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Abstract 

Background: Household and personal care products (H&PCPs) are used frequently in the domestic environment. 
Different types of H&PCPs often contain the same chemicals and have potential for aggregate exposure. Therefore, 
product use patterns should be investigated to assess exposure and health risk.

Results: A nationwide survey was conducted in Korea to examine the use of 16 types of H&PCPs, to obtain data that 
can be used for such assessments. The initial analysis focused on identifying usage patterns, such as the frequency 
of use and amount of product used per application. Then, co-use in 16 product categories were analyzed. Family 
size, marital status and age were, respectively, recognized as the critical demographic factor for classification of the 
frequency of use in laundry products, cleaning products and shower products. In laundry products, cleaning products 
and shower products, frequent H&PCPs co-use patterns according to demographical factor were recognized. Chances 
of exposure of chemical ingredients to participants were investigated based on the usage of individual products. 
32 chemicals among all investigated ingredients were identified to be potentially exposed to more than half of the 
participants, and 21 chemicals are classified above Class 4 in acute toxicity.

Conclusions: Personal preference was not observed both in the use frequency and the amount per application of 
H&PCPs, among all participants. Instead, household duties were found to be associated with the yearly use frequency 
of household care products. In addition, the yearly chemical profiles of individual consumer were obtained, and the 
chemicals that have multiple chances of exposure and concomitant health risk in daily life were identified. The results 
provide the overview of distribution of chemicals in daily life, and essential ground for aggregate exposure assess-
ment in Korea.
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Background
Consumers regularly use household and personal care 
products (H&PCPs) that contain many chemicals. Some 
of these chemicals can irritate the skin [1], eyes [2], 
and respiratory tract [3]. These chemicals can also have 
effects harmful to health, including endocrine disruption 
[4], cancer [5], and pulmonary disease [6]. Fragrance 
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ingredients are known to be associated with health 
problems [7, 8].

Recent studies reported that some chemical ingredients 
of PCPs were detected in human serum and urine, and 
their concentrations in human bodily fluids are related 
to usage of PCPs by consumers [9, 10]. However, without 
usage pattern data like frequency, amount and chemical 
profiles, it is difficult to express the degree of risk that 
users may experience from the chemical ingredients of 
PCPs.

To determine the health risks associated with H&PCP 
use, it is necessary to estimate exposure, which can be 
calculated from usage pattern data. Over the past 5 years, 
numerous studies have assessed personal care product 
(PCP) usage patterns [11–17], while fewer have examined 
household care products (HCPs) [18–20]. Many HCPs 
are designed for daily use, such as dishwashing agents 
and laundry detergents. Therefore, the chemicals in 
HCPs can be transferred to the body and cause adverse 
effects, as demonstrated for isothiazolinones [6, 21] and 
phthalates [22, 23].

Many studies of the usage patterns of consumer 
products have focused on the products themselves, rather 
than their chemical ingredients [16, 19, 24–27]. However, 
exposure to a product per se may not be as relevant with 
respect to assessing health risks. Moreover, as diverse 
types of products can contain the same chemicals, health 
hazards may arise when multiple products containing 
the same chemicals are used simultaneously, even when 
each product contains safe levels of a given chemical. 
Therefore, it is essential to consider the individual 
chemicals in consumer products when assessing usage 
patterns, human exposure and the corresponding health 
risks and to combine exposure of individual to a specific 
chemical via relevant routes, pathways and source [28]. 
The latter one, aggregate exposure assessment can be 
divided into product-based approach and receptor-based 
approach [29].

In case studies applying receptor-based approaches, 
self-reported data on PCP use patterns and measured 
concentration of ingredient were linked at an individual 
basis [29, 30]. Recently, combined aggregate exposure 
pathway and adverse outcome pathway (AEP–AOP) 
approaches [31, 32] and probabilistic exposure 
assessments [33, 34] were developed and applied in 
personal care products. In these exposure assessments, 
PCP use data including co-use patterns is essential [35].

This study focused on co-occurring chemicals present 
in individual surrounding, to provide directions and 
guideline for consumer aggregate exposure and health 
risks analysis in Korea. A web-based survey was 
conducted on the use of 16 types of H&PCPs. In total, 
413 products were studied: 222 HCPs and 191 PCPs. 

