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REMOVAL, ARSENITE [As(III)], MANGANESE tMn(II)],

AMMONIUM-NITROGEN (NH4-'N), PACKED-BED REACTOR

This research studied the effectiveness of Boci[lus megoterium PNKP-S2 bio-fl[m

on polyethylene bead in packed-bed reactor and fiLtration reactor with anthracite and

sand as a fitter in order to remove As(lll); NHo--N and Mn(ll). Synthetic groundwater

supptemented with sodium-arsenite t(tu(lll) (40 Ug L-I)l; manganese-chloride [Mn(lt)
(100 pg L'1)l and ammonium-chtoride (NHA*-N) (1000 pg L'1)l was fed continuously

through a bio-fitm reactor and fiLtration reactor respectivety at a flow rate 0.5 mittititer
per minute at room temperature. Samples were collected every 24 hours for 42 days.

Resutt showed that during 1"-25* day of the experiment, the bio-fitm reactor 89.08%

of As(lll) (on 11" day of experiment) and 76.40% of NH4*-N (on 16th day of the

experiment), and a concentration of nitrate was maximum at 509.43 L,g L't (on 25tn

day of the experiment). Further, the synthetic ground water was feed continuously to
the flltration reactor. The resu[t showed that As(lll) and NHo*-N were tota[ removed

9O.25ok (on 25th day of the experiment) and 80.480/o (on 18th day of the experiment),

respectivety. The concentration of nitrate was 485.48 ;rg L'l recorded (on 25th day of
the experiment). On 26'h day of experiment, manganese chloride was added at 100

pg L'', the synthetic groundwater supplemented with As(llt); NH.*-N and Mn(ll) through

the reactor. Resutt showed that during 27'n -34'n day of the experiments, the bio-fi[m

reactor coutd removed 87.33ok of As(lll) (on 31th day of the experime ot), 79.31o/o of
Mn(lt) (on 34th day of the experiment) and 65.310lo of NHq*-N (on 31tn day of the

experiment). The concentration of nitrate was 480.81 pg L'l (on 32th day of the

experiment). After, the synthetic groundwater was feed continuously to the filtration

reactor. lt was found that 88.500,6 of As(ltt) (on 3i'n day of the experiment), g0.300/o of
Mn(ll) (on 34'n day of the experiment) and 69.660lo of NHot-N (on 31tn day of the

experiment) was total removed of the experiment. The concentration of nitrate was

450.53 pg L 
t (on 32'n day of the experiment). During 35-42'h day of the experiments,



0

the resutt showed that the bio-fltm reactor effectivety removed 5.17olo of As(lll),

83.45o/o of Mn(ll) and 85.66% of NH.*-N on 42'h day of the experiment. The

concentration of nitrate dectined to 18.11 pg L'. Whi[e the filtration reactor tota[y
removed 54.5Vo of As(lll), 93.610/0 of Mn(ll) and 88.90% of NH4*-N). The concentration

of nitrate dectined lo 28.63 pg L 
1). 

For the enumeration of bacteria, B. megotilium

PNKP 52 was found in the concentration of 3.9x108, 5.7x107 and 2.5x103 CFUlmt per

day, in treated synthetic groundwater from bio-fltm reactor, fiLtration reactor and

dlslnfection tank, respective(y. Resutt indicated that effective removat At(ltt); nUo.-,

and Mn(ll) in synthetic groundwater by bio-fitm reactor and fiLtration reactor coutd be

achieved and increased in scale for use in the fietdwork and/or the treatment of
wastewater in the environment. Further study of economic feasibil.ity of treatment

system is recommended.
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uasleuuid Inuraurvoejr':0.rriorriutj rvr:rvrqud6'olt{rjrlunr:rilnaqr.Jlnn urluridurir
l{rltitujrlnruuavrldoariroonornd..ln',rur,rnn'j.ra",r6u1 rl, ritueirud.r0,rgo"o,d.,iirrlnofi,

v da, - i-
Ltau u.:vt'1141.J'tv[1J1Jfl? na'].ia1xt!a'tta u.iyt00'1utya1501],t't5uay?10.1tdutl{n1u uon0lnud.i

J, . i{1U5nul0[U n!10.m1{n1U LUn.:yt :1{ nl ur]uuu! 5s na! nl uU'1l_J5ul.J'tfu 70 rLJ0ir{unflo.l

rjrrarinn-r nr:rJeiooraio4rgrf,uriroonornirtnrt,i!:cur6urflul oirduoiuorrhrY.rd vnrfiryfl
za uloirdug{ yrllUon 20 uJair6ud yn{ln 50 uJoir6uoi uxoorr:ruardrriurirudul6n
^ t . c J drv. r , i .
2 rlj0:rtu0r l.rluu [tU:v tutrJalnuld']11:un0nt: ua1uou1{t0nt?srrJlyo'tiu Loun n1:{1tv
drrirrnruuavrn:oo.rirviu l.fil,unr:rJ:cnouo'r141r uud.iyio{ryrrurn'nr.iour,reiouto 1f[u
n'riLn't er:n:i! qru.rnru n'rrriarr n:s rrah,{r1r nr:nuurnuur.rrh rfluoiu 6lriu'irrt]u

- J- s
vrivrarn:fr lrj:vlutrlurnlrusioluud (ramfi d o'n:firi'nti, 2532: tlo-7t5)

3q.- - "" a i i. - - - !
u't tflou145 ou1111fl1ar!utrya{!1yt61nfutnon1n nllootlJulana Lnou 61tt1lft[t!n00n

uflu z tio6o t) rirsriu (unconfined groundwateOLiud rlrld6ufroq'tutvr.,n:rorvd'ud'u rua,
3qy- ! a I - I ! -2) drurnra (confi ned groundwater) liuri drld'fiufr oqtuilun:rodly:ru:vy'jr 1.8'udrfr u

J - Xrv- J + - j c, , Xey- j
ao.itu 1ll0 u'r Lofruyr0U tul0uLrFrnt0{r4u r,i[!u[ya{u1[nouytUlr]1[t!:s Iutu !o$tuInr:
- f,qv- ,r, 

"' ' ;r'ruurdrlddurrl{!:ckirioeir.inil{lJ't'r.: [fr0:o.lir-rnlrrurud'iro{rlivtln: Lfliunni ttay
v - .r '"ca^ - . s",i?,ann! 0u[u0.:]t10'r na nuotytout 0':u'tLanu n0 n fl'1flltav0fuyn noutl.in.:fi Ltyturtras
n1:a{yun0 u?unlS annln?1n1:!tu11l5vll1UaVu1tJlou !: 1fU[]ri.luLL!:ft,ttqfln1a

alrrlinliiuun!ivrnvrro{nlrldrifldfiunjunr:t.frrirld6urdoqrJTnnuilnnqrJInnlduri nr:ld
B; o, 3d 8q'a J o - !

u'r11{0tuuu'rol] u'tLtLunllr:ou [yron15y]'ununinSt tflun n't5ryl1v!an t cln ttavnr:rdul
-r )
i'mi rfi oqnarr,rn:iluacnlr!iyno!E:noo1fr rdL lul:l.lruondrun::lr,r5ol{rfl uinnfr llu
nr:zufrori! I:rlrunFna:r o1u1:n:vtJo.i n1izua0rrj;6r;riirm trou',r^arffi- i;#;

"."" inri'[{d1!iv no!o:fr or-Li nrr rfi o nr:linr:a ndr rdu 1:lu:rl qudnr:dr alua!n au1rlfrfii
ruava01uflurfr{r{Judu (anl1juuinn:itnlrGuui, yliytura-u!fioa, Zssz: rillroi)

z.t ori0fia uu.rn1fid rraullouTil[fiuu-luln:rou

2.1.1 d1ir4! u3o ori0fin (Arsenic, As)
c. ).

orifr fi n rtluornfi rlauvyio rlnraouri (metaitoid) fi frrya'nunlrrlr,nfi 6o As uan

ouflol]tyi'tfilJ ga !raosno}lrvir fii lq.gZ anlisoonfi rflduro{atiM!60 -3 (arsenides), +3

(arsenites) uac +5(arsenates) 61t!iunou o1ifrfrndyrlr.i'tlrlliiuri arsenic acid (HiAsOo)

arsenous acid (H3AsO) arsenic trioxide arsine (arsenic trihydride; AsH3) cadmium
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arsenide (Cd3As2) gattium arsenide (GaAs) lead hydrogen arsenate (PbHAsO4) (the

marck index, tsas)luuilrirJ1osil!ori0in1u:U!orar:l:cnouoiuvritj li{iufidfi
ooni[ourinfl!o'riiinlu:r.Jto.loriirunlnuoglu;rJrJ:saau (anionic) ro.i H2Aso4' HAso42'

LLav Aso43 eilulurirdfioon€rouriouujulurlrlfifi"urinnroriiinlu;rJto.roriilufiouoglu

;rflilfirJ:v1 (anionic H2tuor) uavlu:rJrJ:v1au (anionic HrAso3') (n:rLl:{lruos]ar n::li
niv11t1{o0a1 n:zu, 2545: 66-67I

i u-- i a
nT flfi 1 o1i8finfinuluo::lrrfituluro{dltrJlsnouril.:"l

d-sfril'l: il:ni lrgdlu?uiyru'r uacfififu ritn6'u (2015)

,.'oriiinovnlirudluiyrolunt nvniruavd'lnvfi{allki loarwoqlu:rJtol suLfide

rea[gar r,tio orpiment uavav lr]1nh:rltol arsenopyrite (FeAsS) oonkritol orifrfrnlu
:tJ arsenic trioxide d':ul,yr!ov gnriurt,81uy1{n1:[nun: r,tiu rfludrurJ:s no!a.]l!t1!
d'ngfit ar:riro-oirfit ar:rir{oulal ar:*iTrdo:r (The Marck tndex, 1989: riulrsi)
a1ilivnouoli6in dvrurnoyoul,ui! Aso3 uac As2o5 rflurudnoonkr{ lriif,avaruril6'd

J Jc. J- "uavrirlf riloar:avarufr oonquiriun:o uonornfi dsnulu:rltalfirtorflsri (arsine arsenic

trihydride; Rsl) dlinfiun6'run:vrfiu orSfiinlugrJtolorqoeldrflueiruruattollaus
c.tr.

0aa0uo rtuzuar.tnunv n? !urr!9trgt05 Ltd'tyi! rna0!6i Luu1frn1oifl oau5oLu! tight-emitting

diode (wikipedia .org, 2075: r5utrs{) uonornd oriifinuavar:!:vnolorSfifiaurstfro
,J , I a o rt) cv-aril1:nrila-uulrJornto.rui,:r!uf,rrLirio16'irnruioulnuhifrosiiruaoruvtolryal dru

ir4qioriftnnlugilrro{ro{tt{.i uiu g!tosudrf,u,l6or (motecuLar non-metaLLic form) finlrl
eiour]l finrtrriuuactrjn{oir fiIn:rair.rfuraqarflursroirloo:oa (tetrahedra[ tuo molecules)

nalun!yi0a110ta aiuluro$rri!aoluaudryt.r (metattoids form) I[n:la5r rrUurudnrnryfiu

urr.iu rirlr,irlr or',r,rr.",r,riut,o,orifiin'lu:r.Jtolu{ra ryS or rvir fi'u 1.97 g/cm3 ;rJtoludlf,. 1. d - J
Lyl'rry1n! 5.t3 g/cm (rn:u{nno oo}riiuLlou, 2546:109)

.^- i Lq.o
orifi fi nfr rlrlrhJlu;rJ,trol uiori6lllnt:g{ fi liurrum"l uriioo av 0 02 fi .i 0.5

lJ:rJ'lrut0'10'Drun [u]tl"{) rt,'t Lti 01nr! Lo rUL!5rJ.rtur.l tnd { 100 tLadnilm odsr:y5a'Ludsr:r

raAu 2-3 fiain:"lsiofllanir: dru'lufiunynou uiu iunurrly{ fiurju fiuyr:ra fl!01i0iFr
iirurlrioulrn uayluuydruriuurnria oronlrLrndi 15,000 fra fr nirLriofila nil ar:!:ynor

wt 4 u ! v{a tl\ot0{0"ri{una1!'t:0gntf] 00ntt0uLoi.'tu ttod!riarl!o1n1fiovnaro ufluundaofruvrEtl

Arsenopyrite Orpiment ReaLgar

re
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. i d i4.-
110.io1:{un (inorganic arsenic satt) t.!uqtua!!flaua1uu1 Loo LJon01n ! [utr5 ua']o'r5tun

'i , " 3
uinnv{u[uufia{0u"1 [tu tuulfi'1x05:trt'rfl1]ou [u0rl l1n?1!tl 1u i-2 Ll][n:n: floao:

oufi{ 'rnn'j1 5,000 lu1n:niusiodn: (SmedLey, 2OO2: 517-568', rJ:rni rfrerufifiotilflra,

2551:27-39)
" t i-- Jd -.<naLnn'r:oonq 0roial:0litunvr!r1Jlv1!?nv1 (arsenate) 0u00nqv0 tou rrt.rlru

fluilrYrrioary{nofruvririlunr:airl adenosine triphosphate: nrp kiorifuuvrroarvoifltli

nlm'': (unstabte arsenate ester) ttave-rnlalo:1:fiakiodrr:rnrir rEunirn:vlrun1rorifrlula

6a (arsenolysis) (GiLLman et a[., 1996: 445-452) o6lu6u1n:l{oarvlnfinrurird'rglunr:lti
- ,tr --- .orl aa- " 'quo!';nA{i'l1lttnfli}.lt'ln v1[va':!t']flA'1 1:nO1:.:0qtO O{UULlJO615 01lS[L14l! n1!n5vU1Un1:

airro6lu{u Lfl:y'loal1ifl nnvrnor.]anrs lJnon:v!'run'1:ri1:{tan (Mayo,2007 71-75)
a .. , - Ja

4150'l5t Luvl0uuvl:U (lnorganic arsenite) A1!11nU! U{t0U LtUvAlUtl.Jovlllv{

dah'ki6a CSH groups) loutonrvtoulqillil;t?vl61o1o:6Lua (pyruvate dehydrogenase) lir
lvlrouluituil'lvrdtalo:6rua lriaur:ouJduulr$?ilhrfluocr,tvrialnuo (acetyt-coA) lirl#
n1la51{niolnraa[nai:oa uaun:vu?unlivi.li'llrtJoi Krebs cycte lutlln:oouroiuaoal

t) - ! . "a1to'Dtluvlun a !r]vr1[vttaa[40!6n']vr urJU{n15ra5flJrn1J Lq uavtYrto1u?ut0{tnaa uac

,iurt n.:ail.,raoor6on (Mitl.er et at., 2002: 38g3-39oruona1nda1io1i6tur4 u'rrirlriufio
- i ' c J- a 4 , -r , . r , d rr w d I

01.J!Aoalvr?o{ !?yrtJ00ntrnut!ua?uu:u nolvrtlJvrla'r u LrJ:flu LIDJU uavo[0ur0 (Chou et

a[., 2005: 304-310)
"""-^ ^ z ".orifi inlurir'triFu rfi nf,ulpinruoiirtlfr rravrnqolnnlrrrnfl vnouririrlifiu

d a .Y - - " iov- - 
u 

,o
ru01n1ndfl'r?v1410 no n::!fl"1.i "l lJl]lruru1ou nllu'ru1[r]outJ''r L1J [un1:!: tn F] !:t?o1141]n15

as arto{orifi}ulnl:d (arsenopyrites) 1o o ranrvf,rgr,lrfilfioiulurilna''}tvlfi (Berg et a[.,

2006:495-509){i.:rw'irnsrueiij A.A.!gTor.Jrvtrn:'lurJ:vrvrnddurirornri{ri'6uraiorlrurora
) : X - , )q
frrorors{urr drrYrndrrinmlrtr:rLuuoror5Buo!rnna1 fr{1ufiu lutruvfr wHo rilvuoril
}l1F:iiu6nAq[vi1fi'r t lunjudruriru (WHO, 1993: 118) larunor::ufi 20 va-rorndo rrin:

NGos afuaquln5{nliroroivrilulorarfionli!31na In:rnr:ifiiorqrJ:va.uiufioaoy:'oll"lfr
- ! 3--id i-g-c,- .-- o Y
!n1:ol.tu'tzu1fluvlr.r ttunr$u[n 0!u unol'r[rt]0Yra10vlLnolun0 [!}.ln1tr]51aa0!01i{ua L!!1
6'lna'rr rl:vrvrorirllhror6unviuoonLAu{'[ei6'?od1{rriu riuouril rYrqtr uavfirrn dlfi

e 11 4 r-- o 3o.- ' i
an111U1nA0!y',r.in fllanlnalun!n fl151JutlJ01.J10 ia1:1un Luu1L00!a{ !0n01fll.tvr1 r00u

- J--- r v I {
tl4uot0naui60ru5 nl 5lr.rvtilsl]tunu lan0ata uud!{aluduol!n8"1 nY{!nl5!utlJ0u10.r

.-- " :".-
otiilfrn Ludrlndu4r lturd urriu (Meharg and Earth 2005: 224-225)

i-
lrulro{orrrun vilrioi rr nr uf,uriuioo-er va rotl:v nr r o1n''riroilinflriu6'lrrri

-<,.iqdav
anutuuzu1141.t.1L!l.JU1.rrto{t[AsnUrnO r]rouuIa']! 01n15 na r u L:nvo mndvtnfl zu't14u{0uaonIa3
-- ! ia
1]aFta1 o1n15vrl.r9.raflo:y1-Jlrua ofl16oofrrto :srlr]:valv !oq ln [tavr]s uSrn:s uvrTsflaal']u

(Berg et at., 2006: 495-509) a,rno'r!.r!uui iuotl:nfi rrtororifrfi r,"{ofr rJ:vrvehruld

riryuorir rror:orur o{ n1:!urfl ou o r ifrfr nlu zu6 o rirudrirdrrl::1iloafllr rua vrlrLi'61d1'fl

lSlnnrnrdu s0 hln:n:-lrioin: (nrsvrix{vr;ru1nioilr.rr1fr rravfrr rr':odol, 2521: 4-70)
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.iJ-Lutruvfrornnr:ourtu 
[an (Wortd Heatth Organization: WHO) a01Uu[asnruvns:!n15fr

rdur{or6rkiuitraoriirl1n:nlunll!ur{ouoriifinlurlr6r:orn16ud so lr:In:niusio6fl:riu
1o luln:n:-lrio6fl: rrr1.rr,:rrrin6unrrurflufiutororif in du{Juar:riouatir*av

n11ra1!'r:01un'rier:?oirn:lvtivlrlir:rru (rJ:rnj r[ruufifiolv{flra, 2554: 48-56; WHo,

1993: 118)

s d i- - sirrw -nllryi 2 anufuEo'ln1:vit2fiu.ttJ0.:it [a5u11ul,o{01tsun

filr: Chronic Arsenic Poisoning (2008: r5!ltgi)

2.1.2 uil{n1ii6 (Manganese, Mn)
s.t.uu{nlfia 6o orqlaravfioqlun{uorqvr:ruit'u ra{ vttl a nrrfr 4lunr:rtorn fi

f,'rg6'nuolvn.rrnfi6o Mn urluraroxno 25 ritafnovstou 54.938 lar,rvuulnrfiaif,tmriu
dJJ

tt{rrLasrl:'ru lavvutJ{nlual]lnvaorLva'r, 1,246 0{fl1t{at{ua Ltaslotooovl 2,061 0lfi'l

Ltal{ua [at0onttn{u +3 t]:fll.l L000utvl1n! 0.66 a.lAn50 ua8 ra10 0n{ totl] +Z !1fi!
looourvirrYl 0.80 dlan:ar iaiocno!rvirfiu 1.17 d{aa:or.r nlr!ri?.lii1tyr1v 7.21 uauo?tl

rufilrvirrir 6 (qnrn'urS ro.ilru, 2552: 30-32; draol ilunm.rr{ ltavnruv, 2554: 4-31) rti
, !- ^ 

q

t[!.inlua]Jua1ufluq 61u tvfu0q tuIl-hj0 i0on tto u0n01nuu{tnn lu?ulj0wa tflo Fl1:lJ0tuf]
ia.- d Jd - L ^^ j

avtaLn0 {{uui lruur{n1u6ttflnn1{nu hJ alvluul tttJ{n1uavr010 t[ {n1uas].ittn 52 lu
ltJrl:vnordrer uiovaruuuloo{ (Atabandite) u:"lni:qltoi (Pyrotusite) rril:olus{ (Braunite)

uiooauruulus{ (Bausmannite) uiurrnrlus{ (Manganite) ruiltlafi tau(Psitometane) uil:
loIa:1roi (Rhodochrosite) uavuil:lorlud (Rhodonite) rrrirrirurnrflatiouilnl:alto{rflu

-itfi nfinrrfi oluo::ut16 (1;1ao.r tjummlvi tlasn u, 2554. 4-31)
, do d.

[tU':n1tariju01E LavyrlJ Lq}]1nfl'rl.roll!t1o 09t'l'ltUuttS6lFlvl{'ltUusl0l.llrl9u !
Lrava-aflu!3 1ruriou (trace essential e[ement) tfiolornrijudrur.Jrvno!to :toult]i!'l t

! a- ,!, a ' q ,J , dq
t t o 6 r q!5 q v f, n v t a n B [u u t! 1] r.J l d tvl l -1 1'l a'l u [v tU11 11 L Lut1 el ! 5 s 0'l ? u n 11 ! Lu 

? 
1]

arr!rsno! luudilr u!i nlfiatuuvdrtujrruo::rLtrfioonurhj ttas !'j1fi nr:!ur{ ou o qj lu
Srurofrordrurulrn !ir?ruLufio{ui I: r.rruna ludru r nrfia I:rrurufrm1auvzuarL 1:llru16ol

lavvdrulvlflr r,ravl:rlrrriruh'iaro Tor,aru'[vr!ou'h:rtorr,tr tnrfialooonltri (n::rinr j
fr3frrrf, zsqq: 2t-2zg)uonorndd{rdufiuuarrlr rirtadutorulsnrialu6urvirn'l ot toto

4 ,t " c !i"-
ppm'lururirirdrnao.r 7 lrL]n:niueoin: uavLur.iLddL <0.1 IdAnirLdofrr,: ;rJtolullnrfia



9

J " 
g- 12 '4 .--- I ) lqu^ oyl ![ur1o0 Mn tlav Mn ljln:u1tn!10{ttl]{n1!analuna.lnu[va nu1ntuo i01nu1lslo1llJ

Z - i o Y.rY-anr rUu anoxic d'rrlu rur nrfiafra u a 1utud1'[eiAun vo u1u:U Ltu.i nlriatu nriu o run

Mn(HCo:)z 6lavaruJruriovrJ:r nlo qao.i;! uuu6o Mn*2 uav Mn*3 tioduzu-aornrnu:'oar:

oxidant ovrrjdtru6nlv{rflu un.o 6.:lrjavart rhocnnnv nouliiuflvnouf,rlrnrarir (nr:!:vlr
uni al.i, ZOtS: r5lltd)

PyroLusite

n1ltd 3

Psl[omeLane Rhodochrosite Rhodonite

d Jd - & , -^ -i a a
aDsuiuri.!n'r drSls'lnuu{n1udn{[[n 32 vtllu [u05]!t'l9l

fiur: o'raor tlunmrri uavnzu t, (2554: 4-31)

XA
u'r fl 5!1un?1t] rtIl,u1]0.i rl { nlua to {141.1? u.i'lusl1.l 'ltlu r10:s'luu101.110{

orr{nr:ourriulan WHO) r.fl. 2527 uro:lrufllSlnnlutuuvr \.fi.25311ro{nrusfl5: n15

-ov-i o "i, t Y , ,

uiylll,ni{n1:io1v!1.r-16vo1o tutuuvl{1:110'ltu'ldn5n:!vll?.1lJv'lo lvlu u1n:t'ruu1lJiv!1

11.f,.2543 ro.rn:rtoultiu n:vvt:?{a'to156llqt l1n:!.}uilan rirud o nat,tn::lrjruilnn
ua^.257-2549 uo.tailfn{1ulr'rsl:nT uuaflrifulionalun::! nivvl5l{Qna']vnl5u tl1915i1u1i'l

ldfiunrrLrJ:v nr o nir.Jvrir ul ntot ni \.q.2535 rtaY! 1el:Ilud1[tjo::ltrfr fl1].lUivn1fl
. -J I 3 -s

niuvri?{a16'D orqt (otiufr 7gg) vt.A.2543 Go lrjrrrio::!trfr firorr]rLrn:trurilliln attav
t"-^ e

rL1eri6iud1'tdAurlrrd'u ldrit,ruornilsin'tutdilduaiqolo.lolqtt!.lnrfalid'l*si o.os-o.g

--: - - i ,J,tu" . ?e rvJ---w,-
naaniusrodo: ai1u5!ti1olfi.lu!1[tluu [on1v!o tnrufln?1! tl,tJtua{qn [?v] z }]aan5 noafl:

(drao.r ilunrr.rv{ LLasnruu, 2554: 4-31\ !lo:g1ud1d!to{ USPHS (United State PubLic

Heatth Service) rirvuohiiuunrfialdhirhu o.os ia6nilriofrm: o{6n1:0114'rituautnufl:
" " u"" *' u d

1O{Av tvtltlauueul Lru'r11 Lt tvl0nllta!:vv'lulrurinlua to{{qo tvl1fllJ 0.2 !aafl5 n0

- Y'.-6m: uror: Jruril"Lrtduto{laucufin (heary metaLs) nl!n?unil afru nluvlix'ivli u1fl5

o:i!rl6uavanurodol ur:lnrfladollrir"fiu 0.s iadn:hsio6n: itn:rvlirirui6 Direct

Aspiration /Atomic Absorption Spectrometry vioi6 tnduAiveLy Coup[ed Plasma/

PLasma Emisslon Spectroscopy uioi66ufin:l nruo11r.lafiutlrutot (n::finri 3i3lri,

2544:217-229)

utL.r nrf,a'ttr{lu Tr nFLlu osre rvr::l hIIun',: zu F o'lavvrl arl (aL[oy '.netals) u'du

yto.tlJ:Ouduayllo{ty6o{ ul.l.inlflAiiluslra noo nEtou*av riuvfiuluqnAlv n55 n15trantvSn

ndr HfrnrrrirvFnuts le'i tfluinq6!tJFnrirulv'laru irlr- rnraduvll (dry ce[[ battery) ona114n::]l
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4 ,. - ! -I{51 n O! nSstUO{[tas?aotnao! r l't utJ lnlua LF]00n Ltorljl-Ja15o? to [1.Ja[av lt]!todo!t.t,t
l#u#rrir uauonaruniirrtiu (o'raol ijuntrr{ Llaynruv, 2554: 6-7)

n'trrt Liufilro.l u!.i n1f,6 [ioi1{nrulpiilar: ullnrfia uriravarLluirlnlu!3!16u
4 . J .qra d. A e, ^ !

l]1n LUt?{:uUyL?a1yu{ ouyt1L rno01n15[{uy{ut0nrr!{n1Ua a?u .Irrljl]tloL5oi.t o1n1:

nr:yr'ruurodrr{r 1 r,iun{rLI:nornr:fi uornlaycufin (heavy metat poisoning) 1o adrrin
:euloiyru'r n:!ou1n-uldfir1ul1uicui1 1uf, vr.o. 2546 fifrilrufiuolnu!.in1fia 1 ru 1u

!
d'lrainrir!r.r frrirueufirJruy,lrJ:vryfllundsllinfirvirriu zq :ru lilrw{rf,utior 'lurixfl n.n.

2537-2546 rrudruru{rhod:u1:nfir*ornuunrfia rl:ovt lravars u druru 14-63 :ru lou
fl !1i1u1ua.:qotutr l.fr . 2541 uavdrqotuf, \.r,. 2537 d'm:rnr:rlaoluil il.fi . 2546 ryirn'!

