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Detection method and occurrence of benzophenone and
benzotriazole UV -filters in environment

XU Let ZHANG Zifeng LIU Liyan SONG Weiwet MA Wanli™" LI Yifan
(International Joint Research Center for Persistent Toxic Substances (IJRC-PTS) , State Key Laboratory of Urban Water Resource and

Environment, School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin, 150090, China)

Abstract; Benzophenones and benzotriazoles are widely used as ultraviolet absorbents to protect
human skin and polymer material against UV radiation. Their applications have been increasing due
to the intensification of the greenhouse effect and ozone depletion. In the past decade,
benzophenones and benzotriazoles have attracted wide attention due to their endocrine disruption
effects and potential threat to human health. This review mainly summarized the analytical methods
and occurrence of benzophenones and benzotriazoles in environment. According to literature, most of
environmental samples were treated by solid phase extraction, and benzophenones and benzotriazoles
were analyzed by gas chromatography or liquid chromatography tandem mass spectrometry. The
results indicated that concentrations of benzophenones and benzotriazoles were relatively high in
municipal wastewater and sludge samples. Furthermore, they were also detected in surface water,
soil, sediment and biota samples with the concentrations from ng-g™' to pg+g ' (dry weight).

Finally, hot research topics ( the removal pathways in municipal wastewater treatment plants,
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environmental behaviors and fates, toxic effect, human exposure and risk assessment of
benzophenones and benzotriazoles) were pointed out in future studies.

Keywords : benzophenone , benzotriazole, UV-filters, analytical method, occurrence.
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Table 1 Physicochemical properties and structures of target compounds

41
é,ﬁﬁ% - HHI CAS/MF/MW lg K, */lg K,,"/1g K, /g BCF*
Compounds Structure

o . 119-61-
_— o ;[/;S-C”aﬁlog le K, = 3.15, lg K, =3.06,
enzophenone (BP) O O st lg K, =7.28, lg BCF=1.18
MW. 182.22

7 CAS. 131-57-7
2-hydroxy-4-methoxybenzophenone MF. .C H.0 lg K, = 3.52, lg K, =2.98,
(BP-3) ‘ O _ PR lg K,,=10.00, lg BCF=1.58

HO o MW 228.25
O OH
2 4-dihydroxybenzophenone  BP-1 ;1};5:83;66(;6 lg Ko = 296, lg K, =3.28,
,4-dihydroxybenzophenone ( BP-1) ‘ O 2 G3R00; le K, =11.93, lg BCF=1.04
on MW 214.22
(@] OH
. CAS: 131-53-3 B B
2,2'-dihydroxy-4-methoxybenzophenone MF: C.H.O lg K,, = 3.82, Ig K, =3.10,
(BP-8) O O CoeT T lg K,,=10.91, g BCF=1.60
oH oCH, MW 244.25
" CAS: 131-5
. 131-55-5
2,2",4,4’-tetrahydroxybenzophenone MF: C..H..0 lg K, =278, lg K, =3.51,
(BP-2) O O A lg K,,=16.61, 1g BCF=0.92
HO HO oH MW 246.22
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okl FE CAS/MF/MW lg K,,*/1g K, /lg K,,°/lg BCF*
Compounds Structure i
9 CAS: 4065-45-6
2-hydroxy-4-methoxy-5- : o lg K,,= 037, lg K, =1.83,

sulfonylbenzophenone ( BP-4)

4-hydroxybenzophenone (4-OH-BP )

2-hydroxy-4-methoxy-4'-
methylbenzophenone ( BP-10)

1H-benzotriazole ( BTri)

4-methybenzotriazole (4-TTri)

5-methybenzotriazole ( 5-TTri )

5-chlorobenzotriazole ( CBT)

5,6-dimethylbenzotriazole ( XTri)

2-(5-Methyl-2-hydroxyphenyl )
benzotriazole (UV-P)

2-( 3-t-butyl-2-hydroxy-5-methylphenyl ) -
5-chlorobenzotriazole (UV-326)

2 ,4-di-t-butyl-6-( 5-chloro-
2Hbenzotriazole-2-yl ) phenol (UV-327)

2-(2H-Benzotriazol-2-yl ) -4 ,6-bis
(2-methyl-2-butanyl ) phenol (UV-328)

2-(5-t-butyl-2-hydroxyphenyl )
benzotriazole (UV-PS)

HO
=N
N
.7
N CH,
H,C

CH;

