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Abstract

A pot-culture experiment was conducted to investigate phytoavailability of
chromium in inorganic chromium salt and raw poultry feed made from tannery
waste. Poultry feed from tannery waste was applied to the soil at a rate of 5 t/ha
while inorganic chromium salt was applied at a rate of 10 mg/ kg and 810 mg/kg.
An upland leafy-vegetable commonly known as Kalmi (Ipomoea aquatica) was
used to assess the phytoavailability. Physico-chemical analyses of all soil and
plant samples were done at 0, 15, 30 and 45 days of incubation to assess
chromium phytoavailability and also its effects on the uptake of other heavy
metals viz., lead and iron. Plants treated with Cr showed declined vegetative
growth, low accumulation of dry matter, reduced nutrient concentration and
reduced nutrient uptake. It was found that the plants accumulated higher
amount of Cr from raw poultry feed treated soil compared to that of the
inorganic Cr salt treated soil. The effect of treatments on Cr accumulation both in
root and shoot was found significant. The study concludes that Cr is
phytoavailable depending on the source and increased concentration of Cr
decreases accumulation of Pb and Fe and thereby likely to decrease uptake of
these metals.

Introduction

Heavy metal contamination is one of the burning questions of today’s modern world
because these are gradually taken up by plants and enter into the food chain through
plant uptake as well as human and animal consumption. Small and large scale industries
release enormous amounts of effluents containing toxic heavy metals particularly
chromium (Cr) leading to potential health hazard by its toxic and carcinogenic
characteristics®. Tannery industries have been categorized as one of the highly polluting
industries and tannery wastes are characterized by potentially highly toxic Cr salts and
Cr metal ion.

Though Cr can exist as Crz, Cr3* and Cr¢, its most stable form is Cr3 which is
relatively immobile and strongly attaches to soil particles®. In Bangladesh, currently
there are 214 tannery industries and among them about 200 are located in the capital city,
Dhaka®-2. Wastes produced in these industries should be treated properly before final
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disposal to nearby soil and water bodies. Instead of being treated, the solid wastes are
converted into protein enriched poultry feed, fish feed and organic fertilizers due to its
high processing cost®. It causes leaching of Cr in the soil making it unfit for agricultural
purposes®. Accumulation of Cr in plants reduces growth, induces chlorosis and
necrosis in young leaves, alters enzymatic functions, causes wilting, plasmolysis in root
cells and hampers overall survival of the plants®.

The uptake of essential nutrient elements by plants is affected by high levels of Cr
accumulation®. The phytoavailability of Cr depends on the speciation state and nature of
plant species. It was reported that high Cr associated with the soil components
significantly reduce the length of shoot and root of plants and Cr absorbed by plants
remained primarily in the roots and then translocated to leaves@4. Consuming Cr-
contaminated crops and vegetables may pose a risk to human health. Also, Cr can enter
into the human body through drinking heavy metal contaminated water and by
ingesting fishes from contaminated water bodies.

Therefore, the present study was undertaken to assess the accumulation and
phytoavailability of Cr in Kalmi (Ipomoea aquatica) and to assess the effects of Cr on the
uptake of other heavy metals (Pb, Fe and Mn).

Materials and Methods

Sampling site: The study was carried out in two phases. In the first phase, in vitro
incubation study was carried out containing different levels of raw poultry feed and
chromium salt produced from tannery wastes. In this case, 500 g soil samples were taken
in each of the plastic pots and treatment was added at different rates. In the second
phase, pot culture experiment was conducted with 12 pots in the net-house for growing
Kalmi (Ipomoea aquatica) plants. In this case, among the 12 pots, three were supplied with
raw poultry feed made from tannery waste and six with chromium salt [potassium
dichromate, K,Cr,05] at two different rates.

Representative soil samples were collected from a local vegetative field located at
Atigram Union in Manikganj district of Bangladesh (23°51.884 N and 90°06.219 E). The
soil is non-calcareous grey floodplain belonging to the Melandaha series®.

