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Abstract: Problem statement: Shrimp farming has rapidly developed in coastaharef the World
Heritage-listed Ha Long Bay since the last dec&dfuent discharged from shrimp farms with high
levels of nutrient waste may cause eutrophicatioreceiving waterways. Therefore, assessing water
quality at tidal creeks receiving shrimp farm edfli in coastal areas of Ha Long Bay supports
environmental protection and decision making fastaimable development of the regidpproach:
Water samples were collected at 3 different locetifor spatial assessment: inside sections of sreek
directly receiving farm effluent (IEC), from mairreeks adjacent to points of effluent discharge
outside concentrated shrimp farms (OEC) and a fdamleters away from shrimp farm (ASF).
Samples were taken on 3 occasions for temporasss@mt. Parameters related to nutrient waste from
shrimp farms, including: Total Ammonia Nitrogen (W} Nitrite-Nitrogen (NO2-N), Nitrate-Nitrogen
(NO3-N), Total Phosphorus (TP), Dissolved Orthogthade (PO4-P), Biochemical Oxygen Demand
(BOD), Chemical Oxygen Demand (COD), Total Suspen&elid (TSS), Chlorophyll-a (Chl-a),
Temperature, Salinity, pH and Dissolved Oxygen (D@ye determined using standard methods.
Results: There were statistically significant differencesthe concentrations of TAN, NO2-N, NO3-
N, TP, PO4-P, BOD, COD and Chl-a among IEC, OECF Afd the levels of these parameters
increased after shrimp crops, especially afterntfaén shrimp crop of the season in North Vietham.
The concentrations of TAN, NO3-N, TP, BOD, COD, @hlTSS at IEC sites were higher than
recommended for protecting aquatic ecosystems.cipah Component Analysis (PCA) efficiently
summarized patterns of co-variation in water qughiirameters among locations and study times.
Conclusion/Recommendations. The findings of this study indicate that greateraeeness of the
environmental impacts of shrimp farms is requirfetthis industry is to be sustainable and if thehhyg
valued marine ecosystem of Ha Long Bay is to béegted for the future.
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INTRODUCTION waste feed, shrimp faeces and excreta that canttead
) ) _ nutrient enrichment, eutrophication and increased
Shrimp farming has rapidly expanded over the lassyspended solids in receiving waters (Boyd and Gree
two decades, with the total world cultured shrimp2002; Jacksomt al., 2003; Senarath and Visvanathan,
production reaching 3.4 million tonnes, valued @ro  2001).
14 billion USD in 2008 (FAO, 2010). However, the  Studies have revealed that a large portion oftinpu
industry is receiving increasing criticisms as wd#fit  nitrogen and phosphorus into shrimp ponds as feed i
discharged from shrimp farms can be a major soofce not converted to shrimp biomass, but is releaséal in
pollution in estuarine and marine ecosystems ([Rigrb the environment (Briggs and Funge-Smith, 1994,
and Kiattisimkul, 1996; Flaherty and Karnjanakesorn Funge-Smith and Briggs, 1998; Jackssinal., 2003;
1995; Graslundet al., 2003; Paez-Osuna, 2001; Paez-Martin et al., 1998; Paez-Osuret al., 1997; Teichert-
Osunaet al., 1998; 2003; Senarath and VisvanathanCoddingtonet al., 2000; Thakur and Lin, 2003; Xt
2001). Pollution from shrimp farms is in the forrh o al., 2004; Paez-Osuna and Ruiz-Fernandez, 2005); and
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therefore the waters receiving farm effluent oftave Water samples were collected at 3 different
elevated levels of nutrients leading to excess amym locations for spatial assessment of water qualityide
productivity (Anh et al., 2010; Biaoet al., 2004; channels or creeks receiving effluent directly from
Costanzoet al., 2004; Guerrero-galvaet al., 1998; shrimp farms (IEC), from main creeks adjacent to
Lemonnier and Faninoz, 2006; Jones al., 2001; points of effluent discharge outside shrimp farms
McNevin, 2004; Nguyen, 2008; Rodriguez-Galleggo (OEC) and a few kilometers away from shrimp farms
al., 2008; Samocha and Lawrence, 1995; Samatha (ASF) as reference sites (Fig. 1). Geographical
al., 2004; Islamet al., 2004; Trott and Alongi, 2000; coordinates of sampling sites were marked using a
Tookwinas, 1998). The temporal and spatial scale oGlobal Positioning System (GPS) for re-monitor and
such impacts, however, vary considerably depending future work with maps and images.
farm management practices, the number, scale and In order to investigate temporal impacts of shrimp
proximity of shrimp farms, farm flushing rates and farming activities, water samples were collected3on
carrying capacity of receiving water bodies (Setlara occasions in 2009: before the shrimp growing season
and Visvanathan, 2001). Hence, spatial and temporalhen shrimp farms have been idle during the winter
assessment and monitoring of coastal aquatiseason (end of winter, dry season-March 2009)-TO;
environments in shrimp farming areas are esseiftial after the harvest of first shrimp crop (during the
estuarine and marine ecosystems are to be protasted summer, raining season-August 2009)-T1 and after
economic development of coastal areas is to béhe harvest of second shrimp crop (beginning of the
sustainable (Boyd and Green, 2002). winter, dry season-December 2009)-T2. Sampling
As with many other tropical and sub-tropical was carried out under the same tidal conditions
countries with an extensive coastal line, shrimmfag  (middle to low tide of spring tide) (US-EPA, 2001).
activity has developed rapidly in Vietham includiimg , )
the coastal areas of the World Heritage-listed ldag. AASSessment of water quality: Sampling procedures and

