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Table 1 Information of standard materials
it i - (i) Bics WwE e
g PERAT TN (uml) (%)
T e it 144 -80 -9 99.80 +1.42
gty 80-32-0 99.96 +1.41
T e 68 -35-9 100.2 +1.08

122-11-2 99.99 +1.12
2447 -57 -6 99.91 +1.40

B i) — A e
BRI 40— ] A e

T e Y S 127-79 -7 100. 1 +1.42
N B R g g 651 -06-9 99.96 +1.41
ﬁﬁj]:% Tz — F e 57-68 -1 99. 60 +1.03
(SA) T e FR e 144 -82 -1 99.99 1,12
TR P L e 723 —46 -6 99.96 +1.41
Tl R S 80 -35-3 100.0 +1.02
Tl e ] FP 42 sl 1220 -83 -3 99.96 +1.41
TR s 526 -08 -9 99.99 +1.42
Tz 144 -83 -2 99.60 +1.42
T e 72-14-0 100.0 +1.01
i T S 127 -69 -5 100.5 +1.42
Wb E 113617 -63 =3 4} 97.5
Rinl A 93106 -60 -6 gl 99.9
Wi HHY R 93107 -08 -5 4 92.3
(QNs) WHEUE 98079 -52 -8 i i 99.4
AR R 82419 -36 -1 4l 95.7
R A 70458 -96 -7 4t 97.3
M(quﬂf% VGRS 7179 -49 -9 4 99.6
[0F7%S 64 -75 -5 i 96.2
mf?é +EEX 2058 —46 -0 i 96.0
(s WmNER 24390 - 14 -5 i i 99.3
k ﬁ;ﬁcﬁﬁ I 5 61336-70-7  4fith 98.7
KAMER AHR 114 -07 -8 i 95.0
(MLs) AR+ 80214 -83 -1  4if 9.2
TR L mEnE - Dy 1020719 -84 -9 100.0 £3.0
Wbz BIITGER -D;, N/A i 97.0
HRVPE-D;  1173147-91-5  100.0 +3.0

Bty BEMOENE -D,  1020719-78 -1 4ifh 98.0

1.4 (i - ikttt
RS {055 H: Brownlee SPP C18 £ (2. Imm x
100mm, 2. 7pm ) ; Ji s AH: A 0. 1% H R — /KI5 W
B ZJiF; Jiid 0. 3mL/min, JEAF L 100, A1 40°C . H
JEVERET W) R et A90% B10% L3 0. Smin, 111 f5
Smin PNIEF L1725 K A88% B12% , it j57. 2min -
5% Ad0% B60% ,8min A%k A10% B90% 1% +; &
9min, fz 5 9. 2min P E] A90% B10% {f+F 12min,
Jig A SR EST AU I 25 15 -1, IE
F-(ESL+ ) 494, 22 Soniy M il ( MRM) 52 5 S e <)
3 100ml/min ; 25 1k X 77 3 180ml/min, HSID i
250°C 5 85 YRR B 250°C 5 525 L i 5000V
— 946 —

b

S
=

I

e

1.5 il

FE it TS I AR, TRl s g 20 ZHAE it T
In— 2R B dh A T B R A ] A AR
25 FINAR FE AR AT RE S o 26 41FE S AR
I F 62.4% ~103.2% i & (il T 7K BT 43
Briiik) (DZ/T 0064—2021) v iy 3 K A LY
R B R Ry 60% ~120% 1)K, 29 Fh
PUAE A PR 25 AR LSRR A [ iR
SPATHE SR AR e 22 L% 2, A6 S BRFE [ Dy 0. 003 ~
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Table 2 Detection of limit, spiked recovery, relative deviation

of 29 antibiotics

FEM R L REM 2 REMN

Y A= =}

T N RUTRUSE .
(ng/L) MR &R FE EeR (%)

(%) (ng/L) (ng/L) (%)

