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Research Progress on Residues and Toxicity of Sunscreens in Environmental Media
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Abstract: UV radiation can cause health problems such as short-term sunburn, long-term skin erythema and hyperpigmentation,

and even lead to serious lesions such as skin cancer. To attenuate the damage caused by UV radiation, sunscreens are added to

various products. The exposure levels of UV sunscreens in environmental media such as aqueous environments ( <LOD-6969

ng/L) ,sediments (<LOD-126. 5 ng/g) ,aquatic organisms ( LOD-11875 ng/g) ,the general population ( <LOD-525 ng/mL) ,and

indoor dust (66.6-60600 ng/g) in the last 10 years were reviewed in this paper, and the toxic effects of sunscreens in the

environment were discussed, including genotoxicity, reproductive developmental toxicity, endocrine disrupting effect, combined

exposure toxicity and degradation product toxicity ,and the future research directions in this field were envisioned, with a view to

providing references for the safe use of sunscreens and the scientific control of sunscreens.
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Table 1 Common types of organic UV sunscreens

251 4 INCI 44 % 5 CAS 5 451 lgK,,
TR -3 Benzophenone-3 BP-3 131-57-7 /‘5‘\‘ 3.79
— SO
R R 26 o 0
wo_f
R -4 Benzophenone-4 BP-4 4065-45-6 /“ﬁ 0.37
P O
X R R R PABA PABA 150-13-0 /O/L 0.83
X 2 BE R W R e
(NERYES .
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|
EX 1 Homosalate HMS 118-56-9 @(‘\QL 6.16
VA EDES
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~
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Table 2 Comparison of limit of detection,limit of quantification and recovery

of sunscreen agents by different detection methods

LRI DIRES 6 H BR E R Bl ETTA X AREm 22/ % 2% 30k
M R 0.05~0. 15 mg/kg 0.17~0.5 mg/kg 91.7~100. 1 1.1~3.1 [8]
o RO 8 1 vk 0.5~20 mg/L — 84.96~103. 68 1.75~7.63 [9]
SR A - T — 0.6~15 ng/L 65~109 2~9 [10]
S 3% - = DU AR R R
[P 0.017~0.057 ng/L. 0.057~0. 191 ng/L 71~127 2~9 [11]
o ARV L - = R DO A AT S B
itk 0.01~0.25 ng/g — 62~122 0.9~12.7 [12]
UL 3 AEEME L (S/N=3) B B AR & & K i R, DL 10 55 M b (S/N=10) B A9 A AR M & &t g SRR, «—7 Rom SCHR AR

B
MA S5 B T AT s b Bk frh 2R
T 24 X 0 5 2 FE R i IS o7 G ) 1) i, R B KT
8 B A R ) 9 B8 de v (TR AL BN 510 ng/L) M
Wt 2K -1 (BP-1) (FP 280 2.79 ng/L) Fl
BP-3(H %k 1.78 ng/L) , = & (K 243 5
S} 100% .100% .95. 8%, HU 2" BF5E T BEIT 3%
S 2 Z% 32 BT g o I ) P R A L S5 SR O
G 9 Fh B IR 4 A Y, 4 ) HMS (EHS (BP-3
EHMC 2-(2-F8 4 -5- 28 5L ) 80 =k (UV-P) \2-
AT Fe-6-( 5-5-2H-2K JF = Mg 3L ) -4 3L K
(UV-326) 2-(2'-553&-37,5" - T AR IE) -5-4
HIF =M (UV-327) 2-[2-F4E-3,5-2(1,1-— 1
FENFERHL ) [-2H-2RJF =Wk (UV-328) B 58 — i
(UV-329) ;9 B Bi W5 570 19 °F 35 ¥k B 48 1.20 ~
87.2 ng/L Z ], fx KW BETE 3.25~413 ng/L Z
] B R AE 35.7% ~77. 1% Z i), WU 261
T g 4 A FEG KA E R K R R i 2
Bij W57 ( BPs) AV BE 7K SF-, & B BP-3(841~1 320
ng/L) S, O KR (BP) (321 ~951
ng/L) . BP-4 (241 ~ 375 ng/L) . BP-1 (136 ~ 322
ng/L) , H 4 #ib& Yk 23558 100% .,
CHIRTAC %" i T B L JE i 5 4 F IR
TR K 0 M 2 K R 10l 57 1 751 (%) 3% B K 7 & B
KA B L 1000 ng/L (4L A 40 & BP-1 I
2,3,4- =K KW EH (2,3,4-THBP) , ¥ i 19 &%
ERHRBE Y WK 2 787 ng/L Al 1 108 ng/L, 4t %
TE 80% LA | s M 3R /K v % M i 100 ng/L 191k
B YJE BP-1 X FE BN (4-HBP) (EHS | — 2K fijl -
8(BP-8) , X i ) fix = Wk B 43 5l oy 206,159 139,
108 ng/L, f R IITE 60% LA I, TSUT %17 8 4
TANEZR(PE LR HA ZEE) Fduk X
(8 AN 3T/ X sl b 2R K 12 i iy G ) ) ik 3 K
(B <250 ng/L) AR ORI FEEM 3

