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Abstract 

In recent years, the studies of emerging contaminants have received growing 

concerns due to their ambiguous fate and unclear effect to the water environment, 

aquatic organisms or even human. With the development of the analytical 

techniques, the increase detection rate of emerging contaminants is at a rapid pace 

that many of their fates and influence are still pending investigation. 

In this work, a group of organic UV filters, which is one of the vital categories 

of emerging contaminants are monitored. Organic UV filters, used as the major 

components in not only sunscreens but also other cosmetics products, have a 

widespread usage and large production volume for more than 80 years, causing the 

massive input towards the aquatic environment. To first investigate their 

environmental behaviours and impacts, the regional distribution of total nine 

commonly used organic UV filters was monitored along the southeast coastline of 

Shenzhen, which is the most rapid developing city in China with large population 

with the consideration of seasonal variation. In addition, the Shenzhen reservoirs, 

as the major sources of drinking water in Shenzhen, was also monitored together 

with the city tap water. The results indicated the extensive distribution of certain 

kinds of UV filters with obvious seasonal pattern, which may cause medium to high 

risk to aquatic organisms. And the incomplete removal of them in drinking water 

supply system resulting trace amount of UV filters to be detected in city tap water, 
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may cause a general exposure of these UV filters towards all populations. Therefore, 

a quantitative analytical method for simultaneous detecting multiple classes UV 

filters in human urine samples has been developed and applied on more than 100 

real samples for determining internal exposure. Similar UV filters were also 

detected in human urine samples compared with surface water while one of the 

most commonly used organic UV filters, Ethylhexyl methoxycinnamate exhibited 

much lower detection rate and concentration in human urine. 

Then, biotransformation of Ethylhexyl methoxycinnamate was examined in rats 

for the purpose of selecting suitable metabolites as exposure biomarkers. Several 

metabolites have been identified in urine and plasma by UHPLC-QTOF-MS. Two 

of its metabolites, 4-methoxycinnamic acid and 4’-methoxyacetophenone, were 

unambiguously identified by comparing with commercial standard. Excretion trend 

of Ethylhexyl methoxycinnamate and its two metabolites confirmed that most of 

the parent compound were quickly metabolized and excreted through urine samples. 

Herein, these three targeted compounds were further evaluated in two populations 

– female university students and school-aged children. Although Ethylhexyl 

methoxycinnamate was not detected in 49 female university students, significant 

internal correlations were discovered among these three analytes in school-aged 

students and extensive detection of metabolites instead of parent compound was 

also confirmed. 
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  The third part of this thesis is to comprehensively monitor the internal exposure 

of UV filters and their metabolites, and also discover their potential adverse health 

impacts – obesity in Shanghai children and adolescents. Urinary concentration of 

certain kinds of UV filters were significantly higher in girls than in boys. However, 

further associations have been found with urinary Ethylhexyl methoxycinnamate 

concentration and reduced adiposity outcomes only in boys, indicating it may have 

the potential to influence the metabolism in male population during growing stage.  

  In short, a complete study of organic UV filters is presented in this thesis, from 

their environmental occurrence to metabolism in animal models, and finally to 

human exposure and potential health impacts. The widespread exposure and 

significant associations with adiposity outcomes can form a solid base for future 

comprehensive risk assessment of UV filters towards human health. 
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Chapter 1 – Introduction 

1.1. Background 

With the rapid development of analytical techniques and enhancement of 

environmental consciousness, many chemical compounds previously not detected 

in environment, are now being more widely discovered and potentially cause 

known or suspected adverse environmental and human health risks. These 

compounds are named as emerging contaminants (ECs).1 

As one of the important components of ECs, organic UV filters, normally added 

as important components in sunscreen products, develop rapidly over the last 

century due to the heightened awareness of the hazards of UV lights. Sunscreen 

lotions are believed to prevent skin damage from UVA (320-400 nm) and UVB 

(290-320 nm) sunlight radiation, owing to the addition of various inorganic and 

organic UV filters. Inorganic UV filters are physical typed filters to block 

UVA/UVB sunlight through reflection and scattering, such as TiO2 and ZnO. 

However, their appearance on skin tend to be opaque and white, which is not ideal 

for cosmetic use, giving rise to the development of chemical organic filters. These 

organic UV filters usually contains single or multiple aromatic moieties, sometimes 

conjugated with carbon-carbon double bonds or carbonyl groups so as to absorb 

UV irradiation by their high degree of conjugation. More specifically, they could 

absorb photons and rapidly return to ground state by thermally emitting the energy 
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through a series of vibrational transitions.2 Currently, the categories of frequently 

used UV filters in cosmetic products mainly include: p-aminobenzoic acid and its 

derivatives, camphor derivatives, cinnamates, salicylates and benzophenone (BP) 

derivatives etc.3 Since no single active agent could provide enough broad-spectrum 

absorption, chemical UV filters are mostly used in combination, which may induce 

possible unfavourable synergistic interactions. Therefore, many regulatory systems 

on cosmetics products have been set up, including the European Union (EU) 

Cosmetics Directive, the US Food and Drug Administration (FDA) and China FDA 

etc. Based on the regulations of EU, China, the US and Japan, total 44 kinds of 

organic UV filters are permitted to be added in cosmetics with the maximum 

additive limits ranging from 2 to 20% (Table 1-1). Among all these chemicals, 

Benzophenone-3 and Ethylhexyl methoxycinnamate are categorized in the “list of 

high production volume chemicals (HPVC)” by OECD (2004, 2007).4,5 
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Table 1-1. Maximum permissible limit (%) of organic UV filters added in cosmetics regulated by different countries and their 

production volume. HPVC means whether this chemical is listed as high production volume chemicals by OECD, Y: Yes. 

Chemical names CAS number EU6 China7 Japan8 US9 HPVC 

Camphor benzalkonium methosulfate 52793-97-2 6 6    

Homosalate (HMS) 118-56-9 10 10 10 15  

Benzophenone-1/ 2,4-Dihydroxybenzophenone (BP-1)  131-56-6   10   

Benzophenone-2/ 2,2’,4,4’-Tetrahydroxybenzophenone (BP-2) 131-55-5   10   

Benzophenone-3/ Oxybenzone (BP-3) 131-57-7 6 10 5 6 Y4 

Benzophenone-4, Benzophenone-5 (BP-4, BP-5) 4065-45-6/6628-37-1 5  5  10 10  

Benzophenone-6 (BP-6) 131-54-4    10  

Benzophenone-8/ 2,2’-Dihydroxy-4-methoxybenzophenone (BP-8) 131-53-3    3  

Benzophenone-9 (BP-9) 76656-36-5   10   

Phenylbenzimidazole sulphonic acid/ Ensulizole (PBSA) 27503-81-7 8 8 3 4  

Terephthalylidene dicamphor sulphonic acid/Ecamsule 92761-26-7 10 10    

Butyl methoxydibenzoylmethane/Avobenzone (Avo) 70356-09-1 5 5 10 3  

Benzylidene camphor sulphonic acid 56039-58-8 6 6    

Octocrylene (OC) 6197-30-4 10 10 10 10  

Polyacrylamidomethyl benzylidene camphor 113783-61-2 6 6    
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Ethylhexyl Methoxycinnamate (EHMC) 5466-77-3 10 10 20 7.5 Y4,5 

PEG-25 PABA 116242-27-4 10 10    

Isoamyl p-methoxycnnamate 71617-10-2 10 10    

Ethylhexyl triazone 88122-99-0 5 5 5   

Drometrizole trisiloxane 155633-54-8 15 15 15   

Diethylhexyl butamido triazone  154702-15-5 10 10    

4-Methylbenzylidene Camphor (4-MBC) 36861-47-9 4 4    

Ethylhexyl salicylate (EHS) 118-60-5 5 5 10 5  

Ethylhexyl dimethyl PABA (OD-PABA) 21245-02-3 8 8 10 8  

Methylene bis-benzotriazolyl tetramethylbutylphenol  103597-45-1 10 10 10   

Disodium phenyl dibenzimidazole tetrasulfonate 180898-37-7 10 10    

Bis-ethylhexyloxyphenol methoxyphenyl triazine  187393-00-6 10 10    

Polysilicone-15 207574-74-1 10 10    

Diethylamino hydroxybenzoyl hexyl benzoate 302776-68-7 10 10    

3-Benzylidene camphor (3-BC) 15087-24-8  2    

Aminobenzoic acid (PABA) 150-13-0   4 15  

Cinoxate 104-28-9   5 3  

Dioxybenzone 131-53-3    3  
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Methyl anthranilate 134-09-8    5  

Trolamine salicylate 2174-16-5    12  

1-(3,4-Dimethoxyphenyl)-4,4-dimethyl-1,3-pentanedione 135099-97-7   7   

Diisopropyl methyl cinnamate 32580-71-5   10   

Ethylhexyl dimethoxybenzylidene dioxoimidazolidine propionate 113757-49-6   3   

Ferulic acid 1135-24-6   10   

Glyceryl ethylhexanoate dimethoxycinnamate 140208-36-2   10   

4-(2-beta-Glucopyranosiloxy) propoxy-2-hydroxybenzophenone 197965-99-4   5   

Isopropyl methoxycinnamate 5466-76-2   10   

Isopentyl trimethoxycinnamate trisiloxane 170637-72-6   7.5   

Pentyl dimethyl PABA (mixed isomers) 14779-78-3   10   

.
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1.2. Release pathways 

The output of organic UV filters in the aquatic environment could undergo direct 

and indirect pathways. Direct output normally happens after direct application of 

cosmetics containing UV filters on the skin and wash off to natural waters stems 

through recreational/bathing activities (e.g. sea, lakes, swimming pool). Indirect 

output is related to wastewater discharge from waste water treatment plants 

(WWTPs).19 Since the water purification process in WWTPs are not designed to 

remove these ECs originally, they would be discharged into surface waters 

including rivers, lakes and coastal waters and then entered the ecosystems. 

Considering many organic UV filters are hydrophobic substances with high 

octanol-water partition coefficients (logKow) and low water solubility, there will be 

a tendency for them to partition to sludges in the WWTPs and lower down their 

bioavailability, resulting to an incomplete biodegradation not only in WWTPs but 

also in actual aquatic environment.10 Since sewage sludge is often used as fertilizer 

in agriculture, these contaminants will be introduced to the terrestrial environment, 

and may further leach to ground water. Herein, extensive occurrence of the UV 

filters detected in aquatic environment is expected. Beyond environmental concern, 

the environmental monitoring of organic UV filters also poses another problem of 

human exposure. Some organic UV filters were found in the aquatic organisms such 

as mussels and fishes, indicating their accumulation through the food chain. 

Therefore, the relationship between the human exposure and the environmental 
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occurrence is synergistic. Direct application of UV filters on skin could lead to the 

direct input into the environment while after intaking the drinking water or the 

marine organisms with bio-amplificated UV filters, the human exposure is 

reinforced again. 

 

1.3. Environmental occurrence 

1.3.1. Natural water  

  Considering the direct and indirect output of organic UV filters, extensive 

occurrence in natural surface water including lakes, rivers or seawater could be 

expected. Due to the numerous publications regarding the occurrence studies of UV 

filters in recent years, the most updated researches (2017-2019) are summarized in 

Table 1-2. Regarding the types of UV filters, BP derivatives, EHMC, OD-PABA, 

4-MBC and OC were the most extensively detected at ppt level. Most of BP 

derivatives, such as BP-1, BP-2, BP-3, BP-4 and BP-9, are regulated additives in 

cosmetics so that the widespread detections were foreseeable. But for 4,4’-

dihydroxybenzophenone (4-DHB) as well as 4-hydroxybenzophenone (4-HB), 

normally considered as the metabolites/transformation products of BP-3,11 their 

detection of near 50 ng/L in Greece indicated that transformation processes 

ubiquitous happen in the natural environment. And for Avo, EHS and HMS, they 

were less monitored but still had a considerable detection range up to several tens 
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or hundreds of ng/L. Seasonal variation of contamination level was also reported in 

correlation to the tourist activities.12,13 

Besides, the occurrence reports of UV filters in natural water mainly focused on 

the marine surface water and the river water while lake and ground water were less 

considered. The detection of UV filters in ground water should raise our attention, 

especially for BP-3 was detected up to 1120 ng/L in Poland. Although this study 

collected groundwater under landfill sites, considering groundwater is an important 

component for drinking water supplies or irrigation, it may further contaminate our 

drinking water and then intake by us. 
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Table 1-2. Summary of recent publications reporting concentration of UV filters (range, ng/L: lowest - highest) in natural aquatic 

environment (2017-2019). 

Location Matrix BP-1 BP-2 BP-3 BP-4 BP-8 4-HB 4-DHB EHMC OC 4-MBC 3-BC OD-

PABA 

Avo EHS HMS Ref 

Hong Kong and 

south China Sea 

Seawater 0.58-

27.27 

 2.21-

36.65 

 

2.91-

27.80 

<0.03   2.15-

71.90 

2.15-

71.90 

1.44 -

98.67 

 1.07-

29.16 

1.37-

145.24 

0.85-

7.78 

3.60-

41.84 

14 

Mediterranean Seawater   <1.0     <2.0-

106 

<2.0-

369 

<0.2  <2.5-44    15 

Atlantic Ocean, 

Mediterranean 

Sea 

Seawater   <6.0     <0.4-

125.9 

1.2-

509.0 

<0.3-4.4     <1.9-

18.2 

16 

Hong Kong Seawater <11.15-

16.45 

<8.13 21.08-

55.65 

 <14.52-

29.76 

<8.76 <8.70 34.15-

191.67 

11.54-

63.63 

22.54-

74.50 

<8.70 <14.88-

46.14 

   12 

Dongjiang 

(China) 

River 

water 

<3.68-

<11.15 

<8.13 <6.41-

23.19 

 <4.79-

<14.52 

<8.76 <8.70 14.55-

38.28 

<9.19-

19.23 

<2.59-

18.86 

<8.70 <4.91-

<14.88 

   12 

Portugal River 

water 

       <2.67-

7552 

       17 

Portugal River 

water 

       <1.52-

562 

       18 

Lake Chaohu Lake & 

river 

  28.7-     6.09- 14.8- 7.94-  0.76-  13.4- 21.7- 19 
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(China) water 95.9 32.3 32.6 16.6 2.71 29.4 48.4 

Prut River 

(Europe) 

River 

water 

       <LOQ*-

62 

   <LOQ*-

196 

   20 

Four different 

estuaries 

(Australia) 

River 

water 

  4.3-

7.1 

    8.9-640 2.0-109 <0.1-

642 

 <0.2- 

0.4 

 <0.4-

25.4 

 21 

Alpine (Spain) River 

water 

<0.4-2.6  <0.2-

4950 

 <0.2-

22.1 

<0.4 <1.2   <0.3 – 

61.65 

 <0.5 - 

748 

   13 

Greece River <LOD*-

123.0 

<LOD* <0.2-

2031.0 

 <LOD* <LOD*-

50.0 

<LOD*-

50.8 

<LOD* <LOD* <LOD*-

63.7 

 <LOD*-

25.1 

   11 

Slovene River 

water 

<3.83-

22.1 

 4.58-

26.7 

 <1.91 <1.02  <6.27        22 

Slovene River 

water 

<3.83  4.48-

44.2 

 <1.91 <1.02  <6.27        23 

Zaragoza 

(Spain) 

Ground 

water 

<0.5-

29.6 

 <0.5-

24.9 

 <0.4 <0.5 <0.4         24 

Poland Ground 

water 

 <110 <40-

1120 

      <10      25 

* LOD or LOQ were not reported for individual UV filters in the corresponding paper. 
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1.3.2. Wastewater and sludge 

WWTPs are in charge of the indirect output of UV filters to the environment. 

Similar with natural aquatic environment, seasonal variations were observed for 

UV filters in wastewater. BP-3 and BP-1 were detected in considerably higher 

concentration in the influent samples of wastewater in the hot season, mainly due 

to the frequently consumption during summer.22 According to the results in effluent 

of wastewater treatment plants (Table 1-3), incomplete removal rate towards most 

of the UV filters can be concluded. Biel-Maeso et al. pointed out that for EHS, HMS, 

EHMC and BP-3, their removal rate in the anaerobic digester could reach more than 

60% but for 4-MBC and OC, the removal rate is less than 20%. But still, significant 

amount of UV filters remained in the effluent sludge after treatment (Table 1-3).10 

As previously mentioned in the release pathway of UV filters, the sludge is disposed 

of at landfill and may cause the accumulation of contaminants in soil or further 

permeate to ground water or surface water. Confirmed by the research conducted 

to the leachate and groundwater in wastewater treatment plants in Poland, the 

groundwater downstream of landfill were contaminated by the leachate with a 

significantly higher concentration than the upstream. 25 Therefore, indirect exposure 

may cause an even worse burden towards natural environment. 
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Table 1-3. Summary of recent publications reporting concentration of UV filters (range, in ng/L or ng/g: lowest - highest) in 

wastewater treatment plants (2017-2019). 

Location Matrix Influent Effluent Ref 

Australia Wastewater 

BP-1: <100-606 

BP-3: <140-901 

BP-4: <490-5070 

BP-8:<120 

4-MBC: <130-335 

PBSA: <140-3780 

IMC: <120-201 

 

26 

     

Spain Wastewater 

BP-3: <0.01-2630 

BP-8: <0.07 

EHMC: <0.01-1110 

OC: <0.01-13000 

4-MBC: <0.01-132 

OD-PABA: <0.01 

Avo: <0.03 

EHS: <0.01-1090 

HMS: <0.01-614 

BP-3: <0.01-148 

BP-8: <0.07 

EHMC: <0.01-77 

OC: <0.01-3930 

4-MBC: <0.01-338 

OD-PABA: <0.01 

Avo: <0.03 

EHS: <0.01-25 

HMS:<0.01-215 

10 

     

Oslo (Norway) Wastewater 

BP-3: 505-1099 

EHMC: <15-64 

OC: 52-763 

BP-3: 130-1099 

EHMC: 8-64 

OC: 52-763 

27 
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Slovene Wastewater 

BP-1: 15.0-402 

BP-3: 3.70-121 

BP-8: <1.91 

4-HB: <1.02 

EHMC: <6.27 

BP-1: 8.48-51.1 

BP-3: 3.03-16.5 

BP-8: <1.91 

4-HB: <1.02 

EHMC: <6.27 

22 

     

Poland Wastewater 

BP-2: <70 

BP-3: <1-1260 

4-MBC: <10-18010 

BP-2: <50 

BP-3: <10-330 

4-MBC: <20 

25 

     

Poland Landfill leachates  

BP-2: <119.45 

BP-3: <126.80 

4-MBC: <3.01-30 

25 

     

Slovene Wastewater  

BP-1: 36.1-563 

BP-3: 2.47-48.5 

BP-8: <0.896 

4-HB: 7.5-29900 

EHMC: <0.142 

23 

     

Spain Sludge 

BP-3: <0.01-92 

4-HB: <0.07 

EHMC: <0.01-65500 

OC: <0.01-240000 

4-MBC: <0.37-3990 

OD-PABA: <0.02 

Avo: <0.01 

BP-3: <0.01-39 

4-HB: <0.07 

EHMC: <0.01-76500 

OC: <0.01-95000 

4-MBC: <0.37-4480 

OD-PABA: <0.02 

Avo: <0.01 

10 
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EHS: <0.01-480 

HMS: <0.01-309 

EHS: <0.01-238 

HMS: <0.01-158 
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1.3.3. Sediments and soils 

  Recently, more and more studies focus on the partition of UV filters in sediments 

due to their relatively high logKow and low water solubility. According to the recent 

published data (Table 1-4), water-sediment partitions are related to their 

lipophilicity. For those UV filters with logKow larger than 5, such as EHMC, OC 

and 4-MBC, their concentration in sediments were relatively high, up to several 

tens of ng/g for EHMC, hundreds of ng/g for OC and even thousands of ng/g for 4-

MBC. However, for those UV filters with low Kow, e.g. BP derivatives, their 

concentrations in sediments were much lower than in surface water.  

  As for soils, Biel-Maeso et al. detected same composition of UV filters in sludge 

and receiving soils, implying the release pathway from WWTPs to terrestrial 

environment. And the concentration of contaminants were relevant to the depth of 

the soil with highest concentration on the top layer, with the reason of more direct 

contact with sludge/wastewater during irrigation and higher content of organic 

matter, which may result in better sorption of organic contaminants.10 
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Table 1-4. Summary of recent publications reporting concentration of UV filters (range, ng/g: lowest - highest) in sediments and 

soils (2017-2019). 

