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Abstract; Coral reef ecosystem, which is one of the most important marine ecosystems, is suffered from serious
degradation due to climate change (such as global warming and ocean acidification) and human activities (such as
overfishing, chemical pollution). Organic ultraviolet absorbents (OUVs) are a kind of emerging “ pseudo-persistent”
organic pollutants. Previous studies indicated that OUVs have an importantly negative influence on coral health and
are ubiquitous in various coral reef regions. To systematically understand the toxicity mechanism and ecological
risk of OUVs to corals, this paper reviewed the toxicological effects of OUVs on corals from the perspectives of
toxicological experiment design and toxicological effect endpoint. The results show that OUVs are toxic to corals at

individual, tissular and molecular levels, with the toxicological endpoints of lethality, bleaching, tentacle retraction,
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larva metamorphosis retardation, tissue pathology, DNA damage, and metabolic abnormalities. Finally, the future re-

search directions about OUVs’ toxicology on corals are proposed.

Keywords : ultraviolet absorbents; coral; toxicological effect
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Fig. 2 Toxicological effects of OUVs on coral
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2.1 WEIAfE

OUVs ] ifs S ] % A F Ak (8] 3(a)), HALE
T I ph 2 2 N A 178 i s R (i) e A 1Y)
B LR 6 R T P EOR 422 B S AE 1 Y —
FiAESISGS ) ER M RS b R Y 2

2, W H AL E T B E AR s 30 3 B
@R g R 9 Ot B R A L L
B2 PAT IR, XS OUVs 1Yt 11 1k BE )
HHAIA S, M H Z F OUVs B 2% 8% 2 il
HARE,

Oral pole

3 OUVs 3 ##AR SRR
() F1E Sl s AR 88 T 5% BiMRR Ve S B B TP & AL PN ZE A5 20 S A 2 2588 5 d A7 d IO SEER A
(b) BEE R0 ; B VR 4 OB 8 T 1 000 mg-L™" BP-8 Ji5 t HUBH 4 MR R PN A2 AT 43 ) Pl 41 A28 7 d A0 8 d YSEBR )
(c) #hHASIE s IRIT IR 4h 2 5% F 24.6 mg-L™'BP-2 T BRI LN BB T o0 b bl 4l 25 8 h S5,
Fig. 3 Toxicological effects of OUVs on corals

Note: (a) bleaching, tentacle retraction; occurrence of tentacle retraction and bleaching when corals were exposed to 5% sunscreen wash-off

water %8 (from left to right: the control group, test groups with exposure time of 5 d and 7 d, respectively); (b) failure of larval settlement;

occurrence of settlement failure when coral larvae were exposed to 1 000 wg-L™' BP-85)(from left to right: the control group,

test groups with exposure time of 7 d and 8 d, respectively); (c) deformation of larvae; occurrence of deformation when coral

larvae were exposed to 24.6 mg-L™' BP-2 (from top to bottom: the control group, test groups with exposure time of 8 h, respectively).

Wb SR I A7 4 5 R A B A,
ORI 1) i 32 1 3 H T R R SR R I, TR
B IEXT OUVs it (AL RE T a2, 4, Hetk
AT ] (Galaxea fascicularis)7E 10 mg - L™ Y
BP-3 W 4 d MR & AR FLARE s TR IR AR HEAL
WS, caliendrum)fE 1 mg-L™" 4 BP-3 5+ 7 d
P AR 5 38 95% B, D5 Ab, (R 3 3 % AN []
OUVs it F1 4k BE 71 7R HAT 22 5, 40 X v AR HEFL 3
(S, caliendrum)iii 75 , BP-8 3% i{H: 11k 1Y LOEC 1
7250 wg- L7, 1 BP-3 W&k 1 000 pg- L7, @
SR VR AHEFL I X BP-3 BT A2 M 55 T BP-8™,

