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Effect of Carbon Age on Removal of Organics in Water from South-to-North
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Abstract;: Effects of biological activated carbon (BAC) age on removal of organics in water from
South-to-North Water Diversion Project were compared. The experiment was continuously carried out in a
pilot base of a water supply plant in the north for one year, and three kinds of activated carbon were used
in the BAC unit, namely new carbon, carbons with age of 2.5 —=3.5 years and 4.5 —5.5 years. Organics
removal was mainly completed by biological action in stable activated carbon filter columns during long-
term operation. There was little difference between the removal efficiencies of organics of old activated
carbon filter columns with age of 2.5 —3.5 years and 4.5 —5.5 years, but the two had a better removal
efficiency of trichloromethane than that of the new carbon filters with unstable attached biofilm. High
throughput sequencing analysis found that Sphingomonas, DSSF69, etc were the dominant functional

bacteria, and diversity of the old-aged carbon was more abundant and the biofilm system was more stable.
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In addition, the removal efficiency of organics was related to the pollution degree of the organics in the

influent. When the concentration of dissolved organics in the water was low, the activated carbon filter

column would appear the phenomenon of adsorbed material inverse diffusion. Therefore, when the water

quality was good, organics removal efficiency of the activated carbon filter would be weakened.
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Fig.2 Diagram of SUVA values of raw water
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Fig.3 Removal of TOC by activated carbon filter columns

with different carbon ages
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with different carbon ages
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Fig.5 EEM of influent and effluent from activated carbon filter columns with different carbon ages at three stages

HRAE A A ALY DO RLE , = 4E500
TR 5 AKX T AN IX 95 & s A, X
R BRIV KON MR A AR, V X R
KRR . M S WA, =4S 3 Hr 4 B
SRR TOC UV, Z5 R —3 YK A WL B 1%
fIGHF,2.5 ~3.5 4.5 ~ 5.5 4F i U A K FE T X,
11 DXV DX 28 S0 B S 3848 AR T H 30 ) vk
T BE 255, TG MR W B BILA) Hh B O S, Mo
UG 5 DI AT T, 35 1 A O ) I DA A R AR
I B RS R PERAE A ™= o £ ,2.5 ~ 3.5 4k
B UEAE AR IR A A FLY IR G R .

2.1.4 X = E W be i ZBRAUR
R 7K AL IR K 7E K B B ik o AR v, 2 o W R A

KGR TR AR RS, DR A /K K T 3 4%
IR AR s R L PR, WA S 2O R A
THEEE=4), KT BB RF TR 2 — 3
Bia17 3 NA G AR s A K = S ey
EBRBCERILE 6, A AL, B U8 A X = G H e 1) °F
PEBRR N 16.72% KT 2.5 ~3.5 4Em L 4.5 ~
5.5 AERIGUEREMY 37.31% 37.52% . =G H ki
T B2 AT D A W, T P e Rk = S PR o 1 O o
PEAR TR H s i A HLA , 33 P i R 3800 1 i
X = 58 FVE (R W R R 7 A, 1B 7 0 A 194 0 12 il
1t A YR A A BLAY B A AR T =P b
ML BRBE 17 . BOR WA E S R W] =k b

AN

(THMs) Al I F A A & (B A 05 & B, AR 25 B

2N

- 35 .



%37 % %3

T E % K H K

www. cnww1985. com

=AM e AT REE A SR A R A A AL AR A — 3
AR A, A R A 2 T AL A
e B AN F S FLBT o B 25, VB RS 535 P ¢ el AL
SRR E 05 USRAFAE T A IR S B 7142
ST HE WIS | A DA P IR A W 58 2 i
AR 0 )™ BR300 358 P 0 Bl AL o I 0 R 380 PN 3T, X
SR Y P 400 S -5 TR LA S 9 B Sl 2 18 W i )
PERIRRE RO TR, A D e T i g A
W P e Ak 05 P 9 28 1 0% E 0 B, B TR
A3z 1 T R o = Y e, e e A i e A LA
SRS M PG 1 ) e A 0 R e, S B =
EL S HIbESES SN

