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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, 10
-3

, 10
-4

, 10
-

5
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 10⁻³ 
M MBP impaired developmental 

competency, whereas exposure to 10⁻⁴ 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, 0.5, 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 

14.5 to 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 12 to 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 F0 

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 (PPARα) 

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 

PPARα, respectively, were overrepresented, 

and the time dependency of changes to 

PPARα-regulated lipid metabolism genes 

correlated with DBP-mediated repression of 

SF1-regulated steroidogenesis genes. The 

data indicate that PPARα 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 Wnt5a in the embryonic development 

including guts. However, the Wnt5a 

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
rd

 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 36c: Summary table of other studies relevant for adverse effects on development of the offspring 

Type of 

study/data 

Test substance, 

reference to 

table 5 

Relevant 

information 

about the study 

(as applicable) 

Observations and Reference  

 

Developmental 

toxicity study 

using rats 

MBuP, BBP, 

DBP 

0, 500, 625 or 

750 mg/kg on 

days 7-9, days 

10-12 or days 

13-15 of 

pregnancy 

A study was conducted to determine the phase specificity 

of the developmental toxicity of mono-n-butyl phthalate 

(MBuP) and to assess the role of MBuP in the 

developmental toxicity of BBP and DBP in rats. Pregnant 

rats were given MBuP by gastric intubation at a dose of 

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 

toxicity study 

using rats 

MBuP, BBP, 

DBP 

0, 500, 625 or 

750 mg/kg on 

GD 7-9, 10-12, 

or 13-15 

To further characterize the developmental toxicity of 

mono-n-butyl phthalate (MBuP), pregnant rats were given 

MBuP by gastric intubation at a dose of 500, 625 or 750 

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 

MBuP was given on GD 10-12. External and skeletal 

malformations were also observed (Ema et al, 1996). 

 

Developmental 

toxicity study 

using rats 

DBP, MBP 0, 1.8, 3.6, 5.4, 

or 7.2 mmol 

DBP or MBP/kg 

on GD 10 

Embryotoxic profiles of DBP and MBP were compared at 

midgestation in pregnant Sprague-Dawley rats a single 

oral dose of 1.8, 3.6, 5.4, or 7.2 mmol DBP or MBP/kg on 

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 

toxicity, oral dose 

DBP, DEHP 0, 250, 500, 

1000 mg/kg bw 

of P0 generation 

only 

In a description of the reproductive effects of 10 known or 

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 mg 

DBP/kg/day 

from GD 12 to 

21 

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 a 

metabolite of 

DBP) 

 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 

12 to 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 

GD 12 to 21 

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 12 to 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 qrt-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). 

 



ENV/JM/MONO(2016)46 

 70 

In vitro assays 

(cellular system 

examining gene 

expression and 

competitive 

binding assay) 

DBP  No strong evidence of species-specific binding was found 

in an assessment of whether binding of several chemicals 

differs significantly between full-length recombinant 

estrogen receptors from fathead minnows (fhERalpha) 

and those from humans (hERalpha) (Rider et al, 2009 

 

Developmental 

toxicity study 

 

Dietary study 

 

Wistar rats 

DBP 0, 0.037, 0.111, 

0.333 and 1% in 

the diet) from 

GD 6 to PND 28 

To investigate the neurobehavioral effects of DBP on 

rodent offspring following in utero and lactational 

exposure, Wistar rats were treated with DBP (0, 0.037, 

0.111, 0.333 and 1% in the diet) from GD 6 to PND 28 

and selected developmental and neurobehavioral 

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 

toxicity study 

 

Oral dose – 

gavage 

 

Wistar rats 

DBP Pregnant rats 

exposed to 0, 25, 

75, 225 and 

675mg 

DBP/kg/day 

from GD 6 to 

PND 21 

Pregnant Wistar rats were treated orally by gavage with 0, 

25, 75, 225 and 675mg DBP/kg/day from GD 6 to PND 

21, and then the weaned offspring continued receiving the 

same treatment till PND 28. Effects of DBP on maze 

performance in male offspring were evaluated by spatial 

learning tasks; the effects of DBP on the expression of 

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 

toxicity study 

 

Sprague Dawley 

rats 

 

Oral dose 

DBP 0, 250, 500 

mg/kg/day orally 

on GD 10-19 

In a study to determine the effects of DBP on male 

reproductive organ development in F1 Sprague-Dawley 

rats following in utero exposure, pregnant rats received 

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 5α-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/β-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/β-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 II 

(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 μg/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 

17β-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-β, BDNF and p-CREB 

expression, while it has no influence on mature offspring 

animals (Li et al, 2014). 

 



 ENV/JM/MONO(2016)46 

 73 

Developmental 

toxicity study 

 

Rat 

 

Oral dose - 

intragastric 

DBP 0, 100 

mg/kg/day form 

GD 12 to 21 

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 α (ERα) and a decrease of 

estrogen receptor β (ERβ) and androgen receptor (AR) in 

the testis (Wakui et al, 2014). 

 

Developmental 

toxicity study 

 

Sprague Dawley 

rats 

 

Oral dose 

 

Genomic analysis 

DBP 0, 100, 500 

mg/kg/day from 

GD 16-20 

Changes in gene expression following in utero exposure 

to DBP were investigated in rat foreskin. Dams were 

exposed on GD 16-20 and foreskin was taken on GD 20 

and PND 5. Changes in expression of Marcks, Pum1, 

Nupr1, and Penk caused by in utero exposure were 

maintained after birth (Pike et al, 2014). 

 

Castrated adult 

male athymic 

nude mice with 

human festal 

testis xenograph 

DBP 14 d, 75 mg/kg/d 

oral 

DBP did not affect androgenic endpoints in a human fetal 

testis xenograft (Spade et al, 2014). 

 

Rat testis – in 

vivo dosing, 

human testis – in 

vitro cultures 

 

Protein 

expression via 

immunohisto-

chemistry 

DBP  Findings in this study provide the first comparison of 

DBP effects on germ cell number, differentiation, and 

aggregation in human testis xenografts and in vivo in rats. 

