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Pollution characteristics and health risk assessment of typical pharmaceuticals in potatoes of Weichang
County, China

PAN Xun', SU Du’, SU Bai-li’, BEN Wei-wei*"

(1.Foreign Economic Cooperation Office, Ministry of Ecology and Environment of the People ’s Republic of China, Beijing 100035, China;
2.Research Center for Eco—Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 3.Environmental Monitoring Sta-
tion of Jinan, Jinan 250101, China)

Abstract: In order to understand the pollution characteristics and health risk of typical pharmaceuticals in crops and guarantee the safety of
agricultural products, the concentrations of 25 pharmaceuticals, which belong to the sulfonamide, tetracycline, fluoroquinolone, macrolide,
and other categories, in potato samples from Weichang County were investigated using ultrasonic extraction, solid—phase extraction, and
high performance liquid chromatography/tandem mass spectrometry (LC-MS/MS). The enrichment coefficient was calculated, and health
risk assessment was conducted. The results show that 20 pharmaceuticals were detected, with median concentrations ranging from 0.13 to
3.67 pg kg™ and the highest concentration of a single pharmaceutical 17.0 wg-kg™. Median enrichment coefficients of the pharmaceuticals
in potato ranged from 0.01 to 39.6, with the highest value 61.8. Livestock manure was the main source of residual pharmaceuticals in potato,
and the peculiarity of local traditional farming practices led to the tendency for accumulation of pharmaceuticals. Although the overall con-
centration level and health risk were relatively low, the potential health risk caused by long—term intake and synergistic effects could not be
ignored. Therefore, it is necessary to strictly control the source of pharmaceuticals and promote the safe utilization of livestock manure, thus
ensuring the environmental quality of cropland and the safety of agricultural products.
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AR AL CRAE S B 1. FEARMG I ARZE 7 [l
SEmEE, A RK S B HZE K BE 2 . BURE
29100 g, ¥ R THJ5 $ DU 43 6 4 D3R i, B 2o 100
H i, Ao A e .
1.2 (USR5

TPEFE 25 Fh H AR 25 WA DXt 52, 4% BRFP 2 PE
J5i 43 Ry ik 12 25 (Sulfonamides , SAs) . PU 5 % 25 (Tetra-
cyclines, TCs) . %L 5 il 2 (Fluoroquinolones , FQs) |
K N BEE 2K (Macrolides,, MLs ) i1 E: At 25 (Others ) , H
F LR A5 WL AR 1. 29 hRifE e A
% [¥] Sigma—Aldrich 23 F) F1{& [¥] Dr. Ehrenstorfer 23 7],
SRR T 98%. HEE . LIEFH R (g4l 4
S A F LA Fisher 23 7] F1 3 8 Dikma 22 7] o i
56 it FH LAt 32500 389 28 43 A 48, I B G o Ak 2 i) 2
Al Agilent 1290 = R0 AH €, BiC B ShIEFERR ; Agi-
lent 6420A = H DU A H3 B 3543, FC A HL W 25 FL B
J5 (ESIT) & MassHunter Workstation 08 4b ¥R 2245 . H:
AR AL F - 24 L [T AH 25 Bk 2 (Supelco) , 1267 &K
(DC-127Y, FifF 23 ) , #5041 (J2-HS, Beckman)
R THRIL(FD-1-50, Jb st R E ) , 258 5 (DOA-
504~PN, Gast) , # 7 3 e 4% (KQ5200-DE, g
11 ), [ AH A5 BUA: (Oasis HLB, 500 mg-6 mL™", Il [ 36
Waters 23l ) o
1.3 tFmiusbE

