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Abstract 

Phthalates owing to their endocrine-disrupting effects are regulated in certain products 

leading to their replacement with substitutions such as di-2-ethylhexyl terephthalate 

(DEHTP), 1,2-cyclohexane dicarboxylic acid di(isononyl) ester (DINCH), and di(2-

ethylhexyl) adipate (DEHA). However, information on human exposure to these substitutes, 

especially in susceptible subpopulations such as children, is limited. Thus, we examined 

levels and exposure trends of DEHTP-, DINCH-, and DEHA-metabolites in 7 year-old 

Japanese school children.  In total, 180 urine samples collected from 2012 to 2017 were used 

to quantify ten DEHTP-, DINCH-, and DEHA-metabolites via isotope dilution liquid 

chromatography with tandem mass spectrometry. DEHTP- and DINCH-metabolites were 

detected in 95.6% and 92.2% of the children, respectively, and DEHA  was not detected. 

This study, annually conducted between 2012 and 2017, revealed a significant (p < 0.05) 5-

fold increase in DEHTP metabolites and a 2-fold increase in DINCH metabolites. However, 

the maximum estimated internal exposures were still below health-based guidance and 

toxicological reference values. Exposure levels to DEHTP and DINCH have increased 

considerably in Japanese school children. DEHA is less relevant. Future studies are 

warranted to closely monitor the increasing trend in different aged and larger populations and 

identify potential health effects and sources contributing to increasing exposure and intervene 

if necessary. 

 

Keywords: DEHTP, DINCH, DEHA, Human biomonitoring, Urine, Children, Daily Intake 
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Synopsis 

This is the first report documenting the increasing level of exposure to the phthalate 

plasticizer substitutes DEHTP and DINCH in Japanese children from 2012 to 2017. Exposure 

detection to the substitute DEHA is still low. 
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1. Introduction 

Due to the association of some phthalates with endocrine disruption, legacy phthalates such 

as di-2-ethylhexyl phthalate (DEHP) and di(isononyl) phthalate (DINP) have been subjected 

to strong regulation.1–3 Consequently, phthalate substitutes such as di-2-ethylhexyl 

terephthalate (DEHTP), di(isononyl) cyclohexane-1,2-dicarboxylate (DINCH), and di(2-

ethylhexyl) adipate (DEHA) have been emerging as replacements in different industrial 

goods, packaging, and personal care products.4–9 Similar to phthalate plasticizers, these 

substitutes are not chemically bound to the products and can migrate out to the environment 

in food, air, and dust. Humans can be exposed through inhalation, skin contact, ingestion 

from air, dust and food,10 or by leaching and migrating from medical devices.11,12. Although 

data on the health effects of DEHTP and DINCH, particularly in children are currently 

lacking, certain in vivo and vitro studies suggested exposure to these substitutes has potential 

associations with reproductive toxicity,13 inducing oxidative stress leading to adverse 

respiratory burst14 and lipid metabolism.15 Considering the comparable characteristics of 

regulated phthalates and their substitutes16 it is anticipated that the substitutes may potentially 

pose similar health effects as the phthalates in humans which warrants biomonitoring of these 

substitutes. 

Human biomonitoring studies allow us to estimate the total internal exposure levels, 

capturing all sources and pathways, and provide a useful indicator of plasticizer substitution 

market change after phthalates regulation.5,17,18 Once DEHTP, DINCH, and DEHA enter the 

human body, they are metabolized into their respective hydrolytic/oxidative 
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metabolites.19,20,9 These metabolites are excreted in urine and can be used as specific 

biomarkers of exposure. Previous human biomonitoring studies have reported rapid increases 

in exposures to DINCH and DEHTP in Europe,21,22,5,23–26 America,27–30,18 and parts of 

Asia.31,32 Owing to the 2010 revised regulation of legacy phthalates in children’s toys and 

fatty food packaging materials in Japan,1 we hypothesized that exposure to the phthalate 

substitutes would increase in the Japanese population. Thus, this study aimed to assess the 

exposure levels of DEHTP, DINCH, and DEHA in Japanese children and to investigate 

trends from 2012 to 2017. 

2. Materials and methods 

2.1 Study population 

The Hokkaido cohort from the Hokkaido Study on Environment and Children’s Health is a 

prospective birth cohort study aiming to investigate the health effects of environmental 

chemical exposure in children starting from the prenatal stage. The study design and 

participant recruitment have been described in detail.33–36 Briefly, 20,926 pregnant women 

were enrolled in the cohort from February 2003 to March 2012. After excluding those with 

spontaneous abortion, stillbirth, loss to follow-up, and voluntary withdrawal, 15,757 children 

could be followed up. Between 2012 and 2017, a follow-up questionnaire and a request for 

a urine sample were sent to 10,655 participants majority (>95%) still residing in Hokkaido 

when the children reached the age of 7. Among the 6,218 respondents, 2,541 responded to 

the complete questionnaire and also provided urine samples. This study population was 

originally selected to ensure the representation of our cohort data for a nested case-cohort 
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study to assess the association between asthma and allergies with phthalate metabolites level 

in 7 years old children.37 To achieve a statistical power of 80% and a significance level of 

0.05 calculation, comprising 100 cases and 136 sub-cohort was determined. Due to the 

overlap of cases and sub-cohort, we added 50 sub-cohort, resulting in 180 sub-cohort for 

measurements. Considering the representativeness of the cohort and our budget limit, for this 

study, we randomly selected urine samples representing 30 children as a sub-cohort from 

each study year between 2012 to 2017, totaling 180 to conduct the trend study urine samples. 

The questionnaire included personal characteristics such as sex, weight, annual household 

income in million yen (<3, ≥3-<5, ≥5-<8, and ≥8), and building characteristics, including 

types of home (detached or apartment), home structure (wood or concrete), floor material 

(polyvinyl chloride (PVC) floor sheet or No PVC (tatami, compressed wood, carpet, and 

tiles) and wall material (PVC wallpaper or no), mechanical ventilation system (yes or no), 

vacuum cleaning frequency per week (≤3 times or 4–7 times), window opening duration per 

day (<1 hour or ≥1 hour), the proximity of main road from house (<50 meters, no main road, 

or ≥50 meters), and building age. The dampness index (1–5) of the houses was computed by 

summing the yes response as 1 point to dampness indicators condensation (yes/no), moldy 

odor (yes/no), visible mold (yes/no), humidity in the bathroom (yes/no), and water leakage 

(yes/no).  

2.2 DEHTP-, DINCH-, and DEHA-metabolite analysis 

Details of urine sample collection have been reported elsewhere.38,37 The parents collected 

the morning void urine samples and sent them to Hokkaido University, Center for 
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Environmental and Health Sciences, using a cool delivery service. The four DEHTP 

metabolites mono(2-ethyl-5-carboxypentyl) terephthalate (5cx-MEPTP), mono(2-ethyl-5-

hydroxyhexyl) terephthalate (5OH-MEHTP), 1-mono-(2-ethyl-5-oxo-hexyl) benzene-1,4-

dicarboxylate (5oxo-MEHTP), and 1-mono-(2-carboxyl-methyl-hexyl) benzene-1,4-

dicarboxylate (2cx-MMHTP), three DINCH metabolites cyclohexane-1,2-dicarboxylic acid 

monohydroxy isononyl ester (OH-MINCH), cyclohexane-1,2-dicarboxylic acid monooxo 

isononyl ester (oxo-MINCH), and cyclohexane-1,2-dicarboxylic acid monocarboxy isooctyl 

ester (cx-MINCH), and three DEHA-metabolites 1-mono-(2-ethyl-5-hydroxyhexyl) adipate 

(5OH-MEHA), 1-mono-(2-ethyl-5-oxohexyl) adipate (5oxo-MEHA), and 1-mono-(2-ethyl-

5-carboxylpentyl) adipate (5cx-MEPA) were measured in the Institute for Prevention and 

Occupational Medicine of the German Social Accident Insurance, Institute of the Ruhr-

University Bochum (IPA). The urine samples were sent for analysis in a polypropylene tube 

at −20°C. 

According to the previously published methods,39–41 internal isotope-labeled standards and 

ammonium acetate buffer were added to the thawed urine samples. Following enzymatic 

hydrolysis with an arylsulfatase-free β-glucuronidase (E. coli K12), samples were injected 

and chromatographically resolved in a 2-column high-performance liquid chromatography 

assembly with detection and quantification on a triple quadrupole tandem mass spectrometer 

in negative electrospray ionization mode. The limits of quantification (LOQs) were 0.05 μg/L 

for 5cx-MEPA and 5OH-MEHA, 0.1 μg/L for 5oxo-MEHA, 0.2 µg/L for 5cx-MEPTP, 5OH-

MEHTP, and 5oxo-MEHTP, 0.4 µg/L for 2cx-MMHTP, and 0.05 µg/L for OH-MINCH, cx-

MINCH, and oxo-MINCH. For the DINCH metabolites OH-MINCH and cx-MINCH, the 
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analyzing laboratory successfully obtained certificates from the external quality assurance 

round robin of HBM4EU.42,43 No external quality assessment scheme had been offered for 

the other metabolites at the time of measurement. Urinary creatinine was determined using a 

Cobas c702 autoanalyzer (Roche Diagnostics, Rotkreuz ZG, Switzerland) applying the Jaffe 

static method with a working range of 0.05–5.00 g creatinine/L. 