Authors observed comparable effects on germ cells in 

both species, but the effects in the human were muted 

compared with those in the rat. Nevertheless, phthalate 

effects on germ cells have potential implications for the 

next generation, which merits further study. The results 

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, 1999a, 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 NOAELs 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 F0 

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 (PND60) (Li et al, 

2013). The induction of neurotoxicity in immature offspring was thought to be through regulation of 

AROM, ER-β, 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 PPARα 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
rd

 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/β-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 II (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 α (ERα) 

and a decrease of estrogen receptor β (ERβ) and androgen receptor (AR) in the testis (Wakui et al, 2014). 

Changes in expression of Marcks, Pum1, Nupr1, 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, 

test guideline, 

and deviation(s) 

if any 

Species, 

strain, sex, 

no/group 

Test substance Dose levels,  

duration of 

exposure  

Results Reference  

 

No data available on lactation alone 

 

 

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

Type of 

data/report 

Test 

substance  

Relevant 

information about 

the study (as 

applicable) 

Observations and Reference  

 

Government 

Report 

 

DBP  Based on available data, the exposure to DBP via 

breast milk for infants was calculated to vary between 

1.2 and 6 μg DBP/kg bw/day (EC, 2003).  

 

Peer-reviewed 

study/ case 

study 

DBP Milk collected from 

21 breast-feeding 

mothers over 6 

month period 

Mean DBP concentration less than 1 µg / day / infant. 

(Zhu et al., 2006) 

 MMP (as a 

metabolite 

for DBP) 

 In an analysis of maternal breast milk and serum from 

boys 1-3 months old who had cryptorchidism, no 

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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8.8  Specific target organ toxicity-single exposure (STOT SE) 

 

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

Method, 

test guideline, 

and 

deviation(s) if 

any 

Test 

substance 

Species, 

strain, sex, 

no/group 

Route of 

exposure 

Dose levels,  

duration of 

exposure  

Results and Reference  

 

No 

methodological 

information. 

 

Route of 

administration: 

inhalation 

 

GLP 

compliance not 

reported 

DBP 

(unknown 

particle 

size) 

cat 1 mg/L for 

5.5 hr 

>1 mg/L (nasal 

irritation 

observed, but no 

deaths) 

Clayton and Clayton, 1993-1994 , as cited 

in HSDB, 2015 

Acute study 

 

No GLP 

information 

DiBP  

(as a 

substitute 

for DBP) 

Sprague 

Dawley 

rats 

 

C57BL/6N 

mice 

Oral dose 0, 1000 

mg/kg/day for 7 

days 

Di-iso-butyl phthalate (DiBP) is used as a 

substitute for DBP. The effects of DiBP on 

testes in prepubertal rodents still remain to 

be obscure. Testicular toxicity of DiBP 

was investigated in 21-day-old Sprague-

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 

dose 

0, 500 mg/kg Morphological alterations in seminiferous 

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 

dose 

0, 500 mg/kg A single oral administration of 500 mg/kg 

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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8.9  Specific target organ toxicity-repeated exposure (STOT RE) 

 

Table 39a: Summary table of animal studies relevant for STOT RE  

 

Method, 

test 

guideline, 

and 

deviation(s) 

if any 

Test 

substance 

Species, 

strain, sex, 

no/group 

Route of 

exposure 

Dose levels,  

duration of 

exposure  

Results and Reference  

 

Subchronic 

toxicity 

study 

DBP mouse Oral 0, 500 and 

5,000 mg/kg 

bw) 

 

86 or 90 days 

0.25 or 2.5% DBP in diet (~ 500 and 5,000 

mg/kg bw) was administered to mice for 86 or 

90 days. Kidneys and liver were affected by the 

exposure to DBP (Ota et al, 1973; 1974).  

 

NTP 

protocol 

 

GLP 

compliant 

DBP Sprague-

Dawley rat 

Oral – 

feeding 

study 

0, 1000, 5000, 

10,000, 

15,000, or 

20,000 ppm 

(exposures in 

males were 0, 

70, 340, 650, 

910, or 1190 

mg/kg-day and 

in females 

were 0, 70, 

350, 700, 930, 

or 1150 

mg/kg-day 

NTP conducted a 14-day dietary range-finding 

study with DBP in CD Sprague-Dawley rats. 

No animals died and clinical signs were 

normal. Food consumption and body weights 

were affected at the higher doses. The results 

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). 

 

Subchronic 

study 

 

OECD 

Guideline 

408 

 

GLP 

compliant 

 

DBP Wistar rat Oral – 

dietary 

(feeding) 

study 

 In a 3-month dietary study in rats (OECD 

Guideline 408), a dose of 152 mg/kg bw 

appeared to be the NOAEL. Changes at the 

next higher dose of 752 mg/kg bw 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).    
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Subchronic 

study 

 

Oral dietary 

study 

 

NTP 

 

GLP 

compliant 

DBP F344 rat 

 

Male and 

female 

  A 13-week evaluation by NTP of the toxicity 

of DBP was performed by NTP in male and 

female F344 rats. DBP was given in the diet. 

Effects were noted in the liver 

(hypocholesterolemia, hypotriglyceridemia, 

signs of cholestasis, and altered hepatocellular 

cytoplasm) and testes (lower weight, 

degeneration of germinal epitheliumlower 

serum testosterone, and impaired 

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 

study 

 

Oral dietary 

study 

 

NTP 

 

GLP 

compliant 

DBP B6C3F1 

mouse 

  A 13-week dietary study with DBP was 

conducted in B6C3F1 mice by NTP. 

Hepatocellular cytoplasmic alterations were 

seen and mean body weight was lower at high 

doses. The NOAEL is 5000 ppm (equivalent to 

812 mg/kg-day in males and 971 mg/kg-day in 

females) and the LOAEL is 10,000 ppm 

(equivalent to1601 mg/kg-day in males and 

2137 mg/kg-day in females). (NTP, 1995).   