: ; . analyses were based on “Standard Methods for the
Elﬁ‘\yf’l %lé%?_g ZI\CI)ISQ) p;\(:]\gggle C(L(J:llfrﬁj sﬁ?rib%?gdﬁingExamination of Water and Wastewater” (Clesceri and

: ; : Franson, 1998) and “Nutrient Criteria Technical
the Quang Ninh province increased gradually fror@ 90 Guidance Manual Estuarine and Coastal Marine Waters

tonnes in 2001, reaching a peak of 7126 tonne®07 2 .
) . . US-EPA, 2001). Parameters for water qualit
and has slightly declined since then (GSOV, 2009), gssessment comz)rised: water temperature, salp?iiy, Y

which nearly half is from Ha Long Bay region. Itfa  pjgqoved Oxygen (DO), Total Ammonia Nitrogen
S(_elf pollution an(_j sustalngblhty is a critical ussfor the TAN), nitrite nitrogen (NO2-N), nitrate nitrogeiNQ3-
V_|etnamese shrimp farming as many farms supply an ), dissolved orthophosphate (PO4-P), Total Phasgsho
dlsc_h_arge water from the same_creek system. |r(l'|'p)’ Chemical Oxygen Demand (COD), Biochemical
addition, effluent released from shrimp farms tbget Oxygen Demand (BODS5), Total Suspended Solid (TSS)
with other activities (agriculture, mining, tourisiiish  and chlorophyll-a (Chl-a) (ANZECC-ARMCANZ, 2000;
cage culture, industry and sewerage) potentiallBoyd and Green, 2002; US-EPA, 2001; EPA-Victoria,
contributes to a decline in water quality in cohstad  2001). Field measurements consisted of water
marine ecosystems of the World Heritage-listed Haemperature, salinity, pH and DO.

Long Bay, a region which attracts millions of natb Salinity was measured by salinity refractometer
and international visitors each year (PCQNP, 2010  (ATAGO S/Mill-E); pH water was measured by pH
study, therefore, aims to investigate the impadis ometer (WTW 315i); DO and water temperature were
effluent discharged from shrimp farms on water ipial measured by DO meter (YSI 55). Two 1000 mL
of receiving Waterways in the Ha Long Bay area,plastlc bOttleS were filled fU”y with Wa'Fer fromaeh
thereby contributing essential information for Sample station, labeled and stored on ice for parts
environmental  protection,  sustainable  coastaf© the laboratory for water quality analysis.

development and management in the region. Water Samp'es were analyzed, using
spectrophotometric determination, for TAN by phenat

method (Clesceri and Franson, 1998); NO2-N by

MATERIALSAND METHODS diazotization method (Clesceri and Franson, 1998);

NO3-N py cadmium reduction, diazotization method_

Study sites and sampling plan: Two study sites were (Cleﬁcgrlénd Fr?‘”S?j”'F 1998); F,BSBP _?_3(3 el;scorbnt ﬁ}c'
chosen in coastal areas of Ha Long Bay (N20°53’60”met od (Clesceri and Franson, ); y persulia

e . .~ digestion method for preliminary step and then dsico
E107°5'60") (UNESCO, 2010) in concentrated shrimp acgid method (Clescelii and Fr}a/msoﬁ, 1998); Chl-a by

farming areas with independent creek systems (B&c C GF/C glass fiber filtration, acetone extractiongleri
Luc and Yen Hung) (Fig. 1). and Franson, 1998).
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Fig. 1: Study area within the coastal zone of Had-®ay and enlargements showing sampling sitesiwitie
Yen Hung and Bac Cua Luc creek systems. Trianglesles and stars are sampling sites located inside
effluent channels or creeks (IEC), outside efflueneieks (OEC) and away from concentrated shrimmsfar
(ASF), respectively. (ALOS image captured in O@20

COD was analyzed by alkaline permanaganat®utliers were detected by boxplots; multivariatdliets
oxidation method (Doan, 2001); BODS5 by incubatihg a were identified by Mahalanobis distances. Extreme
20°C for 5 days with the measurement of dissolvecbutliers were checked for data entry or other sreord
oxygen before and after incubation (Clesceri andextreme outliers were excluded from statisticallgses
Franson, 1998); TSS by GF/C glass fiber filtratoomd  to avoid spurious statistical results in parametric
dried at 103°C for 1- 2 h and weighed (Clesceri anchnalyses (Hibbert and Gooding, 2006; Quinn and
Franson, 1998). Keough, 2002; Zar, 1999; Zuaral., 2007).

