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Abstract

A sensitive and specific direct competitive enzyme-linked
immunosorbent assay (dc-ELISA) was studied for the detection of
di-(2-ethylhexyl) phthalate (DEHP) based on antigen-coating format
in this paper. The DEHP-specific polyclonal antibody was raised in
rabbits and used to construct the dc-ELISA for measurement of
DEHP. The conjugates of the antibody with horseradish peroxidase
(HRP) were used as the detection probe. Under the optimal
conditions, the assay had a detection limit (LOD) about 0.0042
ng/mL, with an apparent linear range of 10°-10° ng/mL (R’=0.998). The
cross-reactivity with other five structurally related phthalate esters was
below 1%. The recoveries of DEHP ranged from 80.8% to 119.2%
indicated that the method was successfully applied to the determination of

DEHP in infant supplies.

Page 2 of 25



Page 3 of 25

©CoO~NOUTA,WNPE

Analytical Methods

1. Introduction

Phthalate esters (PAEs) are widely used as additives in the
manufacturing of polyvinyl chloride (PVC) plastics to make them flexible
and workable."” Because of their properties as plasticizers, PAEs
were used widely in industrial and household products such as
children’s toys, baby care products, personal care products,
chemical stabilizers in cosmetics, lubricants, medical devices
including blood bags and intravenous tubing.*” PAEs have been
produced in large quantities since the 1930s, and, in 2010 year, the global
production of PAEs was 4.9 million tons, which accounts for 84% of

10,11

total plasticizer production. > PAEs can leach from plastic products into

environment over time. Release of PAEs into the environment during

3,12,13 .
d.” " In view

manufacture, use, and disposal has recently been reviewe
of their high production volume, common use, and widespread
environmental contamination, humans are exposed to these compounds
through ingestion, inhalation, and dermal exposure on a daily basis."
Therefore, PAEs are a threat to the health of humans. The recent
researches have shown that PAEs may reduce male’s anogenital
distance and sperm counts, causes testicular atrophy and disrupts
fetal endocrine function."”"®

Di-(2-ethylhexyl) phthalate (DEHP) belongs to phthalate esters

family, which are used primarily as plasticizers and produced in
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very large amounts each year,”'” accounts for 50 % of total phthalate

2,10

production.” It has been listed as priority pollutants by the U.S.

Environmental Protection Agency (EPA), and the FEuropean

2021 The Agency for Toxic Substances and

Environment Agency.
Disease Registry (ATSDR) estimates that the maximum daily exposure to
DEHP for the general population is about 2 mg/day. However,
occupational and medical exposures can reach much higher levels.”
According to the U.S. EPA’s current management plan, DEHP and
the other seven phthalates are listed as the priority pollutants among
phthalate esters.”’

At present, the existing detecting methods for DEHP include gas
chromatography (GC),” high-performance liquid chromatography
(HPLC),”* and GC/MS spectrometer.””> However, these traditional
analytical methods require many sample preparation steps, including
sampling, handing and preconcentration. The immunoassays such as
enzyme-linked immunosorbent assays (ELISA) draws researcher’s
attention because they are simple, rapid, selective, highly sensitive

26,27,28

and cost-effective. ELISA is widely used in the detection of

small molecular substances, hormone, and protein.zg'31
In this study, a direct competitive enzyme-linked

immunosorbent assay (dc-ELISA) was presented for the

determination of DEHP based on the polyclonal antibody highly
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specific against DEHP. This method was successfully applied to the
analysis of DEHP in infant supplies. The validation of these assays with

spiked samples was discussed in details.

2. Materials and Methods

2.1 Reagents

DEHP and o-phenylenediamine (OPD) were obtained from Shanghai
Chemical Reagent, Co. (Shanghai, China). Bovine serum albumin (BSA),
ovalbumin (OVA), and horseradish peroxidase (HRP) were purchased
from Sigma (St. Louis, MO, USA). 25% glutaraldehyde was supplied by
Hefei BoMei Biotechnology Co. (Hefei, China). Freund’s complete
adjuvant (lanoline:mineral oil 1:2, with heat-killed mycobacterium
tuberculosis) and Freund’s incomplete adjuvant (lanoline: mineral oil 1:2)
were prepared in our laboratory. New Zealand White rabbits were
obtained from Shuanghe Pharmaceutical Co. (Wuhu, China). All reagents

were of analytical grade unless specified otherwise.

