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Chapter 1 Introduction

1.1 The Vietnamese fishery sector

Fishery is one of the most dynamic food sectorsha world, with total production
having grown to 110 million tonnes in 2006. Seafe®aow the most globally traded
product by value and volume (FAO 2009b). Coastatest around the world have
striven to take advantage of this growing inteiai demand by investing in modern
fishing fleets and processing factories. In reggars, attention has been given to the
stabilization or even possible decline (Watson &adily 2001) of capture fisheries
production. The FAO now classifies 52% of fish &was fully exploited and 28% as
over exploited fish stocks (FAO 2009b). The congdigrowth in fish production is
now largely the result of the increased produciwdraquaculture - which has now
emerged as the fastest growing production systetimeinvorld (FAO 2007c), (2009b).

In Vietnam the fishery sector is a significant afagt growing component of the
Vietnamese economy. Starting with the market refoiwh 1986 undeDoi Moi (or
‘renovation’) the Vietnamese fishery sector hasetlgyed rapidly in terms of both
production and exports. The largest dramatic groedburred between 1997 to 2007
during which time total fish production increase®b%, from 1,570 million tons to
4,160 million tons (Dung 2008). It is now the fdurhost important export sector to the
national economy, after oil, garments and footwaad the most important sector in
terms of primary production (Figure 1.1). In 2008hfand fish products make up
approximately 4% of GDP, and contribute 8% to ta&gbort value and 10% to total
employment (Dung 2008).

Similar to world production the growth of Viethameefishery production has been
maintained predominantly through the expansionagefagulture. As shown in Figure
1.2, capture fisheries have grown at around 7% year in the last decade while
aquaculture has grown at 16.3%. In real terms aduwae production has grown from
481 million tons in 1997 to 2 billion tons in 20qbung 2008). This production
includes a wide range of species grown in freshiwvdieackish and coastal waters.
Between 2002 and 2004 Vietnam was the third counfrythe world in term of

aquaculture growth (FAO 2007c), and from 2006 \aetnranks third in terms of
quantity of aquaculture production (FAO 2009b).2B07 Vietnam exported over 900
kton of fish products, which increased to 1,200nktm 2008 (MARD 2009a).

Vietnamese fish products are currently exportecbver 128 countries, but 69% is
traded to Europe, Japan, Russia and the US(MARBI200

Among various aquaculture species which are beamed in Vietham, two have the
largest contribution to production and export valtiee freshwater striped catfish,
Pangasius hypopthalmus (Ca Tra in Vietnamese), and the brackish water black tiger



shrimp, Penaeus Monodon (Tom Su in Vietnamese). These two species alone account
for approximately 50 percent of the total productimlume of aquaculture in Vietham
(Trong 2008) and 68% of export value (MARD 2009xth species can be considered
what Hall (2003) has labeled ‘boom crops’ given thgectacular increases in
production, the relative accessibility of produntifor some segments of the rural
communities looking to ‘get rich quick’, as well e parallel growth of both local and
global political, environmental and economic unaities and vulnerabilities. In
particular, both species have also come under asee scrutiny over their
environmental performance as production and praugdsas expanded in a largely
uncoordinated fashion.

The rise of pangasius has been particularly speletaevith total production having
grown at around 30% per year since 2003. Due to iowestment costs, high
productivity and large export markets, pangasiusvation has become a popular form
of aquaculture and the largest single species fayrsystem by volume in Vietham
(Phan et al. 2009). Over the last 10 years, pangdss developed from a domestic to
an export product. In 2007 the productivity of pasigs reached over 1 million
tons/year, a government target previously set @r02(Bush et al. 2009), and is now
exported to nearly 110 countries and territoriesniyiaas frozen fillet products. The
development of pangasius farming has created amrtant source of regional and
national income, and contributing to the MekongtBdiaving the highest regional
economic growth rate in the country at 14% - coragato an average national
economic growth of 9% (Loc et al. 2007).

Following the growth and subsequent stabilizatidnpooduction in the 1990s the
Vietnamese government has sought to reinvigoratelymtion through a series of
modernization program (Dung 2006; MARD 2009a). ®iprifarmers throughout the
country have been encouraged to shift from extensaditional systems to improved
extensive, semi-intensive and intensive productradels (classified according to the
pond size, water use, capital, labor, feed and aasmused, and stocking densities)
(EJF 2003). In response, shrimp production hasasmd faster than the shrimp farming
area since 2000n 2008 the area of shrimp farms has decreasece wihdduction has
continued to increase. In 2009, the area of shfsnming was expected to decline 9%
to 580,000 ha, while production was expected tavgt@% to 380,000 tones (Trong
2008)). However, shrimp production in Vietham remsaielatively ‘under-modernized’
with approximately 90% of the total farming areaagircing extensive traditional
production. Despite this Vietham contributed wi#4d to the global shrimp production
in 2008 (Figure 1.4). Unlike most neighboring Asiaountries, which are now
producing primarily white leg shrimgrénaeus vannamei), the production of black tiger
shrimp Penaeus monodon) still accounts for 80 — 90% of total cultured istp
production in Vietnam (MARD 2009a). As a resulteWiam is one of the few countries



still producing large sized, high quality, blaclger shrimp and has few direct
competitors, with the exception of India and Badgkh.

To cope with the expansion of production the fistcpssing sector in Vietham has also
expanded rapidly since 2000, particularly in teohgwvestments made in large modern
facilities which meet international food safetyratards (MOFI and WorldBank 2005).
There are about 400 registered fish processingtglam Vietham with around 1.2
million tons input capacity for export oriented guation of frozen fish and fish
products (MARD 2009b). Of these, about 50% arecgseing shrimp or pangasius
(Hien 2010; Van 2010). In addition, there are miegl fish plants, that process mostly
other traditional products such as fish sauce,deste dried fish for domestic markets.

The exploitation of the aquatic resources of inshasaters and of shallow waters
offshore had reached a maximum and is close toegpéoitation. The growing human
population, lack of enforced regulation, and lowreamic entry barriers to the business
are major factors in this expansion. Hence in thing decades, increased output of
fish products will be based largely on planned agiiare and less on wild captured
fish.

In the coming decades, fish production in aquacaltnay increase faster in Vietnam
than wild captured fish (Dung 2008). An increasaduiaculture may be associated with
a range of environmental problems, in particulatewgollution caused by fish ponds
and processing industries (Figure 1.5)
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Figure 1.1 Relative share in export turnover valuef different agricultural products in
total export turnover from Vietham (MARD 2008b)
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1.2  The environmental impacts of aquaculture productionin Vietham

Following global trends aquaculture products havaden an increasing important
contribution to export value and trade in fisherpgucts in Vietham. However, the
rapid growth of the industry has also brought witla series of new challenges. As
documented across Southeast Asia coastal aquactinr have destructive effects on
the natural environment (e.g. Muluk and Bailey 1,9Bébel et al. 2002a; Menasveta
2002; Tokrisna 2004; Tong et al. 2004; Vaiphasaalet2007; Bush et al. 2010).
According to the Ministry of Fishery (MOFI and WdBank 2005), the key
environmental concerns relating to aquaculture ldgveent in Vietnam include: (1)
local water pollution from freshwater and maringedarms; (2) the introduction of
new exotic species, with risks of diseases and datspan aquatic biodiversity; (3)
significant loss of mangroves and wetlands fromveosion of coastal areas and
estuaries to aquaculture (shrimp) farming; (4)drematic recent rise in the use of trash
fish in marine and freshwater aquaculture.

Pangasius and shrimp aquaculture production ate rfepresentative of most if not all
of these concerns. The unstructured development pahgasius aquaculture,
accompanied by inadequate information and a podenstanding of the ecological
conditions of the Mekong Delta, has raised concewver the actual angotential
impacts. This situation has drawn internationagrgton to what until now has been
regarded a ‘sustainable’ industry (Bush et al. 200@spite what until recently can be
described as a dearth of scientific data relatedatogasius farming, one of the most
common voiced environmental concerns of pangasiusifig, and one that is gaining
increasing attention in policy and practice, is diecharge of wastewater and sludge to
rivers and canals (Trai et al. 2006; Anh and M&i@f) Bosma et al. 2009; Phan et al.
2009). The main concerns of wastewater and sludgeval from pangasius ponds
include water contamination with high organic comtenitrogen, phosphorus and
disease spreading.

The environmental impacts of shrimp aquaculturesHa@en documented in more detail
than pangasius, due to the age of the industryttandlobal attention to the destruction
of coastal habitats in other parts of the world.eTimpacts of shrimp production
outlined specifically for Vietnam include increasedil salinity, the destruction of
mangrove forests and loss of biodiversity in sérsitoastal areas. In provinces which
were early adopters of shrimp aquaculture, at 228,000 ha of mangrove forest was
removed over the last 50 years (Tuan et al. 20083)ddition and in part resulting from
mangrove deforestation, environmental impacts fsfmmp aquaculture also include
water pollution, the spread shrimp disease, as ageiésues related to human health and
social impact (Dierberg and Kiattisimkul 1996; Ascand Khatun 2006; Biao and
Kaijin 2007; Nhan et al. 2008; Janeo et al. 200@ater pollution has in particular been
raised as a key area of concern; due to wastewedetaining high biological oxygen
demand (BOD), and high nitrogen (N) and phosph{)snd pathogen.



In addition to farming systems, fish product preteg factories produce waste streams
of diverse composition and concentration which ateo considered as holding
considerable impacts for the environment. Freqyenfperations are run on a seasonal
basis, and with simultaneous production lines foresal different raw materials. The
main environmental concerns related to these inigsgsire fourfold:

(1) Water use and wastewater discharge: In fish processing, the main environmental
issue concerns the use of large amounts of cledarviar processing, such as for
washing raw material and products, cleaning of nmes) containers or flushing the
working floor, de-icing, thawing and salt soakidl. the water used is later discharged
as wastewater. The quantity and quality of wastemarte highly dependent on the final
products, fresh raw species processed and prodyatozesses used.

(2) Solid waste: Solid waste from all fish and shellfish operatioi@mally consists of
flesh, shell, bone, cartilage and viscera. Imprapgposal of the solid wastes can result
in odor problems. Smaller quantities of wasted pgoky material are also released.

(3) Consumption of energy: Energy is principally used for machinery, freeziagld
storage, heating, drying, and water pumping. Thesemption of energy contributes to
increased air pollution and climate change.

(4) Odor and aesthetic damage: Odor problems are commonplace due to spoilingisiebr
and offal. Discharge of wastewater containing Helels of solids, spoiled offal, oils
and fat from the fish can spoil the natural beaftgurrounding beaches and cause the
pollution for the fresh and marine water bodiefansand colleagues (2004) identified
effluents from fish and shrimp processing industas a potential source of coastal and
marine pollution.

The available studies seem to agree that the laeg@sronmental problems caused by
aquaculture and processing industries are assdaiate water use and water pollution
(Jesperson et al. 2000; Mungkung et al. 2006; Begatin et al. 2007) (Figure 1.6).
Discharged wastewater from fish ponds and procgssidustries is high in nitrogen,
phosphorus, organic matter content, and therefaseahhigh chemical oxygen demand
(COD) and biological oxygen demand (BOD). In adiulti there may be chemical
contaminants in the waste streams, pathogens, wasi#uction, noise and odor
(Dierberg and Kiattisimkul 1996; Asche and Khat@®@; Biao and Kaijin 2007; Nhan
et al. 2008; Janeo et al. 2009) The most imporitap&acts of the pollution is water
pollution, disease spreading (Trai et al. 2006;nPéiaal. 2009), and other impacts such
as air and soil pollution. And the most importesgponses to these problems are based
on waste minimization and prevention via clean nebdbgy, treatment technology and
management and governance options.
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Figure 1.6 Causes, effects and possible solutions environmental problems due to
aquaculture and fish processing industry (D: Drivirg force; P: Pressure; S:
State; |: Impact; R: Response)

1.3Environmental management of aquaculture productionn Vietnam

In response to the environmental impacts of aqua®uin Vietnam, the government
and industry alike have invested in environmenta@nagement. In addition to the
domestic impetus for improved environmental managenpressure has also come
through international trade relations. Recent evertd trends show that significant
challenges remain for Vietham to be competitivetlie international market for
aquaculture products, which go beyond processiagtguality control and processing
technology (Loc 2006; FAO 2007a; 2008). Althougbdacsafety is probably the most
significant issue influencing aquaculture importeere is evidence of increasing
awareness of the environmental and social issuatedeto both pangasius and shrimp
in importing countries and regions (Oosterveer 20BGsh and Oosterveer 2007,
Vandergeest 2007; Islam 2008; Bush et al. 2009)meEet the growing sustainability
expectations of these export markets the fishecyosén Vietnam has made a number
of steps towards certification and industry assteasystems that address social and
environmental issues.

The Vietnamese fishery and aquaculture sectorrggeland complex. It is socially and
economically important, supporting the livelihoaafsseveral million people in coastal



and inland areas. The sector has evolved rapidlyhas made a major contribution to
the country’s economic and social developmentndated above. However, it is also
apparent that the sector is experiencing planniredplpms and limited enforcement
capacity to deal with the challenges it is faci@grrently, very few aquaculture farms
in Vietnam implemented technologies to reduce wastpollution. For instance, only
10% of the farms in the Mekong delta have a sediatiem pond for pre-treatment of
wastewater from fish farms (Hoa 2008). In the fisbcessing industry, it is compulsory
to treat wastewater before discharging it into atefwaters, but such measures are not
always applied by all industries (Viet et al. 2008j)aste prevention and minimization
at source is currently not applied at all in farrmsgd only in a few demonstration cases
in the fish processing industry (Mitchell 2006).

Internationally, as well as in Vietnam, it has beeocognized that the best approach to
environmental management, especially in complextiraagtor industries such as
aquaculture, is through consultation with producansi the development of shared
management responsibilities through partnershipadsn producers and government
(Glasbergen et al. 2007). This approach can greaityjlitate the introduction of
measures required for sustainable aguaculture al@went and management, and is less
dependent on stringent command-and-control polianes enforcement. In Vietnam the
transition to inclusive ‘governance’ arrangementshich contribute to shared
collaborative environmental management, is now egking key issues such as water
use and water pollution. Both issues have beenghyllebated in the development of a
range of national and international environmental aocial standards for aquaculture
being developed in Viethnam (seeMantingh and Dur@y28ush et al. 2009), including
the World Wild Fund for Nature (WWF) aquaculturealdgues. The Pangasius
Aquaculture Dialogue (PAD) and the Shrimp AquaadtDialogue (ShAD) Standards
are representative of the shift to internationahdards that aim to define sustainable
production of these species (WWF 2008c). Meanwliiie, Viethamese governmental
policy strongly supports aquaculture developmeattigularly as the visibility of the
sector has increased with growing export earniM@KI and WB 2005).

Only a few studies exist on the environmental peotd and management approaches of
aquaculture and fish processing in Vietham. RegeRthan et al (2009) studied the
current status of farming practices of pangasiushan Mekong Delta, and Trai and
colleagues (2006) conducted a study on wateutat concerns in shrimp farming.
Bush and his colleagues (2009) and Mantingh andy¥2@07) also recently reviewed
the governing of environmental and social dimensiaf pangasius production in
Vietnam. However, so far no systematic analysistexof the causes and effects of
environmental pollution caused by shrimp and panggsroduction and processing in
Vietnam, aiming at identifying environmental managat strategies for aquaculture
farming and related fish processing. There is alrfee such integrated and complex
environmental studies of aquaculture production pnodessing in Vietnam, in order to



identify appropriate management strategies to a&ddtbe important environmental
Issues at stake.

1.4Research objectives

This thesis focuses on environmental problems gélab aquaculture fisheries in
Vietnam. More specifically the research focusesti@ environmental impacts of
aquaculture and processing of pangasius and shramg, the potential options to
mitigate these impacts. The main objective of #iigly is to analyze possibilities for
environmental improvement in pangasius and shrimg@yxction in Vietnam and to
identify options for technological and managematgnvention.

The sub-objectives are:

Sub Objective 1 To identify causes and impacts of water pollutianthe Mekong
Delta, associated with pangasius farming and psaegsndustry; and identify possible
options to reduce these problems.

Sub objective 2To analyze the causes of water pollution, comated sediment and
spread of disease from intensive black tiger shriexming in Vietnam, and identify
possible options to reduce these environmental ¢tspa

Sub- objective3:To apply the idea of eco-agro-industrial clustgrifor reducing
pollution, protecting natural resources and impngvihe competitiveness of the shrimp
production and processing sector in the Mekongad#®lietnam.

Sub- objective 4To analyze current attempts—at multiple levels—tavegn water

pollution in aquaculture in Vietham, and illuminat®w public-private multilevel

governance complexes are starting to address obomal state failures in water
pollution problems in Vietham's aquaculture..

1.5 Research methodology

This study combines three analytical approachesir@mmental systems analysis,
industrial ecology and multi-level governance asaly(Figure 1.8). Environmental
systems analysis is applied to analyze the caukdbleoenvironmental impacts of
aquaculture production, and to identify technicgtians to reduce these impacts.
Environmental systems analysis is an approach sstadecision making in finding
solutions to complex environmental problems (Plusnat al. 2000; Jawijit et al. 2007;
Neto et al. 2009). Both grow-out farms and indastprocessing plants are considered
in this study (Figure 1.7). The results of thislgsig can serve as a basis for an analysis
of fish-based eco-industrial clusters. This relige combination of material flow
analysis with an analysis of actors and institididhat govern these material flows
(Dieu 2003; Mol and Dieu 2006; Nhat 2007). Sinceamlture production is a global
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issue, the governing and managing of aquacultunmatabe limited to the national
government/administration with its conventional mgement system. Hence, a multi-
level governance perspective is needed (Bavine@k. é2005; Kooiman and M. Bavinck
2008; Zeijl-Rozema et al. 2008), which includessinational governance initiatives
through certification and standards and local, comity-based water management
systems, next to conventional—and also new—nati@ralironmental governance
approaches. The analysis of multi-level governancthis case identifies interactions
between various key actors, and their respectiterasts and influence, at the local,
national and international levels.

Grow-out farming

Emission [®| Water pollution [®]

Frozen fish industrial
processing

suondo [esuyos |
I

y

9JUBUIBA0D |elusWuolInug

Fish-based eco-industrial clusters

Figure 1.7 Research framework

1.5.1 Environmental system analysis approach

Environmental system analysis (ESA) is often apbte study complex environmental
problems, and to evaluate possible solutions feselproblems. Early ESA approaches
were described by Checkland (1979), Wilson (1984) Findeisen and Quade (1997).
They describe an ESA stepwise approach. Many exampf application of this
approach exist. For instance, Pluimers (2001), i042006) and Neto (2007) applied
these approaches to three completely different aoan sectors in order to identify
options to reduce the environmental impacts. Thisme examples consist of a step-
wise ESA approach, with many iterations betweersthaps.

Depending on the specific goals of the study, eaeohironmental system analysis
follows its own approach. Pluimers (2001) perforntieel following steps: (1) defining

the problem; (2) defining the objective; (3) modelilding; (4) systems analysis; (5)
selecting the optimal system and (6) conclusiom® &arried out a detail analysis of
system boundaries and showed why it is essentiabystems analyses that the
boundaries are defined in a correct way. It providesight into the causes of the
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environmental impact of human activities such asher case, tomato cultivation and
greenhouse horticulture. Jawijit (2006) applied similar steps. He analyzed the
technical reduction potential as well as cost-effeaess of options aimed to reduce the
environmental pressure of the Kraft pulp indusirylhailand. Neto (2007) performed a
stepwise ESA of aluminum pressure die casting. &pgroach differed from that of
Pluimers (2001) and Jawijit (2006) in three ways:if her second step she evaluated
and selected existing ESA tools, which was not dexgicitly as a step by the other
authors; (2) in step 5 — model application — thedehavas developed to analyze user-
defined scenarios for pollution reduction by thdustry; (3) in step 6 — evaluation of
the methodological approach — she reflected mae tithers on the applicability of the
approach to other industries or sectors. She drthet her user-defined analysis can
serve as an example for assisting industrial masage other industries in
environmental management.

This thesis adapts the various approaches to E&&ntay these authors to fit the

complexities of the aquaculture sector in Vietndine first steps in an environmental

system analysis are designed to identify possitllgions to the problem at stake. This
requires a solid description of the system, inalgdappropriate definition of system

boundaries, system elements and their relations a3t steps include an evaluation and
comparison of the proposed options for environmgntatection.

In considering the technical options, the theskedaits lead from the integration of
various environmental protection approaches prothttteough the field of industrial

ecology (Karamanos 1995). Industrial ecology (IEpvides a vision and basis for
understanding how improvements can be made tordysreduction processes (Roberts
2004). Options for preventing and reducing thesgirenmental impacts can be
identified in two domains: (1) Prevention and mirmation of non-product sources
onsite (cleaner production), (2) external re-usd sgetycling of non-product sources
(waste exchange) (Mol and Dieu 2006).

1.5.2 Industrial ecology

The idea of industrial ecology has been describedifferent ways in the literature by
Ehrenfeld (1997), Boons and Baas (1997), Krrisraanoand Herat (2000), and Dieu
(2003). All contributions to the concept emphasike ideas of reduce, reuse, and
recycle to advance sustainable industrial systeimgdustrial ecology, as a broad
framework for thinking and acting in the realm afstinability, looks at industrial
economies by using the metaphor of ecological systeThrough the use of that
metaphor industrial ecology intends to improvedesign of firms and larger, complex
systems; a step towards sustainable developmem&(F2007).

Industrial ecology is partly similar to environmahsystem analyses. It also includes a
design component by building a model, often in ac#r geographical setting. The
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methodology of building industrial ecology modetarts with analyzing the material
and energy flows in industrial systems. These fleas cause emissions, waste and
exhaustion of natural resources. Subsequentlypwsipossibilities are identified from
reducing these emissions, waste and natural resase by these industrial systems. A
systematic method is used to analyze the varioysiqdi-technological options for
minimizing waste, following four steps. The firdeg focuses on the analysis of the
material and energy flows that run through the stdal system and partly end up in
waste. The second step focuses on the preventitileofvaste generation: what is the
maximum feasible prevention/reduction of all pahiis being generated at production
sites. The identification and design of measured @ptions of prevention is often
related to cleaner production studies. The thirelp stoncentrates on identifying,
analyzing and designing potential external recovesgycling and reuses options. To
solve the problem of waste that cannot be recovergain the original production
units, recycling and reuse in other plants/seqitayg a vital role (Wei and Huang 2001).
Finally, the remaining waste that needs propertrireat before discharging into the
environment is identified. End-of-pipe treatmerthigologies are usually as an essential
element for a (nearly) complete removal of the n@mg contaminants. Together, these
four steps lead us to a physical-technological mbme(close to) zero waste industrial
systems.

Based on Mol (1995), Dieu (2003), Khoa (2006), Ni2&07) and others, we found that
such natural science material flow analysis neediset combined with social science
approaches analyzing the actors and institutioas(tan) govern these materials flows
towards an industrial ecology model. Various awhwithin the industrial ecology
school of thought are working to include such msibnal perspectives, using different
theories and methodologies (see various contribgatio more recent volumes of the
Journal of Industrial Ecology). Ideas of industrial ecology have also been agplor
Vietnam. A methodology for analyzing the possitebt for waste prevention in food
processing industry in Viethnam has been elaborateBieu (2006) and a practical
application of the idea of industrial ecology, comibg a physical-technological model
for (close to) zero waste industrial ecosystem \waithinstitutional analysis, has been
reported for a specific case study on the Tapigeca-andustry by Mol and Dieu (2006).

1.5.3 Fishery governance analysis

The industrialization of shrimp and pangasius agltae has created complex
commodity chains and networks that cross natiomaindaries (Lebel et al. 2002b;
Bush and Oosterveer 2007; Khoi 2007). There is mgles appropriate level of

environmental governance. Mechanism to handle «cake and up-down linkages
along the value chain are required to complimestitittional arrangements targeting
individual parts of a system. Conventional hier&z@happroaches to institutions may
thus have become inadequate. The term governamédasy used nowadays to analyze
a variety of institutions, instruments and policsogesses, ranging from short term
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operational management to long term policy develampmand planning, and from
conventional forms of administration to modern ferof participative decision-making
processes.

Within fisheries governance and governability Koanmand colleagues (Kooiman and
Bavinck. 2005; Kooiman 2008) have developed a gérmnceptual framework for
analyzing the interaction between governance systamd systems-to-be-governed,
focusing on the characteristics of the two as wsllthe interaction between the two
systems. Jentoft and colleagues (2007; 2007)duepplied this systems perspective in
looking at marine protected areas and coastal ganee. Key concepts in these studies
are the diversity, complexity, dynamics and vulbdity of the systems-to-be-
governed, which demands specific qualities of tlowegning systems to facilitate
interaction between the two systems. Although pcatiy supporting the basic premises
of ESA, such a systems framework does not providerationalized concepts for
specific empirical investigation of the functioniraf a nested governance system
around aquaculture in Vietham. Hence, drawing emtlulti-level governance literature
this thesis develops a combined set of analytaalktfor analyzing governability at the
three governance levels: international, nationdllacal community.

In analyzing the ability to govern Vietnamese aagutace towards sustainability we
focus on actor networks at different levels, whaim to develop semi-permanent
institutions and steering mechanisms for redirggtedesigning shrimp and pangasius
aquaculture and processing in Vietnam. At each |levespecific actor network
constructs specific institutional rules, principleend steering mechanisms for
sustainable aquaculture, while at the same timeetlhevels are highly interdependent
and actors are engaged in multiple levels/netwoltkss expected that the specific
outcome of these networks could lead the aquaeufitoduction in Vietham to develop
sustainably.

1.5.4 Combining approaches from environmental systems aimgsis, industrial
ecology, and governance analysis

This thesis sets out a interdisciplinary analysesfgrmed in five steps, based on
Environmental System Analysis approaches from Chaeack (1979), Wilson(1984),
Findeisen and Quade (1997); Pluimers (2001) anditJé&006), industrial ecology
approach, following Mol and Dieu (Mol and Dieu 20@&d governance analysis with a
focus on actor networks at different levels (segpife 1.8).
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Figure 1.8 Five step approach to analyze technicahd management options to increase
the sustainability of aquaculture production in Viegnam.

The first two steps focus on defining problem folation and selecting technical

options. Step 1- problem formulation — is a stgrpoint in which problems are clearly
defined. It is necessary to ascertain that thetrmgiloblem is correctly formulated,

because failures in the analysis are often caugesblving the wrong problem rather
than generating the wrong solution to the rightopem (Ackoff 1974). In this thesis, the
problem at stake is water use and pollution ofafpeaculture production and industrial
fish processing in Vietham. In step 2 the reductgtions to water pollution and use
problems are proposed in accordance with the dkfgystem boundaries and the
objectives. After gaining insight in the system bdaries with the proposed feasible
technical reduction options, step 3 is elaboratél developing an eco-agro-industrial
cluster and step 4 is the multi-level governancalyams with the interaction between
governance systems. Step 5 presents the resultsahdation for decision making.

In order to test this approach and its suitability greening aquaculture production in
Vietnam using the technological and management medb the integration of the
environmental system analysis, industrial ecologg governing analysis, a case study
approach is most suited for various reasons. Ftstenvironmental system analysis is
based on substance flow analysis and mass balamteods for data collection.
Experimental research on specific cases can ginglate information on material flow
of the existing industrial system. Second, in otdesbtain data to develop the technical
options, it is helpful to carry out in depth stuglien a limited number of cases, rather
than superficial ones on a large number of entitRequirements on understanding the
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existing production processes, waste handling nasthioateractions of different system
result in measurements at site and more intensige-to-face interviews with open,
semi-structures questions. Third, a multi-levellgsia of interactive governance, which
includes the interdependencies between the legetapossible for large data sets, and
requires in-depth participatory analyses of a feweractive stakeholder meetings.
Fourth, the influence of geography/location, scate technological differences require
on site study/observation and do not allow for reathtical modeling, statistical
analysis, large sampling or survey questionnaires.

The detailed methodologies and research methodsuarenarized below and explained
in detail in the subsequent studies.

1.6 Structure of thesis

The thesis is divided into six chapters. This caapas presented an overview of the
development of the Vietnamese fishery sector, itgirenmental impacts, and the

current state of environmental management in aduwseuand fish processing in

Vietnam. Subsequently, research objectives andatlvezsearch methodology have
been formulated.

The second chapter focuses on pangasius farmingracdssing industry in An Giang
province. An Giang is a riverhead province of thenTand Hau rivers. Tien River has a
length of about 100 km and Hau River of about 8Q kmaddition, there are many
canals in this river system. With this advantagegemgraphy, An Giang has developed
the current quantity and quality of aquaculturend@sius is one of the key export
products of An Giang province, accounting for 90P&xport turn-over of the province.
Over the past years pangasius aquaculture produttias increased around 25%
annually, and the province currently holds abo@bo 4 the total pangasius production
in the Mekong delta (An Giang Fisheries Associati®®09/2008). According to the
provincial plan, in 2009 the area for pangasiusaagliure in An Giang province was
3,000 ha, with an estimated production of 312,0fs tfresh pangasius. This paper
focuses on two embedded case studies: pangasmsogitafarms and pangasius frozen
fillet processing industries. Information for thetseo case studies was obtained on the
basis of literature, site visits, interviews as Ivad a limited number of experiments.
Four pangasius farms were investigated, includidgp@nds and 8 ‘pens’ (fenced off
areas along the banks of large rivers and canals)yiHoa Hung commune, An Giang
province. During these visits, detailed informatiwas collected on farming processes
of each sub-system, and on the activities, problants current solutions. Wastewater
and sludge were sampled from five ponds and andlyipe the laboratory on
temperature, pH, Biochemical Oxygen Demand (BODherGical Oxygen Demand

! Based on personal communication with the An Gidfisheries Association on the situation of
production aquaculture farming of whole countr@imonths of 2008.
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(COD), Total Suspended Solids (TSS), Total Nitrog€N), Total Phosphorus (TP),
Ammonia (N-NH), Dissolved Oxygen (DO) and coliforms. In addititree pangasius
processing companies were visited. One companyheathrgest capacity in An Giang
Province, while the other two companies had an ageerprocessing capacity.
Wastewater from these processing industries wasplsamand analyzed at the
laboratory, focusing on similar parameters as &yming. Options were identified in
both pangasius farming and processing to improgesttvironmental performance.

The third chapter focuses on shrimp farming in Gam. Can Gio is an area located in
the coastal district southeast of Ho Chi Minh Ciéyetnam. It covers 75,740 hectares
and is dominated by mangroves, including both waler and brackish water species.
Can Gio has been the site of extensive mangrovabiihation after extensive
deforestation, first during the military confliats the 1960s and 70s, and subsequently
through the expansion of shrimp farming. The mawgrforests are regarded as the
“green lungs” of Ho Chi Minh City. Because of theicological importance, the Can
Gio mangrove forests have been recognized as améitonal Biosphere reserve zone
by UNESCO. Within the Can Gio area 40% of the sprii@rmers are located in the
area of Tam Thon Hiep commune. These farmers condignsive and semi-intensive
shrimp culture, occupying only 3% of the total stpifarming area but contributing 8%
to shrimp production in Can Gio. Given the pushifideensive production in the country
it is believed Can Gio, and Tam Thon Hiep communeparticular, provides a
representative case to investigate the impactstensive black tiger shrimp farming on
the environment, from which wider lessons can barnle for the improved
environmental production of shrimp farming in Vietn. Data was generated through a
combination of field visits, experiments, intervieand secondary information. Twenty-
two farms were visited to collect information abo@rming practices and
environmental problems, and samples of wastewatdr sdudge from shrimp ponds
were collected and analyzed. A total of 33 watengas were collected from farms in
Can Gio, and analyzed on temperature, pH, Biochantixygen Demand (BOD),
Chemical Oxygen Demand (COD), Total Suspended $¢1i8S), Total Nitrogen (TN),
Total Phosphorus (TP), Ammonia Nitrogen (N-NHDissolved Oxygen (DO) and
coliforms. Three samples of sludge were also c@tt@nd analyzed as dry matter,
measuring TN and TP. Subsequently options were tifteh for improving the
environmental performance of black tiger shrimpemsive and semi-intensive
production.

The fourth chapter deals with shrimp processingSot Trang province, using an
industrial ecology perspective. Soc Trang is onthefViethamese provinces with large
production of shrimp in terms of farming and prateg industries (MARD 2009a). Soc
Trang province is used as a case to study theiqondsbw to move shrimp production
industries into more sustainable direction, using perspective of industrial ecology
and eco-industrial clusteringOne industry of frozen shrimp processing has been
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selected for a material flow analysis, subsequettirtological option identification and
an analysis of the economic and policy actors amtitutions governing shrimp

processing. Data were collected through observasita visits, secondary literature and
interviews with workers, industry staff, chain onggations and state authorities at
various levels. Based on this the paper designodehwof an eco-industrial cluster,
where environmental impacts have been minimizeddbfition the most relevant actors
and institutions have been analyzed for moving saghodel into the reality of Soc

Trang province.

The fifth and last empirical chapter analyses amgesses the role and impact of
stakeholder meetings at various levels in goversingmp and pangasius production
towards more ecologically sound production systeifistee types of stakeholder
meetings have been analyzed in detail, also thr@agtcipatory observation and data
collection. First, at the international level, difént stakeholder dialogues have been
organized by WWF since 2007 in setting PAD and Shsafindards. Discussions and
meetings carried out as part of setting the PADdaeds and on those of the ShAD
dialogue were attended and observed. In these mysetdifferent stakeholders from
local to transnational participated. Second, at nh&onal level, a key stakeholder
meeting organized by the An Giang People’s Committe December 2008 was
attended. In this meeting different provincial goweents participated (An Giang,
Dong Thap, Can Tho, Kien Giang, Soc Trang provipaes well as fish farmers,
processors, suppliers, scientists and environmerfarts. They discussed the technical
and management approaches for environmental imprents in aquaculture in the
Mekong delta. This meeting is analyzed against madiempts of national governments
to improve the environmental performance of pangasand shrimp aquaculture.
Finally, at the local level, community-based appless to governing pangasius
aquaculture is based on several visits and meetuitpsthe communities at Hoa Lac
village — Phu Tan district — An Giang province @08. The focus of this analysis is on
community groups and cooperatives for pangasiusa@dture. Other community
shrimp farming cooperatives were also visited it $oang and Ben Tre provinces of
the Mekong Delta. Together and interdependentisélthree cases provide us a better
understanding of structure, successes and faibfresulti-level governance practices in
Vietnamese aquaculture.

Chapter 6, the final chapter, comprises the commhgsand discussions. The overall
water pollution, reduction options and governangsiesns from shrimp and pangasius
production are compared. In addition, methodoldgissues, and the strengths and
limitations of the current study are discussdéinally, recommendations for

environmental management and future studies asepted.

This study provides not only a better understandofg pangasius and shrimp
aquaculture and processing in Vietham, their tesdinieduction options for reducing
water pollution problems, and their complex managaimsystem. It also provides
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insight in how to combine system analysis, techgyplassessment, industrial ecology
perspectives, and governance analysis in analyzamgplex problems from different
angles. As such it forms an attempt at interdigtgpl/ analysis of a complex
environmental problem.
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Chapter 2 Water pollution by pangasius productionin the
Mekong delta — Vietnam: Causes and options for
control?

Abstract

We analyze water pollution caused by the produatioinozen fillets ofPangasianodon
hypopthalmus, including both pangasius farming and the processidgstries in the
Mekong Delta, Vietnam. The results show that omaéoof frozen fillets releases 740
kg BOD, 1020 kg COD, 2050 kg TSS, 106 kg Nitrogewd &7 kg Phosphorus.
Wastewater from fish ponds contributes 60-90% ekéhemissions. Sludge from fish
ponds and wastewater from processing facilitiesehasatively high contents of
pollutants, but because of their relatively smalwnes, these waste streams contribute
only 3 to 27% of total emissions. Overall, the cameld waste emissions from
pangasius production accounts for less than 1%otal TSS, N and P loads in the
Mekong Delta. Despite the relatively low contrilauti of pangasius production and
processing to water pollution, further reductions possible through more efficient use
of inputs and low cost treatment and reuse of efflustreams. The use of cleaner
production technologies; and the development ofteveater treatment plants could be
applied to a small number of large farms and prsiogsfacilities to reduce water
pollution in pangasius processing. Low cost optierssmall-scale farms include the
optimization of the discharge design for the renfseastewater.

Key works: Pangasius, farming, processing, was&wat
2.1Introduction

Pangasianodon hypopthalmus (pangasius) production has grown at an avera@buf

per year since 2003 (Figure 2.1), reaching 1.18anitons in 2008 (MARD 2009a), to
meet consumer demand across a number of mark&msrope, North America, China
Oceania and the Middle East (Hau 2008). The Europgd@aion, with its strict food

safety and quality standards, is an important exparket of pangasius from Vietnam.
About 40% of exported pangasius of Vietham is tog European market (MARD
2009b). The export orientation of the industry Imasant the export fish processing
industries in Vietnam are equipped with modern nebdbgy and are increasingly

% This chapter contains article which has been phbtisonline as Pham Thi Anh, Carolien Kroeze,
Simon R. Bush, Arthur P. J. Mol (2010), Water Ptdln by pangasius production in The Mekong Delta —
Vietham: Causes and Options for Control, JournalAgliaculture Research, DOI: 10.1111/j.1365-
2109.2010.02578.x
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regulated by international food safety and qualigndards such as ISO, HACCP, and
HALAL. In recent years the environmental sustailigbof the Viethamese pangasius
industry has been questioned by domestic and ierral regulators and market
actors. A number of state and private standarde baen developed to regulate the
environmental performance of pangasius productiBuoski et al. 2009). However,
despite claims that the industry is unsustainablere remains relatively little evidence
of the nature or extent of the impact the induktrg on the environment of the Mekong
Delta.
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Figure 2.1 Pangasius production in the Mekong deltdby farming type (Sources:
(Dung 2008) and (MARD 2009a)).

Despite the lack of evidence, there is a growingarawess of thepotential
environmental problems of pangasius productione@sfly in terms of water pollution
(e.g. (Mantingh and Dung 2007); (WWF 2009a), drang ahemical use (Sarter et al.
2007), adverse affects of high feed conversiomsatin wild stocks (APFIC 2005), farm
health management and disease control (Chinh 280%) 2007), and the carrying
capacities of terrestrial and inland water areasdB 2007). Socioeconomic impacts
have also been speculated over, including the impa€ rapid growth on rural
communities, increasing land prices, the availgbilof credit and technology
availability, and the effects of political and eoaomc dynamics in global trade on local
livelihoods (Sinh 2007);(Bush et al. 2009); (Loc at 2007)). Mantingh and Dung
(2007) identified priority issues, based on riskientified by key-informants and
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literature. Their priorities are (in order of impamce): (1) to support an environmental
impact assessment of the pangasius industry, §2areh support for the development
of more sustainable techniques and systems whilsfon wastewater treatment and
disease prevention and treatment; (3) the stinmradf the vertical integration through

either public private partnerships or stimulatiof lwusiness to business (B2B)

initiatives; (4) to support the pangasius sectahi development of strategic planning.
However, these suggestions are not based on enipétata since a comprehensive
quantitative analysis of the environmental impasfspangasius production is not

available.

In Vietnam, pangasius farms are typically 0.5 —ettare in size, and located close to
rivers and scattered over large regions. Pangasitasmed either in floating wooden
cages in rivers, in ponds with water supply orem{ Ponds are characterized by semi-
closed water flows, containing feed inputs ande¢hgmaking them considerably more
efficient and economical than cages. As a reshitret has been an 80% decrease in the
number of cages since 2003 and a consequent ieciredise area of pond culture up to
98%.

One of the most commonly voiced environmental camecef pangasius farming is the
discharge of wastewater and sludge from pondsjngng size from 0.2 to 1 ha, into to
rivers and canals. These ponds have become the coosnhon method of farming,
currently making up 98% of all farming (the restnsade of open pen and cage
systems), as the industry has increasingly searfdrelsigher economic efficiencies in
an increasingly diversified set of global markeRIA 2 2008). In addition, the
pangasius processing industry, concentrated inMbkong Delta close to pangasius
farming areas, is also widely regarded as a majorce of wastewater with high
organic matter content. The specific impact of ¢hpsllutants into the Mekong Delta,
agricultural activities and the health of local pkeo are not well understood.
Nevertheless, water use and water pollution are tfveeven key issues that have
publically debated in the development of environtakand social standards facilitated
by the World Wide Fund for Nature (WWF) pangasiuguAculture Dialogue, to be
finalized during 2010. These standards aim tongefustainable production through the
use of low cost technological interventions withievhit is anticipated 20% of all
farmers will be able to comply (WWF 2009a).

The available studies seem to agree that the laeg@sronmental problems caused by
fish farms and fish processing industries are aasmt with water use and water
pollution. However, the extent to which pangasit@pction is a major source of water
pollution in Vietham is as yet not clear. Moreovan environmental assessment of
pangasius production in Vietnam that includes bt pangasius farming as well as
industrial processing does not exist. Furthermare,inventory of options to reduce
water pollution problems for the pangasius productector is also not yet available.
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To identify the environmental impacts of fish protian and processing we can draw
upon industries that have been studied more extggsiFor instance, Islam et al.
(2004) identified effluents from fish and shrimpopessing as a potential source of
coastal and marine pollution. Using existing d#tey analyzed the global production
and discharge of waste from processing plants @&wlsked the available options for
waste treatment and management. Several otherestudicus on technological
approaches for wastewater treatment, and clearatugption. Thrane et al. (2009)
reported significant environmental improvements selected companies producing
pickled herring and canned mackerel — especiallpceming reduced water
consumption, wastewater production, and improvedaidish ‘waste’ for valuable by-
products. In these studies, a reduction of enesgyisinot considered, nor is a change in
packaging type, or the environmental impacts ineotbtages of the products’ life
cycles. Casani (2006) evaluated the microbiologsedéty issues associated with water
recycling during the production of shrim@dafdalus borealis) in brine, and indicates
how hazards may be effectively controlled usingaaaid Analysis and Critical Control
Points (HACCP) approach. Following these proceduneger recovered from peeling
during shrimp processing and treated by meanswa#rse osmosis could be recycled
within the same unit of operation. Barros et ab0®@) indentified potential techniques
from the literature and from their experience ie theafood sector. Best Available
Technologies (BATs) were then assessed for possibfgementation in a mussel
canning facility. In this paper we follow a similine of argumentation, by analyzing
the source and relative contribution of water pgalu from pangasius production and
processing and then focus on the potential of ieggechnological solutions to mitigate
any potential impact.

This study, therefore, analyses water pollutionbfms arising from the pangasisus
farming and processing industry, and identifieshiécal reduction options for these
problems. We do not intend to perform a completdrenmental assessment. Rather,
we limit our analysis to water pollution in the Melg Delta. In doing so, our study is
the first to systematically analyze the impact ahgasius production on water quality
in the Mekong delta. The specific objectives @& thsearch are:

- To identify causes and impacts of water pollution the Mekong Delta,
associated with pangasius farming and processuhgstny;

- To identify possible options to reduce the watdiuytion caused by pangasius
farming and processing industry.

Addressing these questions, the paper is dividem Snsections. Section 2 deals with
methods applied during the research. Section 34adeéal with the analysis of water
pollution caused by pangasius farming pangasiusessing industry in turn. In
directly addressing the research questions abmth,df these sections first present the
empirical results of the water quality systems gsialand second presents an inventory
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of possible solutions, discussion their feasibilitythe context of Vietnam. The final
section presents outlines the conclusions of teeareh.

2.2 Materials and methods

This paper uses an Environmental System Analys8AjEapproach, defined as a
practical strategy for carrying out decision-orahimultidisciplinary research, using a
broad range of analytical tools (Quade and Misg37). A key benefit of the ESA
approach is that it aids decision makers faced watmplex problems to make choices
under uncertainty. More specifically the study pteéd a partial environmental systems
analysis, following Quade and Miser (1997), Pluisn€001), Jawijit (2006) and Neto
(2008), by defining a system’s boundaries, idemdyenvironmental indicators and
exploring solutions for mitigating impacts. The bdary is defined by identifying and
describing the relationship between inputs and wstgo the system in question
(Findeisen W and Quade E.S 1997). For pangasissstbp requires identifying the
most important sources of water pollution assodiatéth farming and processing.
Second, environmental indicators are selected ard to assess the extent and nature
of the environmental problem. Finally, we will idép reduction options to the water
pollution problems proposed in accordance withdeBned system boundaries and the
objectives.

For this study we distinguish two systems with fhengasius production industry:
pangasius grow-out farming and pangasius frozdet firocessing because of their
significance in development and scale. Hatchegy/ramsery farming are not included
in this study (Figure 2.2).

Pangasius Grow-out

I
I
Input |1 farming system
Feed, 1
water, : Emission Water
chemical 5 1SSl > pollution
and | . .
medicine | 1 - Pangasmg frozen fillet |
T processing system ,
1 1
I

Output:
Pangasius frozen fillet

Figure 2.2 Schematic overview of the pangasius pradtion, including 2 systems: The
pangasius grow-out farming and pangasius frozen fét processing system.
Dashed line indicates boundaries of the system stied here. See figure 4 for
details.
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Information for these two sub-systems was obtaorethe basis of literature, site visits
as well as a limited number of water and sedimeality experiments. Four pangasius
farms were visited with a total of 23 ponds in Mpa&dHung commune, An Giang
province — an area considered typical of largemmoercial scale farming operations
(Schut 2008). During these visits, detail inforraatwas collected through observation
and interviews with farmers and technicians ongraduction processes and activities
of each sub-system, their associated wastewatbigong and the efficiency of current
solutions for mitigating pollutants. Additionallyyastewater and sludge was sampled
from five ponds during multiple visits to farms, @rious moments throughout the
production cycle. Because farmers exchange watayealay the diurnal variation in the
water quality is larger than the variation in th®dguction cycle. Care was therefore
taken to sample between 3-6 hours after the watéra pond was exchanged. Sludge
samples were analyzed in three settling columnsh @ath 10 sampling valves. The
quality of the water content and settling capaoityhe pond sludge were analyzed. The
water quality parameters used in the analysis \B&®, COD, TSS, Total Nitrogen,
Total phosphorus, and N-NH3. More parameters agpdeature, pH and Coli-forms
were additionally measured gtu wastewater. All samples were analyzed according to
the Standard Methods of Water Sampling and Anaty¢ikPHA 2005).

