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Aquatic life criteria for tetracycline and assessment for the ecological
risk of some water bodies in China

LIU Mengshuo', CHEN Haolin', HAO Ziyao>, WANG Gelin', LIU Yingying', MA Yunlong', WANG Li"

1.College of Ecology and Environment, Zhengzhou University

2.Zhengzhou University Multi-functional Design and Research Academy Co., Ltd.

Abstract Tetracycline is a tetracycline antibiotic. Tetracycline residues in the environment have chronic effects on
aquatic organisms. However, there were no aquatic life criteria for tetracycline in fresh water in China. The acute
and chronic toxicity data of tetracycline on freshwater aquatic organisms in China were collected and screened. A
total of twelve acute toxicity data from seven phyla and twelve families and nine chronic toxicity data from seven
phyla and nine families were obtained. The aquatic life criteria of tetracycline were derived by toxicity percentile
rank and species sensitivity distribution methods. Finally, the short-term and long-term water quality criteria of
tetracycline were 61.650 and 9.439 pg/L, respectively, derived by the species sensitivity distribution method. The
ecological risk of tetracycline in some water bodies in China was assessed by the entropy method and the safety
threshold method, finally the entropy method was used to evaluate the ecological risk level of tetracycline in
freshwater environment in China. The results of the assessment suggested that the areas surveyed with ecological
risk exposed to tetracycline mainly located in the Nanming River of Guiyang Province, and most other areas were
basically risk-free. The research conclusions could provide scientific basis for formulating the water quality
standards in terms of tetracycline, protecting freshwater aquatic life and managing water eco-environment.
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W4T R 2019 4F 1 5dE 8w, T E T KR 2018 4F
Wi o B A B AR 2 1 O R R
ST 23%Y, T HUAER N IZ AR AR
RGN A AE AR R, P Ri5 Y e 51
A MR B 2 DGR, IR RIS R R
— KPR, A 20 it 80 AN IR AETT K FE
A g B DO, ZE b SEE L PR SRR
(1) H R K FEAS rh AR B 22 YR A U 21, Kovalakova
ST XF AR VUSRI FE AT T 47308, 25 /R 28R
HFRK DU PR ZR R B 2 AR P fE 3~500 ng/L, M
MK U BR R R T (AL TP AE 2~1 000 ng/L) /&
FROM (FEAERTE 5~90 ng/L) . PR Bos, HEE
i XA B AR 2 HE R v PR, 29 PR
6 15!, HIUPRZRAehiAE RAERE T 0K R b i) 22 5%
R 2 [ PR 2 I 2 51 2 L A
JRUBS il A (1 ug/L) M, KRS it A vk i 22 4
F ng/L~pg/L F51, 2%k BEXHRAKEESE . KA
TRIFB RO 25 45 K A AR ) A 2 B Y T e
BN BRI, NS AR A A ) A A i R A
BEAEZIG YT, WIRTRE S H Bl | A R A=
MR, R, FEK A sk B b R B —
FE R AEZS ARG, H AT PUER 2 B 5T 2 4 TP e TS
FEAEP L RUBS EAG O 4805 1w, s e kY DL
VL1 6 A BURLGT AR 2R RS X4, R BLDUAR R A
AR BEZE bR 2R, i A R e, fEE B A
A5 AU 5 A 1) AU DU PR 2R P AR R AR £
| KSR IRBE ) 2 1R IR B AE PS5 TP A R A L
W, BEARSFAT AT 25, B T WFIE LIRBE RN 1Y
WAEE, ZEA R, HRTHFIE AR A 6 U R K
HEAEIK T

SEH LAVU IR 2N BRI 42, 4545 0 i 1 v [
WAERRG T 3 EFRRA A SFHEEIRE, kA
BRI B ECHE T L R R U B S A I T R
FIK A AWK R L, 25 Az K R e, R AR
RN 4 R N R T A KA A DU PR R R A S
JRUBS: HEAT DA, LA A 8 6] b 2 7K I35 I A v 119
il 72 B AL A, [R)BS Sh 7K IR RURS: 5 4 FK A= 2 R
G RIES %,

