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Figure 1: Structure of Quinoline 

 
 
Introduction 
 

Under the Canadian Environmental Protection Act, 1999 (CEPA 1999) the Minister of 
Health may gather information, conduct investigations and evaluations, including screening 
assessments, relevant for the purpose of assessing whether a substance is entering or may enter 
the environment in a quantity or concentration or under conditions that constitute or may 
constitute a danger in Canada to human life or health. 
 
 Screening health assessments focus initially on conservative assessment of hazard or 
effect levels for critical endpoints and upper-bounding estimates of exposure, after consideration 
of all relevant identified information.  Decisions based on the nature of the critical effects and 
margins between conservative effect levels and estimates of exposure take into account 
confidence in the completeness of the identified databases on both exposure and effects, within a 
screening context.  Additional background information on screening health assessments 
conducted under this program is available at http://www.hc-sc.gc.ca/ewh-
semt/contaminants/existsub/index_e.html.  
 

A State of the Science Report for a screening assessment has been prepared on quinoline 
(see Figure 1) on the basis that this compound was included in the Domestic Substances List 
pilot phase for screening as a substance likely to be prioritized on the basis for greatest potential 
for human exposure. 
 
 This draft State of the Science Report for a screening assessment and associated 
unpublished supporting working documentation were prepared by evaluators within the Existing 

N
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Substances Division of Health Canada; the content of these documents was reviewed at several 
meetings of senior Divisional staff. The draft Report was subsequently externally reviewed for 
adequacy of data coverage and defensibility of the conclusions.   The supporting working 
documentation is available upon request by e-mail from ExSD@hc-sc.gc.ca  
 

Information identified as of July 2003 was considered for inclusion in this Report.  The 
critical information and considerations upon which this Report is based are summarized below. 
Additional data identified between this date and the end of the external peer review period 
(April, 2004) were also scoped and determined not to impact upon the conclusions presented 
here. 
 
Identity, Use and Sources of Exposure 
 
 Quinoline is an N-heterocyclic compound with the chemical structure presented in Figure 
1. Based on a survey made under CEPA 1999, Section 71, one or more companies reported 
manufacture or import of this substance in excess of 10 000 kg during the calendar year 2000 
(Environment Canada, 2001). Quinoline is used as a solvent, chemical intermediate and 
corrosion inhibitor and in the manufacture of pharmaceuticals (Finley, 1996). It is formed during 
the incomplete combustion of nitrogen-containing substances (e.g., petroleum, coal) and is 
therefore dispersed in the environment as a component of suspended particulate matter emitted 
from sources such as automobile exhaust and petroleum or coal refining facilities (Dong and 
Locke, 1977). Quinoline was identified as being used as a component in fragrance mixtures 
(RIFM, 2003), and as such, there is potential for the population to be exposed to quinoline 
through the use of consumer product formulations that include this ingredient. 
 
Exposure Assessment, Hazard Characterization and Risk Evaluation 
 
 Based on the limited available information on concentrations of quinoline in ambient air 
and indoor air (Chuang et al., 19911), surface water (as a surrogate for data on drinking water 
concentrations) (Merriman, 1988) and soil (Webber, 1994), the upper-bounding estimate of daily 
intake for the general Canadian population ranges from 4.6 µg/kg-bw per day (for those 60+ in 
age) to 14.1 µg/kg-bw per day (for those 6 months to 4 years of age), with indoor air potentially 
representing the most important source of exposure (see Table 1). Including exposure to 
quinoline from smoking tobacco would increase the estimated daily intake of exposure 21-fold. 
Based on confidential information provided through Section 71 (Environment Canada, 2001), the 
estimated daily intake of quinoline from consumer products was calculated to be 1.08 × 10-2 

                                                 
1 The units given in the Chuang et al. (1991) study are inconsistent and possibly erroneous, as values were reported 
in µg/m3 in the tables and ng/m3 in the text. As a worst-case scenario, µg/m3 was used for this assessment but this 
may lead to an overestimation of quinoline in indoor and ambient air. 
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µg/kg-bw per day for adults (20–59 years of age), which does not contribute significantly to the 
estimate of daily intake from environmental media. 
 
