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Fig. 5 Enrichment of OUVs in global marine organisms
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PRI o 380 2R A2 A 56 AL ¢ ) e e 3k AT L 0 R Ak 3 DD
(2235 B R JIF I 20 41095 . OUV's Al DL i iR 4%
TEBEARFIG L Z 18] 4% 5 S8 10 BT 6 L i R & &
B AR E T Be AN e CHEME A B Y 0 g 0 A FR L 6T
T 2 B TSR A AURRPE S L A OC . 4-MBC il EH-
MC S5 8 & I 76 8 K OIG L IR ok s T
2N

WFEAY T OUVs 1 70 A5 A FE B A7 B 25 25 57
DI 5% 5 22 10 RS 40 Sk 1) 76 3 B S I, iR DL OC
M EHMC B BE 43 51 2 262. 00 ng = g ' il 28. 80
ng e g T AR RPN P b X P R R 4L B e
CAIR AT B = f) R BERRAR 1 - 2 MR
T % 5 i B2, TR DL P BP-3 By o 77. 83 ng -

g YT g P E s L LU 5. 50 ng - g T,
FIUTAR Y — K 1 AR b OU Vs Bif B 8] 4% £k 19 F
FEIRARD o AUH 19— R A DGR 5E R W L 3k [V 3 fh T
B 75 R i U I 2 R R RN K (AR 5 He g 55 1 A
#.,6-8 AR ULt EHMC 1 OC ¥ B 505 A 9 —
11 A/ 2 f5F1 100 £5,
2.2 OUVs X g ¥ £ £ SXE TN
2.2.1 PNEC 1i#5it 3

T 1HHTHRHRT AF RITEAE N OUVs 1)
PNECs ffi. £ it%,0C,EHMC, OD-PABA, EHS
M AVO B PNECs {8 4 % 61.00, 7. 00, 6. 00,
236.00,184.00 ng « L1,

1 AF A H, SSD Y 2 30 LF- AN 4 32 30 5080 A i
i 22 9 5 i 0 DR o LA R A R L O L % B
SRR B3N, AR A PNEC A B8 9% 0 4 Mo At
RV Z TR B35 Je vk BEOKSF . SR, X T
4y OUVs 11 5 - & Tl A 1 5 B S 30 45 /0 R ot
AHOC I 75 B2 B B O A B . AR SO % T 5 B2 4L
EA X B 2 1) BP-3 (A 10 AN i) A 4-MBC (3t
£ 8 A, A SSD it £k 1+ H PNEC 1 (&
6)., Zit%,BP-3 Ml 4-MBC 1 PNECs {8 4> %1 K
0.60 pg+ L " FI30.72 pge L',
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#£1 ET AFEiHE OUVs #J PNECs &

Table 1 PNECs value of OUVs calculated based on the AF method
=27 ZRAWY) T FRI ]/ () LC;y/ECs/ AF 18 PNEC/
Compound Test organisms Exposure time/(h) (pg* L™ H AF values (ng+ LD
0oC Artemia salina 48.0 610 (LCyy) 10 000 61
Paracentrotus lividus 48.0 737 (ECSO)[GH
Ficopomatus enigmaticus 48.0 14 740 (EC;, ) Losd
EHMC Isochrysis galbana 72.0 75 (ECg) 10 000 7
Aliivibrio fischeri 0.5 1060 (ECy,)
F. enigmaticus 48.0 2 810 (ECg) "
OD -PABA I. galbana 72.0 59 (ECy) " 10 000 6
Mytilus galloprovincialis 48.0 130 (ECSO)[MJ
P. lividus 48.0 279 (ECq,) "
EHS Artemia salina 48.0 2 360 (LCqy,) 10 000 236
AVO A. salina 48.0 1 840 (LCyy) M 10 000 184
Phaeodactylum tricornu- 79.0 9 450 (ECBO)[SSJ
tum
F. enigmaticus 48.0 9 890 (ECq,)
(a) (b)
R*=0.92 R*=0.94
0.89 P=0.000 0.84 P=0.000
E y=1/(exp(2.47-x)/0.91) y=1/(exp(2.63-x)/0.39)
=
<
e}
e
aQ,
2 0.4 0.4 1
=
= -
£ HC,=0.60 ug-L™' HC,=30.72 ug-L™'
Q
0.0+ =——= . . . . 0.0 L—=—=—— .
-2 0 2 4 6 1 2 3
Log Cyp.s Log Cynme
6 BP-3 (a) 1 4-MBC (b) A4 4 Fh U 3 4 A il 2%
Fig. 6 Species sensitivity distribution curves of BP-3 (a) and 4-MBC (b)
2.2.2 OUVs stif i £ 8 £ 5 R34 TEMVEREE P v i B M . AR OUVs X ifg i

