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Developmental
toxicity study

Oral dose

Rats

DBP

0, 500
mg/kg/day from
GD 12 to birth

A developmental toxicity study used p53-
deficient mice due to their ability to display
greater resistance to apoptosis during
development. This model was chosen to
determine whether multinucleated germ cells
(MNG) induced by gestational DBP exposure
could survive postnatally and evolve into
testicular germ cell cancer. Pregnant dams
were dosed with 500 mg DBP/kg/day on GD
12 to birth. DBP exposure induced MNGs,
with greater numbers found in p53-null mice.
Histologic examination of adult mice exposed
in utero to DBP revealed persistence of
abnormal germ cells only in DBP-treated
p53-null mice, not in p53-heterozygous or
wild-type mice (Saffarini et al, 2012).

Developmental
toxicity study

Oral dose

Rats

DBP, MBP

0, 107, 10% 10°
M DBP and
MMP (as DBP
metabolite)

The effect of DBP’s metabolite, MBP, on
development of preimplantation embryos was
investigated. Treatment of embryos with 1073
M MBP impaired developmental
competency, whereas exposure to 10™* M
MBP  delayed the progression  of
preimplantation embryos to the blastocyst
stage. Results indicated a possible
relationship between MBP exposure and
developmental failure in preimplantation
embryos (Chu et al, 2013).

Developmental
toxicity study

Oral

Sprague
Dawley rats

DBP

0, 05, 5 50
mg/kg/day
PND 1-5 and 26-
30

A study in Sprague-Dawley rats designed to
determine: (1) the difference between the
effects of neonatal and prepubertal DBP
exposure on female pubertal timing; (2)
whether  kisspeptin/GPR54 expression in
hypothalamus would respond to neonatal and
prepubertal DBP exposure differently.
Female rats were exposed by s.c. injection of
0.5, 5 and 50 mg DBP/kg during PND 1-5
(neonatal) or PND 26-30 (prepubertal).
Exposure-period-related difference was found
significant with prepubertal exposure groups
having longer estrous cycle duration, heavier
at vaginal opening and having higher serum
estradiol level compared with neonatal
exposure groups. Results demonstrated that
small dose of DBP could induce earlier
pubertal timing in females and both neonatal
and prepubertal periods were critical
windows for DBP exposure (Hu et al, 2013).
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Developmental
toxicity study

Oral dose

Sprague-
Dawley rats

DBP

Exposure  GD
14.5to PND 6

To investigate whether such early gestational
and/or lactational exposure can influence the
later adult-type Leydig cell phenotype,
female Sprague-Dawley rats were exposed to
DBP from GD 14.5 to PND 6 and male
offspring were subsequently analysed for
various postnatal testicular parameters.
Maternal treatment appeared to modify
specific Leydig cell gene expression in male
offspring, particularly during the dynamic
phase of mid-puberty, with a modest
acceleration of the pubertal trajectory.
Maternal exposure can influence the
development of the adult-type Leydig cell
population (Ivell et al, 2013).

Developmental
toxicity study

Oral dose

Sprague-
Dawley rats

DBP

0. 100
mg/kg/day from
GD 12to 21

Pregnant Sprague-Dawley rats received 100
mg DBP/kg/day on GD 12 to 21 and male
offspring were evaluated for effects on
Leydig cells (LCs). Atypical LC hyperplasia
was seen in 20-week-old male offspring with
low testosterone and high luteinizing
hormone levels (Wakui et al, 2013).

Developmental
toxicity study

Oral dose (corn
oil)

Rat

DBP

0, 750
mg/kg/day from
GD 14-19

Pregnant rats were daily treated by gavage
with 750 mg DBP/kg from GD14 to GD18.
We used the technique of proteomic analysis
to compare the testis protein patterns obtained
by two-dimensional gel electrophoresis from
fetal rats of gestation day 19. Several
differentially ~ regulated  proteins  and
demonstrated the differential expression of
Prdx6, AnxA5 and UchL1 in fetal rat testis
after maternal exposure to DBP, when
compared with controls. Combining the
results on the cellular location of these
proteins and their function in other tissues,
this study indicated that oxidative injury and
abnormal apoptotic regulation may have
participated in the formation of testicular
dysgenesis in fetuses of dams exposed to
DBP (Shen H et al, 2013).
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Developmental
toxicity study

Rat

DBP

Exposures from
GD 8-14

DBP was part of an experimental mixture
with  BPA and DEHP. Gestating FO
generation females were exposed to the
mixture during GD 8-14 of gonadal sex
determination and the incidence of adult
onset disease was evaluated in F1 and F3
generation rats. Among the findings were
increases in the F3 generation in pubertal
abnormalities, testis disease, obesity, and
ovarian disease (primary ovarian
insufficiency and  polycystic  ovaries)
(Manikkam et al, 2013). This study is not
restricted to DBP, but it is of relevance to
concerns about DBP.

Developmental
toxicity study

Rat

DBP

Previous analysis of in utero DBP-exposed
fetal rat testes indicated that DBP's
antiandrogenic effects were mediated, in part,
by indirect inhibition of steroidogenic factor
1 (SF1), suggesting that peroxisome
proliferator-activated receptor alpha (PPARa)
might be involved through coactivator
(CREB-binding protein [CBP]) sequestration.
Pathway analysis of expression array data in
fetal rat testes examined at gestational day
(GD) 15, 17, or 19 indicated that lipid
metabolism genes regulated by SF1 and
PPARa, respectively, were overrepresented,
and the time dependency of changes to
PPARa-regulated lipid metabolism genes
correlated with DBP-mediated repression of
SF1-regulated steroidogenesis genes. The
data indicate that PPARa may act as an
indirect  transrepressor of SF1  on
steroidogenic genes in fetal rat testes in
response to DBP treatment (Plummer et al,
2013).

Developmental
toxicity study

Oral dose

Rat

DBP

0, 2, 10, 50
mg/kg/day from
GD 14 to
parturition

Pregnant rats were treated orally with DBP
(2, 10, 50 mg/kg) from GD14 to parturition.
A significant reduction in dams' body weight
on GD21 was seen. Decreased weight of male
pups was significant at PND 75 and the
weight of most of the reproductive organs
and sperm quality parameters was impaired
significantly with 50 mg DBP/kg. DBP
exposure during late gestation might have
adverse effects on offspring's development,
spermatogenesis, and steroidogenesis in adult
rats (Ahmad et al, 2014).

Developmental
toxicity study

I.P.

Rats

DBP

Transplacental exposure to DBP impaired
male reproductive performance by decreasing
steroidogenesis and spermatogenesis
(Giribabu et al, 2014).
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Developmental
toxicity study
examining  gene
expression

Rat

DBP

Mounting evidence has indicated the crucial
role of Wntba in the embryonic development
including guts. However, the Wntba
involvement in the process of anorectal
malformations (ARMS) remains unclear. In
this study the expression of Wnt5a during
ARMs development in the offspring of DBP-
treated pregnant rats was evaluated. The
results demonstrated the aberrant expression
of Wnt5a during anorectal development,
which suggests that Wnt5a might be involved
in DBP-induced ARMs (Li EH et al, 2014).

Developmental
toxicity study
examining  gene
expression

Mouse

DBP, BPA

This study was designed to explore the effect
of environmental endocrine  disruptors
(EEDs, namely DBP and BPA) on sexual
differentiation in androgen receptor (AR)-/-,
AR+/- and AR+/+ male mice by using a Cre-
loxP conditional knockout strategy to
generate AR knockout mice. Exposure to
EEDs induced hypospadias in heterozygous
and wild-type male mice offspring during
sexual differentiation, but has no effect on
homozygous offspring. Therefore, EEDs play
an important role during the third stage of
sexual differentiation (Liu D et al, 2015).

Developmental
toxicity study

Mouse

DBP

Given that DBP causes masculinization
disorders in rats, the authors investigated
whether DBP exposure impairs
steroidogenesis by the human fetal testis,
more specifically whether DBP affected
testosterone production by normally growing
human fetal testis xenografts. No effect was
noted in their study while effects were seen in
rat fetal xenografts. The authors concluded
that exposure of human fetal testes to DBP is
unlikely to impair testosterone production as
it does in rats (Mitchell et al, 2011).
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Table 36b: Summary table of human data on adverse effects on development of the offspring

Type of
data/report

Test
substance

Relevant information
about the study (as
applicable)

Observations and Reference

Case study

MBP, MEHP
(as metabolites
for DBP)

Occupational exposure to
DBP, urine analysis

In a study to assess the effect of occupational exposure to
high levels of phthalate esters on the balance of
gonadotropin and gonadal hormones (luteinizing
hormone, follicle-stimulating hormone, free testosterone
(fT), and estradiol), a modest and significant reduction of
serum fT was observed in workers with higher levels of
urinary MBP and MEHP compared with unexposed
workers (Pan et al, 2006).

Case study

DBP

Pregnant women
Urine analysis

To assess play behaviour in relation to phthalate
metabolite concentration in prenatal urine samples,
authors contacted previous participants in the Study for
Future Families whose phthalate metabolites had been
measured in mid-pregnancy urine samples. Metabolites of
DBP were associated with a decreased composite score
for play. Although based on a small sample, the results
suggest that prenatal exposure to antiandrogenic
phthalates may be associated with less male-typical play
behaviour in boys (Swan et al, 2010).

Case
control
study

DBP, DEHP

460 mother-infant pairs
Urine analysis

A study was performed to explore the association between
prenatal exposure to DEHP and DBP and the Mental and
Psychomotor Developmental Indices (MDI and PDI,
respectively) of the Bayley Scales of Infant Development
at 6 months. The results suggested that prenatal exposure
to phthalates, including DBP, may be inversely associated
with the MDI and PDI of infants, particularly males, at 6
months (Kim Y et al, 2011).

Case study

DBP

Hypospadias is a birth defect found in boys in which the
urinary tract opening is not at the tip of the penis. The
etiology of hypospadias is still unidentified, but endocrine
disruptors are considered as one possible cause. In this
study, levels of specific endocrine disruptors, including
DBP, were measured in blood and urine of mothers. No
relation between the levels of endocrine disrupters and
hypospadias was found (Choi et al, 2012). [Sample size
and timing of the sampling was not in the abstract used
for this summary.]

Case study

DBP, DEHP

122 mother-infant pairs
Urine analysis

In a study to assess the relationship between prenatal
exposure to phthalate esters and behavior syndromes in
122 mother-child pairs in Taiwan, positive associations
between maternal DEHP and DBP exposure (urine
samples collected during the 3™ trimester of pregnancy)
and externalizing domain behavior problems in 8-year-old
children (Delinquent Behavior and Aggressive Behavior
scores) (Lien et al, 2015).
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Table 36¢c: Summary table of other studies relevant for adverse effects on development of the offspring

Type of | Test substance, | Relevant Observations and Reference
study/data reference to [ information
table 5 about the study
(as applicable)
Developmental MBUP, BBP, |0, 500, 625 or|A study was conducted to determine the phase specificity
toxicity study | DBP 750 mg/kg on | of the developmental toxicity of mono-n-butyl phthalate
using rats days 7-9, days|(MBUP) and to assess the role of MBUP in the
10-12 or days | developmental toxicity of BBP and DBP in rats. Pregnant
13-15 of | rats were given MBUP by gastric intubation at a dose of
pregnhancy 500, 625 or 750 mg/kg on days 7-9, days 10-12 or days
13-15 of pregnancy. The dependence of gestational days
of treatment on the manifestation of the developmental
toxicity and the spectrum of fetal malformations induced
by MBUP were consistent with those induced by BBP and
DBP. Therefore MBuP and/or its further metabolites may
be responsible for the production of the developmental
toxicity of BBP and DBP (Ema et al, 1995),
Developmental MBUP, BBP, [0, 500, 625 or|To further characterize the developmental toxicity of
toxicity study | DBP 750 mg/kg on | mono-n-butyl phthalate (MBUP), pregnant rats were given
using rats GD 7-9, 10-12, | MBUP by gastric intubation at a dose of 500, 625 or 750
or 13-15 mg/kg on GD 7-9, 10-12, or 13-15. Increased
postimplantation loss was noted with dosing on GD 7-9
and 10-12 at doses >625 mg/kg and on GD 13-15 at >500
mg/kg. No evidence of teratogenicity was found when
MBuUP was given on GD 10-12. External and skeletal
malformations were also observed (Ema et al, 1996).
Developmental DBP, MBP 0, 1.8, 3.6, 5.4, | Embryotoxic profiles of DBP and MBP were compared at
toxicity study or 7.2 mmol [ midgestation in pregnant Sprague-Dawley rats a single
using rats DBP or MBP/Kkg | oral dose of 1.8, 3.6, 5.4, or 7.2 mmol DBP or MBP/kg on
on GD 10 GD 10. Embryos were examined on GD 12. Results
provided strong  evidence that  DBP-induced
embryotoxicity is mediated through its main metabolite
MBP (Langonne et al, 1998).
In vitro assay DBP Estrogenic activity of DBP was weak in in vitro assays
and not observed in an in vivo assay (Zacharewski et al,
1998).
Developmental DBP, DEHP 0, 250, 500, | Ina description of the reproductive effects of 10 known or

toxicity, oral dose

1000 mg/kg bw
of Py generation
only

suspected anti-androgens, the in vivo data suggested that
the chemicals alter male sexual differentiation via
different mechanisms. The anti-androgens V, P, and p,p'-
DDE produce flutamide-like profiles that are distinct from
those seen with DBP, DEHP, and L (Gray et al, 1999).
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Developmental
toxicity, oral dose
Sprague Dawley
rats

DBP

Pregnant rat
dosed once
orally on GD 10
at 1.8, 3.6, 5.4,
or 7.2 mmol/kg

DBP and mono-n-butyl phthalate were each given
separately once orally to pregnant Sprague-Dawley rats
on GD 10 at 1.8, 3.6, 5.4, or 7.2 mmol/kg. Fetal growth
and development evaluated on GD 12. Types of effects
and potency were approximately equivalent between DBP
and its major metabolite (Saillenfait, et al, 2001).

Developmental
toxicity, oral dose
Sprague Dawley
rats

DBP

0, 500
DBP/kg/day
from GD 12 to
21

mg

To determine the chronology of lesion development by
assessing the male reproductive tracts of rats exposed to
DBP in utero, pregnant Sprague-Dawley rats were dosed
by gavage on GD 12 to 21 with 500 mg DBP/kg/day.
Fetuses were examined on GD 18 to 21 and male pups
were necropsied on PND 3, 7, 16, 21, 45 and 70. Results
supported the conclusion that DBP has primary effects on
the testes, which are further compounded by increased
testicular  intratubular  pressure  resulting  from
malformations of the epididymides (Barlow and Foster,
2001).

In vitro assay

DBP

In an in vitro study, authors analyzed the cell cycle and
examined the effects of changes in cell cycle regulators
on DBP-induced cytotoxicity and inhibition of
differentiation in limb bud cells. Results demonstrated
that DBP or MBUP induces cytotoxicity and inhibition of
differentiation in rat embryonic limb bud cells by
accumulating cells in the G1 phase and inducing
apoptosis (Choi et al, 2002).

Developmental
toxicity

DBP

250, 500, 750,
1000, and 1250
mg/kg of DBP or
MBP on GD 7-
15

Pregnant Wistar rats were dosed orally on GD 7-15 with
250, 500, 750, 1000, and 1250 mg/kg of DBP or MBP.
The spectrum of fetal malformations, dependence on
gestational days of treatment on the manifestation of
teratogenicity, and decreased AGD and increased
incidence of fetuses with undescended testes in male
fetuses observed with DBP were in good agreement with
those observed with MBP. These findings suggest that
MBP may be responsible for the developmental effects of
DBP (Ema, 2002).

Ex vivo
reperfusion assay

MBP (as
metabolite
DBP)

a
of

To examine whether testicular toxicity in rats is caused by
a direct effect of MBP or by a secondary effect attributed
to a hypoxic condition due to the MBP-induced
hemoglobin deprivation, testes were perfused with a
solution of MBP or the solvent with/without oxygen, and
the activities of testicular enzymes were measured.
Results support the idea that the toxicity might be caused
by hypoxia and a coincident depletion of SUDH activity,
followed by an apoptotic testicular cell death (Watanabe
et al, 2002).
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Fetal tissue
explants (ex vivo)
from Sprague
Dawley rats

DBP

0, 500 mg/kg
DBP  pregnant
rats via oral
gavage from GD
12t0 19

Previous studies have shown that several genes involved
in cholesterol transport and steroidogenesis are
downregulated at the mRNA level following in utero
exposure to DBP. The purpose of this study was to make
a functional determination of the points in the cholesterol
transport and steroidogenesis pathways affected by DBP.
In cultured fetal testis explants derived from fetuses
whose dams were exposed to DBP at 500 mg/kg/day on
GD 12-19, data indicated that the toxic effects of DBP on
the fetal testis are mediated at the level of cholesterol
cleavage by P450 scc and possibly at the level of
cholesterol transport into the mitochondria (Thompson et
al, 2003).

Developmental
toxicity study

Rabbit

Oral dose study

DBP

0 or 400 mg
DBP/kg/day on
GD 15-29 or
during PND 4-
12

male  offspring
were examined
at 6, 12, and 25
weeks of age

Rabbits were exposed to 0 or 400 mg DBP/kg/day on GD
15-29 or during PND 4-12, and male offspring were
examined at 6, 12, and 25 weeks of age. Another group
was exposed after puberty (for 12 weeks) and examined at
the conclusion of exposure. The most pronounced
reproductive effects were in male rabbits exposed in
utero, with reduction in numbers of ejaculated sperm and
lower weights of testes and accessory sex glands. Serum
testosterone levels were down; a slight increase in
histological alterations of the testis and a doubling in the
percentage of abnormal sperm were seen; and 1/17 males
manifested hypospadias, hypoplastic prostate, and
cryptorchid testes with carcinoma in situ-like cells. In the
group exposed to DBP during adolescence, basal serum
testosterone levels were reduced at 6 weeks while at 12
weeks, testosterone production in vivo failed to respond
normally to a GnRH challenge. In addition, weight of
accessory sex glands was reduced at 12 weeks but not at
25 weeks after a recovery period; there was a slight
increase in the percentage of abnormal sperm in the
ejaculate; and 1/11 males was unilaterally cryptorchid. In
short, DBP induces lesions in the reproductive system of
the rabbit, with the intrauterine period being the most
sensitive stage (Higuchi et al, 2003).
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Developmental
toxicity study

Rats
Gene expression

Oral dose -
gavage

DBP

0, 500
mg/kg/day from
GD12t021

Given that in utero exposure to 500 mg/kg/day DBP on
GD 12-21 inhibits androgen biosynthesis, resulting in
decreased fetal testicular testosterone (T) levels. Reduced
fetal T levels may be responsible for malformed
epididymides since T is required for Wolffian duct
stabilization and their development into epididymides.
The objective of this study was to identify changes in
gene expression associated with altered morphology of
the proximal Wolffian duct following in utero exposure to
DBP. Pregnant rats were gavaged with 500 mg
DBP/kg/day on GD 12-19 or 21. On GD 21, 89% of male
fetuses in the DBP dose group showed marked
underdevelopment of Wolffian ducts characterized by
decreased coiling. RNA was isolated from Wolffian ducts
on GD 19 and 21 and gene expression was examined
using cDNA microarrays. Results were suggestive of
altered paracrine interactions between ductal epithelial
cells and the surrounding mesenchyme during Wolffian
duct differentiation due to lowered T production
(Bowman et al, 2004).

Developmental
toxicity study

Oral dose -
gavage

Sprague Dawley
rats

DBP

0, 0.1, 1.0, 10,
50, 100, or 500
mg/kg/day  for
GD 12to0 19

The objective here was to determine the dose-response
relationship for the effect of DBP on steroidogenesis in
fetal rat testes. Pregnant Sprague-Dawley rats received
corn oil (vehicle control) or DBP (0.1, 1.0, 10, 50, 100, or
500 mg/kg/day) by gavage daily from gestation day (GD)
12 to 19. Testes were isolated on GD 19, and changes in
gene and protein expression were quantified by RT-PCR
and Western analysis. Results demonstrated a coordinate,
dose-dependent reduction in the expression of key genes
and proteins involved in cholesterol transport and
steroidogenesis and a corresponding reduction in
testosterone in fetal testes at dose levels below which
adverse effects are detected in the developing male
reproductive tract (Lehmann et al, 2004).

Developmental
toxicity study

Oral dose -
gavage

Sprague Dawley
rats

DBP

10, 50, or 500
mg/kg/day from
GD 12-19

In a study of effects of DBP on fetal liver, pregnant
Sprague-Dawley rats were orally dosed with DBP at
levels of 10, 50, or 500 mg/kg/day from GD 12-19;
maternal and fetal liver samples were collected on GD 19
for analyses. The results indicated that hepatic steroid-
and xenobiotic-metabolizing enzymes are susceptible to
DBP induction at the fetal stage; such effects on enzyme
expression are likely mediated by xenobiotic-responsive
transcriptional factors, including CAR and PXR. DBP is
broadly reactive with multiple pathways involved in
maintaining steroid and lipid homeostasis (Wyde et al,
2005).
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Developmental
toxicity study

Oral dose -
gavage

Wistar rats

Genomic analysis

DBP

0, 500
mg/kg/day

To identify signalling pathways associated with DBP-
induced testicular dysgenesis and to determine the region-
specificity of the gene expression alterations,
transcriptional profiling of RNA isolated from laser
capture microdissected interstitial (INT) and tubular
(TUB) regions of foetal testes of Wistar rats exposed in
utero to 500 mg DBP/kg was performed. Results
indicated that DBP-induced testicular dysgenesis involves
region- and cell- type-specific effects on a number of
genes many of which are regulated by nuclear hormone
receptors (Plummer et al, 2006).

Development
toxicity study

Oral dose

Sprague Dawley
rats

DBP

0, 250, 500, or
700 mg/kg/day
from GD 10-19

The goal of this study was to compare the effects of in
utero exposure of chemicals (DBP and flutamide) which
have antiandrogenic characteristics on the development of
reproductive organs and to investigate the specific
mechanisms related to the abnormalities observed in the
male reproductive system. During GD 10-19, pregnant
Sprague-Dawley (SD) female rats were given orally
flutamide (1, 12.5, or 25 mg/kg/day) or DBP (250, 500, or
700 mg/kg/day). At 31 days of age, At 31 of age, the SD
male rats reproductive tract abnormalities (hypospadias,
cryptorchidism) were dose-dependently increased in the
DBP or flutamide treated groups. At 31 days of age,
abnormalities in the reproductive tract of males
(hypospadias, cryptorchidism) were dose-dependently
increased in the DBP or flutamide treated groups.
Histopathology, hormonal levels, and microarray analysis
demonstrated that exposure to antiandrogen during
gestation days 10-19 causes changes in the endocrine
system resulting in abnormal development of male
reproductive organs (Kang et al, 2006).

Development
toxicity study

Oral dose
Rats

Gene expression

DBP

0, 500
mg/kg/day from
GD 14-18

The authors hypothesized that (1) co-administered DBP
and DEHP would act in a cumulative fashion to induce
reproductive malformations, and (2) cumulative changes
in fetal steroid hormones and expression of genes
responsible for insl3 and steroid production would
enhance the incidence of reproductive malformations in
adulthood. Pregnant rats were gavaged on GD 14-18 with
500 mg/kg DBP and/or DEHP. In experiment one, adult
male offspring were necropsied, and reproductive
malformations and androgen-dependent organ weights
were recorded. In experiment two, GD18 fetal testes were
incubated for T production, and processed for gene
expression by grt-PCR. Results indicated that individual
anti-androgenic phthalates with a similar mode of action
can elicit cumulative effects on fetal testis hormone
production and reproductive tract differentiation when
administered as a mixture (Howdeshell et al, 2006).
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Oral dose
Adult male rats

Gene expression

DBP

250, 500, or 750
mg DBP/kg/day
for 30 days

To investigate the gene expression profiles in testes, male
rats were given DBP orally 250, 500, or 750 mg
DBP/kg/day for 30 days. Testes weights in the 500 and
750 mg/kg/day rats were reduced. Using GeneFishing
PCR on total RNA that was isolated from these males, 56
differentially expressed genes were seen in the 750
mg/kg/day dosed rat testes. The known genes were
involved in xenobiotic metabolism, testis development,
sperm maturation, steroidogenesis, and immune response,
as well as the up regulation of peroxisome proliferation
and lipid homeostasis genes. Using these and additional
results, the authors concluded that DBP can significantly
affect the testicular gene expression profiles involved in
steroidogenesis and spermatogenesis affecting testicular
growth and morphogenesis (Ryu et al, 2007)

In vitro study -
human cells

Gene expression

DBP

The goal of this study was to elucidate mechanisms of
phthalate toxicity in normal human cells to provide
information concerning interindividual variation and
gene-environment interactions. Only 57 genes were found
to be altered in all four cell strains following exposure to
DBP. These included genes involved in fertility (inhibin,
placental growth factor), immune response (tumor
necrosis factor induced protein), and antioxidant status
(glutathione peroxidase) (Gwinn et al, 2007).

Male Sprague
Dawley Rats

Oral dose

DBP

Exposure times
from 1, 7, 14, or
28 days

The time-response effects of di(n-butyl) phthalate (DBP)
on the expression patterns of the testicular genes in male
Sprague-Dawley rats were examined for different periods
of exposure (1, 7, 14, or 28 d). Results suggested that the
acute and chronic effects of DBP on the steroidogenic
pathways in the testes show mechanistically distinct
patterns. Data thus provide some insights into the
molecular mechanisms underlying DBP-induced testicular
dysgenesis (Ryu et al, 2008).

