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POISON CENTRE RESEARCH                                                                                                   
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ABSTRACT 
Background: Liquid laundry detergent packet exposures modestly declined in the mid-2010s among 
children less than 6 years of age due to public awareness and voluntary product safety standards. We 
aimed to assess longitudinal trends in the number and rate of liquid laundry detergent packet expo-
sures in the United States by age.
Methods: Data from the National Poison Data System were analyzed to characterize liquid laundry 
detergent packet exposures between January 2014 and December 2022.
Results: From 2014–2022, there were 114,826 single and polysubstance exposures to liquid laundry 
detergent packets. Children less than 6 years of age (86.8 percent) were most commonly exposed. 
When evaluating multi-year trends, we found that the annual exposure rate per 1 million children less 
than 6 years old increased by 16.8 percent from 392.6 in 2018 to 458.7 in 2020. Subsequently, the 
annual exposure rate in children less than 6 years of age declined by 6.8 percent from 2020 to 2022 
(427.4 exposures per 1 million). The annual rate of adolescent exposures increased by 85.4 percent 
from 2014 (4.1 exposures per 1 million) to 2017 (7.6 exposures per 1 million), with a subsequent 
increase of 155.3 percent from 2017 to 2018 (19.4 exposures per 1 million). Among adults, the annual 
exposure rate increased by 147.1 percent from 2014 (1.7 exposures per 1 million) to 2022 (4.2 expo-
sures per 1 million). The number of more serious medical outcomes and hospital admissions among 
children less than 6 years of age declined by 44.3 percent and 68.6 percent, respectively, between 
2014 and 2018.
Conclusions: Despite declines in the number, rate, and severity of liquid laundry detergent packet 
exposures among children less than 6 years old, the exposure burden remains high. Additionally, expo-
sures have increased among older children, adolescents, and adults. Renewed safety efforts are war-
ranted to protect prior public health gains and further reduce exposures.
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Introduction

Laundry detergent packets were introduced into the United 
States (US) consumer markets in 2012. Advertised as a con-
venient alternative to traditional detergents, these concen-
trated detergent packets have become popular among 
consumers over the past decade, and the market in the US 
was valued at approximately $3.1 billion in 2022 [1]. Laundry 
detergent packets are a recognized poisoning hazard for 
young children [2,3]. Exposures to laundry detergent packets 
have been associated with multiple effects, ranging from 
ocular [4,5] and mucosal burns [6] to respiratory distress [7] 
and central nervous system depression [8]. Serious outcomes, 
including death, have also been described [9]. Exposures to 
liquid laundry detergent packets are often more severe than 
exposures to traditional laundry detergents [10].

Liquid laundry detergent packet exposures among young 
children increased throughout the 2010s [10,11], receiving 
widespread media attention [12,13]. Efforts by clinicians and 
public health officials prompted major manufacturers to 

implement product safety improvements, including the inclu-
sion of bittering agents and the introduction of opaque con-
tainers, double-latch lids, and more prominent product 
warning labels [14,15]. These were deployed in conjunction 
with high-profile public health awareness campaigns [14]. In 
2015, ASTM International (formerly known as the American 
Society for Testing and Materials) released the F3159-15 vol-
untary safety standard for liquid laundry packets, which were 
adopted by manufacturers [16]. These interventions, in part, 
led to a modest reduction in liquid laundry detergent packet 
exposures among young children as of 2017 [9].

Data from America’s Poison Centers continue to describe 
a high burden of laundry detergent packet exposures 
among children <6 years old since 2018 [17]. Exposure 
trends among older children and adolescents may have 
been affected by social media challenges, such as the “Tide 
Pod Challenge” [18]. Additionally, there have been increas-
ing reports of liquid laundry detergent packet exposures 
among older individuals, especially those with cognitive 
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impairment [19]. Examining continuing, long-term trends in 
exposures in the context of these events can inform pre-
vention efforts. In this study, our objective was to assess 
longitudinal trends in the number and rate of exposures to 
liquid laundry detergent packets in the US by age. Because 
most studies describing laundry detergent packets were 
conducted with data from the mid- to late-2010s, this study 
updates our understanding of current exposure trends 
[9,20,21].

Methods

Data source

Data were obtained from the National Poison Data System 
(NPDS), which is maintained by America’s Poison Centers 
[22]. The NPDS consolidates poisoning exposure calls to 
regional poison centers within the US and its territories. 
Trained poison specialists collect information as part of the 
routine management of these calls, including product type, 
route of exposure, and demographic information. The NPDS 
employs quality control measures to ensure the accuracy 
and completeness of its data [23,24]. United States Census 
Bureau 1 July intercensal and postcensal estimates were 
used to calculate annual exposure rates [25,26].

Case selection criteria

We requested reports of single and polysubstance exposures to 
liquid laundry detergent packets between 1 January 2014 and 
31 December 2022 from America’s Poison Centers. Exposures 
were included in the study if identified by the following: (1) 
product codes for brand-name liquid laundry detergent pack-
ets, (2) generic category “Liquid Unit Dose Laundry Detergents,” 
or (3) generic substance codes for “Laundry Detergents: Liquids 
(Unit Dose)” and “Laundry Detergents: Granules with Liquids 
(Unit Dose)” for exposures with a missing product code. This 
study was restricted to liquid laundry detergent packet expo-
sures, because the ASTM F3159-15 voluntary safety standard 
covers only this product type and not laundry packets with 
only non-liquid components (i.e., granules). Exposures were 
excluded from analysis if: (1) the medical outcome was con-
firmed as a non-exposure or an exposure was unlikely to be 
responsible for the observed outcome, (2) age was unknown, 
or (3) product and generic codes were mismatched. The num-
ber of exposures where the age was unknown was small 
(n¼ 486), accounting for <0.5% of our data.

