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Abstract: Taking the raw water of Yangtze River as the research object, micro-pollutant removal efficiencies of biofil-
ters for the river water were investigated. The results showed that the average removal rate of NH3-N. NO,-N, CODyy~
UV,s4 and BDOC was 80.0%, 95.4%, 25.0%, 12.0% and 68.3% in the biologically-enhanced active filter type I, and
85.2%, 95.4%, 26.2%, 12.0% and 70.0% in the biologically-enhanced active filter type II. The rates in the biologi-
cally-enhanced active filter type II were not significantly higher than those in the biologically-enhanced active filter
type I (p>0.05) .The average removal rates of NH;-N, NO,' N, CODy,, UV,s4 and BDOC by the biological activated
carbon filter type I were 84.2%, 95.4%, 24.0%, 16.0% and 67.9%, respectively; The average removal rates of them by
the biological activated carbon filter type II were 89.4%, 95.4%, 31.2%, 16.0% and 72.0%, respectively. The removal
rates NH3-N, CODy, and BDOC by the biological activated carbon filter type II were significantly higher than those by
the biological activated carbon filter type I. The content of organic material with low MW took great part in Yangzi
River, in which the proportion of the organics with MW < 1 k Dalton accounted for 48% - 60%. The biologi-
cally-enhanced active filter and biological activated carbon filter processes removed the organics with low MW more
effectively than that with high MW. For the removal rate of the organics with low MW, the biologically-enhanced active
filter type II was more effectively than the biologically-enhanced active filter type I, and the biological activated carbon
filter type II was also more effectively than the biological activated carbon filter type 1. Therefore, the biofilter process
could make up the deficiency in removing the organics with low MW by conventional water treatment process, and
could assure good safety of drinking water.
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-2 £ R N 84.2%A1 89.4%. 95.4%F1 95.4%. 24.0%K1 31.2% 16.0%F1 16.0%. 67.9%F1 72.0%, Hrh
A E M IR BEE 1T NH3-N. CODy, A1 BDOC [ 25 B3 i T A YIS PE R BBV T (p < 0.05). KILJFE/KH ()75 i
MAEYEE R/ T 1K Daltot FIEHIIMIER (5 48% - 60%), A=WiE e pE i A A My si ik g i K 2 A AL
Y EkBES T RS AN S TRKPEURS FEAVLEY, AR gE 163 kR s T A5k

JEML T, AW PR EI T AL BR R i T RS VR R I 1o BRI, AW MR DE M AR B AR T RE SR RN A
LR TEAIAEY) LA L, BRI 2241k .
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Figure 1. Flow diagram of water treatment process
1. KEBRE
Table 1. Characteristics of activated carbon
£ 1. WRSEREEROMEESE
EizLon TIURER & PR R FEARE LR
R /% 95. 4 97.9
B/ (g LD 513 500
pH 8.6 8.9
RIKGY /% 9.1 11.8
WE/ (mg.gh 1003 938
WH WA/ (ng.g ) 262 232
T RefE/% 24.2 23.4
VY S ALTRAR /% 62. 19 60. 14
M/ (ng.g ) 158 152
TR/ (mol L) 2.85 2.76
B RokiAE (mm) 0. 60 1.48
BISREL 1.88 1.15

2.2 JRIKIKR

E ¢ 5oy 19 18] JiR K Hp ¥ A A BLAR (DOC)
NH;-N. NO,-N. VEHUE . pH FIRE 2 HI7E 1.2~3.8
mg/L. 0.02~1.18 mg/L. 0.024~0.200 mg/L. 14.0~
258.0 NTU. 7.74~8.06 fll 4.5~30°C 2 [fl,

2.3 WNmB R FE

JKBHE . NH3-N. NO,-N 1 CODy, fahrZ R

A TS K ARHERS 367775 (GB/T 5750.5-2006) AT
WE o /KFEL 0.45 pm  FITEE R I 3 5 SR A UV-2000
Lha] WA E UV254 5. BDOC KA
YIRb R SR E VLN E, el R IKEES 0.45 pm BT
U6, BBREVEMRIRA, RN RERAEY, SRS A
T 7KAE R P & A R IRGE B I A RD, fEfER AR T
(—fRh 20°C) 8538 10 d, MIEREFERT G DOC (I

FRMEFHLRRD MIZERIA BDOC. FHWIY T =04
5 R FTRB RN YE , RIZKAEFT 0.45 pm g M 38 )5
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TR A B RS L R D, EL P SRt i HE K sk R —
HAFRETE 02NTU Zifi. SHAMARGER 5, 4
W PRI S e B ) B R A, HE KU B R AR
£ INTU BLRUSPL e S, A A [ 2% 28 11
AR AT R R BRI R AR IR AR A
K AR A T AT LSR8 i ek 25 R, AR A O
i TATITX NH3-N A1 NO,-N ~-J4) 2 BR A3 AE 80% LA L,
R0 1 25 I 205 SR 2% A 2 0 i A Dt HR A7 A K T
AR o