WA 0.025 83.8 ND ND  76.3 12.3
B 0.123 112.6  ND ND  114.7  10.4
TN E 0.169  98.7 ND ND  82.4 10.4
KRR 0.095 97.5 ND ND  93.8 3.6
R B 0.137 103.7  ND ND  88.2 5.9
ARV E 0.020 111.3  ND ND 769 148
Wi HEERE  0.003  85.4  0.054 0.064 67.4  18.3
i e e 0.021 78.4 ND ND  72.9 7.9
Tk e 0.006 78.1 ND ND  69.2 6.4

e 0.013  70.9 ND ND  89.9 12.5
WEEF AR 0.026  107.9  ND ND 927  19.3
W Mg 0.007  80.7  ND  ND  110.3 6.3
T SEOEmE 0,008 79.0 ND ND  72.1 8.9

T 0.004  60.1 ND ND 629  10.3
i e 0.047 8.6 ND ND  83.5 15.6
WM EME  0.007 81.0 ND  ND  107.3  17.2
R e b e 0.016 83.8 ND ND 659  11.2

TR g 0.004 73.4 ND ND  89.0 8.3
B A mE 0019 779 ND ND  93.7 9.4
T s 0,022 68.2 ND ND  62.9 15.6
BN A Mg 0,032 858  ND  ND  99.2 7.3

TMA — 4 msnE  0.017  70.1 ND ND  72.8 9.5

PR S 0.007 108.0 ND 0.231 1159 8.4
WNEE 0.052  88.6 ND ND 118.7  13.1
PUERE 0.158  46.7 ND ND  52.4 9.8
+HE 0.091 53.3 ND ND  50.8  10.6
B S5 75 0.041 54.4 ND ND  63.4 173
FAREES 0.040 64.0 0.513 0.592 59.2  16.7
PUHH 0.023  59.5 ND ND  52.7 18.4
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HR K BTA R AR T S e L 1 FH 7K 22 4 [R) G
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2.2 WFZEDKHE FokrPbiE 00 & IR

M IR U, X b 7K H 25 SRR A th b AR R VA
FHRTLHEITE 0. 02 ~612. Ong/L Z [8], Horb il /K it
AR KT RAE 10% LA _E %) 45 oA 28 vk B Y8 [ 2T
AR 4, B4 0], B o AE R R vk
BEVEE A 0. 05 ~ 612. Ong/L, F-¥ 1 BE 2k 0. 38 ~
176. Ong/L; W1 RS 4 A 254G Mk B2 i [ 40, 02 ~
1.06ng/L, E-354k il 0. 04 ~ 0. 82ng/L; A 3 Py g
KRR R EEEEY 0. 16 ~23. 3ng/L; PUH R
KA R BEEE D 0. 35 ~ 3. 91ng/L, 7]
UL, WS IR VEE M R 7K P AE ZRR VR B 5 1 ARG, A
AP RS e (VR T 10ng/L 1A R i
FH e il e W WA il W E | £ R R AT B K
AP CRAE S H8 (1) i i W A 1 i e A5 I g L Ve 5
sy i)iE#] 612. Ong/L .68. 6ng/L,

WS T T A ARG, 1S 55 Sk 110 1S4V MU (VA A1
Fbal PP S X R TP T
AR D K rPRE i SIS ARG H R A B
T I TRV v W (L VA B 4 3k 1) 236/ L Al
96. 8ng/ L, 111 3 [ A BIFFE AR b 7 ik i HHY s e 5 i
Jiie FRY G nAe Yy e R Mk BE 3K B T 360ng/L Fi 1100
ng/L2Y , BEMEEH AR HAEH T K RS w5 i
BA W m vk, 3225 HAL 7 g5 Fn il A
Ko HRER-EBALEWMHAR, RATHEIE
BT MR AR AT AT 158 S5 A A5 DA T 8 KRR ABE 1

Table 3  Comparison of detection rate of antibiotics in different areas of Harbin City and other areas

. FHXPUERK R (%)
b;if W R dent bIRVE D AR PRI VYR (DR EE (18 A EH(FHY
(26 MRFEL) (19 ARFESD) (27T ASRFEAD  (TANRBESD)  31ASREERD 4T ASRAER) BRI 17 ASRAE D)
W 61.5 78.9 72.0 67.5 100 23.4 47.1
R 46.2 100 78.9 37.3 100 ND -
FOIR P PE 42.3 ND 100 - 100 ND 47.1
PUFRZE 38.5 47.3 73.7 58.4 23 ND -
] Rk ek 19.2 - 100 63.5 100 5.4 -
AERK - - - 29.7 ND ND -
B~ Nt 7.7 ND - - 15 - 5.8
BRI AR SCRFSE SCHk[22] SCHR[31] SCiR[32] SCHRE9 ] SCHR7 ) SCifk[ 8]
T ND” FoRAA ¢ -7 TR S0k AR
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Table 4  Detected antibiotics concentration in groundwater of

