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ORANEE RUNGRUEANG : EVALUATION OF WATER RECLAMATION
ALTERNATIVE IN ENGINEERING PURPOSES AND HEALTH RISK
ASSESSMENT: CASE STUDY SURANAREE UNIVERSITY OF
TECHNOLOGY. THESIS ADVISOR : ASST. PROF. JAREEYA

YIMRATTANABOVORN, Ph.D., 202 PP.

WATER RECLAMATION/ ULTRAFILTRATION/INTEGRATION PROCESS/
COAGULATION FLOCCULATION/ANALYTIC HIERARCHY PROCESS/AHP/

HEALTH RISK ASSESSMENT

The water scarcity problem'is bgeomirg serious problem as a result of the
accelerated industrial and agricultural @md ‘an increased population. Therefore,
reclaimed water offers prospects as an interesting alternative water resource. The
suitable technology of reclaimed Swater Should has high removal efficiency,
minimizing system costs-and health security. The aim of this study is to evaluate three
alternative process of water reclamation include the oagulation-flocculation process
(CF) ultrafiltratiofiprocess (UF) and combine process: coagulétion-flocculation and
ultrafiltration (CF+UF)_by, consideration of engineeting purposés and health risk
assessment. The effluent of Suranaree University of Technology was supplied through
all three alternative processes. The suitable operation conditions and removal
efficiency of three processes were investigated. The Analytic Hierarchy Process
(AHP) was used to evaluate the suitable water reclamation process. The results
showed CF+UF process had higher removal efficiency of turbidity, color, COD,
DOC, total coliform and fecal coliform are 96.64, 91.49, 74.39, 45.73 99.96 and

99.68% respectively, CF and UF process was the latter. The water quality of CF+UF



process had met the standard for four purposes water supply, toilet flushing, urban
landscaping and agricultural irrigation, the CF process could be used for three
purposes except water supply and the UF process could be used for two purposes
except water supply and toilet flushing. The AHP process was used to evaluate for
engineering purpose and found that CF+UF process had a higher importance value
than CF and UF with importance value 0.41 0.39 and 0.20 respectively. The results
showed the CF and UF process had lowest Hazard Index for the non-carcinogenic
risk. Whereas, The CF+UF process had lowest Cancer Risk for carcinogenic risk and
E. coli exposure risk. The evaluation of water reclamation alternative in engineering
purposes and health risk assessment by AHP was CF+UF process with the importance
value 0.44 and CF and UF process wasithénext with the importance value 0.33 and
0.24 respectively. In conclusion, the CEH#UF process is appropriate technology for
water reclamation in consideratioi of, eBgineering, purposes and health risk

assessment.
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Road
Toilet Urban Vehicle
Parameters Units sweeping / Construction
Flushing landscaping | washing
Fire control

pH - 6.0-9 6.0-9 6.0-9 6.0-9 6.0-9
Color chroma 30 30 30 30 30
Odor = No odor No odor No odor | No odor No odor
Turbidity NTU 5 10 10 5 20
TDS mg/L 1500 1500 1000 1000 -
BOD; mg/L 10 15 20 10 15
Ammonia-N mg/L 10 10 20 10 20
Fe mg/L 0.3 - - 0.3 -
Mn mg/L 0.1 - - 0.3 -
DO mg/L 1.0 1.0 1.0 1.0 1.0
Residual Cl, mg/L Contact 30 min later = 1.0, The endpoint of pipe network = 0.2
Total coliform CFU /L 3 3 3 3 3




a 3 = o w ] ¢y = P
M350 2.3 nasgunammivyuieulunmsindunlslse Texiagl Ina-u3 Ina uazdunuasnssy (Norton-Brandao, 2013)

Water supply Agricultural Irrigation
Parameters Units WHO Westcot and WHO US EPA ANZECC Spanish Royal Italian Decree
(2011) Ayers (1985) (1989) (2004) (2000) Decree (2007) (2003)
Physical quality
Conductivity dS/m - 0.7-3" - - <0.65; 0.65- 3 -
1.3;2.9-5.2'
Sodium (Na) mg/L 200 3-9; >3*" - - 115-230 - -
Color Pt-Co 15 - - - - - -
Turbidity NTU 4 - - - - - -
TDS mg/L 1000 450-2000" - 500-2000 - - -
TSS mg/L - £ - — - 20 10
pH - 6.5-8.5 6.5-8 g 6 - - 6-9.5
Pathogenicity
E.coli CFU/100 mL Not found - - - - 100 100
Fecal coliforms CFU/100 mL - - <1000 - - - -
Total coliforms CFU/100 mL - - - 0-1000" - - -

I1
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Water supply Agricultural Irrigation
Parameters Units Spanish Royal Italian Decree

WHO (2011) | USEPA (2004) | ANZECC (2000)

Decree (2007) (2003)

Heavy metals
Aluminium (Al) mg/L 0.9 5;20" 5, 20" - 1
Arsenic (As) mg/L 0.01 0.1;2" 0.1;2" 0.1 0.02
Beryllium (Be) mg/L - 0.1;0.5" 0.1;0.5" 0.1 0.1
Cadmium (Cd) mg/L 0.003 0.01;0.05" 0.01; 0.05" 0.01 0.005
Chloride mg/L 250 - - - -
Cobalt (Co) mg/L - 0.05; 5" 0.05;0.1" 0.05 0.05
Chromium (Cr) mg/L 0.05 0.1;1" 0.1;1" 0.1 0.005
Copper (Cu) mg/L 2 0.2; 5" 0.2; 5" 0.2 1
Cyanide mg/L 0.5 = - - -
Fluoride mg/L 0.7 - - - -
Iron (Fe) mg/L 0.3 5,20 0.2; 10" - 2
Lithium (Li) mg/L - 2.5;2.5" 2.5;2.5" - -
Manganese (Mn) mg/L 0.1 0.2; 10" 0.2; 10" 0.2 0.2
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M319% 2.3 asgugamwiivyudeulumsthnauunlalss Tesiaugl Tna-u3 Tna uazdunyasnssy (Norton-Brandao, 2013) (#9)

Water supply Agricultural Irrigation
Parameters Units Spanish Royal Italian Decree

WHO (2011) | USEPA (2004) | ANZECC (2000)

Decree (2007) (2003)

Heavy metals
Mercury mg/L 0.006 - - - -
Molybdenum (Mb) mg/L - 0.01; 0.05" - 0.01 -
Nickel (Ni) mg/L - 0.2;2" 0.2;2" 0.2 0.2
Lead (Pb) mg/L 0.01 5, 10" 2;5" - 0.1
Selenium) (Se) mg/L 0.04 0.02; 0.02" 0.02; 0.05" 0.02 0.001
Vanadium (V) mg/L . 0.1;1" 0.1;0.5" 0.1 0.1
Zinc (Zn) mg/L 3 2; 10" 2; 5" - 0.5
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FENINAINNAUTUNIN (Health Hazard) LLaZﬂW’i‘lﬁ)ﬂJﬁﬁJWﬁﬁﬁﬂﬂﬂiuuu 9 (Exposure)
a { o A o Y4 1 . 4 a
mstsziiuanudsergauiiunmsneldnnuduiusserig Host-Agent-Media 1#101/5213iu
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(Severity) & Tomavesmsinauniosiiiesla (Likelihood)
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wmmmwaﬂ‘vn/nmiﬁmg1m'i1Jszmuﬂ’nmammqqmmwmmumimu 19 BIANT
Ao A [ a 1 4 @ 1 (%
W%ﬂymumﬁ}@mmﬂszm%ws;@mmm (US EPA) @ion103amsauia Tan (WHO) 39un1

4 1 a Y o a a {
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-M3TLYAVUANYULVOITINNA (Hazard Identification)

-M3 sz UNANTENUINFINNAY (Dose-Response Relationship)

-m35Usziiums 1@50duia (Exposure Assessment)

-M5OTUIUANYULANUITES (Risk Characterization)
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185uFnnAUUTINANTZNUABFUNINNT O 14 (Zhai et al., 2017) ANHULVOITIANAWLU
I Y [ da/ v a
poniiu 3 a1 aall (Hunm quns lvena tazane, 2552)
1.1) F9ANAINNINIBAIN (Physical Hazard) laun arsneunsosildinanis
a A Yy 9 Y A 9 Y A Y A g A A ' Yya o
suitia w30 1 1nd ud Tave Aeuriu duld nall nieveadady hasanelfinasunsie
Tuimanenn'ld
1.2) @99NAMNIIE5IAT (Chemical Hazard) 1dun ensnlinaunsoneliing
o 1 o’gl.; A a < [ a < dyw o
suaswasgunMeINyseniine Ininauzswag lune liinauzi5e uenvniidiannson
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1.3) @INNATUNITINN (Biological Hazard) lain ga¥nine 1sa (uuaiiise
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]17]3?( IF9I1 ‘]JSE‘WI) FINTAITNYNGAT

1Taggarn mininmsinhnaninstuileugadnin
T¥nuiydn Tasmmzisnnuavazsi 1diinudesnoqunInga (Moazeni et al, 2017)
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Relationship) TaemsdszliutTuaasiseanmelasumn lluazinamsaeuanuesdesedoa
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Reference Dose (RfD) cTNuJuQﬂujmmﬂmﬂumiﬂizmummzﬁm FUNIN (Zhai et al., 2017)
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2.1) 715 lineuzi3a (Non-Carcinogen) 5218 e3newzi it hifinanedu uaz
anuiilufivedeoui lilsmsRausdenmsdenzte mafananssnuseguamdnlng
Sluaruan@uuui Threshold Limit siinion 31T ua1dre8 9 lumsilszidin 18un Reference
Dose (RfD), Acceptable Daily Intake (ADI), Tolerable Daily Intake (TDI) 8% Provisional
Tolerable Weekly Intake (PTWI) (Rapant et al., 2011; Yu et al, 2017; YN qum"lwaqa uay

v v 2 o Y
AMY, 2552) Anraiiaualdan

=1

1 § ([ a ] J
-msmimanududugegan lineldinanaliiielseaed (No-Observed-
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v
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Adverse-Effect Level: NOAEL) 1310 185 Uduiiadaanmundanamnaaon ¥so01 aunsom

q
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1 1 A o a [] J
a1 NOAEL 18 amnsaldaranudududaansuriildinana luiialseaaa (Lowest-

Q

Observed-Adverse- Effect Level: LOAEL)

J Y

-msvgrena T Idd1msunypdatenisanninaulamiuen (Uncertainty
1 1 o J v J ' J J
Factor: UF) 91nAMNUANAINIEHINA1EHUT (310T0INA00IgNYHE) 1azAULANAIN
v 1 1 a3 1 [T 4
melumenus o1enan lainilumnnulasansrouybd (Safety factor)

-ATUINTFIU Reference dose (RfD) aangnmuInt lanaaunisi 2-1

RfD  =NOAEL/(UF, x UF x UF, x UF.x MF) @2-1)
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Taof  UF, = 10 Wolinsveronanindaiguynd
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A g v Aayye o Aa ' < a
UF,=10 Lll’é)L‘]JuﬂTVIiJll’J 11’7i1Jﬂuﬂl]ﬂ'ﬂl]uhsluﬂfiﬁﬂﬂﬁuﬂﬂgﬁ LU AN UYIY
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A390 Agaey vaepiummzlin
UF, = 10 1i/a19A1 LOAEL unu NOAEL
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: a A o
MF = Modifying Factor 3399 1nqan1nvesdoyaniainermiaainiiwldlunis

Usziliuanudes Tag MF = 1-10 unuganmvedoyaninuinliioes

1 3 Aa 1A . . ) @ 1 < Y
2.2) A1TNDULLTINUNANDYU (Genetic Carcinogen) s uasnenzs vy 19
A A 1 dy = .. = 1 1 Yo 1 <3
puraNuAafa13ngauil 1l Threshold Limit Fanuien1uan luavg ldsuasnouziia
= o { a <3 ) { Aa
YSuannmdeaiieala it lomanezifauz5a1d Tasnmsmuiunuadeavednsnag
< YR A A g
UZLIIID1A8A Cancer Slope Factor 1138 Cancer Potency Factor (Rapant et al., 2011) Tunsanglu
A %,l o [ Y Aa 3 o 1
NﬁW‘]&WI'IQE]'Iﬂ'IﬁW%@TnQu'I NITATUIUAN ﬂ’)'llll%ﬂ{l"]]@\iﬂ'lﬂﬂ@leiﬁﬁ’lﬂ’liﬂﬂ’lu’)miﬂﬂi%ﬂ’l
. . ' Y 9
Unit risk factor (URF) 6MUA1 Cancer slope factor (CSF) 1donane
1 I v { )
-f11 Cancer Slope Factor 138 Cancer Potency Factor 1 ua1fituziilag
= o v o = 1 Y 9 1 3 Y 1 Y
US EPA $IF@UNUTNUUAUIHHAIANUUNVUUBDITT1INDUSLIN Iﬂﬂﬂ')'liJﬁ'lﬂﬂ)’Hﬂ\?ﬂa']')]lﬂﬁ]']ﬂ
] 1 < 1 [ [ @
MIANYN Dose-Response Relationship FEHINANMTUTUVDIETReNT N AT udufaay
a < @ A ] A a 1 A .
NIINANSLIN muﬁﬂﬂugﬂﬂ 2.5 1MUAUDI CSF A AUITYIND rng/kg/day %30 Risk

(mg/kg/day ™)

A Y

1 I [l

-A1 Unit Risk Factor (URF) 1Y ua1f laeinmsenyivesniieau US EPA Tu

a = a <3 ) v o & ] Yy 9 v 3 A
N50BLIIANUITEIVDINTNANLITI FITUNUT AU HIRUIGA NI UTUVDIA1TNONLITIN

49' go’ 1 dy Y o ~ a <3 1
Yuouluihuazeima atiaunsalsmuinanudevesnsinanziie Iagnsa1na1n
) AA g ' ] ° ' o 1o & 9

Wuduvesasainduasnenzi3e @150AUINIINAINITATINIA laease Lusuiudes
111'11A1u281A1 Chronic Exposure (1 CDI) #118U84 URF d115 010 @15 1u010d A pg/m’

wag pg/L AmsuNaas lui

Excess cancer rate

Occurrence of cancer

Baseline cancer rate

Exposure dose (mg/kg/day)

gﬂﬁ 2.5 MSAIUINAT Cancer slope factor
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2.3) ﬂﬁﬂWH’Jﬂ!ﬁ']ﬂWﬂ’JﬂJuW*ﬂzLﬂuiuﬂﬁ!fﬂUﬂ?ﬂﬂWﬂﬂWiﬁNWﬁL‘Fﬂﬂqauﬂﬁﬂ 3]
= o Y3 1 a &1 1 [ A A 9
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Muaaaandlua1s1en 3.8

P, =1-[1+ (Dose/B)]* (2-2)
{ ' I o U v v W a Call
Tagn P,  =anudnziunieswaudihennmsdudanugauiidne sa
1Y A LYY dy a A a 1
o,p  =mMENIIIINMIFUATIFIYAUNIING l3ATTiAN1N o

o dy ! d' Y 1
Dose = i]?H'JHL“HE)ﬂE]Iiﬂ‘V]HJngNﬂ'Iﬂ

a (VYY) I v o % 1 A
273 msdszdiumssududa 1Wumsdszunanannudunusvesanilsang g g

1 I o 1 1 a 1 A v o @ a
unziluiesalumsne lfineanansgnuaeguam msdszlums Idsududazisaiiu
3 N9 Ao MInU w1ele wazn13aAFUH LA (Tepanosyan et al., 2017) TaglHunuiiaea

a J An A 9 A A 9 @ [l o 1

nuaaamans 1WuIsnlsunlunsUszmlunasemsanuninuuuyesmIaoy 5y 914
NAUAWIARN pUNTBAWIARON LAZ1TI0UINE TasmwizdInnaINNIeEsaliuaz

=S té = = [ dy
FINTN BIUINYASLIDYAAIU

Yo o Y S

) M3 IAsuduAaa151A3 (Chemical Exposure) MIAIUINAINT 15 VT Ui e

v Y Y
AINNAIUNNATIAY WVUADUAI

q

A Ag o Y a 3
ﬂ’JHJLaENﬂhliJﬂ’é)GlmﬂmJ::Lﬂ

a3 Idsuas i lideldinausS luudagiu (Average daily intake;
ADI) sanaasluaunish 2-3 ma1esei 1 lumsfmuiaaaIfensed 2.8 uagsuian
ANUIAD (Hazard quotient: HQ) saiaaeluaunsn 24 Tags RED vesasLAazFiiadaand
Tua1s19f 2.9 nsdRiasainnn 1 siia 1590 HQ vesasiaiiudazsiiahdreiy a

AUMSN 2-5 WIAIANUTES (Hazard index: HI) N19ASIAUANNITEIAALAASIUAI1T190 2-10
ADI  =(CxIRxEFxED)/(BW xLT) (2-3)
HQ =ADI/RfD (2-4)

HI =) HQ (2-5)
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U

o ' WHO Bai et al Wiae Tanazana
W95 Y
(2008) (2016) (2554)
ADI | m3lasuasluuaaziu mg/kg.day A ldnamsmuoa
Yy 9 o e Ay Y =®
Cc | amuduiduveslaveninluin mg/L A1 181NN ANEN
EF | Anudvesns lasuduria (Exposure Frequency) days/year - 350 365
ED | 52821181909M3 185 UdWAd (Exposure Duration) years - - 65
LT | naundemuszeznaiveans Iasuaue (Lifetime Exposure) days - EDx350 EDx365
BW | 1111n#A1 (Body Weight) kg 60 60 60
RfD | Reference dose mg/kg.day A191999910 IRIS (2009)
' A Ay 1 Y a 3 VA Y o
HQ | manu@een lunelinanzis - A ldnmsmua
HI | wasiuved HQ - A ldnmsmua
' A A Y a 3 VA Y o
CR | manudesnne linane5a - A ldnmsmua
SF | Cancer Slope Factor mg/kg-day’' 181989910 IRIS (2009)
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@1519% 2.9 A1 RID 118 SF vo9a15ANuAazsUa (IRIS, 2009)

R{D CSF (mg/kg-day)”
a9 Ingestion Inhalation Critical effect Tumor type
Oral Inhalation
(mg/kg-day) (mg/m’)

Ag 0.005 - Argyria - - -

As 0.0003 - Hyperpigmentation, keratosis 1.5 15 Skin cancer

Be 0.002 2x10° Small intestinal lesions - - Lung cancer

Cd 0.0005 - Significant proteinuria - 6.1 Lung, trachea, bronchus cancer
Cu 0.04 - - - - -

Cr 0.003 8x 10" Nasal septum atrophy - 42 Lung cancer

Fe 0.3 - - = - -

Hg - 3x10" Increases in memory disturbances N - -

Mn 0.14 5x10° Central nervous system = - -

Mo 0.005 - Increased uric acid levels - - -

Ni 0.02 - Decreased body and organ weights € - -

Pb 0.0036 - Nervous system - - -

Se 0.005 - Clinical selenosis - - -

Zn 0.3 - Decrease in erythrocyte Cu - - -

6¢
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ﬂ'J'quﬁfJ\iﬂﬂ@Glﬁlﬂﬂilgﬁq

° Yo o @ A < ' o [ A
ﬂ’]u’)ﬂ!ﬂ’]ﬁllﬂﬁUﬁNWﬁﬁ13ﬂﬂ@N$L§\11uuﬁa$'}u (ADI) aangasluaunisn

aananalunsiai 2.11

CR

= ADI x SF

"9 A A Y o o ~ o 1 A A Y a <3
2-3 mm@mﬂﬂumiﬂmamu’e’fmmmﬁm 2.8 L!a3ﬂ'l1!'Jﬂ!ﬂ'lﬂ']'l?JlﬁfJ\‘]Vlﬂﬂﬁh’Hﬂﬂingﬁﬂ

. [ ~ g’/ o 1 = A Y [ o W A
(Cancer risk: CR) A4@UNITN 2-6 IINUUUIATAINIT Y (CR)VIhlﬂﬂJ'l‘ﬂﬂﬁ']ﬂ‘Uﬂ'ﬂiJLﬁt’N

(2-6)

A1519 2.10 SEAUANWTE9NAL5213IU Hazard quotient H3® Hazard index

US EPA (1999) Hallenbeck and Springs (1993)
Risk level ; - 3 ; 5 3
A1 HQ/HI TEAUANULET YN 11 HQ/HI TEAUANULT Y
1 <0.1 Negligible <0.1 No hazard
2 >0.1<1 Low 0.1-1 Low
3 >1<4 Medium 1.1<10 Medium
4 >4 High > 10 High

Tepanosyan et al., 2017)

A v a v a 1 A A a <
M13719N 2.11 ‘58@Uﬂ’)ﬂJL’(ffEJ\WHiJﬂ1ﬂ‘i$LiJ“LlﬂW]’NlILﬁﬂﬁﬂﬂf]slﬁglﬂﬂllgliﬁ (Rapant et al., 2011;

Calculated cases of cancer occurrence | JZAUANITY
Risk level

1 <1 per 1,000,000 inhabitants Very low
> 1 per 1,000,000 inhabitants

2 Low
<1 per 100,000 inhabitants
> 1 per 100,000 inhabitants

3 Medium
<1 per 10,000 inhabitants
> 1 per 10,000 inhabitants

4 High
<1 per 1,000 inhabitants

5 > 1 per 1,000 inhabitants Very high
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Risk =PExP, (2-8)

274  MIDBLNEANHMZANNEAEN (risk characterization)
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o v :'J a a d
2.8 NITVIUMTANAUY UIBIWATIZH (Analytic Hierarchy Process: AHP)
o v & a a Jd o 2 = ]
ﬂszmumsammmmm’smswwwmmmuhﬂ Thomas L. Saaty 1uﬂ 1980 Fa11u
v A A A ~ o w o w A A 7
ﬂi%‘]J?Hﬂ'li"’lJ@QﬂWi@ﬂﬁuclma@ﬂ‘ﬂ5@ﬂ15l58\1ﬁﬂﬂﬂﬂ’ﬂilfﬁﬂEI!JJGUBQ‘VINLE]Bﬂ NUNAYNUN

v Aa

. . . .. . = o I Y 1 ) Y
aaauly (Multiple Criteria Decision Making) 4013141 AHP 3J11J5$Qﬂ@1ﬂ5681ﬂﬂ]1ﬂ51131ﬂ 1éun
A1UNSITU MIANEY AAINT5U NTAaaulaveTIuIe AIUARINNIITUNITHAALAY
nszuaumsiaululssnu sumsiams msdadulediuyana maiieuaz danau uaz
Y a 3 v A 1 Y} A ' Y .
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and Kumar, 2006) 1tazWu1 20 UNe1uaniinis 14 AHP fUOU338311491INNI 150 UNANW
~Aq Y I A A v A 1 o A A A 1 a Yy Ay
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a 4 g‘/ o A a A = o Y v oA Y A v
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Y1939 uagmsth AHP ¥ wnmasesiiodu q sreldausodadulaldedrsdanu

' 9 A A A A ~ A A~
171113 1% AHP H391A30440dY 9 1HB1AT0I00IAY (Ho et al., 2008)
° 1 v Aa A A 1 Y v o Y
uan1n11 AHP M3 lumsdeanloudanmadonais o uad sahunlslunmsm
o w v 4 ) o w o Ay Y A 4 A Y A
anudinyvosdateais o e lianudingvesdaten latianudetiugs osindoedin
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(Korpela and Lehmusvaara, 1999)
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1 A o v A = a I 4
AAUVDINTZUIUNT AHP Ao ecusnihfatemalsunavazimeguaimunilune
o A 1 o 9 2 = 9 v & ' . . .
Tumsaadulesaunuld venviniimsuSeuiisunnudingilug (Pairwise Comparison)
o YYo o o 3 o 9o o Ay y = a ~ A A
mlddaagulaiulainiminanudidgi ldavinmsnSeuisulianuiugedoqs

I A = = g a [ dy
(ATWAU WDY, 2553) Tﬂ&lﬂigﬁ’(]uﬂ”ﬁ AHP lli1EJE]$L®8ﬂﬂlu@i’)u1uﬂﬁﬂi$muﬂ\1u
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A J = I '
ATT NN 2.13 mmmmmﬁwmamﬂu@ (Saaty, 1996)

J o a
NN AUNNY foB11Y
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1 ANUAIAYININY W4 2 tnaitia NudRmAY
9 1 S R o o 1A s & o
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Wz au lumMIAUTZUY - UF Mwalenilans 60 80 ttaz 100 Lim>h lagnansanilszansniw

Tunsihianawau @ ez coD 3z 1Fadanadel Ao One Way ANOVA 1110991011013

Y
=®

= g’l 1 1 = = d' o =
nlseudiouaua 2 nquaiu 1 Taeliauudagiunhmsnadgou Ao
1 ~ Aa A 0o w ~ a [ o
H,: Annasdszansanlumsthiaimelenwdnd 60 8o 1ag 100 L/m’.h
Ha luuanananu
] A a A o w A a v 2
H,: annasdszanianlumsthiaimelenwdnd 60 80 uag 100 L/m’.h

