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Abstract: Objective To understandthe baseline level of antibiotic residues in drinking water in a city in Guangdong
Province and the reduction effect of water treatment technology on antibiotic residues, and to clarify the health risks of
exposure to the antibiotic residues. Methods A total of 200 samples, including raw water, flocculation effluent,
precipitation effluent, filtered water and finished water, were collected from 10 drinking water enterprises in a city of

Guangdong Province. The occurrence of 92 antibiotics in water samples were detected using online solid phase extraction-
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ultra high-performance liquid chromatography-tandem mass spectrometry. Results

The detection rates of antibiotic

residues in 5 groups of samples ranged from 0% to 60%, and the sulfonamides were the major detected antibiotics.

Therein, a total of 20 antibiotic residues were observed in raw water, including sulfonamides, macrolides, quinolones and

chloramphenicol antibiotics, with the concentrations ranging from (0.057+0.003) to (181.419+4.245) ng/L. The

occurrence of antibiotic residues and their concentrations observed in the samples of raw water from river were higher than

those from reservoir. The water treatment process effectively removed the antibiotic residues from raw water, the

removal rate ranged from 39.89% to 78.85%. Consequently, the antibiotic residues were nearly undetectable in

finished water samples. However, the antibiotic residues still be detectable in finished water when river water was used

as raw water. For the exposure assessment, the results showed that the population posed a higher risk of being exposed

to antibiotics through this drinking water. Conclusion Attention should be concerned to the potential risk associated

with this finished water.
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Figure 1  Geographic location of 10 drinking water enterprises in a city of Guangdong Province
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Figure 2 Production process for drinking water and the sampling points
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Table 1 The octanol/water partition coefficients and mass

weights of antibiotics
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Table 2 Detection rates of antibiotic residues in water samples collected from different treatment stages /%
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it Jiie — F B g e (SDM) 10 0 0 0 0
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it 1 25 (SAs) it Jiie 48 — F S8 5 g (SDO) 30 30 20 10 0
itk JHe FY S i I (SMR) 30 10 10 0 0
it il — P S5 15 1 (SOM) 30 30 20 10 10
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it Jiie F ik (SMT) 10 0 0 0 0
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K LT 8 Z (ATM) 20 20 20 20 20
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RIAWER(MA) i MREE R (CLD 10 10 10 10 10
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Table 3 Concentrations of 20 antibiotic residues detected in the raw water of ten drinking water enterprises (x+s,ng/L)

. bk

e » NX sz WL RH XF HS WY RY QJ LC
SMM ND 0.237+0.093 ND 0.445+£0.079 ND 0.152+0.040 4.049+0.057 0.295+0.018 ND 12.627+0.475
SUD 0.857+0.049  0.491+0.037 1.990+0.051 ND ND ND ND 0.226+0.028 0.263+0.042 0.188+0.018
STZ ND ND ND ND ND 0.109+0.017 ND ND ND ND
SDM ND ND ND ND ND 0.171+0.015 ND ND ND ND
SUP ND 0.289+0.033 0.085+0.045 ND ND 0.288+0.029 ND 0.595+0.063 ND 5.575+0.144
SQX ND ND 0.258+0.030 ND ND ND ND ND ND ND

SAs  SDO 0.243+0.103 ND 0.672+0.043 ND ND ND ND 0.331+0.077 ND ND
SMR ND 0.255+0.049 ND ND ND ND ND 0.379+0.036 ND 0.195+0.006
SOM ND 0.247+0.051 ND ND ND ND ND 0.493+0.019 ND 0.923+0.076
SDZ 0.057+0.003 ND ND ND ND ND ND ND ND 1.502+0.051
SMX 0.378+0.025 ND ND ND ND ND ND 0.155+0.031 ND 80.177+1.229
SMT ND ND ND ND ND ND ND 0.105+0.008 ND ND
TMP 0.611+0.052 ND ND ND ND ND ND ND ND 1.116+0.049
ATM ND 137.017+7.126 ND ND ND ND ND ND ND 28.303+0.291

