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This review paper examines and evaluates urine-sampling methodologies in infants and young children, to determine which methods are suitable for use in

large biomonitoring surveys or studies of environmental chemicals in children younger than 6 years. Methods for non-toilet-trained children include the

use of urine bags, collection pads (e.g., cotton or gauze inserts), disposable diapers, cotton diapers, and the clean catch method. In toilet-trained children,

collection methods include use of a commode insert pan as well as specimen collection cups. The advantages and disadvantages of these various methods

need to be evaluated with respect to the target population, timing and frequency of collection, minimum sample volume required, method of urine

extraction, potential for contamination of the sample, stability of the analyte of interest, and burden on participants and research team. Collection

methods must not introduce contamination or affect the integrity of the sample, should be logistically practical, and should minimize discomfort

experienced by the child. Although collection of urine samples from children who are not toilet-trained is more challenging than collection from older

toilet-trained children, the vulnerability of younger children to the exposure to and health effects of environmental chemicals makes finding suitable

methods a priority.
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Children differ from adults in the nature of their exposures to

environmental chemicals as well as their susceptibility,

because of various factors including diet, behavior, physio-

logy, and metabolism (Needham and Sexton, 2000). Thus,

there is a clear need to develop appropriate methods to

evaluate exposures in children (Fenske et al., 2000). A

method that is best for assessing exposure to a given chemical

at one life stage (e.g., in utero) may not be the best method

for assessing exposure to that same chemical at a different life

stage (e.g., 2 years of age) (Needham et al., 2005).

The purpose of this review is to examine and evaluate

urine-sampling methodologies in young children, to deter-

mine which methods would be suitable for use in large

surveys or studies that would obtain biomonitoring data in

children younger than 6 years. Methods must be both

acceptable to the participants and cost-effective on a large

scale. Furthermore, the approach taken for collecting the

urine must not introduce any contamination or affect the

integrity of the sample.

The focus of this review is appropriate and reliable urine

collection methods for biomonitoring of environmental

chemicals in young children; however, urine collection

methods used for the diagnosis of clinical illness have also

been included to supplement the review. Each urine collection

methodology must be evaluated in terms of target population

(i.e., toilet-trained versus non-toilet-trained children), timing

and frequency of collection (i.e., single spot urine voids versus

24-h urine collection), minimum sample volume required,

method of urine collection (i.e., ease of field collection for

both boys and girls) (Matt et al., 1999), potential for

contamination of the sample, stability of the analyte(s) of

interest, and burden on participants, and the research team.

Evaluating whether urine is the most appropriate matrix

for assessing body burden to a particular chemical is beyond

the scope of this review.

Urine sampling

The younger the child, the more difficult it is to conduct

biomonitoring studies. Compared with other matrices such as

blood, urine collection is generally more acceptable to

parents and children, less invasive, and relatively easy to
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collect (Matt et al., 1999; Bradman and Whyatt, 2005;

Fenske et al., 2005). Urine samples are routinely collected

easily and usually without incident from infants and young

children in clinical settings, such as hospital neonatal

intensive care units (Burke, 1995).

Daily urine outputs for various age groups are as follows:

infants and toddlers up to 2 years of age rarely greater than

500ml; children 3–5 years up to 700ml; and 5–8 year olds

1000ml per day (Bolte, 2005). Infants void six to thirty times

per day with the number of voids decreasing and volume

increasing as the child ages (Bolte, 2005). From birth to

1 year of age, the volume of urine available for collection in a

single void is generally less than 10ml per sample, and is

somewhat larger (10–20ml) for 2 to 3 year olds (Barr et al.,

2005a). Once children begin school, urine sample collections

become a little easier with between 30 and 50ml reasonably

obtainable for those aged 4–11 years in a single void (Barr

et al., 2005a). Daily estimated volumes of urine output in

children have been discussed further by Baker et al., 2005;

however, these authors note that a normal range is difficult to

estimate as it depends on age, kidney function, water and

liquid intake, and other factors.

