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Abstract
Increasingly, governmental agencies are taking action in response to health concerns associated with microplastic 
exposure in drinking water. These efforts have focused primarily on municipal tap water rather than bottled water. 
This is concerning, given the surge in bottled water consumption in the U.S., a surge partially fueled by negative 
perceptions of tap water quality, especially among minority communities. Even though microplastics may not be 
the biggest health risk or primary reason for consumer choices around tap and bottled water, the rising concerns 
around microplastic exposure and impacts on human health are important to take into consideration. A systematic 
review was conducted to assess microplastic concentrations in various sources of drinking water, including bottled 
water and municipal tap water. To facilitate a more accurate comparison of microplastic concentrations between 
studies, we realigned the analyzed microplastic size classes between studies. Additionally, trends in California 
household-level bottled water purchases were analyzed using a nationwide dataset of bottled water transactions 
to determine the corresponding rates of microplastic exposure associated with these consumption patterns. Our 
results suggest that there is a sevenfold higher concentration of microplastics in bottled water compared to tap 
water globally. In comparison, studies conducted in the Global North have found a six times higher concentration 
of microplastics in bottled water compared to tap water, and seven times more microplastics in bottled water 
compared to tap water in the Global South. While income is found to be positively associated with bottled water 
purchases and increases in microplastic exposure in California, substantial disparities in exposure persist by ethnicity 
and race after controlling for income. Although microplastics may not be the primary health risk or the primary 
reason for consumer choices regarding tap and bottled water, the growing concerns about microplastic exposure 
and its impacts on human health are important to consider. Choices made by consumers regarding drinking water 
types, regardless of the reason for these choices, should be made with the best available information. Therefore, 
our results underscore the importance of addressing information disparities related to bottled water quality. 
This is particularly important within marginalized communities served by high-quality municipal drinking water, 
where misperceptions of tap water quality and limited information on bottled water quality contribute to the 
consumption of bottled water.
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Introduction
 The ubiquitous nature of microplastics in all environ-
mental compartments has resulted in growing concerns 
regarding human exposure through food and beverage 
consumption [1, 2]. Ingestion of microplastics has been 
linked to blockages and abrasions from the actual par-
ticle, the leaching of additives and toxic compounds 
sorbed onto the particle [3, 4], and their transport of per-
sistent organic pollutants and pathogens [5]. Potential 
health impacts that have been identified from ingestion 
include oxidative stress, inflammation, immunological 
responses, and neurotoxicity, as well as preterm birth, 
low sperm counts, and endocrine disruption associated 
with the chemicals, plasticizers, and additives found on 
the particles [6, 7].

Concern over the potential health effects of microplas-
tics has recently included ingestion from bottled water 
consumption [3, 8, 9], which is timely given the rise in 
bottled water consumption globally. In 2023, over 500 
billion liters of bottled water were consumed, with a 
growth rate of 6% per year [10, 11]. The surge in bottled 
water consumption is driven by many factors, including 
taste, odor, convenience, and perceived quality [12]. In 
the U.S., the largest consumer of bottled water globally, 
with consumption growing from nearly 34 to 60 billion 
liters between 2010 and 2022 (11), mistrust in tap water 
has been found to increase bottled water sales [10, 13]. 
This is especially the case for minority groups who have 
been found to consume more bottled water per capita 
than non-minority groups [14, 15].

At a global level, the mistrust of tap water often stems 
from poor water quality due to contamination, the unre-
liability of tap water supply, and underdeveloped water 
treatment capabilities, especially in the Global South [16, 
17]. In countries with highly developed municipal drink-
ing water infrastructure, mistrust of municipal drinking 
water can result from high-profile cases of water quality 
violations leading to public health issues, such as in Flint 
Michigan [18] and the Louisiana Water Crises [19], both 
in the US. However, mistrust also has arisen from efforts 
to inform the public about municipal drinking water 
quality, even when quality is high. Research has shown 
that as consumers became aware of the quality of their 
drinking water and knowledgeable about water quality 
violations, they engaged in avoidance behavior, mainly in 
the form of increased bottled water consumption [20] In 
the United States, the Environmental Protection Agency 
(EPA) is in charge of drinking water quality and requires 
regular monitoring of municipal water supplies against 
rigorous standards. This regulatory framework includes 
the 1996 Safe Drinking Water Act Amendments, which 
required public agencies to provide customers with 
annual water quality reports [21, 22]. These standards are 
far more stringent than those applied to bottled water, 

which is regulated by the U.S. Food and Drug Adminis-
tration (FDA) [23, 24]. Even though public drinking water 
supplies in the US are subject more stringent regulatory 
oversight and standards resulting in lower mean contam-
ination levels and fewer water quality violations, mistrust 
of tap water relative to bottled water persists and contrib-
utes to increases in bottled water sales [15, 25].

This behavior may be exacerbated by the fact that these 
reporting requirements do not apply to bottled water. 
Drinking water is a differentiated good, and economics 
tells us that people make choices based on differences in 
price and perceived quality. While making information 
available regarding the quality of public drinking water 
supplies helps consumers understand the quality attri-
butes of the public water system, a lack of similar infor-
mation on bottled water undercuts the process of quality 
comparison in product choices. Such information asym-
metries can lead to market failures and, consequently, 
inefficient outcomes both privately and socially.

To help address the information asymmetries sur-
rounding drinking water quality and awareness of micro-
plastics concentration, we compare concentrations of 
microplastics in tap water relative to bottled water. We 
obtained data through a systematic review of existing 
literature and realigned and standardized microplastic 
size classes across studies using a methodology outlined 
by Kooi and Koelmans (2019) [26], which enabled robust 
like-for-like comparisons. Our study is among the first 
to propose a correction factor for estimating microplas-
tic concentrations across unstudied size ranges in drink-
ing water matrices, providing a foundation for future 
research.

After illustrating how microplastic concentrations 
differ across drinking water types, we investigated the 
degree to which consumption of bottled water differs 
for communities of color by socioeconomic and demo-
graphic factors in California. Differences in microplastic 
exposure concentrations arising from differences in bot-
tled water consumption were then identified. While the 
second part of our analysis provides evidence surround-
ing the degree to which high-income communities and 
communities of color have a greater reliance on bottled 
water, our analysis further extends the research to high-
light microplastic exposure differences across such com-
munities and the need for policy to reduce information 
asymmetries surrounding drinking water quality.

Data and methods
Literature review
A systematic literature search was conducted to identify 
studies that measured the differences in microplastic 
concentrations across drinking water types. The search 
was conducted using Google Scholar with a combina-
tion of the following keywords: “microplastics,” “drinking 
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water,” “bottled water,” and “tap water” for studies pub-
lished up to 2025 (Fig. s1). In addition, the reference lists 
of the review papers were manually searched for addi-
tional publications. Altogether (n = 60) studies were iden-
tified (Fig. 1).

Studies were excluded if they involved mechanical 
stress experiments (n = 4), literature reviews (n = 5), com-
mentaries (n = 2), or did not employ spectroscopic tools 
for microplastic identification (n = 5). Eligible studies 
were required to report polymer-specific information 
validated through techniques such as Fourier-transform 
infrared spectroscopy (FTIR), Raman spectroscopy 
(RM), or pyrolysis gas chromatography/mass spectrom-
etry (PyGC-MS). To ensure a robust dataset for statisti-
cal analysis, studies that reported some form of quality 
assurance/quality control (QA/QC) were included. In 
addition, supplementary information was examined to 
extract raw data on microplastic concentrations per sam-
ple when available; otherwise, individual sample concen-
trations were extrapolated from published figures using 
WebPlotDigitizer. As sample volumes varied consider-
ably among studies, data were included if that concen-
trations were standardized and reported as particles per 
liter. When size classes were not explicitly reported, min-
imum detectable sizes were inferred based on instrumen-
tal limitations: 20 μm for studies using FTIR and 1 μm for 
studies using Raman for polymer identification.

