hE ISR 2025,45(8): 4608~4619 China Environmental Science

BMUFEE K UK EEIET SWAT BB E 32 IS G AR AL T s —LAVERT b L3l 8 (3], b [ER R, 2025,45(8):4608-4619.
Qiu Y F, Wang L, Zhang B, et al. Research on the distribution characteristics of antibiotic point source pollution based on SWAT model: A case study of the
upper and middle reaches of the Huaihe River [J]. China Environmental Science, 2025,45(8):4608-4619.

ET SWAT REM A RS IRB RO MIFIERNAR
— DAY B O
W2 (LRI TR R R o 5 TR, 1T 5 R0 210000 2.4 PR 5CPRHS

MOk LE F Uk kT E
RIZERFFCRTIT S A 210000)

FEE: BERHUA F RS S A% BB WO R S S T — R AR S ORI B v, B TR A R B B RO A AN A RE R AL T
IR A B A8 SR AT AN T DX 40 AL 2 R T A A i N B R FH 28 23 A0 XK SRR B —SWAT 5, DL i v b3 it o 4 7 0 B2 (CFX) ik
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Research on the distribution characteristics of antibiotic point source pollution based on SWAT model: A case study of the
upper and middle reaches of the Huaihe River. QIU Yan-fei', WANG Lei'", ZHANG Bing”, WANG Lei* (1.School of
Environmental Science and Engineering, Nanjing Tech University, Nanjing 210000, China; 2.Nanjing Institute of Environmental
Sciences, Nanjing 210000, China). China Environmental Science, 2025,45(8): 4608~4619

Abstract: Aiming at the characteristics of complex sources and scattered emissions of antibiotics, a method for estimating antibiotic
emissions was established. Based on the population and the number of livestock and poultry in the basin, the antibiotic emissions in
different regions were obtained by combining the consumption coefficients of different organisms and the sewage treatment rate.
Using the emission loads as the input data, the semi-distributed hydrological model-SWAT model was established to simulate the
ciprofloxacin (CFX) and sulfamethazine (SMZ) in the middle and upper reaches of the Huaihe River. The results showed that the
livestock breeding scale, regional population, sewage treatment capacity and large-scale management measures are the main
influencing factors of antibiotic emissions in each city. The results of model validation showed that the simulated concentrations of
CFX and SMZ are basically in the same order of magnitude as the monitoring values, with the good accuracy. In summer, the
concentrations of CFX in the main channels of Huaihe River were almost all lower than 7.26ng/L. And in winter, the concentrations
of CFX in the main channels of Huaihe River almost all were lower than 190.3ng/L. In summer, the concentrations of SMZ in the
main channels of Huaihe River almost all were lower than 8.7ng/L, while in winter, the concentrations of SMZ in the main channels
of Huaihe River almost all were lower than 38.11ng/L.

Key words: Ciprofloxacin; Sulfamethazine; Emissions; SWAT model; Huai River Basin
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R RIS
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M. F 35 9 O 0 B 4 S A 30600km?’,
158000km”. i dek b 58 I - BRI A5 10 i 22 RS A% X,
T 0 R AR T 9 2 A DX, 2 IRV S DY
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EPIWEB4.1 R {F3R15, 90 i oAl 36 A5 B A e B2 1)
HEd S5 W3k 2.7% B 200 T AT b CFX W Bt
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FHPUAE B HE GRS 5 H DU A 2 R 3 s N T HE
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S FE(DFTR.