Collection of complete 24-h urine samples has generally

been viewed as impractical for small children (Fenske et al.,

2005; Kissel et al., 2005) and presents problems such as

contamination, leakage, and may result in dilution of the

analyte if excreted immediately after exposure. Reported

losses have ranged up to 40% (Bakker et al., 1999). Spot

urine samples are the easiest to collect for biomonitoring

purposes as it places low burden on study participants and

sample processing and analyses are manageable and

affordable (Fenske et al., 2005). However, spot urine

samples show high intra-individual variability, both in terms

of urine volume obtained and concentrations of endogenous

and exogenous chemicals captured from void to void,

particularly when compared with estimates based on 24-h

samples (Kissel et al., 2005; Barr et al., 2005a; Scher et al.,

2007). If a spot sample is obtained, a first-morning void is

often preferred because the urine is more concentrated,

represents a longer window of accumulation (usually greater

than 8 h) and is more representative of the daily average

(Fenske et al., 2005; Kissel et al., 2005; Barr et al., 2005a).

However, a first-morning collection may not always be ideal

because the timing for capturing the exposure is ‘‘off’’; this

collection may not correspond to time-dependent variations

in the analyte concentrations and could represent an

underestimation of exposure. Investigators often settle for

taking a sample whenever it is convenient (Needham and

Sexton, 2000).

Urine Dilution Adjustment
The degree of dilution of the urine sample is critical in

interpreting results of tests performed on the specimen.

Measurement of osmolality has been identified as the gold

standard for urine concentration (Chadha et al., 2001);

however, in practice other methods such as specific gravity

adjustment, timed excretion, and creatinine ratios are often

used to adjust for effects of urinary flow (Vij and Howell,

1998). Intra-individual variability may be reduced for very

young children (e.g., o12 months) because they feed and

urinate frequently; however, variability in urinary dilution

has not been evaluated for this very young age group

(Bradman and Whyatt, 2005).

Creatinine adjustment using a colorimetric assay has been

the standard method for accounting for urine dilution for

environmental chemicals; however, as a number of factors

such as age, gender, race/ethnicity, meat intake and body

mass index affect creatinine levels, results must be inter-

preted with caution (Curl et al., 2003; Suwazono et al.,

2005; Barr et al., 2005b). Creatinine adjustment to account

for dilution may not be appropriate for some chemicals in

young children (or pregnant women) and creatinine-adjusted

metabolite concentrations should never be compared among

individuals of vastly different age groups (i.e., children versus

adults) (Fenske et al., 2005; Pearson et al., 2009). Creatinine

excretion during the newborn period is reportedly higher and

more variable compared with later infancy (Dorey and

Zimmermann, 2008) and the limitations of standardizing

urinary excretion of solutes during this period has been

previously documented (Matos et al., 1999). Creatinine

measurements also consume more (minimum 200 ml) of the
very limited volume of urine available for infants than

specific gravity (minimum 100 ml) and are more costly to

perform.

In some cases, specific gravity assessments may be a more

robust measure to correct for urinary output as it introduces

less variability (appears to be independent of age and

seasonal variation) and is very easily analyzed using a

handheld refractometer (Pearson et al., 2009). Specific

gravity is the ratio of the density of the urine to that of

water and is affected by the number and weight of solute

particles (urea, chloride, sodium, potassium, phosphate, uric

acid, and sulfate) and on the temperature of the sample, in

contrast to urine osmolality which depends solely on the

number of solute particles (Pradella et al., 1988). Specific

gravity may not be appropriate for study participants with

certain conditions (e.g., diabetes and nephrotic syndrome

(Voinescu et al., 2002)) where heavy molecules such as

glucose and protein may disproportionately increase the

measurement (Pearson et al., 2009) resulting in an under-

estimate of the urine analyte concentration. Good correla-

tions (r¼ 0.933) have been observed between urine specific

gravity and osmolality in neonates (Leech and Penney,

1987). A modified specific gravity adjustment method has

been proposed that applies weights for each substance

depending on how the excretion rate varies with changes in

urinary flow (Vij and Howell, 1998). The conventional

method requires the assumption that a change in urine flow
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preserves the relative ratio between the mass of the chemical

substance and the mass of total dissolved solids (Vij and

Howell, 1998) which has been shown to result in over-

compensation, at least for cadmium (Sorahan et al., 2008).

The robustness of both the creatinine and specific gravity

readings to freeze–thaw cycles (Anestis et al., 2009; Pearson

et al., 2009) and to temperature fluctuations has been

debated (Alessio et al., 1985; Riboli et al., 1995). Urine

specific gravity does appear to be more stable than creatinine

over storage temperatures ranging from �20 to 931C (Cook

et al., 2007). More research is needed to evaluate various

approaches for accounting for urine dilution in neonates and

young children.

