
ISSN 2706-5847    № 2 (88) 2021 

77 

UDC 631.42:669.018:543.42 

DOI: https://doi.org/10.26642/ten-2021-2(88)-77-85 

Ankit Chand Mishra, Master of technology in environmental engineering 

Dr. Sneha Gupta, Assistant professor 
Madan Mohan Malviya University of Technology, Gorakhpur, India 

 

Analysis of heavy metal in industrial soil through atomic  

absorption spectroscopy and its relation with some soil properties 
 

The disease of soil is a premise of peril to the strength of individuals at diverse stages as well as towns 

and urban areas. Overwhelming metals unconstrained as poisonous effluents from smelters are dumped 

into close by biological system and are connected with wellbeing danger. Modern industrialization is 

main root to release different overwhelming metals which spreads to the dirt as aerosoils, particulate 

issue, residue, effluents and strong waste. Those substantial metals will portion from soil to plants lastly 

imperil for human wellbeing. The principle point of this investigation is to solve the problem of heavy 

metal concentration in the industrial land soils of Gorakhpur (Gida) zone (industrial). Industrial outrush 

which directly dumped to the atmosphere and its finally disposed into the soil causes pollution at great 

extent. To study about that 10 distinct samples were collected from distinct sites. Soil tests from these 

particular destinations got dried and processed through nitric corrosive. By using Atomic Absorptive 

Spectrophotometry (AAS) these digested samples were examined. The degrees of cadmium, arsenic, lead, 

chromium, iron, copper, zinc, and manganese in mg/kg went from 35.32–44.9053, ND, ND, 23.603–

39.80203,4.2–7.5,0.114–1.8,0.52-4 and 1.04–10. Statistical analysis of data is also presented. After 

evaluating these samples, we will find out constant of relationship amongst overwhelming metals and 

other soil belongings which are natural issue (organic matter) and ph. Atomic absorption spectrometry 

(AAS) is a strategy which is useful for estimating the amounts of follow components present in soil 

samples. 

Keyword: industrial soil; heavy metal pollution; atomic absorption spectrometry (AAS); 

investigation; statistical analysis. 

 

Introduction. In current year there is a conventional increase in the soil contamination with anthropogenic 

substantial metals which are basically structure modern exercises, farming exercises and barometrical statement [2] 

Constant urbanization and industrialization, will in general increment overwhelming metal contamination in 

municipal soils. Soil isn’t just the fundamental supplement bearing condition for the life of plant, yet additionally 

a provider of various toxins to plants since plants can offer endorsement to harmful ingredients over their 

underlying foundations from dusts [6]. The development of overwhelming metals from soils to vegetables has 

been inspected broadly because of the walled-in area of vegetables to human wellbeing. Exercises like 

urbanization, industrialization, use of substance manure and pesticide causes a cumulative contamination of soil 

because of extent pollution coming from water and air. Soil contamination is majorly identified by the polluted 

soil allocation of heavy metals to plants and it gives a major pathway to human experience. Overwhelming metals 

are exceptionally harmful for person, creatures and slope to bio-aggregate in the evolved way of life. Exercises, 

for example, mining and purifying of metal minerals, modern outrush and utilizations of bug sprays and composts 

are significantly added to degree stages of substantial metals in the terrain. When those hypothetically harmful 

elements are gotten a handle on by plants, it can go legitimately in the evolved way of life and might be taken up 

by people and creatures prompting foreboding wellbeing impact. The harmful metals are injurious to living’s 

wellbeing for taken large fixation. 

Decrease in land convenience for farming creation causing food uncertainty, and land residency issues. 

Overwhelming metal contamination in soil is frequently analyzed by unmistakable nations. The data identified 

with overwhelming metal allotment from soil to vegetable is uncovered by different analysts. What’s more, foliar 

endorsement of environmental substantial metal discharges has likewise been perceived as a striking path of 

overwhelming metal defilement in vegetable yields. Concentrations of metals in soil can sentenced a hazard to 

horticultural creation just as human wellbeing. Extension of ventures and transformation of agribusiness; soil 

contamination has developed remarkable need. The overwhelming metal focuses are consequently great in soils 

of various territories that they can deadly dirt the plant framework, debased the dirt, and lessen the nature of results 

of yields. Essentially through the root framework overwhelming metals from soil to plants are go in. All in all, 

plant roots are the furthermost imperative location for the dedication of synthetic substances through soil.  

