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ABSTRACT

Bongaigaon Refinery, Assam in Indiaisin the business of refining crude
oil since 1974. The effluent of the refinery drains into the Tunia river,
which flows through agricultural lands. The present study investigates
the pollution level of the Tuniariver water aswell asthe soil of the nearby
agricultural lands. Water samples were analyzed for p, EC, TDS, TSS,
SAR, sulphate, phosphate and heavy metals Cr, Ni, Mn, Zn, & Cu. Soil
samples were analyzed for p, EC, Nat, K*, sulphate, phosphate and Cr,
Ni, Mn, Zn, and Cu. Contamination levelsof Cr, Ni, Mnand Cuintheriver
water were under the permissible limit set by FEPA, except Zn, which was
inalarming level. However, the valuesfor Cr, Mn and Cu were much higher
than the limit set by FAO. The study also reveals the enrichment of Cr,
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INTRODUCTION

Environmental degradation dueto rapid urbaniza-
tion andindustridization hasemerged asagrest threat
todl developing nations. Indudtriesaredischarging vari-
ous pollutantsinto the atmosphere everyday polluting
theair, water and soil environment. Among variousin-
dustries, the petroleumindustry isoneof themgjor con-
tributorsof different contaminantsto the environment.
Therefineriesyiddlargequantity of effluentintheform
of wastewater. Dueto theineffectivenessof purifica-
tion systems, wastewaters may become serioudy dan-
gerous, leading to theaccumul ation of toxic productsin
thereceiving water bodiesaswell asin the soil sys-
tem(” 21, Thewastewater rel eased by therefineriesare

characterized by the presence of large quantities of
polycyclic and aromatic hydrocarbons, phenols, meta
derivatives, surface-active substances, sulphides,
naphthylenic acidsand other chemicas. Although, some
effluentscontain cong derableamount of nutrientswhich
may be beneficia for plants, themagjor environmental
problemsarisesfrom therefinery effluent areacidifica
tion of soil, high contentsof heavy metalsand sulphate
and al so the presence of organic contaminantssuch as
polycyclic aromatic hydrocarbonsin the soil®3. These
compoundsarehighly toxic duetotheir genotoxic, mu-
tagenicand carcinogenic potentid . Whilesuch contami-
nant penetratesinto the sail, it disturbsthe structure of
thesoil and modifiesits physico-chemical properties. It
wasreported that various physico-chemical properties
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of soil like P, conductivity, redox potentid, water hold-
ing capacity, organic carbon, sul phate, phosphate, fluo-
ride, sodium, potassium show considerablevariation
whenirrigated with refinery effluent(*” 2.3,

Severd investigations have shown the harmful f-
fectsof long term use of refinery wastewater on agri-
cultura soil®* 371, |t was reported that cropsgrownin
these polluted soil saccumul ate heavy meta sto such an
extent that it causes health hazardsto human beings
and anima 22”28, Theuse of refinery effluent for rais-
ing agricultura cropsisbound to aggravatetrace metal
contaminationin near future® 28, These observations
were also supported by!?6 20.24 ' who showed the ad-
verseeffect of accumulation of tracemeta inthesoil. In
health researchesa so it has been established that soil
which accumulates heavy metals are dangerous for
health. High concentrations of these metalsin the soil
can be the factors of people’s death or poisoning®!.
Most of heavy metds(likemercury (Hg), plumbum (Pb),
cadmium (Cd), chromium (Cr), copper (Cu), nickel
(Ni), zinc (Zn), cobalt (Co), vanadium (V), molybde-
num (Mo), beryllium (Be), uranium (U), strontium (Sr),
arsenic (As) and other have shown al or at |east sev-
era negative effectson hedth. Their effect may becar-
cinogenic, mutagenic, teratogenic, neurotoxica.

Theaim of the present study wasto assesstheim-
pact of refinery effluent on thereceiving water bodies
aswell asontheagriculturd soil irrigated by thiswater.