These criteria resulted in a dataset comprised of studies 
of varying quality but sufficient scope to provide insights 
into microplastic concentrations at global scale and 
regional scales including both developing and developed 
countries over multiple years. Altogether (n = 44) studies 
were used in the subsequent analyses (See GitHub repos-
itory for the complete dataset).

Harmonizing microplastic concentrations
During the literature review process, it was evident that 
microplastics of different size ranges were reported 
across different studies. Therefore, to compare micro-
plastic concentrations across different studies, the par-
ticle size distribution of each study was transformed to 
a common particle size range following the realignment 
method of Kooi and Koelmans (2019) [26] and Koel-
mans et al., (2020) [27]. The premise of this harmoniza-
tion method is that microplastic concentrations within 
the measured size class can be translated into a default 
microplastic size range through a correction factor (CF). 
Microplastic size distributions usually follow a power law 
relationship (Eq. 1) with a negative slope because of the 
process of fragmentation, which produces exponentially 
larger populations of smaller particles:

	 y = bx−α � (1)

where x is the particle size in micrometers, y is the 
abundance of microplastics in percentage, and α  and b 
are fitting parameters. A linear regression of log-trans-
formed values was used to assess the values and statisti-
cal significance of alpha ( α ) (Kooi and Koelmans, 2019). 
Particles found within any size range can be translated 
into any other size range using a correction factor (CF):

	
CF =

´ x2D
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where x1D , x2D  refer to the minimum and maximum 
default size range and x1M and x2M  refer to the mini-
mum and maximum measured size range within each 
study. The default size range for this study was 1–5000 
μm because this is the most commonly reported size 
range for microplastics [28], and particles < 10 μm in size 
are more likely to cause potential health risks [29].

 For a study to be included in the power law analysis, 
the results had to be presented in four or more size class 
bins within the microplastic range, i.e., between 1 μm and 
5000  μm. Datasets (n = 23) from 10 studies identified in 
the literature review matched these criteria (Table s2). 
The α for each study was determined by fitting a regres-
sion using Eq. 1 to the datasets (Fig. s2). The average α for 
all the studies was then computed. Following this com-
putation, the correction factor (CF) was applied to each 
selected study (n = 44) from the literature review and was 
calculated using the average α, the measured size ranges 
and corresponding microplastic concentration indicated 
in each study were transformed to the default size range 
(1–5000  μm) to allow for comparisons across studies 
using Eq. 2 (Table s2).Fig. 1  PRISMA flow diagram of the data selection process for the literature 

review on microplastics in different drinking water types
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Comparison of microplastic concentrations
We compared the concentrations of (1–5000 μm) micro-
plastics across four drinking water types: raw water 
(source water in a natural untreated state), treated water 
(included any public drinking water sample that was 
indicated as potable or final effluent in their studies con-
ducted at drinking water facilities), tap water (public 
drinking water collected at the location of use transport 
through the distribution system), and bottled water. The 
average concentration and standard deviation of micro-
plastics were calculated of each drinking water type glob-
ally and grouped according into the Global North and 
Global South. Global South studies were conducted in 
countries listed on the Group of 77 (G77). The G77 is a 
coalition of developing countries at the United Nations, 
established in 1964 to promote their collective eco-
nomic interests, strengthen their negotiating power, and 
advance South-South cooperation.

A Shapiro-Wilk test for normality was performed 
on microplastic concentrations across different types 
of drinking water after the data were log-transformed. 
Differences in microplastic concentrations were then 
statistically analyzed using the non-parametric Mann-
Whitney U Test to determine if there were significant dif-
ferences in microplastic concentration between bottled 
and tap water, bottled and treated water, and treated and 
tap water for all studies globally, as well as across group-
ings of Global North and Global South. All statistical 
tests were performed using R statistical software version 
4.1.0 (R Core Team, 2021).

Estimating factors associated with bottled water 
consumption
To understand how microplastic exposure from bottled 
water consumption may be increasing, thereby posing 
an increasing health risk to society, as well as to identify 
differences in microplastic concentrations from bottled 
water consumption by community characteristics, we 
use the NielsenIQ household-based and retail scanner 
data1’2. The NielsenIQ data is a nationally representative 
panel recording all purchases by households intended for 
personal, in-home use. This dataset included a diverse 
sample of more than 40,000 annual nationally represen-
tative households from 52 U.S. markets and nine addi-
tional U.S. areas. Households voluntarily participate 
by scanning and transmitting store-bought (including 

1  Researcher(s)’ own analyses calculated (or derived) based in part on data 
from Nielsen Consumer LLC and marketing databases provided through 
the NielsenIQ Datasets at the Kilts Center for Marketing Data Center at The 
University of Chicago Booth School of Business.
2  The conclusions drawn from the NielsenIQ data are those of the 
researcher(s) and do not reflect the views of NielsenIQ. NielsenIQ is not 
responsible for, had no role in, and was not involved in analyzing and pre-
paring the results reported herein.

online) food and beverage purchases weekly for at least 
ten months annually3. The purchasing behavior of par-
ticipant households is consistently tracked, including 
details such as shopping frequency, types and quantities 
of purchased products (both food and non-food), and 
corresponding prices. This dataset also includes compre-
hensive demographics at both the household and house-
hold head levels.

For our purposes, the dataset includes household-
level purchases of bottled water in 54 of the 58 Califor-
nia counties (Fig. s3) with information on the price and 
quantity of bottled water purchased, allowing for the cal-
culation of the price per liter (L) for bottled water pur-
chased and the per capita bottled water consumption (L/
person). We exclusively focus on California households 
that purchased bottled water or water filters between 
January 2006 and December 2019. We limit the data to 
December 2019 due to the impact of COVID-19 shut-
downs on drinking water purchasing behavior (Nemati, 
2020 [30] and 2022 [31]). Our analysis will be based on 
consumption data from 60,013 households in Califor-
nia, spanning from January 2006 to December 2019. 
Note that the national survey samples approximately 
40,000 households each year, while the California data 
include 60,013 households that participated in the sur-
vey between 2006 and 2019. The household purchase 
data is aggregated on a monthly basis. The bottled water 
purchases are measured by ounces and corresponding 
dollar expenditures. Demographic information gathered 
included race and ethnicity categories for each household 
(e.g., Hispanic, Black, Asian, and White), age of partici-
pating individuals (defined as seniors, those aged 65 years 
or older), the presence of children within the household, 
and education (i.e., college educated or not). Additional 
variables include whether a household participates in the 
Special Supplemental Nutrition Program for Women, 
Infants, and Children (WIC), which is run by the USDA 
and provides supplemental nutrition and other resources 
to lower-income households who are or are new parents 
or caregivers (USDA 2025) [32], or is located in a rural 
area.

