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I have heard about phthalates in the news.
What are they?

Phthalates are important industrial chemicals used in a wide
variety of plastic products. (Figurel). They are structurally re-
lated compounds used as plasticizers in a broad range of prod-
ucts. Industrially, phthalates confer flexibility, pliability and
elasticity to plastics by allowing the polymer molecules to
slide against each other. Frequently used phthalate plasticizers
include di (2-ethylhexyl) phthalate (DEHP), diisodecyl phtha-
late (DIDP), diisononyl phthalate (DINP), di-methyl phtha-
late (DMP), di-ethyl phthalate (DEP), di-n-butylphthalate
(DBP), buytylbenzylphthalate (BBP), and polyethylene tereph-
thalates (PET) which are used as intermolecular lubricants
and have a tendency to leach out of the plastic matrix.
Since the first application as plasticizers in the 1930s,
phthalates have become one of the most widely spread
contaminants in the modern world. About 8 billion pounds
of phthalate esters are consumed globally every year (Cado-
gan and Howick 1996) (Mannsville Chemical Products
Corporation 1999). Unlike persistent organic pollutants
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(organochlorine pesticides like DDT), phthalates and their
metabolites do not accumulate in the environment and
have a short-half life in living organisms (see below). They
are nonetheless a constant presence in all human exposure
pathways. Monoester metabolites are detected in 90-100
percent of urine samples from women and men of general
populations (Duty et al., 2005a; Hoppin et al., 2002; Kato
et al., 2005; Swan et al., 2005).

How much do we know about the toxicity of
phthalates in the environment?

Results from laboratory animal studies demonstrate develop-
mental and reproductive effects of some of the commonly
used phthalates in commercial products, even at dosages
close to the potential exposure levels found in the environ-
ment. Other effects observed in laboratory animals are aller-
gic reactions of the respiratory system and tumor formation,
although scientists do not agree whether phthalates could
also induce tumors in human, and there is no evidence to
support that phthalates cause cancer in humans.
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Figure 1. Common structures of phthalates R -alkyl, alkenyl, or
aryl groups

Q.
A.

What can phthalates do to my children?

There is limited evidence for adverse health effects of phtha-
lates in children. Animal data suggest potential reproductive
and allergic effects of phthalates, including asthma, changes
in hormonal balance, and fertility impairments. Evidence for
direct health effects in humans is lacking, due to a paucity of
research. The potential health effects described in the follow-
ing sections should be taken into consideration when taking
measures to protect children'’s health.

What are the potential health effects of
phthalates in general?

Research suggests three general types of potential health
concerns of phthalate exposure: developmental and repro-
ductive toxicity, allergy/asthma, and carcinogenicity. In ani-
mals, phthalates interfere with testicular function, decrease
sperm motility/production, and alter the hormone profile in
both male and female animals. Among all phthalates tested,
DEHP appears to be the most potent one. Existing human
data have provided evidence for the reproductive effects by
analyzing phthalates in urine samples.

A handful of other studies have also associated allergy
and asthma with exposure to MBP, MEP, DEHP and BBzP.
Some of these effects appear to be chemical-structure specific
and dependent on the timing and route of exposure. More
detailed information from research data is provided in the
following sections.

What are the potential reproductive effects
of phthalates?

Only limited information on reproductive effects of ph-
thalates is available. Data in DEHP exposed male workers
indicate that time to pregnancy is not prolonged with pa-
ternal exposure to DEHP (Modigh et al., 2002), although
time-to-pregnancy is not considered a sensitive measure-
ment of fertility. In contrast, a more recent study found a
significant inverse association between concentrations of
urinary MBzP and serum FSH, a reproductive hormone
(Duty et al., 2005b). There is also an interaction between
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high urinary MBP and the environmental toxin, polychlo-
rinated biphenyls (PCBs) with regard to sperm motility
(Hauser et al., 2005) such that joint exposure to MBP and
PCB’s multiplicatively decreased motility. In a study of
healthy Swedish men, subjects within the highest quartile
for MEP had fewer motile sperm and lower concentrations
of the reproductive hormone LH in the serum; no effect
was seen for MBP (Jonsson et al., 2005). In other studies,
high urinary phthalate monoesters are associated with re-
duced sperm counts, low sperm motility and low DNA in-
tegrity (Duty et al., 2003a; Duty et al., 2003b). All together,
these reports raise concerns over the reproductive toxicity
of phthalates in males.

