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ABSTRACT

Samocha atki Lawrence

Impact

Texas has a 2280 km (1,425 mile) coastline and vast amount of coastal land which is not
suitable for traditional agriculture crops. This land can be used for the development of a
shrimp farming industry with an estimated value of $100 million or greater within the next
10 yr. However, this industry will face restrictions from regulatory agencies that will limit
future growth and may even reduce the present production level of shrimp in Texas. The
concern of the agencies lies with the emission of effluent water generated by shrimp farms.
In an effort to reduce the potential negative impact on coastal waters, current regulation by
the Texas Natural Resources Conservation Commission (TNRCC) requires effluent water
from shrimp farms to meet standards set for municipal and industrial wastewaters. Preiimi-
nary effluent characterization of three farms in south Texas suggests that in two farms, the
total suspended solids (TSS) and ammonia (NH4-N) levels were higher than the standards
set by TNRCC. The TSS and five-day carbonaceous biochemical oxygen demand (CBOD,)
for the third farm were higher than the required standards. Coagulation methods, ahhough
effective in decreasing inorganic effluent TSS level, were cost-prohibitive and not adequate
for ammonia and algal removal. A research team from Texas Agricultural Experiment Sta-
tion, Texas Agricultural Extension Service, Texas A&M University-Kingsville (TAMU-
Kingsville), Texas A&M University-Corpus Christi  and The University of Texas-San Anto-
nio is currently working with the shrimp producers to evaluate potential methods to im-
prove effluent water quality. Studies were initiated to develop alternative feeding and pond
management practices including reduction in pond water exchange rates. Development of a
low protein, low pollution diet with higher nitrogen and phosphorus digestibility is another
promising option to decrease effluent nutrient loads. Circulating effluent waters via settling
basins, bivalves and seaweed t&s, and constructed wetlands are another potential alterna-
tive to give the shrimp farmers cost-effective effluent treatment methods. Due to the recent
Taura virus disease outbreak in south Texas, only initial evaluation of the above effluent
treatment strategies was carried out during the 1995  season.

INTRODUCTION
Aquaculture, the farming of aquatic organisms, includ-

ing fish, molluscs, crustaceans and aquatic plants, is in-
creasing worldwide. Since 1984 there has been a consis-
tent growth in aquaculture production and the distribution
of its products. Aquaculture production in 1990 consti-
tuted approximately 15.3% of the world’s fishery produc-
tion (FAO 1992) as compared to 14% in 1989 (New 1991).
From 1984 to 1992 there was an 89% increase in shrimp
production. The reported annual production for 1994 was
20.8 million metric tons (Mmt). Based upon population
growth, in the yr 2000 there will be 6.3 billion people with
per capita consumption of 19 kg of whole fish. This statis-
tic wiI1 necessitate a production quota of 120 Mmt. The
contribution from fisheries for 1990  was about 84.6 Mmt.
Assuming contribution from this source will stay at the
same level, the aquaculture industry will have a produc-

tion need of 35 Mmt by the year 2000 (Gallagher and
Gallagher 1995). This same trend is forecasted for the
shrimp farming industry. Over a decade and a half ago,
this industry provided only 5% of the total shrimp placed
on the world market compared to the 25% being produced
in 1994 (Rosenberry 1994).

Aquaculture by definition uses resources from and in-
teracts with the environment. Barg (1992) claimed that the
majority of aquaculture practices have had little adverse
effect on ecosystems. Generally, the expansion of aquac-
ulture results in the provision of food, increased income,
employment and foreign exchange earnings (Schmidt
1982, Fullin 1989, Pillay 1992). Furthermore, stocking and
release of hatchery-reared organisms into inland and
coastal waters can also help alleviate depletion of wild
fisheries stocks. Culture of molluscs and seaweeds may in
some cases reduce nutrient and organic enrichment in
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e~~o~hi~ Waft. on the other hand, productivity of olig-
atrophic waters may be enhanced due to the nutrient and

ic wastes released from aquaculture  fax-m PA0
* Nevertheless, some cases of environmental degra-

d&on in coastal areas have been documented due to in-
tensive aquacuhure  operations in Europe and shrimp farm-
ing a&v&y in Southeast Asia and Latin America (PhiIhPs
rtf al. 1993). Many aquaculture operations release meta-
bolic waste  products  such as feces, ammonia and uneaten
food into the receiving waters. In most cases, the organic
~~~ulat~ waste will accumulate on the seabed in the
imme~~ vicinity of the farm, while the soluble waste
will ~v~n~~ly end up in the receiving waters. Organic
~~~~hrnent  of the bent& ecosystem may result in an in-
cm&, oxygen consumption by sediment communities and
the fade of anoxic conditions. There is evidence of
very localized effects of reduced concentrations of dis-
solved oxygen in bottom and surface waters close to aquac-
ulture sites, The reductions are due to the considerable
bi~he~~~ oxygen demand of &eased organic wastes
and the respi ands of the cukured stock. In ex-
tmme cases, of carbon dioxide, methane and

sul&le, followed by reduction in macrofauna
and qccies  campositicm,  may also

lost extensive mangrove
ion of the land to fish
993). The clearing op-

y spoon and acidi-
fi&on of saiE-9:  and aquifers. These areas are important

g and nursery grounds for many commercially ex-
tish and s~ll~sh species. Although large areas of
ve swamps  have been cleared for shrimp pond con-

struction @in 1995).  it is important not to underscore the
fact that mgrove ecosystems have also been utilized for
other purposes. including forestry, agriculture and
~~hf~~ing  (Neal 1984, FAO 1985, Andriawan and
Jhamtmi  1989, Soemodihardjo and Soerianegara 1989).
It is clear that uncontrolled development of the aquacul..
ture industry can have devastating effects on coastal eco-
systems These include (1) destruction or degradation of
wetland and mangrove habitats; (2) eutrophication of re-
ceiving waters; (3) pollution of receiving waters from
~~~~~ and amendments added to pond water; (4) ex-
eCSsive otgaaic loading of substratum and alteration of
be communities;  (5) overuse of limited water re-
soumes;  (6) s&ration  of soils and coastal aquifers; (7)
~~~~g of wiId stocks to provide seed and brood stock;
(8) ca#ne and desEnrction of estuarine biota,  (9) intro-
du&m of non-native species and pathogens; (IO) inter-
breeding between cdured and wild populations; and (1 I)

displacement  of traditional COa.Qd  CotllIIlUdes.
When deding  with environmental hIpaCt  of aquacul-

ture, it is useful to distinguish between extensive, semi-
intensive and intensive farming systems. Under extensive
management  systems, cultured organisms are kept at low
densities and may occasionally receive additional nutri-
tion through fertilization. In semi-intensive aquaculture,
cultured organisms are kept at higher densities than in ex-
tensive systems. The culture media are often fertilized and
supplementary feed may be provided. On the other hand,
in intensive production systems, cultured organisms are
kept at high densities and prepared feed is provided regu-
larly.

In semi-intensive and intensive pond systems, it is not
uncommon to have up to a 30-40%  pond water volume
exchange a day to supply oxygen and to improve water
quality. In Taiwan, shrimp farms’ water requirements are
reported to vary between 11,000 and 2 1,430 m3 for every
ton of shrimp produced in semi-intensive culture systems
and between 29,000 and 43,000 m3/t  for intensive culture
operations (Chien et al. 1989). Hopkins and VillaIon ( 1992)
found only small correlation between estimated water us-
age per unit weight of product and shrimp production rates.
Often on large farms, water exchange is based on a set
schedule, withoccasionaI  emergency flushes (Macia 1983),
rather than as an ongoing response to changing pond con-
ditions. Water exchange rates are seldom based on well-
conceived nutrient and algal population monitoring.
Hopkins et al, (1995a)  reported undocumented cases where
water exchange had been used to flush phytoplankton
blooms in response to increased ammonia levels or low
dissolved oxygen which was found to be counter-produc-
tive. Often, pond flushing removes phytoplankton and ni-
trifying bacteria that could have otherwise improved pond
water quality. Furthermore, flushing does not usually af-
fect metabolic processes on the pond bottom, a site where
ammonia being produced and oxygen is being consumed.
In a well balanced pond system, plankton and bacteria
populations can have a positive long-term stabilizing ef-
fect on pond water quality. Hopkins et al. (1993) studied
the effect of water exchange rates on production, water
quality, effluent characteristics and nitrogen budgets of
intensive shrimp ponds. They reported that reducing typi-
cal water exchange rates in intensive ponds is feasible
without negatively affecting shrimp survival or growth,
thereby decreasing economic costs and the potential envi-
ronmental impact of effluents. Hopkins and co-workers
(1995b)  mentioned that high shrimp production can be
achieved without water exchange (7,000 kg/ha/crop). TO

avoid nutrient release into receiving waters during har-
vest, they suggest storing it for reuse with subsequent crops.
While the idea of water recycling systems is ecologically
sound, the efficiency of the system is still far from being
perfected.
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Table 1. Effluent characteristics and monitoring requirements based on water discharge permit issued by
Texas Natural Resource Conservation Commission (TNRCC) for Taiwan Shrimp Wlage  Associa-
tion farm in south Texas.

Parameter Daily Daily Daily Single
average min. max. grab

Discharge (m,/day)
WGD) 378,540 N/A 681,372 N/A

100  . 180
PH N/A 6.0 9.0 N/A
DO (mgn) 6.0 3.0 N/A N/A
NH4-N (mgn) 1.0 N/A 2.0 3.0
CBOD,a  (kg/day)

(lb/day) 1.513 N/A 2,268 N/A
3,336 5,OOO

CBOD, (ma) 4.0 N/A 6.0 8.0
TSSb (mg/L) 30 N/A Report N/A
TSS (mg&) 15 N/A 30 50
a Five-day carbonaceous biochemical oxygen demand
b Total suspended solids
c Net increase over intake level based on Water Discharge Permit for Southern Star Inc.

Frequency and
sample type

1 /day,
continuous

I/day
3lday, av.
3/wk, composite

3/wk, composite

3/wk. composite
3/wk, composite
3/wk, composite

Feed is the major source of nutrient and particulate loads out negatively affecting growth and survival. Villalon
in aquaculture effluent (Avnimelich and Lather 1979,
Krom and Neori 1989). Nitrogen and phosphorus pollu-
tion from feeds in effluent water were identified as a ma-
jor concern to the receiving waters (Kaushik and Cowey
1991, Lin 1995). In Japan, Canada and some Scandina-
vian countries, the concern for pollution by aquaculture
feeds has resulted in regulations governing major feed
components. These regulations sometimes result in lim-
ited animal growth (Jensen 1991). Since shrimp are bot-
tom feeders, their feed consumption is difficult to estimate,
and overfeeding, the main cause for organic loading and
pond bottom deterioration, often follows. Use of feeding
trays is an important to01 to evaluate shrimp feed consump
tion and to adjust feeding rates accordingly. Moya (1993)
reported the results of growout trials conducted with
Penaeus  vannamei  in Peru and Honduras using feed trays
in 23 ponds. A significant reduction in feed conversion
ratios (FCR) was obtained (between 0.9 and 1.3) for 57%
of the ponds tested. This reduction in FCRs can also be
obtained by including highly digestible protein sources and
well balanced amino acids in the diet. Cho and co-work-
ers (1994) developed low pollution diets using nutrient-
dense formulations to achieve very low FCRs  (= 1: 1). De-
creasing protein level in the diet is another promising so-
lution to reduce nutrient load in shrimp farms’ effluent
waters. Aranyakananda and Lawrence (1993) found that
by increasing feeding frequency, the protein level of f?
vannawtei can be greatly reduced (from 35 to lS%), with-

(1991) suggests that increasing the feeding frequency
should have an immediate benefit, including reduced nu-
trient leaching and feed loss, increased growth, and feed
use efficiency. Promising results were recently achieved
through the use of 20% protein fee& vs. 40% protein di-
ets with no water exchange in a trial in South Carolina
(Chemberlain  and Hopkins 1994, Hopkins ef al, 1995b).
It has been speculated that under these conditions, bacte-
rial use of waste feed is stimulated since the lower protein
levels offer more optimal carbon to nitrogen ratio
(Avnimelech et al. 1992, Kochba et al. 1994). Initial re-
sults with this approach in a small-scale experiment show
a 50% reduction of feed cost for both shrimp and tilapia.
Environmental impact is simultaneously reduced through
decreased water exchange. Research is currently being
devoted to improving the long-term viability of marine
shrimp farming. Several areas have been emphasized in-
cluding proper site selection, prevention of escapement,
control of disease, captive breeding of healthy genetically
improved stocks, and better system designs and manage-
ment protocols.