One way ANOVA was used to test for significant
Data analyses:. Water quality data were recorded, differences (p<0.05) of marginal means of watediua

summarized and analyzed using Microsoft Excel 200%ariables at 3 different locations (IEC, OEC, AS#)
and PASW Statistics 18 (Predictive Analytics Sofeya ggch study time. Post hoc analysis with Tukeytest

formerly named SPSS) (Field, 2009). . : . :

As the two sampling areas (Yen Hung and Bac Cuaaimd Bonferroni corrections (if equal variances Emamh)
Luc) are not far from each other (Fig. 1) and anq Tamhane and Games-Howell .tests. (if equal
preliminary data analayses with Mann-Whiteney U tesVariances not assumed) were used to identify wiere
of the two data sets of IEC/OEC/ASF measurementdifferences lay (Field, 2009).
between these two areas showed no significant Repeated Measures ANOVA (RM-ANOVA)
differences (p>0.05) for most of variables undedgt  (p<0.05) was used for temporal analysis of variglaie
data from these two areas were pooled for staistic TO, T1, T2 as this involved time series measurement
analyses. Shapiro-Wilk tests and graphical plotsewe from the same sites (Field, 2009; Ennos, 2007).'880x
used to explore the distribution of data. Levertest M test was used to determine if multivariate (time
was used to test homogeneity of variances. Unitaria series and location factors) rather than univarjatdy
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time series) tests could be applied in RM-ANOVA Dissolved oxygen and pH: Dissolved oxygen levels
analysis. In cases where multivariate test canmot bvaried among study times with lowest average DO
applied due to violation of its assumption, datareve measured at T1 (6.41 mg*) compared to TO (7.05 mg
split into spatial groups (IEC, OEC, ASF) for the L™) and T2 (7.15 mg T). DO levels at IEC were
comparison of means over the study time seriesgusi generally lower than those found at OEC and ASH.(Fi
separated RM-ANOVA analyses for univariate tests2c). ANOVA analysis indicated that DO concentrasion
Mauchly’s Test tests for sphericity within-subjeéts  were significantly different among IEC, OEC, ASF
repeated measurement data (TO, T1, T2); if spherici locations at TO, but were not significantly diffateat
was violated, epsilons of Greenhouse-Geisser, Huynh  T1, T2. RM-ANOVA analysis showed significant
Feldt and Lower-bound were used for the adjustmendifferences in the mean DO in study creeks between
and interpretation of statistical results. If thevas a  study times.

difference, a follow-up pairwise comparison usihg t pH values showed a general increase from TO-T2
Bonferroni correction and LSD test were used towith average pH ranging from 7.35-7.97 (Fig. 2d).
identify where the differences in the time seriag | There were no significant differences in the meé&h p
(Field, 2009). Splitting data into location grouped among IEC, OEC, ASF locations at TO, T2; however,
then running separated RM-ANOVA analysis for eachafter the first shrimp crop (T1), pH values at Ia€re
IEC, OEC, ASF location were not only used to dealsignificant lower than those at OEC and ASF. RM-
with the violation of multivariate test as mentione ANOVA analysis indicated that pH values were
above, but also used to identify where the diffeesnof  significantly different among study times, with an
the interaction between times and locations in thenteraction between study time and location.
multivariate tests lay or to identify changes atlea

location over the study times. : ST . ;
For variables that did not fulfill the normality Dissolved 1norganic Nitrogen (DIN): Total Ammonia

assumptions,  even  after  testing different \'rogen (T'A_‘lN) varied from 0.005 mg't (ASF, T2) to
transformations, non-parametric tests were applied®-728 mg L* (IEC, T0) and the mean values were
Kruskall-Wallist test (p<0.05) was used to identify generally highest at IEC and lowest at ASF at taitlyg
differences in the medians of measurements amongmes (Fig. 3a). Before shrimp crop (T0), ANOVA
IEC, OEC, ASF locations for each sampling time.analysis indicated no significant differences ia thean
Friedman test (p<0.05) was used to investigate th& AN among IEC, OEC, ASF locations. After shrimp
differences in the medians of measurements betwee(g}opS (T1, T2), concentrations of TAN were sigrific
TO, T1, T2 study times for each location (EnNoN20 ifrerent among IEC, OEC, ASF locations. Resultsrir
Graham, 1993; Quinn and Keough, 2002; Zar, 1936). | RM-ANOVA analysis showed that TAN concentrations.

order to provide an overview of the patterns ofatoon . N .
in water quality parameters within and betweenssite IN Study creeks were not significantly differentveen

and among sampling times, a Principal Componeniro and T1_. However, a significant difference in TAN
Analysis (PCA) was carried out (Quinn and Keough,concentrations was detected between T1 and T2.

2002; Zuuret al., 2007). Nitrite-nitrogen (NO2-N) ranged from 0.002-0.081
mg L™ and was highest at IEC sites, especially after
RESULTS shrimp crop (T1, T2) and lowest at ASF sites (Big).

