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ABSTRACT

A study was conducted to explore the possibility of using treated municipal wastewater to
grow turnip (Brassica rapa). Two aspects namely (1) effect on plant growth and (2) accumula-
tion of Cd, Cr, Ni, Fe Cu, Mn and Zn in leaves and roots of the plant have been presented
in this paper. The heavy metal concentration of wastewater used for irrigation was within
the limits however, the concentration in the plant parts showed a significant rise due to con-
tinuous use. The levels of all the heavy metals except Mn in the edible plant parts (leaves
and roots) were estimated to be more than the toxic limits given by Pendias and Pendias.
The concentration of heavy metals was at excessive levels in 40 and 55 days after sowing
(DAS), while at 70 DAS, metal concentration was low. Concentration of heavy metals in
plants was found in the order of Fe>Zn>Ni>Mn>Cr>Cu>Cd.
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1. Introduction

Agriculture is the greatest user of water all over
the world. The water consumption for crop irrigation
amounts to 70% and in some cases 90% of the world
water requirements [1]. In view of the irrigation water
shortage faced in many countries, wastewater reuse
constituents an alternative source of irrigation water
[2]. The application of treated wastewater for agricul-
tural purposes has been evaluated as the most conve-
nient recycling option for environmental and
economic reasons. In many countries, huge quantities
of reclaimed water are produced from the wastewater
treatment processes. This wastewater is not only a
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source of irrigation water, but it is also a carrier of
significant quantities of macro and micro nutrients
and organic matter. However, apart from these bene-
fits, wastewater pollution by trace metals and toxic
organic contaminants must also be taken into account.
The irrigation water quality has been shown to affect
soils, crops, food quality, safety [3] and the manage-
ment of water [4]. Industrial and domestic effluents
are either used or disposed off on land for irrigation
purposes that create both opportunities and problems.
The main concerns are the risk due to pathogens,
heavy metals and other chemicals that may be present
in the wastewater [5]. The treated municipal wastewa-
ter is basically a carrier of plant nutrients (N, P, K, S,
etc.) and generally has low levels of heavy metals
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Table 1
Scheme of treatments applied in experiment
Fertilizer treatments Irrigation water Remarks (NKP kg/ T. Treatments T. Treatments
(kgNKPha ") treatments ha)* No. No.
50% 100%
WwW WwW
NoKg Po + + No fertilizer T1 50%ww NoKg Py T5 100%ww NgKq Py
N5()K25 P12A5 + + (50+25+12.5) T2 50%ww N50K25 T6 100%ww N5()K25
Pi2s Pi2s
N50K25 P25 + + (50 + 25+25) T3 50%ww N50K25 T7 100%ww N50K25
Ps Pas
N50K25 P50 + + (50 + 25+50) T4 50%ww N50K25 T8 100%ww N50K25
Psp Pso

(Pb, Cd, Ni, Co, Cr, etc.) [6]. Heavy metals present in
wastewater may be toxic to plants and disturb a wide
range of biochemical and physiological processes,
such as photosynthesis, pigment synthesis, protein
metabolism and membrane integrity if taken up at
excessive levels [7]. It was also found that the treated
wastewater could act as a factor that intensified some
of the interactions between heavy metals, as well as
macro and micro elements in the soil and plants.
These interactions could increase or decrease the level
of the interacting heavy metals, depending on
whether they were synergistic or antagonistic. Also,
they could take place in the plant, in its various
organs that is, roots, leaves and heads or sprouts,
thereby, contributing to the spatial distribution of the
heavy metals in the plant, an issue of great impor-
tance, as it is related to human health [8]. The toxicity
due to heavy metals depends on the total concentra-
tion, as well as the form or species in which these are
present in the soil, water or wastewater. The ability of
plants to accumulate trace elements in their edible
parts varies between plant species and among geno-
type within species. Thus there are genetic controls
over the trace elements concentrations found in edible
portions of higher plants [9]. Keeping these variations
in mind, and due to the presence of nutrients men-
tioned above study was undertaken to investigate the
effect of 3¢ ML/d wastewater (STP located at Noida)
on the growth of turnip, as well as accumulation of
heavy metals in turnip (Brassica rapa).

2. Materials and method
2.1. Preparation of pots

An experiment was conducted in pots using a sta-
tistical design of factorial randomised block design.

Experiments were conducted in pots of 25cm diame-
ter during the rabi season of 2007-2008 in the month
of September. The general purpose of the experiment
was to study the effects of the treated municipal
wastewater on growth, and heavy metal content in
leaves and roots of turnip, with a view to examine the
possibility of the treated municipal wastewater reuse,
for the irrigation of vegetables.Ten seeds of turnip (B.
rapa) were sown manually at equivalent distances in
each pot. The pots were kept in open. Each pot was
initially watered with 200mL tap water till germina-
tion. Seeds germinated within 10days. Afterwards
thinning was done to maintain a single plant in each
pot. Sampling for the study of growth was done after
40, 55 and 70days after sowing (DAS) in each experi-
ment, respectively. Turnip was thus grown under
eight different conditions. Nine pots were maintained
at each condition. There were two set of pots, one set
was daily watered with 100mL of treated sewage
(100%). To the other set 100mL treated wastewater
mixed with tap water in the ratio 1:1 designated as
50% wastewater, with uniform basal dose of nitrogen
(Nsp) and potassium (Kjs), and varying amount of
phosphorus (Py, P12, Pas and Psp) in 50%, as well as
100% wastewater. The scheme of treatments of waste-
water used for watering the pots and fertilizer doses
is given in Table 1.

