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Municipal

Abstract: Five powdered activated carbons (PACs) were
selected to carry out the study on the preference of powdered
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activated carbons for use in conjunction with pre-
chlorination. The results show that all five powdered
activated carbons can effectively adsorb trichloromethane,
and the changes of adsorption rate are in accordance with the
proposed second-order kinetic law, and the regression
correlation coefficients are all greater than 0.99, with the best
adsorption effect of wood activated carbon (k=0.419 12) and
coconut shell activated carbon [ (k=0.386 93). The presence
of residual chlorine decreased the rate of adsorption of
trichloromethane by powdered charcoal, but it did not
change the order of superiority of the adsorption effect of
each powdered activated carbon. In raw water background,
coconut shell activated carbon I and wood activated carbon
than 60%
methylisopropanol (2-MIB) , more than 90% for Geosmin
(GSM) , and the highest adsorption efficiency for
trihalomethanes (28+5%).

powdered activated carbon process, the order of the

had more removal efficiency for 2-

In the combined chlorine-

advantages and disadvantages of the different activated
carbon types did not change, with wood activated carbon and
coconut shell activated carbon I remaining the most
effective, and coal activated carbon performing poorly.
Correlation analysis of powder carbon properties with the
removal performance of trichloromethane and olfactory
substances found that the correlation of average pore size,
iodine value, methylene blue value and total pore volume was
more significant, and the correlation coefficient of average
pore size was the highest, and the average pore size can be
taken as an important reference factor in the comparison of
high-quality powdered activated carbon.

Key words: raw water; pre-chlorination; powered

activated carbon; odorous substances; disinfection by-

products
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Tab.1 Physical and chemical parameters of PAC

VK fLfE {1 A %ﬁfgg/ BET Ltﬂg []ﬁﬁ,'l/ LR / ‘E"}L?ﬁ:'ﬁ/ ’ﬁﬁ%ﬁi /
(mgeg ") (mgeg ") (m*g ") nm (cm™g ') %
18 AT ARG 971 206 1 002. 39 3.72 0.94 7.37
25 IR AR T % 749 87 741.59 2.07 0.38 7.36
33 WAy A TS 1 953 207 1011.49 3.61 0.92 8.85
4z WRsem AT 11 1144 255 1668.43 3.01 1.25 12.71
58 MBSERy A M 1 696 120 732.37 2.15 0.39 6.22
1.2 REHZE 400 mL, FE K HIm AR SR F9 W A AR 2 LS
1.2.1 B B SRS R R A BRI 0. 8 mg- T, M PS5 P i 5 1
FEPERFST Z¥9%),7£0.5.20.,40.60.,90,120,180,300,480 min

TE 1 L 28308 ' A B 1% 35 56 S TR T A 2 A JROK

AF I B A 30 mL T K R 28, WA S PRk



1504 [l o K 2 2 MCH 9K BE 2% O

51 %

PR TSR A 2ot o v R LA R 3 55 1 2 R T A
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1.2.2 By A MR 6 A e R P A R
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P L ) G = S e i & 250 mL = f bR,
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M s E S, B E FREIRRRER S RS RN
150 r=min ', AR 25 °C, FEMZB 10,15.30.60,90
120 1 240 min J5 BUREIE T 0. 45 pm B 8, e =
S BERT R B, DUSEATT R AR TG PR e X — Sl HH e 1y
FPERE . PRI ET I B 30 2 s i sk, e A
8mg-L ', FHEE LIRS, WAL INGEE = AR
WA M A = SR e W R 8l 112 . TAEARTE R
AT B AE SR A AAR Fp et = 1 B o W R R RE T 9
B B B Y BRK 2 AR IR, — 4k
A0, 8 mg-L AU 15 min J5 435l A 5 Foky
AIEPESAS 10 mg- L', 5 —4H FUMA 5 ol A 6%
w410 mg-L ', F 25 ‘CHEIRFER P 1. 2 h, BUH
FE I K BT S8, PEA AR SE PR KR R [ R T

PE IR R B RE LA ST T e 7o B AR Sl ik
SR, BOF AL HI A5 R Hoh [ 4 352 22 46 7 3 Fil
= e ZE 2
1.2.3 WA TG P R B P o 95 Gl A el R v s R M
(14 I [ 2 BT R A 5

