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Abstract

Providing safe water supply is one of important public health priorities. The
water quality of water supply is 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 organization to assess the existing performance of water supply
system and their organization. The sampling locations were covered of 4 cities
namely, Nakhon Ratchasima (Korat), Chaiyaphum, Buriram and Surin provinces. The
total of 13 samples site locations of urban water supply system which owned by
provincial and municipal waterworks authority. Water samples of each sampling site
locations were collected from water resource, storage tank and household taps
water and analyzed for various parameters. The results showed he water quality of
urban water supply system had met water quality standards in parameter turbidity,
TSS, TDS, Nitrate and total coliform except colour, iron due to the retention time of
sedimentation process is not the proper. And there was problem with residual
chlorine at storage tank and household tap water which were lower than standard
limit and might affect with population health. There was no difference between the
performance of provincial and municipal waterworks authority. The outcome of this
study can support improvement of urban water supply system and their authority

organization
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3.5.2 fmunganualegsluldazszuuszn
uupaiiuinfodns Tnsluudasdaegsszsng (Gruutssunguau) wiinaiiu
Foghaiamn 4 oLAURIEE laun
1) dothauvaniny sahinu ilfunmsudadyss
2) fhedrihnnveimineuwdissuunanssl @angssuulsz
21109483 JMIAUATTIVANN
3) YusgiiiunszuIun AR Ay oA T TEUUUSE U GRRDGITERE) Audilse
UspUh ndrnkiunszuaunssdelsaiiaudes uasnouadlfiugmey
4) szl nviewn videfiontih o 9agld 1wy Trudeu Ia vielsudeu wieldly
nsnnavssdiuszuuvieethuesss s
3.5.3 AMAYBINSIAUIBENS
Aufiveanafiuiiegng asvinisfuiegsiuisas 2 afe gauds @ndou ue -
L8, WagnaARY YIUABY NA.-AA.
3.5.4 S1urufaegeiivinnisiiu
nsuauiegssruulszlmythuresis 4 Smin dondwausegnsegiedes 10
wisnduuUsziidndunislasesdnsunasesdiuriosiu (eUn.) waznisuszurdruginie
(nUn.) wazldmdnnislunisifiviiuszdn smuadisll (Guidelines for drinking water quality, 2ed:
volume 1, 1993)
3.5.5 3Msiufaeg
AsLAUSog19tn 1938 uUUEae (Grab sampling) Tngazsinnisifiusiegrsueniiients
PTITIATIINTIIeS MuIRTTIuAMAIANRY wagALANUTEU TsesANsauNgElan
warmsUszliunma lngasiiseasdonlunisifusegaiedilunsansfinesdng q fuans
Tumsnedl 3.6 Iwielud
1) nsiiushega wieumTIviinTet aaafiusiedns dud mafuieds
Wlemsadlesgidnyaznisanmazmaeiuiemnnines wu gamgll Armnudunse-ang an
15l (Conductivity) uagUSanmueandiauarateta (00) Wudu azvinisnsata a.9aLAY
PRIRN
2) \Fusegafiethlunsalinsesiiesufjiing quiiniesdioinemaniuas
welulad vesuminerdowmeluladagsuns Smiaunsvdun fneandeaniaiusogng deluil
2.1) fudeg iensialinsgidnuazmsnisnwuaziad Tnglduaifiufedis
Juvianarain lnen1sdrsmadeiniegsiianiu 2-3 ads deuinisfudiedas eviinis
Anmgiamnaiiweiduiolud emeu & Adled (BOD) lumsn Tulasi widn unanida A
n3zad USinadamn raslsd uazrinaesunnmAe Wusu
2.2) ifiugegne ileviamatinsesiaunimiivmnadinin lnenaiiufedsandy
naufifthunssideteuianifiuiesns uasrusfuiedsionhmiuarenuinafoni (u
nsdlfiufognaissun) dsueanesed uasaufufonsfesiiauazeatie denmadade
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WEaNead WiadaInuN1sUULTaUAINAISIAUMIBE1Y  Tagn1s1TwesNyinnisiAudiiags As
Usualednesuviavam (Total coliform)

3.6  MIATIVIAATIEVAUNINA

(% (%
[ o o

3Tt Igaun Ay Yo thanamiiguine uasthuszun Tael#38n1smse
AT m‘"ﬂLLam‘Lummﬁ 3.7
1) ﬂmm‘wmﬂu Imawwimmaimmmimamm 9199 ailineiuazisnnieay
L1ASFIUAMAMUUVANIRAAY AsEnAnENIIINTTAUIREDNLITIR atufl 8 (n.f1. 2537)
sonmuaIlunszviydidaaiuazinuau mANAdeNLRaund w.a. 2535 1309 fnua
wmsgunan T luwahiRy uar snspiugunuvaniaulun s luldeEminseun
2) @mmwﬁg’lﬂizm é’w5@W@igm@mmwﬁgﬂﬂizﬂwmmsﬂizﬂmﬂwma 1ae38nN139919

AATIER WIFADIAN 9 91999 APHA, AWWA, and WEF. (2005).

3.7 msieszidaya

3.7.1 ihdeyananisnsanieseinunimimisnienin il uasianim a gaufuumanifu
ihussifianidiguine uasiiussun w galdiinsadeu Tuisudiudunasgiu duandunssd 3.8
wazthluduinm Sovavvesiodisiinuumsgiu Ingldgnsi 3.1

L. L. TNNRUFTEEVH UL RIS U
foravdnathsiithuynsgu = — X 100 3.1
UTUTIRE VA



http://www.pcd.go.th/count/lawdl.cfm?FileName=3_14_water.pdf&BookName=กฎหมายเกี่ยวกับมลพิษทางน้ำ
http://www.pcd.go.th/count/lawdl.cfm?FileName=3_14_water.pdf&BookName=กฎหมายเกี่ยวกับมลพิษทางน้ำ
http://www.pcd.go.th/count/lawdl.cfm?FileName=3_14_water.pdf&BookName=กฎหมายเกี่ยวกับมลพิษทางน้ำ
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o o ﬁ;mﬁuﬁﬂ
aneiu W13 ” ” ” ”
waaAy UaWnin RTEEATA ifan
NNNYATN-LA]
1 AU v v 4 v
5 P v v v v
3| e v . X X
4 Tunsv v v v X
5 wan v v v v
6 unen e v v 4 4
7 ANNTTA v v X X
8 Fan v v X X
9 Aaolsn v v 4 4
10 uwonlude-lulaau v v v X
11 adu v v v X
12 veaudeuviuane (TSS) 0 A v v
13 veaudsazanele (TDS) v v v v
NTININ
14 total Coliform v v v v
winfimesivhnsiv u gaiiudidaegng
15 AADIUANA X X v v
16 DO v v v v
17 o v v v v
18 gauni " ¥ 4 v
19 Conductivity v v v v
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Rl RERETON

ada 4
A8IATIEN

91999

N9NBATN-LAY

1| Aanugu Nephelometric Method
2 |4 Spectrophotometric Method APHA et al. (2005)
3 | Ulof 5-day BOD Test Method
4 |l Spectrophotometric Method
5 | lusm Spectrophotometric Method
6 | man Phenanthroline Method
7| wuennilg Persulfate Method
8 | AMNNTZAN EDTA Titrimetric Method
9 | daue Turbidimetric Method
10 | maslse Argentometric Method APHA et al. (2005)
11 | vigeelsd SPADNS Method
12 | wenlufle-lulaau Titrimetric Method
13 | fiALdu Kjeldahl Method
14 | vpsudsuiuany (TSS) Gravimetric Method
15 | voudsazanels (TDS) Gravimetric Method
NNYININ

16 | Total Coliform

MPN method

APHA et al. (2005)

3.7.2 dndeyanleunliasieiAmeain tnedsigazidenlunisiiae

¥ famolUil

a

- dlThengndnuaznisianiavesteya wagthuuansnugiuuugn (Dot Plot)

- hnswSeuiisuaadnyazi eI 19t NnauaInUgary nglinmegeuauy gy
NeuAeieves 2 Useuns wuudue (Paired t-Test) AisssiutidnAny 0.05

o = = Y s | Ao a I3 |
- imsdSsuiisuRuanyasiseniessuuysslnaiiunisiagesdnsunasesdiu

viesdiu(aun.) wazn1suszlrdugiinig (nua.)

3.8 mMsUszaiadayananisAnen

wmansanunlaluuszdiunuiudeyafnenimunat deyamuimnssunisussdn ns
UslluANULEImNIaUN N Laztalan1sanenengyuy WieduiulseseuuUsenyuvuilen Lile

T usunuuresszuugnswienduy deld
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M15197 3.8 Annsgiuaan it lglunisussidunanunimn

- . . qmmmmdqﬁq
res e 1hfinhu* | iiindur* | sz | ddadssureee

AMANYAILNININIBATWLAZLAS
@ (Co lour) Pt-Co <300 - <15 15
néw (Odour) TaiJudin

Fufea ) ) _ )
AU (Turbidity) NTU - - <a 20
Anudunsa Ang (pH) - - 59 - <92
9n%lauazay (DO) un./a. >4 2-6 - -
Ulaf (BOD) 1n./4. <2 1.5-4 - -
wian (Fe) un./a. <50 - <03 1
A (Mn) 1n./4. <5 1 <03 0.5
ANUNTZAN 1n./4. < 500 - - -
FaLn (SOq) un./a. - - - 250
aaalsa (CL) un./a. - - <250 600
YeaudanvIuany (TSS) un./a. - - - -
vasudsazangla (TDS) un./a. - - - -
lumsn (NOs) un./a. <5 5 <50 a5
waluifle-lulmiau un./a. <05 0.5 - -
IGIE un./a. i - - -
ARDIUANATY 1n./a. . - >2 -
AMENYULNIYAYIIMNEN
Lmﬂﬁﬁaﬂfjaﬂﬂéﬂ/\Ia%uﬁwm MPN/100 | < 20,000 5,000- - 500

ml 20,000

MW *  : The guideline of World Health Organization (WHO).
*nmsgiuaun i luwaaiRafunun sl e

*** . Standard of metropolitan waterworks authority.

Hxx :mmigmﬁwizihmmmmgmmi‘dizmuummm
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uni 4
NAN1SANEI

uamsAnyAtensUssiuannmiivesssuuUssgurudieseluiind 4 Swda 1éun
Jwiaupssadin Jwdndegd JminyEsud uwardwmingiuns  Iesudsnsiiudedieendy 2
3909 A goHl (N.A. - A.A) uasgaudd @A, - W) lneudanudnuaenIsuimsny
szuulsstniane uarssvulsslunata faelumsifudiegne Ao uvdsiifudiduumaai
Aulumandmimansinudds madlienesitoyslubadfuaznisedusenantsinuniiseasdon
dawiolud

4.1 Namsﬁnmé’nwmz@mmwLmda‘fﬂau
faAfuldvinaAuiegsiiuvanihiu 12 wit dwsuiluldlunsdatiussun wasfiu
fhegsiiveininnouddsruunssdninussunthulydruesueuresimiauassivdin . 1w
Homniifissszuulszdmesdimiaunssdnuiduidveimi  sen1sAnuwdnuneamnines
wiashAvan 12 wis seluraenedy wazggudsiludleutuampsgulumedl 36 Seuay
Sunusedefiuesgn agllumsedl 41 manisemTiensinunwiAuresimin
uassedin wandlumaedl 4.2 wansemTieneiaunmdluleiindivesssulssin St
uAsTwd uandlupad 4.3 LLazmamsmaﬁﬁLfmzﬁ@mmwﬁﬁwaﬁmi’ﬂ%qﬁ Jandnussud
wazdaningiund wandlumsadl 4.4, 45 woy 4.6 iy mamTleTesitoyanua AT
swazidon duiolud
4.1.1 HAMSANBIANBALNINIEAIN

MNHaNSANEEN YU NIEA MYBNMAAY  wudithAuTesssuuUsEUvesiy 4
Jwin  JdnwaEninMen RIuEInsgIumiwesenuty  Arnudunin-ane  uargungd
oty i@ desanniiSruausetheildinmsgluGesdludmin uasedun wasdundl winfu fee
v 917 waw 75.0 muddu (maadl 4.1) lnewuflundshivvessruulssiugaanan Sia
uATTIEAIN (M3197l 4.2) wagunasifvresssuussuninaimi Smiadend (e 4.0)

P13197 4.3 uansransBnwdnuarAmNWINsEa Al wagdaniw Aiverin veq
szuuUssUtulndussuey Ymiauasredn Wufissssuulssduiaienvidulusuussuy
Usshidnidendussuuussunililumsinwaded  mamsfinwmui dnwasannimiresuein
ihehunasianasyuludnsuwdahauiii g lunmsuEmiuseu damsnenin wiuagdinm

4.1.2 Han1sANYIENBAENINAL
PNHANTANANYUENUATIYRMMEIAY YINIUTEUNgUAUANNNATTIULTANINEY
Au wuan J9urufeg 19N IuLInTgIuSoras 100 Taun Anwan AunTEane Fame Aaslsa
worludelulasiau wazariadu Tuvazidieendiauazaisl wazadled ddedrarAuiiniy
wnsgvedlugieiesas 50-100 wagsauar 50-58.3 ANNAIAU waslileguan1TiAsIzRunlusY
L U ! U U a L U U a L U o L4 dl a o
Janda wud Fmdauassvdun Jwmdndegl uardawiayitud (5N 4.2, 4-4 uag 4.5) 91U

a o

mag1eliiuinsguAeudegs InsanzansruvUssiatniig kansinuasdniiauniluugs
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WU seUin1svuilouvetarsdunsd dedamarinlviliunadioandiauazaleurdaA1finitnue
UINTFIWWNEUIRIAY wazszuulTeU1vesdaninuassIvanl wudn Idegreiliiiuunsgiuly

