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ABSTRACT 
 

The Hazaribagh tannery area of Bangladesh is considered as an extremely polluted 
site by the disposal of untreated Cr enriched tannery effluent. A study was undertaken 
from 2006-08 in order to characterize the nature and extent of pollutants, associated 
health risk and feasibility and effectiveness of the selected cleanup strategies of this 
area. The site is significantly polluted by Cr (upto 37,000 mg/kg dm), mineral oils and 
EOX and the most severe soil pollution is confined to a depth of 10 to 20 ft. The 
tannery effluent has a pH of about 8 and a very high conductivity (about 15,000 
µS/cm). The maximum Cr concentration in the tannery effluent is about 99 mg/L and 
this Cr was found to adsorb into suspended solids of wastewater. Most of the Cr in the 
subsoil are presented as Cr(III) form, which has a very low potential of spreading out 
with rain and Cr is found to bind with clay mineral structures.    
 
INTRODUCTION 
 
Land contamination by toxic heavy metals and organic materials all over the world is 
considered as a serious threat to the environment and human health. Elevated 
concentrations of heavy metals on soils are of potential long-term environmental and 
health concerns because of their persistence and cumulative tendency in the 
environment, and their associated toxicity to biological organisms (Adriano 2001; 
Dermont et al 2008). Moreover, the presence of a contaminated site in populated urban 
area is a major concern for urban development, as costs of soil remediation pose 
significant liabilities and financial burdens on landowners and other stakeholders. 
 
In Hazaribagh, the tannery district in Bangladesh, there is about 196 tannery industries 
on an area of about 70 acres (Shams et al 2009). Most of the tannery industries follow 
the chrome tanning where large amount of chrome powder and liqueur are used. A 
huge quantity of this chromium together with other toxic chemicals, lime, acid and salts 
used in tanning processes are discharged directly without any treatment into a low-lying 
stagnant lagoon by surface drains for a long time and eventually, all effluents are 
disposed to the river Buriganga. More than 16,000 m3 of highly toxic effluents with a 
BOD5 load of 17,600 kg/day are disposed off daily from the tanneries. An estimated 
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0.35 tons/day of chromium are settled into the lagoon and are suspected to be the 
source of chromium contamination of the groundwater of Dhaka city (UNIDO 2000). 
Several studies reported that Hazaribagh tannery area has been seriously contaminated 
by heavy metals like Cr and Pb as well as organic pollutants (UNIDO 2000; Saha and 
Ali 2001; TICI 2005; Zahid et al 2006; Shams et al 2009). The Department of 
Environment (DoE), Bangladesh has categorized this area as Red Zone.  
 
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. In a 
directive from High Court of Bangladesh, shifting of the tannery industries from 
Hazaribagh area to a new location in Savar is going on. After relocation of tanneries, 
the area will be redeveloped as a residential area for middle income people having open 
space, health and education facilities according to Dhaka retailed area plan (RAJUK 
2008). Cleanup of this area is necessary before redevelopment of this area for future 
residential and other purposes. Characterization of the pollution and assessment of the 
environmental risk associated with this site are important before formulating a 
reclamation and cleanup strategy of the area for sustainable urban redevelopment. A 
study was undertaken from 2006-08 as a step towards characterization of the nature and 
extent of pollutants, associated health risks, feasibility and effectiveness of selected 
remediation strategies of Hazaribagh area were evaluated. In this paper, the 
characteristics, nature and extend of organic and toxic heavy metals pollution of 
Hazaribagh area by tannery effluent are presented.  
 