FT UL PNECs {1 FH XUBS B 25 60 T 53 4% 1l
& A 53 i B K th ) BP-3L. EHMC, OC, OD-
PABA.AVO J EHS #17AEBKE A . ik 2 fF
7~ .BP-3, EHMC, OC,OD-PABA,AVO F1 EHS 43
W AE 37.5% . 87.0%.100.0% . 44.4% . 60. 0% FiI
60. 0 %6 () 1 38l X i v A= 0 B AT b s KURS: S T 4-MIBC
E T A 1 3O T A2 W 3 T KR . b EHMIC A
87 % Wy RQ fH M 0.10 — 107. 10, % B i% {5 4 ¥

Py B DR 22 S — T T ECR TLBR B 2 S e ik
JEE W0 R T BUE VR N TG B B IR 5 55— 7 T I
T AR 22 . BT SR I AR W PR L A .
EHMC (log K, =5.8),0C (log K, =6.88) %,
GAEER N E AT AN, OUVSs i 8 P2 42 T
HARSEAT . A EHMC Dt [ it )™ A8 75 P B3 19 4-
MBA™, OC $58 f) 5T 8 AL E Iy 6 H A TR BT A 5
R
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Table 2 Ecological risk assessment of OUVs on marine organisms

Bp-3 EHMC oc OD-PABA 4-MBC AVO EHS
i 358
Sea area EMCa/ EMC/ EMC/ EMC/ EMC/ EMC/ EMC/
mgeL-h R oy RO ooty Ry Ry Ry R oy RR

South China Sea

NS 3.109  25.00 0.41¢ 16.23  2.70%  25.99  0.00° 16.27 0.09° 16.18 0.07"
(China)

12.86  0.02>  21.53
Taiwan

((‘hina)mj 181. 81 0.30°¢ 5.83 0.00"

Hong Kong

(Chinay 28] 42.44  0.07" 139.36 19.909 36.23  0.59° 22.30 3,709 35.17  0.00°

S:}tk:iyljnd)ﬁzﬂ 249.00 4. 08¢ 104.00  0.00° 682.00 289"
Kumamoto J

(Japan)[ig')] 750.00 107.10 ND \ ND \

South Carolina . | ‘ ¢ ¢

e 696.60 1.16 84.60 12.10¢ 681.00 11.16 30.20 5,00 217.00 1.18

?ﬁﬁimw 19.86  0.03° 0.24  0.03® 615 010" 3.15 0.53¢ 0.03  0.00°  ND Vo 14T o.61°
E::Zfiﬁe)é’?]y 60.62  0.10" 25.04 3.60' 24.84  0.41° 90.24  0.38°
Grenada " 19.57  0.03"  1.14  0.15° ND \ ND \

P 13.28  0.02" 39.47  5.60° 6.86  0.00"

ii;;:i,iaﬂ?jﬂa 50.30  0.08" 890  1.30¢ 106.55 1.75¢ ND \ 5.10  0.00° 44.50  0.24° 13.35  0.06"
?;:?;‘)Bs] 61.08 0.10® 37.58 5 .40°

EE&?:;uw 62.31  0.10" 125.35 17.90% 759.54 12.45° 91.26  0.00°

(T(‘;erﬁ:;f;;‘] 8.20 .01 ND \ 7.90  0.13° ND \ ND \

Bowice Luc by a0 e 166.60 765" 10000

?/[Far:jélel:m 16.81  0.03" 0.76  0.10° 80.45 1,32¢ 30.13  0.16°

Anta[:cot]ica Scott 23.54  0.04" 9.96 1,409 4.51 0.00"

Base

Note:® indicates 0<CRQ<20. 01,no risk;" indicates 0. 01<CRQ<0. 1. low risk; indicates 0. 1<XRQ<C1, moderate risk; ¢ indicates RQ=1 ,high risk; ND indicates not de-

tected or concentration below detection limit;\ indicates no risk assessment conducted.
Bk . OC Hl EHMC J2& o i 7 A= 25 12 R i 1D 25 K
B PR 5, 43 0 FE 100. 0 %6 T 87. 0 Y6 B T Jak X} g 1

