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23 ABSTRACT

24

25 Bisphenols (BPs) and phthalate esters (PAEs) are extensively used in toys and childcare products. 

26 Therefore, children may be exposed to these compounds, causing potential adverse effects. Despite 

27 the strict control of the levels of these contaminants in toys by some nations, routine testing in Brazil 

28 is very scarce. The present study was aimed at determining the concentrations of PAEs and BPs in toys 

29 commercialized in Brazil, employing GC-MS and LC-MS/MS, respectively. Furthermore, the 

30 migration capacity of PAEs into saliva and the daily intake (EDI) were also estimated. Di-2-ethylhexyl 

31 phthalate (DEHP) was the PAE with the highest detection rate (93%) and migration rate (0.26 µg/min). 

32 Moreover, the levels of DEHP in some samples were above the threshold values set by the European 

33 Commission and the Brazilian Institute of Metrology, Standardization, and Industrial Quality. Among 

34 the BPs analogs, BPA and BPS presented the highest positive detection rates (72% and 30%, 

35 respectively). However, their levels were below the permitted values in all analyzed samples. A daily 

36 intake of DEHP was estimated at 29.8 µg/kg bw/day, being this exposure similar to those found in 

37 other countries and below the EFSA acceptable intake limit (50 µg/kg bw/day). However, our data are 

38 referred to exposure through oral contact with the analyzed toys, while the contribution of other 

39 potential sources, such as food consumption, were not here considered. To the best of our knowledge, 

40 this is the first study estimating the exposure of Brazilian children to PAEs and BPs, considering toys 

41 as the exposure source. These preliminary data may become a valuable guide for the control of EDC 

42 levels in toys commercialized in Brazil, as well as for future studies regarding estimation of exposure 

43 to EDCs by children taking into account multiple potential sources.

44

45 Keywords: phthalate; bisphenol; endocrine-disrupting chemicals; toys; saliva migration; child 

46 exposure
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48 1. Introduction

49
50 Endocrine-disrupting chemicals (EDCs) are emerging pollutants according to the U.S. 

51 Environmental Protection Agency (EPA) (Bila and Dezotti, 2007; Hampl et al., 2014; Hotchkiss et al., 

52 2008; Darbre, 2019; Djordjevic et al., 2020; US.EPA, 1997; USGS, 2017). Studies reported by the EU 

53 Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE, 1999) have shown a 

54 relationship between EDCs and human health effects, including increasing, decreasing, or stimulating 

55 hormonal function activity at inappropriate times. After chronic exposure, human body health 

56 alterations consist of the occurrence of testicular, breast, and prostate cancer, obesity, endometriosis, 

57 declining sperm rates, deformities of the reproductive organs, and thyroid dysfunction (CSTEE, 1999; 

58 González et al., 2020a). Phthalate esters and bisphenols are important EDCs that are used as 

59 plasticizers in several commercial products and show antiandrogenic activity, making them a 

60 significant public health concern (Hotchkiss et al., 2008; Martínez et al., 2021).

61 Phthalate esters (PAEs) are synthetically obtained by the esterification of alcohols and are 

62 found in polyvinyl chloride (PVC) plastics. They enhance the physical flexibility of several consumer 

63 products, including building materials, household furnishings, clothing, cosmetics, pharmaceutical 

64 products, nutritional supplements, medical devices, children’s toys, food packaging, cleaning 

65 materials, and insecticides (Rocha et al., 2017; Radke et al., 2019). High molecular weight PAEs, such 

66 as diisononyl phthalate (DINP) and diisodecyl phthalate (DIDP), are less toxic to human health but 

67 more common. They correspond to 80% of the PAEs that are used in Europe and are included in the 

68 Registration, Evaluation, Authorization, and Restriction of Chemical Substances (REACH). 

69 Moreover, low molecular weight compounds, such as dibutyl phthalate (DBP), benzyl-butyl phthalate 

70 (BBP), and di-2-ethylhexyl phthalate (DEHP), are classified as potentially dangerous to human health. 

71 DEHP is not only the most abundant PAE in food and environmental samples, but also it is highly 

72 toxic (Ventrice et al., 2013; Kondolot et al., 2016).

73 Bisphenol (BP) analogs are compounds used as monomers in polycarbonate plastic and epoxy 

74 resin production, and employed as plasticizers in PVC plastics (Gimeno et al., 2015; González et al., 

75 2019; Lin et al., 2020). Bisphenol A (BPA) is of great significance concerning its use and toxicity 

76 profile, and it is one of the highest volume chemicals produced worldwide. Due to its high toxicity, 

77 several countries have reduced the production and consumption of BPA and have started its 

78 replacement by other BPs, such as bisphenol S (BPS), bisphenol F (BPF), bisphenol AF (BPAF), and 

79 bisphenol B (BPB) (Hoepner, 2019; González et al., 2020b; Lin et al., 2020; Wang et al., 2020).

