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Abstract: Chlorine is one of the most widely used disinfectants in drinking Giardia:
water treatment processes due to its high efficacy, low cost, and ease of L
Cryptosporidium;

application. This study aims to review the disinfection efficiency of chlorine
against various pathogenic microorganisms, including bacteria, viruses,
protozoa, and intestinal parasites. The results showed that chlorine is effective
against most types of bacteria and viruses when appropriate doses and
sufficient contact times are used; however, its effectiveness is limited against
certain protozoa such as Giardia lamblia and Cryptosporidium parvum, which
require higher concentrations and longer contact times to achieve high
inactivation rates. The study also indicated that chlorine efficacy increases
with higher temperatures and lower pH levels, while it decreases at low
temperatures or in the presence of organic matter. The study recommends
integrating other processes such as filtration and coagulation before
chlorination to achieve comprehensive removal of microorganisms and
ensure the quality of the produced water.

Drinking water

quality

PRV

Esls e o pd o> day dimllae e gl e BL8sN sls Janid 3] Aalld) 2ueal¥l a3 LLaal (e Sslill (o slill j3lian Zylas dad
sLll alial sl Bislall Jadog Auzslous BuileasS sl Sumd @1 ol il] Lyl el oo 28 G liaso 0550 18 soliall s
Olud¥l cMad Blle layjae 09 @l Loyl Gl oo laney loisioally oliuadls ilugaally L&l o Aawly degome
451 LIS HLam Julas J) chugs calelSall 2usleasSls Alinall cilandl oo Auda sl Aedlae cdlats «lglll e (ye cells. ) lguzells
S o5 e 448 datadg llall do e 55T adanll iad s edatlly e Allg ccuailly sl iliboall sda Jo s Lole cLially

abduljawad208@gmail.com b — (bl b — alel) Cinal Lypall] i l) *
The Author(s) 2026. Open Access. This article is licensed under a Creative Commons Attribution 4.0 International License (CC BY).

http://creativecommons.org/licenses/by/4.0/



mailto:abduljawad208@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://ba.lafsrj.ly/en

09531 slgzl die ¥l dame

ST ills 0939819 ¢ e lys S5 ¢ (alys Sl Ogals g sl srdl paem) soedl 591 o 2LiasS slgn plastinls s yell 42,30l Azl
L 2amildl gl sl gl Aaplog ol szl Algang Hlyazdly 2aally dlaall o (o Lamilias (3 alsll sda calzss . oK1

sy Silegazme SN ) Bale Carial 31y colidl § B yall Aa Bl L) bolis L § 5alS0 Buleld (olyanal ) Aaolyall sda Chug
Sluas (lyac (s iolegame al JI LIEAT v iiad (ulsdl Buumg 2,85 Ll LyuSls 93939 50y oy sally Lyl
plaall adatad ¥y (Bl Guigy iy dblxs (RNA) 9 (DNA) lyg 8ale ¢y 0385 Aiagds lilS g8 ilug pall Lol ledsly dpixin
LSl e dams Sols lax L o 8las et B ls 2uls 13 Aads ol g 3950 ) dad Larws . J5ladl LS (U513 W) 2 ¥ Aba 2330
Ll @ lana s adgall & ol 2a,800) Al LIS (aslas eal o 2slaa (1) Joumdl mubsss Aubiabs ol iuall 5, 05S5 Uy

DT oLl 3 Bun 52l A el 2251 Azt S paslias (any (1) Jgusel)

et A A1 5yl ozl
i "_’d T )l aglia saball "L‘ 2 ™~ Al el Ll
e lly piseally ELyes] (AegySis)
Lo 4lle Aaglaa L wlilgumlly 4!
32405 ¢ B . . S, =ia
ey JaT 4515251 LSl 2,085 5Ll < 10 - 0.1 LSl
2 Haglia ORI _

oo daglie ASTleses ity sl

31 13 s e '
)L: Lz gy LSl Bl sLill W mte 2 01 -0.01 g pall

rtes) CORIEREA

0o Raglas AT lganlly

32405 B oSl sl abs il Nl e A 20-1 193539 Al
Ll Lzl Alrl | bl A€
PEREN Azl JETIPE (XTI ELYPEN Js1 5
slells

8oLl 5555 0 Ll (o i pall s LisISIL &gl oLl Aellad Aol 8ygdall Bl 5liis| e Lple i oy @1 pabiasell (h0 Acgarma dzgs
A Of o LS 2alae¥l Cag lall s Larons 2adodl sl a3 e Adle 8,08 cllias ol cudly Ludl) s Je Ll
Lpe s i G IS draylieg LanS s dgiees Uy ao ciglill Bale] dus 5 retus Ble> 395 Ol Baliall 8yl sl cilarys Blas s Alad

