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Abstract

The advent of antibiotics has accelerated the development of livestock and poultry farming, but the
environmental problems caused by the misuse of antibiotics have become increasingly apparent. In
this study, a large-scale pig farm was selected and eight sites in its vicinity were used to investigate
the antibiotic residues in soil and groundwater, and different evaluation methods were used to as-
sess the human health risk of antibiotics in groundwater. It was found that in soil samples, sulfadi-
azine and enrofloxacin were not detected, tetracycline and chlortetracycline were detected only at
point S6 and at low concentrations, and sulfamethoxazole was detected at a high rate. In groundwa-
ter samples, tetracycline antibiotics had the highest detection rate, sulfonamide antibiotics were
next highest, and enrofloxacin was detected at low but high concentrations. Overall, contamination
in soil and groundwater samples was concentrated at points S6, S7 and S8. In terms of human health
risk assessment, when evaluated using the drinking water equivalent method, 50% of the points
were of moderate risk and only for younger children, whereas when evaluated using the average
potential daily dose method, most of the points were of acceptable risk and only point S7 was of
unacceptable risk. Therefore, the problem of antibiotic contamination cannot be ignored, and there
is a need to strengthen the regulation of antibiotics, and there is a greater need to study methods of
removing antibiotics from the environment to reduce the human and ecological impact of antibiot-
ics in the environment.
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1. 5|15

HABUAER LR, EE4EY N BRI et & MR T, IR EE T BRI EE A .
PUERKIMISAREZ A, RS G M BEA R HUR RS0 oy 7 K26, HEH WA 5 M, 20508 B-H
BERS WS KINNEEE . VUSRS 2B RIS 1]. 4R, BT AMIZEME B R A A2
TR, SEGUERGRENESE R, X— @51 T E A PRI GERER 2], PUERIEAAN
WREREN A, AR 56 2 RIS, A 2 — 000 2 DU 25 B = P i) T 2Bl BEAAR 1) A 38 N
W . M PR R E R KRG AR EIR, A 40%3) 90% Mt AE R, i E 2 E
YIEPE R I, B M HE R B S5  [3 ] BRI, o T HE NP B 140 AR 200 BB I e s,
DA A AR () S BRI AT 7T, AR AR N,

B A A K R 25t mT DU I i R AR SR A g N . [N AN 2 TR 2 RIE T
B A AR K ORI B SR BE AR R (4], Pan SF[S)ATE P E B RPN T 20 BRBTAE R, WREE
59 575 ng/g. Jia FE[6 0 R ERAOY T 3g h AI K i BT BB AR, ISP R (SAs) R AE AL+
AN Z K AT BB A P R, DU B R (TCs) A 3 rh A K A o i i), 9t
B TCs /&Ml i) iz Pt AE R . /KA L3 i (B AR 275 Yl i 20 A LRI SR A P HE N 21t R 7K
[7], IERE T HRK P HAERIG S, Xiao SE[QIAMTFTRIL, HF/KPARNIH 64 Az, KSR ELE
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10~1000 ng/L, M HaZR 1A 2 (QAsS) M SAs IR E R = Bk 2 mT Ui 2 Fh 77 20 N A, il
TR, BB THAERMA. 495, 5, SUERSEAEMEA R, IRl EWEEEeR, 1£ihas AR,
SPGB AR EE, BFEARTEUE. 2. B HEH MR mE E i sE0]. AR EA
LFHIAIEEYE, MR AEER AR, BRI B P RUE I Z R, RS RGN, PAERUER
M 255 10]-[14]0 WFFERE, PRSI BE BT AE 2 T (R bt A 2T 24 B (ARB) B 14 L [KI (AR Gss) (1) 4%
#%[4]. Zhang Z5[15|7EF B4 REE 1 34 DL R/KAE S ARSI ) 2 Fh ARGs, Ho DUREZ2E . B- A Ik
VU3F %25 ARGs NE.

