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FOREWORD

Between July 2015 and December 2016, the World Bank carried out a regional 
study of agricultural pollution in East Asia with a focus on China, Vietnam, and the 
Philippines, in cooperation with each country’s ministry of agriculture. This effort 
aimed to provide a broad overview of agricultural pollution issues associated with 
farming in these countries and the region: their magnitude, impacts, and drivers; 
and what is currently being done about these. It also sought to outline potential 
approaches to addressing these issues going forward. The study aimed to examine 
how the structural transformation of the agricultural sector and the evolving nature 
of agricultural production are shaping agricultural pollution issues and mitigation 
opportunities. It also set out to identify knowledge gaps, pointing to directions 
for future investment and research. Ministries of agriculture and environment 
are the study’s primary audience. Its secondary audience consists of development 
organizations, industry associations, and other actors with an interest in sustainable 
agriculture, and environmental health and protection.

The ‘study’ constitutes the totality of the work and includes multiple components, 
including national overviews of agricultural pollution for the three focus countries, 
thematic working papers, and an overall synthesis report. The present report 
corresponds to the national overview of agricultural pollution in Vietnam, and 
specifically, to the background paper on aquaculture pollution. It provides a broad 
national overview of (a) the magnitude, impacts, and drivers of pollution related 
to the aquaculture sector’s development; (b) measures that have been taken by the 
public sector to manage or mitigate this pollution; and (c) existing knowledge gaps 
and directions for future research. 

The report was prepared on the basis of a desk review of existing literature, recent 
analyses, and national and international statistics. It did not involve new primary 
research and did not attempt to cover pollution issues that arise in the broader 
aquaculture value chain, relating, for instance, to processing, packaging and 
transportation, feed processing, or veterinary drug factories. An earlier version of 
the report was circulated to stakeholders representing national government agencies, 
nongovernmental organizations (NGOs), and research institutions, and discussed 
at a stakeholder consultation workshop in December 2016. It was finalized by 
consolidating and addressing comments from various stakeholders and the World 
Bank task team.

This report was written by Cong Van Nguyen with inputs from Emilie Cassou and 
Binh Thang Cao. 

iv	 An Overview of Agricultural Pollution in Vietnam: The Aquaculture Sector



This study was made possible with funding from the East Asia and Pacific 
Region Infrastructure for Growth Trust Fund, which is financed by Australia and 
administered by the World Bank Group.

	 Foreword	 v





INTRODUCTION

1.1  Background 

Aquaculture is an important and growing part of Vietnam’s agricultural 
economy. As of 2014, fisheries (capture and farm) accounted for approximately 
3.5 percent of the country’s gross domestic product (GDP). With its tropical climate 
and more than 1 million km2 of inland surface water and approximately 3,260 km 
of coastline, the country has offered attractive features from the standpoint of 
aquaculture development. Between 1995 and 2013, the area devoted to aquatic 
farming more than doubled (its physical expansion has leveled off more recently), 
and with intensification, output increased more than eightfold.1 Over the same 
period, capture fisheries output more than doubled. 

The aquaculture industry’s expansion has, however, contributed to 
environmental degradation and become a potential threat to the industry’s own 
sustainability. Aquaculture expansion has involved the conversion of large areas, 
including mangroves, to farms and ponds, leading to changes in ecosystems and 
land use. In addition, aquaculture practices generate an array of emissions, most of 
them carried in wastewater and solid waste.

This report is meant to provide a broad national overview of pollution problems 
in the aquaculture subsector. It aims to describe the nature, magnitude, and drivers 
of aquaculture pollution problems, taking stock of the state of evidence on this 
topic. It also touches upon current responses to the problem and offers a number of 
directions for policymakers.

1	 www.gso.gov.vn

1	



1.2  Analytical framework

Figure 1 presents the analytical framework that guided 
this study.

1.3  Road map

This paper has eight main sections. Section 1 
introduces the study, its analytical framework, and 
structure. Section 2 reviews the expansion and 
intensification trends of aquaculture in the past 
years, Vietnam’s Master Plan for the Fisheries Sector 
to 2020 with a Vision to 2030, and Vietnam’s 
major aquaculture species and systems. Section 3 
discusses the polluting effects of intensive freshwater 
Pangasius and intensive brackish water shrimp 
farming in Vietnam, linking these to farming system 
characteristics and practices. Section 4 examines the 
physical and socioeconomic impacts of aquaculture 

as it is currently practiced. Section 5 looks at some 
of the underlying drivers of aquaculture pollution. 
Section 6 describes a number of ways in which the 
public and private sectors have responded to pollution 
concerns to date. Section 7 summarizes some of the 
key knowledge gaps identified by the study. Section 
8 finally presents conclusions and recommendations. 
These are primarily intended for staff of the Ministry 
of Agriculture and Rural Development (MARD), the 
Department of Agriculture and Rural Development 
(DARD), the Ministry of Natural Resources and 
Environment (MONRE), NGOs, practitioners, and 
scientific communities.

Figure 1.  Analytical framework
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AN OVERVIEW OF 
AQUACULTURE IN 
VIETNAM

2.1  Trends in farmed area and production 

According to national statistics data, the total aquaculture area in Vietnam 
increased steadily from 1995 to 2007, then leveled off in recent years �(Figure 
2). In 1995, the total aquaculture area was about 453,000 ha, and it had more than 
doubled by 2013. The culture area was mainly concentrated in the Mekong River 
Delta (MKD), which accounted for 63–73 percent of the total national aquaculture 
area. Larger aquaculture areas produced greater production volumes but also 
generated more pollution affecting the surrounding environment.

2	

Figure 2. � Aquaculture production area, 1995–
2013

Figure 3. � Aquaculture output, 1995–2013
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Aquaculture output has outpaced the industry’s 
physical expansion as a result of intensification. 
Between 1995 and 2013, the farmed area increased 
a little more than two times, but production volume 
increased up to eight times (Figure 3). In 2013, total 
aquaculture production reached 3,215,900 tons. 
Production is heavily concentrated in the MKD 
region, which accounted for 60–75 percent of national 
output, though the MKD occupies only 12 percent of 
the national territory. 

Growth aquaculture output has also outpaced that 
in capture fisheries production, despite continued 
growth in both sub-sectors. In 1995, the total catch 
in the country was about 1,195,292 tons. After that, it 
increased rapidly and reached 2,803,845 tons in 2013 
(Figure 4). The MKD contributed 40.4–48.4 percent 
of the total. Other important regions include the 
North Central and Central Coast, which accounted 
for 33.9–39.6 percent of national production. 

2.2 � Vietnam’s Fisheries Master Plan 
to 2020

In the coming decades, the fisheries sector is 
expected to continue growing, both in terms of 
the volumes and value it generates. The National 
Fisheries Development Strategy to 2020, which was 
approved by the prime minister in 2010 (Decision 
No. 1690/QĐ-TTg on September 16, 2010) has set 
ambitious targets that the fisheries sector (including 

both aquaculture and capture fisheries) would 
contribute 30–35 percent of GDP of the agriculture-
forestry-fisheries sector, with a growth rate of 8–10 per 
year, generating annual revenue of US$8–9 billion. 
Total fisheries production was planned to reach 
6.5–7 million tons, of which the share for aquaculture 
is 65–70 percent, creating jobs for 5 million people, 
with income three times higher than the present.

The Master Plan for the Fisheries Sector to 2020 
with a Vision to 2030 was approved by the prime 
minister in 2013 �(Decision No. 1445/QD-TTg on 
August 16, 2013). This plan consists of specific plans 
for six ecological zones in Vietnam. In addition, it 
also specifies nine important aquaculture species: 
tiger shrimp, white-leg shrimp, Pangasius, tilapia, 
giant freshwater prawn, marine fish, marine mollusk, 
seaweed, and lobster. Specific targets to 2020 include 
the following:

•• Total fisheries output will be about 7 million 
tons, of which capture fisheries will share about 
35 percent and aquaculture about 65 percent. 

•• Seafood export value will reach about 
US$11 billion, with an annual average growth 
rate of 7–8 percent (during 2011–2020). 

•• The proportion of value added exported products 
will reach 50 percent. 

•• About 50 percent of the fisheries workers will be 
trained. 

•• Workers’ average per capita income will be 
tripled.

•• Postharvest losses in marine catch will be reduced 
from more than 20 percent at present to below 
10 percent. 

With the above targets for 2020, according to the 
Master Plan, aquaculture is expected to produce 
more than capture fisheries in the coming years. 
The MKD will still be the most important region 
for aquaculture in Vietnam, accounting for some 
67 percent of the total farming area and 66 percent 

Figure 4. � Aquaculture and capture output, 
1995–2013
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of the country’s total production. The second most 
important region is the Red River Delta (RRD) 
followed by the Northern Central and Central Coast 
regions. Regarding the level of intensification by 2020, 
some 190,000 ha will be used in industrial farming, 
including 80,000 ha of giant freshwater prawn and 
black tiger shrimp, 60,000 ha of white-leg shrimp, 
10,000 ha of Pangasius, and 40,000 ha of mollusks. 
The expectations of the Master Plan for 2020 are 
presented in Table 1 and Table 2.

