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Abstract
In this study, the occurrence of phthalates in the municipal water supply of Nagpur City, India, was studied for the first time. 
The study aimed to provide insights into the extent of phthalate contamination and identify potential sources of contamina-
tion in the city’s tap water. We analyzed fifteen phthalates and the total concentration (∑15phthalates) ranged from 0.27 to 
76.36 µg  L−1. Prominent phthalates identified were di-n-butyl phthalate (DBP), di-isobutyl phthalate (DIBP), benzyl butyl 
phthalate (BBP), di (2-ethylhexyl) phthalate (DEHP), di-n-octyl phthalate (DNOP), and di-nonyl phthalate (DNP). Out of 
the fifteen phthalates analyzed, DEHP showed the highest concentration in all the samples with the median concentration of 
2.27 µg  L−1, 1.39 µg  L−1, 1.83 µg  L−1, 2.02 µg  L−1, respectively in Butibori, Gandhibaag, Civil Lines, and Kalmeshwar areas 
of the city. In 30% of the tap water samples, DEHP was found higher than the EPA maximum contaminant level of 6 µg  L−1. 
The average daily intake (ADI) of phthalates via consumption of tap water was higher for adults (median: 0.25 µg  kg−1  day−1) 
compared to children (median: 0.07 µg  kg−1  day−1). The hazard index (HI) calculated for both adults and children was below 
the threshold level, indicating no significant health risks from chronic toxic risk. However, the maximum carcinogenic risk 
(CR) for adults (8.44 ×  10–3) and children (7.73 ×  10–3) was higher than the threshold level. Knowledge of the sources and 
distribution of phthalate contamination in municipal drinking water is crucial for effective contamination control and man-
agement strategies.
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Graphical Abstract

Access to clean and safe drinking water is essential for 
human life to maintain good health and well-being (Brus-
seau et al. 2019). Several developing countries with growing 
population and industrialization are facing the challenge of 
ensuring access to safe drinking water (Moe and Rheingans 
et al. 2006). Rapid urbanization, inadequate waste manage-
ment infrastructure, and laxity of environmental regula-
tions have contributed to the proliferation of contaminants 
in water supplies (Stoler et al. 2017). In India, tap water is 
the primary source of drinking water for a major portion of 
the population (Chakraborti et al. 2011). However, in recent 
years concerns have been raised regarding the presence of 
various contaminants in drinking water, especially organic 
contaminants such as per-and poly-fluoroalkyl substances 
(PFAS) (Teymoorian et al., 2023; Mak et al., 2009), bisphe-
nol A (BPA) (Lim et al. 2023), polycyclic aromatic hydro-
carbons (PAHs) (Liu et al. 2021), phthalates (Chenchen 
Wang et al. 2021a, b, c), organophosphate esters (Gbadamosi 
et al., 2021; Ding et al., 2015) and few inorganic contami-
nants such as cadmium, arsenic, and lead (Abedi Sarvestani 
and Aghasi et al. 2019). These chemicals are part of numer-
ous industrial and consumer products, that eventually end 
up in the environmental matrices; hence, they are detected 
extensively in different water resources worldwide (Morin-
Crini et al., 2022; Tijani et al., 2016). The presence of these 
chemicals in water above the threshold limit, either alone 

or in the mixture, is likely to pose a risk to human health. 
Amongst the different contaminants reported, phthalates 
in drinking water have been a major concern, due to their 
extensive utilization in consumer products such as plastics, 
water bottles, plastic utensils, plumbing materials, polyvi-
nyl chloride (PVC) pipes, food packaging, cosmetics, medi-
cal devices, and personal care products (Abtahi et al. 2019; 
Chen et al. 2022).

Phthalates are a class of semi-volatile organic com-
pounds, commonly used as plasticizers in PVC, polypro-
pylene (PP), and polyethylene (PE) products to enhance 
flexibility and durability (Cao et al. 2021; Pang et al. 2021). 
Phthalates are high-production volume chemicals that find 
various industrial applications such as in paints, coatings, 
textiles, personal care products, building materials, electron-
ics, etc. (Núñez et al. 2022). Due to their extensive produc-
tion and usage, the global consumption of phthalates alone 
accounted for ⁓ 55% plasticizers in 2020 (Ai et al. 2023). 
As phthalates are used as additives, they are not chemically 
bonded with the host materials; hence phthalates leach out 
into the environment during the life cycle of the articles (Ye 
et al. 2020). Although phthalates are biodegradable and non-
persistent in nature, due to their high production and use, 
they are widely found in water bodies (Ai et al. 2023; Cao 
et al. 2022; Kong et al. 2015). Hence, phthalates are called 
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“everywhere chemicals” and human exposure is imminent 
through air, food, and water (Paluselli and Kim et al. 2020).

Studies reported that foodstuffs and drinking water are 
the two major sources of phthalate exposure to humans (Ji 
et al. 2014; Das et al. 2014). Drinking water is also used in 
the preparation of food, and hence monitoring of phthalates 
in drinking water is essential to understand its contribution 
to daily intake. The occurrence of phthalates in the aquatic 
environments viz. industrial and municipal wastewaters 
(Kong et al. 2015), river water (Selvaraj et al. 2015), ground-
water (Edjere et al. 2016), seawater (Paluselli and Kim et al. 
2020), stormwater (Cao et al. 2022), drinking water (Liu 
et al. 2015), bottled water (Luo et al. 2018), and sediments 
(Weizhen et al. 2020) has been reported extensively. These 
studies indicated that phthalates are widely distributed in 
water resources, therefore assessment of phthalates in drink-
ing water is essential for understanding their sources, and 
potential health impacts to ensure safe drinking water to the 
general population.

Exposure to phthalates has been associated with various 
health effects, viz. endocrine disruption, reproductive abnor-
malities, and developmental issues in infants and children 
(Rolland et al. 2023). Phthalates have also been linked to 
adverse effects on human organs such as the kidney, liver, 
and respiratory system (Paluselli and Kim et al. 2020). A 
comprehensive review, incorporating results from in-silico, 
in-vitro, in-vivo, and epidemiological studies concluded 
that exposure to phthalates is associated with reproductive 
disorders, potentially leading to transgenerational or mul-
tigenerational effects (Ji et al. 2014). Phthalates are recog-
nized as endocrine disruptors, especially with the production 
of testosterone, which is crucial for the male reproductive 
system (Thacharodi et al. 2023). Among the various phtha-
lates, di(2-ethylhexyl) phthalate (DEHP) has been classi-
fied as a probable carcinogen to humans (Group 2B) and 
BBP is classified as Group 3 by the “International Agency 
for Research on Cancer (IARC)” (IARC 2013). Further, the 
United States Environmental Protection Agency (USEPA) 
classified DEHP as a probable human carcinogen (Group 
B2,) whereas BBP is classified as a possible human carcino-
gen (Class C) (USEPA 1988, 2002). However, due to lack 
of sufficient evidence, the USEPA classified dibutyl phtha-
late (DBP), diethyl phthalate (DEP), and dimethyl phthalate 
(DMP) under class D i.e. not classifiable as to human car-
cinogens (USEPA 2006).

A study conducted on 207 elderly men from Taiwan 
found a significant correlation between urinary levels of 
DEHP metabolites and the incidence of benign prostate 
hyperplasia and prostatic enlargement (Edjere et al. 2016). 
An extensive study comprising more than 1500 Australian 
men found a direct link between total urinary phthalates and 
the prevalence of Type 2 diabetes, hypertension, cardiovas-
cular disease, and chronic low-grade inflammation (Luo 

et al. 2018). It has been estimated that phthalate exposure in 
the European Union (EU) leads to 53,900 cases of obesity in 
older women annually (Legler et al. 2015). Phthalate expo-
sure in the United States (US) adults was estimated to result 
in 90,761–107,283 deaths during the period 2001–2015 
(Trasande et al. 2022). Therefore, phthalates have been 
identified as the priority pollutants of widespread occur-
rence by regulatory agencies such as the US Environmental 
Protection Agency (US EPA 2014), the European Union (EU 
2013), and China (Weizhen et al. 2020).

India does not have regulatory levels of phthalates in 
drinking water. Though limited efforts have been made to 
monitor and assess the health risks associated with phtha-
lates in India, more comprehensive studies are required to 
understand the current scenario and to establish priorities for 
human health protection measures. The existing research on 
phthalates in drinking water in India has produced inconsist-
ent findings, with wide variations in occurrence and levels of 
phthalates across different regions and water sources. Some 
studies have reported low concentrations of phthalates in 
source water, whereas other studies have identified higher 
levels, particularly in areas that are affected by industrial or 
agricultural activities (Kumawat et al. 2022; Selvaraj et al. 
2015). These findings indicate that the presence of phtha-
lates varies from place to place depending on their use in dif-
ferent products, concentrations, and leaching. Therefore, it 
is essential to assess phthalates in different regions to under-
stand the extent of phthalate contamination. Considering 
India’s large population and the challenges posed by water 
pollution and inadequate waste management infrastructure, 
ensuring safe tap water for drinking purposes is of utmost 
importance. Hence, the objectives of the present study were 
to investigate the occurrence of phthalates in municipal 
drinking water of Nagpur City, India, and assess the associ-
ated health risks due to phthalate exposure through drinking 
water. The outcome of this research is expected to support 
policymakers, regulators, and public health professionals in 
formulating appropriate guidelines values for phthalates, and 
take appropriate regulatory actions to minimize the contami-
nation of drinking water resources in India.

Materials and Methods

Chemicals

A standard mixture of fifteen phthalates viz. dimethyl phtha-
late (DMP), diethyl phthalate (DEP), di-iso-butyl phthalate 
(DIBP), dibutyl phthalate (DBP), di-(2-methoxyethyl) phtha-
late (DMEP), bis (4-methyl-2-pentyl) phthalate (BMPP), bis 
(2-ethoxyethyl) phthalate (BEEP), dipentyl phthalate (DPP), 
di-hexyl phthalate (DHP), benzyl butyl phthalate (BBP), bis 
(2-n-butoxyethyl) phthalate (BBEP), di-cyclohexyl phthalate 



291Archives of Environmental Contamination and Toxicology (2024) 86:288–303 

(DCHP), di-n-octyl phthalate (DNOP), di-nonyl phthalate 
(DNP), and di(2-ethylhexyl) phthalate (DEHP) at a concen-
tration of 100 µgmL−1 was purchased from AccuStandard 
Inc. (USA). Nine deuterated phthalates viz. DMP-d4, DEP-
d4, DPP-d4, DIBP-d4, DBP-d4, DCHP-d4, DEHP-d4, DNOP-d4, 
and DNP-d4 were also purchased from AccuStandard Inc. 
(USA). Pesticide residue grade dichloromethane (DCM), 
hexane, and acetone were purchased from Riedel-de Haën 
(Steinheim, Germany). Anhydrous sodium sulphate was 
obtained from Sigma Aldrich Chemicals Private Limited 
(Bangalore, India). Glass fiber filter paper (0.1 µm) was pur-
chased from Pall Corporation (USA).

