X

J4VEVESTTHICB TS KEMERENED CHKEFRE
ERERICEAT SR

Water pollution and resident consciousness on seafoods and the waste management
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2 ¥ Understanding local fish consumption behavior in Laguna Lake

watershed area, Philippines

Abstract

In recent years, Laguna Lake has deteriorated significantly due to agricultural, domestic and
industrial waste. This paper examines local residents’ fish consumption behavior in the
Laguna Lake watershed area in the Philippines. The data utilized in this study was collected
through the “LakeHEAD” household survey (n=389), conducted by the Research Institute for
Humanity and Nature and University of the Philippines at Los Bafios in 2012. We examined
how socio-demographic (location and education) and cognitive factors (e.g. the perceptions
of Laguna Lake pollution caused by domestic waste and/or heavy metals) affect consumers’
behavior regarding fish consumption by distributing questionnaires to the local households.
According to the descriptive statistics, most of the local residents (over 80%) considered
Laguna Lake as polluted by domestic waste and/or heavy metals. However, the majority of
residents (over 70%) still consumed fish; bangus (Chanos chanos), tilapia (Oreochromis
niloticus) and kanduli (Arius dispar) from the Laguna Lake. In addition, there is a strong
relation between the geographical distribution of the residents and their respective fish
consumption behavior (p <0.001), as residents living the nearest to the lake were more likely
to demonstrate a significant increase in fish consumption which is mostly due to easier access

to the fish resources. The results indicated that the residents easily to access to fish in this
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area. It is therefore, necessary to promote public education programs focusing on food safety

and illness mitigation.

2.1 INTRODUCTION

Laguna Lake, also known as Laguna de Bay, is the largest lake in the Philippines, and is

well known for the multitude of ecosystem services that it provides (Lasco and Espaldon,

2005). However, in recent years, the water quality has seriously deteriorated due to

agricultural, domestic and industrial waste (Beveridge, 1984; Lasco and Espaldon, 2005;

Montenegro, 2006; Su and Cervantes, 2008). As a result, there has been an increase in heavy

metal concentration in the sediment and water of the lake (Cuvin-Aralar, 1990) with domestic

waste being the most predominant driver of change, accounting for 70% of the deterioration

of water quality (Israel, 2008).

Fisheries are one of the most significant economic activities in the lake, with bangus

(Chanos chanos), tilapia (Oreochromis niloticus) and kanduli (Arius dispar) being the

primary production species, consumed largely by the locals, especially the lower

socio-economic classes, as their price level remains low (Israel, 2008; Saguin, 2014). Bangus,

tilapia and kanduli caught in Laguna Lake (Cuvin-Aralar and Aralar 1993; Lasco and

Espaldon, 2005; Chavez et al., 2006; Africa et al., 2009; Molina et al., 2011; Molina, 2012)

were contaminated with heavy metals from industrial and domestic waste (Molina et al.,

2011; Molina, 2012; Paraso and Capitan, 2012; Saguin, 2014), and the consumption of such
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catches may involve health risks for the local residents (Lasco and Espaldon, 2005;
Panganiban et al., 2012).

Past research in the Laguna Lake area focused mainly on the degree of water quality and
fish stock abundance levels (Chavez et al., 2006; Rosales and Rollon, 2011). There is a lack
of research regarding the relationship between the Laguna Lake residents’ perception of
water pollution and their fish consumption behavior (Tan et al., 2010; Molina, 2012).
Globally, overall consumption behavior is influenced by socio-demographic factors (such as
education level, income and occupation) and cognitive factors (e.g. perception and
understanding of food safety) (Dosman et al., 2001; Goktolga et al., 2006; Ozilgen, 2011).
People who have received a higher level of education tend to understand the food safety risks
and know how to avoid or mitigate risks, such as the risk of food additives, food
contamination, pesticides in food than people with less education (Dosman et al., 2001). . In
this study, we focus on socio-demographic factors (location and education) and cognitive
factors (perception of domestic waste and heavy metals) of residents in Laguna Lake area.
We analyze the following four hypotheses:

H1. Residents living in areas closer to Laguna Lake consume more fish from the lake;

H2. Residents who receive higher education consume less fish from Laguna Lake;

H3. Residents who believe that the water of the lake is polluted by domestic waste are few
likely to consume fish;

H4. Residents who believe that the water of the lake is polluted by heavy metals are few

likely to consume fish.
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2.2 METHODOLOGY
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Figurel Study area Santa Rose watershed area.

The research took place at the Santa Rose watershed area, which is one of the 21
sub-watersheds of Laguna Lake. It is located 30-40km southeast of Metro Manila, spanning
5,543ha, with a population of 248,890 inhabitants (Philippine Statistics Authority National

Statistics Office, 2010).