Three pangasius processing companies were alsey&atvOne of these companies has
the largest processing capacity in An Giang Praviaic100 ton per day, while the other
two companies are representatives of more avenagesgsing plants, with a capacity of
47 ton per day and 50 ton per day respectively. teViager from these processing
industries was sampled and analyzed following #raesprocedure as for water from
production ponds. The measurement results have bemrted to the Ministry of
Agriculture and Rural Development in an interngbae (Anh and Mai 2009b). This
report also includes the results of a pilot studwhich wastewater from the pangasius
farm with a sedimentation pond was used to irrigatd fertilize rice field in order to
minimize water pollution. The following presentsynthesis and interpretation of the
results.

2.3Results: Pangasius farming

2.3.1 System definition

Our analysis focuses on pangasius production imdgaevith particular attention to the
preparation, cultivation, and harvesting phasethénproduction cycle (Figure 2.3). In
the preparation phase (I), the pond is treatedrbyithg the water, cleaning algae and
grass from the bottom and surrounding embankmestjgihg sludge and lining the
bottom with Ca(OH) (10-15kg/100 rf) to adjust the pH and to disinfect the pathogens.
After this the pond is left empty for 2 to 3 daysarder to further sterilize through
sunlight before being filled again with water ditgdrom the nearest rivers or canals.
The ponds sampled in My Hao Hung are a mix of fidlgponds’, located adjacent to
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river banks, with a surface of less than 5,060and a depth of about 2 to 3 meters, and
‘island ponds’, located on riverside wetland areas river banks, are generally larger
than 5,000 rhand up to 5 meters deep (Mantingh and Dung 2007).

In the cultivation phase (ll), the pond is commosigcked at a density of about 20-40
fingerlings/nf (Hao 2007). Feeding and Nursing follows, and & st high risk and
most expensive step in pangasius farming (Hung lHog 2006). Feeding costs
therefore largely determine the price of the fiBhyong et al. 2007). Two main types of
fish feed exist: industrial pellet feed and homedméeed. Using home-made feed can
cause more sludge and water pollution because lgsis efficient, requiring larger
quantities than pellet feed to reach the same droate of the fish. This is in part the
result of difference in moisture content betweea tho feeds. The Feed Conversion
Ratio (FCR) ranges between 2.0 and 3.5 if the fauses home-made feed or 1.5 and
1.7 for industrial pellet feed (Hung and Huy 2006).

If the fish exhibit symptoms of disease, the farsrtéat we visited will apply antibiotics
following the instructions of a veterinarian. Themn@ nearly 400 products, including a
wide variety of antibiotic, vitamins, and pro-bicgi available on the market for
pangasius farming alone (Chinh 2005). Most widedgduare vitamins and pro-biotic,
although it is not always clear what exactly th@se-biotic contain (Mantingh and
Dung 2007). There is also a high degree of unggt@round what impacts these drugs
and chemicals have on the surrounding environnf@mtexport products there are often
checks on antibiotic resistances in the fish prtglbg authorities or clients.

The farmers reported that the high daily water axge increases the growth rate of the
fish and the quality of the meat. More specificdllgh water throughput is believed to
increase the proportion of white meat, which isstdered the highest quality given it s
sold to higher value European and US markets (K087). Feed also impacts water
pollution because the surplus feed contributesgelaoncomitant emission to the water
phase. The amount of surplus nutrient that is diggdd from the pond differs
depending on the phase of the grow-out cycle. Tdregmtage of daily water exchange
is about 20% during the first three to four mordinsl 40% during the last two to three
months (Anh and Mai 2009b). In addition, the seditr&@udge from the bottom of the
pond is also contributed to by redundant feed thinoiaeces matter, algae, and soil. In
the farms visited, the sludge is discharged froemmpgbnds approximately once in every
two months when the sediment level in the bottorthefpond is about 20 cm thick with
a part of water.

The harvesting phase (lll) begins after six montfisthe grow-out cycle, when
individual fish weight reaches 1 to 1.2 kg. Aftearbesting, the pond is once again
emptied and a large amount of wastewater and sladgédischarged to the surrounding
environment. The emptied pond then repeats theapapn phase.
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Based on this description we distinguish betweerersé sub-systems in pangasius
farming (see Figure 2.3). Pond treatment, firstewahput, feeding/nursing, water
exchange, sludge discharge and pond emptying amsideyed as important in
influencing environmental impacts. Within these -sybtems, four main activities that
are particularly critical for water quality: (1) €micals and drugs use, (2) Feed use, (3)
Water use and discharge, and (4) Sediment disch@éfgeealize that pangasius farming
is also contributing to a number of other environtaéproblems. Pond construction is
a one-off event and after harvesting the pond véltreated and used again for the next
crop, therefore it is not included in this studye&ding stock and harvesting activities,
as well as the production of chemicals and medjdesilizer, pangasius larvae, the
production of pellet feed and electricity, are ai®d included in the system. The system
includes the use of these inputs to calculate tiletants and production of waste in the
pangasius farming process.
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Figure 2.4  Schematic overview of pangasius farming and its emenmental impacts.

The bold line indicates the system boundary; boldystem elements and the underlined
substances are included in the analysis. (*) Includg eutrophication and
toxicity problems

2.3.2 Assessment of water pollution

Water pollutants from pangasius farming originatent four main activities as
mentioned above. The pollutants enter the rivanfeither wastewater or sludge. In this
study, we refer to wastewater as the water diseuhtgrough water exchange and
emptying the pond at the end of the grow-cycle.dé®gnize that sludge also has high
moisture content; however we exclude this from #malysis. The environmental

indicators used to assess these pollution soureesuanmarized in Table 2.1.
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Table 2.1 Indicators for water pollution by pangasiis farming, as used in this study.

Environmental Indicator Indicators :
issues number Unit
1.1 Total volume of water use 3thaly
1.2 Total volume of wastewater 3thaly
1.3 BOD mg/I
1.4 COD mg/I
15 TSS mg/I
1.6 Total Nitrogen mg/I
1. Wastewater
1.7 Total Phosphorus mg/l
1.8 N-NH; mg/I
1.9 N-NG mg/l
1.10 HS mg/I
1.11 DO mg/I
1.12 Total Coli-forms (Pathogen) MNP/100ml
2.1 Volume of sludge fhaly
2.2 BOD mg/I
2.3 COD mg/l
2. Sludge 2.4 TSS mg/I
2.5 Total Nitrogen mg/I
2.6 Total phosphorus mg/I
2.7 N-NH; mg/l

To assess the indicators for pollution from wastewaa water balance of pangasius
ponds is used. Input water includes water suppiethe start of a growing cycle and
supplemented water pumped during the cycle. Was¢éewacludes the water that is
exchanged during the cycle and water dischargedr dfarvesting. Rainfall and

evaporation were not taken into account, becausle tan be considered negligible
when 30% of the pond water is exchanged on a dalyis regardless of weather
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conditions. It should also be noted that waterisigelatively high in pangasius farming
compared to other aquaculture production systemsiriStance, in shrimp production
in Vietham farmers exchange 15% of the pond wateryel0 days (Anh et al. 2010a).

2.3.2.1 Water pollution by wastewater

According to the description in the farming progege following box outlines the
parameters of the typical intensive fish pond fa talculation of the volume of water
use (Indicator 1.1; see Box 2.1 for parameters @isiedalculation). Ignoring the slope
between the surface and the bottom of the ponde#sas the differences of width and
length of the pond, the volume of initially supplievater is 40,000 fand water
exchange occurs at a rate of approximately 2,160rB¢ha/crop (assuming 180 days
per crop). This gives a total water supply for wtele crop of about 2,200,000 ha.

Box 2.1 Typical characteristics of a pangasius faring pond of 1 hectare

Area of the pond:10,0007m
- The water level in the pond: 4 m
- The daily water exchanged during the cultivatidda3of pond water
- Density at stocking: 30 pangasius fish/m
- Average farming period: 6 months (180 days/crop)

- Average mortality: 20%

The volume of wastewater (Indicator 1.2.) is almegtial to the amount of water use,
about 2.200.000 fha/crop. Of this amount, an estimated 8,00%hadcrop is sludge
(see indicator 2.1 — volume of sludge), and anmeggd 2,192,000 fa/crop is
wastewater from exchange and after harvesting.

The values of indicators 1.3 to 1.12 (BOD, COD, TS®tal Nitrogen, Total
Phosphorus, N-N& N-NO,, H,S, DO, Coli-forms) are partly based on literatued
partly on experimental research for this study (Amld Mai 2009b). We combined our
results with the results from Giang (2008) who skathfpetween farms that are infected
and those that are uninfected by common pangassesses. He studied water quality
in 64 intensive pangasius farming ponds in themsain farming areas in An Giang
province from March 2005 to December 2006 with taltof 139 samples, comparing
uninfected and infected farms, and analyzing wagenples according to Standard
Methods of Water Sampling and Analyzing (APHA 2Q03hese results were
complemented with data from Tuan (2007) and Dai®§20The resulting compilation
of wastewater characteristics is presented in Talfe which compares the average
(and range in) pollutant levels of wastewater thalischarged to rivers, to the standards
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for river water quality (TCVN). If the pollution eent of the wastewater of a farm does
not exceed those standards, we consider that famorapolluting.

Table 2.2 Selected characteristics of the wastewaten pangasius farming (wastewater),
compared with Vietnamese standards for surface watequality (TCVN 5942 -

1995)

Parameters Unit Average (Min — Max) TCVN 5942
-1995 (¥)

Temperature °c 30.7 (27.5 — 34)

pH 7.8 (6.7-9.2) 5.5-9.0

BOD mg/l 22 (10 — 78) <25

COD mg/l 27 (23 — 196) <35

TSS mg/| 61.0 (3.5 — 274.2) <80

Total Nitrogen mg/I 4.0 (3.2-6.0)

Total Phosphorus mg/I 1(0.4-2.21)

N-NH3 mg/| 1.4 (0.05 — 4.4) <1

N- NO, mg/| 0.158 (0.01 — 1.36) <0.05

H.S mg/l 0.035 (0.001 — 0.64)

DO mg/l 5.73 (0.44 — 15.90) >2

Coli-forms MNP/100ml  317.32x1@63.2 x18 — 640x10) 10*

Source: compilation of results by Giang et al. @00'uan (2007), Dan et al. (2008) and this
study.

(*): TCVN 5942 — 1995: Vietnamese standards fofame water quality

The average values of water quality parametersrgiyelo not exceed the Viethamese
surface water quality standards. However, when avesider the variation among ponds
(as indicated by the minimum-maximum range in Ta)leve conclude that there are
probably many individual ponds where the standamsexceeded. For instance, the
average N-NH concentration (1.4 mg/l) is close to the standatdwever, Giang

(2008) found that in 30% of the studied ponds NsMBncentrations exceeded 2 mg/I.
When N-NH; concentrations exceed 2 mg/l (Boyd and Craig $k&u1998) the water

is rich in nitrogen. The TSS loads also show gdavrariation among ponds, and in
addition vary with season. In the rainy seasondigpended solids in the rivers are
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higher and enter ponds via daily water exchange. &mumber of indicators, the
maximum values measured exceed the standardsdnta dbf 3 to 5 (e.g. BOD, COD,
TSS, N-NH). For some indicators the values do not exceedstaedards to a large
extent, but given the large volume of wastewatey tindicate a large pollutant loading
in surrounding rivers (Dan et al. 2008). Similargtal coli-forms in the wastewater
samples are very high if compared to the standard.

On the other hand, Table 2.2 indicates that thexeakso individual ponds that meet the
water quality standards, since the lower end ofrtrege of concentrations for most
pollutants is well below these standards. Thisaatdis that not all pangasius production
is currently causing water pollution. We did notaestigate the reasons why some farms
perform better than others. However, it may beteeldo differences in farming practice
or the amount of water used, causing a dilutingaff

2.3.2.2 Water pollution by sludge

Sludge settles at the bottom of pond and is punqedegularly every two months
during the grow-out phase and after harvesting. €akulated volume of sludge
(Indicator 2.1) is discharged to the environmeralisut 8,000 ritha per crop (Anh et
al. 2009). There is not much available data ongduguality — defined by COD, BOD,
TSS, Total Nitrogen, Total Phosphorus, N-Nihdicators 2.2 - 2.5). In our limited
analysis of sludge (in 3 farms), we found that@@D was 1769 mg/l, BOD was 1061
mg/l, TSS was 6497 mg/l, VSS was 1034 mg/l, NsN¥hs 12.8 mg/l, Total Nitrogen
was 45.6 and Total phosphorus was 22.7 mg/l. Thakees all exceed the standards
listed in Table 2 considerably. However, sludgemsy causing problems when it is
discharged to surface waters and, as discussed s is not always the case.

2.3.2.3 Pollution by unit of production

Based on the results presented in Table 2.2, weesamate the pollution per ton of
fresh fish and for the total Mekong Delta (Tabl8; Zigure 2.5). This estimate assumes
that our average per pond is representative fortdte pangasius production in the
Mekong delta, which we feel is realistic given 9@¥pangasius is produced in ponds.
Wastewater is the largest source of water polluimothe Mekong delta (responsible for
60-90% of the loading) because of the large volusmspared to the sludge. The
concentrations of pollutants in sludge are muchhéig but lower in volume.
Nevertheless, the discharge of sludge can causg pmdlution problems when it is
discharged to surface waters.
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Table 2.3 Pollution caused by pangasius farming ithe Mekong delta

Measured” Per ton of fresh Total for Mekong
fish® delta®
No Indicator Value Unit value  Unit Value Unit
| Wastewatef’
1.1 Water use 2,200,000 m3/haly9166.7 m3/ton 10,340,000,000 ma3/y
Wastewater

1.2 production 2,192,000 m3/haly 9133.3 m3/ton 10,302,400,000 ma3/y

1.3 BOD 22 mg/l 200.9 kg/ton 226,652,800 kgly
1.4 COD 27 mgll  246.6 kg/ton 278,164,800 kgly
15 TSS 61 mg/l 557.1 kg/ton 628,446,400 kgly
1.6 TotalN 4 mg/l 36.5 kg/ton 41,209,600 kgly
1.7 Total P 1 mg/| 9.1 kgl/ton 10,302,400 kaly
1.8 N-NH; 1.4 mg/l 12.8 kg/ton 14,423,360 kgly
I Sludge

2.1 Sludge 8,000 m3/haly 33.3 ma3/ton 37,600,000 m3

2.2 BOD 1,061 mg/l 354 kg/ton 39,893,600 kg
2.3 COD 1,769 mg/| 59.0 kg/ton 66,514,400 kg
24 TSS 6,497 mg/l 216.6 kg/ton 244,287,200 kg
25 Total N 45.6 mg/l 1.5 kg/ton 1,714,560 kg

2.6 Total P 22.7 mg/l 0.8  kg/ton 853,520 kg

2.7 N-NH; 12.8 mg/I 0.4  kglton 481,280 kg

Notes: (1) Compilation results - see table 2; @rulated from (1) based on the characteristic
of box 1; (3) assuming 1128 ktons total pangasitmdyrction in ponds (data for 2008
according to MARD (2009)); (4) Excluding N-NCH,-S, DO.
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Figure 2.5 Water pollution by pangasius farming. Uiits: kg per ton of fresh pangasius
fish. Source: Table 2.3

2.3.3 Reduction options

The second objective of this study is to identifgtions to reduce water pollution by
pangasius farming. This identification will in péxe based on the above analysis, which
provides insight in the causes of water pollutiBased on the results above, it may also
help explain the large variation in pollutant camications in wastewater among farms.
The most important sources of water pollution aesstewater and sludge. It is therefore
most interesting to focus on these sources firsbun search for pollution reduction
options. This may lead to the identification of eetive reduction options. The
effectiveness is not the only criterion for theestion of promising options. We also
prefer options to be feasible, both technically aednomically. Although farmers, in
general, profit from pangasius farming (Phuongle@07), there are financial risks
from fluctuations in the pangasius price, expoarket, and in costs of production, and
from conflicts between farmers and processors (BQB; Loc et al. Forth comming).
This affects the willingness of farmers to invasttéchnical options to reduce water
pollution. Several sources of information are udedidentify reduction options,
including literature as well as newly collectedammhation from field research, and the
systems analysis presented above. Based on thikwodsefor reducing wastewater
pollution are identified, and evaluated.

There are different ways to reduce pollution froratev exchange and sludge. First,
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waste prevention and minimization at the sourcanseffective pollution abatement

strategy. Producers can reduce the generation stee/érom their production processes
via various approaches: good housekeeping (Europearmission 1997); (Ramjeawon

2000); (Henningsson et al. 2001); (Hyde et al. 308hanging to other raw material

inputs (Jorgenson and Wilcoxen 1990); (Chaan-Mi@g5); (Vigneswaran et al. 1999),

or adopting new technologies (European Commissg@v L

A second approach to mitigating pollution is thrbugecycling and reuse of waste
materials. Often, waste material can be reused threroproduction processes as
secondary raw materials for production of new potsluGenerally, these offsite reuse
and recycling options create economic benefits ess lenergy is consumed for
producing new products from recycled materials, @ngpares the environment from
further abuse and degradation as less virgin nadtisrused (EPA 1996). If there are no
possibilities of waste minimization nor recyclingdareuse, the treatment of waste
streams is the approach of last resort. The tredtrtechnologies for aquaculture
effluents are mainly based on the mechanical separaf solids when draining water
from the ponds. Sedimentation in tanks or pondsnis of the mechanical treatment
methods (Schulz 2003).

Based on the results above, the following outlitves approaches for the prevention
and minimization of the water pollution in pangasitarming, each with different
advantages and drawbacks: (1) waste preventiomamichization at the source and (2)
treatment and reuse of effluent streams. Treatmedtreuse are combined as the two
processes, schematically illustrated in Figure &6 technically similar.

Clean water |«

Waste prevention:

Water use Constructed
reduction Wastewater wetland or River
i water reuse
Feed use reduction f
- Chemical/medicine y'y |
use reduction De-sludge water |
|
. |
» Sludge Sediment pon

Reuse of slud¢

Figure 2.6 Options to reduction water pollution bypangasius farming
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2.3.3.1Waste prevention and minimization in the fish ponds

The different measures, summarized in Table 2.4 antined below, include
techniques for the reduction of water, feed, chafiand drugs use, as well as
treatment of input water and improved farm cleaning

Water use reduction includes several techniques to reduce the use fodstenent
water. Currently, two techniques are currently undeestigation for pangasius farming
in Vietnam: ozone aeration and the use of proitsoBoth tend to improve the water
quality in the pond, as a result of which the refirment frequency can be reduced. It
should be noted that these two techniques havéesn thoroughly tested in tropical
conditions, and their economic feasibility needghfer study. Nevertheless, we include
these in our study because they seem promisingregptior pollution control. We
consider the costs of ozone aeration and pro-Biotionsiderable for Viethamese
farmers and classify these options as relativepeagive.

Ozone aeration technology is generally used in USA, Korea and India. It kaseral
advantages for farmers and the environment. Wightéthnology, ozone is aerated into
ponds via ozone generation equipment. Exchangingnimponds is then not necessary
and, as a result, the associated environmentaltfoll is minimized. This method has
also proved to be economically efficient. For ins&® the shrimp production in
Macrobrachium rosenbergii ponds using ozone aeration was 10,000 kg/ha, vihde
highest productivity oMacrobrachium rosenbergii in Thailand is 6,000 kg/ha and in
Vietnam 4,000 kg/ha, in ponds using a water fatead of ozone aeration (Liém 2008).
Luan (2008) experimented with ozone aeration ingpaius ponds. Several positive
effects on water quality in the pangasius pondewéserved: (1) the fish eat normally
and crowd near the ozone devices; (2) the numbeeadl fish is reduced by 35-50%
compared with control ponds without ozone aerat{@j;the pH increase (from 6.5 to
7.1) leading to the precipitation of aluminium; a@d other parameters as TSS, COD,
BOD and N-NH are also reduced significantly. Ozone aeratioougently not yet
applied in pangasius farming because pangasiuswasive at relatively low oxygen
levels. As a result, ozone aeration requires thmllation of a full aeration system. This
makes it a relatively expensive option.

Pro-biotics are microorganism that can feed on organic substaand other minerals.
As a result, the mass of living organisms in pomiseases after the introduction of
pro-biotic. These organisms are used for the camwerof organic and inorganic
substances from aquacultural waste. Attempts haea made to use pro-biotic bacteria
in aguaculture to improve water quality by balagcbacterial population in water and
reducing pathogenic bacterial loads. Li Hui-Ra@l. (1999) studied the use of pro-
biotics in raisingPenaeus japonicus. The application of Alken Clear-Flo 1200 bacteria
in an aquaculture pond reduced the level of ammafier one week relative to
ammonia levels in a pond left untreated with n@dfion the shrimp. This method also
was studied largely by Austin et al. (1992); Karsega (2001); Abidi (2003); and
Gomez et al. (2007). Currently pro-biotics are hastudied yet are liberally applied in
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pangasius farming. To ensure their proper use feisessary to either have clearer
guidelines and control over private sector extemsimrkers, in conjunction with the
development of publically accessible guidelinesfaomers on suitable pro-biotics
thereby increasing their efficiency and reducinfytion.

Feed use reduction is another option to reduce pollution given thedundant feed is
the most important factor in the generation of wasludge. Hung et al. (2006)
concluded that industrial pellet feed is more et for pangasius than homemade
feed. It is, however, also more expensive, costiogn 3.6% to 14.2% more than
homemade feed. It can reduce the amount of redtridad in the sludge. Better feed
management using formulated feeds is also neededstare the quality of feed. Other
disadvantages of homemade feed are the overexpmaitaf natural aquatic resources,
as so-called ‘trash fish’ is heavily used (APFIQ2D Nevertheless, more research is
needed on feed efficiency improvement, especialgtdeast 50% of the farms continue
using homemade feed in An Giang province, wherstmb the pangasius is grown
(Hoa 2008).

Chemicals and drugs use reduction is necessary and possible to reduce the pollutants
in wastewater, sludge and the accumulation of tleeseponents in fish itself. Better
guidelines and monitoring for correct use of chelsi@and drugs on appropriate doses
and frequency are needed. If applied appropriatelguced chemicals and drugs use
will not lead to reduced pangasius yield. It istlaecost-saving option.

Treatment of input water and pond cleaning is necessary to reduce the impact of
external pathogens and pollutan®urrently, river water is used in ponds untreated.
Filtering will reduce the risk of pathogens, and reduce ttegulency of diseases.
Keeping farms clean also reduces water pollutiarsed by diseases and fouling from
dead fish. This step could be carried out durirgyfiist water input, water refreshment
and pond emptying. The investments costs (for limsgafilters) are considerable,
making this a relatively expensive option.

2.3.3.2Treatment and reuse of effluent streams

The treatment and reuse of effluent streams inchadle the treatment and reuse of the
sludge and the treatment and reuse of wastewates. cbsts of these options are
relatively low, provided that land is available.

Thetreatment and reuse of sludgen be achieved by the use of a sedimentation pond
followed by desiccation and reuse of sludge. Ameditation pond is a place to collect
runoff and retain moisture to allow soil and debnighe water to settle out to become
sediment. Currently, about less than 10% of fism&in An Giang have sedimentation
ponds (Hoa 2008). These have been installed todaWait discharge water contains
suspended solids in excess of water quality digghatandards (Caldwell 2008). Our
laboratory experiments show that sludge from waatemsettles quickly (Anh and Mai
2009b) . In one hour the sludge volume can be it less than 20% of its original
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volume. For this reason, sedimentation ponds catohsidered an effective and simple
way to reduce pollution of sludge.

After one hour of sedimentation, the supernataitit &intains most of the N and P

present in the wastewater. This de-sludge wastewzte be treated together with

wastewater. In general, the sludge at the bottotheosedimentation pond needs further
dewatering in order to make reuse possible. Cugresvme farmers in An Giang and

Can Tho provinces have used the dewatered sluddevfeling low land areas. Some

farmers have put it into the fruit gardens with idanLongan and other fruits (Anh and

Mai 2009a). Re-use of de-watered sludge resultednproved vyields, and reduced

number of insects. It appeared to be easy to imghenfor farmers, at low costs.

Nevertheless, more research is needed on the qaia@nd long term aspects of

treatment and reuse of sludge.

There are many methods for the treatment and retiseastewaterIln general, the
selection of wastewater treatment technologies mp®n the characteristics of the
wastewater, effluent requirements, available land ¢he demands with respect to
energy and chemical use. In the case of the watdramge from pangasius ponds the
treatment technology has to fit with the high vokirof wastewater and the low
concentration of pollutants and be manageablearrdinal area. For these reasons, the
methods of wastewater treatment should be simplh Waw use of mechanized
equipment and low cost for energy and chemicals. the Mekong delta, wetland
methods are considered the most feasible, botmiadly and economically, although
large areas of land are needed (Dan et al. 2008).

Constructed wetlands - represent a natural treatment system based ologimal
symbiosis between macrophytes and microorganisenstdba, fungi, algae), and their
interactions with the soil (Schulz 2003). Schulzakt (2003) show that subsurface
horizontal-flow constructed wetlands, consistingaotoarse sand bed with emergent
macrophytes, can be used for the treatment of exftlof aquaculture flow-through
systems applying hydraulic retention times of 155 and 7.5 hrs. Treatment
efficiencies of TSS and COD were in the range oB%% and 64-74%, respectively
and appeared independent of hydraulic load. Remataes of TN and TP were 21 —
42% and 49 - 69%, respectively, showing lower @&fficies at decreasing residence
times. Clogging phenomena of the sand bed at trendiigh TSS loading rates (9 - 73
g TSS/n/d) were expected, but were not observed during sixe months the
experiments lasted.

Constructed wetlands purify the water that flowsotilygh them. Compared to
conventional treatment methods, they tend to bglsinnexpensive (where a sufficient
supply of filter bed material is available), andvieonmentally friendly. Constructed
wetlands also provide food and habitat for wildkfied create pleasant landscapes. The
disadvantage of this technology is the need ofgelarea of land at low loading rates.
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If hydraulic retention times in the order of 6 -h& as applied by Schulz et al. (2003)
could also be applied to effluent of pangasius gortde land requirement would be
relatively modest. Currently constructed wetlande aot yet used for pangasius
effluents in Vietnam.

Discharge design - Another option is to reuse wastewater with optation of the
discharge desigriwastewater from fish ponds usually contains nutsieand organic
substances. Therefore, reuse of this wastewateagmculture for irrigation and
fertilization can reduce environmental pollutiohalso can save production costs when
wastewater replaces the use of synthetic fertgiz€his is turn reduces, energy use and
emissions of greenhouse gases during the produofi@ynthetic fertilizers, such as
N.O and CQ (IPCC 2006). If this option requires the devel@minof irrigation
systems, the investment costs can be considerablagricultural areas, however,
irrigation systems are often available. The adddlooperational costs are relatively
low.

An example of a low cost technology discharge desglemonstrated by the An Giang
Fisheries Association (AFA) who has successfullyjnbmed pangasius farming with
rice cultivation yielding two crops per year. Instsystem, wastewater from pangasius
ponds was used to irrigate the rice fields, redydime need for fertilizer use. This
system has been applied more than 3 years by $éaereers in My Thoi, Khanh Hoa
in Long Xuyen city — An Giang (Quyen 2008). Besitles wastewater can be used for
breeding other species (Van 2007) or watering Imthao fields (Diep 2007).

Optimization of the discharge design is neededbfetter reuse of wastewater. It is

necessary to study irrigation and drainage systémas can combine aquaculture

farming with agricultural production, and not paduhe environment. These methods
can be applied in regions where sufficient crogllanrrounds the aquaculture activities.
Most important is to gather insight in the impatthe treatment and reuse methods on
pathogens from pangasius ponds to avoid the trétasmoe of the disease to other

ponds. A good plan for wastewater and sedimenthdrge ensures the wastewater to
not return directly to the river or overflow to ethsystem.

In a pilot study in farms in Hoa Lac Village, ChRtu district, An Giang province, the
wastewater from different fish ponds was dischargethe common irrigation system
(Anh et al. 2009). This wastewater is passed thrauge fields and is discharged into
the environment with a continuous flow. We analyit®d water flow. The results show
that BOD,, TSS, total Nitrogen and total Phosphorus haveedesed significantly. All
rice farmers who had used this system agreed hatice grows very well, with a high
production and that large amounts of fertilizess saved (Anh et al. 2009).
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Table 2.4 Options for the reduction of water polluton by pangasius farming in the Mekong Delta

Name of Description of the option Pollutants or ~ Subsystem and Remarks Currently applied/
option problems activity to be costs
reduced applied

Waste prevention and minimization at source

Water use Techniques for cleaning water so that Volume of Water Reduce volume of water Hardly applied;

reduction less refreshment is needed: ozone wastewater; refreshment use and wastewater relatively expensive
aeration and probiotic options

Feed use More efficient feed use: replace BOD, COD, SS, Feeding This will also reduce At least half of the

reduction homemade feed by good quality pellet wasted feed in sediment farms use homemade
feed feed; pellet feed

more expensive

Chemical, Techniques for efficient use of Accumulated Pond treatment/ Reduce amount of Not applied,; if

medicine use chemicals and drugs chemicals and nursing accumulated chemicals applied

reduction drugs and drugs in the sludge  appropriately, no
cost included but
gains

Treatment of  Techniques for cleaning farms and Risk of First water Reduce risk of disease and-iltering is not

inlet water and filtering inlet water pangasius input, water dead fish, (one of the applied; relatively

good farm disease and refreshment and cause of water pollution) costly

cleaning dead fish pond emptying
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Table 2.4 Options for the reduction of water polluton by pangasius farming in the Mekong delta (con.

Name of option Description of the option Pollutantor  Subsystem and Remarks Currently applied
problems activity to be
reduced applied
Treatment and reuse of waste stream
Sludge treatment Using a pond for settling the sludge, All substances Frequency Dewatering sludge can be<10% of farms
in sediment ponds the effluent can be treated as sludge used for levelling of low  applied; costs are
wastewater discharge and land or putting in fruit relatively low if land
pond emptying garden is available
Treatment of Sub-surface horizontal flow All substances Water exchange Not applied; costs
wastewater in constructed wetland is possible _ are moderate if land
constructed Pond emptying is available
wetlands and effluent
from sediment
pond
Reuse wastewater Land treatment of wastewater in All substances Water exchangd he investment costs can Pilot for use of

with optimization agriculture
of the discharge
design

and pond be considerable; the wastewater in rice
emptying additional operational field, no optimization
costs are relatively low.  of discharge design

®Hoa P.T. (2008) and Phan L.T et al (2009)



2.4Results: Pangasius frozen fillet processing

2.4.1 System definition

In Vietnam almost all pangasius processing indesstare located in An Giang, Can
Tho, Dong Thap and Vinh Long provinces in the Meakatelta, close to pangasius
farming areas. The most common export product ozein fillets, for which the
pangasius is processed into Block Quick Frozen (BQFIndividual Quick Frozen
(IQF) forms. We may distinguish four phases in fileting processing of both BQF
and IQF: (1) pre-treatment (2) filleting of fisi8)(trimming of fillet and (4) freezing,
packing and storage (Figure 2.6). We refer to ttess@rocessing subsystems (Figure
2.7). Two other sub-systems not included in ouryamma are: (5) ice production for
chilling the pangasius during the process, andcl@ning in all of steps during and
after the processing.

Figure 2.7 shows the typical method of frozen fijieocessing phase into a block or
individual form. The fish is transported from pondsthe factories by boat. The pre-
treatment of fish involves two steps. First, afteceiving, the fish are weighed,
classified and soaked in basins with chloride (2pptn) for cleaning and temporary
paralysis (1). Second, the fish are slaughteredsaa#led in basins with chloride (0.5-1
ppm) (2). According to interviewed processors, ¢heklorine ranges are in line with
Sector standards on  fishery processing establistsmeHACCP-based quality
management program and basic hygiene and foodysedfetditions (MOFI 1998a;
MOFI 1998b), and reflect the optimal range of corcations to apply. Water is
exchanged once per ton of raw fish in steps 1 arill2ting of fish is also done in two
steps. The fish are filleted under the water tap, \washed in three basins with chloride
(2-10 ppm) (3). The water exchange frequency iseqrer 10 baskets (100-150 kg of
fish/ basket). Next, the skin will be taken offindhe fillet (4). The skin is collected as
by-product for other processes. Trimming of fillstarts with (5) weighting fillets to
obtain 5 kg per basket, reforming (i.e. removakahaining fat, bones, skin and red
parts), and washing in basins with chloride (2-p@njp The water exchange frequency
is once per 500 baskets. Next, the fillets undexgast check, and are weighed and
classified with respect to size and color (6). Baeplus parts of the fish are removed
and the fillets are tested for parasites (7). Thets are then weighed into baskets of 10
kg and washed to remove remaining fat and fragndgoégts in water with chloride (2-
10 ppm). During this step water is also changezeqrer 500 baskets (8). The fillets are
then treated with a solution in order to limit waless from the fish and optimize the
form of fillets (9). After that, the fillets are gded and checked with respect to color and
size (10), and washed in a basin with chlorideo(8 ppm). Finally, freezing, packaging
and storage starts with the actual freezing to BQF)F and re-icing (11), after which
the product can be packed and stored in a colagtoroom (12). For each kg of
pangasius fillet product, on average 2.6 kg fremfgasius fish is needed.
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Figure 2.7 Processing of fresh pangasius into frozdillets (as block or individual)
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We distinguished six sub-systems in frozen pangaSilet processing as mentioned.
Within these six sub-systems, there are eight itiesv Water pollution is mainly caused

by four activities: (1) water use and discharge,®od removal, (3) fat removal (4)

and small fragments removal (Figure 2.8). Howeuteshould be noted that there are
other environmental problems associated with panggsroduction. For instance, a
relatively large amount of electricity is used fiseezing and ice production. We

therefore also include electricity use here asdicator for the environmental pressures
caused by the processing industry. With our foqusvater pollution and electricity use

we do not intend to be complete. Neverthelessgethas illustrative indicators may be

considered to cover an important part of the emvitental impact of the sector.

Sub- system Activities Pollutants Effects
Electricity | —{+ Electricity use » Other effects
productior Pre-
treatment 'L
Water use and Water pollution
discharge
Water S Surplus
supply pr]| Filleting - hloride
treatment of fish Chloride use /
Blood removal BOD, COD, A
Chloride bd Trimming TSS, N, P, Odour
production of fillets grease
Fat removal f
F - R | of Large Organic Solid
PEbag |y rz;e:kzi:wng hezr(;In: Vt?or?es organic > wasted by
production P and 9 organs’ tissueé fragments products
storing skin, large
fragments and
unwanted fillet
Plastic
string ] lce
production production Removal of
small fragments
Carton box | ¥ Use of PE bags, :
productior Cleaning || plastic strings, > slgl(i)c;gv{\j/lglsie
carton boxes

Figure 2.8 Schematic overview of pangasius frozenillét production and its
environmental impact; bold lines indicate the system boundary; bold syste
elements are included in the analysis
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2.4.2 Assessment of environmental pressure

Wastewater generated from fish processing contaenic material in the form of oils,
blood, proteins and suspended solids, as well ganpally high levels of phosphates
and nitrates. To assess the potential environmenfadct, we identified the following
indicators: the volume of water use, the volumgerierated wastewater and the BOD,
COD, TSS, Total nitrogen, Total phosphorus and-imsins content of the wastewater
(Table 2.5). In the following, these indicators areestigated and if possible quantified.
This is in part based on data from three diffeq@igasius processing factories in An
Giang province collected in 2006 and 2007. Thestofees do not yet apply cleaner
production technologies in their production process

Table 2.5 Indicators for the environmental pressues caused by pangasius processing

Environmental Indicator number Indicators Unit
issues
3.1 Volume of water use n
3.2 Volume of wastewater m
3.3 BOD content of wastewater mg/|
3.4 COD content of wastewater mg/l
Water pollution
3.5 TSS content of wastewater mg/I
3.6 Total Nitrogen concentration mg/l
3.7 Total Phosphorus concentration mg/|
3.8 Number of coli-forms MNP/100m|

2.4.2.1Water pollution

The volumes of water use and wastewater (Indic&8drsand 3.2pre calculated from
the survey data for different steps in the procddse inventory included various
activities, such as the amount of water used im sa@aking and washing basin, inputs
of raw material and fillet production and water &beaning. The average water use per
ton of raw fish found in three factories with diéat capacities ranged from 6.2 to 12.7
m®. This data is reasonable if compared to the data flesperson et al. (2000) for
filleting white fish (5-11 m of water use per ton of raw fish) and for oilyhfi€5-8n7).
pangasius is considered a type of oily and wheba fy the processors interviewed.
Wastewater production ranges from 6.16 to 12.66 fon processing one ton of
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pangasius fish. The water balance for the prodaaifane ton of pangasius is shown in
Figure 2.9. For an annual production of 1,128,@0G tof pangasius in 2008, both water
use and wastewater production are approximatedyl# million n? per year.

Water input Water distribution Water output

—> Water —> Pre-treatmer

—> Water —> illeti ; —
Fresh water (— Filleting of fisf > Wastewater
Y > Water+ice =% Trimming of filete [
Ice production —» In the products
. Freezing, packing and
+ —
> Water +ice —» storage

Cleaning and water

Ly Water — lost —

Figure 2.9 Water balance for the processing of onen of pangasius fresh fish

Fish processing industries in Vietnam have to distaltheir own wastewater treatment
systems for a range of pollutants including BOD,B;ASS, Total Nitrogen, Total
Phosphorus, coli-forms (Indicator 3.3 — 3.8). Actng to the Vietnamese
Environmental law they are not allowed to dischargeeated wastewater into rivers or
canals. However, not all companies apply effectiastewater treatment. In one of the
companies that we surveyed, the daily wastewater 8@9ni, while the wastewater
treatment capacity was 508aay. This means that about 300° mf untreated
wastewater is discharged directly into rivers pegy.d

The wastewater composition varies among fish psongdactories. For instance, Islam
et al. (2004) concluded from processing industriside Vietnam that the BOD may
range from 100 to 200,000 mg/l, while suspendedisahay be up to 120,000 mg/l.
Nutrients such as nitrogen and phosphorus may benalor so high that biological
treatment becomes difficult. We also observed difiees between the three studied
industries in water use, processing techniquesiratite way the domestic wastewater
from the workers of the industry was handled. Beeaof the large variability in data,
we supplemented data from measurements in the tietmamese factories with
information from the literature. Pollutants loadimgwastewater of filleting white fish
processes from UNEP (2000) are relatively high careg to what we measured in the
three processing industries in Vietham. The requisented in Table 2.6 are therefore
synthesized from Jesperson et al. (2000), Caral@@l) and our measurements. In the
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calculations, we take into account the highestdo&wllowing Jesperson et al. (2000),
the highest loads for filleting oily fish are foilO®: 50 kg/ton of fish, COD: 85 kg/ton,
total N: 2.5 kg/ton, and total P: 0.3 kg/ton. Th&ST level was taken from our
measurement and Caravan (1991). Parameters symH asd total coli-forms are not
available from the literature. We therefore used mwn measurements and found a
maximum wastewater generation of 12.%par ton of fish.

Table 2.6 Composition of wastewater from pangasiysrocessing factories

Indicators Unit Value Sources ~ TCVN 5945-1995, &
pH - 6-8—-8 1 55-9

TSS mg/I 1190 1,2 50

COD mg/l 6692 3 100

BODs mg/l 3937 3 50

Total Nitrogen mg/| 197 3 60

Total phosphorus mg/l 24 4 6

Total coli-forms ~ MNP/100m/ 43 x 1d 1 10*

Source: (1) This study ; (2) Caravan (1991); (3ywated following Jesperson et al. (2000)

(**) TCVN 5945 — 1995, Vietnamese standard for istlial wastewater discharging into the
receiving water which use for transport, aquacaltirigation - type B (for water supply source
— Type A).

If compared to the Vietnamese standard for Indaistvastewater discharging into the
receiving water which use for transport, aquaceltumrigation, all parameters in the
wastewater from pangasius processing are very fAigay range from three times (for
total nitrogen content) to more than 20 times @®D, BOD and total coliforms)
higher than the national Viethamese standards.

2.4.2.2Pollution by unit of production

Table 2.7 presents the overall pollution per torire$h fish, and for the total Mekong
Delta. The latter is based on a maximum wastewat@duction per ton of fillet fish
processing of 12.7 fnand 1,128,000 tons of pangasius processing iiVitde@ng Delta
in 2008. The results indicate that the total estanigollutant load in Mekong delta due
to the pangasius production in 2008 are approximd&ié ktons BOD/y; 96 ktons
CODly; 17 ktons TSSly; 3 ktons total N/y and 338stdotal P/y. If we compare these
loads to total river loads of TSS, total N and kd®ain the Mekong of 380806 Ggly
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(Seitzinger et al. 2005), we find that pangasiusipction accounts for less than 1% of
total TSS, Nitrogen and Phosphorus.

Table 2.7 Pollution caused by processing of pangasito frozen fillets in the Mekong delta

No Indicators Measured” Per ton of fresh Total for Mekong
fish® delta®
Value Unit Value Unit Value Unit
3.1 Water use 12.7  m3/ton 12.7 m3/ton 14325600 m3ly
Wastewater

3.2 production 12.7  m3/ton 12.7 m3/ton 14325600 ma3/y
3.3 BOD 3937 mg/l 50  kg/ton 56400000 kgly
3.4 COD 6692 mg/| 85 kg/ton 95880000 kgly
3.5 TSS 1190 mg/l 15  Kkg/ton 16920000 kgly
3.6 Total N 197 mg/| 2.5 kg/ton 2820000 kaly
3.7 Total P 24 mg/l 0.3 kg/ton 338400 kgly

Notes: (1) From Table 6; (2) calculated assumingri2wastewater per ton of fresh fish (3)
assuming a total production of 1128 ktons of paiugasesh fish in ponds.

To calculate the total water pollution per ton fzen fillet product we summarize the
results from Tables 4 and 7 into Figure 2.10. Waelthis calculation on the assumption
that 2.6 ton of fresh fish is needed to producernldf frozen fillet product (see Section
4.1). From this we estimate the average estimat#dtants’ load for producing one ton

of pangasius frozen fillet is about: 740 kg BOD2Q&g COD, 2050 kg TSS, 106 kg N

and 27 kg P.
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Figure 2.10 Water pollution by the production of frozen pangasius fillet. The graph
shows pollution from ponds and processing. Units: & pollutant per ton of
fillet

Our results also show that wastewater from fishdgois a relatively larger source of
water pollution than processing, contributing 6840t the total loadings of pollutants
to the Mekong delta from pangasius production. §uidom fish ponds and wastewater
from processing facilities have relatively high temts of pollutants, but because of
their relatively small volumes, these waste streamyg contribute 3 to 27% of the total
pollution.

2.4.3 Reduction options

Pangasius processing consumes large quantitiesatdr vand discharges significant
guantities of organic material, both as effluentl @s solid waste. However, there is
relatively little use of hazardous substances andtraf solid waste is organic material
from the fish, which can be recycled in animal féedustries. The following reviews
water pollution reduction technologies falling untiee categories of cleaner production
technology and second wastewater treatment plants.

2.4.3.1Cleaner production technologies

Water pollution can be diminished by reducing watensumption, reducing pollutant
loadings of fish processing effluent, and by endoiple treatment of wastewater. For
reducing water consumption and pollutant load h fiprocessing effluent, many
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industries are encouraged to apply cleaner prooluctechnology by government,

agencies or consultant firms. There are severaheleproduction opportunities through
improved management techniques and technology. tyjmes of cleaner production

options are good housekeeping, process optimizatenm material substitution, new

technology and new product design (UNDP 1994). idéret al. (2009) has shown that
in development of water consumption, most of thermmement obtained in the

beginning of the period is the result of better sekeeping practices and mainly related
to more efficient cleaning procedures. For instarioeinstall high pressure washer
required an investment of about 1000 USD, while gaeings were about 1,900 USD
per year (Dan et al. 2003), Large reduction camlit@ined by making cleaning staff

aware of water consumption, for example by encangathem to register their water

consumption after each day. This only requiresnaestment in a few water meters, a
piece of paper and pencil. Nevertheless, cleanedymtion has not been widely

accepted and implemented yet Viethamese industiespite substantial promotion by
the government and academic institutions (MitcBede).

Other opportunities for reducing the pollutant loafl fish processing wastewater
principally focus on avoiding the loss of raw maitkr and products to the effluent
stream. This can be obtained in several ways ssitly aising good practices in filleting

and trimming, including the use of sharpen kniyagyenting small fragments of fish

being added to wastewater flows and collecting &vasta dry state by using dry
cleaning methods. Additional benefits from improvdibusekeeping include

optimization of existing processes and use of nemergy-efficient equipment and heat
recovery systems can also reduce the energy dshiprocessing.

2.4.3.2Wastewater treatment

Wastewater treatment methods are based on physibamical and/or biological
processes. Biological processes are usually usedomunction with physical and
chemical processes, with the main objective of ceduthe organic content and nutrient
content of wastewater (United Nations 2003). Anberdechnique as a biological
process has been applied popularly in seafood gsowp wastewater, obtaining high
COD removal efficiencies (75-80%) at volumetricdomy rates of 3-4 kg COD/ffrday
(Balslev-Olesen and Lyngaard 1990; Mendez 1992ngH{2004) concluded that 60-
70% of the biogas produced by a balanced and weittioning anaerobic system
consists of methane, with the rest being mostlp@ardioxide and minor amounts of
nitrogen and hydrogen. This biogas is an ideal faelproducing low cost electricity
and providing steam for use in the stirring andtihgaof disinfection tanks. A
greenhouse gas as Methane can be effectively réduerdering great potential for
Clean Development Mechanism (CDM) initiatives untiher Kyoto protocol. In a CDM
program, “carbon credit” represents reduction o thmount of greenhouse gas
emissions from an emission source. Carbon creditsbe claimed by issuing Certified
Emission Reductions (CERs) through advanced anmeralastewater treatment
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(K.Y.Show and D.J.Lee 2008). Other techniques ialdgical processes used for
wastewater treatment of seafood processing inégsthiad studied, analyzed and
mentioned in European Commission (2006), Hung420Rollon (1999) and Sridang
et al. (2006).

