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Removal of Haloacetonitriles by UV-LED/Chlorine oxidation process

aunay aungls  Soydnwel s1ugsAne*

d1913v13AINIsuAwWINgoN AMgIMNTINAERS ULay AUETTEA1UN1TIANITRUINROULALAITEUATIE UNINeTETOULAY
Jewinveuunu 40002

Somphong Soontharo  Thunyalux Ratpukdi*

Department of Environmental Engineering, Faculty of Engineering, and Research Center for Environmental and Hazardous

Substance Management, Khon Kaen University, Khon Kaen 40002

* Corresponding author.
E-mail: thunyalux@kku.ac.th; Telephone: 080 469 2440

o o

unsuunA 12 durey 2563; Jufiwilounang asefl 1 28 wWwey 2563 ; Fuiinausuunaiy ANl 2 21 wawnAL 2563

UNANE

glaesdlalulnsa (HANs) %’ﬂLﬂuaﬁwaaﬁﬂé’mﬂﬂ’li?jwﬁyaiiﬂﬂfjuluiml,ﬂu fifnnuduivannnitaswassldainnisai
L%@Iiﬂﬁgﬂﬂ’mﬂu iy lnsenladimy waznselasydin 1uddeiinisanwinisidnans HANs laud Tuluraelsesdlaly
1nsa (Monochloroacetonitrile, MCAN) lanaalsez@lnlulnsa (Dichloroacetonitrile, DCAN) way talusluezdlalulasd
(Dibromoacetonitrile, DBAN) fienszuIun1seikeadanassu (UV-LED/CLy) i pH 7 uaz 8 lagiUSeuiieuivgineads (UV-
LED) wazaaadu (CL) ann1sfnunuianuduiusseninnisanasesaandudu HANs Aunanduufaserdudunils s
V@l pH 7 M3fdn MCAN DCAN eldnsyuannis UV-LED/CL, ﬁmmﬁﬁmﬂﬂmﬁmﬂﬁﬁ%m (MCAN = 5.6 x 10° min™,
DCAN = 11.7 x 10° min™") wagUseanSannisnidn (Sevay 27-52) %ﬂqqu'] UV-LED (MCAN = 4.4 x 10° min™", DCAN =
5.1 x 10° min™) wag Cb (MCAN = 2.4 x 10° min™, DCAN = 5.3 x 10 min™) &sin15A199 DBAN NaUNUIINTLUILAT UV-
LED ﬁmmﬁﬁm’m’mﬁﬂﬂﬁﬁ%’l (6.4 x 107 min™) uagUsgansna1mn13Adagandn UV-LED/CL, (5.6 x 107 min™) waz Cl,
(@5 x 10> min™) @lavnsiaszinee@ilag3s One-way ANOVA 483055015 UV-LED/Cl, UV-LED way Clp udamuingl
Aauanasegditedday (o < 0.05) vuedl pH 8 lunsmaasnsida MCAN DCAN wag DBAN Y9I 3 NPV
wunlddanuunnanseensdideddny (o > 0.05) Mnmvelundiinuinszuaums UV-LED/CL anunsadudnmadennils
Tudn HANs Tuthaslls
ARy

nsvUILMIBeNdndutugs giuendinasiu amswaseldnnnisindelsangululasiau olaosdlalulasd
Abstract

Haloacetonitriles (HANs) are in the group of nitrogenous disinfection byproducts (N-DBPs). HANs are more toxicity
than regulated DBPs ( trihalomethames and haloacetic acids) . This work investigated the removal of
monochloroacetonitrile (MCAN), dichloroacetonitrile (DCAN) and dibromoacetonitrile (DBAN) using UV-LED/Cl; in
comparison with UV-LED alone and Cl; alone at pH 7 and 8. The results showed that the relationship between the
decreasing of HAN concentration and time was the first order reaction. At pH 7, MCAN and DCAN removals under the
UV-LED/Cl, process had degradation rate constants (MCAN = 5.6 x 10” min™", DCAN = 11.7 x 10” min™) and removal
efficiencies (27-52%) higher than UV-LED (MCAN = 4.4 x 10” min™", DCAN = 5.1 x 10° min™) and Clo (MCAN = 2.4 x 10°
> min™!, DCAN = 5.3 x 10° min'"). However, removal of DBAN under the UV-LED process was found to have a rate
constant (6.4 x 10° min™) and removal efficiency higher than UV-LED/CL, (5.6 x 10 min™) and Cl (4.5 x 10”° min™).
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One-way ANOVA statistical results showed that HANs removal by UV-LED/Cl, UV-LED and Cl; processes were
significantly different (p < 0.05). However, no statistically different for HANs removals among three processes at pH 8