2.2.1 Household survey

The data utilized for this study was collected through the “LakeHEAD” household survey
(n=389), conducted by the Research Institute for Humanity and Nature in Japan, and
University of the Philippines at Los Banos in 2012. We classified the villages (barangays) of
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the Santa Rose sub-watershed area into four groups according to their geographical
distribution: upstream:UP (the farthest from the lake), midstream:MD, upper downstream:UD
and lower downstream:LD (the closest from the lake). We distributed a questionnaire to 389
households, comprising 11 barangays, from March until April 2012. Out of the 238 returned

questionnaires (response rate = 61%), a total of 183 were usable

2.2.2 Questionnaire content

We assessed the residents’ fish consumption behavior by asking if they consumed the three most
important commercial fish species (bangus, tilapia and kanduli) from Laguna Lake (1. yes, 0. no).
The socio-demographic factors included the areas respondents were living in: 1. upstream, 2.
midstream, 3. upper downstream, and 4. lower downstream, and education levels 1. never received a
formal education, 2. elementary school level, 3. above high school level. The Philippines education
system includes three levels: elementary school, high school and university. We also asked about the
residents’ perception about pollution of the Laguna Lake water by domestic waste (1. agree, 0.

disagree) and/or heavy metals (1. agree, 0. disagree).

2.2.3 Statistical analysis

Initially, using IBM-SPSS Version 22, the descriptive results of the socio-demographic and
cognitive factors were summarized for the statistical analysis. Then, a logistic regression analysis
was performed, in order to understand how the socio-demographic and cognitive factors under
examination influence the local residents’ fish consumption behavior. The statistics were tested at

significant level at p<0.05.
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2.3 RESULTS

The descriptive statistics indicated that the majority of the locals (>80%) recognized that Laguna
Lake was polluted by domestic waste and/or heavy metals (Table 1). These results correspond with
the findings of Su and Cervantes (2008) that showed that the majority of respondents identified as
reasons of the pollution of Laguna Lake the existence of domestic waste and heavy metals.
Nevertheless, the majority of local residents (>70%) consumed fish captured in the Laguna Lake.

Furthermore, the cross tabulation revealed that the residents’ location affected their consumption
behavior of the three commercially important fish (bangus: p<0.000, tilapia: p<0.000, kanduli:
p<0.000). Residents living closer to the lake were more likely to consume fish, mostly due to
easier access to the fish resource. Residents with no formal education were more likely to consume

fish from Laguna
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Tablel. Descriptive statistics of socio-demographic and cognitive factors

Socio-demographic factors

Areas (n=183)

1. Upstream 20%
2. Midstream 36%
3. Upper Downstream 19%
4. Lower Downstream 25%

Education (n=118)
1. No formal education 7%
2. Elementary school level 76%

3. Above high school level 17%

Cognitive factors: the Laguna Lake is polluted by domestic wastes and/or heavy metals

Domestic wastes (n=172)
1. Agree 81%

2. Disagree 19%

Residents fish consumption behaviors (n=183)

Bangus Tilapia
Yes 73% 2%
No 27% 28%

Heavy metals (n=124)

1. Agree 84%
3. Disagree 16%
Kanduli
81%
19%
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Table2. Relationship between residents’ fish consumption behavior and areas

Area Bangua
Total(n=183) Yes No
UP (n=44) 3 41
MD (n=63) 13 50
UD (n=20) 3 17
LD (n=56) 30 26
-t 12=32.073

P<0.000

Tilapia Kanduli

Yes No Yes No
2 42 1 43
16 47 4 59
2 18 4 16
33 23 29 27
12=41.077 12=49.862

P <0.0.00 P<0.000

Table 2 shows that the residents’ consumption behaviors were appear to affect the areas (P<0.000)

by the cross tabulation. The consumption of bangus, tilapia and kanduli were varied among the areas

under examination. The area with the highest levels of consumption was the nearest to lake (Lower

downstream: above 30), and the one with the lowest levels of consumption was the one located

farthest from the lake.

Table3. Relationship between residents’ fish consumption behavior and education

Education Bangua
Total (n=118) Yes No
No formal education 6 2
Elementary school level 21 67
Above high school
4 18
level
12=10.814
y2-test
P<0.004

Tilapia Kanduli
Yes No Yes No
5 3 6 2
23 65 17 71
5 17 4 18
¥2=5.182 12=13.224
P>0.075 P<0.001
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Table 3 shows that the residents’ consumption behaviors (especially consumption of bangus and
kanduli) were affected the education levels (P<0.01) by the cross tabulation. The consumption of
bangus, tilapia and kanduli were varied among the education levels under examination. The
education with the highest levels of consumption was the no formal education (above 60%).The
consumption of tilapia did not effect to the education level. The rest of the examined factors did not

appear to affect the residents’ consumption behavior (p >0.05) (Tables 4-5).

Table4. Relationship between residents’ fish consumption behavior and domestic wastes

Domestic wastes Bangua Tilapia Kanduli
Total (n=172) Yes No Yes No Yes No
Agree (n=32) 5 27 8 24 5 27

disagree (n=140) 40 100 42 98 31 109

¥2=2.047 ¥2=0.165 %2=0.425
¥2-test
P=0.111 P=0.433 P=0.353

Table5. Relationship between residents’ fish consumption behavior and heavy metals

Heavy metals Bangua Tilapia Kanduli
Total (n=124) Yes No Yes No Yes No
Agree (n=20) 2 18 2 18 3 17
disagree (n=104) 29 75 34 70 25 79
¥2=2.862 ¥2=4.192 12=1.941
¥2-test
P>0.181 P>0.058 P>0.239
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2.4 DISCUSSION AND CONCLUSION

The study concluded that fish consumption behavior is not related to the perception of domestic
waste and/or heavy metal pollution directly. Fish is the primary source of animal protein for the local
people and they may face health issues related to the consumption of contaminated fish, particularly
if they lack understanding of the concept of food safety.

