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Clinical characteristics of exposures
to liquid laundry detergent packets
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Abstract
Introduction: Our objective was to describe the characteristics of liquid laundry detergent packet (LDP)
exposures and to develop referral and treatment recommendations.
Methods: This retrospective cohort study investigated LDP exposures reported to the National Poison Data
System from January 1, 2013 through June 30, 2014. Three medical toxicologists reviewed the most significant
exposures (n ¼ 450).
Results: Of 17,857 reported LDP exposures, 13,307 involved only an LDP (no other substance) and were
followed to a known medical outcome. The median age was 2 years (range 12 days to 100 years). Approx-
imately 10% of exposures reported a major or moderate effect. The most common symptom was vomiting
(51.7%; n ¼ 6875), but stridor or aspiration pneumonia and respiratory depression secondary to central
nervous system effects also occurred. Two pediatric and two adult deaths occurred, but no causal mechanism
leading to death could be identified in any of the deaths.
Conclusions: LDPs occasionally produce a toxidrome of vomiting, stridor, hypoxia, and sedation with meta-
bolic acidosis and respiratory failure. These symptoms and the availability of LDPs highlight the need for
referral and treatment recommendations and efforts to minimize unintentional exposures. Review of data
from US poison centers may provide referral and treatment recommendations that improve patient outcomes.
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Introduction

Liquid laundry detergent packets (LDPs) were intro-

duced to the United States (US) market in 2010 and

became widely available by 2012.1 LDPs contain a

combination of concentrated liquid detergents

enclosed in a polyvinyl alcohol film designed to dis-

solve upon contact with water. The exact formulas

and ingredient concentrations of LDPs vary, with as

many as 50 chemicals reported for a single product.2–5

Despite the chemical variety, anionic and nonionic

surfactants, propylene glycol, and glycerin are com-

mon LDP ingredients. LDPs are further unique

because they contain up to 90% less water than tradi-

tional liquid laundry detergents.

LDP exposures reported to US poison centers

(PCs) increased after their release, suggesting unin-

tended safety risks in a pattern similar to the European

release of LDPs a decade earlier. In separate state-

ments, the American Association of Poison Control

Centers (AAPCC) in May 2012 and the Centers for

Disease Control and Prevention (CDC) in October
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2012 warned about the risks associated with LDP

exposures.6,7 In particular, the CDC highlighted that,

when compared to regular laundry detergent expo-

sure, outcomes in younger children (<5 years) were

more severe. The report also noted gastrointestinal

and respiratory effects and mental status changes

among LDP exposures.

Despite continued reports of LDP exposures to US

PCs, formal referral and treatment recommendations

to manage such exposures do not exist.8–20 The goals

of this article are to characterize the medical presen-

tation of patients exposed to LDPs and to propose

referral and treatment recommendations to serve as

a reference for the best practices in the management

of exposures. The recommendations presented in this

article are intended to be applicable to first respon-

ders, emergency physicians, PCs and other medical

management or triage service providers, pediatricians

and other pediatric clinicians, and other health-care

professionals who may be consulted following an

exposure to LDPs. Current scientific and clinical

information are the basis for these recommendations.

The authors recognize that specific patient care deci-

sions may be at variance with these recommendations

and are at the discretion of the patient and health

professionals providing care, considering all of the

circumstances involved; these recommendations do

not substitute for clinical judgment or informed

patient choice.

Methods

The National Poison Data System (NPDS) captures

data from 55 regional AAPCC-accredited PCs

throughout the US and its territories. PC staff are

trained health-care professionals that take calls from

the public and health-care providers to manage

patients potentially exposed to pharmaceutical and

non-pharmaceutical substances. Using standardized

data collection systems, each regional PC records

information, and PC staff follow up on cases that

require medical management. Medical outcome is

recorded after follow-up is complete, if follow-up

is determined to not be required due to the low risk

of the exposure, or if follow-up cannot be completed.

Exposure data are collected into local databases as

descriptive narratives and coded categorical vari-

ables (e.g. age, weight) using a standardized

coding system. Automatic uploads of categorical

data fields from local databases to NPDS occur

every 8 min.

In this retrospective study, NPDS was searched

systematically from January 1, 2013 through June

30, 2014 for all human exposures involving an LDP;

data were received on 10 November 2014. A panel of

clinicians was assembled to review the NPDS data.

Data from exposures followed to a known medical

outcome were included in the review because the

quality of case documentation tends to be more thor-

ough for these exposures. Descriptive statistics were

calculated to summarize demographics, exposure

characteristics, and outcomes, with stratification by

route of exposure and medical outcome. All analyses

were performed using SAS® software, version 9.3

(SAS® Institute Inc., Cary, North Carolina, USA).

A panel of three physicians with over 50 com-

bined years of expertise in pediatrics, intensive care,

emergency medicine, toxicology, and injury pre-

vention performed the clinical analysis. A senior

scientist with nearly 15 years of experience in epi-

demiological studies and consumer product safety

evaluation moderated the review. After initial review

of the data summary, a case-level review of selected

exposures was used to strengthen the understanding

of exposures, therapies, and associated outcomes.

Exposures with (1) a serious medical outcome

(NPDS medical outcome of death or major effect the

(patient experienced life-threatening symptoms or

significant residual disability or disfigurement as a

result of the exposure)) OR (2) exposure reason

of suspected suicide were selected for case-level

review. These criteria were intended to capture the

most severe exposures regardless of age. Additional

exposures for case-level review were selected from

LDP-only (no other substance) exposures in children

<6 years of age with (1) clinically significant effects

(acidosis, coma, respiratory depression, burns, sei-

zure) or treatments (intubation, ventilation, cardio-

version) OR (2) a medical outcome of moderate

effect with reported admission to a health-care facil-

ity (HCF; noncritical care unit, critical care unit, or

psychiatric facility). The pediatric subset of cases

was further explored because children <6 years of

age are the most common subpopulation involved

in LDP exposures and single-substance exposures

allow for cleaner evaluation of the contribution of

LDPs to outcomes controlling for potential contribu-

tion from other substances.

Key data elements from each exposure were inde-

pendently abstracted into a single database by two

trained abstractors. Abstracted data were then

reviewed and reconciled by a single reviewer prior
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to the panel’s final review and deliberations. The case

record was referenced for all data abstraction discre-

pancies. The clinicians reviewed the full record for

each case and created recommendations based upon

their shared observations. The clinicians discussed

each case until they reached full consensus on each

element of the recommendations. Presented here is

the descriptive summary of all exposures reviewed

along with observational highlights gleaned from the

case-level review. Each panelist reviewed the data,

contributed to the discussion of exposures and the

recommendations, agreed upon the recommendations

as drafted, and reviewed and approved the final

recommendations.

