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S5 B E T i 80T R TR B R AR TR SR ST e i B Y, A X g, 40 HT TR #15 UV 3k NaClo A [H)
(T8 B ROR I, A - E BR AH (UV-NaClO) I Jy 7 5 T 75 (19 18 25 7 2 LA ) UV-NaClO Wi ¥ 14 8 Xt i 4= 9 &2 1%
HE R =Y (DBPs) A MM W, S5REH: K UVHIERNImI-cm?, NaClOBME K3, 4 F 10 mg- L' B}, UV-
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FHET T IMOK Y2 2N, RIBWEE EE DO REAERHE . @ REmE RS k%R
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24 N1k, B2 E E UV-NaCIO i 5 1 5 216 9 6 A= 9 07 1 F J T M8 56 A BiF 58 T4 10,
B35 %] 5 UV 5 NaClO A [ 59 914 35 SR I, UV-NaClO I T 14 2 76 50 m & g9 Ot #, 3 % 5 K 16
K, AAE B AR R A AR v UV-NaCLO I T 25 42 i O 1 B8 R — 8% A i AF 98 20 AR X B b o ARt
G LA 5 T T B0IE K A BRI BE A AR B AR R K O FSE X4, 4r BIR A UV NaClo LA UV-
NaClIO it ¥ {8 &, X He A A 1 78 18 B HE B R A KR AR 7K AS 8] [ AR e, UV-NaClO ity i & %t
oA W 52 3% 55 548 2 G 30 RE 1 B HE X DBPs A= i B BV FH . AR BF ST 5 SR AT Ok Ak TS KT
B, MK KHEBCS B W A% 2 SRS %
1 MB5RF*®
1.1 LIGFEK

ALK KB H SR UG KA ), %) K FE O ARG K, A Ak Bk
A’O+MBBR .20, UREEACER T2 IR EE/ATVE AL U8 M UV I EE 1.2, Lz SJugfE ok, K
i pH A 6.93~7.17, PO,/-P A 0.11~0.19 mg'L™', NH,-N>4 2.26~3.40 mg:-L"', COD A 27.00~
30.00 mg-L™', TOC 4 9.01~11.10 mg-L™" Ak & 4y 1.69~2.94 NTU,, % FH 25z K 1 Ab B i) BRORE 158 45 B
U fE K, K KEET 4 C AR T R R T RS
1.2 BWHE

A RIS T N R B 7 2O S T K TR B R IR ORI R R DBPs B
IS o R SEE B 3 IRE A

1) UV M85 . UV {HBE LR TE A S0 PATC AT ##-47 . PATEHA B3 2 I3 20 W
() UV AT, JF)a UV AT 30 min i, FHSEAME BT AG I S8 A 2R B o B vk 5256 K 300 mL /K A
A 500 mL KB 5 M BeR b, BN KB G 5T, B 0abt 8 T i dkas 35182 uv iR g,
T VAT SR A5 R B [ 5 A e e R R

2) NaClO V8 S50 o B — 5 5 1Y NaClO ¥ W30 2] B 5 — & (R BUK AR 1Y 500 mL K B 58
W, TERE ST B RE RS BB REVE R 4 i S % 30 min, FHBRACET BR AN L R, U R SN RS Y K
AR 00 7 H w7 R TR 2 A W I B

3) UV-NaCIO i J7 {4 8 S5 5 o WK FESE S — @ R UVIHEE G, m Hrp om — & & 1
NaClIO ¥, FEfE 1P F148 (8 s VE F T 1M 88 SO0 30 min,  FHBRAR BE R B0 2% 1k S 6 o

4) Y B IEFEAE B S . B — s SR I R MK EE, A3 H ORI RS O & TE) skt (&
B) &M T 25 CE R PERCE — i), ] B HRORE 0 A TR Y T VR B
1.3 D5k

K HFLAE R 0.45 pm B 38 B8 X T 55 1S /KRR EA T TIAL B, 22 5 SR FH 0 Sk %o K o A A 7 )
o BB THEERER S 30, 1RETMAOUMRMIEREL, T37C FEFE24NEHREL
PR 2 B SR 3 E L T 37 °C PR 6~8 h, MIE R KRB EBEEE; 10 & T M-FC K 5 3k
b, T45CTEFE 240 FMEI R E NS, 1 HE TRALmmmERErL, T37CT
W 24nh e £ MUG 3R 56 b, T 37 C ML 4h)a, THR KGR A R (E.coli) W T %
Bo SR FHTI A AR (8335 12400 52 7K b DBPs 1 i 517,
1.4 HESH