T=[C-B-K K, -(1-£)+C K (1-K,)
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Exposure pathways of antibiotics in the environment

TSR

Fig.1
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Table 1 Present situation of sewage treatment and large—scale breeding
) LR I F S5 30k
IS K AR (%) 92 92 [21]
AV KA B 2E(%) 40 18 [22]
ISR 3 AR R T A8 A BRI G K -
MBLTRIE R (%) 49.1 78 -
[t A5 3675 A B A (HEAL) (%) 89.44(Hrr 20 AR A ZETT) 89.44 [23]
WAS ISV MR GERR L. REAUREE) (%) 2.04. 80.68 T bR [23]

R2 MREREER

Table 2 Basic information of material

VKRR ST RIERE PUERIERE PUERMERE AR R

DRE-IFAR IR

IR oC 2R K HE %
L W e M‘(ﬂ)@ MR RMC RN RN GHEJR) (;;’)L(i EBAE HAER
a £ N () (Angll)  (FEngl)  (nglL) (%) ) (7 (%) (%)
NP R R 10 53.80 59 334 2614 60.19  33.7. 36.8 53 59.75 74.60
T R mENE REAEE 35.23 25.40 62.95 731 731 21 0.9. 24.5 13.90 17.61 31
22 3R - - [24] [25] [24] [25] [25] [24] [24] [25] [25]
1.3 SWAT F I 5 )5 ¥ RIS AS. K, ek, MgiEk. &
1.3.1 SWAT FHfR /> SWAT BBUE e EARNYE W 75 P RURAEY) A BEAEBEE B R H /K 21

iff 5% J& (ARS) ¥/ CREAMS(Chemicals,Runoff,and
Erosion from Agricultural Management Systems)A/l
SWRRB(Simulator for Water Resources in Rural
Basins) 1 R FL il 1 A JiE L R 1 73 A1 3K SR AL A
RURE TR 73 Dy 24> TR, B — A iR O A
[F] [ 7K S )3 5. 76 (HRU, Hydrologic Response Unit)
21, 23 ) BEAUL 2% AN 7K SC R N BT R K SCRE AR
SWAT BB BUMIE R . N5, iUk &
HEK. M FRARR . M FBEE DL T A5 g A 26,

i 7 RERK SO A i

SWI = SWO + Z(Rday - qurf - Ea - VVscep - ng ) (5)

par
K SW, FIRE ¢ R I35 7K, mm; SWo KR 26
i R AEEYIG 5 7K & mm;r KRN [7],d; Rgay KR AT i
K FFE/K & mm; Qg RN 55 | RHLERAR LR, mm; E, K
TN iR B ZE UK B mm; Weep 27N 55 1 R M 14565
THTHE AL 7K mm; Qg 83§ R R K]

N =N
Vi, mm.
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TREGUA RS R E TR R R AR
(140 Jh A7 AR RT3 DAy 5 A 2 R I A4S Vs A A i 2k 2R B
KRBT MR ARV b A =32 e b s #
RSN s =AY T e A E7IRA B e 0 O AN W1 A0 =
Hh A JRU B PR A ST o, e O A
o) R ARGTA I 3 5 s 5 b # b i sy
(CWE e

ApStrehwi=pStin-(pStsoL.otPStsorb.o )-PStdeg wir ©)
-pStvolwir-pStstlwutPStrsp.wtr = pStait

ApStichsed=-PStdeg sedtPStst.wir-PStrsp.wir-pStour + pstair (7)
U :ApStrchwe R 78K ULJE T HUE R IR KR AL &,
mg; ApStichsed 2 /NULEPIHTAE F IR 1224, mg;
pstin ¢ 75 T 3 N U 0 3 B BT 2E 3R R mg;
Psteoo < A8 I R H VLY S B AR AR T4 3R B mg;
PStsor,o ¢ /A I HE I AT S FBUREAH 970 7E 28 i mg;
PStaegwer A0 I FEMEAVE FI ALK T 2 BR (042 3 B mg;
PStyorwer < A% X # AAE K o L R B AR =
mg; pStawe Ae/8 I TTREAE MK BRI Bt
R, mE; pStrsp e 28I FETE AN TTRADIE #
BRI PTAE F B mg; pstar Fn B HUE
TEK AR R Z A8 8% P14 3R i mg; pStacg sed
BN I AR AE DT R T L BR ) LR =
mg;pstyy 1% /5 I B DTRZ h BRI PR &
H#,mg.
1.3.2 RS HCRIT LG FER i SWAT A
T T BN BUF = R DEM(Digital Elevation
Model). TH%dl. HHUR FHEdE . A2 8dE. K
PEEGHE V5 /K AL B B FK SOt £ DEM. #ifid
TR TR AR, 2 BEAT 2K ST A I R A R
FH A B e 73 ok 3 A [a) 1 2R 28 4 A1 - 45 s
Feft T IR Y BURIAL S R P R B AR B
T 500 AP0 KR A 5 i) 7K S I R ) B IR B
5 KOUECRI K PR 0 TS0 U5 v 0 ) R TR K
XL ZK S R ) 5 i R A AR K St e
FHF 5 WAL S5 A0 E i AreGIS10.2 HR AR
Bt ek T BOW A i it B 2047 A BV o S AR
e Y RS20 P s B MR Y LR 3.