Tl b7 Bt 79) 43 51 & BP-3 .0C . EHMC , %} R (1) & 5 7K
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154 Fi itk — 2 0F5%
1.5 ERNKE

NATH HH AT B AR TFE NI BT, SN A ES
H 577 19 390 ) e B K T 5N PR R BB A G, AO
A5O3 R AR M IX S PN AR 2 v Y B G 5
e FE K, & Bl BP-3 4-MBC . HMS OC iX 4 Ff 5
M9 751) o 7 3 A 11, vk BE K SE-FE 66. 6 ~56 123 ng/g
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Table 3 Toxic effects of different sunscreen agents on organisms
/-I:% BP-1 BP-3 EHMC 4-MBC 0cC nZn0 nTi0,
250
R e 1 . N BA AR A HAARIHER, .
g | RIIR(FC) B ol eEcy % — mmmasEER L0
# 4.23 mg/LL 13.87 pe/L0 74.72 peg/Lb 171,45 /L —— @
LA A 7™ A= 3
e ALY S — — — — — P B
i 38 g 7
ECSO%] 49 pe/L, R
SEMB AL, Al T R EOIE AL W R
b ’ _ [39] _
i bR ARSI - 2 B U A= AN € | A el i 5 1257 FEOM A
ﬁ%tiﬁjx]
5 nTi0, Al HMS s ECy, 1 853.74 pe/L, ﬁy&%{ﬁéﬁ]ﬂ@iﬂi%& 4 liP-3 Al HMS
- . ety R S Shhmy 2, SRR S8
- [ 4E A, 3 80 i &) A A UK SR B 1 R T A B B 2 g
i — G R — (B et — AL Y INNEAIE T EEA 3 A LIN i¥
e P SR ESE AR B
ol T 0 1 T PR SY B e fa [k 5 g (42 T e T e 40
- BATEKANHIERT, EC5, E‘fj@%ﬁf‘ SEEH
1% — — — ) X — Ji IO 7 354 (44]
%5 587.17 pg/Lt>! T EYER
ECsy N ECsy ECso H
LES - v 33] v 33 v 33 - - -
710.76 pg/L1* 199. 43 pg/LI) 192. 63 pg/L¥!
B I £ Ak S R
FHIL M (Danio {E B RAIFLT- % PAUEPNN
DL 1l (Carassius  rerio) IRIRBET: WEAL  Fh5 % B0 I £ 7 4 A&
auratus) IR A B ZemgRimTE 0 MR MR RS a LA R A SE AR A
ik MK S-EFM(GST) M HAFHM (Oryzias L BARSET  Z0RE,FHEF  Hx Emy - —
T Pk 2 I R latipes) P12 WIEIN RIS A AL B R Bl 48 JHE WA 5 5
(GSH) & ik ) SRR E 4t 51k A AR FHOG 5
2 kR (47 i, 3 S T £ AT 40 11y s 5 4

DNA $it i fn g =27

W — don PR
2.1 EfESH

BPs S — Fh A HL 48 S0 B 0 51, 2 5 850k W 1Ak
WL DNA 2549 & A28 4k, Wik AL DNA A1k
B IR DNA BURTELE A 5 3O AE DNA 1B
ARSI DNA 5HE AT ML, A5 E
S BP-3 X M B LA s fE AR M, 2 6 DNA 45
P 7 401, LB 25 5 5% W BE W 3, B R & TH
BGRREE g, BATRRWA BT RHERK
JE 25 B i s A% 2 Mk A, B R IR IR R B ot 1% 1
PRV & Az R 1) B SR - s i ) 5% 52 4 T fT
A BP-3 BYGUIEL (MPs) H i), B & 2 88 B[] 1 4E
1, BP-3 ot 1% 35 1 800 1 & A SR S 1

B T HILER A1 B G 55 2 % A A 7 AR i AR
PEAL, TCHLEE AP B il 77t 23 X A R A s AR i
PO VIGNARDI 485" 9 YOIE W T — 4 fk Bk 4
KKLF (TiO,-NP) 7] 5| 2 1 ¥ 1 25 DNA 22t , 5
T B A% (MN) FUH A 5 3 2040 i (ENA) | i

M7 B AR 2L 40 B 9 35 J7 . OLIVIERO %5 34k 7R
[] KA S8 AL BE A0 K BURE (ZnO NPs) (HOR ZnO , HiE
#%>200 nm; 100 nm ZnO NPs,*ﬁ?§<lOO nm; 14
nm ZnO NPs, K42 = 14 nm) % i 0K £ (4 35 7F
ZEHL R, 28 30 min J5,Zn0 NPs A] i K4
¥ T DNA #1455, Horb 14 nm ZnO NPs %45 7 (194
Pd " RN T MR ) AN SZ 5 e H A] U %%
B 5 ACE B A A U RS DNA it 5 AU &
ZIH AR IER R FR

AT A5 BIL 5 A1 B I0G 750 R AL 48 A1 Bt i 70 3
15 DNA 5 Z 48, b A = st fe s ik, 2%
Ve B N (] 7 I ) A 2 B G R 35t A% 7
A Z A R &
2.2 EBEEFH