WERRARI 1 OS2 0.001 g) £ WAL BRS ) Th 4%
R, E T 50 mL BEHSELOAE A IBGR (1:1
FHEEFN 0.2 mol - L PR W , pH=4.4) 10 mL, JiE i
TRA 30 s J5 A 230 min (40 KHz, 120 W) , 8.0 3F
WA W, AR AR 2 0, AP IR R L 3 R IR
LR BTSSR BE 2 300 mL, ] GF/F SR8 2T

| BB DRERMERA

Figure 1 Sampling sites of potatos in Weichang County
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Na:EDTA . SR FH [ AH 26 B 6T & ) H AR kA 7
WA, W KBRAE S T ) TR BT . TEAAL RN
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mL P FB ALK AL ZE B 5 (2)FE 54 LS mL - min™ A9
TR A AR 5 (3) 5 mLAY 5% B EK SR 5 mL
8 4l 7K X HLB /INEE HE 735 3k 5 (4) FL25 il 270 60
min, T /NE ;5 (5) F 2x5 mlL A998 BT b 8 /R, Uk
JI VB S AR R LE 1~2 mL - min™, FHETR RS 9 55048 1
VR ; (6)35 CARI ARG T 5 (7) 1400 L H
P A1 600 w8 217K &2 A i s (8) AE i 423 0.2 wm
PES £+ y #5238 J5 #F A UPLC-MS/MS 4317 .
1.4 HPLC-MS/MS 4> #7

& H Agilent Zorbax SB-C18 ¥ 1 {7 3% £ (100
mmX2.1 mm, 1.8 um) ; A1 30 °C; %% 0.3 mL+min™';
RS wLo TEIAHZL R : A R 0.2% 19 F R K WL

B Ay ACN 5 5K JH Uit sh AH 2 P 2 R Ao , 1 A e Ay [k
[E] (min) , 9 84 B 8 el (%)]: (0,5),(2,5), (5,
13),(8,15),(13,20),(18,30),(25,60),(27,100),
(30,100),(30.1,5),(33,5) . Jo i R I L I 25 1F
T (ESI+) |, 76 2 O WA = (MRM) X H #r 4
PEATRE A 72 P 8 A, B A4S H TR 4.0 KV, B 57
SR E 300 °C, S 12 Lemin™, B35 R o 241
kPa,
1.5 JREEHI

5 1 B IE 3 B AR v M 2R R E O Ik mIRCR
FJ At BR A, FAREE an 2k 1 i . 25 R iy
LT 0.5 ~ 500 we- L7 MO RBUE (P ¥R F
0.99, Bk CIP, LOM, NOR F PROP Ay 1] Y K £ %€ #E
50.2% .56.1% .55.7% F1 48.4% 4 , HiAth 25 ¥y iy [ i
YITE 60% ~ 120%, H P A H [albRE i 22 34 /8F 15%,
Wt B i FLA i I R 1 R FR A, T DR SR EA T

®1 B EEBEUEREENTEEXSH

Table 1 Major physicochemical properties and detection parameters of the target pharmaceuticals

FEEHARYE T il 7 VA e S
- . E2ds B & H Y
P E 4 Fe % [P
i LYihis 45 ST AR it % 28 % kg
T SAs T g vz e SDZ  CpHN.0.S  250.30 0 11\{I N 0.999 60.2 0.37
SRR W
Sulfadiazine S\\ Y A
0 N~F
LN
MR E  SDM CoHWN.OS  310.33 o H o 0.999 76.4 0.17
Sulfadimethoxine - IN\ N;ﬁ//
N 3)/ 0
- NH,
T BEmELE  SMR - ChHLNL0.S 26430 0.999 88.7 0.42
Sulfamerazine
it i F e SML  CH,N.0.S,  270.33 0.999 61.7 0.30
Sulfamethizole
it g T (e SMX  C,H\N;0,S  253.28 0.999 96.4 0.10
Sulfamethoxazole
TUIRFE IS TCs ERTHE CTC  CuH,CIN.Os  478.90 0.998 60.3 1.42
Chlortetracycline
EALE7SS DOX  CnHuN.Oy  444.43 0.999 96.6 0.05

Doxycycline
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Continued table 1 Major physicochemical properties and detection parameters of the target pharmaceuticals