2.3 Daily intake estimation 

We calculated the estimated daily intake (EDI) in μg/kg bw/d for DEHTP and DINCH based 

on the individual creatinine-adjusted levels of their respective metabolites, similar to our 

previous approach44 for nonylphenol exposure in the same study population: 

EDI (μg/kg bw/d) = C (μmol/g creatinine) × CE smoothed × MWP/FUE × bw (kg) 

Herein, C represents the creatinine corrected concentration of metabolites used to calculate 

the estimation of DI. For DEHTP we selected the major metabolite 5cx-MEPTP, as indicated 

in45. For DINCH, the HBM-I values45 and the HBM-GVGenPop
46 are based on the two 

metabolites cx-MINCH and OH-MINCH. Therefore, we  used metabolite 5cx-MEPTP for  

DEHTP20 and metabolites OH-MINCH and cx-MINCH for DINCH45 to calculate their EDIs. 

Creatinine excretion (CE) smoothed is calculated by using a formula for 6-8 year-old children 

using individual age and height in nmol/kg/day to maintain metabolic creatine production.47 

MWP is the molecular weight of the alternative parent plasticizer in g/mol. 

The FUE is the urinary excretion percentage of DEHTP metabolite (5cx-MEPTP = 12.95%)  

as reported20 and the sum of DINCH metabolites (OH-MINCH = 10.73% and cx-MINCH = 
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2.03% ) as reported9. BW is the individual body weight of the children at age 7 that 

participated in this study used to estimate the daily intake. For risk assessment and to evaluate 

potential adverse effects of the alternative plasticizers we calculated risk quotients (RQs). 

The RQ-HBM-I was calculated as a ratio to compare individual DEHTP and DINCH 

metabolite concentrations with human biomonitoring (HBM-I) values. The German HBM-I 

values for children are 1800 µg/L for 5cx-MEPTP (DEHTP) and 3000 µg/L for the sum of 

OH-MINCH + cx-MINCH (DINCH).45  

RQ-HBM-I = Individual metabolites concentration (µg/L) / HBM-I (DEHTP/DINCH (µg/L)
22

 

The RQ-TDI was calculated as a ratio to compare the EDI with the TDI reference values of 

DEHTP and DINCH. The TDI-like reference value for DEHTP is 540 µg/kg bw/day 

recommended by the German HBM Commission45 and for DINCH is 1000 µg/kg bw/day 

recommended by the European Food and Safety Authority (EFSA)48: 

RQ-TDI =EDI (µg/kg bw/day) /TDI (µg/kg bw/day)
45 

Ethical Approval and Informed Consent 

This study was approved by the institutional ethics board for epidemiological studies at the 

Hokkaido University Graduate School of Medicine and Hokkaido University Center for 

Environment and Health Sciences. All participants’ mothers were informed about the study 

and signed a written consent at the time of enrollment. 

 

2.4 Statistical analysis 
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For statistical calculations, the LOQ/2 values were assigned for metabolite concentrations 

below the LOQ. The DEHTP metabolite 2cx-MMHTP with a detection frequency of only 

3.3% was excluded from further analyses. Moreover, the DEHA-metabolite detection 

frequency was only 1.1% (5cx-MEPA) and was omitted from further statistical analysis. The 

chi-square test was used for categorical variables and the Spearman correlation was used for 

continuous variables to compute the association of metabolite concentrations with personal 

and building characteristics. To compute the association between DEHTP and DINCH 

metabolites, bivariate Spearman’s rho correlation was used. General linear regression was 

used to examine the exposure trend from 2012 to 2017 with natural logarithmically 

transformed and creatine-corrected metabolite concentrations. To compute the yearly 

percentage change in DI, we used a formula [exp (β) − 1] × 100% and 95% CI as [exp (β ± 

1.97×SE) − 1] × 100%, where β is the beta estimate of the regression coefficient, and SE is 

the standard error of regression coefficient. The statistical analysis in this study was 

performed with JMP Pro 16.1.0. In addition, we tested the exposure trend of metabolites 

throughout the study period with the Jonckheere–Terpstra tests using SPSS version 27 (IBM 

Corp., Armonk, NY). 

3. Results 

3.1. Characteristics of the participants 

The demographics and home characteristics of the study are described in Table 1. This study 

included 180 Japanese children, all at the age of 7. Among the participants, 47.2% were boys. 

In this study, 41.6% of the children resided in households with a middle annual income 
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ranging from ≥5 to <8 million yen. Additionally, 16.1% of the children lived in houses with 

PVC wallpaper and 70.0% without mechanical ventilation system. The average age of the 

home buildings was 12 years, and the dampness index was 2. 
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Table 1. Demographic and building characteristics of participants 

Characteristics  N (%) or 

Median 

(range) 

Sex Male 85 (47.2) 

Female 95 (52.8) 

Weight  Continuous 22 (20.1,24.7) 

BMI (kg/m2)  Continuous 15.4 

(14.8,16.7) 

Annual household 

income in million yen 

<3 23 (12.8) 

≥3-<5 49 (27.2) 

≥5-<8 74 (41.1) 

 ≥8 25 (13.9) 

 Missing 9 (5.0) 

Type of home Detached 132 (73.3) 

Apartment 48 (26.7) 

Home structure Wood 130 (72.2)  
Concrete 48 (26.7) 

Floor material PVC floor sheet 29 (16.1) 

No PVC 151 (83.9) 

Wall material PVC wallpaper 149 (82.8) 

No 31 (17.2) 

Mechanical 

ventilation system 

Yes 54 (30.0) 

No 126 (70.0) 

Vacuum cleaning per 

week 

≤3 time 86 (51.2) 

4-7 times 82 (48.8) 

Window opening 

duration  

<1hr 66 (36.7) 

≥1hr 114 (63.3) 

Main road <50 meter 37 (20.6) 

≥50 meter 143 (79.4) 

Building age (years) ≤10 73 (40.7) 

11-20  55 (30.7) 

21-30 29 (16.2) 

31-40 18 (10.0) 

41-50 4 (2.2) 

Dampness index (0-5)  Continuous 2 (0,5) 
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3.2.  DEHTP-, DINCH-, and DEHA-metabolite levels and their relationship with 

the characteristics of the participants 

The metabolite concentrations of DEHTP, DINCH, and DEHA in children’s urine stratified 

by year from 2012 to 2017 are summarized in Table 2. The highest detection frequency and 

median concentration was observed for the DEHTP metabolite 5cx-MEPTP with 95.5% 

detection and a 1.36 µg/L median. The DINCH metabolite OH-MINCH was detected in 

92.2% of the children with a median of 0.2 µg/L. Considering DEHA, only 5cx-MEPA was 

detected in two children (Supplemental Table 1). The concentration of metabolites associated 

with personal and building characteristics is depicted in Supplemental Table 2. The result 

showed no significant (p < 0.05) metabolite concentration differences in sex. Children living 

in a house with a mechanical ventilation system have slightly higher oxo-MINCH than those 

without ventilation (0.16 µg/L vs. 0.10 µg/L). Significant higher levels of DEHTP 

metabolites 5cx-MEPTP (p < 0.05) and 5OH-MEHTP (p < 0.01) were observed in children 

living in newer buildings (≤10 years) than in older buildings (≥11 years). On the contrary, a 

decreasing and significant (p < 0.05) relationship with Spearman’s correlation was observed 

in the dampness index with 5cx-MEPTP (−0.187), 5OH-MEHTP (−0.182), and oxo-MINCH 

(−0.152). 
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Table 2. The yearly concentration of DEHTP and DINCH metabolites in 180 children (µg/L) 

DEHTP metabolites 

 5cx-MEPTP 5-OH-MEHTP 5-oxo-MEHTP 2cx-MMHTP 

Year DF% Min Median 
(IQR) 

95% Max DF% Min Median 
(IQR) 

95% Max DF% Min Median 
(IQR) 

95% Max DF% Min Median 
(IQR) 

95% Max 

2012 86.7 <LOQ 0.54  
(0.34,1.23) 

4.77 4.81 16.7 <LOQ <LOQ  0.74 1.03 13.3 < LOQ < LOQ   0.74 1.16 0.00 < LOQ < LOQ   < LOQ  < LOQ  

2013 93.3 <LOQ 0.84  
(0.41,2.07) 

4.69 5.22 16.7 <LOQ <LOQ   0.42 0.54 10.0 < LOQ < LOQ  0.26 0.34 0.00 < LOQ < LOQ   < LOQ < LOQ 

2014 96.7 <LOQ 1.05  
(0.57,1.70) 

12.2 21.6 16.7 < LOQ < LOQ   1.21 2.07 10.0 < LOQ < LOQ   0.53 0.78 3.30 < LOQ < LOQ   0.30 0.43 

2015 96.7 <LOQ 1.84  
(0.77,5.28) 

14.9 16.4 36.7 < LOQ < LOQ  
(<LOQ,0.56) 

2.47 3.62 33.3 < LOQ < LOQ  
(<LOQ,0.35) 

1.11 1.32 10.0 < LOQ < LOQ   0.53 0.59 

2016 100 0.29 1.66  
(0.86,3.36) 

12.6 15.0 23.3 < LOQ < LOQ  
(<LOD,0.17) 

2.98 3.28 36.7 < LOQ < LOQ  
(<LOQ,0.33) 

2.03 2.25 0.00 < LOQ < LOQ  < LOQ < LOQ 

2017 100 0.22 2.72  
(1.67,5.39) 

33.3 46.8 30.0 < LOQ < LOQ  
(<LOQ,0.44) 

2.01 3.13 46.7 < LOQ < LOQ 
(<LOQ,0.28) 

1.64 2.51 6.70 < LOQ < LOQ   0.74 1.01 

All sampling 
years 

95.5 <LOQ 1.36  
(0.56,2.54) 