SR B0 RO P T BE ST A B B KR RO OO AR S () #EATIE . R E T E A
KRIDCEIE MG E R, ZIEEE 45 R ) #1715
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A:gt—
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Ko A NKIER, %; BHEINEDI, %; N, FN 550 1 5 60 A 73505 KRR TR K i i AL
#, CFU-L'; N, Wt IGsmBE G KR R ERSE, CFU-L!,
2 HER518

2.1 3 UV 5 NaClO iHE X K E B YIRS

ANTRN R sk UV I 35 5% NaClO 15 8 68 K M B RE L 258 K 11 1 A K W 2 45 IR B (E.coli) 1)
KA BCANEL 1 TR o I B R 6 K B RS B W 0 S R R K, Bl UV R R B NaClO %
PR, KRB TR, 2 UV RO 12 m-em™ B, KM BRSSP0 10 T 5
BRI 3K 203200 s 2t 3 X409 ; 24 NaClo Bk 3 mg L' i, K EBERMAY L5 2 4
MR RIGR, E, S —mEENE, MAEYEE TREEBZ, 02 UV ilEH
12 mJ-om ™ ¥4 %) 60 mJ-em™ B, S8 K BAAE R 26 K DA A0 R R AN R 1A X 5, Y
NaClO P # Nt A\ 3 mg-L™" 33 20 mg- L™ B, S KM W HE 9 IO R UG T 1.22 X809
T HAB R S KRIATE , E.coli B WK, 24 UV FHEIAF] 60 mJ-em 2 I, BRI Ecoli, 5
4 TG A K T A 26 K B R 22 80 mI-em 2 UV Y 30 mg-L ™' NaClO.

10 8
. S TCHIEEL ez FCik i =3 TCHIERL FCRITEH
_ 1OrH -o- TORiRE -A- FOXRR & _ -0- TCKIER  -A- FOKIEH &
2 10 R S E-coli B4 4 ,’/e 1° - o & E-coli 744k '/é |
=] ~0O- E-colilk JE 2 e - - =] ST 2% -4 -
Ej ol O- E-coli’KiE & s % @ -0- E-coliRjEZ R K §
= 2 & {4 2 X i =
T N s Mo PR En &
i =N Eé £ E =N E 4
T 0t =N H X8 N - £ R
4 =N H 12 H ENIE
E- S BN B & EN B
10' Eﬁ = , Eg 5
N EAN E =N B
0 N B o £7 -
0 9 80 3 10 30

UV 35 /(m) - cm™)

(a) UV

NaClO 777 i/(mg - L™)
(b) NaCIO#F

VE: TC, BMAKMAMIRE; FC, 3 KMMIRE; E.coli, KMaters [
B 1 FREFE UV EES NaClO 3553 A B 5 B 3 8 B0 20
Effect of UV disinfection and NaClO disinfection dose on coliforms quantity

UV HFF IR E] 12 mI-em? F1 20 mJ-em 2 B, 28 K B BESICEE: T 43 0 COOVELTS K Ab B
J 715 B HEAR HE ) (GB 18918-2002) — 2% A HERUAR HE (R PR« — 24 A AR iE™) H1“ <1 000 CFU-L L)
Ko 38T 75 7K P A ) ) 4 M TRE SR 7K 52 ) (GBY/T 25499-2010)(FiT Fik < 3¢ i T8 T A o) F I B 1) 14 ¢ b 110
“<200 CFU-L A ER M, 24 UV i B F E ik 5] 60 mI-em ™ B, E.coli AT & {3817 5 /K 754 1] H
WA KK BT ) (GB/T 18920-2020) H < oK fizg 35 A TG R AN A5 Az H > A 22 SR PV R < 4% 7K b 1) el
THEE T KA BN B — g0 A bR . 2% M E R A o LA S 2% K AR #fE, NaClO i &t 43 ) 75 4 21 4.
10 A120 mg-L ™,
2.2 UV-NaClO Jifi FFi# & X K B B 8 KOS RS2 M