2.2. Plant analysis

Three replicates of plant samples were washed
with distilled water, oven dried at 70°C and crushed.
The well ground samples were digested and analysed
for Cd, Cr, Ni, Fe, Cu, Mn and Zn by atomic absorp-
tion spectrophotometer (Model GBC Avanta M). Each
pot was analysed for root diameter, number of leaves,
plant height, plant fresh weight, plant dry weight and
metal accumulation. Out of which three pots were
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Table 2
Characteristics of treated effluent and soil before sowing
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Parameters Wastewater” (range)
pH 7.11-7.16
TDS (mg/L) 1,122-1,138
BOD (mg/L) 41-42
COD(mg/L) 147-150
DO(mg/L) 0

Calcium (mg/L) 116-119
Magnesium (mg/L) 61-63
Sodium (mg/L) 330-333
Potassium (mg/L) 23-24
Phosphate (mg/L) 6.0-6.2
Nitrate Nitrogen (mg/L) 1.4-1.6
Ammonical Nitrogen(mg/L) 73-75
Cadmium (Cd) mg/L 0-0.005
Chromium (Cr) mg/L 0.003-0.031
Nickel (Ni) mg/L 0.014-0.31
Iron (Fe) mg/L 0.049-0.212
Copper (Cu) mg/L 0.009-0.019
Manganese (Mn) mg/L 0.005-0.054
Zinc (Zn) mg/L 0.006-0.112

Parameters Soil® (range)
pH 7.92-8.09
Soil texture Sandy loam
Total potassium (mg/kg) 50-80

Total phosphorus (mg/kg) 200-245
Total nitrogen (mg/kg) 145-224
Organic carbon (%) 0.72-0.95
Cadmium (Cd) mg/kg 8.2-15.0
Chromium (Cr) mg/kg 35-37
Nickel (Ni) mg/kg 78-159

Iron (Fe) mg/kg 13,084-15,990
Copper (Cu) mg/kg 18-21
Manganese (Mn) mg/kg 31-34

Zinc (Zn) mg/kg 72-184

“Results of analysis of triplicate sets samples collected every month for three months (nine samples).

PResults of analysis of triplicate samples collected before sowing.

randomly selected successively for analysis 40 and
55DAS, respectively. Remaining three pots were ana-
lysed 70 days after sowing.

2.3. Water analysis

Treated effluent was characterised for physico-
chemical parameters and heavy metals in accordance
with the procedure laid down in standard method
[10]. Results are given in Table 2. COD was deter-
mined by closed reflux method. BOD at three days
and at 27°C was analysed by BOD bottles equipped
with pressure sensors and with inductive stirring sys-
tem. A substrate prepared by mixing 150 mg each of
glucose and glutamic acid [10], was used as check
solution for standardisation. DO was analysed with
Aqualytic OX 24 DO meter. Measurements were made
in triplicate. Data presented is the average or the
range of value. A spectrophotometer (DR/4000, Hach,
USA) was used for measuring nitrate nitrogen,
ammonical nitrogen and phosphorus. Hardness, alka-
linity, chloride, calcium and magnesium were esti-
mated by titration. Sodium and potassium were
measured by flame photometer, while sulphate was
determined by turbidity metric method. Samples col-
lected for heavy metal analysis were immediately
acidified at sampling point to pH<2.0 by adding
HNO; to prevent the precipitation of metals. Acidified

samples (350mL) were digested with HNO; and fil-
tered. The filtrate was aspirated into Atomic Absorp-
tion Spectrophotometer (Model GBC Avanta M) for
the analysis of Cd, Cr, Ni, Fe, Cu, Mn and Zn.

2.4. Soil analysis

Samples of soils were collected from the experi-
mental pots prior to each experiment and also before
the addition of NPK and analysed. Soil samples were
air dried, ground and passed through 2mm sieve and
soil was analysed for pH, soil texture, total N, P, K
and heavy metals (Cd, Cr, Ni, Fe, Cu, Mn and Zn).
Measurements were made in triplicate. Soil texture
was measured by using USDA soil textural triangle
after determining the percentage of sand, silt and clay
by hydrometry and sieve analysis [11]. Organic carbon
and pH was determined by [12], total phosphorus by
[13]. Total Kjeldhal nitrogen, [14] while Cd, Cr, Ni, Fe,
Cu, Mn and Zn were digested with sulphuric acid
procedure followed [14] and measured by means of
Atomic Absorption Spectrophotometer (Model GBC
Avanta M).

2.5. Statistical analysis

The data obtained were analysed statistically tak-
ing into consideration the variables in experiment
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Fig. 1. Plant fresh weight.

according to [15]. The “F” test was applied to assess
the significance of data at 5% level of probability
(p <0.05). The error due to replication was also deter-
mined. The model of analysis of variance, Critical dif-
ference (CD) was also calculated to compare the mean
value of various treatment.

3. Results and discussion
3.1. Growth of the plant

About 34ML/d wastewater after dilution and
lower phosphorus dose 50%ww Pj, 5 proved beneficial
in enhancing the growth as plant fresh weight (Fig. 1)
and root fresh weight (Fig. 2) were maximum which
was at par with 50%ww P,5 indicating the usefulness
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Fig. 2. Root fresh weight.
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Fig. 3. Leaf fresh weight.

of wastewater. While, higher P dose (Ps5y) with 50%
wastewater was excessive as it decreased the plant
growth. Growth of the plant measured was measured
as plant fresh weight, root fresh weight, leaf fresh
weight, plant height, leaf number and root diameter is
shown through Figs. 1-6. Weights of the plants’ roots
and leaves increased with the increase in growth per-
iod and increase in the root fresh weight was more
than that of leaves (Figs. 1-3). The root diameter also
increased with the increase in growth (Fig. 6). Root
diameter has not shown excessive effect of P5y alone
while leaf fresh weight, another important growth
parameter, was decreased with this dose. Plant height
increased marginally (Fig. 4). Number of leaves, how-
ever, did not exhibit any trend. Shoots obviously grow
first which then provide food to the roots. Fresh and
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Fig. 4. Plant height.
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Fig. 6. Root diameter.

dry weight of plant roots and leaves and root diame-
ter increased with the advancement of age up to
70days. On the contrary, the increase in leaf number

16.0 1q— - — — -
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8.0
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4.0
2.0
0.0
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from 40 to 55 days followed by a decline in some cases
was observed which may be due to the senescence in
older leaves at last stage of growth. Among the vari-
ous phosphorus levels P,5 with 50% wastewater (T3
treatment) proved optimum for most of the growth
characteristics shown in Figs. 1-6.

