World Applied Sciences Journal 8 (4): 496-502, 2010
ISSN 1818-4952
© IDOSI Publications, 2010

Organic Matter, Nutrients and Trace Metals of Serin River
'Teck-Yee Ling, 'Rohene Srikaran, 'Chui-Ping Kho and *Nyanti Lee

'Department of Chemistry, Faculty of Resource Science and Technology,
Universiti Malaysia Sarawak, Malaysia
*Department of Aquatic Science, Faculty of Resource Science and Technology,
Universiti Malaysia Sarawak, Malaysia

Abstract: Animal and fish farming may lead to water quality deterioration. Water quality of the Serin River was
assessed at seven selected stations over six sampling trips. The tributary with animal farm discharge had the
lowest DO (2.2 mg/L), highest BOD;, phosphorus (P), ammonia-nitrogen (TAN), organic-nitrogen (org-N), TKN
and Cu and second highest in nitrate-nitrogen (NO,-N) and Ni. The station with fish culture recorded the
highest Ni, Cd and DO (5 mg/L) and third highest in Inorg-P, Org-P and Pb. Near the village and school, Cr was
the highest and Org-P was second highest. Stations by the road and bridge recorded the highest zinc, lead and
second highest in copper attributable to vehicles. Downstream of animal farm discharge with discarded e-waste,
old tires and glass also recorded high Zn, Pb and Cd. The station near crop farming showed highest NO,-N,
second highest in BOD;, Inorg-P, TAN and Ni and third in Cd and Cr attributable in inorganic fertilizers. Trace
metals complied with the USA drinking water criteria except Cd at the tributary receiving animal farm effluent
and Pb at all stations. Principal component analysis showed classification of heavy metals according to
sources. Effluent from animal and fish farms need to be treated, solid waste need to be recycled and stormwater
need to be treated to protect the water quality of the river.
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INTRODUCTION

Serin River is located in the state of Sarawak,
Malaysia. It supplies drinking water to the nearby
residential and commercial areas. Therefore, it is
necessary to ensure that the quality of the river water is
suitable for such purpose. Human activities identified in
the watershed include animal farming, agriculture and
waste disposal. Animal farm effluent is an environmental
concern as it contains high solids, organic matter,
nitrogen (N) and phosphorus (P) which results in high
biochemical oxygen demand (BOD) and low dissolved
oxygen (DO) levels [1- 5]. Moreover, trace metals are often
associated with animal farm effluent which may affect the
water quality of the Serin River. Zn, which is often used as
a feed additive in swine diets to control scours in pigs [6]
and to improve feed efficiency; mostly ends up in the farm
wastewater [3]. Pb and Ni concentrations in contrast were
reported to be typically less than 5 mg/kg dm in
compound and home-mix swine feeds as well as in pig
manures [7]. One mineral supplement sample however was

found to contain 12.9 mg/kg dm Pb while several slurry
samples were found to contain more than 10 mg/kg dm Ni
which are considered high concentrations [7].

Fish farming practices on the other hand often
include the use of feed and fertilizers to promote fish
production and usually only 25 - 30% of N and P in the
feed and fertilizers are recovered in fish at harvest [8].
As such, fish pond effluents contain higher
concentrations of nutrients, organic matter, suspended
solids and plankton that may adversely affect the
receiving water body when it is discharged during harvest
[8, 9]. Crop production similarly poses an environmental
concern as agricultural runoff is associated with increased
P loading in receiving waters [10]. The elevated nutrient
content can accelerate eutrophication in the stream which
will potentially affect the Serin River in terms of decreased
oxygen and water clarity, pH fluctuations and increased
algae growth including toxin-releasing blue-green algae
[11]. Due to the potential environmental concerns
associated with the Serin River, this study aimed to
assess its water quality.
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Fig. 1: The location of each sampling station and human activities in the watershed

MATERIALS AND METHODS

Study Site and Sampling: Seven stations on the Serin
River were selected for this study as shown in Figure 1
where four stations were situated on the main river
(S1, S2, S3 and S4) and three stations were located each
on its tributaries, the Penat River (Pe), Bukah River (Bu)
and Pam River (Pm). Six samplings trips were conducted
between December 2008 and April 2009. Grab samples of
river water were collected using 2L polyethylene bottles
for nutrients analysis. Water samples for heavy metals
analysis were collected in 1L polyethylene bottles and
acidified immediately with concentrated nitric acid to pH
less than 2. All samples were stored in a cooler box at 4°C
before transport to the laboratory for analysis [12].
Temperature, pH and DO were measured in-situ with a
multi-parameter water quality monitor (Y SI 6600).