1 a 6 = = v} 1 1 =
Asdlmesuusntla wagluwsy lussvuuszundiestilng wagszuuUsyUmgunuain (m15199
4.2) AUAIRU

4.1.3 NANITANYIENBAENINYININ
MnransAnwdnuuzuranihiuisuuiedfikiumnsguneianmiovas
100 oniiu Saniunssvdun wudn Sduiuiedsinuansgiunsdainmiesas 833 lngnud
uEhAvEmEUsTUUUssUmsranaln uavssuudssdaiing (519l 4.2)

d. o o 1 d‘ 1 1 901 a o U a 9°J
A13199 4.1 @7UIUIUMIDYNNIHIUNIATT UL SUIAUE NI UNTHaRUNUTEUN

g S
g
3 c
= (63
<
=
= £
> o
X s = £ =
WuUNAnE — = = > R ~ —_ E ~ <
- < I~ —
~ B o = o € > > | = > = > £
3 z z £ P £ z g £ & £ z £ s
L = € = £ © = bt - £ st s = -
N
% S '()5“ < < = 33 L= % (< vsv "E ug g
3 c @ G = s = = @ & = < g
e I b = = [ < @ — > ) I i
e = z 2 B G (=] = = = ng
& Q = < (4 € = £ [
@ = e ,,;.; ‘oﬁ
& 2 @
® =
= @
c
&

1. UATIVENN 91.7 | 100.0 | 100.0 | 83.3 | 100.0 | 91.7 | 100.0 | 100.0 | 100.0 | 58.3 | 91.7 | 100.0 | 100.0 | 83.3

2. Emﬁ 75.0 | 100.0 | 100.0 | 50.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 50.0 | 100.0 | 100.0 | 100.0 | 100.0

3.‘Uﬁ ue 100.0 | 100.0 | 100.0 | 75.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 50.0 | 100.0 | 100.0 | 100.0 | 100.0

4. eﬁuw% 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 50.0 | 100.0 | 100.0 | 100.0 | 100.0
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Uszudug e Uszmgvaain Uszurtlminuasuau* Usziiung Uszunfioadalng UszUglinnaduauys**
w1iinas (Parameter) e (Unit) ANATZIY

anku aquis anku aquds aneu aquds anku quda agku aquds anku aquis
BN
1.4 Pt-Co <300 91 19.33 337 20.67 174.33 213 209.33 142 12533 99 174.33 114.33
2. Ay NTU - 9.43 11.43 40.97 3.1 153 19.2 18.07 542 12 7.32 153 12.23
3.pH - 5.0-9.0 7.53 7.44 7.2 7.79 7.02 7.07 7.29 7.01 7.03 6.91 7.02 5.63
4. gungil °C LﬂUIUGIZM 30.2 27 29.7 26.2 28.5 32.1 30 28 31 28.8 28.5 25

5IIUVIA*

wadl
5.00 un./a. > 4.0 4.9 8.03 2.61 5.17 a.27 a.17 4.15 4.09 3.42 4.52 a.27 6.44
6. win un./a. <50 0.303 0.448 0.903 0.285 0.921 1.387 0.817 1.61 1.706 0.453 0.921 473
7. wsmila un./a. <5 0.25 0.342 1.55 0.058 0.3 0.517 0.4 1.242 9.425 0.075 0.3 1.75
8. ATIUNTZANY un./a. < 500 99.33 67 91.33 67 82 61.33 60 ar.67 118 71.33 82 113.33
9. Fawln un./a. - 0.061 0.045 0.006 0.055 0.0127 0.0327 0.005 0 0.0191 0.014 0.0127 0.015
10. Aaalsd un./a. - 24.44 15.31 22.62 14.46 22.88 8.51 54.59 81.96 211.35 137.83 22.88 260.37
11. veoudsurauasy (TSS) un./a. - 52 133 85.33 4 41.33 252 78.67 16.7 84 145 41.33 15
12. swdsazangls (TDS) un./a. <1,500 213.33 202.67 270.67 177.33 169.33 342.67 217.33 360 588 913.33 169.33 1260.67
13. {lof un./a. <2 1.32 3.296 177 1.364 173 3.498 1.53 4.07 132 2.882 1.73 3.59
14lunsm un./a. <5 1.198 0.507 6.043 0.175 0.971 0.041 0.609 0.024 1.246 0.034 0.966 0.74
15. wosllanile-lulaiau un./a. <05 0 0 0 0 0 0 0 0 0 0 0 0
16. MuALdu un./a. - 0.014 0.37 0.014 0.037 0.028 0.75 0.033 0.98 0.023 0.89 0.028 0.33
Fanw
17. total Coliform MPN/100 w@. < 20,000 14 23 >2400 0 170 5 >2400 540 94 2 170 0




A1319% 4.3 nansAnwanwazAumnauluveini vessruvUssliulrinussuey 3amin

UATIIVEN
. . . Uszunduluslnussuau*
WI31UMDI (Parameter) %28 (Unit) ANUINTZIU
aauu gauds

NYAIN
1.8 Pt-CO <300 206.67 68.67
2. ANUYY NTU - 28.3 10.07
3. pH - 5.0-9.0 8.88 7.95
4. gaungil °C Julunusssuwfx 31 324
LAl
5. DO un./a. >4.0 5.87 5.71
6. Wan un./a. <50 1.461 0.257
7. wasnnila un./a. <5 0.783 0.175
8. AIUNTLANY un./a. <500 52.67 22.33
9. daLue un./a. - 0.034 0.004
10. aaalsh un./a. L 24.18 14.46
11. vpudeuviuany (TSS) un./a. - 26.7 9.2
12. vesudsazangld (TDS) un./a. <1,500 78.6 169.33
13. {lof 1n./4. <2 1.73 3.168
14. Tuwmsm un./a. <5 1.188 0.871
15. uanluile-lulnau un./a. <0.5 0 0
16. Mdu un./a. - 0.028 0.33
I
17. total Coliform MPN/100 wa. <20,000 130 33
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W5 Siaed . . szuulszthiiadnid* | ssuudszunanlng
%28 (Unit) ANUINTZIU . .
(Parameter) fanu fouas galu | gguds
N8N
1.8 Pt-CO <300 382.33 46.33 87 50.33
2. mwmju NTU - 48.97 7.36 3.94 4.15
3. pH - 5.0-9.0 6.66 6.5 6.72 6.58
4. gaungil °C Dulumusssuwf* 30.3 24.5 30.9 24.7
1Adl
5. DO un./a. >4.0 4.02 4.33 0.46 3.79
6. \Wan un./a. <50 0.324 0.357 0.879 0.657
7. henfd un./a. <5 1.817 0.633 0.305 0.5962
8. AUNTEANS un./a. <500 8 13 45.67 30
9. Fan Uun./a. - 0.0095 0.0023 0.0029 0.0294
10. paslse un./a. - 6.24 38.18 34.19 83.66
11. vaaudauiuany
un./a. - 60 10.5 30.67 1.5
(TSS)
12. vaaudaazansld
un./a. <1,500 121.33 242.67 110.67 109.33
(TDS)
13. Ulod un./a. <2 1.7 4.987 1.51 3.579
14. lumsn un./a. <5 1.824 0.263 0.405 0.02
15. wonlande-lulniau 1n./8a. <0.5 0 0 0 0
16. AALdy un./a. - 0.033 0.37 0.019 0.33
Fanm
17. total Coliform MPN/100 u@a. <20,000 540 0 33 49
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- a aw e ssuvUszUnAUIa
w5 mas . . EEAVUTEEATRE R L IMGNTE R aus
%2 (Unit) ANNINTFIU Uszlauge
(Parameter) .
gaelu gauds gaelu Qauds
NBAN
1.8 Pt-CO <300 46.67 a9 76.33 59
2. mmszju NTU - 2.2 3.96 2.4 2.32
3. pH - 5.0-9.0 7.69 6.64 7.3 6.63
- Wulumu
4. gaungi °C - 30.8 29.7 31.9 26
* §ITUBIN*
1Al
5. DO Un./a. >4.0 4.53 4.67 3.53 4.57
6. Wian Un./a. <50 1.549 0.487 1.824 0.544
7. walanila un./a. <5 0.033 0.275 0.017 0.125
8. AIUNTLANY un./a. <500 34 20.67 14.67 16
9. Fawnn un./a. - 0.0038 0.0001 0.0066 0.0018
10. Aaalse 1n./4. y 10.92 12.48 8.06 11.63
11. YT auIuaDY
un./a. - 38.67 10.7 18.67 35.7
(TSS)
12. vaaudsazansls
un./a. <1,500 93.33 201.33 30.67 208
(TDS)
13. Ul un./a. <2 1.67 5.353 1.95 5.045
14. lumsn un./a. <5 0.329 0.048 0.035 0.005
15. wonlande-lulniau un./a. <0.5 0 0 0 0
16. AALdy UnN./a. - 0.075 0.33 0.056 0.14
Fanm
17. total Coliform MPN/100 wa. <20,000 49 33 79 0
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M1319% 4.6 HANSANYIFNWULAMNINNAUVDIR N InETUNS

szuudszUmAuIanIua

wsdinas szuulssingiinnagsuns v
%78 (Unit) ANUINTFIU nnay
(Parameter) .
gaelu gauds gaelu gauds
ANYAIN
1.8 Pt-CO <300 132 73 87 131.33
2. ALYy NTU - 5.47 3.48 5.44 0.33
3. pH - 5.0-9.0 7.36 6.7 6.95 6.99
- Wulumu
4. gaungi °C - 33 30.2 325 29.8
* §ITUBIN*

1Al
5. DO un./a. >4.0 5.02 8.02 4.44 6.6
6. Wian aun./a. <50 0.083 0.522 0.045 0.511
7. walanila un./a. <5 0.217 0.242 0.15 0.625
8. AUNTEANY un./a. <500 10 11.67 12 5.33
9. Fawnn un./a. - 0.0029 0.0052 0.0063 0.004
10. Aaalse 1n./8. - 7.8 5.96 15.34 12.48
11. YT auIuaDY

un./a. - 18.67 6 13.33 16.7
(TSS)
12. vaaudsazansls

un./a. <1,500 54.67 162.67 116 218.67
(TDS)
13. Ul un./a. <2 1.7 4.752 1.83 3.498
14. luwsn un./a. <5 0.29 0.895 0.42 0.891
15. wonlande-lulniau un./a. <0.5 0 0 0 0
16. MuALdU un./a. - 0.014 0.61 0.056 0.42
Fanm

17. total Coliform MPN/100 wa. <20,000 33 5 49 33
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4.1.4 mahaszinsadnvasfuiilénantinyssn
4.1.4.1 Sn¥aLN1TULANUIBITaYE
Srvuzmisuaniastesdeyanmnimihiu uandaeukuginuuga (Dot Plot)
fagud 4.1 Tnsgamniifimbeduwadea amnuthlwihdmheduliadumd/a. dmhedu e
Pt-Co Aruguiiviaeidu NTU warladvesuuuaiiFedanun finiaedulalad/100 ua. dau
mafinosfimietmheduiiodniu/ans kamslnnesiagudnuagnsuanuastdiiu 3 nau feil
1) doyanuaminiifinisuaniaddndifeauy Log-normal wieidan Aediaufideyags
Tugaedns wagiienfiguindutaudlinndgn wsdwesnguildun aanuvili 3
A lumsv widn uwanila damin aaslsd fiadu vewwdeioun vosudsazane
Favun vosudsuuassiomn uasladnosuuunieiomun
2) doyanmaiminiiiniswaniasdndifiesiuy Normal udenuuund Aefinruideyags
Tutarinans wasligunsandnesediadt wisiimesnguilldun sondlauarans gamgd
TERATIGE
3) doyanunmihiidnswanuaddndifssuuy Uniform Aefianuddeyalndifesiunasn
P29 winfimeiinudnuaedldun anunsedig



% 8 0 off B8 8aa

0 08%5 88

I
.00 . 400 500 800 10.00
DO

T I I I I I
100 26.00 28.00 30.00 3200 34.00

Temp

] Q I IQ& £ (‘}a(ﬁi‘) Q0 I
50 600 650 7.00 750 8.00
pH

%"OO Q (@]
T T T 1 T

1
000 250 500 .750 1.000 1.250
Conduct

8%?@3?@ 88  aa

I I I
.00 100.00 200.00 300.00 400.0

fn

1000 2000 3000 4000 5000 6000

Turbidity
Color
gé’v 0 ng n ng fo) . { O] | (I)
00 200 300 400 500 6.00 .00 2.00 4.00 6.00
BOD Nitrate

29

SUM 4.1 URuUDIUUURALAAINITHINLINBITBYAAMAIWINAY (Temp (°C), Conduct (mS/cm),
Color Pt-Co, Turbidity (NTU) uazladvlesuuunaiiSeisnuaiiviaedulalail/100 wa. dwu
msdwesnwdelnihaduladniu/bns)
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sUn 4.1 LLNUﬂﬁLL‘U‘Uﬁ}@LLﬂmmiLL‘\]ﬂLLﬁlﬂﬂJaﬁsﬁagaﬂmﬂWWﬁﬂaU (#19) (Temp (°C), Conduct (mS/cm),