Temperature and salinity: Water temperature varied ANOVA analysis indicated that there were significan
between sampling times, but showed only limiteqdifferences in NO2-N concentrations between ASF and

variation among study sites, within and betweenlEC, OEC (sites surrounding shrimp farms), except f
locations (Fig. 2a). RM-ANOVA analysis found that those of ASF and OEC at T2. At TO and T1, NO2-N
there were significant differences in the meanlevels in creeks surrounding shrimp farms (IEC, QEC
temperature among study times, with averagevere not significantly different; however, at T2, a
temperature ranging from 19.1-30.9°C. No difference significant difference was found. RM-ANOVA analysis
were apparent between locations. showed significant differences in the mean NO2-N at
_Salinity was highest at TO, T2 and lowest at Tliec pefore and after shrimp crops, but no significa
during the wet season (Fig. 2b), with the averageyitrerence was detected between T1 and T2. However,

S . o _
Sianifitant difierences in the mean saliny amogg, & OEC and ASF_locations, NOZN_levels were
' significant higher at T1 in comparison to TO, T2.

OEC, ASF locations at most study times, excepttier . ) . .
first observation (TO) for which salinity was The highest concentration _?f nitrate-nitrogen
significantly higher at ASF sites. Results from fi-  (NO3-N) observed was 0.456 mg-L(IEC, T2), the
ANOVA analysis showed significant differences irth lowest was 0.010 mg™t (OEC, T0), with mean values
mean salinity among study times. increasing after shrimp crops (T1, T2) (Fig. 3c).
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NO3-N means at IEC were significantly higher There were significant differences in the mean
than those found at OEC and ASF at TO and T2COD among IEC, OEC, ASF locations at all study
however, after first shrimp crop (T1), no signifita times with IEC> OEC> ASF (Fig. 4b). RM-ANOVA
differences were observed for NO3-N levels amongnalysis showed that there were significant difiees
IEC, OEC, ASF location (0.174, 0.166, 0.152 mg,L in mean COD between study times in surrounding
respectively). RM-ANOVA analysis indicated that the concentrated shrimp farms (IEC, OEC), but thateher
mean NO3-N was significantly lower before shrimpwere no significant differences in mean COD at ASF
crop (TO) compared to after shrimp crops (T1, T&). among study times.

OEC and ASF locations, the mean NO3-N at T1 was
significantly higher than those found at T2. Total Suspended Solids (TSS) and Chlorophyll-a
(Chl-a);: The mean TSS in IEC increased from TO (122
Total Phosphorus  (TP) and dissolved mg L™) to T2 (147 mg [') while those of OEC and
orthophosphate (PO4-P): Total phosphorus ranged ASF showed little difference between T0 (121 mg)L
from 0.005-0.162 mg T, with concentrations and T1 (117 mgT) with higher values observed at T2
surrounding shrimp farms (IEC, OEC) generally (137 mg L) (Fig. 4c). ANOVA analysis indicated that
increasing after Shrimp crops (Tl, T2) (F|g 3d)TSS levels among |EC, OEC, ASF locations were not
Before shrimp crop (T0), mean TP at IEC (0.057 mgsignificantly different at TO and T2, but were
L™ was not significantly different from OEC (0.044 Significantly different at T1 (IEC> OEC> ASF). RM-
mg L), but was significantly higher than at ASF ANOVA anegS|s showed that there were &_gmﬁcapt
(0.033 mg LY). After shrimp crops, TP concentrations differences in the mean TSS among study times with

were significantly different among IEC, OEC, ASF T2 having the highest values.

locations, except for between OEC and ASF at T2 Chl-a values showed considerable variation both
RM-ANOVA analysis indicated that for creeks within and between study times ranging from 0.535-

surrounding  shrimp farms (IEC, OEC) TP 36.086 ug L™ The most substantial variation was
concentrations at TO were significant lower thaosth ~Petween before shrimp crop (T0) and after shringpsr
measured at T1, but not different to those at TR. T (T1, T2), especially at the IEC location (Fig. 4d).
concentrations at ASF did not differ statisticalljong ANOVA analysis showed significant differences i th
study times. means of Ch-a among IEC, OEC, ASF locations at all

The means of dissolved orthophosphate werétudy times. While the only non signifi_ciant diffece
highest at IEC (0.006-0.009 mg ™) and lowest at ©f Chl-a levels between IEC (3.5Qfy L) and OEC
OEC and ASF (0.001-0.003 mg™) (Fig. 3e). (2.079ug L™ was at TO, the pattern of variation was
Kruskall-Wallis test showed that there werethe same among study sites with Chl-a levels at IEC
significant differences of PO4-P concentrations agno  Significant higher than those found at OEC and ASF.
IEC, OEC and ASF locations at TO and T2, but not aRM-ANOVA analysis showed that there were no
T1. Pairwise comparisons indicated that POA4-psignificant differences in Chl-a at ASF over thedst
concentrations at IEC were significant higher thantimes, but that there were significant differences
those at OEC and ASF at TO and at OEC at T2between observations for Chl-a levels in creeks
Friedman tests showed no significant differences irfurrounding shrimp farms (IEC, OEC) with by far the
PO4-P concentrations among study times. highest values recorded at IEC.

