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Abstract

Benzophenone-3 (BP3) is used as a component of sunscreens, and
known to disrupt the endocrine system of marine organisms. In this
study, to evaluate the toxicity of BP3, Tridentiger bifasciatus, was
selected as the experimental species. We evaluated morphological
changes during embryogenesis. In addition, hatching rate and
embryo survival to hatching were assessed. Embryos (6 hours
after fertilization) were exposed to different concentrations of BP3
(0, 10, 100, and 1000 ggL'), and then they were randomly
sampled every 12 hours for the microscopic observation and
cortisol analysis. Cortisol levels were measured by
radioimmunoassay (RIA). 24 hae (hours after exposure) to BP3,
the formation of embryos was complete and the oil droplets have
coalesced into one except BP3 10 ugl. ! group. 36 hae to BP3 100
and 1000 wgl ! groups, the tail was not separated from the yolk
sac. 60 hae in the control and the BP3 10 pgl. ! groups, the heart
formation was complete, but inactive heartbeat was observed in
the BP3 100 and 1000 ugL'!. The hatching rate of larvae
decreased in a dose-dependent manner, with a significant
difference in all BP3 treatment groups (p < 0.01). The survival
rate was more than 90% in the control, but BP3 treatment groups

all died 120 hae (immediately after hatching). High levels of



cortisol were observed in the initial group (0 hae) and decreased
after 24 hours. The BP3 100 and 1000 gl ! showed significantly
lower cortisol levels than the control at 96 hours of exposure (p
< 0.05). This study suggests that BP3 can interfere with embryo

development, resulting in lower hatching and survival rates.
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I. A £

UV ZH &= 7iQle] IF & HE3st7] 938l AMgsts Aad, 24, 4k,
dlojxxzgo] Fo FAAARESR 37 o9 EZ &3dtH(Balmer et al

2005, Fent et al. 2010, Kim and Choi, 2014). EU 3}%% Ao w=w
AA 267 ol UV ZE7F sdF Asz 38 v wWxde=
-3(Benzophenone-3; BP3)2 714 dubd oz &5+ UV ZH & sy
olm], A2 FWstE UVA 3 UVB 499 ds F5F 4 Urh(Fent
et al., 2010).

BP3= A&]A(UV)ell o3k Edom=FE Ixte dFe HihE WS E
71 98 oge Hagd AN AFPCP)o AMEEHE AL ZekA ot
(Kim and Choi, 2014). srje} A& vz fFHollA A kAo &4
Ao 2 AU 5-6% AFESTH(AFeFERA Y, 2012, The Society of

P

Ol

Japanese Pharmacopoeia, 1985; US FDA Department of Health and
Human Services, 2013b; EEC A%, 2016). T3 259 Hu wAgozh
B H3E3st7] 93] FH XA AEoE2E ALSEHMT, 1 AFE HUt
2E v A F ook (U.S. Food and Drug Administration)?] <18 i+
2ktHU.S. FDA Department of Health and Human Services, 2013a).

M x#H=-3(BP3)& B B a5 BE FYolA HEHAoH, Ao
o] 79 A = 2Azto] A HAvh(Poiger et al. 2004, Fent et al. 2010,
Kameda et al. 2011). =919 54 % 3F- (Fent et al. 2010, Poiger et
al. 2004)3 LEA H 125 ng/L T2 HEF Y (Kameda et al
2011). ¥H+ 2 A #HFoA BP3E 22 Hd 7.8 pg/Let 700 ng/L 2
T2 st (Fent et al. 2008). BP3&= Ak &+ AAWAY HAFTE &

3 dHHer 5 4 wEd 5 e THACAA A, AR so=

il



iy
i
rlr

g H 49 pg/L=Z(Hernandez-Leal et al., 2010), ©]+= 3l
<2 Ao =A ¥} (Rodil et al., 2009a; Gago-Ferrero et al., 2011). W] =3}
FTo9 s HHEL U 13ng/g dw (dry weight) BP3E 2 &slal 3l
tH(Zhang et al.,, 2011). 542 BP32 o FolA o 151 ng/g7tA =4
Hh(Fent et al, 2010)(Table. 1). Z2]a BP3%¢} 1 tiA} A2 vl= <l
T AW AE9] 98%0ll A &= Atk (Calafat et al., 2008).

