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ABSTRACT

This paper presents the research work that had been performed on the basis of participatory approach in order togtiopevativel
the feasibility of using pulp and paper effluent for aquaculture and agriculture. The effluent and/or seepage disohaigethird
treatment area called as Project Green which is accounted for tertiary treatment. Such effluent is quéstioaaoemunitiem

terms as impact to aquaculture, agriculture and water quality. Initially, the participatory approach was created g $oconsasting

of community, academic institut&kion kaen University), consulting company (Airsave Co Laat)d industry ( Phoenix and Pulp and
Paper PCL). The villagers from the communities located nearby Pulp and Paper Mill were proposed on voluntary hvesik tmco
three research tasks, fish pen aquaculture, economic crop production , and water Boafish pen aquaculture, 18 members had
volunteered for this study. The villagerds role wdesicfor fish
researcher, and observing as well as monitoring along the fish raising gediodonths. Technically, three sites where are potentially
influenced by the effluent and/or seepage including the seepage pond, the Chot lagoon where receives the effludm @iough t
stream from the Project Green and the Pong river near tlet olithe Got lagoon were installed witix pens (3 pens with aerators

and 3 pens without aerator) at each site. Each pen with the capacity of 30 cubic meters was filled with 800 fihijerligpia).

Fish growth in the Chot lagoon was highertltiae seepage pond and the Pong river, respectively. Fish growth in the fish pen with or
without aerator showed not significantly differentvehagelyfor the pen in the Chot lagoon, seepage pond and therRengvere in

the range 52&35gm/fish,372 381 gm/fishand360- 362 gm/fish, respectively.

For the economic crop production focusing on rice cultivatiom cultivation plot were located along the effluent stream line, ie. The
effluent discharged to the Chot stream and flow downward to thel&jmon. Therefore? plots (Plot | and Il) were located at the
effluent upstream ( Chot stream) and other 2 plots were located effluergtdeam (Chot lagoon). Each cultivated sit@ rai

(‘approx. 08 acres) was divided intoplots consisting oplot without fertilizer ( control), plot with organic fertilizer, plot with chemical
fertilizer, plot with organic and chemical fertilizer. The average production gtaelgpstream location was a little lower than the
downstream location, as indicated B$5 kg/rai, 537 kg/rai (Plot | and Il upstream), and 541 kg/rai, 599 kg/rai (Plot Il and Plot IV
downstream). In comparison of rice production yield between the research plots and the adjacent rice field ( didpatée pauttie
research),. Thege production yield was 38621 kg/rai from the research plot compared to-885 kg/rai from the adjacent plots. The
research plots yield was higher than the adjacent plots.

Based orthe research findings, utilization of effluent of Pulp and Paper oacatfure and agriculture was technically feasible. The
technical findings, however, is hard to be comprehended and explained to most villagers in the communities if therd @ngone o
villagers participated in this research. Mutual interest and staoheting would lead to mutual respect and trust. That could create
cooperation between industry and community on the academic knowledge of education institute. Problem could be cooplestively s
Industry can use this approach for cooperative socipbresbility.
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INTRODUCTION

The Pong River is the major natural water resource of Thailand Northeastern Region. It is very important to all pemegldyand
associates with it. However, the problems of water pollution in the Pong River have become increasingly severe andenbsinirequ
thepast decade§ he pollution incidences have generally occurred seasonally. Industries are blamed todie gwirces of pollution.

The resulting water pollution affected not only to the Pong River but also the Chi and the Mun rivers further downstneaien Abo

years ago, the sugar mill on the river bank was accidentally spill molasses into the riltsrirrélse poor capacity in receiving

pollution of the water body. These incidences occurred despite many of the major industries close to the Pong Rivepleavemgech

zero discharge policies. Other industries had also significantly decreaseddhaicgollution loading to the river. Although the

industrial effluent is respectad the environmental regulations but it can be accumulated and caused long terms effect. The Pong river
water pollution has had a significant impact on the scope of wsésraf the river as well as on the aquatic ecosystepuortemt

affected water uses have includbdse for agriculture, industry, and domestic uses.