OUVs J7Z 504 T 7K DU B AR YR i
o, o 3 AP R BP-3 il EHMC 24 #6108 £% 1
AR B, HEEETD OUVs (9 W AF FII 25 43 1 F7 4F
55 Hos YL YR RN B s A A G, T IE RIS T a2
B Bl 09 5% e R FLve B K ST 8 1 B U I B
T AE BT ] I, B2 Bl Bt 28 A 42 ™ i 4 4 1
OUVs Bt m T HAL =T, WEAY X OUVs
(R SR AE I A W b S L U Sk, T A
A A BB A AR 38 O XU Bk 6 i K BP-3 EH-
MC,OC,OD-PABA,AVO } EHS % 6 # OUVs i
AT AR KRS DA o DA v e XU T 0 oy F 5 ¥ S 1Y L

A=y ELA TR UK 5 T 4-MIBC R I 7 2 0 14 1 b 3¢
JIN S LA T A I 38 2 G AU

J T E A HIEAL OUVs 761 73 55 b il 75 s
A B B FOR Vg AR A BB 4 B 1) 5% i L R T AR LA
5 AN T 4k 2 JF JE TAE - O i G R T B OU Vs
BOPRIE W . 3 RV 38R A2 N IS 2l 52 e f K Y X
B, A )7 (BT R T BB OU Vs (10 B 885 W 0 B %
VR PR AR AP BSR4 kA T ) S, O FF R
B OUVs WIS . % BP-3.EHMC 4%
4 OUVs S B% OUVs (i UVT-150) B
o2z R S B OUVs 78 5 30 85 19 20 i A
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B T S PR HO i AR SR . @4 T B OUVs
XV VAR ) I B B AR S L B I A AN S A S AU
TEAL B BLRE . B HT. OUV's W I 7 42 W 75 38 59 F 58475
Wb T3 R WI I B B, 3 43 T A R L AR R A
TR A 1 1Y 7 B 2 S 00 A B T VR AR A KU TR AL
@A RSAEE X OUVs BRI, 3A HF 58 %
B RS BORL ) H al LRSI 2] OUVs A7 7E (B = 2
HHAKEEITHE WG IAERET. O OUVs
M IRBEAT N S PR 2, A K AR i Mgt 1k A WL L 5
BAT LA OUVs SREEAT Iy 14 5 1, TUFR W) A7 BBk
Xt OUVs 7E UL A _E 7 K 43 e 9 52 i 55
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Spatio-temporal Distribution and the Ecological Risk Assessment

of Organic Ultraviolet Absorbers in the Ocean

PEI Jiying'?, YU Wenfeng', HU Junjie' , WANG Yitong' , WANG Mingwei' ,
ZHANG Ruijie’* " ", YU Kefu'?

(1. School of Marine Sciences,Guangxi University, Nanning, Guangxi,530004 ,China;2. Guangxi Laboratory on the Study of Coral

Reefs in the South China Sea,Nanning, Guangxi, 530004 , China)

Abstract: Based on 65 English literatures included in the Web of Science database,the occurrence characteris-

tics and temporal and spatial distribution of various Organic Ultraviolet Absorbers (OUVs) in seawater, sed-

iments and marine organisms in various sea areas of the world in the past 15 years were comprehensively ana-
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lyzed. Combined with the existing toxicological data,the ecological risk of OUVs in seawater to marine or-
ganisms was evaluated by Risk Quotient (RQ) method. The results show that the concentration of OUVs in
coastal waters is generally higher than that in offshore waters, which may be due to the greater influence of
human activities on the coastal waters. In terms of time distribution, the release of OUVs in summer is higher
than that in other seasons due to the increase in the use of anti-ultraviolet products. The results of risk as-
sessment show that Benzophenone-3 (BP-3), Ethylhexyl methoxycinnamate (EHMC) , Octocrylene (OC),
Ethylhexyl dimethyl p-aminobenzoic acid (OD-PABA), Avobenzone (AVO) and Ethylhexyl salicylate
(EHS) have medium and high risks to marine organisms in 37.5%,87.0%,100.0%,44.4%,60.0% and
60. 0% of the sea areas,respectively,while 4-Methylbenzylidene camphor (4-MBC) has no risks to marine or-
ganisms in all sea areas. This study aims to assess the pollution status of OUVs in the world's oceans,with a
view to better controlling and managing OUVs from the source and their impact on the marine ecological en-
vironment.

Key words: Organic Ultraviolet Absorbers; marine; environmental matrix; spatial and temporal distribution;

ecological risk assessment
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