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Abstract; UV absorbers are high production volume compounds that are widely used in industrial materials and
personal care products. Due to their ubiquitous application and persistence, UV absorbers have been frequently de-
tected in aquatic ecosystems and become emerging pollutants. For their high lipophicity, UV absorbers can be ad-
sorbed in sediments and bioaccumulated in benthic animals, and thus show their potential toxicity. In this review,
the distribution of UV absorbers in the lake environment and their bioaccumulation in benthic animals were summa-
rized. Futhermore, the toxicological effects of UV absorbers (e.g. diphenylmethanones) on chemical metabolism,

oxidative stress as well as growth and development of aquatic organisms were highlighted. Based on these, limita-
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tions of current toxicological research on UV absorbers were pointed out and suggestions were accordingly pro-

posed for future studies of these chemicals in aquatic toxicology.

Keywords: UV absorbers; benthic animals; developmental toxicity; lake ecosystem; oxidative stress

AR R — 2 HA AN EM I T Re i A AL
AY, FEIIL UVA(320 ~400 nm)F UVB(280 ~
320 nm)iE KB, )2 F T SREAE Tl A R RN Acti
SEAS NP B LABIT 1E 67 S B I A R 0 A 2
JR b2z w1 SR AN B A& 1T 4 Sk 55 A1
FasEFI(UV stabilizer, UVS)FI4 #hEid g€ FI(UV fil-
ter, UVF), 20 5I7E A Tk b4 BHRIAS A3 8 & o 1 i
gl TR S ARG AT 4k TR R 2K
ARIF s RERGAT A 2 O BRI RS R
MRERRAUK IR BE R S5 (I 1P AL EEAN G
AV AT = e 2 S AP IR GRS o6 TR G
PIRAHSCE B 1 A& 1),

SR AR R K A Rl — 2R A&
2013 AFEAERORR e ) (G 2 R A7 BH e 2 6 AR ) Fn
L AN SR A AT T AL = 2y 5.5 5 ¢, Hop g

FEE P ek S TE P 20% , BRI 5 25% , 3k
B 15% , HAS (5 8% , A H 2R FI 2K ) = mh s
439 o R TR O R e R T PR R Y 23% A1 17%
Bl K A, SR AN & 4 7E R K ]
TEY AT D PRt JE ok 3G et
MENLRPIEZFAEAN TR, KEMTRE
Y, MR ISR AT 7E AR IR N & R I I B B AR
FORM ) H B w A B R AR R E #EER TR
b TP s R AR, R R — 2 A e
Y, T ENR R, KRB T SR AR IGR 5 R
SEFEVURY R, A T A LR KA A9, IR
Wish Y B2 5 2 8\ 2655 . O3 o0, WAAE R 28 /Ml
FIE LR SZ 9K, T shtEie 2, H 5555t
B K FEA I RE . BRI A SCLLIA it
ORI, T A G358 A RO AE IR A 58 i 0 A
K XTI S i B RN
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Table 1 Supplementary explanation of compound abbreviation
s TUPAC % IR CAS %5
Abbreviation IUPAC name Chinese name CAS No.
ocC 2-Ethylhexyl 2-cyano-3,3-diphenylprop-2-enoate LAY N 6197-30-4
3-BC (2E)-2-Benzylidene-4,7,7-trimethylbicyclo[2 2.1 Jheptan-3-one 330 FH A g 15087-24-8
BM-DBM 1-(4-tert-Butylphenyl)-3-(4-methoxyphenyl)propane-1,3-dione T PP AR O R g R PP 70356-09-1
BH Diphenylmethanol ORI 91-01-0
THB Phenyl-(2,3 4-trihydroxyphenyl)methanone 234-=F2F TR H R 1143-72-2
BP-2 Bis(2 4-dihydroxyphenyl)methanone TR -2 131-55-5
BP-3 (2-Hydroxy-4-methoxyphenyl)-phenylmethanone ZRHR-3 4065-45-6
BP-4 5-Benzoyl-4-hydroxy-2-methoxybenzenesulfonic acid TR R -4 4065-45-6
BP-8 (2-Hydroxy-4-methoxyphenyl)-(2-hydroxyphenyl)methanone TR F -8 131-53-3
BS Benzyl 2-hydroxybenzoate TKIATR R g 118-58-1
MA Methyl 2-aminobenzoate LRSI R R 134-20-3
Eto Ethyl 2-cyano-3,3-diphenylprop-2-enoate RFEIL AR 5232-99-5
2EHMC 2-Ethylhexyl (E)-3-(4-methoxyphenyl)prop-2-enoate 4-TRA L N AERR 2- HEC iR 5466-77-3
24-DBP (2,4-Dihydroxyphenyl)-phenylmethanone 2.4- TR HE 136-85-6
5-MeBT 5-Methyl-1-H-benzotriazole 5= IR = 136-86-5
Uv-234 2-(Benzotriazol-2-yl)-4,6-bis(2-phenylpropan-2-yl)phenol SHMRIIGR UV-234 70321-86-7
UVv-320 2-(Benzotriazol-2-yl)-4,6-ditert-butylphenol ARG UV-320 3846-71-7
UVv-327 2 4-ditert-butyl-6-(5-Chlorobenzotriazol-2-yl)phenol SAMRIGH UV-327 3864-99-1
UV-328 2-(Benzotriazol-2-yl)-4,6 -bis(2 -methylbutan-2-yl)phenol RANE IR UV-328 25973-55-1
UVv-9 2-(Benzotriazol-2-yl)-4-methyl-6-prop-2-enylphenol SHMRIRIF] UV-9 2170-39-0
UV-360 2-(Benzotriazol-2-yl)-6-[[3-(benzotriazol-2-yl)-2-hydroxy-5-(2 4 4-trim- SN IIEH] UV-360 103597-45-1
ethylpentan-2-yl)phenyljmethyl]-4-(2 4 4-trimethylpentan-2-yl)phenol
UV-571 2-(2H-Benzotriazol-2-yl)-6-dodecy-4-methylphenol AN UV-571 125304-04-3
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ZIRHE