MATERIALS& METHODS

Sitedescription

Theareachosenfor thestudy isinthevicinity of
Indian Oil Corporation Ltd. (Bongai gaon Refinery);
formerly known as Bongaigaon Refinery and Petro-
chemica Limited (BRPL), Dhaligaon, AssaminIndia
Theplantsof Bongaigaon Refinery arelocated by the
sideof Nationa Highway No. 31C at | atitude 26.47°N
and longitude 90.57°E. Bongaigaon Refinery isinthe
business of refining crudeail for production of petro-
leum fuelsand other value-added petrochemicaslike
xylene, DMT etc. since 1974. Therefinery hasaca-
pacity to process 2.35 million tones of crude oil per
annum. It produces varioustypes of domestics, indus-
trial and automotivefuds.
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The effluents of Bongaigaon Refinery refinery
drainsinto asmall rivulet the Tunianalaoriginating
from therefinery complex and ultimately drainsinto
river Tuniainthe southern side of therefinery. This
river passesthrough the agricultural land mainly rice
field of several villageslike Dhaligaon, Kukurmari,
Dolaigaon, Bhakharibhithaand Mulagaon |ocated
along itsway. Thewater of thisriver isused by the
farmersfor raising crops. Though Bongaigaon Re-
finery has been taking various measuresto control
the pollution, an investigation showed that the qual -
ity and productivity of the cropsgrowninthese ar-
eas arenot satisfactory. It can be presumed that crops
grown in these soils may accumul ate heavy metals
and various organic and inorgani c contaminantsto
such an extent that it can causes health hazardsto
human beingsand animals.

The present study had been conducted in two
phases.

a. Whether Tuniariver water issuitablefor irrigation
or not

b. Whether thewater of thisriver affectsthe nearby
agriculturd soil.

Samplecollection

Fivewater samplesof TuniaRiver, from different
locationswere collected in clean 2 litre polyethylene
containers. The collected sampleswere analyzed for
pH, eectrical conductivity (EC), redox potentia (RP),
phosphate, sulphate, sodium adsorptionratio (SAR),
and dsofor heavy metalslike Cr, Ni, Mn, Zn, and Cu.

Soil sampleswere collected from the paddy fields
from both sdes(four from each Sde) of theTuniaRiver.
Eight different locations and two different depths (0-
25cm and 25-50cm) had been randomly identified to
collect those samples. Samples were air dried and
sevedthrougha2-mmseveprior toanadyss. Thepro-
cessed soil sampleswerethen anayzed for p+, electri-
cal conductivity (EC), redox potentia (RP), organic
carbon content (OC), phosphate, sulphate, exchange-
able cations like Na* and K* and also for the above
mentioned heavy metals.

All theresultsobtained fromtheaboveandysswere
compared with asoil sample(control C) takenfroma
virginareawheretheaffect of theeffluent doesnot come
incontact.
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EXPERIMENTAL

Soil pH and el ectrical conductivity was measured
inwater using asoil-to-water dispersionratio of 1:5.
Organic matter (OM) content in the soil was deter-
mined with theWalkley—Black method of dichromate
acid oxidation of C18. Concentration of sulphate, phos-
phate were analysed by standard methodsin UV-Vis-
ible spectrophotometer’® while exchangeable cations
Na" and K* were anayzed by Flame Photometer. For
andyssof theheavy metd's, onegram of thesoil sample
wasdigested withamixtureof HNO, HClO4and HCL
in 10:4:1 ratio. The presence of metalswere then de-
termined with Atomic Absorption Spectrophotometer
(ShimadzuAA 7000)

The water samples were analyzed for various
physico-chemica properties according to®. Concen-
trations of heavy metalsweredetermined inAASafter
digestingwith conc., HNO,.

RESULTSAND DISCUSSION

Effect of effluent on river water

Physicochemica parametersand somemetal/non-
meta ionsconcentrationinthe TuniaRiver water recalv-
ingrefinery effluentswereinvestigated and compared with
FEPA (Federa of Environment Protection Agency)and
FA O (Food and agriculture Organi zation) standardsfor
dischargeof effluentinthe surfacewater (TABLE 1).