Data on reproductive effects of phthalates in women are
relatively scarce (Jung Koo and Mu Lee, 2005). A case control
study demonstrated an association between endometriosis
and elevated concentrations of plasma DEHP (Cobellis et al.,
2003). Another study demonstrated an association between
the concentrations of DEHP and MEHP in cord blood and
shortened gestation age (Latini et al., 2003). In addition, in
a study in India, premature breast development in girls of
8 years of age was associated with high concentrations of
serum DEHP and MEHP (Colon et al., 2000).

In animals, exposure to moderate doses of DEHP and
BBP result in changes in reproductive hormone levels in
males (Akingbemi et al., 2004; Akingbemi et al., 2001; Kura-
hashi et al., 2005; Ljungvall et al., 2005; Wang et al., 2005)
and changes in estrous cycles in females (Davis et al., 1994;
Lovekamp Swan and Davis, 2003; O’Connor et al., 2002).

Can phthalate exposure cause asthma
and allergy?

. Results from a few epidemiological studies suggest possible

associations between inhalational exposure to certain phtha-
late analogs and upper airway irritation and asthma. The
outcome is not only chemical-structure (congener) depend-
ent, but also dosage and exposure-route specific.

In a case of office building related illness, metabolites
from polyvinyl chloride floor coating of a damp office
building was identified as the cause of inflammatory nasal
mucosal responses of office workers (Walinder et al., 2001).
In a case-control study, the presence of BBzP in indoor
dust was implicated in rhinitis and eczema in children,
while the presence of DEHP in dust was associated with
asthma (Bornehag et al., 2004). Data from the Third Na-
tional Health and Nutrition Examination Survey (NHANES
III) showed an association between decreased pulmonary
function and urinary concentrations of MBP and MEP
(Hoppin et al., 2004). The measures of urinary metabolites,
although useful markers for total phthalate uptake, are not
reliable estimates for inhalation exposure and inhaled vs in-
gested doses cannot be distinguished. This may explain dif-
ferences in effects in some studies if pulmonary effects are
primarily from inhalation.
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Animal and in vitro studies provide some support for po-
tential allergic reactions observed in human studies. Inhala-
tion of MEHP in mice induces lower airway irritation, rapid
shallow breathing and elevated macrophage in bronchoalveo-
lar lavage (Larsen et al., 2004). Increases in the rate of phago-
cytosis after exposure to DEHP has been demonstrated in
alveolar macrophages (Bally et al., 1980). Several phthalates
and metabolites illicit inflammatory response such as produc-
ing cytokine IL-6 and IL-8 expression in human and animal
cells (Jepsen et al., 2004; Yamashita et al., 2005). These find-
ings suggest that medical devices may induce respiratory in-
flammation and heighten the needs for additional studies on
phthalates related inflammatory responses. They are particu-
larly concerning given the widespread use of phthalates in
medical devices and equipment (Gourlay et al., 2001).

Do phthalates cause cancer?

Carcinogenicity of phthalates in human has yet to be
demonstrated. Reports on phthalate induced liver tumors in
rodents were first published in the early 1980’s. Subsequent
studies have demonstrated elevated incidence of testicular
tumor and renal cysts in laboratory animals (Kluwe, 1986;
Voss et al., 2005), but phthalates are not genotoxic, nor do
they induce mutations in animals or in in-vitro testing sys-
tems. Phthalates have been shown to induce liver enlarge-
ment and proliferation of hepatic peroxisomes in laboratory
rodents (Howarth et al., 2001). Testicular tumors have been
described in animals as well (Astill et al., 1996; Kaufmann
et al., 2002; Voss et al., 2005). Currently, there is no evidence
for phthalate-induced tumors in humans. There has long
been a debate among scientists over the appropriateness of
applying the data of carcinogenesis of phthalates to rodents
in assessing their effects in human. For example, peroxiso-
mal proliferation is believed to be the underlying mode
of action for the tumors observed in rats and mice (Kauf-
mann et al., 2002). However, there is a lack of peroxisomal
proliferation of human hepatocytes in vitro. In the absence
of evidence for elevated cancer incidence in exposed human
populations, it is possible that peroxisome proliferation re-
lated liver injury and the subsequent hepatic tumor formation
in rats and mice are not relevant to a health risk in humans.
Other researchers however argue for an alternative mecha-
nism where peroxisome proliferation is not a prerequisite of
tumor formation; thus the debate over the phthalate car-
cinogenicity in human continues (Lai, 2004).