Targets for 2030 include the following: �(a) total 
output will be around 9 million tons, of which capture 
fisheries will be about 30 percent and aquaculture 
around 70 percent; (b) seafood export value will reach 
around US$20 billion, with an annual average growth 
rate of 6–7 percent (during 2020–2030) and the 
proportion of value added export products will reach 
60 percent; and (c) about 80 percent of the fisheries 
workers will be trained. These plans imply that the 
role of aquaculture will be increasingly important in 
meeting the sector’s targets. To achieve those targets, 

the aquaculture sub-sector has to be intensified more 
to produce greater outputs and values; however, it 
also means that more wastewater and solid wastes 
will be generated and released, leading to high levels 
of pollution if such intensification processes are not 
properly planned and managed. 

2.3 � Major aquaculture systems of 
Vietnam

The following is a brief overview of Vietnam’s 
major farmed species. While Vietnamese aquaculture 
produces a variety of products, two species dominate 
the country’s aquaculture output and area—Pangasius 
and shrimp—and these are the focus of Section 3. 

Pangasius. Approximately 5,500 ha of the MKD were 
devoted to intensive Pangasius farming in 2014 and 
total production amounted to some 1,116,000 tons 
(Phuong et al. 2015). Most Pangasius farming is 
concentrated in the MKD, and most of it is in the 
form of intensive monoculture. Farm sizes vary from 
0.2 ha to 30 ha. Small-scale farms are often owned 
by small farmers who have limited financial resources, 
whereas large-scale farms are usually invested by 
private sector companies. To ensure raw materials, 
seafood processing factories invest in production and 
they often own large farms. Some seafood processing 
factories also now collaborate with farmers through 
contract farming to supply raw materials for their 
processing plants. It is estimated that more than 
90 percent of the Pangasius production is for export, 
and only a small proportion is destined for domestic 

Table 1.  Aquaculture development plan to 2020 

Ecological zone Area (ha) Production (ton)
2014a 2020 2014a 2020

Whole country 1,011,900 1,200,000 3,413,348 4,500,000
MKD 756,300 805,460 2,402,609 2,976,420
RRD 128,800 149,740 542,558 637,640
Northern Central area and Central Coastal area 43,800 113,390 224,346 553,710
South East 25,400 53,210 118,106 171,190
Northern midlands and mountain areas 43,800 52,540 96,120 118,640
Central Highlands 13,800 25,660 29,610 42,400
Source: Master Plan for the Fisheries Sector to 2020 with a Vision to 2030.
Note: a. Data from National Statistics (www.gso.gov.vn).

Table 2.  The output of major species by 2020

Species Production (tons) Annual average 
growth rate (%)

Black tiger shrimp 340,000 0.02
White-leg shrimp 360,000 11.22
Pangasius 1,800,000–2,000,000 4.80
Tilapia 150,000 13.90
Giant prawn 35,000–40,000 15.00
Marine fish 200,000 11.10
Mollusks 400,000 11.5
Seaweed 138,000 21.7
Lobsters 3,000 7.18
Source: Master Plan for the Fisheries Sector to 2020 with a Vision to 2030.
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markets. In fact, Vietnam is by far the largest global 
exporter of Pangasius, supplying some 85–90 percent 
of catfish traded.2

Shrimp. As of 2014, some 685,000 ha were devoted 
to intensive shrimp farming in Vietnam. This 
included 590,000 ha of intensive black tiger shrimp 
and 95,000 ha of intensive white-leg shrimp farms 
(Table 3) (Phuong et al. 2015). Most of this area was 
located in the MKD, accounting for 91 percent and 
70 percent of the total area devoted to farming these 
two species, respectively. Whereas white-leg shrimp are 
mostly raised in intensive systems, black tiger shrimp 
are raised in both intensive and extensive systems. 
Intensive farms are characterized by a high stocking 
density, especially those raising white-leg shrimp, 
and are generally on the order of 0.5 ha. Extensive 
farms are characterized by low stocking density and 
tend to be bigger, in the order of 1–3 ha. In many 
cases, shrimp are raised in polycultures, with fish, or 
in rotation with rice. Those integrated in mangroves 
can be 5–10 ha wide. 

Black tiger shrimp is one of the two most important 
shrimp culture species in brackish water areas in 
the MKD. The species is indigenous to the MKD, 
and its cultivation developed especially fast in the 
1990s and 2000s. In recent years, many farmers 
have shifted to white-leg shrimp farming because it 
gives higher productivity and profitability although it 
requires much higher investment. In 2015, the total 
area devoted to farming tiger shrimp in the MKD was 
approximately 590,315 ha. Of this area, 5 percent 
was farmed intensively or semi-intensively; 32 percent 
corresponded to improved extensive systems; 

2	 http://www.switch-asia.eu/fileadmin/user_upload/Publications/2014/FINAL_Briefing_Food_070814.pdf

35 percent corresponded rice-shrimp rotations; and 
28 percent was grown in mangroves (MARD 2015).

Tilapia. Black tilapia (Oreochromis niloticus) and 
hybrid red tilapia (O. mossambicus × O. niloticus) are 
among the major species cultured in ponds and cages. 
Tilapia can be cultured with other species (polyculture 
with other fish or shrimp). In nature, tilapia can feed 
on natural foods. In culture, it can be fed with pelleted 
feeds. Monosex (all male), genetically improved farmed 
tilapia are normally used in intensive farming (that is, 
stocking density from 4 to 5 fish/m2 and production 
of 5–10 tons). In 2014, the total area of pond culture 
was about 15,992 ha and of cage culture was about 
410,732 m3. According to Vietnam Association of 
Seafood Exporters and Producers (VASEP), total 
production of tilapia in the country was 125,000 tons, 
and they were exported to some 60 countries in the 
world with a total value of US$27 million. The MKD 
contributed more than 60,000 tons, accounting for 
48 percent of the total tilapia production in Vietnam. 

Giant freshwater prawn. Giant freshwater prawns 
(Macrobrachium rosenbergii) are cultured mainly in 
freshwater areas. In recent years, its farming has also 
expanded to seasonally brackish water areas. It can 
be cultured in ponds (that is, semi-intensive farming 
using pelleted feeds; production from 1 to 2 tons/
ha/crop) or in rice fields (that is, extensive farming 
using natural foods; production from 0.3 to 0.7 ton/
ha/crop). Total culture area of this species is some 
8,000 ha, with total production of 5,000–7,000 tons/
year. This is very small compared to total aquaculture 
production; however, it can contribute to important 
additional incomes for rice farmers. It is a high-value 
species, mainly for export or local niche markets. 
Naturally, this species is distributed in the MKD. In 
farming, it is also concentrated in the MKD. 

Mollusks. White clam and blood cockle are the two 
most important mollusk species that are cultured 
along coastal areas. Usually, farmers select farming 
areas that have natural seed distribution. Additional 
seeds are stocked; however, no feeding is made. Total 
culture area of white clam is about 24,000 ha with 

Table 3. � Intensive shrimp farming area and 
output, 2014

Species Cultured area (ha) Production (tons)
Whole 

country
Mekong Whole 

country
Mekong

Black tiger 590,000 537,000 260,000 248,000
White-leg 95,000 67,000 400,000 245,000
Source: Phuong et al. 2015.
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total production of some 135,000 tons/year. Total 
farming area of blood cockle is about 10,000 ha with 
total production from 50,000 tons to 100,000 tons/
year.

Other species. Some indigenous species, such as 
snakehead fish (Channa striata), climbing perch 
(Anabas testudineus), and hybrid Clarias (female 
Clarias macrocephalus x male Clarias gariepinus) are 
also cultured in ponds. However, farming areas and 
production of these species are small and mainly for 
domestic use.

	 2. An overview of aquaculture in Vietnam	 7





POLLUTING EFFECTS 
OF PANGASIUS AND 
SHRIMP FARMING 
PRACTICES IN VIETNAM

Pangasius and shrimp production are significantly polluting the environment 
in several ways that can be traced back to a range of farming practices. Looking 
specifically at four intensive Pangasius farms and 22 shrimp farms, Anh et al. (2010a 
and 2010b) trace the polluting effects of aquaculture back to several production 
subsystems, including to pond construction, pond treatment, water intake, stocking, 
nursing, water exchange, sludge discharge, harvesting, and pond emptying (Figure 
5 and Figure 6). This section highlights some of the farming practices that are the 
most problematic from a pollution perspective, offering evidence on the forms and 
levels of pollution they are generating. It focuses primarily on water discharges 
because these are likely the most significant, and they are also the most studied.3 
The decomposition of organic waste in aquaculture ponds is likely resulting in the 
emission of climate pollutants, but little is known about the extent of these, and they 
are not discussed further.4 Section 4 then discusses the impacts of these pollutants 
in more general terms.

3	 While this study focuses strictly on farm-level impacts, one of the few life cycle assessments (LCAs) carried out on 
Vietnamese Pangasius showed that its production uses intensive amounts of land and water. The large share of land 
used throughout the Pangasius production chain originates mainly from the agricultural production of crop-based 
feed ingredients, because they provide the majority of the feed. Pangasius’ water footprint is primarily related to pond 
water renewal (82 percent) and secondarily to feed production (Huysveld et al. 2013).