Mas LIN ND ND ND 0.163+0.041 ND ND 0.104+0.004 ND ND 5.414+0.056
CLI ND ND ND ND ND ND ND ND ND 15.163+0.234
CLR ND ND ND ND ND ND ND ND ND 5.695+0.200
OFX 1.626+0.127 ND 0.447+0.065 ND ND ND ND ND ND ND

A NAL ND ND ND ND ND ND ND ND 23.000+2.204 ND

CHLs FLR ND ND ND ND ND ND ND ND ND 181.419+4.245

o ND AR Y 5 SAs Bl B SE s MAs: IR MR ; QNs - M8 U5 i 5 CH Ls : 508 28 3% 5 SMM « fif e 1] FFY 405 B 5 SUD < i g 7] — FFY A0 B 5 STZ « il g 1 et
SDM : fiff e — P B 1 W 3 SUP « il i 60325 18 5 SQX ¢ 8 g 1 IR Uk 5 SDYO « i g 05— FFY 4% W 5 SMIR « 8 e P 5 0 5 SO M« filf Jéie — Y 53 % W 5 SDZ : it

T 5 SMIX 2 fisf 1 FHY IR 1 5 SMIT - ik g FY 1 s TMP » = HT 48,

DAL NAL: ZEME R ; FLR : B JE %

G E  ATM : JBE K 218 2 LIN AR 8 2 CLL: e ARE 3 CLR: 5 hi 55 5 OFX:

F4 10 AU K AR B ZEE I K P 16 Bl 42 2 A9 5% B IR B K F (s, ng/L)
Table 4 Concentrations of 16 antibiotic residues detected in flocculated effluent of ten drinking water enterprises (¥+s,ng/L)
. Ptk
ES 2 NX SZ. WL RH XF HS WY RY QJ LC
SMM ND 0.053+0.025 ND 0.128+0.013 ND ND 3.333+0.134 0.121+0.017 ND 10.968+0.091
SDM 0.258+0.059  0.040+0.057 0.257+0.027 ND ND ND ND 0.077+0.020  0.105+0.014 0.105+0.007
SUp ND ND 0.039+0.055 ND ND 0.048+0.037 ND 0.262+0.042 ND 5.204+0.028
SDO  0.072+0.008 ND 0.233+0.007 ND ND ND ND 0.200+0.027 ND ND
SAs SMR ND ND ND ND ND ND ND 0.291+0.016 ND ND
SOM ND 0.048+0.035 ND ND ND ND ND 0.357+0.028 ND 0.793+0.014
SDZ ND ND ND ND ND ND ND ND ND 1.321+0.018
SMX 0.132+0.007 ND ND ND ND ND ND 0.107+0.011 ND 73.520+1.827
TMP ND ND ND ND ND ND ND ND ND 0.899+0.019
ATM ND 87.417+4.092 ND ND ND ND ND ND ND 25.949+0.050
MAs LIN ND ND ND ND ND ND ND ND ND 4.919+0.052
CLI ND ND ND ND ND ND ND ND ND 13.294+0.225
CLR ND ND ND ND ND ND ND ND ND 5.215+0.088
ONs OFX ND ND 0.159+0.018 ND ND ND ND ND ND ND
NAL ND ND ND ND ND ND ND ND 18.162+1.289 ND
CHLs FLR ND ND ND ND ND ND ND ND ND 160.597+2.903
T2 ND AR 5 SAs: SIS s MAs: RFF PTG 3 QN M 3 CH L « SR 328 s SMM : B [ HY SRR W 5 SDM - B e — M1 LR W s SUP - B S8 8 5
SDO 8% [l 418~ HV 40 W5 W 5 SMIR « 8 fH FHY B 6 G 5 SOME « s f — VY S I 5 SOZ. « % i V6 W 5 SMIXC « 8 f Y RE e s TP » = Y407 0 M O 5 OF X Um0

