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SHRIMPFARM ABSTRACT —An evaluation of the characteristics of the influent and effluent water of a semi-

EFFLUENTS
SUSPENDED MATER

intensive shrimp farm of Sonora that operated with one cycle of six months, a mean water

NUTRIENTLOADS exchange of 12.7%-d* and had mean final yields of 2,000 + 85 kg-ha* (FCR = 2.15 £ 0.21),

EUTROPHICATION showed that during that cycle the farm disgedr547 kg N-haand 73 kg P-h&aThe respective
net exports were 122 kg N-ha' and 14 kg P-ha®. The total solids discharged were 20.8 tons-ha*
(73.4% inorganic) and the net amounts exported were 7.52 tons-ha* of inorganic particulates
and 0.92 tons -Haof organic suspended matt&he water body that receives these disgbsiis
the Moroncarit lagoon, which has an estimated mean water residence time of 3 to 5 d and
receives also agricultural drains and sediments of marine origin. For thisreason, the nutrients
and the sediments discharged by this farm could contribute significantly to the evolution of this
lagoon, as well as to its trophic status.

INTRODUCTION

One of the main constraints for the development of

accel erated pace, from the first semi-intensive farm that
started operationsin 1985 in 150 ha of pond surface, to
the 754 farms and more than 60-10° ha of ponds, that are

aquaculture is its real or perceived impact on the health ofconcentrated in the coastal states of the Gulf of Califor-

the environment caused by its effluents, that are a poten-
tial source of eutrophication of coastal areas (Barg 1992,
Bardach 1997). Thisis affecting the growth of an impor-
tant section of thisindustry, represented by shrimp farm-
ing, that grew rapidly in the last two decades. In recent
years its worldwide annual productions, close to 0.8-
0.9-10metric tons, represent nearly 30% of the shrimp
supplied to the world markets and are an important com-
ponent of the economy of inter-tropical countries of Asia
and LatinAmerica (Rosemberry 1998).

Thus, the characterization of shrimp farm effluents
and the quantification of the amounts of nutrient dis-
chaped is important for the health of this industry, as
well as of the environment, because it would permit a
realistic assessment of the impact on the receiving water
bodies and a regulation of the industry based on hard
facts, rather than on perceived threats (GESAMP 1996,
Fuchsetal. 1999).

There are several examples of this type of studies
(Hopkins et al. 1993, Briggs & Funge-Smith 1994, Paez-
Osunaet al. 1997) but the results vary widely, because of
the different levels of technology, culture intensity, rates

of feeding and water exchanges (Boyd & Gautier 2000).

In NW Mexico shrimp culture has grown with an

nia, mainly in the states of Sinaloa (41,557 ha = 69.3% of
the total pond surface) and Sonora (13,941 ha = 23.2%)
(SAGARR 2004).

There is some information on the characteristics of the
effluents of the farms of Sinaloa, that operate with two
cycles-yedrand use low water exchanges (2-3% to 6-
8% - d") because of the sub-humid climate and mild win-
ters, whereas none is available for those of the state of
Sonora, that has an arid climate and cold winters. For
these reasons, these farms operate with one cycle-year?!
and the mean water exchanges are > 10-12%.

The aim of this study was to evaluate the water charac
teristics of the intake and effluents of a semi-intensive
farm of the state of Sonora and, using these data and the
records of pond management, cal culate the amounts of
solids and nutrients discharged by this farm during the
2003 production cycle.

METHODS

The Chomojabiri farmislocated in the southern part of the
state of Sonora, between coordinates 26° 42.312' to 26° 42.615’
Lat N and 109° 37.596' to 109° 37.858' Long W (Fig. 1). It was
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Fig. 1. — Location of the Chomojabiri 26°40°
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farm, of itsinfluent and effluent, and
of the Moroncarit lagoon.

selected because, in view of its small dimensions (9 ponds for a
total of 23 ha), it had only one biologist in charge and the crite-
riaand routines of pond handling were the same for all ponds.
Therefore, it was assumed that the data obtained in the influent
and effluent waters of ponds 1 and 2 (6.9 ha= 30% of the total