10.5 46.8 23.3 <LOQ <LOQ  
 

1.20 3.62 25.0 <LOQ <LOQ  
(<LOQ,0.17) 

0.92 2.51 3.3 < LOQ < LOQ  
 

< LOQ 1.01 

DINCH metabolites 

 OH-MINCH cx-MINCH oxo-MINCH  ∑OH-MINCH + cx-MINCH 

Year DF% Min Median 
(IQR) 

95% Max DF% Min Median 
(IQR) 

95% Max DF% Min Median 
(IQR) 

95% Max 
 

Min Median 
(IQR) 

95% Max 

2012 80.0 <LOQ 0.15  
(0.06,0.22)  

0.56 0.60 40.0 <LOQ <LOQ  
(<LOD,0.08)  

0.31 0.34 60.0 <LOQ 0.08   
(<LOQ,0.17) 

0.40 0.41 
 

<LOQ 0.17                                                                         
(0.09,0.34) 

0.78 0.88 

2013 86.7 <LOQ 0.15  
(0.06,0.25) 

1.53 2.32 50.0 <LOQ <LOQ  
(<LOQ,0.12) 

0.80 1.14 53.3 <LOQ 0.06     
(<LOQ,0.17) 

1.38 1.44 
 

<LOQ 0.21  
(0.08,0.38) 

2.33 3.46 

2014 93.3 <LOQ 0.15  
(0.09,0.34) 

9.13 18.8 56.7 <LOQ 0.06  
(<LOQ,0.11) 

12.2 26.2 70.0 <LOQ 0.14   
(<LOQ,0.26) 

4.88 7.74 
 

<LOQ 0.21  
(0.12,0.49) 

21.3 45.1 

2015 96.7 <LOQ 0.26  
(0.12,0.47) 

1.93 2.90 73.3 <LOQ 0.07  
(<LOQ,0.20) 

1.59 2.67 83.3 <LOQ 0.14       
(0.06,0.31) 

0.96 1.44 
 

<LOQ 0.48   
(0.17,0.67) 

3.52 5.57 

2016 100 <LOQ 0.22  
(0.14,0.62) 

3.55 5.31 83.3 <LOQ 0.12  
(<LOQ,0.23) 

2.63 4.13 80.0 <LOQ 0.11        
(0.06,0.39) 

1.48 2.27 
 

<LOQ 0.33   
(0.19,0.82) 

5.93 9.44 

2017 96.7 <LOQ 0.27  
(0.14,0.43) 

2.55 2.93 80.0 <LOQ 0.13  
(0.06,0.21) 

1.36 1.40 86.7 <LOQ 0.20          
(0.12,0.32) 

1.40 1.72 
 

<LOQ 0.45   
(0.21,0.62) 

3.92 4.26 

All sampling 
years 

92.2 <LOQ 0.20  
(0.09,0.35) 

1.63 18.8 63.9 <LOQ 0.07  
(<LOQ,0.18) 

1.13 26.2 72.2 <LOQ 0.07  
(<LOQ,0.18) 

1.13 7.74  <LOQ 0.27  
(0.12,0.51) 

2.96 45.1 
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Abbreviations: DF: detection frequency, Min: minimum, Max: maximum, DEHTP: di-2-ethylhexyl terephthalate, DINCH: 1,2-cyclohexane 

dicarboxylic acid diisononyl ester, 5cx-MEPTP: mono(2-ethyl-5-carboxypentyl) terephthalate, 5OH-MEHTP: mono(2-ethyl-5-hydroxyhexyl) 

terephthalate, 5oxo-MEHTP: mono(2-ethyl-5-oxohexyl) terephthalate, 2cx-MMHTP: mono[2-(carboxymethyl)hexyl] terephthalate, cx-MINCH: 

cyclohexane-1,2-dicarboxylic acid monocarboxy isooctyl ester, OH-MINCH: cyclohexane-1,2-dicarboxylic acid mono hydroxy isononyl ester and 

oxo-MINCH: cyclohexane-1,2-dicarboxylic acid monooxo isononyl ester; LOQ: limit of quantification for 5cx-MEPTP, 5OH-MEHTP, 5oxo-MMHTP 

was 0.20 µg/L, for 2cx-MMHTP was 0.40 µg/L, for -OH-MINCH, cx-MINCH, and oxo-MINCH was 0.05 µg/L
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3.3. DEHTP and DINCH exposure and trends 

The individual urinary metabolite levels and calculated DIs of DEHTP and DINCH over time 

from 2012 to 2017 are presented in Figures 1A and B. All metabolites of DEHTP and DINCH 

except for 2cx-MMHTP showed statistically significant increasing secular trends with p < 

0.05. The concentration and detection frequency of DEHTP and DINCH stratified by year 

are presented in Table 2. The maximum median concentration was observed in the DEHTP 

metabolite 5cx-MEPTP with 2.72 μg/L. All metabolites showed an increasing concentration 

and detection frequency from 2012 to 2017. The DI of DEHTP and DINCH increased 

significantly (p < 0.001) throughout the study period. Except for 5OH-MEHTP, the 

increasing trend of all metabolites’ exposure and DI of DEHTP and DINCH were confirmed 

with Jonckheere–Terpstra tests with p < 0.01 from 2012 to 2017. 
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Figure 1: [A] Exposure trend of urinary metabolites concentration from 2012 to 2017, 5cx-MEPTP: mono(2-ethyl-5-carboxypentyl) 

terephthalate, 5OH-MEHTP: mono(2-ethyl-5-hydroxyhexyl) terephthalate, 5oxo-MEHTP: mono(2-ethyl-5-oxohexyl) terephthalate, cx-

MINCH: cyclohexane-1,2-dicarboxylic acid monocarboxy isooctyl ester, OH-MINCH: cyclohexane-1,2-dicarboxylic acid mono hydroxy 

isononyl ester and oxo-MINCH: cyclohexane-1,2-dicarboxylic acid mono-oxo isononyl ester, red horizontal lines represent the median and the 

whiskers represent the 25th and 75th percentile. Black points represent children’s metabolite concentration. Points on dotted lines showed 

samples with concentrations below the limit of quantification. [B] Daily intakes (DI) estimation trend in µg/kg bw/day in sampling years 2012-

2017. DEHTP: di-2-ethylhexyl terephthalate and DINCH: 1,2-cyclohexane dicarboxylic acid diisononyl ester, black horizontal lines represent 

the median and the whiskers represent the 25th and 75th percentile, blue points represent children’s DI estimation. 
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3.4. Risk assessments 

Table 3 presents risk assessments based on HBM and TDI-like references. The reference 

values for DEHTP (1800 µg/L) and DINCH (3000 µg/L) for children are derived from the 

HBM-I values.45 The TDI-like value for DEHTP is 540 µg/kg bw/day recommended by 

HBM-I45 and DINCH is 1000 µg/kg bw/day recommended by European Food Safety 

Authority (EFSA).48 The overall results revealed that none of the children exceeded HBM-I 

and TDI reference values. Based on a direct assessment of the metabolite concentrations via 

the HBM-I values, the maximum 5cx-MEPTP concentration of 46.81 µg/L was far below the 

HBM-I value. Likewise, the sum of the OH-MINCH + cx-MINCH concentration of 45.10 

µg/L was far below the HBM-I value. Based on the EDI to TDI comparison, the maximum-

estimated DI of DEHTP 3.47 µg/kg bw/day was observed in 2017, and for DINCH it was 

3.58 µg/kg bw/day in 2014. Both values were below their respective TDI values by a factor 

of ~150 for DEHTP and ~300 for DINCH. The average yearly increase in DEHTP intake 

was a percentage change (95% CI): 6.6% (3.4%, 9.9%) and for DINCH: 0.4% (−1.8%, 2.8%). 

 

 

 

 

 

 

 

 

 



19 
 

Table 3 Risk quotients of DEHTP and DINCH at 50% (median), 95% and max 

concentrations based on HBM-I (µg/L) and daily intakes based on the TDI (µg/kg bw/day) 

in sampling years 2012-2017  

 

Abbreviations: RQ: risk quotient, TDI: tolerable daily intake,  HBM-I: human biomonitoring value, 

DEHTP: di-2-ethylhexyl terephthalate and DINCH: 1,2-cyclohexane dicarboxylic acid diisononyl 

ester, 5cx-MEPTP: mono(2-ethyl-5-carboxypentyl) terephthalate, OH-MINCH: cyclohexane-1,2-

dicarboxylic acid mono hydroxy isononyl ester, cx-MINCH: cyclohexane-1,2-dicarboxylic acid monocarboxy 

isooctyl ester, RQ a: for DEHTP with 5cx-MEPTP based on HBM-I reference value of 1,800 µg/L45, RQ b: 

for DINCH with sum of OH-MINCH and cx-MINCH based on HBM-I reference value of 3,000 µg/L45,49, 

RQ c: based on TDI reference value of 540 µg/kg bw/day for DEHTP45 and 1,000 µg/kg bw/day for 

DINCH48 

 

Risk quotient (RQ) 

based on HBM-I values 

RQa DEHTP 

1,800 µg/L 

RQb DINCH 

3,000 µg/L 

Sampling year 50% 95% Max 50% 95% Max 

2012 <0.001 0.003 0.003 <0.001 <0.001 <0.001 

2013 <0.001 0.003 0.003 <0.001 0.001 0.001 

2014 0.001 0.007 0.012 <0.001 0.007 0.015 

2015 0.001 0.008 0.009 <0.001 0.001 0.002 

2016 0.001 0.007 0.008 <0.001 0.002 0.003 

2017 0.002 0.019 0.026 <0.001 0.001 0.001 

Study period (2012-2017) 0.001 0.006 0.026 <0.001 0.001 0.015 

RQ based on TDI RQc DEHTP   

540 µg/kg bw/d 

RQ c DINCH 

1,000 µg/kg bw/d 

Sampling year 50% 95% Max 50% 95% Max 

2012 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

2013 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

2014 <0.001 0.001 0.002 0.000 0.002 0.004 

2015 <0.001 0.002 0.002 <0.001 <0.001 <0.001 

2016 <0.001 0.002 0.002 <0.001 <0.001 <0.001 

2017 <0.001 0.004 0.006 <0.001 <0.001 <0.001 

Study period (2012-2017) <0.001 0.002 0.006 <0.001 <0.001 0.004 
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4. Discussion 

This study examined the urinary concentration of alternative plasticizers metabolites DEHTP, 

DINCH, and DEHA in Japanese children’s urine collected from 2012 to 2017. An increasing 

trend of DEHTP and DINCH metabolites was observed in terms of concentration and 

detection frequency along with DI during the study period. DEHA exposure showed very 

low detection. To our knowledge, we herein present the first biomonitoring study of the 

phthalate substituting alternative plasticizers DEHTP, DINCH, and DEHA in Japanese 

children. 