How are people exposed to phthalates?

In the modern living environment, humans and animals are
constantly exposed to phthalates through numerous path-
ways, including food, ambient air, indoor air, drinking water,
soil, toys, aerosol sprays, cosmetics, automobile interior, phar-
maceutical products, and medical devices (Latini et al., 2004b).
For the general, non-occupationally and non-medical device
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exposed population, ingestion of contaminated food and in-
halation of household aerosol sprays and fragranced personal
care products are the major routes of exposure.

DEHP, the most frequently used plasticizer in PVC prod-
ucts, is present in toys, intravenous tubing, blood transfu-
sion bags, plastic wraps for food, shower curtains, floors and
walls. DBP is often used as softener in PVC resins, while BBP
is a frequently used ingredient in adhesive formulations in
flooring, paints, coatings and printing inks. DEP is used in
chip-resistant nail polish. All three phthalates with short
alkyl-side-chains, DMP, DEP and DBP, are used as fixatives in
long-lasting fragrances, perfumes, hairsprays, and deodor-
ants. Phthalates are also common components of lubricants,
weather stripping, and safety glass.

In recent years, cellulose acetate phthalate has been used
as a coating or binding matrix in enteric tablets for time-and
pH-controlled drug release (Amorim and Ferreira, 2001; Guz-
man et al., 1996; Kim et al., 2003; Makhija and Vavia, 2003).
Medical procedures that use devices made from flexible vinyl
component, such as storage bags and tubing in ventilation,
blood transfusion and dialysis devices introduce significant
amounts of phthalates to patients.

While adults in the general population are exposed to ph-
thalates through air, food/food containers, cosmetics and per-
sonal hygienic products, infants and children have additional
exposure through mouthing behaviors on toys and other plas-
tic products. Other phthalates detected in children’s products
include DIDP, DINP, DIOP, and DnNP (Latini et al., 2004b).

The estimated overall non-occupational, non-medical de-
vice exposure range from 3-41 microg/kg bw/day for DEHP,
10 microg/kg bw/day for DBP, 2 microg/kg bw/day for BBP,
and 1.9-7 microg/kg/day for DBP (Doull et al., 1999; Jung
Koo and Mu Lee, 2005; Kavlock et al., 2002a; Kavlock et al.,
2002b).

Individual variations in living environment, use of ph-
thalate containing aerosol spray and cosmetics, and genetic
factors all contribute to the large differences in exposure and
metabolism of phthalates in the population (Duty et al.,
2005a). Elevated urinary MEP concentrations (median,
265 ng/ml) have been observed in men within 48 hours after
using colognes, when compared with non-cologne users (me-
dian, 108 ng/ml). Use of aftershave is also associated with an
increase in urinary MEP, from 133 ng/ml in non-users to
266 ng/ml in users.

How do phthalates enter the environment?

Ambient Air:

Most phthalates enter the environment through smoke-
stack emissions and vaporization from plastic products. In
the ambient air, the concentration of phthalates in the va-
por phase is unlikely to exceed 0.1 microg/m3, although
concentrations above 1.0 microg/m3 have been recorded in
areas surrounding phthalate and plastic factories (Liss et al.,
1985).
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Indoor Air:

The major sources of phthalates in indoor air are air freshen-
ers, cosmetic products, fabrics, flooring and other building
materials, therefore, large differences in indoor air among
households are expected. In general, the indoor air phtha-
late concentration, contributed mostly by phthalate residues
adsorbed to suspended particles, is several folds higher than
that in the outdoor air. The total concentration of inhalable
phthalates may range from less than 1 microg/m3 to over
10 microg/m3.

As for variations of different congeners in the environ-
ment, the air samples collected in New York City are domi-
nated by DEP, while those collected in Krakow, Poland, are
dominated by DBP (Adibi et al., 2003). In particles of indoor
air studied in Norway, DEHP accounts for greater than 50%
of total phthalates (Oie et al., 1997).