The survey collected usage pattern data pertaining to 
the (1) prevalence of use, (2) type of product (e.g., liquid, 
powder, or spray), (3) frequency of use, (4) duration of 
use, and (5) amount used per application of individual 
products. Co-use patterns and correlations of usage 
patterns among product categories were analyzed based 
on the data for individual products. Then, the chemical 
ingredients in the H&PCPs were explored, and chemicals 
with high exposure potential, i.e., those present in 
multiple product types, were identified. Finally, the 
health effects of the chemicals were investigated, and 
those known to pose hazard were identified.

Materials and methods
Study population
One thousand participants were recruited from 17 
metropolitan and rural areas in Korea. The study 
population included individuals aged between 19 and 
65  years. The number of participants drawn from each 
province was based on the population of that province 
relative to the total population of Korea [36].

Data collection
A web-based questionnaire with both open and closed 
questions was developed and distributed in July 2018 
(see Additional file 1: survey questionnaire). This survey 
was to analyze the personalized usage patterns of 
household and personal care products on an individual 
basis. The questionnaire enquired about the demographic 
characteristics of the respondents and their H&PCP 
usage patterns. The demographic factors included 
gender, age, region of residence, income, family size, and 
occupation. The H&PCP categories included laundry 
detergents, fabric softeners, bleaching agents, washer 
and laundry room cleaners, shampoos, rinses, body 
cleansers, mouthwashes, toothpastes, bathroom and 
toilet cleaners, antibacterial disinfectants, air fresheners/
deodorizers, hand sanitizers, dishwashing detergents, all-
purpose cleaners, and glass and metal cleaners. Those 16 
categories were selected from the most frequently used 
H&PCPs in our prior survey that was conducted to select 
H&PCP categories and priorities that consumers use a 
lot. Leave-on products such as perfumes, deodorants, 
lotions and so on were not considered.

For each product category, the prevalence of use was 
determined using questions like “Which of the products 
below do you use in the laundry room?”, where for each 
product type there were questions for all locations of 
interest. In their responses, participants could select 
from among products named in the questionnaire, or 
manually enter the name of a different product. For each 
product type, questions on frequency and duration of 
use (min, second), and amount used per application (g/
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use), were followed. The frequency of use was recorded 
per day, week, or month. For each HCP category, the 
use of protective gloves or a mask was noted. Next, 
questions on the estimated amount of each product used 
per application were presented, with amounts recorded 
in milliliters (mL) for liquids, grams (g) for powders, 
counts for dispenser-type products, number of sprays for 
trigger-type sprays, and duration of spraying for aerosol-
type sprays. A shot glass (50  mL), paper cup (180  mL), 
and tablespoon (10  g) were provided as example 
amounts. The 111 products among the various H&PCP 
categories were selected in order of use by respondents 
and purchased. In the laboratory, we measured the 
weight (g) of product dispensed per spray for trigger-type 
sprays, that of aerosol spray applied per unit time, and 
that of liquid products per cup of liquid products. For 
products with no laboratory data, the amount used per 
application (g/use) was estimated based on available data 
for other products of that type.

The participants reported using 413 different products, 
the ingredients of which were analyzed. We searched 
webpages of makers and labels of products to determine 
the ingredients in the products; 690 ingredients were 
identified in all.

Data analysis
All statistical analyses were conducted using R software 
(ver. 3.6.0; R Development Core Team, Vienna, Austria).

Product usage patterns
Product usage patterns were estimated using questions 
regarding the frequency of use and amount of product 
used per application. The yearly frequency of use (use/
year) was calculated based on the reported daily, weekly, 
or monthly use. The median amount per application (g) 
was calculated for each respondent based on the use 
data for all H&PCPs. Decision tree classification was 
used to analyze usage patterns for each product category 
according to demographic factors such as gender, age 
group, marital status, and family size. A p-value < 0.05 
indicated statistical significance, unless stated otherwise.

Co‑use of products
The co-use of consumer products that contain the 
same chemicals results in aggregate exposure. The 
co-use of products from different categories within 
each use purpose (i.e., laundry, cleaning and shower) 
was assessed. Then, the percentage of respondents 
indicating to use the products according to each co-use 
combination, and the cumulative sum of the fractions, 
were calculated. Spearman’s correlation coefficient (R) 
was used to measure the strength of correlations between 

the H&PCPs in each category, in terms of frequency and 
amount used.

