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Traditionally, wastewater and solid waste have ajwdeen managed separately.
However, in the real world, they exist together amad integrate approach to
control both as one system is needed. On the ottha&mds, urban activities are
sustained by agricultural and industrial activitieBhese hindered activities are
intensified to support urban growth and have not ypeen accounted for as an
indirect urban contribution. This study aimed totémrate wastewater and solid
waste management, as well as, point source and poimt source control based
on concept of pollution prevention and waste mineation.

A globally common issue of anthropogenic nutriemriehment in coastal estuary is
selected as a target of environmental system mamagé. The research objectives are
(1) to develop upstream pollution reduction apprbattirough case study of nutrient
management in the Chaophraya River Delta, (2) toopose nutrient reduction
scenarios in integrated watershed management scht@nagpply for provincial up
to regional scale, (3) to elucidate pollution geations in domestic sector through
food consumption and production activities in aguitural and industrial sectors
utilizing material flow analysis (4) to identify @nprioritize nutrient pollution sources,
generated activities, and pathways in term of lo@dicontributions and effects on
eutrophication in the Upper Gulf of Thailand

Material flow analysis (MFA) of total nitrogen (TNin Chaophraya River Delta,
Thailand, is developed. MFA model is developed floly season (November 2006 to April
2007) and wet season (May 2007 to October 2007)eciog agriculture, industry, and
domestic sectors of 11 provinces in Central. Magmtivities are categorized for crops
land, animal husbandry, aquaculture, agro-industrglated food industry, organic
fertilizer, domestic consumption, wastewater treatmplant (WWTP), landfill, and water
supply production (WS). Mass balances are develdpecach activity based on local field
measurement, statistics, and literature; as welleggonal and global applicable data.

Nitrogen flows of Chaophraya River Delta revealsmidoated activities in the area.
Agriculture’s crops land and aquaculture are thganactivities. If ranking by magnitude



of the annual flows, top flows are input feedingotbto aquaculture (107,363tN), output
excess food to aquaculture’s pond sediment (89 MP3intermediate products from crops
land to industry (86,527tN), input fertilizer to aws land (74,940tN), and input feeding
food to animal husbandry (61,850tN). The ranks ammilar for both annual and season
flows. However, the dominated activities differ angpprovinces.

In both seasons, the primary flows were; input flowf fertilizer uses in crops
land (45,305tN in dry season and 29,636tN in weasen) and feeding food to
animal husbandry (30,925tN in both dry and wet sem)s internal flows of

products from agriculture to domestic via industfy2,629tN in dry season and
36,773tN in wet season), and output flows of wasé¢er from domestic

(17,840tN in both dry and wet season) and animasthandry (12,439tN in both
dry and wet season). Noticeable seasonal differsnwere surface runoff flows
from crops land in wet season (6,367tN) which wasoat 3 times higher than
those in dry season (2,004tN).

Provincial differences are revealed in 2 aspectsstf the flows contribution from
provinces to the total flows of the Delta in eacgtpe of activity; and second, the flows
mechanism within a province. It can be concludettiram these aspects that provinces
which need priority management are Suphanburi, NMalathom, Samutsakhon, Singburi,
Bangkok, and Samutprakan.

TN outputs can be summarized into fate to environmd&N flows to air, water, and soil
are 33,263tN, 116,739tN, and 128,998tN, respectivelrops land, animal husbandry,
industry, and non-agriculture land are types ofiatites in which nitrogen can be
transformed into gaseous including nitrogen gasop3rland, aquaculture, domestic, and
non-agriculture land are types of activities in whi nitrogen can be deposited and
accumulate in soil and be reused by plants. Afterfprming sensitivity analysis using fate
to environment as indicators, nature of the modedhhown. Fate to air and soil are the most
sensitive parameters. If to consider air and soainpacts, this model can be further
developed to reduce sensitiveness of TN flows toaaid soil.

TN fate to water is the only direct loads to envineent and is analyzed further for
uncertainty of flows. Uncertainty ranges of non-pbsource are found to be comparable to
that of point-source. For non-point sources, crégsd runoff, animal husbandry effluent,
aquaculture effluent, and non-agricultural land etinhave uncertainty factors of 1.22 (or
22%), 1.13 (or 13%), 1.04 (or 4%), and 1.15 (or )5%espectively. For point-sources,
agro-industry WW effluent, domestic WW direct disclges, WWTP effluent, and landfill
leachate have uncertainty factors of 1.03 (or 3%)L5 (or 15%), 1.15 (or 15%), 1.24 (or



24%). Overall uncertainty ranges of total wastewaoetput flows are 3 to 24 percent.
Therefore, total TN WW loading to Chaophraya Riveelta is more likely in between
105,217 to 129,751tN

Wastewater loads distribution among provinces ia thelta reveal fraction of loads from

differences activities. Direct loads from domestwastewater and indirect loads

through agricultural and industrial activities werf®und to be 8.5, 14, and

1.79TN/capita/day, respectively. When considerimgduction-to-consumption factors

derived from internal consumption and export flowshey range from 0.04:0.96 to

0.50:0.50. Agricultural based provinces with smalbpulation results in low internal

consumption comparing with high export. On the othend, suburban areas have similar
trend to highly urbanized Bangkok in which highlglied on import food from other area.

On average, about half of agricultural products dureed in the Delta is used as internal
consumption and other half is exported. Therefdtegan be conclude that about half of
pollution generated within the Delta is due to foexport activity.

Priority water pollution control should be given tanimal husbandary effluent in
Nakhonpathom, domestic WW direct discharges in Barkg aquaculture effluent in
Samutprakarn and overall general agriculture ati@gi in Suphanburi. In order to reduce
loading to the environment, results shown possibteogen reuses and recovery within the
system from wastewater and organic waste. If wastew from animal husbandry
(24,878tN/yr) and aquaculture (28,848tN/yr) weraised as fertilizer to crops land, we
may reduce direct loading to water body 53,726tN/yf municipal solid waste
(8,655tN/year) and septage (6,409tN/year) were veced, we may reduce environmental
loading and double the organic portion of totaltfezer uses 74,941tN/year from 13%
(10,052tN/year) to 47% (25,116tN/year).