2.5Discussion and conclusions

The results presented in this paper are the trsystematically estimate the extent and
nature of water pollution from pangasius farming @nocessing on the environment of
the Mekong Delta. Our results from pangasius graw farms show that pollutant
loading from wastewater and sludge in order to peedl ton of pangasius fish are 201
and 35 kg BOD, 247 and 59 kg COD, 557 and 217 k§,83 and 1.5 kg TN, 9 and 0.8
kg TP. Our results from processing pangasiusfroizen fillets show that emissions to
water pollution for producing one ton of pangadilist product are 130 kg BOD, 221
kg COD, 39 kg TSS, 6.5 kg N and 0.8 kg P. Scadlivegse results up we estimate the
overall pollution by pangasius production as thensaf emissions from wastewater,
sludge and processing wastewater for one tonlef firoduct and analyzed the relative
shares of these sources in the overall pollutdoeding. We conclude that overall
emissions associated with the production of oneafopangasius frozen fillet product
amount to 740 kg BOD, 1020 kg COD, 2050 kg TSS, k86N and 27 kg P.
Wastewater from fish ponds is the most importanire® of water pollution from
pangasius production, contributing between 60-90%otutant loading in wastewater .
However, sludge from fish ponds and wastewater ffisin processing have relatively
high pollutants’ content, which may lead to sevéseal environmental problems.
Nevertheless, we estimate thaverall pangasius production is a minor source of
nutrients in the Mekong River, accounting for l&ssn 1% of total TSS, Nitrogen and
Phosphorus loads.

Based on our review of available technologies tbgatie the impacts from farming and
processing of pangasius we propose two approaadbresetiucing water pollution
problems. First, we propose waste prevention amdnmzation in fish ponds, including
a range of techniques for reduction of water used fuse, chemicals and drugs use and
treatment of input water and good farm cleaningcoBd, we suggest treatment and
reuse of effluent streams, with sludge the usedinsent pond, followed by dewatering
and reuse of sludge. For wastewater, constructélhas are simple, inexpensive and
environmental friendly methods. The costs of thestgons vary. Among the relatively
cheap options are reduced use of chemicals andcmesj sludge treatment in
sedimentation ponds and constructed wetlands amdettuse of wastewater through
existing irrigation systems. In addition, the opiation of discharge design can be
implemented for better reuse of wastewater in psinggrocessing by applying cleaner
production technologies and investing in wastewatatment plants. Several low-cost
cleaner production opportunities are currently mable to small, medium and large
processing factories including improved managemesthniques and low-tech
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technologies such as the application of anaerobstewater treatment which have the
added benefit of potentially generating alternativeome streams from carbon credit
schemes. Given the attention that is being givenh#o sustainability of pangasius
further research should is urgently needed in \etrto establish more exact costs
associated with each of the technologies proposed.
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Chapter 3 Water pollution by intensive brackish shimp
farming in South-East Vietnam: causes and options
for control*

Abstract

This paper focuses on both the environmental impaittensive shrimp farming in the
coastal region of Vietham and the identificationoptions for cleaner production. We
investigated water pollution, sediment contaminmatimd the spread of diseases related
to shrimp farming in the Can Gio district of Ho CHinh City (Vietham), an area
representative for the impacts of intensive shrprgmluction in the country. Data on the
production process was compiled from site obseraatiinterviews with local farmers
and experts, as well as from secondary sourcesrédudts indicate that, while a large
number of individual farms may exceed environmerstaindards; intensive shrimp
farming is not always associated with waste streaxegeding water quality standards.
This is interesting because it shows currently labée technologies can reduce
pollution from intensive shrimp farms. The paperndades by identifying
technologically and economically feasible options freducing water pollution,
problems associated with contaminated sedimentilendpread of diseases.

Key words: Environmental system analysis, Shrimmmfag, water pollution, sediment

3.1Introduction

Shrimp farming plays an important but controversudé in the economic development
of many countries in Asia because of the high enoaaeturns and often catastrophic
environmental impact of production in coastal ar€&esnarath and Visvanathan 2001;
Huitric et al. 2002; Lebel et al. 2002a; Hall 200an Mulekom and A. Axelsson 2006;
Vandergeest 2007; Islam 2008). Nowhere is thisetraff between growth and

environmental impact seen more clearly than in Adgi@re approximately 75% of the
global production of farmed shrimp takes place. Ttmee largest producing nations
being China (1,242,000 tons), Thailand (501,00G}oand Vietnam (349,000 tons),
followed by Indonesia (326,000 tons), and India2(080 tons) (FAO 2007b). Thailand
is by far the largest shrimp exporting country wéthmarket share of more than 30%,
followed by China, Indonesia, India, Vietnam, Baggsh, and then Ecuador (ibid.).

* This chapter has been published as Pham Thi Aatglién Kroeze, Simon R. Bush, Arthur P. J. Mol
(2010), Water pollution by intensive brackish shgifarming in Southeast — Vietnam: causes and option
for control, Journal of Agriculture Water Managem&7(6): 872-882
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Shrimp farming in Vietham began in earnest at thd ef the 1990s in response to
international market demand and supported by gowem coastal land conversion
policies (Lebel et al. 2002). Today, almost 90%tloé brackish shrimp farming in
Vietnam takes place in the Mekong Delta (about B&D Black tiger shrimpRenaeus
monodon) is the dominant species with 289,000 tons produt&d08 (MARD 2009a).
In recent years, the Viethamese government hasqieahthe production of white leg
shrimp (ittopenaeus vannamei) as a more environmentally friendly alternativebtack
tiger shrimp. It is hoped this alternative speciel help the industry maintain high
yields, while providing more efficient use of watéow-feed conversion rates, high
survival rates, and faster growth cycles (Wyban72Q@ishra et al. 2008). However,
black tiger shrimp is preferred in most internaibbmarkets and remains the most
important species in tropical shrimp farming.

Farming systems have gradually shifted from extensiaditional systems to improved
extensive, semi-intensive and intensive productiat are classified according to the
pond size, water use, capital, labor, feed and atasnused, and stocking densities
(Table 3.1). Although traditional and improved famm systems continue to exist in
parallel, production does appear to have intertsifizuring the past ten years shrimp
production increased faster than the area of shpomds (Fig. 3.1). Since 2008, the
area of shrimp farming has decreased while prodmchas increased. Although
statistics are not yet available, the area of ghrfarming in 2009 was expected to
decline 9% to 580,000 ha, while production was etguto grow 10% to 380,000 tons
(MARD 2009).

Table 3.1 Comparison of the general characteristicef brackish shrimp farming systems

in Vietnam
Farming Size Culture Stocking Density  Feed Water
System method (s?rimp/ exchange
m?)

Extensive/ 4-5ha  Dyke enclosed Natural 1-3 Natural Tidal
traditional with Polyculture recruitment
shrimp farming
Improved 4-5ha  Dyke enclosed Artificial 1-5 Supplemental Tidal
extensive with Polyculture
shrimp farming
Semi-intensive  Small Pond with Artificial 5-8 Artificial
shrimp farming  (1-5 Monoculture (up to

ha) 10-20)
Intensive shrimp Small Pond with Artificial >20 Artificial 15%
farming (<1ha) Monoculture every 10

days

(Source: (EJF 2003)
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Figure 3.1 Area and production of shrimp farming n Vietnam in 1999 — 2008

Compared to other countries intensive shrimp prodocsystems in Vietham have a
relatively low stocking density. In Can Gio, thee@a focused on in this study, the
stocking density in aerated ponds ranges from 2QGopost larvae (PL)/f In
comparison, stocking density of comparative system$hailand, Taiwan, China or
Mexico range between 50 to 100 PE/Dierberg and Kiattisimkul 1996; P4aez-Osuna
and Ruiz-Fernandez 2005; Flaherty et al. 2009)veNbeless, Can Gio represents the
highest concentration of intensive shrimp produciio Vietnam. In addition, Can Gio
Is an area of significant ecological value withaage area of rehabilitated mangrove
recognized as an International Biosphere reserae by UNESCO (2002). Combined,
the concentration of intensive shrimp aquaculturé the ecological value of coastal
mangrove make an important reference site to daéterrthe potential impacts of
intensive production as this farming system dewel@yrther in other parts of the
country.

Like in many other Southeast Asian countries (¥agiela et al. 2001; Alongi 2002;
Huitric et al. 2002) mangrove deforestation in Yie@h has become a serious issue, with
at least 220,000 ha of mangrove forest removed twerast 50 years (Tuan et al.
2003). Disease outbreaks and acidification of sbés led to crop failure rates as high
as 70 to 80% in some areas of Vietnam, and subs#gube abandonment of ponds
and further expansion of shrimp cultivation to newastal areas (Lebel et al. 2002b;
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EJF 2003). Whereas agriculture, salt pan developnasa the war-time use of
chemicals were previously the most important tlréatmangroves, for the last decade
the greatest threat has been shrimp aquacultuFeZ&I3).

To reduce the risk of crop failure, Viethamese fansnuse a relatively large amount of
feed, pesticides and antibiotics in shrimp farmiSgveral concerns have been raised
about the use of toxic compounds, including theirsgstence in aquatic environments,
the possibility of residues in non-cultured seafabe toxicity to non-target (off farm)
species, the possible effects on sediment biogesshy and, finally, the possible
effects on the health of farm workers (EJF 2003).ofher studies have noted (e.g. Trai
et al. 2007; Mang et al. 2008; Long and Toan 206B)imp farming in Vietham may
also lead to serious water pollution with wastewsat®ntaining high biological oxygen
demand (BOD), and high nitrogen (N) and phosphgR)sconcentrations from feed
residue, is often released directly into canals awvetrs causing oxygen depletion and
eutrophication. Several studies have also indicdited intensive shrimp farming in
particular has the largest share in the overallirenmental impact of all shrimp
production systems (Dierberg and Kiattisimkul 199@narath and Visvanathan 2001,
Jackson et al. 2004; Tzachi M Samocha et al. 2004)

This paper adds to several recent studies on th#oemental impact of intensive
shrimp production in coastal areas of Southeasa Asi providing the first system
analysis of black tiger shrimp production in Viatmarhe specific aims of the paper are
to analyze the causes of water pollution, contatethgediment and spread of disease
from intensive black tiger shrimp farming in Vietnand to identify possible options to
reduce these environmental impacts. For this perpasfocus our attention on the Can
Gio region, a man and the biosphere reserve wgh boastal environmental value and
also a site representative of the impacts fromrtensification of shrimp production.

Our study consists of two parts. First, we perfansystems analysis of intensive
shrimp farming in Can Gio. This is an area closéltoChi Minh City in Vietham with
large scale of intensive black tiger shrimp product Second, we extend the systems
analysis by identifying options to reduce the emwimental impact by shrimp farming.
We focus on options that are both already appheakher sectors in Vietham, or which
have the potential to be applied given experiemoenfother countries with shrimp
farming and compatibility with state legislation.

3.2Methods

3.2.1 Can Gio area

Can Gio is an area located in a coastal districitheast of Ho Chi Minh City in
Vietnam with latitude: 1®2'14” — 10°40',09” and longitude: 10®612" —

107°00'59". It covers 75,740 ha and is dominated byngraves, including both salt
water and brackish water species. Can Gio has bebject to extensive mangrove
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rehabilitation after extensive deforestation durthg conflict in the 1960s and 1970s,
and subsequently through the expansion of Shrimmpifg. The forests were replanted
in stages starting in 1991 and most recently in02Z2@02 (Tuan et al. 2003). As such,
Can Gio provides the opportunity to work on envimamtal protection on a continuum
of habitats, ranging from the sea to the bounddrid@ Chi Minh City, the largest
industrial city in Vietnam.

Because of their ecological importance, the Can @@ngrove forests have been
recognized as an International Biosphere reserme by UNESCO (The core area of
this Biosphere reserve zone is 4,721 ha). The buffee around it covers an area of
70,000 ha and a further transition area betweadeesal and agricultural land covers
another 30,000 ha. Shrimp farming is only allowedhe transition area. Nevertheless,
there are serious concerns over the sustainabiitgshrimp production even in these
areas. Trai et al. (2007) studied water pollutignshrimp farming in Can Gio and

concluded that intensive and semi-intensive shifims are larger sources of pollution
than less intensive shrimp farming. They also aathedi that intensified shrimp farming

in Can Gio is not environmentally sustainable.

There are in total 66 thousand people living in Gam (HCMC statistical office 2006),

engaged in a range of livelihood activities inchgliagriculture, fisheries, aquaculture
and salt production. Families in the communes ofTAwri Dong, Ly Nhon, Long Hoa

Binh Khanh and Thanh An are predominantly involnredshrimp production. These
families have been given access to above mentidraatition areas through land
allocation programmes in the 1990s. Today approteima2,830 households conduct
shrimp farming. The shrimp farming area is almg80B ha, of which about 343 ha is
used for intensive shrimp farms and 524 ha are tmedemi-intensive shrimp farms.
The remaining 4,264 ha are used for extensive anmiaved extensive shrimp farms.
The average production of intensive shrimp farmmgCan Gio is about 5.3 tons/ha
(Can Gio Economic Division 2007).

Within the Can Gio area 40% of the shrimp farmeeslacated in the area of Tam Thon
Hiep commune (Can Gio Economic Division 2007). Ehé&amers conduct intensive
and semi-intensive shrimp culture. They occupy @y of the total shrimp farming
area but contribute 8% of the total shrimp productf Can Gio. As such, this is one of
the areas with the highest intensive and semi-gnenshrimp farming densities in
Vietnam. Given the interest in intensive productiorthe country we believe Can Gio,
and Tam Thon Hiep commune in particular, provide@esentative case to investigate
the impacts of intensive black tiger shrimp farmorgthe environment; and one which
wider lessons can be learnt for the improved emwrental production of shrimp
farming in Vietnam.
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3.2.2 Systems analysis

To determine the environmental impact of shrimpdpadion we employed a partial
environmental systems analysis following Quade Biskr (1997), Pluimers (2001),
Jawjit (2006) and Neto (2008). The analysis bediwys defining the problem by
identifying system boundaries, inputs, outputs, tesys elements, and their
(inter)relationships (Findeisen W and Quade E.S71.98 this step we identify the most
important causes of environmental pressures asedorth shrimp farming. We then
assess the environmental impact within the systagewminvestigation by measuring
key environmental indicators. This is done in ghrbugh substance flow analysis and
simple material mass balances (van der Voet &98I7). Based on this analysis we then
identify options to reduce the impact of these emunental problems in accordance
with the defined system boundaries and the objestif the production system being
assessed.

Data were generated through a combination of fidds, experiments and secondary
information. Twenty-two farms were visited to calleinformation about farming
practices and environmental problems, and sampiesastewater and sludge from
shrimp ponds. A total of 33 water samples wereectéld from farms in Can Gio at the
point of water discharge during the shrimp productseason. Samples were taken
based on the production cycle, with 11 samples fpomds of less than one month old,
12 samples from ponds two to three months old, Hhdamples from ponds three to
four months old. We also collected sediments frored of the oldest ponds.

Water quality parameters were analyzed in the wsdenples according to the APHA
(1995). The parameters included: temperature, pldchHg@mical Oxygen Demand
(BOD), Chemical Oxygen demand (COD), Total Suspdn@®lids (TSS), Total
Nitrogen (TN), Total Phosphorus (TP), Ammonia (N-){HDissolved Oxygen (DO)
and coliforms. Three samples of sludge were aldeated and analyzed as dry matter,
measuring TN and TP. The results of these analyges been reported to the Ministry
of Fisheries (CENTEMA 2004a). Here we focus on aerpretation and synthesis of
the results and their relevance to the environnhgpegormance of intensive shrimp
farming.

3.3The shrimp farming system

3.3.1 Phases and processes in shrimp cultivation

Our analysis focuses on shrimp production in powdhk particular attention to the
preparation, cultivation and harvesting phaseshiéngroduction cycle. The preparation

phase includes deforestation, pond constructiomdptreatment and inlet water
treatment. The cultivation phase includes breediturk, feeding and pond water
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exchange. The harvest phase includes harvestingpand emptying. A number of
farming processes in these phases have potent@afpificant impact on the
environment. We focus in particular on pond treatinalet water treatment, feeding,
water exchange, and final water discharge and sadiniredging. The system studied
here is described in Figure 3.2. As indicated ap@an Gio was accepted in 2000 as a
World Biosphere Reserve. This implies that the as&ashrimp production cannot
increase. As a result, shrimp ponds are not abatton

Typical shrimp farms have one production cycle year, which lasts for four months.

Before each production cycle, farmers empty theimds and dredge the sludge (both
after harvest and before the new cycle). Dependimghe natural conditions of each
area the ponds may require further treatment bafeenew cycle. In the case of acid
sulfate soil, common to many parts of the Mekondtd)ehis may include flushing the

ponds three to four times followed by treatmentwiine (CaO) to increase the pH.

The ponds are then aerated continuously for thoeéowr days, to kill vectors of
infectious diseases such as snails and crabs. ®hdspare sterilized with chlorine,
Saponine (of herbal origin), or KMnGand then fertilized to promote algal production
with urea phosphate (or super phosphate), andfoixaf chicken dung and lime in a
ratio of 1:3. The quality of the water before stmgkshrimp larvae is supposed to meet
the criteria listed in Table 3.2 according to thedgline for black tiger shrimp farming
from the government (MoFI 2001), and should be ta@émed throughout the cultivation
season.

Table 3.2 Recommended water quality for black tigeshrimp farming

Parameters Unit Optimal range Remark
pH (water) - 75-85 Daily fluctuation<0.3
Temperature °C 28 -33 No sudden change
Salinity %0 15-25 Possible range: 10-30 %o
Transparency m 04-0.5 -
Hardness CaCpQ mg/| >80 -
H.S mg/l <0.02 -
NH; mg/| <0.10 -

Source: (MOFI 2006)

After preparation the ponds are stocked and feti yéllet industrial feed. The Feed
Conversion Ratio (FCR) measures the efficiencyooiverting the total quantity of feed

in one grow-out period with the total biomass dfirsip harvested. Different feeds have
different conversions, but current feeds on theketahave an FCR between 1.4 to 2
(Funge-Smith and Briggs 1998; SEAFDEC 2008). Aséh€CRs it is estimated that
approximately 80% of the feed nitrogen enters thiedpnutrient cycling, through both

inefficient conversion and excrement (Australianvidt Farmers Association 2004).
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Depending on the age of the shrimp and the scaleegbond, there are several ways to
ensure efficient feed use. First, the calculatibrfeed quantity needs to be made in
accordance with shrimp size. The quantity of fead f00.000 Pis (Post Larvae 15
days of age) can be calculated as;sPPLyoy: 1-2 kg of food/100.000 PL/day (MOFI
2006). After five days from P4 and onwards, the feed can be increased by 0.1-0.4
kg/day, depending on the capacity of the Post lar/iter one month, when the
shrimp are approximately 1.5 to 2.0 g, the amodifiéed in intensive farms can double
from 2% to 4% of the estimated total shrimp weightaccordance with Standard 28
TCN 171: 2001 from the Vietnamese Ministry of FishgVIOFI 2006).

Controlling water quality involves careful contmfl water exchange. The water level in
the pond increases over time. In the beginnindghefdycle, the water in the pond is set
at a depth of 0.8 - 1 meter. After one month, tlagewlevel in the pond is increased to
1.2 — 1.5 meters, and after the third month themlavel is increased and maintained at
a depth of 1.5 m to 2.0 meters.

Depending on the season and the quality of therwatéhe shrimp pond, the water
needs to be exchanged about every 10 days. Durandriy season, the temperature and
salinity of the water increases, requiring betw&6nl5% water exchanges. When the
shrimp pond is polluted or diseases show up, @sb51% of the water is exchanged.

The duration of a typical crop of intensive shrifapming is usually 100 to 120 days,
after which the harvested shrimp reach a size es@®8hrimp/kg. After harvesting, a
large amount of wastewater is discharged to theosnding environment and clean
water is pumped into the pond to flush the pondnsent. This water is then often
pumped back into canals or used for putting inrttegrove forest area. The cycle is
then started again with pond treatment.

3.3.2 System definition and indicators

From the above description of shrimp cultivation westinguish five important
subsystems in intensive black tiger shrimp farmiig:Pond treatment, (2) Inlet water
treatment, (3) Feeding (4) Water exchange and (B)dPemptying (Figure 2). The
analysis and evaluation of other sub-systems sadtteforestation, pond construction,
breeding stock and harvesting are not includedhis study The reason for not
including deforestation is thaince 2000 Can Gio was accepted as a World Biospher
reserve and the Viethamese government issued teguland policy outlawing any
deforestation activities for shrimp cultivation.e®ding stock and harvesting are also
not explicitly included but, along with the prodiact of shrimp larvae, food and other
input materials are implicitly included through ethsub-systems to calculate the
pollutants and production of waste in the shrimipication process.
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The five sub-systems considered include six a@wsjtgiving rise to emissions of a
number of different pollutants and waste streanies€ include the use or application
of chemical and drugs, fertilizer, feed and disgkeaof water and sediment. In this
study, we focus in particular on what are generaliysidered key environmental
problems of intensive shrimp farming, including tieéease of polluted water resulting
in eutrophication and elevated toxicity levels, eoninated sediments, and the spread
of disease (Figure 3.2). Other regional and glglvablems, such as global warming,
acidification and biodiversity loss are not takatoiaccount. Heavy metals are also not
considered in this study.
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Figure 3.2 Schematic overview of shrimp productionin Can Gio area and its
environmental impact.

The bold line indicates the system boundary; boldtesn elements and the
underlined substances are included in the anal@hsracteristics of a typical
intensive black tiger shrimp pond in Can Gio: Are8000 ni (50 x 100 m); Water
depth = 1.5 m; after one month of cultivation, I®-@5) % of the water is
exchanged every 10 days; Density: 20 - 40 shrinfpshverage production: 5.3
tons/haly.

(*) Including eutrophication and toxicity problems

The associated environmental impacts are assegsesklof environmental pressure or
effect indicators (Table 3.3). For water pollutithe following indicators are used: the
volume of water use, the volume of wastewater gegndr and the BOD, COD, TSS,
Total Nitrogen, Total phosphorus, N-NHDO, Total Coli-form content of wastewater.
Indicators for problems associated with contamihaediment include the volume of
sediment, total Nitrogen, total Phosphorus and mctated chemicals and medicines in

64



the sediment. Finally, the indicator for the spre&diseases is the number of infected
shrimp ponds. The following identifies, and wheesgible quantifies these indicators
(summarized in Table 3.3) at the pond level.

Table 3.3 Indicators for environmental pressures aased by shrimp production in Can Gio

Environmental Indicator Indicator

. Unit
issues number
11 Total volume of water use n
1.2 Total volume of wastewater ®m
1.3 BOD mg/|
1.4 COD mg/I
15 TSS mgll
Wastewater 1.6 Total Nitrogen mg/l
1.7 Total Phosphorus mg/I
1.8 N-NH; mg/I
1.9 DO mg/|
1.10 Total Coli-forms MNP/100m|
21 Volume of sediment Ay
Sediment 2.2 Total Nitrogen mg/l
2.3 Total Phosphorus mg/l
Disease spread 3.1 Infected shrimp ponds (%)

3.4Environmental impact of intensive black tiger shrinp farming

3.4.1 Water pollution

Water pollution is largely associated with the @asal discharge of water in shrimp
ponds. Each time water is exchanged; wastewatelisisharged to the surrounding
surface waters, as indicated in Figure 3.3. Thetewaster carries a number of
pollutants, reflected in the selected indicatorsede pollutants ultimately stem from
chemicals, fertilizers and feed added to the ponds.

Lime (CaCQ, CaOH) or CaO is used to neutralize the acidity of théiadhe pond in
the preparation phase, and the amount used depentte pH of the soil. Typically
200-250 kg/ha of lime is applied to the surfaceewaturing the grow-out phase to
stabilize the acidity of the water. In Can Gio, s$wl often has a pH below 6 or 5.
According to the experiences of the farmers, 1.A.® tons/ha of Lime is required.
Fertilizers are used for increasing the food (dldaeshrimps in the preparation phase
(also referred to as coloring). In intensive fargyipellet industrial feed is increasingly
being used instead of fertilizers. Fertilizers gq@cally organic such as chicken, pig or
COwW manure, or inorganic such as ammonium phospadiesd NPK (N:P:K =16:20:0),
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di-ammonium phosphates — called DAP (N:P:K =16:1@fplied in a NPK: DAP ratio
of 1:3. The average dose is 0.7 kg per 1086@fwvater per crop. For this study the total
amount of fertilizer is estimated at 3.5 kg/pondfgrincluding NPK and DAP.

Chemical flocculants like aluminum-sulfate and gllfate are used at concentration of
10 — 20 mg/l to reduce the turbidity of water. Z&ois used at 100-500 kg/ha to remove
NH;s in the pond, however, the efficiency of this chemhihas been subject to recent
discussion (Anh et al. 2004). Axit Dinatri Ethyleahin Tetra acetic (EDTA) is used to
reduce the effects of heavy metals in the waterchsating compound matters.
Decontaminants used include chloriae25 — 30 ppm, KMn@ at 5-10 ppm, and
formalin at 15 - 250 ml/l. Other antibiotic agentdgspite being illegal, such as
Nitrofuran, Phenicol, 4-Quinolon, Tetracycline awother pesticide agents such as
Rotenone, organic phosphate, and Saponin are wsddl tother fish in the pond
preparing phase.

Feed rates depend on the shrimp density and bodyhtvéNe assume a stocking
density of 25 shrimp/min a shrimp pond with an area of 5,006 and, after four
months, a survival rate of 65% with shrimp sizeabbut 40-50 shrimp/kg. The crop
would then be about 1.6 to 2.0 tons of shrimp pep.cWe also assume an FCR of 1.3
with an average shrimp harvest of 1.8 tons. Theeefihe amount of feed used is 1.8 x
1.3 =2.34tons.

We assessed the indicators for water pollutiorherbiasis of a water balance for shrimp
ponds. Water supply includes initial and supplemlewater, as well as rainfall. Water

removals are through continual exchange duringytbe/-out phase (at a rate of 15% of
total volume every 10 days), emptying ponds afswésting, and through evaporation
(see Figure 3.3).

Water
10C 15| | 15| (15| [15]| |15( |15 |15]| |15] |15 supplemented as
R T ¥ T T & T T T percentage of total
Water in shrimp
A N O O A pond
1 2 3 4 Month
15| | 15| | 15| |1&| |15 |15| |15 |15| |15] |10C Water
LY 2 U R Y SR U SRS 2R U N § TR § SR § SR 2 discharged as

percentage of
total pond

Figure 3.3 Overview of water supply and dischargeni ponds over time

The volume of water used (Indicator 1.1) was cal@d based on the average
dimensions of surveyed shrimp ponds and the toitél and supplemental supply. The
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volume of initial water supply is 7,500 *fpond/crop and supplemental water is
estimated at 10,125 ¥pond/crop. The total water supply for one pondrawee crop is
therefore estimated at 17,625.m

The volume of wastewater (Indicator 1.2) is caltedausing an evaporation coefficient
of K< for the dry season of 173 mm/month and 83 mm/mfortthe wet season (based
on Vietnamese meteorological data). This giveda twlume of wastewater in the dry
season of approximately 14,165/pond/crop and, with an estimated amount of ralinfal
of 150 mm/month, an estimated 18,96%pund/crop in the wet season.

The rest of the key indicators (1.3 to 1.10 in ®ald.3) are based on direct
measurements taken from ponds in Can Gio with rdiffe cultivation periods. The
results are compared with Vietnamese water qualityBAP standards (Table 3.4).

The results indicate that there are no significdr@nges in pH during the cultivation
period because pH is maintained by adding dolosaité lime. The levels of BOD
COD and TSS increase with the cultivation periokisTresult concurs with Senarah et
al (2001), and can be explained by the fact thderokhrimp need more feed and
produce more waste than younger shrimp.

® BAP: Global Aquaculture Alliances Best Aquacultiectices Standards
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Table 3.4 Characteristics of wastewater from intenge black tiger shrimp ponds in Can

Gio.
Parameter  Unit Wastewater from shrimp ponds by month Standard
during grow-out period
<lmonth 2-3 month 3-4 month
Temperature °c 305(30-32.4) 30.8(29.4- 30.5(30- n.a.
32.9) 32.4)
pH 76(72-84) 7.6(73-82 8(7.2-9.1) 069"
BODs mg/| 21 (8 — 48) 39 (15-84)  41(22-59) <50Y
COoD mg/| 68 (6—106) 100 (72-120) 132(79- <1007
246)
TSS mg/| 69 (26 —95) 81 (53 —158) 254 (22 - < 100"
1031)
Niotal mg/| 2.2(0.08-3.2) 32(0.1-76) 57(1-)48 na.
Potal mg/l 0.25(0.1-05) 04(0.1-1.00 0.7(0.1A1. n.a.
N-NH; mg/| 05(0.1-06) 08(0.1-16) 0.7(056- <52
0.84)
DO mg/| 6.6(35-8.2) 6(3.9-86) 6.6(5557. =49
Coliforms ~ MPN/100ml 4475 (2100-  2.4.1C - 11.10 - < 5000?
11000) 24.10) 15.10

n.a. = Not Available

@) BAP standard (Global Aquaculture Alliances Best Amuure Practices Standards) and Vietnamese watdity)
standard for industrial effluents discharged indastal water using for protection of aquatic Ilif€{YN 6986-2001)

@ TCVN 6986 — 2001

After two months, the average water quality paramsein the ponds exceed the BAP
and Vietnamese standards for BOD, COD, TSS anébaais. For other indicators this
is not the case. However, because of the variamong ponds (Table 3.4) we may
conclude that there are many individual ponds ¢xaeeded the standards. For instance,
COD and TSS concentrations show large variationrgnponds and periods. This also
implies that some indicators do not exceed thedstals. However, given the large
volume of wastewater collected in canals high pafiti loading in the surrounding
environment greatly exceed water quality standa&isnilarly, total coliforms in the
wastewater samples were high compared to standards.

3.4.2 Contaminated sediment

Sediment in shrimp ponds is generated from manycssu (1) suspended solids from
inflow, lime, fertilizers, chemicals, and antibicdi (2) uneaten feed, dead
phytoplankton, and prawn moult, (3) solid wastarfrehrimp production process, and
(4) inorganic matter eroded from the pond wallse Tontribution of different sources
of sediment in shrimp ponds is outlined in Tab2 3.
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Solid waste from shrimp production includes bottleans, paper, plastic bags of
chemicals, food and additives, and plastic bottayels. According to the farmers, total

solid waste generated after one crop is about 3 tkg per pond. Because there is no
solid waste collection system in Can Gio we adaeal solid waste to the total volume

of sediment.

There is a relationship between accumulated sedjnpemd water, feeding rate, and
stocking density throughout all stages of shrimpnfag cycles. An upward trend in

shrimp stocking or shrimp biomass level resultannincreased input of organic matter
into the pond in terms of feed, as well as a dowdwiaend in feed efficiency

(increasing the FCR). Consequently, more wasteraglyred when organic matter
accumulates in sediment and degrades, beginningreemt cycle in which ammonia,

nitrite, nitrate, are formed.

The volume of sediment (Indicator 2.1) that accluatad within the shrimp farming
pond during each rearing cycle and that is remdrad the pond after harvesting have
been estimated at 185-199 t dry wt/ha or 139-18Ban(Funge-Smith and Briggs 1994)
or 200 — 836 t dry wt/ha or 151 — 629/ha (Tunvilai et al. 1993). In our study, we
estimate the calculated sediment to be approxima&d - 200 nYha This sediment is
not suitable for agriculture and horticulture fiezér because of its low organic content,
large volume and high salt content (Dierberg armattiGimkul 1996).

Our measurements indicate that total nitrogen (Gdjtent in sediments is about 0.7 —
1.7 mg/g, and total phosphorus (TP) content abaQ03 - 0.2 mg/g. This is
considerably less than concentrations found innsedis of shrimp pond systems
outside of Vietnam. For example, in New Caledahi@ TN content was 1.1 - 2.66
mg/g of dry sediment in semi-intensive shrimp pofiasnonnier and Faninoz 2006). In
Sri Lanka, TN contents were 0.7 — 2.8 mg/g and dftents 0.36 mg/g — 0.74 mg/g
(Senarath and Visvanathan 2001).

Finally, the use of chemical, fertilizers, drugsaagibiotic into the shrimp ponds can
accumulate into the sediment (Indicator 2.4). Taises an important issue in shrimp
hatcheries. Antibiotic concentration in shrimp psmday do harm to the environment,
and contribute to the increase in drug-resistas¢aties (Tuan et al. 2003). Chemical
characteristic of shrimp pond effluents have beeuated in different shrimp culture
systems (Briggs and Smith 1994; Rivera-Monroy etl8P9; Lyle-Fritch et al. 2006).
However, the use of chemical substances in shrimga@ulture remains low in
comparison with agriculture and other economicvéas (Paez-Osuna 2001). The
most common substances used in shrimp ponds drkzées and liming materials;
other substances are used less frequently. Howsediment only causes problems
when it is discharged to surface waters, and thisot always the case if there is good
management and awareness by farmers.
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3.4.3 Spread of diseases

Shrimp diseases are often caused by polluted vimtigre pond itself. High BOD and
COD concentrations are a favorable condition fahpgenic microorganisms. Most of
the wastewater and contaminated sediment from ghqonds is discharged into
receiving waters. This, however, is the source atiewfor other shrimp ponds. Without
proper treatment, the pathogens from infected paneldikely to spread to other ponds.
Currently, hardly any shrimp farm carries out waiersediment treatment in Can Gio
since the costs of between VND 4 — 5 million (abd&D 300) for a 5000 frpond, are
relatively high compared to the costs of losingrepc The disease spread is partly a
result of shrimp cultivation in the second seasiwon{ July to November) when the
farmer wants to get higher prices in the marketeelding stock in inappropriate
conditions also enhances the risk for disease epode When the diseases can be
detected, they are difficult to control becauseadr regulation, and the ‘open’ nature
of land and water resources.

The majority of current shrimp disease problems bancategorized into two major
groups: bacterial and viral. The causes of badteliseases are mostly Vibrio spp.
Vibriosis outbreaks constitute a serious problermiansive shrimp ponds (Menasveta
2002). Viral shrimp diseases include the MonodoouBavirus (MBV), Yellow-Head
virus (YHV), and White Spot Syndrome virus (WSSWjral diseases provoke the
largest losses in shrimp farming (Rosenberry 198&)) many countries having faced
significant reduction in production because of@éint diseases, although they include
varying degrees of intensification, different cli@s, and distinct cultured species
(Paez-Osuna et al. 2003).

Since 2005, Vietnamese shrimp cultivation has bleieered by disease in many
regions. Less than 70% of shrimp farmers stop fagmin order to avoid further
infection. As a result, many shrimp farmers suffer@ loss of income and some
abandoned production altogether. To illustrateitiygact of disease, in the 2006 shrimp
season, approximately 22,500 households practidedng cultivation, stocking
approximately 2 billion larvae in 23,000 ha of pen@®f this approximately 1 billion
larvae, aged between 30 and 50 days, belongingaiond 14,000 households were
infected and died (Hoang 2006).

3.4.4 Overall pollution

Table 5 summaries the overall pollution of inteesblack tiger shrimp farming in Can
Gio (Table 3.5). These calculations ignore evapamand rainfall, and assume that the
average amount of wastewater produced equals tloairdgnof water used in shrimp
farming. We calculate the pollutants’ load basedhenfrequency and amount of water
exchange. We estimate that during the first morfttfaoming about 1,125 tof
wastewater is produced per farm (0.5ha); duringste®nd and third month about 6,750
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m®, and during the fourth month about 9756. Based on this, we calculated the
average pollutant load of farming per ton of shripnpduced and per hectare.

Table 3.5 Pollution caused by black tiger intensivehrimp farming in Can Gio district

No Indicator Pollutant load (1) Per ton of shrimp @) Per ha of farming

Valued Unit Value Unit Value Unit
1.1 Water use 35,250 ‘fhalcrop 6,651 fiton m/ha
1.2 Wastewater  28,33037,93( m*ha/crop 5,345 — 7,157 ¥mon m/ha
1.3 BOD 0.04 kg/m 259 kg/ton 1,373 kg/ha
1.4 COD 0.12 kg/h 769 kglton 4,077 kg/ha
1.5 TSS 0.18 kg/fh 1,170 kg/ton 6,202 kg/ha
1.6 Total N 45 g/t 30 kglton 159 kg/ha
1.7 Total P 0.6 g/t 3.7 kglton 20 kg/ha
1.8 N-NH3 0.7 g/m 4.8 kg/ton 26 kg/ha

Notes: (1) calculated from Table 3 and the voluofesastewater in different periods of shrimp fargjin
(2) average 5.3 ton of shrimp/ha

The water pollution per ton of shrimp product aredt pectare of shrimp farming from
farming process are 259 and 1373 kg BOD, 769 aid 49 COD, 1170 and 6201 kg
TSS, 30 and 159 kg of total nitrogen and 3.7 an#@0f total phosphorus, 4.8 and 26
kg of Ammonia-Nitrogen (N-Nk), respectively. The loads per hectare are coraludier
For instance, N and P loads exceeding 150 and Afekdpectare in shrimp ponds are
comparable with N and P loads in agriculture feils, and pose a real threat to
oligotrophic aquatic systems. Our estimates foaltgollution are calculated from
wastewater discharge only. Where sediment is digeldadirect to the river or canal,
the estimated pollution load to water surface wdddigher.

Table 3.6 Comparison of intensive shrimp farming invietham (Can Gio) and Thailand

Unit Thailand* Can Gio®
Stocking density (Vietnam)
Shrimp/nt 50-60 80 - 100 20 - 40
TSS kg/ha/crop 6650 9658 6201
Total Nitrogen kg/ha/crop 178 223 159
Total Phosphorus kg/ha/crop 15.7 24.9 19.6
N-NH3 kg/hal/crop 18.4 71 26

Source? (Dierberg and Kiattisimkul 1996§This study
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Comparable studies do exist on shrimp farming ietvam (Mang et al. 2008), but most
have not been published. Table 3.6 therefore cosspaur TSS, TN, TP and Ammonia
Nitrogen loads with those from intensive black tigarimp in Thailand (Dierberg and
Kiattisimkul 1996). The result first of all indiczd that the Vietnamese ponds, although
intensive, have lower stocking densities than tbeds in Thailand and, in line with
this, lower concentrations of TSS, TN, TP and Na\NBompared with other studies on
black tiger shrimp with almost the same producidr? to 5 tons/ha/crop, our results
show a lower net nitrogen discharge of 159 kg/leg/cthan in Thailand, where
estimates range between 190 kg/ha/crop and 50%/kgdp (Robertson and Phillips
1995; Jackson et al. 2003).

3.50ptions to reduce the environmental impact

The second objective of this paper is to identiptians to reduce the environmental
impacts of water pollution, contaminated sedimemd ¢he disease spread. However,
effectiveness is not the only criterion for selegtthe following options. We have also
taken into consideration both technological and neauic feasibility of the
technologies. This is especially important becapiséhe variability of income from
shrimp farming in Vietham and the reluctance ofnfars to invest in high cost
technologies (Lebel et al. 2002a; Hue and Scot8R0lhe identification and evaluation
of these technologies is based on secondary squasesvell as newly collected
information from field research and the system ysialpresented above. The following
reports on two approaches for ameliorating the otgoaf water pollution, contaminated
sediment and disease spread: (1) waste prevemimmanimization at source and (2)
treatment and reuse of effluent streams.

3.5.1 Waste prevention and minimization at source

Waste prevention and minimization at the point sewf pollution holds some promise
as an abatement strategy for shrimp productioni@ingm. These approaches adopted
in other sectors include more efficient use and agament of waste streams, often
labeled ‘good housekeeping’ (Ramjeawon 2000; Hegsson et al. 2001; Hyde 2001),
as well as more strategic changes to input conimcluding changing raw material
inputs (Chaan-Ming 1995; Vigneswaran et al. 1998),adopting new technologies
(European Commission 1997). The information presgbim sections 4.1, 4.2 and 4.3
reveal there are considerable gains in pollutiotigaiion through appropriate options
for prevention and minimization of environmentablplems from shrimp farming. The
different measures, outlined below and summarinetiable 3.7, include techniques for
the reduction of water, feed, chemical and medicise, as well as improved farm
management.
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Table 3.7 Waste prevention and minimization at soure

Options Description Pollutants/problems Subsystemto  Problems reduced Remarks
reduced be applied
WP  CS DS
Water use reduction  Ozone aeration BOD, COD, Rmtho  Aeration/ water +++  +++ +++  Need a technical
water use, wastewater transfer to farmer
Feed use reduction More efficient feed use: BOD, COD, Pathogen, Feeding ++ ++ ++ Lack of infation
Careful in checking optimum on experiences with
use of feed different type of

Chemical, medicine Better guidelines and Accumulated chemical Pond treatment/ +
use reduction monitoring for correct use of and medicine nursing

chemical and medicine on

appropriate doses and

frequency are needed

+

feeds. Need
information
exchange

1 WP: Water Pollution; S: Contaminated Sediment; DSease Spread,;

+ indicates a moderate improvement, ++ a consideiaiprovement, +++ a large improvement



3.5.1.1 Ozone aeration technology

Water use reduction by ozone aeration technologyvsdely proposed technology for
use in shrimp farming to improve the water qualitythe pond, which means the
frequency of water exchange can be reduced. Clyreygone aeration technology is
generally studied and used in USA, Thailand, Kaed India for shrimp farming and
other forms of aquaculture (Schuur 2003; Jongsupdrag and Sirianuntapiboon 2008).
With this technology, ozone is aerated into ponidsozone generation equipment. In
Thailand, Jongsuphaphong (2008) have demonstraiszess with the oxygen supply
apparatus in shrimp farms with a water flow ratel®fl/min. The results show that
when the apparatus was used with ozonation thesemvzae of an effect than aeration
with oxygen supply alone. Moreover, ozone genenatghowed the additional
advantage of reducing organic matter in the watach as BOD and COD, while
increasing DO at the same time. By doing this, disase outbreak is also reduced
because of less water discharge and degradatiomatdr quality in the receiving
streams.

Ozone aeration technology is not currently appiietfietham. Some experiments have
been carried out in Nam Dinh province with freshevashrimp Kacrobrachium
rosenbergii). The results show higher yields of 10 ton/ha camgbato 4 ton/ha in
normal aeration system, as well as less water ndendow mortality rate (Liém 2008).
Ozone aeration has been promoted by provincial rgovents for Tiger shrimp.
However, due to the added cost and required teehkitowledge farmers have not
adopted this technology. If it can be demonstratedarmers that ozone aeration
increases production at minimal extra cost, as ge&tam Dinh, it may prove a very
suitable. Costs can also be reduced given manyefarrhave already invested in
oxygen-based aeration equipment and by selectiaplylying aeration in the last
months of the grow-out cycle when the concentrabbnvastewater pollutants are at
their highest. If ozone aeration is limited tostlast grow out phase, thereby reducing
the overall cost of water treatment, it may provéable for Viethamese intensive
production.

3.5.1.2 Feed strategies

Reduction of feed is another option to reduce pioifugiven that feed residue is the
most important factor in the generation of sludgerrently in Vietnam pellet feeds are
predominantly used is semi-intensive and intenshwémp farms. Domestic companies
produce over 100 types of feed and many more gperited from Germany, Thailand,
Korea, China. Although attempts are made by théoNak Fisheries Quality Assurance
and Veterinary Directorate (NAVIQAVED) the largember of feeds available on the
market means the government is unable to test anttat feed quality across the
industry. Because of the uncertainty over the casitipm and quality of feed farmers
often fail to determine the most efficient feednegime for their ponds.
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The FCR used in this paper demonstrates a higbiesifty, however according to
interviewed farmers FCR in intensive farmers intWén can be as high as 2.2. In
Thailand FCR is even as high as 4 (NACA 2004). ifaevidual FCR of farms varies
greatly between brands and the experience withifigee@chniques used by farmers. If
farmers can gain access to more accurate informatier the composition of feed it is
likely they could better determine the most efitiéeeding regime. However, many
farmers interviewed in Can Gio and other provingeshis study were unable to
accurately calculate their FCR. Further researctihesefore needed to determine the
benefits of quality testing and control would suggdarmers to improve their feeding
efficiency.

3.5.1.3 Drug and chemical use

A reduction in the use of drug and chemical usals® an option to reduce pollutant
load in wastewater and sediment, as well as thenaglation of these components in
the shrimp itself. Shrimp remains one of the makyraquaculture products in terms of
food quality (Dey et al. 2006). In Vietnam techaliguidelines are available to farmers
listing over 17 banned and 34 limited use subswfDecision 07/2005/QD-BTS). Yet

it is only since the private sector drug and preces companies have began offering
greater control over the input of drugs for inteesiarms in Vietnam that the incidence
of contaminated shrimp products has reduced inuroas markets.

More stringent food safety testing has led to aicédn in product contamination, yet
farmers remain highly sensitive to the risk of cfapure and continue to use both pro
and anti-biotics. Farmers know techniques to redinedevel of chemicals and drugs in
shrimp, for example by stopping inputs in the weletfore harvest. Although reducing
the food safety risk, these chemicals and drugsflashed with water exchange and
accumulate in water and sediment, and subsequehtydevelopment of antibiotic

resistance in bacteria in the environment (Tuaa.e€2005). As such, the environmental
risk of drug and chemical use remains high.