 Confidence in the exposure database is considered to be low. Data were available on 
levels of quinoline for the environmental media that are most relevant to general population 
exposure (i.e., water and indoor/ambient air). However, estimates of exposure from drinking 
water were based on a detection limit (0.001 µg/L) reported for surface water, and the study of 
indoor air used for the estimate was from Columbus, Ohio (Chuang et al.,1991). The U.S. study 
was selected because it was considered to be more comprehensive than the Canadian study as 
there was a larger sample size, more information on sampling conditions (e.g., smoking versus 
non-smoking households) and concurrent measurements in ambient air to allow comparison.  
The U.S. value was similar to that reported in the Canadian study (i.e., 26 µg/m3 versus 22 
µg/m3), however there is uncertainty that the units in the study by Chuang et al., (1991) were 
reported correctly and the values chosen may significantly overestimate human exposure to 
quinoline in ambient and indoor air. Comparison of the concentrations of quinoline in ambient 
and indoor air measured in Ohio show that the concentrations measured indoors are significantly 
higher than ambient concentrations. This indicates that there are additional sources of quinoline 
located within the home. Consumer products represent a potential source of exposure, but 
calculated intake estimates from this route are not sufficient to lead to the elevated 
concentrations measured in indoor air. The sources of the elevated quinoline levels are 
unidentified, but exposure likely results from combustion sources within the home. Although the 
study conducted by Chuang et al. (1991) attempted to evaluate the impact of combustion sources 
within the home on quinoline concentrations, the sample size was not large enough to be 
statistically significant. Although no data were available on quinoline levels in food, this is not 
expected to be a significant source of intake, as quinoline is unlikely to bioaccumulate due to a 
low octanol/water partition coefficient.  
 
 Table 2 contains a summary of the available health effects information for quinoline. The 
U.S. Environmental Protection Agency has published an assessment of quinoline (U.S. EPA, 
2001). In the studies reviewed in the U.S. EPA (2001) assessment, there were increased 
incidences of an unusual tumour (i.e., hemangioendotheliomas) in multiple strains of rats and 
mice exposed orally, hepatic tumours (i.e., adenomas and hepatomas) in mice following single 
intraperitoneal injections at an early age and skin tumours in mice exposed dermally in an 
initiation–promotion study. Many of these studies are dated and are limited by the use of only 
one sex of animals, small dose groups, short durations of exposure and, in some cases, a lack of 
statistical analyses. The critical study, which was originally selected by the U.S. EPA (2001), for 
which the exposure–response relationship was best characterized, was a bioassay by Hirao et al. 
(1976) in which increased incidences of hepatocellular carcinomas and hemangioendotheliomas 
and/or hemangiosarcomas were observed in the livers of male rats exposed to concentrations of 
0, 0.05, 0.10 or 0.25% quinoline in the diet (equivalent to 0, 25, 50 and 125 mg/kg-bw per day, 
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respectively; U.S. EPA, 2001) for up to 40 weeks. Based upon a relatively extensive in vivo and 
in vitro genotoxicity database, quinoline is considered to be genotoxic (U.S. EPA, 2001).  
 
 Non-neoplastic effects, including increased absolute and relative liver weights, fatty 
changes, bile duct proliferation and oval cell infiltration of the liver, were also observed at all 
doses (i.e., ≥25 mg/kg-bw per day) in the study by Hirao et al. (1976). Similar non-neoplastic 
effects on the liver have been observed in other limited investigations of shorter duration or by 
less relevant routes of exposure in rats, mice, guinea pigs and hamsters. The US EPA (2001) 
noted that the observed non-neoplastic hepatic changes, body weight loss and early mortalities 
were considered by the authors of these studies (and by the US EPA in a previous assessment) to 
be related to the hepatocarcinogenicity of quinoline. The US EPA further indicated that while the 
relationship of some non-neoplastic effects (e.g., body and liver weight changes, and oval cell 
infiltration, proliferation of bile ducts, and fatty degeneration of parenchymal cells) to tumour 
formation was not as clear, it is likely that these effects were at least confounded by tumour 
formation in the liver and were not reported in a manner that would allow a meaningful 
quantitative characterization of the dose-response relationship. 
 
 On the basis of sufficient evidence of carcinogenicity in experimental animals and 
supporting evidence of genotoxicity, the U.S. EPA (2001) concluded that quinoline is “likely to 
be carcinogenic in humans.” Recent data do not materially impact upon the selection of the 
critical study or the conclusions reached by the U.S. EPA (2001). 
  