Shrimp production  fmm Texas farms was less than $2
million in 1990,  with shrimp becoming the most valuable
aquaculture cmp in Texas in 1992 (Jensen 1993). With the
2,280 km (1,425 mile) coastline and the availability of
coastal land that is not adequate for traditional agricul-
tural ctops, shrimp farming in Texas could have a v&e of
more than $100  million within 10 yr, The effluent waters



T&e 2 &“fsrragea  In water quality parameters aver a 24-h period in selected sampling stations on and near
So&hern Star Inc. (SSI) and Tafwan Shrimp Viiage Association (TSVA) farms.

Date Time    Parameter (mgfl) TVta TV2b  TV3c MDCd CDCe SSlf ss2g

g-30-94 1a:oo TSSb 23 22 104
9/30 2200 14 48 72
lo/l 2:00 11 32 26
10/t 7%) 27 44 26
10/l 1l:oO 18 30 56
10/l 14:oo 13 94 82

9-30-94 22:oO CBOD5 2 2.4 2.5
10/l 2:00 N/A N/A N/A
lo/l 7:Oo 1.6 0.9 2.6
10/I i&O0 2.7 2.2 2.2

g-30-94 I&O0 Tp” 0.2 0.45 0.6
9130 2200 0.2 0.43 0.38
lOI1 2:OO 0.21 0.36 0.37
1011 7:oO 0.24 0.35 0.35
100 ll:OO 0.21 0.32 0.27
tOI 14:oO 0.22 0.42 0.35

9-30-94 18:QQ Rpj 0.18 0.35 0.44
B/30 22:OO 0.15 0.33 0.3
IO/l 2:W 0.13 0.3 0.27
to/t 7:08 0.19 0.33 0.27
Wl tt:OO 0.18 0.31 0.25
IO/l 14:QQ 0.1 0.2 0.15

9-3~94 l&o0 -N 0.54 1.04 1.4
9130 22: 0*6 1.52 1.28
Wl 2:Qg 0.68 1.72 1.28
WI 7100 0.68 1.52 1
tOI ii:00 0.36 1.32 0.84
IO/1 14:OO 0.29 1.44 1.12

%3Q-94 IWO N03-N 0.3 0.6 0.5
9i30 22:oQ 0.3 0.7 0.4
IOf1 2:Oo 0.3 0.6 0.4
10/I 7:00 0.3 0.6 0.4
10/l 11:OO 0.4 0.6 0.3
lo/l 14:oO 0.4 0.8 0.4

9-30-94 18:OO N$-N 0 0.35 0.26
9130 22:00 0.08 0.37 0.16
IO/1 2:00 0.07 0.37 0.16
lo/I 7:oo 0.05 0.36 0.14
IO/l Ii:00 0.07 0.39 0.13
10/l 14:Oo 0.09 0.4 0.14

k TWA intak e station

134 22 10 112
N/A 42 32 68
28 148 21 52
138 114 24 20
32 80 9 88
136 246 21 112
1.8 2.6 N/A N/A
N/A N/A 2.7 1.8
1.4 8.8 2.6 2.2
2.7 5.6 4 1.4
0.46 0.11 0.27 0.29
0.37 0.13 0.26 0.22
0.38 0.16 0.22 0.18
0.34 0.16 0.3 0.23
0.38 0.53 0.23 0.19
0.44 0.36 0.23 0.28
0.33 0.03 0.16 0.22
0.31 0.02 0.19 0.13
0.28  0.03 0.15 0.14
0.3 0.03 0‘19 0.2
0.33 0.46 0.18 0.19
0.25 0.33 0.15 0.09
1.93 0.01 0.46 0.3
1.32 0.05 0.72 0.33
I.28 0.03 0.53 0.48
1.32 0.01 1.04 1.04
1.24 2.2 0.84 0.44
1.48 1.32 0.28 0.6
0.5 0.2 0.3 0.2
0.5 0.3 0.3 0.3
0.5 0.2 0.3 0.4
0.5 0.3 0.5 0.3
0.6 0.4 0.5 0.3
0.6 0.4 0.5 0.3
0.3 0.04 0.07 0.08
0.27 0.07 0.07 0.09
0.32 0.03 0.12 0.17
0.28 0.03 0.07 0.08
0.32 0.23 0.1 0.12
0.36 0.14 0.09 0.12

b. TWA outlet  cokting effluent water from ponds #26 through #66
:

d
TSV A wtie t collecting  efbent  water from ponds #l through #25
M&n &&age canal  station with effluent contribution from SSI, TSVA, and county drainage canal  (CDC)

I Total phosphorus
j Reactive phosphorus
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Table 3. Changes in total suspended solids (TSS) levels in different stations along the Anvyo Colorado
during the 1994 preharvest season.

TSS*  (mg/L)
Date 400 m upstream Discharges 400 m downstream

0.3a 0.9 2 0.3 0.9 1.5 0.3 0.9 1.5
7/19/94 42 42 83 172 68 38 19 23 45
7126194 11 15 17 23 9 15 9 6 22
8/ 16194 42 N/A 79 220 N/A 82 12 N/A 22

800 m downstream 1200 m downstream 1600 m downstream
0.3b 0.9 2 0.3 0.9 1.5 0.3 0.9 1.5

1709194 20 20 47 48 13 34 29 15 28
7126194 6 21 16 15 16 14 8 9 10
8116194 12 N/A 24 18 N/A 10 10 N/A 14
qss
bWater depth (in meters) from which samples were taken

generated by the shrimp farms currently create a serious
growth limiting factor for the emerging Texas shrimp farm-
ing industry. It is particularly true for Texas coastal areas,
in which the discharge is going into bays and estuaries
behind barrier islands that have limited water exchange
with the Gulf of Mexico. Small warm-water aquaculture
facilities that discharge less than 30 days/yr  and with har-
vest of 45,000 kg/yr (100,000 lb) or less are generally ex-
empt from having a Water Discharge Permit. The Texas
Natural Resource Conservation Commission (TNRCC)
requires that any large aquaculture facility that discharges
large volumes of water will have a Water Discharge Per-
mit. Currently, there are only two shrimp farms in the state
that carry this permit, the Southern Star Inc. (%I) and
Taiwan Shrimp Village Association (TSVA). The SSI is
the only farm currently required to monitor continuously
the flow and effluent volume being discharged into the
river. Compliance of the other farm with daily averages
and maximum water discharge limits is based on daily flow
measurements. In addition, the farms are required to moni-
tor total suspended solids (TSS), dissolved oxygen (DO),
pH, ammonia (NH4-N), and five-day carbonaceous bio-
chemical oxygen demand (CBOD,).  Table 1 provides a
summary of the monitoring requirements for these two
farms. The table lists only the parameters for which the
TNRCC has set limits. Other parameters such as fecal
coliform bacteria, nitrite-nitrogen (NO+), nitrate-nitro-
gen (NO,-N),  total phosphorus, salinity, volatile  suspended
solids (VSS) and chlorophyll a are required to be moni-
tored for reporting purposes only. Meeting effluent  water
quality standards is a vital factor for the survival of the
shrimp farming industry in Texas. To ensure continuous
growth of this industry, the Texas Agricultural Experiment
Station (TABS) initiated a study to characterize and de-
velop cost-effective management and treatment strategies

for effluent waters of shrimp farms. The specific objec-
tives of this study were as follows: (1) characterize the
effluent water of the three farms; (2) monitor the impact
of effluent TSS from two farms on the receiving waters;
(3) determine whether soil erosion of earthen drainage
canals contributes significantly to the high TSS levels ob-
served in shrimp farms’ effluent water; and (4) suggest a
cost-effective treatment strategy to improve effluent wa-
ter quality of the farms. In an effort to meet these goals,
selected water quality parameters of the farms’ intake and
effluent waters were monitored for four months to cover
the harvest season. Samples f&m receiving water of SSI
and TSVA farms were also analyzed to evaiuate the effect
on the environment. Water samples were analyzed either
at the water quality laboratory on the farms’ site (VWTL)
or at Texas A&M University-Kingsville, using EPA and
standard methods procedures (API-LA et al. 1992).

SAMPLING OF RECEIVING WATERS OF TWO
AQUACULTURE FACILITIES ON THE ARROYO

COLORADO
Several short-term intensive sampling studies were con-

ducted during the preharvest and the harvest seasons of two
farms. These studies wen: designed  to understand the diur-
nal variations of selected water quality parameter  in the
Arroyo Colorado and in selected sampling stations on the
farms’ sites. Table 2 provides a summary of the data fmm a
study conducted during the preharvest  season Analyses of
the grab samples collected over a 20 h period showed a large
diurnal fluctuation  for each sampling station with Espcct to
TSS, ~INIIO~,  nitrite, nitrate, tcitd  phosphorus, reactive
phosphate and CBOD,  levels. This high variability suggests
that flow-weighted cxmposik  sampies   essential for evalu-
atingtheenvironmentalimpa&oftheshrimpfarrns’eflIllent
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m ~~~ ~ ww, skce relatively high TSS levels were limited  effluent discharge by the farms. On October 31,
found b the f-3 effluent  water, river water samples we= 1994, there was no water discharged from TWA into the
collcctcd fmm different  locations along the river to smdy ever since all ponds were empty. Discharge from SSI on
& effect af t&s effluent water on the river. Samples were that date was less than 15,000 M3 (4 million gallons) a
dm fr0nr  400 m (0.25 mile) upswam from the farms’ day. The low levels of TSS (7-13 mgL) recorded in all of
discharge point, from the point of discharge and from sev- the river sampling stations suggest that the effect of the
ed S&O~S  downs&tan  from the farms’ discharge point. low discharge rate from the farm could not be detected in
Sa&a  W&E dlecwf  during the preharvest, harvest and the river. On the other hand, heavy rain on November 1,
~st~~est  seasons. 1994, resulted in a large storm water discharge into the

THE ~~~~~ST  SEASON
river. It was estimated that during that 24 h period, be-
tween 190,000 and 380,000 m3 (50 and 100 million gal-

Samples were collected at the mid-river point from Ions) of storm water were discharged into the river through
W?AR% .3 m, 0.9 m and 1.5 m, The data collected the county drainage ditch. Consequently, elevated levels
&xEsu n Table 3. The TSS levels in the upstream of TSS (as high as 790 mg/L) were recorded at the dis-
station  varied between I I and 83 mgL TSS levels in the charge station. This level was almost six times higher than
1.5 m samples were always higher than in the samples the TSS level found during the farms’ normal operation
fmm 0.3  m a& 0.9 m water depths. The TSS levels in the period. Elevated TSS levels were also found in the up
river at the fames’ discharge station were generally higher stream sampling station (13 vs. 38 mg/L). Although high

e upswam station.  TSS levels of the TSS levels were found at the discharge station, TSS levels
the fms’ discharge station were at the 400 m (0.25 mile) downstream station dropped back

in samples  from the 0.9 m to the normal level. This sharp decrease in TSS suggests
CiMt 13 m wamr depths. The discharge surface water TSS that the increase in the river’s TSS level was noticed only

mn 23 and 220  mg/I,,. The daul collected in the area near the discharge station. Data from samples
lain the high fluctuation in TSS for the collected on October 2 and 3, 1994, suggest that within

and the discharge one day of the heavy rain event, the river’s TSS levels
went back to normal. Water samples were also analyzed

ns show a for nitrite, nitrate, total phosphorus, reactive phosphorus
station. The and pH. This monitoring was done to provide better un-

derstanding of the changes in these parameter concentfa-
tions before,  during and after heavy storm water release.
Table 6 summarizes the data collected on October  3 1,1994,

TSS IeM at the fart%%’ discharge point uz&cd in a TSS during the postharvest season when there was no discharge
itchy m%r the ~~~~ station, with no apparent ef- of storm water into the river. The data suggest that during
feet Lyon the 400 m (0.Z mile) downstream boundary. the low shrimp farms’ effluent discharge, the river nitrite
THE HARVEST SEASON level varied between 0.07 and 0.15 mg/I.,, These nitrite

The harvest season sampIes were taken from 1.5 m, 3
kveis were in most cases higher than the October daily
average value for the SSI and TSVA incoming water (0.08

m and 4.5  m. Consequently, only samples collected from
the I.5 m water depth could be compared with the corre-

mgLL). A similar trend was noticed for the river r&ate
levels. The levels of total phosphorus, reactive phospho-

spanding values from the preharvest season. TSS levels in
two out of three sampies taken from the 1.5 m water depth th .