7] UVEHE ditxoz ZurldA 34 F4& do7A &=th
gy UVEH7ZE s #etdds dod F dgol dsHAT
(Corinaldesi et al., 2018; Tsui et al, 2017). T3 dX UV FEH H$
Hlo} ZAdo] AFH ATk BP3S AlHetu]4] wjolo] wdo] X
S v ZtH(Jang et al, 2016). Quintaneiro et al. (2019)¢] &0 w=w
Danio rerio9} A|E&}¥] 4 wjol= 4-MBCol =Z% F wjole] a4 3
e F Ad 2 AR FFo] #EAAT. =3, 4-

M

=2

“S-EJHAHGA(GST)E EAstete] sl Al=2®82 =3t Zhou et
al. (2019)91A4 EHMC+= zebrafish(D. rerio)o] &4tsl 28 oFslA Zoh
skefo] F= ol g stgdEe T AL A ARgol] g A=
=) dH(Hawaii State Legislature. S.B. No. 2571, 2018).

In vivo B in vitro A7 mEW A EA5= BP3E A ofF
of W&EHA 715S Wald 4 Arta Histth(Schreurs et al, 2002
Kunz and Fent, 2006, Bluethgenet al., 2012; Kim et al., 2014; Zhang et
al., 2017). BP3 =2 473t FalddFA2-5=(Lowest Observed Effect
Concentration, LOEC = 388mg/L)% zebrafish AH| S W3lA 7|11 A2 A
dhlko]] o 3kS WA= Ao g2 H sk tH(Kinnberg et al., 2015).

ool 7] A FoF Faket A woste Aom L II(C

Simontacchi et al. 2009) T E2E &S RE HFF LA Y& AzHdY



57, A 9 AdEAS vEe w2 UH 9 AESH Vel F
ogee 3 THEM Wintour, 2006; V. Trayer et al. 2013). o] FolA WA

29d A A=2EELS 73 dAZA SH R =S Ui vHd

Vijayan, 2016). Alvt7} ol|dA] A% & Fl wjolrt fA o] &
T de dHE 98 ¥ 8% 985S df(Mark 1. and Igor V,
2002). ZE2EE| =F% ABI4 wfo

&= Aoz YeEGtH(MH Farley and L Fohn, 2015).

2 Ao A 8Y WEFEFUS(Tridentiger bifasciatus)s 595
(Perciformes) W13} (Gobiidae)oll &3k= o] 7= 3=, 43, T =, Elo]
9t 5 F=E olAole] ¥ Fo7 HIEATHYe et al., 2014). T
e APFoE 83 ofF2 ofYAIRE 8¢ Wy & 87
of Hoju # &2 (Akihisa and Seiichi, 2005)° & ¢l&to] 3 9314

wXsta gler, dctd Fdet= 4 oFel ouAE dEsh= wizhA

2X Fa3 YR EF AAstL JrHKwak et al, 2010). 1811 P A FF
o8 AAY Z7I7F Far AGAZE B E it of Foll Hs] gol A Fo
= et