SEaEN L DEM 5552 BroK 2 B 1
AT R 73 B 55 RAU B Al e RS ZRONE 82 38 By T
JKTEAR BI{E A 17000hm? 35514 T 439 A>Fsk.
ARG BB 1) R IR A L 4 e 2 A R B B kAT

HRU [¥5%145, B E R 50 B 5 354 10%, 5 ok it kil
4349 4825 A~ HRU. L350 122 R FH A Bk - 38 s 122
HWSD(Harmonized World Soil Database) i
T IERHEAE(2009), 38 1 SPAW B A ST 5T X el A
S IESHANMA SRR | g s i sl gt IX
AR TS RIEAE 9 A A KPR
- b R FH R SR R B b B R 2 5
GRS A (1 v ] 2 I 300 - i ) T 8 A 00 s
(CNLUCC)IfJ 2015 4F-1- A FIH0RP MRE SWAT
IR Py (1 = R P 43 bR o B AT 5 40 2, K143 g B
Moo BRH. ML KIS R ORI R A .
KEHEEE T CMADS V1.1(2008-2018), HR4 v
AT 9 $ak 51 TR 5 B AF 0 DX e 4 R X R %
s Al prk Sy

R 25 117 DXAS ) 97 26 38 HE B0 A A 45 0 4%
T DX HE TR, 5 L g B Y- 35 43 BC s N 42 45 7K Add
H T HEROS JEAT SWAT FERL SRR, 15 2 3T
A FRELIR P 5 S e M R 8 LU A, S A 86 I
[ IS 70 26 B AEAR K . 2K UK IR 8 v 95 ek
SEREATHISE, 655 SWAT BEAURI 45 4 1 HE i
5 AT VR,

R 3 SWAT #RELUGNEHE K RIR
Table 3 Input data and sources of SWAT model

HO, Hst i
B F B (DEM)  Grid 90m i FE A (A K
HuF P A 4
RIBRRIRIR L om R B SR 5 AL
(CNLUCC)
O
AsliRse Grid30m P B ORI S Mt e 0
(HWSD_V1.2)
URAR dBase % FEFTFMUS BUREHR L
(CMADS_V1.1)
PSR Shape LKL £ M A
(CRD_V1.1)
KSR dBase % MEIK SRS, TR
VKA Fds dBase % HYDROWASTE
UNE=E Excel % R DR SE %
FHO IR Excel % o [ A B AR %

1.3.3 BIRSHHUBE T S FN SR SWAT-
CUP BAFHEAT S HUBUR A 20 BT R P AN 138 Y
SV (SUFI-2) T ¢ Ky I AR «p (A S B AT 8 g P50,
EHL CN2,ALPHA_BF %5 19 M S BEM KNS H S
5 W AR IR T RBU(Ens) S5V
Prabn PR BT 38 FH % . Ens PEUT B BEADL{E 55 S
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Fig.2 Figures of middle and upper reaches of Huaihe River Basin(a) ,soil type(b) ,land use type(c) ,distribution of sewage treatment
plants(d)
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A7 A 68 A R it A B AN A B AR A B IR
% B2 BT A ] CFX . SMZ A 4 v 1 32
BLFA;CFX F BRI P IRE IR . WA IR R G e
R g 08 SR Y S5 A R S e, SMZ. E VAT 2k B 48
FH2E it R R gy, A Dk b A AH A
PEARE SMZ K HAE A — 2 I 24 1 EL AR
A5, CFX RAPUEIETEM . Prmsis