(p > 0.05). The results of this work suggested that UV-LED/Cl, can be an alternative method to remove HANs in

drinking water.
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1. uni

g1laozdlnlulnsd (Haloacetonitriles, HANS)
faduanswaesldainnisdndelsangululnsiau
(Nitrogenous disinfection byproducts, N-DBPs) Lfi#
MnasETelsn WU Aaedu AreIiiy vienassula
venld ¥ufAserfuarsdunidlulasiauazais
(Dissolved organic nitrogen, DON) [1,2] Tutanaasse
ik HANs esumuaulasgiann Weswinian
Wufiwuinnitanswassldainnisanielsa
(Disinfection byproducts, DBPs) fignaauau Ly lns
g1ladllnu (Trihalomethames; THMs) wagnsnalass®
fn (Haloacetic acids; HAAs) [3]

HANs Usznausie 7 @15usenau laun lulunae
1seedlalulnsa (Monochloroacetonitrile, MCAN) 1#
Aaolsesdlalulnsd (Dichloroacetonitrile, DCAN) 1ms
naslsasdlnlulnsd (Trichloroacetonitrile, TCAN) Ta
Tuluslueedlanlulnsgd (Monobromoacetonitrile,
MBAN) Tuslumaslser@lnlulasd (Bromochloroaceto-
nitrile, BCAN), lalusluas@lalulnsa (Dibromoaceto-
nitrile, DBAN) wazlalalnasdlnlulnsd (lodoaceto-
nitrile, 1AN) Tungaas HANs ivani DCAN gnasaany
mﬂﬁqmiuﬁlmizm [4] Tuansgolsng wAuINI wae
ANOALAUA AINULTUTUYBY DCAN DBAN ag BCAN
Tnaun@inganusdn 10 pg/L [5-7) Tuseansidelay
Unfinsranumnududsusazeiiaues HANs (MCAN,
MBAN, BCAN, DBAN, DCAN, TCAN) ﬁ??ﬂd’] 3 pe/L [8]
wiluvrsiuiinrandudugeansiuves 4 vda (DCAN,
BCAN, DBAN uag TCAN) AT1aNUgata 36 pg/L [9] uag
Tuuszinalnensianu HANs (DCAN TCAN tag DBAN)
gafie 30 pg/L [10] YagUuesdAniseurdelanlaly
fuusiSinuaududuluiifud sy DCAN was
DBAN laitfiu 20 wag 70 pg/L muaneu [4]

FBnstda HANs luthadwiuguslaauuunis
Aomsuulsssruuaieanseniliiitanuannsaly
n5i1dn HANs 1§ Ga3endinisinde u qaldeu
(point of use, POU) Taevhaluudalumstdatugaiie

999 POU 9ziluassansihalowdn (Ultraviolet, UV) il

T¥dmiusndelseluthnouuslag 8 aﬂmmﬂiymu cl, 7
mmaaiumﬂiu‘dmﬂ‘wm@ﬂiumumiaaﬂ%msﬁwuaq
(Advanced oxidation processes, AOPs) (UV-Cl, based
AOPs) [11,12] 33@131501190 HANs 1o

UV-Cl, based AOPs tdunssuaunasdil
Ussansanlunisindnansdunsdludh [13) Tume
UitRlasundndmasn UV AldifunuuussqleUsen
(UV-Hg lamp) 881¢l5An1u UV-Hg lamp Sideidendn
AovafiuiAnanusenilovunanin Jagtu UV uuy
IaloatUasias (UV light emitting diode, UV-LED) lasu
auaulaanniinide esniidefnatsesaie
Wiy uLflsuiu UV-Hg lamp 19U vaenailvuialan
au19088nLUUkardnIaasnlivateguuuy 14
wdsendliing wazdiddalaifiuson wenanidmuin
UV-LED flongnrsldarudionauiunin Uv-Hg lamp
(3,000-50,000 F2Tus U 5,000-12,000 F2la4) [14]
Feuserild UV-LED Wusadendiidmdu POU
treatment system

lunszuaunisuaniivszurenaia cl ity
JUKUUVDY gas 3RdNTaza18AasIU (NaOC) 1
ULUUvDY free Cly ﬁazawaaﬁiiuﬁw laun Claq)
Hypochlorous acid (HOCL) wag Hypochlorite (OCL)
widndruiiunndsfuiuogiuan pH degud 11u
5¥UINAISHAREUSEUN (pH 7-8) HOCL wag OCU
Joudu free Cl, wdnTvinUGAZen [15]