Bk T st L R PR AL, B ) A AR B kB A
T B IR AT LS g 2 A I B 1Y
4K &% B, BP-1 Ml BP-3 & Xf 3K B &K W
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( Chlamydomonas reinhardtii) B 40 A= K F1 0 K &
S A AR R v g U)o A
SR OHE SR B 5T 3 W, 6 o B B 8 A
1000 pg/L B9 EHMC Al W52 % 33. 3% B LT
M 83. 3% M AL G . 55—, B W55 23 % £ 2k
A R F e —E R, R B IR R T
4-MBC, 25| RIE B 7%, L5 RS o
B R W CHE R RO A K P SR R T BP-3, &Y
AR BG Ak R K FORE 1, B 7R R A Fb
FE U BT 0C, 25 W K I AT IE R R
500 AR S AR DG T R S A e s L A = B
MG 750 348 2 o 40 B 7= 25 52 . B AN, BPs 25 ) 4fil 2%
O 4 K7 BP-3 EHMC . HMS £ 41 il & >
FG BH P B A 2 PG B M T Y AR KO EHMC A
OC ) 2 {12 3f Fe B9 BT A A 1 10
2.3 ANRTHEH

B W 55 EL A 22 b 43 s RO . FERE )2
T, 75 98 750 P 5 oo K 3R A2 A B TR U R A A
PR D B 2 8 3R a2 MR 6 TR 1 28, 1 I o5 3 Ik v >
PR 77 A B0 B R R (VTG ) 5 75 40 1 J2 T, 25 5% i
A 20 M T B, 10 T A B A T S R A RO
I, SEMAHRERE HEENEE  FURE
AR ST AR S, B W R P 2K R -2 ( BP-
2) .0C . EHMC ,UV-P LI & BUVs %34 B A N 4 Wb
TN, THIA %558 BF 58 % BL, BP-2 0] 410 il {4
BRI B i 1 TR I A 5 P A R o] £ R
i R 2R T R i 22 R I Y TR M. ZHANG
ST B IS B, OC AT LA Pt 25 [ ARl 3 1A
F 235, T AE B AF I P B T o fi 350 % TR A O 9 R
R, TR AR R 2 B BTOME 3 3R
ZUCCHI %" BF 58 & B, EHMC 23 5% Wi B 15 40 T
R, 2 AL v U8 3K I (wegd ) R T AE B K
(ptgds) HEEZE A S (rbp2a) [DNA 145 AT
(gadd45b) V4 K40 M A K8 2 Cigfbpla) R B
ik, FENT %5V ff 5¢ % 00, B ¥k BE 9 UV-P 7]
0441 B 1 0 I8 16 o 93 R Z 1K (TRa F1 PPARa)
LR 22k, AT e DR A 8 3% R I R 1
LIANG &' §F 58 % B, BUVs A 3l 3 5% Wi A HL Y
(BN RNA R4 W 1R 3h 7 09 3 i 75 40 i
WAz R M5 5 i o R, S8R IR ) R
=R T
2.4 BERESE

B G350 O BB R R TR S M — R R A A A
X5, AN BR KA REGFEER TR 2

FE A E M 5 A — SERIF 5T (4 BIF 5T 455 S U IE G AR
MUNIZ-GONZALEZ %' #f 55 T BP-A,0OC ., OD-
PABA 3 Fi iy W50 (Y Bk & 22 5% 75 1, 25 R R T A
Lt A — 5 A 57 22 5% 76 OC F1 OD-PABA IR & ¥
WA BP-A | DL} fE BP-A F1 OC IR &%+ & i
OD-PABA,#RFI LISE N 5 DNA &5 % 5k 14 A
G D REAR S L R 3k . LTS5 B9 & 3R,
S - REME, 28T BP-3 EHMC .0C R &
18 B0E S £ U i 1) 99 £k 23 B AIC, T mE R R A B I )
22 [E] AR A P AR T LA B A N Y AL
il o AR AT B 58 & BE, 5 5 T B W RR & W) 2 B
A 55 16 550 %F 32 38 A= 0 1) 2 M 4E HT . PARK 45
WF9E & B, EHMC ,OC BT (R (AVO) 1 — 2% 5%
W EC, 4% %Rk 2.73.3.18, 1.95 pg/mL,
EHMC+O0C ZJCiR & # # W i EC,, N 5.12
pg/mL, EHMC+AVO B & 2 # B i EC,, 4 6. 45
pg/mL, OC + AVO R & % # B ) EC, N
4.05 pg/mL,EHMC+0C+AVO = JGIR & 2 & i
) ECy, M 10.40 pe/mL, B — 0 M = J0IR & %#
TR T Lk &Yk B R, LR
FER I, B G 5] 36 2 5 25 ol A LR R ARRAE
2.5 BEBEUSH

— PR 7 B R 28 e e fk 2 BN B B
NS E L R = Ry e ek
3 S5 G ) A 7 0 0 T R R AR B A R
HAEH 2,3 4-THBP £ K FH 8 51 F & i —
S A ) S5, 3K B A B Y ) S5 I R R 2,3, 4-
THBP 4 1. 84 15 ; M fz , 4-— W & 3 % B R & g
(Et-PABA) 225 18 b #8J5 | b i 4 40 v A0 73 M 2
TR FRBIEOEIE 12 h 5, BEES W L, Wik, )t
TEAL AN 23 5% e By W5 70) 1) B 041 5T, i EL 43 5%
W7 9 550 e e 7 0 ¥ 5 MR RRALE

