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Occurrence of Typical Antibiotics in Sediments of Guangzhou Section of the Pearl River
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Abstract; Extraction of sediment samples was carried out with an ultrasonic method using a mixture of acetonitrile
and citric buffer as the extraction solution. The extracts of the solid samples were then cleanedup and enriched with
a tandem solid phase extraction (SPE) method, followed by an analysis using rapid resolution liquid chromatogra-
phy—tandem mass spectrometry (RRLC-MS/MS). A study of the occurrence and special distribution of 41 antibiot-
ics from 13 sampling sites in sediments of Guangzhou section of the Pearl River was conducted. The results showed
that 24 antibiotics were detected in the sediments of Guangzhou section of the Pearl River in dry and wet season.
The concentrations in dry season and wet season were at the range of ND (not detected) ~54.800 wg/g and ND ~
3.433 wg/g respectively, and the antibiotics of the highest content in the two seasons were both oxytetracycline. In
sediments, the predominant antibiotics were fluoroquinolones and tetracycline antibiotics. The total antibiotic con-
centration in dry season was higher than that in wet season. The spatial distribution of antibiotics in the sediments of
Guangzhou section of the Pearl River followed the order: streams in densely populated urban area > the river rea-
ches in densely populated urban area > middle and lower reaches of the river > the upstream of the river, which is
basically the same as the distribution of pollution and sewage in the urban area of Guangzhou.
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WG TR PEIE AR R , RE A [ PR 055 v 40 T i 245
PG AL B 5 WA 25 2 0 0 AR 1 i B o A Ak
2. BT A 2 25 B 4 4 B e R TR T T
T AR AT SR, 2 )8 A R T 2 R
TEREFIY 1. RS 0, P A5 A RIFIE Y
T PR T 250 T BN R,
SRPTAE R AE A RAEE P A T R 5T .

2K T BB AR 2 2K/ TR B 43 A
REAS HE A TTR 3RS SFTE VIR g A0 LR . A
F T M3 7K B0 AR 25 5 YL AR AE R Y, X B AR &
TEST TR W b B F 5 5 /0, ik 32 Bt T U AR
WIS 2 2 R AR O 2 RS2 Ve RE 1 A5 5 v B
SR BEE BRICH AR R AR 40 H 1 Btk | T 4F Sk A 20
AT G IR B A A A AT T
eI 5. 7E 26 [ ) A PR 4 R DO 3R 2 4
A F 2 P M S BT AR M 2 B ORCER P TS 2 A
2 A VR B RRRE R B 0 A
B, R IA 265 ng/gl . ARBKAE 1R TR [ i
TTCR PRI ) 7 Rl A 2 I 0 B e —
FH W I (1) A R i, 40 1k 216.44 85.29 ng/g. AT
Skt , o I TR vh A bt A 2 BT S8 A+ 43
AR, IR E PR 2l Rz 5 H TS AL BEE AT
IRASETS , Kt A B A 25 10 A 1 15 7K R 35 58 % 7K HE
AT DRI, A 06 S 5k — 2 T 2 i 110 3 0 AR
A R TS YRR ERIF ST, b A BBl A
AR AR

1 #RFGE

L1 FAnsr e

TR TA: R 41 F Q045 14 FhAf 28 12 F
FMETRERZE 5 FHIUMR R (6 FORFRNERZS (1 Feg
TR 3 P A B HOAE R EAE Bk 1
JIE7R. AR AR UE 34 Sy 258 R R A TE A AR
i, PP A R AR AMBEH R A Sigma-
Aldrich (&) , e bt A Xy W A Dr. Ehren-
storfer GmbH (fZ[H ) , it | /340 =95%.