oty cuiseally Jaull oLl Al (Agdne Lilioy Juidd 2480 858520 (3955 0ly (DBPS) dils yus 2utilr ilss of Aobus ililies
Bols & Agslll lenll Lansd diugSs 4Kl (e wiy ) e cosdle Byglall slgll AST oy ad 5ol81 0 sty paibiasdl s J) Slasllg

RESFE Y

(Chlorine Chemistry) ¢ WLI § 5401 eMelas 1.2

il s 2a 8l Sl e cLadll § aladl dadlaad Blas o adl slie Azdlae G Blasiad 3,7all slsl) SST (e (Cl2) 55801 aa
248 Jlszes slodl v Jast g 8 pansell J) dile yasol Oaly 3lall dall> § jaazy 3) (AliLadl o 45Ladl dipgum § ale 1ol auiezudy 0,957
AleasS e il (e Glibendis Einzes oW1 ) 598801 28U wie By 1.44 gy oLl o JadT (g O 13 ALl 4l 3 (3685 Loy B yo

(lonization) ouldls (Hydrolysis) S el Cra Ll

2026 gy — Jo¥1 sadl -25 wll — Buadailly duswlud] oglall dlxs 20



09531 slgzl die ¥l dame

ChL+H0 = HOCI+H"+CI" (1)
b LS (OC1) syl 9ol ) 32 clts 4ild iy Ly Uias (o9 slSsuill pines uad
HOCI = H'+0CI 2)

sl @ A (aia 3929 Zewd aady (Free Available Chlorine) ¢kl yoell 55II1 @l ell) § (OCIT) o (HOCI) ¢y IS psazme e (3llaly
pH =6.5 wind .(pH) Guzaytsd! (ol By 5ilin ,3l @y clog Bl (e olad Sy caiad o] 30 laS (o) 3] By dpaal 3
PH>9 ey (oAl o Aylane Lwdll 0585 pH=7.5 e Loy « (HOCH) (955850l (inem Aga (e el 558801 (50 90% 5o 055,
alSsudl Ogal e LaSCll Lol Lawsss § 2llad AST(HOCI) GagsolSadl pine 0F I byl sads (OCI) Gigsdll JSadl 35
121580 J1 70 5= (OCIT)

038 elll @ Jmts @y cpsuasuall cayslonag porullSIl coslsiin Jto cayslsnl lof Alialy 2Lkl 2l Hsl1 1ds5 Lol (S
A S slacll Bl g sKsridl (o>

Ca(OCl), +2H,0 ~ —— 2HOCI + Ca(OH), 3)

NaOCl+H,0O @ ——* HOCI1 + NaOH 4)

AES W Al Lol o Ladd o801 i 2J1.1.3

[3] Al Woksll s e Glas (Slaty CrmaS 1§ Byg Ul 5,900 o 3] £uSll 3100 o Y By 55 S0 Jatall
oae> ol Jl sl ) 5139 LyaSl 3 (DNA) g 95l (aaml oS5 b tana cya Jlsg cdny3las oo dsos Aglsll lu slik 5801 Calsy LS
s B9yl s 8pSU Aladl ALl s Los ((OCT) calis ol 2lie LI GlAS (e (el 8508 ey (HOC) (a9 2985l
A blasl 3 4s el A28l LSl 5o bypis ST jias Sy dole Aayasg [4]
Balanl as 2 ae¥l Casllyg Blais) of Al e Jie Aulsell ciligSe Aoy Al oLy allas CBlais) of a5 @
Alad pe Lbaomy Los clilegazma iy oilasilll cdles Julaad e 23lall muall Gldad! el g Jslasll @
J1] adsedl lasg Bueludl Qw)yb R vaLa_';Yb cagdall slise Wl cuSys oy saidly $5J5+J| sl L? ESRE)] o
901 dauds Adlad e 355 @1 Jalsadl 1.4
dalsellg 8ygSCatl ¢ puadlill (a3 « Akl ol 31855 ¢ (pH) Guz 9ol 8,1 oLkl 8,1, Ao Lol (pa9 5ol 2 lad 35,35 algall sass
Slte Lgaall slsll Jslass
i %50 Ay Jolol (eadls g ] 7 bimy lang pall Lol bayts ied ¢ pH pasy slatd) 8-S 515 (pH): Gyl o811 @
Soiuna s Bedzet] ol B J) iy Loy oDkl (03 3305 cullazy 18 9-8.8 1] 7 cpe pH ady 0 LeS « pH =64 &s,laapH =7
oard AuSlas S Sue, ‘_;)ﬁ Slalys oF ) ¢ pH glasly 2ulelall asls J) s ol qans T aey [5] lagutll
[7] adelall syums § euoled) Joladl g0 HOCI/OCI™ 2isds pH o Jelazl! ol é‘a}’: Sl Bl [6] clug pall
G a3l p° 10 Hladay L1 Byl Ay (olaseil wind tlolasily Jasg ylymdl &y plasyly 5ol LLad slojyy s yldl Ay @
(8] ol sy (s e Jgramell e 3—2 uadlall (p05 caelias of daelias