NS and  pH were similar to the October daily averages in

1 the;  discharge station were higher than the correspond-
e mcoming water for both farms (Tables 14 and 18). The

data collected from the river during heavy storm water
hg wht% from the preharvest season (Table 4). On the

d in two out of three samples taken from the
release and low farms’ effluent discharge are summarized
in Table 7. Elevated levels of nitrite and total phosphorus

station, the TSS level was lower than the corre-
from the preharvest season. This find-

were found at the discharge station (up to 0.2 and 0.65

the river’s TSS levels at the upstream
mgL for NO, and R respectively), compared with the

ted by the farms’ effluent discharges
previous day’s levels. On the other hand, the changes in

ihe karve?%t  season.
nitrate and reactive phosphorus levels for the same period
were small.

T SEASON Tables 8 and 9 summarize the data from samples taken
“&bl@ 5 safe the TSS levels in the river during in the first and second day after the rain event, respec-

be ‘asked  SeasOiL  meti data  provide background tively. On the first day, the levels of total phosphorus in
apron re@rdhig  the river’s water condition during the UpStRXIII , the discharge and the 400 m (0.25 mile)

downstream stations were higher than normal. These lev-
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Table 4. Changes in total suspended solids (TSS) levels in different stations along the Arroyo Colorado
during the 1994 harvest season.

TSS* (mg/L,)
1 Date 400 m upstream Discharge 800 m downstream 16OOm

o.3a 3.0 4.5 0.3 3.0 4.5 03 3.0 4.5 0.3 3.0 4.5
9/ 15194 13 15 11 58 67 49 29 52 16 23 47 16
9/25/94 21 27 19 61’ 71 54 33 57 18 29 51 19
1012194 15 21 19 72 83 47 37 64 29 33 57 27
aTSS
bWater depth (in meters) from which samples were taken

Table 5. Total suspended solids (TSS)  levels in different  stations along the Arroyo Colorado during low farms’
effluent discharges and different levels of storm water &eases  at the 1994 postharvest season.

TSSB  (mg&)
Date 400 mupstream Discharge 400 m downstream

03a 1.5 3.0 0.3 1.5 3.0 0 3 1.5 3.0
10/31 13 13 12 13 13 7 N/A N/A N/A
11/l 34 3 8  N/A 610 790 405 18 19 N/A
11/2 7 8  N/A N/A 11 11 N/A 48 74
1 l/3 N/A 7 2 N/A 9 12 10 13 N/A

800 m downstream 1200 m downstream 1600 m downstream
0.3a 1.5 3.0 0 3 1.5 3.0 0 3 1.5  3.0

10/31 15 12 12 N/A N/A N/A 12 12 14
1 l/l 20 17 23 20 21 10 19 19 15
1 l/2 N/A 47 69 N/A 24 21 N/A 22 19
11/3 13 9  N/A 14 12 N/A N/A N/A N/A

2400 m downstream 3200 m downstream 4fMOm 64O@m  8OOOm
downstream downstreamdownstmam

0.3b 1.5 3.0  0.3 1.5 3.0 03 1.5 3.0
10131 9 10 12 10 10 9 N/A N/A N/A
1 l/l N/A N/A N/A N/A 20 N/A 20 20 20
1 l/2 N/A N/A N/A N/A 10 N/A 23 8 25
11/3 N/A N/A N/A N/A 8 N/A 20 14 15
aTSS
bWater  depth (in meters) from which samples were taken

els returned to normal only on the second day after the
heavy tin event. On the other hand, the heavy rain did
not result in a significant change in reactive phosphorus
levels in most of the sampling stations on the river. Nitrite
at the discharge station was still higher than normal on the

first day after the heavy rain. On the second day after the
rain event, the nitrite levels in the upstream and discharge
stations dropped to the level found before the rain. A steady
decrease was noticed in the nitrate levels in most stations
during the two days following the heavy rain. These data
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Table  8. Congo in sehteci water quality parameters along the Army0 Colorado, one day after heavy rair
during farms’ low effluent discharges and no storm water releases.

Sampling station NO,-N (m&) N%N (ma) Tpa (m&) Rpb (mg/L)
400 m upstream 0.3 mc 0.12 0.7 0.31 0.24
400 m upstream 1.5 m 0.12 0.7 0.4 0.24
Discharge 0.3 m 0.13 0.7 0.34 0.22
Discharge 1.5 m 0.14 0.6 0.36 0.25
Discharge 3.0 m 0.19 0.4 0.27 0.25
400 m downstream 0.3 m 0.24 0.8 N/A N/A
400 m downstream 1.5 m 0.25 0.9 0.4 1 0.19
400 m downstream 3.0 m 0.23 0.8 0.42 0.22
800 m downstream 0.3 m 0.18 0.8 0.29 0.27
800 m downstream 1.5 m 0.12 0.4 0.36 0.24
800 m downstream 3.0 m 0.18 0.6 0.23 0.18
1200 m downstream 0.3 m 0.17 0.7 0.32 0.24
1200 m downstream 1.5 m 0.14 0.7 0.26 0.24
1200 m downstream 3.0 m 0.03 0.3 0.21 0.14
1600 m downstream 0.3 m 0.07 0.6 0.31 0.24
1600m downstream 1.5 m 0.08 0.5 0.32 0.24
1600 m downstream 3.0 m 0.04 0.5 0.25 0.14
3200 m downstream 1.5 m 0.11 0.6 0.32 0.22
4800 m downstream 1.5 m 0.06 0.5 0.36 0.16
6400 m downstream 1.5 m 0.07 0.8 0.27 0.16
8000 m downstream 1.5 m 0.09 1 0.29 0.2
a Total phosphorus
b Reactive phosphorus
c Water depth (in meters) from which sampies  were taken

Table 9. Changes in selected water quality parameters al&g the Arroyo Coiorado, two days after hemy
rain during low farms’ effluent discharges and no storm water re3eases.

Sampling station NO+ (mSn) NO,-N (mg/L) TRVM-) Rpb (mglL)
400 m upstream 0.3 mc 0.08 0.5 0.29 0.18
4OOmupstream 1.5m 0.08 0.5 0.29 0.21
400 m upstream 3.0 m 0.08 0.4 0.29 0.21
Discharge 0.3 m 0.09 0.5 0.32 0.21
Discharge 1.5 m 0.09 0.5 0.31 0.21
Discharge 3.0 m 0.06 0.3 0.33 0.15
400 m downstream 0.3 m 0.09 0.5 0.29 0.22
4OOmdownstream  l.Sm 0.1 0.5 0.32 0.21
800 m downstream 0.3 m 0.1 0.6 0.28 0.23
800 m downstream 1.5 m 0.1 0.6 0.26 0.21
1200 m downstream 0.3 m 0.1 0.5 0.29 0.22
1200 m downstream 1.5 m 0.1 0.5 0.3 0.23
3200 m downstream 1.5 m 0.11 0.5 0.29 0.19
4800 m downstream 1.5 m 0.1 0.5 0.27 0.17
64OOmdownstream  1.5m 0.1 0.5 0.23 0.17
8000mdownstream 1.5m 0.1 0.5 0.27 0.2
7200 m surface 0.11 0.5 0.28 0.2
7200m; 1.5 m 0.11 0.5 0.28 0.2

a Total phosphorus
b Reactive phosphorus
c Water depth (in meters) from which samples were taken



st that during heavy storm water release, a signifi-
t anon in totai  phosphorus, nitrite and nitrate can be

by the discharge station. The effect was mostly
significant effect on the river’s water at

m (0.25 mile) below the discharge point.
Futther studies are needed to explain the decrease in ni-
trate levels in the river water in the two days following the
heavy storm water release.

r~~~~~T AND EiWLUENT  CHARACTERIZA-
TKBN  OF THREE AQUACULTURE  FACILITIES
M SOUTH TEXAS

The following is a summary of the study conducted at
two ~~mm~rci~  shrimp farms, Taiwan Shrimp Village
A~s~i~~o~  (TSVA) and Harlingen Shrimp Farm (HSF),
Ed one eel farm, Southern Star Inc. (SSI).  These three
famu+  are located in south Texas along the Gulf of Mexico.
WQ of the farms, TSVA and SSI, pump their water from a
small river, the ~rroyo Colorado, which also receives tithe
f~s’e~ue~t. The other farm, HSF, pumps its water from

a sbahow hypersaline lagoon which
also receives the &‘a effluent water. All three farms dis-

Ming  county drainage
agricultural runoff and

4 production season, only 79
stocked with postlame
m&i.ng  density of the

yield af about 4,6QO
with 10 to 12 two-horse-
e farm’s average daily

wa?p  10%. with im average FCR value of
tnore  t&n 2. The SSI farm has 95 2 ha growout  ponds and
28 nursery  pands  that varied  in size between 200 and 500
m2.  Ruring the 1994 production season, only 15.6 of the
farm’s 193 ha were stocked with American eels (Anguillu
RWDB&).  Only one 2 ha pond on the farm was stocked
with shrimp (E vanwmk)  at low density (19 PVm2).  The
farm’s annual production was 33,000 kg of eels and about
5,200 kg of shrimp. The HSF has a total of 34 growout
ponds that varied in size between 0.023 and 2.02 ha Only
t50 out of the I83 ha available an the farm were stocked
with i? VUM%URZ&  ( 15 PLJm’) during the 1994 season. The
farm’s average yield was 1,800 kg/ha, with 7% daily wa-
ter exchange and an FCR value of 2.7.

