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Risk assessment of antibiotics removal from aquaculture wastewater from fallow fields

NIE Zhengxin' , JIANG Zhiyu’, LIU Yanging', CAO Xian', LI Xianning'"

(1. School of Energy and Environment, Southeast University, Nanjing 210096, China; 2. Jiangsu Environmental Protection Industry
Technology Research Institute Co., Ltd., Nanjing 210096, China)

Abstract: Aquaculture wastewater is concentrated in winter and fallow fields need to be diverted and tempered in winter. This paper
proposed a technical scheme to reuse aquaculture wastewater in fallow fields and analyzed the degradation of the typical antibiotic
sulfamethoxazole (SMX) in wastewater in fallow fields. Meanwhile, a health risk analysis was carried out on the fallow fields in the
demonstration area for the reuse of aquaculture wastewater. The results showed that soil microbial degradation was the main mechanism by
which SMX was removed from wastewater, with a removal contribution rate of 65% —78%, whereas soil adsorption and plant uptake
contributed less to the removal of SMX. At the genus level, Arthrobacter, Sphingomonas, and Bacillus were the dominant SMX~-degrading
genera. The removal efficiencies of TN, NO;=N, TP, and COD¢, decreased with increasing SMX concentration. In fallow fields that consume
aquaculture wastewater, the risk entropy of residual antibiotics to human health and soil ecosystems was less than 0.01, and the potential
risks were negligible.
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Py el LI 5%, [ K b 78 FR Bt R o A )
A KA TR 00

H R 7K FRFE K Il FAR FH 22 T HEEVE D L 12
HEEYIHE A o Castro 5581 & B /K™ I 58 B K HE AR
F, AT DA S v PG £0A A8 7 i o AR A S0 VL 5 L 7Y
FRFEIE KR HUE R0 R B, M R 2R B A P
WePE ] 16.5~57.14 ng- L7, HLAG H i AU [0. 16 1< KU
T (RQ.)<2.92]; BB B 53 R, 7 ot 2 S0k ik fre
FHiERA RO VI SRR R L, Tl
RSN o SRR XS K7 SR BB K T B AR 2R B 25 Bk
K AE 8] IR H IS 0 A= 28 00 858 1) KU A A i 9 . AE
Berb A R FEW L RIEREE R YRR A
W LA BG4 B K BR. Micheling 5538 12 7K 15 52
6 R BAE Rl e — F 4808 1y 650 mg - L 25 4F R, JB A7 490
HMEEBAE 25 d N X FL W i 5 4 27.4 mg - g'; Srinivasan
SEUR TSR B, B IR AR R A 2 LA 25 R a3 A T
e FH B (SMX) , - LI 5 332 1 T e, B AR 3R
fifp 3o 24 db 2 IR

AAIESE 0 S X0 I ) D A 7 B R S AT, S
B IR K AR i A& ZR AR, DA SR BE I o] LA A 4 2= 5
15 WEBEVE I 51K U J5T Y B S8 3R, 4 2R & 220k
B AR R IR FE IR AT AN 7 BT , e PSR R K v 5
B AFTETS BT A ML BT A 3R SMX HEFTF5, %
KA SEVL R AR ) o 5 B B SMX HEATAS N, 3 T
SMX TEARHF H F G2 b i 2 BRag A2 F0 STk L, I3 i
TAE P00 Py e AR, PR 9E SMX X Ak 26 ) 7 19 52 1)
), 7E 7R Y8 TR SEPRERSE b, DA R K v Y SMXOX
AR K A R EE 152 ), PEFRAE AR Sy 55 58 % K TH
I PTRIRTATE

1 REMREFE

1.1 /NRiR 58
11 g &

REBWISRHEH (1), 3 & R PVC
HIE, B 03m, M 1.5m, 1 FE FARE20 cm 4223
LANBOUK I, Je22 28 54, BB P A A &M T
HE DB AT AR BERS HH 4249 70 ke, TREE N 1 m, B4
SEBRRHE L, IR B2 UK B AL BRI 3 em JEE YRS O
A2 BRI E AR T B TR 20 em.
R Z AT, R R S0 BR - m?, Kl
HEFRBEEFRIS AR R R EN, B EEN
HI ARG A M) AR R] o 2 B TS 10 BA 25 em DA
1E K 5t o

1% WHART]

1 REERERE

Figure 1 Schematic diagram of the test device

1.1.2 R

R e itk DA [ 7K 7 SR B K AR A A I 285 51
SR T B SR KR L) K P SR K FR
B 25 g At iR HE T 2 LK, 2 hgid g B2
BVR I TR K UE AR A B K AT N B2 80 L,
3 BIFREUNHLCL 0.70 g JREK 0.26 ¢ BEAFLAKAR N, it
FE 4], Hirp TN ONH:-N .NO;=N . TP, COD, [/ 75 [l 53
4 9~10.3.5~4.5.2~4.1.6~2.0,60~80 mg- L', /K &
A R 300 Lem™o 3 50 B 0 B A CR B
SMX) , i 56 20 H(SMX 5 mg- L") , i 5 41 1(SMX 10
mg- L"), 4 J(SMX 20 mg-L™) .