Y U

Color Pt-Co, Turbidity (NTU) uazladvlesuuuaiiSeisnuaiiviiedulalail/100 wa. dwu
wsNwesmvasinuisiduliadnsu/ans)
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JUN 4.1 UHUNIWUUALAAINITHINLINBITBYAAMAININAY (518) (Temp (°C), Conduct (mS/cm),

Color Pt-Co, Turbidity (NTU) wazladnasuuuafisevianuainiiodulalail/100 va. du
msdwesnudeimhaduladniu/ans)

4.1.4.2 nMaWSguiiguszninegauasiunaely
mMaSsuieunudnunsiify sErIngauaaiuggay vimsaselagly
MsvadouaNLAg B UANAABYRY 2 UsEInT LUUTUE (Paired t-Test) Aszfutiudifey 0.05
Tnefausfgrumvaaeutesusiasmsfimesdeluil
auAgIUINg, Ho Wy = 0
AUNAFIULES, Ha g # 0
lng g aaﬂlﬂLQ%EJ“UENN@G]INGUENWWi’]ﬁm@%ﬁiﬁﬂ’mﬁﬁauluqaLLéj\‘iLLazi]g]BJ‘LJ
YosusiarIrUUUTEUn (Rassdandnldainnslielunguisiaudiaudealugei) TneRarsan

EEANNIPEATRV PEATIE

pansnneiasuldfinmeed 4.7 Tnefideasunnnisuisudioudsd
1) doyanunmmihiifidederassggliunnssiusgaditeddyn1vadn Hun o 3
autu luasy wdn uneniila anunsednaianue dama paelsd veaudeimun
vowudsaransrioun uazladrlefuuuniideismun
2) doyanunminiidanadenaudsgeningaiu léud eendiauazans enitli dlod
was iAoy
3) doyanunminfifidiadeggudswiiniiganu W gamgl uasvesuduriuassiue
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a = a ) o a ] v W
MA19719N 4.7 Naﬂ’]iL‘UiEJ'UL‘VlEJUﬂmaﬂ‘HmSU'WIU izwmq@umﬂm@uc]u
o v A - . . FIUIUY o NARNY P- Y
A10UR M55 MY 99 o AlaaY S Joasu
v [N ALARY Value :
2ONTLIU uad 12 5.37 LANANSTY
1 un./a. 1.57 0.002 v )
ayvany WU 12 3.80 (gauasgenan)
- - Lad 12 27.67 WANR1IY
2 AN waded -2.94 0.003 v 3
T WU 12 30.61 (9auaes1nin)
. uag 12 6.82 L.
3 ey - -0.32 0.061 lalumnanaiu
A 12 7.15
. nam . uas 12 0.40 wANA19U
il anuilaiy | fadduud/ v, 0.12 0.012 M .
2] 12 0.27 (99LA%EIN21)
- , uas 12 84.78 L.
5 & i Pt-Co -75.36 0.058 lalumnanaiu
AW 12 160.14
. 6N 12 6.69 L
6 AU NTU -8.27 0.089 lalumnaaiu
! A 12 14.96
R Uad 12 3.83 WAnF1ITY
7 Tlod un./a. 2.17 0.000 v
2 12 1.65 (auasgenan)
Las 12 0.30 L
8 Tuimsn 1n./a. -0.91 0.086 laumnaaiu
A 12 1.22
. wag 12 1.00 L.
9 AN un./a. 0.14 0.722 lalumnanaiu
A 12 0.86
- uad 12 1.04 L.
10 walenild un./a. -0.19 0.850 lalumnanaiu
A 12 1.23
AUNTEA un/a. Tusy Lad 12 43.69 D
11 z @ -11.06 0.082 lalumnanaiu
YNVUA CaCOs A} 12 54.75
. 6N 12 0.02 L
12 T 1n./a. 0.01 0.138 lalumnanaiu
A 12 0.01
. 6N 12 56.49 L
13 Aaplsn 1n./a. 19.71 0.381 lalumnanaiu
A 12 36.77
o« Uad 12 0.49 WAnFITY
14 AL 1n./a. 0.46 0.000 M .
W 12 0.03 (auasgenan)
RN Las 604.13 L
15 z un./a. 311.33 0.217 lalumnanaiu
INUA A 292.80
LRI WA 12 14.15 .
WANANSTY
16 LUIURDY un./a. A} -32.74 0.003 v &
4 12 46.89 (Q9La9RIN17)
7991 v
LRI Las 12 366.61 L
17 z 1N/a. 187.06 0.056 lalumnanaiu
ATANYYINUA u 12 179.56
Tranasy Lad 12 57.50
18 wuAdiisy 1aladl/100 wa. pl -45.08 0.528 lalumnsnaniu
z 12 102.58

Y19RUA
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4.1.4.3 nswSBuiiisussninmissnuifuiinvey
nMaiBufisunudnuaziniu seniessuudssuniduiunislagesdng
Unasesdruvieadiu (eun.) uaznisuszurdrugiinia (nUn) vmsiinszilagldnismaaey
augagmlﬁlmﬁ’uﬁ%aﬁ'mm 2 U52%1n5 WUU Independent t-Test fiszautiaddry 0.05 lnedl
AuRgIUNIRABUTaURay e RsaluT
auAgIUINY, Ho W= W
auyAgIULEs, Ha o W W
Tne W uaz L Aednadsvesmisiwmesildanifvresssuutsedn
aUN. way NUA. MRy ‘Lumilﬁué’aaéwﬁaamq@ma TneszuuUsedn aun. 1 7 wias lauwn 1) nu.
UATTIYALN NN 9A 2) Nu.UATIIYEN Nuzgamiain 3) nu.uasTedn Avuesueu 4) nu.dalng
5) ve.atalug 6) ne.Asweu Laz 7) we.dszlauds daussuudszdn ada. 8 5 wis laun 1)
nun.wng 2) nun.asys 3) nua.dleadund 4) nuaidlesasuns wae 5) nun.iilosyssug
nan1slnseaUlddinansd 4.8 Tnsnanisinszinuinuaimiiiu
dulngluszuussiiduiiunisineisaemisnulifauwandsiuegied deddynisads
s iunsdisadedamaiinuinifuresssuutssi sun. Sargentszuudssn nua.
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A1
o o A - . . PN U o Weauy P- v
19U N5ARDS el o ALRaY o3
U PR RN Wnsg | Value ;
U
- aun. 14 4.32 1.75 lalumneing
1 paNTLAUaTAY un./a. 0.342 o
nuA. 10 4.95 1.29 AU
- - aum. 14 29.24 2.47 laiumnang
2 NN LHALEE 0.824 o
° Y aun. 10 29.00 2.61 nu
- aun. 14 7.08 0.34 lalumnang
3 NeDY - 0.225 o
nuA. 10 6.85 0.57 nu
. o am . aUN. 14 0.39 0.37 lalumneing
a Anuti i o/, 0.319 o
nuA. 10 0.25 0.23 nu
- . aun. 14 112.19 | 84.09 lalumnang
5 d “ulY Pt-Co 0.526 o
nun. 10 136.83 103.16 U
\ aun. 14 9.81 10.50 lalupneing
6 AIUYU NTU 0.630 o
: nuA. 10 12.25 13.96 !
o aun. 14 2.47 1.15 lalumnsng
7 led un./a. 0.292 o
nuA. 10 3.11 1.59 !
U, 14 0.88 1.55 lalumnsng
8 Tumsn 1n./a. 0.595 o
Aun. 10 0.60 0.54 nu
. aun. 14 0.78 0.54 lalumnang
9 NGh! un./a. 0.371 o
AuA. 10 1.14 1.36 nu
- aun. 14 1.46 2.86 lalumnang
10 wasnia un./a. 0.418 o
nuA. 10 0.69 0.66 nu
v un./a. lusy aun. 14 55.79 35.89 lalumneng
11 AUNTTAIVIINUA g 0.300 o
CaCOs3 aua. 10 40.03 35.69 nu
aun. 14 0.02 0.02 LANMN9IY
12 Fawn un./a. 0.019 (aUn.as
nuA. 10 0.01 0.01 N
n31)
. aun. 14 44.48 60.05 lalumneing
13 Aaolse 1n./a. 0.856 .
nuA. 10 49.64 78.09 nu
o« aun. 14 0.25 0.29 lalumneing
14 MIGIS un./a. 0.740 o
nuA. 11 0.29 0.30 !
Py U 10 29227 | 275.12 lalumneing
15 VDIUTIWIINUA un./a. 0.732 o
nun. 7 350.76 419.68 U
YDINTIWVIUADY aun. 14 31.16 26.63 lalusneing
16 g aun./a. 0.887 o
YNUUA nun. 10 29.62 24.33 nu
< z UM, 14 262.19 | 229.48 lalumneing
17 NN ERRRN NG un./a. 0.827 o
Aun. 10 288.33 352.09 nu
Tranasuuuaiise - aun. 14 39.36 48.06 lalumnang
18 z 1Alafl/100 wa. 0.196 o
YNUUA nAuA. 10 137.00 218.33 nu
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4.1.5 aUnanIANIAMAUVENTAY

asUnansAnunEnuuzwER ARy wiiulih SHuufedeiliiusesgul
msrdmeiad Aeendiauazarsi adled uusniila Tunsn uay aledvesuionun Tassiuau
fhegnailiiiuinasgununuraniffuresiminuassdin eradewnaniduundaiiiina
sugavudies vilvilemalunsuuideuasduridreudrann uandotnaluinszidoyaads
wuin dnvardeyavesamnaiivesfiidnuiedisliiuanasgu wu ad uusnia lunsn uas
Aladnesy dnvardeyaiiniuivedoyagiluriedn uansliifiuin Sruiusedsdnlvger
Tugnssnd daudreendiauazareiuazenilen Famuseseiliiumnssulsvanudosas 50
wuiimnuideyagdludnans defu uansin ardlefdinuluudaziiegnsdidAeudiags uasideth
suauaﬂmmwmmmiaumwmmumﬂmwmqmma WU lmmmmemaﬂuammuammma
afif uasidleiUToufieunanunmihAussrmthenuiisuieeu wuih liflanuuandisiuegad
odAyneada eniu Anadedainiinuinifvresszuuyszd aun.aziiArgandtszuulszun
nua.

4.2 wan1sAnwdnwazAnnInUEU naanliguitenlsamdnuiuseun
a a o Y o 3 LY 1 g = I 1 1 o
MAdelavinisiuiegrsilssdnananiguineneusenainlssssdn 13 une 1dlunsia
amiwuﬂmmwmﬂium LwamﬂiyLmuﬂmmwmﬂsyuﬂmsuﬂﬂmEJUﬂummmumﬂiuﬂﬂumsw
7 36 3aaa°fmmumamqmmmumm%m ailﬂum’mw 4.9 uay mamiammvmmmwuﬂma
avlSnveITEUUNaRLNUsEU U IanATIvaNn Fogil UITUE wazgSuns wandlumsei 4.10-
4.13 gy wnan1sAnwaun Uz s aanliguinenlswdnuiusendiseaziden deelull

ﬂ. o o 1 tﬂl 1 go/ =1 1
f1519N 4.9 aqﬂmmumasm'wmummgmmﬂizmmﬂamuquma

13
[

NYAN
VAN

Nufidnwn 5 o = - En s 5
— = oh [ = S £
3 g z g > £ > > 2| 2|2 &
9 > = ~ £ © £ E P & | 2 S
3 =4 & = < = n 0 = < @ >
| E|OB|CENEE B B B Bl 22
€ c - 2 = S| & 2
- [}
[c
1. UATS1vEN 533 91.7 100.0 100.0 50.0 66.7 100.0 100.0 100.0 8.3 100.0
2. Uﬂﬂ“ﬁ 100.0 100.0 100.0 100.0 100.0 83.3 100.0 100.0 100.0 0.0 100.0
3. ﬁﬁvllfj 50.0 100.0 100.0 100.0 75.0 100.0 100.0 100.0 100.0 0.0 100.0
4. fﬁuw% 25.0 100.0 100.0 100.0 100.0 75.0 100.0 100.0 100.0 0.0 100.0
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4.2.1 HANSANYIANBALNINILAN

mﬂmamiﬁﬂmé’ﬂwmzmamamwsuaqﬁﬂﬂismmﬂamﬁqumaﬁiiaﬂizm 4
L‘U%'EJULﬁauﬁuﬁwmwmiwgwuﬁnﬂizﬂw (3197 4.9)  wuhdauiegeiiidnsaanienineiy
wwsgudesar 100 Tumnsilimesnnudunsa-sns wagermnueu  T¥esazdiuiumenaiiiiy
wmsguSeray 100 sndiudminuasedun S5uuieteiikiuinasgutesar 917 dnveusth
nemeaeludes 3 nuhdwawiesuiiunassueglutieiesay 25-100 Tuusaogeiil
rusnnsgIud euyndmia onu fmiadugd szuvdssurfinsranuliywilubesd W ssuu
Uszdun19e seuudssyn a.fiung ssuudssnliosdilng was ssuudssUwinuadiodwss 3anin
uAsTvEN (3197t 4.10) dhulufmdagiund nusiissuudszunidlesaiund wasszuutssnsua
fawou (M99 4.13) uazdsmiayEsudnuiissuulszuidiesdminyisud (msei 4.12)