4	 There is growing interest in measuring the potential emissions of greenhouse gases (GHG) from aquaculture. 
However, assessing environmental performance of aquaculture is difficult because activities and potential impacts 
are extremely diverse. An LCA of Pangasius farming by Bosma, Anh, and Potting (2011) reflects that aquaculture’s 
contributions to GHG emissions are dominated by those related to feed production.

3	



Figure 5.  Environmental impact analysis for Pangasius farming
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Figure 6.  Environmental impact analysis for shrimp farming 
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3.1  Pangasius farming

Intensive Pangasius farming uses a lot of freshwater 
and generates a lot of wastes. This is in part because 
the intensity of Pangasius farms requires these to make 
use of fish feed. In addition, to maintain water quality 
and fish health, pond waters are chemically as well as 
biologically treated and exchanged frequently, and 
pond sediment is excavated. These practices and their 
consequences are described below in further detail. 

Pangasius farming in the MKD, where most of this 
fish is raised, is characterized by very high stocking 
density and high feeding rates. Pangasius is mainly 
farmed in earthen ponds; however, cage culture still 
exists in a small proportion. Pond sizes normally vary 
from 0.1 ha to 2.2 ha and pond depth varies from 
3.5 m to 4.5 m. Stocking density is often very high, 
ranging from 18 to 125 fish/m2 (or 5–31 fish/m3), 
and the fish are mainly fed with commercial pelleted 
feeds (97 percent). Based on data collected from 270 
Pangasius farms in the MKD, Oanh and Minh (2011) 
found that higher stocking density is associated with 
greater production and profit, but that profit declines 
above a stocking density of 65 fish/m2. This finding 
suggests that, above a certain threshold, there are 
benefits to reducing stocking density. In recent years, 
stocking density has hovered around 50 fish/m2. 
Normally, harvest sizes of fish range from 0.6 to 
1.5 kg/individual (on average, 0.8 kg/individual), and 
average productivity of intensive ponds is about 350–
400 tons/ha/crop.

Because of very high stocking density, a large 
quantity of feed is used every day to feed the fish. 
The average feed conversion ratio (FCR) varies from 
1 to 3 (median 1.69) for pelleted feeds and from 1.3 
to 3 (median 2.25) for farm-made feeds (De Silva et 
al. 2010). Interviews with 270 Pangasius farms point 
to the dominance of commercial feeds and an average 
FCR of about 1.6 (compared to 3–5 for farm-made 
feeds) (Oanh and Minh 2011). These imply that 
1.6 kg of feed are required to produce 1 kg of Pangasius 
and that about 37–38 percent of feed will find itself in 
the pond after harvest (in the form of uneaten feed 
and excreta). These wastes accumulate in pond water 
and mud, causing water quality degradation and 

sedimentation. This in turn requires pond waters to be 
exchanged and pond mud to be siphoned. 

To maintain water quality and maintain fish 
health in these conditions, a variety of chemicals 
and drugs are used systematically. A survey by 
Nguyen, T. Q. et al. (2015) found that 10 chemicals 
are commonly used to treat ponds (lime, iodine, 
copper sulfate, benzalkonium chloride or BKC, salt, 
ivermectin, praziquantel, chlorine, cloramin T, and 
zeo-yuca). The survey also pointed to the common 
use of seven antibiotics (enrofloxacin, florphenicol, 
sulfamethoxazole, trimethoprim, amoxicillin, 
oxytetracylin, and ciprofloxacin) and two types 
of feed supplementation (vitamins and digestive 
drugs). According to Long, Brix, and Trang (2015), 
enrofloxacin was the most common antibiotic found 
in 70 percent of the interviewed farms; amoxicillin 
was the second most common in 40 percent of the 
interviewed farms; others, including trimethoprim 
and sulfadimethoxine, were used by 33.3 percent and 
30 percent of the investigated farms, respectively. 

Another consequence of high stocking densities—
and the current dominance of open systems—is 
that most farmers practice frequent water exchange. 
This is meant to prevent toxic substances (ammonia 
[NH3], nitrite [NO2-], and hydrogen sulfide [H2S]) 
and pathogens from accumulating in pond waters as 
a result of wasted feed and fish excreta. This process 
normally uses tidal gravity (Nguyen et al. 2014a), 
and in some cases, it uses pumps (Son, Nguyen, and 
Phuong 2014). Most Pangasius farms are located along 
the Mekong River for this purpose. In the first month 
of stocking, water exchange is often done weekly and 
then increases to once or twice a day in the following 
months up to harvest (Nguyen et al. 2014a). One 
study based on just four Pangasius farms estimated 

Table 4. � Water use and waste generation to 
produce 1 ton of Pangasius

Indicator Pond culture Processing Total
Water use (m3) 9,166.7 12.7 9,179.4a

Wastewater (m3) 9,133.3 12.7 9,146a

Sludge (ton) 33.3 — 33.3a

Sediment (kg) 4,146b — —
Source: a. Anh et al. 2010a. b. Bosma, Anh, and Potting 2011.
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that to produce 1 ton of Pangasius, nearly 9,200 m3 of 
freshwater are used and nearly as much wastewater is 
released (Table 4) (Anh et al. 2010a). 

Ponds also release considerable volumes of solid 
wastes consisting primarily of pond sludge and 
sediment. Anh et al. (2010a) found that to produce 
1 ton of fresh Pangasius, approximately 33.3 tons of 
sludge (including sediment and water) were generated 
(Table 4). Based on LCA, Bosma, Anh, and Potting 
(2011) estimated that this volume of sludge results in 
approximately 4,146 kg of sediment. It is common 
for pond sediments to be removed 2–3 times during 
a farming cycle through a drainage system located 
at the pond bottom (Figure 7), and moved to a 
sedimentation storage pond (Nguyen, Be, and Cong 
2014b). Total discharges of wastewater, sludge, and 
sediment from Pangasius farming are estimated in 
Table 7 using discharge rates in Anh et al. (2010a) and 
Bosma, Anh, and Potting (2011). 

As an aside, while the processing of aquatic products 
generates much smaller volumes of wastewater 
(that is, about 0.14 percent of the amount of 
wastewater in aquaculture production), it contains 
high concentrations of pollutants �(Table 5). This 
wastewater is a point source of pollution, and it is 
required to be collected and treated according to the 
national regulation standards before being discharged 

into open water bodies. In case of food processing 
factories located outside industrial zones, wastewater 
has to be treated to meet Level A1 or A2 of the national 
technical regulations on surface water quality (that is, 
QCVN 08:2008-MONRE and now replaced with 
QCVN 08 MT:2015-MONRE). If they are located 
inside industrial zones, wastewater is treated to meet 
the requirement applied to the whole industrial zone. 
Waste management in processing plants is generally 
better enforced than in aquaculture farms.

Before treatment, pond waters are tainted by fish 
feces, uneaten feed, dead fish, and related chemicals 
including toxic substances and pathogens �(Nguyen 
et al. 2014a). Pollution loads associated with the release 

Figure 7.  Sediment removal in Pangasius farming

Source: Author.

Table 5. � Characteristics of wastewater from 
Pangasius processing factories 

Indicator Concen-
tration

QCVN40:2011/BTNMT
A B

pH 6.8–8 6–9 5.5–9
TSS (mg/L) 1,190 50 100
BOD (mg/L) 6,692 30 50
COD (mg/L) 3,937 75 150
Total N (mg/L) 197 20 40
Total P (mg/L) 24 4 6
Total coliform (MPN/100 mL) 430,000 3,000 5,000
Source: Anh et al. 2010a.
Note: A = Wastewater standards for discharging into water bodies that are used for water supply. 
B = Pollutant level for discharging into water bodies that are not used for water supply. BOD = 
Biochemical oxygen demand; COD = Chemical oxygen demand; MPN = Most probable number; 
TSS = Total suspended solids.
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of improperly treated waters from Pangasius farms are 
presented in Table 6 for selected pollutants (those for 
which estimates are available). Depending on the types 
of feed and feeding practices that are in use, it has been 
estimated that producing 1 ton of farmed Pangasius 
generates around 40.5–46.8 kg of nitrogen (N) and 
10.2–26.6 tons of phosphorus (P) (Anh et al. 2010a; 
De Silva et al. 2010). Table 7 presents estimates of 
total N and P discharges from Pangasius farms based 
on these rates. 

5	 In some cases, nutrients from wastewater are reused in rice fields (Da et al. 2015) and in water hyacinth ponds (Nguyen et al. 2015). In addition, it has become 
more common for sludge to be stored in sedimentation ponds, used to fertilize fruit trees, or used to upgrade pond-dike systems and prevent yearly flooding, 
rather than discharged untreated to the environment.

6	 In 2010, notably, the World Wide Fund for Nature (WWF) briefly included Vietnamese Pangasius on its red list of seafood products to avoid before moving 
it to its yellow list after conceding to having based its assessment on inadequate data. The European Union (EU) and WWF subsequently engaged with the 
Government of Vietnam to improve the regulatory framework and support Pangasius suppliers in moving toward certification, among other things (Cosslett and 
Cosslett 2013). Such controversies have continued to play out, as recently as in 2017. Other sources: http://english.thesaigontimes.vn/14259/WWF-Vietnam-
Remove-Vietnam-catfish-from-red-list.html; http://www.switch-asia.eu/projects/pangasius-supply-chain-in-vietnam/; https://www.undercurrentnews.
com/2017/02/10/vietnams-pangasius-industry-decries-fake-news-around-food-safety-scare/; https://www.undercurrentnews.com/2017/02/01/carrefour-
ceases-sales-of-pangasius-in-spain/.

