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Abstract [ Objective | Excessive iodine intake from drinking water can lead to thyroid disorders, while iodide (1") can be
transformed during disinfection into highly toxic iodinated-disinfection by-products (I-DBPs). Therefore, an efficient and economical
iodine removal process is urgently needed to reduce the risks of excessive intake and disinfection-derived hazards. [ Methods ] A
coupled process of pre-oxidation and powdered activated carbon ( PAC) was developed. 1" was moderately pre-oxidized by
monochloramine ( NH,Cl) to generate reactive iodine species (HOI/1, ), which were subsequently removed by PAC adsorption. The
effects of oxidant type, dosage ratio, pH, and humic acid (HA) on iodine speciation transformation and removal efficiency were
systematically investigated, and the control effect of the process on I-THMs formation potential was examined. [ Results] NH,CI

efficiently oxidized 1" to HOI/I, without over-oxidation to iodate (105 ). Alkaline conditions and the presence of HA inhibited the
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oxidation of I” to some extent, but the oxidation efficiency could be optimized by increasing NH,Cl dosage. Under the conditions of
szm : €-=3.0 and 20 mg/L PAC, the coupled process achieved 86. 4% 1" removal within 60 min. The removal efficiency remained
at 83. 6% even when HA mass concentration was 3 mg/L, while the iodo-trihalomethanes (I-THMs) formation potential was reduced
by 70%—-86%. The reagent cost of the process was approximately 0. 139 yuan per ton in water. [ Conclusion] This process achieves

efficient removal of 1™ and effective control of I-DBPs through the synergistic effect of moderate oxidation and PAC adsorption. It

combines high efficiency, environmental adaptability, and economic feasibility, providing a viable technical solution for water quality

safety assurance in high-iodine drinking water treatment and emergency conditions.

Keywords high-iodine water chloramine powdered activated carbon (PAC)
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HOL/1, ¥ ] WL ,NH, Cl 2544 T 1) HOL/1, A= il 5%
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PR s v B i A8 AR O, I 2 (a) TR, 7R



BV L7 SN I 7 N
AR ARIE DA S T 2K P 700 R ERPLT S AL RE Vol. 45, No. 3,2026

T WA EE N 25 pmol/1;Na, B, 0, ZZhiE MR N 2. 5 mmol/L, pH {HH 7,
E 1 (a)HOCI;(b)NH,CI 3t I HiE L
Fig. 1  Oxidation of T" by (a) HOCI, and (b) NH,CI

U WA E A 25 wmol/L; Na,B,0, & PATRHE H 2.5 mmol/L,pH {H N 7,
2 7£ HOCl 5 NH,Cl WA R ERIL £ G TRATERHBMYFESEN
Fig. 2 Transformation of Iodine Species during the Oxidation Process under Different Molar Ratios of HOCIl and NH,Cl

Cuoer * C-=1.00 ZZMF N, T PR EE AN HOVT,  J5  WRBEAE 15 min NORFFRAGE , B0A 6 TN 21 H Ath gl
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Tab.2 Oxidation Capacity of HOCI and NH,Cl toward lodine Species

I HOI/1,
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FAGIE BRI B i e R B A, b L BV RAFIORGEYE . 5 pH (HIHE — DT 2 8~
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N e ot ot e T gy RUEPERIR SR RS T 42
1. A IO =4 =7) BRI ey sids e, I S#8L HOLL, 24 U 8 3
HOU/T, HRISEAR S PRI ETY I8 3 min W s yah oL, fosi e e EMESR B
TR, HOL/L, 75 B Mk B 355 o 1 11 4% fift 2 9 54
HOI/T, (YR B Ry e 7 |
2.3.2 HA W5 NH,Cl fl&=iik
N T PG SE R KR H NOM X NH, C1 38 J il 48
b U R IR, e F HA 7B NOM By 31k
YIRS, WP 4 (a) TR, 76 Cyp ¢ Cpo =
1.50 %4 F ,Bi% HA BB 1 mg/L(LL C it
BYBAETEE S me/L M T84k 5, HOL/
I, B9 B R % T 23. 7% ~ 43. 6% ; [A) i W 2% )& 1
AR HOL/L, WREEZ218 T [ i HA WREERY I
Th H BRI, X — M E £ HA X NH,Cl