4.2.2 NAMSANYIANBALNIUAY

MnHaNsAnyEnvzaaivesiszU anaoiguitefilsmantiussun
WisuisuiuAmanguiiUssdt anuanisinsnasdiuldiniiussuinnaniguine ilswan
szl f¥ovazsuruietsiiniuminsgiudesay 100 (15197 4.9) 16ud Areaelsd veauds
W1Lap8(TSS) vasufsazaren1 (TDS) wagluwsy lurmefienaududumdn wenda uazeaadu
anA1s aglugisdouay 50-100, 66.7-100 ar 0-8.3 MUE1FU waziflaguanisinsgriinluseg
Fam¥a wudn apunmiitlidiuinasgulugngdmia fe Arasiuands Tasanigludmin
a3uns(ananadt 4.13) ot hifdeddlaaeriuansgiu duannududumdnlub wuind
shegraiussuilsiiuanaspulufmnuasmedn wsdmiayisud medl 4.10 uaganai
4.12) uardighothahiilalhunesguaanududuismanuludmipuassdnuazaiuns 49
Lﬁaﬁf\]’limwa@mmwﬁwauiﬂwudﬂﬁﬂ‘%mmmﬁﬂLLazLmeﬁaLﬁummgm g fuiidanda
uAsTIvE f5uaufedeiliiiumnesgiuannmivesusniia fadu Sedanadululi
Homnafistureandnuazuanmila 0199snainszuIunsHant uandogamuamihlasaziden
ud wut e dildiunnspundnuasksndafusegnaifinnannisuantivesssuy
UseUndleathlng UssUrdvausy warUselnfinne (1131971 4.10)  aeppdesfiuseanunsuseidiu
sruUUszdmadudmng i wui szuusdaUszUflesnuuuizeraansinifivueainnaznoud
ldwaneauiifosar 40 way 20 dmsusvvurdndssinauianazn1sussdigiiaig auaiu (W

Suns wazAe, 2560)

4.2.3 NANITANYIENBAENINYINN
MnHaNIsAnENaETanwees tanieudsuiunesguiiussun ag
SrurudesiiiuanasguiiuszuTluased 4.9 9nsanisinuasdiulddn f5uiudedis
sztifihusnasgiunsianimiesay 100 fusamsfnwluiFesanaeiunnds vasiuseu
o fg@Lﬁmﬁ’uﬁf%ﬁmﬁﬁﬂdwmmyuﬁmm
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. P . UszUrdulusvues - “ e Uszdnaiinannua
wsinas o Usziawnen Uszdruzauain UszUane Uszudiastalngy *
i i uau* @ e i
%98 (Unit)
(Parameter) UINIZIY
el aauds aaelu aauds aaslu AU aaslu AU e QAU e AU
AN
1.8 Pt-Co <15 17 19.33 3.67 6 24 7 19.67 31.33 37.33 11.33 5 60.33
2. mwmju NTU <4 2.03 1.42 1.19 1.31 4.24 0.72 1.82 2.02 177 0.93 0.52 1.78
3. pH - - 7.25 7.44 7.82 7.58 8.88 7.02 7.09 7.21 7.12 7.22 7.65 7.03
4 qmmﬁ °C - 30.1 27 29.6 26.1 31 30.5 30.6 26.8 29.9 274 28.4 25.1
GH
5.D0 un./a. - 4.96 8.03 5.06 7.4 5.87 5.79 3.87 523 4.42 4.55 598 6.84
6. \Wan un./a. <0.3 1.822 0.172 0.086 0.198 1.309 0.126 0.186 0.393 1.354 0.317 1.309 0.387
7. wasnia un./a. <0.3 0.025 0.058 0.025 0 0.033 0.1 0.033 0.783 9.225 1.583 0.025 0.708
8. Aaalsn un/a. <250 31.98 53.06 21.58 15.13 14.04 15.13 58.23 87 225.65 138.68 28.86 15.03
9. vesuiuriuaey
un./a. - 53.33 1.7 52 77 41.33 7.3 40 4.2 84 6.5 41.33 2.7
(TSS)
10. vosudsazanely
(TDS) un./a. <1,500 197.33 175 184 104.33 41.33 142.67 169.33 180 604 917.33 41.33 215.33
11. luasw un./a. <50 1.285 0.772 6.792 0.761 0.357 1.001 0.899 0.07 3.109 0.08 0.899 0.787
12. AADIY un./a. 22 4.33 0.003 1.1 0.008 1.45 0.004 1.525 0.008 0.6 0.018 1.22 0.008
Fanm
13. total Coliform MPN/100 a8 - 0 0 0 0 0 0 0 0 0 0 0 0
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szuulssunioaiod | szuuussdnanalng | szuuussunvuesdsd

W1515imes (Parameter) | wiae (Unit) ANATFIY

ey aauds ey aauds ey aanu
LA
1.8 Pt-Co <15 10.33 233 3.67 6 11 2
2. ﬂ'nmju NTU <4 1.48 2 0.49 0.6 1.73 0.5
3. pH - - 7.36 6.5 7.11 6.58 6.98 3.53
4 Egamgﬁ °C - 28.4 24.5 30.8 24.7 28.3 24.3
1Al
5.DO un./a. - 6.62 4.33 5.02 3.79 6.01 594
6. \Wan un./a. <0.3 0.031 0.15 0.078 0.122 0.03 0.156
7. wasnia un./a. <03 0.025 0 0.15 0.167 1.075 0.167
8. AaplA un./a. <250 6.24 3545 34.32 83.38 7.28 42.54
9. vowdwaauae (TSS) un./a. - 65.33 1.8 20 1.7 110.67 18
10. veudeazanala (TDS) un./a. <1,500 81.33 205.33 110.67 136 98.67 70.67
11. luasw un./a. <50 1.838 0.039 0.343 0.023 1.738 0.05
12. AaD3Y un/a. >2 0.35 0.004 0.25 0.001 0.75 0.012
T
13. total Coliform MPN/100 4. = 0 0 0 0 0 0
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szuuUszlngiinnagiung

szuvUszUmALIasIUanLau

W131%imas (Parameter) |  9uae (Unit) ARSI

ey aauds aany aauds
AENIN
1. 8 Pt-Co <15 36.33 12 34.67 16
2. ﬂ'nmju NTU <q 2.76 1.11 1.83 1.62
3. pH - - 7.62 6.5 7.19 7.3
4. geungil °C - 29.8 29.4 31.1 28.1
1Al
5. DO un./a. - 5.28 7.69 4.59 8.67
6. man un./a. <0.3 0.029 0.222 0.111 0.167
7. wasnila un./a. <0.3 0.025 0.208 0.15 0.625
8. Aalsn un./a. <250 13.78 11.06 20.02 16.45
9. vpsudeuviuans (TSS) un./a. - 9.33 a.6 6.67 2.8
10. v0audsazaneld (TDS) un./a. <1,500 50.67 72 54.67 117.33
11. luimsn un./a. <50 0.405 0.906 0.285 0.869
12. AABTU un./a. >2 0.975 0.012 1.185 0.003
Fanmw
13. total Coliform MPN/100 ua. S 0 0 0 0
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szuuUszUglinnaiesy3sud

szuvUszUmAutaselaude

W1318was (Parameter) |  wae (Unit) ALNASFIY

aoelu AU aaslu aauds
AENIN
1.8 Pt-Co <15 17.33 17.67 4 3.33
2. ﬂ)m’qlu NTU <4 2.2 1.21 0.47 0.3
3. pH - 7.63 6.43 7.3 6.55
4. geungil °C 30.7 29.8 31.2 215
vadl
5. DO un./a. 5.03 6.43 4.36 5.84
6. man un./a. <03 1.269 0.206 0.079 0.165
7. wianila un./a. <0.3 0.05 0.25 0.025 0.2
8. Aalsn un./a. <250 15.34 17.3 19.24 23.26
9. vpsudeuviuans (TSS) un./a. 42.67 7 22.67 53
10. veaudeazanald
(TDS) un./a. <1,500 109.33 208 53.33 204
11. lumsm un./a. <50 0.49 0.014 0.367 0.005
12. paosu un./a. >2 1.05 0.009 0.85 0.011
Fanmw
13. total Coliform MPN/100 ua. 0 0 0 0

4.2.4 n5IATEINEIATasUszUNaaNdguTIIevasTmIauATIIvEHIN

4.2.4.1 SnBLN1TUANUIEITDYE

anwauEN1THINLIsYeIleyanunminUszUnandguitguesiminuassvdnn uansae

WHUATWUURA (Dot Plot) Aegu 4.2 laegaungiitiniholuadea aruinlniin il duiadd
4 aa ! [ 1 1o 1 [ | a sl A A ! &

wud/ga. @vniiedu mie Pt-Co uwaganuyuiinuieilu NTU diunisifiwesiivieiiniieduy

a a o

a a (3 [ Y < ! [ o &
PANIN/BNT Naﬂ'l’i'lLﬂi?%ﬁﬁ?ﬂﬁﬂ‘lﬂmgﬂﬁﬂlﬁ]ﬂLL?]\‘{LG]LU‘LJ 3 nauvian Ay

1) JoyanmunImininNIsuINLALINALAgILUY Log-normal #3eiivln Aeliadundeyags

lugreAdn wazdidnguiadudisdldunndn mdwesnguillaun adudluii &

AU Tuasn wan wuanifla aaolsd Yolaianun YesulasaIeyianug was

SUENLL%\?LLSU’JUQE)EJﬁQﬁQJ@
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I 1
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JUT 4.2 UHuniuuUALaAINITHINLINRITBYaAuA MUz TIRana N sedsdn (Temp (°0),
Conduct (mS/cm), Color Pt-Co, Turbidity (NTU) wagladnasuuuaitiSevisnuaivnihadulalail/
100 wa. dmsiwesivdelmieduliadniu/ang)
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JUN 4.2 ununiiuuugakanInIsLInLIvestayanunminuszsenainlselszl (de) (Temp
(°C), Conduct (mS/cm), Color Pt-Co, Turbidity (NTU) wazladnasuuuaiiseieaiuniniedy
1alal/100 wa. dawmsfiwesivdeiimheduliadnsu/dns)

1) deyanmuami1nin1suanuatlndifiesiuy Normal w3euwuuuni Fedlainudveyags

Tugsanans uasdisunssadiesedlind mniweinduildun sondiauazans Moy
LaTARBIUT IR
2) doyanmuaimifiiniswanuadtndifisauuy Uniform AefimnuiideyalndiAsiunasn
Prmsfimesinudnunsdldun gungd
mafiwosilaildoglu 3 ndudreiu 16un TndwesuuuaiiZoromn deiii
wihiugudlunniednaiveaeuiilsifinisuanuaswesdoya
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4.2.4.2 Mswiguliigusningauasiuganu
n1siSsuiguauaneuziiussrfieananlsalssln sendnagguaiuggiy vinns
Taspilagldnisnegevanyfigiunediuanadeves 2 Usaing wuudue (Paired t-Test) M5e6iy

v o

Weddty 0.05 Inellauyfgiun1snaaauveusaensfiinesanwealull

AULAFIUIN, Ho : Mg =
AUAFIULES, Ha © Mg # O

lng L ﬁaﬁhLaﬁ'asuaqmaﬁiwuaqumﬁmas‘ﬁlﬁmﬂﬁﬁﬂszmﬁaaﬂmﬂisqﬂiwﬂuq@LLﬁaLLaz
QaHuTBILFazsrULUTEU (assdananildainnsldalugquisdaudaaudiediluggey) lag
WasanssuuUsslmnssuy

wams’imiw“ﬁaiﬂlﬁﬁamswﬁ 4.14 Imaﬁsﬁaaiﬂmﬂmstﬂ%uLﬁauéﬁ’ﬁﬁf
1) mauaﬂmmwummmLaaamaaqqmlmmﬂmaﬂuamwuammmaam laun @ Aanugu

lumsn wan wianila Aaslss veauduimue uazveaudsazaieviavun

2) suauaﬂmmwmmmmaaaqmLLaqmqumNu laun eandlauarale wazaauin b
3) mauaﬂmmwmmmmasamLmemmmNu loun gaumgll oy wazvowdiuaiuasy

YHnUA

4.2.4.3 nMsiSeuiiisussninamissnuiifuiiaveu

nMaFeuifisuandnuasinUsziifieanainlsassun seninssuutssu inuiunisiag
psAnsUNATBsAIUYRsdL (BUN) LagmsUsziiduniinim (nUn.) ¥insieseiilaglinismaaey
auy“gmtﬁmﬁummﬁwm 2 U5291n5 WU Independent t-Test Asgautiaddry 0.05 lned
auyPgTuMIvadeUTesIsarnTdimeifde Uil
AULAFIUIN, Ho @ i = W
AUAFIULES, Ha @ W# L