Non-toilet trained children

Young children, particularly those in the first 2 years of life

who are not toilet trained are a particularly difficult

subpopulation to sample as they are unable to void on

command (Schlager et al., 1995), it can be a challenge to

obtain parental consent (Needham and Sexton, 2000), the

collection procedures can be problematic and infants tend to

soil and urinate at the same time. Five different methods that

have been used to successfully obtain urine samples from

non-toilet trained children are described below.

Urine Bag
A common method used in pediatric hospitals and a number

of clinical studies is a collection bag attached over the genitals

to the perineal skin using adhesive tape. In the CHAMACOS

study, staff washed the pudendum, attached the urine bag,

slit a diaper and pushed the bag through the diaper slit so

that urine was collected in the urine bag but staff could see

when the bag was full (Eskenazi et al., 2003). Urine bags

commercially available include: ‘‘LilKatch’’ (General Med-

ical Corp., Richmond, VA, USA) (Loewenherz et al., 1997;

Fenske et al., 2002); ‘‘U-Bag’’ (Hollister Inc., Libertyville,

IL, USA) (Schlager et al., 1995; Brock et al., 2002; Royster

et al., 2002), and ‘‘Pediabags’’ (Kendall Medical Products,

Mansfield, MA, USA) (Matt et al., 1999). Clearly, urine

bags and transfer containers should be pre-screened and

found to be devoid of the contaminant or metabolite of

interest (Brock et al., 2002).

The use of urine bags is relatively simple, reliable, non-

invasive, and inexpensive for obtaining a urine specimen

(Schlager et al., 1995). However, at times, the adhesive may

not adhere adequately or may cause discomfort to infants with

skin disorders (Cohen et al., 1997). A lively infant can also

displace the bag. In addition, urine bags are seldom useful in

children who have diarrhea, incontinence, poor hygiene, or

where the bag must remain attached for a considerable length

of time (Cohen et al., 1997). Other disadvantages include

possible allergic reactions to the adhesive solutions and other

irritating effects on the skin (Burke, 1995).

Obtaining a sufficient volume of sample may also be a

concern. In one study (Schlager et al., 1995), 17% of the

neonates were not able to provide a urine sample after two

attempts of 30min each, whereas in another (Royster et al.,

2002) only 70% of those contacted were both willing to

participate and produced sufficient urine volumes. Therefore,

tactics to encourage urination within a given time frame may

be required, such as offering the child a beverage (Royster

et al., 2002; Barr et al., 2005a); however, encouraging

urination with drinks will usually dilute the urine and make

the analytical measurement more difficult (Barr et al., 2005a).

If children are not able to produce a void during scheduled

contacts, the staff can train parents to attach the urine bag at

home, transfer the urine to the appropriate container, and

refrigerate or freeze the sample until delivered to or retrieved

by the field staff (Loewenherz et al., 1997; Fenske et al.,

2002, 2005). Eskenazi et al. (2003) reported that using a

combination of urine collections at the clinic visit and, in very

rare instances, sending the infant home with the urine bag

attached and providing instructions for the mother to collect

the sample herself resulted in missing less than 2% of the

urine samples.

Clean Catch
The clean catch method has been defined as the gold standard

in non-invasive methods for collecting urine for urinary tract

diagnosis in non-toilet-trained children (Rogers and Saun-

ders, 2008). With this method, a urine sample is collected by

holding a sterile specimen bottle in the urine stream. The

technique depends on inducing a voiding reflex by applying

gently repetitive suprapubic pressure (Morris et al., 2007).

Given the human resource requirements to collect the urine

from the infant, this method would not be practicable for a

large-scale study; however, in a study of 191 children with a

median age of 2 months, urine was collected successfully by

clean catch in 88%, and by urine bags and pads in 96% of

the infants (Alam et al., 2005). These three methods were

used consecutively with the parents trained to collect the

clean catch sample (parents had a 30ml urine container ready

to collect urine from the infant who sat on their lap without a

diaper) and study nurses assisted with collecting urine from

the pads and bags (Alam et al., 2005).