Developmental
toxicity study

rats

DBP

750 mg/kg body
weight (bw)/day
from GD 14-18

In a study to evaluate the developmental abnormalities
and carry out the molecular analysis of external genitalia
in newborn hypospadiac male rats induced by maternal
exposure to DBP, pregnant rats were given DBP by
gastric intubation at dose of 750 mg/kg body weight
(bw)/day from GD 14-18 to establish a hypospadiac rat
model. Autopsy on PND 7 revealed development of
reproductive organs (testes, genital tubercle (GT)), hollow
organs (stomach, bladder), and solid organs (brain, heart,
liver, spleen, lung, kidney, pancreas) in hypospadiac male
rats (46.7% of male pups) to be affected by DBP. Also,
significantly decreased gene expression of important
signaling molecules necessary for GT formation were
observed in the GT of newborn hypospadias induced by
DBP (Zhu et al, 2009).
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In vitro assays DBP No strong evidence of species-specific binding was found
(cellular  system in an assessment of whether binding of several chemicals
examining gene differs significantly between full-length recombinant
expression  and estrogen receptors from fathead minnows (fhERalpha)
competitive and those from humans (hERalpha) (Rider et al, 2009
binding assay)
Developmental DBP 0, 0.037, 0.111, | To investigate the neurobehavioral effects of DBP on
toxicity study 0.333 and 1% in|rodent offspring following in utero and lactational
the diet) from |exposure, Wistar rats were treated with DBP (0, 0.037,
Dietary study GD 6to PND 28 | 0.111, 0.333 and 1% in the diet) from GD 6 to PND 28
and selected developmental and neurobehavioral
Wistar rats parameters of the offspring were measured. Some
differences were noted with exposure to DBP. For
example, shortened forepaw grip time (PND 10),
inhibited spatial learning, and inhibited reference memory
in male pups were noted with exposure to 0.037% DBP.
Authors concluded that produced a few adverse effects on
the neurobehavioral parameters, and it may alter cognitive
abilities of the male rodent (Li Y et al, 2009).
Developmental DBP Pregnant rats | Pregnant Wistar rats were treated orally by gavage with 0,
toxicity study exposed to 0, 25, | 25, 75, 225 and 675mg DBP/kg/day from GD 6 to PND
75, 225 and| 21, and then the weaned offspring continued receiving the
Oral dose — 675mg same treatment till PND 28. Effects of DBP on maze
gavage DBP/kg/day performance in male offspring were evaluated by spatial
from GD 6 to|learning tasks; the effects of DBP on the expression of
Wistar rats PND 21 brain-derived neurotrophic factor (BDNF) were also
analyzed in both mRNA and mature protein levels in the
hippocampus. Results suggested that developmental
treatment with high-dose DBP improves spatial memory
in male rats, and this effect may be related to an increase
in BDNF expression in the hippocampus in a p-CREB
independent route (Li Y et al, 2010).
Development DBP 0, 250, 500|In a study to determine the effects of DBP on male
toxicity study mg/kg/day orally | reproductive organ development in F1 Sprague-Dawley
on GD 10-19 rats following in utero exposure, pregnant rats received

Sprague Dawley
rats

Oral dose

DBP at 250, 500 mg/kg/day orally on GD 10-19. On PND
31 male offspring had reduced weights of testes and
accessory sex organs, reduced AGD, and reduced
testosterone. Expression of various genes was affected,
such as reduced expression of androgen receptor (AR)
and So-reductase type 2 in the proximal penis. Authors
concluded that several abnormal responses in male
reproductive organs might be due to disruption of the
stage-specific expression of genes related to androgen-
dependent organs development (Kim et al, 2010).
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Adult male rats

Reproductive
toxicity

Oral dose

DBP

0, 100, 250, and
500 mg/kg/d for
2 consecutive
weeks.

The present study was designed to investigate the
potential male reproductive toxicity of DBP; oxidative
stress was assessed in rat testes as an underlying
mechanism. DBP was administered to adult rats by oral
gavage at doses of 0, 100, 250, and 500 mg/kg/d for 2
consecutive weeks. Dose-dependent effects were seen in
males at the two higher doses and, at the same doses,
levels of superoxide dismutase, glutathione peroxidase,
glutathione, and malondialdehyde were altered. Authors
concluded that DBP alters the testicular structure and
function, at least partly, by inducing oxidative stress in
testes of adult rats (Zhou et al, 2010). Similar results were
presented in Zhou et al (2011).

Developmental
toxicity study

Gene expression

Rats

DBP

Germ cell (GC) number, proliferation, apoptosis,
differentiation (loss of OCT4, DMRT1 expression,
DMRT1 re-expression, GC migration) and aggregation
were evaluated at various foetal and postnatal ages after
in utero exposure to DBP. DBP differentially affects
foetal GC in rats according to stage of gestation, effects
that may be relevant to the human because of their nature
(OCT4, DMRT1 effects) or because similar effects are
demonstrable in vitro on human foetal testes (GC number)
(Jobling et al, 2011).

DBP

Pregnant rats were given DBP by gastric intubation at
750 mg/kg/day on GD 14-18 to establish a rat model of
hypospadias. Wnt/p-catenin pathway in the fetal rat
genital tubercle (GT) was assessed on GD 19. Results
indicated that DBP may affect the development of GT by
down-regulating the Wnt/B-catenin pathway in fetal male
rats (Zhang et al, 2011).

Developmental
toxicity study

Genomic analysis

Rats and mice

DBP

By bioinformatically examining fetal testis expression
microarray data sets from susceptible (rat) and resistant
(mouse) species after DBP exposure, we identified
decreased expression of several metabolic pathways in
both species. The results suggest that phthalate-induced
inhibition of fetal testis steroidogenesis is closely
associated with reduced activity of several lipid
metabolism pathways and SREBP2-dependent
cholesterologenesis in Leydig cells (Johnson et al, 2011).

Male rats

Prenatal exposure

DBP

Fibroblast growth factor 8 (FGF8) is an androgen-induced
growth factor (AIGF) that is crucial for embryonic
development. This study was developed to investigate the
role of FGF8 in developmental abnormalities of the
genital tubercle (GT) in hypospadiac male rats when
prenatally exposed to DBP. The results demonstrated an
interaction between androgen and FGF8, which might
play an important role in the occurrence of hypospadias
and abnormal organ development induced by DBP (Liu et
al, 2012).
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Mouse and rat

Gene expression

DBP

Exposure of rat fetuses to DBP, which induces
masculinization disorders, dose-dependently prevented
the age-related decrease in LC COUP-TFII expression
and the normal increases in LC size and ITT. Chicken
Ovalbumin Upstream Promoter-Transcription Factor 1l
(COUP-TFII) is involved in Leydig cell (LC)
steroidogenesis and lifting of repression by COUP-TFII
may be an important mechanism that promotes increased
testosterone  production by fetal LC to drive
masculinization (van den Driesche et al, 2012).

Case study — gap
analysis of
existing studies

DBP

A case study was conducted, using DBP, to explore an
approach to using toxicogenomic data in risk assessment.
The toxicity and toxicogenomic data sets relative to DBP-
related male reproductive developmental outcomes were
considered conjointly to derive information about mode
and mechanism of action. This case study serves as an
example of the steps that can be taken to develop a
toxicological data source for a risk assessment, both in
general and especially for risk assessments that include
toxicogenomic data (Makris et al, 2013).

In vitro assay —

ovarian  follicle
culture  system
isolated from

adult CD-1 mice

DBP

0, 1, 10, 100,
and 1000 pg/ml
for 24 or 168 h

An ovarian follicle culture system was used to evaluate
the effects of DBP on antral follicle growth, cell cycle and
apoptosis gene expression, cell cycle staging, atresia, and
17B-estradiol (E(2)) production. The results suggest that
DBP targets antral follicles and alters the expression of
cell cycle and apoptosis factors, causes cell cycle arrest,
decreases E(2), and triggers atresia, depending on dose
(Craig et al, 2013).

Developmental
toxicity study

Rats

Oral  dose -
intragastric

DBP

0, 500
mg/kg/day from
GD 6 to PND 21

To investigate the neurotoxicity of perinatal exposure of
DBP on rodent offspring. Pregnant rats received
intragastric DBP (500 mg/kg/day) from GD 6 to PND 21.
Brain sections or tissues from offspring rats on PND5,
PND21 and PND60 were collected for analysis.
Histological examination demonstrated that perinatal
exposure of DBP resulted in hippocampal neuron loss and
structural alternation in neonatal and immature offspring
rats (PND5 and PND21), while no significant change was
found in mature rats (PND60) (Li et al, 2013).

Developmental
toxicity study

Rats

Oral  dose -
intragastric

DBP

0, 500
mg/kg/day from
GD 6 to PND 21

In a study on neurotoxicity induced by perinatal exposure
to DBP on the immature and mature offspring, pregnant
rats received intragastric DBP (500 mg/kg/day) from GD
6 to PND 21. Authors concluded that perinatal exposure
of DBP could induce neurotoxicity in immature offspring
through regulation of AROM, ER-B, BDNF and p-CREB
expression, while it has no influence on mature offspring
animals (Li et al, 2014).
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Developmental DBP 0, 100 | Seminiferous  tubule  degeneration and atypical
toxicity study mg/kg/day form | hyperplasia of LCs during adulthood in rats exposed in
GD 12to 21 utero to DBP was associated with an increase in
Rat expression of estrogen receptor o (ERa) and a decrease of
estrogen receptor § (ERP) and androgen receptor (AR) in
Oral dose - the testis (Wakui et al, 2014).
intragastric
Developmental DBP 0, 100, 500|Changes in gene expression following in utero exposure
toxicity study mg/kg/day from|to DBP were investigated in rat foreskin. Dams were
GD 16-20 exposed on GD 16-20 and foreskin was taken on GD 20
Sprague Dawley and PND 5. Changes in expression of Marcks, Puml,
rats Nuprl, and Penk caused by in utero exposure were
maintained after birth (Pike et al, 2014).
Oral dose
Genomic analysis
Castrated  adult | DBP 14 d, 75 mg/kg/d | DBP did not affect androgenic endpoints in a human fetal
male athymic oral testis xenograft (Spade et al, 2014).
nude mice with
human festal
testis xenograph
Rat testis — in|DBP Findings in this study provide the first comparison of
vivo dosing, DBP effects on germ cell number, differentiation, and
human testis — in aggregation in human testis xenografts and in vivo in rats.
vitro cultures Authors observed comparable effects on germ cells in
both species, but the effects in the human were muted
Protein compared with those in the rat. Nevertheless, phthalate
expression via effects on germ cells have potential implications for the
immunohisto- next generation, which merits further study. The results
chemistry indicate that the rat is a human-relevant model in which to
explore the mechanisms for germ cell effects (van den
Driesche et al, 2015).
DBP, MBP DBP and MBP are known to change steroid biosynthesis

and impair male reproductive function, but this study was
done to help determine the regulatory mechanism
underlying the steroid biosynthesis disruption by MBP.
The resulting data revealed an important and novel
mechanism whereby SF-1 and GATA-4 may regulate
StAR during MBP-induced steroidogenesis disruption
(Hu et al, 2015).
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Short summary and overall relevance of the provided information on adverse effects on development of
the offspring

In a dietary developmental toxicity study in mice, increased maternal kidney weights, lower number
of live offspring, and increased incidence of external anomalies in pups were seen at 0.5% DBP (~400
mg/kg) (Hamano et al, 1977). Similar effects were found in mice by Shiota and Nishimura (1982). In
contrast, no consistent treatment-related were noted at DBP doses up to 7,500 ppm in a dietary
developmental study in mice (NTP, 1995).

Gavage doses to rats of 500 mg/kg on GD 7-15 led to maternal toxicity (lower weight gain) and
embryotoxicity (lower fetal weight, number of resorptions, dead fetuses/litter, and post-implantation loss)
(Ema et al, 1993). Susceptibility to the teratogenicity of DBP varied with the developmental stage at
dosing in rats with the highest incidence of malformed fetuses occurring after treatment on GD 13-15 (Ema
et al, 1994). Although other effects were noted at higher doses in a dietary study in pregnant rats,
epididymal hypospermia was noted in pups starting at a dose of 0.5% (NTP 1995).

In a developmental toxicity study in rats, pregnant dams were dosed by gavage at 0, 250, 500 or 750
mg DBP/kg/day from GD 3 to PND 20. Undescended testes, decreased testicular size, and poorly
developed or absent epididymis were observed in all treated groups. Anogenital distance on PND 2 was
less in male pups at 500 and 750 mg/kg/day, and female pups in those groups had lack of patent vagina and
malformed or absent uteri and ovaries (Mylchreest and Foster, 1997). Generally similar results were found
in other studies (IRDC, 1984; Ema et al, 1998a, b; Mylchreest et al, 1998b; Mylchreest et al, 19993, b;
Ema et al, 1999; Mylchreest et al, 2000; Ema et al, 2000a, b, c; Ema and Miyawaki, 2001; Barlow and
Foster, 2001; Zhang et al, 2004; Carruthers and Foster, 2005a,b; Jiang et al, 2007; Hutchison et al, 2008;
Saillenfait et al, 2008; Struve et al, 2009; Auharek at al, 2010; Jiang et al, 2011), with additional finding
including absence of prostate glands and seminal vesicles, testicular atrophy and loss of germ cells,
hypospadias, ectopic of absent testes. Maternal exposure to DBP can influence the development of the
adult-type Leydig cell population in rats (Ivell et al, 2013; Wakui et al, 2013).

Many of the developmental studies showing pronounced effects in males used doses in the range to
250 to 750 mg/kg/day, but effects of DBP have been reported at lower doses. Some authors, such as
Mahood et al (2007) reported NOAELSs of ~100 mg/kg/day, but DBP significantly affected the size, total
cell number, and cordial cross-section number in testes at 50 mg/kg/day. (Kleymenova et al, 2005). An
investigation of changes in gene and protein expression in testes of DBP-exposed fetal males demonstrated
a coordinate, dose-dependent reduction in the expression of key genes and proteins involved in cholesterol
transport and steroidogenesis and a corresponding reduction in testosterone in fetal testes at dose levels
below which adverse effects are detected in the developing male reproductive tract (Lehmann et al, 2004).

Studies that evaluated male offspring into adulthood included one with in utero exposure and
examination of male offspring at intervals to PND 70. DBP initiated fetal testicular and epididymal
changes that may not be apparent until adulthood, e.g., progressive degeneration of seminiferous
epithelium and progression of malformed epididymides (Barlow and Foster, 2003). Lee et al (2004)
reported that testicular toxicity in males was mostly reversible but mammary gland toxicity (degeneration
and atrophy of mammary gland alveoli) was persistent at a maternal dietary dose as low as 20 ppm (1.5-3.0
mg/kg/d). In another study in rats, dams were gavaged with 100 or 500 mg DBP/kg/day on GD 12-21 and
the male offspring matured to 6, 12, or 18 months of age. Gross and histologic in males were similar to
those previously described, but testicular dysgenesis involving proliferating Leydig cells (LCs) and
aberrant tubules was diagnosed. Decreased AGD was a sensitive predictor of lesions in males (Barlow et
al, 2004). Pregnant rats were treated orally with DBP (2, 10, 50 mg/kg) from GD14 to parturition. A
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significant reduction in dams' body weight on GD21 was seen. Decreased weight of male pups was
significant at PND 75 and the weight of most of the reproductive organs and sperm quality parameters was
impaired significantly with 50 mg DBP/kg. DBP exposure during late gestation might have adverse effects
on offspring's development, spermatogenesis, and steroidogenesis in adult rats (Ahmad et al, 2014).
Giribabu et al (2014) reached a similar conclusion that in utero exposure to DBP impaired male
reproductive performance in F1 offspring (reduced fertility) by decreasing steroidogenesis and
spermatogenesis.

In the same vein, DBP was part of an experimental mixture with BPA and DEHP. Gestating FO
generation females were exposed to the mixture during GD 8-14 of gonadal sex determination and the
incidence of adult onset disease was evaluated in F1 and F3 generation rats. Among the findings were
increases in the F3 generation in pubertal abnormalities, testis disease, obesity, and ovarian disease
(primary ovarian insufficiency and polycystic ovaries) (Manikkam et al, 2013). This study is not restricted
to DBP, but it is of relevance to concerns about DBP.

Several references delved into the mode of action of DBP. for example, Mylchreest et al (1998a)
stated that, given that (1) gestational and lactational exposure of rats to DBP at >250 mg/kg/day causes
reproductive tract malformations and testicular toxicity in the adult male offspring, (2) this disruption of
androgen-regulated sexual differentiation indicates an antiandrogenic mechanism, and (3) DBP and MBP
do not bind to the androgen receptor (AR) in vitro, a study was designed to compare the activity in vivo of
DBP and a known androgen receptor antagonist, flutamide (FLU). The differences observed between
effects from DBP and FLU led to the conclusion that DBP is not a classical androgen receptor antagonist
like FLU. Kim et al (2004) determined that DBP is likely to exert its antiandrogenic actions through the
disruption of AR or ERbeta expression during the early neonatal stage.

Effects of DBP in utero were not limited to the reproductive tract of male offspring. Females were
also affected by in utero and lactational exposure to DBP, including effects on female sexual development
involving pituitary function (Lee et al, 2004). DBP also induced earlier pubertal timing in rats and both
neonatal and prepubertal periods were critical windows for DBP exposure (Hu et al, 2013). Also, perinatal
exposure of DBP resulted in hippocampal neuron loss and structural alternation in neonatal and immature
offspring rats (PND5 and PND21), while no significant change was found in mature rats (PNDG60) (Li et al,
2013). The induction of neurotoxicity in immature offspring was thought to be through regulation of
AROM, ER-B, BDNF and p-CREB expression, while the DBP had no remaining influence on mature
offspring animals (Li et al, 2014).

Several recent studies focused on molecular aspects of the effects of DBP. For example, gestational
DBP exposure induced multinucleated germ cells (MNG), with greater numbers found in p53-null mice.
Persistence of abnormal germ cells into adulthood occurred only in p53-null mice, not in p53-heterozygous
or wild-type mice (Saffarini et al, 2012). In another study, proteomic analysis was used to evaluate testis
protein patterns in rats exposed in utero. Differential expression of Prdx6, AnxA5 and UchL1 was seen,
indicating that oxidative injury and abnormal apoptotic regulation might be involved in the testicular
dysgenesis in male fetuses (Shen H et al, 2013). Pathway analysis of expression array data in fetal rat testes
indicated that PPARa may act as an indirect transrepressor of SF1 on steroidogenic genes in fetal rat testes
in response to DBP treatment (Plummer et al, 2013). Aberrant expression of Wnt5a during anorectal
development might be involved in DBP-induced anorectal malformations (Li EH et al, 2014). Lastly,
information of the effects of DBP were sufficient for an evaluation of the toxicogenomic data set for DBP
and male reproductive developmental effects to be performed as part of a larger case study to test an
approach for incorporating genomic data in risk assessment (Euling et al, 2013a, b; Makris et al, 2013).

Data on developmental effects in humans are limited and mixed. Prenatal exposure to antiandrogenic
phthalates (urinary DBP metabolites measured in mid-pregnancy) may be associated with less male-typical
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play behaviour in a small sample of boys (Swan et al, 2010). In a similar survey, prenatal exposure to
phthalates, including DBP, may be inversely associated with the Mental and Psychomotor Developmental
Indices of infants, particularly males, at 6 months (Kim Y et al, 2011). Similarly, a positive association
between maternal DEHP and DBP exposure (urine samples collected during the 3™ trimester) and
externalizing domain behavior problems in 8-year-old children was found in 122 mother-child pairs (Lien
et al, 2015).

On the other hand, measuring testosterone production by normally growing human fetal testis
xenografts, investigators concluded that exposure of human fetal testes to DBP is unlikely to impair
testosterone production as it does in rats (Mitchell et al, 2011). Using levels of specific endocrine
disruptors, including DBP, in blood and urine of mothers, no relation between the levels of endocrine
disrupters and hypospadias was found (Choi et al, 2012). DBP did not affect androgenic endpoints in a
human fetal testis xenograft (Spade et al, 2014). However, van den Driesche et al (2015) reported
comparable effects on germ cells in human testis xenografts and in vivo in rats, but the effects in the
human were muted compared with those in the rat. The authors noted that effects of phthalates (DBP) on
germ cells have potential implications for the next generation.

In other studies related to mode of action of DBP, monobutyl phthalate (MBP) and/or its further
metabolites may be responsible for the production of the developmental toxicity of DBP (Ema et al, 1995;
Ema et al, 1996; Langonne et al, 1998; Saillenfait, et al, 2001; Choi et al, 2002; Ema, 2002; Watanabe et
al, 2002).

References related to mode of action of DBP present a multitude of effects. Estrogenic activity of
DBP was weak in in vitro assays and not observed in an in vivo assay (Zacharewski et al, 1998). DBP is
considered to have antiandrogenic activity (Gray et al, 1999; Kang et al, 2006; Howdeshell et al, 2006;
Toxic effects of DBP on the fetal testis are mediated at the level of cholesterol cleavage by P450 scc and
possibly at the level of cholesterol transport into the mitochondria (Thompson et al, 2003). Bowman et al
(2004) used microarrays to identify changes in gene expression associated with altered morphology of the
proximal Wolffian duct following in utero exposure to DBP. An interaction between androgen and
fibroblast growth factor (FGF8), which might play an important role in the occurrence of hypospadias and
abnormal organ development induced by DBP (Liu et al, 2012). DBP was reported to alter the testicular
structure and function, at least partly, by inducing oxidative stress in testes of adult rats (Zhou et al, 2010).
Similar results were presented in Zhou et al (2011).

DBP can significantly affect the testicular gene expression profiles involved in steroidogenesis and
spermatogenesis affecting testicular growth and morphogenesis (Ryu et al, 2007). DBP-induced inhibition
of fetal testis steroidogenesis is closely associated with reduced activity of several lipid metabolism
pathways and SREBP2-dependent cholesterologenesis in Leydig cells (Johnson et al, 2011). DBP and
MBP are known to change steroid biosynthesis and a mechanism has been described whereby SF-1 and
GATA-4 may regulate StAR during MBP-induced steroidogenesis disruption (Hu et al, 2015). Aside from
reproductive organs, Wyde et al (2005) determined that hepatic steroid- and xenobiotic-metabolizing
enzymes are susceptible to DBP induction at the fetal stage.

Gene expression altered by DBP in human cell lines included genes involved in fertility (inhibin,
placental growth factor), immune response (tumor necrosis factor induced protein), and antioxidant status
(glutathione peroxidase) (Gwinn et al, 2007). Acute and chronic effects of DBP on the steroidogenic
pathways in the testes show mechanistically distinct patterns of testicular genes in rats (Ryu et al, 2008).
DBP-induced testicular dysgenesis involves region- and cell- type-specific effects on a number of genes
many of which are regulated by nuclear hormone receptors (Plummer et al, 2006). Significantly decreased
gene expression of important signaling molecules necessary for genital tubercle (GT) formation were
observed in the GT of newborn rats with hypospadias induced by DBP (Zhu et al, 2009). DBP may affect
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the development of GT by down-regulating the Wnt/B-catenin pathway in fetal male rats (Zhang et al,
2011).

Several studies were reported on various effects of DBP on gene expression. DBP was reported to
differentially affect foetal germ cells (GC) in rats according to stage of gestation, effects that may be
relevant to the human because of their nature (OCT4, DMRT1 effects) or because similar effects are
demonstrable in vitro on human foetal testes (GC number) (Jobling et al, 2011). Several abnormal
responses in male reproductive organs might be due to disruption of the stage-specific expression of genes
related to androgen-dependent organs development (Kim et al, 2010). Exposure of rat fetuses to DBP dose-
dependently prevented the age-related decrease in LC COUP-TFII expression and the normal increases in
Leydig cell (LC) size and ITT. Chicken Ovalbumin Upstream Promoter-Transcription Factor 11 (COUP-
TFII) is involved in LC steroidogenesis and lifting of repression by COUP-TFII may be an important
mechanism that promotes increased testosterone production by fetal LC to drive masculinization (van den
Driesche et al, 2012). Seminiferous tubule degeneration and atypical hyperplasia of LCs during adulthood
in rats exposed in utero to DBP was associated with an increase in expression of estrogen receptor o (ERa)
and a decrease of estrogen receptor B (ERP) and androgen receptor (AR) in the testis (Wakui et al, 2014).
Changes in expression of Marcks, Pum1, Nuprl, and Penk in rat foreskin caused by in utero exposure to
DBP were maintained after birth (Pike et al, 2014).

In relation to the weak estrogenic activity of DBP and species differences, no strong evidence of
species-specific binding was found in an assessment of whether binding of several chemicals (including
DBP) differs significantly between full-length recombinant estrogen receptors from fathead minnows
(fhERalpha) and those from humans (hERalpha) (Rider et al, 2009).

Studies on mode of DBP extended to females. In an ovarian follicle culture system DBP appeared to
target antral follicles and alters the expression of cell cycle and apoptosis factors, causes cell cycle arrest,
decreases E(2), and triggers atresia, depending on dose (Craig et al, 2013).

Comparison with the GHS criteria

Under GHS, adverse effects on development of the offspring means “adverse effects . . . induced
during pregnancy, or as a result of parental exposure. These effects can be manifested at any point in the
life span of the organism. The major manifestations of developmental toxicity include death of the
developing organism, structural abnormality, altered growth and functional deficiency.” (GHS 3.7.1.3)

DBP has consistently and reproducibly produced embryotoxicity and teratogenicity in a very large
number of developmental toxicity studies. Both male and female offspring are affected, although effects in
the male reproductive system have been the most prominent. Effects in the males have been pronounced
and involve the testes, secondary sex organs, spermatogenesis, associated hormones (e.g., testosterone),
and other endpoints. A large number of mechanistic and molecular studies provides additional information
on the development of the changes observed with DBP, including descriptions of possible antiandrogenic
and estrogenic activity of DBP. As stated in the section on sexual function and fertility, pharmacokinetic
and mechanistic inforation supports extrapolation of data from animals to human health effects.

