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in Relation to Metal Chelators and pH

R. D. Tripathi and Prakash Chandra

Aquatic Botany Laboratory, National Botanical Research Institute,
Lucknow—226 001, India

Duckweeds exhibit relatively high tolerance to heavy metal
toxicity (Landolt and Kandeler, 1987) and are also capable of
accunulating them (Nasu et al., 1983; 1985; Schreinmakers and
Dorhout, 1985; Landolt and Kandeler, 1987). Because of these
two characteristics, Lemna and Spirodela have been widely used
for the removal of heavy metals from polluted waters (Landolt
and Kandeler, 1987).

Among the heavy metals, chromium (Cr) is a major pollutant of
water Dbodies as it is extensively used in tanning, and the
effluent released during the processing causes severe Cr
pollution in the water bodies (K.D. § G.K. pond) situated around
the tanneries at Unnao (U.P.) India (Chandra, 1988; Garg and
Chandra, 1990). These are regularly used for the cultivation
of water chestnut (Trapa bispinosa), an important cash crop of
the area. Surveys made recently have shown that a substantial
amount of Cr is accumulated by the water chestnut (Chandra,
1988) and Cr at toxic levels enters into the food chain causing
severe health hazards to local populations.

This paper reports the influence of metal chelators,
ethylenediaminetetraacetic acid (EDTA) and salicylic acid, and
pH on the accumlation of Cr by S. polyrrhiza under the
laboratory conditions. This also includes the results of K.D.
pond water treatment study by cultured fronds of S. polyrrhiza.
In view of the occurrence of metal chelators in natural waters
(Nasu et al., 1983; Dey, 1986; Fayed and Abd-El-Shafy, 1985)
and pH variation (Chandra, 1988) the present study would enable
to assess the performance of this species under the influence
of these factors.

MATERTAL. AND METHODS

Laboratory and field experiments were conducted to determine
i}influence of .metal chelators on Cr uptake, ii) regulation of
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Cr uptake by pH and iii) pond water treatment by cultured
fronds.

Plants of S. polyrrhiza collected from an unpolluted water body
were grown in 40% Hoagland nutrient solution (pH 6.2)_21md_elr i6
h light ({(using fluorescent tube light, 114 a1 mol m s at
259+2°C) and 8 h dark period. New fronds produced in the
culture were separated and used for the experimental work. In
all experiments, pH was maintained by Tris buffer, 0.1 N HC1
and 0.1 N NaOH.

The effect of metal chelators was determined by treating fronds
(16) with six concentrations of Cr (0.025, 0.25, 2.5, 10, 18.1,
20.0 ppm) in 500 ml flasks. In each of these, the
concentrations of EDTA (29.22 ppm) and salicylic acid (3.45 ppm)
were kept constant (pH 6.2). The concentration of 18.1 ppm Cr
was studied as it was found to be the LC-50 for S. polyrrhiza
(Tripathi and Chandra, unpublished). In other experiments five
different pH wvalues (4,5,7,8,10} were maintained in each of
these six concentrations of Cr.

The pond water (2 1) was treated with 10 g of cultured fronds
in large plastic troughs (4 1 capacity).

Three replicates of each concentration were used and the fronds
in all the experimentis were harvested after 2,3,7 and 14 days,
dried and digested in HNO, :HC10, (3:1,v/v). Water was digested
using 5 ml HNO, /100 ml pond water sample. Cr was estimated
using Perkin Elmer 2380 Atomic Absorption Spectrophotometer.

RESULTS AND DISCUSSION

Substantial Cr uptake was detected in the treatments and
increased with both external Cr concentrations and duration of
the treatment. Maximum accumulation (1102 wug Cr g dry wt.)
was found at 20 ppm after 14 days but this was not significantly
different from the value at 7 days.

Uptake of Cr was inhibited by EDTA. _In the presence of EDTA,
maximun accumulation was 992.0 nug g dry wt, at 20 ppm Cr
after 14 days. On the other hand the addition of salicylic acid
in the medium increased the uptake substantially (Table 1).

pH regulated Cr uptake as shown in Table 2. 1In the acidic pH,
uptake was stimulated whereas at basic pH (8 & 10), it was
strongly inhibited. The maximum uptake (1138.00 pug g “dry wt.)
was recorded at pH5 in 20 ppm Cr after 14 days. In contrast,
the uptafe was as low as 412.00 pug Cr g = (at pH 8) and 396.00
pg Cr g ~dry wt. (at pH 10) for the same concentration duration.

Cultured fronds accumulated Cr from pond water (pH 6.75) having
0.25 ppm back ground Cr concentration. The accumulation
increased progressively with increase in treatment duration,
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Figure 1. Chromium accumulation and removal from pond water

(2 1) by Spirodela polyrrhiza (10 g). The error bars represent
standard error of mean.

being maximm (400 ug Cr g~ dry wt.) on 14T day.  Cultured
fronds demonstrated the ability of ©bring down the Cr
concentration from 0.25 to 0.05 ppm in pond water during the
treatment experiment (Fig. 1).

Staves and Knaus (1985) reported optimal accumulation of Cr by
S. polyrrhiza at 10 ppm. However, in the present study the
accumilation was less at the same concentration and approximately
the same duration.

In Lemna spp. suppression of Cu and Cd accumulation by EDTA has
been reported (Tanaka et al, 1982, Polar and KuctiKcezzar,
1986). Fayed and Abd-El-Shafy (1985) made similar observation
with respect to Cu, Zn, Cd and Pb. Our results with Cr conforms
with these reports. Salicylic acid on the other hand has been
reported to promote Cd and Cu uptake in Lemna paucicostata and
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L. gibba (Tanaka et al, 1982; Polar and Kliclikcezzar, 1986).
In S. polyrrhiza similar observation was made by us. High Cr
accumulation at acidic pH, as reported in water net alga (Rai
and Chandra, 1989) was also found in the present study.

The results indicate that the fronds of S. polyrrhiza can
accumulate Cr from polluted waters where metal chelators and
variable pH conditions may exist. This knowledge can be useful
while using this plant in reducing the level of Cr in closed
water bodies.
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