4.1. Exposure levels and secular trends of DINCH and DEHTP 

Regarding concentration, detection frequencies, and exposure trends, among the DEHTP and 

DINCH metabolites, 5cx-MEPTP and OH-MINCH, respectively, were dominant in this 

study. These mainly detected metabolites were also strongly correlated with Spearman’s rho 

ranging from 0.548 to ≥ 0.847, with their respective metabolites of the same parent compound 

(p < 0.001) (Supplemental Figure 1). Furthermore, in terms of metabolite excretion, the 

concentration of 5OH-MEHTP was approximately one-tenth of the concentration of 5cx-

MEPTP. This observation aligns with previous research on human metabolism and urinary 

excretion, where 5cx-MEPTP has been identified as the primary metabolite excreted in 

urine.19,20 

Although our Japanese children had the lowest exposure to DEHTP and DINCH in all 

investigated populations, specific DEHTP and DINCH metabolites were still detectable in 

>90% of the analyzed urine samples. A five-fold increase in DEHTP and a two-fold increase 
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in DINCH were observed when we compared the median exposure level in 2012 with that of 

2017. This result indicates an average yearly increase in the estimated intake of DEHTP and 

DINCH of 6.6% and 0.4%, respectively. Such increases in DEHTP and DINCH exposure 

levels have recently been shown in young German adults23,26 and Danish young men5, 

summarized by Vogel et al.21 More importantly, all three previously mentioned publications 

reported on European adults aged between 18 and 30 as their study participants. Hence, when 

comparing their findings with our study involving children, it is crucial to consider potential 

regional and age-related variations. As pointed out above, these changes are results of 

national regulatory measures limiting the use and production of some “legacy” phthalates, in 

turn increasing the demand for and use of alternatives.1,2,50,51 In our previous biomonitoring 

study on the same Japanese children, we found rather stable levels of the legacy phthalate 

metabolites di-isobutyl phthalate (DiBP), di-n-butyl phthalate (DnBP), butylbenzyl phthalate 

(BBzP), DEHP, and DINP,52 with less pronounced declines in phthalate exposure than those 

observed in other countries and especially DEHP exposures still higher than in other 

populations. Based on these results of stable/unchanged exposure to regulated phthalates 

(DBP, BBzP, DEHP and DINP)52 and increasing DEHTP and DINCH, it seems that in Japan, 

the exposure of legacy phthalates is occurring at a steady pace compared to the increasing 

trend of their substitutes. In Japan, while there is regulation on the legacy phthalates (DBP, 

BBzP, DEHP, DIDP, DINP and DnOP)  in children’s toys and fatty food packaging 

materials,1 there is no regulation regarding the alternative plasticizers (DEHTP, DINCH, or 

DEHA). Regarding plasticizer exposure levels and trends in Asian countries, considerable 

complexity in this region was reported by Lee et al. in 2021 for both substitutes and phthalates. 
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Furthermore, Dominguez-Romero et al. in 2022 reported a decreasing exposure trend to the 

legacy phthalate DEHP in South Korea and Taiwan, whereas a reverse increasing trend was 

observed in China.27 It is important to note that Asia is the major consumer of plasticizers.53 

Moreover, regulation of these chemicals varies across the region. Therefore,  more 

biomonitoring exposure trend studies of phthalates and their alternatives across this region 

are warranted. 

Comparison of urinary DEHTP-, DINCH-, and DEHA-metabolite levels in similar aged 

children from different countries is shown in Table 4. Japanese children have much lower 

exposure levels than children in Indonesia, Thailand, Saudi Arabia, the USA, Germany, and 

Portugal.54–59,17,60,18 Among the above-mentioned countries, DEHTP and DINCH 

metabolites were the highest in Saudi children.56 For instance, the median of 5cx-MEPTP in 

Saudi children with 128 µg/L was more than 90 times higher than this study’s Japanese 

children with 1.36 µg/L,56 but also compared to the USA55,59 DEHTP exposures are 

approximately 40 times lower in Japan. Likewise, for DINCH, exposures in our Japanese 

children are at the lower end of internationally observed metabolite levels. This time, the 

spread of exposures seems a bit lower, with Saudi Arabia, the USA, Germany, and Portugal 

reporting approximately 10 times higher median urinary concentrations,56,58,59,17 and Japan 

in the low exposure group together with Thailand and Indonesia with similar median levels 

of OH-MINCH (0.2 µg/L).56 The observed levels of exposure to DEHTP and DINCH 

metabolites vary across different countries and regions. These differences could be an 

indication of diverse utilization of DEHTP/DINCH/DEHA in various applications such as 

toy manufacturing, food packaging, personal care products, or polyvinyl chloride (PVC)-
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made interior materials like PVC floor covering sheet.61 Additionally, differences may also 

be influenced by variations in regulations of legacy phthalates and the pace at which 

substitution of alternative plasticizers. This study’s significant increase in DEHTP 

metabolites in children living in newer buildings (Supplemental Table 2) could indicate 

DEHTP usage in buildings or interior materials in Japan, which warrants future studies to 

explore exposure sources. The detection frequency of DEHA-metabolite was only 1.1% for 

5cx-MEPA (Supplemental Table 1), which suggests that exposure to DEHA is still 

neglectable among Japanese children. There is only one comparable study in Saudi Arabia 

in which median levels were 0.1 µg/L with a detection frequency of 56%.56 Due to DEHA’s 

structural similarity to DEHP, it has been used in various medical products, food package 

wrapping materials, adhesives, and plastic materials such as PVC62 including in Japan.63 In 

addition, DEHA was found in Japanese house dust with detection frequency of >80%, so 

children can be exposed to DEHA through dust inhalation and ingestion64,65. The reason for 

the detection of DEHA in house dust but not in urine samples is unknown. However, one 

possible explanation could be that house dust is not a relevant source of DEHA exposure or 

that DEHA HBM is not very sensitive to trace level DEHA exposure. The major DEHA 

metabolite 5cx-MEPA has a very low excretion fraction of only 0.20%.66 This low excretion 

fraction is one explanation of the low detection in the current or previous study.56 Most part 

of incorporated DEHA is broken down and excreted as adipic acid, which however is not 

specific to DEHA but has many other sources.  Nevertheless, urinary 5cx-MEPA is sensitive 

enough to detect DEHA exposures of at least a factor of 25 below the TDI for DEHA (0.3 

mg/kg/d)66 thus protecting from potential toxic effects.  
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Table 4: Comparison of alternative phthalates metabolites levels in children from different countries in median (µg/L) 

     DEHTP DINCH DEHA 

References Country Study period Age group Sample size 5cx-MEPTP 5OH-MEHTP 5oxo-MEHTP OH-MINCH  cx-MINCH  oxo-MINCH 5cx-MEPA 

This study Japan 2012-2017 7 years  180 1.36 < LOQ (0.20) <LOQ (0.20) 0.20 0.06 <LOQ (0.05)  <LOQ (0.05) 

Lee, 202156 Thailand 2018 6-10 years 104 8.00 0.80 0.40 0.20 0.10  - 

Indonesia 2018 5-11 years 89 3.60 0.30 0.30 0.20 0.10  - 

Saudi Arabia 2017 3-9 years 108 128 13.8 7.40 2.90 1.50  0.10 

Hammel, 2019 59* USA Sept 2014-

April 2016 

3-6 years  108 65.0 8.70  2.60 1.50   

Schwedler, 2020 
57,58 

Germany Jan 2015-

June 2017 

3-17 years  2112 7.20 0.50 0.53 2.20 1.08 0.96  

Lessman, 201717 Portugal 2014/2015 4-17 years  107 4.19 0.45 0.27     

Correia-Sá, 201760 Portugal 2014/2015 4–18 years 112 - - - 1.83 1.03 0.89  

Vogel et al. 202367 Europe 2014-2021 6-12 years 2579 - - - 2.34 1.25 -  

NHANES,CDC 

202255 

USA 2011/12 6-11 years 396 - - - - -   

 2013/14 6-11 years 409 - - - 0.60 -   

 2015/16 6-11 years 415 38.1 7.30 - 1.10 0.80   

 2017/18 6-11 years 330 54.6 10.8 - 1.30 0.80   

*SG corrected concentrations 

Abbreviations: DEHTP: di-2-ethylhexyl terephthalate, DINCH: 1,2-cyclohexane dicarboxylic acid diisononyl ester, MEPTP: 

mono(2-ethyl-5-carboxypentyl) terephthalate, 5OH-MEHTP: mono(2-ethyl-5-hydroxyhexyl) terephthalate, 5oxo-MEHTP: 

mono(2-ethyl-5-oxohexyl) terephthalate, cx-MINCH: cyclohexane-1,2-dicarboxylic acid monocarboxy isooctyl ester, OH-