MF: C,,H,,0,S
MW 308.31

CAS: 1137-42-4
MF: C3H,,0,
MW . 198.22

CAS: 1641-17-4
MF: C;sH,,0,
MW . 242.27

CAS: 95-14-7
MF: C4HN,
MW: 119.13

CAS: 29878-31-7
MF: C,H,N,
MW 133.15

CAS: 136-85-6
MF: C,H,N,
MW 133.15

CAS: 94-97-3
MF: C¢H,CIN,
MW 153.57

CAS: 4184-79-6
MF: CgHyN,
MW 147.18

CAS: 2240-22-4
MF: C;H;N;0
MW . 225.25

CAS: 3896-11-5
MF: C,,H,4CIN,0
MW 315.81

CAS: 3864-99-1
MF; C,H,,CIN;0
MW : 357.89

CAS: 25973-55-1
MF: C,,HyN;0
MW . 351.50

CAS: 3147-76-0
MF: C,¢H,;N,0
MW 267.33

lg K,,=12.91, 1g BCF=0.50

lg K, = 2.67, lgK, =3.16,
lg K, =11.15, Ig BCF=1.11

gk, = 4.07, 1g K, =3.19,

ow

lg K,,=10.24, lg BCF=1.77

lg K,
lg K,

= 117, g K, = 1.72,
6.66, lg BCF=0.62

lg K, = 1.71, 1g K, =1.94,
lg K,,=6.89, lg BCF=0.80

IgK,,= 1.71, lg K,,=1.93,
lg K,,=6.89, lg BCF=0.80

Ig K, =
lg K,

1.81, lg K, =1.93,
7.16, 1g BCF=0.86

gk, = 2.26, g K, =2.14,

ow

lg K,,=7.40, lg BCF=1.16

lg K, = 3.00, Ig K, =5.00,
lg K,,=15.91, lg BCF=2.62

lg K, = 5.55, IgK, =4.64,
Ig K,,=16.87, lg BCF=3.11

Ig K,
Ig K,

6.91, lg K, =5.28,
17.86, lg BCF=4.01

ow

oa

lgK,, = 7.25, g K, =5.65,

ow

Ig K, =17.82, g BCF=3.78

Ig K,, = 4.36, lg K, =4.22,
lg K,,=15.59, lg BCF=2.54
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b FE CAS/ME/MW lg K, */lg K,.*/lg K,,°/lg BCF*
Compounds Structure i

CAS: 70321-86-7
MF: C3,HyN;0
MW 447.58

lg K, = 7.67, Ig K, =779,
Ig K,,=20.92, lg BCF=3.57

2-[3,5-bis( 1-methyl-1-phenylethyl-2-
hydroxyphenyl ] benzotriazole ( UV-234)

CAS: 3147-75-9
MF: CyyHysN;0
MW 323.43

lg K, = 621, lgK, =511,
lg K, =16.95, lg BCF=3.77

2-(2-Hydroxy-5-tertoctylphenyl ) -2H-
benzotriazole ( UV-329)

HEMF: 3 FRGMW: 285K, o FRERTREGK,, . KRB REGK,, . -2 IR EG BCF: WA AL a2 K
5T EPI Suite, KOWWIN v.-1.68. b: U5 F EPI Suite, KOCWIN, MCI Method. c: 5+ EPI Suite, KOAWIN v.-1.10. d: R F EPI

Suite.

1 #75 i% ( Detection method of benzophenone and benzotriazole UV-filters)
L1 REAh AL B
L1 AR S Ak B

[EAHAHL( Solid phase extraction, SPE ) J& W ) 12 I FAL B J5 7 | S5O0 Ak 32 25 40 45 & AH 2% Bk
I FES R pH E A HUAH ) EAG A5 18] AH 28 IROHE S 8 2 52 i) [ A48 1 B 88 PR 22, 36 BT R 4 B Fef
o7 2% BEW BT A8 PR A AR ) ) B S M BT, R A R R 43 BT B TR pHL B2 I ) B A TR A5 R AR FE
BURE 1 AR B, A AILAR ) LU A8 R LA H AR 26 25 LT (R MR B0 2 SR 65 0 S A IR A 351 T T 5 M i i
R S AL BR SRS ISR B — 5 AR, 280 BT T b R R R A — R Y R 2
P >V S ZE B Liu 45070 46000 Hb 7K | V5 7K HR R IR = s T 16 R 19 AR R Oasis HLB
FH P, — A eI (50750, V/V) .)pH=2 %.Montesdeoca—Esponda[m Liu 2 [ on-line SPE FI off-line
SPE PIFN 5 Al 157K (T5 /K rhoAF = e W) 57, 45 R 7R, on-line SPE J7 i i B R 4 IE il 2k
P PRI R85 1, 3 FH T /K PR3 v 22 A I = e S5 (4 ] 43 BT R L 25 2% 356458 100 26 OO Ak 2%
{44 Polar Advantage II [EIAHZEBUE AR 2 mL-min™" . pH=6 HEELL G R 30%55 , 7E A 54 F B
519 7€ 1B ( Limit of quantitation, LOQ) #:{£(0.21—2.17 ng-L™") , Al FH FRI/K 835K ) H AR = mk2k )
J B HHL 0BT Montesdeoca-Esponda 2577 R[] on-line SPE il off-line SPE 5 HPLC-MS/MS #1454 097
25, AT R A T FR A6 S R 8] 3 T /K B v A = w2y B AG

[ A% 25 L ( Solid phase microextraction, SPME) & 7F SPE WAl [ & R, Z BG4
BLF R dE /D ARG PR e S s8O /INSEAIE A, AEL AR T I8 SPE J7ikili, SPME 11 R % Ak
R 22T AU ) VMRS fE) SRR AR DA K pH BRI SPME (85 = AR S . Li 551 43
BT 7 v 28 B 26 58 4 N ISR e B 6 A e DG A 2 S A RO 18] 60 min BRI T] 10 min | Y 50 9 551 FH 7|
£RFE 200 mg-mL™" NaCl,pH ASHET.