Tne W uaz W FerAnedsvemisifiwesildainiivsziiiiesninlsszuivesszuy
UsgUn aun. uay nUn. mauaIau SLumiLﬁU(?hasmﬂgaaam@ma lngsguusedn aun. 4 7 una
1A 1) uuassvdn AwnNe 2) nuuasYdin Nuzrmiain 3) Munssvdun ivussuey 4)
nu.daluey 5) ne.aialual 6) ne.Asleu wag 7) neusglauty d@uszuuysyUn nua. § 5 wie laun
1) nUa.fiwe 2) nUn.ATYS 3) nun.iilesdanil 4) nun.llesdiums uag 5) nUn.ilesy3sug

namsinsziagUldfanised 4.15 lnenansiesginuihnuaimissuifieanainlss
ﬂﬁzmﬁ'ﬁwLﬁum'ﬂmsJﬁy’qaawmsmuim'ﬁmmLLmﬂ@hqﬁuasi'mﬁﬂ’aﬁﬁzwwaﬁa
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M19197 4.14 Han1sieuliisuaudnuazdiussUmesnanlsausyn seninsgguadiugasy

o w A a s , . o o L 4 Joasu
A10UN N1IHDT it a9 | 9wwAIeEe | Aedy | KaseAnaRy | P-Value | 4 o o . o
v (NIsgnudyaIAgy 0.05)
R WA 13 6.20 1.15 0.009 UANASIU
1 2ONYLIUATANY un./a. M .
W 13 5.06 (9a9g9n7)
~ - WA 13 27.25 -2.62 0.000 wANFSIU
2 AUNN] RRIEHEG! v 4
Y W 13 29.86 (99Ua901N11)
. uas 13 6.91 -0.40 0.009 UANA1eAUY
3 oy v 4
Wi 13 7.31 (QHaIsINI1)
R . uas 13 0.36 0.11 0.008 UANA1eAU
4 A i LR/ V. M ,
Wi 13 0.25 (gHasgen3n)
o , A 13 14.97 -2.26 0.703 .
5 a Wiy Pt-Co Talunnsneiu
tlu 13 17.23
, LA 13 1.19 -0.54 0.127 .
6 ANUYY NTU lunnsinariu
A 13 1.73
168 13 0.41 -1.03 0.065 Taiupneinanu
7 lunn un./a.
WU 13 1.44
- uag 13 0.21 -0.28 0.160 .
8 LWAAN un./a. Talupneinanu
WU 13 0.50
- A 13 0.37 -0.46 0.462 L
9 wasnaila un./a. Talunnsneiu
A 13 0.84
. U 13 42.59 4.39 0.644 .
10 paslsn un./a. Talunnsneiu
Wu 13 38.20
L WA 5 325.87 25.33 0.628 C
11 YDIKTIVIINUA un./a. lalupneinanu
A} 5 300.53
. , Uag 13 4.24 -38.33 0.001 UANANSU
12 YDILTILVIUADEVIINUA un./a. v s
Hu 13 42.56 (QHa9sINI1)
B y A 13 211.38 58.46 0.061 L.
13 KINIRING AR un./a. lalunnsneiu
Wu 13 152.92

4.2.5 asunan1sanwnunwiiUszUeananlselsen

ayUnansfnwdnwazinuszdifioanainlsauszu aziuladn dduudiene

Likunnsgiu 1w A1 dwvdn wusniia uar drraeiuandia Iagwisdime syl
wesglunndamin fo dmagiuandne udegndlsfimueiannmimidanweeaiussinn
frogradeegluinaeininigiu wazilodwaluiinssiteyaaia wudn Amnsdmesifidiuiy
fogralaliunnsgiu 1wy fd Aumdn uazuusnila ddnuazdeyaiiamideyagilugisaisi
wansloALinan a‘iwmuéhasjNahuimgé’qagﬂuszmmﬁﬂ wsogslsimueransliiadgmdmsuns
PethlufigaldeudegislnannssuundninUssl uanidethdeyanmnminanisudisuay
unnssesngna wuiilddauunndrstusgnaiifddymneada ussdlowIousunanmuainiy
Ausewiathenuiisuingeu nui Bifeuuanestuegdifddgymniadn
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M1319% 4.15 wan1silSeuiisuRuanvazinyszdeanatnlsedseln seniessuudsedt eun. fdu

nun.
A »
o w d a s . , . o L4 4 Yoasu
deud M5 5mes PVl YNEY | SWuMIeEe | Anade | Weaun | PValue | 4 o o .
(Nsgauuedngy 0.05)
1INIFIY
- aun. 14 5.44 1.24 0.362 ) L
1 20NTLUATAY un./a. Tdumnaneiu
nua. 12 5.85 1.00
R . aun. 14 28.89 1.85 0.363 .
2 ouund waLged Tdumnaneiu
' b nun. 12 28.17 2.10
- aun. 14 7.16 0.33 0.511 , Ve
3 Moy - lalunnsinaiu
nua. 12 7.06 0.45
. . em . aun. 14 0.39 0.42 0.149 . e
a ALl TadBiaud/mu. lalunnsneiu
nun. 12 0.20 0.16
i aun. 7 0.01 0.01 0.480 .
5 AABSUNIVILA un./a. Tdumnsnaiu
nun. 6 0.01 0.00
. , aun. 14 13.81 11.52 0.383 L.
6 a e Pt-Co Tumnaneiu
nun. 12 18.78 16.83
) aun. 14 1.35 1.00 0.482 , Ve
7 AU NTU lalunnsneiu
’ nun. 12 1.60 0.67
aUn. 14 1.14 1.80 0.407 . .
8 lumsm un./a. lalunnsneiu
nun. 12 0.68 0.63
- aun. 14 0.44 0.59 0.371 , Ve
9 AN un./a. Tdumnsnaiu
nuA. 12 0.26 0.34
. aun. 14 0.88 2.44 0.405 L.
10 wanndla un./a. Tdumnsnaiu
nun. 12 0.28 0.37
. aun. 14 50.86 61.15 0.241 ) e
11 AaalsA un./a. lalunnsneiu
nun. 12 28.18 24.32
L aUN. 10 271.60 | 298.03 0.295 o
12 YDIUTININUA un./a. lalunnsneiu
nun. 8 165.33 52.89
Ypaudaunriuaee oun. 14 19.60 23.01 0.471 .
13 z un./a. Tdumnsnaiu
N9VUA nuA. 12 27.84 34.06
. Y aun. 14 21729 | 24395 | 0306 .
14 VDILVIATANYVNNUA un./a. Tdumnsnaiu
nun. 12 141.17 65.49

4.3  wan1sAneanerAMA NUIUTEUY l galdnaiateu

maiufmegdlszUnnduseuglduiussdn dildnsndinseinunminUssdn e

ihUssliukaziieuiuannsgiuiiussyn wasihlulglunmsusefiudssnsnmssuudneunussiives

wiagdanin (Distribution system) F1uiumegadfiiunnsgivagulunsedl 4.16 uaswnans

TaszvRuamuUsEUl & eelinesiseu lngazidenvrerianinuasswdnn dunll UItud uas

guns wanslunsned 4.17-4.20 audRy

nazdun sanalUll

Han1sAnwAMAIMUITEUY o qaldnaTiiseudl




a6

a ° o oA 3 v o A o oa
M1919M 4.16 ﬁiﬂmmum@m\‘mmummgmmﬂﬁzﬂwﬂﬂﬁ]ﬂl%umﬂi’aLi’e)u

g S
E
5 g 5
e w®
Hufidnen = 2
5 s| o | 3% - | 3| B| 52
3 z z £ ® £ > > 2| 2| .22
Y = « = £ £ £ = < s S
& =, I NS =~ ng ~ ~ = e - EEN
£ [ I ] < 0 %) i~ s s >
- =2 c = G e n a g g £z
c = o = = = =
© G = 4 = e @ S
< € 32 = @ c &
] @ S
<
1. uAsT1wELT (N) 60.0 100.0 100.0 100.0 50.0 80.0 100.0 100.0 100.0 10.0 100.0
2. wEJ{]‘fI (@] 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.0 100.0
3. ‘qggllé(B) 100.0 100.0 100.0 100.0 75.0 100.0 100.0 100.0 100.0 0.0 100.0
4. fﬁuwi‘ (%) 50.0 100.0 100.0 100.0 100.0 75.0 100.0 100.0 100.0 0.0 100.0

4.3.1 NANSANYIANBALNINIEAIN

MnHaMIANwIdNvENIIEa I UTEUIngldTiedeu  thanisuifieuty
AanasguiUsEUn (15197 4.16) Ut Sunuhednefinuagnsnienmesasgudesa
100 Tumimiwesauty uazifhediaihuszdifigaldnufiniudeuinnasgiud Wesdesas 50-
100 Tnenuhauaminssfigsldnuiiniafeunndmiaussvdinuaraiuniliriuinesgiu
Tudesd Inenuluiiuiivesszuuuszduged svuudssurduneiinng szuudssdndloadilng uas
szuuUssUhuadiousy Smiaunsndin (nsed 4.17) duludsingiund nuluiufivesssuy

Usgwihuafaueu (1371991 4.20)

4.3.2 NANISANYIENBALNINAL

MnwanIsinednsazmaaivenivszul naalithiingaFeu taniusudieus
Anaguilssn asdiuliinivsson a geldnuiiefuden S5uufednafiiumnnsgiu
a0 (M39d 4.16) 1oun wsfised veaudunanaos(Tss) vesudsazansi (TDS) warlu
3N Sevar 100 luvaefidmnududuman wuenila wazAaoIunng agluyefaay 50-100,
75-100 wag 0-10 nwdIRY waziiiogranisinszsiinlusiedmin wudn arnmnindniliny
wmsglunndandn fie ArasiunnAe lnedrasiunnAstesndt 2 lnsangludmindegl
E5u6 wazaiumd (13197l 4.18-20) wudn laifidhedndlaaesiiusnnsgiu dumarudutuman
wazuaenifialuih nuididediniussuniliiunasguluimiauassivdun wasdmiagiuns
Jeaenndesiunanmnimirszunnaniguineresimiaunsdn uazaiund fnudduiun
winuazuasniifuaiasgu Jdanudululi enndidgmilussuu msdisiwssssuuyszd
aoAndBIfiUTIBUNTUTERuTT UL ST aduimng sy inud ssuukdaussurlundesdiu
Tng) F3anahanude Sesar 10 §1 53 vesUSnamiavan wasssuuTBTesIsay S Tnilangns
Tduruunnin 10 ¥ ﬁﬂﬁﬁﬂzgml,ﬁ@mi%’alwa LaENITALa (MYSUNS LAy Ay, 2560) kae
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WulAgIfuN1saTUNan15AnyIved Baig et al (2012) wag Khan et al (2010) Wu31 @1MAN1T
Yuieauvestruszurveiiosludsewmalifaniu 11915 uuna Nt dunaiuiy wagn1susuis
I9N5NLUA

4.3.3 HAMIANYIANBALNIITINN
MnwansAnyIdnuuEnITnInvesi sz igeldauluatateulunised 4.16
wuddegniruInsgIunsEinmsesay 100 wusanisinuludesrinasiuande ves
iuseUn w gaiReafuiieddrdindunsgiufony wanddidufuduiiimeasiuanddly
iszraziiendniunasgu lldsanssnuiiliinsuudeudmedanin



M19199 4.17 Han1sAnwEnyrAuAIMNUTEU1INRlt s auvesiminuassIEin

1% '
] %

&

1Y [

=

a8

UszUdug e Usshuzvsain Usziiang Uszdulieatalvgy Uszhglinadiuauve

W131%ima% (Parameter) widag (Unit) | Awnsgiu

anelu aauds el AU aaslu aaslu qauds el AU anuu
BN
1.8 Pt-Co <15 17.33 18 9 4.33 12 25 32 12 6.67 33.33
2. mwmju NTU <4 1.81 222 0.85 1.52 1.27 1.53 1.44 0.49 0.8 0.35
3. pH - - 6.99 7.19 7.62 .77 7.14 7.07 7.38 7.14 7.18 7.43
4 Egnmnﬁ °C - 30.7 271.2 31.1 271.2 25 275 315 28.6 28.7 28.5
GH
5.D0 un./a. - 5.06 5.75 4.95 77 51 5.35 4.66 4.53 4.84 6.43
6. \wiAn un/a. <03 1.822 0.33 0.086 0.172 0.186 0.23 1.354 0.225 1.309 0.502
7. wasnila un./a. <03 0.025 0.2 0.025 0.042 0.05 0.1 9.042 0.125 0.108 0.567
8. Aaalsn un./a. <250 19.24 50.92 22.36 16.03 58.23 87.63 234.75 142.93 28.34 16.03
9. vowdawaauaey (TSS) un./a. - 45.33 4 42.67 4 33.33 8.8 56 4.3 34.67 3.7
10. veudeazanala (TDS) un./a. <1,500 82.67 284.33 169.33 184.33 200 345.33 644 993.33 41.33 184
11. Tussw un/a. <50 1.101 0.403 7.101 0.615 0.918 0.08 4.082 0.113 0.787 0.104
12. AADIY un./a. 22 3.55 0.001 0.275 0.001 0.75 0 0.55 0.002 0.3 0
T
13. total Coliform MPN/100 4. - 0 0 0 0 0 0 0 0 0 0
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a = o S v A o oa v v o a
M19194N 4.18 Naﬂ']ﬁﬂﬂ‘l?ﬂaﬂﬂmgﬂmﬂqwuqﬂigﬂqﬂqﬂﬂqﬂi%u’]‘ﬂﬂi'ﬂLi@usﬂaﬂgﬂﬂ‘w?ﬂsﬁﬂgﬂ

szuudszriivaasni szuudsziannlvg
W1575imas (Parameter) 178 (Unit) ARSI

ey aauds aany aauds
AEAN
1. 8 Pt-Co <15 9.67 5.67 2 8.33
2. ALY NTU <4 1.22 0.46 0.47 0.96
3. pH - - 7.54 6.57 7.31 6.58
4. gaumadl °C - 34 35.6 31.2 28.8
1A3l
5. DO Un./a. - 5.46 4.54 5.33 4.49
6. man un./a. <03 0.032 0.156 0.085 0.191
7. wusnila un/a. <03 0.033 0.05 0.125 0.292
8. Aalsn un./a. <250 78 35.73 34.06 81.96
9. veaudsuvIuany (TSS) un./a. - 37.33 1.3 41.33 1
10. vouudsazansld (TDS) un./a. <1,500 141.33 242.67 61.33 132
11. lunsn un./a. <50 0.184 0.037 0.319 0.006
13. AADIY un./a. 22 0.25 0 0.1 0
Fanw
14. total Coliform MPN/100 ua. - 0 0 0 0