MINCH: cyclohexane-1,2-dicarboxylic acid mono hydroxy isononyl ester and oxo-MINCH: cyclohexane-1,2-dicarboxylic 

acid monooxo isononyl ester; LOQ: limit of quantification 
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4.2. Risk assessment 

The maximum EDI of DEHTP was 150 times lower than the TDI value of 540 μg/kg bw/d 

45 based on renal toxicity. Similarly, the maximum EDI of DINCH was 279 times lower than 

TDI value of 1000 μg/kg bw/d also based on renal toxicity.48 The HBM-I approach for 

children consider the children’s excretion volume of urine and reference values such as TDIs 

or comparable reference values which provide more accurate assessment of the internal 

exposure of DEHTP and DINCH in children.45 Considering the risk assessment conducted 

based on the HBM-I values, the median urinary level of 5cx-MEPTP 1.36 μg/L for DEHTP 

was 1,323 times lower than the reference value of 1,800 μg/L.45 DINCH with the median 

urinary level of ∑OH-MINCH and cx-MINCH 0.27 μg/L was 11,000 times lower than the 

HBM-I reference value of 3,000 μg/L.46,45 Although these values are well below the 

guidelines of TDI and HBM-I, the highest EDI and urinary concentrations were observed in 

2017 for DEHTP and in 2014 for DINCH. Furthermore, there was a steady increasing trend 

through the study period from 2012 to 2017. The risk assessments for the  Japanese children 

in this study are well below the thresholds set by TDI and HBM-I indicate no critical health 

concern for now. It’s crucial to notice that the HBM-I and TDI reference values are 

established using the upper bound of the quantile for a precautionary approach.45 Moreover, 

due to children’s still developing body, higher exposure to chemicals and differences in 

absorption, it’s important to consider the specific vulnerability of children as they may have 

higher health effect from chemicals compared to adults.68 Consequently, to ensure the safety 

of susceptible sub-population like children, the reference values could be set higher than 

necessary.48 This could explain that even the maximum RQ in this study is still below 0.03.  
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Nevertheless, it is crucial to closely monitor the observed increasing trend to ensure prompt 

intervention if needed. 

5. Strengths and limitations 

A clear strength of the study is the state-of-the-art exposure assessment to the alternative 

plasticizers DEHTP, DINCH, and DEHA via well-established urinary exposure biomarkers 

with DINCH metabolites obtaining external validation. Robust risk assessments were 

performed using health-based guidance values such as the German HBM-I values and 

EFSA’s TDIs which are widely accepted standardized risk assessment approaches and 

allowed to estimate the body burden and potential health risks of these compounds. Thus, we 

were able to provide the first exposure trend data on DEHTP and DINCH while  DEHA was 

not detected in Japanese children. These data can serve as the baseline for future 

biomonitoring studies on exposure changes of DEHTP, DINCH, and DEHA in the Japanese 

population. All participants in this study were 7-year-old children, which allowed for an 

objective evaluation comparing exposure levels while eliminating age as a confounding 

variable. Some of the limitations of this study should be mentioned. However, as our 

participants are only 7-year-old children, it may limit the generalizability of the presented 

data to represent other age groups in Japan. Another limitation is that DEHTP, DINCH, and 

DEHA are chemicals with a short half-life, and using single urine samples could result in an 

under/overestimation of the variations. However, biomonitoring using morning void urine 

enabled a better comparison and improved the reliability of the children's DEHTP and 

DINCH exposure profiles. Moreover, there is evidence about better intraclass correlation 
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coefficients for morning void urine compared to spot urine, especially for DEHTP 

metabolites.69  The urinary measurement of metabolites for exposure and risk assessment is 

a widely accepted tool both for adults and children. It has been used in various large-scale 

human biomonitoring studies both in children and adults (e.g. the Canadian CHMS, the US 

NHANES, the German GerES, the European HBM4EU, the Korean KoNHES etc). As long 

as no metabolism data is available for children, conversion factors derived from adult humans 

are deemed the best alternative, certainly better than metabolic data from animals. To account 

for known differences in urinary excretion of children with effect on dose back calculation, 

we applied corrections from47. However, this is still one of our limitations as age-dependent, 

regional, and genetic variations affecting urinary excretion might exist. The findings of our 

study  indicate increasing DEHTP and DINCH exposure, which are alternatives of regulated 

phthalates such as DEHP. This highlights the need for ongoing biomonitoring studies to 

closely monitor the increasing trends, investigate any potential health impacts, and enable 

prompt response if necessary. 

 

 

 

Supporting Information 

• Concentration of DEHA metabolites (Table S1); relationship of DEHTP and DINCH 

metabolites with demographic and building characteristics of participants (Table S2); 

correlation coefficient among DEHTP and DINCH metabolites (Figure S1) 



28 
 

 

Author Information 

Corresponding Author  

Atsuko Ikeda - Faculty of Health Sciences and Center for Environmental and Health 

Sciences, Hokkaido University, Sapporo, Japan; orcid.org/0000-0002-3065-262X; Email: 

AAraki@cehs.hokudai.ac.jp 

Authors 

Rahel Mesfin Ketema - Faculty of Health Sciences and Center for Environmental and 

Health Sciences, Hokkaido University, Sapporo, Japan; orcid.org/0000-0003-2059-9498 

Monika Kasper-Sonnenberg - Institute for Prevention and Occupational Medicine of the 

German Social Accident Insurance, Institute of the Ruhr-University Bochum (IPA), Bürkle-

de-la-Camp-Platz 1, 44789 Bochum, Germany; orcid.org/0000-0002-9435-1391 

Yu Ait Bamai - Center for Environmental and Health Sciences, Hokkaido University, 

Sapporo, Japan and Toxicological Center, University of Antwerp, Belgium; orcid.org/0000-

0003-2510-4757 

Chihiro Miyashita - Center for Environmental and Health Sciences, Hokkaido University, 

Sapporo, Japan; orcid.org/0000-0003-0996-3631 



29 
 

Holger M. Koch - Institute for Prevention and Occupational Medicine of the German Social 

Accident Insurance, Institute of the Ruhr-University Bochum (IPA), Bürkle-de-la-Camp-

Platz 1, 44789 Bochum, Germany; orcid.org/0000-0002-8328-2837 

Claudia Pälmke - Institute for Prevention and Occupational Medicine of the German Social 

Accident Insurance, Institute of the Ruhr-University Bochum (IPA), Bürkle-de-la-Camp-

Platz 1, 44789 Bochum, Germany 

Reiko Kishi - Center for Environmental and Health Sciences, Hokkaido University, Sapporo, 

Japan; orcid.org/0000-0001-8173-9269 

 

Declaration of competing interest 

The authors declare no conflict of interest to report. 

Acknowledgments 

We are highly indebted to the study participants for taking part in our study. 

Funding 

This research was supported by the JSPS KAKENHI Grant Number JP21H04843. 

 

 

 



30 
 

References 

(1) MHLW 2010.  Notice No.370. Minstry of Health and Welfare, 2010. (MHLW) Notice No.370; 
2010. 

(2) Public Law 110-314 H.R. 4040; 2008. https://www.govinfo.gov/app/details/PLAW-
110publ314/summary. 

(3) EFSA. COMMISSION REGULATION (EU) 2018/2005 of 17 December 2018, 2018. 
(4) ECHA. ECHA . 2021. European Chemicals Agency – Information on Chemicals, 2021. 

https://echa.europa.eu/substance-information/-/substanceinfo/100.103.017. 
(5) Frederiksen, H.; Nielsen, O.; Koch, H. M.; Skakkebaek, N. E.; Juul, A.; Jorgensen, N.; 

Andersson, A.-M. Changes in Urinary Excretion of Phthalates, Phthalate Substitutes, 
Bisphenols and Other Polychlorinated and Phenolic Substances in Young Danish Men; 2009-
2017. Int J Hyg Environ Health 2020, 223 (1), 93–105. 
https://doi.org/10.1016/j.ijheh.2019.10.002. 

(6) HBM4EU. HBM4EU 2019, 2019. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.hbm4eu.eu/wp-
content/uploads/2019/03/HBM4EU_D4.9_Scoping_Documents_HBM4EU_priority_substanc
es_v1.0-Phthalates.pdf. 

(7) Subedi, B.; Sullivan, K. D.; Dhungana, B. Phthalate and Non-Phthalate Plasticizers in Indoor 
Dust from Childcare Facilities, Salons, and Homes across the USA. Environmental Pollution 
2017, 230, 701–708. https://doi.org/10.1016/j.envpol.2017.07.028. 

(8) Fromme, H.; Schütze, A.; Lahrz, T.; Kraft, M.; Fembacher, L.; Siewering, S.; Burkardt, R.; 
Dietrich, S.; Koch, H. M.; Völkel, W. Non-Phthalate Plasticizers in German Daycare Centers 
and Human Biomonitoring of DINCH Metabolites in Children Attending the Centers (LUPE 3). 
International Journal of Hygiene and Environmental Health 2016, 219 (1), 33–39. 
https://doi.org/10.1016/j.ijheh.2015.08.002. 

