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ABSTRACT KEYWORDS
This paper presents the trace metal contamination of the Chouky- Mahanadi River;
Rajnandgaon- Durg, a Central - East Indian region. The study area was Shivnath River;
divided into three different zones. ZoneA isthe mineralised zone; zoneB is Mineralized,;
the catchments of river Shivnath and the zone C is Kotri-Indrawati Manganese;

Iron;
Geochemical sources.

catchments. The results give the elemental composition of the surface wa-
ter indicating high level s of manganese and iron and noticeabl e presence of
copper and zinc while the cadmium, chromium and lead were below the
detection limit. The statistical analysisshowswide variability in geochemi-
cal sources and chemical interactions, which takes place in natural water
system explainable due to negative skewness. The Kotri- Indra- wati
catchments and the mineralized zones are enriched with harmful trace ele-
ments whereas the catchments of river Shivnath are more enriched with
alkaline and alkaline earth metals. The surface water ishighly enriched with
manganese and iron as compare to seawater.

© 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Metal s are found throughout the earth, in rocks,
soilsand sediments primarily trapped in some stable
form. Yet, through natural processes such asweath-
ering and erosion, small amounts of metals are re-
moved from bedrock and areallowed to circulatein
water and air. Thisis essential because many bio-
chemical processesrequire agiven amount of many
of these metals. So, even if atrace metal istoxic at
high concentrations, it may be needed in small quan-
tities to maintain life. Therefore, the biogeochemi-
cal cycle which exists ensures that the distribution
of any given metal within an ecosystembeheldrela

tively congtant over time. Quantitiesof most trace met-
asintroduced into the environment by anthropogenic
sourcesnow far outweigh natural sources. Mining of
ores, inadditionto smelting and other purification prac-
tices, resultinthe metd being released fromitsstable
formsand into the environment. Thishas produced a
Stuationinwhich thenatura biogeochemical cyclehas
been overwhe med.

The same CRD region iscontaminated by higher
arsenic level in surface watert® which can be
categorised exceeding the ecological risk bench-
marks. This paper has targeted the other trace ele-
ments to see if their concentration is also elevated
inthe studied region. The aim of thiscomparisonis
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amed at finding if these values exceed the Ecol ogical
Risk Screening values. The ERS (Ecologica Risk
Screening) isthe conservative assessment to evaluate
the need to conduct adetail ed baseline ecol ogical risk
assessment and if an ERA isneeded, tofocusthescope
of the assessment. Theoverall goal of thisstudy isto
determinethe s gnificance of contamination of thesur-
facewater system of the CRD region.

METHODSAND MATERIALS

The sampling locations of this study are pre-
sented in the Figure 1(A and B).The trace el ements
zinc, iron, manganese, cadmium, chromium, lead and
copper were analysed by atomic absorption spec-
trophotometer and aluminium was analysed by
eriochrome cyanine-R method by UV-Visible spec-
troscopy and other parameters were analysed by dif-
ferent analytica methods.

RESULT AND DISCUSSION

Themean resultsof surfacewater andysisfor three
consecutive years i.e. 1999-2001 are presented in
TABLES 1t0 3. Theresults present thelevel of trace
meta contamination of thethreezones. Briefly thezones
ae

Zone-A: The mineralised zone at the divide of
Shivnath-Kotri river catchments; Zone-B: Shivnath
catchments downstream of these locations e.g. the
Shivnath river system passing through the Chowki-
Rajnandgaon-Durg is considered as B region and
Zone-C: Kotri-Indrawati catchmentsand the genera
mineralised area e.g. Dongargarh, Manpur, Mohla
etc. was considered as C region.

For the purpose, the sampling was conducted at
least once amonth in al three seasons. Surface wa-
ter analysis for trace elements carry a specia sig-
nificance as any deterioration in its quality islikely
to affect the aquatic life as characterised by eco-
logical risk assessment but is even more important
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Figurel(a) : Map indicating the studied river systems and sampling locations along the Mahanadi River System.