Surface Water:

In aqueous solutions, phthalates are essentially insoluble,
except those with short alkyl side chains. Therefore, the con-
centration in surface and ground water are usually less than
10 ppb and rarely exceed 10 ppm (Hites, 1973; Lopez Roldan
et al., 2004; Mihovec Grdic et al., 2002).

Drinking Water:

The U.S. EPA has established an MCL of 6 ppb for DEHP for
drinking water. In municipal drinking water, concentrations
range from less than 1 ppb to 3 ppb (Luks Betlej et al., 2001).
Increases in phthalate content have been reported in drink-
ing water stored in polyethylene bottles (Criado et al., 2005).

How do phthalates get into food?

Raw agricultural products contain a minimum amount of
phthalates. Phthalates typically are unintentionally added to
food during processing and packaging. Total phthalates in
the muscle of livestock and raw milk (120-280 microg/kg)
rarely exceed 500 microg/kg (Casajuana and Lacorte, 2004;
Rhind et al., 2005; Sharman et al., 1994). However, elevated
concentrations of phthalates, up to 53,000 microg/kg, have
been detected in food items on the market likely contami-
nated by processing and packaging (Castle et al., 1989).

Direct contact with phthalate containing surfaces of pro-
cessing equipment and packaging material is a major source
of phthalates in the diet, especially in food items of high
lipid contents. Tsumura et. al. (2001a) demonstrated an in-
crease in DEHP in chicken, from 80 microg/kg precooking to
13,100 microg/kg after frying in a Teflon coated pan, and
further to 16,900 microg/kg after packing. Printing ink on
wrapping films is another source of phthalates in confec-
tionary and snack products (Castle et al., 1988). Heating
food in the ready-to-eat packages greatly facilitates phthalate
migration from packaging materials to food.

In dairy products, greater than 80% of total concentra-
tions, ranging from 50 to 200 microg/kg in commercial milk,
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may be originated from milking equipment(Casajuana and
Lacorte, 2004; Castle et al.,, 1990). Additional processing,
packaging, and condensation can lead to 5-100 fold in-
creases in DEHP concentrations in cream and cheese prod-
ucts (Casajuana and Lacorte, 2004; Mortensen et al., 2005;
Petersen, 1991; Sharman et al., 1994). Up to 11,100 microg/
kg of DEHP in food can be attributed to leaching from PVC
gloves used during food preparation (Tsumura et al., 2001a;
Tsumura et al., 2001b). Analysis of meals prepared in three
hospitals in Japan revealed that the use of gloves alone could
contribute to 600 microg of DEHP to daily dietary exposure.
Daily meals from these hospitals, on the average, contain
160 microg DEHP, 12.5 microg DEHA, 4.7 microg DIND, and
3.4 microg BBP.

How much phthalate is usually present in
milk or infant formula?

Phthalates in infant formula and breast milk are of special
concerns because of the vulnerability of infants and young
children. In general, the concentration of DEHP and DBP in
infant formula, 34-281 microg/kg, is about the same as that
in cow’s milk, while concentrations of phthalate monoesters
in human breast milk is considerably higher (Dostal et al.,
1987; Mortensen et al., 2005; Sharman et al., 1994). The com-
position of phthalates in breast milk is similar to that detected
in adipose tissue (Calafat et al., 2004; Mortensen et al., 2005;
Swedish, 1998). A portion of the detected MEP and MBP can
be attributed to leaching from breast pumps (Mortensen et al.,
2005). The estimated upper maximum of infant exposure is
13 microg/kg bw/day from infant formula and 21 microg/kg
bw from breast feeding (Latini et al., 2004a).

Should | be concerned about exposure from
Medical Devices?