Study variables

Age was grouped into four categories: (1) < 6 years old, (2) 
6–12 years old, (3) 13–19 years old (i.e., “adolescents”), and (4) 
>19 years old (i.e., “adults”). In keeping with the NPDS, the 
following categories of medical outcome were defined as: (1) 
no effect, (2) minor effect (“minimally bothersome, rapidly 
resolving effects that usually involve the skin or mucous 
membranes”), (3) moderate effect (“more pronounced or 
more systemic in nature, treatment usually required but 

effects are non-life-threatening”), (4) major effect (“symptoms 
are life-threatening or resulted in significant disability”), (5) 
not followed, nontoxic exposure, (6) not followed, minimal 
clinical effects possible, (7) unable to follow, judged as a 
potentially toxic exposure, or (8) death (including indirect 
reports) [27]; “not followed, nontoxic exposure” and “not fol-
lowed, minimal clinical effects possible” were grouped into 
the category “not followed (at most, minimal clinical effects 
possible)” in our study. In this study, “more serious out-
comes” refers to the moderate and major effects and death 
categories combined.

Additional study variables included demographic charac-
teristics, year of exposure, route of exposure, reason for 
exposure, management site, related clinical effects, and high-
est level of healthcare received.

Statistical analysis and ethical considerations

National Poison Data System data were analyzed using SPSS 
29.0 (IBM SPSS Statistics, IBM Corporation, Armonk, NY). 
Descriptive statistics for general characteristics were calculated 
from both single and polysubstance exposures. For analysis of 
management site, the highest level of care received, and med-
ical outcomes, only single substance exposures were included 
due to possible interaction effects between multiple substan-
ces unless explicitly specified otherwise. Simple, linear regres-
sion models and piecewise regression models were used to 
characterize trends, and the estimated slope (m) and associ-
ated P value were calculated. Linear regressions were used in 
our study to characterize if the change in slope was statistic-
ally significant from zero to illustrate increases and decreases 
in exposures over time. For clarity of data presentation in the 
results section, estimated slopes are provided only for trends 
meeting our set level of statistical significance (a¼ 0.05). 
Additional analyses included the calculation of odds ratios 
(ORs) with corresponding 95% confidence intervals (CI). This 
study was exempted for review by the Institutional Review 
Board at the authors’ institution.

Results

General characteristics

Over the study period, US poison centers received 114,826 
exposure calls related to liquid laundry detergent packets 
(Table 1). Children <6 years of age were the most common 
age group exposed (86.8%), followed by adults >19 years 
old (6.4%). Exposures commonly involved only a single sub-
stance (96.5%) or occurred at a residence (98.5%). 
Ingestions (66.5%), followed by ocular exposures (14.0%), 
were the most common routes. A higher proportion of chil-
dren 6–12 years old experienced an ocular exposure (42.8%) 
compared with children <6 years old (11.5%) or adolescents 
(22.9%). Among adolescents and adults, 44.0% (1,025 of 
2,331) and 14.0% (1,036 of 7,387) of exposures, respectively, 
were classified as intentional.
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Management site, the highest level of healthcare 
received, and medical outcome

Most single substance exposures were managed on-site and 
not in a healthcare facility (60.8%; Table 2). Approximately 
three in 10 (30.4%) exposures were treated and released 
from a healthcare facility. Among adolescents, 7.7% of 

exposures were admitted to the hospital compared with 
2.5% among children <6 years of age and 3.7% among 
adults; adolescents had higher odds of being admitted to 
the hospital (OR: 3.27; 95% CI: 2.76–3.87) compared to other 
ages. Children <6 years of age had higher odds (OR: 1.45; 
95% CI: 1.16–1.82) of being admitted to a critical care unit 
compared to other age groups.

Table 1. Characteristics of liquid laundry detergent packet exposures by age group, National Poison Data System 2014-2022.

<6 years 6–12 years 13–19 years >19 years Total
Characteristic n (%)a n (%)a n (%)a n (%)a n (%)a

Type of exposure
Single substance 97,046 (97.4) 5,262 (96.5) 1,999 (85.8) 6,553 (88.7) 110,860 (96.5)
Polysubstance 2,607 (2.6) 193 (3.5) 332 (14.2) 834 (11.3) 3,966 (3.5)

Sex
Male 52,932 (53.2) 2,825 (52.0) 1,183 (50.9) 2,691 (36.5) 59,631 (52.1)
Female 46,491 (46.8) 2,612 (48.0) 1,142 (49.1) 4,679 (63.5) 54,924 (47.9)
Unknown 230 18 6 17 271

Exposure site
Residence 98,558 (99.0) 5,248 (96.4) 2,012 (87.5) 7,030 (95.5) 112,848 (98.5)
Other 936 (1.0) 197 (3.6) 287 (12.5) 329 (4.5) 1,749 (1.5)
Unknown 159 10 32 28 229