Laboratory Analysis: Parameters analyzed included
biochemical oxygen demand (BOD), organic (Org-P) and
inorganic (Inorg-P) phosphorus, total ammonia nitrogen
(TAN), organic nitrogen (Org-N), total Kjeldahl nitrogen
(TKN) and trace metals (Ni, Zn, Pb, Cd, Cr and Cu). BOD;
analysis was performed according to [12]. Inorg-P was
analyzed using the Ascorbic Acid method and the
concentration  determined with a spectrophotometer
(Hach DR/2010) [13]. Org-P was calculated as the
difference between total phosphorus (TP) and Inorg-P.
For TP analysis, samples were digested concentrated
nitric acid and concentrated sulfuric acid to oxidize
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organic matter and release organically-bound phosphorus
as orthophosphates and the resulting concentration
determined by ascorbic acid method [12; 13]. For nutrient
analysis, TAN and NO;-N were analyzed according to
Nessler method and cadmium reduction method [13]
respectively while TKN was performed according to
Standard Methods [12]. Then, concentration of Org-N
was taken to be the difference between TKN and TAN.
The water samples for heavy metal analysis were filtered
before analysis using Inductive Coupled Plasma Mass
Spectrometry (ICP-MS) (Shimadzu, ICPM-8500). The
solution was analyzed for Ni, Zn, Pb, Cd, Cr and Cu. All
samples were analyzed in triplicates.

Statistical Analysis: Data were analyzed using two-way
ANOVA. Pairwise comparisons using Least Significant
Difference procedure were also conducted to test for
significant difference between all pairs of stations.
Factor analysis using principal component analysis as
the extraction method was conducted on heavy metals
data to determine the sources of variation. All statistical
analysis was conducted using SPSS version 16.

RESULTS AND DISCUSSION

The mean temperature, pH, DO, BOD;, Org-P and
Inorg-P values are summarized in Table 1. Temperature
ranged from 23.53 at S1 to 25.36°C at S4. However,
analysis indicated that there was no significant difference
among the stations (P = 0.326). The pH values ranged
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Table 1 Mean values of temperature, pH, DO, BODs, Org-P and Inorg-P of seven sampling stations

Stations Temperature (°C) pH DO (mg/L) BOD; (mg/L) Org-P (mg/L) Inorg-P (mg/L)
S1 23.53 +3.07° 6.84 +0.68® 3.67+1.91® 2.05+0.17° 1.41 £ 1.47° 0.21+0.36*
S2 25.26 +1.58° 7.44 £ 0.39° 3.35+£0.90® 1.86 £0.39* 0.45+£0.72° 0.04 £ 0.04*
S3 25.30 £ 1.65° 7.33£0.27* 4.36 +1.69* 2.65+0.79* 0.81 +0.95* 0.10+0.11*
S4 25.36 £ 1.64° 7.32 £0.45° 3.40+1.77® 2.61 £0.76* 0.83 £0.57* 0.04 +0.03*
Bu 24,12 £2.25° 6.87 £ 1.07%® 3.36 £ 1.05%® 7.22+5.11° 1.17 £ 1.69° 0.40 +£0.22°
Pe 24.15 +3.15° 6.47 £1.08° 5.00 +1.27¢ 6.85+6.19° 1.20 £0.47° 0.22 +£0.38°
Pm 24.36 +1.92° 7.26 + 0.46° 224 +1.57° 7.99 + 5.49° 21.11 £35.12° 4.64 +5.02°

*Means within a column followed by the same letter are not significantly different at 5% level

sfrom 6.47 to 7.44 where the highest mean pH was
recorded in S2 while the lowest pH was recorded in Pe.
Mean pH values were significantly lower at Pe when
compared to four other stations (S2, S3, S4 and Pm, 0.044
< P < 0.018). The lower pH at Pe is attributed to the acidic
nature of fish feces and fish feed and the higher
ammonium content that is often found in fish farm effluent
[14]. Autotrophic bacteria consume oxygen to oxidize
ammonium to nitrite and nitrate which consequently
releases hydrogen ions [15] resulting in lower pH.