FA7EA BP37F siatel ol miAl= ddF Ao dHAA fdt =,



Table. 1. Summary of concentrations of BP3 in reported studies. (dry

weight, dw)
Environmental : Concentration of
Sample Region BP3 (ngL) Reference
Surface water Arctic 17 - 33 ;IifuiZOeltzl
Bangkok, Thailand 86 - 116
Chaozhou, China 37 — 49
Hong Kong 39 - 5429
Los Angeles, USA 227 - 601
New York, USA 2ol 148
Tokyo, Japan 24 - 86
Lakes and rivers Switzerland 125 12:81% et al,
China 13 (dw) gﬁarglglft
Sea water Spain 1280 - 3500 gtagﬁ‘foggl 0
Norway 269 12:8615 et al,
Antarctic 26 - 884 Elffl%%tlgt
Sea ice Antarctic 8- 3.8 5?%%3?
Raw water Switzerland 7.8 ug/L 12:8615 et al.,
ITreated Switzerland 700 Pent et al,
Wastewater Antarctic 16.7 - 195 5?%%3?
\S}vatiér;ming pool  gjovenia 400 12:8(% et al,
Fish Antarctic 66 - 141 (aw) LML €
Fish liver Antarctic 41 (dw) 5?%603 5et




I. A5 2 H

O
i)

2.1 33t=4

HoAFHo] AFg3F 2 Al #(2-Hydroxy-4-methoxybenzophenone, BP3,

CAS number: 131-57-7)2 Sigma-Aldrich (Saint Louise, Mo, USA)=4-

B 7 date], 1 mg/ml FE® el &g § -20 Col B33l
IE2EE Ao HQ83 A%E SigmaEHH FYstden, FA=

Cosmo-bio co. Ltd (Tokyo, Japan)E AF&dth. WAIREAE =2+

Amersham Life Science (England)ollA 38k [1,2,6,7-H3]-cortisolE A}
£33
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: SR (%) = (SN / SNi) x 100 (1)

SN(survival number) ol = 71A & 91|57, SN2t SNyoll A

i =% F xARE (x HPE)Ol A dolsle AT /e E onsta b=
A3S AAE W (0 HPE)S] 7HAIE 9w Shoh

a7, -3} BP3 == F T2A1ZFol| A 108A13F Akolo] K313k 7N
3¢5 $(108 HPE)Y #3t 4&E

Z=
N
A w5 AT gelth

R4

v
(hatching success, HS, %) 33 o] A4lE At

: HS (%) = (HNuosh / SNuosn) * 100 (2)

Ol

HNugshe =5 5 10841 Zbell -3kstal dolgl= HA] =5 o3
FA™ woke] f, ¢ Fe ek 4ol F-9E BPS(0, 10, 100 L

23 1000 weglL ) = 6, 12, 18, 24, 30, 48, 72X 7+ & =A3sto] %A1+

o

o

et Wake] Kyl Fig., 59F 2] Blaxter and Hempel(1963)¢] ®S <l
£33tk 79 Zol(Oil droplet diameter, OD), YW3}e] 7}E7Zo](Yolk



length, YL)¢} AlZZ0](Yolk height, YH)S =A3lo] Atslgon, W3t
3 AL v 2

. Qil droplet volume(mi) = T / 6 x OD? (3)
: Yolk volume(m) = ©= / 6 x YL x YH? (4)

A et <= (heartbeat time, HBT)& =

i
D
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)
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Table 2. Summary of test conditions and test acceptability criteria for

study.

Parameters Test condition

Test type static renewal

Salinity 30 psu for Tridentiger bifasciatus.
Temperature 210 £ 05 C

End point death

Test organism

Tridentiger bifasciatus.

Age of test organism

6, 24 hours after fertilized eggs

Test duration

96 hours

Light quality

“cool white” fluorescent lighting

Light intensity

ambient laboratory level

Photoperiod

14 h light, 10 h darkness

Test chamber size

6 well-plate

Test solution volume

10 ml

Dilution water

artificial seawater

Renewal of test solution

none

Aeration

none, unless DO falls below 4.0 mg/L

Initial density

about 300 individuals / well

Feeding regime

none

Cleaning of test chamber

none

Test concentrations

three + control

Number of replicates per

concentration

3 replicates

Sample volume required

10 ml depending on test volume

Test acceptability criterion

80% or greater survival in controls




C_OI 586bp & Larva 0414

M | Larva 0222

100 |- Tridentiger bifasciatus 3 Spot on ventral side

Tridentiger bifasciatus 1 Spot on ventral side

% Tridentiger bifasciatus 1 Spot on ventral side(2)