(Benzophenone derivatives)

X B B PR

(p—Aminobenzoic acid derivatives)

IR 4R IR 2,4- TR TR XoF-N,N- 2R B R = g
(diphenylmethanone, BP) ((4-hydroxyphenyl)-phenyl- ((2,4-dihydroxyphenyl)-phe- (2-ethylhexyl 4-(dimethylamino)benzoate,
CAS 5: 119-61-9 methanone, 4HB) nylmethanone, BP-1) OD-PABA)
Log K :3.38 CAS 5. 1137-42-4 CAS 5: 131-56-6 CAS 5. 21245-02-3

Log K :3.07 Log K :2.96 LogK :6.15
HIH =R MR A K

(Benzotriazole derivatives)

~ ¢ A Qlﬁ
o . -
HO

2-(5-5-2- R = k3L

-6-A0 T H-4-H B B}
(2-tert-butyl-6-(5-chlorobenzotria-
z0l-2-yl)-4-methylphenol, UV-326)
CAS 5: 3896-11-5

LogK :5.55

I = A
(1H-benzotriazole, BTA)
CAS 5 95-14-7

Log K :1.17

K%@E&%(Salicykte derivatives)

S aacnlifaveel

(Camphor derivatives)

2-(2’ -5 HE-50-

A A A
(2-(benzotriazol-2-yl)-4-
(2,4,4-trimethylpentan-2-yl)
phenol, UV-329)

CAS 5: 3147-759

Log K :6.21

3-(4-F R A AR
((1S,2E)-4,7,7-trimethyl-2-
[(4-methylphenyl)
methylidene]bicyclo[2.2.1]
heptan-3-one, 4-MBC)
CAS 5 36861-47-9

Log K :4.95

W EEBREE 2 (Cinnamate derivatives)

KGR S i
(2-ethylhexyl

2-hydroxybenzoate, EHS)
CAS 5: 118-60-5

Log K :5.97

3,3,5-= LR F AR PR S R
CAEKBRRER (3-methylbutyl(E)-3-(4-
((3,3,5-trimethylcyclohexyl) methoxyphenyl)prop-2-enoa-
2-hydroxybenzoate, HMS) te, IAMC)

CAS 5: 118-56-9 CAS 5: 71617-10-2

Log K :6.16 Log K :4.33

of FP 4 PR AR PR i
(2-ethylhexyl(E)-3-(4-
methoxyphenyl)prop-2-
enoate, EHMC)

CAS 5: 5466-77-3
Log K :5.80

B 1 sEZRSMRKHI R S IR

Fig. 1

1 SE5MIRYE I 72 # $8 H B9 53 75 ( The distribution
of UV absorbers in the lake environment)

HI T RGBT o 5 A1 R e 7 fr e JEE AR G 3841
(ng-L" ~ug LK), H oAk A b &2 e
BT HSE I 4 e A ARG B2 30 5 AR A AR A
HEATIE P B DU #6475 2250 . B RTET XS
KR 28 A 5 T ) ) T Ak B 3k T A T A A R
(solid-phase extraction, SPE)"**"" _ [&] AH f# %€ B (solid-
phase microextraction, SPME)*" Fl ¥ -1 #% B (liquid-
liquid extraction, LLE)* 45 & F Al 7 i F 2 AL
5 0 335 B K BT 33 125 (GC-MS/MS)™ ™) Wi A 4
T/ R WA 5 3E-HR B BT % 5 (LC/HPLC-MS/

Structure and physicochemical characteristics of most frequently detected UV absorbers

M) EGE B 3BT A A AL, B AT E 2E 41
W e ) A D BR AT REAR % 0.1 ~ 0.5 ng - L7
(8 ng- g )" I G WA R IR THAN
WA i
L1 WHAEREE 2 SR iy vk i

T 5 A MRS R 25 4 S5 AN ], i DA SR R M A 22
S BOLTERREE h 1 s A — 8 22 50k FEVHE
A PTG G TEA F R BE A BT 0K TUR P R ) H
53 A B, H A IE 2F BE-7K 49 it £ %X (octanol-water
partioning coefficient, K )1F A 53 Be - 5 B () 2=
B, WAL, 2 log K, >4 B, AT IACK S84 IR F
EA R BRI TERT 2R F R 218 55 AR 351 (.
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BP-1) log K., fHEIN, TEZK H s i B2, eI
ARG R R AR I e 2 S SRR (A
UV-329)F 8 1) log K, fE, 76 7K H B 1 fifd AR
%, SO TR AS G A 1 B AE S8 A0 AR ) v ke T

