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ABSTRACT 

The Hazaribagh tannery area in Dhaka city is extremely contaminated by chromium, mineral oils 

and EOX and is suspected to be a source of heavy metal pollution of the groundwater resources of 

Dhaka City. This study was done to evaluate the risk of heavy metal pollution of the groundwater 

by the contaminated site. For the purpose, water samples from the existing production wells of 

DWASA and hand tube wells in and around Hazaribagh area were taken and analyzed. The test 

results indicate that groundwater is not contaminated by Cr or any other heavy metals. Several 

leaching tests indicated very low mobility of Cr from the Hazaribagh subsoil. Most of the Cr in the 

subsoil exists as Cr(III), chromium compounds in the subsoil was found to be very stable, thus 

have a low risk of spreading out with rain water. The SEM-XRD analysis of the Cr-containing soil 

structures showed that Cr is bound with clay mineral structures. 
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1. INTRODUCTION 

Land contamination with organic and toxic heavy metals by the disposal of untreated industrial 

effluents is very common in the developing countries like Bangladesh. Land contamination by 

heavy metals is considered as a serious threat to the environment and human health all over the 

world, because of their persistence and cumulative tendency in the environment and their 

associated toxicity to biological organisms (Adriono 2001). There are about 196 tannery industries 

on an area of about 70 acres in Hazaribagh area (Shams et al 2009) of Dhaka city. Most of the 

tannery industries follow the chrome tanning, where large amount of chrome powder and liqueur 

are used. More than 16,000 m
3
 of highly toxic effluents with a BOD5 load of 17,600 kg/day are 

disposed off daily from the tanneries. An estimated 0.35 tons/day of chromium are settled into a 
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lagoon of 25 ha. Several studies showed that the subsoil in Hazaribagh tannery area is highly 

contaminated with Cr, Zn, Cu and Pb as well as by phenols compounds and hydrocarbons 

(UNIDO 2000; Saha and Ali 2001; Zahid et al 2006; Shams et al 2009).  

 

According to Clean Dhaka Master Plan (RAJUK 2008), Cr of about 25,014 mg/kg, Zn of 330 

mg/kg and Cu of 1,136 mg/kg were found in the subsoil of Hazaribagh tannery area. A recent 

study (Karim et al 2011) found that the Hazaribagh subsoil is contaminated by Cr (up to 37000 

mg/kg dm), mineral oil and EOX (sum parameter of extractable organic halogenic compounds, up 

to 1200 mg/kg dm). The most severe soil pollution is confined to the top 3 to 6 meters and in some 

boreholes chromium contamination was found at greater depth, up to 32 and even 100 ft (Karim et 

al 2011). The presence of such a contaminated area is suspected to be the source of toxic metal 

especially Cr contamination of the groundwater of Dhaka city due to infiltration and percolation of 

Cr with rain and wastewater (UNIDO 2000). A survey conducted by DoE (1993-94) found the 

concentration of Cr in groundwater of DWASA production wells in and around Hazaribagh area in 

between 0.02 to 0.04 mg/L. Although the groundwater pollution by Cr still has not exceeded the 

drinking water quality standard of 0.05 mg/L, the value is very close to the limiting value and the 

situation is very alarming. Several studies found higher Cr and Pb concentration in the 

groundwater in and around Hazaribagh area than other zones of Dhaka City (Saha and Ali 2001; 

Zahid et al 2006).  

 

This area has received significant attention in the recent years due to its potential threat to soil, air, 

surface and ground water pollution of Dhaka city and public health. A study was undertaken from 

2006-08 as a step towards characterization of the nature and extent of pollutants and associated 

health risks. Moreover, an extensive water sampling from the existing production wells and hand 

tube wells in and around Hazaribagh tannery area and laboratory analysis were done to investigate 

the risk of heavy metals contamination of groundwater of Dhaka City. Several leaching tests as 

well as SEM-XRDs tests were carried out on the soil samples to evaluate the mobility and bonding 

of Cr with soil and it susceptibility towards spreading by infiltrating water. In this paper, the risk 

of groundwater pollution by heavy metals from Hazaribagh area as well as mobility and 

susceptibility of spreading of Cr by infiltrating water are presented. 