80 Data on human exposure and toxicity profiles of these EDCs have been carried out in several 

81 countries and by researchers from Europe and the United States (Malits et al., 2018; Negev et al., 2018; 
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82 Darbre, 2019). However, these studies are scarce in most Latin American countries. Young children 

83 are a population subgroup that is vulnerable and sensitive to adverse health effects of environmental 

84 contaminants. Their exposure, even at low concentrations of EDCs, means a public health concern 

85 regarding adverse effects in children (Negev et al., 2018). Furthermore, very little is known about the 

86 interactions between phthalate esters and bisphenol analogs and other chemicals. The co-exposure to 

87 different emerging pollutants can significantly change the impact and effect on human health. 

88 Depending on the chemicals, the interactions may result in synergistic, additive, or antagonistic effects. 

89 BPA and phthalate esters may alter neural behavior, cause a metabolic disturbance, and promote 

90 oxidative damage in DNA in children. Previous studies have reported a positive association between 

91 prenatal BPA and phthalate exposure and atopic dermatitis in children. However, the lack of 

92 understanding about the safety of BPA and PAEs and their potential role as endocrine disruptors makes 

93 the characterization of the compound mixtures of high importance public health question (Kondolot et 

94 al., 2016; Rocha et al., 2017; Malits et al., 2018; Jatkowska et al., 2021; Lee et al., 2021; Mustieles et 

95 al., 2022). 

96 The main route of exposure for children is oral exposure, highlighting sources such as breast 

97 milk, cow's milk, infant formulations, food in plastic packaging, plastic toys and food items, such as 

98 cups, and some medical devices (US.EPA, 2007). Toys, childcare articles, sleep positioners and car 

99 seats are made of various plastics that often contain EDC compounds in their composition, such as 

100 BPA and PAEs (Kirchnawy et al., 2020; Aurisano et al., 2021). Therefore, babies and young children 

101 may put these objects in their mouths, allowing chemical contact with the saliva and the intake of these 

102 environmental contaminants (Malits et al., 2018; Negev et al., 2018; Rajbux et al., 2020). Some PAEs 

103 and BPs can migrate from toys or children’s products into saliva. This is particularly relevant, for 

104 DEHP and BPA, as these EDCs are not chemically bonded to the materials (Earls et al., 2003). 

105 Moreover, although the concentrations of PAEs and BPs in toys have been regulated in many countries, 

106 their presence in these objects is still a widespread problem (Negev et al., 2018). The evaluation of the 

107 chemical migration to children's saliva is also of toxicological importance. Therefore, analytical 

108 studies of EDCs should be complemented with human exposure assessment to identify the most 

109 contributive pathways. In addition, this information remains scarce in Brazil and other Latin American 

110 countries. Taking all the above into consideration, the present study was aimed at determining the 

111 concentrations of PAEs and BPs in toy samples commercialized in Brazil, evaluating the migration 

112 rate into saliva, and estimating the daily intake of these compounds by children.

113

114 2. Materials and methods
115 2.1. Chemicals and reagents
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116

117 The analytical standards of PAEs selected in this study included dibutyl phthalate (DBP, cas 

118 number 84-74-2, purity grade of 99 %), dimethyl phthalate (DMP, cas number 131-11-3, ≥ 99 %), 

119 bis(2-ethylhexyl)phthalate (DEHP, 117-81-7, 99 %), diethyl phthalate (DEP, 84-66-2, 99.5 %), benzyl 

120 butyl phthalate (BBP, 85-68-7, 99 %), and bis(2-ethylhexyl)phthalate-3,4,5,6-d4 (DEHP-d4, 93951-

121 87-2, 98 atom % D), which were purchased from Sigma–Aldrich® (St. Louis, MO, USA). All stock 

122 standard solutions were prepared in hexane, stored in glass tubes at -20 °C, and protected from light. 