TABLE 1: Physicochemical parameter sand somemetal/
non-metal ionsconcentr ation in water

Par ameter M ean S FEPA FAO
p" 5.70 0.20 6-9 6.5-8.0
EC 0.167 0.01 NS <0.7
TDS 141.6 1622 2000 <450
TSS 22.8 8.78 30 NS
SAR 9.03 0.46 NS <3.0
SO, 197.95  24.43 50 NS
PO, BDL - 5.0 NS
Cr 0.609  0.0007 1.0 0.10
Ni 0.185  0.003 1.0 0.20
Mn 1.15 0.645 5.0 0.20
Zn 0952  0.620 1.0 2.00
Cu 0.449  0.023 1.0 0.20

EC in ms/cm, TDS, TSS, SO4I PO, & heavy metals are in mg/|
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The average of pH obtained from the study was
5.7. Theimplication fromthisstudy isthat thewater of
theriverisacidicin nature. Thevaluewas out of the
range set by FAO and FEPA. Themeansof EC, TDS,
TSS, werewithinthelimitsset by FEPA aswell assFAO
for the discharge of wastewater into surface water.
However, themean content of sulphatewasmuch higher
than thelimit set by theagencies. High concentrations
of sulphate can be problematic asthey are capabl e of
being reduced to hydrogen sulphide, atoxic, foul-smdl-
ing gas. Afield survey a sorevealsthat foul smell ema
natesfrom theriver and small fishesof theriver smell
chemicasafter frying or roastingwhichisunfit for hu-
man consumption. Sodium hazard of irrigation water
can bewell understood by knowing the SAR values.
SodiumAdsorption Ratio (SAR) isan estimate of the
degreeto which sodium will beadsorbed by the soil. It
isusedto evduatethesuitability of water for irrigation.
Highvaueof SAR meansthat sodiuminthewater may
replace ca cium and magnes umionsinthe soil, poten-
tially causing damageto the soil structure? and plant
growth. SARiscd culated fromthefollowing formul d®2.

Na*

2

The SAR vauesfor most of the analyzed water
sampleswerebeyond thepermissiblelimit set by FAO.
The sodium hazard isafunction of both SAR and Sa-
linity. TABLE 2 showstheinterpretation criteriafor sa-
linity and SAR for water quality for irrigation by FAO.

TABLE 2: Guiddlinesfor inter pretation of water quality for
irrigation

SAR =

Slight to moder ate

Infiltration  None moder at moder ate Severe
SAR =E%' dand 7 0.7-02 <02
3-6 >12 1.2-03 <03
6-12 >19 1.9-05 <0.5
12-20 >29 29-13 <13
20-40 >5.0 5.0-29 <29

From the study, the mean EC vaue for the ana-
lyzed sampleswasfound to be 0.176 whereas mean
SAR vaue was 9.03. Thus according to the above
guidelines(TABLE 2) it may be concluded that Tunia
river water hassevererestrictionfor irrigation purpose.
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The mean concentrations of heavy metalsCr, Ni,
Mn, Znand Cuintheriver water were 0.609, 0.185,
1.15, 0.952 and 0.449 mg/| respectively. All these
valueswereunder the permissiblelimit set by FEPA
except Zn, whichwasinaarminglevel (TABLE 1).
However, the valuesfor Cr, Mn and Cu were much
higher than thelimit set by FAO. Themean valuefor
Zn was under the permissible limit and Ni wasin
alarminglevel. However, long term continuous use
of thiswater for irrigation purpose will definitely
worsen the soil condition and productivity of the
crops. Additionally, crops grown in these areas may
accumul ate heavy metalswhich ultimately enterinthe
food chain.

Effect of effluent receiving water on soil
Physicochemical parameter

Thephysicochemica propertiesandtheheavy metd
content of thenearby agricultural soil irrigated by Tunia
river water were estimated. The concentrationsof the
most significant phys cochemical parametersof the soil
areshowninTABLE 3.