A uanAnued1eioenilangu
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ienaasunuuana191ae 1y One Way ANOVA 1133031 gousy H, Ao

~ a v J [] ] 3 a v I a A o w [ = o
Mweitenanyediatoeridaneienansilszansnnlumsthiauanaenu 99vin1s

=

nSeufiounnuuanaaues 2 nqu laol¥ananaaou Ao Paired Sample T-Test AUUATIU
Mmmsnagou Ao
1 ~ a A o w ~ a v J 2 = [] 1
H,: Aundelszaninmnsthianmelionidnd 6o L/m”h a1 luuanaig
a v 2
nameiteniand 8o L/m’.h
1 =~ a A o o A a v 2 = 1
H,: aunaglszansnmmsiniianmeliondans 6o L/m’h NAwana1391n

a [} 4 2
wodtonWans 80 L/m’.h

335 misiszfivmadenlumsvyudauii
a A = 3 a 9y a Y
msdsziumadonlumsnyudouii wziasan Tasldnmslsamumedu
v v v
AAINTTVIINAUNMTUTSITUANWTEINNFYNIN Favuaoumssziluniaudonluns
= 90‘ [ A = =) P Y a 1 9 v 1 g
WyuAeUI uaaIasgli 3.7 IneazPeamazinusin g lumsisziivuaazauasae Tl
a = 4 a
3.3.5.1 MsUsiuNuaenn NAIUININTTY
Tumsisziiumadennisduininssuegldvoyalszansamiu
Y 1 = 90’ 1 g
msthiaiivewaagmMuaenuesyuunywAsul, mganiniitesnanszuy (ldluns
a o . 1 1 1 1 1 1 a ]
wsanmai 155z Temd) uazar 1491 (Aneasis, arldaelums@usz oy uazaigua

@ [ A a A = ¥ Y
TNHITTUY) Llﬁﬂ\iﬂ\iiﬂ‘ﬂ 3.8 I@ﬂﬂ']iﬂigl;llu‘ﬂ'mLﬁ@ﬂ{luﬂ1§Wﬂuljﬂuu1ﬂ$1“}fﬂigﬂjuﬂ'li

u Q

a

o o ¥ a a . . 1 v A 4 IS
1A UFULFIIUATIEH (Analytic Hierarchy Process: AHP) %28 lunisaaaule ilosarniilu
v A L ~ Y a (] I 9 A A oA
nszuIUmMsandulannnamals g nlslumsdsadiveorailuszuy vaz lvnanuiuyone
1 Aas A A =\ = g ~ LI v Aa v oA 9
n11750uU 9 esaindimsnfSeuieunusia o Nazgnoumsaaduls waansnlaainms
a I a @ o 1 [ v o w o W Y] g‘.:
szidudulsuaduay mlieaemssadinunnuding (§5350 0301, 2554) AIUU
=1 gJJ dyd o 1 v A = A =)
TumsfininsalinainizuIuns AHP mrwlunsdaauluqenmadenlumsvyuiou
Y ! X a o P
WNNNITAN FIA0ANADINUIIUIVYUDI Zeng et al. (2007) 1A Girish et al. (2011) AAMINT
a o v 501 a 1 1 a a
Usziiumaasnueszuuintatinds Taghorsanalsaeveaszun Useansnmuoszuy
HAZATUIHITIANTIZUY VU IUMsUseuuTseazoeanail
o 1 %,‘ 7 o [ 4 v A 9 A A 9
D Auranivinanudidyvoununiann s lunisdsziliuniuaenaiu
a A a ao’ o 4 J J
Arnssy Ae Usganiamvesszuuryuouiin, Ml ldse Tewd uazarldareves

a td s v Aa I
52U Tagmsadanmaamas nslFouneumnaminlglumsaaguladug

Y
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a =
m3dsziiumaaen

|

a Yy a
ﬂﬁmmu‘ﬂ"lﬂlﬁﬂﬂﬂ"lujﬁ?ﬂﬁﬁll

;

a { Y
ﬂizmumwm?{mmuammw

v v

I —

dseansammsthta || maih ) 1)seTend g

FI0IN

' 1

v

A
ajUmamaaen

Y
c%

~ A A = H
319 3.7 Yuspumsziumaaenlumsvyudeuiin

UsziiumudenduIfINT s

y v v
Usz@nimmmainia math 195 Teand aldie
l \ 4 v
g - 91l 1nn-u5 1nn - M3nedad T
Ay - hdnlan - AUITUY
- COD - USugiisien - quasnm
- Total Coliform - AUNBATNTTY

A

y

A 9 a
aziwanmaaenmuInINg Iy

~ I a a
37 3.8 namin1Flumsilsziiumadendisinssu
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9
2) muﬁeumimmmmﬁaﬂﬂﬁmﬂummm@wa
o o I
ﬂ1iﬂ1u3mﬂ31uﬁﬂﬂﬂéjﬂiﬂuﬂlﬂilﬁﬁlwa (Concurrency Reasonable; C.R.) 13unis
1 o oA 9 g}/ = 9 9y [ A ] [
ma%ﬁemmaaww"lﬂummamgﬂmmaxﬁaﬂﬂaamummmqwame‘lu Glumﬁmmmm
' Y o ! 2 3 1 Ao 9 o 1 =1 [ 4
A1 C.R. A93ATHUIUNIAN 7\ “ﬁﬁlﬂuﬂ1ﬂﬂ1u3ﬂ!11@mﬂﬂ']'iLﬂﬂ%lﬁﬂﬂmﬂﬂiuuﬁaglﬂmMﬂm

max Y]

@ 1 o o v A o ' o w ES o [
NUAIANNTINTY WaaWﬁﬁqﬁjuqu1ﬁ1ﬁﬁjﬁﬂﬂ1ﬂ31uﬁ1ﬂm IMNMUUUINANITUITIUNULASHT

[

Y o sq A v 9 o A g o 1
ﬂ’JEJi]1u3mlﬂm“ﬂ%1ﬂ51uﬂﬁWﬁ]ﬁﬂ!ﬂWﬂ’Jﬂlfﬂﬂﬂlﬂ (n) ANFAUNITN 3-1 MOUUAUIUNIANAYY

)

Yiannuaeandos (Consistency Index: CI) Faaumsfi 3-2 nazduiam CR. faaumsi
3-3 TAB AR IR YT TN A ARG BN INULIATDINAT N (Random Consistency Index: R.I.)
Faaaalumaai 3.7

msutlana §1 C.R. < 0.1 4aAINAIVDUAAINUNIANNADANFDINUAINITAIA

o I v Y 1 1 1 9 [ 9 [
u1ﬂuﬂﬁ1ﬂmullﬂ5l&1$ulﬂ 91 C.R. > 0.1 Llﬁﬂ\ij’]ﬂ']ma\ill@agLﬂmmﬂluﬁﬂjquﬁﬂﬂﬂaa\Tﬂu G]ENL]JTU

1 A Y 1 rL 1
AT A AALINUN 1113

A, = HASINUDINAMT/S WU (3-1)
CL =~ =@A,_,-n/(@1) (3-2)
CR. =C.I/R.L (3-3)

o ' g Y o w I8 o 4
3) M MinANUd NI UNMNTee S10azDeandae 1Tl
¢ o A 3 a ¢ A o a A 3 = ¥
ANUNHANTDIRUN NI WNUNTDINNVINDITAN D MAUMNUIHYUIBUIINNY
{1 '8 o 4 9.! 9.! Y
3 Maden Niwnainiasgiums ldlelse Tesdnemuidszah inlslumsdnlasn
99 (o Ao o 2 q99 9 ¢ o A
W lglFuginal wazinlgluanunyasnssy mamMes Iuaaaluasan 3.8
4 o A a a =\ 4 A o a A a a o w
“naananiseslszansnm Tinamsesiihunnansa e dszaninmmsmia
oA . = a a [ A =
AW T COD 1ag Total Coliform 910N 3ANITEANTA NN 3 Maden TumsufFeumey

0 w

Aa A 9 = v o w Aa A Y 1 Jd o
ﬂ')'liJ’cT'lﬂﬂJ"ll’EN“]Ji%ﬁ‘ﬂ‘ﬁﬂ'lW@]’f]\‘]llﬂ'liﬁ]@ﬁ'lﬂ’U"U@\?ﬂi%ﬁ‘ﬂ‘ﬁﬂ']“l/\lclﬂf]ﬁulﬁlu 5NN mu’dmﬁlu

)

A15199 3.9

A 1w a 4
AT NN 3.7 ﬂ'l@“b'ﬁﬂ'ﬂllﬁﬂﬂﬂé}’E)\WInJGUHW@’ISU’ENLll@]iﬂ“]f (R.I)

n 1 2 3 4 5 6 7 8 9

R.L 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45
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J o A 1 Y = J A o a A 1 9 1 9

SNUNHANITDIA1FI 18 VinansedNtIuIn1sa A A1 lgvrelunisneasia
1 Y ] o a I Y =
arldarelunisgeuiinganaznisiauszuy 1Juau 91nN1IANYIV0I Guo et al. (2014)
o = 1 q 9 ' ¥ A ! ° a = ¥
mnisanyufseumlslunsneasie arlsnelumsseuingwasmadussuunyueui

@ Y4 1% a z [ [ { A 3 1
Tagranudusiuivesonsimsnantinvesssuutaza lsaneinnavy Taoussaunslums
o I A 1 FI 1 Y [} ° a
Aurandu 2 aums ae A lgaelunisasnu uazanldnelumsygoningwasmaduszuy
Q d'
A991519% 3.10
° A A o A '
4)ihmadennmvua 13 luaeunsn Ao 52UV CF, 3211 UF tag 5201359 CF+UF

~ ] S Y v Aa ~ A o o o o w A
muf%smmaumummmvﬂﬂuﬂ1imﬁu1wamﬂmm INDIAATAVANUTIAYUDINNULADN

[l 4 1
a13197 3.8 nasgruganmilumsii il 45se Teniduee o

o, , AT
AERFITGH (el - —
SIEEA1R ¥nlasn MINHAT Qi
pH - 6.5-8.5 6-9 6-9 6-9
Turbidity NTU 4 5 - 10
Color Pt-Co 15 - - -
TSS mg/L = N - -
TDS mg/L 1000 # 1500 1000

A J ¥ o w o w a A o w
ATTNN 3.9 LﬂmMﬂ15i}ﬂa1ﬂﬂﬂ'}1Nﬁ1ﬂiUu"lJENﬂ‘iZﬁﬂ‘ﬁﬂ'lwsluﬂ'li‘]ﬂﬂﬂ

naw 1 2 3 4 5

395z aANTan 0-20 21-40 41-60 61-80 81-100

d’ d' Y o [ a 1 v = 90’
AT NN 3.10 ?fllﬂﬁ‘l’liﬂfﬁ”lﬁi‘ﬂﬂi%LiJ‘L!ﬂ”IGLGIf%”IfJGU@QSZ‘]JUﬁuuL’JEJuLﬂ (Guo et al., 2014)

JTU ARINY ABFOULNFIALIAUTE Y
CF log (y) = 0.222 * (log (x))"'* * 3.071 log (y) = 0.347 * (log (x))"*** * 2.726
UF log (y) =1.003 * (log (x))***" * 3.832 log (y) = 1.828 * (log (x))"™ *1.876
A 1 FIAl ~ 9 o
NUBINA: y fio mlaei lannmsaiuim

¥ =
X ‘ﬁf] ammﬁwaﬁﬁmyunﬂu
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3.3.5.2 MIYsgUUANUAENINNGUNIN
9 Y
Tuns@ny1as oz iInsANYITeIN MU THIUNIGNITAY
3 y < '
vz ilesninlszmalneilulszmmuadouthuiFoulimsszuieeima’laa Tenah
Yo ] a =2 o v a ] ~ 1 =]
v lasumsiumaaumeladedmn @iadam Jyaiag 11 tagrosss W93, 2550) naznis
Usziliumssodudariumamdmisiides1navean181984 (Reference dose) 9ng 1M T03a U0
Aq Yo o a A A a g o & = - dyd o w
IRIS (2009) Nlddmsumssziiuanudsaiinayy 491y MsAn¥IATIHITINAvO VYA
a a A ' a v 3 3 3
msdsziiumwiznisdsziiuanu@esiiunamsnuonnms lilszihvazeoriumiiy
TagNNTAFINNAWFVNIN 2 91U A0 1ATiLaz TN TagdennAuguAINIaATiniIs
A v A [ < [ < 9 [ < J
AvTavzming linonzi3aaznonzi59 1aun Cr, Mn, Fe, Cu, Zn, As, Se, Cd t1az Pb aatilu
1 ] Y v
a15ngu laneHinNdIwanssNUADFUAIN LAz FINNAWFUATNNTINN AD 130 E.coli F1
I dy 1 A 90‘ I A 3’/ a = o ~ =1
Wurene TsanNuuiuae Tasvuasulumsissiiiuanudss uaaaaazln 3.9 uazl
S g‘/ a v g
FeazRsATUADUMIUTEINAIl

1 Y Y
1) TEUAUANYUSUDITIANAIY ?imgmﬂymzumwmummmammTuiaﬁ

A o 9 22 9 v 3 8 A o W a
qIUT Iﬂﬂﬂ?ﬂTﬁﬂUﬂﬂuﬂlﬂﬂﬁﬂmﬂ’lW“’]ﬂﬂﬂ@uﬁaﬁlﬂuﬁgﬂgna'l 59 NDUIUBYANTNDITAN

q U
' 3

A A A ~ ' a 2 9 A =
MAUMNINN UTINNAINNDNUNAADFYN N TASHIITUAIRAAINGUNIN 2 AU AD 1AL
uazdinm Taeaennauguamumaualnne 13 18un Cr, Mn, Fe, Cu, Zn, As, Se, Cd 1182 Pb
< Jd ' o oA ] A a A &
FuduasnguTansnuDNAIWANIENUABFUNIN HALTIRNANFYNINNIITININ AD 13D
.é I dy ' ES o ¥ A = ¥ g A a 4
E.coli a3 Wi¥ona 13A 9nUUHNINNMUNTEUIUMITHYUEUING 3 MAFon W1AATIEH
Y ! '
AUMNU N1 1T UVOITIRNAWFUNIN
2) mMslszlumansznunndennain Anynsdsaiulsunaaisniienme
185uan luazinanisaeuauesdnsoiden1onsoslunmsdsziuanudesgunin Taenali
o 3 a ay vd A Y 1 5 A 5
swunanuunvvesaisiadl lay 2dszmn fo arsh lineuziSwazaisnaeuzisa
(Gevorgyan et al., 2017; Rapant et al., 2011) F1HTUANMTIINWFININTINITOATUINNIA
Yy a = [] < <3 1 v W a A Y A =S Y] dy
onvevsennuinzilulumsuihennmsdudagaunione 1sa'la lseazieanil
[ I~ a 1 1 [~ a a
@.1)  @3linewziEe manaransznuaegunwau vy Wuanuialnd
1 $ a3 1 a a
MUV Threshold Limit A1 19415 uA1919891un151 5215 U4 A® Reference Dose (RfD)
voaTargyiin 14uA Cr, Mn, Fe, Cu, Zn, As, Se, Cd uag Pb Taga1o1adanandluaisian 2.9
' 3 Aa 1A < VoA 1 ..
22) a@snowzitianiinanodu (Jua15nqui 1l Threshold Limit
] (3K 1Y) ' < o a <3
nineanun T lasueasaenzsalSnamnndeaiisala i ldi Temalumshauzsa

[ 1 I 1 a a {
18 Al uaenedelumslseiliu fe Cancer Slope Factor (SF) Y84 As tiaadluansnai 2.9
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l MAUANUAZHININ
v v
a Yo 1 £Y Fa
o —p o
Usziiiums lasvdusa Tansnin Fovaim
l (CxRxKxETxEFxED) P, =Px(1-e™)
ADI =
. BWxLT
DBUUANHULANUTE

v

@

[J ! o dc;’
ATUHIUNIATIATUYIA

v A 4
Nineldifaues nelifauzi3
L ADI CR = CDI x SF

HQ="—""; HI=Y HQ
RID

L ! v

AA v

MUIUHIAABUTIAVDIYATN

Risk = Py x Py,
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IAAAUANUT S

v
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= a =
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o ' 1 I < 1 [ zg .
(2.3) ﬂ13ﬂ']1!')ﬂ!1’7']ﬂ1ﬂ'3'1ﬂ1&']%$£ﬂU1Uﬂ1§LﬂUﬂﬁﬂﬂ']ﬂﬂTﬁﬁiJWﬁ!G]ffJ E.coli

= o vy 1 til L v ~ A Y o [
%QéﬂgﬂigMWﬂlﬂWH?ﬂl@LﬂUﬂ?ﬂﬂWﬂLGI)'fJ E.coli A@UNITIN 3-4 Uﬁgﬂ"IV]GlG]fGlUﬂ']ﬁﬂ"IU'Jﬂ!ﬂQLLﬁﬂQ

lua13519% 3.11
Py =1-[1+ (Dose/B)]* (3-4)

a @ @ @ I~ [ v @ 1
3) msUseiumssodura iWunisdszutanannuaunuivesnludsaig o
i g v 1 1 a 1 o @ Y] 1 a
niluthseswlunmsneldifanansenuasguaiwanmssuduiaarsdiunianisnuaae

SOI = = % dal
DIUUINTIIASLIDYAANIU

C%

Yo Y o 1 Yo o 2 1
3.1 ﬂ1§hlﬂi‘]Jﬁ3JWﬁ’€f1§Lﬂ§j ﬂ1§ﬂ1u3mﬂ1ﬂ1iqﬂiﬂﬁhwﬁﬁﬂﬂﬂﬂHJ‘V]NLﬂfI!,L“U\?
<3

L)

9 Y
QU v A

< ~ A I Y a < a A Y a ~
E]@ﬂlﬂuﬂ?’lulﬁﬂﬁﬂqﬂﬂﬂiﬂlﬂﬂﬂglj\ulazﬂ')’liJlﬁfN‘Vlﬂ@iﬁlﬂ@ﬂgﬁﬁﬂﬂlu@@uﬂﬂu

~ A I Y a o
ﬂ')’ljJLﬁEJQﬂuliJﬂ@GlﬂlﬂﬂiJgﬁ\?

o Yo ~ [ Y A < 1 @ . .
AMuruns lasuarsilune lmauzisalunaaz 39 (Average daily intake; ADI)
Y] ~ "9 A A £ o 1Y ~ o 1
ganaadluaunisn 3-5 A191999N 1F 1 UMTMUIULETAIAINITIIN 3.12 HAZAIUINAIAIY
d' . [ d‘ dd’d =\ 1 a Y
1§89 (Hazard quotient: HQ) aduaad luaunsi 3-6 nsandaisiaiuinni 1 sia 14594 HQ
] Y 1
VoI TIATLAaz sHAA80 U aaaadluaunIIN 3-7 9N UINAINNUIT S (Hazard index:

A Y v o W = [ ~
HI) Vl"lﬂiJTQQﬁTﬂUﬂQTNLﬁﬂﬁﬂﬁllﬁﬂﬁiu@ﬂiﬁ‘ﬂ 3.13

- 1 Aq Y ] 3| <3 U v W
ANTNWNN 3.11 mm%mmmm%mﬂuﬂlummuﬂmmﬂmsmmﬁ E-coli

A 4 ] 1" 2q Y Yy a
WIS 1178 AN e 91994
7 7
c | sumanrenalsaluiin log CFU/ML | wamsAnul -
9
905 1MITUFURFUEIUUN ml/hr 20 NTUAIUANNANH(2556)
Y 1 Q
R | dasimssuduraigeTu
o 2 2 - mL/day 8 -
(Fuaz 2 A39, ATIAL 12 WIN)
Fi
ANNYNUDINITLIOITD E.coli
1 (v} 1 So‘ H 1
P | (dadua2061911NA5 9N - 0.1 ANMITANY
. o . 22
ADIUIUAIDINNNNINUA)
o | A181999 - 0.248 Teunis et al. (2008)
B | A1d19B9 - 48.8 Teunis et al. (2008)

dy d' Y 11
Dose | 1/31nauapNInIgI1ane - CxR -




~ 1" Y A A Y o o A Y 1 1 a %’
A1519% 3.12 A1919990 15 UM smIamIUsuna lare il n N g 19mMermUMUA UM YL 01U

U

a d v 1V Ay a
WINNADS 1Y Ml 91999
y g o 2 v Ay v =

C Anuduves Tanzrinluin mg/L A1 lavnmsanyn -

EF ANNDVEIMS IAsuduia (Exposure Frequency) days/year 365 USEPA (2011)

ED | 520821921U99M5 195 UAUAA (Exposure Duration) years 65 Wiaye anavana (2554)
LT | 1aunaomuszozna1nedns Ias uduee (Lifetime Exposure) days EDx365 WuNM guns lvena (2552)
BW | 1111nA7 (Body Weight) kg 60 USEPA (2011)

[ P ] 9 ~
ET | szeznandudavaizoIuil (Uag 2 A3, A8 12 UN) hr/day 0.4 USEPA (1989)
Y
PAIIMITUAURTUDIL 1L mL/hr 20 ATNAIVAUNANY (2556)
K | udamesnldulasmilsung - 1 L/1000 mL -
1 ~ ~ 1 Y Aa <3

HQ | manu@esi Linelinauzis - - -
ADI | m3lasuensluusaziu me/kg.day - -
RfD Reference dose mg/kg.day - -

CR | manuasanne liinaugi3a - 4 -

SF Cancer Slope Factor mg/kg-day ' - -

HI | #a57uve9 HQ - - -

L
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ADI =(CxRxKxETxEFxED)/(BWxLT) (3-5)
HQ  =ADI/RfD (3-6)
HI =) HQ (3-7)

A A Y a <3
ﬂ'J'lﬂJLfTEN‘V]ﬂ@iWLﬂﬂ?J%LiQ

o Yo o @ A < 1 @ [ A 1
ﬂ'lu’Jmﬂ'livlﬂﬁ‘]JﬁﬂJWﬁﬁ'lﬁﬂﬂ@ﬂw,i\?iullﬁag?u (ADI) ﬂﬂl!ﬁﬂﬂiuﬁllﬂ’lﬁ‘ﬂ 3-5 a1
Y a Aq o [ A o 1 a A 9y a <
E]'I\T’E]\?‘V]Gl‘]fcluﬂﬁiﬂWU’Jﬂ!LLﬁ@\?@NGH?I"I\W] 3.12 LLagﬂ'luﬂmﬂ'lﬂ'J'llllﬁﬂ\i‘vmﬂclﬂmﬂllgliﬂ (Cancer
. [ ~ g}/ o 1 a A F) v o w = [
risk: CR) A@UNITN 3-8 NN UUUIAIANULTYI (CR) VlhlﬂMTﬂﬂﬁWQUﬂ'NlJLﬁfN muﬁmﬂlu

A1319N 3.14
CR  =ADIxSF (3-8)

Q13199 3.13 FEAUANNTea A TZIU HI

Hallenbeck and Springs (1993)
Risk level A1 HI seRunMmdes
1 <0.1 No hazard
2 0.1-1 Low
3 1.1<10 Medium
4 > 10 High

A1519% 3.14 STAUANMTE9AINA1L5210Y CR (Rapant et al., 2011; Tepanosyan et al., 2017)

Risk level Calculated cases of cancer occurrence FTAUANUTYS

1 <1 per 1,000,000 inhabitants Very low

> 1 per 1,000,000 inhabitants
2 Low
<1 per 100,000 inhabitants

> 1 per 100,000 inhabitants
3 Medium
<1 per 10,000 inhabitants

> 1 per 10,000 inhabitants
4 High
<1 per 1,000 inhabitants

5 > 1 per 1,000 inhabitants Very high
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9
(32)  mM3lasududaaania®inin imsmuInms a5 uduia e £ .coli H1u
a o [] a3 [ 4 [ { g
n1ansnu Tasiulaanuu1vedulun1sdudanui®e E.coli (Probability of Exposure)
v Y 1 9y
MINANNTN 3-9 VINUUMTTAVANWFSIINNMIMUIUTINIUG 18NS TUREFO E.coli

v v v ' L oa o o '
nlualeulunih dsaumsi 3-10 Taganlslumssnnasataadluaisnan 3.11

P, =Px(1-¢"™) (3-9)
Risk =PExP, (3-10)
4) AIDTVIIANHAULANNITE (Risk Characterization)

I a Lé kY 2 1 4 o a 1 Y

LﬂUﬂ1§3Lﬂ§1$W‘l§l}@N‘.aﬁﬂﬂﬂﬁ 3 ‘Uu@]fJUﬂﬂuWﬁHLﬁGHWNWﬂigL‘JJ‘H’J']ﬂWﬁﬁﬂJWﬁ
2 a = I A 1 A ' o = = 9
ﬁ'\if;lﬂﬂ'lllVIN!ﬂﬂJLlﬁgcb'?ﬂ'lwLﬂuﬂ?WNLﬁﬂQﬂ@q%ﬂ’]Wﬁﬁ@llll U ILAVUDIANNUTYINNINUDY