The most intensively studied river was Shivnath River
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Figurel(b) : Graphical representation of the three zones as devised in this study

TABLE 1: Trace metal contamination of Surface water in Zone A Yearly mean (ug/L) in three consecutive years

Trace Metals 1999 2000 2001
Al 260 810 745
Fe BDL 2640 2050
Mn 80 1340 BDL
Cu 100 69 BDL
Zn BDL 84 BDL
Ccd BDL BDL BDL
Cr BDL BDL BDL
Pb BDL BDL BDL
Ca 44600 80737 135450
Mg 129200 97342 49050
Na 26600 46820 22450
K 3670 5543 4320
TABLE 2: Trace metal contamination of Surface water in Zone B Yearly mean (ug/L) in three consecutive years
TRACEMETALS 1999 2000 2001
Al 114 BDL 1000
Fe 0 2375 1525
Mn 75 1720 BDL
Cu BDL BDL BDL
Zn BDL 20 BDL
Cd BDL BDL BDL
Cr BDL BDL BDL
Pb BDL BDL BDL
Ca 84100 99650 64750
Mg 36520 78300 41900
Na 45000 51266 62000
K 2010 8800 7600
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TABLE 3: Trace metal contamination of Surface water in Zone C Yearly mean (ug/L) in three consecutive years

TRACEMETALS 1999 2000 2001
Al 120 BDL 900
Fe 350 1745 896
Mn BDL 1720 560
Cu BDL BDL BDL
Zn BDL ND ND
cd BDL BDL BDL
Cr BDL BDL BDL
Pb BDL BDL BDL
Ca 99210 101995 88066
Mg 56200 109480 37633
Na 55000 62030 37566
K 11000 10440 4866

for the reason that alarge number of people are di-
rectly dependent onit. In CRD (Chowki—Rajnandgaon-
Durg) regiondl mgor townsand citiesdraw their drink-
ing water from the Shivnath River only and hence, any
deteriorationinitswater quality hasapotentia to cause
problemsin the various stages of purification, supply
and consumption.

DATAANALY SIS

A thorough analysis of the data was carried out
on all results. The elemental composition of surface
water showshigh levels of manganese (Mn) andiron
(Fe) and noticeable presence of copper (Cu), and
Zinc (Zn). The vaues of cadmium (Cd), chromium
(Cr), and lead (Pb) were below the detection limit.
The skewness calcul ationsin adata set characterise
the degree of asymmetry of adistribution around its
mean. Positive skewness indicates a distribution
with an asymmetric tail extending toward valuesthat
are more positive. Negative skewness indicates a
distribution with an asymmetric tail extending to-
ward values that are more negative. In the data set
generated in this study a marginal negative skew-
ness has been noted which is explainable dueto the
wide variability in geo-chemical sourcesand chemi-
cal interactions which take place in natural water
system.

Themost minerdised zone, the zone of Shivnath-
Kotri-River catchments shows a maximum level of
aluminium at 810 uG/L, median of 745 uG/L and

mean of 605 uG/L. As far as asymmetry in the data
set is concerned, this study has shown awide vari-
ability, which is mainly the result of the meteoro-
logical effects, and further of thewidely changeable
geological pattern in the studied area. Standard de-
viation calcul ations on the data set show amoderate
dispersion of the values around the mean, which
symbolises equilibrium levels of these elementsin
the environment. Ironisthe most abundant traceele-
ment at the divide of Shivnath-Kotri River catchments
with ahigh standard deviation and sampl e variance.
Manganesein this Zoneis appreciable with a posi-
tive skewness symbolising a positive asymmetry in
itsdistribution TABLE 4.

Zone B whichisthe catchmentsof River Shivnath
downstream of theselocation presentsasimilar pic-
turewith dightly elevated levels of iron and manga-
nese but lower levels of copper and zinc. Thisis
plausible as being the downstream area of
mineralised zone this area receives greater input of
iron and manganese, which can travel longer dis-
tance compared to the copper, and zinc which are
likely to be scavenged faster from the water column
in view of they being micronutrient at lower con-
centrationsTABLES.

ZoneCwhichisinoppositedirectiontothe Zone
B and whichisinfluenced by the partial runoffsfrom
ZoneA shows contaminations of Feand Mn similar
totheZoneA and also elevated levelsof Cuand Zn.
Theasymmetry in thedataset islow which meansa
normal distribution of the values and hence amore
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TABLE 4 : Satistical analysis of the data from Zone A in three different years

Tracemetals Mean Standard error Median Standard deviation Samplevariance Skewness Range Minimurr
Al 605 173.52 745 300.54 90325 -1.64 550 260
Fe 1563.33 800.01 2050 1385.65 1920033 -1.39 2640 0
Mn 473.33 433.95 80 751.62 564933.3 171 1340 0
Cu 56.33 29.55 69 51.19 2620.33 -1.05 100 0
Zn 28 28 0 48.49 2352 1.73 84 0
Cd BDL 0 0 0 0 NA 0 0
Cr BDL 0 0 0 0 NA 0 0
Pb BDL 0 0 0 0 NA 0 0
Ca 86929 26408.25 80737 45740.42 2.09E+09 059 90850 44600
Mg 91864 23298.87 97342 40354.83 1.63E+09 -0.59 80150 49050
Na 31956.67 7527.61 26600 13038.2 1.7E+08 154 24370 22450
K 4511 549.06 4320 950.99 904393 0.87 1873 3670

