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Determination of 16 organic ultraviolet absorbers in drinking
water by solid phase extraction-ultra-high performance
liquid chromatography-tandem mass spectrometry
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Chinese Center for Disease Control and Prevention, Beijing 100050, China)

Abstract: Organic ultraviolet absorbers (OUVAs) are a class of emerging contaminants that have
garnered significant attention in recent years. In response to the characteristics of high detection
frequency and low concentrations of OUVAs in water bodies, this study established an analytical
method based on solid phase extraction (SPE) coupled with ultra-high performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS) for the simultaneous determination
of 16 OUVAs (nine UV stabilizers and seven UV filters) in drinking water. The 500 mL water sample
was pretreated with 25 mg ascorbic acid, acidified to pH 2-3, and spiked with 1 mL of 5 wg/LL mixed
internal standard working solution. Target compounds were enriched and concentrated using an HLB

solid phase extraction cartridge (200 mg/6 mL). Separation was achieved on an Acquity Premier BEH
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C,; column (100 mmx2.1 mm, 1.7 wm) using a gradient elution with methanol and 2 mmol/L
ammonium acetate aqueous solution as the mobile phases. Detection was performed using elec-
trospray ionization in positive mode and multiple reaction monitoring (MRM ), with quantification
carried out by the internal standard method. The precision and accuracy of the established method
were evaluated using drinking water as the matrix. The results showed that all 16 OUVAs exhibited
good linearity within their respective mass concentration ranges, with correlation coefficients (7)
greater than 0.992. The method detection limits (MDL, S/N=3) were 0.03-5 ng/L., and the method
quantification limits (MQL, S/N=10) were 0.1-15 ng/L. At spiked levels of 5, 20 and 50 ng/L, the
recoveries of the target analytes ranged from 75.0% to 130.6%, with relative standard deviations
(RSDs) ranging from 0.9% to 12.9% (n=6). A total of seven source water samples and seven drinking
water samples were analyzed using this method. The results showed that two OUVAs, 2-hydroxy-
4-methoxybenzophenone (UV-9) and octocrylene (OC) were detected. In source water, the mass
concentrations of UV-9 ranged from <MQL to 13.4 ng/L, while OC mass concentrations ranged from
5.0 to 32.23 ng/L. In drinking water, UV-9 was detected at 0.4 ng/L., and OC mass concentrations
ranged from <MQL to 13.2 ng/L. This method is suitable for the trace analysis of 16 OUVAs in
drinking water, demonstrating good accuracy and precision. It effectively improves the detection
efficiency of OUVAs in water and can be used for the environmental monitoring and analysis of
OUVAs in drinking water in China.

Keywords: solid phase extraction (SPE) ; ultra-high performance liquid chromatography-triple
quadrupole mass spectrometry (UHPLC-MS/MS) ; organic ultraviolet absorbers (OUVAs) ;

drinking water
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K (JEHE 0.000 1 g, Fi+ Mettler A% ). 0.22 pm
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12 mL B4l Kk vk . 2B 2 /T4 20 min )5,
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Je A 0.22 o FL AR B VU G 2 M 8 6T B O g
J&i #£47 UHPLC-MS/MS 43 #7 .
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C (03 4 (100 mmx2.1 mm, 1.7 pm, 3% [ Waters 1.9min, 16min 5L 16 F OUVAs M5 B R .
A A 45 T3 FEFERR 10 pLo WS A Y 2 FE At B IR Dy H 55 i (ESD) , IE B 1
mmoVl/L £ MR # /K ¥ W, i s A1 B R Y B, I 3 FHE, A28 2 R Wi (MRM) #5628 40 07 5 B8 T AL HL T
0.35 mL/min; B & Y& A2 ¥ : 0~4 min, i s A B 5500 V; B T 5 6 ¥ - 400 °C; LK< : 206.8 kPaj; M
10% F+ % 65%;4~6 min, Jii 14 B F+ & 95%, ff+F 8 % ' :275.8 kPa; i B i 44 <0 : 310.3 kPa; filf 48 < :
min; 14.1 min B, 3 20 A B P fF 2 10% JE0REE 551.6 kPa, HA TG S8 E 1.