AR BRI 245 FP R RT3 I = s 2R M WA 5] )R it AL 38 22 VR - A% B ( Liquid-liquid extraction, LLE) J5°
RN S LLE B R R ) SR R RO R U pH RO TR AR I 145 Wang
O R A LLE J7 AR 500 wL ARBRIES , IIA 50 wL ARFRANZE w5, 3 mL £ R £ R iR 9 26 L
3 U, B L AR IR BEAAR BT AR YRS B LOQ 4 0.07—0.20 ng- L'

I BRI EE B ( Dispersive liquid-liquid microextraction, DLLME ) & — 7 FH 8% 114 ki -~ [B1 Wi 2 BU 5 14
J71%:.2006 4F-H Rezaee 55 1 YRHRGE ", J& — il ] B ALY AL B A | 7T LA 574% B 1 B9 0 43 B8 HOR 5
R AR BEAE W T AR I D0 A 2 A0 65 0 U Ik ] 25 IOV 50 P B A I A 79 L OB 1 Jo it pHL
B PR AE . Zhang 551 R 43 BT A R S 52 S NIOBCR IR BB ) AR BRSO - IR TREBERE IS ] 4 min AR
WA 30 L IE¥EE 50 pL ZHEMHT 1 min 35 mg BEKLF . pH=6.7 AMAEL MR AF T 4301 T3
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AR PG Rl (0.067—6.7 mg-mL ™) MDLs (0.7—12.3 ng-L™") FEH A (R*>0.99) . & HEHN T (64—
110) SAH XS 4L

T FEAZE I B A5 B ( Stir bar sorption extraction, SBSE ) ¥ 78 F &/ | BAG IR48 A i Ak 551
HRESAE FEBURE] HREE pH {H B T 9 E 25 Montesdeoca-Esponda 25 SR FH it 2= K v K L35 7K
Hh R = IS B A MRS BT e 8 1 e U0 R F 2 N Ik RE AR 25 mL pH H R 5 2 BUR BEh
40 °C ,BFE] 2R 120 min, f# IR E A 60 °C , 1E] A 20 min, FEAIA 1.5 mL ZAF.

1.1.2 [EAHE & T4k 2

Jeon %53 43 HT - HERE A, RO PR 5 AR BT 5 ) H3ERE S A 1 mL ¥R R 5% 19 NaCl B0
JEZERWRAR IR BD SR B T =30 CHEE TN AR A DR B .04 I TRk as 7S BP 17
B U BR ( Method detection limits, MDLs) 247 100 ng-kg™", F-3J MR K 115%. Wang 220301 SR 1 [ AH 2 B
FEAL BRI SR AR FE BT, B e e 2R T AR S5 ARHR -4 30 min J5, LA B/ 0K S (5:3, v/ V) k%
ZHL 60 min, 250> 5 min, H 5+3 mL HEE/ K ZEBUG RS 2 4 mL, WRBEH 0.2% W IR/ 8 21 K ¥ Wi (pH =
2.5) #BEZE 10 mL, Oasis MCX FE A2 HURTH i/ 7K (20:80, V/ V) YEB, DIAS R I = e 29 i 1 LOQ
0.5 ng-g™", FISCHIEIE N 44%—113%. Peng 557 4 A W RE S A VR0 RIS A PR I FH P 1 7 i
ViAHL 3 IR, B R SR/ PR 6 (50750, V/ V) W FEG 2 J5h R 5, FH SR ClR/ 38 2 B (50750,
V/V) #EATURNG S 4 5 O bt — 2D RERC Ak, SR AMIOIGR ] S b/ SR TR (50750, V/ V) i
WA JBe A 1 Y O, A o Wk 4 e B ACEE o3 AT, A4S BP-3 1Y [ Rl 88.3%—102. 0%, LOQ K
0.08 ng-g'.

TN 7 77 2 B ( Accelerated solvent extraction , ASE ) &— o 8 25 5l 2 [ AL 5 HEA T A B J5 3%, 7]
FHFV5 UR B - HE R A (4 A B Ruan 258 20 H1 1 17 0TS e Hp 2K O = i 28 58 SR W00 19 5 i, LOQ oy
0.15—0.77 ng-g ™', "F¥ IR 93%.