2. METHODOLOGY 

Groundwater samples from 11 production wells (PWs) of Dhaka Water Supply and Sewerage 

Authority (DWASA) and from 10 hand tubewells (HTWs) in and around Hazaribagh area were 

collected first in November 2006. In the second time, water samples were collected from 3 PWs 

and 7 HTWs, closed to the contaminated site in April 2007 to verify the previous results. The 

depth of HTWs ranges from 200 ft (61m) to 350 ft (107m) and PWs ranges from 400 ft (122m) to 

465 ft (142m). Prior to sampling, each HTW and DTW was pumping for 5 to 10 minutes and 

sampling bottles were washed thoroughly with well water. From each sampling well, 3-bottles 

(each 500 mL capacity) of water were collected and acidified with 2-mL concentrated HCl. The 

samples were properly marked and leveled for subsequent laboratory analysis. All water samples 

were analyzed at VITO for pH, Eh, DOC, Cr, Fe, Zn, Cd, Cu, Ni, As, Pb and Mn. pH and redox 

potential of the water samples were measured using a pH and redox meter, respectively (Multiline 

WTW). Metal concentrations were measured using Inductively Coupled Plasma Spectrometry 

(ICP) according to ISO 11885:1996. As arsenic measurement was impacted by some interference, 

arsenic was analyzed by Atomic Absorption Spectrometry (AAS) (Perkin Elmer, 5100PC). 

Parameters like color, turbidity, electric conductivity, TDS, total hardness, chloride, Fe, nitrate and 

sulfide were measured at KUET according to Standard Method (APHA 2000). Proper quality 
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assurance and control were adopted in laboratory analysis and water quality parameters were 

assessed with both Bangladesh Drinking Water Quality Standard (ECR 1997) and WHO 

Guidelines (WHO 2004).  

 

As Cr pollution of the subsoil in Hazaribagh area is very alarming, leaching tests were carried out 

on the soil samples to evaluate the mobility of chromium and its susceptibility towards spreading 

by infiltrating water. All leaching results are compared to VLAREA, the Flemish Regulation on 

Waste Prevention and Management (set limits for the environmental quality of a secondary raw 

material) and USAEPA PRG (Preliminary Remediation Goals) levels. Each leaching test was 

performed with 10 l/kg dm (L/S=10) in which 2 grams of soil was shaken with specific leachants 

for 24 h. After shaking, the slurry was centrifuged and water samples were analyzed for 

chromium. High chromium concentration in the leachates indicates a risk of migration to the 

groundwater. The Cr-containing soil structures were further studied by Scanning Electron 

Microscopy (SEM) and X-ray Diffraction (XRD) to evaluate Cr bonding with soil structures. 

3. RESULTS AND DISCUSSION 

3.1 Groundwater Contamination 

The test results showed that the groundwater samples have a neutral pH in between 6.5 to 8.5; 

turbidity and color of few water samples exceed the maximum recommended level of both 

Bangladesh Drinking Water Standard and WHO guideline values. No DOC is present and redox 

potential is positive. Most of the chemical water quality parameters (except total iron, manganese 

and sulfide) of the groundwater samples satisfy both Bangladesh Drinking Water Quality Standard 

and WHO guideline values. The concentrations of heavy metals in the groundwater samples are 

shown in Table 1. No Cr was found in the shallow and deep tubewells of Hazaribagh area (all 

values were below detection limit of 0.007 mg/L). Concentrations of other toxic chemicals like 

Zn, Cd, Cu, Pb and Ni were also found well below the maximum recommended values of drinking 

water standard. The concentration of sulfide in drinking water should be zero (ECR 1997) and it 

was found from the test results that concentration of sulfide in 9 water samples exceeds the 

drinking water standard. Since tannery wastewater contains significant amounts of sulfide, 

presence of sulfide in groundwater at the periphery of Hazaribagh could indicate that the 

groundwater in this zone has already been contaminated by the leaching of tannery wastes into the 

subsurface. However, as no other contaminants (like chloride) seem to have leached out and there 

is some evidence of the presence of pyrite in the subsoil, high sulfide and iron concentrations 

could also be of natural origin.  