BRI o 0~1 AFBAE L BR R
+2.5~35 BRI LR 04.5-55 FERAEERRR

17 25 33 41 49 57 65 73
LoRILIRY

1 9

E6 FE&REEEREEN=ZSFRANERER
Fig.6  Removal of CHCI; by activated carbon filter columns
with different carbon ages

2.2 HABRSHMREMZREM
ST RO AR YA R S b gy
S LBRA YIRS , AT i T e ) N 1
AL, 308 2ok g 30 P 3 BT A [R] e e 0 P A 2 T
[DERIVEZ = il piisr v
2.2.1 BEYIREEIREZ AR Y
AR I RE AR SR Bk 1 PR o

®1 WEMBEIRESHEEY
Tab.1 Index of microbial community functional diversity
i H | Sobs | Shannon Ace Chao Coverage
1C | 558 3.05 655.75 651.17 0.996 8
2C | 573 3.24 720.09 | 725.02 0.994 6
3C | 608 3.85 714.65 716. 66 0.995 5

Shannon $i £ 1] > i & #£ A 1) 2 AE PRI O
Ace ,Chao F8HCH K Al 1t P Fh 1) = & & 5 Coverage $§
B R A U % T A A a3 AR
Coverage F8HAH K, UL AS YR I J 45 R AT LAAR 47
A RAEA P A Y 0 LSRG Bl BT R R Y
Sobs ,Shannon , Ace ,Chao 5 %34 4 S Al /KF- , 156 B

DRAUEHE F IR WA v 1) 2 5 L R 22 A AR X A
IR, Rl , A W AE V& 1) 2 R T
2.2.2 WUEYIREE IR A S P

BT KXo A [ 2 i 135 1 A A WA e 0 AT
Venn [& 53 B B A 20 o A, Wn1EL 7 i

2.5~3.5 4E ¢ <

04.5~5.5 4
38 ”'\‘
J

e
a. Venn B4 Hr

JER K B AR MIRE 15 HE /%

b. B 4L BT
B 7 TR EMER SRR

Fig.7 Community composition of activated carbon with

different ages
TEIR RV b, =F A IS 134 Bl B g
M YT 8 75 B, 2.5 ~ 3.5 AR IEAE A
MR A 41 F,4.5 ~ 5.5 SF R IEAE M A 1Y B
38 Bl = dR EEMIA FE R KA
DSSF69, 1% & 5 1 I B M 1 3 2 e 0 o %
KRBGE, I8 T 0 BB o - BT
3AUEAE P XS A — E BB B N R
(Sphingomonas ) , Bt 7% 3¢ W 2 1 I fol 2 Wy vl LA fie
ZRUK AP IR, N IRT7 I ke 2 - RS
B X A R RTA Y S F LS
ARSI AR E R o AN, H LI A 22
J& ( Hyphomicrobium ) 5 47 # K HL 491, 1% 141 I 2 5
T A KM B, BE R AR 2 A TS e ™ b
A [ U A 52 0 ) (Herbaspirillum ) FIAR R 1)
(Rhizobium ) 2R A UEFE MU B T o [ I A g A
) e A D R 1 B0 I AT B ( Legionella)
2.5 ~3.5 AR UEFE A REAUIR, U 0. 16% , BT

- 36 -



www. cnww1985. com Tk S REERTEMR R T Y B E K ALK R P 8RR %37% %3

A5 ~ 5.5 A Bk DB R R AR R B R, 20
0.64% .1.23%
3 it

@ B AER BB ATHT 6 AN, i A
XK AU RA R4 2 BRBOR , 15 A= P01
TEIE PRI 2 bR ML v A 45 T 2R, S E Y i
7 22 REEARATT H DG 35 D RE TR AT — 2, R i
WY Z R .