 

Subacute 

inhalation 

study (28 

day) 

DBP Wistar rats 

 

5/sex/group 

 

6 hr/day, 5 

days/week, 

4 weeks 

Inhalatio

n – head 

only 

0, 1.18, 5.57, 

49.3 or 509 

mg DBP/m
3
. 

MMAD was  

1.5-1.9 µm 

and GSD was  

~ 2. 

No systemic effects were seen in a 4-wk 

inhalation study conducted according to OECD 

Test Guidelines. Head-nose exposures were 6 

hours/day, 5 days/week,  to measured aerosol 

concentrations of 0, 1.18, 5.57, 49.3 or 509 mg 

DBP/m
3
. MMAD was  1.5-1.9 µm and GSD 

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 

data/report 

Test 

substance, 

reference to 

table 5 

Route of 

exposure 

Relevant 

information 

about the study 

(as applicable) 

Observations and Reference  

 

Case study 

 

261 

children 

DBP 

metabolites 

– MEHP, 

MEOP, 

DEHP, 

MNBP 

Environmental 

exposures 

Urine analysis in 

children aged 8-

11 

In a study to investigate the impact of phthalates on 

symptoms of ADHD in school-age children. A 

strong positive association between phthalate 

metabolites in urine and symptoms of ADHD 

among school-age children was found (Kim BN et 

al, 2009). 
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Case study 

 

118 adult 

men with 

fertility 

issues 

DBP, DEHP Environmental 

exposures 

Serum and semen 

analysis 

 

 

To investigate the associations of hormone 

circulation with phthalate exposure in adult men, 

DBP and DEHP in serum and semen were 

measured and compared to serum levels of follicle 

stimulating hormone, luteinizing hormone, 

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 S et al, 2011). 

 

Case study 

 

Neurobehav

ior in 

infants (5 

weeks old) 

 

350 

mother/infa

nt pairs 

 

 

DBP Environmental 

prenatal 

exposures  

Maternal urine 

analysis at 

16weeks and 26 

weeks 

The association of prenatal exposure to bisphenol A 

and select common phthalates with infant 

neurobehavior was evaluated at 5 weeks of age. The 

association between prenatal phthalate exposure 

and infant neurobehavior differed by type of 

phthalate and was evident only with exposure 

measured at week 26 of pregnancy. Prenatal 

exposure to DBP was associated with improved 

behavioral organization in 5-week-old infants. 

(Yolton et al, 2011). 

 

Cross-

sectional 

study 

 

1346 adults 

(20 years of 

age or 

older) vs 

329 

adolescents 

(ages 12-

19) 

DBP, DEHP Environmental 

exposures 

 

 

NHANES data 

from 2007-

2008 

Evaluate thyroid 

hormones in urine 

and DBP, DEHP 

concentrations in 

urine 

This study explored the cross-sectional relationship 

between urinary concentrations of metabolites of 

di(2-ethylhexyl) phthalate (DEHP), dibutyl 

phthalate (DBP), and BPA with a panel of serum 

thyroid measures among a representative sample of 

U.S. adults and adolescents. The results supported 

previous reports of associations between phthalates-

and possibly BPA--and altered thyroid hormones 

(Meeker and Ferguson, 2011). 

 

Cross-

sectional 

study 

 

Children 6-

15 years of 

age 

DBP and 

other 

phthalates 

Environmental 

exposures 

Urine analysis for 

DBP and other 

phthalates 

 

Behavior analysis 

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). 

 
Case 

control 

study 

 

104 girls 

(Prepubesce

nt) 

 

 

MBP (as a 

metabolite of 

DBP) 

Environmental 

exposure 

Urine analysis for 

LH,  FSH, other 

hormones 

In a case-control study of 104 girls, it was found 

that kisspeptin may promote the onset of puberty in 

girls who have high levels of urinary phthalates, 

especially MBP. The study suggests that the early 

onset of puberty is related to increased kisspeptin 

secretion (Chen et al, 2013). 
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Case 

control 

study 

 

Females 

with 

endometrios

is 

DBP 

metabolites 

Environmental 

exposure 

Urine analysis for 

metabolites 

In an investigation of the relationship between 

urinary phthalate metabolite concentrations and the 

risk of a hormonally-driven disease, endometriosis, 

in reproductive-age women, the results suggested 

that phthalates may alter the risk of a hormonally-

mediated disease among reproductive-age women 

(Upson et a, 2013).  

 
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
3
, but adverse local effects in the upper respiratory tract were seen even at the lowest dose, 1.18 mg 

DBP/m
3
 (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). 

 



 ENV/JM/MONO(2016)46 

 87 

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
3
  

in rats during a 4-wk inhalation study at concentrations ranging from 1.18 mg DBP/m
3
 to 509 mg DBP/m

3
 

(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 

study/data 

Test 

substance 

Relevant information about 

the study (as applicable) 

Observations Reference  

 

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 HAZARDOUS TO THE AQUATIC ENVIRONMENT 

9.1.1 Rapid degradability of organic substances 

Table 41: Summary of relevant information on rapid degradability 

Method, 

test guideline, and 

deviation(s) if any 

Results Remarks Reference 

Hydrolysis 

Secondary source 

with no 

methodological 

information 

pH 7, 25˚C: DT50 = 22years No study details available 

 

Supporting Study, Klimisch 

score 4 

Wolfe et al. 1980, as 

cited in Staples et al. 

