 zinc	 are	 the	 major	 metal	
pollutants	 of	 the	 roadside	 environments	 and	 are	
released	from	fuel	burning,	wear	out	of	tyres,	leakage	of	
oils,	and	corrosion	of	batteries	and	metallic	parts	such	as	
radiators	etc.	[6].		
	
Heavy	 metals	 are	 one	 of	 the	 pollutants	 which	 require	
great	 concern	 because	 from	 soil	 these	 pollutant	 can	 be	
transferred	 to	 ground	water,	 food	 chain	 and	 ultimately	
to	human	being.	They	don’t	degrade	by	 themselves	and	
can	 be	 easily	 transferred	 to	 food	 chain	 through	 plants	
[7].	They	have	highly	toxic	effect	on	living	beings.	These	
metals	have	been	extensively	studied	and	their	effect	on	
human	 health	 is	 regularly	 reviewed	 by	 international	
bodies	 such	 as	 the	WHO.	 The	 recent	 research	 indicates	
that	 Lead	 may	 cause	 brain	 damage	 in	 infants	 at	 blood	
level	even	as	low	as	5	µg/dl	[8].		

	
In	view	of	 the	toxic	effect	of	 the	metals	present	 in	soils,	
dusts,	 plants	 and	 sediments	 their	 study	 becomes	
important	in	monitoring	environmental	pollution.	So	it	is	
required	 to	 make	 people	 aware	 about	 level	 of	
contamination	 of	 heavy	 metal.	 The	 contribution	 of	
metals	 to	 environmental	 pollution	 from	 industrial,	
agricultural	 and	 mining	 processes	 besides	 automobile	
emission,	 have	 been	 the	 main	 subject	 of	 many	 studies	
and	 research	 in	 recent	 years	 [9].	 Botanical	 materials	
such	 as	 fungi,	 lichens,	 tree	 barks,	 tree	 rings,	 leaves	 of	
higher	plants	and	soil	samples	have	been	used	to	detect	
the	 deposition,	 accumulation	 and	 distribution	 of	 metal	
pollution	 [10].	 Hence,	 soil	 and	 vegetation	 have	 been	
widely	 used	 as	 cumulative	 matrices	 of	 long	 and	 short	
term	exposure	 respectively	 to	environmental	pollutants	
[11,	12,	13,	14].	
	
Although	 there	 have	 been	 a	 considerable	 number	 of	
studies	 on	 the	 concentrations	 of	 heavy	 metals	 in	 soils,	
most	 of	 them	 have	 been	 carried	 out	 in	 developed	
countries	with	long	histories	of	industrialization.	Soil,	air	
and	water	pollutants	are	determined	 in	 these	 countries	
and	 their	 limit	 has	 also	 been	 specified.	 But	 very	 few	
studies	 in	 this	 area	 have	 been	 done	 in	 developing	
countries	 such	 as	 India.	 The	 data	 on	 pollutant	 metal	
concentrations	and	distributions	are	extremely	sparse.		
	
In	the	present	study	contamination	of	Pb,	Cu,	Zn,	Cd	and	
Ni	in	road	side	soil	was	determined.	Interrelationship	of	
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these	 heavy	metals	with	 some	 other	 parameters	 of	 soil	
was	also	studied.	
	
2. MATERIALS	AND	METHODS	

	
2.1. 	STUDY	AREA	

Rohtak	 is	 located	 at	 a	 distance	 of	 about	 78	 km	 from	
Delhi.	Rohtak	is	one	of	the	fastest	emerging	cities	of	India	
in	 the	 field	 of	 education,	 agriculture	 and	 industry.	
Average	 annual	 rainfall	 in	 Rohtak	 city	 is	 458.5mm.	
Climate	 of	 Rohtak	 shows	 extreme	 variation	 in	
temperature.	It	does	not	usually	fall	below	freezing	point	

in	 the	 winter	 months	 from	 November	 to	 January.	 In	
summer	 from	 April	 to	 July,	 the	 day	 temperature	
generally	remains	between	30	°C	and	40	°C	occasionally	
going	up	to	48	°C	on	a	few	days.	The	district	lies	between	
28°	40’	30”	to	29°	05’35”	North	latitude	and	76°	13’	22”	
to	76°	51’	20”	longitude.	National	highway	No.	10	leading	
Delhi	to	Hisar	passes	through	the	district.	District	Jind	is	
on	 its	north.	The	altitude	of	district	 is	 about	220	meter	
from	mean	 sea	 level.	 In	 present	 study	 two	highways	 of	
Rohtak	 city	mainly	 Rohtak	 to	 Jind	 and	 Rohtak	 to	 Hisar	
were	 selected	 for	 heavy	 metal	 analysis.	 Main	 roads	 of	
Rohtak	are	shown	in	Figure	1.		

