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Abstract 

Heavy metal contamination in soil is considered a global crisis and its bulk proportion are in developing countries 

like Bangladesh. Five heavy metals such as Cd, Cr, Pb, Cu and Ni were investigated in the soil of Savar tannery 

industrial estate. The decreasing trend of metals was observed in soil as Cr>Cu>Ni>Pb>Cd. According to US EPA 

guideline, Cr was heavily polluted at the selected locations. Cu was highly polluted, whereas Cd and Pb were not 

polluted and Ni was moderately polluted. On the basis of Pearson’s correlation Cd-Pb, Cd-Cu, Cu-Ni, Ni-Cu, Ni-

Pb were significantly correlated. From the pollution index, metal pollution of sediments was found in the order as 

Cr>Cu>Pb>Cd. Degree of contamination and modified degree of contamination were higher in the dumping zones. 

The geo-accumulation index for Cr showed moderate to extremely contaminated. Ecological risk arrayed in the 

order of Cr>Cu>Ni>Pb>Cd in the soil of study area. Geographic information system (GIS) was also used to map 

the spatial distribution of heavy metal contamination in the soil. This study recommended that continuous 

monitoring of heavy metal contamination should be directed to assess their risk in the soil of tannery industry at 

Savar. 
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1. Introduction 

Heavy metals are persistent, toxic and bio 

accumulative and some of the metals are carcinogenic. 

The persistence of heavy metals in soils is a long 

process [1]. As soil is a crucial component of rural and 

urban environments, the role of heavy metals in the 

soil system is increasingly becoming an issue of global 

concern [2]. There is a gradual increase in industrial 

waste in Bangladesh and, due to rapid 

industrialization; these waste products have caused 

significant pollution of the air, water and soil, thereby 

polluting the atmosphere [3]. Pollution of the natural 

environment by heavy metals is a universal problem 

because these metals are indestructible and most of 

them have toxic effects on living organisms, when 

permissible concentration levels are exceeded [4]. 

Leather industry, one of the polluting industries 

because of generation of huge amount of liquid and 

solid wastes, also emits obnoxious smell because of 

degradation of proteins material of skin and generation 

of gases such as NH3, H2S and CO2 [5].  

 

 

 

The Buriganga River received waste from 

hundreds of Hazaribagh tanneries until 2018 [6]. The 

Government of Bangladesh (GOB) tried to minimize 

pollution and promote development by moving the 

tannery industry upstream to a new tannery town in the 

Savar on the banks of the Dhaleswari River, which is 

hydraulically linked to Buriganga [7]. The Dhaleswari 

river had already seen increased pollution levels ever 

since the estate was set up near the river. The 

accumulated solid waste created in the last year 

currently remains dumped at a pond at the tannery 

estate's boundaries. The Government have also 

provided a centralized effluent treatment plant for 

effluent clean [8]. The wastes include the high level of 

concentrated chromium and salt because of faulty 

installation of central effluent treatment plant (CETP). 

Thus, the sediment is getting polluted. The primary 

objective of the study was to assess the heavy metal 

and radioactive metal pollution level of the 

Dhaleswari River sediments. In this study total 

concentrations of 5 trace elements (Cr, Ni, Cu, Cd, Pb) 

in the riverside of Dhaleswari river of industrial zone 

and the dumping zone were determined.  
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The objectives are to identify the major source of 

pollution of TIED (Tannery Industrial Estate Dhaka) 

Zone; to assess the heavy metal contamination of the 

sediment; to compare the data analysis according to 

USEPA guideline; to evaluate the level of 

contamination of soil of the waste disposal site using 

various indices and to distribute the heavy metals and 

various indices spatially and to know the variation of 

metals in the soil of the disposal site. 

2. Experiment 

2.1. Study Area and Sediment Collection 

The soil samples were collected from different 

eight locations near CETP which are designated as L-

1, L-2, L-3, L-4, L-5, L-6, L-7, L-8 to get an idea about 

the soil quality all over the TIED zone of Dhaleswari 

River. L-1, L-2, L-3 samples are from the riverside 

areas of the industrial zone. Here, L-3 was collected 

from the midpoint of L-1 and L-2. Other five soil 

samples are the soil of dumping zone. The latitude and 

longitude of all the soil sampling locations were 

recorded. 