Route of exposure
Single route
Ingestion 69,374 (69.7) 2,029 (37.2) 1,510 (64.8) 3,384 (45.9) 76,297 (66.5)
Ocular 11,482 (11.5) 2,334 (42.8) 526 (22.6) 1,695 (22.9) 16,037 (14.0)
Dermal 1,545 (1.6) 218 (4.0) 133 (5.7) 1,561 (21.1) 3,457 (3.0)
Nasal inhalation 58 (0.1) 12 (0.2) 8 (0.3) 209 (2.8) 287 (0.2)
Other 24 (0.0) 4 (0.1) 4 (0.2) 32 (0.4) 64 (0.1)

Multiple routes
Multiple routes involving ingestion 14,362 (14.4) 533 (9.8) 106 (4.5) 366 (5.0) 15,367 (13.4)
Ocular and dermal 2,668 (2.7) 314 (5.8) 39 (1.7) 97 (1.3) 3,118 (2.7)
Other multiple routes 90 (0.1) 10 (0.2) 4 (0.2) 33 (0.4) 137 (0.1)

Unknown 50 1 1 10 62
Total exposures (row %)b 99,653 (86.8) 5,455 (4.8) 2,331 (2.0) 7,387 (6.4) 114,826 (100.0)
aColumn percentages may not sum to 100.0% due to rounding error.
bRow percentages may not sum to 100.0% due to rounding error.

Table 2. Management site, highest level of health care received, and medical outcomes associated with single substance exposures to liquid laundry detergent 
packets by age group, National Poison Data System 2014–2022.

<6 years 6–12 years 13–19 years >19 years Total
Characteristic n (%)a n (%)a n (%)a n (%)a n (%)a

Management site
Managed on site (non-healthcare facility) 58,178 (60.3) 3,081 (59.0) 1,129 (57.1) 4,627 (71.3) 67,015 (60.8)
Patient already in (enroute to) healthcare facility when poison center called 26,827 (27.8) 1,369 (26.2) 490 (24.8) 1,091 (16.8) 29,777 (27.0)
Patient was referred by poison center to a healthcare facility 10,903 (11.3) 724 (13.9) 279 (14.1) 701 (10.8) 12,607 (11.4)
Other 597 (0.6) 49 (0.9) 80 (4.0) 74 (1.1) 800 (0.7)
Unknown 541 39 21 60 661

Highest level of health care received
Received healthcare facility care 32,952 (34.0) 1,732 (32.9) 585 (29.3) 1,277 (19.5) 36,546 (33.0)
Treated or evaluated and released 30,527 (31.5) 1,677 (31.9) 431 (21.6) 1,035 (15.8) 33,670 (30.4)
Admitted 2,425 (2.5) 55 (1.0) 154 (7.7) 242 (3.7) 2,876 (2.6)
Admitted to critical care unit 838 (0.9) 17 (0.3) 10 (0.5) 55 (0.8) 920 (0.8)
Admitted to noncritical care unit 1,587 (1.6) 29 (0.6) 33 (1.7) 98 (1.5) 1,747 (1.6)
Admitted to psychiatric care facility 0 (0.0) 9 (0.2) 111 (5.6) 89 (1.4) 209 (0.2)

Patient lost to follow-up or left against medical advice 3,545 (3.7) 281 (5.3) 140 (7.0) 374 (5.7) 4,340 (3.9)
Not seen in an healthcare facility 60,370 (62.2) 3,230 (61.4) 1,260 (63.0) 4,868 (74.3) 69,728 (62.9)

No healthcare facility treatment received 59,318 (61.1) 3,169 (60.2) 1,230 (61.5) 4,761 (72.7) 68,478 (61.8)
Patient refused referral or did not arrive at healthcare facility 1,052 (1.1) 61 (1.2) 30 (1.5) 107 (1.6) 1,250 (1.1)

Medical Outcome
Serious medical outcome (i.e., more serious outcome) 5,160 (5.3) 461 (8.8) 125 (6.3) 481 (7.3) 6,227 (5.6)
Death 0 (0.0) 0 (0.0) 0 (0.0) 9 (0.1) 9 (0.0)
Major effect 182 (0.2) 7 (0.1) 6 (0.3) 15 (0.2) 210 (0.2)
Moderate effect 4,978 (5.1) 454 (8.6) 119 (6.0) 457 (7.0) 6,008 (5.4)

Minor effect 42,095 (43.4) 2,320 (44.1) 712 (35.6) 1,761 (26.9) 46,888 (42.3)
No effect 18,601 (19.2) 553 (10.5) 276 (13.8) 730 (11.1) 20,160 (18.2)
Not followed (at most, minimal clinical effects possible) 26,624 (27.4) 1,627 (30.9) 752 (37.6) 3,204 (48.9) 32,207 (29.1)

Unable to follow, judged as potentially toxic 4,564 (4.7) 301 (5.7) 134 (6.7) 377 (5.8) 5,376 (4.8)
Total single substance exposures (row %)b 97,046 (87.5) 5,262 (4.7) 1,999 (1.8) 6,553 (5.9) 110,860 (100.0)
aColumn percentages may not sum to 100.0% due to rounding error.
bRow percentages may not sum to 100.0% due to rounding error.
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The most common medical outcomes from single sub-
stance exposures were a minor effect (42.3%) or no effect 
(18.2%). More serious outcomes occurred in 5.6% of expo-
sures. The proportion of more serious outcomes was highest 
among children 6–12 years old (8.8%) followed by adults 
(7.3%); children 6–12 years of age (OR: 1.66; 95% CI: 1.51– 
1.84) and adults (OR: 1.36; 95% CI: 1.23–1.50) had higher 
odds of experiencing a more serious outcome compared to 
other age groups. Among all children <6 years of age in our 
study who experienced a more serious outcome, 5,160 were 
single substance exposures, while 175 were polysubstance. 
All nine fatalities reported by the NPDS during the study 
period involved adults. Seven of the nine fatalities occurred 
in adults >70 years old, and eight of the nine fatalities were 
unintentional in nature.