Aa8s) waddl o0 3¢ (C, A/ pzmle) Gasdll yodl 5601 5185 s (o> a5l e CT sl (CT): 5o 48439 (Dl (pa; @
9] (&l 2Log=99% « 1Log=90% ) Log Reduction Jb lapizll ot (e fole a9 CT 8obisy danll Auleld slasse (T,

2026 g4i99 — Jo¥) suall -25 wleell — Aadatlly Auladd] pglall dlzes 21



09531 slgzl die ¥l dame

sl e o801 1812

e 8y LSl IR olhas GlAs1 e dony S LSl g 13l plasne (e sliadll 3 dulely gud olylall F8T (e 59801 puad
1011 (s Sanrd! Oals a9 58l pines) Al o801 JISCAT e HLLI Loapslal Blas (3,1l 4239 (PH) (gumye! w3,0
Lylae yal el 8T Auglaa ylad oyl slie (§ Bag2sll (heterotrophic bacteria) Zpdaall 2ald ye LSl of J) oluhull asis

(Acid-fast) day,udl danasd! Lypas! of (Bacillus, Clostridium) <l ygcuod 255501 LSl o tbfz(\ oo Olg « (. coli) Lgall cilmally
[12] 163 pdaztl daglae Lo dlle 5,48 cllzas Nocardia 9 Mycobacterium Jia

! Rl a1 LS m 05S5 gLl e ny Sind) 5 (e 2ulell LSl elane 0 &t il gl s
550 8y5diie Cigomy iy LS. (Gram-negative) [13,14] alyzell Zagal 2ledls &)las golill Laylas 38Leud Blas ((Gram-positive)
Lozl bl 65855 (o May Les sslS1 (o 1252 cllaud &1 2l Logiandl slsll segy Uyl Lagys 5eiS01 4llad o0f (2023—2021)

[15,16] LSl

BaS5L1 315k1 oo AUl Aalas¥ 3 799 Ay il boLad Tapts § 59801 ligSe B5LiS oy iylie s (2) Jguel!

(heterotrophic) &aill 4513 ad LSl (E. coli) Lgall Sluasll
- ) N ) .- ) ) R el
A/ pzle) CT oid 8yl dzys s A/ pzla) CT i 8yl y2edl dzya |
(3asds p° EYETTRAL (aads a° EYESTRA|
o>
0.02 +0.08 2-1 7.0 0.04 5 6.0
049588 5!
10433 2-1 85 0.92 5 100 Calys Kol Gl
solug pall e 5o K01 4563

B aad B8 I3 5980 (o Ll Aundiein lgiuncay iluog il (amy Lot (S S oS0l pedaild Ll By (§ by pall alies
2.7 s (leisyle sl 4) %99.99 Ly (Reovirus) gl g 4d bolias lopis (Say ( JUL Jotwo (e Ale Zaglin (53T cilung pd ylad Loty
o3 dl g i (Poliovirus) Jals) JLi (09 48 OF (> § ¢ 2 28 Azyag pH=7.8 ol 5ol (o A/ w2ke 0.5 B9l hie Ladd 2ayds
171 sl oo Sgiad) s 3udet) Aa.85 60 3oty a8 Jolof