Irrigation with 100% wastewater proved less effec-
tive than 50% wastewater. Wastewater after dilution
and lower phosphorus dose (P125) proved beneficial
in enhancing the growth as plant fresh weight and
leaf fresh weight (Figs. 1 and 3). Root fresh weight,
plant height and root diameter were found maximum
in T3. While, higher P dose (P5;) was excessive as it
decreased the plant growth. Root diameter has not
shown excessive effect of Py alone while leaf fresh
weight, another important growth parameter in tur-
nip, was decreased with this dose. It may be pointed
out that root growth often increased if sufficient phos-
phorus is provided, relative to shoot growth [16] as P
is an integral part of many important metabolites [17].
It also promotes ribulose-1, 5-biphosphate regenera-
tion [18,19], ribulose-1, 5-bisphosphate carboxylase
and adenosine tri-phosphate synthesis [20] and carbon
dioxide assimilation [21], which was helpful in
enhancing the photosynthetic process thereby
enhanced the root and shoot growth as observed in
this study. These results also corroborate the findings
of Greenwood et al. [22] and Zheng-miao et al. [23]
who worked on effect of P fertilizer and growth.

3.2. Heavy metal accumulation

The average concentration (along with minimum
and maximum, obtained from triplicate) of heavy
metals in leaves and roots of turnip on different days
(viz. 40, 55 and 70days) after sowing seeds is shown
through Figs. 7-13. Range of heavy metal concentra-
tions (mg/kg) in all the plants i.e. plants harvested on
different days is tabulated in Table 3. Heavy metal

70 DAS | —p M Leaf
M Root

ETITTT T

T1 T2 T3 T4 T5 T6 T7 T8

Treatments

Fig. 7. Cadmium concentrations in leaf and root at different stages of growth.
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Fig. 8. Chromium concentration in leaf and root at different stages of growth.
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Fig. 9. Nickel concentration in leaf and root at different stages of growth.
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Fig. 10. Iron concentration in leaf and root at different stages of growth.

concentrations in the root and shoot tissues of plants
were compared with the standards [24]. The level of
Cd, Cr, and Ni in the edible parts i.e. leaves and roots
were found to be more than the toxic limits. In case of
leaf Cu and Zn was below the toxic limits. The appli-
cation of wastewater generally led to changes in the
physicochemical characteristics of soil and conse-

quently heavy metal uptake by turnip. Heavy metal
concentration was in the order of Fe>Zn>Ni>
Mn >Cr>Cu>Cd. These results were more or less in
agreement with the studies undertaken by Grytsyuk
et al. [25], Zheng et al. [26], Arora et al. [27], and
Khan et al. [3], while working on various vegetables
including turnip. In our study Fe concentration was
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Fig. 11. Copper concentration in leaf and root at different stages of growth.

140 1@ o - - - 40 DAS |- === - »>le-----
120 -

100 -
80 -
60 -
40 -
20 -

Mn (mg/kg)

T1 T2 T3 T4 T5 T6 T7 T8

T1 T2 T3 T4 T5 T6 T7 T8

T1 T2 T3 T4 T5 T6 T7 T8

Treatments

Fig. 12. Manganese concentration in leaf and root at different stages of growth.
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Fig. 13. Zinc concentration in leaf and root at different stages of growth.

maximum because of its high concentration in soil, as
well as in wastewater compared to other elements. Zn
was followed by Ni as sewage sludge may result in
higher levels of Ni. In addition, it is also readily taken
up by most plant species [28]. Among the seven trace
elements comparatively lower concentration of Cu
after Cd may be due to their greater dependability on
solubility and soil pH. Most of the heavy metals
decreased with growth in both organs. This decreas-
ing trend can be ascribed to the exponential increase