Results and discussion
Demographics of the study population
Table  1 summarizes the demographics of the study 
population, which was 51.0% female and 49.0% male. 
For the analysis, the participants were divided into five 
age groups: 20s (19–29  years), 30s (30–39  years), 40s 
(40–49  years), 50s (50–59  years), and 60+ years. These 
groups contained 20.8, 20.5, 24.2, 23.6, and 10.9% of 
the participants, respectively. The regions presented 
in Table  1 are all the administrative districts in Korea. 
The demographics of the participants in each province, 
gender, and age subgroup were in accordance with 
nationwide norms for 2016 [36–38] (Table 1).

Product usage patterns
The daily use frequency (use/day) and the amount used 
per application (g/use) for various demographic groups 
of the study population are summarized in Additional 
file  2: Tables S1 and S2, respectively. For international 
relevance, use frequency values for shower products 
were compared with those in Scientific Committee on 
Consumer Safety (SCCS) guidance [39] and a French 
study [25] (Table  2). The range of use frequency values 
of shampoo, rinse and body cleanser in this study (0.78–
1.46, 0.62–0.95, and 0.73–1.14 per day, respectively; from 
all demographic groups) were comparable to those of 
French population (0.44–0.67, 0.37–0.47, and 0.87–1.04 

Table 1 Demographic characteristics of  survey 
participants in this study

Groups Survey National statistics

(Person) (%) (Person) (%)

Gender

 Male 510 51.0 25,768,055 50.1

 Female 490 49.0 25,654,452 49.9

Age

 20s 208 20.8 6,925,447 19.7

 30s 205 20.5 7,518,454 21.4

 40s 242 24.2 8,570,005 24.3

 50s 236 23.6 8,380,783 23.8

 Over 60 109 10.9 3,812,645 10.8

Family size

 1 84 8.4 5,618,677 28.6

 2 198 19.8 5,260,332 26.7

 3 285 28.5 4,178,641 21.2

 4 358 35.8 3,473,897 17.7

 Over 5 75 7.5 1,142,328 5.8
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per day, respectively; from all demographic groups), and 
to values in SCCS guidance (1, 0.28, and 1.43 per day, 
respectively).

The yearly use frequency (use/year), for every 
respondent and for all 413 H&PCPs, was classified 
according to demographic factors such as gender, age 
group, marital status, family size, monthly income, and 
region of residence using decision trees (ctree function 
in partykit package of R).

Figure  1 shows the decision trees for the yearly use 
frequency of ten selected H&PCP categories. For six 
H&PCP categories (mouthwash, toothpaste, air fresh-
ener/deodorizer, all-purpose cleaner, glass and metal 
cleaner, hand sanitizer), remarkable classification was 
not observed.

Figure  1a–c shows, respectively, the distribution of 
respondents according to the yearly frequency of usage 
of laundry detergent, fabric softener and bleaching 
agent, categorized as low (LF; 0–156/year), medium 
(MF; 157–365/year), or high (HF; 366+/year) fre-
quency. In cases of laundry products, the number of 
family members (that is to say, the amount of clothes 
to be washed) was important, where the yearly use fre-
quency of the subjects with families comprising less 
than two people was mostly LF.

Figure  1d–g shows, respectively, the distribution of 
respondents according to the yearly frequency of usage 
of washer and laundry room cleaner, bathroom and toilet 
cleaner, disinfectant and dishwashing detergent. In cases of 
cleaning products, the marital status (Fig. 1d, f, g) and the 
gender (Fig. 1d, e, g) were important, where the yearly use 
frequency of the subjects who are single or male was lower 
than other respondents. These results indirectly indicate 
that married females bear a greater burden with respect to 
household labor than married males in Korean society.

Figure  1h–j shows, respectively, the distribution of 
respondents according to the yearly frequency of usage 
of shampoo, rinse and body cleanser. In cases of shower 
products, the age group was important, where the yearly 
use frequency of the subjects who are old was mostly LF. 
These results are possibly because commuting (to school 
or office) increases the frequency of showers.

To sum up, demographic factors were associated with 
the yearly use frequency of certain types of H&PCPs 
(Fig.  1, Table  3). The amount of product used per 
application was not associated with demographic factors 
for most of the H&PCPs.