1 #R5HE

1.1 MREFEEERE.IFE

FFR 2 [ E R A )R (US EPA) 485
A 2 (ECOTOX) AT 2 BEE IR 48 45, is P
PR 4 (CNKT) L Kz Web of Science B3 JZE#E4T

AR TE, B PR R PUERT 5 Wk kAE
Y. . MY AEASEMET S OCHEIR IT AN IS A TR
Ko SRR e R R 4 Z50): 1) %
ZARA Y BREEIE] | R R EIRES L Sk ok
VA5 BRI . S22 2) BEREIR E A
] 3 FH P b vt oz ) 58, ) 5 o 52 45 S e 45
JAH 20 KB ; 3) 2k 7 v S0 1k 2 St
R (LCso) B EHON R B (EC ), 18 M B ES A i
FHJC WLEE R0 He E (NOEC ) B i 15 W 2% 5% 1 e i
(LOEC)™; 4) 4 [m 4 fh | [ 2 i A EE v H
IF, UL AE R e

1.2 KEREENESHZX

BEVE A 23 BUHE R 2 US EPA HEFE I 7 125, 1%
T3 43 B 5T U5 e ) o B 5O AN e
BN, IS ok e e . BARPBRANE
e IR B R B s 2 05 K 1 B A JE S 38 2R
(GMAV) MR B & AT HER, IF 17559 (R) 43I,
K H GMAV Y5900 N i 5115 GMAV X
1 ZFEAMER(P), HAF 8 GMAV 1 P54
S YEMH (FAV), FAV Y 1/2 B Ry 5 o B KUk
(CMC) o o 3% 22 ¥k i (CCC) & fir & 1% M
(FCV) ., ImZAAYME(FPV) | i H% B (FRV) FF Y
H/ME. HHRAXSHBRINLE IR .

Py Fh BURR B 3 A R HI 831—2017 (IR K KA
A=W B BT R R AR FE I ) R I 5 1%, %
D5 TS R T AR A (0 5 BB, BAE TR INR . &
SR SO B B R AT IS A AR I, R
FFE I 0 N AR AR T 28 205 AR T35 2tk
H(SMAV) [ 1 g {6 R %, Dyt P 905, i i
A AT AR A B il e B0 i R A5 1 e AR
95% W ¥k BE (HCS) , HCy 28t — 5 A% 1E K -7
(—FBEHR 1~ 5) B 1E R e] 45 e 1K 5 3604, i T
FER) A TR IK e . 18 PR R AN 2
I, ) SR 208 1 b (ACR) 4 S 3 K o Sk v
1.3 4SKEEMHAE

R e —FP RS2 47 . Sz 12
It XU PPA 5 i, TE R CRE PR B I R 2R B F T
P Z w52 m, B w1 0 XU DAl S, Hat
(= R/NS W LIl

RQ = MEC/PNEC (D

o RQ g KU 8 s MEC 3l 5 A0 A e I 5
PNEC >y il I JC %8 7 #k B, 4§ T ECsq 8 LCs, 5
NOEC 5P [ 7 (AF, — 5 1~5) By HU A .
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RQ<0.01 i, FEATCHEE; 0.01<RQ<0.10 i, 2y
AR 5 0.10<RQ<1 Fi, Sy HRUKE; RQ=1 I, i
AV

LA BUEIL S — ] A B oA i Ge Xk
PR TR I R KUBR DA T ik, T B
T5 B RE W — i LU BV RO ME 6, S AR (EA A
A, HA R AT

MOS;; = SSD;o/ECDy (2)
K MOS, ) &4 S{E; SSD, o R Uk A Hh £&
P Ay 0.1 ISR A REPE R ECDg A B B o
AT P Ay 0.9 HR o Y BRBR VR FE .