' a = a Y A [ <3 ' 3 | ° v J
Llﬂuh/iu 11!ﬂ'l'§1J§$Lill!ﬂ'J']iJlﬁ'fJ\‘]‘l’n\‘]lﬂiJVNﬁ'ﬁﬂ]lNﬂﬂﬂglﬁ\ulagﬂﬂﬂzlﬁﬂ WumMsinaans
A =t [ J [ A A
NTUNITN 3-7 LA 3-8 MWLII%?J‘UWI?JUﬂ‘U!ﬂﬂ!eﬂﬁgﬂﬂﬂ'ﬂiﬂﬁﬂﬂﬂnﬂmi?ﬁﬂ 3.13 Qg 3.14 1ag
a a S <3| ° v J = o

M5UsLUUANMFIN T IMWI UM HIRaaNTNETNNITN 3-10 W danadseunaudiuiu
93 1 v o ¥ A dy ds’ . A A A a Lg o 9 =
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MSANYITANZMHUILHUVDITLUY CF 98NS NATOU Jar Test INOANY
YSuuaisadeazneu a1s¥leaieazned uay pH Mvuizay tives lddsziiiv
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Uszansamnsiiiavesszuuaslil Iaail
4.2.1.1 MIARYIAANISTUNNIEANYONTEUY CF
v 19)/1 4 <
seuu CF N1 lumsdAnpiasail 19 Polyaluminum choride (PACI) 11w
I 1
#15851992 AU (Coagulant) 1182 Cation Polymer 1 Ha15¥8a3 1902 nOU (Coagulant Aids)
Taofian1izlunisnaaey Jar Test Aguandlua1siah 3.1 TumsAnyweriAI@n1IEn
Y o = . = =
gz ey 1aviinsaneL3ua PACL Cation Polymer tag pH 518azideanamsanyiianly
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@]']31\1“?] 4.1 GIQII’E]N“@ﬂ?iﬂﬂﬂ')ﬂﬂﬂ!ﬂWWﬁ1ﬁyﬂgﬂuWﬁwﬂ 5?.] LLa%WﬁﬂWﬁﬁﬂH1ﬂ%ﬁﬁ
Qmn1w1§1ﬁaé’iauw5’aaﬂmzﬂmm 51 wamsAnuInSai L4 | ey
Parameter Units (2556-2560) (5.0. 2560-N.A. 2561) T!ﬂﬁﬂ 14!131@’3
NanuA -
2556 2557 2558 2559 2560 Min-Max Mean+SD Min-Max Mean+SD au
$audeya (n) CRLERN 9 10 7 9 5 - - 210 - - -
pH - 7.60 8.39 7.86 8.36 7.78 7.00-9.20 8.00+0.36 7.07-8.99 7.63+0.10 7.82 5-9
Color Pt-Co - 24%* - - - = 24 46-248 130+43.68 77 300
Turbidity NTU - - - - = . - 1.79-22.03 8.5443.91 8.54 -
TSS mg/L 9.00 27.80 | 20.29 23.33 24.60 | 2.00-84.00 | 21.00+7.23 19.00-58.67 36.63+14.77 28.82 -
TDS mg/L 358 386 401 428 338 150-542 382+35.47 144-593 399+145.40 391 1500
TKN mg/L 5.44 10.55 13.00 11.44 19.60 | 1.00-26.00 | 12.01+5.10 - - 12.01 -
Sulfide mg/L 1.58 0.002 0.01 0.01 0.01 ND-11.00 0.32+0.70 - - 0.32 -
BOD mg/L 7.29 18.40 11.57 14.78 14.20 | 2.00-45.00 | 13.25+4.13 - - 13.25 <2
Grease & Oil mg/L 1.91 2.78 6.86 5.22 7.80 ND-21.00 4.91+2.54 - - 491 -
COD mg/L - 18%* - P - - 18 16.70-83.00 | 43.09+12.25%* 30.55 -
Total Coliform Bacteria CFU/100 mL - - - = = 3 - - 223,500%** 253,400 -
Fecal Coliform Bacteria CFU/100 mL - - - - - - - - 15,728%** 15,728 -

HUULHA: *n =1, ** n= 105, ***n =10
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ATTNN 4.1 VBYANIITNUNIUNUMNMWHINIYDUNAN 5 1 uagwamsAnyIATIN (99)
SN = PR
aammihfdounduiluszeznm 51 wansAnuIA3aH oo ,
Aundy | MAsgIuih
Parameter Units (2556-2560) (5.A. 2560-N.A. 2561) s, - A
Naviug A
2556 | 2557 | 2558 | 2559 | 2560 | Min-Max | MeantSD | Min-Max | MeanSD
$audeya (n) CRLERN 9 12 12 9 5 - - 10 - - -
Cr mg/L 0.028 | 0.037 | 0064 | 0024 | 0028 | ND-0.090 | 0.036:0.02 | 0.053-0.096 | 0.065+0.01 0.051 <0.05
As mg/L 0.001 0.0003 0.000 ND ND ND-0.002 0.001+0.00 | 0.014-0.023 0.019+0.00 0.010 <0.01
Ba mg/L 0.339 0.089 0.174 0.142 0.089 0.029-1.260 | 0.166+0.10 | 3.333-4.561 3.947+0.43 2.057 -
cd mg/L ND ND ND ND ND ND ND 0.001-0.029 | 0.006:0.01 0.006 <0.005
Cu mg/L 0.002 | 0.002 | 0001 | 0001 | 0001 | ND-0.017 | 0.001+0.00 | 0.012-0.233 | 0.045+0.07 0.023 <0.1
Pb mg/L ND 0.003 ND ND ND ND-0.003 0.003 0.057-0.400 0.132+0.10 0.068 <0.05
Hg mg/L ND 0.001 ND ND ND ND-0.001 0.001 - - 0.001 <0.002
Mn mg/L 0327 | 0.023 | 0022 | 0033 | 0006 | 0.001-2.442 | 0.082+0.14 | 1.383-3344 | 2.260+0.68 1.171 <1.0
Ni mg/L 0.004 | 0.003 | 0002 | 0001 | 0004 | ND-0.014 | 0.003+0.00 | 0.011-0.025 | 0.015+0.01 0.009 <0.1
Se mg/L ND 0.002 ND ND ND ND-0.002 0.002 0.0003-0.001 0.001+0.00 0.002 -
Zn mg/L 0.082 0.004 0.045 0.018 0.010 ND-0.346 0.032+0.03 | 0.516-0.791 0.706+0.08 0.369 <1.0

6L
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Uszanimulumsmaannuyuuazdanas lasllszansmmmwmsiniaanuyuiasdoy
Tugaefouas 15.83-88.71 1AL 52.26-89.51 MU AV 1099170 PACI Fanududuiiunn
é’ = o Y g A = Bol I v A [ o
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(% g’u < Y =Y ~ A 9 = [ Y
Tumanuin v.) datiu azfu 15 aves PACI iz aun 1aanHamsany NNy
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AN 4.2 AN LN VZTUVOINITNATD Jar Test

3 ANz Fovaziszaninmlumstinia (MeantSD)

N : : : -
GR (Teld ANNYY a

PACI 68.64 mg/L 93.82+1.88 93.49:3.10

Cation Polymer 3.18 mg/L 93.06+3.10 92.74+4.60

pH 8.5 - 94.99:1.77 93.67+2.37
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MIaANuYuIaz dgaganeuInnMiesas 90 awudaslugili 4.1 uazdiorhdoyalinaaeu

aa 9y 1 =3 d' 9 1 téld a a o w

NNEADARIY One Way ANOVA wuySum PACI A 1Flusntifidseansamlunisiiva
Aanuyuiazd iuanannueg1eliedAyNIana (p-value > 0.05) asuaadlun1s1ai 4.3

[ g‘/ a =y A A 9 g Qy = 9 A
a9t Tumswasantsuaves PACI iz auilslunmsanazneuiindslsaunienn

HAMSNATOY Jar Test WUNUAUNANND 68.64 mg/L
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MINN 4.3 HANMINATOUNNADAMANUUANANVOITEaNTMNIUNMIMTAnNNYUIALE

@18 One Way ANOVA

. , FIININ p-value
IEELY el v v : - maulara
WutY | Anwau | @
PACI mg/L 60-70 0262 | 0.078 Tiwuanuuanaianu
Cation Polymer | mg/L 1-8 0992 | 0.979 Tiwuanuuanaianu
pH - 7-9 0.232 | 0.052 linuanuuanaieny

NMANANTANEINTHIUT VB Cation Polymer NMINTAN WUIFIANMTUIUA
o = = Aa A o w [} =) 4 [ ~
mnsanellszaninmlunmsmiaannuyuuasdunniiesas 90 auaaalugii 4.2
HAZINONATOUNIIADAAIY One Way ANOVA WUI11/T 1188 Cation Polymer 119 114929
= = a a o w ' = 1 1 [ 1 A o o v aa
msdanuIfdszaniamlunmsmivaauguuazd ldnananuedeiidodidagnieana
[ A [ g’; = Y = L=
(p-value > 0.05) At and 1ua15199 4.3 Aguu Ve lFaunfenInwanIsNaao Jar Test WUIT
ANRDOININD 3.18 mg/L
NNHAMIANYINIAL pH NMIIZAN- WUNFI pH g Tusrauiny 7-o Hilsza@nsnmw
Tunmsivaduazanuyumnnindesay so awaaslugili 4.3 Wonadounwanadie One
Way ANOVA Wu11%24 pH 11 7-9 Slsgd@niamlumsmisannuquuazd liuanaranu
1 =K% o % an % { g
PINUUIAAYNNADA (p-value > 0.05) AAAITUAITIIN 4.3 1AZINMTNUNIURUA TN
9 Iy} 1 % Qy a0 1 1 (% 3’; = g’.} dyd Y d’
dounas Wy pH vounanaegluyag 7-9 aaiy lumsanuinsaiiaeldsia pH Mz aw
lumsanaznouegluaia 7-o Auaadlumsnen 4.1
v 2 = a A =K A J A .
aatu lumsanunlsgansniwuesszuy CF 3uaonlsdSuiaues PACI ag Cation
Polymer MHINSAUINING 68.64 LA 3.18 mg/L MUAIAL HaZMHUAF AT pH Mvimngduu
MIanaznNoued luya 7-9
4.2.1.3 msanpseansnmvesseuy CF
1 U 9;
NANAMIANEILUTEANTMNYITZUY CF NUNANBULH T VY
TuraszezaniimsAnyilian pH og 14529 7.07-8.08 MANUAYYU T wag COD MABIMINY
14.58 NTU 159 Pt-Co 118 58.99 mg/L @ua1ay 15119 Total Coliform 11ag Fecal Coliform i
1 H 1 % o QU 4 50}
AUNANINY 253,400 1A 15,873 CFU/100 mL @Na1aY tazanyaei1oonaInszuy CF §

A1 pH 88 11U%39 6.41-7.35 AANNYU T Uag COD LAABININY 1.04 NTU 22 Pt-Co Hag
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22.83 mg/L AMua18U 1U5u1s Total Coliform 1@ Fecal Coliform NANRAUNINY 35,333 Lag
129 CFU/100 mL MNa19 1l Adaadlua1san 4.4
= a a o w 1 =S 1 =} a a
NARaNIANILIZANTAIMNIITMTAANNYULALE WUNIEUY CF Hlszansanlu
o w [] 4 o w <3 1
MIMIAANNY LA TInae3 oAy 91.6445.16 LA 85.50+4.82 ANa1eD vzwiu laNTE Y CF
= a a o w 1 ~ 19 A I A A
Nlszansmmlumsmivaanuyuuazduinnniesas 85 1140391052V CF 1Iuszuuni
a A ’cf 3‘; 3‘; 4 a A s A
Uszaninmlumsanaznoumsuviuaoslui AU eyNIARDAARIALAS TTOUNTINTT
! . X Y
ngu Humic Wamnsoanaznou 1aa
NARNAMIANEITZANTNINAITAITA COD 1ag DOC WUNILUY CF N5z aninw
o w { o w [~ 1
Tun15/199 COD 1ag DOC IMAB308as 61.15+11.83 1Ay 40.78+7.45 muaiay azriuldn
53UV CF Nsz@nsamlumsmisa COD tag DOC inlse@nsmwmsminanuyuuay
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a A

a A I ¥ 2 1 a3 a A J ¥ 1 . Ao o 9
o L‘L!’ENiﬂﬂ’ﬁﬁ’ﬂu“ﬂiEJGI,HHWIQﬁﬁualﬂﬂlulﬂuﬁﬁﬂuﬂiﬂazﬁﬂﬂlﬂﬂ’qu Non-humic ‘ﬂﬂﬁ]ﬂulﬂﬁﬂﬂ
Y

A3

] 90' ] 1 @ ] a
A1852 VY CF IN512e13500 Non-humic 1 luanaveinieueg datfesnulilieyninia
v @ v a o 4 o (] o w
N135INAINY (Julie et al., 2004; WUF U dmmaanmd, 2542) 114 luawisanidaladae
[ %’ A a a a a J g Ad 1 .
AIZUIUNIS CF uag Tuunaathiiaulesounsdazarguinmiua15ngu Humic Ussums
§00ay 45-65 (Velasco et al., 2007) 182 @150g) Non-humic 15215008z 35-55 (Owen et
Y [ = a o g’/ dy 1 g Qy = a A J 4 [ Y
al., 1995) @9ANABINUNANITANEIIVIATIY WU IWINNIWAITBUNTIAITVDU (COD) NN
A EANY 4 Vo {
58+14.34 mg/L uazla@15ounIon1sUeuaza1eil (DOC) 1M1AY 8.35+0.67 mg/L (A15191 4.4)
a I 9 a a 14 Bol A = a A J
AU P8aY 14.15 YDIAITOUNIIAT VDY LAz 1UUINB0NINTLUY CF WLINUMTOUNTE
@ W a s ¢ ¥
asvoulugl CoD MmAY 22.83+8.38 mg/L uaza1sduNIgA1TUsuazalsu1lugl DoC
[ a I 9 a A J 4 < Y1 v
MR 4.96+0.88 me/L AnluToeay 21.73 vedasaunsomiven axmu landnanuydTuna
a S J 4 g Y] 1 a = Y I 1
@139 UNTINTVIUALAIBUIHAIINFINITZ VY CF Tuilsunange uaasliifiunsguy CF
o w a 4 9°I 1 :: 1 Aa A o w
nInfmIamIounssaragrin ldaoudngs nagwuaseuu CF dlszansamlunsmin
DOC 122850808 40.78 91NNITANYIVDY Jietal. (2008) WUIITL VY CE 4181501190
a A J ¥ ' . A 1 ~ Y < . o Y
A139UNTIara1811ngy Humic NUWIa TuanavinalnguaziInssai iy Aromatic 11114
g Y o w Y~ 9 9 dyd o 9y Aa a
ansauenoena Nl lndeuazgniialanaieszuy CF meigiisi ldlsz@nsaimms

o w J 1

° 4 o a =4 . ' g
MIa COD ApUT 1A 1H0991NE3NA15BUNSINGU Non-humic tMdesglui

)

NAHANMIANEIUTLANTAINATAI9A Total Coliform 1A Fecal Coliform WUNTLUL

CF sz ansamlunsnan Total Coliform Lag Fecal Coliform InA8508as 84.73 ag 99.15

[ a A J

o v <3 1 a A o 1
aAru[INy %zmu”lﬁ/’niwu CF TJ‘]Ji$ﬁ1fl‘ﬁﬂ1wsluﬂ1iﬂWﬂﬂﬂﬁuﬂiﬁl’q\‘iMWﬂﬂQW%}ﬂﬂag 84
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] 9 H
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Y
HAZANAZADUBDADIN (Lee et al., 2017) MIHNUszANT AN IUAITAI9A Total Coliform Ly
4 { [
Fecal Coliform g4 tragnnwamsanynisuialanewiin o viialuiesndanisiei 4.5 wumn

%‘ a a 1 o <
1199n91052 VY CF H1/5u181909 Cr, Mn, Fe tag Pbiauamiasgiulunisinldl4ilv

'
A o

y y v . \ v 2 A

sz wazahmi 115 lumssnIasn uaaivisaiinld1ddse Tosiidluiiinlelu
%’ o [ [ a o o gl.: 1 y I

msnyasiazihlddmsulsugiiimi1d dniu Seagdidnszuy cF 014 pact fluasads

. I~ ] 9 =~ a A o w 1 =

AZNOU LAy Cation polymer 1 ud 155 I8a 5 19az nouddszd@nsamlumsmaannuyu &

Total Coliform 11a% Fecal Coliform 41001150802 84 uazidszansninlunismiaa CoD

{ 9 o w [ {
iag DOC Lﬂaﬂiﬂﬂag 60 L 40 MUA AL mua@ﬂugﬂﬁ 4.4

H 1 Q %7}
A15190N 4.4 HaTDINIEVIUNIT CF AofUanHUs Ul

Influence Effluence Efficiency
Parameters Units
Min-Max Avg. +SD Min-Max Avg. +SD Min-Max Avg. +SD
pH - 7.07-8.08 7.46+0.34 6.41-7.35 6.730.22 - -
Conductivity | pS/em 654-719 684+21.85 693-769 73542333 - -
Turbidity NTU 9.16-22.03 14.5844.91 0.51-1.99 1.04:0.40  [78.41-97.34 | 91.64+5.16
Color Pt-Co 125212 159+432.47 14-35 224474 [73.23-91.62 | 85.50+4.82
CcoD mg/L 33.60-78.38 | 58.99+14:34 8.00-42.31 22.83+8.38  [38.58-77.24 | 61.15+11.83
DOC mg/L 7.43-9.19 8.35+0.67 3.79-6.58 4.96+.0.88 [26.26-54.55 | 40.78+7.45
Total Coliform |CFU/100 mL|1.5x10™-3.8x10° | 2.5x10"+1.1x10" | 2.7x10°x4.1x 10" | 3.5x10"+7.4x10 [71.85-92.26 | 84.73+11.20
IFecal Coliform |CFU/100 mL|7.5x10™-2.9x10° | 1.6x10"+8.8x10 40-410 1294158 [97.57-99.74 | 99.15+0.89

A Y 2 9
ATT NN 4.5 ﬂ?mmia‘Hzﬁuﬂsluumnuazﬂaﬂmmzuu

Influence Effluence
519 | Units
Min-Max Mean+ SD Min-Max Mean+ SD

Cr | mg/L 0.0527 - 0.0557 0.0514 =+ 0.00 0.0527 - 0.0564 0.0549 + 0.00
Mn | mg/L 2.0288 - 3.3438 23874 + 0.71 1.3449 - 2.6967 2.6110 + 0.70
Fe mg/L 0.8895 - 3.5307 1.6613 + 1.07 04671 - 1.1322 0.6761 + 0.28
Cu | mg/L 0.0168 - 0.2334 0.0763 + 0.09 0.0122 - 0.0180 0.0138 + 0.00
Zn | mg/L 0.5160 - 0.7593 0.6795 + 0.10 0.4787 - 0.6691 0.5995 + 0.07
As | mg/L 0.0143 - 0.0182 0.0161 + 0.00 0.0125 - 0.0157 0.0143 + 0.00
Se mg/L 0.0003 - 0.0003 0.0003 =+ 0.00 0.0002 - 0.0003 0.0004 =+ 0.00
Ccd | mg/L 0.0010 - 0.0011 0.0011 £+ 0.00 0.0011 - 0.0020 0.0015 £+ 0.00
Pb mg/L 0.0858 - 0.2047 0.1177 + 0.05 0.0856 - 0.1673 0.1327 £+ 0.03




&7

100 A~
RErrek
RErrek
(i VTR
P L
0 4 EEE Ee v A
e ERErEy BREEE RErrek
e ERErEy BREEE RErrek
e ERErEy BREEE RErrek
—_ e ERErEy BREEE RErrek
E; i e et il
> e u, e u "t ut, ) TR
g 60 7 [ (T BT RA A
5 Rt ity Sy A (ot
[ ey Yy e e e
X Rk oy e T PN
(L Larn i n s ut Niaiw] fam i mt, u TR
40 A s P L o it ]
(L Larn i n s ut Niaiw] yu s fam i mt, u TR
R it e FHELi R i
R it e FHELi R i
R it e FHELi R i
R it e FHELi R i
20 R Y i Gt i GrEges
R it e FHELi R i
R it e FHELi R i
R it e FHELi R i
R it e FHELi R i
(L RANEY it A e i
0 T T T T T 1
' = . .
ANNYU o COD DOC Total Coliform Fecal Coliform
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qﬁj‘ﬂ‘ﬁ 4.4 Ysz@NTMNU0INTINUANINIUD95E VY CF

422  Maasni 2 52Ul UF
MIANHITNAIENMINEAVVBITEUY UF Taeasanyiifaseniinanenisau
Y Aa v J o U a 1T A A A o a
s2UU UF 1dun maltonWdnduazdadiumaleonaosmumninmanzay o lisziiv
9y
dszaninmmanihiauazmigaduvesszuuae hliaail
4.2.2.1 MIANMIANNIZIINEANVONTEUY UF.
=2 [} a [ J [ 1 a L=
ANMINSHUTH N NI NNANFHAZTATIUINONIONAD T INUINT
o { a [ g w 4 1 a [ 4 {
TagyimsanyINauneNenNansMInNy 60 80 t1ag 100 L/m>h tieviauweitenandn
1 ‘z‘,’ a 1 1 [
Wz autazi Iy mlsHUFAaa LU BN B NADTINIUNN IUFIUNINY 25:75 50:50 LAy 75:25
AN
a [} o [y 30’
1) wavouwaitenWanay lumsiulginanimn

= a [ g1 a a o w 1 =
mﬂN’c‘lﬂﬁﬁﬂ’hlWLW@ZJLﬂ‘l’lwaﬂ“ﬁﬁ@ﬂi%ﬁﬂ‘ﬁﬂ1wcluﬂ1§ﬂ1%ﬂﬂ’JﬁJleuLLfl%ﬁ Tag

v
3 2 ° 3

o ¥ o i 3 a <3| o
111N sz uuINTAU IR eNIHINTE YD UF imsauszumiluszeziial 30 12109
= a v 2 o ~ A a v Jd 1w
Minelionnland 60 80 1z 100 L/m”.h taraiadlumsnei 4.6 wunimeienvdndininy 6o
80 uaz 100 L/m”h Jilsza@nimmlumsmivannugueglugieiosas 8.94-71.53,23.28-64.24

1Ay 6.50-64.00 ANA1AY uaziidszansnmlumsmindodluriosay 2.52-28.72, 7.42-



&8

52.82 118 7.57-51.17 AWAIAY (M15199 4.6 1azgUN 4.5 1Az 4.6) Loz IWAZIBIANANITANH
< A a v 7 a A o ]
Tumanuan a. azwiu ldnimeiionldnd 8o L/m”h ilszaninmlumsiisannuguuas
=S VoA a v J 2 A o Y ] ana
dganniweiionyland 6o uaz 100 L/m”h uaziloihdeya lunaaeuanuuanaaniedda
1A a v J a A o w 1
Tag1d One Way ANOVA wunfimeiitondnd 80 L/m”h Hsz@niamlumsmianiuu
= 1 a v 2 A o 9 aa y
uazduananInweltonyland 60 az 100 L/m”h naziiiorivoya lunadounisananie
1 § a [ 4 a A o w [
Paired Sample T-Test WuNMwoloNWdns 80 L/m”h Jilsz@nTamlumsmaaanuyuuas
[ H a [ 4 1 Y] o [ aa
dganmmedtenyldnd 601az 100 L/m’h 081901 sd1AYNIATDA (p-value < 0.05)
= =< < Y1 A A A o
s1wazReanamsanydasluasuniaeuln a. azmuldullomumeiitenandgain 6o
2 <3| 2 1 o 9 a o Aa 9 A o
L/m”h 11 80 L/m”h azaswainliinanmsgaauimmvihvesnusuTaoiioonsinms lvags
o q ¥ a = K & = 4 ? a
v ldmanizaaveseymanazauiurunnigaooniaziauninanad 11e491011%
A A X | o Yt A a v o A
msaaeuNuuUTuIIY (Turbulence Flow) 11 Nus udougunansuninduvetaynIan
a Y = 49! = S J a 4 = o
Ao uuusuluniumsazauvesoynIntsanad (Ui gns lwlsed, 2548) Iwah
I¥mingasearumuusuvesaiianas dwwarililssaniamlumsmdannuiuiazd
= 1A A v 2 A 2 A a o & A =
vaganNmelienvland 8o Lim’h gana1# 60 L/m”h uagziomaionanaginugada 100
[ Y
L/m”h agdanaldinansmsdzauiazgaauiaiminue auuis ugeiy (Wang et al., 2008)
=) % 30’
MldiRednyuen1s Inanuy Dead-End oyn1nluiiilangaasamuususonuila
o 9 Aa a o w [} = 1 d‘ a Y4 2
mldszansnmlumsmiaanuyuuazdanainnimeiitenand 8o L/m h
= a v Aa a o w ) a I
naransanyuneltenangasilszansnimlumsman cop mmaauszuuily
o o ~ A a ¥ 1w 2
szezIa1 30 31109 Aaadlugdn 4.7 wunameienanaininy 60 80 uag 100 L/m’h
Hszansaiwlunisiide cob eglusieiosas 3.57-44.80, 6:67-37.50 uag 12.50-32.26
o [ ~ A o 9 1 aa 9
MUY LAAIAIAITIN 4.6 piToya lnadounuLAnAIN1ana Iaold One Way
1 { a [ o a a o w
ANOVA Wuwoltennand 60 80taz 100 /mih Vilszansainlunisiiva cob

v v

liuanarenueenaliiadAan1eana (p-value > 0.05)

g

{ a v Jd a A o w '
A15199 4.6 NﬁGU’ENLWf]JJL’E]TW\Iﬁﬂ‘ﬂm@ﬂiZﬁ‘ﬂ‘ﬁﬂWWsluﬂ1iﬂ1ﬂﬂﬂ’Nll"uu GEGE COD

