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Summary

Background: "In 2019, theDanish Ministry of Environment and Gender Equakisked theDTU
National Food Instituteto assess whether the current 50 mg/L drinkimger limit for nitrate
sufficiently protects public health in light of emerging evidence linking lower concentrations to
increased colorectal cancaesk. The 2019 review concluded thepidemiological evidence was too
uncertain to justify revising the limit. Subsequently, additional studies on cancer and adverse birth
outcomes, together with an economic analysis, provided further evidence supporting stricter-drinking
water standards. 18024, DTU published an updated report concluding that, although uncertainties
persist, the epidemiological e witradeeim drirkingfwater c ol or
poses a health risk The Ministry therefore convened an international grofugxpert$to evaluate the
existing parametric value for nitrate in drinking water and, if warranted, to propose a revised value
based on the available evidence.

AssessmentThe working group evaluated theo DTU reports as well as the underlying primary
studies on cancer and reproductive outcorNesv research published after the 2024 repas also
assessedlheworking group concluded that while associations with reproductive outcomes, including
congenital malformations, are suggestive, they are not sufficiently consistent. For cancers other than
colorectal cancer, most studies show no consistent associations, withaalulgr cancer arahildhood

central nervous system cancersviding suggestive evidencén line with the 2024 DTU report, the
working group determined that the strongest evidence for adverse effects below thepauareetric

value for nitrate in drinking watgpf 50mg/L) concerns colorectal cancer and that, for this outcome,
Anitrate in drinking water poses a health ris
epidemiological evidence, includimgwerstudies not assessed by DTU in 2024, and by clear biological
plausibility. Accordingly, the working group concluded that a revision of the current parametric value

is justified as a precautionary approach.

Derivation of a parametric value: To derive a revised value, the working group used the large registry
based Danish cohort study by Schullehner et al. (2018). Benchmarkndoledlingwas performed
using EFSA6s Bayesian framework with benchmark
incidence above background. Sensitivity analyssiag alternative modelling approachegre also
conducted.Considering both the availablgata and modellingincertainties, the working group
proposes a parametric value of 6 mg/L for nitrate in drinking water. Based on the broader evidence
reviewed, this value is also expected to be protective against other potential adverse health outcomes,
including certain ralformations observed in some studidodelling uncertainties and expected
reductions in cancer cases associated with this value were quantified to enable risk managers to evaluate
the implications of adopting a limit value.

Conclusion: Based on the totality of evidence, a parametric value of 6 mg/L for nitrate in drinking
water shoulgrovide protection against potential effeatscolorectal cancer anttvelopmental effects
associated with chronic exposure to nitrate from drinking watefurther assess the robustness of this
proposed value, any revisions to the current drinkviager standard should be accompanied by ongoing
evaluation of their implications for diseaseidence

lReferred to in this r@port as 6the working group
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Background

In 2019, theMinistry of Environment and Gender Equality of Denmidas&National Food Institute at

the Technical University of Denmaf®TU) to review the scientific evidence on the public health
impacts of nitrate exposure. The aim was to determine whether the current drinking water limit of 50
mg/L for nitrate providdadequate protection. This assessment was partly motivated by a large Danish
populationbased registry study] that found associations between nitrate concentrations in drinking
water and an increased incidence of colorectal cancer at levels well below the EU limit of 50 mg/L

As a starting point, th®TU National Food Institutelrew upon previous evaluations conducted by
international authorities, including theternational Agency for Research on Can@&RC)[2], the

World Health OrganizatiofWHO) [3], and theEuropean Food Safety AuthoriffEFSA)[4]. In

addition, newly published evidence subsequent to these assessments was identified and critically
reviewed. The report also provided an overview of the principal sources of nitrate exposure and the
estimated dietary intake in the Danish populatiomoticludedthai c onsi der abl e uncert
with respect to the results of the epidemiological studies; therefore, a firm conclusion could not be

d r a wGQonséquently, no revision of the current drinking water limit was proposed.

Subsequentlyadditional epidemiological studies were published indicating potential associations
between nitrate exposure in drinking water and adverse health outcomes, including low birth weight,
congenital malformations, and cancer. In addition, an economic andhatisincorporated the
previously reported association with colorectal cancer suggested substantial health and economic
benefits from lowering the nitrate standard for drinking wggrin light of this emerging evidence,

the Ministry of Environment and Gender Equality of Denmarice again commissioned the DTU
National Food Institute, in 2023, to update its previous evaluation. The updated assessment, completed
in 2024, concluded that:

féexposure to nitrate in drinking water is
colorectal cancer based on the overall knowledge. DTU therefore finds that nitrate in drinking
water constitutes a health risk. This assessment also applies to exposutrate in drinking

water below the existing parametric value of 50 mg/L. DTU notes, however, that the assessment
of the parametric value in relation to the risk of developing colorectal cancer is subject to some
uncertainty. In addition, DTU find&at it cannot be excluded that nitrate in drinking water is

a risk factor for certain other types of cancer. DTU also notes that beneficial effects of nitrate
were not included in the assessmento

Based on this conclusion, tMinistry of Environment and Gender Equality of Denmapkointed an
international expert group to review the scientific evidence supporting a potential reduction of the
current nitrate limit of 50 mg/L in drinking water.

