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W OE B REN A RS e, AR K P B AU 45 R AR SR IO I A S, S T R AR RS TR AR T
PE 7 (PAC) W BT B A 2R R AR BRI, PRAG JFOK B HE T 250 P A R L BRakcR . 45 R0, K U M J5 K A G
10 A A 28, HiAE R BRI 184, 75~195. 72 ng/L, FE NS MA T F IS, KR PAC I s % 5~20 mg/L
i) PAC, 7K 3] JFIK CODy,, FEAIK 5. 39% ~ 12. 4% , Hu A= T vk BE S5 E R AIK 54. 1% ~ 95. 8% , MRAT WL b A= ] 78 & LBk,
BERR BRI, AT R RBRECRARTEAR . PAC MBI K T4 3 T A5 208 il AR /K bt Az 220005 Y i XU
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Operation Management of Powdered Activated Carbon Adsorption for Antibiotics Emerging

Contaminants Removal in Raw Water
JIN Lei”
(Shanghai National Engineering Research Center of Urban Water Resources Co. , Ltd. , Shanghai 200082, China)

Abstract As a typical emerging contaminant, the risk control of antibiotics in drinking water has been a hot research topic recently.
This study investigated the removal of antibiotics through powdered activated carbon (PAC) adsorption under production and operation
conditions, the effectiveness of raw water pretreatment on antibiotic removal was evaluated. The results showed that 10 antibiotics were
detected in the raw water of water source, with the total mass concentration ranging from 184. 75 ng/L to 195. 72 ng/L. Sulfonamides
and chloramphenicols were the main detected antibiotics. Addition of 5~20 mg/L PAC at the water source filling point, the COD,,
concentration of raw water entering the water plant reduced 5.39% ~ 12. 4%, and the average total concentration of antibotics reduced
54.1% ~ 95. 8%. Lincosamide antibiotics were completely removed, followed by sulfonamides, while chloramphenicol removal
demonstrates a relatively lower efficacy. The raw water pretreatment of PAC adsorption can effectively control the risk of antibiotics
emerging contaminants in drinking water.

Keywords emerging contaminant antibiotics powdered activated carbon( PAC) raw water pretreatment operation management
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s bR R R 3.28 7o BiAEE M
)5 ,30% ~ 90% A 2 BN AR A S 4 Xl o0 Ak, L
JE 25 10 T8 2CHE R b it A BR SR H i i 3R
K HL R KRR RN A 0 A A R R B A T
BRAKPHER B RERE R K
SRR i AP R R B B 2 S B Fh b 2L K i
IR, B 2 W2 T 0 A AR R A )
(TR 25 1 DA B AR LS (AR R IR K TLAE e )
(GB 5749—2022) 5 & 43 7 15 4 ¥y 4 A HE 17 4 il
e, CCEWE RO KARER 30 7 ¥ 5 8 ¥R A
PLYIHE5) (GB/T 5750. 8—2023) &4t T Hi = &K
KPR AT ik, HILR W], BA R
X R K BT 15 G 1 1) DR 42 il ik B0, 32 20
BTG Gy AN AR K A5 1 48 B 2 A Ok B2 1Y) R
FEE

3 ARG 2% (powdered activated carbon, PAC) X}
KA A LA B A ARG 1 W B R K Ak
BT 2 25570 2 —. PAC MR 25 Bk 44
BUE R AT, SR X S 58 22 1 T /M L
H PRI AR X SRR RIS T AR
SCPEAE FHARXS B EsS o ASAIESE LRI T A
AP R 5], W 5K PR R LB AR 7 i B AL T,
PAC W 7K T3 b B0 BT A 2R 28 15 Y 1 K BR Ak
R R IZK S A 2 28815 Gy AU 44 1l 42 L R
THEMSE
1 #REFE
1.1 (YA

ECRAR 4354 ( Sciex ExionL.C AD, Sciex) , =
U B AT ER BB T AL ( AB Sciex Q-TRAP 6500,
Sciex) , 4 H 3 2 WY ( Biotage ) ,60 v 4= H 2 [E AHAE
BUALCETTER) , RR O - — O 528 (HLB) [
AHAEBUAE (500 mg, 6 cc, Waters ) , B B8 21 4 I 5
(GF/F, 47 mm, Whatman ) , Poroshell C18 & i ¥
(3.0 mm x100 mm,2.7 wm,Agilent)