Confidence in the toxicological database for quinoline is considered to be moderate. 
Although there is an extensive database of genotoxicity assays, the available carcinogenicity 
studies are somewhat limited and dated. 

 
 While weight of evidence for potential modes of induction of tumours or relevance to 
humans has not been considered in detail in this evaluation, the U.S. EPA (2001) noted that it is 
possible that both mitogenic and genotoxic mechanisms are involved in quinoline-induced 
hepatocarcinogenicity; however, further research is needed before any conclusion can be 
reached. Consideration of data on a selected number of quinoline analogues and the outputs of 
quantitative structure–activity relationship modelling for both quinoline and its analogues did not 
add or detract from the weight of evidence for carcinogenicity or genotoxicity from the empirical 
data for quinoline. Comparison of the critical effect level for non-neoplastic effects (i.e., 25 
mg/kg-bw per day) with the upper-bounding estimate of exposure (i.e., 14.1 µg/kg-bw per day) 
results in a margin of exposure of approximately 1770. While this margin for non-neoplastic 
effects is relatively large in view of the conservative nature of the comparison, the potential of 
quinoline to induce tumours through direct interaction with genetic material cannot be precluded.  
Therefore, the outcome of this evaluation on quinoline is that it is suspected that this margin may 
not be adequate to account for the uncertainties in the database, particularly regarding the mode 
of tumour induction. 
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Data addressing uncertainties in intraspecies and interspecies variations in sensitivity and 

mode of induction of effects would permit a more definitive conclusion. 
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Table 1: Upper-bounding estimates of daily intake of quinoline by the general population in Canada 
 

Estimated intake (µg/kg-bw per day) of quinoline by various age groups 
0–6 months1,2,3 

Route of 
exposure 
 formula 

fed 
not 

formula 
fed 

0.5 – 4 
years4 

5 – 11 
years5 

12 – 19 
years6 

20 – 59 
years7 

60+ years8 

Ambient 
air9 

0.19 0.41 0.32 0.18 0.16 0.14 

Indoor air10 6.4 13.6 10.6 6.0 5.2 4.5 
Drinking 
water11 

4.0 × 10-5 4.5 × 10-5 3.5 × 10-5 2.0 × 10-5 2.1 × 10-5 2.2 × 10-5 

Food12 
1.1 × 10-4 

NA13 NA NA NA NA NA 
Soil14 2 × 10-4 4 × 10-4 1 × 10-4 3 × 10-5 2.5 × 10-5 2.5 × 10-5 
Total intake 6.6 6.6 14.1 11.0 6.2 5.4 4.6 

  
1 No data on levels of quinoline in breast milk were identified. 
2 Assumed to weigh 7.5 kg, to breathe 2.1 m3 per day, to drink 0.8 L of water per day (formula fed) or 0.3 L/day 

(not formula fed), and to ingest 30 mg of soil per day (EHD, 1998). 
3 For formula-fed infants, intake from water is synonymous with intake from food. No data on concentrations of 

quinoline in formula were identified for Canada. For non-formula fed infants, approximately 50% are 
introduced to solid foods by 4 months of age and 90% by 6 months of age (NHW, 1990 in EHD, 1998). 

4 Assumed to weigh 15.5 kg, to breathe 9.3 m3 per day, to drink 0.7 L of water per day, and to ingest 100 mg of 
soil per day (EHD, 1998). 

5 Assumed to weigh 31.0 kg, to breathe 14.5 m3 per day, to drink 1.1 L of water per day, and to ingest 65 mg of 
soil per day (EHD, 1998). 

6 Assumed to weigh 59.4 kg, to breathe 15.8 m3 per day, to drink 1.2 L of water per day, and to ingest 30 mg of 
soil per day (EHD, 1998). 

7 Assumed to weigh 70.9 kg, to breathe 16.2 m3 per day, to drink 1.5 L of water per day, and to ingest 30 mg of 
soil per day (EHD, 1998). 

8 Assumed to weigh 72.0 kg, to breathe 14.3 m3 per day,  to drink 1.6 L of water per day, and to ingest 30 mg of 
soil per day (EHD, 1998). 