 
Table 1 

GPS location of the site 

Sample Location Latitude Longitude 

L-1 23°46'37.42" 90°14'23.31" 

L-2 23°46'33.41" 90°14'21.84" 

L-3 23°46'35.44" 90°14'22.45" 

L-4 23°46'25.09" 90°14'24.74" 

L-5 23°46'24.08" 90°14'25.28" 

L-6 23°46'24.38" 90°14'23.51" 

L-7 23°46'24.58" 90°14'21.99" 

L-8 23°46'23.59" 90°14'21.71" 

 

The soil samples were collected in August 2019. 

The water level of Dhaleswari river was very high as 

it was monsoon season. So, the moisture content of the 

samples was very high. 

2.2. Sampling Technique and Preparation  

The soil samples were collected from the bottom of 

the borehole. The soil samples were taken in large 

polythene bags and eventually transported to the 

laboratory. Then the soil samples were oven dried. 

After that the samples were fully crushed to the finest 

possible fraction and passed through sieve no #16. 1g 

of this crushed sediment was then transferred to a 

sample beaker and acid digestion process was 

followed. Then the metal analysis was performed by 

Atomic Absorption Spectroscopy with the use of 

standards to allow determination of metal 

concentrations within each sample.  

2.3.  Data Analysis 

To assess the heavy metal contamination different 

indices were used. In this study, to identify the level of 

contamination of soil, the values for various indices 

were then compared with the allowable limit 

published by different researchers as well as discussed 

in the following article. 

2.3.1. Pollution Load Index 

For each contaminant the PLI is calculated using 

the formula proposed by Wilson and Jeffrey [9] 

PLI= 𝑎𝑛𝑡𝑖 log10 {1 − (
𝐶−𝐵

𝑇−𝐵
)}                                   (1) 

B is the baseline value—not contaminated; T the 

threshold, minimum concentrations associated with 

degradation or changes in the quality of the estuarine 

system; C the concentration of the pollutant. For each 

place the PLI calculation takes into account all the n 

contaminants:  

PLI =  (PLI1 × PLI2 × PLI3 … PLIn)n                     (2) 

PLI varies from 10 (unpolluted) to 0 (highly polluted). 

2.3.2. Contamination Factor 

Contamination factor (CF) is considered to be a 

simple and essential too in monitoring the heavy metal 

contamination. It is individual for each metal as it is 

the ratio between the measured concentration and the 

background value of the heavy metal. CF was 

computed using following equation: 

CF = Cmetal/Cbackground                                                                        (3)   

CF values were demonstrated by Hakanson [10] 

 

Table 2 

Background concentration of some heavy metals 

Heavy Metal Cd Cr Pb Cu Ni 

World Surface Rock Average 0.2 97 20 32 49 

 

Table 3 

Different contamination factor (CF) for soil (Hakanson 1980) 

Value Contamination Factor level 

CF < 1 Low contamination factor 

1 ≤ CF< 3 Moderate contamination factor 

3 ≤ CF< 6 Considerable contamination factor 

6 ≥ CF Very high contamination factor 

2.3.3. Degree of Contamination 

The degree of contamination (Cd) is an index to 

estimate the contamination range of soil by metal 

elements in soil. It is calculated by the sum of the 

contamination factor (CF). 

Cd = ∑ (𝐶𝐹)𝑖=𝑛
𝑖=1                                                          (4) 
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Table 4 

Different degree of contamination (Cd) for soil 

Value Class Degree of Contamination Level 

Cd < 8 Low degree of contamination 

8 ≤ Cd < 16 Moderate degree of contamination 

16 ≤ Cd < 32 Considerable degree of contamination 

32 ≥ Cd Very high degree of contamination 

2.3.4. Modified Contamination Degree 

   It is worth noting that modified contamination 

degree (mCd) is a modified and generalized form of 

the degree of contamination which was proposed by 

Abrahim and Parker (2008) [11]. It is calculated by 

following equation: 

mCd =1/n ∑ (𝐶𝐹 )𝑖=𝑛
𝑖=1                                                   (5) 

The definite formula of the Cd is reversed to the 

Seven specific metal (As, Cd, Cu, Cr, Hg. Pb, Zn) and 

the organic chemical polychlorinated biphenyl (PCB) 

[11]. However, mCd is the more suitable for this study 

hence PCB was not analysis here. It indicates heavy 

metals as well as organic pollution. As it is classified 

in seven classes, it indicates more specification in 

identifying the degree of contamination in soil. It is 

widely used. 

