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Abstract
The present work was managed to study the watdityjodHasbani river in South Lebanon,
in order to assess the chemical and microbiologitalracteristics and their impact on the
ecosystem. Physico-chemical parameters, heavy nietabanic ions and pesticides were
determined using standard methods. It was notided turing January, August and
November respectively; pH (7.4;7.9), (6.81;7.5)&0(1;7.72); BOD (4.07-4.98 mg/L), (5.07-
6.41 mg/L) & (4.05-10.89 mg/L); EC (461-474 pS/cn¥980-529 pS/cm) & (481-654
pS/cm); TDS (299.65-308.1 ppm), (323.7-343.85 pfn(312.65-425.1 ppm). Inorganic ion
concentrations and heavy metals recorded high detleht exceeded WHO guideline
especially in November during the olive period. étetrophic bacteria, total and fecal
coliform, Salmonella sp. andShigella sp. indicated significant levels of pollution from
untreated sewage and olive mill effluent (OME). IWigvels of pesticides from agricultural
activities are of a serious concern due to theicinagenic effect. In conclusion, results of
this study reflect a continuous exposure of Hashiaeir to various types of contaminants
resulting from, mostly, domestic and agriculturetivties.
Key words: Water quality, Hasbani River, Trace afet lonic compositions, pesticides,
Bacterial pollution , Gas Chromatography-Mass spewttry.

1. INTRODUCTION

Lebanon, like other countries in the Middle Eastfacing a major problem of water scarcity due to
global warming phenomenon that the world enduréani@kopoulos et al., 2009), and increasing in
water pollution (Fan et al., 2010). Actually, thepenential demographic growth in the last two
decades and the excess in water demand led toca praplem concerning water quality and thus,
water availability. This problem is increasing the lack of waste treatment facilities, forcing the
local authorities to discharge wastewater direathp rivers without any prior treatment (SOER,
2001). Thus, the quality of surface water is rekdli hassled by sewage from urban waste,
agricultural and industrial wastes (Fadel et a@Q® Jurdi et al., 2001 and SOER, 2001). For its
domestic supply, Lebanon depends mainly on grouatemthat is deteriorating rapidly due to
salinisation by seawater intrusions and contanonaty wastewater (Khair et al., 1994).

Hasbani River is one of the rivers found in sougbé&non. It's originating from north-western slopes
of Mount Hermon in Hasbaya. It runs for 25 miled.@banon before coming out to Palestine where it
is called the Jordan River. Hasbani river is thenmsaurce of water to Hasbaya and near villagas. It
used as a source of drinking water, for house hgldfor irrigating agricultural fields, providing
water to livestock, for fishing activities or evas a source of enjoyment through water-swimming.
The increase in the waste disposal throughout itrex especially in November during the olive
season needs a serious plan to control water fwolland to find solution for this problem. The aifn
the present study is to evaluate water qualityhie South Lebanese Hasbani River. Study the
organic/inorganic chemical parameters and bactagichl parameters of water and its effect on the
biota that can be transferred from the sedimenthenthic organisms and fish and further up ine th
food chain.
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2. MATERIALSAND METHODS

Water samples were collected from 20 locationslitve Hasbani River. Totally 60 water samples
were collected throughout the year. Water samplere wollected in triplicates on a monthly basis in
January, 2013 (during winter), in August, 2013(dgrsummer) and in November, 2013 (during olive
period) using autoclaved bottles, which were presip washed by an acid solution (1:1 HCI / water)
then by distilled water. After collecting, samplesre stored at -5°C and analyzed.

The following physical and chemical parameters waralyzed including pH, electrical conductivity
(EC), total dissolved solids (TDSs), biochemicaygen demand (BOD), ammonium, nitrate, nitrite,
phosphate, sulfate, chloride, sodium, potassiurtjwra and magnesium. pH, BOD, TDS and EC
were analyzed using standard procedures in accoedan “The Standard Methods for the
Examination of Water and Wastewater” (APHA & AWWAL999). Potassium and sodium
concentration were measured using Flame photonpettyided by STS Model 360. The remaining
parameters were analyzed spectrophotometrically péttinent and certified reagents.

Bacterial analysis was done using the membranatidn technique to detect the presence of tot@l an
fecal coliform followed by confirmatory test to éet the presence &.coli. SS agar plate was used
to detect the presence 8almonella sp. andShigella sp. Furthermore; the trace amounts of heavy
metals in water samples (Cu, Cd, Co, Pb, and Zng westimated using Graphite furnace atomic
absorption spectrometry (GFAAS). For pesticideslyamisg 10 water samples were taken from the
Hasbani river between July and November 2013 uairtgclaved bottles and stored in dark at -4°C.
Pesticide analysis was done using SPE work st&titowed by GC-MS.

Statistical analysis

Descriptive analysis was performed. Quantitativeaides were described in terms of frequencies,
mean, standard deviation, min and max. Paired letioes were performed between the studied
parameters using Pearson’s correlation coefficiEnot. testing the difference between the physical
parameters and ion concentrations in January, Augus November, paired sample t-test was used.
The Type-1 erroo was set at 5%. The analyses were performed ust®g3.7 for windows.

3. RESULTSAND DISCUSSION

3.1. Physico-chemical parameters

3.1.1. pH

The mean pH value recorded 7.83, 6.98 and 5.3Zmualy, August and November respectively
(Table 1). Compared to the WHO guideline for dmgkiwater (2004), the pH value in November is
below the normal limits. Low pH level in Novembexr due to the direct discharge of olive mill

effluent (OME) into the river. OME is highly acidibus it decreases the pH level of water (Mekki et
al., 2013). Low pH can allow toxic elements to berenavailable for uptake by aquatic plants and
animals. This can produce conditions that are ttixmquatic life (Faragallah et al., 2009).

3.1.2. Biochemical Oxygen Demand (BOD)

BOD concentration recorded a mean value of 4.38R&and 7.945 mg/L in January, August and
November respectively (Table 1). Most rivers hav@B below 1 mg/L. Moderate polluted rivers
may have a BOPvalue in the range of 2 to 8 mg/L. However; higDB levels (>8mg/L) can be a
result of high levels of organic pollution, causesiially by poorly treated wastewater or from high
nitrate levels (EEA, 2001). High level of BQIh November is due to the direct discharge of OME
into the river. OME contains an enormous supplypm@fanic matter which will raise the BQevel
(Mekki et al., 2013).