0.04 rio!:vtrn: 100,000 nu rfluc.ithutru 15 :ro ra{l 9 :ru orinfinuurn lduri o.rfilr

rnufl:ni:uYouav 45.8 uacoriuildrliouav 25.0 (d1ao.i tlunreld lLaynruv, 2554: 8-9)
d - - - - J J .ovqvt6nlrtinfru!o.turLr nrf,aov riofrtclJ!!tsalyr!r nfrao riilfrauor unsr..l:yarmfinr: rirho

'Lrarur:oyroki.8'orouryfrourjnfr Iornr:ndrunuir ! nrl{nniynnlrayo'rLnrm rluurLlnriafi
rtrltloglurdordororrJooocrirli'in':rudrurnrusiordol:naoal rirhirlrurflul:nirIrLrfiu
ruavnrrvdnral uvr:ndour-jaa 1 rfiororn url.lnrial! nt!n1:d{[n:.]yrifirSurolurtari6rfia.jr

- 4 X jotwo t c Jo
ul]{ n'rua rluTna'umfll[Mtnonl:0.1't lua1 uaJal:naxurS{ d.i Lufl't5inurfrlroqtL lnr a

J
iir uiird'orYnur nruor nr:fi rJ:r nn (Desesso et at., 1 998; qnrrTud rollu o, 2552: 30 -32\

!-
ornr:uSofr dsrario:vuurJ:v6ry uutnriaosudrasallualoldru gtobus

paLtidus rir}irfioo1n1:yniaron ullnriardra'irlnruud'rlrJavauo{fi'ur,r{ sri to.rll:m'ulu
rtadroi:uu!!rvalyruac a o{ rr:rv urL.:nrfiarir't#nr:rirlruta ralolfiotJn6 fiornr:rjrn

-i ;! -u'r rrluou durm frsrynirfrtr finr:Ioinotyrr.:il:vary rfiufiu fior:uoiurj:r.l:ru uayfihyrir
:-

sr-runEuo tronr uBrL udrL udlla lo uornr::srrv u:n o s douur,rFu r.J':o6:uy vrqGn::uu.;6uu

urr.Jar rriu n:slun:v11u vrorlrnfio!nfr '[u:v u;:urr:{ocfior n r:n drunl uflr"1:nnrifiu#u
(parkinsonism's dlsease) Gun'jrndlornr: manganism 6o vrndr (stow speech) r,trirnrqhj

:
finrruia'n (mask faces) uaaoulrar{r uas niyq n (brady kinesia) (qnrr{uii yo.:luu, 2552:

30-32)

u {nrfi aluiv!lrirl:vr.lruiorl, 6lrlolo u"lu:vriulririu o.r fi aFnilsiodm: frr
i, X J -.!-u11l:vu1r.lu:Ll'lrurtU{n1uaa{n?1 0.1 1laanSr.irloan:01a?i1LrrJ50ur!ourn50.iarJifua raarll

nrruvrj:cnouorur:an :nrtiu rfion:rlait uracdr irlrruutlnrfiaaln'ir 0.18 fia6nYurio
i,--dr.u:xaflt 0vvt1lvntu6r!av1{n1un']fl1j0,iu't!u aLLac!nau tnonltuafilnal Ul iyl'10{[r.]nl:x

$ .rn1i6rn!n'j1 0.1 fradnilsiodm: (rTrfru 6'rulanrii, zSlA: zqs)

2.t.3 uoulurfi uu-lulnrrou (NH4*-N)

61r!:vnolluIo: rtudrd urrlorlurir6rL u,avrlrrf, u urir rfl u 2 !:v rny 6o

6lirJis no!Auil6titulm:rouuacar:!:s noroffuvririlulsr:rou luIfl:roufiuy!rn'turir ur:r,
aur:nfiov urjfiur:rlornar:6urid rtluar: offuvriti ar:!: v norluln: roufirr raufiyar uFiri

unnrirrriu6.: Z rir rriu NH3, N2, N2O, NO, N2O3, NO2, N2O5 a1lliunoululm:roufil
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[au6 +1, +2 uav +4 inrurir6'rgrio urrnlun:vlrunr:vrrfirivrur N2o3 uav Nro, tflu
acid anhydrous 1lo.i HNo2 uav HNo3 nr:r!6ou;rJtoilllm:rou;rJrirl ldnu'luo:rltrfi
nruig6'n:lulor:rourtiu uorhufiol (l'lHot) lu1n:rou6a:v (t',tr) luln:{ (No, ) uav turn:vt
(Noa) finrtr;ir6'ryriodrurodoradrwrntuin6'n:'uo'rdli6inrilfituavdn'i (!vrivrerrfru

rvnluladn:voourndrouqS, zots: rir.rltsi)

ntrd c igi'nfluI0rrou'luuu6i.l#r
fiut: Lam et at. (2007)

lu1sr: rouluu::tnnrooglu:rJtolfirttuln: rouua vqn uJ d uulou uunfiriu uav

aruiru :vr,r'jrsrfior ruflrncual lu1n:rougnooniloiioqlugrJ t'lro, 6ltdo:rrrYurlrudro,

rnorllufl:oluu:n$av0]fla{!1Yu01ln! u tut05vtnqLoL9lun:l01nn1:00n{L9ltul0'l

uolIrLrfiu-1u1o:rou luro:nrflul:vlutrisiofitravarlr:ntrJduuSrJrfllhl:6uld (fiaii{u

ldrGti, zoos: st-or)

NO3 + CO2 + green ptant + sunlight-> protein (1)

u!n [: uar!'r50 ui6 au ur-la utau6t olluln: rou ur nf,uvS odo oa.r6ua drit
)- i€

anmvfifioonimuvSolrifroon€rou ar:U:vnorlulm:uoufifirrtaufirirrl inrrl;irfirglu
))

r!?u n1ivr1{tlivru'rv rn urtor fi'r nruntrto.t uud.trir ar:!: v nor ofruvri rituln: uou rriu
" ,x

NH4 , NO2, NO: Luuva.:u1nl5!t1o tnoilnfl1:Ava 1jo{{1fl1'11$A uAnl U50tnfioln

nin::!1Jo':l]uuu [{u ultau0lntr]tu rnunlnl:! L5 {.l1u0F]a1unl ll.J Lu:lJlJ 0{a.i!fl fla Y]
i i- - 1 !

., 3 - Y - Jt,c.- ,J ,

rJa o uyr$Lrnurir rd u, t! tn5u n15!1uo v:00'tnn v0 q tu?U! utJr: trvi0 tu3lJ 0u ttl.t !!:nu
;a.,trdd-Yd-r

n:orovulu n:ouxFradn {.i LiJ!a'ruJrr n 0!10n11 lnl ua.l t?Flvl.:vlt afl? uaa911 tuuslu

(n:r!:sr.r, zota: rSrltoi)

o

NH2-C-NH2 + 2H2O 

-> 

(NH4)2CO3 Q)

Revised *larine Nitrogen Ctlcle
N2

I
N2

I *"*"'--.. 
NOI
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fitarr:r:nlduorlurfialu3rJrrorqr:'u ruavLJ:6ukiIoan:r uacrJanr{JuIil:6ulii.fr
i-

ror'Lr.rrcJad r.l5rrrufr ufiunr rr:6'ol nr:osnno onfrlnrilou autotrophic nitrifying bacteria lu
6n1?vLto0ntL0u L!tlluL1./LgD11uav[![n:y IoutL!nyL5u Nitrosomonos sp. t(av

. 1, - i, ^Nitrobocler sp. ruuo?00nttoa L:unn:v!?un1tu?1 nitriflcation ( y'tlylu'taiu ryla t! Lag :v
-- 1 c '.00!LnalEUU:, Y1fi 25: t2U Lgtl)

Nitrosomonos sp.

NHo* + 3/202-------------> NO2- + 2H+ + H2O

Nitrobocter sp.

2NO1 + 02 -------------> 2NO3'

vTlaouJfr fi iu rrfl u exorhermic d{#ndlll., luun :vror rthr]udrraiufi t ii':ud
tiunrrudolnr:oconsval6u tvr:rv6ulriarur:nrinrfirluror:vr'[i1oi firarirlvlnulurn:vrlur.1r

1fr'6uriiurl'ruruurnnrut6'anrrvlioon€rou lurn:yruavluln:ri ovqnS6rdrfi orJfr fiiur
denitriflcation rirl#rfioriu nitrogen oxides y:'o free nitrogen

2NO3 -----> 2NO2-----> N2O-----+ N2

n'r:i61il:ynouluIfl :roud!rn lfi uhJ rdu rirrrufr larirfr utordufi rnuortn:l!
"": , va d lts B e s oq,-

n'l:luu'ruulvr{01nufia{0'1f1u [ut 0.i U1[aLnln uavUl16u0'ln L:.i.r'tu0nalyn:: o'toli1h4rRo

rfluuraeiruafiudod.:urndou nr:ir]iurrulurs!:vrlurhuflnn4.:rfluarrunlfirdnyr:nrJrurdur

rfuuodlilnaiulu16oold 6orirtfivrr:nfiorn1rr1'?rfiu? riorornlurn:yrhJlirli'illlnaiurflu
- i " ov a

ruoEhln afrrrrdrlrirfi o lfroo uor.lhiarrr: orjr oo nfr uoutrJrS ulriturirl ltolirlnr utd
(rvrnil:ti voifii, 2555: t2- t+) luuraeitlrlurn:v frraur: orrl6uuurJarlnun:y!1rrnri

- Je io w
00ntrfrtu tutJnn:u'r tuyE tnttna''ru rlualtolfi1lyra1n6ut0nal l1u uavu a{n00! 01t0v

rio'lfi'rfioril:r nn nr:njulvr:ilrndu (eutrophication) uiooonrrr (algat btoom) (fia{t-u

unir5ri, zoos, st-oa)

uorhrfi urfl udusri'rueio!ar*av6'alir uridrod:rlruouh ufi uu6oouudrostri Lfl u
- ) ,.y l"n ,- ,

0!nt1u s'ruot][r.rruuav0uLu!!Lrol]Luruu000utouu1lu0uflua1 pH 01nl1!rljl]tu
: -"- - - : ,8.,

110.irrol] Ll.rtuuun1t 1n! 0.2 !aan:!Ftoa9r: av [!uouFl11u00! a'] 0.!n'tyuflLl, tLua{u't n't

uorlrLrfiuhiufiu o.o2 fia6nir:rioimr ri.rnrnd 5 ruaoflviuiu'jrfi pH oirn'jr 8 rir runtn rioer

- r!
n'jr 1IaAni!siodm: trt[uo'rnrrumoilaruac6'fliU1 (wikipedia-Nitrogen: website)

r?)

(4)

(5)
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I
-
c

nrvrd s nr:uJdougrleir.r 1to.rluln:rou
dlr: Wikipedia, (2015: website)

2.2 n1:d1fno1ififia ullnrfia uasuouhrfiou-luIn:rou

z.z. t nr:rirrioyn{n1an1yr

2.2.7.1 a17AUA
d. - ^-.). - ovi

n1:! 'r ujuon'r0r Lt Lunl:u'lljorrnt n0uuu! !tru0{01n [unlv!1un1:
.d 4

lzurovrf,nlo:c r14r,rlo.ro1iefin 6o firroritu irovriluoiun:rurio:uulJl4lularo.rirrnr er nr:
l

Ft:nu: o n''):r40vrro ''r:$un rou nl idlall ld'ufiuo'rii n rfroa o nr: u,vrin:vor o rra vlir'tfifi
d'un:ruioera.:riourir rnau Carter ttacnruu (2003: 197-203 ) ldrirnrrviotlloridinlou L'8

vro6 rroiuavltavriu (sotprene) zuarL:vu'jruo6tofi5u (potyethyLene) dfinrt:raur *rju4l
,J"

111J?',rUt0u' 0',rO',r:{ [Uvr00n [to (arsenite oxide) !lvrl tvranu:fil ultna Lsur.r00n [to r]1t..lo?u

nrrviovlulouvroduroi a'ul:oviofirrorSSindruvrofiruoflriiouav tz loudrufn (nrnl::ru

lnrai:vrnq, 2555: riul$!i)
nr: lnau rfl u6ni6vdld'l{'tun1id1!-oarifiu tunr:illnauriusior:vfio

:vir1u1i'orififrnunind'rrdr{frrurndorki6n:u,f'rfr'or:rr,r-o:vr-.:lrjl#rfior.Jflfiiurtol
.-- - i ," , , J e

Oll{lrOlnOtLLUUat.ltlinA!tUOnalnisaltuAn:Jvl1rfl0a{[L1oaOtJ (n!n']llfU tn allv[n4,
zSSs: ridtsi)

2.2.1.2 u!inrfifl
nr:r-irrinur.:nrfi a nrvlirlivaraiS ld*ri

nll n:0.:o'l u Ltl.l{fl1uat L0 Lan (manqanese zeoLite v50 manganese

green sand) m'r nar rn: o l uril nrfla61o1a dd6o vr:rurfiur (green sand) tritn6oudru

manganous sul.fate (MnSOa) unvorlriufrl rirl#fi manganese oxide (Mnro3) lodouoqj
J 3 Ja - 4 ds ,! . a

n1l]ru1!o.rvl:'tuttu't tl.r0u1YllJrr!{ nlua!ut!0u Lva 1u110Lan n0so.ll0100 nx tauQlnv:1u

rfiortrJrirlifiiuruJduuu,u'rnrflarf,u Mn02 uau0nn:ord'rl{ rtavtruv[6uxli'uffrt'[slo:tou
-".,)- a ie i e a y
daLl"lnvlxautu 'rR0s 0noont Loanal u [!uta tY'10:14:ata tY'{n t!911u tn:0{n5 0{n 0nun1la1.l

J J c , 4 qe a o 4, e e di ! .
ndL rfluFri.in:r?rvro La MnO, oono1fl5uLl! ttlo [t{'llJ t! [nlu usvu r tlav0'l tljus]0141{fl [0 [an
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4&, -- i
ry,{0flt.ll,i!rvAvonTrril uall au a ru rir.:yrnfrl frloslirlftirurur o{ Mn2O3 flTlfitroly:ru

--! ! - ", )Ltulna!aanl [n n1:a1.in?ualtaya1u9l'r.iyr1.]yrl.tu0''r00uyr1t!un5{nl't't 1450?i1910 rt0.l R Lfl
, tr "".2 --n1:41{ou1.100 tu0.ifl0.:yt't0u1n:&!o:u?{ 1fl51c o'r.!yllJylu,.l1n tn! tu n03yl1!yulrar n1

r . - ! )-
u0u rnu LUn0! LtJl.rU:u ayr5n111 lv!! n1: n t0.t tnJ!U[yr.l1c6r]ri1ui! 1rrrr].t{n1ta :y 'tru

, i ,tu^ u 1
1.2 !Aan:Lln0afl: n1ulJ{n1ua!1nn11u0u Lytno n1i00qtut5? L[avo't.iL1Jy]!!:1n'ttty{.i 1i't L14n

rirlddruqr (qnti'urf ro{yu, 2552: 30-32)

nlinio.:d?ulooaurSnrtudr:fu(ion exchange resin)1u:vllnr:
n:o.ilirrileiorr (rhifirlirLrun6ouiavaruriou) (rorLeororoi: 15uhgi) d?ur:€uarur:n1dtu

n1: nloour].i nlua Ln rrun! uonorldnru:vrio:vilodrlal Inu6'olflo,:rYulu1fr'ornraYrlr,la
--- x J a
a'u.iariurir rfro{n'rn urt{nriiaavar orlroulu;rJ Mn(HCo:)z fr.:rfu6lar:rr:nuanltJa'uuror
, ..2+ )v .i, q d .i!is0 Mn 0on L!rra?uyluyrntu Na tto01u01n1fi5? Lyar,[l'11]1nav?i't h4u .in'tna rUauu L!ou

n

lu;iltor Mno, 6rovrn6oufi rvriruoru:tsuhirf, uyrutdlrulu"td nr:rirn':ruacoror:Bu rfi o
c.- ! , 

"qy" e, v ,)
naiurl{.:rulddnfudrurnuavuyn rirhirirrtjud'oluj6uur:iuluri (tnnra i:vfi0, 2543: tOl-
104)

n r :1 d fi r rI o k u't u n r : ri r r''o u I r n r fi a o-l yr u ri o u u r n ur a v rir rL fi

dr!L:cnouto{ar:BrinovilrlvirJ:v?yEnrvrtalnr:'[{lokuaoar uavsiofldfirololsuilrndu

donr::virlunr:ldi6fi6orfioufrlffrrIokuturl3lrrulr nrfiuhlffrrlolqu?irurfiuoyoon0lo.i

Mn'- luriu Mn'- 1u: uor Mno" 1i11ft11fiij',rnrrrrrn.rdoon!1fier!il (lnrrra 1:vfi0,

2543: 107-104)

2.2.1.3 uolllrfiur-lu1n:rou
nr:riro-ouarLhriuyl'r{rnfi -nrun'r ornrirrf, ufi fi ar:rJur{ouuorLlrLrfl al-

lu1m:rolornuydrfrtf,uto{:rr!qo61uni:}r vlriurJqa'n'i ur,reitrirfirAu uveiluYrl6'6u fiul
ldn:vrrunr:no{rria uar:oodu louinr:finuruavfrzuulJ:vfiyr6nlnnfun'r ra.iar5oo{11

dryirldoo{'ruroulr:rfiur:-lu1n:routun:vrrunr:rirriouavrir{'orlrra'trodrlsiordor ar:oo
- i. - J
{llla1FrruylU',]l.l',r tt tfiufl nlunlUun annlnoluyu UnA! nVA',r Vll:']1 UA!!L0tAn A15OOS1J

, i.
Lualur!1a1aou!1{a{ v'r Lvsruv!n:vurufl'r:rirn-ortoilrriau-luln:roufid'ulruarnrtlhjdru
(oiry lrgnrrgori uavn6us, ?552: 825-836)

2.2.2 n r:rir risr vr r r rn fi

2.2.2.t otifrla
rirlo unr:r6lar:rnfi {rlutrr 6rriil rdoinnaol:ri) a.rirl rfiaannrrr

rflrfiuto.rori6in nr:rirrioar:!:vnouorifrluriuu'irrirlpiurnnirar:u:c no!tolorifituvr
.1 .-oa,v,it{ n1l!'t1ro01r11u9ro{ L!auua1:!:u no!flo{0't:{ LuvlL140u Lu:u1,0 i0llttuv n0utta'l 1n1l
.-ic.-d"-;tv-i'c

1j'luot.lt!u'15n1:!11rfll1ttnUvl? tij (00 Auvl Uvllgllu'], 2Ol2: 156-269) lqltR

n : v ! 1 u n 1 tIn r!o n n La tJu ua s n 1 5 rl n a v n ou (Coagutation and
)"aw

precipitation) rUu?0n1:r?i'rLvautlan0aa0un:?r.ietinuuasLnon15n!m?nut!un0uuau
lA - a 'r, J .grnnynoua.:u'] 10n1lurnu1t0{ n! nll lrl!615 [n!a{ L! tlIovl1a1un']1t.] la 0 u51J0{n0aaouo
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doq &v ,ar:f[t-[un:c!?unr:i]kiuri ar:dly5o ar:rJ:vnoloairfrul (aLum precipitation) rr{ain

t'atlJfl (ferric suLfate) tn6otorar:!:vnoloafirfiourasorySnuavrJurl? (Lime softentng) dr
i ,- - , Jd

u:3avr0n1 !un1:n1no0'r5{un to u [1,!u1J'1']1lu0gn!yrt0tuaenlS na0lu lfluvl!x1141^lLona{

n'ir 10.5 r..l:siyrBnrnlunr: riro'oor5€inalfiliouav 80 uavrfiofinr:rfiufiror ryirrYu 11 nr:
n'looo'r:tunoua{0{:ouav 95 uonornfiororirnr:nnnvnoulpiloulduyS n uavurlnrfiar{lufi't

drt,lunr:s,nrrnouiarrYu (ri et a[., 2009: 1-57)

n:vuunr:oonirn.[r'u (oxidation) iEdrde]rdolrYunr:r!duudnurusyir.l

rnirolar:!:vnouraSon{uto.:ar:rJ:vnouhi'finrruriJufiuriouar rl:vfryrBnryrlunr:aon?r}.r
i: 1e ,-- o s

rljUlul'0.i0'Dtun Loun:cu?un1:uru0qn!?6nllyrl,t 0':n!tvn0!r0.:0't5t n[uu1 rlas:ud!
f, ,-- .J! ^ tt

n?1! rlulJuu0tJylqnt0.io''15tunyl00{n1: a't:00ntufiuylyl[ur]1vau !!n1l n't0Ft01:{un n0

Inuvrauiulroiurxntun uavlslo:rnul!oioonlrri (wHo, 1993: 1 18)

n:vrrunr:uanr duurJ:v1 (ron exchange) ritu6ni6r.rdrdlt'lunr:riro'rr

lar,rcvfn a',tdt{l,un',:uanuJdtrurJ:v1ld'uri 61a1ari (zeolite) uoutooou!:fiuuauunyr
looout:8u (anion resin and cation resin) rdunaot:dtooau (chl.oride ion) trlrijunrrdrrio
v ,A
Fr0{r!a uu0'r5{1./n Lv0u L1]l!t0.i 0'r:tluyr Lou L.Er]'r00nr Lna uas 00.i!5!14 [ot L14rn1a{nx1

J .; rv .-- - gr.- - J.,6/.5 tytovtou Lun'r: n1000't:iun tnotu loo *nn1t Ltn?00 nt !oaourJt,Ja L!111a1u L:suylLt Lu

n:vrrunr:rirt#oronr:1dlrurrolr:iu ouar nr:ldr:iufir{Ju6lolar4oyfinrurirrnrvfir.r

laravvfnyar utisr dru firanFlr:iu (chetating resin) o cfror r!1ir rnrv6lfi'ularav rdu
----Jd,,.Jvro.ruor nrna unndor uavd'rncfi iro"ufifiruario nr: ua nujduurj:vo6o fiuot atuqirrnrv

h s - o td
1J0$:tu qfu 4u toooufl0.iLa u9r1{.,l lou [un1t n10o015t Luyuav0l{ruy0uyl'tyty{!0t01rnu
a i<
6o frfrror 3-6 d11,liraridrurracfirot a-q iirviuoriiluil (Ctifford, t999:478-563)

n:vu2unrtldrrrur!ru Lfl !n1r rirdnlayvyfnlouord'ua a i6 nrrrtlu
J d ' J. oD

ruo raonr{1ulro.r[r.nrruru uu] [lJ:ufrriur'lfLunr: rird'ooriiinatrrt0rr .ioonlfl!!ivrnyl

rirrl nururoto.i:11:ulJo'r u.u.r LLr iurtju hTn:ilarn:riu d'an:rila rn:.i'u ruayinoioaallEa
- !. )c. bg -;[u n5y!1un1:a0.::v?.: n1:!u[!0u110{415y]t!un:!!?unl5 Ltn?1}lfiuml alutyiuLtLunli

c ) te;d
riro-oto.ruirfr avaruldfi fi turoorlnrntr,rr! (Letterma n, 7999 : 226-29 t)

a -- f,
n:v!1un150fitlJ Luu nSvu?un1ivl016 u rl10ntu uu n 5 uu?1{a 1:yrnno o

- i! -cua{unun'l 1ava1uoon01nnu tounl:9lo [rra na tvul0l ovlnu ?to s.l010 rljua1:0uuv]t ti rtu
ulnfirdurnaal:si a1:oiuyr;rja-.:[n:rvr.i udu uonfirlrfloovafrur (activated atumina) 6r

u . u 6 dd a, - ,i-
LO:Unl1l.rUUt.]u',tn61v5lJ fl1:1r ',',]1JOl.r1rra15{Ln!U r! OU tO UO1:t!nn u0 nOnS! 0 ?yr.J1vU',t

1to'r LronA r? rooovaiur firorfr u,rl luaro d:v i1.r 5.5-6 a1r1r0ood'uorifrrrvrldrrnn'ir
.^" ,-J -c rJ i r-c ra,

0']:rLuyr o.luu Lunl:!'r1r9r0{01llJua0{ [tFr100nt Lnat 0tlauuo15t tullrUlJ015truyl a1ytlJ
- i J-

er-1oo{1JAnrfiovri.:fritLlLd6orirurilrl'usi (activated carbon) t{lurirufinndlun:rvr{6u lou
.!di-,,.J

nl511h41]: 5Un1U LUtU0n 1:! 0U LMltlnv AA t{A Vvl',t [14!tVav 5n1vla { n110',]l.Jvlnt s FrUO? U

- "i < i . !^
rna0uni tu0 ialn Lun: uulunll frotu tva nli0ulJLYtu 'lflo{01un uF\i vvllul nSul tno tt51

6orraiurfirioudrrradu::vv'jrruuSn-ori€f,nr tdflludxfitot 4-8 (Sorg, 7978:379-393)
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2.2.2.2 t,J,inlid
4 d i "ien1:n100luanuayltrJ{n1ua00n01n!']n:vyt1[11la"]u't0 n't5to al:tn!

J . - - y dJ- J
ry{0 n loo LLr.r{ nluauunaluaa.in! n1: tsr!o0 nt tnuu50a1n1fi !{n: u't tn1]1l tao{u0u LiJurtu!

' o ontrot'u-5o-nt*u (oxidation'reduction) udr tfionr:n nnv nou ar:rnfififrol1dfioda oltfin
n 0 na05u ua vo'1.:11lJyt1.l

nr:riudrunaoEl nr:ufi rutiroonrfl uao{rio6o nr:rFrdrerfirrnaosu
o".a

uavnli[6rr6?t'lna05ui1 i{av!nnil6ffi urd'launr: (qarriuri y|aily|u, 2552: 30-32)

Mn'- + C[2 + 2H2O <------+ MnO2 + 2Cl + 4H* (6)

-i , aJ
unnSul Lnoruou'r.m1o[5?yr pH a{n?1 8.5 a']n!0n5u1av[yu?'11.t H

-i ) .".3i-,-
rfrnfru frrovriiLririrfrfrrird'anriaf,firirfirir pt-t nna{ei'tn'j1 7.0 lrarfl!'j1 n1 t ia6nYurio

J .- -6n:toruunrfiafionririo daarlaidovqnrilaluh 3.64 fiainilriofrn: (qntiui5 vro{vro,

2552:30-32)
, --in1:tgll]o?uolnyl!yru{{03tnn!!n5u1n{4 n15

3Mn2* + 2KMnoa+2H2o H 5Mno2+ 2d +4H. (7)

rJfr fiiurrfi oduotjr{:?or;?fi pH {in'j1 7.0 uavnyfi nr:drarudanrlafi d
lurir nr:ocfirrar'lunr:rilJifiiarnrulun'srJfrn:n5 !ruu'r 15-30 urfi rdohiurjlo'jr

,J ,u ':n1ua Lofl n[Uau!flntnou'].!a!U:ru Llauatm0{n1: [rrJnllnnnvnou tu1n!o{n=.i nn?iic!
q,i

tu1otfifu0u (qn1ilu6 fiallvtu, 2552: 30-32\

2.2.3 nlrrildnilrri'ln,'l1,r
nrs!?un1:dlfoln uorrt-uaruar!ri0ro{1auytitjr.r5ofi ttunr: dou aa r uyio

,.j ,

[!auu;rJijo{015tun B!.rn1!A uor] [rJ[uu]l- Lutott0u [ri!n?']tJr!ulruu0ua{u50y!o hJ i0?1
c, Jd J i a qy , J , -dJ tr . -ruunlv!?un15vr!n?1urau{n'ry:a Lyi.laniyyr!a0a.iu?na0!u0un?1iE0u tu0n01nn't:u'tuo

o?u't0n1:tlnflua0itaun't ttnlua i a1:tnt]flnn1.:ua{81nn15!''11-iouauLuul{ntnl
v j i-a 3.ile-s .lr.c- ,

!5UAyl0fl "lYl [UnTi!lUfrU.inou?J1{n1 tn']SnlSuylLtnutouyllLlJ [oun

nis!xunrlon{lJyn rfi?n1 rflun: vlr unr:rirl-ori: adlfi6i mtfruri aryiru:r
aa J - .-- ""JEasrttavu!ofr15ufraur: noori'l orififin16vr"rvrr rn: :uasyl idotL y]1:e': rlounlidyaL a1tfiu

..,.d^

1ufrrfifiin (bioaccumuLation) uav/vio ylidolflnunliqlnduyrx6rnrn (biosorption) 'lunr:
o - N d i- ,-rjrriorirrdufrftJSlrrulrn !i'r biosorption ici!:cayBnrnn'jr bioaccumutation

(drrin#orarlnuuavaudar:auryroiyrulfl ranirauryrnl u\a6, zssl: z-q)

ni v!1un1roonfi rodu ufl rrnr:drriolounr:anorrlrfl ufi rd': u ulnfi riu6loy
ru.Jd uu:rjar:rl:vnor niuori6luli'lvlou'[u:r]r orarifiruvr loelaultd arsenite oxidase vrr.t

oiru:nlu A{cotigenes foecotis (Michel et a[., 2007: 457 -467) t1u{11l1]o.i Philips rras
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Tay[or (1976: 392-399) tdlirnr:drl"oori6inInui6mr.rfi:nryr Inul{,qlcol igenes foecoLis
t.ea.-)r,,rl'irnr:rrja'uurrrjartolorifiluririjuoriiruvrrillnr:r aauur alIoutouk arsenite

oxidase louocaon8loairirtro'o:rnrfirJ:vrrru 3.1 pmoUmg protein/hr uavaur:noon6lnii
,-" .z o .!r

ar5d Luyrl4{yilnr'ru1ur1a'r 6 r]-.)lrri

nrvulunlrdlfo NHot-N urrfirnrn loululo:roufivirllur.Irrf,ufiod 4 rfiono
ar:duvridtdn:rou (organic nitrogen), rorlilrfiu (tlHJ, lulm:f (NOr) uavlurn:vr (t,tO)

& - -ia i ,

LLLULn;t0Lrvti 4 tuo a1:ouvr: u [u tn5 [0Lliot!utlJoy]]lo1'1 tanu:u0urao a?LLu[n: tiju
-i a J -atfiofrla6u:rrnfiao i6nr:ririoluln:rauyrl{6lnlflurilnrurinto{uln:rould 6'rfi

ar:6uvitituln:rau (organic nitrogen) lduriyrrnh:6uuavqriu 1fi umidriro-o

lnunr:rJa'ou roukrioonrndouaarurirurJi fiiurvrGu n'jruor:I!fiflrnsj'u (Amonification) '[v1

naruriuuoilrLrfi u (trtHr)

uouhrfi o (lu:) uolluriuarrrlr0rir6'oki z i6 6ai6u:nl6uvritio-.:uodurfi uhJ

ld'Lunr:ndnrdor6o rfionr:roirguavairlraritr.r:.i (assimi[ation) d:ui6dao':6oqnuunfiriu

fl?noolyfiflr! (autotrophic bacterla) rl:vrnvrluln:Ish *\ra (Nitrosomonos) oouaareleiru
--. r, e v 1, c \ v

un:u'rtu0:l^lrntu L naluruul,uLorvl onaln1l

2NHa* +

luln:r{ (ttor)

ruJd tru grJ riuluror:Yr (NO')

3O, !"ot*onot 
t!' 2No2 + 4H* + zH2 o (B)

luln:r{rfl uHa6'niiornnr:oonilnduorll tfi uuayovnnoonfrlnci

Iotrrrtnfi riuoolnly:utJ:vrnyrluln:u!n[oo5 (Nitrobocter sp.)

u0uaaluo'tuq'tulJ0n:u1tu6:virntu o{a n1:

2NO2 
' 

+ O' .'"'o*t"'j 2NO3 (g)

lursr:v (Noi) lurn:rovqnoonilodnarariufirrluln:roudruulnfi riunrn
tavrvol:Iv:rl (heterothroph bacteria) rirurJfrfiiurfrtunifltndu (denitriflcation) sr-rarnr:

C1oH1eO3 N + 10NO3 .-' 5N2 + NH3 + 3H2 O + 10HCO3 (10)

(ol'ir'u vr::ruaiad ,2544: 59-17)

z.a $kil6rnrvr (Biofiim)
- rifla t1n1fl (Biotllm) n0nqr]t0i1aull:uvrnlssl9llJuh?traur.l{rll0un1uLaa15na}r

- .i - -.Y v i
iloF Luaiilduv5ufua5xtu (Costerton et aL., 1987: 435-461)

2.3.1 nalnnlrlfiofldlirnrr,r
n:v!'runriail.:ikil6'rnrn#u6'nrfl un:v!1un1rfi rfr oduuavr,r.l6uru!alnaoo