The level of TSS in the incoming water Of this farm
varied between 0 and 3.5 mg/L (Table lo), with a daily
average of 13.4 mg/L,  for the whole sampling period. The
daily averages by month suggest that TSS values of the
incoming water stayed relatively steady throughout the
growing season. This finding may suggest that the com-
bined discharges from TSVA, SSI and CDC did not affect
the TSS level of the Arroyo Colorado at the intake station
of TSVA farm. From July through September, the daily
average levels of TSS in the effluent water from stations
TV2 and TV3 varied between 80.4 and 124.0 mg/L.  As
the number of ponds in production during October de-
creased due to harvest, so did the monthly average of TSS
levels of these outlets (45.2 and 74.6 mg/L for TV2 and
TV3, respectively). The TSS monthly average for August
and October in TV3 was higher than the corresponding
levels from TV2. The reason for this higher TSS level is
not clear; further studies are needed to explain these dif-
ferences. The seasonal daily average of TSS levels for the
main discharge canal (MIX) was similar to the values re-
corded for TV2 and TV3. Except for the high TSS monthly
average in September (306 mg/L) in the CDC, the monthly
averages for the other months were mostly in the 50 mg/L
range. Quantification of CDC contribution is needed to
fully assess the effect of this source on the river. The ef-
fluent TSS level in this farm was much lower than the
daily average (183 mg/L)  reported by Hopkins and co-
workers (1993) for effluent from South Carolina shrimp
ponds that were stocked at 44 PUm2.

To better understand the changes in TSS and VSS lev-
els during harvest, effluent samples were collected from
the outlets of three ponds on the farm. Table 11 provides a
summary of the data collected from one of the ponds. As a
reference point, readings were also taken from the TV1
(farm’s intake), TV2 (combined drain outlet for ponds #26
through #68), TV3 (combined dram outlet for ponds #l
through #25)  and MDC (combined outlet for CDC, TSVA
and SSI farms). During the three day period, the TSS level
at the outlet of pond #24 varied between 41 and 945 mg/
L, with the highest reading found in the last sample. The
VSS levels for this period varied between 15 and 786 mg/
L, with the highest value observed again in the last sample.
These findings suggest that as the water level in the pond
decreased, a larger amount of organic matter began to ap-
pear. For the same sampling period, TSS levels in TV3

C CTERUATION OF INTAKE AND EFFLU-
EHT ~A~~  OF TAIWAN SHRIMP VILLAGE
AS~~~TI~N  (TWA) FARM

water analyses were made on samples taken from two
* ~~~~~g~s:  o&et TV3 which drained water from

#1 ti@~gh  pad #25 ad outlet TV2 which received
e~ue~t Latex from pond W.26  through pond ##68.  Ponds

t#jf, ~~ #85 were drained directly into the county varied between 59 and 68 mgL. The data suggest that the
,dmi canal (cw>. Since this ditch was fed also by KS  portions  of the TSS at the TV3 station were often

effluent from the SSI farm and by agricultural runoff anti
or storm waters, the effluent water from these ponds was
not monitored. Table 10 summarizes the changes in se-
lected water quality parameters in five sampling stations
on and near the farm.
Total Suspended Solids (TSS)



Table 10. Changes in total suspended solids, total phosphorus, and reactive phosphorus in different sam.
Pliug stations  on Taiwan Shrimp Village Association (TSVA) farm during the 1994 production
season.

Period value TSSB (mg/L,) Total Pg (mg!L)
TVlb TV2’ TV3d MDCeCDCr TV1 TV2 TV3 MDC CDC

Reactive Ph (mg/L)
TV1 TV2 TV3 MDC

Jul. Av.’ 13 107 103 124 50 NA NA NA NA NA 0.09 0.22 0.18 0.22
Aug. Av. 16 80 108 92 50 0.29 0.55 0.47 0.53 0.32 NA NA NA NA
Sep. Av. 13 124 104 108 306 0.27 0.51 0.43 0.52 0.22 0.14 0.38 0.27 0.31
Oct. Av. 10 45 75 7 6 50 0.31 0.47 0.46 0.46 0.18 0.20 0.33 0.29 0.33
Jul.- Av. 13 93 99 101 79 0.29 0.51 0.45 0.50 0.28

STDi
0.12 0.27 0.22 0.28

Oct. 7 47 37 3 6 87 0.05 0.08 0.07 0.08 0.10 0.06 0.10 0.08 0.07
Max 3 5 220 235 203 306 0.38 0.65 0.56 0.66 0.45 0.21 0.45 0.32 0.37
Min 0 12 3 8 58 30 0.21 0.38 0.32 0.39 0.18 0.04 0.11
nk

0.04 0.15
3 5 3 5 3 5 19 10 14 14 14 13 6 10 10 10 7

a Total suspended solids
b Sampling station at the water intake of TWA farm
c Sampling station at the discharge gate for pond #26  through pond #68  of TSVA farm
* Sampling station at the discharge gate for pond #l through pond #25  of TSVA farm
e Sampling station at the discharge outlet for county discharge canal (WC),  TSVA, and Southern Star Inc. farms
f Sampling station at the CDC
s Total phosphorus
h Reactive phosphorus
i Average
j Standard deviation
k Number of observations

Table 11. TSS and VSS levels in one pond outlet and in selected sampling stations on TSVA farm during
harvest.

Date Time

9116194 I:00 pm
9116194 7:00 pm
9/17/94 1:Oo am
9/17/94 7:Oo  am
9/l 7194 I:00 pm
9117194 7:OO pm
9118194 1:ooam
911 g/94 7:OO  am
9/l 8f94 1:OO pm
9118194 7:OO pm

Pond #24 TVIC TV3d Ibllx?
TSSa VSSb TSS TSS v s s TSS v s s

(mgn) (a) @v&I (m&I (%I (mg/L)  (W
41 37 21 61 23 57 33
69 32 60 20 58 40
91 23 59 10 58 21

121 16 59 10 59 19
159 26 61 25 61 20
251 45 64 39 62 34
315 49 65 38 63 46
394 28 64 48 63 38
560 38 66 33 65 54
652 49 66 36 66 47

a Total suspended solids
b Volatile suspended solids
’ Sampling station at the water intake of Taiwan Shrimp Village Association (TWA)  farm
d Sampling station at the discharge gate for pond #l through pond #25 of TSVA farm
e Sampling station at the discharge outlet for county discharge c a n a l  WC),  TWA, anti  Southern  Star I.w.

farms



i
TPI 12, ~em~~~ of TSS levels in ponds’effluent  water from TSVA farm and Harlingen Shrimp farm

dndng the 11994  pruduction season.

Pond 60 Taiwan Shrimp Village Association Farm

Date 8/l 1 8118 8125 9/01 9108 9/l 5 9122 9129

Av,L
TSSb OnpJL) 74 79 93 50 138 13 7 182

79.5
Pond G9 Harlingen Shrimp Farm

I3ate 7-20 7-27 8-03 8- 10 8-17 8-24 9-07 9-14
AQ.

111 30 42 42 109 89 54 38
64.4
s Av~~~~
b Total safe solids

lower the ~~~ndi~g values for samples taken at
pond #24’s  outlet; The TSS levels at the MX outlet were
silly to the levels recorded at the TV3 outlet. However,
a alar VSS pm on was found in the M.lX  samples,
Since MIX?. recei water from different sources, it is

to single om the primary  sotmx for the higher
Flexor, the TSS  Ievels at TV3 suggest
the potid effluent water had high levels of

TZJS  @p to ?43 ). this level was reduti  by 93% at
the TV3 outlet. if we m to @non?-  the particle load
~~~~~on~ from rite other 24 ponds dmining  into TV3
outlet it is obvious that the drainage canal  served as a

basin for the pond’s effluent water. In terms of
data nugget  that by the time the water from this