2 https://www.eea.europa.eu/en/analysis/indicators/nitrate  -in-groundwater-8th -eap
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Terms of reference

The Scope and Tasks of this work as providedMimgstry of Environment and Gender Equality of
Denmarkare presented here beloWwhe full terms of referengancluding background and further
specification of work are provided appendix .

fiScope

The scope of thexpert group is to provide scientific expertise in areas of relevance for evaluating and
determining healttbased reference values, in particular when the available data are from
epidemiological studies.

Using a multidisciplinary approach, the expert group will contribute to the protection of human health
by evaluating the existing parametric value for nitrate in drinking water and potentially devise a
proposal for a revised parametric value based on st hvailable scientific knowledge and evidence.
The evaluation by the expert group could be based on the two evaluations from the DTU National Food
Institute and should be supplied with other relevant information including any new scientific literature
of relevance for the scope until two months before the termination of this mandate.

Tasks
The tasks of the expert group are:

- to evaluate the parametric value for nitrate in drinking water in order to determine if it is sufficiently
protective for the public with respect to the risldefeloping cancer, in particular colorectal cancer.

- if required, to devise a healtased proposal for a revised parametric value for nitrate in drinking
water based on the overall evidence.

0 This should consider also the overall exposure to nitrate and its transformation
product nitrite from all sources.

o If relevant, it may include a metmalysis and modelling of exposure/response
relationships based on data from highality epidemiologic studies.

o If possible, the feasibility in terms of technologic/economic possibilities for obtaining
a revised parametric value for nitrate in drinking water should be considered.

o If possible, to estimate the decrease of risk to the Danish public in terms of the
development of cancer, in particular colorectal cancer, if the parametric value for
nitrate in drinking water is changed to a certain lower level.

- to propose additional studies to be performed if a lack of data is identified in order to evaluate if

the existing parametric value of nitrate in dri
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Assessment
The assessment was conducted in three stages.

First, the working group evaluated the 2019 and 2024 reports on nitrate prepare®byJtNational

Food Institute This step included a critical review of several key primary research studies cited in those
reports, focusing on associations between nitrate concentrations in drinking water and health outcomes
such as cancer, low birth weight, and congenital malfoomatiTo obtain additional clarification and
contextual information, an online consultation was held with Dr. Schullehner, whose publjthtion
wasconsiderechighly relevam to the assessmeri. targeted literature search walsoperformed to

identify any new publications that might materially challenge the maitlusions of the 2024 DTU

report.

Second the working group assessed the biological plausibility of the reported associations between
nitrate exposure and various health outcomes, with particular emphasis on cancer. In addition to the
DTU reports, this step drew upon evaluations by internategpethcies, including thioint FAO/WHO

Expert Committee on Food Additig&ECFA) IARC, and EFSA.

Finally, based on the findings and conclusions from the first two stages, the working group concluded
that the evidence for an association between nitrate exposure in drinking water and colorectal cancer
was considered sufficientlgtrongto warrant as a precautionary measugerevision of the current
parametric value of nitrate in drinking water. This step involveehah-markdosé responsenodelling

based on results frothe study by Schullehner et ] and evaluation of the associated uncertainties.

The methodology, main conclusions, and justifications for each of these three stages are described in
the following sections.

Evaluations of previous DTU reports

The working group evaluated the content of both the 2019 and 2024 DTU reports on nitrate. Among
these, the 2024 report was considered the most relevant, as the studies reviewed in 2019 were also
included in the 2024 evaluation. Moreover, the 2024 repastmae comprehensive, incorporating a
structured literature search and a figkbias assessment for colorectal cancer, which was identified by
the reportds aut h dheworkinggroaps condusian onathe stadieg andbfimdings

of the 202 DTU report are brieflgummarizedelow.

Outcomes other than cancer

As noted in the DTU report the associations between nitrate exposure and methemoglddigemia
inhibition of iodine uptake are well established based on both human and animal studies at high
exposures. Associations with these two outcomes are also widely recognized by other international
agencieg3, 4] and form the basis for the current parametric value for nitrate in drinking water of 50
mg/L [3].

The 2024 DTU report additionally reviewed several new Danish studies examining associations
between nitrate concentrations in drinking water and reproductive out¢6r8gsincluding reduced

fetal growth, preterm birth, stillbirth. These studies shared a similar design to the nationwide study on
colorectal cancer by Schullehner e{], in which nitrate exposure was estimated by linking residential
addresses with nitrate concentrations from local water suppliers. Several studies, including new Danish
investigatios [9, 10], have also suggested possible associations between nitrate exposure (including
from nitrosatable drugs) and congenital malformations. However, findings have not been consistent
across malformation types, leaving some uncertainty.