WERYIEL 9 Bh (2 1), Horp i Jiie RIS -D, 41
TH-"C-D, WERDRIME-D, IR VD A -Dy AR
BE-D, FIAR ] B Z -D, I B Toronto Research Chemi-
cals (JINEEK) s i — FmgIE-"C g [ Cambridge I-
sotope Laboratories ( 3& [# ) ; FH @ A E W H Sigma -
Aldrich(ZEH).

o3k 2l FH RN 2 i 3 0 TR E B e A F) L R

BT ] Tedia 43 71, B A1 2, BOWEHS F 96 9 Siga
- Aldrich 277, Na,EDTA FBER FUR-BERR B o 4 BT
i, B R EE AR A R HLB A% (200 mg, 6
mlL) ) T 3¢ [5] Waters 23 7] 5 5 B B 7 32 e 4F: ( SAX,
500 mg,6 mL) Ity F 3E [E Varian 2\ 7). I IS 2] 48 58
(GF/F 142 0.7 pum) T 52 [E Whatman 23 ).

B VA 28 V1) 1) % < ERR PRI 10 mg $02E R i
T 100 mL FIEE D | e 28 o0 s W B2 o 100 mg/L; 31
METE IS R (G R T 2) K P AR 3 7
100 mL F R F50 %08 0.5% 1 mol/L NaOH 1 i fi
H AR IRCE T -20 CLOAAF KA B R MG R
&, W8 B I 400 wL 100 mg/L 408 &R
i & T 20 mL AR @I, A 19.6 mL HIEE, 4%
JE AL 10 WL 1 4.0 mol/L B FRIA WM pH=3,
FRFHE 4 h 5L R, T -20 C LR #DE
RAE2 1A

AR VR DA S 8 T A 2 YR LR L ) 3 R
FZE 1 mg/L.

FrEIR g2 il (pH=3) 1Yl 5 : R 34.7 ¢ —
TKATBERR AN 10.2 g #7EIR — 4Nl T 0.5 L, Je %
He B~ 0.2 mol/L.
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AFF 5 DX 83 B IE 28 7 N T DX A R V) M T B
S AR SRR, I LA Ui i BRI AR Sy X AR ik
B3 AACREWT ST I (IR 2) SR A A
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"B BT TR, O e B AR T T K Tk K R FE
B DX S8l M A R A T TR 52 0 A an P 1 R 4
T 2015 4= 12 J F12016 4 4 H SRR K 3
AIARE . UGN RAERZLA S em JEHTT
R RGO LRI TAR 3R, 57
RN 1.0 g & 24k 48 H DL 30 il 3 2 o 6 B bRk
EWIESR. BEET 0 Cyk & s nl 528k %, IF T
=50 CY R T THRJS IORE S TE B S AR B I )
LA 250 pm G 55 25 IWORLY , SRS T -20 C ¥ Uk
TRAF-

1.3 RBRYPHRERMETAEFE D

FREL 2 g ST HUTTR) T 30 mL B Eg.0E ,
A 1.0 mg/L AR 100 WL, i T¥% PErh 4 °C R
ST . ARG T R R SO TRy < 43
FAERAELOE A 10 mL 0.2 mol/L #7HEFRSE #h
W (pH=3) F110 mL )i, 1R E 20 s, 75 15 min;
25 CLAMF T2 500 v/mim &0 10 min, 582 F 15K
T 200 mlL BB s SEBOS A 2 IR SRR
15 55 C M NheE2E K BRI BLEH.
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Table 1  Information of target antibiotics and their corresponding internal standards
5 LB CAS WAL %5 iEL e CAS & sk HHRE AR