3.1.3. Electrical Conductivity (EC) and Total dissolved solids (TDS)

EC recorded an average mean of 464.25, 516.25&8md% 1 S/cm in January, August and November
respectively (Table 1). Moreover; total dissolvadlids (TDS) recorded a mean value of 301.76,
335.56 and 380.54 ppm in January, August and Noeemdspectively (Table 1). TDS directly
influence water conductivity, the higher the TD thigher the EC (Lawson, 2011). In fact,
coefficient correlation was strongly positive beténeEC and TDS during the three months of this
study. High levels of TDS are caused by the presefpotassium, chlorides and sodium and by toxic
ions (lead arsenic, cadmium, nitrate and othergreldver; high TDS level indicates hard water and
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results in undesirable taste which could be sdititer, or metallic due to the presence of toxic
minerals (Lawson, 2011). In this study, high levelsTDS and EC observed in November during
olive oil production is due to the discharge of OMMBich is highly rich in nutrients (potassium,
nitrate, phosphate and others).

3.2. Trace metalsdetection

Results reported that trace metals’ mean concémré&dr Zn, Pb and Co in August and November
was higher than the value expected for rivers exicepCd whereas Cu recorded a mean value higher
than WHO guideline (2004) in all the three montfig{e 2). High values for trace metals were
recorded in August due to domestic sewage and wreiber during the olive period due to the direct
discharge of olive mill effluent into the river ¢f1). Moreover; some of the metals like Cu and #n a
essential as micronutrients for the life proceseeanimals and plants (Kar et al., 2008; Suthar &
Singh, 2008 and Aktar et al., 2010). However; highcentrations of Cu and Zn are of toxic effect.
The prolonged consumption of large doses of Znresnlt in some health complications such as
fatigue, dizziness and neutropenia (Hess & Schra@)?2). However; Cd is toxic even at low
concentrations. Cd is one of the most toxic elesaiith widespread carcinogenic effects in humans
(Goering et al., 1995). Moreover; according to UBEP986), Pb has classified as being potentially
hazardous and toxic to most forms of life. It hasiibfound to be responsible for chronic neuroldgica
disorders in fetuses and children especially whengreater than 0.1 mg/l (Lawson, 2011).

3.3. Inorganic lon

Phosphate (P$) concentrations recorded a mean value of 1.67 Zrl 49.125 ppm in January,
August and November respectively (Table 3). Conmgathese results with LIBNOR, these results
exceed the average level of BP@1.35 mg/L) in rivers. In fact, phosphate and gelfaome from
anthropogenic sources, mainly, agricultural runaihimal waste, raw sewage and household
detergents (Amacha et al., 2012). Excess phosphateface runoff leads to what known as “cultural
eutrophication”. During eutrophication, FQn freshwater leads to a favorable condition fayaal
and weed growth, which ultimately brings a rapiduee in the ecosystem through oxygen depletion.
Moreover; the high level of P recorded in November might be due to the direstitirge of OME
into the river. According to Mekki et al. (2013)ME is highly rich in PQ”. Sulfate (S&) recorded

a mean value of 9.34, 15.437 and 35.76 ppm in JgnBdagust and November respectively (Table
3). Comparing with LIBNOR guideline, sulfate contration in November is above the range (2-30
mg/L). High level of sulfate in November is duenaste disposal and OME discharged into the river.
Chloride (Cl) concentration recorded a mean value of 174.49,238 and 237.295 ppm in January,
August and November respectively (Table 3). Conmganivith LIBNOR guideline, the level of
chloride in August and November exceeds the ra@@® (ng/L) for drinking water. Chloride in
drinking-water originates from natural sources, agev and industrial effluents, urban runoff.
Excessive chloride concentrations increase the esurations of metals in water (WHO, 2004).
Moreover; Amacha et al. (2012) recorded that ctilorange <180 mg/L, water is deemed suitable for
most applications including drinking, domestic ugggation, and livestock.

Ammonium (NH,") and nitrite (NQ) were not detected during the 3 months (TabléN@jural levels

of ammonia and nitrite in groundwater and surfaegeware usually below 0.2 mg/L (WHO, 2004).
Ammonia contamination is usually an indicator ofvage pollution which most certainly applies to
Lebanon for its lack of a national wastewater trestt system (Amacha et al., 2012). Ammonia in the
environment originates from metabolic, agricultuaald industrial processes and from disinfection
with chloramine (WHO, 2004). Moreover; nitrate (NOconcentration recorded a mean value of
65.92, 164.107 and 262.48 ppm in January, AugustNmvember respectively (Table 3). Comparing
with LIBNOR guideline, nitrate levels are above tia@ge (45 mg/L). According to WHO guideline
(2004), the nitrate concentration in surface waenormally low but it can reach high levels as a
result of leaching, runoff from agricultural land contamination from human and animal wastes.
Excessive amounts of nitrate obtained in January Angust are usually attributed to intensive
agricultural practices and contamination from damesewages. In other hand, comparing with
Mekki et al. (2013), the high levels of nitrate November attributed to the high level of nitrate in
OME directly discharged into the river.

Sodium (N&) concentration recorded a mean value of 6.45,28&@ 16.47 ppm in January, August
and November respectively (Table 3). Whereas piot@s@<’) concentration recorded a mean value
of 1.028, 2.132 and 5.52 ppm in January, AugustNoxeember respectively (Table 3). According to
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WHO guideline (2004), concentration of sodium irtgibe water are typically less than 20 mg/L,
however; no health based guideline for the levegdaihssium in drinking water. Whereas according to
LIBNOR guideline, potassium level was above thegeaffior rivers (1.5 mg/L). High levels of
potassium and sodium in November may attributeNtEQvhere according to Al-Malah et al. (2000),
OME contain sodium and enormous level of potassium.

On the other hand, calcium mean value was 94.1685196 and 142.79 ppm in January, August and
November respectively (Table 3). Calcium is an inggat micronutrient in the aquatic environment.
Calcium and magnesium enter water mainly through weathering of rocks. Concentration of
calcium in rivers may reach 100 mg/L. Results ofgdiin August and November are above the range
(100 mg/L). However; the mean concentration of nesgum was 56.504, 70.916 and 81.98 ppm in
January, August and November respectively (TableMaignesium is essential for chlorophyll and
acts as a limiting factor for the growth of phyimpmkton (Garg et al., 2010). Concentration of
magnesium up to 30 ppm is recommended for drinkiagers (Ravindra et al., 2003). In rivers,
concentration of magnesium may reach 50 ppm. Resbliined revealed high levels of magnesium
in August and November. This increase in the legéksalcium and magnesium is due to the domestic
sewages and olive mill effluent. High levels ofatam and magnesium increase the total hardness of
water (WHO, 2004).