Trends in exposure number and rate

The annual exposure rate per 1 million children <6 years old 
decreased by 28.7% from 550.5 in 2016 to 392.6 in 2018 
(Figure 1). More recently, the annual rate of exposures 
among children <6 years of age increased by 16.8% 
(m¼ 33.0, P¼ 0.004) between 2018 (392.6 exposures per 1 
million) and 2020 (458.7 exposures per 1 million). 
Subsequently, the annual rate of exposures among children 
<6 years of age declined insignificantly by 6.8% (P¼ 0.273) 
from 2020 to 2022 (427.4 exposures per 1 million).

Among children 6-12 years old, the annual rate of expo-
sures increased 74.0% (m¼ 2.95; P¼ 0.006) from 2014 (15.0 
exposures per 1 million) to 2018 (26.1 exposures per 1 

million) before declining by 19.6% (m¼ −2.56; P¼ 0.009) 
from 2018 to 2020 (21.0 exposures per 1 million). The expos-
ure rate for those 6-12 years of age remained steady 
between 2020–2022.

Among adolescents, the annual rate of exposures to liquid 
laundry detergent packets increased by 85.4% (m¼ 1.2, 
P¼ 0.032) from 2014 (4.1 exposures per 1 million) to 2017 (7.6 
exposures per 1 million); between 2017 and 2018 (19.4 expo-
sures per 1 million), the annual rate of exposures among ado-
lescents increased by 155.3%. After declining to an annual 
exposure rate of 7.4 per 1 million in 2020, the rate of adoles-
cent exposures increased by 29.7% by 2022 (9.6 exposures 
per 1 million). Among adults, the annual rate of exposures 
increased by 147.1% (m¼ 0.3; P¼ 0.005) from 2014 (1.7 expo-
sures per 1 million) to 2022 (4.2 exposures per 1 million).

Trends in exposure route

The number of annual ingestions in children <6 years of age 
increased by 12.6% (m¼ 384.0; P¼ 0.024) from 2018 (6,089 
exposures) to 2020 (6,857 exposures; Figure 2) before 
decreasing insignificantly by 9.0% (P¼ 0.231) from 2020 to 
2022 (6,243 exposures). The annual number of ocular expo-
sures in children <6 years old increased insignificantly by 
19.9% (P¼ 0.204), from 1,227 exposures in 2018 to 1,471 
exposures in 2020, before experiencing a plateau.

Among children 6–12 years of age, the annual number of 
ocular exposures increased by 89.4% (m¼ 46.6; P¼ 0.019) 
from 2014 (179 exposures) to 2018 (339 exposures) before 
declining insignificantly by 18.0% (P¼ 0.330) from 2018 to 

Figure 1. Rate of liquid laundry detergent packet exposure by age group and year, National Poison Data System 2014-2022.
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2022 (278 exposures). Abrupt increases in annual exposures 
between 2017 and 2018 among adolescents and adults were 
primarily associated with ingestions (Figure 2). Among adults, 
the annual number of ingestions and ocular exposures 
increased by 92.0% (m¼ 31.8; P¼ 0.013) and 140.5% 
(m¼ 19.3; P¼ 0.001), respectively, over the study period.

Trends in more serious outcomes and hospital 
admission

Among single substance exposures, the annual number of 
more serious outcomes and hospital admissions among chil-
dren <6 years old declined by 44.3% (m¼ −102.1; P¼ 0.002) 
and 68.6% (m¼ −102.6; P¼ 0.003), respectively, between 2014 
and 2018, and then leveled off (Figure 3). Children 6–12 years 
old experienced a sudden increase in the annual number of 
serious outcomes between 2015 and 2016; the annual number 
of more serious outcomes for this age group subsequently 
decreased by 43.5% (m¼ −6.2; P< 0.001) from 2017 to 2022. 
The adolescent and adult age groups demonstrated an abrupt 
increase in more serious outcomes and hospital admissions 
between 2017 and 2018; this trend partially reversed for ado-
lescents in subsequent years (Figure 3). The annual number of 
hospital admissions among adults increased by 73.7% 
(m¼ 1.87; P¼ 0.018) over the study period.

Trends in healthcare facility use and related clinical 
effects

Trends in healthcare facility use and experiencing at least 
one related clinical effect from single substance exposures 
are summarized in Figure 4. The decline in the annual num-
ber of children <6 years of age who utilized a healthcare 
facility or experienced at least one related clinical effect 
occurred primarily between 2015 and 2018 before plateauing 
in subsequent years. Among adults, annual numbers for 
experiencing at least one related clinical effect increased by 
91.9% (m¼ 32.2; P¼ 0.008) over the study period.