AL H Rkt K B BT O, B
FR AT 5 i vk it K Hh Y b i DT R kA RO A T B
gl 9, A& . W LR (HAAs) AR % i
(HBQs) . W 18 2 Ji5 ( HANs) . i A% fil & B
(HNMs) 2 LEBEDEV 2 Wy iFsx %W, &
A BM-DBM ¥ 55 Wi ;= i 28 3o S AL AL B 7 25 A
PEYIRIFEPERS N T 0. 60 ~2. 07 4%, T By W 5
AGREEME, AT I #E A B R & E Ak
A 3G 7 OG0 B A BV L 0D A SR AN - IR A
THEE T 25 % Bl W 750 25 1 7K SF- 19 52 R, LAL
SOV g S B, A AT K A TR B A B, 4-MBC
HEAT M (E)-MBC | (Z)-MBC 56511k,



fE o GEAE PRBEA 5T B R 4 5% BR T A S 0

25

YR B IR S A AU T A 5 A 2 B S R ST B R
AL BEAE AR, 4-MBC B R i 3 0T I 90, 2
S (B b g HRL R R T

£ L, B ) B s AL Fe kAR R R R A
PN 30 T PR P 2 W R b 52 Wi A2 1 o 2 LT
X, 7 A 70) B G 2 5 2 R A0 e 7 ) 7 A )
[ERESSREE

3 Ziig5RE

Zi L iR By W50 A T3zl S SO AE A 8
ISV NLTE Y AN I - N7 0 NG RS R e i
WG 550 3% BR | HG ARG vk B2 B AE ng/L & pg/L Z
&), B2 B4 ET @, 5550, B 2 /e 2 Aok
Ayl H R YA Y E R
W80 R s A A 32 B A o B O R ) P A
BRIy G AEAFEE AW T
PE o By 5 i) B — % B B M FIK B 5 B BE PR AR
2250 TRV T OGB4 B M B o
EOEE 3

AL B AREEAR | HE IR R B X By W50 8 5 T
Ji& VLR LA J7 I SR

1) F 58 TF J By W 5] 31 B 47 R R BRAF 58, 45
T8 S IR A5 0 v %) B I R0 B A A i, B
By 1577 1 7590 7 20 58 o ) R R, S ST & 1) B X B G
FI5R B B A5 A A A AR A

2) s = PN ER B A BT B I A B K COF 3 A
Wi, == N IR TE Y AR B S O R (@ R R B A
oK, H AT DB SCER B T N R R R R
R R B R 2 R I = e 2 = g 2 Bl N ) A
LiOARRR IRV S I AT S 1D e B2 A e N 971
3 7] % B8 1) sl 25 W

3) I A AR R i B A 2 R M R AT Y
AR B I8 0% 2R A 1 2 KO IR (B
HEA LY Vs EY g L 8
SRR K 2R 57 T BB 2 X A W Y A K R B
AEVEAETEE RN . DRI, T 0 A K IR R R
R R 1R B BV ST, T3 A 3 s By
T [ it 7= ) 1 IO

4)) I 7 5 B A b R B OE . AR G R K
b3 T2 AR RE A K 2 B R K b i) B G 5 % B A
WA BB A AT i 802 B R K R i By G R Y A
KA,

5) JF R B W9 500 B4 8% gk B PR AR E DR oY,

TR R 0 A 2 B 0 X R S A R T
37 G 50) 20 558 5% B BR B AR ME BT 5T, AR S IR 4
TRES L

5 % 3Lk ( References) :

(1] R/bl, B, B /NED S5 17 W5 1) 36 7 2R 05 AT

HEEYEIEL)] REERE2018,39(6) 12 991-
3 002.
ZHU Xiaoshan, HUANG Jingying, LYU Xiaohui, et
al. Fate and Toxicity of UV Filters in Marine
Environments [ J ]. Environmental Science, 2018, 39
(6):2991-3 002.

[ 2] WICK A,JACOBS B,KUNKEL U, et al. Benzotriazole
UV Stabilizers in Sediments, Suspended Particulate
Matter and Fish of German Rivers:New Insights into
Occurrence, Time Trends and Persistency [ J ].
Environmental Pollution,2016,212:401-412.

[3] TSUIM M P,LAM J C W, NG T Y, et al
Occurrence, Distribution, and Fate of Organic UV
Filters in Coral Communities [ J ]. Environmental
Science & Technology,2017,51(8) :4 182-4 190.

[ 4] KRAUSE M, FREDERIKSEN H, SUNDBERG K, et
al. Presence of Benzophenones Commonly Used as UV
Filters and Absorbers in Paired Maternal and Fetal
Samples [ J]. Environment International, 2018, 110
51-60.

[ 5] VALLE-SISTAC J,MOLINS-DELGADO D,DIAZ M,
et al. Determination of Parabens and Benzophenone-
Type UV Filters in Human Placenta. First Description
of the Existence of Benzyl Paraben and
Benzophenone-4 [ J ]. Environment International,
2016,88:243-249.