1997 

Secondary source 

with no 

methodological 

information 

pH 4.0 and 7.0, temperature not 

noted: <10% hydrolysis after 5 

days;  

pH 9, 50˚C: DT50 = 65.8 hours 

No study details available 

 

Supporting Study, Klimisch 

score 4 

ECB, 2004 

EU Method C.7 pH 4, 50˚C: DT50 = 218 days 

pH 7, 50˚C: DT50 = 103 days 

pH 9, 50˚C: DT50 =2.7 days 

pH 9, 39˚C: DT50 = 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/-

/registered-

dossier/14862/5/2/3 

 

http://echa.europa.eu/re

gistration-dossier/-

/registered-

dossier/1676/5/2/3 

 

Photochemical degradation 

Secondary source 

with no 

methodological 

information 

Photodegradation (air) DT50 = 

21.4 hours 

Experimental, no details 

available,  

 

Supporting Study, Klimisch 

score 4 

ECB, 2004 

Secondary source 

with no 

methodological 

information 

Photodegradation (air) DT50 = 

7.4 hours to 3.1 days 

Estimated, no details 

available 

 

Supporting Study, Klimisch 

score 4 

Howard et al. (1991), as 

cited in ECB, 2004 

Secondary source 

with no 

methodological 

information 

Photodegradation (air) DT50 = 

0.6 to 6 days 

Estimated, no details 

available 

 

Supporting Study, Klimisch 

score 4 

Atkinson 1988, as cited 

in Staples et al. 1997 

Secondary source 

with no 

methodological 

information 

Aqueous photodegradation 

DT50 = 2.4 to 12 years 

Estimated, no details 

available 

 

Supporting Study, Klimisch 

score 4 

Howard 1991, as cited 

in Staples et al. 1997 

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-

7d1eded1982b 

 

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/-

/registered-

dossier/14862/5/3/2/?do

cumentUUID=0d57d82

a-cb7f-4641-be25-

5a3ca5603196 

 

OECD Guideline 

301 C (Ready 

Biodegradability: 

Modified MITI Test 

(I)), not GLP 

compliant 

14-d biodegradation: 69% per 

O2 consumption; 100% per test 

substance analysis 

 

readily biodegradable, per 

REACH dossier 

Biodegradation not reported 

at standard 10-day window, 

non-standard media used 

(mixture of sewage, soil and 

natural water), test 

substance purity not 

provided, 28-day test 

duration, pH 7, initial 

concentration 100 mg/L 

DBP 

 

Supporting Study, Klimisch 

score 2 per REACH dossier 

http://echa.europa.eu/re

gistration-dossier/-

/registered-

dossier/1676/5/3/2 

 

BOD5/COD 

Secondary source 

with no 

methodological 

information 

BOD5:COD ratio of 0.63  

 

readily biodegradable 

non-adapted inoculum 

 

Supporting Study, Klimisch 

score 4 

ECB, 2004 

Aquatic simulation tests 



ENV/JM/MONO(2016)46 

 90 

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 d to 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 

µg/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

5-599c-4f8c-87f7-

1576cf0b47cc 

 

 

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 µg/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 

Test) 

Percent degradation, measured 

as DOC removal: 

Week 1 of Acclimation (1 

mg/L) 69 

Week 2 of Acclimation (3 

mg/L) 71 

Week 3 of Acclimation (3 

mg/L) 66 

 

 

 

DBP underwent primary 

degradation in excess of 90% in 

24 hours. 

 

readily biodegradable, per 

REACH dossier 

Activated sludge, adaptation 

not specified, used as 

inoculum; 19-day test 

duration;  test substance 

purity not provided;  pH 

6.5-8; initial concentration 

of DBP:  1 and 3 mg/L 

concentration tested, 

reference substance used 

 

Supporting Study, Klimisch 

score 1 per REACH dossier 

http://echa.europa.eu/nl

/registration-dossier/-

/registered-

dossier/14862/5/3/2/?do

cumentUUID=2b34a27

d-3ea0-44cc-b321-

6ee3fb7ef937 

 

No guideline 

followed,  

DBP degraded by > 90%  in < 8 

days per test material analysis 

 

readily biodegradable, per 

REACH dossier 

Anaerobic sludge used as 

inoculum, > 99% in purity, 

32-day test period, initial 

test substance concentration 

4 mg/L 

 

Supporting Study, Klimisch 

score 2 per REACH dossier 

http://echa.europa.eu/nl

/registration-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 

followed 

Under aerobic conditions, DBP 

degradation of 85 % by 

mineralization at 22 °C after 5 

days, per Radiochemical. 

meas., transformation products 

measured, but not reported 

 

 

During anaerobic conditions, 

only one-sixth of the rate of 

aerobic transformation of DBP 

was observed (no further details 

provided). 

Tested in freshwater 

sediments under aerobic and 

anaerobic conditions, initial 

concentration of 0.018 to 10 

mg/L radiolabelled DBP, no 

data on use of reference 

substance, test duration 28 

days 

 

Supporting Study, Klimisch 

score 2 per REACH dossier 

http://echa.europa.eu/nl

/registration-dossier/-

/registered-

dossier/14862/5/3/3/?do

cumentUUID=4959e00

4-e27d-45be-a736-

b1d3a46daae6 

 

No guideline 

followed 

Under aerobic conditions, DBP 

degradation of 85 % at 22 °C 

after 14 days, per radiochemical  

measurement 

 

freshwater sediments under 

aerobic and anaerobic 

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 

http://echa.europa.eu/nl

/registration-dossier/-

/registered-

dossier/14862/5/3/3/?do

cumentUUID=57aba99

5-cb5f-48b2-8a00-

79e2449fa0ec 

 

Aerobic degradation 

measured in 

mangrove sediment 

DT50s = 1.6 to 2.9 d 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. 

BOD5/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-4f8c-87f7-1576cf0b47cc).  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=4e37f505-599c-4f8c-87f7-1576cf0b47cc), 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/?documentUUID=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-cb5f-48b2-8a00-79e2449fa0ec ). 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 Environmental transformation of metals or inorganic metal compounds 

Summary of data/information on environmental transformation 

Not relevant for organic compounds such as DBP. 

9.1.3 Environmental fate and other relevant information 

Not considered in this document. 