TunszuIUNIT UV-LED/CL2 98Lfin Cle Cl2-» OHe
Faduarsoendladifinnusunse Tuansagared pH
Wuas OCl- azdudmdnlunisiufisenduues UV
Fawansluaunis 1-3 wazluansazaed pH WHunse
HOCL ag¥inUAsefuwas UV denansluannis 3-4
[11,12]
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35U 1 a9AUsENoUTRIAABIUNaNTIE pH fneiu [12]

OCI-+hv — Cle + O~ (1)
O + H0 <> OHe + OH- 2)
Cle + CI" — Cl,®*” (3)
HOCI + hv — OHe + Cle (4)

Yin wazauy [16] lad@nwin15i19mans DCAN aqe
N32UIUNTT UV/CL (UV wavelength 254 nm) WUl
Cls way OCU a@nunsageeaars DCAN Tuiluans N-
chloro-2,2-dichloroacetamide uaﬂ%’lﬂﬂ?u OHe 1'71'
Lﬁﬂ%u%siaaaaw DCAN t¥uans dichloroacetamide
G983 intermediates Tansiinazgndesamenaiiios
1Uiu dichloroacetic acid IuﬁEjﬂ

A98UIUNT UV-LED aondiaduniy Cl, @13150
Mdaloylusivu (Ibuprofen) lauszanns 70% uagluls
SLUUTU (Nitrobenzene) lausgunad 50% (pH 7, Cl,
dose 5 mg-Cly/L tag UV dose 700 mJ/cm?) [17] wag
gefisnearuin Tun1saidamisununtgiu
(Carbamazepine) UV-LED/Cl, dUsz@n5a1nn1snidn
44819 96% B9g9nd1 UV-LED/H,0, Mifiuszansnmnis
AdaLiies 16% (Cl, w38 H,0, dose 0.28 mM, UV
dose 822 mJ/cm?) [18]

faug31 UV-LED/CL, agiifnaninlunisnndnans
vafwivwdeuludnarevia egrelsAnudlidl
n15AN®IN15ATR HANs AAnTulutiiussun dady
AT R Tgusrasfiasnaaounisiinanslundy
HANs @n MCAN DCAN DBAN $8 UV-LED/Cl, tay
lns@AnwInaeInnuLtudu Cl, way pH Aon1sAIen
HANs

Ui 18 atudi 1 a1

35115938

n

2.1 ASHASEUUNADENHILATIZI

¥1#§29819 MCAN (98%, Wako, Japan) DCAN
(98%, Sigma-Aldrich, USA) wag DBAN (95%), Wako,
Japan) duas1e9 vilalasazany HAN uaazuiinluos®
Tnu arndudeandlddanududu 100 pe/L dae
arsazareeamaUnines9ii lonic strength 10 mM
[19] (pH 7 w30 8) FawIeuan laledeylslnsiau
Woawngunzlawmsn (Na,HPO,-7H,0, Panreac, Spain
) wazlehsuneaalalulud@n (NaH,PO4-H,0, Carlo
Erba, France)

HpH 7 ua 8 ﬁﬂaa'%uiugﬂuuuﬁ@i’mﬁuimaﬁ pH
7 azflosAusznauvesnaeiulugUres HOC uaz OCU
Spuay 80 way 20 Aua1dU luvaed pH 8 3
parUsEnauvasAaaiulusUres HOCL uay OCL Souny
20 uaz 80 AU (3U 1)

2.2 msAnnAsesUfnsal UV-LED

n1snAaedly UV-LED (275-280 nm, 80-100 mW,
model TY-UVC-COB-275-280nm-100-B, TaoYuan
Electron (HK) Limited, Hong Kong) w3eu Heat sink
lusumis 7 cm wille Petri Dish (©100 mm x g4 15
mm) (5U 2)

/==

| O -

U 2 nA5Anks UV-LED
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2.3 N1599NLUULAZIUADUNITNAADY

FauUsidnuldun 1) nswisudiaunisiida
HANs 989052 U3UN1S UV-LED/Cl, UV-LED kag Cl,
2) ¥finvesans HANs Afdn wag 3) A1 pH lasyanis
nAaelsENaumy 1) UV-LED/CL, way gamiuaulaun