1 i ERa Sulfadoxine SDO IS 2447-57-6 C,H,N,0,S  Sulfamethoxazole-D,
2 T e — VP SRk Sulfadimethoxine SDM fist e 122-11-2 C,H,N,0,S Sulfamethoxazole-D,
3 il i s W e Sulfaquinoxaline SOX e 59-40-5 €, H,N,0,S  Sulfamethoxazole-D,
4 WEMEmEE  Sulfachlorpyridazine scp Bk 80-32-0 C,oH,CIN,0,S  Sulfamethoxazole-D,
5 B et R e g Sulfameter SM i 651-06-9 C,,H;,N,0,S  Sulfamethazine-"C,
6 fifi iz ] FF 420 Sulfamonomethoxine SMM e 1220-83-3 C,H,N,0,S  Sulfamethoxazole-D,
7 R e T g Sulfamethazine SMZ g2 57-68-1 C,,H,N,0,S  Sulfamethazine-"C,
8 e — PR S Sulfisoxazole SX igires 127-69-5 €, H;3N,0,S  Sulfamethoxazole-D,
9 Tz F L i e Sulfamerazine SMR T e 2 127-79-7 G, H,N,0,S Sulfamerazine-D,
10 T g e e Sulfathiazole STZ T2 72-14-0 C,H,N, 0,5, Sulfamethazine—"C,
11 Tz Y Sulfamethoxazole SMX T2 723-46-6 CoH, N;0,S  Sulfamethoxazole-D,
12 e U Sulfadiazine SDZ TR 68-35-9 CioHEN,0,S  Sulfamethazine—"C,
13 e ik Sulfapyridine SPD T ek 144-83-2 C,H,N;0,S  Sulfamethazine-"C,
14 T e e Sulfacetamide SCT T2 144-80-9 CgH(N,0,5 Sulfamethazine—"C,,
15 RO E Difloxacin DIF FUEIEEZE  98106-17-3 C, H,yF,N; 0,4 Ciprofloxacin—Dy
16 R R Sarafloxacin SAR FEHEIZE  98105-99-8 CyH,,F,N;0, Ciprofloxacin-Dy
17 WE R Fleroxacin FL MRS 79660-72-3 Cy;H g F5N50,4 Ciprofloxacin—Dy
18 2 U Marbofloxacin MAR FESTERRE  115550-35-1 C,,H,FN,O, Ciprofloxacin—D,
19 AR A Ofloxacin OFX FMEAEE 82419-36-1 C,sHyFN,0, Ciprofloxacin-Dj
20 JiS87is kU= Enrofloxacin EFX FSTERE  93106-60-6 C,oH,,FN,0, Ciprofloxacin—D,
21 BT Danofloxacin DAN FETEER  112398-08-0 C,oHy FN; 0, Ciprofloxacin—D,
22 BEWE Lomefloxacin LFX PGS 98079-51-7 C,H,,F,N;0,4 Ciprofloxacin—Dy
23 TRl Pefloxacin PEF FMEEERZE  70458-92-3 C,,H,0FN, 0, Ciprofloxacin—D,
24 NI Ciprofloxacin CFX FEEERZE  85721-33-1 C,;H,;FN,0, Ciprofloxacin—Dy
25 R R Norfloxacin NFX FUEIEEZE  70458-96-7 CoHsFN, 0,4 Ciprofloxacin—Dy
26 fEZ Carbadox CAR TS 6804-7-5 C,,HN,0, Thiabendazole-D,
27 SAMNHE Chlortetracycline CTC MU E 2 57-62-5 C,, Hy; CIN, O Meclocycline
28 AR ZE Oxytetracycline 0TC DU E K 79-57-2 C,,Hyy N, Og Thiabendazole-D,
29 BAEER Doxyeycline DC PIHFRE  564-25-0 €, H,,N, 04 Meclocycline
30 7N Tetracycline TC PUIRE L 60-54-8 C,,H,,N, 0, Thiabendazole-D,
31 Mg+ EE Methacycline MT LEZ-N 914-00-1 C,,H,, N, O Meclocycline
32 RINE Tylosin TYL KPS 1401-69-0 CyH,,NO,, ETM-H,0-"C,-D,
33 VAR 5 Roxithromycin RTM KRIANEL  80214-83-1 Cy HygN, O, ETM-H,0-"C,-D,
34 LHEER Leucomycin LCM KRIFPHAEE  1392-21-8 C4HgsNO,, ETM-H,0-"C,-D,
35 WhEE Clarithromycin CT™M KIFMAER  81103-11-9 CysHeoNO ETM-H,0-"C,-D,
36 JiKa%HE Erythromycin-H,0  ETM-H,0  KIFPEZE  23893-13-2 Cy,HesNO, ETM-H,0-"C,-D,
37 M EE Oleandomycin ODM KIHWREZEE  3922-90-5 CysHg NO,, ETM-H,0-"C,-D,
38 HhEmE Salinomycin SAL BEHEALE 53003-10-4 CuHy00,, ETM-H,0-"C,-D,
39 M #HE Lincomycin LIN HE 154-21-2 CgH3N,0,S Lincomycin-D,
40 H AR Trimethoprim TMP He 738-70-5 C,HgN, 0, Trimethoprim-D,
41 LIE TN Ormetoprim OMP He 6981-18-6 C,,H4N,0, Trimethoprim-D,
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Table 2 Sediment sampling sites and locations in Guangzhou