R1 16#OUVAs R 5THNIRMRILE S

Table 1 MS parameters of the 16 organic ultraviolet absorbers (OUVAs) and five internal standards

Compound Abbr. Rfetenti(')n Parent ion paughter DPV  CE/eV Internal
time/min (m/z) ion (m/z) standard

2-(2H-Benzotriazol-2-yl)-4, 6-bis( 1-methyl-1- UV-234 10.42 448 119 60 45 UV-329-"C,
phenylethyl)-phenol 370" 60 33
2-(2'-Hydroxy-3',5 " -di-tert- butylphenyl) UV-320 10.28 324 212 35 35 UV-329-"C,
benzotriazole 268" 35 31
2-(5-Chlor-2H-benzotriazol-2-yl) -6- (1, 1-dimethyl- UV-326 10.41 316 57 40 45 UV-326-D,
ethyl)-4-methyl phenol 260" 40 27
2-(2'-Hydroxy-3',5'-di-tert-butylphenyl)-5- Uv-327 11.09 358 57 50 61 UV-328-D,,
chlorobenzotrizole 302° 50 34
2-(2H-Benzotriazol-2-yl)-4, 6-ditertpentyl-phenol UV-328 10.95 352 71 55 44 UV-328-D,,

282" 55 32
2-(2H-Benzotriazol-2-yl) -4-(1, 1, 3, 3-tetramethyl- UV-329 9.40 324 57 45 53 UV—329—‘306
butyl)phenol 212" 45 38
2-(2H-Benzotriazol-2-yl)-4-( tert-butyl) -6- UV-350 10.09 324 212 45 38 UVv-329-"C,
(sec-butyl)phenol 268" 45 31
2-Hydroxy-4-n-octoxybenzo-phenone UV-531 9.14 327 137" 40 42 UV-329-"C,

105 40 48
2-(2-Benzotriazolyl)-4-methylphenol UV-P 7.20 226 107 25 27 UV-P-D,

120" 25 26
2-(2H-Benzotriazol-2-yl1)-6-( 1-methyl-1-phenyl UVv-928 11.42 442 364" 35 18 UV-P-D,
ethyl)-4-(1,1,3,3-tetramethylbutyl) pheno-1 252 35 28
2-(2H-Benzotriazol-2-yl) -4-methyl-6- (2-propenyl) Uv-9 6.29 229 105 30 26 UV-9-D,
phenol 151° 30 27
2-(4,6-Diphenyl-1,3,5-triazin-2-yl)-5-[ (hexyl) UV-1577 12.60 426 104" 20 66 UV-P-D,
oxy ]-phenol 342 20 38
2'-Dihydroxy-4-methoxybenzophenone BP-8 5.71 245 121° 40 22 UV-9-Dg

151 40 25
2-Ethylhexyl 4-dimethylaminobenzoate ODPABA 8.00 278 151" 40 42 UV—329—'BC6

166 40 28
3-(4-Methylbenzyliden) camphor 4-MBC 7.29 255 105" 40 43 UV-9-D,

97 40 26
Octocrylene (o]} 7.78 362 204 20 45 UVv-329-"C,

232" 20 31

250 20 21
UV-9-D, / 6.25 234 151 30 28 /
UV-329-"C, / 9.38 330 218 70 35 /
UV-P-D, / 7.18 229 110 40 28 /
UV-326-D, / 10.36 319 263 40 28 /
UV-328-D,, / 10.95 364 288 50 35 /

DP: declustering potential; CE: collision energy; * quantitative ion; /: no value.
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El1 167 OUVAsR &R R RE BIEE (20 pg/L)
Fig.1 Chromatogram of the 16 OUVAs mixed standard so-
lution (20 pg/L)
1. BP-8; 2. UV-9; 3. UV-P; 4. 4-MBC; 5. OC; 6. ODPABA; 7.
UV-531; 8. UV-329; 9. UV-350; 10. UV-320; 11. UV-326; 12. UV-
234; 13.UV-328; 14. UV-327; 15.UV-928; 16. UV-1577