The Colorado Multiple Institutional Review Board

approved this study on January 6, 2015. Human sub-

jects were not contacted in the execution of this study

and consent was not feasible.

Results

Of 17,857 total LDP exposures reported to NPDS,

13,435 (75.2%) were followed to a known outcome.

The remaining 4422 (24.8%) involved a medical out-

come of not followed due to minimal clinical effects

expected (n ¼ 3228, 18.1%) or nontoxic exposure (n

¼ 278, 1.6%) or unable to follow with potentially

toxic effects (n ¼ 916, 5.1%). A total of 13,307

(74.5%) exposures were followed to a known out-

come and involved an LDP-only. Four hundred and

fifty-four exposures meeting the case-level review

were identified, of which 450 (99.1%) were received

from the regional PCs (Figure 1). Four exposure

records were not submitted because the regional PC

elected not to participate in the study.

The median patient age for LDP-only exposures

followed to a known outcome was 2 years (range 12

days to 100 years). Most exposures (96.8%, n ¼
12,887) were in children <12 years of age, with

94.1% (n ¼ 12,517) specifically in children <6 years

of age. Gender was nearly equally divided with 51.3%
of exposures involving males. Exposures primarily

occurred through an oral route (88.7%) but also

through ocular (15.0%) and dermal (10.6%) routes.

Multiple routes (e.g. ingestion and dermal) were

reported for some exposures.

Medical outcomes and clinical effects

Table 1 summarizes medical outcome based on the

route of exposure among the 13,307 LDP-only expo-

sures followed to a known medical outcome. The

majority of exposures followed to a known medical

outcome (88.5%) resulted in no effect or minor effect.

However, 1390 (10.4%) exposures resulted in moder-

ate effect or major effect and four deaths (<0.1%)

were reported. Table 2 summarizes the related clinical

effects among the 13,307 LDP-only exposures fol-

lowed to a known medical outcome and among the

subset of 1390 exposures with clinically significant

medical outcomes. Vomiting was the most common

clinical effect in both categories of severity. In expo-

sures with a clinically significant medical outcome,

acidemia was reported based on respiratory depres-

sion, lactic acidosis, or both. Case-level review

showed that dermal, ocular, and mucosal irritation

occurred, causing erythema and some blistering of the

skin. Stridor was also observed. Corneal abrasions

were reported, but long-term sequelae were not. No

significant damage to the esophagus or trachea was

found on endoscopy. The time to symptom onset was

estimated in 332 (75.1%) of the 442 case-level review

cases with a medical outcome of at least minor effect

(minor effect, moderate effect, major effect, or death).

Seventy-nine percent (n ¼ 261) of cases with an esti-

mated time to symptom onset reported that symptoms

developed within 1 h after exposure; symptoms devel-

oped within 5 min in 19.6% (n¼ 65), within 5–15 min

in 16.6% (n ¼ 55), within 15–30 min in 19.9% (n ¼
66), and within 30 min to 1 h in 22.6% (n ¼ 75).

Ninety-six percent (n ¼ 319) of exposures became

symptomatic within 4 h, and 13 patients reported to

have developed symptoms within 4–24 h

postexposure.

Table 3 presents the most common therapies per-

formed among the 13,307 LDP-only cases followed to

a known medical outcome and among the subset of 1390

exposures with clinically significant medical outcomes.

Dilute/irrigate/wash was the most commonly reported

therapy overall (77.2%) and in exposures that resulted in

a clinically significant medical outcome (68.0%). The

nonspecific “other” therapy was the third most com-

monly reported therapy performed. To better under-

stand these therapies, specific “other” therapies were

summarized among the exposures included in the

case-level review. Of the 104 (23.1%) exposures

included in the case-level review with the NPDS “other”

therapy, suctioning (41.3%, n¼ 43), analgesics (18.3%,

n ¼ 19), and antacids (17.3%, n ¼ 18) were the most

common specific therapy mentioned.

Ocular exposures. As presented in Table 1, 2001

(15.0%) exposures involved an ocular exposure. No

Banner et al. 3



effect or minor effect was reported in 78.2% of all

ocular exposures. In exposures reporting only an ocu-

lar route (no other exposure route), 76.4% (n ¼ 859/

1124) reported no effect or minor effect. While

corneal abrasions were reported among the 13,307

LDP-only exposures followed to a known medical

outcome, no patients in the case-level review devel-

oped subsequent deep corneal abrasions or ulcers that

required interventions other than topical antibiotics

and follow-up.

Dermal exposures. As presented in Table 1, 1415

(10.6%) exposures involved a dermal route. No

effect or minor effect was reported in 88.3% of all

dermal exposures. Of these, 224 (15.8%) experi-

enced erythema or burns associated with topical

contact. Among exposures included in the case-

level review, one exposure with dermal route only

was associated with a more significant medical out-

come (major effect). This included chemical der-

matitis and partial thickness burns requiring

All Confirmed 

Liquid Laundry 

Detergent Packet 

(LDP) Exposures

(n=17,857)

Exposure Followed 

to A Known 

Outcome

(n=13,435)

LDP Exposure Only 

(n=13,307)

Exposure to LDP 

Plus Another 

Substance 

(n=128)

Exposure NOT 

Followed to A 

Known Outcome

(n=4,422)

a
Death and Major 

Outcomes or 

Suicide 

(n=106)

b
Moderate Effect + 

Admission or 

Clinical Effect or 

Therapy of Interest

(n=348)

Included in Exposure
Summary

Included in Case-Level 
Review Summary

EXCLUDED 

Figure 1. NPDS case inclusion disposition. aSelected for case-level review; 102 cases received and included in case-level
summary. bChildren <6 years; selected for case-level review; 348 cases received and included in case-level summary.
Disposition of cases selected for inclusion in both the exposure summary and the case-level review. NPDS: National
Poison Data System.
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debridement likely due to delayed removal of con-

taminated clothing and decontamination using a

“baby wipe.”

