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Abstract
Chromium is one of environmental pollutant that produces high toxicity even at very low concentrations. 
Domestic and industrial discharges are probably the two most important sources for chromium in the 
water environment. The toxic heavy metals are entering the food chain through drinking water, 
agriculture and fisheries activities and therefore endangering human life. The general objective of this 
study is to investigate the physico-chemical parameter of Chrome Plating Industrial Effluent and to 
assess the toxicity of pre and post treated Chrome Plating Industrial Effluent to Poecilia reticulata Peter 
1859. The 96 hr LC50 of untreated chrome plating industry effluent is 2.24 and treated effluent with 
Wolffia Columbiana Karst is 18.07 ml/l. Metal accumulation in duckweed, W. columbiana growing in 
these chromium contaminated sites were also determined. Therefore, duckweed may be used as a 
bioassay for bio monitoring and control of Cr pollution in the environment. 
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1. Introduction
Chromium and its compounds are widely used in various industries such as metal finishing, 
petroleum refining, iron and steel industries, pulp and paper industry, electroplating, leather 
tanning, textile and wood preservation [8, 15, 22]. Chromium can contaminate soil, sediment, 
groundwater and surface water [9, 19]. It occurs in several oxidation states ranging from Cr2+, 
Cr3+ to Cr6+ in which Cr3+ and Cr6+ exist in stable states. Trivalent chromium occurs naturally 
in the environment as an essential nutrient [5]. Hexavalent chromium (Cr (VI)) is the most toxic 
form and a well-known carcinogenic, and mutagenic to living organisms [3, 17, 26] because of its 
high solubility, ability to penetrate the cell membrane and strong oxidizing ability [28]. It has 
been reported by various authors that hexavalent chromium causes lung cancer, ulcer, Severe 
damage to the liver and kidneys, perforation of nasal septum, leukocytosis, and skin rashes in 
humans [21, 22].  
Presently there are several options for treating contaminated water [16]. The most common 
technique is the coagulation/filtration method that involves removing pollutants by chemically 
conditioning particles to agglomerate into larger particles that can be separated and settled. 
Recently, a promising alternative remediation technique, called phytoremediation that can be 
utilized in certain situ to replace other costly methods has been explored [14, 16]. 
Phytoremediation is the use of plants to absorb certain contaminates from soil or water through 
the plant’s root system into the body of the plant where they are stored and ultimately disposed 
[14]. Heavy metals convert into less harmful substances within the plant or gaseous form and 
are released into the air through transpiration activities [1]. Ipomea aquatica F. The plant 
removes chromium metal upto 0.05 mg/l after 40 days of contact time from initial chromium 
concentration 2.04 mg/l [7]. 
Duckweed (Lemna minor L.) is used in water quality studies to monitor heavy metals and 
other aquatic pollutants, because duckweed like other water plants may selectively accumulate 
certain chemicals. Duckweed has been identified as a tiny aquatic plant with enormous 
potential for agriculture and the environment. In recent years this commonly occurring aquatic 
plant “duckweed” Wolffia sp. has become prominent, because of its ability to concentrate 
minerals on heavily polluted water such as that arising from sewage treatment facilities, 
intensive animal or crop processing or production industries. 
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However, it has also attracted the attention of scientists 
because of its apparent high potential as a feed resource for 
aquaculture and livestock. Duck weed grows on water with 
relatively high levels of N, P and K concentrates the minerals 
and synthesizes portion and therefore, duckweed can clearly 
supply the portion needs of aquaculture. The present study was 
conducted to estimate physico-chemical analysis of Chrome 
Plating Industrial Effluent (CPIE) and phytoremediation of 
CPI effluent using duckweed, W. columbiana.  
 
2. Materials and Methods 
2.1 Test plant 
The floating macrophyte, W. columbiana was collected from 
the pond maintained in the Department of Zoology, Scott 
Christian College (Autonomous), Nagercoil. The collected 
plants were acclimatized for 7 days in freshwater taken in 
large cement tanks. Only mature and healthy plants were used 
for metal absorption studies. 
 
2.2 Collection of Chrome Plating Industrial Effluent 
Chrome Plating Industrial Effluent (CPIE) was carefully 
collected from a small scale industry in a private working area, 
Ozhuhinasery (8.184’’ and 77.433’’), Kanyakumari district, 
Tamil Nadu, India and characterized. The physicochemical 
characteristics were estimated following methods suggested by 
APHA [2]. 

 
2.3 Experimental design 
Acclimatized plants were transferred into a plastic bucket 

containing different concentrations of CPI effluent (ranges  
from 25 to 150 ml) and their growth was followed. In 75 ml 
concentration the plant survival was high. Therefore that 
concentration (75 ml) was selected for absorption studies. 
From the stock tank equal amount of plant biomass were 
transferred into buckets containing 75 ml/lit of Chrome Plating 
Industrial Effluent and small amount of vermicompost. All the 
buckets were exposed of enough sunlight for a detention 
period of 20 days. Level of water in the holding buckets was 
maintained by adding tap water once a week. 
 