Nonetheless, it is widely accepted that heavy metals intake through fish consumption can be
reduced with the utilization of various cooking methods (Atta et al., 1997; Gokoglu et al., 2004;
Musaiger and Souza, 2008; Ganbi, 2010; Talab et al., 2014). The most suitable methods for reducing
heavy metal concentration are grilling and baking, as these methods remove salts, along with the
amino acids and proteins bonded with heavy metals (Atta et al., 1997; Gokoglu et al., 2004; Ganbi,
2010). The heavy metal of lead concentration in raw fish investigated between 0.12~0.14mg/kg, and
the grilling and baking methods can reduce the concentration of lead to 0.02~0.03mg/kg in all fish
(Diaconescu et al 2012). Blood lead determination in Laguna Lake area showed that 22% of
children had lead levels >5 ug/dL, and the average blood level was 4.56 + 3.01 ug/dL (range of
1.33-22.4)(Jaime et al 2013). It found that the heavy metals concentrations in fish and water samples
from the Laguna Lake, and the residents consume for local food may be increased some food
-health risk (Masuda et al 2013) . However, in the Philippines, the most commonly used methods to
cook fish, namely frying and boiling (Bayaga-Tiangson and Deveza, 2005), are not that effective in
heavy metal removal. Frying, for example, does not reduce heavy metal concentration due to
evaporation and loss of moisture (Musaiger and Souza, 2008; Diaconescu et al., 2013; Tawfik, 2013;
Talab et al., 2014). Therefore, it is necessary to promote cooking methods (grilling and baking) with

increased effectiveness in heavy metals removal to the local residents.
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In addition, the cooking methods promoted should take into consideration the factor of access to
technology. For example, modern cooking methods such as microwaves and halogen can
significantly reduce heavy metal concentration in fish (Talab et al., 2014), but the local residents
may not be able to adopt them as they might not have access to microwave and halogen technology.

Additionally, fish consumption behavior was found to be related to fish consumption behaviors
were a little difference education levels by cross tabulation. Especially residents with no formal
education level consumed more fish from Laguna Lake. Although food safety education is included
in the curriculum of elementary schools in the Philippines, specific instructions that residents can
follow in their daily lives, such as how to avoid eating contaminated fish, are severely lacking (The
Department of Education, 2013). The lack of individual knowledge about the risks may make people
less likely to take preventive actions. Thus, residents can rely on practical knowledge on avoiding
intake of contaminated fish. Consequently, it is necessary to promote education programs for local
people and school students focusing on matters of food safety. Such programs could include, but not
be limited to, increasing the numbers of food safety books available in public libraries, promotion of
cooking methods to reduce heavy metals concentration in elementary schools, and distribution of
children’s books on food safety.

Furthermore, as expected, we found that residents who were living closest to the lake were most
likely to consume fish captured in the Laguna Lake. This implies that residents who can easily
access the local fish and consume them regularly, face higher contamination risk, since Laguna Lake
has been polluted. There is an urgent need for the implementation of outreach programs providing
food safety information, in order to raise awareness towards fish consumption to reduce heavy
metals intake.

In addition, in developing countries like the Philippines, poor households spend 30-50% of their

income on rice. Moreover, the rice price crisis has had a great impact on their food consumption
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behaviors. The price of ordinary rice increased by 44.2%, from 21.28 peso/kg in 2006 to 30.69
peso/kg in 2009 (Ronalo et al. 2011). A family of five spends around 5.513 pesos (approximately
125US dollars) monthly to fulfill their basic food needs (National Statistical Coordination Board
2012). As the locals face significant income constraints, they depend on fish from Laguna Lake, as
these fish are the only affordable source of animal protein (Israel, 2008; Saguin, 2014) It was
concluded that the increasing rice price and low income also influenced residents’ food expenditure
which determine their consumption behavior, turning them towards cheap commodities, such as fish.
It is important, therefore, that the residents realize how risk perception affects their daily lives and
health.

Lastly, food safety is closely related to concerns over public health issues all over the world, and is
becoming more and more important in many developing countries. Government should take
responsibility for the protection of the public and provide opportunities for locals to engage in social
learning regarding food safety. However, developing countries in general lack trained personnel, as
well as information about food safety, compared to developed countries (Dewaal and Robert, 2005).
Thus, practical food safety education should be promoted not only in developed countries but also in

developing countries.
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BIE STFHMICETIREVEREDCHEREHICEHT HHR

SIHENER

T, 7 VT BRIV TR AR M N AN R, BEZEY O F A2 &b HEN
L. ZORHREITFELARIMEL TV D (FHEES 2004) . T VT OBETHL 7 1Y
E AW T HEIANTIE AR <, BRIEREBIC L 0 ET LA, HEAEEIZ S 2D &,
Fo. AOHEMBAEE > T, BEEMOFREENEIML, ENOLBE THSFEICR > T
D, v=TEHEICBNTSH, FRET I THRELNMESNT, 0 IIRERTETR
Lo TS (IME 2002, 2008) , 7 4 U B AZEBITH—H—AMS7Z0 OF I ORART
#)540g T, BH~=T TO—HBEAEREIL5.345 T, TD I HD 24%I12% 7% 1. 308
MATRERIEL 22 (M 1999) . 7 4 U B CBIT D 5E T I OFEAEET 2000 4T
1000 J7 b TdH V. 2030 421X 7000 5 ko FE THIINT 5 L HEFH &AL T % (Philippines
Environment Monitor 2001) .