[']a1 (dynamic process) rJ:vnouri'ru r rYusrou ldurinr:tnrvfiotufr':to.loiuvid nr:ufro
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e.tlunaltontflaa uasnlltnlqJt!111,{a t?n'tY{114!!:fu (Davey and O'Toote, 2000: 847-867)

2.3.1.1 nrirnlyfiofiufixrollaurid (attachment)
!--

nr: rnrs6ororr$aairufi r:fi riaooro rfi ofi uldo r n6'rrraeiuio nr:n:vlir
ornulur.ron tir ufllnr: lnrsfiou!u ry,iafiy,l (passive) ov rfioduornu:lLjlrirtrolla n uavu:,rfi
-3 ,r J, q )

tfiofruor ntorlyafio qj:or lui lrrur{aa Lduri u:lrfurn6ouno.ltoqlya (fluid dynamic force)

ttav!r:.i{u[ndoun']nnr:urli (diffusion dynamic force) drunr:rnrvfioulruonfir,,l (active)
- g J - r.ta, i.!nnt!Lio{olnnrua uSrafllvto.ifr?rradfrId?uU:vno!fr0'lryllvrionr:rnrvfror,tju *r,lanroa

ar (flagelta) fi1a (piti) LJ:6ufidrerlunr:6nrnrvruoo6Bl (adhesin protein) un r6
. i,- -(capsute) ruavrJr vlfioqjuirlrufix r{ad (Kumar uav Anand, 1998: 9-27) n'lirniufi nro{rsad

ur-iroonrflu 2 iyuy (Marshatl ua&F]rus, l97t:337-348) 6a

:rurd 1 nr:rnr16nuulr.iundu (reversibte adheston) rraduunfi riuoy
- i - - )-: \e ,

rnqn=uocodrr€jourilfr uilr riugvyrrno,uulouri u:,: ururooirrad (van der waa[s force)

electrostatic Iav hydrophobic interaction lu:cusdrradrlunfi riuu-.rn.ifinr:rn6oufrldInu
,r,)i.
rtjunr:rn6oufrrullr:mrlrf,uu (brownian movement) filfinadr't#aur:onnriro-oldjruloux ^ ,t
n 1: t s a 1{ 9r? u 1.1'1145 0 a 1:?l'l tt o

z"ord 2 nr:rnrvfi ouuuLiflundl (ineversibl.e adhesion) [tadLrunfi 6u
- /B

osfi nr: a irl{uovfi u{r u:s kiuri dipol.e-dipole interaction fruovloIq:rou(hydrogen

bonding) rYuovlnrrrraus{ (covatent bonding) uav hydrophobic interaction rYudufirlou

or6'aln:rairrro.i1166rdu rylanrnaal (flagetta) iiurliu (flmbriae) fila (piti) rflu6'u
! , a v I i c, - J , -- - j - -!0ni'lnuLtaa0u!n154:1.1Lll1J:u (tibrin) tl,r0[uun']tto oaSvu2't.l[taa uunr[5 u Ruliuu? d n

al
o1tJvr1L14r] n1: uornrvyn,1uuluriun'irlu:c u v u:n nr: ririo rga du!nfi riulu:v erydoo nor n
i - a . "-fiufirosn:srirldurnf,u oiofldu:lrioo (scrubbing) vEonr:sloaon (scraping) rfio'lvirrariuao

oonllu;onrr!ruqndl{roultri ar:rirnlr 6corn (detergent) ar:ejr16o uav/uionruiou
J, " -h .-l-.-.

ry!o1J1uyl1a1ulti{y [t tunl:tnrsrr0t0 irtaan! u,ix (ChmieLewski and Frank, 2003:22-32)

nr:rnrs fi ot orofi uvri dufi odulurrarlriururfi u l s fi r 30 iurfi rvirriu

Inurtaaiovfinr:rnrvfiouuu:vuvfi 1 riouudrnrlrir a*uuit 2 (Mitteleman, 1998: 27 60-

27 64\
q - Jd t - .e ,

u00uvuJiJa00nl:tn'rvnot0{ttaa0auvlSuuuyiuru? Loun

(1) tfiouavln:rairlrrolrraei rraaiuunfi 6uurviavtflofio?1la'r!'rin
" - 3 -,. , - ! J v
tunl:tn1!9tftltuil't Louqrnfllnnutu0un!anuruu.u0.i ln:{a:1{uultj014 t{aa ttu atuI a[t{n

nrt:ri (Lipopolysaccharide) vr;o LPS I!:n'uuoo66uravI!:fiutfio6u n:nlyln6n (teichoic
. ,! r)-,

acid) rtludu In:lairlrya'rfiourao.rfiinirrlrilulolo:Iv,tin (hydropobic) roirraii6.ifi.iiu
rrirylunr:tnrvfrouudufi'l (Chmietewski and Frank, 2OO3:22-32) fi:rulru'jrurnfiliurrr

tfio utiu Escherichio coli uav Listerio monocytogenes tduu'la ntoaataiofila urach:6u
;e--C.

!u16o{xrradlunr:rnrvfr n{uriu (Davey and OTooLe, 2000: 847-867) nliqrUtaulor.iail{

,rri'ldfi^alrn',:aon?1!a'r!lrnlunrrrnrr6orudufi?!1wiold (Gitbert ei at., 1gg7.
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72-77\ Bower et a[., (1996: 152-157) t1ui1u'i1 aloiaur:ornry6nlufiufirlddn.irrraei
.ia

rU0.ia1nr.rn?"D.jLLl! Lo Lo: Lyl!na.!uae0.]xro.!aUoiIa-nurucrtluru (hairy surface)

(2) anryrurodoluavolri!:vnoltolar:orur:fioeidol:ol rdarfionr:
! - -.. ;a

aua to':6'm0114'r5uufruil?ourtludnurucrolil.iufr 6u nir conditioning fitm ildld'lnrirros
,J - i - , - 3 -Hafl 0 n1: t!aUuttua{fi!lJsryl'1.itn n'tUn1 t0.l}tuzu?ttu o'tTt6i.t{'luoAiytonfl!tJx(surlace

free energy) n?1il[iulolo:Iylinfid (nyoropnobicity) $av!rspardufir 6toroairzuan'lnr:

rnlsFrr]ta{06iuyriu (Dickson and Koohmarine, 1989: 832-816) I:rulruidu rraoflritrilir
t^& - i-,"-3dltduvl5g!u un?tuaUualu L141auyrs0[n1sooljlJyr!ili todtu (ChmieLewski and Frank,

2OO3 : 22-32) o drrl:6nu !1{.1rui6'u:'rui1u'ir ar:6uvri rirtiu ur uavlrl:6uizu alrl n'm a o

nr:tntvfrotoi Solmonelto typhimurium *ar L. monocytogenes ld (Helke et al., 1993:

479-484) uannr nia i'uro{ar:6uvrirjudr o6uunfi riln?11rflun:o-luatolanrr urodolfi
r r.r'rva! tirdrararionr:lnrvfi ouaynr:rfi oild!firnryiriru

(3) a'nuzu;uavnrualrjiuolfrufi r dn:rnr:rnrv6otor1fi uvrEduufi ufi r
, - f e ! - qp , , J -ttrlautuoL[rl nfi1{nutufl!anuruvyt'1.1fl1uf]11110.t11uN? toun n11\ri{.1''tu0a:yto.wilr 't n11}.1

a- , < . '. .j
ufluloln:Iyli n8sr nruriar.t (roughness) uavrJ:v1lufiufir Chmielewki and Frank (2003:

2232)ld:ny:nurruio'ouavalJ'jr nr:rnrc6nro.:oduvrEtjrfinduuudufirfifina'.:lru6a:ya,:
-, ""1.' a y aa- u:.

v50!n?1!r!unu1Lel.r1u (rruaunuraaafla rravrrnlyr!ainufuc[Ul.J tE [o: Ll'la nui0ar]!nr o!U1)
cva,!-;a----',3
1ddnirfrufr'lfrfra"nuruvriulslo:b{inr.rioaririfilritolrir [utiuryry{aou (teflon) tuaou
(nyton) uavurrl usifiur.i.:rui6'tlflu'jruunfiriorr.rtinarur:o6ornrvuudufirdfinruu{Ju
talo:lr,l0nrrnn'irfi'ufirlolo:fl6n (Sinde and Carba[[o, 2OOO: 439-447) uonolndu'{fi

, g-id- c. h,; -r,-,i-5',]u.:1u11 y{u 1yl!anu vtuu:11:u ula!'traro rJSauuunQsvt'tL rnon15 Ln1300 toon'rl1rurJ')

Gur (Mafu, 1.990: 742-746)

2.3.1.2 n'rirnqtflundiluo.1!taci (Cotonization)

ya-.ii1nrtaeififi n1:rnrsfi qlu:vuvfi 2 nr:rnrvfi ourr-Lh"ifi nr:riuna'ru6r
ic ,

ttaa0ytnltt0Sfuuavtt!.!ttaa9]0 tu t0un'r: Lt6'r:01141ryl 0q:0! 1tuan1ly[t1oa0! yl Lyrno
i o t et: ,

n'r:rfi!ii'ru?uaunaruriiunduto.:rgaeiturorFnfiu f,rndrrtadovtaroluc!uavrnrv:':lrYuou
- 1, J - J - q g i t; - ,tr <

tnoL1]utu?r0.it{aa ! nnatJ!5t'ttuviu 't tlJljuoau!ltaavtnlv9loou[5r]tn15 ar]a15na! aa
i, t ,i-

rl.Joi[r6x a'{oon!luonL{aanq o{frfirtoln{u[tad r;unai:ndufi'jr Extracellu[ar

Polymeric Substance (EPS) ororJ:snouriru Indrutnnrl:ri hJ:6uvloaTvilafio n:otvrlo6n
a tJ ,lnin ?nddntlaua1:lroa$Jo5o!'l (Costerton et a[., 1987: 435-467) a1:tval oud?u'[fttaa

- ! ^ 
q.- ! . !d ,f, ,uotnlu u ?[ooLtasIn?''r tanutulnt!nlnan1YiLl']oa0!501J'l fl!n1:[!auu*!a10L

naoot?at (Kumar and Anand, 1998: 9-27)

2.3. 1.3 nlrroieriluilaiudrnTrfi ar.r!i6i (Maturation)
,.ja;o-c,Z

11nna 1o{[$aavr.Jnl:r1ru1]u'Ju{ouri'lfiuouufr ori]u{!tolrtarinT Ulfr

ari EPS ovrnonl:frslurouriuikiufirnrvrriohl In:lairruorikiu6'lnrnfiroirg16rfioror{ir
Z .- i 1 v '- - )a- < o a, Z
tut0{L{aatvru{1turou1n'tu [n Ln5{a:1{1J0 i EP5 v anufuvrlJulllluvi0 rrjutulj0 r tradvalu
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t'u'fi0!riuinufinr:rfiolrYuriru EpS uavfirioldryilriru6ulrlrn:yoruo{ri'rhl (Chmiel.ewki

and Frank, 2OO3: 22-321uonolnar: epS oviurirfidr6ru'tunr: ldolIul uqa6inrutuikiu
r < d .- r - : -. -t?n'tflttav uo Luuui ttaan!rr{ur.t't ua? U{ra'!1!dlrirU Lunl:0ut0flflo.!f,a!iinlyrdxu EpS il

v et e u 1uurfr ofiluavnhuf,uar:orur:liairvir rtad'tuildlfr.tn1fld?urlo{ ri!rradornanrnurod'orL
.+,ylltJtvulsA! ttUn?ULL nLlacallrnl]n1i.l t UetU (Carpentier and Cerf, 1993 499-5lt)

2.3.2 to6uornr:l{tuIofl riulunr:rirUorLrBs

z.r.z. r l6uvririfirrardla'afrrf,ulpiuru0ldu nr:douaaruar:6uyr:'ti'[urfirf;uo,
tnoflu Loo

2.3.2.2 ant'urorn',:r4uriuutol6rurat#nai'uurldluri (Recycting biomass)
.,J

nru [u:uurJ ru0':n 1nn1: Lnt 6Uuuu tnlvn quuaaogl?na1nt?uti.] [yo duyr5 u-Lu:vuulnrrrL
, - gr r

i41r'rr,uuurn o.!uu Lo ntayloJ 0ntydrl (wash out) oo n!onivuuovrjoetn.jr'[u:yuufirgaei

ofr rvrido u'lu:vl1r [Li]?uaou
4 a e , .!2.5.2.5 t!.]l_tlrl)\)y[nunnflvnourtaa Loo yi1Lra1r].]:n uslonr:t!duuutjalnarl

. J. J
t{u{uto{ar:sirr1fr rfr oiuotjr.::rorit (shock toad) ldrfluodrl6

2.3.2.4 ntz$tatruavoro:vuutirriorrtaysh narrarrrr:nlirldiru uashiduui6o.t
s ,, f,q - d y tr i-
!oun1:!a0ul-J't L14arJ11l?aon't nal{!y{0tya1.id{6n!5n,fl oourn

2.3.2.5 dolrr11alurrraiil1uil3lrruriou rdolornnritoirgro.:lauyEtjlu:vuufi
-:. ! -nr:[a36U[fiud1u?ufluuuiaqrYrnarlotir.:{r1 i{rifro.rnr:ot,rr:raiilurJiurrulrnrin

2.3.2.6 anaai'nuavdrl{drolunr:rirllinurriou nrunl:vr.Luira
2.3.2.7 utnitnttairr:vr:urirriorfi I aur:nriro6uyidlrJriuldoFroiulu:vrr

tyl.rLoI ot aoicuyr']a1n1:rnoy,la ttn'tyi [u:vuutj'tuntifli1{{u turj (U:v0uig tJ:yo'urtmn,

zs+q: r5!tsri)

z.+ n'.rrJfr n:oiuuuluIofl aiu

0 iulnrtuulllJ Lll toy{a a1rJ'tir]nnrn!lauy5u Lra{ou [u0 i!0ni ru [ounr:uounrs nitiao
d'r narlrirtvll6uyr:'rjlrjn ntcdr loonhor n:vul rirlrirJ:yivrSn rn,uol nr: riro-na rr duvriti

:rcu!!-,-
ar{u rJ:viyinrnlunrr riri'nfif,unlrlilrruofruvri ftu:suu (n:n::ru vrroltdrirfiu, 2540:

.!--,Jd
116) 0{!flnlturnrLlura nu u roulll]n1:!l51i6o0i1nar.: rtu r{onluaou nrrru fioufru uas

nrro rfio1#l6uridroirgur.lu6nrnrc6ld'rnarlryrirdovfifi"udr:rnryr'01fi'ofiuvrEti6ornrc
i' ! t - <kilrn{u uonaln frn1ti'o[Suliaqfiumnrirrriuu-la'lHafilnr:lirlluuav radutn rrro.liyulJ'lu

, ! 3.:vtrvuTldiu :vr-rufroro nr:rlourjrrf,oornoirudlwoin-{!nnini (Up-flow anaerobic fixed

fitm) yioflourlr rf;uorndrututo.lfi'lrJi n:ni (Down-ftow anaerobic fixed fitm) lqu:v!ud
<, ie q r. - iq jq X - . A

rlJl.JvrUU! tull00lJUUn0rvlJlJyrlJ0UU1[AU11nn1!a1{10.10{!l n5 rU0.t01nao! [u141n1:0onu

Lo!1n (!v'l?vUlaUtyln[uLaUfl:uoar][na10U!1, 2013: t?!L{fl)
,, s -,r Jl . s: "" ^ ,dJ e ' i e

5U1JlJ LLJ l0Y'{a!!t5U}1't.i'11.r [Ftt]U1tA UnVnn!01]tlJ',DslJlJ (!riO1nO1!a1,:tU0t1l.J!Lt[AU
. :. r , a - -ri-filL!ua iali) ,.J1t]v0nlve1uu'ttffuttau Lyar.J'll.J1Ju0auyiu{.iunrn1u0u!ur.Jliaosl'ttn- tu]o
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i - - - - - , i qe - -@ ". - 1. , ! - J,
ult6u6tJ anu0auy:u aau SuLyalu0u [ta1:0l.Jyr:u Luultautuutlya{o't1415uavu']ta uyi.rlu

nr:r.irrinudaovlraaoo nvrrdruru 1utir.: u: nuunfi ri uo v rflutiofirnrv6ourd'r narloeir.r
- ) i - -- J

16u'r rio:vrurdulrJld:vucufr.!oviuunfiGufiraqouavroirpoqlutiovjrrto.rsr-rnarr'[ud'nuruv

Lrr?uaou (rurirnura"urvnlulaEn:voorrndrourli, zot a, rSukc{)

.W J J2.5.ilu'tourtnu?to{
n:uyivrurn:o:fi (2542) 1i1n1:er:lonunr:rJuriouto':or5€inlurhlfr6ulududdrrno

I ) J -ry- 3ee- .b, -s i
50u1\!au 0{14'toufl:fi:ot:tl:'rt ttJ0u 2530 nl flt?n1n [r]tnurJlqlnluu'r Lnquy| Ltul tnnyr

J - Jqvi.,v^ )anl uo (50 Lu[nlntil0l0an:) vr1t14l'rul tvro1flu 0u [u1-J: [1or o { na 1? v]Ltu'rtgrouvrrJ n1:
.1. , -! --- !- ^; a,

uutu oullo{01:{unu0'tn1:nunutunl}]il'tr.t0 Bl''ltvt't,.1114u{!analito!nn {{tl]ua1n1510.i
s c-
Lln!v${r.l?vun touauu6'tu?1 n1l[115n:v01910'!01:tun a']t1401110'tnnl::outt:uavn1:yt't

. r-- J- ,

tullonoun vrlL lnon1:6a1un?1,0iui01lt tu LlItttl (o'Dtun) vltnnl? nuo! nllavanr]a [utno
,!

n1:[tvi:n5co'tuto{o1:tuna.lau'{d6u

rlirur qrJfud (2542) rirnr:finu1u!nfiGudfialrrlaur:n'tunr:aofiwo.roriAfin il!'j1
rtlJFtvlt:u fl1uylu z6 uaualuyruo 3/18 ltlJ:u avlor'1110 tunl:0 0 nt tq a 01:t LuvtLl4[!u

o1ifir!vr Inoaur:noon61adld os-sovo rfiordurluorvr:riuru6ofifinrrur{ildutrorlrr6urL
J.!

015{ tUvtnJuu146.: Ll40 tA nn:oun1u Lnanl?u uo l:u6 tuo.iQ 1n lu:vv?'r{nl: nao{[ul,tuvvt

nrurdudutorar:r.J:vnouorifilur{aoaruu'ir nrtrr{utuuolar:U:vno!ori6ruorfi!du
- -. C - ,i ^ ,, "uavu.r uirnr:roirgtosuunfiriuri'raoraruriuiifirriryhJviiourYunT:anartar6r:rJ:vnou
JI

015t Luvl tuo114'l:[au.irt0

rl:rd rYorufifi olnrra (2551) :rurrunr:!urf, ouoriifi nluirld6urtn6iuurifrh.l
noua'r.: nui rfi nr:tJu rfi out olo r56finur n n'i rur n rfrud ri114u01o a or rinr:our riula n

(rirvuol{rvirrYu to lrl1n:ni:Lriodn:) drv:n!:vrvrnlvuuu'ir 'iloilanr:ilurf,ouorififinlu
, "" ) - av J r-- ,r uv<, "- .l.l 3

r!1,!6.:u1qltu{uuou!1n ruoialnolifinlilld'rfluar:u#nlunr:n:aor rfl:'rvvu'ro}.r uono1fl1.r

n:rn?!n!uafiuri.:riruuorirurn:orutoloriiiolurlr6rLuavrlrtdiul{tvirrir 50 trLln:nirL
4,sl

noao: t{a{fl?livounrruttrtufiriruucrlooavnrnul:rJuavornnr:ou1uu tan uactuo,io'rn
!- - ia

L:nflua1:uut:0:{v5001tt Lu Lnta QvLlao{01n1trtJ0 n15aua to.i0't:tun tutl{n1ur.t'tnn't1
--.!".-, J a- i -s Jd
a!u1uLlJ n{u'r0s r!ua1rfiq LvQlulur0{11:ur1turr1lvluvl0slrll fuvlatfl'l rnulnuLinu
" J - & X, .-- o !o,-
ii'ru?uan{u fl.i u nl ir{ nultatJant: Ll :ntvilu n1t!ut!0ulj0{o't:tun [uu1 Laou uav

qrnllrlro.rIUtdund!tJrs rflflduuririrltlnourirro, r,flurJ:slotrjlunr:rirvuorirurn:trlfi
- !-'.vv ! q

[vulvarJ uay[1]u aoo0atflrvloul1lu10lq!tu l.J0nn1nuun lfrt04aYlunlu Lunlunun?1']QU

rfi ar,rriEnr:rirriodrl6fr u tril:rnornoliiioriounl:!5Inona[!
uloou{ri oooBrr.i (zsst) lirnr:6nurnr:6'n uun rdoulnfi riuorno'rodrlrir 1z d'aodx

uavfrroeirrdu tz 6'roeirr olniilmo?1iuli1:''l1ruaud1[no[t rin d'ivioQ!ar1tE1fi 6it]1:n

n'ouunrdouunfirirfia.ru,rodlrr.r!a1i6in ld 1oo lult,a', rfiotrn'ou6onuunfitiufi
j id e e I

6'ruvrruoriifrn Ioudurtnrsta u llu tG medium agar ptate fifrartLurtlrtur.ro{ [t'{ttvlatt ut]
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ari€luil (potassium arsenite) d:v6'r t mM - 10 mu ldr{ouunfiGudfirJ:yfivrBnrulunr:
!)6ruvrun'rurtlufruro{aliiinronsir{riu rfiafiarilrrnrniruldlun?lxrdrturorlyruyra16ur

-J
olSStuvt (potassium arsenite) vEvoln?1ulljlJljua.raon0 10 mM

!:rfi viTrirufi fi olnfi ra uavfi uror q$ni {zs+z) rirnr:fl nurnr:rJurf, ouorSfi fi nruav
Ro"- o . .--. Xoy-

n0.Jn1flu'l t9rfru tuo1tn0tttJl1tuau01m0 LlnL0 uu 0{14?oouat1t511J yl1l'r101:{un Luu1L60u

tirrnortr:ro firlSlrruori8in#ruri o.s-zo.ts hln:nirrioin:yioii'fii (rodu z.ts

tiln:nirrioin:) d.:trgr,lrnr:rJur{outo.:or:0inluuraeilrjr rjmvfiarruqornnr:iuoriifin
ornuvdro::rrrFuavnl:aua'ru1ro.rorififrndi'lriluaS nluncnou6udouluuyrinirld'fiuriu

Pokhrel uav Viraraghhavan (zoog) rirnr:rt'nuro n:rdru:vra'jrl rr,t6nuavori0find

rvrrva unr:ann?rrtLdrduroiorifiinl#rvirn"l 5 pg L' raSosirn'jr 1oul,{nr:n:ord':u

r:ru nr: nao.idrlnunr:!iu!3ilrn:arurdltuuor Fe(tt) urinrrrlrtuduto.:oriifinoynld
rvirriu tOO ;rg L 

I 
dn:ra'ruto': Fe(l):As :vonrirrl (10:1, 20:1, 30:1 uac 40:1) ovqnfiuorn

rirudrrl.irurYrn:or(vr:rer) uavrillrdldtd'trlirn:rrilrar Fe(tt) u6r As ,ran15yroaollru'il

dn:rairu 40:1 al rrndl!-o Rs tvlaoa.:rvirrYr 5 pg L.t uiooirn'jr uavnr:rirrio Fe(tt) Lirir
,-1

ni1 0.1 mq L 
'

Katsoyinnis et aL. (2008) :'ru{1u'j'r rl:vtrtuludrmouranri:rl,ur,uslryrnularion
- t.Z"g- o v JJ * f".- -,r[ontoa 00![l4uolJ0in:t Ltul tnoutuvro.rvrl 0n1t0'u!na!5tnn u'] tq|our]n1llLoar 1n! 7.9

inr:Uur{ouori€fin (20 pg 1.1) vloanlrr (550 trg L'1) uurnria (zas pg L'1) uavuolhrfiuil
. -1. d 4 t, . -; l.s J
11.2 mg L ) rlasl.]luanllrlJou[LJl!fluo1 (165 pg L ) touvrol:tuF] rt {nlua ttav

- x, "-vuorlr:riluu ovfinr: urilourfiuriurn:rrut oi EC 98,/83. n ruv4i{'u16'rirnr:rirriosr"l uri

tl 2oos :vuudrrinrl:vnoudr trnr:lfiornrfl uavnr:n5o{ulJ1.Jo'nly,larfionr:ooni rodlyrrl
firnrnto.ruo lrfiur, uu.:nrfia uavol6frn orr d'?unlrnnnvnouri'lu FectSoo finruidldu

- -1 c, d o a q L X
2.3 mg I-e L E9ryr"rUrlJunlrn50{rr1r1r9l1'ru LY{a[Y10n1nno15{unltav tua n Lutugt0u6f]yt''luu1

r- , J
trro!av0nfl Lr4uaoorroo?u NaoCl rioudosuondraci(r.rilnn:vu'jrlnr:lvlorn'rfl Fe(tt) ov

qnooniioduavv'loarvlaovonoo{uluifio.i tron o*ia" uritirn.:u,ldoogluar:avarulun:vri'r

nn rir i'oludr r nr i n:o.:vr1{6?n 11r Mn(tt) nvnnoanilodilrrdrnrnuavrfioriusrcnou, 
.. l

manganese oxide vriv0nnleo lounl:n:o.: NH4 av0n00nt Lnavlntifllyiuav0nri']oo00 n

r',nti.lrunrruruni: nitrification rfiorfluturn:vr Rs(ttt) ovqnoonfilo;ium'triqnriro"olurix

nr:n:o.ruurfirnrn ori0inovonrir6'o1#ua6orioun'jr 10 pg L''turr,t,oon',rrnosno!uav
,Znr:n:ol nrrrLrrjrduaoviruv'lv oroi Fe(tt), Mn(tt) ttav NH4*-N ovoirn'j1r.]1oio.lu Ec 60

I .-
200. 50 uav 500 pe L n1 a'$il-

Ito et a[. (2012) vrfl6ounrvrlrunr:oonfr1oiorifilur{ n(ttt) lurirli6ud'lro:rcilIfluld
. )-

uunfrriuoon€lnaiorifilufi (Arsenite oxidizing Bacteria, AoB) frnouunolnns noutis zuant:

roraordroiEirn:rvr,i urll phytogenetic nu'jrurnfrtiu noa d'ufiudodrrtndiorYr: rns4er

odhoerens nii nao{ulll.ruunri (batch experiment) uarxlvluiudr eirvr:n nr:ooni'[o;i

orifrluri As(ttt) druurnfiriu AoB dairci?udrrrrrauto.luvei{uln:rou (NHa-N) rion'ltr
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r{rdutolori6lur4rvirrir o.s mg L'1 (52 mg L'1- 110 mg r'') rirrJfrfiiurld6"Lr pu o-e ruav

qrur,r4fitoulurnn'ir 20 olfirrrariua uonorndldrirnr:voaolururiordo.rdrurYrrJfrn:ni

firarvrdiuunfiriu AoB fl5r:il 1ou1#nrur.{rtuori€luririroiud 1 mg L 
I 

n{oulu HRT
.ls 9

rvir rir t drlll, fidn:rnr: oo nfirodtr A(lll) rvirriu!:srrru 1x10';rglce[Vmin ruav

!:vfrrBnrvrr ornl:oo nfiror'u A(ttt) 1d6rvirfii sz irjoirdugi oei1rl:frsrrrovvr!o'o:rnr:
j i-qvJ ir

oonfirodurnn lnfraofrirridfr tRt rvirriu 0.5 t"ahl fid'n:rnr:oon6rot-urvirrirrl:vur ru

2.1x10'epg/cel.Umin rJ:vivr8ntrtornr:oon€rot'urvi1fi'u 87 r!oi16!ri otnrunnt:voaor

ariualu'jrn:vrrunr:aonirnduurrfi :nT vrlotrl{urnfi tiu noB m3.:1J riurYuorourirrio
j y.ra, - , .