] Tridentiger trigonocephalus 2 No spot on ventral side

100 |; Tridentiger trigonocephalus 1 No spot on ventral side
£S5

Tridentiger trigonocephalus 3 No spot on ventral side

Periophthalmus modestus KX223930

—

ooz e

Fig. 2. The Neighbor Joining tree reflects phylogenetic relations
between found variants of nucleotide sequence (haplotypes) of the
16S rRNA gene in gobies of the Tridentiger genus.
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Fig. 3. (A) Mature female Tridentiger bifasciatus. (B) is a mature male

Tridentiger bifasciatus and (C) is a picture of Tridentiger bifasciatus

male guarding eggs.
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124° \125: ' 126W 120" 1258y° 130°/ 4817 132°

Fig. 3. Location of the sampling area (circle) in Sindeok Beach, Yeosu,

Korea.
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Experiment schedule
Start Microscopic observation HIEHCHIng

Experiment 1 jum W—%

0 6 12 24 120 132hpf

Experiment 2 WW’_H

) * Survival rate (%) * Hour post fertilization (hpf)
Start « Hatching rate (%)

* Heartbeat times (time/20 sec)
* Cortisol level : sample collected 100 eggs in one tube

Fig. 4. Experimental design. Randomly sampled every 12 hours for the microscopic observation. Survival rate (%)
was defined as the percentage of surviving fish among the fertilized eggs from hatched fish during experiment time.
Hatching rate (%) was the percentage of hatching among the live embryos on 108 hpf. Heartbeat times (time / 20
sec) was the heartbeat times of the live embryos on 84 Apf for 20 seconds. Cortisol level was measured by RIA
(radioimmunoassay) at 0, 24, and 96 HPE. For these indicators, survival or hatching rate (%) was calculated for

each replicate and later their average were obtained for each treatment.
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Fig. 5. Measurement of Tridentiger bifasciatus, oil droplet diameter (OD),
yolk length and height (YL and YH).
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2.4 TAAE

Hat= e IBM SPSS Statistics (version
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(one-way analysis of variance, ANOVA)

FSaL, Turkey test AFS- #41& F38l 95% A2 Fol Al BP3 =Eol
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A A]
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)

(analysis of
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=
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o
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covariance, ANCOVA)
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322 REFads 4% 27 $9A

el el HAgon o) wRRel AL EAsH, B 47
1032 + 35 im ©7 425 + 18 ym o|Qth 4 F 1543 wiAE FgE 7] A

2btal(Fig. 6H), 304174l 771 shuz gAY F3 R E(Kuffer's vesicle)
7} R HFig. 6)). 74§ BAIHFE G o g RE ngrt Wojx ngE
w2 ol (Fig. 6K), 4847tel]l Al7dulso] #& L wo SMAE7E A2dn
(Fig. 6L). 21.0 C oA 4 5 1081zt o] 5o F-31& A4 sl th(Fig. 6N).
F3b 2%9] 2] A7)+ 1.9 m o] AHFig. 60). VETFEEF Aoj= A2
ol dEden e 7o 4vE JHE B
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Fig. 6. Development of eggs of the Tridentiger bifasciatus. A: 4 cells stage, 2 hrs after fertilization; B: 8 cells stage, 2 hrs
30 mins after fertilization; C: 16 cells stage, 3 hrs after fertilization; D: 32 cells stage, 4 hrs after fertilization; E: 64 cells
stage, 6 hrs after fertilization; F: Morula stage, 8 hrs after fertilization; G: Blastula stage, 11 hrs after fertilization, H:
Embryo formation 15 hrs after fertilization; I: Appearance of optic vesicles, 24 hrs after fertilization; J: Formation of eye lens
and Kuffer's vesicle, 30 hrs after fertilization; K: Formation of notochord, 36 hrs after fertilization; L: Formation of
mambranous fin and heart formation. Beginning of blood circulation, 48 hrs after fertilization, M: Appearance of melanophore
on the eye, 78 hrs after fertilization; N: Embryo just before hatching, 96 hrs after fertilization; O: The hatched larva, 108 hrs