TP R 7 AR XS

2Rtk ez - i Y

% YR B 4 N A ZER [
B L/ 45 T T it O R B % ng-ke!
+HE OTC  CuH.N.0s  460.43 0.996 97.3 0.62
Oxytetracycline
ufZ S TCN  CuHuN,Os  444.44 HO CH, H N(CH,), 0.997 72.8 0.41
Tetracycline N
FETETRIEFQs NV AE CIP  CrH&FN,05 331.34 0.998 50.2 0.11
Ciprofloxacin
Barb 2 ENR  CuH»FN:0;, 359.4 0.999 64.6 0.14
Enrofloxacin
KREWA LOM  CyHFN:0; 351.35 0.999 56.1 0.13
Lomefloxacin
T A NOR  C,HsFN:O; 319.33 0.991 55.7 0.57
Norfloxacin
AR AL OLF  CiHxFN:O, 362.15 0.995 64.5 0.09
Ofloxacin
KIFNEER MLs P ER AZN  CyHnN,0,  748.98 0.999 80.0 0.08
Azithromycin
Wi % CLA  CuHeNOs  747.95 0.999 81.3 0.08
Clarithromycin
FARES ERY  CyHgNO,;  733.93 0.999 119.9 0.83

Erythromycin
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Continued table 1 Major physicochemical properties and detection parameters of the target pharmaceuticals

F BT T 77 A e S 4
. - . 2k (B A
Sk 7 = A SN ZE K N .
FHES LY/l 45 SR SR ) 6 78 % b ke
BLUBHR ROX  CyH,N,O5  837.53 0.999 68.7 0.16
Roxithromycin
H A2 Others (TSN ATE  CuH2N.0:  266.34 0.998 91.0 0.41
Atenolol
FFLIER MET  CisHsNO;  267.36 0.995 81.5 0.30
Metoprolol
H IR PROP  CiH.NO,  259.35 0.994 48.4 0.20
Propranolol
ARFL IR BF  CuwHyCINO, 361.82 0.999 82.2 0.11
Bezafibrate
i R CAF  CHN,O.  194.19 0.999 70.2 0.41
Caffeine
PG CBZ  CisHoN.O 23627 0.996 81.0 0.08
Carbamazepine
0~ NH,
FAEEEmE  TMP CuHsNOs 29032 ~o 0.993 93.6 0.21
Trimethoprim LN
2 TN\ NH, O\
Nz 0/

Z R Hbr i sE PR E . HAR 2y 7e it %
HAS R 47 0.05 ~ 1.42 pg-ke™, RIS T IR TS e
PRI R o O PRI 2 i AR RS T, BB 25
AFERRZEDT 1R UE TAR AL IE o

2 HRE5RMH

2.1 TSHHFE

XiF 25 Flt 25 Y0 76 Th 4% SRR O b (ARG HH R R HE
FELRAS: 2 (Pt , i) 64T T G it orbr , 45
RUWFR2, 25F HFrP b A 20 Fpgiedsr o LAKS 26
%143, DOX . OTC,OLF . BF Fl CAF 5 Fh 25 ¥ (1) 46 H &
Bt T 70.0%, Hdh DOX 4 46 H R i 95.1%;

SMX. CIP. ENR Hl ATE [ £ H % i [l 75 22.0% ~
65.9% Z [8] ; Bt =z A1, FLAd 11 Bl H 25 9 i A s 5
BIRNEEE 3 A K R IR T 7.3% ik i & i )
43, 20 BIAS: H 245 0 R R H B kA ) g - ke KOS
SML.DOX .0TC . NOR ,AZN .ERY .ROX HI ATE 8 Fli2}j
YIRS & BT 1 g kg™, oA SML ARG H & 1
3.67 pg-ke, 7E 20 Rkt HARP R, DOX A e K
o th B 17.0 wg ke, R RN 25 W i e e R LA
12 Ffk B 25 W i G S AN 1 g - ke, L
K R 0.26 ~ 0.99 wg-kg s