TABLE 5: Satistical analysis of the data from Zone B in three different year
Trace metals Mean Standard Median Star_1 dgr d Sample Variance Skewness Range Minimum Maximum
Error Deviation

Al 371.33  316.05 114 547.42 299665.3 165 1000 BDL 1000
Fe 1300 694.77 1525  1203.38 1448125 -0.82 2375 BDL 2375
Mn 598.33  561.25 75 97211 945008.3 172 1720 BDL 1720
Cu BDL 0 0 0 0 0 0 BDL BDL
Zn 6.67 6.67 0 11.55 133.33 173 20 BDL 20
Cd BDL 0 0 0 0 0 0 BDL BDL
Cr BDL 0 0 0 0 0 0 BDL BDL
Pb BDL 0 0 0 0 0 0 BDL BDL
Ca 82833.33 10094.65 84100 17484.45 3.06E+08 -0.32 34900 64750 99650
Mg 52240 13122.23 41900 22728.37 5.17E+08 162 41780 36520 78300
Na 52755.33 496365 51266 8597.30 73913585 0.76 17000 45000 62000

K 6136.67 209221 7600  3623.82 13132033 -1.52 6790 2010 8800

STABLE levelsof contamination. It can be surmised
that it is possible that Zone C will be even more
contaminated if the study is extended initsareain
the Zone C as the geographical area covered in the
present study is not very large in Zone C as com-
pared to the Zone B. Similarity in the trends of Cu
and ZninZoneA and C areaclear indication of this
fact TABLEG6.

TABLE 7 presents the final statistical analysis
of the combined resultstaking all zonesand all sea-
son together. This analysis makes it very clear that
the surface water in a mineralised zone and its ad-
joining areas possesses higher values of the trace
elements. In this zone the values of dissolved alu-

minium cangotoashighas1mg/L, ironto 2.65mg/
L, manganeseto 1.72 mg/L, copper to 0.1 mg/L, and
zincto 0.08 mg/L. The occurance of lead, chromium
and cadmium has not been noted in dissolved state.
This zone can aso be characterised by high maxi-
mum values of calcium, magnesium, sodium and po-
tassium with maximum at 135, 129, 62 and 11 mg/L
respectively. The elevated concentration of these
elementsischaracteristic feature of metal abundance
owing to the geological anomaly and weathering re-
actions. The important point isthat in such an envi-
ronment any anthropogenic interferenceislikely to
cause extremely adverseimpact on the environment
as the environment is aready in a stressed condi-
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TABLE 6 : Satistical analysis of the Zone C in three different year

Trace Sandard Standard

Sample

M ean M edian . . Skewness Range Minimum Maximum
metals error deviation variance
Al 438.78 138.61 260.00 415.84 172923.40 0.25 1000.0 0.00 1000.0
Fe 1286.78 337.61 1525.0 1012.83 1025815 -0.13 2640.0 0.00 2640.
Mn 610.56 255.03 80.00 765.10 585377.80 0.77 1720.0 0.00 17200
Cu 18.78 12.69 0.00 38.06 1448.44 1.80 100.00 0.00 100.00
Zn 14.86 11.86 0.00 31.39 985.14 2.37 84.00 0.00 84.00
Cd BDL NA NA NA NA NA NA NA NA
Cr BDL NA NA NA NA NA NA NA NA
Pb BDL NA NA NA NA NA NA NA NA
Ca 35491.2  8495.14 35491.2 25485.43 650000000 0.06 90850. 17840.00 54180.
Mg 16243.75 11464.77 1624375 34394.32 1180000000 0.66 92680. 8399.6 40798.
Na 45414.67 4746.89 46820. 14240.68 203000000 -0.50 39580. 22450.00 62030.
K 647211  1045.98 5543.0 3137.95 9846726 0.23 8990.0 2010.0 11000.
TABLE 7 : Final statistical analysis of the results of Zone A, B, C in three different Years
Trace Sandard Median Sar)da_\rd Sar.nple Sewness Range Minimum Maximum
metals eror deviation variance
Al 438.78 138.61 260.00 4153 17292340 025 1000.0 0.00 1000.0
Fe 1286.78  337.61 1525.0 1012.83 1025815 0.13  2640.0 0.00 2640.
Mn 610.56 255.08 80.00 765.10 585377.80 0.77 1720.0 0.00 1720.0
Cu 18.78 12.69 0.00 38.06 1448.44 180 100.00 0.00 100.00
Zn 14.86 11.86 0.00 31.39 985.14 237 84.00 0.00 84.00
cd BDL NA NA NA NA NA NA NA NA
Cr BDL NA NA NA NA NA NA NA NA
Pb BDL NA NA NA NA NA NA NA NA
Ca 354912 849514 354912 2548543 650000000 0.06 90850. 17840.00 54180.
Mg 1624375 1146477 16243.75 3439432 1180000000 0.66 92680. 8399.6 40798.
Na 4541467 474689  46820. 1424068 203000000 050 39580. 22450.00 62030.
K 6472.11 104598  5543.0 313795 9846726 023 8990.0 2010.0 11000.
tion4, ore. Thiscorrelation a so proves the accuracy of the