2.4 Bioaccumulation test 
After 20 days exposure whole plant body was collected for 
absorption studies. Samples were thoroughly washed in 
distilled water to remove trace soil. Fresh samples were 
weighted and dried in a hot air oven at 110 0C for 24 hours. 
Dried samples were powdered using a glass mortar and pestle. 
The total chromium in the sample was estimated using Atomic 
Absorption Spectrophotometer in SITRA, Coimbatore. 
 
2.5 Toxicity test 
The freshwater fish, P. reticulata with same size were 
collected from the pond and acclimatized for about 7 days. The 
acclimated fish were exposed to different concentration of 
treated (ranges from 5 to 60ml/l) and untreated CPI (ranges 
from 1.0 to 6.5ml/l) effluent. This is done to check whether the 
effluent is remediated or not. 
 
3. Results

 
 

Table 1. 
 

Sl. No. Parameter Quantity 
Permissible Limits (CPCB) 

2013-2014 
1 pH 1.75 5.5-9.0 
2 Total Dissolved Solids (mg/l) 39860 2100 
3 Total Suspended Solids (mg/l) 2100 600 
4 Electrical Conductivity (µScm-1) 78 2100 
5 Turbidity (NTU) 150 30 
6 Dissolved Oxygen (mg/l) 6.49 4-6 
7 Biochemical Oxygen Demand (mg/l) ND5 - 
8 Chemical Oxygen Demand (mg/l) 2228 - 
9 Total Hardness (mg/l) 2000 - 
10 Oil and Grease (mg/l) 59 20 
11 Potassium (mg/l) 129 - 
12 Sodium (mg/l) 750 60 
13 Calcium (mg/l) 500 - 
14 Chlorides (mg/l) 1600 1000 
15 Sulphates (mg/l) 1765 1000 
16 Magnesium  (mg/l) 1500 - 
17 Total Chromium  (mg/l) 15147.50 2.0 
18 Copper (mg/l) 287.6 3 
19 Zinc (mg/l) 84.5 15 
20 Cadmium (mg/l) ND1 - 
21 Nickel (mg/l) 798.6 3 
22 Cobalt (mg/l) ND1 - 
23 Iron (mg/l) 232 - 
24 Lead (mg/l) ND2 - 
25 Selenium (mg/l) ND3 - 
26 Tin (mg/l) ND4 - 
27 Boron (mg/l) ND1 - 
28 Arsenic (mg/l) ND3 - 

 
                            CPCB – Central Pollution Control Board 
                            ND5- Not Detected upto 20ppm, ND- 2ppm, ND3-0.0005 ppm ND4- 0.02 ppm, ND5- 5 ppm 
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Table 2: LC50 values and their fiducial limits of raw and treated 
chrome plating industrial effluent to P. reticulate 

 
Sl. 
No 

Hours 
Exposure 

Raw Effluent Treated Effluent 
LCL LC50 UCL LCL LC50 UCL 

1 12 5.14 6.01 6.67 46.45 52.01 58.14 
2 24 4.91 5.24 5.91 41.47 45.26 49.32 
3 36 4.36 4.69 5.03 37.41 40.83 44.49
4 48 3.90 4.24 4.59 33.36 36.70 40.31 
5 60 3.28 3.62 3.98 27.62 31.22 35.22 
6 72 2.75 3.07 3.40 23.09 25.84 28.88 
7 84 2.34 2.63 2.95 19.50 21.88 24.51 
8 96 1.98 2.23 2.51 15.57 18.07 20.93 

 
The physico-chemical characterization of Chrome Plating 
Industrial Effluent is presented in table 1. All the parameters 
except Electrical Conductivity were above the permissible 
limit (CPCB, 2013-2014). Within 24 hr of exposure 20 percent 
mortality was recorded in the concentration of 4.5 ml/ lit and 
all the exposed fish were died at 6.5 ml/ lit. At 1.5 ml/ lit 10 
percent mortality was recorded in 96 hr exposure and all the 
exposed animals were died in 3.5 ml/ lit at 96 hr exposure.  
The LC50 values and their fiducial limits of treated and 
untreated CPI effluent to P. reticulata was presented in table 2. 
The 24 hr LC50 value recorded for the raw effluent was 5.24 
with the LCL and UCL value of 4.91 and 5.91 ml/ lit 
respectively. The corresponding value recorded for the treated 
effluent is 45.26, 41.47 and 49.32 ml/ lit respectively. The 48 
hr LCL and UCL value recorded for the raw effluent was 3.90 
and 4.59 with LC50 value of 4.24 ml/lit respectively. The 
corresponding value recorded for the treated effluent is 33.36, 
40.31 and 36.70 ml/ lit respectively. The 72 hr LC50 value 
recorded for the raw effluent was 3.07 with the LCL and UCL 
value of 2.75 and 3.40 ml/ lit respectively. The corresponding 
value recorded for the treated effluent is 25.84, 23.09 and 
28.88 ml/ lit respectively. The 96 hr LC50 value recorded for 
the raw effluent is 2.23 ml/ lit and the corresponding value 
recorded for the treated effluent was 18.07 ml/ lit. 
 