A LY/ B R g e P NI i e S TR RS
P IEVE RO AR R A K, S A &
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P SEREME B AL R 45 B8 A O IR S B EA
SN pHIEA G, BT, BN D485
W2 BR B S A I AR ST A . RN SR X T
SRR AR FQs W E L HEAT TR, Hirh CIP .LOM FI
ENR B9 H &5 550510 16.5.0.78 .5.13 pg-kg s
SRS S R 8 Bl SAs B S EAT TGN, e A i
R A AS: 55 44 79 wg kg™ s Dolliver 28" X} Th 44 2
e Tl e FE s E 1 B AT TR A A AT
10 pg-kg'o [AIXLERFFEAR LL , FEl S ML X 4% 8 v 2l
Vi EA o AR R . HUE  (EAS G AR, AR AR
L #B B SE S T 2005 4E 12015 4E 2% | CLA . ROX .
ATE .LOM . NOR Fll OLF 6 Fh 25 ¥ 15y 5 25 76 12 iy
Bl Py i fil T (H LR AR S S ks o,
OLF A4S H R &k 87.8%. LAk, BF \CAF Bl A
e T R ARG HE R T T 73.0% , 1B 4 b X A%
FUSCEE N2 PRAE R A FH— KB IR X — 1% e A Bk A =X
EEP

VollE7S PRkt £F 38 556 | Hf
22 BEEHR

B SN 245 FLAT — 2 W B SRR, W B R
RETT LR SRR RS b 25 & iy LAl ok
FoR o NG AF 2 W) & LR AL 2E R T
FFABO 32 I B NOR A9 & 48 R B0 =, 400k
6.81 1 6.20; 1 S FlTHT 5 AL, 43 501 o4 1.47 #1158,
Tk PRI EE Rk CTC 1 A W 2R AR R
ULAN , 2590 08 45 5 A L H 42 fk - B AR R 25 T SRR Ay 411
R R RN R B A TR 25 R R
I FR AN 2 P T AR /N SR RN A S8 MR R
TC.OTC F CTC ()& 52 R0 T 34,

25 FP WA 20 F7E 1 58 A T 480 SRR i o (R s
R H XX 20 Fl 2 W AE TR b i AR R B T T
Gt o, a5 R a2 2 i ORI IRL R AR A7 - 3 rp 2
Y5 WS 2% SCHR[10]) o 3 Fh SAs T4 5P MLs 19 & 4
REIAEL 1, R R DR E &
YR RS R, 2T, DR

R2 OREFTVAYNSEREERY

Table 2 Concentrations and enrichment coefficients of target pharmaceuticals in potato samples

- A CEES
K KA mifH/we-kg' BvME/pg-ke! PAIfE/pg-ke!  FEAR R WoME PAE

SAs SDZ
SDM 1 24 0.30 1 0.44

SMR
SML 1 2.4 3.67 1 1.00
SMX 21 51.2 4.46 0.04 0.35 21 0.06 0.03 0.01

TCs CTC
DOX 39 95.1 17.0 0.45 2.69 36 46.1 6.13 23.0
OTC 30 73.2 7.90 0.64 1.46 30 12.1 1.86 5.96
TCN 2 4.9 1.30 0.42 0.86 2 0.55 0.50 0.52
FQs CIP 16 39.0 1.08 0.11 0.37 7 9.49 0.84 8.29
ENR 9 22.0 4.03 0.14 0.85 9 7.78 1.65 4.59
LOM 2 4.9 0.16 0.13 0.14 2 0.11 0.08 0.09
NOR 1 2.4 1.31 1 0.81
OLF 36 87.8 6.01 0.11 0.27 13 12.3 3.44 6.79
MLs AZN 1 2.4 1.75 1 0.85
CLA 3 7.3 1.67 0.09 0.13 3 0.78 0.11 0.12
ERY 2 4.9 2.34 2.31 2.32 2 0.26 0.07 0.16
ROX 1 2.4 1.18 1 0.66
Others ATE 27 65.9 5.23 0.49 2.03 6 61.8 13.6 39.6