109°35°

oxygen, chlorophyll a, suspended matter and dissolved and par-
ticulate N and P concentrations. Water temperature, oxygen con-
centrations and pH were obtained in situ with a'Y Sl dissolved
oxygen meter and a Corning field pH meter. Salinity was deter-
mined with an Atago refractometer. All other samples were pre-

pond surface) could be used as representative of the influent andervedin anicebox at 0°C. Thosefor organic N were treated with

effluent characteristics of the whole farm.
The production cycle started at the end of April 2003 and

lasted 185 d and 194 d for ponds 1 and 2. In both, the initial den

sity was 20 PL-m?, fertilizers (85 kg of urea and 12 kg of
monoammonium phosphate-ha*-cycle?) were applied after 7,
22 and 51 d. Food was supplied in three equal parts every 8 h,
with daily rations that decreased progressively and ranged from
28% of the estimated shrimp biomass during the first two

weeks, to 2.2% at the end of the cydlee phosphorus and pro

tein content of shrimp feed were 1.05 to 35% and the amount of
food supplied throughout the cycle was 4,295 + 256&g

Water exchanges started after 29 d and ranged between 5%
and 20% of the total water volume. The highest was during the
two weeks before partial harvest, that removed 64% of the eval-
uated shrimp biomass and took place after 122 d (mean shrimp
wet weight = 11.5 + 3.6 g-ind?). This allowed a reduction of the
rate of water exchanges, that varied between 10% and 12% for
the remaining 9-10 weeks. The weighted mean exchange rate
throughout the whole cycle was 12.7%-d

The final shrimp weight was 20.95 + 3.39 g-ind'%, the total
yields of ponds 1 and 2 (partial and final harvests) were 1.9 and
2.1 tons:ha (mean for the whole farm: 2,000 + 85.4 kg) and the
food conversion ratio (FCR) cal culated from the records of all
ponds of the farm for the whole cycle was 2.15 + 0.21.

Every two weeks, four water samples (one every 6 h) were
obtained from the common inlet and from the outl ets of the two
ponds, to determine water temperature, salinity, pH, dissolved

5-16° M HgCl and the wastes after analysis were stored until dis-
posal, according to the officia regulations for toxic substances.

tone (Strickland & Parsons 1972). Suspended solids were con-

centrated on preweighed Whatman GF-C glass fiber filters,

washed with 5-6 ml of 3% ammonium formate to eliminate sea
salt residues, dried to constant weight in an oven at 60 °C, and

ashed later in amuffle furnace at 475 °C to obtain the inorganic
contentThe mass of @anic solids was calculated byfdifence
between the two values (ffg & Cheung 1999).

The samples for nutrient determination were previously fil-
tered through Whatman GF-C filters. The organic N and the
total P content of the particulate retained on the filters were
determined with the Kjeldahl method (Rodier 1981), and deter-
mining reactive P-PO,® after acid persulfate digestion (Hach
1992: methods 8190 & 8048).

The methods for dissolved nutrient analysisin the particle-
free water were 8507 (diazotization) for N-NO,, cadmium
reduction (8171) for N-NOs, salicylate (8155) for N-NH," and
ascorbic acid (8048) for P-PO,*. Total dissolved P was mea-
sured with the same method after acid persulfate digestion and
the nonreactive fraction was calculated by difference with the
untreated samples (Hach 1992). Dissolved organic N was deter-
mined with the Kjeldahl method for water samples (Strickland
& Parsons 1972).

Thetotal water inputs and outputs were cal culated from the
ledgers of the pumping station of the farm and from the data of

Vie Milieu, 2007, 57 (1/2)
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evaporation and precipitation obtained from the Navojoa meteo ent were significantly lower than those of the effluents

rological observatory of the Nationalater Commission.

There were no differences between the characteristics of the
two effluents, that were different from those of the influent
(repeated measur@dOVA tests,a = 0.05). For this reason, the
mean values of the effluents of each date were compared to the
respective values of theinfluent with Student’s t tests for paired
samples or with the equivalent nonparametric Wilcoxonstests,
with .= 0.05 (Zar 1996).

RESULTS

With the exception of dissolved oxygen and nonreac-
tive P, the mean values of the characteristics of the influ-
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Fig. 2. — Mean values of water temperature (A), dissolved oxy-
gen (B), pH (C) and salinity (D) of the influent and effluents of
the Chomojabiri farm. Bars: standard deviation.