] A DG T3 22 AR B I ST A AR
KEBIFFE HE T IR (AN BR VL ™) | B VL) |
TR S BE K S ARYE T AT HGE , AR R
WK AR B e BE R 297 ng - L ~ pg- L7, Hofr,
BP-3 ,0C #1 4-MBC 14 1 A&, fie Ve B2 1 3K
B ng L' 5(% 2), 4 Haunschmidt 26 3 15 52
A} Ji i (direct analysis in real-time mass spectrometry,
DART-MS) Fl #4 fifg #7 - AH-J5 135 72 (thermal desorp-
tion-gas chromatography-mass spectrometry, TD-GC-
MS)2 7 XTSI K A T 8 F 2 S IR IR A T
W5, A 2] BP-3 Fi OC, Hidh OC Ay 435l
ik#] 1400 ng-L'F11 710 ng-L" . 534, 8 Cosp-
uden 7K A RS I 3 Y 55 S0 I IR ) TAMC L 4-
MBC.OC #il OD-PABA [ ik 8] wg-L'(1.14
~3.05 ug-LHZP ) W5 R M, B K AR
157K I B HEOR IR /K PR b 28 Sl i) 3222
HeUE . Ma S pg 0 L B L 22 MR R VL AR K
b 8 Tl 58 AW T %) Wk B #E AT 40 AT, K B BM-
DBM ,OD-PABA . BP-3 BP-4 Fil BP-1 £ Hi & H
100% , EHMC , HMS F1 4-MBC 4 4 i & 4351 K
94.7% \78.9% F1 21.3% ; Hirh | BP-4 W & i 5, A
329 ng- L', HAbAL & 0 924k B AE 0.764 ~ 11.6
ng- L Z[], H i A A SR AE SR RE A6 Pk
P 2 B, IIA AT 11 K5 K HE TG i A e 1 4%
AN IR B B v T AL RAE A BRSSPI L)
AT 12 g SN SR & i A T A, R AL
TGRSR A HILEE SRR S
il = TG KA BR) T 1, T2 N 1 A X T B
1Y R W] TR A b X, Balmer 251 i@
T 4 AN 52 AR ISR v BE Y LA TR AR AR
R IE Bl 6T Ee A MR ISR MR BE A AR

XS T RAR WA B2 N 2835 sl s ma e/ N 11
KA e BN ST B Wk B AH 6 IR (<LOD ~ ng - L
IR, X AT BESE HY T 28 SNSRI AE He TR AT
PR Sy E R BN e R EEa ik &
(e BEARGT AR, [ pR R 43 S0 A M S A 4
R YE AR AL S Y 2 W TR e
SRR PG R BRI )4 . Jeon 46

X8 55 L T KR v 1 28 AR A0 ) o i B
WK R 4HB K Ah  HAR A6 G i ik B2 2804 T 46
D RR B 2 R, i 72 DUAR ) R A I 2 4 AP Ak G 4
(BP .BH 4HB F11 BP-8), #FE{E [ 0.5 ~18.38 ng-
g T H (dry weight, dw), B iAW~ , 7EHH DT
W rh  EHMC Hl OC K 3R 458w , Lk B2 45 v (>
6.8 ng-g" dw), H 1 OC MY 5 = Ve £ 35 5] 642 ng-
g' dw (£ 2), Kaiser " FIH GC-MS & T &
] S oA 0T S 32 10 A WA DU ER ) v % 25 S IR
Jvh BM-DBM ,EHMC F1 OC f £ H 28 3Kk 100%
FLE R e B 43 50 62.2.6.8 F1 642 ng- g dw,
Rodil F1 Moeder™* kg T 7 [ 3i¢ L85 17 J8 i1 Cosp-
uden ¥ . Bagger W 1 1 /> [E AR (ProBdorf) A4 18 11
AR P AL i 8 b5 AP IR ISR A% vk B, e B H
#H EHMC(Q21 ng-g" dw .14 ng-g" dw 134 ng- g’
dw)F1 OC(61 ng-g" dw .63 ng-g" dw 193 ng-g’
dw) B i
1.2 WIRRAT S 4 1A PR 28 S A g vl s

AR SN EA AT WG SRR AR, 5 A
WK A AE AR L, PR H X 35 e AR B s EL T
Bl DX, AT P S WRK AR A7 7 G 7R B T 4 32 %
P IA I R UL IR AT S A R el
WK R FE I Tanypus chinensis) AL i 2 F8 1 Pro-
cladius choreus), 5 2 (40, 75 [K )& 88 15| ( Branchiura
sowerbyi) \ £& K 7K 22 15| ( Limnodrilus hoffineisteri)), I&
SEZE(AN . 4 45 P14 W2 (Bellamya aeruginosa) . 80 17 12
(Parafossarulus striatulus)), X 5¢ 2& (41 & £ JC ik 15
(Anodonta woodiana) J7J¥i(Corbicula fluminea))Z:"

KRR, S AP i SRR TR 0, an
KB 2R I = e 25 8 A e FR % 7] (benzotriazole UV
stabilizers, BUVSs)I¥ log K, >6 , Al It ixX 24 i b &
FEAEYIRNE L, BT, EMGH B 7 T HES)
Wy A2 RIS S LA M SR 2 R A iR
Ko B 1 Balmer 2512 % ¥+ Ziirichsee | Greif-
ensee Fll Hiittnersee il 7 il #L## (Rutilus rutilus) {4 P4
(1) 4-MBC #EATI5E , & I 4-MBC 7 f 4 Py (1 ok o7
(44 ~ 166 ng-g" NEH (lipid weight, Iw))E & = T HAE
JK AR (2 ~40 ng-L7),

FHXT T R A A, A 3 B T A
TE 28 SN ISR e B2 AR B 5 A IS U8 v, AT e 32 3 Y
TR A B v SR H R, OC T 58 S I IR HE IS A
Y e SR IE AR D Horh 2 2 TR
(3 3), Fent 543 H1 T Hi £ Glatt 11 J Greifen
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W S 9 Bl 25 AW Y 43 A, & B BP-3 ., 4-
MBC #l EHMC J2:46 t 5 55 (b &4, U S 6 ~
68 ng-L", Hrt EHMC £ KA TG A HESh 1) Fn i 25 4k
A B 3k 337 ng- g tw, 7 BE 5 0 DL ( Dreissena
polymorpha) F1E: R ( Gammarus sp.) K PN 1 4 JE 1€ 22
~150 ng-g"' Iw Z[A], 534, Bachelot %51 7E 1L E WY
T X0 W5 R DL (Mytilus edulis) F11 48 i DL ( Mytilus

galloprovincialis) {4 PN 1 A5l 1] EHMC, ¥ B ¥ Bl 78
3~256 ng-g' dw ZI[fl, Picot Groz %M £ 4 % o
VR 55 T DL 2 rp A6 31 OC . EHMC T OD-PA-
BA FF e 205020 3 992 1 765 F11 833 ng-g” dw,
Nakata 25 V78 X6} V. K i X 75 ¥ 7K d6 4 2 i DL (Perna
viridis)F1# 5 DL Y BUVSs A3 b & B, UV-326
I UV-328 B i EZAT5 G Wy, S5 i v B2 4p i) 3k )