L1 IA.!OUMLt lU!.tot59taa{[?OaAtJ

Michel et at. (2007)

s.,-
uav!5!14uon1 tt0'rutJ0{n''}ln1nn01ltun0'rnu'l tgrfiu

rirnr:fi nurnr:airruacfi on::r.rro{runfr !5u [As(ltl]oxidisin gJ

riuhloileiutun'lrJfrn:ni6rnrvrlould pozzotona rfluiaqnqr'[unr:roirgtolrd'ouunfiriu

drr,r:-!rfi!rJ:sfivlBnrvr6'.:rJfrn:nifirn11rulu fixed-bed to.in:vu?un'r:rirriorLafiuurr6'lnrvr

vdrornnr:rirruuu!eiorio.: 60 iu rornr:rirriorirderdfinr:rJurtoutororifrlufi tAs(ttt)l

flu no n:i! n 1i roi ryt orluloilail o qlndui rr rulvra rrir (inflow) lrnn'jtnt:n:voroto.l
r s -.2 J ! - dd J-
ltrloildrfinurnrcfrorilurfrordu-?rYutoln{rLurnfiriufifiruurornuunfitiu cAsol ray

Thiomonos orsenivorons lrnriuloi6nurri'laola'nuruvlu potystyrene microplates tuav
,1

pozzolana ar: tSnnirrtadqarfloeu]oi (extracettutar polymeric substances; EPS) fild
,itrr

nrirarrr:orfrlnr:rnrv6o druar:arinorndaci (yeast extract) a'ldrutfrlouanranitolnr:
g r s -.r -' ! ^ i 'q -

651i LU loi{a!rlrrjr]lntu Era n1t'i tn:1Jv [!:nu u']9t1a Ltlu uasnSnqLl!n u6o{[vr14u?1
x 4 u ---q a 'rE r.orsenivorons arn'irluu1n'rarluo{nutvn0! an10{ EPS Lun0n::t]0'lrlrlvt0nBUn

rtad planktonic r:rnn'jrlutsad seseiL uasQn[viuxd{ou As(lll) tJan1:voaon {vltfl
3,.- , " Z ),
1JLyryul1 LOI{At1.1t1J tOvlArr!ULrrJUnuvrlnnlUn1flll'U'r UAOnI:t{r6l seseiI cel.l to{ As(lll)

.io
uavliiLvilon::rnr:rralurrjr roulujoo nfi rna As(lllloxidase ;irvilr-.t:vfimBnrnoitfr n:ni

firnrrurr fixed-bed nr:rirl-nar:rafi uvr.:6rnru'lur:srrf, uilurilouori6in arlr:nrJiu
an rnlfirr,rurvaurir u nr:nrunrflod'urir.r l uriu oruvni ravn'tltA EPS uav/uionr:

a'r ra :rvrirfi o rfi lnr uvururiuuavfi o n::uhlofl iil
Katsoyiannts and Zouboutis (2004) 6nurnr:drriorirti'6udlut{ol Mn(ll) rrav Fe(ll)

6r urJfr fiiurnr:oon€to;ivrrrfirnrvrnra'tfirarjru n:olrrluo'nb'la (upflow fiLtration unit)
-. .- i" .

n:vrtunr:oonfi1odrfi ofrulou't{u!nfr riu teptothrx chroceo *at Gollionetto ferrugineo
J 5 i -c r -- ! v
d.iart [unaruunvtrSuraant [oaur{n1uat[avtvafl n1u']luutuufl'l5flflulanuruutonHaFfl6uql
*.t J ,a
fltdornnr:oontro'il'u uavfrnrvro aitrranitornr: riro'o Mn(ll) r,fio rr.Jiuu rfi ur rYl nr:riroio

re(rr) lurirld'6r zufimflruc{flteiornnr:oonfrtnt\nnrirtrj6nurleul{rvnin xRD, xPS ttav

SEM-EDS ttavnu'jrl:vnoudradruzuarLrio.t hydrous manganese tLav iron oxides afll'ls

oonfrLorluur.i nrfiaodfi 3 uau 4 dru lron oxides ovoq1u3r.Jlo.i amorphous ferrihydrite
t&tva, - " l

nr:Fnurvrlrauflraoid1v rfiu'irdtr:r nr:oonfrtotluto{ttillnrfia uac t 6n ocfr order of

magnltude 1nn'jlnlioonilnt'uIouds1ilfi6in (abiotic oxidation) nr:oonfr rn{urv6nloo



- J g s d Jd-
wnfr 15 uos rn o{u15? nilnlloo n Lot'!utl.inl alo u!n5r6lmrornr: rfiorrJfi fi3ur rvir riu 0.9

$av 3.98 lrfi murir6'u

Buschmann et at. (2007) finurnr:r.Jurt ouuorori6finlurlrti'du [rnii1[noo1r.]6iu

ruriririr.r tl:vrvrnrYulltr difudrirnr:finu1 3,700 n'ryr.ifiIauLn: dturu 131 oiroeirl :ru
Jr30 l:rfrrnoiU5ulruo15iilnfiai?afl!oqluri?i 1-1,340 luln:nirrioisl: (ro6u tol

tlTn:niilrio6n:) uavruir 48gt rLor6'roeir.:irlirrruorififinrlrnn'ir 1O llln:niilsiodn:
uona'rndri{ori?a !!ivvrsuiiluxu 350 nurioolri{rilni d?ur{lulinfiuorifiinr{oYr 6l
nairurirfrrfio}.,r-i{na1rrfl (200 aurionr:rrfilaum:) uonduivruirrlrloifiuuavmsnoudu

vi1ufi -!0'.Jn1!rrruilr urirlrltruav uririxr Bassas 'turtnr-rvin Kandat acfili!1ruor56fio
lfilfiuludn:rffrrvrirrvirriu zaa lr:In:niuoio6n: (roa'u too llln:nirsiofin:) lurrusfid'ru

fifiloiuavfinnciuoontorurirLilirrruori€inrioun'ir to hln:nirrioin: nr:dori€finnn
rjaorrla'oeroontrnnvnourirocll'aru nolnn1:acaluto{aravrarinoonltri

Yu et af. (2007) nr?aaorlnr:rjur{ourolorSfiioluilorhurola ii'lu?u 21,155 ia
a1nilo 20,517 v{riruto.: 16 o-.ryiortu!:vryrn6utufl n.n. 2001 uau 2005 rdoor:roaolritu

rnqri?aao! Merck As Kit vru'ir s rloir6usitolrioJrurnrafinr:rjur{ouori€finmnn'ir
J

50 Luln:nilsrodn: uacrlon:rofrruiB ftuorescence spectrometry ltav sitver dithiodi-

carbomate spectrometry nu'jrr-jorjrrroraodruiou to uJofr6uoifinr:rJurtoutorarififrn
)i,l

rn!!1flrErunluuo ql!:v!ril[6'jr!:vtrn: 582,7 69 nv kiiuor:tunornnllnr]e1n!or-l'r
, i. , 1, - d i J

!101a 0u'r{ [tnfl1!rlju LU Lo?1n1!tu lruuu0un?']n?1![Uun5{ [u0{nlnt0nlnoo"ruyrurnll

flitoaou olnfl1:o:rn60!atnrntor!:vtrn:riruru 735,492 Au orn 8 o-rvio 16clr fill: n
- r^- c -11U0',l:tUn !iOt.i9rM5U1sr:!lUuOlnr:o:lOirn:rvu vrt'jru:vtrn:dlu'tu 10,096n! dxu

ai-
[lJU L5Flo{na1?UaVUn']',ll.r5UUt{vt9.l?vU{Urlnfrl{nU

Katsoyiannis et at. (2002) rir nr: rird'oorS6lulilrru nr:ld fixed-bed upflow
i ' i - aa v A - Jd

bioreactors 15 nl5uouuul\un1ut0nn 15 t0:n to i LL! n}l$ uvo{ nuu1ltu011t] n?1 4M:nnd
a; ""'.00n{Lo6r a nvlaval uu']Ln ua c Lo 0 0utrtJ.: nlua nlt tn9t00 nt totuyl'tit?n'r t0ntuanua3

- Ja 3ov- J- i
url.:n1ua ua0{ t14[14u2'lluul,finun uBu? LutJ Lun'']:n1Qq015tuR01nu'rtsttruvlrJnltuu['lJ0u
I .u a i oe
tnA'lll1:0n10O[144 n UauU nnluaLolll0 nU tutfusvnl5fl10tl015tun Ln 800/6 fl'lULflAnl']e

-1 .l u, -droinlsvoao.r (D.O.2.7 mq L', ORP 280-290 mV, pH 7.2, [FeJ 0 2.8 mg L-) rLlrx1a0n15

drriqurlrl physicochemicaL aur:nriro-ororifiinkirLrnn'ir ssozo rdi3ddrtfludorldar:rnfi
'[unr:oonfrlodori€1uvr uauoiorrJfu pH ra].ro n1:oonfitod'ulrrrfirnrnlildrrilud'ortGrL

- - I - ^ - j ) d, ,l
ariral d'{fui ilnir!!ao qriu Gi'rv:n an rvr urodolua vt6:uIfior.t1nfiu ufiolo r nfi6'u1u'tu

J; -1 ,

n1:9i'u u{lufroirni1 uav [inear vetocities (15m h'') a tni1nlidl!'otLll.J physicochemicat

(5-10 m h-t)

Mokaskl et a[. (2002) 6nvt l',4icrobocterium Locticum fi oonfitoeiorifi iarras'[61unr:

drtflorifiinfiUurfloulurirld6u Io,urirn":rdt,lrdo Microbocterium Locticum (fioanfilo;i

orififrn ns':Lrei 50 m moUt {uhl) l{luloltrardurunornd.rrJfrqaloold enrichment cu[ture
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"-t - i -technique [l4tto9l:{lJUtUonLtAvu::o [Unoa Uttnl v1LUtnnn1500n{ttltuljO.l 01:ttuvlLU
xn'- g --i- - - o .-- d { o io.-

u1Lfl9Uvl{vuo ?5uu1l:ua 0n1v,tlunl:u1u9l01ttunruut!0u[!u'tlsrnu

Hasan et al. (2012) fi nulJ:vfi vrGnrnlun'r:1i'ti'lu1ro.iu1.rnfr 6u ammonia-oxidising

bacteria (AOB) uav manganese-bacteria oxidising (MnoB) 'lunr:rird'orrolllr"fiu (NH4'-N)
2t. "" -- I .J.r q

[aytt {n1ua (Mn ) o']nu'l ulnv !: u L{or.rauvlLt Lunl:6n1j1r.1 2 a01un11\nanq ttunv]t:u

ldonar (mixed cuLture: MC)tutirrJfln:nJturo 5 frn: uav n{rrruafirEululoikirdrnrvfior

u!n'?nal{y.tala6n (stage of mixed culture: SUC) rrunfitiufiA"ouuno]n biological aerated
- ir

filter qnrJruroinriruuntinrtolouldi6 aiotog Microsystem Ltav 16S rBNA sequencing

n1:6'0[6on[fiovroaau!:vivinrnlunlirile'o NHo*-N uav tvtn2' ovl{urnfiriu MC uav

5MC fl1 alo! vr!21r1!nvr$U Bocillus cereus aMt0filn-O NH4'-N UAv un'7- hJUiaUlfi'U

Ulurrlru 950/6 'lun-lrJfln:niuu biological aerated fitter nru'hianmvrirll 6'lrYu rulnfi6u
- ,3- a. - arfa - - ..2+

aruriurifi6lr{JulfiuvridfrirJ:vivrBnlflro'1 AoB rac MnoB 1un1:rir6'o NHo'-N uav Mn"

h.]n5or1iu

Hasan et at. (2013) finurnr:rirrrutor:vrun:0.ifi?n1flu!rltfio'tn'rfl (bioLogicat

aerated filter: BAF) nruld'anmvo'n:rnr:1#ornrnlu:v6'lrirtl rdonr:rir6'n NHq*-N rtav
2+ i4 - , 3lJ- .- ,iv ,Mn- a1nU1nu sr20u't{U1o!vliln?luttutut0nllallu LUU:t]1ru4,i tla vFlol un'l chemicat

oxygen demand (CoD), NH4.-N ua, Mn'* qnriurl{lunr:f,nurtdo!:utiu!:vfivEnrnto I

anr .irui!fl6rLdfi nrurdrduto{!afi uludi}r'}Eu(.1 11!'j1:vtr1r BAF 61}r1:0aoPi1 CoD
-Ji-ou1{L uuA'rnn tuo rvl!omr'tnlslriornrrr (AR) d'n:rnr:lvlornrofi 2.0 L min'' (OO rvirril

., " v v i : a , 
'5.26 mg t-'') oclirlfifinr:riri'o ttHo.-N 16'qrfir ll.aor uav n?1!tllulludrfr{girnilFrr

- .1.

t.l1a:I1un'luq (<t.5 mg r'') odxl:6mu nlrfi'tifru!.in']flaavrfiqfiuq{qo (99.1%o) 60fi

nr:lriornrnfid'n:r 0.3 L min.r (Do rvirrir 2.94 mg r-') drr.rilrl, drdfinrrurtu{uto.l
.-,1 +2+

nafiulurJirrruql'r osinr:rird'o NHq'-N t[av Mn" kialaorvirfi'u 98.47o LLaz 82.9o/o

srrrrird'u rfiol#o'n:r nr:triornrnrvirriu 0.1 L minl (Do rvirri'r 4.68 mg Lr) anmvfi6fiqo

;irviunr:riro-o NHo*-N uav Mn'?- tudr6ilfiin'n!L{ueiu!o{trafiutuilitrruqrovufro'u'udo

lvld'n:rnr:1#or nrarvirriu 2.0 L minl uas 0.3 L min'' nurirrYu lutruvfidn:rnr:'l#

o'rn1rifirM 1ua!iit.rir.lfidldfinmurrludutaruafiulurJiurruoi'rnvfirirtvirrYu 0.1 L min'1



uvfi 3

't a oaufl :[u rLav? 5n1:y 9] a a.i

a.t iaqqtln:niuacarruafi

r.t.t iaqqrJn:ai (Apparatus)

3.1.1.1 Air compressor

3.1.1.2 Rotary pump

3.1.1.3 Ertenmeyer flask

3.1.1.4 pH meter

3.1.1.5 Autoclave

3.1.1.6 Pol.yethytene bead

3.1.1.7 Cotony counter

3.1.1.8 Arsine generator

3.1.1.9 Spectrophotometer

3.1.1.10 Hot plate stirrer

3.1.1.11 Fi[ter paper no.1

3.1.1.12 Gtass column (size 2.5 x 39 cm)

3.1.1.13 Pipette 1,2, 5, 10 ruas 25 fraaan:

3.1.1.14 Beaker 5,25,50,500 uav 1000 fiaAAn:

3.1.1.15 VoLumetric flask 10uav 50 fraian:
3.1.2 d'rilafi (Reagent)

3.1.2.1 Acetate buffer (Sodium acetate anhydrous + Acetic acid)

3.1.2.2 Sodium sutphate (NazSOq)

3.1.2.3 Morphorine (CaHeNO)

3.1.2.4 Nitric acid (HNO3)

3.1.2.5 HydrochLoric acid (HCL)

3.1.2.6 Calcium chloride (CaCl.2.2H20)

3.1,.2.7 Acelic acid (CH3COOH)

3.1.2.8 Sodium borohydride (NaBHa)

3.1.2.9 Chtoroform

3.1.2.10 Arsenite lsodium (meta) arsenite] (AsNaOr)

3.1.2.11 Sodium hydrogen carbonate (NaHCO)

3.1.2.72 Stlver diethyl dithiocabamate (C5H,oAgNS)

3.1.2.13 Sodium acetate anhydrous (CHTOONa)
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r{ulldodiori€in t(As(ttt)l rtuuva'.rna'l.rruuavGrrrunr:riro-o (As(ttt) rvirniu 89.11% 1u

Lla'l 48 {,'1lil.i[io urrr l#ulluorr'lt,#oo,do Enrichment and Growth medium (EG

medium) (Pranee et a1.,2015)

3.1.4 orrr:rdorr{o (Cutture medium)

3.1.4.1 Luria Bertani (LB) broth

3.1.4.2 Llrta Bertani (LB) agar

{"
3.2 uu0aun1501luu{1u?ou

3.2.1 nltrniurrfldtdouunfiriu 8. megoterium PNKP-S2

"trirrtoutnfrr5u B. megoterium PNKP-S2 rnrvrfiu{uorvrr:rf,ulrfio LB broth

!;!rn: 10 iaFfin: uaciluutdr t50 :ouyiourfi dozuyni#0,: 30 awrurardua rilunar
ta rj'r1rL.r ornrYurirurdorls len 7.5 laaam ooluo-l:',de,or{o LB broth rJilrrr:
tso ia66sr: r-irrtdrdo'sr:r 150 :ouyiourfi iozur,rnii'ol lo o.:nrurarfiua rflurrar

"is ; .c.e f a
36,ihlul rfr arjrh.fl{rnrcua-ufludr!fr n:ni6rnrnluloilair:siohJ

3.1.2.14 Lead (ll) acetate (CH3COO)2Pb.3H2Ol

3.1.2.15 Sodium chLoride (NaCt)

3.1.2.16 Magnesium chLoride (Mgctr.6HrO)

3.1.2.17 Yeast extract powder

3.1.2.18 Peptone, bacteriotogical

3.1.2.19 Tryptone

3.1.2.20 Nitrogen gas

a.t.e rdolfiuvrid (Microorganism)

3.1.3.1 uunfiLiu Bocil[us megoterlum PNKP-S2

urnfi riu B. megoterium PN KP-S2 lfl uuunfi Gudarullnroirul,uo'114'ti

3 --rtouun $u

B. mesoterium PNKP-S2

A_ !, - o A
n1y{Yl 6 IUAOUn'lltnlU nalllot[Un t:U B. megoterium PNKP-S2
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3.2.2 nr:rniuuiannu.!
. 4,. . "" ! e ""."".ul[!n potyethytene beads L!a1{nt Uu1avo']o !:v!tru 3 ni.i lra?rilL!{1h,1

. !.
!aonrron2u unar$u! tBtu:naolari os uloir6ud udrflurrar a iu rirri'oufiun:rntrrorfiu
ilru4utinarrU:v!'rru 4-5 fradrln: urdtdrurlarorn a n{r udrrjrhjrirlri!aooldod'ru
v ), J -01u n1lu.:?r'rlt00ru n! 120 oift'rr{arlua [!LL']a1 15 u1'

tIo poLy eth)^ene beads

a a€.r

il..:::.:Tr.:I. "E.{n!!.rE E5
*ea.qau.-i,;!iI;ioto6 osx ;-,..*i'ffi'n?,Hrorr.,6,

-lnrnfi 7 nr:rnSouiaqvrql (rfia potyethytene beads)

3.2.3 nr:rniuuo'.rr.lfr n:nifirnrnlulofi riu

3.2.3. 1 n1irfl 'rsldurrilouunfi Gu B. megoter ium pNKp-S2

rmiuunodr{ruron?r}lul? 39 urufirlfl: rfru routinarl 2.5 L{uArunt
rjirrn: 150 anurfirirruFun: rirhjrirhirjaonr{odrunr:d,rdrl{o ornrfurirrfio
polyethytene beads yrrrjrunr:eirrdo l::1a.:ludnoa-urjrJaonrdo r"ravyr'udr urioun:rnruro

- u " , I .-
2.5 rnufr$.rnt or nfurir nr:ciru rioulnfr Gu B. megoterium pNKp-S2 dr u nr:tyar.jruldr
noa"!ri drud'n:rnr:lraardr o.s iafi6n:riourfi rjrioudruflurrar 48 {rlul udobirfionr:
rnrvfiotoro6ruid uiaqnql ornril6rlirnr:1fi'orvr:rdalr{olrallrilyanirunodrrjodr.r
sioriordrudo:rnr:'[ya 0.5 fiafifin:riaurfi 1n1 48 drhl rfluurar 30 iu yiooun.jrovrfin

^!n1:air{SldrrdoLnry6onolu{o B. megoterium pNKp-S2 luiaqnq.l

rria poty ethyl.ene beads rlaanr{o

ud'nhhhr'rlrftlaoa ldo
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! --tt 0t[!nvt5u

megoterium PNKP-S2

-----\

rjuuudr t5o ra! 36 !'{x': utt1,{o a. megoterium PNKP-S2 u::1ai1ti

iaqnq{unirJfr n:niirnrnlulafl aiu

a I -ln1fl fi 8 riufr aunlrnS{ riiauu6fi rEuuurirrJfr n:oiirnT vrtuTafl ril

3.2.3.2 uHu4fr eirutlrvno!ri.!UAn:njirnrnluloikir
1) noa'riuuron?1ru'r? 39 rrufirrJer: rduairunutinar.r 2.5 lrufir!fi:
2) lnul{rilulu uac rirua'r{ drrav 1 rtu6un:
. ! ),

3) vruvr?'r.r (tree area) 3 rtunursn Llll]iaflyiu{

4) rioun:ro 4 rrufr$o: rlilrru 27.67 nirL

5) rfioyrarafin 30 ttuiun: (polyethyl.ene) rJilrru 61 nirL

3Cm

4Cm

nrvrfi 9 ulunfi fr.rrJfl nrnlfirntrluloikiu

ur,udr t5o ra! 36 !'{xl
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3.2.4 n'rirflEur.ro'.rrJfr n:nlnrtLntruru! fil.tration

3.2.4.1 n1:rn;uxiaq6'rn:or

rir anthraclte ttav sand
. J y" i

anthracite ,tu't9r 0.8-1.6 mm uav sand tnro 0.4-0.8 mm ainguut!1d1{61 utilayo'to

rudrrirhllirbi'rlaoordorirunr:fireirudoriour::o1un'rrJfrn:ninrunrnu!u fittration

n"'rrJ! n:oinr ol u uu! fi [tratio n

hl6'oturos.irurn6or sieve Inurirnr:rYnror

d1lin anthracite iuln 0.8-1.6 mm

rildn sand ru1e 0.4 - 0.8 mm !::n sand uac anthracite

nrud fo nr:rniaru::1 anthracite uag sand uufrirJfrn:nlnrunltruuu fittration

3.2.4.2 ur.runfr ei, urJ:vnorrYsrJfr n:njnrunrfl uu! fi ttration

t) nod'urituronxlru'r? 39 ltufrrrro: rduairunurinarl 2.5 Lrufinrr:
2) lnur'rriruul uav rirurirr drrav 1 rrufirrn:
3) anthracite uurord'urirrudna. { 0.8 -1.6 ia6urn: rjilrru oz.tz nil
4) riluavr6unturo 0.4 - 0.8 iaiurnrrjilrru 108.62 nirl

nt^rfi I t unu4fi d'lrJfr n:nln'tunlvirluu fi ttration

Anthraclte

u]10 0.8-1.6 mm

t'ru:rtou0

!u'rn 0.4-0.8 mm
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3.2.4.3 ttarunfi d?urj:vnorid{eirt{o disinfection tank

1) r?ni!r!4r!'ro 2ooo iaaarli
2) 1nur.:ilrilndruuu
3) rnSor hot plate stiner

4) alravalulrnarfiuilolil:naolae{ os ujoirdud

nttd tz uHunidrritdo disinfection tank

:.2.s nr:rniulrirldfiu#rra:rvri
3.,- - J .-

rirnr: rn5 urrir'lddudlrn:rsririrdru!:vnoulunr:r.rfr t rliu pH ryilrY! 7.0

rirh}ir'lrirJaoordodranr:fi.:rirrdodoruvafrfi 120 o{rt']rrarfiua riurrar 15 urfi (son van

Dang, 2008)

J , 3.or:rrfi 1 drurj:vnautrordr'[ri6u#.rrn:rgfi

a'tou d1lInu tj3urru 1,ru?u

1 Catcium Ch[oride CaC[2.2H20 0.23 n: /an:
2 Sodium SuLphate NaSOa 1.20 n5!/anl

Sodium Hydrogen Carbonate NaHCO3 0.37 nir/fr m:

q Maqnesium Chtoride MqCtr.6HrO 1.35 n:"u/f,rl:

5 Sodium Anhydrous Acetate CH3COONa 0.00t23 n:!/6n:
6 Arsenite [Sodium(meta) arsenite AsNa02 40 luln:nil/6n:
7 Manganese ch[oride 100 hrln:niruFn:
8 Ammonium Ch[oride NH4CI 1000 L! Ln:n::J/afl:

9 drna'u (Dl water) 1000 !aa afl:

Dlslnfection Tank



3.2.6 rvuuuluoril L6gud{[nl1sliri.rllf,nrni{?n1 rluu packed-bed

3.2.6.1 urru4fi :vwrjliori'.:rJfr n:nJirarnuuu packed-bed

a1!

Biolltm on Potyethytene bead

32

.i
11 1

Samptina 1

Samp(ing 2

Sampting 3

, J.
AIUY| 2

?_

]9
]

.9

E

!
9
l

Waste Eack'wash

cumo;r$_l-\g lr\
F.A,,o^r , .J

a?uvl 3
. l)i<i^lp.ti^^ Ii^k

t-,)
n'rlrfi 13 ur{u4fi rvuud, foo"uJfr nroiirnruiruu packed-bed uuuoiorfior

3.2.6.2 n'r:lilnluro.iivuuri'!!ininluur.r packed-bed ut.ruoiorfio.r

rirrlrlfrGua',rn:rvrifi rlurtoultrduuori€lu14 urrnrfi anao'[:oi uas

rolrLrLi.iu!naot:o rj5urrunrurdu{uriufrurvirrtu 40, 1oo ttau 1000 hlnrniloio6n:
nuriro-u lr,raairur{rftrJfrn:ojirnrnlulofltir fiitJfrn:ninronlvr[r!u fittration uavrilcirrdo

(disinfection tank) fifirvulirlruuuriorfiol dru ir':rnr:lva t{r o.s fia66rl:riaurfi Ioofi

fl'r: u'r.t 1l.J 9ro LUl.J

Luiuvl 1-25 lJoinltroao{ u't [0uua{tn51vl{vt1ju[!au t{ tfiur0't:t [uv]

[avuolfl rfiur]naol:riluar{rrillin:nidrnrvrhloildr lounr:lraauru up flow uasfinr:

rirrrutorrdourrn $tiu B.me gote rium PNKP-S2 fi rnrsfi orfl uhloskil (6"rnrnfi 1 2, ?i?ufi 1 )
! f,".- -ornriurirldfiui'rrn:rvfilraatirlun-rilfrn:njnrunrnuuu fil.tration 6rfi anthracite uac sand

i- i
riusTrn:or uonornfru"rrfi:L:vur nr:dtrnvnou (back-wash) lr'rnr:drr tfiorlo rriunr:oooiu

J,J
tonnvnouoauv5u (o{nlvivr 12, all,)vt 2)

luiufi za-qz ro{ nlrnoa o{ rlrldiufi.rrn:r vr{fi r.lu rtloult 16 o r-
ori8luri uurnriaaaol:oi uuavuoulrLrfiur-naol:aitraardrrYrrlfrn:nifirnrnlrloildr Inunr:

luarruu up flow uavfinr:rirlrutorrdoruuafi 6 B. megoterium PNKP-S2 firnrvfroriiutt

Synthetic ground w?ter



wash) rilnr:dlnrfi orlo.:riunr:qodutowvnouofiumid (d'rnrnfi tz, atud z)
d 34.- i r v - , I <

LUoUI tnOUA{[n5',]v14 Lva lullnA?!vr 2 0v IUA Lt',]0{?l'r rt0 toun15

rFrLunariuulall:naolari os rUoi16usi rfiorirnr:eirrdofiyaourrYurirloi6ui'.:rn:rvridr.iru

nr:rirriar (6'lnryrd p, atui, l)
3.2.6.3 nliuoao.iton?!n (abiotic experiment)

rirnr:unaorqon'r!qr.r (abiotic experiment) il:vnourir urYuJfr n:ni

33

loiliil (ri'.:nrnd tz, rirud t) o.nrYrrhlfr6r#orn:rvrflraardr'lurYlrJfrn:oinrunrnuuu

filtration dri anthracite Llav sand rflust-rn:ol uonorndu'rrfil:vrunr:drlnyno! (back-

fi r nryrfi ! :rrtor nhlofl 6ri ti.lrJ fr n :nln r unrn u!! fi ltration ua c rir?ir rdo dr nr:yoao.l
rru16urrYunr:voaoldxpiu (u$a 3.2.a.2)

3.z.o.q nr:riln-roeirlrir

riurr'roorujrufioe.irunr:drfo vrnl z+ drhl r{lu:vercnar 42 iu,it
, v - -!n't:Ln!o?aEn{v.:141Jo 3 no o{u

.l , ir-r s-,. !d
0011 1 a1ul1LyaoonQ1n0t!ln: t't n'tyr LIJ Lo?{al] !rt!nllt:u B.

i-a.
megoterium PNKP-52 ylLnlynortlu Lu Loilal dnuruvnr: Luar.nuurtru upflow

J,ir'.]
1ofi z ;irufrlraarioriorr.iruri.:rJ!n:ninrunl rrilr fittration frfi

a nth racite uac sand riJuiaqm"r n:or dnuruv nr:llta ilru L!!! downfl ow
J-. - ' ic -, !

lflfi 3 0h0u1ril1luo{fl']tto disinfection tank..,
3.2.6.5 n1t?rnt1u,1n1:1tn:1vv

drn"r oeir.ryr-.:uuorri rn:rrrir.Jilr zun:u rd:i{uto.rlsr6 eru ori61uil
uotLlrLrfiurnaol:ri uavluro:vr 0uiud r-qz orn1nfi t ras 2) rta;iun:rvrinrurturiuto.r
$nln'rianaoligi (ului, za-qz orn1ofi t rav 2) uavirniivrirJilrruriiouunfiriu 0uiud
zo-42 ornlod 1 2 ttav 3) lnui6nr:irn:rcdor rrla:i1u (Standard methods for the

examination of water and wastewater, AHPA, 1995 ) d'luanflunr:rrfi 2

a - a ta , lovo
n151{11 Z 1\1t1}r[ol0t uac']0n1t'ttnt1sv9t10u'l{u't[nqu6{[n5M4

a'l fiu v{15',1tlIn0: 10n'lt?rnllev
d <-tn:a{ro'ttft51vfi

1 oriilur4 n(uD Sitver diethyl.

dithiocarbamate assay

Spectrophotometer

2 rrurnria tr,1n(tt) Net digestion method Atomic Absorption

Spectrophotometer, (MS)

3 uolfurfiur-hIn:rou
(NH4.-N)

Nessterization method Spectrophotometer

4 lurn:r Nor' Brucine method Spectrophotometer

5
Z a-
Lt0u!nyt:u
(CFUlmt)

Spread plate method



Uild 4

,{an1:ilna0{

o1nn1:d1fioi{dfi ud.runrrc#d!urf, ouk16uuoritluri urrnriaoaot:ai uavuoull-
d r .i

ruur:naoLro vriun!n?1![1,]niurvir rir 40, 100 uav looo lilIn:n5udoafl: nuriro'u [acrir

nrrrrflun:o-rra pH rvirriu z o Iouhifrlfifiua'rrn:rvlilraa{nr:r.iru-ndran-nJfln:ni

firnrvrluloilrirfifiurnfiriu B. megoterium PNKP-S2 n:'lglurfio potyethytene uat'llla

riorio.rrtr{fr'r!frn:njnrunuurr filtration dfi anthracite rau sand rfluiaqor-':n:o.:

Inuluiud t -zs !o{n1:vtoao{ rirldiuairn:rvrf i nr:rju l{ orltrfi ulorifihfi *av
, i, -i---- iq"- - ,-, !,

tta! LrJ rl.rurnaa L:o LLav9]o Luo.: [L/1\yt 26-42 1ro{n1:vloa0{ u't Lqoua{[n:1svut]urllou
,Y - .i-

[t[our]o'Dt[uvl u!.:nluanao[:o uact[0![urLJU na0L:o L]ra rtl0ilJlnlfu .:a 0ntr.JFrvr00n'r

nr:lr,rar{rrvirfiu o.s iafifim:siourfi r6ror-rodrl'4n1 z4 t'rlur dqrura4irior uanrrvroao.r

rlluo.:u

- e2
4.1 n']lln5utJndlltouunfr tiu Bocillus megoterium PNKP-S2

, .1 Jq J tr
olnn1ldlunalrionlnrFu B. megoterium PN KP-S2 lyrlvrdu'i Lu01vt'lltAu.i[t0 Luria