2) Cl, wag 3) UV-LED agviludsunsaivuuns tngly

a1sazarswoanatiinesAis MCAN DCAN DBAN e
azvlindlA1ULTuTU 100 pg/L (single compound
solution) US11m5 50 mL & pH 7 %38 8 A51230A28
130330 pH (HACH sension 2, USA) Tngviufisend
AYETT N1SNAABITOING 3 NTTUIUNITHTUABY
wileufulagazihihfedsansazats HANs (50 mL)
ldaslu petri dish (U 2) d1uSuganisnaass UV-
LED/CL, ez UV-LED agtlnvasn UV-LED uaﬂmmfu
lugan1snaaes UV-LED/CL, war Cl, (iilavasn UV-
LED) agLAnansazrany NaOCl THiauluduv e
AADIULNIAY 4 mg-Cly/L iuﬂﬂiﬁmﬁﬁ%suﬁuﬁﬂ
fretansias 5 mL luraeaan 0 5 15 30 45 uaz 60
min waziiunsnesdRnduty 1 M YSuams 100 pL e
tosrunislalasladauns MCAN DCAN DBAN 1agnns
maaql,wiazeqmﬁw%wﬁy’wm 3 ads

2.4 BA1TNATIZH

Mnsann@9819e75 Liquid-Liquid Extraction
Tnel4 USEPA method 551.1 [20] wdaeena 5 mL 1d
asluvaaufalausuans 40 mL fifn 9w
Polypropylene wazil Septum #1910 Telfon® LAw
Towhsudainn (Na,SO,, Carlo Erba, France) 1 g (LK1
Na;SOq #18 Muffle furnace figauvindl 400 °C 1Huraan
30 min LLa‘v?Tﬂﬁtﬁuiuéfmmmm%udauﬂwmﬁwmi
ann) LAy Methyl-t-Butyl Ether (MtBE HPLC grade,
RCI Labscan, Thailand) 5 mL g
2 min wagaial3 4 min 1% MBE wondusafuldving
17U Hms 2 mL waziAulsludesududs (<10 °C)
IUNTIIINTIATIA Faasdeddnzinely 7 Fu

NINI5IATIERAINULTUTUVD Y MCAN DCAN
DBAN (Extraction solvent 1 pl) fagip3esuialasun
N3 MwndR (GC-ECD, Agilent 4890D, USA) maauil
FiUa fused silica capillary (HP-5, 30 m x 0.25 mm
1.D. x 0.25 um film thickness, Agilent, USA) aoau
head pressure 2 psi 87151115Wav09 Carrier gas (He
gas) 1.3 mlL/min Sasnslvastavua (He + N, gas) 40
mL/min maﬂmﬂm Injection port ey Detector i

Ui 18 atudi 1 a2

200°C LLav 250°C MIUAIAU dru GC temperature
program L3uduiigrumnd 35 °C Wutaan 5 min i
dugamnRTulud 240 °C Taeifisduludne 40 °C/min
Slefsgnmnddifslilvnsgamgdlifune 1 min [21]

3. WNaNIsVAaIkaranusey

U7 3 4 wag 5 uananaiaduLes MCAN DCAN
way DBAN a1y nrelanszuiunis UV-LED/CL,
UV-LED wae Cl, Fanuinanuduiusseninanisanad
YAty HANs futiandulfisendusunis 7
PH 7 (3U7 3a da 5a) M15A19m MCAN DCAN nneld
NTEUIUN"T UV-LED/CL, Sldnasiidnsnnisiinu §Azen
(Reaction rate constant, k) WagUsz@nsninni1snndn
§9n71 UV-LED uag Cl, ufin13119A DBAN ndunuin
N3¥UIUNNT UV-LED $IA1 k uazUszdnsaimnismdngs
71 UV-LED/CL, ua Cl, sananslunisned 1 wail
feannnalnndnlunisiidn DBAN 8193g1191AN1S
Photolysis way DBAN landuusgansnisganduuas
(10,000 M cm™) @403 MCAN (4615 M™ cm™) uag
DCAN (5495 M cm™) [2] iievinstiasiesinnsada
1AY3T One-way analysis of variance (ANOVA) 28
N32UIUNNT UV-LED/Cl, UV-LED wag Cl, waawuing
AULANA19DE19T B A (p < 0.05, p = 0.0038,
0.0051, 0.0463 d1%5U MCAN, DCAN wag DBAN
AuEL) naantuRelvinsUssuiisuteddy
YBINANITAITA HANs wiiazvda s¥md19ms 3
N3¥UIUNTT 1ae35 Turkey-Kramer Procedure (g‘dﬁ 6)
FadunisiieuiieunadavesAiadeyussansainnis
A1dn (Mean difference) AuAn Critical range [22]

