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Abstract: The present study was carried out mainly concentrate on assessment of heavy metal in the surrounding
soils and their bioconcentration in the different plants near Kathajodi River. Soil and plant samples were collected
along the Kathajodi river, Odisha, India. It was found that the dominance of heavy metals follows a decreasing or-
der. The metal concentrations measured in soil at all location generally decreased in the
order; Fe > Mn > Ni> Pb> Cu> Zn> Cd. Highest heavy metal concentration in river bank soil Cd (0.72+0.05 mgkg’
by; Ni (3.8520.15 mgkg™); Cu (1.6620.15 mgkg™); Zn (1.5420.16 mgkg™); Pb (4.11+0.14 mgkg™); Fe (142.0+1.16 mgkg™);
Mn (37.30+1.16 mgkg™) at different site . Among all the grass species I. laxum has the higher affinity for the accumulation
of Cd (0.85+0.05) followed by Zn, Pb and Cu. This study indicates that bio concentration of heavy metals in the
study area show preferential Cd uptake in the plants followed by Zn, Pb and it may lead to accumulates in the ex-
posed plant part posing risk along the food chain. This calls for immediate action to be implemented to carry out
necessary environment mitigation measures for the river as it can be attributed the discharge of untreated domestic
waste and effluents in the river.

Keywords: Bioconcentration, Heavy metals, I. laxum, Kathajodi river, Soil

INTRODUCTION primary lithogenic source of heavy metals. Urban

. . discharges and industrial waste water, combustion o
Environment is a complex natural resource systean th ¢ fuels, mining and smelting operations, pssirg

has_ origina!ted from millenniums of evolutionary_cplfss and manufacturing industries, waste disposal inofyud
during which all ecosystems and forms_ of life have dumping etc, are the primary anthropogenic souoes
dgveloped. Twent|eth century part|_cularly has metal pollution (Klavinset. al., 2000; Pardcet. al.,
witnessed man’s dominance over environment. INj990: yyet al.. 2001 Upadhayast .al., 2006; Barik
recent years, rgp|d economic ar_1d industrial grOWth2013). Heavy metals discharged into the aquatitielso
intensified environmental polluyon. Qne _O.f the persist for long time and accumulate along the food
consequences of the escalating industrial agisithe o qin - \etals present in the environment in minute
growing accumulayon of recalcitrant elemgnts iturad quantities become part of various food chains thhou
ecos;llst_ems, particularly thel ?ccubmulatmn of heavyyiomagnifications and their concentration increases
metals in aguatic ecosystem. It has become a proble o,y 5 jevel that may prove to be toxic to both &sn
great concern throughout the world as these matals and other living organisms (Gopl al., 2002)
indestructible and have toxic _effect on living OGNS~ study of surrounding soils plays an important rate
when they exceeds critical concentration limit they have a long residence time. Therefore, areritapt
(Macfgrla_n c aﬂd Burph_et, .2000)' Incre_ase n p“’!“‘“'ﬂ sources for the assessment of man-made contantinatio
urbanization, industrialisation and agriculturafgtices . rivers Singhet. al., (2002) also reported that highly
gg\ée further aggravated the situation (Giguereal., polluted are adversely affecting the ecologicatfiaming

4). . of rivers due to heavy metal mobilization from umba

Heavy metals are of particular concern due to thelrareas in to biosphere. Pollution of the biospheita w

environmen_tal p_ersistencez biogeochemical recyCIingtoxic heavy metal has accelerated dramaticallyesinc
and ecological risk. Chemical leaching of bed rocks yo peginning of the industrial revolution. The e

water drainage basins and runoff from banks lage t plants has been a common practice for bio monigorin
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Fig.1. Location of the study area.
of metal contamination and its toxicity. Khannagar near Urali village, the river Kathajodi

Cuttack, which is one of the oldest cities of Indiad bifurcate and after few kilometre again joined atireg
was the capital city of Odisha for almost nine ceet an island namely Bayalishmauja. The right side flow
was built as a military cantonment in 989 A.D. Rive of the Kathajodi is called as Serua river in someaa
Kathajodi in the Cuttack urban area is a significan After the joining of two flows, the river is namexs
distributaries of river Mahanadi. The exponential river Devi .The width of Kathajodi river varies froa
growth of Cuttack on the left side of Kathajodieiv few hundred meters to two kilometers and is elosjat
has led to severe water pollution in Kathojodi rive to west to east direction. The river flows in Coka
The quality of soil in the river bank is seriously district and a few hundred meters in Jagatsinghpur
affected by pollutants which enter the river thriotlge  district. The Kathajodi river receives dischargenfr
disposal of untreated domestic and industrial effts ~ river Mahanadi. The land surface slopes to the
and sewage directly in to the river. During rainy centro-axial zone both from the south and northalsd
season, when there is a flood in the upper catchofen has a low regional gradient to eass the city is deltaic,
the river, due to excess discharge of water from th being situated between the two rivers, low-lyingaarare
Naraj Barrage, the Kathajodi river swells whichezat  abundant and are frequently flooded by rain anddflo
the adjoining area of the southern bank of Kathajod water. The depth of the water table changes with th
river and pollute the soil on the bank as well las t season, as during pre-monsoon it is 4 to 6m befoungl
flood pan on the S-E side of the river through seglit  level and O to 2m during post-monsoon (CGWB-1995).
deposits. Water coming from upper stream of river The Cuttack city is situated on the N-E side of tiver
Mahanadi also carries sediments containing heavyKathajodi, which receives the sewage and untreated
metals due to its geogenic as well as anthropogenicdomestic waste which are the causes of pollution.
origin and may contaminates the surrounding s@iks ( The city of Cuttack enjoys a subtropical, monsoon
and Mitra, 2002).In order to accesses the heavwlmet climate with three distinct seasons, i.e. summéntew
contamination status of Kathajodi river bank stiie and rainy. The winter season continues from Novembe
present investigation was carried out to get moreto February, the summer extends from March to Jame,
information on heavy metals pollution status in thethe rainy season from June to October. The average
river bank soil and its bioconcentration in plants. annual rainfall is 154 cm with 74 rainy days. Theaa
receives about 85% of the annual rainfall from lseugst
MATERIALSAND METHODS monsoons and maximum precipitation occurs in Judy a
Study area: The city Cuttack lies on the east coast of August. Cyclonic weather has been a common phermmen
India in the state of Odisha between Latitude: ROR8  in the study area as it is situated on the east cdandia.
and Longitude: 85°49' 60" E. The river Mahanadi an The summer is hot and day time temperature reaifes
Kathajodi surrounded the city forming a delta on C with a monthly mean of 39.2°C. Winter nights e8¢
which the city Cuttack is situated Figure.1l. Theiba C Wwith a monthly mean temperature of 22.0°C. The
displays dendritic to sub dendritic and rarelyaagular ~ estimated monthly mean combine evaporation and
and trellises drainage patterns. At the downstream €vapotranspiration of the study area is 17.7cm @as
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Tablel. Description of the study area.