F2  WRAKEFTIRR Y T S SMR YT B S AT T R FIR
Table 2 Analytical methods and concentrations of UV absorbers in lake waters and sediments
. Thk BTy 1 VA /IWIRES Kz 2 /% )
RFE R EY , , , W S5 3CHk
) ) Pre-processing Analysis LOD LOQ Detection .
Sampling point Compounds Concentrations  References
method method rate/%
7K 14 Waters
4-MBC 0.60 213
EHMC 0.65 94.7
i
. . HMS 03 789
HAM 2R
BM-DBM 090 100
Yueya Lake, SPE HPLC-MS/MS - 0.764 ~329 [26]
OD-PABA 03 100
Xuanwu Lake,
BP-3 08 100
China
BP-4 10 100
BP-1 030 100
4HB 3 700
il
. 24-DBP 6 000
RG] IL-DLLME HPLC-UV - 0 <LOD [33]
BP 600
East Lake, China
BP-3 5300
4HB Magnetic 200
I .
. 24-DBP stirring- 400
AR HPLC-DAD - 0 <LOD [34]
BP assisted 500
East Lake, China
BP-3 DLLME 800
EHS 5.7 19 100 23
HMS 12 40 100 42
ESE
o BS 1.1 36 0 <LOD
(a2 o3 il
. BP-3 33 11 0 <LOD
B
Ak MA HS-SPME GC-MS 50 17 100 7 [7]
ake
OD-PABA 41 138 0 <LOD
in Ames City,
Eto 42 14 0 <LOD
USA
2EHMC 45 15 100 31
ocC 70 232 0 <LOD
BP-3 20 0 40
A | OD-PABA 20 0 <LOD
S ILA BM-DBM 40 0 <LOD
A typical landscape HMS SBSE DART-MS 40 - 0 <LOD [29]
lake, EHS 20 0 <LOD
Austria oC 40 100 1 400
4-MBC 20 0 <LOD




6 A5 #F O ¥ F14 &
23R
o Ak B 5 vk ViR DRI Kz 2 /% . )
RAE L wEy ‘ , , W 275 Sk
) ) Pre-processing Analysis LOD LOQ Detection .
Sampling point Compounds Concentrations  References
method method rate/%
BP-3 028 ~43 100 32
B3 A OD-PABA 028 ~43 0 <LOD
FEEWIA BM-DBM 50 0 <LOD
A typical HMS SBSE TD-GC-MS 028 ~43 - 100 - [29]
landscape lake, EHS 028 ~43 100 -
Austria oC 028 100 1710
4-MBC 43 100 -
(= 4-MBC 51 100 2351
Cospuden i#] BP-3 44 100 83
MEPS PTV-GC-MS/MS - [30]
Lake Cospuden, EHMC 34 100 150
Germany oC 81 100 3052
EHS 0.8 100 40
HMS 09 100 146
TAMC 1.7 100 1 140
Tl
. 4-MBC 8.5 100 2 431
Cospuden i
BP-3 MALLE LC-APPI-MS/MS 10 - 100 4 381 [31]
Lake Cospuden,
EHMC 04 0 <LOD
Germany
OD-PABA 16 100 3 009
ocC 4 100 748
BM-DBM 4 0 <LOD
EHS 4 6 50 <LOD ~51
HMS 1 3 50 <LOD ~5
. IAMC 3 25 <LOD ~51
Cospuden i |
. 4-MBC 4 13 75 <LOD ~ 148
Bagger ]
BP-3 SBSE TD-GC-MS 11 17 75 <LOD ~ 55 [35]
Lake Cospuden,
EHMC 16 26 50 <LOD ~33
Lake Bagger,
OD-PABA 02 06 75 <LOD ~5
Germany
oC 7 11 100 10 ~250
BM-DBM 63 212 0 <LOD
L
o BP 5 25 0 <LOD
DU SR
T BH 5 25 0 >LOD
AL AL 4HB 10 50 16.7 85
PRz BRI '
BP-3 LLE GC-MS 5 25 0 <LOD [6]
Lakes near Han,
BP-1 5 25 0 <LOD
Gum, Youngsan, and
BP-8 5 25 0 >LOD
Nakdong Rivers basin,
THB 10 50 0 <LOD
South Korea
Fii 1
Switzerland 4-MBC 2 81.8 <LOD ~28
Lake Jorisee, BP-3 2 81.8 <LOD ~35
SPE GC-MS - [12]
Lake Ziirichsee, EHMC 2 364 <LOD ~7
Lake Greifensee and oC 2 182 <LOD ~5

Lake Hiittnersee
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) ) Pre-processing Analysis LOD LOQ Detection .
Sampling point Compounds Concentrations  References
method method rate/%
" 4-MBC 2 100 <LOD ~82
Tt
EHMC 2 100 <LOD ~26
Switzerland
oC SPE GC-MS 2 - 333 <LOD ~27 [36]
Lake Ziirichsee,
BP-3 2 100 <LOD ~ 125
Lake Hiittnersee
BM-DBM 20 143 <LOD ~24
LAY Sediments
BP-3 1.0 - 36
fE]
s 3-BC 02 0 <LOD
S B 1] i 1k
. - BM-DBM 10 100 622
FfHE 10 N8990
OD-PABA UE GC-MS - 0.1 0 <LOD [11]
10 lakes near
EHMC 0.1 100 68
the Rhine Valley,
4-MBC 02 - 20
Germany
oC 02 100 642
y EHS 2 0 <LOD
&
. . HMS 3 0 <LOD
Cospuden 1] . Bagger #,
. . IAMC 4 0 <LOD
LT PEIAAR JH B2 381
4-MBC 6 0 <LOD
Lake Cospuden, PLE GC-MS - [32]
BP-3 1 0 <LOD
Lake Bagger, and
EHMC 5 100 14 ~34
a lake in Profdorf,
OD-PABA 2 0 <LOD
Germany
oC 2 100 61 ~93
i BP 0.1 05 933 152~9.73
DU HRVL 2R L BH 0.1 05 6.7 053
LB ARTLB ML HE - 4HB 0.1 05 6.7 1838
Lakes near Han, BP-3 LLE GC-MS 0.1 05 0 <LOD [6]
Gum, Youngsan, BP-1 0.1 05 0 <LOD
and Nakdong Rivers BP-8 0.1 05 80 05~2.14
basin, South Korea THB 0.1 05 6.7 <LOD