3.4. Pesticides

3.4.1. Propoxur-1

The mean value of propoxur-1 recorded 2.833ng/lgirapfrom 1.003ng/L at site 1 and 9.36ng/L at
site 17 (Table 4). Propoxur-1 is an insecticidedut®e control cockroaches, flies, mosquitoes, lawn
and turf insects. EPA (2000) has not classifiemppkur-1 for carcinogenicity. Propoxur-1 is highly
toxic to freshwater invertebrates and slightly ooderately toxic to fish (WHO, 2004). Federal
Environmental Protection Agency (FEPA) recommenttexilevel of propoxur-1 in rivers must not
exceed 0.01pg /L (WHQ004). Results in this study fells with in the rang

3.4.2. Hexachlor obenzene (HCB)

The mean value of hexachlorobenzene recorded 192 rmanging from 0.17ng/L at site 18 and
2.7ng/L at site 3 (Table 4). HCB was widely usedagsesticide. Chronic oral exposure to HCB in
humans results inlaver disease with associated skin lesions. Epidkmic studies of persons orally
exposed to HCB have not shown an increased cancielence. However, based on animal studies,
EPA has classified HCB as a probable human caremogccording to EPA (2000), HCB has been
listed as a pollutant due to its persistence inet@ronment, potential to bioaccumulate, and tibxic

to humans and the environment. The typical predietevironmental concentration for HCB in both
estuarine and marine waters is less than 0.001(ghg/l). Results obtained from the present study
recorded a concentration of HCB approximately 1ngfl90% of the samples. Moreover; some
people who drink water containing HCB in excesD@f01 mg/L (1pg/L) over many years could
experience liver or kidney problems, reproductivifialiities and increased risk of cancer (EPA,
2000).

3.4.3. Diazinon

The mean value of diazinon recorded 57.472 ngfhgiray from 1.41ng/L at site 18 and 210.58ng/L
at site 17 (Table 4). Almost all concentrationgliazinon measured in the rivers throughout thigdystu
were above the guideline (9ng/L) recommended byNa#tonal Academy of Sciences (1973) for the
protection of aquatic life. Higher level of diazimdetected at site 17 (210.58 ng/L) may attribate t
the larger proportion of urban/residential landtle watershed (Wall & Phillips, 1997). In fact,
diazinon is an organophosphate pesticide. Pessiaitehis chemical family work by blocking an
enzyme in the nervous system that acts as a stisghsfor a nerve signal. If the enzyme is blocked,
the nervous system can not work properly and eedigtii fails (EPA, 2000).

3.4.4. Palychlorinated biphenyls (PCB 52)

PCBs represent the most noted classes of perstgamic pollutants (POPS) possess a potential to
bioaccumulate throughout the food web (Poustkd.eP@08). These compounds can not only occur
in water; they deposit in sediments or accumulatéhe tissues of aquatic animals and can also be
metabolized to compounds that are even more taxitoa carcinogenic (Polkowska et al., 2011).
EPA categorized PCB as carcinogenic. According P&EPCB level must not exceed 0.0017 pg/L
(1.7 ng/L). The present study revealed high le¥dPGB 52 at all sites ranging from 35.43 ng/L to
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121.61 ng/L (Table 4). These alarming results fegevere toxic effect in humans since the Hasbani
river is used for drinking, recreational activit@sd agricultural purposes.

4.4.5. Dichlorodiphenyldichlor oethylene (DDE)

The mean value of DDE recorded 2.03 ng/L, rangiegnf1.12ng/L at site 9 and 4.99ng/L at site 6
(Table 4). DDE is a pesticide that is widely usedcontrol insects on agricultural crops and insects
that carried diseases such as malaria and typHdE.Has been listed as a pollutant of concern due to
its persistence in the environment, potential toabcumulate, and toxicity to humans and the
environment (EPA, 2000). Oral exposure to high dag®DT in humans results in central nervous
system (CNS) effects, such as headaches, nausgecoanulsions. EPA has classified DDE as
probable human carcinogen. According to EPA, DD®ele in water must not exceed 8.3ng/L.
Results obtained in this study fell with in thegarfor DDE (<8.3 ng/L).

4.4.6. Endosulfanbeta

The mean value of endosulfanbeta recorded 24.46 rayiging from 3.26 ng/L at site 3 and 107.39
ng/L at site 20 (Table 4). Endosulfanbeta is ardtiside used to control pests on fruit, vegetables
and tea and on non-food crops such as tobaccodtahcThe central nervous system is the primary
target affected by exposure to endosulfanbeta. Higbes of endosulfanbeta can cause tremors,
hyperactivity, breathing disorder, convulsions dedth. The affects of being exposed to low doses of
endosulfanbeta over a long period of time are nown. EPA, the Department of Health and Human
Services and the International Agency for Researcancer have not classified endosulfanbeta as a
cancer-causing substance. EPA prohibits no mome @hemg/L (100 pg/L) of endosulfanbeta to be
presented in water. Results of the present studyrded a mean value of 24.46 ng/L, which is very
low comparing with EPA guideline (2000).

3.5. Bacteriological assessment

The results of the present study revealed a 10@%rence rate for heterotrophic bacteria in January
August and November. Gen@lmonella showed a great variation between the studied pevitdd

an occurrence rate of 15, 55 and 65% in Januargustuand November respectively. Similarly genus
Shigella showed a great variation with an occurrence r&tHp 35 and 50% in January, August and
November 2013.

High microbiological contamination for both fecahdatotal coliforms was revealed in all water
samples which are above the internationally accdefitaits. Total coliform counts recorded the
highest value during August and November (TableltSyas also revealed that 45% of the studied
water samples were not suitable for swimming dudaguary, 95% during August and 75% during
November. Moreover; fecal coliforms (FC) countsoreled the highest value of 900 CFU/100ml
during August and November and 100% of the sitesiiteble for swimming during January, August
and November (WHO guidelineft.coli was detected in all sites indicating 100% occureethese
levels represent an alarming situation for the dréadt quality of the water at the sampled sitese Th
bacterial quality indicates sewage waste disposdheé Hasbani river, implying a lack of treatment
infrastructure. According to WHO guideline (2004)daUSEPA (1986), drinking water must be free
from FC bacteria oE.coli. The great majority of pathogenic microorganismes derived from fecal
contamination from human and animal sources. RBgdtasbani river has known for its problems
with diseases originating from water, with largemibers of people consuming water that lacks
adequate treatment.