 A fixed-effects regression model with clustered stan-
dard errors at the household level was employed to 
estimate the factors associated with bottled water con-
sumption in California. This approach was applied to 
the Nielsen household-based retail scanner data, which 
records purchases by households for in-home use at a 
national level (Table s3). Leveraging this extensive data-
set of household-level transaction data enabled us to 

3  See here for more information on NielsenIQ datasets and the Retail Scan-
ner Dataset which is used in this research: ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​c​h​i​​c​a​g​o​​b​o​o​​t​​h​​.​e​​​d​u​/​r​​e​
s​e​​a​r​​​c​h​/​​k​i​​l​​t​s​/​​r​e​​s​e​a​​r​c​h​-​​d​a​t​a​/​n​i​e​l​s​e​n​i​q.

https://www.chicagobooth.edu/research/kilts/research-data/nielseniq
https://www.chicagobooth.edu/research/kilts/research-data/nielseniq
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incorporate various fixed effects and control for unob-
servable factors:

	 ln Y it = α + θ Pit + β Xit + λ t + ϕ c + ϑ b + ϵ it� (3)

where the dependent variable, ln Y it, represents the nat-
ural log of per capita bottled water purchases by house-
hold i in year t. The vector Pit encompasses prices for 
bottled water per unit, as well as juice and soda prices 
per unit. The vector Xit includes essential demographic 
variables, such as ethnicity (Hispanic vs. non-Hispanics), 
race (White, Black, and Asian), age, presence of children 
at home, education level, cable access, participation in 
the WIC program, residing in rural areas, and income. 
To address potential biases that could arise from unob-
served time-invariant characteristics of zip codes or 
counties that may impact bottled water sales, we incor-
porate zip code or county ϕ c fixed effects, depending 
on the specification. This approach helps to eliminate 
confounding factors and enhances the accuracy of our 
estimates, particularly when considering factors like the 
quality of tap water, which can vary across geographic 
regions. Additionally, we include year dummies λ t to 
control for common trends that affect all households in 
the sample concurrently, such as macroeconomic condi-
tions like the 2010 economic downturn. The error term, 
ϵ it, captures the combined impact of unobservable fac-
tors that might affect bottled water consumption but are 
not explicitly accounted for in our model. By incorporat-
ing fixed effects and controlling for various demographic 
and economic factors, our study aims to provide a com-
prehensive and robust analysis of the factors associated 
with bottled water consumption in California. Standard 
errors for all specifications are clustered at the household 
level to account for within-household serial correlation in 
the error term and produce consistent standard errors in 
the presence of such an association [33].

Microplastics exposure rates
Microplastic concentrations determined through a lit-
erature review and subsequent size class alignment were 
used to assess exposure to microplastics, dependent on 
rates of bottled water consumption in California, USA. 
The microplastic concentration used to determine these 
exposure rates was limited to studies conducted in the 
Global North (North American and Western European). 
This was done because global concentrations may not 
accurately represent microplastic concentrations in tap 
or bottled water in California. The Global North studies 
were specifically included based on the assumption of 
similar water treatment methods, water supply reliabil-
ity, and plastic types used for bottled water packaging. 
Microplastic exposure levels were computed by multi-
plying the consumption data by the average microplastic 

concentration for bottled water obtained from the litera-
ture review analysis. This resulted in a dataset contain-
ing two variables: bottled water consumption in liters/
capita/day and microplastic exposure in particles/per-
son/day. The data was then visualized using a cumulative 
frequency distribution curve of microplastic exposure in 
relation to bottled water consumption.

Method limitations
While the methods applied here provide valuable insights 
into microplastic concentrations in different drinking 
water types globally, they are subject to several limi-
tations. First, there are no standardized protocols for 
microplastic extraction and quantification; therefore, the 
quality of included studies varied in terms of reporting 
and analytical approaches. It can also be assumed that 
identification and extraction techniques have improved 
over time, which may influence comparability across 
studies. In many cases, the lower size limits of micro-
plastics analyzed were not explicitly reported, requiring 
inferences based on the capabilities of the polymer iden-
tification instruments used. Such inferences can influence 
the realignment approach and the resulting adjusted con-
centrations, as this method relies on information about 
the minimum size class investigated. Assumptions were 
also made regarding water treatment processes, sup-
ply reliability, cleanliness, and the types of plastics used 
for bottled water packaging, particularly when estimat-
ing exposure in California communities by drawing on 
data from the Global North. It is important too note that 
1% of households in are classified as rural in California. 
These household using access their drinking water from 
other sources such as wells which are much more com-
mon in rural areas of California and throughout the US. 
We did not address these systems in this study, but they 
merit further investigation, given the significant propor-
tion of our population served by such drinking water 
sources. Although microplastics may not be the primary 
factor influencing consumer choice, their concentrations 
provide a useful proxy for illustrating global differences 
in drinking water quality and the lack of transparency in 
available water quality information.

Results
Microplastic concentrations in drinking water
Microplastic size classes from all 44 studies were 
realigned to the range of 1–5000 μm using a correction 
factor based on a power function (Eq. 2) fitted to 23 par-
ticle size distributions from 10 studies (Table s2). The 
resulting mean and standard deviation of the exponent 
alpha (α) was 1.68 ± 0.54 (n = 23). The goodness of fit var-
ied between 0.68 and 0.99 (Eq.  1) (Table s2). The mean 
microplastic concentrations for drinking water ranged 
from 115 particle/L in the treated public drinking water 
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of the Global North or 1167 particles/L in bottled water 
of the Global South (Fig. 2; Table 1). Average microplas-
tic concentrations in bottled water was 6–7 times higher 
than tap water globally, in Global North, and in Global 
South, respectively (Fig. 2; Table 1. Because the data was 
not normally distributed and highly skewed, the raw data 
from all 44 studies was also log transformed and the geo-
metric mean was calculated (see Table 1).

The log-transformed results illustrated an ~ 2x greater 
concentration in bottled as compared to tap water across 
all studies, as well as studies in the Global South and 

Global North categories (Table 1). The concentration 
difference between tap and bottled water was signifi-
cantly different (p = 0.001) for studies in the Global North 
(Table 2.). In contrast, there was no significant difference 
in concentrations between tap and bottled water Globally 
or in countries from the Global South. In addition, there 
was a significant difference between treated and both tap 
and bottled water Globally as well as in countries in the 
Global North (Table  2.). However, no significant differ-
ences were found in microplastics concentration in tap, 
treated, and bottled water in the Global South (Table 2.).

Table 1  Descriptive statistics for microplastic concentrations across water types and study locations
Water Type n Mean Standard deviation Geometric mean Geometric standard deviation Q1 Q3 IQR
Global
  Bottle 629 1261 16,799 128 4.66 41.9 257 215
  Tap 413 185 228 53.8 11.7 16 248 232
  Treated 20 179 281 4.37 52.6 0.21 301 300
  Raw 97 499 1031 42.3 11.5 9.70 556 546
Global North
  Bottle 291 795 2651 159 4.92 66 369 303
  Tap 222 143 96.8 57.9 9.80 73.1 213 140
  Treated 17 115 195 2.16 45.5 0.21 210 210
  Raw 18 482 953 23.3 29.8 5.58 447 441
Global South
  Bottle 338 1662 22,792 107 4.34 40.7 227 187
  Tap 191 234 313 49.4 14.2 12 326 314
  Treated 3 540 467 240 7.90 345 799 454
  Raw 79 503 1053 48.4 8.85 10.5 511 501

Fig. 2  Concentration boxplots across different water types (bottled, tap, treated, raw) and study location categories (All, Global North and Global South) 
in the realigned 1 μm to 5000 μm size range. Black dots represent outliers of individual samples, thick black lines represent the median concentration and 
red dots with labels represent the mean microplastic concentration of each water type
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Bottled water consumption: trends and drivers
Our analysis was based on consumption data on 60,013 
households in California from January 2006 to Decem-
ber 2019 (Table  3). The average price for bottled water 
was approximately $1.01/L ($2019), which was 2–5 times 
less expensive than juice and soda. Individuals, on aver-
age, consumed 56.17  L of bottled water annually. To 
contextualize this consumption rate, it is equivalent to 
approximately 113 bottles of water per person per year 
(assuming 0.5 L bottles). About 40% of the sample popu-
lation identified as non-white (Hispanic, Black, or Asian) 
(Table 3). Approximately 28% of the households included 
seniors aged 65 or older, 24% of the households included 
children, and 71% had access to cable. Around 58% of the 
households had members with at least a college educa-
tion, about 1% of the households participated in the WIC 
program, and another 1% resided in rural areas.

Trends by eethnicity and income
Based on self-reported ethnicity data from the survey, 
approximately 16% of the sample identified as Hispanic 
(Table 3). Previous studies found that Hispanics tend to 
consume more bottled water than non-Hispanics due to 
a number of factors, including the mistrust of tap water 
[14, 34]. From 2006 to 2019, we found similar results, 
indicating that, on average, Hispanics consume more 
bottled water per person than non-Hispanics, although 
the trend reversed in the last few years (Fig. 3). Nota-
bly, during the economic downturn in 2010, there was 
a decrease in bottled water consumption overall, which 
aligns with findings from previous studies [35].