Overall, the working group agreed with DTU6s ¢
birth weight, preterm delivergresuggestivéand that for preterm birth and certain malformatithres

Airi sk ¢ ann o.tAssdriatiorss with btledrepdoductive outcomes were inconclusive. Despite
indications of risk for preterm birth and certain malformations the working group considem@arent
evidence not sufficiently robust, in terms of consistency and desgonse, to support derivation of a
parametric value for nitrate in drinking water

Studies on cancer other than colorectal cancer

The 2024 DTU report provided a detailed review of studies examining the association between nitrate
in drinking water and various cancer outcomes. This analysis is not directly comparable to other
evaluations, such abe EFSA 2017 assessmeid], which considered studies on both dietary and
drinking-water nitrate exposure togethé&s outlined in the 2024 DTU report and further discussed
below, the presence of dietary antioxidants that inhibit the formationrotfrdso compounds (NOCS)
provides a strong scientific basis for considering dietary and drinvkiigr exposures separately

Based on the studies reviewed in the 2024 DTU report, no consistent association was observed between
nitrate in drinking water and cancers of the I{iht], oesophagud 2, 13] adult brain[14, 15] uterus

[11], skin [11], small intesting12], liver [12], bile ductg12], pancrea$ll, 16, 17] stomacH11-13,

18J%, or leukaemia in adulfd 1] and childrer{19, 20]

Similarly, the working group considers that studies on lymphdtib 20-23], adult brairtumors[14,

15], prostate[24], ovary [11], [25]°, and thyroid[26] cancersare inconclusive, as indications of
increased risk were reported in single studies only and not replicated independently in different
populations. Findings for kidney cang&f, 27, 28)were likewise inconsistent and inconclusagoss
studies

For bladder cancddl, 23, 2932], the results were more suggestive with three stUdies30, 32]
observing statistically significant or indicative positive associations, while three did not. Regarding
childhood brain and central nervous system (CNS) cancers, studies difearkposure (prenatal and
postnatal) to nitrate or nitrite in drinking veaf20, 3335] tended to show elevated risks at higher
exposure levelR0, 33,35], though not always statistically significant. Notably, a large Danish registry
study[20] reported odds ratiq©OR) of approximately 1.61.8 for CNS cancer at nitrate concentrations
above 25 mg/L with no evidence of elevated risk or clearidesponse relationship below that
concentration.

A key limitation of the abowenentioned studies is that, for most cancer sites, the number of available
studies is small. In addition, differences in study design and exposure assessment introduce considerable
uncertainty. In line with the DTU report theovking group concluded that the evidence for bladder
cancer and childhood CNS cancers is suggestive but not sufficiently strong to support derivation of a
parametric value for nitrate in drinking water. Evidence for other types of caraseiconsidered
inconclusive.

Studies on colorectal cancer

The DTU (2024) report identified 13 primary studies investigating the association between nitrate
concentrations in drinking water and colorectal cancer. Five studies that examined the association

3DTU concluded that a risk for reduced fetal growth and pretermigigthnot be excludéd
“The studies by Weyer et al 2001 and Buller et al 2021 ar

or

e

SBoth publications are based on the same | owa Womends Healt

8



between nitrate exposure and mortality from colorectal cancer were eXcfumtedfurther analysis
[36-39].

Of the eight remaining studies, two publications were based on the same cohofi.$tut} and
another two on the same casentrol study{41, 42] To avoid duplication, only the cohort study with

the longest followup period[40] and the caseontrol study with the largest number of cases and
controls[41] were included for assessment, leaving a total of six primary studies. Of these, two were
cohort studie$l, 40] and four were caseontrol studieg4l, 4345], all of which were evaluated by

DTU for reliability (i.e. risk of bias).

The conclusions of the DTU evaluation in termsstfdy reliability and main findings are shown in
Tablel. To facilitate interpretation, the percentage of participants (in cohort studieshtools(in
casé control studies) with nitrate exposure levalovethe cutoff of10 mg/Lin drinking water have
been added to the table, where such information was reported or could be estimatesudtiata
wereunavailable, the proportion of participantscontrolsin the highest reported exposure categiry
that studyis shown. The rationale for selecting a value of 10 mg/L is tinat value corresponds
approximatelyto thecutoff used for the highest exposure category irsthdy by Schullehner et Hl]
wherea clear indication of risk (as reflected by significant hazard ratio (bfR)L.15) was observed
As such this cutoftan be used toomparethe exposurelistributionof the other studies relative to
Schullehner et alA summaryof each of the six studies assessed in the 2024 DTU reganviiled
below.