Demands of export markets have seemingly driven 
improvements in environmental management since 
2010. Over time, a growing number of intensive 
Pangasius farms have improved their wastewater and 
other management practices to gain access to export 
markets that require certification under such standards 
as GLOBALG.A.P. and Aquaculture Stewardship 
Council (ASC).5 While national regulations have 
also become more demanding over time and 
now require producers to meet Vietnam’s Good 
Aquaculture Practices (VietGAP) or international 
certification standards, enforcement of these has 
generally remained weak. In this context, NGOs and 
authorities in importing countries have periodically 
raised environmental concerns with Vietnam’s 
Pangasius supply chain (relating, among others, to 
the management of nutrients, drugs, and pesticides, 
and to the protection of wild species), a situation 
that has potentially harmed Pangasius exports at 
times.6 Though claims made about the sustainability 
of Pangasius production have been disputed—and in 
some cases corrected on the basis of inadequate data—
the controversies they have generated seem to have 
stimulated efforts to improve both environmental 
regulation as well as environmental management of 
Pangasius farms. 

Meanwhile, several factors help explain why 
improper wastewater and sludge management 
remain widespread in Pangasius farming. First, 

Table 6. � Estimated pollution loads from 
Pangasius production chain

Farming Processing Total Reference
Total N (kg/ton) 38.0a 2.5 40.5 Anh et al. 

2010a
— — 46b–46.8c De Silva et al. 

2010
28.5 — — Bosma, Anh, 

and Potting 
2011

Total P (kg/ton) 9.9a 0.3 10.2 Anh et al. 
2010a

— — 14.4b–26.6c De Silva et al. 
2010

7.6 — — Bosma, Anh, 
and Potting 
2011

N-NH3
 (kg/ton) 13.2a — 13.2 Anh et al. 

2010a
BOD (kg/ton) 236.3a 50 286.3 Anh et al. 

2010a
COD (kg/ton) 305.6a 85 390.6 Anh et al. 

2010a
TSS (kg/ton) 773.7a 15 788.7 Anh et al. 

2010a
From sediment
Total N (kg/ton) 10.7 — — Bosma, Anh, 

and Potting 
2011

Total P (kg/ton) 4.8 — — Bosma, Anh, 
and Potting 
2011

Note: a. It includes in wastewater and in sludge. b. Fish was fed with commercial pellet. c. Fish 
was fed with farm-made feed.

Table 7. � Total estimated discharges and 
nutrient loads from Pangasius farming

Indicator 2014
Production (tons) 1,116,000
Wastewater (m3)a 10,206,936,000
Sludge (m3)a 37,162,800
Total N (kg)a 51,336,000
Total P (kg)a 16,070,400
Note: a. Estimation was based on total production (tons) and pollutant load (unit/ton).
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land suitable for Pangasius farming in the MKD is 
very expensive. As a result, farmers try to minimize 
the area devoted to waste treatment systems such 
as sedimentation and wastewater treatment ponds. 
Second, law enforcement is problematic. For instance, 
MARD and MONRE regulations governing the 
treatment of wastewater have not been strictly 
enforced. Generally speaking, wastewater treatment 
is perceived by farmers as an encouraged practice 
rather than a compulsory one. The multiplicity of 
standards emitted by different regulatory agencies 
has also reportedly been a cause of confusion, and 
perhaps even noncompliance. Market incentives have 
seemingly done more to motivate farmers, as those 
seeking certification under VietGAP, GLOBALG.A.P., 
ASC, and eco-labels seem to demonstrate better 
environmental management. 

3.2  Shrimp farming

The effects of shrimp farming on the environment 
vary in relation to shrimp varieties and the different 
farming practices that are used in cultivating these. 
This section focuses on black tiger shrimp, which are 
raised in either intensive or extensive systems using 
markedly different practices, and white-leg shrimp, 
which are exclusively raised in intensive systems. Key 
distinctions include that more intensive operations are 
characterized by higher stocking density and the use of 
pelleted feed, whereas more extensive systems involve 
little, if any, feeding to supplement what is naturally 
available. 

Black tiger shrimp are cultivated in extensive/
improved extensive systems as well as in semi-
intensive/intensive systems. In extensive/improved 
extensive farming, shrimp are stocked at low densities 
(that is, 4–6 shrimp/m2), whereas in semi-intensive/
intensive farming, stocking density of tiger shrimp 
varies from 20 to 30 shrimp/m2. Extensive systems 
produce in the range of 0.4–0.45 ton/ha/year, whereas 
intensive systems generally produce 5–10 tons/ha/
crop. The details are as follows:

•• Improved extensive farming. Shrimp are stocked 
at a density of 4–6 shrimp/m2. Shrimp mainly 
feed on natural foods. Sometimes, supplementary 
feeding is used, but often very little. Water is 
exchanged daily or weekly by tides. Production 
varies from 400 to 450 kg/ha/year. This type of 
shrimp culture is often owned by small farmers 
who have limited financial resources.

•• Integrated shrimp-mangrove systems. This is 
a type of extensive, eco-farming system. Shrimp 
are stocked at a density of 3–5 shrimp/m2. They 
mainly feed on natural foods in mangrove systems. 
Water is exchanged twice a month by tides (high 
tide during full moon and no moon). Production 
varies from 350 to 400 kg/ha/year. Total area 
of this system is about 50,000 ha. The system 
is now being promoted as a sustainable coastal 
fishery system along the Mekong Delta (Joffre et 
al. 2015). Some seafood processing factories such 
as Minh Phu and Quoc Viet (from the MKD) 
have made investments in eco-certified farms and 
buying up all of their products for export. 

•• Rice-shrimp rotation. This is another extensive 
system, in which shrimp are cultured in the dry 
season when brackish water is available. In the 
rainy season, rainwater flushes out salinity and 
land is suitable for rice farming (salinity <5 ppt). 
The nutrients that accumulate in sediments 
during the shrimp culture period are good for 
rice. In turn, rice plants help clear pond mud, 
which is good for shrimp health. Shrimp are 
stocked at a density of 4–6 shrimp/m2. Water is 
exchanged 2–4 times per crop by tides (Minh, 
Tuan, Tan 2013). Shrimp production varies 
from 200 to 560 kg/ha/year and rice production 
ranges from 4 to 5 tons/ha/crop. This system is 
perceived by some to be a form of adaptation to 
climate change and sea-level rise. 

•• Semi-intensive/intensive tiger shrimp farming. 
Stocking density of black tiger shrimp in intensive 
systems varies from 25 to 35 shrimp/m2. Pelleted 
feeds are mainly used. Chemicals and drugs 
are also commonly used as disease-preventive 
measures. More and more farmers adopt water 
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recirculation systems (closed systems) to prevent 
diseases coming from the outside environment. 
Production normally ranges from 4 to 6 tons/ha/
crop. Each crop lasts about 5–6 months, allowing 
for two crops per year. Water quality is often 
poor toward the end of the farming cycle (before 
harvest). During harvest, most intensive farms 
discharge pond water to wastewater treatment 
systems whereas most semi-intensive farms drain 
pond water to the outside environment without 
proper treatment. Similarly, pond muds/sludge 
are flushed to storage sites or to outside canals 
or rivers. 

White-leg shrimp is an exotic species that is only 
cultivated in intensive systems. In the past, seeds 
were mainly imported from Hawaii, Thailand, and 
elsewhere. At present, most of the seed sources are 
being produced by local hatcheries. This species 
can be raised at high stocking densities, and most 
farms maintain 80–120 shrimp/m2 to produce in 
the range of 10–20 tons/ha/crop (that is, per 87.4 
± 16.4 days/crop [Long and Hien 2015]). In super-
intensive systems, stocking density can go up to 200–
500 shrimp/m2 and yield can reach 40–80 tons/ha/
crop. This high level of intensification is not common, 
however, and is only seen in the demonstration sites of 
some enterprises as it requires high investment and is 
environmentally risky. In either case, white-leg shrimp 
farms make intensive use of pelleted feeds, chemicals, 
and drugs. 

In general, white-leg shrimp farming requires 
more water exchange than tiger shrimp farming 
because the stocking density in the former is higher 
than that in the latter� (Son, Nguyen, and Phuong 
2014). In the former, water exchange was reported to 
be about 1–3.5 ± 1.1 times a month, whereas in the 
latter, it is about 1–1.1 ± 0.32 times per month. One 
crop of the former normally lasts 3–4 months, while 
it is 4–5 months for the latter. According to Anh et al. 
(2010b), based on a limited sample size, to produce 
1 ton of black tiger shrimp, approximately 6,651 m3 of 
water was needed and 5,345–7,157 m3 of wastewater 
was generated (Table 8). That said, water recirculation 
systems (closed systems) are now increasingly used 

to prevent diseases coming from outside in white-leg 
shrimp farming.