B NAL: ZEWERR ; ATM : /K 208 3 LIN AR 8¢ R 5 CLL: 5O CLR: s fU 8 R FLR: R 2 %

WK A2 6 K (3R 7)o ] KEE S L
Bt 1 Rl AR 2% B AR TR AR K Al 43 53 SZ.
WY FIQJ, K i iy Bt A= R 5% B 7K 74333 Ay i 7K 41 %5
% (25.166+1.236) ng/L . fiffi i 8] F 40 4% WE (2. 166+
0.101) ng/L F1ZEE iR (9. 002+0. 200) ng/L, #& /= 4=
I AR A A oMl 7 AR B AN [ g DRSS PR, 7 38 14 7K
b BT Al b A R b A T A Y K AL 2

BV LR FEHUERKE . LC AETRRAIK A
v T K EE S A RIS L R A AR W
7K A (0. 471+0. 031) ~(103. 050+5. 322) ng/L, #2
A AT KA Sy T K8 AR T RO K Al A AR
It J5 K b BT AR 2R AE R AR £ 5 1 2% Fok Ak 2]
TN H AT A RO W, LR AR 28 A= 5 TR K 2 8
PUAE 2 RS o
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Table 5 Concentrations of 15 antibiotic residues detected in precipitation effluent of ten drinking water enterprises (%+s,ng/L)

K BAER NX SZ, WL RH XF HS WY RY QJ LC
SMM ND ND ND ND ND ND  2.874+0.058 ND ND 9.959+0.066
SDM  0.110+0.009 ND 0.308+0.306 ND ND ND ND ND ND ND
Sup ND ND ND ND ND ND ND 0.118+0.006 ND 4.059+0.050
SDO ND ND 0.156+0.015 ND ND ND ND 0.10220.018 ND ND
SAs SMR ND ND ND ND ND ND ND 0.125+0.005 ND ND
SOM ND ND ND ND ND ND ND 0.204+0.014 ND 0.60420.006
SDZ ND ND ND ND ND ND ND ND ND 1.148+0.037
SMX  0.041x0.014 ND ND ND ND ND ND ND ND 50.957+1.304
TMP ND ND ND ND ND ND ND ND ND 0.724+0.199
ATM ND 67.530+2.080 ND ND ND ND ND ND ND 16.729+0.294
LIN ND ND ND ND ND ND ND ND ND 3.291+0.016
M CLI ND ND ND ND ND ND ND ND ND 11.097+0.111
CLR ND ND ND ND ND ND ND ND ND 4.188+0.126
QNs NAL ND ND ND ND ND ND ND ND 12.148+0.215 ND
CHLs FLR ND ND ND ND ND ND ND ND ND 127.874x1.731

o ND KA 5 SAs: Bl e s s MAs: IR PR ; QNs: WS35 I s CHLs : 5055 3 25 s SMM « fisf Jie ] FFY 46005 0 5 SD M« fisf Jiie — FRY SR W 0 5 SUP - fiff e S35 18
SDO - fiff Jiie 418 — H1 42015 0 5 SMIR « it Jiig FHY 25 55 06 5 SOM it Jiie — FY S5 W85 I 5 SDZ « il Jig W56 W 5 SMUX il iz FP KR I 3 TMIP - = FP 405 05 I 3 ATM . JIid /K 41
T LIN AR AT 85 5 CLI: Ja kA 3 s CLR : Je 7 85 5 s NAL: 2508 R ; FLR . A e %

6 10OFKAE UK IE G K 135042 28 1 5% BA e B /KT (s, ng/L)

Table 6 Concentrations of 13 antibiotic residues detected in filtered effluent of ten drinking water enterprises (¥+s,ng/L)

K AR NX SZ. WL RH XF HS WY RY QJ LC
SMM ND ND ND ND ND ND  2.205£0.050 ND ND 8.892+0.156
Sup ND ND ND ND ND ND ND 0.0170.025 ND 3.806=0.006
SDO ND ND 0.138£0.007 ND ND  ND ND ND ND ND