g BRI PEAN 2 AN RPN, Rl s R (e BRI B~ 0 AN A R ™ AR 5 i R A 22 K
ANFIRBSARBE o« H AT FH A R S F A I ik A PR, — 20K & %, Jingyun Shi 2516 K H UK 4
BRI TR EIE T IR PP R, R R R 20 XU R S o R PR K ek s )
U AR A R /INAE 2.6 x 1077~1 x 1073 22 JA] . Ting Meng Z5[ 171 % FH T 1% 7255 o [ g 05 VS VT A A i [X
HHAT TR, WA B R P R R ELE 101072 H—F5 32 HI7EVE, Lyul Z18]%f
12 EEIR TR K R LA 2T 7 00T, TFACal R R =0 SAs M RE X 1 7 Al 2.8 x
1074~9.4 x 1073, 1.2x1075~2.7x 1073, 5.5 x 107~2.9 x 1074,

ARSCIEHL 5 Pl WEIPTA AR R TEN G,  RAEIT R 48 F 706 1 o] Bl AU PR 7K R 338
APV R A ATRAE, R F VRN 7715 AT N R A PR, NG TP A: 26 15 Jedz il
PR AR .

2. MR5R*%
2.1. SRR

AP A FH 00 BR VA AN B R VA VR MK AL A BR A R 3K o FE (il ali ) A 2 G (B v 4l 2 ) ok
35 BR 7T A T o AU A R FH AU (HLB, 200 mg, 6 mL)K H Eoe & A . = 5 PURRF- U7 B &
G I S AE(2.6 pm EVO C18 100A)K H ©iEE AR . AHUAHENIEMRL(0.22 um, JE ) H 2285 5L
BEFEARCLEARAR . HAh, 5 PP ik iE 8 REFURE A AE, 5 HtERNEWRESES
WL 1 FiR.

Table 1. Full names and abbreviations of the 5 antibiotics

® 1S MITERNEMERXEE

AR féii's PreEzAER AR fii s Pz
IEASS TC A T g s SDZ \
VIR & ZK(TCs) ) %25 (SAs)
SBR CTC Tifh fie P A SMX
BB ENR WSS (FQs)
2.2. HERE

FET AR S TTIE B T — N TR AT AR, 2RI IR T 2019 48, FRIAHUEY 6000 3k,
FRIEIARZI 60,000 m* JRADAEE TT XONAMSHILEL, BT XOFEEN . 53BN BRI AKX, |-
X TR IRHRIK, R KARI T R KRB PYAR DT AR AR U7 TR AR, R KRR, /KA HEERZ) 7~10
mo KRR 1 PR,

FEERES IR HI91.1-2019 MIAHSCHUEEAT, RFERF R 2024 48 4 F, XHFFCX I8 A s Ardb ATk
B PTA MR KEE RIS 1L.OL B DR GBI P O R . BT IR S ER, B
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FERORAT o KA DUEHE RAE AR AT RAE,  TRERAMEI AT Rk, B RRR 2~3 em B H5E, HI%k
IR R, RANEERIRES.
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Figure 1. Sampling point location map

E 1 RERAER

2.3. IMERRER

KFE: WERRREINE 0.45 um BIELFYEJEEIL JE /KRR 0.5 L, FRSZRIAATE 4°CHIDKFEH, 7EFRECZ
A, F 4 mol/L BB AN Z/KIATT pH E N 4, FEMIN 0.5 g NaxEDTA. #RJ5 HZ 5 ml HIEE. 5 ml 4K
fE 1) HLB B AR AL B E SR BOUKEE, LREE LN 10~15 ml/min. $:35, F 10 ml (4K #MEE HLB A, If
FEAE A NS 30 0 8Pdi T T4, A S ml FEZLL 3 ml/min (29 1 /80) s s e, e Bl ik«
Ve AT, RAEHPEEBERE 1 ml. FEMEREE 022 um JEE, fTH LC-MS #4770 47 .