@ 2.5 ~3.5FM4.5~5.5 F G @ T
A ) e A AT P 25 B3 T P = T R B A LD, R
MR B it A6, S5 B2 R B /K HP ) = 5 PR e, sl i 4
AR B A LAR S (4 M A el A B A ) 58 A= )
e fifp , SEBNSK Hp = S HBE R 25 BR

@ 2.5 ~3.54EM4.5~5.5 FFRIETEAEXT K
A HL 0 2 BRAICR W] R X 5, ZBRACR T2
PEACOK A A o (EATEE T 12, W BRI Y 35
PEDERE , FEE K75 Qe WP BERLARI | 22 Hh B 1)
JEEA IR 22 1M S50 B B RO B AR

SE

(U] 5K, 5Kk, et A PER IR AL B T 200

T RR AN ZBRFFELT]. 457K HEK,2012,38
(S1) :66 —68.
ZHANG Xue, ZHANG Lu, HUA Wei. Removal
characteristics of organic matter in micro-polluted water
by ozone-activated carbon advanced treatment process
[J]. Water & Wastewater Engineering,2012,38(S1) :
66 — 68 (in Chinese).

[2] EDZWALD J K, TOBIASON J E. Enhanced
coagulation; US requirements and a broader view [ J].
Water Science and Technology,1999,40(9) .63 —70.

[ 3] YAPSAKLI K, CECEN F. Effect of type of granular
activated carbon on DOC biodegradation in biological
activated carbon filters[ J]. Process Biochemistry,2010,
45(3) :355 -362.

[4] CORWIN C J, SUMMERS R S. Adsorption and
desorption of trace organic contaminants from granular
activated carbon adsorbers after intermittent loading and
throughout backwash cycles[ J]. Water Research,2011,
45(2) :417 - 426.

(5] ZAl, B8R, 5. SRS MMERES 2 5RA L
PIRCR IR0 [T ] Stk ,2012(1) <71 - 76.
LI Yuxian, WANG Ming, CAO Nan, et al. Correlation

.37 .

[6]

(7]

(8]

(9]

[10]

(1]

[12]

analysis between the structure and performance of
activated carbon and the effect of removing organic
matter[ J ]. City and Town Water Supply, 2012 (1):
71 =76 (in Chinese) .

CHEN W, WESTERHOFF P, LEENHEER J A, er al.
Fluorescence  excitation-emission  matrix  regional
integration to quantify spectra for dissolved organic
matter[ J ]. Environmental Science & Technology,2003,
37(24) :5701 -5710.

KIM J, KANG B. DBPs removal in GAC filter-adsorber
[J]. Water Research,2008,42(1/2) ;145 - 152.
WAHMAN D G, KIRISITS M J, KATZ L E, et al.
Ammonia-oxidizing bacteria in biofilters removing
trihalomethanes are related to Nitrosomonas oligotropha
[J]. Applied and Environmental Microbiology,2011,77
(7) 12537 -2540.

KOROTTA-GAMAGE S M,SATHASIVAN A. A review:
potential and challenges of biologically activated carbon
to remove natural organic matter in drinking water
purification process[ J]. Chemosphere,2017,167 ;120 -
138.

i, HORTIE , L AF. RKALIRSZ K XKHOK T e
BB TR R S A 2 e R (D). KK,
2018,44(9) .19 - 24.

HAN Mei,CAO Xinkai, WANG Min,et al. Research on
the operation characteristics and bio-safety of a carbon-
sand filter in a water plant in the water receiving area of
South-to-North Water Transfer Project [ J]. Water &
Wastewater Engineering, 2018, 44 (9): 19 - 24 (in
Chinese) .

LIAO X,CHEN C,WANG Z,et al. Changes of biomass
and bacterial communities in biological activated carbon
filters for drinking water treatment [ J ]. Process
Biochemistry,2013,48(2) ;312 - 316.

WANG L, WEN Y, GUO X, et al. Degradation of
methamidophos by Hyphomicrobium species MAP-1 and
the  biochemical  degradation  pathway [ J ].
Biodegradation,2010,21(4) 513 - 523.

EE R 5K (1995 — ) 5 TLaR RO i LB
A T T R S 7K AL 3

E - mail; zhanghz21 @ 163. com

Y is BHA:2019 - 12 -27

&8 H#5:2020 - 02 - 16

(iR XI5 )