123 Additionally, the selected analytical BP standards were 2,2-bis(4-hydroxyphenyl)propane (BPA, 80-

124 05-7, 99 %), 2-bis(4-hydroxyphenyl)propane-d16 (BPA-d16, 96210-87-6, 98 atom % D), 4,4’-

125 sulfonyldiphenol (BPS, 80-09-1, 99 %), 4,4’-dihydroxydiphenylmethane (BPF, 620-92-8, 99 %), 4,4’-

126 (hexafluoroisopropylidene)-diphenol (BPAF, 1478-61-1, 98 %), 4,4’-(1-phenylethylidene)bisphenol 

127 (BPAP, 1571-75-1, 99 %), 4,4’-(1,4-phenylenediisopropylidene)bisphenol (BPP, 2167-51-3, 99 %) 

128 and 4,4’-cyclo-hexylidenebisphenol (BPZ, 843-55-0, 98 %), which were also purchased from Sigma–

129 Aldrich® (St. Louis, MO, USA). All stock standard solutions were prepared in methanol, stored at -20 

130 °C, and protected from light.

131 HPLC-grade solvents, including methanol, acquired from JT Baker® (Phillipsburg, NJ, USA), 

132 and dichloromethane and hexane, obtained from Sigma–Aldrich® (St. Louis, MO, USA), were used 

133 during the analytical procedures. High purity deionized water (resistivity of 18.2 mΩ cm-1) was 

134 obtained using a Milli-Q water purification system® (Millipore RiOs-DITM, Bedford, MA, USA) and 

135 used for cleaning and preparation of the mobile phase and synthetic saliva. Synthetic saliva was 

136 prepared using analytical-grade reagents purchased from Sigma–Aldrich® (St. Louis, MO, USA),  

137 including magnesium chloride (MgCl2.6H2O, cas number 7791-18-6, purity of 99 %), calcium 

138 chloride (CaCl2.6H2O, 7774-34-7, 98 %), dipotassium hydrogen phosphate (K2HPO4.2H2O, 16788- 

139 57-1, ≥ 99.0 %), potassium carbonate (K2CO3, 584-08-7, 99.9 %), sodium chloride (NaCl, 7647-14-

140 5, ≥ 99.0 %), and potassium chloride (KCl, 7447-40-7, ≥ 99.9 %).

141

142 2.2. Samples

143

144 In 2014-2015, 71 samples of plastic toys were directly purchased at different local markets of 

145 Ribeirao Preto, Brazil. Samples were characterized by the predominant colors, type of toys, being 

146 classified with a numerical code (Table S1 of the Supplementary Information). In addition, samples 

147 were submitted to the Beilstein test to assess the presence or absence of PVC. For this, a copper wire 

148 met with a small piece of each sample followed by heating using a Bunsen burner to observe the color 

149 of the flame (Al-Natsheh et al., 2015; Stuart, 2008). The presence of PVC in the sample is confirmed 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4029219

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



6

150 when the flame is green. The characteristics of each toy are given as Supplementary Information (Table 

151 S1).

152

153 2.3. Sample preparation for EDC determination

154

155 All samples were individually milled and homogenized with an electric ultracentrifugal mill 

156 (Retsch ZM200 with a DR100 autosampler) to obtain very small-sized and representative particles. To 

157 determine PAEs concentrations, 10 mg of each sample were placed into a clean glass tube, and the 

158 internal standard DEHP-d4 was added. Then, 1.0 mL of hexane was transferred to each tube, followed 

159 by vortexing (QL-910, Biomixer) for 1 minute, ultrasonication (USC-1400, Unique®, Indaiatuba, SP, 

160 Brazil) for 10 min, and shaking on a tube shaker for 20 min. After this step, the tubes were centrifuged 

161 at 3500 rpm (80-2B-15 mL, Centribio) for 10 min. This extraction procedure was repeated three times. 

162 The organic phase was separated, joined, and evaporated using a vacuum concentrator (Martin Christ 

163 RCV 2-25 CO plus and CT 04-50 SR, Osterode am Harz, Germany). The residues were reconstituted 

164 in hexane, are then submitted to instrumental analysis employing gas chromatography coupled with 

165 mass spectrometry (GC-MS). Additionally, for the determination of BP concentration, 10 mg of each 

166 sample was placed into a clean glass tube, and the internal standard BPA-d16 was added. Then, 2.0 

167 mL of dichloromethane was transferred to each tube, and they were ultrasonicated (USC-1400, 

168 Unique®, Indaiatuba, SP, Brazil) for 15 min. Afterward, 5.0 mL of methanol was added to each tube, 

169 and they were left to stand for 10 min. Then, 100 µL of the supernatant and 900 µL of a methanol: 

170 water (1:1) solution were transferred to a vial for liquid chromatography-tandem mass spectrometry 

171 (LC-MS/MS) analysis. After determining the PAE and BP concentrations, the samples were submitted 

172 for migration testing using synthetic saliva.