in growth and as a result of dilution with growth
effect even higher quantities of elements appear to be
less when expressed on per unit basis [29]. However,
Ni in leaf and Cr, Cu in root were increased with
growth which may be because of the selective proper-
ties of ion absorption in plants [17]. In addition,
phyto-availability of metals also depends on the form
of the metal ion and on the plant species which are
tested. However, even if using the same species the
uptake by plants does not necessarily correlate with
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2 a® the bio-available metal concentration in the soil or the
2 2 2 = total metal concentration. This is probably due to the
genotype with inherent capability of different metal
uptakes as pointed out above in the case of Ni, Cr
N and Cu. It may also be added that plants also differ in
w 252 their transport of ions resulting in differences in con-
centration in plant parts [30] as observed in the pres-
ent study also where the heavy metals fluctuated
A~ between the root and leaf depending upon the growth
o %3 & stage, availability of individual element and also their
F|eee interactions. In many cases, heavy metal concentration
was more in plants grown under 50%ww than the
o o 100%ww in case of leaf and root. This was not sur-
o =38 prising because metal uptake may differ in relation to
AR external concentration and genotypes. It may also be
pointed out that uptake is not linear in relation to
increase in wastewater concentration in many cases
@ § g which may be because metals are bound in the tissues
8 —dd causing saturation which is governed by the rate at
which the metal is conducted away. Therefore, the
uptake efficiency is more at low concentration which
S was observed in solution culture [31], as well as in
F 2382 soil [32] for Cd. It may be because of low metal con-
centration per absorption area giving low competition
between the ions at the uptake sites while, the oppo-
N site occurs at high concentration (Table 5).
o b= o
D~ — AN ™
3.2.1. Cadmium
0O I~ I~ Cd concentration was increased with P doses in
10 § i § case of leaf only but it decreased in root. Its concentra-
tion generally decreased with increased in growth of
the plant in case of root. While in leaf its concentra-
< o o tion decreased with growth up to 55days and
- 28 & increased towards harvest. Cd concentration was
Fleee more in root then the leaf, which was also in agree-
ment with the work of Demirezen and Aksoy, [35].
Among the phosphorus doses comparatively lower
o E § E dose (P125) at 40 and 70 DAS, gave higher Cd content
while at 55 DAS, P,5 accumulated more Cd. At 40
DAS, the interaction 100%wwDP1,5N50Ks5 showed
o o < maximum concentration which was different with oth-
o SRE ers. At 55 DAS, 100%wwP,s5N50K,5 was statistically
0 e different with the other treatments and gave the maxi-
mum Cd content. Similarly at 70 DAS, also 100%
wwP155N50Ks5 accumulated more and it was at par
- 898 with 100%wwPpsNsoKps.In  case of leaf, 50%ww
¥ Seo enhanced the concentration throughout the growth.
Among the phosphorus doses, P5y showed maximum
Cd at 40 and 70 DAS while at 55 DAS, P;,5 had more.
£ § Among interactions at 40 DAS, 100%wwP5,NzoKasreg-
- § istered maximum concentration in leaf and this inter-
£ %5 action was critically different with others. About 50%
2 £ 5 ww P5oN50Kys gave more Cd at 55 DAS, and it was at
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Table 4
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CD at 5% at 40, 55 and 70 DAS of leaf number and root diameter

CD at 5% Leaf number Root diameter

40 55 70 40 55 70
Water 0.383 2.092 3.57 0.050 0.134 0.184
Treatment 0.542 2.959 5.05 0.071 0.190 0.260
Interaction 0.766 4.184 7.14 0.102 0.268 0.368

CD: critical difference. DAS: Days after sowing.

Table 5
Heavy metal concentrations

Heavy Range of heavy metal Range of heavy Range of Permissible limits of

metals concentration in wastewater metals in plant part excessive Indian standards of
and soil sample (mg/kg DW) toxicant levels in heavy metals [3334]
Wastewater Soil Leaf Root %I%tsb}(,n;,%géis Water Soil
(mg/L) (mg/kg) and Pendias [24] (mg/L) (mg/kg)

Cd 0-0.005 8.2-15.0 1.0-6.0 2.0-14.0 5-30 0.01 3-6

Cr 0.003-0.031 35-37 0-50 0-44 5-30 0.1 -

Ni 0.014-0.31 78-159 1-131 20-106 10-100 0.2 75-150

Fe 0.049-0.212 13,084- 445 265-834 - - -

15,990 1,251

Cu 0.009-0.019 18-21 0-13 1.0-25.0 20-100 0.2 135-270

Mn 0.005-0.054 31-34 61-114 29-95 300-500 0.2 -

Zn 0.006-0.112 72-184 68-103 51-147 100-400 2.0 300-600

par with 50%ww P155N50Ks5. While at 70 DAS, also
the same treatment accumulated maximum Cd was
equaled by 50%ww Py5N50Ky5In the present work,
data indicated that the metal was largely retained in
roots as compared by TF values which were <1. Sig-
nificantly the level of Cd in root in the majority of the
cases exceeded the toxic levels at 40 DAS, while at
harvest stage Cd was surprisingly below the toxic
level (Fig. 7). It was obviously due to the increased
plant fresh weight at this stage, which was supposed
to be responsible for its dilution although the total Cd
in leaf was below the toxic levels at last stage of sam-
pling as it was generally retained by the roots, instead
of transporting it towards the shoot.

3.2.2. Chromium

In root, 50%ww recorded more Cr at early stage
while at later two stages, 100%ww gave the maximum
concentration (Table 4). Among the fertilizer doses
higher concentration at 55 and 70 DAS, was given
under lower concentration of P. At 40 DAS, the inter-

action, 100%wwPyNyK, accumulated more Cr content
which was critically different with other treatments.
At later stage another interaction 100% ww
P125N50Kz5 showed higher concentration and it also
differed with other treatments, followed by 100%ww
P25N50K25, 100%ww P50N50K25 and 50%ww PoNoKo_
While at last stage again like earlier stage, 100%ww
P1,5N50K25 gave the maximum value. It was followed
by 50%ww P25N5QK25, 50%ww P50N50K25/ 100%ww
P50N50K25 and 50%ww P]2.5N50K25. In case of leaf also,
the interactions 100%wwP,5N50K55 accumulated
maximum Cr content as it was statistically similar
with 50%ww P50N50K25. While at 55 DAS, diluted
wastewater (50%wwP,5N50K55) accumulated more. It
was followed by 50%ww P125N50Kz5 and 50%ww
PsoN5oKys Last treatment was at par with 100%
wwP50N50Kz5 which in turn was at par with 100%ww
P125N50Kps. Surprisingly at 70 DAS, Cr was not
detected in any of the treatments. At 40 and 55days
plant samples have toxic level of Cr while at 70days
Cr was not detected in leaf due to dilution after suffi-
cient growth in plant. Its concentration was generally



Table 6

CD at 5% at 40, 55 and 70 DAS for Cd, Cr and Ni

CD at 5%

Nickel (mg/kg)

Leaf
40

Chromium (mg/kg)

Leaf
40

Cadmium (mg/kg)

Leaf
40

Root

Root

Root

T. Parveen et al.

70

55

40

70

55

70

55

40

70

55

70

55

40

70

55

2.53
3.58
5.06

1.37
1.93
2.73

3.28
4.64
6.57

1.96
2.78
3.93

4.53
6.41
9.06

1.56
2.20
3.11

0.564
0.798
1.129

0.903

0.184
0.261

NS

1.14
1.61
227

1.45
2.05

0.115
2.

