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found among the three groups (P;=0.42, P,=0.73,
P3=0.58).

Comparisons between Our Study and Published
Data on Urinary DEHP Metabolite Concentrations

Table 3 shows the concentrations of the Urinary
DEHP metabolites among different researches.
Workers in a factory manufacturing unfoamed
polyvinyl chloride (PVC) flooring in Liaoning Province
had urinary MEHP concentrations with a median of
565.7 ug/g creatinine!™’. Hines et al.™ analyzed the
urinary phthalate metabolites concentrations of
workers in some high-exposure occupations, such as
PVC film company, PVC compounding company,
Rubber hoses, Rubber boots, Rubber gaskets
producing company, and Nail-only salons. The
concentrations of the wurinary MEHP, MEHHP,
MEOHP among workers in PVC compounding
company were 12.6, 164, and 92 ug/g creatinine,
respectively, higher than other companies
mentioned above in the same research. In a studies
of Chinese general people performed in 2011, the
urinary DEHP metabolite levels were 1.8, 10.5, and
6.8 ug/g creatinine, respectively. Ying Guo et al.?o
studied urinary phthalates concentrations among
people in seven Asian countries, China, India, Japan,
Korea, Kuwait, Malaysia, and Vietnam. The
concentrations among Japan people were 1.3, 5.3,
and 3.0 ug/g creatinine, lower than other countries.
The US Centers for Disease Control and Prevention
(CDC) got their wurinary phthalate metabolite
concentrations by detecting the urine samples set of
the National Health and Nutrition Examination
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Survey (NHANES) population. Their concentrations
were 2.36, 19.30, and 11.00 pg/g creatinine. The
data showed a lower MEHP level but higher MEHHP,

MEOHP levels compared with our results®.

Estimate Daily Intake of DEHP

Based on the urinary concentrations of MEHP,
MEHHP, MEOHP, 3;MEHP as well as the steady-state
exposure models, as shown in eql to eq4, the
exposure levels of DEHP were estimated for the
different groups in our study. Table 4 shows the
results of the estimation. We obtained higher EDI
values for the volume approach than for the
creatinine-based approach, which was consistent
with the research performed by Wittassek et al.™,
No statistical differences of EDI were found among
exposure group, control group 1, and control group
2. The EDI values calculated using MEHHP and
MEOHP concentrations in urine were similar, but
lower than the values gotten from MEHP, while the
EDI value deduced from Z;MEHP lay between them.

Figure 1 illustrates the cumulative frequencies
of estimated daily DEHP intakes calculated
using Z3MEHP for all individuals in both evaluation
models of different groups. The vertical dotted line
marked the RfD of the US EPA (20 pg/kg
body-weight/day). Depending on the Volume-Based
evaluation model, three subjects (2.34%) exceeded the
RfD value and the P50 of estimate daily DEHP intakes
accounting for 16.10% of the RfD value. No subjects
exceeded the TDI value of the EFSA. No subjects
exceed the limitations depending on the creatinine-
based evaluation model.

Table 2. The Urinary Concentrations of MEHP, MEHHP, MEOHP of Different Groups (ug/g creatinine)

Urinary DEHP

Geometric

Groups Metabolites Min Ps Pys Pso Ps Pos Max Mean MeantSD
MEHP 198 270 531 723 1170 2164  40.89 7.90 9.636.68
é’;’gﬁ;‘"e MEHHP 363 465 680 1135 1946 3466  102.58 11.59 14.98+13.79
MEOHP 226 362 517 858 1223 2467 5248 8.40 10.1847.56
MEHP 144 314 681 965 1231 2326 7861 9.32 12.47+14.10
2725?'1 MEHHP 132 521  7.08 11.64 1480 3866 13630 11.19 16.59424.98
MEOHP 094 216 461 747 1102 22.04 11455 7.64 12.21420.97
MEHP 141 272 528 773 1140 2447 2475 7.77 9.2645.77
gcr’gltj::'z MEHHP 149 222 774 1184 2664 47.83  59.97 12.46 17.14£14.15
MEOHP 153 224 474 700 1146 2624  37.11 7.45 9.718.07
MEHP 141 272 544 808 1162 2326 7861 8.16 10.1448.62
Qﬂbjects MEHHP 132 438 7.8 1158 1709 3866 13630 11.78 11.83£16.71
MEOHP 094 296 498  7.86 1162 2467 11455 8.00 10.50£11.72