If the rdative contri bution of thethreezonesto the
total observed meanvauesisconsidered thenthe Fig-
ure 2 clearly show that ZoneA and C are the major
contributor to theobserved final meanin caseof harm-
ful tracedementsviz. Al, Mn, Cuand Znwhereasthe
ZoneBismoreenrichedwithakdineand akaineearth
edementsviz Na, K, Ca, and Mg.

A corrdation study was conducted to seethein-
ter-relationship of the e ementsanalysed. Thisstudy
is of particular importance to trace the origin and
interactions of the measured parameters. Based on
theresults presented in TABLE 8t can be seen that
Fe and Mn have shown a strong positive corrda
tion. Such a correlation is clearly expected in are-
gion, which is geologically mineralised with iron

andysesfrom geochemica signaturespoint of view. A
positivecorrdation of Znwith Mnisadsoaproof of the
correctness of dataset becauisein geo-chemical analy-
sestheMnlevelsistakenasanindicator of thetrace
contamination. A significant negetive correlaion of cal-
ciumwith copper issignificant asitindicatesadiffering
origin of thetwo. Negative correlation meansthat the
higher levelsof Cawill resultinthelowering of Cuin
thewater body. Such arelationship could be expected
in different mode of origin of thetwo elements. The
origin of copper inwater bodiesin dissolved statecan
be expected in more acidic environmentswherethe
naturd availability of calcdum could belower hencethe
inverserdationshipiswell expected and justified.
Theforgoing dataand discussonsmakeit clear that
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Figure 2 : Percentage Contribution of the three zones
to final mean of trace metals

Figure 3 : Segmental differences in the elemental con-
taminations in studied region

TABLE 8 : Correlation matrices of the three different zones

Al Fe Mn Cu Zn Cd Cr Pb Ca Mg Na K

Al 1

Fe 0.28 1
Mn -0.31 0.66 1

Cu 0.06 -0.11 -0.01 1
Zn 0.3 063 0.71 041 1

cd 0 0 0 0 0 1

Cr 0 0 0 0 0 0 1

Pb 0 0 0 0 0 0 0 1

Ca -0.09 044 017 -0.64 -0.05 0 0 0 1
Mg -0.38 012 047 0.74 0.39 0 0 0 -0.36 1

Na -0.22 018 0.4 -0.41 0.13 0 0 0 -0.09 -0.06 1

K -0.32 0.29 042 -0.36 0.01 0 0 0 0.24 0.16 072 1

thesurfacewater of the studied regionis contaminated
with trace elements. Thenit would be appropriateto
comparethelevelsof studied elementswith the same
existingin other ssgmentsof environment. For the pur-
posethelevelsof trace e ementsin thegroundwater of
afew locationsin ZoneA and C were measured. Detall
of theseanalysesisnot being presented asthat is be-
yond the scope of this paper. Similarly, Pandey (1998)
had reported thelevelsof tracee ementsin therainwa
ter of Bhilai city.

The segmental differencesin the contamination
isclearly visiblein Figure 3 wherein it can be seen
that subsurface water is maximum contaminated and
its levels clearly appear to affect the surface water
quality of the region. This emphasis on the subsur-
face origin of contaminant is based on the fact that

al sreamsintheareaare of “gaining type” and hence
the groundwater water is providing the base flow to
the streams and rivers of theregion. Inthissituation
the contamination of surface water derives from
groundwater and not vice-versa.