Sk T TR B W S 22 AN [ BE ) 58 A1t B I A
AR K S AERT I FE T A Z 8 OUVs, it

UVB(290 ~320 nm)A Wi i) EHMC K UVA(320 ~
340 nm)F UVB(290 ~320 nm)a] AW i i) OCHI 44
SRIM, Z 80 OUVs Bk G % 2 1T i 23 s B 11 4k
He 5P AR HEFL I (S, caliendrum)Z 5% T 1 000
mg-L™' ) EHMC 57 7 dOGIR : MAREHTE] A 14 h
10 h, JEFAL I, % PR 83 3% (R I (1 4k 5 T[] 452
FJERESRAET 5% 14 7 G 6 Ok 14 /K ()7 G 7 0 4 K el
AR IR OV L7 G 1 ST AR K IR i — B
E)J , B0 7K IR A7 AN TR R A s 8 T A5, X6 . EH-
MC 1 OC ¥ J& 43 %] 4 (422.34 +37.34) pg- L7 Al
33.50 pg- L"), 21 100% 093 & Ak Ak, 24
T, A3 5T IR 11 10 1) 40 e A1 0 Ao 55 156 2 S0 I (e
active oxygen species, ROS) ) & 4t 11(photosystem
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11, PSII)  DNA #6515 Fl 41 ff i 7= %7, H#p ROS 7=
A IR B2 U7 5 5004 200 i S A 7 95K B T A 2 S
LIS 1 SCHERLHI ™, BN /e 2 Fh OUVSs B G
T EEIT I ) AL N S R GV REAZ B T M
454
2.2 WA SR IR 4 BT

OUVs X W i B3 55 S B 2 R 2 5 2
A, TR G I BT RSO 2 a3 R
LC,, 3{ NOEC {H ; S 5L -0 7 ik A & Wik de
Y R A R R 3 | H v A MR R 2 7 LA BB 4 o
1E HAHLUS A BT 2 bR, Downs 25115
I 5 W 45 Lk A5 AT I8 (S, pistillata) ¥ IR 4]
WAESCHRAN RIS Z5 /1 T 2458 T BP-3 ¥ 24 h 1Y
LC,, {H43 0 139 pg-L7' #1779 wg-L™" ;1M He 5%
I PR R O 520 e IRV AR HEFL IR (S, caliendrum)
TFIRA B R EE T 1 000 pg- L' #9 BP-3 5 7 Ot
M BAEEEER] R 14 ho: 10 h, R ALER), HFE T %
1 3% o FEIX 2 AWFFE TAE T, BP-3 XF 8 1) 3
BE LCy, HHEA K225, X G2 B i R,
()MBIR RG], AR T IR A HEFL IR (S. calien-
drum) F1 JEE £ AR08 3 (P. damicornis), £ +1 3 3]
(S. pistillata)X§ P35 A8 (A R B5URK L (2)2 41 35 3 S 56
BT B 88 S FEAE 25 57, Ao IR AR 1 T 7K OR TR
(NT K vs RERUEIK) A WL NS

[FFE, Z 80 OUVs kG 2 55 23 in i S 3] 1L % 58
TP R b — 2 A I () B Al RE 1™ He 5250%
HAHESLIMII(S. caliendrum) JE FAFRIEIMIHI(P. dam-
icornis) /W% T 1 000 pg-L™" EHMC % .1 000
pg L™ OC ¥ AT 5% B FE Ve 7K 4 d, 4553 1
78,1000 wg- L™ 1Y EHMC ¥ 038 A% 33.3% 1Y 6
HEFL I 391 (S. caliendrum) K 0% 1Y JE £ A5 1 3t 34
(P. damicornis)JET= ;1 1 000 wg- L™ ) OC & I A&
T AT AT —FP B A6 T 5 A EL AT T, 5% 114 7 G 7
Ve K B AT 3 Y 66.7% ~ 83.3% A 7 AR HEFL 3 3]
(S. caliendrum)F1 33.3% ~ 50% I RE £ A1 T B0 540 ( P
damicornis)FET- . FH AT UL | By 00 75 1R 15 K Xf 2
W FE T 6 LI T EHMC 5% OC fY Bt
W, MRy R B AE AR R — A A AR ), AT %
WA AR mAE R PR EE I SEs SO, R
BRE—F OUV 76 I B Ak DX (1% v B2 ml BB A AIC, (024
ZFp OUVs BRAVE FHI, H X B 58 7 2% 114 52 i
BT, BONEIMAET AL 2R OUVs BEA 5
#Eal OUV 55 H A5 Y Mk 2 #5 0T I i 7 31