section of the Pearl River
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Figure 1 Sampling sites of sediments in Guangzhou section of

the Pearl River

Jiez )5 W K AR B B R ] SAX-HLB BRI AT i
TR L. TERFHABCZ AT, MR BUE A 0.2 g
1) Na, EDTA (& 4 J8 5 ) , I HIE 2k 7 B 2=
200 mL,JRA]. ERHRAER T 10 mL FEEA 10 mL #H40
KA ARG  KAHEE RO L) 5~ 10 mL/min #3i
HE s SAX-HLB HH AL, Rk s i, #2% SAX
FE, T 10 mL B 217K 9218 1 2 BN AE HLB A Y22
JBT A Na, EDTA. FL25 ZE40°S 60 min DL BRI A 5%
F 7K 5. 10 mL B/ M BBt RIS Witk
ATUEIE. FHAY B2/ () B 8 e 4 A8 B e TR F o HL vk
5% 1 mL; FHLAT, HZEMAAREIE T, BHES
BRI (HBEEREAA 0.1% R K 5 mmol/L HFREIK
VSRR 3: T IR G) A2 1 mL, F#.

TR AT S5 7 0 BT 35 25 8 2 BROCHR [ 7 ] i 47,
FEHATIE Y. WA 3% 550 (354 Agilent
Eclipse Plus—=C18(100 mmx2.1 mm, 1.8 um) , {4
FERT U 7 B A S BB A, DL 25 R U I A AR & v i
A/ NFORL ) 5 It SR A R 0.3 mIL/min; A3 i 46 T
JEWHh 40 C, #EFE R 5 pl. Wi 3h A0 h 22 v il

(0.2% FFERH 2 mmol/L ZIR%ER) (A) FIZ A5 (B) , B
BEVEB AR R 20 min 10%B,5 min 15%B,7 min
20%B,11 min 40%B, 15 min 60%B,16 min 95%B,
25 min 95%B. FUiESH A il R 4R H
Z 8 WA (MRM) #5475 W, 1E 58 74X (ESTT)
SRAEEE. RERERE R R TR AR
AL H AT Optimizer (Agilent 23 7)) #4704, 11
SR E R A 5 A 325 °C T 6 mL/min; L8
77 45 psi.

K AR E 5, A 11 R E A L AR
it LA KR 147 359 50 i [R) s a4 A 38URN 43 A
EA AR B AEM B AW KR 0.19 ~
2.37 ng/g, RS54 0.64~7.89 ng/g, Jinbr I
BN 51.2% ~ 172% , FIX AR HEAR 25 /N T 20%. 45
Ab P I v LR B B (R 22 R 5% , B LU 2
7 20%.