FHRFE UV-NaClO i3 i 58 W FH TG 7K I B2 AT ATPE, 25 [F UVl NaClO 7l & 416 254 F 55
Br T UV-NaClO JIit J7 315 7 X5 7K FF v R i P RE B9 KT RO, S5 R A& 2 7R . UV-NaClO i i # 57
AR F R R K, T I 3 B AR 4 F UV 5 NaClO Bl 3 i 3R . (R UV i &,
MUV FIE N 9ImIem? B, 2K W REAY B 7% 300T i 2.4x10° CFU-L™ [ & 3.4x10° CFU-L™'; LR

Fig. 1
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F NaClO {8, 4 NaClO #lit >y 3 mg L™ B, #5528 KM B AF (80 BE o 1.5%10° CFU-L™ s
K F UV-NaCIO JIiJ¥{H %, UV Hl NaClO B #5351 9 mJ-em™ F1 3 mg-L™" B, 85 5 2% K i ¥
B0 T F% 2 9.0x10° CFU-L™', 58l UV sk 5l NaClO JH#EAH b, 28 KA B B RSB0 20 BIREAR T
73.5% F1 40.0%.

YUV 9mJ - em2Bi%& 8 -0-UV9ml-om? Kifx YUV 9mJ- cm’zlzuéé:ﬁt -0-UV9mJ-om™ KiEHR
. -0-UV 12 mJ - em™ K% =uv 12 mJ - em™ 7, -0-UV 12 mJ - cm KiE %
ﬁz -A-UV 15 m) - em? KGR 72UV 15mJ - cm™ ag;ﬁ -A-UV 15 m) - em™ K=
-X-UV 20 mJ - em K g% muv 20 mJ - cmPRIEEL -X-UV 20 mJ - om™ KR
10° 7 10° 7
Al . I
T 7100
=) X--- - 2 =
S ’ AR E S g /’A S 2
= L = 6 ~ _§;/,/ =
) N = — ’
%‘ 10 ——é - 4§+‘° g 10tE, U5 ---- = 45?
= N . , 1
" s N 13 K = A 1P
R 10' b § § —g 10' | ’
X \ \ & ’
® N N 12 ’ 1
N ’
) 7B ¢ 1

20 0 20
NaClO JH#E it/(mg - L) NaClO JH#5l it/ (mg - L)
(a) FERIGTATHE A7 2 (b) E.coliffi#5 4k

[E 2 UV-NaClO Jifi 53 & Xt K B7 B B K5 B9 521
Fig. 2 Effects of UV-NaClO combined disinfection on inactivation of coliforms

1S HE T K BN [) A 3 AKCR AN [ 9 2 7 20 o T 2 0 A S AR £ .l X FE S5 SR T AT,
K UV-NaClO JUJF 3 2, T LATE AR X 550 A 9 25 590 800 & 5 50 w] 38 3 51— 3 M FE B mfl i 1
JFR B IH fEROCR , J0H R Y 75 SR B RS MERS S I, 2R T UV-NaClO I 1 2 1Y P 3 5
B . dn, 24 ARAUT R — 2 A bR, RIZE M i RE AR <1000 CFU-L™ if, >R A UV-NaClO
IR T4 B 75 2L 1Y UV M NaClO 5423 518 9 mJ-em ™ 1 3 mg-L™", [A]#h UV 88 NaClO 14 2 16 11 7% 7
B A AR R I B PR3 27 7K T W 2 2 FH K bR fE L A2 1 E.coli NS A ) (Y BEK, Bk
UV 5§ NaClO {5 7% 2L 1) UV 5% NaClO 7 & 43 % & 60 mJ-cm™ 5 20 mg-L™', i 5k F UV-NaClO Jli J¥
HEENALEE 9 mJ-em™ UV H1 10 mg-L™' NaClO, 77 3k B 56 4> K% 2 K i #f i9 H bR, UV-NaClO Jli ¥
HEEAEAR I B A pL 30 5 2 .