3.6. Correlation relation between the physico-chemical parameters and the microbial pollution

load

Statistical analysis was done to reveal the relatetween the bacterial load and the physico-
chemical parameters of the river water samplesulReshown in table 6, recorded that in January
during winter season, total coliform and fecal folin strongly correlated having r=0.988 at p<0.001.
Total coliform showed non significant positive aation with pH (r=0.181 at p=0.445), BOD
(r=0.245 at p=0.298) and a non significant negatiweelation with EC and TDS having r=-0.121 at
p=0.611. However; fecal coliform showed a non digant positive correlation with pH(r=0.205 at
p=0.387), BOD(r=0.187 at p=0.431) and a non sigaift weak negative correlation with EC (r=-
0.098 at p=0.68) and TDS (r=-0.098 at p=0.68).

Data in table 7, revealed that in August during s&m season total coliform and fecal coliform
showed a strong positive correlation having r=0.99(<0.001. Total coliform showed negative
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significant correlation with pH (r=-0.461 at p=0104 strong positive significant correlation with
BOD(r=606 at p=0.005) and a non significant positborrelation with EC and TDS having r=0.382
at p=0.097. However; fecal coliform showed a negasignificant negative correlation with pH (r=-
0.460 at p=0.041), a strong positive significantelation with BOD (r=0.603 at p=0.005) and a non
significant positive correlation with EC and TDSvhrey r=0.397 at p=0.083.

Data in table 8, revealed that in November durhmg alive period, total coliform and fecal coliform
showed a strong significant positive correlatiomihg r=0.985 at p<0.0001. Total coliform showed a
non significant negative correlation with pH(r=-82Lat p=0.58) and a non significant positive
correlation with BOD(r=0.141 at p=0.554), EC (r=@Rlat p=0.495) and TDS(r=0.162 at p=0.495).
Moreover; fecal coliform showed a non significarggative correlation with pH (r=-0.122 at
p=0.608), a non significant positive correlationtrwiBOD(r=0.142 at p=0.55), EC(r=0.165 at
p=0.487) and TDS(r=0.165 at p=0.487).

3.7. Correlation relation between the inorganic ions and the microbial load

Data in table 9, revealed that during January/ tibform showed negative significant correlation
with sodium (r=-0.467 at p=0.038), a non significppsitive correlation with phosphate(r=0.273 at
p=0.245), sulfate(r=0.042 at p=0.86) and potass{vn®.194 at p=0.412) and a non significant
negative correlation with chloride(r=-0.41 at p=t2} nitrate(r=-0.244 at p=0.299), calcium(r=-0.319
at p=0.171) and magnesium(r=-0.319 at p=0.171).elhaer; fecal coliform showed a significant
negative correlation with sodium(r=-0.447 at p=@))4a non significant positive correlation with
phosphate(r=0.335 at p=0.148), sulfate(r=0.066=8t{82) and potassium(r=0.197 at p=0.404) and a
non significant negative correlation with chloride(.406 at p=0.076), nitrate(r=-0.276 at p=0.239),
calcium(r=-0.323 at p=0.165) and magnesium(r=-0&23=0.165).

Data in table 10, revealed that during August,ltotdiform showed a significant positive correlatio
with nitrate(r=0.555 at p=0.011) and a non sigaificpositive correlation with phosphate(r=0.412 at
p=0.071), sulfate (r=0.331 at p=0.154), chloridé(238 at p=0.313), sodium(r=0.354 at p=0.125),
potassium(r=0.363 at p=0.115), calcium(r=0.272 =0.p47) and magnesium(r=0.272 at p=0.247).
Moreover; fecal coliform showed a significant po&tcorrelation with nitrate(r=0.514 at p=0.02) and
a non significant positive correlation with phos@{e=0.408 at p=0.074), sulfate(r=0.378 at p=0.1),
chloride(r=0.195 at p=0.409), sodium( r=0.37 at .488) and potassium(r=0.381 at p=0.097),
calcium(r=0.259 at p=0.271) and magnesium(r=0.258-0.27).

Data in table 11, revealed that during Novembeml tooliform showed a non significant positive
correlation with phosphate(r=0.141 at p=0.553)fata(r=0.189 at p=0.424), chloride(r=0.14 at
p=0.555), nitrate(r=0.213 at p=0.368), sodium(r&3.;at p=0.52), potassium(r=0.154 at p=0.517),
calcium(r=0.184 at p=0.438) and magnesium(r=0.192-8.417). Moreover; fecal coliform showed a
non significant positive correlation with phospl{at€.132 at p=0.578), sulfate(r=0.174 at p=0.463),
chloride(r=0.131 at p=0.581), nitrate(r=0.204 at 0{388), sodium(r=0.15 at p=0.527),
potassium(r=0.151 at p=0.526), calcium(r=0.178=4.#52) and magnesium(r=0.189 at p=0.426).
3.8. Correlation relation between trace metalsand microbial load

Data in table 12, revealed that during Januarl tobliform showed a non significant positive
correlation with zinc(r=0.361 at p=0.306), lead(i33¥ at p=0.341), copper (r=0.316 at p=0.373),
cobalt (r=0.282 at p=0.429) and cadmium(r=0.30p=0.397). Moreover; fecal coliform showed a
non significant positive correlation with zinc(r366 at p=0.312), lead(r=0.354 at p=0.315),
copper(r=0.313 at p=0.379), cobalt (r=0.297 at $68) and cadmium(r=0.28 at p=0.433).

Data in table 13, revealed that during August, Itet@iform showed a non significant positive
correlation with zinc (r=0.48 at p=0.16), lead (59 at p=0.072), copper(r=0.475 at p=0.165) and
cobalt(r=0.233 at p=0.517) and a non significargatie#e correlation with cadmium having r=-0.051
at p=0.89. Moreover; fecal coliform showed a ngm#icant positive correlation with zinc(r=0.468 at
p=0.173), lead(r=0.622 at p=0.055), copper(r=0#42=8.227) and cobalt (r=0.271 at p=0.449) and a
non significant negative correlation with cadmiuavimg r=-0.045 at p=0.902.