Therefore, data from animal studies on DBP provide clear evidence of an adverse effect on

development. These effects are not secondary to maternal toxicity or to other toxic effects.
Pharmacokinetic and mechanistic data support this conclusion.
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Adverse effects on or via lactation

Table 37a: Summary table of animal studies on effects on or via lactation

Method, Species, Test substance [ Dose  levels, | Results Reference
test  guideline, | strain,  sex, duration of

and deviation(s) | no/group exposure

if any

No data available on lactation alone

Table 37b: Summary table of human data on effects on or via lactation

Type of | Test Relevant Observations and Reference
data/report |substance |information about
the study (as
applicable)
Government | DBP Based on available data, the exposure to DBP via
Report breast milk for infants was calculated to vary between
1.2 and 6 pg DBP/kg bw/day (EC, 2003).
Peer-reviewed | DBP Milk collected from | Mean DBP concentration less than 1 pg / day / infant.
study/  case 21 breast-feeding | (Zhu et al., 2006)
study mothers  over 6
month period
MMP (as a In an analysis of maternal breast milk and serum from
metabolite boys 1-3 months old who had cryptorchidism, no
for DBP) association between phthalate monoesters and

cryptorchidism was found, but MBP was associated
with SHBG and LH:free testosterone ratio and
negatively associated with free testosterone. Authors
considered these data and results with other
monoesters to be in accordance with rodent data and
suggested that human Leydig cell development and
function may also be vulnerable to perinatal exposure
to some phthalates (Main et al, 2006).

(Abbreviated version. Full table is in Appendix 1.)
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Specific target organ toxicity-single exposure (STOT SE)

Table 38a: Summary table of animal studies relevant for STOT SE

ENV/IM/MONO(2016)46

Method, Test Species, Route of | Dose levels, | Results and Reference
test guideline, | substance | strain, sex, | exposure | duration of
and no/group exposure
deviation(s) if
any
No DBP cat 1 mg/L for|>1 mg/L (nasal | Clayton and Clayton, 1993-1994 , as cited
methodological | (unknown 5.5 hr irritation in HSDB, 2015
information. particle observed, but no
size) deaths)
Route of
administration:
inhalation
GLP
compliance not
reported
Acute study DiBP Sprague Oral dose |0, 1000 | Di-iso-butyl phthalate (DiBP) is used as a
(as a | Dawley mg/kg/day for 7 | substitute for DBP. The effects of DiBP on
No GLP | substitute | rats days testes in prepubertal rodents still remain to
information for DBP) be obscure. Testicular toxicity of DiBP
C57BL/6N was investigated in 21-day-old Sprague-
mice Dawley rats and C57BL/6N mice, using
with in situ TUNEL method. DiBP can
induce testicular atrophy in rats due to the
increase of TUNEL-positive
spermatogenic cells in both acute and 7-
day (500 mg/kg/day) exposures. (Zhu et al,
2010)
Acute exposure | DBP Rats Single oral | 0, 500 mg/kg Morphological alterations in seminiferous
dose tubules caused by single administration of

DBP (500 mg/kg) in 3-week-old rats were
investigated throughout the first wave of
spermatogenesis. A single administration
of DBP to prepubertal rats appeared to
delay maturation of spermatogenic cells,
even after completion of first wave of
spermatogenesis (Alam et al, 2010a)
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Acute exposure | DBP Rats Single oral | 0, 500 mg/kg A single oral administration of 500 mg/kg
dose DBP to rats caused progressive
detachment and  displacement  of
spermatogenic cells away from the
seminiferous epithelium and sloughing of
them into the lumen. In vivo and in vitro
experiments indicated that DBP-induced
collapse of Sertoli cell vimentin filaments
may lead to detachment of spermatogenic
cells, and then detached cells may undergo
apoptosis because of loss of the support
and nurture provided by Sertoli cells
(Alam et al, 2010b)

Abbreviated version. Full table is in Appendix 1

Table 38b: Summary table of human data relevant for STOT SE
No relevant studies identified

Table 38c: Summary table of other studies relevant for STOT SE
No relevant studies identified

Short summary and overall relevance of the provided information on STOT SE

Target organ toxicity of DBP is also discussed in the sections on reproduction. A few references
related to acute exposure are given here. A single administration of 500 mg DBP/kg to prepubertal (3-wk
old) rats appeared to delay maturation of spermatogenic cells, even after completion of first wave of
spermatogenesis (Alam et al, 2010a). The same dose to rats caused progressive detachment and
displacement of spermatogenic cells away from the seminiferous epithelium and sloughing of them into the
lumen. (Alam et al, 2010b). DiBP (di-iso-butyl phthalate) can induce testicular atrophy in rats in both acute
and 7-day (500 mg/kg/day) exposures. (Zhu et al, 2010). The Zhu et al. study (2010) indicated DiBP could
be used as a substitute for DBP but provided insufficient information and did not provide a SAR analysis.

An acute inhalation study was identified which provided some information on effects to the
respiratory tract. The study by Clayton and Clayton (1993) as cited in HSDB (2015) indicated a single
inhalation exposure at 1 mg/L for 5.5 hr (unclear if this was in the form of vapor or mist and what effect
would be observed at 4 hours) resulted in nasal irritation in a cat model (Clayton and Clayton, 1993).
However, study quality could not be independently verified and important information regarding form of
DBP for the inhalation study could not be located.

Comparison with the GHS criteria

Insufficient information for other types of classification (e.g. nasal or respiratory irritant) because the
information reported in the study do not meet the GHS criteria for 4 hour response and form is not reported
(vapor or mist).

Conclusion on classification and labelling for STOT SE

No classification due to classification under reproductive toxicity and insufficient information for
inhalation.
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Table 39a: Summary table of animal studies relevant for STOT RE

ENV/IM/MONO(2016)46

Specific target organ toxicity-repeated exposure (STOT RE)

Method, Test Species, Route of [Dose levels, | Results and Reference
test substance |strain, sex, |exposure |duration of
guideline, no/group exposure
and
deviation(s)
if any
Subchronic | DBP mouse Oral 0, 500 and|0.25 or 2.5% DBP in diet (~ 500 and 5,000
toxicity 5,000 mg/kg | mg/kg bw) was administered to mice for 86 or
study bw) 90 days. Kidneys and liver were affected by the
exposure to DBP (Ota et al, 1973; 1974).
86 or 90 days
NTP DBP Sprague- Oral -0, 1000, 5000, [ NTP conducted a 14-day dietary range-finding
protocol Dawley rat | feeding |10,000, study with DBP in CD Sprague-Dawley rats.
study 15,000, or|No animals died and clinical signs were
GLP 20,000 ppm | normal. Food consumption and body weights
compliant (exposures in | were affected at the higher doses. The results
males were 0, | were used to select the exposures of 0, 1000,
70, 340, 650, (5000, or 10,000 ppm in the continuous
910, or 1190 | breeding study reported by NTP in 1995 (NTP,
mg/kg-day and | 1991).
in females
were 0, 70,
350, 700, 930,
or 1150
mg/kg-day
Subchronic | DBP Wistarrat | Oral - In a 3-month dietary study in rats (OECD
study dietary Guideline 408), a dose of 152 mg/kg bw
(feeding) appeared to be the NOAEL. Changes at the
OECD study next higher dose of 752 mg/kg bw included
Guideline altered hematological and clinical chemical
408 parameters, an increase in the activity of
cyanide-insensitive palmitoyl-CoA oxidase (an
GLP indicator for peroxisomal proliferation), a
compliant decrease in T3, increases in liver and kidney

weights, and decreased or missing lipid
deposition in hepatocytes. No effect on the
testes was observed (Schlling et al, 1992).
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Subchronic | DBP F344 rat A 13-week evaluation by NTP of the toxicity
study of DBP was performed by NTP in male and
Male and female F344 rats. DBP was given in the diet.
Oral dietary female Effects were noted in the liver
study (hypocholesterolemia, hypotriglyceridemia,
signs of cholestasis, and altered hepatocellular
NTP cytoplasm) and testes (lower weight,
degeneration of germinal epitheliumlower
GLP serum testosterone, and impaired
compliant spermatogenesis). The NOAEL for effects in
the testis is 359 mg/kg/day (5000 ppm in diet),
and the LOAEL is 720 mg/kg/day (10,000 ppm
in diet). The NOAEL for effects in the liver is
176 mg/kg/day (2500 ppm), and the LOAEL is
359 mg/kg/day (5000 ppm). (NTP, 1995).
Subchronic | DBP B6C3F1 A 13-week dietary study with DBP was
study mouse conducted in B6C3F1L mice by NTP.
Hepatocellular cytoplasmic alterations were
Oral dietary seen and mean body weight was lower at high
study doses. The NOAEL is 5000 ppm (equivalent to
812 mg/kg-day in males and 971 mg/kg-day in
NTP females) and the LOAEL is 10,000 ppm
(equivalent t01601 mg/kg-day in males and
GLP 2137 mg/kg-day in females). (NTP, 1995).
compliant
Subacute DBP Wistar rats | Inhalatio |0, 1.18, 5.57, [ No systemic effects were seen in a 4-wk
inhalation n — head |[49.3 or 509 |inhalation study conducted according to OECD
study (28 5/sex/group |only mg DBP/m’. | Test Guidelines. Head-nose exposures were 6
day) MMAD was | hours/day, 5 days/week, to measured aerosol
6 hr/day, 5 1.5-1.9 pum | concentrations of 0, 1.18, 5.57, 49.3 or 509 mg
days/week, and GSD was | DBP/m®>. MMAD was 1.5-1.9 pm and GSD
4 weeks ~2. was ~ 2. Adverse local effects in the upper
respiratory tract were seen even at the lowest
dose (Gamer et al., 2000).

Abbreviated version. Full table is in Appendix 1

Table 39b: Summary table of human data relevant for STOT RE

Type of | Test Route of | Relevant Observations and Reference
data/report | substance, |exposure information
reference to about the study
table 5 (as applicable)
Case study | DBP Environmental | Urine analysis in | In a study to investigate the impact of phthalates on
metabolites | exposures children aged 8- |symptoms of ADHD in school-age children. A
261 - MEHP, 11 strong positive association between phthalate
children MEORP, metabolites in urine and symptoms of ADHD
DEHP, among school-age children was found (Kim BN et
MNBP al, 2009).
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Case study | DBP, DEHP | Environmental |Serum and semen |To investigate the associations of hormone
exposures analysis circulation with phthalate exposure in adult men,
118  adult DBP and DEHP in serum and semen were
men  with measured and compared to serum levels of follicle
fertility stimulating  hormone, luteinizing  hormone,
issues testosterone, estradiol and prolactin. Serum
prolactin appeared to be positively associated with
both DBP and DEHP and an inverse relation
between semen DBP and serum testosterone was
seen (Li Setal, 2011).
Case study | DBP Environmental | Maternal  urine [ The association of prenatal exposure to bisphenol A
prenatal analysis at|and select common phthalates with infant
Neurobehav exposures 16weeks and 26 | neurobehavior was evaluated at 5 weeks of age. The
ior in weeks association between prenatal phthalate exposure
infants (5 and infant neurobehavior differed by type of
weeks old) phthalate and was evident only with exposure
measured at week 26 of pregnancy. Prenatal
350 exposure to DBP was associated with improved
mother/infa behavioral organization in 5-week-old infants.
nt pairs (Yolton et al, 2011).
Cross- DBP, DEHP | Environmental |Evaluate thyroid | This study explored the cross-sectional relationship
sectional exposures hormones in urine | between urinary concentrations of metabolites of
study and DBP, DEHP | di(2-ethylhexyl) phthalate (DEHP), dibutyl
concentrations in | phthalate (DBP), and BPA with a panel of serum
1346 adults NHANES data | urine thyroid measures among a representative sample of
(20 years of from 2007- U.S. adults and adolescents. The results supported
age or 2008 previous reports of associations between phthalates-
older) wvs and possibly BPA--and altered thyroid hormones
329 (Meeker and Ferguson, 2011).
adolescents
(ages  12-
19)
Cross- DBP and | Environmental | Urine analysis for | This study investigated the association between
sectional other exposures DBP and other |urinary phthalate metabolite levels and attention
study phthalates phthalates deficit disorder (ADD), learning disability (LD),
and co-occurrence of ADD and LD in 6-15-year-old
Children 6- Behavior analysis | children. Cross-sectional evidence indicated that
15 years of certain phthalates are associated with increased
age odds of ADD and both ADD and LD (Chopra et al,
2013).
Case MBP (as a|Environmental |[Urine analysis for | In a case-control study of 104 girls, it was found
control metabolite of | exposure LH, FSH, other |that kisspeptin may promote the onset of puberty in
study DBP) hormones girls who have high levels of urinary phthalates,
especially MBP. The study suggests that the early
104 girls onset of puberty is related to increased Kisspeptin
(Prepubesce secretion (Chen et al, 2013).
nt)
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Case DBP Environmental | Urine analysis for [ In an investigation of the relationship between
control metabolites | exposure metabolites urinary phthalate metabolite concentrations and the
study risk of a hormonally-driven disease, endometriosis,
in reproductive-age women, the results suggested
Females that phthalates may alter the risk of a hormonally-
with mediated disease among reproductive-age women
endometrios (Upson et a, 2013).
is

Abbreviated version. Full table is in Appendix 1

Table 39c: Summary table of other studies relevant for STOT RE
No relevant references were found other than those related to reproductive effects.

Short summary and overall relevance of the provided information on STOT RE

No systemic effects were seen in rats during a 4-wk inhalation study at concentrations up to 509 mg
DBP/m®, but adverse local effects in the upper respiratory tract were seen even at the lowest dose, 1.18 mg
DBP/m?® (Gamer et al., 2000).

Effects of DBP have been reported in dietary studies in addition to those in the reproductive tract.
Kidneys and liver of mice were affected by dietary doses of 0.25 and 2.5% DBP for 90 days (Ota et al,
1973; 1974). Effects limited to altered food consumption and body weights in a 14-day dietary study in rats
were used to select the exposures of 0, 1000, 5000, or 10,000 ppm in the continuous breeding study
reported by NTP in 1995 (NTP, 1991). The NOAEL in a 3-month dietary study in rats was 152 mg/kg.
Effects at 752 mg/kg included altered hematological and clinical chemical parameters, an increase in the
activity of cyanide-insensitive palmitoyl-CoA oxidase (an indicator for peroxisomal proliferation), a
decrease in T3, increases in liver and kidney weights, and decreased or missing lipid deposition in
hepatocytes. No effect on the testes was observed (Schlling et al, 1992). In a 13-week dietary study in rats,
Effects were noted in the liver (at >359 mg/kg/day) and testes (at >720 mg/kg/day). In a parallel study in
mice, hepatocellular cytoplasmic alterations were seen and mean body weight was lower at high doses
(NTP, 1995).

Studies in humans include investigations on behavior. A strong positive association between phthalate
metabolites in urine and symptoms of ADHD among school-age children was found (Kim BN et al, 2009).
This study investigated the association between urinary phthalate metabolite levels and attention deficit
disorder (ADD), learning disability (LD), and co-occurrence of ADD and LD in 6-15-year-old children.
Cross-sectional evidence indicated that certain phthalates are associated with increased odds of ADD and
both ADD and LD (Chopra et al, 2013). Prenatal exposure to DBP has been associated with improved
behavioral organization in 5-week-old infants. (Yolton et al, 2011).

In hormonal studies in men, serum prolactin appeared to be positively associated with both DBP and
DEHP and an inverse relation between semen DBP and serum testosterone was seen (Li S et al, 2011). In a
cross-sectional study of urinary of BPA and other compounds compared to a panel of serum thyroid
measures, an associations between phthalates-and possibly BPA--and altered thyroid hormones was
reported (Meeker and Ferguson, 2011).
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In hormonal studies in girls, it was found that kisspeptin may promote the onset of puberty in girls
who have high levels of urinary phthalates, especially MBP (Chen et al, 2013). Results of another study
suggested that these six substances (MBP, t-OP, n-NP, daidzein, equol, and genistein) have an effect on
precocious puberty (Yum et al, 2013).

Table 39d: Extrapolation of equivalent effective dose for toxicity studies of greater or lesser
duration than 90 days

Not applicable
Comparison with the GHS criteria

Adverse local effects in the upper respiratory tract were observed at the lowest dose, 1.18 mg DBP/m?®
in rats during a 4-wk inhalation study at concentrations ranging from 1.18 mg DBP/m? to 509 mg DBP/m®
(Gamer et al., 2000). No systemic effects were observed at any dose. GHS cutoff value for inhalation
study to be considered category 1 is 0.02 mg/L/6hr/day in a 90 day study with category 2 being
0.02<C<0.2. DBP exhibits effects via inhalation far above these ranges in a 28 day study. No 90 day
study could be located to determine effect via inhalation.

Liver and kidney have been reported to be affected in animal studies with repeated doses, but the
effects (weight gain, altered hepatocellular cytoplasm) do not meet the criteria of “significant organ
damage” under GHS. Disruption of the thyroid was reported in a few references, such as in the study in
humans cited in this section and a few studies in frogs (Xenopus sp.) cited in the ecotoxicity sections.
However, the evidence for effects on the thyroid by DBP alone is insufficient to meet the GHS criteria for
STOT. Therefore no effects were identified that meet the GHS criteria for STOT RE.

Conclusion on classification and labelling for STOT RE

No classification

8.10 Aspiration hazard

Table 40: Summary table of evidence for aspiration hazard

Type of [ Test Relevant information about | Observations Reference
study/data |substance | the study (as applicable)

No data available.

Short summary and overall relevance of the provided information on aspiration hazard
No relevant data found

Comparison with the GHS criteria
Not applicable

Conclusion on classification and labelling for aspiration hazard

No classification
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9. EVALUATION OF ENVIRONMENTAL HAZARDS

9.1

9.11

Rapid degradability of organic substances

HAZARDOUS TO THE AQUATIC ENVIRONMENT

Table 41: Summary of relevant information on rapid degradability

Method,
test guideline, and
deviation(s) if any

Results

Remarks

Reference

Hydrolysis

Secondary source pH 7, 25°C: DTy, = 22years No study details available Wolfe et al. 1980, as
with no cited in Staples et al.
methodological Supporting Study, Klimisch | 1997

information score 4

Secondary source pH 4.0 and 7.0, temperature not | No study details available ECB, 2004

with no noted: <10% hydrolysis after 5

methodological days; Supporting Study, Klimisch

information score 4

pH 9, 50°C: DT, = 65.8 hours

EU Method C.7

pH 4, 50°C: DTsq = 218 days
pH 7, 50°C: DTs, = 103 days
pH 9, 50°C: DT5,=2.7 days

pH 9, 39°C: DT, = 8.2 days

Minimal study details
provided, purity of test
substance not available,
temperature not
environmentally relevant

Supporting Study, Klimisch
score 2 per REACH dossier

http://echa.europa.eu/nl
[registration-dossier/-
Iregistered-
dossier/14862/5/2/3

http://echa.europa.eu/re
gistration-dossier/-
[registered-

dossier/1676/5/2/3

Photochemical degradation
Secondary source Photodegradation (air) DTs, = Experimental, no details ECB, 2004
with no 21.4 hours available,
methodological
information Supporting Study, Klimisch

score 4
Secondary source Photodegradation (air) DTsg = Estimated, no details Howard et al. (1991), as
with no 7.4 hours to 3.1 days available cited in ECB, 2004
methodological
information Supporting Study, Klimisch

score 4
Secondary source Photodegradation (air) DTs, = Estimated, no details Atkinson 1988, as cited
with no 0.6 to 6 days available in Staples et al. 1997
methodological
information Supporting Study, Klimisch

score 4
Secondary source Aqueous photodegradation Estimated, no details Howard 1991, as cited
with no DTso = 2.4 to 12 years available in Staples et al. 1997
methodological
information Supporting Study, Klimisch

score 4

Ready biodegradability
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Method,
test guideline, and
deviation(s) if any

Results

Remarks

Reference

EU Method C.4-C
(Determination of
the "Ready"
Biodegradability -
Carbon Dioxide
Evolution Test),
GLP compliant

Percent degradation, measured
as O2 consumption:

Day 1: 0

Day 4: 42

Day 8: 56

Day 13: 69

Day 22: 76

readily biodegradable

activated sludge, non-
adapted used as inoculum,
28-day test duration, test
substance purity not
provided, pH not noted,
initial concentration of DBP
21.7 mg/L

Supporting Study, Klimisch
score 1 per REACH dossier

http://echa.europa.eu/nl
[registration-dossier/-
[registered-
dossier/14862/5/3/2/?do
cumentUUID=0614b8a
1-1e8c-455b-8d23-
7dleded1982b

OECD Guideline
301 B (Ready
Biodegradability:
CO2 Evolution
Test), GLP
compliance not
indicated

Percent degradation, measured
as CO2 evolution:

Day 1: 0

Day 4: 42

Day 8: 56

Day 13: 69

Day 18: 73

Day 22: 76

Day 28: 81

readily biodegradable

sewage, domestic used as
inoculum, 28-day test
duration, test substance
purity not provided, pH not
noted, initial concentration
of DBP not noted, reference
substance used

Supporting Study, Klimisch
score 2 per REACH dossier

http://echa.europa.eu/nl
[registration-dossier/-
Iregistered-
dossier/14862/5/3/2/?do
cumentUUID=0d57d82
a-ch7f-4641-be25-
5a3ca5603196

OECD Guideline
301 C (Ready
Biodegradability:

14-d biodegradation: 69% per
02 consumption; 100% per test
substance analysis

Biodegradation not reported
at standard 10-day window,
non-standard media used

http://echa.europa.eu/re
gistration-dossier/-
Iregistered-

Modified MITI Test (mixture of sewage, soil and | dossier/1676/5/3/2
(1), not GLP readily biodegradable, per natural water), test
compliant REACH dossier substance purity not
provided, 28-day test
duration, pH 7, initial
concentration 100 mg/L
DBP
Supporting Study, Klimisch
score 2 per REACH dossier
BODs/COD
Secondary source BODS5:COD ratio of 0.63 non-adapted inoculum ECB, 2004
with no
methodological readily biodegradable Supporting Study, Klimisch
information score 4

Aquatic simulation tests
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Method,
test guideline, and
deviation(s) if any

Results

Remarks

Reference

No guideline
followed, shake-
flask method

Half-lives for active sediment
(AS) ranged from 0.6 d to 10.8
d (average of half-life for AS
was 2.96 d). Half-lives for
active water (AW) ranged from
3.4 dto 17 d (average of half-
life for AW was 7.01 d).

Four test systems: active
(natural) sediment (AS),
sterile sediment (SS), active
(natural) water (AW), sterile
water (SW); initial
concentration of DBP 500
Mg/L; disappearance of DBP
was determined by periodic
sampling and analysis by
HPLC or GC, pH not noted,
reference substance used

Supporting Study, Klimisch
score 1 per REACH dossier

http://echa.europa.eu/nl
[registration-dossier/-
[registered-
dossier/14862/5/3/3/?do
cumentUUID=4e37f50
5-599¢-4f8c-87f7-
1576cfOb47cc

Primary degradation
in surface river
water monitored by
GC-ECD, aerobic
conditions
(assumed)

10-d biodegradation at 20°C =
ca. 100%, per test material
analysis

Primary DT50 at 20°C = 3 days

Initial concentration of DBP
3.3 pg/L, conducted in
surface water of Rhine river,
recovery of the method of
analysis was 83 — 97%

Supporting Study, Klimisch
score 2 per REACH dossier

http://echa.europa.eu/nl
[registration-dossier/-
[registered-
dossier/14862/5/3/3/?do
cumentUUID=76f861b
c-3b5f-4a9c-85d2-
97e7892887a6

Inherent and Enhanced

Ready Biodegradability tests

EPA OTS 796.3340
(Inherent
Biodegradability:
Modified SCAS

Percent degradation, measured
as DOC removal:

Week 1 of Acclimation (1
mg/L) 69

Activated sludge, adaptation
not specified, used as
inoculum; 19-day test
duration; test substance

http://echa.europa.eu/nl
[registration-dossier/-
Iregistered-
dossier/14862/5/3/2/?do

Test) L purity not provided; pH cumentUUID=2b34a27

\r;veflf)Z?ff Acclimation (3 6.5-8; initial concentration d-3ea0-44cc-h321-

Wge ek 3 of Acclimation (3 of DBP: 1 and 3 mg/L 6ee3fb7ef937

mg/L) 66 concentration tested,

g reference substance used
Supporting Study, Klimisch

DBP underwent primary score 1 per REACH dossier

degradation in excess of 90% in

24 hours.

readily biodegradable, per

REACH dossier
No guideline DBP degraded by > 90% in <8 | Anaerobic sludge used as http://echa.europa.eu/nl
followed, days per test material analysis inoculum, > 99% in purity, | /registration-dossier/-

readily biodegradable, per
REACH dossier

32-day test period, initial
test substance concentration
4 mg/L

Supporting Study, Klimisch
score 2 per REACH dossier

[registered-
dossier/14862/5/3/2/?do
cumentUUID=1ec9c26
4-7152-442b-b7ce-
563c03f37a23

Soil and sediment degradation
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Method,
test guideline, and
deviation(s) if any

Results

Remarks

Reference

No guideline Under aerobic conditions, DBP | Tested in freshwater http://echa.europa.eu/nl
followed degradation of 85 % by sediments under aerobic and | /registration-dossier/-
mineralization at 22 °C after 5 anaerobic conditions, initial | /registered-
days, per Radiochemical. concentration of 0.018 to 10 | dossier/14862/5/3/3/?do
meas., transformation products | mg/L radiolabelled DBP, no | cumentUUID=4959e00
measured, but not reported data on use of reference 4-e27d-45be-a736-
substance, test duration 28 bld3a46daae6
days
During anaerobic conditions,
only one-sixth of the rate of Supporting Study, Klimisch
aerobic transformation of DBP | score 2 per REACH dossier
was observed (no further details
provided).
No guideline Under aerobic conditions, DBP | freshwater sediments under | http://echa.europa.eu/nl
followed degradation of 85 % at 22 °C aerobic and anaerobic [registration-dossier/-

after 14 days, per radiochemical
measurement

conditions, initial DBP
concentration of 1 mg/L, no
data on use of reference
substance, test duration 30
days

Supporting Study, Klimisch
score 2 per REACH dossier

[registered-
dossier/14862/5/3/3/?do
cumentUUID=57aba99
5-ch5f-48h2-8a00-
79e2449fa0ec

Aerobic degradation
measured in
mangrove sediment

DT50s=16t029d

Limited study details
available

Supporting Study, Klimisch
score 4

Yuan et al. 2010

Further information is in Table 41 in Appendix 1

Hydrolysis

Studies examining hydrolysis of DBP at environmentally relevant temperature and pH are limited,
with more data available from studies conducted at temperatures not relevant to environmental conditions
(50°C). However, available data do not indicate that hydrolysis would be a major pathway of rapid
degradation, as the half-life predicted under environmentally relevant conditions (pH 7 and 25°C) was 22
years (Wolfe et al. 1980, as cited in Staples et al. 1997a).