] JE K HIA 2—MIB F1 GSM YRR, f Hok
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AT W A S s A A F e = i HE o 4 T B R REATF
FEMA IR . BRI 3 Uk, BT 34 1 2 i 45
A,
1.3 SWAZE
1.3.1  JHEERD R A ik

ZHEEPASSL. 1, K = 1< e (THMSs ) S5 2
FEMI o 1) 10 mL ZKEEH A 2 mL ZEBGR MtBE, LA 2
400 rpm BY%% PR 4 min J57 , 5 E 10 min KA EH 243
JZEA L B0, 75 mL _FJE2AHUHET 1. 5 mlgR /M,
PR LTI 28 (ECD) B9 SR (3% (GO A
WMo 2 R FHAMRS TS ME A 551A JRAR , R4 A
B AV BB A TR DG IO () mm 17 TR il R
DURER AR N RO R . i SR IR 2,

*x2 HFEFYHRNSE
Tab.2 Detection methods of DBPs

e . N, ' iig=an| RN SRl

PRt bR me BT (R Ly
i e

AT IERE 32. 5mlemin N, 120°C  35°C444 3min, LA 5 Comin 'FZ 50 °C, LA 30 ‘Comin 'FZ 250 °C , £ 10 min ~ 290°C

1.8.2 Wi RBRAY) BRI oA 52

AHIFGE R FH AR S B (SPME ) 3% AT
£ BELTEN . OB10 mL /KEET 15 mL 250
o OMASEFERE 712 g 25 314 400 “CHEF IS
() NaCl, @35 & S MR % B, 4.

i I [ AE B A RS 0 N A, PR R B 1R 400
rpm, T 7K FE IR EE R E 7E 70 °C, 4 A ZE BUBE HE B 25
min, &£ 5EM)E , B A GC—MS H 10 min, #
Fril . FEARIN S0 3R 3R .

&3 ERYIFH GCHRT &

Tab.3 GC detection method for odorous substances

Py 4 FR FENE B FERET [ERITET PR 2%k SRllFEE A
GSM 112,125 112 40O 3min, L5 Comin 'F+ 5 165 °C s BT URIREE 230 °C
. ~ o o ’ s DIT Bis o o~ ’
2—MIB 95,107,135 95 FEBL30 Comin ' FHEE 250 C (53 min 20 © IR IR 280 °C

2 GRSt

2.1 WM EAERRRENS &I =9 £ R
TR

RFEAE L PRIFIR AT BEUR LR A R ML
55 R A L R, 5 TR AT 5 IR R A
RETE IO L, 12 2E A JEUK B i 8 AL 52

s 1 R, 2— MIB R GSM ik 9 5 IR 4 Jot
FETRE AT 3 L e T B 0 L 43991 B O min
A ZIf) 12 ng+ L VA0, 4 ng- L' | F+Z 480 min Hif %
198 ng-L "Ml 1.3ng-L ", I HFE 20 min i Rl 4 3]
B A BB A 0. 8 mg- L' AR L IR Bl 6T 5K
HEATHUSAALTTAE 20 min A {5 358 40 I P35 4 LA 4 o
JLTRTIE R
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A I3 o R PG 14 R Y- 4 s i) 6 PR o 3 5, T 2L
WL PP HE B BE . 7R UK SR fE i, =5
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I, 7R S T2 YRR I A Al G 0 A R
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2.2, HUPOR RIS P ot — G H Be Y B 3 o 2
TEWC I 3y 12 # 5T b U gy g A gl
Ziz T, R
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i ki(q.—q.) (D

K b (gemg 'min )R G R H L, g,
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Je IR [7] 2 P 557 1R FRF 58] B9 R B (mig =g 1) o 8 AR
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Tab.4 Model constants for adsorption kinetics of CF

E/N & A e

AT M e —— -
b/ (gemg 'smin ') R*
18 KRB 5 0.41912 0.999 82
22 SRRy A TE P 0.12915 0.999 73
38 MRTER A TG M 1 0.386 93 0.999 61
45 FEFE A PR 1T 0.229 35 0.999 63
58 MRFe Ry ARG 0. 205 87 0.999 19

WEZ 5 FAS RIS A TS (AL — G s 2 R ek
SRFR R T HL, ANTRLR AR I P e A = S FF ot i it
BRASCRAG Pl 2 5, AR BTG Mk e RIS e 2 e T o
R, HON R H B k4300 R 0. 419 121 0. 386
93, IR P A W TR 3R e 1, 25 AR A6 I SR A o
TR FeE R 1 >Mreiftn 11 >Mseif ik
[I>HE st . IR , 25 5 I 4F 60 min
DA BT , 2230 I SRR, R et P e g g
B s /N T At i Y
2.2.2 NG R R ACIE M = G R e 1 A
%