To explore the relationship between income and bot-
tled water purchases, the sample data were categorized 
into three income terciles, representing the average 
annual household income of our sample: low (<$21,250), 
middle ($21,250-$43,750), and high-income (>$43,750) 
groups. Results suggest that households with higher 
incomes generally consume more bottled water relative 
to those with lower incomes (Fig. 4), contrary to other 
studies, which found that low-income groups consume 
more bottled water [13, 34, 36, 37]. Furthermore, average 
per-person bottled water consumption increased from 
2010 to 2019, albeit minimally for middle- and high-
income households, but significantly for low-income 
households (Fig. 4).

Drivers and associations
The results above indicate that bottled water consump-
tion was positively related to income and higher among 
Hispanic households; however, this relationship did not 
account for potential interactions among income, ethnic-
ity/race, and other confounding factors (e.g., education, 
age). To address this limitation, fixed effects regressions 
were employed to control for other observable (e.g., sales 
price) and time-invariant unobservable factors that may 
be correlated with bottled water consumption, as well as 
socioeconomic and demographic factors. As indicated 
earlier, our analysis focused on household-level bottled 
water purchases from 2006 to 2019, excluding 2020 due 
to significant changes in consumption trends resulting 
from the COVID-19 pandemic.

Individuals identifying as Hispanic exhibited consis-
tently higher bottled water consumption—13.2% on 

Table 2.  P-values from the Mann-Whitney U statistical test to determine significant differences in microplastic concentrations 
between different drinking water types

Green cells indicate a significant difference in microplastic concentration between the two drinking water types

Table 3  Summary statistics of the data used in the fixed effects 
regression analysis

Mean Std. dev. Min Max
Annual consumption (Liters/
person)

56.17 97.48 0.007 1938.53

Price Water ($) 1.01 2.37 0.00 124.44
Price Juice ($/liters) 2.03 1.01 0.00 32.80
Price Soda ($/liters) 5.75 9.13 0.34 366.88
Ethnicity (Base = non-Hispanic)
  Hispanic (%) 16 36 0 1
  Race (Base = White)
  Black (%) 10 30 0 1
  Asian (%) 13 34 0 1
  Senior (Yes if > = 65) (%) 28 45 0 1
  Child (%) 24 43 0 1
  Education (1 if > = college) 
(%)

58 49 0 1

  Cable (%) 71 45 0 1
  Household Size 2.49 1.36 1 9
  WIC (%) 1 8 0 1
  Rural (%) 1 9 0 1
  Annual Household Income 
($)

69,844.65 36,170.58 2,500 200,000

The total number of observations was 60,013, spanning the years 2006 through 
2019. The data included consumption, race, ethnicity, and other parameters, 
such as household size, presence of cable, enrollment in the WIC program, and 
residence in rural areas of California
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average—relative to non-Hispanics (Fig.  5). Compared 
to their White counterparts, Black individuals consumed 
more bottled water (36.1% more) while Asian individuals 
tended to consume slightly less (3.6% less). Our findings 

reveal a positive association between income and bottled 
water consumption, indicating that high-income indi-
viduals consumed about 18.2% more, and low-income 
consumers about 18.1% less, than middle-income 

Fig. 4  Average per-person bottled water consumption by income group in California (2006–2019)

 

Fig. 3  Average annual per-person bottled water consumption by ethnicity comparing hispanic and non-hispanic populations in California (2006–2019)
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individuals, respectively (Fig.  5). The full estimation of 
results is presented in Table s3. Note that our economet-
ric model specifies race/ethnicity and income as level 
effects rather than interaction terms. Accordingly, we 
assume that the slope between any race/ethnic cohort 
does not vary with income; instead, only the level effect 
changes according to the average income effect across 
income terciles.

Regarding the interpretation of the income term, our 
hypothesis is that it captures an “income effect” associ-
ated with bottled water purchases, which is consistent 
with economic theory: assuming bottled water is a nor-
mal good, higher income is expected to generate greater 
demand. At the same time, income may also reflect 
issues related to proximity to or access to clean drinking 
water. The race/ethnicity variables may similarly capture 
aspects of this, as well as cultural experiences and per-
ceptions. Yet because we also include fixed effects at the 
zipcode and county level, any of these issues that were 
time invariant over our study period would be controlled 
for and, thus, would not be biasing our other estimated 
coefficients. Furthermore, a full untangling of these influ-
ences would require a more sophisticated model with 
additional explanatory variables. For the purposes of 
our analysis, however, we emphasize the contribution 
of showing that these differences emerge in the data, 
thereby justifying further investigation by researchers 
and consideration by policymakers.

The estimated bottled water price elasticity in this 
study was approximately 0.75%, indicating that a 10% 
price increase leads to a 7.5% decrease in bottled water 

purchases (Table s3, Column 4). This low-price elasticity 
suggests that consumers are relatively insensitive to price 
changes when it comes to bottled water, a result that is 
consistent with previous studies [38, 39]. The cross-
price elasticity of bottled water with other products, 
specifically juice and soda, as potential substitutes was 
also examined. Results reveal that as the prices of juice 
and soda increased by 10%, bottled water consumption 
increased by 6.1% and 4.9%, respectively, suggesting juice 
and soda are substitutes for bottled water, an outcome 
also consistent with previous studies [40].

Exposure to microplastics by Ethnic, Race, and income 
group
To evaluate differences in microplastic exposure from 
bottled water across racial, ethnic, and income groups, 
the results of our estimated microplastic concentrations 
in bottled water were applied to the differences in bottled 
water consumption. Bottled water consumption (liters/
person/day) and its associated microplastic exposure 
(particles/person/day) in California were visualized using 
cumulative frequency distributions across racial and eth-
nic groups for each of the income terciles (Figs. 6 and 7).

Across each of the income terciles, the cumulative dis-
tribution for Black communities lies consistently below 
the cumulative distribution for White and Asian com-
munities (Fig.  6). This indicates that black communities 
consume more bottled water and are therefore poten-
tially more exposed to additional microplastics from 
these consumption differences relative to White com-
munities, while Asian communities are least exposed to 

Fig. 5  Estimated changes in per-person bottled water consumption by ethnicity, race, and income group in California (2006–2019)
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Fig. 7  Cumulative distribution of water bottle consumption and associated microplastic exposure per person per day across the low, mid, and high-
income terciles for the sampled hispanic and non hispanic population in California

 

Fig. 6  Cumulative distribution of water bottle consumption and associated microplastic exposure per person per day across the low, mid, and high-
income terciles for the sampled Asian, Black and White population in California
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microplastics through bottled water consumption. At the 
75th percentile of consumption, black communities are 
exposed to about 199 particles/person/day, 203 particles/
person/day, and 247 particles/person/day of microplas-
tics from the low, mid, and high income terciles, respec-
tively (Fig. 6).

 At the 75th percentile, Hispanic communities are 
exposed to approximately 124, 166, and 179 particles/
person/day of microplastics from the low, mid, and high 
income terciles, respectively (Fig. 7). Microplastic expo-
sure due to bottled water consumption ranges from 8 to 
34% higher for Hispanic communities relative to non-
Hispanic communities, and 30 to 77% higher for Black 
communities relative to White communities (Table s4).

Discussion
Global, federal, and state agencies increasingly recog-
nize the potential threat posed by microplastics in the 
environment, particularly in terms of the human health 
effects associated with their consumption. The World 
Health Organization (WHO) has initiated a compre-
hensive assessment of microplastics in the environment, 
including their potential risk to human health through 
drinking water (WHO, [41]). The U.S. National Oceanic 
and Atmospheric Administration (NOAA) and Environ-
mental Protection Agency (EPA), under a mandate from 
Congress, have acknowledged the growing body of evi-
dence demonstrating the health effects of microplastics, 
evidence that points to microplastics inducing inflamma-
tion, dysregulating the immune and endocrine systems, 
increasing cancer risk, and affecting pregnancy out-
comes[42, 43] (USEPA, 2024). At the state level, Califor-
nia, as mandated via the California Safe Drinking Water 
Act and Senate Bill No. 1422, is obligated to establish 
standardized methodologies for testing microplastics in 
drinking water, including public disclosure of the results 
[44, 45].