Discussion

This study describes long-term trends in liquid laundry deter-
gent packet exposures by key age groups since the introduc-
tion of the product into the US market. As previously 
described [9,20,21,28], liquid laundry detergent packet expo-
sures among children <6 years old had modestly declined 
between 2015-2017. However, exposure numbers and rates 
in this age group increased between 2018–2020, with subse-
quent declines only partially mitigating this increase. 
Previously declining proxies for severity of exposure—more 
serious outcomes, healthcare facility use, and hospital admis-
sions—have plateaued for children <6 years old since 2018. 

Figure 2. Number of exposures to liquid laundry detergent packets through a single route (ingestion or ocular exposure) by age group and year, National Poison 
Data System 2014–2022.
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Moreover, exposures among older children, adolescents, and 
adults increased throughout the study period.

The introduction of laundry detergent packets into the US 
consumer market in 2012 was followed by widely publicized 
poisonings and subsequent attempts by manufacturers to 
improve product safety. In 2015, these efforts culminated in 
the publication of the ASTM International voluntary safety 
standard F3159-15 for liquid laundry detergent packets, 
which included specifications for child-resistant containers, 
opaque packaging, aversive agents to the packet film, min-
imum burst strength, and warning labeling [16]. Combined 
with industry and public health educational campaigns, these 
changes contributed to the decline in exposure number and 
exposure severity among children <6 years old in the imme-
diate years following the implementation of the safety 
standard.

Our findings underscore how public health gains for young 
children have plateaued in recent years. Compared with the 
historic Poison Prevention Packaging Act of 1970 [29], which 
substantially decreased poisonings associated with medica-
tions and toxic household products by 40–50% [30,31], the 
ASTM F3159-15 safety standard has not performed similarly 
with respect to preventing laundry detergent packet poison-
ings. The weaker epidemiologic effects observed with respect 
to the ASTM standard reflect its permissive requirements. For 
example, manufacturers are allowed to meet the requirements 

for children-resistant containers in six different ways, which 
may not conform to the proven-effective Poison Prevention 
Packaging Act standard. Recent updates to the standard in 
March 2022 did not substantially change its scope [16]. 
Multiple opportunities exist to strengthen the ASTM standard. 
These include requiring Poison Prevention Packaging Act-com-
pliant packaging or adopting additional “layers of protection,” 
such as individual packaging of each laundry packet. Prior 
legislative attempts by the US Congress to propose a stronger, 
mandatory safety standard have not progressed beyond com-
mittee referral [32].

Exposures among older individuals, particularly adoles-
cents and adults, increased throughout the study period. 
These exposures have been described among those uniquely 
at-risk, such as elderly individuals or those with developmen-
tal delay or degenerative brain diseases [9,19]. However, 
intentional ingestions of laundry detergent packets have also 
been documented; in 2018, the sudden increase in expo-
sures, more serious outcomes, and hospital admissions 
among adolescents and adults may have been associated 
with the “Tide Pod Challenge,” a viral internet phenomenon 
that became popular in December 2017 [18]. Social media 
challenges involving toxic substances continue to emerge 
[33], and the experience with laundry detergent packets 
highlights the potential public health consequences associ-
ated with these trends. Content moderation and counter- 

Figure 3. Number of single substance liquid laundry detergent packet exposures resulting in admission or more serious medical outcome by age group and year, 
National Poison Data System 2014–2022.
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social and mainstream media efforts to combat the “Tide 
Pod Challenge” may have yielded mixed results [34], thus 
serving as an important lesson in carefully adapting the pub-
lic health response to the social media era.

Packaging modifications are unlikely to completely prevent 
intentional or self-harm attempts among older individuals. 
Rather, reducing product toxicity can prevent more serious 
outcomes related to exposure. For reasons not completely 
understood, liquid laundry detergent packets are more toxic 
than traditional detergents [10]. Product reformulation has 
been successful in reducing toxicity among other consumer 
products, such as fabric cleaners [35] and should be consid-
ered for liquid laundry detergent packets.

Most media attention related to laundry detergent pack-
ets occurred in the mid-2010s. As such, general awareness of 
the dangers associated with exposures to laundry detergent 
packets may be waning, which may explain the more recent 
shifts in exposure trends in our study. Healthcare providers 
should continue to counsel patients and families regarding 
safe storage practices for laundry detergent packets. We con-
tinue to advise families with children to avoid detergent 
packets and to use traditional laundry detergents instead. 
This injury prevention guidance not only applies to young 
children but also to those with other health conditions, such 
as cognitive impairment.

Our study has several limitations. National Poison Data 
System data likely underestimate the number of exposures 

associated with liquid laundry detergent packets because not 
all exposures are reported to poison centers. Exposure calls are 
voluntary and rely on self-reports from the caller, and cannot 
be completely verified by poison centers or America’s Poison 
Centers. Data miscoding by poison centers specialists may also 
occur. Exposures do not necessarily represent a poisoning or 
intoxication. In our study, we used linear regression to charac-
terize if the calculated slopes of trends were statistically signifi-
cant from zero and not for statistical prediction; we did not 
employ advanced statistical modeling over the entire dataset 
to attempt to characterize model fit or the contribution of spe-
cific variables to the change in trends. Therefore, our study 
does not describe definitive associations between variables in 
our data. Despite these limitations, our data highlight important 
changes in laundry detergent packet trends relevant for poison-
ing prevention and public health efforts. The NPDS is a com-
prehensive, standardized national database with strict data 
quality control measures well-suited to describe laundry deter-
gent packet exposures in the US population.