In terms of solid waste, the rate of sediment 
accumulation in intensive shrimp ponds depends 
on stocking density and the type of commercial 
pelleted feeds that are used �(Manh and Nga 2011). 
At a stocking density of 25 shrimp/m2, sedimentation 
is reported to be about 123 tons/crop/ha, whereas it 
can reach 201 tons/ha/crop for a stocking density of 
35 shrimp/m2. The relationship between sediment 
accumulation and stocking density reflects that in 
higher stocking density conditions, more feed is 
required, and this results in higher volumes of waste 
(uneaten feed and excreta) being generated and left to 
accumulate at the bottom of ponds. 

In terms of additional treatments, different types 
of chemicals and drugs have been reportedly used 
in semi-intensive and intensive black tiger shrimp 
farming in Vietnam �(Table 9). They can be divided 
into three groups based on the purpose for which 
they are used. The first group is those used for pond 
treatments. Tu et al. (2006) reported that 12 chemicals 
were used in pond treatments, that is, calcium 
hypochlorite, trichlorofon, formalin/formaldehyde, 
potassium permanganate, saponin, potassium 
thiosulfate, benzalkonium chloride, iodophores, 
copper sulfate, dichlorvos, endosulfan, and humic 
acid. Calcium hypochlorite was the most common 
chemical, which was reportedly used by 41.7 percent 
of the interviewed farmers. The less common included 
humic acid, dichlorvos, and endosulfan. It is important 
to note that dichlorvos and endosulfan are highly toxic 
chemicals. Endosulfan is persistent organochloride and 
is no longer allowed to be used in Vietnam. The second 
group is drugs used in treatments and prevention of 
diseases. They include different types of antibiotics 
such as enrofloxacin, norfloxacin, sulphamethoxazole, 
trimethoprim, sulfamid, metronidazole, colistin, 

Table 8. � Waste generation in intensive black 
tiger shrimp production

Indicator Unit Total
Water use (m3/ton) 6,651
Wastewater (m3/ton) 5,345–7,157
Source: Anh et al. 2010b.
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gentamycin, sorbitol, ampicillin, and furaltadon. In 
many cases, farmers mixed a few antibiotics and used 
for preventing or treating shrimp diseases. Enrofloxacin 
is the most common antibiotic that was used alone 
or in combination with other antibiotics. The third 
group is the medicines for improving shrimp health. 
This group, however, was not mentioned in detail in 
the study. 

To date, few studies of Vietnamese aquaculture 
document management practices and environmental 
compliance at the farm level. Nonetheless, after 
MARD Circular 44 set environmental standards 
for the treatment of wastewater and sediments from 
shrimp farms in 2010, most farmers started improving 
how they manage pond waters and pond muds/
sludge. A 2015 study estimated that intensive shrimp 
farms were devoting 17 percent of their farmland, on 
average, to treatment ponds (Long and Hien 2015). 

7	 Techniques include the use of algae, bacteria, and tilapia to remove organic contents, as well as pond rotations.

As alluded to above, moreover, certain intensive 
shrimp farms have started using closed water 
recirculation systems on a pilot basis, while others 
have been able to reduce water exchange and 
improve waste treatment. For example, the Coastal 
Resources for Sustainable Development (CRSD) 
Project financed by the World Bank has worked 
with MKD provinces to promote good aquaculture 
practices (GAP) and the adoption of water treatment 
and recycling techniques. 7 Under the project, pond 
sediments have also been treated and stored in farms 
rather than being discharged into public canals or 
rivers. In project areas, the rate of environmental 
compliance has increased significantly from less 
than 10 percent in 2013 to over 50 percent in 2016. 
Some NGOs such as WWF-Vietnam and SNV have 
also co-funded improvements in aquaculture waste 
management practices to support certification under 
standards including ASC (catfish and shrimp farms). 

Few studies have examined pollution loads from 
intensive shrimp farming, but existing estimates 
suggest that discharges are lower than they are in 
Pangasius farming per ton of product. Anh et al. 
(2010b), based on a survey of 22 farms in Can Gio 
(Ho Chi Minh City), estimated that producing 1 ton 
of black tiger shrimp generates 30 kg of N, 3.7 kg of 
P, 4.8 kg N-NH3, 259 kg BOD, 769 kg COD, and 
1,170 kg TSS. According to Manh and Nga (2011), 
total N and P loads from shrimp farm sediments in 
Ca Mau province were 8.4 ± 3.3 kg N/ton and 5.9 
± 2.5 kg P/ton, respectively (Table 10). Though data 
on pollution loads from white-leg shrimp farming 
are unavailable, releases from these intensive farms 
are almost certainly lower. This is because the FCR 
for white-leg shrimp is lower than it is for black tiger 
shrimp (1.07 ± 0.08 versus approximately 2.2) (Anh 
et al. 2010b). 

Pollutant loads from Vietnam’s entire intensive 
shrimp farming industry can be estimated by 
extrapolation. Estimates shown in Table 11 were 
derived by assuming that the pollution loads 
associated with black tiger shrimp production 
(per ton) are the same for white-leg shrimp. Under 

Table 9. � Chemicals and drugs used in intensive 
black tiger shrimp farming 

Chemicals used for shrimp pond preparation (%)
Calcium hypochlorite 41.70
Trichlorofon 20.00
Formalin/formaldehyde 16.70
Potassium permanganate 15.00
Saponin 15.00
Potassium thiosulfate 10.00
Benzalkonium chloride 11.70
Iodophores 11.70
Copper sulfate 5.00
Dichlorvos 3.30
Endosulfan 1.67
Humic acid 1.67
Antibiotics used for protecting shrimp health
Enrofloxacin 21.70
Norfloxacin 15.20
Oxolinic acid 17.40
Sulphamethoxazole + Trimethoprim 8.70
Sulfamid + Trimethoprim 8.70
Enrofloxacin + Metronidazole + Colistin 6.50
Enrofloxacin + Gentamycin + Colistin 4.30
Norfloxacin + Sulfamid + Trimethoprim 4.30
Norfloxacin + Colistin + Gentamycin 4.30
Norlp-Septryl + Sorbitol 4.30
Ampicillin + Furaltadone + Sulfachlorpuridazin 4.30
Source: Tu et al. 2006.
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that conservative assumption, intensive shrimp 
production in Vietnam would have generated about 
4.4 billion m3 of wastewater in 2014, 25,344 tons 
of N (19,800 tons from wastewater and 5,544 tons 
from sludge), and 6,336 tons of P (2,442 tons from 
wastewater and 3,894 tons from sludge). It is estimated 
that approximately 75 percent of this wastewater 
was discharged to local rivers in coastal areas of the 
Mekong Delta. 

Table 10. � Pollution loads from shrimp 
production 

Indicator Total (kg/ton)
Total N 30a

Total P 3.7a

BOD 259a

COD 769a

TSS 1,170a

N-NH
3

4.8a

Total N from sediment 8.4 ± 3.3b

Total P from sediment 5.9 ± 2.5b

Source: a. Anh et al. 2010b. b. Data were calculated from Manh and Nga (2011).

Table 11. � Estimated pollutant loads from 
intensive shrimp farming, 2014

Indicator Whole Vietnam MKD
Production (tons) 660,000 493,000
Wastewater (m3) 4,389,660,000 3,278,943,000
Total N (kg)a from water 19,800,000 14,790,000
Total P (kg)a from water 2,442,000 1,824,100
Total N (kg)a from sludge 5,544,000 4,141,200
Total P (kg)a from sludge 3,894,000 2,908,700
Note: a. Estimation based on total production (tons) and pollutant load (unit/ton).
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IMPACTS OF 
AQUACULTURE 
POLLUTION

Section 3 provides evidence on the types and levels of pollutants emanating 
from aquaculture as it is currently practiced in Vietnam. This section examines 
what are likely the main implications of the industry’s polluting practices on the 
country’s valuable human and ecosystem resources, and economy. Evidence on 
Vietnamese aquaculture’s impacts on these is practically nonexistent, however, and 
studies that have looked at the industry’s impacts on the physical environment have 
not generally translated these into economic terms. This section lays out the limited 
available evidence in such a way as to highlight potential concerns posed by the 
industry, while noting the need for further research to validate and quantify these. 

4.1 � Surface water quality, human and ecosystem health, 
and biodiversity

With over 1 million tons of Pangasius produced per year alone, aquaculture 
is likely a contributing threat to surface water quality in certain localities, 
especially along the Mekong River. Indeed, the impacts of aquaculture on water 
quality are a particular concern in the MKD, where the Pangasius and shrimp 
farming industries are concentrated. 

This has potential implications for the households and wildlife that depend 
on these surface waters to meet their daily needs. N and P releases are potential 
causes of eutrophication in the MKD. 

Put together, wastes released from aquaculture activities are huge. As discussed 
in Section 3, intensive Pangasius farming in the MKD generates more than 10 billion 
m3 of wastewater, 37 million m3 of sludge, 51,336 tons of N, and 16,070 tons 

4	



of P every year. The vast majority of these are being 
generated in the MKD. Similarly, every year, intensive 
shrimp production generates about 4.4 billion m3 of 
wastewater, 25,344 tons of N, and 6,336 tons of P. 
In addition to being rich in organic matter, wastes 
from aquaculture farms also carry viruses, bacteria, 
chemicals, and drug residues. These constitute a 
significant threat to water quality, particularly where 
polluting releases exceed surrounding ecosystems’ 
carrying capacity. 