The mean DO measured ranged from 2.24 to
5.00mg/L. Pe recorded the highest DO attributable to the
higher algae growth due to fish aquaculture found in the
tributary. The higher algae content suggests that
eutrophication is accelerated whereby it causes diurnal
fluctuations in DO concentrations [16]. Mean DO at Pm
on the other hand recorded the lowest DO due to the
animal farm effluent discharged into the tributary.
This is in coherence with the study by Ling et al. [17]
where DO was reported to be lower in the tributary
receiving animal farm effluent. The low DO measured was
most likely due to the increased microbial activity where
microorganisms use up oxygen to degrade the elevated
organic matter in the river [2, 17, 18].

The highest BOD; values was in Pm (7.99 mg/L),
followed by Bu (7.22 mg/L) and Pe (6.85 mg/L). The mean
BOD; values ranged from 1.86 to 7.99 mg/L and both
stations (P = 0.020) and dates (P = 0.037) significantly
affected BOD;. This is because of heavy rainfall bought
about by north east monsoon. BOD; mean values at the
tributary stations were significantly higher than all the
stations along the main river (0.046 < P < 0.014). The
higher oxygen demand in Bu was most likely due to the
elevated nutrients content caused by fertilizer runoff from
the agricultural land located along Bukah River.
According to Turner and Haygarth [10], fertilizers
introduce higher nutrient content which can lead to higher
plant and algal growth. The subsequent decay of the
aquatic plants and algae can result in lower DO and higher
BOD [11]. The higher demand in Pe on the other hand
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concurs with previous studies that fish farms have higher
BOD [8, 9, 19]. The higher oxygen demand was caused by
decomposition of organic matter including microbial
respiration of feces and waste feed [20]. The higher
demand at Pm was most likely caused by the animal farm
effluent discharge which elevated the nutrient and organic
matter in the tributary [2, 4, 17]. The study of animal farm
oxidation pond efficiency around that area indicated
that BOD; values of effluent ranged from 8.2 mg/L in the
3-pond system to 82.6 mg/L in the 2-pond system and that
the effluent was still high in nutrients [18]. The higher
nutrient content elevates the plant and algae biomass that
can result in algal blooms that decreases the DO and
escalates the demand [4]. The higher organic matter
content prompts the rapid growth of microorganisms [5].
The microorganisms rapidly consume oxygen in order to
degrade the organic matter in the tributary which then
results in a higher oxygen demand [2].

Mean Org-P ranged from 0.45 to 21.1 mg/L where the
highest value was recorded in Pm and the concentration
at station Pm was significantly higher than the rest of the
stations (P < 0.050) (Table 1). Pm also recorded the
highest Inorg-P value (4.64 mg/L) while the rest of the
stations ranged from 0.04 to 0.40 mg/L and the mean value
at station Pm was significantly different from all the other
stations (P < 0.050). The high Org-P and Inorg-P content
measured in station Pm was consistent with previous
studies which reported that animal farm effluent elevates
nutrient content, especially P, N and K in receiving waters
[3, 5]. The study of animal farm oxidation pond efficiency
indicated that total phosphorus concentration flowing
into oxidation ponds ranged from 157 to 258 mg/L whereas
in the pond outflow it ranged from 12.2 mg/L in the 3-pond
system to 96.3 mg/L in the 2-pond system without solid-
liquid separator [18]. The exceptionally high
concentrations at Pm also suggested that an overflow of
oxidation ponds could have occurred at the animal farms
as some of the sampling dates coincided with high
precipitations and oxidation ponds were likely not able to
contain the surge in inflow due to their small size and
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Table 2:Mean values of different forms of nitrogen of the seven sampling stations

Mean concentration (mg/L)