2 HRMITIE

2.1 HAEREIRILI MARTRWES REHE
e AL F HARGT AR P 30 24 Bl = A 4K
SRR At G A6 R R ORAE B/ IMEL P
P A B S5 5 YRR ISR 3 B, Herp, 2015 4
12 ARSKIIERG T 24 i 3R ,2016 4 4 7 F2K I
JERHL 23 FpTA R, PG PR R T, IR
RSB AR LA R AE 2 DT K. Pk
RK AR ALE T 8 R (6 Fh Rl i (4
FHPUPRZRZE (3 FORER N ERZE AN 3 b H A 2 531 Bt A
. ATLE N, PUAE R AR BRIL) M B R LR Y
EELIZ MU Z IR A5 YU A e
Rk b, A 6 R Az AL I DU A AR
AR E] 100% , 46 H J5 3 B0 R I 0 A2 3R O8 41
U35, ik 54,800 ng/g, i T 10 a1 R A
(Zy,) . BRI B o0 B0 P SRR i B A 3R
P i B 3 - DU FR R DUBR R AR D A TR
R RNTD R R R AR R 2, gy
B P AR T 10 ng/g. FOKBIH L, A 6 Fhpii:
F AT IO B A AR IK 5 100% , 46 5 i
IPRURRAE A DT AR R TR R DU 3R 3%, 1K 5 3.433
pg/ g, WAL TV RAE R (Zy,) . SFKB P o
R RO R AR R R B B D < R
EERUY NN B SN RN AN R NN R
B PR R MK R, H T 7 Ay
T 10 ng/g. 75 = TR TUAR M A A T AR O
100% AL AE R A SR U 2 BRI 2 A AR
WE. ST TR IO T B £ 2 A R A F
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FIPUBRZR I B, MRS I AT 3R AN 5 W T [
A TR RFHEAR A
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PN R R R RS AR TR VL) AT BoAti 7K 0 Y
Jo A 3RO v K R TR R AR K
MV D B V> B AEBRVLT N T Bk 7K 39 14 5
o R AR TR A % Se Vb AR BRI
AT Bt 7K 300 14 T 6 3 S8 o (o7 e 3 B AT ML 3]
AL K, AELAER TR (A K 0 TR 282 G 00 F A Bk
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ST Bt 7K 300 14 T 6 3 S8 o (o7 s T Bt FH e T
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UL b PUPREAEBRYL) M BeAdi K 40 /4 o i o3
BRI R T 5% BH R W TR RE T, I e T B TR ]
(R 7K 390 5 e 5 80 v (v A B g b
KRIFNEERUER T, KR R MY 205 R
TLT AT B 2 A 24 10 oo 0 B w7 550 T 3
RGO RS TIEOIEENT Y SARE Sy 5  SINRPII M|
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A ] PRy JFCA TR 7, (LA 5 AR A 7 AL

F3 FITMNARTRARY P EHRERNREENRES Y

Table 3  Concentration of antibiotics in sediment of Guangzhou section of the Pearl River

7K 39 FK
& sk o o o
&Y Kot/ % B (ng-g ) : Koths/% B (ng-g ) :
BAME  mAME CFME hEME mAME  mAME CEHE hEME
SMZ 100 29.1 1.77 8.02 4.86 83.8 32.4 0 10.8 6.69
SMM 22.2 2.77 0.79 1.05 0.79 100 10.6 2.21 4.46 3.2
SQX 100 2.62 1.8 2.03 1.97 71.1 3.61 0 1.83 2.34
SMR 75 3.13 0 1.35 1.58 64.1 3.49 0 1.43 1.43
SPD 22.2 2.22 0 0.43 0.34 53.8 2.62 0 0.89 1.12
SDZ 91.7 3.61 0 2.17 2.21 20.5 3.13 0 0.96 0.95
SMX 2.78 1.04 0 0.28 0.5 23.1 1.96 0 0.31 0
SM 59.5 3.37 0 1.42 2.08 23.1 4.6 0 0.69 0
OFX 100 2 042 3.4 326 83.5 100 2 187 9.39 401 204
NFX 85.3 926 0 144 47.5 100 1011 4.63 186 72.2
CFX 81.3 425 0 52.7 23 84.2 537 0 97.7 35.9
EFX 100 35 3.24 11.7 10.6 100 52.4 3.98 18.3 18.5
LFX 96.8 26.2 0.68 6.17 3.74 79.5 16.5 0 6.03 4.41
FL 52.8 8.02 0 2.42 3.17 38.5 7.01 0 1.89 0
OTC 76.5 54 800 0 8 341 1 563 50 3433 0 548 80.8
MT 88.9 11.6 0.72 3.06 1.99 89.5 43.6 0.72 6.37 4.01
TC 82.9 17 200 0 2 194 209 27 1521 0 127 0
CTC 85.7 181 0 27.9 15 ND 0 0 0 0
RTM 75.7 89.8 0 9.58 2.23 89.2 50.1 0.62 18 14.2
ETM-H,0 100 484 5.82 86.2 43.1 91.9 61.4 0.85 20.1 12.2
CT™M 58.3 27.4 0.59 3.98 1.45 64.1 22.4 0 5.17 1.61
SAL 90 15.3 0 9.91 10.5 100 13.4 5.58 7.12 6.43
TMP 100 11.6 1.29 3.13 1.99 100 27.4 1.36 6.44 4.01
LIN 57.1 21.1 2.22 7.01 4.88 32.4 11.1 2.22 3.6 2.22