TE WA A TR FE K AR 10 mLIR A BRI KK
SMX ¥ FE B84k, B 78 SMX W B Xk 7K I v A 35 2
FISZIR o YK AR b SMIX v B 3 A B, 49 S B )2
T HES gIRA R - 8 B B Y SMXCHR B DA N - 38
A REE S50 o IR WOROK T B R TR R
PR f: U KR A= kTR ESE X6 7K A v g B 1 SMX
W REHEA TR, THEEAR I AL | A B T S X SMX 2B
B TTRR R . SRR 3 41T, iR I 4 SR U3
1B, 402 B AN K & B AT IR R A
R a1 B 5 4 AH [

1.2 RERMARE

I XA F VL 750 4 8 N T 0 X R A 35 o
(119°99'E,31°54' N) , R #FFF H 2 1 200 m?, R A 5
IR 7 HEA K IR K K U4 300 Lem ™,
FEIH P KK | R SR s oK hhi A R A SMX
Basvb B (ERX) (HINEE R (THP) (R JE % (FF) 5%,
A 0 PR X Ve B e v 1 9 R AR R EA T ST,
AEXR MR BE N2 1 Fm .
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F1 TEXFEEAKPABGAERBETIRE (ug-L)
Table 1 Typical relative concentrations of antibiotics in aquaculture wastewater in the demonstration area(pg-L™)
i e F Sl =R WA FE R R BEkE R DR A HRE &R WAER
SMX THP FF ERX HEIE SDM SAR PENG TRI DOX
6235 2 886 2 080 619 425 389 294 125 113

TEIRS X IR A A A, 4% 0~20.20~40 cm Fll
40~60 em 3 JZHURE . BRI X 4 AR AR A AE
SRR SANRE S IR U vk A L MR AR IR
FERE A TOR B A4S, BBk T WA shRg 5% 14, = I A
SRIAT BIFES L 1 mm B, RN - b i A 2, I
PEAS T A 398 A AR BT 1 XU

2 ERAE A FP AT A7 Rk BE A I ZE 35~40 cm,
FC3~5tk. 30 dZE AR AE R E IS KK R4
JEARHEARBIRGT H . AT AR G WOk E A T
PUAE S AT, FEITAR X A B g XU
1.3 #XIEFRNE %

1.3.1 JKFif8hr

5 PR SR AR H 4 [ GAm o D el s, F
fif 4 (DO ) 2R F A 485 X A S D 72 AL (JPB—607 A, I 1
W) M E , pH R pH T (PHS-3C, IR #E) A2 ,
K H SMXFH e 850 AH E 1A SRS
1.3.2 44545

- B T AR 2R R RO i R 3
i A 38 B AR 2 BRPUAE R 0 STERCR 9 1185 i an
AR PR,

my X C,

W, = m (1)
Ko il e BRPUA R B BT, % my
R ke CO HIEF PR S &, me kg 50
SHE A ARARTL, Ly € R IR K iR P A Mk
mg- L5 Coi IR 45 IS K P BT AE B, me- L'
1.3.3 HYHEhR

TR A B SMIX VA 5 1l 25 46 e o B U 2E P Rk
FAPRAFTER . M PR 2 BRPiA: 2= i ok
Fdi s rE A =X (2) s .

szC3
Wy =

S 0(C-C) (2)
s on AR BT A R I 5Tk, %0 5 mo R A
YT B, g; GO T P AER it me- g7
1.3.4 PR TSR

(1) - A SMX A4 HC: Be Tl 0 2R R AR BUR——
FHIEE < F7 A8 R 15 (0.1 mol - L) : EDTA — Al VA WK
(0.01 mol - L™")=2:1:1,Fk i 1~2 g iR A L AEE 50 mL

x 100%

x 100%

B IR UER R 20 mL A BOR BB O P KR
OEEFE IR TR 2 h, FRTEIR S 10 min, )5 85
Y% 30 min, IR 50> 5 min(4 °C, 6 000 r-min™) J5 Uk
B FVEW, UUTE VAR L VR TR 5 TR A T i
W SPE /AN JE $EA T R, LA BUR ¥ , 1L
o0 0.22 wm A AL I8 R T8 A BAH €3 (1) /N
(1.5 mL) H, DA 80B0HH €0 335 (G A T R 3 D 2, AR 3
FE T B TR Je AR SMX MR