Study Area

The study area is Nagpur city, located in Central India. 
Within the Nagpur city, four areas representing; industrial 
zone: Butibori (BB), residential-commercial zone: Civil 
Lines (CL), rural: Kalmeshwar (KM), and a vibrant com-
mercial area: Gandhibagh (GB) have been selected for sam-
pling (Fig. 1). The selection of these four areas with dis-
tinct characteristics was aimed at providing insights on the 

sources of phthalate contamination in different areas of the 
city. The three areas viz. GB, CL, and KM receive treated 
municipal water supply from Kanhan and Pench rivers and 
Gorewada lake, whereas BB receives municipal water from 
Wadgaon dam. The source water is treated by conventional 
treatment processes, and activated carbon filter (ACF), chlo-
rinated, and distributed to different areas through pipelines. 
A total of 40 tap water samples were collected directly from 
the tap of houses located in BB, CL, GB, and KM areas (10 
samples from each area) in 2.5 L amber-colored glass bot-
tles. The distance between the two sampling points within 
the four areas varied between about 500–1000 m. All the 
samples were collected on the same day to minimize the 
artefacts of inter-day variations.

Extraction of Phthalates from Water Samples

The samples were collected by following USEPA 506 
method for proper handling and minimizing potential 
sources of contamination (USEPA 1984; Kawahara 1995). 
Isotopically labeled phthalate standards (10 µg each) were 
used as surrogate recovery standards and the percent 

Fig. 1  The study area showing sampling sites in Nagpur City, India
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recovery obtained was in the range of 85–97% (Table ST1). 
Liquid–liquid extraction was followed for the extraction of 
phthalates from water samples. In brief, 1000 mL of water 
sample was taken in a 1 L separating funnel and isotopically 
labelled standards were added. The contents were shaken 
vigorously with 60  mL of dichloromethane (DCM) for 
10 min and allowed to stand for 2 min for the separation of 
layers. The extraction was repeated thrice with fresh 60 mL 
portions of DCM to obtain maximum recovery of the ana-
lytes. The extracts were combined and passed through anhy-
drous sodium sulfate for moisture removal. The combined 
extracts were concentrated in a rotary evaporator (Heidolph 
Instruments GmBH & Co., Germany) and the solvent was 
exchanged to 1 mL of hexane (USEPA 1984; Otero et al. 
2015).

Instrumentation

The targeted fifteen phthalates were analyzed by gas chroma-
tography-tandem mass spectrometer (GC–MS/MS, Agilent, 
7000DGC/TQ) in electron ionization (EI) mode (Agilent 
Technologies, Inc. USA). The column used was HP-5MS 
ultra-inert capillary column (30 m × 0.25 mm × 0.25 µm) 
(Agilent J&W GC Columns) and helium was used as the car-
rier gas at a flow rate of 1.0 mL  min−1. The split-less injec-
tor temperature was set at 280 °C. The temperature program 
of the oven was as follows: 100 °C, hold for 0.5 min, ramp 
15 °C  min−1 to 235 °C, hold for 1 min, ramp 15 °C  min−1 
to 265 °C, hold for 3 min, and ramp 15 °C  min−1 to 310 °C, 
hold for 1 min. The ion source and interface temperatures 
were set at 280 °C, and 300 °C, respectively. The solvent 
delay used for the MS was 3 min. The MS was operated in 
multiple reaction monitoring (MRM) mode with a focus on 
three characteristic ions for each analyte. More information 
on MS regarding the mass of the ions monitored for each 
phthalate, retention time (RT), limit of detection (LOD), and 
limit of quantitation limit (LOQ) are provided in Table 1.

Quality Control and Quality Assurance (OA/QC)

Strict quality control measures were followed throughout 
the sampling, sample preparation, and instrumental analy-
sis. All glassware were cleaned by ultrasonication, washed 
with ultrapure water, solvent rinsed, oven-dried at 100 °C 
for 2 h, and cooled before use. No plastic-wares were used 
during the analysis to avoid any potential contamination. 
The analysis of procedural blanks and duplicates were also 
conducted to assess potential contamination, precision, and 
accuracy. The repeatability of analytical results calculated as 
percent relative standard deviation (%RSD) was in the range 
of 1.12–12.56%. The LOD and LOQ were defined as the 
concentration corresponding to the signal-to-noise ratio of 
3 and 10, respectively. The LODs of fifteen phthalates were 

in the range of 0.001–0.0066 µg  L−1 (Table 1). The analysis 
of each sample was repeated 3×, and the mean concentration 
was reported. The method was validated by spiking at three 
levels (5, 10, and 20 µg  L−1) and the percentage recovery of 
fifteen phthalates was in the range of 72–110% (Table ST 1).

Health Risk Assessment

Human exposure to phthalates via drinking water commonly 
occurs through oral ingestion, dermal contact, and inhalation 
of water vapors during bathing. As ingestion is the major 
route of exposure, the other two routes of exposure are neg-
ligible. Accordingly, the intake dose of phthalates via inges-
tion of drinking water was calculated using the Eq. (1):

where  ADIoral is the average daily intake of phthalates via 
oral ingestion of drinking water (μg  kg−1  day−1), Cw is the 
concentration of phthalate in drinking water (μgL−1),  IRw is 
the ingestion rate of drinking water (1.277 L  day−1 for adults 
of age 30–40 years and 0.455 L  day−1 for children of age 
6–11 years) (US EPA 2019), EF is the exposure frequency 
(days/year) (365 days/year), ED is the lifetime exposure 
duration (49 and 5 years for adults and children, respec-
tively), AT is the average time of exposure ( EF × ED days) 
and BW is the body weight (kg) (Table ST2).

The chronic toxic risk (CTR) to adults and children asso-
ciated with phthalates exposure through drinking water was 
estimated using the hazard quotient (HQ) (Eq. 2) and the 
cumulative CTR was estimated by hazard index (HI), which 
is the sum of the HQ of individual phthalates (Eq. 3). The 
reference doses (RfDs) of phthalates were used as the bench-
mark values of toxicity (Table ST3). The calculation of the 
cumulative risks was based on the assumption that all the 
phthalates show similar modes of toxic action (Liu et al. 
2015; Xie et al. 2022).

The assessment of carcinogenic risk (CR) was carried 
out by using the linear low-dose carcinogenic risk equation:

Risk is the probability of an individual developing cancer 
(unit less) and SF is the slope factor (μg/kg-bw/day)−1. For 
CR calculation, SF for oral ingestion (μg/kg-bw/day)−1 was 
used (Table ST3). The estimated CR levels < 1 ×  10−6 indi-
cate negligible risk, values between 1 ×  10−4  and 
1 ×  10−6 indicate acceptable risk, and values > 1 ×  10−4 indi-
cate high risk (Xie et al. 2022).

(1)ADIoral =
Cw × IRw × EF × ED

BW × AT

(2)HQ =
ADI

RfD

(3)Risk = ADIoral × SF
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Data Analysis

Statistical analysis was performed using two softwares viz. 
IBM statistical package for Social Sciences (SPSS ver-
sion 26) and Microsoft Excel. The data obtained from the 
study were subjected to descriptive statistical analysis. The 
normality of the data distribution was assessed using the 
Shapiro–Wilk test, which indicated that the data does not 
follow a normal distribution. The Mann–Whitney U test 
and Kruskal–Wallis H test were conducted to compare data 
among two groups and multiple groups. The statistical sig-
nificance level was set at p < 0.05, indicating the results are 
statistically significant.

Results and Discussion

Concentration of Phthalates in Tap Water

The concentrations of fifteen phthalates in tap water col-
lected from the four areas of Nagpur city were presented in 
Fig. 2 and Table ST4. The total concentration of phthalates 
(∑15phthalates) ranged from 0.27 to 76.36 µg  L−1 with the 
median concentration of 3.92 µg  L−1. The area-wise dis-
tribution of ∑15phthalates concentration was as follows: 
0.59 to 53.08 µg  L−1 in BB, 0.31 to 40.04 µg  L−1 in GB, 
1.91 to 76.36 µg  L−1 in CL, and 0.27 to 42.24 µg  L−1 in 
KM (Fig. 2). Statistical analysis of the data showed that 
∑15phthalates concentration did not differ significantly 
(p = 0.33) in BB, CL, GB, and KM areas.

Phthalates concentration in tap water showed wide vari-
ation with detection frequencies (DF) ranging from 40 to 
100% in BB, 10 to 100% in GB, 0 to 100% in KM and 40 
to 100% in CL, respectively. In the BB area, DEHP had the 
highest mean percentage concentration of 90.52%, while 
other phthalates showed comparatively lower mean percent-
ages in the range of 0.01 to 2.57%. The mean percentage 
concentrations of DEHP in GB, CL, and KM areas were 
81.53%, 58.64%, and 92.88%, respectively. The area-wise 
distribution (box-plot) of twelve phthalates was presented 
in Fig. 3. The distribution pattern of phthalates in tap water 
samples of BB area followed the order: DEHP > DIBP > 
DBP > DMEP > DEP > BEEP > BBP > BBEP > DNOP > B
MPP > DMP > DPP > DNP > DHP ≈ DCHP, indicating the 
predominance of DEHP. In GB, next to DEHP (81.53%), the 
mean percentage concentration followed the order: DNOP 
(6.42%), DBP (3.58%), BEEP (2.28%), DMEP (1.86%), and 
DIBP (1.26%). In CL, the major phthalates after DEHP were 
DIBP (19.93%), DNOP (18.18%), and DBP (0.97%), while, 
in KM, the mean percentage concentration of DIBP, DBP, 
and DEP were 2.08%, 1.48%, and 1.25%, respectively. The 
predominance of DEHP, DNOP, DIBP, and DBP and their 
distribution pattern in the tap water of four areas indicated 
that phthalates could have originated partly from the water 
distribution pipelines as these phthalates are used as plasti-
cizers in PVC (Henkel et al. 2022; Jeon et al. 2016; Ye et al. 
2020; Mohammadi et al. 2022).