1.2 A&

Bl 0 5 H AR TR T 58 ARSI 7 PR v i) 3% B B s ARt B 1 52 el JlE JF 1 K
FIRIESE , GC-MS! 7 %1 GC-MS/MS &1 | LC-MS/MS" >~ 2543 b K A 7% . 22 0 FH T 48 9F = % 1 i)
B4 5 PR IS
1.2.1 GC-MS

Sulej Z& 706 Agilent 1088 (GC:7980A ; MS:5975C) HYFEAE LG EEBE N 260 °C , 20 Hrif ] 29 9 19 min
(FHEFEFIN 70—275 C) K R L7 E K P Y BTri 4-TTri 1 5-TTri, MDLs Y54 0.3—10 ng-L™",
[N R Ay 68—102% . Kiss 251 #4 Agilent {445 ( GC :6890N ; MS ;5973 ) Ay BERE LR % A 280 °C , JHEE
Rl 80—300 °C. , K&yl 7K A% BTri F15-TTri, MDLs 4 8—12 ng-L™" | [\ Z K 62% F1 70%. Poiger %5 *
¥ VG Tribrid {E5 9 AT B ]34 30 min (FHETE B 70—280 °C) |, Kzl /K A K i BP-3, LOQ
910 ng- L7, [N 57%—90% . Balmer 251474 VG Tribrid 1 #$ A HERE 1 IR EE 5 4 280 °C , 43 A it 1]
24 30 min ( FHEIE BN 70—280 °C) , WI/K F¥5 K 59 MDLs 43519 2 ng- L™ F1 10 ng-L™", FICE N 78%—
129% . Breedveld 258 I %2 BOAES 43 M 5 260 % 4 R 7K & K MLIZ %K f BTri 9 MDLs 47100 ng-1.7".
1.2.2 GC-MS/MS

5 GC-MS A H, GC-MS/MS 73 5 14 Al 5% 508 25 77 i 415 A AR K 942 5. Lin 26028 Agilent {2}
(GC: 7000A ; MS: 7890A ) # A% MEEE %4 280 °C , 23 Mt [A] 4 22 min ( FHETE Bl 80—280 °C ) , M55 7K
w1 BP-3 i) MDLs & 3.2—6.5 ng-L™", M~ 119%—133% ; BTri \5-TTri (CBT & XTri 7E75 /K FF i MDLs
H4.2—16.3 ng- L™ MR K 77%—122% , 76 H KK HY MDLs XK, 0 2.9—11.0 ng- L7, ISR
H 70%—108% ; 57K H UV-326 F1 UV-329 ) MDLs N 3.3—5.6 ng- L™, [ F N 95%—110%. Jover
IR GOXGC WAL & B, A A AL A/ FRAR /DN, B TR B s 7 B9 far Lo /0N, JL PRI IR A mT b 4
WA E 2R -G WIRHE F GCXGC A1 TOF-MS Kl &% Agilent HP 6890N , 1] A5 44 A i Ab B A [i] | 5 HL 5K
LT 4-TTri A1 5-TTri 435S (H 2, B3R 25 GCxGC 14 HE3 R BESE 4t S LUk I B0 42, 7046 100 T
Fy5 7K Y BTri 5-TTri 4-TTri Kz XTri I Ff5 MDLs %855, 4 48—112 ng-L™", MR K 78%—115%.Da
Silva %52 B AL 28 ( GC; Varian CP-3800; MS; Saturn 2000 & 1) HEFE 11 % 4 300 °C, 23 #r i []
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22 min( FHETEFI A 60—300 °C) , 455K g K F 7K BP-3 Al BP-10 %) MDLs 4358 7.6 ng-L™'
F110.0 ng-L7", MR 85%—105%.
1.2.3 LC-MS/MS