2.2 Buffer and Solutions

Coating buffer (CB) was 0.05 mol/L pH 9.6 carbonate buffer. Assay
buffer (PBS) was 0.01 mol/L pH 7.4 phosphate-buffered saline,
containing 0.137 mol/L NaCl and 0.00134 mol/L KCI. Washing buffer

(PBST) was PBS with 0.05% (v/v) Tween-20. Blocking buffer was 1%
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OVA dissolved in PBS. The substrate solution was 4 mg OPD dissolved
in 10 mL pH 5.0 citric acid-phosphate, and 15 pL 30% H,0, was added

before use. Stop solution was 2 mol/L sulfuric acid.

2.3 Instruments

Absorbance measurement was performed on Synergy HT multi-detection
microplate reader (Bio-Tek Instruments, Inc., USA). Polystyrene
microtiter plates (96-well) were purchased from Gene Company, Ltd.
(Shanghai, China). UV spectra were recorded on a spectrophotometer
(UV-3010, Hitachi, Japan). Immune reactions were carried out in an
electric heated incubator (Shanghai, China), and the temperature was kept
at a certain range (37+0.5°C) throughout the experiment. The pH values
of all of the buffers and solutions were measured by a pHS-3C pH meter

(Shanghai Yoke Instrument Co., LTD, China).

2.4 Synthesis of Hapten

As the immune system does not recognize small molecules, such as
phthalate, the small molecules are generally not able to stimulate the
immune response in vivo. Therefore, a synthesis analog of the target
analyte DEHP is required.” Di-(2-ethylhexyl) 4-nitro phthalate
(4-DEHNP) and di-(2-ethylhexyl) 4-amino phthalate (4-DEHAP) as

hapten derivative were synthesized according to the method of
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dimethyl phthalate.’* Briefly, Under the protection of nitrogen,
4-nitrophthalic acid (2.5 g, 0.012 mol) was dissolved in thionyl
chloride (SOCI,) with stirring. The mixture then reacted for 3 h at
4°C, and the excess SOCIl, was evaporated under reduced pressure.
4 mL 2-ethyl hexanol was added and reacted for 30 min under the
condition of ice-bath. The solution then reacted for 12 h at 40°C. Next,
the mixture was transferred to a separating funnel, the water layer was
removed and the organic layer was washed with distilled water for three
times. The solvent was evaporated under reduced pressure, and 3.2 g
4-DEHNP was obtained.

4-DEHNP (1.0 g, 0.0023 mol) was dissolved in 40 mL benzene and
5 mL concentrated hydrochloric acid. Then, 1.7 g zinc powder was
added, After reacting for 30 min, an additional 1.7 g zinc dust was added
and the mixture was stirred for 12 h at RT. 200 mL of distilled water was
added and the pH of the mixture was adjusted to approximately 7.0 by
adding 1 mol/L sodium hydroxide. Then the mixture was transferred to a
separating funnel and the benzene layer was removed. The combined
benzene extracts were distilled under reduced pressure to obtain the
yellow crude products. The crude products were recrystallized from
ethanol, 0.6 g 4-DEHAP was obtained. The products were

characterized by IR (KBr) and '"H NMR.