173

174 2.4. Instrumentation

175

176 2.4.1. Determination of phthalate ester concentrations employing GC-MS

177

178 Instrumental analysis for the determination of PAEs in toys and saliva samples was performed 

179 using GC-MS with a mass spectrometer from Thermo Fisher Scientific® (Waltham, Massachusetts, 

180 United States). The experimental conditions of the GC-MS were based on a related study performed 

181 by Dong et al. (2013), with modifications. The chromatographic separation of the PAEs was obtained 

182 with a TG-SQC analytical column (15 m length × 0.25 μm internal diameter, 0.25 μm particle size) 

183 from Thermo Scientific®. Helium (99.9999% purity) was used as the carrier gas at a flow rate of 1.0 
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184 mL/min. The initial oven temperature was 60 °C, which was held for 1 minute, with a subsequent rise 

185 to 220 °C at a rate of 20 °C·min-1. Then, the oven temperature was increased at a rate of 15 °C·min-1 

186 until reaching 280 °C, which was held for 0.5 min. The injector temperature was 230 °C. The injection 

187 volume was 2 µL performed in splitless mode. The detection system was composed of an ISQ single 

188 quadrupole mass spectrometer from Thermo Scientific® operated in electron impact ionization (EI) 

189 mode. The ion source temperature was set to 250 °C, and the transfer line temperature was 280 °C. 

190 Data were acquired using full scan mode (m/z 50 to 500), with selective ion monitoring (SIM) for each 

191 analyte and the internal standard. Data acquisition and processing were performed using Thermo 

192 Xcalibur TM Software, version 2.2 (Thermo Fisher Scientific®).

193

194 2.4.2. Determination of bisphenol analogs employing LC-MS/MS

195

196 A Thermo Scientific Liquid Chromatography (LC) system, equipped with a pump (Accela 600) 

197 and an autosampler coupled with a Thermo Scientific TSQ QuantumTM Access Max electrospray triple 

198 quadrupole mass spectrometer, was used for chromatographic analysis for the determination of BPs. 

199 Chromatographic separation was performed with a Supelco Ascentis Express C18 column (75 mm 

200 length × 2.1 mm internal diameter, 2.7 µm particle size; Sigma–Aldrich®, St. Louis, MO, USA®). The 

201 column temperature was maintained at 50 °C. A mixture of methanol: water (v/v) was used as the 

202 mobile phase, and the flow rate was set to 500 μL min-1. A volume of 10 μL was injected for analysis. 

203 Selective reaction monitoring (SRM) in negative ion mode was used, and two SRM transitions were 

204 chosen for each compound as the channel of quantification (Q) and confirmation (C). The following 

205 channels were: 227 > 212Q and 227 > 133C for BPA (collision energy (CE) 17 and 23); 249 > 108Q 

206 and 249 > 156C for BPS (CE 26 and 23); 241 > 223Q and 241 > 142C for BPA-d16 (CE 19 and 21); 199 

207 > 93Q and 199 > 105C for BPF (CE 19 and 18); 345 > 330Q and 345 > 315C for BPP (CE 26 and 29); 

208 267 > 173Q and 267 > 197C for BPZ (CE 25 and 28); 289 > 273Q and 289 > 208C for BPAP (CE 20) 

209 and 335 > 265Q and 335 > 197C for BPAF (CE 21 and 30).

210

211 2.5. Migration to saliva

212

213 The migration of EDCs into saliva was performed according to the study proposed by Earls et 

214 al. (2003), with modifications. Synthetic saliva was prepared by mixing the following in 1.0 L of 

215 deionized water 0.17 g of MgCl2.6H2O; 0.15 g of CaCl2.6H2O; 0.76 g of K2HPO4.2H2O; 0.53 g of 

216 K2CO3; 0.33 g of NaCl; and 0.75 g of KCl. The final pH of this solution was set to 6.8 ± 0.1 (Osman 

217 et al., 2013).
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218 The migration assay was performed using samples that had been previously cut into sizes of 

219 1.0 cm2 and washed with deionized water. Each selected sample was transferred to a glass tube (tube 

220 A), and 2.0 mL of synthetic saliva solution was added. These tubes were placed in a 37 °C shaking 

221 water bath for 60 min. After 30 min, the second portion of synthetic saliva was added to tube A. At 

222 the end of 60 min, the total mixture was transferred to another glass tube, named tube B. The synthetic 

223 saliva was added in two consecutive portions to simulate real-life conditions since the release of saliva 

224 into the mouth occurs as a function of time. The contents of tube B were subjected to the extraction 

225 procedure using 1.0 mL of hexane for PAEs and 1.0 mL of dichloromethane for BPs. All tubes were 

226 ultrasonicated (USC-1400, Unique®, Indaiatuba, SP, Brazil) for 15 min and centrifuged at 3500 rpm 

227 (80-2B-15 mL, Centribio) for 10 min. These extraction procedures were repeated three times. The 

228 organic phases were separated, combined, and evaporated using a vacuum concentrator (Christ RCV 

229 2-25 CO plus e Christ CT 04-50 SR). The residues were reconstituted in hexane for PAEs 

230 determination by GC-MS and in methanol: water (1:1) for BP determination using LC-MS/MS.