	

Figure	1:	Map	of	Rohtak	showing	main	roads	

	

2.2. 	SAMPLE	COLLECTION		

Soil	samples	were	collected	from	eight	main	sites	of	two	
roads	 of	 Rohtak	 city.	 Samples	 were	 taken	 from	 three	
different	depths‐	uppermost	level,	5	cm	and	10	cm.	From	
each	site	 ten	soil	 samples	were	collected	of	same	depth	
and	they	were	mixed	thoroughly	to	get	uniform	sample.	
These	 samples	 were	 collected	 from	 each	 side	 of	 road.	
Soil	was	 taken	with	 auger	 and	kept	 in	 poly	 bags	which	
were	numbered.	In	total	48	samples	were	collected.	

2.3. 	EXTRACTION	OF	METALS	AND	ANALYSIS	

Soil	samples	were	air	dried	and	heated	in	oven	at	100°	C	
till	constant	weight.	They	were	powdered	by	using	pestle	
and	mortar	and	passed	through	2	mm	sieve.	Then	5	g	of	
soil	 sample	 were	 taken	 in	 250	 ml	 beaker	 and	 50	 ml	
distilled	water,	5	ml	HCl	and	0.5	ml	HNO3	was	added	to	
the	 beaker.	 Beaker	 was	 covered	 with	 watch	 glass	 and	

heated	on	hot	plate	until	15	ml	 left.	Cooled	the	solution	
and	 filtered	 through	 whatman	 filter	 paper	 No.	 42.	
Volume	 of	 solution	 was	 made	 50	 ml	 by	 using	 double	
distilled	 water	 [15,	 16].	 Each	 sample	 was	 prepared	 in	
triplicate.	 Blank	 was	 also	 prepared	 by	 using	 same	
chemicals	 but	 without	 soil.	 All	 apparatus	 were	 washed	
with	2%	nitric	acid	and	then	with	double	distilled	water.	
All	chemicals	used	were	of	AR	grade.		

Atomic	 absorption	 spectrophotometer	 AAS‐4141	 (EC	
Electronics	Corporation	of	India	Limited)	equipped	with	
a	 deuterium	 lamp	 for	 background	 correction	 was	 used	
for	 determination	 of	 heavy	 metals.	 Standards	 were	
prepared	 either	 by	 using	 pure	 metal	 or	 by	 using	 their	
salts.	Five	standard	solutions	of	different	concentrations	
in	linear	range	were	prepared	for	each	metal.		

pH	and	conductance	of	soil	was	measured	by	preparing	a	
solution	 of	 20	 g	 soil	 in	 100	 ml	 double	 distilled	 water	
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(ratio	of	1:5).	It	was	stirred	for	15	minutes	and	then	left	
to	 settle	 down	 for	 an	 hour.	 pH	was	measured	 by	 using	
Eutech	 instrument	 pH	510	meter	 and	 conductance	was	
measured	by	using	microsil	conductometer.		

Pearson’s	 correlation	 and	 other	 basic	 statistics	 were	
done	by	IBM	SPSS	statistics	version	20.		

3. RESULT	AND	DISCUSSION	

Sites	of	Jind	road	are	designated	as	J	1,	J	2,	J	3,	J	4	and	of	
Hisar	 road	 are	 designated	 as	 H	 1,	 H	 2,	 H	 3,	 H	 4	
respectively.	

3.1	Concentration	of	heavy	metals	

	Mean	 concentration	 of	 heavy	 metals	 in	 different	
locations	 are	 shown	 in	 Table	 1.	 Their	 physicochemical	
characteristics	 are	given	 in	Table	2.	 	 It	 is	observed	 that	
concentration	 of	 lead	 was	 highest	 at	 Hisar	 road	 (H‐3)	
sample	 with	 a	 value	 99.05	 mg/Kg	 of	 soil.	 Cu	 was	
maximum	at	H‐2	 location	having	 value	36.55	mg/Kg	 of	
soil.	Zn	contamination	was	more	at	Jind	road	(j‐2)	and	its	
value	was	 66.1	mg/Kg	 of	 soil.	 Concentration	 of	 Ni	 was	
maximum	at	J‐3	site	of	 Jind	road.	The	amount	of	Ni	was	
47.11	 mg/Kg	 of	 soil.	 Cadmium	 concentration	 was	
maximum	 at	 H‐3	 site	 of	 hisar	 road	 with	 value	 1.69	
mg/Kg	 of	 soil.	 The	 sequence	 of	 decreasing	 order	 of	
concentration	of	heavy	metals	at	these	locations	was	not	
similar	and	given	in	Table	3.	