Floras are the fundamental parts of common biological systems and agro frameworks comprise the main area 

of the earthly natural way of life. Because of their volume of harmful metals collecting, when they support on soils 

contaminated with such metals, they portray a final offer to the existing creatures that engage them. Likewise, its 

expansion and expanding might be influenced at great phases of metal fixation finishing up decreased societies 

and financial misfortune. 
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Heavy metal pollution. Contamination hinted any expansion in the centralization of issue or vitality produced 

by human movement which corrupts a living network or its abiotic condition. Industrial facility outflow, arrival of 

gases in the climate, toxic synthetic compounds and pesticides lead to contamination on a worldwide scale.  

Poisons are commonly delegated:  

1. Biodegradable;  

2. Non-biodegradable. 

Biodegradable toxins involve sewage effluents and natural issue which are promptly disintegrated under 

normal conditions. Non-biodegradable substances are those which are not spoiled by microorganisms for example 

substantial metals, plastics and xenobiotics viz pesticides, cleansers and others. Quick urbanization and 

industrialization have result in the enormous arrival of xenobiotic mixes into nature. Sizeable amounts of 

profoundly poisonous synthetic compounds transmitted by enterprises are commonly utilized in India to strengthen 

horticultural profitability.  

Mechanical water is a most extreme wellspring of natural contamination and got from mining businesses, 

synthetic ventures, metal handling enterprises and others. These squanders included synthetics running from 

substantial metals to manufactured mixes. Substantial metals discharged as toxic effluents from smelters are 

sublimated into near to biological system and are related with wellbeing hazard. These consolidate As, Cu, Ni, 

Mg, Pb, Cr, Zn, Cd. These are named substantial metals in view of its metallic structure; its densities are more 

prominent than 4g/cc. It has likewise been pointed by point that substantial metals have harmful impact on 

microorganisms. 

1. To assess heavy metal contamination (Zn, Pb, Mn, Cu, Cd, Cr, As and Fe) in soils of the Gida industrial 

zone, Gorakhpur. 

2. To consider their potential sources and to examine the measurable connection between substantial metal 

focus and other soil properties, for example, natural issue and pH. 

Material and method. There is growing contamination of soil due to pollution effect on water and air from 

urbanization, industrialization, application of chemical fertilizer and pesticide. Dirtied soils designation of 

substantial metals to plants is the significant path of human disclosure to soil sullying. Broad prologue to 

Substantial metals, for instance, cadmium, copper, lead, nickel, and zinc can establish harmful prosperity course 

in individuals. These metals are a reason for environmental pollution from causes, for instance, leaded oil, 

mechanical effluents, wastages, and testing of metal particles notwithstanding consistent beginning stage from 

earth outside layer. They happen in the road side sediment in view of enduring, break of polluting through the 

above said establishments and coming about sworn statement along the road sides from the water streams. Any 

metal species may be viewed as a «contaminant» in case it happens where it is unsavory, or in a shape or complex 

that causes a negative human or common impression. 

1. Study Area: The main focus of this study is to evaluate and examine the possible risk area for a soil 

contamination with heavy metals within the industrial area Gida. Gida is the name for a group of industrial areas 

within the jurisdiction of Gorakhpur District of Uttar Pradesh, India.  

 

 
 

Fig. 1. 

 

2. Material Required: Soil test, Scoop, Plastic sack 2 Mm sifter, measuring glasses, Electronic parity, Hot 

plate, Registering chamber, Pipe, 100 ml sealed shut jug, Whatman channel paper No. 42, Refined water, Twofold 

refined water. 

3. Chemical Required: 35 % Hydocholric Acid, 70 % High Purity Nitric Acid. 

4. Instrument Required: AAS Thermo Fisher Scientific SOL.AAR 3300 model. 

5. Sample Collection: The sampling was collected out in February, 2020 and the selection location was at 

Gida. Total ten samples are collected from the nearby area location using hand auger. The soil sample accumulates 

at 15 cm profundity around the example region from top surface; it is totally blend and moved into perfect and 
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named polythene sack and again for forward investigation in the laboratory (cytogen private limited Lucknow) 

where further procedure has been done. 

 

 
 

Fig. 2. 

