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Art and craft material use patterns by pre-school and
elementary school children at home and school: a year long
survey for refining exposure assessments
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BACKGROUND: Use frequency and times are critical parameters for estimating realistic chemical exposures associated with the use
of consumer products. Very limited information is available in the published literature for children’s use patterns of art and craft
materials at home and school.
OBJECTIVE: Conduct a year-long survey of art materials use at home and school by pre-school and elementary school children,
teachers, and parents which can be used to refine chemical exposure assessments for these consumer products.
METHODS: Parent and teacher online surveys were conducted on the daily use of markers and monthly use of fifteen additional art
and craft materials.
RESULTS: Daily marker use by elementary children was widespread at home and school (65% and 80%, respectively). On average,
pre-school and elementary students used markers for 27 min per day, more than double daily home use. Adults used markers for
longer durations relative to their children/students with teachers reporting the highest average daily usage time. School use of
general art materials exceeded home use for both age groups, with elementary children using art materials more frequently than
their pre-school counterparts. Examples of how these data can be used to refine exposure estimates are provided.
SIGNIFICANCE: Accurate art material usage data contributes to refined estimates of chemical exposure for these consumer
products.
IMPACT STATEMENT:

● A year-long online survey was conducted which measured daily frequency and duration use for markers and comparable
monthly use of other art materials for pre-school and elementary school children, their parents and teachers. Such use
information is critical for estimating chemical exposures associated with this class of consumer products.
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INTRODUCTION
Art materials such as markers are used universally by adults,
children, artists and the general public. Consumers using such
materials may be exposed to solvents, pigments, heavy metals
and other toxins with the potential to cause acute or chronic
health effects [1–3]. Children may be more susceptible to the
acute or chronic effects of such toxicants [4]. However, minimal
data exists describing the frequency and duration of use of art
materials by young school-aged children and none was found that
compares such use in home and school environments. Such
frequency of use information is critical for estimating realistic
consumer exposures to potentially hazardous chemicals in such
consumer products. Without specific information on use fre-
quency (and duration), conservative (worst case) maximum
exposure estimates must be used in human health chemical risk

assessment, potentially leading to conservative risk estimates
[5–7].
Globally, art materials must meet consumer product regulatory

requirements. In the United States, general art materials are
regulated by the Federal Hazardous Substances Act (FHSA) and
the Labeling of Hazardous Art Materials Act (LHAMA), both of
which are enforced by the Consumer Product Safety Commission.
LHAMA incorporates the American Society of Testing and
Materials (ASTM) standard D4236 which requires the evaluation
of the product chemical formulation by a board-certified
toxicologist to determine if the product conforms to the standard,
and if cautionary labeling is warranted for chronic toxicity [8].
Children’s art materials sold in the U.S. must also adhere to the
Consumer Product Safety Improvement Act (CPSIA) while art
materials sold in the European Union may require compliance
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with the Toy Safety Directive (2009/48/EC) [9]. Canadian art
materials must meet the requirements of the Canadian Consumer
Product Safety Act (CCPSA) and the Toy Safety Directive (SOR
2011-17) [10].
Art material usage by children has been measured previously

using consumer surveys [8, 11–13]. Previous survey results,
however, provide only a snapshot in time of such usage and do
not address potential variations in art material usage due to day of
the week, time of year, location, or age of user. In addition, the
recall timeframe for surveys can contribute to bias and non-
representative data. Survey recall error is inversely correlated with
the length of the recall period with accuracy decreasing the
further the data collection is from the actual event [14, 15].
Therefore, a novel survey methodology was developed based on
parallel surveys conducted daily (for parents) and during the
school week (for teachers) utilizing short recall times (48–72 h).
The primary objective of the survey was to gather comprehen-

sive data characterizing the duration and frequency of marker use
by children (age 12 and younger) at home and at school. Secondary
objectives were to gather information on parent and teacher
marker usage and about general art material use patterns by
children. Use frequency and times collected during a full calendar
year will help inform refinements of human exposure estimates in
the absence of direct personal monitoring studies. Such human
exposure estimates may be used in development of inhalation and
/or dermal exposure models for art and crafts materials.