While regulatory efforts in monitoring, measuring, and 
reporting microplastics in drinking water are crucial first 
steps towards mitigating potential health effects, similar 
regulations are absent for bottled water. This discrepancy 
is concerning for three main reasons. First, microplas-
tic concentrations vary across different types of drink-
ing water. Our analysis suggests that on average, bottled 
water contains 6–7 times more microplastics than pub-
lic supplies of tap water, with some variation between 
the Global South, and the Global North. We found aver-
ages in the hundreds to thousands of microplastics per 
liter of bottled water and tens to hundreds of micro-
plastics per liter of public tap water. This aligns with 
previous research indicating up to 10,000 particles/L in 
bottled water [46], and tap water containing up to 1,000 
particles/L (47, 48).

A second concern regarding the lack of regulatory 
oversight of microplastics in bottled water is the grow-
ing prominence of bottled water as the primary source of 
drinking water, and the potential health concerns associ-
ated with increased microplastic ingestion. For example, 
bottled water consumption is growing at a rate of 6% 
annually, with approximately 38% of Americans con-
suming bottled water as their primary drinking source 
[10, 49]. Consumers may choose bottled water over tap 
water for various reasons, including some actual water 
quality violations, taste, odor, and convenience. How-
ever, much of their consumption, especially in the Global 
North and the U.S. is based on perceived safety [14, 24, 
50, 51]. These safety perceptions are primarily influenced 
by media and marketing that often emphasize the pre-
sumed purity, health benefits, and safety of bottled water 
[15, 52].

At the same time, mistrust in tap water in some highly 
developed countries is increasing, even though there has 
been a steady improvement in tap water quality overall 
[53]. In the U.S., this can be attributed to the standards 
for tap water set by the EPA, which are far more strin-
gent than those for bottled water set by the FDA [15, 
54]. So, while regulations are currently being developed 
to include microplastic concentrations in some public 
drinking water systems, no such information disclosure 
for bottled water is currently in development. Such asym-
metric information will limit consumers’ ability to make 
informed drinking water choices and, most likely, lead to 
the further overconsumption of bottled water and excess 
exposure to microplastics, ceteris paribus.

A third concern relates to understanding the differ-
ences in microplastic exposure amongst different popu-
lations as a result of bottled water consumption. Our 
findings indicate that across all income categories, higher 
bottled water consumption by Hispanic individuals rela-
tive to non-Hispanic communities results in an increase 
in microplastic exposure through drinking water of 
between 8% and 34% (Table s4). For Black communities, 
the study revealed microplastic exposure from bottled 
water consumption is even greater, with concentrations 
ranging from 30% to 77% higher compared to White 
communities (Table s4). The higher levels of bottled 
water consumption we find for Hispanic and Black com-
munities, which leads to the higher levels of microplas-
tic exposure, is consistent with previous research, which 
suggests choices are often influenced by concerns about 
tap water safety [13, 14, 54], and negative perceptions of 
tap water’s taste, clarity, and purity, along with a fear of 
contamination [55–57].

While there are many pathways other than increased 
consumption of bottled water by which humans are 
exposed to microplastics [58], as well as many other 
contaminants and water quality violations that influence 
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consumer choice of bottle over tap water, highlight-
ing disparities in microplastic exposure from enhanced 
bottled water consumption as a substitute for drink-
ing water helps inform public health policy and private 
health choices. Furthermore, it is important to recognize 
that there are many cases of public water quality and 
supply failures globally, including vast systemic failures 
across broad regions, particularly in the Global South, 
that motivate choices to consume bottled water [16, 17]. 
However, in this study we have focused on the bottled 
water consumption in the context of households served 
by public drinking water supplies in California that are 
reliable in terms of supply and heavily regulated in terms 
of quality.

From a public health perspective, federal and state 
efforts to establish maximum contaminant levels (MCLs) 
and increase transparency regarding microplastics in 
tap water have been gaining momentum. Unfortunately, 
there is little evidence for public health agencies to draw 
upon regarding microplastic exposure in non-tap water 
substitutes for drinking water. Our research helps fill 
this gap by comparing microplastic concentrations in 
drinking water sources of bottled water and tap water. 
From a private health perspective, consumers make 
decisions about drinking water choices based on sev-
eral criteria, including perceptions of water quality. The 
degree to which the surge in bottled water consumption 
as a substitute for tap water is driven by an uninformed 
understanding of the relative qualities of each indicates 
a market failure that can be corrected. One means to 
mitigate this market failure is to implement more strin-
gent regulations and reporting requirements related to 
microplastic concentrations for bottled water companies. 
Without such requirements, ill-informed private deci-
sions will lead to overconsumption of bottled water and 
unnecessary exposure to microplastics.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​4​3​5​9​1​-​0​2​5​-​0​0​1​5​0​-​9.

Supplementary Material 1. References [59–100] are cited in the supple-
mentary file as studies selected from the literature review for analysis.

Authors’ contributions
**SS**: Obtained and analyzed the microplastic concentration data, the 
exposure rates data, produced all the microplastic-related figures, and was 
a major contributor to the writing of the manuscript**AG**: Co-supervised 
the project, assisted with project development, and contributed to writing, 
reviewing, and editing the manuscript.**MN**: Obtained the Nielsen 
Homescan Dataset, analyzed the Nielsen Homescan database for bottled 
water consumption, and performed regression analysis. Analyzed the dataset 
and produced figures relating to this, and contributed to the writing and 
reviewing of the manuscript.**KS**: Co-supervised the project, assisted with 
project development, and was a major contributor to the writing of the 
manuscript.**LW**: Analyzed the Nielsen Homescan database for bottled 
water consumption and regression analysis.

Funding
This work was funded in part by the USDA National Institute of Food and 
Agriculture, Hatch program [project number CA-R-ENS-5120-H], the UC ANR 
AES Mission Funding Program, a Fulbright International Graduate Fellowship, 
and a UC Riverside Graduate Fellowship.

Data availability
The datasets generated and/or analyzed during the current study, related to 
microplastic concentration and exposure, are available in the [BottleWaterMP] 
repository at [​h​t​t​p​​s​:​/​​/​g​i​t​​h​u​​b​.​c​​o​m​/​​S​a​m​i​​k​s​​h​a​S​​i​n​g​​h​2​5​0​​6​/​​B​o​t​t​l​e​d​W​a​t​e​r​M​P]. 
The data supporting the findings of this study, specifically the water bottle 
consumption data, are available from the authors; however, restrictions apply 
to their availability. These data were used under license for the current study 
and are therefore not publicly available.

Declarations

Ethics approval and consent to participate
The Nielsen Homescan Database was used for this research, and permission 
was provided to the University of California, Riverside, School of Public Policy 
to use it.

Competing interests
The authors declare no competing interests.

Received: 6 June 2025 / Accepted: 6 October 2025

References
1.	 Nizamali J, Mintenig SM, Koelmans AA. Assessing microplastic characteris-

tics in bottled drinking water and air deposition samples using laser direct 
infrared imaging. J Hazard Mater. 2023;441:129942.

2.	 Coffin S, et al. Development and application of a health-based framework for 
informing regulatory action in relation to exposure of microplastic particles 
in California drinking water. Microplast Nanoplast. 2022;2:12.

3.	 Oßmann BE, et al. Small-sized microplastics and pigmented particles in 
bottled mineral water. Water Res. 2018;141:307–16.