e RACVBRORE €03 1 A I HH B 32 () B A MR MR ARG g A, 3l Biti o (kB INF AT A9 39 I, 4-T T A1 5-TTri
FRIUAE 2 0 5, DR VR €60 3 AS R 19 25 5 42 408, T A 25 (8 IR ( TTR) A R 25 SR %) Weiss 451
F Agilent 1100 HPLC R GE5MAH 35 FH AT S AR R 7K/ F S 80720 ( A) T 10/90( B) LA K 0.1% 11 HF R ik
FRBBEVEE , B T IR BE 120 °C , 1A FLIRE 220 °C, i F R SUF R o] DL 4 pERE i /K o BT,
5-TTri 4-TTri & XTri # LOQ 4 10—25 ng- L™, B K 95%—113%. Giger 55" SR ] Agilent 1100
HPLC R4, Wi/ 7K/ R (70/30/0.4) VER T s A X B A5 P 4746 BE BRI, 43 A B 6] 4 5 min, 7K
BTri 1 TTR %) MDLs 43518 8 ng+ L7 f1 3 ng- L™, [FISCR A 99% Fl1 97% . 3543k , # = S0 AH (33 ( Ultra-
performance liquid chromatography , UPLC) & & &k , UPLC HA#EH /Dt alke sr e gt
TSR A o 7 i AR 1) (2,35 08 o SR B2 A 45 T on-line SPE-HPLC-MS/MS #6: i BRA {8 Fi 7 (| 1o
FHF /KB R MDLs | LOQ FlEI I T off-line SPE-HPLC-MS/MS. Liu %% % F] on-line SPE-
HPLC-MS/MS J5 ik e /KA R i sl Al , & IR B2 4 110 °C, MDLs F1 LOQ 43 51 A 15 M LE /Y
35 A 10 %, W43 UV-P, UV-PS, UV-329 & 9 B %5 4P W Wi 5 7€ 75 7K 1 ) MDLs 78 [l i 0.28—
217 ng- L7 MISCRIE BN 76%—114% , ZE3 7K H 9 i B AR4 19 MDLs 5 Fl R 0.21—1.53 ng- L™, A&
R K 78%—110%. Montesdeoca-Esponda a=122 H HEE(0.1% 09 H IR IE T pH & 2.5) R s, i
T A120 °C, 11T on-line SPE 15 4 250 (500) B & = T off-line SPE )& % R 40(50) , LA on-line
SPE ) MDLs (0.6—4.1 ng-L™") Fl LOQ(2.1—14 ng-L™") #K T off-line SPE () MDLs(4.9—15 ng-L™")
FILOQ(16—51 ng-L™") , IR 518 58%—94% F1 56%—89% . Loos 25" J5 B it MDLs %%, {1 Jy
1 ng-L7";1fii ] SBSE T Ak # 75 1% 1) MDLs %85, i Fl 7 14.8 ng- L™'—55.1 ng - L™, MR EAR, K
18.%—92.2%% ;% JH DLLME ik #7774 %) MDLs B 5, 34 40 ng-L™'—2200 ng- L™, [FIJCR N 67.4%—
86.1%'*'; HPLC-UV J5 ¥ I 4515 /K & BP AY MDLs & 800 ng - L', [al U Ky 64.3%—73.5% ' ;
HPLC-MS/MSJ5 45 3 22 7K 1 BP-1,BP-3,BP-4 } BP-8 1) MDLs 4 0.03—0.11 ng-L™", B[t %N
98%—105% "'

zi Frak, KB o BTri, TTR, CBT Al XTri 451, HPLC-MS/MS J5 ¥ 1) MDLs %% &, A 40—
100 ng-L™",GC-MS/MS J5 1) MDLs 4 4.2—16.3 ng-L™"; BTri A1 TTR #0033 #Hh  LC-MS/MS J5 ¥
) MDLs "4 1—8 ng-L™", GC-MS f) MDLs & 0.3—12 ng-L™"; UV-326 11 UV-329 #4152 72 HF | on-line
SPE-HPLC-MS/MS J5 /Y MDLs fzff& (UV-326:1.23-2.6 ng-L™', UV-329:0.9—2.08 ng-L™") , HiIk &
GC-MS/MS /7% (UV-326:3.3—4.1 ng-L™',UV-329:4.8—5.6 ng- L"), off-line SPE-HPLC-MS/MS ¥
MDLs & 14—15 ng-L™'(UV-326) 11 9.4—9.7 ng-L™'( UV-329) , Montesdeoca-Esponda'**' f{j SBSE-HPLC-
MS/MS(UV-326:41.7—55.1 ng- L™, UV-329.14.8—19.1 ng-L™") i MDLs % &5 ; BP-3 B4 i # v,
HPLC-MS/MS ) MDLs ffi%; . 4& SBSE \DLLME &5 J5 % HAT M35 A 41, (R 7E MDLs K ISR J5 THIAS
J SPE Fik.

2 IREEFREE ( Occurrence of benzophenone and benzotriazole UV-filters in environment)

H T, T EAMRISGR AT 12, ZE7K AR IR TR AN - 458 AR WA B 2 A ARBE AR v BB RE A5 T 3] 45
SNSRI AELE . B TG K B F T 250 T 28 SNSRI i 22 B 58 4, 15 7K ) H K DA K5 7K HECSZ 14
HR T EL R 3] 1 2% R R = S SR G A7 A 0 20 O K T K EL 28 O i 3 K A R
FIA T = My R — AN T B 5 YL 55 A0 AR FK AR G UTRM % T5 K b S5 Bt 4
RN I — e 20 S5 ) 5 B
2.1 JRIAEEHAIER