after fertilization, 1.9 mm in total length(TL). Scale bar indicate 1mm.
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3.2. BP37F A& %7] @24 wA= IF

BP37} W1ESF=wS Tridentiger bifasciatus, =7] A&Atol] m A= JaFe
23 2kFig. 7) =F 24M%F & (74 F 30417, ulzTelA A
A Aol eh=w, 77 1E FHAAIN BP3 10 pel '] AE el A
FT7F FAAA EYTHFig. 8). T =% 3641k 5 BP3 100, 1000 ugL ‘o] A
ol Al oA 3ol A me st B E A A, fF IR FHAA ekt
(Fig. 8). =% 60217} 34l Control® BP3 10 pgl ! Z2FA 749 A4 ¥

ol @hmEa g AgulFo]l AT 1007 1000 pgl'olA wAlE
A7abgo] AR AY A FAo] AR o] Fox| | ekhth(Fig. 9).
dzgrol Al moll SA R Aol AlREE 7L ERlEAR BE BP3 A g
AgFoA SALE o] YA dth =F T2AF ¥ gz BE

MA ol BT Fzto] ghEw sl BP3 10 gl ! Ao A o Z4)
22X HAo] AlFtdE AAZE BEHAKFig. 10). kAR BP3 100 pgl '}
1000 pgl ' Aol e 82T D3| AAZ BRHA ek =F 964
Ao me|7}t Alste], me)s) ve] ol fxsta )
Ak BP3 Ag A& AAE melrp AR EA EaAY FReR mgo] ¥

o
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HPE

BP3
(ugl ™)

15

24

30

36

60
(w)

72

96

Control

10

100

1000

Fig. 7. The observation of egg during egg development in BP3 treatment. Scale bar

w; hour post exposure, HPE).
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indicates Imm (white background,




BP3 Concentration
10 ug/L 100 ug/L 1000 ug/L

Control

24
HPE

36
HPE

Fig. 8. The observation of egg during egg development at 24, 36 hours exposed in BP3 treatment. Scale bar indicate
200 pm.
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BP3 Concentration
10 ug/L 100 ug/L 1000 ug/L

Control

48
HPE

60
HPE

Fig. 9. The observation of egg during egg development at 48, 60 hours exposed in BP3 treatment. SC, Scoliosis; TM,

Tail Malformation. Scale bar indicate 200 zm.
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BP3 Concentration
10 ug/L * 100 ug/L =* 1000 ug/L *

Control

60
HPE

72
HPE

-

Fig. 10. Incomplete eye pigmentation of egg during egg development at 60, 72 hours exposed in BP3 treatment. Scale

bar indicate Imm. Asterisks show incomplete eye pigmentation.
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Fig. 11. The observation of egg during egg development at 96 hours
exposed in BP3 treatment. A, Control; B, Concentration of BP3 10 ug
LY C. Concentration of BP3 100 ugL'; D, Concentration of BP3 1000

rel Y Scale bar indicate 1mm.
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3.3. BP37} F-3 &, AEE, AZRETo nA= I9F

s
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2= @] BP3(10, 100 2231 1000 gl HE

tol, 30417 #
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‘?4
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=
=

Aol

ki3

g
of QA FHHA &

)
T

Tl Atz Ttel B el

2= AY

ki3

13). BP3E& A

ﬁo

(p < 005). =3 7274 &)