32 AR R AR UE G AR R (LNK) AR
WE(TMP) fiffiffle (SAM) B e W e ( SDZ) ik e HH 35
WEWE (SMR) | fiff iz — FY MR BE (SMZ) | i i 1 g
(STZ) T i S k15 (SCP) | B il FH Sk (SMX) |t
Jite FEYIE — I (SMIT) (S i — F S5 AR (SFX ) s e o
AU IE (SMID ) s flie — PP AR E (SAT) il g Bk
(SG) AP R (OFL) (TP AR (NOR) &LV A

(LOM) Ji#EVh B (ENR) ARV A (CIP) A YD
B (DOF) \JUAEK (TC) , LA R (MTC) . L5 R
(0OTC) &R HE (CTC) 31 FEK (DOC) A Rk
(AMP) Z/RWE(TYL) P A% E (ROX) ahi%s
F(CLA) HE R (CAP) FHINEZE (FF)  H &
Z (TAP) ¥y H Dr. Ehrensorfer 23 #] .
1.2 PAC R Bt R 7K Fi4b I SEBR TR
1.2.1 PAC #ns magil

FEARKUE A T A 3L 3T Wi, BOK A T IR
K FshtE 2T RE K, Lk AOK B sh K, A
BRSNS TR0 A 5, DU A R ST TS e i A AU 35
K, RFeE K AR K K BT, 8% T N2 PAC INE R
#% . PAC BInE i 2 350 71 m®/d JFUK Fiib B
B B KANTE o 20 mg/L, D & 0 B0k 2% ~
5% , K IR BNE , 8 B PAC 2R 58 i i
FEROM KRR E T, PAC R, b
325 H, b F M 8 900 m*/g, Ml W it 4 950
mg/ g, W H TR FHE N 175 mg/g.
1.2.2 PAC W Fff LR JE KPR S

JEK PAC R B35 A B 325 7 8 0 1, 7K D5 A
IKIXJFKOK BT F Z A8 bR S 80 3R 1 i, PAC M
R4 5.10.20 mg/L 1 3 NN A AL PAC
PHBC T E0CH 3% ., BV BE A R SR A i
72 b, PAC F e AR B2 ] v Wk B2 12 17, PAC
BN Ry K s 2R K BN A, AZK R it
JKIGKT A FKT™ B BYHET 7KRAE 551 1, PEA
PAC W B i 7K 701 Ak B B A 2R B R BRAICR . A e
AR R8RSR g < TR DT - b g - AR | k-
Yyt - FIH B IR BE AL B T2 20, UK PAC
S 2K A B JEKAE R EE R 34,2 km, J5iK
R KRR E R 1.4~2.0 m/s; B2K) B 15
KM K E R 78,2 km, KRN 0.3~0.6 m/s,

F 1 KIEMFK FZK R
Tab.1 Main Water Quality Indices of Raw Water

K g bR 82 Bl FEE
Kl C 11.2~15.0 12.8
pH i - 7.60~7.80 7. 64

ey = mg/L 6.05~8.02 6.58
M NTU 11.7~23.5 16.6
H (LN mg/L 0.24~0.35 0.28
CODy, mg/L 2.92~3.20 3.09
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FKUYEHL PAC SR A FKT B 7K f ik
B 2054 8. 2 h AT 36. 1 h, R4 PAC FhniAiy)
B A 7K PR LK K ) A Rk )T B ek T
K, GBI KFES A R U EE R CODy,
1.3 R AE
IKFETA: 253 H R I [ AR 22 B ( SPE ) T4 BRI
TR RICHRR £ 1% HR B B 335 ( HPLC-MS/MS) J7 i, L3k
IKPUAE R B IAR ISR BR SAM Fl SG 9 Ffi it e 21 (1]
RN 60% 2247, Hodebid: 2 B RTSCRAT F 77. 5% ~
108. 7% , K Hi FR A 0. 015 ~ 2. 160 ng/L, 7KAEEH T
AR TEHA AL LD 5] HPLC-MS/MS 43 # J5  J
SR BB RTE R B SCRTE" . PAC AW
YEFHXT K ) CODyy, 43T ik 72 1 )5 i, DR I 7K A
L UEJE R COD,,, , 73 B 77 1 2 B A 36 R 7K A
HERS s 28 7 W AL LR G F8bR) (GB/T
5750. 7—2023) .
2 #BREITR
2.1 KiEHHKREKREZKRHKE
JEKE PAC I a] K I kb 7K X T K 4
A F A AP R FE AN R 1 s SRR 3 25 10 F