713199 4.19 Han1sAnwinwazAMn1UsEU1aIngal

1% '

a v oA

BNNATISoUVDIT

[

wingsuns

50

szuuUszlngiinnagiung

szuuUszlmAUIanIuanaLeu

W']i’]ﬁmil% (Parameter) mizg ANUINTFIU
(Unit) <

aany aauds aany aauds
AYATN
1.8 Pt-Co <15 2.33 11.67 22.33 22
2. AU NTU <q 0.49 0.71 1.92 2.28
3. pH - - 7.96 6.59 7.19 6.92
4. geungil °C - 29.8 29.3 31.4 31.8
LAl
5. DO un./a. - 4.82 7.48 4.59 5.81
6. \Wan un./a. <0.3 0.052 0.222 0.176 0.163
7. wsnia un./a. <03 0.025 0.2 0.142 0.433
8. Aaalsn un./a. <250 14.17 9.36 19.76 17.02
9. vosudanviuaey (TSS) un./a. - 1.33 5.7 21.33 43
10. veudeazanala (TDS) un./a. <1,500 56 81.33 9.33 153.33
11. luasw un./a. <50 0.419 0.869 0.483 0.832
12. AADIY un./a. >2 0.1 0.003 0.01 0
I
13. total Coliform MPgl:J;lOO - 0 0 0 0
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a
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szuulssthglinnadiesy3sug

szuuUszlmAutauselaude

W1315ima% (Parameter) iae (Unit) ANLNATFIY

aany aauds aany aauds
AYATN
1.8 Pt-Co <15 3.33 14 2 10
2. ALY NTU <4 0.91 1.46 0.34 0.59
3. pH 7.64 6.44 7.32 6.65
4. geungil °C 30 30.4 30.7 25.7
wad
5. DO un./a. 5.67 5.15 5.42 6.31
6. \idn un./a. <03 1.293 0.2 0.093 0.193
7. wasnia un./a. <03 0.05 0.275 0.025 0.125
8. Aaalsn un./a. <250 14.82 18.72 19.5 2212
9. vosudanviuaey (TSS) un./a. 45.33 5 12 a7
10. veudeazanala (TDS) un./a. <1,500 80 157.33 50.67 182.67
11. luasw un./a. <50 0.505 0.014 0.824 0.146
12. AaD3Y un./a. 22 0.65 0.004 0.15 0.001
Fanm
13. total Coliform MPN/100 ua. 0 0 0 0

4.3.4 nM3AATzineanAvasUszUnaalduluaiiseu

4.3.4.1 dn¥LATLANUIIVASTRYA

anvaEN1THINRIvRIayannn nUTEUIMIRldNluASISoU Landlaaunugil

LuURA (Dot Plot) fegud 4.3 tnsaangiiivieluaduad aanuinliihdmheduliaddumd/su.
aa ! < ! oA ! < ! a sa A A ! QA a o a

vty vl Pt-Co uazauyuiviieidu NTU dumniiwesimaeiivulsiduladniu/ans

a 4 [ VY ! [y o &
N’ﬁﬂ']‘ﬁ’c]Lﬂ'ﬁ?%%ﬁ?ﬂaﬂ‘wm%ﬂﬁﬂl{ﬂﬂLL"NVLG]L‘Uu 3 ngivian AU

1) Joyanmun i ninIsuINLASINALAgIMUY Log-normal #3eiivln Aeliadundeyags

TugreAnn wazderfgainduinawsliunnin wmsdwmesnguilldun sendluazane

AU WA AaeSudasy 3 lumsn wan wuean1la Aaalse V9ILTININUA YDILT

AN LLa%SUENLL%\‘iLLSU’JanEJVTQ%MG]

2) deyanuAININInITUINKIIINALAILUY Normal
Tugaernans waglisunssnaesedeadn madiwesnguillaun gaumall uaviiiey

Y

a a a a v
NIDUVVUNA ADUAIUDVBUAEN

Y

3) deyanmunmiifiinisuanuasindliAgawuy Uniform Aediainundeyalnaifgsiunaen
33 WS fwesnnuanwaziliun wazAuYy
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a cal M Y Yy [ a =
W']s']iJLm@sVl‘lﬂJ‘lﬂagiu 3 ﬂ'sleEU']\Wlu ‘lﬂLLﬂ AABDIUITU ‘UQNE‘ULL‘U‘Uﬂ'ﬁLWﬂLLQQ

oo SR o

I
26.00 28.00 30.00 32.00 34.00 36.00
Temp

B o o

I T
6.50 7.00 7.50 8.00

I
000 500 1.000 1500 2000
pH Conduct
Q) O(§ 8 o
T T T T T 1 T I T T T T
00 .002 .004 006 .008 .010 00 50 100 1.50 200 250 3.00
Cl Total CiFree

gggﬁlﬂngﬁn 8

T T T T T T
000 002 004 .006 .00B8 .010
ClCom

0 1000 2000 3000  40.00
Color

AAIELUY Bimodal #3aluy 2 gon AalAudgINAIgIRaniltazA1f1dnganis uazladnesy
wuATSeviavie aldwiiugudlunndiegiiinaaeuidiiinisuanwasvesdoya

SUM 4.3 UHuDLUURALAAINITHINLIBITBYaAmA M UszUNaldailuaTiiseu (Temp (°0),
Conduct (mS/cm), Color Pt-Co, Turbidity (NTU) uazlpdvesunuaiiseisnaiiviedulaladl/
100 ¥@. dunsdwesnmieiiviieduliadniu/ans)
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Rgmgaa%mlal ng o o

50 1.00 150  2.00 250 .00 2.00 4.00 6.00 8.00
Turbidity Nitrate

g O O 8 o Q

1 1 ] | I I | I I I I 1

o0 25 50 75 100 125 00 200 400 600 800 10.00

ﬁlgaln = fgm O O

I I I | I I | I I |
0 50 100 150 200 250 0 200 400 600 800 1000 1200
Chloride TS

8p 83%0 { 80 O 0

T T T T f T T T T T
60 0 200 400 €00 800 1000 1200
TSS TDS

JUN 4.3 ununiiuuuaaaninisiankasesteyanunmiUsznnaldauluaiiiseu (fe) (Temp
(°C), Conduct (mS/cm), Color Pt-Co, Turbidity (NTU) wagladnasuuuafisevieanuainiedy
Taladl/100 wa. daumsfiwesiwdedviieduliadniu/bns)
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4.3.4.2 MswIsuiigusEningauasiunaaly
naFeuiftsuaadnvuninvszuniigaldnuluaiiFou sendngquisiugeuu s
Anngilagldnsmeaeuauyigiuifsdfudnadeves 2 Uszaing wuudug (Paired t-Test) Aszdiy
ffudfy 0.05 Tneflauyfgiunmsvasouresuiasmnafineifeeluil
AULAFIUIN, Ho: Mg = 0
auyAgIuLgs,  Ha o Me# O
[GERTE ﬁaﬂ'wLaﬁaﬁummaehmwmwﬁLma%ﬁl@fﬁnﬂﬁﬂﬂisﬂwﬁﬁ;miﬁmﬂuﬂ%’aL§au1uq@LLé’q
wazagiluresusazsrULUsEUN (asafandildarnnisldalugguisiudrauiealungu) tns
WasanssuuUsslmnssuy
uamsaseviaglldfemnned 4.21 TneideasuannaiUieudioudsd
1) deyanmamihiidAnadeiiaeggliwnnisiuegsiifoddynisadn léud eandiau
avane gunndl Aae3udasy @ augu luwsn win wuaniila raslsd wazuoduds
Favun

o S Aa a P f YR ° I3
2) FyanmA NINNIARAN9LAIFININg R Tawn Ayt Wil wazvewdaazane
Y199A

3) deyanunminNiAledugguainInIgeHu liun Moy wazvrewlauiuaesvieiun

4.3.4.3 maFeuiiisuseninemingauiiuiiaveu

mMaSsudfisuandnunsihussiriinalfnuluaiiFou sewinssuuussdisuiiunisloe
osAnsUnATesdIuTiesdiu (BUN.) LazmsUsylduniinig (nUn.) insiesesilagldnismaaey
aunAgIuisafudadoves 2 UszwIns LU Independent t-Test Aiszfuaddny 0.05 lnod
ausRgunsedeUTeatisariimesfaelyd

AULAFIUIN, Ho @ Wi = W

aunAgIuLgs,  Haoo W#E W

Too W uag W AeAndsvemisdimeifldaniiussriigalfauluasaideuvesszuy
UszUn aun. waz nUn. AWEwY &Lumﬂﬁuﬁfsas}ﬂquamq@ma IneszuuUsedn aun. & 7 uus
oA 1) v uasTwdan N8u019A 2) Nuuassedin Auguiuian 3) nuuassvdi Anussueu 4)
nu.daluey 5) ne.aialual 6) ne.Aseu way 7) ne.uselauty d@ssuuyszin nua. d 5 wis laun
1) nUa.fiwne 2) nUn.Asys 3) nun.iilesdenil 4) nun.llesgiums uag 5) nun.illesy3sud

namsiaszsiagUldfanImed 4.22 lenansliesginuinuaimiussifigaldeuly
afdeuvesszuussUniiiiunsinensaemhsnulifauuensstuegedfoddynaa
LALINHANIANYITIBUNMTUTERILTEUUUTEU MU aans sy wudtmainauivimeiilunng
AuasTUUNMINaRTiausALansalunsauasyuuiy (ReSuns uazeny, 2560)
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M19197 4.21 Han1sileuiiisuandnuaziiussUmaaldnuluaiiteu senianguasiug gy

RN Wsdimes Y a0 | dwuded Auade | wasieAnade | P-Value (ﬁixﬁugf::’jzﬁiﬁy 0.05)
1 2ONTLAUAZANY un./a. WA 11 5.77 0.69 0.105 Tuupnenaiu
tlu 11 5.08
2 ol LwalTe Wi 11 29.15 -1.23 0.126 sdumneineiu
A} 11 30.37
3 o - WA 11 6.94 -0.45 0.027 waNFariU
Bl 11 7.39 (qudasingy)

a At vl TadTwud/ay. | uas 11 0.39 0.12 0.025 LANENSAY
Wy 11 0.28 (Qgudsgandn)

5 paD Uy un./a. uas 11 0.00 -0.28 0.236 Tuupnenaiu
tlu 11 0.28

6 a nuw Pt-Co | uad 11 14.94 4.15 0.277 Talupnenaiu
Wy 11 10.79

7 ANUYU NTU Ui 11 1.14 0.09 0.581 ladumnsineriu
WU 11 1.05

8 lupn un./a. U 11 0.29 -1.38 0.052 Tuiupnenaiu
A 11 1.67

9 wéan un./a. uada 11 0.23 -0.10 0.520 Taumnsnaiu
A 11 0.34

10 WEINRb un./a. LA 1 0.31 -0.57 0.459 Taiupnenaiu
WU 11 0.88

11 paolsn un./a. LA 11 4531 2.31 0.839 Taiupneinaiu
A} 11 43.00

12 vaaudaionn un./a. 168 5 404.13 130.53 0.061 Tuiupnenaiu
Wu 5 273.60

13 vesudauviuassioma un./a. uag 11 4.25 -29.44 0.000 LANANAY
B 11 33.70 (RQudssinng)

14 vesudsavaneiivun qn./a. uas 11 26733 114.36 0.004 wanAnaty
bl 11 152.97 (Qoudagendy)
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A15199 4.22 nansilieuiisuauanyagdiusedigaldanuluasisey sendnsssuudssln aun.

fiu nuA.
acq:“ ws5diees Vel ey | Sawiedn | Auedy sy P-Value | 4 . iﬂ@f

i U933 (NeenuuyaIfg 0.05)

1 aNTlauazay un./a. aun. 12 5.38 0.93 0.804 lalumngineriu
nun. 10 5.48 0.88

2 R AL uE aun. 12 29.66 2.07 0.841 lalumnanaiu
nuA. 10 29.88 3.04

3 o aun. 12 7.17 0.35 0.933 lalumnanaiu
nuA. 10 7.16 0.50

i Ayl NaaTuud/au. aun. 12 0.43 0.46 0.185 lalumngineriu
nun. 10 0.22 0.16

5 AaeIuILA un./a. aun. 6 0.004 0.003 0.333 lalumnginariu
nua. 0.005 0.003

6 Aaasudasy un./a. oun. 12 0.228 0.717 0.417 Talumneinariu
nua. 10 0.038 0.063

7 AADIUTI un./a. oun. 6 0.003 0.003 0.406 laiunnsneiu
nuA. 0.004 0.002

8 Al U Pt-Co aun. 12 13.28 9.23 0.825 lalumnginariu
nuA. 10 12.37 9.83

9 AUYY NTU aun. 12 1.24 0.71 0.209 Talumnsinaiy
nun. 10 0.92 0.43

10 lupn un./a. oun. 12 1.34 2.11 0.272 Talumneinariu
nuA. 10 0.56 0.57

11 widn un./a. aun. 12 0.28 0.34 0.959 laiunnsneiu
nuA. 10 0.29 0.38

12 WEINRb un./a. aun. 12 0.97 256 0.326 lalumnsnariu
nuA. 10 0.15 0.17

13 paolsn un./a. aun. 12 56.72 67.47 0.237 lalumnginariu
nuA. 10 29.08 25.53

14 yeudaimme un./a. aun. 300.07 331.95 0.337 laiunnsneiu
nuA. 182.67 94.30

15 | vewdwvuasefomn un./a. aun. 12 20.08 20.39 0.771 laiunnsneiu
nuA. 10 17.65 17.63