Location BP-1 BP-2 BP-3 BP-4 BP-8 4-HB 4-DHB EHMC OC 4-MBC 
OD-

PABA 
Avo EHS HMS PABA Ref 

Alpine 

(Spain) 

<0.05  <0.01  <0.01 
<0.01 -

26.1 
<0.01 <0.03 

<0.02-

633 

<0.02 – 

11.1 

<0.02-

0.05 
    13 

Atlantic 

Ocean, 

Mediterranean 

Sea 

  
<1.7-

10.7 
    

<0.9-

26.7 

<2.7-

127.8 

<0.6-

3.4 
   

<5.0-

167.5 
 16 

Four different 

estuaries 

(Australia) 

  <0.05     
<2.0-

17.6 
 

<0.05-

1.2 
<0.05  <0.1   21 

Lake Chaohu 

(China) 

  
0.43-

3.02 
    

0.40-

3.54 

1.86-

16.4 

0.32-

6.12 

<0.08-

3.31 
 

0.39-

4.86 

1.62-

8.02 
 19 

European 

North and 

Baltic Seas 

  
<0.01-

0.09 
    

<0.02-

0.32 

<0.03-

9.7 
<0.03 

<0.002-

0.015 

<0.03-

0.70 

<0.03-

0.42 
<0.03  28 

Bohai and 

Yellow Seas 

  <0.03     
<0.016-

0.24 

<0.084-

25 
<0.12 

<0.001-

0.004 
 

<0.02-

1.35 

<0.007-

0.94 
 29 
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(China) 

Yangtze River 

(China) 

<0.60-

28.89 
 

<0.70-

5.07 

<0.90-

2.58 
   

5.33-

14.35 

<0.60-

2.57 
<0.45 <0.55 <0.35 

3.03-

6.31 
 

<0.30-

19.70 

30 

Atlantic coast 

(Spain) 

  
0.1-

1.6a 
    

0.4-

23.8a 
 0.6-2.9a   

0.2-

7.7a 
0.1-9.8a  31 

Greeze 

30.5-

181.5 
<LODb <LOQb  <LOQb <LOQb <LODb <LODb 0.1-0.7 

<LOQb-

1400.4 
<LODb     11 

Spain [soil] 
  0.1-2.5     

1.1-

26.5 

20.9-

69.7 

1.1-

46.0 
  

8.9-

142.3 

2.7-

14.3 
 10 

a this paper only reported the concentration range from 10th to 90th percentile. 

b LOD or LOQ were not reported for individual UV filters in the corresponding paper. 
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1.3.4. Aquatic organisms 

  Due to their lipophilicity, bio-accumulation would be another emerging issue for 

UV filters contamination. UV filters have been detected in the tissue of mussels 

collected from Mediterranean, with concentrations of EHMC, OC and OD-PABA 

ranging up to 32, 967 and 44 ng/g dry weight, respectively.15 Also, the 

concentration quantified in mussels were higher than that found in marine surface 

water (Table 1-2), indicating that UV filters would accumulate in biota. Other 

species such as freshwater fish, were found to contain 4-MBC, OC, BP-3, BP-1, 

OC and EHMC ranging from several ng/g to dozens of ng/g dry weight, except for 

EHMC, up to 241.67 ng/g in Spanish rivers.32 BP derivatives, including BP-3 and 

its metabolites ranging from 9.06 ng/g to 462 ng/g dry weight were detected in 

Mugil liza, an important edible fish in Brazil, with 3-22 fold higher in liver 

compared to gills and muscles. EHMC, OC and 4-MBC were measured higher in 

muscles with mean concentrations of 33.3, 24.7 and 11.7 ng/g, respectively, than 

gills and livers.33 EHMC and OC were even proposed to bio-magnify at higher 

trophic levels through food-web, whereas BP-3 may potentially be diluted.34,35 

Coral reefs, as another important biologically production ecosystems in marine 

environment, also facing the threats of UV filters contaminations. Bioaccumulation 

factors were calculated from 2.21 to 3.01 in soft coral tissues for BP-3, OC and OD-

PABA, which may cause larval deformities and mortality.36 
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1.4. Ecotoxicity 

Recent researches proved that many UV filters have potential endocrine 

disrupting properties, raising the public concern of using sunscreens. For example, 

BP-2, BP-3, 3-BC, HMS, 4-MBC, EHMC, OC and OD-PABA could cause multiple 

estrogenic/antiestrogenic, androgenic, progesterone and/or thyroid hormone effects 

as revealed in vitro studies.37,38 Moreover, 4-MBC, EHMC and BP-3 exhibited an 

increase in uterine weight on immature rat uterus in vivo 39 while 4-MBC, EHMC 

and OD-PABA significantly upregulated the ecdysone receptor gene in the insect 

Chironomus riparius40. 3-BC, BP-1 and BP-3 had the ability to induce vitellogenin 

in fish.41 

   Other ecotoxicological effects towards aquatic organisms including: EC50 for 

EHMC and BP-3 were in ppm level to immobilize D. magna and inhibit growth of 

one kind of microalga; 42 low level BP-3 significantly reduced reproduction in 

Japanese medaka and affect hormonal pathway of zebrafish (B. rerio);43 both 

EHMC and OC at ppb level were reported to induce either obvious histological 

changes in ovaries and tests of fathead minnows or alteration of hundreds of gene 

transcription in liver and brain of B. rerio, correspondingly.44,45 These 

ecotoxicological studies indicated that UV filters have the ability to affect the 

reproductive, developmental and metabolic processes in organisms. Moreover, 
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recent research observed abnormalities on zebrafish offspring after chronic 

exposure to OC, EHMC and BP-3 at several µg/L level.46 Similar observation also 

discovered in rats’ offspring of adverse effects on the neurological and reproductive 

development after perinatal EHMC-exposure.47 

 

1.5. Human biomonitoring  

HBM refers to the determination of humans’ internal exposure to chemicals 

and/or their biotransformation products by analysing human biological specimens, 

predominantly human body fluids.48 It plays an important role in the monitoring of 

pollutants, risk assessment in the environmental and occupational health and more 

importantly, contributing to the development of policies and programs for human 

health.  

HBM is rapidly advancing due to its distinct superiorities. In conventional human 

health risk assessment, the exposure-health effect continuum normally separate into 

several stages, for instance exposure assessment of quantification of exposure dose, 

toxicity assessment to develop the dose-response relationship and risk 

characterization for substance guidance value and product of exposure.49 But for 

HBM, the HBM concentration detected by using reliable biomarkers of the target 

chemical in an appropriate biological matrix could provide direct evidence of 

exposure from all sources (air, food, cosmetics etc.) and routes of uptake (inhalative, 
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oral, dermal etc.). Therefore, it is helpful to lower down the uncertainties in 

exposure assessment and provide valuable data to link the exposure to health 

effects.50  

Among these limited researches of HBM on organic UV filters, most of them 

focused on the BP-3. The metabolism studies of it have been reported since 1993 

in rats and several major metabolites have been identified and commercially 

available.51 Extensive exposure of BP-3 and its metabolites were figured out in 

children, young adults, pregnant women and adults in the US, China and Europe.52–

54 The biological specimens included urine, plasma, human milk, adipose tissue and 

placenta etc.52–57 The association between the exposure and several health effects 

such as endometriosis, semen quality, couples’ fecundity and secondary sex ratio 

has also been reported.58–61 As for other UV filters, 4-MBC, HMS and OC were 

also determined in human urine with >60% detection rate, whereas EHMC, OC and 

4-MBC were detected in human breast milk samples at several tens of ng/g lipid 

level.55,62,63 

All these results have been forcing the public to reconsider the safety of these 

chemicals and additional research efforts are required to monitor other commonly 

used organic UV filters and possible health effects as well. 
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1.6. Aims of thesis work 

  Organic UV filters, as one kind of ECs, gradually raise public concerns due to 

their large production volume, ubiquitous occurrence and potential adverse effects 

towards aquatic environment and even human beings. The aims of this thesis are as 

follows: 

1). To comprehensively evaluate the environmental occurrence of nine commonly 

used UV filters along the coastline of Shenzhen with correlation to seasonal change 

and spatial distribution. The obtained concentrations were further subjected to 

ecological risk assessment to fully evaluate the potential toxicity of these 

contaminants towards aquatic environment. Locations more related to human health, 

i.e., Shenzhen reservoir and city tap water were also considered (Chapter 3); 

2). Based on the results obtained, an analytical method for determining these UV 

filters in human urine samples were necessarily developed in order to evaluate the 

internal exposure of these contaminants. This method was also applied on more 

than 100 real samples (Chapter 3); 

3). To understand the metabolism of EHMC in rat models and select the suitable 

metabolites as biomarkers for further HBM studies. Selected major metabolites 

were also verified in human urine samples together with parent compound for a 

comprehensive assessment of human exposure and evaluating the potential 

exposure predictors (Chapter 4); 
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4). According to the knowledge acquired from Chapter 3 and 4, the aim for Chapter 

5 is to evaluate the exposure levels of UV filters together with their metabolites in 

a large scale of cohort study of school aged children and investigate the associations 

between urinary concentration and adiposity during pubertal development 

(Chapter 5).  
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Chapter 2 – Materials and methods 

2.1. Chemicals and reagents 

In this thesis, the number of the targeted UV filters varies among different studies 

due to the variation of research propose. Table 2-1 shows the chemical structures, 

purities, brands and physicochemical properties of all targeted chemicals included 

in this thesis. And the types and numbers of analytes targeted in different chapter 

are presented in Table 2-2.  

Analytes including all BP derivatives, EHMC, 4-methoxycinnamic acid (4-MCA, 

predominantly trans), 4’-methoxyacetophenone (4’-MAP), and OC were obtained 

from Sigma-Aldrich (USA). 4-MBC was brought from Alfa Aesar (USA) and OD-

PABA was purchased from Tokyo Chemical Industry (Japan). 3-BC was supplied 

from MP Biomedicals, LLC (USA) while Deuterium labeled BP-d10 (99%), BP-3-

d5 (99%) and EHMC-d15 (99%), used as internal standards (IS), were purchased by 

Sigma-Aldrich (USA), CDN Isotope (Canada) and Sigma-Aldrich, respectively. 

Ammonium acetate (>99.99% trace metals basis) and β-glucuronidase from Helix 

pomatia (Type HP-2, >100,000 U/mL) with sulfatase activity (≤7500 U/mL) was 

bought from Sigma-Aldrich (USA).  

Individual standard solution of each analytical standard was prepared as 10,000 

mg/L by pure methanol (MeOH) or acetonitrile in the sealed amber glass bottle and 

kept at 4 °C for storage. Mixed stock solution was further prepared by proper 
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dilution with pure MeOH/acetonitrile to 10 mg/L and stored also in amber glass 

vessel at 4 °C to avoid photo-degradation. Subsequent dilution would be prepared 

daily if necessary. As for buffer used in enzymatic deconjugation, it was prepared 

by adding 7.7 g of ammonium acetate in 100 mL of Milli-Q water (1M) and adjusted 

pH to ca. 5 by acetic acid. Buffer is stored at 4 °C and to be used within 15 days. 

20 μL of β-glucuronidase was spiked in 10 mL of buffer and used immediately. 

Apart from Milli-Q water (Millipore, Billerica, MA, USA), solvents including 

ethyl acetate (EA), MeOH, n-heptane, acetonitrile, and dichloromethane (DCM, 

pesticide grade) were brought from Duksan Pure Chemicals (South Korea) and used 

during sample preparation (HPLC grade or above). For instrumental analysis, 

MeOH (LC-MS grade) and acetonitrile (LC-MS grade) were also purchased from 

Duksan while formic acid (98%+) was obtained from International Laboratory USA. 

All solutions used in Microtox bioassay were obtained from Modern Water 

(Guildford, UK). Using as a positive control in Microtox, phenol was purchased 

from Thermo Scientific (USA). 
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Table 2-1. Chemical structures, physicochemical properties, purity and brands of the targeted UV filters and metabolites. 

UV 

filters 
Chemical Structure 

Molecular 

Formula 

Molecular 

Weight 

CAS 

number 
Log Kow Purity Company 

BP-1 

 

C13H10O3 214.22 131-56-6 2.96 99% 
Sigma-

Aldrich 

BP-2 

 

C13H10O5 246.21 131-55-5 2.78 99% 
Sigma-

Aldrich 

BP-3 

 

C14H12O3 228.2 131-57-7 3.79 CRM 
Sigma-

Aldrich 

BP-8 

 

C14H12O4 244.24 131-53-3 3.82 97% 
Sigma-

Aldrich 
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4-HB 

 

C13H10O2 198.22 1137-42-4 2.67 98% 
Sigma-

Aldrich 

EHMC 

 

C18H26O3 290.41 5466-77-3 5.8 99% 
Sigma-

Aldrich 

4-MCA 

 

C10H10O3 178.18 830-09-1 2.68 99% 
Sigma-

Aldrich 

4’-MAP 

 

C9H10O2 150.17 100-06-1 1.74 99% 
Sigma-

Aldrich 

4-MBC 

 

C18H22O 254.4 36861-47-9 5.47 99%+ Alfa Aesar 
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OC 

 

C24H27NO2 361.5 6197-30-4 6.88 CRM 
Sigma-

Aldrich 

OD-PABA 

 

C17H27NO2 277.4 21245-02-3 5.77 >95% 

Tokyo 

Chemical 

Industry 

3-BC 

 

C17H20O 240.35 15087-24-8 4.49 99% 

MP 

Biomedicals, 

LLC 
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Table 2-2. Summary of targeted analytes in different chapters of this thesis. 

 Chapter 3  Chapter 4  Chapter 5 

Sample matrix Surface water Human urine  Rats plasma and urine Human urine  Human urine 

No. of targeted analytes (9) (10)  (3) (3)  (12) 

Analytes        

BP-1 √ √     √ 

BP-2  √     √ 

BP-3 √ √     √ 

BP-8 √ √     √ 

4-HB √ √     √ 

EHMC √ √  √ √  √ 

4-MCA    √ √  √ 

4’-MAP    √ √  √ 

OD-PABA √ √     √ 

OC √ √     √ 

4-MBC √ √     √ 

3-BC √ √     √ 
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2.2. Sampling  

  Due to the variation of sampling schemes in each chapter according to the 

research objectives, detailed information will be provided in the corresponding 

chapter instead. 

 

2.3. Analytical methods 

2.3.1. Non-targeted analysis 

Non-targeted analysis was used for rats specimens in Chapter 2 to figure out the 

possible metabolites in UHPLC-QTOF-MS. All analytical procedures for non-

targeted analysis are summarized in flow charts in Figure 2-1. 

 

2.3.1.1. Rats plasma 

In order to get the most comprehensive picture of possible metabolites, simple 

protein precipitation was used for plasma samples by revised procedure.1 As a result 

of the limit volume of plasma, samples in one group (three/group) were combined. 

For enzymatic deconjugation, 25 μL of plasma samples were added with same 

volume of buffer solution prepared as mentioned before and incubated overnight at 

37 °C. Then the mixtures were added with 25 μL of MeOH, followed by vortexing 
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for 30 seconds and centrifuge for 5 minutes (14,000 rpm, 4 °C). After separating 

the clear supernatant, same amount of acetonitrile was added with repeated 

procedure of vortex and centrifugation. Finally, the combined solvent was filtered 

by 0.22 μm PTFE filters prior to instrumental analysis. 

 

2.3.1.2. Rats urine 

To save time in the metabolites identification, the urine samples were also pooled 

together for each group for Q-TOF analysis. 1 mL urine samples were 

enzymatically deconjugated with addition of 500 μL prepared buffer (containing 

100 U β -Glucuronidase) and incubated overnight at 37 ° C. Liquid-liquid 

extraction (LLE) was utilized for sample extraction. Incubated samples were 

extracted by 3 mL equally mixed EA/n-heptane with 2 minutes vortex,15 minutes 

ultrasonication and 10 minutes centrifugation (7800 rpm) to separate the layer. The 

whole process was repeated for three times and supernatant was collected, 

combined and then evaporated to near-dryness under a gentle nitrogen stream. 

Reconstituting with 1 mL of MeOH, the solution was then filtered by 0.22 μm 

PTFE filters before subjected for instrumental analysis.  

 

2.3.1.3. Rats feces 
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Feces samples were prepared by solid-liquid extraction (SLE) following the 

described procedure reported previously.2 After freeze-drying, feces were grounded 

and around 50 mg samples were mixed with 1 mL MeOH. After ultrasonication for 

30 minutes, the mixture was centrifuged at 14,000 rpm (4 °C, 15 minutes). The 

supernatants were separated and concentrated under gentle N2 gas blowing 

followed by reconstitution with 100 μL MeOH. Before instrumental analysis, the 

solutions were filtered by 0.22 μm PTFE filters. 
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Figure 2-1. Flow chart of the sample preparation processes used for non-targeted 

analysis in Chapter 4. 
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2.3.2. Quantitative analysis 

All analytical procedures for quantitative analysis are summarized in flow charts 

in Figure 2-2. 

 

2.3.2.1. Aquatic samples 

A quantitative method for determining nine organic UV filters simultaneously in 

surface water were modified according to the established method published by Li, 

et al in 2017.3 Solid phase extraction (SPE) was used for sample preparation and 

clean-up. All the water samples were adjusted to ca. pH 3 in order to retain better 

in LC-18 SPE cartridge for the target compounds (500 mg/3 mL, Supelco, USA). 

Adding BP-d10 and EHMC-d15 as IS, 100 mL water samples were then loaded onto 

the SPE cartridge. 10 mL acetone/EA (50:50 v/v), 10 mL MeOH and 10 mL Milli-

Q water were used for pre-condition of the cartridge. Subsequent to loading water 

samples at around 1 mL/min, washing by 9 mL Milli-Q water, SPE cartridges were 

dried by air for 30 minutes. After that, 8 mL acetone/EA (50:50 v/v) and 4 mL 

MeOH/DCM (50:50 v/v) were used for elution with a speed of 0.5 mL/min. The 

eluted solutions were then subjected to complete dryness by nitrogen gas blow 

followed by reconstitution in 0.5 mL MeOH. Finally, after filtered by 0.22 μm 

PTFE syringe filters, the samples were subjected to instrumental analysis by 

UHPLC–MS/MS. 
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Because of lacking commercially available IS for all UV filters, standard addition 

calibration curve was established by spiking series amount of the mixture of 

standard solutions in water samples prior to sample preparation (pre-spiked), in 

order to obtain reliable quantification and overcome the complicated matrix effect 

of seawater.  

 

2.3.2.2. Human urine samples 

  Following adding IS and 1 mL buffer solution which contained 200 U β -

glucuronidase, 2 mL urine sample was incubated as described for enzymatic 

deconjugation. After adding 7 mL Milli-Q for dilution, samples were then acidic to 

ca. pH 3. SPE was utilized. ABS ELUT-Nexus SPE cartridge (60 mg/3 mL; Agilent 

Technologies; USA) was preconditioned by 6 mL MeOH and 4 mL Milli-Q before 

sample loading at the dripping rate of 0.3 mL/min. After loading, the cartridges 

were washed by 2 mL Milli-Q for three times and dried under vacuum for 10 

minutes. Target analytes were eluted from the cartridges using 4 mL acetonitrile, 6 

mL EA and 2 mL DCM. The elute was also subjected to evaporation and 

reconstitution by 0.4 mL acetonitrile. The solution was then filtered as described 

prior to quantitative analysis. 

 

2.3.2.3. Rats samples 
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2.3.2.3.1. Rats plasma 

For quantitative purpose of plasma, the sample preparation was similar to that of 

non-targeted extraction except adding 1.25 ng of EHMC-d15 as IS before enzymatic 

deconjugation. Also, the precipitates were extracted by 25 μL of MeOH one more 

time and then the supernatants were combined and added with 25 μL of acetonitrile. 

After centrifugation, the supernatants were filtered and analyzed. 

 

2.3.2.3.2. Rats urine 

For quantitative analysis of urine, LLE was conducted using the same protocol 

as that of non-targeted extraction, except adding 50 ng of EHMC-d15 as IS before 

enzymatic deconjugation. 

A calibration curve was established from 0 to 1000 ng/mL. For those plasma and 

urine samples with concentration higher than the maximum limit of the calibration 

curve, they were reanalysed after series dilution. 



43 

 

 

Figure 2-2. Flow chart of the analytical methods used for quantitative analysis in corresponding chapters.



44 

 

2.4. Instrumentation 

2.4.1. UHPLC-QQQ-MS 

2.4.1.1. General information 

Quantitative analyses in this thesis were conducted by UHPLC system (Agilent 

1290 Infinity Series) coupled with triple quadrupole mass spectrometer (Agilent 

6460 series) (Agilent Technologies, Santa Clara, CA, USA). Columns and mobile 

phase used in UHPLC system varied for different sample matrices and described 

separately. Analytes were determined by electrospray (ESI) ion source. The source 

parameters were set as follow. A stream of drying gas of nitrogen was set at 325 ℃ 

while sheath gas of nitrogen was at 350 ℃, both of them were at 8 L/min. Nebulizer 

was set at 40 psi. VCap voltage was set to 4000 V and nozzle voltage was 500 V. 

The fragmentor voltage, skimmer voltage and OctopoleRFPeak voltage were set at 

120V, 65V and 750V, respectively. Multiple reaction monitoring (MRM) was used 

in analyses with positive ionization mode. The detailed MRM experimental 

parameters including two major transition ion pairs, fragmentor voltage and 

collision energy for the determination of UV filters are listed in Table 2-3. The LC-

MS data were acquired by MassHunter Data Acquisition (Version 6.0, Agilent 

Technologies) and processed by MassHunter Qualitative Analysis (Version 6.0, 

Agilent Technologies). 
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Table 2-3. MRM parameters used in UHPLC-QQQ-MS of all analytes.  

Ionization 

mode 
Analytes 

MRM transition 

(m/z) 

Fragmentor 

voltage (V) 

Collision 

energy 

(eV) 

ESI 

positive 

BP-1 215 → 137 120 10 

215 → 105 120 40 

BP-2 247 → 137 110 40 

 247 → 81 110 40 

BP-3 229 → 151 120 40 

229 → 105 120 40 

BP-8 245 → 151 120 20 

245 → 121 120 20 

EHMC 291 → 179 120 10 

291 → 161 120 20 

4-MCA 179 → 161 100 40 

 179 → 133 100 40 

4’-MAP 151 → 109 130 40 

 151→ 43 130 40 

4-MBC 255 → 171 120 40 

255 → 105 120 40 

3-BC 241 → 157 120 20 

241 → 91 120 40 

OD-PABA 278 → 166 120 40 

278 → 151 120 40 

OC 362 → 250 120 10 

362 → 232 120 20 

4-HB 199 → 121 120 40 

199 → 105 120 40 

Avo 311 → 135 90 20 

 311 → 161 100 20 

BP-d10 193 → 82 110 40 

 193 →110 110 20 

BP-3-d5 234 → 188 110 10 

 234 →151 120 20 

EHMC-d15 306 → 180 100 10 

 306 → 161 100 20 
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2.4.1.2. Columns and mobile phase 

Aquatic samples in chapter 3. Chromatographic separation was conducted 

in the isocratic elution mode for 10 minutes. The flow rate was set as 0.4 mL/min 

and the injection volume was 10 μL. The mobile phase consisted of 28% water and 

72% MeOH, both spiked with 0.1 % formic acid (v/v). Separation was performed 

on a Waters UPLC BEH C8 column (100 × 2.1 mm, 1.7 μm, Ireland).  

Human urine, rats urine and plasma samples used in chapter 3 – 5. 

Chromatographic separation was conducted in a gradient elution mode at 0.4 

mL/min, consisting of Milli-Q (A) and acetonitrile (B), both spiked with 0.1 % 

formic acid (v/v). Gradient elution was set as follows: 0-4 minutes: A (70%), B 

(30%); 4.1-7 minutes: A (40%), B (60%); 7.1-12 minutes: A (20%), B (80%); 12.1-

15 minutes: A (10%), B (90%); 15.1-21 minutes: A (70%), B (30%). Separation 

was performed on a Waters UPLC BEH C18 column (100 × 2.1 mm, 1.7 μm, 

Ireland) with an injection volume of 5 μL.  

 

2.4.2. UHPLC-QTOF-MS 

For the determination of EHMC metabolites, the UHPLC-QTOF-MS system 

(Agilent 1290 UHPLC system coupled with Agilent 6540 Accurate Mass 

Quadrupole Time-of-Flight mass spectrometor, Agilent Technologies, Santa Clara, 
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CA, USA) was adopted. Same UPLC BEH C18 column was used for 

chromatographic separation as in quantitative analysis except changing to isocratic 

elution mode and 2 μL injection volume. The flow rate was maintained at 0.25 

mL/min, with 30% Milli-Q water (A) and 70% MeOH (B), both spiking with 0.1% 

formic acid, as mobile phase. Analysis lasted for 45 minutes. The ion source of 

Dual AJS ESI with mass correction at reference mass m/z 112.9855 (negative) and 

m/z 149.0233 (positive) ionization was used in QTOF-MS. Both positive and 

negative ESI modes were used to screen metabolites. Higher responses of 

metabolites were received by using positive ionization, which was applied for 

subsequent analysis. High resolution mass spectra (4 GHz, m/z 40-500) was 

obtained with a rate of 2 spectra per second. The source parameters were the same 

with that used in UHPLC-QQQ-MS. 