Urine Collection Pads: Cotton or Gauze Insert
The addition of a cotton or gauze insert into an infant’s

disposable diaper is a relatively non-invasive method that does

not cause adverse effects on the skin (Burke, 1995). The pad

should be checked frequently (every 10min) until the pad is

wet with urine but not soiled by feces (Dorey and

Zimmermann, 2008). Use of a cotton insert is relatively

simple as the urine may be expressed on-site and the pad

may be removed fairly easily from the diaper for analysis
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(Hu et al., 2000). In addition, cotton will maintain the stability

of the urine sample for at least 24h at 371C (Hu et al., 2000),

and will not interfere/react with urinary creatinine concentra-

tion nor the concentrations of most chemicals used for clinical

diagnoses (Roberts and Lucas, 1985; Hu et al., 2000).

The overall reliability of cotinine measurements is

reportedly good and no bias was introduced from the use

of cotton rolls placed in a syringe and expressed, compared

with a standard method where urine was transferred by a

standard pipette (Matt et al., 1999). Furthermore, the

percentage recoveries of creatinine and metabolites have

been shown to be acceptable, ranging from 70–130% in the

laboratory, although recoveries depend on the analyte of

interest (Hu et al., 2000). Additional advantages of a cotton

ball or gauze insert include cost effectiveness of supplies and a

substantial decrease in the time spent by a health care

professional to apply the material, as compared with the use

of a urine collection bag (Burke, 1995).

Some investigators have incorporated a sensor for a

personal enuresis alarm buried in the matrix of the urine

collection pad to try to reduce potential contamination of the

urine by contact with the infant’s skin and fecal matter, with

limited success (Rao et al., 2003). The only apparent

advantage was that it reduced the need to disturb the child

for frequent checking of the pad. Replacing a urine collection

pad every 30min until urine is passed can reduce bacterial

contamination of the urine; however, this method does

increase the workload of staff and add to the costs, thus

reducing feasibility (Rao et al., 2004).

There are a number of limitations to the cotton insert.

Obtaining a sufficient volume of urine may be problematic if

the pad is not saturated sufficientlyFonly 3–12ml of urine

can be extracted from the pad even though up to 170ml of

urine is voided by a 1- to 3-year-old child at any one time

(Hu et al., 2004). Dorey and Zimmermann (2008) were able

to extract approximately 2ml of urine from cotton pads. To

some extent the insufficient sample obtained can be corrected

with the addition of water to the cotton pad and successive

extractants, with back-calculations of creatinine concentra-

tion used to ensure unbiased normalization (Hu et al., 2000).

Several methods for extracting urine from the cotton insert

have been used. The cotton insert may be frozen and shipped

to the laboratory, where it is centrifuged to extract urine,

although the volume recovered is often small (Calafat et al.,

2004). Urine may also be extracted from the cotton pad

through use of a disposable syringe on-site (Hu et al., 2000;

Shalat et al., 2003; Zohouri et al., 2006) by placing the gauze

into an empty syringe, replacing the plunger and squeezing

urine into vials (Weuve et al., 2006). Alternatively, the urine

can be aspirated from the pad using a syringe (Shalat et al.,

2003; Dorey and Zimmermann, 2008).

Finally, contamination of the cotton pad by fecal material

or by any lotions or powders applied to the baby has not

been sufficiently addressed by researchers. Burke (1995) has

suggested that a thorough cleaning of the diaper area should

be performed to minimize contamination with stool and

other materials to improve accuracy of results.

Cotton inserts that have been used include: ‘‘Surgipad’’

(Johnson & Johnson, Skillman, NJ, USA), ‘‘Organic Diaper

Doublers’’ cotton terry cloth inserts, and pads from Ontex

Ltd. Northamptonshire, UK (Hu et al., 2000; Shalat et al.,

2003; Zohouri et al., 2006).

Disposable Diapers
The third method to obtain urine samples in non-toilet-

trained children includes extraction of urine directly from the

infant diaper. A wet diaper may be brought in by a parent on

the day of the study (Sathyanarayana et al., 2008), or the

diaper may be wet on-site.