MATERIALS AND METHODS
Study design/ sampling plan
Data for both the In-Home and In-School Surveys were gathered using an
Internet panel of United States households. The Internet panel company
selected was Dynata, formerly ResearchNow. Dynata is a leading supplier
of on-line samples for surveys. It has large and diverse panels consisting of
millions of Americans and is highly regarded as a reputable source of
respondents for online surveys. Dynata utilizes appropriate industry
procedures for ensuring the integrity and quality of its panels.
Surveys were designed to minimize cost, maximize data collection

without the need for daily journals, rely on short-term (24–72 h) and
moderate-term (30 days) recall, while maintaining an optimal survey
length [16]. The surveys focused on recent recall of marker use (1–3 day
recall) and monthly recall of general art material use which was included as
a means to collect data in a cost-effective manner comparable to earlier
survey efforts by others [13]. Art materials surveyed included acrylic paints,
ceramics, chalk/pastels, craft materials, crayons, fabric paints, finger paints,
glue, modeling materials, oil paints, paper mache, pencils, stamp pads,
tempera paints, and watercolor paints.
Surveys were comprised of two parts: a screening survey and the main

survey. Separate but similar surveys were conducted for parents and
teachers. Screening surveys were completed by all persons receiving an
invitation to participate. Screening survey respondents identified as
parents of children under age 12, pre-school teachers, or elementary
school teachers also completed the main surveys. Surveys focused on two
age groups for data collection: (1) Pre-school children (also referred to as
Pre-Kindergarten/ Pre-K; ages 1–4) and (2) Elementary school children (also
referred to as K-6; ages 5–12).
The survey sampling plan was designed to ensure that individuals

receiving invitations to participate in the study were representative of the
United States population. Head of household quotas for the parent surveys
were established using census information for three demographics: (1)
region (Northeast, Midwest, South, and West), (2) gender (male, female)
and (3) age (18 to 34, 35 to 49, 50 and older). Once a quota group (e.g.,
males, 18 to 34 years old, living in the Northeast) was filled, no other
respondents from that group were accepted into the sample. Since no
census data existed on the age, gender and regional distribution of
elementary school teachers, it was assumed that teachers were
geographically distributed in the same way the general population was
distributed. Therefore, only regional quotas were established for teacher
survey invitations. The year was divided into quarters and a nationally
representative sample was drawn for each quarter shortly before it began.
Samples were drawn quarterly since over longer time periods potential
respondents drop out of the sample, die, cease to be qualified, etc.

Data collection

(I) In-Home Parent Survey
Participation in the main survey was limited to parents with

children 1–12 years of age. Parent surveys were collected every day
(approx. 2 parents per day) for one calendar year to achieve the
yearly target sample size of 746 participants (186 per quarter).
Survey questions pertained to parents’ personal marker usage

and marker usage for each child in the household in the designated
age range (for example: number of times used, total minutes used,
how long in a room where markers were being used, whether used
alone or with others and use of multiple markers). Participants were
also surveyed about whether the child engaged in specific art-
related activities during the past 30 days.
A novel approach was used to fulfil the target sample size.

Approximately two parents from different households, who had not
previously participated in the survey, completed a questionnaire
each day for each child in the home in the designated age range.
Each parent respondent was asked about the current and previous
day’s markers usage of the child(ren) for whom they were
responsible. Data collected for the current day and the previous
day produced a minimum of four completed surveys per day (two
parents responding for a single child as today and two responding
for the day as yesterday). In this way, both 24-h recall data and 48-h
recall data were combined in the data collected for a single day.

(II) In-School Teacher Survey

Participation in the main survey was limited to teachers who taught Pre-
K and grades K-6. Data were collected two days per week for a calendar
year, excluding Federal holidays, to achieve the intended sample size of
624 teachers (156 per quarter). Survey questions paralleled the questions
used in the In-Home Study, modified for a school environment.
Teachers received questionnaires on either Tuesday or Friday of each

week. Tuesday teachers completed two surveys: one with questions
pertaining to the current days’ marker usage (Tuesday) and one for recall
of yesterday’s marker usage (Monday). Friday teachers completed three
surveys: one for the current day’s marker usage (Friday), one for yesterday’s
marker usage (Thursday) and one for marker usage two days ago
(Wednesday). In this way, 24, 48 and 72-h recall data were combined in the
data collected for a single day.
Teacher survey participants were asked about class size, number of

students who used markers, total minutes of marker usage that day and
whether used alone or with others. Respondents were also asked about
the use of multiple markers and whether the class engaged in other art-
related activities during the previous 30 days. Due to variability in
scheduled/unscheduled days off between school districts, each teacher
interviewed was asked if school was in session on the days of interest.