4.	 Gambino I, Bagordo F, Grassi T, Panico A, De Donno A. Occurrence of micro-
plastics in tap and bottled water: current knowledge. Int J Environ Res Public 
Health. 2022. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​9​0​9​5​2​8​3.

5.	 Sewwandi M, Wijesekara H, Rajapaksha AU, Soysa S, Vithanage M. Microplas-
tics and plastics-associated contaminants in food and beverages; global 
trends, concentrations, and human exposure. Environ Pollut. 2022:120747. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​n​​v​p​o​​l​.​2​0​​2​2​​.​1​2​0​7​4​7. 

6.	 Emenike EC, et al. From oceans to dinner plates: the impact of microplastics 
on human health. Heliyon. 2023;9:e20440.

7.	 Trasande L. The role of plastics in allergy, immunology, and human health: 
what the clinician needs to know and can do about it. Ann Allergy Asthma 
Immunol. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​n​a​i​.​2​0​2​4​.​0​6​.​0​2​9.

8.	 Mason SA, Welch VG, Neratko J. Synthetic polymer contamination in bottled 
water. Front Chem. 2018;6:407.

9.	 Samandra S, et al. Assessing exposure of the Australian population to 
microplastics through bottled water consumption. Sci Total Environ. 
2022;837:155329.

10.	 March H, Garcia X, Domene E, Sauri D. Tap water, bottled water or in-home 
water treatment systems: insights on household perceptions and choices. 
Water. 2020;12:1310.

11.	 U.S. bottled water market - statistics & facts. Statista​h​t​t​p​s​:​/​/​w​w​w​.​s​t​a​t​i​s​t​a​.​c​o​m​/​
t​o​p​i​c​s​/​1​3​0​2​/​b​o​t​t​l​e​d​-​w​a​t​e​r​-​m​a​r​k​e​t​/.

12.	 Prasetiawan T, Nastiti A, Muntalif BS. ‘Bad’ piped water and other perceptual 
drivers of bottled water consumption in Indonesia. WIREs Water. 2017;4:12–9. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​w​​a​t​2​.​1​2​1​9. 

13.	 Rosinger AY, Patel AI, Weaks F. Examining recent trends in the racial disparity 
gap in tap water consumption: NHANES 2011–2018. Public Health Nutr. 
2022;25:207–13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​S​​1​3​6​8​9​8​0​0​2​1​0​0​2​6​0​3. 

14.	 Gorelick MH. Perceptions about water and increased use of bottled water in 
minority children. Arch Pediatr Adolesc Med. 2011;165:928–32.

https://doi.org/10.1186/s43591-025-00150-9
https://doi.org/10.1186/s43591-025-00150-9
https://github.com/SamikshaSingh2506/BottledWaterMP
https://doi.org/10.3390/ijerph19095283
https://doi.org/10.1016/j.envpol.2022.120747
https://doi.org/10.1016/j.envpol.2022.120747
https://doi.org/10.1016/j.anai.2024.06.029
https://www.statista.com/topics/1302/bottled-water-market/
https://www.statista.com/topics/1302/bottled-water-market/
https://doi.org/10.1002/wat2.1219
https://doi.org/10.1002/wat2.1219
https://doi.org/10.1017/S1368980021002603


Page 13 of 14Singh et al. Microplastics and Nanoplastics            (2025) 5:43 

15.	 Huerta-Saenz L, Irigoyen M, Benavides J, Mendoza M. Tap or bottled water: 
drinking preferences among urban minority children and adolescents. J 
Community Health. 2012;37:54–8.

16.	 Beard VA, Mitlin D. Water access in global South cities: the challenges of 
intermittency and affordability. World Dev. 2021;147:105625. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​1​6​​/​j​​.​w​o​​r​l​d​​d​e​v​.​​2​0​​2​1​.​1​0​5​6​2​5.

17.	 Jones ER, Bierkens MFP, van Vliet MTH. Current and future global water scar-
city intensifies when accounting for surface water quality. Nat Clim Change. 
2024;14(6):629–35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​5​8​-​0​2​4​-​0​2​0​0​7​-​0.

18.	 Ruckart PZ, Ettinger AS, Hanna-Attisha M, Jones N, Davis SI, Breysse PN. The 
Flint water crisis: a coordinated public health emergency response and 
recovery initiative. J Public Health Manag Pract. 2019;25:S84-90.

19.	 Miller P, Hiatt M. Hydrometeorological drivers of the 2023 Louisiana water 
crisis. Geophys Res Lett. 2024;51(10):e2024GL108545.

20.	 Allaire M, Wu H, Lall U. National trends in drinking water quality violations. 
Proc Natl Acad Sci U S A. 2018;115:2078–83.

21.	 Johnson BB. Do reports on drinking water quality affect customers’ concerns? 
Experiments in report content. Risk Anal. 2003;23:985–98.

22.	 Pape AD, Seo M. Reports of water quality violations induce consumers to buy 
bottled water. Agric Resour Econ Rev. 2015;44:78–93.

23.	 Foltz F. Science. Pollution, and clean drinking water: choosing between 
tap water, bottled water, and home purification. Bull Sci Technol Soc. 
1999;19:300–9.

24.	 Saylor A, Prokopy LS, Amberg S. What’s wrong with the tap? Examining 
perceptions of tap water and bottled water at Purdue university. Environ 
Manage. 2011;48:588–601.

25.	 Pennino MJ, Compton JE, Leibowitz SG. Trends in drinking water nitrate viola-
tions across the united States. Environ Sci Technol. 2017;51:13450–60.

26.	 Kooi M, Koelmans AA. Simplifying microplastic via continuous probability dis-
tributions for size, shape, and density. Environ Sci Technol Lett. 2019;6:551–7.

27.	 Koelmans AA, Redondo-Hasselerharm PE, Nor M, N. H., Kooi M. Solving the 
nonalignment of methods and approaches used in microplastic research to 
consistently characterize risk. Environ Sci Technol. 2020;54:12307–15.

28.	 Russell CE, Pohl F, Fernández R. Plastic as a sediment–a universal and objec-
tive practical solution to growing ambiguity in plastic litter classification 
schemes. Earth-Sci Rev. 2025;261:104994.

29.	 Mohamed Nor NH, Kooi M, Diepens NJ, Koelmans AA. Lifetime accumulation 
of microplastic in children and adults. Environ Sci Technol. 2021;55:5084–96.

30.	 Nemati M, Tran D. The impact of COVID-19 on urban water consumption in 
the United States. Water. 2022;14(19):3096.

31.	 Nemati M. COVID-19 and Urban Water Consumption. Giannini Foundation of 
Agricultural Economics. ARE Update 2020, 24, 9–11. Available online: ​h​t​t​p​​s​:​/​​/​
s​.​g​​i​a​​n​n​i​​n​i​.​​u​c​o​p​​.​e​​d​u​/​​u​p​l​​o​a​d​s​​/​g​​i​a​n​​n​i​n​​i​_​p​u​​b​l​​i​c​/​​6​c​/​​4​5​/​6​​c​4​​5​e​9​​f​6​-​​7​f​9​0​​-​4​​c​9​9​​-​9​d​​1​
4​-​6​​3​9​​0​5​5​9​3​5​3​9​a​/​v​2​4​n​1​_​3​.​p​d​f.

32.	 United States Department of Agriculture. WIC: USDA’s Special Supplemen-
tal Nutrition Program for Women, Infants, and Children. 2025. Available at 
https://www.fns.usda.gov/wic.

33.	 Bertrand M, Duflo E, Mullainathan S. How much should we trust differences-
in-differences estimates? Q J Econ. 2004;119:249–75.

34.	 Patel AI, Shapiro DJ, Wang YC, Cabana MD. Sociodemographic characteris-
tics and beverage intake of children who drink tap water. Am J Prev Med. 
2013;45:75–82.

35.	 Hu Z, Morton LW, Mahler RL. Bottled water: united States consumers and 
their perceptions of water quality. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​5​6​5.