2.5 Conjugation of Protein and Hapten
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4-DEHAP was covalently attached to BSA and OVA by diazotization
method. Briefly, 4-DEHAP (0.04 g, 0.0001 mol) was mixed with 200 uL
HCI (12 mol/L) and 1.0 mL redistilled water was added. Then 1.2 mL 0.1
mol/L sodium nitrite were added dropwise and reacted for 45 min at 4°C.
Approximately 0.007 g urea was added to remove the excess sodium
nitrite, and BSA or OVA solution (120 mg dissolved in 25 mL sodium
borate) was added slowly. The pH of the mixture was adjusted to
approximately 9.2, and stirred in an ice bath for 2-6 h. Finally, the
conjugates (DEHAP-BSA or DEHAP-OVA) were dialyzed in redistilled
water (pH 7.0) that was changed with fresh water twice a day for 5-7 d at
4°C. The structures of all conjugates were detected by the UV-vis
spectrophotometer, and then the hapten density (the number of
hapten molecules per molecule of protein) of conjugates was
estimated directly according to the following formula:''

Hapten density= (econjugation= Eprotein)/ Ehapten
Where, ¢ i1s molar extinction coefficient, the e values at the
wavelengths of maximal absorbance (4,,,x) of conjugate, protein and

. . : 32
hapten are taken into account in our calculations.

2.6 Preparation of the Polyclonal Anti-DEHP Antibodies

The polyclonal antibodies were achieved from three male New Zealand

white rabbits by intradermal injection of DEHAP-BSA conjugates. All
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animal experiments were performed in compliance with the relevant laws
and institutional guidelines. The approach was carried out based on

previous methods.*” The specific antibody was stored at -20°C until use.

2.7 Synthesis of HRP-antibody Conjugate

HRP-antibody conjugates were prepared by a modified glutaraldehyde
method. Firstly, 0.1 mL 25% glutaraldehyde was added into 0.4 mL HRP
solution (10 mg HRP dissolved in 0.05 mol/L pH 9.6 carbonate buffer).
After the solution was incubated for 2 h at 37°C, 2 mL cold anhydrous
ethanol was added. The mixture was centrifuged for 10 min at
415(xg). After being washed twice by using ethanol (80%, v/v), the
precipitate was dissolved in 1.0 mL 0.05 mol/L pH 9.6 carbonate
buffer. Then 1.0 mL anti-DEHP antibody was added and reacted for
12 h at 4°C. Because there were many impurities in the conjugates,
it must be purified. In this study, we purified the conjugates by
using a saturated ammonium sulfate precipitation method and
dialyzed against PBS (pH 7.2) overnight at 4°C. The conjugate was
stored in a refrigerator for use. The purified antibody-HRP
conjugates were tested by UV spectral absorption and the
absorbance was read at 280 nm and 403 nm. The concentration of
labelled HRP and IgG, the mole ratio of HRP with antibody were

calculated according to the following equations:
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CLabelted HrP (M/ML) = A4p3%0.42
Ciee (mg/mL) = (Ango-A403x0.42) x0.94%0.62
Mole ratio of HRP with antibody = 4Capeiied nrp / Cie
Where Ciapeiied nres Cigg are the concentration of labeled HRP and
anti-DEHP antibodies, respectively; Ajgy, A4o; are the absorption values

of conjugates at 280 nm and 403 nm, respectively.”

2.8 Direct Competitive ELISA

A dc-ELISA was developed by using the DEHAP-OVA conjugate as
coating antigen. The 96-well microplate was coated with the coating
antigen (DEHAP-OVA diluted in coating buffer, 100 pL/well) and
incubated for 2.5 h at 37°C. The plate was washed three times for 3
min with PBST, and the paper towel was used to remove the excess
of liquid by inverting the microplate and tapping it on the bench.
Then the non-specific binding sites were blocked with 1% OVA (v/v)
solution (0.1 g OVA diluted in 10 mL PBS, 200 pL/well), and
incubated for 1.0 h at 37°C. After the plate was washed three times,
50 puL 20 pg/mL HRP-antibodies and 50 uLL. DEHP standard or sample
solution were added into each well and the plate was incubated at
37°C for 2.0 h. After three washes, 100 uL of substrate solution was
added per well. After incubated for 30 min at 37°C, the enzymatic

reaction was stopped by adding 50 pL of 2 mol/L sulphuric acid. The
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absorbance was read at 490 nm by a microplate reader.
2.9 Cross-reactivity