Oral exposures. The most commonly reported clinical

effect associated with ingestion (oral route) was

vomiting (58.2%). A number of case-level review

Table 1. Medical outcomes based on route of exposure for LDP exposures reported to US PCs from January 1, 2013 to
June 30, 2014.a

Ocular (n ¼ 2001) Dermal (n ¼ 1415) Oral (n ¼ 11,809) Totalb (n ¼ 13,307)

Death 0 (0.0%) 0 (0.0%) 4 (<0.1%) 4 (<0.1%)
Major effect 8 (0.4%) 4 (0.3%) 76 (0.6%) 84 (0.6%)
Moderate effect 426 (21.3%) 143 (10.1%) 974 (8.2%) 1302 (9.8%)
Minor effect 1492 (74.6%) 913 (64.5%) 7693 (65.1%) 8781 (66.0%)
No effect 73 (3.6%) 337 (23.8%) 2933 (24.8%) 3002 (22.6%)
Unrelated effect 2 (0.1%) 18 (1.3%) 129 (1.1%) 134 (1.0%)

LDP: laundry detergent packet; US: United States; PC: poison center.
aDefinitions of outcomes21:
Death: The patient died as a result of the exposure or as a direct complication of the exposure.
Major effect: The patient exhibited signs or symptoms as a result of the exposure that were life-threatening or resulted in significant
residual disability or disfigurement.
Moderate effect: The patient exhibited signs or symptoms as a result of the exposure that were more pronounced, more prolonged,
or more systemic in nature than minor symptoms. Usually, some form of treatment is indicated. Symptoms were not life-threatening,
and the patient had no residual disability or disfigurement.
Minor effect: The patient developed some signs or symptoms as a result of the exposure, but they were minimally bothersome and
generally resolved rapidly with no residual disability or disfigurement. A minor effect is often limited to the skin or mucus membranes.
No effect: The patient did not develop any signs or symptoms as a result of the exposure.
Unrelated effect: The exposure was probably not responsible for the effect.
bMore than one route could be reported for each exposure, therefore the sum of the individual routes exceeds the total number of
reported exposures (n ¼ 13,307).

Table 2. Most common related clinical effects associated
with LDP exposure as reported to US PCs from January 1,
2013 to June 30, 2014.

Clinical effects

Death, major
effect, and
moderate

effect outcomes
(n ¼ 1390)

All exposures
with known

medical
outcome

(n ¼ 13,307)

Vomiting 812 (58.4%) 6875 (51.7%)
Cough/choke 397 (28.6%) 1858 (14.0%)
Ocular irritation/pain 397 (28.6%) 1700 (12.8%)
Red eye/conjunctivitis 277 (19.9%) 1089 (8.2%)
Drowsiness/lethargy 249 (17.9%) 718 (5.4%)
Other 214 (15.4%) 635 (4.8%)
Nausea 110 (7.9%) 632 (4.7%)
Oral irritation 55 (4.0%) 406 (3.1%)
Throat irritation 73 (5.3%) 343 (2.6%)
Erythema/flushed 60 (4.3%) 256 (1.9%)
Lacrimation 83 (6.0%) 239 (1.8%)
Edema 90 (6.5%) 238 (1.8%)
Corneal abrasion 178 (12.8%) 232 (1.7%)
Excess secretions 88 (6.3%) 202 (1.5%)
Diarrhea 30 (2.2%) 196 (1.5%)

LDP: laundry detergent packet; US: United States; PC: poison
center.

Table 3. Most common therapies performed after LDP
exposure as reported to US PCs from January 1, 2013 to
June 30, 2014.

Therapies

Death, major
effect, and
moderate

effect outcomes
(n ¼ 1390)

All exposures
with known

medical
outcome

(n ¼ 13,307)

Dilute/irrigate/wash 945 (68.0%) 10,270 (77.2%)
Food/snack 99 (7.1%) 1422 (10.7%)
Other 247 (17.8%) 902 (6.8%)
Antibiotics 214 (15.4%) 388 (2.9%)
Fluids (IV) 188 (13.5%) 370 (2.8%)
Antiemetics 66 (4.7%) 268 (2.0%)
Other emetic 17 (1.2%) 194 (1.5%)
Oxygen 146 (10.5%) 179 (1.3%)
Bronchodilators 93 (6.7%) 136 (1.0%)
Steroids 89 (6.4%) 131 (1.0%)
Intubation 79 (5.7%) 82 (0.6%)
Ventilator 75 (5.4%) 79 (0.6%)
Antihistamines 12 (0.9%) 58 (0.4%)
Sedation (other) 49 (3.5%) 52 (0.4%)
Calcium 3 (0.2%) 36 (0.3%)

LDP: laundry detergent packet; US: United States; PC: poison
center; IV: intravenous.
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patients presented with drooling and refusing to swal-

low liquids; in these exposures, oral and throat irrita-

tion was also found. These symptoms were

sufficiently reminiscent of ingestion of caustic mate-

rials to prompt the recommendation for endoscopy; of

the exposures included in the case-level review that

involved an oral route, an endoscopy was performed

in 110 patients (23.3%). Erythema and mild mucosal

damage were also reported in 66.4% (n¼ 73) of these

cases, but there were no reports of circumferential or

other significant injury or recommendations for more

aggressive care or repetitive endoscopy. These find-

ings may be consistent with the chemical nature of the

exposure. Ranging from 6.5 to 9.0, the pH of LDPs is

not in the same range as known caustic or acidic

cleaning solutions.

It was observed that LDPs produce profound

changes in acid-base status in 61 (13.6%) of the

patients whose exposure records were reviewed.

Table 4 presents blood gas data for the 38 patients

with complete blood gas information who fell into

one of the three categories of acidosis: respiratory

depression yielding a respiratory acidosis (n ¼ 3,

7.9%), metabolic acidosis with attempted respiratory

compensation (n ¼ 19, 50.0%), and both respiratory

and metabolic acidosis contributing to acidemia

(42.1%, n ¼ 16). In another 23 patients, incomplete

or insufficient blood gas data prevented categoriza-

tion. Elevated serum lactate was reported in 27.9% (n

¼ 17) of all patients with documented acidosis, sug-

gesting that metabolic acidosis was mediated via

increased production or inhibited metabolism of lac-

tate. Of cases with elevated serum lactate, reports of

hypotension occurred in 23.5% (n ¼ 4).

Deaths. Four deaths were reported and are detailed in

Table 5. Two involved elderly patients with demen-

tia and two involved pediatric patients <2 years of

age. Both adults ingested one LDP unnoticed

and were taken to the emergency department (ED).

One became asystolic suddenly within 24-h post-

ingestion and had a do not resuscitate order in place.

The other patient left the ED but returned 24 h later

and was admitted to the intensive care unit (ICU)

with difficulty breathing. He had a do not resuscitate

order in place and later died of aspiration pneumonia

and severe sepsis.