Co‑use
The co-use of products in different categories 
was examined (Table  3). Without sub-grouping of 
categories, remarkable pattern of co-use was not 
observed. As laundry products, cleaning products and 
shower products showed similar usage pattern in the 
demographic subgroup in “Product usage patterns” 
section, the co-use was examined in each group.

As shown in Table 3, in using laundry products, 73.7% 
of the subjects with families comprising more than three 
people used all the laundry detergent, fabric softener 
as well as bleaching agent. In using cleaning products, 

Table 2 Comparison of daily frequency values among this 
study and studies for French and SCCS (use/day)

a This study
b Study for French population [25]
c Scientific Committee on Consumer Safety (SCCS) guidance [39]
d Values obtained from the various subpopulations (gender, marital status, 
family size, age group for Korean; adult women, adult pregnant women, adult 
men, girls, boys, baby girls and baby boys for French)
e Hair conditioner in European studies
f Shower gel in European studies

Koreaa Frenchb SCCSc

Meand P95 Meand P95

Laundry detergent 0.28–0.75 1.0 – – –

Fabric softener 0.29–0.61 1.0 – – –

Bleaching agent 0.1–0.28 1.0 – – –

Washer and laundry room 
cleaner

0.08–0.19 0.4 – – –

Shampoo 0.78–1.46 2.0 0.44–0.67 1–2 1

Rinsee 0.62–0.95 2.0 0.37–0.47 1 0.28

Body  cleanserf 0.73–1.14 2.0 0.87–1.04 2 1.43

Mouthwash 0.56–1.03 3.0 – – –

Toothpaste 2.28–2.69 4.0 – – –

Bathroom and toilet cleaner 0.18–0.41 1.0 – – –

Disinfectant 0.11–0.22 0.4 – – –

Air freshener/deodorizer 0.4–0.79 2.0 – – –

Hand sanitizer 0.51–1.13 5.0 – – –

Dishwashing detergent 1.27–2.54 5.0 – – –

All-purpose cleaner 0.12–0.3 1.0 – – –

Glass and metal cleaner 0.03–0.07 0.3 – – –

(See figure on next page.) 
Fig. 1 Classification of yearly use frequencies (use/year) of selected H&PCP categories with demographic factors. a Laundry detergent: LF (low 
frequency, 0–156 count/year), MF (medium frequency, 156–365 count/year), HF (high frequency, 365~ count/year). b Fabric softener: LF (0–156), MF 
(156–365), HF (365~). c Bleaching agent: LF (0–156), MF (156–365), HF (365~). d Washer and laundry room cleaner: LF (0–12), MF (12–52), HF (52~). e 
Bathroom and toilet cleaner: LF (0–12), MF (12–52), HF (52~). f Disinfectant: LF (0–12), MF (12–52), HF (52~). g Dishwashing detergent: LF (0–365), MF 
(365–730), HF (730~). h Shampoo: LF (0–365), MF (365–730), HF (730~). i Rinse: LF (0–365), MF (365–730), HF (730~). j Body cleanser: LF (0–365), MF 
(365–730), HF (730~)
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70.5% of the married subjects the washer and laundry 
room cleaner, bathroom and toilet cleaner, as well as dis-
infectant and dishwashing detergents. In using shower 
products, 77.4% of the subjects of ages over 50 the sham-
poo, rinse as well as body cleanser.

Correlation of usage patterns between pairs of H&PCP 
categories
It may be expected that an individual who used a 
product from a given category frequently would 
also use a product from other categories frequently. 
Therefore, we determined Spearman’s correlations (R) 
between all pairs of H&PCP categories, for yearly use 
frequency and amount of product used per application. 
Correlations were classified as very weak (0 < R < 0.19), 
weak (0.20 < R < 0.39), moderate (0.40 < R < 0.59), strong 
(0.60 < R < 0.79), or very strong (0.80 < R < 1.00). A 
p-value of < 0.05 indicated statistical significance unless 
noted otherwise.

First, Spearman’s R was calculated for the yearly use 
frequencies of all H&PCPs within each product cat-
egory (see Additional file 2: Table S3). The correlations 
ranged from very weak to moderate (R = 0.08–0.50), 
except for the strong correlation between laundry 
detergent and fabric softener (R = 0.77, p < 0.01). This 
indicates no clear trends in yearly use frequencies of 
products from different categories.