More evidence is needed, however, on the Mekong 
River’s and other waterbodies’ carrying capacity 
and degree of contamination. More research is 
needed, in particular, to better understand the effects 
of aquatic farming on the Mekong River and the 
Mekong River downstream, and how these may vary 
seasonally. The Mekong River is affected each year 
by seasonal flooding in the rainy season, and in the 
dry season, the region faces water shortages related to 
upstream irrigation, dams, and hydropower plants. It 
is also important to note that the MKD region receives 
pollutants generated by other agricultural activities 
including livestock wastes, residues of agrochemicals, 
and pesticides from intensive rice and other crop 
production; by rural and urban industries; and by 
households. So far, no comprehensive and systematic 
study has been carried out to assess the impacts of 
these multiple and interacting forms of pollution on 
the quality of surface waters in the MKD—let alone 
on what they mean for the populations that utilize 
these. 

According to water quality monitoring data from 
the Mekong River Commission (MRC) (2014), 
water quality of the Mekong and Bassac Rivers was 
still passable as of 2014. Only a few measurements 
of pH, dissolved oxygen (DO), and COD exceeded 
the MKR Water Quality Guidelines for the Protection 
of Human Health and Aquatic Life, and a few 
measurements of nitrate-nitrite and total P exceeded 
threshold values relevant to the protection of aquatic 
life and human health. 

8	 According to Sebesvari et al. (2012), the threshold values for total P for the protection of aquatic life used by the MRC are 0.13 mg/L and 0.7 mg/L for the 
sum of nitrite (NO2-) and nitrate-N (NO3-).

At the same time, there is evidence of highly localized 
water pollution linked to aquaculture activities. For 
example, measurements at MKD water monitoring 
stations of the MRC often exceed thresholds indicative 
of a threat to aquatic life.8 Eutrophication sometimes 
occurs locally and on a very small scale (in ponds and 
small canals for instance) without being carried into 
main canals or rivers. These forms of pollution can 
remain local due to such things as tidal exchange, high 
dilution rates, and high turnover rates characteristic of 
the tropical climate. 

Meanwhile, not all forms of pollution are being 
adequately monitored and measured. The regular 
water quality monitoring systems of the local 
government (the Department of Natural Resources 
and Environment [DONRE]) focus on a limited range 
of common parameters and may not be detecting 
certain forms of pollution. Monitored parameters 
include (a) physical and chemical characteristics 
of the water, including pH, electrical conductivity 
(EC), total dissolved solids (TDS), TSS, sodium 
(Na), potassium (K), chlorine (Cl), calcium (Ca), 
magnesium (Mg), sulfate (SO4), alkalinity/acidity, 
and hardness (CaCO3); (b) nutrients, including 
total phosphorus (P), total nitrogen (N), ammonia 
(NH3), nitrate (NO3-), nitrite (NO2-), and phosphate 
(PO4); and (c) level of organic pollution, specifically, 
microorganisms in water, including COD, BOD, 
DO, coliforms, and E. coli. Limited data have been 
reported on concentrations of agrochemicals and 
drugs, even those commonly used in agricultural and 
aquaculture activities in the MKD. 

4.2 � Food safety, human health, and 
agricultural competitiveness

Although the government has issued regulations 
governing the use of drugs and chemicals in 
aquaculture, the systematic use of drugs and 
chemicals in Vietnam’s intensive aquaculture 
operations, together with other management 

20	 An Overview of Agricultural Pollution in Vietnam: The Aquaculture Sector



practices, raises concerns about the safety of the 
food products coming out of the industry. This 
in turn has potential implications for the health 
of consumers (mostly domestic ones), as well as 
producers’ commercial prospects. When detected, 
excessive residues have been a cause for trade rejections. 

It is known that both Pangasius and shrimp 
products from Vietnam sometimes contain residues 
that exceed allowable limits of importer countries. 
Trade rejections prompted by the detection of 
excessive residues are sometimes documented by the 
press. According to a local newspaper dated December 
21, 2015, citing data from Department of Animal 
Health, in the first 10 months of 2015, more than 
8,000 tons of frozen Pangasius fillet exported to the 
EU and Australia were rejected because of antibiotic 
residues and microorganisms exceeding allowable 
levels. Another local newspaper dated December 10, 
2015 reported that in the first nine months of 2015, 
27 batches of aquatic products exported to Japan were 
rejected because of high levels of antibiotic residues. 
Japan has increased its scrutiny of Vietnamese imports 
and warned that it would stop these if there were no 
improvements. The EU issued a similar warning to 
24 export companies. In the United States, 35 batches 
of shrimp were rejected in the same time period, six 
times more than the number rejected in 2014. Australia 
has also warned that it would stop importing if the 
presence of antibiotic residues in export products was 
not addressed. Incidents such as these have apparently 
harmed the image of Vietnamese aquatic products 
in international markets and, thus, the industry’s 
competitiveness in some respects. 

4.3 � Drug-resistant microbes and 
effectiveness of health care

There is evidence that the abuse of antibiotics 
in Vietnamese aquaculture has started to breed 
antimicrobial resistance. This is a concern for the 
effectiveness of available drugs in preventing and 
treating both human and animal diseases. 

Two recent studies provide evidence that drug-
resistance is emerging in connection with current 
industry practices. These studies confirm that 
antimicrobial resistance is emerging in farmed 
areas and that there should be more comprehensive 
studies about its impact on local public health to 
make appropriate recommendations for mitigation 
measures. 

•• Huynh, Tran, and Nguyen (2015) conducted 
a study on the prevalence and antibiotic 
resistance pattern of Vibrio spp. isolated from 
the aquaculture species and its environment in 
Tien Giang of Vietnam. A total of 501 samples, 
that is, 311 water samples and 190 culture 
species samples, were collected and analyzed. 
The results showed that 161 water samples and 
82 aquaculture samples were infected with eight 
Vibrio species in which V. parahaemolyticus, 
V. mimicus, and V. alginolyticus were the most 
abundant. In addition, 96.7 percent of Vibrio 
strains were found to be resistant to at least 
one antibiotic and 18.1 percent of the strains 
were found to be resistant to multiple types of 
antibiotics. 

•• Another study was carried out by Thi, Dung, 
and Hiep (2014) to assess the antibiotic 
resistance in 60 Edwardsiella ictaluri and 
Aeromonas hydrophila isolates. All bacteria 
were isolated from diseased Pangasius in 
the Mekong Delta from January 2013 to 
March 2014. The isolates were screened 
against 15 antibiotics by the disk diffusion 
method. The results showed that E. ictaluri 
isolates were still sensitive to ampicillin and 
amoxicillin but highly resistant to tetracycline, 
enrofloxacin, streptomycin, and fenicol 
group antibiotics and completely resistant to 
trimethoprim and sulfamethoxazole. On the 
contrary, A. hydrophila isolates were sensitive 
to doxycycline, cefotaxime, and ciprofloxacin 
but highly resistant to tetracycline and 
florfenicol and were completely resistant to 
trimethoprim/sulfamethoxazole, cefalexin, 
and penicillin group antibiotics. In particular, 
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all 60 isolates in this study have showed 
multidrug resistance. 

Drug resistance has implications not only for human 
health but also for veterinary health and hence for 
animal agriculture. Several other implications of 
aquaculture pollution for the agricultural industry are 
examined below. 

4.4 � Groundwater availability for 
aquaculture and other activities

Aquaculture and shrimp farming in particular have 
likely contributed to the depletion of groundwater 
in the MKD. Groundwater is exploited for domestic, 
agricultural, and industrial uses there (including 
aquaculture and food processing),9 and excessive 
extraction of groundwater in the MKD has caused 
a continuous decrease in groundwater levels in every 
province of the MKD region, according to Vuong, Lam, 
and Van 2015. According to the same source, there 
were some 553,135 exploitation wells in the MKD in 
2010, and groundwater abstraction occurred at a rate 
of 1,923,681 m3/day. So far, no comprehensive and 
systematic study has been carried out to specifically 
assess how much groundwater is used for aquaculture 
and the impacts of aquaculture activities, especially 
shrimp farming, on the depletion and changes in 
the quality of groundwater in the MKD (Schmidt 
2015). Nonetheless, the unsustainable extraction of 
groundwater is a concern for all those who rely on this 
natural resource. 

4.5 � Saline intrusion and agricultural 
productivity

Another problem associated with shrimp farming is 
that is has contributed to saline intrusion in some 
coastal areas of the MKD. This has particularly adverse 
implications for crop production, including crop yields 
and crop suitability, depending on the severity of saline 
intrusion. Shrimp farms bear responsibility to the 

9	 Domestic, agricultural, and industrial uses account for an estimated 42 percent, 40 percent, and 18 percent of groundwater use, respectively, according to 
Vuong, Lam, and Van (2015).

extent that saline intrusion has accelerated as a result 
of land subsidence, itself accelerated by the drawing 
down of groundwater to replenish ponds (for shrimp 
farming and other commercial activities). According 
to Erban, Gorelick, and Zebker (2014), groundwater 
exploitation is a major cause of land subsidence, which 
in coastal areas poses a flood inundation hazard that is 
compounded by the threat of sea-level rise. 