0.338
0.477
0.675

0.360
0.509
0.719

0.131
0.185
0.262

0.075
0.105
0.149

0.174
0.246
0.348

Water

1.278
1.807

NS

0.162
0.229

Treatmnt

0.369

NS

88

Interaction
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CD: critical difference. DAS: Days after sowing.

more in leaf at 40 and 55 DAS, while at harvest stage
more in root. Cr concentration generally decreased
with the growth of plant in leaf. In root, 50%ww
recorded more Cr at early stage, while at later two
stages 100%ww gave the maximum concentration
(Fig. 8). At early stage of growth, Cr was not detected
probably it was not taken up at detection level by the
root while at harvest it was not detected (T6, T7 and
T8) in leaf, which may be due to differences in geno-
types with inherent difference in metal uptake [30].
Alternatively it may be because of its release back
from plant tissue as metal accumulation depends on
both uptake into the tissue and leakage into the sur-
rounding medium [36].

3.2.3. Nickel

Among the interactions 100%ww P5oN50Kzs
recorded more Ni as it was different with other inter-
actions. It was followed by 100%ww P5N50Ks5 50%
WWwW P12.5N50K25, 50%WWP25N50K25, 50%ww P5ON5OK25
and 100%ww P12_5N50K25. At 70 DAS, 50%ww
P125N50K55, gave maximum Ni content and was dif-
ferent with others. In case of leaf, 100%ww at 40 and
70 DAS, respectively, it gave the maximum values
while at 55 DAS, 50%ww accumulated more. Among
the phosphorus doses, P15 5 at 40 and 70 DAS, and P,s
at 55 DAS, showed maximum content. The interaction
100%ww P155N50Kz5 gave the maximum Ni concen-
tration at 40 DAS, and had similar effect with 50%ww
P1,5N50K55. While at 55 DAS, 50%ww P,5N50K55 accu-
mulated more. It was equally effective with 50%ww
P50N50K25. At 70 DAS, 50%ww P12_5N50K25 had more
Ni content and was different with other interactions
followed by 100%ww PasN5Kys and  100%ww
P125N50K5. Last treatment was at par with 50%ww
P»sN50Ky5 In case of root its concentration first
decreased with growth and again increased at harvest,
while in case of leaf first increase with growth up to
55 DAS, and then decreased at harvest. In case of root,
100%ww showed maximum concentration at 40 and
70 DAS, while at 55 DAS, 50%ww gave more value.
Its concentration was more in root at 40 and 70days,
while at 55days, it was more in leaf. It may be
because of its easy mobility in plants therefore after
initial growth up to 40days, where its concentration
was higher it was transported more towards the
growing leaves at 55 days. However, at later stage due
to senescence in some of the older leaves it was trans-
ported back towards the root where an elevated Ni
concentration was observed (Fig. 9) Shacklette, [37]
reported that the Ni content in vegetables ranges from
0.2 to 3.7 ppm (DW). In our study, it ranges from 1 to
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Table 7
CD at 5% at 40, 55 and 70 DAS for Fe and Cu
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CD at 5% Iron (mg/kg)

Copper (mg/kg)

Leaf Root Leaf Root

40 55 70 40 55 70 40 55 70 40 55 70
Water 17.57 36.43 14.52 14.69 16.98 19.05 0.416 0.453 0.090 0.402 0.483 0.746
Treatment 24.85 51.52 20.54 20.78 24.01 26.94 0.588 0.640 0.127 0.568 0.683 1.055
Interaction 35.14 72.85 29.04 29.39 33.96 38.10 0.831 0.905 0.180 0.804 0.965 1.492

CD: critical difference. DAS: Days after sowing.

131mg/kg. Data obtained indicated that metal accu-
mulated by turnip plants was largely retained in roots
as indicated by TF values which were <1 at 40 and
70days, while at 55days TF value in general was >1
(Table 6).

3.2.4. Iron

Among the interactions, 50%ww P15 5N50Kzs accu-
mulated more iron. It was critically different with
other interactions. At later stage, 50%ww P155N50Ksz5
showed maximum Fe content and gave equal effect
with 100%ww P25N50K25 and 100%ww P50N50K25. At
last stage, 50%ww P155N50Ks5 accumulated more Fe
in root while in case of leaf at 40 DAS, 100%ww and
50%ww at 55 and 70 DAS, accumulated more iron.
The interaction at 40 DAS, was maximum in 100%ww
P15,5N50Ko5 and also different with other interactions.
At second stage, 50%ww P,5N50K,5 accumulated more
iron followed by 100%ww P)sN50Kys, and 50%ww
P12A5N50K25. At 70 DAS, 50%ww P12.5N50K25 gave the
maximum value and was statistically similar with
50%ww P50N50K25, 100%ww P50N50K25, and 100%
wwPsN50Kp5 and the last treatment was also at par
with 100%ww P]2A5N50K25A

In the present work all the samples contain Fe
content more than 130mg/kg. It was more in leaf
than in root and in case of leaf, Fe content
decreased with growth of the plant (Fig. 10). While
in root it decreased up to 55 DAS, and increased at
harvest. In roots 50%ww showed more Fe content
at three stages. Among the phosphorus doses, Piz5
at 40 and 70 DAS, while at 55 DAS, P5, gave higher
iron content. The increase in Fe content under P fer-
tilizers may be because of their roles in enhancing
the root growth thereby the surface area for its
greater absorption [38]. The TF values were gener-
ally >1 proving more concentration in leaf because
about 75% of total leaf Fe is associated with chloro-
plast and up to 90% of Fe leaves occur with lipo-

protein of chloroplast and mitochondria membrane.
Its presence in larger amount in leaves was under-
standable [28].