231 The amounts of migrated PAEs and BPs were estimated based on the calculation described in 

232 the equation below (Eq. 1) (Earls et al., 2003). This calculation considered the compound concentration 

233 determined in the saliva (µg·mL-1), the toy's surface area (10 cm2), and the shaking time of 60 min, 

234 and the results were compared with the limits established by regulatory agencies.

235

236 ) Migration rate (µg min - 1) =  (EDC concentration (µg mg - 1) ×  10 cm²)/(60 min (time) ×  1 cm²
237 (Eq. 1)

238

239 2.6. Method performance and quality control

240

241 For quality control of the analytical methods, duplicate matrix-spiked samples (2.0 µg mg-1 for 

242 PAEs and 1.0 ng mg-1 for BPs) were analyzed for every batch of 20 samples to evaluate the accuracy 

243 of the analysis. Hexane (GC-MS analysis) and methanol (LC-MS/MS analysis) were also injected 

244 between samples to measure the possible carryover effects of the target analyte. Standard calibration 

245 curves were prepared from blank samples spiked with the specific standards and internal standard in 

246 concentration ranges from 0.5 to 4.0 µg·mg-1 for PAEs and 0.15 to 2.0 ng·mg-1 for BPs. The lower 

247 limit of detection (LLOD) and the lower limit of quantification (LLOQ) of these methods were 0.15 

248 µg·mg-1 and 0.5 µg·mg-1 for PAEs and 0.05 ng·mg-1 and 0.15 ng·mg-1 for BPs, respectively. 

249 Furthermore, the calibration curve ranged from 1.25 to 10 µg·mL-1 for PAEs analysis in synthetic 

250 saliva, with LLOD and LLOQ values of 0.37 µg·mL-1 and 1.25 µg·mL-1, respectively. The calibration 

251 curve ranged from 1.5 and 20 ng·mL-1 for BPs with LLOD and LLOQ values of 0.5 ng·mL-1 and 1.5 
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252 ng·mL-1, respectively. The values of the samples that gave detected concentration values below the 

253 LLOD were substituted by a value equal to the LLOD divided by the square root of 2 (US. EPA, 1994). 

254 Since phthalates are widespread, some procedures were performed before the analyses to avoid 

255 interferences. All solutions and procedures were prepared and carried out using glassware. Besides, 

256 all-glass materials were submitted a specific and careful cleaning procedure. First, they were washed 

257 with detergent (Extran®) and previously heated high purity deionized water, being subsequently left in 

258 an ultrasonic bath for 15 min. They were rinsed with acetone and placed to dry in a place protected 

259 from contact with dust. Finally, all materials were wrapped in aluminum foil and stored in a clean 

260 place, separate from the rest of the glassware in the laboratory.

261

262 2.7. Estimated daily intake (EDI)

263

264 The dermal and oral routes are highly relevant during the health risk assessment when 

265 considering children’s exposure to EDCs present in toys. Indeed, the oral route is crucial due to saliva 

266 contact with the toy when the child puts the toy into its mouth. Thus, it is possible to estimate the daily 

267 intake of PAEs and BPs, mainly by children under the age of 3 years old. The estimated daily intake 

268 of EDCs was determined considering a child with a body weight of 8 kg and a daily exposure of 3 h 

269 (180 min) (EU-CSTEE, 1998), with the results providing the EDC concentration and migration rate 

270 into the saliva. Thus, the estimated daily intake (EDI) was calculated according to the equation (Eq. 2) 

271 described below:

272

273 EDI (µg/kg/day) =  Migration rate (µg min - 1) ×  EDC concentration (µg mg - 1

274 (Eq. 2)) ×  180 (min)/8 kg (body weight)  
275

276 The non-carcinogenic risks associated with exposure to EDCs were also evaluated. For that 

277 purpose, the EDI of PAEs and BPs was compared with the respective References Doses (RfD) of each 

278 chemical, extracted from a recent study (Aurisano et al., 2022). RfDs for DBP, BBP, and DEHP were 

279 100, 200, and 200 µg·kg-1·day-1. 