MOS, >1, & W] B 5 ik B2 AR ME R0 o e e 2
AR MOS o<1, 3R 5 i i J32 AN g M A0 o e 0 2
0, TSR AU R e A bl , 44
SEF 1558 AT FE UL R

2 ZR5iE

2.1 FHHHE

Zead e S PRAS 2 2RSS 12 & 1B bR
PEEE 0 450 FRMEEUIE 2 HY 831—2017 hFpeE
K, W T KA AR e OB HESh A4
HE . BEME IR T E 3N E R K. 2EE
PEBER I R T HE SO BIEMER EEA YR (CER
;Y. RICSY . RS RA S A
W g, B RIS TR . RIE
Y. TR AR WA L B EE L SRR
YR, R R 3 1] 8 B A a2, H
Bt K-S B AR (8 2E MoK R T 0.05),
PRI I F 2L 18 P B P 5 A 110 7K B R M Ay W]
fEP, M A S BT . A U S A v
2 Ry BT K BT AR A R, T Sk R R L
1, 1R WL 2,

& 1, £ 2 AT LUEH, 720 518 il
Hh SR X S U A, LR F A TSR K AR
Y EE R FE A, AT 0] 25 AR Al 23 05 8 A
IR A s FURE R B 2R R 2 A LR, B
EAKAETERE SR ARER, R BK A Y s B2
LR, X A PR I A8 Ak I SRy AR, PR A
IK A A ) 7 BEAE A S (bR R A 5 7R 2R
Pt 04 32 3 W Fh b, =T R R S R, H LGy,
“h 465.111 mg/L; 7K 2 55 fie N AUER, H BCy 2 0.280
mg/L. TEME M2, 35 SR DR B 3 e UK,
H:NOEC # 0.125 mg/L; B B % 9 £ f AN Uk, H:
LOEC 4 94.732 mg/L.
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Table 1 Acute toxicity data of tetracycline for
freshwater species
YFhork =0 EM
7= s BT B BEEE/
| ® Z5/d (mg/L)
KR ke Egeria densa )
s F 4 0.280
—_— Planch
] R ey Coaophiiin g e
A R Lemnagibba 4" 0.723
pah =M
@?}?ﬂ ﬁ}Jr # =MIRE Dygesia japonica 4" 465.111
'ﬁ%?%jj WERL  FEECY  Gobiocypris 4v 144.370
F%H??J ER KAL) Daphnia magna 2" 53.593
SBRER MAIREY dnabaenasp. 13"V 6.200
W] 2 ) :
aigp AR Microawsts g 449,
FELR aeruginosa
P s ey Chlamydomonas
RMIT ACHRE R phaera 4 2.038
. . . Paramecium
ER RERMET 1 9122
JEAEF e TP Stylonychia H
N § 1
e REF R 1) lommae 40.063
. T
LIV ;iﬂ[ij] Stentor coeruleus 17 137.150

IR REIEL SHEC, 5 2) R R S HLCy,

*2 MFERAKEEDEMSEE
Table 2 Chronic toxicity data of tetracycline for

freshwater species

LU S oy T4 I #EtE(E/
i Pl Z5/d (mg/L)
e > wwry RARPE  Pseudokirchneriella
G NekiERL L 30
grmEl] NEREERE B ) subcapitata 0.125
) o . S
TEETT (L ERR gg% Microcystis 511 150
3 aeruginosa
I Al 3] Myriophyllum 2)
ﬁ%ﬁ R ek sibiricum 2 0294
%I_J 352 S % 32 [30] . 1)
PR TP Lemna gibba 2170310
P%H%jzjj R KEE?  Daphnia magna 217 1212
Es  =MAR L .
1S HR =MW Dugesia japonica 217 26.994
o
ﬁfgﬁj} TEDIRE BRpEd Mytilus edulis 217 73.820
' P T
%) i %g[ﬁ] Labeo rohita 252 80.000
il B F
2R ?ggﬁﬂ%? Oreochromis aureus 86>  94.732
DR L INOEC; 2) fRRFF ML SUNLOEC,

22 MRS KERAEERS
221 BEPEE BT AT 0 HE

Faz R Ah SRR X DU A 2 2 B M A T HE
Fe, 45 a3 3 Fiom o W PO R R e UK 4 48 o
HEKZE R (P=0.077) . & fade)E (P=0.154) | 73
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Table 3 Average acute value and related calculation results of

tetracycline
R VRN ?Xg‘jg;/ In GMAV (In GMAV)* P=R/(N+1) ;ﬁa
KEHE 1 0280 -1272 1.618 0.077 0277
SfEE 2 0298 -1212 1.469 0.154 0392
TR 3 0723 -0324 0.105 0231 0481
KEE 4 2038 0.712 0.507 0308  0.555