3.2.5. Copper

Among the interactions, 100%ww P15 5N50Ks5 giv-
ing higher concentration as it was statistically differ-
ent with other treatments followed by 100%ww
P25N50K25, 50%ww P12_5N50K25 and 100%ww PoNoKo.
At second stage, 100%ww P5oN50Kz5 recorded maxi-
mum Cu content followed by 100%ww Pj55N50Kos,
which in turn was at par with 100%ww P5N50Kos.
While at harvest, 50%ww Pi55N50Ks5 accumulated
more followed by 50%ww P,5N50Ky5, which was also
statistically equal to 50%ww Ps5oN50Kz5 followed by
100%ww P12'5N50K25, 100%ww P25N50K25/ and 100%
ww P59N50Kss. In case of leaf at 40 and 70 DAS, 50%
ww gave the maximum Cu while at second stage,
100%ww accumulated more. Out of P doses, Pi,5
accumulated maximum and among interactions, 100%
WwWw P()NQK(). At 55 DAS, 100%ww P12A5N50K25 accumu-
lated more and was equally effective with 100%ww
P50N50K25, 50%ww P12A5N50K25 and 100%ww
P25N50K25_ While at the last stage, 50%ww P50N50K25
had more Cu and it was also similar to 50%ww
P125N50Ko5 In general, Cu was more in leaf at 40 and
55days, while at 70 days it was more in root (Fig. 11).
The highest concentrations of Cu in shoots are always
in phase of intensive growth which was evident in
our study. The distribution of Cu within plants is
highly variable as within roots, Cu is associated
mainly with cell wall and is largely immobile. Its nor-
mal concentration in plant tissue ranges from 5 to
20 ppm. It was found that the range of Cu varied from
0 to 25mg/kg. Among the interactions T6 accumu-
lated more Cu at 40 and T8 at 55days, while at
70days T2 accumulated more Cu. It may also be
pointed out that phosphatic fertilization has also
decreased the Cu concentration as Cu-P antagonism
commonly occurs in root media [36] (Table 7).
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Table 8
CD at 5% at 40, 55 and 70 DAS for Mn, and Zn
CD at 5% Manganese (mg/kg) Zinc (mg/kg)

Leaf Root Leaf Root

40 55 70 40 55 70 40 55 70 40 55 70
Water 1.11 1.31 3.38 2.82 2.27 1.88 NS 2.726 3.48 4.105 2.953 3.347
Treatment 1.56 1.86 4.79 3.99 3.21 2.66 5.319 3.855 4.921 5.805 4.176 4.733
Interaction 2.21 2.63 6.77 5.65 4.54 3.77 NS 5.452 6.960 8.210 5.906 6.694
CD: critical difference. DAS: Days after sowing.

3.2.6. Manganese 3.2.7. Zinc

At 40 DAS, among the wastewater and phosphorus
doses 100%ww P5gN50K5 showed maximum Mn
content followed by 50%ww PsoN5¢Kys and it was at
par with 50%ww Pj55N50Ks5. While at 55 DAS, 100%
ww P5oN50Kz5 accumulated more and followed by 50%
ww P5N50K5 and the last treatment was at par with
50%ww PoNQKOA At 70 DAS, 50%ww P50N50K25 accu-
mulated higher Mn content and it was equally effective
with 50%ww P12V5N5QK25, 100%ww P12_5N50K25, 100%
ww P25N50K25 and 50%ww P25N50K25. In case of leaf at
40 and 55 DAS, 100%wwgave higher Mn content in leaf
while at 70 DAS, 50%ww accumulated maximum Mn.
Among the phosphorus doses, P»s registered more than
the other doses. Phosphatic fertilizers have about 40-
2000 ppm Mn [36] which can be a good source of Mn.
The interactive effect was maximum in 50%ww
P25N50K25 and was at par with 100%WWPONOK0. At 55
DAS, 100%ww P»5N50K55 accumulated more Mn and
was statistically similar with 100%ww P5oN5oKys and
50%ww P25N50K25 while at 70 DAS, 50%WWPONOK0
registered higher value although at par with 50%
WwP55N50Ks.

Mn concentration in plant samples were found
within lower range of toxic level. Its concentration
was more in leaf than in root. Its concentration was
generally decreased with growth. In root at 40 and
55days T8 accumulated more manganese, while at
70days T4 accumulated higher Mn content. Its normal
concentration in plants typically ranges from 20 to
500 ppm. In our study the range of Mn varied from 29
to 113mg/kg. In case of leaf Mn concentration from
15 to 20 ppm considered deficient while in the present
study higher amount of Mn were observed in leafy
part of turnip (Fig. 12). The TF values in general
were>1 in all experiments although it reverses in
some cases. It may be because Mn concentration fluc-
tuates greatly within the plant parts and within the
vegetative period. It is not only an effect of plant char-
acteristics but also the pool of available Mn which is
controlled basically by soil properties.