Conclusions

Public health efforts have led to declines in the number, rate, 
and severity of liquid laundry detergent packet exposures 
among children <6 years old. However, the burden of exposures 
in this age group remains high. Additionally, increasing numbers 
and rates of exposures are being seen among older children, 

Figure 4. Number of single substance liquid laundry detergent packet exposures resulting in healthcare facility use or �1 clinical effect by age group and year, 
National Poison Data System 2014–2022.
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adolescents, and adults. Renewed efforts towards improving 
awareness and strengthening the current ASTM International 
safety standard are critical in sustaining prior public health gains 
and reducing further liquid laundry detergent packet exposures.

Acknowledgement

America’s Poison Centers maintains the National Poison Data System, 
which houses de-identified records of self-reported information from 
callers to the country’s Poison Centers. National Poison Data System 
data do not reflect the entire universe of US exposures and incidence 
related to any substance(s). Exposures do not necessarily represent a 
poisoning or overdose and America’s Poison Centers is not able to com-
pletely verify the accuracy of every report. National Poison Data System 
data do not necessarily reflect the opinions of America’s Poison Centers.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

No external funding was used for this study. The authors have no finan-
cial relationships relevant to this article to disclose.

ORCID

Christopher E. Gaw http://orcid.org/0000-0002-2847-6372 

References

0[1] Petruzzi D. Size of the U.S. laundry detergent pods market from 
2015 to 2025 [Internet]. Statista. 2022 [cited 2023 Sep 12]. 
Available from: https://www.statista.com/statistics/1064616/laun-
dry-detergent-pods-market-value-us/.

0[2] Bonney AG, Mazor S, Goldman RD. Laundry detergent capsules 
and pediatric poisoning. Can Fam Physician. 2013;59(12):1295– 
1296.

0[3] Day R, Bradberry SM, Thomas SHL, et al. Liquid laundry detergent 
capsules (PODS): a review of their composition and mechanisms 
of toxicity, and of the circumstances, routes, features, and man-
agement of exposure. Clin Toxicol. 2019;57(11):1053–1063. doi: 
10.1080/15563650.2019.1618466.

0[4] Whitney RE, Baum CR, Aronson PL. Diffuse corneal abrasion after 
ocular exposure to laundry detergent pod. Pediatr Emerg Care. 
2015;31(2):127–128. doi: 10.1097/PEC.0000000000000244.

0[5] Haring RS, Sheffield ID, Frattaroli S. Detergent pod-related eye 
injuries among preschool-aged children. JAMA Ophthalmol. 2017; 
135(3):283–284. doi: 10.1001/jamaophthalmol.2016.5694.

0[6] Smith E, Liebelt E, Nogueira J. Laundry detergent pod ingestions: 
is there a need for endoscopy? J Med Toxicol. 2014;10(3):286– 
291. doi: 10.1007/s13181-014-0414-3.

0[7] Kamit-Can F, Alparslan C, Anıl AB, et al. The need for mechanical 
ventilation in a child exposed to a laundry detergent pod. Turk J 
Pediatr. 2016;58(3):323–326. doi: 10.24953/turkjped.2016.03.017.

0[8] Schneir AB, Rentmeester L, Clark RF, et al. Toxicity following laun-
dry detergent pod ingestion. Pediatr Emerg Care. 2013;29(6):741– 
742. doi: 10.1097/PEC.0b013e318294eb1d.

0[9] Gaw CE, Spiller HA, Casavant MJ, et al. Safety interventions and 
liquid laundry detergent packet exposures. Pediatrics. 2019; 
144(1):e20183117. doi: 10.1542/peds.2018-3117.

[10] Davis MG, Casavant MJ, Spiller HA, et al. Pediatric exposures to laun-
dry and dishwasher detergents in the United States: 2013-2014. 
Pediatrics. 2016;137(5):e20154529. doi: 10.1542/peds.2015-4529.

[11] Valdez AL, Casavant MJ, Spiller HA, et al. Pediatric exposure to 
laundry detergent pods. Pediatrics. 2014;134(6):1127–1135. doi: 
10.1542/peds.2014-0057.

[12] Bonifield J. Laundry packet poisonings increase in kids [Internet]. 
CNN. 2016 [cited 2023 Sep 12]. Available from: https://www.cnn.com/ 
2016/04/25/health/laundry-detergent-packets-dangers/index.html.

[13] Firger J. Thousands of children poisoned by laundry detergent 
pods [Internet]. CBS News. 2014 [cited 2023 Sep 12]. Available 
from: https://www.cbsnews.com/news/laundry-detergent-pods- 
pose-poisoning-hazard-for-kids/.

[14] Procter & Gamble. P&G Announces Change to Laundry Pacs and 
Taps Safe Kids Worldwide to Help Promote Safety Among 
Parents [Internet]. 2015 [cited 2023 Sep 12]. Available from: 
https://www.businesswire.com/news/home/20150630006474/en/ 
PG-Announces-Change-to-Laundry-Pacs-and-Taps-Safe-Kids-World 
wide-to-Help-Promote-Safety-Among-Parents.