Biochemical Oxygen Demand (BOD5) and Chemical ~ Principal ~ Component  Analyss  (PCA)  for
Oxygen Demand (COD): Means of BOD5 at IEC multivariate parameters at sampling sites: The PCA
increased from TO (3.47 mg{) to T2 (5.37 mg [ biplot (Fig. 5a) shows the correlation among study
while those at OEC and ASF showed limited variationParameters as well as their relationships to corapbn
over time (Fig. 4a). ANOVA analysis indicated Scores for sampling sites at the first two dimemsio
significant differences in the mean BOD5 with IEC> (accounting for 65.8% of the total variation). Tiirst
OEC> ASF. RM-ANOVA analysis showed that meansdimension of variation accounts for 44.8% of th&alto
of BOD5 were significantly higher after shrimp ceomt  variation and mainly represents for parametergingla
IEC, but that no significant differences were agpaiat to shrimp farm effluent nutrients (i.e., NO2-N, N®3
OEC and ASF among study times. TP, COD, BODS5, Chl-a).
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Dimension 2, accounting for 21% of the total crops (T1, T2), have mostly positive scores witldevi
variation, mainly represents physical parametech su variability indicating high values for variabledated to
as temperature and TSS and as well salinity and DQnhutrients. Conversely, most of sampling sites aFAS
Component scores for sampling sites in Fig. 5&have negative score indicating low nutrient levels.
classified by location (IEC, OEC, ASF) and time (TO Water quality at OEC sites was similar to ASF s#ées
T1, T2) are given in Fig. 5b. In the first dimensio TO, T2, but was different at T1 with higher loadingn

most of sampling sites at IEC, especially afteirspr  dimension 1. The second dimension reveals seasonal
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effects on water quality. Samples from T1 (summer}hat shrimp farm effluent is likely to impact recieig
had positive scores, which contrasted with T2 withwaterways in terms of organic matter pollution.
negative scores (lower temperature while highenisal

and DO level). Scores for later winter before sfwim pH: The pH value represents an index of the acidity

crop (T0) was mostly intermediate. and alkalinity of water and its changes may affect
chemical processes, physiological functioning (i.e.
DISCUSSION enzymes, membrane processes) of biota and toxétslev

of toxic compounds (i.e., ammonia) (ANZECC-

Water quality in coastal creeks of Ha Long Bay \p\vcaNZ |, 2000: Boyd and Tucker, 1998). Perhaps
was found to show significant spatial and tempora he most critical point related to changes in pHewa

phanges which correlgted_ with Sh'f'”?p farming pracdi surrounding coastal shrimp farms is the constractib
in the area. The multivariate statistical analyseatly : : : .
shrimp farms on acid sulfate soil and the use rog$,

summarizes the high levels of pollution (nutrientchem.CaIS during farm operation. Even thouah oH
enrichment) produced by shrimp farming activities a Ice iunng peration. Ev ugh p
values in this study fluctuated among study sited a

how this can impact the quality of receiving waters ! .
immediately adjacent to farms but with these effect OVer time, these levels fall into the acceptablegea
dissipating downstream from effluent discharge foin (6-0-9.0) for estuarine and marine ecosystems (Boyd
(Fig. 5). The significance of the variation of the @and Green, 2002).

individual water quality parameters presented iis th

study is discussed in detail below. Total ammonia nitrogen: Ammonia in water is the

principal nitrogenous waste product excreted byatiqu

animals and released from decomposing nitrogen-

containing organic matters by microbial activitasd it

is assimilated by algae or transformed into niteted

then nitrate forms in the water column. Ammoniatxi

in two forms of the ammonium ion (NH4+) (plant

nutrient) and unionized ammonia (NH3) (toxic to

aquatic animals) and the equilibrium of these forms

varies depending on water pH, temperature anditalin

. ) . . (Boyd and Tucker, 1998). High concentrations of TAN

D|ssolv_ed oxygen: DO is a vital parameter for . in shrimp farm effluent and receiving waterways e

assessing the living conditions for aerobic aquatic . :
fesult of shrimp excretion and waste feed

organisms as well as other chemical processesrwithi L
: : ecomposition; therefore, Boyd and Green (2002)
aquatic ecosystem (Boyd and Green, 2002; Boyd anguggested that TAN should be considered as a key