Soil collection and preparation: The bulk soil sample representing 0 - 15 cm depth from
surface was collected by the composite sampling method®. The collected soil samples
were dried in air after being transported to the laboratory. Visible roots and debris were
discarded followed by gently crushing with a wooden hammer. Ground samples were
passed through a 2 mm sieve which are then stored for both chemical and physico-
chemical analyses. The bulk soil samples for pot-culture experiment were air dried,
cleared off debris, crushed to reduce the size of large clods and screened through a 5 mm
sieve®,
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Collection and processing of tannery waste samples: Tannery wastes were collected from
different locations of Hajaribagh area of Dhaka. These samples were dried for one week,
grinded and finally screened through a 0.25 mm sieve. For the incubation purpose, top of
the pot was cut off, washed properly and dried®.

Incubation study: Air dried 5 mm sieved soil sample of 500 g were taken in plastic
pots, treatment was added and then the soils were incubated at field moisture condition
for 0, 15, 30 and 45 days.

Pot culture experiment: Plastic pots (120 mm x 145 mm) weighing three kg having no
hole at the bottom were washed thoroughly with water and dried for pot culture
experiment. Five mm sieved soils were mixed with chromium salt and raw poultry feed
at a rate of 5 t/ ha i.e. each pot containing 1.5 kg soil received 3.75 g of raw feed produced
from the tannery waste. On the contrary, inorganic chromium salt was added to the soils
at a rate of 10 and 810 mg/kg by using a standard solution of K,Cr,O; (Table 1). The
remaining pots were used as control as they were not supplied with any feed and/ or salt.
Certified seeds of Kalmi, free form disease, pest and harmful weeds, were purchased
from local market. Required amount of urea, TSP and MP fertilizers were applied
according to the Fertilizer Recommendation Guide® as a source of N, P and K,
respectively to ensure the optimum growth of Kalmi.

Table 1. Treatment description and symbol.

Treatment description Rate of application Number of pots Symbol
Control soil None 6(2x3) Co

Soil + raw poultry feed 5t/ha 6(2x3) RPF
Soil + chromium salt 10 mg/kg 6(2x3) Crl
Soil + chromium salt 810 mg/kg 6(2x3) Cr2

Ten seeds of Kalmi were sown on each pot. After 12 days the seeds began to
germinate. Pruning was done and at least five seedlings were kept in each pot and
allowed them to grow. The pots were arranged in the net-house in a completely
randomized design. Plants were watered with tap water twice daily. Adequate plant
protection measures were taken throughout the growth period®. Positions of the pots
were changed every alternative day to allow equal exposure to sunlight.

Collection and processing of plant samples: The Kalmi plants were allowed to grow for
45 days after emergence of the seedlings and then plant sampling was done. Harvesting
was done manually by uprooting followed by washing with tap water and distilled
water to remove ions/solutes from the roots. The plant samples were then separated into
two parts- roots and shoots with a metal scissor. The fresh weights (gm/10 plants) of the
collected plant and root samples were recorded.
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Laboratory analyses: Physical, chemical and physico-chemical properties of the soil
and plant samples were determined in the laboratory. Particle size analysis was
conducted following the hydrometer method®. Organic carbon was determined by wet
oxidation method of Walkley and Black®b. Total nitrogen was determined by Kjeldahl
digestion method. Total phosphorous content was determined colorimetrically using
spectrophotometer at 490 nm by developing yellow color with vanadomolybdate. Total
potassium was determined by flame analyzer after digesting the samples with ternary
acid mixture. Total sulphur content was determined turbidimetrically by spectro-
photometer at 420 nm after digesting with 1M HCI. However, content of available
phosphorous was determined by using Bray and Kurtz (for pH < 6.0) and Olsen method
(for pH > 6.0), available sulphur by turbidimetric method and available potassium by
flame analyzer after extracting with 1M ammonium acetate. Chromium (Cr), lead (Pb)
and iron (Fe) were determined by atomic absorption spectrometer (AAS) after extracting
the samples with ternary acid mixture. All the samples were analyzed following the
standard procedures(o-1),

Statistical analysis: All data were statistically analyzed by using Microsoft Excel and
MINITAB (version 17) Packages.