(2) 7K A v SMX A 48 B« 2 BRCHR BRI K B 1~2
mL, 1 FLAE 2 0.22 pum 97K R U8 RS J5 1EATRORE €835/
B, R B AILAG

(3) SMX PN 7 « fift FHTBORE € 33 SR SMX ) vk Ji
HEAT S B4 BT, WA 5 A B35 4 Sy C18 %, 28 4h
Wiz K R 269 nm, JiE Sl AH A L TR A T, V 2
VR 37,010 0.1% B R (LA KRB , i h 1.0
mL-min™, B & A 35 °C, # 56 1] FE A [E] 24 2 min,
1.3.5 TAYIRETS Z HEEA T

- 8 8 A W B A 2 [ SMIX 1 BT ik SR ATy 8 =X
(3) IR

MM, - Ms - M,

n= 72 (3)
o A YRR R BT AR R A BT, %05 MR
KM A 3R BRI BT, mg; Mo Ry AR R 4T
A R, mg s Ms A AR ) B0 AR 2K 0T, mg s M
by HoAh P R R oA R, T ASIF R K 4R pH
M 6.44~6.84, LB Z /KM Z I GEm o, Hax +
BER e R AR IR, I, A IR X SMX Y
K FEARAE N5 5 MUBUE R 0,

(7] B X 0 S ARG 0 ) A i 2R A7 5 PR 4 DNA $E 00
I FH 19 B BB I R TG I 41l 2 1 3 PRI 41 DNA |, XoF
16s TRNA [ V4~V5 X1 7 PCR Y3 K PCR TR
G5 M 2% B lig b e e FE UK R I, 15 AxyPrepDNA
eI [T 77 B (AXYGEN 23 ) Y1 01 i 42 40 PCR
7R, Tris_HCL eI S 2517 2% B AR M e vk Rl . =
ML kR 25 2 B A5 3, % PCR 729 H QuantiFluor™-
ST i {6, 5¢ Yt 5E Tt 2250 (Promega 23 ) HEAT A 52
o7 FH e 38 I 7 B XIS M A T R BRI T K
WP 422 3 K5 1 Py 50 2 Bk, 9% BILESCHE 44 7 19 4k
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B, ROGHEHE 351 797 43 DA M2 PE Reads 8142 , 12 JE read
B HR i {20 LU R B9 5% 3L , M2 45 PE Reads 22 [7] A9
overlap & & , B B X read $fF 5 B — 455 /)N overlap K
JEE Sk 10 bp WP 51 o AR 55 KRS TE EL % (0.2) B e A
A A W47 5 8 R M B barcode F15 1 9 X 43
B IEREE P50 7 1] o B DL E Tags J37 51 508 5 8K
it R TEA T 0T L A3 BT 3 P B A R 2R A A
TR0 ) O RV AR A DU (L FE B i 1) DNA
FEECLA B PCR Y M 25 72 ) 3 B Se v B e 2y
BHEATBR A A 58
1.4 Ry 7%
141 AR B XU DAk

SR PEAR B SMX A9 7K Xk A A i BRE frg IXUIG: , A 4
NS AE 2 H Y] 222 5 (ADID |, 2R F XSS 7 (B
(RQ)BZEFFE KT H SMX e B2 Xt A A e e 1 XU , 7
RQ.<0.01, I B A 5% B2 A SMX X A A4 ft i 325 At
S ] 2 0%, BRI A R

RQ.=¢.x(1-w)/DWEL (4)

DWEL = ADI x BW x HQ /(DWI X ABx FOE)) (5)
A e NKECF ) o SMX G &, wg kg
w HIKTT AR AR Al 94.6% ; DWEL R 3t
KT Yl g ke s ADI R H AT 453248 A&,
pg kg ds BW R NIRRT G kg s HQ by e KURS
Y VA5 DWI A H KP4 kg -d " 5AB N B
W W % 1SR FOE Ry 2% #8403, 1% 0.96 1157 .
Hop BW R A SRS MEAAE, HE N 24 kg
# ol 23 kg, N BN 66.1 kg & PE K 57.8 ke;
SMX 1 ADI 8 Z: 7% W KR 1A= 28 1 245 49 3 B,
BUE R 130 pg- kg -d™ s DWIR HCH [H 5 R E R $5
(2016 i) ) Ay A fE, JLE 033 kg-d ™, LA
$90.5 kg-d's
1.4.2 -8 5 XU TEA