The specificity of the immunoassay was characterized by cross-reactivity
(CR). Seven structurally related substances were selected for the CR test.
Standard solution of each compound was dissolved in methanol and
diluted in PBS with the concentration range of approximately 10 to 10’
ng/mL. The CR values were calculated according to the following
equation:

CR= (ICso of DEHP/ ICs of other structurally related substances) x100%
2.10 Sample Preparation

Five kinds of infant supplies: inflatable toy, pacifier, teether, plastic duck
and baby diapers, were chosen to evaluate the performance of dc-ELISA.
According to the previous methods, the samples were cut into pieces of
less than 3 mm”. Approximately 1 g of each sample was transferred into a
flask and shaken with 10 mL of distilled water, then incubated for 12 h at
50°C. The pH of filtered aqueous samples was adjusted to
approximately 7.4 with 1 mol/L NaOH or 1 mol/L HCI. Then 10 mL
water samples were extracted with hexane using a separatory funnel two
times. The hexane extract was dried, and the volume was made up to 1

mL using methanol (100%, v/v) for analysis.”> Inflatable toy, teether,
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plastic duck and baby diapers concentrated solution were diluted to 100
times before use, except that the concentrated solution was used directly

for pacifier.

3. Results and Discussion

3.1 Optimization of the Coating antigen and HRP-antibody

Concentration

The DEHAP-OVA was detected by UV-vis spectrophotometer. The
conjugation molar ratio of hapten to OVA was 12:1. The protein content
of DEHAP-OVA was 7 mg/mL, determined by UV absorption method.
According to the UV spectral absorption value at 280 nm and 403 nm, the
concentration of labelled HRP and IgG was 0.76 and 1.67 mg/mL, the
mole ratio of HRP with antibody was 1.82, indicated that the conjugation
of antibody with HRP was successful.

Checkerboard titration method was used to select the suitable
concentrations of coating antigen and HRP-antibody dilution. Coating
antigens were dispensed in rows with different concentrations (2-10
ug/mL) and the HRP-antibody was diluted at a concentration range of
10-30 pg/mL. Under the same concentration of coating antigen, the
concentration of HRP-antibody (20 pg/mL) was considered to be suitable

11,32

for the following test " °“. Under the same concentration of HRP-antibody,

the absorbance was increased with the change of concentration of coating
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antigen, so the optimal concentration of coating antigen was 7 pg/mL (as
shown in Fig. 1).

(Fig. 1 near here)

3.2 Optimization of assay conditions

In this study, to monitor the amounts of DEHP in infant supplies, a highly
sensitive detection scheme is required, so we need to optimize some
important reaction conditions, such as the coating conditions,
concentration of blocking solution, incubation time, pH and ionic
strength.

The different times and temperatures have affected the immobility of
coating antigen in the plates. Four different coating conditions were
studied: 4°C 12 h, 37°C 2 h, 37°C 2.5 h, 37°C 3 h. The coating antigen
that incubated for 2.5 h at 37°C had the maximum absorbance.

The blocking step is important in the ELISA method to avoid
nonspecific absorption. Three kinds of blocking solution were selected
for the detection: 1% (v/v) OVA, 1% (v/v) OVA dissolved with 0.05%
(v/v) Tween-20 and 1% (v/v) nonfat dry milk. The result showed that 1%
(v/v) OVA was the suitable blocking solution due to the lowest
background.

The concentration of blocking solution might affect the competitive

reaction. The concentration of blocking solution from 1% to 5% (v/v) was
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studied. The absorbance was decreased obviously. In order to save
chemicals, we chose 1% (v/v) as the optimal blocking concentration.

Incubation time of the competition reactions have been studied,
specifically from 1 h to 6 h at 37°C. According to the ELISA, the
optimal incubation time was 1-3 h. The reaction had maximum
absorbance and a higher sensitivity at 2 h.