TE:LOD /Rl B, LOQ Fn i i fR, « - 7 F/R B A4 4L, <LOD F£I/R A, >LOD /R al 46 {0 JC ik & # . SPE by M A B, IL-
DLLME >}y & F W -5 BRI A B, DLLME 4 43 BORORK A B, HS-SPME Jy T0 % [E AR AL B, SBSE Sy i 4 # W it A2 I, MEPS Sy 3 55 45
FIBAEER , MALLE o B4 B8R AE IR, LLE ARORAEIR , UB 7 A1, PLE Syl UM A€, HPLC-MS/MS /R i S0RH (38 - B3I ik
%, HPLC-UV 7R R 80 A (0 35 58 /MG s , HPLC-DAD 7R i O (3 - — AR A B AR T v , GC-MS FR S (0 1 - Fiti ik, DART-MS
FER L EAE ST BTG, TD-GC-MS 7R #I B - 68335 BT , PTV-GC-MS/MS 2278 B 17 FH I 15 Al -S0AH €8 335 = 5 DU A AT A R 3350
LC-APPI-MS/MS KR AR (0 1 -GS T B vk . AKAREFIR LA ng- L7 JURRY PR L B0 ng- ™! dw,

Note: LOD stands for limits of detection; LOQ stands for limits of quantification; “~" stands for data not provided; <LOD means data not detected; >
LOD means data detected but non-quantified. SPE stands for solid phase extraction; IL-DLLME stands for ionic liquid-dispersive liquid-liquid microex-
traction; DLLME stands for dispersive liquid-liquid microextraction; HS-SPME stands for headspace solid-phase microextraction; SBSE stands for stir bar
sorption extraction; MEPS stands for microextraction by packed sorbent; MALLE stands for membrane-assisted liquid-liquid extraction; LLE stands for
liquid-liquid extraction; UE stands for ultrasonic extraction; PLE stands for pressurised-liquid extraction. HPLC-MS/MS stands for high performance lig-
uid chromatography-tandem mass spectrometry; HPLC-UV stands for high performance liquid chromatography-ultraviolet; HPLC-DAD stands for high
performance liquid chromatography-diode array detector; GC-MS stands for gas chromatography-mass spectrometry; DART-MS stands for direct analysis
in real time-mass spectrometry; TD-GC-MS stands for thermal desorption-gas chromatography-mass spectrometry; PTV-GC-MS stands for programmed
temperature vaporization sampling technology-gas chromatography-mass spectrometry; LC-APPI-MS/MS stands for liquid chromatography-atmospheric

pressure photoionization-tandem mass spectrometry. Unit for waters is ng-L!, while for sediment is ng-g™! dw.
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1 500 #1830 ng-g" lw, MAM, WFFERIX Y2
Gy AE I AT LA 20 20 s 4R 4N Buser
ZEMIE Rt 7 4% 09 48 5 411 (brown trout, Salmo
trutta fario) LI ZH 2 b 247460 21 4-MBC 1 OC,
4 IR I 1 800 12 400 ng- g’ tw, SR
TEEINRBGATEE W S A R b i o A

i AN T, A5 T AR FE , DAtk — 2 i B %k
A WTE A S AN R ZH 2 b i s S A

2 EEHMIRITFI X M Bh 4 B B HE R ( The toxico-
logical effects of UV absorbers on benthic animals)

Bifi 5 25 SN ISGRITE AR TR A A PR N AS
Hh IS E T A 1) A R A0 A 25 7 BRSO |
BT TZ RO, XS T e A H A K A R, 5
SN GRS REAT 3 4) B) FEPE T T o0 A BR, H AR
T TAE LARE I A RO AT 4, C A WF9E R X
Wy nl TR Sh Y B BT AR AL RGN o I R
gt AR A KL T

2.1 SEEHER

HR A O A B, 22 R X K A A 1 ) 2tk
FEPETE mg- L'k, Kim 259418 T 9 #f BUVSs
(UV-9 UV-234 UV-320 UV-326 . UV-327 . UV-328
UV-329 .UV-571 Fi1 UV-360)%} K% ( Daphnia mag-
na)fy 2R, P UV-571 9 24 h-LC,, F1 48 h-
LC,, 434 6.35 F12.59 mg-L", H4y BUVSs
LCy, fH¥ KT 10 mg-L", Li*X} 14 Fp 2R 2
AN KGRI H A = i H(Dugesia japonica)it) 2P
Bk IR T 0L, 15 H 48 h-LC,, M 0.9 ~ 145
mg-L",96 h-LC,, 405 ~77 mg-L", H: BP-3 Btk
e, Du ZEY 8 T BP-3 1 BP-4 X /)NBRE(Chlo-
rella vulgaris) , K% 3% (D. magna) M3t 5 1 ( Brachy-
danio rerio) i 2 #1543 BP-3 F1 BP-4 X /NER
WK 96 h-EC,, {H 53 %)% 2.98 #1201 mg-L"; BP-3
1 BP-4 X R BIEAY 48 h-LC,, 735109 1.09 1 47 47
mg-L"; BP-3 fil BP-4 X BE 1) 96 h-LCy, 7351H