d1m15u MCAN wudnsguaunIs UV-LED/CL, wag
UV-LED dnoglunguilfiusz@nsnmnisidaminiuus
gein Cl, agadldedAyy dmsu DCAN wudn UV-LED
AU Cl luflauuana1eegneiidedidgy wag UV-
LED/CL, fUsz@nBainnsidndiganinesnsiifudify
Tudauans DBAN wui1 UV-LED fu Cl, winduiiday
wnana1seeeidudAg e UV-LED wag UV-LED/CL,
Tunnssfuetaiitfuddiny U7 6c uansnavasns
W3suAadeuseansainnisiidnues BDAN
deudnwal AB agaleiuvesyndeoya UV-LED/CL
wansfsaulaisnaunnegaideddyfut 2 nau
Uaya A uag B

5U71 3b db uay 5b uanINanNITLTUYEa HANS
7i pH 8 Tun1MAaBINITAITA MCAN Wudn @1 k wae
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Usgansnmnissdaiandudad Cl, > UV-LED/CL >
UV-LED &9umnsn991nn1siadn DCAN fifian k way
UszansamnisAndn UV-LED/Cl, > UV-LED > Cl, 8n
WIn1319n DBAN WudnAn k wazUszansammsindn
UV-LED/Cl, > UV-LED = Cl, fauanalum1sedi 1970
A153LA129F ANOVA weasis 3 nszurunis wuinlald
ANLANGRE19TTud1AY (p > 0.05, p = 0.3424,
0.3915,0.4278 d1%3U MCAN, DCAN waz DBAN
AIUFIAU)

(@) MCANpH 7 @ UV-LED
.0 W B UV-LED/Chlorine
A Chlorine
09 F
g 08 |
0.7
0.6 ' ' ' : ' ' '

0 10 20 30 40 50 60 70

Reaction time (min)

(b) MCAN pH 8 @ UV-LED
1.0 W B UV-LED/Chlorine
g A Chlorine
09
go 8
0.7 r
0.6 . . ' ' : : :

0 10 20 30 40 50 60 70

Reaction time (min)

;njﬁ 3 AL utues MCAN (C/Co) 7 pH 7 (a) wae 8 (D)
nelensguauns UV-LED/Cl, UV-LED wag Cly, [Cly] = 4 mg-
Cly/L

dlowSsuiieuuszansnimnisinda HANs 7 pH
7Wag 8 ENUIINTLUIUNISLAYN CLL 7 pH 8
U58En3011N15113A MCAN Uag DCAN dengendn pH
7 vaihilesnann pH fifintudanald danisaanes
§18n32UIUNIS hydrolysis ¥09 HAN TiLitudu [21]
uaﬂﬂﬂﬂﬁ?uuﬁ’;mwzLﬁmmmlﬁﬁ%m nucleophilic
attack 910 OCU i [16] (gﬂﬁ 1) egslsfin
WUI1IN19A19R@1T DBAN fenszuaunis Cl, Tinanss
frutstioraiiionnannaluanaves DBAN fidigend,

Ui 18 atudi 1 43

MCAN wag DCAN F99nlAlAUAIUNIUABNTEUIUATS
hydrolysis g4n31 Shi et al. [23] wudnluaniizadiu
Wutu Cl, 3 me/L @u15anidn DBAN wag DCAN 1a
Sovay 37 uag 65 ANAIAU

(@) DCAN pH7 @ UV-LED
1.0 W ; B UV-LED/Chlorine
A )
09 b % Chlorine
08 i
o7
O
0.6
05 %
04 1 1 1 1 1 J

0 10 20 30 40 50 60 70
Reaction time (min)

(b) DCAN pH 8 ® UV-LED
B UV-LED/Chlorine

A Chlorine

0 m i
09 ;
08

0.7

o/,

06

05 r

04 1 1 1 1 1 J
0 10 20 30 40 50 60 70
Reaction time (min)

U7 4 Aadudures DCAN (C/Co) 7 pH 7 (a) waz 8 (b)
nel@AnszuIun1s UV-LED/Cl, UV-LED wag Cly, [Cly) = 4 mg-
Cly/L