SAMPLING AND ANALYTIC METHODS 
 
The tannery area of Hazaribagh is located in the southwestern part of Dhaka City and 
the contaminated low-lying land area is about 25 ha. Two soil sampling campaigns have 
been conducted in Hazaribagh area, first one in lagoon area (BH1-6) in June, 2006 and 
second one along the drainage canal of the effluent towards river Buriganga (BH7-11) in 
March-April, 2007 as shown in Figure 1. Boreholes 1 to 4 were drilled to a depth of 100 
ft, while boreholes 5 and 6 were drilled to a depth of 10 ft. Boreholes 7 to 11 were 
performed upto a depth of 16 ft. The drillings were done by wash boring technique 
using a manually operated rig and a 4 inches (100mm) diameter casing pipe. The 
undisturbed soil samples were collected from the depth of 0.167, 1, 2, 8, 16, 32 and 50 
ft by a 3-inch diameter standard Shelby tube. The disturbed soil samples were collected 
at a depth of 100 ft by driving a Split Spoon sampler of 35mm inner and 50 mm outer 
dia and 2.0 ft long by a standard hammer. All collected soil samples were divided into 
two parts, properly preserved into labeled polyethylene bags (marked with date and 
depth); one part for physical and soil index properties analysis at KUET, Bangladesh 
and another parts were send to VITO, Belgium for details physio-chemical analysis. 
Test parameters and also the test protocols/standards that were adopted in details 
laboratory analysis are presented in Table 1. Moreover, to characterize the tannery 
effluents discharged, wastewater samples were taken from the inlet point (BH4), in the 
lagoon (BH6) and at the end of the drainage channel or outlet (BH9) one in March, 
2007 and another in April 2007. Wastewater samples were analyzed at VITO for details 
physical and chemical analysis. 
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Figure 1. Sampling locations in Hazaribagh tannery area. 

 
RESULTS AND DISCUSSION 
 
The subsoil exploration of the site reveals that the top subsoil mainly consists of silty 
sand mixed with organic matter up to 2 ft depth and a subsequent silty clay layer upto a 
depth of 16 ft. After then, the subsoil mainly consists of silty sand up to the depth of 
boring. The average value of pH of the soil samples was found as 7.72 indicating 
alkaline condition of the subsoil. A large amounts of Ca(OH)2 

 

used in the liming 
process are disposed from the tanneries effluent cause higher pH of the topsoil. Similar 
soil pH was also reported in Hazaribagh topsoil in other studies (Zahid et al 2006; 
Shams et al 2009). Very high organic content ranging from 5 to 45% was observed at 
the top subsoil, mainly due to accumulation of organic matter of solid wastes and 
tannery effluent. The organic contents decrease significantly with depth in all 
boreholes; however the deep subsoil still contains 4-5% organic matter.  

Heavy Metals  
 
The concentrations of heavy metals in the samples were compared to the Flemish clean 
up values, as there is no standard and regulation for soil contamination in Bangladesh. 
The analysis results reveal that the concentration of arsenic, cadmium and mercury 
were below the detection limit in all soil samples. Copper and zinc concentrations were 
highest in surface samples, varied from 6 to 140 mg/kg dm and 28 to 400 mg/kg dm, 
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respectively and were found to decrease with increasing depth. For all soil samples, 
copper and zinc levels were also below the Flemish clean up value (400 mg/kg dm and 
1000 mg/kg dm, respectively). The concentration of zinc is significantly lower at 
greater depth, where only traces are present. Zinc level of 330 mg/kg dm and copper of 
1,136 mg/kg dm in Hazaribagh subsoil were reported in another study (RAJUK 2008). 
 

Table 1. Test standards/protocols for physical, index and chemical properties of soil. 
Parameters Test Standard Laboratory 
Moisture Content ASTM D2974, 2004 

KUET 
Organic Content ASTM D2974, 2004 
Coefficient of Permeability ASTM D2434, 2004 
Grain Size Distribution ASTM D422, 2004 
Soil pH pH Meter (HACH) 
Dry Matter NEN 5747 or CMA/2/II/A.1 

VITO 

Metals (As, Cd, Cr, Cu, Ni, Pb, Zn, Fe) o-NEN 6961/NEN 6966 
Mercury (Hg) o-NEN 6961/NEN-ISO 16772 
Sulfur (S) NVN 5770/7322 
Mineral oil (C10-C40) CMA/3/R1 or NEN5733 
EOX CMA/3/N or NEN 5735 
PAHs CMA/3/B 
PCB CMA/3/I 
Penta/Hexa-chlorobenzene CMA/3/I 
Organochloric pesticides CMA/3/I 
GC-MS screening (moderately volatile 
compounds) 

CMA/3/U 

Leaching test Shaking L/S 10 DIN 38414-S4 
Chromium Cr (eluate) NVN 7322/ ISO 11885:1996 
Iron Fe (eluate) ISO 11885:1996 
Chloride Cl (eluate) Intern VITO protocol 