9 The highest concentration of quinoline (5.5 µg/m3) measured in 10 samples of ambient air in a residential area in 
Columbus, Ohio, was used to calculate the upper-bounding limit of exposure estimate (Chuang et al., 1991). The 
units given in the Chuang et al. (1991) study are inconsistent and possibly erroneous, as values were reported in 
both µg/m3 and ng/m3. As a worst-case scenario, µg/m3 was used for this exposure assessment but this may lead 
to an overestimation of quinoline in ambient air. Canadians are assumed to spend 3 hours outdoors each day 
(EHD, 1998). Available data from which the critical data were selected included a study of non-point source and 
point source of quinoline in ambient air in the United States (Hawthorne and Seivers, 1984). 

10    The maximum average concentration of quinoline in indoor air (26 µg/m3), based on six samples collected from 
three non-smoking homes in Columbus, Ohio, was used to calculate the Upper Bounding Estimate of Exposure 
(Chuang et al., 1991). The units given in the Chuang et al. (1991) study are inconsistent and possibly erroneous, 
as values were reported in both µg/m3 and ng/m3. As a worst-case scenario, µg/m3 was used for this exposure 
assessment but this may lead to an overestimation of quinoline in indoor air. Canadians are assumed to spend 21 
hours indoors each day (EHD, 1998). The concentration used was similar to a composite of sample extracts 
taken from 757 Canadian homes (i.e., 22 µg/m3)(Otson et al., 1994) 
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 11 No data on levels of quinoline in drinking water were identified. As a surrogate, the detection limit (0.001 µg/L) 
for measuring quinoline in samples of surface water from Rainy River, Ontario, was used to calculate the upper-
bounding limit of exposure estimate (Merriman, 1988). For formula-fed infants, the concentration of quinoline 
in the water used to reconstitute formula accounts for the intake of quinoline from food. Available data from 
which the critical data were selected included two point source studies of quinoline in surface water from 
Ontario (Marsalek and Schroeter, 1988; Merriman, 1988) and one from Japan (Yasuhara et al., 1999), and two 
point source studies of quinoline in groundwater from the United States (Pereira et al., 1987; Godsy et al., 1992) 
and one from Denmark (Johansen et al., 1997). 

12 No data on levels of quinoline in food were identified.  
13 NA = not available 

14  The highest concentration (60 µg/kg dry weight) of quinoline detected among soil samples collected from 
southern Ontario was used to estimate an upper-bounding limit of exposure (Webber, 1994). Available data 
from which the critical data were selected include a study of soil levels in two locations in Ontario (Golder 
Associates Ltd., 1987). 
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Table 2: Summary of health effects information for quinoline 
 
Endpoint Lowest effect levels1/Results 
Acute toxicity Lowest oral LD50 (rat) = 331 mg/kg-bw (Marhold, 1986) 

[Additional study: Smyth et al., 1951] 
Lowest dermal LD50 (rabbit) = 540 µL/kg-bw (Smyth et al., 1951)  
[Additional study: Marhold, 1986] 

Short-term repeated-
dose toxicity 

no data 

Subchronic toxicity no data 
Chronic toxicity/ 
carcinogenicity 

Lowest oral (diet) non-neoplastic LOEL (rat) = 25 mg/kg-bw per day: increased 
absolute and relative liver weights, fatty change, bile duct proliferation and oval cell 
infiltration; 40-week study with 0, 0.05, 0.10 or 0.25% in diet (0, 25, 50 or 125 mg/kg-bw 
per day; conversion by U.S. EPA, 2001) (Hirao et al., 1976) 
Dietary carcinogenicity bioassay (male rats): 0, 0.05, 0.10 or 0.25% in diet (0, 25, 50 or 
125 mg/kg-bw per day; conversion by U.S. EPA, 2001) for 16–40 weeks; increased 
incidence (compared with controls) of hepatocellular carcinomas  (0/6, 3/11, 3/16 and 
0/19 at 0, 25, 50 and 125 mg/kg bw/day, respectively) and hemangioendotheliomas and/or 
hemangiosarcomas (0/6, 6/11, 12/16 and 18/19 at 0, 25, 50 and 125 mg/kg bw/day, 
respectively) starting at 25 mg/kg-bw per day (Hirao et al., 1976). The U.S. EPA (2001) 
indicated that the low incidence of hepatocellular carcinomas in the high dose group may 
have been due to early mortality from rupture of hemangioendotheliomas and/or 
hemangiosarcomas. 
Similar tumours were observed in additional dietary studies in mice and rats at doses ≥25 
mg/kg bw/day, but not in hamsters or guinea pigs (Shinohara et al., 1977; Hasegawa et al., 
1989; Futakuchi et al., 1996). Liver tumours were also observed in intraperitoneal 
administration studies in newborn mice (LaVoie et al., 1987, 1988; Weyand et al., 1993).  
Skin tumour incidence was increased in a dermal initiation–promotion study in mice 
(LaVoie et al., 1984), and quinoline was reported to act as a tumour promoter in a dietary 
study in rats (Saeki et al., 1997). No increase in tumour incidence over controls was 
observed in a subcutaneous administration study in newborn rats (LaVoie et al., 1988).  