Note. Abbreviations: Max, maximum; Min, minimum.
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Influencing Factor of DEHP Exposure

Based on the results from Logistic regression
analysis, among the selected factors, sex is the only
one significantly associated with high DEHP exposure
(P=0.01). The OR value of male versus female was
0.2431.
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DISCUSSION

To our knowledge, this study firstly profiled
urinary DEHP metabolites among workers in
flavoring factories. The results suggested that there
was no statistical difference between DEHP exposure
levels of those workers and general people. This may

Table 3. The Urinary MEHP, MEHHP, MEOHP Concentrations In Different Researches (ug/g creatinine)

Median
Country Description of Subjects Reference Time
MEHP MEHHP MEOHP
China Flavoring factories (n: 40) 7.23 11.35 8.58
Control group 1 (n: 27) 9.65 11.64 7.47 This study 2012
Control group 2 (n: 30) 7.73 11.84 7.00
China PVC flooring factory (n: 74) 565.7 _ _
[15] 2006
construction factory (n: 63) 5.7 _ _
China General population selected from 3 cities [12] 2010
(n: 183)
Guangzhou: 110; Shanghai: 24; 1.8 10.5 6.8
Qigihaer: 49
China General population (n: 40);
male/female: 21/19 1.9 7.1 4.7 [20] 2010
America PVC film (n: 25); male/female:19/6 20 138 74
Vehicle filter (n: 18); male/female: 6/12 9 324 27.8
PVC compounding (n: 12);
male/female: 10/2 126 164 92
Rubber Hose (n: 25); male/female: 24/1 4.14 21.2 13.5 [19] 2008
Rubber boot (n: 21); male/female: 17/4 8.93 69.9 41.3
Rubber gasket (n: 20); male/female: 20/0 13.9 40.2 26.9
Nail-only salons (n: 26); male/female: 9/17 18.6 21.9 11.1
America General population (n: 2604); :
male/female: 1294/1310 2.36 19.30 11.00 [2] 2007-2008
India General population (n: 22);
male/female: 15/7 16 161 112
Japan General population (n: 35);
male/female: 8/27 13 >3 3
Korea General population (n: 60) 1.2 7 4.9
Kuwait General population (n: 46); a1 181 125 [20] 2010
male/female: 22/24 . . .
Malaysia General population (n: 29);
male/female: 19/10 25 103 35
Vietnam General population (n: 30);
male/female: 16/14 17 6.7 41
Table 4. The Median(Pgs) of Estimated Daily Intake Values (ug/kg body-weight/d)
of the Participants Based on Different Exposure Models
Creatinine-based Evaluation Volume-based Evaluation
Group
MEHP MEHHP MEOHP 23MEHP MEHP MEHHP MEOHP 23MEHP
Exposed Group  3.85(10.95) 1.35(3.68) 1.60(4.01) 1.86(4.18) 6.47(20.54) 2.47(7.29) 2.33(7.89)  3.43(8.97)
Control Group1l 5.09(11.47) 1.40(4.02) 1.51(3.54) 1.82(4.63) 5.09(17.51) 2.19(6.84) 2.49(7.20)  2.97(8.15)
Control Group2 4.13(10.50) 1.51(6.24) 1.39(5.39) 1.84(5.24) 5.75(24.76)  2.69(14.4)  2.25(8.77) 3.27(13.53)
All Subjects 4.13(10.62) 1.41(4.30) 1.53(4.06) 1.85(4.63) 6.32(20.53) 2.44(11.22) 2.33(7.98)  3.22(9.85)
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Figure 1. Cumulative frequencies of estimate
daily DEHP intakes (ug/kg body-weigh/d)
calculated using 23MEHP 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 studylls].
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“g], 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[u’zol. 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
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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 equiprobablem. Taking all the DEHP
metabolites we detected into account, we compared
the EDI calculated using 23MEHP to RfD and TDI
values. Only three subjects exceeded the RfD value,
the Psq 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™, 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.
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