(Tablel). On average, temperature was 1° C higher in the
effluent throughout the whole cycle, whereas oxygen
concentrations were higher only between days 29 and
100. The pH values were consistently and significantly
higher in the dfuent, but in both cases they varied within
narrow ranges (7.72 + 0.11 to 8.40 £ 0.24 in the influent
and 7.80 £ 0.04 to0 8.42 + 0.19 in the effluent: Fig. 2A, B,
Q).

Until partial harvest, salinity was close or more than
10g-* higher in the effluents and ranged between > 50
and 45 g-I'1. Thisdifference decreased in the second half
of the cycle and salinity was 1 glbwer in the efluent at
the time of harvest (Fig. 2 D).

Chlorophyll a varied from 0.66 + 0.19 to 4.57 £
0.31ug-1"in the influent and from 2.0 + 1.50 to 10.5 +
2.33ug-1*in the effluents. With the exception of day 29
concentrations were higher in the effluents, where they

15 O Influent

O Effluent

1

Chl.a («gl")
o © N

w

i 4

250

200

-
(2.
o

TSS (mg-l”)
>
o

(2
o

I Adda

o

0SS (mg-")
N [} D (3]
o o o o

-
o

0
10 29 49 63 86

Sampling day

Fig. 3. — Mean concentrations of chlorophyll a (A), total sus-
pended solids (B) and organic suspended solids (C) of theinflu-

ent and dfuents of the Chomojabiri farm. Bars: standard devia
tion.
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Table |. — Top, mean values and

standard deviations of the water Variable Inlet Mean outlet
characteristics of the intake and of o a b
thegffluents of pondsll and 2 Qf the Temperature (°C) 29.08 +3.42 30.07+3.24
shrimp farm Chomojabiri during the  Salinity (g-1™") 37.59 +2.52° 44.90 + 4.84°
2003 production cycle. =N and ZP: ) '
Total (dissolved + particulate) N Dissolved oxygen (mg-1™) 6.03£0.74" 5.95+1.38"
and P. ISS, OSS, TSS = inorganic, a " b
organic and total suspended solids. pH 7:98x0.18 8.08+0.19
Different lettersindicate significant N-NH," (mg1") 0.02+0.01° 0.06 £ 0.02°
differences (Student’s t or Wilkin-
sons tests( for paired samples N-NO;™ (mg1™) 0.02 % 0.04° 0.04+0.01"
between inlet and mean outlet, o = N-NO:" 17 0.08 + 0.022 0.1240.02°
0.05). n=10inall cases. a<b. Bot- 3 (mgl) ’ ’ ’ '
tom, input, discharges and net Diss. organic N (mg-1™) 0.85+0.19° 1.10 +£0.041°
export of nutrients and suspended . e a b
solids by the Shrlmp farm Chomo- Part. organic N (mg 1 ) 1.02 £ 0.31 1.28 £0.52
jabiri during the 2003 production SN (mg1") 200+051° 2.604+0.95°
cycle.All data are in kg-h&a ; ] R
P-PO,” (mg17) 0.09+0.02*° 0.12 £0.02
Nonreactive diss. P (mg-1") 0.03+0.01* 0.04+0.02°
Part. P (mg1") 0.16 +0.05° 0.20+0.05°
Y P (mg1h) 0.28 + 0.06 * 0.35+0.08°
ISS (mg1) 37.78 £ 10.51° 68.65 £35.56°
0SS (mg1™) 22.54+5.19° 27.43 £7.15
TSS (mg1™h 60.32 + 13.21° 96.07 +40.90°
Chl. a(ugl-1) 2.16+1.29° 6.03+3.17°
Variable Input %  Discharge % Net %
(kg'ha) (kg'ha) (kg'ha™)
Dissolved inorganic N 26 6.1 45 8.3 19 15.6
Dissolved organic N 176 51.4 236 43.1 60 49.2
Particulate organic N 223 52.5 266 48.6 43 352
>N 425 100.0 547 100.0 122 100.0
Dissolved P 26 44.1 31 42.5 5 35.7
Particulate P 33 55.9 42 57.5 9 64.3
>P 59 100.0 73 100.0 14 100.0
ISS 7,730 62.6 15,292 73.4 7,562 89.2
0SS 4,622 37.4 5,539 26.6 917 10.8
TSS 12,352 100.0 20,831 100.0 8,479 100.0
Chl. a 0.35 1.33 0.98

increased progressively until the end of the cycle
(Fig. 3 A).