Developmental 
toxicity 

Other than the carcinogenicity studies in newborn mice reported above, no studies of the 
effects of quinoline on developing organisms have been identified. 

Reproductive 
toxicity 

no data 

Genotoxicity and 
related endpoints: in 
vivo 

Clastogenicity, micronucleus test 
Positive: liver, mouse (Lefevre and Ashby, 1992) [oral; 40-225 mg/kg]; liver, rat (Ashby 
et al., 1989) [oral; 225-500 mg/kg]; bone marrow, mouse (Hamoud et al., 1989) [i.p.; 25-
100 mg/kg] 
Negative: bone marrow, rat (Asakura et al., 1997) [Oral; 25-200 mg/kg bw/day] 
Chromosomal aberrations 
Positive: liver, rat (Asakura et al., 1997) [Oral; 25-200 mg/kg bw/day] 
Mutagenicity 
Positive: lac Z transgenic mouse (Suzuki et al., 1998) [i.p.; 50 mg/kg] 
Sister chromatid exchange 
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Endpoint Lowest effect levels1/Results 
Positive: liver, rat (Asakura et al., 1997) [oral; 25-200 mg/kg bw/day] 
Unscheduled DNA synthesis 
Equivocal: liver, rat (Ashby et al., 1989) [oral; 100-500 mg/kg] 

Genotoxicity and 
related endpoints: in 
vitro 

Mutagenicity 
Positive: S. typhimurium TA100, with activation (Nagao et al., 1977; U.S. EPA, 1985; 
LaVoie et al., 1991; Debnath et al., 1992); S. typhimurium TA98, with activation (Epler et 
al., 1977; Nagao et al., 1977; Sideropoulos and Specht, 1984; Takahashi and Ono, 1993; 
Willems et al., 1992; JETOC, undated); TA1537, with activation (Epler et al., 1977). 
Negative: S. typhimurium TA1535, TA1537, TA1538, TA100 and TA98, with activation 
(Epler et al., 1977; U.S. EPA, 1985; LaVoie et al., 1991; Debnath et al., 1992); S. 
typhimurium TA98, TA100, TA1535, TA1537, without activation (Epler et al., 1977; 
Sideropoulos and Specht, 1984; Takahashi and Ono, 1993; Willems et al., 1992; JETOC, 
undated) 
DNA adduct formation 
Positive: liver, rat (Tada et al., 1980) 
Unscheduled DNA synthesis 
Positive: liver, rat, with activation (LaVoie et al., 1991) 

Neurotoxicity Intrastriatal microdialysis study (male rats): 10mM tetrahydroquinoline infused for 10 
hours; no evidence of dopaminergic neurotoxicity (Booth et al., 1989) 

1 LD50 = median lethal dose; LOEL = lowest-observed-effect level. 



State of the Science Report for a Screening Health Assessment 

Health Canada                                                                                                                                        May 18, 2005 
 

 - 10 -

References  
 
Asakura, S., Sawad, S., Sugihara, T., Daimon, H. and Sagami, F. 1997. Quinoline-induced chromosome aberrations 
and sister chromatid exchanges in rat liver. Environ. Mol. Mutagen. 30: 459–467 [cited in U.S. EPA, 2001]. 
 