Data analysis
Data collection, compilation, and tabulation were provided by Dynata.
Tabulated and statistical values (sigma, mean, median, standard deviation,
standard error, maximum value, minimum value) were computed and
reported quarterly by survey question for the In-Home Parent and In-
School Teacher screening and main surveys. Quarterly reports were
provided in EXCEL format. Tabulated parent surveys reported results for
children age 1–4, age 5–12 and parents; teacher surveys reported results
for Pre-K classes, K-6 classes and teachers. All data were included in the
calculations (including null data) with the exception of daily student
marker use data for teachers not actively teaching.
Two-sided t tests were used to discern potential statistical differences

between daily minutes of marker use data collected during the last quarter
of the study (referred to as pre-pandemic and pandemic data). They were
also used to determine statitistical significance between data collected for
child and adult groups within each quarter (p < 0.05).

RESULTS

(I) In-Home Parent Survey
A total of 760 parents completed 3008 surveys for 1504

children. Parents completing surveys were regionally
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representative of the United States population based on
comparisons with census data (Table 1) [17].
Sixty percent of the parents (457) had one or more

children between one and four years of age and 73% (554)
had one or more children between five and 12 years of age.
Thirty-three percent of parents (251) had children in both
age categories. The age distribution for children for whom
surveys were completed was roughly equal: 46% were age
1–4 and 54% were age 5–12.
Each household surveyed had approximately two chil-

dren. More than half of the younger children (53.1%)
attended daycare/pre-school. The majority of older children
(85.4%) attended public/private school with the remainder
(14.6%) being homeschooled. A summary of parent
participant survey totals is reported in Table 1.
Results showed consistent daily use of markers with

approximately 65% of children and 80% of parents using
markers each day, on average, throughout the year (Table 2).
Younger children (age 1–4) were more likely than older
children (age 5–12) to use markers each day (70% vs. 62%,
p < .05). The highest daily marker use by children was
measured during the first quarter of the study (May 1-July
31, 2019) which corresponds roughly with the end of the
traditional school year and first half of summer vacation.
Daily use dropped off during the beginning of the school
year and rose thereafter throughout the remainder of the
year.
On average, older children (age 5–12) used markers for

more minutes/day relative to younger children (11.9 min
per day vs. 9.8 min per day). Children age 1–4 consistently
used markers for the least number of minutes/day.
The overall yearly average for daily marker use time for

children at home was 10.9 min/day (equivalent to 5.5 h per
month) (Table 2). Children use markers at home nearly three
times a day averaging approximately 4 min/session each
time a marker is used (data not shown).
Overall, parents reported both higher daily use (69.9% vs.

65.4%) and daily minutes of use (13.8 min per day vs.
10.9 min per day) compared with their children for both age
groups. Daily marker use by parents of children age 5–12
was less than that reported by parents of younger children
for the entire year (p < 0.05). Parents of children age 1–4
reported the highest daily mean minutes of marker use until
the last quarter of the study.
The daily amount of time a child was in a room where

markers were being used (regardless of whether or not
the child was actively using markers) was also surveyed. The
results (separate from individual usage time, data not
shown) show that, on average, children at home are in
such a room for 19.5 min per day (equivalent to 9.8 h per
month). Although this is nearly double the actual personal
usage time of 10.9 min per day, the number of instances a
child was in a room where markers were being used is not
known. Hence, a direct comparison of exposure time
per session is not possible.
The data reflect that both parents and children contribute

to the time that children are in a room where markers are
being used. During the first quarter, the sum of mean
minutes of daily marker usage by children and their parents
is roughly equivalent to the total time a child is in a room
where markers are being used. For the remainder of the
year, the time a child is in a room where markers are used
trends with the total sum of child plus parent daily usage
but is consistently less than it.
Parents also reported monthly use of several art material

types by their children. Comparison of mean art material
monthly use times for children age 1–4 and 5–12 is
illustrated in Fig. 1. Crayons and pencils were the art

materials used for the longest aggregate times by children
at home with mean times of 3.6 and 3.5 h per month,
respectively. With the exception of finger paints, older
children consistently used art materials more hours per
month compared with younger children.