9.1.4 Bioaccumulation 

Table 42: Summary of relevant information on bioaccumulation 

Method, 

test guideline, 

and 

deviation(s) if 

any 

Species Results Remarks Reference 

OECD 305E, 

GLP 

compliant 

Carp (Cyprinus 

carpio) 

BCF of parent compound 

= 1.8 L/kg, based on 

measurements for the 

highest exposure DBP 

concentration in water 

exposed to 10 and 

50 μg/l for 28 days, low 

analytical recovery noted, 

as well as possible 

background contamination,  

major metabolite, i.e. 

the mono-ester MBP, was 

not analysed 

 

Key study,  Klimisch score 

2 

Hüls, 1996, as 

cited in ECB, 

2004 

Measured  
14

C-

content 

Fathead minnow 

(Pimephales 

promelas) 

BCF = 2125 No study details available, 

secondary study 

 

Supporting study, Klimisch 

score 4 

Canadian 

EPA, 1994, as 

cited in ECB, 

2004 

static method Sheepshead minnow 

(Cyprinidon 

variegatus) 

BCF = 11.7 No study details available, 

secondary study 

 

Supporting study, Klimisch 

score 4 

Wofford et al., 

1981, as cited 

in ECB, 2004 

Measured  
14

C-

content 
Brown shrimp 

(Penaus 

aztecus) 

BCF = 2.9 No study details available, 

secondary study 

 

Supporting study, Klimisch 

score 4 

Canadian 

EPA, 1994, as 

cited in ECB, 

2004 

Measured  
14

C-

content 

Daphnia magna BCF = 5000 No study details available, 

secondary study 

 

Supporting study, Klimisch 

score 4 

Mayer and 

Sanders,1973,  

as cited in 

ECB, 2004 

Measured  
14

C-

content 
Gammarus 

pseudolimnaeus 

BCF = 6700 No study details available, 

secondary study 

 

Supporting study, Klimisch 

score 4 

Mayer and 

Sanders,1973,  

as cited in 

ECB, 2004 
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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 
14

C-labelled material likely overestimate the BCF, as results would reflect measured 
14

C-

DBP, any 
14

C-labelled metabolites of DBP, as well as 
14

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. 

9.1.5 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, 

test guideline, 

and 

deviation(s) if 

any 

Species Test 

material 

Results  Remarks Reference 

Fish 

US EPA-

660/3-75-009 

(equivalent to 

OECD 

Guideline 

203), GLP 

compliant 

Pimephales 

promelas, 

Fathead 

minnow 

 

Lepomis 

macrochirus, 

bluegill 

 

Cyprinodon 

variegatus, 

sheepshead 

minnow 

(marine 

species) 

 

Oncorhynchu

s mykiss, 

rainbow trout 

DBP Static 96h 

LC50, mg/l 

= 1.54 

Flow 

through 96h 

LC50, mg/l 

=0.92 

 

Static 96h 

LC50, mg/l 

= 0.48 

 

 

 

Static 96h 

LC50, mg/l 

> 0.6 

 

 

 

 

Flow 

through 96h 

LC50, mg/l 

= 1.6 

 

 

Purity ≥95%, 22°C +/- 

1°C., 7.6 to 7.9 

No. of organisms per 

vessel: 10 

No. of vessels per 

concentration: 2 

No. of vessels per control 

: 2, analytical 

verification performed 

and results based on 

mean measured 

concentrations 

 

Key Study, Klimisch 

score 2 per REACH 

dossier 

http://echa.europa.eu/

nl/registration-

dossier/-/registered-

dossier/14862/6/2/2/?

documentUUID=3d1

42a11-4d22-4269-

b3fa-6a50ee909646 

 

Equivalent to 

methods for 

Acute Toxicity 

Tests with 

Fish, 

Macroinverteb

rates, and 

Amphibians 

(US EPA, 

1975), GLP 

compliant 

Lepomis 

macrochirus 

bluegill 

DBP 96h LC50, 

mg/l = 0.85 

(0.70 - 1.0) 

Purity not available, 

static conditions, total 

hardness and alkalinity 

ranges as CaCO3 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 

http://echa.europa.eu/

nl/registration-

dossier/-/registered-

dossier/14862/6/2/2/?

documentUUID=dd7

bf151-8369-40e4-

9bcb-2f8226e36738 
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Equivalent to 

OECD 

Guideline 203 

(Fish, Acute 

Toxicity Test), 

GLP compliant 

Oncorhynchu

s mykiss, 

rainbow trout 

DBP 96h LC50, 

mg/l = 1.6 

(1.2-2.2) 

“100% active material”, 

flow-through conditions, 

temperature 11°C, pH 

6.9 -7.6, DO 9.1 - 9.5 

mg/L,  Ten organisms 

per tank, duplicates 

included, analytical 

verification performed 

and results based on 

mean measured 

concentrations 

 

Supporting Study, 

Klimisch score 2 per 

REACH dossier 

http://echa.europa.eu/

nl/registration-

dossier/-/registered-

dossier/14862/6/2/2/?

documentUUID=6b6

8e7bd-b05a-4287-

9061-f87bf54abe73 

 

flow through 

(EG&G 

Bionomics, 

1981) 

Pimephales 

promelas 

Fathead 

minnow 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 0.92 

(0.71-1.2) 

Measured 

concentrations; no 

further study details 

available 

 

Supporting study, 

Klimisch score 4 

CMA (1984), as cited 

in ECB, 2004; Staples 

et al. 1997b 

static Pimephales 

promelas  

Fathead 

minnow 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 1.1 

(1.0-1.2) 

Measured 

concentrations; No other 

study details available 

 

Supporting study, 

Klimisch score 4 

Geiger et al. (1985), 

as cited in ECB, 

2004; Staples et al. 

1997b 

Flow-through Pimephales 

promelas  

Fathead 

minnow 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 0.85 

(0.72-1.0) 

Measured 

concentrations; No other 

study details available 

 

Supporting study, 

Klimisch score 4 

Defoe et al. 1990, as 

cited in Staples et al. 

1997b 

Flow-through Pimephales 

promelas  

Fathead 

minnow 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 

0.61(0.54-

0.70) 

Measured 

concentrations; No other 

study details available 

 

Supporting study, 

Klimisch score 4 

Defoe et al. 1990, as 

cited in Staples et al. 

1997b 

Flow-through Pimephales 

promelas  

Fathead 

minnow 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 0.90 

(0.73-1.10) 

Measured 

concentrations; No other 

study details available 

 

Supporting study, 

Klimisch score 4 

Defoe et al. 1990, as 

cited in Staples et al. 