 

Study by Saha and Ali (2001) showed average concentration of Cr in groundwater from 

Hazaribagh zone of 0.036 mg/L, about ten times higher than the average Cr concentration of 0.004 

mg/L in water samples from other five zones of Dhaka WASA. Higher level of Pb in the 

groundwater from Hazaribagh area was also reported in this study. Zahid et al (2006) reported the 

presence of excessive level of Cr and Pb in the shallow groundwater (10-20 m) of Hazaribagh area 

and also the presence of higher Na
+
, Ca

+2
, Mg

+2
, NH4

-2
, Cl

-
, SO4

-2
 as compared to the average 

concentrations of the surrounding area as a result of releasing heavy metals and ions from the 

tannery effluent. The present study results indicate that groundwater resources at Hazaribagh area 

are not polluted by any of the toxic heavy metals accumulated into the Hazaribagh subsoil. Some 

elevated levels for iron, sulfide and manganese above drinking water standards have been 

discovered, which may be of natural origin. Since the soil pollution has already percolated to great 

depth in certain locations, and continues to percolate as the wastewater is still discharged, there is 

a potential risk of groundwater contamination in the future, especially of shallow groundwater.  
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Table 1. Levels of heavy metals and other parameters in the groundwater from Hazaribagh area. 

 

Parameter Unit Value Bangladesh Drinking Water 

Standard (ECR, 1997) 

pH - 6.5 - 8.5 6.5 - 8.5 

Eh mV 72 - 158 - 

DOC mg/L < 2.0 - 

Cr mg/L <0.005 0.05 

Fe mg/L 0.003 - 2.90 0.3 - 1.0 

Zn mg/L <0.007 - 0.29 5.0 

Cd mg/L <0.003 0.005 

Cu mg/L <0.003 - 0.081 1.0 

Ni mg/L <0.006 0.1 

As mg/L <0.004 0.05 

Pb mg/L <0.002 0.05 

Mn mg/L <0.001 - 0.33 0.1 

3.2 Mobility of Chromium 

Leaching test results with milliQ and groundwater for the soil sample from BH4 at 16 ft depth 

(HOSOL3), found a leaching of only 0.002% and 0.22% of the total chromium content 

respectively, indicating that only a small fraction of the chromium present in the subsoil of 

Hazaribagh area is mobilized with rainwater. Moreover, chromium characterization tests were 

performed on two Hazaribagh soil samples according to Bartlett (1991) and standard methods. In 

all these tests, the mobilization of chromium was measured in the leachates and compared to the 

total amount of chromium present (HNO3/HCl extraction and hypochlorite extraction). Some 

leachants are known to mobilize certain types of bound chromium, like crystalline or amorph 

hydroxides, organically bound Cr or oxidizable Cr. Others are known to form soluble complexes 

with loosely bound Cr-ions. The results of the leaching tests are presented in Table 2. 

 

It was observed that leaching is as low with the wastewater as it is with the chemical reagents of 

tests 1-5. As all leaching results are similarly low, it is not really possible to estimate the nature of 

the Cr(III) compounds in the soil matrix. Anyway, they do not seem very mobile. According to 

Bartlett (1991) most of Cr(III) species in chromium polluted soils and waters are insoluble and 

immobile. Exchangeable trivalent Cr(III) is practically nonexistent unless the soil pH is below 5. 