47



LR AL e T AN TT 3 COD P38 2B 43551 R
25.0%7H1 26.2%, UVass 9 12.0%, BDOC 435l 68.3%
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Figure 2. Measurement process of molecular weight distribution of organic matter

2. HISTFESBAE

Table 2. Comparison of purification effect between two biologically-enhanced active filters (n = 3)

= 2. MEYELIEBBLEYR (n=23)

WAL IR T AR AL BRI 1T
AR FR JEMh kK

Hik ERE thK ERE

LS5 7.97 0.22 97. 2% 0. 20 97. 5%
NH,~N 0.25 0.05 80. 0% 0.037 85. 2%
NO, -N 0.022 0. 001 95. 4% 0. 001 95. 4%
CODy, 1. 60 1. 20 25. 0% 1.18 26. 2%
UVags 0.025 0.022 12. 0% 0. 022 12. 0%
BDOC 0.537 0.17 68. 3% 0. 165 70. 0%

e R APBURE S = U E 1P E

Table 3. Comparison of purification effect between two biological activated carbon filters (n = 3)

R 3. AHEMEMIGERNLERR (n=23)

AR IE T A R D 1T
HERIE SR Y RIS

ik PN S ik NS

FLINE S 0.83 0.22 73.5% 0.19 77.1%
NH;-N 0.19 0.03 84.2% 0.02 89.4%*
NO,-N 0.022 0.001 95.4% 0.001 95.4%
CODy, 1.25 0.95 24.0% 0.86 31.2%*
UVasy 0.025 0.021 16.0% 0.021 16.0%
BDOC 0.486 0.156 67.9% 0.136 72.0%*

VE: RPEHE A = IRIE M RE, RN ENZ MR ERE SR (p<0.05)
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PSRN AT N, FRLEE R I VERES B M B 1
TME . MUE R THARIG MR, S RS M R 2 B
SR ORAL. LB, RELA R RIR, BRI
WAEYIPAE RSP, AR TREB S A K E
Who TR, SEORCRE MR KRN, SIRE R, e
(7K 718580 71708, JEPR AR A BE T 52 2 10 A 52
N, JEIL KSR R .

FEh, AEFER, ST RGE R KR KAL)
EVRETER, HT KA S BIRIC, BT I0ES
BT, DR A T A 9 M e 3 T P A A 2 DA
1~3 um PIAFE AR, 10 E T A R 2 i 5
SYHERAT, BURDIRYE MR RIMAFAER 1 pm DL BN A
T A AE S Ve R R T AR A RIEE I, ARAE Y AR
YIEOIER R r At

ZE BT, PR [R5 BSR4 v T R Bt
TE BRI L 321 7K HH I NOL -N Fl UV s S5 7 THI S
WA K, PEARIEURL I35 R B A R AT R BR AR
RURL AR IR 7E 25 B A HLI5 e 77 T P 280 R B T4
W Bk, EsEhrArsTEm, KT LEr kg
T 25 i vt R} 2 4B N 2 RE SE BRI I 4 A UK Ak
HHR IS AAE RN G SR R, RN 25
FHR TS RE IR B RE R
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FELEH BRI 2 —, B Tollis Yok Lok
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BRI BOMAEK . ARIL MR T4 7K IR K UM
SF OUNF) GIWAES KMok T 2%
THEIEBRBCREMZRK, X 5KEKFHEHY)
TEANR o35 DX IR () o0 A R A AR KORH . Rl T
IKIEIK A HUDEAF 53 F 2 X R o ARetE, A
FAE T2 Rk Y R AR IR KT o Bk YR
IKHE W 5 8 AR KA o 7 B A LY 0
YRR, X4 AP ig it A R 7 =AML 2B 1E
BUHEAT 73 B vPAR

X KT R i BOK R K 3 B KA I 2R3k AT 43 1
AT, T RRAKUE KA R 2= 45 1R K AR AR
B, 3BT HAEAN R 2= 1) = B YRR B EE
TEF, STESRAKT IEREE A T2 BA B4R
SEH. HE 3, FEKLANELE S FEXEA
MU DOC WRERUAKR, NrFHIIMW<] k
Dalton) (7 = (1A WL e & R LU AIAE 48% ~60% 2 [7],
BEZTT AL L BIAS A AR . B 22/ 7 X8 A L
DOC ¥R FEARX L i, Koy F X A WA EA KT
HAhZEY . X —45 R 5455 N7 —5, /K DOC
TE 55y 1 5 X ] 1) B A9 52 2745 5 ) 2 90 HE — e 1 7
1k, /NF 1x10° Da HR 4> T B A P LI H Z(51%)
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Figure 3. Molecular weight distrubution of raw water from Yangzi River
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MW 4 a5, HFEKEFEKP S TFENTk~5kK
AN 26.8% 9.8%. 16.9%F1 16.3%, T
INF T kI 48.3% . 60.0%. 51.2%F1 52.8%,
KL R B BOKIEK LM T O B R
¥, AL RS H AR ST TR,