INE I3 Y A AR AL 2 IR i RS W RE VR R B0 T
PR B3 55 2 RPN vk PO e B B S BG Th AE
2.3 SR B A G

OUVs XA #EVERR T R AR MAGET) B,
HAHLUKE(A4) L, R BT /KF L, anifs
I3 e PR A S AR ZE LS AR S Y A
(S. pistillata)iF IR %)) 7% 58 T BP-3 Wi, st &4
Az #4040, X R] BE R BP-3 M0 3 N 8 A L
BP-3 i 14 175 5 umu #9017 A BHPEEAS SN, 1T
H i DNA #4555 HAe FHOG IR ST, FLIE PR 4k
R Stien SFPFIH R HER B XT R 2T OC
(B AT AR 20 2 3 AT, & B OC 7 W 31 4% PN 38
it SRRNTRIE s A W) T U 0E B AL, OF 5 Bk
PAATREZE AL, ES [FIFE 2315 3 I B U/ 4R A R
L5 S Z2 AN AR TR | Il A T HEL B i
g EE B A i LY . OUVs X BB ARt
)T P B A IR A I e A R 1) A D i R
G, E T DR IR 4 P 17%) 235440 5 B0 ok o 7 SRR L B I
OB A AL ) s S MR ) o b AL
2.4 HAbFm

OUVs B T 3 sUMI Fi 4k FE T 5L ) it 52 4
R AR e Ah A R B ik A B AR AR R E
85 o (et R A I SRR e BURE B B E fik £ A
15 1k A BB oo A AR DL FR O 5K FEY BB ER T 5% Bl
W RE VRV K T ], FL0H & /K AT 22 BB
(1%l 3(a)) , FRIUAE fish £ 56 2 W40 IR BE F1 Ak, X fi 45
TR TCmR LA i A WO T B IS N OUVs 15
YL i — A S N AL T BRI Z AN, 4
HE MBI RS EEFNERESREZ —, H
OUVs il &4z Blad #2, #l4n, BP-8 Z 5 &
2R EARHEFL I (S. caliendrum) 1) iF 1R 4h U %
JM(# 3(b)); BP-2 &5 235 | iZ W 4 R 28
TR AR BURIR (P 3 ()™ #,

OUVs AAE 35 S 3 i B , 30 2338 2o 3% 81 I 1
XZAESRGE TR A Y " A /8% . McCoshum
SEENNGE— A e IRV (148 J B 2L (Convolut-
riloba macropyga) . Jt: & fit ¥ (Nitzschia sp.). 1§ %%
(Aiptasia) I (Xenia sp.)) %% & T Blj W 75 B BE IR
21 d, & B A BAE RE T % V25 ) fat B e A
IR GRINA WA B B 25 055 , S iR 2%, SR 0
A AEALER) , i O Ay AU HL M S AR ) T % RE
HHEE R a &8 TR, B OUVs 51 T Ji il 2%
MEBRGEMEFRFEECT R, ARy 2k
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ZHMRENESREZ —, B R 21 EY
BHRR, — B HPIEAEFREG W NSRS
W4 T R THT I 3 B A 4 XU
2.5 OUVs FIH A [ 8K B2 A U R0