R3ESMRUFIFERAE SR MBS R

Table 3 Concentrations of UV absorbers in benthic animals

KA 4= &Y W 275 30k
Sampling point Organisms Compounds Concentrations References
2% VTR 1 X WA UL (M. edulis); EHMC 5~45 ng-g! dw; 3 ~256 ng-g! dw U]
French coastal regions %403 Ul (M. galloprovincialis) oC <LOD ~23 ng-g™ dw; <LOD ~7 112 ng-g™! dw
T2 ZF P S i o EHMC <1765 ng-g" dw
Beaches in the o ocC <3992 ng-g”! dw [44]
(M. galloprovincialis)
south of Portugal OD-PABA <833 ng-g”!' dw
AL Glart ¥/ BP-3 <LOD ng-g”! lw; <LOD ng-g”! lw
Greifen i3 38 BE L0 U1 (D. polymorpha); 01s]
Glatt River/Lake Greifen £ UF(Gammarus sp.)
basin, Switzerland EHMC 22~150 ng-g” lw; 91 ~133 ng-g”' Iw
BP-3 <LOD ~689 ng-g” ww; <LOD ng-g"' ww
1k Oslofjord Wi/ OD-PABA <LOD ng-g”' ww; <LOD ng-g”' ww
R VEAS 157K EHMC <LOD ng-g"" ww; <LOD ng-g"' ww
Ab3) A At MR (Pandalus borealis); ocC <LOD ~23.1 ng-g" ww; <LOD ng-g"' ww 4]
Inner Oslofjord, Norway 8% (Carcinus meanas) UV-324 <LOD ng-g”' ww; <LOD ng-g”' ww
/North of Norwegian UVv-327 <LOD ~51.8 ng-g" ww; <LOD ng-g”! ww
VEAS WWTW UV-328 <LOD ng-g"' ww; <LOD ng-g"! ww
UV-329 <LOD ng-g™! ww; <LOD ng-g"' ww
UV-320 <LOD ng-g"' lw; <LOD ~86 ng-g"' Iw
PR Hb X AT T K 3 £ D (Perna viridis) ; UV-326 <LOD ~450 ng-g™' Iw; <LOD ~1 500 ng-g"' lw o]
Asia Pacific coastal waters WG DI (M. edulis) uv-327 <LOD ~300 ng-g™' w; 34 ~280 ng-g”' Iw
UV-328 <LOD ~830 ng-g"' lw; 36 ~710 ng-g™' Iw

fEdw R T, Iw ZORIEE , ww ZRB T ; <LOD Fon Akl

Note: dw stands for dry weight; Iw stands for lipid weight; ww stands for wet weight; <LOD stands for not detected.



5453 4

A RAEAE - B SN TE I P ) AR B RS SRR 3l ) (9 5 Pk 9

3.89 F1633.00 mg-L",

AHXT T 028 RARIESE , H AT 2SI R %
AR S P BRI T T o A B, © A RS T4
U %)y H (Chironomus riparius) , W, 4 & F¢ 7K #2 15] (L.
hoftmeister)F1% N2 (Radix auricularia) 55 )i Wi 2 4)
WIF IR 2 3 5614 (% 4), 4-MBC . EHMC ,OD-PABA |
OC 4HB F1 BP-3 X US4 U 96 h S 5558
S v, BP-3 Y 20 B & s, H LG, M 1.709
mg-L";0C M2 rEsE Ak, LC,, /959 mg L',
MFERR A e EE I, S AN IR B B 5 o — 1L B
TRER A T 22 000, 2 B A U R s B gk .,
Ozaez FF™HISE —I0IR A WX IS U 2k dE 1
i & 3 ,4-MBC 1 BP-3/EHMC B¢ 4 22 #1996 h-
LC,, (45 b & Wy sl 2 G 1) K, R & 2 6%
J&  AE PR e B REEVE TN A W 22 1A
HAHBEN.

2.2 AR RS

SR AN G 7K A AR i 2 R AR,

{HL ] N A2 5 TE SR SNSRI R 7K A AR 30 04 231 R000E

N B A A BRAE AR S ) TR R T R AT, R
WA W 20 Sopg v s Mg, H R 2R Tt
FALRG MM ZRGE, HETCT AN ISR
WS P HGE R D, CA WF5E 245 T X R A
RIBFSY (3 5), BLAL, HF 22 W5 (Lumbriculus variega-
tus) IR IK W& (Potamopyrgus antipodarum)Z% A sh4)
FHIGZ BN,
2.2.1 XY R SR

MG O A i iE , AETC B HEA P A R v Jige
5 B ARV i T RN B K AL B W) B A AT 2 [
B U 25 W AR A T TR % EEAE RS Ozaez
SEPUNE Rl RN IR R B2 52 T BP-3 1 4-MBC
R 2 T A Y AT T I IR 52 52 A AH DGR IR 1) 3R
ik, A BP-3 B8 T B ) 3R 2 M3 ] (insulin-
like receptor, insH)fY) mRNA 7K, iy 8] BP-3 7£1C i
b AR AR AT BB TP 2R AR A 5 e 4
HERER., 150, EAMICH RS HiaER
P450 [iff(cytochrome P450, Cyp450) %k ¥4 % & 5 f4E
Mo Cyp450 | ZAAETHALEE T, TES 5