(9) Koch, H. M.; Schütze, A.; Pälmke, C.; Angerer, J.; Brüning, T. Metabolism of the Plasticizer and 
Phthalate Substitute Diisononyl-Cyclohexane-1,2-Dicarboxylate (DINCH(®)) in Humans after 
Single Oral  Doses. Arch Toxicol 2013, 87 (5), 799–806. https://doi.org/10.1007/s00204-012-
0990-4. 

(10) Giovanoulis, G.; Bui, T.; Xu, F.; Papadopoulou, E.; Padilla-Sanchez, J. A.; Covaci, A.; Haug, L. S.; 
Cousins, A. P.; Magnér, J.; Cousins, I. T.; de Wit, C. A. Multi-Pathway Human Exposure 
Assessment of Phthalate Esters and DINCH. Environment International 2018, 112, 115–126. 
https://doi.org/10.1016/j.envint.2017.12.016. 

(11) Malarvannan, G.; Onghena, M.; Verstraete, S.; van Puffelen, E.; Jacobs, A.; Vanhorebeek, I.; 
Verbruggen, S. C. A. T.; Joosten, K. F. M.; Van den Berghe, G.; Jorens, P. G.; Covaci, A. 
Phthalate and Alternative Plasticizers in Indwelling Medical Devices in Pediatric Intensive 
Care Units. J Hazard Mater 2019, 363, 64–72. 
https://doi.org/10.1016/j.jhazmat.2018.09.087. 

(12) Bernard, L.; Cueff, R.; Breysse, C.; Décaudin, B.; Sautou, V. Migrability of PVC Plasticizers from 
Medical Devices into a Simulant of Infused Solutions. Int J Pharm 2015, 485 (1–2), 341–347. 
https://doi.org/10.1016/j.ijpharm.2015.03.030. 



31 
 

(13) Campioli, E.; Lee, S.; Lau, M.; Marques, L.; Papadopoulos, V. Effect of Prenatal DINCH 
Plasticizer Exposure on Rat Offspring Testicular Function and Metabolism. Sci Rep 2017, 7 (1), 
11072. https://doi.org/10.1038/s41598-017-11325-7. 

(14) Schaffert, A.; Arnold, J.; Karkossa, I.; Blüher, M.; von Bergen, M.; Schubert, K. The Emerging 
Plasticizer Alternative DINCH and Its Metabolite MINCH Induce Oxidative Stress and Enhance 
Inflammatory Responses in Human THP-1 Macrophages. Cells 2021, 10 (9). 
https://doi.org/10.3390/cells10092367. 

(15) Crobeddu, B.; Jutras-Carignan, A.; Kolasa, É.; Mounier, C.; Robaire, B.; Plante, I. Gestational 
and Lactational Exposure to the Emergent Alternative Plasticizer 1,2-Cyclohexane 
Dicarboxylic Acid Diisononyl Ester (DINCH) Impairs Lipid  Metabolism to a Greater Extent 
Than the Commonly Used Di(2-Ethylhexyl) Phthalate  (DEHP) in the Adult Rat Mammary 
Gland. Toxicol Sci 2022, 189 (2), 268–286. https://doi.org/10.1093/toxsci/kfac076. 

(16) Bui, T. T.; Giovanoulis, G.; Cousins, A. P.; Magnér, J.; Cousins, I. T.; de Wit, C. A. Human 
Exposure, Hazard and Risk of Alternative Plasticizers to Phthalate Esters. Sci Total Environ 
2016, 541, 451–467. https://doi.org/10.1016/j.scitotenv.2015.09.036. 

(17) Lessmann, F.; Correia-Sá, L.; Calhau, C.; Domingues, V. F.; Weiss, T.; Brüning, T.; Koch, H. M. 
Exposure to the Plasticizer Di(2-Ethylhexyl) Terephthalate (DEHTP) in Portuguese Children - 
Urinary Metabolite Levels and Estimated Daily Intakes. Environ Int 2017, 104, 25–32. 
https://doi.org/10.1016/j.envint.2017.03.028. 

(18) Silva, M. J.; Wong, L.-Y.; Samandar, E.; Preau, J. L.; Calafat, A. M.; Ye, X. Exposure to Di-2-
Ethylhexyl Terephthalate in a Convenience Sample of U.S. Adults from 2000 to 2016. Arch 
Toxicol 2017, 91 (10), 3287–3291. https://doi.org/10.1007/s00204-017-1956-3. 

(19) Schütze, A.; Otter, R.; Modick, H.; Langsch, A.; Brüning, T.; Koch, H. M. Additional Oxidized 
and Alkyl Chain Breakdown Metabolites of the Plasticizer DINCH in Urine after Oral Dosage 
to Human Volunteers. Archives of Toxicology 2017, 91 (1), 179–188. 
https://doi.org/10.1007/s00204-016-1688-9. 

(20) Lessmann, F.; Schütze, A.; Weiss, T.; Langsch, A.; Otter, R.; Brüning, T.; Koch, H. M. 
Metabolism and Urinary Excretion Kinetics of Di(2-Ethylhexyl) Terephthalate (DEHTP) in 
Three Male Volunteers after Oral Dosage. Archives of Toxicology 2016, 90 (7), 1659–1667. 
https://doi.org/10.1007/s00204-016-1715-x. 

(21) Vogel, N.; Frederiksen, H.; Lange, R.; Jørgensen, N.; Koch, H. M.; Weber, T.; Andersson, A.-M.; 
Kolossa-Gehring, M. Urinary Excretion of Phthalates and the Substitutes DINCH and DEHTP in 
Danish Young Men and German Young Adults between 2000 and 2017 – A Time Trend 
Analysis. International Journal of Hygiene and Environmental Health 2023, 248, 114080. 
https://doi.org/10.1016/j.ijheh.2022.114080. 

(22) Lemke, N.; Murawski, A.; Lange, R.; Weber, T.; Apel, P.; Dębiak, M.; Koch, H. M.; Kolossa-
Gehring, M. Substitutes Mimic the Exposure Behaviour of REACH Regulated Phthalates – A 
Review of the German HBM System on the Example of Plasticizers. International Journal of 
Hygiene and Environmental Health 2021, 236, 113780. 
https://doi.org/10.1016/j.ijheh.2021.113780. 

(23) Lessmann, F.; Kolossa-Gehring, M.; Apel, P.; Rüther, M.; Pälmke, C.; Harth, V.; Brüning, T.; 
Koch, H. M. German Environmental Specimen Bank: 24-Hour Urine Samples from 1999 to 
2017 Reveal Rapid Increase in Exposure to the Para-Phthalate Plasticizer  Di(2-Ethylhexyl) 
Terephthalate (DEHTP). Environ Int 2019, 132, 105102. 
https://doi.org/10.1016/j.envint.2019.105102. 



32 
 

(24) Schütze, A.; Kolossa-Gehring, M.; Apel, P.; Brüning, T.; Koch, H. M. Entering Markets and 
Bodies: Increasing Levels of the Novel Plasticizer Hexamoll® DINCH® in 24h Urine Samples 
from the German Environmental Specimen Bank. International Journal of Hygiene and 
Environmental Health 2014, 217 (2), 421–426. https://doi.org/10.1016/j.ijheh.2013.08.004. 

(25) Gyllenhammar, I.; Glynn, A.; Jönsson, B. A. G.; Lindh, C. H.; Darnerud, P. O.; Svensson, K.; 
Lignell, S. Diverging Temporal Trends of Human Exposure to Bisphenols and Plastizisers, Such 
as Phthalates, Caused by Substitution of Legacy EDCs? Environ Res 2017, 153, 48–54. 
https://doi.org/10.1016/j.envres.2016.11.012. 

(26) Kasper-Sonnenberg, M.; Koch, H. M.; Apel, P.; Rüther, M.; Pälmke, C.; Brüning, T.; Kolossa-
Gehring, M. Time Trend of Exposure to the Phthalate Plasticizer Substitute DINCH in 
Germany from 1999 to 2017: Biomonitoring Data on Young Adults from the Environmental 
Specimen  Bank (ESB). Int J Hyg Environ Health 2019, 222 (8), 1084–1092. 
https://doi.org/10.1016/j.ijheh.2019.07.011. 

(27) Domínguez-Romero, E.; Komprdová, K.; Kalina, J.; Bessems, J.; Karakitsios, S.; Sarigiannis, D. 
A.; Scheringer, M. Time-Trends in Human Urinary Concentrations of Phthalates and 
Substitutes DEHT and DINCH in Asian and North American Countries (2009-2019). J Expo Sci 
Environ Epidemiol 2022. https://doi.org/10.1038/s41370-022-00441-w. 

(28) Wenzel, A. G.; Reiner, J. L.; Kohno, S.; Wolf, B. J.; Brock, J. W.; Cruze, L.; Newman, R. B.; 
Kucklick, J. R. Biomonitoring of Emerging DINCH Metabolites in Pregnant Women in 
Charleston, SC: 2011-2014. Chemosphere 2021, 262, 128369. 
https://doi.org/10.1016/j.chemosphere.2020.128369. 

(29) Rodríguez-Carmona, Y.; Ashrap, P.; Calafat, A. M.; Ye, X.; Rosario, Z.; Bedrosian, L. D.; Huerta-
Montanez, G.; Vélez-Vega, C. M.; Alshawabkeh, A.; Cordero, J. F.; Meeker, J. D.; Watkins, D. 
Determinants and Characterization of Exposure to Phthalates, DEHTP and DINCH among 
Pregnant Women in the PROTECT Birth Cohort in Puerto Rico. J Expo Sci Environ Epidemiol 
2020, 30 (1), 56–69. https://doi.org/10.1038/s41370-019-0168-8. 