(II) COVID-19 Impact on In–Home Parent Survey data
Prior to the start of the study, there was no thought about

the impact a pandemic might have on the study. However,
due to country-wide school and business closures during
the last six weeks of the study, in-home pre-pandemic data
for daily minutes of marker use for children and parents
(collected from February 1- March 15, 2020) and similar
pandemic data (collected from March 16-April 30, 2020)
were evaluated separately to determine if there were
statistical differences between the data sets that would
preclude them from being combined. T tests were run on
the data sets (95% confidence level). No statistically
significant differences for mean daily home marker use
times (in minutes) were noted between the pre-pandemic
and pandemic time intervals. Given that the mean in-home
daily marker use data were not statistically different, the
datasets were combined and reported for the entire year
(Table 3).

(III) In-School Teacher Survey
A total of 553 teachers completed 1387 surveys for an

estimated 18,112 children (approximately 22% Pre-K tea-
chers and 78% K-6 teachers) (Table 1). The ratio of Pre-K and
K-6 teachers responding to the survey are consistent with
the US Bureau of Labor Statistics [18] which cites a 1:4 ratio
for Pre-K teachers to K-6 teachers employment. Although
Pre-K teacher participation per quarter was small (21–39)
relative to K-6 teacher participation and not sufficiently large
for statistical analysis, the total yearly Pre-K teacher response
was sufficiently large for such an analysis.
Teacher surveys included a question asking if they were

actively teaching for the days for which they were providing
data. Of the teacher surveys completed, approximately 69%
of teachers were actively teaching (Table 1). Null student
data (no marker use by class) reported for teachers actively
teaching were included in calculations. Null student data for
teachers who were not actively teaching were not included
in the tabulated data. This distinction was made to ensure
calculated means for daily student marker use were not
diluted by teachers reporting no marker use for classes that
did not meet that day. All self-reported daily marker use for
teachers were included in the calculations (actively teaching
and not actively teaching).
Similar to the home findings, there is widespread and

consistent marker use by children at school. Approximately
80% of children use markers on a daily basis at school
(Table 2) with almost equal daily percent use by Pre-K and
K-6 children. On average, children at school use markers for
26.8 min/day (equivalent to 6.7 h per month) with older
children generally using them for more minutes per day.
The data show that there is more variation in marker daily
use frequency and minutes per day in Pre-K classrooms
compared with K-6 classrooms (Table 2). On average,
children use markers for 11min/session each time a marker
is used at school.
An increase in daily mean minutes of marker use during

the third quarter of the study (November–January) for both
Pre-K children and their teachers supports the influence of
seasonality on marker/art material use (data not shown).
Mean daily minutes of marker use was > 30min/ per day for
Pre-K students and >40min/per day for their teachers which
exceeded all other student and teacher means for the year.
This seasonality effect appears to be limited to Pre-K
classrooms since daily marker use by older students

C. Prusiewicz et al.

996

Journal of Exposure Science & Environmental Epidemiology (2023) 33:994 – 1003



Ta
bl
e
1.

M
ai
n
su
rv
ey

re
sp
o
n
d
en

t
su
m
m
ar
y.

Pa
re
n
ts

Te
ac
h
er
s

N
u
m
b
er

o
f
R
es
p
o
n
d
en

ts
76

0
55

3

C
h
ild

/S
tu
d
en

t
ag

e
g
ro
u
p

Pr
es
ch

o
o
l
(a
g
e
1–

4)
El
em

en
ta
ry

(a
g
e
5–

12
)

Pr
es
ch

o
o
l
(P
re
-K
)(
ag

e
1–

4)
El
em

en
ta
ry

(K
-6
)
(a
g
e

5–
12

)

N
u
m
b
er

o
f
C
h
ild

re
n
/
C
la
ss
es

68
9

81
5

12
3

43
0

A
ve

ra
g
e
n
u
m
b
er

ch
ild

re
n
/h
o
m
e
o
r
cl
as
s

2
2

2
19

16
20

N
u
m
b
er

o
f
su
rv
ey
s
co

m
p
le
te
d
fo
r
D
ay

1
68

9
81

5
83

28
6

N
u
m
b
er

o
f
su
rv
ey
s
co

m
p
le
te
d
fo
r
D
ay

2
68

9
81

5
85

29
8

N
u
m
b
er

o
f
su
rv
ey
s
co

m
p
le
te
d
fo
r
D
ay

3
(W

ed
n
es
d
ay
)

