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Abstract; Zinc pyrithione is widely used as an anti-dandruff agent, anti-fouling coating for ships and agricultural
fungicide and so on due to its broad-spectrum antibacterial activity and excellent antifouling performance. When
the concentration of discharged zinc pyrithione in the water environment exceeds a certain content, it may cause an

adverse effect to aquatic organisms. In order to protect freshwater aquatic organisms and maintain the structural and
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functional integrity of aquatic ecosystem and biological diversity, this study deduced the aquatic life water quality
criteria of zinc pyrithione in the water environment of Chinese watershed for the first time. The acute and chronic
toxicity data of zinc pyrithione to Chinese freshwater aquatic life were collected from the ECOTOX toxicity data-
base of the United States Environmental Protection Agency (US EPA), the database of China Knowledge Network
and other literature. Then, a total of 13 species acute toxicity data from 10 families in 4 phyla and 4 species chronic
toxicity data from 4 families in 2 phyla were screened out. Subsequently, the species sensitivity distribution methods
in the Chinese recommended technical guidelines, including species sensitivity ranking method (SSR), species sen-
sitivity distribution method (SSD), and evaluation factor method, were adopted to derive the water quality criteria
of zinc pyrithione. The results showed that the acute and chronic criteria values of zinc pyrithione for Chinese a-
quatic life were 2.347 pg-L™" and 0.798 pg-L™', respectively. The aquatic life water quality criteria of zinc pyrithi-
one obtained by the SSR method and the SSD method were in the same order of magnitude. The derived aquatic
life water quality criteria of zinc pyrithione using evaluation factor method was relatively conservative. This study
could provide a scientific basis for the development of water quality criteria of zinc pyrithione and a data support
for the watershed-based aquatic ecological environment management.

Keywords ; zinc pyrithione; aquatic life; water quality criteria; species sensitivity ranking method; species sensitivi-

ty distribution method
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5, DABD DR [ R R R 12 22
2.3 PP T S A K R v

W 1 Jis , AW 00 5 U AR )
T % £ ( Oncorhynchus mykiss)*', . 96 h-LC,,
1320 wg- L7, ZPT MAERF AP 5, AR 45 3% 1=
e AF BUE R 10 ~20, 15 3] ZPT W3EHE(E N 0.16
~032 pg L',
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x5 KEEYMIETEIER FACR
Table 5 FACR of zinc pyrithione in aquatic life

YRR T 4 ZPE SMAV/(AT pg-L™") 54 SMCV/(AI pg-L™") ACR FACR BRI
Latin name of species  Acute toxicity SMAV/(AI wg-L™')  Chronic toxicity SMCV/(AI ug-L™") Data source
il
‘ 32 49 0.65 [36]
Oncorhynchus mykiss
KA
44093 2.7 1633 [32]
Daphnia magna
8.83
H A fiff
90 5 18.00 [37]
Oryzias latipes
BE 1 £ ()
23.14 71 0.33 [38]

Danio rerio (female)

(a)1E A3 Normal distribution

= & =
e N o] —

iR
Cumulative probability
<
(3]

i

/)

11

N

28

Cumulative probability

RV A PEAE X 4 Ig(AVE)

| (43 Logistic distribution

N 4
e )} oo

<
()

SRR
Cumulative probability

EVUIES

Cumulative probability

-1 0 1 2 3 4
[V PR X 4 Ig(AVE)

()X EE 434341 Lognormal distribution

—

0.8

0.6

0.4

0.2

-1 0 K 2 3 4 5
A%y P EEL X £ (E1g(AVE)

()X EGE 451 43 i Log-logistic distribution

—

0.8

0.6

0.4

0.2

[F)R00; 2 PR (B U 1g(AVE)

BE1 4 FERLEMIETERSE S EIER SSD #%&
T () IEZS A0, (o)X BB 437, (o) S8 4341, ()X B0 S8 i 4317 .

Fig. 1  Four models fit SSD curve of zinc pyrithione acute toxicity data

Note: (a) Normal distribution, (b) Lognormal distribution, (c) Logistic distribution, (d) Log-logistic distribution.

ABEFERG 3 T 7 A T B SR EE S TR 8
3K 3 RO IR S A 2K R R AT R A T R — K
P2 BA—ERNSHEME,

3 1118 ( Discussion)
3.1 ENSMHCE IR
3.1.1

ZPT 1E & W ({4 i % 4 £ R #1E (2015
Jis) ) e S 2 3k JE R R 2 R FE T BE R R
PRI R SRV J 1.5% F110.1% , 4F 9 B3 6 57 i

YERRE 27 e R AR VFIREE R 0.5% o 72
Tk 5 B Wy HE R M) (GB 4286—84) F HL B 177 7K
Zn B IACE YL Z® 1) B S KHEOR EE 7.5 mg
L7 HEEMREE 5.0 mg-L7'
3.1.2 Bk