The concentration of Zn was more in leaf than root
at second stage of sampling. Its concentration in leaf
increased first and then it decreased with growth.
While in root, it was generally decreased with growth.
At 40 DAS, interaction 100%ww P15 5N50K55 accumu-
lated maximum Zn content and was different with
other combinations. At later stage, 100%ww P5oN50Kss
gave more Zn and was statistically different with the
other treatments. At 70 DAS, 100%ww Pi55N50K55
accumulated more and had equal effect with 50%ww
P25N50K25 and 50%ww P12'5N50K25. In case of leaf, at 55
DAS, 100%ww P5oN50Kss gave higher value and it was
equally effective with 50%ww Pi55N50Kz5, 100%ww
P12V5N50K25, 100%WWP25N5QK25 and 100%WWPONOK0.
At 70DAS, 50%wwPs59N50K,5 accumulated more and
was equally effective with 50%ww Pj55N50Ks5 and
100%ww P125N50Kzs. Haq et al. [9] reported that nor-
mal range of Zn in healthy vegetables is 20-100 mg/kg,
while Pendias and Pendias [24] reported that toxic or
excessive levels of Zn in plants are 100-400 mg/kg.

Comparing with normal and toxic range, all the
treatments were found within sufficiency range except
one that is, T6 treatment in root. Its normal concentra-
tion range is 25 to 150 ppm in plants and its deficiency
is usually associated with concentration of less than
20ppm and toxicities with 400 ppm or more and in
the present work it was from 51 to 147mg/kg
(Fig. 13) (Table 8).

4. Conclusion

Analysis of the wastewater revealed its suitability
for the irrigation as most of the values for the ana-
lysed parameters were within the permissible limits of
FAO/WHO/Pescod. It was concluded that the irriga-
tion with treated effluent increased the concentration
of heavy metals in plant parts. It is believed that
translocation of heavy metals from the soil to plant
occurred due to the presence of these metals in trea-
ted effluent. But wastewater irrigation increased the
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growth parameters. Plant fresh weight, root fresh
weight, leaf fresh weight and root diameter increased
with increasing age of the plants. The best harvest
stage of turnip was 70days after sowing. 50%ww
proved best over 100%ww therefore it can be used
after dilution. The combination 50%ww Pi,5 proved
beneficial in enhancing the growth which was at par
with 50%wwP,s indicating usefulness of wastewater
where 12.5kg P/ha could be saved. While, the 100%
wastewater treatments proved toxic, therefore this
water should not be used directly until it diluted
beyond the range of 50% wastewater. The levels of
Cd, Cr and Ni in the edible plant parts (leaves and
roots) were more than the toxic limits given by Pen-
dias and Pendias [36]. In leaf Cd, Cr, Fe, Cu, Mn and
Zn concentration was below the toxic level at harvest
stage. Heavy metal concentration was found in the
order of Fe>Zn>Ni>Mn>Cr>Cu>Cd. Therefore, it
is not advisable to consume turnip cultivated under
this water.

References

[1] ILK. Kalavrouziotis, C. Arambatzis, D. Kalfountzos, S.P. Var-
navas, Wastewater reuse planning in agriculture: The case of
Aitoloakarnania, Western Greece, Water J. 3 (2011) 988-1004.

[2] IK. Kalavrouziotis, P.H. Koukoulakis, A.H. Papadopoulos,
Heavy metal interrelationships in soil in the presence of trea-
ted waste water, Global Nest 11 (2009) 497-509.

[3] S. Khan, Q. Cao, Y.M. Zheng, Y.Z. Huang, Y.G. Zhu, Health
risks of heavy metals in contaminated soils and food crops
irrigated with wastewater in Beijing, Chin. Environ. Pollut.
152 (2008) 686-692.

[4] M.I. Batarseh, A. Rawajfeh, K.I. Kalavrouziotis, H.P. Koukou-
lakis, Treated municipal wastewater irrigation impact on
olive trees (Olea europaea L.) at Al-Tafilah, Jordan, Water Air
Soil Pollut. 217 (2011) 185-196.

[5] ]J. Nair, J. Levitan, N. Oyama, Zinc and copper uptake by sil-
ver beet grown in secondary treated effluent, Bioresour. Tech-
nol. 99 (2008) 2537-2543.

[6] IK. Kalavrouziotis, V.A. Vissikirsky, V.S. Stepashko, P.H.
Koukoulakis, Application of qualitative analysis techniques to
the environment al modelling of plant species cultivation,
Global Nest 12 (2010) 161-174.

[7]1 Q. Yang, C. Lan, W. Shu, Copper and zinc in a paddy field
and their potential ecological impacts affected by wastewater
from a lead/zinc mine, P.R. China, J. Environ. Monit. Assess.
147 (2008) 65-73.

[8] 1K. Kalavrouziotis, G. Manouris, A.H. Papadopoulos, Interac-

tions between cadmium, lead, cobalt and nickel in broccoli

irrigated with treated municipal wastewater, ]J. Eur. Water 25

(26) (2009) 13-23.

Midrar-ul-Haq, R.A. Khattak, H.K. Puno, M.S. Saif, KS.

Menon, N.B. Sial, Toxicity of trace elements in different vege-

tables grown on potentially contaminated sites of the Korangi
industrial area, Karachi Pakistan, Plant Sci. 4 (2005) 132-135.
[10] APHA, Standard Method for the Examination of Water and
Wastewater, 20th ed., American Health Association, Washing-
ton, DC, 1998.

[11] KR. Arora, Soil Mechanics and Foundation Engineering,
fifth ed., Standard Publishers Distributors, India, 2000.

[12] P.K. Behera, Soil and Solid Waste Analysis. A Laboratory Man-
ual, Dominant Publishers and Distributors, New Delhi, 2006.