2wl SOV 5 R WS AR A D B T X
HH/NT 0.5 kKDOE/RED) AN 2 bR E i m, HKE
SFENT 1 kD~3 kD MIAE N APiE PR ot
Py E/NT 10 kD RIANIBIRA B ER, &
fN, LB . RS 6 mra, AYECED
i P 2 0 T RN A ) SR A BE VR ) R 20 T LA ) 25 B
R TrEaTaND. SRR ST =G
LRBLAEHRIME, X720 T 1 kD A
M LB FE . TR 1kD~10kD Z[HIFIHHL
Wiikz., KT 10 kD IANERAR. LS EAH L
&k

U, ARV RRAUEM 1T X B FE a T A s i s it
L ARSI T ()2 bRt T AR s 1 R D8
h 1o

A2 )P A HLA () 25 B 2R AE AN [H] 2= 1 A )
(1, A=A 1 R g6 4> &/ T 0.5 kD A HLA
ERRFRRE, JFEMETAAFE 42.8%~80.4% [A4F
s T AP SE T 1% 5 T R VG A ML LB
TE 16.6%~41.1%2 18], AWM R g 0.5 kD~1
kD Z A1 B £ BR 2 BE =TT AN AE 21.2%~71.0%
Z N85 T A A X 12 43 B L A AL 2B
RIE 20.3%~30.6%. AYNEE R JEMXT 1 kD~10 kD
Z B ENIEAE —& EBRIER, LR IENE
17.5%~46.6% i), AP iEth iz s+ &30
AT WL 25 18 3R AE 11.8%~28.7% o AE Wi 11 R JE b
A sRALIE T KT 10 kD AW L BRRDNT
14%.

Table 4. Molecular weight distrubution of organics in Yangtze River

£4 BRBENPFIFESH (n=3)

i . JE7k DOC
Sy TR A X [ Z — —
H{E (mg/L) o HR (%)

B 0.261 12.2
"z 0.403 20.0

<

05k = 0.324 16.5

P& 0.448 20.2
HE 0.772 36.1
H= 0.807 40.0

0.5k~1k
= 0.682 347
&= 0.724 326
B 0.573 26.8
HE 0.198 9.8

1k~5k
= 0.332 16.9
= 0.362 16.3
B 0.299 14.0
CES 0.244 12.1

5k~10k
&S 0.300 153
= 0.244 11.0
B 0.077 3.6
HE 0.163 8.1

10 k~100 k

= 0.102 5.2
L& 0.206 93
HF 0.156 73
B 0.205 10.2

>100 k
= 0.224 11.4
gES 0.238 10.7

e R HHE Y =00 E 1T
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Table 5. Removal rate of organics at different MW ranges by the biologically-enhanced active filter type | and biological activated carbon
filter type I (n =3)
* 5 EVEKED | EYFEEREH | STRS TEXEBENYHERBR (n=23)

EYRRAL e T A3 T B 1T
pa E=N X 1] —H
ATRAMKEFW i boc mkpoC  EBE  HADOC  HADOC  EBE

(mg/L) (mg/L) (%) (mg/L) (mg/L) (%)
F 0.260 0.174 33.2 0.252 0.144 4.8
H% 0.401 0.251 375 0.404 0.131 67.6

<05k
*E 0.322 0.269 16.6 0318 0.088 723
& 0.445 0.361 18.9 0.439 0.137 68.8
B 0.757 0.603 20.3 0.720 0.477 33.7
FES 0.791 0.574 274 0.801 0.287 64.2

0.5k~1k
= 0.668 0.457 31.6 0.678 0.254 62.6
X7 0.710 0.555 21.8 0.719 0.248 65.5
K 0.564 0.495 12.2 0.526 0.414 21.4
CES 0.188 0.144 23.5 0.172 0.106 38.7

1k~5k
&S 0.320 0.250 22.0 0.322 0.176 453
LE= 0.348 0.253 17.4 0.348 0.220 36.7
F 0.239 0.210 12.1 0218 0.151 30.7
H 0.195 0.145 25.8 0.205 0.139 324

5k~10k
= 0.240 0.203 15.5 0.251 0.177 29.6
&S 0.195 0.171 12.3 0.232 0.173 253
Fe=s 0.057 0.052 8.3 0.077 0.070 8.5
FES 0.103 0.094 8.8 0.101 0.095 6.3