Station TAN NO;-N Org-N TKN
S1 0.1140.08° 0.02+0.02° 0.92+0.72¢ 1.03+£0.65°
S2 0.16+0.06° 0.04:0.04® 1.1940.55° 1.35+0.54°
S3 0.27+0.19° 0.05£0.042¢ 0.99+1.17° 1.26£1.10°
S4 0.16+0.09° 0.050.032¢ 0.91+0.58° 1.07+0.61*
Bu 0.35+0.13¢ 0.09+0.07¢ 0.24+0.24* 0.59+0.18*
Pe 0.1940.08° 0.01+0.02° 0.66+0.55° 0.85+0.47*
Pm 2.61£1.75° 0.08+0.02% 3.90+5.64° 6.51£7.06°
Means within a column followed by the same letter are not significantly different at 5% level
Table 3: Mean values of different trace metals of the seven sampling stations

Mean concentration (pg/L)
Station Ni Zn Pb Cd Cu Cr
S1 11£52 85+61° 18+10* 2422 14+ 6* 24431°
S2 1242 1194942 114+£222 4+6* 84+ 143 T£T7*
S3 15+3¢ 100+76° 75+98¢ 5+6° 28+ 25° S5+ 10
S4 1444 128+115° 45+59° 2+1° 26+ 25° S5+ 10
Bu 18+4% 79+64* 23+16° 4+1° 12+ 4 6+ 4*
Pe 20+2¢ 95+39* 48+55° 13+12° 22+ 20° 7£3°
Pm 1840 68+37¢ 18+6° 2+1* 96+ 126* 7+ 3¢
Drinking water standard
USA” - - 15 5 1300 100
WHO™ 20 3000 10 3 2000 50

Means within a column followed by the same letter are not significantly different at 5% level

"Maximum Contaminant Level, USEPA [34]
“*Guideline value, WHO [35]

large volume of sludge [18]. January 10 recorded the
highest precipitation (187.0 mm) in the month of January
while March 13 recorded the second highest precipitation
(53.8 mm) in the month of March according to the Sarawak
Meteorological Department. High rainfall has been
reported to cause overflows which subsequently pollute
receiving waters with animal wastewater [21].

In addition, nitrogen analyses results indicated that
the Pm station had highest mean TAN, Org-N and TKN
concentrations (Table 2) and were significantly higher
than other stations (P<0.038). This is most likely due to
the wastewaters discharged from the pig farm which
contains high concentrations of N containing compound
[5]. Furthermore, Olajire and Imeolparia [22] and
Tchobanoglous et al. [23] reported that one of the main
sources of TAN is animal farming. According to the study
of oxidation pond effluent from pig farms with different
ponds systems, total nitrogen was reported to range from
45.6 to 177.9 mg/L [18]. High proportions of Org-N was
also found at S1 which was near the village (89.3%), S2
(88.1%) and S4 (85%). The village and human activities

nearby those stations have likely contributed to the
higher Org-N concentrations. At the Bu station, the
lowest proportion (40.7%) of Org-N and the highest
concentration of NO;-N (0.09 mg/L) were observed.
This was most likely contributed by the inorganic
nitrogen fertilizer used in the agricultural land located
along Bukah River delivered to the river through runoff.

The mean concentrations of heavy metals are shown
in Table 3. The abundance of trace metals in the stations
were in decreasing order of Zn>Pb>Cu>Ni>Cr>Cd.
Among the stations, mean metals concentrations were in
decreasing order of S2>S3>S4>Pm>Pe>S1>Bu.

Ni concentrations were the highest at the three
tributary stations where Pe was the highest followed by
Pm and Bu. Ni at Bu is attributable to phosphate fertilizers
used for crops [24]. Different plant constituents in animal
feed and minerals were reported to contain Ni [7].
Therefore, it is not surprising that those tributaries with
animal (chicken, pig and fish) farming have higher
concentrations of Ni than the other stations on the
main river.

499



World Appl. Sci. J., 8 (4): 496-502, 2010

Table 4: Principal component analysis extracted values of various factor analysis parameters for the 7 sampling stations

Total variance explained before rotation

Total variance explained after rotation

Extraction sums of squared loadings

Rotation sums of squared loadings

Component Total % of variance Cumulative % Total % of variance Cumulative %
1 2.10 34.95 34.95 2.00 33.31 33.31
2 1.94 32.33 67.28 1.95 32.48 65.79
3 1.21 20.24 87.52 1.30 21.73 87.52