+3E: HERIAREL(1.00 £ 0.01 @)W BE (1) H3ERE AL G 2 mm §f), BT S0ml ROIEEOEF, A 10
ml Na,EDTA-Mcllvaine 251, R i€ 30 s(%G), T 4°CF, #7 15min, 8000 r/min 25 F &0 10 min,
Wt FiE. R RIS E S R E O T, RPN X, Z 5 10 ml ARG TR
FUSREUG IR, & 4 R EIEW, B 250 ml, it 0.45 pm BEIELF4EUERE, 2 JERES LRIk 4555
IK AL R 71— B

2.4. BAEALE

A SR 3 ER F #F Microsoft Office Excel 2021 X 5236 300t 47 8 #E . 12%5; FIH Origin 21 &
.
2 R IXU S T4

(1) AR EE

PG T T S B A B SR . MEC 5 K 248 /K°F DWEL 7[19], B3 8A BishidE R
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HI RS E RQio BT PUAERZAETEREVER, AT LA, — AN SRE A XSG P B2 H 2% B S Pu s 25 10 XU
P {E RQ AT AT A3 211 RQu AR » KUK R RQi & RQs FHA (1)~ (2)- B)ITHAFE]. RQ #9035,
RN RQ<0.1, fRXK; 0.1 <RQ<1, H2ERE:; RQ>1, mMK[20]. AFRIHEREH DWI 2 BW

(A (E N 2.
RQ= DI\;[\]/EECL M
DWEL = % )
RQs =Y RQ, 3)
Ko,

ADI——] 4252 [ 5 H N & (ng/kg/day);

BW——J8 A\ B L (144 (kg);

HQ—— & R, B 1;

DWI— /KA E(L/day);

AB—— R ISGER, B 1;

FOE——ZR &M%, 356 d/365d=0.96.

(2) Pt HIBER =%

FIT RN R FIRAR S WISy, AR IEI R AR IR A R I R R . 2 SR R A
() ADD A, 54 H el 2 3 NS AR, 19 20 KRR E (R HRQ fHEL RQ H), BARTHE AKX WI4). (5)-
(ORI FTR[21]o SHUIUA WA 3~5.

ADD,_ + ADD

HRO = dw demal 4
Q B — “)
ADD,, = Cqy X INgR XEFxED )

BW x AT x1000
DA . xSA. xEE xED,

ADD — event—i i i i 6
demal Z BW x AT‘ ( )
DAevem—i = Kp X C xTx 1076 (7)
logK  =-2.80+0.66logK , —0.0056MW ®)

e
caw——RHIK P AE R IR (ug/L);s
IngR— N E(L/day), FESH (hEAFRETFM) ;
EF——2Z: 72 4K (day/year), 350 day/year;
ED——2 & il Wi(year), ARV 30, FUEPA 05
BW——h A\ Bl L2 )44 5 (kg):
AT——F 4} [l (days), AEEERNA 30 45, EP 10950, U@ RN [ 2 25550, EP 70 45
SAi—— R AT A (cm?);
C—— R A 20 1 /K Hh e AR R IR B (/L)
T—— R 5Pk Z b () 1) 18] (hours/day)
Ky——31% 54

DOI: 10.12677/aep.2025.153033 270 LR AT U


https://doi.org/10.12677/aep.2025.153033

BREAYE, BT EE

Kow—— B FRPU2E R B IE 7K 73 He R 8
MW—— H Frt 42 3 X BE /R 5 & (g/mol)

Table 2. Recommended values of DWI and BW for different age groups
2. TEFHRE DWI. BW H#HE

EWEE 03 H 3~6H 6~12H 1-2% 2-3% 364 6~11% 11~16% 16~18% WA
BW 5.6 7.2 9.4 12 13.8 19 36 56 57 60
DWI 1.15 1.14 1.18 0.85 0.83 1.16 1.55 1.9 1.77 2.04

Table 3. Value of ADI [22]
3% 3. ADI BYBR{E[22]

AR ADI (ng/kg/day) LogKow MW
B A 6.2 0.64 359.44
il 50 2.59 250.27

it g P e A 130 0.89 253.28

UIEZS 3 30 -1.33 444.48

EEER 20 -0.62 478.92

Table 4. Skin contact area per event

4. SPEMHHIR AR ER

SAi (cm?) T Velleesk bR Vel T Yk DA PURES TiF vk
Ttk 800 1300 1100 800 800 800 17,000 6300
Lotk 700 1200 100 700 700 700 15,000 5700