Ashby, J., Mohammed, R., Lefevre, P.A. and Bandara, L. 1989. Quinoline: unscheduled DNA synthesis and 
mitogenesis data from the rat liver in vivo. Environ. Mol. Mutagen. 14: 221–228 [cited in U.S. EPA, 2001]. 
 
Booth, R., Castagnoli, N. and Rollem, H. 1989. Intracerebral microdialysis neurotoxicity studies of quinoline and 
isoquinoline derivatives related to MPTP/MPP+. Neurosci. Lett. 100: 306–312 [cited in U.S. EPA, 2001]. 
 
Chuang, J.C., Mack, G.A., Kuhlman, M.R. and Wilson, N.K. 1991. Polycyclic aromatic hydrocarbons and their 
derivatives in indoor and outdoor air in an eight-home study. Atmos. Environ. 25B(3): 369–380. 
 
Debnath, A.K., Lopez de Compadre, R.L. and Hansch, C. 1992. Mutagenicity of quinolines in Salmonella 
typhimurium TA100. A QSAR study based on hydrophobicity and molecular orbital determinants. Mutat. Res. 280: 
55–65 [cited in U.S. EPA, 2001].  
 
Dong, M.W. and Locke, D.C. 1977. Characterization of aza-arenes in basic organic portion of suspended particulate 
matter. Environ. Sci. Technol. 11(6): 612–618. 
 
EHD (Environmental Health Directorate). 1998. Exposure factors for assessing total daily intake of priority 
substances by the general population of Canada. Unpublished report. December 1998. Priority Substances Section, 
Environmental Health Directorate, Health Canada, Ottawa. 
 
Environment Canada. 2001. Canadian Environmental Protection Act, 1999. Notice with respect to certain 
substances on the Domestic Substances List (DSL). Canada Gazette, Part I, 135(46): 4194–4211. 
http://canadagazette.gc.ca/partI/2001/20011117/pdf/g1-13546.pdf. 
 
Epler, J.L., Winton, W., Ho, T., Larimer, F.W., Rao, T.K. and Hardigree, A.A. Comparative Mutagenesis of 
Quinolines. Mutat. Res. 39: 285-296. 
 
Finley, K.T. 1996. Quinolines and isoquinolines. In: Kroschwitz, J.I. and Howe-Grand, M. (eds.), Kirk-Othmer 
encyclopedia of chemical toxicology, Vol. 20. 2nd ed. John Wiley and Sons, New York, NY. pp. 768–799. 
 
Futakuchi, M., Hasegawa, R., Yamamoto, A., Cui, L., Ogiso, T., Ito, N. and Shirai, T. 1996. Low susceptibility of 
the spontaneously hypertensive rat (SHR) to quinoline-induction of hepatic hemangioendothelial sarcomas. Cancer 
Lett. 104: 37–41. 
 
Godsy, E.M., Goerlitz, D.F. and Grbić-Galić, D. 1992. Methanogenic biodegradation of creosote contaminants in 
natural and simulated ground-water ecosystems. Ground Water 30(2): 232–242. 
 
Golder Associates Ltd. 1987. Testing of specific organic compounds in soils in background urban areas: Port Credit 
and Oakville/Burlington, Ontario. Draft working paper to Shell Canada Ltd. and Texaco Canada Ltd. (Report 861-
1516/871-1123). 
 
Hamoud, M.A., Ong, T., Petersen, M. and Nath, J. 1989. Effects of quinoline and 8-hydroxyquinoline on mouse 
bone marrow erythrocytes as measured by the micronucleus assay. Teratogen. Carcinogen. Mutagen. 9: 111–118 
[cited in U.S. EPA, 2001]. 



State of the Science Report for a Screening Health Assessment 

Health Canada                                                                                                                                        May 18, 2005 
 

 - 11 -

 
Hasegawa, R., Furukawa, F., Toyoda, K., Sato, H., Imaida, K. and Takahashi, M. 1989. Sequential analysis of 
quinoline-induced hepatic hemangioendothelioma development in rats. Carcinogenesis 10: 711–716 [cited in U.S. 
EPA, 2001]. 
 
Hawthorne, S.B. and Sievers, R.E. 1984. Emission of organic pollutants from shale oil wastewaters. Environ. Sci. 
Technol. 18(6): 483–490. 
 