4. Discussion 
Most of the industrial effluents are subjected to selected 
treatment to convert them into less toxic compounds. Even 
though, chemical treatments are highly effective, biological 
and non-chemical treatments are greatly preferred as they are 
eco-friendly, cost effective, biocompatible and do not leave 
any toxic compounds to the environment. In the present study 
the physico-chemical characterization was done for the 
Chrome Plating Industrial Effluent and also the remediation of 
CPI effluent with Wolffia sp. was assessed. 
The results indicated that the Wolffia sp. tolerate in the 
chromium effluent upto 75 ml/ lit as no toxicity was recorded 
at this concentration. This is in agreement with the reports of 
earlier workers who reported that aquatic plants tend to adapt 
themselves to cope-up with chromium toxicity [12,13,31] and 
lower concentration (1 µm) facilitates the chromium 
accumulation and maximum removal of chromium was 
exhibited at this level. This conforms to the earlier reports with 
Nymphaea alba L. which suggested the suitability of this plant 
for bioremediation of effluent having low level of chromium 
[32]. 
Reduction in the LC50 value may be due to absorption of Cr 
from the effluent by Wolffia sp. These plants can tolerate 
metals through chelation with appropriate high affinity 
ligands, biotransformation with reductants, and 
compartmentalization in the cytoplasm or in the vacuoles. 

Thus, Cr immobilization in vacuoles in plant root cells may 
represent an important mechanism of Cr detoxification by the 
plant [24,29]. 
Duck weeds are fast-growing species adapt easily to various 
aquatic conditions and play an important role in the extraction 
and accumulation of metals from water. They bioconcentrate 
heavy metals such as Fe and Cu up to 78 times in waste water 
so it is the potential candidate for phytoremediation [4]. It has 
been shown that exposure of plants to toxic metal 
concentrations generally causes the fast inhibition of cell 
elongation and expansion [23,30]. Although the duckweed 
Lemna sp. attained higher chromium concentrations in its 
tissue compared with other aquatic macrophytes its 
bioconcentration factor (BCR) value much lower than those 
reported in other aquatic species [33]. 
Rafati et al. [25] evaluated the ability to uptake Cr from the soil 
by different organs of Populus alba L. and Morus alba L. and 
found that leaves accumulated higher levels of Cr than stems 
or roots. However, neither P. Alba nor M. alba showed 
potential of Cr phytostabilization, since presented TF > 1 and 
root BCF < 1; also these plants are not suitable for 
phytoextraction as they presented a BCF < 1. In another study, 
Ghafoori et al. [10] evaluated the potential accumulation of 
heavy metals, including Cr in Dyera costulata Hook. f. This 
species presented high potential to retain amounts of Cr in 
leaves, suggesting that this species has high phytoremediation 
potential, as they presented high translocation factor and low 
BCF factor. Pluchea indica also shown a good potential of 
phytoremediation as it presented high levels of Cr 
accumulation and translocation to the leaves [27]. Mellem et al. 
[20] found that Amaranthus dubius L. tolerate high Cr (VI) 
concentrations as indicated by the BCF value > 2, showing 
good potential for phytoremediation. Furthermore, Gardea-
Torresdey et al. [11] found that Convolvulus arvensis L. 
exposed to 20 mg L of Cr (VI) demonstrated capability to 
accumulate more than 3800 mg of Cr kg-1 dw tissue, showing 
that this species can used in phytoremediation of Cr (VI) 
contaminated soils. Also, the concentration of Cr in leaf tissue 
indicates that this plant species could be considered as a 
potential Cr hyperaccumulator. 
I. aquatica is a chromium hyperaccumulator that shows no 
toxicity symptoms when exposed to high levels of Cr (VI). up 
to 28 mg L-1 Cr (VI), I. aquatica exhibits uniform absorption 
characteristics showing over 75% removal of added Cr (VI) 
over 90% Cr (VI) is accumulated in stems and leaves, that is 
aerial region [32]. Furthermore, Mant et al. [18] found that 
Pennisetum purpureum Schumach and Brachiaria decumbens 
Stapt when exposed to 20 mg L-1 of Cr (III) showed a metal 
removal efficiency of 78% and 66%. Barbosa et al. [6] found 
that Genipa americana L. has potential for Cr (III) 
phytoremediation in contaminated watersheds, since its 
seedlings uptake elevated amounts of Cr (III) from the solution 
and it presented high capacity of immobilizing and storing the 
metal on their roots. 
Plants could be considered a superior accumulator because of 
its ability to remove large concentrations of metals and remain 
vigorous and healthy. These studies have shown that certain 
plants can have remediatory effects on metals in aqueous 
environments. More research is needed to better understand 
the symbiotic or antagonistic relationship between plants and 
metals.   
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