2000 4, 7Y Ui T I UAE ISR E . TEADFEE S M Fi (NG 2008) & X
SINFIZREEY OWL 2SR L LTHRY KD L1220 . BINT 2 BEgE oS xt
JET D728, 2001 RIS TERBEICALRE L 7-BEBEm & BLIC B4 2164 (CRFFETIRLL R A
EVE 9003 & 9°2) hidT STz, FNERE LT, BEYOSR] - INEIZNAT T A L)L T
Ehi+ 5 Z ENED TS (Voltaire Acosta et al. 2012) , NT o H A L1k, #HIFHIA
£ (Local Government Code) (ZHIE S AVIATH D F/ NEN.OM GBI T2 (4 2004,
S 20100 (K1-1) o EFIENE 9003 ZilE L7 ARIE A I 25000 - IE L, £72U
A ZVAREREHIIEATT 5 2 &L TREMORKL S ELZHINT 2 Z L1250 5
(%53 2004a, /NE; 2008) , Z DIEFTIZ/NT A IZMRF (Materials Recovery Facilities

EREIRR TH Y . Zhid, BEBEWEZZ T AN, 25 Rk, VA 7 a7 9
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TLEINTVD) ZERET DI ENEDTND, AR TITREFMIE T v 7T K& T
ZHDGR]  WEBIONT A A 7 V2T O R ERET D Z &2 EB%T 5,

LRI D | BEEWICEE T HIEEOHR, COERLHHIIE I LICRR D, HnE

]/

FE 9003 ICEIE, 74 VB CRBY SEEREFEWIIFET I, BRI, BEIILKOIKE
HEIREEFEEY & ESN TS (Acosta et al. 2012, /NG 2008)

FZI7FMIET 4 VB TRROMTH 5, EITHZE, BEMKE X OAETEHKORALZ
EOHMTRHIAINTWS, L, Lo OIFENZEV, WO DR b OBEFEW I
LD KEBYELER SNTWD, 20H, MOBYIRO 7813 EEMEEN TH 5 (Israel
2008) . ZOXIRERERDOFNDL, T FHOKE EHEEL TV Z & iTRER~DOR
BtOARMED 7172 &3 WO R A AIC b BELRE®RRH L L BEXOND, LIz - T,
PEHEWEBELOBUR LFEEZ T O NS T D 2 21k, 77T ICR T D BREERAEBUR O BT

FIZAT TRAIRTH D,

M — SREIES NG o HA

/

th O
NS ey

K3-1 74U EUICRITAITEARE (88 2004, i 201212 X 0 EHER)
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3.2 ZATHIR

3.21. Z4VEVICBITAEEYICET HETHE

T4V ECTIEIIDORRBERIIFETH Y, EERBEEORNFHEZLEOTWD ()
F72000) , ~=7 BHETE 2 71% LOMES L TORY, IR SR o3 HER
LD, ;mesh, Hobh, 20—zl M IO ~RITHETD 2 &0
WHTH D (1999, Nguyen Ngoc and Schnitzer 2009),

F7-. Sia su and Cervantes (2008) (%, T 27 T MDKE Z Bl S TV DIGGLRIT AT
BEFEW T L HUIRDOERZBFH L THD Z 2N LTz, AR (2006) IZXiuX, 77
TR FREOTHITREGIC L 5 T IBIE, II0NEEHEVETITETEr—AnEL,
FERIFTAIZ)AET, BRI, ITRIL TV LR TS, Calsena (2006) %7 7
FHAD JE DI DR DL IXBEIREEFRY 7' 0 7T L~OBHR @2 LB BN
S>TW5,

Tatlonghari and Jamias (2010)(X, 727 FIN¥ o Z o Hliicikid 2 HEROBEFYE HA~
O, BERITENT, (EROBME (MR, Fls, ZE. IWA) [Tk TRARD | BE
FTWEBIZONWTEREITEMIZ 07 ala=r—va VR TRV EFER L T
5, £lo, Y 2udifio 1 HOFRET I OFEFAERITHI600g L7220 | HHoD 1 FH D

FEARNT A7.520 b b p LHEHI SN TW A,

322 74 VEVIZHBITAEEVMEBRTHRICET L THE

PEREMEBIATEL (R SCTIE, —ROBETEMICHE T 21TBEE LD Z L 2T %) o

T, 92 ORI ED D FEREICBN T, SEHEETIE 26~30%% 5D D D% L,
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R EEOB AT LT, BRI IBRER AR EOEIC BT bR E
AR E oo TS (H—Jb « N—1h 2 1991) , BEBEETHD 7 1 U B2 FEHE
WEBIZBE LT, AMAR, BEEMLEIT Y VA 7 W laak DR ., S HITITASERR
BT D EHEMINTND UM 1999) , 5, TTBELIOZDaI 227 412815 A%
D= OEFKRIT 5780 & BT IR nIRE 7R BRI B O ZRIC K e E S bihld

(Macawile and Sui Su 2009) .