The LC-MS data were acquired by MassHunter Data Acquisition (Version 6.0, 

Agilent Technologies) and processed by MassHunter Qualitative Analysis (Version 

6.0, Agilent Technologies). By subtracting background noise and grouping isotopic 

patterns, a list of chemical discrete molecular features was generated from the data. 

The detected compounds were preliminarily identified by producing candidate 

formulae with a mass error less than 7 ppm. After all, molecular ions were 

fragmented under target MS/MS mode to produce the fragmentation patterns. In 

order to acquire the fragmentation patterns, 2 different collision energies (5 and 10 

V) were applied for isolation and fragmentation of molecular ions. 
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2.5. Bioluminescent Microtox bioassay – Vibrio fischeri 

  Microtox bioassay was used to determine the acute toxicity of organic UV filter 

individually and collectively. Samples were prepared in Milli-Q by spiking 

corresponding amount of UV filters analytes with control of solvent amount (0.4% 

acetonitrile). Milli-Q water with 0.4% of acetonitrile was used for negative control. 

According to the guidance BS EN ISO 11348-3 (2008),4 the marine bacterium 

Vibrio fisheri was used with the Microtox Model 500 Analyzer for analysis 

(Modern Water, Guildford, UK). All samples were osmotically adjusted with the 

osmotic adjusting solution provided by Modern Water before analysis. Phenol was 

used for positive control as reference toxicant with the EC50 of 13-26 mg/L as 

criterion. The inhibition of bioluminescence was recorded upon 15 minutes of 

exposure. 
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Chapter 3 – Occurrence of organic UV filters in Shenzhen 

marine surface water and implication for human exposure 

3.1. Introduction 

In this chapter, the concentrations, spatial occurrence and seasonal variation of 

nine commonly used organic UV filters in Shenzhen surface water and tap water 

were determined. As one of the worldwide famous coastal cities with rapid 

urbanization, Shenzhen located at the east of the Pearl River Delta in South China. 

Rapid industrialization and increasing utilization of chemicals in the Delta area 

causing the aquatic environment to be contaminated by various pollutants including 

polycyclic aromatic hydrocarbons, artificial sweeteners, disinfection byproducts 

and organophosphate flame retardants etc.1-4 Also, Shenzhen attracts billions of 

visitors every year due to its more than 50 popular recreational beaches along the 

southeast coastline, contributing to a large and direct output of products containing 

organic UV filters. Therefore, environmental occurrence as well as ecological 

toxicity should be of great concern in this aquatic environment. 

 In addition, the high occurrence of these ECs in seawater, river water and even 

tap water implies important environmental sources of exposure apart from direct 

dermal absorption of UV filters, increasing the risk of human exposure to the 

general population. Therefore, an analytical method to simultaneously determine 

multiple UV filters in human urine samples was also developed and validated 
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before applying on a pilot population of school aged children. This work is therefore 

relevant for HBM and further epidemiological studies. 
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3.2. Materials and Methods 

  Details on the chemicals and solvents, analytical methods and 

instrumentations are summarized in Chapter 2. 

 

3.2.1. Sampling 

3.2.1.1. Aquatic samples 

Marine surface water samples were collected from 21 points along the south 

coastline of Shenzhen in 2016 (Figure 3-1), in order to provide a comprehensive 

assessment of the environmental occurrence of UV filters in Shenzhen. Total 23 

sampling points are divided into three types. The first type is developed public 

beaches or harbours which have more human activities, including location 1 (L1)-

location 5 (L5) and L8-L20. The second one is undeveloped nature beaches like L6, 

L7 and L21 that less people would visit. The remaining type includes surface water 

from Shenzhen reservoir (L22) and city tap water of Shenzhen (L23), as the 

drinking water sources of citizens and hence more related to human health. The 

detailed information regarding sampling locations is summarized in Table 3-1. 

Due to the seasonal difference of tourist number, all the 23 samples were 

collected in both summer (July - August) and winter (January) in 2016 to make a 

comparison in Shenzhen marine environment. Temperature of seawater in winter 
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was around 16 – 20 ℃ with near neutral pH (7-8) while in summer was 30 - 35 ℃ 

with slightly alkaline pH (8-9). 

Seawater (3 L) was collected from each sampling point along beaches by opaque 

high-density polyethylene bottles cleaned with acetone, MeOH and Milli-Q water 

in advance to eliminate contamination and photodegradation of the UV filters. 

Samples were stored in – 20 ℃ and de-frozen in 4 ℃ prior to analysis. Before 

sample preparation, water was filtered by a 0.45 μm membrane. 

 

 

Figure 3-1. Map of 23 surface water sampling points in Shenzhen, China. 
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Table 3-1. Detailed information on surface water sampling locations (n = 3).  

No. Name of 

sites 

GPS locations Description of sampling 

points 

Date of 

collection 

1 Da-mei-sha 22.5911, 

114.3080 

Being developed in 1999 

with coastal line of 1,800 

meters; popular public 

beach 

January 2016 

July-August 

2016 

 

2 Xiao-mei-

sha 

22.5999, 

114.3270 

Being developed in 1980 

with coastal line of 800 

meters; popular public 

beach 

3 Xi-chong 22.6065, 

114.3620 

Public beach with few 

visitors 

4 Shang-dong 22.6094, 

114.3810 

Public beach with few 

visitors 

5 Sha-yu-

chong 

22.6110, 

114.4180 

Public beach with coastal 

line of 200 meters; 

estuary; surrounded by a 

village 

6 Guan-hu 22.6023, 

114.4250 

Undeveloped beach; 

surrounded by a village 

7 Da-wan 22.5862, 

114.4390 

Undeveloped beach; 

surrounded by a hotel 

 

8 Die-fu 22.5856, 

114.4400 

Undeveloped beach; 

surrounded by a village 

 

9 Jin-sha-wan 22.5613, 

114.4660 

Public beach 
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10 Shui-tou-sha 22.5477, 

114.4780 

Public beach; surrounded 

by a village 

11 Nan-yu-cun 22.5308, 

114.4900 

A busy harbor; 

surrounded by restaurants 

12 E-gong-wan 22.4867, 

114.4920 

A beach surrounded by a 

company 

13 You-gan-

wan 

22.4802, 

114.4900 

A beach surrounded by a 

holiday village 

14 Xi-chong 22.4727, 

114.5350 

A popular public beach 

with coastal line of 4,500 

meters, surrounded by 

villages 

15 Dong-chong 22.4878, 

114.5840 

A popular public beach 

surrounded by villages 

16 Da-shui-

keng-wan 

22.5380, 

114.6030 

A beach surrounded by a 

holiday village 

17 Yang-mei-

keng 

22.5489, 

114.5670 

Public beach with few 

visitors 

18 Ji-diao-sha 22.5588, 

114.5530 

A beach surrounded by a 

holiday village 

19 Long-qi-

wan 

22.5761, 

114.5040 

Public beach 

20 Jiao-wei-

chang 

22.5901, 

114.5120 

Public beach surrounded 

by villages 

21 Liao-ge-jiao 22.6537, 

114.5840 

A remote and 

undeveloped coastal area 
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22 Shenzhen 

reservoir 

22.5685, 

114.1490 

Water source 

conservation zone nearby 

public parks 

23 Shenzhen 

city 

22.5349, 

114.0710 

Tap water 

 

 

3.2.1.2. Human urine samples 

  Spot urine samples of 108 students (56 boys and 52 girls, age 6 to 18) collected 

from October to November 2010 in Shanghai as previously reported,5 were 

analysed. Morning spot urinary samples were obtained in polypropylene tubes/glass 

vessels and then immediately transported to the laboratory and frozen at -20 °C for 

storage. An Atago PAL 10-S hand held refractometer (Japan) was used to determine 

the specific gravity (SG) of urine samples. 

This study was approved by the Institutional Review Board of Fudan University 

(IRB#2016-04-0587). 

 

3.2.2. Statistical analysis 

Concentration values lower than LOD and LOQ were substituted with 
1

2
 of 

respective LOD and LOQ values for further analysis. Because the data did not 
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consistently meet the normality assumption, seasonal pattern was compared by a 

nonparametric test. P-value smaller than 0.05 was considered statistically 

significant. For better understanding the possible sources of contamination in 

Shenzhen marine surface water, a principal component analysis (PCA) was 

computed on the UV filters concentration. Only summer concentration was 

considered since the winter concentration of most of UV filters was lower than LOD. 

4-MBC and 3-BC were also excluded due to their low detection rate. For the 

suitability test of PCA before analysis, inspection of the correlation matrix revealed 

that correlation coefficients of all seven UV filters were greater than 0.3. The results 

of the Kaiser-Meyer-Olkin (KMO) measure for total 21 samples were 0.825 while 

individual KMO measures were all greater than 0.7; results of the Bartlett’s 

sphericity test were all significant at p < 0.0005, which indicated that these 

concentration data were suitable for PCA.  

Urinary dilution was corrected by SG in all statistical tests using the formula as 

follows: 

Cadj = C × [(1.024 – 1)/(SG – 1)] 

  where Cadj is the SG-corrected concentration of UV filters (ng/mL) while C is the 

experimental concentration without correction. All statistical analyses were 

processed using SPSS 22.0. 
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3.3. Results and discussion 

3.3.1. Environmental occurrence of multiple classes of UV filters in Shenzhen 

3.3.1.1. Method performance 

Method performance including linearity (R2), sensitivity (LOD and LOQ), 

recovery and repeatability was evaluated and shown in Table 3-2. According to 

published researches, reported concentration range of UV filters in marine surface 

water was relatively wide. For example, EHMC was measured from 34 to 167 ng/L 

in Hong Kong seawater;6 BP-3 was reported ranging from 10 to 203 ng/L in USA.7 

Therefore, in order to covering all the possible concentration range at the same time, 

the linear response range of a standard addition calibration curve of 0-1000 ng/L 

was evaluated. Correlation coefficients (R2) for all the UV filters were larger than 

0.996. However, during the measurement of the real samples from Shenzhen, the 

concentration level was lower than expected. Hence, the calibration range used in 

actual was in range of 0 – 200 ng/L in order to save labor, minimize contamination 

and enhance accuracy. Sensitivity of this method was evaluated by LOD and LOQ, 

which were calculated as 3 and 10 times of the signal-to-noise ratio. Due to the 

difference of compound performance in UHPLC-MS/MS, LOD was within the 

range of 1.09 to 43.15 ng/L while LOQ was ranging from 3.58 to 142.40 ng/L. 

Recoveries were tested by spiking two concentrations of standard solutions, 30 and 

100 ng/L so as to cover all the concentration within the calibration curve. As shown 
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in Table 3-2, recoveries of both 30 ng/L and 100 ng/L were within the acceptable 

85% – 114% range. Meanwhile, repeatability was achieved by triplicate test for 

both concentration levels with the relative standard deviation (RSD) was below 

7.4%. Herein, this analytical method was used to quantitatively analyse the marine 

surface water, reservoir water and tap water collected in Shenzhen. 

 

Table 3-2. Method validation results of the analytical method.  

Targeted 

UV filters 

Linearity (R2) 

0 - 1000 ng/L 

Recovery % (RSD %, n = 3) LOD 

(ng/L) 

LOQ 

(ng/L) 30 ng/L spike 100 ng/L spike 

BP-1 0.9974 - 92.2 (4.0) 43.15 142.40 

BP-3 0.9981 105.2 (3.3) 94.3 (6.6) 1.18 3.90 

BP-8 0.9998 91.1 (4.1) 91.5 (3.5) 8.52 28.10 

EHMC 0.9977 91.6 (5.5) 114.4 (2.8) 10.90 35.90 

OC 0.9968 87.7 (1.6) 104.6 (4.3) 3.21 10.61 

4-MBC 0.9972 110.3 (7.4) 85.3 (3.1) 7.16 23.60 

3-BC 0.9992 98.3 (4.9) 87.6 (7.0) 13.93 46.03 

OD-PABA 0.9984 101.3 (2.7) 111.2 (4.2) 1.09 3.58 

4-HB 0.9992 96.3 (6.8) 91.6 (4.4) 25.20 83.14 

 

3.3.1.2. Occurrence and composition of organic UV filters 

The concentration and detection rates of all nine UV filters in 23 sampling 

locations are summarized in Table 3-3, both for summer and winter. Generally, all 



60 

 

nine UV filters have been found in at least one sample. In comparison, BP-3, 4-HB, 

BP-1, BP-8 and EHMC would have moderate to high concentration levels and > 

50% detection frequency (DF, calculated by dividing the number of positive results 

by the total sampling points) all year around while OD-PABA and OC with lower 

concentration or less detection rate. Besides, 4-MBC and 3-BC are the least 

contained UV filters in Shenzhen seawater with only one detection. 

Although BP-1 was detected with the peak concentration at 174.98 ng/L, BP-3 is 

the most extensive detected UV filter among these nine targets with highest mean 

concentration of 20.85 ng/L and the maximum concentration up to 171.77 ng/L. 

The DF of it was 100% in summer and 96% in winter, showing its massive usage 

in sunscreens and personal care products. The second widespread detected UV filter 

was EHMC, with 100% DF in summer while 74% in winter, which quantified 

concentration ranged from 35.98 to 89.71 ng/L. Following EHMC, BP-8 and 4-HB 

were detected as the moderate to high concentration levels with the highest 

concentration of 68.91 and 122.25 ng/L in summer, respectively. The DF of them 

was all 100% in summer and > 50% in winter. Although BP-1 also had a very high 

DF in summer (95%) and in winter (60%), the concentration of most of locations 

were detected close to LOQ and could not be quantified except one location with 

174.98 ng/L. The occurrence trend is then followed by OD-PABA and OC, which 

were only detected in several locations in both summer and winter (DF < 30%) with 

quantified concentration ranging from 3.44 to 10.10 ng/L and 10.62 to 16.95 ng/L, 
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correspondingly. For the remaining 4-MBC and 3-BC, they were only detected in 

one sample location in summer. To summarize, these nine UV filters can be divided 

in three groups: BP derivatives including BP-3, 4-HB, BP-1 and BP-8, as well as 

EHMC, are the most extensive detected group with moderate to high concentrations, 

followed by OD-PABA and OC, with low concentration level and less detection 

rate. The last group contains 4-MBC and 3-BC, which are barely detected in all 

sampling points no matter in summer or in winter. 

Compared with previous reports of nearby marine surface water, the result of BP-

3 and EHMC were comparable. For example, BP-3 and EHMC were detected in 

Hong Kong with median concentration of 39 and 89 ng/L and detection rate larger 

than 93%.8 And for Shantou, located in the north-east of Shenzhen, the median 

concentration showed comparable median concentration for BP-3 (55 ng/L) and 

EHMC (52 ng/L).8 Li et al also reported to detect EHMC and BP-3 with 100% 

detection rate of higher mean concentration of 192 and 82 ng/L in Hong Kong.6 

Therefore, all these results show the widespread distribution of BP-3 and EHMC in 

the marine environment.  

Considering BP-1, 4-HB and BP-8 were reported as the metabolites of either BP 

or BP-3,9 their highly DF would not be surprising. Comparable detection rate of 

BP-8 (64%) and BP-1 (76%) and concentration level of BP-8 (<LOQ -29.76 ng/L) 

were also reported in Hong Kong.6,8 Some remarkable problems have to be 

mentioned for BP-1, which also have a very massive distribution in Shenzhen and 
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surrounding marine environment. During UHPLC-QQQ analysis, the response of 

this compound was found not very stable so that the background noise would affect 

its signal-to-noise ratio, resulting a rather high LOD and LOQ. BP-1 can be detected 

in most of the sampling points (96% in summer, 61% in winter) but can not be 

quantified. Further improvement should be made such as changing the isocratic LC 

program into gradient to separate different BP type UV filters and then using 

dynamic MRM to increase sensitivity, or simply using a separate program. 

However, drawbacks would be requiring much longer time for instrumental 

analysis and also high consumption of organic solvent, resulting in larger 

environmental burden. Another remarkable point is that 4-HB, which is not 

commonly monitored in previous papers, was firstly reported in Shenzhen marine 

aquatic environment. 

Moreover, OC, 4-MBC and OD-PABA that massively detected in Hong Kong 

area with detection rates of 100%, 100% and 77%, respectively, were only detected 

in several sampling points in Shenzhen in a relatively low concentration.6 Similar 

situations also happened in Shantou and Chaozhou in China, with 4-MBC and OD-

PABA undetectable.8 The possible reasons are as follows: Firstly, the development 

level and extent of application and consumption of sunscreens would be regarded 

as the dominant factor. Although Shenzhen is one of the most rapid developing 

regions in the world, the disparity of development degree and consumption practice 

between Shenzhen and Hong Kong is still varied, resulting in the difference of 
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habits to use sunscreens. Secondly, the maximum permissible limits of some UV 

filters in China are lower than those in other regions/countries. For instance, 

compared with Hong Kong, which has no relevant permission of organic UV filters, 

China regulated up to 10% of EHMC in cosmetics while 20% are permitted in Japan. 

Also, it was reported that average BP-3 contents in personal care products 

purchased from China and the U.S.A. were measured as 20.1 and 1200 ng/g, 

respectively, indicating significantly lower usage of these UV filters in China.10 
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Table 3-3. Mean concentrations ± standard deviation (SD, n=3) of UV filters measured in surface water (ng/L) of (a) summer (S) and 

(b) winter (W) of Shenzhen, China. 

(a) Summer 

Location EHMC BP-1 4-HB BP-3 BP-8 OD-PABA OC 3-BC 4-MBC Total 

S1 89.71 ± 7.66 174.98 ± 11.34 118.74 ± 12.22 171.77 ± 1.49 68.91 ± 3.56 10.10 ± 0.69 10.62 ± 1.69 ND ND 644.83 

S2 35.98 ± 3.91 NQ NQ 19.64 ± 1.05 NQ ND ND ND ND 55.62 

S3 NQ NQ NQ 28.57 ± 0.71 37.99 ± 0.97 ND ND ND ND 66.56 

S4 NQ NQ NQ 5.71 ± 0.47 NQ ND ND ND ND 5.71 

S5 NQ NQ NQ NQ NQ ND ND ND ND NQ 

S6 NQ NQ NQ NQ NQ ND ND ND ND NQ 

S7 NQ NQ NQ 16.54 ± 0.58 48.85 ± 0.39 7.64 ± 0.49 NQ ND ND 73.03 

S8 NQ NQ. NQ. 6.84 ± 0.49 NQ ND ND ND ND 6.84 

S9 NQ NQ NQ 14.92 ± 0.88 NQ. ND ND ND ND 14.92 

S10 NQ NQ NQ 13.15 ± 0.06 NQ ND ND ND ND 13.15 

S11 52.67 ± 1.13 ND 91.05 ± 6.37 13.72 ± 1.23 34.18 ± 1.33 ND NQ ND ND 191.62 

S12 NQ NQ. NQ. 6.72 ± 0.53 NQ ND ND ND ND 6.72 

S13 NQ. NQ NQ NQ NQ ND ND ND ND NQ 

S14 70.84 ± 3.90 NQ 96.96 ± 1.66 32.41 ± 3.13 49.79 ± 4.15 ND 16.95 ± 0.06 ND ND 266.95 

S15 NQ NQ NQ 58.59 ± 1.08 NQ. ND ND ND ND 58.59 

S16 67.67 ± 2.30 NQ 90.45 ± 7.22 34.40 ± 2.73 39.16 ± 0.39 4.79 ± 0.53 ND ND ND 236.47 

S17 NQ NQ NQ NQ 29.89 ± 4.12 ND ND ND ND 29.89 

S18 57.34 ± 3.29 NQ NQ 7.44 ± 0.54 NQ ND ND ND ND 64.78 
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S19 45.02 ± 3.86 NQ NQ 16.08 ± 0.99 28.22 ± 1.21 ND NQ ND ND 89.32 

S20 49.50 ± 0.51 NQ NQ 15.80 ± 1.68 NQ 6.62 ± 0.40 ND ND ND 71.92 

S21 NQ NQ NQ 8.03 ± 0.86 28.36 ± 1.12 ND ND ND ND 36.39 

S22 NQ NQ 122.25 ± 10.30 9.20 ± 1.35 29.59 ± 3.86 ND NQ NQ NQ 161.04 

S23 NQ NQ NQ NQ NQ ND ND ND ND NQ 

DF (%) 100 96 100 100 100 17 26 4 4  

 

(b) Winter 

Location EHMC BP-1 4-HB BP-3 BP-8 OD-PABA OC 3-BC 4-MBC Total 

W1 41.05 ± 3.34 NQ 83.41 ± 11.38 133.36 ± 3.36 NQ NQ ND ND ND 257.82 

W2 NQ NQ NQ 23.35 ± 1.79 NQ ND ND ND ND 23.35 

W3 NQ NQ NQ 25.45 ± 0.83 NQ ND ND ND ND 25.45 

W4 NQ NQ NQ. 42.04 ± 0.23 NQ ND ND ND ND 42.04 

W5 ND NQ NQ 21.70 ± 0.94 NQ ND ND ND ND 21.70 

W6 ND ND ND 21.25 ± 0.15 ND ND ND ND ND 21.25 

W7 NQ ND ND ND ND ND ND ND ND NQ 

W8 ND ND ND NQ ND ND ND ND ND NQ 

W9 NQ NQ NQ 17.36 ± 0.84 NQ ND ND ND ND 17.36 

W10 NQ ND NQ 13.65 ± 0.36 ND ND ND ND ND 13.65 

W11 NQ NQ NQ 30.64 ± 0.13 48.31 ± 0.41 ND ND ND ND 78.95 

W12 ND ND NQ. NQ ND ND ND ND ND NQ 

W13 ND ND NQ 46.33 ± 0.89 ND ND ND ND ND 46.33 



66 

 

W14 NQ NQ NQ 19.89 ± 0.08 NQ NQ ND ND ND 19.89 

W15 NQ ND NQ 20.14 ± 0.05 NQ ND ND ND ND 20.14 

W16 ND ND NQ 7.18 ± 0.84 NQ NQ ND ND ND 7.18 

W17 NQ NQ NQ NQ ND ND ND ND ND NQ 

W18 NQ ND NQ 29.27 ± 0.25 ND ND ND ND ND 29.27 

W19 NQ NQ 84.66 ± 2.11 23.35 ± 1.46 NQ 5.05 ± 0.65 ND ND ND 113.06 

W20 NQ NQ NQ 16.35 ± 0.73 NQ ND ND ND ND 16.35 

W21 NQ NQ NQ 11.34 ± 1.59 ND ND ND ND ND 11.34 

W22 NQ NQ NQ 93.57 ± 2.96 ND 3.44 ± 0.11 NQ ND ND 97.01 

W23 NQ NQ NQ 12.57 ± 0.80 ND NQ ND ND ND 12.57 

DF (%) 74 61 87 96 52 26  4  0 0  

Note: ND: < LOD (1.09–43.15 ng/L); NQ: < LOQ (3.58–142.40 ng/L. 
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3.3.1.3. Seasonal pattern of UV filters  

According to the DF, all nine UV filters show slightly higher levels in summer 

than in winter. For example, for the massive ones, the detection rate of BP-3 and 

EHMC in summer were both 100% compared in winter, which were 95.65% and 

73.92%, respectively. To better understand the concentration levels in summer and 

winter, Wilcoxon signed-rank test was conducted for comparing seasonal 

difference. Only marine surface water samples are considered in the statistical 

analysis, excluding the SZ reservoir samples (L22) and city tap water (L23). Among 

these nine UV filters, the detected range of three UV filters was significantly higher 

in summer than in winter (p < 0.003), namely BP-1, BP-8 and EHMC with median 

increase of 49.63, 9.79 and 12.5 ng/L, respectively. Although the remaining six UV 

filters did not show any significant difference between seasons, OD-PABA and 3-

BC still showed slightly positive difference between summer and winter while 4-

MBC and 3-BC only detected in summer. However, the median concentration of 

BP-3 decrease 2.44 ng/L from hot season to cold season but only marginally 

significant (p=0.502). More visual comparison could be observed from Figure 3-2. 