Both pediatric exposures occurred in children <2

years of age who bit into LDPs (Table 5). One dete-

riorated quickly in the ED and the other was trans-

ferred to the ICU and put on a ventilator. Both went

into cardiac arrest and could not be resuscitated. The

clinicians conversed with the regional PCs that man-

aged these exposures and reviewed the autopsy data; a

common causal mechanism associated with the LDP

exposure leading to cardiac arrest and death could not

be identified in these cases.

Discussion

Ocular exposures and outcomes

Ocular introduction of LDP ingredients due to product

rupturing was one of the first problems associated

with LDPs.24 The rather ominous concerns of corneal

injury were somewhat ameliorated by the failure to

find any long-term adverse outcomes or need for

extraordinary interventions. Given the limited sever-

ity of outcomes in ocular exposures and the inconsis-

tency in the ability of EDs to adequately perform

ocular decontamination and fluorescein slit lamp eva-

luation in pediatric patients, the clinicians did not feel

that rigid recommendations involving these types of

diagnostic tests were warranted or realistic. While it is

still important to be respectful of any injury to the eye,

conservative management seemed to result in good

outcomes for most cases. Table 6 presents suggested

HCF referral and treatment recommendations for ocu-

lar exposure to LDPs.

Dermal exposures and outcomes

Similarly, the possibility of severe dermal injury may

still exist, but tissue inflammation manifesting as

erythema and skin blistering seemed to be the most

prevalent effects. The case described earlier in this

Table 4. Reported blood gas data for patients found to have acidosis status post-LDP ingestion.

Type of acidosis pH HCO�3 (mEq/L) pCO2 (mmHg) LA (mmol/L) AG (mEq/L)

Respiratory (n ¼ 3) 7.18 (7.15–7.25) 23.1 (22.1–24.0) 56.7 (51.0–65.0) — 8.0 (8.0–8.0)
Metabolic (n ¼ 19) 7.24 (7.14–7.43) 17.2 (10.0–21.0) 35.7 (14.0–49.0) 5.2 (1.2–12.6) 18.5 (12.0–26.0)
Mixed (n ¼ 16) 7.25 (6.90–7.42) 16.9 (9.5–28.0) 41.6 (30.0–56.0) 6.1 (2.9–10.6) 16.0 (8.0–23.0)

LDP: laundry detergent packet; LA: lactic acid; AG: anion gap.
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Table 5. Detailed information on four deaths associated with LDP ingestion abstracted from PC case notes.

Patient information

Patient #1 Patient #2 Patient #3 Patient#4

Age 7 months22 16 months 100 years23 72 years
Sex Male Male Female Male
Exposure Unintentional-general Unintentional-general Unintentional-

general
Unintentional-

general
Exposure

circumstances
Child bit into LDP. Scenarios21

indicate (1) the product was
temporarily open or in use or
the caregiver was distracted
and (2) container transfer
involved or product not in
original container

Child ingested LDP Patient with
dementia bit into
LDP

Patient with
Alzheimers found
in separate room
spitting LDP out
of mouth

Therapies Dilute/irrigate/wash
Fluids, IV
Oxygen
Ventilator
Intubation
CPR

Alkalinization
Antibiotics
Atropine
Fluids, IV
Intubation
Oxygen
Other
Vasopressors
Ventilator

Fluids, IV
Oxygen
Other
Vasopressors

Chest X-Ray
Observation
Fluids, IV
Antibiotic
Oxygen
Comfort care

Clinical effects,
related (bold)
or unknown if
related (not
bold)

Cough/choke
Seizure (single)
Other
Vomiting
Drowsiness/lethargy
Cardiac arrest
Respiratory arrest
Electrolyte abnormality
Acidosis
Fever/hyperthermia

Vomiting
Cardiac arrest
Hypertension
AST, ALT>100 �1000
Electrolyte abnormality
Hypothermia
Other
Coma
Drowsiness/lethargy
Pupil(s) nonreactive

Bronchospasm
Cough/choke
Pneumonia
X-Ray Findings

(þ)Asystole
Hypotension

Aspiration
pneumonia

Sepsis
Vomiting

Outcome 3 h after exposure, patient
experienced cardiac arrest
and could not be resuscitated

Patient sedated, put on
ventilator, no
aspiration. Patient
declared brain dead 3
days after exposure

18 h after exposure,
patient suddenly
went into
asystole. Had
DNR in place

3.6 days after
exposure patient
died

Autopsy findings Mild hyperemia of the
oropharynx and trachea
without burns or ulcerations.
Significant asymmetric
pulmonary congestion on
right and some cerebral
edema

Drug concentrations:
propylene glycol—33 mg/dL
(postmortem blood), 370
mg/dL (gastric contents)

Severe cerebral edema
and hemorrhage
around suture line

Not performed Autopsy not done
(only external
examination)

Cause of death Accidental exposure to laundry
soap detergent

Not reported Not reported Sepsis with
aspiration
pneumonia of
laundry soap

LDP: laundry detergent packet; PC: poison center; IV: intravenous; ICU: intensive care unit; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; DNR: do not resuscitate.
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Table 6. Suggested HCF referral and treatment recommendations for ocular exposures to LDP products.

Ocular exposures

Refer to HCF immediately if any of
the following are present:

� Visual (gross) injury/trauma to eye
� Inability to irrigate at home
� Uncontrollable crying
� Prolonged exposure without irrigation
� Delay in seeking care

� Underlying eye disorders
� While we did not have any specific cases, underlying eye disorders may

create need for special considerations and should be referred to HCF for
thorough evaluation

� Decreased level of consciousness, unresponsiveness, or coma
� If there is any uncertainty surrounding the exposure, err on the side of caution

and refer to HCF immediately
Treat at home recommendationsaa � Irrigate affected eye(s) with running water for 15 min and reassess symptoms

� If there is detergent on the face, examine mouth, nose, ears, skin and
decontaminate
� See Dermal recommendations section

� If asymptomatic after irrigation, observe 24 h for persistence/recurrence of
symptoms (eye redness, irritation/pain, inability to open eyelid, excess tearing/
discharge, photophobia, etc.)
� Avoid rubbing eyes
� Do not use eye drops/ointments for a minimum of 24 h after irrigation, unless

prescribed by a physician
� Avoid wearing contact lenses for a minimum of 24 h after irrigation

� If any of the following significant symptoms are still present after 15 min of
irrigation, refer to HCF:
� Copious eye discharge
� Change/deficit in visual acuity
� Severe pain
� Decreased level of consciousness, unresponsiveness, or coma

� If any of the following symptoms are present 1-h post-irrigation, refer to HCF:
� Visual (gross) injury to eye
� Uncontrollable pain/irritability/crying
� Copious eye discharge
� Visual acuity change/deficit