These problems are particularly affecting MKD’s 
coastal provinces. Ca Mau, Bac Lieu, Soc Trang, Tra 
Vinh, and Ben Tre are among these. Overexploitation 
of groundwater is inducing widespread hydraulic 
head declines. According to Vuong, Lam, and Van 
(2015), hydraulic heads have declined significantly 
throughout much of the Mekong Delta in recent years. 
Monitoring of wells indicated a drop of over 15 m 
in Ca Mau since the mid-1990s, leading to a cone of 
depression that is now nearly 20 m below sea level. 
The current rate of hydraulic head decline among the 
delta’s wells averaged 26 cm per year (range: 9–78 cm 
per year). The consequent compaction of sedimentary 
layers at these locations is calculated to be causing 
land subsidence at an average rate of 1.6 cm per 
year. To date, no comprehensive studies and impact 
assessments on the environmental, economic, or social 
consequences of this have been carried out however. 
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DRIVERS OF 
AQUACULTURE 
POLLUTION

Rapid expansion of aquaculture areas. In the past decades, aquaculture has been 
one of the fastest growing subsectors in Vietnam as demand for aquatic products 
continues to increase. As incomes increase, more and more people are shifting 
from consuming a lot of rice to aquatic products, dairy products, and meats. In 
response to continuously increasing demand, aquaculture has quickly expanded in 
farming areas as well as levels of intensification. For instance, the total farming area 
of brackish water shrimp in the MKD in 2005 was about 551,000 ha, yielding total 
production of about 260,000 tons. In 2014, those numbers reached 651,000 ha and 
496,000 tons. In 2005, the farming area of white-leg shrimp was insignificant. In 
2014, it had become a major farming species with the total farming area reaching 
95,000 ha and the total production over 249,000 tons. As a result of such fast 
increase, impacts on environment also increased because of increased inputs used 
and solid wastes and wastewater discharged.

Small farm size and constraints to adopting solid waste and wastewater treatment 
systems. There are significant constraints for small farmers to find and adopt 
appropriate technologies that are technically effective and economically applicable 
to their small farm conditions. Wastes of fish and shrimp and from uneaten feeds are 
concentrated inside ponds. Part of these dissolve in pond waters and the remainder 
deposit at the pond bottom. It is technically difficult to have effective ways to remove 
and treat all of the wastes without disturbing the cultured species. In the past few 
years, there has been some take-up of advanced industrial technologies and facilities, 
including recirculation ponds, inoculation, and the use of algae and probiotics to 
treat organic matter. These technologies require high capital investments and space, 
however, limiting their relevance in the Vietnamese context. In small farm conditions 
where land is limited, to reduce disease risks, farmers are advised to reduce stocking 
densities of shrimp and to take up polyculture (such as shrimp with tilapia). While 
technically feasible and more environmentally sustainable, however, these are of 
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limited attractiveness to farmers because they lower 
shrimp yields. 

A lack of incentives for farmers to adopt waste 
management systems. Market forces and land 
availability are driving farmers toward higher levels 
of intensification and much less toward attempts to 
develop the industry sustainably. Most farmers are 
driven to increase short-term yields more than they are 
driven to achieve longer-term sustainability. This leads 
them to maximize the amount of land they use for 
culture ponds and to minimize the amount of space 
they devote to solid waste and wastewater treatment 
facilities. 

Farmers’ limited understanding of disease and 
environmental risks. While many farmers now use 
probiotics to maintain good water quality in their 
ponds, few of them pay attention to protecting the 
surrounding environment outside their ponds (like 
public canals and rivers). Though it is becoming less 
common, some farmers continue to discharge pond 
waters directly into public canals and rivers without 
proper treatment. Sometimes, they also discharge pond 
mud/sludge to public waters or land without proper 
treatment. Little coordination and few collective 
actions have been tried by farming communities to 
maintain and protect the public environment. The 
more wastes are discharged to the environment, the 
higher the disease risk will be, and the more drugs and 
chemicals will be used in farmers’ ponds to prevent 
and treat disease. 

Weak enforcement of environmental regulations. 
Aquaculture planning, farm registration, and 
environmental enforcement are generally weak at all 
levels (province, district, and commune). Insufficient 
enforcement capacity comes from institutional 
weaknesses coupled with a lack of human and financial 
resources for monitoring aquaculture operations. 
Under these circumstances, smallholders have little 
incentive to comply with environmental standards, 
especially when their neighbors do not comply. Social 
pressures to treat pond effluents are also low. This may 
have to do with the non-confrontational culture that 
tends to exist in villages. 

Government policies encouraging aquaculture 
expansion and intensification. Despite weak 
environmental enforcement, government policies 
still encourage greater expansion and higher 
intensification of aquaculture activities. Although the 
existing regulations require industrial farms to prepare 
environmental impact assessments (EIAs), evaluation 
and approval of EIA reports remain an issue. At 
the provincial and district levels, technical capacity 
and professional experience in the preparation and 
evaluation of EIAs are generally not sufficient. As a 
result, all potential impacts are often not fully recognized 
or anticipated. In many cases, waste treatment systems 
are briefly mentioned in the documents merely for 
approval. During implementation and operations, 
little attention is paid to monitoring of compliance 
and enforcement. There is little inspection from the 
government on waste treatment to see how it worked 
and if it met the required standards.

Inconsistent environmental standards set by 
MONRE and MARD. MONRE’s standards are 
significantly different from MARD’s. This discrepancy 
leaves farmers confused as to which standards are 
applicable to their farms. There has been little 
coordination between MARD and MONRE at the 
national level or between DARD and DONRE at the 
province level in setting standards and implementation 
guidelines or in carrying monitoring, inspection, and 
enforcement activities.
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EXISTING RESPONSES 
AND POTENTIAL 
SOLUTIONS

6.1 � Public sector responses to aquaculture pollution to 
date

Recently approved restructuring plan of the fisheries sector. Considering the 
problems and constraints that the agricultural sector (including the fisheries sector) 
faces, on June 10, 2013, the prime minister formally approved a national Agricultural 
Restructuring Plan (ARP) prepared and submitted by MARD. The goals of this plan 
are to improve quality, competitive advantages, efficiency, and sustainability of the 
agricultural sector and its products through increasing value addition, improving 
value chains, and protecting the environment. 

Subsequently, on November 22, 2013, MARD approved the restructuring plan for 
the fisheries sector, which set a clear focus on sustainable resources management and 
environment protection. Key objectives of this plan are as follows. 

•• Enhancing capacity in resources management including fisheries resources; 
minimizing negative impacts from environmental pollution and diseases; 
and being proactive in risks management, natural disasters prevention and 
mitigation, and climate change adaptation and sea-level rise. By 2020, about 
70 percent existing production farms and fisheries trading firms and 100 percent 
new ones will meet the environmental protection requirements.

•• Maintaining the growth rate of fisheries sector at above 6 percent per year, of 
which capture fisheries at above 3 percent per year and aquaculture at above 
8 percent per year; improving efficiency and competitiveness through increased 
yields, quality, and value addition; and achieving export value growth above 
6 percent per year. 
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•• Improving income and living standards for 
fishing communities in coastal areas; reducing 
poverty; and increasing income/labor by 2020 
about 2.5 times compared with that in 2010.

•• By 2020, total capture fisheries volume will be 
maintained stable at 2.4 to 2.6 million tons/year, 
of which inland capture at 0.2 million tons and 
marine capture fisheries at 2.2 to 2.4 million 
tons (nearshore fishing will be reduced from 
1.2 million tons down to 0.8 million tons; 
offshore fishing will increase from 1 million tons 
to reach 1.5 million tons). Regarding aquaculture, 
it will reach 4.5 million tons by 2020, of which 
shrimp will reach 0.7 million tons and Pangasius 
from 1.8 million tons to 2 million tons.

Existing laws, regulations, and policies. 
Environmental protection in the fisheries sector has 
been integrated with a series of legislative documents. 
The Environmental Protection Law No. 55/2014/
QH13, dated June 23, 2014, provides a general 
framework for environmental production, including 
fisheries, aquaculture, and seafood processing activities. 
To guide the implementation of the Environmental 
Protection Law, a number of decrees and circulars were 
issued, such as Decrees 18/2015/NĐ-CP and 19/2015/
NĐ-CP and Circulars 26/2015/TT-BTNMT and 
27/2015/TT-BTNMT. For specific investment 
projects, relevant environmental regulations are 
applied, such as QCVN 08: 2015/TT-BTNMT for 
the management of waste discharge; QCVN 38: 2011/
TT-BTNMT for protecting surface water quality 
and aquatic lives; QCVN 10: 2008/TT-BTNMT 
for coastal zone management; QCVN 40: 2011/TT-
BTNMT for the management of industrial activities; 
and Circulars 44/2010/MARD and 45/2010/MARD 
for the management of intensive Pangasius and shrimp 
farming. In each province, local organizations, such 
as provincial and district sub-departments of Natural 
Resources and Environment are responsible for 
monitoring and enforcing environmental laws and 
regulations in their areas. 