10 k~100 k

*E 0.086 0.081 5.6 0.082 0.078 5.4
K2 0.166 0.145 12.4 0.154 0.138 10.2
K 0.063 0.059 6.5 0.050 0.047 5.8
H% 0.105 0.101 4.6 0.098 0.095 3.5

> 100k
€S 0.135 0.123 9.0 0.120 0.114 47
& 0.126 0.118 6.3 0.123 0.117 5.0

e P EEE = E T

WL W], W B &l 2 (DBPs) H 1) CHCL; Al TIEHEBRIR S T EAEIW, JrRei iR thAOK . —4
CHCL, F % 2 7 T84 1000~500 Dalton A HL4) W7 B H e K T2 K FECKT 10 x 10°
P, T EEESE K CHCIBr, Al CHBrs M52t 70 1 4 Dalton) H WA LBRBONA R, MK T EAN 2

/T 500 Dalton [ WL 42120, I A B M i 22121-22)
BRI EAE il 7K T2 S AT BE AL 3R, SR A R KATJFE K AN F = AN EE T2 E

Copyright © 2013 Hanspub 51
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Table 6. Removal rate of organics at different MW ranges by the biologically-enhanced active filter type II and biological activated carbon
filter typeIl (n = 3)
% 6. RIS T MEYENERIER I TR FEXBBIHHERBR (n=3)

A Wit i 1T A A R T 1T

ATEAMKI - FW kpoc HkDOC  %B%  #KDOC  HUKDOC  HBE

(mg/L) (mg/L) (%) (mg/L) (mg/L) (%)
s 0.260 0.159 388 0.252 0.129 48.8
HE 0.401 0.236 41.1 0.404 0.079 80.4
<05k
&S 0.322 0.251 22.0 0318 0.068 78.6
= 0.445 0.366 17.8 0.439 0.096 78.1
B 0.757 0.577 23.8 0.720 0.567 21.2
H= 0.791 0.542 31.5 0.801 0.232 71.0
0.5k~1k
= 0.668 0.483 27.7 0.678 0215 68.3
L& 0.710 0.528 25.6 0.719 0.224 68.8
H 0.564 0.485 14.0 0.526 0.434 17.5
S 0.188 0.134 28.7 0.172 0.098 43.0
1k~5k
&S 0.320 0.236 26.2 0.322 0.172 46.6
A2 0.348 0.273 21.6 0.348 0.193 44.5
HE 0.239 0.199 16.7 0.218 0.126 422
"z 0.195 0.146 25.1 0.205 0.131 36.1
5k~10k
&S 0.240 0.188 21.7 0.251 0.164 34.7
= 0.195 0.172 11.8 0.232 0.169 27.2
B 0.057 0.053 7.0 0.077 0.071 7.8
H= 0.103 0.092 10.7 0.101 0.091 9.9
10 k~100 k
= 0.086 0.080 7.0 0.082 0.078 49
L& 0.166 0.144 13.2 0.154 0.139 9.7
HZ 0.063 0.057 9.5 0.050 0.043 14.0
CES 0.105 0.096 8.6 0.098 0.092 6.1
>100k
&S 0.135 0.120 11.1 0.120 0.114 5.0
A2 0.126 0.116 7.9 0.123 0.101 2.9

e P EEE = E T M

FX R T EA NI ERRICR G 0 bE, 7 2l A A T Ak R e R e 35 I 2R KPR K
AR T 2R E Bk /N TR LY, 47T hE TR TRIER, SSHS AR BT EAME, X
MARAS B3R KK o FEAHIT T P s Y AR TR i KEIH

PEMAN AW s AL eI RE A R BR K T EAE 10 kD

i E. N 4 58
PLURHIE N, 55 it EUKF 52808 1K 1
BEHW LR R . X B Al A YAk e i AN (1) ‘EW)BRAL e T A1 1L % CODy, “F3 2%

52 Copyright © 2013 Hanspub
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535N 25.0%1 26.2%, UVasy A 12.0%, BDOC 434l
N 68.3%F1 70.0%. HEAHRAGIENE 1T 1) 22 BR M T
AWpEE 1, HERLEZEM (p>0.05), BN
Vg i DRI RAFIIBRIG AR, BAITRT NH3-N.
NO,-N. CODy,» UV,5, Al BDOC [#) 25 B3R 43 HIE
84.2%- 95.4%. 24.0%- 16.0%F1 67.9%, H AT
NH;-N. CODy, #1 BDOC )R #A77E 2 57 HA Sl
FRENX (p<0.05), BIAPTE MM 1T & T A0
PRI 1, X R BARIRLR ¢ A= Pt P 15 7K R R 22
TR R A= P o

(2) KITJFEK P R M R BB/ T 1K
BIE IR R A A3 P e it R AR ) 5 A T KR
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