 

6. Sample Digestion: 1 g of the broiler dried example was gauged utilizing a top stacking balance and set in 

a 250 ml Recepticles discretely to which 15 ml of aquaregia (35 % Hydochloric acid and 70 % high immaculateness 

Nitric acid, in 3:1 proportion) is included. The blend was then condensation at 70 °C till the arrangement got 

straightforward. The ensuing arrangement was separated through Whatman channel paper no. 42 and into a 50 ml 

weaken to 50 ml volumetric carafe and weakened to stamp volume utilizing deionized water and the example 

arrangement was examined for convergences of Cu, Zn, Album, Mn, Cr ,Cd, As, Fe and Pb utilizing a nuclear 

assimilation spectrophotometer (et al., 2018) (AAS Thermo Fisher Logical SOLAAR 3300 model). 

7. Analysis of Soil Sample: «AAS Thermo Fisher Logical SOL.AAR 3300 model was utilized in 

characterizing the substance of overwhelming metals in the prior processed soil tests. The nitrous oxide, acetylene 

gas and blower were immovable and blower bowed on and the fluid snare blown to free of any fluid caught. The 

Extractor and the AAS control were turned on. The flimsy chamber and nebulizer piece were cleaned with 

sterilizing wire and opening of the burner cleaned with a course of action card. The worksheet of the AAS 

programming on the joined PC was opened and the unfilled cathode light introduced in the light holder. The light 

was turned on, bar from cathode acclimated to hit target zone of the course of action card for perfect light 

throughput, by then the machine was ignited. The fine was set in a 10 ml graduated chamber containing deionized 

water and longing rate evaluated. The diagnostic clear was readied, and a progression of adjustment arrangements 

of known measures of analyzed component (norms) were made. The clear and guidelines were atomized thus and 

their reactions estimated. An adjustment chart was plotted for every one of the arrangements, after which the 

example arrangements were atomized and estimated. The different metal fixations from the example arrangement 

were resolved from the alignment, in light of the absorbance got for the obscure example (et al., 2018)». 

Result and discussion. In this investigation about for each of the eight metal particles however in study it was 

discovered utilizing a progression of variable centralization of some overwhelming metals which is a piece of this 

examination. From table 1 we obtain the rundown of the outcomes acquired in this examination. The advancement 

of metal development in soil tests doesn’t just require the degree of current tainting yet can uncover a past filled 

with occasions over a long period of time dated of time since soil is a sink for these pollutants. All the metal 

particles assessed were available in factor focuses aside from arsenic and lead that was not distinguished. In the 

midst of all the overwhelming metal examinations, Mn focus was higher and Zn fixation was lower and Pb, As are 

distracted. Inside the examination zone high centralization of Cd and Cr was recorded with a normal estimation of 

38.857 mg/kg, 31.4775 mg/kg. Copper fixation in the dirt is run from the worth 0.114 mg/kg to 1.8 mg/kg. Iron 

focus in the dirt is gone from 4.2 mg/kg to 7.5 mg/kg. European Regulatory Standards (EURS), EU 2002 have set 

distinctive most extreme contaminant limits for overwhelming metals. The greatest suggested by EURS for soil 

tests are: cadmium 3 mg/kg; chromium 100 mg/kg; copper 30 mg/kg; lead 150 mg/kg, Iron1500 mg/kg and zinc 

300 mg/kg [5] (Ranjbar, 2018). «The most extreme examples of the dirt uncovered natural issue above 6% which 

were immensely high as indicated by «ICAR rating 1997». Most noteworthy natural issue was recorded as 18,79 % 

So according to the examination, effluents release from close by enterprises might be the primary hotspot for 

unusually high natural issue in the dirt of study zone as it was confirmed by barely any scientist formers that 

blending of sewage effluents expanded the natural issue in the dirt». 
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Table 1 

Total concentration of heavy metals and selected properties of soil samples Table collected from study area 
 

No of 

samples 

Mn 

(mg/kg) 

Pb 

(mg/kg) 

Zn 

(mg/kg) 

Fe 

(mg/kg) 

Cu 

(mg/kg) 

As 

(mg/kg) 

Cd 

(mg/kg) 

Cr 

(mg/kg) 
ph 

OM 

(%) 