From the extraction results it is clear that the chromium compounds in both soil samples are very 

stable. Only 0-3% of chromium is leached out by mild leachants like water, organic acids (citrate, 

oxalate) or even the strong complexant EDTA, which is said to mobilize organically bound 

metals. Only by oxidation of the Cr(III) compounds with bleach (test 7) or aqua regia (test 8), 

large fraction of the chromium is mobilized, but these methods are developed especially to 

mobilize all chromium present. The chromium compounds in the soil samples was found to be 

very stable, thus have a low risk of releasing Cr from the subsoil; however, oxidation may cause 

substantial release of Cr from the subsoil in Hazaribagh area.  

3.3 Oxidation Test 

Cr(III) can be oxidized to Cr(VI) under the influence of manganese oxide. However, as Cr is very 

tightly bound and immobilized by soil humic acid polymers, this ‘chrome-tanning’ of soil organic 

matter vastly limits the tendency for Cr(III) to become oxidized and for the organic matter to be 

decomposed. The Cr(III) oxidation rate is determined by the chromium speciation and mobility 

and by the age of the immobile manganese surface and its relative freedom from adsorbed, 
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reduced organics and Mn(II) (Bartlett, 1991). According to Bartlett (1991), a soil with a high level 

of manganese oxides is a good Cr(III) oxidizing soil, while at the same time the organic acids 

cause the same soil to be an effective Cr(VI)-reducing soil because of their reaction with 

manganese oxides. Strong Cr(III) oxidizing soils are strong Cr(VI) reducing soils and vice versa. 

However, if Cr(III) is not in a form that is mobile or can be mobilized, it will not be oxidized in 

spite of optimal manganese oxide surfaces (Bartlett, 1991). 

 

Table 4. Leaching of chromium under different extraction. 

 
Soil sample Leaching (%)   

(relative to HNO3/HCl extraction) 

Leaching (%) 

(relative to hypochlorite extraction) 

Test 1. Extraction with  milli-Q-water 

HLSOL91 0.003 0.008 

HLSOL104 0.011 0.016 

Test 2. Extraction with oxalate --> amorph Cr-hydroxides 

HLSOL91 0.095 0.252 

HLSOL104 0.006 0.008 

Test 3. Extraction with dithionite/bicarbonate/citrate --> crystalline Cr-hydroxides 

HLSOL91 1.020 2.692 

HLSOL104 1.139 1.678 

Test 4. Extraction with KH2-citrate --> complexable Cr by small organic molecules 

HLSOL91 0.260 0.687 

HLSOL104 0.339 0.500 

Test 4bis. Extraction met K2H-citrate --> complexable Cr by small organic molecules 

HLSOL91 0.217 0.572 

HLSOL104 0.287 0.423 

Test 5. Extraction with EDTA - organically bound Cr 

HLSOL91 0.087 0.231 

HLSOL104 0.009 0.013 

Test 6. Extraction with filtered OUTLET Hazaribagh waste water (site situation) 

HLSOL91 0.107 0.282 

HLSOL104 0.009 0.013 

Test 7. Extraction with laundry bleach solution (hypochlorite): total oxidizable Cr 

HLSOL91 37.896 100.0 

HLSOL104 67.859 100.0 

Test 8. Extraction with aqua regia: total oxidizable Cr (performed by SGS laboratories) 

HLSOL91 100 264 

HLSOL104 100 147 
HLSOL91 = Soil sample from BH9 at surface; HLSOL104 = Soil sample from BH10 at 8 ft depth.  

 

In order to test the susceptibility of Hazaribagh Cr(III) contaminated soils to be oxidized, 

oxidation tests were performed according to Bartlett (1991). The amount of present manganese 

oxides was determined in 2 soil samples according to test XII (Bartlett, 1991), while a part of the 

other soil samples were also analyzed for total manganese after aqua regia destruction. 