Table 5. Recommended intake by season in Henan

"S5 RS FEHRANEREFE

X35 EN) IngR(L/day)
FK 234

] LES 2.90
&S 2.30

3. ZHR5WE
3.1, B E RAREBEHE

LI PUAE R B R B IR L 6. R 8 AL, TC, CTC A SMX FIS H 2 730 N 2.5% 12.5%
1 50%. PFT TCs [ EA TN n.d.~0.1459 pg/L, LA CTC N, XAJRESEIE A TC 76 KA H 8] REAY B4 1R
[23]. PiFhbiiE R BB R T miE e mifr S6. X REE I T S6 st A S (EHERX, i k5 i
U, SEGAER FBANB LT, %50 e R B AT REREL 7 IR 7 A I 208 fey5 /KA . EMER
. SDZ F1 ENR 7E -8R a5 R G Y, X AT RESE FUOAX A ILAE R 5 R AKRFDLMR24], HAESHA
BLBT P AE 35, FERNZKIVEVE R T EFHOGRRS T, B AN R oKERBEOGAR, AT AL g i & B8 T

DOI: 10.12677/aep.2025.153033 271 LR AT U


https://doi.org/10.12677/aep.2025.153033

BREWE, M1 E

R . SMX 7E S2. S4. S5. S6 WU sifidFtath, WKEEVEHIAE n.d~0.19 pg/L. SMX 1 T3 2 IUk:
H, X ATRES HEACHE AR DE, SMX N5 B 5 ELXE CAPEf# . A% T SDZ. ENR FFH 5 W, HKf# ek
FMRMBUERN S, AREEEEIE OGRS REEMEER T2 T KR, Wb Rk E T
RIZTHE. TCs KPR, HIKM, ERKIMBEERT, SBNEKE LA R KF[25]. R
A LI S B ERIBFE N : SMX > CTC > TC > SDZ = ENR, 5 Kik B E SN S6.

Table 6. Residual concentrations of antibiotics in soil

F 6. LIRPIMERNKREKRE

N0 TC CTC SMX SDZ ENR
S1 n.d. n.d. n.d. n.d. n.d.
S2 n.d. n.d. 0.0205 n.d. n.d.
S3 n.d. n.d. n.d. n.d. n.d.
S4 n.d. n.d. 0.19 n.d. n.d.
S5 n.d. n.d. 0.0017 n.d. n.d.
S6 0.0109 0.135 0.0015 n.d. n.d.
S7 n.d. n.d. n.d. n.d. n.d.
S8 n.d. n.d. n.d. n.d. n.d.

3.2. Tk E ZRNREHFIE

R KPP RIS H IR L 7 Fim. A 8 AN R AREES, AN AL REOEAGII HE DU3R 23K
MHER, RN 100%, =FHiA 2 IR F 505108 75%, 87.5%F1 62.5%. TC Al Hi i)k B2 3 FEl e
1.581~16.95 pg/L, CTC AR ETEEAE 1.226~23.414 pg/L, SMX A n.d.~2.099 ug/L, SDZ N
n.d.~8.886 ug/L, ENR [N n.d~8.308 ug/L. HIFEA WL, CTC. SMX Hl SDZ fE % sl IR B R G , R
BAE ST FALBEIRAE K . FF HLDURR 2P AE FR ke R BE AR BT LA PR b o 28 22 ORI B, 80K,
XU B 1% R A 8 AP AE 2 2R A R BN DR 2, AR, 76 ST 5507, S-TAR 2 ik B3 it Ay A K AH
XAlRefR BN ST A ER B IS HERA X B0, SEHERMIBIEI F38, T4 Rk, SIAMZRAL T H R oK
MR, EUEE R AR R B, ISR T 1 s AR ER R R AR 1