Photochemical degradation

No reliable measured data are available for photodegradation of DBP in air and water; however,
estimated half-lives (DT50s) are available. Estimated DT50s indicate that while photodegradation of DBP
proceeds rapidly in air (DT50s= hours to a few days)(ECB, 2004; Atkinson 1988, as cited in Staples et al.
1997a) , aqueous photodegradation proceeds much more slowly (DT50s on the order of years)(Howard
1991, as cited in Staples et al. 1997a).
Ready biodegradability

Several reliable studies, conducted according to standard guidelines, investigating the ready
biodegradability of DBP are available. These studies, described in Table 43, allow for a conclusion that
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DBP is readily degraded under aerobic, environmentally relevant conditions, a finding that is generally
well established (ECB, 2004). The findings for BOD5/COD, described below also support this finding,
though few study details are available.

BODs/COD

According to ECB (2004) a BOD5:COD ratio of 0.63 was obtained in a study conducted with a non-
adapted inoculum, indicating that DBP may be regarded as readily biodegradable; however, no other
details were provided.

Aquatic simulation tests

Two reliable studies are available that investigated biodegradation of DBP in natural waters. In a
study investigating degradation in active natural freshwater and sediments collected from several different
sites the average DBP half-life in active water was 7.01 days (http://echa.europa.eu/nl/registration-dossier/-
[registered-dossier/14862/5/3/3/?documentUUID=4e37f505-599c-4f8¢c-87f7-1576¢cf0b47cc). A similar
half-life for DBP (3 days) was measured in a study conducted in surface water of the Rhine River and
primary degradation of DBP of close to 100% was measured at 10 days
(http://echa.europa.eu/nl/registration-dossier/-/registered-dossier/14862/5/3/3/?documentUUID=76f861bc-
3b5f-4a9c-85d2-97e7892887a6).

Field investigations and monitoring data (if relevant for C&L)
Not applicable
Inherent and Enhanced Ready Biodegradability tests

Two reliable studies were available that examined the inherent biodegradability of DBP, as described
in Table 41. These studies are secondary to findings of ready biodegradability discussed above and are thus
not discussed here in detail.

Soil and sediment degradation data

Three reliable studies are available that investigated biodegradation of DBP in natural sediments. In a
study investigating degradation in active natural freshwater and sediments collected from several different
sites (see aquatic simulation test section of Table 43) (http://echa.europa.eu/nl/registration-dossier/-
[registered-dossier/14862/5/3/3/?documentUUID=4e37f505-599¢-4f8c-87f7-1576¢cf0b47cc), the average
DBP half-life in active sediment was 2.96 days. The other two studies examined degradation of DBP in
freshwater sediments using radiolabelled DBP. DBP was found to be degraded under aerobic conditions in
these studies by 85%, as measured radiochemically, after 5 days in one study
(http://echa.europa.eu/nl/registration-dossier/-/registered-dossier/14862/5/3/3/?documentUU I D=4959e004-
e27d-45be-a736-b1d3a46daae6 ) and after 14 days in the other (http://echa.europa.eu/nl/registration-
dossier/-/registered-dossier/14862/5/3/3/?documentUUID=57aba995-ch5f-48b2-8a00-79e2449falec ). An
additional study was also identified from the publically available literature that examined aerobic
biodegradation of DBP in natural sediments collected from mangrove communities, (Yuan et al. 2010).
Based on the review of the abstract from this study, measured half-lives of DBP were reported to be 1.6 to
2.9 days.
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9.1.2

Summary of data/information on environmental transformation

Not relevant for organic compounds such as DBP.

9.1.3

Not considered in this document.

9.1.4 Bioaccumulation

Environmental fate and other relevant information

Table 42: Summary of relevant information on bioaccumulation

ENV/IM/MONO(2016)46

Environmental transformation of metals or inorganic metal compounds

Method, Species Results Remarks Reference
test guideline,
and
deviation(s) if
any
OECD 305E, | carp (Cyprinus BCF of parent compound | exposed to 10 and Huls, 1996, as
GLP carpio) = 1.8 L/kg, based on cited in ECB,
compliant measurements  for  the ou g/.l for 28 days, low 2004
highest exposure DBP analytical recovery noted,
concentration in water as well as possible S
background contamination,
major metabolite, i.e.
the mono-ester MBP, was
not analysed
Key study, Klimisch score
2
Measured '“C- | Fathead minnow BCF = 2125 No study details available, | Canadian
content (Pimephales secondary study EPA, 1994, as
promelas) cited in ECB,
Supporting study, Klimisch | 2004
score 4
static method Sheepshead minnow | BCF =11.7 No study details available, Wofford et al.,
(Cyprinidon secondary study 1981, as cited
variegatus) in ECB, 2004
Supporting study, Klimisch
score 4
Measured ““C- | Brown shrimp BCF=29 No study details available, | Canadian
content (Penaus secondary study EPA, 1994, as
aztecus) cited in ECB,
Supporting study, Klimisch | 2004
score 4
Measured '“C- | Daphnia magna BCF = 5000 No study details available, Mayer and
content secondary study Sanders,1973,
as cited in
Supporting study, Klimisch | ECB, 2004
score 4
Measured ““C- | Gammarus BCF = 6700 No study details available, | Mayer and
content pseudolimnaeus secondary study Sanders, 1973,
as cited in
Supporting study, Klimisch | ECB, 2004

score 4
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Further information is in Table 42 in Appendix 1
Estimated bioaccumulation

An EPIWIN estimation is available that derived a BCF value of 432.6 L/kg; however, the results are
not relevant for classification purposes.

Measured partition coefficient and bioaccumulation test data

Measured logKow values for DBP are > 4, ranging from 4.46 to 4.57, indicating that DBP has a
potential for bioaccumulation.

Measured BCF values vary drastically depending on the methodology employed. Studies using
measurement of **C-labelled material likely overestimate the BCF, as results would reflect measured **C-
DBP, any ““C-labelled metabolites of DBP, as well as **C built into the tissue of the organism in e.g. fatty
acids. BCFs derived from these types of studies were 2125 for fish and 2.9 to 6700 for invertebrates. A
GLP compliant study, conducted according to OECD guideline 305 E, found a BCF of 1.8 for DBP in Carp
(Cyprinus carpio); however, the primary metabolite (mono-ester MBP) was not measured in this study.
Therefore, this study only reflects the BCF for the parent compound. Thus, the true BCF of DBP and major
metabolites in fish is likely between 1.8 and 2125. Per UN GHS 2015, Annex 9, A9.5.2.3.9.4, if only BCFs
based on parent compound and on radiolabeled measurements are available, the latter should be used for
classification. Thus, the BCF value of 2125 will, conservatively, be used for classification.

9.15 Acute aquatic hazard

It should be noted that study results cited as secondary sources were considered for inclusion for
classification purposes; however, when multiple study results were available for the same species, only
results reported from studies using standard test durations (96 hours for fish, 48-hours for most
invertebrates and 72 or 96 hours for algae) and reporting results in measured concentrations were included
when available.
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Table 43: Summary of relevant information on acute aquatic toxicity

Method, Species Test Results Remarks Reference
test guideline, material
and
deviation(s) if
any
Fish
US EPA- Pimephales DBP Static ~ 96h | Purity >95%, 22°C +/- | http://echa.europa.eu/
660/3-75-009 | promelas, LC50, mg/l | 1°C.,7.6t07.9 nl/registration-
(equivalentto | Fathead =154 No. of organisms per | dossier/-/registered-
OECD minnow Flow vessel: 10 dossier/14862/6/2/2/?
Guideline through 96h | No. of wvessels per | documentUUID=3d1
203), GLP . LC50, mg/l | concentration: 2 42al11-4d22-4269-
compliant Lepomis =0.92 No. of vessels per control | b3fa-6a50ee909646
macrc_)chlrus, : 2, analytical
bluegill Static  96h | verification  performed
LC50, mg/l | and results based on
Cyprinodon =0.48 mean measured
variegatus, concentrations
sheepshead
minnow Key Study, Klimisch
(marine Static  96h | score 2 per REACH
species) LC50, mg/l | dossier
>0.6
Oncorhynchu
s mykiss,
rainbow trout
Flow
through 96h
LC50, mg/l
=16
Equivalent to Lepomis DBP 96h LC50, | Purity not available, | http://echa.europa.eu/
methods for macrochirus mg/l = 0.85 | static conditions, total | nl/registration-
Acute Toxicity | bluegill (0.70-1.0) hardness and alkalinity | dossier/-/registered-

Tests with
Fish,
Macroinverteb
rates, and
Amphibians
(US EPA,
1975), GLP
compliant

ranges as CaCO; of 42-
48 mg/L and 30-34 mg/L
respectively, pH 6.7 -

7.8, specific
conductance 150-160
microhos/cm, 20-23°C,

DO below optimal range
(0.-4.2mg/L at 96 hours),
analytical verification
performed and results
based on mean measured
concentrations

Supporting Study,
Klimisch score 2 per
REACH dossier

dossier/14862/6/2/2/?
documentUUID=dd7
bf151-8369-40e4-
9bch-2f8226e36738
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Equivalent to Oncorhynchu | DBP 96h LC50, | “100% active material”, | http://echa.europa.eu/
OECD s mykiss, mg/l = 1.6 | flow-through conditions, | nl/registration-
Guideline 203 | rainbow trout (1.2-2.2) temperature 11°C, pH | dossier/-/registered-
(Fish, Acute 6.9 -7.6, DO 9.1 - 9.5 | dossier/14862/6/2/2/?
Toxicity Test), mg/L, Ten organisms | documentUUID=6b6
GLP compliant per tank, duplicates | 8e7bd-b05a-4287-
included, analytical | 9061-f87bf54abe73
verification  performed
and results based on
mean measured
concentrations
Supporting Study,
Klimisch score 2 per
REACH dossier
flow through Pimephales DBP 96h LC50, | Measured CMA (1984), as cited
(EG&G promelas mg/l  (95% | concentrations; no | in ECB, 2004; Staples
Bionomics, Fathead C.1.) = 0.92 | further study details | etal. 1997b
1981) minnow (0.71-1.2) available
Supporting study,
Klimisch score 4
static Pimephales DBP 96h  LC50, | Measured Geiger et al. (1985),
promelas mg/l  (95% [ concentrations; No other | as cited in ECB,
Fathead C.l) = 1.1 | study details available 2004; Staples et al.
minnow (1.0-1.2) 1997b
Supporting study,
Klimisch score 4
Flow-through Pimephales DBP 96h LC50, | Measured Defoe et al. 1990, as
promelas mg/l  (95% [ concentrations; No other | cited in Staples et al.
Fathead C.l1.) = 0.85 | study details available 1997b
minnow (0.72-1.0)
Supporting study,
Klimisch score 4
Flow-through Pimephales DBP 96h LC50, | Measured Defoe et al. 1990, as
promelas mg/l  (95% | concentrations; No other | cited in Staples et al.
Fathead C.l) = | study details available 1997b
minnow 0.61(0.54-
0.70) Supporting study,
Klimisch score 4
Flow-through Pimephales DBP 96h LC50, | Measured Defoe et al. 1990, as
promelas mg/l  (95% [ concentrations; No other | cited in Staples et al.
Fathead C.l.) = 0.90 | study details available 1997b
minnow (0.73-1.10)

Supporting
Klimisch score 4

study,
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Static renewal, | Cyprinus DBP 96h LC50, | analytic  grade  test [ Zhao etal. 2014
conducted carpio carp mg/l  (95% | substance, 20 £+ 2 °C,
according to C.l.) = 16.3 | blank (solvent) controls
Kenaga 1981 (16.21- used, 30 fish per
16.39) aquarium, 30 L water,
duplicates per treatment
level, not noted whether
analytical  verification
was performed
Supporting Study,
Klimisch score 2
semi static Brachydanio | DBP 96h  LC50, | Measured Hils (1994a), as cited
(EEC 92/69 rerio mg/l  (95% | concentrations; no | in ECB, 2004; Staples
Cl) zebra fish C.l) = 22 | further study details | etal. 1997b
(1.3-2.5) available
Supporting study,
Klimisch score 4
flow through Ictalurus DBP 96h LC50, | No study details | Mayer and Ellersieck
punctatus mg/l  (95% | available (1986), as cited in
C.l) = 0.46 ECB, 2004; Staples et
(0.40-0.53) Supporting study, | al. 1997b
Klimisch score 4
static (APHA, | Ictalurus DBP 96h LC50, | No study details | Mayer and Sanders
1971) punctatus mg/l  (95% | available (1973), as cited in
Cl) =291 ECB, 2004; Staples et
(1.38-6.13) Supporting study, | al. 1997b
Klimisch score 4
flow through Perca DBP 96h LC50, | No study details | Mayer and Ellersieck
flavescens mg/l  (95% | available (1986), as cited in
C.l) = 035 ECB, 2004; Staples et
(0.28-0.44) Supporting study, | al. 1997b
Klimisch score 4
static (DIN 38 | Leuciscus DBP 96h LC50, | No study details | CMA (1984), as cited
412, 1982) idus mg/l  (95% | available in ECB, 2004
Cl) = 73
(4.6-10) Supporting study,

Klimisch score 4
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Invertebrates
Equivalent to Daphnia DBP 48-hr EC50= | Purity >95%, static, | http://echa.europa.eu/nl/re
EPA OPPTS magna 2.99 mg/L analytical verification - | gistration-dossier/-
850.1020 Water flea results reported based | /registered-
(Gammarid on measured | dossier/14862/6/2/4/?docu
Acute Toxicity (arithmetic mean) | mentUUID=76ch4585-
Test) and 96-hr LC50 = | concentrations, 6ab1-41a9-a892-
850.1035 Mysidopsis 0.5 mg/L hardness 25 to 50 | 7a5d2472fab8; Adams et
(Mysid Acute Bahia mg/L as CaCOgs, 20°C | al. 1995 as cited in Staples
Toxicity Test), | Mysid +1°C,pH7.6107.9, etal. 1997b
GLP compliant | shrimp
96-hr LC50 = | Key Study, Klimisch
Paratanytar 6.29 mg/L score 2 per REACH
us dossier
parthenogeni
ca Midge
ISO 6341 15 Daphnia DBP 6.78 (5.30 - | Purity >99%, static, | http://echa.europa.eu/nl/re
(equivalent to magna 8.22) mg/L (48 | analytical  performed | gistration-dossier/-
OECD Water flea h EC50) and measured | /registered-
Guideline confirmed nominal | dossier/14862/6/2/4/?docu
202), GLP concentrations, pH | mentUUID=85c3c81d-
compliance not 7.840.2, 4 replicates | 432b-47be-8d72-
available per concentration, 5-8 | 1f659¢3b13f8
test concentration per
test, control group with
8 replicates
Supporting Study,
Klimisch score 2 per
REACH dossier
OECD Daphnia DBP 48 mg/L (48 h | No  study  details | http://echa.europa.eu/regist
Guideline 202, | magna EC50) available ration-dossier/-/registered-
GLP Water flea dossier/1676/6/2/4
compliance not Supporting Study,
available Klimisch score 2 per
REACH dossier
Equivalent to Daphnia DBP 48 h ECH0 | Static, 23°C, pH 8.1- | http://echa.europa.eu/nl/re
U.S. EPA, magna (5% Cl)=34 |84, DO 7.6-8.7, | gistration-dossier/-
1975: Methods | Water flea (3.1-3.8) mg/L | analytical verification | /registered-
for Acute performed and results | dossier/14862/6/2/4/?docu
toxicity Tests based on measured | mentUUID=4e12c65d-
with Fish concentration 8c82-44e6-93dd-
Macroinverteb 105a63d1cOea
rates, and Supporting study,
Amphibians, Klimisch score 2 per
GLP compliant REACH dossier
Static Daphnia DBP 48 h EC50 = | Measured Springborn Bionomics,
magna 3.0 mg/L concentrations, no | 1984, as cited in Staples
Water flea other details available | 1997b

Supporting
Klimisch score 4

study,
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No data Daphnia DBP 48 h EC50 = | Measured Call et al. 1983, as cited in
magna 3.7 mg/L concentrations, no | Staples 1997b
Water flea other details available
Supporting study,
Klimisch score 4
Other Chironomus | DBP 0.76 — 5.46 [ No study  details | results of various studies
plumosus mg/L (48 h | available cited in Staples et al.
EC50) 1997b
Supporting study,
Klimisch score 4
Other; brackish | Nitocra DBP 1.7 mg/L (1.3- | No  study  details | Lindén et al. (1979), as
water spinipes 2.2) - (96 h | available cited in ECB 2004
LC(1)50)
Supporting study,
Klimisch score 4
APHA (1971) | Gammarus DBP 21mg/L (96 h [ No  study  details | Mayer and Sanders (1973),
pseudolimna LC50) available as cited in ECB 2004
eus
Supporting study,
Klimisch score 4
Other Paratanytars | DBP 58mg/L (96 h | No  study  details | EG&G Bionomics
us EC50) available (1984b), as cited in ECB
parthenogen 2004
etica Supporting study,
Klimisch score 4
Other; Artemia DBP 8 mg/L (24 h| No study details | Hudson et al. (1981), as
seawater salina LC50) available cited in ECB 2004
Supporting study,

Klimisch score 4
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Algae and aquatic plants

EU Method Desmodesmu | DBP 8.38  (7.15- | Purity not noted, no | http://fecha.europa.eu/nl/re
C.3 (Algal s subspicatus 10.28) mg/L | analytical performed, | gistration-dossier/-
Inhibition test), (72 h EC50) | 24-25°C, pH 7.19-9.21, | /registered-
GLP compliant based on | continuous light at 6 | dossier/14862/6/2/6/?docu
growth rate 000 - 10000 lux, | mentUUID=54c24fh2-
control group with 6 | 8344-45fh-b545-
212 (1.85- | replicates 83c57a8laead
2.40) mg/L
(72 h EC50)
based on | Supporting study,
biomass Klimisch score 1 per
REACH dossier
92/69/EEC Desmodesmu | DBP 1.2-20 mg/L | Measured Scholz, 1995; as cited in
s subspicatus (72 h EC50) concentrations. No | Staples et al. 1997b
(formerly study details available
known as
Scenedesmus Supporting study,
subspicatus) Klimisch score 4
I1SO 8692 Pseudokirch | DBP 2.52 mg/L | Purity >99%, | http://echa.europa.eu/nl/re
(equivalent to nerella (2.10 to 3.12) | analytical  performed | gistration-dossier/-
OECD 201), subcapitata (72 h EC50) and confirmed nominal | /registered-
GLP concentrations, pH | dossier/14862/6/2/6/?docu
compliance not 8.0+0.3, 21+£2°C | mentUUID=702fe575-
available continuous light at 90- | b13f-45dc-a3e8-
100 microE/m2/s, | 79¢8436h71f5
control group with 6
replicates
Supporting study,
Klimisch score 2 per
REACH dossier
OECD Pseudokirch | DBP 2.7 (72 h | Static, no study details | http://echa.europa.eu/regist
Guideline 201 | nerella EC50; growth | available ration-dossier/-/registered-
subcapitata rate) dossier/1676/6/2/6/?docum
Supporting study, | entUUID=4648086d-d39f-
Klimisch score 4 40cd-b6a8-d5be8f964b16
Unclear Pseudokirch | DBP 0.75 (96 h | No details available http://echa.europa.eu/regist
nerella EC50), ration-dossier/-/registered-
subcapitata Supporting study, | dossier/1805/6/2/6
Klimisch score 2 per
REACH dossier
Other Gymnodium | DBP 0.0034 - 0.2 | No study  details | Wilson et al. (1978), as
breve (96 h ECH0), | available cited in ECB 2004; Staples
(marine based on 1997b
dinoflagellat growth rate Supporting study,
e species) Klimisch score 4

The study results that were the basis for the proposed

above.

Also see Appendix 1.
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Acute (short-term) toxicity to fish

LC50 values for mortality in fish in acute toxicity tests ranged from 0.35 to 16.3 mg/L. Three studies
conducted with methods equivalent to standard test protocols were available. The lowest 96-hr LC50
resulting from these studies was deemed relevant for classification purposes.  This study
(http://echa.europa.eu/nl/registration-dossier/-/registered-dossier/14862/6/2/2/?documentUUID=3d142al1-
4d22-4269-b3fa-6a50ee909646), which was conducted according to standard EPA methods, was GLP
compliant, included analytical verification, and reported 96-hr LC50s from four species. The most
sensitive species tested in this study was bluegill (Lepomis macrochirus), with a 96-hr LC50 of 0.48 mg/L.
This value will be used for the purposes of classification.

Acute (short-term) toxicity to aquatic invertebrates

Reported EC50 or LC50 values for invertebrates based on mortality or immobilization, respectively,
ranged from 0.5 to 6.8 mg/L. Four studies conducted with methods equivalent to standard test protocols
were available. The lowest EC50 resulting from these studies was deemed relevant for classification
purposes. This study (http://echa.europa.eu/nl/registration-dossier/-/registered-
dossier/14862/6/2/4/?documentUUID=76cb4585-6ab1-41a9-a892-7a5d2472fab8), which was conducted
with methods equivalent to standard EPA methods, was GLP compliant, included analytical verification,
and reported 96-hr EC/LC50s from three species. The most sensitive species tested in this study was
mysid shrimp (M. bahia), with a 96-hr LC50 of 0.5 mg/L. This value will be used for the purposes of
classification.

Acute (short-term) toxicity to algae or aquatic plants

ECx, values for algae ranged from 0.0034 to 8.38 mg/L. The lowest EC50 (0.0034 mg/L) was reported
from a study conducted with a marine dinoflagellate species (Gymnodium breve). This is a non-standard
species and no details are available to assess the reliability of this study. Further, this study was noted to
have very poor reproducibility (ECB, 2004); thus, it is not sufficient for the purposes of classification.
Three studies conducted with methods equivalent to standard test protocols were available. The lowest
EC50 resulting from these studies was deemed relevant for classification purposes. This study
(http://echa.europa.eu/nl/registration-dossier/-/registered-dossier/14862/6/2/6/?documentUUID=54c24fb2-
8344-45fb-b545-83c57a81aea9), which was conducted with methods equivalent to standard EU methods
and was GLP compliant, reported a 72-hr EC50 of 2.12 mg/L for Desmodesmus subspicatus, based on
biomass. Though this study did not perform analytical verification, this EC50 is in the same range as other
studies performed with this species that reported a measured 72-EC50 of 1.2 -2.0 (Scholz, 1995; Staples et
al. 1997b). Thus, the EC50 value of 2.12 mg/L will be used for the purposes of classification.

Acute (short-term) toxicity to other aquatic organisms

No data relevant to classification available.
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9.1.6 Long-term aquatic hazard
Table 44: Summary of relevant information on chronic aguatic toxicity
Method, | Species Test Results Remarks References
test material | Key or
guideline Supportive
, and study
deviation Remarks
(s) if any Reference
Fish
US. EPA- | Oncorhyn | DBP 99-day NOEC, | Analytical verification | Ward and Boeri,
TSCA, chus based on | performed (measured | 1991, as cited in
40 CFR, | mykiss growth values 71 to 85% of | http://echa.europa.e
Part (weight) = 0.1 | nominal values), eggs were | u/nl/registration-
791.1600 mg/L (100 | placed in the exposure | dossier/-/registered-
pg/L)  Flow- | chambers  approximately | dossier/14862/6/2/3
through, 4.5 hours after fertilization, | /?documentUUID=
measured 100 eggs were placed in | 5b4a92fe-50c3-
concentrations | dilution  water  control | 4173-bb36-
(arithmetic. exposure chambers (50 per | f5af0d65ee91
mean) duplicate chamber),
harness 164 to 180 mg/L
as CaCoOg3, alkalinity 119
to 132 mg/L as CaCOg3,
pH 7.0 to 8.2, conductivity
380 to 990 umhos/cm, DO
remained at >75%
saturation, temperature 10
to 12°C 15 °C. Mean
measured  concentrations
were 0.10, 0.19, 0.40, 0.84
and 1.7 mg/L (71-85% of
nominal).
Key study, Klimisch score
2 per REACH dossier
Non- Murray DBP 90-day LOEC, | Only three test | Bhatia et al, 2014b
guideline, | rainbow based on | concentrations used.
static fish growth = | Effects examined at 30, 60,
renewal (Melanota 0.005 mg/L | and 90 days. Four beakers
test study | enia (5pg/L); containing four fish in
fluviatilis) NOEC, based | each were used (16 fish per
(non- on growth < | treatment per time interval
standard 0.005 mg/L | with 240 total fish).
species) (5ug/L) Temperature 23 £ 0.1 °C,
(inferred) conductivity — 1231-1241
uS/cm, pH 6.8-7.1, DO
above 80%. Analytical
verification performed
(measured concentrations
were 70-80% of nominal
for the 15 and 50ug/L test
levels; 120% for the 5ug/L
level).  Negative and
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solvent controls present.
Control fish showed a
normal growth pattern over
90 days

Histological evaluation
using system described in
detail (Bhatia et al., 2014)
as well as concentration of
sex hormones E2 and 11-
KT  were  evaluated.
Results indicated The
lowest observed effective
concentration to affect the
condition  factor  after
90 days was 5pg/L
Complete feminization of
the gonad was noted in fish
exposed to 5pugl(-1) for
90days and to 15 and
50 pg /L of DnBP for 30 or
60 days. After 90 days of
exposure to DnBP, the
ovaries were regressed and
immature as opposed to
the control fish which were
in early-vitellogenic stage.
Testes, present only in fish
exposed to Spug/L of
DnBP for 30 or 60 days,
were immature in
comparison to the control
fish that contained testes in
the mid-spermatogenic
phase. The E2/11-KT ratio
was significantly higher
only after exposures to
5 ug/L DnBP for 90 days
and 50pug/L DnBP for
30 days.