S1 10 ND ND 7.5 ND ND 40.596 23.603 6.8 10.79 

S2 4 ND 0.52 6.14 0.114 ND 39.86 24.632 7.3 12.34 

S3 3.12 ND 1.12 5.87 0.212 ND 36.28 26.843 8.26 8.98 

S4 6.14 ND 2.12 6.74 0.32 ND 35.32 29.865 7.35 11.34 

S5 4.16 ND 2.65 5.32 0.526 ND 38.65 30.32 8.74 12.68 

S6 4.04 ND 3.14 4.84 0.616 ND 36.34 33.46 8.64 13.65 

S7 3.02 ND 3.87 4.2 0.684 ND 37.86 35.87 6.33 12.32 

S8 2.3 ND 3.12 7.5 1.32 ND 40.43 33.21 6.92 16.86 

S9 1.04 ND 3.42 ND 1.56 ND 38.33 36.87 8.32 14.32 

S10 ND ND 4 ND 1.8 ND 44.9053 39.80203 9.33 18.79 

Mean 3.782 ND 2.3960 4.8110 0.7152 ND 38.8571 31.4475 7.7990 13.2070 

Median 3.560 ND 2.8850 5.5950 0.5710 ND 38.4900 31.7650 7.8050 12.510 

Standard 
Deviation 

2.77925 ND 1.41031 2.74863 0.63116 ND 2.78663 5.36326 0.98882 2.88599 

Variance 7.724 ND 1.989 7.555 0.398 ND 7.765 28.765 0.978 8.329 

 

Overwhelming metals are unsafe in light of the fact that they tend to bioaccumulate. Indeed, even low 

disclosure levels may, in time, cause gathering, particularly in the kidneys. Both the kidneys and liver go about as 

cadmium stores (together putting away 50 to 85 % of the body trouble), with 30 to 60 % being put away in the 

kidneys; cadmium put away in the liver is bit by bit discharged to the kidneys (Anyakora, 2018). Despite the fact 

that there has been absence of data on announced cancer-causing nature by verbal course, most orderings depend 

on word related disclosure to cadmium with inward breath as the main course of disclosure. An adapting 

additionally expressed a relationship between ecological introduction to cadmium and malignant growth by means 

of breath presentation (Nawrot, 2006) [7]. These scholars likewise related malignancy event in a zone sullied with 

cadmium (geometric mean cadmium soil fixation 7.97 mg/kg) with occurrence in a zone with low presentation to 

cadmium (geometric mean cadmium soil focus 0.81mg/kg). Conversely, the dense type of chromium, Cr (III), has 

a lacking hydroxide dissolvability and structures solid edifices with soil minerals (Backtalk and Rai, 1987). 

Decrease of Cr (VI) to Cr (III) is a significant method by which the savage impacts of this overwhelming metal 

are alleviated. This general practice frames the essential premise of countless advances as of now being tried for 

remediation of chromium-tainted soils (Collen, 2003). Copper is both an essential component and a contaminant. 

The most noteworthy grouping of copper (1.8 mg/kg). In spite of the fact that a few investigations have 

demonstrated copper to be cancer-causing in tests with mice and mutts has not characterized copper concerning 

its cancer-causing nature on the premise that there is no human information, rare creature information from 

assesses of copper mixes, and vague mutagenicity information. Centralization of all other overwhelming metals 

beneath passable cutoff. That coordinates that there is a probability of experiencing maladies related with 

utilization of vegetable acquire from those regions. The essential investigation of all dirt examples shows that 

cadmium surpassed the greatest focus level in the locales utilized. 
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Fig. 3. Mn distributions around the study area 

 

 
 

Fig. 4. Zn distributions around the study area 
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Fig. 5. Fe distributions around the study area 

 

 
 

Fig. 6. Cu distributions around the study area 

0

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7 8 9 10

C
o
n

c.
 o

f 
fe

rr
o
u

s 
(m

g
/K

g
)

Locations

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

2

1 2 3 4 5 6 7 8 9 10

C
o
n

c.
 o

f 
co

p
p

er
 (

m
g
/K

g
)

Locations



ISSN 2706-5847    № 2 (88) 2021 

83 

 
 

Fig. 7. Cd distributions around the study area 

 

 
 

Fig. 8. Cr distributions around the study area 
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Fig. 9. Variation of organic matter on different sampling station 

 

Statistical analysis. The substantial relationship among convergence of overwhelming metals and natural 

issue were additionally perceived by carrying out by correlation coefficient examination (Table 2) By method of 

the investigation zone, the scope of natural issue is high in soil because of some anthropogenic sources’ event 

around there; Organic issue has incredible possibilities that it might contain elevated level of contaminations. 