pond reached the TV3 outlet, only 46% of the TSS was in
the form of VSS compared to 83% at the pond‘s outlet
site. Table I2 provides a summary of the TSS values found
in samples taken from pond #60 outlet in TSVA farm and
pond G9 outlet in HSF during the 1994 production sea-
son. The levels of TSS for the TWA pond varied between
7 and 182  mg& with a daily average of 79.5 mgiL. The
TSS  values for the HSF pond G9 varied between 30 and
11 I m& with a daily seasonal average of 64.4 mg/L,.
~~~ density in pond #60 was SO PUm2,  while in the
@h@r pond it was only 13 PL/m’. The data suggest that
IOWW  %o&bg density does not necessarily result in lower
levels of TSS in the effluent water.
Tot&I Pl=@a era)

The achy average level of TP in the incoming water
WI on) varied between 0.21 and 0.38 mg/L, with

j early growing to the harvest season
: TP for the whole season was

$L. The seB&sal averme level of TP in outlets0.29 ny

44

TV2 and TV3 varied between 0.32 and 0.65 mg/L, with a
daily average of 0.48 mg/L. Higher seasonal TP average
value (0.51 vs. 0.45 mg/L) was observed for TV2 station
as this outlet drained twice as many ponds as the other.
The monthly averages of TP in the farm’s effluent waters
did not show an increase over time. A stight  decrease in
the monthly average TP was noticed in samples from TV2
from the early season to harvest. The TP seasonal average
for MDC was just a little higher than the combined aver-
age for TV2 and TV3 stations (0.5 vs. 0.48 mg/L). Ai-
though this outlet received water from other sources (e.g.,
SSI farm and CDC), the TP level in this station was not
greatly  affected. Assuming a daily usage of 379,000 M3
(100 million gallons) at peak pumping requirement with a
net increase of 0.18 mg/L TP over the inffluent water, then
the TP releases by the farm could be about 72 kg/day or
165 kg (363 lb) of PzO,/day.  This quantity of P205 is about
half the regular phosphorus application for 1 ha cropland
( 180 kg/ha) applied at Ieast twice in each cycle.
Reactive Phosphorus (RP)

The monthly average level of RP in the incoming wa-
ter varied between 0.09 and 0.20 mgL, with a seasonal
daily average of 0.12 mg/L (0.04 to 0.20 mg/L. range). A
slight increase in RP was noticed from July to October
(Table 10). The seasonal averages of RP for TV2 and TV3
stations were 0.27 and 0.22 mg/L,  respectively, with a 0.04
to 0.45 mg/L range. The combined seasonal daily average
for the two stations was over hvice the level recorded for
the intake (0.12 vs. 0.25 mg5). The seasonal average of
RP for the MDC station was a little higher than the corre-
sponding average of TV2 and TV3 (0.28 vs. 0.25 mg/L).
Here again, a slight increase in RP from the early season
to harvest was noticed.
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Table 1% Changes in PH, dissolved oxygen, and five-day carbonaceous oxygen demand in different sam-

Pliug  stations ou Taiwan Shrimp Village Association (TSVA) farm during  the 1994 production
season.

Period value PH DO’ (mg/L)
TVle TV2b  TV3=MDCd TV1 TV2 TV3 M D C

CBOD,g  (mg/L)
TV1 TV2 TV3 MDC CDCe

Jul. Av.~ 8.5 7.9 7.9 7.8 7.2 5.6 5.5 6.0 4.1 3.7 3.7 3.5 5.1
Aug. Av. 8.4 7.7 7.8 7.7 6.8 4.8 5.7 5.7 3.8 3.4 3.8 3.2 3.4
Sep. Av. 8.4 7.6 7.8 7.7 6.6 4.2 5.1 5.0 4.5 2.4 2.8 2.6 15.0
Oct. Av. 8.3 7.9 7.8 7.9 5.7 4.7 3.4 4.6 2.4 2.5 4.1 3.0 NA
Jul.-. Av. 8.4 7.8 7.8 7.8 6.8 4.7 5.3 5.5 3.8 2.9

STD’
3.6 3.1 5.5

Ott 0.2 0.2 0.1 0.1 0.9 0.9 1.0 1.0 1.8 1.0 1.5 1.0 4.5
Max 8.7 8.2 8.1 8.0 10.2 6.8 7.2 8.8 11 4.8 8.4 5.0 15.0
Min 8.0 7.5 7.7 7.6 4.8 2.8 2.6 1.0 1.3 1.4 1.1 1.7

ni
1.6

31 31 31 18 84 68 68 79 32 31 32 19 7
? Sampling station at the water intake of TSVA farm
b Sampling station at the discharge gate for pond #26 through pond #68 of TWA farm
c Sampling station at the discharge gate for pond #l through pond ##25  of TSVA farm
d Sampling station at the discharge outlet for county discharge canal (CDC), TSVA, and Southern Star Inc.

farms
e Sampling station at the CDC
f Dissoived oxygen
s Five-day carbonaceous biochemical oxygen demand
h Average
i Standard deviation
j Number of observations

PH
The seasonal average pH level in the incoming water

was 8.4, with an 8.0 to 8.7 range (Table 13). The seasonal
averages of pH levels in stations TV2 and TV3 were lower
than the pH of the incoming water (7.8 vs. 8.4). These
values were well within the daily average range (6.0 to
9.0) set by the TNRCC.
Dissolved Oxygen (DO)

The seasonal average of DO in the farm’s incoming
water was 6.8, with a 4.8 and 10.2 mg/L range (Table 13).
A slight decrease in DO level in the river’s water was ob-
served from the early season to the harvest. The seasonal
average of the DO level for TV3 station was a little higher
than the corresponding value for TV2 (5.3 vs. 4.7, with a
2.6 to 7.2 mg/L range). The seasonal average of DO con-
centration for station MDC was a little higher than the
combined value for the ‘I’V2  and TV3 stations (5.6 vs. 5.0
mgk). The monthly and seasonal averages of DO con-
centration for both the TV2 and TV3 stations were lower
than the 6.0 mg/L daily average required by the permit.
An increase in effluent DO concentration will be needed
to meet regulatory requirements.

Five-day Carbonaceous Biochemical Oxygen De-
mand (CBOD,)

The seasonal daily average of CBOD, in the incoming
water was 3.8 mgk, with a 1.3 and 10.9 mg/L range (Table
13). The seasonal averages of CBOD, in samples from
TV2 and TV3 were 2.9 and 3.6 mg/L,  respectively, with a
1.1 and 8.4 mg/L range. The seasonal average for the two
outlets was 3.3 mg/L.  The data collected so far do not ex-
plain why a higher level of CBOD, was found in TV3
compared with TV2. The seasonal average value for the
MDC station was a little lower than the combined value
for TV2 and TV3 (3.1 vs. 3.3 mg/L). The seasonal aver-
age of CBODS value for the CDC station was the highest
among all stations (5.5 mg/L).  The higher CBOD, level in
the incoming water, compared with the reading from TV2,
TV3 and MDC outlets, suggests that circulating the river
water in the farm’s ponds reduces the level of CBOD,.
Furthermore, the data suggest that the river’s CBOD, was
controlled by factors other than the farm’s effluent water.
Since the seasonal daily average of CBOD5  level of the
farm’s effluent water was lower than the corresponding
values for the incoming water, meeting the standard will
not create any problem. All of the CBOD, levels found in
this faxm  were lower than  the 8.5 mg/L BOD level reported
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Table 1% Changes in PH, dissolved oxygen, and five-day carbonaceous oxygen demand in different sam-

Pliug  stations ou Taiwan Shrimp Village Association (TSVA) farm during  the 1994 production
season.

Period value PH DO’ (mg/L)
TVle TV2b  TV3=MDCd TV1 TV2 TV3 M D C

CBOD,g  (mg/L)
TV1 TV2 TV3 MDC CDCe

Jul. Av.~ 8.5 7.9 7.9 7.8 7.2 5.6 5.5 6.0 4.1 3.7 3.7 3.5 5.1
Aug. Av. 8.4 7.7 7.8 7.7 6.8 4.8 5.7 5.7 3.8 3.4 3.8 3.2 3.4
Sep. Av. 8.4 7.6 7.8 7.7 6.6 4.2 5.1 5.0 4.5 2.4 2.8 2.6 15.0
Oct. Av. 8.3 7.9 7.8 7.9 5.7 4.7 3.4 4.6 2.4 2.5 4.1 3.0 NA
Jul.-. Av. 8.4 7.8 7.8 7.8 6.8 4.7 5.3 5.5 3.8 2.9

STD’
3.6 3.1 5.5

Ott 0.2 0.2 0.1 0.1 0.9 0.9 1.0 1.0 1.8 1.0 1.5 1.0 4.5
Max 8.7 8.2 8.1 8.0 10.2 6.8 7.2 8.8 11 4.8 8.4 5.0 15.0
Min 8.0 7.5 7.7 7.6 4.8 2.8 2.6 1.0 1.3 1.4 1.1 1.7

ni
1.6

31 31 31 18 84 68 68 79 32 31 32 19 7
? Sampling station at the water intake of TSVA farm
b Sampling station at the discharge gate for pond #26 through pond #68 of TWA farm
c Sampling station at the discharge gate for pond #l through pond ##25  of TSVA farm
d Sampling station at the discharge outlet for county discharge canal (CDC), TSVA, and Southern Star Inc.

farms
e Sampling station at the CDC
f Dissoived oxygen
s Five-day carbonaceous biochemical oxygen demand
h Average
i Standard deviation
j Number of observations

PH
The seasonal average pH level in the incoming water

was 8.4, with an 8.0 to 8.7 range (Table 13). The seasonal
averages of pH levels in stations TV2 and TV3 were lower
than the pH of the incoming water (7.8 vs. 8.4). These
values were well within the daily average range (6.0 to
9.0) set by the TNRCC.
Dissolved Oxygen (DO)

The seasonal average of DO in the farm’s incoming
water was 6.8, with a4.8 and 10.2 mg/L range (Table 13).
A slight decrease in DO level in the river’s water was ob-
served from the early season to the harvest. The seasonal
average of the DO level for TV3 station was a little higher
than the corresponding value for TV2 (5.3 vs. 4.7, with a
2.6 to 7.2 mg/L range). The seasonal average of DO con-
centration for station MDC was a little higher than the
combined value for the ‘I’V2  and TV3 stations (5.6 vs. 5.0
mgk). The monthly and seasonal averages of DO con-
centration for both the TV2 and TV3 stations were lower
than the 6.0 mg/L daily average required by the permit.
An increase in effluent DO concentration will be needed
to meet regulatory requirements.

Five-day Carbonaceous Biochemical Oxygen De-
mand (CBOD,)

The seasonal daily average of CBOD, in the incoming
water was 3.8 mgk, with a 1.3 and 10.9 mg/L range (Table
13). The seasonal averages of CBOD, in samples from
TV2 and TV3 were 2.9 and 3.6 mg/L,  respectively, with a
1.1 and 8.4 mg/L range. The seasonal average for the two
outlets was 3.3 mg/L.  The data collected so far do not ex-
plain why a higher level of CBOD, was found in TV3
compared with TV2. The seasonal average value for the
MDC station was a little lower than the combined value
for TV2 and TV3 (3.1 vs. 3.3 mg/L). The seasonal aver-
age of CBODS value for the CDC station was the highest
among all stations (5.5 mg/L).  The higher CBOD, level in
the incoming water, compared with the reading from TV2,
TV3 and MDC outlets, suggests that circulating the river
water in the farm’s ponds reduces the level of CBOD,.
Furthermore, the data suggest that the river’s CBOD, was
controlled by factors other than the farm’s effluent water.
Since the seasonal daily average of CBOD5  level of the
farm’s effluent water was lower than the corresponding
values for the incoming water, meeting the standard will
not create any problem. All of the CBOD, levels found in
this faxm  were lower than  the 8.5 mg/L BOD level reported



T&fe 14. t-bngw on ammonk, nit&e, and n&rate in different sampling stations at Taiwan Shrimp vii-

Period value NE&-N  bg/L) NO2-N (m&J NO,-N (m&J
TVl“TVZbTV3%lDCd  CDCI TV1 TV2 TV3 MDCCDC TV1 TV2 TV3 MDCCDC

Jul. Av.’ 0.07 1.22 1.10 1.2 0.0 0.35 0.28 0.28 0.21 0.12 NA NA NA NA NA
1.7 0.4

0.30 1.82 1.72 0.06 0.47 0.29 0.41 0.34 0.26 0.58 0.46 0.64 0.40
4 7

1.2 0.0
0.27 1.44 0.89 0.06 0.51 0.20 0.43 0.05 0.35 0.80 0.45 0.83 0.80

Sep. Av. 1 7
0.7 0.0

0.26 1.00 0.75 0.10 0.33 0.15 0.29 0.01 0.53 0.63 0.43 0.53 0.50
Oct. Av. 6 3

1.3 0.2
Jul*- 0.23 1.40 1.14 0.13 0.41 0.23 0.35 0.21 0.36 0.67 0.45 0.68 0.48
Ott, Av. 5 8

0.4 0.4
Q*14 0.48 0.47 0.22 0.13 0.08 0.14 0.26 0.21 0.14 0.09 0.15 0.28

STW 7 0
2.1 1.2

0.49 2.36 2.08 0.90 0.59 0.39 0.52 0.81 0.80 0.90 0.60 0.90 0.80
Max 7 5

0.6 0.0
0.01 O,f& 0.43 0.03 0.21 0.14 0.00 0.01 0.10 0.50 0.30 0.50 0.10

MuI 0 0
nk 33 33 33 20 9 15 15 15 15 8 12 12 12 11 5

’ ~~~~i~n~  stath at the water intake.  of TSVA farm
’ S~~~~~~  station  at the discharge gate for pond $26  thmugh  pond  #68  of TWA fautt
’ ~~~~~n~ starion at the discharge  gate for pand Cl through pond #25  of TWA farm
' ~~~~~~~ statha S the‘s  dkschiuge  Outkt  for county discharge canal (CDC),  TSVA, and  &u&m  star  Inc. farms
a ~~~~in~ swim at the CDC
i Average
@ Standard deviation
h Number of obsrmitions

by Hopkins and co-workers (1993) for pond effluent in affect the level found in the farm’s intake station. The sea-
South Carolina. sonal ammonia average for TV2 (1.40, with a 0.16 to 2.36

(NH@) mgK range) was higher than the level at TV3 (1.14, with

The farm’s seasonal average of ammonia level in the a 0.43 to 2.08 mg/L range). A decreasing trend in the
~~~~g water (TV1 station) was 0.23 mg5, with a 0.01 ammonia monthly average was evident from August to
to 0.49 mgfL  mrtge  Vable  14). July’s average (0.07 mg/L) October. This decrease is probably a result of lower dis-

lower than the averages for the fol- charge volume since some ponds had been harvested The

Ammonia level in the intake station seasonal average concentration of ammonia for station

ow m spite of the fact that the average for MIX was 1.35, with a 0.6 to 2.17 mg/L range. Monthly
this nrtlnth at the MDC  station was 1.29 mgiL. Further- averages for this station were usually lower than the cor-

average for the MDC station responding values from TV2. Except for one month (Oc-

was significantly different (1.21 tober), the farm’s effluent monthly averages for ammonia
. ami  0.76 m@L. ~s~vel~~,  the monthly average at TV I- were higher than the 1 mgIL limit set by the regulatory

.~ about  the same. Mom in-depth study agency. These values were much higher than the 0.08 mg/
hether &mmollia  loads at MDC can L daily average reported by Hopkins and co-workers (1993)

for shrimp ponds stocked at 44 PL/m* with a 25% daily
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water exchange. lt is possible that the low level reported
from South Carolina’s effluent water was a result  of am-
monia uptake by the algae. This conclusion is supported
by the low seasonal average of ammonia level (0.03 mg/
L) found in HSF effluent water, where algal concentration
was extremely high. Effluent ammonia levels found on
this farm were much lower than the 6.5 mg/L values re-
ported by Chen and co-workers (1986, 1989) for intensive
shrimp ponds in Taiwan. The farm’s effluent ammonia lev-
els were a little higher than the “safe level” of 1. I- I .4 mg/
L reported in the literature for larvae and juvenile shrimp
(Wickins  1976, Chen and Chin 1988, Chin andChen  1988,
Wajsbrot et al. 1990). The farm’s values were often lower
than the 96 h LC values (0.4-3.1 mg/L range) reported
for fish (Ball 1924, Colt and Tchobanoglous 1976) and
the 3.3-6.4 mg/L range reported for marine mollusc
(Epifanio and Srna 1975). These values were higher than
the 0.050-0.2 mg/L range and found to have a “significant
growth reduction on most aquatic animals” (Colt and
Amstrong 198 1).
Nitrite (NO2-N)

and Tchobanoglous (1976) reported a 96h LC value of
l,OOO-2,000  mg/L for fish. Epifanio and Sma5b975)  re-
ported that the 96h value for Crussostrea  virginica  varied
between 2,600 and 3,800 mg/L. Only high levels of ni-
trate (>90 mg/L> were reported to affect growth of aquatic
animals (Wickins 1976).