3.2.3 a0y mIZIRERE 2011

Santa Rosa Environment Code 2011 (LA FIL o & m HEREEHE 2011 & 32) OF
(2, 2001 47> & BEFEWE BRI B9~ 2 JEREE 9003 237 ¢ U B U REICEH S, 7 7 M
P uFHICBN TS, BETIEFEVOHE LXK D20, o7 v iiidME ok
FEHEZED, DE 0. FHCBT2REMITE —E 20— L LTHITE N, &
OHENZIEAETE 9003 12X > TEITESN D720, ¥ a Y ekt 25 5E 2 ORI
T T A ORNEGIRE L SEE 0 L TTV, B —EfERA~IEFEE 9003 (235
B - R EAT O LIS, ZRUCHESE MEEEERT S, T LT, IWEHIchz o T
T ORERRERA 7 4 ATHRE L, BENICHREAWMET D2 L2REDIT L5, RS
NREEFIC L > THRIZER TR OIERBRAT AL, HDWE, BRBLED, @
HHZDVAT LAEREBLTWD, £, Vo2 uatifioTI0nlit, LT 3 20k
ETITo T 5,

O EWsifRd % (biodegradable) (HETEI72L)
@ HEJEFEEME (compostable) (R, #ELIXB LOMSL A IR L)

@ VWA ragEME (reusable) CGHREARL., T A, BEAR—L 72 L)
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ZTNLSORERIZ2 X (special wastes) (FHENTZT VA, T L v, EHFEAOEMR L)
X, BBV~ (municipality level) (& o TIRE S T2 (Environment
monitor2011) |

—J7. By udilicsy SREEMLETIEL, Ny MR MR ED Y A 7 D B
HHDRbY Y7 v a vy (Junkshop) ~, MOBEFEMITEFEES . HDVIE, JIILTEE
EAOREG R EFERZ N 0b BT, KEFEREB X O OO &R %

L O TN HD LRI THD (Ronala et al.2013) .

3.3 FATXMR & ABRZR & DESE

T4 VBRI DREEY ORIE L REEYEHICE L THMBLIT 5 & BEMICET 51k
BUCOWTEROBIRIT 5 LITF AR, P ZadilioRERE (2011) K5, B
FEEEIC BT DA A TEN ERRICIT > TV D28, TOMBICE L TERIZEE EH
fEL CTVD DI OWTIEA LI INTWARY, Fo, F#EICESE, TEIIFET
DIEBLE DWRER LTI D4R, & 2\WITBEEWE R ST 23HEZ LT 5
. NT T A ORI E IHE RAOFB O )7, 2 X OIUER JOREL k7 &
D BB 22 NI OV THFEIC R STV R, TE— B R 2 RIICIRIET 5720,
NWNTUTANTHEL, FIT, ATBUIFRE T I OIUE - LBEAZTo TV LA, ERICZIhE
TORFZE CIEFEFEWE U BV TTE Y — B A DML EERA~ON R E AR L7 b 0N
D7aun, Calsena (2006) 137 7 DMK DER DL IXBIREEFRY 7 0 7T L~
DFEWPBENZ L LN L TNDD, FEEDEBRICE T 21T —E AL TiEE
A EER STV, £ 2T (ERIZEEVEBICE T D1TB— B A E DR 2

LTCWANEHALNNITEZ EE2AMEORKET 5,
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3.4 BIEME

3.4.11R5

ITEC— B R LAEROWMZEIZOVWTKRIL (2010) IZBFOT +—< 2 (R 7
FWERHMT 2 NI, TTBH—E AR L, BELTWLZLZHLMIL TS,
ROTBY —E A~ R EOREERICBE L TR (2011) IXEROHIFK LITE—E
ADEB L ITHOAMENEELHE 2 TWD e L TS, o, T8 (T Ay %
VT ) EER (ER=—X) 0aa=F—rar x0T, BIRERBOROFHEIC X
S THERMRELZAEST L2 N TED (P 2003) , Vo il dBEREATE ) —
A& LT T A FBIGE B & OELEE O THERASFEIEDIERIZ OV TESIRIZ
FAH LT\ % (Santa Rosa Environment Code 2011) , ZHUHDEATHIZEZEEE 2, Yo
Z YR D BEEYTBEBIZR T 2THY — EAIMERICED L D ITHE L TV D
DIPNZDWT FFED K 9 IR A 7R E L7,

1. FRETEI 2B LTWD NIITE— ERITHZE LT\,

2. NI UNA YL T 0 7T ARH D &Moo TWD NE, FTB— B A e LT
Wb,

3. HIGIE L~V TR A B L TWD & H-> TWA NE, fTE—E X2 LT b,

< D A P, 4 .