36.	 Onufrak SJ, Park S, Sharkey JR, Sherry B. The relationship of perceptions of 
tap water safety with intake of sugar-sweetened beverages and plain water 
among U.S. adults. Public Health Nutr. 2014;17:179–85.

37.	 Weisner ML, Root TL, Harris MS, Mitsova D, Liu W. The complexities of trust 
between urban water utilities and the public. Sustain Water Resour Manag. 
2020. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​4​0​8​9​9​-​0​2​0​-​0​0​4​0​7​-​6.

38.	 Bakhtavoryan R, Hovhannisyan V. Quantifying the structure of residential 
water demand in the United States: a generalized exact affine stone index 
demand framework. Agric Resour Econ Rev. 2022;51:68–85.

39.	 Berck P, Moe-Lange J, Stevens A, Villas-Boas S. Measuring consumer 
responses to a bottled water tax policy. Am J Agric Econ. 2016;98:981–96.

40.	 Zheng Y, Kaiser H. Advertising and U. S. nonalcoholic beverage demand. 
Agric Resour Econ Rev. 2008;37:147–59.

41.	 Microplastics in drinking-water. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​p​u​b​​l​i​​c​a​t​​i​o​n​​s​/​i​/​​i​t​​e​m​/​9​7​8​
9​2​4​1​5​1​6​1​9​8 (2019).

42.	 Cho YM, Choi K-H. The current status of studies of human exposure assess-
ment of microplastics and their health effects: a rapid systematic review. 
Environ Anal Health Toxicol. 2021;36:e2021004–0.

43.	 Prata JC, da Costa JP, Lopes I, Duarte AC, Rocha-Santos T. Environmental 
exposure to microplastics: an overview on possible human health effects. Sci 
Total Environ. 2020;702:134455.

44.	 Koelmans AA, et al. Microplastics in freshwaters and drinking water: critical 
review and assessment of data quality. Water Res. 2019;155:410–22.

45.	 Kirstein IV, Gomiero A, Vollertsen J. Microplastic pollution in drinking water. 
Curr Opin Toxicol. 2021;28:70–5.

46.	 Zuccarello P. Reply for comment on “Exposure to microplastics (<10 μm) 
associated to plastic bottles mineral water consumption: The first quantita-
tive study by Zuccarello et al. [Water Research 157 (2019) 365–371].” Water 
Res. 2019;166:115077.

47.	 Tong H, Jiang Q, Hu X, Zhong X. Occurrence and identification of microplas-
tics in tap water from China. Chemosphere. 2020;252:126493.

48.	 Wang S, et al. Microplastic abundance, distribution and composition in the 
mid-west Pacific Ocean. Environ Pollut. 2020;264:114125.

49.	 Vieux F, Maillot M, Rehm CD, Barrios P, Drewnowski A. Trends in tap and 
bottled water consumption among children and adults in the United States: 
analyses of NHANES 2011-16 data. Nutr J. 2020;19:10.

50.	 Park S, et al. Perceptions of water safety and tap water taste and their 
associations with beverage intake among U.S. adults. Am J Health Promot. 
2023;37:625–37.

51.	 Scherzer T, Barker JC, Pollick H, Weintraub JA. Water consumption beliefs 
and practices in a rural Latino community: implications for fluoridation: rural 
Latino water consumption. J Public Health Dent. 2010;70:337–43.

52.	 Hawkins G. The impacts of bottled water: an analysis of bottled water 
markets and their interactions with tap water provision. WIREs Water. 
2017;4:e1203.

53.	 Doria MF. Bottled water versus tap water: understanding consumers’ prefer-
ences. J Water Health. 2006;4:271–6.

54.	 Hobson WL, et al. Bottled, filtered, and tap water use in Latino and non-Latino 
children. Arch Pediatr Adolesc Med. 2007;161:457–61.

55.	 Park S, Onufrak S, Patel A, Sharkey JR, Blanck HM. Perceptions of drinking 
water safety and their associations with plain water intake among U.S. 
Hispanic adults. J Water Health. 2019;17:587–96.

56.	 Sriraman N, Patrick P, Hutton K, Edwards KS. Children’s drinking water: 
parental preferences and implications for fluoride exposure. Pediatr Dent. 
2009;31:310–5.

57.	 Weissman AM. Bottled water use in an immigrant community: a public 
health issue? Am J Public Health. 1997;87:1379–80.

58.	 Fang M, et al. Microplastic ingestion from atmospheric deposition during 
dining/drinking activities. J Hazard Mater. 2022;432:128674.

59.	 Wiesheu AC, Anger PM, Baumann T, Niessner R, Ivleva NP. Raman microspec-
troscopic analysis of fibers in beverages. Anal Methods. 2016;8:5722–5.

60.	 Almaiman L, et al. The occurrence and dietary intake related to the presence 
of microplastics in drinking water in Saudi Arabia. Environ Monit Assess. 
2021;193:390.

61.	 Chu X, et al. Occurrence and distribution of microplastics in water supply 
systems: in water and pipe scales. Sci Total Environ. 2022;803:150004.

62.	 Dalmau-Soler J, Ballesteros-Cano R, Ferrer N, Boleda MR, Lacorte S. Microplas-
tics throughout a tap water supply network. Water Environ J. 2022;36:292–8.

63.	 Johnson AC, et al. Identification and quantification of microplastics in potable 
water and their sources within water treatment works in England and Wales. 
Environ Sci Technol. 2020;54:12326–34.

64.	 Jung J-W, Kim S, Kim Y-S, Jeong S, Lee J. Tracing microplastics from raw water 
to drinking water treatment plants in Busan, South Korea. Sci Total Environ. 
2022;825:154015.

65.	 Kankanige D, Babel S. Smaller-sized micro-plastics (MPs) contamination in 
single-use PET-bottled water in Thailand. Sci Total Environ. 2020;717:137232.

66.	 Kirstein IV, et al. Drinking plastics? - Quantification and qualification of micro-
plastics in drinking water distribution systems by µFTIR and Py-GCMS. Water 
Res. 2021;188:116519.

67.	 Li Y, Peng L, Fu J, Dai X, Wang G. A microscopic survey on microplas-
tics in beverages: the case of beer, mineral water and tea. Analyst. 
2022;147:1099–105.

68.	 Makhdoumi P, et al. Occurrence of microplastic particles in the most popular 
Iranian bottled mineral water brands and an assessment of human exposure. 
J Water Process Eng. 2021;39:101708.

69.	 Mintenig SM, Löder MGJ, Primpke S, Gerdts G. Low numbers of microplastics 
detected in drinking water from ground water sources. Sci Total Environ. 
2019;648:631–5.

70.	 Oni BA, Sanni SE. Occurrence of microplastics in borehole drinking water and 
sediments in Lagos, Nigeria. Environ Toxicol Chem. 2022;41(7):1721–31.

https://doi.org/10.1016/j.worlddev.2021.105625
https://doi.org/10.1016/j.worlddev.2021.105625
https://doi.org/10.1038/s41558-024-02007-0
https://s.giannini.ucop.edu/uploads/giannini_public/6c/45/6c45e9f6-7f90-4c99-9d14-63905593539a/v24n1_3.pdf
https://s.giannini.ucop.edu/uploads/giannini_public/6c/45/6c45e9f6-7f90-4c99-9d14-63905593539a/v24n1_3.pdf
https://s.giannini.ucop.edu/uploads/giannini_public/6c/45/6c45e9f6-7f90-4c99-9d14-63905593539a/v24n1_3.pdf
https://www.fns.usda.gov/wic
https://doi.org/10.3390/ijerph565
https://doi.org/10.1007/s40899-020-00407-6
https://www.who.int/publications/i/item/9789241516198
https://www.who.int/publications/i/item/9789241516198


Page 14 of 14Singh et al. Microplastics and Nanoplastics            (2025) 5:43 

71.	 Pittroff M, et al. Microplastic analysis in drinking water based on fractionated 
filtration sampling and Raman microspectroscopy. Environ Sci Pollut Res Int. 
2021;28:59439–51.