S N. Symbolsfor the sampling location
Sampling station Sampling station Description River bank Nonflooded
soil soil

1 Naraj (85° 46'47"E Just after the barrage constructed on Bl NF1
20°2013"N) river Kathajodi

2 Arilo (85°47'8.5"E A bushy wasteland B2 NF2
20°28'14.9"N)

3 CDA-Bidanasi (85 48’ 33"E  City sewage disposal point B3 NF3
20°28'3.4"N)

4 Bidyadharpur (85°49'26.4"E A farming village with fly ash brick B4 NF4
20°7'14.7"N) factory

5 Brahmanigaon (85°52'7.3"E A fishing village B5 NF5
20°26'56.3"N)

6 Khannagar Under a bridge of railway track & B6 NF6
(85°54'3.5"E Highway and after the raw city sewage
20°44'30"N) disposal point

7 Urali (85°54'14" E A farming village after the river bifur- B7 NF7
20°42'29” N) cated opposite side it receives city sew-

age

8 Mirjeipur A farming village just before the bifur- B8 NF8
(85°58'12"E cated portion joined to its main river
20°36'46" N)

9 Raghunathpur A farming village with farming on river B9 NF9
(85°59'36" E sand and also the sewage disposal in to
20°43'38” N) river after treatment in a STP.

10 Komashasan (86°02'43" E A village just after join of the river B10 NF10
20°36'35" N)

al., 2002). through 100 mesh sieves and were preserved foysimal

Sampling: Ten different sampling stations were selected (Burton and Jhan, 1977; Barik, 2013).

between Naraj barrage to Koma Shasana village ofhysico-chemical analysis of soil

Jagatsinghpur district and were localized exactly b Deter mination of pH and EC: pH of the soil is deter-
GPSMAP-6CSX (GRAMIN) locator (Fig.1 and Table mined by a pH meter and EC (Electrical
1). Soil samples from 0-15 cm soil depth from river Conductivity) by conductivity bridge (APHA, 2011).
bank (B1, B2, B3, B4, B5, B6, B7, B8, B9, B10) and Determination of organic carbon content: Organic
non-flooded area control (NF1, NF2, NF3, NF4, NF5, carbon was determined by Walkley and Black titratio
NF6, NF7, NF8, NF9, NF10) were collected during method (Black, 1965).

post monsoon period in the month of November-Determination of available N, P, K: Available N of
December 2011. Soil samples were air-dried in thethe soil was determined by alkaline KMp@ethod
laboratory. Stones and plant fragments were removedSubbiah and Asija, 1956). Available P was estighate
from the river bed sediments by passing the daeabdes  using Olsen’s extractant (Jackson, 1973) and aaila
through a 2mm sieve. The dried soil samples wereK was determined using ammonium acetate extractant
grounded and sieved by using 2 mm sieve. All the(Jackson, 1973).

samples were then stored in a polythene contaimér a Determination of available heavy metals in soil:
kept ready for analysis (Singkt. al., 2002) and Available Fe, Cu, Zn Mn, Cd, Pb and Ni were
laboratory analysis of soil samples followed during determined by atomic absorption spectrophotometer
January and February, 2012. (AAS), using diethylene triamien penta acetic acid
Plants samples: Plants sample are collected for the (DTPA) as single extractant (Lindsay and Norvell,
study are predominant grass and fodder speciesl978). The instrument was set to zero by runnirg th
samples (n=5)C. dactylon (Dub grass),P. repens respective reagent blanks. Average values of three
(Regeda)DP. sanguinalis (Kankadaghasa/Digitaria)s. replicates were taken for each determination.

diander andl. laxum (Panda suali), of the river bank Deter mination of heavy metalsin plants. Plant sam-
and non flooded area were uprooted from the adpin ples were weighed exactly 0.5g and kept in 5ml of
locations from where soil samples were collectedyt  Nitric Acid (HNOj) overnight and followed by its
were washed with 2 per cent detergent water to vemo digestion on heating mantle after addition of 5rfil o
all adhered soil particles. Samples were cut imalls  diacid (HCIQ, + HCI) mixture on a hot plate under the
pieces, air-dried for 2 days and finally dried @@inthe  hood till a clear solution is obtained. Digestedhpke