 
Table 5 

Different modified contamination degree (mCd) for soil (Abrahim 

& Parker 2008) 

Value Class Modified Degree of 

Contamination Level 

mCd < 1.5 Nil to very low degree of contamination 

1.5 ≤ mCd < 2 Low degree of contamination 

2 ≤ mCd < 4 Moderate degree of contamination 

4 ≤ mCd < 8 High degree of contamination 

8 ≤ mCd < 16 Very high degree of contamination 

16 ≤ mCd < 32 Extremely high degree of contamination 

mCd ≥ 32 Ultra-high degree of contamination 

2.3.5. Ecological Risk Index and Potential 

Ecological Risk 

   Ecological risk index (ER) is used as an indicator 

to check the ecological risk in soil according to the 

toxicity of heavy metals and response factor of the 

environment.     

The potential ecological risk Index (PERI) is used 

as an indicator to check the ecological risk in soil. It is 

a comprehensive potential ecological risk index of a 

contaminated site. PERI is formed by three basic parts: 

contamination factor (CF), toxic-response factor (TR) 

and ecological risk index (ER).  

According to this technique, in this study, the ER 

and PERI were calculated using the following 

equations respectively  

ER= TR×CF                                                              (6) 

PERI = ΣER                                                               (7) 

Here, ER is the ecological risk index of a particular 

metal element in soil, PERI is a comprehensive 

potential ecological risk index of a contaminated site; 

and TR is the toxic-response factor of a single metal 

element. 

 
Table 6 

Toxic-response factor (TR) values for metal element 

Heavy Metal Cd Cr Pb Cu Ni 

Toxic Response Factor (TR) 30 2 5 5 5 

 

The classic PERI method considers eight pollutants 

including PCBs, Hg, Cd, As, Pb, Cu and Zn. However, 

in this study, it was not possible to consider PCBs and 

Hg; but the metal elements of Ni were used. The 

classification of the contamination of soil for various 

limits of ER and PERI is provided in Table 7. 

 
Table 7 

Classification of soil contamination based on ecological risk index 

(ER) and potential ecological risk index (PERI) 

ER 
Ecological 

risk degree 
PERI 

Ecological 

risk degree 

ER≥240 
Extremely 

strong 
PER≥320 

Extremely 

strong 

120≤ER≤240 
Very 

Strong 
160≤ER≤240 

Very 

Strong 

60≤ER≤120 Strong 80≤ER≤160 Strong 

30≤ER≤60 Moderate 40≤ER≤80 Moderate 

≤30 Slight ≤40 Slight 

2.3.6. Geo Accumulation Index 

   The geo-accumulation index (Igeo) is used to 

evaluate the degree of contamination of soil by metal 

elements presences in soil. In this study, Igeo was 

computed using the following equation proposed by 

Mullar [12]. 

Igeo =log2 (
𝐶𝑛

1.5𝐵𝑛
)                (8) 

Where, Cn is the measured concentration of a 

particular metal element and Bn is the geochemical 

background value (average shale value) of the same 

metal element. The numerical number of 1.5 as 

constant value is used in the index calculation to 

account the natural variations in the environment and 

small anthropogenic influences.  
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Table 8 

Contamination classes for Igeo value 

Igeo 

Class 

Igeo Value Contamination Level 

0 Igeo ≤ 0 Uncontaminated 

1 0 < Igeo < 1 Uncontaminated to moderately 

contaminated 

2 1 < Igeo < 2 Moderately contaminated 

3 2 < Igeo < 3 Moderately to strongly contaminated 

4 3 < Igeo < 4 Strongly contaminated 

5 4 < Igeo < 5 Strongly to extremely contaminated 

6 5 < Igeo Extremely contaminated 

3. Result and Discussion  

3.1 Metal Analysis 

Concentrations of metals in sediment samples from 

Dhaleswari river are presented in Table 9. As Cd has 

below detection level concentration in five locations, 

so they are considered as 0. 
 