TABLE 3: Concentration of variousphysicochemical param-
etersof the soil

SNo. P" EC OC OM Na K SO; PO,
R1 410 0.008 1.89 3.26 6.50 0.50 115.88 BDL
R2 4.38 0.007 0.78 1.34 6.25 025 7855 BDL
R3 414 0.009 1.38 2.38 850 350 167.81 BDL
R4 417 0.019 216 3.72 17.25 1350 126.55 BDL
R5 3.96 0.020 1.47 253 23.00 17.50 193.02 BDL
R6 415 0011 198 3.41 16.00 1050 389.47 BDL
R7 437 0010 0.66 1.14 1475 1875 52161 BDL
R8 442 0.015 0.69 1.19 17.00 9.25 99.31 BDL
L1 4.07 0.020 1.86 3.21 15.00 18.00 28241 BDL
L2 4.20 0.019 1.38 2.38 15.00 13.00 21945 BDL
L3 441 0010 129 222 875 3.00 17320 BDL
L4 490 0012 0.69 1.19 1325 8.00 273.65 BDL
LS 417 0013 156 2.69 1350 350 42048 BDL
L6 422 0030 162 279 1525 950 391.62 BDL
L7 395 0.032 0.63 1.08 1575 10.25 48345 BDL
L8 451 0.012 081 1.39 1250 875 376.12 BDL
C 593 0.002 056 096 950 525 255 BDL

Right side of theriver, L: Left side of theriver; R1, R3, R5, R7
andL1,L3,L5,L7: (0-25cm depth); R2,R4,R6, R8and L2, L4,
L6, L8: (25-50 cm depth); EC in ms/cm, Na & K in ppm, SO, &
PO, in mg/kg, OC & OM in %; BDL: Below detection limit
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Measurement of soil pH and ectrica conductivity
(EC) parametersprovidesvauableinformation for as-
sessing soil condition for plant growth, nutrient cycling
and biological activity. Soil pH isimportant becauseit
influencestheavailability and plant uptake of micronu-
trientsincluding heavy metd 9. Theaveragevaueof
soil p" from theright side of theriver was4.21 (from
3.96 to 4.42) and from the | eft side were 4.30 (from
3.95t04.51) with dight increasewith depth. Thisindi-
cates that the soil from both sides of the river were
acidicin nature. It was observed that the valueswere
lower thanthe ‘C’ value (5.93). Thisindicatesthat the
useof theeffluent receiving water had affected the soil
pH. Low pH can prevent root respiration and uptake of
water and nutrients. It can a so have deleterious effect
onthesoil microorganismg®.

Sdinity isasoil property referring to the amount of
solublesaltinthesoil. Lower thevaueof EC, lower is
theaccumulation of saltinthesoil. Moreover, dectrical
conductivity isproportiona to the sum of cationsand
anions. Univaent cationssuch asNaaremoremobile
than multivalent ionssuch as Caz*and AI3*. Similarly,
univaent anionssuch asCl-aremore mobilethan multi-
valentionssuch asSO,> and CO#, whichareinturn
more mobile than charged humic substances. Thus,
samplewith Na"and Cl-asitsdominant dissolved spe-
cieswill haveahigher conductivity than onedominated
by Ca?*and SO,* (www.gtk.fi/publ/foregsatl as/text/
EC.pdf). By agricultural standards, soilswithan EC
greater than 4 ms/cm areconsidered saliné®!, Theav-
eragevaueof soil EC fromtheright sideof theriver
was 0.012 mg/cm (from 0.007 ms/cm to 0.020 ms/cm)
and from theleft ssidewas 0.018 ms/cm (from 0.010
ms/cm to 0.032 ms/cm). Thevauefor the control soil
was 0.002 ms/cm. The datafor EC reveals that the
soilsfrom both sides of theriver werenonsdine. How-
ever dinity dightly increasesintheleft Sdeof theriver.