hot air oven till a constant weight is achieved di  solution was made to 50 ml volume with the double
dried plant sample were ground to fine powder withdistilled water. Heavy metal analyses were caroed
mortar and pestle. The crusted plant samples vemssed using flame atomic absorption spectrophotometer
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(Spectra AA, Variant 55B AAS).The calibration DTPA-extractable heavy metal concentration in
curves were prepared separately for all the métpls soil: The heavy metal concentration in soil of river
running different concentrations of standard sohdgi  bank and non-flooded area (control) was determined
(AOAC, 2000). The instrument was set to zero byusing standard procedures as in material methdus. T
running the respective reagent blanks. values are presented in Table 4 and 5, there was wi
Determination of bioconcentration factor (BCF): variation in terms of heavy metal contents witheref
Bio Concentration Factor (BCF) is a common parame-ence to the sampling locations. The average DTPA-
ter for estimating the heavy metal concentration inextractable Fe, Cu, Mn and Zn varied from 85.5 21.1
plants and subsequently enters in to food chaigtwh to 142.0+1.16 mgkg 0.46+0.04 to 1.64+0.15 mgRg
is defined as the ratio between the concentration 013.90 +1.12 to 37.30+1.16 mgkgand 0.67+0.03 to
heavy metals in the plant/flora and DTPA extraatabl 1.54+0.16 mgkd, respectively in the river bank soil.
heavy metal concentration in soil (Ghose and SinghWhereas, in non-flooded soil it was varied from
2005).Data were analyzed for mean and standard2.2+1.14 to 102.5+1.16 mgRg 0.44+0.06 to
deviation. The differences between DTPA-extractablel.42+0.06 mgkd, 8.05+1.13 to 18.95+1.15 mgkg
metal contents in soils were statistically evaldaby  and 0.41+0.09 to 1.13+0.07 mgkgrespectively. The
applying t-test according to Snedecor and Cochrancritical limits of deficiency of Fe, Cu, Mn and Zre
(1967). Simple correlation and multiple regression4.5 mgkg', 0.2 to 0.5 mgkd, 2.0 mgkg' and 0.6
analysis were also carried out to assess theomships  mgkg®, respectively. This may be due to the disposal
of DTPA-extractable metal with plant metal of untreated domestic waste and sewage from te cit
concentration, soil pH and organic carbon. TheThese are the major source of pollution in river
relations were tested at 5% level of significance. (Mohanet al., 1996). Human and Industrial activities
taking place along the river course be the reason f
RESULTSAND DISCUSSION high contamination of all metals the sampling sttee
Physico-chemical characteristic of soil: The values critical limits of deficiency of Fe, Cu, Mn and Zwe
of pH, EC, O.C. and available N, P, ii{ the soil both 4.5 mgkg', 0.2 to 0.5 mgKg, 2.0 mgkg" and 0.6 mgky
river bank are presented in table 2 and 3. The pH o'.The critical limit in soil for contamination as rpger-
river bank soil in all sites was acidic. The highesl ~ missible limit of Indian standard (Gupga al., 2013)
value was at location B8 with value of 6.9+0.11 andfor Zn, Cd, Cu, Pb and Ni are 300-600 mgk@-6
lowest at B4 with value of 5.4+0.14. In non-flooded Mgkg®, 135-270 mgkd, 250-500 mgkd and 75-150
area the highest pH value at NF6 was 6.8 and lowesngkg®. All these elements present in the soil of the
at NF3was 4.8. The organic carbon per cent was- highstudy area are within the safe limit. The plantnor-
est at B3 (0.85+0.05) and lowest at B10 (0.25+ .05 trients such as Fe, Cu, Mn and Zn were presenteabov
on the river bank where as in non-flooded areadsgh the critical limit of deficiency indicating its higr
organic carbon was observed at NF10 (0.25+0.05) andertility status with respect to these elementsb(@s.4
lowest at NF3 (0.12+0.0).The available nitrogen and 5).
content of 213.4+1.14 kghawas found highest at Cadmium: Highest Cd content was found at B10 and
location B4, lowest at B8 (100.3+1.15 kghaon the lowest was found at B3 among the river bank soil
river bank whereas on non-flooded soil highestsamples. Among non-flooded soil, highest Cd content
available N (188.61.15 kg at NF2 and lowest at was found at NF4 and lowest was found at NF5. Cd is
NF 7 (87.8+1.12 kgh were observed. Similarly the a non essential elements that can causes kidney
available P content was found highest at locatign B damage in human and negatively affect plant growth
(51.7+1.13 kghé), lowest at B5 (23.3+1.13 kgﬁ)aon and development. This was above the probable effect
the river bank whereas on non-flooded soil highestlevel (Pascual-Barremt. al., 2004).
available P (59.5+1.15 kghpat NF4 and lowest at Nickel: Highest Ni content was found at B9 and
NF 10 (87.8+1.12 kghg was observed. The available lowest was found at B7 among the river bank soil,
K content was found highest at location B9 whereas highest Ni content was found at NF 10 and
(278.2+1.12 kghd) lowest at B5 (100.6+1.14 kgtip  lowest was found at NF6 among non-flooded soil.
on the river bank whereas on non-flooded soil hsghe Small amount Ni may be beneficial to plants and its
available K (567.6+1.14 kg at NF5 and lowest at plant toxicity varies in magnitude according to rgla
NF1 (155.6+1.14 kgh} was recorded. The presence of species. Ni poisoning in plants include dwarfing or
higher nutrient level and organic carbon on therrbank  repression of growth (Sharma, 2001).
site as compared to the non-flooded control siticied ~ Copper: Highest Cu content was found at B2 and
that the former soil is more fertile (Fernande97)9The  lowest was found at B7 among the river bank soil,
flood water may carries lot of silts rich in nutieand ~ whereas highest Cu content was found at NF 10 and
organic carbon and deposits on the river bank rgakin lowest was found at NF4 among non-flooded soie Th
fertile soil. The presence of these parameters stiow copper reaches the aquatic environment through dry
degree of mineralization due to high rate of logdimd and wet deposition which contaminate sediments and
inclusion of organic pollutants (Prasad and Kur2@@g8).  soil (Abound and Nandini, 2009).
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Table2. Some of the chemical parameter of the Kathajodr fank soil.