3.5.2 Treatment and reuse of effluent

In addition to more efficient use and managememgidts farmers also have a range of
water treatment and reuse options available. Giynetfzese offsite reuse and recycling
options create economic benefits as less energyomsumed for producing new
products from recycled materials, thereby sparihg environment from further
degradation as less virgin material is used (EP86).9If there are no possibilities of
waste minimization nor recycling and reuse, wastatinent of waste streams is the
approach of last resort (Table 3.8).
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Table 3.8 Treatment and reuse of effluent streams

Options

Description
applied

Subsystem to be Problems reduced

Remarks

Treatment and
reuse of
sediment

Treatment and
reuse of
wastewater

Wastewater and
sediment
discharge

WP

Make compost, or Sludge discharge  +
soil conditioner
from sediment

Use Mangrove Wastewater +++
forest wetland or discharge

Constructed

wetland

Optimal design and plan for the shrimp-
farming area to ensure that wastewater
do not return directly to the surface
water or overflow to other system

CS

+++

DS

+++

More research is
needed on the
practical and
species of plant

Research on
feasible plant in the
constructed wetland
in the soil and
saline condition of
Vietham

L WP: Water Pollution; S: Contaminated Sediment; DiSease Spread;

+ indicates a moderate improvement, ++ a consideiaiprovement, +++ a large improvement

3.5.2.1 Sediment treatment and reuse

The treatment and reuse of the sedintbrdugh compostingemains limited in shrimp
farming in Viethnam. Such approaches have been peapby Xia (2004) in China and
Paez-Osuna (2003) in the Gulf of California. Cutiygnbioremediation or bacterial
augmentation has received increasing attentionusecé appears an environmental
friendly approach to minimize environmental degtea Bioremediation products are
known as probioticsSome studies indicated that the application of jotads to pond
sediments could accelerate decomposition of uretd@sirorganics and other waste
products (Wang and Han 2007; Nimrat et al. 2008)ietnam, the use of probiotics is
not officially recommended. However, to ensure rth@ioper use it is necessary to
develop publically accessible guidelines to farmers suitable probiotics, thereby
increasing their efficiency and reducing pollutidn.Vietnam, the Centre of Applied
Science and Technology in Binh Dinh province hagaeched the possibility of using
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shrimp pond sediment for composting (Mai 2006).iTktudy found that the sediment
contained less nutrients than other compost and Imégh salinity content as also noted
by Boyd et al (1994). In the trial they mixed incoaut husk and other additives to
increase the nutrient content and reduce the salithe compost residues from the
Binh Dinh trial have been tested in onion cultigatand have shown promising results,
doubling the production compared to normal culiat The study is continuing with
different composition for different products.

The N and P content of sediment found in Can Gae &ection 4.2) is relatively similar
to other parts of the country (Long and Toan 200Bjcluding Binh Dinh. Sediment
reuse therefore appears to be a viable optionntensive shrimp farming. However,
further research is needed to determine if therensugh economic incentive for
farmers to engage in sediment composting. In exhditnore information is needed on
the practical and long term aspects of treatmeult r@use of sludge including the
possibilities for on farm production and trade.

3.5.2.2 Constructed wetlands

Because the low concentration of pollutants foundGan Gio intensive farming
systems one of the most suitable, low-cost waseweatatment technologies may be
the use of wetland sedimentation. Constructed weslaepresent a natural treatment
system based on biological symbiosis between mbgtep and microorganisms
(bacteria, fungi, algae), and their interactionghwhe soil (Schulz 2003). Schulz et al.
(2003) show that subsurface horizontal-flow cordd wetlands, consisting of a
coarse sand bed with emergent macrophytes, cansbd for the treatment of
aquaculture effluent flow-through systems by apmiyhydraulic retention times of 1.5,
2.5 and 7.5 hrs. Treatment efficiencies of TSS @@D were in the range of 96-97%
and 64-74%, respectively and appeared independéydeoaulic load. Removal rates of
total nitrogen (TN) and total phosphorus (TP) wé&® — 42% and 49 - 69%
respectively, showing lower efficiencies at decresggesidence times. The filtering
characteristics of the sand bed at high TSS loadites (9 - 73 g TSShfd) were
expected, but were not observed during the six hsoot testing.

Such methods have been identified in various famthe Best Management Practices
and Good Aquaculture Practices (GAP) of the VietesenGovernment (NACA 2008),
and also in international standards, including @IGbA.P., the Aquaculture
Certification Council Best Aquaculture Practice nstards and the ongoing WWF
Shrimp Aquaculture Dialogue standards (ACC 2007; W2008b; GlobalGAP 2009).
Compared to conventional treatment methods, wedlatehd to be simple and
inexpensive (where a sufficient supply of filterdoenaterial is available). The
disadvantage of this technology is the need ofgelarea of land at low loading rates.
Indeed, farmers have had difficulty building thesetlands, or even more simple
sedimentation ponds, because of a lack of avail&id (Gowing et al. 2006). If
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hydraulic retention times are in the order of 6 k8, as applied by Schulz et al. (2003),
the land requirement would be relatively modest.

In some cases natural or rehabilitated Mangrovestocan be considered as bio-filters
for the pond effluents in place of constructing leved areas (Fitzgerald 2002;

Primavera 2006; Vaiphasa et al. 2007). Howevemhiwithese systems farm density is
important so as to not exceed the capacity of therenment to assimilate waste as
ponds are flushed during low tide, and therefoeeless suitable for intensive farming
systems. The main indirect impacts from shrimp fagnon mangroves could be

changes in the hydrological pattern, as well ashgalinity and eutrophication (Paez-
Osuna et al. 2003). In order for optimal functianof mangroves to remove nutrients it
has been estimated that 2-3 ha of forest is neéatedne hectare of semi-intensive
shrimp ponds (Robertson and Phillips 1995).

Can Gio provides a very suitable site for bio-ditton given the large area of
rehabilitated mangrove forest. However, it is nosgble to discharge to Mangrove
areas for bio-filtration, because of the Man an@ tBiosphere designation the
Vietnamese government is unlikely to approve theliegtion of such techniques.
Shrimp production areas in other provinces, sucKias Giang and Ca Mau, may be
more suitable given their large area mangrove andency towards more intensive
shrimp production. The potential for provinces wéhigh degree of deforestation to
develop bio-filtration technology will depend onethextent to which mangrove
reforestation, as seen in Can Gio, can be implezdent

3.6Conclusions

This paper has assessed the environmental impaatterisive black tiger shrimp
farming and discussed relevant cleaner productchriques for Vietham. We show
that in an assessment of the environmental imdastiranp farming, the following five
activities need to be considered: pond treatmeaitef water treatment, feeding, water
exchange and pond emptying. Within these activiges practices can be identified as
important sources of pollutants: chemical and medicuse, fertilizer use, water
resource use, pellet feed use, wastewater disclangjesediment discharge. The most
important environmental problems caused by shriamming are associated with water
pollution, contaminated sediments and the spreadliséases. Based on this we
identified fourteen different indicators that cae bsed to assess the environmental
pressure (Table 3).

The pollutant loading from wastewater to produce ton of shrimp are 259 kg BOD,
769 kg COD, 1170 kg TSS, 30 kg N, 3.7 kg P andkg.8-NHs. The results indicate
that the levels of BOE) COD and TSS increased within the culture perodall as the

age of ponds. The concentration of pollutants irstexater varies greatly among
shrimp ponds. Given the variation in our resultsr¢hare probably many individual
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ponds where the water quality standards are exdelegl@ large degree. On the other
hand, not all intensive shrimp farming is causinginmental problems. Intensive and
semi-intensive shrimp farming in Can Gio accountdbout 17% of the total shrimp

farming area. The remainder include improved extenarming (55%) and extensive

farming under rice shrimp farming (28%) (Can Gim&amic Division 2007), that are

not considered a major source of pollution.

Two groups of technical options are identified feducing the environmental pressure
of water pollution, contaminated sediment and disespread from individual shrimp
farming pond in Vietham. Based on the scale andmi@t of intensive shrimp farming
in Vietham the most viable options for waste redurcinclude more efficient feed use
and ozone aeration. For the reduction of feeslimportant that adequate and sufficient
information is available to farmers and that theegament can efficiently regulate the
quality and composition of feeds. Aeration is nagsda particularly suitable technology
given the low level of expense needed to implentantexisting intensive systems.

Options for waste treatment through sediment reusk the construction of artificial
wetlands are both viable options in Vietnam. Sedimeuse in agriculture may prove
successful if the economics of its production canjbstified to farmers. Wetland
construction, although practiced on some farms.aresndifficult to implement due to
the lack of land available to farmers. Coordinatechmunal lands, or the rehabilitation
of mangrove areas for this purpose, as partly se€@an Gio, may prove a more viable
low(er) cost option. Future research should asHesdeasibility of these options, as
well as the network of material flows creating vedlsy product exchanges and the role
of actors involved in their implementation to arzaythe political/institutional
feasibility of existing and potential options toduee the environmental problems in
aquaculture.
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Chapter 4 Towards eco-agro industrial clusters inaquatic
production: the case of shrimp processing industry
in Vietnam?®

ABSTRACT

The concept of industrial ecology has been apphiddis research to study possibilities
to develop an eco industrial cluster model for dighproduction industry in Vietnam.

By learning from experiments of other developedntoes, we apply the principles of
Industrial Ecology and of Ecological Modernization the context of Vietnam. We

design a physical-technological conceptual model fonimizing waste in agro-

industries, with a case study of frozen shrimp pobidn. The results indicate that it is
possible and feasible to develop an eco industhister including aquaculture, fishery
processing companies, by-product plants, and waséewreatment units. By doing so,
aquaculture and industry can cooperate for envieorially sound development. Actors
and institutions that may govern the proposed ewdustrial cluster of shrimp

processing industry are also analyzed in this paper

Key words: eco-industrial cluster, eco-industriarly industrial ecology, shrimp,
aquaculture, shrimp processing

4.1 Introduction

Vietnam is an important producer or seafood worttbyiToday the country is among
the world’s top 10 seafood exporters (FAO 2009alf lof the seafood produced in
Vietnam comes from aquaculture (Nichols 2008). @®2 aquaculture produced 2.1
million ton of aquatic products, evenly divided ween freshwater and brackish/marine
aquaculture (Dung 2008). The Mekong delta covef$ dPthe total area of the country
and accounts for 70% of the country aquaculturedyeton (Don 2008). The
aquaculture sector expanded enormously the lasyéans. Advantages are the growing
need for labor force, famine elimination and poyelleviation. The rapid growth of
fishery industry in Vietnam is putting stress ortunal resources and the environment.
Water pollution, degradation of land resourced, ssmision, over exploitation of natural
resources and threats to the ecosystem are amermipaiienges (Loc et al. 2007; Nhan
et al. 2008; Bosma et al. 2009; Anh et al. 2010hag fishery is completely dependent
on the Mekong River as the protection of the MekBiger is immensely important in
sustaining both the environment and economy.

® This chapter contains an article submitted as PfiAmAnh, Tran Thi My Dieu, Arthur P. J. Mol,
Carolien Kroeze, ,Simon R. Bush , Towards eco-agdoistrial clusters in fish production: the case of
shrimp processing industry in Vietnam, to Jourrfalleaner Production
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Fishery processing factories produce waste streamsliverse composition and
concentration. Frequently, operations are run seasonal basis, and with simultaneous
production lines for different raw materials. Thaimenvironmental concerns related to
these industries could be described as (1) theotit&rge amounts of fresh water for
processing, such as for washing raw material amdiymts, cleaning of machines,
containers or flushing the working floor, de-icinthawing and salt soaking; (2) the
production of large amounts of wastewater, sinte¢hal water used is discharged; (3)
solid waste production from fish and shellfish @tiems, consisting of flesh, shell,
bone, cartilage and viscera; (4) consumption ofggnéor machineries, freezing, cold
storage, heating, drying, and water pumping, whadmtributes to increased air
pollution and climate change; and (5) odor andhestst damage. Odor problems are
commonplace due to spoiling debris and offal, angroper disposal of solid waste.
Discharge of wastewater containing high levelsabfls, spoiled offal, oils and fat from
the fish can spoil the natural beauty of surrougdeaches and cause the pollution for
fresh and marine water bodies. Islam and colleagiséan MS et al. 2004) identified
effluents from fish and shrimp processing industas a potential source of coastal and
marine pollution.

Industrial ecology

The integration of various environmental protectagproaches in an industrial system
has been studied and incidentally implemented utfdemnotion of industrial ecology.

The idea of industrial ecology has been describedifferent ways in the literature by

for instance (Ehrenfeld 1997), (Boons and Baas 1 9@&irishnamohan and Herat

2000), and Dieu (2003). But all emphasise the idefaseduce, reuse, and recycle
material and energy to design sustainable indlisyistems. Industrial ecology, as a
broad framework for thinking and acting in the nealf sustainability, is based on the
metaphor of ecological systems in looking at indaktsystems, and improving the

design of individual firms and larger, complex isthial systems (industrial parks,

clusters, networks, chains) (Ferrdo 2007). Indalsgtology combines and integrates
notions of cleaner production, waste prevention @namization, reuse and recycling,

life cycle analyses, and the like. With respecfaod processing in Vietnam ideas of
industrial ecology have been methodologically openalized by Dieu (2006). Mol and

Dieu (2006) applied the idea of industrial ecolagythe Vietnamese tapioca industry
and designed a physical-technological model anetwork model to minimize waste in

this food industrial system.

Designing an integrated model of pollution prevemtfor industrial systems usually
starts with analyzing the material and energy flawsuch industrial systems (Dieu
2003). These flows can cause emissions, waste dmalustion of natural resources.
Subsequently, various physical-technological andnagament possibilities are
identified for reducing these emissions, waste @autiral resource use in an industrial
system. The identification and design of measunesaptions of prevention, (external)
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recovery, recycling and reuse leans heavily onnge@roduction methodologies. The
remaining waste often needs proper treatment befisaharging into the environment,
usually through end-of-pipe treatment technologiesgether, these steps lead us to a
physical-technological model for low-waste indwstrisystems. Such physical-
technological models need to be combined with aayars of actors and institutions
that do and can govern existing industrial systéms eco-industrial systems. Hence,
the last step involves an analysis of the socidliastitutional environment in which the
industrial system is embedded, in order to as$esfensibility and potential strategy of
moving such an ideal-typical industrial ecology mlbdnto reality. Ecological
modernization theory has proved to be a valualagisyg point for such institutional
analyses (Koppen and Mol 2002; Mol and Dieu 2006| &t al. 2009) .

In Vietham, shrimp is farmed in the brackish watdong the coastal areas in the
Mekong delta, and mostly in Ca Mau, Bac Lieu, Soan@, Ben Tre, Tra Vinh, and
Kien Giang provinces (MARD 2009a). The activitigsfish and shrimp farming and
processing can cause problems to the environmesttlg or via related activities to
support the production chain (Islam MS et al. 20@dh et al. 2010a). In the Mekong
delta, we can find the whole production chain ofi@mlture production (Loc 2006;
Khoi 2007). The fishery sector has a relativelymsty supply chain in which various
industries are closely linked. The supply chaintstaith shrimp farms and continues
up to the frozen shrimp processing industry withiougs other allied production
facilities and services connected. These varioukistries in the supply chain are
clustered geographically together in the Mekongadeind thus form an agro-industrial
cluster. a network of supply chain industries inogmphical proximity and with
material exchange. This paper will analyze thissty illustrate how such an agro-
industrial cluster can be designed in more sudtéénterms using ideas of industrial
ecology, and identify the actors and institutionattmay help to realize such an eco-
agro-industrial cluster of frozen shrimp productiorhe future.

Hence the purpose of this study is apply the ideaco-agro-industrial clustering for
reducing pollution, protecting natural resourced anproving the competitiveness of
the shrimp production and processing sector irMbkong delta, Vietham.

In the Mekong delta shrimp production system, gactessing industry has its own
material supply sources. This supply of shrimpggaverned by contracts between
processor, brokers and many farmers. Each procesaoces material supply from
many farmers, which can be located in differentvprees, though usually within the
Mekong delta area. As transportation might be aciatuissue in eco-industrial
clustering, we selected Soc Trang province as tase cfor ecologizing shrimp
production. Soc Trang is one of the provinces iatiam with the highest production of
shrimp in terms of both farming and industrial pesing. In 2008 it had a production
capacity of 52 ktons fresh shrimp by farming almé8t thousand hectares (MARD
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2009a). And Soc Trang processes around 34 ktofioén shrimp per year (DARD
Soc Trang, 2008).

The paper will be structured as follows. Sectiodeals with the shrimp production

chain and presents a material balance of frozemplprocessing. Section 3 focuses on
options in constructing an eco—agro-industrial teugor shrimp processing industry.

Section 4 focuses on designing an eco-agro-in@lisitster for frozen shrimp industry

in Soc Trang province. Section 5 analyzes the gmrere of the eco-agro-industrial

cluster for shrimp production, focusing on actorsl anstitutions. The last section

presents the conclusions.

4.2 Shrimp production chain and material balances of fozen shrimp processing

4.2.1 Shrimp production network

The shrimp production network starts with the skrihatcheries. From the hatcheries
the shrimp larvae are transferred to the shrimpvgyat farms, where after 90 to 120
days shrimps are harvested. A broker or middlenwdlieats shrimps from around 100
to 200 farms in the area, depending on the quaatitiie collected shrimps. The broker
delivers the collected shrimp to one processingpaom. The shrimps are often frozen
for 1 to 2 days before bringing them to the processndustry. Soc Trang has 9 fish
processing industries with in total 13 shrimp pssteg factories. Current locations of
the shrimp processing industries in Soc Trang pie®/iare shown in Figure 4.1. The
most common export products of shrimps are frozemmp, for which shrimps are
processed into Individual Quick Frozen (IQF) shrim@/e may distinguish four phases
in the frozen processing: (I) pre-treatment; (IB-lieading; (III) trimming and (1V)
freezing, packing and storage (Figure 2). We mdgrr® these phases as processing
sub-systems. Two other sub-systems need to be onedti (V) ice production for
chilling shrimps during processing; and (VI) cleamiin all steps during and after the
processing.
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Figure 4.1 Current location of the shrimp processig industries in Soc Trang province
(source: Soc Trang (DARD 2008) and this study)
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Figure 4.2 Schematic overview of frozen shrimp pragssing as typically applied in
Vietnam

Figure 4.2 shows the typical method for processidividual Quick Frozen shrimp.
The pre-treatment of shrimp involves three stepy.Shrimps are received in plastic
bags in frozen form. If processing does not stadctly, the shrimps are stored in the
freezing room. (2) The shrimp is thawed by waternid00 litter container, where the
water level is half of this volume. Next (3) shringppwashed in another container to
release the impurities, and shrimp is weighed leefming to the de-heading phase. This
second phase includes 2 steps: (4) the shrimp-lsedded and put in a basket, with
about 5 kg/basket. (5) This semi-product undergoesiality check and has a second
wash in water, for 3 times. The next trimming phasdudes 2 steps: (6) shrimps are
dipped in a solution with additives and ice, anddgd to have better form. And (7)
shrimps are weighed and have a third wash. Atdkeghase, (8) shrimps undergo the
IQF freezing and re-icing and (9) the frozen shripnpduct is packed in plastic bags of
450g, put in a carton box and placed in a stormanr at -18C to -20C, ready for
transport. All water for washing contains ice ts@m® the temperature of water is low
(often < PC) to maintain the shrimp quality during processith@lso contains chlorine
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for hygienic purposes. All production conditionsvlato follow required sector

standards on fishery processing establishments€EfAbased quality management
program and basic hygiene and food safety conditidOFI 1998a; MOFI 1998b)..

The final product can be exported or consumed m ltcal/national market. By-

products like shrimp heads can be used in as arfaed, while shrimp shells can be
processed to chitosan (a polysaccharide used iouétgre, food industry and water

treatment, among others). Other wastes from thenphprocessing industry, including

inorganic solid waste and wastewater, have to batdd according to Viethamese
regulations.

Among the considered sectors in the shrimp prodnatietwork, shrimp farming and

shrimp processing are located in Soc Trang prowviué the others such as hatcheries,
animal feed processors and chitosan processing @ané located in other areas or
provinces. Shrimp farmers are mostly small scabel, larokers have to collect shrimp
from many farms in different areas and provincdg @xisting links among these actors
are quite weak. Better technologies, policies aoitracts are required for improved
interaction.

4.2.2 Material balance of processing one ton of raw shrim

We take an environmental systems analysis apprbad as Anh et al (2010cb) did
for pangasius processing. The key method we usedberial balances is material flow
analysis (Fujie and Goto 2000b). Material flow lgss studies how materials and
energy flow into, through, and out of a system. cHmally, material flow analysis

refers to accounts per physical units such as toresalting from the extraction,
production, transformation, consumption, recycliagd disposal of materials within a
system. (Bringezu et al. 1995) (Kandelaars 199@puman et al. 2000), (Cooper
2000) and (Brunner and Rechberger 2004a) providevews and analyses of material
flows.

The data needed for our analysis was obtained fitenature, site visits and in-depth
material balance studies for one frozen shrimp ggsing plant in Soc Trang province.
In this company, only frozen shrimp is produceds&hon observations, interviews,
measurements and internal documents, we accourgaedguts and outputs of materials
for the processing of one ton of raw material (wp). The most important inputs
include raw shrimp, water, salt, chlorine, and ggeelectricity and fuel). The most

important outputs include frozen shrimp productd aon-products (wastewater, solid
waste and by-products). The material balance welyfrased on repeated visits during
a three month study period in the year 2008 atptaat in Soc Trang province. The
information has been checked with the officershaf tactory through monthly bills of

water use and electricity use. In addition, wastewé&om shrimp processing were
sampled and collected from the Environmental depamt of Soc Trang province of six
different shrimp processing plants. These sampkre wnalysed following the standard
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methods of water sampling and analyzing (APHA 20&5)the following parameters:
TSS, COD, BOIy, total nitrogen and total phosphorus.

4.2.2.1Inputs and outputs
Inputs
Raw material: The used raw material was standardized at 1000 &gronp

Freshwater: The volume of water used was calculated from timeey data for different
steps in the process. The inventory includes varittivities, such as the amount of
water used in each washing basin and water fonitiga The average water use for
processing one ton of raw shrimp is 14 m

Energy: Electricity is used in most steps of the frozenirsp production to operate
machinery, for lighting, air compressing and cdiorage facilities. Electricity use only
includes electricity used during the productiongass. It excluded electricity used in
wastewater treatment plant or other electricitydusethe industry that is not directly
related to the production process. Total elecyriagge for processing one ton of shrimp
is 556 kWh.

Others: The processing of one ton of shrimp also usekd.df Chlorine and 6 kg of
salt

Outputs
Product: Processing one ton of shrimp results in 595 kiyazfen de-headed shrimp

Wastewater: The volume of wastewater is about 14.8due to the water contained in
the product and water loss. The wastewater chaistate are described in Table 1

Organic waste: The generated solid waste during processing caensisinly of head
and cover of the shrimp. The collected solid wastabout 339 kg per ton processed
shrimp.

Inorganic solid waste: Inorganic solid waste includes damaged plasticcantbn boxes.
The collected non-organic solid waste is aboutd filkring the processing of one ton of
shrimp.

Others: the residual heat is discharged to the environment
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4.2.2.2Solid material balance

This balance considers the flow of all solid matksrithrough the production process
including raw materials, products, by-products aadtes. The calculated solid material
balance for producing one ton of shrimp is describeFigure 4.3.

Shrimp
1000 kg

A

Product: 595 kg

> Shrimp head: 204 kg

> Shrimp shell: 135 kg

—> In water: 66 kg

Figure 4.3 Material balances for processing one toof shrimp.

4.2.2.3Water balance

The volume of water use and wastewater are caémiliom the survey data for

different phases in the process. The inventoryuohes various activities, such as the
amount of water and ice used in each washing lzairfor cleaning. The average water
use for producing one ton of shrimp is 15, rimcluding ice production. The water

balance is described in Figure 4.4.
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Figure 4.4 Water balance for the processing of onten of shrimp material

Water consumption varies considerably from one gssing phase to another. As
required, ice is needed at some steps to keep dlsb water and treatment water at a
low temperature, in order to prevent the degradatibthe processed shrimp. During

the production process, there are three phasesctimsume the largest amounts of
water, namely pre-treatment, washing semi-produdiising the processing, and

cleaning.

The wastewater characteristics of six shrimp preiogs plants in Soc Trang are
presented in Table 4.1

Comparing the measured emissions with the Vietnam&andard for industrial
wastewater discharge into surface water (not besed as water supply source), all
parameters in the shrimp processing wastewater varg high and exceed the
Vietnamese standard. Our values exceed the natstaatiard two (total nitrogen) to
more than ten times (COD, BOD, total phosphorubk)s Wastewater has a high organic
matter content (due to the presence of proteirpeded solids and fat), and can easily
cause oxygen depletion and eutrophication in réegiwater bodies if it is not properly
treated before discharge.
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Table 4.1 The wastewater characteristic selected simp processing plants in Soc Trang

(this study)
Wastewater samples in 6 shrimp
processing plants Average QCVN O
_ _ (min — max)

Indicators  Unit 1 2 3 4 5

980
BODs mg/l 950 720 1100 1020 1000 1100(720 — 1100) 50
CoD mgl 1640 1200 1490 1450 2300 1499, 88?253 00) 100
TSS mgl 872 800 122 142 600 122 23‘1387 p 100
Total 63
Nitrogen mg/l 74 56 65 45 77 (45 - 77) 30
Total 35
phosphorus MY 71 43 18 20 %5 g7y @ ©

Note: (*) QCVN 24: 2009 type B, The National TeataliRegulation of Vietham on industrial
wastewater (type B: not for discharging to watgopdy source) for the discharge flow of 50-
200 m/second,; this regulation is valid from January 2010

4.2.2.4Energy balance

As described above, electricity is used in mospsstef shrimp processing. The
electricity use was calculated during the producpoocess according to the capacity of
the equipment, machines, and lights. The total ggneise for processing one ton of
shrimp is about 556 kwihe residual heat is discharged to the environnmémgre is
no energy generated during the current productiongss.

4.2.3 Material balance of frozen shrimp processing industes in Soc Trang
province

As mentioned above, around 50,000 tons of shringrasessed in Soc Trang province
per year. According to our in-depth study on theéeamal balance of shrimp processing,
these factories should use about 750,0000fnfresh water/year and create around
730,000 m of wastewater which contains BOD, COD, TSS, TN ad Also some
16,950 tons of solid by-products are produced,utticlg shrimp head and shell. The
material and energy balance for whole shrimp prsiogsin Soc Trang can thus be
derived and is described in Figure 4.5.
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50,000 ton/year kwhiyear of energy 750,000 nilyear

of shrimp of fresh water

Shrimp processing 29,750 tonsyear of
industries in Soc Trang |::> frozen shrimp
products (Net)
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Chitosan processing Animal feed processing Wastewater treatment plant

Figure 4.5 Material balance for shrimp processingn Soc Trang province

(Notes:Based on the literature and data collected fromcsed! industrial plants (Fig. 4.3 and
Fig. 4.4), around 20,000 nwater in product and lost and 3,300 kg of shrimgtarial in
wastewater)

The raw material inputs consist of shrimp, freshewvand energy. Shrimp is purchased
mainly from shrimp farming in Soc Trang provincehel water supply for shrimp
processing comes from underground water sourceld &on-products consists of
shrimp head and shell and are sold to other emgempfor livestock feed production or
Chitosan production in other provinces. The wastewaas to be treated. By the
Vietnamese environmental law companies are notvallioto discharge wastewater with
this quality into the environment.

Considering the role of various industries in themap production network as analyzed
above, the shrimp processing industries are prapasethe key industries in an eco-
agro industrial cluster of frozen shrimp productidimese industries interact with up-
and downstream industries and sectors and fornu@s & core agro-industrial network
of material exchange. Hence, the next section aealthis industrial network/cluster in
identifying options for improving the environmengarformance of this cluster.
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4.3 Options in constructing an eco-agro-industrial cluger for shrimp processing
industry

The combined technologies for reduction, reuse,rangcling of non-products and for

waste treatment are important to transform an agtostrial cluster into an eco-agro-

industrial cluster. The possible options are: (it prevention and minimization of

the generation of non-products; (2) offsite reaygliand reuse; and (3) waste and
wastewater treatment (Dieu 2006; Nhat 2007).

4.3.1 Onsite prevention and minimization of non-product gneration

The data presented in section 2.2 are used as ligeidend inspiration to select
appropriate possibilities for prevention and miraation of the generation of non-
products (including waste and by-products) withimdividual shrimp processing
industries. Shrimp processing consumes large diemtof water and energy, and
discharges significant quantities of organic mateboth as wastewater and as solid
waste. However, there is relatively little use akzardous substances and most of solid
waste is organic material from the shrimp, which t& recycled for animal feed or
other products. This study focuses on reducing m@addution, solid by-products and
electricity use by different cleaner production s@as.

In general in shrimp and fish processing indugirgyvention and minimization of waste
generation is often considered as a cleaner primtuteichnology and there exist several
guidelines especially for these processing indestrvorldwide (Caravan 1991;
Jesperson et al. 2000; Casani et al. 2006). Inn¥met successful cleaner production
demonstration projects in fishery from the CleaReyduction Center (VNCPC) should
have convinced processors that it is not diffitcalimprove their production efficiency
in terms of technical feasibility and costs. Nekeless, cleaner production has not been
widely accepted and implemented yet in Vietnamdssh (processing) industries,
despite substantial promotion by the governmeragdeamic institutions and consultancy
firms (Mitchell 2006).

Water pollution can be diminished by reducing watensumption, reducing pollutant
loadings of shrimp processing effluent, and by alisty end-of-pipe treatment for
wastewater. For reducing water consumption andutaoit load in shrimp processing
effluent, industries are encouraged to apply cleapeduction technology by
governmental agencies or consultant firms. There several types of cleaner
production opportunities: good housekeeping, prceptimization, raw material
substitution, new technology and new product de@igdDP 1994). Thrane et al (2009)
have shown that in reducing water consumption, najsthe easy improvements
obtained in the beginning are the result of befti@usekeeping practices and mainly
relate to more efficient cleaning procedures. Fmtance, to install a high pressure
washer requires an investment of about 1000 USDlewthe savings can be about
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1,900 USD per year (Dan et al. 2003). Large waser neductions can be obtained by
making cleaning staff aware of water consumption @poilage, for example by
encouraging them to register their water consumpgéiach day. This only requires an
investment of a few water meters, and paper andilgen recording.

Other opportunities for reducing the pollutant loafdshrimp processing wastewater
focuses on avoiding the loss of raw materials aywprbducts to the effluent stream.

This can be obtained in several ways such as Imgugod practices in de-heading and
trimming, including the use of sharpened knivegyvpnting small fragments of shrimp

being added to wastewater flows and collecting &vasta dry state by using dry

cleaning methods. Improvement of housekeepingnopdition of existing processes

and use of more energy-efficient equipment and hedvery systems can reduce the
energy use in fish processing.

4.3.2 Off site reuse and recycling of non-products

For non-products that are unavoidable, includingngh shell, shrimp head, packaging
material and wastewater, possible solutions togedund eliminate their impacts on the
environment are reuse and recycling in other slatarocesses. This section
emphasizes on analyzing the possibilities for t#fstuse and recycling of non-products
and the creation of a material flow network. In eleping and constructing a material
flow network, one should keep in mind that “an istlial ecosystem is a dynamic
entity; the market conditions will change in comiypgars, causing them to introduce
new products, and cease the production of othesw: idaterial will be introduced; old
familiar ones will be disappeared. Companies wline and go too. So this challenges
of “niche filling” and of recruiting firms with paicular product and/or by products will
never end” (Lowe 1997).

All generated shrimp shells, shrimp heads and emargsolid waste are collected right
after each production batch, stored and broughédgcling processors. Some manual
labor is needed, which is always available in evarierprise. From an environmental
aspect, these by-products do not cause any sgriobtem, except for smell due to the
processing of shrimp and these non-products. Cilyréhe shrimp shell can be used to
produce Chitin and Chitosan. Chitin and Chitosameha wide range of applications,

among which in environmental and biomedical engingeand the pharmaceutical

industry (Ravi Kumar 2000). Shrimp head can be usetthe animal feed production

industry. Together with other material as wheaybsan, bran, spinach, Vitamin, fish
powder, the animal feed will be processed. Otherganic materials such as packing
material is often sold to collectors who transpbtb material recycling industries off

site (such as plastic factories and paper facfories
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4.3.3 Waste treatment

After applying cleaner technologies to reduce thaew consumption and wastewater
generation, and maximizing recycling and reusearf-products, a problem remains in
shrimp processing industry with wastewater. Thisstewater needs to be treated.
Several techniques for treating wastewater fronfosel processing industries have
been studied, analyzed and mentioned by for instatite European Commission
(2006), Hung (2004) and Sridang et al (2006). Weater treatment methods can be
based on physical, chemical and/or biological psees. Biological processes are
usually used — in conjunction with physical androleal processes — when the main
objective is reduction of the organic and nutrieoitent of wastewater (United Nations
2003). Anaerobic treatment techniques have beetiedpguccessfully in seafood
processing wastewater, obtaining high COD removticiencies (75-80%) at
volumetric loading rates of 3-4 kg CODimiay (Balslev-Olesen and Lyngaard 1990;
Mendez 1992). Hung (2004) concluded that 60-70%hef biogas produced by a
balanced and well functioning anaerobic system istgef methane, with the rest being
mostly carbon dioxide and minor amounts of nitroged hydrogen. This biogas is an
ideal fuel for producing low cost electricity antbpiding steam for use in the stirring
and heating of disinfection tanks. The greenhowsengethane can be effectively used,
rendering great potential for Cleaner DevelopmertiMnism (CDM) initiatives under
the Kyoto protocol. Based on the average COD inléfdband calculations following
Show and Lee (2008), we can estimate the amountettiane generation from all 13
shrimp processing industries (with 50,000 tonesyghlyear) to be about 110 ton/y.

Casani et al (2006) evaluated the microbiologiedety issues associated with water
recycling during the production of shrimp (Pandslloorealis) in brine, and they
indicated how the hazards may be effectively cdieiousing a HACCP Approach
(Hazard Analysis and Critical Control Points). Following these procedures, process
water recovered from peeling during shrimp processind treated by means of reverse
osmosis could be recycled within the same food ejmétrations.

The characteristics and amount of waste, and tipgreament of pollution reduction are

keys in seeking the proper waste-water treatmesfintdogies. Experiences from the

existing waste treatment systems in Vietnam shbeldaken as points of departure, as
they are practical evidences of failure or sucadszpplied techniques in that specific

geographical, socio-economic and climate settirmchEshrimp processing plant and
main recycler, such as Chitosan processing industgnimal feed processing industry,

have to establish a wastewater treatment system.ahtount and load of wastewater
from the shrimp processing industry that needsettréated depends very much on the
successes in installing any of the other options.
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4.4 Designing a frozen shrimp eco-agro-industrial clugr in Soc Trang province

There are three basic objectives in designing suckco-agro industrial cluster (Yang
and Lay 2004): first, consumption of energy, seasource use and generation of waste
should be minimized; second, the use of industsaste and discarded products as
input for industrial process (reuse and recycligigpuld be maximized; and third, the
cluster should be diverse and resilient from unetgubexternal 'shocks'.

In our model, the shrimp processing companies it Bang are used as starting point
for model development. The existing shrimp hatchemyg shrimp grow-out farms in
Soc Trang which surround the processing companyeaaain at the current locations.
A feed production enterprise, a chitosan procespiagt, a composting plant, and a
wastewater treatment system all need to be new)yidcated in the eco-agro-industrial
cluster, processing around 50,000 ton of shrimpenadtin Soc Trang per year.

The cluster designed in Figure 4.6 is more enviremialy sound than current practice,

in several ways. First, it is more energy efficibetause of biogas production. Second,
less waste is produced, because part of the wasprocessed to animal feed and
chitosan. Third, it is less polluting because tleestewater is treated.

From the material flow balance of the proposed &p® industrial cluster presented in
Figure 4.6, it is obvious that the size of the ®igriprocessing capacity of the province
is decisive for the capacity of the other elemesftshe model. The most important
factor in establishing these recyclers is the abdity of consumers and market demand
for their products, and the outlook of profits t@pital investors.

If one of the fish processing industries is integdsin putting the proposed model to

work by investing in these new elements, the chamdfesuccess increase if the fish

processing industries have no ambition to own gmeraie other elements than frozen
shrimp processing, the fish industries should sgk&r owners, who want to participate

in this system as recyclers. In this case, tharghprocessing industry has to create the
relationship with recyclers.
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4.5The governance of eco-agro industrial cluster of shmp in Soc Trang provinve:
Actors and institutions

In order to put such a proposed eco-industrialtetu® work in shrimp production in

Soc Trang province, a network analysis of insttasi and interactions that govern
shrimp production has been carried out, using aafled triad-network analysis (Mol

1995). The triad-network model combines three ditallyperspectives and rationalities
(an economic, a political and a social-culturalfhaihree distinct actor-networks (an
economic, a policy and a societal network) (seeureig4.7). Each of the three
interdependent networks combines a specific amalytiperspective, distinctive
institutional arrangements and a restricted nunalb@énteracting (collective) actors that
are considered to be most important regardingpeegpective and rationale
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Figure 4.7 Networks embedding shrimp processing ingtry in Soc Trang province
(main relations for eco-industrial clusters in bihs)
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45.1 Economic network

Economic networks basically focus on economic atttons via economic rules and
resources between economic and market agents inasnchd shrimp production.

Economic network studies analyze the relationsbhgtsveen frozen shrimp producers
and other economic agents in the agro-industriadtel, the network structures in terms
of power and resource dependencies, and the econmmcesses of continuity and
transformation.

There are two parties involved in getting the gralinmps to the processing company:
intermediate traders or middlemen and collectorsldMmen collect different harvests
from the smaller farmers, while the collector bas supplies of intermediate traders,
and subsequently sells larger volumes to the psoogsindustries. The processing
industries process the shrimp into consumable mtsgdwand sells to local or export
markets (consumers). Besides, the value chain bas g number of suppliers (ice
producer, packaging material providers, energywsatkr providers), recyclers (animal
feed, paper and plastic, and chitosan plants) ahdr service companies such as
transporters, credit institutions, quality assueamnd certification organizations and
insurance companies.

With the existence of the large amounts of smadllesshrimp farmers and their
constraints in complying with increasingly stringeiood safety and sustainability
standards, the small farmers sometimes organizeasitlees into farmer groups or
cooperatives, through which small farmers receiuppsrt in farming techniques,
knowledge, and information, and they share prodacind certification costs

From an economic point of view a powerful partytie value chain is the party that
trades the raw material to the processing factdhe farmer needs to get rid of his
harvest and tends to accept a lower price if nacgsand the processing factory has
often no direct access to the raw material sontteo buy for a higher price. The

different between the two prices can be significBxitect contracts between farmers or
farming cooperatives and processors would not aiityw for better prices, but also

enables the eco-industrial cluster, as processars help farmers in investments,

production techniques and improved product qudliignce less waste). These direct
relationships between farmers and processors beatsueelevant with the increasing

role of (international) standards.

The processing industries often export their présltic other countries and mediators
act between the domestic and the international sidée value chain. These oversea
customers, such as restaurant and supermarketschaiceive shrimp products via
mediators and international traders, and they aallver the shrimp products further to
their outlets and to end consumers.
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Foreign customers prove to be an important poweabr in determining not only
prices, but also specifying production requiremelmtternational traders and mediators
articulate these requirements towards processots fammers, often codified in
standards and certification schemes. Many differgofality and sustainability
requirements and standards are currently beinglage® and implemented, having
consequences for both farmers and processing mekisThere are both national (Best
Management Practices, Good Aquaculture Practicesde€ of Conducts) and
international (e.g. Naturland, Shrimp Aquaculturaalbgue) standards that are
important for moving towards an eco-industrial tdusThese standards contain rules on
use of chemicals, antibiotics, wastewater and wistgment, and hygiene. Currently,
however, there are too many different standards aedification systems in
development, which makes the future uncertain aradear for processors, farmers and
also customers.

Enabling the establishment of industrial recycloc@gmpanies (animal feed, Chitosan,
sludge composting) might require further collaboratbetween shrimp processing
firms, for which an association of shrimp procegsiompanies would be instrumental.
While in developed countries and increasingly alsdChina credit institutions and
insurance companies play a role in greening in@girocessors, this is not the case in
contemporary Vietnam. Credit from the Agri-BankgtBank of Agriculture and Rural
Development) and other Viethamese banks have ncoanvental conditionality.

4.5.2 Policy network

Policy network studies analyze the interdependsnogtween authorities and industrial
actors, the ‘rules of the game’ which put theseicgohetworks to work, and the

resource dependencies (regarding power, knowlenhijesmation etc.) between the

various actors and agents dominant in these paigtyvorks. The relationship and
interactions between shrimp processing companidgta environmental management
agencies and authorities are the focal point ofyarga The current legislation related to
the environment, which may influence environmeimalovation of the company and

the proposed industrial ecosystem, is also analyzed

The Ministry of Natural Resource and EnvironmentQNRE) is the highest national

environmental agency in Vietnam, with decentralizB@ONRE branches at the

provincial level. Following the Law on Environmehfarotection these agencies are
responsible for improving the environmental perfante of industries via

Environmental Impact Assessment appraisal and tbengdgation of environmental

decrees, standards and programs.

Soc Trang DONRE is a crucial organization respdaditr policy-making, control and
enforcement of environmental management activitieshe industries in Soc Trang
province. Soc Trang DONRE participates in the deoisnaking about industrial
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locations, plays an important role in environmemtabact assessments of enterprises,
approves Environmental Standard Registrations asdes environmental licenses for
enterprises, and inspects of the environmentabpednces of enterprises. At present,
Soc Trang DONRE has to manage all existing indesstand industrial zones in Soc
Trang Province. With limited human resources amarices, it is not surprising that
(illegal) discharge of (untreated or improper tegitwastewater into the environment
still takes place, also with respect to fish preggs industries. In addition, applied
regulations are strongly based on environmentaidstals for water, wastewater, air,
and soil, while more modern environmental protectstrategies such as cleaner
production, industrial ecology and industrial deyghent master plans have hardly
been considered yet, let alone been implementedreTls no policy for advancing
recycling industries related to industrial prodanti Hence, these governmental
agencies currently play little role in advancing cdustrial cluster model around fish
industries, but could potentially become relevanthe future. In order to force fish
companies to pay more attention to production iefficy and environmental
performance, Soc Trang DONRE could request compatteinclude material and
energy information (including wastes) in companyvipnmental) reports. Such
information might motivate and convince processammpanies to conduct cleaner
production, waste exchange, reuse or anaerobitriesd in order to gradually improve
their environmental performance. This would alsargde the role of Soc Trang
DONRE, from a rather powerless inspecting and enigragency to a trustful source of
information and guidance on environmental proteciioprovement.

Government policies for fishery development areirdef in the Fisheries Law and a
considerable number of decrees, ordinances, dasismrculars and regulations. The
Ministry of Agriculture and Rural Development (MARB and its provincial and local
branches — is responsible for designing and imphtimg guidelines, regulations and
standards for sustainable production of aquacultBte the Fisheries Law and these
agencies have no responsibility for sustainablestrtal processing of fish, which falls
under the environmental ministry. But in accordamwa¢h the Fisheries Law and
Government policy, MARD—often together with foreigand domestic private
organizations—plays an important role in bringinternational principles and (product
and process) standards to the local farmers angegsors, and help them in preparing
to fulfill these standards and principles. The Biadl Fisheries Quality Assurance and
Veterinary Directorate (NAVIQUAVED) have respondity for quality certification of
fish products for export. As such NAVIQUAVED suppothe whole chain in terms of
checking, controlling as well as certifying foodesg, quality and sustainability for fish
products, ranging from inputs to breeding fishitasshed seafood products.

In some countries and sectors industrial associsiptay a role in private environmental
governance. Th¥ietnam Fishery AssociatiofVINAFIS) is a smallassociation and is
most related to the farmer3he Vietnam Association of Seafood Exporters and
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Processors (VASEP) is a much larger organizatiomchv promotes the interest of
processors and exporters. Both organizations trynfloence governmental policy-
making and regulations and spread information tonéss and processors on these
governmental requirements and regulations. VASEB plovides market information
and training for support aqua-product processord erporters regarding market
developments, international trade, quality requeeta and standards of international
traders and labeling and certification organizatioks such VASEP plays an important
role in spreading knowledge and information for stamct eco-agro industrial clusters
for shrimp farmers and processors, as far as shislated to existing public and private
requirements.

45.3 Societal network

Societal network analysis aims at identifying rielas between industrial processors and
civil society organizations and arrangements aasediwith what is usually called ‘the
life world’. The societal networks of the eco-inthied cluster in Soc Trang province
consist of resident communities (mainly farmerslaser media, Youth Union and
Women Association. In Soc Trang province, the sprpnocessing industries, shrimp
farmers and residents are located close to eachr,otut at the moment local
communities hardly play a role as informal regulst@Phuong and Mol, 2004) in
stimulating shrimp processing companies to redunes®ons. Neither do the Youth
Union and the Women Association show major intsraat more sustainable fish
processing in Soc Trang. At present, the main nmasdia in Soc Trang province
include television, radio, newspapers and inteaceess. These media do have special
programs on fish production which include environtaé issues. But their main focus
is on aquaculture farmers, and not on industr&i forocessing. In Soc Trang, raising
public awareness is missing with respect to theirenmental performance in fish
processing, environmental problems caused by indugirocessors, and options for
reuse and recycling of waste. The media has noortegh incidents of citizens
complaining on industrial pollution by fish procegs companies; hence models of
community-driven environmental regulation (Phuond #ol, 2004) are at the moment
not working for fish processing industries in Soang.