Key study, Klimisch score
2

Aquatic invertebrates

OECD Daphnia | DBP 21-day NOEC | Semi-static, no  further | http://fecha.europa.e
Guideline | magna = 0.33 mg/L | details provided u/registration-
211 Water based on dossier/-/registered-
flea reproduction | Supporting study, | dossier/1676/6/2/5
Klimisch score 4
Not Daphnia | DBP 21-day NOEC | Measured concentrations, | Defoe et al., 1990,
available magna = 0.11 to 1.05 | no further details provided | as cited in Staples
Water mg/L based on 1997b
flea survival and | Supporting study,
reproduction Klimisch score 4
Non- Gammar | DBP 25-day NOEC | Test concentrations of 100, | http://echa.europa.e
guideline us pulex = 0.1 mg/L, | 500 pg/L, 10-12 °C, u/nl/registration-
study based on | No. of organisms per | dossier/-/registered-
measuring locomotion vessel:25 dossier/14862/6/2/5
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locomotor No. reps per concentration: | /?documentUUID=
activity, 3 dfd0d0fa-7c9b-
flow- No. of vessels per control 41ed-a9ch-
through (replicates): 2 29bh83f0e015
Supporting study,
Klimisch score 2 per
REACH dossier

Algae and aquatic plants

EU Desmode | DBP 1.88 (1.27- | Purity not noted, static, no | http://echa.europa.e

Method smus 2.43)  mg/L | analytical performed, 24- | u/nl/registration-

C.3 (Algal | subspicat (72 h EC10) | 25°C, pH  7.19-9.21, | dossier/-/registered-

Inhibition | us based on | continuous light at 6 000 - | dossier/14862/6/2/6

test), GLP growth rate 10 000 lux, control group | /?documentUUID=

compliant 5 mg/L (72 h | with 6 replicates 54c24b2-8344-
NOEC) based 45fb-b545-
on growth rate | Supporting study, | 83c57a8laea9
0.13 (0.08- | Klimisch score 1 per
0.20)0 mg/L | REACH dossier
(72 h EC10)
based on
biomass

92/69/EE | Desmode | DBP 0.5 (72-h | Measured concentrations. | Scholz, 1995;

C smus NOEC), based | No study details available | Staples et al. 1997b
subspicat on growth
us rate, cell | Supporting study,

(formerly growth Klimisch score 4
known as

Scenedes

mus

subspicat

us)

ISO 8692 | Pseudoki | DBP 1.49 (1.08 - 2. | Purity  >99%, static, | http://echa.europa.e

(equivalen | rchnerell 06) mg/L (72 | analytical performed, | u/nl/registration-

tto OECD | a h EC10) results based on measured | dossier/-/registered-

201), GLP | subcapit concentrations, pH | dossier/14862/6/2/6

complianc | ata 8.0+0.3, 21+2°C | /?documentUUID=

e not continuous light at 90-100 | 702fe575-b13f-

available microE/m2/s, control | 45dc-a3e8-

group with 6 replicates 79c8436b71f5
Supporting study,

Klimisch score 2 per

REACH dossier

OECD Pseudoki | DBP 0.3 mg/L (72 h | Static, no study details | http://echa.europa.e

Guideline | rchnerell NOEC; available u/registration-

201 a growth rate) dossier/-/registered-
subcapit Supporting study, | dossier/1676/6/2/6/
ata Klimisch score 4 ?documentUUID=4

648086d-d39f-
40cd-b6a8-
d5be8f964b16
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Other Selenastr | DBP NOEC = 2.8 | No study details | Melin and Egnéus (1983), as
um mg/L (7 d) available cited in ECB, 2004
capricor
nutum* Supporting
study, Klimisch
score 4
Other Selenastr | DBP NOEC = 0.8 | No study details | CMA (1984), as cited in ECB,
um mg/L (10 d) available 2004
capricor
nutum Supporting
study, Klimisch
score 4
Other Dunaliell | DBP NOEC = 0.28 | No study details | Acey et al. (1987), as cited in
(marine) a parva mg/L (7 d), | available ECB, 2004; Staples et al.
based on cell 1997b
aggregation Supporting
study, Klimisch
score 4
Other Thalassi | DBP NOEC = 2.0 | No study details | Acey et al. (1987), as cited in
(marine) osira mg/L (4 d) available ECB, 2004
pseudom
ona Supporting
study, Klimisch
score 4
Other Syneccho | DBP 0.002 (14 d | No study details | Acey et al. (1987), as cited in
(marine) coccus LOEC) available ECB, 2004
lividus
DBP caused a | Supporting
decrease only | study, Klimisch
in the number | score 4
of non-
aggregated S.
lividus.
Nevertheless,
very low
concentrations
of DBP seem
to affect the
growth
behaviour of
these blue-
green  algae.
(ECB, 2004)

* now known as Pseudokirchneriella subcapitata

The study results that were the basis for the proposed classification are highlighted in bold in the Table

above.

Also see Appendix 1

Chronic toxicity to fish

Two studies are available that examine chronic toxicity in fish. Oncorhynchus mykiss showed
decreased growth at concentrations above 0.1 mg/L (99-day NOEC of 0.1 mg/L) in a 99-day flow-through
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test (Ward and Boeri, 1991, as cited in http://echa.europa.eu/nl/registration-dossier/-/registered-
dossier/14862/6/2/3). In a non-standard, well documented test, conducted with Murray rainbow fish
(Melanotaenia fluviatilis), reduction in growth was observed at 0.005 mg/L after 90 days (90-day LOEC of
0.005 mg/L reported, 90-day NOEC of < 0.005 mg/L inferred (Bhatia et al, 2014b). Conservatively, the
NOEC value of < 0.005 mg/L was used for classification. Note that this study also examined sex steroid
hormone concentrations and gonadal development; however, these endpoints are not currently used in
GHS classification.

Chronic toxicity to aquatic invertebrates

NOEC values from long-term toxicity tests conducted with aquatic invertebrates ranged from 0.1 to
1.05 mg/L. The lowest NOEC (25-day NOEC of 0.1 mg/L) was reported from a study examining
locomotor activity of Gammarus pulex under flow-through conditions
(http://echa.europa.eu/nl/registration-dossier/-/registered-dossier/14862/6/2/5/?documentUUID=dfd0d0fa-
7c9b-41ed-a9¢ch-29bb83f0e015). A study, reportedly conducted according to standard test guideline
OECD 211, resulted in a 2l-day NOEC of 033 mg/L for Daphnia magna
(http://echa.europa.eu/registration-dossier/-/registered-dossier/1676/6/2/5). Both of these studies, as well
as the remaining data reported for aquatic invertebrates in Table 41, demonstrated NOECs between 0.1 and
1.0 mg/L and will be considered for classification.

Chronic toxicity to algae or aquatic plants

NOEC/ECI10 values for algae ranged from <0.002 to 5 mg/L. The lowest NOEC (<0.002 mg/L) was
reported from a study conducted with a marine, blue-green algae (Synecchococcus lividus). This is a non-
standard species and no details are available to assess the reliability of this study. Furthermore, it was noted
by ECB (2004) that “DBP caused a decrease only in the number of non-aggregated S. lividus, and when
counting the total number ...a significant increase was found at all test concentrations.” Thus, this study
result is not considered for the purposes of classification. Three studies conducted with methods equivalent
to standard test protocols were available. The lowest NOEC/EC10 resulting from these studies was deemed
relevant for classification purposes. This study (http://echa.europa.eu/nl/registration-dossier/-/registered-
dossier/14862/6/2/6/?documentUUID=54c24fh2-8344-45fb-b545-83c57a81aea9), which was conducted
with methods equivalent to standard EU methods and was GLP compliant, reported a 72-hr EC10 of 0.13
mg/L for Desmodesmus subspicatus, based on biomass. Though this study did not perform analytical
verification, this EC10 is in the same range as another study performed with this species that reported a
measured 72-h NOEC of 0.5 (Scholz, 1995; as cited in Staples et al. 1997b). Thus, the EC10 value of 0.13
mg/L (based on biomass analysis, ECHA report) will be used for the purposes of classification.

Chronic toxicity to other aquatic organisms

No data relevant for classification are available.
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9.1.7 Comparison with the GHS criteria for hazardous to the aquatic environment
Acute aquatic hazard

There are adequate data from acute toxicity studies available for all trophic levels (see section 9.1.5
and Table 43 for more details).

A study with several species of fish that was conducted according to standard guidelines, under GLP
and with analytical verification was considered relevant for classification purposes. The 96-hr LC50 of
0.48 mg/L for bluegill (Lepomis macrochirus), which was the most sensitive species, was selected for
classification purposes.

A study with several species of aquatic invertebrates that was conducted according to standard
guidelines, under GLP and with analytical verification was considered relevant for classification purposes.
The 96-hr LC50 of 0.5 mg/L for mysid shrimp (Mysidopsis bahia, currently known as Americamysis
bahia), which was the most sensitive species, was selected for classification purposes.

In algae, three studies were performed according to OECD TG 201 or similar methodology. The
lowest reported72-hr EC50 from these studies (2.12 mg/L for Desmodesmus subspicatus, based on
biomass) was used for classification purposes.

Comparing the information from the most sensitive trophic group (fish with a 96-hr LC50 of 0.48
mg/L), derived from the most reliable and fully documented acute aquatic toxicity studies available with
the GHS criteria (Table 4.1.1.(a)), results in a classification of Category Acute 1, M factor = 1 [acute
aquatic toxicity value above 0.1 but below (or equal to) 1 mg/L].
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Long-term aquatic hazard (including bioaccumulation and degradation)
Bioaccumulation

Measured logKow values for DBP are > 4, ranging from 4.46 to 4.57, indicating that DBP has a
potential for bioaccumulation. Measured BCF values vary drastically depending on the methodology
employed. Studies using measurement of **C-labelled material likely overestimate the BCF, as results
would reflect measured **C-DBP, any “C-labelled metabolites of DBP, as well as **C built into the tissue
of the organism in e.g. fatty acids. BCFs derived from these types of studies were 2125 for fish and 2.9 to
6700 for invertebrates. A GLP compliant study, conducted according to OECD guideline 305 E found a
BCF of 1.8 for DBP in Carp (Cyprinus carpio); however, the primary metabolite (mono-ester MBP) was
not measured in this study. Therefore, this study only reflects the BCF for the parent compound. Thus, the
true BCF of DBP and major metabolites in fish is likely between 1.8 and 2125. Per UN GHS 2015, Annex
9, A9.5.2.3.9.4, if only BCFs based on parent compound and on radiolabeled measurements are available,
the latter should be used for classification. Thus, conservatively, based on the measured BCF value derived
in fish of 2125, DBP has the potential for bioaccumulation.

Rapid degradation
DBP is considered to be readily degradable based on the data available.
Chronic aquatic toxicity

As shown in section 9.1.6, chronic aquatic toxicity of DBP is available for all three trophic levels, and
included studies deemed relevant for classification purposes.

In fish, the NOEC derived from a non-standard, well documented test, conducted with Murray
rainbow fish (Melanotaenia fluviatilis) of 0.005 mg/L was, conservatively, deemed relevant to be used for
classification purposes.

In aquatic invertebrates, all NOECs reported were >0.1 and <1.0 mg/L, including the two studies
deemed relevant to be used for classification purposes.

In algae, three studies were performed according to OECD TG 201 or similar methodology. The
lowest reported 72-hr EC10 from these studies (0.13 mg/L for Desmodesmus subspicatus, based on
biomass) was used for classification purposes.

Comparing the information from the most sensitive trophic group (fish with a NOEC of 0.005 mg/L),
derived from the most reliable and fully documented acute aquatic toxicity studies available with the GHS

criteria (Table 4.1.1.(bii)), results in a classification of Category Chronic 1, M factor = 1 [rapidly
degradable, chronic aquatic toxicity value above 0.001 but below (or equal to) 0.01 mg/L; Table 4.1.5].

9.1.8 Conclusion on classification and labelling for hazardous to the aquatic environment

Aguatic Acute 1, M factor = 1; Aquatic Chronic 1, M factor 1

Potential to bioaccumulate
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9.2 HAZARDOUS TO THE OZONE LAYER
9.21 Conclusion on classification and labelling for hazardous to the ozone layer

DBP is not listed as a controlled substance in the annexes to the Montreal Protocol, and thus is not
classified as hazardous to the ozone layer.

109



ENV/JIM/MONO(2016)46

REFERENCES

Abe, S and Sasaki, M. (1977) Chromosome aberrations and sister chromatid exchanges in Chinese
hamster cells exposed to various chemicals. J Natl Cancer Inst 58:1635-1641. (Abstract not
available)

Ahmad R, Gautam AK, Verma Y, Sedha S, Kumar S. Effects of in utero di-butyl phthalate and
butyl benzyl phthalate exposure on offspring development and male reproduction of rat.
Environ SciPollut Res Int. 2014 Feb;21(4):3156-65. doi: 10.1007/s11356-013-2281-x. Epub
2013 Nov 10. (Cited in Pubmed)

Ahn M, Kim H, Ryu J, Kim H, Park H, Kim J, Im J. Differentially Regulated Genes Expression In
The Testis Of Sprague-Dawley Rats Treated With Di(N-Butyl) Phthalate. Toxicol Sci 2006
Mar;90(1-S):219-20 (Abstract cited in TOXLINE)

Alam MS, Andrina BB, Tay TW, Tsunekawa N, Kanai Y, Kurohmaru M. Single administration of
di(n-butyl) phthalate delays spermatogenesis in prepubertal rats. Tissue Cell. 2010a, Apr;
42(2):129-35. (Abstract cited in TOXLINE)

Alam MS, Ohsako S, Tay TW, Tsunekawa N, Kanai Y, Kurohmaru M. Di(n-butyl) phthalate
induces vimentin filaments disruption in rat sertoli cells: a possible relation with
spermatogenic cell apoptosis. Anat Histol Embryol. 2010b  Jun;39(3):186-93. doi:
10.1111/j.1439-0264.2010.00993.x. Epub 2010 Mar 11. (Cited in Pubmed)

Albro PW and Moore B. Identification Of The Metabolites Of Simple Phthalate Diesters In Rat
Urine. J Chromatography 94: 209-218, 1974. (Abstract cited in TOXLINE)

Aly HA, Hassan MH, El-Beshbishy HA, Alahdal AM, Osman AM. Dibutyl phthalate induces
oxidative stress and impairs spermatogenesis in adult rat. Toxicol Ind Health.2015 Jan
22.pii: 0748233714566877. [Epub ahead of print] (Cited in Pubmed)

Antonyuk OK [1963]. About the toxicity of didodecylphthalate. Gig Tr Prof Zabol 17(11):51-52
(in Russian).

Antonyuk OK, Aldyreva MV [1973]. Substantiation of maximum permissible concentration of
dibutyl phthalate in the air of industrial premises. Gig Tr Prof Zabol 17(8):26-30 (in
Russian).

Aoki KA, Harris CA, Katsiadaki I, Sumpter JP. Evidence suggesting that di-n-butyl phthalate has
antiandrogenic effects in fish. Environ Toxicol Chem. 2011, Jun; 30(6):1338-45. (Abstract
in TOXNET)

Auharek SA, de Franca LR, McKinnell C, Jobling MS, Scott HM, Sharpe RM. Prenatal plus
postnatal exposure to Di(n-Butyl) phthalate and/or flutamide markedly reduces final sertoli
cell number in the rat. Endocrinology. 2010 Jun;151(6):2868-75. doi: 10.1210/en.2010-
0108. Epub 2010 Apr 14. (Cited in Pubmed)

110



ENV/IM/MONO(2016)46

Author not disseminated (2016). Dossier published date 17-Feb-2011, modified 20-Apr-2016.
REACH registration dossier. http://echa.europa.eu/nl/registration-dossier/-/registered-
dossier/14862

Author not disseminated (2015). Dossier published date 17-Feb-2011, modified 24-Dec-2015.
REACH registration  dossier.  http://echa.europa.eu/registration-dossier/-/registered-
dossier/1676

Author not disseminated (2015b). Dossier published date 17-Feb-2011, modified 24-Dec-2015.
REACH registration  dossier.  http://echa.europa.eu/registration-dossier/-/registered-
dossier/1805

Bao AM, Man XM, Guo XJ, Dong HB, Wang FQ, Sun H, Wang YB, Zhou ZM, Sha JH. Effects
of di-n-butyl phthalate on male rat reproduction following pubertal exposure. Asian J
Androl. 2011, Sep; 13(5):702-9. (Abstract cited in TOXLINE)

Barber ED et al. (1987). Peroxisome induction studies on seven phthalate esters. Toxicol. Ind.
Health 3(2), 7-22. (As summarized in EC, 2003)

Barber, ED; Cifone, M; Rundell, J; et al. (2000) Results of the L5178Y mouse lymphoma assay
and the Balb/3T3 cell in vitro transformation assay for eight phthalate esters. J Appl Toxicol
20:69-80. (Abstract from Toxline)

Barlow NJ and Foster PM. Chronology of di(n-butyl)phthalate-induced reproductive tract lesions
in male rats exposed in utero. Toxicologist 2001 Mar;60(1):216. (Abstract cited in
TOXLINE)

Barlow NJ and Foster PM. Pathogenesis of male reproductive tract lesions from gestation through
adulthood following in utero exposure to Di(n-butyl) phthalate. Toxicol Pathol. 2003 Jul-
Aug; 31(4):397-410. (Abstract cited in TOXLINE)

Barlow NJ, Mclintyre BS, Foster PM. Male reproductive tract lesions at 6, 12, and 18 months of
age following in utero exposure to di(n-butyl) phthalate. Toxicol Pathol. 2004 Jan-Feb;
32(1):79-90. (Abstract cited in TOXLINE)

Bello UM, Madekurozwa MC, Groenewald HB, Aire TA, Arukwe A. The effects on
steroidogenesis and histopathology of adult male Japanese quails (Coturnix coturnix
japonica) testis following pre-pubertal exposure to di(n-butyl) phthalate (DBP). Comp
Biochem Physiol C Toxicol Pharmacol. 2014, Nov; 166:24-33. (Abstract cited in
TOXLINE)

Bhatia H, Kumar A, Du J, Chapman J, McLaughlin MJ. Di-n-butyl phthalate causes

antiestrogenic effects in female Murray rainbowfish (Melanotaenia fluviatilis). Environ
Toxicol Chem. 2013, Oct; 32(10):2335-44. (Abstract in TOXNET)

111



ENV/JIM/MONO(2016)46

Bhatia H, Kumar A, Ogino Y, Gregg A, Chapman J, McLaughlin MJ, Iguchi T. Di-n-butyl
phthalate causes estrogenic effects in adult male Murray rainbowfish (Melanotaenia
fluviatilis). Aquat Toxicol. 2014, Apr; 149:103-15. (Abstract cited in TOXLINE)

Bhatia H, Kumar A, Chapman JC, McLaughlin MJ. Long-term exposures to di-n-butyl phthalate
inhibit body growth and impair gonad development in juvenile Murray rainbowfish
(Melanotaenia fluviatilis). J Appl Toxicol. 2014, Jul; 35(7):806-16. (TOXLINE)

Bowman CJ, Turner KJ, Sar M, Barlow NJ, Gaido KW, Foster PM. Altered Gene Expression
During Rat Wolffian Duct Development Following Di(n-butyl)phthalate Exposure. Birth
Defects Res Part A Clin Mol Teratol 2004 May;70(5):297. (Abstract cited in TOXLINE)

Burridge LE and Haya K. A review of di-n-butylphthalate in the aquatic environment: Concerns
regarding its use in salmonid aquaculture. Journal of the World Aquaculture Society; 26 (1).
1995. 1-13. (Abstract in TOXNET)

Carruthers CM and Foster P. Critical Window Of Male Reproductive Tract Development In Rats
Following Gestational Exposure To Di-N-Butyl Phthalate. Toxicol Sci 2005a Mar;84(1-
S):113. (Abstract cited in TOXLINE)

Carruthers CM and Foster PM. Critical window of male reproductive tract development in rats
following gestational exposure to di-n-butyl phthalate. Birth Defects Res B Dev Reprod
Toxicol. 2005b, Jun; 74(3):277-85. (Abstract cited in TOXLINE)

Chang LW, Hou ML, Tsai TH. Pharmacokinetics of Dibutyl Phthalate (DBP) in the Rat
Determined by UPLC-MS/MS. Int J Mol Sci. 2013 Jan 4;14(1):836-49. doi:
10.3390/ijms14010836. (Cited in PubMed)

Chauret C, Mayfield CI, Inniss WE. Biotransformation of di-n-butyl phthalate by a
psychrotrophic Pseudomonas fluorescens (BGW) isolated from subsurface environment.
Canadian Journal of Microbiology; 41 (1). 1995. 54-63. (Abstract cited in TOXLINE)

Chen CY, Chou YY, Wu YM, Lin CC, Lin SJ, Lee CC. Phthalates may promote female puberty
by increasing Kisspeptin activity. Hum Reprod. 2013, Oct; 28(10):2765-73. (Abstract cited
in TOXLINE)

Chen FP and Chien MH. Lower concentrations of phthalates induce proliferation in human breast
cancer cells. Climacteric. 2014, Aug; 17(4):377-84. (Abstract cited in TOXLINE)

Chen P, Li S, Liu L, Xu N. Long-term effects of binary mixtures of 17a-ethinyl estradiol and
dibutyl phthalate in a partial life-cycle test with zebrafish (Danio rerio). Environ Toxicol
Chem. 2015, Mar; 34(3):518-26. (Abstract cited in TOXLINE)

Chen X, Zhou QH, Leng L, Chen X, Sun ZR, Tang NJ. Effects of di(n-butyl) and monobutyl
phthalate on steroidogenesis pathways in the murine Leydig tumor cell line MLTC-1.
Environ Toxicol Pharmacol. 2013 Sep;36(2):332-8. doi: 10.1016/j.etap.2013.04.013. Epub
2013 May 6. (Cited in Pubmed)

112



ENV/IM/MONO(2016)46

Choi H, Kim J, Im Y, Lee S, Kim Y. The association between some endocrine disruptors and
hypospadias in biological samples. J Environ Sci Health A Tox Hazard Subst Environ Eng.
2012; 47(13):2173-9. (Abstract cited in TOXLINE)

Choi KS, Kim SH, Kim SS, Rhee GS, Sohn KH, Kwack SJ, Chae SY, Choi YW, Won YH, Lee
SJ. Di-n-butyl phthalate and its metabolite mono-n-butyl phthalate induced G1 cell cycle
arrest and apoptosis in cultured rat embryonic limb bud cells. Environmental Sciences
2002;9(2-3):188. (Abstract cited in TOXLINE)

Chopra V, Harley K, Lahiff M, Eskenazi B. Association between phthalates and attention deficit
disorder and learning disability in U.S. children, 6-15 years. Environ Res. 2014 Jan;128:64-
9. doi: 10.1016/j.envres.2013.10.004. Epub 2013 Nov 19. (Cited in PubMed)

Chu DP, Tian S, Sun DG, Hao CJ, Xia HF, Ma X. Exposure to mono-n-butyl phthalate disrupts
the development of preimplantation embryos. Reprod Fertil Dev. 2013; 25(8):1174-84.
(Abstract cited in TOXLINE)

Clewell RA, Kremer JJ, Williams CC, Campbell JL, Sochaski MA, Andersen ME, Borghoff SJ.
Kinetics of selected di-n-butyl phthalate metabolites and fetal testosterone following
repeated and single administration in pregnant rats. Toxicology. 2009 Jan 8;255(1-2):80-90.
doi: 10.1016/j.tox.2008.10.010. Epub 2008 Nov 1. (Cited in Pubmed)

CPSC (Consumer Product Safety Commission). 2010. Toxicity Review of Di-n-butyl Phthalate.
Critical Ingredients Review (CIR) Expert Panel (1985).