Overall, this seasonal pattern is in conformity to the previous observation in the 

surface waters, wastewater and aquatic ecosystems in other regions or 

countries.6,8,11 The frequency of water recreational activities would be undoubtedly 

the dominant reason. Considering the functions of organic UV filters as the 

sunscreen agents, which is to protect the skin against UV lights, increasing 

consumptions of sunscreens during recreational activities would occur in summer, 

especially the marine surface waters were taken along the beach. Also, less visitors 

in cold season is also a factor.  
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Besides, more complicated reasons may relate to the nature attenuation of target 

compounds in seawater. For example, the higher temperature in summer could 

boost up the fertility and activities of the microorganisms, resulting more 

possibilities of biodegradation and bioaccumulation of target compounds.12,13 

These could also explain the reason of the high occurrence of the metabolites of 

BP-3. Temperature could also influence the partition of UV filters between the 

aquatic layer and the marine sediments. Moreover, more intensive and prolonged 

solar irradiation in summer would cause accelerated light-assisted transformation 

of UV filters in aqueous environment.14 Besides, monsoon rain in wet season brings 

large amount of fresh water, resulting in another affecting factor − dilution.  

To conclude, the seasonal pattern could be observed for most of the UV filters, 

resulting from the high frequency of application of sunscreen during water 

recreational activities in summer. However, various factors such as biodegradation, 

photolysis and partition etc. mutually contribute to a more complicated fate of UV 

filters in the marine environment. 
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Figure 3-2. Spatial and seasonal distribution of detected UV filters in all sampling 

points (n=23) in Shenzhen. 

 

 

3.3.1.4. Spatial distribution and possible sources  

Figure 3-2 shows the general spatial distribution of targeted UV filters of 23 

locations along the southwest beaches in Shenzhen, including Shenzhen reservoir 

water (L22) and its city tap water (L23). By the first glance in this figure, seasonal 

pattern could be easily observed no matter on the concentration level or the diversity 

of detected UV filters. Also, the variation of each location looks extremely high. 

First of all, L1 (Da-mei-sha) shows indisputably higher concentration no matter 

in summer (total concentration: 644.83 ng/L) or in winter (257.82 ng/L) among all 
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the sampling points. Considering Da-mei-sha is one of the most popular beaches of 

Shenzhen, receiving more than 10 million tourists every year, this result could be 

understandable. At the same time, for other sampling locations at public beaches or 

recreational centres such as L14 (Xi-chong) and L16 (Da-shui-keng-wan), 

relatively higher total concentrations could be observed of 266.85 ng/L and 236.47 

ng/L in summer, respectively. Besides popular beach, busy harbors could also be 

another major output of UV filters, for example, L11 (Nan-yu-cun). The total 

concentration of it were as much as 191 ng/L in summer and 78 ng/L in winter.  

In contrast, for those sampling points that located at some undeveloped beaches, 

much lower total concentration of UV filters was measured. For example, the total 

concentration of L6 (Guan-hu), L8 (Die-fu) and L21 (Liao-ge-jiao) in summer was 

lower than 40 ng/L while in winter was lower than 22 ng/L. But for L7 (Da-wan), 

although it is also an undeveloped beach, it is surrounded by a hotel so that the total 

concentration of it could still reach 73.03 ng/L in summer. These results also prove 

that the output of UV filters along the beaches are directly related to the water 

recreational activities from visitors. 

Besides, the summer concentration data of all UV filters except 4-MBC and 3-

BC were also used for PCA to further investigate their potential sources. Figure 3-

3 shows the loading plot of PCA. Results revealed that two components, PC1 and 

PC2, accounted for total 80.4% variance. PC1 was the most majority component 

with 69.7% of the total variance while PC2 only explained 10.7% of the total 

variance. All these seven UV filters were similarly dominated by PC1, indicating 

these contaminants may have a common source. Considering their seasonal pattern 

and spatial distribution, PC1 likely reflects the source of direct output caused by 

human activities. While, although OD-PABA and BP-3 revealed a slightly higher 
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loading to PC2, the coefficients were 0.55 and 0.38, respectively, much lower than 

that to PC1 (both 0.78). Therefore, PC2 may reflect other possible sources such as 

the indirect output including wastewater discharge etc.  

Moreover, another remarkable finding that more related to human health should 

also be concerned. Both L22 (Shenzhen reservoir) and L23 (Shenzhen city tap water) 

were measured to contain UV filters. For Shenzhen reservoir, BP-3, BP-8 and 4-

HB could be detected up to dozens of ng/L in hot season while BP-3 and OD-PABA 

were appeared in cold season. Other UV filters like BP-1, EHMC, OC were also 

detected but close to LOQ. Shenzhen Reservoir constitutes a vital component of 

Dongjiang-Shenzhen Water supply Project and being the last link in Shenzhen, 

which receives lots of raw water from Dongjiang river. And Li et al reported to 

detect BP-3 and EHMC up to 30 ng/L in Dongjiang river,6 which could explain the 

sources of UV filters in Shenzhen Reservoirs. More importantly, trace amount of 

BP-3 (12.57 ng/L) were quantified in the city tap water while BP-1, 4-HB, EHMC 

and OD-PABA were detected, reflecting the inefficiency of the UV filters’ removal 

for drinking water treatment in Shenzhen. 

 



72 

 

 

Figure 3-3. Loading plot of PCA for UV filters in marine surface water in Shenzhen 

(summer).   

 

3.3.1.5. Ecological risk assessment  

Based on the environmental occurrence study of Shenzhen marine surface water, 

EHMC and BP derivatives (i.e., BP-1, BP-3, 4-HB and BP-8) were the predominant 

UV filters presented in marine environment. Therefore, the environmental risk 

assessments for these contaminants are of vital importance. Potential ecological 

risks were firstly assessed by risk quotients (RQ) and further evaluated by 

Bioluminescent Microtox bioassay. 

Based on the European Guidelines,15 RQ was calculated using equation as 

follows: 

RQ = MEC/PNEC 

where MEC is the measured concentration of target compounds and PNEC refers 

to the predicted no effect concentration, which derived by dividing the effect 
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concentration by an assessment factor (AF) based on the ecotoxicity data in the 

literature. Normally, AF differs for the chronic and acute toxicity as 100 and 1000, 

respectively.16 Ecotoxicity data were acquired either from literature concerning 

aquatic organisms or estimated using the ECOSAR software provided by the United 

States Environmental Protection Agency at different trophic levels and summarized 

in Table 3-4.16 RQgeneral and RQworst were computed by the mean and maximum 

MECs of these dominant five UV filters. 

Figure 3-4 gives the results of both RQgeneral and RQworst for different aquatic 

organisms at different trophic level, including algae (autotrophs), Daphnia magna 

(Invertebrates) and fish (Vertebrates). Ecological risk was assessed by the risk 

ranking criteria into several levels: “High risk” if the RQ > 1, “Medium risk” if the 

RQ value is 0.1 – 1 and “Low risk” if the RQ < 0.1.15 Generally speaking, BP-1 and 

BP-3 pose high risk to the marine organisms while the others, remain mostly low 

to medium risk. Remarkably, both RQgeneral and RQworst of BP-1 for fish was larger 

than 1, indicating it exhibits strongest potential risk to the development and growth 

of fishes. This result coincides with the toxicological studies that BP-1 possessed 

stronger estrogenic activity compared with other BP derivatives in estrogen reporter 

assays.17 Medium to high risk in terms of algae was also observed for BP-3. 

Considering BP-1 as one of the important metabolites of BP-3,18 these two 

compounds may present higher ecological risk to aquatic systems compared with 

other BP derivatives. Besides, EHMC also poses low to medium risk towards 

Algaes and Daphnia magna. Although the RQ value of fish remains nearly no risk 

for EHMC, it may due to the extremely high LC50 of 10,000 mg/L (above the 

expected water solubility) to B. rerio proposed by the Environment Agency in 

England and Wales.19 However, existed research proved that chronic exposure of 
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EHMC at environmental relevant concentration would cause significant damage to 

the fertility of B. rerio.20 Therefore, using acute toxicity to estimate the RQ may 

underestimate the ecological risk of EHMC. For BP-8 and 4-HB, the RQs of three 

species mostly remained below 0.1 due to relatively high LC50/EC50 estimated by 

ECOSAR software, which also deserve further evaluation.  

  Except for risk quotient, the luminescent bacteria bioassay using Vibrio fischeri 

was further conducted to reveal acute(cyto)toxicity in a simple and rapid way. Three 

concentrations, ranging from 10 μg/L, 100 μg/L to 1 mg/L, were utilized for the 

five most abundant UV filters in Shenzhen seawater individually and collectively, 

so as to mimic the actual mixture aquatic environment. The bioactivity of UV filters 

correlated with their concentration are shown in Figure 3-5. Concentration below 

100 μg/L had no inhibiting effect on Vibrio fischeri for all compounds either single 

or in a mixture. At 1 ppm level, BP-3, BP-8 and EHMC showed a relatively strong 

inhibition effect compared with BP-1 and 4-HB. Mixture showed comparably 

additive toxicity with five individuals, indicating no synergistic or antagonistic 

effect.
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Table 3-4. Input parameters of the RQ of UV filters to aquatic organisms. 

Analytes Aquatic species EC50 (Acute) / NOECs (Chronic) 

(ng/L) 

AF PNEC (ng/L) Reference RQworst RQgeneral 

BP-1 Algaes 2,120,000 1000 2120 ECOSAR 0.083 0.036 

Daphnia magna 16,340,000 1000 16340 ECOSAR 0.011 0.005 

Fish 4919 100 49.19 15 3.557 1.548 

BP-3 Algaes 13,900 100 139 21 1.236 0.158 

Daphnia magna 1,670,000 1000 1670 21 0.103 0.013 

Fish 191,000 100 1910 19 0.090 0.011 

BP-8 Algaes 1,240,000 1000 1240 ECOSAR 0.056 0.020 

Daphnia magna 4,090,000 1000 4090 ECOSAR 0.017 0.006 

Fish 1,080,000 1000 1080 ECOSAR 0.064 0.023 

EHMC- Algaes 74,700 100 747 21 0.120 0.041 

Daphnia magna 40,000 100 400 22 0.224 0.076 

Fish 10000,000 1000 10000 19 0.009 0.023 

4-HB Algaes 850,000 1000 850 ECOSAR 0.144 0.064 

Daphnia magna 5,500,000 1000 5500 ECOSAR 0.022 0.010 

Fish 9,400,000 1000 9400 ECOSAR 0.013 0.003 
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Figure 3-4. RQs of UV filters to different trophic levels of aquatic organisms in 

Shenzhen marine surface water. 

 

Figure 3-5. Inhibition rate of Vibrio fischeri for organic UV filters at different 

concentrations. 
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3.3.1.6. Implication for human exposure  

  Besides ecological risks, the threats of UV filters towards human health attract 

more and more attention nowadays considering their endocrine disrupting 

properties proven in vitro and in vivo studies.23,24 With the extensive usages in the 

personal care products, the priority exposure pathway would be topical application. 

One research led by US FDA showed that after applying four commercially 

available sunscreens, consisting of Avo, BP-3, OC and ecamsule, on healthy 

volunteers under maximal use conditions, their plasma concentration exceeded the 

0.5 ng/mL threshold recommended by the FDA for sunscreens.25 Also, Janjua et al. 

detected the plasma and urine concentrations of three UV filters, 4-MBC, BP-3 and 

EHMC, on healthy volunteers after daily whole-body topical application for 4 

days.26 Both studies proved that UV filters can penetrate our epidermal layer, 

absorbed and excreted by our body. 

Besides dermal exposure, this study of detecting BP-3 in city tap water also 

implied another exposure pathway – ingestion. Coincidentally, BP-3 was also 

determined with other four UV filters, EHMC, OD-PABA, 4-MBC and OC in the 

tap water from Barcelona.27 Also, the detection of these contaminants in many 

marine biotas, especially fish and mussels,19 also increased the probability of oral 

exposure. All these findings suggested that the exposure of UV filter should extend 

to all population, not only limited to those who use sunscreen products. Even for 

infants, they could still expose to UV filter since Molins-Delgado et al. determined 

UV filters in more than 30% of the breast milk samples and all plastic bottles.28 

Therefore, an analytical method for simultaneously detected multiple UV filters 

should firstly be developed in order to fully evaluate the human exposure of UV 
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filters and facilitating the subsequent epidemiological study to evaluate the human 

health impacts. Urine samples have been chosen as the sample matrix due to its ease 

of collection from every person, in spite of age or health, so that it is normally used 

in large population studies. 

 

3.3.2. Development of an analytical method for simultaneous determining 

multiple classes UV filters in human urine samples using SPE 

3.3.2.1. Optimization of SPE cartridge and pH  

Quantitative method for detecting multiple UV filters simultaneously in human 

urine specimens was optimized based on the sample preparation utilized for 

seawater samples. For marine surface water samples, standard addition calibrations 

were used to correct for complicated matrix. However, this is unrealistic for urine 

samples due to the large quantities normally used in epidemiological studies. 

Therefore, various commonly used cartridge in SPE were evaluated for better 

sample clean-up and analytes retention.  

The recovery test for three commonly used cartridges, namely HLB Extraction 

Cartridge (60 mg/3 cc; Oasis), LC-18 SPE Tubes (500 mg/3 mL; Supelco; USA) 

and ABS ELUT-Nexus SPE cartridge (60 mg/3 mL; Agilent Technologies; USA), 

were evaluated. Detailed experimental procedures are summarized in Chapter 2. 

The percentage recoveries of these three cartridges are shown in Figure 3-6. 

Generally speaking, all three cartridges shown good recoveries for BP-3, EHMC, 

OC, and BP-8 (71.16% - 120.25%). However, BP-1 and BP-2 retained worse in 

HLB and LC-18 compared with Elute cartridge (35.50% - 66.72 % in HLB and LC-
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18; 99.51%-100.57% in Elute). Therefore, although Elute cartridge also exhibited 

poor performance for 4-HB (48.01%), it was still chosen as the target cartridge. 

Besides SPE cartridge, different pH was also considered for better retention of 

the target compounds. Two different pH conditions were evaluated on Elute 

cartridge. As shown in Figure 3-7, the recovery of 4-HB increased from 48.01% to 

78.46% for pH 5 and pH 3, respectively, while other UV filters still remained 

satisfactory recovery (77.83% - 109.28%). Therefore, all urine samples were 

adjusted to around pH 3 for analysis before loaded on Elute cartridge.  

 

  



80 

 

 

Figure 3-6. Percentage recoveries of all 10 UV filters on three different SPE 

cartridges (n=3). pH = 5. Concentration: 10 ng/mL for each analyte. 

 

 

 

Figure 3-7. Percentage recoveries of all 10 UV filters on different pH conditions 

(n=3). Concentration: 10 ng/mL for each analyte. 
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3.3.2.2. Method validation 

Milli-Q samples were used for field and procedural blanks to determine 

contamination and background levels of the compounds. And all analytes signals 

were below LOD. 

Method analytical performance metrics, including LOD and LOQ, the interday 

and intraday reproducibility, and recovery are summarized in Table 3-5. LOD and 

LOQ were defined as method detection limit and method quantitation limit. LOD 

ranged from 0.00094 to 0.95 ng/mL for various analytes while LOQ varied from 

0.0031 to 3.17 ng/mL. Inter- and intra- day reproducibility and recoveries were 

evaluated by two concentrations of low (5 ng/mL) and high (10 ng/mL) levels (n=5). 

The RSD of the intra- and inter-day reproducibility test at two concentration levels 

were all below 14%, indicating acceptable method precision for all UV filters. The 

extraction yields were 74.11 - 115.97% for all QC samples within the satisfactory 

range. 
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Table 3-5. Summary of the analytical method performance. 

Analytes 
LOD 

(ng/mL) 

LOQ 

(ng/mL) 

Spike 

Concentration 

(ng/mL) 

Intraday (n=5) Interday (n=5) 

Recovery       

(%, mean ±SD) 
Measured conc. 

(ng/mL,    

mean ± SD) 

RSD 

(%) 

Measured conc. 

(ng/mL,    

mean ± SD) 

RSD 

(%) 

BP-1 0.50 1.66 
5.00 4.61 ± 0.29 6.29 4.56 ± 0.45 9.91 91.17 ± 9.03 

10.00 7.78 ± 0.32 4.15 7.41 ± 0.44 5.87 74.11 ± 4.35 

BP-2 0.95 3.17 
5.00 5.07 ± 0.35 6.82 4.98 ± 0.69 13.93 99.70 ± 13.89 

10.00 9.86 ± 1.20 12.20 9.24 ± 1.26 13.66 92.35 ± 12.62 

BP-3 0.08 0.26 
5.00 4.86 ± 0.17 3.48 4.87 ± 0.36 7.33 97.41 ± 7.14 

10.00 9.64 ± 0.15 1.53 9.81 ± 0.28 2.86 98.15 ± 2.81 

4-HB 0.28 0.94 
5.00 4.25 ± 0.17 3.94 4.52 ± 0.48 10.51 90.49 ± 9.51 

10.00 9.51 ± 0.55 5.74 8.81 ± 0.83 9.44 88.12 ± 8.32 

BP-8 0.31 1.04 
5.00 4.79 ± 0.29 5.99 4.85 ± 0.50 10.39 96.99 ± 10.08 

10.00 8.77 ± 0.23 2.60 9.73 ± 0.94 9.65 97.30 ± 9.38 

EHMC 0.30 0.99 
5.00 3.80 ± 0.23 6.03 3.99 ± 0.46 11.63 79.86 ± 9.29 

10.00 9.41 ± 0.46 4.94 9.71 ± 0.77 7.92 97.09 ± 7.69 

OC 0.20 0.68 
5.00 4.63 ± 0.32 6.82 4.69 ± 0.37 7.96 93.82 ± 7.47 

10.00 10.35 ± 0.51 4.89 10.31 ± 0.73 7.08 103.07 ± 7.29 

4-MBC 0.55 1.82 5.00 5.07 ± 0.10 1.94 5.32 ± 0.51 9.62 106.33 ± 10.23 
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10.00 10.75 ± 0.35 3.21 10.88 ± 0.61 5.61 108.81 ± 6.10 

3-BC 0.26 0.86 
5.00 5.53 ± 0.17 3.17 5.73 ± 0.36 6.29 114.70 ± 7.22 

10.00 10.93 ± 0.14 1.32 11.60 ± 0.75 6.47 115.97 ± 7.50 

OD-

PABA 
0.00094 0.0031 

5.00 4.75 ± 0.17 3.54 4.69 ± 0.43 9.12 93.74 ± 8.55 

10.00 9.40 ± 0.28 2.96 10.19 ± 0.78 7.60 101.92 ± 7.75 
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3.3.2.3. Application to human urine samples 

According to the method development and validation results, the optimized 

sample preparation protocols were applied to determine the internal exposure of 

UV filters in real human urine samples of more than 100 school-aged students in 

Shanghai.  

As shown in Table 3-6, BP-3 and OD-PABA were the most extensively 

measured UV filters with 100% detection rate, followed by BP-2 (94.4%), EHMC 

(50.9%) and BP-1 (50.0%). However, due to the extremely high sensitivity in 

MS/MS and the resulting low detection limit (down to ppt level), although OD-

PABA was found in all urine samples, the detected concentration range, with 

maximum of 0.58 ng/mL, was much lower than that of BP-1, BP-2, BP-3 and 

EHMC in the ranges of <0.50 – 56.02 ng/mL, <0.95 – 58.93 ng/mL, <0.26 – 475.41 

ng/mL and <0.30 – 13.34 ng/mL respectively. 4-MBC, 3-BC and 4-HB were not 

detected in all urine samples.  

  Results of this pilot population revealed some similarities with that of surface 

water. 4-MBC and 3-BC cannot be detected in both aquatic and urine samples, 

indicating that these two UV filters may not be as commonly used as others in China. 

By contrast, BP derivatives were extensively measured in both different sample 

types, showing their ubiquitous usage in not only personal care products but also 

other technical products. Another kind of UV filters, EHMC, which also showed 
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comparable occurrence in water samples, exhibited much lower detection rate and 

concentration in human urine. With regard that urine is a kind of excreta, 

biotransformation of EHMC could be expected in biological fluids but with scarce 

studies.  

Considering the age of this pilot population ranging from 8 to 16, the wide 

detection rate of UV filters implied that the human exposure of UV filters would 

not limit to just dermal exposure but possibly multiple sources, such as dietary 

intake as mentioned before as well as inhalation etc.19,27 Therefore, further 

epidemiological studies should be conducted on general population to investigate 

the consequent human health impacts regarding their endocrine disrupting 

properties.  
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Table 3-6. Concentrations of UV filters in the urine samples of 108 participants. 

SG corrected. 