In the absence of strong civil society actors, asd® institutions and universities
sometimes seen as active advocates of environmiempabvements (see Mol, 2009).
Research at research centers and universities itlmaetr at the moment are in
highlighting the industrial emissions and potentiptions for reducing these emissions,
including ideas of industrial ecology, cleaner proiibn and industrial clustering (see
Dieu, 2003, 2006; Dan et al, 2003; Nhat, 2007).atidition, the Vietnam Cleaner
Production Centre disseminates ideas of cleanedugtmn to industries (and
authorities) via guidance manuals on cleaner pril@u@assessment and video tapes,
brochures and leaflets. Governmental pressureskeinaemand for sustainable fish
products or economic profits are needed to movenfisprocessing industries towards
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using these ideas of research centers. At the mpmp@tTessing companies do not have
sufficient experience in adding value to their prad through sustainable production
and attract their customers with sustainabilityndtads and not only via prizes.

Therefore, in their cooperation with processingustdes research institutions should
not restrict themselves to technical option bub dlxlude ideas of adding value to

products through sustainable processing designs hand companies can use and
communicate such newly acquired competitive adyggan a globalizing market.

Soc Trang environmental agencies, fishery ageraeksauthorities could collaborate
with the television and newspaper media to devedoprogram to introduce good

practices in reuse and recycling of waste, clegmaduction and environmental

performance in fish production. This demonstrates @ncourages fish producers how
to consider both production and environmental improent, and keeps them informed
about experiences and best practices in envirorahpridtection activities. Moreover, it

helps in legitimizing the growing fish sector towarthe wider public and other sectors,
now that natural resources in Soc Trang are gesttagcer and need to be shared.

4.6 Conclusions

This study illustrates how eco-agro-industrial tdugsig may lead to reducing pollution,
protecting natural resources and improving the aimpeness of the shrimp
production and processing sector in the Mekongad#®lietnam.

This study illustrated how ideas of industrial @y can be used to green fish
production industry in Vietnam through eco-indwstritlustering. The cluster that we
designed in Figure 5 is more energy efficient beeanf biogas production. Moreover,
less waste is produced, because part of the waspeocessed to animal feed and
chitosan. Finally, it is less polluting becausevalstewater treatment. We assume in our
design that all industrial enterprises participgtim the model implement cleaner
production measures to prevent and minimize themgion of non-products from their
production processes. The economic feasibilityhef ¢luster depends on the extent to
which the benefits of energy savings, and of anifieald and chitosan production
balance the investments needed. We argue thategigned eco-agro industrial cluster
for fish production in Vietham may be economicdtasible if the valuable (reusable)
materials generated from the production processesirmleed reused and recycled.
Moreover, the large agro-(food processing) indabtsector together with the large
proportion of the land used for agricultural protime opens favorable conditions for
eco-agro industrial cluster models and practicég@mnam.

Eco-agro industrial clustering may also be intengstor other major fish producing
provinces in the Mekong delta, such as Ben TreTaadVinh provinces. The material
balances from this study can be used for a rapdsasnent of the feasibility to apply
this model for industrial shrimp production in othglaces in Vietham. The future
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implementation of an eco-industrial cluster foristr production should not rely too
much on the role of environmental authorities, gitieeir priorities and limitations in
resources. Although without 'support’ from envir@mtal authorities a treatment system
is not very likely to be established at the clustiefish processors, a joint proactive
(financial) request might make the best chanceniplement an energy generating
treatment system (either at Viethamese authoriteesvia foreign assistance).
Environmental authorities will not be very relevamttriggering the other elements of
our eco-industrial cluster. Overall, establishingttier cooperation between processing
industries — perhaps also via VASEP — seems tardm@iping in implementing further
reuse and recycling, and establishing the necestamnyents for our designed eco-agro-
industrial cluster (the composting plant, Chitogalant, animal feed company). In
addition, emerging export market demands for snabde products might also trigger
Vietnamese fish producers into such collaboratitrectures and (elements of) the
designed eco-industrial clustering. Most likely tthvaill go together with necessary
changes in shrimp farming. Hence, our eco-industiiaster model will have to be
coupled with a supply chain model, in which shrifapners are included.

Summarizing, we analyzed approaches towards ea#adustrial clustering in shrimp
processing industries in Vietnam. In an earliedgfwe analyzed approaches towards
reducing pollution by shrimp production in pondsnfAet al. 2010a). Both studies
indicate that there is ample opportunity to impraéke environmental performance of
shrimp production in Vietnam. Our study may sergeaa example for other shrimp
producing regions, but also for other fishery sexto
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Chapter 5 Multi-level environmental governance inVietnam:
Water pollution reduction in pangasius and shrimp
aquaculture’

ABSTRACT

Water pollution is one of the key environmentallpgeons associated with shrimp and
pangasius aquaculture in Vietnam. Several studiet en the causes and effects of
water pollution, and on possible solutions for ptdn control of these two
economically important species. However, only alsmamber of Viethamese farms
apply these reduction options. This is largely doe current limitations in the
management and governance of aquaculture. Threel@gendent levels of governance
can be distinguished: international, national amehimunity governance. The purpose of
this study is to analyze and understand this systemultilevel governance of water
pollution in aquaculture in Vietham, and to ideytthe potentials and drawbacks in
improving the environmental performance of the agitare sector.

Key words: Governance, aquaculture, actor, stakiehpshrimp, pangasius
5.1Introduction

Brackish water black tiger shrimpgPénaeus monodon) and freshwater striped river
catfish Pangasius hypopthalamus) account for approximately 50 percent of the total
production of aquaculture in Vietnam, significantigntributing to the country’s top ten
ranking amongst global seafood exporters (Trong820BAO 2009b). Shrimp
production has transformed coastal areas, withptbéferation of rice and mangrove
integrated pond systems ranging from extensiventensive systems, via improved
extensive and semi-intensive systems (see Joffde Bosma 2009; Sakamoto et al.
2009). In contrast, pangasius production is limitedinland rice cultivation areas,
having shifted from river-based cages and penstemsive pond systems in response to
improved efficiencies over the last decade (se@Rdet al. 2007).

The rapid growth and intensification of shrimp grahgasius aquaculture in Vietnam
has led to a series of concerns over environmamtlsocial sustainability. One of the
key environmental concerns common to both prodoctigstems is the impact of pond
effluent on water quality. Many studies have anadlythe causes and effects of water
pollution from aquaculture in Vietnam, especialtycdising on nutrient loading and
chemical and drug contamination, and proposed teghsolutions for mitigating and

" This chapter contains an article submitted as PfamAnh, Simon R. Bush, Arthur P. J. Mol and
Carolien Kroeze, Multi-level environmental goveroanin Vietnam: water pollution reduction in
pangasius and shrimp aquaculture, to Journal oir@mwental Policy and Planning
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preventing these problems (Tuan et al. 2005; Tral.e2006; Long and Toan 2008;
Bosma et al. 2009). Key socio-technical stratefpesvater pollution reduction at the
farm level include (1) waste prevention and miniatian and/or (2) treatment and reuse
of effluent streams (Anh et al. 2010b);. Howevesmite growing attention in both state
and international policy, the successful implemgaotaof these strategies in shrimp and
pangasius has so far been limited in Vietnam.

The expansion of shrimp and pangasius productiomeet export demand and the
diversity of farmers involved, with different capiges and levels of capitalization, has
meant that many technical solutions have proveffacive. In An Giang province (see
Figure 1), one of the largest producing regiongasfgasius in Vietham (MARD 2009a),
less than 10% of the farms have complied with gowvent policy to build

sedimentation ponds (Hoa 2008), while a small peegge of farms have voluntarily
developed systems for wastewater reuse. Other tieduoptions, such as ozone
aeration technology and constructed wetlands, ahg applied at pilot sites. A key

reason that farmers of all sizes have so far esbistnplementing water pollution

reduction strategies is the economic risk they fiacenternational markets (e.g. EJF
2003; Bush et al. 2009). However, many of theshrtelogies have been implemented
in other Southeast Asian countries by farmers withilar levels of risk and technical
experience (Schuur 2003; Wang and Han 2007) rhefbee appears that the limited
implementation is caused, in part, by a implemeémaftailure of Viethamese state

policy.

Vinh Long Other
1% 1%

Ben Tre
10%

Figure 5.1 Provincial pangasius production in Vietam (MARD 2009a)

This paper examines a number of ongoing internatjarational and community level
governance initiatives to overcome current statariaby promoting sustainable shrimp
and pangasius aquaculture in Vietnam. Our anafgsisses on the performance of new
multilevel combinations of state and non-state goaece initiatives in steering
producers to invest in water pollution mitigatioeasures. At the international level we
analyze the WWF-led Aquaculture Dialogues, designedcreate industry-based
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consensus over environmental standards of produttidoe implemented through the
nascent Aquaculture Stewardship Council (ASC).h&t mational level we focus on the
development and adoption of voluntary producti@mdards, which should complement
poorly implemented water related laws and reguiatioFinally, we examine the

potential of cooperative forms of aquaculture piddun at the producer level, both with

and without external support, in response to threctliimpacts of degrading water
quality. In investigating governance initiativesthése three levels, we illuminate how
public-private multilevel governance complexes atarting to address conventional
state failure in water pollution problems in Vietma aquaculture. In order to do so, we
first introduce the applied multilevel governanezgpective.

5.2 Multi-level governance of place-based aquaculture

When focusing on the issue of water pollution, mipriand pangasius aquaculture in
Vietnam can be interpreted as a system-to-be-gedefKooiman and M. Bavinck
2008; Chuenpagdee and Jentoft 2009), as a syst@nistin need of change to fulfill
increasing demands of sustainability. The corehd $ystem-to-be-governed is place-
based, where aquaculture farmers localized in tidat riverine hydrological
ecosystems of the Mekong River Delta produce shsiampd pangasius predominantly
for international markets. In contrast, the gowvegnisystem, where claims and
interventions on sustainability are articulatednsists of a multi-level system of
institutions, organizations and steering mechanishii@se institutions, organizations
and steering mechanisms can be interpreted astedngsvernance system. Following
Elinor Ostrom’s work Marshall (2008) argues nesgedernance exists when smaller
organizations and governance institutions beconme gdaa more inclusive system of
governance, without giving up their essential retatautonomy. While Marshall sees
nested governance as a preferable normative mamtelgdverning common pool
resource problems, we would rather use the idewstied governance analytically. The
nested governance concept helps us to understamdoleer/smaller levels and ‘sub-
systems’ of governance are embedded in larger mgstkeeping at least partly their
own logic and rationality in dealing with problerahéng. By the same token nested
governance has clear interdependencies among tiséitoent parts.

Working within an interactive governance framewdthiuenpagdee et al. (2008) note
the importance of the multiple dimensions of aqltacel in the broader context of
coastal areas and the influence of internationakeagents. Hence, for them the
challenge of governing sustainable aquaculture sdargely from its integrated nature
within complex coastal and riverine ecosystems.irTéggoroach normatively addresses
governance as a process of ‘best fit'’ between tdwempance-system and the system-to-
be-governed. Challenges to such an approach ahea flows of feed, seed and water
lead to transient and spatially diffuse impactshsas disease transmission and water
pollution (see Folke et al. 1998; Bush et al. 20B3)the same token, different levels of
governance focus on different scales, and henderelift boundaries. As such, it may
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prove that each level of governance, or combinatiof these levels, define the
boundary around the object of governance very miffdy, making normative 'best fit'
approaches complicated.

Using the notion of nested hierarchies allows usidentify specific governance
arrangements at different nested levels — for exanhpcal, national and international —
and determine how these different governance syst&mn together steer a system-to-
be-governed to generally agree upon outcomes. Heset outcomes are defined and
translated into institutions that guide the pradiof, for example, aquaculture farmers,
may differ between nested governance ‘sub-systehh&.overall governance system is
therefore made up of any number of sub-systemd) thieir own logic, norms and
principles (Kooiman and Bavinck 2005), and opeoater different time frames (Gibson
et al. 2000; Cash and Moser 2001), to collectivaler the system-to-be-governed.
Within each subsystem networks of state and/or state actors and institutions are
active. By focusing on specific environmental chagles within aquaculture, such as the
promotion and implementation of water pollution igation technologies, we are able
to understand how these governance sub-systemdikeolnd how they interact with
and mutually strengthen each other (or not). WWiuhbh an inductive approach we can
further contribute to a less normative understagdinmultilevel governance.

5.3Methodology

The methodology for this study is based aroundpauticipation in a range of activities
at all three levels, where institutions and steprmechanisms were designed and
created. At the international level, the aquaceltialogues organized by WWF are the
main frame in which Viethamese shrimp and pangasiusculture are governed. From
2007 to 2010 various stakeholder meetings were dloart of the Shrimp Aquaculture
Dialogue (ShAD) and Pangasius Aquaculture Dialog@aD), and involved a large
number of diverse local and transnational actotthotigh the Aquaculture Stewardship
Council (ASC,; the final steering mechanism for tmplementation of these standards)
is not yet fully functional, the contours of antigional system are emerging, be it to a
different extent for shrimp and pangasius.

At the national level, independently from WWF anohtaneously, the Viethnamese
Government took the initiative to organize a seaéstakeholder meetings to identify
technical and management approaches for pangasiushaimp production. One of the
stakeholder meetings was held in An Giang provindgh participation of a large
number of actors from different provinces in thelkidieg delta. The meeting focused on
the participation and concerns of different actios improving the environmental
performance of aquaculture production. In addititme participants dealt with the
experiences of the Vietnamese government in adp@MP, GAP and CoC standards
for aguaculture, as complement to existing lawsragdlations.
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At the community level, formation of producer cocgdeves in the shrimp sector started
in 2002 and continues up to the present. Theseupevdcooperatives focus on both
economic and environmental improvement. The expeee gained in these
cooperatives in the shrimp sector in Soc Trang B@d Tre provinces in the Mekong
delta to a certain extent served as a conceptudéhto the pangasius sector.

With respect to the pangasius sector observatia@re wade during local stakeholder
meetings designed to develop cooperative strucfordarmers and communities in the
beginning of 2009. During these meetings attentias given to better understanding
the environmental problems caused by pangasiusrfgrand to assess cooperation in
water resource management at the community lewe.rfieetings were held in Hoa Lac
village, located in Phu Tan District of An Giangopince, and included pangasius
farmers, rice farmers, local government officiadsyvironmental experts, and women
and farmer associations.

Participant observation and involvement in stakééol meetings, in-depth (often
informal) interviews with all involved actors grasipand access to public policy
documents and the wider project-based ‘grey liteeatwere all part of our data
collection methods related to all three levels.

5.4International governance through the WWF aquaculture dialogues

5.4.1 A global initiative

Initiated by World Wildlife Fund (WWEF), several spes-specific roundtables, referred
to as “dialogues,” are being implemented to devedopence-based standards and
certification schemes for aquaculture products. diaogues consist of a large variety
of stakeholders. Since the start of these dialogne$999, 12 species have been
identified for review, based on the degree of immecthe environment and society, and
the extent to which they were traded internatignallhe key characteristics of these
dialogues are: 1. involvement of a broad and deseet of stakeholders; 2. deliberation
and debate through a transparent process; 3. sebmsed decision making; 4.
consensual decision making; and 5. measurable anfdrmance-based criteria and
standards (WWF 2008a). When finalized, these stasdaill be given over to the ASC,
an independent certifying body similar to the Fomsd Marine Stewardship Councils
(see Cashore et al. 2004; Gulbrandsen 2009), whitdh be responsible for
implementing the certification scheme.

In a 2007 benchmarking study of environmental anclad standards for aquaculture
WWF argued that all standards developed up to thek an effective and credible
regulatory framework, have internal governance mgeaments with limited

transparency, lack multi-stakeholder participatiand further, insufficiently cover key
issues for specific species and lack of meaningfabsurable and verifiable criteria
(WWF 2007). In response WWF developed the Shrimgp Bangasius Aquaculture
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Dialogues (ShAD and PAD) on the basis of the ISE@hde of Good Practice for
Setting Social and Environmental Standards. Theaildebf the entire process were
outlined for each of the 12 dialogues in a “proaggslance document” (WWF 2008a) .
WWEF argues that the dialogues represent a moreastiee approach to standard
development for aquaculture than any of the altere@ompeting standards.

5.4.2 Comparing PAD and ShAD

Although part of the same global WWF programme,hbBtAD and ShAD differ
considerably with respect to geographic scope a®l,a result, to the relative
contribution of the aquaculture industry in VietnaRAD has emerged as a largely
Vietnamese dialogue given the fact that 90% of paing is grown in this country.
Involvement from China, Bangladesh and Indonesmbeen invited but, even by the
admission of the organizers, has proven limiteceigithe dominance of Vietnam. In
contrast ShAD has to deal with considerable ditgrisi reaching consensus over the
standards, with two dominant shrimp speckRsnéeus vanamei andPenaeus monodon)
produced in a variety of production systems withywey intensity, across more than 35
countries (FAO 2010). Though Vietnam is the fowstitimp producing country in the
world with 12% of world production (FAO 2009b) itsvolvement has been relatively
limited.

The aquaculture dialogue standards are made upsags (in the case of PAD) or
principles (in case of ShAD), which are in turn guieed of criteria and verifiable
indicators. The criteria provide specific direction how to reduce each impact and the
indicators address how to measure the impact. Stdadare therefore gquantitative
performance parameters that evaluate whether ae/@m@ciple is achieved (WWF
2009a). The draft standard of PAD was developeabtit discussions with a broad and
diverse group of stakeholders (PAD patrticipantse Process Facilitation Group (PFG)
iIs charged with managing the PAD process, a Teahméorking Group (TWG) is
charged with drafting the principles, criteria, icators and standards, and PAD
meetings where final decisions concerning the PfDdards are made by consensus by
the participants at the meeting (WWF 2009d). ThéSlprocess is managed by a
Global Steering Committee (GSC), with input ancoremendation from three Regional
Steering Committees (RSCs): Africa, Asia and AnmagicThe GSC makes all final
decisions related to the ShAD. Its main task istng one global standard for shrimp
aquaculture (WWF 2010).

All of the standards generated through the aquaeuldialogues are open for (global)
public comments for 60 days. The technical workipgup (TWG) and process
facilitation group (PFG) subsequently revise thendards which will then again be
open for a 2 round of public comment during 60 days, followadabfinal revision by
and TWG. Finally the standards will be presentethto full group of participants for
final approval. The PAD standards are expectecetodmpleted by 2010 and the ShAD

110



standards by 2011. The following analyzes the redeaft standards of PAD (April
2009 WWF 2009b) including the first round and setoound of public comments on
PAD (June 2009 and January 2010) and the subsedllamnd the 5 PAD meetings
(August 2009 and March 2010) organized in Vietndine PAD standards are now
close to being finalized. In addition we discuss finst draft of the ShAD standard open
for 1° public comment (January 2009 WWF 2009g)

Our key question is to what extent both sets ohddeds can foster improved
compliance and adoption of technological optionsmdigate water pollution in
Vietnam. Table 5.1 compares the PAD and ShAD staisdaith the available options
for pollution control at the farm level from ourgwious studies (Anh et al. 2010Db),.

There are significant differences between the ttemdards. Related to the water use
reduction option, PAD standard mentions a watertrabson not exceeding 5,000
m>/ton of fish production. Vietnamese pangasius fasnestimate water use to be much
higher although there are no accurate measuremethions available at the farm level.
ShAD standard does not allow ground water use ifatinlgy salinity in ponds, which is
at the moment not happening in Vietnam. No water nesluction indicator has been
proposed for shrimp farming yet. Feed use redudtiiicators are proposed in both
standards. Both standards have indicators for ateeand drugs use reduction, and on
treatment and reuse of waste streams. Howevere ther different shrimp farming
systems and different types of shrimp and thesiatals have not been specified for
specific shrimp farming systems yet. Though PAD vagressed further than ShAD in
developing a completed standard, its criteria #@len®t clear to many stakeholders as
became apparent during the two rounds of publicreents in August 2009 and March
2010.
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Table 5.1 Proposed technical options for reductionf water pollution at farm level related
to PAD and ShAD standards.

Proposed options at farm levef? Related to PAD indicators

Related to ShAD

and standard? indicators®

|. Waste prevention and minimization at source

Water use reduction: techniques Amount of water abstracted
for cleaning water, so that less

refreshment is needed

Feed use reduction:

Use pellet feed and optimize

use of feed

Farmers need information
exchange

must not exceed 5,000
m>/ton of fish production

diluting salinity in ponds
allowed

The fish feed equivalence
ratio must be 0.5

A fish feed equivalence
ratio is used (will be
defined). Good pond
management should
encourage natural

productivity and reduce the

use of artificial feed

Chemicals and drugs use reductiobegislation or regulation on No prophylactic use, no

through correct use of chemicals the use of veterinary
and medicine (appropriate doses medicines and chemical

and frequency)

banned antibiotic;
treatment recording
must be followed ; treatment

recording compulsory

[l. Treatment and reuse of waste stream

Treatment and reuse of sediment

Treatment and reuse of wastewater Use criteriasdgdved

No direct dischairge
sludge into public water
bodies allowed

No direct discharge of
sludge into public water
bodies allow

There must be evidence of reuse of sludge is
sludge repository and of promoted
sludge being used,

Criteria of Total Nitrogen
(TN), Total Phosphorus (TP)
in the sediment are applied;

reuse of sludge is promoted

Use mass balance of TN
oxygen (DO), TP, TN in the and TP from water input
water discharge and output

Q) From Anh et al (2010 a,b)

2) From (WWF 2009b)
3) From (WWF 2009q)
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5.4.3 Stakeholder negotiations on PAD standards

To understand the PAD process, the developmentsadriteria and the influence of

global networks on aquaculture in Vietnam, we aralhe negotiations that took place
over five PAD meetings from 2007 to 2010, includihg contributions from the two

rounds of public comments. Comments from 143 peog@ee received during the first

round and from 171 people during the second rosed Table 5.2). We will review the
more general and issue-specific comments of bathds.

Table 5.2 Public comments (1st and 2nd round) in geral and on specific issues (issue
2,3,5 and 6) of PAD.

ltems Units T round 2" round
Total stakeholders Person 143 171
Total comments Comment 642 458
Comments on seven issues Comment 502 393
Issue 2: Land and water use % 11.2 20.8
Issue 3: Water pollution and waste % 20.1 24.2
management

Issue 5: Feed management % 18.5 19.3
Issue 6: Veterinary medicines and % 10.7 10.3
chemicals

The general comments of the first round mainly gsxlion questions like “do we need
PAD standards?”, “will this create consumer corgu8?’, “will farmers benefit from the
standards?”, “why do standards aim at the top 20ep¢ of performers?” and “how are
the top 20% farmers identified?” The first threestions were answered during the first
PAD meeting in Vietham in September 2007, but eme@gain when stakeholders had
become aware of several other certification scheimesjuaculture and fishery (FAO
2007a). With respect to the last two questions, TW¢G stated that PAD will use
existing studies to establish the median for eadcator, which subsequently will be
adopted as standard requirements. TWG took as pbidéparture that approximately
20 percent of the farms will eventually be ablgé&sform better than the median for all
indicators (WWF 2009e) and comply with the strigtquirements of the highly
competitive export market. Implicitly, PAD presuges that 80% of the producers will
not reach the set standards and thus will havecdify to access the world market.
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Improvement of the performance among these produedf have to be addressed
indirectly through an outreach program (WWF 2009%)e conclude that the PAD

approach focuses on larger, most efficient and exqreented farmers. In the second
public comment round no fundamental objections waised regarding the second draft
document. PAD participants generally agreed onctiteria, indicators and standards,
but asked for greater specificity of indicators aitehrer definitions of terms. These are
to be addressed by the PFG and TWG in the finadizaif the standard documents.

Beside these general comments, comments werel raisall seven proposed issues.
We will especially focus on issues related to wapmilution from pangasius
aquaculture. In the first round participants raisacherous questions about issue 2 (land
and water use) on water abstraction, ecosystemcisidarm location and design: What
is the rationale for the water abstraction indicaib 5000 ni/ton of fish production
proposed by the TWG?; what criteria are being &ppfor using ground water?; why
only consider wetlands and not other ecosystemsasessing impacts?; how to deal
with land already designated as protected area&, avk aquaculture development plans
and who should develop them? These questions visressed and answered during the
fourth PAD meeting. In the second round, some comsstill focused on criteria and
indicators related to the water use, ecosystem ¢trgnad the justification of the 5,000
mS/ton of production.

Issue 3 (water pollution and waste management)ivedemost comments. While

stakeholders agreed on minimizing the negative anp&pangasius farming on water
resources, farmers and other stakeholders did ndérstand the technical physical-
chemical water quality parameters. It was agreazhupat training to farmers on these
parameters and the environmental impacts of farwiag considered necessary.

Issue 5 (feed management) mainly concerns fishfesd producers. The proposals for
feed management were considered complex and harinpéement, and raised
contradictory views between large-scale farmers faed producers on one side, and
small-scale farmers on the other (for instance omdmade feed vs. pellet feed). The
prohibition to use raw fish as feed ingredient, #m&lrequirements to calculate the feed
conversion ratio means that small-scale farmenmsgusomemade feed will be unable to
comply with this standard. Participants argued thdérnal support from Government,
NGOs and private sector should ensure facilitigsafmalysis of feed ingredients and
farmers is informed about the sources of altereatind better quality feed ingredients
so that they can comply with the PAD standards.

Issue 6 (veterinary medicines and chemicals) ratieerging points of view among
stakeholders, but also common suggestions. Exceypgrgment officials, all groups
suggested a clear black and green list of forbidéewa allowed drugs. Most
commentators suggested permitting the use of mtiebi prophylactics and vaccines,
in addition to antibiotics and chemicals. Produ@ad government officials highlighted
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the dilemma that application of pharmaceuticals l/aequire advice by veterinary
experts but that these are insufficiently availableural areas. Certifiers, NGOs and
academics suggested the training of farmers inefffiecient use of antibiotics and
chemicals.

It is difficult to arrange the different perceptsaf participants on the PAD standard. In
general, the indicators for water use, water pioiytfeed management and medicines
and chemicals use seemed difficult to understanalfstakeholders in the first public
round. The # PAD meeting discussed how to deal with this aredTtechnical Working
Group of PAD was instructed to further develop dtads that are more understandable
for all stakeholders, especially for (Viethamesanfers. In the second public round,
debates focused more on the details of the crit@ni@ indicators. The information
seemed clearer for the participants, generatingenoammsensuses. These dialogues
contributed to knowledge sharing, communication asakial learning among
aquaculture interest groups, including the develspnof new institutions and new
analytical tools. The question remains whether surcltesses of collaborative inquiry
will lead to more sustainable fisheries managentatisions. As Belton and Little
(2009) and Belton et al. (In Press) argue for thapia Aquaculture Dialogue (TAD),
the collaborative process was captured by industy the vision that large scale is
more responsible in aquaculture. But this has me#n the case with respect to
pangasius. By including many actors and stakehsldd#rough dialogues, the
challenges, concerns, and difficult choices indr#s governance became 'owned' by
large numbers of actors in the fish chain.

Still, with its focus on 20% of producers, PAD leavthe other 80% of mostly small
scale farmers behind. Thus, it excludes a large gfathe current farming community

that is and will be unable to comply. This 80% gtiaculture producers also need to
produce food in a safe and environment-friendly negn In many remote areas
international governance arrangements, exportets @ivate extension agents are
absent and only government extension services r@gept. Here farmers need other
forms of assistance from national and local govemmiad authorities and through

producers’ cooperatives.,

5.5National governance

At the national level, government policy, institutal support and human capacity
building are providing a strong foundation for acuiture development (FAO 2009a).
Most farms and community activities are influentgdhational level policy, legislation
and institutional support. The spectacular growtlpangasius and shrimp aquaculture
has challenged the government with respect to &sang compliance of farmers with
production standards. The next subsection analyhes government policies in
aquaculture. The governmental approach has bllnweddaries between voluntary and
compulsory standards.

115



5.5.1 Emergence of voluntary standards

Government policies in Vietham continue to be hygkBlupportive of aquaculture
development. This strong government support, coawbimvith the dynamism of
Vietnam’s farming community, is the principal dnivieehind the sector’s substantial
growth (Trong 2008). Government policies for aqutacae development are defined in
laws and a considerable number of decrees, ordasandecisions, circulars and
regulations. The main policy document for Vietnaenfisheries is the National Program
for Aquaculture Development — Master Plan 1999-2(6cision No. 224/1999/Qb
TTg dated Aug. 12, 1999 by the Prime Minister).2B06 this plan was amended in
response to the growing international concern oeewironmental impacts of
aquaculture with a new aquaculture development plaoh seafood export promotion
program; nominally to 2010, with a ‘vision’ to 20PDung 2006).

A central component of the Vietnamese aquacultlene @nd export promotion program

is the ongoing expansion of the sector, with aglagd 9% annual growth, and 100%
compliance of processing companies and 50% of feemth international standards

by 2010. Both the plan and program build directlytbe design and implementation of
Codes of Practice (COP) designed to provide practiziidance in achieving the

principles set out in the FAO Code of Conduct fasponsible Fisheries (CoC, FAO
1995) and more specifically in the ‘Internationaingiples for responsible shrimp

farming’ (FAO et al. (2006). The implementation tbese international standards was
intended to have a voluntary character, meaningftineners agree on their application
without being controlled by the government.

The first COP initiative in Vietnam was the devetmmt of Good Aquaculture Practices
(GAP) in 2002 by the National Fisheries Quality &ssice and Veterinary Directorate
(NAVIQAVED) and the US Food and Drug Administratiomfhe GAP standards

focused on improving the food quality and safetpea$s of fisheries production,

including the reduction of water pollution, and ceability to consumer markets

(NAVIQAVED 2006). Recognizing the high technicalpe&ity required to implement

GAP, and the predominant focus on intensive pradncystems, the government, as
part of a larger NACA/SUMA (2005) managed projatgyeloped Better Management
Practices (BMP) as an alternative COP. BMP is sintib GAP, addressing improved
food safety, quality and the reduction of waterdytadn, but it is seen as more suited to
extensive and semi-intensive systems.
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5.5.2 Adoption of BMP and GAP standards in aquaculture

During the six years after the launching of theRG#nd BMP standards there have been
many projects and support from the government anmdgovernmental organizations
(Khang 2008; Tien and Griffiths 2008). These prtgdocused on training farmers, and
supporting equipment to provincial Department ofifgjture and Rural Development.
In addition, pilot sites were set up for certifyiaght enterprises and four farming areas
(in Ben Tre, Soc Trang, Bac Lieu and Ca Mau) forFGAnd preparing documents on
detailed guidelines for the further disseminatidrin@ standards. The implementations
of BMP and GAP have shown positive results. NAVIQAY (2006) reported that the
productivity of shrimp from GAP-farms was 20 to 3Mgher than from non-GAP
farms. In addition, the certification of hatcherigésd nurseries meant that pathogens
were controlled so that outbreaks could be preveitetime. The use of antibiotics
decreased and chemical use declined even with 3@-80astewater and solid waste
have been treated. Costs were about 5-10% lowetodweluced Feed Conversion Ratio
(FCR), and chemicals and antibiotic use, and falmeaefits increased with up to 15%.
Still, the results have been limited due to podfudion.

In 2008 about one percent of the shrimp farmingaaed less than one percent of
pangasius farms have been certified (Tien and iGiff2008). Both the shrimp and
pangasius sectors are dominated by small scalaipeosl In pangasius approximately
89% of the producers are small holders, who collelst contribute 11% of the
Vietnamese pangasius export value (Loc et al. 20b0)he shrimp industry 95% of
farming area is occupied by extensive, improveaesive and semi-intensive farmers,
contributing two third of total shrimp productioBifidels 2009).

The implementation of these voluntary standardsoeas hampered by high costs and a
lack of market incentives to farmers. In respond® government shifted these
standards from voluntary to mandatory compliandee Government outlined a series
of deadlines for implementation BMP and GAP. Inteesfarmers, which imply all
pangasius producers, were expected to take up @ARnuary 2009, while all other
aquaculture farmers were expected to comply withPBdlandards by January 2010.
Despite international pressure the government bags bnable to make the transition to
mandatory standards by either of the two deadlidssHa and Bush (Forthcoming)
note, this is largely because of a lack of majatiintional restructuring of the fisheries
within the Ministry of Agriculture and Rural Devgment (MARD), the lack of
capacity to punitively enforce standards and, pgeshmaost tellingly, the lack of market
incentive.

Moving from the experimental area of certified shpi farming to wider full-scale

implementation of certification systems is unliketg occur through mandatory
compliance with production standards. As outlinbd\e, the government has neither
the capacity nor, in recognition of the low levefscapitalization of many farmers, the
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will to do so. As noted by Loc et al. (2010), andbpgorted by studies elsewhere
(Delgado et al. 2003; Belton et al. 2009), withoodrket incentives or government
subsidies farmers are unlikely to meet the highscobcompliance.

In addition to market incentives farmers also regua stronger set of national

institutions to ensure confidence in the adoptiérthe standards. Loc et al. (2010)

found that, in contrast to many land and environ@a@enegulations affecting aquaculture

in Vietham, the vast majority of farmers are awafehe BMP and GAP standards,

especially as they relate to drug and chemical Tisey also found that one of the main
factors preventing farmers adopting these standarile poor enforcement of contracts
with processing companies. It therefore appearsthigaVietnamese government has an
important role in bringing international principlesnd standards to the local farmers;
codification in legal documents seems not enough.

5.5.3 Aquaculture stakeholder meeting in An Giang provine

In December 2008 a meeting of all sector stakemsldeas convened in An Giang
province to discuss environmental impacts of agia in the Mekong Delta.
Participants included government staff, scientigiangasius and shrimp farmers,
processors, and representatives from the farmadsamen’s union. The meeting was
the first government-led forum on the causes of @oténtial solutions for water quality
issues surrounding aquaculture. Through such ngeetime government aims to build
recognition of GAP and BMP standards, and facditdhe transition from their
voluntary to compulsory implementation.

The meeting included two parts. The first consistddplenary presentations by
provincial politicians and environmental expertsamuaculture development, including
environmental problems and technical and managsoiaitions. In the second part of
the meeting discussion turned to the advantageslisadvantages of different technical
and management approaches. The meeting provednresttal in stressing the political
priority and feasibility of pollution control in agculture in Vietham. All stakeholders
agreed on the problems caused by pangasius amupsimioduction, especially on
existing and potential water pollution, while gowerent officials agreed on the weak
implementation of pollution control and waste treant in aguaculture farming and
processing industries.

The discussion around technical and managerialoappes to mitigate pollution led to
more contentious debate. Two key issues stoodFotdt, no consensus was reached
over the specific technical requirements placed farmers for water pollution
mitigation. In line with GAP and BMP standards gowaent officials reiterated the
need for farmers to build sedimentation ponds éattwastewater from aquaculture
ponds. During the stakeholder meeting, farmers esgad their preference for using
their land for rice or aquaculture production rattten for wastewater treatment (Anh
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and Mai 2009a). Farmers with smaller land holdirngged their concern that such
treatment options were simply not possible. A mgeaeral concern of all participants
was the limited knowledge of farmers on technigatians for waste minimizing and

treatment. Farmers and rural communities agreedhenimportance of cooperation
between the aquaculture sector and the irrigatectos. Government support was
needed to establish farmer cooperatives for aqtuaeuproduction and water resource
management.

The second concern raised in the meeting relatédetmeed for financial incentives to
implement pollution mitigation measures in linewAP and BMP standards. Farmers
noted their desire for improved contract conditiovith processors to invest in water
pollution technologies. The discussion highlighted need for market ownership of
standards, translated into economic incentives Ketaaccess, improved contract
conditions or price premiums) to be effective. Seoncerns are more pronounced in
the pangasius sector where there has been a 3W4addcline in the number of small
farmers due to poor economic performance (Loc et28l10). Not surprisingly
processing companies were reticent to agree witbepimg changes to contracts or
buying practices. However, they did note the paaérdf farmer organizations as a
means of increasing compliance with water pollustendards as well as meeting their
own requirements for improved product safety amdiced transaction costs.

5.6 Community-based governance

The shortcomings of international and national déads have increased the attention
given to community-based initiatives to mitigatetergoollution from aquaculture. The
assumption is that improving cooperation betweenméas, especially smaller
‘household-scale’ farmers, will improve their capyacto organize and invest in
pollution mitigation technologies. Community-bassmbperative arrangements have a
long history in Vietnam, ranging from state spoesbproduction cooperativelop tac

xa) to more informal production groups (to hop toct@iien ket, see Fford and Huan
2001). A full discussion of the success and failofethese various models is not
possible here (see for example Beresford 1990; Kietk1995; Luttrell 2001). Instead
we focus on the relevance of ‘new-style cooperatier improving environmental
performance of aquaculture production.

5.6.1 OlId and ‘new’ style cooperatives

In Vietham there has been considerable resistamoedperative forms of production
since the failures of collectivization in the eat980s. This resistance has been greatest
in Southern Vietnam where land holdings have bestofically more uneven, and less
centralized around single communities (KerkvlieB3p To increase the international
competitiveness of Vietnamese small holders, wiatethe same time avoiding
connotations of collectivization, the governmentraduced ‘new style’ production
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cooperatives through the 1996 Law on Cooperatiesiiee No. 47 L/ICTN 1996). The
objective of these cooperatives was to assist memlkgth marketing services,
coordination of production and, in some cases,texdil administrative services.

Since the 1996 Law on Cooperatives, many old siyteperatives changed to new style
cooperatives. Most cooperatives, especially thoselved in traditional agricultural
sectors (Table 5.3) such as rice, are a formatimatif existing reciprocal labor and
irrigation agreements between households (Nhuon@d)20Where new production
cooperatives were formed, such as in aquacultui@r padministration, high
organization costs and a lack of clear market itiees meant that many existed only on
paper. As Fford and Huan (2001) note these faildligsnot mean an absence of
cooperation in rural communities. On the contrémg,innumerable private (i.e. not state
sponsorship) ‘self help’ or ‘cooperative groups’igthemerged were reformulations of
(failed) production cooperatives (Kirsch 1997).

Table 5.3 Cooperatives in agricultural sectors in ¥étnam (2008)

Number of cooperatives

Area Total Crops Aquaculture Other
Whole Vietnam 7592 1277 273 42
Mekong Delta 753 646 104 3

Source: (GSO Vietnam 2009)

In 2007 a Decree on the organization and operatfatooperative groups relaxed the
state control over cooperatives, giving legal sgfacehese smaller cooperative groups,
operated “by three individuals or more who jointtgntribute assets and labor to
carrying out certain works for mutual benefit aresponsibility” (Decree No. 151-

2007/ND-CP 2007). Under this Decree both formsanfperatives are considered legal
entities, allowing them to associate, advertise aockss formal credit. The primary
objective of these cooperatives in state policeasnomic development and poverty
alleviation (MARD 2009a). However, in aquacultureese cooperatives are also
instrumental in improving compliance with BMP, GAdnd international safety and

quality standards.

5.6.2 New goals for ‘new style’ (aquaculture) cooperative

The loosening of state control over production @vapves and the formalization of
production groups has led to new opportunitiesni@aningful 'new style' cooperatives
in the aquaculture sector. Many aquaculture producee the benefits of this
formalized cooperation in building closer (conttead) ties to processing companies and
access to credit (e.g. Lem et al. 2004; Khiem.e2@L0). However, many have not been
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able to manage such arrangements without extersgbktance of government and
international projects, or without direct sponsgsbf processing companies. These
‘external’ interventions both improve efficiencynfhtherefore economic development)
as well as safety and quality, with a focus on emmental standards.

At least two international projects have been a&ctiv promoting cooperatives to
facilitate BMP standard compliance, including watguality testing, health
management, awareness of government environmentaldnd regulations, and action
plans for upgrading and monthly monitoring (Tror@08). The first is a project of the
An Giang University (AGU), which has been involvadsetting up a cooperative group
of (small) household scale pangasius farmers inu@au and Phu Tan district of An
Giang Province (Khiem et al. 2010). The secondqutoyvas set up by the Mekong
River Commission (MRC) in Soc Trang province throufe Research Institute for
Aquaculture 2 (RIA2) (WWF 2009f). The establishmamnid support of these farmer
clubs strengthened the preparation and implementatif management plans and
management capacity of farmers in food safety aadigtion of environmental risks,
most notably water pollution reduction. But neittiee AGU nor MRC project was able
to create lasting contractual ties with processimgpanies, as the cooperative members
has wished. This failure meant that farmers meetBldP standards were not
recognized and therefore not explicitly rewardedabdyigher price in the market. This in
turn raises questions about the long term viabibfy production cooperatives or
production groups as either a mechanism for impigpeiompliance with environmental
standards or, as argued by the government, poaketyiation.

In their attempts to ensure greater compliance teakability in response to existing
food safety standards and emerging environmerdgatards processing companies now
sponsor and establish cooperatives. An example thenpangasius industry is the ‘An
Giang Pure Pangasius Union’ (APPU), a cooperatigemsponsored by AGIFISH.Co,
one of the largest processing companies, in regptmsgyrowing concerns over the
ability of the company to meet food quality andetafstandards. APPU was formed by
the company to reduce the risk and transactionscassociated with sampling and
testing for banned substances, which also diffextss their product to international
buyers (see Bush and Belton Forthcoming). A sinmiadel is seen in Ben Tre province
for shrimp, where large scale farms are organinéal ¢ooperative groups sponsored by
processing companies. As in the pangasius settesgtcooperative structures often
improve product quality following requirements diet company and offer fixed
contracts. In both cases farmers are given incesitikrough more secure market access
to invest in upgrading their production to meetevgtollution standards.

Smaller producers are often excluded from thesendoof ‘alliance capitalism’ in
Vietnam (Beresford 2008); hence compliance orierdedperative groups for small
household producers are needed. With this in miMdFAs building on the work of the
MRC, in anticipation of the emergence of the ShAD( later ASC) standards. In order
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to ensure that farmers will be able to comply, ‘to®perative group’ model is extended
to 21 farmer ‘clusters’ in Soc Trang, Bac Lieu & Mau provinces (WWF 2008c). It

Is anticipated that members of these clusterspdliiide the necessary administrative,
credit and technical framework for cooperative ferof standard compliance.

The promise of independent small-holder initiatiieslready evident in the pangasius
industry. Farmers in Hoa Lac village in An Giangynce, who have formed the Chau
Phu Clean Pangasius Club through the AGU pangasajsct (see Khiem et al. 2010),
designed a novel water treatment technique sirtolavhat Anh et al (2010cb) describe
as wetland filtration. The farmers remove sediméms their pangasius ponds into a
common discharge area before letting their poneema@tain though gravitation into to
the community rice fields. Conflicts did emerge lwrice farmers about the costs and
benefits of pumping water and nutrients into riggds. However, perhaps for the first
time in Vietnam, the commune government supportesl cooperative form of water
treatment over the concerns of the rice farmersapjpears this support is a direct
response to the water quality benefits and the fhat the farmers are formally
registered as a cooperative group under the 20@7eBe

5.6.3 Cooperatives between public and private governance

Our assessment of cooperative groups in the Mekatiga shows that collaboration can
indeed assist small farmers to better comply vathrequirements of quality standards.
A range of difficulties still remains for small faers wishing to form cooperative
groups; and farmer cooperatives also meet difiiesilin the technical requirements of
traceability, the high costs of certification, atite lack of knowledge and skill on
technical solutions to water pollution. Neverthslehe experience of farmer groups in
An Giang, Ben Tre and Soc Trang provinces show tbaperative groups serve an
important role in increase production efficiencg, \aell as facilitating innovation in
water treatment. In addition, it appears that thgistration of product labeling can
improve bargaining power in the market.

The experience outlined above demonstrates the oblecooperative groups in

transferring experiences of implementing BMP andPG@nd equivalent) standards
between farmers as well as back to governmentrathgsiry actors. This ‘bridging’ role

of cooperatives has also been noted in the Thanphndustry (Lebel et al. 2008; Giap
et al. 2010). To ensure long term impact in Vietnemoperative groups will have to
become independent of the external government atinational donor support and
will have to seize market preferential. While, aflected in the An Giang meeting,
processors see potential benefits of farmer org#ors they appear reluctant to provide
market incentives such as contracts.
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5.7 Discussion and conclusions

Following significant implementation failures of &hamese national regulations and
laws in making pangasius and shrimp farmers mogstasable, new arrangements have
been emerging involving state and non-state acbrsultiple levels. This nested

multilevel governance system focuses on the dewsdop and implementation of

(mostly voluntary) standards and certification eyst. The governance systems
analyzed here show how environmental regulatorwomds for pangasius and shrimp

aquaculture bring together multiple actors, witbr@asing levels of participation (Stead
2005). These include national and internationaloract private sectors, NGOs,

government agencies and communities.

Different standards and certification systems fiomctin this multilevel governance
system (e.g. PAD, ShAD, BMP, GAP, CoC, Naturladyistinction needs to be made
between what might be termed ‘transformative’ wiche’ standards. If there is going to
be real change in the industry then this differemeeds to be better appreciated, as well
as the links between state, industry and farmérsady not be appropriate that all
certification schemes are applied by all commusiirethe same way, as these schemes
emphasize different sorts of qualities. How comrtiagimight be best enrolled into
certification networks depends on how local comrtiesi and governments are
organized, and how pangasius or shrimp farmingimslacted.

A key issue for local implementation success ohsstandards and certifications is the
need for market incentives. One of the shortfallthe GAP and BMP standards is that
they have been developed under the auspices ofF@ Code of Conduct for
Responsible Fisheries. Although providing an irdéional remit for national standard
development — as seen also in Thailand (Vander@&st) and India (Knowler et al.
2009) — they lack market ownership. As Tien andffidrs (2008) and Ha et al.
(Forthcoming) note, links need to be built betwésmmers, processors and retailers to
provide incentives for standard compliance. Th& laicsuch incentives contributed to
the shift from voluntary to compulsory implementatiof BMP and GAP in aquaculture
by the Viethamese government. The ShAD and PADdsta@s may well prove
successful in achieving this goal given the stromigrnational market involvement. But
the effectiveness of PAD and ShAD is yet to be s&ethe case of ShAD international
involvement has been less effective, but therensoae towards integration with BMP
and GAP standards and thus stronger linking up mdtional developments. In the case
of Pangasius PAD has been effective in creatingva platform within the country, but
has not yet engaged with BMP and GAP standards.