Results and Discussion

Background analysis: Laboratory analysis of soil and raw poultry feed made from
tannery waste was done for organic carbon, total N, available P, extractable K, extractable
S, total Cr and total Pb. It is apparent from Table 2 that the raw poultry feed made from
tannery waste contained higher amounts of nutrients and heavy metals compared to that
of the soil sample. The reason could be that tannery waste contains different types of
nutrients and its heavy metal contents are generally high.

Effects on soil extractable chromium: Extractable Cr of soils with all the treatments
increased from the initial level during the entire incubation periods. RPF treated soils
showed sharp increase than Cr 1 and Cr 2 treated soils. This might be due to the elevated
levels of Cr in raw poultry feed. Fig. 1 elucidated that extractable Cr concentrations
gradually increased with days of incubation and showed highest concentration after 45
days of incubation (9.46 mg/kg) in the RPF treated soils. Nonetheless, the concentration
of Cr was increased higher in Cr 1 than Cr 2 treated soil. Control soil (Co) showed the
lowest rate of increase. Similar findings were reported by Orhue et al.t2 and they
observed that the Cr content of the soil gradually increased with the levels of Cr
treatments.

Effects on total nitrogen: Total nitrogen of the soils for all the treatments increased
from initial level during the entire incubation periods. In the first sampling (i.e. 0 day of
incubation), total N content of all the soils was stable at the background level except in
raw poultry feed (RPF) treated soils which showed sharp increase (1292.65 mg/kg)
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because of high organic matter as well as total N contents in raw poultry feed (Fig. 2). In
case of 15 and 30 days of incubation, the magnitude of total N increased gradually in all
treatments. In the last sampling, total N increased in all treatments except Cr 1 treated
soil. It was mentioned that when an aerobic soil is submerged, mineralization of organic
nitrogen will be radically stopped at ammonia stage because of lack of oxygen to carry
out the process via nitrite to nitrate®. Thus ammonia accumulates in anaerobic soils and
gradually increases the nitrogen concentration.
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Fig. 1. Effects of raw poultry feed and chromium salt on soil extractable chromium.
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Fig. 2. Effects of raw poultry feed and chromium salt on total nitrogen of soil.

Effects on available phosphorus: After the application of all treatments, soil available P
varied at different incubation periods (Fig. 3). There was no change in the first sampling.
At 15 days of incubation, available P in all the soils was increased whereas the soils
treated with raw poultry feed (RPF) showed the maximum available P (13.09 mg/kg) due
to high reduction of phosphate. Addition of organic matter increases the availability of P
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in RPF. Moreover, available P was higher in control soil than that of the Cr treated soils
(Cr 1 and Cr 2) as chromium is inhibitory for availability of P. Available P in all soils
increased slightly at 30 days of incubation whereas a drastic decline was observed at 45
days except Cr 1 and Cr 2. Ponnamperuma observed that submergence of soil causes an
initial increase in solubility of phosphate due to the reduction of ferric phosphate to
ferrous phosphate and subsequently decreases because of readsorbation of phosphate by
clay or hydrous oxide of aluminium3)
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Fig. 3. Effects of raw poultry feed and chromium salt on available soil phosphorus.

Effects on available sulfur: During incubation period, sulfur content in control soil
initially increased and then decreased. Sulfur content increased initially followed by a
decrease in the soils treated with both raw poultry feed (RPF) and chromium (Cr 1 and
Cr 2). Peak concentration of S for RPF treated soil was observed in 15 days of incubation.
Available sulfur was higher in control soil compared to that of Cr 1 and Cr 2 as
application of chromium is inhibitory for availability of sulfur. Fig. 4 showed that there
was a sharp increase in sulfur concentration at the initial stage which was reduced slowly
with the days of incubation. It was apparent that available sulfur in chromium salt
treated soils and control soil was inconsistent. However, RPF treated soil showed sharp
increase initially followed by a gradual decrease during the entire incubation period.
This might be due to the presence of sulfur oxidizing bacteria or lack of sulfur reducing
bacteria as the soil was slightly acidic®3).