Table 9 

Concentration of different heavy metal (mg/kg) 

Sample 

Location 

Cd 

(mg/kg) 

Cr 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

Ni 

(mg/kg) 

L -1 0.07 1309.8 33.0 216.3 47.1 

L -2 0.05 299.7 32.4 63.1 49.2 

L -3 0 900.9 3.4 13.1 13.5 

L -4 0 5326.4 8.7 36.9 12.4 

L -5 0.01 344.6 25.9 173.4 28.8 

L -6 0 3025.5 9.8 15.5 10.4 

L -7 0 1742.3 7.0 17.4 11.9 

L -8 0 8093.8 18.9 48.3 12.0 

Mean 0.02 2630.4 17.4 73.0 23.2 

Max 0.07 8093.8 33.0 216.3 49.2 

Min 0 299.7 3.4 13.1 10.4 

SD 0.03 2763.4 11.8 78.0 16.5 

In the Riverside industrial zone (L-1, L-2, L-3), the 

max concentration of Cd, Cu, Pb and Ni is found 

whereas in the dumping zone (L-4, L-5, L-6, L-7, L-8) 

the max concentration of Cr is found. The 

concentration of metals for L-1 in sediments has the 

trend: Cr >Cu > Ni > Pb >Cd. Graphical representation 

of Cr and Cu is given. 
 

 
Fig. 1:  Concentration Graph of Cr (mg/kg) 

From Fig. 1, it can be understood that among the 8 

locations the Cr concentration is high in dumping 

zones. 

 

 
 

Fig. 2: Concentration Graph of Cu (mg/kg) 

 

In Fig. 2, Cu concentration is high at the L-1 and the 

least concentration is at L-3.  

3.2 Result of Soil Contamination using various 

Indices 

 

3.2.1. Pollution Load Index  

Pollution load index value of 0 indicates highly 

polluted while PLI value of 10 indicates unpolluted 

sediments. Values within 0 to 10 are for moderately 

polluted sediments. Metals contributing in pollution of 

sediments are arranged in the order as Cr>Cu>Pb>Cd. 

It can be observed from Table 10. 

 
Table 10 

Pollution load index for Dhaleswari river soil (Wilson and Jeffrey, 

1987) 

Sample 

location 

Cd 

(mg/kg) 

Cr 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

Combined 

PLI 

L -1 27.0 0 5.6 0 0 

L -2 28.1 0 5.6 0.51 0 

L -3 44.9 0 11.8 6.60 0 

L -4 37.9 0 10.3 1.96 0 

L -5 30.6 0 6.7 0 0 

L -6 52.5 0 10.0 5.83 0 

L -7 54.2 0 10.8 5.31 0 

L -8 54.0 0 8.0 1.09 0 

 

3.2.2. Contamination Factor, Degree of 

Contamination and Modified Contamination 

Degree 

According to Table 11, Cd is found less than 1 for 

all sites that indicates low contamination factor. Cr is 

in the range of moderate to very high contamination 

factor. For Cr, CF value indicates moderate 

contamination factor for L-2 and L-5 site. L-3 value of 

Cr is in considerable contamination factor and rest of 

the sites (L-1,L-4,L-6,L-7,L-8) are very high in 

contamination factor for Cr. Pb is in low 
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contamination factor in L-3,L-4,L-6,L-7,L-8 and 

moderate contamination factor in L-1,L-2,L-5.Cu is in 

low contamination factor in L-3,L-6,L-7; moderate 

contamination factor in L-2,L-4.L-5,L-8 and very high 

in L-1. Ni is found less than in almost all the site which 

means low contamination factor. Only in L-2 the value 

is 1(moderate contamination factor). 
 

Table 11 

Contamination Factor, Degree of Contamination and Modified 

Contamination Degree of different soil 

S
am

p
le

 

L
o
ca

ti
o

n
 

Contamination factor of single 

metal (CF) 
D

eg
re

e 

o
f 

C
o

n
t.

 

M
o
d

if
ie

d
 

C
o

n
t.