(spectrometer) 
Clay content (<2 µm) ISO 13320 
Other compounds TerrAtesT TerrAtesT 
Sulfur NEN 6426 

 
The variation of total Cr, Pb, Ni and S concentration in subsoil at Hazaribagh site is 
shown in Figure 2. The results show a significant high level of Cr in the top subsoil up 
to a depth of about 20 ft. The maximum value of Cr of about 37,000 mg/kg dm was 
observed in the top soil at BH3 (Figure 3). Previous studies (Saha and Ali 2001; TICI 
2005; Zahid et al 2006; Latif et al 2009; Shams et at 2009) also reported very high level 
of Cr ranging from 15,000 to 33,500 mg/kg dm in the top soil of Hazaribagh area and 
the accumulation of Cr is restricted primarily upto the first 10 ft (3m) of the subsoil. In 
some bore holes, Cr level was found at greater depth upto 32 ft and even 100 ft. The Cr 
level in the top soil exceeds the Flemish clean up value (300 mg/kg dm). Most of the Cr 
accumulated in the sediments are presented as Cr(III) form (Saha and Ali 2001). Study 
by Shams et al (2009) reported the presence of hexavalent chromium level of maximum 
of about 1.0 mg/kg dm in the topsoil of Hazaribagh area; however Cr(VI) is only a 
small fraction of the total Cr in the soil. Very insignificant amount of Cr(VI) (<0.5 
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mg/kg dm) was detected in the subsoil in this study. Lead and nickel concentrations 
were highest in surface samples, varied from 17 to 170 mg/kg dm and 12 to 98 mg/kg 
dm, respectively. For all soil samples, Pb and Ni levels were below the Flemish clean 
up values (700 mg/kg dm and 470 mg/kg dm, respectively). Zn levels were found to 
decrease with depth, while Ni concentrations were more or less constant with depth. 
This analysis indicates that the upper sub-soil of Hazaribagh area is seriously 
contaminated by Cr, which poses a significant health risk of the people living in this 
area.  

Figure 2. Variation of Cr, Pb, Ni and S in the boreholes of Hazaribagh area. 
 
As shown in Figure 2, sulfur levels were remarkably high, especially in the top 10 ft 
and still present at larger depths in concentrations between 500 and 1000 mg/kg dm and 
there seems to be a correlation with Cr contamination present. As tannery waste waters 
contain all kinds of sulfur compounds (chromium sulphate, sulfuric acid, hydrosulfide, 
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sulfates, sulfides), this higher sulfur levels in the top sub-soil are mainly due to the 
accumulation from tannery effluents. Iron concentrations tend to vary greatly with 
depth and between different sampling locations. In Hazaribagh area no clear pattern 
was observed and iron concentration was very high up to large depths. At higher depth, 
presence of high level of Fe and S in the sub-soil is probably of geological origin, as 
Bangladeshi sub-soils contain a significant amount of pyrites (FeS).  
 
Mineral Oil, EOX and PAH  
 
Significant levels of mineral oil were present especially in the upper soil layer all over 
the Hazaribagh site. For location BH1 and BH4, elevated levels of mineral oil were 
present down to 32 ft (Figure 3). The GC spectrum showed that most mineral oil 
present belongs to the C12-C40 fraction, with maximal values in the C20-C30 fraction. 
A 2-Dimensional GC spectrum was taken for the soil sample from BH1 at 8 ft depth in 
order to obtain a detailed characterization of the aliphatic and aromatic compounds in 
the sample. The spectrum showed that apart from aliphatic hydrocarbons, a large 
fraction of aromatics was present. The aromatic compounds were identified as phenols 
and cholestanones, which are typical for animal and human skins, faeces and fats. The 
analysis was only qualitative, but it can be estimated that in this sample each compound 
group counts for 1/3 of the total oil concentration. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Variation of mineral oil and EOX in the boreholes of Hazaribagh area. 
 