Analytes > LOD 

(%) 

> LOQ 

(%) 

Minimum 

level 

(ng/mL) 

Percentile (ng/mL) Maximum 

level (ng/mL) 25th 50th 75th 

BP-1 50.0 13.9 LOD LOD LOQ LOQ 56.02 

BP-2 94.4 47.2 LOD LOQ LOQ 6.52 58.93 

BP-3 100.0 92.6 LOQ 0.57 0.93 2.18 475.41 

4-HB 0.0 0.0 NA NA NA NA NA 

BP-8 4.6 0.0 LOD LOD LOD LOD LOQ 

EHMC 50.9 8.3 LOD LOD LOQ LOQ 13.34 

OC 13.9 1.9 LOD LOD LOD LOD 1.71 

4-MBC 0.0 0.0 NA NA NA NA NA 

3-BC 0.0 0.0 NA NA NA NA NA 

OD-PABA 100.0 90.7 LOQ 0.0065 0.014 0.035 0.58 

Note: NA, not applicable. 
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3.4. Chapter summary 

  In this chapter, aquatic environment of Shenzhen, including 21 sampling 

points of marine surface water, Shenzhen reservoir and city tap water, was firstly 

evaluated of UV filters contamination in both summer and winter. BP derivatives 

and EHMC were the most predominant UV filters in Shenzhen seawater followed 

by OD-PABA and OC while 4-MBC and 3-BC were barely detected. Severe 

contaminations were found in summer and public beaches/harbours compared with 

winter and undeveloped beaches. PCA analysis also confirmed that PC1 dominants 

nearly 70% of the total variance of the major UV filters in summer and therefore, 

the possible sources of UV filter contaminations would be highly speculated to the 

direct output by anthropogenic activities. The detection of UV filters in Shenzhen 

reservoir and city tap water also implied the incomplete removal of these 

contaminants during water treatment process. For ecological assessment of the five 

dominant UV filters, risk quotient revealed that BP-1, BP-3 and EHMC showed 

medium to high risk towards aquatic organisms while microtox assay posed 

significant inhibition above 1 mg/L for BP-3, BP-8 and EHMC. 

  Considering that UV filters were measured in city tap water, which raising the 

exposure risk towards the general population, an analytical method to 

simultaneously detect 10 UV filters in human urine was developed for further HBM 

studies and verified on 108 human urine samples. Still, BP derivatives were the 

most extensively detected UV filters in human urine. However, another commonly 
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used UV filter – EHMC, was less detected in urine samples with lower 

concentration. Therefore, the biotransformation of EHMC and its major metabolites 

should be firstly discovered in living organisms before conducting further HBM 

studies. This forms the subsequent part of the present thesis. 
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Chapter 4 – Fate of EHMC in rat model and human urine 

4.1. Introduction 

  In this chapter, the metabolism of one of the dominant UV filters, EHMC was 

studied in rats models and its suitable major metabolites were also evaluated for 

further HBM studies. The potential influential demographic factors were also firstly 

investigated as predictors of exposure. 

As a HPVC categorized by OECD, EHMC is one of the most commonly used 

organic UV filters in personal care products, with supplying at above 1,000 

tones/year in EU and over 1 to 10 million lb annual production volume in the United 

States.1 Due to its extensive usage, the widespread occurrence was detected in 

numerous environmental media, e.g., surface water, sediments and WWTPs. Apart 

from reporting in the marine surface water in Shenzhen (Chapter 3), it was also 

found in the surface water of Tokyo, Hong Kong, New York and Los Angeles, up 

to thousands of ng/L,2 not to mention the sediments and WWTPs.3,4 Other matrices 

such as tap water and swimming pool water were also found to contain EHMC, 

which would be more related to human exposure through oral and/or dermal 

intake.5,6 Also, it has been detected in marine organisms, presumably due to its high 

hydrophobicity.7  

EHMC is also reported as an endocrine disruptor in many in vitro and in vivo 

studies. It is able to interrupt estrogenic activity and antiandrogenic activity in the 
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yeast assay and cell lines.8,9 In vivo studies also supported estrogenic effects in 

rats.10 Other hormone properties, including increasing uterine weights of females 

and decreasing serum-testosterone have also been reported in rats models.11,12 

Moreover, EHMC is reported to affect reproductive system, thyroid hormonal 

balance and/or neurological development in second generation study of rats and 

fish.12-14 Therefore, regarding its remarkable occurrence, considerable ecotoxicity 

and bio-accumulative potency, assessment of human exposure to EHMC is of great 

concern.  

Nonetheless, limited researches have been published on its HBM studies. EHMC 

was reported to be detected in human breast milk ranging from 2.10 to 79.85 ng/g,15 

which even highlighted its importance to monitor EHMC in the aspect of 

concerning the health of second generation. Considering the high lipid contents in 

breast milk, detection of high amount of EHMC is not surprising due to its 

lipophilicity. However, as the most frequently used biofluids for HBM, the reports 

of urine and plasma are lacking with reason worth pondering. Sarveiya et al 

discovered that a significant amount of EHMC (around 25%) immediately 

penetrated the epidermal barrier after 30 minutes of dermal application, which 

proved its affinity towards the stratum corneum.16 However, after applying 

sunscreen that containing 10% of EHMC to the whole body of volunteers, less than 

half of the plasma and urine samples could be detected of EHMC or in a very low 

concentration (several ng/mL level).17 These results show a possibility that EHMC 
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would be quickly metabolized after entering the human body and be excreted in 

metabolized form in urine and plasma, which makes monitoring of EHMC difficult. 

Hence, establishing major metabolites of EHMC for evaluation of human exposure 

is imperative. 
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4.2. Materials and Methods 

Details on the chemicals and reagents, analytical methods and instrumental 

analysis are summarized in Chapter 2. 

 

4.2.1. Tested animals 

All rats used in this experiment were kept in an air-conditioned environment with 

controlled temperature and humidity, and with a 12 h light/ 12 h dark cycle. Water 

and food were freely accessible. Sprague-Dawley rats (275 ±  25 g) were 

purchased from Laboratory Animal Service Centre of Chinese University of Hong 

Kong. They were housed with the ambient atmosphere for 7 days prior to the 

experiment and fasted 12 h before oral administration. Following the guides of the 

“The Hong Kong Code of Practice for Care and Use of Animals for Experimental 

Purposes”, the animal study was approved by Department of Health, Hong Kong 

((17-27) in DH/SHS/8/2/6 Pt.1). 

For experimental groups, animals were divided into low and high dosage groups 

(n=3/group) and fed by EHMC of 0.2 g/kg and 1 g/kg dissolved in corn oil at a dose 

of 5 mL/kg bw. Pure coin oil was used for the control group (n=3). In order to 

acquire a homogeneous dosing solution, the corn oil was ultrasonicated and 

vortexed for 5 minutes after spiking EHMC. After the administration, the rats were 

moved to metabolic cages (one/cage) immediately to collect separated urine and 
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feces samples. Urine and feces were collected at defined time points for a 

consecutive of 3 days. Blood samples were collected from the tail vein at defined 

time points post-administration and centrifuged at 4000 rpm, 4 ℃, for 20 minutes 

to obtain blood plasma. All samples were stored at -20 ℃ prior to analysis. 

 

4.2.2. Human urine samples 

4.2.2.1. Female University Students  

The first morning urine samples were collected from 49 students (female) from 

ten campuses of eight universities distributed in different districts of Guangzhou, 

South China. The samples were collected in January 2016. After collection in a 

polypropylene tube, SG of every samples was recorded using a portable, hand held 

refractometer. Samples were frozen at -20 ℃ until analysis. The consent for urine 

analysis was obtained from Jinan University Review Board, China. 

 

4.2.2.2. School aged students 

Total 108 urine samples utilized in Chapter 3 (described in 3.2.1.2) were 

analysed again in this chapter to comprehensively evaluate the exposure level of 

EHMC. For investigating potential influential demographic factors, volunteers 

provided information about their socio-demographic variables and usage frequency 
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of personal care products (hairsprays, perfumes, cosmetics and nail polish etc.) by 

questionnaires. 

 

4.2.3. Metabolites identification 

The method of utilizing high resolution UHPLC-QTOF-MS for structural 

elucidation of non-targeted compounds was described by published researchers.18,19 

Briefly, samples were first screened by scan mode under positive and negative 

ionization. By eliminating the extracted peaks of the control samples, a list of 

discrete molecular features was produced. The preliminary deduced molecular 

formulas were generated within 7 ppm of mass accuracy limit. The plausible 

fragmentation patterns were proposed based on target MS/MS mode at low (5V) 

and high (10V) of collision energies. 

 

4.2.4. Statistical analysis 

All statistical analyses were processed by SPSS 22.0. Concentration values 

below LOD and LOQ were substituted as described in Chapter 3.2.2. Urinary 

dilution was also corrected by SG as stated in Chapter 3.2.2. 

  Body mass index (BMI) was computed as weight (kg) divided by square of height 

(m2). According to BMI reference norm established by WGoC (The Working 
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Group for obesity in China),20 normal, overweight and obesity students were 

categorized. Non-parametric statistics were used because the distributions of 

analytes concentration were right skewed. Spearman correlation coefficient ρ was 

used to evaluate the correlations among EHMC and its two metabolites. Students 

with missing value on one or more dependent or independent variables were 

excluded for further analysis. Chi-square test was used to determine if a difference 

of demographic characteristics exists between finally included students and entire 

PTHEC cohort to avoid bias. Wilcoxon-Mann-Whitney test and Kruskal-Wallis H 

test were conducted for determining if there are differences in analytes 

concentration between two or more groups on dependent variables. Spearman’s 

correlation was used to evaluate further associations between analytes urinary 

concentration and continuous variables (i.e., age) or ordinal variables (i.e., paternal 

education level and family economic status).  
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4.3. Results and discussion 

4.3.1. Metabolites identification in rat plasma, urine and feces 

4.3.1.1. Assigned metabolites 

As described above (Chapter 4.2.3), after subtracting the control samples, distinct 

chromatographic peaks with significant signal differences between low and high 

dosage groups were extracted. A total of six metabolites were detected after 

comparing with the blank samples of plasma, urine and feces, matching the 

proposed molecular formulas within 7 ppm of mass measurement error. The 

summary of all the information of these metabolites is presented in Table 4-1. Since 

EHMC only contains elements of C, H, O but without N, it would not form even 

m/z ratio of fragments in MS/MS by positive mode. So only the odd ones were 

concerned.  

The parent compound (EHMC) was eluted at a retention time of around 5.25 min 

as a protonated ion [M+H]+ (m/z 291.1952; Figure 4-1) with the elemental 

composition of [C18H27O3]
+ (mass error: -2.40 ppm) in mainly urine and feces but 

not in plasma. For a better understanding of product ions of the metabolites, the 

major tandem MS fragments of the parent compounds were examined (Figure 4-

2). This protonated molecule yielded a sequence of characteristic fragment ions in 

Q-TOF at m/z 179.0701 [M+H−(-C8H6)]+, 161.0596 [M+H−(-C8H6)−H2O]+ and 

133.0645 [M+H−(-C8H6)−H2O−(-CO)]+. The key fragment at m/z 179.0701 was 
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the most abundance ion in MS/MS and also used as the quantitative ion pair in 

MRM mode.  

Metabolite M1 was eluted at 1.20 min (Figure 4-1) given in protonated form 

[M+H]+ at m/z 193.0860 with suggested formula of C11H13O3
+ (mass error: 1.55 

ppm). Structural information of M1 and the subsequent fragmentation pattern of 

other metabolites are provided in Figure 4-2. The pivotal fragment was m/z 

161.0599, which was also one of the fragments of EHMC. Regarding the mass 

difference of 32 Da between M1 and this fragment, the loss of a CH3OH group of 

M1 was expected during fragmentation. Also, the double-bond equivalent (DBE) 

of M1 was six compared with that of m/z 161 of seven, indicating the possibility of 

forming a five-member ring for its stability. M1 was only detected in plasma 

samples (Table 4-1). 

Metabolite M2 was identified by its protonated [M+H]+ at m/z 179.0698, which 

is one of the vital fragments of EHMC. But it is eluted at 0.95 min, which is not 

identical with EHMC, therefore, this peak could be regarded as a metabolite but not 

a fragment of parent compound. Another supporting tandem MS fragments of M2 

was observed at m/z 161.0596 and 133.0646, also reported by a previous paper that 

aimed at studying the photo-transformation products of EHMC in water.21 This 

metabolite mainly appeared in plasma and urine and more importantly, it is 

commercially available. Herein, its structure was unambiguously identified by 

comparing its retention time and mass spectral fragmentation with the commercial 
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standard 4-MCA (Figure 4-3). M2 was detected in all plasma, urine and feces 

samples. 

Metabolite M3 was another significant peak that could be observed besides M2 

in urine samples with a retention time of 1.00 min, which was not identical with 

other metabolites. The presence of the carbonyl group apart from phenyl moiety 

was proposed according to the calculated DBE (equal to 5), and the fragments 

determined at m/z 135.0440 [C8H7O2]
+, 109.0647 [C7H9O]+ and 77.0385 [C6H5]

+. 

The fragment of m/z 135.0440, which has the same proposed formula with M4, 

formed by loss of -CH4 from M3 and resulted in a ring structure causing one 

increased DBE after rearrangement. After losing of the ketone group and methoxy 

group successively, fragments of m/z 109.0647 and 77.0385 were formed. This 

metabolite extensively occurred in urine samples and also commercially available. 

Its structure was further confirmed by comparison with the reference standard 4’-

MAP (Figure 4-3). 

M4 and M5, with relatively small m/z ratio, could be detected in urine and/or 

plasma. M4 eluted at 0.83 min while M5 eluted at 1.10 min, which were not 

identical with that of other metabolites, showing they were not the fragments of 

them. Also, both of them contained the MS/MS fragment of m/z 77.0389 and 

77.0386 [C6H5]
+, revealing the existence of the phenyl ring. For M4, considering 

the suggested formula of M4 is [C8H7O2]
+ with 4.44 ppm mass error and the 

structure of parent compound EHMC itself, the structure of M4 is proposed as 
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Figure 4-2. The observation of fragment m/z 107.0492, with the candidate formula 

of [C7H7O]+ of 0.93 ppm mass error, showed the difference of -CHO with m/z 

77.0389. For M5, the candidate formula was [C8H9O]+ (mass error: -3.30 ppm), 

revealing the difference of -OCH2 group (30 Da) between m/z 91.0541 and M5. 

Moreover, the fragment of m/z 91.0541 of [C7H7]
+ (mass error: -1.10 ppm) which 

was 14 Da higher than that of phenyl ring, indicating the loss of a methyl group.  
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Figure 4-1. Extracted ion chromatograms of EHMC and its metabolites (M1-M5) 

obtained from the rat experiments.
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Table 4-1. Summary of metabolites of EHMC detected in different matrices. 

Compound ID R.T. 

(min) 

Formula 

[M+H]+ 

Exact mass 

(m/z) 

Theoretical 

mass 

(m/z) 

Mass error 

(∆, ppm) 

References Plasma Urine Feces 

EHMC 5.25 [C18H27O3]
 + 291.1952 291.1955 -1.03 Standard − + + 

M1 1.20 [C11H13O3]
 + 193.0862 193.0859 1.55 This work + − − 

M2 0.95 [C10H11O3]
 + 179.0698 179.0703 -2.79 Standard + + + 

M3 1.00 [C9H11O2]
 + 151.0753 151.0754 -0.66 This work − + − 

M4 0.83 [C8H7O2]
 + 135.0447 135.0441 4.44 This work + + − 

M5 1.10 [C8H9O] + 121.0644 121.0648 -3.30 This work + − − 

M6 15.51 [C28H45O5]
 + 461.3264 461.3262 0.43 This work − − + 

Note: +: presented; −: not presented.
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Figure 4-2. MS/MS fragmentations of EHMC and its metabolites (M1-M5). 

  

151.0753 
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Figure 4-3. Total ion chromatograms for (a) 4-MCA and 4’-MAP in MeOH and (b) 

M2 and M3 in rat urine samples. 

 

  

4-MCA 

MRM ion pairs: 

179 → 161 

179 → 133 

 

4’-MAP 

MRM ion pairs: 

151 → 43 

151 → 109 

 

(a) 

M3 

MRM ion pairs: 

151 → 43 

151 → 109 

 

M2 

MRM ion pairs: 

179 → 161 

179 → 133 

(b) 
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4.3.1.2. Unassigned metabolites 

Apart from the relatively small molecular-weighted metabolites identified above, 

one bulky metabolite was discovered in feces. Figure 4-4 shows the relative 

abundance of this metabolite in the control, low and high dosage groups. However, 

this metabolite has yet to be structurally identified. Due to the complex fragments 

formed, the information is summarized into Table 4-2. 

M6 was detected at 15.51 min with proposed formula of [C28H45O5]
+ (mass error: 

-0.43 ppm), indicating its lipophilic property due to the much latter retention time. 

Also, fragments of m/z 179.0700, 161.0594 and 133.0651 were observed, implying 

its high possibility as a metabolite of EHMC. However, the observed mass shift of 

+282.2564 between m/z 179.0700 with M6, which correspond to fragment m/z 

283.2630, did not refer to any known metabolic reaction. Therefore, the structure 

of this metabolite was not proposed yet. Possible solutions could be further relied 

on nuclear magnetic resonance spectroscopy analysis or searched from appropriate 

database for metabolites. 

 

Figure 4-4. Extracted ion chromatogram of M6 in three dosed groups. 

Counts vs. Acquisition time (min) 

High dosage 
Low dosage 
Control 
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Table 4-2. Summary of information of M6 and its fragments. 

Experimental m/z 

ratio [M+H]+ 

Chemical 

formula 

Theoretical 

mass [M+H]+ 

Mass error 

(∆, ppm) 

DBE 

461.3264 C28H45O5
+ 461.3262 0.43 7 

331.1914 C20H27O4
+ 331.1904 3.02 8 

283.2630 C18H35O2
+ 283.2632 -0.7 2 

179.0700 C10H11O3
+ 179.0703 -1.67 6 

161.0594 C10H9O2
+ 161.0597 -1.86 7 

133.0651 C9H9O
+ 133.0648 2.25 6 

81.0696 C6H9
+ 81.0699 -3.70 2 

 

4.3.1.3. Metabolic pathway and confidence level 

  A total of six metabolites including one unassigned structure of EHMC were 

detected. The proposed major metabolic pathway of EHMC is shown in Figure 4-

5 based on their fragmentation profiles and the structure relationship. EHMC is 

hydrolyzed and lost its 2-ethylhexyl chain to form M2. This phase I metabolism is 

not only discovered in rat urine,22 but also commonly occurred for organic UV 

filters that comprising ester group(s), such as OD-PABA and OC. Both of them 

were reported to break the 2-ethylhexyl chains and form corresponding metabolites 

during hydrolyzation.23,24 M1 and M2 also speculated to be closely related since a 

mass difference of 14 Da exhibited, indicating the existence/non-existence of a 

methyl (CH2) group. M3 was the fragment of M1 in MS/MS, showing the favor of 

breakage and rearrangement of its structure, which also may have high possibility 

to happen during biotransformation. M4 and M5, with increased hydrophilicity, 

transformed through further hydroxylation, reduction and hydrolysis. 

  It’s worth mentioning that plasma and urine samples were analysed after 

enzymatic deconjugation by incubation with β-glucuronidase and sulfatase so as 
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to determine the unconjugated portions of phase I metabolites. Since enzymatic 

deconjugation is a well-recognized process in HBM studies, only phase I 

metabolism was considered in this study but not phase II reaction (e.g. 

glucuronidation and sulfonation, etc.) for plasma and urine during transformation 

(Figure 4-5).  

  By utilizing exact masses measurement, isotopic patterns and tandem MS 

fragmentation, high-resolution Q-TOF mass spectrometry is widely used in many 

fields with its increased availability, including metabolomics, non-target screening 

and transformation products study. Schymanski et al. established identification 

confidence level for plausible structure of unknown compounds.25 In this study, M2 

and M3 were elucidated by this high-resolution MS and then verified by the 

retention time and fragmentations of analytical standard. Their confidence levels 

were the highest (i.e., 1), which elevate confidence in the reliability of Q-TOF-MS. 

Regarding the rest of metabolites, the confidence levels of M1 and M5 were 

considered to be 2b, while M4 was speculative at level 3 since the position of 

aldehyde could not be determined. And M6, with only unequivocal molecular 

formula confirmed, reached only level 4, but still can provide some information and 

is worth presenting as it can be traced in future studies. 
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Figure 4-5. Proposed metabolic pathways of EHMC.

 

4.3.2. Formation and excretion trends of EHMC and its metabolites 

4.3.2.1. Method development and validation 

In addition to metabolite identification of EHMC for HBM studies, current study 

of EHMC also firstly provide the trend of the metabolites generation and excretion, 

which are meaningful for advancing the studies of the human exposure to EHMC. 

Due to most of the metabolites were not commercially available, M2 and M3 were 

evaluated as the representative of metabolites. Quantitative analysis of EHMC was 

also performed. Resulting from the limitation of the sample volume and usage for 

Q-TOF analysis, all samples in one group were pooled together for quantitative 

analysis. All samples of control group did not contain any EHMC, M2 and M3. 

Different sample preparation methods were tested initially for various matrices. 

For simpler operation and saving time, plasma was prepared by simple protein 
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precipitation while urine by LLE and feces by SLE. Method validation for plasma 

and urine were accomplished with parent EHMC and its metabolites, with respect 

to selectivity, sensitivity, linearity, precision, recovery and matrix effect. 

Selectivity was assessed to avoid endogenous interference by comparing 

extracted ion chromatograms of blank samples from control S/D rats with that of 

dosed samples after administration of EHMC. As shown in Figure 4-6, the 

retention time of EHMC and 4-MCA were 7.34 and 3.55 min, respectively. No 

interference was observed in the blank samples at that retention times. 

External calibration curves were prepared by spiking series of standards in 

acetonitrile at seven concentrations. It exhibited good linearity over the 

concentration range of 0-1000 ng/mL for 4-MCA and 4’-MAP and 0-100 ng/mL 

for EHMC with R2 larger than 0.999. Sensitivity was evaluated by the LOD and 

LOQ. For urine, the LODs for EHMC,4-MCA and 4’-MAP were set to 0.34 ng/mL, 

1.15 ng/mL and 8.49 ng/mL, respectively. And for LOQs were 1.14, 3.85 and 28.29 

ng/mL for EHMC, 4-MCA and 4’-MAP, respectively, which was acceptable for the 

metabolic study in vivo. However, for plasma, the LOD was relatively high for 

EHMC and 4-MCA (46.44 ng/mL and 33.87 ng/mL, respectively). This high LOD 

was due to two reasons. Firstly, simple protein precipitation was not a good 

extraction method for sample clean-up and reducing matrix. Therefore, the 

background noise was high (Figure 4-6) in LC-MS/MS and issuing in a relatively 

low signal-to-noise ratio. Secondly, since the volume of plasma samples was very 
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limited, dilution would be encountered during the extraction resulting in an even 

higher LOD after correction. Enrichment process such as nitrogen gas blowing was 

considered but the loss of the analytes would lead to a bad recovery.  