Hu et al. (2004) reported that pyrethroid metabolites were

stable in diapers during a period of overnight urine collection

(371C for at least 8 h) and during storage at 11C for at least

3 days. However, the method of extraction from disposable

diapers is more problematic. The absorbent pad in the diaper

consists of polyacrylate powder, which when wetted, uncoils

to absorb water and swell into a three-dimensional gel-like

material which makes extraction and analysis of urine very

difficult (Hu et al., 2004). Extraction of urine can be done by

either squeezing the wet diaper into a receptacle, or using a

syringe to aspirate the sample from the diaper. In addition,

diaper fibers can be inserted into the barrel of a syringe and

compressed to extract urine (Ahmad et al., 1991; Cohen

et al., 1997; Sathyanarayana et al., 2008). Moreover, in the

laboratory, the addition of calcium salts has been shown to

be effective in shrinking or collapsing these polymers and

extracting the urine (Hu et al., 2004).

The brand of disposable diapers can affect the ease of urine

extraction. Hu et al., (2004) observed more difficulty in

separating the absorbent pads from top and bottom sheets

for Pampers Premium, compared with Huggies Supreme.

Furthermore, the increased absorbency of super-absorbent

diapers limits the ability to extract the urine. Absorbent

matter in super-absorbent diapers may come through with

the urine during syringe aspiration, possibly compromising

the analysis (Burke, 1995). Ahmad et al. (1991) deemed

ultra-absorbent diapers unsuitable for urine extraction and

similarly Cohen et al. (1997) excluded the use of ultra-

absorbent diapers because of the difficult and time-consum-

ing task of urine extraction from the gel matrix. Kirkpatrick

et al. (1997) noted that urine recovered from ultra-absorbent

diapers had significantly higher specific gravity values, pH

and protein compared with cotton balls and non-absorbent

gelling material diapers. Furthermore, the specific gravity of

urine may also vary with the brand of diaper used, urine

volume, and amount of time spent in the diaper before

extraction (Gammage and Yarandi, 1993).

Authors have published on various techniques used when

conducting direct urine extraction from diapers. Soden et al.
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(2007) used untreated wood pulp-based study diapers

(TenderCare) to collect urine from children who were not

fully toilet-trained. Hu et al. (2004) noted that the best type

of disposable diaper to use for analysis was the style that

permits the absorbent pads to be easily separated from the

porous polypropylene top and back sheets, such as Huggies

Supreme diapers. Lombardero et al. (1993) extracted urine

from Ultra Pampers diapers by immersing the absorbent gel

layer in solvent and removing the liquid with a pipette.

Cohen et al. (1997) removed the lining layer of the diaper

using sterile tweezers, and pushed the damp fibers of the

diaper into the barrel of a standard 20ml disposable syringe

from which the plunger had been removed. By replacing the

plunger and compressing the fibers, the authors reported that

urine was easily obtained from the diapers. Other methods

for urine extraction include using a specially constructed

hydraulic press applying a maximum of 120 kPa/cm2

(Heckmann et al., 2005).

As with the use of cotton or gauze inserts, there is a risk of

contamination from fecal material when using infant diapers,

or from the use of diaper creams or ointments on the infant’s

skin which could change the measurement of chemicals in

urine (Hu et al., 2000). Although there still exist concerns

regarding the collection of urine directly from diapers and its

ability to isolate a broad array of target analytes, it would be

the most attractive method because it is the least burdensome

on the participant and the most logistically practical (Barr

et al., 2005a), providing there are validated methods to

analyze the chemicals of interest.

Cotton Diapers
An alternative method that to our knowledge has not been

tested would be to use cotton diapers (as opposed to cotton

pad inserts in disposable diapers) along with a disposable

liner to separate urine from fecal matter (e.g., polypropylene

liners available from http://www.merehelene.com/fr/couche-

accessoires-jetable.aspx). Thin gauze has been used to reduce

contamination of the urine with meconium or stool for

studies of cortisol production rates (Heckmann et al., 2005).

Additional Considerations
For those methods that use absorbent collection materials

(i.e., cotton or gauze inserts, disposable diapers, and cotton

diapers), the issue of chemical extraction efficiency has not

been discussed in detail. Many studies have discussed methods

of extracting the liquid (urine) from the particular matrix, but

have not quantified percentage recoveries of the chemical from

the actual matrix itself. Roberts and Lucas (1985) found that

most biochemical parameters (e.g., sodium, potassium, and

creatinine) extracted from nappies that had been dosed with

urine were within 2% of actual concentrations, provided that

evaporation of water in the urine was kept to a minimum.