48
15

4

To
ta
l
su
rv
ey
s
co

m
p
le
te
d

30
08

13
78

16
30

95
4

a
21

6
73

8

%
Te
ac
h
er
s
ac
ti
ve

ly
te
ac
h
in
g
p
er

d
ay

69
%

To
ta
l
ch

ild
re
n
re
p
re
se
n
te
d

30
08

13
78

16
30

18
11

2
33

51
14

76
2

R
es
p
o
n
d
en

t
A
g
e
18

–
34

(%
re
sp
o
n
d
en

ts
)

33
4
(4
4%

)
11

4
(2
0.
6%

)

R
es
p
o
n
d
en

t
A
g
e
35

–
49

(%
re
sp
o
n
d
en

ts
)

38
0
(5
0%

)
19

3
(3
4.
9%

)

R
es
p
o
n
d
en

t
A
g
e
>
50

(%
re
sp
o
n
d
en

ts
)

46
(6
%
)

24
6
(4
4.
5%

)

Fe
m
al
e
R
es
p
o
n
d
en

ts
(%

re
sp
o
n
d
en

ts
)

50
4
(6
6%

)
50

9
(9
2%

)

M
al
e
R
es
p
o
n
d
en

ts
(%

re
sp
o
n
d
en

ts
)

25
5
(3
4%

)
42

(8
%
)

N
o
rt
h
ea
st

U
S
(r
es
p
o
n
d
en

ts
/
%

re
sp
o
n
d
en

ts
)

13
4
(1
7.
6%

)
17

.4
%

b
10

5
(1
9%

)

M
id
w
es
t
U
S
(r
es
p
o
n
d
en

ts
/%

re
sp
o
n
d
en

ts
)

16
9
(2
2.
2%

)
20

.8
%

b
11

0
(1
9.
9%

)

So
u
th

U
S
(r
es
p
o
n
d
en

ts
/
%
re
sp
o
n
d
en

ts
)

28
8
(3
7.
8%

)
38

.1
%

b
20

7
(3
7.
4%

)

W
es
t
U
S
(r
es
p
o
n
d
en

ts
/
%

re
sp
o
n
d
en

ts
)

16
9
(2
2.
2%

)
23

.7
%

b
13

1
(2
3.
7%

)
a 9
54

su
rv
ey
s
w
er
e
co

m
p
le
te
d
b
y
te
ac
h
er
s
(6
9%

te
ac
h
er
s
ac
ti
ve

ly
te
ac
h
in
g
).

b
%

U
n
it
ed

St
at
es

g
en

er
al

p
o
p
u
la
ti
o
n
p
er

re
g
io
n
(h
tt
p
s:
//
w
w
w
.c
en

su
s.
g
o
v/
d
at
a/
d
at
as
et
s/
ti
m
e-
se
ri
es
/d
em

o
/p
o
p
es
t/
20

20
s-
n
at
io
n
al
-t
o
ta
l.h

tm
l#
p
ar
-t
ex

ti
m
ag

e-
18

10
47

22
56

).

C. Prusiewicz et al.

997

Journal of Exposure Science & Environmental Epidemiology (2023) 33:994 – 1003

https://www.census.gov/data/datasets/time-series/demo/popest/2020s-national-total.html#par-textimage-1810472256


remained fairly constant throughout the year. Mean daily
student marker use time trended with marker use time by
their teachers, with K-6 teachers actually using markers for
longer periods relative to their students.

Like parents, teachers reported both higher daily marker
use (83.5% vs. 79.8%) and minutes of use per day (31.2 vs.
26.8 min per day) compared with their students. Generally,
K-6 teachers had higher usage percent and daily use times
relative to Pre-K teachers.
There was no obvious correlation between percent daily

use of markers for students and teachers and the mean daily
minutes of use for either group (Fig. 2). Although the
percent daily use by each group remained fairly constant
through the year (bar graphs), the corresponding mean
daily minutes varied through the year reaching a maximum
difference during the fourth quarter (see line graphs in
Fig. 2). Teachers’ mean daily marker use times rose steadily
through the study while students’ use rose only during the
third quarter.
Comparison of average monthly use times of art materials

for Pre-K and K-6 students is illustrated in Fig. 1. Crayons,
glue and pencils were the most used art materials by school
children with mean use times of 5.9, 3.97, 5.83 h per month,
respectively. Pre-K teachers reported more variation in art
material usage for their students compared with older
students. Ceramics, craft materials, fabric painting, finger
painting, modeling materials, stamp pads, tempera paints,
and watercolors were used more by younger students than
older students (p < 0.05). With the exception of pencils,
younger students used all art materials surveyed for more
hours per month compared with older students while at
school.