T 58 ZRM IR B Rt A, 76 e IR AN i ik A v T 7K S /K A A e i b R Bl S R T =
Wy 5 1) 5% BR W s ARk 2 T B R B R A B K IR EE ) AR T TS K MR S, dE A
V5K IR E A TG K AL B T AN RE A 58 42 JS PR IL LA BE W) I, 3 6 1Y) Jo 2 it 1 96 A2 Yk 14F A\ B8] 4= 8
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K 2 b B R A B AR A AR O K R S Y R K 2 R SR 5 =k 2K W) R 4% EDTA
( Ethylenediaminetetraacetic acid, £ &P Z &) .NTA ( Nitrilotriacetic acid, 2 — £ M2 ) .LAS ( Linear
alkylbenzene sulfonates, ZEPELe IEARRRIRER ) 22 J5 AU SR U KK TS 4L ™ | IF HAE KRB R EAT L9
R ADC AR, B R A SEReME AW BRI BT RES B 25 /K A A= W el ki A= A= 0 B B2
e B AL 38, B FREE TS Y AR SC T IS 0 A AN R sz i A FH J =XOR 25 B2 5800 45 7 T
FIRFFFE 4> 77 Cancilla 261 5 RARGE T 5830 CHLZ AL T 7K iP5 01 = e 2 5, A AR T4 K A
T H R AL B R R K PRI = RSP BE N 12 g - L' Asimakopoulos 2577 7 il Ak L () L35 K
J7HEET T RGEFSE T K K DL BT U8 R A I e 2R ) S A Ak U A A R A P A 43
e A= 4 A R B Y5 T A TR I = g2y 5 ) R BR AR I AR B 7 Liu 26 7% 78 B S8 R R S Ak
S REAARGTINE] T 3 FhARIE =2 5 AR A ) U AE TS K AL B B R AR A T DL R BRI
ISR S AT

BP-1 Al BP-3 J& I FH# R 12 B9 R SMIR ) ki T 1 AEL 2 A m] 28, AR [l 2K BRI5E 40 fi A A ) 21
PS8 SRR, A5 7K HL /K (UK TR 17K Tt 545 ) R T 7K &8 61 58 ARSI e /K PR B v 1 %
B R A BTri TTR XTri \BP-3 BP-1 ,BP-4 il BP-8 2§ 43 = me KW i =546 1 57Kk v
A FE ] 22 461 i 3 KRR K b 26 75 K HP i) 57 8 0 . BP -3 2 /K PR v R e 22 19 245 FE T 21 48 4
W i H S A s, 5K A R O S 7800 ng- LT BP-3 RV K H vk B T b R
KAy 17—5429 ng- L™ Fl<2—550 ng- L. Tsui 2120 & 90, 3 [E Fr kg K b BP-3 Mk e s, A 18
XI5 KT o BP-8 AU N 9.8—10.1 ng- L7 8 AR /0 ) T Wt DX AR ARG 00 28] 1 e o 3 ) 45
AN AT PR A P 7 Ak b o 28 SRR ) B et s YRR L AT, L K R BP-4 ()
e e M B o LA P R ) ST v B, Ol 862 gL

BTri 7675 7K HP G T dpien , Y B L SE B AR5 /K T v AR B8 5 15 36200 ng- L7270 ML /K A
KR BTri A2 B8, 43 3o 38—3400 ng - L™ Fl<10—1032 ng- L™, ¥ME7K H BTri B B A, (A
1.7—40 ng- L™ BTri E/K 55 1 5% R 3R T8 40 22 (0 S WU b IX, O EL e BE 458 TTR A9 7% b th 4
5 BTvi 25, 5 /K m e B A 5, 0 B < 60—17153 ng - L7, JL W2 Hb 22 K AL T K, 43 91 K 25—
2140 ng- L™ Fl<10—154 ng- L' . XTri A% EE/NT BTri 1 TTR, V57K i 5, TG R 13—1682 ng- L' {0
55 BTri 1 TTR AN[RIAG 2, T 7K BV B = T b 3K, 43 38 <10—114 ng- L' Fl<10 ng-L7".
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Fig.1 Concentration range of benzophenone

UV-Filters in water worldwide

('The upper and lower bounds of the graph are the

maximum and the minimum of the reported values)
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Fig.2 Concentration range of benzotriazole

UV-Filters in water worldwide

('The upper and lower bounds of the graph are the

maximum and the minimum of the reported values)
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L
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i, SR AN MSCTA AR JEC U H AR R, 1 Ve A vy, G 52 2 i % A 58 SN A 550 1) £ FH S 385, 328 T S B8O 8 rh 5%
NI P vk FE 42 155 . Gago-Ferrero 25 %3 1o Xof - 18 58 SMIRACTR 5 B0 MILBR ) AR S o0 BT 2 B, P
Z IR AR SENE Jeon 2 FEAE S X 2B | R X B Tl X A 3 vt 1 e v vk B 114 55 S
W, 4350 % 820—16550 ng- g™ -dw ( BP) ,730—3880 ng- g '-dw ( BP-3) .500—4170 ng-g '-dw(BP-8) .
1060—4910 ng-g '-dw (4-OH-BP) , Ifii Sanchez-Brunete 255 7 4\l 435 460 3 () BP-1 1 BP-6 F{ ¢
4330 5.7 ng-g™' dw 1 0.6 ng-g™" dw.