Removal efficiency (%)

Permeate Flux (L/mz.h)
Parameters | Unit p-value
60 80 100

Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD

Turbidity NTU 8.94-71.53 | 34.05+17.70 | 23.28-64.24 | 49.66+11.69 6.50-64.00 34.78+15.31 0.000

Color Pt-Co | 2.52-28.74 13.95+7.38 7.42-52.82 | 35.32+13.04 7.57-51.17 20.00+10.44 | 0.000

COD mg/L 3.57-44.80 | 26.93+£12.28 | 6.67-37.50 19.15+9.25 12.50-32.26 22.17+4.84 0.347
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Removal efficiency (%)
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2575 50:50 75:25
Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD

Turbidity NTU | 23.28-64.24 | 49:66£11.69 | 19.58-68.50 | 50.96£11.94" 3585-7420 | 50.55£9.64 | (.645
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4.2.2.2 msanplszansanvedszuy UF
MnHamsanlsEanT amuessz Uy UF wuhdnsasztudiszund]
71 pH 0g1u%29 7.28-8.99 A1ANNAYY F 1Az COD 1MABIMIAY 12.85 NTU 169 Pt-Co Lag 55.26
mg/L M@y U317 Total Coliform 11a% Fecal Coliform Hundemniy 229,555 uag 14,533
CFU/100 mL uazdnyaziiieonnszuuiia pH maennsu 7.5 WSinaaamu & uas oD
m%‘im‘n’ﬁu 6 NTU 112 Pt-Co Uaig 44 mg/L Mua1ay Y3Ua Total Coliform thag Fecal Coliform
TAumAeiy 170,222 ta 3,337 CFU/100 mL sauaasluaisad 4.8

1 =

AHANITANYIYIZANTAINAITAITAAUYY, F, COD, DOC, Total Coliform t1ag

Q

Fecal Coliform W19152 01 UF Hise@nFainlunisfiivandiuyu, &, COD, DOC, Total
Coliform i8¢ Fecal Coliform LﬂéﬂL“l/th'U 50.55+9.64, 33.49+8.70, 20.29 +6.36, 19.68+4.95,
25.5243.20 U182 66.60+14.69 MUY 21 1Az U0 UF Bilseansamlunmsiisa Fecal
Coliform mﬂﬁqﬂ 5092301 141 A2 YU, &, Total Coliform, COD 11ag DOC ATNA1AY

Y = & S <
ummclugﬂ‘n 4.15 1409910520 UF @uszuunanuainnsa lumsuenssvoaunuysu

=)

' F

wegnuuuiagngu eynadlauialugas ldawisornuniususenutla aeiiu
a A J
3

Y 1 v
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YoUWWUTUIIARDgN ATV U Y denaldszuy UF Hdszansamlunisive

a A

Y v
FoaUNTd AU LazTge FITeANABINUIIUITBVDI Bergamasco et al. (2011) W1

a

= a A o w dy A [ = Y 1 Aa A
52U UF tlszdnimnlumsiidadegaunio auyu tazdlaaninlseaniamlums
9 Y
190 COD M1ANANITANYIASIUNLITLUY UF Nse@nsnimnisnisa COD tiisadosay
.32

20.29 1AZIINWANITANYIVOY Tichm et al. (1999) WUININIYUFULVUIADYNIAYDI COD

v 1 ) 2 & A Ao ? = 1

Yoeni 0.1 TuTasiuasdedssay 86 FuuUa1ToUNTIaLA 1A NTOHIUNUIUTUDB NN

Y 9 @ = ~ < 9 %’ 9 = 1 1
14 avandosnuramsanelumsieh 48 azimnlganindivesszuy UF fisn cob aglus
a1 1 ] . <3 a o 4 d'
33.94-83.00 mg/L HaziifA1 DOC 0411449 8.76-16.20 mg/L Fuduesounioavouiiag
%} < ] 1 a a

AzaELLAZiVUIAEN (MIUNTLAINATBIVUIA 0.45 luTaTas) uazialszansainns

o w (=Y a ~ o %’ 1 1 ]
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51 Tanzniin 9 sialuiiesnaauandluaisai 4.9 wuesnanszuy UF H1f5ua
a 1 o I H ° 4

W94 Cr, Mn, Fe, As taz Pb inuannasgulumsi T lmiluinlsgah vazih 1195 Toand

I 501 1 [ 4 % 1 Aa a
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{ 1 o 901
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100

Influence Effluence Efficiency

Parameters | Units

Min-Max Mean+SD | Min-Max Mean+SD Min-Max | Mean+tSD
pH - 728899 1 7601039 | 7168381 7.48+0.34 - -
Conductivity | pS/em 672-763 720£24.40 | 6747768 731424.80 - -
Turbidity NTU 8.68-18.30 | 15851960 | 4427976 6.29+1.74 | 35.85-7420 | 50.55%9.64
Color Pt-Co 130-208 169423.06 78-148 11242248 | 19.74-53.19 | 33.49%8.70
COD mg/lL | 33948300 | 550641403 | 28:12:69.00 | 441041255 | 11.54-32.69 | 20-29%6.36
DOC mg/L 8.76-16.20 | 15484253 | 0381349 | 10021206 | 14.31431.38 | 19-68+4.95
Total Coliform{CFU/100 mL| 193333-269333 | 229555438124 [48000-190667| 170222421389 | 23.45-29.21 | 25.5243.20
Fecal Coliform{CFU/100 mL| 4833-32667 | 14533£13089 | 2200-5233 | 3337+1471 | 53.59-85.84 | 66.60+14.69

100
80 -
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o 60 A
g
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20 4 EEE
Ity LI "
0 EEEEE . I . . . Rt . .
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A Aa A o w
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A Y 2 v
A1519% 4.9 Ysina laveninluihinuazeenvinssuy UF

Influence Effluence
519 | Units
Min-Max Mean+ SD Min-Max Mean+ SD

Cr mg/L 0.0627 - 0.0962 0.0720 =+ 0.01 0.0621 - 0.0719 0.0678 + 0.00
Mn mg/L 1.3831 - 2.3424 1.9140 + 0.39 0.5267 - 0.8365 0.6666 + 0.13
Fe mg/L 1.2876 - 3.3977 1.9685 + 0.84 0.6908 - 1.1347 0.8784 + 0.18
Cu mg/L 0.0118 - 0.0162 0.0135 £+ 0.00 0.0196 - 0.0280 0.0221 + 0.00
Zn mg/L 0.6680 - 0.7906 0.7334 £+ 0.05 0.5953 - 0.7165 0.6359 + 0.05
As mg/L 0.0213 - 0.0227 0.0220 =+ 0.00 0.0179 - 0.0220 0.0202 + 0.00
Se mg/L 0.0005 - 0.0012 0.0007 £ 0.00 0.0004 - 0.0011 0.0007 + 0.00
Cd mg/L 0.0023 - 0.0288 0.0106 = 0.01 0.0014 - 0.0049 0.0031 + 0.00
Pb mg/L 0.0572 - 0.3996 0.1469 =+ 0.14 0.0661 - 0.1740 0.1037 + 0.04

423 madenti 3 szuuINIZHIN CF+UF
Tun1sANYITZVUTINTENIN CFAUF Tasriannz iz andildan
M3y 11iive 4.2.1.1 Y932V CF 1ag ¥1ve 4.2.2.1 ¥0355UU UF 1% lumaaussyy
591 UazyMIANEIUTLENTMNUITLUVI W CF+UF
4231 MIRIMIAAIIEANNSAUYBNTLUYTIN CF+UF
MIANHIANIIL RN AUBI5L UV 0 CEHUF 9211 auriu
201 CF Ao ©§901n1A3 91 HINT2Y UF §9an g fitmanz auvedseu CF Ao 19
PACl itag Cation Polymer ﬁﬂ’J13Jl,"ﬁliJf’lgljul‘1/]'1ﬁjiJ 68.64 mg/L Lae 3.18 mg/L uazamazﬁ
I ANVRITEUD UF Ao 19iwelionand 80 Lim’.h fdad1ineionassmumnmigy
75:25 TasAuszuuiiuszoznm 30 521w wamsanundweaaslugili 4.16
4.2.3.2 MIANYITLANTAINVOITEUUTIN CF+UF
NANAMIANELTEANTAMVBI5TUVII CFAUF WuNanbazih
ihszuuiian pH 0g1u%4 7.40-7.64 A1AMAL § COD tag DOC ALY 12.89 NTU 148
P-Co 62.18 mg/L 11 8.35 mg/L SN 131184 Total Coliform 118 Fecal Coliform Sia1unae
N0 253,400 1AL 15,873 CFU/100 mL ardnyazrhoennnszLLd pH 9811454 6.68-7.17
A1A7144 U @ COD Uag DOC DAGNITY 0.38 NTU 12 Pt-Co 15.20 mg/L 118% 4.54 mg/L
AWEIR1 13118 Total Coliform 1182 Fecal Coliform HANURABIMARTY 83 182 33 CFU/100 mL

aauaadlunsnen 4.10
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RN IANE1TEANENINN1TA19AA1WYY, T, COD, DOC, Total Coliform 1Az
Fecal Coliform W15 UUTI4 CF+UF Hisz@nininlunismidaniiusu, &, COD, DOC,
Total Coliform 48 ¥ Fecal Coliform Lﬂa gLNnIny 96.64+1.70, 91.49+2.57, 74.39+11.82,
45.7346.73, 99.96:0.04 1A% 99.68+0.25 NSO 91511 1@ 1132 1UI I CF+UF Tlseansmm
1135199 Total Coliform gaga 5998311 181N Fecal Coliform, AU, §, COD 1ag DOC

auda aaaluglin 4.17

H Y A 1
MINN 4.10 AUANYULINNFIUIZUVTIN CF+UF

Influence Effluence Efficiency
Parameters Units
Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD
pH - 7.40-7.64 7.54+0.06 6.68-7.17 6.82+0.15 - -
Conductivity uS/cm 670-719 693+17.93 699-793 757+£26.99 - -
Turbidity NTU 9.16-19.17 12.89+4.07 0.25-0.66 0.38+0.12 93.27-98.70 | 96.64+1.70
Color Pt-Co 129-190 148+23.93 5-18 12+2.93 86.01-96.05 | 91.49+£2.57
COD mg/L 52.43-70.43 62.18+7.42 7.18-15.20 15.20+5.62 59.79-89.81 | 74.39+11.82
DOC mg/L 7.43-9.19 8.35+0.67 3.11-5.98 4.54+0.73 33.05-58.41 | 45.73+6.73
Total Coliform|CFU/100 mL (145667-382667| 253400106533 13-223 83+90.20 99.90-99.99 | 99.96+0.04
Fecal Coliform|CFU/100 mL | 7533-29133 1587348834 23-43 33+9.81 99.42-99.91 99.68+0.25
100+
]
2 i
£ 60 7 P
O ]
% et
CLa Ly
e
EERrEr
20 4 p
E‘:‘E‘:‘E: Ity el Lty [, :
0 T T T T T |

ANNYY a COD DOC Total Coliform  Fecal Coliform

317 4.17 UszanTamlumsiiavessz vy CF+UF
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'
A o

Y a ] = y 9 é’ a A J a o
i liiaanuyuuardansoanaznou dad1832 11 CF naziyeqaunsdazinizaany
J J (2 3 o a A o w
nquuedaznounsaassanazuendleenaniildildszdniaimlunmsiniags
d' o 1 1 d' 9) (=} = 1 1
nazilo I INTzUD UF symiadiuiianaznou 18 14a uazlivuialvaniignguves
wutswagAnegmviveuumusy lddszaniamlumsihianuyu & uag

~

¥ a 4 1 1 a a o w 1 :; 1 a 4
%@@au‘n gg9InNI13e VY UF 1ag CF aaudseansnmmlumsman COD UAMAINNNT NN DT

Y

o—

A ~ a A o ¥ A Y A 1 ¥ o 1
U 9 L‘L!@\‘H]1ﬂ3Jﬁ’l§E]u‘Vl§fJﬁgﬁ18u1%@]ﬂ§]3ﬂ'ﬁ]uhlﬂﬂ'lﬂlﬂaﬂﬂgsluu'lﬁa\‘lN'I‘L!ﬁgllll CF

X

4 o ] a 4 %} 1 X ] 9
pazilinlAILIZ DY UF @150 UN36aga1o1in@ unilas amnsoi 1wy suoonin I
1 9 a A o w v o = 2 LY a
dawalitszansnmlumsman coD daasd tazanwansany1fTuu Tanzyin 16 sila
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Tuiheendauaalumsnegn 4.11 wuILeNINTZVVIIN CF+UF Uf51a1903 Cr, Mn, Fe
a 1 o 9 o] 3 o 9 LA ¥
uaz Pbinuannasgulumsii lulddss Tesiidhainlszih wagasild19se Teaniidluai

MFlunssnlasn

A Y 2 9
ATTNN 4.11 ﬂ?mmia‘Vizﬁuﬂalummumz@aﬂmmzuu CF+UF

Influence Effluence

579 | Units
Min-Max Mean+ SD Min-Max Mean+ SD

Cr | mg/L 0.0527 - 0.0557 | 0.0514 = 0.00| 0.0534 - 0.0552 0.0543 * 0.00

Mn | mg/L 2.0288 - 3.3438 | 2.3874 + 0.71 20069 - 2.7302 2.8740 * 0.36

Fe mg/L 0.8895 - 3.5307 1.6613 + 1.07 | 03859 - ~0.8988 05147 = 022

Cu | mg/L 0.0168 © - 0.2334 | 0.0763 + 0.09 | 0.0151_. - 0.0246 0.0191 * 0.00

7Zn | mg/L 0.5160 - 0.7593 | 0.6795 + 0.10 | 0.6200 - 0.9594 08134 * 0.12

As | mg/L 0.0143 - 0.0182 | 0.0161 =+ 0.00 | 00125 - 0.0148 0.0138 * 0.00

Se mg/L 0.0003 - 0.0003 | 0.0003 + 0.00 | 0.0002 - 0.0003 0.0003 * 0.00

Cd | mg/L 0.0010 - 0.0011 | 0.0011 =+ 0.00 | 0.0019 - 0.0024 0.0021 * 0.00

Pb | mg/L 0.0858 - 0.2047 | 0.1177 £ 0.05| 0.0859 - 0.3499 0.1752 * 0.11
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-‘VI”Ifﬂﬁﬂmlﬂﬁﬁﬂ%ﬂﬂllﬁﬂﬂiu@ﬁﬁﬂ 4.19 NﬁﬁW‘ﬁV]UlﬂllﬁﬂﬁﬂﬂﬁﬁN‘ﬂ 4.20

9 [

g ! 901 o .
-ﬁnﬂuuuTNﬁ3'31111!&1!'31!@1!14']3%’38?]11“141!ﬂﬁ?ﬂﬂ]ﬂﬁllﬁﬂﬁﬂlu@ﬂﬁﬁﬁ 4.21

o

[

A I I ' Jd
ANTNN 4.16 fﬂi!ﬁ]ﬁﬂﬂlﬂﬂﬂlﬂuﬂﬂlﬂ%ﬂmMWaﬂ

A AmMN Useansam aldee

Aua i 1 3 5
Useansnn 173 1 3
alde 1/5 13 1
3 1.53 433 9.00
13197 4.17 ﬁmi‘i’ﬂmmﬁﬁﬂujmmmmﬁwﬁﬂ

Al auamh | dszAnam | mldte AANNAIADY
Aua i 0.65 0.69 0.56 0.63
Uszansnm 0.22 0.23 0.33 0.26
g 0.13 0.08 0.11 0.11
3 1 1 1 1




Q13197 4.18 MIAIUIUKIAT C.R.

113

Al aummih | Uszantam alde AN IATY
Auanih 1 3 5 0.63
Useansnn 1/3 1 3 0.26
Al 1/5 1/3 1 0.1

M3 4.19 MIgaumas ndvesmin suifeusuimind ity

A auamh | Uszangam aldee AnNNEIADY
Auanih 1x0.63 3x0.26 5x0.11 0.63
Yszansmm 1/3 x 0.63 1x0.26 3x0.11 0.26
GRNEARE 1/5 x 0.63 1/3 x 0.26 1x0.11 0.11

M13197 4.20 HASWEMINMITRAUNAT NG

A auamh | dssAngam aldae AnNNEIADY

Auanih 0.63 0.78 0.55 0.63
Uszansnm 0.21 0.26 0.33 0.26
g 0.13 0.09 0.11 0.11
319 4.21 mamslunueusnimiind iy
inaat wasanluuuauen | dhminaawdrn HON13
Auanih 1.96 0.63 3.11
Uszansmm 0.80 0.26 3.08
g 0.33 0.11 3.00

° ' 2 d Ay Y o =
-NITATUIUKIA }\mx G]i\ilﬂuﬂ11/1llﬂﬂ1ﬂﬂ1§u1Nai’JiJGU’ENWﬁWWiGluGHiNVI 4.21 N3

Y o s &
AWAIUIUNUNNINUA (n = 3)

A
A

max

o 4
= WATINVDINAHIT/ATUIUNUN

=(3.11+3.08+3.00) / 3

=3.06
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-AUIUMIAT C.L 110 n =3 InaUMS

Cl. =@A_-n)/{1)

=(3.06-3)/ (3-1)
=0.03
MUV CR. 910 C.R. = C.L/RL (A1 R.L fanaaalunisiadi 4.22)
C.R. =0.03/0.58
=0.05

9 1 1 1 't 9 [} o 1
-mMsudana 01 C.R. <0.1 Llﬁﬂﬁ'Nﬂ'lﬂ]ﬁ]\?l,magLﬂmCVI?Jﬂ’)'liJﬁ’E]ﬂﬂaﬁ)\iﬂuﬁﬁJWii‘luWﬂ'l

v o w

o I v Y 1 1 1 9 [ 9 [
u1ﬂuﬂﬁ1ﬂmullﬂ5l&1$ulﬂ 91 C.R. > 0.1 LlﬁﬂQ'J’]ﬂ']"U@\ul@agLﬂmmﬂluﬁﬂjquﬁﬂﬂﬂaa\Tﬂu G]ENL]JTU

] Y ] L 1 4 o 1 o 1 % v o w 9 Y
Avso ldamuaaznu Il Wemuima CR. < 0.1 Jeawnsothanhwindag 15w ld

Y
A o o 1

o 3 v o w o g Y g
i]1ﬂﬂ1§ﬂTViu@1ﬂ'lu'lﬂuﬂﬁ1ﬂillu"l]’ﬁ]\1Lﬂmm1’iﬁﬂﬁ1%1uﬂ1§ﬁﬂﬂ1ﬂiﬁu I UIUHIA
4

C.R. duaasswazidoamsmuialuiiden 4.4.1.2 1éa C.R. i 0.05 Feamimmind i
4

Hanuaeandesnu (CR. <0.1) awsnih i 1FlumsdsaiummadonTumsnyudewi

A ¥y o ¥ = o Y Y a o o Y

Mmvnzanld aviu sedmualdaiguaimihiinnudiaygaga 0.63) s09a3u1ldun

UszanEnmmsiiavesszuy (0.26) Hagm IF10U052U (0.11) AWEIAY

Y
4.4.1.3 TUADUMITMIAIN NN N YYOUN U704

o 1 o J ] <
ﬂ’liﬂWu')mWWﬂ’lﬂ'NiJa’lﬂiy"llf]\ﬂﬂﬂ‘l“lﬂi'f)ﬂ Llﬂﬂaflﬂlﬂu 3 @Bfm Y

a A o

' % ) 4 o % 1 1
nasinan Ao mgammidmsumsi T l4ls: Tend dsza@nsammniinia uaza14ae

[

o o ! 9 d o Y dy
UDNIZUU m"lﬂmuammmwMﬁmﬂﬂﬂﬂuﬂﬂmummmwaﬂ]’lﬂ JU

I w A Y A J A o a 3 = &
1. mmmwanﬁmﬂmmwm UINUNTDINUIUTININTU ﬁﬁ] AUNTNUIVHULIIUITNTIN

] J o

Y Y
3 Matden Arunasiasguns i ldlflse Teninedmilsza dldlumsdnlasn
% Y (v a o 4 ?)I 9 9 = g g}l
Wl Suguvient uazin 1y ludunasnssy 910 sifisuMeugunINIIBRNUYBING 3
maudentuuiasgiulumsiily1dse Tl (mua1s19h 3.8) NUIsLVUIIN CF+UF 3
Z g ¥y oA o ¥ P v ¥ 2 qw
AUMWIRIUIATTIUNG 4 a1u Ap Wesgiumsti ld 15 se Tesimeduniinlszah il

Y a o o %}

Y 1
TumsdnTasn i ldal5ugiinaml vazihldludunbasnssy szuu CF Mivuuasgu 3 g

{ " W a 4
A1319N 4.22 ﬂ”Iﬂslfﬁﬂ’J”Illﬁi’)ﬂﬂﬁ)@QWIiJ“llu”lﬂﬁllﬂﬂmmiﬂ% (Random Consistency Index; R.1.)

n 1 2 3 4 5 6 7 8 9

R.L 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45
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) o 901 o 901 % Ao o 90’
Ao masgrumsath 1l 1dse Teminmemuhlslunsdn Tasn dlddSuginad wazildlu
Y 1 k) A o 9 4 9
AUIABATATTY UAZSLUD UF MuanasgIv 2 au ae anasgiumsi 1 14se Tesiniesdu
%’ Y (o A o J % Y Y o ~ A [ 1
W lglsugiinml vazihlsluduwnyasnssy auaaluaisnam 4.23 ensunluusag
o 4 g’/ o o o
maaenasnii U lglse Temigulalae anusiusunisii 19 s Teailu
[ { 1 ) o 4
nuuou aauaadlunisian 4.23 luugazmudonldsivaunmsiitld1sdse Towiaalu
1Y 4 { 1 1 o 4 3’; [ g‘./ 1 [}
ADANN 6 1¥U T2UVTI CF+UF 13031 11191 52 Toal 16919 4 @11 @91y azny 4
32UV CF 1ag UF (MU 3 ag 2 audiay 1naiiu iy uyeauaazn1auaonyiisaly
Y v
#2321 11UUIAI03AR IR 6 19U FTUVTIN CFHUF Uiy 4/9 iaanudidaminy

| o

0.44 521U CF uag UF IMANNd1aqeiIng 0.33 uag 0.22 auaiau uazilenfiouiioy

'
g v v =

9 2 1 1 9
Wind1AYYeINng 3 N9@en WUNTZUUIIW CE+UF Hhvindananniiga (0.44) 50909
1&un sz CF (0.33) ttaz UF (0.22) Mua1al
| a a = 4 A o a A a A o w
2. InAUNRANIlszansa I Minaaisesnithinnsan As Yszansamnsnaa
Y
AWYU T COD wag Total Coliform MINMIANBIUTEANTNINNT 3 N1UDON NUNITZUVIIY
CF+UF Hisz@ansnmmlumsiidannuau & COD 1ag Total Coliform gaiiga 5090911 Ao
o W [ 1 v Y d' = o (%
YUV CF ag UF muaay @ana1nl3lusidedn 4.3.1) lumsnSeuiieuanudidnyves
A a v o a Aa [] Jd o { 1
Uszaninmaolimsdadinuvesdsganinmldoglu s inaa awaasluaisied 4.24 1u
a a o Iy 1 1 d o w o [ 1 Y
Uszaninmmstniaedlugaedesas s1-100 Idnasidridunnudidaminy s uaz
Aa A ] ] do w o w
Uszaninmeglugiedosas 61-80, 41-60, 21-40 wag 0-20 MnamdwuaNudIAYy 4, 3, 2 1Az
1 uaay snddegansfieumeuilsgansnImnmsnIanINY UYL UVIIN CF+UF, CF
uaz UF Ialsg@ndnminiiny 96.64, 91.64 uag 50.55 auaay va g lunasdt 1amiinu s,
5 uaz 3 awdaay dnfFeufsunnudnyaudaslunisnd 4.25 nieuiisuniadon
i1 9
52UV CF+UF ag CF IAnmnl 1 ioamning 2 madeniidsz@ansnmmshsannuyu