HCF treatment
recommendations—per
standard of care

Acute treatment/management

Decontamination � Dilute/irrigate/wash—per standard of care for any chemical
exposure to the eye

Corneal
abrasions

� Treat per the standard of care for any corneal abrasion
� Topical antibiotics
� Consider the use of ocular steroids although these are

generally used after consultation with ophthalmology
� Consider empiric topical antibiotics if unable to perform

fluorescein examination (and refer for ophthalmology
examination within 48 h)

Burns � Treat per the standard of care for burns

Diagnostics

� Fluorescein stain examination to evaluate for corneal abrasion
� Measuring pH level is NOT useful in determining treatment course
� Most LDP detergents are close to neutral pH

(continued)
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article that involved prolonged skin contact and use of

a detergent-like diaper wipe seemed to result in a

more serious injury. The value of this single observa-

tion is limited but can provide a cautionary note and a

reasonable recommendation that early removal of

clothing and decontamination with water only is opti-

mal. Table 7 presents the HCF referral and treatment

recommendations for dermal exposure to LDPs.

Oral exposures and outcomes

Ingestion of LDPs may produce drooling, vomiting,

bronchospasm, and stridor. Oral exposures seemed to

evolve into multiple scenarios that, while they may

overlap, must be considered individually for manage-

ment. As in a previous case series, respiratory depres-

sion occurred in less than 1% of the patients

reviewed.13 Despite low frequency, the seriousness

of this outcome merits discussion.

Respiratory failure seemed to evolve in one or

more of three scenarios. The first was obtundation

and loss of airway reflexes prompting intubation and

mechanical ventilation of patients. However, a spe-

cific biochemical or pharmacologic etiology of this

change in mental status is unknown. The neurophar-

macology of nonionic surfactants, which possess gen-

eral anesthetic properties, has been previously

described, and the authors hypothesize that as one

possible etiology of respiratory failure.25 Obtundation

with loss of airway is the most likely scenario of

respiratory failure for the 16-month-old patient whose

death is described in Table 5.

The second scenario of respiratory failure appeared

to involve upper airway obstruction described as stri-

dor in a number of cases and as an etiology of the

respiratory failure in some patients. The term “croup-

like illness” was also employed. These symptoms are

presumably related to the irritant effect of chemicals

on the airway. The most frequent treatment approach

was racemic epinephrine or corticosteroids, although

there are no prospective data to determine their effec-

tiveness. In some cases, concerns over damage to the

airway prompted fiber-optic laryngoscopy. In no case

was a lesion identified that required intervention or

specific treatment.

The third scenario involved aspiration of the LDP

product into the airways with X-ray changes and

bronchospasm leading to respiratory failure. In the

majority of cases, radiographic changes as well as the

bronchospasm and respiratory failure appeared to be

short-lived and did not generate the serious inflam-

matory events associated with aliphatic hydrocarbons.

However, the clinicians reached consensus that this

was the most likely cause of respiratory failure in the

deaths involving the 7-month-old, >89-year-old, and

72-year-old described in our data (Table 5). Treat-

ments varied across cases and included inhaled

bronchodilator therapy, antibiotics (for presumed

aspiration pneumonia), and oxygen, with intubation

and mechanical ventilation as clinically indicated.

No specific recommendations on the effectiveness

of these treatments can be made from the present data.

In fact, strict recommendations for HCF referral in

these instances may result in over-referral to EDs.

Table 6. (continued)

Ocular exposures

Observation
� No further observation is warranted once irrigated, evaluated, and treated (if

applicable) and if no social or other concerns present
� No reported cases in our series of delayed onset of symptoms with ocular

exposure

Follow-up referral

� If fluorescein examination cannot be performed or is positive for corneal
abrasion, refer to ophthalmology for examination within 48 h

� If fluorescein stain examination is negative, refer for ophthalmology follow-up if
there is persistent pain, tearing, redness, change/deficit in visual acuity, or other
significant impairment
� Consider ophthalmology referral for severe injuries

LDP: laundry detergent packet; HCF: health-care facility.
a If caregiver is unable to perform any of the following recommended therapies, refer patient to HCF immediately.
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Table 7. Suggested HCF referral and treatment recommendations for dermal exposures to LDP products.

Dermal exposures

Refer to HCF immediately if
any of the following are
present:

� Blistering of any kind
� Urticaria
� Significant swelling
� Redness/swelling/pain to hands, feet, genitals
� Pay special attention for circumferential involvement of digits

� Uncontrollable pain, which may manifest itself as any of the following:
� Pain reported by patient
� Uncontrollable crying/inconsolability
� Persistent irritability/fussiness

� Delay in seeking care (consider neglect)
� Decreased level of consciousness, unresponsiveness, or coma

Treat at home
recommendationsa

� Immediately remove all clothing, including diaper
� Decontaminate with water
� Full immersion bath
� Gently rub skin manually or with wet washcloth
� Avoid using soaps or other detergents
� Ensure thorough irrigation of any open wounds and observe these areas more closely
� If the patient has vomited, ensure all vomitus has been cleaned from skin as it may

contain detergent
� Do not apply any creams/ointments/lotions/and so on to affected areas for a minimum

of 24 h after decontamination (bath)
� Consider HCF evaluation if any affected area has underlying skin disorders, such as the

following:
� Eczema
� Psoriasis
� Allergic responses/hypersensitivities

HCF treatment
recommendations—per
standard of care

Acute treatment/management

Decontamination � Dilute/irrigate/wash
Blistering � Proceed with standard of care for a chemical or thermal burn

� Dress wounds
� Consider appropriate prophylactic use of antibiotics,

antibacterial cream, and so on
� There is no evidence regarding the use of steroids (topical or oral)

Diagnostics

� Perform a thorough visual inspection of all skin areas, particularly within skin folds
(neck, etc.)
� If detergent is on the face, thoroughly inspect the nose, oropharynx, and eyes

– See Ocular recommendations section if ocular exposure suspected
� If detergent is in the diaper area, look for evidence of irritation to mucosal surfaces

Observation

� Follow standard of care for chemical or thermal burn
� Ensure adequate hydration
� Ensure adequate pain control
� Monitor for infection

Follow-up/referral

� If burns are severe or there is concern for scarring, consider referral to a wound care
specialist

LDP: laundry detergent packet; HCF: health-care facility.
a If caregiver is unable to perform any of the following recommended therapies, refer patient to HCF immediately.
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Oral exposures did not appear to produce long-term

tracheal or epiglottic damage. Although pH is not the

only determinant of injury, LDPs do not fall in a pH

category associated with severe esophageal and gas-

trointestinal damage. This is consistent with the lack

of circumferential damage or specific interventions

associated with the endoscopic findings observed

among the cases reviewed here. The need for endo-

scopy has been questioned previously after a small

series of patients who underwent endoscopy required

no additional interventions based on their endoscopic

results.12 The clinicians were unable to identify

changes in case management associated with findings

from endoscopy. This led to the (perhaps controver-

sial) conclusion that routine endoscopy, with its own

inherent risks, is an unnecessary hazard to the child.