Bl 3 R 4 S35 B SR UE A 38 v 28 R R S 8 9 — mae 218 2 AR AR 1 6 P A7 00, 45 | 2 i3
4 SCik e o E B0 R P UV-328 A I RE I v T Al R SE RIS TS e UV-PS  UV-326 &
UV-327 B9 EE 235128 ND( Not detected, KA ) .5.88 ng-g™' dw F10.31 ng-g™ dw'®! | K F W 1 Bris
P UV-329 FIUV-326/95% B8 4 27—272 ng-g™' dw 1 48—114 ng-g™" dw'™ | ST b [ 5 [ + 3R U
Hif) BP . BP-3 BP-1 ,BP-8 J 4-OH-BP [ 3¢ & 378 1 T HoAth b [X 15 % 08450 "] i 5w [ kot i A7 oMl
PO 5, HA IR PR 2 28 IO 7 4% ARG HE 4 B R ARAER > 0 ST R I T BT U R R
BTri 5-TTri CBT Ml XTri [ EE 451~ 75—219 ng- g™ dw.68—125 ng-g ™' dw.53—114 ng-g™" dw Fl
56—121 ng-g™" dw, = H FE A9 .
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Fig.3 Concentration range of benzophenone
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Fig.4 Concentration range of benzotriazole

UV-Filters in sediment and soil worldwide UV-Filters in sediment and sludge worldwide

(The upper and lower bounds of the graph are the ('The upper and lower bounds of the graph are the

maximum and the minimum of the reported values) maximum and the minimum of the reported values)

2.3 HEWIRNER R

KT AP R L ASMRGI AR B T AE R A T IZ MRS . Peng 267 AR 9T LA 1 o [ BF A= £ 5 35
B i PP S SNSRI ) B i R TR BP-3 FE 2 HP A vk BE AR A I, B ) A f b BP-3 i A
Tsai %5 65 75 1t AN [ R B A= 40 rp 28 SN GR) ORI &% B, BP-3 \BP-1.BP-8 A B AHGIT , 3796 >4
AR RS ) BP-3 #eJE A 108 ng-g ™' dw (B51E) 8.6 ng-g™ dw(i/H) (14.1 ng-g™" dw (L /) I
41.0 ng-g™ dw(faHF) ,BP-1 KA H ™ g4, BP-3 K i, LT i A Uik AR e i 46
D] BP-3 (AEAE. T S S 24 H R SR = s 28 58 MO 7 45 A B SR AR A A N ARG 195 100, BP-3 ¥k
i, 0 1037 ng-g™", HIK A UV-329 K UV-3261 77 7%
24 BHRKALFRE

Wang 450 SRAE T EE P E | HA K E 158 A2 WK AEFES, B AT T2 K 22 Hh (02
R =28 5, e BRTTA B il v 2 25 RN 0 = s 28 2R SNSRI A H | 5 2 0 = A S 2 ik
JEdRE, N 87.1 ng-g , HUKESEE (36.2 ng-g™' ) M HA (33.7 ng-g ™), o By A6 ik B e A, ALKy
19.3 ng- g™ [HUR R B 5 1Y IR 2R B i (1980 ng - g™ ) ok A A 5 24 R 28 40 0 14 4G o W B2 0 O3 R
612 ng-g™ (EE) 176 ng-¢ ' (#E) 138 ng-g™' ( HA) F1 78.6 ng- g™ (&) ,BP-3 7£ 5 Fi 2 H i 47 ot
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Fig.5 Concentration range of benzophenone and benzotriazole UV-Filters in biota worldwide

('The upper and lower bounds of the graph are the maximum and the minimum of the reported values)

3 A{K%ZE (Human exposure)

PR 2 28 SNSRI S —Fh P 430 T P o, B I S A R R R AR R R R S B
B MEEERW LR HAT N R AR I WA R B R W, BP-3 A8 A M Y LA M R
PEDS S EE R RE ) I HK 2 10% 19 F ek BE RS E A AR PIARERT) S TR 28 28 A
SRR EAT A TR SO A 2R 2R I R TR B R I R A ) R A, Hany 250 XL AR
DU A3 MTUE BH 1 24 PR 2K 40 550 %) SR B AR 2 FY i 21 58 SN 22 () R A% AH 56 Ak, 3 5 AL R B = 1
PebERE S U AT SR ™) 4 BP-3 FE A iR Py T $% 4k R BP-1 Al BP-8''') | H BP-1 (i N4 T3tk
g 105, 1071090 e b e F R (4 £ AR 0 0 BP-2 . 4-OH-BP & BP-3 AR 7= , 76 AR JR B B 28
0 1O B IS A R AT A W A T LA B AR M, O VR B S, 5-T T XK
A At B IR  EC, CREBOEHE ) 2 4.25 mg- L7,