Comparison with Other Published Results

To perceive the global scenario, we compared the concen-
tration of phthalates in tap water of Nagpur city with other 

Table 1  Gas chromatography–
mass spectrometer method 
parameters

LOD, limit of detection; LOQ, limit of quantification

PAEs Precursor ion 
(m/z)

Product ion (m/z) Collision 
energy (V)

LOD (µg  L−1) LOQ (µg  L−1)

DMP 163 77 5 0.0014 0.0042
DEP 149 93 7 0.0019 0.0057
DIBP 149 93, 121 13 0.0011 0.0033
DBP 149 93, 121 13 0.0011 0.0033
DMEP 149 93, 121 16 0.0052 0.0156
BMPP 149 93, 121 16 0.0065 0.0195
BEEP 149 93, 121 13 0.0034 0.0102
DPP 149 93, 121 13 0.0016 0.0048
DHP 149 65, 93 13 0.0014 0.0042
BBP 149 93, 121 13 0.0058 0.0174
DBEP 149 93, 121 13 0.0066 0.0198
DCHP 167 149 5 0.0014 0.0042
DEHP 149 65 5 0.0012 0.0036
DNOP 149 93, 121 13 0.0016 0.0048
DNP 149 93, 121 13 0.0013 0.0039
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published results (Table ST6). It was observed that the con-
centration was significantly higher than that reported from 
Tehran, Iran (∑6phthalates ranged from 0.45 to 1.08 µg  L−1) 
(Abtahi et al. 2019); Tianjin, China (∑3phthalates ranged 
from 0.38 to 1.78 µg  L−1) (Chenchen. Wang et al. 2021a, 
b, c); Hanoi, Vietnam (∑10phthalates ranged from ND 
to 14.50 µg   L−1) (Le et  al. 2021); South Florida, USA 
(∑6phthalates ranged from 0.07 to 3.88 µg  L−1) (Cui et al. 
2022); Madrid, Spain (∑6phthalates ranged from < LOD 
to 0.91 µg   L−1) (Domínguez-Morueco et al. 2014); and 
France (∑5phthalates ranged from 0.15 to1.32 µg   L−1) 
(Bach et al. 2020). However, a recent study from Jabal-
pur, India reported very high concentration of phthalates 
in municipal drinking water samples (∑6phthalates ranged 
from 1.86 to 1438.20 µg  L−1) (Kumawat et al. 2022). To 
the best of our knowledge, this is the first-ever study to 
report the highest concentration of ∑6phthalates in drink-
ing water. The ∑6phthalates concentration reported by 
Kumawat et al. (2022) was about 10–20-fold higher than 
our results, however, the probable sources of such higher 
concentrations were not discussed by the authors. Barring 
the study of Kumawat et al. (2022), all other studies reported 
lower DEHP concentrations than the present study. The 
maximum DEHP concentration was found at the sampling 
locations BB4, BB10, GB4, GB5, GB6, CL3, CL9, KM2, 
KM3, and KM5 with concentrations in the range of 15.77 
to 66.78 µg  L−1.

A nationwide survey of six phthalates in drinking water 
from waterworks across China reported the median concen-
tration of phthalates in the range of 0.001 to 0.18 µg  L−1 
with DBP and DEHP as the dominant phthalates (Liu et al. 
2015). In the present study, DEP was the second most con-
tributing phthalate with higher concentration found at the 
sampling points BB2, BB3, BB7, GB4, and KM2. The maxi-
mum concentration of DEP (0.35 µg  L−1) detected in the 
present study was higher than the previously reported stud-
ies by Wang et al. (2022) (0.098 µg  L−1); Jian et al. (2022) 
(0.028 µg  L−1); Liu et al. (2014) (0.23 µg  L−1); and Yang 
et al. (2022) (0.0068 µg  L−1). DIBP was the third most con-
tributing phthalate in tap water with a median concentration 
ranging from ND to 0.12 µg  L−1. The DIBP concentration 
reported in the present study was similar to the concentra-
tion reported by Yang et al. (2022) (ND to 0.11 µg  L−1), and 
Santana et al. (2014) (ND to 0.17 µg  L−1). Comparatively 
higher concentration was reported by Le et al. (2021) (0.03 
to 1.39 µg  L−1) and Wang et al. (2022) (ND to 3.31 µg  L−1). 
Other phthalates viz. DBP, BEEP, DMEP, BBEP, BMPP, 
and DNOP were detected with the median concentration 
ranging from 0.01 to 0.08 µg  L−1. The presence of these 
phthalates in tap water samples indicates their use in various 
products albeit to a lesser extent compared to DEHP. The 
distribution pattern of fifteen phthalates in the present study 

more or less followed the global production and use pattern 
of phthalates in various applications (Nagorka et al. 2022).

Comparison with Water Quality Guidelines

Drinking water quality is assessed based on certain physi-
cal, chemical, and biological parameters. Indian standard 
for drinking water IS:10500 (2012) provides guideline val-
ues of these parameters, but phthalates and other emerging 
contaminants such as organophosphate esters, bisphenol-A, 
per-and poly-fluoroalkyl substances (PFAS), etc. have not 
been included. To minimize the risk of phthalate contami-
nation in drinking water, several regulatory agencies have 
established guidelines. The World Health Organization has 
set 8.0 µg  L−1 as the acceptable limit for DEHP in drink-
ing water (WHO 2003). The European Union (European 
Union 2013) and the United States Environmental Protection 
Agency (US EPA 2014) recognized six phthalates including 
DEHP as the priority pollutants. The USEPA maximum con-
taminant level (MCL) for DEHP has been fixed at 6 µg  L−1. 
In China, the acceptable limit for DBP and DEHP in source 
water has been set at 3.0 and 8.0 µg  L−1, respectively (Weiz-
hen et al. 2020). In Japan, the respective MCL values for 
DEHP, DBP, and BBP are 100 µg  L−1, 200 µg  L−1, and 500 
µg  L−1 (Wakayama 2004).

In the present study, 12 tap water samples (30%) exceeded 
the USEPA MCL limit of 6 µg  L−1. The average concen-
trations of DEHP in BB, GB, CL, and KM areas of Nag-
pur city were 11.95 µg  L−1, 7.74 µg  L−1, 9.64 µg  L−1, and 
10.94 µg  L−1, respectively. These values were higher than 
the limit proposed by USEPA and WHO. In addition, the 
USEPA proposed ambient water quality criteria (AWQC) 
for priority phthalates as 2000 µg  L−1 for DMP; 600 µg  L−1 
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for DEP; 20 µg  L−1 for DBP; 0.10 µg  L−1 for BBP; and 
0.32 µg  L−1 for DEHP (USEPA 2015). The percentage of 
samples that exceeded the AWQC for BBP and DEHP was 
5 to 77.50%. All the other phthalates were lower than the 
AWQC recommended by the (USEPA 2015).

Phthalates Contamination Profile

We analyzed the results of fifteen phthalates in the tap 
water to explore whether the phthalate content and pro-
file were influenced by the geographical location and/or 
source water. Figure 4 provides the percentage contribution 
of fifteen phthalates from four areas of Nagpur city. The 
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median concentration of ∑15phthalates was in the order: CL 
(11.80 µg  L−1) > KM (2.69 µg  L−1) > BB (2.88 µg  L−1) > GB 
(1.65 µg  L−1) (Table ST5). Among the fifteen phthalates, 
the median concentration of DEHP ranged between 1.39 to 
2.27 µg  L−1 and contributed 58.64% to 92.88% of ∑15phtha-
lates in the four areas. In BB, besides DEHP (90.51%), 
phthalate compounds DIBP (2.57%), DBP (2.15%), DMEP 
(1.71%), and DEP (1.48%) contributed substantially to 
the ∑15phthalates. However, in GB, DNOP (6.01%), DBP 
(3.40%), BEEP (2.16%), and DMEP (1.77%) were the major 
contributing phthalates apart from DEHP. In CL, the contri-
bution of DIBP and DNOP was 19.92% and 18.18%, respec-
tively. This was followed by DBP (0.97%), DEP (0.76%), 
and DMEP (0.57%); however, in KM, DIBP (2.08%), DBP 
(1.48%), and DEP (1.25%) were the major contributing 
phthalates. Among all the phthalates, the sum of DEHP, 
DBP, and DIBP showed the maximum contribution to the 
total phthalate levels and accounted for 95.23%, 86.37%, 
79.53%, and 96.44% in BB, GB, CL, and KM, respectively. 
This distribution pattern indicates the origin of phthalates 
from both PVC pipelines (DEHP, DIBP, DBP) as well as 
from source water (DMEP and DEP). Further, even though 
CL, GB, and KM areas receive water from the same source, 
only the tap water of the CL area showed a substantial 
contribution of DIBP (19.92%) and DNOP (18.18%) to 
∑15phthalates. This could be due to the recent replacement 
of several water supply pipelines in the area, which might 
contain the HMW phthalates DIBP and DNOP. However, 
this hypothesis requires further investigation.

The phthalate profile pattern i.e. dominance of DEHP, 
DBP, and DIBP observed in the municipal waters of this 
study, was similar to previous studies conducted on other 
environmental media viz. ambient air (Kashyap and Agar-
wal 2018); river water (Selvaraj et al. 2015); soil (Yue et al. 
2022); and sediment (Neves et al. 2023). The similarity of 
phthalate profiles in several environmental media indicates 
that DEHP, DBP, and DIBP are the majorly used phthalates 
as plasticizers and additives in various applications includ-
ing PVC pipes (Zhang et al. 2023). DEHP and DIBP have 
dominated the phthalate market constituting about 50% of 
the plasticizer market share, and DIBP has been applied as 
a replacement of DBP in recent years (Nagorka et al. 2022). 
While DMEP concentration was initially found in drinking 
water samples from Shanghai (Wu et al. 2013), its presence 
was not reported so far in surface water samples from India 
(Kumawat et al. 2022). As DMEP is mainly used in PCPs 
(Bao et al. 2015), its occurrence in most drinking water sam-
ples (DF: 97.50%) of this study indicates the contamination 
of source water.