During the first four months, the concentrations of
total suspended solids (TSS) varied between 50 and
75mg-1* and were consistently lower in the influent. The
high (> 50%) water discharges and other harvest-related
activities of day 123 caused a sudden increase, with con-
centrations of 175-180 mg-I-* in the effluent. After that
date, the concentrations of TSS remained high until the
end of the cycle (Fig. 3 B). Organic suspended solids
(OSS) varied from 16.5+ 1.2t032.6 + 3.1 mg-Itin the
inflowing water and between 16.3 + 4.4 and 43.3 £
3.8mg-*inthedischarges (Fig. 3 C). In the influent, the
organic content ranged from 31 to 38%, and the mean
value was 37.4 + 3.9%. It varied more widely in tHeuef
ent, where the highestganic content o SS was 40.6%,

the lowest was 22.5% and the average was 28.6 + 8.3%.

There were no clear trends in the concentrations of
total dissolved inorganic N (N-NH,*, N-NO, , N-NOy)
of the influent. In the effluent, it increased until day
123, when it decreased because of the 50% water
exchange during partial harvest. After that date, the ten-
dency to increase continued for the rest of the cycle
(Fig. 4A).

Dissolved organic N was by far the most important
dissolved N fraction in the influent and in the effluent. It

varied with a trend similar to that of particulate N, and the
respective concentrations ranged from 0.41 + 0.10to 1.13

+ 0.24 mg-I-tin theinfluent and from 0.57 + 0.25t0 1.84
+ 0.58 mg-l-tin the effluents (dissolved) and from 0.80 +
0.13to0 1.41 + 0.21 mg-l-* and between 0.75 + 0.48 and
2.16 £ 0.48 mg-I-* (particulate). Apart from days 29 and

Vie Milieu, 2007, 57 (1/2)
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Fig. 4. — Mean concentrations of dissolved garic N (A), dis
solved organic N (B) and particulate organic N (C) of theinflu-

ent and dfuents of the Chomojabiri farm. Bars: standard devia

tion.

63, the values were consistently higher in the outflowing
waters (Fig. 4 B, C).

The concentrations of dissolved P tended to be higher
in the effluent and during the second half of the cycle
(Fig. 5A). After day 49, those of particulatenrere higher
in the effluent and showed a clear tendency to increase
until partial harvest. After this, they varied without any
trend until the end of the cycle (Fig. 5 B).

The nitrogen input due to water exchanges was
425kg-ha (52.5% as organic particulates; the dissolved
N species were 41.4% organic and 6.1% inorganic). The
total dischages were 547 kg-Rand the dissolved gan
ic and inorganic species increased to 43.1% and 8.3%,
whereas the organic contribution of particulate N
decreased to 48.6%. The net amount of N exported dur-
ing the cycle was 122 kg-ha* and the most important was
the dissolved organic fraction (49.2%, compared to
35.2% particulate and 15.6% dissolved garic N).

Thetotal P content of the influent water was 59 kg-ha*

Olnfluent A
@ Effluent

Dissolved P (mg-l")
o
N

0.3 -

0.2

0.1

Particulate P (mg-l'1)

0.0 w -
10 29 49 63 86 100 123 137 156 176 188
Sampling day

Fig. 5. — Mean concentrations of dissolved (A) and particulate P
(B) of theinfluent and effluents of the Chomojabiri farm. Bars:
standard deviation.

(44.1% dissolved and 55.9% particulate), and the amount
dischaged was 73 kg-ha'l, 57.5% of which was particu-
late.The total Rexport was 14 kg-HgTable | bottom).

The mass of suspended solids discharged was 20.83
tons-ha (15.29 tons inorganic and 5.54 tons organic),
compared to the 12.35 tons-ha! (7.73 tons inorganic and
4.62 tons organic) that entered through pond filling and
water exchanges. The respective percentages of the inor-
ganic and organic fractions were 73.4 and 26.6% (efflu-
ent) and 62.6 and 37.4% (influent). The net exports were
8.48, 7.56 and 0.92 tons-ha'?, equivalent to 68.6, 97.8 and
19.8% of the respective inputs.