Table 1. Summary of results, reliability anditrate exposure for the six primary research papers used to evaluate the
relationship between nitrate exposure in drinking water and the development of colorectabsamgrtedn the DTU
(2024) report

Cancer site
colorectal colon rectum Reliability? Nitrate % of population
Cutoff abovecutoff
Cohort
Schullehner 2018 Positive Positive Positive High >10 mg/L ~19%
Jones 2019 Not reported None None Medium >3.5 mg/L ~19%
Casecontrol
De Roos 2003 Not reported None None Medium >10 mg/L <1%
McElroy 2008 None Positive/noné  None Low >10 mg/L ~6%
EspejeHerrera 2018 positive positive Positive/nong  High >10 mg/L ~23%
Fathmawati 2017 Positive Not reported Not reported Low >50 mg/L ~89%

The tworight mostcolumnshave been added to the table (imatudedin the 2024 DTU report)

2Inthe DTU r e pekability offeachstudyis assessed based a risk of bias assessmématincluded seven quality parameters

addressingtudy design and execution, population, exposure assessment, outcome assessment, control for confounding, statsstical analysi
and reporting .  H o, the ex&tinstrument used for that assessment is not referenced.

31n the 2024 DU report the results for males and females were repsegdratelyor this studybut here the two columns are combined as
findingsweresignificantfor both sexes except foectal cancer

4 Significant for proximal but not distal colon cancer

5Not significant for females

Cohortstudies

0 Schullehner et al. (Denmark)[1]: "In this large registnbased cohort study, the association
between nitrate concentrations in drinking water and colorectal cancer (overall and by subsite)
was examined among 1,742,093 individuals who vedire on their 35th birthday between
1978 and 2011, and subsequently followed until cancer.dbset a total of 23 million persen
years, 6,008 colorectal cancer cases were identified, of which 3,700 were colon cancers.

6 Althoughthe reasons were not stated in the 2024 Ddjpbrt, studies using canegpecific mortality rather than incidence
as the outcome are limited in that observed associations reflect both cancer risk -alagpastis survival, thereby
complicating interpretation and potentially introducing bias
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I ndi vidual exposure to nitrate was estimated
time to water supply areas, allowing calculation of average nitrate exposure from ages 20 to 35.
When comparing the highesty.3 mg/L) to the lowest (< 1.3 mg/L) quintile of nitrate in

drinking water, the HR for colorectal cancer was 1.15 (95% CI:11.Q4), with similar

estimates reported for colon and rectal cancer. Across exposure quintilegaherelatively

clear indication of a doseesponse relationship.

O«

Jonesetal. (USMOl:1 n a subset of 15,910 participants
who reported using the same public water supply for more than 10 years, Jones et al. identified

624 colon and 158 rectal cancer cases between 1986 (recruitment) an@raDbd follow

up). No significant association was obserwedh HRs of 0.97 (95% CI: 0.761.26) being

observedfor colon cancer and 0.64 (95% CI. 0.38)7) for rectal cancewhen comparing

00.36 mg/L to > 3.5 mg/L nitrate in drinking

DTU rated the exposure assessment in the study by Jones et al. as low quality, whereas the
corresponding assessment for the Schullehner et al. study was rated as medium. It is difficult to
determinehow the different bias domairsould havecontributed to the divergent findings. However,

based on the nitrate concentrations, participants in the Jones et al. study were exposed to substantially
lower concentrations, as reflected by the fact that only about 19 % of participants had exposeres abov
3.5 mg/L, wheeas approximately 19 % of participants in the Schullehner et al. study were exposed to
levels exceeding 10 mg/L. As such, #simates from thwo studies are not directly comparable.

Casecontrol studies

~

0 De Roos et al. (US)43] examined the association between nitrate concentrations in drinking
water and the risk of colon (n = 376) and rectal cancer (n = 338) compared with 1,244 healthy
controls from lowa, matched by age and sex. Mean nitrate concentrations in drinking water
were assigned to participants based on -sefforted residential history. Individuals who
primarily consumed bottled water were assigned a low exposure value. Fewer than 1 % of the
study population had nitrate concentrations above 10 mg/L. When comparin@ lot ( mg/ L)
versus higher (> 5 mg/L) exposure categories, the odds ratios (ORs) for colon and rectal cancer
were 1.2 (95 % CI: 0i&..7) and 1.2 (95 % CI: 0.9.8), respectively.

O«

McElroy et al (US) [45] examined the association between nitrate in drinking water and
colorectal cancer, including subsites of proximal colon, distal colon, and rectum, among 475
cases aged 204 years (recruited during 1991992and1999 2001) and 1,447 controls from

rur al Wi sconsi n. Nitrate exposure was assess
with 1994 measurements of nitrate in drinking water, corresponding approximately to the
period of case identification, whickepresents a clear limitation due to temporal ambiguity
Comparing t hos emgi)versus loweg(k @5 mg(L)Cexpbsdre, the OR for
colorectal cancer was 1.57 (95 % CI: 0.262). However, there was no clear dossponse
relationship, as elevated effect estimates were also observed at lower exposure levels. The
corresponding ORs we 2.76 (95 % CI: 1.4%5.38) for proximal colon cancer, 1.23 (95 % CI:

0.59 2.56) for distal colon cancer, and 1.26 (95 % CI: 03443) for rectal cancer.