Craig ZR, Hannon PR, Wang W, Ziv-Gal A, Flaws JA. Di-n-butyl phthalate disrupts the
expression of genes involved in cell cycle and apoptotic pathways in mouse ovarian antral
follicles. Biol Reprod. 2013, Jan; 88(1):23. (Abstract cited in TOXLINE)

Cripe CR, Walker WW, Pritchard PH, Bourquin AW. A shake-flask test for estimation of
biodegradability of toxic organic substances in the aquatic environment.  Ecotoxicol
Environ Saf. 1987, Dec; 14(3):239-51. (Abstract in TOXNET)

Dickson-Spillmann M, Siegrist M, Keller C, Wormuth M. Phthalate exposure through food and
consumers' risk perception of chemicals in food. Risk Anal. 2009, Aug; 29(8):1170-81.
(Abstract cited in TOXLINE)

Dobrzynska MM, Tyrkiel EJ, Pachocki KA. Developmental toxicity in mice following paternal
exposure to Di-N-butyl-phthalate (DBP). Biomed Environ Sci. 2011, Oct; 24(5):569-78.
(Abstract cited in TOXLINE)

Duty SM, Silva MJ, Barr DB, Brock JW, Ryan L, Chen Z, Herrick RF, Christiani DC, Hauser R.
Phthalate exposure and human semen parameters. Epidemiology. 2003, May; 14(3):269-77.
(Abstract in Toxline)

113



ENV/JIM/MONO(2016)46

ECB (European Chemicals Bureau). 2004. European Union Risk Assessment Report for dibutyl
phthalate, with addendum. 1st Priority List Volume: 29. European Commission Joint
Research Centre. EUR 19840 EN - this is an update of the EC (2003) with additional
information for environmental only, animal and human information remains the same as the
2003 report.

ECHA (European Chemicals Agency). 2008. Member State Committee Support Document for
Identification of Dibutyl Phthalate (DBP) as a Substance of Very High Concern. Accessed

on June 5, 2015, at
http://echa.europa.eu/documents/10162/13638/svhc_supdoc_dibutylphthalate_publication_e
n.pdf

Elsisi, A. E., Carter, D. E., & Sipes, I. G. (1989). Dermal absorption of phthalate diesters in rats.
Fundamental and Applied Toxicology , 12, 70-77. (As summarized in CPSC, 2010)

Ema M, Amano H, Ogawa Y. Characterization of the developmental toxicity of di-n-butyl
phthalate in rats. Toxicology. 1994, Feb 7; 86(3):163-74. (Abstract cited in TOXLINE)

Ema M, Kurosaka R, Amano H, Ogawa Y. Phase specificity of the developmental toxicity of
mono-n-butyl phthalate in rats. International Toxicologist 1995 Jul;7(1):AB# 74-P-3.
(Abstract cited in TOXLINE)

Ema M, Kurosaka R, Harazono A, Amano H, Ogawa Y. Phase specificity of developmental
toxicity after oral administration of mono-n-butyl phthalate in rats.  Archives of
Environmental Contamination and Toxicology; 31 (2). 1996. 170-176. (Abstract cited in
TOXLINE)

Ema M, Miyawaki E, Harazono A, Kawashima K, Ogawa Y. Developmental toxicity of dibutyl
phthalate after a single administration in rats. J Toxicol Sci 1998a Jul;23(Suppl 2):313
(Abstract cited in TOXLINE)

Ema M et al. (1998b). Further evaluation of developmental toxicity of di-n-butyl phthalate
following administration during late pregnancy of rats. Toxicol. Lett. 98, 87-93. (As
summarized in EC, 2003)

Ema M, Miyawaki E, Kawashima K. Developmental toxicity of dibutyl phthalate after
administration during the second half of pregnancy in rats. Teratology 1999 May;59(5):39A.
(Abstract cited in TOXLINE)

Ema M, Miyawaki E, Kawashima K. Reproductive effects of dibutyl phthalate in pregnant and
pseudopregnant rats. Teratology 2000a Sep;62(3):44A. (Abstract cited in TOXLINE)

Ema, M; Miyawaki, E; Kawashima, K. (2000b) Critical period for adverse effects on development
of reproductive system in male offspring of rats given di-n-butyl phthalate during later
pregnancy. Toxicol Lett 111:271-278.

Ema, M; Miyawaki, E. (2001c) Effects of monobutyl phthalate on reproductive function in
pregnant and pseudopregnant rats. Repro Toxicol 15:261-267.

114



ENV/IM/MONO(2016)46

Ema M and Miyawaki E. Effects of dibutyl phthalate on the development of the reproductive
system in rat male offspring. Teratology 2001 Apr;63(4):39A. (Abstract cited in TOXLINE)

Ema M. Antiandrogenic effects of dibutyl phthalate and its metabolite, monobutyl phthalate.
Congenit Anom Kyoto 2002 Sep;42(3):234 (Abstract cited in TOXLINE)

Euling SY, Thompson CM, Chiu WA, Benson R. An approach for integrating toxicogenomic data
in risk assessment: the dibutyl phthalate case study. Toxicol Appl Pharmacol. 2013a, Sep
15; 271(3):324-35. (Abstract cited in TOXLINE)

Euling SY, White LD, Kim AS, Sen B, Wilson VS, Keshava C, Keshava N, Hester S, Ovacik
MA, lerapetritou MG, Androulakis IP, Gaido KW. Use of genomic data in risk assessment
case study: Il. Evaluation of the dibutyl phthalate toxicogenomic data set. Toxicol Appl
Pharmacol. 2013b, Sep 15; 271(3):349-62. (Abstract cited in TOXLINE)

EC (European Communities). 2003. European Union Risk Assessment Report. Dibutyl Phthalate.
Office for Official Publications of the European Communities, Luxembourg, ISBN 92-894-
1276-3

EU (European Union) 2001. OECD SIDS Initial Assessment Profile. Dibutylphthalate. Accessed
at http://webnet.oecd.org/hpv/ui/handler.axd?id=2596b98b-5b94-4766-a3ac-40052d191172
on June 16, 2015

European Chemicals Bureau; European Union Risk Assessment Report, Dibutyl Phthalate (84-74-
2) 1st Priority List Vol 29 p.94 Report 003 (2003). Available from, as of April 21, 2008:
http://esis.jrc.ec.europa.eu/

Fairbairn EA, Bonthius J, Cherr GN. Polycyclic aromatic hydrocarbons and dibutyl phthalate
disrupt dorsal-ventral axis determination via the Wnt/B-catenin signaling pathway in
zebrafish embryos. Aquat Toxicol. 2013, Nov 15; 124-125:188-96. (Abstract in
TOXNET)

Fang CR, Long YY, Shen DS. Transformation of dibutyl phthalate in bioreactor landfill. Huan
Jing Ke Xue. 2012, Apr; 33(4):1397-403. (Abstract cited in TOXLINE)

Fennell, T. R., Krol, W. L., Sumner, S. C., & Snyder, R. W. (2004). Pharmacokinetics of
dibutylphthalate in pregnant rats. Toxicological Sciences, 82, 407-418. (As summarized in
CPSC, 2010)

Filipiak E, Walczak-Jedrzejowska R, Krupinski M, Oszukowska E, Marchlewska K, Dtugonski J,
Kula K, Stowikowska-Hilczer J. Di(n-butyl) phthalate has no effect on the rat prepubertal
testis despite its estrogenic activity in vitro. Folia Histochem Cytobiol. 2011;49(4):685-9.
(Cited in Pubmed)

Foster, P.M., L.V. Thomas, M.W. Cook, and S.D. Gangolli. 1980. Study of the testicular effects
and changes in zinc excretion produced by some n-alkyl phthalates in the rat. Toxicol. Appl.
Pharmacol. 54(3):392-398. (Summary based on page 43 of NRC, 2008)

115



ENV/JIM/MONO(2016)46

Frederiksen H, Kranich SK, Jgrgensen N, Taboureau O, Petersen JH, Andersson AM. Temporal
variability in urinary phthalate metabolite excretion based on spot, morning, and 24-h urine
samples: considerations for epidemiological studies. Environ Sci Technol. 2013 Jan
15;47(2):958-67. doi: 10.1021/es303640b. Epub 2012 Dec 24. (Cited in Pubmed)

Fukuoka M, Tanimoto T, Zhou Y, Kawasaki N, Tanaka A, Ikemoto |, Machida T. Mechanism of
testicular atrophy induced by di-n-butyl phthalate in rats. Part 1. J Appl Toxicol. 1989,
Aug; 9(4):277-83. (Abstract cited in TOXLINE)

Gamer AO et al. (2000). Di-n-butyl Phthalate — Subacute inhalation study in Wistar rats. 20
Exposures as a liquid aerosol. Confidential report from BASF Aktiengesellschaft,
Experimental Toxicology and Ecology, Ludwigshafen/Rhein, Germany. Project No.
4010486/98063, dated February 09, 2000. (As summarized in EC, 2003)

Gee N, Chen J, Overstreet J, Lasley B. Effect Of Dibutyl Phthalate On Urinary Estrogen
Excretion In The Pregnant Laboratory Macaque. Biol Reprod 2007;(Spec no.):152-3.
(Abstract cited in TOXLINE)

Giribabu N, Sainath SB, Sreenivasula Reddy P. Prenatal di-n-butyl phthalate exposure alters
reproductive functions at adulthood in male rats. Environ Toxicol. 2014, May; 29(5):534-
44. (Abstract cited in TOXLINE)

Goen T, Dobler L, Koschorreck J, Muller J, Wiesmiiller GA, Drexler H, Kolossa-Gehring M.
Trends of the internal phthalate exposure of young adults in Germany--follow-up of a
retrospective human biomonitoring study. Int J Hyg Environ Health. 2011, Dec; 215(1):36-
45. (Abstract cited in TOXLINE)

Gray TJ, Rowland IR, Foster PM, Gangolli SD. Species differences in the testicular toxicity of
phthalate esters. Toxicol Lett. 1982, Apr; 11(1-2):141-7. (Abstract cited in TOXLINE)

Gray, LE Jr; Wolf, C; Lambright, C; et al. (1999) Administration of potentially antiandrogenic
pesticides (procymidone, linuron, iprodione, chlozolinate, p,pN-DDE, and ketoconazole)
and toxic substances (dibutyl- and diethylhexyl phthalate, PCB 169, and ethane dimethane
sulphonate) during sexual differentiation produces diverse profiles of reproductive
malformations in the male rat. Toxicol and Ind Health 15:94-118. (Abstract cited in
TOXLINE)

Gray LE Jr, Ostby J, Furr J, Price M, Veeramachaneni DN, Parks L. Perinatal exposure to the
phthalates DEHP, BBP, and DINP, but not DEP, DMP, or DOTP, alters sexual
differentiation of the male rat. Toxicol Sci. 2000, Dec; 58(2):350-365. (Abstract cited in
TOXLINE)

Gray, L.E., Jr., J. Laskey, and J. Ostby. 2006. Chronic di-n-butyl phthalate exposure in rats
reduces fertility and alters ovarian function during pregnancy in female Long Evans hooded
rats. Toxicol. Sci. 93(1):189-195. (Abstract from Toxline and also as summarized in CPSC,
2010)

116



ENV/IM/MONO(2016)46

Gulati DK, Barnes LH, Chapin RE, Heindel J. Final report on the reproductive toxicity of di(N-
butyl)phthalate (CAS no. 84-74-2) in Sprague-Dawley rats. NTIS Technical Report
(NTIS/PB92-111996) 1991 Sep;:279 pp. (Abstract cited in TOXLINE)

Gwinn MR, Whipkey DL, Tennant LB, Weston A. Gene expression profiling of di-n-butyl
phthalate in normal human mammary epithelial cells. J Environ Pathol Toxicol Oncol.
2007; 26(1):51-61. (Abstract cited in TOXLINE)

Hamano Y et al. (1977). Studies on toxicity of phthalic acid esters. First report Teratogenic effects
in mice administered orally. Osaka-furitsu Koshu Esei kenkyusho Kenkyu Hokoka
Shokukhim Eisei Hen 8, 29-33. In: IPCS (1997) International Programme on Chemical
Safety. Environmental Health Criteria 189. Di-n-butyl Phthalate. World Health
Organization, Geneva. p. 120.

Han SW, Lee H, Han SY, Lim DS, Jung KK, Kwack SJ, Kim KB, Lee BM. An exposure
assessment of di-(2-ethylhexyl) phthalate (DEHP) and di-n-butyl phthalate (DBP) in human
semen. J Toxicol Environ Health A. 2009; 72(21-22):1463-9. (Abstract cited in TOXLINE)

Hanioka N, Takahara Y, Takahara Y, Tanaka-Kagawa T, Jinno H, Narimatsu S. Hydrolysis of di-
n-butyl phthalate, butylbenzyl phthalate and di(2-ethylhexyl) phthalate in human liver
microsomes. Chemosphere. 2012, Nov; 89(9):1112-7. (Abstract cited in TOXLINE)

Hauser R, Meeker JD, Duty S, Silva MJ, Calafat AM. Altered semen quality in relation to urinary
concentrations of phthalate monoester and oxidative metabolites. Epidemiology. 2006, Nov;
17(6):682-91. (Abstract in Toxline)

Hazardous Substance Database (HSDB). Dibutyl phthalates (Cas No. 84-74-2). Accessed April,
2015

Higuchi TT, Kane CM, Palmer JS. Veeramachaneni DN. Developmental effects of dibutyl
phthalate in frogs and rabbits. Biol Reprod 1999;60(Suppl 1):153-4. (Abstract cited in
TOXLINE)

Higuchi TT, Weber NM, Veeramachaneni DN. Characterization of developmental toxicity of di-
n-butyl phthalate using the Frog Embryo Teratogenesis Assay - Xenopus (FETAX). Biol
Reprod 2000;62(Suppl 1):245. (Abstract cited in TOXLINE)

Higuchi TT, Gray LE, Sawyer HR, Veeramachaneni DR. Chronic exposure to di-n-butyl phthalate causes
high mortality and adversely affects metamorphosis in Xenopus laevis. Biol Reprod 2001;64(Suppl
1):348-9. (Abstract cited in TOXLINE)

Higuchi, TT; Palmer, JS; Gray, LE jr.; et al. (2003) Effects of dibutyl phthalate in male rabbits following in
utero adolescent, or postpubertal exposure. Toxicol Sci 72:301-313. (Abstract cited in TOXLINE)

Howdeshell KL, Furr J, Lambright CR, Wilson VS, Gray L. Di(N-Butyl) Phthalate And Diethylhexyl
Phthalate In Combination Alter Sexual Differentiation In A Cumulative Manner As A Result Of
Depressed Fetal Testosterone Production And Insl3 Gene Expression In Male Rats. Toxicol Sci
2006 Mar;90(1-S):316. (Abstract cited in TOXLINE)

117



ENV/JIM/MONO(2016)46

Hrubé E, Pernicova Z, Palkova L, Soucek K, Vondracek J, Machala M. Phthalates deregulate cell
proliferation, but not neuroendocrine transdifferentiation, in human LNCaP prostate cancer
cell model. Folia Biol (Praha). 2014;60 Suppl 1:56-61. (Cited in PubMed)

Hsieh TH, Tsai CF, Hsu CY, Kuo PL, Lee JN, Chai CY, Wang SC, Tsai EM. Phthalates induce
proliferation and invasiveness of estrogen receptor-negative breast cancer through the
AhR/HDACG6/c-Myc signaling pathway. FASEB J. 2012 Feb;26(2):778-87. doi:
10.1096/f].11-191742. Epub 2011 Nov 2. (Cited in PubMed)

Hu J, Du G, Zhang W, Huang H, Chen D, Wu D, Wang X. Short-term neonatal/prepubertal
exposure of dibutyl phthalate (DBP) advanced pubertal timing and affected hypothalamic
kisspeptin/GPR54 expression differently in female rats. Toxicology. 2013, Dec 6;
314(1):65-75. (Abstract cited in TOXLINE)

Hu Y, Wang R, Xiang Z, Qian W, Han X, Li D. Antagonistic effects of a mixture of low-dose
nonylphenol and di-n-butyl phthalate (monobutyl phthalate) on the Sertoli cells and serum
reproductive hormones in prepubertal male rats in vitro and in vivo. PLoS One. 2014;
9(3):e93425. (Abstract cited in TOXLINE)

Hu Y, Dong C, Chen M, Chen Y, Gu A, Xia Y, Sun H, Li Z, Wang Y. Effects of monobutyl
phthalate on steroidogenesis through steroidogenic acute regulatory protein regulated by
transcription factors in mouse Leydig tumor cells. J Endocrinol Invest. 2015 Apr 23. [Epub
ahead of print] (Cited in PubMed)

Huang PC, Tien CJ, Sun YM, Hsieh CY, Lee CC. Occurrence of phthalates in sediment and
biota: relationship to aquatic factors and the biota-sediment accumulation factor.
Chemosphere. 2008, Sep; 73(4):539-44. (Abstract in TOXNET)

Hutchison GR, Sharpe RM, Mahood IK, Jobling M, Walker M, McKinnell C, Mason JI, Scott HM. The
origins and time of appearance of focal testicular dysgenesis in an animal model of testicular
dysgenesis syndrome: evidence for delayed testis development? Int J Androl. 2008, Apr; 31(2):103-
11. (Abstract cited in TOXLINE)

IPCS/WHO (1997). Di-n-butylphthalate. Environmental Health Criteria 189. IPCS/WHO.

IRDC (1984). International Research and Development Corporation. Confidential Report to
Monsanto Chemical Company provided by Hils AG. Test Article: Dibutyl Phthalate.
Subject: Study of Fertility and General Reproductive Performance in Rats (IR-83-145).
Dated: December 3, 1984. (as summarized in EC, 2003)

Ivell R, Heng K, Nicholson H, Anand-Ivell R. Brief maternal exposure of rats to the xenobiotics
dibutyl phthalate or diethylstilbestrol alters adult-type Leydig cell development in male
offspring. Asian J Androl. 2013, Mar; 15(2):261-8. (Abstract cited in TOXLINE)

Izmerov NF, Sanotsky IV, Sidorov KK [1982]. Toxicometric parameters of industrial toxic

chemicals under single exposure. Moscow, Russia: Centre of International Projects, GKNT,
p. 44.

118



ENV/IM/MONO(2016)46

Jansen EHJM et al. (1993). Confidential Report from the National Institute of Public Health and
Environmental Protection (RIVM), the Netherlands to the Dutch Chief Inspectorate of
Health Protection. Report nr. 618902013 Toxicological investigation of dibutylphthalate in
rats. Dated June 1993. (As summarized in EC, 2003)

Jiang JT, Sun WL, Jing YF, Liu SB, Ma Z, Hong Y, Ma L, Qin C, Liu Q, Stratton HJ, Xia SJ.
Prenatal exposure to di-n-butyl phthalate induces anorectal malformations in male rat
offspring. Toxicology. 2011, Dec 18; 290(2-3):322-6. (Abstract cited in TOXLINE)

Jin DC, Liang RX, Dai QY, Zhang RY, Wu XL, Chao WL. Biodegradation of di-n-butyl phthalate by
Rhodococcus sp. JDC-11 and molecular detection of 3, 4-phthalate dioxygenase gene. J Microbiol
Biotechnol. 2010, Oct; 20(10):1440-5. (Abstract cited in TOXLINE)

Jobling MS, Hutchison GR, van den Driesche S, Sharpe RM. Effects of di(n-butyl) phthalate exposure on
foetal rat germ-cell number and differentiation: identification of age-specific windows of
vulnerability. IntJ Androl. 2011, Oct; 34(5 Pt 2):e386-96. (Abstract cited in TOXLINE)

Johnson BT, Heitkamp MA, Jones JR. Environmental and chemical factors influencing the
biodegradation of phthalic-acid esters in freshwater sediments. Environ Pollut Ser B Chem
Phys; 8 (2). 1984. 101-118. (Abstract in TOXNET)

Johnson KJ, McDowell EN, Viereck MP, Xia JQ. Species-specific dibutyl phthalate fetal testis
endocrine disruption correlates with inhibition of SREBP2-dependent gene expression
pathways. Toxicol Sci. 2011, Apr; 120(2):460-74. (Abstract cited in TOXLINE)

Jonsson, B. A., Richthoff, J., Rylander, L., Giwercman, A., & Hagmar, L. (2005). Urinary
phthalate metabolites and biomarkers of reproductive function in young men. Epidemiology
, 16 (4), 487-493. (As summarized in CPSC, 2010)

Kang T, Kang H, Kim T, Moon H, Kang I, Jun Y, Choi E, Kim I, Han S, Hong J. Effects Of
Di(N-Butyl)Phthalate On Gene Expression Of The Male Reproductive Organs. Toxicol Sci
2006 Mar;90(1-S):396. (Abstract cited in TOXLINE)

Kang IH, Kim HS, Kim TS, Moon HJ, Kim 1Y, Kang TS, Park KL, Choi KS, Han SY.
Androgenic activity of phthalate esters (di(2-ethylhexyl) phthalate, di(n-butyl) phthalate,
and butylbenzyl phthalate) in the rodent 10-day hershberger assay using immature castrated
male rats. Journal of Toxicology and Public Health : an Official Journal of the Korean
Society of Toxicology 2005 Sep;21(3):187-93. (Abstract cited in TOXLINE)

Kaufmann W (1992). Confidential Report from BASF. Department of Toxicology by. Pathology
Report. Study on the examination of the influence of dibutyl phthalate on the content of
peroxisomes in the liver of Wistar rats after the administration via the diet over 3 months.
Project No. 9950449/89021. Dated 11 March 1992. (As summarized in EC, 2003)

Keys DA, Wallace DG, Kepler TB, Conolly RB. Quantitative evaluation of alternative

mechanisms of blood disposition of di(n-butyl) phthalate and mono(n-butyl) phthalate in
rats. Toxicol Sci. 2000, Feb; 53(2):173-84. (Abstract cited in TOXLINE)

119



ENV/JIM/MONO(2016)46

Kilcoyne KR, Smith LB, Atanassova N, Macpherson S, McKinnell C, van den Driesche S,
Jobling MS, Chambers TJ, De Gendt K, Verhoeven G, O'Hara L, Platts S, Renato de Franca
L, Lara NL, Anderson RA, Sharpe RM. Fetal programming of adult Leydig cell function by
androgenic effects on stem/progenitor cells. Proc Natl Acad Sci U S A. 2014 May
6;111(18):E1924-32. doi: 10.1073/pnas.1320735111. Epub 2014 Apr 21. (Cited in
Pubmed)

Kim BN, Cho SC, Kim Y, Shin MS, Yoo HJ, Kim JW, Yang YH, Kim HW, Bhang SY, Hong
YC. Phthalates exposure and attention-deficit/hyperactivity disorder in school-age children.
Biol Psychiatry. 2009 Nov 15;66(10):958-63. doi: 10.1016/j.biopsych.2009.07.034. Epub
2009 Sep 12. (Cited in PubMed)

Kim HS, Han SY, Kim TS, Shin JH, Moon HJ, Kang IH, Kim IY. Neonatal Exposure To Di(N-
Butyl)Phthalate Alters Male Reproductive Tract Development. Biol Reprod 2004
Aug;(Special Issue):132. (Abstract cited in TOXLINE)

Kim TS, Jung KK, Kim SS, Kang IH, Baek JH, Nam HS, Hong SK, Lee BM, Hong JT, Oh KW,
Kim HS, Han SY, Kang TS. Effects of in utero exposure to DI(n-Butyl) phthalate on
development of male reproductive tracts in Sprague-Dawley rats. J Toxicol Environ Health
A. 2010; 73(21-22):1544-59. (Abstract cited in TOXLINE)

Kim Y, Ha EH, Kim EJ, Park H, Ha M, Kim JH, Hong YC, Chang N, Kim BN. Prenatal exposure
to phthalates and infant development at 6 months: prospective Mothers and Children's
Environmental Health (MOCEH) study. Environ Health Perspect. 2011 Oct;119(10):1495-
500. doi: 10.1289/ehp.1003178. Epub 2011 Jul 7. (Cited in Pubmed)

Kleinsasser NH, Wallner BC, Kastenbauer ER, Weissacher H, Harréus UA. Genotoxicity of di-
butyl-phthalate and di-iso-butyl-phthalate in human lymphocytes and mucosal cells.
Teratog Carcinog Mutagen. 2001; 21(3):189-96. (Abstract cited in TOXLINE)

Kleymenova E, Swanson C, Gaido KW. Low Dose Cellular Responses In The Fetal Rat Testis In
Utero Exposed To Di (N-Butyl) Phthalate. Toxicol Sci 2005 Mar;84(1-S):281. (Abstract
cited in TOXLINE)

Koch HM, Christensen KL, Harth V, Lorber M, Briining T. Di-n-butyl phthalate (DnBP) and
diisobutyl phthalate (DiBP) metabolism in a human volunteer after single oral doses. Arch
Toxicol. 2012, Dec; 86(12):1829-39. (Abstract cited in TOXLINE)

Kostka G, Urbanek-Olejnik K, Wiadrowska B. Di-butyl phthalate-induced hypomethylation of the
c-myc gene in rat liver. Toxicol Ind Health. 2010 Aug;26(7):407-16. doi:
10.1177/0748233710369124. Epub 2010 May 26. (Cited in Pubmed)

Kremer, J. J., Williams, C. C., Parkinson, H. D., & Borghoff, S. J. (2005). Pharmacokinetics of
monobutylphthalate, the active metabolite of di-n-butylphthalate, in pregnant rats.
Toxicology Letters , 159, 144-153. (As summarized in CPSC, 2010)

120



ENV/IM/MONO(2016)46

Kusu R, Oishi A, Kakizawa K, Kimura T, Toda C, Hashizume K, Ueda K, Kojima N. Effects of
phthalate ester derivatives including oxidized metabolites on coactivator recruiting by
PPARalpha and PPARgamma. Toxicol In Vitro. 2008 Sep;22(6):1534-8. doi:
10.1016/j.tiv.2008.05.010. Epub 2008 Jun 2. (Cited in PubMed)