Tucker, 1998). DO concentration in waters is depabhd >~ S ) .
on the transfer rate from the atmosphere (stagoant indicator of pollution in coastal shrimp farmingeas.
In this study, TAN concentrations in ASF were withi

moving water), water temperature, salinity, biotagi o 1
activities (respiration and photosynthesis) andratiil the allowable limit of <0.1 mg T for coastal water

activites (ANZECC-ARMCANZ, 2000; Boyd and quality in aquaculture and _preservation. zones
Tucker, 1998). One of the most critical issuesteelao  (MONRE, 2008), except for the first observation XTO

effluent discharged from shrimp farms is its low DO (Fig- 3a). Higher levels of TAN at ASF at TO mayea
level as this is associated with high concentratién resulted _from lower algae density and nltr|f_|cat|on
organic matter which consumes oxygen in theProcess in the cool season and lower flushing rate
decomposition processes in receiving waterways. I§luring the dry season (Boyd and Tucker, 1998). TAN
this study, DO concentrations were generally highefevels at IEC and OEC location were higher tharseho
than the suggested level for coastal water qualitfound in studies of Costana al. (2004) and McNevin
monitoring in shrimp farming areas by Boyd and @ree (2004), but lower than those reported in Samcethal.
(2002) (> 5-6 mg [Y), possibly because the creeks in (2004) and Nguyen (2008); and higher than suggésted
this study were shallow and had flowing water. Thenational standards (<0.1 mg').for coastal water quality
reduced levels of DO during summer (T1) is mostin aquaculture and preservation zones (MONRE, 2008)
likely due to the increase in water temperaturevat ~ The higher levels of TAN in creeks adjacent to rapri
as DO consumption for biological activities (Boyada farms, especially after shrimp crops, in this stabgwed
Tucker, 1998). Lower DO concentrations as well aghat shrimp farming is negatively impacting the aevat
higher BOD levels inside effluent creeks (IEC) skow quality in coastal areas of Ha Long Bay.
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Water temperature and salinity: Significant variation in
water temperature was found in this study due ascmal
changes in the shallowwaters sampled in north siatn
Similarly, changes in salinity in study creeks hetw
sampling times were also related to seasonal sffeith

lower salinity during the rainy season (T1-Augu802)

and higher levels during dry seasons (TO, T2).
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Nitrite and nitrate nitrogen: Nitrite and nitrate are environment (Briggs and Funge-Smith, 1994; Funge-
products of nitrification processes in waters, vefioyr ~ Smith and Briggs, 1998; Paez-Osuef al., 1997,
ammonia is oxidized by aerobic, chemoautotrophicTeichert-Coddingtonet al., 2000; Xia et al., 2004;
bacteria. Nitrite, a toxic substance for aquatiorets, @ Paez-Osuna and Ruiz-Fernandez, 2005). TP
normally exits at low levels in waters since iusually  concentrations at the ASF location in this studyrewve
converted into nitrate, the least toxic nitrogenousnormally lower than 0.05 mgt The mean TP in IEC
compound for aquatic animals, in the aerobicand OEC in this study were lower than those reparte
environment. Nitrite accumulates in waters when thestudy of Samochat al. (2004) (means of 0.05-0.29 mg
rate of ammonia oxidation exceeds the rate oftaitri L™ in influents and 0.15-0.51 mgLin effluents).
oxidation and the denitrification process of However, such TP levels can lead to eutrophication
heterotrophic bacteria in anaerobic conditions @Boy problem in coastal areas since TP levels of 0.00160
and Tucker, 1998). The concentrations of nitrite-mg L™ in coastal waters can cause phytoplankton
nitrogen in creeks of this study were generallyhimit blooms (Boyd and Green, 2002). Higher TP
the suggested level (<0.055 mgL of the Asian concentrations after shrimp crops, especially msid
Working Group on Coastal and Marine Environmenteffluent creeks in this study indicated that shrimp
(AWGCME, 2009). At some study sites at IEC afterfarming activities can have a significant impact on
shrimp crops, NO2-N levels were higher (maximumreceiving waterways in coastal areas of Ha Long Bay
levels of 0.081 mg T* at T1 and 0.074 mgLat T2). by stimulating algae blooms.
These higher levels most likely relate to high levaf
ammonia, the substrate for nitrification proceaslHC  Dissolved orthophosphate: PO4-P concentrations in
as mentioned previously, or high levels of nititeelf  this study were generally lower than suggestedideve
in shrimp farm effluent. However, these levels were(<0.045 mg ! for estuaries and <0.015 mgLfor
lower than those found in effluent at high inteysit coastal waters) in the guidelines of AWGCME (2009)
shrimp farms reported by Samocted al. (2004),  for protecting aquatic life although there was some
Nguyenet al. (2007) and Nguyen (2008). _variability among study times as well as IEC, OEC,

Nitrate-nitrogen concentrations in study creeks inyge |ocations. PO4-P in waters normally accumulates
Ha Long were lower in the first observation (TOdan . . . .

at low concentrations in aquatic ecosystems duigsto

this could be explained by lower rate of nitrificet . ) ; )
process at cooler temperatures and the rapid chasfge @Pid uptake by plants or absorption by sedimeans;