The highest concentration of Zn was found in
S4 followed by S2. Both stations with high Zn content
were near the area of heavy traffic, by the road side.
Davis et al. [25] reported that automobile brakes, tires
and engine oil contributed Zn, Cu, Pb and Cd the most
abundant of which was Zn. The high Zn at both stations
could also be due to the corrosion of the metal bridges as
Zn is commonly used for galvanizing iron and steel [26].
Station S2 has much higher Pb and Cu than S4 likely due
to recreational fishing practised by locals near that
station. The higher Pb is likely due to vehicular
contribution and angling equipment which has been
reported to contain lead in various components such as
weights, split shots, pirks and downriggers [27]. Lead
fishing weights may be lost into streams and corrode into
more toxic forms besides increasing the Pb concentration
in receiving waters [27, 28]. Near station S2, there was a
bridge and vehicles had to apply brake which probably
contributed more Pb than station S4. Since Pm showed the
lowest Pb concentration, the high levels of Pb found in
S3 could be attributed to the waste found near the
sampling station where old computers, glass bottles and
old tyres had been discarded and contributions from
station S2. Computers often contain trace metals such as
Pb [29] which could account for the increased Pb
concentration in S3.

Cu was the highest at station Pm, downstream
of pig and chicken farm and Cd was the highest at Pe
where fish were cultured. This is most likely due to the
addition of Cu to animal feed and Cd could be
present in feed due to plant uptake of Cd from the
agricultural land [7]. As a consequence, animal faeces
and urine contained large amount of Cd and Cu [30-32].
Menduguchia et al. [33] reported that samples of fish feed
presented high levels of Zn and Cu and low concentration
of Pb and Cd was found in fishmeal [7]. The highest Cr
concentration was detected at S1 which might be due to
the corrosion of steel and iron from the school and village
buildings which were located near to this station.
According to McGrath [24] steel and iron are major
anthropogenic source of Cr as Cr is used in alloy steels
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and the proportion was reported to be 10-26%. Even
though Pm was the highest in BOD;, Org-P, Inorg-P, TAN,
the concentrations of Ni, Zn, Pb and Cd were not higher
than that of Pe. This is likely due to the treatment of
wastewater by oxidation ponds in the animal farms [18].
As a result, some metals might have been retained in the
oxidation ponds.

Factor analysis indicates that there are three
components with eigenvalues > 1 and they explained
87.5% of the total variance in the heavy metals measured
(Table 4). The three component scores are expressed in
equations [1,3].

C,=0.87Pb+0.85Zn—0.23 Cr— 0.64 Ni - 0.22 Cd + 0.34 Cu [1]
C,=0.34Pb+0.14 Zn - 0.83 Cr+0.75 Ni+0.73 Cd + 0.12 Cu [2]
C;=0.05Pb +0.39 Zn +0.25 Cr — 0.13 Ni + 0.46 Cd - 0.87 Cu [3]

The first component accounted for 33.3% of the
variation and was positively correlated with Pb and Zn.
This component indicates vehicular contribution. The
second component accounted for 32.5% of the variation
and was positively correlated with Ni and Cd but
negatively correlated with Cr. The higher the score of this
component, the more likely it is associated with
agriculture where chemical fertilizers were used. The
negative correlation with Cr indicated that the lower the
score, the more likely the station is involved in human
settlement such as villages and schools. The third
component accounted for 21.7% of the total variation and
it was negatively correlated with Cu indicating that the
lower the score, the more likely the station is involved
with animal and fish farming.

Comparisons with drinking water quality criteria
indicate that NO,-N concentrations (Table 2) complied
with the Maximum Contaminant Level (MCL) of 10 mg/L
set by USEPA [34] (Table 3). For trace metals, Ni, Cu and
Cr complied with both WHO guideline value [35] and
MCL set by USEPA [34]. For Cd, all the stations complied
with MCL of USEPA except the Pm station. For Pb,
concentration at all stations exceeded the MCL of
USEPA [34].
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CONCLUSIONS

DO of the Serin River at most of stations were below
the minimum required for healthy aquatic life. Organic
matter and nutrients parameters were higher nearby areas
of animal farming, fish farming, agricultural crops and
residential areas. Trace metals were also impacted by such
activities. Tributaries showed the higher organic matter,
nutrients and some of the trace metals than the main river.
Stations by the road showed high zinc, lead and copper
indicating the impact of vehicles on trace metals in the
river. Principal component analysis classified the heavy
metals. Effluent from animal and fish farms need to be
treated, solid waste need to be recycled and stormwater
need to be treated to protect the water quality.