However, two other studies examining environmental pesti-

cides have found greater variability in percentage recovery of

chemical metabolites from cotton matrices. Hu et al. (2000)

found recoveries of certain pesticide analytes to be 66–131%

from cotton gauze pads, and 63–133% for three pyrethroid

metabolites from disposable diapers using calcium chloride

salts (Hu et al., 2004). Percentage recovery of creatinine in the

Hu et al. (2004) study ranged from 71 to 133% and had

greater variability than urine samples that did not come into

contact with diapers, although relative SD for pesticide

analytes and creatinine were deemed to be in an acceptable

range of ±25% by authors. Further laboratory analyses

should be performed for those collection methods that use

absorbent materials, to establish whether chemical analytes of

interest are adequately being extracted from the collection

matrices and whether extracted volumes for analysis are

representative of the urine sample absorbed. The method of

development and validation would likely be cost-intensive at

the outset, and therefore use of absorbent collection materials

may be better suited for studies examining a smaller number

of analytes in urine.

Toilet-trained children

A number of studies have been conducted examining

pesticide exposure in children’s urine as a biomarker of

exposure. These studies often involve older children from 2 to

5 or 6 years old, obtain urine samples over a period of 24 h,

and require the children to be toilet-trained to be eligible for

the study (Lu et al., 2001; Curl et al., 2002; Becker et al.,

2008). When collecting urine on-site, Needham and Sexton

(2000) note that it is important for children to feel

comfortable and have adequate privacy. In addition, the

presence of a familiar and trusted person, such as a parent or

school nurse, often reassures younger children and can

provide a validity check on the samples (Needham and

Sexton, 2000). Obtaining a sample from young children can

also be more difficult because they void only when they feel

the urge and not on command (Pillitteri, 2006).

Two methods have been used to collect the entire urine

void from toilet-trained children. One such method is the use

of a specimen cup that is provided to the parents of the child,

or the children themselves (if they are old enough) who are

then instructed to collect the entire void (Kissel et al., 2005;

Becker et al., 2006). The specimen cups provided are

typically 100 or 118ml polypropylene containers with

screw-cap lids (Curl et al., 2002; Kissel et al., 2005) or

polyethylene containers (TYCO Healthcare, Kautex) (Beck-

er et al., 2006). Samples have also been obtained in larger

containers, such as the 500ml high-density polyethylene

wide-mouth containers used in the Farm Family Study

(Acquavella et al., 2004) or 1 l polyethylene wide-neck flasks

as used in GerES IV from children 5 years and older (or in

some girls older than 7 years) (Becker et al., 2008). Plastic

collection jugs as well as wide-mouth beakers have also been

used (Valcke et al., 2006; Soden et al., 2007).
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A second collection method used is that of a commode pan

insert which fits into a standard toilet. This insert is typically

used for children who are very young and/or who find it

difficult to urinate directly into the specimen cup, for

example, girls (Valcke et al., 2006). Some specific brands of

commode, ‘‘potty’’ or ‘‘hat’’ inserts used in previous studies

include ‘‘Specipan’’ (Baxter Scientific, McGraw Park, IL,

USA), lined potty chairs, 750ml toilet seat inserts and inserts

from Sage Products Inc., Crystal Lake, IL, USA (Loewen-

herz et al., 1997; Curl et al., 2002; Fenske et al., 2002; Shalat

et al., 2003, Becker et al., 2008). Again, it should be ensured

that sample cups and commode inserts are pre-screened and

found to be devoid of the contaminant or metabolite of

interest, such as phthalates (Brock et al., 2002).

Once the sample is obtained, the commode insert is either

sealed using the provided snap top and placed in plastic

Ziplock bags for transport (Loewenherz et al., 1997), or the

urine is transferred immediately to a polypropylene sample

cup (Sarstedt Group) before shipping and storage (Lu et al.,

2001; Koch et al., 2007). If a sample is not obtained during a

home visit by field staff, collection apparatus and instructions

can be left with the parent. Once the urine sample has been

produced, it can be picked up by field staff shortly after the

void (Loewenherz et al., 1997; Lu et al., 2001; Fenske et al.,

2002; Kissel et al., 2005) or refrigerated or frozen until

delivered to the lab. To ensure that the sample collected is

representative of the full void, the sample must be well mixed

before making aliquots for chemical analysis.