(67 TS BH. R He T 38 2 AT AR vh A B 56 A W
WS 75 G Rp ik S RS KURE [ D] JE st ARt ok
2 ,2020.

[ 7] &4k XMW, SRA, % 3R 8 h A HLE Sl iR

A B R ASCAS 23 BT 5 i R T SR [ 0] op [ B 3 M
M,2023,39(6) :157-169.
PEI Jiying, LIU Nai, HU Junjie, et al. Research
Progress on Pretreatment Technique and Instrumental
Analysis Method of Organic Ultraviolet Absorbers in
Environment Matrices [ J |. Environmental Monitoring
in China,2023,39(6) :157-169.

[ 8] REGE, £IF. SO G5k M E B i1tk o 14
Tob g B0 550 Fg i dk [ 7] H RS2 Tl ,2019,49(2)
126-131.

ZHU Huibin, WANG Xueping. Determination of 14

Sunscreen Agents in Sunscreen Cosmetics by Gas



26 el ok oW %40 % B 4aW 2024458 A
Chromatography [ J ]. China Surfactant Detergent & [18] VIMALKUMAR K, ARUN E,KRISHNA-KUMAR S,
Cosmetics,2019,49(2) ;126-131. et al. Occurrence of Triclocarban and Benzotriazole

[ 9] Bkar&. fhoke b T A BT A 48 A1 iy G 5] A8 Iy 32 Ultraviolet Stabilizers in Water, Sediment, and Fish
R B[ D] TN AR 3 T K 2% 2014, from Indian Rivers [ J ]. Science of the Total
[10] CASTILLOUX A D,HOUDE M,GENDRON A et al. Environment,2018,625:1 351-1 360.
Distribution and Fate of Ultraviolet Absorbents and [19] DIAZ-CRUZ M S,GAGO-FERRERO P ,LLORCA M,
Industrial Antioxidants in the St. Lawrence River, et al. Analysis of UV Filters in Tap Water and Other
Quebec, Canada [ J]. Environmental Science & Clean Waters in Spain [ J ]. Analytical and
Technology ,2022,56(8) :5 009-5 019. Bioanalytical Chemistry,2012,402(7) :2 325-2 333.
[11] HU L X,CHENG Y X,WU D, et al. Continuous Input [20] LIN,HO W K,WU R S S, et al. Ultra Violet Filters
of Organic Ultraviolet Filters and Benzothiazoles in the Urine of Preschool Children and Drinking
Threatens the Surface Water and Sediment of Two Water [ J ]. Environment International, 2019, 133.
Major Rivers in the Pearl River Basin[ J]. Science of 105246.
the Total Environment,2021,798;149299. [21] MONTESDEOCA-ESPONDA S, TORRES-PADRON
[12] A5, A8 UL, DUFR Y A S 28 4k & 9 i I M E,SOSA-FERRERA Z,et al. Fate and Distribution
[T]. v [ BREE W, 2023,39(2) :195-206. of Benzotriazole UV  Filters and Stabilizers in
YANG Jing, ZHU Min, GU Fan. Determination of Environmental Compartments from Gran Canaria
Nine Bisphenol Compounds in the Sediments [ J]. Island (Spain) : A Comparison Study[ J]. Science of
Environmental Monitoring in China, 2023, 39 (2) . the Total Environment,2021,756; 144086.
195-206. [22] APEL C, TANG J, EBINGHAUS R. Environmental
[13]) ®AL, =¥, T30k, 355 H A DL Sb B i 50 5% & Occurrence and Distribution of Organic UV Stabilizers
BHASR MR L)), A 53 B4, 2013, and UV Filters in the Sediment of Chinese Bohai and
8(4) :465-472. Yellow Seas[J]. Environmental Pollution,2018,235
GAO Li, YUAN Tao, WANG Wenhua. A Review on 85-94.
the Residues and Ecotoxicity of Organic UV Filters in [23] TSUIM M P,LEUNG H W,KWAN B K Y, et al.
Environment [ J ]. Asian Journal of Ecotoxicology, Occurrence, Distribution and  Ecological ~ Risk
2013,8(4) :465-472. Assessment of Multiple Classes of UV Filters in
[14] MA X, WAN Y, WU M, et al. Occurrence of Marine Sediments in Chinese Hong Kong and Japan
Benzophenones, Parabens and Triclosan in the [J]. Journal of Hazardous Materials,2015,292 ; 180-
Yangtze River of China, and the Implications for 187.
Human Exposure [ J]. Chemosphere, 2018213 517- [24] MITCHELMORE C L, HE K, GONSIOR M, et al.
525. Occurrence and Distribution of UV-Filters and Other
[15] WUM H,LI J,XU G, et al. Pollution Patterns and Anthropogenic  Contaminants in Coastal Surface
Underlying Relationships of Benzophenone-Type UV- Water, Sediment, and Coral Tissue from Hawaii[ J].
Filters in Wastewater Treatment Plants and Their Science of the Total Environment, 2019, 670. 398-
Receiving Surface Water [ J ]. Ecotoxicology and 410.
Environmental Safety,2018,152:98-103. [25] &gk, TR, JEn] , 4. 7 AL 58 A0 W i 57 7 3 B
[16] CHIRIAC F L,PAUN I,PIRVU F, et al. Distribution, HHE DX 1475 YRR AE e AR 38 KU PR [ 1] o [ B 4 1
Removal Efficiencies and Environmental Risk m,2023,39(4) :50-59.
Assessment of Benzophenone and Salicylate UV PEI Jiying, WANG Mingwei, PANG Ke, et al.
Filters in WWTPs and Surface Waters from Romania Pollution ~ Characteristics and  Ecological ~ Risk
[J]. New Journal of Chemistry,2021,45(5) :2 478- Assessment of Organic Ultraviolet Absorbents in Coral
2 487. Reef Regions [ J ]. Environmental Monitoring in
[17] TSUI M M P, LEUNG H W, WAL T C, et al. China,2023,39(6) ;157-169.