Polyvinyl chloride is one of the most frequently used materi-
als in medical devices. Phthalates leached from these devices
are a direct source of exposure in patients. These exposures
are well documented and are a major concern of the medical
community (Karle et al.,, 1997). Although it is not clear
whether the amount of exposure from medical devices pose
health risks to patients, it is clear that exposure occurs. The
amount of exposure to DEHP varies significantly between
hospitals. Empirical data, although limited, have demon-
strated a positive associations between the magnitude of ex-
posure and the use of PVC containing tubing, catheters, and
gloves (Green et al., 2005; Tsumura et al., 2001b). FDA has
judged a tolerable intake (TI) value of 0.6 mg/kg/day for
DEHP (McKee et al., 2004). Many medical procedures in cur-
rent practice could lead to exposure levels approaching or
exceeding the TI. For adults, the estimated exposure to
DEHP from 63 units of blood transfusions is 8.5 mg/kg/day
and from hemodialysis, 0.36 mg/kg/day. Keep in mind that
the exposure from these procedures could be incidental for
some patients, but frequent and long-term for others.
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For neonates, the 95% upper bound estimate of exposure
to DEHP from total parenteral nutrition (TPN) administration
is 2.5 mg/kg/day and from extracorporeal membrane oxy-
genation (ECMO), 14 mg/kg/day (FDA, 2001; Jaeger et al.,
2005). A 4-hour dialysis estimation on average is greater than
1 mg/kg phthalate, with the maximum estimates greater
than 2 mg/kg (Faouzi et al., 1999). For preterm neonates re-
quiring TPN and additional therapy, such as sedation or
blood products, the total estimated exposure is 10-20 mg/day
(Loff et al., 2002). Other types of medical procedures that
could also result in excessive amounts of exposure are illus-
trated in the FDA Public Health Notification of July 12, 2002
(Feigal, 2002).

New mechanical designs, new plastics, leach resistant
coatings, and modifying the conditions of medical proce-
dures are all being studied in order to decrease patient expo-
sure (Hogman et al., 1991; Shimizu et al., 1989). For ECMO, a
40% decrease in patient exposure can be achieved by decreas-
ing the surface area of ECMO circuit (Karle et al., 1997). The
practice of freezing plasma soon after collection effectively
minimizes leaching. It is well documented that addition of
anticoagulant acid citrate dextrose or citrate phosphate dex-
trose in blood significantly reduces the leaching of phthalates
from PVC bags, so does covalently coating the inner tubing
or PVC lining with heparin (Haishima et al., 2004). Ionic
coating with heparin, however, is not effective.

My child frequent chews on toys. Can this lead
to phthalate exposure?

Infants and toddlers can be exposed to significant amounts
of phthalates from chewing on pacifiers, teething rings, and
toys. Various phthalates have been used in commercial prod-
ucts for children. DINP is the principal plasticizer in plastic
toys made for infants and toddlers. Exposure from mouthing
differs significantly, depending on the vigor, frequency and
length of mouthing. Among three age groups, 6-11 months,
12-23 months, and 24-36 months, the estimate for the
12-23 months group is the highest; 0.08 microg/kg BW per
day (95% confidence interval, 0.04-0.14 microg/kg per day)
(Babich et al., 2004). Estimates by other researchers, however,
are 2 to 3 magnitudes higher than even this, ranging from 5.7
(95th percentile 94.3) microg/kg/day by Wilkinson and Lamb
(Wilkinson and Lamb, 1999) to 21.4 microg/kg/day by Sugita
et al. (Sugita et al., 2003). All these estimates, however, are at
least one magnitude lower than FDA’s Tolerable Intake for
DEHP (600 microg/kg/day).

If phthalates are so common, how much
exposure does my child get and
how much do | get?

Phthalate exposure may result from ingestion, inhalation,
and dermal contact. In children, mouthing toys accounts for
a significant portion of exposure, ranging from less than
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1 microg/kg body weight (BW) to over 90 microg/kg BW per
day (Babich et al., 2004; Sugita et al., 2003; Wilkinson and
Lamb, 1999). Estimated total intake is about 410 microgg/kg
BW per day for children of 0.5 to 3 years of age and 20
microg/kg BW per day for adults (European Chemicals Risk
Assessment Report, 2001). Occupational exposure up to 1100
microgg/kg bw/day has been documented.

Has the exposure to DEHP, the most potent
phthalate, decreased in the recent years?

DEHP was widely used for pacifiers and toys in the 1970's
and early 1980’s. Since the recognition of its toxicity and the
subsequent restriction of its use in children’s products, a
general trend of decreased exposure in young children in the
past two decades has occurred.