{

s

.]h”ip
L) 2

R BE UL~ DFRFN BE
| S
x 1B — A~ DB >
N L L

X 3-2. BEYWEHICETIITHI—EA~DOWHREICEEY» 52X 2ERN
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3.4.2 MIRAE

2012 4F-D 3 A6 4 AT T, MEHBRERERE FFERT & v A 8= =2 A (Los Bafios) 11
o574V B RFOILFEFETY & v YK I 1T 2 HIELR 22 5540 TIEATZ 4 O
DO Tupstream G —FEBEIL TV 2), midstream, upper downstream & lower
downstream (WIZ—FITVY) | IZBITFD 11 OANNT U H AT LTT 7 — MR ZITV,
HI(ER T 5 389 HHAHHZERMZEL Y . 238 o T AnEIR S (EINE=61%) . A%

P TINT2 BATRIGIZ LT,

74— FEES L UERIERK
EROBEFEYEHITHICE T 2 —ERCOWTEHET 5720, (EROBIE, HE LA
. WEEKR BTN DT 0 7T DAORBFE, FRET I OHBOAEL XU, T —t
ASOEEE 72 E OAFE 25 THH OB Z3%0E Lz, AFRICHHCBMRT 285 LTF
LD 4 OEFEAT,
1, ATEI—ERITHE L TOETN?
2. FETAIZZHILTWETN?
3. FICEFEMAIE T 0 7T LR35 D L EMoTWETMN?
4. BHIREL~LTIEIZRBULLTWD Z EEH > TWETN?

LB, EREnlskt LT NIy £720iE Tz ) o 2 >oEE A2 BV LT,
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3.5 58

SPSS (IBM) 22 ZMW\T, o Liz, AREEIITEY —E AT E LT D00 E D h,
ZLT, ST OFETIIZHRILTND, @RT U H A IBEEMQED 7 1 s
FLRDDHEMOTVD, @QBABKL L TAIZMEL TS E LT,

9. BERMEA B L OEEBROEHM i % F LR Lz, RIS, EROTE—E X
SO REZPONCT D720, v P AT 4y VBT 21T o Tofi AR 2 1R LT,

# 1. BRH B B X OEERA D ERA

B
HREA v (%) Wz (%)
FRETH I D45 98  (54%) 85  (46%)
NFG AL DEFERRET 0 7T A 62  (34%) 118 (66%)
BigE L~ I DEIR 141 (77%) 41 (23%)
T — B2 ~D R 121 (70%) 53 (30%)

FEROPELLE (54%) IZFETIIZNHALTWD I ERNgholz, NT U T AT
EVIEL T 0 77 KD E LRV NIT 6 EILL ETh T2, o, TEILLEO NIT AR
XD IDNEEH > TV, &EIZ, KIFDERIT (T0%) T —B R T LT

WD Z EWNThoT,
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K 2. EROITEI —EANDOWMRBEICHT IR VRT 4 v 7 BEIRGSHTHRR (=172 )

LBHE V4 Wald Exp (B) P-value
FETIIZHBLT
-0. 621 2. 440 0. 538 0.118
W3
BEEWNE S0 5 A 0.968 4. 641 2. 634 0. 031
BigE L~ 2. 380 26. 829 10. 800 0. 000

w . B= {REEHKRE. Exp B)=4 v Xk, P<0. 05

EROITEY — B A~Oi R EE TR D720, KIEZRW %O 172 OFRY > T %
AWT, v P RT7 oy Z RGN EAT o7, TORER, 206D K910, ERITME
WTWDNT U ITA B T 1 75 K3 D & H> TV D NE ETTE— BRI
BLTWDZ ENghole (P<0.5) . Flo, BIRFICEK 2 FIZELTHLH Z Lz
STND NFITEH—ERITHE L TWD Z N gnole (P<0.000) . LT, FEET

I &ML TV NEATEH — B RO R EIZOWTREENRS 2o T2 2 L 3o,

3.6 BEER

EFT. FRETIEZHHILTWND N EITEY —EA~OWEE & OICIL, A BB
WMol nN) ZEZHBEMNIT LT,

WIZ, NT U HANFTEFEDNILT v 7T Bh3 o D &> T D NFATBC— B AT
LTWD ZENAREIOMAE TONoTo, ZORRITEE 2 NEFESNTZEF A XD, 2001
FEFEFIETE 9003 ZEfT LT D, BUEE TI0ELLER -7, ¥ u b HoRERE
(Environment code 20112 &% & /3T 2 A OFEGIRE & EEH 1E A Mk E R

(2R LTRIEORFICOWTHRHALTEBY . BEM T 07T 52> T ABRSZHIC B
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ST EBEZBND, KilI (2009) (TEFOZERE? BV &Rl 2 N3ATEAER L, i
LTWAZEEHLMNI LTz, £72. NT U A T IO - JE DL - B Fo—E
ZNFE < DANLZITFHfi 4L, Tl ST D EHERIS LD,

Fo. BRIV TIaIZMEL TWD Z L a2 H > TWD NIATE— B AITilid L
TNDHZEEWLMNT LIz, ZORMBEIIGH 3 BEIES N, 74 U ECBWT, HiR
R~V TEI, BRI 720 S O RIS AN ATRE O 4 PR R B FE) D [
T OELTH D (RFrEEE [MESMER) 2002121 V), Calsena (2006) %7 7 Filfld
AR OFER O X BIRIKBEEY 7 0 7T A~OFBIHBENZ EEP LML TN 5D,