B3 RFE pHEFHT NH,CI 3 IR Al T R B — e A I 1R L 2 R ROk
Fig. 3 Oxidation Process of I" by NH,Cl under Different HOI/1, e e, X ATHeE N —Jr ,HA YEH
pH Values Condition BRSSP HAER R T NH,Cl; Ji—J7
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i, HA 2 5 HOU/1, &k A4 R N A= B it 4€ A7 AL
Pt B S BT HOL/L, 91 4R A i A R
R H SRR B 2218 T %,

Bl4(b) it~ FETTE HA L ik R
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S, SRR TR Cyp g 0 C-BEREE(1.00~
1.50) &, HOV/I, Az sk BERAR T Y Cpp ) ¢ € JEE
IRHGHRTE 2 2. 00~3. 00 B, HOL/T, A& it i A0 46 1
I TRE, X—HRERWE Y45 NH,Cl K E

{J_pH {54 7,

AL —ERERE A HA SRS F e 4 1EH
M2 5 HOL/T, 773

25 LT HA VR BE 09 2 5 25 Bl 2 PR AR A &
HOL/L, WA R, (HE A4k NH, CL 8o, mf
FE—E 2 B 1 22 iz A AR, AT PR IE AR &
HOI/L, AT R 2, ) T J S W B e B, TR B 2
F HA 22518346 HOL/1, , A e A LY , e
Je SR 0 W B 2 B oo R o, 0 A AR Ak AR R A
PAC, #%53 % HOL/L, #/K A HLYIINFE .,

B4 (a) NEKE HA X HOVL, £RAIRIE; (b) & HA £FRET , NE Cyyo * C-PLX
HOV/I, £ K20
Fig.4 (a) Effect of HA Concentrations on HOL/I, Formation; (b) Effect of CNHZ(II :C_on

I

HOI/1, Formation under Coexistence of HA
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FBRAkRe S N R T U A R AR A B, AE
20 mg/L PAC BN T ,60 min J&5 A& IE f5 &l
LBRFIRF] 86. 4% , WA -PAC Hi & T L 7E M4l
IR 5 AT LAA SRR ) S B ISR BB
AR EE L 15 105 IERAEALE, X Al fig 2 A
A HOV/L, W A i b S AR sy, AR T 105 5
I, [RIFFREE S LT 84l NH, Cl & Lt B sk
YA, X AT RE R BT PAC 48 T HOL/L, /9
Wiy

— 100 —

K 5(b) R THE Cyy =3 mg/L TR
fb-PAC FA T2 XU Al 0 S BRECR . mT LAEE
FNE NOM FURE I R, AR T2 % K b BBl i) 25 [ 15
LA B AR AE, XHE I J5 R 2 R R 3k #
83. 6% , UL B R ) KBRR T e, 454 2.3.2
T NH, CL e, ZE O/ IE NH,CL i 2 4%
AT T , A T2 S A — % NOM KK h 4 fig
TRUERLT A BRIS
2.4.2 A T ZABRBURES PEAY

AR H HA 5 HOL/L, A — & iy et fE], 5
AR T b A bl RR A7 72 LR AT BILA 1 2 A, o)A
A TS Bk 1T T 1-THMs £, {H
KA I-THMs K, 8 T3 — 254558 T2 MR 4R K
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5 WEN-PACHBE T EXTKHEY AR
Fig.5 Removal of lodine Species by Coupled Process of Preoxidation-PAC

Re RN, ERFEAKEET =T, R T LS 1-
THMs 94 BT BE 23R8 K 70% ~ 86% , i FHAR & T
AT S IS S A Bt RE 8 . S BRI I
THMs 11425 BSXURS: 5 L ] Ao SHE B K 22 4k