Theaveragevauefor soil Nafromtheright side of
the river was 13.65 ppm (from 6.25 to 23.00 ppm)
and from the left side was 13.62 ppm (from 8.75 to
15.75 ppm). Theaveragevaueof soil K fromtheright
side of the river was 9.22 ppm (from 0.25 to 18.75
ppm) and from theleft sidewas 9.25 ppm (from 3.00
to 18.00 ppm). The ‘C’ value for Nawas 9.50 ppm
andfor K was5.25 ppm. Soilswith an accumulation of
exchangesbl e sodium wereoften characterized by poor
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tilth and low permeability making them unfavorablefor
plant growth. The study indicatesthat both exchange-
ableNaand K weregreater thanthe ‘C’ values except
thelocationsR1, R2, R3and L3. I[twasalsoreveded
from the study that the soil contains more sodium than
potassum.

Thevduesfor organic carbon (OC) from both sdes
of the river ranged from 0.063% to 2.16 % and or-
ganic matter from 1.08%to 3.72%. The ‘C’ vauesfor
both the parameter were 0.56% and 0.96% respec-
tively. Thisindicatesthat both sidesof theriver were
contaminated by organic carbon, which may depositin
the soil asaresult of irrigated water from the Tunia
River.

The sulphate content from theright sdeof theriver
ranged from 78.55 mg/kg to 521.61 mg/kg and from
theleft sderanged from 173.20 mg/kg to 483.45 mg/
kg whereasthevauefor the control soil was25.5 mg/
kg. Thisindicatesthat the soil from both sides of the
river wererichin sulphate. High Sulphur content inthe
Tuniariver water, receiving refinery effluent, whichwas
used for irrigation, wasrespons blefor thehigh sulphate
contentinthe soil. Inthe study area, deposition of sul-
phur was seen over the leaves and grains of therice
cropsand al so onthe bank of theriver. If the sulphate
continuesto accumulateinthe soil, the same may cre-
ateproblemsin near future 2428,

Phosphorousisan essentid nutrient e ement needed
for plant growth. The phosphorous absorbed by plants
existsin soil asinorganic orthophosphateions, viz,
H,PO,, HPO,? and PO, . However the phosphate
content of the study areaaswell astheinthe effluent
was below the detection limit whichindicatesthelow
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fertility of thesoil.
Heavy metals

Themean concentrationsof Chromium (Cr), Nickd
(Ni), Manganese (Mn), Zinc (Zn), and Copper (Cu) in
the soil solutionwerereportedin TABLE 4.

These heavy meta concentrationsinthesoilsirri-
gated by the Tuniariver water recelving Refinery efflu-
ent may be compared with the FAO threshold values
(Source: Wastewater quality guiddinesfor agricultura
use seriestitle: FAO irrigation and drainage papers-
47 1992 TO551/E) for crop production (Figure 1-5).
Thefirst observationto makefrom acomparison of the
irrigated soils and control siteswerethat study area
soilswerenaturally high in some of these heavy meta
traceelements. Theseresultswereobserved Sgnificantly
incaseof Cr Mn, and Cu. In caseof Ni thecontrol site
soilswerebelow detection limit. Itisonly in respect of
Zn; the concentrationsof thesamplesitesaswell asthe
control sitewereunder the permissiblelimit set by FAO
for crop production. The somewhat high heavy metal
trace element content of the soilsmay bedueto their
colluvid-cum-dluvid origin and theimperfectly draned
ground conditionsexperienced during periods of heavy
rainfd|*2,

Another magjor observation that might bemadeis
that, based on FAO (1985) recommended maximum
levelsof heavy metal sfor crop production, the Tunia
river water andtheirrigated soilsfrom both sidesof the
river had higher val uesthan therecommended level s of
Cr (i.e.0.10), Mn (i.e.0.20) and Cu (i.e.0.20), while
thelevelsof Zn arelower than the maximum threshold
valuesrecommend for crop production. Thelevelsof

TABLE 4: Aver ageconcentration of Heavy metalsin soil

Heavy Mean Standard

FAO threshold

metals  (mgl) O Geviation  values (mg/l) Remarks

Not generally recognized as an essential growth

Chromium 111 0.40 0.25 0.01 element. Conservative limitsrecommended due to
lack of knowledge on its toxicity to plants

Manganese  6.65 197 290 0.20 Toxic to anumber of crops at few—tenthsto afew
mg/l, but usually only in acid soils.