22 BIRREEGEMRL
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WP 20 ng/L, AR 45 H AR A A 4 P 5T AT [ A4H A BOH:
HORL L4y, % %457 HLB £ (200 mg/6 mL, 3% [& Wa-
ters /& A} ) \Plexa # (200 mg/6 mL, 3¢ [# Agilent 2

A)) . C,  # (200 mg/6 mL, 3 [E Waters 23w ) X} K FE
' OUVAs 1 Z AR, 1H 545 B A5 4k & 4 i [l i
o AERANE 2 Fs  HLB Rt B AR 46 A 9 1 2 B
RO B AT, Il S g s, BRI, 6 4 HLB [ AH 2 B/
FEXT K AE AT 28 B 4
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Fig.2 Effect of SPE cartridge type on the recoveries of
the 16 OUVAs (n=6)
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PUIRK M2 BLA B G G Jm B iR, w4
J& 45 AT, T B AR SRy 5 A TSR A AR AR R B
IR L1986 7 003 B v Ml S8R A PR 3 R D 5 AR Y
H BR 43 8T 400 A B R A, DA T 24 el G D i vk ok 3%
Wi 1 o 7E A AR B R P bR T 4 B TR B R 0 Bt
WL (0.50.100.200 mg/L) % H bk Ak & 4y 18] i 3
(5L . 25 9 2 B, ZE RN 50 mg/L A B3R I BRI
HAr A G 9 0 a0 =38 A 8, 24 0 8 ol R vk 3 T
B TR A B B AR Al S R 3 i . B,
BAGEFEIMA 50 mg/L HLIR I
223 EFHRANEE

PEFH 500 mL /KB 12 mL — & P k-2 1R 2 g
(L AR ) BEAT VR A5 0, 5 %8 T 3 Bl L F
JiL (6.8 A1 10 mL/min) , &5 40 & 4 iR . KH
Sy HAR 9 B AE 8 mL/min b A% i F 0] Wi R 45 4,
Ji R AT R 2 b R A Ao g B LR A IORE JIC VR A AL
W ARG Y, S EER G YRR AR
I, e &k $F 8 mL/min 3 B A hy f A R O T
224 GEBAKRARE S E

HE— 20 % 58T BRI A B (812,16 mL) Xf /K
W% OUVAs [HIICR g . i B/ S a7 A1, 24 vk i
FIARFZ Wi b4 iy, OUVAs [al i R £ B % EIHS
PR R YV A T 8 mL i, X H ARk
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Fig. 3 Effect of ascorbic acid mass concentration on the
recoveries of the 16 OUVAs (n=6)
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Fig. 4 Effect of flow rate on the recoveries of the 16
OUVAs (n=6)
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Fig. 5 Effect of eluent volume on the recoveries of the 16
OUVAs (n=6)
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Fig. 6 Effect of nitrogen evaporation temperature on the
recoveries of the 16 OUVAs (n=6)
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Table 2 Linear ranges, linear equations, correlation coefficients (), method detection limits (MDLs) and method quanti-
fication limits (MQLs) of the 16 OUVAs

Compound Linear range/(p.g/L) Linear equation r MDL/(ng/L) MQL/(ng/L)
UV-234 0.5-100 Y=1.20686X+0.17122 0.996 0.03 0.1
UV-320 0.5-100 ¥Y=0.44997X-0.09580 0.997 0.15 0.5
UV-326 10-100 Y=0.15718X+0.23251 0.997 2.5 7.5
Uv-327 1-100 Y=0.81915X-0.06586 0.998 1 2.5
UV-328 0.5-100 Y=2.53184X+0.01168 0.999 0.15 0.5
UV-329 0.5-100 ¥=0.16739X-0.02292 0.996 0.1 0.25
UV-350 0.5-100 ¥=0.57453X-0.06217 0.998 0.1 0.3
UV-531 0.5-100 Y=1.25123X+0.22148 0.998 0.1 0.3

UV-P 15-100 Y=0.23956X+0.11548 0.996 5 15
UV-928 0.5-100 Y=2.70003X+0.47397 0.995 0.03 0.1
Uv-9 0.5-100 Y=0.25082X+0.02903 0.998 0.1 0.3
UV-1577 0.5-100 Y=2.25958X+1.42323 0.993 0.03 0.1
BP-8 0.5-100 Y=0.12690X+0.00524 0.999 0.15 0.5
ODPABA 0.5-100 Y=1.39631X+0.45531 0.992 0.1 0.3
4-MBC 2-100 Y=0.05848X+0.0003969 0.998 1.5 5
oC 2-100 Y=0.07564X-0.01247 0.996 1.5 5

Y: peak area ratio of target compound to the corresponding internal standard; X: mass concentration, ng/L.