Principal Component Analysis

Principal Component Analysis (PCA) was carried out to 
identify the sources of phthalates in tap water. PCA extracted 
five principal components (PC) with eigenvalues > 1, indi-
cating their contribution to the observed variance of phtha-
lates distribution in tap water. PC1 (45.8%), PC2 (12.8%), 
PC3 (11.1%), PC4 (7.4%), and PC5 (6.8%) explained 74% 
of the total variance. The loading and the score plots of all 
the samples were given in Fig. 5a, b, respectively. Figure 5a 
indicates that PC1 was the major source of phthalates con-
tributed by DNP, DMEP, BMPP, BEEP, DPP, and BBEP, 
and moderate source for plasticizer phthalates DEHP, DIBP, 
DINP, and DNOP. PC1 also had moderate contributions 
from DHP, BBP, and DEP. Thus, PC1 is the indicator of 
“source water contamination” originating from non-point 
sources of contamination. Whereas, PC2 has strong load-
ings of plasticizer phthalates viz. DEHP, DIBP, DINP, 
and DNOP, which originate mainly from the water supply 
pipelines.

In the PCA loading plot, the fifteen phthalates clus-
tered into four groups (Fig. 5a). The first group consists 
of DBP, DMEP, BMPP, BEEP, DPP, BBEP, and DNP, 
accounted for 36.2%, 35.3%, 36.4%, 36.2%, 32.5%, 34.5%, 
and 37%, respectively to the total proportion and showed a 
positive correlation in PC1. The second group consists of 
high molecular weight phthalates such as DEHP, DNOP, 
and DIBP which originated from water distribution PVC 
pipelines and source water. DNOP is used as an additive in 
general-purpose plasticizers (GPP) along with performance 
plasticizers such as DIBP, DBP, etc. (Eastman Chemical 
Company, 2023). The predominant phthalate DEHP, how-
ever, did not show a strong correlation with PC2, rather it 
accounted for only 17.5% of the total proportion possibly 
due to its origin from multiple sources. On the other hand, 
the third group comprising DEP, BBP, and DHP accounted 
for 21.3%, 16.4%, and 6.1%, respectively in PC1. DEP and 
DHP are commonly used as additives in plasticizers, cosmet-
ics, and personal care products (U.S. Food and Cosmetics. 
2022; Murat et al. 2019). In contrast to all phthalates, DMP 
and DCHP were distinctly isolated and showed no correla-
tion with PC1 and PC2. This indicates that the source and 
use pattern of DMP and DCHP might be different from other 
phthalates or the lack of correlations with other phthalates.

The score plot (Fig. 5b) of PCA showed that the first com-
ponent of PCA was strongly loaded with the tap water sam-
ples collected from CL, while samples from BB, GB, and 
KM dominated the second component. Moreover, specific 
samples viz. GB4 (located in the positive direction of PC1) 
and BB2, BB7, and BB9 (located in the negative direction 
of PC2), showed higher levels of certain phthalates, includ-
ing DBP, DIBP, DMEP, BEEP, DEHP, and DNOP. These 
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findings indicate that phthalates in tap water in these areas 
originated from multiple sources.

Probable Sources of Phthalates in Tap Water

The presence of diverse phthalate compositions in tap 
water suggests the influence of different contamination 
sources. Based on the phthalate profile and the results 
of PCA, two major sources contributed to phthalates in 
tap water viz. source water contamination resulting from 

non-point sources, and leaching from pipelines. Some 
of the rivers and streams that originate in the catchment 
area receive untreated sewage and contribute to the source 
water (MPCB 2019). Untreated domestic sewage has been 
identified as the major contributor to the occurrence of 
elevated levels of phthalates and other organic contami-
nants in Indian rivers (Selvaraj et al. 2015; Mishra et al. 
2023). Further, littering of single-use plastics, and open 
applications of phthalates containing products in build-
ing materials, paints, coatings, etc. contribute to urban 
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rainfall runoff that eventually ends up in surface water 
bodies. Thus, the source contamination factor identified as 
PC1 is the major sources of phthalates such as DMP, DEP, 
DBP, DMEP, BMPP, BEEP, DPP, BBP, and BBEP. PC1 
has also contributed plasticizer phthalates DEHP, DIBP, 
DINP, and DNOP.

The second source identified by PC2 was the leaching 
from PVC pipelines which was the major contributor of 
DEHP, DIBP, DINP, and DNOP to the tap water. Several 
factors including pH, aging of pipes, contact time, water 
composition, temperature, biofilm etc. influence the leach-
ing of phthalates and other additives from plastics (Abtahi 
et al. 2019; Wang et al. 2021a, b, c; Zhang et al. 2023; Liu 
et al. 2016; Mohammadi et al. 2022; Wang et al. 2021a, 
b, c; Zhang et al. 2023). However, we have not investi-
gated these factors as it was beyond the scope of our study. 
Most of municipal water treatment plants (WTP) in India 
use ACF in addition to conventional treatment techniques 
(Sharma and Bhattacharya et al. 2017). Previous studies 
indicate that conventional water treatment, has removal 
efficiencies in the range of 15–65% for phthalates. For 
e.g. Choi et al. (2006) reported removal efficiency of 46%, 
49%, and 53% for DEP, DBP, and DEHP, respectively. 
Another study reported 93% and 57% removal efficiency 
for DMP and DBP, respectively with overall removal 
efficiency of 62% for all phthalates using ACF (Liu et al. 
2011). Kong et  al. (2017) reported 15%, 24.3%, 59%, 
and 64.5% removal efficiency for DMP, DIBP, DEHP, 
and DBP, respectively in finished water and found that 
a substantial fraction of DEHP (mean: 150 ng/l) eludes 
water treatment process and make its presence in tap water 
(Kong et al. 2017). Although we have not investigated the 
phthalate removal efficiency, based on previous findings, 
we believe that incomplete removal in WTPs would have 

also contributed to the prevalence of DEHP in tap water 
from Nagpur city.

Exposure of Phthalates in Humans

The exposure dose of phthalates to humans was estimated 
using factors such as the average body weight of the Indian 
population, the volume of water consumption per day, and 
the concentration of phthalates in tap water (Table ST2). 
The ADI values of fifteen phthalates to children through 
the consumption of tap water were 5.19 ×  10–2, 2.96 ×  10–2, 
2.12 ×  10–1, and 4.84 ×  10–2 µg  kg−1  day−1 in BB, GB, CL, 
and KM, respectively. Similarly, the ADI values for adults 
were 5.67 ×  10–2, 3.24 ×  10–2, 2.32 ×  10–1, and 5.29 ×  10–2 
µg  kg−1  day−1 in BB, GB, CL, and KM, respectively. No 
significant difference was observed on phthalate exposure 
between children and adults (p = 0.39). Among the fifteen 
phthalates, DEHP showed the highest mean exposure value 
of 1.35 ×  10–1 and 1.48 ×  10–1 µg  kg−1  day−1 for children and 
adults, respectively. This was followed by DIBP (children: 
7.20 ×  10–2 µg  kg−1  day−1 and adults: 7.86 ×  10–2), DNOP 
(children: 6.76 ×  10–2 µg  kg−1  day−1 and adults: 7.38 ×  10–2 
µg  kg−1  day−1), DEP (children: 8.17 ×  10–2 µg  kg−1  day−1 
and adults: 8.92 ×  10–3 µg   kg−1   day−1) and DBP (chil-
dren: 5.58 ×  10–3 µg   kg−1   day−1 and adults: 6.09 ×  10–3 
µg   kg−1   day−1). The estimated exposure of phthalates 
through the consumption of tap water was lower than the oral 
RfD (Table ST7). However, it was higher than that reported 
in Vietnam i.e. 3.94 ×  10–2 µg  kg−1  day−1 (for DEHP) to 
5.69 ×  10–2 µg  kg−1  day−1 (for DBP) for the adult popula-
tion (Le et al. 2021) and China i.e. 6.71 ×  10–6 µg  kg−1  day−1 
(for DBP) to 1.16 ×  10–5 µg  kg−1  day−1 (for DEHP) (Zhang 
et al. 2023) via drinking water.

Fig. 5  Principal component analysis of phthalates in tap water showing a loading and b score plots (BB, Butibori; GB, Gandhibagh; CL, Civil 
Lines; KM, Kalmeshwar)
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Ingestion, inhalation, and dermal contact are the three 
routes of exposure to phthalates in humans. Therefore, 
we compared the exposure through drinking water of our 
study with other routes of exposure to find out the relative 
contribution to RfD. For e.g. the exposure of ∑6 phtha-
lates reported in China through food intake was 0.0036 and 
0.0024 µg  kg−1  day−1 for toddlers and adults, respectively 
which is about three and one orders magnitude lower than 
the present study (Wang et al. 2021a, b, c). Further, the mean 
∑10 phthalates exposure via air in Vietnam was 0.42 and 
0.21 µg  kg−1  day−1 for children and adults, respectively, 
which was about an order magnitude lower for adults, and 
higher for children, respectively than the present study (Tran 
et al. 2017).

Human Health Risk Assessment

The CTR (HQ and HI) and CR due to phthalate exposure 
via drinking water were calculated and the results were 
given in Table 2. HQ results indicated that exposure from 
DEHP was highest followed by DIBP, DMEP, and DBP. 
The HQ values of DEHP in 55% of the sampling loca-
tions were comparatively higher than the other phthalates 
(HQ range: 1.04 ×  10–3 to 6.56 ×  10–2) and the median 
HQ values ranged from 0.00 to 2.23 ×  10–3 for adults and 
children. In comparison to the present study, Wang et al. 
(2022) reported median HQ values of 0.37 to 0.63, and 
0.55 to 0.73, for adults and children, respectively (Wang 

et al. 2022). Among the four areas, the HQ values fol-
lowed the order CL > BB > KM > GB. The values of HI 
computed ranged between 3.52 ×  10–5 to 1.00 ×  10–3 for 
children and 5.57 ×  10–5 to 1.09 ×  10–3 for adults. The 
median of the HI values for children and adults were 
2.66 ×  10–3 and 2.91 ×  10–3, respectively indicating the 
CTR was within the threshold level (Table ST7).

