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Figure 1. Cumulative frequencies of estimate 
daily DEHP intakes (μg/kg body-weigh/d) 
calculated using Σ3MEHP for all individuals. 

be because the managers in those factories have 
strengthen their management over DEHP after the 
Taiwan food scandal, for instance, choosing the raw 
materials and solvents free of DEHP, replacing the 
plastic component parts to avoid DEHP 
contamination. Other reasons may be the good 
occupational protection such as well-ventilated 
working circumstances. 

The urinary DEHP metabolite levels among 
workers in PVC flooring factory far exceeded the 
levels detected in workers recruited in our study[15]. 
Urinary DEHP metabolite concentrations among 
workers in rubber hoses, rubber boots, rubber 
gaskets producing company and Nail-only salons 
were much lower than workers in PVC flooring 
factory mentioned above but higher than the 
exposure group in our study[19], indicating that 
workers in flavoring factories may be not under high 
DEHP exposure. The DEHP exposure among PVC 
factories including DEHP manufacturing companies 
should be paid more attention. The results in our 
study showed that our people had higher urinary 
MEHP, MEHHP, MEOHP concentration values than 
people in other Asian countries such as Japan, Korea 
and Vietnam, which was in line with previously 
studies researched on Chinese people[12,20]. The US 
CDC has monitored the phthalate exposure by 
detecting the urine samples collected from the 
National Health and Nutrition Examination Survey 
(NHANES) population. We could get the more 
representative and accurate DEHP exposure data of 
Chinese people the same way as US CDC has done. 

In this study, we used both the Creatinine-based 

one and Volume-based one to evaluate the EDI of 
DEHP. Neither of them is preferable at the present 
level of knowledge; both approaches must be 
regarded as equiprobable[1]. Taking all the DEHP 
metabolites we detected into account, we compared 
the EDI calculated using Σ3MEHP to RfD and TDI 
values. Only three subjects exceeded the RfD value, 
the P50 of DEHP EDI only accounting for 16.10% of 
the RfD value. No subjects exceeded the TDI value of 
the EFSA. This suggests that the exposure of DEHP 
remains at a low risk, indicating the management 
measures taken at present, such as the GB9685 
standards[21], 551 and 773 documents published by 
Ministry of Health of the People's Republic of China 
(MOH), are effective. The results of our study also 
showed that the risk of DEHP exposure of women 
was higher than that of men, which needs further 
investigation. The study was subject to several 
limitations. On the one hand, more subjects are 
needed to draw the representative conclusion about 
the DEHP exposure among flavoring workers, on the 
other hand, other phthalates metabolites such as 
mono-n-butyl phthalate (MBP), monomethyl 
phthalate (MMP), monoethyl phthalate (MEP), mono 
(2-isobutyl phthalate) (MIBP) etc. should be detected 
to get more phthalate exposure information. Future 
studies may investigate on above aspects. 

REFERENCES 

1. Wittassek M, Heger W, Koch HM, et al. Daily intake of 
di(2-ethylhexyl)phthalate (DEHP) by German children-A 
comparison of two estimation models based on urinary DEHP 
metabolite levels. Int J Hyg Environ Health, 2007; 210, 35-42. 

2. US CDC. Fourth National Report on Human Exposure to Envir- 
onmental Chemicals. http://www.cdc.gov/ exposurereport  

3. Blystone CR, Kissling GE, Bishop JB, et al. Determination of the 
di-(2-ethylhexyl) phthalate NOAEL for reproductive 
development in the rat: importance of the retention of extra 
animals to adulthood. Toxicol Sci, 2010; 116, 640-6. 

4. Crinnion WJ. Toxic effects of the easily avoidable phthalates 
and parabens. Altern Med Rev, 2010; 15, 190-6. 

5. Kavlock R, Barr D, Boekelheide K, et al. NTP-CERHR Expert 
Panel Update on the Reproductive and Developmental Toxicity 
of di(2-ethylhexyl) phthalate. Reprod Toxicol, 2006; 22, 
291-399. 

6. Marsee K, Woodruff TJ, Axelrad DA, et al. Estimated daily 
phthalate exposures in a population of mothers of male infants 
exhibiting reduced anogenital distance. Environ Health 
Perspect, 2006; 114, 805-9. 

7. Swan SH, Main KM, Liu F, et al. Decrease in anogenital distance 
among male infants with prenatal phthalate exposure. Environ 
Health Perspect, 2005; 113, 1056-61. 

8. Jaakkola JJ and Knight TL. The role of exposure to phthalates 
from polyvinyl chloride products in the development of asthma 
and allergies: a systematic review and meta-analysis. Environ 
Health Perspect, 2008; 116, 845-53. 

9. Calafat AM and McKee RH. Integrating biomonitoring exposure 



Biomed Environ Sci, 2014; 27(6): 419-425 425 

data into the risk assessment process: phthalates [diethyl 
phthalate and di(2-ethylhexyl) phthalate] as a case study. 
Environ Health Perspect, 2006; 114, 1783-9. 

10.David RM. Exposure to phthalate esters. Environ Health 
Perspect, 2000; 108, A440. 

11.Kohn MC, Parham F, Masten SA, et al. Human exposure 
estimates for phthalates. Environ Health Perspect, 2000; 108, 
A440-2. 

12.Guo Y, Wu Q, and Kannan K. Phthalate metabolites in urine 
from China, and implications for human exposures. Environ Int, 
2011; 37, 893-8. 

13.EPA. Di (2-ethylhexyl)phthalate (DEHP) Quickview. http:// 
cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showQuick 
View&substance _nmbr=0014#reforal. In 

14.European Food Safety Authority. Opinion of the Scientific Panel 
on Food Additives, Flavourings, Processing Aids and Materials 
in Contact with Food (AFC)on a request from the Commission 
related to Bis(2-ethylhexyl)phthalate (DEHP) for use in food 
contact materials [EB/OL]. [2005] http://www.efsa.europa. 
eu/en/efsa journal/doc/243.pdf 

15.Pan G, Hanaoka T, Yoshimura M, et al. Decreased serum free 
testosterone in workers exposed to high levels of di-n-butyl 

phthalate (DBP) and di-2-ethylhexyl phthalate (DEHP): a 
cross-sectional study in China. Environ Health Perspect, 2006; 
114, 1643-8. 

16.Silva MJ, Slakman AR, Reidy JA, et al. Analysis of human urine 
for fifteen phthalate metabolites. J Chromatogr B Analyt 
Technol Biomed Life Sci, 2004; 805, 161-7. 

17.Hines CJ, Hopf NB, Deddens JA, et al. Estimated daily intake of 
phthalates in occupationally exposed groups. J Expo Sci 
Environ Epidemiol, 2011; 21, 133-41. 

18.Koch HM, Bolt HM, Preuss R, et al. New metabolites of 
di(2-ethylhexyl)phthalate (DEHP) in human urine and serum 
after single oral doses of deuterium-labelled DEHP. Arch 
Toxicol, 2005; 79, 367-76. 

19.Hines CJ, Nilsen Hopf NB, Deddens JA, et al. Urinary phthalate 
metabolite concentrations among workers in selected 
industries: a pilot biomonitoring study. Ann Occup Hyg, 2009; 
53, 1-17. 

20.Guo Y, Alomirah H, Cho HS, et al. Occurrence of Phthalate 
Metabolites in Human Urine from Several Asian Countries. 
Environ Sci Technol, 2011; 45, 3138-44.  

21.MOH. GB9685 Hygienic standards for uses of additives in food 
containers and packaging materials. 2008.  

 