[15] Ng S. Detergent makers to add bitter substance to laundry pods. 
[Internet]. WSJ. 2015 [cited 2023 Sep 12]. Available from: https:// 
www.wsj.com/articles/laundry-pod-makers-take-steps-to-prevent- 
accidental-ingestion-1435692400

[16] ASTM International. ASTM F3159-15e1, Standard Safety 
Specification for Liquid Laundry Packets [Internet]. West 
Conshohocken, PA; 2023 [cited 2023 Sep 12]. Available from: 
http://www.astm.org/cgi-bin/resolver.cgi?F3159-15e1.

[17] National Poison Data System: America’s Poison Centers. Laundry 
Detergent Packets [Internet]. 2023 [cited 2023 Sep 12]. Available 
from: https://www.aapcc.org/track/laundry-detergent-packets.

[18] McCarthy C. Why teenagers eat Tide pods. Harvard Health 
Publishing [Internet]. 2018 [cited 2023 Sep 12]; Available from: 
https://www.health.harvard.edu/blog/why-teenagers-eat-tide-pods- 
2018013013241.

[19] Celentano A, Bissoli M, Sesana F, et al. Why are adults exposed 
to liquid laundry detergent capsules? Clin Toxicol. 2023;61: 
999–1000. 10.1080/15563650.2023.2276037.

[20] Reynolds KM, Burnham RI, Delva-Clark H, et al. Impact of product 
safety changes on accidental exposures to liquid laundry packets 
in children. Clin Toxicol. 2021;59(5):392–399. doi: 10.1080/ 
15563650.2020.1817478.

[21] Rodgers GB. Evaluation of the impact of the voluntary safety 
standard for liquid laundry packets on the rate of child exposures 
reported to poison control centers in the US. Inj Prev. 2022;28(1): 
43–48. doi: 10.1136/injuryprev-2020-044115.

[22] America’s Poison Centers. National Poison Data System [Internet]. 
2023 [cited 2023 Sep 12]. Available from: https://www.aapcc.org/ 
national-poison-data-system.

[23] Wolkin AF, Martin CA, Law RK, et al. Using poison center data for 
national public health surveillance for chemical and poison 
exposure and associated illness. Ann Emerg Med. 2012;59(1):56– 
61. doi: 10.1016/j.annemergmed.2011.08.004.

[24] Carpenter JE, Chang AS, Bronstein AC, et al. Identifying incidents 
of public health significance using the national poison data sys-
tem, 2013–2018. Am J Public Health. 2020;110(10):1528–1531. 
doi: 10.2105/AJPH.2020.305842.

[25] U.S. Census Bureau. NC-EST2020-AGESEX-RES: Annual Estimates 
of the Resident Population by Single Year of Age and Sex for the 
United States: April 1, 2010 to July 1, 2020 [Internet]. 2021 [cited 
2023 Sep 12]. Available from: https://www.census.gov/programs- 
surveys/popest/technical-documentation/research/evaluation-esti-
mates/2020-evaluation-estimates/2010s-national-detail.html.

[26] U.S. Census Bureau. NC-EST2022-AGESEX-RES: Annual Estimates 
of the Resident Population by Single Year of Age and Sex for the 
United States: April 1, 2020 to July 1, 2022 [Internet]. 2023 [cited 
2023 Sep 12]. Available from: https://www.census.gov/data/ 
tables/time-series/demo/popest/2020s-national-detail.html.

[27] American Association of Poison Control Centers. National Poison 
Data System (NPDS): NPDS Coding Users’ Manual, Version 3.1. 2014.

[28] Hanway SJ, Rodgers GB. Impact of the voluntary safety standard 
for liquid laundry packets on child injuries treated in us hospital 
emergency departments, 2012-2018. Am J Public Health. 2020; 
110(8):1242–1247. doi: 10.2105/AJPH.2020.305650.