72.	 Pivokonsky M, et al. Occurrence of microplastics in raw and treated drinking 
water. Sci Total Environ. 2018;643:1644–51.

73.	 Sarkar DJ, et al. Microplastics removal efficiency of drinking water treatment 
plant with pulse clarifier. J Hazard Mater. 2021;413:125347.

74.	 Schymanski D, Goldbeck C, Humpf H-U, Fürst P. Analysis of microplastics in 
water by micro-Raman spectroscopy: release of plastic particles from differ-
ent packaging into mineral water. Water Res. 2018;129:154–62.

75.	 Semmouri I, et al. Presence of microplastics in drinking water from different 
freshwater sources in Flanders (Belgium), an urbanized region in Europe. Int J 
Food Contam. 2022;9(1):1–11.

76.	 Shruti VC, Pérez-Guevara F, Kutralam-Muniasamy G. Metro station free drink-
ing water fountain- A potential ‘microplastics hotspot’ for human consump-
tion. Environ Pollut. 2020;261:114227.

77.	 Strand J, Feld L, Murphy F, Mackevica A. & Hartmann, N. B. Analysis of micro-
plastic particles in Danish drinking water. 2018.

78.	 Wang Z, Lin T, Chen W. Occurrence and removal of microplastics in an 
advanced drinking water treatment plant (ADWTP). Sci Total Environ. 
2019;700:134520.

79.	 Zhang M, et al. Distribution characteristics and influencing factors of micro-
plastics in urban tap water and water sources in Qingdao, China. Anal Lett. 
2020;53:1312–27.

80.	 Zhou X-J, et al. Microplastic pollution of bottled water in China. J Water Proc.
engineering. 2021;40:101884.

81.	 Adib D, Mafigholami R, Tabeshkia H. Identification of microplastics in con-
ventional drinking water treatment plants in Tehran, Iran. J Environ Health Sci 
Eng. 2021;19(2):1817–26.

82.	 Altunışık A. Microplastic pollution and human risk assessment in Turk-
ish bottled natural and mineral waters. Environ Sci Pollut Res Int. 
2023;30(14):39815–25.

83.	 Aliyu AO, Okunola OJ, Awe FE, Musa AA. Assessment of microplastics 
contamination in river water, bottled water, sachet water and branded 
table salt samples in Kaduna Metropolis, Nigeria. J Appl Sci Environ Manage. 
2023;27(6):1105. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​3​1​4​​/​j​​a​s​e​m​.​v​2​7​i​6​.​8. 

84.	 Brancaleone E, Mattei D, Fuscoletti V, Lucentini L, Favero G, Cecchini G, et al. 
Microplastic in drinking water: a pilot study. Microplastics. 2024;3(1):31–45.

85.	 Buyukunal SK, Koluman A, Muratoglu K. Microplastic pollution of drinking 
water in a metropolis. J Water Health. 2023;21(6):687–701.

86.	 Dileepan AB, Jeyaram S, Arumugam N, Almansour AI, Santhamoorthy M. 
Identification and occurrence of microplastics in drinking water bottles 
and milk packaging consumed by humans daily. Environ Monit Assess. 
2025;197(3):261.

87.	 Gálvez-Blanca V, Edo C, González-Pleiter M, Fernández-Piñas F, Leganés F, 
Rosal R. Microplastics and non-natural cellulosic particles in Spanish bottled 
drinking water. Sci Rep. 2024;14(1):11089.

88.	 Hossain MB, Yu J, Sarker PK, Banik P, Sultana S, Nur A. A. U. , Arai T. Microplastic 
accumulation, morpho-polymer characterization, and dietary exposure 
in urban tap water of a developing Nation. Front Sustainable Food Syst. 
2024;8:1397348.

89.	 Lim EQ, See HH, Lau WJ, Goh PS, Breadmore MC, Takeuchi H, Ismail AF. Rapid 
and precise method for microplastic analysis in Malaysian bottled water. J 
Environ Chem Eng. 2025:118079. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​e​c​e​.​2​0​2​5​.​1​1​8​0​7​9. 

90.	 Medić A, Fiedler H, Selvam T, Grošev VM, Lovković S, Mikac L, et al. Occur-
rence of microplastics in bottled water from Croatia: a Raman spectroscopy 
approach. Environ Sci Pollut Res Int. 2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​3​5​6​-​0​2​
5​-​3​6​4​5​7​-​6.

91.	 Patil S, Bafana A, Krishnamurthi K, Sivanesan S. Estimated exposure to micro-
plastics through national and local brands of bottled water in central India. 
Environ Monit Assess. 2024;196(3):240.

92.	 Praveena SM, Ariffin NIS, Nafisyah AL. Microplastics in Malaysian bottled 
water brands: occurrence and potential human exposure. Environ Pollut. 
2022;315:120494.

93.	 Ramaremisa G, Erasmus RM, Tutu H, Saad D. Occurrence and characteristics of 
microplastics in South African beverages. Environ Pollut. 2025;365:125388.

94.	 Sarlin PJ, Morris S, Savitha G, Gopan A, Radhakrishnan EK. Occurrence and 
characterization of microplastics in bottled drinking water. Discover Environ-
ment. 2024;2(1):102.

95.	 Sharifi H, Attar HM, Mohammadi F. Qualitative and quantitative analy-
ses of microplastics in tap water supply network in Iran. J Health Scope. 
2024;13(4):1–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​8​1​2​​/​h​​e​a​l​t​h​s​c​o​p​e​-​1​4​8​1​3​4. 

96.	 Sultan MH, Al-Ahmady KK, Khalid R, Mhemid S. Assessment of microplastic 
particles in tap water on the right side of Mosul City, Iraq. Al-Rafidain Eng J. 
2023;28(2):310–21.

97.	 Taghipour H, Ghayebzadeh M, Ganji F, Mousavi S, Azizi N. Tracking micro-
plastics contamination in drinking water in Zahedan, Iran: from source to 
consumption taps. Sci Total Environ. 2023;872:162121.

98.	 Tse YT, Chan SMN, Sze ETP. Quantitative assessment of full size microplastics 
in bottled and tap water samples in Hong Kong. Int J Environ Res Public 
Health. 2022;19(20):13432.

99.	 Zhou G, Wu Q, Wei XF, Chen C, Ma J, Crittenden JC, et al. Tracing microplastics 
in rural drinking water in Chongqing, China: their presence and pathways 
from source to tap. J Hazard Mater. 2023;459:132206.

100.	 Al-Mansoori M, Stephenson M, Harrad S, & Abdallah MA-E . Synthetic micro-
plastics in UK tap and bottled water: implications for human exposure. Emerg 
Contam. 2025;11(1);100417. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​m​​c​o​n​​.​2​0​2​​4​.​​1​0​0​4​1​7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.4314/jasem.v27i6.8
https://doi.org/10.1016/j.jece.2025.118079
https://doi.org/10.1007/s11356-025-36457-6
https://doi.org/10.1007/s11356-025-36457-6
https://doi.org/10.5812/healthscope-148134
https://doi.org/10.1016/j.emcon.2024.100417

	﻿Microplastic exposure disparities in California communities through bottled water consumption
	﻿Abstract
	﻿Introduction
	﻿Data and methods
	﻿Literature review
	﻿Harmonizing microplastic concentrations
	﻿Comparison of microplastic concentrations
	﻿Estimating factors associated with bottled water consumption
	﻿Microplastics exposure rates
	﻿Method limitations

	﻿Results
	﻿Microplastic concentrations in drinking water
	﻿Bottled water consumption: trends and drivers
	﻿Trends by eethnicity and income
	﻿Drivers and associations
	﻿Exposure to microplastics by Ethnic, Race, and income group

	﻿Discussion
	﻿References