EOX (Extractable Organohalogenic Compounds) is a sum parameter consisting of a 
whole range of extractable organohalogenic compounds (PCBs, OCBs, pesticides, 
chlorophenols, halogenated hydrocarbons and others). In Hazaribagh site, significant 
elevation levels of EOX were present in almost all samples (Figure 3). The maximum 
value observed was 1200 mg/kg dm, the concentrations generally decrease with 
increasing depth and are highest in the surface layer. The variability of EOX with depth 
is similar as Cr contamination. To some extent the elevated EOX can be explained by 
interference with high sulfur (S) concentrations. The percentage of sulfur contribution 
to the EOX varies from 20% up to more than 100%.  Seven samples with the most 
elevated EOX levels were further analyzed for PCB, -phenols and organochloro-
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benzenes and with a negative result. A GC-MS screening of moderately volatile 
compounds discovered that different phenols and cholestanols (a cholesterol derivative 
found in human faeces, gallstones, eggs, and other biological matter) were present, as 
was also indicated by the 2-D GC spectrum. Moreover, 16 randomly chosen samples 
were analyzed for PAH (Polycyclic Aromatic Hydrocarbons) compounds. As PAH 
levels were below the detection limit, no further analysis for PAH was done. 
 
Characteristics of Tannery Effluent 
 
The characteristics of the tannery effluent are shown in Table 2. The effluent has a pH 
of about 8 and a very high conductivity (~15,000 µS/cm) due to presence of cations like 
Na+, Ca+2, Mg+2, K+ and anions like SO4

-2 and Cl-. The phenol index of the wastewater 
is high (11,000 µg/L) and the maximal Cr concentration measures was 99 mg/L, mainly 
originated from Cr2(SO4)3 used in tanning. This Cr was all Cr(III) and only a minor 
part was in solution. More than 99% of the Cr(III) was precipitated or adsorbed to 
suspended solids in the wastewater. The amount of suspended solids in the effluent as 
determined by centrifugation was 760 mg/L. As most of the Cr exists as Cr(III) which 
is immobile and precipitation and adsorption of such Cr on iron oxyhydroxides and 
organic matter in the sediment restrict the downward movement of Cr into the subsoil 
(Saha and Ali 2001). Extremely high concentrations of Na+, K+, Ca+2, Mg+2, Cl-, S-2 and 
SO4

-2

 

 in the tannery wastewater from Hazaribagh were also reported (TICI 2005; Zahid 
et al 2006). The concentration of Cr in the tannery effluents from Hazaribagh area was 
reported from 4.06 to a maximum of 75 mg/L in several studies (Saha and Ali 2001; 
TICI 2005; Zahid et al 2006) depending on the locations of wastewater sampling. 
Chromium in the tannery effluent in the lagoon area is present as Cr (III). Study by 
Zahid et al (2006) reported that suspended materials of effluent contain very high Cr 
(28,844.4 mg/kg), Fe (1,480.32 mg/kg) and Al (1,044.93 mg/kg) with significant Cu 
(8.16 mg/kg), Ni (10.61 mg/kg), Zn (18.23 mg/kg), Mn (2.51 mg/kg) and Pb (4.08 
mg/kg). Concentrations of most of the parameters of exceed the allowable discharged 
limits set by Bangladesh Environmental Conservation Regulation (ECR 1997) from the 
tannery industries.  

A Cytotox toxicity test on human blood cells was performed on the wastewater, which 
indicated that, the filtered and unfiltered wastewater were of equal toxicity (EC50 at 2-
3% wastewater). The toxic effect is possibly due to high salinity in wastewater, 
apparently the Cr(III) is not bio-available and consequently not toxic. However, it can 
be toxic on ingestion. 
 
Mobility of Chromium  
 
As Cr pollution of the subsoil in Hazaribagh area is very alarming, leaching and 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. All leaching 
results were 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.  
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Table 2.  Characteristics of the tannery effluents in Hazaribagh area. 
Parameters Unit Sample on March, 2007 Sample on April, 2007 