280

281 3. Results and discussion

282

283 3.1. Method performance

284
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285 Regarding all of the previously described methods, the calibration curves demonstrated good 

286 linearity with a correlation coefficient (r) greater than 0.99. The mean recoveries from toy samples 

287 spiked with PAEs and BPs were 97.6% and 90.8%, respectively. The methods used for the migration 

288 tests showed a mean recovery of 106.7% for PAEs and 98.2% for BPs.

289

290 3.2. Levels of phthalates and bisphenol analogs in toys

291

292 The determined levels of PAEs and BPs with values above the LLOD for all samples in this 

293 study were calculated and are expressed as the mean, median, minimum, and maximum values, 

294 detection rate (%), and 25th and 75th percentiles.

295

296 3.2.1. Phthalate esters

297

298 The levels of PAEs determined in all samples are summarized in Table 1. All analyzed samples 

299 had detectable and quantifiable levels of PAEs. DEHP was found in 66 out of the 71 samples, 

300 corresponding to a detection rate of 93%. On the other hand, DBP, DMP, and BBP were quantified in 

301 30, 35, and 8 samples, respectively. Following the restrictions established by the European 

302 Commission (Commission Regulation (EU) 2018/2005) and the Brazilian Institute of Metrology, 

303 Standardization and Industrial Quality (INMETRO, 2007 and 2008), in Brazil, the PAEs DBP, BBP, 

304 and DEHP shall not be present in concentrations greater than or equal to 0.1% by weight of the 

305 plasticizer material (0.1% w/w), in particular, toys. Based on the limits established by these regulatory 

306 agencies, our data showed that the concentration of DEHP was above the allowed value in 20 samples, 

307 with an average concentration of 2.62 µg·mg-1 (0.26% w/w). Indeed, the highest concentration of 

308 DEHP found corresponded to 4.47 µg·mg-1 (0.45% of the mass of the plasticizer material). In addition 

309 to DEHP, DBP was also found in concentrations higher than the threshold in 3 samples (average 

310 concentration of 1.91 µg·mg-1 or 0.19% w/w). Interestingly, 40% of the analyzed samples presented 

311 phthalate levels above the limit of 0.1% w/w, with the highest concentration being 5.12 µg·mg-1. It is 

312 important to mention that the regulatory actions to remove some phthalate ethers from the marketplace 

313 have resulted in a decrease in PAE levels in toys. Consequently, the children's exposure to these 

314 chemicals has also significantly decreased over the years.

315 It must be highlighted that seven of the toys did not contain PVC (see Table 1 of the 

316 Supplementary Information). Moreover, the phthalate ester levels in these samples were low. 

317 However, the samples coded as "12" and "43" presented DEHP concentrations above the INMETRO 

318 permitted value (3.49 and 1.31 µg mg-1, respectively). Our data show the importance of controlling 
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319 PAE levels in toys and products intended for children's use in Brazil since the PAEs DEHP and DBP 

320 were found at toxicologically relevant levels.

321 PAE concentrations in toys and products intended for children in the present study were 

322 compared with those found in other studies from the scientific literature (Table 2). The reported studies 

323 by Al-Natsheh et al., (2015) and Kim et al. (2020) showed a higher concentration of DEHP in toys, 

324 with values corresponding to 29.6 % (w/w) in Jordan, and 28.11% (w/w) in Korea, respectively. On 

325 the other hand, the levels of PAEs in the present study were very close to those found in samples from 

326 Malaysia (Praveena et al., 2021), the United States of America (Chen and Zhang, 2013), Taiwan 

327 (Johnson et al., 2011). 

328

329 3.2.2. Bisphenol analogs

330

331 The levels of BPs (BPA, BPS, BPF, BPP, BPZ, BPAF, and BPAP) determined in the 71 

332 selected samples are summarized in Table 3. BPA and BPS were the BPs analogs with the highest 

333 detection rates (71.8% and 29.6%, respectively). On the other hand, BPF, BPZ, and BPP were detected 

334 in 7, 5, and 6 samples, respectively. Finally, BPAF and BPAP presented concentrations below the 

335 LLOD value in all the analyzed toys.

336 According to the restrictions established by the European Union (Prosafe – Joint Actions Best 

337 Practice, 2018) and the European Food Safety Authority (EFSA, 2015), BPA must not be present in 

338 concentrations above 0.3% by weight of the plasticizer material in toys, which corresponds to 3.0 µg 

339 mg-1. Following these restrictions, our results show BPA concentrations below the permitted values in 

340 all the analyzed samples.

