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There has been a growing awareness in recent years
about the utility of biological nethods in tackling the
problem of industrial pollution. These nethods are
both easy and cost effective. In this connection the
role of aquatic plants, because of their ability to
absorb pollutants, has been recogni zed worldwide in the
treatnent of waste water (Brix & Schierup 1989; Rai &
Chandra 1989; Garg & Chandra 1990; Sinha & Chandra
1990; Chandra & Garg 1992).

Mercury is one of the nmpbst toxic substances in the
aquatic environment. Effluents discharged from the
i ndustries (chloralkali, paper & pulp, plastic,
pesticide etc.) pollute water bodies directly or
t hrough seepage. Since nost of the water bodies in the
country are used for the cultivation of aquatic
eatables, the entry of nercury into food chain can not
be ruled out.

Hydrilla verticillata, a profusely occurring submergent
species, has been found to thrive well in highly
pol luted water. Al so,the plant has shown pronise in the
renoval of heavy netals (Sinha et al. 1993; Cupta &
Chandra 1994). Thi s paper reports on studies carried
out to evaluate the ability of H  verticillata to
accunul ate mercury and its toxicity in relation to
chl or ophyl I, protein, in vivo nitrate reductase
activity and cysteine content . A study of the effects
of Hg on nitrogen, phosphorus and potassiumlevels in
H verticillata was al so nade.
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MATERI ALS AND METHODS

Sanples of H verticillata were collected from an
unpol | uted wat erbody and grown in | arge hydroponic tubs
for six nonths. Young shoots were separated from
the nother plant and acclimtized in 5% Hoagl and
sol ution under the | aboratory conditions (providi ng 115
U nmole m°s*light intensity for 14 hr at 25+ 2 C)
Plants were treated with five concentrations (0.5
1.0, 5.0, 10.0 and 20.0 uM of Hg as nercuric chloride,
prepared in 5% Hoagl and sol ution. The experinents were
set up in triplicate for each concentration and
duration (24,48, 96 and 168 hr). Plants cultured
without Hg served as controls. Harvested plants were
dried at 80°C for 48 h and digested in HNO: HC O  (3:!l
v/iv).Mercury was neasured by nmercury anhydride system

(detection linmit - 0.001 pg/l)attached to a Perkin
El mer Atonic Absorption Spectrophotoneter (Mdel 2380).
Chl orophyll content was estimated in 80% chilled

acetone extracts of the plants following the nethod of
Arnon (1949).Protein was estimated by the nethod of
Lowy et al (1959) using bovine serum albumin as a
st andar d. The et hod of Srivastava (1974) was
followed for the determnation of in vivo NR
activity. Treated and untreated plants (300-500 ng) were
crushed in 5% chilled HO O and cystei ne was neasured
following the nethod suggested by Gaitonde (1967)

Nitrogen was neasured with a Kjeltec Autoanal yzer 1030.
Pl ant sanples were digested in 10 mM HSO,with copper
sul phate tablet as catal yst. Phosphorus was estimated
by the vanadonol ybdate nmethod suggested by (Kalra &
Maynard 1991). Plant sanples were digested in an acid
m xture of HNO,:HC O0,(3:1 v/v) and O D. recorded at
470 nm by MIton Roy 1201 Spectrophotoneter. Pot assi um
was estimated by flanme photoneter Mediflane- 127.

Data were subjected to Student's t-test and ANOVA by
the nmethod given by Schefler (1969) in order to
det erni ne t he | evel of si gnificance Wi t hin
concentration and exposure duration.

RESULTS AND DI SCUSSI ON

The accunulation of Hg by H verticillata varied
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Figure 1 Mercury accunulation in H verticillata at
different test concentrations and durations.

F value (concentration) = 22.02

F val ue (exposure) = 6.66*, * = P < 0.01.

considerably at the various test concentrations and
durations (Fig.1). Uptake was not high during t he
first 48 hr at the lower concentrations (0.5-1.0 uM.
However, it increased wth the i ncrease in netal
concentration and treatnent duration. At the highest
net al concentration tested (20.0 uM Hg), plants
accurmul ated 1388.75 n nole / g dw Hg after 168 hr.

Table la sumarizes the effect of different Hg
concentration on chlorophyll content. Reduction in
chl orophyl|l content at the |owest Hg concentration (0.5
MM tested was not significant, however,it gradually
increased with the increase in nmetal concentration.
At 20.0 pM Hg, the reduction was ca.23% for 168 hr.