Available N, P. K kgha

n

N. Location pH (1:2) EC (dSm™) O.C. (%)

N P K
1 Bl 6.5+0.15 0.57+0.03 0.28+0.06 110.2+1.12 35841, 177.9+1.11
2 B2 6.4+0.11 0.26+0.04 0.32+0.02 100.5+1.15 39881, 222.3+1.13
3 B3 5.6+0.13 0.55+0.05 0.85+0.05 175.6+1.14 51731. 200.1x1.11
4 B4 5.4+0.14 0.46+0.04 0.57+0.03 213.4+1.14 26221, 255.7+1.13
5 BS 6.7+0.12 0.29+0.01 0.48+0.04 150.7+1.13 23B31. 100.6+1.14
6 B6 6.7+0.13 0.35+0.05 0.75+0.05 125.4+1.14 33141. 200.1+1.11
7 B7 5.7+0.12 0.34+0.04 0.33+0.01 112.9+1.11 28%9%1. 234.2+1.12
8 B8 6.9+0.11 0.38+0.02 0.67+0.03 100.3+1.13 29161. 256.0+1.15
9 B9 6.1+0.16 0.55+0.05 0.47+0.02 137.8+1.12 25841, 278.2+1.12
10 B10 6.8+0.13 0.49+0.01 0.25+0.05 137.3+1.13 473 207.9+1.11

Table 3. Chemical parameter of the non-flooded area soil {©Hn

H T

E‘ L ocation pH (1:2) EC (dSm?)  O.C.(%) ﬁ"a"""b'e N.P. ka“ha <

1 NF1 6.410.14 0.57+0.03 0.24+0.04 137.9+1.11 39.5% 155.6+1.14

2 NF2 6.1+0.11 0.34+0.04 0.22+0.02 188.6+1.15 42.33 522.841.12

3 NF3 4.8+0.12 0.45+0.05 0.12+0.01 125.9+1.11 39.1% 511.6+1.14

4 NF4 6.1+0.11 0.38+0.02 0.15+0.05 113.6+1.16 59.55 166.8+1.12

5 NF5 6.3+0.13 0.32+0.02 0.16+0.04 163.2+1.12 3843 567.6x£1.14

6 NF6 6.8+0.12 0.67+£0.03 0.15+0.05 125.4+1.14 35.64 400.2+£1.12

7 NF7 5.7+0.13 0.38+0.02 0.13+0.03 87.8+1.12 40.421 307.8+1.12

8 NF8 6.1+0.11 0.29+0.01 0.18+0.02 137.3+1.13 32.84 292.5+1.15

9 NF9 6.2+0.12 0.19+0.01 0.17+0.03 125.4+1.12 26.82 378.8+1.12
10 NF10 6.0+0.15 0.26+0.04 0.25+0.05 150.1+1.11 72413 254.7+1.13
Table 4. DTPA extractable heavy metal content (mdkin the soils of river bank.

S.N. Location Cd Ni Cu Zn Pb Fe Mn

1 B1 0.64+0.05 2.08+0.12 0.68+0.05 0.92+0.08 1.2160. 85.5+1.12 16.8+1.15
2 B2 0.47+0.09 2.24+0.14 0.46+0.04 0.85+0.05 1.1230. 109.5+1.16 17.2+1.14
3 B3 0.25+0.03 3.18+0.12 1.18+0.12 1.54+0.16 1.2640. 128.0+1.14 24.5+1.16
4 B4 0.46+0.04 3.56+0.15 1.26+0.14 0.79+0.01 3.09%0. 120.5%1.16 25.6+£1.13
5 B5 0.68+0.08 2.98+0.18 0.58+0.05 1.12+0.18 2.2620. 103.5%1.17 37.3t1.16
6 B6 0.66+0.06 3.76+0.11 1.1940.13 1.23+0.17 4.1140. 136.5+1.13 28.2+1.14
7 B7 0.26+0.02 3.60+0.16 1.66+0.15 0.67+0.03 2.6140. 129.0+1.15 23.7+£1.15
8 B8 0.72+0.05 3.45+0.13 0.85+0.05 0.75+0.05 1.3580. 101.8+1.12 13.9+1.12
9 B9 0.31+0.01 3.85+0.15 1.63+0.17 1.21+0.09 2.6820. 142.0+1.16 16.4+1.17
10 B10 0.67+£0.07 2.98+0.15 0.82+0.08 0.89+0.01 1098* 122.5+1.18 17.4+1.13

Table 5. DTPA extractable heavy metal content (mgkin the soils of non-flooded area.

S.N. Location Cd Ni Cu Zn Pb Fe Mn

1 NF1 0.31+0.02 2.12+0.02 1.42+0.06 0.64+0.06 1000& 17.6+1.12 18.5+1.15
2 NF2 0.46+0.05 2.06+0.06 0.66+0.02 0.44+0.06 1019% 17.3%£1.15 08.2+1.16
3 NF3 0.24+0.03 3.02+0.05 0.96+0.04 1.03+0.17 10082 102.5+1.16 08.1+1.13
4 NF4 0.52+0.07 3.01+0.07 0.44+0.06 0.47+0.03 10223 12.2+1.14 13.2+1.12
5 NF5 0.14+0.06 2.07+0.03 1.15+0.05 1.13+0.07 10286 13.6+1.12 12.3+1.17
6 NF6 0.42+0.01 1.52+0.08 1.13+0.07 0.41+0.09 108304 59.8+1.16 15.9+1.14
7 NF7 0.34+0.08 2.04+0.05 0.80+0.05 0.80+0.05 1000% 43.3+1.17 15.9+1.16
8 NF8 0.51+0.04 3.02+0.04 1.32+0.12 0.76+0.04 10339 44.9+1.14 12.5+1.15
9 NF9 0.21+0.08 2.43+0.06 1.15+0.15 0.52+0.08 10263 65.4+1.12 15.6+1.11
10 NF10 0.31+0.05 3.34+0.01 0.46+0.14 0.95+0.05 240105 48.2+1.15 11.2+1.12

Zinc: Highest Zn content was found at B3 and lowestand NF6 are close to the highways and influenced by
was found at B7 among the river bank soil, whereaghe automobile emission hence the Pb content is obv
highest Ni content was found at NF 10 and lowest w ously higher in these location and also due to rothe
found at NF6 among non-flooded soil. This may beactivity near the river (Abbasgt. al., 1998). Pb toxic-
due to effluent and urban sewage (Ablshsil., 1998). ity may cause amnesia and accelerating red blolbd ce
Lead: Highest Pb content was found at B6 and lowestdestruction in human being (Anglin-Browet. al.,

was found at B2 among the river bank soil, whereasl1995).