The precision and recovery of the extraction method were determined for two 

levels by spiking 50 ng/mL and 500 ng/mL chemical standards in different matrices 

in order to ensure a high accuracy for all the concentration within the calibration 

curve. As the Table 4-3 shows, recoveries of both 50 ng/mL and 500 ng/mL were 

within the acceptable range of 78% to 115%. Meanwhile, repeatability was 

achieved by triplicate test for both concentration level and the RSDs were below 

12.06%. The matrix effect of these two concentrations was also evaluated, by 

comparing the peak areas of the post-extracted spiked samples with those of the 

corresponding standard solutions. The method validation data on plasma and urine 

matrices are were also summarized in Table 4-3. The IS-normalized matrix effect 

values of EHMC were 73-78% for urine and 84-101% for plasma while that for 4-

MCA were 92-105% for urine and 92-93% for plasma. Besides, the matrix effects 

of 4’-MAP in urine were 84-106%.  
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Figure 4-6. MRM chromatograms of a control plasma sample (B1 for EHMC, B2 

for 4-MCA), control urine sample (B3 for EHMC, B4 for 4-MCA, B5 for 4’-MAP), 

dosing plasma sample (D1 for EHMC, D2 for 4-MCA) and dosing urine sample 

(D3 for EHMC, D4 for 4-MCA, D5 for 4’-MAP). 

 

 

(B1) (B2) 

(B3) (B4) 

(B5) (D1) 

(D2) (D3) 

(D4) (D5) 

EHMC 

4-MCA EHMC 

4-MCA 4’-MAP 
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Table 4-3. Method validation data in rat (a) plasma and (b) urine samples. 

 

(b) Urine Spiked 

concentration 

(ng/mL) 

Measured 

concentration 

(ng/mL, mean ± 

SD) 

RSD    

(%) 

Recovery          

(%, mean ± SD) 

Matrix effect                 

(%, mean ± SD) 

LOD 

(ng/mL) 

LOQ 

(ng/mL) 

EHMC 
50.00 48.22 ± 1.87 3.88 96.45 ± 3.75 98.86 ± 2.36 

0.34 1.14 
500.00 477.54 ± 15.42 3.23 95.51 ± 3.08 99.99 ± 3.24 

4-MCA 
50.00 44.32 ± 1.94 4.37 88.64 ± 3.87 92.27 ± 0.78 

1.15 3.85 
500.00 438.96 ± 3.25 0.74 87.79 ± 0.65 105.53 ± 0.27 

4’-MAP 
50.00 39.43 ± 2.74 6.96 78.86 ± 5.49 106.74 ± 1.99 

8.49 28.29 
500.00 482.34 ± 23.34 4.84 96.47 ± 4.67 84.84 ± 1.21 

(a) Plasma Spiked 

concentration 

(ng/mL) 

Measured 

concentration 

(ng/mL, mean ± 

SD) 

RSD    

(%) 

Recovery           

(%, mean ± SD) 

Matrix effect                     

(%, mean ± SD) 

LOD 

(ng/mL) 

LOQ 

(ng/mL) 

EHMC 
50.00 41.10 ± 4.05 9.85 82.20 ± 8.09 84.81 ± 1.02 

46.44 154.80 
500.00 577.80 ± 26.71 4.62 115.55 ± 5.34 101.27 ± 2.64 

4-MCA 
50.00 54.6 ± 6.60 12.06 109.38 ± 13.20 93.68 ± 0.13 

33.87 112.89 
500.00 516.16 ± 60.08 11.64 103.23 ± 12.02 92. 46 ± 13.25 
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4.3.2.2. Quantitative analyses of EHMC and its metabolites in rat plasma and urine 

For plasma, EHMC remains non-detected under all time-points in both high or 

low dosage groups. Although the LOD of EHMC is relatively high in plasma using 

simple protein precipitation, considering the high dosage during administration, it 

still indicated the quick metabolism of EHMC after entering the biological body. 

Janjua et al. also reported the low detection rate of EHMC in plasma. After whole-

body topical application of 10% (wt/wt) of EHMC on volunteers, only less than 

half of samples were detected to contain trace amount of EHMC.17 But they did not 

consider of the metabolism of EHMC. Actually, Figure 4-7 shows an extremely 

rapid formation of 4-MCA within one hour up to 167 μg/mL, indicating both rapid 

absorption from the gastrointestinal tract and rapid metabolism of EHMC in rats. 

After that, the excretion of 4-MCA mainly completed in 24 hours. Considering the 

hydrophilicity of M3, the rapid excretion is expected. Similar trend could also be 

observed in low dosage group. The maximum concentration of 4-MCA reached 

within one hour of 25 μg/mL and quickly decreased in 8 hours. The concentrations 

in both of them were below LOQ after 48 hours. However, the amplification factor 

between the high and low dosage groups was much larger than that of the oral 

administration. The possible explanation could be as follows: Firstly, the variation 

between different rats could contribute to the different metabolic rate of EHMC. 

Secondly, the difference of dosage level may also result in the changes in excretion 

rate.26 
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As for urine, the excretion trends of EHMC, 4-MCA and 4’-MAP, are shown in 

Figure 4-8. Since the dilution factor would affect a lot of the concentration of target 

analytes, all the results were corrected using the SG of urine samples. EHMC were 

detected within 8 hours after termination of the exposures. But the maximum 

concentration appeared in the time interval of 8 - 24 hours up to 1200 ng/mL of 

high dosage group. After that, the excretion of EHMC began to slow down and back 

to a comparable level with the first interval. Low dosage group revealed a similar 

trend except that the peak urine excretions occurred between 24 and 36 hours. BP-

3 also showed the increased excretion rate in urine with increasing dose level in 

S/D rat model.26 Also, EHMC could not be completely removed in urine in 2 days 

for both dosage groups. However, considering its low concentration level, EHMC 

may not be a suitable urinary biomarker of human exposure study. Janjua et al. also 

reported to detect EHMC in less than half of the urine samples after whole body 

topical application of 2 mg/cm2 sunscreen containing 10% (w/w) EHMC.17 

Although the difference of metabolism existed for oral and dermal application, both 

of the results show that EHMC would likely not to excrete as its original form. As 

for 4-MCA, the maximum concentration in urine also appeared within 8 hours, 

revealing its quickly metabolism not only in plasma but also in urine. It also quickly 

excreted within 24 hours no matter in high or low dosage group. Similar trends were 

also be observed for 4’-MAP. The peak concentration of 4-MCA and 4’-MAP was 

obviously higher than EHMC in urine in several orders of magnitude (221 μg/mL 
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in total vs. 1221 ng/mL, respectively), indicating that measuring barely parent 

compound could not comprehensively assess the exposure level of EHMC. In spite 

of HBM evaluates the internal exposure of chemicals, which means it takes into 

account for all sources and all uptake routes,27 monitoring only parent compound 

still may highly underestimate the exposure level towards human beings. 

  In this study, it showed that urine would be a better analytical matrice for EHMC 

HBM studies compared to plasma due to several reasons. First of all, EHMC was 

not detected in plasma samples in rats even in high dosage groups while EHMC and 

its major metabolites were extensively measured in urine. Also, another research 

utilized radiolabelled EHMC for administration in animal models and proved that 

larger than 60% of the radioactivity contents were excreted in urine samples.22 In 

addition, as a non-invasive diagnostic tool, urine samples can be used in large 

population studies since it can be collected from every participant regardless of their 

health and age with relatively large quantities. In summary, EHMC and its major 

metabolites, with significantly higher concentration in rats urine samples instead of 

plasma, were further monitored in human urine samples so as to verify their uses as 

biomarkers and fully assess EHMC exposure in general population.  
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Figure 4-7. Formation and excretion of 4-MCA in rat plasma samples. 
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(a) 

  

(b) 

 

Figure 4-8. Formation and excretion of (a) EHMC, (b) 4-MCA and 4’-MAP at low 

(L) and high (H) dosage groups in rat urine samples. 
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4.3.3. Monitoring EHMC and its metabolites in human urine samples 

4.3.3.1. Method validation 

Milli-Q were utilized for blank samples and below LOD for three analytes during 

whole processes. Lower limit of quantification was assessed by LOD and LOQ, 

corresponding to 0.30 and 0.99 ng/mL for EHMC; 1.18 and 3.93 ng/mL for 4-MCA; 

0.86 and 2.87 ng/mL for 4’-MAP (Table 4-4). 

The accuracy and precision were determined at two different spiking levels. For 

the intra-day experiment, five replicates of each level were performed in the same 

day. For the inter-day experiment, each level was repeated five times on three 

consecutive days. Table 4-4 displays the results of precisions and accuracies. For 

EHMC, intra-day precision (RSD, %) ranged from 4.94 to 9.25% while inter-day 

precision ranged from 7.92 to 11.63%. For 4-MCA, intra-day precision was within 

3.69 to 9.36% and that for inter-day was between 8.05 to 11.54%. For 4’-MAP, 

precisions of intra-day and inter-day were 5.14 – 7.13% and 10.20 – 11.90%, 

respectively. All the values were within the acceptable criterion (15%), indicating 

that the developed method was reliable. 

As shown in Table 4-4, the recoveries of all three analytes were within 

satisfactory range of 76.84 to 97.09 % for both concentration levels. The matrix 

effect values in human urine were firstly evaluated as 94.93 – 96.93% for EHMC, 

95.75 – 99.99% for 4-MCA and 85.11 - 85.27% for 4’-MAP. 
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Table 4-4. Precision, accuracy, recovery and matrix effect for method validation. 

Analytes 

LOD 

(ng/mL) 

LOQ 

(ng/mL) 

Spiked 

concentration 

(ng/mL) 

Intra-day (n = 5) Inter-day (n = 5) 

Recovery      

(%, mean 

±SD) 

Matrix effect  

(%, mean 

±SD) 

Measured 

conc. 

(ng/mL,    

mean ± SD) 

RSD 

(%) 

Measured 

conc. 

(ng/mL,    

mean ± SD) 

RSD 

(%) 

EHMC 0.30 0.99 

5.00 4.33 ± 0.40 9.25 3.99 ± 0.46 11.63 79.86 ± 9.29 94.93± 7.46 

10.00 9.40 ± 0.46 4.94 9.71 ± 0.77 7.92 97.09 ± 7.69 96.93 ± 1.70 

4-MCA 1.18 3.93 

5.00 4.52 ± 0.42 9.36 4.45 ± 0.36 8.05 89.06 ± 7.17 99.99 ± 3.55 

10.00 8.82 ± 0.32 3.60 9.40 ± 1.09 11.54 94.02 ± 10.85 95.75 ± 2.06 

4’-MAP 0.86 2.87 

5.00 4.25 ± 0.22 5.14 4.00 ± 0.47 11.90 80.01 ± 9.52 85.11 ± 7.22 

10.00 7.56 ± 0.56 7.43 7.68 ± 0.78 10.20 76.84 ± 7.84 85.27 ± 3.48 
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4.3.3.2. Female university students 

Total 49 human urine samples from volunteer university female students with 

unknown exposures to EHMC or other organic UV filters were examined for 

EHMC, 4-MCA and 4’-MAP. Results are shown in Table 4-5. EHMC were below 

LOD in all 49 samples. Since the rat experiment revealed that the excretion of 

parent compound in urine samples only accounted for very little amount of the total 

administration, considering the low exposure level of EHMC in daily life, the 

concentration of EHMC would also be extremely low. 4-MCA was detected above 

LOD in 75% of the 49 samples analysed with corrected concentration between 1.08 

and 35.70 ng/mL (corrected by SG). The detection rate of 4’-MAP was 18%, at 

levels ranging from 1.17 to 8.98 ng/mL (corrected by SG). Those samples found to 

contain 4’-MAP also contained 4-MCA (Figure 4-9). 

The results from this small population proved the existence of the two 

metabolites of EHMC in human urine samples. However, this pilot scale study still 

exists several limitations. Firstly, EHMC was not detected in all 49 samples. The 

possible reasons may be various, such as metabolism, low daily exposure levels of 

EHMC due to the collection days in winter (January) or simply the small scale of 

population. In addition, although both 4-MCA and 4’-MAP were found in these 

samples, the relationship between EHMC and these two chemicals cannot be 

verified. As a component of medicinal plants, 4-MCA was reported to be detected 
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in Granny’s Nightcap (Aquilegia vulgaris L.), Buerger’s Figwort (Scrophularia 

buergeriana Miq.) and Prostanthera rotundifolia.28-30 Although no human exposure 

study was reported for this chemical and no personal report of medical/herbal 

treatment was available by volunteers, which means that the extensive detection of 

4-MCA is very likely as a result of the metabolism of sunscreen intergradient, more 

evidences are still needed for verification of the uses of these two chemicals for 

EHMC exposure in HBM studies. Herein, a larger population with more detailed 

demographic information provided were tested in the following study. 
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Table 4-5. Urinary concentration of EHMC and its metabolites of female university 

students (n=49). Adjusted figures are corrected by SG. Conc. range represents 

lowest to highest detected concentration. 

n = 49 

Crude  Adjusted 

>LOD >LOQ 
Median 

conc. 

(ng/mL) 

Conc. Range 

(ng/mL) 

 

Median conc. 

(ng/mL) 

Conc. Range 

(ng/mL) 

EHMC n.d. n.d.  n.d. n.d. 0 0 

4-MCA 2.01 1.59 – 74.98  1.38 1.08 – 35.70 75.5% 61.2% 

4’-MAP n.a. 2.13-5.72  n.a. 1.17-8.98 18.4% 14.3% 

Note: n.d.:<LOD. n.a.: not reported if less than 50% of the samples were > LOQ. 

 

 

 

Figure 4-9. 4-MCA and 4’-MAP concentrations in human urine samples (each bar 

on the graph represents the mean of three replicates). Error bar: ± SD. (corrected 

by SG). 
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4.3.3.3. School age students 

EHMC and its two metabolites as exposure markers were further evaluated in 

more than 100 children and adolescents aged from 8 to 16 in Shanghai, China with 

more demographic factors provided by questionnaires during urinary sample 

collection. Detailed characteristics information is shown in Table 4-6. 

 

4.3.3.3.1. General exposure levels and internal correlations 

  In this population, EHMC was found in 50.9% of urine samples while 4-MCA 

and 4’-MAP were measured in 66.7% and 91.7% of samples, respectively (Table 

4-7), in accordance with the tendency discovered in rats urine. For parent compound, 

EHMC was detected at maximum measured concentration of 19.21 ng/mL with 

both the lowest detection rate and the lowest urinary concentration compared with 

two metabolites. 4’-MAP was most extensively detected with average 

concentration of 2.74 ng/mL and maximum concentration of 27.19 ng/mL. 4-MCA 

had the highest measured concentration up to 41.14 ng/mL.  

  In order to figure out the internal relationship among EHMC and its two 

metabolites, correlations were evaluated by Spearman’s correlation (Table 4-8). 

Concentration of EHMC and 4-MCA in urine samples showed significant negative 

correlation (ρ = -0.318, p = 0.001) in both males and females. Although 4-MCA 

was previously reported as an ingredient in some medicinal plants and a trace 
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metabolite for anethol,28-31 this correlation still implies that most of 4-MCA may 

originate from EHMC in both genders in this population. Comparably, only female 

group observed the significant negative correlation of EHMC and 4’-MAP (ρ = -

0.341, p = 0.013), implying that gender difference may happen during metabolism 

or exposure. Meanwhile, for two metabolites, urinary concentration of 4-MCA and 

4’-MAP revealed high positive correlations despite of genders, indicating that these 

two metabolites may have the same and/or similar original sources, i.e. EHMC. 

And, due to their structural similarity, part of 4’-MAP may also transform from 4-

MCA. Previous studies also reported similar observations in polychlorinated 

biphenyls and their hydroxylated metabolites and five urinary metabolites of di-(2-

ethylhexyl) phthalate (p < 0.0001).32,33 

Relatively limited HBM researches have been conducted on EHMC, even 

though it exhibited comparative occurrence and potential endocrine disrupting 

properties with another UV filters, BP-3. Possible factors that hinder relevant 

studies could be as follows: Firstly, lipophilicity of EHMC is higher than BP-3, 

resulting in a high probability that the majority of EHMC undergoes metabolism 

before excretion. Considering the low exposure level in daily life, monitoring barely 

the parent compounds in urine samples requires instruments with extremely high 

sensitivity. Secondly, exposure pathways of EHMC are various and non-conclusive. 

For instance, although with high lipophilicity, opinions differ as to EHMC’s affinity 

for the stratum corneum. Sarveiya et al. reported EHMC passed through the 
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epidermal barrier on volunteers by tape stripping while Klimova et al. claimed that 

EHMC posed low health risk from systemic absorption using pig-ear skin.16,34 

Besides topical application, presence of multiple organic UV filters including 

EHMC in marine organisms and indoor dust implies the potential of dietary and 

inhalation exposure.7,35 Therefore, research on human exposure study on EHMC 

risks many challenges and difficulties, but still be worth efforts.  

As the primary attempt to comprehensively evaluate EHMC exposure with its 

major metabolites in Chinese students, this study founds a solid base in the first step 

for further HBM studies. Monitoring metabolites together with parent compounds 

remedies the trace limit requirements of instrumentation and provide more exposure 

biomarkers on the following epidemiological studies. Moreover, according to the 

information collected from questionnaires, participants involved in this study 

scarcely used cosmetics or personal care products, which lower down the possibility 

of dermal exposure. Nonetheless, widespread detection frequency of EHMC and its 

metabolites still indicates other, maybe multiple, exposure pathway of EHMC. 
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Table 4-6. Demographic information of 108 participants in this study. 

Characteristics N or mean % or range 

Gender   

Male 56 51.9% 

Female 52 48.1% 

Age (years) 11.69 8-16 

8-13  53 49.1% 

13-16  55 50.9% 

Father educational level   

Below Bachelor 52 48.1% 

Bachelor or above 22 20.4% 

Maternal educational 

level 

  

Below Bachelor 57 52.8% 

Bachelor or above 16 14.9% 

Economics statusa   

Low 51 47.2% 

High 33 30.6% 

a Defined by Engel’s Coefficient. (Low ≥ 30%; High < 30%) 
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Table 4-7. Urinary concentration of EHMC and its metabolites in school-aged 

students in China (n = 108). All corrected by SG. 

n = 108 

>LOD >LOQ 

Minimum 

(ng/mL) 

Percentile 

(ng/mL) Maximum 

(ng/mL) 25th 50th 75th 

EHMC 50.9% 8.3% LOD LOD LOD LOQ 19.21 

4’-

MAP 
91.7% 51.9% LOD LOD 2.74 7.87 27.19 

4-MCA 66.7% 31.5% LOD LOD LOQ 7.35 41.14 

 

Table 4-8. Associations of urinary concentration among EHMC and its two 

metabolites for males and females of participants. 

  
Total  Male  Female 

4-MCA 4’-MAP  4-MCA 4’-MAP  4-MCA 4’-MAP 

EHMC 
ρ -0.318** -0.087  -0.260* 0.152  -0.414** -0.341* 

Sig. 0.001 0.371  0.053 0.262  0.002 0.013 

4-MCA 
ρ  0.353**   0.307*   0.395** 

Sig.  0.000   0.021   0.004 

*. Significant at the 0.05 level (2-tailed) 

**. Significant at the 0.01 level (2-tailed) 
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4.3.3.3.2. Daily excretion dose 

By determines internal exposure of chemicals, HBM is considered to be an 

important part for exposure assessment, which herein, make a vital contribution to 

the risk assessment process. Daily excretion dose was reported here instead of 

human exposure dose, due to the unclear relationship between exposure and 

excretion of EHMC. Equation (1) was used to transform the urinary concentration 

into comparable daily excretion dose. As the first paper to report EHMC exposure 

in Chinese school students, these data are vital for establishing a database for further 

assessment of risk.  

ED = 
𝐶 ×𝑉

𝑊
                                                     (1)  

where ED is the excretion dose of EHMC or its metabolites (ng/kg/day or 

mol/kg/day); C is the measured concentration of analytes in urine (ng/mL or 

mol/mL); V is the human urine volume per day (L/day, a volume of 0.5 L was used 

for ages < 13 and 0.6 L for older ages) 36 and W is the body weight (kg).  

The estimated excretion amounts are shown in Table 4-9. Daily excretion 

amount was highest for 4’-MAP, with median as 30.529 ng/kg/day, followed by 4-

MCA with 21.575 ng/kg/day and lowest for EHMC, with barely 3.722 ng/kg/day. 

According to the Derived No-Effect Level (DNEL) established by oral 

administration experiment in rats models by the Danish Environmental Protection 

Agency for EHMC, DNEL is 1.67 mg/kg/day for estrogenic effects and 1.00 
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mg/kg/day for thyroid-disrupting effects.37 Therefore, the excretion level of no 

matter EHMC or its metabolites are far below the suggested DNEL values. 

However, it has to be noted that the actual exposure level is suspected to be above 

this estimated excretion doses due to the inadequate understanding of ratio of 

exposure to excretion in human body. 

Another commonly used UV filters, BP-3, reported the daily excretion dose as 

27.2 ng/kg/day for Chinese young adults,38 higher than this report for EHMC 

exposure levels. However, if the metabolites were also considered together with 

parent compound, excretion dose of EHMC would even higher than BP-3. So as to 

compare the total daily excretion of EHMC and its metabolites with all BP-

derivatives (including BP-3 and its four metabolites), molecular concentration was 

utilized for estimation of excretion dose. 4’-MAP has the highest median excretion 

dose of 0.204 mol/kg /day, followed by 4-MCA of 0.121 and EHMC of 0.0128 

mol/kg /day. The median total excretion was 0.338 mol/kg/day, higher than that 

reported for all BP-derivatives (0.12 mol/kg/day).38 The positive statistical 

associations between BP derivative exposure and increased incidence of 

endometriosis, reduction in semen quality, and reduction in couples’ fecundity 

elevate public concern for, or wariness of, using any cosmetics containing organic 

UV filters.39-41 In 2017, the EU reduced the limit on the amount of BP-3 allowed in 

cosmetics from 10 to 6%.42 EHMC, with comparable endocrine-disrupting 
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properties with BP-3, deserves more attention on further biomonitoring study 

together with its metabolites.   
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Table 4-9. Estimated daily excretion dose of EHMC and its metabolites for school 

aged students in China.  

 EHMC 4-MCA 4’-MAP Total 

ng/kg/day 

GM 4.125 27.834 38.239 - 

5th percentile 1.062 5.422 6.390 - 

Median 3.722 21.575 30.529 - 

95th percentile 68.317 231.320 217.042 - 

mol/kg/day 

GM 0.0142 0.156 0.255 0.426 

5th percentile 0.00366 0.0305 0.0426 0.0767 

Median 0.0128 0.121 0.204 0.338 

95th percentile 0.236 1.300 1.447 2.982 

Note: GM: geometric means. 

 

4.3.3.3.3. Demographic characteristics as predictors with concentration 

Demographic characteristics are of particular concern in HBM since they may 

predict people’s risk and resistance of exposure to these compounds. After 

excluding those participants lacking adequate information on demographic 

characteristics, selected characteristics information including gender, age, parental 

educational status and financial situation for these studied population were 

evaluated with the entire PTHEC cohort (Table 4-10). No significant difference 

was revealed. Difference of internal exposure among different factors was also 

calculated as shown in Table 4-11. As for genders, the urinary concentration of all 
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three analytes were higher among females than males in general but with p-value > 

0.05. Although previous researches revealed that males and females may have a 

large disparity on uses of sunscreens,43 this insignificant finding in measured 

urinary levels could also imply that topical application is not the main pathway by 

which EHMC enter this population, which conform to the information collected in 

questionnaires. 

