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Short Communication

Accumulation and Translocation of Heavy Metals in Soil
and Crop Irrigated with Paper Mill Effluents
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Effluent is an important source of irrigation water as
well as primary nutrients such as nitrogen (N),
phosphorus (P), potassium (K) and secondary
nutrients like sulphur (S), calcium (Ca) and
magnesium (Mg). The use of industrial effluent for
irrigation is a common practice in India However,
irrigation with untreated effluent poses serious public
health risks, being a major source of heavy metals
(Barman et al. 2000). The effluent contains heavy
metals such as cadmium (Cd), chromium (Cr), nickel
(Ni) and lead (Pb) which accumulates in plant and
cause adverse effects on crop yields (Chopra and
Pathak 2013). Long-term irrigation with effluents
increases heavy metals accumulation in soil and thus
leads entrance in food chain (Srivastava et al. 2012).

The pulp and paper making industry is one of
the major effluent generation industries in the world.
In recent years, the use of treated, partially treated or
raw effluent for irrigating agriculture or forest crops
has become a popular alternative to discharge into
surface water bodies (Fazeli et al. 1998). Among agro-
based industries, pulp and paper mills are one of the
most polluting industries in India (Chaudhary et al.
2002), which generate a huge amount of waste water
having high biological oxygen demand (BOD) and
chemical oxygen demand (COD). In the study area,
the waste water produced and released by the Jagiroad
paper mill factory in Morigaon district of Assam,
which is used for the irrigation of rice. In order to
understand the pattern of heavy metals accumulation
in soil and rice plant irrigated with paper mill
effluents, the present study was conducted.

The wastewater from the paper mill was
collected, preserved and analyzed for total dissolved

solids (TDS), total suspended solids (TSS), BOD and
COD using standard methods. Sixteen plant samples
each of roots, leaves and grain of rice irrigated with
waste water along with sixteen soil samples from the
same areas were collected in polythene bags. The
plant samples were washed thoroughly with 0.5 N
HCl followed by double-distilled water. To measure
the heavy metal content of plants, samples were oven
dried at 70 °C for 48 h. The plant samples were
ground to make powder form and digested in HNO3

and HClO4 acid mixture. The digestion of 0.50 g soil
samples was performed with concentrated HNO3, HF
and HClO4 in a microwave digester (model Start D,
Milestone). Subsequently, the total concentration of
heavy metals in plant and soil samples was determined
by a Shimadzu AA6300 atomic absorption
spectrophotometer. A combined glass calomel
electrode was used to determine the pH of aqueous
suspension (1:2.5 soil : solution ratio) and organic
carbon content in soil was estimated by wet oxidation
method.

The translocation of heavy metals from soil to
plant parts (Chamberlain 1983) was calculated to
determine the relative uptake of heavy metals by the
plants with respect to soil.
Transfer factor with respect to soil (TFs)

Concentration of metals in plant body at contaminated site
= ––––––––––––––––––––––––––––––––––––––––––––––––

Concentration of metals in soil at that site

To determine the relative movement of heavy
metal from roots to different plant parts, transfer factor
with respect to roots (Barman et al. 2000) was
calculated.
Transfer factor with respect to root (TFR)

Concentration of metals in plant part
= ––––––––––––––––––––––––––––––

Concentration of that metal in root

The average values of physicochemical
characteristics of the paper mill effluents are given in
table 1. The pH of the effluent was 8.2 and the total
dissolved and suspended solids in the effluents were

*Corresponding author (Email: reza_ssac@yahoo.co.in)
Present address
1National Bureau of Soil Survey and Land Use Planning,
Jamuguri Road, Jorhat, Assam
2National Bureau of Soil Survey and Land Use Planning,
Nagpur, Maharashtra



2015] ACCUMULATION AND TRANSLOCATION OF HEAVY METALS IN SOIL AND PLANT 243

1701 and 1021 mg L-1, respectively. The BOD of
effluents was 1270 mg L-1 which was higher than the
tolerance limits (500 mg L-1) for industrial effluents
discharged on land for irrigation purposes (ISI 1982).
Higher BOD in paper mill effluent was also reported
by Fazeli et al. (1998). High BOD and COD might be
due to presence of high utilizable organic matter and
rapid consumption of dissolved inorganic materials.

The average total metal content of the soil was
in the order of Cr (320.4 mg kg-1) > Ni (39.5 mg kg-1)
> Pb (30.2 mg kg-1) > Cd (2.6 mg kg-1). The minimum
and maximum values were : Cr 136.8 and 387.2 mg
kg-1; Ni 32.8 and 57.7 mg kg-1; Pb 18.9 and 46.8 mg
kg-1 and Cd 0.7 and 3.5 mg kg-1. The uptake of
different heavy metals by rice root was in the order
of: Cr (48.6 mg kg-1) > Ni (21.2 mg kg-1) > Pb (13.1
mg kg-1) > Cd (1.3 mg kg-1) which followed the pattern
of total metal content in soil. The minimum and
maximum uptake by root was: Cr 41.8 and 62.1 mg
kg-1; Ni 26.7 and 17.2 mg kg-1; Pb 16.5 and 10.6 mg
kg-1 and Cd 0.9 and 2.8 mg kg-1 (Table 2). Minute
amount of trace metals promote growth and improve
the yield of rice, however, excessive amounts of these