YR SRR B 2 MRS A T AP 2 15 G ) 1 W B34
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Tab.5 Model constants for adsorption Kkinetics of

CF under chlorine

E— 2 pAL i

TGRS — -

K, (g'mg 'smin"") R?
18 KB ARG 5 0.290 17 0.998 70
28 SO A TR M A 0.12357 0.998 39
38 MprE A TR T 0.250 10 0.999 59
45 WS AT PR 1T 0.193 63 0.997 67
5% MBFERy AT PE S NI 0.094 77 0.996 35

MRS AT LA B, NG 5 N ARG M)
=AML A R REAR S M AU S 40— R B T2 e Ty
o WSS TR IRy ATE PR A AE TS 5T B4 —
G By 72 BN T R K ey AT, AR ST A i AR S
i P W QTR S = 3 WA T R i O | )
0.290 17 F10. 250 10, J4E J57 3 14 o AR 52 3% P 2 I
W i 328 5% S5 12, 45 i B 45 WL Ay A 5 3% e e =
Feid e | >EB5eif s [ >8B7e i ke [ =>4
TGRS . AH LR B ORS AR TG PR A, ISR #5 # R T
PEIRPIOLS 7 IC A AR Ak . X AT fig 5 40 R TG M
IRAS W 253 LA S @ LU A 56 o — D5 T, 45
R A o 22 5 (5, 3 3 A5 e B 1) W 503
4o J5—J7TH A S B G - i AR BE 1L (CL: 8
mg L', C:100 mg- L") & S Friz H i) b i
(CL:0.8mg-L ", C:10 mg L"), 75 5 hn e )
ARG OL R, S K LA 43 A 16 2 A 1 2% 1T

Ji, SR 58 4 W BRI AS 25 A8 X H bR et 4
JIT
2.2.3 My IS PR AR SE PR KA o = g B
B4R TR 508 R RIS e 5
AAE T2 =k FREREBL, 7T LA 5 in &
= B R e, W R 15, 39 pg e L, =k F BE
BN 0. 250 BrAIGVE R AN R T =
U FE | S[R3 A 0 A 2 Xk = il P e g 2 o 255 SR
L HEFE A FE TG e 1 A A TGP e >R 7 1
11 = MR i e T > M5 3 1 e, iX 55 2. 2. 215 1)
SEUGZE B —F, A PR R AR ST G R e T W B RL
ST, = B BE AR T 2896 AT, =i H b
HC AN R 0. 18, 7ESEPRKARTS 56T, A%
EEoA 0. 8: 10 B, FHUGR Ak AL A A0 A9 2 17 1 e O =
pi F s AR AR 25 i

181 NN P 1030
16 L) =S 10.28 =
AN =5 e 0.26 @
=~} 1026 &
2 " NN i R
20 & {o2a 3
= ol sy A NS o oz &
% — - L at] J0.20 m
& . 4 N T e doas
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Jouu B
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Fig.4 Removal of THMs by chlorine and different
PACs combination processes
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() BRI 0 o SRS A TG e REAT SO B 2— MIIB,
XiF 2—MIB 14 W% 35S AR 25 L1 kg A S5 i P e A=A
FEIG e T > B5Tih e 1 =8 5 s vk s 11 > H
FEIGE R M > BB TG R o A BTG e AR5 1 e
s 1 X 2—MIB LBRECR TS, £ 60 % DAL BETE
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20 mg-L "By AR WG % S 30 min BRI AT I 90 %6 #)



%10 #i {43

K, S5 TR/ 3 5 20 JEUK IR AU ) 2 i i g 1507

GSM fi12—MIB™", 1@l & T, X 2—
MIB W B8R 0 26 W55 S B e i P e 1~ AR i
e >R ST PR A 1 >R 58 3 1 A 1 = A58 5 0 42 o
1o SRR ISR A L, & — MR TG &
TZEXF 2—MIB 1 2 BRFH#A B B, Hp R s
P (R MELIR 2 B 3 AR, Oy 14, 3%0, AU B
T 75 SEORT A3 A T3 A1 o TR o PR A 40 I 52 M 32 /)N , L
WA Ve JE A v R, T L 3 A oA 39 e A A i e S