Bertani broth (LB broth) iluurdrddflfl 150 :ouriourfi dorurani 30 ornrrrarfiua rflu

L1a1 36 ddil{ uurniorrtdrvru'jl0lrlr,duor,du LB broth o"l;norrrar;u'il, rdo.rornfinr:
v4

[0i[Ur0{rr!nv[iu B. megoterium PNKP-S2 oin1lr]l 14

nryrfi tq nf,rr{ouuofiriu B. megoterium pNKp-S2 luoryr:r#ulrdorua? LB broth
(n) otar:rdurrdorua? Luria Bertani broth r]Blrsr:10 fiaf,Bnr uac

3&(t) orur:ldurrfrol ax LB broth Gurn: tso fiaf,firr:

I
{

I

4
E

I, r .t
(n)

l,ll
I

5_=.i

,L

t

('u )



35

q.Z nr:ni,rrdouuafifiu g. megaterium PNKP-S2 uutfio pol.yethyl.ene
J o e!

ulodrndrrtourrnirt\a B. megotertum PNKP-S2 fifiorq ao .iirll llvra rdr aio o a'u rj*rir
rlaooriiodt::1rfio polyethylene r}ioudrl{ r{]urrar qB {rTrL.: (z iu) l#ulnfiu5uaur:o
0o6orufiruo nto rrfio polyethyl.ene uavnl nfu?il nr:1#orvr:lr,rri (LB broth rvirri'u 60

fia66n:) :vuvlirrvnl 2 iu rtlurrar ao il vrl'jruurfio polyethylene ovinr:rflqhlofrld:.r

to.ru!FrfiGu60tnrvuufirdo potyethytene dfia-nuruvuflurfionulltju darur:n#lrnnlpifrru

n1r!d1 o-{uaonlunrufi 1 5

nrvid ts (n):suunrr"trioru',:dtod.rra? LB broth Grrlqr 60 fia6f;or:r1n1 z 5u

rflurxal 30 iu uac (r) d'nr*rustulafldluurfin potyethytene

i

?
x.th-'-t

I.
.f

(n) (t)
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q.a nr :drfodrld6u#.r rn:r ;ridrJu r{ouls rd u lor i€luri ur.: n rfi an a o1:d ua s

ruolllrfiulaaol:r{"[un-lrJfrn:nifirntrluloildl uaslvardrlusYsrJfrn:ninrunruuuu
fittration

q.a.r nr:drfo1rr6uuari0lurflurlrld6ufrirn:rcilrilrurYrrJfrn:n56'lnryrluloslail
J x.w- - ra &.

riorii[66ua':rn:rvilfirJurflou As(ttt) uau NH4'-N frUirlrunetlrrirrriurvirril qo

uas looo hln:nirsiofrnr srrr:riroi'u lraartr{nr:rirriod'rurYuJfrn:ni6rnrnh-rloikil
zuanr:nqaornuirliurrunrrrtr{rdutar A(ttt) lurirld'6ufri r,n:rcilaoar Lua'oryirni! 4.32

!)
lrLln:nirriodn: uacfrU:si 6nr nr:rjrrioarfiu6oulqrqorluiufi 11 tolnr:uoao16o
r,virriu 89.08 u.Joirdusi uavitlirrrunrrr:rtliuaoa.:radurvirriu q.qg luln:niuqioFn:
(nr:rd l) il:vfiy6nrrnr:r-irl-oria.:trlnld6orodurvirrir aa.os rloirfiuerlu{ufi 12-25 ro.:

. - J d c ,J
n1: oao{ odr{rfintr Iuiufr 26 tolnr:voaol ldrfilrulnrianaol:dfirjiurrunrurdrdu
rvirriu too hln:nilrjoin: rfiorjrrlrliiudtur{ou As(ttt); NH.*-N uav Mn(tt) lr,laltr{o'.:

rJfrn:ni6enrnlulafliir nu'jrtlBurrunrtrrtrtuto.: As(ttt) aoa{ru6orvirrir 5.37 lrLln:n:-r

siofifl: il:v3vBn ru nr:d'rfo ryir rir 86.58 ujoir6us{1uiufi 26 ro{nr:yoao{ uav

rl:vfiyrBnryrnr:rirr-onrdrvirrir az aa uloir6ud[viui zt -ll, usirj:vfivr6nrn nr:r.irrinana.r

rdotilluiud n-qz \aa\uiufi qz roinlivrnao{ firJ:vfrvr6ntrnr:tirl'oryirrir s.tz

njoirfiudrJirrrunrrurrfuiuryirri'l 37.93 lrllnrniuqiodsr: o-ruaol'tunrrfi 16 uaynr:rrfi 3

0 2 4 6 81012 t4 16 18m2221 25 28 30 12 )r 36 3A 4D 42

r?fl (iJ)

nr:rirrinrlrldGua'.r rn:rsr{drJurtoulq rfi u uar ifiludGlr ru na u rdudurEloiu

rvir riu +o llln:n il dafi n : lurYrilfr n :oifi T ntrlulo $l aiu rfl urra r q2 iu
t^

rioualdornnr:yoaa{ 2 cilntiytoao{ uas error bars uaorfilrir ufiu.lruu

ulolt6lu (standard deviation)
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)t

nlrT .id 3 nr:ritiols16uuoritlutrturirldGua'trn:rvridrulurYrrJfrnrnl6antr
tuToflril

?uvt

(ro{n1:

mcaa{)

arrurduduras

lsrGuuori01uil

0lln:niv6n:)

rJ:cBYrBnrx

n1:!1UO

(oh)

lUVl

(to{nr:
moao.:)

arrurdututor
Itr6auari01uil

0u1n:nil/6n:)

rJ:sBvBnrn

n1:u'tuo
(o/o)

0

1

2

3

4

5

6

7

8

9

10

11

12

t3

t4

15

t6

t7

18

t9

20

27

40.00 t0.00

23.53 12.73

20.60 x2.17

13.40 10.09

11.27 !0.47

10.37 r0.05

9.50 t0.24

8.47 t0.19

8.87 t0.28

6.57 !0.14

6.37 tt.27

4.37 !0.24

4.43 10.05

6.07 10.09

5.87 10.09

5.60 i0.00

7.63 r0.80

7.30 t0.05

7 .23 t0.74

7 .40 10.57

9.80 10.75

9.57 x0.71

0.00

41.17

48.50

66.50

7 t.83

74.08

7 6.25

78.83

77 .83

83.58

84.08

89.08

88.92

84.83

85.33

86.00

80.92

87.7 5

81.92

81.50

75.50

76.08

22

23

24

25

26

27

28

29

30

JI

32

33

34

35

36

37

38

39

40

41

42

9 .7 7 x0.05

6.30 r0.24

6.07 t0.38

5.97 10.42

5.37 t0.14

4.53 t0.00

4.47 10.19

4.87 t0.09

4.83 x0.52

5.07 10.00

6.57 r1.74

6.77 x0.33

8.40 10.28

13,80 t0.94

15.00 !2.07

19.47 10.66

21 .93 x0.66

2350 x).q2

25.33 x2.55

29.97 1052

37 93 x2.83

75.58

84.25

84.83

85,08

86.58

88 67

88.83

87 .83

87 .92

87 33

83.s8

83.08

79.00

65.50

62.50

51.33

45.17

41.25

36.67

25 A8

5.L7
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4.3.2 n1:rilfnTtr6uuori€lur{1urirld6ud'.rrn:rvrioiru6'.rrJfrnl0inlunlyi
uuU fittration

- ". ".- - .) L
ud'rornrjr'[d'6uarrn:rvr.ifi uliJou As(ttt) rac ltuo.-t'l lddrunr:rirrio lurTr

.J
rJfrn:rufrrnrrluloil;ir: udrovlvariorialrrlrdrYrrlfrn:nlnrunrnul! fiLtration 6lfinrrl
rrirriuto.r As(ltt) ua6oo q r,vir drt zs.zo hln:nir:riofi n:lut'':Ir: r u: nror nr:vroaor liotua rdr

{fi'.rrJfln:ninranryrul.Ju flLtration aranr:yoaa.ryrujrtiru lfilrl:yf,yBnrnl,lnr:tirl'o A(ttt) fi

rjiurrunrurtr:tu As(ttt) anairxeorvirrYu 3.83 hIa:nirrio6n: riu6ofirJ:vivrBnrnnr:

drriolourrr:rvirr{u 90.q2 r!oiriuff,uiud rr ro{nr:yoao{ uaciU:vfiyr6nrilnr:drfo
roa'urvirnn ao.aa riloiriugiluiufi to-zs rro.inlt oaon rioilrunr:tirlhdea6'lrJfrn:drfl

, ! o -Jao{tuoa1 a10u (015't.lyl 4) 0u't.itlnn1! Lu?LJyt 26 10!n1:yroao.: Lot9tl] tul.i nluana0 !lF)
J,. J . !O" J J,vlljl lfunl'rlrLuxljuL lnu 100 Lr.rLn:n:!n0an5 rr01]'ru'r L9touyr!ltr1l0Ll As(lll); NHq -N uac

un(tt) lraardr{ri'.rrJIn:ni6':nrnhloileil uavlyadrrrdr{6":rJfrn:nin1un1y{rruu fittration

fl!?'rrrJ:vtulrun?lrLrJrlJu As(ttt) aoa{Lu6orvirriu 3.80 luln:nfilcioin: fu6ofi
rJ:c?ilBnrnnr:drriolou:rlryirrT! so.so riloiriuflulud za to{n'nyroao{ yrldllilrzu
nrrl l{udulou:uaoa.lnri ryirrYr q.aa lrLln:ni!rio6nr tJ:vivrBnryrnr:rirl-oaoarry6o

rvirriu 88.50 uJoirEudluiud 27-31 1roin1:yroao.r uavuri :cf,u6nrn nr:tirriolou:rlril
. - o - i -- --aqaifll a.)ou Lu 1\'n ir-42 ronnrryroao{ Iouluilfr 42 tonnl:yroaor rl:yiuBntrnr:

rirfnrvirri'r 54.50 uioir6us{ firlirrzunrrurdlturvirri'l ta.zo luln:nilrio6n: rfiorirunr:
r.ir u"olo u rT.: rJ fr n : nivr-.: a o q i o sYr ua o fl un r yr d 1 7 ua v o r : r r d 4

o2L68l0 12 14 t6 l8 20 22 24 26 2A 30 12 30 36 38 40 42

rrar (tu)

nr:rjrtjor]r1oi6ua'rrn:rv#drJultoulq16alori€lud daunr:lr,rartro'.:rJfrn:ni
n1un1fl rruu fi ttration rfl urrar 42 iurio4aldornnrifl oao{ 2 ri.,n,trrrur.,
ttas error bars rtanlfiln'r tdu.t[uuu1st5o,tu (standard deviation)
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4 - /a,r .!o B o,- .1
sr't51.ivr 4 nltuluo [s[ou,lo1:{ [uyrtuu'l lflaud{[n51s140?uft{u0nr n1un']?r

UUU filtration

?uvt

(ro.rnr:

Toao{)

n?l rd dura.r

lqtdurari€luil
0uIn:niu,z6n:)

rJ:;tvrBntr
nl5UlUO

lsr u:?u
(Vo)

?u?l

(rornr:
Yrqao{)

n?lu[{ riura{
ls16urori61ud
(tuln:niu/f,n:)

rJ:vByBnru

nltuluo
lou:ru

(o/o)

1

2

3

4

6

7

8

9

10

I-t

t2

1.3

!4

15

l6

77

18

t9

20

21

19.83 x0.24

15.10 t0.14

9.43 t0.05

9.20 !0.19

8.07 10.09

7 .37 10,74

6.47 t0.28

7 .47 x0.38

6.20 !0.79

5.53 rO.28

4.60 !0.28

4.60 t 1.04

3.83 t0.24

4.47 !0.66

5.27 !0.09

6.27 !0.28

6.03 10.14

5.63 t0.14

7 .77 !0.61

7 .93 t0.28

7 .80 rl.23

50.42

62 25

76.42

77 .00

79.83

81.58

83.83

8L.33

84.50

86.71

88.50

88,50

90.42

88.83

86.83

84.33

84.92

85.92

80.58

80.17

80.50

22

23

24

25

26

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

6.17 t0.05

6.00 t0.09

3.93 r.0.09

3.90 t0.24

3.80 10.09

4.1.3 !0.38

4.50 r0.33

4.47 x0.28

4.83 t0.24

4.60 r0.28

5.43 10.14

5.47 L0.38

6.20 10.28

6.33 !0.09

9.33 !0.57

9.40 r0.19

9.53 r0.19

9,73 +0.09

13.10 15.04

15,83 !2.22

18.20 t0.19

84,58

85.00

90.17

90.25

90.50

89.67

88.75

88.83

87.92

88.50

86.42

86.33

84.50

8q.17

76.67

7 6.50

7 6.17

7 5.67

61 .25

60.42

54.50
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4.3.3 nlrd,rioBil.:nlfiaaaokd'turir'lrifiua'rra:rcrirteun'lrJfrn:ni6rnryrluloflriu

rir1fr6ud'.:rnrrvriirJu,io, As(rrr); NHq'-N uav Mn(rl) drlirLrrunrrrrrrjudu

rvirriu qo, 100 uav tooo tuln:nilsio6fl: nrlrirel'u lr,rarrirairYr{frn:oi6rnrnluloiJiil

luiud zo ro{n1:vroao{ udrovlvario rdo.r rdr{rY.:rJI n:nin1un1rru1J1r filtration ,Jan1:
Bq.- - .-i,yloa01 u?'r Lo uul!noua{ Ln51s14vrzu't! n'r:1J1lJ F\ LLJ0.il-J0n:ol1,1n1y,r l1J [0y{a }.]!:Ll'rfun?1

ruirdutos Mn(tt) aoa.rrvirriu so.o3 hlo:nirsiofrm: fi!:cSyBnrrnr:ritioryirfi'! 41.38
id

rujoiutudluiufr 26 ro{n1:rnaor uavfilirrruerurdriurar Mn(lt) afla.ietluriroYlo eir I

siordorluiud zz-qz ro{nrivroaor Iouluiufi qz !:vfinsnrnnr:rirriorvlrriu 83.45

ru.Joir6us{ rjsrrrunrur,{ldusiranLvirfi! ts.gg luln:niuriofior: ri'ruaorlunrnfi 18uas

nr:rlfi 5

26 27 2A 29 30 3t 32 33 3c 35 36 37 38 39 4C 4t 42

nnr ({u)

r00
3e5
185

tG*

n7oG65coo
G..

!l ll(-)U
Eqs
=00f".

)- '-t-7 !\))P ,s
720t- tsG10

5

nt{d re nr:rirriorirld6uf,irn:rsridrJur{ouuurnrfi anaol:oifiGursunmrr{utu
Gusiurvirfru roo tuln:niusioBn: riT ufrirJfr n:nifirnryrtulafildu

rflurrar 17 iu to4aldornnl:mnao{ 2 drnr:yroaoruas error bars

uaos6.:ritutu.rruutJlotslu (standard deviation)
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n'r:1.:d 5 nT lilrierru'!n1fidnaolr,i"tulhldAu#.:rn:rcflun-{Ufrn:n!f,rnrvrlulo$lriu

'tuvt

(talnl:mnaar)
arru r{u,riutor urlnrfiana al:ri

0lla:niu,z6n:)
rJ:sIvrBnrvr

nr:rirJo (o/o)

26

27

28

29

30

3L

32

33

34

J5

36

31

38

39

40

41

42

56.63t0.47

50.30t0.47

49.47 x0.24

35.1410.24

37 .97 r0.47

27 .48!0.71

20.15r0.24

22.65!0.47

19.99r0.94

29.31!0.47

21.98t0.47

25.48x0.71

2732!0.47

23.3210.47

22.65!0.47

78.65!0.47

15.99!0.47

41.38

47 .93

48.79

63.62

64.69

71.55

79.14

7 6.55

79.3t

69.66

7 5.t]

73.62

77.93

75 86

7 6.55

80.69

83.45



42

4.3.4 nT :rjtinul.rnrfianaol:d'turhlsi6ud.trn:rcridrurYrrJfr n:nlnrontr
UUU fittration

- "" q.- - .) 2,
rad',: or nrjrlddua'l un rrclifr!urilou As(lt); NHq'-N Lrau Mn( ) lra a utr ei6'.1

rJfrnrnifi':nrnhloileir r,r#rovlr,lariorfiosrdr{n'uJin:njnranruruuu fittration luiud zo
s 3q"- - t) q s -,; i -1J0{n1t oa0{ LFI uu'r Lgr0ua.: rn:1314yrH'r!n15U1uo [u0':Ul n: cutlnlyi t1J 10fl at.] {.lnn1']!

rdltutol Mn(tl) rvrSooqjrvilri'u 56.63 lrLln:niurio6o: rdoluaudrfr'rrJfrni0in1un'tfluu!

filtration vildrfil3!16uni1u rtrdutol Mn(lt) anairu6ori$u 39.6a lilIn:n:-!sio6fl: fi
r.J:vfiyBn ryrnr:r-irl-oIo u:tr ryirriu 58.92 urjoir6ud luild zo ronfl1:11oao{ uuasnl'ir

- JJ , . J c . -.jrl:vdvBnrl,i[unr:tirfo tr4n(tt) rfrl{u otir.:riorfrol 1oeluilfr 42 ro{nltyoao{ !:vfirBnryr
nr:dl.rjoloa:'lufirirrvir fii 93.6t ur.JoirEug{yi onrrrL rdlriuto{ Mn(il) riranrvirfiu 6.16

1r:1a:nirrrioisr: rfiorirunr:r.irrioloudlr.Jfrn:niri',:aortio riruanr'lun'] fi 19 uaufl'r:1{fi 6

26 27 28 29 3C 3i 32 33 3c 35 36 37 3A 39 40 41 42

rrar (5u)

100

2m>85
-1 Bo
t6 7s

G70G65t6o
15 ss
Eso
.f 30

-J)
'B 307zs
Ezo

l5
10

5

0

nt^rd r9 nrrrirrio#r'[si6ud.rrn:rcddUudouuurnrfianaol:rifiGurrunrur{rriu
ddur{urvirriu roo luln:n*uoio6n: daunr:luardrn'.:rJfr n:oinrunrvr
tuuu fittration rf,ulear t7 iu do4aloiornnrsrnao.l 2 #rnlrroaoo
!!as error bars uaolfilrirrfiu.! luuulFt:i1u (standard deviation)
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o1i"r{fi 6 nlidlforr{nTfianaotrridilurtouturirtrlGua-.run:rvririrofi.orJfrn:ninrtrntr
[[uu fittration

'tuvl

(?o{n'r oao{)

nrrttrduduuolurrnrfi anaal:ri
(1lIn:nil/6n:)

rJ:cf, Entr
n't:u1uo

Iou:ru (%)

26

27

28

29

30

31

52

34

35

36

37

38

39

40

41

42

39.6410.94

35.64!0.47

34.31x0.47

32.98!0.94

22.32!0.q7

27.98!0.47

19.65x0.94

21.98x0.94

18.99t0.47

19.99!0,47

18.32!0.47

10,66r0.47

17.66t0.47

8.3310.ql

8.66r0,94

7,83!0.24

6.1610.71

58.97

63.r0

64.48

65.86

7 6.90

11.03

79.66

77 .24

80,30

79.31

81.03

88.97

81 .93

91.38

9t.03

91.90

93.61.
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fi rnrvrhlailair uavtyario ufi olrdr{ri,rrJfr n:nlnr unltruu! fi ltration luiud 26 ro{nri
yoaor !:vSyBnryrnT :r-it-r-o tr.,tn(tt) rirlo1fiud'.:rn:ryrifiilrunr:rirriolurilrJfrn:ni61nry,{t!Io

4.3.5 nrtritiouurnrfi anaol:dlur]rld6u*'rrn:rsdo"lurY.rcirrdo

Disinfection tank

rfiorjrlfiAuarrn:rvr{fir.luuilou as(ttt); trtHo.-N uav Mn(l) lraardr4'nhlfrn:oj

iJdr uavlun-rrJfrn:njnrernryiu!! filtration yru'jrililrrun':rrLrdrLtutor Mn(tt) ryf,orvirriu

56.63 *av 39.64 luln: n iuri o6 n : mrr riroju ua vhaa rrir {rYr*ir rdodrir nr :si r r6'od'r u

unarfiarlsTrJ:naal:ri os uJoiudud nldljiurrunrrluilturol Mn(tt) aoalry6ooeiuyirnil

32.98 trln:nilriofrn: rl:vfivrBnrrnr:rirrinlou:trrviirY! os.ao r!oiL6ue{ lulud ze

to.in'm oao.i uav irJBrr run':rur{rldrro.ruu.! nrfianaot:da orar mrucirq'uryir n'! t6.32

lu1n:niurio6o: rJ:vf,yrBnrnnr:dt.r-orvirrYl ar.4s uJoiu6us{luiud es ro.inr5l1nao{ rLay

rjirrrunatrrdrduror urLrnrfianaot:riaoa{uoatu uyirriu tg.az luln:nirrioirr: !:v?yr6nrvr

nr:rjrriouvirfi'r zs.qa r!oir6ugi lliufi ao-at ronnr:ynaon lsrerlui!fi 42 r.lirrrunrrr
rdr{u Mn(ll) ua6oo{rvirri'u t5.82 lrL1n:nirrriafin: firJ:vivr6nr nr:dr!-orofiulnulll
rvirfi'u aa.oz uloirfiud n'.ruaoflunufi 20 urasnr:rrfi 7

26 27 28 ?9 30 3L 32 33 a4 11 36 31 38 39 4D 4L 42

r':ar (du)

100

90
J,tq

YBo
T5'F 70

€6sG60
G ---??r: 5u
E<szdo
;l 4q

re zs7rn
(- tq

10
5
0

nrlrfi zo nr:r.irriorhtplGua'qn:rsrifirjur{ouuru.:nrfianaol:rifi:yd'unmurdurfiudrirflu

rvirrYu t oo luln:nYuriafi fl :ud{rirunr:rirdouaynr:rirl#rjaoo udoriru

unarfiuulahJ:naol:ri os rrjoir6usi turl'.rairr,fo disinfection tank ivuc[aa,l
tz iu {olaldornflriuoao,r 2 #r nr:yoao,: LlaE error bars uaolfi.lrir
nJU.:[uutJ'r9]i61u (standard deviation)
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gr1:'r{d 7 Gurruul.:nrfiaaaol:ridrJurtaulurirtfrfiu#.rrn:rcdr.irunr:rirrinuacn'l:li'r
LI uaoorron?u unar€uuloLj:naol:ci os riloirfiuer

lufrieirrdo Disinfection tank

?u1l

(to.tnlrrnao{)
n':1tln u1u10{uu{nluaRao [:n

([uIa:niu/6n:)
rJ:: BvrBn rr,r

nr:rirrio (o/o)

26

27

28

29

30

31

32

33

34

36

37

38

39

40

41

42

32.9810.94

29.48x0.7 |

26.98x0.94

23.82!0.24

19.49!0.7 7

19.82!0.24

16.16x0.24

16.82+0.71

16.32x0.9 4

!5.99!0,47

18.65r0.47

17.99!0.47

20.99t0.47

20.49t0.24

18.9 9r0.47

19.82!0.11

15.8214.24

65.86

69.48

72.07

7 5.34

79.83

79.48

83.28

82 59

83.10

83,45

80.69

81.38

78.28

18.79

80 34

79.48

83.62
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4.3.6 nT :dlfououllrfi uunaol:cfluf1ldAuf,{rn:rvr{rirofr.rrJfr n:ai€rnrvr
luloikiu

rfiofrtdfiua''.:rn:rvrifir.lur{ou As(lt) uav NHo--N fi!5!rrun':rlrdudlrvirrir
40 uay 1o0o hlprrnirsiofrF: nuriroil lvarrirdnirJfrn:ai6rnrnluloiliit rJ:vfiy6nryrnr:
" - X.v- - t; X.

drriorjild'Gua'rrn:rvrifrrJuriJou NHot-N nanr:rnao{ !'jrli lruntl rtrldurol NH4*-N
o 8".-
luriiLri6ud'{un:rvfiaoarotixriorfiorryirri'r +42.t5'[rLIn:nflriofin: r.J:sfvrBn']yrn1id1!-o

uvirrir: 55.79 ujoiriuoitu{ufi 1-8 rro{n1:yoaor uacflli rrunrurririduaoaqraduuyirril

434.75 lr:In:nirsio6fl: il:vfiyrBnrvrnr:r-irrior,o6orvirri! so.sg uJoir6usiluiufi 9-25 ro.l

n1!yoao.r oeir{:fi fl ril luiufi zo tarnr:yoaorlpirfi lr,rrrlnrfi a-nao1:riduilrruomurdrdu

rvirn'u 100 1r:10:nilrio6m: rdarjrrlrld6udluu{ou Rs(lr); NHo*-N urav mn(rt) lr,rardr{n-.r
" - "" 4r- - t) !. +!ln5 t?n1flLu!0flalJ utvay0n1flnli!'ruoul Laouanrn:1v14yr!ur!0l.J NH4 -N yujl't

rJiurrun':uurir{uro.r NH4*-N uvirriu 515.23 hln:niuriofin: rJ:vfiyrEnrunr:dru-oryirn-l
qa.qa rloir6ugiluluit za ronflriynaon uav irrrunruuriuduaoa'rnruird'r.l6oulraatu

rvirfiu 402.38 lrLTn:n:-rrio6n: r.l:sf,yBnrnnr:riru"oraduryirfi'u ss.zo r!oir6uei luiud
27 -35 lJo.ifl1:vlnao{ uavlilrrunru uiuriufi uurTrilLaoaud ou l luiufi 3o-q2 rornr:
voao{ Toului!fi 42 r.]:vfrvrBnrvrnr:rirl'nrvirnir 85.66 ujoiu6us{ rjirrruorrrudrriu
uv6oodrvirn'r 143.38 h1n:nirrio3n: d'rruaol'lunrnfi 21 uavnr:rlfi 8
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rrar (ir.r)

nrnfi 2t nr:rirriorhtr{6ua',rrn:rydfirJurtouuorhrfiuunaol:ri:so'unmrurtu,fiuidurflu

rvirrYu tooo tlTn:nilsio6n:6run'.rrJfl n:ni6anrvllulofil;iu
rflurrar qz iu{oryaldornnri oao{ 3 d.n,trrru.o
t[av error bars rraorn'rrirufi u{ruuu10tti1u (standard deviation)
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J 6 , - 3..- -n1r'r{fi 8 nlidlrinroxU!fiu!naol:ri"[uri1't66ue-.:rn:rclidrurYlr.lfrn:n5firnrnluToflriu

'tull
(tolnr:
flnao{)

n?1!ttJUtulJo{

uouurluuu

naol:ri tpyL)

rJ:ctrBnta
nltu'lu9
Inurrl

(Vo)

?u1l

(rarn1:

flaao{)

a?1 ltj t uto{
uall lll tu ull

naolrri (psll)

rJ:clrBnrYr

n1:u1un

lqu:au
(o/o)

0

1

2

3

q

5

6

7

8

9

10

11

12

13

14

15

16

17

18

79

20

21

100010.00

770.56!48.77

590 .28!34 .69

527 .25116.65

512.45r8.92

500.43r8.92

468.05t18.48

461.5814.24

442 .15123 .60

326 .53t79 .69

318.20t36,95

431.9814.2q

459.73r4.24

404.23160.31

308.95145.12

308.03r38.45

239 .58!16 .1 3

2q7.90t12.51

326.53!70.51

339.48!40.4q

351.50!31.92

384.80t11.55

0.00

22.94

40.91

48.16

49.96

53.20

53.84

55.19

67 .35

68.18

56.80

54.03

59.58

69.tt

69.20

7 6.04

7 5.21

67 35

66.05

64.85

61.52

22

Z7

24

25

26

27

28

29

30

71

32

33

34

35

36

37

38

39

40

4t

42

395.90117 .62

404.23!40.25

419.95r10,51

434.7 5t4.24

515.23,t22.43

440.30!16,96

536.50t8.48

47 2.68!45.12

428.28!13.69

425 .50r.82 ,62

421.80r88.80

346.88181.33

406.08t85.64

402.38r.35.43

329 .30!25 .18

311.73157.70

275.53129.67

202.58!40.31

166.50115.45

148.93x14.24

143.38r8.48

60.41

59.58

58.01

56.53

48.48

55.97

46.35

52.73

57 .t7

57 .45

57 .82

65.31

59.39

59 .7 6

67.07

68.83

78.45

79.7 4

83 35

85.11

85.66
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4.3.7 nT :dlfnuoullrfi trunaol:dlurirldfi u#.rrn:rs#daurY.rilfr n:ninruntr
ttuu fittration

. io.- - .;, &
vd'lornrjr'ldduairn:rvr,ifrilurilor., As(ttt) uav NHo'-N ajrunr:drrjoturi.rrJfr n:oj

firnrvrluloildl ud'rorlr,rar{r{ri':rJfrn:ninrunrnuuu fittration lourlrloifiudlrn:rcil
J, h < -.r i
vru'runliu'rtiotun.:rJ0n5fut?n111tlJ[0Ylar tnr]fi11!l'tjl]'rJufl0.1 NH4 -N Lva00q[v']n!