Espejo-Herrera 2016 (Spain and ltaly) [41] examined the association between nitrate in

drinking water anccolorectal cancer in a study including 1,869 cases (1,285 colon and 557

rectal cancer) and 3,530 controls from Spain and Italy. The ltalian controls (n = 396) were
hospitatbased, while the Spanish controls were populatimsed. All controls were matched

by age, sex, and area of residence. Average r

7 admitted to the same hospital as cases for acutesmomic disease
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exposure periodo covering 30 to 2 years bef ol
residential histor, nitrate measurements from local water suppliers, andegafted water
source (tap, bottled, well) and consumption
versus higher (> 10 mg/L) exposure, the ORs for colorectal, colon, and rectal canckd@ere

(95 % ClI: 1.241.78), 1.52 (95 % CI: 1.24.86), and 1.62 (95 % CI: 1.23.14), respectively.

Similar estimates were observed in both sexes, and there was a cléeesfomese trend across

the three exposild e l0cnl)e Iposiity analyses exclusling Italian

participants did not materially change the findings.

(@]

Fathmawati et al. (Indonesia)[44] the association between nitrate in drinking water and
colorectal cancer in 75 cases recruited (2@D46) from a hospital in Yogyakarta and 75
hospital controls who had undergone colon biopsy confirmingneaplastic findings. All
participants had livednithe city for at least three years. Nitrate concentrations measured in
participantso wells (first quarter of 2016)
(< 50 mg/L) versus higher (> 50 mg/L) nitrate concentrations in drinking water, the OR for
colorectal cancer was 2.8 (95 % Cl:1IZ4).

Across all casicontrol studies, the estimated effect sizes generally suggested an increased risk of
colorectal cancer with higher nitrate exposure, although not always statistically significant (specifically
in [43, 45)). According to the DTU assessment, the studies reporting no or some suggestive association
were rated as having low or moderate reliab[Ht§, 45] whereas the two studies reporting significant
association$41, 44]were rated high and low reliability, respectively. Thus, the reliability ratings do
not fully explain the divergent findings. However, these two studies reporting significant associations
[41, 44]were conducted in populations with greater exposure contrast compared with those reporting
unclear or no associati¢a3, 45]

In summary, in the 2024 DTU repaodtedone cohort[1] and one caseontrol [41] study as having

high reliability. Both studies reported relatively clear associations between nitrate concentrations in
drinking water and colorectal cancer. The other studies varied in their findings, with some supportive
evidence reported in three steis[43-45], whereas one study did rfistd an associatiof0]. Assuming

that a causal dosesponse relationship of weak to moderate strength exists between nitrate exposure
in drinking water and colorectal cancer, studies conducted in populatiores swithllexposure contrast

would be less likely to detect such an association. The partially divergent findings among the six
included studies (see Table 1) are broadly consistent with this interpretation.

New literature on colorectal cancer since 2024

With colorectal cancer being identified the 2024 DTU reporas the outcome with the strongest
evidence linking nitrate in drinking water with cancer a new literature search was performed by the
working group to identify new studies on colorectal cancer publigfiedthe reportTwo new studies
wereidentified,and their findings areummarizedelow.

In an ecological study from thdS Cisneros et g46] examined the association between nitrate in
drinking water, as provided by ti@alifornia State Water Resources Control Bqamith incidence of
colorectal cancer between 202015, extracted from thHeurveillance, Epidemiology, and End Results
Program in California A total of 56,631 colorectal cancers were identified during the study period.
Associations were examined for watatrate concentrationdrom 1 and up to20 years prior to
diagnosewith different lagtimes The nean concentrations (SD) ovidtis 20 year period was 14.8
mg/L (7.2). Significant associationbetween nitrate concentrations in drinking water and colorectal
cancer were observed with relative risk estimates ranging from 1.02 to 1.0#ggL Increase in
nitrate exposure depending on the exposuritag (1 to 20 years).

11



In a study based on tizanish Diet, Cancer, and Heal®ohort(N = 54,610)Erichsen et alexamined

the association between nitrate exposure from diet and drinking water and colorectal capgg}. risk

Over 27 years of followp, a total of 2,235 colorectal cancer cases were identified, including 1,508

colon cancer caseBietary nitrate intake was assessed at baseline {1993; participant age 565

years) using a validated food frequency questionnaire (FFQ). Nitrate exposure from drinking water was
estimated by |l inking parti ci enmationsirblocal water sdpplies i al a
(as provided to households) and by quantifying tap water intake based on FFQ data.

In the study Erichsen[47] neither total dietary nitrate intake nor nitrate from specific dietary sources
was associated with colorectal cancer or its subtypes, with HRs tightly centered around the null.
Similarly, quantified nitrate intake from tap water, based onrselbrted cosumption, was not
associated with colorectal, colon, or rectal cancer. However, when nitrate exposure was classified
according to concentrations in drinking water supplied to the household, the HRs comparing the highest
(0.3 mg/L) with the lowest (< B.mg/L) exposure categories were 1.29 (95% CI: 01989) for
colorectal cancer, 1.52 (95% CI: 1i2107) for colon cancer. Below the highest exposure category
there was no clear evidencedufsd responsend no association was observedrfmtal cancer(.86