highest Pb content was found at NF 6 and lowest wasron: Highest Fe content was found at B9 and lowest
found at NF2 among non-flooded soil. Location B6 was found at B1 among the river bank soil, whereas
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12.3+1.11
22.741.13
32.2£1.13
22.8+1.12
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125.0+1.11
162.5+1.13
152.8+1.14
165.5+1.15
135.2+1.12
162.5+1.17
157.4+1.13

240614
54033
A42%0.12
1.55+0.15
440816
540413

5240.12

25.7£1.13
28.2+1.14
26.8+1.12
28.9+1.11
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34.4+1.14

15.5+1.15
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1.65+0.11
1.45+0.15
1.55+0.12
1.58+0.14
1.35+0.13
2.72+0.13
1.78+0.11

0.45+0.01
0.42+0.02
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0.58+0.04
0.67+0.03
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0.62+0.05

Cynodon
Panicum
Digitaria
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Iseilema
Cynodon
Panicum
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B9
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highest Fe content was found at NF1 and lowest was

found at NF3 among non-flooded soil.

Manganese: Highest Mn content was found at B5 and
93y vgY3I lowest was found at B8 among the river bank soil,
Egjo‘;o{ EEEEE whereas highest Mn content was found at NF1 and
MmN A4S0 lowest was found at NF3 among non-flooded soil.
NEY aoqwd The metal concentrations measured in soil at bugh t

sites i.e. river bank and non flooded generally de

creased in the order; Fe > Mn > Ni> Pb>Cu>Zn>Cd.
NS O ® o although this pattern varied moderately between Ni
— - A .. . R
i Ky B R R B Ry and Pb, there was no statlstl_cal difference in DTPA
a8 e do Q22 extra_lctable hequ metal_contennz. Cu, Zn, Pb, Ni and
L8y o Iad Cd in the soils of river bank and non flooded.

However soil of river bank showed higher availabée

and Mn content. The soils on the river bank sitdate

the low lying area subjected to flooding by theeriv
399 =g 93y water and remained water logging for a considerable
g% 99839 period of time, under reducing environment the
Qr @Yo reduced species of Fe and Mn are always higher than

the soil remained dry and aerated. Additionallyoélo

< water might have carried out Fe and Mn bearing madge
R s B R from the upper catchment of Mahanadi and deposited
iyl E Ej E\E iyl E on the river bank. The pattern of variation of drel
w8 $As8 Mn concentration in the soils of river bank as vl

in non flooded soil was similar from Naraj to

Komashasana along the river stream. Moreover the Mn

concentration was reduced at B8, B9 and B10 located
NS oo T on the river bank towards downstream indicating tha
e A g TA
dyd ddd9d sewage effluents may not be a source of Fe and Mn
dNe ood<n deposit on the river bank (Barik, 2013).
aogd RIndS Heavy metal concentration in plants. Five grasses

namely C. dactylon (Dub grass)P. repens (Regeda),

D. sanguinalis (Kankadaghasa/Crab grasS),diander

(Jhari grass) ant laxum (Panda Suali grass) naturally
NgS J3aaq grown on both the river bank soil as in non flodde
2 22 2% ] 29 soil and mostly used for cattle feeding in the liga
oY LB were collected as representative vegetation samples
®od ~hex
AR RS RN and the heavy metal content was determined bygusin

standard procedures as laid down in materials att-m

ods. The values are presented in table 6 and wast
found that most of the heavy metal concentratiodifin
<89 J048wN ferent grass species grown on the river bank watists
S20o o9ego .
S 22 99 S =k cal at par Wlt_h _thos_e grown on non-flooded area!_aré' h
AR RN was wide variation in terms of heavy metal contevita
c®S cogeo reference to the location of the samples. Lokesharat

Chandrappa, (2006) has reported more heavy metal ac

E c B mulation in plants grown in the sewage irrigateiti rsear
-%% g s %-%% g the Bellandur lake, Bangalore city, Karnataka ajeer
5 ’g_% g-g 5 g% ment _wnh this. Among the species the_re was a wide
an2 Oacdwne variation in the heavy metal accumulatioP. repens

has the highest quantity of Fe conteéitdiander has

highest quantity of Cu ardlaxum has highest quan-

tities of Mn (85+1.15) mgkd Zn (94.1+1.14) mgkg

=t ! Cd (0.85+0.05) mgky Ni (3.55+0.13) mgkg and

@ Pb (1.89+0.11) mgKy This indicatesl. laxum is a
good accumulator of heavy metals as reported by

Lokeshwari and Chandrapa (2006). The accumulation

° of particular metals is compared with the presewice
—
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17.9+1.11
18.0£1.15
12.7£1.12