070.83 luln:nirsio6o: rdoluartr{rilrJfrn:ninrunlvlu1J! fiLtration drerrfiutl:vfrvBnrnl,u

nr:tirrio NHo.-n 15r',*o211r{u{uro.r NHo*-N aoa.:n ruriro'r ua6 oo qjrvir riu 400.53

tllorniurio6o: riu6ofirJ:vSvr6nrnnr:rirrl'olou:rrrvirfi'u 59.95 r,rJoi16ud luiud t-z 'uor

n1:voao{ uavitJirrrunrrrr:ir:duaoarrv6ooqjrof,ulvirriu 364.45 llIn:nfucio6er:
rl:siyrBnrvrnr:riliorrqdulou:r!rvirnir oa.so uioirduo{ luiud 8-25 ro{n1:vroao{ Ldoil1u

nr:drr.iooiaurYrvrsrao{rio mrricild'! odrr"[:fiou lu{ud zo tornr:voaorlpiufiruurLrnrfia

naol:ridtjiurrunrurdrLturvirrYu too llln:nfirrio6o: dodrfrlgiiudrlur{ou as(ttt):

NHo*-N LLav trln(tr) lr,rartr{6'lrJfrnrnidrnrvrtr.rloiltiu uavlvarirurtr{n-lrJin:ninrunrn

ruu! fiLtration nujrrJirnrunrrurdldu ttHo--1.1 uadoo{rvirriu 094.68 tlln:nilsioFn:
fi!:cfivBnrflnr:riru-olou:rurvir6'r 3o.sa ujoiriusi luiud zo !o{n1: oao{ uavuuir
rlirrruartrrtu{uro.! NH4*-N aoarntrrir6'16ou1itl:vBvrBarnnr:rirriolou:rulvirrir

az.zq r!oiL6ufi,ului, zt-qt ra.rn1:rnao.r doairunr:rirl-oloun-rrJfrn:ni#raortfin loulu
iud qz l:v3vrBnrnnr:rirriolou:urrvirrir 88.90 uloir6us{ rJiurrunrrurriuduaoa.rrvirrir

i t t.00 llIn:niurioin: o-ruao{u ntni, 22 uavnr:rrfi 9

r ooo
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!T a1 (iu)

ntlrrfi 22 nr:drriouirldhua''rrn:r;lifirjur{ouuoulurfiuunaol:oi GurruneT urdl{u
riudurvir rYu tooo lu1n:niurio6fl :deunr:lilarrirrY.rrJfr n:ninrunrx
rluu fittration rturrar q2 iudouakiornnrrfloao{ 3 dln.:n"uro
![av error bars tuaorfi{dr tfiu'![uuu']ntS1u (standard deviation)
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aT :1.rd 9 nr:rirrisuoilurfiulnaolrrirJurtoulurhlsihudrrn:rvririrurYrrJfrn:ninrunrr,r
uuu fittration

1U?t

(rornlr
moaas)

narur{u{uto.r
uoulurfiuu

naal:ri pg/t

rJ:; tyrBn rr,r

nr:drrio
lou:ru

(o/o)

2Uvt

(tornr:
yoaa.!)

n?1rn ulruta.t

uoulurfiuu

naol:ri pyl

rJ:;6vrBnrn

n't:uluo
Inu:'ru

(o/o)

1

2

3

4

6

7

8

9

10

11

T2

13

14

15

t6

t7

18

19

2A

2T

670.83 r30.05

513.38 !74.42

483.78 !11 .8q

465.28 !25,78

452 .33 !19 .42

419.95 11.60

400.53 i5.78

380.78 !26.47

286.7 5 166.62

334.85 !45.79

407 .93 x72.58

396.83 !26.7 6

351.50 16.41

327 .45 132.72

284.90 x8.92

271.95 x57 .34

269 ,18 !50.49

195.18 !4.24

330.23 x56.12

332.08 x22.43

333.93 !77 .84

32.92

48.66

51 62

53,47

54.7 7

58.01

59.95

61,98

71.33

66.52

59.21

o|J_sl

6485

67 .26

11.51

I 2.411

73.08

80.48

66.98

66.19

66.6t

22

I5

24

25

26

27

Zd

29

30

31

32

33

34

35

36

37

38

39

40

4l

42

349.65 !41.07

345.95 x5.78

351.50 130.57

364.45 !27 .38

694.68 t96.98

511.53 118.48

487 .48 175,10

498.58 !49.36

430.13 x20.95

460.65 120.95

q25.50 !32.16

303.40 !133.21

332.08 !63.66

382.03 !13.97

311.73 !93.73

243.28 !165.27

277 .50 !40.88

180.38 r 16.88

176.68 x13.11

127.65 t10.01

111.00 r4.81

65.04

65.47

64.85

63.56

30.53

48.85

51.25

50.14

56.99

53.9q

57 .45

69.66

66.19

61.80

68.83

75.67

72.25

81.96

82.33

87 .24

88.90
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4.a.4 r.Burrulurn:r (No:-) tornr:rirr.lnrjrldfiu#.:rn:ryflurYlr..lfrn:ai6rnru
luIoSlriu

a Yov- - .J : r i,-luoul tnoua{tn:1v14v]lJut'lJ0u As(lll)l tta! NH4 N ytu5u1funxlrjtu.]tutytld!

40 uav 1000 luln:nirlrio6or: nr!ri1el'! lraardr{rY.:ufrn:nlfirnrvrluloiJeirL firJ:viyr3nrvr
" - 2".-

nr:r.irriorir'Ld'6u nudrrjilrrunrrurdrrdutallurn:v'titilrt zzt.gl llln:ni!riodq: i
rj:viyr6nrnnr:r.irrlo rvirri'u so.qa rloir6uei luiui t to.:nr:yroaol uayrjirrrun':urdttl
ufiudurvirrYl 439.91 trln:nilria6q: !:cf,ysnryrnr:rirrioryirriu ta.zq r!oiudue{ luiud s

fl onnllyrfl ao{ uavflirfi udumruriro"rriou lrvirril sog.qa lulFr:nirrioim: !:vfiyEnrunr:
luiud zo to':riru-nrvirfii 0.tt ujoir6ud luiud o-zs 1ro{nl:yoao.r ourll:6mrl

a r ri .j " 3
n11110a0{ Lort9rl[u].i nluanao LSnyr!:u1run11!rt}Jtl]ry1fl! 100 Lll[n:n5}J9toan5 rr.toUlU1
qv^ ) 3'Ldiufrrjurilou As(ltt); NHo'-N uac Mn(tt) lyar?jrdri'nJf,n:njfitnrnluToikir yr!i1LJi 'rru

nr rlrdlrlut o.:lurn:yrryir nl 301.45 lrLln:niroioHn: rJ: vf,vrGnryrnr:drfio ryir n'r 40.89
, t a tq - i -rlro:rsun tu?uyr 26 lJoin'nyrodon ua ci{i!rrunrrur{lriuro{u ln:y ril rfiliurvir n'r

480.8t hln:nirriain: rJ:vivr6n'l{n'nri't!-oryi'td! s.zz uJoir6ud luiufi zz-az rolnr:
ynao{ udlir.r1run?1}rl?iildurollurn:yiuu:liuaoaisiordo{ 1uiufr 33-42 rio.inliyroao{

louluiud qz l:vfrflSnrilnr:drriorvirri'r: 96.a5 ujoir6uo{ rjilrruarrluir{uryi'r.r-1i 18.11

llln:nirrio6n: o'ruanrtunrnfi 23 uasor:rrd 10
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rflurrar 42 iudogaldor nnrifloao,r 3 drn.,rrraao uau error bars
a,d

uaq{0{nttuu.ituulllol:i'tu (standard deviation)
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n1:1{d 1o Gurzulurn:n (No3') ro.rnTrdlforlrld6ud.rrn:r:dlurY.:rJfrn:oi6rntr
luIofldl

?uYt

(tolnr:
vono{)

arrlrdl{u
to' utn:n

(uy'L)

rJ:cB Bnryr

n1:u''lu9

(o/o)

?uvl

(ra{n1:
yoaor)

nrrrrrirdu
tor lurn:vr

!t{L)

rJ:;SyBnrn

n't:uluo
(o/o)

1

2

3

4

5

6

7

8

9

10

11

t2

13

14

15

16

II

18

19

20

2l

221.9315.48

270.32t3.51

240.69t14.59

267.57x4.41

439.91!3.04

399.02x29 .97

37 6.82!31 .55

345.27 !1L.49

37 0.39r.76.28

383.83t27.82

401.35t15.28

37 |.56t 5.26

448.09x27.84

401.94t42.66

362.79163.99

389 .67 !34 .45

396.68x25.66

412.45r50.87

436.41!71.49

44q.58!1.0.1.2

459.77 t8.10

56.48

58.76

52.80

47 .54

13.7 4

27.16

26.11

5 2.5U

21 37

24.7 4

21.30

27.15

12.1.4

2r.19

28.86

23.59

22.22

t9.13

14.43

t2.83

9.85

22

)a

24

25

zh

27

28

29

30

3l

32

34

35

36

37

38

39

40

41

42

47 4.96128.69

q7 5 .55!28 ,33

495.99r43.04

509.43136.94

301.4519.1 1

367 .47 !12.68

332.42!20.46

328.33t6.64

333.00t6.07

467 .95!7 .64

480 .81!46 .25

196.88!28.82

101.0715.63

112 17 !5.26

100.4811 1.67

82.37 r 4.64

80.04 t 17.73

10.69 ! 20.54

37 .97 ! !0.7 1

22.20 t 4.41

18.11 i 1.01

6.87

6.87

2.7 5

0.11

40.89

27 .95

34.82

35.61

34.7 7

8.2q

5.72

61.40

80.18

78.01

80,30

83.85

84.31

86.14

92.55

95 65

96.45
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4.3.9 Gurruluror:vr (No3-) to.rnr:rirrinrlrlslGua'srn:r;#1ueY.rrJfrn:oinrunt^l

tluu fittration

uai'.:o rnirldnu#r rn:rvf fi rJurfl ou As(lt) *av NH4.-N Io udlldAua'tn:rvlifi
zu1!nlru1ilo !u0{un n:rutrnrnhloi,kiu udrlylyardrrirYlrJfr n:nlnrani rtulJ fittration 6l
a'9\lnruurrtuto iLuro:yu,rdorvir riu l+z.q lrrln:ni!F ofin: uas riolraa rtrrYlrJ! n: nlnrtrnrvr

rr!! flttration ara nllyoao.:yluirrjilrrunr t: udr:tut ollursr:yaoa.: uy6o ryirril 280.20

LrLnlnslooafl5 l.J!:vauErlyrnl:drrjolou:rurvirril 44.96 uJoil6uo{ luiud f
a , .lt0.inl: oa0{ [[auuloil1!n1:!']1]otou0.t!!ntfur{a0{tuo tlu:utoln?1!rlj t!aga{

ru6ooqjrvirriu 222.00 luln:n:hqio6fl: !:v8ilBnltnr:drl-olou:urvirnjl 56.+z uloirdusi

luiud q ronnl:yroao{ ornr?urlirrrrunrrlrduriurfirfiuaeirroiordo$ou:rrrvirri! qas.qa

hla:nitsioifl: ir.J:cir6nryinr:ritlnrvirrYu +.8t uloirfiuc{ luiud s-zs 1ro{n1:raao{
a v -i - - { .i

0u'r{L:nnl! tulr.y 26 1Jo.in1troa0{ totn u ,:ntuaoa 0 t:oyt!i!1run?'t! Lt turytlflu 100
J . 3,e- - ,; 2.

1rlln:niuriodsr: rfrorjrrjrldfrufiiro:rvr.ifirluuflau As(ltt); Ntto.-tit rrav Mn(il) lyardraifil
r.Jfr n:ni6rnrvrhloikil uavluarirurdr;ir.lfr n: oinrun lytulrlr flt.tration nu.jrrliur runrrn
ruildutoilurn:vrra6oodrvirriu 382.66 luln:niusio6er: il:ciyrBnryrnr:r.irriolou:rlryirri'r.r

z+.qz nloirduoi 1r:rd zo ro{nliyroao{ ruavfilirLrrun'lurriliurfiliurodur,virri! qso.qa

[!Loint r]oao: !:cauonr nr:drfolou:u ryirril 11.68 ujoir6uoi tuiud Zz.AZ lolnr:
J , tt - C a , Juoa0.! tlr0titunr:!1!qtnun{!lnlful1.iao{tuo 0'] nUu!:!1run?,tu [tttiua na{glo [t o {

lyir,i T-qz ro!n1:moao': Iouluiud qz rJ:vByrBnryrnr:rirfolou:rlrvirfi'r gq.g9

rujoir6ud Glrrunrtltlriuu,r6oodryirn"u za.oa luln:n:-reio6n: o'luaollrrnryrfi 24 rac
nr:rrfi 11

o 2 4 6 810 12 14 16 tA 20 22 24 26 28 JO 32 34 t6 38 40 42

r,26.r (i!)

nrnfi zq Glrrulurn:yr rad.:nr:ritiodrun'uJfln:nlnrunrnuuu fittration rflurrar
cz iu to4aloior nnliyoao{ 3 drnr:yroao.r tray error bars rrdqrdrrir
A

[uu.r[uu lst:E']u (standard deviation)
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n1:1{fi 11 rJBurrulurer: (uoi) uo'rnr:rirriedrlfrGud'trn:rvvilurilrJfrn:oinrunrn

[[uu flltration

?uYr

(ro{n'H

oBo{)

nrtrrdudu
tofluro:vt

(uy'L)

r.J:cBuGnr

fl'l:u1un

lnu:eu
(Yo)

?u1r

(to.tnr:

flnaa{)

narurturiu

roqluusr:vr

\tg/L)

rJ:vtrnGnryr

nr:r.irfo
Iou:'lu

(o/o)

280.70+13.25

267 .57 !25.05

235.44!7 .30

222.00!10.56

241.86t3.04

347 .02+16.90

397 .26!27 .51

310.80t8.99

378.57r20.66

396.09xt9 .7 5

398.4316.76

379.7 4!16.57

407 .19!11.93

37 5 .06!72 .27

349.94!14.27

353.45x5.35

366.88113.15

376.23114.91

396.69x35.80

411.87r50.46

427 .64!37 .92

44.96

47 .54

53.84

56.47

52.58

31.96

22.tt

39.06

25.77

ll_55

27.88

25.54

20.t6

26.46

3t.38

30.70

28.06

26.23

22.22

L9.24

Ib.I5

1

2

4

5

6

7

8

o

10

11

12

73

14

15

76

t7

18

L9

20

27

22

23

24

25

16

27

28

29

30

3t

32

33

34

35

36

7t

38

39

40

4l

42

440.49r42.44

441.08130.22

466.78!3.65

485.4819.7 6

382.66!78.24

386.75!17.56

361.04140.16

386.16!26.25

435 .82!36 .36

446 .34!10 .56

450.43x4.64

165.33!69 .7 6

138.46!48.47

705.7 4120.31

100.48119.38

78.28!7.08

75.95 r 18,90

43.23 !6.64

32.72 !6.64

31.55 116.72

28.63 178.41

13.63

13.51

8.47

4.81

24.97

24.77

29.21

2q.28

t4.54

7?.48

11.68

67.58

72.85

79.27

80.30

8q.65

85,11

91..52

93,59

93.87

94.39
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4.3.10 U'!'r noruunfl[:u

olnnliAnur i!1ruu!nfiGu rirui6 spread plate method rfioo:r oao!irirdo
, 3o"- - t; ' 3,

tt!nfl15 uvao00nr.]1nuo't 0 u f .i U'r LFoud.i Ln:1Jvvl!urrJou [t to ulJo'l:t Lu']1 ulJrnluana0 [5fl
".)ruau uouhrfiulrnaol:ri fr:vrirnrruu{ldurSrlsiurvirnllr 40, 100 uau 1000 lrL1n:nilsio6n:

mudr6'r nruya'.:nr:drl-ori:urilrlfrn:nifirnrnhloikir luariorfiorrdrfilrJfrn:ninrunrvr

Lru! fiLtration luiufi zo tornlrroao{ drn-radr.:rlrlqidua'rrn:rvr.ifre.irunr:rirriorr:r
J aa i ' ".

't Ln:1v14141rrAU!n r:Uvuaooonuln!010 u1.ru1 nr uuar nr:rirJoh] 25 iu!olnr:voaol
! -- d ( J ' - ^^ --8 -il!'j1d{fr!5!'rrultouunfrtSurvdaa{loutodutvirdl 3.9x10-, 5.7x10 uav 2.5x10- cfulmL

siai! flr!.irfiu lului, zo-qz d'ra:Jtunrvrd 25 uavnr:rrd 11

9.0

8n

7.0

o \.)

r dnlf, n:nlirntlulafl riu

I rln{n: niuuurn: n:al

r ft rirrdo dincinfecti:n

26 21 ?8 29 30 31 32 33 34 35 15 37 38 39 40 qt 42

rrsi (iu)

E

l
u-

o)
ol!

.S

7

t
2.0

10

nrud zs Gu'rruuunfiriuturhlolGufrsln:rlriddrunr:drriqdron'.rr.lfrn:oi6rnrn

luloilail rYrrJfr n:nlnruntrILUU fi ltration uasrYlairr{o disinfection
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fl1r1{d 12 Glrruuuniiriulurir'ld6u#.rrn:ryildsirunr:riliodrtrrY.rrJfrn:ni6rnru
lulofl riu, fi'srJfr n:ni6':nt^rn1un'ry{uuu fi ltration
rtaEn-uirrdo disinfection tank

?ull
(ra{n1:vnao{)

Uiurun'rr An00nr0{uunfr[5u (CFUlmt)

o.:rJin:niirnt rlulofi du
ririlfln:ninruntr

uuu fittration

-,dn{fl1rta

disinfection tank

26

27

28

29

30

31

5Z

33

34

35

36

37

38

39

40

ql

42

2.1x 108

1.8 x108

1.9 x108

1.9x108

1.9x108

1.6 x108

1.5x108

7 .4xlO7

8.8x107

1. 1x 108

1.2x108

5.2x107

4.8x107

7.0 x107

1.2x 108

8.8x107

8.0x107

9.5 x10

7.6x107

8.2x107

8.3x107

7 .4xlO7

7 .2xLO7

5.6x107

4.7xlO7

6.3x107

3.5x107

5.1x107

6.0x107

4.9x 107

2.8x107

2.3x107

3.9x107

3.6x107

3,3x104

2.8x104

2.1-xl0

1.3x10

1.0x104

1.1x10

5.0x103

3.0x103

4.0x103

2.5x703

2.5x703

4.0x103

3.5x103

2.5x103

1.5 x 103

2.0 x103

1.0 x103

wJ
14u'luI n: lutt 1-25 110,r nr:floa0.i Ur Lfrliln1:a rn5tui4



umd 5

afluavofirJ:ruara

nr:fi nryri6'uo{rdrirnr:fi nurrJ:cSyBnrnnr:tirrinta.ruunfi riu BociL[us megote rium

PNKP-S2 nirgrlrflutulosldruufin pol.yethyLene lun-lrJfrn:nifirnrvrhlofrleil, rJ:cfiyBnrvl

nr:r.irforor anthracite uav sand 'ludrrJfln:ojnrunrylutlu fiLtration uay pr-':oejrldrirunr:

r.irriou"drlirl#rjaonrdooiruurna16urlahj:naolari os ujoir6ug{ lud.:eirudo disinfection

tank fir.Jur{ouTs16urorifilur{, uurnrfianaal:ri uavurollurfiurnaol:ri lurlrlsifiu
fl{rn:rcdfifililrruntrlrdlduuvirfiu 40, 100 [as 1000 lrLln:n:-rLriofrn: Frurir6'! o-fl:r

nrrlriornrnryirrYu 22.5 fin:riourfi Luavdo:rnr:lyaldrrvirrtl 0.s fiafifir,:riourfi o ur I
, tr i -v 1 v

riorflor frqrura4irior rfir.l6'rodr11n1 z+ d'rlur rirnr:yoaor'[u:srir#ouJfrfFnrr nrirfi
"" qv- - tA, !,

!5VAy0fl',t Lun15!'tufil.J1[00ua{tn:1uyyr!uH.]0u Lt routJ0'D{ Luy, ur.J{ nltana0 L:Ft uay

uor1ur,fr uu naol:rl orurird'r lfflu:vnlu66.ra:rld6'rfi

5.1 rJ:c?flBnrflnr:drtiorirld6u#.rrn:rvrifirJur{ou1rr6iuua'li01ud uuln,rfianaol:ri
ruavuoilurfiuunaat:ri

s. t.t rJ:vByrBnrnnr:ritieluGuuari6tur{
"-x".--t)!.nr:rirrinrir'Loi6ualrn:rvr.ifrrJurilou As(tl) uay NH4*-N dr u n-rrJfl n:n56.: nrvr

hloil;irnu'jrlutjr l 25 iuu:nto{nrtyro ao{ n-nJfln:oifir n rvrlulo$1aiufirJ:c fiyBn rn nr:
rjrrieoqludx 74.08-89.08 uJoir6uoi (tuiud s-rr ro{n1:yoao{) uavudorirlfrfiu#rrn:ry#
!,
lrzurunr:Urfooru n'llfln:rut'lnrnltr-[oildtlrarrir4d'lr.Jfr n:ninrunrr uu fittration nlirfi
nr:rir:r-nrfirdulou:uLryirril tB.g3-go.25 nlofl6uqi'(uiufi z-te ro{nlryoao.i)

c - i ^ "- "".r^ - tl[l"iulr 26 nornr:yoaolkirfrlrjrl66u#lr,n:rvr,ifrlurflol,qs(,tt); Mn(l) uav
.. -.J , J e

Nuo'-N hi"l,var.iruu{rrini!fln:rufrrnrvrhloildl,joufioldrufllrJfrn:ninlunlvluLu fiLtration
u Jq ,d11U?10iU!n: {Xn1rtL[01,.{a 1]!:y Ar0n1fl n1:UlUq As( l) [natnu{d!an11ufrLI]I Mn(ll)

a .j - 6 -Jnoroauryrln-! 85.92 rloi[dt.tet naoodrlrrar 8 iu (lu.lnfr 26-34 to{nl:v]oaol) ya-lornl'u

r.l:cByBnr ro{nr:r-irrioovanal6oul loeLrY.:lfrn:nifirnmtr.lIaSkirfi!:vfryGnrrnr:drt-n
As(ltt) r,virril s.tz u]oirdusi iuiud +z lo.rni:yoao{ uavufio#r1fr'6ua-rrn:rs firirunr:
U1!oo't ud r!0n: currnrn'Llloildllua r"[raifil!frn:ruLrL! fittration nu.jrfirJ:yf,116n rr nr:
r.irfn ns(ttt) rfrldulnu:rrrvirfi! 54.50 u]oir6unlrl.lufi 42 ro.iflliynao{ uonorndu'll,,Ju.ir

lurYrrJfrn:ninrlnrLlilvr!nr:rirfq As(rrr) ruao{riuiuirnr:drrl-o As(ll) tufi'rrJfrn:njfrrnru
ir + -.21lloflalriloornnr:frhloildlro,l B. megoterium pNKp-S2 arlr:ooo nfitotduasrlruyrurio

qrrruflufiutororifrfrn Inuurcrfiriuosairrrou'lq arsenite oxidase rlroo.rfrlrrriorifiludfi
i-rln1l L1JU11194: Ly 0 e, LUI!l10 t 81:t ruu{.urFrX1tu LULfrrgrIO U nir (Michet er at., 2007; rj:rni



57

finrrfifiolnara, 2554; Pranee et a[., 2015), Philips and Taylor (1976) t1u{lunltdrrjo
ori6inlouio-lrl6rntr 'lou'L{ 

,qtc oLigenes Joecolis nlir nr: uJdulurla l,uolori61uilrflu
ori6 tuvrt{lu nr: rrJ a'ul ur.Jarln u roultri arsenite oxidase 1o uo v oo n6loririr uo'n:rnlfr
!rurrrru 3.1 pmoVmg protein/hr uayalrJ'tinoon8loeiorifrlufuulyilnnluttr[1a1 6 .i'ilil.i

a00na0.inui1u?0ulJo.i lrvru'r ?MJu5 (2557):1En1u't1LL!nytr:uo0nrLoa0ltdLuy PNKp-s2

fi!:vivrBnrnriru"o 97.5 ujoSriuoi tu:yugr?ar 2t iu riolornur.rnfiriuooniloeiorifiluri
PNKP-S2 al linroirUravoonilodtridfi:co'uarurdltu qo lilIn:nirlriofrn: 6rrflurir
nr rlarrr:n'lu nr:d'runrunr urtlduorS6inqrqorLo.r urnfr ri u odrll:frnru tto et at.

(2012) lsi:ru.:ru'jlrunfi6oooni1oaiorifrluri1,ufi,rrJfrn:ojfitnrnfirJ:vfiyBnrvrlunr:rjrl-orir
ae- v .a, 4
Lnoua.irntlu14yruut!0!a1:'tj:yn0!01;ijun Lou01r'lunan5tut0.l rLlloyt15u Lunl: rno!ln5u1

.^\ . )nl:00nt Loa0llt Luvr ttl0ann2lutuuYluljo{o1:{un

orrinr:ourfiulan (World Health Organlzation: WHO) rraunfusnr:iln1id
; v ,e - , , 4 .--, 3 J a j _- r rrnul10.1Lo'Ll:uaon1r]19t:t1!n1l!ur!0u0'urun LuUl01]n1n 161.11 50 L LnSnir]nod0l5 ril!
10 h1n:n:-!cioFn: rr,':rrr:rrrindrnrurflufiuto.rori0findtfluar:riorvrir (rl:rni
frs!ufifiolilnra, 2554: 48-56) drurj:c ryroly uriryuoriur ninrL n1:!u r{ ol orifii n

lur.rinfirur4rlr6r irotur::lieaivruacfl!rnrayr*li'uilnnrvirrYu io lu1n:nilrio6n: tnru
rJ:v rrfln:vvr:lraflalunl:r aitS, llz (yt.A.2521\ oonfl1rrntrrllu ry:1rJrgru6 lnis.tu
afinfizuri ooalun::r.r t.A. 25tt 6o{rirrauotrfl:mur.r6nnirudosrarran::lriruilnn 6filrilu
:1tfino1ur,!nu1 rdu 95 noufi 68 a,riufi 4 nin!1nlr 2521 uaalJlsnltntvyt:?{ofla1yn::rl
ariufi tz (fl.ri.2542) o onnrunrrul,un:v:rtriryr!6 .tr''',,r-.,.,".a fi.A. z52o rdo.r rirraun

ua"nrncur{uavlrn:n1i1u 1.iirrnr:;iruiunr:rlornTupiruaror:ruaruactor n'udlrurodor ri.lu

fiu 6filvi1u:rtfi0a"rlrunu1 rdr:i ttz sroufi 29 ariud ra rrruluu 25421 d.:uan{ri'uiu.jr
. - iav^ - .i, {n1r!'r!fiul tfloua.ira:1euyt1J1]r1Jou fuflll); NHa -N ttav Mn(lt) o.l udlul n:rutrnrululoi]au

uavfinJfr n:ninrun1fl[r!u flItration firJ:viyBnryrlunr:drl-orJilrrunrrlrdltutolori6in
nln!r- rrun?lrrdrdurvirrYr qo luln:niilFio6ol aoa{Lu;oryi.rfiu q.az t!ln:nilriofin: 6r
|9c , a, ; , J.
LOt141-J11!nln1n11 1'l t 0',t'll11n 1u! fl

5. 1.2 UisaylBn'llinr:rilioul{nrfi anaol:r'{
" - 3ov- , .e x.nr:rjrlioriildFua"l rn:rylifir-urtlo! As(lt); Mn(tr) uau NH4 _N oirr.filrJfrn:ni

frrnrrlllofilair :vuv 17 iu 6uit zo-qz ro{n'rirodo.r) nujrfirr-frn:nifirnrrltloikirfi
rJ:vfirnBnryrnr:r.irl-o Mn(tt) rvirri! a:.qs u.loir6uqi' uarrfiorirld'dudrun:rc#fie.irunr:dru-o
rirufiirJfrn:nifirnrnhloileiulvartraifi'rrJfrn:oinrunr Lr!! fittration yrr.jrfi r.J:vfrvrBnrn

nr:rirtinlnu:rlrvir fi'u sg.ot ujoirduoi aoonda lfi'u lrui iuno l Hasan et at, (2012)

ld:r u.:ru'ir ul nfiriu B. cereus a ll.t't: o rill"'n NHo*-N LLdy Mn2* trJn iou 1n'urJ:vur ru

95 r1l0:Lrrln Lurii!rnituLr!! biological aerated fllter 1,lonntnfl pokhret and
Viraghhavan, (2009) rirnr:r.Jirrliurn:nrurdrdu'[uo"n:rdrutol Fe(I):AS (10:1 20..r 3o:1,

40:1) c.i1!n1:n:olriran:ro a'n:ra'ru 40:1 aur:or.irtirr ns lr.ilvir fir s hln:n:-r:dofin: y:'o
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sl"rn'jr uav Katsoyiannis et at, (2008) lcifinutlrlfifiutldrrnolra nri:r'hrtouyfilrarfio.:
- i, av ) J. .--

LLOnrAa flAULUUATaifl5r yr!5vt'ttultr 0n150!Lnnu:Lnn !n1:!ut!ouolittn
zo Lr.Jtnrni noanr ur:.rn1ua 235 hTn:nirlsiof,fl: loui nr:rJr, r{ ou rfiuriurn:oru