The amounts of chlorophydlreceived, dischged and
exported were 0.35, 1.33 and 0.98 kg-ha* (Table | bot-
tom). On average, the content of photosynthetic pigments
of natural phytoplankton is 0.5-1.5% of its organic
biomass (Becker 1994). Assuming a mean value of 1%,
the respective phytoplankton loads were 35 and
133kg-hdand the net export was 98 kg-ha, that repre-
sent 0.76%, 2.4% and 10.7% of the organic solids
received and dischged, and of the net amount exported.

DISCUSSION

The volume of water used for pond filling and water
exchanges was 206,262 m®-hat for the whole cycle, and
rain added 2,876 m3-ha' to the water budget. Evaporation
was calculated as 13,814 mé-hat and, assuming no bot-

Vie Milieu, 2007, 57 (1/2)
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tom losses, the water discharged during the cycle was
195,324 m3-hal, equivalent to 104.6 m3-kg! of wet
shrimp biomass. The total salt input and output, cal culat-
ed from the respective salinities and water volumes were
7,753 and 8,870 tons-ha!, with a net export of 1,017 tons
of salt-ha™. This discrepancy was probably due to initial
leaching of salt deposits from the previous harvest, that
would explain the high salinity values of the effluent dur-
ing the first half of the cycle.

Jackson et al. (2003) found that particulate and dis-
solved organic N are close to 42-45% and 37-43% of the
total N wastes of shrimp farms, and their common trends
may be probably explained by microalgae and bacterial
uptake of the more readily available species (Burford &
Glibert 1999, Burford & Williams 2001). However, in
this study the relative increase in chlorophyll concentra-
tion between inlet and outlet was only 180%, in compari-
son to the 525% calculated for the farm evaluated by
Paez-Osuna et al. (1997), where this high relative change
and the net export of 85 kg-ha'-cyclée* of dissolved oxy-
gen indicate active photosynthesis and vigorous phyto-
plankton growth.

In our case the lower relative increase of chlorophyll
and the lack of a significant difference between inflow
and outflows indicate that the high rates of water
exchange of this farm were not convenient for its eco-
nomic performance because, apart from the lower power
consumption, the 3% to 6% water exchanges typical of
most semi-intensive farms of NW Mexico, with conse-
guent longer retention times, allow better nutrient utiliza-
tion and plankton growth. These low water exchanges

and the consequent increase in availability of natural foo

improves the efficiency of these farms, and explain the 9
to 29 m® of water-kg* of shrimp and the FCR values of
1.2-1.8 calculated in other semi-intensive Mexican
shrimp farms (Paez-Osuna et al. 1997, Arispuro-Salas et
al. 2002), in comparison to the 104.6 m®-kg* and FCR of
2.15 of the Chomojabiri farm.

Thislow efficiency isalso alikely source of environ-

According to Naylor et al. (1998), the low effi-
ciency of shrimp farmsis a source of environmental con-
cern, that appears to be justified in the case of the Chomo
jabiri farm, that dischargesits effluents in the Moroncarit
lagoon. Thiswater body isevolving into a salt marsh, it
receives nutrients and suspended solids from several agri
cultural drains as well asthrough tidal exchangesand is
of particular importance as aresting and feeding site for
aquatic birds (http://conabioweb.conabio.gob.mx/aicas/doc
tos/NO-42.htmidts total volume ranges from 120,000 to
150,000 m? and the water exchanges estimated from the
mean velocity (0.2 cn1¥ of the tidal currents in the shal
low areas of the adjacent Yavaros lagoon (Ayala-Cas
taflares et al. 1980), would be at best 40-45,000 mé, giv-
ing a mean water residence time of 3to 5 d.

Thus, the daily discharges of 24,100 m® of seawater,
equivalent to between 16% to 20% of the total volume of
the lagoon (4.34-106 mé for the whol e cycle, containing
close to 480 t of sediments, 12.6 tons of N and 1.7 tons of
P), are bound to contribute significantly to the evolution
of the lagoon, as well as to its trophic status.
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