PNNANITNAABINUIN Clp Tuwdlduridm HANs e
#1191 UV-LED wa UV-LED- Cl iffosann Cl fin1ssume
131%33g4 (high selectivity) Tun15vinujasen lungu
a15Usznaudunicuodunindinan Alau nsnesilufily
lutanafidawod (sulfur-containing amino acids) ka
a15Usynaverlsunfin [24] d1u UV-LED a@unsaviianey
Wuszvad HANs sa8UA381 photolysis 2 wasd
nsgAu CL lunseuiIunis (o313 Cle Clos way OHe
(@un15it 1-6) dmsu Clo Wuarsoandladiidtndn HANs 161
fnd1 OHe 1fosann Cle povauBUTUINAUANSULD DU
gaudediannsau [25] FatiuFainl% UV-LED/CL fndm
HANs 1@@na1 UV-LED waz Cl,
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(a) DBAN pH 7 @ UV-LED
1.0 B W UV-LED/Chlorine
? A Chlorine
09

s,
o
oo
T
o—l»

0.7
O 6 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70
Reaction time (min)
(b) DBAN pH 8 @ UV-LED
1.0 W , B UV-LED/Chlorine
A Chlorine
09 r
S 08 |
0.7 r
06 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70

Reaction time (min)

5U 5 Anududuves DBAN (C/Co) 7 pH 7 (a) uae 8 (b)
nelanszuIuns UV-LED/Cl, UV-LED uag Cly, [Cl) = 4 mg-
Cly/L

Ui 18 atudi 1 a4

TunsAneasedl nszuaunIs UV-LED way UV-
LED/Cl, HUse@nSa1nni15ni1da MCAN DCAN way
DBAN aglutiesagay w1l (11519 60 luraanian 52-12
dlowssuiisuiuandselusiniifinis@inwinis (1

199 MCAN DCAN kag DBAN #28n55UIUNTTT
AatgAdenulaLnnNIEUIUATT UV Wag Vacuum UV
(VUV) Kiattisaksiri [2] Wu31U52@n501M015A719% HANS
fa8 UV 119n MCAN DCAN Wag DBAN 1@ Sesay 15
10 @z 99 Mud1AU tag VUV n1am MCAN DCAN Lag
DBAN 1¢ Seeay 70 80 uag 99 a1uaiau luian 60
W auddiu Fanudn UV was VUV SUszansaimnis
147 DBAN g4ni1 UV-LED wag UV-LED/Cl, #ail
\feswrann UV-LED fldlunsvnassiiminueindu
275 nm 33g9n91 UV (254 nm) wag VUV (185+254
nm) %aimaqamaa HAN %ﬁwmm@m%’uuﬁqﬁmm
aueeaufislafnindwaliaarofalannin (wu
DCAN iiA1 Molar absorptivity ()i 254nm way 200
nm5 ,495 M*em™ wag 14, 000M lem™ snudnsiu) [2]
wanniu lunsinunifasiad UV-LED flen 80 mw
(UV intensity 0.590 mV\//cmz, UV dose 2131 mJ/cm?
@ 60 min) FatieanitanAselueradldiliigatnd uv
ke VUV 30 W (UV intensity 6.64 mW/cmZ, UV dose
23,904 mJ/cm’® @ 60 min) [2]

A15197 1 AAINIERIINISARUANZ warUsEENSAIMN15A1AA HANS 91 pH 7 waz 8

AAsiisnsINIsinUfAsen (k x 107, min™) UszAvnmmn1sindail 60 min (%)
ARt MCAN DCAN DBAN MCAN DCAN DBAN
pH 7 UV-LED/CL, 5.6 (0.997) 11.7 (0.976) 5.6 (0.994) 27135 +472  52.64 + 6.66 28.87 + 5.32
UV-LED 4.4 (0.975) 5.1(0.996) 6.4 (0.997) 2387 +4.87 2564 +1.08 3251+ 1.86
Cl 2.4 (0.968) 5.3(0.959) 4.5 (0.996) 1403 +0.22  27.22 + 9.93 24.08 + 5.32
pH 8 UV-LED/CL, 3.2 (0.996) 10.5 (0.991) 5.5(0.998) 16.95 + 3.36 48.27 + 9.38 2297 + 3.39
UV-LED 2.8 (0.991) 9.8 (0.995) 3.7(0.979) 1290 £ 5.15 43,60 + 16.00  19.58 + 6.98

Cl 3.6 (0.995) 8.7 (0.950) 3.6 (0.998) 19.06 + 553  37.83+10.15 19.92 +0.00
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35 (@) MCAN 20 - (b) DCAN
30 f T 60
5 - T g 1A
E | A >0 b ]
o l e
820 F §4o -
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