water temperature between daytime and nighttime atome algae can absorb more dissolved orthophosphate
that study time (Boyd and Tucker, 1998). After sipi  than they need for growth and store it for latee us
crops, NO3-N concentrations in study creeks, esgfigci (Boyd and Tucker, 1998).
at IEC increased and this was the same pattern as ]
ammonia changes in this study. The extremely higfBiochemical Oxygen Demand: BODS (5 day
NO3-N concentrations in IEC at T2 may be due to thdncubation at 20°C) represents the oxygen consampti
higher nitrification processes, which would reddoe  from the bacterial degradation of organic mateiel
TAN levels at this sampling time, as observed (Ba). Water; and therefore is useful as an indicatorofganic
The concentrations of NO3-N in this study were Eimi pollution in monitoring and assessment of waterways
to those found in study of McNevin (2004) (0.002.6 (Boyd and Green, 2002; Clesceri and Franson, 1998).
mg L™, average of 0.31 mg1), but lower than those Boyd and Green (2002) suggested that BOD5 should
reported by Samochet al. (2004) (average of 0.36- below 5 or 6 mgO2 T for protecting coastal aquatic
0.44 mg L' in influent and 0.45-0.67 mg L in  ecosystems. In this study, BODS5 levels in mostystités
effluent). Compared Wlth the guidelines of AWGCME \yere lower than suggested levels (<5 mgD™)).
(2009), NO3-N levels in study creeks, especiallgi®s  oyever, BODS levels inside effluent creeks inceeas
surroun_dlng concentrated shrimp farms in Ha_Longiar after shrimp crops and at some study sites BODSldev
werte rt'.'gher that\n lgfuggested levels (<0.06 M for ¢ Coeded the thresholds (i.e., maximum level o8 7@
protecting aquatic ite. L™ recorded at IEC, T2) indicating potential for ariga
Total phosphorus: TP is a critically important factor pollution and eutrophication of receiving waterways
that needs to be considered in the assessment and ]
monitoring of coastal water quality relating toighp ~ Chemical oxygen demand: COD is the amount of
farming since it is the source of soluble inorganicoXygen required to completely oxidize all organic
phosphorus, the key metabolic nutrient for plaswgh ~ matters into carbon dioxide and water via the actib
(Boyd and Green, 2002; Boyd and Tucker, 1998) and &trong oxidizing agent; and thus it is recommentibed
major part of input phosphorus is not converted towater quality assessment for organic pollution as a
shrimp biomass, but discharged into the surroundingimple and less time consuming method than BOD
112
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measurements (Nollet, 2000). High levels of CODintake waters) (Teichert-Coddingtebhal., 2000) and in
reflect high concentrations of organic compounds inoutflow of shrimp ponds in New Caledonia (from
waters or the decline of aquatic ecosystem health15.1+15.5-30.2+32.6,g L™) (Lemonnier and Faninoz,
According to national technical regulation on cahst 2006) and in creek receiving shrimp effluent in
water quality (MONRE, 2008), the concentration of Queensland, Australia (from 7.3+ 6.9-50.4+38:@
COD (KMnO4) should be below 3 mgLin coastal L™) (Trott and Alongi, 2000). Referring to the
aquaculture and preservation zones. In this stG@D  suggested level by Boyd and Green (2002) (above 1-1
levels at concentrated shrimp farming areas wergg L™ Chl-a indicate the eutrophication of coastal
normally higher than the allowable limits, espelgiat  waters), there is a signal of eutrophication at
study sites surrounding shrimp farms. Similar toBO concentrated shrimp farming areas in Ha Long bay.
levels found in this study, COD concentrations were

higher inside effluent creeks and increased afiemp  Total suspended solids: TSS is assessed in coastal
crops, meaning that shrimp farm effluent has imgéct water bodies because it indicates the concentratfon
water quality of receiving waterways through thesuspended soil particles and suspended organiematt
discharge of excess organic matter. The levels@DC in water and it should not change by more than b%
at ASF locations in this study were similar to #0S the seasonal mean in coastal waters if aquatic
found in inlet creeks for intensive farming areas i ecosystems are to be protected (Boyd and Greeg) 200
Eastern China (mean of 4.72 mg’L (Biao et al., A major concern relating to coastal shrimp farming
2004); however, COD levels in IEC and OEC weregactivity is the reduction of vegetation, resultimgthe
much higher than that of effluent creeks in théirdg  jncreased erosion throughout the region, as wethas
(mean of 577 mg ). COD levels in this study, discharge of waste feed, faeces in shrimp farnuefi,
however, were much lower than those found by Nguyejynich leads to increased TSS levels in surrounding
(2008) (means of 14.7-58.9 mg'lat different areas) in  waterways. In this study, TSS levels did not vary
their study in Can Gio, Ho Ch! Minh City, Vl_etnam greatly among IEC, OEC, ASF locations (except T1),
because their study areas were impacted by boishr i, the major variation being associated with seas

farm effluent as well as urban pollution. changes. Some extreme TSS levels (152, 267, 270 mg