Among all these three analytes, only significant difference of 4-MCA 

distribution was observed on father education and the social economics. Higher 

father education and economics tended to have lower concentration of 4-MCA 

(Table 4-11). Further associations of analytes concentration with these factors are 

shown in Figure 4-10. Consistent results of significantly negative correlation (p < 

0.05) were found for 4-MCA with both father educational degree (ρ = -0.235) and 

economics status (ρ = -0.234). Conversely, existed study discovered that BP-3 was 

significantly higher among children of mothers who completed a college degree, 

which speculate to be associated with the using habits of sunscreen.44 Besides, for 

the remaining EHMC and 4’-MAP, they do not exhibit any correlation with 

education degree and financial status. Probable explanation may be different 

metabolic pathways of the metabolites. Similar situation also happened on tris(2-

chloroisopropyl) phosphate: its two metabolites exhibited reverse correlation with 

mother’s educational level.44 Moreover, education and financial situation also 

associated with diet, lifestyle and occupational difference and therefore, the reasons 
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for this pattern require research in larger population with more relevant 

characteristics. 45  

Another remarkable observation is that, the urinary concentration of EHMC 

positively correlated with age as continuous variate (ρ = 0.224, p = 0.020) (Figure 

4-10). Considering the relatively high log bioaccumulation of EHMC estimated 

previously by our passive sampling device,18 which suggested its potential for 

accumulation in biota, this positive correlation indicates the increased EHMC 

excretion with age and potential bioaccumulation in human body.  
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Table 4-10. Selected demographic information of children and adolescents in this 

study and the overall PTHEC cohort. 

Characteristic 

Selected population 

in this study 

The whole population of 

the cohort 
p-

Value 
N (%) or Mean±SD N (%) or Mean±SD 

Gender   
 

Male 56 (51.9%) 966 (49.59%) 0.647  

Female 52 (48.1%) 982 (50.41) 
 

Age 11.69 ± 2.44 12.11 ± 3.50 
 

8-13  53 (49.1%) 1061 (54.6%) 0.226  

13-16  55 (50.9%) 884 (45.4%) 
 

Paternal educational 

level 

  

 

Below Bachelor 52 (70.3%) 937 (68.3%) 0.722  

Bachelor or above 22 (29.7%) 435 (31.7%) 
 

Maternal educational 

level 

  

 

Below Bachelor 57 (78.1%) 976 (71.2%) 0.203  

Bachelor or above 16 (21.9%) 395 (28.8%) 
 

Economics statusa   
 

Low 51 (60.7%) 608 (50.6%) 0.073  

High 33 (39.3%) 594 (49.4%) 
 

BMI   
 

Normal 60 (55.6%) 1117 (57.9%) 0.682  

Overweight 21 (19.4%) 399 (20.7%) 
 

Obesity 27 (25.0%) 414 (21.5%)   

a Defined by Engel’s Coefficient. (Low ≥ 30%; High < 30%). 
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Table 4-11. Distribution of analyte concentrations with various demographic 

characteristics.  

Variable 
4'-MAP b 

p-

Value 
4-MCAb 

p-

Value 
EHMCb p-Value 

Gender       

Male 3.067 
0.874 

2.026 
0.354 

0.305 
0.251 

Female 3.265 2.636 0.387 

Age        

8-13 3.348  0.386 2.211  0.444 0.295  0.547 

13-16 3.195   2.553   0.339   

Paternal 

educational 

level 

      

Below Bachelor  3.149  0.582 2.460  0.044 0.360  0.741 

Bachelor or 

above 
3.112   2.389   0.366   

Maternal 

educational 

level 

      

Below Bachelor 3.111  0.634 2.400  0.230 0.357  0.147 

Bachelor or 

above 
3.172   2.542   0.357   

Economics 

status 
      

Low 3.121  0.495 2.451  0.033 0.358  0.777 

High 3.144   2.384   0.362   

b GMs. Bold for p-value < 0.05. 
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Figure 4-10. Correlation coefficient between analytes concentrations and different 

demographic characteristic. Filled markers are used where p < 0.05. Correlation 

coefficients smaller than 0.1 are considered as no relationship. 
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4.4. Chapter summary 

In this chapter, the metabolism of EHMC was studied in rats as an animal model 

for general HBM studies. Structure of five major metabolites were elucidated in 

rats urine, plasma and feces. Two of them were unambiguously confirmed by 

commercial standards as 4-MCA and 4’-MAP. Excretion of these two metabolites 

with parent compound in rats model revealed that, firstly, EHMC was quickly 

metabolized in plasma and secondly, the concentration range of metabolites were 

well above that of parent compound in urine. Herein, EHMC, 4-MCA and 4-MAP 

were further verified in two populations – university students and school aged 

children. Both of these populations proved that monitoring EHMC alone will highly 

under-estimated the exposure level of EHMC. Moreover, significantly internal 

correlations were found for these three analytes in Chinese school aged children 

and verify the uses of 4-MCA and 4’-MAP as EHMC metabolites in human 

exposure studies. In addition, some host factors were found to have significant 

relationships with urinary concentrations, i.e. EHMC positively correlated with age 

and 4-MCA negatively correlated to father’s level of education and economic 

conditions.  

As the primary HBM research of emerging organic UV filters – EHMC, this 

focused population was comparatively small for making a generalized conclusion 

of utilization host factors as exposure predictors. In addition, the students were 

recruited in a suburb in Shanghai Province which may not represent other 
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populations. Apart from these limitations, this research also has several remarkable 

strengths. Firstly, major metabolites of EHMC were successfully identified to 

remedy its rapid metabolism in biological fluids. Secondly, compared with plasma 

and feces, urine is shown to be a more suitable biological matrices for evaluating 

EHMC exposure. Finally, extensive exposure of EHMC and its metabolites was 

discovered in both populations, and the results of questionnaires indicated multiply 

possible exposure pathways. Potential influential demographic factors were also 

discovered for understanding the predictors that influence the chemical burden. 

This first biomonitoring data of EHMC exposure could be used to bridge between 

internal exposure and the results of adverse health effects, by further 

epidemiological studies. 
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Chapter 5 – Associations between urinary UV filters and 

adiposity in Chinese children and adolescents 

5.1. Introduction 

  In Chapter 1, the endocrine disrupting properties of UV filters revealed in vitro 

and in vivo studies were elaborated. It indicates that UV filters could be potentially 

regarded as endocrine disrupting chemicals (EDCs) or endocrine disruptors. As for 

BP derivatives, epidemiological studies were mainly focused on the male and 

female reproductive health.1-3 However, apart from reproductive parameters, 

metabolic processes including energy storage-energy balance endocrine system and 

control of adipocyte functions are also reported to be sensitive to some EDCs,4 

resulting in unregulated weight control and even obesity. In particular, some recent 

researches discovered that exposure to EDCs during early development may relate 

to the increase of adipocyte numbers.5 Regarding the number of adipocytes are 

reported to be fixed after ca. 20 years old and remain constant in adulthood, 

influence of exposing to EDCs during childhood may last a lifetime.6 Herein, 

evaluation for UV filters exposure in children and adolescents associated with their 

adiposity is a vital and pioneered puzzle of risk assessment of these ECs.  

  In addition, the standards to evaluate the overweight/obesity of children and 

adolescents are inconsistent and diverse. BMI varies with age and gender in 

growing children and may be inadequate for evaluating the change in adiposity over 
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time. Herein, except for BMI, BMI z-scores (calculated as SD for a child’s relative 

weight adjusted for age and gender based on the CDC Growth charts by Centres for 

Disease Control and Prevention),7 skinfold thickness, percentage of body fat and 

waist-hip ratio were utilized for comprehensively evaluating fat distribution of 

students and associated with urinary concentration of UV filters for potential 

adverse impacts. 
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5.2. Materials and Methods 

Details on the chemicals and reagents, analytical methods and instrumental 

analysis are summarized in Chapter 2. 

 

5.2.1. Study population 

  In the time period from October to November 2010, total 2007 students were 

recruited from one primary school, one junior middle school and one senior middle 

school in a suburban area in Shanghai based on a stratified multi-sage cluster 

sampling method under PTHEC study. Anthropometric measurements, pubertal 

development and related factors were collected by clinical examination and 

questionnaire after excluding students with congenital malformations, genetic or 

metabolic diseases and chronic endocrine diseases. Students and their 

parents/guardians were required to complete a set of questionnaires in order to 

collect their information about perinatal factors, socio-demographic variables, 

menarche in girls and spermarche in boys etc. Spot urine samples were obtained 

from students the same day of physical examination. Follow-up study after 18 

months were conducted to collect their urine samples and measure their physical 

and pubertal development status again. Among these students, 346 subjects were 

randomly selected from baseline and follow-up studies in 2010 and 2012, 

respectively. After excluding those samples with inadequate volume for analysis, 
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total 339 paired samples remained and further checked for complete covariate. 

Finally, 327 pairs of urine samples were included for chemical analysis. Flow chart 

for selection of tested subjects is shown as Figure 5-1.  
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Figure 5-1. Flow chart of included subjects for this study.
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5.2.2. Urine sample collection  

   Detailed information for spot urine collection, transportation and storage are 

described in Chapter 3.2.1.2.  

 

5.2.3. Anthropometric measurements  

  Physical examination including height (cm), weight (kg), waist and hip 

circumference (cm), triceps and subscapular skinfold thicknesses (TSFT and SSFT, 

respectively, cm) were measured by two well-trained technicians according to the 

standardized methods by WHO.7 Accuracy limits between measurements of two 

examiners were set to below 0.7 cm (height), 0.1 kg (weight), 0.5 cm 

(circumference) and 0.1 cm (thickness).7 Average data were used for statistical 

analysis. Puberty parameters including breast stage, pubic hair stage and testicular 

volume were also recorded by professional paediatrician or urologist.  

  

5.2.4. Statistical analysis 

BMI was computed as described in Chapter 4.2.4. BMI z-score was calculated 

based on established standards by Centres for Disease Control and Prevention, the 

U.S.8 Body fat percentage (BF%) was also calculated based on the formula 
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commonly used for Chinese students aged 7-12 years old: BF% = 6.931 + 0.428 × 

(TSFT+SSFT) (mm) for boys and 7.896 + 0.458 × (TSFT+SSFT) (mm) for girls.7 

Waist-Hip ratio was obtained as the waist measurement divided by hip 

measurement.  

Distribution of SG-corrected urinary concentration of UV filters are right-skewed 

and therefore log-transformed to fulfil normality before statistical analysis. 

Concentration below LOD was assigned half of the LOD value. GMs, 95% 

confidence interval (CI) and percentiles were calculated for exposure levels in 

baseline (2010) and follow-up studies (2012). Comparison between urinary 

concentration of UV filters in different gender, age, weight and height difference in 

2010 and 2012 were conducted by t-test. Correlations between different UV filters 

exposure were evaluated by Spearman’s correlation. The statistical significance 

level was set as 0.05 for two-tailed test. To test the effect of UV filters exposure on 

the children and adolescents’ adiposity outcomes across two visits spanning 18 

months, linear mixed-effect models were used for the continuous outcomes of BMI, 

BMI z-score, TSFT, SSFT and Waist-Hip ratio. The effects on two separate cross-

sectional studies on 2010 and 2012 by generalized linear models were further 

evaluated. Both models adjusted for potential confounding variables.  

All statistical analyses were performed by the Stata software version 14.0 (Stata 

Corp., College Station, TX). 
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5.3. Results and discussion 

5.3.1. Method performance 

  Analytical method used in this chapter was developed and validated for 10 

commonly used UV filters studied in Chapter 3.3.2. with two EHMC metabolites, 

4-MCA and 4’-MAP given in Chapter 4.3.3.1. One UV filter, Avo, was added in 

this chapter with acceptable validation performance of the existing sample 

preparation method (Table 5-1). Total 13 UV filters and their metabolites were 

targeted and analysed in 327 pairs urine samples. 

 

Table 5-1. Summary of analytical method performance of Avo. 

Analytes 
LOD 

(ng/mL) 

LOQ 

(ng/mL) 

Spike 

concentration 

(ng/mL) 

Recovery 

Intra-day (%) Inter-day (%) 

Avo 0.06 0.21 

5.00 74.83 ± 8.89 80.77 ± 7.64 

10.00 79.79 ± 3.97 80.65 ± 3.09 

 

5.3.2. General exposure level and gender difference 

Detection frequencies and percentiles of the total 13 analytes were calculated and 

shown in Table 5-2. All urine samples can be detected with at least two kinds of 

UV filters, indicating the ubiquitous exposure of UV filters to Chinese children and 
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adolescents. Similar with previous small-scale study given in Chapter 3, 4-MBC, 

3-BC and BP-8 were not detected in any urine samples in this study while detection 

rate of BP-1, 4-HB, OC and Avo were less than 30%. Therefore, further statistical 

analysis only focused on EHMC, its two metabolites, BP-2, BP-3 and OD-PABA. 

  In order to get a better estimation of long-term excretion of UV filters among 18 

months, average of concentration of the baseline (2010) and follow-up (2012) 

samples was taken for general exposure. Since the concentration of UV filters were 

right skewed, extreme outliers out of 25th/75th percentiles minus/plus three times of 

interquartile range were excluded for further t-test to compare the exposure 

difference between different genders. Distribution of these analytes in boys and 

girls are displayed in Figure 5-2. Generally, EHMC and its two metabolites as well 

as BP-3 showed significant gender difference while BP-2 and OD-PABA did not.   

  Gender difference raises attention in human health risk assessment because it can 

reveal some issues such as the different opportunities for exposure or response to 

these environmental contaminants. Higher excretion level of EHMC and BP-3 in 

females than males normally being explained as the usage of cosmetics with UV 

filters as additives.9 However, considering the age of this targeted population and 

the fact that school children normally use less cosmetics than female adults, other 

possible reasons could also be considered. For instance, the direct or indirect effects 

on hormones may further influence the absorption, metabolism and excretion of 

chemicals.10 Ferfluorooctanoic acid was reported to have a 70-times longer half-
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life in male rats than in female due to the renal clearance affected by sex hormone; 

while serum bisphenol A concentration was higher in males than in females, 

possibly due to androgen related metabolism of bisphenol A.11,12 However, 

although BP-3 and EHMC were discovered to cause estrogenic effects by the 

activation of estrogen receptor α and/or β,13 detailed mechanism of toxicological 

effects of UV filters are still lack of investigation.  
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Table 5-2. Distribution of urinary UV filters concentration (ng/mL or pg/mL) of boys and girls in baseline and follow-up (n=327). All 

corrected by SG. Concentrations of all analytes were in ng/mL except OD-PABA, which was in pg/mL. 

 Boys  Girls 

 %＞LOD GM(95% CI) 5th 10th 25th 50th 75th 90th 95th  %＞LOD GM(95% CI) 5th 10th 25th 50th 75th 90th 95th 

Baseline (2010)                   

EHMC 45.03 0.55(0.45, 0.67) 0.12 0.13 0.18 0.44 1.49 2.31 4.11  67.61 1.15(0.94, 1.41) 0.16 0.18 0.36 1.17 2.70 6.03 11.70 

4'-MAP 94.04 3.76(3.24, 4.37) 0.45 1.63 2.28 3.71 6.43 9.80 16.62  98.86 6.78(5.99, 7.68) 1.94 2.45 3.85 6.65 10.90 19.30 25.77 

4-MCA 15.23 1.23(1.02, 1.48) 0.46 0.49 0.57 0.79 1.41 8.40 10.72  28.98 2.03(1.68, 2.47) 0.52 0.57 0.73 1.29 6.70 14.14 20.49 

BP-1 6.62 0.40(0.35, 0.46) 0.19 0.21 0.24 0.31 0.46 1.73 3.20  15.91 0.58(0.50, 0.67) 0.22 0.24 0.30 0.45 0.83 2.14 3.34 

BP-2 48.34 1.56(1.31, 1.85) 0.41 0.44 0.52 1.44 3.80 6.31 8.23  43.75 1.88(1.6, 2.21) 0.44 0.50 0.67 1.46 5.00 7.80 11.04 

BP-3 100.00 0.76(0.66, 0.87) 0.26 0.32 0.41 0.63 1.14 2.43 3.89  100.00 1.17(0.99, 1.37) 0.36 0.41 0.61 0.93 1.78 3.88 6.21 

BP-8 0.00 NA  0.00 NA 

4-HB 5.30 0.21(0.19, 0.23) 0.11 0.12 0.13 0.17 0.24 0.63 1.11  8.52 0.28(0.25, 0.31) 0.13 0.14 0.16 0.23 0.38 0.96 1.28 

OD-PABA 88.08 4.56(3.78, 5.5) 0.44 0.87 2.53 4.64 9.22 15.28 34.06  89.77 3.95(3.41, 4.57) 0.54 1.35 2.38 3.83 6.86 14.91 20.84 

OC 0.00 NA  16.48 0.26(0.23, 0.30) 0.09 0.10 0.12 0.20 0.41 1.23 1.89 

4-MBC 0.00 NA  0.00 NA 

3-BC 0.00 NA  0.00 NA 

Avo 2.65 0.04(0.04, 0.05) 0.02 0.03 0.03 0.04 0.05 0.11 0.25  5.11 0.06(0.05, 0.07) 0.03 0.03 0.04 0.05 0.08 0.13 0.38 
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Followed up (2012)                   

EHMC 37.09 0.53(0.43, 0.65) 0.12 0.13 0.19 0.36 1.48 3.23 3.75  57.95 0.96(0.79, 1.18) 0.14 0.18 0.26 1.18 2.26 5.23 12.39 

4'-MAP 96.03 4.71(3.98, 5.58) 0.67 1.41 2.43 4.81 8.43 15.10 33.06  96.59 4.93(4.33, 5.62) 1.40 2.01 3.06 4.75 7.74 13.81 21.78 

4-MCA 3.31 1.04(0.91, 1.19) 0.44 0.49 0.57 0.88 1.41 2.36 7.07  5.68 1.12(0.99, 1.27) 0.47 0.51 0.66 0.88 1.41 3.53 5.53 

BP-1 7.95 0.39(0.34, 0.44) 0.19 0.21 0.24 0.31 0.46 1.16 2.39  8.52 0.53(0.46, 0.62) 0.22 0.24 0.28 0.40 0.66 1.49 4.21 

BP-2 38.41 1.6(1.32, 1.93) 0.38 0.42 0.57 1.14 4.26 7.53 11.39  28.98 1.43(1.21, 1.7) 0.39 0.44 0.59 0.88 3.80 9.83 12.67 

BP-3 99.34 0.86(0.76, 0.98) 0.33 0.39 0.49 0.76 1.21 2.42 4.30  100.00 1.32(1.1, 1.58) 0.33 0.45 0.61 1.01 2.07 4.28 9.99 

BP-8 0.00 NA  0.00 NA 

4-HB 17.22 0.27(0.23, 0.31) 0.11 0.12 0.14 0.19 0.38 1.23 1.70  17.61 0.34(0.29, 0.39) 0.13 0.14 0.17 0.28 0.46 1.66 2.94 

OD-PABA 92.72 4.88(4.08, 5.84) 0.71 1.36 2.64 4.28 8.02 23.20 34.67  94.89 5.30(4.52, 6.22) 1.23 1.84 2.64 4.72 9.34 17.50 41.53 

OC 3.31 0.14(0.13, 0.16) 0.08 0.08 0.09 0.12 0.19 0.35 0.49  0.00 NA 

4-MBC 0.00 NA  0.00 NA 

3-BC 0.00 NA  0.00 NA 

Avo 1.99 0.04(0.04, 0.05) 0.02 0.03 0.03 0.04 0.05 0.09 0.19  1.70 0.06(0.05, 0.06) 0.03 0.03 0.04 0.05 0.08 0.13 0.19 

Note: NA, not applicable. 



158 

 

 

Figure 5-2. Distribution of selected analytes in urine samples between genders. 

Excluded extreme outliers for t-test (*** indicates p < 0.001). Concentrations of all 

analytes were in ng/mL except OD-PABA, which was in pg/mL. 

 

5.3.3. Correlations among UV filters 

  Figure 5-3 and Table 5-3 depict Spearman correlations among four different 

kinds of UV filters. All correlations are statistically significant and generally 

positive. Correlations between EHMC and BP-3, BP-2 and BP-3, both BP-2 and 

BP-3 with OD-PABA are stronger according to heat map. These strong positive 

correlations could be speculated as they normally appear in combination as 

formulas in personal care products in order to achieve a broad spectrum of UV 
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protection. As all analysed urine samples contained at least two kinds of UV filters, 

co-exposure of these chemicals should be omnipresent. Li et al. discovered that 

joint exposure of OC, EHMC and BP-3 increased the accumulation in B. rerio up 

to 4 times compared with single exposure.14 Although it is also reported that 

mixture of EHMC, OC and Avo reduced the toxic effects in Daphnia magna due to 

antagonistic action,15 identifying the co-exposure patterns could help to prioritizing 

target mixture for further toxicological studies of combinations of mixture 

components. 
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Figure 5-3. Heat map displaying Spearman correlations among organic UV filters. 

All correlations are significant at p < 0.01. 

 

Table 5-3. Correlations among four organic UV filters. Calculated by Spearman’s 

correlation. 

Spearman’s rho (ρ) EHMC BP-2 BP-3 OD-PABA 

EHMC  0.154** 0.344** 0.154** 

BP-2   0.320** 0.316** 

BP-3    0.306** 

** Significant at the 0.01 level (2-tailed). 
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5.3.4. Relationships with adiposity outcomes 

5.3.4.1. Characteristics of selected population 

  All demographic and anthropometric characteristics of the participants are 

present in Table 5-4. The age of 327 students, with 151 boys and 176 girls, of 2010 

cohort was in the range of 6.8 to 15.5 years old. The average BMI z-scores revealed 

that, generally the BMI of these 327 boys were larger than 73.89 percentile of same 

age group while BMI of girls was smaller than 52.79 percentiles of peers in 2010 

cohort, but still within the normal scope. For the follow-up study in 2012, height 

and weight of the students were significantly increased but BMI and other adiposity 

related outcomes remained steady. For pubertal development, 21.2% of boys 

developed from pre-pubertal (testicular volume <  4 mL) to pubertal stage 

(testicular volume ≥ 4 mL) while 21% of girls also entered the pubertal onset with 

breast buds during 18 months. Parental age at birth, maternal BMI before pregnancy 

and parental educational level were also used as covariates in the following 

multivariate analysis.  
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Table 5-4. Demographic and anthropometric characteristics of total 327 pairs 

students. 