Effects on available potassium: It is apparent from the present study that the available K
of the soils varied at different incubation days (Fig. 5). At the time of first sampling
(0 day of incubation), available K of all treated soils including control (Co) increased from
the background level and then decreased gradually. On the contrary, peak concentration
of K was observed in poultry feed treated soil (RPF) and chromium treated soil (Cr 2) at
0 and 15 days of incubation, respectively. Nagarajan and Sankar( revealed four soil
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conditions that markedly influence the amount of K fixed: (a) nature of soil colloids, (b)

wetting and drying, (c) freezing and thawing, and (d) presence of excess lime.
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Fig. 4. Effects of raw poultry feed and chromium salt on available soil sulfur.
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Fig. 5. Effects of raw poultry feed and chromium salt on available soil potassium.

Fresh and dry matter production of Kalmi: It was observed that the growth of Kalmi was
best in soils treated with raw poultry feed (Figs 6, 7) among all the treatments despite
having high Cr concentration than others. Both the fresh weight and dry weight of shoot
was much higher in raw poultry feed treated (RPF) soils (592.27 gm/10 plants and 59.25
gm/10 plants) than the inorganic Cr salt treated soils (Cr 1 and Cr 2). This reason could be
the presence of organic matter and other mineral nutrients (N, P, K, S, Ca, Mg, Fe, Mn) at
high concentrations in raw poultry feed made from tannery wastes®5. Furthermore, fresh
and dry weight production is better in Cr 1 than Cr 2 treated soil. Cr is inhibitory for
plant growth and thus, control soil showed higher fresh weight and dry weight

production compared to that of Cr salt treatments.
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The fresh weight of roots showed smaller variations among the treatments compared
to the shoots. There was a decrease in growth parameters because of increase in the
supply of the Cr. This finding coincides with Mariappan et al.t® who reported that Cr
accumulation in plants affect the metabolic process in several ways which ultimately
leads to decreased growth. Various treatments of treated tannery effluent were found to
be toxic because shoot and root length was affected and abnormal structure was
observed in the root system. Orhue et al.» recorded decrease in dry matter production of
Telfairia occidentalis when the concentration of Cr increased. ANOVA test showed that
there was significant effect of the treatments on either the root (p < 0.001) or shoot (p =
0.001) fresh weight productions of Kalmi at 5% level of significance.
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Fig. 6. Fresh weight (gm/10 plants) production of different parts of Kalmi.
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Fig. 7. Dry weight (gm/10 plants) production of different parts of Kalmi.

Accumulation of chromium, lead and iron in Kalmi: Cr containing raw poultry feed from
tannery waste and Cr salts were applied to the soil to observe their effects on the
accumulation of Cr, Pb and Fe in Kalmi plants over the control soil. The concentration
and uptake of Cr, Pb and Fe in shoot and root of Kalmi was presented in Table 3. It
shows that RPF treated plants accumulated much higher chromium than Cr 1 and Cr 2
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treated plant. Concentration of Cr was higher in Cr 2 than Cr 1 but uptake was higher in
Cr 1 than Cr 2 treated plants. Both in the root and shoot, the concentration and uptake of
Cr was highest in the RPF treated plants and lowest in the control soil plants.

Table 2. Physical, chemical and physico-chemical properties of soil and raw poultry feed.

Parameters
Sample Total C Total N Available P Extractable K Extractable S Total Cr Total Pb
(%) (%) (ppm) (ppm) (ppm) (ppm)  (ppm)
Soil 1.45 0.11 5.72 101.83 210.0 5.25 29.5
Raw poultry 711 67.24 9400 2600 5500 810 195

feed

Table 3. Concentration and uptake of Cr, Pb and Fe in different parts of Kalmi.