9 v 4

A = %} @ g ) @ ] 9y
ATT NN 4.23 Lﬂ%ﬂﬂlﬂﬂﬂu'lﬂuﬂﬁ']ﬂﬂ]"ljﬂﬁlﬂm“ﬂiﬂﬁﬂ]ﬂﬁﬂmﬂ'lwu'lﬁ'lﬂiﬂﬂ'liu'lul,ﬂﬁl%'

g

sz Toai
mahd | dalssah | dhdnlasn | givted | mmnwes | s | ey
CF+UF / / / / 4 0.44
CF X / / / 3 0.33
UF X X / / 2 0.22
3 1 2 2 3 9 1




116

aglugeiosay 81-100 1N wazlSeufoun1udensz DT CF+UF uag UF Jawnny 3
ioenntszansnmmsmsannuguvesszun UF eglugiadevas 41-60 Hanitaiu 3 529
Fufuszuusan CR+UF Samaudidgunndiseduliunars sindusiuiam
anudiRysuReItUTITeR 4.4.1.1 1@MAnudidyvesszuusIu CFAUE, CF uas UF
1101 0.43, 0.43 1A 0.14 ANAIAY wamimﬁnfmﬁﬂﬁwﬁ’iymmﬂiz?m%mwiumaﬁwﬁh%
COD 11a¢ Total Coliform Aaieraslun13197 4.26-4.28
mﬂwamimmmmﬁﬁmmmmmcﬁ'smﬁ’q 48U Lﬁaﬁmmﬁmﬂummmﬁwﬁ’ﬂﬂm
Usz@ntam wuhszuniaw CE+UF fhmind dauniiga 0.47) sesaaun ldunssuy CF

(0.41) uaz UF (0.12) mua1ay aauaaaluaisiah 4.29

{ 4 v o o o v a A o
Gﬂi'l\?ﬁ 4.24 Lﬂm“VlﬂTii]ﬂaWﬂ“]Jﬂ’J'liJﬁ1ﬂﬂﬁJE]\1‘]J5$ﬁ‘ﬂ‘ﬁﬂWWiuﬂ1i‘Lﬂ‘U@

inasal 1 2 3 4 5
¥9szansnm 0-20 21-40 41-60 61-80 81-100
M397 4.25 ManudRYve Az mMaden TuMI AR MY
eRANNY) CF+UF CF UF AMANUTIAY
CF+UF 1 1 3 0.43
CF I 1 3 0.43
UF 13 13 1 0.14
M1397 4.26 MATINARYVe MRz Maden UM TaF
eRANNY) CF+UF CF UF MANudIADY
CF+UF 1 1 4 0.44
CF 1 1 4 0.44
UF 1/4 1/4 1 0.11
M397 4.27 Manudvyvewaazmadenlumsiisa cop
LU CF+UF CF UF AMANudIATY
CF+UF I 2 4 0.56
CF 12 1 3 0.32
UF 1/4 13 1 0.12
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52U CF+UF CF UF AMANUaINTY
CF+UF 1 1 4 0.44
CF 1 1 4 0.44
UF 1/4 1/4 1 0.11

M50 4.29 Manudaymasveslszaninmlumsihiauaazmaion

GAGRRHE R . L.
TEUY . - mANudAymaY
ANUYU a COD Total Coliform
CF+UF 0.43 0.44 0.56 0.44 0.47
CF 0.43 0.44 0.32 0.44 0.41
UF 0.14 0.11 0.12 0.11 0.12

4 o A 1 Y1 = 4 A o a A 1 91 1 9
3. INUNYANITBIA 118 UnansoaniwInIsa Ao a1 lgarelunsnedsie wag
M3AUsZUY F9a11991090952DUTM CF+UF Na1ldiegeigaminy 10.45 UIMao
4 1 s 1 LY 1 4
QNUIANILAT 509901 1a1A 521U UF wag CF s 1491eminy 7.19 1ag 3.26 1IMaognuian
Y [
AT AEIAY MNHUMUIUMIAIANUE AT URIINUWITEN 4.4.1.HamsulTeuReun
ANNAIATY WUNTZUD CF Imanudnguiniiga (0.63) 3098901 1aun 53U UF (0.26) wag
CF+UF (0.11) U191 aduand 11a15199 4.30
= % a
4.4.1.4 agwamauaennNAIIAINTTY
a A 4 =
nanssziiumadenvaunaisesdsoaglnanmsnlseumey

o o

1 [ A Y v A A ) U o @ ~ 9 o a
f’nﬂ’l”lllﬁ”lﬂﬂ]ﬂlulmﬁ$‘VINL§@ﬂ1ﬂﬂ\WI"IiN‘VI 4.31 LiJ’E)LHﬂTﬂ’NﬂJﬁ’WﬂﬂJuﬂllﬂmﬂLﬂﬂl“Vliﬂﬂﬂﬂﬂﬂ

g

Y
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Weuduimiindidyveunaaingn 3 811 Ao auarmilumsi 119 se Towd
ﬂsz?m%m‘wuazﬁﬂ%'iiwizumnﬂmsw”|1§mﬁﬂ??1ﬁaﬂuﬁ’;ﬁﬂ'@ﬁ 4.4.1.1 YAV 0.63, 0.26
waz 0.1 muady 12 Idmanudidgueunasinanluusazmadenduaaslumsaii 4.32
mmi’umnwammmﬁﬁmmmﬁq 3§11 WUNIEUVI I CRUF Thhminddauiniiga

9
v [

Yy 1 o a =
(0.41) 5090901 1AL 52U CF (0.39) 1Az UF (0.20) muad1ay aanu Tumsiszidunia@den
a g ° 2 o J
NNATUIAINTTUVOING 3 Muden Tasmidsdenguaininlunisilydldlse Toad
Uszansammaihianazal91ev0952 00 WUNIZUVTIN CF+UF Hanuminzauigalu

= ¥ [ Y J
MaviyuNounauu 14y Tew
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52U CF+UF CF UF AMANUaINTY
CF+UF 1 1/5 113 0.11
CF 5 1 3 0.63
UF 3 13 1 0.26
a3 4.31 mamaneuisuanudny luudasmadenvounaaises
ERATNY) Auami Useansam GRIC AT
CF+UF 0.44 0.47 0.11
CF 0.33 0.41 0.63
UF 0.22 0.12 0.26
39U 1 1 1
M990 4.32 agUlmadiduanudifyvewdas maden
531 ammwﬁw 0.63) | Usz@nsan (0.26) Mo (0.11) | dreuanudny
CF+UF 0.28 0.12 0.01 0.41
CF 0.21 0.11 0.07 0.39
UF 0.14 0.03 0.03 0.20

442 msdsziivanu@aagu/N

]
wgdl

[ Y
M3lseiluanu@esgu Izl seliun s AN NAIYI SV URYUAIsUIN
Y A ° D) s ¥ A A ) A
13 3 maden 91nmsh 119z Tembithninlszih Tasinsanasanaugunin 2 du fo
A I A $ 1 v A 1 y
gannamanil Wumsdssiunnudssninasngulane minnaInanssNUAD UA NN
= o j‘ @ 2 = I a A o Y
HUBIRBUNAULAZITOI HAZAINAAINNNFIN N Wumsdssiunnu@desnnnssududa
a A A Y a = A Ao 1 dy
yaunsennelvine lsnseazideamsiszitiuliaene 1l
4.4.2.1 M3lsguunNUAeIgUNINNINAL
a = =\ 1 = I Y A
MalsziiunnudsaguaInmaaiinginNudeseonili 2 A1u Ao
H (] a < N a <3
arui linel¥inaugi5e (Non-Carcinogen) taza1uiine 1¥inauz159 (Carcinogen) 1A8a13
9 { a [ ] I~ 1 a
Tanzniinnsziiudiu lineuzi5e 1auA Cr, Mn, Fe, Cu, Zn, As, Se, Cd 118 Pb 81994613

o

& ¥ Aa { ' Aa a
aiasgIuilszih (WHo, 2011) nazilszdivmme Tangminidiaisrsoelumsiseidiv
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' A Y a 3 Y Yy a a A
g snne ldnauzFe 1810 As 1993 UHUINIIMTUTLHUANUFEIUD USEPA (1999)
H ¥ 1 o U 2
msdszdiuanudsaninmsgl Ina-us Inminlszih Taszdsaluresntams ldsudude
ATHIU 3 FDINW AB HIUNWMINU FIUAIMIT tazmsielannasnansnszme'ldlu
y X ] v W 1 a Bol 4
21 TuMsAnYIASIHIZINIAMTANYIFINIIMITURNAHIUNIINTIUUYUL DIV 11199910
[ Y v 1 ~ Yo [ % :) o [ d‘d
msududarumInieladi Tomans lasududaaisainn dmsulszmanioinarui
[ 1 [ a 1 [] a a o %’
uGeuimsszuisemelia daulngazilalszguihasedsiiaga lvaislniilszih
sziMegoIniAuaz dzauege1na 39l lomandisszimeazidgirenie ldun uadmsy
X I H @ 1

UszmalneduduilszmauadouihuEsuinisszuisonmealaa lonanez lasuasriu

a

A =< o ) ' ~ A a o
maaurielaasdmn @faan Jaygyaz Tl uazkosd 1h193, 2550) nazmsdsziiumsiy

v W o 9 @ 1

] a o Yy a {q ¥ o o a {
VHAFIUNAIN I NT0917AUIA191989 (Reference dose) N IFaMTUMTUsUANNITES

Y
= 12 o v

d' a 4%1 [ g‘/ dyd a a d‘ ]
MAATU AU MsANEIATIHITINAve LvamsUselumwizmsdsliuanudeaniu
a v ¥ 4 7
NMsAUNMS IUsthvagoruiunviuy
=2 =Y v %1 d' 1 = gJJ A A
nnransany1Ta Tanzmiinye NNAIUNTHYUABUNY 3 113EN (A1319N
1 1 Y] 1 [N o 4 g}/
4.13) wuna langrindaulvariumasgiunist ld19Use Toaning 4 au waziiTane
Y] a d' T 90’ 9 1 = v Y d'
winuerian luruinasgiuiiysga 18un Cr, Mn, Fe, As uag Pb 100g8oaluriden
" o < ¥ o 1
4.3.1 wag lddumasgiums 11905 Teaniiduin 15 luns$alasn 1dun Mn uag Fe
= =) % % d' a =) 1 a d'
swazeadsuna laneniinawaadluaisnei 4.13 lumsisadudsSnaaisuaazsiiai
s1ame'lasuduialuunaz 3 (Average daily intake; ADI) JAgA15AIUINUAT ADI 91AA15 51
[ % ] a v d‘ T 9 a d' 9 a d‘
FUATFHIUMUAUDIHITAIANMSTN 4-1 waza191999n 1Flumsdszilunaasluaisien 4.33
3’, = o 1 d‘ d' (] 9 a I~ . 1Y d’
MANUIIMILIAAIANUTEea1s N lune 1HnANLISY (Hazard Quotient; HQ) Add@un15 N
o { (BN} a I~ . [ 1
4-2 HazMUIAUMAIWUDIaIN e 1nAuLSa (Hazard index: HI) aaauns 4-3 Tuns

3 . { { 3 = . o U H
MUIUMANUTEVOITITNNONLLF S (Cancer risk; CR) ﬁﬁJﬁﬂﬂWﬂ’JﬂlllﬁgfﬂﬁﬁNﬂﬁ‘ﬁ 4-4

ADI =(CxRxKxETxEFxED)/(BW xLT) (4-1)
HQ =ADI/R{D (4-2)
HI = Na3INVDI HQ NINUA (4-3)

CR  =ADIxSF (4-4)
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@ ] o { [ a < @ v W @ H

mefmmﬁmmmmi‘ﬁ”luﬂ@“lﬁ’mﬂmwwmmﬁwmwaTawwummzamm

w A o I % ] o A = A 9y 9 A Bo’ A 1
Tawxwuﬂ‘ﬂmmufdumamﬂumﬁmmm A0 As «mummwmumaaiuummuiwmau

CF+UF 91171 0.014 mg/L 813158119 A1 ADI laaail

ADI =(CxRxKxETxEFxED)/(BWxLT)
ADI (mg/kg.day) = [(0.014 mg/L)(20 mL/h)(1 L/1000 mL)(0.4 h/day)

(365 days)(65 years)] / [(60 kg)(65 years)(365 days/year)]
=18x10°

) 1 T 9 a [ [ LY 1 a
FUINUAT HQ Iﬂﬂ?ﬂﬁﬂ\iﬁ)\i (Reference dose; RfD) MITUAUNET As HIUNIUAUDINT
9
' 1w o ' Y o o
A1 1911171 0.0003 mg/kg.day @115 IUIUAT HQ 1Aasll (s1eazideamsiiuinuaasly
v a 9 U 4 1 { g’;
NARUIN 3.) Tawzwuﬂﬁwmwummmmm HI Lﬁﬂllﬁﬂ\iﬂ1ﬂ'ﬂiJL%ENSUUQIan‘VNWSJﬂ

uanalunsnei 4.34

HQ =ADI/RD
HQ = (1.8 x 10° mg/kg.day) / (0.0003 mg/kg.day)
=0.006
HI =(241x10°+2.74x10°+229x 10"+ 636 x 10°+3.62x 10"+ 6.15x 10” +

6.77x 10°+6.38 x 10"+ 8.11 x 10°7)
=0.0023

( ' o A Y a <3 o Ao I Y 1 ° A
Avgmsmunmsnne IinauzEe Tavewinmhniilualredelumsdiuiw Ao
y H 1 1 1 (%] 4 1 1 % —
As Tuh R IUs2UVU 1 CF+UF 5U1ReIn0 U 11ans1ua1 ADIMINY 1.8 x 10° mg/kg.day 1Ay
A1 SF MISUTURE As AITUNIAUAUDWITHANINY 1.5 (mg/ke.day)” dansasiuiaa CR 18

(I

J

=Dle

CR  =ADIxSF
CR =[1.8 x 10° mg/kg.day] [1.5 (mg/kg.day) ']
=2.768x 10°



~ 1" Y A A Y o o A Y 1 1 a %’
A15197 4.33 A1919990 15 UM smIamIUTna lare il n N g5 19MermUNMUA UM YL 01U

U

a d v 1V Ay a
WINNADS 1Y Ml 91999
Yy g o 3 v Ay v =

C Anuduuee Tanzwinluin mg/L A1 lavnmsanyn -

EF ANNDVEIMS IAsuduia (Exposure Frequency) days/year 365 USEPA (2011)

ED | 520821921U99M5 195 UAUAA (Exposure Duration) years 65 Waye Tanavana (2554)
LT | 1aunaomuszozna1nedns Ias uduee (Lifetime Exposure) days EDx365 Wunm guns lsena (2552)
BW | 1111nA7 (Body Weight) kg 60 USEPA (2011)

[ P ] 9 ~
ET | szeznaindudavaizoIuil (uag 2 A3, A8 12 U1N) hr/day 0.4 USEPA (1989)
Y
PAIIMITUAURTUDIL 1L mL/hr 20 ATNAIVAUNANY (2556)
K | udamesnldulasmilsung - 1 L/1000 mL -
1 ~ ~ 1 Y Aa <3

HQ | manu@esi Linelinauzis - - -
ADI | m3lasuensluusaziu meg/kg.day - -
RfD Reference dose mg/kg.day - -

CR | manuasanne liinaugi3a - 4 -

SF Cancer slope factor mg/kg-day ' - -

HI | #a57u909 HQ - - -

ICl
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A a A =) ~ 1 Y a <3 1 Y a <
ATT NN 4.34 miﬂ'izLaJummmmqmmwmnmumuw'laJﬂaﬂlmﬂﬂum’i\mazﬂaﬂlmﬂﬂumi\i

d‘ d‘ T Y A <
AN lunalvinanzi5

PEAIN]] UF CF CF+UF

519 ADI HQ= ADI/R{D ADI HQ= ADI/R{D ADI HQ= ADI/R{D

Cr 9.03E-06 3.01E-03 8.72E-06 2.91E-03 7.24E-06 2.41E-03

Mn 8.89E-05 6.35E-04 3.48E-04 2.49E-03 3.83E-04 2.74E-03

Fe 1.17E-04 3.90E-04 9.01E-05 3.00E-04 6.86E-05 2.29E-04

Cu 2.94E-06 7.36E-05 1.83E-06 4.58E-05 2.54E-06 6.36E-05

Zn 8.48E-05 2.83E-04 7.99E-05 2.66E-04 1.08E-04 3.62E-04

As 2.69E-06 8.97E-03 1.91E-06 6.36E-03 1.85E-06 6.15E-03

Se 9.16E-08 1.83E-05 5.34E-08 1.07E-05 3.38E-08 6.77E-06

Cd 4.72E-07 9.44E-04 3.04E-07 6.08E-04 3.19E-07 6.38E-04
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UF 0.0077 0.0068 0.0065 0.0062 0.0057
CF+UF 0.0018 0.0005 0.0001 0.0000 0.0000
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Tundaon Do
Parameter Units fnag
15/11/55 1/2/56 21/2/56 21/3/56 4/4/56 31/5/56 27/6/56 31/7/56 27/9/56

pH - 7.3 7.6 7.3 8.1 7.2 7.3 7 8.6 8 7.60
Color - - - - . - - - - - -
Suspended Solids mg/L 6 8 8 12 4 8 13 14 8 9.00
Total Dissolved Solid mg/L 298 324 439 355 335 234 412 373 456 358.44
Total Kjeldahl Nitrogen mg/L - - - - = - - - - -
Sulfide mg/L 0.001 0.003 0.02 0.02 . ND - 11 0.003 1.84
BOD mg/L 12 8 6 3 - 2 - 13 7 7.29
COD mg/L - - - = - - - - - -
Cr mg/L 0.01 0.004 0.02 0.02 0.02 0.09 0.03 0.03 0.03 0.028
As mg/L ND 0.001 0.002 ND 0.002 0.001 ND ND 0.001 0.001
Ba mg/L 0.13 0.149 0.106 1.26 0.998 0.133 0.125 0.072 0.079 0.339
Cd mg/L ND ND ND ND ND ND ND ND ND ND
Cu mg/L ND ND 0.001 ND 0.005 0.002 0.01 ND 0.001 0.004
Pb mg/L - - - = < - - - - -
Hg mg/L ND ND 0.001 ND ND ND ND ND ND 0.001
Mn mg/L 0.09 0.085 0.013 2.442 0.019 0.107 0.101 0.035 0.05 0.327
Ni mg/L ND 0.002 0.003 0.003 0.004 0.004 0.014 0.003 0.001 0.004
Se mg/L ND ND 0.001 ND 0.001 ND ND ND ND 0.001
Zn mg/L 0.05 0.03 0.027 0.085 0.012 0.131 0.346 ND 0.058 0.092

LST
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@]']3']\11?; .2 GlsllﬂiJ"aﬂ13ﬂﬂﬂ'§uﬂﬂ!ﬂ1w1§1ﬁﬂgﬂuﬁﬁﬂﬂ 2557

Tundaon Do

Parameter Units ARag

16/1 1372 6/3 4/4 2/5 15/5 6/6 377 14/8 5/9 29/10 212

pH - 8.1 9 9.2 8.1 7.9 8.5 8.8 - 8.1 8.6 7.6 - 8.39
Color - - - - - 24 3 - - - - - - 24.00
Suspended Solids mg/L 22 40 84 17 16 13 18 - 54 2 12 - 27.80

Total Dissolved Solid mg/L 364 406 398 442 234 384 317 - 380 542 392 - 385.90
Sulfide mg/L | liny 0.02 0.03 Tiwy | i 0.01 T3y - 0.01 0.01 0.005 - 0.01
BOD mg/L 11 28 45 21 5 10 14 - 18 12 20 - 18.40
Grease & Oil mg/L 2 5 6 Tainy 4 5 3 - 2 2 Tainu - 3.63
COoD mg/L . . . . 18 - . . . - . . 18.00
Cr mg/L | 0.02 . 0.02 0.03 0.04 0.05 0.02 0.04 0.03 0.05 0.05 0.06 0.037
As mg/L | liny - Tivy | hiwy | Tawy | liww 0.001 Tivy | liww | liwu | o0.001 0.001 0.001
Ba mg/L | 0.029 - 0.11 0.11 0.086 0.074 0.059 0098 | 0112 | 0112 | 0084 | 0.102 0.089
cd mg/L | liwy - Ty | Taiww | Tawu | Tww | Tdiwy | Diww | Tiww | liww | Tiww | liww | Taiww
Cu mg/L | luwy - By | 0017 | Tawu | Tiww | Tiwy | o001 | 0004 | linwy | o004 | linwy | 0.007
Pb mg/L | 0.002 - Tainy | 0002 | 0004 | lainwy Tiny | Tiwup liwy | liww | 0003 | luiwu | 0.003
Hg mg/L | liwy - Tiny | 000t | Tauwy | laiww T ol | liww | liww | laww | liwu | 0.001
Mn mg/L | 0.002 - 0009 | 0026 | 0022 0.001 0.003 0.01 0.048 | 0026 | 0.014 0.09 0.023
Ni mg/L | laiwy - 0.006 | 0.004 | 0.002 0.001 0.001 0.004 | 0004 | 0001 | 0005 | 0.002 0.003
Se mg/L | liwy - Ty | liwy | Tawy | Taiww Tiny | Ty | o002 | Tiwy | liww | liwuy | 0.002
Zn mg/l | 0.0l - 0.01 0.012 0.01 Tainy Ty | Tiny | liwy | liwu | 0008 | 0.017 0.011

8S1
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Parameter Units fARag
14/11 111 10/3 21/4 19/5 16/6 14/7 25/8 23/9 7/10 4/11 22/12

pH - - - 8.10 - - 7.60 - 8.00 7.70 8.10 7.70 7.80 7.86
Suspended Solids mg/L - - 16.00 - - 8.00 - 22.00 26.00 1600 | 35.00 19.00 20.29
Total Dissolved Solid mg/L - - 434.00 - - 440.00 - 414.00 378.00 343.00 353.00 447.00 401.29
Total Kjeldahl Nitrogen mg/L - - 18.00 - - 8.00 - 9.00 1400 | liwy | 2600 | 3.00 13.00
Sulfide mg/L - - 0.009 - - 0.005 - 0.004 0.006 0.005 | 0.013 0.01 0.01
BOD mg/L - - 11.00 - . 2.00 - 13.00 10.00 20.00 | 16.00 9.00 11.57
Grease & Oil mg/L - - 6.00 - = 7.00 - 7.00 5.00 15.00 4.00 4.00 6.86
Cr mg/L | 0.060 | 0.050 | 0.050 | 0.060 | 0.060 0.052 0.071 0.048 0.056 0.089 | 0.083 | 0.086 0.064
As mg/L | 0.0010 | Tdwy | Tiwy | Tawu | 0.0020  liwu | 0.0010 Tainw Taimu | Tdwy | Tuww | Tiwy | 0.0003
Ba mg/L 0.087 0.085 0.085 0.077 0.083 0.088 0.089 0.075 0.075 0.689 0.578 0.074 0.174
cd mg/L | Tuwy | Tdwo | Tliwy | lauww | Tdwo liww Tainw Tain Tsiny Taiwy | Taiwn | Tdwn | Taiww
Cu mg/L | 0.004 | ldwy | 0004 | 0.002 | 0.003  0.002 Tain Tainw Tiny | Tdwy | Tauww | Tnw 0.001
Pb mg/L | Twy | Tdwy | liww | Taww | Tdwo o Taww | Taiww Tainw Timy | Tdwy | Taww | Tdwy | i
Hg mg/L | Tuwy | Tdwy | liww | lawy | Tdwo o liww Tain Tain Tainy Taiwy | Taiwn | Tdwn | Taiww
Mn mg/L 0.011 0.001 0.017 0.006 0.016 0.046 0.040 0.022 0.031 0.052 0.001 0.016 0.022
Ni mg/L | 0006 | liwy | 0004 | 0002 | 0002  0.002 0.001 0.001 0.001 Taiwy | 0.001 0.001 0.002
Se mg/L | Tuwy | Tdwy | Dy | Taww | Tdwn o laiww lainy lainy Tsiny Tiwy | Tdwn | Tdwn | Taiww
Zn mg/L 0.197 Taiww 0.223 0.010 0.018 0.026 0.046 0.005 0.017 Tainwy 0.01 0.003 0.045