118.0+1.11
149.5+1.15
146.4+1.14

.0240.11
54005
.12%0.13

25.7£1.15
18.2+1.12
16.8+1.14

15.5+1.15
15.4+1.14
13.2+1.11

1.65+0.15
1.45+0.11
1.55+0.14

0.45%0.05
0.42+0.03
0.5540.05

Cynodon
Panicum
Digitaria

NF8
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that metal in soil.
ML OaTON oo N o Cadmium: The Cd content irC. dactylon, P. repens,
SO Z2dZ2g2 Z2doog D. sanguinalis, S. diander and I. laxum in the river
CH FE88d8 HALLH bank were varied between 0.23 to 0.84 migkg
LR $3L85 288 0.1620.06 to 0.62+0.05 mgKg 0.12+0.02 to
0.72+0.02 mgkd, 0.24+0.05 to 0.75+0.03 mgkagand
0.22+0.03 to 0.85 mgkyrespectively. Whereas non-
flooded soil, the Cd content varied between 0.1820.
to 0.68+0.05 mgkd, 0.11+0.01 to 0.75+0.05 mgkg
9y 8g933 89493y 0.12#0.02 to 0.62+0.04 mgKg 0.18+0.02 to
% 3 3 33 30 5 5 it 0.72+0.02 mgkg and 0.16+0.06 to 0.67+0.02 mgkg
No @ © I8 0 ) et respectively. Grass species studied, highest cdrace
R I T R R B R R tion of Cd was found ith. laxum at both river bank non
-flooded soil. This may be due to in plants Cd acau
lates in several tissue and complexes with amiigsac
< organic acids and other major parts of plant metabo
3Y 9eyIg 9983y i i
o2 28232 2823 lism (Benavidest. al., 2005).
b % % ﬁ g3 ,% g%, ﬁ 3 % Nickel: The Ni content inC. dactylon, P. repens, D.
AL A sanguinalis, S. diander and|. laxum in the river bank
are varied between 1.15+0.11 to 2.72+0.13  ritgkg
SN NOGNd SN0 1.08+0.12 to 1.78+0.11 mgKg 1.01+0.13 to
dg ddaddg SaDdg 1.88+0.12 mgkd, 1.05+0.11 to 2.52+0.12 mgkgand
S8 BIdFaY JdLHbHd 1.25+0.11 to 3.55+0.13 mgKgrespectively. Whereas
I8 B83gRd 8§35 in non-flooded soil, the Ni content varied between
1.11+0.11 to 2.32+0.14 mgKg 1.02+0.14 to
1.64+0.14mgkg, 1.01+0.11 to 1.75+0.15 mgRg
1.01+0.14 to 1.95+0.11 mgKgand 1.22+0.12 mgky
9y 88<438Y Jd954Y to 2.18+0.12 mgkg, respectively. Grass species stud-
HY IY¥YIY HITEY ied, highest concentration of Ni was foundl ittiaxum
Lo BHoQB NS SIw at river bank soil ane€. dactylon in non flooded soil
N - This may causes plant toxicity by dwarfing or regsre
ing of growth (Sharma, 2001).
Copper: The Cu content irC. dactylon, P. repens, D.
S8 3893y 93a9Yy sanguinalis, S diander andI. laxumin the river bank are
29 FFS2F 2999 9% varied between 12.5+1.13 to 34.4+1.13 mbkg
X Ao dAsddsd
Nom moPRYa ~Nodww 11.3+1.13 to 18.4+1.16 mgkg10.2+1.14 to 21.4+1.16
TR A R R mgkg?, 10.0+1.11 to 24.4+1.14 mgReand 11.3+1.15
to 20.1+1.12 mgkd respectively. Whereas in non-flooded
soil, tfle Cu content varied between 10%1.11 1612815
fa WA ND Mo mgkg", 10.3+1.13 to 21.4+1.13 mgkd0.2+1.13 to
= S og S = S oo & = = 20.1+1.11 mgkd, 10.120.12 to 29.2+1.12 mgkgand
25 223488 53489 10.241.12 mgkd to 18.6+1.14 mgkd. The grass
6 ©oog59c ©oog©9o species studied, highest concentration of Cu was
found in C. dactylon at the river bank and non
flooded soil. Similar findings are also reported by
a 9 0 Abbassiet al. (1998).
2g SES3 g SEe3 B Zinc: The Zn content irC. dactylon, P. repens, D. san-
S8 92E88s 92£S0 guinalis, S diander and!. laxumin the river bank are var-
28 388328 38883 ied between 16.3+1.17 to 42.5+1.15 mykiy6.2+1.14 to
47.7#1.13 mgkd, 14.9+1.13 to 46.2+1.15 mgkg
15.841.12 to 36.5+1.14 mgKRgand 14.2+1.18 to
5 52.9+1.11 mgkd respectively. Whereas non-flooded
Q o soil, the Cu content varied between 12.3+1.11 to
z z 38.5+1.15 mgkd, 12.4+1.12 to 29.6x1.16 mgkg
11.8+1.11 to 35.4+1.14 mgRg mgkg®, 16.4+1.13 to
32.5+1.13 mgkg and 18.8+1.12 to 38.5+1.15 mgkg
respectively. Grass species studied, highest coracen
o o tion of Zn was found in. laxum at the river bank.
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Table 8. Correlation matrix among soil properties and metaitent in the grass species.

Particulars pH EC ocC N P K

C. dactylon
Cd 0.21 0.11 0.49* -0.07 -0.25 -0.33
Ni 0.06 -0.11 0.05 -0.17 -0.49* 0.03
Cu 0.27 -0.44* -0.12 0.20 -0.16 0.27
Zn 0.11 -0.13 0.30 0.39 -0.45* 0.17
Pb 0.04 0.23 0.37 -0.09 -0.13 -0.13
Fe 0.15 -0.18 0.10 -0.13 -0.42 -0.04
Mn 0.20 0.01 0.48* 0.24 -0.30 -0.04

P. repens
Cd 0.43 0.25 -0.03 -0.28 -0.27 -0.22
Ni -0.01 0.05 0.09 -0.30 -0.36 -0.18
Cu 0.37 -0.23 0.20 0.03 -0.21 0.07
Zn -0.08 -0.12 0.57* 0.08 -0.13 -0.26
Pb -0.06 0.33 0.65* 0.24 -0.15 -0.26
Fe 0.08 -0.20 0.19 -0.27 -0.32 -0.10
Mn -0.23 0.01 0.30 0.45* -0.15 0.00

D. sanquinalis
Cd -0.05 0.09 0.30 -0.12 -0.09 -0.21
Ni 0.22 -0.08 0.02 -0.36 -0.47* -0.03
Cu -0.27 -0.31 0.15 0.10 0.00 0.07
Zn -0.14 -0.13 0.56* 0.10 -0.04 -0.03
Pb 0.15 0.08 0.34 -0.17 -0.36 -0.31
Fe 0.04 -0.36 0.24 -0.02 -0.27 0.06
Mn 0.35 0.14 0.26 -0.06 -0.06 -0.13