Lamb IV JC et al. (1987). Reproductive effects of four phthalic acid esters in the mouse. Toxicol.
Appl. Pharmacol. 88, 255-269. (As summarized in EC, 2003)

Langonne I, Saillenfait AM, Payan JP. Comparative embryotoxicity of di-n-butyl phthalate and its
main metabolite mono-n-butyl phthalate at midgestation. Teratology 1998 Jul;58(1):22A.
(Abstract cited in TOXLINE)

Lee KY, Shibutani M, Takagi H, Kato N, Takigami S, Uneyama C, Hirose M. Diverse
developmental toxicity of di-n-butyl phthalate in both sexes of rat offspring after maternal
exposure during the period from late gestation through lactation. Toxicology. 2004, Oct 15;
203(1-3):221-38. (Abstract cited in TOXLINE)

Lee SK and Veeramachaneni DN. Subchronic exposure to low concentrations of di-n-butyl
phthalate disrupts spermatogenesis in Xenopus laevis frogs. Toxicol Sci. 2005, Apr;
84(2):394-407. (Abstract cited in TOXLINE)

Lee, H.-C., Yamanouchi, K., & Nishihara, M. (2006). Effects of perinatal exposure to
phthalate/adipate esters on hypothalamic gene expression and sexual behavior in rats.
Journal of Reproduction and Development , 52, 343-352. (As summarized in CPSC, 2010)

Lee HR, Hwang KA, Choi KC. The estrogen receptor signaling pathway activated by phthalates is
linked with transforming growth factor-f in the progression of LNCaP prostate cancer
models. Int J Oncol. 2014 Aug;45(2):595-602. doi: 10.3892/ij0.2014.2460. Epub 2014 May
22. (Cited in PubMed)

Lehmann KP, Phillips S, Sar M, Foster PM, Gaido KW. Dose-dependent alterations in gene
expression and testosterone synthesis in the fetal testes of male rats exposed to di (n-butyl)
phthalate. Toxicol Sci. 2004, Sep; 81(1):60-8. (Abstract cited in TOXLINE)

Li EH, Han BM, Sun WL, Liang SJ, Xia SJ, Jiang JT. Expression of Wnt5a during development
of anorectal malformations in a rat model of prenatal exposure to di(n-butyl) phthalate.
Toxicol Mech Methods. 2014, Oct; 24(7):455-60. (Abstract cited in TOXLINE)

Li FM, Wu M, Yao Y, Zheng X, Zhao J, Wang ZY, Xing BS. Inhibitory effects and oxidative
target site of dibutyl phthalate on Karenia brevis. Chemosphere. 2015 Aug;132:32-9. doi:
10.1016/j.chemosphere.2015.01.051. Epub 2015 Mar 13. (Cited in PubMed)

Li N, Wang D, Zhou Y, Ma M, Li J, Wang Z. Dibutyl phthalate contributes to the thyroid

receptor antagonistic activity in drinking water processes. Environ Sci Technol. 2010, Sep
1; 44(17):6863-8. (Abstract in TOXNET)

121



ENV/JIM/MONO(2016)46

Li S, Dai J, Zhang L, Zhang J, Zhang Z, Chen B. An association of elevated serum prolactin with
phthalate exposure in adult men. Biomed Environ Sci. 2011 Feb;24(1):31-9. doi:
10.3967/0895-3988.2011.01.004. (Cited in Pubmed)

Li XJ, Jiang L, Chen L, Chen HS, Li X. Neurotoxicity of dibutyl phthalate in brain development
following perinatal exposure: a study in rats. Environ Toxicol Pharmacol. 2013, Sep;
36(2):392-402. (Abstract cited in TOXLINE)

Li X, Jiang L, Cheng L, Chen H. Dibutyl phthalate-induced neurotoxicity in the brain of immature
and mature rat offspring. Brain Dev. 2014, Sep; 36(8):653-60. (Abstract cited in
TOXLINE)

Li Y, Zhuang M, Li T, Shi N. Neurobehavioral toxicity study of dibutyl phthalate on rats
following in utero and lactational exposure. J Appl Toxicol. 2009 Oct;29(7):603-11. doi:
10.1002/jat.1447. (Cited in PubMed)

Li Y, Li T, Zhuang M, Wang K, Zhang J, Shi N. High-dose dibutyl phthalate improves
performance of F1 generation male rats in spatial learning and increases hippocampal
BDNF expression independent on p-CREB immunocontent. Environ ToxicolPharmacol.
2010 Jan;29(1):32-8. doi: 10.1016/j.etap.2009.09.003. Epub 2009 Sep 8. (Cited in
Pubmed)

Li Y, Gao J, Meng F, Chi J. Enhanced biodegradation of phthalate acid esters in marine sediments
by benthic diatom Cylindrothecaclosterium.. Sci Total Environ. 2015 Mar 1;508:251-7. doi:
10.1016/j.scitotenv.2014.12.002. Epub 2014 Dec 5. (Cited in PubMed)

Liang W, Deng JQ, Zhan FC, Wu ZB. Effects of constructed wetland system on the removal of
dibutyl phthalate (DBP). Microbiol Res. 2009; 164(2):206-11. (Abstract in TOXNET)

Liao CS. Biodegradation of di-n-butyl phthalate in a soil microcosm. J Environ Sci Health B.
2010 Jul;45(5):366-71. doi: 10.1080/03601231003799838. (Cited in PubMed)

Lien YJ, Ku HY, Su PH, Chen SJ, Chen HY, Liao PC, Chen WJ, Wang SL. Prenatal exposure to
phthalate esters and behavioral syndromes in children at 8 years of age: Taiwan Maternal
and Infant Cohort Study. Environ Health Perspect. 2015, Jan; 123(1):95-100. (Abstract cited
in TOXLINE)

Liu D, Shen L, Tao Y, Kuang Y, Cai L, Wang D, He M, Tong X, Zhou S, Sun J, Shi C, Wang C,
Wu Y. Alterations in gene expression during sexual differentiation in androgen receptor
knockout mice induced by environmental endocrine disruptors. Int J Mol Med. 2015
Feb;35(2):399-404. doi: 10.3892/ijmm.2014.2015. Epub 2014 Nov 28. Erratum in: Int J Mol
Med. 2015 Apr:;35(4):1147. (Cited in Pubmed)

Liu H, Cui K, Zeng F, Chen L, Cheng Y, Li H, Li S, Zhou X, Zhu F, Ouyang G, Luan T, Zeng Z.
Occurrence and distribution of phthalate esters in riverine sediments from the Pearl River
Delta region, South China. Mar Pollut Bull. 2014, Jun 15; 83(1):358-65. (Abstract in
TOXNET)

122



ENV/IM/MONO(2016)46

Liu SB, Ma Z, Sun WL, Sun XW, Hong Y, Ma L, Qin C, Stratton HJ, Liu Q, Jiang JT. The role of
androgen-induced growth factor (FGF8) on genital tubercle development in a hypospadiac
male rat model of prenatal exposure to di-n-butyl phthalate. Toxicology. 2012, Mar 11;
293(1-3):53-8. (Abstract cited in TOXLINE)

Liu Y, Guan Y, Yang Z, Cai Z, Mizuno T, Tsuno H, Zhu W, Zhang X. Toxicity of seven
phthalate esters to embryonic development of the abalone Haliotis diversicolor supertexta.
Ecotoxicology. 2009 Apr;18(3):293-303. doi: 10.1007/s10646-008-0283-0. Epub 2008 Nov
22. (Cited in Pubmed)

Lorber M and Koch HM. Development and application of simple pharmacokinetic models to
study human exposure to di-n-butyl phthalate (DnBP) and diisobutyl phthalate (DiBP).
Environ Int. 2013, Sep; 59:469-77. (Abstract cited in TOXLINE)

Mahood IK, Scott HM, Brown R, Hallmark N, Walker M, Sharpe RM. In utero exposure to di(n-
butyl) phthalate and testicular dysgenesis: comparison of fetal and adult end points and their
dose sensitivity. Environ Health Perspect. 2007, Dec; 115 Suppl 1:55-61. (Abstract cited in
TOXLINE)

Main KM, Mortensen GK, Kaleva MM, Boisen KA, Damgaard IN, Chellakooty M, Schmidt IM,
Suomi AM, Virtanen HE, Petersen DV, Andersson AM, Toppari J, Skakkebaek NE. Human
breast milk contamination with phthalates and alterations of endogenous reproductive
hormones in infants three months of age. Environ Health Perspect. 2006, Feb; 114(2):270-
6. (Abstract in Toxline)

Makris SL, Euling SY, Gray LE Jr, Benson R, Foster P. Use of genomic data in risk assessment
case study: I. Evaluation of the dibutyl phthalate male reproductive development toxicity
data set. Toxicol Appl Pharmacol. 2013, Sep 15; 271(3):336-48.

Manikkam M, Tracey R, Guerrero-Bosagna C, Skinner MK. Plastics derived endocrine disruptors
(BPA, DEHP and DBP) induce epigenetic transgenerational inheritance of obesity,
reproductive disease and sperm epimutations. PLoS One. 2013;8(1):e55387. doi:
10.1371/journal.pone.0055387. Epub 2013 Jan 24. (Cited in Pubmed)

Mankidy R, Wiseman S, Ma H, Giesy JP. Biological impact of phthalates. Toxicol Lett. 2013, Feb
13; 217(1):50-8. (Abstract in TOXNET)

Mayer and Sanders HO. Toxicology of phthalic-acid esters in aquatic organisms. Environ Health
Perspect; 1973 (3). 1973 153-157. (Abstract in TOXNET)

Meeker JD, Ferguson KK. Relationship between urinary phthalate and bisphenol A concentrations
and serum thyroid measures in U.S. adults and adolescents from the National Health and
Nutrition Examination Survey (NHANES) 2007-2008. Environ Health Perspect. 2011
Oct;119(10):1396-402. doi: 10.1289/ehp.1103582. Epub 2011 Jul 11. (Cited in PubMed)

123



ENV/JIM/MONO(2016)46

Meeker JD, Ferguson KK. Urinary phthalate metabolites are associated with decreased serum
testosterone in men, women, and children from NHANES 2011-2012. J Clin Endocrinol
Metab. 2014 Nov;99(11):4346-52. doi: 10.1210/jc.2014-2555. Epub 2014 Aug 14. (Cited in
Pubmed)

Melin C and Egneus H. Effects of di-n-butyl phthalate on growth and photosynthesis in algae and
on isolated organelles from higher plants. Physiol Plant; 59 (3). 1983. 461-466. (Abstract
cited in TOXLINE)

Misra S, Singh A, C H R, Sharma V, Reddy Mudiam MK, Ram KR. Identification of Drosophila-
based endpoints for the assessment and understanding of xenobiotic-mediated male
reproductive adversities. Toxicol Sci. 2014 Sep;141(1):278-91. doi: 10.1093/toxsci/kful25.
Epub 2014 Jun 27. (Cited in Pubmed)

Mitchell RT ,Childs AJ, Anderson RA, van den Driesche S, Saunders PT, McKinnell C, Wallace
WH, Kelnar CJ, Sharpe RM. Do phthalates affect steroidogenesis by the human fetal testis?
Exposure of human fetal testis xenografts to di-n-butyl phthalate. J Clin Endocrinol Metab.
2012, Mar; 97(3):E341-8. (Abstract cited in TOXLINE)

Moody S, Goh H, Bielanowicz A, Rippon P, Loveland KL, Itman C. Prepubertal mouse testis
growth and maturation and androgen production are acutely sensitive to di-n-butyl
phthalate. Endocrinology. 2013 Sep;154(9):3460-75. doi: 10.1210/en.2012-2227. Epub
2013 Jun 13. (Cited in Pubmed)

Morissey RE et al. (1989). Results and evaluation of 48 continuous breeding reproduction studies
conducted in mice. Fundam. Appl. Toxicol. 13, 747-777. (As summarized in EC, 2003)

Mylchreest E and Foster PM. Reproductive tract malformations in rats following in utero and
lactational exposure to di(n-butyl)-phthalate. Teratology 1997 Jan;55(1):65. (Abstract cited
in TOXLINE)

Mylchreest E, Cattley RC, Sar M, Foster PM. The effects of di(n-butyl) phthalate on prenatal
androgen-regulated male sexual differentiation are not mediated by direct interaction with
the androgen receptor. Teratology 1998a Apr/May;57(4/5):199. (Abstract cited in
TOXLINE)

Mylchreest E, Cattley RC, Foster PM. Male reproductive tract malformations in rats following
gestational and lactational exposure to Di(n-butyl) phthalate: an antiandrogenic mechanism?
Toxicol Sci. 1998b, May; 43(1):47-60.

Mylchreest E, Sar M, Wallace DG, Cattley RC, Foster PM. Early changes in morphology and
androgen status in the fetal rat testis in response to di(n-butyl) phthalate. Teratology 1999a
Jun;59(6):409. (Abstract cited in TOXLINE)

Mylchreest E, Sar M, Cattley RC, Foster PM. Disruption of androgen-regulated male reproductive

development by di(n-butyl) phthalate during late gestation in rats is different from
flutamide. Toxicol Appl Pharmacol. 1999b, Apr 15; 156(2):81-95.

124



ENV/IM/MONO(2016)46

Mylchreest E, Wallace DG, Cattley RC, Foster PM. Dose-dependent alterations in androgen-
regulated male reproductive development in rats exposed to Di(n-butyl) phthalate during
late gestation. Toxicol Sci. 2000, May; 55(1):143-51.

Nair N, Bedwal S, Kumari D, Bedwal S, Bedwal RS. Effect on histological and sperm kinetics in
DBP exposed Wistar rats. J Environ Biol. 2008 Sep;29(5):769-72. (Cited in Pubmed)

National Institute for Occupational safety and Health. Immediately Dangerous to Life or Health
(IDLH): Dibutyl Phthalate http://www.cdc.gov/niosh/idlh/84742.html

National Research Council of the National Academies. Committee on the Health Risks of
Phthalates. 2008. Phthalates and Cumulative Risk Assessment. The Tasks Ahead. National
Academies Press, Washington, DC. Available at http://www.nap.edu/catalog/12528.html

NTP (National Toxicology Program). 2003d. NTP-CERHR Monograph on the Potential Human
Reproductive and Developmental Effects of Di-n-Butyl Phthalate (DBP). NIH Pub. 03-
4486. U.S. Department of Health and Human Services, National Toxicology Program,
Center for the Evaluation of Risks to Human Reproduction. [online]. Available:
http://cerhr.niehs.nih.gov/chemicals/phthalates/dbp/DBP_Monograph_Final.pdf  [accessed
July 18, 2008].

NTP (National Toxicology Program). (1991) Final report on the reproductive toxicity of di-n-
butyl phthalate in Sprague-Dawley rats. NTIS No. PB92111996.

NTP (National Toxicology Program). NTP Technical Report on Toxicity Studies of Dibutyl
Phthalate (CAS No. 84-74-2) Administered in Feed to F344/N Rats and B6C3F Mice.
NIH Publication 95-3353 March 1995

Oehlmann J, Schulte-Oehlmann U, Kloas W, Jagnytsch O, Lutz I, Kusk KO, Wollenberger L,
Santos EM, Paull GC, Van Look KJ, Tyler CR. A critical analysis of the biological impacts
of plasticizers on wildlife. Philos Trans R Soc Lond B Biol Sci. 2009, Jul 27;
364(1526):2047-62. (Abstract in TOXNET)

Ortiz-Zarragoitia M and Cajaraville MP. Effects of selected xenoestrogens on liver peroxisomes,
vitellogenin levels and spermatogenic cell proliferation in male zebrafish. Comp Biochem
Physiol C Toxicol Pharmacol. 2005, Jun; 141(2):133-44. (Abstract in TOXNET)

Ota H et al. (1973). Biological effects of phthalate esters (1): Histopathological findings from
experiments in mice. Nippon Byorigakkai Kaishi 62, 119-120 In: IPCS (1997). International
Programme on Chemical Safety. Environmental Health Criteria 189. Di-n-butyl Phthalate.
World Health Organization, Geneva. p. 80. (As summarized in EC, 2003)

Ota H et al. (1974). Histopathological studies on the effect of phthalic acid esters on the biological
system of mice. Nippon Eiseigaku Kaishi 29, 519-524 In: IPCS (1997). International
Programme on Chemical Safety. Environmental Health Criteria 189. Di-n-butyl Phthalate.
World Health Organization, Geneva. p. 80. (As summarized in EC, 2003)

125



ENV/JIM/MONO(2016)46

Pan G, Hanaoka T, Yoshimura M, Zhang S, Wang P, Tsukino H, Inoue K, Nakazawa H, Tsugane
S, Takahashi K. Decreased serum free testosterone in workers exposed to high levels of di-
n-butyl phthalate (DBP) and di-2-ethylhexyl phthalate (DEHP): a cross-sectional study in
China. Environ Health Perspect. 2006, Nov; 114(11):1643-8. (Abstract cited in TOXLINE)

Pan G, Hanaoka T, Yu L, Na J, Yamano Y, Hara K, Ichiba M, Nakadate T, Kishi R, Wang P, Yin
H, Zhang S, Feng Y. Associations between hazard indices of di-n-butylphthalate and di-2-
ethylhexylphthalate exposure and serum reproductive hormone levels among occupationally
exposed and unexposed Chinese men. Int J Androl. 2011 Oct;34(5 Pt 2):e397-406. doi:
10.1111/j.1365-2605.2011.01201.x. Epub 2011 Jul 26. (Cited in Pubmed)

Pan TL, Wang PW, Aljuffali 1A, Hung YY, Lin CF, Fang JY. Dermal toxicity elicited by
phthalates: evaluation of skin absorption, immunohistology, and functional proteomics.
Food Chem Toxicol. 2014 Mar;65:105-14. doi: 10.1016/j.fct.2013.12.033. Epub 2013 Dec
31. (Cited in PubMed)

Pant N, Pant A, Shukla M, Mathur N, Gupta Y, Saxena D. Environmental and experimental
exposure of phthalate esters: the toxicological consequence on human sperm. Hum Exp
Toxicol. 2011 Jun;30(6):507-14. doi: 10.1177/0960327110374205. Epub 2010 Jun 15.
(Cited in Pubmed)

Park MA, Hwang KA, Lee HR, Yi BR, Jeung EB, Choi KC. Cell growth of BG-1 ovarian cancer
cells is promoted by di-n-butyl phthalate and hexabromocyclododecane via upregulation of
the cyclin D and cyclin-dependent kinase-4 genes. Mol Med Rep. 2012 Mar;5(3):761-6. doi:
10.3892/mmr.2011.712. Epub 2011 Dec 15. (Cited in PubMed)

Patyna PJ, Thomas PE, Cooper KR. Multigeneration reproductive effects of di-n-butyl phthalate
in Japanese medaka (Oryzias latipes). Toxicologist 1999 Mar;48(1-S):262. (Abstract in
TOXNET)

Pfuderer P, Janzen S, Rainey W T JR. The identification of phthalic acid esters in the tissues of
cyprinodont fish and their activity as heart rate depressors. Environ Res; 9 (3). 1975 215-
223. (Abstract cited in TOXLINE)

Pike JW, McDowell E, McCahan SM, Johnson KJ. Identification of gene expression changes in
postnatal rat foreskin after in utero anti-androgen exposure. Reprod Toxicol. 2014
Aug;47:42-50. doi: 10.1016/j.reprotox.2014.05.011. Epub 2014 Jun 2. (Cited in PubMed)

Plummer S, Sharpe R, Elcombe C. Identification of Region-Specific Gene Expression Changes
and Signalling Pathways Affected By Dibutyl Phthalate in Foetal Rat Testes. Toxicol Sci
2006 Mar;90(1-S):188 (Abstract cited in TOXLINE)

Plummer SM, Dan D, Quinney J, Hallmark N, Phillips RD, Millar M, Macpherson S, Elcombe
CR. Identification of transcription factors and coactivators affected by dibutylphthalate
interactions in fetal rat testes. Toxicol Sci. 2013 Apr;132(2):443-57. doi:
10.1093/toxsci/kft016. Epub 2013 Jan 28. (Cited in Pubmed)

REACH Dossier (2015) http://echa.europa.eu/nl/registration-dossier/-/registered-dossier/14862/1

126



ENV/IM/MONO(2016)46

Reddy, B., Rozati, R., Reddy, B., & Raman, N. (2006). Association of phthalate esters with
endometriosis in Indian women. International Journal of Obstetrics and Gynaecology , 113,
515-520. (As summarized in CPSC, 2010)

Rider CV, Hartig PC, Cardon MC, Wilson VS. Comparison of chemical binding to recombinant
fathead minnow and human estrogen receptors alpha in whole cell and cell-free binding
assays. Environ Toxicol Chem. 2009 Oct;28(10):2175-81. doi: 10.1897/09-018.1. (Cited in
PubMed)

Robledo CA, Peck JD, Stoner J, Calafat AM, Carabin H, Cowan L, Goodman JR. Urinary
phthalate metabolite concentrations and blood glucose levels during pregnancy. Int J Hyg
Environ Health. 2015, May; 218(3):324-30. (Abstract cited in TOXLINE)

Romani F, Tropea A, Scarinci E, Federico A, Dello Russo C, Lisi L, Catino S, Lanzone A, Apa R.
Endocrine disruptors and human reproductive failure: the in vitro effect of phthalates on
human luteal cells. Fertil Steril. 2014 Sep;102(3):831-7. doi:
10.1016/j.fertnstert.2014.05.041. Epub 2014 Jul 10. (Cited in Pubmed)

Ryu, J. Y., Lee, B. M., Kacew, S., & Kim, H. S. (2007). Identification of differentially expressed
genes in the testis of Sprague Dawley rats treated with di (n-butyl) phthalate. Toxicology
,234,103-112. (As summarized in CPSC, 2010)

Ryu JY, Lee E, Kim TH, Lee YJ, Lee J, Lee BM, Kwack SJ, Jung KK, Han SY, Kim SH, Kacew
S, Kim HS. Time-response effects of testicular gene expression profiles in Sprague-Dawley
male rats treated with di(n-butyl) phthalate. J Toxicol Environ Health A. 2008;71(23):1542-
9. doi: 10.1080/15287390802391992. (Cited in Pubmed)

Saffarini CM, Heger NE, Yamasaki H, Liu T, Hall SJ, Boekelheide K. Induction and persistence
of abnormal testicular germ cells following gestational exposure to di-(n-butyl) phthalate in
p53-null mice. J Androl. 2012 May-Jun;33(3):505-13. doi: 10.2164/jandrol.111.013706.
Epub 2011 Aug 25. (Cited in Pubmed)

Sahin E, Ilgaz C, Erdogan D, Take G, Goktas G. Protective effects of resveratrol against di-n
buthyl phthalate induced toxicity in ductus epididymis and ductus deferens in rats. Indian J
Pharmacol. 2014 Jan-Feb;46(1):51-6. doi: 10.4103/0253-7613.125167. (Cited in Pubmed)

Saillenfait, AM, Langonné |, Leheup B. Effects of mono-n-butyl phthalate on the development of
rat embryos: in vivo and in vitro observations. Pharmacol Toxicol. 2001, Aug; 89(2):104-
12. (Abstract cited in TOXLINE)

Saillenfait AM, Sabaté JP, Gallissot F. Diisobutyl phthalate impairs the androgen-dependent
reproductive development of the male rat. Reprod Toxicol. 2008 Oct;26(2):107-15. doi:
10.1016/j.reprotox.2008.07.006. Epub 2008 Jul 29. (Cited in Pubmed)

Saravanabhavan G, Guay M, Langlois E, Giroux S, Murray J, Haines D. Biomonitoring of
phthalate metabolites in the Canadian population through the Canadian Health Measures
Survey (2007-2009). Int J Hyg Environ Health. 2013, Nov; 216(6):652-61. (Abstract cited
in TOXLINE)

127



ENV/JIM/MONO(2016)46

Scarano WR, Toledo FC, Guerra MT, de Campos SG, Junior LA, Felisbino SL, Anselmo-Franci
JA, Taboga SR, Kempinas Wde G. Long-term effects of developmental exposure to di-n-
butyl-phthalate (DBP) on rat prostate: proliferative and inflammatory disorders and a
possible role of androgens. Toxicology. 2009 Aug 21;262(3):215-23. doi:
10.1016/j.tox.2009.06.011. Epub 2009 Jun 21. (Cited in Pubmed)

Scarano WR, Toledo FC, Guerra MT, Pinheiro PF, Domeniconi RF, Felisbino SL, Campos SG,
Taboga SR, Kempinas WG. Functional and morphological reproductive aspects in male rats
exposed to di-n-butyl phthalate (DBP) in utero and during lactation. J Toxicol Environ
Health A. 2010; 73(13-14):972-84. (Abstract cited in TOXLINE)

Schilling K et al. (1992). Confidential Report from BASF, Department of Toxicology. Study of
the oral toxicity of dibutyl phthalate in Wistar rats. Administration via the diet over 3
months. Project No. 31S0449/89020. Dated 23.03.1992. (As summarized in EC, 2003)

Seckin E, Fromme H, Volkel W. Determination of total and free mono-n-butyl phthalate in human
urine samples after medication of a di-n-butyl phthalate containing capsule. Toxicol Lett.
2009, Jul 10; 188(1):33-7. (Abstract cited in TOXLINE)

Shahin, M and Von Borstel, RC. (1977) Mutagenic and lethal effects of "-benzene hexachloride,
dibutyl phthalate and trichloroethylene in Saccharomyces cerevisiae. Mutat Res 48:173-180.
(Abstract not available)

Shen H, Liao K, Zhang W, Wu H, Shen B, Xu Z. Differential expression of peroxiredoxin 6,
annexin A5 and ubiquitin carboxyl-terminal hydrolase isozyme L1 in testis of rat fetuses
after maternal exposure to di-n-butyl phthalate. Reprod Toxicol. 2013 Aug;39:76-84. doi:
10.1016/j.reprotox.2013.05.003. Epub 2013 May 21. (Cited in Pubmed)

Shen O, Wu W, Du G, LiuR, Yu L, Sun H, Han X, Jiang Y, Shi W, Hu W, Song L, Xia 'Y, Wang
S, Wang X. Thyroid disruption by Di-n-butyl phthalate (DBP) and mono-n-butyl phthalate
(MBP) in Xenopus laevis. PL0oS One. 2011 Apr 22;6(4):19159. doi:
10.1371/journal.pone.0019159. (Cited in PubMed)

Shiota K et al. (1980). Embryotoxic effects of di-2-ethylhexyl phthalate (DEHP) and di-n-butyl
phthalate (DBP) in Mice. Environ. Res. 22, 245-253. (As summarized in EC, 2003)

Shiota K and Nishimura H. Teratogenicity of di(2-ethylhexyl) phthalate (DEHP) and di-n-butyl
phthalate (DBP) in mice. Environ Health Perspect. 1982, Nov; 45:65-70. (As cited in
TOXNET)

Silva MJ, Samandar E, Reidy JA, Hauser R, Needham LL, Calafat AM. Metabolite profiles of di-
n-butyl phthalate in humans and rats. Environ Sci Technol. 2007, Nov 1; 41(21):7576-80.
(Abstract cited in TOXLINE; cited in NRC, 2008)

Sine C, ed. [1993]. Dibutyl phthalate. In: Farm chemicals handbook '93, p. C112.