Along the Pong river, there are large industries situated on. One of tiradsix Pulp anddper Mill (PPP) located in Nam Pong

District, Khon Kaen Province. Its production capacity is 240;@08 of pulp/year. Wastewater from the Mill process is directed to the
biological treatment process of activated sludge system. Then the effluent from the tregisteen is discharged onto the surrounding
land for land treatmerstystem, whicthas been implemented since May 1993 called as "Project Green". Effluent is used for eucalyptus
plantation. Project Green covers the adjacent area of farmers who partidtpateevprojec{Figure 1)
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Figure 1 Project Green and theng River

Over the time of the project's operation, however, the nearby villageeindicated many complaints. Exgeeffluent overflowed onto
their cultivated area and also seepage through the soil and ground water causing damages to their paddy field, sarfdogrowatdr
water sources. The iesgtigation was performed afmlind that there is a great percentageotdl dissolved soliglin the Project Green
effluent and possibly accumulated onto the soil of the Project Green.

Owing to the problems stated above, PPP needs to improve Project Green to operate without causing environme piatticoety

to thenearby paddy field and cultivation area of the villagekscordingly, the Environmental Management Center (EMC), Faculty of
Engineering, Khon Kaen University had performed the study on a detail design for improvement of treatment system ofiPPP. (Kho
Kaen University; 2002) However, there is the limited land area for accommodation of the effluent |Géingpact of effluent which

is mainly as seepage from the Project Green is still questioniabéeldiion, there is a crowddish penaquaculturdocated in the Pong
River. Whenever, there afesh dead occurrence or any water pollution, ones suspect that it might be caused by the efiBént of
through Project Green.

It is thereforenecessary to findut whether impact ofueh effluent.The stug was focused on impaof the effluent orfishely (fish pen
aquaculturepnd agriculture andater quality in the receiving water bodin other word, thestudyof such impactvould berelevantly

implied asthe feasibility study of the effluent utilizati. As mentioned above, the villagers who live nearby PPP have always wondered
about the effluent impact. Accordingly, it is a meaningful approach to have the villagers padiciphéeresearch. Participatory

research had been conducted for the cefmamsive cycle since research designing, performing, result reporting, and presenting. Herein,
it presentghe overall picture of participatory research gnelsent the study reswf hefish penaquacultures well as the agriculture of

rice cultivation.

In order to cope with the environmental impact of the Project Green effluent, this study is aimed is the$sasbility of using the
effluent forfishery and agriculture focusiran communityparticipation The study approach is based on muitmirest, understanding
and respect. It woulsubstantiallycreate knowledge and confiuee on effluent userovide alternative of maximunmseof water
resourcelf this study is feasible, it could be the pilot project for further application.

RESEARCH APPROACH

The participatory research recognized as the community research had been conducted by the coop€natiolazn University,
Airsave Company and the communities located nearby the industry with the funding support from the industdyindtstediagram
(Figure2).

Research approach is consistegafticipatoryand technical gproach Firstly, theacademic researchers from Khon Kaen University,
company and industry had discussion for the research plan. Secondly, the meeting wits \fikerg the communities nearby the
Project Green area was arranged to Gntlithe villagers volunteered to participateSistudy groups, fish pen aquacultueeonomic
crop productionand water quality. Thirdlytechnical approach was introduced bydlademic researchers and carried out by the
academic and villager searchers. Each research taskg both participatory and technical approadsesibsequently described as
follows.
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Figure 2 Participatory Research Diagram

1. Meeting of wori group: Academia, Consultant and Industry for work 2ldfeeting with villagers for researginoject
explanatiorand discussing with the villager as well as seeking for villagers volunteering to participate to the research project.

=
[

3. Discussion of three individual study groups, fish pen aqculture, agriculture and water quality.

RESEARCH TASK 1: FISH PEN AQUACULTURE

Study approach:On the participatory approachere were 18 members volunteetegarticipate for fish pen aquaculture stutlye
members were then assigned to responsiblieéatingfish food measurindish growth under supervision of theagiemic researchers,
and observin@r monitoing the study.Two members, one was the villagead and one was villager, were selected to be the fish food
feeder.