1997b 
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Static renewal, 

conducted 

according to 

Kenaga 1981  

Cyprinus 

carpio carp 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 16.3 

(16.21-

16.39) 

analytic grade test 

substance, 20 ± 2 °C, 

blank (solvent) controls 

used, 30 fish per 

aquarium, 30 L water, 

duplicates per treatment 

level, not noted whether 

analytical verification 

was performed 

 

Supporting Study, 

Klimisch score 2 

Zhao et al. 2014 

semi static 

(EEC 92/69 

C1) 

Brachydanio 

rerio 

zebra fish 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 2.2 

(1.3-2.5) 

Measured 

concentrations;  no 

further study details 

available 

 

Supporting study, 

Klimisch score 4 

Hüls (1994a), as cited 

in ECB, 2004; Staples 

et al. 1997b 

flow through Ictalurus 

punctatus 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 0.46 

(0.40-0.53) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

Mayer and Ellersieck 

(1986), as cited in 

ECB, 2004; Staples et 

al. 1997b 

static (APHA, 

1971) 

Ictalurus 

punctatus 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 2.91 

(1.38-6.13) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

Mayer and Sanders 

(1973), as cited in 

ECB, 2004; Staples et 

al. 1997b  

flow through Perca 

flavescens 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 0.35 

(0.28-0.44) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

Mayer and Ellersieck 

(1986), as cited in 

ECB, 2004; Staples et 

al. 1997b 

static (DIN 38 

412, 1982) 

Leuciscus 

idus 

DBP 96h LC50, 

mg/l (95% 

C.I.) = 7.3 

(4.6-10) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

CMA (1984), as cited 

in ECB, 2004 
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Invertebrates 

Equivalent to 

EPA OPPTS 

850.1020 

(Gammarid 

Acute Toxicity 

Test) and 

850.1035 

(Mysid Acute 

Toxicity Test), 

GLP compliant 

Daphnia 

magna 

Water flea 

 

 

 

Mysidopsis 

Bahia 

Mysid 

shrimp 

 

Paratanytar

us 

parthenogeni

ca Midge 

 

DBP 48-hr EC50= 

2.99 mg/L 

 

 

 

96-hr LC50 = 

0.5 mg/L 

 

 

 

96-hr LC50 = 

6.29 mg/L 

 

 

Purity ≥95%, static, 

analytical verification -

results reported based 

on measured 

(arithmetic mean) 

concentrations, 

hardness 25 to 50 

mg/L as CaCO3, 20°C 

± 1°C, pH 7.6 to 7.9,  

 

Key Study, Klimisch 

score 2 per REACH 

dossier 

http://echa.europa.eu/nl/re

gistration-dossier/-

/registered-

dossier/14862/6/2/4/?docu

mentUUID=76cb4585-

6ab1-41a9-a892-

7a5d2472fab8; Adams et 

al. 1995 as cited in Staples 

et al. 1997b 

ISO 6341 15 

(equivalent to 

OECD 

Guideline 

202), GLP 

compliance not 

available 

Daphnia 

magna  

Water flea 

 

DBP 6.78 (5.30 - 

8.22) mg/L (48 

h EC50) 

Purity >99%, static, 

analytical performed 

and measured 

confirmed nominal 

concentrations,  pH 

7.8±0.2, 4 replicates 

per  concentration, 5-8 

test concentration per 

test, control group with 

8 replicates 

 

 

Supporting Study, 

Klimisch score 2 per 

REACH dossier 

 

http://echa.europa.eu/nl/re

gistration-dossier/-

/registered-

dossier/14862/6/2/4/?docu

mentUUID=85c3c81d-

432b-47be-8d72-

1f659c3b13f8 

 

OECD 

Guideline 202, 

GLP 

compliance not 

available 

Daphnia 

magna  

Water flea 

 

DBP 4.8 mg/L (48 h 

EC50) 

No study details 

available 

 

Supporting Study, 

Klimisch score 2 per 

REACH dossier 

 

http://echa.europa.eu/regist

ration-dossier/-/registered-

dossier/1676/6/2/4 

 

Equivalent to 

U.S. EPA, 

1975: Methods 

for Acute 

toxicity Tests 

with Fish 

Macroinverteb

rates, and 

Amphibians, 

GLP compliant 

Daphnia 

magna  

Water flea 

 

DBP 48 h EC50 

(95% CI) = 3.4 

(3.1-3.8) mg/L  

Static, 23°C, pH 8.1-

8.4, DO 7.6-8.7, 

analytical verification 

performed and results 

based on measured 

concentration 

 

Supporting study, 

Klimisch score 2 per 

REACH dossier 

http://echa.europa.eu/nl/re

gistration-dossier/-

/registered-

dossier/14862/6/2/4/?docu

mentUUID=4e12c65d-

8c82-44e6-93dd-

105a63d1c0ea 

 

Static Daphnia 

magna  

Water flea 

DBP 48 h EC50 = 

3.0 mg/L 

Measured 

concentrations, no 

other details available 

 

Supporting study, 

Klimisch score 4 

Springborn Bionomics, 

1984, as cited in Staples 

1997b 
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No data Daphnia 

magna  

Water flea 

DBP 48 h EC50  = 

3.7 mg/L 

Measured 

concentrations, no 

other details available 

 

Supporting study, 

Klimisch score 4 

Call et al. 1983, as cited in 

Staples 1997b 

Other Chironomus 

plumosus 

DBP 0.76 – 5.46 

mg/L (48 h 

EC50) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

results of various studies 

cited in Staples et al. 