This links to questions on the possible and prblgainteractions between these
governance’s networks. Is it possible or usefultfase three governance networks to
apply a harmonized certification approach to comitiesh and farmers? We have
noticed increasing linkage between these nestecergamce arrangements. In the
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process of developing PAD and ShAD, local pangaang shrimp farmers have been
directly involved in processes of the standards.weieer, the participation of
governmental actors is still limited compared thestactors. Such harmonization would
also have to cope with difference in farmers amohfiag systems.

Most certification networks require that the cosfscertification be borne by the
enterprise being certified, and involve complexpexx-driven documentation and
monitoring processes that are beyond the finanara technical means of small
enterprises or community-based institutions (coafpex). In this context, it needs to be
noted that if most large buyers follow in makingartsnational environmental
certification mandatory, it is likely that smalldgcally-owned pangasius or shrimp
farms would be marginalized from major markets otoant of lack of resources to pay
for expensive certification procedures, and lack albility to meet complex
documentation requirements. The elimination of mamaller farmers would reduce the
likelihood that pangasius or shrimp farming woulkehéfit local communities (World
Bank et al. 2002; Vandergeest 2007). BMP, GAP, @o@ standards and community-
based processes partially displace these expeastyecomplex procedures and make
space for small farmers. According to Corsin anlieagues (Corsin et al. 2007), the
use of government officers to implement inspectiammaild be a more cost effective
strategy than third party certification, althouglywably less credible because of the
links that government has with producers and tlgiect interest in having many
certified enterprises.
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Chapter 6 Discussion and conclusions

6.1 Introduction

The main objective of this study is to analyze pmbSes for environmental
improvement in pangasius and shrimp productionigtnam and to identify options for
technological and management intervention. Thisalficthapter formulates the
conclusions out of this study. The main findingsH#e@ing the research objectives as
presented in Chapter 1—are reported in sectionSe2tion 6.3 compares the cases of
shrimp and pangasius production, followed by a wismn on a number of
methodological issues in section 6.4. Subsequethity strengths and limitations of the
present study are analyzed in section 6.5. Thetehafmses with recommendations for
environmental management of shrimp and pangasaguption and for future research.

6.2 Main findings

In chapter 1, four research sub-objectives werentiteited to achieve the overall
objective of the thesis. In this section, conclasi@are drawn subsequently for each of
these research sub-objectives.

Sub-objective 1To identify causes and impacts of water polluiiothe Mekong delta,
associated with pangasius farming and processindgstry; and identify possible
options to reduce these problems.

This study concludes that pangasius productiomimsn@r source of nutrient pollution in
the Mekong River, accounting for less than 1% ¢ltdSS, Nitrogen and Phosphorus
loads. However, the pollutant loadings from induatifarms and processing plants may
exceed locally water quality standards for Vietn#&ading to local pollution problems.
On the other hand, there are also pangasius fammghich the wastewater is no source
of local water pollution, because the concentratioh pollutants are below the water
emission standards. This indicates that with carteshnologies and management
schemes, it is possible to avoid local pollutioalpems caused by pangasius farming in
Vietnam.

There are three sources of water pollution rel&tepgangasius production: wastewater
from fish ponds, sludge from fish ponds, and waatewfrom processing industries.
Wastewater from fish ponds is the most importanir@® of water pollution from
pangasius production, contributing between 60-90%h® total pollutant loading from
pangasius production to surface waters. Howevardgel from fish ponds and
wastewater from fish processing have relativelyhhgpllutants’ content, which may
lead to severe local environmental problems.
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Several approaches for reducing water pollutiorblems from pangasius farming have
been identified and assessed. First choice opimmgvaste prevention and minimization
in fish ponds, including a range of techniques reduction of water use, feed use,
chemical and medicines use and treatment of in@iemand good farm cleaning. In
addition, treatment and reuse of effluent streasmgossible through the application of
sediment ponds. The collected sludge from thesensed ponds can be re-used as
fertilizer in agriculture after dewatering. The &pation of such sediment ponds is
restricted by available land. For pangasius pracgssleaner production technologies
and wastewater treatment plants should be appliegery processing industry.

Sub-objective 2To analyze the causes of water pollution, comated sediment and
spread of disease from intensive black tiger shrianming in Vietham and to identify
possible options to reduce these environmental ¢tspa

The study concludes that the most important enwiemtal problems caused by shrimp
farming are associated with water pollution, conteted sediments and the spread of
diseases. Intensive shrimp farming is not alwayso@ated with waste streams
exceeding emission standards. The concentrationgoliitants in wastewater vary
largely among shrimp ponds, depending on the kinshdmp farming system and the
mode of operation. Intensive and semi-intensivarghfarming in Can Gio account for
about 17% of the total shrimp farming area in Can.3here are probably many
individual ponds in this category where emissiandards are significantly exceeded.
But not all intensive shrimp farms are causing eswnental problems. The improved
extensive shrimp farming system (55% of the are&) the extensive rice shrimp
farming systems (28% of the area) (Can Gio Econddmgsion 2007) are considered
not to cause major water pollution problems. Insgtems the levels of BQDCOD
and TSS in effluent vary along periods of the puaiaiun cycle.

Currently available technologies can reduce pdtufrom intensive shrimp farms. Two
groups of technical options are identified and sss@ with respect to reducing the
environmental pressure of water pollution, contaated sediment and disease spreading
from individual shrimp farming ponds in Vietham. & first group of options focuses on
waste reduction and includes more efficient feezl ngone aeration and improved farm
management. For the reduction of feed input itmpartant that adequate and sufficient
information is available to farmers and that theegament can efficiently regulate the
guality and composition of feed. Aeration is noteda particularly suitable technology
given the low level of expenses needed to implenteint existing intensive systems.
The second group of options focuses on waste terdtnsediment reuse and the
construction of artificial wetlands. Sediment reuseagriculture may prove to be
successful if the economics of its production can jistified to farmers. Wetland
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construction, although practiced on some farmsamesndifficult to implement due to
the lack of land available to farmers.

Sub-objective 3:To apply the idea of eco-agro-industrial clustgrifor reducing
pollution, protecting natural resources and impnguvihe competitiveness of the shrimp
production and processing sector in the Mekonggd¥lietnam.

This study showed that ideas of industrial ecolagg valuable in greening fishery
production industry in Vietham. Following the natiof industrial ecology a (almost)
zero waste industrial cluster around shrimp pradadn Soc Trang could be designed,
involving 13 processing industries, a animal feddnp and composting plant, a
Chitosan industry and an anaerobic wastewaterntezgt plant. Waste of the shrimp
processing industries could be reused by the qthats, leaving hardly any waste
stream flowing into the environment. The applicataf proposed eco-agro-industrial
cluster proved economically and environmentallysiiele.

A limited number of actor relations within the eoomc and policy networks, in which
shrimp processing industries are embedded, provedortant to facilitate the
materialization of such an industrial cluster inntnporary Vietnam. Especially
international customers and product quality andifesation organizations, and national
environmental authorities and business associataveskey actors in bringing the
designed model into reality.

The approach taken in the current study is alsoaldé for assessing the potential for
eco-industrial clustering in other provinces andheotfish processing sub-sectors.
However, the concrete outcomes in terms of ecaelusesign and facilitative actor
networks will differ.

Sub-objective 4:To analyze current attempts—at multiple levels—to govevater

pollution in aquaculture in Vietham, and illuminak®w public-private multilevel
governance complexes are starting to address obomeal state failures in water
pollution problems in Vietham's aquaculture.

Following the failures of conventional state govarce approaches in addressing water
pollution by aquaculture in Vietnam, the emergeméenew approaches is of key
importance. This study found that water pollutigndtirimp and pangasius aquaculture
in Vietnam is addressed by new governance arranggsnag three distinct governance
levels. At the international level the PAD (Pangashquaculture Dialogue) and ShAD
(Shrimp Aquaculture Dialogue) Dialogues include agé variety of actors and
stakeholders to develop standards of sustainahiacatiure. Although these Dialogues
are a lengthy process full of challenges and diffichoices, it does develop a sense of
ownership among the participants and stakeholderd develops international
acknowledged standards for certification. But thecus of these international
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governance arrangements is on a small percentagedficers, leaving behind a large
number of small scale farmers which are unable donply with the developed

standards. For these significant groups of aquaulfarmers, national and local
governance arrangement play an important.

National voluntary approaches of GAP, BMP and Ca@d local arrangements of
farmer groups and cooperatives seem promising whayscluding the remaining 80%

of aquaculture farmers. While interesting best ficas could be found of these two
approaches, overall implementation of these inne@aarrangements is still far from
successful. Farmer cooperative groups, for instameeet difficulties in technical

requirements of traceability, the high costs ofitieation, and the lack of knowledge
and skills on technical solutions to water pollatio

This study concludes that it seems profitable aossipble to link these governance’s
networks and to work to harmonized certificatiorpryaches for communities and
farmers. We have noticed increasing linkage betwdegse nested governance
arrangements. However, such harmonization woulc lavcope with differences in
farmers and farming systems.

6.3Comparing shrimp and pangasius

6.3.1 Comparing pollutant loads in wastewater from shrimp and pangasius
farming

The characteristics of pangasius and shrimp farrsiygiem are described briefly in
table 6.1. In general, pangasius farming and sheaifivation have many different in

water resource, farming period, volume of waterarsé discharge, production capacity.
These characteristics can cause other differetitarpollutant load in wastewater from
their system as described more clearly in figuleathd 6.2.

Table 6.1 Comparing pangasius and black tiger shriqm farming systems

Item Unit Pangasius  Black Tiger Shrimp
Water body Fresh water Brackish water
Farming period Months 6 4

Water use and discharge 3t 2,200,000 35,250
Production ton/ha 240 5.3
Water use/ton of product on 9,166 16,022
Production cost VND/kg 16,500 70,000
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Item Unit Pangasius  Black Tiger Shrimp

Price in the national market VND/kg 16,800 110,000

In Figures 6.1 and 6.2 we have compared the poliut@ad in wastewater from
pangasius farming (chapter 2) (Anh et al. 2010cibh what from intensive black tiger
shrimp farming (chapter 3) (Anh et al. 2010a), bfatbusing on the Mekong delta of
Vietnam. From that we can conclude that shrimp flagnis causing less water pollution
than pangasius farming per hectare of farming @fegure 6.1). However, per ton of
product, the results are different: BOD, COD andSTI8sses are highest for shrimp
aquaculture because of turbulence during the \aiatil in the shrimp pond. Total N,
total P and N-NH3 are highest for pangasius (Figu?¢. For both intensive shrimp and
pangasius farming, it can be concluded that watesson standards are not always
exceeded. This is interesting, because both shaimippangasius farming are generally
considered to be relatively polluting, also in Viat. Our studies indicate that this is
not always the case and that it depends very mndheotechnologies and management
schemes applied in intensive farming systems. lildvde interesting to identify more
specifically the factors that affect the variatmfrpollution among ponds.

If we compare the pollution load per economic vdhreboth species (Figure 6.3) it can
be concluded that shrimp farming is causing lesgeempollution (in terms of BOD,
COD, TSS, total N, total P and NH3-N) than pangasarming per unit of economic
value (Figure 6.3)
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Figure 6.1 Water pollution by pangasius farming andintensive black tiger shrimp
farming (excluding sludge) (kg/ha)Source: chapter 2 and 3 of this thesis.
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Figure 6.2 Water pollution by pangasius farming andintensive black tiger shrimp
farming (excluding sludge) (kg/ton).Source: chapter 2 and 3 of this thesis.
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Figure 6.3 Water pollution by Pangasius farming andintensive black tiger shrimp
farming (excluding sludge) (kg/USD
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6.3.2 Convergences and divergences between shrimp and gmsius governance

The fishery sector in Vietnam is a significant afagt growing component of the
Vietnamese economy. In there, pangasius and shaipculture are the two largest
contribution species to the production and expatue of Vietham. The export
orientation of the fish products has meant the exfish processing industries in
Vietnam are equipped with modern technology and iaceeasingly regulated by
international food safety and quality standardsdusirial processing of most fish
species shows remarkable similarities in term obdpction processes, main
environmental problems, and potential solutionser&€hare quite some similarities
between processing industries in both sub-secibiith the rapid modernization of
processing companies in response to both governaeatinternational safety and
guality requirements, the fish processing indugdrynoving towards more modernized
industrial production in Vietnam.

Through their international production chains, p@sigs and shrimp aquaculture
systems are both strongly influenced by global m@rland several standards related to
food safety, and environmental and social perfogeafor the purpose of economic
development, the Viethamese government has sooghirtvigorate production through
a series of modernization programs with these tperies. Pangasius aquaculture has
become a popular form of aquaculture and the lagiegle species farming system by
volume in Vietnam. The subsector is dominated bgnsive farming systems with high
productivity and large export markets. By comparistrimp farming throughout the
country has been encouraged to shift from extensaditional systems to improved
extensive, semi-intensive and intensive produathmaels. However, shrimp production
in Vietham remains relatively ‘under-modernizedthwapproximately 90% of the total
farming area practicing extensive traditional prctcan.

Intensive farming system is more often associateth wnvironmental problems,
especially water pollution. As outlined in this $iee there are a wide range of available
techniques for reducing water pollution in both gasius and shrimp production, but
currently there is only a relatively small percgy@af famers applying these techniques.
The effects of water pollution on pangasius arelisighge to high production and
survival capacity of the fish. As a result, pangadiarmers have until now not had to
respond to water pollution problems in their praduc systems — with the exception of
improving meat quality in the last month of the qwotion cycle. Farmers are also not
aware of any substantial impact of water qualitytbe surrounding waterways and
wetlands, because farmers located on major candlsnainstream areas do not observe
any water quality change, and there is low pressorereform of their production
practices from the government.

This is significantly different in case of shrimp coastal areas. As indicated above,
intensive shrimp farming systems are more pollutihgn pangasius per kg of
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production and also far more polluting than thevemrional extensive shrimp systems
seen throughout the Delta. In fact, water pollutionintensive shrimp farming is
directly linked to the spread of diseases, suchMmte Spot Syndrome, Monodon
Baculo virus (MBV), and Yellow-Head virus (YHV) wth has until now been the main
limiting factor in improving economic efficiencyde also (Hoang 2006); (Joffre and
Bosma 2009); (Nimrat et al. 2008)). Farmers arg/ \@vare of these risks associated
with water quality and, in contrast to their pangasounterparts, are more willing to
invest in water treatment.

At the same time, with strong export orientationthbsectors have been subject to
international pressure — through export marketé wegard to a ‘sustainable’ industry
via systems of standards. Led by demand in intemat markets farmers are
increasingly pushed to produce safe, high quatityironmentally friendly and socially
responsible aquaculture products. Pangasius islyregbort oriented, and the farmers
depend very much on processors. However, with tineest low market prices farmers
do not have enough incentives for upgrading theadpction systems — indeed many
farmers in recent years had to sell at a loss I&sraported in (MARD 2009a). With
respect to environmental performance, and espgaonaiter quality, if the pangasius
farmers want to continue their involvement in tmslustry, they will have to apply
reduction options for wastewater or leave pangaang move to farm other species.
The volume of pangasius product that already meeatket demand does not provide
enough market incentive for both processors andggmsns farmers to install
improvement options. Further research is theref@eded to determine what changing
practices are possible under marginal economicitond? Is more financial support
needed from the government, should farmers be eaged to shift to alternative
species, and if so, what continued impacts wilséhproduction systems have on water
quality?

In the case of shrimp, extensive or less intenvas of farming do not need to apply
the technical options to reduce environmental gaisl because of their relatively low
environmental impacts. Besides, there also existsmaestic market for shrimp with a
significant percentage (40-50% as shown in (Bin@6139),(MARD 2009a) and(MARD
2009b). Under these conditions shrimp farmers ddew® similar pressure as pangasius
farmers. The intensification of shrimp is important reach economic goals of the
country, while intensive shrimp often have highkrassociated with water pollution
problem and with the disease spread. The farmensotavercome this problem when
the surrounding areas are not yet planned, evére ifechnology is available, or if they
have already invested in water quality technolag8ss if the intensification policy of
the government is to continue, then the governmeads to invest heavily in improving
public infrastructure in surrounding areas. It nthgn be more likely that farmers are
more willing to invest in on-farm technologies.
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Currently, there are different types of aquaculture the Mekong delta. The
development of these aquaculture systems has sedar spontaneous and, as such, few
if any water pollution mitigation plans are in ptacWhile most of international or
national standards try to certify the farm, whea Water source quality is poor and the
surrounding areas are unplanned farmers are uylikehave the confidence to invest
individually in the on-farm technologies outlinegdthis thesis. This issue is particularly
relevant for pangasius farmers who question why sfeould increase the quality of
water released into their ponds while the watey tia&e from surrounding canals is so
poor. This demonstrates the lack of urgency inpdwegasius industry to mitigate water
quality and is in complete contrast to the shrimgustry. In the case of shrimp, farmers
are much more vulnerable to water quality and dise&armers are very aware of the
need to control the quality of water on their faramsl they also realize that the poor
quality of water from canals negatively affectsith@oduction. However, similar to
pangasius farmers, they may well be reticent teeshvin on-farm technologies if
surrounding water quality is so poor. As such, wajeality improvements require
ongoing support by government in public infrastanet

There is also an apparent convergence between shaimd pangasius in terms of
governance. The international influence over tltugtry has led to more homogenous
incentives, expectations and standards with resjpeatater quality. This globalizing

influence is felt equally for shrimp and pangasiliee national level is also creating
industry wide standards and governance arrangenemsteer the sector as a whole to
improved environmental performance. While the imd¢ional governance standard
serves a small percentage of the farms, the natigo@ernance requirements for
environmental performance have a potentially mucidew reach and a strong
harmonizing effect, if implemented fully and stlyct In particular we witness

convergence in the degree to which shrimp and Engaectors are confronted with
national policies and measures. In both caseserbetanning and management is
needed. As pangasius aquaculture is intensive theerwand sludge discharge is
considerable. Even though the environmental imgugears to be low across the
Mekong Delta as a whole, our results show thatl lemgironmental impacts are likely.

But there are still many small shrimp and pangafiusers that are unable to partake in
the intensification and modernization transitiore da lack of cooperation and financial
support. Pangasius farms are more able to investidually in wastewater treatment
given the intensive nature of production (Khienakt2008). But because there are no
observable impacts they are less willing to doHoe key problem of the pangaisus
farmers is selling product to the processor at asarable price, related to their
investment. Therefore pangaisus processors camodgugpd encourage the farmer to
invest for the wastewater treatment. In shrimp, #mvironmental impacts are
observable, but the farmers are unwilling to investause the problem lies with the
common water resources in the canals. To intessifynp aquaculture, the government
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needs to help in re-planning and construction dfastructure for the whole area,
because water is a common resource while farm imesg and certification only focus
on the farms level.

6.4 Methodological issues

This section will discuss two methodological issuese use of iterations in
strengthening our study (6.4.1.) and the consemsent our case study approach in
interpreting results and drawing conclusions (§.4.2

6.4.1 Iterations

In this thesis, we applied a five-step approachjesribed in chapter 1. The first two
steps are largely based on the environmental syatetysis approach as described by
Checkland (1979), Wilson (1984), and Findeisen @undde (1997). Most importantly,
after formulating the problem, the technical reductoptions were identified and
evaluated, quite comparable to other systems amlgich as Pluimers (2001), Jawjit
(2006), and Neto (2007)). This is presented in trap for pangasius production and
chapter 3 for shrimp farming. In this thesis, twibey steps have been added: steps 3
and 4 include the conceptual modeling of an eco-agfustrial cluster for shrimp
processing industry in Soc Trang province (chagieand a governance analysis of
aquaculture production and products (chapter 5)s Teads to a new approach,
integrating systems analysis, industrial ecology governance analysis, to identify
solutions for sustainable aquaculture productidmcivare not only technologically and
economically feasible but also manageable and gabéz (Figure 6.4). In this section,
the experiences with this approach are discussegarticular with respect to the
iterations and the sequences of steps.

First, the study included iteration between stepa2k to step 1. The initial problem
formulation and the scope of our study changedbr afisiting farms and processing
industries and a subsequent increase in knowletiglgecsystem. Early in the project,
the focus was very much on end-of-pipe techniqaes/astewater treatment only. Later
on, the focus shifted towards minimization and prgion options such as
sedimentation ponds. In a later stage eco-agrcstndlclustering came also into focus.

Second and third, iterations took place from stepndl 5 back to step 2. During

stakeholder meetings of the PAD and ShAD dialoghasalso those organized by the
Vietnamese authorities, reduction options were meat and suggested that first were
not considered in the analysis. One example waseilige of wastewater and sediment
for the rice-field or other plantation areas. Mareg different communities used the

sediment for different types of plantation.

Fourth, there was also iteration from step 5 baxlstep 1. Within the governance
analyses and the stakeholder meetings specifidggnsbwere formulated together with
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causes of problems. This resulted in a reformutaté the problem definition and
different types of options for improvement. Fortarxe, the problems related to drugs
and chemical use are to a significant extent caumetack of information, lack of
management skills and lack of trained experts.

Finally, it can be argued that iterations betweeps 3 and 4, and also the iteration from
step 5 to step 3, would have been extremely uskfuhis study, this was not possible
for practical reasons and time constraints. The-aggo-industrial cluster model
described in this study (chapter 4) is still a @ptoal model without a practical
application, and it needs more discussion withedtalders. Hence, the network analysis
needs further verification with stakeholder permep and interests through, for
instance, organized meetings. An extension of teeagro-industrial cluster towards
fish—and other—farmers, and relating that to a goaece analysis would be able to
further assess the possible contributions of caipess in the Mekong delta.

6.4.2 Case study selection

This thesis took a case study approach for studyiagrarious subsystems. One of the
known problems of case studies is the questiorepfesentatives. Below | will argue
how in this study the question of representativertesve been adequately addressed,
making the results of this study to have wider vatee for pangasius and shrimp
aquaculture and processing in the Mekong Delta timythe cases studied.

In the pangasius farming study, four pangasius saware visited with a total of 23
ponds in My Hoa Hung commune, An Giang provincen-aeea considered typical of
larger, commercial scale farming operations (S@Q@Q9). Detailed information was
collected through observation and interviews witlinfers and technicians on the
production processes and activities of each sutesystheir associated wastewater
problems and the efficiency of current solutions rfatigating pollutants. Wastewater
and sludge were sampled from five ponds during iplaltvisits to farms, at various
moments throughout the production cycle. Becausedes exchange water every day
the diurnal variation in the water quality is largean the variation in the production
cycle. Care was therefore taken to sample betwe&hdurs after the water in the pond
changed. Sludge samples were analyzed in threéngettolumns, each with 10
sampling valves. The quality of the water contemd settling capacity of the pond
sludge were analyzed. The water quality parametsesl in the analysis were BOD,
COD, TSS, Total Nitrogen, Total phosphorus, and NgNMore parameters, such as
temperature, pH and Coli-forms, were additionallgasured inn-situ wastewater. All
samples were analyzed according to the Standardhddstof Water Sampling and
Analyzing (APHA 2005). The study also included tiesults of a pilot study in which
wastewater from a pangasius farm with a sedime@mtgiond was used to irrigate and
fertilize rice fields in order to minimize water lpdion. In all, the results from these
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cases can be said to have wider applicability fomgasius aquaculture systems in the
Mekong Delta.

For shrimp farming, cases were selected in theonegi Can Gio, the most intensive
shrimp production area in Vietnam. Farms were $etefor the analyses based on their
production methods (only intensive farming of Blakiger shrimp was considered). In
total 33 water samples were collected from farmthatpoint of discharge during the
shrimp production season. Samples were taken l@aséde production cycle, with 11
samples from ponds of less than one month old,abhZptes from ponds two to three
months old, and 10 samples from ponds three torfaamths old. In total 22 farms were
visited to collect information about farming praes and environmental problems.
Virtually all the intensive farms were included the analysis. The study therefore
provides a complete analysis of intensive blac&rtghrimp farming in Can Gio. As the
intensive shrimp farming systems in Can Gio arécgjpfor other areas of the Mekong
Delta, the study is also representative for otbgians with intensive black tiger shrimp
farming in Vietnam, such as Ben Tre, Soc Trang,Virdn provinces. However, in other
countries, such as Thailand and the Philippines, ititensity of black tiger shrimp
farming may be different from Vietnam. Equally, analysis of white leg shrimp
farming would possibly lead to different conclusqsee also section 6.6 below).

For the processing industry, the study is potdwtialss representative because only 3
pangasius processing industries and one shrimpegsoty industry were visited and
studied. This limited sampling size was causedheyfact that analyses of processing
industries require more effort than those of aqliacel systems. In there, two of three
pangasius industries and one shrimp industry apeesentatives of more average
processing plants in the studied areas. We studagdrial balances in these companies
by material flow analysis. It refers to account physical units such as tones, resulting
from the extraction, production, transformationcyding and disposal of material
within the system. (Kandelaars 1999; Fujie and (&160a; Brunner and Rechberger
2004b).

In my governance study questions of representas®mre especially relevant for the
study of farmer groups and cooperatives (as atother two levels the number of
governance arrangements are quite limited). Heliecluded experiences of farmer
groups and cooperatives from different provincesthea Mekong Delta. Moreover,
experiences from other studies were used to véndyfunctioning and roles of farmer
groups in collective action around common goodst Ba did not perform a well
structured survey among a randomly sampled sefeofidarmer groups in aquaculture.
As the contribution of farmer groups in sustainadu@aculture is still very much in an
explorative phase this would not have been uséfillis point in time.
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6.5 Strengths and limitations of the study
6.5.1 Strengths of the study

This study is the first to systematically estimgite extent and nature of water pollution
from shrimp farming and processing, and pangasitmifg and processing in Vietnam.
pangasius Kangasianodon hypopthalmus) in fresh water and black tiger shrimp
(penaeus monodon) in brackish water are two key-aquaculture prosiunt Vietnam,
both in terms of production as well as in termgxjport value. Their production account
for approximately 50 percent of the total productaf aquaculture in Vietham (Trong
2008).

A novel aspect of this thesis is that it combinedi®nmental systems analysis with
multi-level governance analysis and industrial eggl approaches. Systems analysis
was combined with an assessment of eco-agro-indushustering for shrimp industry
to minimize pollution and waste production from isfp production in Soc Trang
province. This could serve as an example for otlypes of fish production and
processing in the Mekong delta, such as pangasius.

Moreover, this study (chapter 2 and chapter 3) wseénvironmental system analysis
(ESA) approach, defined as a practical strategy cirying out decision-oriented
multidisciplinary research, using a broad rangeamdlytical tools (Quade and Miser
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1997). A key benefit of an ESA approach is thatids decision makers faced with
complex problems to make choices under uncertgiflyimers 2001); (Jawijit et al.

2006); (Neto et al. 2008), by defining a systenvsifdary, identifying environmental

indicators and exploring solutions for mitigatingigacts. The study included some
experiments to test feasible technical optionssd@renmentally improve pangasius and
Shrimp farming in the studied areas (CENTEMA 2004ibh and Mai 2009b).

Other strength of the study is the governance aslgt three levels and the direct
participation of the researcher at each level: lJooational and international. As
researcher, | participated in a diversity of aatetwork activities at all three levels,
where institutions and steering mechanisms werged, discussed, and created. (1)
At the international level, the aquaculture dialegwrganized by WWF are the main
frame in which Vietnamese shrimp and pangasius@udtuae are governed. From 2007
to 2009 various stakeholders meetings were heldiégnam which involved a large
number of diverse — local and transnational — acamd | participated in these meetings
and discussions on PAD standards (WWF 2009a); (W00Re; WWF 2009c). (2) At
the national level, | participated in the stakeleodd meeting which was organized by
the Vietnamese government on the discussion ohteehand management approaches
for pangasius and shrimp aquaculture productioe. Sthkeholders’ meeting was held in
An Giang province with participation of a large roen of actors from different
provinces in the Mekong delta. | focused on thdigpaation and concerns of different
actors for improving the environmental performarafeaquaculture production. In
addition, | focused on the experiences from thepido of BMP (Best Management
Practice), GAP (Good aquaculture Practice) and (fxtle of Conduct for Responsible
Fisheries) for Aquaculture by the Viethnamese gowemt. (3) At the community level, |
co-organized a local stakeholders’ meeting for evafives of farmers and communities
to better understand the environmental problemsethly pangasius farming and to
identify cooperation in water resource managemgntdmmunity—based approaches.
The meeting was held in Hoa Lac village — Phu Tiatridt in An Giang province and
included pangasius farmers, other farmers, locakgonent officials, environmental
experts, women and farmer associations (Anh and2@@®a; Anh and Mai 2009b). In
addition, | focused on the experiences from otl@nmunity cooperatives in shrimp
farming areas in the Soc Trang and Ben Tre progifitehe Mekong delta. Participant
observation and involvement in stakeholder meetingsdepth (often informal)
interviews with all involved actors groups, accasgrey literature were all part of our
data collection methods. Besides, secondary dat aedected from public policy
documents, from the standards’ websites and thrbteyhture review.

Finally, a strong point of the study is the relatyvlarge sample size for the analysis of
local water pollution by pangasius and shrimp fagn{see 6.4.2). During the visits to
farms, detailed information was collected throudtservation and interviews with

farmers and technicians on the production proceasdsactivities of each subsystem,
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their associated wastewater problems and the efitgt of current solutions for
mitigating pollutants.

6.5.2 Limitations of the study

Systems analyses are never complete (Miser and €Qu887). In Figure 6.4 the

research framework as defined in chapter 1 is ptedelt illustrates how the different

chapters relate to each other, and how the ecciadustrial cluster defined in chapter
4 is based on the systems analysis presented ptecta It also shows how chapters 2,
3 and 4 feed into the governance analysis in chdptélowever, the thesis does not
cover the whole framework presented in chapter béth pangasius and shrimp.

Pangasius grow-out
farming

Emission || Water pollution [,

Pangasius frozen fillet
processing

suondo [esuyoa L

(Chapter 2)

Fish-based eco-industrial clust¢&hapter 4)

A

(g JordsupypeIaIul (S9oURUIBACD pue WBISAS 9oURUIDAO0D

»  Water pollution | .
8
=y

Black tiger shrimp Emission Contaminated g ]
grow-out farming i sediment 2
g
(Chapter 3) » Disease spread | | %

Figure 6.5 Research frameworks.

Moreover, this study did not include a full lifealg of the product. In the pangasius
production system, the focus was on two sub-systéan®ing and processing. In each
sub-system, not all environmental impacts from ¢hegbsystems have been studied.
Water pollution, as the most important local prableaused by aquaculture production
in Vietnam, had a key emphasis. We excluded theceffof water pollution such as
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eutrophication and other environmental impacts swash global warming, and
acidification.

Another limitation is related to the sampling sioe sediments, and for processing
industries. In both studies on pangasius farmind smimp farming, we had small
sample sizes for sediments and for processing indss These may not be fully
representative for the whole region (see 6.4.2). Wastewater we considered the
sample size large enough to draw conclusions.

Finally, in studying shrimp farming, the emphasis lbeen on intensive shrimp farming,
excluding less intensive types of shrimp farminghiould be noted that currently, most
farming in the Mekong delta is of the less inteesiype. However, most pollution is

from the intensive farming systems, which makes louitation reasonable from an

environmental perspective.

6.6 Recommendations

Below recommendation will be formulated with redpeo (i) environmental
management of pangasius and shrimp productioneivVietnamese Mekong Delta, and
(i) future studies.

6.6.1 Recommendations for environmental management

To treat wastewater from the pangasius aquaculasegral simple, inexpensive and
environmental friendly methods are available. Amaoimg relatively cheap options are
reduced use of chemicals and medicines, sludgaresd in sedimentation ponds and
constructed wetlands and the re-use of wastewateugh existing irrigation systems.

In pangasius processing, several low-cost clearsgtugtion opportunities are currently
applicable to small, medium and large processingtofees including improved
management techniques and low-tech technologids asithe application of anaerobic
wastewater treatment, which has the added benkfifenerating alternative income
streams from energy generation and carbon creliénses.

In shrimp farming, with the option of the reductiohfeed, it is important that adequate
and sufficient information is available to farmarsld that the government can efficiently
regulate the quality and composition of feed. Aierais noted as a particularly suitable
technology given the low expenses needed to impieme existing intensive systems.

Sediment reuse in agriculture may prove successfiié economics can be justified to

farmers. Wetland construction, although practioadsome farms, remains difficult to

implement due to the lack of land available to farsn Coordinated treatment on
communal lands, or the rehabilitation of mangrokesa for this purpose, as partly can
be seen in Can Gio, may prove a more viable ancctist option.
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Future implementation of an eco-industrial clustershrimp production should not rely
too much on the role of environmental authoritgggen their priorities and limitations
in resources. Establishing cooperation betweenessing industries and increasing
requirements from international markets for cestifiprocessing plants seems to be
more promising triggers towards further reuse awyaling. Although without support
from environmental authorities a treatment systemoait very likely to be established, a
joined proactive request from processors might mtlee best chance, either at the
Vietnamese authorities or via foreign assistance.

Certification systems are promising instruments ctamplement the failing state
approaches in the environmental management of aljuee systems. However, most
certification networks require that the costs aftifieation be borne by the enterprise
being certified, and involve complex, expert-drivdocumentation and monitoring
processes that are beyond the financial and teghnmeans of small enterprises or
community-based institutions (cooperative). Collabion can indeed assist small
farmers to better comply with the requirements oéliy certification. A range of
difficulties still remain for small farmers wishirtg form cooperative groups, and these
groups will continue to need technical 'supportinrlocal governments, including
technical operation, administration and enforcemert local water discharge
agreements.

6.6.2 Recommendations for further study
Based on the results of this study we may idesiiyne needs for further study.

First, not all environmental impacts of shrimp goahgasius production were accounted
for. In this study, the focus was mainly on watetlytion. Future studies may also
consider other environmental impacts and activitiesch as air pollution, odor
problems, soil pollution, and landscape degradationaddition, future studies may
expand the system boundaries to include a moren@atke production chain of
aquaculture products. This chain would include lnates, grow-out farms, processing
industries, transportation, supply companies, ep®y retailers and consumers (Loc
2006; Khoi 2007). This approach is typical for ldgcle assessments, industrial network
studies and value chain analyses (e.g. (Bosma Ebdh comming).

Second, a similar study like the one presentetigsthesis could be performed for other
aquaculture products, such as white leg shribiiapenaeus vannamei) and Tilapia. In
recent years, the Vietnamese government has prdnibee production of white leg
shrimp (MARD 2008a) as a more environmental frlgradternative than black tiger
shrimp. In countries other than Vietnam, white $#gimp is considered a species with
high yields, and with more efficient use of watkw-feed conversion rates, high
survival rates, and faster growth cycles (Wyban72M0ishra et al. 2008). However, the
environmental impacts of white leg shrimp has regrbstudied for Vietham, also not in
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a systems analysis as presented here. Other sprajelso be interesting to study,
such as red-tilapia and black-tilapia, which shdso @ gradually increasing popularity
among farmers.

Third, more experimental and pilot studies of tecAhreduction options would be
worthwhile. These studies would reveal more quating potential for emission
reduction and their costs and economic implicationg/ietham. Some options, such as
the sedimentation ponds, have been extensivelgdeashd applied in experimental
studies in Vietnam. However, most other optionsehéound hardly applications in
Vietnam. This holds, for instance, for ozone aeratechniques and use of pro-biotic.
More research is also needed on feed efficiencyomgment. Sediment reuse appears
to be a viable option for intensive shrimp farmihgwever, further research is needed
to determine if there is enough economic incenforefarmers to engage in sediment
composting. In addition, more information is nedam the practical and long term
aspects of treatment and reuse of sludge, includiegy possibilities for on farm
production and trade.

Fourth, it would be interesting to investigate gussibilities for an eco-agro-industrial
cluster for pangasius, similar to the study presgitere for frozen shrimp production.
Such an analysis could also be performed for figidyction in general, aiming at a
fish-based eco-agro-industrial cluster in the Mekdaslta (Figure 6.6)
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Figure 6.6 Propose a combination of system analysisechnology assessment and
governance analysis for increasing sustainabilityfdish production in the
Mekong delta of Vietnam.

Finally, a governance system analysis, as perforimeee for shrimp and pangasius, can
be performed for other exported fish products saghlapia.

Summarizing, this study may serve as an example flbure analyses of the

environmental impacts of many other products. Thknation of systems analysis,
technology assessment and governance analysigeas itathis study has proven to be
useful in analyzing complex problems from differangles.

143



144



References

Abidi, R. (2003). "Use of probiotics in larval réay of new candidate species."” Aqua
KE,Government Documents 2003:12010130

ACC (2007). Aquaculture Facility Certification: Glalines for BAP Standards,
Aquacutlure Certification Council: Available online
http://www.aquaculturecertification.org/ACC-PDES/#9307.pdf

Ackoff, R. L. (1974)._Redesigning the future: A &® approach to societal problems
New York, Wiley.

Alongi, D. M. (2002). "Present state and future tfe world's mangroves."
Environmental conservatid?f: 331-349.

Analiza Palenzuela Rollon (1999). Anaerobic Digastof Fish Processing Wastewater
with Special Emphasis on Hydrolysis of Suspendedid§o Wageningen
Univeristy.PhD.

Anh, N. T., N. T. Q. Hung, H. V. Phong and N. N. Thanh (2004). Environmental
improvement for shrimp farming in Ben Tre provink Chi Minh city.

Anh, P. T., C. Kroeze, S. R. Bush and A. P. J. N&f)10a). "Water pollution by
intensive brackish shrimp farming in south-eastivaen: Causes and options for
control.” Agricultural Water Manageme@i(6): 872-882.

Anh, P. T., C. Kroeze, S. R. Bush and A. P. J. NR@)10b). "Water pollution by
intensive shrimp farming in Vietnam: Causes andoogtfor control.” Journal of
Agriculture Water Management

Anh, P. T., C. Kroeze, S. R. Bush and A. P. J. N&010c). "Water pollution by
Pangasius production in the Mekong Delta - Vietnaause and options for
control."” The Aquaculture Research

Anh, P. T. and H. N. P. Mai (2009a). Developmentdeiofor water resource
management in the area of Pangasius farming by comntyrbased approach.
Report No. MOFI/ESPS-1II SUDA/2008/3.5.Zmartchoice Educational and
Environmental Consultants prepared for the SudbéénaDevelopment of
Aquaculture (SUDA) - Minitry of Agriculture and RalrDevelopment (MARD)

- Vietnam.

Anh, P. T. and H. N. P. Mai (2009b). Identify, avate and prepare guide book on
wastewater treatment methods for Pangasius farmporR&o. MOFI/ESPS-II
SUDA/2008/3.2.2.1 Smartchoice Educational and Environmental Coastst
prepared for the Sustainable Development of Aquac(SUDA) - Minitry of
Agriculture and Rural Development (MARD) - Vietnam.

145



APFIC (2005). APFIC Regional workshop on Low valm “trash fish” in the Asia-
Pacific region._Food and Agriculture Organisatioh tbe United Nations,
Regional Office for Asia and the Pacifiep. 37.

APHA (1995). Standard Methods, 19th editioWashington, DC, American Public
Health Association.

APHA (2005)._Standard Methods for the Examinatibn\éater and Wastewater, 21st
Edition. Washington DC, American Public Health AssociatigAPHA),
American Water Works Association (AWWA) & Water Eronment Federation
(WEF).

Asche, F. and F. Khatun (2006). Aquaculture: Issaress Oportunities for Sustainable
Production and Trade. Issue paper NdCI'SD Natural Resource, International
Trade and Sustainable Development.

Austin, B., E. Baudet and M. stobie (1992). "Inkidn of bacteria fish pathogens by
Tetraselmis suecica.” Journal of Fish Dieasd®: 53-61.

Australian Prawn Farmers Association (2004). Ingidavn pondsyww.apfa.com.au

Balslev-Olesen, P. and A. Lyngaard (1990). "Pilkdle experiments on anaerobic
treatment of waste water from a fish canning factowater Sci.Technol22:
463-474.

Barros, M. C., A. Magéan, S. Valifio, P. M. Bello,JJ.Casares and J. M. Blanco (2009).
"Identification of best available techniques in teeafood industry: a case
study.” Journal of Cleaner Productidr(3): 391-399.

Bavinck, M., R. Chuenpagdee, M. Diallo, P. v. dijéen, J. Kooiman, R. Mahon and
S. Williams (2005). Interactive fisheries governana guide to better practice.
M. Pickstock and R. N. Roy. Amsterdam, Centre foaritime Research
(MARE).

Belton, B., D. C. Little and K. Grady (2009). "Ise8ponsible Aquaculture Sustainable
Aquaculture? WWF and the Eco-Certification of Tip Society and Natural
Resource®?2: 840-855.

Beresford, M. (1990). "Vietnam: Socialist agricuétuin transition." _Journal of
Contemporary Asi20(4): 466 - 486.

Beresford, M. (2008). Doi Moi in Review: The Challenges of Building Market
Socialism in Vietnam." Journal of Contemporary A3882): 221-243.

Biao, X. and Y. Kaijin (2007). "Shrimp farming inh@a: Operating characteristics,
environmental impact and perspectives.”" Ocean &s@bdanagemenbs((7):
538-550.

146



Bindels, J. (2009). Safeguarding shrimp smallholdarticipation to the ASC-label.
Nijmegen, Radboud University NijmegeviSc: 38.

Boons, F. A. A. and L. W. Baas (1997). "Types dafustrial ecology: The problem of
coordination." Journal of Cleaner Producthkff-2): 79-86.

Bosma, R. H., P. T. Anh and J. Potting (Forth conghi "Environemtal Impact
Assessment of Striped Catfish Production in the &gk Delta using a Life
Cycle Approach.”

Bosma, R. H., C. T. T. Hanh, J. Potting, P. T. AWhV. Dung, M. Fransen, H. T. T.
Hien, P. T. T. Hong, N. T. Minh, T. T. Tuan, L. Phong, D. Q. T. Vuong, T.
Yen and V. N. Ut (2009). Environmental Impact Assesnt of the Pangasius
sector in the Mekong Delt&Vageningen University.

Bouman, M., R. Heijungs, E. van der Voet, J. van Bergh and G. Huppes (2000).
"Material flows and economic models: an analyticamparison of SFA, LCA,
and partial equilibrium models." Ecological Econog82 195-216.

Boyd, C. E. and Craig S. Tucker (1998). Pond aduasuwater quality management
Boston, Massachusetts, USA, Kluwe Academic

Boyd, C. E., P. Munsiri and B. F. Hajek (1994). mjmosition of sediment from
intensive shrimp ponds in Thailand." World Aquaata?5: 53-55.

Braak, K. v. d. (2007). Vietnamese Pangasius imgusturrent practices, developments
and implications for export to the European Union

Wageningen, The Netherlands, Wageningen Univeesity Research for the WSSD,
Partnership Market Access Fisheries Vietnam-Nedheld 35.

Briggs, M. R. P. and S. J. F.-. Smith (1994). "Atrraint budget of some intensive
marine shrimp ponds in Thailand." Aquaculture Redea5(8): 789-811.

Bringezu, S., R. Behrensmeier and H. Schitz (198B)erial Flow Accounts Part |
General Aspects, Aluminum, National Overall AccayWuppertal Institute.

Brunner, P. and H. Rechberger (2004a). "Practiaatihook of material flow analysis."
The International Journal of Life Cycle Assessnt¥h): 337-338.

Brunner, P. and H. Rechberger (2004b). "Practieadbook of material flow analysis."
The International Journal of Life Cycle Assessnterg&37-338.

Bush, S. R. and B. Belton (Forthcoming). Out of fieory and into the fish pond: Can
certification transform Vietnamese Pangasius? Fopo@ sustainable world:
Transitions in the consumption, retail and producf food G. Spaargaren, A.
Loeber and P. Oosterveer. London, Routledge.

147



Bush, S. R., N. T. Khiem and L. X. Sinh (2009). \@ming the Environmental and
Social Dimensions of Pangasius production in VigtnA review." Aguaculture
Economics & Managemei3(4): 271 - 293.

Bush, S. R. and P. Oosterveer (2007). "The Misking: Intersecting Governance and
Trade in the Space of Place and the Space of Fl@&egiologia Ruraligt7(4):
384-399.

Bush, S. R., P. A. M. Van Zwieten, L. Visser, H.ivRijk, R. Bosma, W. F. De Boer
and M. Verdegem (2010). "Scenarios for resiliemtnspp aquaculture in tropical
coastal areas."__Ecology and SocietfX(XX): XX [online] URL:
http://www.ecologyandsociety.org/volXX/issYY/artZZ/

Caldwell, J. a. (2008). Technical review, sedimpahds, U.S. Department of the
Interior, Office of Surface Mining, Rkttp://www.osmre.gov/ocphoto3.htm>
http://technology.infomine.com/SedimentPonds/

Can Gio Economic Division (2007). Report on shriaguaculture in Can Gio in 2007.
People Committee of Can Gio District. Ho Chi MinhyC

Caravan, R. E. (1991). "Processing plant waste gemant guideline for aquatic
fishery products." Food and the environment,
http://www.p2pay.org/ref/02/01/01796.bdf

Casani, S., T. Leth and S. Kngchel (2006). "Wageise in a shrimp processing line:
Safety considerations using a HACCP approach.”" Eomatrol17(7): 540-550.

Cash, D. W. and S. C. Moser (2001). "Linking glolaad local scales: designing
dynamic assessment and management processes.| Binfr@nmental Change
10: 109-120.

Cashore, B., G. Auld and D. Newsom (2004). Governliinrough Markets: Forest
Certification and the Emergence of Non-State AutiiorNew Haven and
London, Yale University Press.