Changes in exposure to phthalates in the U.S. popula-
tion over time are shown in the National Report on Human
Exposure to Environmental Chemicals, in which data on
DEHP are available in the Second Report and the Third Re-
port, which cover the years 1999-2000 and 2000-2001, re-
spectively (CDC, 2005). The survey in each Report includes
more than 2,500 individuals age 6 and above. Based on this
data, exposure to DEHP among children 6-11 years decreased
over this time period; the geometric means of urinary metabo-
lite MEHP decreased from 5.12 microg/L in 1999-2000 to
4.44 microg/L in 2000-2001 (CDC, 2005). However, in the
overall population, there was an approximate 29% increase in
exposure between the two Reports, from 3.43 to 4.27 microg/
L. Exposure in children 6-11 years old remains higher than
that in teenagers and adults.

Do phthalate chemicals enter the environment
and never go away, like DDT?

The half-lives of phthalates in the environment are relatively
short; in general, they spend hours in the atmosphere and
months in soil. However, phthalates adsorbed to soil and
sediments can persist in the environment for years. Phtha-
lates do not bioaccumulate in the food chain, nor do they
bioconcentrate in living organisms. Concentrations of ph-
thalates in the body therefore reflect recent exposure.

How does my body get rid of phthalates?

The metabolic breakdown of phthalates is not fully under-
stood. Production of monoester metabolites by esterases is
the common pathway for the frequently used phthalate
ester plasticizers. Phthalates are metabolized in the liver and
excreted mainly in urine.

The metabolic pathways and distribution of DEHP in the
body are qualitatively similar to those of DINP. After intra-
venous exposure, a higher portion of the parent compound
DEHP is detected in patients than after oral exposure
(Sjoberg et al., 1985¢). Neonates and young children are con-
sidered high-risk population because of a relatively high
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amount of absorption and low rate of excretion, when com-
pared with the adults. Pre-term newborns are especially vul-
nerable; their slow rate of excretion of monoester metabolite
MEHP has been documented (Roth et al.,, 1988; Sjoberg
et al., 1985a; Sjoberg et al., 1985b). Similarity, most of the
DINP and metabolites are excreted in the urine within 24
hours of exposure. Only a small amount is excreted in the
feces. There is no evidence for long-term accumulation of
DINP or metabolites in the body.

When | am pregnant, will my baby be exposed
to the phthalates in the food | eat or in the
air | breathe?

Yes, phthalates do cross the placenta during pregnancy and
expose babies. During pregnancy, significant amount of ph-
thalates and their metabolites are transferred to the fetus
(Calafat et al., 2004; Fennell et al., 2004; Saillenfait et al.,
1998). Human placenta is not an effective barrier for fetal ex-
posure to phthalates. The cord plasma concentration of
DEHP in human fetus (2.05 +/- 1.47 microg/ml) is almost
twice as that in the maternal plasma (1.15 +/- 0.81 microg/
ml), while equal concentrations of MEHP in maternal and
fetal plasma are observed, 0.68 +/-1.03 microg/ml and
0.68 +/— 0.85 microg/ml, respectively (Latini et al., 2003).
While exposure will occur, the dose-response of adverse
health effects is yet to clarified.

Are phthalates dangerous to my unborn child?

In spite of the well-documented gender-specific high expo-
sure in women, particularly in teenagers and women of
reproductive age, data on the development toxicity of phtha-
lates is scarce (Jung Koo and Mu Lee, 2005). A single study of
maternal-infant pairs suggests that some of the commonly
used phthalates may be developmental toxicants in human
fetus (Swan et al., 2005). In this study, concentrations of
some phthalate metabolites were inversely related to anogen-
ital distance (AGD), which, in turn, was significantly corre-
lated with penile volume and the proportion of boys with
incomplete testicular descent (Swan et al., 2005).

Animal data indicate that phthalates interfere with the
metabolic balance of estrogen and testosterone. These en-
docrine changes underlie the toxicity of phthalates during
fetal and neonatal development. In animals, gestational and
lactational exposure to DEHP increases neonatal mortality,
decreases anogenital distance (AGD), causes nipple retention
in male offspring. Developmental effects also include epi-
didymal agenesis, underdevelopment of male accessory
glands, undescended testes, incomplete preputial separation,
dorsolateral prostate, seminal vesicle agenesis, lower weight
testes, and low sperm production (Jarfelt et al., 2005; Moore
et al., 2001). Female specific effects include increases in AGD
and decreases in ovary weight (Nagao et al., 2000). In addi-
tion, inhibitory effects on the development of a dimorphic
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central nervous system were also observed in male offspring
after gestational and lactational exposure to either DEHP
and DBP (Moore et al., 2001; Wine et al., 1997). While more
research in human is needed, there is evidence from animal
studies that points to developmental abnormalities resulting
from maternal exposure.