Technical approach on fish pen aquaculturerdé were 3 sites for fishery location, seepage pond within Project Green area (called as
Seepage pond), Chote lagoon ( the effluent sgepi the Chot stream and flowing to the Chot lagoon), and in therRengupstream

of the Chot lagood s Q. itteacle dite,tiwas installed with ish pens 3 cages with aerators and 3 cagithout aeratorgFigure 3).
Each cagevas30 cubic metrsin capacity. Aerator was submersible pump with the pump rate of 2,000 liter per hour. Fish used in the
study waNile Tilapia. Approximately of 800 fingerling&size of fingerlingwas 9.28 cnin length and 11.27 gm in weightlere raised

in each fié cage Fish food was ready made type containing protein of about Fd8hfood feeding (by the assigned villageras

twice a day in morning and evenin§eedinchademployedthe practical way of villagers, ie. feeding fodittle by little and stop

feeding soon as observing that the fish could not eat any more. Recordinggodfish (veight, length, width and thick of fish) was
carried oukevery 15 days for 4 monttislarch-July, 2007). Twenty fishes of each cagere randomly sampled and measuiite

assigned villagers were taught how to measure and record th&@uatésh growth was averagely evaluat&dtlaterquality temperature,
pH, DO, EC) were measured accordingly with the fish growth measuremarihg the measurement, the members i fishery group
were the observers and monitors along the study period. The academialvewalth®rmation and knowledgégth the members all

time. Presentation to other stugipoups andine agencies, local authoritigSGO, schools, were periodicakkpnducted for information
andknowledge exchange.
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Figure 3Location offish penaquaculture
Sudy result.

Technically, gowth rate and survival rate of fish in the cages at 3 locations and with/without aByatbraonths aisingaredescribed
as follows.

Growth of fish in terms of weight and leng#tish could grow in all studied locations. Howewviest penaquaculture in the Chot lagoon
were better than the onesSeepage pond and Pong rivaveragelyfor the penwith aerator a®&35gm/fish372 gm/fish and 360
gm/fish; and for thecage without aerator as 58/fish,381 gm/fish and 36@m/fish, respectively (Figure)4The length of fish show
the same trend of weight pattern. However, they were not quite differemdiested in the range @5.32 to 28.73 cm (Figure 4)ish
penwith aerator and without aerator did not present the effect on fish growth.
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Figure 4 Fish growth measured as weight and length

Factors influencing the fish growth are dissolvedgety (DO), pH, temperature (Temp) and total dissolved solids (TDS).



DO in thefish penwith and without aerator were similar and higher inftsle pensat the Chot lagoon, and lower in the Pong river and
Seepage pond. DO content in the cage agtfabr/without aeratomeasured at day time webe23/5.22 mg/l,2.30/2.37 mg/l, and

1.53/1.47 mg/l, and during the night time were 4.15/4.14 mg/l, 2.43/2.52 mdil'aid.81 mg/l, respectively (Figure K)is obvious

that the higheDO content in th&€hot lagoorthan the Pong river and Seepage ponditifigenced on fish growth. Topographically, the

Chot lagoon is a large lagoon with much more surface area than other studied sites causes morinaetdiiimm, there are more

planktons and algae isted in the Chot lagoon that would enhance fish growth on the food chain basis. For the Pong river and Seepage
pond, even though the Do content in the Seepage pond was lower than DO content in the Pong river the fish growttatiohsth loc

were not mukb different. Fish growth in the Seepage pond was a little higher. This result might be due to no Gisbwekrtin the

Seepage pond. lin¢ Pong river it self there &very denséish pensexisted.
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Figure 5 Dissolved Oxygen ithefish penwith and without aerator
a) Daytime b) Nighttime

For other factors, pH and temperature of three sites with/without aerators were in the rangelod6228.7 to 30X, respectively.

pH and temperature do not play role influencing on fish growgigaiRling TDS, theontent of TDS were quite different at three

studied sites as presented by 3.67, 138 0.16 millisemens /cm for the Seepage pond, Chot lagoon and the Pong river, respectively.
Fish was able to grow in such TDS contents, implying tfs @id not influence on fish growth. It can be concluded that DO play an
important role for fish growth.