S diander
Cd 0.13 -0.19 0.10 -0.40 -0.41 -0.10
Ni 0.06 0.17 0.59* -0.05 0.10 -0.32
Cu 0.14 -0.60* 0.20 0.14 -0.40 -0.18
Zn -0.14 0.07 0.32 -0.06 -0.09 0.24
Pb 0.03 0.15 0.49* 0.01 -0.25 -0.31
Fe 0.14 -0.15 0.29 -0.17 -0.37 0.00
Mn 0.29 0.37 0.45 -0.04 -0.06 -0.22

I.laxum
Cd 0.22 0.17 0.44 -0.31 -0.22 -0.32
Ni 0.26 -0.07 0.29 -0.20 -0.27 -0.23
Cu -0.09 -0.50* 0.06 -0.13 -0.30 -0.02
Zn -0.11 -0.17 0.46* -0.04 -0.08 -0.03
Pb -0.21 0.53* 0.49* 0.01 -0.15 -0.19
Fe -0.14 -0.35 0.13 -0.04 -0.41 0.15
MN 0.07 0.22 0.10 0.04 0.03 -0.08

* Significant at p <0.05

Similar findings are also reported by Pascal-Buargts  53.2+1.13 mgkd to 173.0+1.15 mgky 78.4+1.16 to
al., (2004). 192.1+1.15 mgkd, 59.5+1.15 mgkd to 172.6+1.14
Lead: The Pb content irC. dactylon, P. repens, D.  mgkg®, 72.841.12 to 182.3¥1.13 mgkg and
sanguinalis, S. diander andl. laxum at river bank were  98.5+1.15 to 192.2+1.12 mgkgrespectively. Grass
varied between 1.25+0.13 to 1.85+0.13 mgkg species studied, highest concentration of Fe wasdo
1.05+0.15 to 1.62+0.12 mgKg 1.14+0.16 mgkg, in 1. laxum at river bank as well as non-flooded soil.
1.14%0.16 to 1.75+0.15 mgKgand 1.28+0.12 to The river bank and non-flooded soil had higher Fe
1.89+0.11 mgkd respectively. Grass species studied, concentration. This may be due to the heavy metal
highest concentration of Zn was foundlinaxum at accumulation in the river bank by the flood during
the river bank as well as non-flooded soil. It vias rainy season (Bhargaeh al., 2009).

agreement with critical range of Pb as described byManganese: The Mn content inC. dactylon, P. re-
Nirmal et al. (2006). pens, D. sanguinalis, S. diander and I. laxum are var-
Iron: The Fe content i€. dactylon, P. repens, D. san- ied between 13.5+1.11 to 77.0+1.13 mgk§2.3+1.11
guinalis, S diander and|. laxum are varied between to 36.4+1.12 mgkg, 16.3+1.16 to 74.5+1.15 mgkg
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Table 9. Bio Concentration Factors (mglgpian{Ma/Kthutsoi) Of heavy metals of river bank .

S.N. L ocation Grass Cd Ni Cu Zn Pb Fe Mn
1 B1
Cynodon 0.70 0.63 18.3 24.4 1.06 0.62 1.81
Panicum 0.96 0.69 21.6 17.6 0.87 0.91 1.50
Digitaria 0.35 0.63 15.0 16.1 0.90 0.69 4.10
Sporobolus 0.54 0.50 16.9 18.8 1.01 0.85 2.50
Iseilema 0.85 0.88 18.2 21.2 1.16 1.15 5.10
2 B2
Cynodon 0.48 0.66 34.1 19.1 1.10 0.57 0.78
Panicum 0.82 0.51 33.9 45.5 0.93 0.90 0.92
Digitaria 0.46 0.60 23.6 40.2 0.98 1.13 0.94
Sporobolus 0.74 0.63 21.7 335 1.01 1.02 0.90
Iseilema 0.55 0.55 27.1 26.4 1.20 1.16 1.01
3 B3
Cynodon 2.50 0.44 10.6 17.8 1.15 0.68 0.91
Panicum 1.00 0.70 12.4 16.6 1.23 0.72 1.20
Digitaria 0.48 0.39 13.6 24.1 0.99 1.13 0.94
Sporobolus 0.84 0.73 8.9 19.8 1.07 0.95 1.61
Iseilema 0.91 0.39 9.6 26.6 1.30 1.06 1.91
4 B4
Cynodon 0.82 0.32 13.1 41.1 4.40 1.07 2.03
Panicum 0.34 0.30 11.9 47.2 0.50 1.26 131
Digitaria 0.54 0.28 15.4 34.6 0.40 1.12 0.99
Sporobolus 0.56 0.35 14.4 32.4 0.40 1.21 0.87
Iseilema 0.47 0.41 10.5 32.3 0.50 1.14 1.04
5 B5
Cynodon 0.47 0.46 18.3 26.3 0.64 1.38 0.66
Panicum 0.26 0.41 31.7 22.5 0.58 1.17 0.87
Digitaria 0.20 0.39 18.6 25.3 0.71 1.52 0.66
Sporobolus 0.35 0.40 28.6 14.1 0.57 1.20 0.80
Iseilema 0.42 0.45 25.8 12.6 0.56 1.57 0.62
6 B6
Cynodon 1.27 0.38 16.5 34.5 0.32 1.26 2.73
Panicum 0.69 0.34 154 38.7 0.34 1.27 1.29
Digitaria 0.48 0.35 18.0 375 0.33 1.14 2.64
Sporobolus 0.75 0.67 16.8 29.6 0.37 1.33 2.82
Iseilema 1.28 0.94 25.2 43.0 0.38 1.03 1.75
7 B7
Cynodon 2.11 0.52 7.8 54.1 1.04 1.29 0.94
Panicum 1.34 0.42 7.5 67.9 1.10 1.49 0.57
Digitaria 2.23 0.40 11.1 40.0 1.15 1.33 1.06
Sporobolus 2.42 0.45 8.5 53.9 1.07 1.27 0.65
Iseilema 2.70 0.49 10.1 70.4 1.35 1.48 0.85
8 B8
Cynodon 0.62 0.47 18.2 34.2 0.99 1.22 2.10
Panicum 0.58 0.42 18.1 37.6 0.85 1.59 0.88
Digitaria 0.76 0.44 15.5 35.7 0.90 1.50 1.63
Sporobolus 0.80 0.45 18.2 38.5 0.93 1.62 2.31
Iseilema 1.05 0.39 14.9 38.0 1.04 1.32 1.64
9 B9
Cynodon 2.5 0.70 8.8 29.1 1.27 1.14 1.06
Panicum 2.0 0.46 8.3 28.4 1.12 1.10 1.06
Digitaria 2.2 0.48 7.5 29.3 1.09 1.12 1.43
Sporobolus 2.4 0.42 6.9 29.9 1.17 1.13 4.39
Iseilema 2.5 0.56 7.3 28.2 1.44 1.18 2.48
10 B10
Cynodon 0.83 0.58 31.2 38.6 1.17 1.20
Panicum 0.67 0.55 13.7 215 0.75 0.84 0.83
Digitaria 0.56 0.48 21.0 20.8 0.68 1.20 1.37
Sporobolus 0.52 0.52 17.5 29.4 0.74 1.10 3.17