"-tnfl.ryr1'to u loy1nl:!]lJqflnuFtlt 2005 :vuudrriorj:v nolti'let nr:hi'orntri uasnr:n:o.lu!!
o'nlv'{arfio nr:oanQro{'uy116rnrntot *r:l nrfla rtaro.]€in n!'jl Mn(t) oynnoon8loiiyll.t

c,d
frrnrnuavrfio rilunr nou manganese oxide frn nriro''olrrunr: n5o{ A(ttt) ovnnoonfloduri

hion rir{oludr.rnlinio'rulJufi?n1r,r orififinovnnriro"o'tliua6orio u n'ir to lulo:nilrioin:
lutir rtosnr:qnnvnouuav n1:fl:0.: n?rurtrduqoyir oyY'rr,tuoror Mn(ll) srirn'jr riurrr:sru
no 50 L Lntn:!floam:

dJn:ryr:?{oFralyn::!riruuorirtlrn:61uro.lLr!{nlualytonr:zuandr:yrJrl{rvirrYu

O.a fiainiuqio6n5 uauo.ir,{nllourrTula n (Worl.d HeaLth Organization: wtO) rirylol{
rvirfiu 0.1 t.s ia6nilriofi n: fi{uaoflfirliu'j'rilanr:fi nur!:yfi y6nrnnr:rirriouYrli'6u
- t) 2
a'rrn:rvrifitJurtou As(tll): NHq'-N uav Mn(tt) uo.:ri'lJfrn:nj6rnrnlulaikirr uavfi'rlfrn:ni
nlun'ryr[LlJrJ fittration irJ:rf,vrGnryrlunr:drl"or.Jir:r runrrrL{!duro.i ur]inrfia ornr.lirrrru

nrurdrrriurvir too bLIn:nilriodn: aoaloiraorvirn'l t5.99 llln:nilriofin: 6.rr#ulsi'irfirir
a , io

fl 1n't1lJ1n5i'tuynluto

5.1.3 ilrsailBn, y{nl:dlfnuouhtrfi ulnaot:d
" - x".- - t; L

nlru''ruflu'r L9l0ua{rnl1v14yt!l.Jru0u As(lll) ![ac NH4+-N drurYrrJfr n:ni6':nrn
hloildlvrujrludrl 25 iuu:nto{n1:moao.i ri'lrJfrn:ni6rntrluloiJeiufirl:sfryBnryflunr:
rirrio t'.tuo--tt oqlurir.r 53.20-67.35 ujoir6uo{0uili 6-16 ro{n1:yoaol) uavrdorjrlsifiu
- t)a-rrn:rvyfrr.irunr:tirriodruo-.:rJfln:nj6rnrnlulofliiulraar{rrifi.:rJfrn:ninruntr
ru!u filtration firJ:vfryr6nlrnr:rirrinrfiliulotr:rr:rvirriu 58.01-80.48 urjoir6uoi (liud
6-18 1'O.in1:UOaOn)

lyluit za ro{ n1:yroa o.: lrtrfi lrifti'6uai rn:rvrifi iluu{ ou As(lt); Mn(l) ra u

t'tHo--t't l#lraar.irurdr{6"rrJfrn:ni6rnrntlloflaiuriorf,o.:ri'1ufi.:rlfrn:nin10n1}rutnr fiLtration

vru'jrd'lrJfln:ni6rnrvrluToikiufirl:vfirnBnrnnr:rjrrio NHo*-N aoalrvirrYu +a.+a lloir6ue{
uac!:cfiy6nryinr:drfofi uu':Liurfirliu as.oo r!oir6uqi1uiufi 42 1o{nr:yorao{ uacrdo
iq.- - .;,

drlddud'rrn:rvyfrr.jrunr:drfodrun.rrJfr n:nifirnrvrlrlloikillr,ra udrqrYrlfr n: nlnrtnrr uut
fittration ItJ:vdudnrvrnr:r.irljoloo:rrlanal rduriurvirfir: ao.sa rrloi16ud ruacorn,iu lfiu.ir
fiurrLirrfiu{uuotrj:yBrBntrnr:r-irl-olou:rrryirfi'! gs.so uloirdus{ luiud 42 ro.inri
vroaor uraoilriuiu'irr]:v?vBnrnto.rulafrliroonfrlnriorifrluli arar{uii Bocillus
megoterium PNKP-s2 arur:noonfitnduaso{ruvrurionrrurfl ufirv (rl:rri r[ruufifi olvrarn,
2553) uavaoondorrYu:ralruto.l Hasan et al. (2012) finurrl:vfryrBnrnhnr:virlrltol
ulnfiriu ammonia-oxidising bacteria (AoB) rlav manga nese-bacteria oxidising (MnoB)
'[unr:rird'ouorIrLlfiu (tuo.-tt) uav uurrnria (lan2-) rrnrir ulefir,iufi1d'Lunr:finrgrfi

, -- "12anruarn6on4lulqfru5urtarual (mixed cutture: MC) uav na'lulnfirirluloiJailfi
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rnrv6 n!!oi'?na'r{rra'rafi n (stage of mixed culture: SNi1C) rr!nfiriEi Bociltus cereus

6'un:0ri1a-o NH4*-N Lrav un2* h.h,rior l riurJ:surru 950lo lun'.:rJfr n: niurtru bioLogicaL

aerated fitter nrulfranmvoirrl tlaulru.r'rl.Jton Hasan et al.. (2013) finrgrnr:lirlrutol
ivlJlrflioi6'rn1fl u!!'[riornrfl (biol.ogicaI aerated fllter: BAF) nruldanrr v6'n:rnr:1ri

J . - + 2+ 3 j i.
01n1flLu:vglJfl'ri1 rflon1:n1no NHq -N t[flu Mn n1nulo1]1']]Jn't't!t1] 1ufl0.1!a11u

iv 2- " -iLu1j5!t6ua.ittavF1o?uo'tcOD, NH4-NttauMn n1tn10or[l].in1!aas[not!a{ao

ss.t rloiuduo{ rfiofin,:'l#ornrnfid'm:r 0.3 L min-1 (Do ryiin-u 2.94.g r-') drni!#1dudfi
axllird {uflo{ afrulur.Jirrrudr ovfinr:riro-o NHo*-51 uu, lan'z- lfrq'rqouvirfli 98.4 uav

J ov
82.9 riloil{un or}J6i'rorJ uro tr.ro'o:rnr:1#o1nrfl rvi'rri! 0.1 L min-1 (Do rvir ri'r 4.68 mg L'1)

rau Katsoyinnis et al. (2008) ld'finurr]rLiaulufrolfidrr,nouranri:rluttnrvnrraufiorud
a d e ovJ - t

ntoa Fourutoro{n5t rLJiut1tu LtrYl0nl:q! tnnu: Lnn n'DUut!0uu0 L!ruulJ (1.2 mg

r' ) Tnafi uoulu rfi urfi nr:rlur{ouriuritLrn:muto{ EC 98/83. nruv ryii'uloilir nr:r.ilio
#l*si t zoos:vuutirriol:vnoudrunr:1#ornrn raunlinlo{r"r1r1]dvrlv{ardonr:oonfirod'u

lrrrGrnrntolrrorlurfiul nvonoon610iivrll6rntruasnn riro-rrono'',ntLl e,flislJ'lunr:.v
nitrification rfiorfluluro:u ludxtolnr:nnovnouuaufl'tinto{ n't1![tutu6ovl't u .it4tto1]o.i

+,ll
NH4 ovsiln'r'ur1n:I'ru EC no 500 pg L

n:rnaunrlafi un:vv:rrvirurnio:i tlfittauA{rtxodo rrrrl!isn16nruvril.l

onalvn:r! arjrfi rrz (\.q.2521) o o n n u nrru'[uvi:v:rtu-ryrflGur m:gruzu F m rYrud

onaluni:rr vt.A. 2511 6orrir uorrsr:ilur.ranrTrudonarvn::urlrrSlnn 6firLr{'lu:rtfroor
,.J

urrnur rdr 95 aoufi oe ariufr 4 nrnflln! 2s2t lourirvuorirlraiiluorunllrdrrl:v rvn
".3 -" 3^ - -lyuriryunlririruilnnrJ:vmrnuvdlrjrfir6ufirJiurcutortuouhr"fiuu-luTn:lou (Ntrt'l) 1:.irfiu

o.s fiafiniririofrn: trvrvri4:ri vro.roi, 2555: t2-t4) 6lruanflfr#udrzuanr:finrcLJ:vfiySnryr
. - """"^ - t; !, + u q .d

n1:!11JOU1L6oUAdLn:lsvvllJurlJOU As(lll); Mn(ll) rrAv NH4-N flO{n{Un5 t?n1 LllLoy'lAl.]

uavrYrrJfrn:ninrun'r1rr[1.iu fittration fil:vfivrBnrnlu nr:rjrr-r-nr.lirr cunrtL rci! ?iur o.i
!v

uor:hrfiuu-luln:rou[iufr'ulvi1rY! toooluln:nirLrio6rr: aoaruaf;orvirnir ttt.oollln:nir
) a,av, i , io

n0an5 t{[1tu lox1n1n?']1J't9ri01uvn1uuo

s. r.q rJ:cBilBnrnn',rrr1,irtr,rm

nr:drl-orlrt6'6ualun:rsr.ifirjur{ou As(tt,) uds Nr"--trt druriltrfrn:rufirnrnhlo
flriilutjx 25 iuu:nro{n1:uoaor fiuJfr n: nifirnrntlloilailfirJ:yf;yBnru'[unr:rjrfor trtor'

aoaiQln sa.zo rflu o.tt ujoiu6usi (Luiui, z-zs roinlryoaor) r"rarrfiari^166u#rrn:^vr.{fi

s.irlnr:rirrio dr ufi'rrJfl n: nifirnrrtrloikillua rdr {fir U fr n: ninr u n rr uul flLtration fi

rj:viyBnrrnr:ti1fioorn 47.54 rfll 4.8 uloir6ud ftuiui, z zs tolnr:yroaol) 1uiufi
c.- Y".- - .) !.

26 roinr:yroaa{ ldr6lrirLdfrua'lre:rvr.ifrrlurtiou As(ll): Mn([) uas NH4'-N lrilraaairurd"q
y s.'J , .]

n'.rrJfrn:nj6rnrnhloilair:riorfiordrufi'rilfrn:ninranrlrulr!nr:nio.r rw'irol!fln:nifirnrr
hloilairfi!:vivr6nrnnr:dru-o N03 aoa{orn 40.89 ur.Jair6uoi slu s.tz u.loir6uoi lu:srrc
o iu lro.inltyroao.i urivruir!:vf;vrBnrvrnr:drriofiuualilrfrrfiunrurird'lrvirfi'l
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61.40 - 96.45 urjoir6usi'}u1ufr qz rolnlryoao{ ruasrfiorirldfiuei'lrn:ryr.{dairunr:tirfo
qx u 0.r!n nl olt?n'ryr L1J tov{a! lua rtl ad{!f, ni n1un1 u!u fittration I!:ydyBnryrnr:
r.irrioorn zq. t z r{oiudugi' rflu 1 1.68 u]oir6us{ '[u:yus 6 iutolnr:roaol urir]:sfivrBnryl

<, i J
nr:r-irriofruu':hiuufrilfluoir[udrl 67.58 - 94.39 uJairdud luiufr 42 to.:nr:yoaol uaolhi'
rriu'jrrurnfiriu B. megot)rium PNKP-S2 arilr:noonfileeiuayaonrtirflufiuro{ As(lt) Ray

Mn(ll) (Michel et aL., 2007; tj:rni u'nrufifiotnt:r., 2554) Lravaur:nrUdu! NH.'-N hrflu
lurm:y"lffLun:su?!n1: nitrification rt]un:vlrunrroon€rod'uyrrrfitiyrurrirlriufionr: u.l6uu

arru:vnoululn:rou1u:!troruorllrfiurhjrfluluun:y 6lrfioornurnfirEerrfinluoiv,lru6r
(nitricfying bacteria) louofruvridndl Nltrosomonos sp. uJa-uuuorLll rfieflrioqtu;rJhin:ri
uavovrrJ6aululvriorrfluluro:yIoolfiuuitin{ululn:uunrfloi (Nitrobocter sp.)

(Vandenabeele et aL., 1992; Van Dongen et aL., 2001; ol{o vr::rua{a6i , 2544: 59-77)

aoonao':rYulruin-u$o.r Katsoyinnis et a[. (2008) tdn'nur#r16'fiulur{orfieirrnolranrirrlu
rtnuyflurarfioludn toa oourufiotorn5r fi!:srrruldrdonr:orlnnuilna finr:rlur{ou
rrorlurfiuu (1.2 mg r-') loud uolhrfiul finr:rJuuflouriurirlrn:qruto.l EC g}/g3.

"-&nruvqiid'uldlirnr:r-iT rlod'ruriil 2oo5 :vuldrrjo!:snourirunr:lfiornrfi uavnr:n:o.luuu
-"] -.,d'nbiarfronr:oonirfl{urrrfi?nryitorruolTlrfiurL ovonaon0lodyrl6anrvruaynnriro'ooon

o',nri',Irun:rr..,run1: nitrification lfinufluluun:y lutil.ltolnr:r,nrrnrrl,u, n.,rnruu ur.,tu.z
r,rirriuqoriruvriuLto$o{ NH4+ ovsr'r n'jrlroimll EC 6o 500 pg L'' uav tto et at.. (2012)

voao!n:u!'run1:oonElrrriorifiluf a(rtr) tur]rli{fira-r un:ryriloal{urnfiuiuoonfitodori6
1ul4 (noa) fi6'ouonor noy nolrjr nr:yoaolrrllruun d (batch expertment) uanrt#uiu.jr
airyir:nr:oonEloraiarf€lur{ ns(ttt) d'ruuunfrGu aoB 6'm:reirufrrulryartoluyri.:tuTn:rou
(NHq-N) eianrrurdtduto.rorifilur4rvirrYr: 0.5 mg Lt{52 mg L'- 110 mg L') 1i1!4ffiu11{i6

-x'lu pH 0-a uavqrura4itolrirlrnn'jr 20 ororurarfiua

5. 1.5 Grrlruoxrurrilduso.!rdouuafi [iu
"-"".9-nr:tirriorir'!6frualro:ryrifrrlurflou As(ilt), Mn uay r'uo.-t't rirerrirrJfrn:ni

6rnrnluloSleiu rrav tun'lrJfln:ninlunlyirLuu fittraton ornnr:irn:rv# iurrunr:rJuuflou
tou6'ouunfiriu B. megoterium PNKP-S2 1u#r1fr6ua-lrn:rsridr.irunr:r.irr-iod'.luoirJfrn:ni

6'lntrluio$kil, n'rr.Jfrn:ninrunlflu!! fiLtration urasfireirudo rirnr:irn:ryr.ir.l3:rrru
rulnfrriudruiE spread plate method nr oydlnr:drl'nt! 25 iutolnr:lroaol nl.jru-ll'
,-CJ-Bt

rJirr rurfioulofrri u ua6ooglo uuof, ury r ril 3.9x10', 5.7x10' ttay 2.5x10] c€ulmt rio Yu
J do"" - .., * -..nrrdro'l rloror n*lnfr15 afrq5lr[]ululoil.i]rllrfio potyethylene rfin nr:ya qlr ri"r.lrjr6l

.- j i^
oroovr nrn:rvfrrj5ur rurfrofirfiolv:.iua y/y6o nrrr'ryrare to rln: laithlosldrrf o ldr uor a

! - d q, c , 4 - a ia ,- :. ! - i - - i1J0{[t0tt!nylL:u ttaq{Ly[yu']'t[t0u"!nylt5E]vl!u5 1ruty't luyl.tunLto*ttoltt5uI
n?rlrarrlli{riluyrrurionrrrl lflufiuro.r As( t), NHo*-N uav un odrrl:6orrr rfioujiarufiur
rirrrn:orur.ro.rd116'6uy6orirldrfionr:or.lln nl3ln nro.rn 5yrlt?{arir:ruat riryunlrifi nr:
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. a. I --",- - i YJ, .--Jd J, t
!Li0Ltto.!ttoLL!nvrLiu utnu 500 cf u/mI t{v1n0vfl0n!a0uu1v] 1un1!olJovllttJur!auLto

rurnfi Gurirrfl uoio.uirnr:*irrfi'oriaurjriouaidrurodol

s.z {oalJuartar6uouus
rrnr.ranr:finur :vfivrBnrvrnr:r.jrrjorlrlpi6r"a-lro:rvridtJu,{u, As(ttt) trau NH4'-N lu

! . J r c d "'i
rr olriuuasrlorfrr nr:rh riloulvr''r As(lll) iMn(ll) ttau NH4'-N tolurnfrriu B. megoterium

PNKP-S2 uavnr:dliotol anthracite uac sand lufi'lrJfrn:ni6rnrlT tttu packed-bed nl'jr
,- t

!u:vavr5n1lr aM5na:uonu

s.z.t r{orrtnfirii) B. megoterium PNKP-S2 fin'nruenorndurlod t tjrrnorriurir:ru
i'rvioora:rtorfi firJrvfrvr6nrvrlunr:oo nfiloeiuavfr'rultrunrrrL tflufiutol As(lll); NHq*-N

rac M;(il)

5.2.2 nr:rirriorirloidua-qr,n:rcilfiUulfou As(lll); NH4--N uav Mn(ll) drurYrrJfrn:ni
.'. , )

firnrvrh'toildrLsio riordrun"rrJfr n:njnrunrnuur fittration fi!:vivrBnrn nr:rirrio ns(ttt);

NH.*-N trav Mn(ll) Iou:rilq{qorvir rYr-r 90.5; 93.7 ua! aa.g rloir6ue{ srruriroil rriu'jrnr:
.!

Ulunnlud.rUf,niru14.!a0itUnalx'Dfl ['r,r!uuu?v]'r.t Lunl:uluoal:tun t[01r t!tuul]- Lu Let5tau
- " 2".- - ! - J ov< - - o i " a, v

LLautt!nn1ta luu'] lgroruav/u50u1La u uaut 0 L14l]u5sam5n11r tunl:!''ll.iou1ntu0'l[1]uFlo.i
J U ,A S

Lfr uJulotJ0.rriiU!ni t?fl 'rlruuu Lu[0114!ttavn?nT0{t14u1n!u

s.z.r nr:iderd6nulJ:vimBnrnnrlirfoto.:urnfi tiu B. megoteri um PNKP-S2 tra;

nr:rirriodrunr:n:o.!tJo{ anthracite LIav sand tiunr:roao{u:eo"tri'olrJfrtG nr: vrnou
" - X..- o -Jc -' a vUrt :vun0rLt LunriU1UoUl tqlFlu Luo:l!t1nvt't t! n't:}] n1:fi nu1tlr! tnxgt'l!n?1! t!u [1] Lo

,'',orurogn.urilunr:rjr:vruurldo3l
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1. n'riroEuuolr4',trduor{a Preparation of medium

ararudruzuarvY':vroluuYrn:o.r 1000 ia66sr: fr'rlrirer hot plate stlner'[# aga,. r{rriJu

10 niil
5.U fl:l1

t O n:-u

t000 ia660:
,z.x

avalua?uflalrvr.:uro Lurjr n:o': i000 fiafifin: liu pH z riru NaoH 0.1N ilio Hct

o.1N d{! ireirrfioeiruvfofl.rn'lrrd'ulorlrfia':1ro'1J 121 ornrtar6aa uflurrar t5 urfi

1.2. Luria Bertani (LB) Agar

Peptone BacteriologicaI

Yeast Extract powder

Sodium chloride NaC[

Agar

ulnau

rflo16ur r-liu pH 7 dru NaoH 0.1N il;o Hct o.1N rirhl ir*irr{opiruvriofi.:nmlfiulorlrfi

nlrrLriu 121 orflrrrarfiua rflulrar 15 urfr

1.1 Lurla Bertani (LB) broth

Peptone BacteriotogicaI

Yeast Extract powder

Sodium chtoride NaCI

ulnau

to nir
5 nir
tO n:-u

t8 nil
1000 !aarifl:
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2. n'rirqiuu6l:asalui[R:']sl,io1iilur{IouiB sitver dithiocarbamate assay

rsri u!ar:a var u vl'.i rio r rir n r: vro i: o r

2.1 a'r:aua'ru 1% Sodium Borohydride ( tniuu stock sotution 1u:.j1n':iuirirnr:
't rn:1c14)

avalu Sodium hydroxide 0.25 g + Sodium borohydride Z.S g iufln#u Dl water

250 mL

yulcrLl4er: drriornr:d Votumn.lO0 mt sir.: Sodium hydroxide 0.1 g + Sodium

borohydride 1 g + Dl water 100 mL

rirsiornr:d VoL.50 mt sie.r Sodium hydroxide 0.05 g + Sodium borohydride

0.5 g + Dl water 50 mL

2.2 dllaual Acetate buffer pH 5.5 tu#odru 500 m[

set 1: Sodium acetate 0.2M 428 ml(Volume 500mt)

Sodium acetate 16.469 + Dl water 1000m1

set 2: Acetate acid 0.2M 72ml(Volume 100mt)

Acetate acid 11.5m1 + Dl water 100m1

2.3 d17aya1u Lead acetate pb(CH3-COO)2.3HzO (VoLume 100m[ )

Lead acetate 109 + Dl water 100m1

2.4 altavalu Silver diethytdithiocarbarnate (Vo[ume 100mt )

Mophorlne 1mL + Silver diethytdithiocarbarnate 0.309 + Choroform 100m1
c 19;

!:in1ur?narluacrfi u1ifr o6uvni 20 ornrrrarfi oa
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3. nr:reiuuar:asaruirn:rcduollurfi u-luIn:rou

3.7 Zinc suLfate solution

avalu Zinc sutfate (ZnSOa,4urO) toog lurir ndur6oorr'llirflu 1,000 mt

3.2 A\AYA1U EDTA reagent

avalu Di-Sodium Ethylenediamine Tetraacetate Dihydrate SOg tu#1ndtl OO mt

dfi Sodir. Hydroxide(NaoH) rog ufitruYlnadulirGrrn:lfin:r 100 ml.

g.a rlrarruaraoi (Nessler reagent)

avalu Hgt 100 niil uau Ki 70 n;! lurlrnd'u so fiafrfrn: uravrfiutolaralddTl

niornuafluar:avarudr6uro{r16flulorr:onkei too niu lurlrna'u 500 fia66sr: 16oorr

l#rflu tooo fiadan: rfiulurrof,trfilirfr':uuriruol:€firnn iloriruourlodrtvionualrdoYnrqr
"".,

afl lvru'tu'1 tvn{4n1fl aut!u1l

3.4 AliaualU stock Ammonia sotution
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4. nr:rnEuuar:acaruirn:rslflurn:yrlulsr:rou
N ;,e

4. 1. ulnauflU:1flo1nlula:vr

4.2. dlsava:r. afionlutn:y (stock nitrate sotution)

avatu anhydrous potassium nitrate (KNO3) zzl.a fiafinil lurind'u 1000 ml.
J ---aruavarufi t fia66o: frlurqr:yr'hln:rou too h1a:nir: v;o 100 fia6nilrio6n:

NO3 -N standard Nitrate sotution

6liauaruafionlurary 20 iaae05 16oa1{ 1000 ia66n: ar:avarufl t.OO ia66n:
fi lurpr:yrlu1qr:rou z hln:nir vio z iaFnilrioan: No3 -N

4.3. alravaluk16uuori€luri

avalu sodium arsentte 5 niu lurhna"u 1000 fiafifin:
4.4. al:auarU Brucine-sulfanilic Acid Solution

avatu Brucine sulfate 1 nir uav n:n{ayhfran 0.1 nil lur:friou 7Oia66m:

Lfl!n:oLnaoltulju 3 !aaaa: 1l,1,rru!ua?u5u t14 Lo 100 aaa0]5

4.5. a'r5ava1unio6'ar$n (a+1)

asalu H2So4 500 fiafifio: rfiaflurlrnri'u t25 fia66n: d.:l,ir6u

4.6. a'riaualu sodium chloride (NaC()

avalu sodium chtoride(NaCl) aoo nil turhnd'ur6oor'r1firt]u 1000 fia66n:
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5. n'tiatailcli colony forming unit loue6 spread ptate method
5.1 n'rre[nr']s

5.1.1 r6oorrd'raejrrrirduriru t0 rvir rfi06,:nrur6oorl 1,tot t{ pipette oer
e")

sTrodr{drfrrrardud druru 0.1 mt ldawuory't: LB agar

5.1.2 \il steri[e spreader ;rJd'r t- rnduor"rodrluufirydroryr: LB agar lvln:voru
vr'rv,rl orurioudr'lrjrirfioruyni#or rflurrar 24 tJ'llu l

5.1.3 qzuarJfr l-Fnr:loua-lunnnr:toirya"nuruvto.l col.ony uavfuiiruu cotony
a a"

lruo1v15 LB agar drutasorfio#u cotony (cotony counter)

5.2 nlii'ru'rrurlriirururdaoiuyridoiofi a6f, sr:taldradrr
i - J J<tr -n:roriuiiruru16ooFuyirfuurrrorr,rr:udurfifr16o16lvr5ti oq]:vra'jrl 3o-roo lolafi

,i.i-li
vlnr raauro.:ii'Lr?![tonauy]5uo1nr4r orlurrvrto:rulrur[]u CFU (col.ony forming unit)

rionir u6ario ia66n: (nPun, 2005) oftalnr:.

Ic\, 12

v(n, + 0.lnr)d

"J-tl = drururfiooduvridrioia66n:uo{d?od1{ (yilro cru/m[.)
,- .ha I

V = U 5ll19litj 0.i d 1i a s a 1U vl lt tU n 1: tll1v lt 0

nr = iiruru pLate to{ ditution u:nfifid'rux1lu1]nfir; u

oq1fir.: 30-300 InIafi

nz = iiruru plate !0.1 dilution rYourfiidruruuunfiria

ouludr.r ao-aoo Inlai
+ c -.j-,vJc = zu a ilrllnlafi fr rirkiri'ualoo qlutir.r f O-3OO InIafi

d = ditution rrrnfi ilrrrli nfulniafiludalfr ritaunld
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6. n15a[nt']vti Arsenite loui6 sitver diethyl. dithiocarbamate assay

6.1 Preparation of scrubber and absorber

6.1.1 [o;ur sodium borohydride (NaBr) rlniudirn:rvli

scrubber tube

6.1.3 [fi! silver diethyt dithiocarbamate 4 m[ lu scrubber tube

6.2 Loading of arsine generator

0.2. t si'rotirl 70 mt ([u flask)

6.2.2 tiu acetate buffer 10 mL

6.2.3 r)aaa nitrogen gas rdrrndordnmrtr;'l 60 mymin

6.3 Arsine generation and measurement

6.3.t 6oar: sodium borohydride 15 m[

6.1.2 quluui'rlu lead acetate iuuayrjtrr,i"liniuolunio{ rjrtourirltfla'lu

6.3.2 !6iou nitrogen gas rt1lnio iliJurlar 15 !1fi(#{rnnf,uavnr:rfrutotrlr)

6.3.3 ist OD rirurnio.: Spectrophotometry OD 1q1sth 526

6.4 Preparation of standard curves
J

a'riavalulnerro'llJ arsenite fi:v6'unruurjil'rlurvirrYr: r, 2, 5, 70, 75 ttau 20 pglml.
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o.s i6nr:n'rurruuacn:rt'{!rn:orutoIoriiluri

,.:rrd t rJiurrunrurdltl Arsenic (;rgll) firirnr:onn6uua.: oD526 n6

dl Arsenic stantlard fi OD sro,-

*OD Sl0 rror

- 
Lr ear (OD 510 oor)

l0 rs l0 25

Con Of .{.s0ll) (rrg&)

0?

06

0:

0.{

0.1

0.2

0l

0

-0 I 05

n1r^rfi 1 dT arsenic standara drirnr:gornau[ldi OD52o n-

u: tJ 1 [U n',] 1tl

[1'u1U

Arsenic(pg,/L)

R',tnltoonauud{ ?oo?u
di

tnto.t spectrophotometer , ODs2o n.
uaofi 1 VAAOI2 n1laau x oD sro n.

0 0 006 0.006 0.006 0.01

1 0.019 0.018 0.019 o.02

2 0.036 0.027 0.032 0.03

5 0.726 0.108 0.1i7 0.72

10 0.216 0.231 0.224 0.22

15 0.474 0.452 0.433 0.43

20 0.595 0.617 0.606 0.61
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7 nlialn:1sd Manganese lnui6 digestion method
,""-z.t. rirlrjrsr-roej'xd'ro stander 1oo m[ a.:'lut?oirJtu4uuro z5o mL

7.2. a.ttnl0{uou Hot plate stirrer

7.3. L6!n:olufl5nr'[r!u (HCO) 5 mt
-i7.4. Laantln? 3-4 an!o.rnun1:y{.:fl 0.:1]'l

z.s. drt#avuvo ru6o :cln 2-5 mL a-nuruvfiniutrraou unoonuavtja'oolfirdu
. i,

7.6. U'rL!r La1l?o,)nUl!"l0n1u1n 50 mL vlJ:vn0!o? ulonllun:0.1n'lu nluoluns0n

r5ora{ttavUi!lJ5!1oi0?uu'r Dl

7.7. d{ilirn:lvrirarrilrulnrfi ariru rnior MS (Atomic absorption

spectrophotometer) riohj
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8. nlia[n:'rvli Ammonium-nitrogen Inui6 Nessterization Method

8.1 nlra[n:1c1i

a. t ri?':d16'rodr{ 50 mL a.:'[ur?ai!t!ru.r'ro 250 mI

ta0:

- -i ^8.2 rfr! EDTA t-2 rauo n:nifirfionrur]u or nr.Jfrfiiu'rivu'j'r.r Ca;Mn n'udrurrua

^- - B qvv - !'4p.-
8.3 lnru1u1rlarao: 2 mt 1J0n? ulnul.rlLaun! Lvrlj']nu y{Lx 15 ulyr

8.4 dlhiodl absorbance fi fi 410 nanometer lutniol spectrophotometer
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8.2 i6nr:drurruuayn:rdlrn:mutoluoulurfi u-luln:rou
rniurar:avarurrn:mu uorllrf, urL -111n:rou l#inru ldrdrrvirn-r o, 1, 2, 4, 7

LLae 1O tllnrniri IntL pipette a1:AyAlullro:niu standard ammonia solution !1 0, 1, 2,

4, 7 uac 10 fiafrfrn: kiyaosrnuairoil ueirufiurjrndulvin:l 10 ia66n: hvrnlaaon udrlir
Lyrnqa rtu[fl u? n!nr:rrn:rcusriodrl rir\.Jr"nrir Absorbance d qto urlur!fl: rirrirdld'lr

a 0fl n t 1fl: u 14't 1.: n? 1Lrt1jr.]1r1.r rll u Lr] Ln:nr!

I

I

J. J,
Fr1:1{yt 2 lJ:}J1{Un?1!IlJll,UU Arsenic (L'IL) yrn1n1:SOnAUuA{ OD52o 1m

o.4r)()

o_35c)

c.3()o

..25c,

a 2<)c,

o.15(:)

o.Ioo

o.o5c)

o.ooo

v = O.OO3X - Or)1

Gurrunrrurriuriu
Ammonium(!rgll)

drnr:oonduuar iod':u
tadal spectrophotometer d

oDrto n-
Average

1 3

0 0 0 0 0

20 0.029 0.035 0.032 0.032

40 0.108 0.117 0.116 0.114

60 0 186 0.185 0.183 0.185

80 0.242 0.249 0.247 0.244

100 0.308 0.301 0.308 0.306

120 0.369 0.378 0.387 0.378

ei. arnrnorniurn standard d oo",.

E

oo ____:::- L,rrre.rr (::,(-'ri(. s I )

5() 100
Concentration

n1i{fi 2 ri1 ammonium standard firirnr:qon6u[a.r OD410 n-

I

f

I

15.)