ELAS Gy 7 Az i 24 1 1 AR A G A 0 FH W R N P B
M2, FECT S CFX & ik 213,706 AN 7
i, BLAR SMZ 745 5 7= A i 2 PERTEIAE FH A 2 (1) 5k
RUIEEAE N A X e & BELCFX ik DDD Ji
JEFIE S 0.6g,11 SMZ [ DDD #7146 4g5),
FEC B0 AR 3 B0 FH B K, 1K 3 B A A
i SMZ &84 64.43t [ EE R A

x4 BHEXMERERENHKE

Table 4 Antibiotic dosages and emissions in each city

CFX M CFX#HE CFX Al CFX#HEi SMZAEH SMZ HE SMZ A SMZ HEiX

Wil WWOT ) RNOTA) EHCR) ZE80TR) BOLH  ROLH EEEED BEEE0 RO EOL  REEED ROEEED
[ 194 145 2014237 10402 1.13 0.46 11.53 4.02 2.48 0.34 3.66 1.23
HERS 224 125 1180394 3495 1.17 0.45 5.19 1.95 2.55 0.34 1.60 0.49
Z M 215 309 2607471 3394 1.75 0.77 8.86 3.65 3.83 0.59 2.62 0.71
FLRH 355 465 4138197 8002 2.74 1.20 15.63 6.20 6.00 0.91 4.71 1.35
N 187 219 2285111 4945 1.36 0.58 8.95 3.50 2.97 0.44 2.71 0.79
bi] 147 79 583385 1670 0.75 0.29 2.53 0.95 1.65 0.22 0.78 0.23
e 51 17 447335 1902 0.23 0.08 2.31 0.83 0.49 0.06 0.73 0.23
T 37 42 697253 2111 0.26 0.11 3.09 1.16 0.57 0.08 0.95 0.29
T 111 149 895202 1495 0.87 0.38 3.24 1.30 1.90 0.29 0.97 0.27
FBH 825 231 1282275 2950 3.53 1.32 5.13 1.99 7.72 1.00 1.56 0.46
Frt 234 219 3479667 7534 1.51 0.68 13.63 5.34 3.31 0.53 4.13 1.21
padis] 19 42 320983 639 0.20 0.10 1.22 0.48 0.45 0.08 0.37 0.10
T 251 240 3436500 4708 1.64 0.74 11.82 4.85 3.59 0.58 3.50 0.95
VFE, 222 214 3766300 4781 1.45 0.66 12.72 5.26 3.18 0.51 3.76 1.01
VI 123 115 3570300 4939 0.79 0.35 12.31 5.05 1.74 0.28 3.65 1.00
i 350 395 4527200 15242 2.49 1.15 21.01 7.78 5.44 0.91 6.51 2.05
5 ke 296 331 4132700 11849 2.09 0.97 17.94 6.79 4.58 0.76 5.51 1.69
JE A 363 546 7169100 14998 3.04 1.47 27.77 10.92 6.64 1.17 8.39 245
BE R 265 389 8371300 8057 2.18 1.05 26.73 11.30 4.78 0.84 7.81 2.03
F3PH 35 40 602750 853 0.25 0.11 2.09 0.85 0.55 0.09 0.62 0.17

PRI T R A Xk CFX A SMZ A o 444
fe T BB DX s, HL DL @ A O 32 R X A
AP B eI 2.5 4% 4T CFX R SMZ A
FH 0T e DX 3 e T e X I 1.5 iz
)70 A 22 A P R 1 22 B AR A 1 Sk, B M A kT i 24
BT AN EE 1056 J7 A, i K,CFX Al
SMZ A FH &k 3.53t,7. 72448 2 X Iy B BH T A
Bk 820 J7 N,CEX 1 SMZ A\ ik 2.74t,6t,1
A VAT R i A A P e P R X PO R KA
ok Em A A OH CFX B & HED 5N
26.73t. 27.77t, 848 BRH T CEX &0 15.63t.
JAT S AFBAT . BES)ETT. BT CFX Al SMZ
T A TR
212 HEEAY ARSI NS
A5 LU AR AP i i 930 R0 245 HE T AR 9 25 44 4075 7K