The cumulative CR for children and adults varied from 
7.85 ×  10–5 to 7.73 ×  10–3 and 8.54 ×  10–5 to 8.44 ×  10–3, 
respectively (Fig. 6). According to USEPA, the CR value 
of  10–6 is regarded as the threshold level. The average 
CR for children and adults ranged from 4.79 ×  10–4 to 
7.67 ×  10–4 and 5.43 ×  10–4 to 8.38 ×  10–4, respectively 
which indicate significant CR due to phthalate expo-
sure. It is important to highlight that the cumulative CR 
in some sampling sites ranged between 1.16 ×  10–2 and 
3.21 ×  10–2, exceeding the threshold level. Overall, the 
study found that while the detected phthalates in tap water 
were within acceptable limits in terms of CTR, the thresh-
old level of CR exceeded in some sampling sites placing 
the population at higher risk. Hence, regulatory interven-
tions are required to mitigate the exposure and reduce the 
potential risks of phthalate contamination.

Strengths and Limitations of the Study

The present study reports the occurrence of 15 phthalates in 
tap water and its associated health risks in both adults and 

Table 2  Median hazard quotient and hazard index for children and adults

HI, hazard index

Butibori (BB) Civil Lines (CL) Gandhibagh (GB) Kalmeshwar (KM)

Hazard Quotient (HQ)

Children Adults Children Adults Children Adults Children Adults

DMP 1.84 ×  10–6 2.01 ×  10–6 2.69 ×  10–6 2.94 ×  10–6 9.69 ×  10–7 1.06 ×  10–6 1.89 ×  10–6 2.06 ×  10–6

DEP 2.71 ×  10–6 2.96 ×  10–6 3.19 ×  10–6 3.48 ×  10–6 1.43 ×  10–6 1.56 ×  10–6 2.88 ×  10–6 3.15 ×  10–6

DIBP 8.54 ×  10–5 9.33 ×  10–5 2.34 ×  10–3 2.56 ×  10–3 0.00 0.00 8.39 ×  10–5 9.16 ×  10–5

DBP 2.44 ×  10–5 2.66 ×  10–5 1.01 ×  10–5 1.10 ×  10–5 1.24 ×  10–5 1.36 ×  10–5 8.89 ×  10–6 9.71 ×  10–6

DMEP 3.03 ×  10–5 3.31 ×  10–5 1.86 ×  10–5 2.03 ×  10–5 1.17 ×  10–5 1.27 ×  10–5 2.48 ×  10–5 2.71 ×  10–5

DPP 2.62 ×  10–6 2.87 ×  10–6 0.00 0.00 1.90 ×  10–6 2.08 ×  10–6 1.60 ×  10–6 1.75 ×  10–6

DHP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BBP 2.22 ×  10–6 2.42 ×  10–6 1.60 ×  10–6 1.75 ×  10–6 1.01 ×  10–6 1.11 ×  10–6 4.04 ×  10–6 4.42 ×  10–6

DEHP 2.04 ×  10–3 2.23 ×  10–3 1.65 ×  10–3 1.80 ×  10–3 1.25 ×  10–3 1.37 ×  10–3 1.82 ×  10–3 1.99 ×  10–3

DNOP 5.80 ×  10–6 6.33 ×  10–3 1.68 ×  10–3 1.83 ×  10–3 3.16 ×  10–6 3.46 ×  10–6 3.94 ×  10–6 4.31 ×  10–6

DNP 3.34 ×  10–6 3.65 ×  10–6 2.42 ×  10–6 2.64 ×  10–6 2.48 ×  10–6 2.71 ×  10–6 2.35 ×  10–6 2.56 ×  10–6

HI 2.14 ×  10–3 2.34 ×  10–3 6.74 ×  10–3 7.36 ×  10–3 1.28 ×  10–3 1.39 ×  10–3 2.01 ×  10–3 2.19 ×  10–3
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children of Nagpur City, India. The study presents insights 
into the distribution patterns of fifteen phthalates across 
four major areas of the city. This approach facilitated the 
identification of potential sources of contamination in these 
areas, contributing better understanding of phthalate expo-
sure. By examining the potential health risks of phthalates 
in tap water, the study sheds light on the urgent need for 
guidelines and regulations to mitigate risks associated with 
phthalate exposure.

However, it is important to acknowledge the limitations 
of this study. Firstly, the findings reported in this study 
do not provide a comprehensive evaluation of phthalates 
exposure from all exposure routes. Migration of phthalates 
from plastic containers, water bottles, and kitchen wares are 
likely to contribute substantial phthalate exposure, which 
was not investigated in the present study. The study assumed 
a fixed ingestion rate of water per day for both adults and 
children. However, it is important to recognize that water 

consumption can vary significantly across different seasons 
and individual behaviours. Finally, the authors considered 
only one class of chemical viz. phthalates, while the pres-
ence of other contaminants in tap water was not assessed. 
Therefore, it is not possible to conclude that tap water poses 
no CTR, despite the generally low risks calculated based on 
the phthalate data. Further research is needed to investigate 
the migration and leaching of phthalates and other additives 
from PVC pipes and other household plastic products into 
tap water. Such studies will provide a better understanding 
of the exposure and associated risks.

Conclusions

This study reported the occurrence of 15 phthalates in tap 
water samples collected from Nagpur City, India. Among the 
phthalates analyzed, the median concentration of DEHP was 

Fig. 6  Cancer risk in children and adults at a Butibori (BB), b Gandhibagh (GB), c Civil Lines (CL), and d Kalmeshwar (KM)
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higher than the other phthalates in all the samples. While 
DEHP is regulated in drinking water of several countries, no 
guideline values are proposed in India for monitoring and 
regulation. In addition to DEHP, substantial concentrations 
of DIBP, DBP, DnOP, and DNP were also detected in the tap 
water of all areas. These findings suggest that contamination 
of source water from non-point sources and leaching from 
PVC pipelines are the major sources of phthalates contami-
nation. Though the presence of phthalates in tap water does 
not pose a chronic toxic risk to adults and children, it poses 
carcinogenic risk as the average CR exceeded the accept-
able limits. The findings warrant appropriate risk reduction 
strategies such as regular monitoring of tape water, meas-
ures to minimize phthalate contamination of drinking water 
resources and establishment of regulatory levels.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00244- 024- 01061-1.

Acknowledgements The first author, Nandini Shende, acknowledges 
the University Grants Commission (UGC), New Delhi, Government 
of India, for the generous Research Fellowship support. Additionally, 
the study acknowledges the valuable resources and funding provided 
by CSIR-National Environmental Engineering Research Institute 
(NEERI), Nagpur, India. KRC No. CSIR-NEERI/KRC/2023/AUG/
EMD-CHWMD/1

Author Contributions Nandini Shende: Conceptualization, formal 
analysis, Experiment, writing original draft, writing review and edit-
ing; Ishan Singh: Writing review and editing, formal analysis; Asirva-
tham Ramesh Kumar: Conceptualization, resources, writing review and 
editing, formal analysis; Girivvankatesh Hippargi: Conceptualization, 
formal analysis, writing review and editing.

Funding We acknowledge the funding support from CSIR-NEERI, 
Nagpur, India to carry out this research work.

Declarations 

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

References

Abedi Sarvestani R, Aghasi M (2019) Health risk assessment of heavy 
metals exposure (lead, cadmium, and copper) through drink-
ing water consumption in Kerman city, Iran. Environ Earth Sci 
78:714. https:// doi. org/ 10. 1007/ s12665- 019- 8723-0

Abtahi M, Dobaradaran S, Torabbeigi M et al (2019) Health risk of 
phthalates in water environment: occurrence in water resources, 
bottled water, and tap water, and burden of disease from exposure 
through drinking water in tehran, Iran. Environ Res 173:469–479. 
https:// doi. org/ 10. 1016/j. envres. 2019. 03. 071

Ai S, Wang X, Gao X et al (2023) Distribution, health risk assess-
ment, and water quality criteria of phthalate esters in Poyang 
Lake, China. Environ Sci Europe 35:1. https:// doi. org/ 10. 1186/ 
s12302- 022- 00702-3

Bach C, Rosin C, Munoz J-F, Dauchy X (2020) National screening 
study investigating nine phthalates and one adipate in raw and 
treated tap water in France. Environ Sci Pollut Res 27:36476–
36486. https:// doi. org/ 10. 1007/ s11356- 020- 09680-6

Bao J, Wang M, Ning X et al (2015) Phthalate concentrations in per-
sonal care products and the cumulative exposure to female adults 
and infants in Shanghai. J Toxicol Environ Health A 78:325–341. 
https:// doi. org/ 10. 1080/ 15287 394. 2014. 968696

Brusseau ML, Ramirez-Andreotta M, Pepper IL, Maximillian J (2019) 
Chapter 26: Environmental impacts on human health and well-
being. In: Brusseau ML, Pepper IL, Gerba CP (eds) Environmen-
tal and pollution science, 3rd edn. Academic Press, Cambridge, 
pp 477–499

Cao J (2021) Semi-volatile organic compounds (SVOCs). In: Zhang 
Y, Hopke PK, Mandin C (eds) Handbook of indoor air quality. 
Springer, Singapore, pp 1–29

Cao Y, Xu S, Zhang K et al (2022) Spatiotemporal occurrence of phtha-
late esters in stormwater drains of Hong Kong, China: mass load-
ing and source identification. Environ Pollut 308:119683. https:// 
doi. org/ 10. 1016/j. envpol. 2022. 119683

Chakraborti D, Das B, Murrill MT (2011) Examining India’s ground-
water quality management. Environ Sci Technol 45:27–33. https:// 
doi. org/ 10. 1021/ es101 695d

Chen Y, Chen Q, Zhang Q et al (2022) An overview of chemical addi-
tives on (micro)plastic fibers: occurrence, release, and health 
risks. Rev Environ Contam Toxicol 260:22. https:// doi. org/ 10. 
1007/ s44169- 022- 00023-9

Choi KJ, Kim SG, Kim CW, Park JK (2006) Removal efficiencies 
of endocrine disrupting chemicals by coagulation/flocculation, 
ozonation, powdered/granular activated carbon adsorption, and 
chlorination. Korean J Chem Eng 23:399–408. https:// doi. org/ 10. 
1007/ BF027 06741