PO AR A b o il 2, 1530 S B 0 A5 v B B DL 4R a0 % Ry 75.0%~130.6%, fir A 1k A 4 1 1] i R 2
T BUS 5 00 B v 0 0 AR v B SEAT LR, A5 = T 70%; AH X A5 HE R 22 (RSD) 4 0.9%~12.9%, 1%
) 2t X6F 0] WA TE TSRS 5 T 5 7R A5 E KA b R0 ) J7 9 ELAT L L 4 1 A RTORG 4% B

HEAT 3 A ACE B IAR S R EKPE 6 d Y 24 FiEXLE

SEAT I GE TG A ) [0 R ORT HE)ORG B RE o 45 2R W A 5 BT 8 N7 1 O vk SOk o A 2ROR] K
(3 3)5£ 8,16 F OUVAs 76 A [ Jinkx K F F 19 ' OUVAs BRI J5 A7 e (3R 4) . S5 R 3RWT,
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Table 3 Recoveries and precisions of the 16 OUVAs at three spiked levels (n=6)

5 ng/L 20 ng/L 50 ng/L
Compound Recov- Inter-day Intra-day Recov- Inter-day Intra-day Recov- Inter-day  Intra-day
ery/% RSD% RSD% ery/% RSD% RSD% ery/% RSD% RSD%

UV-234 125.5 3.1 6.5 130.6 3.7 2.3 119.4 3.5 2.2
UV-320 96.9 8.4 6.9 91.0 2.9 7.3 96.6 2.3 4.6
UV-326 80.9 8.9 6.5 84.4 3.1 2.8 91.6 3.6 4.5
Uv-327 85.6 6.3 6.5 85.6 5.3 5.5 85.3 7.8 10.5
UV-328 91.6 5.9 4.9 91.3 3.7 7.3 91.6 4.2 7.2
UV-329 107.2 4.1 5.7 91.4 1.1 6.7 80.4 1.6 7.7
UV-350 104.6 7.3 7.9 92.9 5.1 3.2 76.2 4.6 5.6
UV-531 76.7 12.9 10.5 90.1 6.8 3.8 86.5 3.3 8.7
UV-P 110.1 5.9 8.6 105.9 3.7 2.7 99.6 4.9 5.1
UVv-928 92.2 5.7 3.7 98.2 6.4 9.1 97.1 3.9 5.9
Uv-9 119.6 4.8 5.8 109.9 0.9 5.2 110.8 2.9 6.6
UV-1577 106.3 9.8 7.6 114.9 6.0 5.1 113.4 6.1 5.4
BP-8 109.9 6.6 7.0 96.9 2.5 3.3 104.7 9.8 9.9
ODPABA 121.3 6.1 5.2 113.9 7.5 6.3 119.7 6.3 6.6
4-MBC 115.9 2.6 5.3 112.3 2.6 3.8 117.5 3.8 3.9

(0]¢ 82.1 6.2 7.6 83.7 3.7 5.9 75.0 4.4 8.4
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Table 4 Comparison of the proposed method with other methods

Numbers of target compounds

Detection methods

Water source types MQL/(ng/L) Ref.

Organic UV filters Organic UV stabilizers Total
5 11 16 SPE-UHPLC-MS/MS drinking water 0.1-15 this study
5 0 5 SPE-GC-EI-MS sea water, wastewater  0.02-8.42 [18]
8 0 8 Online SPE-LC-MS/MS sea water 0.5-11.7 [19]
7 1 8 SPE-UHPLC-MS/MS sea water 0.02-25.2 [20]
0 7 7 SBSE UHPLC-MS/MS surface water 61.5-184 [21]

SBSE : stir bar sorption extraction.
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By K FERS ) UV-9, 3 K 45 i OC, UV-9 By £ i
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