R R RS A B2 AR A 5 S (TGD)™ R
JRURSE T (B (R Q) YA PE A 138 5 B3 i B A= R X) - 4
BB RGERAK , RQO.i<0.01 2 T KUK , 0.01<RQ.i<
0.1 F AR RUKE , 0.1<RQ.a<1 Ry o 45 KUK, RQ.i>1 A 785
A = R/ v /(1

RQ.i = MEC.,2/PNEC .y (6)

PNEC.; = PNEC e X Ko (7)
K MEC h P PLA R, pg - ke's
PNEC . R 5 i TCRON % i, pg kg s PNEC e N
KA R TN B, g+ 1715 Ko 9 23— K 20 FiE 2
B, L-kg's

1% WHART]

2 #ER5iTie

2.1 PREFEXT SMX KB4

P 2 kg 4% 20 K M b SMIX i 8 i s 1] i A8 Ak, 3Rt
B2 o, G 2 11T KR R A SMIX VR B 433 R
1.29.1.67.5.85 mg+ L, SMX 2[4 R 43 5| Ky 74.2%
83.3%.70.8%, R SMX WJ 4 W £ 2 10 mg - L' B, R4E
XK AR SMX 1 R BRRCR B b . 7RI TR 4R 19 50 h
P S IZE TF T KA P A SMIX VR J3 5 W 35 R Rt 3,
Fo B B A W T = L X AT AR ) - AR A A
XK, Bt 4RI 4 ) SMIX Mk B Ak 48 N B, Bl 135
W2 6 P %) R T 328 0 - 2% 5 ISR A1 TE 120 h
A B SMX 25 B A PR i R B4, T g 2 )
F£ 250 h B A H BUZ IS | J5 22 A0 21 1) 25 Bk R
BTrg.

WF5E 48 X BT AR 25 B IS h M Y T A
WA BRI HZPTAE R A", R 1
BB AR Wy AT BERCHE B T 10 mg - L BP0 2E R ERES,
AE I FH SMX 1 A 46 22, DR okt b JHL Al 7 2 ) L
T ERRERFER TS LS IR 4L T i
S LA BRE 7 e R B A R IR, DT S8 0 et 2
RERIEZ RS o A8 XA W B VR A s (AL
2.1.3%B43) , L8 5 L $9 Actinobacteria ({28 1
1) .Chloroflexi (22 £ 1] ) . Acidobacteria( BR FF & [ ])
IR H P 3B 551K 26.6% ,12.9% . 10.8% , ¥I{I%
FIRIG L 119 34.1% .13.4% . 11.7%, 7 GE S R A%
W P AE AR R T A S 2 A 4 e 2 T
Sl U SR P A O B A, PR R B 21 H 2
B R PR T A B A T AE 5 L 3X 5 Boleas 25
IR FE 45 T
2.1.1 PRHE I A 3% SMX A [ 5 A

5 25 2 - 5 R AR R SMX Y 5 DL IR 3.
I H.T1.J 3 ik B SMX 19 & 543 51 0.42
0.63.1.60 mg-kg ™', iIRE 4L J HIEH IR 1 SMX e £,
R0 20 ) e b S [ AR T 25 B SMX i) i 85 K.
T E R 41 11T 1 4 58 LBk 5Tk R4 5N
39.60% .26.47% .30.43%.,

T i bt 2E 28 v ELAT T e i AN A e LR A 5 1
RIERE M , 32 230 ol U | AL T R PH T AT 4
YERYS 5809 -5 DL - o 3
J M T A RO, TR B BT R BR A UK AR T &R
B (Ko, Koo =C/ Co, Horpr , COly T35 LR TE , C,
KK G e B ) R, A e A 3R A [ R 1
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Figure 2 Changes of SMX concentration in water of each experimental group

R, L Koo 23 Bl 38R0 B AP IS5 AR
ARTRTAE AL o 3R I6 R A -3k SR KRS + AR RS
FRIFEPIFIT , KRG 1Y Ko 2009 2,26, e HoAth 4352
X SMX 11 [ 2 BB B 5, Bl A5 1) 4f SMX & =L £, il
of [ EME AR R e R g SMX it At £ . 8
A1 4 S BRIk I G, X i — Ui B TG A
PR T A FRABCR A T I 4, TR AR T+
338 [8 7 X SMX 14 25 5%
2.1.2 PRAFHIAE T SMX [ W i A A