(95% CI: 0.491.50). For colorectal and colon cancer (but not rectal cancer), associations were more
pronounced among individuals with establishedisk factors, including current or formemoking,

high red meat intake, and low intake of antioxidants

This new evidence, particularly the study from the Danish Diet, Cancer, and Health @bfjort
strengthens the evidence base suggesting that nitrate in drinking water may be associated with an
increased risk of colorectal cancer. Although the two large Danish sfadiég] complement each

other, each has distinct strengths and limitations that warrant consideration. The Danish Diet, Cancer,
and Health Cohoi#7] allows for a more detailed assessment of individienadl factors compared with

the larger registipased cohort by Schullehner et [d]}, including more comprehensive control for
confounding and explicit evaluation of dietary factors as both confounders and potential effect
modifiers. However, despite its relatively large sample size, the statistical power of this cohort is lower
than thatof the registrybased studyThis is not only related to sample size but atsthe fact that

smaller proportion of participantwith higher nitrate exposureSpecifically, only about 2 % of
participants in the Danish Diet, Cancer, and Health Cohortsevparticipants were recruited within

the greater areas of Copenhagen and Aa@BimgiL,s, wer €
nitrate,compared wittapproximately 20 % in the nationwide regisbgsed study by Schullehner et al.

The lower exposure contrast in the Danish Diet, Cancer, and Health Cohort may contribute to the
absence of a clear ddsesponse relationship observed in the new cohort skidglly, it is worth

noting that the recruitment periods, and therefore parts of the study populations, in the Erichgen (1993
1997)[47] and Schullehner (1972011)[1] studies overlap, although the age at exposuiie3&0ears

vs. 50 65 years) and the geographic recruitment areas differ.

In conclusion, despite certain limitations and minor inconsistencies, the two large studies now available
from Denmarl{1, 47] are concordant in indicating a risk of colorectal cancer at higher nitrate exposures
below the current parametric value of 50 mglhe newer study provides additional support for this
association, particularly as its findings, when accounting for diet and other risk factors, are biologically
plausible, consistent with the proposed mechanism of endogenous formationitadd compands
(NOCs) through nitrate ingestiGrs such the study by Erichsen et p#7] provides added support to

the findingspreviouslyreported by Schullehner et[4l.

8j.e., Nmnitroso compourid nhi bi ting factors, see s ecctoinosni doenn afit Ti ooxniscoo ki net
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Meta-analyses

Severametaanalyses have examined the association between nitrate exposure from drinking water and
colorectal cancd31, 4851]°. Of these, two included ddsesponse analyses in addition to providing
simple summary estimatp43, 49] Among the five metanalyses, two reported statistically significant
summary estimates above dd&, 49] suggesting an increased risk of colorectal cancer, whereas the
others reported nesignificant estimates above one.

However, all of these metnalyses were assessed as hawiitigally low methodological quality in

the 2024 DTU report, based on the AMSTAR 2 appraisal tool. AMSTAR 2 evaluates compliance with
key components of systematic review methodolfigyt notrisk bias per sepacross seven critical
domains. These include the use of a predefined protocol, an adequate literature search strategy,
transparent justification for study exclusion, and other essential elements related to methodological
rigor and transparency.

Perhaps more ingotant, several otheimitations were notedith some of the metanalyses includg
studieson cancer mortality rather than incideri@4, 48] making errors irata extractiof49, 51, 52]

or incorporated duplicate studigdl, 49] Across all metanalyses, heterogeneity among the included
studies was substantial, complicating interpretation of the pooled estimates. Moreover, the merging of
cohort and caseontrol studies, as done in all the matalyses, is far from ideal dueftmdamental
differences in design and risk of bi&és].

Despite these limitations, it is relevant to note that after correctingegitgction errors and removing
duplicate studiefb2] in the metaanalysis by Hosseini et 9], which was based on the same studies
reported in Table 1 above, the summary estimates for colorectal and colon cancer indicated significantly
increased risks of 1.39 (95% CI: 1i@978) and 1.27 (95% CI: 1.08.57), respectively.

In conclusion, given the small number of available studies for each design and their methodological
variability, the working group concludetiat limited information could be extracted from available
metaanalyseskor the purpose of thsssessmenit, was also concluded that conducting a new dose
response metanalysis would not be a feasible approach for evalugtimgarametric value for nitrate

in drinking water.

Toxicokinetic and mechanistic considerations

The IARC Monographlhgested Nitrate and Nitrite, and Cyanobacterial Peptide TdXelume 94,
2010) evaluaie separatelythe potential carcinogenic of ingested nitrate and nitrdsn, i) food, i)
drinking water and iii) under conditions that promote endogenous nitrogaficAfter assessing the
evidence IARC concluded that

[@]3

the evidence for carcinogenicity of nitrate in food or drinking water was considered
finadequaté i n bot h humans and ani mal s

The corresponding evi ddimed fior boitthr htuenawas aa ¢
The evidence in experimental animals on intake of nitrate in combinatioamities and other
amides for car ci nogelfficiesdi.t y was considered as

O¢ O«

On the basis ofsufficient” evidence that nitrate in combination with amines and other amides is
carcinogenic in experimental ani mal s almestedt her r

9 Reference 5provides corrected analyses for reference 49 (Hosseini F et al 20Rfgsultscitedhere are based on those
corrected numberséereference 5p
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nitrate or nitrite under conditions that result in endogenous nitrosation is probably carcinogenic to
humans (Group 2A) . | ARCs basis for this coranteuvidrieffyn and i
summarized below.