[9

T. Parveen et al. | Desalination and Water Treatment 51 (2013) 5430-5443

[13] FE. Bear, Chemistry of the Soil, second ed., Oxford and
IHB Publishing, New Delhi, 1964.

[14] Hach Manual, Digesdahl Digestion Apparatus. Models23130-
20. Instrument manual, Hach, USA, 1999.

[15] V.G. Panse, P.V. Sukhtame, Statistical Methods for Agricul-
tural Workers, fourth ed. Indian Council of Agricultural
Research (ICAR), New Delhi, 1985.

[16] F.B. Salisbury, CW. Ross, Plant Physiology, fourth ed.,
Wadsworth Publ. Co., Belmont, CA, 1992.

[17]1 RM. Devlin, F.H. Witham, Plant Physiology, fourth ed., C.
B.S Publishers and Distributors, Shahadara, New Delhi, 1986.

[18] LM. Rao, N. Terry, Leaf phosphate status, photosynthesis,
and carbon partitioning in sugar beet. I. Changes in growth,
gas exchange, and calvin enzymes, Plant Physiol. 90 (1989)
814-819.

[19] A.L. Fradeen, T.K. Raab, LM. Rao, N. Terry, Effects of phos-
phorus nutrition on photosynthesis in glycine max. (L.) Merr,
Planta 181 (1990) 399-405.

[20] K.J. Dietz, C. Foyer, The relationship between phosphate sta-
tus and photosynthesis in leaves: Reversibility of the effects
of phosphate deficiency on photosynthesis, Planta 167 (1986)
376-381.

[21] D.J. Longstreth, P.S. Nobel, Nutrient influences on leaf
photosynthesis: Effects of nitrogen, phosphorus and potas-
sium for Gossypium hirsutum L., Plant Physiol. 65 (1980)
541-543.

[22] D.J. Greenwood, D.A. Stone, T.V. Karpinets, Dynamic model
for the effects of soil P and fertilizer P on crop growth, P
uptake and soil P in arable cropping: Experimental test of the
model for field vegetables, Ann. Bot. 88 (2001) 293-306.

[23] X. Zheng-Miao, W. Bi-ling, S. Ye-fang, L. Jing, Field
demonstration of reduction of lead availability in soil and
cabbage (Brassica chinensis L.) contaminated by mining tail-
ings using phosphorus fertilizers, Zhejang Univ. Sci. B 7
(2006) 43-50.

[24] A. Kabata-Pendias, H. Pendias, Trace Elements in Soils and
Plants, CRC Press, Boca Raton, FL, 1984.

[25] N. Grytsyuk, G. Arapis, L. Perepelyatnikova, T. Ivanova, V.
Vynogradska, Heavy metals effects on forage crops yield and
estimation of elements accumulation in plants as affected by
soil, J. Sci. Total Environ. 354 (2006) 224-231.

[26] N. Zheng, Q. Wang, D. Zheng, Health risk of Hg, Pd, Cd, Zn,
and Cu to the inhabitants around Huludao zinc plant in
China via consumption of vegetables, Sci. Total Environ. 383
(2007) 81-89.

[27] M. Arora, B. Kiran, Shweta, Anchal, Barinder, Neeraj Metal
accumulation in vegetables irrigated with water from differ-
ent sources, Food Chem. 111 (2008) 811-815.

[28] J.L. Havlin, J.D. Beaton, L.T. Tisdale, W.L. Nelson, Soil
Fertility and Fertilization: An Introduction to Nutrient Man-
agement, sixth ed., Pearson Education, Singapore, 1999.

[29] ]J. Moorby, R.T. Besford, Mineral nutrition and growth, Ency-
lopaedia Plant Physiol. 15B (1983) 481-572.

[30] M. Greger, Metal Availability, Uptake, Transport and Accumula-
tion in Plants, in: M. Greger (Ed.), Heavy Metal Stress in Plants,
second ed. Narora Publishing House, New Delhi, Chennai,
Mumbai, Kolkata, 2004, p. 462.

[31] M. Greger, E. Brammer, S. Lindberg, G. Larsson, J. Almquist,
Uptake and physiological effects of cadmium in sugar beet
(Beta wvulgaris) related to mineral provision, J. Exp. Bot. 42
(1991) 729-737.

[32] M. Greger, Willow as phytoremediator of heavy metal con-
taminated soil, in: Proceedings of the 2nd International Con-
ference on Element Cycling in the Environment, Warsaw,
1997, pp. 167-172.

[33] M.B. Pescod, Wastewater treatment and use in agriculture.
FAO irrigation and drainage paper 47, Food and Agriculture
Organization of the United Nations, Rome, 1992, p. 125.

[34] S.K. Awashthi, Prevention of Food Adulteration Act No. 37
of 1954. Central and State Rules as Amended for 1999, third
ed., Ashoka Law House, New Delhi, 2000.



T. Parveen et al. | Desalination and Water Treatment 51 (2013) 5430-5443 5443

[35] D. Demirezen, A. Aksoy, Accumulation of heavy metals in [37] H.T. Shacklette, Elements in fruits and vegetable from area of

Typha angustifolia (L) and Potamogeton pectinatus (L.) living in commercial production in the conterminous United States, U.

Sultan Marsh (Kayseri, Turkey), Chemosphere 56 (2004) S. Goel. Surv. Prof. Pap. 1178, 1980, p. 149.

685-696. [38] S.L. Tisdele, W.L. Nelson, J.D. Beaton, J.L. Havlin, Soil
[36] A. Kabata-Pendias, H. Pendias, Trace Elements in Soils and Fertility and Fertilizers, fifth ed., Prentice-Hall of India, New

Plants, second ed., CRC Press, Boca Raton, FL, 1992. Delhi, 1995.