It has been recognized that insufficient urine void volumes

(less than 15ml per sample) is one of the major limitations in

collecting urine from young children (Curl et al., 2002). Some

children at this age may not be fully toilet-trained and may

still wet the bed at nighttime, which was noted in the study by

O’Rourke et al. (2000). Curl et al. (2003) also noted problems

with occasional accidents or contaminating the urine samples

with feces. With girls reaching menarche at increasingly

younger ages (Aksglaede et al., 2009), there is also the

potential for contamination of the urine sample with blood

(false-positive hematuria) when collecting from young girls

during their menstrual period. Menstrual blood can change

the specific gravity, protein and red blood cell analyses of

urine (Pillitteri, 2006) and contains lysosomes and hydrolytic

enzymes, white blood cells, and vaginal secretions (Hahn,

1980). As little has been reported on the potential impact of

blood contamination on urine analyses for environmental

chemicals, it is advisable to note the potential for contamina-

tion, have the girl wash the perineum well with soap and

water, rinse and dry and then place a sterile cotton ball into

her vagina just before voiding (Pillitteri, 2006).

The difficulty of collecting a 24-h urine sample from

children has been noted in the Farm Family Exposure Study

on account of the number of samples required from children

(Baker et al., 2005). However, generally, collection of urine

from older children who are toilet-trained presents fewer

difficulties than those involved when sampling urine from

non-toilet-trained children.

Summary and conclusions

In summary, the collection of urine samples from children

who are toilet-trained is generally more simple and

straightforward than obtaining urine from those wearing

diapers, and the older the child, the easier the biomonitoring

and sampling activities (Barr et al., 2005a). Although

younger children urinate more frequently, older children

are able to control timing of urination and produce a urine

sample within a given time frame. Older children are also able

to produce greater volumes of urine (Matt et al., 1999;

Fenske et al., 2005), which is necessary in a national survey

where numerous (bio)chemical analytes of interest will be

examined. Furthermore, older children are more able to

communicate and understand instructions from caregivers,

teachers, or study technicians, thus improving compliance

with research protocols (Needham and Sexton, 2000).

Obtaining urine specimens from children who are not toilet

trained presents a number of challenges. For example, the

pilot study of the German Environmental Survey on

Children (GerES IV) reported that the volume of urine

obtained from many children was too small, and collection of

standardized urine specimens free from external contamina-

tion from children still wearing diapers at night was deemed

impossible under the given conditions. The GerES IV survey

therefore restricted participation to a subsample of children

ages 3–14 who were toilet trained, using methods appropriate

for toilet-trained children (Becker et al., 2006, 2008).

As collection methods used for toilet-trained children involve

use of containers and materials that do not have to be attached

or even contact the child’s body, this increases the ease of

collection and minimizes the invasiveness and discomfort

suffered by the child. These methods also ensure minimal risk

of contamination of the urine sample with feces, and the risk of

sample ‘‘loss’’ or leakage to diapers and other surrounding

materials is low (however, some sample loss and inconvenience

may be a factor for young girls). In addition, as the sample is

produced intact in a collection container, there are no challenges

regarding extraction of a sample from an absorbent matrix.

For infants and toddlers there are more options for urine

collection; however all suffer from some limitations (Table 1).

Urine microbial contamination rates have been reported to

be significantly lower with the clean catch method and

similarly higher for pads and urine collection bags (Alam

et al., 2005). The National Institute for Clinical Excellence

(2009) suggests that urine collection pads are the next best

option, if the clean catch is not suitable.

Urine collection pads may be preferable because of their

cost-effectiveness, similar or lower contamination rates to

urine collection bags, ease of use and parental preference

(Lewis, 1998; Rao et al., 2004; Rogers and Saunders, 2008).
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It is recommended that if pads are used, that they be changed

every 30–45min to reduce contamination risks (Rogers and

Saunders, 2008). The disadvantage of the pads is the

difficulty of aspirating urine, especially when only a small

amount has been voided (Alam et al., 2005), and the

difficulty in analyzing for a large number of analytes (Barr

et al., 2005a). Clean catch methods are often time-consuming

and impractical. With disposable diapers, although more

convenient for the parent, there can be difficulties in

extracting urine as well as the potential for changing the

actual urine composition due to extraction losses of analytes,

salts and other solutes. As new diaper products emerge,

methods will have to be re-evaluated.