MET

PROP
BF 30 73.2 3.74 0.12 0.29 30 1.99 1.58 0.48
CAF 31 75.6 1.94 0.43 0.99 31 1.02 0.81 0.18
CBZ 3 73 1.73 0.08 0.26 3 0.09 0.01 0.03
TMP 3 7.3 0.31 0.22 0.26 3 0.04 0.03 0.04
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= REAYME LR 2ER R E. TCsH,DOX,
OTC F1 TCN Ky & % & B b AL 43 51 4 23.0.5.96.
0.52;5 % FQs #f, CIP ,OFL .ENR .NOR H1 LOM [ & 4
F AP AL B BRI 8.29.6.79.4.59.0.81
0.09; 5 A H A 2 25 4 | ATE & 48 2 B0 & (R
61.8, N HLAN 25w 48 R E e R R E, L 4R R AL
W {E A 39.6, 1 R 20 il 25 W) W i BB AR, BE
CAF .CBZ FI'TMP 1Y & 48 RECHALE AL 0.48.
2.3 ERRXEE TN

I, 8 ] o AR P £ v 259 1) B e B B
PR 1 (Maximum residue limit, MRL) 54T fa] FR ] o XF
B S 2 B AR XU PEA , 2S5 AR iR A
55 235 5 (Sl £ i v 5 24 B e 3R B PR ) DA R
g A S RE & I BIT R . M E TN
L B R N H SAs . TCs  FQs (A CIP+ENR 1) |
MLs (LA ROX 1) f ™ 4 A5 43 31 4 100,100, 100,40
pg-ke's H FLF AR (Acceptable daily intake, ADI)
BRI 50.30.2.5 wg kg -d P 2016 4R 4B 1
T [ RS B 48w ) R AR N H
P B 100 g h4% 5 /K 83 3 78 80% -
A, AR 60 ke 1L

HEEA =8 b5 o) T H & i (pg-kg ') X
0.1 kg+d'x20%+60 kg

M3 PR, 41 DR EF S, SAs  TCs . FQs
I MLs PU K2 V5 G W) 85 K B% B B3 3 0 0.91.3.65
1.46.1.38 pg kg™, TE Il TAHOCHRMERR (L ; H $8 A I
KAES3 5149 0.001 5.0.006 1,0.002 4.0.002 3 pg-kg™ -
d™', H B A 6 ADIE B 55 = 53 ik 2% 8 0.003%~
0.120%

MBI FF, F B E 4 rh & 22 AR
fl B KU 55 /N o (R, BRED 45 AN , NIRAE H iR EEA
Fofb &y, i 2s AUF A28 KR AR K S .
TEE AUFFEH b 259, PP A
B H AR A 259 iy oA 04 i i XUy 3 5 B 25 5 At £
F3 ORBHEAGYBRAREERSEABBAR(HER)

Table 3 Maximum residual concentrations and maximum daily

intake of different pharmaceutical categories

in potato samples (fresh weight)

MRL/ e R5% A/ ADV/ R HBEAR KTt

peke'  opgke' pgrkg’ed! opgekg'ed? HRE/%
SAs 100 0.91 50 0.001 5 0.003
TCs 100 3.65 30 0.006 1 0.020
FQs 100 1.46 2 0.002 4 0.120
MLs 40 1.38 5 0.002 3 0.046

WIEA R B2 R T SR 0. 35 AT BRI
8 P LR A 2 K I R P2 1t
SRPEYIPESEE R L E A R

3 ZHiEFEW

(125 F HERZ99 A 20 R 46 7
DI} 0.13 ~ 3.67 wg-kg ', HFh 5 Yy fe i 6 £
H17.0 pg-ke's

(2) ThE X H bR is e i & 3 REChAL(E R
0.01~39.6, Ik KB RECH 61.8,

(3) [l 37 B E 4% 2 rh & S 2 W0 AR P ik XU
BN, BB RSB E DAY R N BRI, A
2 ] A AR HEIX SRR eI A 1 L2 W TE
EYEE PR BRI
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A 250 WG/ s — R B B 2 e 2 BT IRAL A
FH 5 =02 0 [ 7 b DX 7™ it v 245 40 8% B R A7 e 109 A
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(I B PRI, A PR A FH PR o o AR 7= i I
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