J& (P=0.231) . &K% J& (P=0.308) . M5 3 FdEit
53] FAV 4 122.040 pg/L, CMC K 61.020 pg/L,
P 3EF 33 0 BCHE 75 1 VU A 28 Rl KR Ry
61.020 pg/L,

Fiz BRSBTS 202 1 T B 2R A T
FE, G5 RN 4 s o X DURR R B U 4 4 g4
HE BT BEE (P=0.100) | 3% 35 )8 (P=0.200) . JK
¥R (P=0.300) . 7738 (P=0.400) . MR 4 5k
P53 FCV Ky 5.258 pg/L. FPV 2 Bk
A= Y5 FRL ) T O P2 PR B0 A5 1 AR 485 SR P 1 i N
{EL, i 2 f 98 3 1) B 1 (0.150 mg/L) Fe 7, K
FPV 4 0.150 mg/L; FRV J&fix K AR iF 4k E 54
YIE W FRYE, BT R R & ERN 5
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Fig.1

ICE, PRI R Z A PN AR BE (L 5 . CCC A FCV,
FPV. FRV Hfi/IMA, BVURZEAY CCC Ky 5.258 pg/L,
RT3 B BCHE P75 1 VU A 38 S T Sk Ry
5.258 pg/L,

x4 NFENBFISHEREXTEER
Table 4 Average chronic value and related calculation

results of tetracycline

4

& B OMCV L Gmev (In GMCV)? P=R/(N+1) ¥P7§*J1‘E

(mg/L)

PEESE 1 0125 —2.079 4324 0.100 0316
MEERE 2 0150 -1.897 3.599 0.200  0.447
MEHE 3 0294 -1.224 1.499 0.300  0.548

TR 4 0310 -1.171 1372 0.400  0.632

2.2.2 YRR EE S A A T (0
fif I Origin K {4 #E 47 4 Pl SRR BE 43 A i £ 4
S, TEME T DL 2V BOUE B X Bl D B AR AR, P
AR, AT LG o 43 3 SGompertz,
Gaussian, Doseresp. Boltzmann #: 8 #1745, #1&
M ULIE 1, SRR G SRR AR ILE 5.
IR AR R Y B R RCBHEAT, O 0.980 72

41, {H SGompertz BB 4515 2] 19 HC 5 H A IR
1.0

0.8 |
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QU
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02
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(d) Boltzmann 7!

T REHREI & RO TP aY R B Hh 2

Sensitivity curves of species fitted by different models
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Table 5 Fitting formula and related parameters

Ay EAX ZH

PeE RBL(RY)

IEFITM(SSE)  HCJ/(ng/l) SRR ELE/ (ng/L)

a=1.558 42,
SGompertz y=ae”
k=0.489 77

e—k(x=x0) x,=1.326 22, 0.982

0.012 4 91.075 45.538

A —4In2(x — xg)? =1.953 30,
T X,=2.793 68,
B A=-23.786 90,

w

4In2 w=10.812 60

Gaussian Y=o+

0.980

0.0121 124.090 62.045

a,=—0.328 82,

a—a a,=1.640 70,
1+10%—9p x,=1.633 90,
p=0.242 65

Doseresp y=ar+

0.980

0.0120 122.487 61.244

a,=—0.328 82,
ai—ay a,=1.640 71

= + 2 ’

Boltzmann YR e d x=1.633 90,

d=1.789 82

0.980

0.0120 123.313 61.657

ZHEH K, Gaussian, Doseresp., Boltzmann £5 7 () 5%
27 FIARXT B /0N, A5 H Y HC g 2T, HekHF
¥I{H (123.300 pg/L) 1Eh Fe 24/ HC,, K2 1E KB
2071, DT P o SR B AT 125 %) DU A 36 e I /K Joi
HEH 61.650 pg/L.