: Toxic to anumber of plants at 0.5 mg/l to 1.0 mg/l;

Nickel 0.55 BDL 0.09 0.20 reduced toxicity at neutral or alkaline pH

Copper 056 017 0.12 0.20 Tox!c to anu_mber of plantsat 0.1to 1.0 mg/l in
nutrient solutions
Toxic to many plants at widely varying

Zinc 0.99 0.35 0.29 2.00 concentrations; reduced toxicity at pH > 6.0 and in

fine textured or organic soils.
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Ni for the Tuniariver water receiving refinery effluent
wereinalarminglevel whilefor theirrigated soil, the
va ueswere much higher than thethreshold valuesrec-
ommended by FAO. It wasaso observed that irrigated
water of the TuniaRiver had actually augmented the
trace e ement content of the soils. According to® long-
term use of sewage dudge, heavy meta's can accumu-
late to phytotoxiclevelsand result in reduced plants
growth and enhanced metal concentrationsin plants,
which consumed by animds, then enter thefood chain.
TheCr, Mn, Ni and Culevelsrecordedinthesoilsare
closeto or higher thanthetoxiclevelsfor crops; these
level scan become problematic at low pH values.

Correlation study

TABLE 5 showsthe correlation matrix between
the soil heavy metal concentration levelsof both sides
of theriver. Determination of the correlation between
heavy metalsin soilsisvery hel pful for abetter under-
standing of their spatia distribution. Although pollution
resulted from singleheavy metd ispresent intheenvi-
ronment, pollutionfrom the combined heavy metd of -
ten occurs synchronously. The combined pollution
caused by severd heavy metaswasnot only presentin
water body receiving refinery effluent but also often
occurred inirrigated soil§%°.. It wasreported by sev-
eral investigators that that Cu, Zn, Pb and Cd were

TABLE5: Correlation matrix of soil heavy metal concentra-
tionlevels

Cr Ni Mn Zn Cu
Cr 1
Ni 0.749** 1
Mn 0,191 0.330 1
Zn 0.325 0.323  0.099 1
Cu 0.120 0.243 0.084 0.663** 1

** Correlation is significant at the 0.01 level (2- tailed)
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common anthropogenic and mutagenic dementsinthe
urban environment and werewell correl ated® 101134,
Inthe present study highest positive correlation was
observed between Cr and Ni (0.749™) whileZn and
Cu also shows significant positive corerelation
(0.663™). Based on this study contamination of com-
bined heavy metasin agricultural soilscould be better
andyzed.

CONCLUSION

Thepresent investigation showed water of the Tunia
River and the soil irrigated by thiswater were contami-
nated by thedischarge of therefinery effluent. Pollution
of the River water poses a serious threat to aquatic
organismsand ultimately the entire ecosystem. Waste
water irrigation|led to theaccumulation of heavy metals
Cr, Mnand Cuinthesoil and consequently will affect
the agriculture. These effectsare of particular impor-
tancefor thefarmers since these may reduce soil pro-
ductivity, fertility and yield. Consumption of thefood
grownintheseareaswith devated level sof heavy met-
asmay leadto highleve of body accumulation causing
related hedlth disorders. Correlation study indicatesthat
pollution by combined heavy metalsalso occurredin
thesoil irrigated by theriver water. Thusregular moni-
toring of heavy meta contaminationintheTuniariver
water and thesoil irrigated by thiswater isnecessary in
order to reduce the health risk caused by taking the
contaminated vegetabl es. Proper remedial measures
should be applied to remediate a ready contaminated
water and soil to promote safe cultivation for the ben-
efit of thefarmerswith sustainable productivity.
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