At B EJLR AT BB AL 77 5 A5, 0 2% T X P2k S
TV S R LR 40N CFX 38 A HE iR A
RHETSCER: )y 97.29¢, o AT 12 19 40.02%; SMZ HE X
oA 28.88t HEE AT R 22.31%. BT 2
O ), AT AR 3 R HE R B i e, R B
FH 90T R 48 8 O 7 B AR B AOK, [R) INE FR E  v
i F 0 DA AR B 7 e DA B 32, U2 CFX,
S8 T R A A RO s, I 3 T R T
RO s T3 16 AR, JE T R0 M T 1k
N 2 AT XN DGR3 3104 909 15 AL 1056
TN LEE 43 ) 39.93%. 78.13%; A JHHT4E
FZHOE N 7.97t. 6.88t, 4 A H KT T
P NISIYN A EETIREES < 3@ A (TR N a8y PR B -9 5N
2 4P T Ik LA A v, T ¥ 7K Ak B ) B A i B
WAL R 3675 b B AR ) IR 2 R TN 8 e
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Fig.3 Hydrology simulation results of Zhoukou station(a),

Huayuanzui station(b) and Xueziji station(c)
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Table 5 Parameter sensitivity analysis results and final values
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Table 6 Monthly runoff simulation results of hydrological

stations in the middle and upper reaches of Huaihe River Basin

- R Exs
K3 — - — —
S B 3] B B E
JE 0.800524052  0.694793702  0.660344404 0.68730623
el g 0.813802522  0.814044296  0.804683459 0.80847241
PEHEE  0.724267194  0.771969488  0.705560876  0.716250585

XYL A AT IE ) CFX R SMZ TR AE 1
BLEAT I FE,CFX W PBEIE N nd~9751.5ng/L,SMZ
WIEVEE N nd~9909.91ng/L. /K SR ) CFX Al
SMZ & it Bk B FHHEM @ oy A b B ) R
DEHE T AL A IR P9 BT A 28R R o DX AT ¥ /K Ak
BT HE TSR B B A T K R B, A 2R R
G AR AT LA SMZ A 4 0 CFX 1)



4616 A 45 %

22 5, HJE SMZ(25.4%) N /& HE 2K T CFX
(53.8%),SMZ(62.95%) 75 /K AL HL K 15T CFX(59%),
i3 EASEALL 25 SR [ e Ay e

XPAsE 7 0 AR 12 G Ak AU
RBLIE H CFX I SMZ B 255 A8 B AR Ak E A
A, B ZRUEIATE CFX R BE R4 Ak T 7.26ng/L LA
N, 2% CFX ek 709.27ng/L; EA- 2 1E
KA 2T 1903ng/L LA R, & 2 i i W E
9751.5ng/L.CFX i B =R m il 2 £t 1
WEGA BN T ~PITT VF BTy AR B f e,
M 478 B AR T S N T VEETT S T
Wi BEE AT JE T2 B SR m i X = ]
FiE SMZ E ORI AT 8. 7ng/L LU, E 2
SMZ =i &l 3922, 74ng/L, 1T £E A& Z5J] i K
S EA T 381Ing/L LN, AT EIRE N
9009.91ng/L.SMZ 15 2= FI4-ZRIR JE 5z i (1) T34
FEN TR BT FET, S CFX #iHH
BLER) o3 A 3 B 205 (R AT RS Ui A CFX il SMZ
X P E TP 1~2 K.

— gk
3 n BE

BgE
. H
n

5 I 1
CFX SMZ

4 PUEZIUE L S0 E 5 2 2 (AR 26 4]
Fig.4 The box plot of the differences between the simulated

values and the measured values of antibiotics
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