Inlet Lagoon Outlet Inlet Lagoon Outlet 
pH - 7.4 8.1 7.8 8.2 8.2 8.3 
Conductivity µS/cm 15000 11000 7200 12000 11000 5500 
DOC mg/L 310 600 290    
TOC mg/L 800 410 440    
DO mg/L    <1.0 <1.0 <1.0 
Ammonium as N mg/L    15 14 14 
Orthophosphate as P mg/L    0.55 0.3 0.21 
Arsenic (As) µg/L <10 <10 <10    
Cadmium (Cd) µg/L <1.0 <1.0 <1.0    
Chromium (Cr) mg/L 99 6.7 34    
Copper (Cu) µg/L 58 16 41    
Mercury (Hg) µg/L <0.10 <0.10 <0.10    
Nickel (Ni) µg/L 46 26 27    
Lead (Pb) µg/L 91 <10 31    
Zinc (Zn) µg/L 270 130 180    
Calcium (Ca) mg/L 280 71 170 230 140 230 
Magnesium (Mg) mg/L 48 22 29 40 42 150 
Manganese (Mn) mg/L 0.49 0.10 0.32 0.26 0.17 6.3 
Iron, Total (Fe) mg/L 7.6 1.2 4.0    
Potassium (K) mg/L 45 33 26 27 35 62 
Sodium (Na) mg/L 3400 1900 2200 1800 2000 870 
Cr (VI) µg/L <0.50 <0.50 <0.50    
Sulfur (S) mg/L 1200 630 540    
Fluoride (F) mg/L    0.3 0.34 0.91 
Chloride (Cl) mg/L    2200 2300 440 
Nitrate as N mg/L    0.14 0.16 <0.10 
Nitrite as N mg/L    <0.01 <0.01 <0.01 
Sulfate (SO4

-2 mg/L )    960 140 22 
Total Mineral Oil mg/L 23 2.2 4.0    
EOX µg/L 310 86 510    
Phenol Index µg/L 3500 2600 11000    
Benzene µg/L <0.50 0.55 0.61    
Toluene µg/L 4.9 4.5 29    
Ethyl benzene µg/L <0.50 <0.50 0.66    
Xylene µg/L <1.5 <1.5 2.0    
Cumene µg/L <0.50 <0.50 <0.50    
Styrene µg/L <0.50 <0.50 <0.50    
Naphthalene µg/L 11 13 16    
 
Leaching test of 10 l/kg dm (L/S=10) was performed on the soil sample from BH4 at 
16 ft depth (HOSOL3) using groundwater from Hazaribagh area and ultra pure milliQ 
water to simulate subsoil condition and monsoon rain infiltration, respectively. In the 
leaching test, 2 grams of soil was shaken with water for 24 hr. After shaking, the slurry 
was centrifuged and the water samples were analyzed for chromium. High chromium 
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concentration in the leachates indicates a risk of migration to the groundwater. The test 
results showed leaching of only 0.002% and 0.22% of the total chromium content with 
milliQ and groundwater, respectively, indicating that only a small fraction of the 
chromium present in the subsoil of Hazaribagh area is mobilized under the test 
conditions. Further extraction tests with oxidizing agent like bleach solution 
(hypochlorite) or aqua regia indicated very high (38-100%) leaching of Cr from soil. 
Thus oxidation to Cr(VI) is necessary to mobilize Cr(III) from the Hazaribagh subsoil. 
 
As the chromium compounds tend to be very stable, it was further investigated in 
which form chromium are present in the soil samples. With the techniques of Scanning 
Electron Microscopy (SEM) and X-ray Diffraction (XRD), the Cr-containing soil 
structures were further studied.  From element spectrum, it is observed that the Cr is 
present in the company of mainly C, O, Al, Si, Ca, Fe and S. 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 showed 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.  
 
CONCLUSIONS 
 
In Hazaribagh tannery area environmental problems are caused by the discharging of 
untreated tannery effluents into ditches and lagoons. The effluent from the tannery 
industries in Hazaribagh area contains excessive amount of salts (~15000 µS/cm), 
chromium(III) (up to 99 mg/L), sulfate, mineral oils and animal fats and suspended 
organic matter. Through percolation of the wastewater, the soil of Hazaribagh has been 
contamination with chromium (up to 37000 mg/kg dm), mineral oil and EOX (up to 
1200 mg/kg dm). Sulfur concentrations are high as well. The most severe soil pollution 
is confined to the top 10 t0 20 ft. The topsoil mainly consists of silty sand mixed with 
organic matter up to 2 ft depth and a subsequent layer of silty clay upto a depth of 16 ft.  
 
Most of the Cr in the soil exits as 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.] are readily precipitated 
in neutral to alkaline pH range and maintain low Cr(III) dissolved concentrations 
(Richard and Bourg, 1991). 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 
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contains high organic matter and sulfur (S), which favor the reduction of Cr(VI) to 
Cr(III) and thus controlling the solubility of Cr. 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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