Data in table 14, revealed that during Novembegl tooliform showed a non significant positive
correlation with zinc(r=0.361 at p=0.306), lead(33¥ at p=0.341), copper(r=0.316 at p=0.373),
cobalt(r=0.282 at p=0.429) and cadmium(r=0.302=41.897). Moreover; fecal coliforms showed a
non significant positive correlation with zinc(r366 at p=0.312), lead(r=0.354 at p=0.315),
copper(r=0.313 at p=0.379), cobalt(r=0.297 at p&8B)4and cadmium(r=0.28 at p=0.433).

3.9. Correation relation between pesticides and microbial load
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Statistical analysis was done to reveal the relati@tween the bacterial load and pesticides
concentration of the river water samples. Dataabiet 15 revealed that, total coliform showed a non
significant positive correlation with propoxur-1¢238 at p=0.509), diazinon(r=0.177 at p=0.626),
PCB 52(r=0.287 at p=0.422), DDE(r=0.027 at p=0.9id endosulfanbeta(r=0.243 at p=0.499) and
a non significant negative correlation with hexacbbenzene(r=-0.386 at p=0.271). Similarly, fecal
coliform showed a non significant positive correat with propoxur-1(r=0.222 at p=0.538),
diazinon(r=0.167 at p=0.645), PCB 52(r=0.294 at .p*0), DDE(r=0.095 at p=0.794) and
endosulfanbeta (r=0.282 at p=0.429) and a non fggni negative correlation with
hexachlorobenzene having r=-0.371 at p=0.292.

Table 1. Description of the physical parameter s of the samples by period (N=20)

January (2013) August (2013) November (2013)
physical Range Range Range
characteristics mean(SD) (Min;Max) mean(SD) (Min;Max) mean(SD) (Min;Max)
pH 7.83(0.11) (7.4;7.9) 6.98(0.11) (6.81;7.5) 51387) (4.01;7.72)
BOD 4.357(0.229)  (4.07;4.98)| 5.898(0.369)  (5.0715.4| 8.345(3.06) (4.05;10.89)
EC 464.25(2.84)  (461;474) | 516.25(7.44)  (498;529) 5.8B(76.76)  (481;654)
DS 301.76(1.85) (299.65;308.1) 335.56(4.84) (3333.85)| 380.54(49.89) (312.65:425)1)
Table 2: Description of thetrace metal concentration in the samples by period (N=10).
January (2013) August (2013) November (2013)
Physical
characteristics Range Range Range
(ppb) Mean(SD)  vrin:maxy | MEED)  (minmay | MRD) (MinMax)
Zinc 8.321(0.527) (7.44;8.73) 14.637(0.239) (14.01;1%{887.190(5.375) (9.26;21.29)
Lead 1.785(1.072) (0.12;3.17) 12.455(3.697) (7.63;17.91)3.079(6.839) (2.04;19.48)
copper 2.297(0.803) (1.50;3.89) 6.033(1.727)  (3.78;9.2b) 1.487(6.696) (1.59;17.59)
cobalt 0.778(0.165) (0.42;0.97) 1.452(0.185)  (1.24;1.7p) .803(1.369) (0.53;3.82
cadmium 0.093(0.108) (0.00;0.27) 0.844(0.096)  (0.67;0.98) .872(1.062) (0.23;2.89
25
20 —————1—
15 ———t+HhHHh ————— 1 1 411
10 EEFI I N
5 W Hmﬂ
0 I| | ||I ||I|JI |I||| Jealualiat ol Bl 00l ol il al d el
= - TP 52 3035 %F < D1y E™ > 2 5 8
: : £ :
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Fig.1: Trace metalsvariation during January, August and November 2013
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Table 3: Description of inorganicionsin January, August and November by period (N=20)

Physical January (2013) August (2013) November (2013)
characteristics Range Range Range
(ppm) Mean(SD)  yin; M a | Men®)  y M a0 | M) (i, M ax)
PO, 1.67(0.49) (0.58;2.53) 7.54(1.42) (5.05;10.95) 29(B4.4)  (2.57;77.09)
S0.% 9.34(1.13) (7.82;11.82 15.437(2.08) (10.6;18.2 .78BL7.24)  (12.69;55.08
cr 174.49(11.08) (157.2;185.6) 230.24(4.62)  (223.62B9| 237.295(30.81) (190.4;268.8)
NH, - - - - - -
NOs 65.92(26.67) (13.53:90.72) 164.107(32.91) (11332,@9)| 262.48(103.14) (88.63;352.86)
NO, - - - - - -
Na' 6.45(0.127) (6.32;6.83)|  8.102(0.698) (7.59;9.37 A4T765.69) (7.59;22.05)
K* 1.028(0.004) (1.02;1.03) 2.132(0.199) (1.93;2.52 .528.75) 1.77;7.7)
ca* 94.1685(1.56) (91.2;96.06) 118.196(2.215) (113.29;38)| 142.79(32.69) (97.38;189.38)
Mg® 56.504(0.93) (54.72;57.64) 70.916(1.33)  (67.853R.7 81.98(15.155)  (60.77;94.42)
-Not detected
Table 4: Description of pesticides concentration of the sampleshby period (N=10)
Pesticide (ng/L) Mean (SD) Range (min; max)
Propoxur1 2.833 (2.53) (1.00;9.36)
Hexachlor obenzene 1.021 (0.685) (0.17;2.70)
Diazinon 57.472 (56.311) (1.41;210.58)
PCB 52 64.747 (32.035) (35.43;121.61)
DDE 2.033 (1.174) (1.12;4.99)

Endosulfanbeta

24.463 (32.29)

(3.26;107.39)

Table5: description of bacterial countsin theriver water samples by period (N=20)

Bacterial January (2013) August (2013) November (2013)
counts Range Range Range
(CFU/100ml) Mean (SD) (min; max) Mean (SD) (min; max) Mean (SD) (min;max)
C;ic;t:rjm 466(339.07) (210;1100)] 835.5(334.35) (290;1100) .5@r7.88)| (240;1100)
C'(:)ﬁ?zlm 368.25(242.1)  (180;900)| 658.2(251.19)  (240;900) .&8(269.75)| (190;890)

Table 6: Correlation matrix between physical and bacteriological parameters during January