(IV) COVID-19 Impact on In-School Teacher Survey data
Beginning the week of March 16, 2020, numerous school

districts throughout the country closed in response to the
COVID-19 pandemic. Teacher surveys sent out post-
shutdown yielded no usable data. Therefore, the teacher
survey component of the study was truncated effective
March 27. Given that the study was based on a calendar year
timeframe, collecting data for the missing six weeks was not
possible during 2020.

(V) Examples of refined chemical exposure assessments
By definition, exposure assessment is the process of

estimating/measuring the magnitude, frequency, and dura-
tion of exposure to an agent along with the characteristics
of the population exposed [19]. Exposure can occur via
ingestion, skin (dermal) or inhalation, and the output of
exposure assessment is an estimation of the exposure levels
which can be refined with information on use frequency.
While the focus of this paper is not on risk assessment
per se, Tables 4, 5 describe examples of the refinement of
exposure estimations associated with the use of art
materials based on the use frequency and duration
information obtained from this study.

Marker use times from this study can be used in combination
with published volatile organic compound (VOC) emission rates
associated with marker usage in the estimation of VOC exposure
estimates for a classroom. Emitted levels of VOCs for a classroom
can be estimated by multiplying the daily use time per student (as
reported in this study) by a chemical-specific VOC emission rate.
As shown by Eq. (1), when this product is multiplied by the total
number of students and divided by a respective classroom volume
size, the result is an estimate of the daily chemical-specific VOC
emitted in a classroom.

VOC emission for classroomðμg=m3Þ ¼ Daily Use ðhrÞ ´ Emission μg=hrð Þ ´#Students
Classroom volume ðm3Þ

(1)

Emission rates for several VOCs from different marker types
including permanent and dry erase have been reported based on

Table 2. Home and school marker use summary.

% using markers on a
daily basis (mean)

Daily minutes of
marker use (mean)

In-Home Survey Results

Home Children
Age 1–4

69.9 9.81 ± 0.45

Home Children
Age 5–12

61.7 11.88 ± 0.62a

Home Children
Overall

65.4 10.93 ± 0.40

Home Parent
for Child Age
1–4

77.4 15.07 ± 0.75

Home Parent
for Child Age
5–12

68.7 14.10 ± 0.76

Home Parent
Overall

69.9 13.78 ± 0.81

In-School Survey Results

School Pre-K 80.9 22.47 ± 1.84

School K-6 79.6 27.80 ± 1.24

School Students
overall

79.8 26.81 ± 1.06

School Teacher
for Pre-K

80.2 21.35 ± 1.87

School Teacher
for K-6

84.4 34.11 ± 1.72a

School Teacher
overall

83.5 31.24 ± 1.41

aStatistically significant difference between age groups (p < 0.05).
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experimental chamber models [8]. Table 4 shows the estimated
emitted levels of three VOCs (acetone, ethanol, and 2-butanone)
commonly found as marker ink components. If such emitted levels
are assumed to represent one user, when multiplied by 20 as a
conservative number of students in a typical classroom, the results
are an estimate of emitted marker VOC levels for an entire
classroom. When the calculated emitted VOCs for a typical
classroom [20] of 20 students (assuming homogenous, instanta-
neous distribution in the classroom) are compared to published
reference concentration values [21–24] for these selected VOCs
(Table 4), the margin of exposure (MOE) estimates are quite large
for both acute and chronic exposures (even when air exchange is
not accounted for). These preliminary risk assessment calculations
can be refined further with a physiologically-based pharmacoki-
netic model that takes into account age-specific inhalation rates
for more refined MOE estimates based on predicted internal dose
metrics such as blood levels of VOCs.
In another example a lead risk assessment associated with the

use of crayons by children was reported [5]. Given the absence of
use frequency and other more specific data, overly conservative
assumptions were used including the ingestion of 14 grams of
crayon material per month, constant daily ingestion for three
years, and hypothetical lead levels of 99 ppm to indicate that lead
levels cannot exceed the CPSIA regulatory limit of 100 ppm [25].
Given more specific information on the weight of a single crayon
(children typically use one crayon at a time) and the Pre-K crayon
use duration from Fig. 1, the average daily contact (CR) can be
estimated by dividing the weight of a single crayon by the crayon

use of Fig. 1 in this study [19]. Given that Pre-K students use
crayons on average for 6.8 h/month and there are 20 school days
per month, CR for crayons can be estimated as described by
Eq. (2):