Can phthalate exposure prevent me from
becoming pregnant?

In animal studies, infertility has been observed among male
offspring after maternal exposure to high doses of phthalates.
The effective dosages are usually one or two magnitude higher
than human exposure in the environment (Foster et al., 2000;
Waterman et al., 2000). In humans, exposure to the environ-
mental and dietary levels of phthalates is unlikely to cause
high incidences of infertility in the general population. Subtle
effects on hormonal balance, sperm production and sperm
motility in men, as those observed in human studies, could
influence fertility. In women, phthalates have also been asso-
ciated with endometriosis, which can be a cause of infertility
(Cobellis et al., 2003). The existing data from human studies,
however, is far from conclusive (Duty et al., 2005b; Hauser et
al., 2005; Modigh et al., 2002; Rozati et al., 2002).

What can | do to decrease exposure
to phthalates?

Because phthalates are used in plastic products and such
products are ubiquitous, limiting exposure can be challeng-
ing. Contaminated food, scented cosmetics, personal care
products, and household aerosol sprays contribute to most
of the phthalate exposure in the general population. Foods
prepackaged in plastics (sliced cheese, plastic milk cartons
etc) likely have higher phthalate concentrations than prod-
ucts not individually wrapped or packaged in non-plastic
containers. Fresh vegetables, as opposed to frozen vegetables
or highly processed products, tend to contain less phtha-
lates. It is important to be aware that many paper products
on today’s market are coated with plastic films, which con-
tain phthalates. Use of non-plastic containers for long-term
food storage, preventing direct contact of hot food or bever-
age with phthalate-containing-plastic surface, avoid heating
food in plastic containers, and minimize consumption of
highly processed food could decrease significant amounts of
exposure.

Limiting the use of old teething rings, pacifiers, bottles,
railings, crib/playpen bumpers, and plastic books manufac-
tured in the 1980s and before could decrease the exposure in
infants and young children. Another major source of expo-
sure comes from vapors of cosmetics, personal care products,
and household aerosol spray, such as perfume, nail polish,
hair spray, aftershave, and air fresheners. Increasing air ex-
change and ventilation is another measure one may take to
decrease exposure to vapors from household products.
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SUMMARY

Phthalates are ubiquitous environmental chemicals with a broad
range of potential adverse health effects. Exposure pathways in-
clude air, water, packaged food and household products. Biologi-
cal effects include disruption of the balance of sex hormones,
allergic reactions, and enzyme inhibition. Carcinogenicity is seen
in animals. In human studies, phthalates have been associated
with poorer sperm quality, the symptomatology of asthma, and
shortened AGD. Given the widespread use of phthalates in indus-
trialized countries, further research, particularly on birth out-
comes, endocrine disruption and child development are greatly
needed.

ABBREVIATIONS:

BBP: Butyl benzyl phthalate

BiBP: Butyl isobutyl phthalate

BBzP: Butyl benzyl phthalate

BW: Body Weight

DBP: Dibutyl phthalate

DEHP: Di (2-ethylhexyl) phthalate

DEP: Diethyl phthalate

DiDP: Di(isodecyl) phthalate

DINP: Diisononyl phthalate

DIOP: Diisooctyl phthalate

DiBP: Di(isobutyl) phthalate

DMP: Dimethyl-phthalate

DnNP: Di-n-nonyl phthalate

DnOP: Di-n-octyl phthalate

ECMO: Extracorporeal membrane oxygenation
GIT: Gastro-intestinal tract

IT: Tolerable intake

MBP: Mono-n-butyl phthalate

MBzP: Monobenzyl phthalate

MCL: Maximum Contaminant Level

MCPP: Mono-3-carboxypropyl phthalate
MEHP: Monoethylhexyl phthalate

MEP: Monoethyl phthalate

MEHHP: Mono-2-ethyl-5-hydroxyhexyl phthalate
MEOHP: Mono-2-ethyl-5-oxohexyl phthalate
MiBP: Monoisobutyl phthalate

MMP: Monomethyl phthalate

TPN: Total parenteral nutrition
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