341 It is essential to highlight that limits and certain restrictions established by regulatory agencies 

342 for BPs other than BPA are still scarce. Therefore, evaluations of the BPs concentrations in toys and 

343 their migration rate into saliva were performed only for BPA. Eco-Healthy Child Care (2016) 

344 emphasized that BPA has compounds called “sisters” (e.g., BPS and BPF) that may be used as 

345 replacements for BPA in plastic materials. Therefore, plastic may be “BPA-free” but it may contain 

346 sister compounds (BP analogs).

347 The BP concentrations found in this study were compared with those found in other studies 

348 reported in the literature. Our results showed a mean concentration of 0.97 ng mg-1 for BPA. On the 

349 other hand, Negev et al. (2018) found higher concentrations with a mean value of 1.03 ng·mg-1 for 

350 BPA in Israel. However, in both cases, the results were below the established value permitted by the 

351 European Union (3.0 µg·mg-1). More recently, de Lima et al. (2022) analyzed the content of PAEs 
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352 and BPA in 10 samples of toys and utensils for infants, when developing a method for the 

353 simultaneous determination of the EDCs. BPA levels ranged between 0.060 and 21.13 ng·mg-1. 

354

355 3.3. Migration of phthalates esters and BPA into synthetic saliva

356

357 In addition to child dermal contact with toys, evaluating phthalate ester and BPA migration 

358 into saliva is highly relevant when considering oral exposure. These contaminants easily migrate from 

359 the toy’s surface to the child's mouth. Table 2 of the Supplementary Information contains the maximum 

360 limits for the migration of DBP, BBP, and DEHP expressed as µg/min/10 cm2 (Scientific Report of 

361 the EU-Committee on Toxicity, Ecotoxicity and the Environment (EU-CSTEE, 1998)). The limit for 

362 BPA migration is expressed as mg·L-1 (Commission Directive (EU) 2017/898).

363 The results of phthalate ester migration into saliva are demonstrated in Figure 1. According to 

364 these results, only the phthalates DBP, BBP, and DEHP were detected and quantified in saliva after 

365 the migration test. Although the total phthalate concentrations in the samples were above the limits 

366 established by the European Union and INMETRO, in Brazil, the values obtained for the migration 

367 rate were all below the tolerable limits indicated by the European Commission CSTEE in 1998 (Table 

368 S2; Supplementary Information).

369 DEHP was the phthalate with the highest migration rate, with a median concentration of 0.33 

370 µg.mg-1, a range of 0.099 - 4.468 µg.mg-1, and a geometric mean concentration of 0.98 µg.mg-1. Our 

371 results suggest a positive correlation between the concentration and migration rate of these chemicals. 

372 Furthermore, it is essential to consider the characteristics of the samples, which can influence the speed 

373 and intensity of migration, such as surface roughness, size, type of coating, and thickness (Bouma and 

374 Schakel, 2002).

375 Al-Natsheh et al. (2015) found eight PAEs in toys and children's products in Jordan, and the 

376 quantified phthalate concentrations were above the allowed value (0.1% w/w) set by the Commission 

377 Regulation (EU) and INMETRO in all samples containing PVC. However, they observed values below 

378 the limits established by the CSTEE after the migration test into synthetic saliva. Osman et al. (2013) 

379 determined the levels of DBP and DEHP in toy samples obtained from Turkish markets. These PAEs 

380 were evaluated for their migration rate into artificial saliva, and the values reported were also below 

381 the limits allowed by the CSTEE. Bouma and Schakel (2002) found that DEHP and DINP were not 

382 only the predominant PAEs in toys containing PVC, but also they were found at very high 

383 concentrations (range: 30-45% w/w). Regarding the assessment of their migration from 62 toys into 

384 saliva, only six samples presented DEHP migration rates greater than the limit determined by the 

385 CSTEE (1.67 µg/min/10 cm2).
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386 Considering that the results for the migration rate of PAEs from the samples into saliva were 

387 below the previously mentioned limits, it is essential to note that many samples evaluated in this study 

388 contained more than one phthalate with total concentrations greater than 0.1% w/w. It is also worth 

389 noting that the determined PAEs, particularly those with low molecular weights such as DBP, BBP, 

390 and DEHP, are classified as dangerous and potential endocrine disruptors to animals and humans 

391 (Ventrice et al., 2013). Thus, constant exposure and the cumulative effects of these compounds can 

392 bring risks to children's health, especially those under the age of 3 years old.