Occurrence, Distribution and  Ecological  Risk

Assessment of Multiple Classes of UV Filters in
Surface Waters from Different Countries [ J ]. Water

Research,2014,67.55-65.

[26]

LANGFORD K H, REID M J, FJELD E, et al.
Environmental Occurrence and Risk of Organic UV
Filters and Stabilizers in Multiple Matrices in Norway

[J]. Environment International ,2015,80;1-7.



fE o GEAE PRBEA 5T B R 4 5% BR T A S 0

27

[27]

[28]

[29]

[30]

[32]

[33]

[35]

ZHOU R, LU G, YAN Z, et al. Parental Transfer of
Ethylhexyl Induced

Methoxy  Cinnamate  and
Biochemical Responses in Zebra Fish [ J]. Aquatic
Toxicology,2019,206:24-32.

ALONSO M B, FEO M L, CORCELLAS C, et al.
Toxic Heritage: Maternal Transfer of Pyrethroid
Insecticides and Sunscreen Agents in Dolphins from
Brazil[ J]. Environmental Pollution, 2015, 207 391-
402.

RODRIGUEZ-GOMEZ R, ZAFRA-GOMEZ A

DORIVAL-GARCIA N, et al.

)

Determination  of
Benzophenone-UV Filters in Human Milk Samples
Using Ultrasound-Assisted Extraction and Clean-up
with Dispersive Sorbents Followed by UHPLC-MS/MS
Analysis[ J]. Talanta,2015,134.657-664.

AO JJ,YUAN T,GU J Y, et al. Organic UV Filters in
and Human Urine: A Study of

Indoor Dust

Characteristics, Sources, Associations and Human
Exposure [ J ]. Science of the Total Environment,
2018,640:1 157-1 164.

DU B, HE Y, LIANG B, et al. Identification of
Triazine UV Filters as an Emerging Class of
Abundant, Ubiquitous Pollutants in Indoor Dust and
Air from South China: Call for More Concerns on
Their Exposure [ ] ].
Environmental Science Technology, 2022, 56 (7).
4 210-4 220.

PAREDES E, PEREZ S,

Occurrence and Human

RODIL R, et al
Ecotoxicological Evaluation of Four UV Filters Using
Marine Organisms from Different Trophic Levels

Isochrysis  galbana, Mytilus  galloprovincialis,
Paracentrotus lividus, and Siriella armata [ J ].
Chemosphere , 2014, 104 :44-50.

SPISNI E, SEO S, JOO S H, et al. Release and
Industrial-  and
[T ]
International Journal of Environmental Science and
Technology ,2016,13(10) ;2 485-2 494.

GALLETTI A, SEO S, JOO S H, et al. Effects of

Dioxide

Toxicity ~ Comparison  between

Sunscreen-Derived  Nano-ZnO  Particles

Titanium Nanoparticles  Derived  from

Consumer  Products on the Marine Diatom
Thalassiosira pseudonana[ J]. Environmental Science
and Pollution Research, 2016, 23 (20): 21 113-
21 122.

MAO F, HE Y, GIN K Y. Evaluating the Joint
Toxicity of Two Benzophenone-Type UV Filters on the
Green Alga Chlamydomonas reinhardtii with Response

Surface Methodology[ J]. Toxics,2018,6(1) :8.

[36]

[37]

[38]

[40]

[41]

[42]

[44]

KUSK K O, AVDOLLI M, WOLLENBERGER L.
Effect of 2,4-Dihydroxybenzophenone ( BP1) on
Early Life-Stage Development of the Marine Copepod
Acartia tonsa at Different Temperatures and Salinities
[J]. Environmental Toxicology and Chemistry, 2011,
30(4) :959-966.

SANCHEZ-QUILES D, TOVAR-SANCHEZ A.

Sunscreens as a Source of Hydrogen Peroxide
Production in Coastal Waters [ J ]. Environmental
Science & Technology,2014,48(16) :9 037-9 042.
DOWNS C A,KRAMARSKY-WINTER E,SEGAL R,
et al. Toxicopathological Effects of the Sunscreen UV
Filter, Oxybenzone ( Benzophenone-3 ), on Coral
Planulae and Cultured Primary Cells and Its
Environmental Contamination in Hawaii and the U.S.
Virgin TIslands [ J ]. Archives
Contamination and Toxicology, 2016, 70 ( 2) : 265-
288.