PUAEZR, 7000 1 O] BERE S (LNK) |, 7 Pl e 2
(TMP .SG .SDZ .SMZ .STZ SMX .SCP) il 2 fh G5 %
K(TAP FF) , HpbiERARKG L, BPUERR
HHE N ND ~63.32 ng/L, PikE R BRI E N
184.75~195.72 ng/L, ¥J{f 4 189. 77 ng/L. A[alF
KhuA: R BTt R B o Wl AR AT BERESE 14. 71~ 15.52
ng/L 25 101. 24~122. 99 ng/L A £ 51. 42~
78.96 ng/L, FF £ M 57 2 B di iy (51. 42~ 74. 51
ng/L, ¥I{E N 59. 60 ng/L) ,ixX 57K JF b 37 A 0]
KRN AK A B FF 3R B AE AR, FF 35 )2
AR L B A PR R R
Tk RELE KI5 & 35, B CAP BiAlk #h4%
G FF AR E BRI R, TEK ™ 575
HA Tz N, Je e K IR 5T o % o vk B v 1 B 2
JRAM  SG SMX SMZ JeAb: H v i AR i A st e
FPi A &, R 4 A 31,66 ~ 41.09,21. 02~
26.81.22.77~23.82 ng/L, HMeZpiE R EANFIL
FZEHUAER Tl 2= 25 R A2 R A8 R B 9 P
fiE , ZEK ISR R I 4T, 245 /KRB rh 22
M E R

B KIEHEUK R AR R

Fig. 1 Antibiotics Concentration in Raw Water

2.2 PAC M EKMERBEEBRURE
PERAZ E W A KT B KT i ROK bR
FAMEINE 2 iR, KR R K X K AR 2R
VRIE N 184.75~195.72 ng/L, P 335 Fl 4/, ¥
B0 189.77 ng/L, AT LIFE oK) #E) ok ik
FURIERH PAC RB 0 1 i imi B @ FE AR, PAC 4%
IR 5 mg/L B, A KT HET UK BUAE R BRI

JE N T75.45~94. 42 ng/L, H4J{H 4 87. 08 ng/L;7K)” B
HETIFOKSUE R BB R B 55. 47~ 66. 04 ng/L,
PIE N 62.06 ng/L, PAC HHH N 10 mg/L, A /K
J7R B KT IEOK BT A: FR B R AR, 4300 R
25.77~40. 09 ng/L H127.52~35. 28 ng/L, ¥I{H 735
J 33.54 ng/L 1 31. 40 ng/L, 3 JFUK$L A Euk
B REAIG . PAC B34 M2 20 mg/L, A F1 B 7K
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TR IR KA R R R T R A B i — A R R
8.05~10.92 ng/L 3. 47 ~12. 66 ng/L, ¥I{H 2 B F%
K= 9. 49 ng/L F18. 06 ng/L,

B2 JRUKPUERIREERIBN PAC A2 (L%

Fig. 2 Changing Trend of Antibiotics Concentration in
Raw Water with PAC Dosing

G301 PAC WX K B2k 28 e BRAsR , PAC %
TR R 43 R 5,10 .20 mg/L BF A KT 3E) I
KB 2 M H K R i 7K XS 34 43 B R AIG 54 1%
82.3% .95. 0% ; B /K #E ) JFK H K 2 i 7K DX SF-3
F%AIK 67. 3% .83.5% .95. 8%, 45 FLF A | #E /K YR
Jii I PAC W B T A LAk BT 8 3 A A b s ol i
K)THETIEK AR AR R R EE R PAC Hm i
B O AR B AR, PAC XK A oAt A R 2
BLAIAEA — 2 I B 25 BRI, #m 5.10,20 mg/L
) PAC,7K) " A #ETJF7K COD,, AH LK i 7K X
A3 BIREAIG 5. 39% (8. 24% 12.20% ;7K B 3] JFsK
COD,,, M43 BB 7. 06% 9. 72% 12. 40%

g5 JRK S Be AR o A AL B R K BT AE
R R 25, K PAC JniE S ZEK
A B JEKE M BE SN 34,2 km, KR K 1.4 ~
2.0 m/s, JEKEBCHT ] R 8. 2 hy 27K B By JRKAE
MR EE R 78. 2 km KRR H K 0.3~0.6 m/s, JFK
FFECET IR 36. 1 h TR R/ I 5 R B B ] B
FE520 PAC 57K AR A B 42 fi B ] 1< BE 25 1Y
T 7K A T g i P ) 4 PAC A8 J 7K B I 3 2 rp B
U b R AR B . b, B KA I R AR A 7K 3
THEA R T PAC XA HLA AW )