T R THBRIX R
1o 2-MIB ; GSM
B2 ) N
ol Sapmas | é 2
P é 5 7
360 HZ % P 7 7
oy e N AN
2 Nh. NANAAN  NAAAN
NGEANANAN  NANAV
JARNANAAN  AANANAN7
S e

BB Ah e
5 AR#BAREERSFASTETHRKRY FRERER

Fig.5 Removal of odorant by chlorine and different

PACs combination processes

3 A P TR FE BEA RO B GSML, B0 R T
PE X GSM 1) W2 B 28CERATE 25 0 A A J5 i 4 e ~
MBsEis s T >Mre i s 1 > Mreib v >4
JE B o AL M e AR5 1 M ok 1 X GSM &
BRACR S, 78 9090 DAL 5 16 1 o 3k R Fe 2
TEAG T A R GSM M BN AICRAI 25 WU A e e T
YRS T~ AR BTG e > 5e TG 1k e 1T > MR 7 i M
M >HEBEPE R . 5 SO A P AR L, &/ #
KIGHIRA A T 20 GSM LB R AR FIr R, [
FEAR TG P A R RLBR 25 B 38 T B e K, 8. 306 #H
BT 2—MIB, GSM 19 2 B 2852 ST 0 1% 52 1 1/
— MG AR BT MR IR AR X T BE S B
A B L BRRE A O, INEIL TS A R T
P e R B ML A0 S 11 P 45 L, AT AR 3 362 e B
seitithse | RINELL T e R M 22 .

2.4 WREMRMERITEEZEI YR X BB
A1)

SEMAPA ARG 2 R B8R g R 3R SR 2 e
TR T R 5F T ot e o B 5 2 4445, Herh S LAy
ARG RPN 37 J SO R BT, R AP
5 AT AR A X T T R 7 ) L LA A 5 1% I 3 R T

RIA—FERIVERE. A T IRAIRTE AR TG VR I
JHORS TR P4 BE B 52 WL, A 1R 0 oy AR P e A
B A I PR (R P2 fLAR fLAE BET 1L
FI AR ST R 5 A 5 MR RE A A MRS T ER
I, IR AR TE P A S5 Wl
2,41 TETESRAE O W R =S P e R

B e, 27 BT R R D 3 R 45 e TR ) ) A
BTFEAT ARG AR T T 2 P 5 X LG B 1 B 1Y
SO TR A R UL 6. H1 3 6 R, A0 46 A o g
SHUE A PR LA RS TRAR OGP AL
U R IEA G, BET HeRMEA EITR & AKX
PR, T 0. 1o ~FRFLAR VHME 7 P 5 S (B
S LA A W R RE RO AE SRR 1 3, (AR
e FEIFLAR A S R BOAF] T 0. 829 1,

R6 g kSEERERSEMAHEIRER
Tab.6 Correlation coefficient between parameters
and q.k,

TWHI  BETIH T Bl Ezlve
WA FWEMH AR il it
0.6184 0.0404 0.8291 0.4405 0.0458
2.4.2 TP X W BT PRI ) B 1) 5 i)
BRI AT 2 T e EL G o6 ML ) T A5R
I SE R | B A 16 P e Jo 5 WL 9 okt 25 o >R
AT TN R 7,
R7 2—MIBFIGSMHERBRERSFERERSHINEGHE
XEH R

Tab.7 Correlation coefficient between parameters
and removal rate of 2—MIB and GSM

L i WHAE  BETLE Pl MfLE HAoLR
gr W kmp @ s i

MIB 0.2277 0.4637 0.0533 0.8029 0.3385 0.0104
GSM 0.3810 0.6024 0.1287 0.9254 0.4954 0.046 3

L RN S DS g T S G B
L2 5 2—MIB(R*=0. 802 9) Il GSM £ % (R*=
0. 925 4) (A SRR . Fiah, W RLHE A B LA
5 GSM £ BRI A R 850530 0. 602 4.,0. 495
4,5 2—MIB % B0 A0 R 5053 58 0. 463 7.
0.338 5, HEFEFRAHOCHERLSS o 5 AT P 1 Xof gL
WAy Jo R 25 R 00 0 W B 803 AR DG B 2 ) e b
S LA RIRFREEAR G . TR S NRCR
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