In a number of other cases, a metabolic acidosis

was observed, and, in many cases, it was documen-

ted that lactic acid was elevated. In some cases, lac-

tate was elevated in the absence of decreased pH.

Previous authors have suggested that the metabolism

of propylene glycol, starting with the enzyme alco-

hol dehydrogenase and ultimately yielding lactate

may be the cause of the metabolic derangement in

these patients.11,26

Severe human exposure to propylene glycol usu-

ally occurs from iatrogenic exposure while being used

as a preservative in other drugs. A recent study dis-

cussed the pathophysiology of this process and sug-

gested that treatment of LDP ingestions includes an

early intervention with fomepizole which might block

the conversion of this chemical to avoid the lactic

acidosis.27 It is impossible from the present case

series to estimate the LDP quantities ingested or the

amounts of propylene glycol involved and whether

this acidosis is plausible on a stoichiometric basis.

In discussing this fact, the clinicians felt that the rapid

onset of the acidosis in these cases would likely pre-

clude intervention with fomepizole in a timely fash-

ion. As there is no evidence to support the efficacy of

such an approach, any treatment with fomepizole

must be considered experimental. Table 8 presents

the HCF referral and treatment recommendations for

oral exposures.

This study provides a review of clinical effects

associated with over 13,000 LDP exposures reported

to US regional PCs. Of the 13,307 LDP-only cases

with a known medical outcome, most involved an oral

route of exposure (approximately 89%) and no single,

early-onset symptom was predictive of outcome.

Most exposures (88.6%) resulted in no effect or minor

effect. A relatively consistent number of symptoms

forming a basic exposure toxidrome emerged, includ-

ing vomiting, stridor, hypoxia, and sedation. Review

of the cases revealed that health-care providers typi-

cally managed acute presenting symptoms and

delayed effects did not occur. The most commonly

performed therapy among all patients was dilute/irri-

gate/wash. These data should provide some comfort

to providers managing these patients.

Several severe adverse events also occurred, but

the incidence in comparison to the relatively more

minor effects was low. Nevertheless, severe reactions

such as aspiration pneumonia, stridor, respiratory fail-

ure, and altered level of consciousness did occur.

What was most surprising in reviewing the cases was

the duration of events. In comparison to a hydrocar-

bon aspiration, which typically progresses over 72 h

and may take up to a week to improve, the aspiration

events were relatively short-lived with respect to time

on the ventilator. Similarly, the respiratory or meta-

bolic acidosis and altered sensorium lasted relatively

short periods of time allowing for extubation gener-

ally within 24 h of the event. Stridor in most cases was

treated with standard therapy such as corticosteroids

and racemic epinephrine (we have no idea whether

that improved outcome or not) and also seemed to

resolve fairly quickly. Such treatments should be con-

sidered when respiratory or metabolic acidosis and

altered sensorium develop. More serious events like

these underscore the need for preventive measures,

and a careful examination of the ingredients of these

products is necessary to prevent these infrequent, but

severe events.

While these recommendations are based upon a

case-level review of 450 patients, limited published

experience is available to provide strict evidence-

based guidelines. As may be surmised, the varia-

bility in narratives did not always allow for direct

conversion to structured data. However, it did

enable the clinician panel to develop treatment rec-

ommendations for health-care providers (Tables 6

to 8). The recommendations were developed based

on available data, which were incomplete at times.

However, these remain the best data that were

available at the time of analysis from NPDS, which

is a large and homogenous database with standar-

dized data collection procedures. From the end of

our catchment period (June 30, 2014) through the

end of 2017, an additional 48,000 exposures

involving LDPs were reported to NPDS, which

included three additional deaths.28

Banner et al. 11



Table 8. Suggested HCF referral and treatment recommendations for oral exposures (with or without aspiration) to
LDP products.

Oral exposure (with or without aspiration)

Call Emergency Medical
Services or 911
immediately if any of
the following present:

� Persistent vomiting (multiple episodes)
� Vomiting with a secondary symptom (e.g. excess secretions/drooling)
� Respiratory or CNS depression (drowsiness/lethargy/unresponsiveness/coma)
� Take into account patient’s normal naptime/bedtime.

� Unresponsiveness/coma
� Audible wheezing or stridor
� Seizure
� Concern for possible co-ingestion
� Delay in seeking care (consider neglect)

Treat at home
recommendationsa

� Monitor patient for signs of respiratory or CNS depression (drowsiness, lethargy, labored
breathing, decreased responsiveness, coma) for 4 h
� If any sign of respiratory or CNS depression, refer to HCF

� If patient has a single episode of vomiting with no other complaints (and no respiratory or
CNS depression), then continue to monitor at home
� Observe for 4–6 h

� If multiple episodes of vomiting, refer to HCF
� Do not induce vomiting
� Do not immediately offer oral liquids
� However, if patient requests liquids by mouth, there is no contraindication

HCF treatment
recommendations—
per standard of care

Acute treatment/management

Decontamination � Dilute/irrigate/wash
Miosis � Five cases in this series reported miosis prior to sedation but

mechanism of action remains unclear. Co-ingestions should be
investigated. Consider trial of naloxone treatment if respiratory
depression is noted in conjunction with miosis.

Vomiting � No contraindications to antiemetic therapies were found in this
case series. If patient’s only symptom is persistent vomiting,
administer antiemetic therapy and attempt trial of clear oral
liquids. Serious esophageal injuries were rarely reported (see
Endoscopy section below). If patient able to tolerate oral liquids,
observe for minimum of 4–6 h.

Hyperglycemia � Etiology of hyperglycemia remains poorly understood. However,
no patients in this case series were reported to have
hyperglycemia requiring insulin therapy. Hyperglycemic values
reported in this series were transient and typically resolved
quickly without aggressive treatment.