2.3 PAC B ARFMEMERZEBRUR

G3HT PAC W B X6 T 7K oA ] R 2 bio A 3R 25 B

B, N 3 frs, PAC M 5 mg/L,7K) A

B )RR BRAN BT A 2 L BR R4 31.5% ~
92. 7% 1 30. 7% ~100% , ¥t 4= 34 B R 4351 R
54. 1% 67. 3% ; PAC BN K 10 mg/L, MK
TR B A BT AR 2R L BR R 4 R 65. 5% ~ 100% Fil
63. 4% ~100% , i V- 34 L BRF 505 0 82. 3% F1
83. 5% ; PAC #1020 mg/L, T JF /K B FpHT 4=
EBRFRAY R 79. 7% ~100%F1 91. 2% ~ 100% , itk
Z R RN 95. 0% 95. 8%, A LLEH,
Bt PAC B & vk & 15 3] 20 mg/L, LNK , TMP |
STZ TAP fg5¢ &9 PAC W I 2Bk, SG.SDZ SMZ
FF . SCP Fll SMX 2B F 90. 4% ~ 98. 7% , A B
B PAC W84 2Bk T 1 e XA HILA 17 W o
A5 555 A 7 W | OF 2 B - UK 40 Tl R A HLAL
PR G 38 5 5 0% BRI 1) = B - /K o3 L R AU IE
FHSEHENOT ) IE A B - K 4 e FR KA X 8 Y
LNK ,\ TMP W b BEASC SR At 1E ~F i — 7K 43 Tic 32 204
SHEARAY SG . SDZ SMX  FF A% T HAfl 4 A4 K ab B

B K T I K i A R B S B B A e
[E], 76 5,10 mg/L AR B PAC 4T, s fpbid £
ELERFME A K) i 8. 8% ~40.4% . 24 PAC 1
InE| 20 mg/L W}, 2 B 22 22 B W W /N, A 1
2.5%~11.5% , W TE R = W E 1 PAC % m T
T, A B A o B[] X 2 3R 2 B R 11 5 T 3%
WA, MASTRIZE S AE R 434, J5/K PAC i
HON 5 ~20 mg/L, T JEIKOMRT Bk e 25 KBRS
31. 5% ~100% , i fie 95 2B 62. 9% ~94. 5% , A,
FFRBEERFERN 26.6% ~96.9% , PAC WX A [A]
PR AE 2 R BRI FRIN M TR 25 BRI I
i, 1B PAC W B o8 4 25 e S R RACR IR Z,
AE RS L BRBCRAR T HRAT W SRR e
2.4 WM kMERRETK

FEKIE AN PAC A3 80 BT KB AE R
(TN, kB A ZRALBE PAC BN T i 35 AR
PAC #MM 5 mg/L 3% 10 mg/L 120 mg/L, A
KT H T KRBT A: 288 0 vk 8 Y (E AR YO 22. 13
ng/L &M% 11. 38 ng/L A1 2.33 ng/L,B /KJ HJ
KPR B ER KN 15,12 ng/L FEIEZE 4. 86
ng/L Fl 1. 80 ng/L, BMA I B /K T 7KPiA: E ik
FEART A KT T K, g5 F AR IR K IR K PR T
PAC FEAT /K RAL B, Al A5 Rk il o T Bk Rk T
K TR RIS Y AR XK IR K T
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B3 PAC WHIXIARRISHTA R KRR
Fig.3 Removal Rate of Different Types of Antibiotics by PAC Adsorption

He RIS Y 5 % 15 Yt AR K b PAC T
Bt JEUK T AL BE T 2545000 20 me/L B9 PAC, FFJE K
EWHBCT R PAC MERVER, ol A 80U 2k
JTHETEOR AN KR AR R
3 &g

(1) K PE K X JE KA 10 R 2, AR
T AR 184,75 ~ 195.72 ng/L, ¥J{H N 189.77
ng/ L, BN GE B R APUAE R R UK 2k
(IBTAE 2 Horh FF A VR BE RS

(2) 5K PAC W FR 53 b B 6 7K A o i i 2E 25 2L
BRI ZBREOR B 5~20 mg/L B PAC, FitE &
SRR 54. 1% ~95. 8% . PAC MR n] 584 £ %
JEK FRORR AT I e S h A 2 BRI R IR Z
B R R LR T MO B2 e e 2

(3) 383 72 K PE K P4 PAC 3£ 47 K it b
AT R T KK T I TR R A R
FSHTE Y, K B0 Az 28 208 15 Y 1 AU 2 il
HA SRR,

S 30k
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