Decrease in protein content was dose and duration
dependent (Table 1b) . The decrease was quite marked
above 1.0 uM Hg.
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Table 1 (a-d). Effect of Hg on chlorophyll, protein,
vivo NR activity and cysteine content i
H. verticillata.at varying |engths
t

S5

(a) Chlorophyll content (mg/g FW)
Hg Conc.

(1M) 24hr 48hr 96hr 168hr
0.0 0.78+0.01 0.79+0.018 0.86+0.022 0.87+0.021
0.5 0.78+40.01 0.76+0.02 0.68+0.014% 0.64+0.007°
1.0 0.71+0.014F 0.67+0.008° 0.60+0.006% 0.57+0.006°
5.0 0.63+0.009% 0.58+0.008% 0.55+0.007% 0.50+0.004€
10.0 0.60+0.007% 0.51+0.006% 0.48+0.003% 0.44+0.004°
20.0 0.52+0.004% 0.42+0.003%® 0.26+0.003% 0.21+0.002°
(b) Protein content (mg/g FW)

0.0 5.98+40.32 6.01+0.37 6.10+0.38 6.22+0.38
0.5 5.92+0.36 5.68+0.29 5.40+0.34 5.13+0.352
1.0 5.70+0.34  5.28+0.29 5.04+0.322  4.90+0.292
5.0 5.13¢0.3og 4.88+0.242  4.64+0.28°  4.40%0.20
10.0 4.75+0.26° 4.29%0.20P 3.79%0.18°  3.50%+0.16S
20.0 4.24+0.20° 3.68+0.19° 3.29+0.18° 2.64+0.12
{c) NR activity (% control)

0.0 100+5.74 100+5.72 100+5.72 100+5.70
0.5 102+5.26 97+5.64 90+5.70 82+5.522
1.0 95+5.66 90+5.48 79+4.782 62+4.44°
5.0 83+5.102 78i4.715 61+4.625 59+3.14C
10.0 72+4.99P 63+4.76 52+3.019 45+2.64
20.0 64+4.99€ 58+3.10°€ 41+2.18 38+2.11%
(d) Cysteine content (n mole/g FW)

0.0 58.80+3.19 60.16%3.64  64.4043.66 ~ 64.80%3.71
0.5 64.30+3.26 69.18+3.67. 79.91+3.66° 82.48+4.04)
1.0 68.40+3.212 79.31+3.71P 83.78%3.78P 88.69%4.11
5.0 74.60+3.44P 73.52%3.612 72.46+3.64  60.80+3.51
10.0 62.41+3.20 51.74+3.18  40.88+2.14C 36.8412.043
20.0 53.72+3.17 40.41+3.01° 28.24+1.969 26.22+1.62

Each value represents Man =S . E. (n=3); a=P<0. 10,
b=P<0. 05, c¢=P<0.025, d=P<0.0l, e=P<0.005 (t- test, one
si ded).
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Figure 2 a- ¢c. Effect of Hg on nitrogen, phosphorus and
potassiumcontent in H verticillata at varying |engths
of tinme.

In vivo nitrate reductase (NR) activity was at par with
the control at the |owest test concentration (0.5uM Hg)
during the first 24 hr. Wth the increase in background
metal concentration, the enzynme activity decreased
considerably (Table 1c). The reduction to the extent of

ca. 38% was recorded at 20.0 pMfor 168 hr.

An increase in cysteine content was observed upto
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1.0 uM Hg. At higher test concentrations t he
decrease was nore. Cysteine content was reduced by
40% at 20.0 pM Hg after 168 hr (Table 1 d).

Figure 2 a - ¢ Reduction in N P, K content was
negligible at |ower Hg concentrations (0.5 1.0 pM.
Decrease in N, P,K. content was |linear with the increase
on Hy concentration and treatment duration. It was
maxi mum at 20.0 pM Hg after 168 hr.

The results of present study show that the plants of H.
verticillata are capable of accunul ati ng Hg
ef fectively. Plants subjected to higher net al
concentrations showed substantial uptake of Hg during
the first 96 hrs. Simlar observations were nade on
duckweed and water velvet (Moet al.1989; Jain et al.
1989). Duckweeds showed faster accunulation of
during the first three days of treatment and at higher
background concentrati on of the nmetal.

Subnerged plants (Elodea nuttali, Ceratonhyllum
dener su are reported to accunulate nore netal than
the floating ones because of their |arge surface/bi om
ass ratio (Werff et al.1982; Quilizzoni 1991). These
reports hold good in the case of H_ verticillata,

because of finely divided |eaves, plants are able to
accunul ate Hg substantially.