TSS  CONTRIBUTION BY AN EARTHEN
DRAINAGE  CANAL AT THE TAIWAN SHRIMP
VILLAGE ASSOCIATION FARM

The nitrite monthly averages of the incoming water
varied between 0.06 and 0.35 I@.., with a seasonal aver-
age of 0.13 mg/L (Table 14). The monthly nitrite averages
at the MDC station were lower than the corresponding
value from TV2 and TV3. The seasonal average level of
nitrite in TV2 was higher than the level at the TV3 station
(0.41 mg/L vs. 0.23). The seasonal averages of nitrite for
TV2 and TV3 stations were higher than the levels found
in the farm’s incoming water. However, these nitrite lev-
els were lower than the 0.5 mg/L value reported by Hopkins
and co-workers (1993) for effluent water from ponds
stocked at 44 PUm2.  The farm’s effluent nitrite levels were
much lower than the 96h LC values (8.5-15.4 mg/L)  re-
ported for shrimp (Armstron~e# al. 1976, Wickins  1976)
or the 96h LC values (532 and 756 mg/L)  reported for
two species of?$?hellfish  (Epifanio and Sma 1975).
Nitrate (NO,-N)

The study was conducted on a section of a drainage
Canal  on TWA  farm controlled by outlet TV3. This gate
received effluent waters from ponds #l through #25.
Samples were collected from a section where there was
no direct effluent discharge from any ponds. A total of 20
sampling stations (M 1 -M20)  were set at 15.2 m (50’) apart
in a section with an “L” shape. Station M20 was placed
about 61 m (200’) from the drain pipe of pond #l (the first
pond that discharged water into this drainage ditch) while
station Ml5 was positioned following the drainage canal
curve. Station Ml was about 15.2 m (50’) from the TV3
outlet. Table 15 summarizes the TSS data collected from
these sampling stations. For comparison, data are also pro-
vided for other key sampling locations. Samples were taken
from the farm’s intake station (TVl),  the farm’s discharge
point into the river (MDC)  and the TV3 station.

The TSS levels in Ml7 and Ml5 were higher or similar
to readings from M20. It is most likely that the increase in
TSS was due to erosion of the drainage canal soil, with
some amplification at the canal’s turning point near MU.
In a few cases, TSS levels in Ml were reduced nearly 40%
compared with Ml5 readings. This reduction in TSS sug-
gests that the drainage canal acted as a primary settling
basin for the effluent water.

The nitrate monthly averages of the incoming water
varied between 0.26 and 0.53 mg/L (Table 14),  with a sea-
sonal daily average of 0.36 mg/L (0.1-0.8 mg/L range).
The seasonal average nitrate level for TV2 and TV3 sta-
tions was 0.67 and 0.45 mg/L, respectively. The monthly
averages from these stations were higher than the corre-
sponding values from the intake station. The nitrate
monthly averages for August and September at the MMJ
station were a little higher than the corresponding values
from TV2. Nitrate levels at CDC were almost as high as
the values from TV2.  The nitrate level reported by Hopkins
and co-workers (1993) for effluent water from shrimp
ponds stocked at 44 PL/m2 was about 10 times higher than
the seasonal average for TV2.  Wickins  (1976) reported a
48h LC

Table 16 provides some information regarding the VSS
portion in the TSS readings from selected sampling sta-
tions. The VSS level in these samples varied between 27
and 82%,  with no clear correlation in distance of the sam-
pling station from M20. An adequate characterization of
VSS is essential for the design of any aquaculture effluent
treatment facility. For example, effluent water rich with
unicellular algae will require a different treatment strat-
egy to reduce its TSS level than water loaded with shrimp
feces and unconsumed feed. A series of jar tests were run
by an engineering company (NRS Consulting Engineers.
Harhngen, Tex.) to determine settling characteristics of
the water discharged from the ponds. Based on this infor-
mation, it was determined that without adding flocculat-
ing agents, the settling time was too long to be practical
(Norris 19%). Significant reduction in TSS was obtained
when flocculating agents were used. Cost andYSiS Of this
tfeament practice suggests that it may not be cost-e&z-
tive. Based on data collected in this study and the infor-

50
value of 3,400 mg/L for juvenile shrimp. Colt mation from other studies on the farm’s sites (e.g., TSS
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contribution from soil erosion, TSS load during harvest,
etc.), the consultant recommended the following modifi-

farm’s incoming water varied between 12.1 and 16.7 mgl

cations: (1) deepening and widening the farm’s drainage
L, with a seasonal average of 14.4 mg/L. No increase trend

canals to achieve greater reduction in effluent of TSS lev-
in the TSS monthly averages was found from early season

els; (2) reducing the drainage canal’s soil erosion, and (3)
to harvest in the intake station. The season’s average was

pumping the pond harvest water into empty ponds to de-
about 1 mg/L higher than the corresponding value from

crease TSS loads prior to final discharge.
the TSVA farm. TSS monthly averages for September and
October for the farm’s intake were higher than the corre-

CHARACTERIZATION OF INTAKE ANI) EFFLU-
ENT WATERS OF SOUTHERN STAR INC. (SSI)
FARM

At the time that this study was conducted, SSI was the
only  farm with a discharge permit. The effluent water gen-
erated by this farm came mostly from eel ponds since only
one growout  pond was stocked with shrimp. In addition to
routine monitoring of the farm’s incoming and effluent
waters, samples were analyzed from the intake and the
discharge of one of the eel ponds. This monitoring was
designed to provide better understanding of the differences
in effluent water quality between a pond stocked with eels
and a pond stocked with shrimp. The data collected from
the eel pond is summarized in Table 17. The seasonal av-
erage of TSS in the intake water for this pond was much
lower than the corresponding value from the farm’s intake
(5.9 vs. 14.4 mg/L). The seasonal average TSS level in the
effluent water from this pond was 2.1 mg/L. This TSS level
was over 30 times lower than the corresponding values
from the individual ponds monitored on the TSVA and HSF
facilities (Tables 14). The CBOD level in the incoming
water of this pond was higher tha?t the level found in the
pond effluent. Nevertheless, this level was still a little lower
than the farm’s seasonal average. This finding suggests a
decrease in CBOD from the farm’s pumping station to
the pond intake. Thg  average CBOD reading in the efflu-
ent water from this pond was simild to the level found in
the farm’s effluent water. The levels of ammonia, nitrite,
nitrate and TP in the pond effluent water were higher than
the concentrations in the pond’s incoming water. The sea-
sonal average ammonia level in the pond intake was much
higher than the farm’s intake level (0.28 vs. 0.10 mg/L).
This increase in ammonia at the pond’s inlet suggests that
an organic decomposition process took place in the farm’s
intake canal. The average nitrite and TP levels in the in-
coming and effluent water of this pond were similar to the
corresponding levels for the whole farm. The nitrate level
in the pond intake was much lower than the level found in
the farm’s incoming water (0.25 vs. 0.42 mg/L). The level
in the effluent water for the whole farm and for the pond
was similar.
Total Suspended Solids (TSS)

Table 18 summarizes the TSS data collected from the
intake and discharge stations of the SSI farm during the
1994 production season. The TSS monthly average in the

spending values from TSVA farm. As the intake station
for the SSI farm was located upstream of the other farm, it
is clear that these higher TSS levels were not a direct re-
sult of the effluent discharge from the two farms. The farm’s
effluent TSS level during July varied between 25 and 260
mg/L, with a daily average of 109 mg/L. Low water dis-
charge rate coupled with high water turbidity from soil
stirring activity by fish in front of the sampling station
have resulted in artificially high effluent TSS values. This
artifact was corrected in early August by increasing the
water depth in the drainage canal. As a result, the average
TSS in the effluent for August was about half the level
monitored earlier (54.1 mg/L). The seasonal average of
the TSS level, excluding the biased values from July, was
only 50.9 mg/L.  This level was far below the correspond-
ing values from the other two fatms.
Ammonia (NEI,-N)

The seasonal daily average of ammonia level in the
farm’s incoming water (SSl station) was 0.10 mg/L, with
a 0.00  to 0.52 mgL range. A steady increase in ammonia
monthly averages was observed from July to October
(Table 18). The seasonal average ammonia for the TSVA
farm intake was more than twice the level of SSl (0.23
mg/L). An increase in the ammonia monthly average was
noticed for the TSVA farm from July to August, with no
significant change from August to harvest (Table 14). The
data collected so far are not sufficient to decide whether
the increase in the monthly ammonia concentration is a
direct result of the two farms’ effluent discharge into the
river. The seasonal average of ammonia concentration for
the farm’s effluent water was 0.36 mg/L, with a 0.01 to
1 .l7 rngk range. This average was much higher than the
corresponding concentration from HSF effluent waters that
were algal-rich. Nevertheless, the seasonal average was
about four times lower than the corresponding values of
the effluent water from TSVA farm (1.4 and 1.14 mg/L for
TV2 and TV3, respectively; Table 14). Ammonia level was
also far below the level found in the MDC station (1.35
mg/L) which received effluent water from the CDC and
the two farms. No deerease in the monthly averages of
ammoniaeffluentwas  observedforthisfarmfk0mtheearIy
season to harvest, as was the case for the TSVA farm. The
monthly averages of ammonia in the farm’s effluent water
were below the maximum level allowed by the permit.

Nitrite (NOzN)
The monthly average of nitrite level in the incoming
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Table 18. Changes in total suspended solids, total phosphorus, and reactive phosphorus in the intake and
the effluent discharge station of Southern Star Inc. (SSI) farm during the 1994 production sea-
son.

Period Value TSS’(mg/L) N$-Nd (mg/L)   NO2-N (mg/L)
SSlb  ss2=

NO3-N (mg/L) Total Pe (mg/L)
SSl SS2 SSl

Jul. Av.~ 14.7 108.7 0.05 0.25 0.08
Aug. Av. 12.1 54.1 0.10 0.45 0.04
Sep. Av. 16.6 39.3 0.19 0.31 0.05
Oct. Av. 16.7 59.3 0.21 0.71 0.08
Jul.-. Av. 14.4 70.2 0.10 0.36 0.06
C&t ST-W 6.0 60.4 0.10 0.26 0.03

Max 31.0 260.0 0.52 1.17 0.11
Min 3.0 16.0 0.00 0.01 0.01

nh 47 47 46 46 17
a Total suspended solids
b Sampling station at the Water intake of SSI farm from Arroyo Colorado
c Sampling station at the water discharge station of SSI farm
d Total ammonia nitrogen
= Total phosphorus
f Average
a Standard deviation
h Number of observations

SS2 SS1 SS2 SSl SS2

0.05 NA NA NA NA
0.14 0.26 0.34 0.21 0.35
0.07 0.43 0.28 0.27 0.27
0.20 0.63 0.40 0.32 0.38
0.12 0.42 0.34 0.27 0.34
0.08 0.20 0.10 0.09 0.07
0.25 0.70 0.50 0.42 0.42
0.02 0.20 0.20 0.01 0.22

17 13 13 14 14

Table 19. Gauges in pH, dIssoIved oxygen, and five-day carbonaceous biochemical oxygen demand in the
intake aud the efIIuent dischaqe station of Southern Star Inc. (SSI) farm during the 1994 pro-
duction season.