UV-NaClO MW7 1 #4540 L 5 — 8 28 500 T A A0 3, mTRESE i T2k W 0k A T80 2 7 X T 32
A . ARV, 2 UVIHEEE 6 S 504 2t 25 w0 /9 b o) 2 2 T, i A0 0] Y
NaClO JH 75 W 58 48 5 A9 1t 288 40 5 A B 4o 70, BRI i 480 1 55 22 79 NaCl0 R A 3k 31 58 o & 7 &

F1 FRBKARTETARIESAEARFTNRNHEETE

Table 1 Minimum disinfection dosage required by different disinfection methods for

4

different sewage discharge standards

kbR PR BEoR/ UVIH#/  NaClOJH/ UV- NaCIOMU 514 7
(CFU-L™) (mJ-cm?) (mg-L™") UV(mJ-cm 2)/NaClO(mg-L™")
— 2% AbRIE FC<1000 12 4 9/3
S AR FC<200 20 10 9/4
ZRFHKARE  E.coli NSHEH 60 20 9/10

e KIEFC 80 30 20/10
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Fig. 3 The reactivation ability of coliforms after UV and UV-NaClO disinfection
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PRAERIE B RO T, i UV(I2 mI-em ) IH B G 0l 4 24 hOLE R MBI E S, 2K ERE
B A 35 R K 7.97% F1 4.96%, 114 UV-NaClO(UV #l| i 9 mJ-cm ™ Fl 3 mg-L™' NaClO ) Jli J¥ 15 8 )5 & K
1% T 52 5 AR 3.21% Fi1 0.84%, BN UV IH 3 0 I8 /> T 4.76% 1 4.12%. 4 UV Fl @ A28,
NaClO #3434 mg L' B, UV-NaClO MY 74 5 J 76 A0 5] 19 2 305 B 18] P, 38 R 0 v o 1) 42 90
FALUK 0.3%CEE ) F10.01%(E ), oK NaClo # (U T 1 mg- L™, {H40H & 1% R 5
R

MUV F R 60 mI-em? B, B UV I 5 A 58 2 KiE Ecoli, RAECITF A3 hEEE,
E.coli W R BP AT 4 1>~ 33 CFU-L™'; 4 24 h IWIEAE R, E-coli M4 )i & 66 CFU-L™'( 3(e)). R H
UV-NaCIO JWi ¥ 3 8, 24 UV # & 9 mJ-cm™ #l NaClO # /il & 10 mg-L™" 7] 58 4= K% E.coli, 1H
B, R HIKEETCIE BAE I Pl SRR AL, 24 h WERIN P E Z G4 . Wi, £ UV Il
BEfE, RSB/ 5% NaClo o] A/ NMECAE ¥ &2 1 B BER . UV-NaClO IR 3 31 5 2 9t LA AT DL il 74
AW BT 2 E R T NaClo 7B s A, L A 9 0 O3 A 2l i S Ak 4 i b A il . BHL
IR B X — R AR SRy, KRR 20 M A R E IR B Wi PE, BRI, B NaClO K3 1 3L
EYARE R E TS

2 4b HE K A [ T AR MR, ORI UV IHE, fERBBAMET, 3ha Ak g
K B ECRI 2 bR, R UV-NaCIO P37, 6 h 52 K Im B AT e S bn s 435 K
AR H T 22 e, (CRH UVIEEE, E6REAMT, 3h/5 Ecoli AU AR, 1R A UV-
NaClO ¥4 8¢, 24 h J& E-coli B AR T LA AR EEE R . [WDOBEIGAHLL, 40 RHE 2 i 6E ) 5
55, AR UV 35 0 2 % b i RS i 2 I AR MERT , & 24 h B IS, A B0 A S B A
PG, >k UV-NaClO il J7 1 B¢ J5 WK B, TERSALTICE 24 h s, 40 TR 50 34 oK ) B0 A 17 B0
G PR, 2 P AR K C A I A R DA R AR KAl B R S SRR S, SR A UV-NaClo JIiF
TH 1 A T ORIE AR K K B2 4 o (A I 7R S8 Bn TR rh P A K A i ik R A A Do S 2 >R T %5 1A
KEG, DIEICHE G A= 6e .