CLINICAL TOXICOLOGY 997

https://www.statista.com/statistics/1064616/laundry-detergent-pods-market-value-us/
https://www.statista.com/statistics/1064616/laundry-detergent-pods-market-value-us/
https://doi.org/10.1080/15563650.2019.1618466
https://doi.org/10.1097/PEC.0000000000000244
https://doi.org/10.1001/jamaophthalmol.2016.5694
https://doi.org/10.1007/s13181-014-0414-3
https://doi.org/10.24953/turkjped.2016.03.017
https://doi.org/10.1097/PEC.0b013e318294eb1d
https://doi.org/10.1542/peds.2018-3117
https://doi.org/10.1542/peds.2015-4529
https://doi.org/10.1542/peds.2014-0057
https://www.cnn.com/2016/04/25/health/laundry-detergent-packets-dangers/index.html
https://www.cnn.com/2016/04/25/health/laundry-detergent-packets-dangers/index.html
https://www.cbsnews.com/news/laundry-detergent-pods-pose-poisoning-hazard-for-kids/
https://www.cbsnews.com/news/laundry-detergent-pods-pose-poisoning-hazard-for-kids/
https://www.businesswire.com/news/home/20150630006474/en/PG-Announces-Change-to-Laundry-Pacs-and-Taps-Safe-Kids-Worldwide-to-Help-Promote-Safety-Among-Parents
https://www.businesswire.com/news/home/20150630006474/en/PG-Announces-Change-to-Laundry-Pacs-and-Taps-Safe-Kids-Worldwide-to-Help-Promote-Safety-Among-Parents
https://www.businesswire.com/news/home/20150630006474/en/PG-Announces-Change-to-Laundry-Pacs-and-Taps-Safe-Kids-Worldwide-to-Help-Promote-Safety-Among-Parents
https://www.wsj.com/articles/laundry-pod-makers-take-steps-to-prevent-accidental-ingestion-1435692400
https://www.wsj.com/articles/laundry-pod-makers-take-steps-to-prevent-accidental-ingestion-1435692400
https://www.wsj.com/articles/laundry-pod-makers-take-steps-to-prevent-accidental-ingestion-1435692400
http://www.astm.org/cgi-bin/resolver.cgi?F3159-15e1
https://www.aapcc.org/track/laundry-detergent-packets
https://www.health.harvard.edu/blog/why-teenagers-eat-tide-pods-2018013013241
https://www.health.harvard.edu/blog/why-teenagers-eat-tide-pods-2018013013241
https://doi.org/10.1080/15563650.2023.2276037
https://doi.org/10.1080/15563650.2020.1817478
https://doi.org/10.1080/15563650.2020.1817478
https://doi.org/10.1136/injuryprev-2020-044115
https://www.aapcc.org/national-poison-data-system
https://www.aapcc.org/national-poison-data-system
https://doi.org/10.1016/j.annemergmed.2011.08.004
https://doi.org/10.2105/AJPH.2020.305842
https://www.census.gov/programs-surveys/popest/technical-documentation/research/evaluation-estimates/2020-evaluation-estimates/2010s-national-detail.html
https://www.census.gov/programs-surveys/popest/technical-documentation/research/evaluation-estimates/2020-evaluation-estimates/2010s-national-detail.html
https://www.census.gov/programs-surveys/popest/technical-documentation/research/evaluation-estimates/2020-evaluation-estimates/2010s-national-detail.html
https://www.census.gov/data/tables/time-series/demo/popest/2020s-national-detail.html
https://www.census.gov/data/tables/time-series/demo/popest/2020s-national-detail.html
https://doi.org/10.2105/AJPH.2020.305650


[29] Public Law 91-601, 84 Stat. 1670, December 30, 1970, as 
amended. Poison Prevention Packaging Act [Internet]. 1970 [cited 
2023 Sep 12]. Available from: https://www.cpsc.gov/s3fs-public/ 
pdfs/blk_media_pppa.pdf.

[30] Clarke A, Walton WW. Effect of safety packaging on aspirin ingestion 
by children. Pediatrics. 1979;63(5):687–693. doi: 10.1542/peds.63.5.687.

[31] Walton WW. An evaluation of the poison prevention packaging 
act. Pediatrics. 1982;69(3):363–370. doi: 10.1542/peds.69.3.363.

[32] H.R.1139 - Detergent PACS Act of 2015. [Internet]. U.S. Congress; 
[cited 2023 Sep 12]. Available from: https://www.congress.gov/ 
bill/114th-congress/house-bill/1139/text.

[33] U.S. Food and Drug Administration. A Recipe for Danger: Social 
Media Challenges Involving Medicines [Internet]. 2022 [cited 
2023 Sep 12]. Available from: https://www.fda.gov/consumers/con-
sumer-updates/recipe-danger-social-media-challenges-involving- 
medicines.

[34] Grimmelmann J. The platform is the message. Georget Law 
Technol Rev. 2018;2(2):217–223.

[35] U.S. Consumer Product Safety Commission. CPSC recommends 
ban of benzene in consumer products [Internet]. 1978 [cited 
2023 Sep 12]. Available from: https://www.cpsc.gov/content/cpsc- 
recommends-ban-of-benzene-in-consumer-products.

998 A. M. ZHANG ET AL.

https://www.cpsc.gov/s3fs-public/pdfs/blk_media_pppa.pdf
https://www.cpsc.gov/s3fs-public/pdfs/blk_media_pppa.pdf
https://doi.org/10.1542/peds.63.5.687
https://doi.org/10.1542/peds.69.3.363
https://www.congress.gov/bill/114th-congress/house-bill/1139/text
https://www.congress.gov/bill/114th-congress/house-bill/1139/text
https://www.fda.gov/consumers/consumer-updates/recipe-danger-social-media-challenges-involving-medicines
https://www.fda.gov/consumers/consumer-updates/recipe-danger-social-media-challenges-involving-medicines
https://www.fda.gov/consumers/consumer-updates/recipe-danger-social-media-challenges-involving-medicines
https://www.cpsc.gov/content/cpsc-recommends-ban-of-benzene-in-consumer-products
https://www.cpsc.gov/content/cpsc-recommends-ban-of-benzene-in-consumer-products

	Longitudinal trends in liquid laundry detergent packet exposures: 2014–2022
	Abstract
	Introduction
	Methods
	Data source
	Case selection criteria
	Study variables
	Statistical analysis and ethical considerations

	Results
	General characteristics
	Management site, the highest level of healthcare received, and medical outcome
	Trends in exposure number and rate
	Trends in exposure route
	Trends in more serious outcomes and hospital admission
	Trends in healthcare facility use and related clinical effects

	Discussion
	Conclusions
	Acknowledgement
	Disclosure statement
	Funding
	Orcid
	References