Cui D, Ricardo M, Quinete N (2022) A novel report on phthalates 
levels in Biscayne Bay surface waters and drinking water from 
South Florida. Mar Pollut Bull 180:113802. https:// doi. org/ 10. 
1016/j. marpo lbul. 2022. 113802

Das MT, Ghosh P, Thakur IS (2014) Intake estimates of phthalate 
esters for South Delhi population based on exposure media assess-
ment. Environ Pollut 189:118–125. https:// doi. org/ 10. 1016/j. 
envpol. 2014. 02. 021

Ding J, Shen X, Liu W et al (2015) Occurrence and risk assessment 
of organophosphate esters in drinking water from Eastern China. 
Sci Total Environ 538:959–965. https:// doi. org/ 10. 1016/j. scito 
tenv. 2015. 08. 101

Domínguez-Morueco N, González-Alonso S, Valcárcel Y (2014) 
Phthalate occurrence in rivers and tap water from central Spain. 
Sci Total Environ 500–501:139–146. https:// doi. org/ 10. 1016/j. 
scito tenv. 2014. 08. 098

Eastman Chemical Company, Tennessee, USA. https:// www. eastm 
an. com/ Brands/ Eastm an_ plast icize rs/ produ cts/ Pages/ Produ ctLis 
tGene ral. aspx. Accessed on 28 Jul 2023

Edjere O, Pollard P, Maier U (2016) Trace determination of phthalates 
in ground water samples by GC-MS using specific sample concen-
tration techniques. J Emerg Trends Eng Appl Sci 7(3):128–132

Epa US (2019) Update for chapter 3 of the exposure factors handbook: 
ingestion of the water and other selected liquids, Washington, DC. 
J Chem Inf Model 53:1689–1699

European Union (2013) Directive 2013/11/EU of the European parlia-
ment and of the council. fundamental texts on European private 
law 1–17. https:// doi. org/ 10. 5040/ 97817 82258 674. 0032

Gbadamosi MR, Abdallah MAE, Harrad S (2021) A critical review of 
human exposure to organophosphate esters with a focus on dietary 
intake. Sci Total Environ 771:144752. https:// doi. org/ 10. 1016/j. 
scito tenv. 2020. 144752

Henkel C, Hüffer T, Hofmann T (2022) Polyvinyl chloride microplas-
tics leach phthalates into the aquatic environment over decades. 

https://doi.org/10.1007/s00244-024-01061-1
https://doi.org/10.1007/s12665-019-8723-0
https://doi.org/10.1016/j.envres.2019.03.071
https://doi.org/10.1186/s12302-022-00702-3
https://doi.org/10.1186/s12302-022-00702-3
https://doi.org/10.1007/s11356-020-09680-6
https://doi.org/10.1080/15287394.2014.968696
https://doi.org/10.1016/j.envpol.2022.119683
https://doi.org/10.1016/j.envpol.2022.119683
https://doi.org/10.1021/es101695d
https://doi.org/10.1021/es101695d
https://doi.org/10.1007/s44169-022-00023-9
https://doi.org/10.1007/s44169-022-00023-9
https://doi.org/10.1007/BF02706741
https://doi.org/10.1007/BF02706741
https://doi.org/10.1016/j.marpolbul.2022.113802
https://doi.org/10.1016/j.marpolbul.2022.113802
https://doi.org/10.1016/j.envpol.2014.02.021
https://doi.org/10.1016/j.envpol.2014.02.021
https://doi.org/10.1016/j.scitotenv.2015.08.101
https://doi.org/10.1016/j.scitotenv.2015.08.101
https://doi.org/10.1016/j.scitotenv.2014.08.098
https://doi.org/10.1016/j.scitotenv.2014.08.098
https://www.eastman.com/Brands/Eastman_plasticizers/products/Pages/ProductListGeneral.aspx
https://www.eastman.com/Brands/Eastman_plasticizers/products/Pages/ProductListGeneral.aspx
https://www.eastman.com/Brands/Eastman_plasticizers/products/Pages/ProductListGeneral.aspx
https://doi.org/10.5040/9781782258674.0032
https://doi.org/10.1016/j.scitotenv.2020.144752
https://doi.org/10.1016/j.scitotenv.2020.144752


302 Archives of Environmental Contamination and Toxicology (2024) 86:288–303

Environ Sci Technol 56:14507–14516. https:// doi. org/ 10. 1021/ 
acs. est. 2c051 08

Indian Standard 10500, Drinking water—specification (2012), Bureau 
of Indian Standards Manak Bhavan, 9 Bahadur Shahzafer Marg, 
New Delhi. https:// cpcb. nic. in/ wqm/ BIS_ Drink ing_ Water_ Speci 
ficat ion. pdf

International Agency for Research on Cancer (2013) Lyon, France. 
https:// monog raphs. iarc. who. int/ list- of- class ifica tions. Accessed 
21 Aug 2023

Jeon S, Kim K-T, Choi K (2016) Migration of DEHP and DINP into 
dust from PVC flooring products at different surface tempera-
ture. Sci Total Environ 547:441–446. https:// doi. org/ 10. 1016/j. 
scito tenv. 2015. 12. 135

Ji Y, Wang F, Zhang L et al (2014) A comprehensive assessment of 
human exposure to phthalates from environmental media and food 
in Tianjin, China. J Hazard Mater 279:133–140. https:// doi. org/ 
10. 1016/j. jhazm at. 2014. 06. 055

Jian Y, Yunting X, Xianghong T et al (2022) Endocrine disrupting 
compounds (EDCs) in source water, finished water, and tap 
water from drinking water treatment plants and its human risk 
assessment in Chengdu Plain, China. Hum Ecol Risk Assess Int 
J 28:862–877. https:// doi. org/ 10. 1080/ 10807 039. 2022. 21051 95

Kashyap D, Agarwal T (2018) Concentration and factors affecting the 
distribution of phthalates in the air and dust: a global scenario. 
Sci Total Environ 635:817–827. https:// doi. org/ 10. 1016/j. scito 
tenv. 2018. 04. 158

Kawahara FK, Hodgeson JWH (1995) Method 506; Determination of 
phthalate and adipate esters in drinking water by liquid–liquid 
extraction or liquid–solid extraction and gas chromatography with 
photoionization detection. National Exposure Research Labora-
tory, Office of Research and Development, US Environmental 
Protection Agency, Cincinnati, Ohio, USA. 45268 0, pp 1–27

Kong M, Song Y, Zhang Y et al (2015) Fate of phthalate esters in 
municipal wastewater treatment plant and their environmental 
impact. Water Sci Technol 73:1395–1400. https:// doi. org/ 10. 
2166/ wst. 2015. 613

Kong Y, Shen J, Chen Z et al (2017) Profiles and risk assessment of 
phthalate acid esters (PAEs) in drinking water sources and treat-
ment plants, East China. Environ Sci Pollut Res 24:23646–23657. 
https:// doi. org/ 10. 1007/ s11356- 017- 9783-x

Kumawat M, Sharma P, Pal N et al (2022) Occurrence and seasonal dis-
parity of emerging endocrine disrupting chemicals in a drinking 
water supply system and associated health risk. Sci Rep 12:9252. 
https:// doi. org/ 10. 1038/ s41598- 022- 13489-3

Le TM, Nguyen HMN, Nguyen VK et al (2021) Profiles of phthalic 
acid esters (PAEs) in bottled water, tap water, lake water, and 
wastewater samples collected from Hanoi, Vietnam. Sci Total 
Environ 788:147831. https:// doi. org/ 10. 1016/j. scito tenv. 2021. 
147831

Legler J, Fletcher T, Govarts E et al (2015) Obesity, diabetes, and 
associated costs of exposure to endocrine-disrupting chemicals 
in the European Union. J Clin Endocrinol Metab 100:1278–1288. 
https:// doi. org/ 10. 1210/ jc. 2014- 4326

Lim J-E, Liao C, Moon H-B (2023) Occurrence and exposure assess-
ment of bisphenol analogues through different types of drinking 
water in Korea. Expo Health 15:185–197. https:// doi. org/ 10. 1007/ 
s12403- 022- 00483-3

Liu H, Feng S, Du X et al (2011) Comparison of three sorbents for 
organic pollutant removal in drinking water. Energy Procedia 
5:985–990. https:// doi. org/ 10. 1016/j. egypro. 2011. 03. 174

Liu X, Shi J, Bo T et al (2014) Occurrence of phthalic acid esters in 
source waters: a nationwide survey in China during the period 
of 2009–2012. Environ Pollut 184:262–270. https:// doi. org/ 10. 
1016/j. envpol. 2013. 08. 035

Liu X, Shi J, Bo T et al (2015) Occurrence and risk assessment of 
selected phthalates in drinking water from waterworks in China. 

Environ Sci Pollut Res 22:10690–10698. https:// doi. org/ 10. 1007/ 
s11356- 015- 4253-9

Liu S, Gunawan C, Barraud N et al (2016) Understanding, monitor-
ing, and controlling biofilm growth in drinking water distribution 
systems. Environ Sci Technol 50:8954–8976. https:// doi. org/ 10. 
1021/ acs. est. 6b008 35

Liu Q, Xu X, Lin L et al (2021) Occurrence, health risk assessment and 
regional impact of parent, halogenated and oxygenated polycyclic 
aromatic hydrocarbons in tap water. J Hazard Mater 413:125360. 
https:// doi. org/ 10. 1016/j. jhazm at. 2021. 125360

Luo Q, Liu Z, Yin H et al (2018) Migration and potential risk of trace 
phthalates in bottled water: a global situation. Water Res 147:362–
372. https:// doi. org/ 10. 1016/j. watres. 2018. 10. 002

Maharashtra Pollution Control Board (2019), Mumbai: Report on 
action plan for clean-up of polluted stretch of Kanhan river. 
https:// www. mpcb. gov. in/ sites/ defau lt/ files/ river- pollu ted/ action- 
plan- prior ity/ Action_ plans_ prior ity_ III_ KANHAN_ 2019_ 03072 
019. pdf

Mak YL, Taniyasu S, Yeung LWY et al (2009) Perfluorinated com-
pounds in tap water from China and several other countries. Envi-
ron Sci Technol 43:4824–4829. https:// doi. org/ 10. 1021/ es900 637a

Mishra S, Kumar P, Mehrotra I, Kumar M (2023) Prevalence of organic 
micropollutants in the Yamuna River, Delhi, India: seasonal 
variations and governing factors. Sci Total Environ 858:159684. 
https:// doi. org/ 10. 1016/j. scito tenv. 2022. 159684