0.4 wiad Al 4l Cag lally WMl CaMasly Calizes 5ol culuog mall Aaglie oof (AWWA) 2,808 slll Jloel Auswpl dalys cyllal
JULHI JLa ol pany wiSes dos lug aall (oo Baltie A 20 HLasl @3« 0% 5 Byl A9 pH = 7 (> 9l A/ ezl
CT=) Aa83 100 J) 5,51 e cuzlis| Ly (Rads A /pzbe CT=4) (35085 10 JM5 Lagwts %99.99 ) Jswasll ca(Poliovirus)
18] (2aids 7 /pzle CT=400) 4ag83 1000 oy Y] Soiadl da | Juas o c¥dl any o)y <(2aids 7/ 2xled0

309 2 ¢ %99 By daptal] 2o Il CT (048 79070 s gl LSl Blae 59l AT Zaglin Lugall ciliog pall ylad cale Ziay
Blas cmilusg il aglie (po iy Bguanll slsll of solsell allazdl 5929 (31 LaS . [19] Ak tidll Chgylatly ug pall 55 e 2auds AV /ozle
b ey « (NTU 1) 8,8l (olasesl aie el 0555 ol 81S 08 caad! 1y .[20] 5e 01 adlad Julas e 281ed) cilogud yald

121] 48,8530 (e Jas ¥ sul A/ exle 1< 5850 Gl ydl 558801 1895 a0 8 (10 J3TpH

2026 gy — Jo¥1 sadl -25 wll — Buadailly duswlud] oglall dlxs 22



09531 slgzl die ¥l dame

267 (reptey)

» =S

~

g ]
1
100 % 2 w0 5 2 1 05 02 01 005 o002 001
(Gadad) S e 3a) a0 sl 585

([19] White) bl ol 5501 alails pisyle o) 2 Layliie A5k 2aS0 ol SListSI) oLis Jagts (1) JSCAI

Aooela el oLl gf B,Sall ndiet Adganll bkl (§ %99 Aund Loy pall Lt Jatiah (CT) Luadlall 305 B (3) oo

EESNY
(Aess * 1/ pmke) CT
EYETTREN | g%, PPNV
#°10 #°5-0
8 12 7.5-7.0
15 20 8.0-7.5
20 30 8.5-8.0
22 35 9.0-8.5

(J19¥1) 193559 1 e 55801 455 .4

s el 555 05 55 il 355 1 £ 1557 ams Basbio o lalyll ool o lg3550 Al s 56l gcima Tyl 15801 aad
Luolis¥ 5 (Giardia lamblia) Lsylall sl lys lad  JEL (i had [22] Zgall LiiSll (e 830 1000 5 Bigall sy sall (ye 5,4100
o5 (305 a0 ) sl 5ol e i/ eele 32 o ol IS5 et 3] ¢ adasl) 58 daglas (Entamoeba histolytica) Kuilgzua
23] (lonyles] 3) %99.9 Hlades Lats Syt Guiomtd LSl oliog malls &5)lie Jsbol

Lyl wla s dauiat Ae Ul 4a, 8 A /ezele (CT) (uadddl (105 oo sutdt] Agalsy Aslan yughas @3

CT = 0.9847 C 01758 pH 27519 temp -0-1467 (5)

(23] #2855l &y (temp) g @z 9yl ¥ 2asd (pH) g « U/ zmbe il ylall 318,35 (C) Jiay >

2026 suige — Jo¥) suall -25 sl — i platlly Al pglall dls 23



09531 slgzl die ¥l dame

I Jao e Loy leedl bolid Jaind (CT) uad dglae (USEPA) 2S5 o811 Al 3les 2S5 oy i

(4 Joaz) %99.9 Ay Loty 3aioes) 43485 6554 Luadli (30 a0 5> 55lS A/ @zle 26—1 230 c pH=8 9 2°25 wic
(5 Jsuz) 23435 194162 ] (uadlall (p0) 31333« 2° 10 e

[24] (6 Jga>) 22,85 368—304 J] 51333« 2° 0.5 wic

25 wie @il 'IOWMSC}ajg‘pH:7‘F)}ISJRJ/FQJA&S;&SJL%QQ.QMMQ&A‘@ML&ALEEN Sl s el L
.[25] ‘ao

2% 25 tis youdl oS0 Ayl il s oLis oyt 8, (CT) puadlid] (5 - e 2 (4) Jouiz

8= Guzgdacl ¥ 7 = Guzada! o)
wipleslll byl wiplesl Loyl (A pxle) 558801
3 2 1 3 2 1
54 36 18 37 25 12 1
58 39 19 40 27 13 1.6
61 41 20 41 27 14 2
65 46 22 44 29 15 2.6