SAs SOM ND ND ND ND ND ND ND ND ND 0.545+0.002
SDZ ND ND ND ND ND ND ND ND ND 1.285+0.282
SMX ND ND ND ND ND ND ND ND ND 47.415+0.909
TMP ND ND ND ND ND ND ND ND ND 0.800+0.003
ATM ND  45.787+2.132 ND ND ND ND ND ND ND 8.136+0.141

- LIN ND ND ND ND ND ND ND ND ND 2.979+0.022
CLI ND ND ND ND ND ND ND ND ND 10.20420.027
CLR ND ND ND ND ND ND ND ND ND 3.285+0.029

QNs NAL ND ND ND ND ND ND ND ND 10.374+0.214 ND

CHLs  FLR ND ND ND ND ND ND ND ND ND 114.306+0.963

W ND: AR H 5 SAs  BRAESS ; MAs: KEF IR ; QNs: 3% i s CHLs : 508 7235 5 SMM « il e (] FF 420 W% W 5 SUP - it i 035 % 5 SDO - filf il 405 — Y A
BE 5 SOM : fiff il — FY 57 188 g 5 SDZ - fif e 1 g 5 SMIX « i il FY IR I 5 TMIP - = FFY 4 20 W W 5 ATM : B /K 218 38 ; LIN : BRAT 85 28 5 CLIL: 5u KB 3 ; CLR :
SRR F  NAL: ZEHE R FLR : K e %

FT  I0F AT KA 7K 12 Fh b A 20 5% B ik B AKF (R+s, ng/LL)

Table 7 Concentrations of antibiotic residues detected in the finished water of ten drinking water enterprises (x+s,ng/L.)

Sl BiAEE NX SZ WL RH XF HS WY RY QJ LC
SMM  ND ND ND ND ND ND  2.166+0.101 ND ND 8.276+0.071
SUP  ND ND ND ND ND ND ND ND ND 3.532+0.127
- SOM  ND ND ND ND ND ND ND ND ND 0.471+0.031
sDZ ND ND ND ND ND ND ND ND ND 0.980+0.020
SMX  ND ND ND ND ND ND ND ND ND 43.887+1.494
TMP  ND ND ND ND ND ND ND ND ND 0.756+0.003
ATM  ND 25.166+1.236 ND ND ND ND ND ND ND 5.749+0.293
- LIN ND ND ND ND ND ND ND ND ND 2.762+0.050
CLI ND ND ND ND ND ND ND ND ND 9.961+0.079
CLR  ND ND ND ND ND ND ND ND ND 3.132+0.097
QNs NAL  ND ND ND ND ND ND ND ND  9.002+0.200 ND
CHLs FLR  ND ND ND ND ND ND ND ND ND 103.050+5.322

e ND R A 5 SAs B e s MAs: KIR PG ; QNs o M U5l 5 CHLs : S 35 25 s SMM « fisf Jie (1) FEY 40085 0 5 SUP  Jisf Ji S35 108 5 SO« fif Jiie — Y 53 Wi e

SDZ : fiffi i W W 5 SMX : it il FH IR s 5 TMP: — S0 2 B WE 5 ATM : JBE K 2085 2 LIN : AR AT 87 38 5 CLL: 5 AR 3R s CLR: s 8 R s NAL: 28 E R 5

FLR: A& JE %
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Figure 3 Variation of each type of antibiotic in the process

flow and removal rate

PO 25 K A BT 200 25 BR A AT 2R BE UL GE
1 2% B R TR b 9 S BRBUR L 5 SONG 45y
WF ST 45 R AL, 42 75 28 8E DUTE J 2% BR 50K b bt R
RO EE T2 SR, v B e P A R
25t BBEULVE T, FL AR B R K B — E R 1Y