Chromium (Cr)

Treatment Concentration (ppm) Uptake (ug/10 plants)
Shoot Root Total plant Shoot Root
Co 10.06 9.33 19.39 515.48 233.44
RPF 69.50 45.33 114.83 4117.88 1379.40
Cr1l 52.83 32.83 85.66 2032.37 725.54
Cr2 60.00 37.83 97.83 2038.80 653.70
Lead (Pb)
Treatment Concentration (ppm) Uptake (ug/10 plants)
Shoot Root Total plant Shoot Root
Co 215 25.83 47.33 1101.66 646.27
RPF 8.80 36.23 45.13 521.40 1102.48
Cr1l 10.93 17.83 28.76 420.48 394.043
Cr2 7.83 13.17 21.00 266.06 227.58
Iron (Fe)
Treatment Concentration (%) Uptake (mg/10 plants)
Shoot Root Total plant Shoot Root
Co 336.06 259.17 595.23 17219.72 6484.43
RPF 195.50 133.00 328.50 11583.37 4047.19
Cr1l 258.33 187.33 445.66 9937.96 4139.99
Cr2 209.67 162.33 372.00 7124.59 2805.06

Increase in Cr accumulation was found to be dependent on increase in Cr doses in
the soil. It was found that both the concentration and uptake of Cr was higher in shoot
than that of root. Accumulation of Cr in control plants was low but those treated with the
Cr had higher levels of the metal making it hazardous to health. Effects of treatment on
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the accumulation of Cr in root and shoot was found significant (p = 0.000) at 5% level.
Singh et al.® applied tannery sludge to tomato plants and found that Cr mainly
accumulated in roots. The Cr might alter the concentrations of mineral elements in the
roots by physically blocking off mineral ions from absorption sites of roots and
ultimately reduced mineral uptake with the increase in Cr doses®?.

It is clear from Table 3 that control soil plants had the highest accumulation of Pb
which might be due to high Pb contents of soil. Increased rate of Cr application was
found to decrease Pb accumulation in all plants grown in Cr treated soil. However, Pb
concentration was higher in RPF treated plants compared to that of Cr 1 and Cr 2 as it
contained high amount of Pb initially. Effects of treatment on the accumulation of Pb
both in root and shoot was found significant (p = 0.000) at 5% level.

Effects of treatments on Fe accumulation was found to be significant (p = 0.001 and
0.002 for Fe concentration; p = 0.001 and 0.001 for Fe uptake) at 5% level. It is apparent
from the study that the increase in Cr rates reduced accumulation of Fe. Table 3 shows
that Fe accumulation was highest in the control plants and lowest in RPF treated plants.
Between Cr 1 and Cr 2, concentration of Fe was higher in Cr 1. The trend of Fe
accumulation was almost similar to that of Pb accumulation and thus, increase the rate of
Cr application decreased Pb accumulation. According to Gopal and Sharma, the
concentration of Fe was decreased due to the presence of high concentration of Cr which
induced Fe deficiency in the crops as there is competition by the heavy metals for
functional sites of Fe binding®®). Decrease in the uptake of nutrients by shoot and root
might be attributed to a decrease in nutrient contents as a result of increase in Cr
application®9),

The present study suggests that application of Cr containing raw poultry feed and
inorganic Cr salt increase Cr availability gradually with the days of incubation. Cr
application initially increased availability of N, P, K, S which was decreased with
incubation periods. All treatments had negative impacts on the growth of Kalmi except
raw poultry feed treated soil. However, plants grown on raw poultry feed treated soil
accumulated highest Cr. Increase in Cr doses decreased the accumulation of Pb and Fe
and control soil showed the highest accumulation of these heavy metals. Therefore, Cr
containing tannery wastes should be treated well before using it in agricultural soils.
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