The immunoassays reported in this paper are stable under a neutral
or slightly alkaline condition. To evaluate the effect of the pH on the
immunoassay, different phosphate buffers within the pH range of 6 to 9
were tested. The absorbance intensity was high between pH 7.0 and 7.5.
Therefore, the pH value around 7.4 was considered as the optimum for
the study. The same behavior has been observed for other phthalate
esters.*

The ionic strength is the important factor in immunoassays. Under
the same pH value, the influence of different ionic strengths of assay
buffer (PBS) was studied. An increasing concentration of PBS (from
0.005 to 0.05 mol/L) was prepared. The absorbance intensity was
significantly affected by ionic strength, with a maximum value at the PBS
concentration of 0.01 mol/L. So 0.01 mol/L PBS was selected of this

study.

3.3 Standard Curve
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Under the optimal conditions, the calibration curve of DEHP by the
method of dc-ELISA was obtained. The standard samples were dissolved
in methanol and diluted in PBS with the concentration range of
approximately 10 to 10* ng/mL. Fig. 2 suggest that the regression
equation was A=0.6470-0.034lgc (R>=0.998), with a linear range of
approximately 107 to 10° ng/mL, which is determined as the
concentrations causing 20-80% inhibition of color development.”> The
LOD was defined to be three times standard deviations of A, Ay is the
absorbance without the analyte.’”® LOD of this method was 0.0042
ng/mL, which was lower compared with the result taken by the HPLC
(0.18-0.86 ng/mL).” The inhibition of the ELISA method was calculated
as: Inhibition=(1-A/A()*100%, A is the absorbance at the related dose of
the analyte, and A, is the absorbance at 0 dose of the analyte.

(Fig. 2 near here)

3.4 Immunoassay specificity

The specificity of ELISA was evaluated by CR of the antibodies with
seven structurally related phthalate esters: DMP, DEP, DPrP, DBP, DAP,
DCHP, 4-DEHAP. The results were summarized in Table 1. The CR of
the antibodies with each of the first six listed related phthalate esters was
below 1%. This might be due to the different functional groups and sterile

hindrance between the DEHP and the first six listed structurally related
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phthalate esters. However, the high CR of 4-DEHAP that was used as the
hapten in this study might be due to the same aromatic structure, but
4-DEHAP is not present in the real samples. Therefore, the developed
method can be applied for the detection of DEHP.

(Table 1 near here)

3.5 Analysis of the infant supplies and standard addition recovery

experiments

In this study, we prepared five real samples for the experiment.
According to the standard curve, the DEHP concentrations in real
samples were calculated. Results were listed in Table 2. Compared with
the national standard,”” the DEHP levels of inflatable toy, teether and
plastic duck were greater than national standard, the DEHP levels of
pacifier and baby diapers within certain limits. The recoveries of DEHP
were ranged from 80.8% to 119.2%, and indicated the recovery of
dc-ELISA were satisfactory.

(Table 2 near here)

4. Conclusions

In this paper, the direct competitive ELISA was performed successfully
for the detection of DEHP 1n infant supplies. This method has the specific

advantages of sensitivity, simplicity, and reliability.

Page 16 of 25



Page 17 of 25

©CoO~NOUTA,WNPE

Analytical Methods

Acknowledgements

This work is supported by the National Natural Science Foundation of
China (no. 21175004 and 41271340), the Key Program of the Natural
Science Foundation of the Anhui Higher Education Institutions of China
(no. KJ2011A141) and Guangdong Natural Science Foundation (no.

S2013030013338). We express our deep thanks for financial support.

References

1 M. C. Zhang, Q. E. Wang and H. S. Zhuang, Anal. Bioanal. Chem.,
20006, 386, 1401-1406.

2 Y. L. Feng, J. Zhu and R. Sensenstein, Anal. Chim. Acta, 2005, 538,
41-48.

3 C. A. Staples, D. R. Peterson, T. F. Parkerton and W. J. Adams,
Chemosphere, 1997, 35, 667-749.

4 A. M. Api, Food Chem. Toxicol., 2001, 39, 97-108.

5Y. Q. Cai, G B. Jiang, J. F. Liu and Q. X. Zhou, Anal. Chim. Acta, 2003,
494, 149-156.