 

D
eg

re
e 

 Cd Cr Pb Cu Ni Cd mCd 

L-1 0.3

5 

13.5 1.65 6.76 0.96 23.2 4.64 

L-2 0.2

6 

3.1 1.62 1.97 1.00 7.9 1.59 

L-3 0 9.3 0.17 0.41 0.27 10.1 2.03 

L-4 0 54.9 0.44 1.15 0.25 56.8 11.35 

L-5 0.0

7 

3.6 1.30 5.42 0.59 10.9 2.19 

L-6 0 31.2 0.49 0.49 0.21 32.4 6.48 

L-7 0 17.8 0.35 0.54 0.24 18.9 3.78 

L-8 0 83.4 0.9 1.51 0.24 86.1 17.23 

 

The degree of contamination (Cd) was proposed by 

Hakanson (1980). It is calculated by the sum of the 

contamination factor (CF). It is computed separately 

for each sampling site. Degree of contamination is low 

in L-2; moderate in L-3, L-5; considerable in L-1, L-7 

and very high in L-4, L-6, L-8.  

According to mCd, L-2 has low contamination 

factor; L-3, L-5 and L-7 have moderate contamination 

factor; L-1 and L-6 have high contamination factor; L4 

has very high contamination factor and L-8 has 

extremely high contamination factor. 

3.2.3. Ecological Risk Index and Potential 

Ecological Risk 

Ecological risk index (ER) is for a single metal 

element. 

  
Table 12 

Ecological Risk and Potential Ecological Risk Index of various 

metal 

Sample 

Location 

 Ecological Risk Index  PERI 

 Cd 

(ER) 

Cr 

(ER) 

Pb 

(ER) 

Cu 

(ER) 

Ni 

(ER) 

(PERI) 

L-1 0 654.9 6.59 43.3 9.41 714.2 

L-2 0 149.8 6.48 12.6 9.83 178.7 

L-3 0 450.4 0.68 2.63 2.69 456.4 

L-4 0 2663.2 1.74 7.37 2.48 2674.79 

L-5 0 172.3 5.19 34.69 5.77 217.9 

L-6 0 1512.7 1.96 3.10 2.07 1519.8 

L-7 0 862.1 1.40 3.48 2.38 869.4 

L-8 0 4046.9 3.79 9.66 2.4 4062.7 

The severity of pollution of the five heavy metals 

decreased in the following sequence: 

ER(Cr)>ER(Cu)>ER(Ni)>ER(Pb)>ER(Cd).   

 

 
Fig. 3: Ecological Risk of Cr 

 

According to these data, Cr posed an extremely 

strong ecological risk at six sites and a very strong risk 

at two sites in the TIED zone. Due to Cr, the sites L-2, 

L-5 is very strong in ecological risk and L-1, L-3, L-4, 

L-6, L-7, L-8 is extremely strong in ecological risk. 

Additionally, Cu also posed moderate ecological risks 

in two sites and only in the site L-1, L-5 has found to 

have moderate ecological risk.  

The highest potential ecological risk indices for Cr 

were found in the dumping zone. For other metals (Pb, 

Ni) the ecological risk is low. There is no ecological 

risk in the sites due to Cd. The potential ecological risk 

Index (PERI) is used as an indicator to check the 

ecological risk in soil. It is a comprehensive potential 

ecological risk index of a contaminated site. Potential 

ecological risk is for overall contaminated site.  

 

 
Fig. 4: Potential Ecological Risk Index of Various Metal 

 

Five sites (L-3, L-4, L-6, L-7, L-8) among eight in 

TIED zone exhibited extremely strong potential 

ecological risk. The site L-2 is strong in ecological 

risk, whereas L-1, L-5 is very strong in ecological risk. 

The potential ecological risk values were clearly 

related to the degree of anthropogenic disturbance. 

Mainly the chrome tanning process in the tannery 

industries increases the Cr contamination. 

3.2.4. Geo Accumulation Index 

Geo accumulation index (Igeo) is a parameter for 

determining contamination level of soil. 
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Table 13 

Geo Accumulation Index (Igeo) of metals 

S
am

p
le

 

L
o
ca

ti
o

n
 

Cd Cr Pb Cu Ni 

L-1 -9.35 3.17 0.14 2.17 -0.64 

L-2 -9.76 1.04 0.11 0.39 -0.58 

L-3  2.63 -3.15 -1.87 -2.45 

L-4  5.19 -1.78 -0.38 -2.57 

L-5 -11.65 1.24 -0.21 1.85 -1.35 

L-6  4.38 -1.61 -1.63 -2.83 

L-7  3.57 -2.10 -1.47 -2.63 

L-8  5.80 -0.66 0.01 -2.61 

 

From the Table 13, it has been observed that Igeo 

value of Cd, Ni is negative. It indicates that there is no 

contamination of soil for these heavy metals in the 

study sites. 