(2013)
BOD " Fecal
pH (mg/L) EC (uS/cm) TDS (ppm)  Total coliform coliform
P correlation 1
pH . .
Sig. (2-tailed)
P correlation .276 1
BOD . i
Sig. (2-tailed) .239
EC P correlation - 712%* -.420 1
Sig. (2-tailed) .000 .065
P correlation - 712%* -.420 1.000** 1
TDS . )
Sig. (2-tailed) .000 .065 0
. P correlation .181 .245 -121 -121 1
Total coliform . .
Sig. (2-tailed) 445 .298 611 611
) P correlation .205 .187 -.098 -.098 .988** 1
Fecal coliform . .
Sig. (2-tailed) .387 431 .680 .680 .000
** Correlation is significant at the 0.01 level (@{ed)
*Correlation is significant at the 0.05 level (2kal)
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Table 7: Correation matrix between physical and bacteriological parameters during August
(2013)

BOD . Fecal
pH (mg/L) EC (uS/cm) TDS (ppm)  Total coliform coliform
P correlation 1
pH . :
Sig. (2-tailed)
P correlation -.698** 1
BOD ) .
Sig. (2-tailed) .001
EC P correlation - 716* .601* 1
Sig. (2-tailed) .000 .005
DS P correlation - 716* .601* 1.00** 1
Sig. (2-tailed) .000 .005 .000
. P correlation -.461* .606** .382 .382 1
Total coliform . .
Sig. (2-tailed) .041 .005 .097 .097
. P correlation -.460* .603** .397 .397 .990** 1
Fecal coliform . .
Sig. (2-tailed) .041 .005 .083 .083 .000

** Correlation is significant at the 0.01 level {@Hed)
*Correlation is significant at the 0.05 level (2led)

Table 8: Correlation matrix between physical and bacteriological parameters during November
(2013)

BOD . Fecal
pH (mg/L) EC (uS/cm) TDS (ppm)  Total coliform coliform
P correlation 1
pH ) )
Sig. (2-tailed)
P correlation -.995%* 1
BOD ) )
Sig. (2-tailed) .000
EC P correlation -.995% .990** 1
Sig. (2-tailed) .000 .000
DS P correlation -.995% .990** 1.000** 1
Sig. (2-tailed) .000 .000 .000
. P correlation -.132 141 .162 .162 1
Total coliform . .
Sig. (2-tailed) .580 .554 495 495
) P correlation -.122 142 .165 .165 .985** 1
Fecal coliform . .
Sig. (2-tailed) .608 .550 .487 .487 .000

** Correlation is significant at the 0.01 level {@Hed)
*Correlation is significant at the 0.05 level (2kdl)
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Table 9: Correlation matrix between inorganic ions and bacteriological parameters during

January (2013)
PO SQ* CI NHf NO;y NOS Na" K* ca*  Mg* TC FC
P 1
POS correlation
O Sig.(2-
tailed)
P 079 1
,.  correlation '
SO Sig.(2- 40
tailed) ’
P 083 -.037 1
cr correlation ' ’
Sig.(2-
railed) 729 .879
P - - - 1
NH.* correlation
4 Sig.(2- i i i
tailed)
P
NO- correlation -170 -045 189 . 1
5 )
f;ﬁ'e(j)' 473 850 425 -
P - - - - - 1
NO~ correlation
2 Sig.(2- i i i i i
tailed)
comitation | 095 -020 06 - 213 1
Na' .
f;ﬁ'e(j)' 691 932 814 - 367
comiation | ~303 192 -047 - -052 015 1
K* )
tséﬁ'e(j)' 194 417 844 - 828 .949
Corr:lation -.224 186 .229 - .083 -026  -.187 1
ce* )
f;ﬁ'e(j)' 343 432 331 - 726 914 430
Corr;ation -.223 190 237 - .086 -025 -188 .999* 1
2+
Mg Sig.(2-
tailed) .345 421 315 - .720 917 427  .000
corr;ation 273 042 -.410 - -.244 -467* 194 -319  -319 1
T Sig.(2-
tailed) .245 860  .072 - .299 038 412 171 170
Corr:lation .335 .066  -.406 - -276 -447* 197 -323  -.323988* 1
e Sig.(2- 148 782 076 239 048 404 165 165  .000
tailed) : : : ) : : : : : :
** Correlation is significant at the 0.01 level (@Hed)
*Correlation is significant at the 0.05 level (2kdl)
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Table 10: Correation matrix between inorganic ions and bacteriological parameters during
August (2013)

PQ*> sQ*  CI NH,* NOs  NO; Na" K* c&® Mg¥ TC FC
P correlation 1
PO*
Sig.(2-tailed)
P correlation .304 1
sQ?
Sig.(2-tailed) .193
P correlation 122 -.228 1
Cr
Sig.(2-tailed) .609 .333
P correlation - - - 1
NH;*
Sig.(2-tailed) - - -
P correlation .285 -174 .235 - 1
NOs
Sig.(2-tailed) .223 .463 .318 -
P correlation - - - - - 1
NO,
Sig.(2-tailed) - - - - -
P correlation .368 .489* .256 - -.042 - 1
Na"
Sig.(2-tailed) 111 .029 277 - .860 -
P correlation A4T* .540* .267 - -.003 - .965* 1
K+
Sig.(2-tailed) .048 .014 .256 - .992 - .000
P correlation -.022 .480*  -.068 - .066 - 432 524* 1
ca’
Sig.(2-tailed) .926 .032 774 - .783 - .057 .018
P correlation -.022 .480*  -.069 - .066 - 432 .524%1.00** 1
MgZ+
Sig.(2-tailed) .926 .032 773 - .783 - .057 .018 00.0
P correlation 412 331 .238 - .555* - .354 363 722 272 1
TC
Sig.(2-tailed) .071 .154 .313 - .011 - 125 115 472 247
P correlation .408 .378 195 - .514* - .370 381 592 .259 .990** 1
Sig.(2-tailed) .074 .100 .409 - .020 - .108 .097 712 .270 .000

** Correlation is significant at the 0.01 level {@Hed)
*Correlation is significant at the 0.05 level (2kdl)
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Table 11: Correation matrix between inorganic ions and bacteriological parameters during
November (2013)