CR g=dayð Þ ¼ Crayon weight gð Þ
Use hr=dayð Þ ´ 20 school days=month

(2)

As indicated by Eq. (3) below, the potential average daily dose
(pADD) of a contaminant can be estimated with an estimate of CR
and more specific information on school days during the Pre-K
years

pADD μg=dayð Þ ¼ Cðμg=gÞ ´CR g=dayð Þ ´ EF days=yearð Þ ´ ED yearsð Þ
AT

(3)

Where C is the concentration of the contaminant in the media of
interest (in ppm or µg/g); EF is the exposure frequency (for school
use, EF equals 185 days/year based on a typical school calendar
year); ED is the exposure duration (in this example, crayon use is in
years); and AT is the averaging time in days (estimated as 925 days
of Pre-K school years).
Ahmad et al. [5] reported a lead exposure estimate of

approximately 1.95 µg/day based on hypothetical lead levels of
99 ppm in crayons [19]. Based on the crayon use information from
this study, 185 Pre-K school days/year, and a total of 925 Pre-K
school days, Table 5 shows that the potential average daily dose
(pADD) as defined by EPA child-specific exposure scenarios
example is 0.017 µg/day assuming the same hypothetical lead
levels of 99 ppm in a crayon. When more typical lead levels of 10
and 1 ppm as a trace contaminant in art material are assumed, the
pADD decreases exponentially to 0.002 and 0.0002, respectively
(Table 5).

DISCUSSION
Distinct use patterns were measured for children using art and
craft materials at home and school. Mean use patterns, averaged
over a calendar year, minimize daily and seasonal influences. Data
collected utilized short term recall and combined different recall
periods for the same day. Although the teacher component of the
study was prematurely truncated due to Covid-19, the data set as
a whole is considered to be robust and reflective of typical pre-
school and elementary student usage in the United States.

Markers
Findings indicated that at home, younger children (age 1–4) use
markers more often but for shorter intervals on a daily basis while
older children (age 5–12) use markers, on average, 21% more
minutes per day. At school, both age groups use markers with
approximately similar daily frequency but K-6 students use
markers, on average, 24% more minutes compared with Pre-K
students. These data are consistent with and confirm generally

Table 3. Pre-pandemic versus pandemic daily home marker use (mean minutes ± standard error).

Feb 1-Mar 15 (Pre-
pandemic)

n Mar 16-Apr 30
(Pandemic)

n Feb 1- Apr 30 (combined
4th Qtr)

n

Children age 1–4 11.19 ± 1.57 144 9.43 ± 1.06 170 10.24 ± 0.92 314

Children age 5–12 14.02 ± 2.02 206 13.06 ± 1.91 236 13.51 ± 1.38 442

Children overall 12.85 ± 1.35 350 11.54 ± 1.20 406 12.15 ± 0.90 756

Parent for child age
1–4

12.85 ± 1.71 98 13.04 ± 1.39 114 12.95 ± 1.08 212

Parent for child age
5–12

14.48 ± 2.14 130 16.28 ± 2.53 154 15.45 ± 1.68 284

Parent overall 13.71 ± 1.69 172 15.30 ± 1.90 214 14.59 ± 1.30 386

Q1 Q2 Q3 Q4
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accepted knowledge regarding the attention spans of younger
versus older children. It would be expected that older children
would have the ability to focus and engage in activities for longer
periods of time relative to younger children.
At home, parents’ daily use of markers mirrored that of their

children with parents of children age 1–4 using markers more
frequently on a daily basis relative to parents of older children. On
average, parents of younger children used markers for 7% more
minutes per day than parents of older children. Interestingly,
parents’ use of markers (both daily frequency and minutes
per day) exceeded that of their children, regardless of the age
of their children (mean = 13.78 min, median = 5min, range =
0–300 min) with a small percentage of parents (1.9%) reporting
> 61min marker use per day. Overall, these data suggest that
parents engage with their children when using markers and also
use them independently of shared activities (possibly in a
professional capacity, for hobbies, or volunteer activities).
At school, K-6 teachers, on average, used markers 5% more