651
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Parameter Units ARag
24/2 16/3 27/4 17/5 15/6 28/9 26/10 9/11 14/12
pH - 7.30 9.00 8.90 8.70 8.80 8.00 7.80 9.00 7.70 8.36
Suspended Solids mg/L 27.00 62.00 6.00 2.00 17.00 6.00 16.00 35.00 39.00 23.33
Total Dissolved Solid mg/L 411.00 452.00 475.00 479.00 531.00 370.00 328.00 365.00 443.00 428.22
Total Kjeldahl Nitrogen mg/L 9.00 12.00 9.00 13.00 7.00 20.00 10.00 14.00 9.00 11.44
Sulfide mg/L 0.005 0.006 0.005 0.009 0.005 0.005 0.006 0.008 0.009 0.01
BOD mg/L 18.00 19.00 16.00 10.00 12.00 11.00 19.00 14.00 14.00 14.78
Grease & Oil mg/L 5.00 2.00 5.00 2.00 13.00 5.00 3.00 8.00 4.00 5.22
Cr mg/L <0.01 0.014 0.024 0.021 - 0.033 0.044 0.029 0.025 0.02
As mg/L Tainw Tainy Tainw Tainy - Tainw Tainy Tain Tain Tsiny
Ba mg/L 0.092 0.578 0.090 0.096 - 0.064 0.062 0.081 0.071 0.14
cd mg/L Tainy Tainy Tain Tain g Tainw Tsiny lainy lainy Tsiny
Cu mg/L Tainw Tainy Tain 0.002 - 0.002 Tainy Tain Tain 0.001
Pb mg/L Tainw Tainy Tain Tainy | Tain Tainy Tain Tain Tsiny
Hg mg/L Tainy Tainy Tainw Tainy J Tain Tainy lainy lainy Tsiny
Mn mg/L 0.031 0.015 0.004 0.064 0.016 0.026 0.026 0.101 0.010 0.03
Ni mg/L 0.002 0.002 0.001 0.003 i 0.001 Tainy Tain Tain 0.001
Se mg/L Tainw Tainy Tainw Tainy Tainy Tain Tainy Tain Tain Tainw
Zn mg/L lsiny 0.002 lsiny 0.051 0.007 0.033 <0.010 0.067 <0.010 0.02

091
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Parameter Units ANag
21/2 14/3 25/4 21/6 12/7
pH - 8.20 8.20 8.00 7.20 7.30 7.78
Suspended Solids mg/L 14.00 28.00 16.00 27.00 38.00 24.60
Total Dissolved Solid mg/L 507.00 452.00 150.00 270.00 310.00 337.80
Total Kjeldahl Nitrogen mg/L 23.00 21.00 9.00 21.00 24.00 19.60
Sulfide mg/L 0.01 0.024 0.008 0.005 0.011 0.01
BOD mg/L 12.00 15.00 12.00 17.00 15.00 14.20
Grease & Oil mg/L 11.00 2.00 21.00 1.00 4.00 7.80
Cr mg/L 0.025 0.033 0.025 - - 0.03
As mg/L Tainy Taim Tainy Tain Tsiny Tain
Ba mg/L 0.093 0.092 0.081 - - 0.09
cd mg/L Tainy Tainy Tainy lainy Tsiny lainy
Cu mg/L Tainy 0.002 0.002 Tain Tsiny 0.001
Pb mg/L Tainy Tainw Tainy i Tsiny Tain
Hg mg/L Tainy Tainy Tainy Tainy Tsiny lainy
Mn mg/L 0.010 0.002 0.006 - - 0.01
Ni mg/L 0.005 0.004 0.002 - - 0.004
Se mg/L Tainy Tainw Tainy Tain Tainy Tain
Zn mg/L 0.014 0.014 0.003 - - 0.010

191
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{ 1 ] @ 1 3 2
A1519% 0.6 “I/Iﬂﬁ’é]‘]Jﬂ’JHJLlﬂﬂﬂ'l\‘léll’é]\iﬂ’ﬂiﬂ!lﬂllﬂ’)@ﬂNH']“VNﬁ’)ﬂ One Way ANOVA

Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups | 77.893 2 38.947 2077 | 0.131 | liuanarenu
Within Groups 1687.721 90 18.752
Total 1765.614 92

{ ' o 32
A9 1.7 1/]ﬂﬁ@°Uﬂ’JHJLL@]ﬂ@]'l\‘]‘lJENﬂ’JHJ%QluWJ’GEJNMWTNﬁJ’JfJ One Way ANOVA

Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups | 1255.974 2 627.987 0.706 0496 | liangranu
Within Groups 80010.358 90 889.004
Total 81266.332 92

{ ' o 1 32
A1519N 1.8 NATOUANNLANANVDY COD GlUG]’J’E)EJNUWNﬁ)’JfJ One Way ANOVA

Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups 214.003 2 107.001 0.527 0.594 laiuanananu
Within Groups 9138.743 45 203.083
Total 9352.745 47

{ ' o ¥ X
A15199 1.9 NATOLANNLANAUD Total Coliform GlUG]’JﬁJEJNMTTNﬁ}’JEJ One Way ANOVA

Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups | 3.58E+10 2 1.79E+10 | 2316 | 0.111 | liuanaienu
Within Groups 3.24E+11 42 7.72E+09
Total 3.60E+11 44
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! ' o o F X
A5 .10 NATOUANUUANANUDI Fecal Coliform 11!@]’368'1\11411/]\1{5}’38 One Way ANOVA

Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups | 5.98E+07 | 2 2.99E+07 | 0268 | 0.766 | liuana1enu
Within Groups 4.46E+09 40 1.11E+08
Total 4.52E+09 42
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RUN PACI (mg/L) Cation Polymer (mg/L) pH
1 60.00 2.00 7.50
2 60.00 2.00 7.50
3 60.00 2.00 7.50
4 70.00 1.00 7.50
5 70.00 6.00 7.50
6 70.00 2.00 7.50
7 70.00 1.00 7.50
8 80.00 8.00 8.00
9 70.00 1.00 8.00
10 70.00 3.00 -
11 60.00 4.00 7.01
12 80.00 4.00 7.50
13 80.00 2.00 8.00
14 60.00 5.00 8.00
15 50.00 2.00 6.70
16 70.00 3.00 8.00
17 70.00 3.00 7.50
18 80.00 8.00 8.00
19 70.00 3.00 8.50
20 70.00 3.00 8.50
21 80.00 3.00 8.00
22 60.00 2.00 7.50
Mean 68.64 3.18 7.70
Max 80.00 8.00 8.50
Min 50.00 1.00 6.70
SD 8.34 1.99 0.44
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M3190 .2 naFeUANNUANA1NYBIsE AN MMsMTAnNUYURAMTNTUYE PACI

Tu%39 60-70 mg/L 778 One Way ANOVA

Sum of Mean
Groups Df F Sig. uiawa
Squares Square
Between Groups 7.724 1 7.724 1292 | 0262 | liuanaienu
Within Groups 263.056 44 5.979
Total 270.781 45

{ 1 a A o w { Yy 9 '
Gl’li’l\i‘ﬁ V.3 ﬂﬂﬁ@ﬂﬂ’nmgmﬂmwmﬂizﬁ‘wﬁm‘wmimﬁm?‘fﬁﬂ’nmmumumm PACI Ghﬂf'N

60-70 mg/L 778 One Way ANOVA

Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups | 36.081 1 36.081 3.266 | 0.078 | liuanaienu
Within Groups 486.125 44 11.048
Total 522.207 45

MINN V.4 NATOUANULANA 1YY sZANTNMINMIMIaANUYUARANUITUTUYDS Cation

Polymer Tuea9 1-8 mg/L @18 One Way ANOVA

Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups | 37.910 7 5.416 0.163 | 0992 | liupnareny
Within Groups 5843.623 176 33.202
Total 5881.533 183
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M1319% V.5 NAADVANNLANAIVTEANTAMNANIMIAFNANNYUIUVDS Cation Polymer

1139 1-8 mg/L #78 One Way ANOVA

Sum of
Groups Df Mean Square F Sig. uiawa
Squares
Between Groups 32.830 7 4.690 0.224 0979 | liuanaranu
Within Groups 3685.692 176 20.941
Total 3718.522 183

{ 1 a a o o ] $ 1 1] 9
GﬂiN‘ﬁ V.6 °I/Iﬂﬁ'ﬁ]“]_lﬂ’J'IiJLLG]ﬂG]N"U@{I‘]JigﬁTTIﬁﬂWWﬂ'liﬂ'lﬁ]ﬂﬂ’ﬂlleuuﬁﬂ1 pH Tuwaq 7-9 98

One Way ANOVA
Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups | 225.176 4 56.294 1434 | 0232 | lduanananu
Within Groups 2630.728 67 39.265
Total 2855.904 71

'
v AA

M13°190 9.7 NadeUANNLANA19YeIlTEANTAINMIAsATNAT pH 11929 7-9 A28 One Way

ANOVA
Sum of
Groups Df Mean Square F Sig. uilawa
Squares
Between Groups | 674.257 4 168.564 2466 | 0052 | liupnareny
Within Groups 4921.919 72 68.360
Total 5596.176 76
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A15197 A.1 ﬂmaﬂymzuwmmamwmﬂcﬁ 60 L/m’.h
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60 L/m>h
Parameters | Units Influence Effluence Efficiency
Min-Max Avg. £ SD Min-Max Avg. £SD | Min-Max | Avg. £SD
pH - 7.15-8.04 7.77£0.20 7.37-8.05 7.75+0.17 - -
Conductivity | pS/cm 710-762 737£21.04 633-754 714+£15.36 - -
Turbidity NTU 1.83-8.90 5.34+1.71 1.60-5.87 3.44+1.44 8.94-71.53 | 34.05+17.70
Color Pt-Co 63-134 98+23.71 58-113 85+19.16 2.52-28.74 13.95+7.38
COD mg/L 21.25-41.50 31.39+6.65 14.06-31.85 22.93+£5.35 3.57-44.80 | 26.93+12.28
= o 2 a A 2
ATTNWN 7.2 ﬂmaﬂymzuwmmamam\hﬂm 80 L/m".h
80 L/m’.h
Parameters | Units Influence Effluence Efficiency
Min-Max Avg. £ SD Min-Max | Avg.+SD Min-Max | Avg.+SD
pH - 7.47-7.91 7.59+0.11 7.42-8.02 7.57+0.15 - -
Conductivity | pS/cm 869-1036 976.02+60.60 892-1055 987.25+62.11 - -
Turbidity NTU 2.87-14.67 8.95+3.30 1.46-10.23 4.98+2.38 23.28-64.24 | 49.66+11.69
Color Pt-Co 87-248 167+41.90 57-192 104+26.54 7.42-52.82 35.32+13.04
COD mg/L 27.39-64.66 45.24+12.27 19.30-58.45 36.87+11.65 6.67-37.50 19.15+9.25
A o ¥ a v @ )
AT NN A.3 ﬂmaﬂymguwmm@mwmﬂm 100 L/m".h
100 L/m’ h
Parameters | Units Influence Effluence Efficiency
Min-Max Avg. +SD | Min-Max | ‘Avg:+SD | Min-Max | Avg.+SD
pH - 7.50-7.78 7.61+0.09 7.46-7.86 7.61+0.13 - -
Conductivity | pS/cm 802-826 814+6.84 773-821 800+16.55 - -
Turbidity NTU 1.90-5.62 3.41£1.32 1.38-3.24 2.08+0.59 6.50-64.00 34.78+15.31
Color Pt-Co 46-110 75+15.43 35-77 59+13.64 7.57-51.17 20+10.44
COD mg/L 16.70-34.48 24.57+6.14 12.39-30.17 19.2545.53 12.50-32.26 22.17+4.84
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{ 1 a A o w ] { a v J
A15197 1.4 mﬁeummummwmﬂﬁzﬁﬂﬁn1w1uﬂ13ﬂ1%ﬂmmequﬁzwamamdaﬂ«v 60, 80

12 100 L/m”.h 778 One Way ANOVA

Sum of Mean
Groups df F Sig. uiawa
Squares Square
Between Groups 3244.145 2 1622.072 8.772 0.000 | LANANAY
Within Groups 15533.464 84 184.922
Total 18777.609 86

[

{ 1 a A o { a [ 4
A1519% 7.5 NagaUANNLANA1NUoIYszanTnnlumsmIaaimeltenandy 60, 80 LAY

100 L/m2.h #738 One Way ANOVA

Sum of Mean
Groups df F Sig. uiawa
Squares Square
Between Groups 4659.999 2 2329.999 34.325 0.000 | UANANNY
Within Groups 5158.938 76 67.881
Total 9818.937 78

{ 1 a A o w ! a v d
A1519% A.6 NageuANNLANA1YeIlsEansamlumsnman COD Mwedtonans 60, 80

1A% 100 L/m2.h #38 One Way ANOVA

Sum of Mean
Groups df F Sig. wiawa
Squares Square
Between Groups 196.646 2 98.323 1.091 | 0347 | liuansianu
Within Groups 3243.552 36 90.099
Total 3440.199 38




{ 3 A J H a 1 " v
A15190 1.7 ﬂﬂ!ﬁﬂ‘]&lﬂlzu'lﬁ ATIUUUNDUONADINUNNNINDY 25:75

[
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25:75
Parameters | Units Influence Effluence Efficiency
Min-Max Avg. £SD Min-Max Avg. £SD Min-Max | Avg.+SD
pH - 7.47-7.91 7.59+0.11 7.42-8.02 7.57+0.15 - -
Conductivity | pS/cm 869-1036 976.02+60.60 892-1055 987.25+62.11 - -
Turbidity NTU 2.87-14.67 8.95+3.30 1.46-10.23 4.9842.38 23.28-64.24 | 49.66£11.69
Color Pt-Co 87-248 167+41.90 57-192 104+26.54 7.42-52.82 35.32+13.04
COD mg/L 27.39-64.66 45.24+12.27 19.30-58.45 36.87+11.65 6.67-37.50 19.1549.25
= Y $ Ao 3 a " A "o
ATNN A.8 AUANHUSUIMTAATIUUUNBULBDNADINUNNININY 50:50
50:50
Parameters | Units Influence Effluence Efficiency
Min-Max Avg. +SD | Min-Max | Avg.+SD | Min-Max | Avg.+SD
pH - 7.29-8.80 7.69+0.46 7.14-8.71 7.56+0.41 - -
Conductivity | pS/cm 637-826 713£51.14 651-833 720+50.77 - -
Turbidity NTU 1.79-14.73 7.85+2.88 0.80-6.10 3.79£1.40 19.58-68.50 50.96+11.94
Color Pt-Co 70-170 123+£27.71 46-130 83+21.44 6.30-51.60 32.68+9.75
COD mg/L 24.53-64.17 39.88+10.19 21.02-39.81 31.50+6.12 7.89-38.00 19.66+8.15
A > 3 Ao 1 3 a " A "o
A1TNN A9 AUANHUSUIMNTATIUUUNDUBONADINUNNININDY 75:25
75:25
Parameters | Units Influence Effluence Efficiency
Min-Max - | Avg. + SD | Min-Max Avg.+ SD Min-Max Avg. £SD
pH - 7.28-8.99 7.60+0.39 7.16-8.81 7.48+0.34 - -
Conductivity | pS/cm 672-763 720+24.40 674-768 731+24.80 - -
Turbidity NTU 8.68-18.30 12.8542.60 4.42-9.76 6.29+1.74 35.85-74.20 50.5549.64
Color Pt-Co 130-208 169+23.06 78-148 112+22.48 19.74-53.19 33.49+8.70
COD mg/L 33.94-83.00 55.26+14.23 28.12-69.00 44.12+12.55 11.54-32.69 20.29+6.36
DOC mg/L 8.76-16.20 12.48+2.53 6.58-13.49 10.02+2.06 14.31+31.38 19.68+4.95
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{ ' a A o w 1 { o 1 1
A1519% A.10 ‘1/]ﬂﬁ’t’)‘]Jﬂ’JnJLlﬂﬂﬂ'lﬁsllﬂﬂﬂigﬁﬂ‘ﬁﬂ"IWGlUﬂ']ﬁﬂ']ﬁ]ﬂﬂ’)']i]ﬂ!u“ﬁﬁﬂﬁ’luuT

INBTBNADIINUINTN 25:75, 50:50 1AL 75:25 A28 One Way ANOVA

Sum of Mean
Groups uilawa
Squares df Square F Sig.
Between Groups 35.864 2 17.932 | 0.164 | 0.849 | liuanarenu
Within Groups 9182.739 84 109.318
Total 9218.603 86

1 1 a A o w { o J ¥ a 1
A13197 A.11 nagouaNuuanatveslszansnmlunmsmiagndadiuiuneiionae

Fmumn 25:75,50:50 Llag 75:25 ﬁ}’lﬂ One Way ANOVA

Sum of Mean
Groups df F Sig. uiawa
Squares Square
Between Groups 85.603 2 42.801 0441 | 0645 | luuanananu
Within Groups 8154.003 84 97.071
Total 8239.606 86

d‘ 1 a a o o 4 1 % a \
A5 9% .12 NageuaNNLanANUelszansnnlunsnin COD daaiutiunolenae

Fmumn 25:75,50:50 Ly 75:25 @Q]I’JEI One Way ANOVA

Sum of

Mean

wiawa
Groups Squares df Square F Sig.
Between Groups 5.351 2 2.676 0.044 | 0957 | luuanaiany
Within Groups 2578.649 42 61.396
Total 2584.000 44
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AN 4.1 ﬂ'l'i1J3$L1JHﬂ’JHJLat’NqGUﬂ'IWTTNLﬂﬁ%'lﬂﬂ'lﬁﬁ'llNﬁu'lﬁialuﬁt’luﬂWﬂﬁ%‘UU CF

d‘ N T Y a <
AN inelvinanzi5a

RD C R, | K | ET | EF |ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI |HQ=ADIRD
" mg/kgday | mgL | mL/h hr/day | day/year | year | kg | day mg ke.day | mgkgday -
Cr 0.0030 |0.0654 | 20 |0.001 | 0.4 | 365 | 65 | 60 | 23725 12.4135 1423500 | 8.72E-06 |  2.91E-03
Mn | 0.1400 |2.6110 | 20 [0.001 | 04 | 365 | 65 | 60 |23725 495.5719 1423500 | 3.48E-04 |  2.49E-03
Fe 0.3000 |0.6761 | 20 |0.001 | 04 | 365 | 65 | 60 | 23725 128.3147 1423500 | 9.01E-05 |  3.00E-04
Cu 0.0400 |0.0138 | 20 |0.001 | 04 | 365 | 65 | 60 | 23725 2.6105 1423500 | 1.83E-06 |  4.58E-05
Zn 0.3000 |0.5995 | 20 |0.001 | 0.4 | 365 | 65 | 60 | 23725 113.7770 1423500 | 7.99E-05 |  2.66E-04
As 0.0003 |0.0143 | 20 |0.001 | 0.4 | 365 | 65 | 60 | 23725 2.7141 1423500 | 1.91E-06 |  6.36E-03
Se 0.0050 |0.0004 | 20 |0.001 | 0.4 | 365 | 65 | 60 | 23725 0.0760 1423500 | 5.34E-08 |  1.07E-05
cd 0.0005 |0.0020 | 23 |0.001 | 04 | 365 | 65 | 60 | 23725 0.4327 1423500 | 3.04E-07 |  6.08E-04
Pb 0.0036 [0.1327 | 25 |0.001 | 04 | 365 | 65 | 60 | 23725 31.4819 1423500 | 2.21E-05 |  6.14E-03
anuEBainelAaNzS
519 RfD C R, | K | ET | EF |ED|BW| LT | CxRxKxETxEFxED | BWxLT| ADI | CR=ADIXSF
As 0.0003 |0.0143 | 20 |0.001 | 0.4 | 365 | 65 | 60| 23725 2.7141 1423500 | 1.91E-06 |  2.86E-06

PLI



i v Y
A15199 9.2 ﬂ'li‘IJ33!1!‘”?’1’)1%L%‘c’lﬂqellﬂ'lWﬂ'NLﬂfl%'lﬂﬂ'liﬁ'iJNﬁu'lﬁiguﬁt’JuﬂWﬂi%UU UF

d‘ N T Y a <
AN inelvinanzi5a

RD C R, | K | ET EF |ED|BW| LT |CxRxKxETxEFxED|BWxLT| ADI | HQ=ADIRfD
" mg/kg.day | mg/L | mL/h hr/day | day/year | year | kg | day mg kg.day | mgkg.day -
Cr | 0.0030 |0.0678 | 20 |0.001| 04 | 365 | 65 | 60 |23725 12.8602 1423500 | 9.03E-06 |  3.01E-03
Mn | 0.1400 | 0.6666 | 20 |0.001 | 04 | 365 | 65 | 60 |23725 126.5291 1423500 | 8.89E-05 |  6.35E-04
Fe | 03000 |0.8784 | 20 |0.001 | 04 | 365 | 65 | 60 | 23725 166.7172 1423500 | 1.17E-04 |  3.90E-04
Cu | 0.0400 |0.0221| 20 [0.001| 04 | 365 | 65 | 60 |23725 4.1914 1423500 | 2.94E-06 |  7.36E-05
Zn | 03000 | 0.6359 | 20 [0.001 | 04 | 365 | 65 | 60 |23725 120.6918 1423500 | 8.48E-05 |  2.83E-04
As | 0.0003 |0.0202| 20 [0.001| 04 | 365 | 65| 60 |23725 3.8325 1423500 | 2.69E-06 |  8.97E-03
Se | 0.0050 |0.0007 | 20 [0.001 | 04 | 365 | 65 | 60 |23725 0.1305 1423500 | 9.16E-08 |  1.83E-05
cd | 0.0005 |0.0031| 23 [0.001| 04 | 365 | 65 | 60 |23725 0.6721 1423500 | 4.72E-07 |  9.44E-04
Pb | 0.0036 [0.1037 | 25 |0.001| 04 | 365 | 65 | 60 | 23725 24.5981 1423500 | 1.73E-05 |  4.80E-03
anuEBainelAaNzS
519 | R C R, | K | ET EF | ED |BW| LT |CxRxKxETXxEFXxED|BWxLT| ADI | CR=ADIXSF
As | 0.0003 |0.0202 | 20 [0.001| 04 | 365 | 65 | 60 |23725 3.8325 1423500 | 2.69E-06 |  4.04E-06

SL1



' : v ,
A5 4.3 ﬂ'lﬁ1J3$L1JHﬂ’JHJLat’NQ'GUﬂ'IWW'NLﬂﬁ%'lﬂﬂ'lﬁﬁ'iJNﬁu'lﬁigl!ﬁt’luﬂWﬂﬁ%‘UUﬁ’nJ CF+UF

d‘ N T Y a <
AN inelvinanzi5a

RfD C R, | K | ET | EF |ED|BW| LT |CxRxKxETxEFxXxED|BWxLT| ADI |HQ=ADIRD
e mgkgday | mgL | mLh | - | hoday | day/year | year | kg | day mg ke.day | mg/kg.day -
Cr | 0.0030 |0.0543| 20 |0.001| 04 | 365 | 65| 60 | 23725 10.3035 1423500 | 7.24E-06 |  2.41E-03
Mn | 0.1400 |2.8740 | 20 |0.001 | 04 | 365 | 65 | 60 |23725 545.4773 1423500 | 3.83E-04 |  2.74E-03
Fe | 03000 |0.5147| 20 |0.001 | 04 | 365 | 65 | 60 | 23725 97.6811 1423500 | 6.86E-05 |  2.29E-04
Cu | 0.0400 [0.0191| 20 |0.001| 04 | 365 | 65 | 60 | 23725 3.6207 1423500 | 2.54E-06 |  6.36E-05
Zn | 03000 |0.8134| 20 [0.001| 04 | 365 | 65 | 60 |23725 154.3799 1423500 | 1.08E-04 |  3.62E-04
As | 0.0003 |0.0138| 20 |0.001| 04 | 365 | 65 | 60 |23725 2.6270 1423500 | 1.85E-06 |  6.15E-03
Se | 0.0050 [0.0003| 20 |0.001| 04 | 365 | 65| 60 | 23725 0.0482 1423500 | 3.38E-08 |  6.77E-06
cd | 0.0005 |0.0021 | 23 |0.001 | 04 | 365 | 65 | 60 |23725 0.4538 1423500 | 3.19E-07 |  6.38E-04
Pb | 0.0036 |0.1752| 25 |0.001| 04 | 365 | 65 | 60 |23725 41.5639 1423500 | 2.92E-05 |  8.11E-03

anuEBainelAaNzS

519 | RD C R, | K | ET | EF |ED|BW| LT |CxRxKxETxEFxED|BWxLT| ADI | CR=ADIXSF
As | 0.0003 |0.0138| 20 |0.001| 04 | 365 | 65 | 60 |23725 2.6270 1423500 | 1.85E-06 |  2.77E-06

9L1



4 - 4 o o o ¥ P I S | .
M99 1.4 MIUsEUANUTIGUMUNWTINNNINMTANATIYUIsuNIuAlowde E-coli

USual E-coli C R Dose P, PE Risk
EtATN] a B P - >
CFU/mL log CFU/mL | mL/day CxR 1-[1+(Dose/B)I* | Px(l-¢ ) | P,xP,
CF 83 1.9191 8 15.3526 0.248 48.8 0.1 0.065586859 0.1000 0.0066
UF 205 2.3118 8 18.4940 0.248 48.8 0.1 0.076599866 0.1000 0.0077
CF+UF 3 0.4771 8 3.8170 0.248 48.8 0.1 0.018503153 0.0978 0.0018