The above conclusion can be further tested by
carrying out acorrelation analysis. Theresult of such
an analysisis presented in TABLE 9. This calcula
tion shows that the result of trace e ements in sur-
face water and sub-surface water correlate signifi-
cantly and positively (+0.87), whereas the same is
not the case if sub-surface water and rainwater are
concerned. Secondly, it can also be seen that there
exists a correlation (+0.5) between the rain water
and surface water but the value of thiscorrelationis
lower. Thisindicatesthat in anindustrially contami-
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TABLE 9 : Corréation matrices in the three environmental segments

Sur face water Subsurface water Rain water
Surf ace water 1.00
Subsurface water 0.87 1.00
Ran weater 0.56 048 1.00

TABLE 10 : Enrichment factors for trace ions (ug/l)in surface water and their source apportionment

mods  arfapwee  Memmled  Namam  NEUSCRE e S NS
Fe 1300.00 2.000 10770000 4541467 154146.23 0.001 99.999
Mn 598.33 0.200 10770000 4541467 709467.89 0.000 100.000
Cu 0.00 0.250 10770000 4541467 0.00 0.000 100.000
Zn 6.67 4.900 10770000 4541467 322,65 0.309 99.691
Pb 0.00 0.030 10770000 4541467 0.00 0.000 100.000

nated | ocation therainwater can a so beasource of the
pollution of the surface water. However, thedilution
effectsof heavy rain etc. lower thesignificanceof such
acorreation.

A fourth dimension could be added to make the
picture complete is the marine contribution to the
observed levels of trace elements in rainwater and
surface water. Pandey (1998) had studied the ma-
rine and non-marine contribution to the ionic con-
centration and the enrichment factors observed in
therainwater of Bhilai region by comparing the sea-
water and rainwater taking sodium as a reference
material. Bhila fallsin Zone B area of this study
and provides an opportunity for comparing therela-
tive contribution of rain to the levels of contami-
nants.

Enrichment factors (EF) of theionsin theran
sampl es, taking sodium astheindicator species, can
be calculated using the following formula:

EF,.(X) = (X/Na)Rain / (X/Na)Sea
where X istheion under investigation.

Marine contribution, i.e. sea salt fraction (SSF)
and non-marine contribution, i.e., non-seasalt frac-
tion (NSSF) of the variousions can be calculated as
follows:

SSF= Na,.(X/Na)sea.100 / X,

Here X, and Na,, is the concentration of ion X and
indicator el ement sodium (Na) in rainwater and (X/
Na)seais the mass ratio of ion X relativeto Nain
Sea water.

NSSF= 100 - SSF.

Inthe EF cd culations, afactor of unity showsthat
theparticular ionismarinein origin andthe EF greater
than unity meansthat other sourcesare enriching the
concentration. Enrichment calculations by Pandey
(1998).

In this study, the enrichment cal culation has ex-
tended with respect to the seawater, taking sodium
as areference element. Assumption of sodium as a
reference element for enrichment calculation with
respect to the seawater is debatabl e as the origin of
this element is not entirely from sea. On the other
hand, the geologic source can be expected to con-
tribute significantly to the observed Nalevelsin sur-
face water. Still when the values of trace elements
aredivided by thelocal sodium levelsand then when
these values are compared with that cal culated from
the seawater; a good comparison can be obtained.
TABLE 10 presentsthe results of thiscalculation.

As expected this results show that the observed
levels of the trace elements are amost entirely of
non-marinein origin and theelemental levelsof rain-
water can be expected to affect the observed levels
of trace elements in surface water if there exists a
major source of aerial contamination.

Finally, the results of the surfacewater contami-
nation of the region have been compared with the
world median values of fresh surface water as re-
ported by Bowen (1979). The results of % enrich-
ment compared to the world median and enrichment
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TABLE 11 : Calculation of %v enrichment and EF

of the studied region

(Na)

SW CE India World median

Na in Surfacewater Nain fresh water

Trace metals (This paper)  (Bowen, 1979) % Enrichment ng/L n /L EF (Na)
Al 3713 300 123.76 45414.67 6000 0.164
Fe 1300 500 260 45414.67 6000 0.344
Mn 598.33 8 7479.16 45414.67 6000 9.881
Cu 0 3 0 45414.67 6000 0
Zn 6.67 15 44.45 45414.67 6000 0.059
Pb 0 3 0 45414.67 6000 0
TABLE 12 : Comparison of the data with two surface water quality criterias
Urface Sub- Chr oni c (Spokane Chronic Acute (_Spokane Acute
Sur face tribe) (Usepa) Tribe) (Usepa)
Al 438.78 500 690 87 750 750
As 58.18 127 - 150 340 340
Cu 18.78 205 40 8.6 18 13
Zn 14.86 170 120 120 120
Fe 1286.78 2130 1000 1000 - -
Mn  610.56 30800 - - - -
Na 45414.67 49200 - - - -
K 647211 4100 - - - -

factor with respect to the sodium hasbeen presentedin
TABLE 11.