	
Table	1:	Mean	Concentration	of	heavy	metals	(mg	Kg‐1	of	soil)	at	eight	sites	of	two	roads	

	

Table	2:	Physicochemical	parameters	of	soil	

Site	 Conductance	(mS	cm‐1) TDS (ppm) pH
J1	 1.63 1.06 7.3
J 2	 0.38 0.25 7.54
J	3	 0.18 0.118 7.36
J	4	 0.49 0.32 8.5
H	1	 0.52 0.34 7.34
H	2	 1.65 1.07 7.5
H	3	 0.62 0.41 7
H	4	 0.53 0.34 7.58

	

Table	3:	Sequence	of	metal	concentration	at	different	site	

Site	 Sequence	of	metal	concentration
J	1	 Pb>Zn>Ni>Cu>Cd
J	2	 Zn>Pb>Ni>Cu>Cd
J	3	 Pb>Ni>Zn>Cu>Cd
J	4	 Pb>Ni>Zn>Cu>Cd
H	1	 Pb>Zn>Ni>Cu>Cd
H	2	 Pb>Cu>Zn>Ni>Cd
H	3	 Pb>Ni>Zn>Cu>Cd
H	4	 Pb>Ni>Zn>Cu>Cd

	

From	 Table	 2	 pH	 showed	 the	 alkaline	 nature	 of	 soil.	 It	
ranged	 from	 7	 to	 8.5.	 Chart	 1	 showed	 heavy	 metal	
concentration	 at	 different	 site.	 It	 is	 observed	 that	 lead	
concentration	 was	 maximum	 and	 cadmium	 was	

minimum	at	each	site.	From	research	it	is	observed	that	
combustion	 of	 alkyl	 derivatives	 in	 gasoline	 by	 motor	
vehicles	 has	 contributed	 to	 extensive	 Pb	 contamination	
of	roadside	soil	[17,	18,	19,	20].		

Location	 Designation	of	
site	

Cu	(mg	
Kg‐1	of	
soil)	

Zn	(mg	Kg‐
1	of	soil)	

Cd	(mg	Kg‐1 of	
soil)	

Pb	(mg	Kg‐1	of	
soil)	

Ni	(mg	Kg‐1
of	soil)	

Jind	road	 J	1	 25	 47.75 1.25 61.58	 25.06
J	2	 17.77	 66.1 1.31 65.43	 31.13
J	3	 18.75	 26.46 1.55 91.38	 47.11
J	4	 20.02	 28.3 1.37 46.18	 33.79

Hisar	
road	

H	1	 24.03	 46.48 1.32 64.95	 40.19
H	2	 36.55	 35.93 1.58 69.91	 35.18
H	3	 23.64	 28.7 1.69 99.05	 38.16
H	4	 12	 19.6 1.53 48.85	 43.49
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3.2.	STATISTICAL	ANALYSIS	

Pearson’s	 correlation	 coefficient	 matrix	 of	 heavy	 metal	
and	 some	 physicochemical	 parameters	 are	 shown	 in	
Table	5.		

It	 has	 been	 reported	 that	 pH	 of	 the	 soil	 controls	 the	
availability	of	metals	as	pH	decreases	solubility	of	metal	

complexes	 increases	 [21].	 We	 also	 found	 a	 negative	
correlation	between	Cu,	Pb,	Cd	and	Ni	with	pH	as	shown	
in	Table	5.	 Cd	 and	Zn	 showed	a	 significant	 relationship	
(r=‐0.346,	 p=0.016).	 Another	 correlation	 obtained	
between	Pb	and	Cu	(r=‐0.302,	p=0.037).			

	

Table	5:	Pearson’s	corelation	coefficient	between	different	parameters	of	soil	

4. CONCLUSION	
	

It	can	be	concluded	that	Hisar	road	is	more	polluted	than	
Jind	road.	It	may	be	attributed	to	more	vehicles	passing	
from	 Hisar	 road.	 The	 heavy	 metal	 concentration	 is	
affected	by	pH	of	soil.	The	main	pollutants	of	soil	are	Pb,	
Zn	 and	 Ni	 which	 come	 from	 vehicular	 exhaust,	
lubricating	oils,	tyres,	batteries,	galvanised	body	parts	of	
vehicle	etc.	It	is	apparent	that	this	continued	loading	will	
ultimately	place	human	health	and	other	environmental	
targets	 at	 risk.	 In	 the	 absence	 of	 soil	 heavy	 metal	
regulatory	 limits	 in	 India,	 there	 is	 an	 urgent	 need	 to	
formulate	 threshold	 levels	and	to	 initiate	a	heavy	metal	
pollution	 abatement	program.	The	 results	 obtained	will	
be	 useful	 for	 city	 administrators	 and	 environmentalists	

for	soil	quality	improvement	and	ensuring	safe	guard	for	
human	health	of	Rohtak	city,	Haryana,	India.			
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