LLT



M350 9.5 MIlsziiuanudesgunmnmaaininmsdudaivyuieundaaiudesas 100 91032 VU CF nsAANEIUNG. (310)

d‘ N T Y a <
AN inelvinanzi5a

RfD C R, | K | ET | EF |ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI |HQ=ADIR{D
" mg/kgday | mgL | mL/h hr/day | day/year | year | kg | day mg ke.day | mg/kg.day -
Cr | 0.0030 |0.0654| 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.7639 99280 | 7.69E-06 |  2.56E-03
Mn | 0.1400 [2.6110| 20 |0.001 | 04 | 365 | 4 | 68 | 1460 30.4967 99280 | 3.07E-04 |  2.19E-03
Fe | 03000 |0.6761| 20 |0.001| 04 | 365 | 4 | 68 | 1460 7.8963 99280 | 7.95E-05 |  2.65E-04
Cu | 0.0400 |0.0138| 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.1606 99280 | 1.62E-06 |  4.05E-05
Zn | 03000 |0.5995| 20 |0.001 | 04 | 365 | 4 | 68 | 1460 7.0017 99280 | 7.05E-05 |  2.35E-04
As | 0.0003 [0.0143| 20 |0.001 | 04 | 365 | 4 | 68 | 1460 0.1668 99280 | 1.68E-06 |  5.60E-03
Se | 0.0050 |0.0004| 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.0047 99280 | 4.71E-08 |  9.42E-06
cd | 0.0005 |0.0020| 23 |0.001| 04 | 365 | 4 | 68 | 1460 0.0266 99280 | 2.68E-07 |  5.36E-04
Pb | 0.0036 |0.1327| 25 [0.001 | 04 | 365 | 4 | 68 | 1460 1.9373 99280 | 1.95E-05 |  5.42E-03

anuEBainelAaNzS

519 RD C R, | K | ET | EF. | ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI | CR=ADIxSF
As 1.5 00143 | 20 {0001 | 04 | 365 | 4 | 68 | 1460 0.1668 99280 | 1.68E-06 |  2.52E-06

8L1



. . ) o
M350 9.6 Milszdiuanudesgumwmaninnmsdudaimyuieundaaiudosas 100 9I032UD UF nsdianuund. (1e)

d‘ N T Y a <
AN inelvinanzi5a

RfD C R, | K | ET | EF |ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI |HQ=ADIR{D
" mg/kgday | mgL | mL/h hr/day | day/year | year | kg | day mg ke.day | mg/kg.day -
Cr | 0.0030 |0.0678 | 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.7914 99280 | 7.97E-06 |  2.66E-03
Mn | 0.1400 |0.6666 | 20 |0.001 | 04 | 365 | 4 | 68 | 1460 7.7864 99280 | 7.84E-05 |  5.60E-04
Fe | 03000 |0.8784| 20 |0.001| 04 | 365 | 4 | 68 | 1460 10.2595 99280 | 1.03E-04 |  3.44E-04
Cu | 0.0400 |0.0221| 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.2579 99280 | 2.60E-06 |  6.50E-05
Zn | 03000 |0.6359 | 20 |0.001 | 04 | 365 | 4 | 68 | 1460 7.4272 99280 | 7.48E-05 |  2.49E-04
As | 0.0003 [0.0202| 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.2358 99280 | 2.38E-06 |  7.92E-03
Se | 0.0050 |0.0007 | 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.0080 99280 | 8.09E-08 |  1.62E-05
cd | 0.0005 |0.0031| 23 |[0.001| 04 | 365 | 4 | 68 | 1460 0.0414 99280 | 4.17E-07 |  8.33E-04
Pb | 0.0036 |0.1037| 25 [0.001| 04 | 365 | 4 | 68 | 1460 1.5137 99280 | 1.52E-05 |  4.24E-03

anuEBainelAaNzS

519 RD C R, | K | ET | EF. | ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI | CR=ADIxSF
As 1.5 ]0.0202| 20 [0001| 04 | 365 | 4 | 68 | 1460 0.2358 99280 | 2.38E-06 |  3.56E-06

6L1
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M350 .7 Msdszdiuanudesgumwmaninnmsdudaimyuieundadiudosaz 100 9INTZUVIW CFHUF n3diAnyuma. (119)

d‘ N T Y a <
AN inelvinanzi5a

RfD C R, | K | ET | EF |ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI |HQ=ADIRD
" mg/kgday | mgL | mL/h hr/day | day/year | year | kg | day mg ke.day | mg/kg.day -
Cr | 0.0030 |0.0543| 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.6341 99280 | 6.39E-06 |  2.13E-03
Mn | 0.1400 |2.8740 | 20 |0.001 | 04 | 365 | 4 | 68 | 1460 33.5678 99280 | 3.38E-04 |  2.42E-03
Fe | 03000 | 05147 | 20 |0.001| 04 | 365 | 4 | 68 | 1460 6.0111 99280 | 6.05E-05 |  2.02E-04
Cu | 0.0400 |0.0191| 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.2228 99280 | 2.24E-06 |  5.61E-05
Zn | 03000 |0.8134| 20 |0.001 | 04 | 365 | 4 | 68 | 1460 9.5003 99280 | 9.57E-05 |  3.19E-04
As | 0.0003 |0.0138| 20 |0.001 | 04 | 365 | 4 | 68 | 1460 0.1617 99280 | 1.63E-06 |  5.43E-03
Se | 0.0050 |0.0003| 20 |0.001| 04 | 365 | 4 | 68 | 1460 0.0030 99280 | 2.99E-08 |  5.97E-06
cd | 0.0005 |0.0021| 23 |0.001| 04 | 365 | 4 | 68 | 1460 0.0279 99280 | 2.81E-07 |  5.63E-04
Pb | 0.0036 |0.1752| 25 [0.001 | 04 | 365 | 4 | 68 | 1460 2.5578 99280 | 2.58E-05 |  7.16E-03

anuEBainelAaNzS

519 RD C R, | K | ET | EF. | ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI | CR=ADIxSF
As 1.5 00138 | 20 {0001 | 04 | 365 | 4 | 68 | 1460 0.1617 99280 | 1.63E-06 |  2.44E-06

081
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M350 1.8 MItsziiuanudesgumwmaninnmsdudaimyuieuidaaiudosas 100 91032VY CF NIAANEINNG. ()

d‘ N T Y a <
AN inelvinanzi5a

RfD C R, | K | ET | EF |ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI |HQ=ADIR{D
" mg/kgday | mgL | mL/h hr/day | day/year | year | kg | day mg ke.day | mg/kg.day -
Cr | 0.0030 |0.0654| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.7639 81136 | 9.42E-06 |  3.14E-03
Mn | 0.1400 [2.6110| 20 |0.001 | 04 | 365 | 4 | 56 | 1460 30.4967 81136 | 3.76E-04 |  2.68E-03
Fe | 03000 |0.6761| 20 |0.001| 04 | 365 | 4 | 56 | 1460 7.8963 81136 | 9.73E-05 |  3.24E-04
Cu | 0.0400 |0.0138| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.1606 81136 | 1.98E-06 |  4.95E-05
Zn | 03000 |0.5995| 20 |0.001 | 04 | 365 | 4 | 56 | 1460 7.0017 81136 | 8.63E-05 | 2.88E-04
As | 0.0003 [0.0143| 20 |0.001 | 04 | 365 | 4 | 56 | 1460 0.1668 81136 | 2.06E-06 |  6.85E-03
Se | 0.0050 |0.0004| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.0047 81136 | 5.76E-08 |  1.15E-05
cd | 0.0005 |0.0020| 23 |[0.001| 04 | 365 | 4 | 56 | 1460 0.0266 81136 | 3.28E-07 |  6.56E-04
Pb | 0.0036 |0.1327| 25 [0.001 | 04 | 365 | 4 | 56 | 1460 1.9373 81136 | 2.39E-05 |  6.63E-03

anuEBainelAaNzS

519 RD C R, | K | ET | EF. | ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI | CR=ADIxSF
As 1.5 00143 | 20 {0001 | 04 | 365 | 4 | 56 | 1460 0.1668 81136 | 2.06E-06 |  3.08E-06

181
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M35197 9.9 MsUszdiuanudesgumwmaninamsdudaimyuieundaaaudooas 100 9I0T2UD UF nstiAnuumd. (Maj)

d‘ N T Y a <
AN inelvinanzi5a

RfD C R, | K | ET | EF |ED|BW| LT |CxRxKxETxEFxED |BWxLT| ADI |HQ=ADIR{D
" mg/kgday | mgL | mL/h hr/day | day/year | year | kg | day mg ke.day | mg/kg.day -
Cr | 0.0030 |0.0678 | 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.7914 81136 | 9.75E-06 |  3.25E-03
Mn | 0.1400 |0.6666 | 20 |0.001| 04 | 365 | 4 | 56 | 1460 7.7864 81136 | 9.60E-05 | 6.85E-04
Fe | 03000 |0.8784| 20 |0.001| 04 | 365 | 4 | 56 | 1460 10.2595 81136 | 1.26E-04 | 4.21E-04
Cu | 0.0400 |0.0221| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.2579 81136 | 3.18E-06 | 7.95E-05
Zn | 03000 |0.6359 | 20 |0.001 | 04 | 365 | 4 | 56 | 1460 7.4272 81136 | 9.15E-05 |  3.05E-04
As | 0.0003 [0.0202| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.2358 81136 | 2.91E-06 |  9.69E-03
Se | 0.0050 |0.0007| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.0080 81136 | 9.89E-08 |  1.98E-05
cd | 0.0005 |0.0031| 23 |[0.001| 04 | 365 | 4 | 56 | 1460 0.0414 81136 | 5.10E-07 |  1.02E-03
Pb | 0.0036 |0.1037| 25 [0.001| 04 | 365 | 4 | 56 | 1460 1.5137 81136 | 1.87E-05 |  5.18E-03
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Cr | 0.0030 |0.0543| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.6341 81136 | 7.81E-06 |  2.60E-03
Mn | 0.1400 |2.8740 | 20 |0.001 | 04 | 365 | 4 | 56 | 1460 33.5678 81136 | 4.14E-04 |  2.96E-03
Fe | 03000 | 05147 | 20 |0.001| 04 | 365 | 4 | 56 | 1460 6.0111 81136 | 7.41E-05 | 2.47E-04
Cu | 0.0400 |0.0191| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.2228 81136 | 2.75E-06 |  6.87E-05
Zn | 03000 |0.8134| 20 |0.001 | 04 | 365 | 4 | 56 | 1460 9.5003 81136 | 1.17E-04 |  3.90E-04
As | 0.0003 |0.0138| 20 |0.001 | 04 | 365 | 4 | 56 | 1460 0.1617 81136 | 1.99E-06 |  6.64E-03
Se | 0.0050 |0.0003| 20 |0.001| 04 | 365 | 4 | 56 | 1460 0.0030 81136 | 3.65E-08 |  7.31E-06
cd | 0.0005 |0.0021| 23 |[0.001| 04 | 365 | 4 | 56 | 1460 0.0279 81136 | 3.44E-07 | 6.88E-04
Pb | 0.0036 |0.1752| 25 [0.001 | 04 | 365 | 4 | 56 | 1460 2.5578 81136 | 3.15E-05 | 8.76E-03
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ABSTRACT: Providing safe water supply is one of the important public health priorities, the water quality of
water supply 1s closely associated with human health. The aim of this study was to assess the quality of water in
the urban water supply systems and their authority organizations including the existing performance of the water
supply systems and their organizations. The sampling locations were covered by 4 cities, namely Nakhon
Ratchasima (Korat), Chaiyaphum, Buriram and Surin provinces. There was the total of 13 sampling site
locations of the urban water supply systems which are owned by the provincial and municipal waterworks
authorities. Water samples of each sampling site location were collected from water resources, storage tanks, and
household water taps, and analyzed for various parameters. The results showed that the water quality of the
urban water supply systems had met the water quality standards for the parameters: turbidity, TSS, TDS, Nitrate,
and total coliform, except color and iron due to the retention time of the sedimentation process which was not the
proper range. Besides, there were problems with the residual chlorine in storage tanks and household tap water
which was lower than the standard limit and might affect population health. There was no difference between the
performance of the provincial and municipal waterworks authorities. The outcome of this study can support the
improvement of the urban water supply systems and their authority organizations.

Kevwords: Water supply, Water quality, Provincial waterworks authoritv, Municipal waterworks authority

1. INTRODUCTION Region in Thailand”. The main goal was to
thoroughly evaluate the existing urban water supply
Access to the safe water supply is a basic systems in the northeastern region of Thailand in
concern for human health and health protection. terms of water resources, water quality, associated
According to the World Health Organization (WHO), health risks and engineering aspects. The aim of this
a concentration of microorganisms, parasites or study was to assess the quality of water in the urban
substances posing a possible risk to human health water supply systems and their authority
has to be prevented [1]. The water quality of water organizations including the existing performance of
supply is closely associated with human health. If the water supply systems and their organizations.
the water supply was contaminated by pollutants and The outcome of this study can support the
microorganisms, it would affect water qualities and improvement of the urban water supply systems and
the health of the population. Thus, water supply their authority organizations.
systems and authority organizations are obliged to
monitor water quality for human consumption. The 2. METHODS
water qualities need to meet the standard, which is
why the quality of water resources and tap water of 2.1 Study Sites and Sampling
water supply systems should be assessed to state
aspects of problems. Water supply in urban areas is This study was carried out to collect water from
challenged by increasing population. In this study, the urban water supply system in the lower
the sampling locations were covered by 4 cities, northeastern of Thailand. The area covered 4
namely Nakhon Ratchasima (Korat), Chaiyaphum, provinces, namely Nakhon Ratchasima ( N) ,
Buriram and Surin provinces. This region covers Chaiyaphum ( C) , Buritam ( B) and Surin ( S)
more than one-third of the country which is called provinces as shown in Fig.1. The urban water supply
“Korat plateau”. The water supply consumption i system typically consisted of the coagulation-
this area has been seriously concerned because of flocculation,  sedimentation, filtration, and
the low level of rainfall intensity and a long dry disinfection systems. The water source of the water
period in this area. This study is one of four sub- treatment system was commonly taken from the
projects in the research project, “Study of surface water. The water supply systems in
Management Efficiency of Water Resources and northeastern Thailand are organized by two
Urban Water Supply Systems in North-Eastern organizations: the provincial waterworks authority
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Thailand

Fig.1 Map of the study area and the sampling locations

and the local authority. Thus, this study focused on
the urban water supply systems owned by the
provincial and municipal waterworks authorities.
The total of 13 sampling site locations of the urban
water supply system was collected during the dry
period (January-April, 2016) and the rainy period
( July-October, 2016) . The distribution of the 13
sampling site locations was shown in Table 1.

2.2 Analytical Methods

Water samples of each sampling site location
were collected from water resources, storage tanks

Table 1 Sampling site locations of the urban water

supply system
Study Authority organization
area Provincial Municipal Total
N 2 4 6
C 2 1 3
B 1 1 2
S 1 1 2
Total 6 7 13

Table 2 Parameters and analytical methods

and household water taps. Water samples were
analyzed for various parameters by analytical
methods as shown in Table 2.

2.3 Data Analysis

2.3.1 Water quality assessment

The results of the water quality were checked
with the guideline of World Health Organization
(WHO) for the water resources quality and the
standard of the metropolitan waterworks authority
and for the storage tank water quality and the
household tap water quality as shown in Table 3.
The percentages of the water samples that did not
exceed the standard were calculated by using the Eq.

Number of samples that

(6]
% Not excoed standard = %W x 100 @®
otal sample

2.3.2 Static analysis

The results of the water quality of the provincial
and municipal waterworks authorities were analyzed
by mean and standard deviation (SD) and analysis of
variance with an Independent Sample Test (2-tailed)
SPSS Statistics Version 22.0.

Parameters  Analytical methods [2] Parameters Analytical methods [2]

Physical and Chemical quality Physical and Chemical quality

Turbidity 2130 B. Nephelometric Method Nitrite, Nitrate 4500-NO,", NO5 B. Spectrophotom
Colour 2120 D. Spectrophotometric Method | Fluoride 4500-F-D. SPADNS Method

BOD 5210 B. 5-day BOD Test Method Ammonia-N 4500-NHs C. Titrimetric Method
Tron 3500-Fe B. Phenanthroline Method | TKN 4500-Norg Kjeldahl Method
Manganese  3500-Mn B. Persulfate Method TDS, TSS 2540 C., D. Gravimetric Method
Hardness 2340 C. EDTA Titrimetric Method | Residual chlorine ~ 4500-Cl B. Iodometric Method
Sulfate 4500-S04> E. Turbidimetric Method | Biological quality

Chloride 4500-Cl" B. Argentometric Method | Total Coliform 9222 B. Membrane Filter Method

188




188

International Journal of GEOMATE, Aug., 2018 Vol 135, Issue 48, pp.187-194

Table 3 Water quality standards

Water quality

. standards

Parameters Units Surface Tap

water” water"™
Physical and Chemical quality
Turbidity NTU - <4
Colour Pt-Co <300 <15
DO mg/L >4 -
BOD mg/L <2 -
Nitrate mg/L <5 <50
Tron mg/L <50 <03
Manganese mg/L <35 <03
Hardness mg/L < 500 -
Chloride mg/L - < 250
An?moma mg/L <05 -
nitrogen =
TDS mg/L < 1500 < 1500
Resu}ual mo/l . 52
chlorine =
Biological quality
Total MPN/100
Coliform L < 20000 Not found

*: The guideline of World Health Organization
**: Standard of metropolitan waterworks authority

3. RESULTS AND DISCUSSION
3.1 Water Quality Assessment

3.1.1 Surface water resource quality

The results of the surface water resource quality
were presented in Table 4. The results showed the
parameters: turbidity, Iron, hardness, sulfate,
chloride, TKN, and ammonia-N. which met the
guideline of WHO and did not exceed the standard
values in 100% of the samples. However, for the
parameters: color, DO, manganese, nitrate, total
coliform and BOD, the number of the samples that
exceeded the standard limit was in a range of 8-50%
of the samples. In addition, about 50% of all

sampling site locations had the surface water
resource quality that exceeded the standard linut for
BOD. These indicated that the water resources of the
urban water supply were polluted due to wastewater,
urban areas, and dense population. Moreover,
Nakhon Ratchasima is the second largest city in
Thailand and has the poorest water resources among
the other sampling cities.

3.1.2 Water quality of storage tanks

As shown in Table 5, the water quality of the
storage tanks had values of the parameters: TSS,
TDS, nitrate and total coliform, which met the
standard of the metropolitan waterworks authority in
100% of the water samples. The water quality of the
storage tanks in Nakhon Ratchasima also had limits
exceeded for the parameters: color, turbidity, iron,
manganese and residual chlorine. These results
indicated that there might be problems with the
process of water treatment. These findings were
supported by the conclusion of the sub-research
project that the retention time of the sedimentation
process was not the proper range [3].

3.1.3 Water quality of household tap water

As shown in Table 6, the water quality of
household tab water had values of the parameters:
turbidity, TSS, TDS. nitrate, and total coliform,
which met the standard of the metropolitan
waterworks authority in 100 % of the samples.
However, it was found that more than 50% of the
water samples had residual chlorine less than the
standard limit and had lower concentrations than the
storage tanks. These results indicated that the
distribution system might have problems with
leakage of piping. It was supported by the
conclusion of the sub-research project that found the
amount of water loss from the distribution system of
the water supply system which was in a range of 31-
47% of water production [3]. These might affect
population health.

Table 4 The percentage of water samples from water sources that did not exceed the standard

Water quality of the water source

— = =
[} E) 7} =
= F S E
=
2 > 2 “ © s o =
s 5 5 a E s E =T o £ §85 2z | w5
&) 2 § £ 1) &) Z S E S
N 917 1000 | 833 1000 Oo17 1000 1000 1000 583 917 1000 1000 | 833
C 750 1000 | 500 1000 1000 1000 1000 100.0 500 1000 1000 100.0 | 100.0
B 1000 1000 | 75.0 1000 1000 1000 1000 100.0 500 1000 1000 100.0 | 100.0
S 1000 1000 | 1000 1000 1000 1000 100.0 1000 500 1000 1000 1000 | 100.0
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Fig.2 shows 95% confidence intervals of 4
parameters: color, turbidity, coliform bacteria, and
iron. Their levels and variances in the storage tanks

and the tap water were significantly lower than the
water sources, indicating the good efficiency of

treatment plants.

Table 5 The percentage of water samples from storage tanks that did not exceed the standard

Jater quality of storage tank

I = =
: £ g E
7 5 z Z w” 3 T2 | _E
@] E - g E = é = = 8
N 50.0 91.7 41.7 66.7 100.0 100.0 100.0 583 100.0
C 100.0 100.0 100.0 88.3 100.0 100.0 100.0 50.0 100.0
B 100.0 100.0 75.0 100.0 100.0 100.0 100.0 50.0 100.0
S 25.0 100.0 100.0 75.0 100.0 100.0 100.0 50.0 100.0
Table 6 The percentage of water samples of household tap water that did not exceed the standard
Water quality of household tap water
3 3 e
5 7 E 2
5 £ & S
> - [a)
E 5 ) g o T g
] 5 = 2 K= -_—
&} e § z ~ 5 5
N 50.0 100.0 50.0 80.0 100.0 100.0 100.0 50.0 100.0
C 100.0 100.0 100.0 100.0 100.0 100.0 100.0 25.0 100.0
B 100.0 100.0 75.0 100.0 100.0 100.0 100.0 50.0 100.0
S 50.0 100.0 100.0 75.0 100.0 100.0 100.0 0.0 100.0
20000+ 000
5 100 T gz 1500
K} ® 8
3 2
o 1000 ‘— 10004
¢ - 2
5000+ e 500+
k-3 m = =
00+ 00—
14000 w» T
120007
é 10000+ Plad IR
§ 3000+ ‘g 75
g 0 S ST o
5 o0 R % T
0o - o L I
00 e - D0+
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Fig.2 95% confidence intervals of water quality at the 3 locations
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3.2 Efficiency of Water Supply System Plants

The efficiencies of the water supply system were
calculated by the reduction of the concentration of
the water qualities from the water resources to the
storage tanks. Figs.3, 4 and 5 showed the efficiency
of the urban water supply system in a range of 76.6-
95.8% for color, 47.1-82.9% for iron and 0-68.5%
for manganese. These results indicated that only
Chaiyaphum urban water supply system had a
manganese removal efficiency higher than 50%
while the others had it lower than 25%. To assess the
distribution system by comparing the water qualities
between the storage tanks and the household tap
water, Fig.6 showed an increase of iron
concentration from the storage tanks to the
household tap water. These results indicated that the
distribution system of the water supply system had
problems. In many types of research were included
that iron pipe can corrode and leach iron into a
household water system [3-5]. It was supported by
the conclusion of the sub-research project that there
was a potential problem of leakage in the water
supply system and the maintenance of equipment
[6]. The distribution systems in many cities in
Thailand are a decade old. Moreover, numerous
water contaminants have been reported in many
cities in Pakistan, which could be the results of

100.0

Colour removal (%)
s 3 g
2

NakhonRatchasima  Chaiyaphum Buiram Suin

Fig.3 Removal efficiency of color in the urban
water supply system

100.0

ninr

Nakhon Ratchasima  Chaiyaphum Buriram

Tron removal (%)

Fig4  Removal efficiency of iron in the urban

water supply system
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decades-old cast iron pipes and mixing of sewage
water with potable water in the poorly managed
water distribution system [7, 8].

3.3 The Authority Organization Comparison

To assess the performance of the authority
organizations by comparing the water qualities of
the provincial and municipal waterworks authorities,
the percentages of the water samples were
compared, which did not exceed the standard levels
as shown in Table 7 for water sources, Table 8 for
storage tanks and Table 9 for household tap water.
The data of the water resource qualities were
analyzed by Independent Sample Test (2-tailed), and
the p-values, means, and SD of the water qualities
were presented in Table 10. The results of the p-
values showed that there was no significance in all
parameters between the water resource qualities of
the provincial and municipal waterworks authorities
except the sulfate parameter. However, it was shown
that many parameters had high SD values, which
indicated that the data were fluctuating. When
considering the mean values, it was shown that the
municipal waterworks authority had better water
qualities than those of the provincial waterworks
authority.

100.0

50.0

600

100

183

Managancse removal (%)

Nakhon Ratchasima  Chafyaphum Buriram Swrin

Fig.5 Removal efficiency of manganese in the

urban water supply system
Bstorage tank
OTap watsr

B | w0 ﬂ i

Nakhon Ratchasima  Chaiyaphum Butitam Surin

0.80

Tron (mgL)
e = = 2 = e
¥ 8 & 383 28 38

=

Fig. 6 The comparison of iron concentration
between storage tanks and household tap
water
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Table 7 The percentage of water samples from water sources that did not exceed the standard compared between
Provincial and Municipal waterworks authorities

Water quality of the water source

[=]
2 = = =
b = S 2
g & S =
) L !
I r £ g z 2 S el g 2 P
f £ 2|2 E 5 £ £ 5 £ E g7 &
< @] IE g :’E’ 2] S m Z §
Provincial 90.0 100.0 |100.0 100.0 100.0 100.0 100.0 100.0 50.0 100.0 100.0 100.0 |90.0
Municipal 929 100.0 | 643 100.0 929 100.0 100.0 1000 57.1 929 100.0 100.0 |92.9

Table 8 The percentage of water samples from storage tanks that did not exceed the standard compared between
Provincial and Municipal waterworks authorities

Water quality of storage tank

Authority organization

Provincial 66.7
Municipal

2 5 2

= = 8

Ay Q m

L

= =z s 2 ERE _ E
] e 5. Z 25 8
1000 | 750 750 100.0 100.0 1000 500 | 100.0
57.1 92.9 714 786 100.0 100.0 100.0 500 | 100.0

Table 9 The percentage of water samples of household tap water that did not exceed the standard compared
between Provincial and Municipal waterworks authorities

‘Water quality of household tap water

E = = =
5 m
2 > 2 = £
E : 5 . : " 2 g Eg| SE
£ = 2 g 5 % g E £5| ZE
=1 K 5 = = = = =
< 9] = '2': Z ~ 5 &= 3
Provincial 80.0 100.0 70.0 90.0 100.0 100.0 100.0 40.0 100.0
Municipal 58.3 100.0 75.0 83.3 100.0 100.0 100.0 25.0 100.0

The p-values, means and SDs of the water
qualities of the storage tanks and the household tap
water were analyzed by Independent Sample Test
(2-tailed) and concluded in Tables 11 and 12
respectively. The results of the p-values showed that
there was no difference in all parameters of the
water qualities of the storage tanks and the
household tap water between the provincial and
municipal waterworks authorities. However, they
had high SD values similar to water resource

qualities, which indicated that the data were
fluctuating. On the other hand, when considering the
mean values, it was shown that the provincial
waterworks authority had better values than those of
the municipal waterworks authority. These results
indicated that the urban water supply system which
is authorized by the municipal waterworks authority
produced better water qualities than the urban water
supply system of the provincial waterworks
authority.