Moe CL, Rheingans RD (2006) Global challenges in water, sanitation 
and health. J Water Health 4:41–57. https:// doi. org/ 10. 2166/ wh. 
2006. 0043

Mohammadi A, Dobaradaran S, Schmidt TC et al (2022) Emerg-
ing contaminants migration from pipes used in drinking water 
distribution systems: a review of the scientific literature. Envi-
ron Sci Pollut Res 29:75134–75160. https:// doi. org/ 10. 1007/ 
s11356- 022- 23085-7

Morin-Crini N, Lichtfouse E, Liu G, Balaram V, Ribeiro ARL, Lu Z 
et al (2022) Worldwide cases of water pollution by emerging con-
taminants: a review. Environ Chem Lett 20(4):2311–2338. https:// 
doi. org/ 10. 1007/ s10311- 022- 01447-4

Murat P, Ferret P-J, Coslédan S, Simon V (2019) Assessment of 
targeted non-intentionally added substances in cosmetics in 
contact with plastic packagings. Analytical and toxicological 
aspects. Food Chem Toxicol 128:106–118. https:// doi. org/ 10. 
1016/j. fct. 2019. 03. 030

Nagorka R, Birmili W, Schulze J, Koschorreck J (2022) Diverging 
trends of plasticizers (phthalates and non-phthalates) in indoor 
and freshwater environments—why? Environ Sci Eur 34:46. 
https:// doi. org/ 10. 1186/ s12302- 022- 00620-4

Neves RAF, Miralha A, Guimarães TB et  al (2023) Phthalates 
contamination in the coastal and marine sediments of Rio de 
Janeiro, Brazil. Mar Pollut Bull 190:114819. https:// doi. org/ 10. 
1016/j. marpo lbul. 2023. 114819

Núñez M, Fontanals N, Borrull F, Marcé RM (2022) Multiresidue 
analytical method for high production volume chemicals in dust 
samples, occurrence and human exposure assessment. Chem-
osphere 301:134639. https:// doi. org/ 10. 1016/j. chemo sphere. 
2022. 134639

Otero P, Saha SK, Moane S et al (2015) Improved method for rapid 
detection of phthalates in bottled water by gas chromatography–
mass spectrometry. J Chromatogr B 997:229–235. https:// doi. 
org/ 10. 1016/j. jchro mb. 2015. 05. 036

Paluselli A, Kim S-K (2020) Horizontal and vertical distribution of 
phthalates acid ester (PAEs) in seawater and sediment of East 
China Sea and Korean South Sea: traces of plastic debris? Mar 
Pollut Bull 151:110831. https:// doi. org/ 10. 1016/j. marpo lbul. 
2019. 110831

Pang X, Skillen N, Gunaratne N et al (2021) Removal of phtha-
lates from aqueous solution by semiconductor photocatalysis: 

https://doi.org/10.1021/acs.est.2c05108
https://doi.org/10.1021/acs.est.2c05108
https://cpcb.nic.in/wqm/BIS_Drinking_Water_Specification.pdf
https://cpcb.nic.in/wqm/BIS_Drinking_Water_Specification.pdf
https://monographs.iarc.who.int/list-of-classifications
https://doi.org/10.1016/j.scitotenv.2015.12.135
https://doi.org/10.1016/j.scitotenv.2015.12.135
https://doi.org/10.1016/j.jhazmat.2014.06.055
https://doi.org/10.1016/j.jhazmat.2014.06.055
https://doi.org/10.1080/10807039.2022.2105195
https://doi.org/10.1016/j.scitotenv.2018.04.158
https://doi.org/10.1016/j.scitotenv.2018.04.158
https://doi.org/10.2166/wst.2015.613
https://doi.org/10.2166/wst.2015.613
https://doi.org/10.1007/s11356-017-9783-x
https://doi.org/10.1038/s41598-022-13489-3
https://doi.org/10.1016/j.scitotenv.2021.147831
https://doi.org/10.1016/j.scitotenv.2021.147831
https://doi.org/10.1210/jc.2014-4326
https://doi.org/10.1007/s12403-022-00483-3
https://doi.org/10.1007/s12403-022-00483-3
https://doi.org/10.1016/j.egypro.2011.03.174
https://doi.org/10.1016/j.envpol.2013.08.035
https://doi.org/10.1016/j.envpol.2013.08.035
https://doi.org/10.1007/s11356-015-4253-9
https://doi.org/10.1007/s11356-015-4253-9
https://doi.org/10.1021/acs.est.6b00835
https://doi.org/10.1021/acs.est.6b00835
https://doi.org/10.1016/j.jhazmat.2021.125360
https://doi.org/10.1016/j.watres.2018.10.002
https://www.mpcb.gov.in/sites/default/files/river-polluted/action-plan-priority/Action_plans_priority_III_KANHAN_2019_03072019.pdf
https://www.mpcb.gov.in/sites/default/files/river-polluted/action-plan-priority/Action_plans_priority_III_KANHAN_2019_03072019.pdf
https://www.mpcb.gov.in/sites/default/files/river-polluted/action-plan-priority/Action_plans_priority_III_KANHAN_2019_03072019.pdf
https://doi.org/10.1021/es900637a
https://doi.org/10.1016/j.scitotenv.2022.159684
https://doi.org/10.2166/wh.2006.0043
https://doi.org/10.2166/wh.2006.0043
https://doi.org/10.1007/s11356-022-23085-7
https://doi.org/10.1007/s11356-022-23085-7
https://doi.org/10.1007/s10311-022-01447-4
https://doi.org/10.1007/s10311-022-01447-4
https://doi.org/10.1016/j.fct.2019.03.030
https://doi.org/10.1016/j.fct.2019.03.030
https://doi.org/10.1186/s12302-022-00620-4
https://doi.org/10.1016/j.marpolbul.2023.114819
https://doi.org/10.1016/j.marpolbul.2023.114819
https://doi.org/10.1016/j.chemosphere.2022.134639
https://doi.org/10.1016/j.chemosphere.2022.134639
https://doi.org/10.1016/j.jchromb.2015.05.036
https://doi.org/10.1016/j.jchromb.2015.05.036
https://doi.org/10.1016/j.marpolbul.2019.110831
https://doi.org/10.1016/j.marpolbul.2019.110831


303Archives of Environmental Contamination and Toxicology (2024) 86:288–303 

a review. J Hazard Mater 402:123461. https:// doi. org/ 10. 1016/j. 
jhazm at. 2020. 123461

Rolland M, Lyon-Caen S, Thomsen C et al (2023) Effects of early 
exposure to phthalates on cognitive development and visual 
behavior at 24 months. Environ Res 219:115068. https:// doi. 
org/ 10. 1016/j. envres. 2022. 115068

Santana J, Giraudi C, Marengo E et al (2014) Preliminary toxi-
cological assessment of phthalate esters from drinking water 
consumed in Portugal. Environ Sci Pollut Res 21:1380–1390. 
https:// doi. org/ 10. 1007/ s11356- 013- 2020-3

Selvaraj KK, Sundaramoorthy G, Ravichandran PK et al (2015) 
Phthalate esters in water and sediments of the Kaveri River, 
India: environmental levels and ecotoxicological evaluations. 
Environ Geochem Health 37:83–96. https:// doi. org/ 10. 1007/ 
s10653- 014- 9632-5

Sharma S, Bhattacharya A (2017) Drinking water contamination and 
treatment techniques. Appl Water Sci 7:1043–1067. https:// doi. 
org/ 10. 1007/ s13201- 016- 0455-7

Stoler J (2017) From curiosity to commodity: a review of the evo-
lution of sachet drinking water in West Africa. Wires Water 
4:e1206. https:// doi. org/ 10. 1002/ wat2. 1206

Thacharodi A, Hassan S, Acharya G et al (2023) Endocrine disrupt-
ing chemicals and their effects on the reproductive health in 
men. Environ Res 236:116825. https:// doi. org/ 10. 1016/j. envres. 
2023. 116825

Tijani JO, Fatoba OO, Babajide OO, Petrik LF (2016) Pharmaceuti-
cals, endocrine disruptors, personal care products, nanomateri-
als and perfluorinated pollutants: a review. Environ Chem Lett 
14:27–49. https:// doi. org/ 10. 1007/ s10311- 015- 0537-z

Tran TM, Le HT, Minh TB, Kannan K (2017) Occurrence of phtha-
late diesters in indoor air from several Northern cities in Viet-
nam, and its implication for human exposure. Sci Total Environ 
601–602:1695–1701. https:// doi. org/ 10. 1016/j. scito tenv. 2017. 
06. 016

Trasande L, Liu B, Bao W (2022) Phthalates and attributable mortality: 
a population-based longitudinal cohort study and cost analysis. 
Environ Pollut 292:118021. https:// doi. org/ 10. 1016/j. envpol. 2021. 
118021

U.S. Food and Drug Administration, Phthalates in cosmetics (2022). 
https:// www. fda. gov/ cosme tics/ cosme tic- ingre dients/ phtha lates- 
cosme tics

US EPA (2014) EPA’s priority pollutant list.Washington, DC. https://
wwwEpaGov/Sites/Production/Files/2015-09/Documents/Prior-
ity-Pollutant-List-Epa.pdf. 77:249

USEPA (1984) Method 606: Phthalate Ester; Methods for organic 
chemical analysis of muncipal and industrial wastewater, Wash-
ington, DC. https:// archi ve. epa. gov/ regio n5/ teach/ web/ pdf/ phtha 
lates_ summa ry. pdf

USEPA (1988) Integrated risk information system: Di (2- ethylhexyl) 
phthalate. US Environmental Protection Agency, Washington, 
DC. https:// iris. epa. gov/ Chemi calLa nding/ & subst ance_ nmbr= 
14. Accessed 21 Aug 2023

USEPA (2002) Provisional peer reviewed toxicity values for butyl ben-
zyl phthalate, superfund health risk, Technical Support Center 
National Center for Environmental Assessment Office of Research 
and Development,U.S. Environmental Protection Agency, Cin-
cinnati. https:// cfpub. epa. gov/ ncea/ pprtv/ docum ents/ Butyl benzy 
lphth alate. pdf.