Lactic acidosis � Standard management of lactic acidosis is appropriate. Lactic
acidosis is hypothesized to be a byproduct of propylene glycol
metabolism; however, exact etiology remains unknown. Elevated
lactic acid values reported in this case series were generally
transient and resolved quickly with conservative treatment. No
cases of lactic acidosis reported in this series required fomepizole
or intravenous ethanol treatment

Respiratory or CNS
depression

� Monitor patient for minimum of 4 h for symptoms of respiratory
or CNS depression. If patient exhibits symptoms of respiratory
or CNS depression (e.g. lethargy, unresponsiveness), monitor
airway carefully and intubate as clinically indicated. Consider
suctioning of secretions to assist with airway protection and to
reduce risk of aspiration. The decision of whether or not a
patient requires intubation for airway protection ultimately must
be made on a case-by-case basis by the treating clinician.
Capnography may provide additional information to assist with
the decision to proceed with intubation.

(continued)
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Table 8. (continued)

Oral exposure (with or without aspiration)

Upper respiratory
symptoms (e.g. stridor)

� Racemic or subcutaneous epinephrine therapy is favored over b-
agonist agents for large airway edema. In cases where patients
present with stridor, administer epinephrine and evaluate for
symptoms of significant esophageal injury. If there is no evidence
of significant esophageal injury, proceed with corticosteroid
treatment (dexamethasone, etc.). If there is evidence of
significant esophageal injury, hold treatment with corticosteroids
and consider gastroenterology consult for endoscopy (see
Endoscopy section below).

Lower respiratory
symptoms (e.g.
wheezing)

� Antibiotics are not routinely indicated with positive X-ray
findings alone. In patients with no known history of RAD who
present with wheezing alone (no stridor), treat with b-agonist
agents and continue to monitor for progression/resolution of
symptoms. In patients with known RAD history, consider
treatment with a corticosteroid in addition to b-agonist agents.
For patients with persistent cough, obtain a chest X-ray for
evidence of aspiration pneumonitis or pneumonia.
� 57 (12.7%) of 450 patients in this case series were treated

with antibiotics; however, it is unclear if antibiotic therapy
actually impacted patient outcomes.

Diagnostics

Laboratory evaluation � Routine laboratory evaluation was generally not helpful in the
treatment/management of LDP exposures.

� Laboratory evaluation should be ordered for symptomatic
patients demonstrating more than minor clinical effects or if
there are other concerns based on the physical examination.

� Patients exhibiting symptoms of respiratory or CNS depression
(e.g. dyspnea, hypoxia, lethargy, unresponsiveness, and coma)
should have labs ordered (suggested list below).
� Lactate
� Basic metabolic panel
� Complete blood count
� Venous blood gas

Radiology studies � Single CXR is indicated in patients with respiratory symptoms
(e.g. dyspnea, hypoxia, and persistent cough). Serial imaging
studies are not indicated in patients who are asymptomatic or
clinically unchanged after the initial study is performed. Serial
imaging should only be performed on patients who exhibit
progression of symptoms following the initial radiograph.

Endoscopy � Endoscopic imaging studies should not be standard of care for
managing LDP ingestion exposures.
� In this case series, there were 116 reported endoscopic

studies of which none reported significant esophageal injury,
perforation, or stricture. Some mild swelling and edema
were reported but potentially could have been related to
vomiting. No significant change in clinical management of
patients who did or did not have endoscopy was noted.

� Consider empiric treatment with a PPI or H2 blocker based upon
the physical examination, endoscopy is not required to make this
determination.

ECG � An ECG is not routinely recommended.

(continued)
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Introduction of LDPs into the European market

was also met with unique severe toxic effects almost

exclusively in children, prompting product changes.

In response to the increase in US exposures, a new

American Society for Testing and Materials (ASTM)

International standard for LDPs was issued on Sep-

tember 15, 2015.29 This standard includes the addition

of an adversant (bitter taste to the capsule), applica-

tion of a less soluble film to delay the release of the

detergent, and increased capsule integrity to with-

stand a higher level of pressure before breaking and

release of the detergent. The goal is to make LDPs

less attractive and more difficult for children to

access. However, compliance with the ASTM Inter-

national standard is voluntary. Given the large volume

of cases of LDP exposure in such a short time period,

adoption of the standard should be enforced and mon-

itored. The present referral and treatment recommen-

dations should also be reviewed regularly to evaluate

emerging clinical effects, referral thresholds, diagnos-

tic procedures, treatments, and related recommenda-

tions as the products continue to evolve.

Limitations

The encounters that comprise NPDS are collected

from spontaneous, self-reported calls made to US

PCs. Exposures in NPDS comprise a portion of the

total number of incidents that occurred, which is a

limitation of this type of passive reporting system.

The increasing presence of LDPs in the market place

and the continued report of exposures associated with

these products highlights the pressing need to opti-

mize referral and treatment recommendations to

improve patient outcomes. Systematic reevaluation

of emerging data will be necessary to update these

recommendations as these products change over time.

The volume of reports of exposures reported to NPDS

underscores the usefulness of PC data in monitoring

the impact of product safety interventions.

A second limitation was that this analysis included

different products and formulations that might pro-

duce disparity in the clinical effects. Despite the het-

erogeneity of the LDP products involved in the

exposures, the data were surprisingly consistent.

Conclusions

LDPs, in a small percentage of cases, produce a tox-

idrome of vomiting, stridor, hypoxia, and sedation

with metabolic acidosis and possible respiratory fail-

ure. The increasing popularity of LDPs and the con-

tinued report of exposures to these products highlights

the pressing need to minimize unintentional expo-

sures through education and product packaging and

to optimize referral and treatment recommendations

to improve patient outcomes.
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Table 8. (continued)

Oral exposure (with or without aspiration)

Observation

� If asymptomatic, observe in unit a minimum of 4-h post-ingestion for onset of symptoms.
� One patient presented at 7 h post-ingestion and was asymptomatic (without

documented respiratory distress or hypoxemia). All other patients became symptomatic
within 4 h of ingestion.

� If symptomatic, observe in unit until all symptoms resolved.

Follow-up/referral

� If persistent or recurring symptoms, follow-up with pediatrician/primary care provider
within 48 h for repeat physical examination and safe product storage education.

LDP: laundry detergent packet; CNS: central nervous system; HCF: health-care facility; RAD: reactive airway disease; CXR: chest X-ray;
PPI: proton pump inhibitor.
aIf caregiver is unable to perform any of the following recommended therapies, refer patient to HCF immediately.
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substance (e.g. an ingestion, inhalation, or topical expo-

sure), or request information/educational materials. Expo-

sures do not necessarily represent a poisoning or overdose.