Leho T, EROZIFHBEL NV TOITIDIELRHL TV DH EEZDBND,

3.7 SHBROEENEEADHEKIZAITT

FEFEW D4R « IR « WL T = X OWEALICR D ERWFE T, (EROW )72 L TR
DEELW, 22T, BEEVMEZRT 5L L UTBUIFEROMG TE 2B TR+ 5 2
ENEETH D, BAEMICIE, [Ty —E R LTRIETx 2 b0, 726 20E, 2 I
BT D EH,. I ORRFESRLEDOLERICOW TER~HIMEICHAT 2 Z L BAMET

Do ATBUC K2 BETEMICBET HHIE A HIBRICZ D E FEAT 2 2 L BMRRIZ DR H 72
W, HIEZFATT DB, HIROFERAAE LN s, ST Z ENEELLEHL TV
% (Brewer 2007) , =2 T, FRIFMTEY —ERITHET 52 L30T L b FEIRMFEED
fERCE D EIIR RNV T, /TB—E R & U TEIEY OB & FROAETFIZE Y OB
BRLEDEPVIZOVWTOHRHLEETHY . S5, EROFEFYUIE~DFEFHIZH D7
NHEEZEZLILD,

B (2011 IZEROITEY —E2A~OHEELZBET 2 BRI —EADETH D &

B L CVWD, £o, ERIFITE — AR 2720 CREMLHERBEZ LT L bl
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DRI D LITE 2700, 2 LT, KOAEDNRITHY — A& RMET 5720, FREF
DIRITEICE LT, ERICHERNRIE TR 20X H D | FEFREM D430 2 B ERIIZ
179 2 L Z2BBEMfT s, 612, ER~OBFAZRD D Z LITEETH D,

PEZED ORLERIT, [EOHE, B LV ERR A RIS CTRR D DITEARTH D,
BEFEE BRI ICBE T2 7 4 U B UATBUL, EIC LoD LTIeb D Th D, LAl
WHM B EDRFT, TN H D AMRLBIRORRIZ LY | BEHOLFZ TN A
WARBEEN K> TV DI bbb b1, EE EEICS W T, BEBEMUEA~DO TR LD |
A7 T DI E~DEENRZNEF DD (UMME2000), 2O XD RBURED L THH
BT 5700, Z<OKEE LY OB, iR MRS H D A OURE - Bk

MENSBRBEEND,

3.8 SHERDFEMIZDOIT

7 4 YV EIBIT AT O—H 2 OFERIT 520g, AU O — B OFEAE I 300g
TEDIHLO AR LIIA—T = 7 BEFM TH 2 (Nguyen Ngoc and Schnitzer 2009),
FZ, 74 V0T HTIR, AT =y ZEFEYE I I XL THRIZ L, @b
5, MGOBENEATND, FIC, BRBEICH LT, BOF ¥ 2B ZIAILD
DN R L TS (Premakumara et al.2012) , L7=A-> T, 77 FWlICBIT 54
—H = 7 EFYEHIROERE LCTEN L, 2D OBEEWE M & T 5RO

BEPEICOWTAROFREL LI2W,
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it
E=N
ot
X
B
P

7 7 IHEOHRIBIL, HBEROFBHEREBOMMEL 2> TS, Ll &iL, 4
EEMIZ LY . WOKEPH RS, AR EICTRARELEZ VO L TWD, %
To. KEBRIZE D7 7T oRICESBNEB I, TOREFITHET 5 & ERkE
R TR H D EFbI TS (Israel 2008, Molina2011, Masuda et al.2013),

Z 2T, AWIZETIET 7N BT 2 D Ee B~ DTH YL & AETEBEREMC X % AKE T Y

IZHEH Lz, RiwsSUTIE, X7 4 VB O T 7 HCR T 2KED & BEED % o < DK
BiH L (ERERICET 2R AT o 7,

E9. KEGRORH L LOHBEITR L ORRE MR, BHL-~L, EEAEEDRD
HEBRA~ORH L ORRBMGRERT LTz, ZORR, AOHBITAIIEROBEH L~V L
BEMEN S5 Z E MBI MR o7, FrZ, EXRBEEZ TR NOHEN LV S
WEWND T EAVHIB LT,

F70, AOWEITANE HEEY K O ESRE ORI L D HEBN o0, Hilsk Bk
WCEDEEIIREN ST LB LI, 2FED, MICESFATHWLIERIZT 7T
WEOMZE ZVHEE L TS Z LR STz, ZAULEEICELS . 7722 LT
NG THDHEHREND, TOIEN, HRICWAERDS T 7 FHEORIEKE LT
5% (Ancog et al.2008) L& X2 bDd, E£o, 77 FMEDOMIIFITIRFTHREIHE S
TW5 (Israel2008), L7cdoT, FERIITZ V7 HEORZNE L T\ 5D Z LIXEEBERYIC
T 7 REALRTWVEND, WAPMENWZ L —RZLEZ HND,