Table 7. Groundwater antibiotic test results

F 7. WTOKIEREMEER

AL TC CTC SMX SDZ ENR
S1 2.048 1.226 0.827 n.d. n.d.
S2 7.613 1.569 0.943 0.085 2.139
S3 8.42 1.255 0.792 0.194 n.d.
S4 2.64 1.341 n.d. 0.139 n.d.
S5 16.95 2.813 n.d. 0.167 2.386
S6 4.028 1.627 0.903 0.317 7.885
S7 5.374 23.414 2.099 8.886 8.308
S8 1.581 1.255 0.850 0.112 1.946
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3.3. MR E RO BRI

3.3.1. fRAKHEZE

YOK M BEFFAIRIE G T KT PN . BAREE SR 2 Bror, [# 2(a)F1 & 2(b)7R T TCs 1]
PR &S AL, KL TCs 383K F 7K@ A28 B N IR B XU VP 78 1% X 334k T 0.00172~0.03821 2 [H], XT 6~18
% 1% 3 AR AR AL T 0.00157~0.06862 2 (8], X 0 H~6 % % 1] 0.0104~0.2308 2 [A], &5 FR Ui Ik
ALK 0 H~6 5 £ 3 g 5 XU 48 HOTE 12 [X 38 P B30k vy T e A RIS D47, J8 T B U N 7E 1] 2(d)
I 2(e)F, SAs I K@ A2 B N IR RE IR PEAN 75 1% X 334 T 0.00006~0.0058 2 [A], X 6~18 %
P23 1) e BE XU AR T~ 0.00006~0.0735 2 (8], X 0 H~6 % %[ 0.0004~0.0350 2 [A]. XK ELILIEE
XF 6~11 % T4 (10 e AU P AUTE 122 X el A B30 o T B AR L, 8 T e BUs AN . 8] 2(c) 30 ENR
3 AR KGR AR AR N P e B JRUBS: PPN 7B Z X 38R T 0.01024~0.04374 2 [8], Xt 6~18 % £% 38 [l )i KU%:
AEF 0.00936~0.05539 2 [8], X} 0 H~6 %% 1] 0.01812~0.2642 2 [A], iXFH] ENR XU i 2 5 = T
AN R R KR, SRR JLEE AR CARIAE] T 0.2642, XM YT LURBS I EM . @i iR
SRS ) LA 1) i 5 PSS 48 507 12 DX 4 P 3 v T e AR LB, 8 T iU A

025 3 0.30
3-6,
6~12,
22% 025}
0.20f 7, ‘

0.151

0.12f

0.10F
020

RQfH

o b= L
& 0.06 gois

b bz J{ Do TR S S || S hlm.... 1
S1 S2 S3 S4 S5 S6 S7 S8 . SI S2 S3 S4 S5 S6 S7 S8
J=i0a FAL
(@) TC (b) CTC

0.040 3.5x107

0.035F 3.0x107

00301 2.5%10°

IIRRRERITY
mepmays
SLlogtised
NERE

BT T
STLogbised
R

0.025}
4 m 2.0x10°
> 0.020+ <
2 & 15%10°3
0.015}

0.010}

0.005}

0.000

S2 S3 S4 S5 S6 ST S8
J=Xiba
(d) SDZ

Figure 2. Evaluation results of the drinking water equivalent method: (a) TC; (b) CTC; (c) ENR; (d) SDZ; (¢) SMX
2. IRAKEEZRFNER: (2) TC; (b) CTC; (c) ENR; (d) SDZ; (e) SMX