1997b 

Other; brackish 

water 

Nitocra 

spinipes 

DBP 1.7 mg/L (1.3-

2.2) - (96 h 

LC(I)50) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

Lindén et al. (1979), as 

cited in ECB 2004 

APHA (1971) Gammarus 

pseudolimna

eus 

DBP 2.1 mg/L (96 h 

LC50) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

Mayer and Sanders (1973), 

as cited in ECB 2004 

Other Paratanytars

us 

parthenogen

etica 

DBP 5.8 mg/L (96 h 

EC50) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

EG&G Bionomics 

(1984b), as cited in ECB 

2004 

Other; 

seawater 

Artemia 

salina 

DBP 8 mg/L (24 h 

LC50) 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

Hudson et al. (1981), as 

cited in ECB 2004 
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Algae and aquatic plants 

EU Method 

C.3 (Algal 

Inhibition test), 

GLP compliant 

Desmodesmu

s subspicatus 

DBP 8.38 (7.15-

10.28) mg/L 

(72 h EC50) 

based on 

growth rate 

 

2.12 (1.85-

2.40) mg/L 

(72 h EC50) 

based on 

biomass 

 

Purity not noted, no 

analytical performed, 

24-25°C, pH 7.19-9.21, 

continuous light at 6 

000 - 10000 lux, 

control group with 6 

replicates 

 

 

Supporting study, 

Klimisch score 1 per 

REACH dossier 

http://echa.europa.eu/nl/re

gistration-dossier/-

/registered-

dossier/14862/6/2/6/?docu

mentUUID=54c24fb2-

8344-45fb-b545-

83c57a81aea9 

 

92/69/EEC Desmodesmu

s subspicatus 

(formerly 

known as 

Scenedesmus 

subspicatus) 

DBP 1.2-2.0 mg/L 

(72 h EC50) 

Measured 

concentrations. No 

study details available 

 

Supporting study, 

Klimisch score 4 

Scholz, 1995; as cited in 

Staples et al. 1997b 

ISO 8692 

(equivalent to 

OECD 201), 

GLP 

compliance not 

available 

Pseudokirch

nerella 

subcapitata 

DBP 2.52 mg/L 

(2.10 to 3.12) 

(72 h EC50) 

Purity >99%,  

analytical performed 

and confirmed nominal 

concentrations, pH 

8.0±0.3, 21±2˚C  

continuous light at 90-

100 microE/m2/s, 

control group with 6 

replicates 

 

 

Supporting study, 

Klimisch score 2 per 

REACH dossier 

http://echa.europa.eu/nl/re

gistration-dossier/-

/registered-

dossier/14862/6/2/6/?docu

mentUUID=702fe575-

b13f-45dc-a3e8-

79c8436b71f5 

 

OECD 

Guideline 201 

Pseudokirch

nerella 

subcapitata 

DBP 2.7 (72 h 

EC50; growth 

rate) 

Static, no study details 

available 

 

Supporting study, 

Klimisch score 4 

http://echa.europa.eu/regist

ration-dossier/-/registered-

dossier/1676/6/2/6/?docum

entUUID=4648086d-d39f-

40cd-b6a8-d5be8f964b16 

 

Unclear Pseudokirch

nerella 

subcapitata 

DBP 0.75 (96 h 

EC50), 

No details available 

 

Supporting study, 

Klimisch score 2 per 

REACH dossier 

http://echa.europa.eu/regist

ration-dossier/-/registered-

dossier/1805/6/2/6 

 

Other Gymnodium 

breve 

(marine 

dinoflagellat

e species) 

DBP 0.0034 - 0.2 

(96 h EC50), 

based on 

growth rate 

No study details 

available 

 

Supporting study, 

Klimisch score 4 

Wilson et al. (1978), as 

cited in ECB 2004; Staples 

1997b 

 

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

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=3d142a11-

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 

EC50 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 aquatic toxicity 

Method, 

test 

guideline

, and 

deviation

(s) if any 

Species Test 

material 

Results 

Key or 

Supportive 

study 

Remarks 

Reference 

Remarks References 

Fish 

US. EPA-

TSCA, 

40 CFR, 

Part 

791.1600 

Oncorhyn

chus 

mykiss 

DBP 99-day NOEC, 

based on 

growth 

(weight) = 0.1 

mg/L (100 

µg/L) Flow-

through, 

measured 

concentrations 

(arithmetic. 

mean) 

Analytical verification 

performed (measured 

values 71 to 85% of 

nominal values), eggs were 

placed in the exposure 

chambers approximately 

4.5 hours after fertilization, 

100 eggs were placed in 

dilution water control 

exposure chambers (50 per 

duplicate chamber), 

harness 164 to 180 mg/L 

as CaCO3, alkalinity 119 

to 132 mg/L as CaCO3, 

pH 7.0 to 8.2, conductivity 

380 to 990 umhos/cm, DO 

remained at >75% 

saturation, temperature 10 

to 12°C 1.5 °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 

Ward and Boeri, 

1991, as cited in 

http://echa.europa.e

u/nl/registration-

dossier/-/registered-

dossier/14862/6/2/3

/?documentUUID=

5b4a92fe-50c3-

4173-bb36-

f5af0d65ee91 

 

Non-

guideline, 

static 

renewal 

test study 

Murray 

rainbow 

fish 

(Melanota

enia 

fluviatilis) 

(non-

standard 

species) 

DBP 90-day LOEC, 

based on 

growth = 

0.005 mg/L 

(5µg/L); 

NOEC, based 

on growth ≤ 

0.005 mg/L 

(5µg/L) 

(inferred) 

Only three test 

concentrations used. 

Effects examined at 30, 60, 

and 90 days. Four beakers 

containing four fish in 

each were used (16 fish per 

treatment per time interval 

with 240 total fish). 

Temperature 23 ± 0.1 °C, 

conductivity 1231–1241 

μS/cm,  pH 6.8–7.1, DO 

above 80%. Analytical 

verification performed 

(measured concentrations 

were 70-80% of nominal 

for the 15 and 50µg/L test 

levels; 120% for the 5µg/L 

level). Negative and 

Bhatia et al, 2014b 
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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 5 µg/L . 