HE T T,TSUL M M P,TAN C ], et al. Toxicological

of Environmental

Ultraviolet Filters and a
Related Commercial in  Adult
Corals[ J]. Environmental Pollution, 2019, 245 462-
471.

CORINALDESI C, DAMIANI E, MARCELLINI F, et

Effects of Two Organic

Sunscreen Product

al.  Sunscreen  Products  Impair the Early
Developmental Stages of the Sea Urchin Paracentrotus
lividus[ J] . Scientific Reports,2017,7(1) :7815.
TORRES T,CUNHA I, MARTINS R, et al. Screening
the Toxicity of Selected Personal Care Products Using
Embryo Bioassays: 4-MBC, Propylparaben and
Triclocarban [ J ]. International Journal of Molecular
Sciences,2016,17(10) ;:1762.

MANZO S,SCHIAVO S,OLIVIERO M, et al. Immune
and Reproductive System Impairment in Adult Sea
Urchin Exposed to Nanosized ZnO wvia Food [ J].
Science of the Total Environment,2017,599/600.9-
13.

GAGNON C,PILOTE M, TURCOTTE P et al. Effects
of Exposure to Zinc Oxide Nanoparticles in
Freshwater Mussels in the Presence of Municipal
Effluents[ J ]. Invertebrate Survival Journal ,2016,13;
140-152.

DOYLE J J, WARD J E, MASON R. Exposure of
Bivalve Shellfish to Titania Nanoparticles under an
Environmental-Spill Scenario: Encounter, Ingestion
and Egestion [ J]. Journal of the Marine Biological
Association of the United Kingdom, 2015,96 (1) .

137-149.



28 ok Hos oMW 408 54 2024 4F 8 H
[45] LIU H,SUN P,LIU H,et al. Hepatic Oxidative Stress [55] ZHANG Q Y, MA X Y, DZAKPASU M, et al.
Biomarker Responses in Freshwater Fish Carassius Evaluation of Ecotoxicological Effects of
auratus Exposed to Four Benzophenone UV Filters Benzophenone UV Filters: Luminescent Bacteria
[J]. Ecotoxicology and Environmental Safety, 2015, Toxicity, Genotoxicity and Hormonal Activity [ J].
119 116-122. Ecotoxicology and Environmental Safety, 2017, 142
[46] BALAZS A,KRIFATON C,OROSZ I, et al. Hormonal 338-347.
Activity, Cytotoxicity and Developmental Toxicity of ~ [56] LOZANO C,MATALLANA-SURGET S,GIVENS J,et
UV Filters [ J ]. Ecotoxicology and Environmental al. Toxicity of UV Filters on Marine Bacteria;
Safety,2016,131:45-53. Combined Effects with Damaging Solar Radiation[ ]].
[47] KIM S, JUNG D, KHO Y, et al. Effects of Science of the Total Environment ,2020,722 ; 137803.
Benzophenone-3 Exposure on Endocrine Disruption [57]  ZB0~F BAOH, 20, 55 A LS8 A1 Bl I 500 P 53
and Reproduction of Japanese Medaka ( Oryzias FWHBONFFFIEE[T]. AL, 2012,31(2)
latipes) —A Two Generation Exposure Study [ J]. 150-156.
Aquatic Toxicology 2014, 155 ;244-252. LI Liping, WEI Dongbin, LI Min, et al. Progress of
[48] LIV W, TSUI M P, CHEN X, et al. Effects of 4- Endocrine  Disrupting  Effects of Organic UV
Methylbenzylidene Camphor (4-MBC) on Neuronal Sunscreens [ ] 1. Environmental Chemistry, 2012, 31
and Muscular Development in Zebrafish ( Danio (2) :150-156.
rerio) Embryos [ J ]. Environmental Science and [58] THIA E,CHOU P H,CHEN P J. In Vitro and in Vivo
Pollution Research,2016,23(9) .8 275-8 285. Screening for Environmentally Friendly
[49] BLUTHGEN N, MEILI N, CHEW G, et al. Benzophenone-Type UV  Filters with Beneficial
Accumulation and  Effects of the UV-Filter Tyrosinase Inhibition Activity [ J ]. Water Research,
Octocrylene in  Adult and Embryonic Zebrafish 2020,185:116208.
( Danio rerio) [ J]. Science of the Total Environment [59] ZHANG Q Y, MA X Y, WANG X C, et al.
2014,476.207-217. Assessment of Multiple Hormone Activities of a UV-
[50] O'DONOVAN S,MESTRE N C,ABEL S, et al. Effects Filter (Octocrylene) in Zebrafish ( Danio rerio) [1].
of the UV Filter, Oxybenzone, Adsorbed to Chemosphere 2016, 159 :433-441.
Microplastics in the Clam Scrobicularia plana [ J]. [60] ZUCCHI S, OGGIER D M, FENT K. Global Gene
Science of the Total Environment,2020,733,:139102. Expression Profile Induced by the UV-Filter 2-Ethyl-
[51] VIGNARDI C P,HASUE F M, SARTORIO P V, et Hexyl-4-Trimethoxycinnamate ( EHMC) in Zebrafish
al. Genotoxicity, Potential Cytotoxicity and Cell (Danio rerio) [ J]. Environmental Pollution, 2011,
Uptake of Titanium Dioxide Nanoparticles in the 159(10) ;3 086-3 096.
Marine Fish Trachinotus carolinus ( Linnaeus, 1766) [61] FENT K, CHEW G, LI J, et al. Benzotriazole UV-
[J]. Aquatic Toxicology,2015,158:218-229. Stabilizers and Benzotriazole ; Antiandrogenic Activity
[52] OLIVIERO M, SCHIAVO S, DUMONTET S, et al. in Vitro and Activation of Aryl Hydrocarbon Receptor
DNA Damages and Offspring Quality in Sea Urchin Pathway in Zebrafish Eleuthero-Embryos[ J]. Science
Paracentrotus  lividus  Sperms  Exposed to ZnO of the Total Environment,2014,482.125-136.
Nanoparticles[ J]. Science of the Total Environment, [62] LIANG X F, LI J J, MARTYNIUK C J, et al.
2019,651.:756-765. Benzotriazole ~ Ultraviolet  Stabilizers — Alter  the
[53] QUINTANEIRO C, TEIXEIRA B, BENEDE J L, et Expression of the Thyroid Hormone Pathway in
al. Toxicity Effects of the Orgamic UV-Filter 4- Zebrafish ( Danio rerio) Embryos[ ]]. Chemosphere,
Methylbenzylidene Camphor in Zebrafish Embryos 2017,182:22-30.
[1]. Chemosphere,2019,218;273-281. [63] MUNIZ-GONZALEZ A B, MARTINEZ-GUITARTE J
[54] OZAEZ 1, MARTINEZ-GUITARTE J L, MORCILLO L. Unveiling Complex Responses at the Molecular