Plants of H. verticillata showed high I|evel of
tol erance to Hyg. They grew well in nedium containing
upto 5.0 uM Hg for 168 hr. No significant phytotoxicity
was observed at lower (0.5 and 1.0 pM anbient Hg
concentration. Reduction in chlorophyll content,
protein, cysteine and N.P. K. was observed above 1.0 uM
test concentrations. Jana & Choudhury (1982) reported
insignificant toxicity at |ower concentrations of Hg in
H_ verticillata. This tolerance showmn by the plants
nm ght be due to increased |evel of cysteine under Hg
stress condition.

Sone aquatic vascular plants (Potanpgeton , Equisetum
have been found effective in the nonitoring of netal
pollution because of their selective nature of
accunul ation of netal ions (Ray & Wite 1976). The
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results obtained presently conform with the above
observations and suggest the suitability of H_
verticillata in nmonitoring Hg pollution on account of
its uptake potential, tolerance and commbn occurrence
in Hy polluted waters.

Acknowl edgnents W thank Dr. P.V.Sane, Director NBRI,
Lucknow for his keen interest in this work. Financi al
assistance to one of the authors (MG) from CSIR, New
Del hi is gratefully acknow edged.

NBRI Research Publication No.(426) NS

REFERENCES

Arnon DI (1949) Copper enzynes in isolated chloropl ast.
Pol ylphenol /oxidase in Beta vulgaris. Plant Physiol
24: |-15

Brix H, Schierup HH (1989) Use of aquatic macrophytes
in water pollution control. AMBIO 18: 100-108

Chandra P, Garg P (1992) Absorption and toxicity of
chromum and cadmium in _Limanthemum cristatum
Giseb.Sci Total Environ 125 175-183

Gaitonde MK (1967) A spectrophotonetric method for the
direct determ nation of cysteine in the presence of
other naturally occurring amno acids. Biochem J 104:
627-633

Grg P, Chandra P (1990) Toxicity and accunul ation of
chromium in Ceratophyllum demersum L. Bull Environ
Contam Toxicol 44: 473-478

Quilizzoni P (1991) The role of heavy netals and toxic
materials in the physiological ecology of subnersed
macrophytes. Ag Bot 41: 87-109

GQupta M  Chandra P (1994) Lead accunul ati on and
toxicity in Vallisneria spiralis L. and Hydrilla
verticillata (I.f.) Royle. J Environ Sci Health A29
(3):503-516

Jain SK, Vasudevan P, Jha NK (1989) Renoval of sone
heavy nmetals from polluted water by aquatic pl ants:
studi es on duckweed and water velvet. Biol Wstes 28:
115- 126

Jana S, Choudhury AM (1982) Senescence in subnersed
aquati c angi osperns: effects of heavy netals. New
Phytol 90: 477-484

Kalra YP, Maynard DG (1991) Methods nmanual for forest
soil and plant analysis; Forestry Canada; Northwest
region, Northern Forestry Centre Ednonton, Al berta,
I nformati on Report Nor-X-319

Lowy OH, Rosebrough NJ, Farr AH, Randal | RJ (1959)

325



Protein determ nation by the Folin-Phenol reagent.J
Bi ol Chem 193: 265-275

Mo SC, Choi DS, Robinson JW (1989) Uptake of nercury
from aqueous solution by duckweed: the effects of pH,
copper and humic acid. J Environ Sci Health A24 (2):
135- 146

Rai UN, Chandra P (1989) Renpvals of heavy nmetals from
pol | ut ed waters by Hydrodictyon reticulatum
(Linn.)Lagerheim Sci Total Environ 87/88: 509-515

Ray S, Wite W (1976) Selected aquatic plants as
I ndicator for heavy netal pollution. J Environ Sci
Health Al (12): 717-725

Schefler WC (1969) Statistics for biological sciences.
Addi son- Wesl ey  Publishing Conpany, Mento  Park,
California, USA

Sinha S Chandra P (1990) Renoval of copper and
cadmi um from Bacopa nonnieri L. Water Air Soil
Pol | ut 51: 271-276

Sinha S, Rai UN, Tripathi RD Chandra P (1993)
Chromium and nanganese uptake by Hydrilla
verticillata (I.f.) Royle: Anelioration of chrom um
toxicity by manganese. J Environ Sci Health A 28
(7): 1545-1552

Srivastava HS (1974) |In vivo activity of nitrate
reductase in 'nmaize seedlings. Ind J Biochem Biophys
11: 230- 232

Verff VD, Pruyt M (1982) Long term effects of heavy
nmetals on aquatic plants. Chenosphere 11: 961-967

326