Hirao, K., Shinohara, Y., Tsuda, H., Fukushima, S., Takahashi, M. and Ito, N. 1976. Carcinogenic activity of 
quinoline on rat liver. Cancer Res. 36: 329–335.  
 
Johansen, S.S., Hansen, A.B., Mosbæk, H. and Arvin, E. 1997. Identification of heteroaromatic and other organic 
compounds in ground water at creosote-contaminated sites in Denmark. Ground Water Monit. Res. 17(2): 106–115. 
 
Japan Chemical Industry Ecology – Toxicology and Information Center (JETOC), Japan.  Undated.  Mutagenicity of 
test data of existing chemical substances based on the toxicity investigation of the industrial safety and health law 
[cited in NCI, 1999]. 
 
LaVoie, E.J., Shigematsu, A., Adams, E.A., Rigotty, J. and Hoffman, D. 1984. Tumor-initiating activity of quinoline 
and methylated quinolines on the skin of SENCAR mice. Cancer Lett. 22(3): 269–273 [cited in U.S. EPA, 2001].  
 
LaVoie, E.J., Shigematsu, A. and Rivenson, A. 1987. The carcinogenicity of quinoline and benzoquinolines in 
newborn CD-1 mice. J. Cancer Res. (Gann) 78: 139–143 [cited in U.S. EPA, 2001]. 
 
LaVoie, E.J., Dolan, S., Little, P., Wang, C.X., Sugie, S. and Rivenson, A. 1988. Carcinogenicity of quinoline, 4- 
and 8-methylquinoline and benzoquinolines in newborn mice and rats. Food Chem. Toxicol. 26(7): 625–629 [cited 
in U.S. EPA, 2001]. 
 
LaVoie, E.J., Defauw, J., Fealy, M., Way, B. and McQueen, C.A. 1991. Genotoxicity of fluoroquinolines and 
methylquinolines. Carcinogenesis 12: 217–220 [cited in U.S. EPA, 2001]. 
 
Lefevre, P. and J. Ashby. 1992. Mitogenic activity of quinoline to the rat, mouse, and guinea pig liver: empirical 
correlations with hepatic carcinogenicity.  Environ. Mol. Mutagen. 20:39-43. 
 
Marhold, J. 1986. Preheld Prumysolve Toxikologie: Organicke Latky. Vol. 2. Avicenum Prague, Czechoslovakia. p. 
848. 
 
Marsalek, J. and Schroeter, H. 1988. Annual loadings of toxic contaminants in urban runoff from the Canadian 
Great Lakes basin. Water Pollut. Res. J. Can. 23(3): 360–378. 
 
Merriman, J.C. 1988. Distribution of organic contaminants in water and suspended solids of the Rainy River 
(Canada, USA). Water Pollut. Res. J. Can. 23(4): 590–601. 
 
Nagao, M., Yahagi, T., Seino, Y., Sugimura, T. and Ito, N. 1977. Mutagenicities of Quinoline and its Derivatives. 
Mut. Res. 42: 335-342. 
  
NCI (National Cancer Institute).  1999.   CCRIS:  Chemical Carcinogenesis Research Information 
System.   Quinoline.   CCRIS Record Number 547.   Last update: 01/05/99.   Database searched on 
March 11, 2002.     Http://toxnet.nlm.nih.gov/cgi-bin/sis/search. 



State of the Science Report for a Screening Health Assessment 

Health Canada                                                                                                                                        May 18, 2005 
 

 - 12 -

 
NHW (Department of National Health and Welfare). 1990. Present patterns and trends in infant feeding in Canada. 
Ottawa: NHW. Catalogue Number H39-199/1990E. ISBN 0-662-18397-5. 9 pp. (Cited in EHD, 1998). 
 
Otson, R., Fellin, P. and Tran, Q. 1994. VOCs in representative Canadian residences. Atmos. Environ. 28(22): 
3563–3569. 
 
Pereira, W.E., Rostad, C.E., Updegraff, D.M. and Bennett, J.L. 1987. Fate and movement of azaarenes and their 
anaerobic biotransformation products in an aquifer contaminated by wood-treatment chemicals. Environ. Toxicol. 
Chem. 6: 163–176. 
 