WAL AR, Bk UV 3 8 AN BB 800 Bl Lk K B B TS K AR BT 1) SR BE R AR G, TR
JH UV-NaClO i /¥ 1 B 7 75— & F2 B 30 M s i i) — 0 A=, b TR R e KA E ik, il A7
P A TR T e A v v A 1 AR U
2.4 UV-NaClO |iii F+i# & % DBPs & 5% #9521

k7% %% UV-NaClO JIil J¥ 7 3 X} DBPs A= s, >R H T00 28 SOAH i3k e i 7R R 7 X 28 )R
SE Wb ek . R E B — 5 A B AR i, IS T DBPs B RVE LR, 45
R 2 iR . FEW AR A KR ERT , UV-NaClO T i # DBPs 19 4E B i W AL T B0 NaClo
B o JUHE YT B IR B Y K bR R UL FORR B . W R — g A HEEAR HERY, SR UV-
NaClO i J3 1 # 7 4= /Y £ DBPs bE 5170 NaClO JH # 7] Il 2D 24.53%; 35 3 & M 3 W8 A i I6F, Bl

# 2 NaClO 1 UV-NaClO Jiii ;% & DBPs £ i 2 AIEL IR
Table 2 Comparison of DBPs generation after NaClO and UV-NaClO disinfection

- NaCIOJl#/  DBPsA: it/ UV- NaCIOJUF 1l 7 DBPs/E A&/
(mg-L™") (ug'L™ UV(mJ-cm ?)/NaClO(mg-L™) (ug'L™
— AR 4 3.18+2.14 9/3 2.4+1.68
S M T AR 10 11.56+2.03 9/4 5.79+1.76
Z= Kb 20 52.2742.65 9/10 12.09+2.23

SE4RIGFC 30 65.32+2.87 20/10 14.47+1.89
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NaClO 74 7 4= i 19 B DBPs f 4y 11.56 ug-L™', UV-NaClO Ji /5 11 2 4= 8./ 5 DBPs g 5.79 pg-L™', [t
NaClO 71 8 DBPs A= Bt FEAR T 49.91%; 5 /& 2% K bR ifEw), UV-NaClO JIit J3 i 2 & DBPs 1 25 i
i EL HL NaClO 7 7 1T PR AIK 76.87%; 783K B 56 4 K36 28 KM 1 BE 0 254 F, DBPs 108 5 1 15 1k
77.85%.

DBPs 4 4 ji fi [7] S8 A 4% 0 i % D AH OC , Bl (BN i i 34 . DBPs Ay A= At 0 3 1S n B0,
K 1 UV-NaClO JIit 5 1 75 =2 A A A] DL R AR DBPs 1942 ilit, 35202 ol 78 38 20 A [ 31 B8 80 i UV-
NaClO JIil /¥ 1% 5 BT 75 (19 NaClO % i & 1% T 8t NaClO IS 3 iy, 7 B, 47 25A 30 &
PRUERR I, TR NaClO & I A9 U 345 B &, 40 58 42 K36 28 KA s BE R, 5l NaClo JH 4 %
B NaClO # A+ 4 30 mg-L™', i 2K J UV-NaClO JIji 5 74 7 W 2 55 #5010 mg-L™' # NaCloO,
i, & H UV-NaClO it /¥ i #5 AT K K5 Ik DBPs 9 4= i o
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Inactivation of coliforms in wastewater by UV- NaClO disinfection
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Abstract  Ultraviolet (UV) and sodium hypochlorite (NaClO) disinfection are widely used in wastewater
treatment, but both disinfection methods have deficiencies. In order to achieve efficient disinfection while
reducing the negative impact of disinfection, a comparative study was conducted to analyze the disinfectant
amount required for combined UV-NaClO disinfection with the same disinfection effect as UV or NaClO and
the effect of UV-NaClO disinfection on microbial reactivation and disinfection by-products (DBPs) formation.
The results showed that at UV dosage of 9 mJ-cm™ and NaClO dosages of 3, 4 and 10 mg-L™", UV-NaClO
disinfection was as effective as UV disinfection alone at UV dosages of 12, 20 or 60 mJ-cm™ and NaClO
disinfection alone at NaClO dosages of 4, 10 or 20 mg-L™'. The higher the desired microbial inactivation
efficiency, the more obvious the advantages of UV-NaClO disinfection. Compared to UV disinfection alone,
UV-NaClO disinfection showed significantly lower rates of microbial photo-reactivation and dark repair.
Achieving the same microbial inactivation effect as NaClO disinfection alone, UV-NaClO disinfection could
effectively reduce the production of DBPs, for example, achieving complete inactivation of E.coli, the
production of DBPs decreased by 76.87% using UV-NaClO disinfection compared with NaClO disinfection
alone. This study can provide a theoretical basis for the selection of disinfection technology for wastewater
discharge and recycling.

Keywords ultraviolet; sodium hypochlorite; disinfection; coliforms; reactivation; disinfection by-products
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