ACKNOWLEDGEMENT

The authors acknowledge the financial assistance
provided by Universiti Malaysia Sarawak and the
Malaysian Ministry of Science, Technology and
Innovation (e-sci 06-01-09-SF0026).

REFERENCES

1. Elewa, A.S.A,, M.B. Shehata, L.F. Mohamed,
M.H. Badr and G.S.A. Aziz, 2009. Water quality
characteristics of the River Nile at Delta Barrage with
Special Reference to Rosetta Branch. Global J.
Environmental Res., 3(1): 1-6.

2. Ainon, H., A.A. Mohd-Jefrin and T.Y. Ling, 2005.
Comparison of Modern and Traditional Pig
Wastewater Treatment in Serian, Sarawak. Malaysian
Applied Biol., 34(2): 75-82.

3. Wang, H., G.N. Magesan and N.S. Bolan, 2004.
An overview of the environmental effects of land
application of farm effluents. New Zealand 1J.
Agricultural Res., 47: 389-403.

4. Kinson, T., T. Greer and S. Mohamad, 2001.
Water Effluent from Pig Farms in Sabah - A
Preliminary Investigation of Key Environmental
Issues. Sabah, Malaysia: State Environmental
Conservation Department (ECD).

5. Hooda, P.S., A.C. Edwards, H.A. Anderson and
A. Miller, 2000. A review of water quality concerns in
livestock farming. The Science of the Total
Environment, 250: 143-167.

6. Nicholson, F.A., S.R. Smith, B.J. Alloway, C. Carlton-
Smith and B.J. Chambers, 2003. An Inventory of
Heavy Metals Inputs to Agricultural Soils in England
and Wales. Science of the Total Environment,
311:205-219.

501

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

2 496-502, 2010

Nicholson, F.A., B.J. Chambers, J.R. Williams and
R.J. Unwin, 1999. Heavy Metal Contents of Livestock
Feeds and Animal Manures in England and Wales.
Bioresource Technol., 70: 23-31.

Boyd, C.E., 2003. Guidelines for Aquaculture Effluent
Management at the
226:101-112.

Lin, C.K. and Y. Yi, 2003. Minimizing Environmental
Impacts of Freshwater Aquaculture and Reuse of
Pond Effluents and Mud. Aquaculture, 226: 57-68.
Turner, B.L. and P.M. Haygarth, 2000. Phosphorus
Forms and Concentrations in Leachate under Four
Grassland Soil Types. Soil Science Society of
America J., 64: 1090-1099.

Sharpley, A.N., S.C. Chapra, R. Wedepohl, J.T. Sims,
T.C. Daniel and K.R. Reddy, 1994. Managing
Agricultural Phosphorus for Protection of Surface
Waters: Issues and Options.
Quality, 23: 437-451.

APHA, 1998. Standard Methods for the Examination
of Water and Wastewater (20th ed.). Washington
DC: American Public Health Association.

Hach, 1996. Manual for Hach Spectrophotometer
DR2010. USA: Hach Company.

Tovar, A., C. Moreno, M.P. Manuel-Vez and
M. Garcia-Vargas, 2000. Environmental Impacts of
Intensive Aquaculture in Marine Waters. Water Res.,
34(1): 334-342.

Hochheimer, J.N. and F. Wheaton, 1998. Biological
Filters: Trickling and RBC Design. Proceedings of the
Second International Conference on Recirculating
Aquaculture pp: 291-318. Virginia:
Polytechnic Institute and State University.
Smith, V.H., G.D. Tilman and J.C. Nekola, 1999.
Eutrophication: Impacts of Excess Nutrient Inputs on
Freshwater, Marine and Terrestrial Ecosystems.
Environmental Pollution, 100: 179-196.

Ling, T.Y., HW. Layang, Y.P. Then and K. Apun,
2006. Impacts of Pig Farming on the Water Quality of
Serin River, Sarawak Sains Malaysiana, 35(1): 45-50.
Ling, T.Y., C.F. Liew and A. Modingin, 2007.
Optimization of Oxidation Pond Efficiency in Animal
Farm Wastewater Treatment J. Engineering Sci.,
3:51-61.