Fig. 1 continued

Table 3 Three most frequent H&PCP co-use combinations 
in each usage

G01: laundry detergent, G02: fabric softener, G03: bleaching agent, G04: 
washer and laundry room cleaner, G05: shampoo, G06: rinse, G07: body 
cleanser, G08: mouthwash, G09: toothpaste, G10: bathroom and toilet cleaner, 
G11: disinfectant, G12: air freshener/deodorizer, G13: hand sanitizer, G14: 
dishwashing detergent, G15: all-purpose cleaner, G16: glass and metal cleaner

Usage Group Co‑use combinations Users (%)

Laundry Family size under 2 G01, G02, G03 64.9

G01, G02 24.8

G01 5.0

Family size over 3 G01, G02, G03 73.7

G01, G02 19.4

G01, G03 3.3

Cleaning Single G04, G10, G11, G14 52.2

G10, G11, G14 18.1

G11, G14 8.6

Married G04, G10, G11, G14 70.5

G10, G11, G14 11.4

G11, G14 7.2

Shower Age < 50 G05, G06, G07 77.4

G05, G07 18.5

G05 2.1

Age ≥ 50 G05, G06, G07 73.0

G05, G07 17.1

G05, G06 5.5
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Spearman’s R was then calculated for the amount of 
product used per application, for all H&PCPs within 
each product category (Additional file  2: Table  S4). 
The correlations ranged from very weak to moderately 
positive (R = 0.07–0.58). The strongest correlation 
was observed between shampoo and body cleanser 
(R = 0.58, p < 0.01), and the second strongest was 
that between shampoo and rinses (R = 0.55, p < 0.01). 
There were no pairs of H&PCPs with strong or very 
strong correlations. This indicates no clear trends 
at the individual level in amount of product used per 
application among the H&PCP types considered in 
this study. Personal preference was not observed both 
in the use frequency and the amount per application of 
H&PCPs, among all participants.

Chemicals of concern
The chemical ingredients of 413 products indicated by 
the respondents were investigated. Across all products, 
there were 690 chemicals that users can be exposed to. 
We calculated the number of respondents exposed to 
the chemicals in each H&PCP category over the course 
of the survey (Additional file  2: Table  S5). For example, 
717 respondents were exposed to sodium chloride in 
laundry detergents, and 64 to sodium chloride in bleach-
ing agents. Because of the wide variability in the chemi-
cal ingredients, we extracted 32 chemicals that more than 
half of the participants could be exposed to and evaluated 
their prevalence across the 16 product categories using a 
stacked bar chart (Fig. 2).

The hazard classifications of the Global Harmonized 
System (GHS) for 32 chemicals are listed in Additional 
file  2: Table  S6; most of chemicals (except ethoxylated 
fatty alcohol, polyquaternium-10) are classified to Class 2 
in eye irritation. 21 chemicals are classified above Class 4 
in acute toxicity, and especially 3 chemicals (methylchlo-
roisothiazolinone, dimethicone, methylisothiazolinone) 
are classified to Class 1 in acute toxicity.

Consumers with many chances of exposure to hazardous 
chemicals
The yearly chances of exposure of every respondent to 
690 chemicals was counted based on the use frequency 
of all products containing each chemical. Of the five 
respondents that used products from the highest number 
of categories (14 categories), one respondent who had 
chances of exposure to the greatest number of chemicals 
(103 chemicals) was selected and analyzed with respect 
to annual chances of exposure to the various chemicals 
(Additional file 2: Table S7). This respondent exemplifies 
a consumer with many chances of exposure to chemi-
cals as a result of using many H&PCPs. For example, the 
results in Additional file  2: Table  S7 indicate that this 
individual could be exposed to tetrasodium EDTA 365 
times/year via shampoo, 365 times/year via rinses, 365 
times/year via body cleansers, and 1095 times/year via 
dishwashing detergents, giving a total of 2190 times/year. 
Of the 103 chemicals listed in Additional file 2: Table S7, 
the individual could be exposed to 24 chemicals more 
than 730 times/year (i.e., 2 times/day on average). We 
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Fig. 2 Co-occurence of chemical ingredients frequently used in consumer products
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evaluated the prevalence of these chemicals across the 14 
product categories using a stacked bar chart (Fig. 3).