Manganese is present in relatively high concentrations ranging from 160 to 660 mg/kg dm 

(average of 426 mg/kg dm) in the soil samples of Hazaribagh. Bartlett tests X and XIII were 

performed on soil samples HLSOL91 and HLSOL104 and it was observed that the percentage of 

chromium that could be oxidized in all cases is less than 0.5%. Probably, the high organic content 

in the soil samples prevents the chromium from oxidation.   
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xPt

1 

xPt2 

xPt3 

3.4 SEM-XRDs Analysis 

As the chromium compounds tend to be very stable, it was further investigated in which form 

chromium are present in the soil samples. As very small leaching was observed with any of the 

leachants (Table 2), there is evidence that only a minor fraction of the chromium is present as 

hydroxides or organically bound. With the techniques of Scanning Electron Microscopy (SEM) 

and X-ray Diffraction (XRD), the Cr-containing structures were further studied.  A SEM image of 

the sample HLSOL91 is shown in Figure 1 and the element spectrum of the ‘Total sample’(top) 

and the specific Point ‘Pt2’ (bottom) are shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.SEM image of sample HLSOL91, on the indicated points a spectrum was made to 

identify the present elements. 

 
From element spectrum, it is observed that the Cr is present in the company of mainly C, O, Al, 

Si, Ca, Fe and S (Figure 2). From the XRD spectra, the major minerals identified in the soil 

sample include quartz feldspars (albite, anorthite), calcite, lepidoocrocite, illite and kaolinite and 

chromium is mostly present inside clay minerals (which consist mainly of Si, Al and O) and bound 

within clay mineral structures. Study by Shams et al (2009) also concluded that chromium in 

Hazaribagh area is in the trivalent form and portion of it is bound within the clay mineral 

structures (chromian chlorite or illite-smectite).  The clay of southwestern part of Dhaka City 

mainly consists of kaolinite (35-39.6%) and illite (18.1-26.6%) with small amount of illite-

smectite (5.1-10.7%) mixed layer (Nairuzzaman et al, 2000). The XRD analysis of the samples 

from Hazaribagh area also shows kaolinite and illite as the main types of clay minerals. Kaolinite 

has low cation exchange capacity (CEC), while illite having higher CEC can serve as better 

sorbents for metals in the study area. 

4. CONCLUSION 

In Hazaribagh tannery area, the subsoil become highly contaminated by Cr, mineral oil and EOX 

due to disposal of untreated tannery effluents into the ditches and lagoons for a long time and 

would suspect to be a source of groundwater pollution of Dhaka city. In this study, no 
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groundwater contamination by Cr and other heavy metals accumulated that were accumulated in 

the subsoil of Hazaribagh was detected. Some elevated levels for iron, sulfide and manganese 

above drinking water standards have been discovered, which may be of natural origin. Since soil 

pollution has already been percolated to great depth in certain locations, and continues to percolate 

as the waste water is still discharged, there is a potential risk of groundwater contamination in the 

future, especially of shallow groundwater. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Element spectrum of the ‘Total sample’(top) and the specific Point ‘Pt2’ (bottom) of the 

sample HLSOL91. 

 

Most of the Cr in the soil is Cr(III), thus has very low potential of spreading out with rain and Cr 

is bound with clay mineral structures. Several leaching tests also indicated very low mobility of 

the Cr present in the subsoil in Hazaribagh area. Trivalent chromium is generally expected not to 

significantly migrate in natural systems because Cr(III) minerals [Cr(OH)3(s), FeCr204(s), etc.] 

readily precipitate in neutral to alkaline pH range and maintain low Cr(III) dissolved 



3
rd

 International Conference on Water & Flood management (ICWFM-2011) 

468 

 

concentrations. However, oxidation of Cr(III) to Cr(VI) in natural environment is quite common 

and may potentially occur whenever manganese oxides are present along with Cr(III) in aerobic 

conditions. As Hazaribagh sub-soil contain significant amount of Mn, it is likely that Cr(III) may 

be oxidized. The subsoil also contains high organic matter and sulfur, which favor the reduction of 

Cr(VI) to Cr(III) and thus controlling the solubility of Cr. In soils rich in organic matter, oxidation 

of chromium is limited because Cr bound with organic matter is not easily oxidized. The complex 

geo-environment and Cr behavior in Hazaribagh sub-soil would need further study of the possible 

risk of spreading Cr in the surrounding environment.  
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