16 vawudsazansiomn un./a. aun. 12 245.61 287.40 0.419 lalumnsinariu
nuA. 10 167.60 86.49

4.3.5 ajunanmsanwaunmiusziiigaldauluaiiGeu
asunanisAinwanvazulssunieananlsslszdn azmuladn d9wnudiegnenly

AunnsgIu lawn frd Anndn wuenifla waz AeaeIuande laewsfiwesnnuldniuuinsgiu

Tunngdsnin A ArraesunnAna wisgdlsAnuaiaunininnis@ininveniussUmniiededs

aglunauinsgu wasillodnalulnsenideyaada wudl mwisdweinidiuiuiegsliniy

WR5EIU U ANE ATAN uazwuenttla Tdnwaznisuanuasteyalmnuddeyagdlutieisi wand

Tiwiudn Sruudiegsdningdreglugashinn diunisuanuasvesdeyarinasiunning &

AAMUDveIteyageegluYna1s Fauansdt megradrdlng fnstivsunnnasIunnasegunds
LifeAinaueiiimun fe 0.2 mg/L wazillethvayanmun1miiundIguliisuanuunnmiaedggnia
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Useh wasiwsstfgadldnulueihiFeu vilnemsussnuriedowuutsissiuanuideiuies
a¥ 95 (95% Confidence Interval) ¥@IN151TABTAN 9 Viagmﬁuﬁy’q 3 90 waIa KUY
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4.5 nsUsziuyszansniwszuunsnanuiiUssunvasuvuiias
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HANIITIAATIERAULarIUsEU e Taudnevesudaz seuuUseU Al seans

ANNSHARUIUTEUNVDIMAAESEUUUTEUN kanalunns1ed 4.23 ds1eaziden fal

4.5.1 UYs£anSn1mn1sHanuInIemun1en neeessuulseUn

1M1 4.23 iulainszuundntinuszunvestamiauasswdln dusyansnainlu

N35MAnd wazanuYu Aeulnarneglutiiiosay 0-44.2 wazlewar 5.6-43.0 MNAIAU uaziile

= a v a 96’ v o (% = o v A o w
L‘UiEJ‘UL‘VlEJ‘Uﬂ'Uﬁ%‘U‘Uﬂ’]iNﬁGM’]UiSU']GUEN‘NWJQBUG] @QLLﬁ@Ql‘NEU‘W 4.5 N13N1AALALNITAIIAAINU

i iuladeAnIawnindug Aeudiauin

A1519% 4-23 Useansnmnismantanwyadseuuuseul

$8a2n191130 (%)
v o A1BAN 1Al P
NN syuudszun
o . o o Total
d AITUYU LAaN LN UE CclU TSS TDS NO3
’ Coliform
994190 32.5 11.5 29.6 1.3 20.3 -
ULVIULAIN 44.2 43.0 26.0 46.4 11.0 45.5 10.4 47.2 50.0
- RUDIUDU 22.9 12.1 - 45.9 a7.1
UATINYEUN =
A 9.6 26.9 - 32.5 - 46.2 31.6
Talngy 5.9 12.1 29.0 49.2 10.5 35.3 - 473 47.9
f.UTY 10.4 5.6 - 23.4 - 6.6 50.0
s 97.0 94.9 73.1 74.1 - - 37.4 12.2 100.0
Tond vupsdad 97.0 96.0 72.1 49.3 - - 53.5 143 100.0
amlngy 93.0 86.5 87.0 64.8 0.1 32.5 - 13.9 100.0
I dung 76.4 56.8 58.5 49.2 - 43.5 43.6 - 100.0
IUNG ”
: f.ALBU 76.8 40.2 50.0 0.0 - 68.5 48.6 12.0 100.0
ne y3sud 63.4 44.6 276 2.6 - - - - 100.0
YUY ”
: Uselaude 94.6 83.7 89.7 . 48.6 - - 100.0

e - liaunsarwiuiUszansamnistitals WesnnAInun Ll o 9enoudeulvedlsmas

Wsedn dergeandnnuluuvaniiy

4.5.2 Us£aNsn1nn1sHantiIniIamIuALvedssuudseUn
NA15199 4.23 aziulainszuunaniiuszuvesdaminuass1vdnn dusyansaanlunis

Urdan151fmesanse wu wan aaslsd el waglumiv deuninSevay 50 Feaonnassiung

nsAnwAMAImMINInUIETININAIRg U sTUINER AN SEuuYsEUUATIIYEN LR LR

51U ANMAN war i wazdlewSeuiisuiuszuunisnaniiuszUvesdmindue daanslugy

7 4.6 msmdnmdnuazuusniia avmiulainfiafinindmindugAoud1ein @ennasIius1eau

N15U52LUZUUUTZUMNNAIUIAINTTL WU ’i%UUN%G‘]‘Uﬁ%U’]ﬁ@E}ﬂLLUU’i%EJ%L'Ja']ﬂ’]SﬁﬂLﬁU“U’ENaﬂ

anagnauiliiniizaniiesas 40 uag 20 dwmsussuundndszUmauiauazn1sussUginmg
ANUEIAU (WYSUNS wazAg, 2560)
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o .
% color removal % turbidity removal

100.00 100.00

80.00 80.00

60.00 60.00

40.00 40.00
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‘Lmi?"l‘tiaﬂﬂ E‘Ii‘u‘v’li ﬂiﬁl&l uATIELN ﬁ‘ﬁm’i ﬁﬁ'ilEl

UM 4.5 Usgavzn1mnsindnd (n.) wazannuu (v.) vesszuunantiiuszunlunsasdmin

% Fe removal % Mn removal
100.00 100.00
80.00 80.00
60.00 60.00
40.00 40.00
20.00 20.00
0.00 | . 0.00 _J
uﬂii’l'ﬁjaiﬂ ‘?‘j‘ E{‘ﬁm‘i ﬂi‘iil& uﬂiiﬂﬁﬁmﬂ 5;1 ﬁ“ﬁm‘a’ 1.]]‘3"3'315’

JUN 4.6 UszAvnmnisidaman(n) uazuaanida (v) vesszuundaiiuszUrluwsiazdvin

4.53 UszAnsnmmiswaninniediudanmeesssuuUsen

M5 4.23 avdiuldissuunamisen fseavsnmlunstitnysunaleag
efuhmuayndmda Jewar 100 snfussuulszdmesiiinuasvdiniifszansamlunis
fdnalaanasusaun agluriesevar  31.6-50.0 suiiuldinfinuunnsmadlonSeuiisuiu
UsrAvEnmmatdadlnavosurismeesimindu fuandugud 4.7

% removal rate

100.00

80.00 -

60.00 -

40.00

20.00 I
0.00

uATTIEdN G GE 35

SUN 4.7 UsEanSnmnisnanalaanesy veeseuunantiuszunlulmasdanin
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4.6 nsUsTEiuUsSTANEATSTUUNSIELn (Distribution system)

namInTITIeTsinua sz iandguiteressiarsruuussl Wisuidiey
ﬁuammwﬁmizmﬁqmi%’qwuiuﬂ%’aL‘%au diotnussdiuUssninmmsietvesssuulssd wa
Msieuifioy wansseaziBealumsned 4.24 wazdlefiansanlumsimesiisuiudedislsl
dunasgiu Iiua @ gy wdn uuantdla wazdAinasduandie fuanslusud 4.8 -4.12
muay aziilddn AanududureandnigeldiiluaiFouiviinugsnitin u andguine
veasruulszUn sy fanundululdiensssiifgwilusyuuddne Wy svuurtediianiuriili
szt w ildluafideufinnududureavdnifumasgu aenndosiussnunsusady
spuuUssUImeddanssy finudn ssuundedszUthundiesdulng ﬁﬂ‘%mmﬁwqﬁyﬁa Sovay
10 f9 53 vesUmnmimun wazszuuTTesuiarmndongmslduruuinnit 10 9 ¥l
Yaymuinnisialva uagnisqua ildinarenmamirlasianizuiuueaeiuandis il
WNTFIU (FASUNT wag Ay, 2560) wazliulAeliun1sasunansAneived Baig et al (2012) uag
Khan et al (2010) wuan mL.W;miﬂulﬁau%mﬁmizmﬁuaaLﬁaﬂuﬂszmﬁmﬁamu 11NTLUUYID
At dunarun uagmsudmsiansilid diudeaeunndsdiviinuanudiuduandiias a 9eld
mufindadeu uilimudgmnsdudeussinaleanesluishedng



M1319% 4.24 W3guiiisuiuaunmsesniniussuiaaniguinenssuundniissdriuindssd

) £ v A
yaldanulunsiizou
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mMsUszfiuyseanSninszuunisdnedn

ANBATN 1l I
VAo L4 Vo4 Anady . a4 P .o .o . Anady Anade Total
STUU ALRAYE ALRAEANN ALRfawan - Alafsnaalsa ALaaY TSS ALaay TDS Anadelunsm - W
, wuennila AADIUANATY Coliform
dszdn (Pt-Co) 4u (NTU) (mg/V) (mg/V) (mg/V) (mg/V) (mg/V)
(mg/V) (mg/V) (MPN/100 ml)
= = = = = = = = = =
7 7 7 7 7 7 4
> <l > <l G> =z G> Il G> =22 @G> e @G> e > e > e > I
Z| 2| E| E|E| E| €| | E| E| E| E| E| EN E| E| E| OE|E E
ap ap a;) ap ap ap ap ap ap ap
’5"1&}{‘]135 18.17 17.67 1.73 2.02 1.00 1.08 0.04 0.11 42.52 35.08 27.52 24.67 186.17 183.50 1.03 1.78 2.17 1.77 0.00 0.00
UYHRN 4.84 6.67 1.25 1.19 0.14 0.13 0.01 0.03 18.36 19.20 29.85 23.34 144.17 176.83 3.78 0.14 0.55 0.14 0.00 0.00
Mg 25.50 18.50 1.92 1.40 0.29 0.21 0.41 0.08 72.62 72.93 22.10 21.07 174.67 272.67 0.48 0.38 0.77 0.75 0.00 0.00
o . 182.1
“Uﬂ‘ViEy) 24.33 22.00 1.35 0.97 0.84 0.79 5.40 4.58 ; 188.84 45.25 30.15 760.67 818.67 1.59 0.28 0.30 0.28 0.00 0.00
AUALYY 32.67 20.00 1.15 0.58 0.85 0.91 0.37 0.34 21.95 2219 22.02 19.19 128.33 112.67 0.84 0.15 0.61 0.30 0.00 0.00
Aasnil 6.42 7.67 1.43 0.84 0.09 0.09 0.32 0.04 22.88 21.77 44.91 19.32 114.00 192.00 0.92 0.13 0.18 0.13 0.00 0.00
an g 4.84 517 0.55 0.72 0.10 0.14 0.16 0.21 58.85 58.01 10.85 21.17 123.34 96.67 0.18 0.05 0.38 0.10 0.00 0.00
q“uw% 24.17 7.00 1.94 0.60 0.13 0.14 0.12 0.11 12.42 11.77 6.97 3.52 61.34 68.67 0.66 0.05 0.49 0.05 0.00 0.00
ATUang
Lo 25.34 22.17 1.73 2.10 0.14 0.17 0.39 0.29 18.24 18.39 4.74 12.82 86.00 81.33 0.58 0.01 0.59 0.33 0.00 0.00
ﬁwmi 17.50 8.67 1.71 1.19 0.74 0.75 0.15 0.16 16.32 16.77 24.84 25.17 158.67 118.67 0.25 0.33 0.53 0.33 0.00 0.00
Usglaudy 3.67 6.00 0.39 0.47 0.12 0.14 0.11 0.08 21.25 20.81 13.99 8.35 128.67 116.67 0.19 0.08 0.43 0.08 0.00 0.00
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UM 4.11 Wiguisuamanudutuvesisaniila i deusenainlswdniiuszln wag o galdaud
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ATIIIDU
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ABSTRACT

Providing safe water supply is one of important public health priorities. The water quality of water supply is
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 organization to assess the existing performance of water supply system and
their organization. The sampling locations were covered of 4 cities namely, Nakhon Ratchasima (Korat),
Chaiyaphum, Buriram and Surin provinces. The total of 13 samples site locations of urban water supply system
which owned by provincial and municipal waterworks authority. Water samples of each sampling site locations
were collected from water resource, storage tank and household taps water and analyzed for various parameters.
The results showed he water quality of urban water supply system had met water quality standards in parameter
turbidity, TSS, TDS, Nitrate and total coliform except colour, iron due to the retention time of sedimentation
process is not the proper. And there were problem with residual chlorine at storage tank and household tap water
which were lower than standard limit and might affect with population health. There were no difference between
the performance of provincial and municipal waterworks authority. The outcome of this study can support

improvement of urban water supply system and their authority organization

Keywords: Urban water supply system, Water quality, Authority organization, Thailand

INTRODUCTION

Access to safe water supply is a basic concern
for human health and health protection. According
to the World Health Organization (WHO), a
concentration of microorganisms, parasites or
substances posing a possible risk to human health
has to be prevented [1]. The water quality of water
supply is closely associated with human health. If
the water supply was contaminated by pollutants and
microorganisms, it would affect with water qualities
and affect the health of the population. Thus, water
supply system and authority organization are obliged
to monitor water quality for human consumption.
The water qualities need to meet standard, which is
why quality of water resource and tap water of water
supply system should be assess to state their aspect
of problems. Water supply in urban area is
challenged by increasing population. In this study,
the sampling locations were covered of 4 cities
namely, Nakhon Ratchasima (Korat), Chaiyaphum,
Buriram and Surin provinces. This region is covers
more than one-third of the country which is called
“Khorat plateau”. The water supply consumption in
this area has been seriously concerned because of
the low level of rainfall intensity and long dry period
in this area. This study is one of four sub-projects in
research project “Study of Management Efficiency
of Water Resources and Urban Water Supply

Systems in North-Eastern Region in Thailand”. The
main goal was thoroughly evaluating the existing
urban water supply system in northeastern region of
Thailand in term of the water resources, water
quality, associated health risk and engineering
aspect. The aim of this study was to assess the
quality of water in the urban water supply systems
and their authority organization to assess the existing
performance of water supply system and their
organization. The outcome of this study can support
improvement of urban water supply system and their
authority organization.