CENTEMA (2004a). Research on Wastewater treatmechnblogies for intensive
shrimp farming area. Ho Chi Minh city, Center fanionmental Technology
and Management.

CENTEMA (2004b). Researching & Applying Technolagi€o Treat WasteWater in
Intensive Shrimp Cultivation. Ho Chi Minh city, Varang University.

Chaan-Ming, L. (1995). "National Reports of Honggoan Cleaner Production for
Green Productivity." _Cleaner Production for Greemod®ctivity: Asian
Perspectives, Asian Productivity Organization

Checkland, P. B. (1979). "Techniques in soft systegractice. Building conceptual
models." Journal of Applied System Analy6is41-49.

148



Chinh, N. (2005). "Evaluation of veterinary drugsed in the intesive Pangasius
hypopthalmus culture in An Giang and Can Tho proes in College of
Aquaculture and Fisheries, Can Tho University."

Choksuchart Sridang, P., J. Kaiman, A. Pottier @dVisniewski (2006). "Benefits of
MBR in seafood wastewater treatment and water restedy case in Southern
part of Thailand.” Desalinatio?0Q(1-3): 712-714.

Chuenpagdee, R. and S. Jentoft (2009). "Govertalflssessment for Fisheries and
Coastal Systems: A Reality Check." Human Ecol8gyl): 109-120.

Chuenpagdee, R., J. Kooiman and R. Pullin (2008séssing governability in capture
fisheries, aquaculture and coastal zones." Thendbuwf Transdisciplinary
Environmental Studie#(1): 1-20.

Cooper, J. S. (2000). Categorization of Decisiorkida Tools: from needs to analysis.
SETAC 21st Annual MeetindNashville, Tennessemvited presentation.

Corsin, F., S. Funge-Smith and J. Clausen (2007qud&litaty assessment of standard
and certification schemes applicable to aquaculiuirthe Asia-pacific region.
Bangkok, Asia-Pacific Fishery Commission, Food @ugliculture organization
of the United Nations, Regional Office for Aisa ahé Pacific - FAO.

Dan, N. P., C. Visvanathan and S.Kumar (2003). i@#egroduction potentials in
seafood processing industry: A case study from Ho Minh city, Vietnam.
Cleaner production in the plastic and seafood ittgust Ho Chi Minh city,
Vietnam Ho Chi Minh city, Department of Environmental &uwte and
technology of Ho Chi Minh city.

Dan, N. P., P. N. Xuan and P. N. Phuc (2008). Afpbtogical treatment pond with
partial aeration to treat waste water from Pangafsitm. workshop on technical
and management approaches to control wastes fraracaljure and seafood
processing industrie®\n Giang province, Viet Nam.

DARD, S. T. (2008). Checking, adjusing and complgtthe master plan on fishery
development of Soc Trang province up to year 20iDaient to year 2020 (Ra
soat, dieu chinh va bo sung qui hoach tong the foiesit thuy san tinh Soc Trang
den nam 2010, dinh huong den nam 2020). Soc Tremgnge, Department of
Agriculture andd Rural Development of Soc Trangvproe.

Decree No. 47 L/ICTN (1996). Law on Cooperative@@March 1996 (Promulgated by
Decree No. 47 L/CTN of 3 April 1996Dfficial Gazette, 1996-07-31, No. 14
(1368), pp. 562-573. G. 0. Vietnam.

Decree No. 151-2007/ND-CP (2007). The organizatiod operation of cooperative

groups. Official Gazette, the Official TranslatiohCéng Bé&o, 2007-10, Issues
nos. 05-06, pp. 20. G. o. Vietnam.

149



Delgado, C., N. Wada, W. Rosegrant Mark, M. Sied & Ahmed (2003). Fish to
2020: supply and demand in changing global mark@eshington, IFPRI.

Dey, M. M., R. Kamaruddin, F. J. Paraguas and Ratfdah(2006). The economics of
shrimp farming in selected Asian countries (chapié). Shrimp culture:
economics, market and trade. Leung and C. R. Engle, World Aquaculture and
Society and Blackwell publishin@35.

Diep, N. (2007). Reuse of sludge and waste waben ffangasius farming for plantation
(in Vietnamese: Su dung nguon bdsy va nuoc thai tu ao ca tda trong ray).
An Giang, Department of Agriculture and Rural Deyghent of An Giang (An
Giang DARD);
http://sonongnghiep.angiang.gov.vn/wp_ctg_ud/mdHirbhg/bundayao.htm

Dierberg, F. and W. Kiattisimkul (1996). "Issuesypiacts, and implications of shrimp
aquaculture in Thailand.” Environmental Managen#&%): 649-666.

Dieu, T. T. M. (2003). Greening Food Processingubidy in Vietnam: Putting
Industrial Ecology to Work. Environmental policyomp - Social Department
Wageningen, Wageningen UniversiBhD.

Dieu, T. T. M. (2006). "Greening Food Processingustries in Vietham: Oppotunities
and Constraints.” Environment, Development and&inebility 8(2): 229-249.

Don, P. D. (2008). "Organic approach in aquacultdezelopment in the Mekong
Delta." Vietfish Internationab(2): 92-93.

Dung, N. H. (2008). Vietham Pangasius and Worldkeiarinternational conference on
Pangasius Can Tho - Vietnam, Can Tho University,
<http://www.ctu.edu.vn/colleges/aquaculture/catfisbdules/tinyd8/>

Dung, N. T. (2006). Decision on approval for magt@n of aquaculrture develoment to
2010 and the orientation to 2020 in Vietnamese $ieci 10/2006/QD-TTg
Vietham Prime Minister.

Ehrenfeld, J. R. (1997). "Industrial ecology: A rfrework for product and process
design.” Journal of Cleaner Producti(i-2): 87-95.

EJF (2003). Risky Business: Vietnamese Shrimp Agjiae - Impacts and
Improvements. EJF's international investigatiorts the social, economic and
environmental impacts resulting from shrimp prodgutiand consumptiorMike
Sanahan, Coralie Thornton, Steve Trent and Julltidams. London, UK,
Environmental Justice Foundation.

EPA (1996). Integrated Waste Strategy for MetrdpaliAdelaide 1996-2015. Adelaide,
South Australia, Environmental Protection Autharity

150



European Commission (1997Final Report on Cleaner Technologies for Waste
Minimization.

European Commission (2006). Reference documeneshavailable techniques in the
food, drink and milk industries. Integrated poltutiprevention and control

FAO (1995). Code of conduct for responsible fisb®rFAO, Rome48pp.

FAO (2007a). Certification schemes for capture digds and aquaculture. APFIC
Regional Consultative Workshoplo Chi Minh city - Vietham.

FAO (2007b). 'FISHSTAT: Aquaculture production (Betder 2007)". Rome, Data and
Statistics Unit, Fisheries Department, Food andidupure Organisation of the
United Nations.

FAO (2007c). The State of World Fisheries and Agltace - 2006 State of World
Fisheries and Aquaculture (SOFIA), FAO Fisheriep@anent: 162.

FAO (2008). Supporting farmer compliance with ptéevastandards. Investment and
capacity building for GAP imlementation programmethe developing world -
the case of the export fresh fruits and vegetadsesors Division of he food and
Agriculture Organization of the United Nation - FAO

FAO. (2009a). "Fisheries governance." Fisheriesegmance Retrieved 01/09/2009,
2009, fromhttp://www.fao.org/fishery/topic/2014/en

FAO (2009b). The State of World Fisheries and Agiltace - 2008 State of World
Fisheries and Aquaculture (SOFIA), FAO Fisheriep@anent: 162.

FAO (2010). FAOSTAT. Rome, Food and Agriculture @nipation of the United
Nations, Onlinehttp://faostat.fao.org/faostadccessed: 29/01/10.

FAO/NACA/UNEP/WB/WWF (2006). International princglfor responsible shrimp
farming. Shrimp farming and the environmeBangkok, Thai Lan, Network of
Aquaculture centre in Asia-Pacific - NACA, Bangkdihailand.

Ferrdo, P. M. C. (2007). Industrial Ecology: A Stepvards Sustainable Development.
A Portrait of State-of-the-Art Research at the Techl University of Lisbon
357-383.

Fford, A. and N. D. Huan (2001). Vietnamese Rui@i&y and its Institutions: Results
of a Study of Cooperative Groups and CooperativesThree Provinces.
Canberra, Aduki Pty Ltd.

Findeisen W and Quade E.S (1997). The methodologly system analysis: An
introduction and overview. Handbook of system asiglyH. J. M. a. E. S.
Quade, John Wiley and Sons, Chichester, U#l.1: pp117-119.

151



Fitzgerald, W. J. (2002). Silvofisheries: Integctht®élangrove Forest Aquaculture
Systems. . Ecological Aquaculture: the evolutionaoblue revolutionB. A.
Costa-Pierce. Oxford, UK., Blackwell Science 1161-262.

Flaherty, M., B. Szuster and P. Miller (2009). "L&alinity Inland Shrimp Farming in
Thailand.” AMBIO: A Journal of the Human Environm&$®(3): 174-179.

Folke, C., N. Kautsky, H. Berg, A. Jansson and kb€l (1998). "THE ECOLOGICAL
FOOTPRINT CONCEPT FOR SUSTAINABLE SEAFOOD PRODUCNQA
REVIEW." Ecological Application§(spl): S63-S71.

Fujie, K. and N. Goto (2000a). Materials flow arsadyand modeling to establish a zero-
emission network in regional areas. German-Japaves&shop on Integrated
Approaches towards Sustainabilityiunich.

Fujie, K. and N. Goto (2000b). Materials flow ars$/and modeling to establish a zero-
emission network in regional areas German-Japawssd#shop on Integrated
Approaches towards Sustainabilityiunich.

Funge-Smith and M. R. P. Briggs (1994). Water dquadind nutrient discharge of
intensive marine shrimp ponds in Thai Land andrtheiationships to pond
productivity. Development of strategies for susthie shrimp farming. Final
report to the Oversea Development Administratiegsearch project R4751
Stiring FK9 4LA, UK., Institute of Aquaculture, Ureristy of Stiring.

Funge-Smith, S. J. and M. R. P. Briggs (1998). fidat budgets in intensive shrimp
ponds: implications for sustainability.” Aquacukur64(1-4): 117-133.

Giang, H. T. (2008). "Study on water quality ofensive catfish culture (Pangasianodon
Hypophthalmus) ponds in An Giang province." scigntiournal of Can Tho

University1: 1-9.

Giap, D. H., P. Garden and L. Lebel (2010). Enapbnstainable shrimp aquaculture:
Narrowing the gaps between science and policy imil@hd. Sustainable
Production Consumption Systems: Knowledge, Engagerard Practicel.
Lebel, S. Lorek and R. Daniel. Dordrecht, Sprind3-144.

Gibson, C. C., E. Ostrom and T. K. Ahn (2000). "Tdoscept of scale and the human
dimensions of global change: a survey." Ecologim@nomics32: 217-239.

Glasbergen, P., F. Biermann and A. P. J. Mol (200&rtnerships, Governance and
Sustainable Development. Reflections on theory gratctice Cheltenham:
Edward Elgar.

GlobalGAP (2009). Control Points and ComplianceteZia for Intergrated Farm
Assurance: Pangasius. 2nd Public Consultation Dr@filogne, Germany,
GlobalGAP.

152



Gomez, R. G. D., J. L. Balcazar and M. Shen (20@iobiotics as control agents in
aquaculture.” Journal of Ocean University of Cr&): 76-79.

Gowing, J. W., T. P. Tuong, C. T. Hoanh and N. Thidtnh (2006). Social and
Environmental Impact of Rapid Change in the Coa&tate of Vietnam: an
Assessment of Sustainability Issues. Environmeadit lamelihoods in Tropical
Coastal Zone<C. T. Hoanh, T. P. Tuong, J. W. Gowing and B.dyaCABI.

GSO Vietnam (2009). Agriculture, Forestry and Frgh000-2008 General Statistic
Office of Vietnam http://www.gso.gov.vn/default.aspx?tabid=430&idnmd=

Gulbrandsen, L. H. (2009). "The emergence and #ffmress of the Marine
Stewardship Council." Marine Poli&B(4): 654-660.

Ha, T. T. T., S. R. Bush and H. Van Dijk (Forthcag). "Transformations In
Vietnamese Shrimp Aquaculture Policy- Empirical dences From Ca Mau
Province, The Mekong Delta. Development.” Policyiew.

Hall, D. (2003). "The International Political Ecglp of Industrial Shrimp Aquaculture
and Industrial Plantation Forestry in SoutheastAslournal of Southeast Asian
Studies34(02): 251-264.

Hao, N. V. (2007). River catfish farming technoladgvelopment in the Mekong Delta,
Viet Nam. Catfish 2007 Viet NamHo Chi Minh city, Vietnam, Research
Institute for Aquaculture No. 2.

Hau, N. P. (2008). Pangasius sustainable farmingwVof producers. Vietnam
Association of Seafood Exporters and Producers RS First WWF
Pangasius Aquaculture Dialogu@an Tho, Vietnam.

HCMC statistical office (2006). Area, populationdaadministrative units in 2005,
http://www.pso.hochiminhcity.gov.vn

Henningsson, S., A. Smith and K. Hyde (2001). "Miiming Material Flows and Utility
Use to Increase Probability in the Food and Drindulstry.” Trends in Food
Science & Technology 12: 75-82.

Hien, T. (2010). Processeing industries work peafonly due to lack of raw material
(Nha may che bien thuy san hoat dong cam chungedi nhien lieu), Forum for
environmental journalist of Vietham.

Hoa, P. T. (2008). Sollutions in organization andnagement of Aquaculture follow
the international standard for sustainabilit. Wéiks on technical and
management approaches to control wastes from alfuiecuand seafood
processing industrie®\n Giang province, Viet Nam.

Hoang, H. (2006). Shrimp farming forward to susthie trends (Nuoi tom su theo
huéng ken virng), Ministry of natuaral resource and environment.

153



Hue, L. T. V. and S. Scott (2008). "Coastal Liveldd Transitions: Socio-Economic
Consequences of Changing Mangrove Forest Manageanentand Allocation
in a Commune of Central Vietham." Geographical Reset6(1): 62—73.

Hui-Rong, L., Y. Yong, J. Wei-Shang and X. Huai-S(1999). The effect of Alken
Clear-Flo1200 used in grow-out ponds of Penaeus onjaps,
http://www.alkenmurray.com/China99.htm

Huitric, M., C. Folke and N. Kautsky (2002). "Analgg development and government
policies of the shrimp farming industry in Thailam relation to mangrove
ecosystems." Ecological Economdi@: 441-445.

Hung, L. T. and H. P. V. Huy (2006). "current statif feed use in Pangasius farming in
the Mekong Delta.” Scientific journal of Can Thoilarsity. 144 - 151.

Hung, Y. T. (2004). Seafood processing wastewagatiment, Handbook of industrial
and hazardous wastes treatmetit W. H. L. C. Y. Lawrence K.Wang; Yung
Tse Hung. Oxford, CRC press, URhapter 14: pp 29-66.

Hyde, K., A. Smith, M. Smith and S. HenningssonO®0 "The Challenge of Waste
Minimisation in the Food and Drink Industry: a Demstration Project in East
Anglia, UK." ournal of Cleaner Production 9: 57-64.

Hyde, K., Smith, A., Smith, M., and Henningsson(Z01). "The Challenge of Waste
Minimisation in the Food and Drink Industry: a Demstration Project in East
Anglia, UK." Journal of Cleaner Productienl 9: 57-64.

IPCC (2006). Carbon dioxide transport, injectionl geological storage. Guidelines for
National greenhouse gas inventoriesS. Eggleston, L. Buendia, K. Miwa, T.
Ngara and K. Tanabe. IGES, New York, NY, USA, Thatibhal Greenhouse
Gas Inventories Programmel 2- energy:1-32.

Islam, M. S. (2008). "From pond to plate: Towardsvan-driven commodity chain in
Bangladesh shrimp aquaculture.” Food PoB8{B): 209-223.

Islam MS, Khan S and T. M. (2004). "Waste loadingshrimp and fish processing
effluents: potential source of hazards to the @astd nearshore environments."
Marine Pollution Bulletird9: 103-110.

Islam, M. S., S. Khan and M. Tanaka (2004). "Wadstding in shrimp and fish
processing effluents: potential source of hazaodshé coastal and nearshore
environments." Marine Pollution Bulletd#®: 103-110.

Jackson, C., N. Preston and P. J. Thompson (206#gke and discharge nutrient loads
at three intensive shrimp farms." Aquaculture Rege35(11): 1053-1061.

154



Jackson, C., N. Preston, P. J. Thompson and MoBU003). "Nitrogen budget and
effluent nitrogen components at an intensive shriarm." Aquaculture2181-
4): 397-411.

Janeo, R. L., V. L. Corre Jr and T. Sakata (2008)ater quality and phytoplankton
stability in response to application frequency oababigmentation agent in
shrimp ponds." Aquacultural Engineerid@(3): 120-125.

Jawjit, W. (2006). An environmental system analysfsthe kraft pulp industry in
Thailand._Environmental system analysis departmafsigeningen, Wageningen
University.PhD.

Jawjit, W., C. Kroeze, W. Soontaranun and L. H&d2006). "An analysis of the
environmental pressure exerted ny the eucalyptaseb&raft pulp industry in
Thailand "_Environmental, development and sustalityab

Jawjit, W., C. Kroeze, W. Soontaranun and L. H&rd8007). "Options to reduce the
environmental impact by eucalyptus-based Kraft pugustry in Thailand:
model description.” Journal of Cleaner Productié(l8): 1827-1839.

Jegatheesan, V., C. Zeng, L. Shu, C. Manicom an8t€lcke (2007). "Technological
advances in aquaculture farms for minimal effluigistharge to oceans." Journal
of Cleaner Productioh5(16): 1535-1544.

Jentoft, S. (2007). "Limits of governability: Instiional implications for fisheries and
coastal governance." Marine Polid¥(4): 360-370.

Jentoft, S., T. van Son and M. Bjgrkan (2007). "iMaProtected Areas: A Governance
System Analysis." Human Ecolo@p(5): 611-622.

Jesperson, C., K. Christiansen and B. HUmmelmo$®0O)R Cleaner production
assessment in fish processing. Industrial sectaiteguon cleaner production
assessmentCOWI consulting Engineers and Planners AS, Dekrfar UNEP
and Danish Environmental Protection Agency.

Joffre, O. M. and R. H. Bosma (2009). "Typology sifrimp farming in Bac Lieu
Province, Mekong Delta, using multivariate statistl Agriculture, Ecosystems
& Environment132(1-2): 153-159.

Jongsuphaphong, M. and S. Sirianuntapiboon (20@8)sign and application of new
type of oxygen supplier for water and wastewateattnent.” African Journal of
Biotechnologwol. 7(19).

Jorgenson, D. W. and P. J. Wilcoxen (1990). "Emumental Regulation and US
Economic GrowthRand." Journal of Economics 21: 314-340.

155



K.Y.Show and D.J.Lee (2008). "Carbon credit andssion trading: anaerobic waste
water treatment.” Journal of the Chinese Instiaitehemical engineei39: 557-
562.

Kandelaars, P. A. (1999). Economic models of maltgnioduct chains for
environmental policyKluwer Academic Publishers.

Karamanos, P. (1995). " Industrial ecology: new apmities for the private sector."
Journal of Industry and Environmetf}(4): 38-34.

Karunasagar, |. (2001). Probiotics and bioremedsatiom aquaculture. Nat. Work
aquaculture medicine Cochin, School of environmental studies Cochin
Univeristy of science and technologdbs:52-53.

Kerkvliet, B. J. T. (1995). "Village-State Relat®om Vietnam: The Effect of Everyday
Politics on Decollectivization.” The Journal of AsiStudie$4(2): 396-418.

Khang, P. V. (2008). Challenges to shrimp produrctiothe Bentre province, Vietham.
Department of Social Science and Marketifgomsg, University of Tromsg.
MSc: [online] http://www.ub.uit.no/munin/bitstream/10037/1430W&&is. pdf

Khiem, N. T., S. Bush, V. T. T. Loc, L. X. Sinh, N.. Chau and T. M. Hai (2008). Pro-
poor Pangasius: upgrading value-chains for improua@l livelihoods and
environmental performance. Inception Repért Giang University.

Khiem, N. T., S. R. Bush, H. H. Chau and V. T. BclL(2010). Pro-Poor Pangasius:
final report. Long Xuyen, IDRC, An Giang UniversitPDIl Grant Number
RO334.

Khoa, L. V. (2006). Greening small and medium-sizexterprises - evaluating
environmental policy in Vietham. Department of Sdbcscience Wageningen
Wageningen University?hD.

Khoi, L. N. D. (2007). Description of the Pangasuague chain in Vietham, Centre for
ASEAN Studies (CAS), Centre for International Masagnt and Development
Antwerp (Cimda) and School of Economics and Busngdministration, Can
Tho University, Vietham

Kirsch, O. C. (1997). "Vietnam: Agricultural Coop#ires in Transitional Economies,
Discussion Paper 59: Diskussionsschriften der [Rorsgsstelle flr
Internationale Wirtschafts- und Agrarentwicklung @vA)."

Knowler, D., N. Philcox, S. Nathan, W. Delamare, Waider and K. Gupta (2009).
"Assessing prospects for shrimp culture in the dndbundarbans: A combined
simulation modelling and choice experiment apprdadharine Policy 33(4):
613-623.

156



Kooiman, J. (2008). "Exploring the Concept of Gaadility." Journal of Comparative
Policy Analysis: Research and Practi€¥?2): 171 - 190.

Kooiman, J. and M. Bavinck (2005). The governaneszsjpective._Fish for Life:
Interactive Governance for Fisherids Kooiman, M. Bavinck, S. Jentoff and R.
S. V. Pullin. Amsterdam, Amsterdam University Press24.

Kooiman, J. and M. Bavinck. (2005). The Governarerspective Amsterdam,
Amsterdam University Press.

Kooiman, J. and M. Bavinck (2008). "Interactive ®aovance and Governability: An
Introduction.” The Journal of Transdisciplinary Eiowmental Studie3(1,2): 1-
11.

Koppen, C. S. A. V. and A. P. J. Mol (2002). Ecatad modernization of Industrial
EcosystemIWA publishing.

Krrishnamohan, K. and S. Herat (2000). "Industriatology and sustainable
developmenta€’a viewpoint." International Journ&l Emvironmental Studies
57(4): 387 - 400.

Lebel, L., P. Lebel, P. Garden, D. H. Giap, S. Kimuang and S. Nakayama (2008).
"Places, Chains, and Plates: Governing Transitiorthe Shrimp Aquaculture
Production-Consumption System." Globalizatién211-226.

Lebel, L., N. H. Tri, A. Saengnoree, S. PasongBUatama and L. K. Thoa (2002a).
"Industrial Transformation and Shrimp AquacultureTihailand and Vietnam:
Pathways to Ecological, Social, and Economic Soatality&#63." AMBIO: A
Journal of the Human Environme3it(4): 311-323.

Lebel, L., N. H. Tri, A. Saengnoree, S. PasongBUatama and L. K. Thoa (2002b).
"Industrial Transformation and Shrimp AquacultureTihailand and Vietnam:
Pathways to Ecological, Social, and Economic Snahality?" Ambio 31(4)
311-323.

Lem, A., U. Tietze, E. Ruckes and R. Van AnrooyO2p0 Fish marketing and credit in
Viet Nam. Rome, Food and Agricultural Organisatminthe United Nations.
FAO Fisheries Technical Paper 468.

Lemonnier, H. and S. Faninoz (2006). "Effect of evaéxchange on effluent and
sediment characteristics and on partial nitrogeshgbtiin semi-intensive shrimp
ponds in New Caledonia." Aquaculture Rese&1(9): 938-948.

Liém, T. T. (2008). Shrimp cultivation by ozone a@yn technology. workshop
Technical and management approaches to controbksvfisim aquaculture and
seafood processing industriés Giang province, Vietnam.

157



Loc, N. T. T., S. R. Bush, L. X. Sinh and N. T. Km (2010). "High and low value fish
chains in the Mekong Delta: challenges for livetide and governance.”
Environment, Development and Sustainabiii®| 10.1007/s10668-010-9230-
3.

Loc, V. T. T. (2006). Seafood Supply Chain QuaMgnagement:The Shrimp Supply
Chain Quality Improvement Perspective of Seafooth@anies in the Mekong
Delta, Vietnam. Centre for Development Studi@soningen, The University of
Groningen - the Netherland3hD.

Loc, V. T. T., S. Bush, L. X. Sinh, H. Navy and N.Khiem (Forth comming). "Value
chains for sustainable Mekong fisheries: the a#sBangasius hypopthalmus
and Henicorhynchus/Labiobarbus spp. in  Vietnam a@adambodia."
The Sustainable Mekong Research Network

Loc, V. T. T., L. X. Sinh and S. R. Bush (2007)ais-boundary challenges for fisheries
policy in the Mekong Delta, Vietham: implicationsrfeconomic growth and
food security._Challenges to Sustainable Develormpethe Mekong Delta: a
regional perspective on important policy issues @sgarch need3ran Thanh
Be, Back Tan Sinh and Fiona Miller, Swedish Envinemt Institute 102-142

Long, N. T. and V. T. Toan (2008). "Study on thecwaoulation of nitrogen and
phosphorus in intensive shrimp (Penaeus monodamjg6 Scientifc journal of
Can Tho Univeristy - Vietnart: 8.

Lowe, E. A. (1997). "Creating by-product resourcechanges: Strategies for eco-
industrial parks."” Journal of Cleaner Productigh-2): 57-65.

Luan, B. V. (2008). Initial results on treatment steavater from aquaculture in An
Giang province. workshop on “Technical and manageérapproaches to control
wastes from aquaculture and seafood processingtinesi. An Giang province,
Vietnam.

Luttrell, C. (2001). "Institutional change and nafluresource use in coastal Vietham."
GeoJournab4: 529-540.

Lyle-Fritch, L. P., E. Romero-Beltran and F. Paest@a (2006). "A survey on use of
the chemical and biological products for shrimpnfeag in Sinaloa (NW
Mexico)." Aquacultural Engineerings(2): 135-146.

Mai, H. (2006). Sediment from shrimp pond - cheagaaic compost (in viethamese).
Binh Dinh News - http://www.baobinhdinh.com.vn/suckhoe-
doisong/2006/12/37056Binh Dinh- Vietnam, Binh Dinh Provincial Authoyit

Mang, T. L., L. T. H. Tran and N. P. Dan (2008). téfaquality assessment and propose
sollutions for improvement of industrial shrimp pbm Kien Luong, Kien
Giang province, Vietham. workshop on “Technical amahagement approaches

158



to control wastes from aquaculture and seafoodg®®ing industries’An Giang
province, Vietnam.

Mantingh, 1. and N. V. Dung (2007). Pre-assessnwnthe Pangasius sector. The
Hague, Dutch Ministry of Agriculture, Nature anddéoQuality.

MARD (2008a). Instruction 228/CT-BNN-NTTS on theveéopment of white leg
shrimp (Litopenaeus vannamei) aquaculture (Chi2®8/CT-BNN-NTTS ve
viec phat trien nuoi tom the chan trang). Ha Noinistry of Agriculture and
Rural Development of Vietham - Department of Aguace.

MARD (2008b). Report on the implementation of thanpin 2008 from the Ministry of
Agriculture and Rural Development. Ha Noi, Ministify Agriculture and Rural
Development of Vietham (MARD).

MARD (2009a). current status and solutions for Rang and brackish shrimp
production in Mekong delta provinces. Meeting ofkdeg delta provincean
Tho city: 11p.

MARD (2009b). Pangasius market of the Mekong ddfta.Noi, The Department of
Processing, Trade of agricultural and fishery potsland Salt industry.

Menasveta, P. (2002). "Improved Shrimp Growout &yst for Disease Prevention and
Environmental Sustainability in Asia." Reviews iislkeries Scienc&0: 391-
402.

Mendez, R. O., F.; Soto,M.; Lena,J.M. (1992). "Pijmant studies on anaerobic
treatment of different wastewaters from a fish a@agnfactory.” water
Sci.Technol25: 37-44.

Miser, H. J. and E. S. Quade (1997). Craft issumespocedural choices. Handbook of
systems analysi#i. J. Miser and E. S. Quade, John Wiley and SGhighester,
UK. Volume 2

Mishra, J. K., T. M. Samocha, S. Patnaik, M. Spé&ed,. Gandy and A.-M. Ali (2008).
"Performance of an intensive nursery system for Baeific white shrimp,
Litopenaeus vannamei, under limited discharge d¢mmdi Aquacultural

Engineering38(1): 2-15.

Mitchell, C. L. (2006). "Beyond barriers: examiningpt causes behind commonly cited
Cleaner Production barriers in Vietham." JournaCt#aner Productioti4(18):
1576-1585.

MOFI (1998a). Sector standard No 28 TCN 129: 1998 fshery processing
establishments - HACCP - based quality managemeogram. 28 TCN
129:1998 M. o. F. 0. Vietham. Ha Noi.

159



MOFI (1998b). Sector standard No 128 TCN 130: 1988 fishery processing
establishments basic hygien and food safety camditi28 TCN 130: 1998M.
0. F. 0. Vietham. Ha Noi.

MoFI (2001). 28 TCN 171 : 2001 : Sectoral standafe procedure for intensive
culture of Tiger shrimp in Vietnamese (Quy trinmgdgté nudi tham canh tém
su). 28 TCN 171 : 200M. o. Fishery, Ministry of Fishery.

MOFI (2006). Intensive farming technique for blaaker shrimp:standard 28 TCN 171:
2001,www.fistenet.gov.vn

MOFI and WB (2005). Vietnam fisheries and aquaceltsector study, Ministry of
Fisheries of Vietham and the World Bank.

MOFI and WorldBank (2005). Vietnam fisheries andiacplture sector study. Ha Noi,
Ministry of Fisheries.

Mol, A., D. Sonnenfeld and G. Spaargaren (eds) $20lhe Ecological modernization
Reader: Environmental Reformin Theory and Practice, London: Routledge

Mol, A. P. J. (1995). "The refinement of productidrcological modernization theory
and the chemical industry." Utrecht, Netherlandan\Arkel

Mol, A. P. J. and T. T. M. Dieu (2006). "Analysiramd Governing Environmental
Flows: the Case of Tra Co Village, Vietnam, NJASThe Wageningen
Experience with Research and Education for Devetyjrti Wageningen
Journal of Life Sciences3(3-4): 301-317.

Mungkung, R., H. U. d. Haes and R. Clift (2006)ot#htials and Limitations of Life
Cycle Assessment in Setting Ecolabelling CritefAid@ase Study of Thai Shrimp
Aquaculture Product " The International Journaldé Cycle Assessmenyol
11: 55-59.

NACA (2004). Controling FCR. NACA Discussion ForumsCA.

NACA (2008). Promotion of better management prasti¢cBMP), good aquaculture
practices (GAP) and Code of Conduct (COC) for shrexuaculture systems.
Hanoi, SUDA Activity 3.5.5/2008.

NACA/SUMA (2005). Reducing the risk of aquatic amimdisease outbreaks and
improving environmental management of coastal agiuae in Vietham.

NAVIQAVED (2006). Final report of GAP applicatiom tdevelop sustainable shrimp
farming system in Vietnam, Ministry of Fishery ofetham 84p.

Neto, B., C. Kroeze, L. Hordijk and C. Costa (2008)lodelling the environmental
impact of an aluminium pressure die casting plamd aptions for control.”
Environmental Modelling & Softwar23(2): 147-168.

160



Neto, B., C. Kroeze, L. Hordijk, C. Costa and TII€21(2009). "Strategies to reduce the
environmental impact of an aluminium pressure disting plant: A scenario
analysis." Journal of Environmental Managen@#{2): 815-830.

Neto, B. A. F. (2007). MIKADO- A decision suppodd for pollution reduction in
Aluminium pressure die casting, Wageningen Univer§lhD thesis

Nhan, D. K., M. C. J. Verdegem, A. Milstein andAl.V. Verreth (2008). "Water and
nutrient budgets of ponds in integrated agricultuegjuaculture systems in the
Mekong Delta, Vietnam." Aquaculture ReseaB&il1): 1216-1228.

Nhat, P. H. (2007). Eco-modernizing Small and Mediized Agro-industries in
Vietnam. Department of Environmental Scienc®$ageningen, Wageningen
University. PhD.

Nhuong, T. V. (2004). Model of community based ngamant: which model for coastal
shrimp farming in Vietnam: in vietnamese (Mo hinkag ly dua vao cong dong:
mo hinh nao cho nuoi tom ven bien o Viet Nam). Ho Minh city - Vietham,
Research Institute for Aquaculture No 2.

Nichols, P. (2008). Developments in the fisheriest@ar, DANIDA - BOSMA.

Nimrat, S., S. Suksawat, P. Maleeweach and V. utmdchai (2008). "Effect of
different shrimp pond bottom soil treatments on ttleange of physical
characteristics and pathogenic bacteria in pontbiyosoil.” Aquaculture851-
4): 123-129.

Oosterveer, P. (2006). "Globalization and sustdemabonsumption of shrimp:
consumers and governance in the global spacewsfldnternational Journal of
Consumer Studie3)(5): 465-476.

Paez-Osuna, F. (2001). "The Environmental ImpacSbfimp Aquaculture: Cause,
Effects,a nd  Mitigating Alternatives." __Environmehta Management
Vol.28(No.1): pp. 131-140.

Paez-Osuna, F., A. Gracia, F. Flores-Verdugo, LLyie-Fritch, R. Alonso-Rodriguez,
A. Roque and A. C. Ruiz-Fernandez (2003). "Shrimpagulture development
and the environment in the Gulf of California egpos." Marine Pollution
Bulletin 46(7): 806-815.

Paez-Osuna, F. and A. C. Ruiz-Fernandez (2005 if&@mmental Load of Nitrogen and
Phosphorus from Extensive, Semiintensive, and smwenShrimp Farms in the
Gulf of California Ecoregion.” Bulletin of Environemtal Contamination and

Toxicology74(4): 681-688.

Phan, L. T., T. M. Bui, T. T. T. Nguyen, G. J. GeglB. A. Ingram, H. V. Nguyen, P.
T. Nguyen and S. S. De Silva (2009). "Current staififarming practices of

161



striped catfish, Pangasianodon hypophthalmus inrMbkong Delta, Vietnam."
Aquaculture?96(3-4): 227-236.

Phuong, N. T., L. X. Sinh, N. Q. Thinh, H. H. Ch&li, T. Anh and N. M. Hau (2007).
Economics of aquaculture feeding practices: VietmNaEconomics of
aquaculture feeding practices in selected Asiamitms M. R. Hasan. Rome,
FAO: 183-205.

Pluimers, J. (2001). An Environmental System Anialyg Greenhouse Horticulture in
the Netherlands — the Tomato case, Wageningen tsityiePhD thesis

Pluimers, J. C., C. Kroeze, E. J. Bakker, H. Chaiid L. Hordijk (2000). "Quantifying
the environmental impact of production in agrictdtiand horticulture in The
Netherlands: which emissions do we need to corgid&gricultural Systems
66(3): 167-189.

Primavera, J. H. (2006). "Overcoming the impactagiaculture on the coastal zone.
Ocean and Coastal Managem48(9): 531-545.

Quade, E. S. and H. J. Miser (1997). The contextiire and use of system analysis.
Handbook of system analysisl. J. M. a. E. S.Quade, John Wiley and Sons,
Chichester, UKvol 1: pp 1-32.

Quyen, T. (2008). Pangasius farming with rice fidlgetnam News.

Ramjeawon, T. (2000). "Cleaner Production in Maamit Cane Sugar Factories."
Journal of Cleaner Producti@n 503-510.

Ravi Kumar, M. N. V. (2000). "A review of chitin drchitosan applications.” Reactive
and Functional Polyme#r6(1): 1-27.

RIA 2 (2008). overview of river catfish farming ddgpment in the Mekong delta —
Vietnam._Strategic Environmental Impact Assessmoétiie Pangasius sector in
Mekong delta Ho Chi Minh city, Vietham, Research Institute Aduaculture
No 2 (RIA 2) - Ministry of Agriculture and Rural Delopment (MARD).

Rivera-Monroy, V. H., L. A. Torres, N. Bahamon, Rewmark and R. R. Twilley
(1999). "Thepotential use of mangrove forests dsogen sinks of shrimp
aquaculture pond effluents:The role of denitrificat™ Journal of the World
Aquaculture Societ@0: 12-25.

Roberts, B. H. (2004). "The application of industrecology principles and planning
guidelines for the development of eco-industriatkpa an Australian case
study." Journal of Cleaner Productid®(8-10): 997-1010.

Robertson, A. I. and M. J. Phillips (1995). "Mangge as filters of shrimp pond
effluent: predictions and biogeochemical reseaexdds.” Hydrobiologi2951):
311-321.

162



Rosenberry, B. (1998). World shrimp farming. Shribd@ws InternationalSan Diego,
California 328 pp.

Sakamoto, T., C. Van Phung, A. Kotera, K. D. Nguyerd M. Yokozawa (2009).
"Analysis of rapid expansion of inland aquacultanel triple rice-cropping areas
in a coastal area of the Viethamese Mekong Deliagus1ODIS time-series
imagery." Landscape and Urban Planrd2(fl): 34-46.

Sarter, S., H. N. K. Nguyen, L. T. Hung, J. Lazardl D. Montet (2007). "Antibiotic
resistance in Gram-negative bacteria isolated fiaamed catfish.” Food Control
18:1391-1396.

Schulz, C. (2003). "Treatment of rainbow trout faeffluent in constructed wetland
with emergent plants and subsurface horizontal mieer.” Aquaculture217. p
207-221.

Schut, S. (2009). Governance interactions of enwirental certicication and the
Vietnamese Pangasius farming industry: an investigaof market-based
governance, aquaculture, transitional economic ameéractive Pangasius
farming industry._Department of Social Scienc®¥gageningen, Wageningen
University.MSc: 90.

Schuur, A. M. (2003). "Evaluation of biosecuritypéipations for intensive shrimp
farming." Aquacultural EngineerirZ(1-2): 3-20.

SEAFDEC (2008). Brackishwater pond culture of bldider shrimp - Technology
description http://www.seafdec.org.ph/commodities/shrimp_pondtuce.html

Seitzinger, S. P., J. A. Harrison, E. Dumont, A.W. Beusen and A. F. Bouwman, .
(2005). "Sources and delivery of carbon, nitrogerd phosphorus to the coastal
zone: An overview of Global Nutrient Export from Wesheds (NEWS) models
and their application." _Global Biogeochemical Cgclel9 GB4SO01:
doi:10.1029/2005GB002606.

Senarath, U. and C. Visvanathan (2001). "Envirortalelssues in Brackish Water
Shrimp Aquaculture in Sri Lanka." Environmental Mgemen®7(3): 335-348.

Show, K. Y. and D. J. Lee (2008). "Carbon creditl @mission trading: Anaerobic
wastewater treatment." Journal of the Chinesetirstiof Chemical Engineers
39(6): 557-562.

Sinh, L. X. (2007). Issues related to sustainabhlening of catfish (Pangasius spp) in
Vietnam in Species and system selection for susitiéénaquaculture, Blackwell.
chapter 22, p 333-346

Sridang, P. C., J. Kaiman, A. Pottier and C. Wiasia (2006). "Benefits of MBR in

seafood wastewater treatment and water reuse: s@ashy in Southern part of
Thailand." Desalinatio200 712-714.

163



Stead, S. (2005). A Comparative Analysis of twork®iof Stakeholder Participation in
European Aquaculture Governance: Self-regulatiahlategrated Coastal Zone
Management. Participation in Fisheries Governahz6-192.

Thrane, M., E. H. Nielsen and P. Christensen (20@§ganer production in Danish fish
processing - experiences, status and possible efustnategies.” Journal of
Cleaner Productiof7(3): 380-390.

Tien, V. D. and D. Griffiths (2008). Shrimp GAP aB#§P in Vietnam: Policy, current
status and future direction. Hanoi, Sustainable ebgyment of Aquaculture
(SUDA).

Trai, N. V., S. Momtaz and K. Zimmerman (2006). "faPollution Concerns in
Shrimp Farming in Vietnam: A Case Study of Can Glo,Chi Minh City." The
International Journal Environmenal, Cultural, Ecomo & Social Sustainabiility
3(2).

Trai, N. V., S. Momtaz and K. Zimmerman (2007). "M&fgpollution concerns in shrimp
farming in Vietnam: A case study of Can Gio, Ho QYinh city." The
International Journal of Environmental, Cultural,cofomic and Social

Sustainability3(2): 9.

Trong, N. V. (2008). Vietnam _ Working toward theo&uction of Safe and High-
Quality Aquaculture Foods. Ho Chi Minh city, ViemaResearch Institute for
Aquaculture No.2 - Ministry of Agriculture and Ruf2evelopment (MARD).

Tuan, L. A. (2007). Freshwater fish-pond waste wateatment by constructed
subsurface flow wetlands. Aquaculture managemBepartment of An Giang
Natural Resource and Environment, Viethamese.

Tuan, L. X., M. Yukihiro and K. Shin-ichiro (2005)Antibiotic resistance in bacteria
from shrimp farming in mangrove areas.” Sciencellé Total Environment
3491-3): 95-105.

Tuan, L. X., M. Yukihiro, N. H. Tho and P. T. A. Da(2003). "Environmental
Management in Mangrove Areas." Environmental Infatins Archivesl(2003),
38-52

Tunvilai, D., P. Songsanginda and K. Chaiyakaj @9%ariation of sediment quality
and quantity in intensive tigger shrimp culture genTechnical paper no.
5/1993. Muang district, Songkhla 90000 Thailandatidhal Institute of Coastal
Aquaculture.

Tzachi M Samocha, | M Lopez, E R Jones, S JacksmhAa L Lawrence (2004).
"Characterization of intake and effluent watersnfrantensive and semi-
intensive shrimp farms in Texas." Aquaculture Regea5(4): 321-339.

UNDP (1994). "Government strategies and policiesleaner production.”

164



UNESCO (2002). Biosphere Reserve Information- \detn Can Gio Mangrove,
UNESCO_MAB Biosphere Reserves Directory.

United Nations (2003). Wastwater treatment techgiela A general review. Economic
and social commission for western Asia,
www.escwa.un.org/information/publications/edit/usddésdpd-03-6.pdf

Vaiphasa, C., D. B. W.F., A. K. Skidmore, S. Pdmiidt, T. Vaiphasa, N. Bamrongrugsa
and P. Santitamnont (2007). "Impacts of shrimp povaste materials on
mangrove growth and mortality: a case study frork Paanang, Thailand."
Hydrobiologia591 47-57.

Valiela, 1., J. L. Bowen and J. K. York (2001). "Ngrove forests: one of the world's
threatened major tropical environments." BioSciente807-815.

van der Voet, E., R. Kleijn, L. van Oers, R. HegsnR. Huele and P. Mulder (1997).
"Substance flows through the economy and environmah a region.”
Environmental Science and Pollution Resed(@): 112-112.

Van, H. (2010). Exportation of Pangasius: recoMeuy unsustainability. 15/01/20,10
The Department of Processing, Trade of agricultaral fishery products and
Salt industry (MARD).

van Mulekom, L. and A. Axelsson (2006). "Trade axgbort orientation of fisheries in
Southeast Asia: Under-priced export at the expefhsgomestic food security
and local economies." Ocean & Coastal Manage#@®t10): 546-561.

Van, N. (2007). Reuse of wastewaster from Pangdsiusing for bo bo moina (Su
dung nguon nuoc thai tu ao ca @@ nuoi trung nuoc -Moina), Derpartment of
Agriculture and Rural development of An Giang (ANiay DARD),
http://sonongnghiep.angiang.gov.vn/wp_ctg_ud/ta#0kt/themmuoi.htm

Vandergeest, P. (2007). "Certification and CommesitAlternatives for Regulating the
Environmental and Social Impacts of Shrimp Farniingorld Development
35(7): 1152-1171.

Viet, N. T., P. T. Anh and L. T. Quy (2008). Wastg®ar treatment technologies for fish
processing industries in the Mekong delt&/orkshop on technical and
management approaches to control wastes from alduecuand seafood
processing industries, An Giang province.

Vigneswaran, S., V. Jegatheesan and C. Visvanati@89). "Industrial Waste
Minimization Initiatives in Thailand: Concepts, Ewxples and Pilot Scale
Trials." Journal of Cleaner Production 7: 43-47.

Wang, Y.-B. and J.-Z. Han (2007). "The role of podic cell wall hydrophobicity in
bioremediation of aquaculture.” Aquacult@@9(1-4): 349-354.

165



Watson, R. and D. Pauly (2001). "Systematic digiogt in world fisheries catch
trends." Natur&14(6863): 543-536.

Wei, M.-S. and K.-H. Huang (2001). "Recycling arelise of industrial wastes in
Taiwan." Waste Manageme?i(1): 93-97.

Wilson, B. (1984)._System: Concepts, methodologiesl application Chichester,
United Kingdom, John Willey & Sons.

World Bank, NACA, WWF and FAO. (2002). "Shrimp fanmg and the environment." a
World Bank, NACA, WWEF, and FAO Consortium Programanalyze and share
experiences on better management of shrimp aquaeulin coastal
areas.Synthesis RepoRetrieved 08.09.2005., fronwavyw.enaca.org

WWEF (2007). Benchmarking Study Certification Pragraes for Aquaculture. Zurich
and Oslo, World Wildlife Fund (WWF) Switzerland aNdrway.

WWF  (2008a). Aquaculture  Dialogues Process Guidandeocument,
http://www.worldwildlife.org/what/globalmarkets/aaculture/WWEBinaryitem

9674.pdf

WWEF (2008b). Shrimp Aquaculture Dialogue: Princgl€riteria and Indicators from
Africa and America - Draft version, Worldwide Furfdr Nature Shrimp
Aquaculture Dialogue.