Characteristics 
Baseline (2010)  Follow-up (2012) 

Boys(n=151) Girls(n=176)  Boys(n=151) Girls(n=176) 

Age, year, mean (SD) 10.81 (1.69) 10.17 (1.62)  12.38 (1.69)** 11.74 (1.62)** 

Height, mm, mean 

(SD) 146.34 (12.91) 141.42 (10.54) 
 

155.98 (12.87)** 150.18 (9.23)** 

Weight, kg, mean (SD) 41.79 (13.41) 34.57 (8.46)  47.35 (13.52)** 40.24 (8.95)** 

BMI, kg/m2, mean 

(SD) 19.02 (3.58) 17.05 (2.51) 
 

19.10 (3.38) 17.67 (2.69) 

BMI z-score, mean 

(SD) 0.64 (1.29) -0.07 (1.04) 
 

0.27 (1.23) -0.24 (1.03) 

TSFT, mm, mean (SD) 14.17 (5.64) 12.52 (4.12)  13.16 (6.33) 13.42 (4.96) 

SSFT, mm, mean (SD) 12.10 (6.41) 9.22 (3.93)  11.89 (7.96) 8.67 (3.70) 

BF%, mean (SD) 0.22 (0.07) 0.16 (0.05)  0.20 (0.09) 0.16 (0.06) 

Waist-Hip Ratio, mean 

(SD) 0.81 (0.06) 0.80 (0.05) 
 

0.83 (0.06) 0.81 (0.05) 

      

Tanner stage, n(%)      

Pre-pubertal (Stage 1) 115 (76.2%) 53 (30.1%)  83 (55.0%) 16 (9.1%) 

Pubertal (Stage 2-5) 136 (23.8%) 123 (69.9%)  68 (45.0%) 160 (90.9%) 

      

Maternal age at birth, 

year, mean (SD) 
24.47 (2.87) 24.28 (2.74)  

  

Mother’s pre-

pregnancy BMI, 

kg/m2, mean (SD) 

20.77 (3.52) 20.38 (3.12)  
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Paternal age at birth, 

year, mean (SD) 
26.69 (3.82) 26.81 (3.74)  

  

      

Maternal educational attainment, n(%)    

Below Bachelor 175 (63.2%) 134 (54.9%)    

Bachelor or above 102 (36.8%) 110 (45.1%)    

      

Paternal educational attainment, n(%)    

Below Bachelor 178 (64.3%) 129 (52.9%)    

Bachelor or above 99 (35.7%) 115 (47.1%)    

*Tanner stage were determined by established method.16,17  

**Significant at p < 0.05 compared with baseline. 
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5.3.4.2. Longitudinal analyses 

  The longitudinal associations between urinary concentration of UV filters and 

levels of adiposity in the contemporary cohort study are summarized in Table 5-5. 

Mixed-effect model was used in order to appropriately account for correlations 

between the repeated measurements in the same participants over time. After 

adjusting the confounders, it was observed that relationships between UV filters 

with BMI and TSFT were stronger than that with BF% and Waist-Hip ratio on 

gender-stratified analyses. The relationships were inconsistent depending on 

different kinds of UV filters and evaluation outcomes. But significant gender-

specific correlations were only observed in boys between increased excretion to 

EHMC and reduced BMI (β = -0.151, p = 0.041), TSFT (β = -0.488, p = 0.006) 

and BF% (β = -0.005, p = 0.024) (Figure 5-4, Table 5-5).  

  Since no significant associations were discovered for BMI-z scores, SSFT and 

Waist-Hip ratio, further cross-sectional analyses on 2010 and 2012 separately were 

conducted on the remaining three adiposity outcomes so as to figure out the 

influential baseline and/or follow-up studies.  
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Figure 5-4. Associations between log-transformed concentration of UV filters and 

adiposity outcomes in boys (blue) and girls (red). Adjusted for confounders. Filled 

symbols indicated p < 0.05 and bars indicated 95% CI.  

BMI TSFT 

BF% 

β (95%CI) β (95%CI) 

β (95%CI) 
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Table 5-5. Associations between urinary UV filters and repeated measurements of 

adiposity outcomes in boys and girls in adjusted linear mixed-effect models. 

Adiposity 

outcomes 

UV filters 

Boys  Girls  

β (95% CI) p β (95% CI) p 

BMI  EHMC -0.151(-0.296, -0.007) 0.041 -0.015(-0.092,0.062) 0.706 

4'-MAP 0.098(-0.096,0.292) 0.321 -0.03(-0.163,0.104) 0.663 

4’-MCA 0.139(-0.033,0.311) 0.114 0.035(-0.057,0.128) 0.454 

BP-2 -0.032(-0.213,0.149) 0.729 0.035(-0.066,0.135) 0.498 

BP-3 0.043(-0.194,0.280) 0.721 0.009(-0.115,0.132) 0.892 

OD-PABA 0.061(-0.098,0.220) 0.451 0.018(-0.087,0.123) 0.739 

BMI z-

score 

EHMC -0.025(-0.102,0.052) 0.531 -0.01(-0.047,0.026) 0.578 

4'-MAP 0.069(-0.036,0.174) 0.200 -0.022(-0.084,0.040) 0.493 

4’-MCA 0.074(-0.015,0.162) 0.105 0.007(-0.037,0.051) 0.752 

BP-2 0.004(-0.082,0.091) 0.922 0.015(-0.032,0.062) 0.529 

BP-3 0.014(-0.107,0.135) 0.823 0.042(-0.025,0.109) 0.217 

OD-PABA 0.029(-0.049,0.108) 0.462 -0.009(-0.058,0.041) 0.729 

TSFT EHMC -0.488(-0.836, -0.139) 0.006 -0.092(-0.324,0.140) 0.438 

4'-MAP -0.197(-0.673,0.279) 0.417 -0.017(-0.412,0.378) 0.933 

4’-MCA 0.21(-0.224,0.643) 0.343 -0.036(-0.315,0.243) 0.800 

BP-2 -0.225(-0.668,0.219) 0.321 0.149(-0.149,0.446) 0.327 

BP-3 -0.128(-0.710,0.453) 0.665 0.036(-0.305,0.376) 0.838 

OD-PABA 0.25(-0.142,0.643) 0.211 0.117(-0.194,0.428) 0.459 

SSFT EHMC -0.335(-0.745,0.075) 0.109 -0.003(-0.186,0.179) 0.972 

4'-MAP 0.214(-0.339,0.767) 0.449 -0.257(-0.576,0.063) 0.116 

4’-MCA 0.45(-0.052,0.951) 0.079 0.221(-0.005,0.447) 0.056 

BP-2 0.228(-0.288,0.744) 0.386 0.001(-0.271,0.273) 0.994 

BP-3 0.364(-0.311,1.038) 0.291 0.042(-0.272,0.357) 0.791 

OD-PABA 0.321(-0.135,0.776) 0.168 -0.134(-0.389,0.121) 0.302 



167 

 

BF% EHMC -0.005(-0.010, -0.001) 0.024 -0.001(-0.004,0.002) 0.529 

4'-MAP 0(-0.007,0.006) 0.918 -0.003(-0.008,0.002) 0.214 

4’-MCA 0.004(-0.002,0.009) 0.197 0.001(-0.002,0.004) 0.484 

BP-2 0(-0.006,0.005) 0.898 0.001(-0.002,0.004) 0.560 

BP-3 0.001(-0.006,0.009) 0.730 0.001(-0.003,0.005) 0.599 

OD-PABA 0.003(-0.002,0.008) 0.261 -0.002(-0.006,0.001) 0.240 

Waist-Hip 

ratio 

EHMC -0.003(-0.008,0.002) 0.194 -0.001(-0.004,0.002) 0.506 

4'-MAP 0.005(-0.001,0.011) 0.129 -0.001(-0.007,0.004) 0.648 

4’-MCA 0.002(-0.004,0.008) 0.587 -0.001(-0.005,0.002) 0.491 

BP-2 0(-0.006,0.006) 0.935 -0.003(-0.007,0.001) 0.096 

BP-3 0.006(-0.003,0.016) 0.180 0.002(-0.003,0.006) 0.488 

OD-PABA 0.001(-0.006,0.007) 0.863 0.002(-0.001,0.006) 0.204 

Note: All models were adjusted for child’s age, Parity, Tanner stage, Mother’s pre-

pregnancy age, Mother’s pre-pregnancy BMI, Father’s pre-pregnancy age, Education 

of mother, and Education of father. Significances were highlighted in bold for p < 0.05. 

 

5.3.4.3. Cross-sectional analyses 

  The data were then subjected to analyses as two cross-sectional studies in 2010 

and 2012. After adjusted for confounders, generalized linear models, testing 

separate UV filters concentration with different adiposity outcomes still showed 

emaciation results associated with UV filters increase for nearly all UV filters 

(Table 5-6). Consistent with longitudinal analyses, only significant reduced effects 

were observed for EHMC with BMI, TSFT, BF% for boys (Figure 5-5). However, 

all of the effects were only significant in 2010, indicating the baseline study in 2010 
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contributes most of the effects in this longitudinal study. In particular, EHMC was 

inversely associated with BMI (β = -0.470, p = 0.032), TSFT (β = -0.702, p = 

0.017) and BF% (β = -0.020, p = 0.040) in male population in 2010.  
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Figure 5-5. Associations between log-transformed concentration of UV filters and 

adiposity outcomes in boys (blue). Adjusted for confounders. Filled symbols 

indicated p < 0.05 and bars indicated 95% CI. 
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Table 5-6. Association between urinary UV filters and adiposity outcomes in boys and girls in adjusted generalized linear models 

(n=327). 

Adiposity 

outcomes 

UV filters 

Boys(n=151)  Girls(n=176) 

2010  2012  2010  2012 

β(95% CI) p  β(95% CI) p  β(95% CI) p  β(95% CI) p 

BMI EHMC -0.470(-0.899, -0.041) 0.032  -0.386(-0.832,0.060) 0.090  -0.148(-0.396,0.100) 0.241  -0.091(-0.349,0.168) 0.491 

 4'-MAP -0.174(-0.751,0.403) 0.554  -0.115(-0.632,0.402) 0.662  -0.264(-0.677,0.149) 0.210  -0.181(-0.590,0.228) 0.385 

 4’-MCA -0.138(-0.607,0.332) 0.565  -0.196(-0.831,0.438) 0.544  -0.08(-0.332,0.171) 0.530  0.023(-0.420,0.467) 0.918 

 BP-2 -0.058(-0.564,0.449) 0.824  -0.171(-0.637,0.295) 0.473  -0.236(-0.551,0.080) 0.143  0.057(-0.252,0.367) 0.716 

 BP-3 -0.14(-0.780,0.500) 0.667  -0.281(-0.957,0.395) 0.416  -0.013(-0.393,0.367) 0.948  -0.216(-0.554,0.122) 0.210 

 OD-PABA -0.487(-0.947, -0.026) 0.038  0.236(-0.242,0.714) 0.334  0.057(-0.286,0.400) 0.744  -0.241(-0.582,0.100) 0.165 

TSFT EHMC -0.85(-1.547, -0.154) 0.017  -0.82(-1.700,0.061) 0.068  -0.205(-0.642,0.231) 0.356  -0.193(-0.717,0.330) 0.469 

 4'-MAP -0.491(-1.465,0.483) 0.323  -0.307(-1.328,0.715) 0.556  -0.309(-1.037,0.420) 0.406  -0.148(-0.977,0.682) 0.727 

 4’-MCA -0.651(-1.439,0.137) 0.105  0.255(-1.001,1.511) 0.691  -0.223(-0.664,0.218) 0.322  0.231(-0.666,1.128) 0.614 

 BP-2 -0.339(-1.195,0.517) 0.438  -0.355(-1.276,0.567) 0.451  -0.153(-0.710,0.405) 0.592  0.328(-0.297,0.952) 0.304 

 BP-3 -0.405(-1.481,0.672) 0.461  -0.307(-1.646,1.033) 0.653  -0.025(-0.693,0.643) 0.942  -0.033(-0.720,0.655) 0.926 

 OD-PABA -0.681(-1.464,0.102) 0.088  0.495(-0.450,1.440) 0.305  0.466(-0.133,1.065) 0.128  -0.536(-1.225,0.153) 0.127 

BF% EHMC -0.010(-0.020,0.0004) 0.040  -0.009(-0.021,0.003) 0.155  -0.005(-0.010,0.001) 0.106  -0.002(-0.007,0.004) 0.497 
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 4'-MAP -0.007(-0.021,0.007) 0.314  -0.003(-0.017,0.011) 0.671  -0.006(-0.015,0.004) 0.242  -0.001(-0.010,0.007) 0.741 

 4’-MCA -0.006(-0.016,0.004) 0.260  0.006(-0.011,0.023) 0.491  -0.003(-0.008,0.003) 0.305  0.002(-0.007,0.011) 0.661 

 BP-2 -0.001(-0.013,0.010) 0.821  -0.006(-0.019,0.006) 0.332  -0.001(-0.008,0.007) 0.876  0.002(-0.004,0.009) 0.505 

 BP-3 -0.005(-0.020,0.009) 0.480  0(-0.018,0.018) 0.968  0.003(-0.005,0.012) 0.442  0(-0.007,0.007) 0.927 

 OD-PABA -0.01(-0.020,0.001) 0.066  0.004(-0.009,0.017) 0.520  0.005(-0.002,0.013) 0.180  -0.006(-0.013,0.001) 0.116 

Note: Urinary UV filters levels were corrected by SG and log-transformed. 

All models were adjusted for child’s age, Parity, Tanner stage, Mother’s pre-pregnancy age, Mother’s pre-pregnancy BMI, Father’s pre-

pregnancy age, Education of mother, and Education of father. Significances were highlighted in bold for p < 0.05. 
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5.3.4.4. Discussion 

  In this cohort study of children and adolescents in Shanghai, it was aimed to 

explore the associations between exposure to UV filters and several adiposity 

outcomes. It was found that higher concentrations of EHMC was negatively 

associated with BMI, triceps skinfold thickness and body fat percentage (calculated 

by sum of the triceps and subscapular skinfold thicknesses) in boys, no matter in 

cross-sectional analyses or in longitudinal analyses. No other significant 

associations were discovered in other UV filters, including two metabolites of 

EHMC, although they are still highly correlated with EHMC (p < 0.05). 

  Due to the lack of epidemiological studies of organic UV filters, the present 

research is the first to figure out the exposure level to UV filters and child’s 

adiposity and therefore, without any comparisons. As mentioned before in gender 

difference of general exposure level, sex differences were also observed in the 

following epidemiological studies with several endpoints, which also very likely 

due to endocrine disrupting mechanisms of UV filters. EHMC was reported to 

exhibit multiple hormonal activities in vitro, including activated estrogen 

receptors,18,19 inhibited androgenic activity 20,21 and antagonistic effects towards 

progesterone receptor 21. Given that EHMC showed estrogenic effects, positive 

associations between EHMC exposure and adiposity outcomes were expected 

instead of inverse associations. However, EHMC also reported to completely 
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inhibited the activity of 17 β -estradiol, indicating that it is an anti-estrogenic 

compound rather than estrogenic in yeast assay.20 The endocrine disrupting 

properties of EHMC would be in a more complex manner in real living organisms. 

  In addition, similar observations also discovered in other kinds of EDCs. 

Although phthalates exhibit anti-androgenicity, Yang et al. observed negative 

association between one metabolite of phthalates, mono(2-ethylhexyl)phthalate, 

and sum of skinfold thicknesses in boys aged 8-14.22 Also, diethylstilbestrol, a well-

known nonsteroidal estrogen, was found to reduce body weight of male rats but 

increase that of female rats after exposure at major organogenesis.23 These findings 

revealed the complexities of the mechanisms relating the effects of sex steroids to 

change weight homeostasis, especially during developmental period. Nonetheless, 

the significant inverse associations of EHMC are still an important supporting 

evidence that EHMC can disrupt metabolic processes in human beings. Additional 

studies are needed to explore its mechanisms and mode of action. 

  Moreover, the following cross-sectional studies found out that baseline 

dominants the emaciation results rather than follow-up studies, indicating that the 

period of baseline study may be a critical window of EHMC exposure. Critical 

window, also named as sensitive period, is the concept of a specific period during 

development when one’s phenotypes can be shaped by a variety of intrinsic or 

extrinsic (i.e., environmental) factors.24 However, specific reasons for baseline 

study as the critical window for EHMC exposure required further studies with 
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targeted design. In addition, another possible reason could be, since the half-life of 

EHMC and its metabolites are relatively short in Chapter 4, they may subject to 

temporal variability. Therefore, single spot urine may not be capable of capturing 

accurate individual levels, as stated by Yang et al. concerning BPA and phthalates.22 

However, the longitudinal study could be a vital evidence to avoid this variability. 
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5.4. Chapter summary 

  In this chapter, total 13 UV filters as well as their metabolites have been detected 

in 327 pairs urine samples of school-aged students in a cohort study of Shanghai. 

All urine samples were detected with at least two kinds of UV filters while EHMC 

and its metabolites, BP-2, BP-3 and OD-PABA were the dominant ones. Gender-

specific exposure level with higher excretion amount of UV filters in girls were 

discovered. Further associations have been found between higher concentration of 

EHMC and a decrease of several adiposity outcomes in boys. This finding 

suggested that gender difference have been found in both the exposure level and the 

associations with adiposity, indicating that the endocrine disrupting properties of 

UV filters may not only affect the exposure risk or response (e.g. excretion etc.) in 

different genders, but also undergo different mode of actions. 
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Chapter 6 – Conclusion and outlook 

6.1. Thesis summary 

  Being potentially endocrine disrupting, ecotoxic and bioaccumulating, organic 

UV filters have received particular attentions due to their massive production and 

extensive environmental occurrence. The three chapters in this thesis began with 

the occurrence and distribution in Shenzhen, and then further investigated the 

metabolism, human exposure and potential health impacts of these ECs. The 

collective efforts of the above chapters hope to advance the risk assessment of 

organic UV filters on human perspectives and eventually better regulate these 

chemicals. 

  In Chapter 3, an environmental monitoring study of 12 widely used organic UV 

filters was conducted in not only marine surface water collected along the southeast 

coastline of Shenzhen, but also the surface water from Shenzhen Reservoir and city 

tap water in both hot and cold season. Relatively higher concentrations were 

detected at popular beaches in summer with BP derivatives and EHMC as the most 

dominant UV filters. Direct output by anthropogenic activities were suspected to 

be the predominant contributor of the contaminant, and the ecological assessment 

results indicated BP-1, BP-3 and EHMC posed medium to high risk towards aquatic 

organisms. Regarding the high occurrence not only in marine surface water, but 

also in Shenzhen Reservoir and even city tap water, a quantitative analytical method 
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for the determination of organic UV filters in human urine samples for internal 

exposure assessment were also developed and tested on ca. 100 human samples. 

BP derivatives were still extensively detected while the detection rate and 

concentration of EHMC was much lower. 

  Herein, in Chapter 4, the metabolism of EHMC in rats model was studied. Five 

metabolites with putative structure elucidated by UHPLC-QTOF were identified 

and two of them explicitly confirmed as 4-MCA and 4’-MAP by analytical 

standards. The excretion trends of EHMC and these two metabolites in plasma and 

urine were also investigated and found out that most of EHMC quickly metabolized 

in plasma and urine samples. Urine was shown to be a better analytical specimen 

than plasma. Therefore, EHMC, 4-MCA and 4’-MAP were further monitored in 

two populations of human urine samples. Extensive detection of metabolites 

indicating monitoring EHMC alone may highly under-estimate its exposure level. 

Also, significant correlations were discovered for urinary concentration of EHMC, 

4-MCA and 4’-MAP, verifying the uses of 4-MCA and 4’-MAP as EHMC 

metabolites in further HBM studies. In addition, demographic associations revealed 

that EHMC was positively correlated with age and 4-MCA negatively correlated to 

paternal education and social economics. 

  With the knowledge gained from previous studies, a HBM study concerning total 

13 organic UV filters and their metabolites has been conducted in Chapter 5. In 

this chapter, not only the human exposure level of UV filters was investigated, but 
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also their potential health impacts towards human, especially developing children, 

were concerned. As the potential endocrine disruptors, the associations of urinary 

concentration of UV filters with body size and fat distribution in a longitudinal 

study of school-aged students in Shanghai have been investigated. Extensive 

detection of urinary UV filters was found in 327 pairs urine samples in 2010 and 

2012. Significantly higher concentrations of certain UV filters were discovered in 

girls rather than boys. This study also found significant associations between 

urinary concentration of EHMC and BMI, TSFT and BF% in boys, especially in 

2010, indicating EHMC may potentially have a gender-specific influence on the 

weight homeostasis in developing children.  

 

6.2. Current challenges and outlook 

  This thesis investigated the fate of organic UV filters from environmental 

occurrence, metabolites identification to human exposure and adverse health 

impacts. Considering the economic development and awareness of UV damage to 

skin, usage of organic UV filters in cosmetics or other personal care products would 

expect to be continuously growing. In the view of risk assessment of UV filters, 

several areas that deserved further investigation were suggested. 

  Firstly, establishing reliable exposure biomarkers would be a vital component of 

human biomonitoring and the following epidemiological studies. Considering most 
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of UV filters are lipophilic, they are highly possible to be quickly metabolized after 

entering in human body. Recent studies monitoring parent compounds only would 

highly under-estimate the exposure level of these contaminants in human beings. In 

this study, some UV filters such as 4-MBC, 3-BC and Avo nearly not detected in 

populations. Metabolism of these UV filters should be studied and better verified 

in humans. In addition, the lack of commercially available analytical standards of 

the major metabolites would also be challenges to monitor them in quantitative 

analysis with mother compounds, which needs the support from synthesis. 

  Secondly, in terms of the exposure studies of UV filters, most of them focused 

on the source apportionment. More investigations are still urged on population 

adverse outcomes. In this thesis, the possible impacts to obesity was investigated. 

On the next step, pubertal development and pubertal onset, which are also easily 

disrupted by endocrine disruptors, will also be investigated in the same population. 

Although the pubertal stage of participants was adjusted in Chapter 5, the potential 

influence of UV filters towards pubertal development timing and progression are 

still worth discovering and also helpful for providing a further insight of the critical 

window of exposure.  

  In addition, although the epidemiological study in Chapter 5 only showed the 

correlation between EHMC exposure and reduced adiposity outcomes, it still points 

the direction for further studies. Epidemiological studies with improved system-

level technologies including genomics, metabolomics and proteomics could be 
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designed to gain insight into the mechanisms or mode of action of these 

contaminants, and therefore, better assessing their risk towards human. Also, 

mixture toxicity of UV filters should also gain more attention in not only the 

toxicological but also the epidemiological studies.  

  By doing so, the risk assessment of UV filters would be more comprehensively 

and better supportive for future policy regulations towards these ECs to protect not 

only ecological species, but also human beings. 
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