Endogenous nitrosation and carcinogenicity

As reviewed in the IARC monograg8], ingestedhitrate is absorbed from the gastrointestinal tract,
reaching peak plasma levels within an hour and clearing with difeadf about five hoursNitrate is

widely distributed in the stomach, intestines, urinary system and bloodstream. It undergoes further
metabolism in circulation, with nitrite interacting with hemoglobin and other molecules to participate
in nitric oxide metabolism. The majorityf aitrate is excreted through urine within 48 hours, though
high urinary nitrate levels are associated with inflammatory conditioaktif®e to dietary intake,
endogenous nitrate synthesis, primarily through the arginitrec oxide pathway, contributes much

less to the totadirculating nitrate pool.

Once swallowed, nitrite enters the acidic stomach environment, where it can generate nitrosating agents
capable of reacting with amines and amides to fornitfdso compounds (NOCsahany of which are

known carcinogensTheir endogenoudormation follows a sequence of steps occurring in the
gastrointestinal tract. Thi, afteringestion from dig® or drinking water, nitrate is absorbed into the
bloodstreanbut approximately 25% of it is recirculated in saliva, where oral bacteria reduce ~5% of it

to nitrite. Once nitrite enters the acidic environment of the stomach igeaaratenitrosating agents

that react with dietary or endogenous amines and amides, leading to the formation of NOCs.

The presence of NOCs in the gastrointestinal tract is a major concern due to theircad@dntal
carcinogenesis. A significant subgroup of NOCs, nitrosamines, are metabolized by cytochrome P450
e n z y me s-hydromynimosatdines, which decompose into highly reactive molecules that cause
premutagenic DNA lesions. One primary mechanism ire®BNA alkylation, where NOCs transfer

alkyl groups to DNA bases, leading to mutations such amé&@ylguanine lesions, which mispair
during replication, causing GYC A:T transitions commonly found in colorectal tumors. Additionally,
NOCs can inhibit DNA repair enzymes, such asrmghylguanineDNA methyltransferase (MGMT),

i mpairing the cell és ability to correct mutati o
oxidative stress and inflammation by generating reactive oxygen species (ROS), which damage cellular
components and create afinflammatory environment that fosters tumor development. Experimental
studies confirm that NOCs induce tumor formation in ahimadels, particularly in the colon, by
causing mutations in oncogenes and tumor suppressor genes, such as TP53.

Factors influencing NOC formation
The possible risk of colorectal cancer from endogenous NOC:s is influenced by several factors

0 Diet, particularly red and processed meat contain nitrite and heme from myoglobin, both of
which promote NOC formation in the colon. High red meat intake increases the availability of
amines and amides that can react with ingested ndeateed nitrite, futher enhancing NOC
production. Studies show that individuals with high red meat consumption exhibit a stronger
association between nitrate exposure emldrectal cancenisk, indicating that dietary factors
may influence the carcinogenic potential of ingested nifddte43, 47]In contrast, vegetables
are al so a source of nitrat e, but -tecopherob xi dant
(vitamin E), folate, and flavonoids inhibit nitrosation and therefore NOC form@ibn43,
47]. Vegetable consumption can therefore mitigate the harmful effects of nitrate both from

10 with caratin vegetables and processed meat being major sources

14



vegetables themselves and from other sources, and the adverse effects of-draikirngtrate
appear less pronounced in individuals with high antioxidant intake.

The humargut microbiota also plays a crucial role in nitrate metabolism and NOC formation.
Certain bacterial species with nitrate reductase activity enhance the conversion of nitrate to
nitrite, increasing NOC synthesis in the lower gastrointestinal tract. Individual differences

gut microbiota composition, shaped by genetics, diet, and antibiotic use, may therefore
influence the extent of endogenous nitrosation and, consequasitectal cancetisk [54].

Lifestyle factors such as smoking, alcohol consumption and physical activity influence the
formation of NOCs. For example, tobacco smoke contains preformed NOCs, which may
independently contribute toolorectal cancerisk. Similarly, alcohol intake can increase
endogenous nitrosation and oxidative stress, further promoting carcinogenesis. Conversely,
physical activity has been shown to redaolrectal cancetisk by modulating inflammation,
insulin sensitivity, and gut motility, potentially mitigating the impact of nitrate expd56ie

O«

O«

Both diet and lifestyle factors may influence (or modify) the association between ingested nitrate and
colorectal cancer through their role in NOC formatidn addition, these factors might act as
confounebrs if they are associated with colorectal canceraigh other mechanisms (than NOC
formation). Separating the role of these factors, as confounders or effect motlif@mugh covariate
adjustmentcan be challengingn epidemiological studieésome studies do not collestfficiently
detailed information to address this

Other uncertainties

Several other uncertainties associated with assessing the association between nitrate in drinking water
health outcomes, including colorectal cancer, are worth noting.