Social aspectCommunity involvementin other word villager participation, is the key point of this study. Involvement or has been

taken part sincthe beginning through the end of study process. Firstly, the villagers from the communities located tadjaeent

Project Green area of Phoenix Pulp and Papenidiie called for the meeting atfte villagers hadolunteeredo theresearch study.

They had shared ideas for fish paquaculture, for example fish feeding they like to do their owntevage the real impact on the

existing performance.te scientific researcmight have to modify the research methadgly t o con f o r npratticalwayh e  vi |
but still keeping the scientific analysis and synthesis. The villagers had been assigned for responsible of variahsdingkish food

feeding, fish growth measement, observing, monitoringresentation. It is observed that the comitwinvolvement is significantly

depended on the community leader. If the leader understand the concept and content particuarhatbenefit(not in terms of

money), he or she can convince the villagers to participate to do study.

RESEARH TASK 2: ECONOMIC CROP PRODUCTION

Study approachOn the participatory approactnere were 4armers participatetbr rice cultivation (inrseason rice fiejdand 7 farmers
for com cultivation (offseason rice field Cultivation land is beloregl to hoseparticipated farmers.

Technically, thedcation of cultivated land was selected along the efflsieaaim lineje. effluent upstream at Chot stream where
receives the effluent seepage from Project Green, downstream effluent at Chot lagoafflueetés diluted with a large amount of
natural suface water in the lagoon as showrFigure 6 This research task was studied during May to Nover28@r. Each
cultivationland of 2 rai (approx. 0.8 acre) was divided in fgletsconsisting of{1) control plot,(2) plot with organic fertilizer,

(3) plot with chemical fertilizerand @) plot withorganic and chemical fertilizeThe fertilizer used is up the acquaintance of farmer
which is1 ton/rai of organic fertilizer, and 25 kg/rai 0f-16-8 formulachemical fertilizer. Kor- Khor rice species was used for
cultivation. The followingresearch activities had beearried ouwith the assistance of farmers, which wsaenpling of sid before and
after cultivation water quality measuremeduring cultivation, measurement of plant growth, production yield and component, and
heavy metals in seed aftearvesting,



Y.
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Figure 6 Location of Rie Field Plot in Research Stuap
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Plot with chemical fertilizer Plot with organic and chemical fertilizer

Study resultThe result presented herein is only for rice cultivatiBice production yieldultivated in the rainy season, of whithe
whole picture ighe high rainfallyear, was likely high with the average of 500 kg/fdbtably, it was noted that the production yield
from 4 research plots of each cultivated rice field were higher than the adjacent rice field which waticipetpdin the research.
However, the rice production yield from the research plots located upstream (Chot stesdmyer than theesearch plotdownstream
(Chot lagoon), as indicated by taeerageproduction yieldof 515 kg/rai, 537 kg/rai (Pldtand Il upstream, and 541 kg/rai, 599 kg/rai
(Plot 11l and Plot IV downstream). In comparison of rice production yield between the research plots and the adjae&h{didenbt
participate in the research), the research plots yield was highehthadjacent plots. The rice production yield was-385 kg/rai from
the research plot compared to 365l kg/rai from the adjacent ploRice production yield are presented in Table 1 and Figure 7.

Table 1 Rice Production Yield in RaiBgason (2007kg/rai

Rice Cultivation Method Upstream Plot Downstream Plot
| Il 1 v

Adjacent rice field 375 365 471 461
Control (without fertilizer) 392 385 496 488
Organic fertilizer 663 495 523 688
Chemical fertilizer 503 753 536 635
Organic and chemicaéftilizer 642 688 578 721
Average 515 537 541 599

CV (%) 16.18 12.14 15.59 17.16

Figure 7 Comparison of Rice Production Yield

Regarding participatory study on the rice cultivatithre farmers are satisfied with the higher production yield anseamly acceptable
to use the watethat is mixed wih effluent. With the academiesearcher who share information and knowldum& to
cultivate properly anttelp solving problems if occurred, the farmers feel secured on cultivation with technical knpewled
integrated with their own experience. Theelilo participate for further study. It should be noted that the industry had