WWE. (2008c). "WWF's Approach to Aquaculture ", 200
WWF (2009a). Aquaculture - Pangasius. Aquaculture

http://www.worldwildlife.org/what/globalmarkets/aaculture/dialogues-
pangasius.html

WWEF (2009b). Draft pangasius aquaculture dialogstasdard for the first period of

public comment,
http://www.worldwildlife.org/what/globalmarkets/aaculture/WWEBinaryitem
12153.pdf

WWEF (2009c). Meeting Summary: Pangasius Aquacuiadogue. Ho Chi Minh City,
Vietnam,World Wildlife Fund

WWEF. (2009d). "PAD draft standard for public commpariod 2 - Nov 20, 2009."

WWF (2009e). Pangaius Aquaculture Dialogue - contmeaceived during the'1

public commentary period,
http://www.worldwildlife.org/what/globalmarkets/aaculture/WWEBinaryitem
13128.pdf

WWE. (2009f). "Promoting sustainable shrimp aqutarel for small-scale farmers in
Mekong delta.”

166



WWEF (2009g). Shrimp Aquaculture Dialogue: Princgl€riteria and Indicators from

Africa, America and Asia Shrimp
http://www.worldwildlife.org/what/globalmarkets/agoulture/WWFBinaryitem
11471 .pdf

WWEF. (2010). "Draft standard for responsible shriraguaculture.” Retrieved
01/04/2010, from
http://www.worldwildlife.org/what/globalmarkets/agoulture/WWFBinaryitem
15412.pdf

Wyban, J. (2007). "Thailand's shrimp revolution."QBA Culture AsiaPacific
Magazine

Xia, L. Z., L. Z. Yang and M. C. Yan (2004). "Nigen and Phosphorus Cycling in
Shrimp Ponds and the Measures for Sustainable Mamagt.” _Environmental
Geochemistry and Heal®6(2): 245-251.

Yang, P. P.-J. and O. B. Lay (2004). "Applying astem concepts to the planning of
industrial areas: a case study of Singapore's guisland.”_Journal of Cleaner
Production12(8-10): 1011-1023.

Zeijl-Rozema, A. v., R. Corvers, R. Kemp and P. tdas (2008). "Governance for
sustainable development: a framework." SustainBl@deelopmentl6(6): 410-
421.

167



168



Summary

From 1986 up to now the Viethamese fishery secasr developed rapidly in terms of
production and export. Aquaculture developed maeq@dly than wild-catch fishery.
Aquaculture exists in freshwater, brackish watet s@awaterAmong the various fish
and shrimp species produced in Vietnam, two dorairmtith production and export
value. These are river catfish (Pangasianodon Higgpbpus - called pangasius)
produced in fresh water and black tiger shrimp é@es monodon) produced in
brackish water. The farming of pangasius in Vietnemmainly Tra (Pangasianodon
hypophthalmus) and Basa (Pangasius bocourti), ardbbthe fastest growing types of
aquaculture in the world. Ninety percent of the gsmsius produced worldwide
comesfrom Vietnam. The production of black tigerirsp (Panaeus Monodon)
accounts for 80 — 90% of the total shrimp productioVietnam. Vietham is one of few
countries producing large sized, high quality, klaiger shrimp and has few direct
competitors, except for India and Bangladesh. Tinease in fish production in
Vietnam has been accompanied by a rapid expansithe dish processing sector. Over
the past decade particularly large modern fadliiere developed. Currently, there are
about 400 registered fish-processing plants iniAet with around 1.2 million tons
input capacity for export-oriented production. biddion, there are many local plants,
that process other traditional products such dsdauce, fish paste, and dried fish for
domestic markets.

The increased fish production has economic bengditshe country. However, both
aquaculture farms and the fish-processing indisstriay have serious consequences for
the environment. The available studies seem toeatjrat the largest environmental
problems caused by aquaculture and processingtimetiare associated with water use
and water pollution. Waste water of fish ponds @ndcessing industries is high in
nitrogen (N), phosphorus (P), and organic matted therefore has a high chemical
oxygen demand (COD) and biological oxygen demar@¥B In addition, there may be
chemical contaminants and pathogens in the wastamss. In response to the
environmental impacts of aquaculture in Vietnang government and industry alike
have invested in environmental management. In i@tdib the domestic impetus for
improved environmental management pressure has aasee through international
trade relations. Recent events and trends showstbaificant challenges remain for
Vietnam to be competitive in the international nerkor aquaculture products, which
go beyond processing plant quality control and gssing technology

The main objective of this study is to analyze fh@ssibilities for environmental
improvement in pangasius and shrimp productionigtnam and to identify the options
for technological and management intervention.
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Four sub-objectives were formulated to achieveothexall objective:

Sub-objective 1To identify causes and impacts of water polluiiothe Mekong Delta,
associated with pangasius farming and processidgstry; and identify possible
options to reduce these problems.

Sub-objective 2To analyse the causes of water pollution, comated sediment and
spread of disease from intensive black tiger shrfexming in Vietnam, and identify
possible options to reduce these environmental ectspa

Sub-objective 3:To apply the idea of eco-agro-industrial clustgrifor reducing
pollution, protecting natural resources and impnguvihe competitiveness of the shrimp
production and processing sector in the Mekongad#®lietnam.

Sub-objective 4.To analyze current attempts—at multiple levels—tvagn water
pollution in aquaculture in Vietham, and illuminak®w public-private multilevel
governance complexes are starting to address obomeal state failures in water
pollution problems in Vietham's aquaculture.

First, we analyzed water pollution caused by thedpction of frozen filets of
Pangasius hypopthalmus, including both pangasius farming and the processing
industries in the Mekong Delta. The results shoat the production of of one ton of
frozen fillets releases 740 kg BOD, 1020 kg COD5@Mkg Total Suspended Solid
(TSS), 106 kg N and 27 kg P. Wastewater from fighds contributes 60-90% of these
emissions. Thus fish ponds contribute more to tbkuton than the fish-processing
industries. Sludge from fish ponds and wastewatemfprocessing facilities have
relatively high concentrations of pollutants, butchuse of their relatively small
volumes, these waste streams comprise only 3 to @&7&e total emissions. Overall,
pangasius production accounts for less than 1%otad TSS, N and P loads in the
Mekong Delta, making it a minor source of nutriemtshe Mekong river. Nevertheless,
the discharge of sludge can cause local pollutroblpms.

The average values of water quality parametersieneffluent of the pangasius ponds
were found to generally not exceed the Viethamestace water quality standards.

However, when we consider the variation among pomdsconclude that there are

probably many individual ponds where the standardsexceeded. Reductions in water
pollution from pangasius production are possibl®ulgh more efficient use of inputs

and low-cost treatment and reuse of effluent steeahie use of cleaner production
technologies; and the development of wastewatatnrent plants could be applied to a
small number of large farms and processing faeditto reduce water pollution in

pangasius processing. Low-cost options for smalleséarms include the reuse of
wastewater in crop irrigation.

Second, we investigated water pollution, sedimenttamination and the spread of
diseases related to shrimp farming in the Can Gsirick of Ho Chi Minh City
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(Vietnam), an area representative for the impatiastensive shrimp production in the

country. The results indicate that the pollutarad® from waste water to produce one
ton of shrimp are 259 kg BOD, 769 kg COD, 1170kS§5, 30 kg N, 3.7 kg P and 4.8
kg N-NHs.

The results indicate that the levels of BOD, CODI &$S concentrations increased
within the culture period as well as the age ofgsWhile a large number of individual
farms may exceed environmental standards; intersivenp farming is not always

associated with waste streams exceeding watertgusindards. This is interesting,
because it shows that we can reduce pollution fraensive shrimp farms by using

currently available technologies. Finally, techmgpdal and economically feasible

options are identified for reducing water pollutionitigating problems associated with
contaminated sediment, and the reducing the smiedideases.

Third, we applied the principles of Industrial Eomgy Theory and the Ecological
Modernization Theory in the context of Vietnam. Aypical-technological conceptual
model for minimizing waste in agro-industries wasidned, with a case study of frozen
shrimp production. The results indicate that passible and feasible to develop an eco-
agro-industrial cluster which consists of fish=ge@ssing companies, by-product plants,
and wastewater treatment units. By doing so, inglicstn cooperate in environmentally
sound development. Actors and institutions goveynire proposed eco-agro-industrial
cluster of aquaculture production are also disaigsehis thesis. In addition, there are
good opportunities to include aquaculture produrctio such an eco-agro-industrial
cluster.

Fourth, weparticipated in and investigated a range of adtisitat all three levels
(international, national and community), where iingbns and steering mechanisms
were designed and created. This study found thaerwgollution by shrimp and
pangasius aquaculture in Vietham is addressed hy gevernance arrangements at
three distinct governance levels. At the interrmsdlolevel the PAD (Pangasius
Aquaculture Dialogue) and ShAD (Shrimp Aquacultbialogue) Dialogues include a
large variety of actors and stakeholders to devstapdards of sustainable aquaculture.
Although these Dialogues are a lengthy processofuthallenges and difficult choices,
they do develop a sense of ownership among theciparits and stakeholders and
develop internationally acknowledged standardséotification.

It should be noted that the focus of these intéwnat governance arrangements is on a
small percentage of the producers, while a largelbrar of small-scale farmers, who are
unable to comply with the developed standards,leftebehind. For these significant
groups of aquaculture farmers, national and lo@aleghance arrangements play an
important role. While interesting best practicesildobe found following these two
approaches, overall implementation of these innesaarrangements is still far from
successful.
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It seems profitable and possible to link these gowece networks and to work to
harmonized certification approaches for communiaesl farmers. We have noticed
increasing linkage between these nested governanmeagements. However, such
harmonization would have to cope with differentiars and farming systems.

A novel aspect of this thesis is that it combinagsi®mnmental systems analysis with
multi-level governance analysis and industrial eggl approaches. Systems analysis
was combined with an assessment of eco-agro-industiustering for the shrimp
industry (chapter 4) to identify ways to minimizellption and waste production from
shrimp production in Soc Trang province. This coskive as an example for other
types of fish production and processing in the Mekdelta.

Moreover, this study (chapter 2 and chapter 3) wseénvironmental system analysis
(ESA) approach, defined as a practical strategy clmrying out decision-oriented

multidisciplinary research, using a broad rangeaumdlytical tools. A key benefit of an

ESA approach is that it aids decision makers faggd complex problems to make

choices under uncertainty, by defining a systenognalary, identifying environmental

indicators and exploring solutions for mitigatingigacts. The study included some
experiments to test feasible technical optionswwdarenmentally improve pangasius and
Shrimp farming in the studied areas.

Another strength of the study is the governancdyaisaat three levels and the direct
participation of the researcher at investigatingchedevel: local, national and
international. Participant observation and involeanin stakeholder meetings, in-depth
(often informal) interviews with all involved ac®groups and access to grey literature
were all part of our data collection methods. Besjdecondary data was collected from
public policy documents, from the websites of intgional standard-setting
organizations and through literature review.

Finally, a strong point of the study is the extgasnvestigation of the water pollution
caused by pangasius and shrimp farming. During \ts#ts to farms, detailed

information was collected through sampling and weatealysis, observation and
interviews with farmers and technicians on the pobidn processes and activities in
each subsystem, their associated wastewater prebé the efficiency of current
solutions for mitigating pollutants.

The study also allows for a comparison of pangasind shrimp farming. This
comparison indicates thahrimp farming is causing less water pollution tipamgasius

farming per hectare of farming area. However, per of product, the results differ
among pollutants: BOD, COD and TSS losses are kighe shrimp aquaculture, while
losses of N and P are highest for pangasius.

Shrimp and pangasius governance differ in particuldhe degree to which the sectors
are confronted with international/and national giels and measures.
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The results of the study allow for the followingcoemmendations for environmental
management and further studies.

To treat wastewater from the pangasius and shriogaculture, several simple,
inexpensive and environment-friendly methods ar&@lable. In pangasius and shrimp
processing, several low-cost cleaner productiorodppities are currently applicable to
small, medium and large processing factories, dioly improved management
techniques and simple technologies. Cooperatiowdst processing industries and
increasing requirements from international marketscertified processing plants seem
to be promising triggers towards further reuse r@egcling approaches.

Collaboration can indeed assist small farmers ttebeomply with the requirements of
quality certification. A range of difficulties dtifemain for small farmers who wishto
form cooperative groups, and these groups willicoetto need technical 'support’ from
local governments, including technical operatiodmanistration and enforcement of
local water discharge agreements.

Future studies may consider environmental impaotsactivities not discussed in this
thesis, such as air pollution, odour problems, goilution, and landscape degradation.
Future studies may expand the system boundarieglicde more extended production
chains of aquaculture products. Moreover, similardiges including environmental
impact, system analysis, and governance analysidd cbe performed for other
aquaculture products, such as white leg shritvifiopenaeus vannamei) and Tilapia.
More experimental and pilot studies of technicalimys for reduction of wastewater
flows and loads would also be worthwhile.

Finally, this study may serve as an example fourkitanalyses of the environmental
impacts of many other products. The combinationsyétems analysis, technology
assessment and governance analysis as perfornike@ istudy has proven to be useful
in analyzing complex problems from different angles
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Samenvatting

De Vietnamese visserij sector heeft zich sinds 1986l ontwikkeld gemeten naar
produktie en export. Aquacultuur groeide nog smeiéen de vangstvisserij.

Deze aquacultuur wordt uitgeoefend in zoet, brakeswater. Onder de verscheidene
vis- en garnalensoorten die in Vietham geproducesoiden zijn twee soorten
dominant. Dit zijn pangasius (Pangasianodon hygaiius) en zwarte tijger garnaal
(Penaeus monodon) welke in zoet respectievelijik vater gekweekt worden. Het
kweken van Pangasius in Vietham geldt voornameigksoorten ‘Tra’ (Pangasianodon
hypophthalmus) en ‘Basa’ (Pangasius bocourti). Bsingteelt is mondiaal gezien een
van de snelstgroeiende vormen van aquacultuur.ddanereldproduktie van pangasius
heeft 90% plaats in Vietham. De produktie van zevéijger garnaal neemt 80-90% van
de totale garnalenproduktie in Vietnam voor ha&enéng. Vietnam is een van de
weinige landen die grote, hoogwaardige zwarte tiggggnalen produceert, en het heeft
weinig concurrenten, waarbij India en Bangladeshudizonderingen genoemd kunnen
worden. De toename van de visteelt in Vietham lsogpeld aan een snelle expansie
van de visverwerkingssector. Gedurende het afgeltipatal jaren zijn grote moderne
fabrieken tot stand gekomen. Momenteel zijn erigtham ongeveer 400 geregistreerde
op export gerichte visverwerkingsbedrijven met g#ale capaciteit op input basis van
1,2 miljoen ton per jaar. Daarnaast zijn er vel@ripeen die andere, traditionele,
producten, zoals vissaus, vispasta en gedroogdeaas de eigen markt vervaardigen.
De toegenomen visproduktie brengt het land ecordmisvoordelen. Maar zowel
aquacultuur als visverwerkende industrie hebbeagtigi gevolgen voor het milieu. De
beschikbare studies schijnen overeen te stemmee iconclusie, dat de belangrijkste
milieuproblemen veroorzaakt door deze bedrijfsvorre@menhangen met watergebruik
en watervervuiling. Afvalwater van kweekvijvers earwerkingsbedrijven bevat veel
stikstof (N), fosfor (P) en organische stof, enfhdaardoor een hoog chemisch (COD)
en biologisch zuurstofverbruik (BOD). Ook kunnen afgalwaterstromen chemische
microverontreinigingen en ziekteverwekkende orgaeis bevatten. In reactie op de
milieugevolgen van de aquacultuur hebben zowekdering als de sector geinvesteerd
in milieubeheersmaatregelen.

De drijvende kracht voor verbeterd milieubeheer kaomet alleen voort uit Vietnam
zelf, maar ook uit internationale handelsrelatigecente gebeurtenenissen en trends
laten zien, dat Vietnam geconfronteerd wordt metargijke uitdagingen om
concurrerend te blijven in de internationale mar&h aquacultuurprodukten, en deze
gaan verder dan controle op de kwaliteit van deridabn en een verbeterde
verwerkingstechnologie.
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Het belangrijkste doel van deze studie is de mpdpelden tot milieuverbeteringen in de
pangasius- en garnalenproduktie in Vietnam te aeafn, en opties te genereren voor
technologische en beleidsmatige interventie

Er zijn vier subdoelstellingen geformuleerd omhaibfddoel te bereiken:

Subdoelstelling 1: Vaststellen van oorzaken en lggvovan de waterverontreiniging in
de Mekong delta welke samenhangt met pangasiuseeltverwerking, en het
vaststellen van mogelijke oplossingen om deze probh te reduceren.

Subdoelstelling 2: Analyseren van de oorzaken v@muiling van water en sediment,
en de verspreiding van ziekten verbonden aan de wae zwarte tijger garnaal in
Vietnam en het genereren van opties om de milienigen te reduceren.

Subdoelstelling 3: Toepassen van het concept varagm-industriéle clustering voor

het terugdringen van vervuiling, waarbij natuusdijkulpbronnen beschermd worden en
de concurrentiekracht van de garnalenteelt en -erangssector in de Mekong delta in

Vietnam verbeterd wordt.

Subdoelstelling 4: Analyseren van de huidige pogimg op meerdere niveau’s — om de
watervervuiling van de aquacultuur in Vietham basijk aan te pakken, en te
verhelderen hoe publiek-private, bestuurlijke conadoegonnen zijn de conventionele
tekortkomingen van de staat bij de aanpak watew#mgsproblemen aan de orde te
stellen.

Ten eerste hebben we de watervervuiling geanalyskeroptreedt bij de produktie van
ingevroren filetten vanPangasius hypophthalmus in de Mekong delta daarbij
inbegrepen zowel de teelt als de verwerking. Deilt&en laten zien, dat bij de
produktie van een ton ingevroren filetten 740 kg BQL020 kg COD, 2050 kg
gesuspendeerd materiaal (TSS), 106 kg N en 27 kgjk®men. Afvalwater van de
visvijvers draagt 60 tot 90% van deze emissiesAdjus is het vervuilingsaandeel van
de visvijvers groter dan van de visverwerkende ipegr. Slib uit de visvijvers en
afvalwater van verwerkingsbedrijven hebben eertie¢dlaoog gehalte aan vervuilende
stoffen, maar vanwege hun relatief kleine volunmeaken deze afvalstromen slechts 3
tot 27% van de totale emissies uit. In totaaldgpdngasiusproduktie verantwoordelijk
voor minder dan 1 % van de totaal geloosde TS) R grachten in de Mekong delta,
waarmee het een kleine bron van nutriénten in dkokig rivier is. Niettemin kan de
lozing van slib lokaal vervuilingsproblemen veraaken.

De gemiddelde waarden van waterkwaliteitsparametars effluenten overschreden
over het algemeen de Vietnamese kwaliteitseisenoppervlaktewater niet. Indien we
echter de variatie onder de vijvers in beschouwiegnen, concluderen we, dat er
waarschijnlijk veel vijvers zijn waar de normen veekerschreden worden. Terugdringen
van de watervervuiling vanuit de pangasiusteathagelijk door meer efficiént gebruik
van grondstoffen en goedkope behandeling en hargetan effluentstromen. Schone
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produktietechnieken en afvalwaterzuiveringsinstiééa die tot doel hebben de

watervervuiling van de pangasiusproduktie te vedaian zouden kunnen worden

toegepast bij een klein aantal grote teeltbedrigerverwerkingseenheden. Een van de
goedkope mogelijkheden voor kleine teeltbedrijfigsshet hergebruik van water uit

vijvers voor irrigatie.

De resultaten laten zien dat de BOD, COD en TS$amraties toenamen met de duur
van de teeltperiode en de ouderdom van de vijv&fschoon een groot aantal
individuele teeltbedrijven de milieunormen overgdty hoeft intensieve garnalenteelt
niet altijd verbonden te zijn met overschrijdingnvavaterkwaliteitsnormen. Dit is
interessant, omdat het laat zien, dat wij met mdewrbeschikbare technologieén de
vervuiling door intensieve garnalenteelt kunnen miaderen. Tenslotte zijn
technologisch en economisch haalbare opties gdfideatd om watervervuiling terug
te dringen, de problemen van verontreinigd slibvéeminderen en de spreiding van
ziekten tegen te gaan.

Ten tweede onderzochten wij water en sediment verguen de verspreiding van
ziekten tengevolge van de garnalenteelt in het Gendistrict in Ho Chi Minh City
(Vietnam). Dit gebied is representatief voor dealgen van de intensieve garnalenteelt
in het land. De resultaten tonen aan dat de vuhtran afvalwater dat vrijkomt bij de
produktie van een ton garnalen 259 kg BOD, 769 &pC1170 k g TSS, 30 kg N, 3,7
kg P en 4,8 kg N-Nkibedraagt

Ten derde hebben wij de principes van de Industrietologie Theorie en de
Ecologische Moderniseringstheorie toegepast inatgext van Vietham. Er werd een
fysisch-technologisch conceptueel model ontworpear vminimalisatie van afval in
agroindustrieén met de ingevroren garnalenprodwa$ieroorbeeld. De resultaten tonen
aan, dat het mogelijk en haalbaar is om een ecoalyrstrieel cluster te ontwikkelen dat
bestaat uit visverwerkende bedrijven, bedrijven rvoddijprodukten en
afvalwaterzuiveringseenheden. Op deze wijze kanndestrie meewerken aan een
milieuvriendelijke ontwikkeling. Actoren en institas die het voorgestelde
ecoagroindustrieel cluster moeten leiden wordeninalat gedeelte van het proefschrift
besproken. Voorts zijn er goede mogelijkheden ork ode aquacultuur zelf te
integreren in zulke ecoagroindustriéle clusters.

Ten vierde namen wij deel aan en onderzochten esks ractiviteiten op drie niveau’s,
het internationale, het nationale en het communalgarin instituties en

sturingsmechanismen worden ontworpen en gestaffevga. Deze studie toonde aan,
dat op de drie onderscheiden niveau’s nieuwe bestechanismen de watervervuiling
door garnalen- en pangasiusteelt in Vietnam aaarde stellen. Op het internationale
niveau verenigen de PAD (Pangasius AquacultureoDis) en de ShAD (Shrimp

Aquaculture Dialogue) een grote variéteit aan &cta@an betrokkenen om normen voor
duurzame aquacultuur te ontwikkelen. Hoewel deaéden een langdurig proces zijn
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vol van uitdagingen en lastige beslissingen, eeksh zij een gevoel van
betrokkenheid onder de deelnemers en leiden zijintd@rnationaal geaccepteerde
certificeringsnormen.

Men moet echter opmerken, dat de aandacht bij deaternationale
beheersarrangementen gericht is op een klein gageran de producenten, terwijl zij
een groot aantal kleine telers, dat onmogelijk d@amntwikkelde normen kan voldoen,
buiten beschouwing laten. Voor deze omvangrijkeegrgarnalen- en vistelers zijn
nationale en locale bestuursarrangementen belngi@fschoon interessante
voorbeelden van ‘best practices’ volgens deze twa@nen van aanpak gevonden
werden, is de implementatie van deze innovatiekangementen over het algemeen nog
verre van succesvol.

Het lijkt winstgevend en mogelijk om deze bestuetamrken te koppelen en te werken
aan geharmoniseerde certificeringsmethoden vooregesthappen en telers. Wij
hebben een toenemende verbondenheid geconstatemsent deze ‘geneste’
bestuursarrangementen.

Een nieuw aspect van deze dissertatie is gelegenden verbinding tussen

milieusysteemanalyse, bestuursanalyse op verscleideiveau's en industriéle
ecologie. Systeemanalyse werd gecombineerd met esmerzoek naar

ecoagroindustriéle clustering (hoofdstuk 4), tedeimanieren te vinden om vervuiling
en afvalproduktie in de garnalen industrie in devprcie Soc Trang terug te dringen.
Dit zou als voorbeeld kunnen dienen voor anderertyyan visproduktie en -verwerking
in de Mekong delta.

Bovendien heeft deze studie (hoofdstuk 2 en 3)me#ierusysteemanalytische aanpak
toegepast, welke gedefinieerd is als een praktisthetegie bij de uitvoering van
besluitvormingsgericht multidisciplinair onderzoeie gebruik maakt van een breed
scala aan analytische instrumenten. Een essentieebrdeel van de
milieusysteemanalytische benadering is gelegereihudp die zij besluitvormers geeft
bij het nemen van keuzen in een situatie van omhelk Dit doet zij door
systeemgrenzen te definiéren, milieuindicatorenidentificeren en oplossingen te
zoeken teneinde milieugevolgen te verzachten. Déiestomvatte enige experimenten
om haalbare technische opties te testen ter venbg@tevan de pangasius- en
garnalenteelt in de studiegebieden.

Een sterke kant van deze studie is ook de besnalys® op drie niveau’s en de directe
participatie van de onderzoekster op elk van dexean’'s: lokaal, nationaal en

internationaal. Participerende observatie en desnaaan bijeenkomsten van
betrokkenen, diepteinterviews (dikwijls informeat)et alle betrokken groepen van
actoren en het raadplegen van grijze literatuurkteaadeel uit van onze methoden van
gegevensverzameling. Daarnaast werden secundajeveyes verzameld uit openbare
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beleidsdocumenten, uit websites van internationatgganisaties en via
literatuuronderzoek.

Tenslotte is een ook sterk punt van de studie dgeliieide analyse van de
watervervuiling door de pangasius- en garnalent&dturende de bezoeken aan telers
werd breed informatie verzameld door bemonstermgrealyse van water, observatie en
interviews met telers en technici betrokken bijdarktieprocessen en activiteiten in elk
subsysteem, de afvalwaterproblemen van deze beinekk en de doelmatigheid van
huidige oplossingen om vervuiling tegen te gaan.

De studie maakt ook een vergelijking van pangastmsgarnalenteelt mogelijk. Deze
vergelijking toont aan, dat per hectare teeltoplp&te de garnalenteelt minder
watervervuiling dan de pangasiusteelt veroorzaBktekend per ton product echter
verschillen de resultaten: de BOD, COD en TSS eeeh zijn het grootste voor de
garnalenteelt, terwijl de verliezen van N en Pdrebtste zijn voor pangasius.

De bestuurlijke aanpak van de garnalen- en panggesitor verschilt in de mate waarin
deze sectoren geconfronteerd worden met interredlo®n nationaal beleid en
maatregelen.

De resultaten van de studie leiden tot de volgeaagbevelingen met betrekking tot
milieubeleid en verdere studies.

Er zijn verscheidene eenvoudige, niet dure en mhiendelijke technieken beschikbaar
voor de behandeling van afvalwater uit de pangasinggarnalenaquacultuur. Voor de
verwerking van pangasius en garnalen zijn momentesdrdere goedkope methoden
voor schoner produceren toepasbaar voor kleine, defgdote en grote
verwerkingsfabrieken. Deze omvatten verbeterde gemanttechnieken en eenvoudige
technologische ingrepen. Samenwerking tussen vkimgsbedrijven en verscherpte
eisen aan gecertificeerde verwerkingsfabrieken wanternationale markten schijnen
de meest kansrijke prikkels tot hergebruik and ckay.

Samenwerking kan kleine telers zeker helpen omrleteyoldoen aan de eisen van
kwaliteitscertificering. Er blijven voor kleine &sis, die een codperatie willen vormen,
echter vele moeilijkheden en deze groepen zulleimische hulp van het locale bestuur
nodig blijven hebben, met name op het gebied vahnisch beheer, administratie en
controle op locale lozingsovereenkomsten.

Toekomstige studies zouden aandacht kunnen schexdteandere milieugevolgen en
activiteiten die niet in deze dissertatie aan deagekomen zijn, zoals luchtvervuiling,
stankproblemen, bodemvervuiling en landschapsaargas Toekomstige studies
kunnen de systeemgrenzen uitbreiden naar meer digdle ketens van

aquacultuurprodukten. Bovendien zouden vergeliggbatudies op het gebied van
milieuaantasting, systeemanalyse en bestuursanaligevoerd kunnen worden voor
andere aquacultuurproducten, zoals de garh&&bpenaeus vannamel and Tilapia.
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Meer experimentele en pilotonderzoeken van techeiseductieopties zouden ook
zinvol zijn.

Deze studie tenslotte kan dienen als voorbeeld Yoekomstige analyses van de

milieugevolgen van vele andere produkten. De coatlenvan systeemanalyse,

technologiebeoordeling en bestuursanalyse zoalepaest in deze studie heeft bewezen
succesvol te zijn in de analyse van een complelzl@eon vanuit verschillende hoeken.
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Tém tat

Ké tr nam 1986, nganh tly san aia Viét Nam d8 phat tén nhanh chéngacvé sin
lwong va xut khiau. Trongdd, nudi tbng thiy sin da phéat tén nhanh bn danh kit
thay san. Nuéi tong thiy san bao @m nudi nrgc nept, nudce lg va nréc min. Trong 8
cac lai thuy sin nudi ti Viét Nam, cé hai lai thay sin ¢é im quan tong rt 16n ci vé
san xuit va xuit khiu; d6 la cé tra (Pangasianodon hypopthalmus hay parg)asibio
nudc ngpt va tdm su (Penaeus monodon) nidirdc lo. Ca tra la mt trong nhiing loai
thay san nuéi tdng ting tnrong nhanh nét trén tH gici. 90% ca traiuoc tiéu th trén
thé gioi & tir Viet Nam. Tom s Viét Nam chém 80-90% éng sin lwong tdmduoc
nudi. Viét Nam 1a ndt trong $ it cac mdc sin xuat tdm sa i kich thede lon, chit
lwong cao va c6 itdi thu canh tranh, ngai trir An Do va Bangladesh.

Sy ting trrong $in xuat thay san ¢ Viét Nam din d@én ar mo rong nhanh chéng nganh
ché bién thiay san. Bic biét, trong vong mt thiap nién vira qua, cac trang @tibi hién
dai cho clé bién thay san da duoc phét trén rong. Hién tai, Viét Nam c6 khang 400
nha may ch bién thay sin dugc ding ky Wi khoang 1,2 tréu tin sin ptam xuit khau
mdi nam. Thém vaaid, con c6 cac nha may&bién cac &n prim o truyén nhr nuéc
mém, c& nim, ca khd cho thtruong trong méc.

Sy tang tnrong dia sin xuat thay san dem ki loi ich kinh € cho @ nuéce. Tuy nhién, &
nudi tong va cié bién thiy sin déu gay ra nking Mu qua nghiém tong déi véi moi
truong. Cac nghiénww hién tai duong nhr déu dong y ing cac ¥n dé méi trong
nghiém tong nHit cia nganh nudi émg va clé bién thay san lién quandén viéc sr dung
nudc va gay 6 niBim nueéc. Nudc thai cia nudi tbng va cié bién thiy sin déu c6 ham
lwong nito (N), phospho (P),dp chit huu oo cao, vi by ham lrong BOD va COD cao;
thém vaodo, trong mréc thai con co tie co cac bp chit hoa e va mim bénh. Bé dbi
pho Wi cac tacdong méi trong aia nganh nudi &ng thiy san; chinh pl va nganh
céng nghép thay sin aia Viét Namda cé nlitng dau tr trong qun ly méi trusng cho
nganh thy san. Ngoai ra, Wc thicday nuéi tidng thiy san ni dia theo lréng i thién
cac apc vé quan ly méi tnrong con théng qua cacdinquan & thuong mai quéc té.
Céc & kién va xu lréng din day da cho tly the thach quan tmg déi vai Viét Nam 1a
dé canh tranhdugc trong th truong qubc t thi viéc kiém soat cht lwong sin ptim nudi
trong nénduoc uu tién hanglau trede khi dén kiém soét cht luvong trong cac nha may
ché bién va coéng ngdché bién.

Muc tiéu chinh @a nghién ¢u nay la phan tich cac kming v cai thién méi tnrong
trong nudi tbng va clé bién tdm va ca tr& Viét Nam va xadlinh cac gii phap én can
thiép vé cong ngk va quan ly.

Bbn muc tiéu @i thé da dugc xacdinh bao gm:
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Muc tiéu T X&cdinh nguyén nhan va té@ong aia 6 nhém nudc ¢ dong bing sdng @u
Long lién quanién nudi tbng va cdng nghiép éhién cé tra; xadinh cac gii phapdé
giam thiéu cac taaong nay.

Muc tiéu 2 Phan tich nguyén nhan 6 & nudc, 6 nhém bun thi va lan trugn bénh
do nudi tdm st céng ngdp ¢ Viét Nam va xaatinh cac gii phap ntim giam thiéu cac
tacdong moi trong nay.

Muc tiéu 3:Ap dung y tréng & cum cdng nghip — néng nghip sinh thai nm giam
thiéu 6 nhém, bio vé ngudn tai nguyén thién nhién va nang caocsnh tranh éa sin
xuat va ctt bién tdmea ddng bing séng Gu Long, Vit Nam.

Muc tiéu 4:Phan tich cacluc hién tai - & nhiéu cip do - nhim quin ly viéc 6 nhém
nugc trong nudi ng thiy san ¢ Viét Nam, lam ré vic quin ly phdi hop da dip do
cong-tr bit dau nhr thé naodé chi ra sr thit bai caa cach gan ly truyén thdng v van
dé 6 nhBm nuede trong nudi tdng thiy san ¢ Viét Nam.

Pau tién, ching téi phan tictin d& & nhém nuéc do @n xuit cé tra philé, baodn c
nudi tng va ck bién ca trad dong hing séng @u Long. Két qui cho thy sin xuit
mot tan cé tra philéla thii ra mdi tizong 740 kg BOD, 1020 kg COD, 2050 kgithin
lo leng (TSS), 106 kg N and 27 kg P. Trod@, nréc thai tir ao nudi chdm 60-90%
lwong phét thi nay. Vi viy nudi ca gay nénubng 6 nhém nhiéu hon la céng ngléip
ché bién ca. Bun thi tir ao nudi va ndc thai tir nha may ch bién throng lién quanién
nong d6 chat & nhém cao, nixng do tfe tich dong thi it hon nén trong chit thai chiém
tir khoang 3 - 27% &ng rong phat thi. Tong quan chung, 6 ndm do $n xuit cé tra
duoc tinh & nid hon 1% 6ng &i luong TSS, N va B ddng hing séng @u Long, ho
ra mbt ngudn 6 nhém khéng bn ddi véi ddng king sdng @u Long. Tuy nhién, ¥c xa
thai bun thii c6 thé gay nén cacan dé 6 nhém khu wrc. Cac giéa frtrung binh ¢ céac
théng $ chit luong nréc dugce tim thy nhin chung khénguwot qué tiéu chén chit
lwong nréc mat caa Viét Nam. Tuy nhién, khi xem xétrsién thién gira cac ao nuéi,
chang ta c6 thkét luan ring co tit c6 nhéu ao nudi % thai vuot tiéu chin. Viéc giam
thiéu 6 nh&m nuéc do qua trinha xuat cé tra 1a hoan toan cééththéng qua \ic sr
dung hiéu qua cac nguyén éu dau vao, > ly véi chi phi thip va tai & dung dong cht
thai. Str dung cdng ngh san xuat sach ton, xay drng cac nha mayxly nuoc thai cho
cac vung nudi va nha may&hién qui md bn dé giam thiéu 6 nhEm neée trong nganh
ché bién ca tra. CAc gi phap i chi phi thip d6i véi cAc ao nudi qui mé rthbao gm
tai sr dung nréc thai cho trgi ti€éu ndng nghdp.

Thir hai, ching o4 khio sat & nlm nude thai, bun thii va lan trugn bénh lién quan
dén nuéi tdBmo Can Gio, thanh pb Ho Chi Minh (Viét Nam), nét trong nhiing khu wrc
dién hinh \é tac dong aia nudi tdm coéng nghp ¢ Viét Nam. Két qua cho thiy, tai
lwong & nhém trong nréc thai khi san xuit mot tin tém 1a 259 kg BOD, 769 kg COD,
1170 k g TSS, 30 kg N, 3.7 kg P va 4.8 kg NaNKét qua ciing cho thy nong do
BODs, COD va TSSing theo giaidoan ding nhr tui caa ao nudi. Trong khi fit s
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cac ao nudi cé thvuot tiéu chdn mai tirong, nudi tdm céng ngéw khong phi ludn
ludn phat thi vuot tiéu chdn. Day ladiéu rat tha vi vi nd ch ra ing king viéc ar dung
cac cong ngh sin cd, ching ta co6 ¢hgiam duoc & nhém tir c&c ao nudi tdm codng
nghiép. Cli cung, cac gii phap kh thi vé cong ngh va kinh € dugc xacdinh nhim
giam thiéu & nhém nede, giam thiéu cac vn dé lién quandén 6 nhém ban thi, va
giam thiéu ar lan truyén bénh.

Th ba, ching tdirng ding nguyén ly @a thuyét sinh thai cong nghp va thugt hién

dai héa sinh thai vadiéu kién aia Viét Nam. Thét ké mot mé hinh ly thugt vé cong
nghé nhim giam thiéu chét thai trong cdng ngliip thec phim, v6i truong hop nghién
ciru V@ san xuit tdBmdéng kinh. Két qua chi ra ing diéu nay 1a hoan toan coahva trong
thuc & dé phat trén mot cum céng nghip thec phim sinh thai thi &n bao ém cac nha
may clé bién thiy sin, cac nha may éhbién sin phim phy, va cac cong trinhixly

nudc thai. Bang cach lam nin vay, cac nha may coéng ngii ¢ the hop tac trong s

phat trén than thén voi méi treong. Cac thanh pim va @ quan qan ly cum céng
nghiép sinh thaiduoc d& ngh ciing duoc thio luan trong nghién ¢u nay. Hn nita, mo
hinh ding cho ty mdt co hoi thuan loi dé trong trong lai c6 tl bao m ¢ nganh
nudi tong thiy san trong ndt mé hinh sinh thai céng ndipi thuc pram nhr vay.

Thu tu, ching t6ida tham gia va ko sat nét loat cac hat dong thube 3 dp do (quic
té, quic gia, va 6ng ddng), nhing roi da thiét 1ap va to ra cac ¢ ché diéu hanh trong
quan ly chit lugng nudi tbng thay sain. Nghién ¢u da phat hin ra ing 6 nhém nudc
do nudi tdm va ca tra Viét Namduoc xacdinh king cac cach gun ly méi ¢ 3 dip do
quan ly dugc phan bit. O cip d6 qubc t, ddi thoai nudi ca tra (PAD) vadi thoai nudi
tdbm (ShAD) bao gm sr tham gia vi s6 lwong ©ng lon vada chng aia cac thanh gim
lién quandé phat trén cac tiéu chin vé nubi tdng thiy sain bn vitng. Mic du, cac
cudc ddi thoai nay 1 ndt qua trinh dai §i day ap céc thir thach va cacuschon lva kho
khin, nhrng n6da ©io nén y ngta \é sr quan tam gia cac thanh gim tham gia, cac
bén lién quan vaa phat tién duoc nhirng tiéu chén cip quc t& cho vic ching nhin
san phim. Nhrng sr sip xép quan Iy cip do quoc t& chi tap trung vao rat phan nhd
nhitng nha &n xuit 16n, dé lai phia sau rt luong lon cac nha @& xuat nho ma h
khéng t¢ tuan thi duoc V6i tiéu chuin da phat trén. Béi voi mot luong lon cac nhaa
xuat nhd nay, véc sip xép quan ly & cip do quic gia va éng dong dong ndt vai trd
quan tong. Trong khi nkiing thrc hanh &t nhit dugc tim thy théng qua 2 khuynh
hudng, thi nhin chung, ¥ thec hién cac &p xép ddi mai nay Van con qué xaddi véi s
thanh céng. N6 coévia cé tie va kha thi khi lién Kt cAc mang ludi quan ly nay va lam
hai hoa khuynh ng ching nHin cho ©ng déng va néng dan. Chang td& nkin
manh viéc ting arong lién Kt gitra nHing gip xép caa cac ép quan ly. Tuy nhién, mt
kiéu candéi nhu vay ciing éin phai phi hop voi nguoi nudi va ¢ théng nudi.

DPiém mai trong nghién ¢u nay |a Kt hop phan tich & théng Wi phan tich gan ly da
cap va cdng nglep sinh thai. Phan tichérthéng duoc két hop Véi viéc danh gia am
coéng nghép sinh thai cho cdng ngdp cké bién tdm (chrong 4) nlim xéacdinh cac cach
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dé giam thiéu 6 nh&m va chit thai sinh ra tr ché bién tdme tinh S6c¢ Tiing. Pay co tié
duoc xem nlw 1& mot vi du dién hinh trong nghiénwa nudi tong va clé bién céac lai
thuy sin khacs dong hing séng @Gu Long.

Thém vaodd, nghién ¢u nay (clrong 2 va 3) 8 dung phrong phap phan tichéhthdng,
x&c dinh nhr mot chién lwoc dé thuc hién nghién ¢u da nganh thedinh hréng ra
quyét dinh, sr dung nhéu loai cong @ phan tichbiém loi ich chinh éa phrong phap
phan tich A thong 1a 16 tro ngudi ra quyét dinh khiddi mat voi cac vin d¢é méi treong
phirc tap dé thuc hién cac con lya dréi cacdiéu kien khdng clic chin bing cach xac
dinh mot bién gbi hé thong, xacdinh cac chsd mdi tnrong va tim héu cac gii phap
nhim giam thiéu cac taaiong. Nghién ¢u bao m céc tir nghiém dé kiém tra tinh
thuc € caa cac gii phap cong nghddi vai viéc cii thien méi trdng trong nudi ca tra
va tdm ti khu wuc nghién éu.

biém manh khac éa nghién ¢u nay la phan tich @ Iy & ba dp d6 va sr tham gia
tryc tiép cia ngroi nghién cu & mdi cap do, bao ém: cip do khu wrc, gubc gia va
quic t; khao sat cac thanh ph tham gia; tham giaurc tiép vao cac bi thao va thio
luan; tryc tiép phong Vin sau cac thanh ph lién quan va cac nhom liéi 1a phrong
phép thu thp $ liéu aia nghién ¢u. Bén anh do cac 6 liéu thr cip duoc thu thip tir
CAc tai ltu, trang web @a cac tiéu chin va théng quadhg quan tai Bu.

Cudi cling, ndt diém manh khac éa nghién ¢u nay lada thu thp va phan tich ot s
lwong mau 16n V@& 6 nhEm nuéc do nudi ca tra va tdm. Trong qua trintadlsat cac ao
nudi, cac théng tin chidi duoc thu thip théng qua ic thu nfiu va phan tich éu, khao
séat va pbng vin néng dan va cacykthuat vién ao nudi & qua trinh nudi va cac hb
dong a thé caa timng ke théng, cac ¥n dé vé nudc thai ciing nhr hidu qua cia cac gii
phap gim thiéu & nhém hién hitu.

Nghién ¢tu cing cho phép so sanhigi nudi ca tra va tdm. So sanh nay rehiaing nudi
tom gay 6 nlim moi trong nrde it hon so \6i nudi ca tra trén i hecta dén tich nubi.
Tuy nhién, tinh theddh sin pham, két qua lai khac bét, trongdé tai lwong BOD, COD
va TSS trong nudi tdm thi ca@in trong nubi ca tra, ngc lai tai lwong N va P trong
nubi ca tradi cao lon so i nudi tom.

Viéc quan ly trong nudi tdm va cé traing khac nhadic biét vé marc 46 ma ndi loai
dangddi mat véi cac chinh sach wio luvong aia qubc # haic quic gia

Két qua nghién ¢u cing cho phégua ra cac Kin ngh vé quan ly méi trong va hréng
nghién cu tiép theo nlr sau:

Céc céch # ly nuéc thai trong nudi tdm va cé trdon gian, & tién va than thin véi moi
truong ladang c6 &n. Trong cké bién céa tra va chbién tdm, ndt sb co hoi san xut

sach hon dangduoc ap ding dbi véi cac nha may nh) vira va bn bao ém cii thién ky
thuat quan ly va cdng ngh Viéc thiét 1ap ar hop tac gita cac nha c¢hbién va vic ting
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cuong cac yéu au tir cac th truong qubc ¢ @& chang nHin cho cac nha may étbién
duong nhr cang ngay cang cé khuynirdng nghiéng ¥ tai sr dung va tai ch.

Can ¢6 s cdong tac gira nhirng ngrdi nudi nhd dé co th tuan thi tot hon cac yéu au vé
ching nkin chit lvong sin phim. Mot s diém khé kHin van con on tai gita nHing
nguoi nudi qui md nid khi thiét 1ap nén cac nhomdp tac, cac nhomdp tac nay an
tiép tuc dugc M tro tir phia chinh qudn dia phrong, bao §m: ki thuat van hanh, géan
ly va thre thi c4c tida thuin Vé xa thai nuéc trong khu wc.

Céc nghién €u tiép sau nay @ing co tkt xem xét cac tadong méi twong va cac hat
dong khac éa nudi tbng thiy san, vi di nhe 6 nhém khong khi, 6 nim mui, 6 nhém
dat va sr suy gaim aia ainh quang thién nhién. Cac nghi@rucsau nayng co thé mo
rong hon bién géi hé thong Wi chudi san xuit mo rong aia cac én pham thay san.
Thém vaodo, cac nghiénieu twong tir bao m nghién ¢u cac taaiong mdi trong,
phan tich A thng va phan tichéthbng quin Iy cé tré duoc thec hién déi vai cac lai
san phim thiy san khac, nlr 1a tdm chan fmg, cabiéu Hong.... Gin c6 thém céc
nghién ¢u thec nghém va thr nghiém vé cac gii phap cdng nghvé giam thiéu cac 6
nhiém.

Cudi clng, nghién €u naydugc xem nhr [& mdt vi du vé phan tich cAcn dé moi
truong ddi véi cac laai san phim khac nhau. ®lién két gitta phan tich &ithdng cac vin
dé& mai tnrong, danh gia cong nghva phan tich &ithdng quin Iy dugc hinh thanh trong
nghién ¢u nayda ching minh \é sy hitu ich trong phan tich caciv dé phac tap tir
nhiéu khia @anh khac nhau.
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