I3 %) A A AT I SIS0 Bl >R 1) 45 ol
VI B, I TH G A A BRAR R IR AL I 2 F AR
S AL PR . 24 OUVs 5 & iR il OGRS
G HA F ARSI A VR B, B 37 31 1Y fe 3 ik —
AR R a2 a7 AR I A )
(ROS)BEIR B 2 A= s B e 1) PS IT RGP0, il i
FEARHOE A RCRPY 024 OUVs Ml iR W8 BX A 1
FHBS HOG G803 — P REAR™ . OUVs Al Rk
B P TR 2 vl 2 080 A Al A A A T 0 5 Y
AR ARV U8 255 | i S A AR P i 31 S g
T BESEAR 22 B AR R () i AR Y

R IR A A S R G0 5 A — > BB | R
o 7 TH A S B A b A B
o e R B R BRSO A AR O — O T I
Bt BB MRS A5 F ., PRI, 5 35 ARG BRAR A X
WA K AT 2 CHE Y, EH M (S. pistil-
lata) 77 IR 40 H0 23 B AE E RERD SRS 25448 T 22 85 T BP-3
W8 h B, LC,, {5514 3.1 mg-L™' i1 16.8 mg
L7 BISERERE N T BP-3 XPHE A BT (HAS
TERN I IEHAEE A 25 2R G0 2200 A 78 iy 3, 7
TR TR 7K ) O A7 280 S5 1% 58 B 155 3K 20 000
wmol-m™-s™"  ZE AN EE UG B 2544, OUVs Xt
PR 1 B BEALN, AT g 2z it — 20 Hg st . Ouvs /BN
— I AN R E AL G, B RO A ER
A VEH AT RE B0 0 BEELEA 5 T HADEE) .

3 45iE 5K ZE (Summary and perspective)

OUVs AE R —Fh B BRI ML e, ) Iz A2 7E T
AR DX 1) 25 Fh PR B8 A o v, oo S B A R 220
HEEEVER ., FEAMERZE, OUVs W ElEi H 1k 3t
T S e | 4 AR T R A R I AR 4H 22
OUVs A ZU I 20 4% A= 9 A48 ; 76 43 1 )2 1, OUVs
Al s L Y B AR R SR, 2 OUVs 5
HABIAEE (A il SR HN )G it FL s pE ]
i — g

HARE N AN REEETRE OUVs X 3] i 2 R4
9% (HZ 55 B TX i E IR DR | 52 F B
BEHLIR AR SS . S A THRSE OUVs X i
BB, ARk R EAE LT LA I 4k 2 T
TAE(D)FF B OUVs X JHE i) s B 5T, B

HEfL 5 OUVs BYZEH , — 2835 B OUVs (4 K 4K B
PR 4 5 R Bl I 7)) 7 3 1 A=, HL ke SR 1)
BEPERR 2 BOGHE ) R ZHh OUVSs ER G #EE
5%, HETKZ 58 HoR AT 1 Fhag 2 # OUVs %
& M@ H £ 8 oUuvs 77, NIk, £5h OU-
Vs BB Bk R T A OCTE  B) AL AE IR B AN R] £
JEFRR B X OUVs Ay 75 B 07, I8 2 py 0 380
A A R A R B S A R S A R
IAELE S I I A= AR Ty T 34 A 455 2R,
PN REAN X G2 A TR 58 AT XS OUVs BEgHLIE
FIIA o (4) 2 20 2 H R B A TR 9Z OUVs X 3t
BIRBEEHLIE , IEAF R T e JR 1 v 3 £ 0 v R A
JE 20 24 (Omics) B AR (AN FE 4 2 i 42
Jo 2l 2E AR A 24 55 A1 Bl T 48 7R 15 G 4 1 B e 2
T AL A B0 5 MR | A B BN ff D OUVs
BEFAE R Z ) R A ) TR (5) I s P800
LA T A FrEGHE . R HE R RO A SRR
OUVs X IHa 5t i FE iy, 2K 17, H i 2 12 8
& S W s AN B AT Y R A — o R B
o8 BN G AT SN R ik N A |
7 1]

BEEEEN 4 LIR1969—), B W+ #I& T EMTH
Y\ A A R 5 IR
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