The hazard classifications of the GHS for the 24 
chemicals mentioned above are listed in Additional file 2: 
Table  S8. Most of chemicals (except sodium gluconate, 
potassium glycyrrhizinate, coco-caprylate/caprate and 
glycolipids) are classified above Class 4 in health hazards.

Limitations
There were several limitations to this study. First, 
the study population of 1000 was not large enough 
to be representative of the total population of Korea. 
However, as shown in Table 1, the demographics of the 
participants in each province, gender, and age group were 
in accordance with nationwide norms [36–38], so the 
sample was appropriate for a screening-level analysis. 
Nevertheless, this limitation would be ameliorated if the 
sample size was increased, which we plan to do for our 
next survey.

Second, data on the product usage patterns were 
collected using a web-based questionnaire; this might 
exclude people who cannot access the Internet, but use 
H&PCPs frequently or heavily. However, in Korea, the 
Internet usage rate is 99.9% for those in their 20s and 30s, 
99.7% for those in their 40s, 98.7% for those in their 50s, 
and 88.8% for those in their 60s [40], so an online survey 
can cover most of the Korean population in practice.

Third, this study collected data only on the current 
habits and behaviors of the participants. Therefore, the 
data might be biased toward products used in the sum-
mer (i.e., July). Rates of household and personal cleaning 
are usually higher in summer than in winter, so the yearly 

usage frequencies and amounts used per application in 
this study might have been overestimated.

Fourth, this study relied on self-reported data. Though 
the detail guide was supplied in survey, it is difficult to 
expect that all participants reported data consistently. 
And those self-reported data were not checked in house 
of participants.

Finally, some major brand names in each product 
group were suggested in the survey, to provide answering 
convenience for the participants. This could create a bias 
towards the answers suggested, but the bias may not be 
so problematic in our survey. For example, we suggested 
16 brand names for shampoo, but respondents provided 
58 brand names.

Conclusion
In this study, a survey was distributed nationwide to 
assess the use of H&PCPs by Koreans, to generate con-
sumer usage pattern data to inform exposure and risk 
assessments. This survey captured information on the 
prevalence, frequency, and amount of use of 16 types of 
H&PCPs, in addition to demographic factors associated 
with the use of the products. Family size, marital sta-
tus and age were, respectively, recognized as the critical 
demographic factor for classification of the frequency of 
use in laundry products, cleaning products and shower 
products. Clear trends in usage habits at the individual 
level, with respect to use frequency and amount, were 
lacking. Certain chemicals in many of the studied prod-
ucts have many chances of exposure to person and 
concomitant health risks. In addition, consumers who 

Ethanol
Tetrasodium EDTA

CI 19140
Sodium Benzoate

Cetylpyridinium Chloride
Cocamidopropyl Betaine

PEG-14M
Sodium Citrate

Sodium Laureth Sulfate
Calcium Carbonate

Magnesium Chloride
Sodium Dodecylbenzenesulfonate

Sodium Gluconate
Methylchloroisothiazolinone

Potassium Glycyrrhizinate
Sodium Monofluorophosphate

Zinc Sulfate
Sodium Chloride

CI 15510
CI 17200

Coco-Caprylate/Caprate
Glycerin

Glycolipids
Methylisothiazolinone

Alumina
Lactic Acid

Sodium Bicarbonate

Number of annual use 

Dishwashing detergent Toothpaste Mouthwash

Shampoo Rinse Body cleanser

Air freshener/Deodorizer Laundry detergent Fabric softener

Bleaching agent All-purpose cleaner Glass and metal cleaner

Washer and laundry room cleaner Bathroom and toilet cleaner

Fig. 3 Co-occurence of chemical ingredients frequently used by one selected respondent who used most various chemicals
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co-use various H&PCPs can be exposed to many chemi-
cals, some of which has hazard to health. As mentioned 
above, the sample size and cross-sectional nature of the 
survey represent limitations, so further studies includ-
ing more subjects and a longitudinal component are 
recommended. The results of this study may serve as an 
important resource for assessing the potential aggregate 
exposure and health risks of various H&PCPs.
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