K i SRR 3 A 2 T T R K T L v
B THHE AR, 22 2R DS ) R Re 1 214
B AP 45, BMOR ) ACR HEAT KU/ T i e
o MR SRR B KA. Al B
J& AW Fh 2 8 PEREPE(E TR ACR, B H L
I EAE b e & ACR(R 6), 11515 3] ACRH
13.063, 5 42 /NZE 00 1R 5 (1 U IR K AP AE R I ACR
(12.68) % #%:3, H HC, 5 ACR ¥ e {H 45 #] CCC
(9.439 ug/L), BT PR BE 3 A i i DO B R K
WK SEAE R 9.439 pg/L

Fo IBMEHER

Table 6 Ratio of acute and chronic toxicity

LCy#ECs,/ LOECZNOEC/

! R ACR
Dok (mg/L) (mg/L) ACR BHAC
SR PR 3.310 0.032 103.438
KA 91.155 14.144 6.445
=R B 342271 26.993 12.680 13:063
BT L) 52361 15.199 3.445

2.2.3  JKJTHEEAE A5 RN T b

GB 3838—2002( HhFR /K FREE BT f A i ) h AR
SPUAERMRERE . FIHEN A BT Y
T SRR B A7 15 0 A 5 DU A 2R ) /K T e, 45 51
KB 2 Py VA e T A K B R R AR 3 (H
A —EES . STHME A EH TR R
3O E e Rk B L BR i 2L VR E 3 R 61.020.
5.258 ng/L, i 5 T 4 P 0% B 43 A1 0k 19 O 34 2%

W, KK FHAES R 61.650, 9.439 pg/L. #EPE
BB HE P R A TR XA P
0.05 1 4 @ Bt , AR KRR B AR T HUS A F, A
REA% 4 T R AE XA K AR AR R G RZ 0 ; PR
TR JBE AT ¥ T 22 b MRS R A P 5 i o R oA 1 5
), et FH B HUAN ], D065 3 A P P 0 32 A il 46
AN, R A St T BB, 25 b, 5 R R1Y)
P EURR R 43 A vk I A SR 3 2, e R ARG SR 1Y
AN P T L AR S A 0 K SR S v (61.650
ng/L) 5 i d Kk (61.020 ng/L) 0453, I
HEBCR YR USEE o A A S A5 2R

2.3 FEEBS KR IR E A ARG T

231 FETREE I AR A XU PTA

PNEC &R AE W A& 2 W {H, i HC; 5 AF
() LA T 545 2007, SR CRSFIEAS DU 2R 2 1 A= S XU,
AF B KAE 5™, 5 245 3] PNECH 24.660 pg/L.
FRAE | AN KSR DU SR MR, BRI, AR
AN RTINS 073i A I 38 W S N S S T i SRS
VLW S AR AU IR 43 D3, A K IR U A 215
W E /P A EVE  MEC, 5 MEC 1R A (1) E
FFVEEE, A5 20 v B 40 K R ) DU 30 2R XU PF-Ak 45
(£ 7).

M2 7 W LU, DU AR E 27K RQ /)
F0.01, FEATCIKUES, AL W, 5t FH EE B 43 5]
SRR A RS o Bai 12 57 & B, 1070 gt Sak
FEKIRBE v DU PR 222t AR 2 vk B il IR, IR
R R E AT WM E DT 2R, P DU 3R 2
T b 2 7K IR o A XU AP . 5% FH R B ez
DU VR R, B AR R m R, ST
A R AENE T R, B AR T4 Z 2 & R i
() e 3, 24 S 1 K BOK K v i 3R R vk

THEE.
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Table 7 Tetracycline risk assessment result of some watersheds

in China
ARTRUR R/ MEC/  PNEC/ AU T
i)
s (ng/L) o) (el RO g

MR KITEE ND~160° 80 24.660 0.003 2 FEASTCRU
RITKZ

FEBRIT

6.12~9.27%" 7685  24.660 0.000 3 FEATCKU:
ND~ 151 7.5 24.660 0.000 3 FEATCIHE:
KL RE <5t 25 24.660 0.000 1 HEATCRUES:
HZFWTE  ND~313%) 1565  24.660 0.006 3 HEASTCXUK:
IR ND~741.85% 3709  24.660 0.0150