33.2. EHBHEBENEE

IRAE AT SCAE B S LA, (HEAR] S FHAERR RQ, W 3 fx. K 3(a)&w T TCs HIVF
e . S RRBL TC XA B KUK 7E 9.99547E—06~1.1055E-05 1], XF B 4E 4 1 () KU 7
6.02213E—06~1.13819E—05; CTC X 4 5 P XS AE 2.47163E—-06~7.03729E—05 2 [8], S A LM X
K7E 6.30844E—06~1.20517E-05; HEARHAFAEAE R, (HZIX Pl KL T LA 32 14 3(b)Z B SMX A}
FAE SR RS TE n.d.~6.36235E-07 ZIA], X 22 M B RS AE n.d.~7.24464E-07; SDZ % BUAE S5 X
[ AE n.d.~7.04001E—06 2 [a], X BAE Lot (K XBGAE 1n.d.~8.01308E—06; R [ 1AL R ARG AR R T IUF R
FPUERBN—NEEY, REHALRITE I RAR R, AN X AT AT #5521 AURERES « B 3(c)
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A LIS F], ENR X AF B A% 1 RS TE n.d.~5.27843E~05 2 (7], X BAF 2otk i) R 7E n.d.~6.01056E—05 . ENR
RS AR TR PP AE B B sy, R HUS LA Tl B2 I AKOIR A, R = Ab s R B T XU

RE.
8X107§ w HIEIC . - 7/“%17EF
7x10°5 | . g oo 8.0x10 °f o 6x103f* 4iErx .
> LfECTe . -
6x107 | . 5%105- -
s 6.0x10°5F
-5
g 310 Z 4x10
< 4x105f g |7
& : g 4.0x10°F =
3x10°5F . . 3x10°
2x10°5} 2.0x10°5F 210
1x10°} O oy (S e . * .
0 &8 5 WM R - 0.0F o B e 00 ® - 1x10°}
SI S2 S3 S4 S5 S6 S7 S8 S S2 S3 S4 S5 S6 S7 S8 S1 S2 S3 S4 S5 S6 S7 S8
XA J=tiA J=XiA
(a) TCs (b) SAs (c) ENR

Figure 3. Results of the evaluation of the average potential daily dose method: (a) TCs; (b) Sas; (c) ENR
3. FiE HBEFEENITFMER: (2) TCs; (b) SAs; (c) ENR

3.3.3. ZRIEMER

B SO SANPUAER X AN, SRR FAARZE R 4 Fros. E 4@) A ERIR
K S EIEVPN 45 3R, RIITE S1. S3. S4. S8 fif, HUERMEBA NKEIITE 0.1 LU, X &4 B
M NFERIUNTCAR RS ;s 76 S2. S5+ S6. ST fhr, AR NBFERBUA PSR, FEERLE 2
BULNJLE, ST Ml E R MW OB 11 5 )LE . EFTH mhid, SR E I m KR b, g RaT
AR H, BEEFRIIIGI, ARSZBIHUAE A R0 KR B EE 2 08/, 16~18 5 I I 75 47 52 B 1 5 0l f
o AE T H P E T BRI IO 45 AN 4(0) R, ST AN BRGS0, AR B E . b i XU 7
J95.1x10705.8 x 1076, B KT 1076 S7 s dm MK, FvE. VR KUKy 1.02 x 1074, 1.16 x 1074,
BIRT 1074 MR WS EbRE, S1~S8 rihL(ST BRAb), JrIHEZ MR, X NN AT LN, S7 rifi
AT 2 AR, TS| HE.

ST 10.0270.021 |0.016/0.009/0.008 0.008|0.006(0.004 0.004 0.004 055 gl A -
05 1.2x10* 1. 017861~ 1. 159E-%
S2 10.135/0.104[0.083(0.047 0.040/0.040{0.028|0.022 0.020(0.022 045 1 ox10+
N UX
S3 10.0700.0540.043(0.024/0.0200.021(0.015(0.012 0.011 0.012 0.4 |
035 gy 30%107 |
S4 10.0310.024/0.019(0.011/0.009 0.0090.007(0.005 0.005 0.005 >
0.3 g 6.0x10°
S5 10.216/0.166[0.132[0.07410.0630.064{0.045(0.036 0.033 0.036 0.25
02 4.0x107°
S6 10.296/0.228{0.181(0.102/0.087/0.088|0.062(0.049 0.0450.049 ’
| 0.15 2.0x10°3
S7 0.5690.438|0.348(0.196/0.167/0.169(0.115]0.094 0,086 0.094 01 0.0
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Figure 4. Combined results of the two evaluation methods:(a) Comprehensive evaluation results of the drinking water equiv-
alent method;(b) Comprehensive evaluation results of the average potential daily dose method
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