2210 sie el 590 Ao leaed! Sla s oLt Jatal 8,1 (CT) puadlall 05 - B (5) Jgut

8= Gurgsdl pdl) 7= Gumoudl ol
iplsll Ly iplésll Ly (30 peke) 01
3 2 1 3 2 1
162 108 54 112 75 37 1
174 116 58 119 79 40 1.6
182 121 61 124 83 41 2
194 129 65 131 87 44 2.6

2026 suige — Jo¥) suall -25 sl — i platlly Al pglall dls 24



09531 slgzl die ¥l dame

%05 sic poedl yodSIL Aalaedl ola ) blad Jaid 8,08l (CT) uad| (a3 VTR (6) Jou

8= Guzgaued! ¥ 7= Gumasdl o)
ipleslll szl inlesll sl (U / pke) 5501
3 2 1 3 2 1
304 203 101 210 140 70 1
329 219 110 226 151 75 1.6
346 231 115 236 157 79 2
368 245 123 252 168 84 2.6

: (Cryptosporidium) g g ,SI1 4.1

& o9l Alanll cle ! ol clalall ey 488 0L et s Al Loglin pgsassgrmsin, I cDlass ydad Lalall (uSe e
Agusedl Sl 1439 [26] (2agds A/ wale 3600—30) Ale (CT) i die g %40 39lnty ¥ boguzall o)1 3] (Glae Wlad pe oLl llazme
Lmauardl God ¥l ol 0959¥1 Jie 6551 Ll slarel of (Aas8s U/ ezbo 4000—-3000) dadesds (CT) oo bty Jlad Loty uims o )
BelaS 53ua5 3 (CT) oud (o 331 Kdbge 1555 18 (Oxidation—Reduction Potential, ORP) JIis¥ - 5uusS¥l wa ;i50 oo LS. [27,28]
[29] p s2tspgn 1, Januts

:(Helminths) il olaudl e oK 1555

G elSL Gleessl pdatll lidoad 2nglan ASYI (Helminth eggs) adualall ¢l SV “Jlfzﬂj liog pally LSl ae 3lally
. [30]elawsSsll wus adle les Lmiay (AuiS-audiiey) oladadl suate clocw Hlamm (ogudl sia s

a8 Landlae 8¢S (ot Jiaws 2elgalall gl (g ot ol 0d § sgorle Balas 3 xs¥1 colgiad] IS5 Aptond] calaalyll o LS
elebus Buad tiey (uadls (103 an A/ pzbe 50 S9lzty 598 1,5 bty ) lSdl (o9ud Jlad uaad 3ud=s (41 2020 le _..;,_’-; Hulys iy
[33] il sl s § Aukeadl Sladat)l e 33155 Y s 529
Llae oSl (o9 Lgu @ S pads ] 6352 0939¥) ol Lzaaiidl B9 1adYl pa 855801 mas 0 2022 ple §y5T Aulys Cemsiogl LeS
@ ST Al g« (CT)udd sy LolsiaS (Oxidation—Reduction Potential, ORP) JI5s¥1—3uuS¥) sz 45 @il 0302023 ale 99
[35] amllall Capuntlolis @ Ol (ag bt (S5 tuney 54ill

A MRI.6

AST o and 59801 o0 slaad) e ydaly colil) (3 Ao pall Aad ol aumedl Ll e s Laall § Aypelardl o801 8 L4S danl e Al yull sl gl
oam 0w palil] 48K 0955 Y w8 Laasidl le ) o ¥ LABE Ll el wlio cileyomy doludiul wie dleldy Eord alydall
8elaS Cpuumt] &y954 Bolas 53901 an adiilly iy izenll i (63 Allall Slidas o0 (pa Jamy gl e¥) (Aa B LT