83

n1:i[ntMi Nitrate-nitrogen f.tOr- Ioai6 Brucine method

'.,. i nr:i rn:rsri
9.1.i rirl rirrirodrl 10 mt afluaoourirrulo 50 mt

J- , .,i,
er'r51ryr 3 !5u1oln?lljltjlrlJu Lur9t:yl (pgll) ytnl nlloonauL[a{ OD4lo ,)m

-t

Ec
9
oo

:.:..2 rfir: a1:acaru NaCL 2 mt nior:nul#r.ilrniu

9 i.3 rfilar:acaran:od'a1Gn (4+1) 10 mL nu}iuirriu uasrjrhJud#rrdorirhir6u
tr.1.1 tfilat:ayaru Brucine-sutfaniLlc acid solution O.S mt nu'lr,Irrir rYu

9. 1. j d1h udfi rnio.: o'.:uxrfi o rura4fi 95d rfl un a r zo urfi rirhir6u
9. L5 dihio absorbance d ODole nanometer

9.2 i6nr:n'ru'lruuarn:rr,,lrtrn:gruso{urn:n

o.20
o.I8
016
0.14
c, t2
a Ir)
o06
o06
o.o4

o02
000

Concentration of Nitrate-nitrogen (pgll)

Grrrunmn
,tlriulurn:yr

(py'l)

n1n't:annauud{ ?on2u
JJ

[al0.l spectrophotometer yl

oDnro n-
Average

1 2

0 0 0 0 0

1 0.016 0.011 0.023 0.02

2 0.035 0.029 0.032 0.03

4 0.074 0.071 0.065

0.744

0.07

7 0.134 0.732 0.14

10 0.189 0.792 0.180 0.19

d1 Nitrate-Nitrog"n d OD41o.,-

--a-?j- l.;tr.ri,.-lti,.r.)9(r, r:

OD4 10trt, ,

- 
Lirc.ir (Fi^ Nitr.lc-
Nitrr>g.r r ii oD4 1o,rr :r)

nrud a rir nitrate standard dirnr:qonf,uua{ oDale 66

- o.aa1

)97
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n1niluln n

n'rYr:uuudlfe lrau[nBa.ifi afl oa a{
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:C. orjn:nicJ'qi,u1o anthracite uas sand

(n) raEoq sieve (s) nsund.rdou

ntrfi c qrJn:nlrioturn (n) rntor sieve uas (u) nvrundldou

t i. :suutirriofi.trJfr n:nifi rnrnuuu packed-bed uuuriolfior

J-
nrnfr 5 :yuurJrrio o.rrJfr n:ni6anrnuuu packed-bed uuuriorfiol
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i z qrJn:niirn:rcd ori€lud, ulsnrfi a, uac uaulurfi uu-lulfl :rou

(n) nr:iln:rcr{ori01ud (t) nr:irn:rcduouTrrfi uu-lulsr:rou

(n) nr:ira:T vrduoulilrfi uil-luIer:rou

(.:, n15UU01U1U0aU :U
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i 3. Conference
-!arvr-r qnBur rri *av !:rni rYnrufi fi slnora. nr:r]:srrimnr:uauozualruio'u:ydl

l'rufimfinuruuvirm6 n*rd ro, nr:rirr-o As(ttt) $av un(tt) Jujrtfr6ua'lrn:rvrilouri'rrJfrn:ni

uut-tu packed-bed ; Removat of As(lll) and Mn(ll) from synthetic groundwater Using

packed-bed reactor. 29-31fla1n 2558 6u r.ly1i ula-urtlfii' t'lviordultyil
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iufi zs-sr qalffu 2558
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Thc 36$ Natlona( Gr6dLr.t. Rete.]ch Conferehce 2Ol5

mrU!r$r:lrnrr.auo a!rrr:6'Ur! d'urjn$rlryrklt!6 nril; jo

?trv ,rfrfvd &ar fr7{t iclt)t,

Evaluation of Antioxidant Activity of Kombucha Iea
t'lotti*o )uhlue, Konokpon Sce4phet ond Srpap Soehphet

lnhlb,toiy Effecis of HerbE( Tea on Some En2yrnes turociated with

l'lypergtycemia and Hypertipidemia

A.lrrf,a Tiioky,uttaDctllol Kor\atpom Soenphet ond Supsp s(lert het

Effects of Atonik and Ptant Growlh Regulalors on Berry Ouaiity

of 'Beauty s€edLess' Grdpe

Qaong Thonh Lo, Pornpon Pooptompon, Siriwot Sakhont,',osee

o,ld Cht/lapon Thoholtl .

159

177

168

r84

t95

22t

22f)

214

240

q rt.lr . g 
"rrrr1tItff:1tr}lflUr',ryll$tl1lrfllla'll.titft1:uQnurnvfliyrS.tthnlu$9 r.ytlh:{r'}.1:l,fn?t e-ilrig liur'h,ni

atios iaufioi, 11i7 Flvhn1, irud a\pttu ta! ilE.t vrt aTuaoj

Hf,ntv rno{nltr euutr 0.: nlrnio,rntltiat.l$mnurduuda{
*ttuot anlx4j, i1B?r lniotlrlnt uae e?att n?qltgE.ttuor

m:rfi lpTn:lulur"a ruaiifi rsar:arar BlnaiQu

tlqfiltrd ilu{rrJu. f,vJvd rur1e, u$a llud} 
'taz 

ofit{ aqvltt

SltBrararar:alun:rn1:rrirUdutndoG)r1firua;Rrunrfihai,6i0juliuri ,Otfi inaad.
r::nr :ir':70. iuriro' .rv;1s, raoa-ld gaclarulri l.r: riulf ryrlf

De:i8n and lmplemeotation of an Active Boo.n sprayer Suspension Sy5tem

MoUiko Thong ond (hoiyakon )onio&ron1.

arrlfirrfu6:sirifiinlr&!.flr6j !.)trirs.lr0.nh n1urnco"tfifr d aliotr.]-uarsuaordduufild

1uf,nrfltnrnarunfud

riai{, dr;rr"u saz i.r{*)i n1 .t.tg

nr i'"ra s{ nial6IB.}fl T 
fl {!1}ljlitu{fi a'T.riu:vurjulu'ar.LrH a

ot1itni ,izat qmt iiintntnnl aac frfitti vtzriais

nr'rdr{fi As(lI) lra! t tn{rt) 1urir1*fruf,ira:r; I*urirUin:niuuu packed bed

xut{t ,1v{rattd ua, :lt.rd tlntufrlolqq)a
255
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n1:ri1{a As(IlI) ra: Mnfll) 1urh1fi6ud'ta:r; laud'.:rl!n:oiuuu packed-bed
Rtmoval ofAs(lll) and Itn(ll) from Synthctic Groundtratcr uslng

Packed-bed Reactor

n:nil ffirld lsonvarg Linhstong)r

tlnri riluf,itlnmn (Pnnc. Paurnapipitpnis{l)*

udetio

rrul{udinull:vBtintrro.ru!afirlu Brrcittvs megoteium PNKP-Sz iTilUOululof6!uuul,

PotyEth)dene ur!1fuftUiflrai$nrrrlu! packedsed uavihrJfrmciuuu ff(rauon n an0rradte unc sand

rtllaqifrn:or rdonr:u'ninirli6ufr.rra:rrriirtrlr$ou trfiulsriilwi u:rrnriaanol:ri $:rdunr ur,ir,[l ao

m! 100 bli:nirrioen: mrdrftr d'rnnr:luardr:curh'iriu o.s iaiei:riourfl iqnirqirial riuc-roril1n1

zq fitll r0ynnr oz rill rnnr:nnaainli1 luirc 25 ilu:nr0{nl:rr00r n'rrJfln.:oiuwlulailrir gntniU[nrnl

uuu fittration dl! r:oridi l6(t[) rn, l./d{) l6lriin'! 89.08 un! 90.08 ri0ir6l{ nrriir6'l hiti 2o rornr:
" irr. . ,

]lAa0l l ilJu!raru6iFo1116111.1p6Urll.rrtr !f,{ff:']ty trvzlul!a116n n1:u1!rlitiiuu0,t:ilun!n.trttlfiu

87-33 [h! 69.59 ll]ohdu* arrirfu s,s;tl:rirlBa1ttnrtrhiru:nnrirmol:{ iri1rirlfu 84.48 trtu 93.70

rJairlul rrldrftr snx}ir rjrnr:drrh es(t[) La! Md[) i]ud'{ in:aiutululsiril un;rT.lJlnrnluut

nlnatioo fiJlraninrtlrJnr:riunJ:yqniliuartrrrnrrurionrnidnlrnrraurudolU

ABSTRACT

This reselrch sludied !n eff6tiv.o6B ofBoc /lr' nrqgarannn PNKP-S2 biofilmon polretircoe bead
h p.ckodied rwbr rrd liltr.tion rcactor virh aD Ecile .!d sand as r filrer is order ro ErDov.l Ar(l[I] 0nd
Mn(Ul. Thc ry hcrie grulld! iter supplcmftd *ilh sodiuo-{Iscnitc (,tolg/L) md mang6t|csc chhddc (100

IglL) fu c([ iDuoully vir biofiln reacio. nd filtralior rEacto., JBpectively, .t a florv rste 0J milliliter per
miruE !t room teq€t{ug Sl,tphs E!!€ colleired cvery 24 houn for,l2 drys. ThE result show dut in the lirst
25 drF of $c crparirllrls, lhc tiofilE rclcto( lnd filtrstion rcacto. clltrtiycly rcimvcd Aqlll) ,( 89.08% and
90.0t7n r.sF.tiwly. l, lhc 26n day ofexp€rirnen! mnngan€se chlo.idc ras fed inlo lh€ renrlor and rt sholr.ed
$at the perc€rlsge of tu(U) removel by biofilm rcrctor ud ilrration Eactor wos 87.33./. 00d 59.599(
rcspcctivcly. Whilc lrtn(ll) rcrnolal $erc to 84.48% and 91.?0.i{,. ru.{,.rrivcly, lt ir indic cd rhtr biolitm md
liltnlion reaclor could be rpplied snd scale up ti, use in the fieldno*.

lnrldriry rr:rhin, oriilui. ur rnriir. rr\lirrrljlur pacte+ueo, hloi6r
Key Worfu: Rcmovsl, fulcnilc, ManguEsr, Pack.il-bed rcs.tor md Bioilm

' rlnlnulrHoqrrirrrvrrariurriorir a",lrirruu'fulaiirrnn6el ao*iwrurarf rnrinulfoqusr 6ii
'. :eirlra:rqtd m orvr:tiirBorn, rnrlttlru,rarariihnrn aocirg.urar; trrr3lrlrdu$rnflfiti
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Tll. 1r5'n Ni0dral Cradu.ta Rlr.arch Contarafta 2Ot5

n1:rr::!xit'i 1r!,rF ruilil1r.il..;i-+e;"\,,'ei - i, i# .,,

U'!J"]
. .t. . . t.,

nllUUrrjSVlO.rD',ttnUA(ais:r rn tUe! lrulin
iuirar,htiarunrnJrrdadrl:! draaa:crurion.r:li

irq tflnau?Innuauioqanrrtaorltri Iru ordn.i

wl"lo Woltd tteaLth Orgar$zation) irnuurrr:5ru
:..y- ,--..- -_r]16l[u!0 utlJntllrn! 0.01 llaEn:llrofirr unr

unnria o.o iaininioBa: (rj:roi, 2554) Uillo
arlt{lirnr:r,Juiaueti?inrrnn'ir 50 Uh:nil
rn6rr LrloatyariL!rlmlrlrilur)a,l !GI5 r'l r:rat
llqlr)roqinrnrriiEri riihi!:!tra, xir lrn!Uot

I:a::uurl:carrt uav!radad.liiirludruraiel
(oesesso et at. 1998) ri:rluNn-riiaif,uriorrur

rl:zaryrlaurirlf o.runcu::arninr: rluulmriai
,r. . J r , I

L1'',ltuotJtulrJ0ur0!olrjEitinTtrnl r!i1!nluroii0

1:iaa6suacrirnT lnr:nioiruauun:ndou (rlnrilri.

2s52l

n:JU1unl, U1!aa1li tlrrui r ulr.rnlua

a 1 rr 1 : O '.r I i t r u Ln n : ! u ? u n 1 : r 1 { n 1 u fl 1 tr

n:rttunr:nruai uatn:cu2lnr:nrl2rrn liuri
or:rnrnou nr:grfir nr:ladr nr:oanirn{.r nr:

o:o! nr:lirdssuru:u {n::oirrri, ejqo) nrrtht-a

iru nrrlif,lun r l Euri tiL u orrlu nr:rrduri,ay

rJ!filuroonira& Or,tr'er et al-, 2oo7) *n1:illdr!

, r taiitciiri{iiruilrar:rrtriaudtl I ua:rlnrho
-!Inin&ntff naautetltulJaui:'ru i{uu n:Eu1un1:

u'lurlrr1r!?Jr't.llt{rltuYl,)tHanllu.rtu'rtl1ltuJ0teln

ru!ntrvtunrtuluiYIJi ]alQnun!rutluitnL
-- i -iu )iaio! dlraiulluiiuil:inprirlud tnrr!rtu1U

t,l tvn'r 1 lt n 1 yu )114 rI rJ'lJ ft,I1 t1 ln th t ),r ,i L.

ntct:unrrrt{nlunrrrlnalirhJin: oiirn rnuuulu

loild! {biofi lrn)'i :urird'l]ln:oiulunT rn: o.r
. . i..- - ,- x(nttratiod lInltt ll.ltrl./ l toln!artAl"lytt$ULrUAl] c l t

ilvi hs(ttt)l uacrulnria i,tn(t)

iaqrh:arrinr:iiu

rri0tlnurU:vdrijn]nnltu'rur At([t) uit
tutn(t) luirldirdrrnr rc{ri:uu!ifl ria Bocit{u.,

n,4.{otetium PNKP-S2 nftI Uuri,l polyethy(e^e

riululo riahrft Ui n:niirnrxitrriu rtrJfi n:niurru

n1ln:0.! (filtration) $fl anthracite um sand rilu

irtqirn:or

linrrlitr
nr:rrlhuri:r,{eluairic Bocitttts

rElrrt€dum PN(P-S2
.l .!. J-rL11ti0llvltr!tutlrlvtBD{[!D'lx1i16u !ti0

Luria EenaN b{oth {t B) rJit,, n: lO in66nr rnru!
ndr t5o :ouiourfi iqruxQlio.r (3o 0+rl

sarioa) t0uuar tg l-.l1:r.r ynrivrirudoGlr'r 5

njoiriui (Cruiuallriudu o0o.o = 0.5) a'r1r

o'rr",:r{ulr,{o LB txorh r-lillrh, r5o !6f,4i: i!
nrhidrrl 150 :aur'al,i dqnn4Ertar r0rlra.r

:a irtrr
nta#uud.rrlfinroiiarnlulof ril
rriolnoiriufirrvraSg l$!;t!ot

riuri,6u6nnrr ZS $uiue: lErJ1rl l5O Enuliri
$!iuir U1lUli{dht0ol{o#ron',:iwl.r{o r::1
dr polyethytene l,cltsrriun:miirlaa;riloira

uaorfrnrlalJ:rraokrri ol nJairdui u{f,unar r fu
x. , .t

9 tnul]t1n1to]lrtlolluallt5tJ I rtegalerunt P xP.

52 irunr:lradrurirnoa'li i-: ao-r: r n r: lu a r{r
0.5 inaiiiriourfi Urr0urrni cB i'rlrlr riolirfiq

!-. , i
n 11tn 1r i0l11 0 tuunll t: U $1nviJ9.t11 rn 'tn lIJDly 1t 16tril

rdo LB u,otl lvariruayaonlnl 48 d rr riu!161

30 ix
n1tlelu!o'rrl0 nro:uuu f ittration

ra!ulaoa"ud*iro:u 'a l9 .!u;!1.m1

riuri-rlulinar 2.5 rluiufi: Gwr t5o Envrnd
- .r,..', { r . , ! !tiutulnt u1lurl'l tuu n oqtt Di I u mt,uti1tg0 tlnvu

[ld,l anthracite tl.nn 0.&1.6 mm lai sand tt']n

256
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Tha l5$ Natbrut Gradurta fi.rcarch Coilcranaa 2015

nrU:t1f:iim n1nn!nrln rlvir-urci!riodrint]udlnri mlril 3o

e ),1 -a'rum:t.l!ni0n0itur:ia{uio{riui,li01,!

nr:nluurlrUlua'lra:rC
. - !.*

,1',]n 1:ti:utru1lno!A\nll!un{a,)lrul!t,au
'lrerrrrrd t rliv px nirrir o.: rir\]ri',tritlnoorda

6,lan":ir:i"rdoiqrur4ii tto orrrrmiua r u
!2a1 20 l/ifi (son Van Dang, 2(D8)

.l , !.* -iltt,llt I 61uu:!nol,.dorv rlim.fi,rli:rry

rirJl rl,n! rfiurru nriro

0.4-0.8 mm Hrrhs;ralom ui?d{{fil;Jn o, r{D
,1 1. lgo{ulns(uvlnlfl llut!0UljFllllu ll- nle?olp ttr.l,

PNxl s2 rri{!tu1!lail6lrnrr odru rrio
potyethytene (irnrrrd t; d:ui tl trnrius:lyarrir

a0 loiNnlunlnu.UlJ littration El, anrhracile

!rn! sand rtuin:o{ (d{n1}rfr 1: d?!fi 2) rlnfinJl
liiua"rrn:rrrirrlr,rnrdr0-.rihrdo disinfection C{fi

mariu:idd:nno1nd 5s nloir{uf (ftnrnd t; d:u

iu
rlr nr I rr a o r 1 o n 1! +!r (abtoi(

expedment) rl:: nouft olirrl! n:niiratrd
rJ:ra r r nlulaflril d'lrjln:0iuw littration ui!af{d1
,.

rn0 
'l10 

lflnaD{tnuttu:n!n1:}1i60t!'r.tstr
.- .lnT rui?ou1fll1uarn'11lra:1E

.e,irrnua1oulrvIu0l{rvn ]lu,1ui 11^.] 2d

'ihlrrlrtu.l:wrrnr q2 iv rirnr:6ud'rodr.r#'rrua 3

it

iif I a?ufllnn!il trrl.rrJ l n r oi i: nr r
dnuwnr:lnnriaiuut upf, our

1a$ z druilnndorio.rdrun-rU!n:oiuuu

Fltration 6'ntn&n1'lrad $u! downf.ow

pi r iTodrdrllrfujl{o disinfection

nr:ira:rcri nlrrrrt r,!"!!o{oljilui (h
i t ez r1nl6i I mv a i:uli sitwr

dethytd6locaoamate assay; lu:rvrir:rud:rril
ro urmria (lu{ud zo-oz srnlni I ua! 2) ir2rii

Net digestion uE !i ti'rr cdGlr 6u r{ouu ai riu flv

iud ao-oz ornvii t 2 uncl) druiB tpread plate

method iAHPA. 1995)

Catctu n CHoir.

c{t:.2flp
Sodtunt $.iph.te

l{a50.

Sodrrn |t/(trofc.'

crtonate ibHco,

ChlsiJc

Mft .6.rp

rctf.tt c}|((Dlb

lSod.rn(rEta)

d'i.rit AstLo,

(htodde

'ti-*, ta *"t*l

t{r'rnny
ifil

lriarniy

ia66rt

::wnrnitrurerdo.lfi nroiuw ps€ked-

b!d
".."- - .r t . -rirliiui.rrn:r: ifi !ur0oul'ordaro ri$1'.lri

. r l,l
ua3|l}l.larlUan60 l:trYllitUi )'llJrtlrUul)lJff UiYl InU

co rnv too hla;r-riraioinr nudrfri lvluairr.riir

257

nfi/ei:
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Ttla 366 Natlorrat Graduata Rcaee.ch Conferanca ml5

nrr l!f!i!1ni:raug(nrrrl5i'!:c*-vu"ar,fi clnurulirlli i{$ )o

..--- ::.f'

nmf t urru{i:cuunmilYi A( ) un! Mn(D dr!0'iuin:0i$ru pac*ed-bed uuuriordol

rnnl:l{s
nlrdlrirlli sr slitlur{1u dlrJfi n : oi

lgrnluhfiir
dorlrUiuft n:l#irtur or.r ls(ttt)lnnrdr{

d.rrJ$n:nllrnrnluloid:r rJ:t8lrBnrrnrrrjrJrrirli'

ilimrr:riiriuriaultrlulal{llu uac!,!rnriia

aaol:i ranr:rraor;u ir :rtrBnrrnr:frrlilc
:rarirriarl uariJ:;iuBnr:rhrhgaalufui t t to.r

nr:naauriewirfir: E9,t rutirdtrd d?ului?{iui I2

25 n8mlfim6tNiu?lUlu6X6n1A li/n1tU1t ia0ul r.l

ncif,e lod$rhfru s8.s u,oiriui otirrhfimlluiui
.'. 1..- - r.i I26 !Elnltl1inO{tiUlV'tLitUdltA:MliluUrUAU

As(lr) uR! Mn(lr) 1xnrirld'r1{n:oiuuululoildr ra

n rrrnnouuirrilJln:nlirarn1rlloiduirl:rBuEnlr

,i 'tultri As0ll) tn'tnu E6.6 ttj0:ttr]st lu1ut4 26 ro.i

nr:rnarr irnrir-l':vin6arnnr:drrjauirdu a;.1

ruotrtu,l IlJltJfi 27.11 {a:nu /1u1idv5n1h.'r:

f ru-a tu(Ir) rlnonrodrrsitiiar laudrrlfrr':0,

i ;rrrvrluloiliir:irJr:ivir,rnn.:ri-rj'n Aslttt) ryrlriL

; tz uJoiriudluiufi o2 ro.rnTroaar {nrri 2)

nr :rjrfrulrari;r!Bk{lu o'rrJinrni

irntrlulofftr
:.l^ - .) t
Ullriarn.!titr!Ln!uro0r Adllr) En! t.ln(ll,

lr.rnrirq6'rUin :oiirnrvluloilduluiui 26 !0.!n1:

xono{ rrnnlrn 6o{n ir rftrJfrn: nii: nrnluloiliiri
tl'r:irBnrnor:drrir tto(n) rirrYu tt.q rJo{rduC

un: attudrdutorutr.rnriala al:,ii uu:1f laoar

ou'r{iolllDrlulurt 27{2 iD{n1:rl'olN tnudrttn:N

iirnrrlubfl ri:riltl:vf, nBnrxnlrildn tnn(rt lli1du

a:.1 uloirivituiud 42 runr:rmaor (nui 2)

nrnirrinltrf suorif lvrritrddfin:niuw

ti(tr.tion

u{.:lrnfrlciiu{rra:r vriflrlrti ol a*rn) ld'

rirr nr: dldfid'1ui',nl i n: nji rnr*lulaildr udr I vlya

riorfia rrrit{tirtlio:liuur r1r ni']i rfitrrarr/-,,} ltruJ.

l9oua itp: !.yyll.tlrJn,:U ",0,!n:.1!r )uJI)), NILL(,

ir,iui iia Irrr.ir.[uto r As{,rt, r1.!ira{lyirr"u 25.20

l!i6 5n:Un0nnl rx0lyAlt 1{nlU! nS0ruUJnl: nlD.l

ttrltratronJ )tu r rfi rrJinr duuunr':n:o I drorfi I
U1!dxnfl 'r'li!nr:tiirrtlrn?1rtr!ulutol A5( ) RoE!

!ya-Drnlriu 3.83 1 lnlnirdoin: iyiair]trBrinrn

258
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Th. 364 Mtlon.l Gr.du.t Rca.5r(h Conf.rcmc 2Ol5

nrUllpriff irlartoeNruil'q: -vu-{uirlnururi.rlri i{# 36

nr:rhdrlnu:itJ! 1n'tr so.q rUoirduilulud t3 ror La:rrrviril 9s.5 nloirduriluiui 26 t,ornltrnnon

.2{-ts
t$

' ':,;

n't'rC 2 :rayAnlxnrlrifiJrlo-i!illM:rvfdrjurioultluro,riitur{ravu!tnriaaaoLd{rulftr.lInroi

i"rnrdr:loiiil

nmhJrur{n'fi sinol:lft adnlfln:nluuunr:n:ol
(fittratton)

!.t- - .) ,
!'r t, nuA nifr r 1! l{hlJu tuou Asfl ) u,n! Mn{ )

llari{n-nlfn.ioiirnr uloflri ur-ui 26 !0!n.1:,)
Tnno{uE?!!ll,taaotuollt 16ntu0nroln tun1tl[uu

ntn:sr (fittration) la urlrliiu i.r rn: r c ri ii ru n r:
rirU ud'rrj!nroiirartrhlo dudriarrlrfu{uror
I\,ln(lt) rxiao{ryhniu 56.6 bilntnft dof, rt Liolxa!{1

0-$Ji^rniuu'un1:nro.: (fi ltrario^) nu.i rlahin1n
nlrirrIn Mr(rD laa:rlgirn'r 59.0 r airdurituiJi

26nornrninorulodlur:r jrrhlcao',njfr n:nivrllro.r

ria uarru'irU:rtutr1nluo1rJ1f, Mn0U li:ldu
otir,rdorior lauhlui c2 ro{nrrunor rJ:virinrn
nr:irinlau:rliirrrirrir 93.2 irJoirduoiuioall

- . .lrtuturo rru rnrianaol:drirno t t hla.rniliaiyr.r

riar-irrnr.:rJrfalnorltrltrn:oirfiaowir f nrxi t)

nr:nra orriadrunr:Jlinleu6'.rr.tin:oJrf.:sa rtio Li aqjrun r r ri rrinl ru 6.rr.ti n:olri.:so.:lio r ui r

uacidivtrinrnnrr rJn[ru:r!rodurrirri! er.g

ruJlrtruBl)]1!?l l4 25 tr a rn 1:wr a a loi aeJ u n'uu]L r
. ..^ ,!
tqU0fllln5o.lYNn0.$ui

siolirliiufi+a:r: duurf,ou Mtr0 u6c Mn([) lxa

rir { rftr.J ! nr dft nrnluloiri u{ui 26 nornl:
trinor rtuidrUAnr0iuvun'r:n:or irj:virinrnlv
nr:drrirlfiatlrd:r&!r.r As(lD nia{r 6orr1fiu

3.go hla:nftioio: riui sihj: c f,nBn rrn r:rirfr

rir!.indn^rn'rr't\ittau:t!aia r.F0rytdu EE.E

rr.loi ririluiufi zz-rs ratnl:nraa,l uaci

Ur!Ax6nrno'nUrUiItu::unnnlrufi olyirn\ 69.59

r{oirduiluivi 36{l ro{n'r:hoaor louluiui q2

!0{n1rrfia0I lrJ:ciyBnrunr:trinryilriu s4.5
, .. ..i ,!

tu0: t!1./ r urDl|1uo't : u't1.t'l tiun tu0n:$nraD tlui
tn'md rt

259
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TIt 366 tlltbn t Gddu.l. f,€j.irch Conflr.ff. 20f5

01lurc.tpi!1mrur!Eaa{lr.riiurciulioliaftnrruift ri rnzri Se

I,.
{-
!!

I l . a I ra u r. ra f t d t r r$ ra ta raraat
16alr,

a l 3 U:rA4fufinlairrierhlifiu&u':r"rtiuur6ovkrltororidtur{ua;ul.rrnlaanokllnuinlln:niuuu

nr:nrE.r (fittration)

Gurorroluu;f,rih i,trlrC

nlrAnr'rUl!10ruuifi riuiruii speaa

z rJll r ruuuai rl u1u{r1;auihrn: rrr{iid ru

nr:rhrlrrirudltJfi nroii:nrrluloiril fi'r

{inr0illlJu fl 1:nr0{ {filtntron) unroirjT{t

disinfection

6ate nr+roa tfor:rrasr hnolauift?odximon

lrno'rrJIn:niirnrdutstriu Ieun'r nrrira:rri
rJilruuunflriuraqrao nrr riu r': o tj r.r rirl d 6 u

d.rrn:rlri luivd 26-42 jorn-rrnqaot 9lfln1rrnao.r

n!ir inr:uaanon!oltunfi riuaonrrnrirrJin:oi

irnrnlr.rloidtr l.tnJilroruuri tluwa;a.rriodr ii6r

dimniuuu fl ttraticn Bsvrldtdaarlddrl ft allu
t-',:'xi 2

oirlnoua:rflnanrri&
nr:rirriarlliiuf,.rra:triirJlrdou t(rn)

ft ui.rrJfin:oii:nrnluloid:nrt jrluirl z5 lvu:n

tornr:rraol d:rJ$nrciil'mrnluloiriuihJ:rininrn

lunr: nhaglurhr zs.lag.r r oiriui uasrdarhli
,J,

aua rrntl:unfl 1un1tu1ufl nlu0tu0n:otlnlltLtLo

firi us rdr{ d'nJfln: niuu! n1:nr a ! (filtration) nuili
. - a 7riltulrJirlltl,![ie,t']tJilllnu 90.4 r'tjo:ttl]r ttrilr,

"r- i.,^, ,- t/^ to{n']]yrfl nE,Ii,rttuu1L{'orrdlte1iIuylulr!11Brr

Adlll) u.Ei Mn(rl) lBluadrurir{ihr.lin r niir nrnbl o

-. J , - .-n6!i0lti0t tunru0nt0.tfl 'lufl lrilruun1:nl0| t!u.'],1

intfrnoid:nrnhloiifuirJ:canin1fl n'nfi u", tu(ltl

nJrl

(ro,t

xaao{)

rn!10&or!!i660 (CFU/mt)

0n{F1N orulorc, orn,|rio

ilrnrn uuumlnroa dblnfectton

trrlstlu fittrrtbo

26

a
29

30

3l

32

$
v
35

v
17

.19

40

41

42

2.txt0r

1.8 rl0'
1.9 x103

l9rl0'
l.9rlO'

1.6 xl06

tJxto'

?.anlO'

8.8xI0'

l.lxl03

l.2xrOr

5,2xr0'

4 Srto'

7 0 rl0i

l.2xl0r

8.8x10'

3.(rr lLt-

9.5 rt0i
l O,1g'

a2rl0'

8.3r10'

? 4rl0t

72rfii
5-6)(1or

{7x10t

6 3:<10i

3-5x1O?

5,tx1O?

6.Ox10f
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