192

International Journal of GEOMATE, Aug., 2018 Vol. 15, Issue 48, pp.187-194

Table 10 The conclusion of data analysis of water sources using Independent Sample Test (2-tailed)

Water source

Parameter Units Provincial Municipal p-value Result
Mean SD Mean SD

Colour Pt-Co 136.9 103.1 112.2 84.1 0.524 Non-sig.
Turbidity NTU 12.2 14.0 9.8 10.5 0.629 Non-sig.
pH - 6.9 0.6 7.1 3 0.225 Non-sig.
DO mg/L 49 1.3 43 1.7 0.347 Non-sig.
Iron mg/L 1.1 14 0.8 0.5 0.371 Non-sig.
Manganese mg/L 0.7 0.7 1.0 24 0.681 Non-sig.
Hardness mg/L 40.0 357 558 359 0.300 Non-sig.
Sulfate mg/L 0.01 0.01 0.02 0.02 0.019 sig.
Chloride mg/L 50.1 78.0 445 60.0 0.843 Non-sig.
TSS mg/L 20.6 243 312 26.6 0.886 Non-sig.
TDS mg/L 2883 352.1 262.2 2295 0.827 Non-sig.
BOD mg/L 31 1.6 2.5 1.2 0.292 Non-sig.
Nitrate mg/L 0.6 0.5 0.9 1.6 0.623 Non-sig.
TKN mg/L 03 0.3 0.2 0.3 0.801 Non-sig.

Table 11 The conclusion of data analysis of storage tanks using Independent Sample Test (2-tailed)

Storage tank

Parameter Units Provincial Municipal p-value Result
Mean SD Mean SD
Colour Pt-Co 18.8 16.8 13.8 115 0.383 Non-sig.
Turbidity NTU 1.6 0.7 14 1.0 0.483 Non-sig.
pH - 6.8 1.1 7.3 0.6 0.140 Non-sig.
DO mg/L 5.8 1.1 5.6 1.3 0.737 Non-sig.
Iron mg/L 04 04 0.4 0.6 0.732 Non-sig.
Manganese mg/L 3 04 0.9 2.4 0.405 Non-sig.
Chloride mg/L 28.2 24.3 50.9 61.2 0.241 Non-sig.
TSS mg/L 27.6 34.0 224 255 0.656 Non-sig.
TDS mg/L 1252 65.8 2173 244.0 0.218 Non-sig.
Nitrate mg/L 0.7 0.6 1.1 1.8 0.402 Non-sig.
Residual chlorine mg/L 0.5 0.6 0.7 12 0.582 Non-sig.

Table 12 The conclusion of data analysis of household tap water using Independent Sample Test (2-tailed)

Household tap water

Parameter Units Provincial Municipal p-value Result
Mean SD Mean SD

Colour Pt-Co 124 98 33 92 0.825 Non-sig.
Turbidity NTU 0.9 0.4 12 0.7 0.208 Non-sig.
pH - 72 0.5 7.2 04 0.933 Non-sig.
DO mg/L 5.5 0.9 54 0.9 0.798 Non-sig.
Iron mg/L 0.4 0.5 04 0.6 0.963 Non-sig.
Manganese mg/L 0.1 0.2 0.9 2.6 0.378 Non-sig.
Chloride mg/L 29.1 255 56.7 67.5 0.23 Non-sig.
TSS mg/L 17.6 17.6 20.1 20.4 0.770 Non-sig.
TDS mg/L 152.9 94.7 245.6 2874 0.342 Non-sig.
Nitrate mg/L 0.4 0.4 1.3 2.1 0.155 Non-sig.
Residual chlorine mg/L 0.2 0.3 0.4 1.0 0.590 Non-sig.

However, in the conclusion of the sub-research were satisfled with the quality of water and the
project of a people satisfaction survey using service of water supply authority organizations [9].

questionnaires, it was found that 83.43% of people
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4. CONCLUSION

In conclusion, the water quality of the urban
water supply systems had met the water quality
standards for the parameters: turbidity, TSS. TDS.
Nitrate and total coliform except for color and iron
due to the retention time of the sedimentation
process which was not the proper range. The
presence of iron in water may be responsible for its
coloration and it may come from iron pipes [10.11].
This might be contributing the problem of
distribution system because iron and manganese
compounds in distribution systems can clog pipes
and support the growth of iron and manganese
bacteria. These are causing taste and odor problems
of water supply [12]. Besides, there were problems
with the residual chlorine in the storage tanks and
the household tap water which was lower than the
standard limit and might affect population health.
There was no difference between the performance of
the provincial and municipal waterworks authorities.
The outcome of this study can support the
improvement of the urban water supply systems and
their authority organizations.
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ABSTRACT

The water scarcity problem is becoming serious problem as a result of the accelerated industrial
and agricultural and an increased population. Reclaimed water offers prospects as an alternative water
resource. The selection of suitable water reclamation alternative involves multiple objectives or criteria.
This study uses analytical hierarchy process (AHP) for select suitable water reclamation process. The
objective hierarchy criterion is considered based on three factors; optional usages, removal efficiency
and capital investment. The results obtained that the integration of CF+UF is the most suitable alternative
for water reclamation. The study indicates that the AHP are powerful tools which can be used for
implementation of appropriate water reclamation process considering the multiple objective-decisions.
By doing laboratory scale studies, optional usages, removal efficiencies and capital investment criteria
for full scale process can be worked out based on the engineering design and expert analysis and an
appropriate water reclamation alternative can be recommended for implementation

Keywords: Water reclamation; Analytic hierarchy process; AHP; Ultrafiltration; Coagulation-
flocculation; integration process

INTRODUCTION

Water is the source of life and one of the most important parts of the global
ecological system. The water scarcity problem is becoming serious problem as a result
of the accelerated industrial and agricultural and an increased population. Therefore, it
is extremely urgent to alleviate the water scarcity by studies on water reclamation
technology. Reclaimed water offers prospects as an alternative water resources (Pedro-
Monzonis et al., 2015; Hess et al., 2015). It is one of the effective ways to reduce
sources of pollution and solve the issue of water scarcity as an effective method of
saving water resources. Water reclamation is very demanding in terms of water quality
and health security. Coagulation-tlocculation (CF) is popular for using as water
reclamation process. It is well known to be inexpensive process and easy operation for
water reclamation process (Yu et al, 2016). Ultrafiltration (UF) become an interesting
alternative process for water reclamation because of relatively low-energy and high
efficiency filtration process can effective removing microorganisms and successfully
employed in water reuse applications (Ferrer et al, 2015). Recently, the integration of
coagulation-flocculation and ultrafiltration process (CF+UF) is interesting alternative
for water reclamation technology in order to improve the NOM and microorganism
removal efficiency (Kabsch-Korbutowicz, 2005) and to increase the flux of water and
reduce the fouling effects (Yu et al, 2016). The selection of the suitable water
reclamation alternative is usually uncertain and complex. Many factors may be
important for the decision-making process. Therefore, in decision making to select
appropriate process is necessary to consider the efficiency of process, cost of
construction and control system and the water quality for optional usages. Analytic
Hierarchy Process (AHP) is useful for handling multiple criteria and objectives in the
decision-making process. The advantage of the AHP technique is that it provides a
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systematic approach for consolidating information about alternatives using multiple-
criteria. It can be applied for complicated multicriteria decision-making to obtain
scientific and reasonable results. It has been accepted by the international scientific
community as a robust and flexible multicriteria decision-making tool to deal with
complex decision problem (Chang et al, 2009). The objective of this study is to apply
the AHP using the previous results of Yimrattanabovorn et al. (2018) for optimum
selection of water reclamation alternative. The AHP is used to construct the hierarchy
of criteria are based on three factors viz. optional usages, removal efficiencies and
capital investment. This study is intended to utilize AHP for facilitating the related
environmental decision-making process and it will then be applied to actual water
treatment alternative for verification and demonstration.

MATERIAL AND METHODS
The Analytical Hierarchy Process (AHP)

The Analytical Hierarchy Process (AHP) is designed to structure a decision
process in a scenario affected by multiple independent factors. In the analysis, a
complex problem can be divided into several sub-problems that are organized according
to hierarchical levels, where each level denotes a set of criteria or attributes related to
each sub-problem. The top level of the hierarchy denotes the factors of the respective
upper levels. The analysis is based on three fundamental principles: breaking down the
problem; pairwise comparison of the various alternatives; synthesis of the preferences
(Bottero et al, 2011). It is an objective weighing technique for setting the weighing scale
for qualitative and quantitative data. A general description of the AHP process would
be helpful and the steps described below.

Step 1 Development of the structure of the decision-making process: The
decision-making structure must be defined through the main objective. Such an
objective should later be divided into groups that are made up of various elements.

Step 2 Pairwise comparison: Pairwise comparisons are made to establish the
relative importance of the different elements. The comparisons are made with the
Saaty’s Fundamental Scale. The numerical judgements established at each level of the
network make up pair matrices. The weighted priority is calculated through pairwise
comparisons between elements. (Saaty, 2003). The comparisons are generally made on
the scale of 1-9. A matrix such as “A” can be formed based on these pairwise
comparison. The result of pairwise comparison is aj; if a;=1 and a;=1/a;;. The following
criteria in assigning the preferences to factors.

1 Equally important: two decision factors equally influence the
parent decision factor

3 Moderately more important: one decision factor is moderately
more influential than the other

5 Strongly more important: one decision factor has stronger
influence than the other

7 Very strongly more important: one decision factor has
significantly more influence over the other

9 Extremely more important: the difference between influences of
the two decision factors is extremely significant

2,4,6,8 intermediate judgment values: judgment values between

equally, moderately, strongly, very strongly, and extremely
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The consistency index (CI) is normally used to check the consistency of matrix ‘A’ as;

1
CI= _()Hllax"7)
n-1

Where Amax is the maximum eigenvalue and » is the number of factors in the judgement
matrix. Accordingly, Saaty (1980) defined the consistency ratio CR as

CR=CLRI

Where RI is the consistency index of a randomly generated reciprocal matrix from 9
point scale, with forced reciprocals. The consistency ratio CR is a measure of how a
given matrix compares to a purely random matrix in terms of the consistency index. A
value of the consistency ratio CR< 0.1 is considered acceptable. The RI has been
purposed for various 77, which is al shown below for the sake of continuity.

n 1 2 3 4 5 6 7 8 9
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 141 145

Step 3 Final priorities: The priority weight is synthesized to obtain the overall
ranking of the alternatives and find appropriate process. The real example of AHP
process in this case study make it more understanding.

Application to the study case

In the case study, alternatives of water reclamation include alternative 1
Integrate of coagulation-flocculation and ultrafiltration (CF+UF), alternative 2
Coagulation-flocculation (CF), and alternative 3 Ultrafiltration (UF). The selection of
water reclamation alternative is associated with distinct multi-criteria. Fig. 1 illustrates
the hierarchical levels criteria. The main objective is select suitable water reclamation
alternative. The criteria are optional usages, removal efficiency and capital investment.
The sub-criteria of optional usages consider water quality that meet water quality
standard in purpose of water supply, toilet flushing, urban landscaping and vehicle
washing. The sub-criteria of removal efficiency are including removal efficiency in
terms of chemical oxygen demand (COD) turbidity and color. The sub-criteria of capital
investment considering in terms of capital cost, operation and maintenance cost. The
weighted priority is calculated through pairwise comparisons between elements in level
to finding the total priority weight are obtain the overall ranking of all criteria and select
the suitable alternative.

To determine the relative importance of the criteria. A total number of three
pairwise comparisons were made to calculate the priority weights and these are shown
in Table 1. The weight of optional usages criterion is 0.63 as compared to 0.26 for
removal efficiency and 0.11 for the capital investment criteria, indicating that the
importance of the optional usage is more than removal efficiency and capital
investment. The optional usages are highest criteria weight because of they are atfect
to human health.
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Water supply

Alternative of Water
Reclamation

Optional Toilet flushing
] usages
Urban landscaping
CF+UF —
Vehicle washing
COD
CF Removal
Efficiency Turbidity
Color
Capital cost
Capital
L1 Investment Operational cost
Cost
Maintenance cost

Fig 1. The hierarchical levels criteria of water reclamation alternative

Table 1. The pairwise comparison of objective criteria

L Optional Removal Capital Priority
Criteria . . .
usages efficiency investment Weights
Optional usages 3 5 0.63
Removal efficiency 173 1 3 0.26
Capital investment 1/5 1/3 1 0.11
Total 1.53 433 9.00 1

RESULTS AND DISCUSSION

Determine the relative importance of the sub-criteria. The optional usages
consider water quality that meet water quality standard in purpose of water supply,
toilet flushing, urban landscaping and vehicle washing. The water quality were
compared with water quality standard of water supply (WHO, 2011), toilet flushing,
urban landscaping and vehicle washing (Rodrigues, 2002). The priority weights results
as shown in Table 2, that the optional usages for CF+UF (0.4) higher than CF (0.3) and
UF (0.3), indicating that the importance of CF+UF is more than single CF and UF. This
implies that the CF+UF has positive features in term of optional usages.
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Table 2. The water quality that meet water quality standard of three alternatives

System Water Vehi.cle ['rban. Toillet Total Plv'i(.)rity
: supply washing landscaping  flushing Weights
CF+UF v v v v 4 04
CF x v v v 3 0.3
UF * v v v 3 0.3
Total 1 3 3 3 10 1

Determine the relative importance of the sub-criteria. The removal efficiency in
terms of COD, turbidity and color by using data from the previous research of
Yimratanabovorn et al (2018). The result of removal efficiency of CF+UF, CF and UF
processes are shown in Table 3 illustrates the mean removal efficiency of CF+UF CF,
and UF. As shown Figure 2, the removal efticiency of three alternatives were compared.
Tt shown that the CF+UF process had higher removal efficiency of COD, Turbidity and
color than the single CF and UF process. A total number of three pairwise comparisons
were made to calculate the priority weights and these are shown in Table 4. The weight
of COD, turbidity and color removal efficiency for UF+CF (0.63) higher than CF
(0.26), and UF (0.11) indicating that the importance of UF+CF is more than single CF
and UF for removal efficiency. This implies that the CF+UF has positive features in
term of removal efficiency.

Table 3. The COD, Turbidity and color removal efficiency of three alternative
(Yimrattanabovorn et al, 2018).

System Mean£SD
. COD Turbidity Color
CF+UF 60.30=13.90 82.66+7.21 84.80+£5.10
CF 54.40£15.77 71.28+9.65 77.06+11.91
UF 38.25+14.19 38.92+15.15 21.21+8.87
B Congulation-flocculation O Coagulation-flocculation + Ultrafiltration 8 Ultrafiltration
100.00
90.00
80.00
70.00
T—; 60.00
2 s000
= 4000
30.00
20.00
10.00
0.00 w =
coD Turbidity Color

Figure 2. Comparison removal efficiency of three alternatives
water reclamation processes
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Table 4. The pairwise comparison of COD turbidity and color of three alternatives

Pairwise Comparisons

Priority Weights

System CcoD Turbidity Color

CF+UF | CF | UF | CF+UF | CF | UF | CF+UF | CF | UF | COD | Turbidity | Color
CF+UF 1 3 5 1 3 5 1 3 5 ] 063 0.63 0.63
CF 173 1 3 13 1 3 173 1 3 | 026 026 0.26
UF 1/5 1/3 1 /5 1/3 1 1/5 173 1| o1l 0.11 0.11
Total 153 | 433|900 | 153 |433|0900| 153 |433|900]| 1 1 1

Determine the relative importance of the sub-criteria. The capital investment in
terms of capital cost, operation and maintenance cost. The capital investment of CF+UF
is $0.39/m*, CF is $0.10/m® (Ni et al, 2003) and UF is $0.29/m* (Drouiche et al, 2001).
A total number of three pairwise comparisons were made to calculate the priority
weights and these are shown in Table 5. capital investment for CF (0.63) higher than
UF (0.26) and CF+UF (0.11), indicated that the importance of CF is more than UF and
CF+UF. This implies that the CF+UF has positive features in term of capital
investment.

Table 5. The pairwise comparison of capital investment of three alternatives

Pairwise Comparisons

System Priority Weights
CF UF CF+UF
CF 1 3 5 0.63
UF 1/3 1 3 0.26
CF+UF /5 1/3 1 0.11
Total 1.53 433 9.00 1

The total priority weight of all criteria was summarized as shown in Table 6 the
total priority weights of CF+UF (0.49) is higher than single CF (0.29) and UF (0.23).
Thus, CF+UF is the suitable process for water reclamation in this study. The study
indicates that AHP is powerful tools which can be used for implementation of
appropriate water reclamation process considering the multiple objective-decisions.

Table 6. The summary of weight priority of all criteria for water reclamation
alternatives assessment

Priority Weights of sub-criteria Priority Weights of criteria Total
ota
Syste i ; “ani P
m Optional ~ Removal Capital Optional  Removal Capital — priority
. Usages  Efficiency Investmen wwejshts
Usages  Efficiency  Investment ©2) 0.6) £0.2) ghts
Y 0o 0.63 0.63 0.25 0.16 0.07 0.49
CF 0.30 0.26 0.26 0.19 0.07 0.03 0.29
UF 0.30 0.11 0.11 0.19 0.03 0.01 0.23

Total 1 1 1 0.63 0.26 0.11 1.00
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CONCLUSIONS

The paper illustrates a comparison of three water reclamation alternative (the
integration of CF+UF, single CF and single UF) have been considered with
multicriteria analysis; optional usages, removal efficiencies and capital investment.
The results obtained that the integration of CF+UF is the most suitable alternative for
water reclamation. The study indicates that the AHP are powerful tools which can be
used for implementation of appropriate water reclamation process considering the
multiple objective-decisions. By doing laboratory scale studies, optional usages,
removal efficiencies and capital investment criteria for full scale process can be worked
out based on the engineering design and expert analysis and an appropriate water
reclamation alternative can be recommended for implementation.

ACKNOWLEDGMENTS
This research was supported by Suranaree University of Technology, Thailand.

REFERENCES

Bottero, M., Comino, E. and Riggio, V. (2011), Application of the Analytic Hierarchy
Process and the Analytic Network Process for the assessment of different wastewater
treatment systems. Environmental Modelling & Software, 26, 1211-1224.

Chang, N., Chang, Y. and Chen, H., (2009), Fair fund distribution for a municipal
incinerator using GIS-based fuzzy analytic hierarchy process. Journal of
Environmental Management, 90 (1), 441-454.

Drouiche, M., Louniet, H., Belhocine, D., Grib, H., Piron, D. and Nameri, N. (2001), Economic
study of the treatment of surface water by small ultrafiltration units. Water S4, 27 (2), 199-
204.

Ferrer. O.. Casas, S.., Galvan, C.. Lucena. F.. Bosch. A.. Galofre. B.. Mesa, J., Jofre, J. and
Bernat, X., (2013), Direct ultrafiltration performance and membrane imtegrity monitoring by
microbiological analysis. Wafer Res.. 83, 121-131.

Pedro-Monzonis, M., Solera, A., Ferrer, J., Estrela, T., and Paredes-Arquiola, J. (2015), A
review of water scarcity and drought indexes in water resources planning and management.
Journal of Hydrology, 527, 482-493.

Hess, T.M., Lennard, A.T.. and Daccache, A. (2015), Comparing local and global water scarcity
information m determining the water scarcity footprint of potato cultivation in Great Britain.
Journal of Cleaner Production, 87, 666-674.

Kabsch-Korbutowicz, M. (2005), Application of ultrafiltration integrated with coagulation for
1mproved NOM removal. Desalination, 174, 13-22.

Ni, C.H., Chen, I.N., Tsa1, Y.C.. Chen, T.K.. Chen.W B. and Chen, C.H. (2003). Recycling and
reuse of wastewater from a new developed community using sand filtration, ultrafiltration, and
ozone. J. Environ. Sci. Health A, 38 (10), 2339-2348.

Pophali, G.R., Chelani, AB. and Dhodapkar, R.S. (2011), Optiumal selection of full scale
tannery effluent treatment alternative using integrated AHP and GRA approach. Expert
Systems with Applications, 38, 10889-10895.

Rodrigues. S. (2002). China Reclaimed Water Reuse Regulations. International Water
Association. United Kingdom.

Saaty, R-W. (2003). Decision Making in Complex Environments: the Analytic Hierarchy
Process (AHP) for Decision Making and the Analytic Network Process (ANP) for Decision
Making with Dependence and Feedback. RWS Publications, Pittsburgh.

WHO, Guidelines for Drinking Water Quality, 4th ed. 2011.

Saaty, T. L. (1980). The analytical hierarchy process. New York: McGraw-Hill.




201

Yimratanabovorn, J., Wonglertarak, W., Rungrueang, O. and Wichitsathein, B. (2018),
Performance comparison of coagulation, ultrafiltration and combined coagulation and
ultrafiltration for water reclamation. International Journal of Environmental Science and
Development.

Yu. W.. Yang, Y. and Graham, N. (2016), Evaluation of ferrate as a coagulant aid/oxidant
pretreatment for nutigating submerged ultrafiltration membrane fouling in drinking water
treatment. Chemical Engineering Journal, 298, 234-242.

Zahi, A.S. (2011), Application of Analytic Hierarchy Process (AHP) In the Evaluation and
Selection of an Information System Reengineering Projects. Journal of Computer Science and
Network Security, 11 (1), 172-177.

Zeng, G., Ihang, R., Huang, G., Xu, M. and L1, G. (2007), Optimization of wastewater treatment
alternative selection by hierarchy grey relational analysis. Jowrnal of Environmental
Management, 82, 250-259.




sz Iarue

U

U058 AT AN OTUN 6 AA1AY W.A.2535 & TINTAUATIHE U

v

0o =2 v & o = J o [ [ =
duFamsanszdusuisoudneinn Tunnogsgddus sune Tuulne Ymdaunsswdun

L)

v Aa 4

o 1Y o o a
luilmsfinm 2553 uazdusamsaneszaulSayanesnndninlnunnesndas 13131

=

= @ @ a @ = = =2 Y 9
mmaummmzmmﬂaaﬂﬂﬂ MW'I’JT]EJ']afJWIﬂIuIﬁfJinu'ﬁ Gl,uﬂﬂ'liﬁﬂ‘]el'l 2557 !Lﬁgllﬂl"]ﬂ
= 1 o a = =2 Yo = [ LY a K
Anineszauliya Inluilnisanul 2559 Tagldsunumsanmiszautuaiadny,
(MuiaAiadia) tagnuatiuayuIUITENNABINUAIIAdN UHINeTdemna Tu Tadgsuts

dornaniae luszaudsyan Inladnuaz iseluiade “msisuiiumaidon

= aoz 9 a d' =S R a 1Y =
TEUVUNYUNRYUUINNATUIAINTTY LAZANNLTIIFUNIN ﬂﬁmﬁﬂ'kl']ilﬁ']')ﬂﬂ'laﬂlﬂﬂIUIﬁﬂ

= 1 o w =R 9 1 o Aa v v 9 d‘ .

qIUT” “lu'izmwﬂmﬁﬁﬂm'lmwﬂuwmazmmuewmmaﬁ]EJ GluW'J‘U'E)Li@Q “Assessing urban
water supply system in northeastern Thailand: water quality and authority organization” Tuaru
AUNUIIFINITTSAVUIUIYIA GEOMATE 2017 (Seventh International Conference on
Geotechnique, Construction Materials and Environment) 3 ZUITUN 21-23 N ANGU W.A.
2560 Yszimetju naziuauonauite ludoiie “Application of Analytic Hierarchy Process
(AHP) for the Assessment of Water Reclamation Alternative” Ty uduuuII¥In1ssean
W10 TWA Water Reuse 2018 (IWA Regional Conference on Opportunities for Water Reuse

in Southeast Asia) 52111971 30 AAAN - 2 NOATMOU W.A. 2561 Uszina lng