Theresult of this cal culation showsthat the sur-
facewater of the central -eastern Indian region com-
prising the area of Rgjnandgaon-Durg region is en-
riched by 260%, 7479%, 123% and 44% for Fe,
Mn, Al and Zn respectively. The corresponding en-
richment values of these elements when compared
taking sodium as an indicator species comes out to
be0.344,9.881, 0.164 and 0.059 for Fe, Mn, Al and
Znrespectively. Thisisaclear testimony of the higher
levels of these elementsin the studied region.

COMPARISON OF RESULTSTOASSESS
THEAQUATICLIFERISK

The Chronic water quality criteria also termed
continuous criteria are defined as the highest con-
centration of achemical to which aquaticlife can be
exposed for an extended period of time (4 days)
without del eterious effects. Acute criteriaal so termed
maximum criteriaare defined asthe highest concen-
tration of a pollutant to which aquatic life can be
exposed for ashort period of time (1 hour) without

deleteriouseffect (USEPA, 1992).

Theresultsobtained in thiswork when compared
totwo such criteriai.e. SpokaneTribecriteria(Chronic
and Acute) and USEPA (Chronic and Acute) then it
becomes clear that the the studied regionis stressed
owing tothe certain trace elementd valuescloseto or
aready surpassing the Chronic criteriaTABLE 12.

A graphical presentation Figure4 bringsaclearer
picture of the comparison. Theresultsa so necessitate
aregular watch onthewater qudity parameterstoavoid
any environmental damage or probable human health

100000
10000

Ml

Al As Cu Zn Fe Mn Na

K Ca Mg

OSurface BSub-surface OChronic (Spokane tribe)

OChronic (USEPA) B Acute (Spokane tribe) BAcute (USEPA)

Figure 4 : Comparative graph of the surface water lev-
els of trace elements in surface water with other water
quality criteria
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impacts. TheFeand Mnaregeologicd inoriginasthis
areaisgeologicaly mineraised withiron oreit can be
expected. However, their presenceindissolvedformis
anomal ous and callsfor moreresearch on finding the
reasonsfor their solubilisation. Thisstudy recommends
further researchto assessthisanomaly, which may be
ableto generate a greater understanding of the pro-
cessesgoverning minerdisationand their mobilisation.

CONCLUSION

Groundwater contaminationin Rgjnandgaon Dis-
trict of Chhattisgarh is the first major case of ar-
senic poisoning outside West Bengal and
Bangladesh®. Thiswork on trace metalson theriv-
ers in the region is showing that even the surface
water is being contaminated at certain locations in
the region. The SHEONATH-HASDEO-
MAHANADI RIVER SYSTEM and its watershed
in CHHATTISGARH STATE isoneof themost min-
eral rich part of India where huge mineral excava-
tion and heavy engineering industries viz. power
generation, steel and aluminium production are lo-
cated. The Sheonath and Hasdeo riversarethemain
source of water and carrier of the effluents of all
theseindustries.

The contamination of surface water from other
heavy metals of the region is established by the re-
sults obtained in this study. The surface water of
mineralized zone and the Kotri- Indrawati catchments
isricher in trace elements as compared to Shivnath
catchments downstream of these locations. The
Shivnath catchmentsdownstream to ZoneA isricher
indkalineand dkaineearth dements. TheFeand Mn
are geological in origin as this area is geologically
mineraised withiron oreit can be expected. However,
their presencein dissolved formisanomaousand cdls
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for more research on finding the reasons for their
solubilisation. Thesurfaceweter of thestudied regionis
highly influenced by theground water of thisregion asit
correlated highly (+0.87 correlation vaues). Thetrace
metalsvauesof surfacewater arenon-marineinorigin.
Thecomparison of reported resultswith agueticliferisk
vauestheAl, Cuand Fehas crossed thechroniclevel
whilethearsenicisnearer tothechronicleve andZnis
on safeleve of chronic criteria. Theseresultsnecessi-
tatearegular surveillance of the surfacewater param-
etersto avoid any aguatic and human health impacts.
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