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Abstract [ Objective] A large reservoir in northern China has detected a seasonal increase in the concentration of manganese(Mn) in
the water of the diversion tunnel located in the reservoir. [ Methods] In order to prevent the occurrence of Mn-induced “yellow water”
in drinking water supply network, this paper used the reservoir raw water to carry out oxidative removal of Mn(Il) experiments under
different conditions, based on the previously developed powder activated carbon (PAC) catalyzed Mn(Il) oxidation by chlorine(Cl, ).
The ultimate removal target for Mn(Il) was a mass concentration below 20 pg/L. [ Results] The removal efficiency of Mn(Il) by 2
mg/L Cl, or 10 mg/L coal-based PAC alone was only about 2% with an initial Mn(Il) mass concentration of 400 pg/L within 20 min.
However, when coal-based or coconut-shell PAC and Cl, were used at the same time with appropriate dosages, the final removal rate of
Mn(II) could reach about 95% within 60 minutes under the initial mass concentration of 200, 400 and 800 wg/L by different PAC and
Cl, dosages in the formulated dosing schemes, and the removal of Mn(Il) in the system added with coconut-shell PAC was significantly

higher than that with coal-based PAC. [ Conclusion] 1In practical application, Mn(Il) can be efficiently removed by using the PAC-
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catalyzed Mn(II) oxidation by Cl,. This method is feasible as a means of emergency treatment in water treatment plants.

Keywords reservoir Mn( Il ) removal powder activated carbon ( PAC)
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Tab.2 Raw Water Quality Indices in Experiment
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Tab.3 Comparison of Basic Characterizations of Coal-Based

and Coconut-Shell PAC
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800 pg/L MTEHL T, € KBk HAr A5 A Mn( 1)
AL T 50 we/L, 2 mg/L Cl, #H 30 mg/L
JEEE PAC BYALHERE JI7F 60 min A IAE] 95% £ 47,
B4 Mn( 1) JREHRE N 45 we/L, A BRRCR T 2 2
BRZESR; 2 mg/L Cl, #5Hi 20 mg/L 5 PAC 7E
Mn( ) B & A 800 we/L BYTE AL T, 10 min A
Mn( 1) B9 2BR B 23T 95% ,60 min FIAL LR
Tl FE AL ST | bR 3 IA B 99% , fe Ze5k A% Mn( 11)
R EE N 4 we/L A,

gr b, B R K Mn( D) JT & ok B 7F & =
800 pg/L MTEHL T, ¥R 58 HH Fe A Ab B 56 2% 1, 25
Rk 4 proR, Mo( 1) BT R E7E 200 pe/L B,

HWEH 2 mg/L 1Y CL, 5T 10 meg/L HEEE PAC 5
5 mg/L Hf7 PAC, BEWEAR 4F b b XF Mn ( 11) Fhi55 [7)
B, 4 Mn( 1) B 7E 400 pe/L A, U
2 mg/L i CL, $45M 20 mg/L HE3E PAC 5 10 mg/L
5T PAC; 4 Mn( I1) 7E /55 BTV FE (800 wg/L) B,
WA 2 mg/L 1Y Cl, #5HC 30 mg/L #E3E PAC 5%
20 mg/L fih7e PAC,

TEK )™ 52 bRz v, PAC 2 58 %) w5 2% 25 4
Mn( I1) AR E 2, SCBR R A hal DLSE R [ Y
PAC #EATHURYS , e A e #E B A iR AL RE 1 1Y PAC
W T4 25 Bk Mn( 1), FE 48 S KT R % 5
Mn( I1) KRGS 24 HF B AT R ERY

R4 FEXREMn(I)RENREERTR

Tab.4  Optimum Combination with Different Mn( Il ) Concentrations

Mn( ) BB E/

IEBCRHUT

(ng- L")

60 min Z2[EMn( I ) &%

Cl,/(mg - L") PAC
0~200 2 10 mg/L 3 PAC I 5 mg/L #§5¢ PAC JHEIE PAC(99%) ; HF5E PAC(99%)
200 ~400 2 20 mg/L 3 PAC 8 10 mg/L 5% PAC JHEHE PAC(99% ) ; #F7¢ PAC(99%)
400~ 800 2 30 mg/L M3 PAC B 20 mg/L #f57 PAC JHEIE PAC(95%) s HF5%E PAC(99%)