6 A. Penalver, E. Pocurull, F. Borrull and R. M. Marcé, J. Chromatogr. A,
2001, 922, 377-384.

7 S. Sathyanarayana, Curr. Probl. Pediatr. Adolesc. Health Care, 2008,

38, 34-49.



©CoO~NOUTA,WNPE

Analytical Methods Page 18 of 25

8 B. C. Blount, M. J. Silva, S. P. Caudill, L. L. Needham, J. L. Pirkle, E. J.
Sampson, G. W. Lucier, R. J. Jackson and J. W. Brock, Environ.
Health Persp., 2000, 108, 972-982.

9 J. A. Tickner, T. Schettler, T. Guidotti, M. McCally and M. Rossi, Am.
J. Ind. Med., 2001, 39, 100-111.

10 Y. Guo and K. Kannan, Anal. Bioanal. Chem.,2012, 404, 2539-2554.

11 R. Y. Sun and H. S. Zhuang, Anal. Methods, 2014, 6, 9807-9815.

12 H. Kuang, L. Liu, L. Xu, W. Ma, L. L. Guo, L. B. Wang and C. L. Xu,
Sensors, 2013, 13, 8331-8339.

13 U. Heudorf, V. Mersch-Sundermann and J. Angerer, Int. J. Hyg. Envir.
Health, 2007, 210, 623-634.

14 T. Lovekamp-Swan and B.J. Davis, Environ. Health Persp., 2003,

111, 139-145.
15 R. H. McKee, K. L. Pavkov, G. W. Trimmer, L. H. Keller and D. G.
Stump, Reprod. Toxicol., 2006, 21, 241-252.

16 J. J. Heindel, D. K. Gulati, R. C. Mounce, S. R. Russell and J. C.
Lamb, Fundam. Appl. Toxicol., 1989, 12, 508-518.

17 B. R. Hannas, C. S. Lambright, J. Furr, K. L. Howdeshell, V. S.
Wilson and L. E. Gray, Toxicol. Sci., 2011, 123, 206-216.

18 Y. H. Kim, J. Min, K. D. Bae, M. B. Gu and J. Lee, Arch. Microbiol.,
2005, 184, 25-31.

19 K. F. Reardon and G. R. Zhang, Appl. Biochem. Biotech., 1992, 34-35,



Page 19 of 25

©CoO~NOUTA,WNPE

Analytical Methods

753-765.

20 U. S. EPA, EPA announces actions to address chemicals of concern,
including phthalates: agency continues efforts to work for
comprehensive reform of toxic substance laws, December, 2009.

21 EC. 2008a. European Commission. European Union Risk Assessment
Report Bis(2-Ethylhexyl) Phthalate (DEHP), CAS-No. 117-81-7. Vol.
80; EUR 23384EN; Off. J. Eur. Communities: Legis., 2008.

22 M. Fay, J. B. William and J. M. Donohue. Toxicological Profile for Di
(2-ethylhexyl) Phthalate (DEHP). US Department of Health and
Human Services, Public Health Service, Agency for Toxic Substances
and Disease Registry, 1993, vol. 92, no. 5.

23 1. Ostrovsky, R. Cabala, R. Kubinec, R. Goérova, J. Blasko, J.
Kubincova, L. Rimnacova and W. Lorenz, Food Chem., 2011, 124,
392-395.

24 A. M. Calafat, A. R. Slakman, M. J. Silva, A. R. Herbert and L. L.
Needham, J. Chromatogr. B, 2004, 805, 49-56.

25 H. Y. Shen, Talanta, 2005, 66, 734-739.

26 M. Jeon, J. Kim, K. J. Paeng, S. W. Park and I. R. Paeng, Microchem.
J., 2008, 88, 26-31.

27 G. L. Liu, J. F. Wang, Z. Y. Li, S. Z. Liang, J. H. Liu and X. N. Wang,
Appl. Biochem. Biotech., 2009, 159, 708-717.

28 L. Y. Du, C. Y. Zhang, L. J. Wang, G. F. Liu, Y. F. Zhang, S. H.



©CoO~NOUTA,WNPE

Analytical Methods

Wang, Microchim. Acta, 2015, 182, 539-545.