(30) CDC. Fourth National Report on Human Exposure to Environmental Chemicals. Updated 
Tables, January 2019. Accessed on 2022/12/15. Https://Www.Cdc.Gov/ 
Exposurereport/Index.Html.; 2019. https://www.cdc.gov/exposurereport/index.html 
(accessed 2020-07-10). 

(31) Lee, G.; Kim, S.; Kho, Y.; Kim, S.; Lee, S.; Choi, G.; Park, J.; Worakhunpiset, S.; Moon, H.-B.; 
Okanurak, K.; Geounuppakul, M.; Tangtitawong, J.; Wetsutthanon, K.; Trisurat, D.; Choi, K. 
Urinary Levels of Phthalates and DINCH Metabolites in Korean and Thai Pregnant Women 
across Three Trimesters. Sci Total Environ 2020, 711, 134822. 
https://doi.org/10.1016/j.scitotenv.2019.134822. 

(32) Lee, I.; Pälmke, C.; Ringbeck, B.; Ihn, Y.; Gotthardt, A.; Lee, G.; Alakeel, R.; Alrashed, M.; 
Tosepu, R.; Jayadipraja, E. A.; Tantrakarnapa, K.; Kliengchuay, W.; Kho, Y.; Koch, H. M.; Choi, 
K. Urinary Concentrations of Major Phthalate and Alternative Plasticizer Metabolites in 
Children of Thailand, Indonesia, and Saudi Arabia, and Associated Risks. Environ Sci Technol 
2021, 55 (24), 16526–16537. https://doi.org/10.1021/acs.est.1c04716. 

(33) Kishi, R.; Ikeda-Araki, A.; Miyashita, C.; Itoh, S.; Kobayashi, S.; Ait Bamai, Y.; Yamazaki, K.; 
Tamura, N.; Minatoya, M.; Ketema, R. M.; Poudel, K.; Miura, R.; Masuda, H.; Itoh, M.; 
Yamaguchi, T.; Fukunaga, H.; Ito, K.; Goudarzi, H. Hokkaido Birth Cohort Study on 
Environment and Children’s Health: Cohort Profile 2021. Environ Health Prev Med 2021, 26 
(1), 59. https://doi.org/10.1186/s12199-021-00980-y. 



33 
 

(34) Kishi, R.; Araki, A.; Minatoya, M.; Hanaoka, T.; Miyashita, C.; Itoh, S.; Kobayashi, S.; Ait Bamai, 
Y.; Yamazaki, K.; Miura, R.; Tamura, N.; Ito, K.; Goudarzi, H. The Hokkaido Birth Cohort Study 
on Environment and Children’s Health: Cohort  Profile-Updated 2017. Environ Health Prev 
Med 2017, 22 (1), 46. https://doi.org/10.1186/s12199-017-0654-3. 

(35) Kishi, R.; Kobayashi, S.; Ikeno, T.; Araki, A.; Miyashita, C.; Itoh, S.; Sasaki, S.; Okada, E.; 
Kobayashi, S.; Kashino, I.; Itoh, K.; Nakajima, S. Ten Years of Progress in the Hokkaido Birth 
Cohort Study on Environment and Children’s Health: Cohort Profile--Updated 2013. Environ 
Health Prev Med 2013, 18 (6), 429–450. https://doi.org/10.1007/s12199-013-0357-3. 

(36) Kishi, R.; Sasaki, S.; Yoshioka, E.; Yuasa, M.; Sata, F.; Saijo, Y.; Kurahashi, N.; Tamaki, J.; Endo, 
T.; Sengoku, K.; Nonomura, K.; Minakami, H. Cohort Profile: The Hokkaido Study on 
Environment and Children’s Health in Japan. Int J Epidemiol 2011, 40 (3), 611–618. 
https://doi.org/10.1093/ije/dyq071. 

(37) Ait Bamai, Y.; Bastiaensen, M.; Araki, A.; Goudarzi, H.; Konno, S.; Ito, S.; Miyashita, C.; Yao, Y.; 
Covaci, A.; Kishi, R. Multiple Exposures to Organophosphate Flame Retardants Alter Urinary 
Oxidative  Stress Biomarkers among Children: The Hokkaido Study. Environ Int 2019, 131, 
105003. https://doi.org/10.1016/j.envint.2019.105003. 

(38) Ringbeck, B.; Bury, D.; Ikeda-Araki, A.; Ait Bamai, Y.; Ketema, R. M.; Miyashita, C.; Brüning, T.; 
Kishi, R.; Koch, H. M. Nonylphenol Exposure in 7-Year-Old Japanese Children between 2012 
and 2017- Estimation of Daily Intakes Based on Novel Urinary Metabolites. Environ Int 2022, 
161, 107145. https://doi.org/10.1016/j.envint.2022.107145. 

(39) Nehring, A.; Bury, D.; Kling, H.-W.; Weiss, T.; Brüning, T.; Koch, H. M. Determination of 
Human Urinary Metabolites of the Plasticizer Di(2-Ethylhexyl) Adipate (DEHA) by Online-SPE-
HPLC-MS/MS. Journal of Chromatography B 2019, 1124, 239–246. 
https://doi.org/10.1016/j.jchromb.2019.06.019. 

(40) Lessmann, F.; Schütze, A.; Weiss, T.; Brüning, T.; Koch, H. M. Determination of Metabolites of 
Di(2-Ethylhexyl) Terephthalate (DEHTP) in Human Urine by HPLC-MS/MS with on-Line Clean-
Up. J Chromatogr B Analyt Technol Biomed Life Sci 2016, 1011, 196–203. 
https://doi.org/10.1016/j.jchromb.2015.12.042. 

(41) Schütze, A.; Pälmke, C.; Angerer, J.; Weiss, T.; Brüning, T.; Koch, H. M. Quantification of 
Biomarkers of Environmental Exposure to Di(Isononyl)Cyclohexane-1,2-Dicarboxylate 
(DINCH) in Urine via HPLC–MS/MS. Journal of Chromatography B 2012, 895–896, 123–130. 
https://doi.org/10.1016/j.jchromb.2012.03.030. 

(42) Mol, H. G. J.; Elbers, I.; Pälmke, C.; Bury, D.; Göen, T.; López, M. E.; Nübler, S.; Vaccher, V.; 
Antignac, J.-P.; Dvořáková, D.; Hajšlová, J.; Sakhi, A. K.; Thomsen, C.; Vorkamp, K.; Castaño, 
A.; Koch, H. M. Proficiency and Interlaboratory Variability in the Determination of Phthalate 
and DINCH Biomarkers in Human Urine: Results from the HBM4EU Project. Toxics 2022, 10 
(2). https://doi.org/10.3390/toxics10020057. 

(43) Esteban López, M.; Göen, T.; Mol, H.; Nübler, S.; Haji-Abbas-Zarrabi, K.; Koch, H. M.; Kasper-
Sonnenberg, M.; Dvorakova, D.; Hajslova, J.; Antignac, J.-P.; Vaccher, V.; Elbers, I.; Thomsen, 
C.; Vorkamp, K.; Pedraza – Díaz, S.; Kolossa-Gehring, M.; Castaño, A. The European Human 
Biomonitoring Platform - Design and Implementation of a Laboratory Quality 
Assurance/Quality Control (QA/QC) Programme for Selected Priority Chemicals. International 
Journal of Hygiene and Environmental Health 2021, 234, 113740. 
https://doi.org/10.1016/j.ijheh.2021.113740. 



34 
 

(44) Ringbeck, B.; Bury, D.; Ikeda-Araki, A.; Ait Bamai, Y.; Ketema, R. M.; Miyashita, C.; Brüning, T.; 
Kishi, R.; Koch, H. M. Nonylphenol Exposure in 7-Year-Old Japanese Children between 2012 
and 2017– Estimation of Daily Intakes Based on Novel Urinary Metabolites. Environment 
International 2022, 161, 107145. https://doi.org/10.1016/j.envint.2022.107145. 

(45) Apel, P.; Angerer, J.; Wilhelm, M.; Kolossa-Gehring, M. New HBM Values for Emerging 
Substances, Inventory of Reference and HBM Values in Force, and Working Principles of the 
German Human Biomonitoring Commission. Int J Hyg Environ Health 2017, 220 (2 Pt A), 152–
166. https://doi.org/10.1016/j.ijheh.2016.09.007. 

(46) Lange, R.; Apel, P.; Rousselle, C.; Charles, S.; Sissoko, F.; Kolossa-Gehring, M.; Ougier, E. The 
European Human Biomonitoring Initiative (HBM4EU): Human Biomonitoring Guidance 
Values for Selected Phthalates and a Substitute Plasticizer. International Journal of Hygiene 
and Environmental Health 2021, 234, 113722. https://doi.org/10.1016/j.ijheh.2021.113722. 

(47) Remer, T.; Neubert, A.; Maser-Gluth, C. Anthropometry-Based Reference Values for 24-h 
Urinary Creatinine Excretion during Growth and Their Use in Endocrine and Nutritional 
Research. The American Journal of Clinical Nutrition 2002, 75 (3), 561–569. 
https://doi.org/10.1093/ajcn/75.3.561. 

(48) EFSA. Opinion of the Scientific Panel on Food Additives, Flavourings, Processing Aids and 
Materials in Contact with Food (AFC) Related to the 12th List of Substances for Food Contact 
Materials. European Food Safety Authority (EFSA). EFSA Journal 2006, 4 (10), 395. 
https://doi.org/10.2903/j.efsa.2006.395. 