metals are toxic. It has been reported (Xian and
Shokohifard 1989) that a decreased in soil pH (7.0 to
4.5) caused an increase in heavy metal concentrations
in plants. The higher level of Cr in the soil and rice
crop could be attributed to the higher Cr content of
the paper mill effluents due to use of various
cellulosic based raw materials and chemicals during
the manufacturing process (Fazeli et al. 1998; Reza et
al. 2013). Among the different parts of the rice crop,
the lowest Cr content was in the grains (14.3 mg
kg-1). This result supports the finding of Fazeli et al.
(1998) who reported poor concentration of Cr in
seeds. In the study area, the Cd content of rice leaves
(1.8 mg kg-1) was higher than that of the roots (1.3
mg kg-1). The content of Cd in grain was very low
(0.2 mg kg-1). The low Cd in rice grain might be due
to higher soil pH. Shende et al. (1993) also observed
decrease in Cd content of rice grain with increase in
soil pH.

The concentration of Pb was in the order of root
(13.1 mg kg-1) > leaves (9.0 mg kg-1) > grains (5.9 mg
kg-1). This observation find the support by the work
of Zimdahl and Koeppe (1977) who reported that Pb
in soils is either tightly bound by organic or inorganic
colloidal materials, or present in a precipitated form
which tend to reduce the uptake of Pb by plant roots.
This holds true for the present investigation which
showed almost double the concentration of Pb in soil
compared to that in the rice root. This excess of Pb in
the soil might have contributed to the increased Cd
uptake by the plant because of their cation-exchange
capacity relation. However, the increased Cd uptake
might also be due to high soil Cd levels. The highest
Cd uptake was noticed in the leaves of the rice plant.
Boon and Soltanpour (1992) also reported the highest
values of Cd in the leaves compared to that of roots
and grains.

The maximum Ni content was observed in leaves
(26.3 mg kg-1) and the minimum in seeds (9.2 mg
kg-1). It was reported (Boon and Soltanpour 1992)
that Ni content was in the order of : leaves > roots >
seeds and/or fruits of plants grown in polluted regions.
The rice crop under present study did not show any
decrease in growth, but it might be toxic to humans.

The average translocation of heavy metals from
soil to root (Table 3) was in the sequence of Ni (0.54)
> Cd (0.50) > Pb (0.43) > Cr (0.15), which was very
low (< 1). This implies that concentration of metals
was quite high in effluent irrigated soil but the
movement from soil to plant was very low because of
pH, CEC and organic matter of soil and due to
resistive mechanism within plant body (Gupta et al.

Table 1. Average values of physicochemical characteristics
of the paper mill effluents

Characteristics Effluents of
paper mill

pH 8.2
Total dissolved solids (mg L-1) 1701
Total suspended solids (mg L-1) 1021
Dissolved oxygen (mg L-1) 2.2
Biological oxygen demand (BOD) (mg L-1) 1270
Chemical oxygen demand (BOD) (mg L-1) 612

Table 2. Total heavy metals content in soil and different parts
of rice

Pb Ni Cd Cr
                   mg kg-1

Mean 30.2 39.5 2.6 320.4
Soil Minimum 18.9 32.8 0.7 136.8

Maximum 46.8 57.7 3.5 387.2

Mean 13.1 21.2 1.3 48.6
Root Minimum 10.6 17.2 0.9 41.8

Maximum 16.5 26.7 2.8 62.1

Mean 9.0 26.3 1.8 29.2
Leaf Minimum 7.2 21.8 1.5 25.9

Maximum 11.4 30.1 2.5 34.5

Mean 5.9 9.2 0.2 14.3
Seed Minimum 4.1 7.3 0.1 11.5

Maximum 7.2 11.5 0.5 17.1
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Table 3. Transfer factor (TF) of heavy metals in different parts of rice

Pb Ni Cd Cr
*TFS **TFR TFS TFR TFS TFR TFS TFR

Root 0.43 - 0.54 - 0.50 - 0.15 -
Leaf 0.30 0.69 0.67 1.24 0.69 1.38 0.09 0.60
Grain 0.20 0.45 0.23 0.43 0.08 0.15 0.04 0.29
*TFs: Transfer factor with respect to soil; **TFR: transfer factor with respect to root

2008). The study revealed that translocation of heavy
metals from root to different plant parts (TFR) did not
follow any specific pattern. It varied with the species
of metals but Ni and Cd had greater affinity to leaf as
compared to seed (Table 3).

This study showed differential accumulation of
heavy metals in different parts of rice which increased
with higher level of metals in soil. It has also been
observed that translocation of heavy metals from root
to different plant parts of rice did not follow any
specific pattern. It varied with the species of metals
but Ni and Cd had greater affinity to leaf rather than
grain of rice.
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