 

 

Fig. 5: Geo Accumulation Index of Cr 

 

Cr has significant Igeo value in all the sites which is 

clearly seen in the bar chart from Fig. 5. The selected 

area has severe Cr contamination. In L-2, L-5 Cr has 

moderate contamination. In L-3 contamination is 

moderate to strong. L-1. L-7 is strongly contaminated 

by Cr. L-6 has strong to extreme level contamination. 

Extremely Cr contamination is in the site of L-4 and 

L-8 which are the sites of dumping zone. 

 

 
Fig. 6: Geo Accumulation Index of Pb 

 

From Fig. 6, it can be seen that, negative Igeo value 

of Pb has been found in the site L-3, L-4, L-5, L-6, L-

7, L-8, which means these sites’ soils are not 

contaminated by Pb. But in the riverside area L-1, L-2 

has very little Pb contamination which falls in Igeo class 

1 which means uncontaminated to moderately 

contamination. 

 

 
Fig. 7: Geo Accumulation Index of Cu 

 

It is clearly observed from the bar chart of Fig. 7, 

that L-1, L-2 and L-5 have Cu contamination. Other 

sites (L-3, L-4, L-6, L-7, L-8) have negative value 

which means these sites do not have Cu 

contamination. 

3.3 Pearson’s correlation of heavy metals in the 

sediment 

The Pearson correlation coefficient was used to 

evaluate linear correlation between two 

variables X and Y. The Pearson coefficient is between 

−1 and 1, where −1 denotes a perfect negative 

correlation and 1 denotes a perfect positive 

correlation; 0 indicates the absence of a relationship.   

 
Table 14 

Correlation matrix between heavy metals in soil samples from 

Dhaleswari river 

 Cd 

(mg/kg) 

Cr 

(mg/kg)  

Pb 

(mg/kg)   

Cu 

(mg/kg)  

Ni 

(mg/kg)  

Cd 

(mg/kg) 

1.0     

Cr 

(mg/kg)  

-0.46 1    

Pb 

(mg/kg)   

0.86 -0.26 1   

Cu 

(mg/kg)  

0.71 -0.33 0.78 1  

Ni 

(mg/kg)  

0.96 -0.54 0.91 0.70 1 

 

Cd-Pb (r =.86), Cd-Cu (r =.71), Cu-Ni (r =.96), Ni-

Cu (r =.78), Ni-Pb (r =.91) are significantly correlated 

on the basis of Pearson’s correlation. This indicates 

that those contaminants may have same or similar 

source input. Cr- Pb, Cr-Cu, Cr-Ni are negatively 

correlated. 
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3.4 Heavy Metal Contamination and US EPA quality guideline            

Table 15 

Comparison between USEPA sediment quality guideline and present 

3.5 Spatial Distribution Analysis of Concentration 

and Contamination Factor 

The spatial distribution of concentration and 

contamination factor of Cr are shown in GIS maps.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig. 8: Spatial Distribution of Cr Concentration in soil  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Spatial Distribution of Cr CF in soil 

 

Among all the metals, Cr is higher in concentration 

in the dumping zone. The colour variation from Fig. 8 

shows the variation of Cr concentration in different 

locations. Cr concentration varies from 299.67 – 

8093.16 mg/kg. The soil sample from white coloured 

location (L-8) has the highest concentration. 

It is perceived from Fig. 9 that, Cr contamination 

factor is seen highest in the white coloured area which 

is adjacent to the dumping site. The contamination 

factor (CF) of Cr varies from 3.1 to 83.4.  

4. Conclusion 

Huge heavy metal contamination is in the soil of 

the tannery waste disposal site near Central Effluent 

Treatment Plant (CETP) at Savar. The concentration 

of metal element in the soil can be ordered as 

Cr>Cu>Ni>Pb>Cd. The soil sample of a central point 

near CETP of the disposal site showed comparatively 

higher concentration than other sample collected from 

the larger distance with respect to that point.  
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