H1 TSI FH TR TRV R 2 4 7= e BRI T AT T 2400 5 1) 2 8 XU, A 9 B
(Personal care products, PCPs) H 58 7N KGR AR ASE I A3 B T L A7 58 4 R ARGS9 149 DRUISS: P-4ty 2 At 5 4k =2 4%
Manova 45" St PCPs BRI 4347 2 W 55 557 4% R 7= it v S0 SRR B4 2 800 0, 9 EL e 66 R A Lot
rh 55597 W Aol i T 48 A IR ISR B B A 2% 6 JL. Zhang 2512 A3 BT TN 0LV RN R T 4 PR IR 2 )
A i IF HLAA TP AR s A B A= 3 A T AR IR Zhang 256 B UIRAE T 5 R H RS
Wy AE ELE AR AP AR N (4 5% B8 S 5 5, BP-3 Rl BP-1 (Y 2 8 i IK T 36 A, BP-3 7E &1
M B R T M, BP-3 1 4-OH-BP 8% i IR E A DRI, 1 1T A2 i 45 el RR R E A 216 L
AN Asimakopoulos %5"*" 38 53 % A {4 R ¥ ' BP-1,BP-2,BP-8 ,4-OH-BP 2,3, 4-OH-BP 45l 53 1 %
B ,4-OH-BP 12,3 ,4-OH-BP EATSEALAAS 32 R WITE A P s AP G 4 () e AL 2 52 L il Y 1B
& 4-OH-BP HY¥ FEWE 55 T 2,3, 4-OH-BP, 2 F 240 o 70 A4 P 198 s A e 7 ke ) 8 A 17 X
1,5 FhIE R B4 AR 28.9 ek 'bw-d ™' Wang 25500 1 T4 YR AR O = Sk @
i KA AR, & BRI = i i L3 SR AR (0.19 ng-kg ™ -bw-day ™) T HA
JL# (0.10 ng-kg'-bw-d™") FI3EE JL#H (0.08 ng-kg'-bw - day™ ), H E JLE M A BRI, N
0.01 rlg-kg*l-bw-d*1 AR A B S ERERER, N 1.60 ng - kgfl-bw ~d(JLE) M
0.25 ng-kg ™' -bw-d ™ (AN ), 28 R 0 22 B 88 I TR (B /N T 0.1% , %oF Lo S 38 55008 22 B0, X6 2 Y il
AT =2y ok it , JL#E B9 A =35 T AR RSB A 12 . Asimakopoulos N . NN
PR P A S = I 0 2 S I s 2 ) S5, 00 745 28— s ) I 1) R R 4 31 R < LOQ—5.67 ng - L' (BTi) |
<LOQ—3.37 ng-L ™' (TTR) F1<LOQ—3.69 ng-L ™' (XTri).Gao %" I3 BP-3 .4-OH-BP .BP-1 BP-2,
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BP-8 25 (1443 43 3 h 2.34 0,15 ,0.56 ,0.09 ,0.02 ng-mL™", I35 H 45 R4 B i H HE 2 510 K
27.2.2.24 5.86.0.76 .0.30 ng-kg '-bw-d".

4 OB K RFKHFRFE (Problems and future research trends)

(1) SCHRTAA R 75 K Ab 3R HEAK & PR EE 58 S0 1) 32 2235 G R Ui, 5C Ti5 K A 3l id i v 52
AR ) 2 BRAILE B BFSE i Ab TR A0 B B, 715 7K Ab 38 2R 45 1) 7K 45 B3 ek ] B S 28 R WSR2 5
KA A B R R A A YIRS IR 2 /0 R W RT3 T A i 238 5k S A (i) BT 74 B 5 3 IR
TG B AN BER ZIA IR IS TS L A EE I .

(2) KT 2 MR ISGRAIFE 15 7K Ab 38 22 48 v 1) I BT 58 38 75 IR AR 15 /K AR 3] 3R 4 02 58 AN 1Y
BRI, TRAMFF 5K AR G b S AN IGR B IR BT R, AT S BT 2405 ey i A Fnatk — 203
M A XU 2 HE LA i

(3) T BN AL L 2 58 AR 7 75 7K Ah R R v A 7 R (RS TN A BILTS G e 15 K Ab B R 4
WA 2R AT R 2R BRI T T A SR s S A AL TS Y P i R e A ik AR RV Ak ST e
AU T 4 Be i A, X T8 275 G40 ) XU DA 0 R BUA 288004 Bl 454 it IR A B, H RS it
Fa AR AU ASEAL] 28 S ISR A V5 7K b B 7 v g U .

(4) R HIHR K 2R T = s 240 Jo A PR v i) v 5 B f T BB i SORKAE S R GE, (H R TR IF —
W BRI R 7 =X OBFERZ R LA R PR 2E 000 A5 5 T B S AR AR 9 HLR IR B R T — 2 ) o A
IS b AR T R A R S A, AR 5 [ DG,

(5) CAMFERM R E AR I =Y B 2 A T 2 AR A B B2, RAREUR A R
FH R R AR 5 = 20 Jo ¥ YK S B 0 PR AR BR BRI E 2R 2 —, TR AR A
R R R = s 2 S5 1 5 % R AR N I 2R o i) 22 i K- AT R S A EL 1A, R H
TR = WA S 0 o A AR P ) A Qi a8 X A A i R ) s 3 48 ) R ) BT 58 16 AN BT, 2 T A
A A B R XSS PPAN 0 5 i Ak T2 20 B B, ARk W BRI IR A R LMY, UORIE AATTFE H # A2 0%
HHG R4 7 0 R IS ) B A R B
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