128



ENV/IM/MONO(2016)46

Spade DJ, Hall SJ, Saffarini CM, Huse SM, McDonnell EV, Boekelheide K. Differential response
to abiraterone acetate and di-n-butyl phthalate in an androgen-sensitive human fetal testis
xenograft bioassay. Toxicol Sci. 2014 Mar;138(1):148-60. doi: 10.1093/toxsci/kft266. Epub
2013 Nov 27. (Cited in Pubmed)

Srivastava, SP; Srivastava, S; Saxena, DK; et al. (1990) Testicular effects of di-n-butyl phthalate
(DBP): biochemical and histopathological alterations. Arch Toxicol 64:148-152. (Abstract
in Toxline)

Stahlschmidt-Allner P, Allner B, Roembke J, Knacker T. Endocrine disrupters in the aquatic
environment. Environmental Science and Pollution Research International; 4 (3). 1997. 155-
162. (Abstract in TOXNET)

Stalling DL, Hogan JW, Johnson JL. Phthalate ester residues - their metabolism and analysis in
fish. Environ Health Perspect; 1973 (3). 1973 159-173. (Abstract in TOXNET)

Staples CA, Peterson DR, Parkerton TF, Adams WJ. 1997a. The Environmental Fate of' Phthalate
Esters: A Literature Review. Chemosphere; 25 (4). 667-749.

Staples CA, Adams WJ, Parkerton TF, Gorschuch JW, Biddinger GR, Reinert KH. 1997b Aquatic
toxicity of eighteen phthalate esters. Environmental Toxicology and Chemistry; 16 (5).
875-891.

Streufert JM, Jones Jr, Sanders HO. Toxicity and biological effects of phthalate esters on midges
(Chironomus plumosus). Trans MO Acad Sci; 14 (0). 1980 (RECD. 1981). 33-40. (Abstract
in TOXNET)

Struve MF, Gaido KW, Hensley JB, Lehmann KP, Ross SM, Sochaski MA, Willson GA, Dorman
DC. Reproductive toxicity and pharmacokinetics of di-n-butyl phthalate (DBP) following
dietary exposure of pregnant rats. Birth Defects Res B Dev Reprod Toxicol. 2009
Aug;86(4):345-54. doi: 10.1002/bdrb.20199. (Cited in Pubmed)

Swan SH, Liu F, Hines M, Kruse RL, Wang C, Redmon JB, Sparks A, Weiss B. Prenatal
phthalate exposure and reduced masculine play in boys. Int J Androl. 2010 Apr;33(2):259-
69. doi: 10.1111/j.1365-2605.2009.01019.x. Epub 2009 Nov 16. (Cited in Pubmed)

Thompson C, Ross SM, Gaido KW. (n-butyl) phthalate interferes with fetal testicular
steroidogenesis at the level of cholesterol transport and cleavage. Toxicologist 2003
Mar;72(S-1):273. (Abstract cited in TOXLINE)

Timofeevskaia LA, Ivanova NI, Baliniva ES [1980]. Toxicology of o-phthalic acid and esters and
hygienic regimentation. Gig Tr Prof Zabol 24(3):25-27 (in Russian).

Upson K, Sathyanarayana S, De Roos AJ, Thompson ML, Scholes D, Dills R, Holt VL.
Phthalates and risk of endometriosis. Environ Res. 2013, Oct; 126:91-7. (Abstract cited in
TOXLINE)

129



ENV/JIM/MONO(2016)46

UN GHS 2015. Globally Harmonized System of Classification and Labelling of Chemicals
(GHS), revision 6. http://www.unece.org/trans/danger/publi/ghs/ghs_rev06/06files_e.html

Urbanek-Olejnik K, Liszewska M, Winczura A, Kostka G. Changes of c-Myc and DNMT1
MRNA and protein levels in the rat livers induced by dibutyl phthalate treatment. Toxicol
Ind Health.2013 Dec 5. [Epub ahead of print] (Cited in PubMed)

Van den Driesche S, Walker M, McKinnell C, Scott HM, Eddie SL, Mitchell RT, Seckl JR, Drake
AJ, Smith LB, Anderson RA, Sharpe RM. Proposed role for COUP-TFII in regulating fetal
Leydig cell steroidogenesis, perturbation of which leads to masculinization disorders in
rodents. PLoS One. 2012; 7(5):e37064. (Abstract cited in TOXLINE)

Van den Driesche S, McKinnell C, Calarrdo A, Kennedy L, Hutchison GR, Hrabalkova L, Jobling
MS, Macpherson S, Anderson RA, Sharpe RM, Mitchell RT. Comparative effects of di(n-
butyl) phthalate exposure on fetal germ cell development in the rat and in human fetal testis
xenografts. Environ Health Perspect. 2015, Mar; 123(3):223-30. (Abstract cited in
TOXLINE)

Wakui S, Shirai M, Motohashi M, Mutou T, Oyama N, Wempe MF, Takahashi H, Inomata T,
Ikegami M, Endou H, Asari M. Effects of in utero exposure to di(n-butyl) phthalate for
estrogen receptors a, B, and androgen receptor of Leydig cell on rats. Toxicol Pathol. 2014,
Jul; 42(5):877-87. (Abstract cited in TOXLINE)

Wakui S, Takahashi H, Mutou T, Shirai M, Jutabha P, Anzai N, Wempe MF, Kansaku N, Hano
H, Inomata T, Endou H. Atypical Leydig cell hyperplasia in adult rats with low T and high
LH induced by prenatal Di(n-butyl) phthalate exposure. Toxicol Pathol. 2013; 41(3):480-6.
(Abstract cited in TOXLINE)

Ward TJ and Boerie RL (1991). Early life stage toxicity of di-n-butylphthalate (DnBP) to the
rainbow trout (Oncorhynchus mykiss) under flow-through conditions. Hampton, New
Hampshire, Resource Analysts, Inc. Environ. Systems Division. (cited in EC, 2003)

Watanabe N, Shimizu M, Matsumoto Y, Fukuoka M. Possible origin of rat testicular atrophy
induced by di-n-butyl phthalate: changes in the activities of some enzymes during rat testis
perfusion under a hypoxic condition and with mono-n-butyl phthalate. Journal of Health
Science 2002;48(6):503-13. (Abstract cited in TOXLINE)

White RD, Carter DE, Earnest D, Mueller J. Absorption and Metabolism of Three Phthalate
Diesters by the Rat Small Intestine. Food and Cosmetics Toxicology, Vol. 18, No. 4, pages
383-386, 1980. (Abstract cited in TOXLINE)

Wilson JT, Dixon DR, Dixon LR. Numerical chromosomal aberrations in the early life-history
stages of a marine tubeworm, Pomatoceros lamarckii (Polychaeta: Serpulidae). Aquat
Toxicol. 2002, Sep 24; 59(3-4):163-75. (Abstract in TOXNET)

Wine RN, Li LH, Barnes LH, Gulati DK, Chapin RE. Reproductive toxicity of di-n-butylphthalate
in a continuous breeding protocol in Sprague-Dawley rats. Environ Health Perspect. 1997,
Jan; 105(1):102-7.

130



ENV/IM/MONO(2016)46

Wittassek, M., G.A. Wiesmuller, H.M. Koch, R. Eckard, L. Dabler, J. Muller, J. Angerer, and C.
Schluter. 2007. Internal phthalate exposure over the last two decades—a retrospective
human biomonitoring study. Int. J. Hyg. Environ. Health 210(3- 4):319-333. (cited in NRC,
2008; abstract from PubMed)

Wyde ME, Kirwan SE, Zhang F, Laughter A, Hoffman HB, Bartolucci-Page E, Gaido KW, Yan
B, You L. Di-n-butyl phthalate activates constitutive androstane receptor and pregnane X
receptor and enhances the expression of steroid-metabolizing enzymes in the liver of rat
fetuses. Toxicol Sci. 2005, Aug; 86(2):281-90. (Abstract cited in TOXLINE)

Wu WZ, Zhu Q, Feng J, Gao H, Xie CQ, Wang JL. Biodegradation of di-n-butyl phthalate by
Pseudomonas aeruginosa. Huan Jing Ke Xue. 2009, Feb 15; 30(2):510-5. (Abstract cited in
TOXLINE)

Wu XL, Wang YY, Liang RX, Dai QY, Chao WL. Degradation of di-n-butyl phthalate by newly
isolated Ochrobactrum sp. Bull Environ Contam Toxicol. 2010, Sep; 85(3):235-7.
(Abstract cited in TOXLINE)

Xiao-feng Z, Nai-giang Q, Jing Z, Zi L, Yang Z. Di (n-butyl) phthalate inhibits testosterone
synthesis through a glucocorticoid-mediated pathway in rats. Int J Toxicol. 2009 Sep-Oct;
28(5):448-56. (Abstract cited in TOXLINE)

Xu G, Li F, Wang Q. Occurrence and degradation characteristics of dibutyl phthalate (DBP) and
di-(2-ethylhexyl) phthalate (DEHP) in typical agricultural soils of China. Sci Total Environ.
2008, Apr 15; 393(2-3):333-40. (Abstract cited in TOXLINE)

Xu H, Shao X, Zhang Z, Zou Y, Chen Y, Han S, Wang S, Wu X, Yang L, Chen Z. Effects of di-n-
butyl phthalate and diethyl phthalate on acetylcholinesterase activity and neurotoxicity
related gene expression in embryonic zebrafish. Bull Environ Contam Toxicol. 2013a, Dec;
91(6):635-9. (Abstract cited in TOXLINE)

Xu H, Shao X, Zhang Z, Zou Y, Wu X, Yang L. Oxidative stress and immune related gene
expression following exposure to di-n-butyl phthalate and diethyl phthalate in zebrafish
embryos. Ecotoxicol Environ Saf. 2013 Jul;93:39-44. doi: 10.1016/j.ecoenv.2013b.03.038.
Epub 2013b May 12. (Cited in PubMed)

Xu H, Dong X, Zhang Z, Yang M, Wu X, Liu H, Lao Q, Li C. Assessment of immunotoxicity of
dibutyl phthalate using live zebrafish embryos. Fish Shellfish Immunol. 2015 May
6;45(2):286-292. doi: 10.1016/j.fsi.2015.04.033. [Epub ahead of print] (Cited in PubMed)

Xu N, Chen P, Liu L, Zeng Y, Zhou H, Li S. Effects of combined exposure to 17a-
ethynylestradiol and dibutyl phthalate on the growth and reproduction of adult male
zebrafish  (Daniorerio).  Ecotoxicol Environ Saf. 2014 Sep;107:61-70. doi:
10.1016/j.ecoenv.2014.05.001. Epub 2014 Jun 4. (Cited in PubMed)

Yan Z, Wang W, Zhou J, Yi X, Zhang J, Wang X, Liu Z. Screening of high phytotoxicity priority

pollutants and their ecological risk assessment in China's surface waters. Chemosphere.
2015, Jun; 128:28-35. (Abstract in TOXNET)

131



ENV/JIM/MONO(2016)46

Yolton K, Xu Y, Strauss D, Altaye M, Calafat AM, Khoury J. Prenatal exposure to bisphenol A
and phthalates and infant neurobehavior. Neurotoxicol Teratol. 2011 Sep-Oct;33(5):558-66.
doi: 10.1016/.ntt.2011.08.003. Epub 2011 Aug 10. (Cited in PubMed)

Yuan K, Zhao B, Li XW, Hu GX, Su Y, Chu Y, Akingbemi BT, Lian QQ, Ge RS. Effects of
phthalates on 3B-hydroxysteroid dehydrogenase and 17p-hydroxysteroid dehydrogenase 3
activities in human and rat testes. ChemBiol Interact. 2012 Feb 5;195(3):180-8. doi:
10.1016/j.cbi.2011.12.008. Epub 2011 Dec 27. (Cited in Pubmed)

Yuan et al. 2010. Biodegradation of dibutyl phthalate and di-(2-ethylhexyl) phthalate and
microbial community changes in mangrove sediment. Journal of Hazardous Materials
Volume 184, Issues 1-3, 15 December 2010, Pages 826-831
http://lwww.sciencedirect.com/science/article/pii/S0304389410011490

Yum T, Lee S, Kim Y. Association between precocious puberty and some endocrine disruptors in
human plasma. J Environ Sci Health A Tox Hazard Subst Environ Eng. 2013;48(8):912-7.
doi: 10.1080/10934529.2013.762734. (Cited in Pubmed)

Zacharewski, T., Meek, M., Clemons, J., Wu, Z., Fielden, M., & Matthews, J. (1998).
Examination of the in vitro and in vivo estrogenic activities of eight commercial phthalate
esters. Toxicological Sciences , 46, 282-293. (As summarized in CPSC, 2010)

Zeiger, E; Haworth, S; Mortelmans, K; et al. (1985) Mutagenicity testing of di(2-
ethylhexyl)phthalate and related chemicals in Salmonella. Environ Mutagen 7:213-232.
(Abstract not available)

Zhang LF, Qin C, Wei YF, Wang Y, Chang JK, Mi YY, Ma L, Jiang JT, Feng NH, Wang ZJ,
Zhang W. Differential expression of the Wnt/p-catenin pathway in the genital tubercle (GT)
of fetal male rat following maternal exposure to di-n-butyl phthalate (DBP). Syst Biol
Reprod Med. 2011, Oct; 57(5):244-50. (Abstract cited in TOXLINE)

Zhang Y, Jiang X, Chen B. Reproductive and developmental toxicity in F1 Sprague-Dawley male
rats exposed to di-n-butyl phthalate in utero and during lactation and determination of its
NOAEL. Reprod Toxicol. 2004, Jul; 18(5):669-76. (Abstract cited in TOXLINE)

Zhang, Y.-H., Zheng, L.-X., & Chen, B.-H. (2006). Phthalate exposure and human semen quality
in Shanghai: A cross sectional study. Biomedical and Environmental Sciences , 19, 205-2009.
(As summarized in CPSC, 2010)

Zhao X, Gao Y, Qi M. Toxicity of phthalate esters exposure to carp (Cyprinus carpio) and
antioxidant response by biomarker.  Ecotoxicology. 2014, May; 23(4):626-32.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4012160/pdf/10646_2014 Article_1194.pdf

Zhou D, Wang H, Zhang J, Gao X, Zhao W, Zheng Y. Di-n-butyl phthalate (DBP) exposure
induces oxidative damage in testes of adult rats. Syst Biol Reprod Med. 2010, Dec;
56(6):413-9. (Abstract cited in TOXLINE)

132



ENV/IM/MONO(2016)46

Zhou D, Wang H, Zhang J. Di-n-butyl phthalate (DBP) exposure induces oxidative stress in
epididymis of adult rats. Toxicol Ind Health. 2011 Feb;27(1):65-71. doi:
10.1177/0748233710381895. Epub 2010 Sep 7. (Cited in Pubmed)

Zhou J, Chen B, Cai Z. Metabolomics-based approach for assessing the toxicity mechanisms of
dibutyl phthalate to abalone (Haliotisdiversicolorsupertexta). Environ SciPollut Res Int.
2015 Apr;22(7):5092-9. doi: 10.1007/s11356-014-3859-7. Epub 2014 Nov 22. (Cited in
PubMed)

Zhu J, Phillips SP, Feng YL, Yang X. Phthalate esters in human milk: concentration variations
over a 6-month postpartum time. Environ Sci Technol. Sept 1; 40 (17): 5276-5281 (Cited in
PubMed)

Zhu YJ, Jiang JT, Ma L, Zhang J, Hong Y, Liao K, Liu Q, Liu GH. Molecular and toxicologic
research in newborn hypospadiac male rats following in utero exposure to di-n-butyl
phthalate (DBP). Toxicology. 2009, Jun 16; 260(1-3):120-5. (Abstract cited in TOXLINE)

Zhu XB, Tay TW, Andriana BB, Alam MS, Choi EK, Tsunekawa N, Kanai Y, Kurohmaru M.
Effects of di-iso-butyl phthalate on testes of prepubertal rats and mice. Okajimas Folia Anat
Jpn. 2010, Feb; 86(4):129-36. (Abstract cited in TOXLINE)

133



	env-jm-mono(2016)46.pdf
	About the OECD
	Foreward
	1. identity of the substance
	1.1 Name and other identifiers of the substance
	1.2 Composition of the substance

	2. PROPOSED CLASSIFICATION AND LABELLING
	2.1 Proposed classification and labelling according to the GHS criteria

	3.  Identified uses
	4.  Data SOURCES
	5.  PHYSICOCHEMICAL PROPERTIES
	6.  evaluation of PHYSICAL HAzards
	6.1 Explosives
	Short summary and overall relevance of the provided information on explosive properties
	Comparison with the GHS criteria
	Conclusion on classification and labelling for explosive properties

	6.2 Flammable gases
	Comparison with the GHS criteria
	Conclusion on classification and labelling for flammable gases

	6.3 Aerosols
	Short summary and overall relevance of the provided information on aerosols
	Comparison with the GHS criteria
	Conclusion on classification and labelling for aerosols

	6.4 Oxidising gases
	Comparison with the GHS criteria
	Conclusion on classification and labelling for oxidising gases

	6.5 Gases under pressure
	Short summary and overall relevance of the provided information on gases under pressure
	Comparison with the GHS criteria
	Conclusion on classification and labelling for gases under pressure

	6.6 Flammable liquids
	Short summary and overall relevance of the provided information on flammable liquids
	Comparison with the GHS criteria
	Conclusion on classification and labelling for flammable liquids

	6.7 Flammable solids
	Short summary and overall relevance of the provided information on flammable solids
	Comparison with the GHS criteria
	Conclusion on classification and labelling for flammable solids

	6.8 Self-reactive substances
	Short summary and overall relevance of the provided information on self-reactive substances
	Comparison with the GHS criteria
	Conclusion on classification and labelling for self-reactive substances

	6.9 Pyrophoric liquids
	Short summary and overall relevance of the provided information on pyrophoric liquids
	Comparison with the GHS criteria
	Conclusion on classification and labelling for pyrophoric liquids

	6.10 Pyrophoric solids
	Short summary and overall relevance of the provided information on pyrophoric solids
	Comparison with the GHS criteria
	Conclusion on classification and labelling for pyrophoric solids

	6.11 Self-heating substances
	Short summary and overall relevance of the provided information on self-heating substances
	Comparison with the GHS criteria
	Conclusion on classification and labelling for self-heating substances

	6.12 Substances which in contact with water emit flammable gases
	Short summary and overall relevance of the provided information on substances which in contact with water emit flammable gases
	Comparison with the GHS criteria
	Conclusion on classification and labelling for substances which in contact with water emit flammable gases

	6.13 Oxidising liquids
	Short summary and overall relevance of the provided information on oxidising liquids
	Comparison with the GHS criteria
	Conclusion on classification and labelling for oxidising liquids

	6.14 Oxidising solids
	Short summary and overall relevance of the provided information on oxidising solids
	Comparison with the GHS criteria
	Conclusion on classification and labelling for oxidising solids

	6.15 Organic peroxides
	Short summary and overall relevance of the provided information on organic peroxides
	Comparison with the GHS criteria
	Conclusion on classification and labelling for organic peroxides

	6.16 Corrosive to metals
	Short summary and overall relevance of the provided information on the hazard class corrosive to metals
	Comparison with the GHS criteria
	Conclusion on classification and labelling for corrosive to metals

	6.17 Desensitized explosives
	Short summary and overall relevance of the provided information on desensitized explosive properties
	Comparison with the GHS criteria
	Conclusion on classification and labelling for desensitized explosive properties


	7. TOXICOKINETICS (absorption, metabolism, distribution and elimination)
	Short summary and overall relevance of the provided toxicokinetic information on the proposed classification(s)

	8.  EVALUATION OF HEALTH HAZARDS
	8.1 Acute toxicity
	Acute toxicity - oral route
	Short summary and overall relevance of the provided information on acute oral toxicity
	Comparison with the GHS criteria
	Conclusion on classification and labelling for acute oral toxicity
	Acute toxicity - dermal route
	Short summary and overall relevance of the provided information on acute dermal toxicity
	Comparison with the GHS criteria
	Conclusion on classification and labelling for acute dermal toxicity
	Acute toxicity - inhalation route
	Short summary and overall relevance of the provided information on acute inhalation toxicity
	Comparison with the GHS criteria
	Conclusion on classification and labelling for acute inhalation toxicity

	8.2 Skin corrosion/irritation
	Short summary and overall relevance of the provided information on skin corrosion/irritation
	Comparison with the GHS criteria
	Conclusion on classification and labelling for skin corrosion/irritation

	8.3 Serious eye damage/eye irritation
	Short summary and overall relevance of the provided information on serious eye damage/eye irritation
	Comparison with the GHS criteria
	Conclusion on classification and labelling for serious eye damage/eye irritation

	8.4 Respiratory or skin sensitisation
	Respiratory sensitisation
	Short summary and overall relevance of the provided information on respiratory sensitisation
	Comparison with the GHS criteria
	Conclusion on classification and labelling for respiratory sensitisation
	Skin sensitisation
	Short summary and overall relevance of the provided information on skin sensitisation
	Comparison with the GHS criteria
	Conclusion on classification and labelling for skin sensitisation

	8.5 Germ cell mutagenicity
	Short summary and overall relevance of the provided information on germ cell mutagenicity
	Comparison with the GHS criteria
	Conclusion on classification and labelling for germ cell mutagenicity

	8.6 Carcinogenicity
	Short summary and overall relevance of the provided information on carcinogenicity
	Comparison with the GHS criteria
	Conclusion on classification and labelling for carcinogenicity

	8.7 Reproductive toxicity
	Adverse effects on sexual function and fertility
	Short summary and overall relevance of the provided information on adverse effects on sexual function and fertility
	Comparison with the GHS criteria
	Short summary and overall relevance of the provided information on adverse effects on development of the offspring
	Comparison with the GHS criteria
	Adverse effects on or via lactation
	Short summary and overall relevance of the provided information on effects on or via lactation
	Comparison with the GHS criteria
	Conclusion on classification and labelling for reproductive toxicity

	8.8  Specific target organ toxicity-single exposure (STOT SE)
	Short summary and overall relevance of the provided information on STOT SE
	Comparison with the GHS criteria
	Conclusion on classification and labelling for STOT SE

	8.9  Specific target organ toxicity-repeated exposure (STOT RE)
	Short summary and overall relevance of the provided information on STOT RE
	Comparison with the GHS criteria
	Conclusion on classification and labelling for STOT RE

	8.10 Aspiration hazard
	Short summary and overall relevance of the provided information on aspiration hazard
	Comparison with the GHS criteria
	Conclusion on classification and labelling for aspiration hazard


	9. evaluation of Environmental hazards
	9.1 HAZARDOUS TO THE AQUATIC ENVIRONMENT
	9.1.1 Rapid degradability of organic substances
	Further information is in Table 41 in Appendix 1
	Hydrolysis
	Photochemical degradation
	Ready biodegradability
	BOD5/COD
	Aquatic simulation tests
	Field investigations and monitoring data (if relevant for C&L)
	Inherent and Enhanced Ready Biodegradability tests
	Soil and sediment degradation data
	9.1.2 Environmental transformation of metals or inorganic metal compounds
	Summary of data/information on environmental transformation
	9.1.3 Environmental fate and other relevant information
	9.1.4 Bioaccumulation
	Further information is in Table 42 in Appendix 1
	Estimated bioaccumulation
	Measured partition coefficient and bioaccumulation test data
	9.1.5 Acute aquatic hazard
	Acute (short-term) toxicity to fish
	Acute (short-term) toxicity to aquatic invertebrates
	Acute (short-term) toxicity to algae or aquatic plants
	Acute (short-term) toxicity to other aquatic organisms
	9.1.6 Long-term aquatic hazard
	Chronic toxicity to fish
	Chronic toxicity to aquatic invertebrates
	Chronic toxicity to algae or aquatic plants
	Chronic toxicity to other aquatic organisms
	9.1.7 Comparison with the GHS criteria for hazardous to the aquatic environment
	Acute aquatic hazard
	Long-term aquatic hazard (including bioaccumulation and degradation)
	9.1.8 Conclusion on classification and labelling for hazardous to the aquatic environment

	9.2 HAZARDOUS TO THE OZONE LAYER
	9.2.1  Conclusion on classification and labelling for hazardous to the ozone layer


	References