Harbin City

K VR BT A R T2

BiA R %N WAERAR (ng/L) (ng/L)
itk frie FRY e 0.05~12.4 2.39

it Jre s g 0.09 ~68.6 29.9

ik i 1 e 1.55 ~612.0 176.0

it i HF e 0.08 ~15.3 4.01

2N T e i 0.19 ~2.61 1.12

T e F A EE 0,29 ~4.35 2.33

ik Pz ik g 0.34 ~0.43 0.38

ik Jrie Y S5 s 1.24 ~6.95 3.19

T ffic ) 4 mE e 0.13 ~1.94 1.02

AR A 0.02 ~0.05 0.04

B A 0.19 ~0.64 0.29

MR WNT A 0.59 ~1.06 0.82
R R 0.15 ~0.89 0.51

MRAT R AT R 0.23 ~158.0 44.5
B - WBEHEZ iy 5 PG A 0.91 ~1.47 1.19
RS 0.24 ~23.3 3.88

RIP N PR R 0.16 ~1.58 0.91
PUBRZES W 0.35~3.91 2.14

F s Hk b FHOK IR AT, HANES 2 B b B
KA S0, R T AR 25 5 i A8t B K R TE I B
SR o5, H26 ARTT 5 2 I (H VR B 158ng/L, X it
A= 2 R BT A YT 140 P T R T s T T R R
G 1) 4 €0 51757 K AT % 3o 1 56 13 | e 1y J e, [)
REAE RS A 1 A 1, DR G220 A 5 39 47 vt A+
o33t , LA T K I PR B A A 5 7R b R K
H e BB NS E SR A T I e X M R K R g
PRI e e AW (M B 4 207 ng/ L,
2.3 WFEEDXHL FokrHUE R o AR

5 X R A5 F2 22 R 565 DU R K2 H R K, 3
[ AL A3 A AE VT AL ML X [ A6 4% 16 7 74 5 1) 7 50
HE ARSACLL WAL T 15 43 7K 08 DAL 1 3N 7K F R
D ARG o PSR T 1 R 7K MR A 2R
FrE A WLIE 1, A LB G R EE L R KP4 R R
RO AR5 R - B R AR T T R R AR MK
33 0l X, I 1 VBN T A T 4 P g X X3
J A TG V5 R R HE T L BT DA A 24 4l B
B FH 3 6 KA A ke BRI &
Ing/L( &0 €0 Z168) (Y SRAE i A7 F X4 Hh 1 58
UEARAETT T3 B 43 S e B O, P R R & R
TR A AE VTR B X g A P AR 3 P R A
FETT A0 A A e B R TR AR R A 3

Ey JR T2 i DX T 7K HH 3R A0 (R e S L s s
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Fig. 1  Distribution of anbiotics in groundwater of Harbin

City

FZE RIAA IR | DU FR 2 4 RIEHUE R A i
Bl 2f7n o B 2a Al LAFE Y, B R T AR B A AL
S Ing/L G AL (PR E) A 10 40,
H16 \H21 H22 \H25 H26 rifid4 0 T /R I 7 Sl
PRI I, Jo8 MR B 228 19/ N TR X8 37 sl R 4
oA JE L5 o A s 10ng/L ([ R B £, 41
@) W R 4 4L, 4350 HOS \HO6 \HO9 \HI18, I
SO AERE T KA AETL T SRR I, Forh HI8 A6
PUE RV B, FEONBI R AE R . 1%
BT RAAETTIE ST T 52 AR, 6 SRAT: s (07 Rl 08 14
SCU I b A R R BLYE R A A A 2K R
B AW 2525 7] . HOS (HO6 \HO9 J3Afi 1 /K 5%
TIE SN B XA o AR T R AE X . I B
WERBTHE BRAENS R I L X A B R )z, e s fie
SR TTRR /N B RARYON - FHERIR B, Jo RUE
I By R AR 25 Al