Iseilema 0.71 0.62 20.1 24.3 0.76 1.03 1.67
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Table 10. Bio Concentration Factors (mgik@pian{M9/kGisoi) Of heavy metals of non-flooded area

S.N. L ocation Grass Cd Ni Cu Zn Pb Fe Mn
1 NF1
Cynodon 1.35 0.58 8.16 315 1.04 2.94 0.94
Panicum 2.41 0.58 8.35 27.3 1.10 4.04 0.81
Digitaria 1.80 0.63 7.90 23.3 1.15 4.5 1.20
Sporobolus 1.20 0.91 7.11 25.6 1.07 4.4 0.85
Iseilema 1.67 0.68 8.10 29.3 1.35 5.2 1.02
2 NE2
Cynodon 0.65 0.66 28.6 59.7 0.99 3.1 3.14
Panicum 0.82 0.49 22.3 67.2 0.85 5.1 3.37
Digitaria 0.54 0.60 15.4 73.8 0.90 7.6 2.90
Sporobolus 0.73 0.65 17.4 59.5 0.93 6.01 2.74
Iseilema 0.47 0.59 21.9 57.9 1.04 6.2 4.00
3 NF3
Cynodon 0.75 0.46 10.9 25.6 1.27 0.8 2.2
Panicum 0.62 0.43 13.0 22.8 1.12 0.79 35
Digitaria 0.50 0.40 15.7 315 1.09 1.03 2.1
Sporobolus 0.75 0.43 21.0 29.3 1.17 1 3.6
Iseilema 0.66 0.40 17.0 20.0 1.44 1.29 3.4
4 NF4
Cynodon 0.61 0.36 32.7 44.0 1.09 9.9 1.2
Panicum 0.21 0.33 33.1 59.1 0.91 12.0 1.4
Digitaria 0.42 0.33 39.3 53.6 1.01 10.2 1.9
Sporobolus 0.48 0.40 36.5 47.8 1.15 10.1 2.28
Iseilema 0.38 0.48 27.7 47.6 1.03 10.2 1.9
5 NF5
Cynodon 1.78 0.58 19.3 34.0 1.10 9.7 2.09
Panicum 1.14 0.54 13.2 12.5 1.00 8.9 1.4
Digitaria 0.85 0.54 16.0 10.4 0.96 10.12 3.4
Sporobolus 1.50 0.48 12.7 214 0.99 8.4 1.7
Iseilema 1.57 0.63 9.7 23.3 0.96 12.7 2.8
6 NF6
Cynodon 0.97 0.95 11.8 68.7 0.91 2.72 2.3
Panicum 1.00 0.81 16.2 40.7 0.90 2.54 1.55
Digitaria 0.69 0.86 10.2 54.1 0.93 2.4 1.8
Sporobolus 0.76 1.0 9.0 79.2 0.88 2.8 2.4
Iseilema 1.23 1.0 9.0 54.1 1.10 2.2 1.8
7 NF7
Cynodon 1.32 0.66 14 15.3 1.16 3.5 1.05
Panicum 0.94 0.77 14.3 15.5 1.06 3.8 14
Digitaria 1.55 0.66 20.5 17.0 1.33 3.9 1.17
Sporobolus 1.70 0.80 16.3 26.6 1.03 3.6 1.6
Iseilema 1.88 0.84 18.5 34.4 1.30 3.35 15
8 NF8
Cynodon 0.88 0.54 11.7 33.8 0.76 2.6 14
Panicum 0.82 0.48 11.6 23.9 0.78 3.3 1.44
Digitaria 1.07 0.51 10.0 22.1 0.83 3.2 1.01
Sporobolus 1.13 0.52 11.7 38.0 0.93 2.9 1.2
Iseilema 131 0.44 9.6 50.6 0.91 2.8 1.48
9 NF9
Cynodon 3.23 0.95 24.7 68.2 0.99 2.42 2.23
Panicum 2.76 0.66 18.6 27.3 0.83 2.26 1.20
Digitaria 2.95 0.72 17.4 68.1 1.04 2.35 1.64
Sporobolus 3.42 0.61 16.7 50.5 0.84 2.48 1.00
Iseilema 2.01 0.89 16.1 65.5 1.03 2.53 1.14
10 NF10
Cynodon 151 0.51 48.0 34.1 0.91 3.0 2.31
Panicum 1.25 0.49 22.4 20.2 1.00 2.1 25
Digitaria 1.03 0.42 35.6 18.2 0.93 2.8 2.3
Sporobolus 1.12 0.46 40.2 23.6 1.26 2.7 3.4
Iseilema 1.35 0.54 33.0 22.7 1.05 2.6 2.57
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15.5+1.15 to 79.6+1.14 mgKgand 17.5+1.12 to |planning to control the intrusion of pollutants the
49.6+1.16 mgkd. Grass species studied, highest con-river system and which can prevent contaminatibn o
centration of Mn was found i8. diander in the river  fertile soil of river bank.
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