] 3l A

= 344

Tol A =
&S YeWlth(Fig. 12). BP3 =% 964 7+

493 pgl '2 bt}

=
=

A 90% o]’ds Helet BP3
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100% Neqgreerrr:

\??‘h‘:; ------ .‘ ...................... ’
90% - < -;..?2_ __________ - S .
MO i s S L T ¢
\\
80% - \
W
70% - Y
= vy
£ 60% - LN
%
s 50% \
m \
s \ N
z \
- VY
: control vV *
30% - W T i
-4+ 10ug/L \
20% 4 | -a-100ug/L X,
~
10% 4 | =>= 1000ug/L B
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Fig. 18. The survival rate (%) of BP3 exposed Tridentiger bifasciatus
eggs. The asterisk indicates a significant difference (p < 0.05) between

the control and experimental groups at the same time of exposure.
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Fig. 19. The hatchability of BP3 exposed Tridentiger bifasciatus eggs.
Hatching rate (%) was defined as the percentage of successful hatching
among the fertilized eggs. Data are expressed as the mean = SEM
(n=100). The asterisk indicates a significant difference (p < 0.05)

between the control and experimental groups at the same time of

exposure.
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Fig. 20. The hatchability of BP3 exposed Tridentiger bifasciatus eggs at
different time point. Data are expressed as the mean £+ SEM (n = 100).
The asterisk indicates a significant difference (p < 0.05) between the

control and experimental groups at the same time of exposure.
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Fig 21. The oil droplet volume(ym3) of the Tridentiger bifasciatus eggs.

Data are expressed as the mean £ SEM (n =

7). The asterisk indicates

a significant difference (p < 0.05) between the control and experimental

groups at the same time of exposure.
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Fig. 22. The yolk sac volume (mr) of the Tridentiger bifasciatus eggs

after exposed BP3. Data are expressed as the mean =*

SEM (n

= 7.

The asterisk indicates a significant difference (p < 0.05) between the

control and experimental groups at the same time of exposure.
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Fig. 23. The heartbeat times (time / 20 sec) of embryo Tridentiger
bifasciatus exposed to different concentrations of BP3 for 72 hours. Data
are expressed as the mean * SEM (n = 7). The asterisk indicates a
significant difference (p < 0.05) between the control and experimental

groups at the same time of exposure.
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Fig. 24. Level of cortisol in fertilized eggs Tridentiger bifasciatus
exposed to BP3. Data are expressed as the mean + SEM (n = 3). The
asterisk indicates a significant difference (p < 0.05) between the control

and experimental groups at the same time of exposure.
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Table. 3. The comparison of egg diameter, time for hatching, egg form, total length of adult and larvae size in

Gobiidae
. . [ Average total Hatching
. Egg diameter Time for hatching Egg .
Species length as an larvae size References
(mm) (Water temperature) form
adult (mm) (mm)
Tridentiger bifasciatus 1.03 x 043 130 hrs (21 °C) Ellipse 55 ~ 83 1.9 Present
Tridentiger 140 ~ 158 x 116 hrs 70mins 1 Kim and
) i Ellipse 90 ~ 80 2.96
trigonocephalus 0.50 ~ 066 (183 ~ 21.7 °C) Han, 1990
S 154 hrs 40 mins i Hwang et
Tridentiger obscurus 0.97 x 066 i Ellipse - 2.83
(193 ~ 245 °C) al., 2006
. . . 093 ~ 096 x i _ Kim and
Mugilogobius abei 103 hrs (24 °C) Ellipse 50 204 ~ 2.10
043 ~ 0.45 Han, 1991
Rhinogobius 1.28 ~ 156 x | y Moon et
95 hr-(22 °C) Ellipse 80 3.3 ~ 34
brunneus 0.62 ~ 0.67 al., 2005
Favonigobius s ) Jin et al,
1.50 x 0.57 48 hrs (23 °C) Ellipse - 231 ~ 254
gymnauchen 2003
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