G. The UV Filter Benzophenone 3 ( BP-3) Activates
Hormonal Genes Mimicking the Action of Ecdysone
and Alters Embryo Development in the Insect
Chironomus riparius ( Diptera) [ J]. Environmental

Pollution,2014,192,19-26.

Level; Transcriptional Alterations by Mixtures of

Bisphenol A, Octocrylene, and 2'-Ethylhexyl 4-
(Dimethylamino) Benzoate on Chironomus riparius
[J]. Ecotoxicology and Environmental Safety, 2020,

206:111199.



B RGN

J5 e 7 96 5 ) 5 B S R T

29

[64]

[66]

LI AJ,LAW J C F,CHOW C H,et al. Joint Effects of

uv Zebrafish ~ Embryo

Filters  on
(11
Technology,2018,52(16) :9 460-9 467.

PARK C B, JANG J, KIM S, et al. Single- and
of Three UV-Filters,

Multiple

Development Environmental ~ Science &

Mixture Organic

Ethylhexyl

Toxicity
Methoxycinnamate, Octocrylene, and
Avobenzone on Daphnia magna [ J]. Ecotoxicology
and Environmental Safety,2017,137.57-63.

ZHANG X Y,WEI D B,YU Q,et al. Characterization
of UV and Chlorine Contributions to Transformation of
2,3 ,4-Trihydroxybenzophenone Under Combined UV-
Chlorine Treatment [ J]. Chemosphere, 2021, 263

128310.

[67]

[69]

TEO T L L, COLEMAN H M, KHAN S J. Chemical
Swimming Pools: Occurrence,

[T

Contaminants in

Implications and  Control Environment
International ,2015,76.16-31.

LEBEDEV A T,KRALJ] M B,POLYAKOVA O Vet
al. Identification of Avobenzone By-products Formed
Disinfectants in Different Types of
Pool [T ].
International ,2020,137 . 105495.

LAl W W P, CHEN K L, LIN A Y C. Solar

the uv Filter 4-

by Various

Swimming Waters Environment

Photodegradation of
Methylbenzylidene Camphor in the Presence of Free
Chlorine[ J . Science of the Total Environment,2020,
722:137860.

R E R 250 )

%*ufﬁl"ﬂ %E@*
F R B E) (R RE AT

ErE EALk £ OB
TLHDR ™ KA sk Ix
mOA R (R

gl £ oK HEE TR

AT £ & AT R

F AR E R (HEREEATF)
T Toil Tk
EokE EWE EFEE
£ ot i ' Wt
7 B OfREEHE X 3
NGt FECEE FIER
x#h RER RBEX
R skpE KR
Wrfeit BRENG &/
WL R B 3
® O ®EE U
solbai BRI
REmRHE & & OEEE
#hEF %O

e b E B 2 B B

g S E TR B

FHEHRELZR

s RFIRT XIS X
MR BT BRI SERE
TEmM FAE FEE

Ly £ E OB E OB £ R
FRA E&H EREZ ERMA 5 E
oo e e Bihik k&
X XUShRY X=XV X Ry
FHT B Fatg FEN ZFEER
OB OE B ok FE ok om ok W
AR IKERIE BETOE BR OB BRIEF
O d A B ROEsR BB
Bobhmg %2 = ko U WREW ZoRMRE
R fREER WM mEE W i
FEEK mHIfE w osE #E)UE ERAE
grimte  WelEE fig & O W SR
Bt