GAP programs. In 2014, MARD issued Vietnam’s 
GAP standards (VietGAP, Decision No. 3824, dated 
September 6, 2014), which encourage producers, 

regardless of scale, to apply good practices to prevent 
disease and to improve product safety and quality, 
human health, and environmental protection. 
Adoption of this standard remains voluntary rather 
than compulsory however. The complexity of the 
standards, along with the significant investments 
that are required to meet these standards and obtain 
certification under them, have generally dissuaded 
small farmers from adopting these. Adoption has 
occurred where farmers have received technical and 
financial support from government programs and 
projects.

6.2 � Private sector responses to 
aquaculture pollution to date

A range of value chain arrangements that have been 
embraced to enhance quality and value addition, 
and to reduce production costs, have sometimes 
also helped to reduce environmental harm from 
aquaculture activities. Private agribusiness companies 
have become increasingly proactive in working with 
farmers, collectors, wholesalers, and processors in 
the value chain to control efficiency at every step of 
production. In particular, it has become increasingly 
common for agribusiness companies to enter into 
contracts with farmers’ groups and cooperatives, in 
which the agribusiness company supplies inputs (that 
is, seeds, fertilizers, and pesticides) to the farmers’ 
organization (FO) and later buys and collects its 
products. Agribusiness companies also often send 
technicians and experts to work with farmers to help 
them improve their practices so as to better meet market 
requirements. Under contract farming arrangements, 
farmers are typically required to follow the guidance/
instructions of agribusinesses, especially on the use 
of inputs. This model tends to strengthen horizontal 
linkages among farmers within FOs, and this in turn 
seems to help improve farming practices across the 
group, leading to improvements in both product 
quality and environmental management. Contract 
farming between Pangasius farmers and Vinh Hoan 
Aquatic Product Export Company in Dong Thap is 
a good example of sustainable Pangasius production 
that has fully addressed environmental issues from 
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production to processing and marketing. Another 
good example is the contract farming between shrimp 
farmers and Minh Phu Seafood Corporation in Ca 
Mau in organic shrimp farming through the adoption 
of mangrove-shrimp integrated farming systems.
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DATA AND EVIDENCE 
GAPS

7.1  Data gaps

Key data gaps identified by this study include the following:

•• Regularly updated data on the amount of pollutants discharged into the 
environment and broken down by major aquaculture systems, levels of 
intensification systems, and regions.

•• Updated quantitative data on levels of water pollution, soil pollution, GHG 
emissions, and product contamination associated with major aquaculture 
systems.

•• Updated quantitative data on socioeconomic impacts of aquaculture pollutions 
(such as illness, premature death, product rejections, lost income, and so forth).

•• Updated statistical data on the intensification level of major aquaculture species 
and regions.

7.2  Knowledge gaps

Key knowledge gaps identified by this study include the following:

Technical

•• Systematic studies to quantify concentrations of pollutants discharged from 
different aquaculture systems into the environment (land, water bodies, 
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groundwater, and air) and pollutant carrying 
capacity of ecosystems in major aquaculture 
regions. 

•• Comprehensive assessments on environmental 
impacts of different aquaculture farming systems 
in Vietnam, including scales and geographical 
distribution of major farming species. In 
particular, studies on aquaculture systems in 
relation to biodiversity losses, groundwater and 
its uses, surface water pollution, soil acidification, 
saline intrusion, land subsidence, and climate 
change. 

•• Comprehensive assessments on antimicrobial 
resistance resulting from aquaculture practices 
and its impacts on public health, especially local 
populations, women, children, and vulnerable 
groups.

Economic

•• Comprehensive study to quantify economic 
losses caused by poor wastes management in 
aquaculture, including direct losses in export 
and domestic markets, and direct losses related 
to food safety because of product contamination; 
public health and increased health care costs; 
environmental pollution and degradation (of 
water, land, and air quality); losses of mangroves 
and biodiversity; and impacts on tourism.

Policy

•• Policies effective in getting producers to comply 
with or voluntarily adopt environmental 
protection measures, especially relating to solid 
waste and wastewater treatment.
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CONCLUSIONS AND 
RECOMMENDATIONS

1.	 While the development of Vietnam’s aquaculture industry has been a success in 
some respects, its growth and intensification have taken a significant toll on the 
environment that, in future years, has the potential to be lessened.

2.	 Aquaculture is an important and growing part of Vietnam’s agricultural 
economy. The area devoted to aquatic farming more than doubled between 
1995 and 2013 (its physical expansion has more recently leveled off), and 
production volume increased up to eight times as a result of intensification. 

3.	 The aquaculture industry is highly concentrated in the MKD region, which 
accounted for 50–70 percent of the national aquaculture output in the 
period 1995–2013 (though it occupies 12 percent of the national land area). 
Freshwater Pangasius and brackish water shrimp (tiger shrimp and white-leg 
shrimp, an exotic species) are the dominant farmed species both in terms of 
production volume and export value. The overwhelming majority of these are 
produced in intensive farms in the MKD, though white-leg shrimp production 
stands out in terms of intensity. 

4.	 Pangasius farming is a highly intensive monoculture characterized by high 
stocking density (50 fish/m2) and high feeding rates. Commercial pelleted 
feeds have entirely replaced farm-made feeds. One of the common practices of 
farmers is to exchange water daily to improve water quality in culture ponds. 
This involves taking or pumping water from nearby rivers and canals and 
discharging pond waters to treatment systems and on to the environment. Pond 
sediments are also removed two to three times during a farming cycle through 
siphon systems. To prevent disease, different types of chemicals and drugs are 
used to improve pond water quality and improve fish health and growth.

5.	 There are different shrimp farming systems. Tiger shrimp are farmed in 
various systems ranging from extensive to improved extensive, semi-intensive, 
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or intensive ones. White-leg shrimp farming is 
always intensive or highly intensive. In semi-
intensive and intensive tiger shrimp farms, 
stocking densities vary from 25 to 35 shrimp/
m2 and production ranges from 4 to 6 tons/ha/
crop (4–5 months per crop, 2 crops per year). In 
white-leg shrimp farms, stocking densities vary 
from 80 to 120 shrimp/m2 and production ranges 
from 10 to 20 tons/ha/crop (3–4 months per 
crop, 2 crops per year). As in Pangasius farming, 
shrimp farms rely on pelleted feeds, as well as on 
chemicals and drugs to prevent and treat disease. 

6.	 A growing number of farmers are turning 
toward water recirculation systems (nearly closed 
systems) to prevent diseases from coming in from 
outside. These systems require much less water 
exchange but represent a costly investment.

7.	 Factors contributing to aquaculture pollution 
in Vietnam include the following: (a) the 
rapid expansion of aquaculture areas; (b) small 
farm size and constraints to adopting solid 
waste and wastewater treatment systems; (c) 
a lack of incentives for farmers to adopt waste 
management systems; (d) farmers’ limited 
understanding of disease and environmental 
risks; (e) weak enforcement of environmental 
regulations; (f ) government policies encouraging 
aquaculture expansion and intensification; and 
(g) inconsistencies between environmental 
standards set by MONRE and MARD. 

8.	 Responses to pollution concerns to date have 
notably included (a) the recently approved 
restructuring plan of the fisheries sector; (b) 
existing laws, regulations, and policies; (c) GAP 
programs; and (d) various private sector responses, 
including those embedded in increasingly 
common contract farming arrangements. 

9.	 To curb aquaculture pollution in Vietnam, 
potential solutions at the national level include 
(a) better monitoring and enforcement of 
existing policies and regulations, (b) value chain 
approaches, (c) public-private partnerships 
(PPPs), (d) collective action approaches, and (e) 

enhanced extension networks at the grassroots 
level. Farm-level solutions include (a) sustainable 
farming practices described by standards such 
as VietGAP and GLOBALG.A.P, including 
pond rotations, water recirculation systems, 
low stocking densities, and polycultures such as 
shrimp with tilapia; and (b) integrated farming 
systems such as rice-shrimp systems. These 
solutions are technically feasible and locally 
available and ready, but several constraints need 
to be overcome to scale up their adoption.

10.	 The present study revealed very significant data 
and knowledge gaps relating to technical and 
socioeconomic aspects of aquaculture pollution. 
The most important gaps include the following: 
(a) the lack of regularly updated data on amounts 
of pollutants broken down by aquaculture 
system, level of intensity, and region; (b) updated 
quantitative data on levels of surface water and 
groundwater pollution, soil/land pollution, and 
air pollution including GHG emissions, as well 
as product contamination caused by different 
aquaculture systems; (c) updated quantitative 
data on socioeconomic impacts of aquaculture 
pollution (that is, incidence of disease, premature 
death and disability-adjusted life years (DALYs), 
product rejections, foregone producer revenues, 
and so forth); and (d) systematic monitoring 
data on aquaculture systems and associated 
environmental data for provinces and regions. 
The fundamental causes of these gaps include (a) 
the concerned ministries (MARD and MONRE) 
do not have a systematic program to finance 
research and data collection on agricultural 
pollution and (b) there is limited information 
sharing by and among public agencies. 
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