PWkJd Value PH
ss1a SS2b

Jul. Av.= 8.6 8.2
Aug. Av. 8.5 8.1
Sep. Av. 8.5 8.1
Oct. Av. 8.2 7.8
Jul.- Av. 8.4 8.0
Oct. STDf 0.2 0.2

M&x 8.8 8.6
Min 7.8 7.3

ng 95 95
a Smpiing  station at the intake of SSI farm
b Sampling station at the SSI effluent discharge gate
’ ~ssolved oxygen
d Five-day carbonaceous  biochemical demand
’ Average
f Standard deviation
* Number  of observations

W(W)
SSl

CBODsd  (mg/L)
ss2 SSl SS2

8.7 7.0 4.5 5.8
8.7 5.9 4.5 4.7
9.4 5.3 4.5 3.5
6.7 5.7 2.5 1.7
8.3 5.7 4.0 1.7
3.1 1.1 1.6 0.4

20.1 8.3 7.7 2.7
2.3 2.7 1.2 1.3

296 295 42 42
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water varied between 0.04 and 0.08 mg/L (Table 18). No
increasing trend was observed in the monthly average of
nitrite levels from early season to harvest. The seasonal
daily average was 0.06 mg/L. This average was consider-
ably lower than the corresponding value from the TSVA
farm (0.13 mg/L;  Table 14). The data collected so far do
not support nor reject the hypothesis that the effluent wa-
ter discharge from SSI and TSVA affected the nitrite lev-
els in the incoming water of the two farms. The seasonal
average of nitrite level for the farm’s effluent was 0.12
mg/L. No increase was observed in the monthly averages
of the nitrite in the farm’s effluent water from the early
season to harvest. Although the farm’s seasonal average
was twice the nitrite level in the incoming water, it was
much below the levels found in TV3 and TV2 stations on
the TWA farm (0.23 and 0.41 mg/L,  respectively; Table
14). The farm’s seasonal average was almost three times
lower than the level measured at MIX. This average was
also about four times lower than the nitrite level reported
by Hopkins and co-workers (1993) for effIuent water from
ponds stocked at 44 PL/mz (0.5 mg/L). The low nitrite
levels observed throughout the growing season were much
lower than the 96h LC,, values (8.5-15.4 mg/L) reported
for shrimp (Armstrong et al. 1976, Wickins  1976) or the
96h LC,, values (532 and 756 mg/L) reported for two spe-
cies of shellfish (Epifanio  and Sma 1975).
Nitrate (NO@)

The farm’s monthly average level of nitrate in the in-
coming water varied between 0.26 and 0.63 mg& with a
seasonal daily average of 0.42 mg/L  (Table 18). These lev-
els were similar to the corresponding values from the other
two farms (Tables 14 and 18). As was the case for TSVA
farm, the monthly average of nitrate levels in the incom-
ing water increased from the early season to harvest. The
seasonal average for the farm effluent water was 0.34 mgl
L. This level was lower than the level in the incoming
water. No increase in monthly averages was noticed in the
SSI effluent water as was found for the other two farms.
The farm’s seasonal average nitrate level was much lower
than the corresponding value from the MIX station (Table
14).
Total Phosphorus (TP)

The monthly average level of TP in the incoming water
varied between 0.21 and 0.32 m&L, with an increasing
trend from the early growing to the harvest season (Table
18). The farm’s seasonal TP average of the incoming wa-
ter was 0.27 mg&. These values were similar to 1eveIs
measured in the incoming water of the TWA  farm but far
below the corresponding levels from HSF. The high TP
levels in the incoming water for both farms may reflect
the heavy TP load into the Arroyo Colorado water from
wastewater treatment plants and other sources in the area.
The seasonal TP average for SSI effluent water (0.34 mgl

L) was lower than the corresponding values for the MDC
station and the TV2 and TV3 outlets on TSVA farm (Table
14).

PH
The farm’s seasonal average of pH for the incoming

water was 8.4 (Table 19); this value was similar to the
level recorded for the TSVA farm. The farm’s seasonal
average of pH for the effluent water was 8.0 (7.4 to 8.6
range). These pH levels were within the range required by
the farm’s discharge permit.
Dissolved Oxygen (DO)

The farm’s seasonal average of DO in the incoming
water was 8.3 mg/L (2.3 to 20.1 mg/L). This average DO
level was much higher than the 6.8 mg/L value of the TSVA
farm (Table 13). The farm’s DO monthly average in the
incoming water varied between 6.7 and 9.4 mg!L (Table
19). The monthly minimum DO level varied between 2.3
and 4.1 mg/L. These low DO readings suggest that on a
few occasions, the minimum DO level in the incoming
water was below the standard set by the regulatory agency
for the farm’s effluent water (3.0 mg/L). The farm’s sea-
sonal average of DO in the effluent water was 5.7 mg/L,
with a 2.7 to 8.3 mg/L  range. The TNRCC permit requires
the effluent water to have a 6.0 mg/L daily average of DO,
with a minimum daily average of 3.0 mg/L.  Although the
monthly averages of DO levels in the effluent water from
this farm were higher than the corresponding values from
the other two farms, these levels were below the discharge
permit requirements. These findings suggest that an in-
crease in effluent DO level is needed to meet regulatory
requirements.
Five-Day Carbonaceous Biochemical Oxygen
Demand (CBODJ

The farm’s seasonal average CBOD, in the incoming
water was 4.0 mg!L. The CBOD, monthly average for
October was much lower than the averages for the other
three months. The CBOD, levels of the incoming water
for this farm were similar to the corresponding values in
the incoming water of the TSVA farm (Table 13). There
was no increase in CBOD, of the incoming water from
the early season to harvest. These data suggest that the
river’s CBOD, levels were controlled by factors other than
the effluent discharge from the two farms. The seasonal
daily average of CBOD, of the farm’s effluent water was
1.7 mg/L, with a 1.3 to 2.7 mg/L  range. This average was
much lower than the corresponding value for the MDC
station. The CBOD,  values for SSI and the other farm were
lower than the 8.5 mg/L BOD level reported by Hopkins
and co-workers (1993) for shrimp pond effluent water in
South Carolina. The seasonal and the monthly averages of
CBOD, level for the farm’s effluent water were below the
4 mg/L limit set by the permit.
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CIIARACTERIZATION OF INTAKE AND EFFLU-
ENT WATERS OF HARLJNGEN  SHRIMP FARMS
(HSF)

Water samples were collected from the farm’s intake
station (Hl) and the discharge canal prior to the final dis-
charge into the receiving water (H2). Table 20 summa-
rizes the changes in TSS, total phosphorus, reactive phos-
phorus, and pH in these stations.
Total Suspended Solids (TSS)

The TSS monthly averages in the farm’s incoming wa-
ter varied between 11.6 and 24.8 mg/L, with a seasonal
daily average of 18.6 mg/L (I-H station; Table 20). The
seasonal average was a little higher than the correspond-
ing value from the TSVA farm intake station. High TSS
monthly averages coincided with the “brown tide” algae
bloom near the farm’s intake station. The July monthly
TSS average in the discharge station was much higher than
the other month’s averages. The main reason for this high
value is the salt interference in the analysis method. Since
HSF’s water salinity was much higher than the Arroyo
Colorado, adjustment to analytical procedures was needed
to ensure accurate measurements. Excluding the July av-
erage, the monthly TSS averages of the farm’s effluent
water varied between 73.5 and 105.2 mg/L. Although lower
stocking densities were employed in this farm (12.519
PUm2), the efiluent’s  TSS monthly average for August
through October was only slightly lower than the corre-
sponding values for TSVA farm, where stocking density
of 50 PUm2 was employed. This finding suggests that dif-
ferences in stocking densities cannot explain the relatively
high TSS level in the effluent water from this farm. The
farm’s monthly average TSS level was over five times
higher than the standard set for the SSI farm. The quantity
and characteristic of the VSS in the effluent water will
have to be studied further to develop art adequate TSS re-
duction treatment method.
Total  Phosphorus (TP)

The TP seasonal average in the incoming water was
0.05 mg/L,  with a 0.01 to 0.11 mg& range (Table 20).
Very little TP increase was noticed from the early season
to harvest (from 0.04 to 0.08 mg/L).  This level was much
lower than the seasonal average for the intake of the TSVA
farm (0.29 mg/L;  Table 10). The seasonal average of TP
of 0.15 mg/L for the farm’s effluent water was over three
times lower than the corresponding levels in the effluent
water of the TSVA farm.
Reactsve  Phosphorus (HP)

The RP seasonal average in the farm’s incoming water
(Table 20) was very low compared with the readings from
the Other two farms (cO.00  vs. 0.12 mg/L).  The main rea-
son for these differences is the fact that HSF receives its
water from the Laguna Madre, while the other two farms

pump water from a river that receives effluent water from
municipal and industrial wastewater treatment facilities.
Only a small increase in Rl? in the farm’s effluent water
was found. The seasonal daily average of RP in this water
was only 0.05 mg/L.

PH
The pH seasonal average for the farm’s incoming wa-

ter was 8.4, with an 8.1 and 8.6 range (Table 20). Although
the farm’s water salinity was higher than for the TSVA
farm, pH level was similar. The seasonal average pH level
in the farm’s effluent was 8.6 mg/L,  with a 8.2 to 8.7 range.
This pH was much higher than the corresponding values
from TV2 and TV3 stations on TSVA farm (Table 13).
The high “brown tide” algal concentration in the farm’s
effluent water was probably the main reason for these
higher pH values. The pH data collected suggest that the
effluent water from this farm will meet the pH limit set for
the other two farms.
Five-Day Carbonaceous Biochemical Oxygen
Demand (CBOD,)

The CBOD, seasonal average level in the farm’s in-
coming water was 3.7 mg/L, with a 0.4 to 10.8 mg/L range
(Table 21). This level was similar to the corresponding
value from the intake water of the TSVA farm. The high-
est monthly average value was found in September (7.3
mg& with a 3.1 to 10.8 mg/L range). The farm’s seasonal
average of CBOD, in the effluent water was 9.2 mg/L,
with a 5.6 to 14.4 mg& range. This level was over two
times higher than the corresponding values in the effluent
water ftom the TSVA farm. The farm’s seasonal average
value was close to the 8.5 mg/L BOD level reported by
Hopkins and co-workers (1993) for shrimp pond effluent
water in South Carolina. The relatively high CBOD, lev-
els in the farm’s effluent water suggest that this water was
rich with dissolved organic matter and bacterial popula-
tion. It is possible that the observed high level is associ-
ated with the high concentration of the “brown tide” algae
in this water. Nevertheless, further studies are needed to
identify the source for the relatively high CBOD, levels
in the farm’s et&rent water. Based on the current TNRCC’s
water permit requirements for SSI, effective September 1,
1995, the daily average of CBOD, levels in the effluent
water should not exceed 4 mg/L nor 1,513 kg (3,336 lb) a
day. The farm’s seasonal average of CBOD, level in the
effluent water was higher than the standard set by the regu
latory agency. An adequate effluent treatment facility will
be needed to meet TNRCC standards.
Dissolved Oxygen (DO)

The DO levels were not recorded for the farm’s incom-
ing water during the 1994 season. For this reason, it is
unclear whether the “brown tide” algal bloom affected the
DO level in the incoming Water. The seasonal average of
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Table 20. Changes in total suspended solids, total phosphorus, reactive phosphorus, and pH in the h&&e
and effluent water of Harlingen Shrimp Farm (HSF) during the 1994 production -on.