Al sl 3392 olassg Azllall

2026 gy — Jo¥1 sadl -25 wll — Buadailly duswlud] oglall dlxs 25



09531 slgzl die ¥l dame

8eLaS 51353 3| (pH). Guzaytsdl 08,019 ¢ uadlidl (pa39 o8yl ymedl Ay Leaal (oo (Aulid T Jolge Buiay 30 3,080 &dlad o Ayl iy LeS
« (HOC) 9398 el (e Buad By domals (w9 bl 08,01 Al (o lases| wie VS « uadlil) (a3 83L39 Byl ol Ay £ Lasyly pelatdl
(OCI7). sl sl 9l 55l A9yl DS 31AAs 1 (e (el 8508 clliay gl
413 g LSl ylae Lwlus AST (E. coli) gall Slyaall s el olns Lol § calrss sl ol 2yl cxsgly
Laylae AShew e Giwd Jel Zaglas (Gram-positive) phe Bual duley! L) das o & ¢ (heterotrophic bacteria) giaxl|
Loty «Als 35185 M5 (Reovirus) gl (g md (e Soluog pall (aay Jats Ses 3] 459l Lraglia 2ays § luwg mall Caluses LS goliell
Lol e duds Gorud 3aizeid dAadiye (CT) ud JI (Polioviruses) Jlaks¥l i ciluog 1d (aay gl
plaseiw die (ol Guud Awlus sS5Entamoeba histolytica g Giardia (i &bfﬂl o Of Lyl o Lot (Protozoa)db‘}!l.g ot Lagdy
of 38l Al Jie 48la) wluds Budas aHliug e «8yslSU 1d> 4le Aaglan Cryptosporidium parvum yla} cn> Q dadiye wley>
Aaglie ASYI LT o 138« Ascaris lumbricoidesialsg « (Helminths)adaladl ool (o g Lol a0lad d15) Gadoet) Lue il Ggd 2aidl
e slexedl gty gl g Asbdl edlall Slie as o el Sllams § Asusiadl Ludadl Sle by Sl ¥ eus ekl
Lo UaSa 21,2) 390801 sl o clign alierld Al gl Bumglydls ulall wledlall
‘al.ai puais 285 193559 1 ﬁ‘)j oo pe arpleld Jas Loy ey sally LSl olaal Vlas Bk ol 5ol o) Joall (Say (sl 2agass
Aaglata e Lealaserad idy s oLl igale oLt 288 Azl il Jied ¥ a9 5,6 K01 e sbaxe¥l oyls il Adabdl ¢y lusadl (o gu
Aol il lazdl (00 Adle Sibigtus Geamt) 4laSdls Azglndly Ailinall Axlall Slidee (po 2lol8as
:8|J'L| 7

O olas Loyl Byad el CaSU L galan) Juls rolaahlls 2l cilydall (2005) 2llall Zriall Acdaia [1]

[2]. Culp, W., Wesner, R, Culp, G. 1986. Handbook of Public Water Systems. Van Nostrand Reinhold, New York, NY.

[3]. Haas, C.N, Engelbrecht, R.S. 1980. Physiological Alterations of Vegetative Microorganisms Resulting from Aqueous Chlorination. J. Water
Pollution Control Fed. 52(7):1976—1985.

[4]. Canh, V.D, Torii, S., Singhopon, T., Katayama, H. 2023. Inactivation of Coxsackievirus BS by Free Chlorine under Conditions Relevant to

Drinking Water Treatment. |. Water Health. 21(9):1318—1324.
[5]. Culp, G.L, Culp, R.L.1974. New Concepts in Water Purification. Van Nostrand Reinhold Company, New York, NY.
[6]. Scarpino, P.V, etal. 1972. A Comparative Study of the Inactivation of Viruses in Water by Chlorine. Water Research. 6:959.

[71.  Zhang, M., et al. 2024. Persistence and Free Chlorine Disinfection of Human Coronaviruses and Their Surrogates in Water. Appl. Environ.

Microbiol. doi:10.1128/AEM.00055-24.

[8]. Clarke,N.A, etal. 1962. Human Enteric Viruses in Water, Source, Survival, and Removability. International Conference on Water Pollution

Research, Landar.
[9]. Chick, H. 1908. An Investigation of Laws of Disinfection. Journal of Hygiene. 8:92—158.
[10]. World Health Organization (WHO). 2022. Guidelines for Drinking-water Quality, 4th ed. Geneva: WHO.
[11]. Centers for Disease Control and Prevention (CDC). 2023. Chlorine and Drinking Water. Available at: www.cdc.gov/... (Accessed: 2025).
[12]. Bartrand, T., Hunter, P.R. 2020. Chlorination Efficacy Against Spore-forming Bacteria in Water Systems. |. Water Health. 18(5):678—690.

[13]. Wang, H., Li, X,, Zhang, Y. 2021. Resistance of Gram-positive Bacteria to Chlorine Disinfection: Mechanisms and Implications. Water Res.