T ND FoR AR A .
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Xof P 2R AR vh A A H Y 23 Rl A R
HEFT HOH, Tk A 12 Rk 3R ARG 388 Tl K
1,13 AR 2R B9 I i CE S E R T ARG K, 12
FPLAR 2R i 2 B0 P AL BOR TR K. 7E JLRD H
DLATCA 28 At Y W A 7 2 Y T RR ) £ R
UNGIN G GEE AN B2 NNUEAN 1 SR &
Rk I A0 AR W] J i T 2Kk, T AU 2 v
TP R PR B AR K R R ] R T
K.

FlizK I 13 AR FE R ST AR 2R & b (81 2)
2ARAERE T 10 pe/g, 6 DRAERTE 1~10 pe/g 2
[, 3 ASRAEESAE 100~ 1 000 ng/g Z[H],2 ARAE A
T 100 ng/g, f5e KAE F I /NME 53 51 K 75.100 pe/g
(Z,,) M130.5 ng/g(Z,) s FoKIWIHY 13 A-REE LB BT
ARG ET,S RSN 1~ 10 pg/g ZIA],5 RAE
JAAE 100~ 1 000 ng/g Z[H],3 A RAE SR T 100 ng/
g, BRORAE M e /IMEL 3 391 g 8.440 pg/g(Z,,) H1 31.8
ng/g(Z,) , Hr,9 A RAE I BT R & EAEATK
W T K2, 2, 25 2o 2y Loy 2y 2, TN Z,5)
T 2, M 7, iz il — om0

LK (Z,) A B i LR S e A 4t
AR R E 2 2R 13 AR SURAIR, B
i K AR F A 8 o o3 BT, X5 B T i
2 BTG YA D e — B MR (7, ) RAF s
ORGP AE R R e 2 N FT o 13 4
SRAE A R, RV KR =E AU A A AR A
HNAFIN(Z,,) Kb LR ZOR T, D
Z, SALRE), WU b R B R B
PRNTD R 3 s v R 2R Bt A R A K B i o)
B TAKI KA R P AGERMFCRIER
3 BRI N BRI RAEAG KW 0 BT & 7 80 & T
FAKI. 550t IR B, Jf A0 0 AR ) v 4D BA 2R R Y B
2R 2 P PURR R ISP UE R AR KR B 80s T
KA EEER DL, Hos TR A A S h AR R
UANBCR L L, 3 G2 5 AL P 2R i TORR ) ST
G Viisivig i UUTE S=20 0

ST, PrAd: R i OB G 2= 1 281k 1Y)
SR AR KT 560 AU SR PR R
AR BORTICRR Y 0 AR 55, ELK ) SR PR RERS
A RTIaE 7 N DS e S 5 B R B TRTIE 7/ G Rl D T Ra
R FEOR AR A SR AR TR [ RS v 1
BV, RIS AT BB A7 AE 78 2035 U2k 2R Y [ 14 UKL Fits

FK NI AT PR 2 B b 3 6 U R R DU AR, A5 TS
ST N 3 4 DX, 2 ) N T X 32 i R T
15 YRR ML, Y A R T ek A s
A= 575 7K 11 T 422 HE R A 5 K A B 5% it i ) K
JC, I HoOT BEAEAE R BB B DU A R 280 AE R K
ot R AT, A1 JHC SR R R P A 3 BT S LR
U ER R 28 hi AR TR bR TR A B A K I Y
v B B R, o AR 28 0 A 7 A R 0 1
XTI th b A= i 221 AR A AR s
B 245 Al A 7 R 2 AR A, AN R IR e
WIS TR 2T PR AR, A S 58 FOK P 258 v sh
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Figure 2 Sedimental concentrations of total antibiotics in Guan-
gzhou section of the Pearl River during dry and wet

season
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