The AAPCC is not able to completely verify the accuracy

of every report made to member centers. Additional expo-

sures may go unreported to PCs and data referenced from

the AAPCC should not be construed to represent the com-

plete incidence of national exposures to any substance(s).

Funding

The authors disclose receipt of the following financial

support for the research, authorship, and/or publication

of this article: This project was funded by an award

granted to Denver Health and Hospital Authority’s Rocky

Mountain Poison & Drug Safety from the American

Cleaning Institute.

ORCID iD

KM Reynolds https://orcid.org/0000-0002-9292-474X

References

1. McCoy M. Selling detergents one load at a time. Chem

Eng News 2012; 90: 5.

2. Levitan RD, Graeme K, Torrey M, et al. All mighty

pac and free and clear laundry pod® ingestions with

metabolic and lactic acidosis: a laboratory analysis and

investigation. Clin Toxicol 2013; 51: 2.

3. The Proctor & Gamble Company. Tide® SDS. 9 March

2015. http://www.pgproductsafety.com/productsafety/

index.shtml (accessed 1 February 2017).

4. Sun Products. all® mighty pacs® SDS. 15 July 2014.

http://www.sunproductscorp.com/msd_sheets.aspx

(accessed 22 October 2015).

5. Dropps® Laundry Detergent Pacs SDS. 20 May 2015.

https://www.dropps.com/pages/product-ingredients

(accessed 1 February 2017).

6. Centers for Disease Control and Prevention. Health

hazards associated with laundry detergent pods—-

United States, May-June 2012. MMWR-Morbid Mortal

Weekly report 2012; 61: 825–829.

7. AAPCC. AAPCC and poison centers issue warning

about concentrated packets of laundry detergent.

Gandhinagar, GJ: AAPCC, 2012, p. 2.

8. Gray ME and West CE. Corneal injuries from liquid

detergent pods. J AAPOS 2014; 18: 49–45.

9. Heppner J and Vohra R. Household “HazMat”. Pedia-

tric exploratory ingestion of a single-use detergent sac.

Pediatr Emerg Care 2013; 29: 773–777.

10. Russell JL, Wiles DA, Kenney B, et al. Significant chem-

ical burns associated with dermal exposure to laundry

pod detergent. J Med Toxicol 2014; 10: 292–294.

11. Schneir AB, Rentmeester L, Clark RF, et al. Toxicity

following laundry detergent pod ingestion. Pediatr

Emerg Care 2013; 29: 741–742.

12. Smith E, Liebelt E and Nogueira J. Laundry detergent

pod ingestions: is there a need for endoscopy? J Med

Toxicol 2014; 10: 286–291.

13. Stromberg PE, Burt MH, Rose SR, et al. Airway com-

promise in children exposed to single-use laundry

detergent pods: a poison center observational case

series. Am J Emerg Med 2015; 33: 349–351.

14. Celentano A, Sesana F, Milanesi G, et al. Unit dose

liquid laundry detergent exposures: an Italian and a US

poison center comparison. Clin Toxicol 2013; 51: 2.

15. Davis MG, Casavant MJ, Spiller HA, et al. Pediatric

exposures to laundry and dishwasher detergents in the

United States: 2013–2014. Pediatrics 2016; 137(5): pii:

e20154529.

16. Forrester MB. Surveillance detection of concentrated

laundry detergent pack exposures. Clin Toxicol (Phila)

2012; 50: 847–850.

17. Forrester MB. Comparison of pediatric exposures to

concentrated “pack” and traditional laundry deter-

gents. Pediatr Emerg Care 2013; 29: 482–486.

18. Huntington S, Heppner J, Vohra R, et al. Serious

adverse effects from single-use detergent sacs: report

from a U.S. statewide poison control system. Clin Tox-

icol (Phila) 2014; 52: 220–225.

19. Valdez AL, Casavant MJ, Spiller HA, et al. Pediatric

exposure to laundry detergent pods. Pediatrics 2014;

134: 1127–1135.

20. Swain TA, McGwin G, Jr., and Griffin R. Laundry pod

and non-pod detergent related emergency department

visits occurring in children in the USA. Inj Prev 2016;

22: 396–399.

21. Mowry JB, Spyker DA, Brooks DE, et al. 2015

Annual report of the American association of poison

control centers’ National Poison Data System

(NPDS): 33rd Annual Report. Clin Toxicol (Phila)

2016; 54: 924–1109.

22. Mowry JB, Spyker DA, Cantilena LR, Jr., et al. 2013

Annual report of the American association of poison

control centers’ National Poison Data System (NPDS):

31st Annual Report. Clin Toxicol (Phila) 2014; 52:

1032–1283.

23. Mowry JB, Spyker DA, Brooks DE, et al. 2014 Annual

report of the American association of poison control cen-

ters’ National Poison Data System (NPDS): 32nd Annual

Report. Clin Toxicol (Phila) 2015; 53: 962–1147.

24. Horgan N, McLoone E, Lannigan B, et al. Eye injuries

in children: a new household risk. Lancet 2005; 366:

547–548.

Banner et al. 15

https://orcid.org/0000-0002-9292-474X
https://orcid.org/0000-0002-9292-474X
https://orcid.org/0000-0002-9292-474X
http://www.pgproductsafety.com/productsafety/index.shtml
http://www.pgproductsafety.com/productsafety/index.shtml
http://www.sunproductscorp.com/msd_sheets.aspx
https://www.dropps.com/pages/product-ingredients


25. Zerkle TB, Ross JF and Domeyer BE. Alkyl ethoxy-

lates: an assessment of their oral safety alone and in

mixtures. J Am Oil Chem Soc 1987; 64: 269.

26. Yin S, Behrman A and Colvin J. Laundry pack expo-

sures in children 0-5 years evaluated at a single pedia-

tric institution. J Emerg Med 2015; 48: 566–572.

27. Zosel A, Egelhoff E and Heard K. Severe lactic acido-

sis from iatrogenic propylene glycol overdose. Phar-

macotherapy 2010; 30: 1.

28. Gummin DD, Mowry JB, Spyker DA, et al. 2017

Annual Report of the American Association of Poison

Control Centers’ National Poison Data System

(NPDS): 35th Annual Report. Clin Toxicol (Phila)

2018; 56: 1213–1415.

29. ASTM Standard F3159-15, 2015, Standard Safety Spe-

cification for Liquid Laundry Packets. West Consho-

hocken, PA: ASTM International, 2015. DOI: 10.1520/

F3159-15, www.astm.org (accessed 29 August 2019).

16 Human and Experimental Toxicology XX(X)

http://www.astm.org


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