197:117073.

[14]. Xu, J, Chen, Z., Zhao, Y. 2022. Survival of Acid-fast Bacteria under Chlorination Stress in Drinking Water Systems. Sci. Total Environ.
807:150777.

2026 gy — Jo¥1 sadl -25 wll — Buadailly duswlud] oglall dlxs 26



09531 slgzl die ¥l dame

[15].

[16].

[17].

[18].

[19].

[20].

21].

[221.
[23].

[24].

[25].
[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

(34].

[35].

Li,D., Gao, Y., Chen, M. 2023. Impact of Natural Organic Matter on Chlorine Disinfection Kinetics of Bacteria in Drinking Water. Water Res.

235:119608.

Zhang, |, Zhou, Q. Wang, J. 2024. Chlorine Disinfection Efficiency and Bacterial Regrowth in Distribution Systems: Recent Advances and
Challenges. Environ. Int. 180:108198.

Liu, W, etal. 2019. Chlorine Disinfection Kinetics of Enteric Viruses: Impact of Temperature and pH. Water Res. 157:108—116.

American Water Works Association (AWWA). 1979. Virus Inactivation by Free Chlorine Under Varying Conditions. |. Am. Water Works
Assoc. 71(9):454—460.

White, G.C. 1999. Handbook of Chlorination and Alternative Disinfectants, 5th ed. New York: Wiley.

Sobsey, M.D., Bartrand, T.A. 2021. Resistance of Enteric Viruses to Chlorine Disinfection in the Presence of Organic Matter. Environ. Sci.

Technol. 55(3):1421-1430.

Kitajima, M., Gerba, C.P. 2023. Virus Removal and Inactivation in Drinking Water Treatment: Recent Advances and Challenges. Water Res.

235:119635.
Hoff, ).C., etal. 1984. Relative Resistance of Protozoan Cysts to Disinfection by Chlorine. Appl. Environ. Microbiol. 48(5):947-951.
Clark, R.M., Read, E.J., Hoff, ].C. 1989. A Mathematical Model for Giardia Cyst Inactivation by Chlorine. J. Environ. Eng. 115(1):80-90.

USEPA. 1999. Disinfection Profiling and Benchmarking Guidance Manual. EPA 815-R-99-013. Washington, DC: US Environmental

Protection Agency.
Chang, S.L. 1982. Resistance of Entamoeba histolytica Cysts to Chlorine Disinfection. Am. J. Public Health. 72(1):57—60.
Finch, G.R, et al. 1994. Cryptosporidium and Chlorine Disinfection. J. Am. Water Works Assoc. 86(9):95—104.

Betancourt, W.Q., Rose, J.B. 2020. Drinking Water Treatment Processes for Removal of Cryptosporidium and Giardia. Water Res.

176:115718.

Efstratiou, A, Ongerth, J.E., Karanis, P. 2021. Waterborne Transmission of Protozoan Parasites: Review of Worldwide Outbreaks—An

Update 2011-2016. Water Res. 187:116431.

King, B.J., Monis, P.T. 2022. Critical Control of Cryptosporidium from Catchment to Consumer: A Risk Management Framework for Water

Supply. Water Res. 209:117905.
Jiménez, B. 2007. Helminth Ova Control in Wastewater and Sludge for Agricultural Reuse. Water Sci. Technol. 55(1-2):485—492.

Ayres, RM., Mara, D.D. 1996. Analysis of Wastewater for Use in Agriculture: A Laboratory Manual of Parasitological and Bacteriological
Techniques. WHO, Geneva.

WHO. 2006. Guidelines for the Safe Use of Wastewater, Excreta and Greywater, Vol. 4. Geneva: World Health Organization.

Pecson, B.M., Barrios, J.A., Johnson, D.R., Nelson, K.L. 2020. Inactivation of Ascaris suum Eggs by Free Chlorine and UV Radiation. Water
Res. 170:115318.

Khurana, S., Chaudhary, R., etal. 2022. Synergistic Effects of Chlorine and UV on Helminth Egg Inactivation in Wastewater. . Water Health.
20(5):715—727.

Lee, E., Park, ], etal. 2023. Oxidation-Reduction Potential as an Alternative Indicator for Helminth Egg Inactivation in Treated Wastewater.

Environ. Sci. Technol. 57(12):4561-4572.

2026 gy — Jo¥1 sadl -25 wll — Buadailly duswlud] oglall dlxs 27