(49) Deyo, J. A. Carcinogenicity and Chronic Toxicity of Di-2-Ethylhexyl Terephthalate (DEHT) 
Following a 2-Year Dietary Exposure in Fischer 344 Rats. Food Chem Toxicol 2008, 46 (3), 
990–1005. https://doi.org/10.1016/j.fct.2007.10.037. 

(50) Canada, 2010. Canada (2010) Phthalates Regulations; 2010. 
(51) DIRECTIVE 2005/84/EC; 2005. 
(52) Ketema, R. M.; Ait Bamai, Y.; Ikeda-Araki, A.; Saito, T.; Kishi, R. Secular Trends of Urinary 

Phthalate Metabolites in 7-Year Old Children and Association with Building Characteristics: 
Hokkaido Study on Environment and  Children’s Health. Int J Hyg Environ Health 2021, 234, 
113724. https://doi.org/10.1016/j.ijheh.2021.113724. 

(53) IHS Markit. Chemical Economics Handbook, 2018. 
(54) Vogel, N.; Schmidt, P.; Lange, R.; Gerofke, A.; Sakhi, A. K.; Haug, L. S.; Jensen, T. K.; 

Frederiksen, H.; Szigeti, T.; Csákó, Z.; Murinova, L. P.; Sidlovska, M.; Janasik, B.; Wasowicz, 
W.; Tratnik, J. S.; Mazej, D.; Gabriel, C.; Karakitsios, S.; Barbone, F.; Rosolen, V.; Rambaud, L.; 
Riou, M.; Murawski, A.; Leseman, D.; Koppen, G.; Covaci, A.; Lignell, S.; Lindroos, A. K.; 
Zvonar, M.; Andryskova, L.; Fabelova, L.; Richterova, D.; Horvat, M.; Kosjek, T.; Sarigiannis, 
D.; Maroulis, M.; Pedraza-Diaz, S.; Cañas, A.; Verheyen, V. J.; Bastiaensen, M.; Gilles, L.; 
Schoeters, G.; Esteban-López, M.; Castaño, A.; Govarts, E.; Koch, H. M.; Kolossa-Gehring, M. 
Current Exposure to Phthalates and DINCH in European Children and Adolescents – Results 
from the HBM4EU Aligned Studies 2014 to 2021. International Journal of Hygiene and 
Environmental Health 2023, 249, 114101. https://doi.org/10.1016/j.ijheh.2022.114101. 

(55) CDC. Phthalate and Phthalate Alternative Metabolites. Updated Tables, March 2022. 
Accessed on 2023/3/17. Https://Www.Cdc.Gov/ Exposurereport/Index.Html.; 2022. 
https://www.cdc.gov/exposurereport/report/pdf/Phthalate%20and%20Phthalate%20Altern
ative%20Metabolites%20NHANES-p.pdf (accessed 2023-03-17). 



35 
 

(56) Lee, I.; Pälmke, C.; Ringbeck, B.; Ihn, Y.; Gotthardt, A.; Lee, G.; Alakeel, R.; Alrashed, M.; 
Tosepu, R.; Jayadipraja, E. A.; Tantrakarnapa, K.; Kliengchuay, W.; Kho, Y.; Koch, H. M.; Choi, 
K. Urinary Concentrations of Major Phthalate and Alternative Plasticizer Metabolites in 
Children of Thailand, Indonesia, and Saudi Arabia, and Associated Risks. Environ Sci Technol 
2021, 55 (24), 16526–16537. https://doi.org/10.1021/acs.est.1c04716. 

(57) Schwedler, G.; Conrad, A.; Rucic, E.; Koch, H. M.; Leng, G.; Schulz, C.; Schmied-Tobies, M. I. 
H.; Kolossa-Gehring, M. Hexamoll® DINCH and DPHP Metabolites in Urine of Children and 
Adolescents in Germany. Human Biomonitoring Results of the German Environmental Survey 
GerES V,  2014-2017. Int J Hyg Environ Health 2020, 229, 113397. 
https://doi.org/10.1016/j.ijheh.2019.09.004. 

(58) Schwedler, G.; Rucic, E.; Koch, H. M.; Lessmann, F.; Brüning, T.; Conrad, A.; Schmied-Tobies, 
M. I. H.; Kolossa-Gehring, M. Metabolites of the Substitute Plasticiser Di-(2-Ethylhexyl) 
Terephthalate (DEHTP) in Urine of Children and Adolescents Investigated in the German 
Environmental  Survey GerES V, 2014-2017. Int J Hyg Environ Health 2020, 230, 113589. 
https://doi.org/10.1016/j.ijheh.2020.113589. 

(59) Hammel, S. C.; Levasseur, J. L.; Hoffman, K.; Phillips, A. L.; Lorenzo, A. M.; Calafat, A. M.; 
Webster, T. F.; Stapleton, H. M. Children’s Exposure to Phthalates and Non-Phthalate 
Plasticizers in the Home: The Tesie Study. Environ Int 2019, 132, 105061. 
https://doi.org/10.1016/j.envint.2019.105061. 

(60) Correia-Sá, L.; Schütze, A.; Norberto, S.; Calhau, C.; Domingues, V. F.; Koch, H. M. Exposure of 
Portuguese Children to the Novel Non-Phthalate Plasticizer Di-(Iso-Nonyl)-Cyclohexane-1,2-
Dicarboxylate (DINCH). Environment International 2017, 102, 79–86. 
https://doi.org/10.1016/j.envint.2017.02.001. 

(61) Bui, T. T.; Giovanoulis, G.; Cousins, A. P.; Magnér, J.; Cousins, I. T.; de Wit, C. A. Human 
Exposure, Hazard and Risk of Alternative Plasticizers to Phthalate Esters. Sci Total Environ 
2016, 541, 451–467. https://doi.org/10.1016/j.scitotenv.2015.09.036. 

(62) Frank, S.-L.; Sonja, M.; Svend, H.; Morten, B.; Lisbet, P. H. Environmental and Health 
Assessment of Alternatives to Phthalates and to Flexible PVC, Danish Environmental Agency, 
COWI Consulting Engineers and Planners AS, Copenhagen, Denmark, 2011; 2001. 

(63) National Institute of technology and Evaluation (nite). . 
https://www.nite.go.jp/chem/chrip/chrip_search/dt/html/GI_10_001/GI_10_001_103-23-
1.html (accessed 2023-06-07). 

(64) Ait Bamai, Y.; Araki, A.; Kawai, T.; Tsuboi, T.; Saito, I.; Yoshioka, E.; Kanazawa, A.; Tajima, S.; 
Shi, C.; Tamakoshi, A.; Kishi, R. Associations of Phthalate Concentrations in Floor Dust and 
Multi-Surface Dust with the Interior Materials in Japanese Dwellings. Sci Total Environ 2014, 
468–469, 147–157. https://doi.org/10.1016/j.scitotenv.2013.07.107. 

(65) Kanazawa, A.; Saito, I.; Araki, A.; Takeda, M.; Ma, M.; Saijo, Y.; Kishi, R. Association between 
Indoor Exposure to Semi-Volatile Organic Compounds and Building-Related Symptoms 
among the Occupants of Residential Dwellings. Indoor Air 2010, 20 (1), 72–84. 
https://doi.org/10.1111/j.1600-0668.2009.00629.x. 

(66) Nehring, A.; Bury, D.; Ringbeck, B.; Kling, H.-W.; Otter, R.; Weiss, T.; Brüning, T.; Koch, H. M. 
Metabolism and Urinary Excretion Kinetics of Di(2-Ethylhexyl) Adipate (DEHA) in Four Human 
Volunteers after a Single Oral Dose. Toxicol Lett 2020, 321, 95–102. 
https://doi.org/10.1016/j.toxlet.2019.12.006. 



36 
 

(67) Vogel, N.; Frederiksen, H.; Lange, R.; Jørgensen, N.; Koch, H. M.; Weber, T.; Andersson, A.-M.; 
Kolossa-Gehring, M. Urinary Excretion of Phthalates and the Substitutes DINCH and DEHTP in 
Danish Young Men and German Young Adults between 2000 and 2017 - A Time Trend 
Analysis. Int J Hyg Environ Health 2023, 248, 114080. 
https://doi.org/10.1016/j.ijheh.2022.114080. 

(68) WHO. CHILDREN ARE NOT LITTLE ADULTS, 2009. 
https://www.who.int/publications/i/item/WHO-CED-PHE-EPE-19.12.07 (accessed 2023-06-
28). 

(69) Bastiaensen, M.; Malarvannan, G.; Gys, C.; Ait Bamai, Y.; Araki, A.; Covaci, A. Between- and 
within-Individual Variability of Urinary Phthalate and Alternative Plasticizer Metabolites in 
Spot, Morning Void and 24-h Pooled Urine Samples. Environmental Research 2020, 191, 
110248. https://doi.org/10.1016/j.envres.2020.110248. 

 

 

 

 



Hokkaido 
Study  

7 year-old

Japan

DEHTP metabolites 

DINCH metabolites 

C
on

ce
nt

ra
tio

n 
(µ

g/
L 

20
12

20
13

20
14

20
15

20
16

20
17

0.1

1

10 5OH-MEHTP

20
12

20
13

20
14

20
15

20
16

20
17

1

10 5oxo-MMHTP

0.1

20
12

20
13

20
14

20
15

20
16

20
17

0.1

1

10

100 OH-MINCH

0.025

20
12

20
13

20
14

20
15

20
16

20
17

0.1

1

10

100 cx-MINCH

0.025

C
on

ce
nt

ra
tio

n 
(µ

g/
L 

20
12

20
13

20
14

20
15

20
16

20
17

0.1

1

10 oxo-MINCH

0.025

0.1

1

10

100 5cx-MEPTP