Substantial metals essentially Mn, Fe were pitifully negative related with OM. So customary social occasion of 

OM may rise the odds of statement of great convergence of substantial metals at the examination zone. Measurable 

examination shows that there is the solid official of OM (natural issue) with overwhelming metals in the 

investigation region. 

 

Table 2 

Correlation analysis of heavy metals with pH and OM 

 

Metal 
Correlation Coefficient 

Mn Zn Fe Cu Cd Cr pH OM 

Mn 1 -0.73408 0.71161 -0.79594 -0.27734 -0.77002 -0.481 -0.635 

Zn -0.73408 1 -0.63821 0.80734 0.14481 0.96735 0.312 0.681 

Fe 0.71161 -0.63821 1 -0.75285 -0.36912 -0.77513 -0.595 -0.530 

Cu -0.79594 0.80734 -0.75285 1 0.52025 0.89399 0.412 0.879 

Cd -0.27734 0.14482 -0.36912 0.52025 1 0.28392 0.198 0.708 

Cr -0.77002 0.96735 -0.77513 0.89399 0.28392 1 0.378 0.746 

 

Summary. The current examination permitted «Examination of Substantial Metal in Soil Through Nuclear 

Ingestion Spectroscopy For modern soil» is completed with following target. To investigations the sorts and 

grouping of substantial metal in soil are tested through nuclear retention spectrophotometer. For the current 

examination ten examples were analyzed for overwhelming metals, pH. What’s more, natural issue in soil test. 

Measurable examination shows us nonlinear relationship of all dirt properties to the overwhelming metal in soil. 

Soil tests were investigated by AAS which identify the grouping of substantial metals in given soil tests. There 

were ten substantial metals (Fe, Mn, Zn, Compact disc, Cr, Cu) present in soil test. The grouping of overwhelming 

metals presents in soil tests all together Cd>Cr>Fe>Mn>Zn>Cu. 

Conclusion. Studying on eminence of soil with situation to Mn, Cu, Cr, Cd, Pb, Zn, Fe and as in the soils of 

Gida (industrial zone) which comes in the jurisdiction of Gorakhpur District of Uttar Pradesh, India existing in 

this research. Discharges from industry go into the atmosphere and is finally dumped on upper layer of dust and 

or hurling away of industrial wastes on disposal land become reason of conservational pollution. Ten dissimilar 

samples of soil were placid from various positions from nearby study area for study of heavy metals concentration 
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at Gida industrial zone. The research exposed that the top layer of soils in the area are heavily contaminated with 

heavy metals. It specifies the existence of chromium, manganese, iron, zinc copper and cadmium in the 

examination region. Cadmium was initiated in fixations above European Regulatory Standards most extreme 

reasonable focus showing a danger to the populace. Despite the fact that the levels for chromium, copper are 

underneath the European Regulatory Standards greatest fixation limits, they despite everything represent a danger 

since these toxicants are known to be bio collective. 

Soil overwhelming metal contamination has become a worldwide natural issue that has included extensive 

open consideration, to a great extent from the expanding stress for the safety of horticultural items. Overwhelming 

metals allude to certain metals and metalloids holding natural poisonousness. These components go in the dirt 

prior biological system through characteristic procedures got from parent materials, and over manmade activities. 

Overwhelming metal contamination represents an incredible hazard to the wellbeing and prosperity of life forms 

and people because of potential social occasion chance through the evolved way of life. Remediation utilizing 

substance, physical, and organic techniques has been acknowledged to take care of the issue. Convoyed by quick 

increment in industrial development and urbanization, soil contamination with substantial metals is of 

extraordinary nervousness on account of its latent capacity sway on human and creature wellbeing. 

The pollution of soil is a wellspring of risk to the strength of individuals at various stages as well as towns and 

urban communities. Current industrial development was the primary sources to release different overwhelming 

metals and which handles to the dirt as vaporizers, particulate issue, residue, effluents and strong waste. These 

substantial metals conveyance from soil to plants and eventually compromises for all living creature. Subsequently, 

the data of the provincial irregularity, the related qualities and anthropogenic instead of regular starting point of 

possibly unsafe components / metals in soils is of basic remaining to survey on living organism’s effect. Taking 

into account its earnestness, evaluation of substantial metals utilizing systematic procedures in soils is noteworthy. 

In view of the examination, it is inferred that the characteristic soil eminence in working territory isn’t empowering 

and therefore reasonable defensive measure for soil wellbeing recommended. 
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