FR A B 23 Akt i 32 B (EC)No. 1223/2009 ) &)
ZPT AR B B T T IRGE 2™ it AN 46 s 7™ )
RSV IE R 0.5% , AVER F = Mo R e vrik
K 1.0% , 5F B 277 S R SRR BE N 0.1%
ZPT J& T 1B 2§ CMR ¥y Jit, HA B4R 2587,
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% 7 R 20 B % 3 (octopirox, OCT). 4 bk [ Mk M RAE 2022 4F 3 H 1 HiEZR I ZPT H T1kilk
(CLM) JKA7 R Bl | — A | i 5 mes 45 | PR o R L

x6 MMERESHRENYBIERMEIMSERBENUSERER
Table 6 Comparison of fitting results of species sensitivity distribution models to acute

toxicity data of zinc pyrithione

o el P(A-D) 1g(SHC;) SHC,/(pg-L™") SWQC/(pg-L™
Model RMSE : e hel )
IEZS A
0.051522 >0.05 0.546300 3518034 1.172678
Normal distribution
XHECE A 31
0.065346 >0.05 0.750300 5627299 1.875766
Lognormal distribution
BRI A
0.049401 >0.05 0.522604 3331224 1.110408
Logistic distribution
Xt 5 ST 40 A1
0.045936 >0.05 0.847699 7.042061 2347366

Log-logistic distribution

x7 YMERESHREINYBIERAEIMSERENUSERER
Table 7 Comparison of fitting results of species sensitivity distribution models to

acute toxicity data of zinc pyrithione

BT A AR S8 R fliitAri  STHCS/
Model Fitting formula Parameter od WERSS  (ug-L™)

A, =1062, A, =26988, P=0.989,
Y=A +(A; = A))[PI1+1071 %017 )+
BiDoseResp logxy, =25.178, logxy, =1.871, 099333 0.00620 1979
(1=P)/(1+1070e 50579 )]
h, =0.05544, h, =3 41872

A, =00722, A,=087998, x,=19593,

Boltzmann Y=A,+(A, —A,)/[1+exp((x—x,)/dx)] 0.98049 0.01359 4115
dx=037428
» A,=0.0997, A, =09155, x,=2.0101,
Logistic Y=A,+(A, —-A,)/[1+(x/x))"x"] 098122  0.01359 1.563
P=5.1547
Hill Y=V, X"k, tx,) Vinax =1.0434, n=3 20839, k=2.05244 096694  0.02560 2.0497

RS VMERESHEIMERRFAGSEHENUESER

Table 8 Fitting results of species sensitivity distribution models to acute toxicity data of zinc pyrithione

O AL 5 7K 2 2 ) S g L)

ViR Water quality criteria of zinc pyrithione/(ug-L™")
Method AL P o
Acute criteria Chronic criteria
VAT
0.16 ~0.32

Evaluation factor method
YA EUR S HET VA (SSR)

0.853 0.605

Species sensitivity ranking (SSR)

YA BUREE 3 A7 5 (SSD)

2347 0.798

Species sensitivity distribution (SSD)
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3.1.3 [

US FDA #it#t ZPT FHT 28 R Ag s 1 Rz 4 48
FHES ZE R P 2 = S P & &= 4 51 0.3% ~ 2%
095% ~2% " FEFERA A 0.1% ~0.25% ,
H.& ZPT My Akl b o8 sk 75 TR) s 455 6 25 5 Akl
st 4 R VA LA K
3.1.4 &k

ZPT LN RAE R AL J5 25 3047 45 207 AE 5
B e SR R AR N 0.1% ~0.25% , 7E IRk
PR R R ARV EE R 03% ~2% .

ARHFFEHE T A ZPT (IR K K A A ) ik JE o
{E 42347 weg-L7" 18 EFME(E ] 0.798 pe-L7', L
FECHAA Tk 75 Gy HE bR 1) (GB 4286—84) FiL e
1) e MR AR — AN B 2, mT DL AR %R K b ZPT
PREBR B T 9812 , 6 3% B AR A 1l X R K K A
AW 2 A P REAEAE ™ ARSI XU
3.2 3 FEEMEHE S TR

HAT, KB 4 5 £ B F SSR 7 . SSD %
PN Tk, 3 Fhom ikl L ses ™ 2
#E5F SSR LT T 4R F g (1) 2 A8 1k R PR
F CMC J CCC KRS Y ZPT 5 447 1 1 H5Us%
FIRBURA KA A, %5 18 T B S P A S
I 4 A A R RN 5 KRR B T A T Bk
YRR A , BB B LR 48 R o U AR,
SSD 1 B 2 1 ARt R A 75 1 540 % I o P S ), R
LB B AURR AR ) 1 PR B AN [T A A A
UG B Fh URR BE 43 A LA [A)  #  1) EofE
{EL AT B AN] A 53 vh 43 310 oK P I 50 AR S A B 3
WETHE R AE A Origin 2021 B ILEEE SR , Fr
e IR BT T SR R ME R G E PP
DA 3 B B B AN 2 Bl AT P T S K
B (B AFTE— o Bl . — PPN B 1 A
RIS, 3B S 10 ~ 1 000, 4 5 32 SR 5L o 11 o2
AR, A — ) W™ x5
PRI I B SR R A SR R R W Y
PEBER 2230 K T B SEvE (R MR, Ay
BEPERI B B = I A 25 7% I VAN R -3k =
FEZ T R 2 TR U S AR R R 2 (B A A LG
RUL I ZPT WA & 4R350 , il = S G v B
IS HE, PUE A B9 1 5 1 S v 5 = vl {5
B T A — AR P SSR Ll SSD vk [l i 25
JET HARG 5T R i 2 FEE RN (B A g
PEY, H % BN R 5 F7 GO A W) Ja R e Az 36 > v b