393 Regarding the BPA migration results, its concentrations in the synthetic saliva in all samples 

394 were below the limit of quantification of the method. This fact can be justified by the low 

395 concentrations of BPA found in the toy samples in the present study, as previously mentioned. 

396 Therefore, in this study, the migration rate and the estimation of daily intake parameters were not 

397 calculated for BPA. In addition, other plasticizers and additives may be present in these samples and 

398 can contribute to health damage. Therefore, these other compounds should be also regulated and 

399 evaluated to guarantee their safety for children.

400
401 3.4. Estimated daily intake (EDI)

402

403 Based on the experimental findings from animal studies, the European Commission Scientific 

404 Committee on Health and Environmental Risks has established tolerable daily intakes (TDIs) for some 

405 PAEs. These values are related to the acute toxic effects on animal reproduction (DBP, BBP, and 

406 DEHP) and animal development (DBP and BBP). The calculation of the estimated daily intake is 

407 essential due to the high concentrations of PAEs found in toy samples, which are often above the limits 

408 established by regulatory agencies.

409 The daily PAE intake was calculated from sample 24, which presented the highest total PAE 

410 concentration (5.257 µg·mg-1); 0.229 µg·mg-1 for DBP, 0.420 µg·mg-1 for BBP, and 4,468 µg·mg-1 

411 for DEHP. After the migration test, this same sample presented migration rates of 0.0086 µg·min-1 for 

412 DBP, 0.1552 µg·min-1 for BBP, and 0.2963 µg·min-1 for DEHP. Therefore, the estimated daily intake 

413 of these PAEs corresponded to 0.044 µg/kg body weight (bw)/day for DBP, 1.467 µg/kg bw/day for 

414 BBP, and 29.787 µg/kg bw/day for DEHP.

415 Considering that the tolerable daily intake is 10 µg/kg bw/day for DBP, 500 µg/kg bw/day for 

416 BBP, and 50 µg/kg bw/day for DEHP (EU-CSTEE), the estimated daily intake values found in the 

417 present study for DBP, BBP, and DEHP were below the acceptable intake limits (EU-CSTEE). 

418 However, the estimated daily intake for DEHP (29.787 µg/kg bw/day) is not far from the recommended 

419 value (50 µg/kg bw/day), particularly for children with a body weight of 8 kg.
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420 Non-cancer risks were also assessed by determining the Hazard Quotient (HQ), which was 

421 calculated as the comparison between the children’s mouthing exposure and the RfDs (100, 200, and 

422 200 µg/kg bw/day for DBP, BBP, and DEHP, respectively). The threshold values were not exceeded 

423 for any of the PAEs, indicating that the children using the analyzed toys are not at a situation of risk. 

424 However, it must be highlighted that this investigation was only focused on a very specific pathway 

425 exposure. Children are exposed to PAEs through different routes, so eventually, an aggregated 

426 exposure should be evaluated. According to data from the scientific literature (Lioy et al., 2015), 

427 ingestion of food and beverages is the most important route of PAEs exposure for infants. However, 

428 the potential contribution of toys, via mouthing, as well as personal care products, via dermal contact, 

429 cannot be disregarded. It has been stated that mouthing might contribute up to one-fourth of young 

430 children’s total PAE exposure (Lioy et al., 2015). Anyhow, the current EDI for the Brazilian children 

431 was of the same order of magnitude as that found elsewhere (Aurisano et al., 2022). 

432

433 4. Conclusions

434

435 To the best of our knowledge, this study is the first to estimate the exposure of Brazilian 

436 children to PAEs and BPs considering toys as the source. Based on our results, DEHP and BPA 

437 presented the highest detection rates. BPA concentrations in all analyzed samples were below the 

438 threshold (EU-CSTEE). However, DEHP levels in 20 out of the 71 toys were above the maximum 

439 values set by the regulatory agencies (EU-CSTEE and INMETRO). Although the migration rates of 

440 phthalate esters (DBP, BBP, and DEHP) into saliva were within the tolerable values, some samples 

441 presented phthalate concentrations above the regulatory limits, which could considerably contribute to 

442 their daily intake by children. Very importantly, children could be at a potential situation of risk if 

443 other exposure pathways, such as food consumption or drinking, were also taken into account. It 

444 remarks the need to perform an aggregated exposure to chemicals, in general, and PAEs and BPs, in 

445 particular. Anyhow, these preliminary data mean a valuable guide for the control of EDC levels in toys 

446 commercialized in Brazil and for future investigations on EDC exposure assessment.

447
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