Troell, M., C. Halling, A. Nilsson, A.H. Buschmann,
N. Kautsky and L. Kautsky, 1997. Integrated Marine
Cultivation of Gracilaria chilensis (Gracilariales,
Rhodophyta) and Salmon Cages for Reduced
Environmental Impact and Increased Economic
Output. Aquaculture, 156: 45-61.

Farm-level. Aquaculture,

J. Environmental

Virginia



20.

21.

22.

23.

24.

25.

26.

27.

28.

World Appl. Sci. J., 8 (4): 496-502, 2010

Yan, N.D., 2005. Research Needs for the Management
of Water Quality Issues, particularly Phosphorus and
Oxygen Concentrations, related to Salmonid Cage
Aquaculture in Canadian Freshwaters. Environmental
Review, 13: 1-19.

Burkholder, J., B. Libra, P. Weyer, S. Heathcote,
D. Kolpin, P.S. Thorne and M. Wichman, 2007.
Impacts of Waste from Concentrated Animal Feeding
Operations on Water Quality. Environmental Health
Perspectives, 115(2): 308-312.

Olajire, A.A. and F.E. Imeokparia, 2007. Water quality
assessment of Osun River: Studies on inorganic
nutrients. Environmental Monitoring and
Assessment, 69: 17-28.

Tchobanoglous, G., H. Theisen and S.A. Vigil, 1993.
Integrated Solid Waste Management: Engineering
Principles and Management Issue. New York:
McGraw Hill, pp: 50-85.

McGrath, S.P., 1995. Chromium and Nickel. In
B.J. Alloway, Heavy Metals in Soils. Chapman and
Hall, London, pp: 152-174.

Davis, A.P., M. Shokouhian and S. Ni, 2001.
Loading estimates of lead, copper, cadmium and

zinc in urban runoff from specific sources.
Chemosphere, 44(5): 997-1009.
Cheung, K.C., B.H.T. Poon, C.Y. Lan and

M.H. Wong, 2003. Assessment of metal and nutrient
concentrations in river water and sediment collected
from the cities in the Pearl River Delta, South China.
Chemosphere, 52: 1431-1440.

European Commission, 2004. Advantages and
Drawbacks of Restricting the Marketing and Use of
Lead in Ammunition, Fishing Sinkers and Candle
Wicks. EU: European Commission.

Roux, K.E. and P.P. Marra, 2007. The Presence and
Impact of Environmental Lead in Passerine Birds
Along an Urban to Rural Land Use Gradient.
Archives of Environmental Contamination and
Toxicol., 53: 261-268.

502

29.

30.

31.

32.

33.

34.

35.

Wong, C.S., S.C. Wu, N.S. Duzgoren-Aydin,
A. Aydin and M.H. Wong, 2007. Trace Metal
Contamination of Sediments in an E-waste
Processing Village in China. Environmental Pollution,
145(2): 434-442.

Chadwick, D.R. and S. Chen, 2002. Manures. In
Haygarth, PM. and S.C. Jarvis. Agriculture,
Hydrology and Water Quality. New York: CABI
Publishing, pp: 107-129.

Li, Y., D.F. McCrory, J.M. Powell, H. Saam and
D. Jackson-Smith, 2005. A survey of selected heavy
metal concentrations in Wisconsin dairy feeds. J.
Dairy Sci., 88: 2911-2922.

Vries, W.D., P.F.A.M. Romkens, T.V. Leeuwen and
J.J.B. Bronswijk, 2002. Heavy Metals. In P.M.
Haygarth and S.C. Jarvis, Agriculture, Hydrology
and Water  Quality. New York: CABI
Publishing, pp: 207-239.

Mendiguchia, C., C. Moreno, M.P. Manuel-Vez and
M. Garcia-Vargas, 2006. Preliminary investigation on
the enrichment of heavy metals in marine sediments
originated from intensive aquaculture effluents.
Aquaculture, 254: 317-325.

US Environmental Protection Agency, 2009.
National Primary Drinking Water Regulations.
EPA 816-F-09-004. Office of Drinking Water,
Washington DC. Retrieved July 23, 2009, from
http://www.epa.gov/safewater/contaminants/index.
html#1.

WHO, 1993. Guidelines for Drinking Water Quality,
Vol. I, World Health Organization, Geneva.