BRAY ARG T I 25 57, 3% 46 25 S5 3040 1F 25 0 A sl
X 50537 A B PR TR | Ay 3 R T £ 4 i) A A
AN TGO B T R O 2% B, SSR
1 SSD VAR TN R -1k, 45 76 B 5 I 2 A
SR P R A T A S 55 Ak 2 Bl ik i i Bl ok
K TR

AMFFEF 3 Fl 4 5 H 118 7K 5 R R Ak [
— /K- 2%, SSR ¥ Al SSD i 5 Y 2 1 5 v
$90.853 pg- L™ .2.347 g~ L™ FIUE 1 I v (8 43 )
40605 pg-L™".0.798 wg-L™', YR USRI HEF 2
AT ATT10 BE 13 B s 8o, R 8URm 4
T o 1 B P 5000 e S S (L, 25 T e 9 4 e f
IR AALEE [ SR A rh SEBR R R, A5
HIR2EHCR, SSD ¥ i A 1) 25 P (1 2 5 B 400
S FEE , {H SSD 1k AN BRI TE— E AN
FEME, H AT A W58 28 W — 5 A BT 57 43
FHTARAT BB 3 AR Y A [R] (R R 7R 401 45 SR Al
ANTR], BRI 3 (] K 5 o 4 4 R A S — (]
“E R AR AR S AR P R B A A L
DA /D Ry B S 7R AT ok B R 25 0 DR I AR A 9 3 R
SSD VA S 25 FAE R ZPT /KA A= /K T v,
SSD T HE T B 2P S HE(E R 2.347 pe- LT
ZPT e fU AL i 6 £ 1) 2 BOBIR B 3.2 g L7,
PRI AT BB XS 7K AR A W L 2 A i AR 3 R — s
E R IR A S A B
HAE—EMSHE,
3.3 SEmAK BT EEE R R

AHIFFT A% 4 1B US EPA ) R AR B HE iy
B AR E AR LA KA A Y Y Fh 4T ZPT
{18 B B T 2, 308 o TR W 0 o R R A v
T B S, BIrAs i) K 5 SE VAR AT A7 7 — 22 I AT
SENE, BARRBANT . (1)ZPT Z3EH A A Bl 4
R A TR IR A T AR ISP A T IR ARV E
TR PERAR A AL ™) 76 BRI PR A 1
ol I A R KA R, ZPT M5 5 A B
XFANR] K BTRFAE (CANE B RLBE  pH) AT 55 9 1
M EEEBIE S AR —E M2 5 0 (2)ZPT X AE YR
AR FEPEAE S35 X T WA sl ) 46 i 75
AW, TIOR3 R 536, W 4 A
ERPEREL, SRR A ES . RSN
BEPEA S BRI R T S RN . bR T A
R AR K TO RN YR B S RN b,
IV S P A3 A T A O AN ME AR R A Y
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i

Fook 18 &

MGTEEM L T R ERON 2 55, (3)ZPT #
AR A XSS, BN ZPT M se 8, <4 1]
10 BL FEBAE TG 3 17 8 BL B /DB
SR, — M S A R B 2 | T 2 B RA

ZE LTk  ARFSE R H] SSD iR HEST 1) ZPT 7K i
FEfERT PR [ 58 kMK BT ZPT 15 Y il iy &
A PR 7 B B HE S B ARHE

ENTIENESLR

(OAHFFE R H SSR % . SSD % A 7kt
B ZPT (7K AEE W MEAE , 25 G %t L 3 ok BT 2
T 71, e 2 BE B K I i 1 o 22 B2 R 46 e (EEC-
SSD ¥£) e 25 FAE ZPT BY/K LR (H

()RR 7K 5t i o i 72 i AR 48 e #E- S 19 ZPT K
J RS R S ME(H 2.347 pg L7 1B MR ME
4 0.798 pg-L™',

(3)ZPT A =3 % (Bl B o728 Bk ) g Bk
WA BV AR E T T ZPT B4 B bR T 5
12 WESE A5 L B B T 2 A A X g P b 1 3
BEHE— L W5 5 007, AT A 3R EIR KKK ZPT 7K
AR E S i 2 A

BEEEE T KA983—), F AR, MEEFI7,AFR
Ty A K RIRIRBA F T R RBOK T AR L
2 TG TSRS,
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