i, 33X AT AR A Ry W B A A BURL B BT A R AE
Ji B2 T2 v E R R B K AR 5 Sob AR R AR B W
Th
2.4 RBVEAL

K HRQ (B PF Al AHE 28 A2 06 K R g ik
Gl AU 25 RN EE 8 TR . TEHIESIARN
B BT, 4 LC AR TR K Ak ) T K R
ik i Y TG e ) i B XU 7 55, HRQ hy 2. 814( B )
F2.785(Zc k), HR Oy 7% 58 SR JE 7% 1 i B XU
HRQ & 1. 029 B )1 1. 010( & 1) , 5% ik 2 Fp
P A= 200 £ JE U 2 )8 T KUR: . 48 SZ AR AR
KA B K R EE WK AL R & Q) AT
KA B T K R B8 5 E R T AT RE 3 A A ft R X
B S AU o 2t K R — R R R PR R
BRY il R OXCRS JE T AR KB o AR RS
MENG 25V 38 1 45 1 2 A W IO K R & Pk R
) i R AU ok 1 9L s A A SIS R K PR N R S T
AR, RIMLBR T HREZESIARNH 2
A0 AR RIS TR K R R 58 2 Fhi R R
) fi B XU, A DG 25 S 4 7R 28 LC AR 3 TR K Al
[Fi] Fsf 22 B B A= 21 it B XU Jas v XU (5 M HRQs:
3.910; &Pk HRQs:3.861), i T LA K . AR K PEA
gy B H 2 AR I IR K B 88 b A R R YK
HHLOREE S HAE L RABEZM, £k
JE EX AR 2R 8 i Al A A O AT PR R 85K T
i i A28 2 58 P AR B p9 A o BN ] 7E 345 A
KRR SHEREE R RRAENE O R
5, A B T A M AR AT R 28 A T K R K R R
A R A LR .

F8 MRS AT AR FRON M e XU

Table 8 Risk of human exposure to antibiotics detected in finished water

ADD‘M/ ADD\M/ ADDM/
| ADI/ HRQ, HROQs

AR KT WE/(ng/L)  [pg/(kg'BW)] [pg/ (kg BW)] [pg/ (kg BW)]

mie o mee o w0V T T T e
ATM S7 25.166 0.748 0.734 0.017 0.018 0.765 0.752 5.000 0.153 0.150 0.153 0.150
SMM wY 2.166 0.064 0.063 0.001 0.001 0.066 0.064 50.000 0.001 0.001 0.001 0.001
NAL QJ 9.002 0.268 0.263 0.021 0.023 0.289 0.286 2.500 0.116 0.114 0.116 0.114
SDZ LC 0.980 0.029 0.029 0.005 0.005 0.034 0.034 20.000 0.002 0.002
SMX LC 43.887 1.305 1.280 0.102 0.112 1.407 1.393 0.500 2.814 2.785
T™P LC 0.756 0.022 0.022 0.002 0.002 0.024 0.024 4.200 0.006 0.006
ATM LC 5.749 0.171 0.168 0.004 0.004 0.175 0.172 5.000 0.035 0.034
LIN LC 2.762 0.082 0.081 0.003 0.003 0.085 0.084 30.000 0.003 0.003
FLR LC 103.050 3.064 3.007 0.022 0.023 3.086 3.029 3.000 1.029 1.010 3910 3.861
SMM LC 8.276 0.246 0.241 0.005 0.005 0.251 0.246 50.000 0.005 0.005
SUP LC 3.532 0.105 0.103 0.002 0.003 0.108 0.106 50.000 0.002 0.002
SOM LC 0.471 0.014 0.014 0.001 0.001 0.015 0.014 50.000 0.000 0.000
CLI LC 9.961 0.296 0.291 0.013 0.014 0.309 0.305 30.000 0.010 0.010
CLR LC 3.132 0.093 0.091 0.002 0.002 0.095 0.093 30.000 0.003 0.003
T ATM : it 7K 218 2% 5 SMM : fiff 4 6] HY 480 M8 2 s NAL s Z8WE iR 5 SDZ ¢ fisft i 15 I 5 SMIX . fiff g Y IRE s TMP » = HH 4807 S W5 I0E 5 LIN . ARk Al 8 & s FLR . 9]

HJCH 5 SUP il g U5 W 5 SOM it il — H S s 0 s CLI: S MKAE 3 5 CLR : e f B %
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