WIZ, KEHY L BEFRYEBIZOWTHRIZE 2 A, NTUHA LHBRL LT A
L OIEIFTEROITEY —EA~Om R EICBEEN S 5 Z LRSSz, ¥ adBE
BUE (2011) IR VEHONT A MEGMEITERE S dfE LTI —E AL LT

EHIRNERAILFIEE 9003 IZOW T L TWA Z LIXERICFHMi STV 5 S HEER X
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N5, Eim. BRI A3 OENUTHEBEOEETHY (RIFEEE 2002). B
L~ TS OUEIC SN T B ERDE 13- TWD L EZ b, L, FET

=TI OB OEEICE L TIMTE Y — R L EHERBMRE TITIEEL AR D o T,

41 KEIZEKBSTFHEDRADEBE~DEE

B2 W TIL, 77 WICET 5 ER =FEEOM (Bangua, Tilapia 35X OV Kanduli) (2%}
THEROMETEHZRN Lz, 7, WOEITEATHWAERIZT 7V TilEOHE—
BHELTWVD Z LRI, RIT, BB L VL EROEEICHOW UL, EXNREF
BT T ERIZT 7T MEOREZ L VEEL TWD Z LR LN T,

7 7T HOREBIZ S 5 BIEIRIE LLDA & X - Ti#lE (Lakeshore) &N (offshore) 2
ST B, SRV BIRERIT RIS, AR EDT I HHOERITEAE L, NI 5 B
TBY, 77 HHOERIZH F VIKTFE L TR EIRRT S (Ancog et al. 2008), F 7=,
Israel (2008) 1% 7 7 FHIEDRITERFHREIC EITHE S LTV D LEERL TV D,

—J. 74 U E LTI 2006 0D KOEE N RLE L 720 | FEIZ 2009 RIZERDKD
EB% 1% 2006 4£ 1 0 4 513 EE EAYY LT (Ronalo et al.2011), {KATHEOFERIZILAD
6-7 ENIRFERICESLLTCND (G 2011), LeR- T, ERREBEEZ T eh oo fER
LD ATEATND L DANLIXT ZTHFHPEOREZHEE L TWDH Z LITFITAY T
WL, LA D 2N & BB O—2 & L THERI S 41 5,

T T FWEDORIZ OV TIXESBISHE RSN TS LWL E S BE STV D
(Molina et al.2011, Molina 2012 . Paraso and Capitan 2012, Saguin 2014), &5
2. 77 FMEORICE, KRR EOESBESHER I, FRC, SORENRIVEmNTZ L
WA GMNZZ o7 (Molina et al.2011), F7z. MEEMA TIX, FHoMEHRAE T, 2 HILL

EOTRUSERDOIRIE>S ug/dL DB S, P L~UL (4.56% 3.01 ug/dl) L V0H
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WEWD T EBRHER S (Jaime et al.2013).  Fiz, T HMOKEB I OROY T
JVTCIE, SRR S, HITOBMSATHE T 5 2 & AT RICM S DR Y X7 % 5]
TEZFTENRD D LB TND (Masuda et al.2013), L7z23-> T, (EROEEY 27
O LCHIRBT 2 HEERLIVLEN DD LEZBND, DFV ., WOEITEATHD
FEREEXRBRABE 22T RPoTERICEMZEBAT 21TV, HEGIELZRET D03
NhiHEEZLND, 74V EVANTREZZICHITI TERDLIZENZNEBRITND
(Bayaga-Tiangson and Deveza 2005), L72>L. #5315 R# 5L CILESEORE % HIJ
TERWVWERMHEN TS (Musaiger and Souza 2008, Diaconescu et al.2013, Tawfik
2013, Talab et al.2014), BHEENHIK TE 2ETGIEL LT, X—F 7 (baking).
F77 VN (grilling) Ze ENEID BT D (Atta et al. 1997, Gokoglu et al. 2004,
Ganbi 2010), &L T, BMEEMETIEO—2L LT, WO ITEATHAERKIER

RHBEZ T o> T ERICK LTI, ZORBFELRRT LN L HENn%,

4.2 BEEVEBIIETHITHRY—EX~DEREE

T4 VTR IORRBERIIFEZEIITHY , EEBERDK 02 50O TVND
(/M 2000a) , 7 4 U B ACEIT D ERE T I OFAERIT 2000 42 1000 5~ TH Y 2030
T 7000 5 b ETHIINT S EHERI STV S (Philippines Environment Monitor
2001)

7 7O KEHGD TENIATENBFERFY CTh 5 (Israel 2008) . AFHAETIX, 777
W E 1 2 BEFE B PR ERE L (EROITE Y — B A~O e E 2R Lz, 7", FETA
&L TS N EATE— B A~ R B & OB #EMEN 2o 7o, RIS, NT A4
WML T v 7T D)3 D Lo T D NEATE— BRI 2 LTz, 2001 48,

$EFEIE 9003 ZHATLTHD, BHEET 10 L LR TWA, o8 vy BREHIE

38



(Environment code 2011) (ZX % &, RHD/NT 2 H A OFESRE I L OEELE L il
LT, EMICHUE A RICK L CTREEORNFIZOWTHI L TW oD, BEEY T v 7 Z
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