RIFM (Research Institute for Fragrance Materials, Inc.). 2003. Quinoline. In: Monographs with Cross Reference 
List [CD ROM]. RIFM, Hackensack, NJ. 
 
Saeki, K., Kadoi, M., Kawazoe, Y., Futakuchi, M., Tiwawech, D. and Shirai, T. 1997. Modification of the 
carcinogenic potency of quinoline, a hepatocarcinogen, by fluorine atom substitution: evaluation of carcinogenicity 
by a medium-term assay. Biol. Pharm. Bull. 20: 40–43 [cited in U.S. EPA, 2001]. 
 
Shinohara, Y., Ogiso, T., Hananouchi, M., Nakanishi, K., Yoshimura, T. and Ito, N. 1977. Effect of various factors 
on the induction of liver tumors in animals by quinoline. Gann 68: 785–796 [cited in U.S. EPA, 2001]. 
 
Sideropoloulos, A.S. and S.M. Specht. 1984. Evaluation of microbial testing methods for the mutagenicity of 
quinoline and its derivatives. Cur. Micro. 11:59-66. 
 
Smyth, H.F., Carpenter, C.P. and Weil, C.S. 1951. Range-finding toxicity data: List IV. AMA Arch. Ind. Hyg. 
Occup. Med. 4: 119–122. 
 
Suzuki, T., Miyata, Y., Saeki, K., Kawazoe, Y., Hayashi, M. and Sofuni, T. 1998. In vivo mutagenesis by the 
hepatocarcinogen quinoline in the lacZ transgenic mouse: evidence for its in vivo genotoxicity. Mutat. Res. 412: 
161–166 [cited in U.S. EPA, 2001]. 
 
Tada, M., Takahashi, K., Kawazoe, Y. and Ito, N. 1980. Binding of quinoline to nucleic acid in a subcellular 
microsomal system. Chem.-Biol. Interact. 29: 257–266 [cited in U.S. EPA, 2001]. 
 
Takahashi, A. and H. Ono. 1993.  Mutagenicity assessment in 44 epoxy resin hardeners in Salmonella typhimurium 
tester strains. Chem. Exp. 8:785-788. 
 
U.S. EPA (United States Environmental Protection Agency). 1985. Health and environmental effects profile for 
quinoline. Environmental Criteria and Assessment Office (NTIS/PB88-183124). 
 
U.S. EPA (United States Environmental Protection Agency). 2001. Toxicological review of quinoline (CAS No. 91-
22-5) in support of summary information on the Integrated Risk Information System (IRIS) 
(http://www.epa.gov/iris/toxreviews/1004-tr.pdf, searched March 11, 2002). 
 
Webber, M.D. 1994. Industrial organic compounds in selected Canadian municipal sludges and agricultural soils. 
Final report for Land Resource Division, Centre for Land and Biological Resources Research, Agriculture and Agri-
Food Canada. Wastewater Technology Centre, Burlington, Ontario. 100 pp. 
 



State of the Science Report for a Screening Health Assessment 

Health Canada                                                                                                                                        May 18, 2005 
 

 - 13 -

Weyand, E.H., Defauw, J., McQueen, C.A., Meschter, C.L., Meegalla, S.K. and LaVoie, E.J. 1993. Bioassay of 
quinoline, 5-fluoroquinoline, carbazole, 9-methylcarbazole and 9-ethylcarbazole in newborn mice. Food Chem. 
Toxicol. 10: 705–715 [cited in U.S. EPA, 2001]. 
 
Willems, M.I., G. Dubois, D.R. Boyd, R.J.H. Davies, L. Hamilton, J.J. McCullough and P.J. van Bladeren.  1992.  
Comparison of the mutagenicity of quinoline and all monohydroxyquinolines with a series of arene oxide, trans-
dihydrodiol, diol epoxide, N-oxide and arene hydrate derivatives of quinoline in the Ames/Salmonella microsome 
test.  Mutat. Res. 278:227-236. 
 
Yasuhara, A., Shiraishi, H., Nishikawa, M., Yamamoto, T., Nakasugi, O., Okumura, T., Kenmotsu, K., Fukui, H., 
Nagase, M. and Kawagoshi, Y. 1999. Organic compounds in leachates from hazardous waste disposal sites. Waste 
Manage. Res. 17(3): 186–197. 
 