PO sQ* [e] NHs NO; NO, Na K* ca’ Mg?* TC FC
[=]
PO correlation 1
Sig.(2-
tailed)
[=]
correlation -986™ 1
2-
50T sig(e- 000
tailed) )
P | 990 970 1
cr correlation
Sig.(2-
tailed) | 000 000
P - - - 1
NH,* correlation
4 Sig.(2- i i )
tailed)
P | 985w 974~ 980" - 1
NO5 cosrrel?;on
ig.(2- .
ailed) .000 .000 .000
P
NO correlation . . ) . ) 1
2 Sig.(2- i i ) i i
tailed)
P 097%  982% Q0% - 0834 - 1
Na' correlatlon
Sig.(2- 000 000  .000 ; 000 -
tailed)
P .008%  981%  980% - 0984% - 99gw* 1
K* correlatlon
tsellﬁé(g)- 000 000 000 - 000 -  .000
P 083  .978%  975% - 967 - 084%™ 981w 1
c# correlatlon
tsellﬁé(g)- 000 000 .000 - 000 -  .000  .000
P 092% Q77 088 - 083% - 997+  QO6* Q75 1
Mg?* correlatlon
tsellﬁé(g)- 000 000 .000 - 000 -  .000 .000  .000
P 141 .189 140 - 213 - 153 154 .184 192 1
TC correlatlon
tsellﬁé(g)- 553 424 555 - 368 - 520 517 438 417
corr;ation 132 174 131 - .204 - 150 151 178 189  .985% 1
FC .
tsellﬁé%)- 578 463 581 - .388 - 527 526 452 426 .000

** Correlation is significant at the 0.01 level {@Hed)/ *Correlation is significant at the 0.0%¢# (2-tailed)
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Table 12: Correation matrix between trace metals and bacteriological parameters during
January (2013)

Zinc Lead Copper Cobalt Cadmium TC FC
. P correlation 1
Zinc . .
Sig. (2-tailed)
P correlation 414 1
Lead . .
Sig. (2-tailed) .234
P correlation .533 495 1
Copper . .
Sig. (2-tailed) 113 .146
P correlation -.217 -.358 -.110 1
Cobalt . .
Sig. (2-tailed) .546 .309 761
. P correlation .378 .654* .269 -.313 1
Cadmium . )
Sig. (2-tailed) .281 .040 453 .378
TC P correlation .361 .337 .316 .282 .302 1
Sig. (2-tailed) .306 341 .373 429 .397
o P correlation .356 .354 .313 297 .280 .088** 1
Sig. (2-tailed) 312 .315 .379 405 433 .000

** Correlation is significant at the 0.01 level (@{ed)
*Correlation is significant at the 0.05 level (2lea)

Table 13: Correation matrix between trace metals and bacteriological parameters during
August (2013)

Zinc Lead Copper Cobalt Cadmium TC FC
. P correlation 1
Zinc . .
Sig. (2-tailed)
P correlation 434 1
Lead . .
Sig. (2-tailed) .210
P correlation -.185 .256 1
Copper . .
Sig. (2-tailed) .608 A75
P correlation -.229 .148 .198 1
Cobalt . .
Sig. (2-tailed) .524 .684 .583
. P correlation .146 .242 -.270 -.539 1
Cadmium . .
Sig. (2-tailed) .688 .501 451 .108
TC P correlation .480 .591 475 .233 -.051 1
Sig. (2-tailed) .160 .072 .165 517 .890
o P correlation .468 .622 420 271 -.045 .990** 1
Sig. (2-tailed) 173 .055 227 449 .902 .000

** Correlation is significant at the 0.01 level (@{ed)
*Correlation is significant at the 0.05 level (2kdl)
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Table 14: Correation matrix between trace metals and bacteriological parameters during
November (2013)

Zinc Lead Copper Cobalt Cadmium TC FC
. P correlation 1
Zinc . .
Sig. (2-tailed)
P correlation .971* 1
Lead . .
Sig. (2-tailed) .000
P correlation .960** 971* 1
Copper . .
Sig. (2-tailed) .000 .000
P correlation .961** .971* .971* 1
Cobalt . .
Sig. (2-tailed) .000 .000 .000
. P correlation .973* .948* .942%* .961** 1
Cadmium . )
Sig. (2-tailed) .000 .000 .000 .000
. P correlation .361 337 .316 .282 .302 1
Sig. (2-tailed) .306 341 373 429 .397
e P correlation .356 .354 .313 .297 .280 .985** 1
Sig. (2-tailed) 312 .315 .379 405 433 .000

** Correlation is significant at the 0.01 level {@Hed)
*Correlation is significant at the 0.05 level (2kdl)

Table 15: Correlation matrix between pesticides and bacteriological parameters

propoxur: Hexachlorobenzel Diazinor PCB5. DDE Endosulfanbel TC FC
propoxurl P correlatiol 1
Sig.(Z-tailed’
Hexachlorobenzene P correlatio 212 !
Sig.(Z-tailed’ .557
Diazinon P correlatiol .911* .29¢ 1
Sig. (z-tailed! .000 .403
P correlation -.391 -.686* -.480 1
pcBs2 Sig. (z-tailed! .26¢4 .02¢ .16(
DDE P correlatiol -.32¢ .3517 -.162 -.32¢ 1
Sig.(z-tailed .35¢ .311 .65E .35¢
endosulfanbeta P correlatiol -.27¢ -.38( -.11< .49z -.07¢ 1
Sig. (z-tailed! 437 .27¢ 754 .14¢ .837
TC P correlatiol .23¢ -.38€ A7 .281 .0217 .24: 1
Sig. (z-tailed! .50¢ .271 .62€ 42z .941 .49¢
EC P correlatiol .22z -.371 167 .29¢ .09t .28z 990 1
Sig. (z-tailed! 53¢ .29z .64E .41( 794 42¢ .00(

** Correlation is significant at the 0.01 level (@Hed)
*Correlation is significant at the 0.05 level (2kdl)

The chemicals studied in the present study adloetieet water surface. Some of them are potentially
toxic that are taken up by plankton and benthomalsi, most of which are either deposit or filter
feeders. However; the toxins are concentrated wpwathin aquatic food chains. Many particles
combine chemically in a manner highly depletiverygen. Toxic metals can also be introduced into
the aquatic food webs. These can cause changesue matter, biochemistry, behavior, reproduction
and suppress growth in aquatic life. Also, manyreaifeed have a high fish meal or fish hydrolysate
content. In this way, toxins in river can be tramsfd to land animals, and appear later in meairand
dairy products. The process by which a contamirareases in concentration as it rises in the food
chain (phytoplankton- zooplankton- fish) is knovantdomagnifications (Doworth, 2009).

4. CONCLUSION

Results of the present study reflect a continuaysosure of Hasbani river to various types of
contaminants resulting from, mostly, domestic agidcaltural activities. As, the water quality prefi
metal and pesticide speciation are expected todtripa quality of water’s river, aquatic organisms
and consequently human health. Thus, it is criticgamplement recommended interventions plans to
safe the “Hasbani River” in accordance with intéioral treaties and conventions.

http://mutagens.co.in 549



Journal of Global Biosciences Vol. 3(2), 2014 pp. 536-551
ISSN 2320-1355

REFERENCES

1.