F4  EIMNREFIIERE MRS
Table 4 Acute toxicity of UV absorbers to benthic animals

ey Zi 48 h-LCy 96 h-LCx, B
Compounds Organisms A(mg- L! ) A(mg- L! ) References
¥ NE(R. auricularia) - 11842
BTA FE P #5 4 B (Fourth instar larvae of C. riparius) 7529 - [50]
TERIKLEI(L. hoffmeisteri) 200.72 -
¥ NE(R. auricularia) - 7620
5-MeBT 2347 - [50]
(Fourth instar larvae of C. riparius)
T FIK L8| (L. hoffineisteri) 15724 -
PRI Y 4 4y H 120.526 9.856 [48]
4-MBC
(Fourth instar larvae of C. riparius) 120.5 109 [49]
FE BG4 1 51470 9433 [48]
EHMC
(Fourth instar larvae of C. riparius) 714 11.1 [49]
OD-PABA - 81.6 240
FE DY A 4 s
oC . o 2769 959 [49]
(Fourth instar larvae of C. riparius)
4HB 306 39
BP-3 PRSP % %) 2 (Fourth instar larvae of C. riparius) 32.099 1.709 [48]
4-MBC+BP-3(0.1 mg-L™") 120.362 25717
4-MBC+EHMC(0.1 mg-L™") R 181.209 30.853
FEIC P 4 L (Fourth instar larvae of C. riparius) [48]
EHMC+4-MBC(0.1 mg-L™") 48238 12.076
BP-3+4-MBC(0.1 mg-L") 56.048 2733

T =" FR R AR A

Note: “~" stands for data not provided.
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WFAMIEE Y T LA B N R AR R AR A T R Y B AR
b A JE KA 3 T AR , N TS5 P9 20 AR
A HABAR 3 #EY  Martinez-Guitarte®'! 43 #7 T
FEIC &) B 7E 4-MBC 5 BP-3 28 T 4 Fp A 1Y
cyp450 I K (cyp4d2 ., cyp6b7 . cyp9f2 F cypl2a2) iy
Fik AR R IR 4-MBC(0.1 mg- L)% 24
h & cyp92 B3 T, 1M 1 mg-L"' 4-MBC %% 24 h
J5i A cyp450s B mRNA 7K -2 9k 5 30 ; BP-
3 X3 B K PR ) 2 S i PR IR AR 7 A S R X
25 ,4-MBC 1R A] BRI i &2 cyp450 ik,
020 0T T2 I R s e Ty S A A I N Y AR
YAt AR DT XA A4 7= A AN R 5

WAL, SE SNSRI B T 25 22 5 SR IARAR
EHL M W7 RE B B0 1 51005 1K . Molina-Molina 45"
T IR 4 T 2 FH R 288 28 A IR AT R R 2R A2 AR
BTG SO VR, B0 BP-3 4P 500A 8k JE (BC,, )
B T A=Y BP-1 A BP-2, 158 BP-3 24t /5
BEERFAIK, Zhuang 25" HfiiE T BUVSs £ CYP3A4
it I 0B B 2R 0 R R A AR AR, o UV-328 £
CYP3A4 IS PR R T 1 B & 4w , T UV-P
ZACHE BUMERCR TG PEREAR, Rtl, S [R) 25 4 1 5%
AR B PR SO A E FBLAIAR AT 8 55 HACHRR
TEAE G
2.2.2 EWPEANLRSE

AWV IARTE SZ B S0 S5 e BT 25 7 A A A
B, 5 B4 W R IS P 4R (reactive oxygen species,
ROS)5F A M ZE MG IMEIE 8, 2 A i &L i 2 7
B E ARG RS R A AL
T R DG A E A iR N R B A AL
FE AL Y 1 AL B (superoxide dismutase, SOD) . i3
AL E i (catalase, CAT) 5 Mt H K AL P il (glu-
tathione peroxidase, GPx) 4+ Bt H ik S-%% %% it (gluta-
thione S-transferase, GST) 1 4% bt H KL Jit fiff ( gluta-
thione reductase, GR)""', i B4 4 Ak it AH & P54,
HeFEE AR E AP A AL T, Horh SOD AJ DL
ik ROS Al H 1 S 0K 16 PR S e 4k H,0, il
H,0, 71 H,0, 78 CAT WYAE I & w4 A Ak ik
JE B A I8 H,O A O, T AR ) 44 4 32 S A At 1
MIfEE ., Si5 Y it AR iR, 2 R i 25 Bl
(tn GSTYZ: & #ATAE Wi AL, MiAEfif wg o B b 25
AR 4R A R R, 4 EH K (glutathione, GSH) Kz H
H G U 3 55 3 S R i 1T (NADPH) 2L R4
B A B A A S R A S EGE A 45 5 T

744 17 A H ] AR e 25 By Lk 4 R 45 2 )
HEUZ R A5 . Campos 455V 42 500 i 4
H 32T 025 ~25 mg-L"' BP-3 4-MBC I OC
48 h Ja , X oAk R A O By s M AT T I
453K, 7E 4-MBC Z& 58 T, CAT & B ik, GST
TEMERE N, WZE OC ZR 88 T F2 W4 HUIAR N 1 645 b
H K-G0, Martinez-Guitarte® - £ 85 U % 4 1y
7t 4-MBC F1 BP-3 %5 8 h #1124 h J5 , %} GST #5&
FE[H (gstd3 | gstd6  gstel | gstol F1 gsttl) i) mRNA 7K
AT T, &5 5 B, gstol 7F 0.1 mg- L' 4-
MBC %% 24 h J5 3% T, 1M 7E 0.1 mg-L" BP-3
% 8 h )5, gstd3 Fl gstel w35 [, XLk %
A28 4/ NS 5) 7] 7 S5 DR RN 7K P 1 5 | A 4 4 1
iOE=R RS &