Period Value TSSa  (mg/L)
Hlb E-W

Total pd (mgL) Reactive Pe (m&J PH
Hl H2

Jul. Av.~ 22.0 207.2 NA NA
Aug. Av. 11.6 105.2 0.04 0.15
Sep. Av. 24.8 73.5 0.06 0.13
Oct. Av. 15.0 93.5 0.08 0.21
Jul.- Av. 18.6 127.7 0.05 0.15
Oct. !XD.g 9.9 78.6 0.03 0.05

Max 40.0 309.0 0.11 0.25
h4in 3.0 36.0 0.01 0.04

nh 16 16 11 11
a Total suspended solids
b Sampling station at the water intake station of HSF
c Sampling station at the water discharge outlet of HSF
d Total phosphorus
e Reactive phosphorus
f Average
g Standard deviation
h Number of observations

Hl H2 Hl H2
0.00 0.08 8.5 8.7
NA NA 8.3 8.5

0.00 0.01 8.5 8.6
0.00 0.08 8.3 8.2
0.00 0.05 8.4 8.5
0.00 0.10 0.1 0.2
0.01 0.30 8.6 8.7
0.00 0.00 8.1 8.2

8 8 17 17

Table 21. Changes in dissolved oxygen, five-day carbonaceous oxygen demand, ammonia, and nitrate
levels in the intake and effluent water of Hariingen Shrimp Farm (H!3F) during the 1994
production season.

Period Value DO (m&) CBOD: (mg/L)
Hla JII~~ Hl H2

July Av.~ NA 4.0 1.2 11.4
Aug. Av. NA 4.4 2.1 9.4
Sept. Av. NA 4.6 7.3 10.5
Oct. Av. NA 3.2 5.2 5.7
Jul.- Av. NA 4.1 3.7 9.2
Ott STDe NA 0.9 3.2 2.9

Max MA 6.2 10.8 14.4
Min NA 0.4 0.4 5.6

nf NA 12 12 12
a Sampling station at the water intake station of HSF
b Sampling station at the water discharge outlet of HSF
c Five-day carbonaceous biochemical demand
d Average
e Standard deviation
f Number of observations

NHJ-N(m@U NO,-N (mgllL)
Hl H2 Hl H2

0.02 0.01 NA NA
0.02 0.02 0.38 0.66
0.03 0.02 0.53 0.68
0.02 0.10 0.40 0.50
0.02 0.03 0.44 0.65
0.02 0.06 0.15 0.07
0.05 0.23 0.70 0.70
0.00 0.01 0.30 0.50

15 5 10 10
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~0 level for the farm discharge station (H2) was 4.1 mg/
L (Table 21).  This level was a little  lower than the cone-
spnding values from discharge stations TV2 and TV3 on
the TSVA farm (Table 13). The DO monthly averages for
the farm were lower than the limits set for the other two
farms. Increased DO levels in the effluent will be needed
to meet regulatory requirements.
Ammonia (N&N)

The ammonia seasonal average in the farm’s incoming
water (HI station) was 0.02 mg/L (Table 21). There was
no increase in ammonia level in the incoming water from
the early season to harvest. The seasonal average for H2
was 0.03. with 0.01 to 0.23 mg/L range. The farm’s am-
monia levels for the intake and the effluent water were
much lower than the corresponding values  from the TSVA
farm. The main reason for these differences was the high
aIgaI bloom (“brown tide”) in the incoming and effluent
water of the farm. Research conducted with this algae un-
der a controlled environment concluded that this algal spe-
cies strives on ammonia @eYoe and Suttle 1994). The
effluent ammonia levels at this farm were much lower than
the 6.5 mg/L values reported by Chen and co-workers
(1986, 1989) for intensive shrimp ponds in Taiwan. Am-
monia levels were also much lower than the “safe level”
forIarvaeandjuveniIeshrimp(1.l-1.4mg/L)reportedby
several researchers (WQ&ins 1976, Chen and Chin 1988,
Chin and Chen 1988, Wajsbrot et al. 1990). The farm’s
ammonia levels were lower than the 96h LCsovalue range
(&4-3.1  mg/L)  reported for fish (Ball 1967, Colt and
Tchobanoglous 1976) and the 3.3-6.4 mgiL value range
reported for marine moIIusc (Fpifanio and Sma 1975). Colt
and Amstrong  (198 1) stated that “significant growth re-
duction will occur in most aquatic animals at an ammonia
level of 0.050-0.2 mg./L.” The low ammonia level recorded
for this farm is in agreement with Hopkins and co-work-
ers (1993) which reported a daily average ammonia level
of 0.08 mg/L in effluent water from ponds stocked at 44
PI-./m2 with 25% daily water exchange. It is possible that
the low ammonia levels observed for both locations were
a result of high aIgaI blooms which removed any free
ammonia from the effluent water. The ammonia level in
the farm’s effluent water was extremely low and well be-
Iow the standard set by the regulatory agency for the other
two farms. However, it is expected to have higher effluent
ammonia levels should the farm operate under no “brown
tide” a&ae prevaIence.
Nitrate (No,-N)

The nitrate monthIy averages in the farm’s incoming
wa& varied between 0.38 and 0.53 mg/L,  with a seasonal
average of 0.44 rnfi (Table 21). Although the farm’s
monthIY averages were similar to the values found in the
&coming water for the TSVA farm, the seasonal average
was a little higher (0.44 vs. 0.36 mgiL). Monthly average
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nitrate levels in the farm’s effluent varied between 0.5 and
0.68 mg/L, with a seasonal average of 0.65 mg/L. This
concentration was similar to the seasonal averages of out-
lets TV2 and MDC on the TSVA farm’s site. A relatively
high level of nitrate was found in the farm’s effluent al-
though this water had a high concentration of “brown tide”
algae. Possible explanation for these relatively high ni-
trate concentrations can be provided by recent research
findings. DeYoe and Suttle (1994) found that unlike ni-
trite (NO,) and ionized ammonia (NHec),  this algal spe-
cies cannot utilize nitrate (NO,).  The nitrate level reported
by Hopkins and co-workers ( 1993) for effluent water from
shrimp ponds stocked at 44 PL/m2 was about 10 times
higher than the farm levels. Only high levels of nitrate
(>90 mg/L) were reported to affect growth of aquatic ani-
maIs (Wickins  1976). This same author reported a48h LC,,
value of 3,400 mg/L for juvenile shrimp. Colt and
Tchobanoglous (1976) reported a 96h LC,, value between
1,000 and 2,000 mg& for fish. Epifanio and Sma (1975)
reported a 96h LC,, value between 2,600 to 3,800 mg/L
for Crassostrea virgin&.

SUMMARY AND RECOMMENDATIONS
The paper provides a brief review of the published in-

formation on the impact of shrimp farm effluent waters on
receiving waters. Potential benefits and adverse effects on
the environment and co&I communities are highlighted.
A large volume discharge of nutrient-rich waters from
shrimp farms can result in a major negative environmen-
tal impact  Nevertheless, there is a general lack of field
dam regarding the nutrient load and the quality of effluent
from shrimp farms. The same is true for well-documented
studies related to the ecologicaI effects of these effluent
waters. Data from literature suggest that better monitor-
ing of selected water quality parameters in the growout
ponds can reduce the farms’ discharge volume. Further-
more, preliminary observations from a small-scale study
conducted in South Carolina suggest that by increasing
the ponds’ aeration rates, water exchange can be completely
eliminated. Improved aquaculture practices in terms of
adequate site SeIeetion,  farms’ operation efficiency, feed-
ing, feed utilization and diet formulation are only a few of
the potential tools to reduce nutrient loads in shrimp farms’
effluent waters, Integrated polyculture practices to reduce
wasteloadings is another concept used by shrimp farmers
in Southeast Asia. Under these practices, water is circu-
lated between shrimp, fish, bivalves and macroalgae ponds
to minimize effluent water discharge.

Except for a recent viral disease outbreak, effluent dis-
charge is the major obstacle for vigorous growth of the
shrimp farming industry in Texas. For the last 2 yr, the
Texas Agricultural Experiment Station (TAES) has been
involved in an extensive research program aimed toward
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helping this industry. Intake and effluent waters of three
aquaculture facilities in south Texas were monitored for
about four months to cover the period between the early
growout  and the harvest season. Effluent characterization
was provided for a high density shrimp farm (TSVA) and
a low density shrimp farm QISF),  as well as an eel farm
(!%I). Limited monitoring was also conducted to describe
the effect of the effluent water from the high density shrimp
farm and the eel farm on receiving waters. At the time that
this report was prepared, only two of the farms (TSVA
and SSI) were required to monitor and control six key ef-
fluent water quality parameters. These parameters were:
daily discharge volume; DO: pH; TSS; ammonia (NI-Is-
N); and five-day carbonaceous biochemical oxygen de-
mand (CBOD,).  Monitoring of other parameters (e.g., ni-
trite, nitrate, TP and RP) was needed for reporting only.
For all three farms, the effluent pH levels were the only
parameters within the limit (6-9) set by the state regula-
tory agency (TRNCC). The daily average effluent DO lev-
els for all three farms were below the 6 mg/L limit. Daily
average effluent ammonia levels for the low density shrimp
farm were much lower than the 1 mg!L limit set for the
other two farms. Daily average effluent ammonia levels
in the high density shrimp farm and the eel farm were gen-
erally higher than the limit set by TNRCC. The daily aver-
age effluent CBOD, levels in these two farms were lower
than the 4 mg/L upper limit set by the regulatory agency.
Effluent daily average CBOD, levels for the low density
shrimp farm were higher than the daily average level al-
lowed by the TNRCC. Daily average effluent TSS levels
for all three farms were above the 30 mg/L limit. A very
high TSS load (over 900 ma) can be expected in efflu-
ent waters during shrimp harvest. Extensive monitoring
of the changes in TSS and VSS along a section of a drain-
age ditch at the high density shrimp farm suggests the fol-
lowing: (1) drainage ditch soil erosion is one of the rea-
sons for the high TSS levels in the farm’s effluent waters;
and (2) the farm’s drainage ditch served as a primary set-
tling basin and helped to reduce effluent TSS levels.

The levels of the other nutrients in the effluent waters
from the three farms were generally higher than the levels
in the farms’ intake waters. The limited monitoring of the
receiving waters suggests that the farms’ effluent water
had a measurable impact only close to the farms’ discharge
point. No increase in nutrient and TSS levels could be de-
tected at a distance greater than 400 m (0.25 mile) from
the discharge point. Based on the data obtained from this
study, a few modifications were implemented in the three
farms to improve the effluent water quality. To reduce the
level of TSS being released into receiving waters, the fol-
lowing correction steps were taken: (1) sections of the
drainage ditches with high soil erosion were lined with
geotextile membrane; (2) primary drainage ditches on the
farm sites were deepened and widened to enhance TSS

settling; (3) TSS-rich  harvest waters are pumped into empty
ponds  where thy are kept for a few days to enhance set-
tling of particulate matter before final release into receiv-
ing waters;  ami (4)  preliminary studies were initiated to
evaluate bivalve capability to reduce TSS level in the farm
effluent waters. Several studies are planned to evaluate
potential methods to reduce the levels of nutrient being
released  into receiving waters. These studies will have three
objectives: (1) determine whether increased pond aeration
rates can result in lower water volume usage by the farms;
(2) determine whether shrimp farms’ effluent nutrient load
can be reduced by altering diet formulations with no ad-
verse effect on shrimp production; and (3) determine
whether effluent ammonia and TSS levels can be reduced
by adding bacterial supplement products into the growout
ponds.
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