frequently on a daily basis and for 60% more minutes per day
compared to Pre-K teachers. This was true for all quarters except
the third quarter of the study, which included traditional autumn/
winter holidays. It would be expected that during this time of year,
Pre-K and elementary students would engage in more arts/craft
focused activities. However, marked increase in marker use was
observed only for younger students and their teachers during this
timeframe. This finding suggests that K-6 students do not engage
in as many seasonal art-related activities compared with Pre-K
students. Like parents, teacher’s marker use patterns generally
mirrored that of their students.
Greater daily marker use by children at home and at school

(65% vs. 15%) and (80% vs. 37%), respectively, and shorter daily
use times were reported in the current study compared with those
previously reported [8]. The year long study reported average
marker usage time per session as approximately 4 min at home
and 11min at school. Such disparities can be attributable to year-
long data collection versus snapshot data collection and national
surveys versus localized surveys and underscores the daily and
seasonal influence on children’s marker usage.
Comparison of pre-Covid-19 and post-Covid-19 marker use at

home did not reflect statistical differences. Since the end of the
study overlapped with the early part of the pandemic, it is likely
that changes in art material use were not widespread at this time
as families adjusted to lockdown conditions and school closings.

Other art materials
Art material use at home and school spanned a wide range.
Crayons, glue and pencils were identified as the art materials used
most by children at both locations. On a monthly basis, school-
children used these three art materials 65–105% more hours at
school relative to children at home. Art materials, such as
ceramics, fabric paint, oil paint, paper mache, and tempera paint
were the least used art materials both at home and at school with
average use reported as 0.3–1.4 h per month.
With the exception of finger paints, older children used art

materials for more hours per month at home compared with
younger children. At school, the inverse was seen: younger
children use individual art materials for more hours per month
relative to older students for all art materials surveyed except for
pencils. Seasonally and with few exceptions, overall art material
use was highest at home and school during the first quarter of the
survey (May 2019-July 2019; corresponding to the end of the
traditional school year and the beginning of summer vacation). A
spike in crayon use for children age 1–4 (4.1 h per month) and
pencil use for children age 5–12 at home (5.6 h per month) was
noted during the third quarter of the study (November 2019-
January 2020). Most art materials used by Pre-K students at school
were also increased during this quarter although use by K-6
students was among the lowest reported for the year.Ta
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Comparison with a recent pilot survey of pre-school art
activities by Lithuanian children reflects similarities in the
hierarchy/ranking of most frequently often art materials by young
students when correlated with monthly hours of use. Coloring
pencils/crayons, watercolors, chalk, pencils, markers and modeling
materials were ranked in the order of most frequently often
used art materials [12]. The current study reported a similar
hierarchical sequence for hours per month use (crayons, pencils,
chalks, finger paint, water colors, glue and modeling materials).
Differences could be attributable to cultural preferences or
consumer availability of such materials.
An illustrative example of marker VOC concentrations in a

standard classroom with 20 children using markers showed very
large MOEs as compared to published reference inhalation
concentration levels. Calculated lead exposures from crayons
used by Pre-K students showed lower daily exposure estimates
than those previously reported [5]. Both examples demonstrate
the importance of accurate frequency and time duration of use
data for consumer products, such as art materials. Dated or poor
quality exposure data may adversely influence risk assessment
evaluations.

CONCLUSIONS
Children age 1–12 have distinct use patterns of art materials at
home and school. Markers, crayons, pencils and glue are the art
materials used for the longest durations by school age children in
both environments. At home, older children use markers and most
art materials for more hours per month compared with younger
children. At school, K-6 students maintain higher usage of
markers; however, Pre-K students consistently use general art
materials more hours per month. Seasonal influences on art
material usage was more pronounced for all children during the
end of the traditional school year and early summer months at
home but limited to younger children in school. At both home
and school, marker use by parents and teachers exceeded use by
their respective children/students. Art and craft material usage
times reported in this survey can be used to refine risk
assessments for chemical components of art materials

DATA AVAILABILITY
Additional data can be made available from the corresponding author upon
reasonable request.
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