6 TEN-PAC #BE& L EX/KH I-THMs
EREBRERERR
Fig. 6 Removal of I-THMs by Coupled Process of
Preoxidation-PAC
2.4.3 FA T ZBRMUA T By
AR T EASAT T 8, DIALFEIKE 1t
RFEAE, BAs NH,ClL 0N E 4 75 pmol/L, PAC /1
JTEVR A 20 mg/L, KALFR T2, NH,Cl 11 1%
i NaClO 54k [ (NH,),S0, ] #4155, HEE/R
FH& oM NHLCL 2 NaClO : (NH,),S80,=2:2: 1,
NaClO ¥ 555K H 75 pmol/L, #7824 4li NaClO Ji
T E N 5.583 mg/L[ DL 20 B0 10% 1R &

NaClO $78, WZ5k 55.83 o/ (t /K) 1;(NH,),S0,
SKIEH 37.5 wmol/L, XF I BT 1 R B 4. 955 mg/L
[4.955 ¢/(t 7K) ], 20 mg/L PAC Xt hj 20 g/(t
K)o, 4 & B s B A [ NaOCL HL 600 JT/t,
(NH,),S0, B 1 100 J&/t . PAC B 5 000 J&/t], 0 1
t 7K B 25 ) BAS IR . NaOCl 29 24 0.033 5 JC.
(NH,),S0, #324 0.005 5 7 .PAC #5} 0. 100 0 JG,
1t AKRZGH A AT 0 0.139 J6, EEZ T
AAETFrd i F A PAC, AR IO 7 #EAT ML AR
G, A B e B2 A vy, S PR /K A e iy A v B2 A
FARI K, K e SE R 1 FH s A7 78 3E— 25 B AIK
PAC 5HAZY 5 R A AT 68, %5 18 35 MK ik
TAEEAR T R BRAK T BB Rl 76X T ik
1 50 5 RO SN 2T A T BA —2
CINIERSTilIEe
3 #Hig

(1)NH,Cl 5 HOCI ¥ya] Hlesifs 17 4k HOL/
I, Rt A HOCL Al g 2 8UE g HOL/1, B it
— LA A M DA T 1 e W 2 B Y 1O, R
JEEERBR T2, MEZ T, NH,Cl A2 HOU/L,
vE— Ak, A4 i HOL/L, ] LA SEA7E7E, A Al T
IEE4IL T ER

(2) pH #1 HA B35 NH,Cl 19 8 A3k fk .
FRAE 2 rP e S A F T HOL/L, B4 i SR e , T v
pH 4514 3 AR HOL/T, AYZE R . HA fE3E
T2 5 T 5a 4+ H#E NH,CL, [l HA 845 HOL/
1, i, AR AR & HOL/L, vk e, IR otk 7 3 A7

— 101 —
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NOM B O T, 75 25 42 = NH, CI 571 32 -4 i 1
AL

(3) i1t NH,Cl #i4Efb-PAC T. 20, Al SE B /K
IR IR AL R . E Cyp g 0 C-=3.0 PAC Ji
IR 20 me/L 244,60 min N AJ L] 86. 4%
M IE G SR ER % HAE HA BT iR H 3 me/L
FUET AR R AR (B IE R Sl LR E N
83.6%) ,RIL T A T2 HAs —f TR I x4l
G LAHAT T KU PPAS, A T2 0] LUHIS 70% ~
86% M I-THMs A SRS AR BL T 9% T 2 FE B i iy [7)
IF LA B0 K 2l 4k

(4) 205 A o i 22 B, ZE A 50 v 4 FH 19 75
IR BE T AR T2 A K i A R A A 0. 139 T,
2 R B SRR K A oK ok B IS, S BR N H A AR
i — 25 B 24 S A 1 o] BB, % T 2 A KR
UK BN 2 T B — 2 a5 T
T,

S ik
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