No

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

Aktar, M. W.; Paramasivam, M.; Ganguly, M.; Purk&t; Sengupta, D., (2010). Assessment
and occurrence of various heavy metals in surfagemof Ganga river around Kolkata: a
study for toxicity and ecological impact. Envirdvionitor. Assess., 160 (1-4), 207-213.
Al-Malah K., Mohammed 0O.J. Azzam, Nehal |. Abu-L.&2000). Olive mills effluent (OME)
wastewater post-treatment using activated claya@éipn and Purification Technology 20:
225-234

Amacha N., Saadeh M. and Semerjian L., (2012). iPbgsemical Evaluation of the Upper
Litani River Watershed, Lebanon. The Scientific\daiburnal Volume, Article ID 462467.
American Public Health Association (APHA), AmericaWater Works Association
(AWWA), (1999). Standard Methods for the Examinatiof Water and Wastewater20
edition, ISBN 0-87553-235-7.

Doworth, L. (2009). Understanding Contaminated ®edits: Bioavailability of
Contamination. U.S. EPA Office of Research and Dspreent. 1-4.

European Environment Agency (EEA), (2001). Eutroption in Europe's coastal waters.
Fadel, M., M. Zeinati and D. Jamali, (2000). Frarogwfor environmental impact assessment
in Lebanon. Environmental impact assessement re\déw579-604.

Fan, X., B. Cui, H. Zhao, Z. Zhang and H. Zhan@®1(@. Assessment of river water quality
in Pearl River Delta using multivariate statistidgichniques. International Society for
Environmental Information Sciences 2010 Annual @omfice (ISEIS), Procedia
Environmental Sciences, 2: 1220-1234.

Faragallah, H; Askar, A.; Okbah, M. and Moustafa KR009). Physico-chemical
characteristics of the open Mediterranean sea Wateabout 60 Km from Damietta harbor,
Egypt. Journal of Ecology and The Natural Environiné&(5):106-119

Garg R.K., Rao R.J., Uchchariya D., Shukla G. amds&na D.N. , (2010). Seasonal
variations in water quality and major threats toriRagar reservoir, India. Africa Journal of
Env. Sci.&Tech., (2): 061-076.

Giannakopoulos, C., P. Le Sager, M. Bindi, M. Mado, E. Kostopoulou and C.M.
Goodess, (2009). Climatic changes and associatpdci® in the Mediterranean resulting
from a 2°C global warming. Global and Planetary i@jea 68(3): 209-224.

Goering, P. L., Waalkes, M. P., and Klaassen, C.(I395). Toxicology of cadmium.
InHandbook of Experimental Pharmacology, Vol. 1I6xicology of Metals — Biochemical
Aspects (R. A. Goyer and M. G. Cherian, Eds.),189-214.

Hess, R. and Schmid,B. (2002). Zinc supplementdns® can have toxic effects. J.Paediatr.
Haematol. Oncol. 24:582-584

Jurdi, M., S. Korfali, Y. Karahagopian and B. Dai¢2001). Evaluation of water quality of
the Qaraaoun reservoir, Lebanon: suitability for Itipurpose Usage. Environmental
Monitoring and Assessment, 77(1): 11-30.

Kar, D.; Sur, P.; Mandal, S. K.; Saha, T.; Kole, K, (2008). Assessment of heavy metal
pollution in surface water., Int. J. Environ. Sbech., 5 (1), 119-124

Khair K., Aker N., Haddad F., Jurdi M., and Hachakh (1994).Environmental Satus in
Lebanon, Part I: Natural Factors. National Action Progrdejrut, Lebanon.

Lawson. E. (2011). Physico-Chemical Parameterstsalry Metal Contents of Water from
the Mangrove Swamps of Lagos Lagoon, Lagos, Nigé&dwances in Biological Research 5
(1): 08-21.

Lebanese Standards Institution — LIBNOR, (2007).

Mekki A.; Dhouib A. and Sayadi S., (2013). Effedfsolive mill wastewater application on
soil properties and plants growthnternational Journal Of Recycling of Organic Waste in
Agriculture, 2:15 doi:10.1186/2251-7715-2-15.

National Academy of Sciences and National Acadefmrmineering, (1973). Water quality
criteria, 1972: U.S. Environmental Protection AggriePA R3-73-033, 594 p.

http://mutagens.co.in 550



Journal of Global Biosciences Vol. 3(2), 2014 pp. 536-551
ISSN 2320-1355

21.

22.

23.

24.

25.

26.

27.

28.

29.

Polkowska Z., Cichata-Kamrowska lRuman M., Koziot K., Krawczyk W.,and Nandrek

J., (2011). Organic Pollution in Surface Waterarfrthe Fuglebekken Basin in Svalbard,
Norwegian Arctic. Sensors (Basel). 11(9): 8910-8929

Poustka J, Pulkrabovd J, Hradkova P, Napravnikova WNgjSlova J, (2008).
ORGANOHALOGEN POLLUTANTS IN HUMAN SAMPLES OF THE CECH
POPULATION. Organohalogen Compounds, Volume 70ez@2039.

Ravindra K., Ameena, Meenakshi, Monica, Rani and€k& A., (2003). Seasonal variations
in physicochemical characteristic of River YamumaHariyana and its ecological best-
designated use. Journal of Env. Monitoring, 5:426-4

SOER (State Of Environment Report), (2001). Miistf Environment and the Lebanese
environment and development observatory. ECODIT.

Suthar, S.; Singh, S., (2008). Vermicomposting ofmdstic waste by using two epigeic
earthworms Perionyx excavates and Perionyx sansibaricus). Int. J. Environ. Sci. Tech., 5(1),
99-106

United States Environmental Protection Agency (USER1986). Quality Criteria for Water.
United States Environmental Protection Agency efiid Water Regulations and Standards.
20460.

US Environmental Protection Agency (EPA), (200@0@ National Water Quality Inventory.
Wall, G. R., and Phillips, P. J., (1997). Pestictdacentrations in Canajoharie Creek, New
York, 1994-96, U.S. Geological Survey Fact Shedt93, 4 p.

World Health Organization (WHO), (20043uidelines for Drinking Water Quality, Geneva,
Switzerland, 3nd edition.

http://mutagens.co.in 551