USEPA (2006) Toxicity and exposure assessment for children’s health, 
Phthalates TEACH Chemical Summary, Washington, DC. 3, pp 
10–27. https:// www. google. com/ url? sa= t& rct= j&q= & esrc= s& 
source= web& cd= & ved= 2ahUK EwiUg qSuyO SEAxU 4VWwG 
HeoyC L0QFn oECBU QAQ& url= https% 3A% 2F% 2Fnep is. epa. 
gov% 2FExe% 2FZyP URL. cgi% 3FDoc key% 3DP10 0BNSK. TXT& 
usg= AOvVa w0AJo- 6UhMv 8050y kFWdT JC& opi= 89978 449

USEPA (2015) National recommended water quality criteria – human 
health criteria table, Washington, DC. https:// www. epa. gov/ wqc/ 
natio nal- recom mended- water- quali ty- crite ria- human- health- crite 
ria- table

Wakayama H (2004) Revision of drinking water quality standards in 
Japan; Office of Drinking Water Quality Management Water Sup-
ply Division, Health Service Bureau, Ministry of Health, Labour 
and Welfare, Tokyo, Japan

Wang C, Huang P, Qiu C et al (2021a) Occurrence, migration and 
health risk of phthalates in tap water, barreled water and bottled 
water in Tianjin, China. J Hazard Mater 408:124891. https:// doi. 
org/ 10. 1016/j. jhazm at. 2020. 124891

Wang Y, Wang F, Xiang L et al (2021b) Risk assessment of agricultural 
plastic films based on release kinetics of phthalate acid esters. 
Environ Sci Technol 55:3676–3685. https:// doi. org/ 10. 1021/ acs. 
est. 0c070 08

Wang Y, Zhang Z, Bao M et al (2021c) Characteristics and risk assess-
ment of organophosphate esters and phthalates in soils and vegeta-
tion from Dalian, northeast China. Environ Pollut 284:117532. 
https:// doi. org/ 10. 1016/j. envpol. 2021. 117532

Wang L, Li J, Zheng J et al (2022) Source tracing and health risk 
assessment of phthalate esters in household tap-water: a case 
study of the urban area of Quanzhou, Southeast China. Ecotoxi-
col Environ Saf 248:114277. https:// doi. org/ 10. 1016/j. ecoenv. 
2022. 114277

Weizhen Z, Xiaowei Z, Peng G et al (2020) Distribution and risk 
assessment of phthalates in water and sediment of the Pearl River 
Delta. Environ Sci Pollut Res 27:12550–12565. https:// doi. org/ 
10. 1007/ s11356- 019- 06819-y

World Health Organization (2003) Guidlines for drinking water quality-
fourth edition, 361–362, Geneva. https:// www. who. int/ docs/ defau 
lt- source/ wash- docum ents/ wash- chemi cals/ di-2- ethyl hexyl- phtha 
late- chemi cal- fact- sheet. pdf? sfvrsn= 6dc6b 738_4.

Wu X, Hong H, Liu X et al (2013) Graphene-dispersive solid-phase 
extraction of phthalate acid esters from environmental water. Sci 
Total Environ 444:224–230. https:// doi. org/ 10. 1016/j. scito tenv. 
2012. 11. 060

Xie H, Han W, Xie Q et al (2022) Face mask—a potential source of 
phthalate exposure for human. J Hazard Mater. https:// doi. org/ 10. 
1016/j. jhazm at. 2021. 126848

Yang Y, Song L, Zhu Z et al (2022) Human exposure to phthalate esters 
via ingestion of municipal drinking water from automatic water 
purifiers: levels, sources, and risks. Environ Sci Water Res Tech-
nol 8:2843–2855. https:// doi. org/ 10. 1039/ D2EW0 0535B

Ye X, Wang P, Wu Y et al (2020) Microplastic acts as a vector for con-
taminants: the release behavior of dibutyl phthalate from polyvi-
nyl chloride pipe fragments in water phase. Environ Sci Pollut Res 
27:42082–42091. https:// doi. org/ 10. 1007/ s11356- 020- 10136-0

Yue X, Wang Y, Zhou Q et al (2022) Phthalates in soil and road dust 
from a large processing trade center of children’s clothing: occur-
rence, profiles and potential health risks. Process Saf Environ Prot 
162:291–300. https:// doi. org/ 10. 1016/j. psep. 2022. 04. 031

Zhang L, Ren R, He H, Liu S (2023) Assessing human exposure to 
phthalate esters in drinking water migrated from various pipe 
materials and water filter elements during water treatments and 
storage. Environ Sci Pollut Res 30:47832–47843. https:// doi. org/ 
10. 1007/ s11356- 023- 25633-1

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.jhazmat.2020.123461
https://doi.org/10.1016/j.jhazmat.2020.123461
https://doi.org/10.1016/j.envres.2022.115068
https://doi.org/10.1016/j.envres.2022.115068
https://doi.org/10.1007/s11356-013-2020-3
https://doi.org/10.1007/s10653-014-9632-5
https://doi.org/10.1007/s10653-014-9632-5
https://doi.org/10.1007/s13201-016-0455-7
https://doi.org/10.1007/s13201-016-0455-7
https://doi.org/10.1002/wat2.1206
https://doi.org/10.1016/j.envres.2023.116825
https://doi.org/10.1016/j.envres.2023.116825
https://doi.org/10.1007/s10311-015-0537-z
https://doi.org/10.1016/j.scitotenv.2017.06.016
https://doi.org/10.1016/j.scitotenv.2017.06.016
https://doi.org/10.1016/j.envpol.2021.118021
https://doi.org/10.1016/j.envpol.2021.118021
https://www.fda.gov/cosmetics/cosmetic-ingredients/phthalates-cosmetics
https://www.fda.gov/cosmetics/cosmetic-ingredients/phthalates-cosmetics
https://archive.epa.gov/region5/teach/web/pdf/phthalates_summary.pdf
https://archive.epa.gov/region5/teach/web/pdf/phthalates_summary.pdf
https://iris.epa.gov/ChemicalLanding/&substance_nmbr=14
https://iris.epa.gov/ChemicalLanding/&substance_nmbr=14
https://cfpub.epa.gov/ncea/pprtv/documents/Butylbenzylphthalate.pdf
https://cfpub.epa.gov/ncea/pprtv/documents/Butylbenzylphthalate.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiUgqSuyOSEAxU4VWwGHeoyCL0QFnoECBUQAQ&url=https%3A%2F%2Fnepis.epa.gov%2FExe%2FZyPURL.cgi%3FDockey%3DP100BNSK.TXT&usg=AOvVaw0AJo-6UhMv8050ykFWdTJC&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiUgqSuyOSEAxU4VWwGHeoyCL0QFnoECBUQAQ&url=https%3A%2F%2Fnepis.epa.gov%2FExe%2FZyPURL.cgi%3FDockey%3DP100BNSK.TXT&usg=AOvVaw0AJo-6UhMv8050ykFWdTJC&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiUgqSuyOSEAxU4VWwGHeoyCL0QFnoECBUQAQ&url=https%3A%2F%2Fnepis.epa.gov%2FExe%2FZyPURL.cgi%3FDockey%3DP100BNSK.TXT&usg=AOvVaw0AJo-6UhMv8050ykFWdTJC&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiUgqSuyOSEAxU4VWwGHeoyCL0QFnoECBUQAQ&url=https%3A%2F%2Fnepis.epa.gov%2FExe%2FZyPURL.cgi%3FDockey%3DP100BNSK.TXT&usg=AOvVaw0AJo-6UhMv8050ykFWdTJC&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiUgqSuyOSEAxU4VWwGHeoyCL0QFnoECBUQAQ&url=https%3A%2F%2Fnepis.epa.gov%2FExe%2FZyPURL.cgi%3FDockey%3DP100BNSK.TXT&usg=AOvVaw0AJo-6UhMv8050ykFWdTJC&opi=89978449
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-human-health-criteria-table
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-human-health-criteria-table
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-human-health-criteria-table
https://doi.org/10.1016/j.jhazmat.2020.124891
https://doi.org/10.1016/j.jhazmat.2020.124891
https://doi.org/10.1021/acs.est.0c07008
https://doi.org/10.1021/acs.est.0c07008
https://doi.org/10.1016/j.envpol.2021.117532
https://doi.org/10.1016/j.ecoenv.2022.114277
https://doi.org/10.1016/j.ecoenv.2022.114277
https://doi.org/10.1007/s11356-019-06819-y
https://doi.org/10.1007/s11356-019-06819-y
https://www.who.int/docs/default-source/wash-documents/wash-chemicals/di-2-ethylhexyl-phthalate-chemical-fact-sheet.pdf?sfvrsn=6dc6b738_4
https://www.who.int/docs/default-source/wash-documents/wash-chemicals/di-2-ethylhexyl-phthalate-chemical-fact-sheet.pdf?sfvrsn=6dc6b738_4
https://www.who.int/docs/default-source/wash-documents/wash-chemicals/di-2-ethylhexyl-phthalate-chemical-fact-sheet.pdf?sfvrsn=6dc6b738_4
https://doi.org/10.1016/j.scitotenv.2012.11.060
https://doi.org/10.1016/j.scitotenv.2012.11.060
https://doi.org/10.1016/j.jhazmat.2021.126848
https://doi.org/10.1016/j.jhazmat.2021.126848
https://doi.org/10.1039/D2EW00535B
https://doi.org/10.1007/s11356-020-10136-0
https://doi.org/10.1016/j.psep.2022.04.031
https://doi.org/10.1007/s11356-023-25633-1
https://doi.org/10.1007/s11356-023-25633-1

	Occurrence and Health Risk Assessment of Phthalates in Municipal Drinking Water Supply of a Central Indian City
	Abstract
	Graphical Abstract

	Materials and Methods
	Chemicals
	Study Area
	Extraction of Phthalates from Water Samples
	Instrumentation
	Quality Control and Quality Assurance (OAQC)
	Health Risk Assessment
	Data Analysis

	Results and Discussion
	Concentration of Phthalates in Tap Water
	Comparison with Other Published Results
	Comparison with Water Quality Guidelines
	Phthalates Contamination Profile
	Principal Component Analysis
	Probable Sources of Phthalates in Tap Water
	Exposure of Phthalates in Humans
	Human Health Risk Assessment
	Strengths and Limitations of the Study

	Conclusions
	Acknowledgements 
	References