METHODS
Study Sites and Sampling

This study was carried out to collect water from
urban water supply system in the lower northeastern
of Thailand. The area covers of 4 provinces namely
Nakorn Ratchasima (N), Chaiyaphum (C), Buriram
(B) and Surin (S) provinces as shown in Fig 1. The
urban water supply system was typically consisted
of the coagulation-flocculation, sedimentation,
filtration and disinfection systems. The water source
of water treatment system was commonly taken
from surface water. The water supply systems in
northeastern Thailand are organized by two
organizations: the provincial waterworks authority
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Fig. 1 Map of the study area and the sampling locations.

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

Table 1 Sampling site locations of urban water
supply system.

Authority organization

Study area
Provincial Municipal Total
Nakorn Ratchasima (N) 2 4 6
Chaiyaphum (C) 2 1 3
Buriram (B) 1 1 2
Surin (S) 1 1 2
Total 6 7 13

Analytical Methods

Water samples of each sampling site locations
were collected from water resource, storage tank and
household taps water. Water samples were analyzed
for various parameters and analytical methods as
shown in Table 2.

Table 2 Parameters and analytical methods.

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. Spectrophotometric
Colour 2120 D. Spectrophotometric Method Fluoride 4500-F D. SPADNS Method

BOD 5210 B. 5-day BOD Test Method Ammonia-N 4500-NH; C. Titrimetric Method

Iron 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-CI B. lodometric Method

Sulfate 4500-S0,> E. Turbidimetric Method Biological quality

Chloride 4500-CI' B. Argentometric Method Total Coliform 9222 B. Membrane Filter Method

Data Analysis
Water quality assessment

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

Eq. (1)

Number of samples that

¢ tandard 1)
%Not exceed standard = were not exceed standar x 100
Total sample

Statically analysis

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

Table 3 Water quality standard.

Water quality standards

Parameters Units

Surface water™ Tap water™
Physical and Chemical quality
Turbidity NTU - <4
Colour Pt-Co <300 <I5
DO mg/L >4 -
BOD mg/L <2 -
Nitrate mg/L <5 < 50
Iron mg/L <50 <03
Manganese mg/L <5 <03
Hardness mg/L < 500 -
Chloride mg/L - < 250
Ammonia nitrogen mg/L <05 -
TDS mg/L < 1500 < 1500
Residual chlorine mg/L - >2
Biological quality
Total Coliform MPN/100 mL < 20000 Not found

* : The guideline of World Health Organization (WHO).
** : Standard of metropolitan waterworks authority.
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RESULTS AND DISCUSSION
Water Quality Assessment
Surface water resource quality

The results of surface water resource qualities
were presented in Table 4. The results showed the
parameters; turbidity, Iron, hardness, sulfate,
chloride, TKN and ammonia-N met the guideline of
WHO and not exceed standard value in 100% of
samples. However, the parameters; colour, DO,
manganese, nitrate, total coliform and BOD had
number of samples that were limit exceed standard
in range of 8-50% of samples. And all sampling site
locations had surface water resource quality that
were limit exceed standard of BOD about 50% of
samples. These indicated that water resources of
urban water supply were polluted due to wastewater,
urban area and dense population. And Nakhon
Ratchasima is the second largest cities in Thailand
and had the poorest water resources among the other
sampling cities.

Table 4 The percentage of water samples that were
not exceed standard for water source.

Water quality of water source
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Water quality of storage tank

As shown in Table 5, the water quality at storage
tank had values of parameters TSS, TDS, nitrate and
total coliform that met the standard of metropolitan
waterworks authority in 100% of water samples.
And the water quality of storage tank in Nakhon-
Ratchasima also had limit exceed in parameters
colour, turbidity, iron, manganese and residual
chlorine. These results indicated that they might
have the problem with the process of water
treatment. These findings were supported by
conclusion of the sub-research project that the
retention time of sedimentation process is not the
proper range [3].

Water quality of household taps water
As shown in Table 6, the water quality of

household tab water had value of parameter turbidity,
TSS, TDS, nitrate and total coliform that met the

standard of metropolitan waterworks authority in
100 % of samples. However they found more than
50% of water samples that had residual chlorine less
than standard limit and had lower concentrations
than at storage tank. These results indicated that the

distribution system might have problems about
leakage of piping. It was supported by conclusion of
the sub-research project that found the amount of
water loss from distribution system of water supply
system were in range of 31-47% of water production
[3]. These might affect with population health.

Table 5 The percentage of water samples that were
not exceed standard for storage tank.

Water quality of storage tank

Physical
Chemical
Biological

Study area

Colour
Turbidity
Iron
Manganese
TSS
TDS
Nitrate
Residual chlorine
Total Coliform

500 917 | 417 66.7 100.0 1000 100.0 583 } 100.0
1000 100.0 § 1000 883 1000 100.0 1000 50.0 § 100.0
1000 100.0 { 750 100.0 1000 100.0 1000 50.0 § 100.0
250 100.0 { 1000 75.0 1000 1000 1000 50.0 { 100.0

nwmwoOz

Table 6 The percentage of water samples that were
not exceed standard for household tap
water.

Water quality of household tap water
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Efficiency of Water Supply System Plants

The efficiencies of water supply system were
calculated by the reduction concentration of water
qualities from water resource to storage tank. In Fig.
2, 3 and 4 shown the efficiency of urban water
supply system in range of 76.6-95.8% for colour,
47.1-82.9% for iron and 0-68.5% for manganese.
These results indicated that only Chaiyaphum urban
water supply system had manganese removal
efficiency higher than 50%, the others were lower
than 25%. To assess the distribution system by
comparison water qualities between storage tank and
household tap water. In Fig. 5 shown increasing of
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iron concentration from storage tank to household
tap water. These result indicated that the distribution
system of water supply system had problem. It was
supported by conclusion of the sub-research project
that they had a potential problems of leakage in
water supply system and the maintenance of
equipment [3]. The distribution system in many
cities in Thailand are decade old. And numerous
water contaminants has been reported in many cities
in Pakistan, which could be the results of decade old
cast iron pipes and mixing of sewerage water with
portable water in poorly managed the water
distribution system [4,5].
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Fig. 2 Remove efficiency of urban water supply
system for colour.
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Fig. 3 Remove efficiency of urban water supply
system for iron.
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Fig. 4 Remove efficiency of urban water supply
system for manganese.
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Fig.5 The comparison of iron concentration
between storage tank and household tap
water.

The Authority Organization Comparison

To assess performance of the authority
organization by comparison the water qualities of
provincial and municipal waterworks authority by
compared percentages of water samples that were
not exceed standard level as show in Table 7 for
water source, Table 8 for storage tank and Table 9
for household tap water. The data of water resource
qualities were analyzed with Independent Sample
Test (2-tailed) and presented the p-value, mean and
SD of water qualities in Table 10. The results of p-
values shown they had no significant in all
parameters between the water resource qualities of
provincial and municipal waterworks authority
except sulfate parameter. However, they shown that
many parameters had high SD values; these
indicated that the data were fluctuating. And when
considered of mean values, they shown that
municipal authority waterworks had better water
qualities than of provincial authority waterworks.

Table 7 The percentage of water samples that were
not exceed standard for water source
compared between Province and Municipal
waterworks authority.

Water source

Physical
Chemical

Authority organization

Colour
Sulfate
TKN
Total Coliform | Biological

Turbidity
DO
Iron
Manganese
Hardness
Chloride
BODS
Nitrate
Ammonia-N

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 92,9 100.0§ 643 1000 929 100.0 1000 100.0 57.1 929 100.0 100.0} 929
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Table 8 The percentage of water samples that were
not exceed standard for storage tank
compared between Province and Municipal
waterworks authority.

Storage tank
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Table 9 The percentage of water samples that were
not exceed standard for household tap water
compared between Province and Municipal
waterworks authority.

Household tap water
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Table 10 The conclusion of data analysis with
Independent Sample Test (2-tailed) of
water source.

Water source
Parameter Units Provincial Municipal p-value Result
Mean sD Mean SD

Colour Pt-Co  136.9 103.1 1122 84.1 0524 Non-sig.
Turbidity NTU 122 14.0 9.8 105 0.629  Non-sig.
pH - 6.9 0.6 71 03 0225 Non-sig.
DO mg/L 49 13 43 17 0.347  Non-sig.
Iron mg/L 11 14 0.8 0.5 0371 Non-sig.
Manganese mg/L 0.7 0.7 10 24 0.681  Non-sig.
Hardness mg/L  40.0 35.7 55.8 359 0300  Non-sig.
Sulfate mg/L 001 0.01 0.02 0.02 0.019 sig.

Chloride mg/L 501 78.0 445 60.0 0.843  Non-sig.
TSS mg/L 296 243 312 26.6 0.886 Non-sig.
TDS mg/L 2883 352.1 262.2 2295 0.827  Non-sig.
BOD mg/L 31 16 25 12 0292 Non-sig.
Nitrate mg/L 06 05 0.9 16 0.623  Non-sig.
TKN mg/L 03 03 02 0.3 0.801  Non-sig.

Table 11 The conclusion of data analysis with
Independent Sample Test (2-tailed) of
storage tank.

Storage tank
Parameter Units Provincial Municipal p-value Result
Mean SD Mean SD
Colour Pt-Co 188 16.8 13.8 115 0.383  Non-sig.
Turbidity NTU 16 0.7 14 10 0.483  Non-sig.
pH - 6.8 11 73 0.6 0.140  Non-sig.
DO mg/L 5.8 11 5.6 15 0.737  Non-sig.
Iron mg/L 04 04 04 0.6 0.732  Non-sig.
Manganese mg/L 0.3 04 09 24 0.405 Non-sig.
Chloride mg/L 282 243 50.9 61.2 0.241  Non-sig.
TSS mg/L 276 34.0 224 255 0.656  Non-sig.
TDS mg/L 1252 65.8 217.3 2440 0.218 Non-sig.
Nitrate mg/L 0.7 0.6 11 18 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 with
Independent Sample Test (2-tailed) of
household tap water.

Household tap water

Parameter Units Provincial Municipal p-value  Result
Mean SD Mean SD
Colour Pt-Co 124 9.8 133 9.2 0.825 Non-sig.
Turbidity NTU 0.9 04 12 0.7 0.208 Non-sig.
pH - 72 0.5 72 04 0.933 Non-sig.
DO mg/L 55 0.9 54 0.9 0.798 Non-sig.
Iron mg/L 04 05 0.4 0.6 0.963 Non-sig.
Manganese mg/L 0.1 0.2 0.9 2.6 0.378 Non-sig.
Chloride mg/L 291 255 56.7 67.5 0.236 Non-sig.
TSS mg/L 176 17.6 201 204 0.770 Non-sig.
TDS mg/L 1529 94.7 2456 2874 0.342 Non-sig.
Nitrate mg/L 04 04 13 21 0.155 Non-sig.
Residual chlorine mg/L 0.2 0.3 0.4 1.0 0.590 Non-sig.

The p-value, mean and SD of water qualities of
storage tank and household tap water were analyzed
by Independent Sample Test (2-tailed) and
concluded in Table 11 and 12 respectively. The
results of p-values shown they were no difference in
all parameters of the water qualities at storage tank
and household tap water between provincial and
municipal waterworks authority. However, they had
high SD values similar with water resources
qualities and indicated that the data were fluctuating.
On the other hand, when considered of mean values,
they shown that provincial authority waterworks had
better values than of municipal authority
waterworks. These results indicated that the urban
water supply system which authorized by municipal
authority waterworks produced water qualities better
than urban water supply system of provincial
authority waterworks. However, the conclusion of
the sub-research project was survey people
satisfaction by using questionnaires; it was found
that 83.43% of people were satisfied with the quality
of water and the service of water supply authority
organization [6].
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CONCLUSION

In conclusion, the water quality of urban water
supply system had met water quality standards in
parameter turbidity, TSS, TDS, Nitrate and total
coliform except colour, iron due to the retention time
of sedimentation process is not the proper. And there
were problem with residual chlorine at storage tank
and household tap water which were lower than
standard limit and might affect with population
health. There were no difference between the
performance of provincial and  municipal
waterworks authority. The outcome of this study can
support improvement of urban water supply system
and their authority organization.
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