Chlorophyll-a: Chl-a refers to phytoplankton biomass - ') detected at TO were caused by sand dredging by
as it constitutes about 1- 2% dry weight of allegigind ~ PO&ts near that study sites. The increase of T&$ af
cyanobacteria and is often used as an indicatghef Shrimp crops may be due to organic particles imghr
trophic status, or level of pollution, of an aquoati farm effluent as well as a seasonal aspect, with
ecosystem (ANZECC-ARMCANZ, 2000; Boyd and increased soil particles during the wet season.évew
Green, 2002). Chl-a concentration varies in watehigher concentrations of TSS in IEC, in comparison
bodies depending on nutrient levels, light intgnsihd ~ with ASF, especially after shrimp crop 1 indicathdt
water temperature for the growth of aquatic plantsshrimp farms discharged high levels of waste femdl a
(Boyd and Tucker, 1998). Guerrero-gahairal. (1998) faeces into surrounding environment after the main
and Tapia Gonzaleet al. (2008) also found seasonal crop (T1). High levels and wide variation of TSShis
differences of Chl-a levels in shrimp farms as vesl study were similar to those reported in study of
coastal lagoons in tropical regions, in which Chl-aMcNevin (2004) (3.0-764 mg ‘E)_ Referring to the
during the rainy, summer season was normally highenational standard for coastal water quality at
than that of dry, winter season. A similar seasonahquaculture and preservation zones (<50 mg) L
pattern was observed in this study (Fig. 4d). Chl-gMONRE, 2008), TSS levels in this study were very

concentrations were extremely high in effluent k&ee pigh providing further evidence of degradation bé t
after shrimp crops. This indicated that shrimp farm . 5qtq| ecosystem in Ha Long.

released high levels of algae biomass as well as
nutrients for algal growth in receiving waterways.
Compared with previous studies, Chl-a concentration

in Ha Long area (0.54-36.09g L™) were similar to The findings of this study are consistent with a

those reported by McNevin (2004) in his study iny mper of other studies that have reached similar

Mahajamba Bay, receiving shrimp farm effluent (6.00 ¢qnciysions concerning the environmental impacts of

38.08 ug L) but lower than those found in shrimp shrimp farming in many part of the world (Biabal.,

farming areas in Honduras (means of 33#4L™ in  2004; Costanzaet al., 2004; Guerrero-galvast al.,

embayment intake waters and 744 L™" in estuary 1998; Islamet al., 2004; McNevin, 2004; Nguyen,
113
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2008; Samocha and Lawrence, 1995; Samagha., ~ ANZECC-ARMCANZ, 2000. Australian and New

2004; Tookwinas, 1998; Trott and Alongi, 2000).  zealand Guidelines for Fresh and Marine Water
Spatial variation in water quality was found withet Quality. Australian and New Zealand Environment
most degraded aquatic environments being in the and Conservation Council and Agriculture and

effluent channels, creeks at concentrated shrimpga ) i
with impacts on the receiving waters adjacent ® th ~ Resource Management Council of Australia and

shrimps, with these impacts declining in the same New Zealand, Canberra. ISBN: 0957824505
creeks 1-2 km away from the points of effluentClesceri, L.S. and M.A.H. Franson, 1998. Standard
discharge. Water quality was also found to change Methods for the Examination of Water and

seasonally with degraded water quality most apparen  \vastewater. 20th Edn., American Public Health
in summer after the first shrimp harvest. The water  aggqciation Washington D.C., pp: 1220.

qu:"’.‘"ty p;aram;terﬁ indica}te that gutropitaatiorkd'nh to d AWGCME, 2009. The Marine Water Quality Criteria
shrimp farm discharge, is occurring and steps nee ' : .
for the ASEAN Region. AWGCME.

be taken to limit these effects. Thus it would be i
undesirable for the shrimp farming industry to exppa Bi@o, X., D. Zhuhong and W. Xiaorong, 2004. Impact

or intensify further in this region. Steps to reduc of the intensive shrimp farming on the water
shrir_np stocki.ng and feeding rates and to improvzg th quality of the adjacent coastal creeks from Eastern
quality of shrimp feed to reduce the nutrient |oasi China. Marine Poll. Bulletin, 48: 543-553. DOI:

in ponds should be an urgent objective for 10.1016/j.marpolbul.2003.10.006

management and research (Tucker and Hargreaves, .or c.s and J A Har .
) . ) R , C.S. A greaves, 2009. Environatent
2009; FAO-NACA-UNEP-WB-WWF, 2006). Best Management Practices for Aquaculture. 1st

If the special ecological .and biodiversity valuds Edn., John Wiley and Sonsmes, IA., ISBN:
the Ha Long Bay world heritage area to be preserved i
. 0813802784, pp: 592.
for the long term, this study needs to be expartded
) ) o Boyd, C.E. and B.W. Green, 2002. Coastal water
include sampling of a greater range of aquaticssited : L ) .
quality monitoring in shrimp farming areas, an

variables. This will allow a more comprehensive .
description of water quality variability, identifiion of example from Honduras. Consortium Program on
' Shrimp Farming and the Environment. Word Bank,

areas subject to degradation and thereby support NACA. WWF. FAO.

Z:ISZESI;B?SZitT/i;ig?r?; e;ﬁ;‘;i:g?g:ﬁqﬂ:&iﬁ%Oth%oyd, C.E. and C.S. Tucker, 1998. Pond Aquaculture
' Water Quality Management. 1st Edn., Boston,

human health. Kluwer Academic, London, ISBN-10:
0412071819, pp: 700.

Briggs, M.R.P. and S.J. Funge-Smith, 1994. A natrie
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