HIE 2b nTDAFE TR RS A 3R ARG ) A
B4 12 4 fH 24 HO8 A1 HIO P> g 7 14 i
PEAZA A R T Ing/L (B hag(s ) Horp HOB
S B W) O PR YD A HI0 SR04 HH ) O i



%6 1

o A WR/REETTHL T K P 29 FA: RO A R AT

540 &

TP, GRRWING R DX T 7K b e 2
PUAE RS IR, 520 A e O i IR R
Ja X o

HIPE 2¢ T RAFE H, RIR ABRE B A SR HG H
JERT Ing/LOE &R, () sifiif =4k, 73510
HO9 \H14 [H26 , Kt LA OB L08R . HO9 pf ik

20
' I @H26
@®H21

N (b)

FHE®

11 10km
KFWRXGR nd-ngl. @ zpm @
KemmEa R a-onet @ fmxs [ D

JER A 2 B i <1o~1oo>ng/LO W o~

10k 1
F ] 10km 10km
T e 2 ik (nd~1)ng/L @ ® £ 451 L ®
) 5B ik (1~10)ng/L W R 25 (nd~ng/L. @ )
24 ik (1~10)ng C ] — O .
WA B (10~100)ng/L O ‘ WA AR (-10ne @) 1! >
Bl 5 fik (>100)ng/L . i - - e
N (c) N (d)

5 X @

10km
&1 451

3 i = / . A
JY ER % KA & (nd~1)ng/L
ITBUIX A O

ML R (-0 @ i
it

a—M RS b—WETENZE c— R NERZS; d—PUMFRE 2K,
B2 waoRigdib RO RRSSUA: # o mE

Fig.2 Distribution of different kinds of antibiotics in groundwater of Harbin City (a—SAs, b—QNs, ¢—MLs, d—TCs)
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Distribution Characteristics of 29 Antibiotics in Groundwater in Harbin

MA Jian — sheng, WANG Zhuo, ZHANG Ze — yu, LIU Qiang, LI Li —jun”
( Shenyang Centre of Geological Survey, China Geological Survey, Shenyang 110032, China)

HIGHLIGHTS

(1) The content and distribution of typical antibiotics were explored by the collection and testing of groundwater in
Harbin.

(2) Typical antibiotics were detected mainly in densely populated areas in the south central and eastern parts of the
city in groundwater.

(3) The discharge of pharmaceutical factories, animal husbandry and urban sewage has a significant impact on the

distribution of antibiotics in groundwater.
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ABSTRACT

BACKGROUND: At present, the supervision of antibiotic abuse and its research is being strengthened. In recent
years, antibiotics have been detected in varying degrees in water in central China. This reinforces the concern of
the pollution of antibiotics in surface and groundwater.

OBJECTIVES: To investigate the distribution characteristics of 29 antibiotics in groundwater in Harbin.
METHODS: A total of 26 groups of groundwater samples were collected in Harbin, and the sampling scope
included habitation and production areas such as densely populated, industrial production, agricultural districts and
animal husbandry. The ultra — performance liquid chromatography — triple quadrupole mass spectrometry method
was used to analyze 29 kinds of antibiotics covering six types, including sulfonamides, quinolones, macrolides,
B —lactams, tetracyclines, and lincosamides.

RESULTS: Antibiotics in the groundwater of Harbin were mainly composed of sulfonamides, quinolones,
macrolides and tetracyclines and the detection rates were 61.5% , 46.2% , 42.3% and 38.5% , respectively. The
content of antibiotics detected ranged from 0. 02 to 681ng/L, and the highest contents of sulfathiazole,
sulfadiazine, and lincomycin were more than 100ng/L. The average content of quinolones was low compared with
some domestic and international areas ( such as Beijing, Tianjin, and Barcelona). Sampling sites with higher
antibiotic levels were mainly found in the central, southern and eastern regions of the city. These areas are also
relatively densely populated and are generally distributed around pharmaceutical factories, urban sewage outlets,
and poultry and livestock farms.

CONCLUSIONS:: The distribution characteristics of antibiotics in groundwater in Harbin are strongly related to the

impact of human production and living activities.

KEY WORDS:; groundwater; antibiotics; quinolones; space distribution; ultra performance liquid chromatography

— triple quadrupole mass spectrometry
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