P 4 A 45 o S A5 4 P K O AR i (F
Fii) o AVH LA KT B A a5 0 oh 4.72
1.47.1.28 . 1.09 g, £ B SMX ¥ 8 B &5 , %oF 7K A 4 41
il VE A . A R A AR R R R R Bt
A= R BRI W S LAt 75 SR T B R S AR
216 P T PR SR PR ) 7 A R K, A A ARl
21 6 11 25 440 R ) E 8 B B IR AR ARG 1 R R, HL
F I V) ah SMX Mk Ay, SMX S 2K 25 i
w2 T A M A T AR, DA BRAR K A 4 A
oK IE R AR . WA PSS P & —
AP R (8 0 1 2 R e KR B A

1.8
_ T
T 15T 1
n
a0
HH@ 1.2
&1 <
=09
w2
=<
v o T
% 0.6 [ T
£ T
s I
< 0.3
IR H g 1 L )
G4 Test group

B3 X E&REATERRESMXEE
Figure 3 The residual SMX content in the soil of each

experimental group after the experiment

IR X SMX (1R IR AL B2 25 o Tk 3 a2 2 T, 3
B2 H 1) HR A 07K IR ) SMX L 43 31 62.0
60.4.143.1 wg, it 2 7K 57 M C 25 B SMX. 114 53 ik 28 4
514 0.079% .0.034% .0.048% , Frhisk B 41 1 (4 53 ik 2%
A% IR0 2 H ) I SMX Wk B AH X EEAIG , %R 2 1
R 5 , KA R TG A5 2 A B PR, KO
W2 Bk SMX 1 BTk 2 5 T 9 A 2 . AR 2 1
B A7) ey v B AR T3 40 T, (R L nT R bl T Uk P e i
T RGBS SMX, A I 5 7K A MR 2R 08 e 2 Bk K A
) SMX ft /b o BRI F L AH T R EEEA
SMX 3 125 A8 PR e 2 B ) B ik 2
2.1.3 PRHEH A MR A R R

WA (3) 3R 2 A A A, BG4 H LT,

F2 ik K AR SMX B1E R
Table 2 Absorption of SMX by cress in each experimental group

s FHER AT TR
e .
Total removal Average absorption  Average removal
Test group oo
amount/mg amount/jLg contribution rate/%
H 78.5 62.0 0.079
I 175.4 60.4 0.034
J 298.4 143.1 0.048
ST T
I
0
=z 4
.20
o
=
£
&)
iz Y
s ¥
i~ =2 <
%1 T
MMRA A WA R s
15541 Test group

B4 RBEEEHBAKRFEYE
Figure 4 The biomass of cress in each experimental group

after the experiment
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J 3 o BCAE I AR 25 R SMIX B BT K R 43 1R
62.47% . 74.82% .62.42% . H LT -3 [l 5 FIAH P K
W, AR P R St 1 DR bR R, HLR I 4H 1A T AE )
R AV FH e o, AT AR 0 ao A% v 1 X SMIX Y
Rof e A P S AR W I B A . RS SMXiHE A
NGB WERO R Gt y/b i 31 A LI AW e sl |
BRI 41 148, 4T 165 vRNA 3@ 7, A JH. T,
T4y 5iE A EGCK \EGH \EGI FI EGJ .

25 e 20 5 B AR WA T TOKOE R AR X
F A WA 5a. EFH A Actinobacteria (LR [])
Proteobacteria (28 J& [/ ['] ) . Chloroflexi (£ 25 &[] ) .
Acidobacteria(FRFF B[ 1) S 35 Hp i WL LR S5 B
1], AR X B 43 0 R 26.6%~36.0%  20.1%~
27.0% .12.9%~13.1%.10.8%~13.1%. E. A HFIFEUEH,
Bacteroidetes (FUFF BRI I ] ) J2& B A SMX B 34T 112,
L | ITEA 9T & 100 2H 38 v ARG 2 2 T 8 %
225 (P>0.05) ;i858 41 H . 1.J A9 Firmicutes (JEBER )
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Table 3 Residual amount of various antibiotics in cress

T H Ttem AN 0ETRT  RRGEE SDZ T FF e SMX R[] — P 4% 5 SDM SR CLR A& Z CLI
% Content/(ng kg™ 100.1~1971.0  143.2~3806.7  500.6~27 600.0 0.3~8.8 1.7~12.1 4.3~128.0
ADI (pug-keg ' +d™) 42 20 130 200 30 9.3
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Figure 7 Health risks of various antibiotics in cress to

different populations
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