2.5 RBEIEXER Mn( Il) K&

FESEBR K B AT R v, S 4N TR) v B 1
TEBE ) LA G 52 2= (/K RS TR 1 1 v R
SR PAC AL CL, A fk Mn( I1) BO%CR . BT AEL
I BAK T E BN S my/L I RAFALEARIE T,
FIH 10 mg/L % PAC S E 2 mg/L B Cl, KBk
Mn( I1) , HABZAEAAE | JRBE R N 55— B B AR
HIRA BB, B E 5% 200 r/min, B [8] 24 3 min;
iﬁ:@?&ﬁ%@%%&,&ﬁ%ﬁ% 50 r/min, B[R] A
20 min; 5% =B B ER IEUTEE , B8] 4 20 min,

SZERANE 5 iR, 1E 23 min IR EE Bt 7
Hr, BB Mn( D) SR BT, FSE&ET, &
ASGS IR e R R & B M (1) B R A 0. 024
min”" AHR EEF S BE Mn( 1) 3 R 5 50% 42
i BB5T PAC TEIREEDY 510 F, Bk Mn( I ) 3 %
MGG TE . B T HRSE PAC B4 1k R A b 7F /Y
W RRIREE B B 10 min AR T Mn( 11) i &
WREEHI7E 20 we/L VAR, M &5 34550, £ 8
REEFIVER T, Mn( 1) 0952 38 B, 7] BE 2 i
TrELE SRR Mo 1) & EEH N, X
XFF K T 78 52 by iz A7 v BE 5 B 4 b 4% ] K
Mn( I0) ¥R, AR K T LA 5% 1 147 245 350 4% o
H PR,

® 2mg/LCl+ 10 mg/L HIHPAC
A 2mgL Cl,+ 10 mg/L HH7EPAC

400 +

el g ® k=0.035min}! R*=097
2 =
= 2001
I il : :
= ;%Jﬁé : BRI B ——= =~ DUBEBTEE ——e
= 100 +FH ; :
g k=0331 min" R =095
A
0F
0 10 20 30 a0

A ] /min
e Cly ) 46 B W B Ol 2 mg/L, PAC #) 4R B e ok B
10 mg/L, RAEABYIIA RN 5 mg/L,
B 5 Cl, BEREEFHTE PAC EREEFRESMLEN
YER T EBRMn( 1) BRI
Fig.5 Effect of Chlorine Combined with Coal-Based and
Coconut-Shell PAC in Presence of Coagulant PAC
on Mn( II ) Removal

3 #Hig

(1) BPXF 5K Mo (D) ¥R T s 00, S b i
F Cl, 80 PAC XFF Mn( IT) B9 25 BR A WA 2L
F,ClL RMEEL Mn( 11) , [FIAE Mn( 1) to 7R X 4
PAC W, = 120 min Ay & B RUA 2%
oy
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(2) 0 T LBRpIas Bt Hk B2 200,400,800 pg/L
(9 Mn( 1), 38 5o #& B AS 6] 55 6 vk 3 1) PAC (5 ~
30 mg/L) F1 Cl,(2 mg/L) ,60 min JZ 37 I 7] Y 25 53
FIATIRE] 95% LA I, FRax Mn( 1) Jo &t vk B2 1 T
FEHIFE 20 weg/L LUF, HHF7E PAC 1 R BRACE I 2%
L PAC, K FEbRistr ] ME R 2%,
244 B v VR BE IS, CL, A PAC B4 N 2 Rl Y
P2 o

(3) A48 B J1 A 35 A5 0 0 B ROk R X
TFHEALBE JT5R AR PAC, AES T2 5 PAC 4,
PR CL, YRR THER Mn ( I1) R0 I 8, X Al
AE SR R R CL, WHAEERA 5 s, 4T
MEEE PAC SR, $2FF PAC i L3N CL, $ext 22
R AR s e S, Y YRR Y i I R
520 PAC MEALRCR 7 — @R L4 T 256R
Mn( II)#5,

(4)PAC itk L, 846 Mn( I1) B REA 2L
PR BRI A Mo (I ) 5 7ESE BRI v, N 255
JEBR Mn( I1) ROR H R Y A S R, [H]
i, PAC SR =28 KBk Mn (11 ) AR 82
HR] DAIBEAS [ PAC AT LRSS | e & e £ HAT 5
HEALRE T PAC I TE1E CL, S ARBR Mn( 11)
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