FEAA NI N Y, BR 5 2K 1 (heat shock pro-
teins, Hsp)VE N2 T8, A B T8 & H W E#dr
B, 7 1k 0 SR AR AR ) DT R A A0 B
JoT, eI Y e 9 HL A A e B A v 3 i AR
FHT Hsp70 J2& 540 3 s g H ik 92 e 22 T AR o
HHZ—, B & UE 2 #5482 R (4-MBC |, OD-
PABA .OC .EHMC Al BP-3) 0] AP 4E hsp70 ft) mR-
NA FKFE3 i . Ozaez 55K IS0S2 RS bl 2 2
F 0.1 ~100 mg- L") 4-MBC ,EHMC .4HB ,OC I
OD-PABA ' 24 h, & ¥l 4-MBC,OD-PABA #l OC
fill & hsp70 I S DR A SR O, B I 2 R
T34k, Ozaez & JLF 25 A1 WS X 2 I &)y o 3
PG 78, A 4-MBC 5 BP-3 5] EHMC B4 %2
#ZHT, hsp70 mRNA 7K V-4 4-MBC H.— 2 g5 i) 5,
FW] 4-MBC F1 BP-3/EHMC X840 8t hsp70 H:[H
B SRENE MR R E m ELAA PMRIVE A
2.2.3 ERKERHM

W5 2RI, S AR 23 5% i JES A9 3l 4 1 2B
KB, CHMEEM R ZE D THgh i, AR
PR ERKETERET, B % (20-hydroxyecdys-
one, 20E) 114 41 ## 2% (juvenile hormone, JH)7i# & Fifi
HRE W BIRE & AR, 20E 15 348 04l U
g R AR T JH FE S R B S )2 MR
PHEAER, LR AR EF B KA
0T BT & B, AR 418 2R A2 1R (Methoprene-toler-
ant, Met)/2 JH A9 20 L P 32 &P | 52 1k Met 5 TH 25
EIGTE R TH % J64-(JH response element, JHRE),
PETTITE F % kr-h1(Kruppel homolog) %5 JE [H] () 3¢
KO PR AR KRR (K 2).
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JH 20E
R lam#ﬁ
l Interaction Free diffusion
Z{RkMet 545 EcR
Receptor Met Combine EcR usp
| | |
Form l TS
THITEF(JHRE) ﬁfl??”if%’k Moltand
JH response element cterodimer metamorphosis
s e, |
Activate e in{lq:me —?—%ﬁ%i&[ﬂ?(ﬁﬂ ﬂﬂ&'ﬁﬁ;&*ﬁjﬁ%
- . e 20ERIETE BR-C, E74, E75)%3k %
-1 % PUE RS ERER (EcRE) @, Expression of early Molt and

Downstream gene — Growth and
transcription such as
kr-h1

20E response  [nduce
element

transcription factors
(eg: BR-C, E74, E75)

metamorphosis-related

development .
gene expression

B2 WEHME(20E) MR EE(JH) EENGREFEER S FLH
4 : EcR F/R i f7 iR 324, USP Rm @A 1A,
Fig. 2 The molecular mechanisms underlying the action of 20-hydroxyecdysone (20E) and
juvenile hormone (JH) in regulating C. riparius larva development

Note: EcR stands for ecdysone receptor; USP stands for ultraspiracle.

i J7 384 2K 372/ (ecdysone receptor, EcR)Z1E LH
HESIH v % R BC AR A% e SR R A%z
A& (nuclear receptor, NR)AZIE I 5% , I HoE B AR
SRUGH S FERRs gy B B R AR A e A
20E 5 EcR 454 ) , 7 58 5 <011 2R 1 (ultraspira-
cle, USPJE AL M 57 — 3R AK SR 5 e BEPESS & 20E
W TCEQOE response element, EcRE), #1145 5
s RF(tn: BR-C \E74 1 E75 %) MWt jz 5 722 350
RBEDR 3R PR Isc4y d py gt e AR 51 S ] 2),

AR RN, 24 Y] BP-3 .4-MBC , EH-
MC F1 OD-PABA %3] T4 EcR M ) % ik,
Ozaez PV R BRI 4 HAE 0.1 ~ 10 mg- L' [ 4-
MBC .EHMC & OD-PABA 11 2% 24 h J7, EcR %
N R 5 S A RN R R, Ozaez Z55Y
BRI 7 2 EE T 0.1 11 mg-L" 4-MBC Al
BP-3 1, B BUE T A ZR TR P met FER ik ¥ b 2%
BN, B 0L B AEAR ] S5 B #R, AT 1 mg-L!
BP-3 5 T met FE K 3532 52, I 1
B4l di 2% T 10 mg- L' 4-MBC #1 BP-3, &
met FE B ZE W, Ozaez 25 52 WU G F 41
B RTET 1 mg-L"' ) 4-MBC . EHMC .4HB ,0C
F1 OD-PABA ', B BLET A5 fb & WX IR iR EcR 9%
SEYJA R FH% 24 h 5, EcR mRNA 7K Fb X BR
2 ~6 A MELh &, HA 4-MBC, EHMC A
OD-PABA ' T EcR FEIA | ixX S 45 5L 3 BH A fifs Xof

SR AR SR Ay 2 i e &)y TR AURR

SR A NSRRI 3 2ok T PR AT R 52 32 M4 3 i
EcR JHARKFEH M FAF M HAERK K EH . Ozaez
VPRI iR B 8 T BP-3(4x10° mol -L™), & BH
J55% 12 h J5 , EcR WFRINEIGIN T 15 4%, [A1&}, BP-
3 715 24 h 5, E74 85K 3R - 54000 i 5L R A mR-
NA /KNy 4 £%, 1M EcR M E74 19 LIS E0T
PRI R BEALAE R , Campos 255205 35 50— 4y
SR T 0.25 ~25 mg-kg' By BP-3 .4-MBC HI
OC 1, &3 3 Pk & W3 T R4 fL i A= 4
51 & B IR A R AR R RO .
A1, Schmitt 55 PG HE 22 15 F1R K 1853 1) 2 #E 1 0.08
~50 mg-kg' 1Y 3-BC 5 4-MBC | & AT 22 15 1
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