29 T. J. Mi, X. Liang, L. Ding, S. X. Zhang, S. A. Eremin, R. C. Beier, J.
Z. Shen and Z. H. Wang, Anal. Methods, 2014, 6, 3849-3857.

30 Y.S.Li, Y. R. Zhang, X. Y. Cao, Z. H. Wang, J. Z. Shen and S. X.
Zhang, Anal. Methods, 2012, 4,2151-2155.

31 Q. Zhang, L. B. Wang, K. C. Ahn, Q. Sun, B. S. Hu, J. Wang and F. Q.
Liu, Anal. Chim. Acta, 2007, 596, 303-311.

32 M. C. Zhang, B. L. Liu, Y. Cong, S. H. Liu and Y. R. Hu, Food Agr.
Immunol., 2011, 22, 297-309.

33 M. C. Zhang, Y. Cong, Y. L. Sheng and B. L. Liu, 4nal. Biochem.,
2010, 406, 24-28.

34 M. C. Zhang, X. N. Yu, Y. Wang, Y. R. Hu and S. H. Liu, Food Anal.
Method, 2013, 6, 1223-1228.

35 A. R. Midgley, G. D. Nisender, and R. W. Rebar, Acta Endocrinol.,
1969, 63, 163-184.

36 J. Fleeker, J-Assoc. Off. Anal. Chem., 1987, 70, 874-878.

37 USEPA: Method 8061A- Phthalate ester. Federal Register, 1996, 409,

73-80.

Page 20 of 25



Page 21 of 25 Analytical Methods

Figure captions:

Fig. 1. Optimization of coating antigen and HRP-antibody dilutions

©CoO~NOUTA,WNPE

10 carried out by a non-competitive checkerboard titration method. Each

13 point represents the mean + SD (standard deviation, n=3).

18 Fig. 2. Calibration curve of DEHP by dc-ELISA under the optimized
20 conditions: the coating antigen that incubated for 2.5 h at 37°C; 1%
3 (v/v) OVA as the blocking solution; incubation time of the competition
25 reactions was 2h; 0.0lmol/L PBS (pH 7.4) as assay buffer. Each point

o8 represents the mean + SD (n=3).
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Table 1 Cross-reactivity of DEHP structurally related phthalate esters.

Analogues Cross-reactivity (%)
Diethylhexyl phthalate(DEHP) 100
Dimethyl phthalate(DMP) <0.01
Diethyl phthalate (DEP) 0.06
Dipropyl phthalate (DPrP) <0.01
Dibutyl o-phthalate (DBP) <0.01
Diamyl phthalate(DAP) <0.01
Dicyclohexyl phthalate (DCHP) 0.17
Diethylhexyl 4-aminophthalate(4-DEHAP) 57
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Table 2 Determination of DEHP in real samples and the recovery experiments.

Sample DEHP levels Added Total found Recovery®  RSD
(ng/mL) levels levels (%) (%)
(ng/mL) (ng/mL) (n=6)
inflatable toy 11.37 1 12.38 101.3 3.6
5 15.41 80.8 1.5
10 22.18 108.1 2.1
pacifier 1.168 1 2.196 102.8 1.1
5 5.666 80.8 33
10 11.06 98.9 3.8
teether 12.16 1 13.21 104.6 24
5 17.75 111.8 24
10 22.03 98.7 3.5
plastic duck 39.45 1 40.55 110.0 1.2
5 44.04 91.8 4.3
10 50.91 114.6 3.5
baby diapers 1.536 1 2.626 109.0 1.3
5 7.494 119.2 1.9
10 13.44 119.0 23

*Recovery (%) = (Total found levels - DEHP levels)/ added levels
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