BT

ND~2704 135 24.660 0.0055 FEATCKUL:
RIS

ND~219.8%1  109.9  24.660 0.004 5 FEASTCHU

KIKHR 1.1~13.64 735 24.660 0.0003 FEATCKE
FBHEGH 6 8001 3400 24.660 0.1379 XU
KTk 11469 107 24.660 0.004 3 FeATCKUR:

TE: NDFCFEARAG Hi s MECHUK BV sl P A7 5

2.3.2 TR EBEE AR A,

DAVU IR B 2 R VR A x il , DA HAE IR R TR
KAL) PRy y i, {8 Doesresp 1 m #8170, i
i Origin UG MLk, PPAk 3R 43 7K 1A DU 3 K 1 K
o R EE, PEALZE R LA 2, BB 2 W11, 4 PR 0.9
i, PUPRZE A B BR W N 6.221 ng/L, W Fhia i i
b PRy 0.1 B, Ok R B #EME B O 221.091 pg/L,
FRARK(2)153] MOS,, J 35.539(>1), HIRFIKIE S
BRI S R AR, WA A S B /N

= GRERIRIE e BRPEAUE
1.0
08 | -
0.6
Q,
04
0.2+ :
0 { 2 3 4; 5 6 7 8 9
lg (C/(ng/L))
E2 HEKEAMNFZNREKEFSMELIEN
EEST

Fig.2 Cumulative probability distribution of tetracycline
exposure concentrations and toxicity data in

water bodies of China

2.3.3 AR PIAR 5 RS L b
R IR VL 2EAT B KU PG 25 2R o, 3R IE £
BORMRIEATEIE, (AT B 737K A 52 v XU B A X

527K -5 2R FH 22 4 B AELIA EA 7 R XU A 45 2R s,
TR A DU PR R 1 AR S B /N o 2 FTAG 5 12
S AE—E 25 57, 2R DR vk e HE K
TR 3275 Qe B, TN 22 4 (VR d i 405 i 4R T
R AR TR E ROK IR B VY FR 2 19 A 2 KB 7K K-
IR Z R ARG I RACR S, %
YA IR, BORBEFC % I8 /K AL L SR BE T8 2 N
FO0T VYR 2 A BRI, S8R R L A 3 [ TR
KRR PUBRZR B A= 25 KUREAR B

WifE: | B ERIER SR o, Z2H0K IR
PR R A9 A A XU LA, 12 B G 2 S TR R A
SR AN A 2R AR AR E AR AT AR G
F [ P 0 AU S B L, 7RI R A T DUBR R AT E
A TR, EL AT RER W B 7R DUy vh 12, Ptk %2
BOK R TUER 2R ARG 9 B2 O 1K . KU A 45 2R
7, WAL U PR 3 KU AR, (E AT AR R T5 JeAA
B . Wang S VL AT WK IR P ER
R FEORIRAAT T, B BN & IRIEK K
T A 35 75 7R SR B YR, SRR PURR R {5 LAY 5T
MR e, A B YRR R AL, I 5 e
AT AR o

[ A2 LA A 0 K A M A FE X 4R, A AR
VEEAT A A B A, SRk ok 251 X S nds v 2K 47
AR AT VA A B, BRETTT | B . RALT i 98
U B ARG A1, FAt K AR F iz e A 388 T AR5
R £0 450 X R BR N BRSSP LA R BEAT PP A ), 10
{0 IR | BRVT S AU, BT, FPETRE T
JRURSE; TE AR R R TR R EA T A, R
UE NI T 109 BRYTE AR, HAR K2
WX TCMBE . 5 TR IR | Al e A= R, Y
PR L AR UG K, E2% B8 3 BEA T XSS A it
SR 895 Y W) 5 3 e JBE 22 D0 Wi 300 M 00 BBl , AN R I
IS W ST AT G KF, DR AR 7 22 DI, g
JE B R GE I, LADRE TR [ K A i e A AR B 15K
(DAY v o

3 it

(1) A #EVE A 20 R e 4 = p O 4 v 0K
A R W 1 DU A 3R M AR MR B . SR 3% Wk B 4 )
1 61.020., 5.258 ug/L, | FH W) FhEUSREE o3 A v 16 =
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