Complete feminization of 

the gonad was noted in fish 

exposed to 5 µg l(-1) for 

90 days and to 15 and 

50 µg /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 5 µg/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 µg/L DnBP for 90 days 

and 50 µg/L DnBP for 

30 days.   
Key study, Klimisch score 

2  

Aquatic invertebrates 

OECD 

Guideline 

211 

Daphnia 

magna 

Water 

flea 

DBP 21-day NOEC 

= 0.33 mg/L 

based on 

reproduction 

Semi-static, no further 

details provided 

 

Supporting study, 

Klimisch score 4 

http://echa.europa.e

u/registration-

dossier/-/registered-

dossier/1676/6/2/5 

Not 

available  

Daphnia 

magna 

Water 

flea 

DBP 21-day NOEC 

= 0.11 to 1.05 

mg/L based on 

survival and 

reproduction 

Measured concentrations, 

no further details provided 

 

Supporting study, 

Klimisch score 4 

Defoe et al., 1990, 

as cited in Staples 

1997b 

Non-

guideline 

study 

measuring 

Gammar

us pulex 

DBP 25-day NOEC 

= 0.1 mg/L, 

based on 

locomotion 

Test concentrations of 100,  

500 µg/L, 10-12 °C,  

No. of organisms per 

vessel:25 

http://echa.europa.e

u/nl/registration-

dossier/-/registered-

dossier/14862/6/2/5
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locomotor 

activity, 

flow-

through 

No. reps per concentration: 

3 

No. of vessels per control 

(replicates): 2 

 

 

Supporting study, 

Klimisch score 2 per 

REACH dossier 

/?documentUUID=

dfd0d0fa-7c9b-

41ed-a9cb-

29bb83f0e015 

 

Algae and aquatic plants 

EU 

Method 

C.3 (Algal 

Inhibition 

test), GLP 

compliant 

Desmode

smus 

subspicat

us 

DBP 1.88 (1.27-

2.43) mg/L 

(72 h EC10) 

based on 

growth rate 

5 mg/L (72 h 

NOEC) based 

on growth rate 

0.13 (0.08-

0.20) mg/L 

(72 h EC10) 

based on 

biomass 

 

Purity not noted, static, no 

analytical performed, 24-

25°C, pH 7.19-9.21, 

continuous light at 6 000 - 

10 000 lux, control group 

with 6 replicates 

 

Supporting study, 

Klimisch score 1 per 

REACH dossier 

http://echa.europa.e

u/nl/registration-

dossier/-/registered-

dossier/14862/6/2/6

/?documentUUID=

54c24fb2-8344-

45fb-b545-

83c57a81aea9 

 

92/69/EE

C 

Desmode

smus 

subspicat

us 

(formerly 

known as 

Scenedes

mus 

subspicat

us) 

DBP 0.5 (72-h 

NOEC), based 

on growth 

rate, cell 

growth 

Measured concentrations. 

No study details available 

 

Supporting study, 

Klimisch score 4 

Scholz, 1995; 

Staples et al. 1997b 

ISO 8692 

(equivalen

t to OECD 

201), GLP 

complianc

e not 

available 

Pseudoki

rchnerell

a 

subcapit

ata 

DBP 1.49 (1.08 - 2. 

06) mg/L (72 

h EC10) 

Purity >99%, static, 

analytical performed, 

results based on measured 

concentrations, pH 

8.0±0.3, 21±2˚C  

continuous light at 90-100 

microE/m2/s, control 

group with 6 replicates 

 

 

Supporting study, 

Klimisch score 2 per 

REACH dossier 

http://echa.europa.e

u/nl/registration-

dossier/-/registered-

dossier/14862/6/2/6

/?documentUUID=

702fe575-b13f-

45dc-a3e8-

79c8436b71f5 

 

OECD 

Guideline 

201 

Pseudoki

rchnerell

a 

subcapit

ata 

DBP 0.3 mg/L (72 h 

NOEC; 

growth rate) 

Static, no study details 

available 

 

Supporting study, 

Klimisch score 4 

http://echa.europa.e

u/registration-

dossier/-/registered-

dossier/1676/6/2/6/

?documentUUID=4

648086d-d39f-

40cd-b6a8-

d5be8f964b16 
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Other Selenastr

um 

capricor

nutum* 

DBP NOEC = 2.8 

mg/L (7 d) 

No study details 

available 

 

Supporting 

study, Klimisch 

score 4 

Melin and Egnéus (1983), as 

cited in ECB, 2004 

Other Selenastr

um 

capricor

nutum 

DBP NOEC = 0.8 

mg/L (10 d) 

No study details 

available 

 

Supporting 

study, Klimisch 

score 4 

CMA (1984), as cited in ECB, 

2004 

Other 

(marine) 

Dunaliell

a parva 

DBP NOEC = 0.28 

mg/L (7 d), 

based on cell 

aggregation 

No study details 

available 

 

Supporting 

study, Klimisch 

score 4 

Acey et al. (1987), as cited in 

ECB, 2004; Staples et al. 

1997b 

Other 

(marine) 

Thalassi

osira 

pseudom

ona 

DBP NOEC = 2.0 

mg/L (4 d) 

No study details 

available 

 

Supporting 

study, Klimisch 

score 4 

Acey et al. (1987), as cited in 

ECB, 2004 

Other 

(marine) 

Syneccho

coccus 

lividus 

DBP 0.002 (14 d 

LOEC) 

 

DBP caused a 

decrease only 

in the number 

of non-

aggregated S. 

lividus. 

Nevertheless, 

very low 

concentrations 

of DBP seem 

to affect the 

growth 

behaviour of 

these blue-

green algae. 

(ECB, 2004) 

No study details 

available 

 

Supporting 

study, Klimisch 

score 4 

Acey et al. (1987), as cited in 

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-a9cb-29bb83f0e015).  A study, reportedly conducted according to standard test guideline 

OECD 211, resulted in a 21-day NOEC of 0.33 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/EC10 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=54c24fb2-8344-45fb-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 
14

C-labelled material likely overestimate the BCF, as results 

would reflect measured 
14

C-DBP, any 
14

C-labelled metabolites of DBP, as well as 
14

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   

Aquatic 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 

9.2.1  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. 
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