The best method of collection will be the least burdensome

on the participants and the most logistically practical in a

field setting without introducing contamination provided the

laboratory methods are adequately validated and costs are

manageable. A survey of parents’ preferences for home

collection of urine for culture found that pads and bags were

easy to use and were preferred to clean catch collections for

both sexes; however, problems were reported with leakage

and irritation upon removal of the bags, and extraction from

the pad or emptying the bag were found to be awkward

(Liaw et al., 2000).

Many studies have used a combination of the above urine

collection methods to collect urine samples from a wide range

of children (Fenske et al., 2002; Arcury et al., 2007;

Bradman et al., 2007; Curwin et al., 2007). Generally,

studies of toilet-trained children aged 6 years and over have

been performed according to procedures used by the US

Centers for Disease Control and Prevention in the National

Health and Nutrition Examination Survey (Bradman et al.,

2007; Arcury et al., 2007).

Although urine sampling in older children who are toilet

trained appears to be the most feasible and practical method

of sampling, particularly in a national survey, it must be

recognized that younger children may be more vulnerable to

the effects of environmental chemicals. Therefore, the unique

vulnerability of this age group must be balanced against

the feasibility of urine collection for this population in

a national survey. To overcome volume shortages and account

for within-day variability in exposure, multiple urine voids on

the same day could be collected and pooled for each infant.

The National Children’s Study in the United States, which

has begun to recruit participants and will be underway in

2008–2010, is intending to use cotton inserts to obtain urine

samples in young children, although there are still a number

of uncertainties regarding sources of potential contamination

and use of this protocol (K Schoendorf, 2008Fpersonal

communication). Diaper inserts are currently being used in

the HOME Study (Health Outcomes and Measures of the

Environment) in Cincinnati to obtain urine samples from

children aged 12–36 months. Researchers in this study report

that abdominal gauze pads work as well as cotton diaper

inserts (Kendall Curity Abdominal Pad) (S Liddy, 2008F
personal communication).

Table 1. Urine collection methods for infants and young children

Method Age of

children

Urine volume collected Advantages Disadvantages Example references

Urine bags Neonates to

24 months

Minimum 5ml Routine use in hospitals;

75–98% success in obtaining

urine; easy to aliquot;

limited interference with

analytes

May cause discomfort; may

leak; more difficult to attach;

may be insufficient volume

Marbury et al. (1993);

Schlager et al. (1995);

Royster et al. (2002);

Eskenazi et al. (2003)

Cotton/gauze

inserts

Neonates

(including

preemies) to

36 months

1–12ml Easy to install and remove;

limited interference with

analytes

Requires expression/

extraction; may be insufficient

volume; potential for

contamination by feces

Hu et al. (2000); Calafat et al.

(2004); Weuve et al. (2006);

Dorey and Zimmermann,

(2008)

Disposable

diapers

Neonates

(including

preemies) to

Z3 years

Not reported Readily available; acceptable

to parents

Requires expression/

extraction; potential for

contamination by diaper

debris, feces; may be

insufficient volume; may

interfere with analytes

Hu et al. (2004); Soden et al.

(2007); Sathyanarayana et al.

(2008)

Clean catch Neonates to

o3 years

Not reported Minimal contamination Resource intensive Alam et al. (2005)

Specimen cups

and commode

inserts

2 to 8+ years 15–55ml Minimal contamination; easy

to aliquot; limited interference

with analytes

Child must be toilet trained;

requires urination on

command

Matt et al. (1999); Curl et al.

(2002); Koch et al. (2002);

Kissel et al. (2005)
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As with most studies, a successful outcome will only be

accomplished by a team approach including laboratory

scientists, researchers, study nurses and research assistants,

and prospective study participants from the outset to develop

the most appropriate procedures. No single set of procedures

will be applicable to all situations.

It is hoped that new research will develop improved

approaches to collect urine from infants and young children

and to adjust for urine dilution. Microanalytical-based sensors

that can accurately and precisely process small amounts of urine

are showing some promise (Barry et al., 2009). These new

methods and approaches should be non-invasive, inexpensive

and not introduce contamination of the sample by feces or by

collection materials, so that this vulnerable population will not

be ignored in future national biomonitoring surveys.
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