0 Co-exposure to other contaminants, such as trihalomethanes, may potentially confound the
relationship between nitrate amwlorectal cancerHowever, in the caseontrol study by
EspejeHerrera et a[41], adjustment fotrihalomethaneproduced only minimal changes in

the risk estimates

A key methodological challenge in studies of drinkimgter contaminants is accurately
guantifying exposure, as the proportion of tap and bottled water in total fluid intake varies
considerably between populatigh$, 57] Furthermore, exposure may fluctuate over time due

to residential changes, which can introduce misclassificatidheaxposuresstimate These

two limitations may partly explain inconsistencies across studies. Still, it is unclear how much
accuracy is gained in terms of assessing exposure by relying on simple questions on use of tap
versus bottled water at one point in timteleast in populations where the variation in use of
bottled water is modes$tudies conducted in populations such as Denmark, where tap water is
the dominant source of drinking water and nitrate exposure from tap water can be traced through
registry linkage, are therefore likely to have higher certainty in expassessment.

(@]

Evidence forcolorectal cancerconclusion

As reviewed by IARC[2] and in the 2024 DTU report (whichiso included newer studies), the
relationship between nitrate/nitrite ingestion and endogenous nitrosation reactions under experimental
conditions is well documented in both humans and anirgaisence of formation of NOCs in the
gastrointestinal tractherefore provides adirect mechanistic link with colorectal carcinogenesis.
However, as reviewed by IARC and in the DTU report, the few studies directly assessing
carcinogenicityof nitrate in combination with nitrosabéamines and amides have been suggestive but
not fully consistentVariation in study design with respect to inclusion of substrates may partly explain
such findings.
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In line with IARC, other agencies such as JECIHAR003[58] and EFSAIn 2017[4] have concluded

that nitrate per se is not carcinogenic. The primary focus of these agencies has been to assess the direct
link between ingestion of nitrate or nitrite and cancer in both humans and animals, where in line with
IARC the evidence from humanbservational studies and studies in experimental animals was
considered ioonclusive. In the absence of such evidence, mechanistic evidence forwasggven

less weight by EFSAand JECFA It is, however, worth noting thatone of the human studies on
colorectal cancer reviewed in this report had been published when JECFA did their assas2p@ént

and four of the studies reviewed here were not published when EFSA did their assgssatent4,

47] of which all except ond40] reported significant associat@nAs such lie evidence for an
association between nitrate from drinking waterd colorectal cancehas beensubstantialf
strengthened

Furthermore, e two large studies from Denmdfk 47] could individually and/or combined address

some uncertainties listed through use of registry based (but noegeited) exposure assessment,
confounder control and assessing dietary and lifestyle factors associated with NOC formation. With
support fromother studies and combined with biologically plausible explanation for the observed
association between nitrate in drinking water and colorectal cancer, the working group agrees with the
conclusion from the 2024 DTU reporttiian i t r at e i n drinking water pose

At the same time the working group acknowledges that several uncertanists, and better
characterizatiorof the association observed between nitrate in drinking water and colorectal cancer
observed in somiut not all studies assessed in this report is warranted. Despite these uncertainties the
overall evidence is considered sufficiently robust to justify a derivation of a new parametric value for
nitrate in drinking water as a precautionary approach. Thikimgpgroup considers that the study from
Schullehner et gl1] is the most suitable for dose response Mimdegiven its large sample size and
exposure contrast.

Evaluating thresholds and ndinearity in nitrate exposure amwlorectal cancetisk

The epidemiological literature on nitrate in drinking water and colorectal camgarently points to a
norntlinear, contexdependent association rather than a simple lineari deg@onse extending from
zero exposure.

Existing studiesand meteanal yses il lustrate why defining a
problematic. Based on pairwise comparison relative to the lowest quin8lengiL) the study by
Schullehmer et &[1] found statistically significant increasesdolorectal canceiisk beginning at mean
drinking-water nitrate levels above B mg/L, well below the conventional 50 mg/L guideline
(equivalent to 11.3 mg/L nitrat&l*?). Thenext highest3.8-9.3mg/L) anchigheste x posur e3gr oup
mg/L nitrate ion) showed a HR &f11 (95%CIl: 1.02, 1.20) arid15 (95% CI 1.0 1.24), respectively,
compared with the lowest grogl.3mg/L) with stronger associations for colon than rectal cancer.
These findings point to an exposure range at whidbrectal cancetisk begins to rise, but they do not

identify a distinct threshold below which no risk occurs. On the other hand the more recent study from
Danish Diet, Cancer, and Health CoHdiT] suggests a significant increase only abo@ey/L when

using the same exposure categories as used by Scullehng] et al

Studies that have examined factors influencing endogenous NOC forénatich as diet and
smoking demonstrate that these factonay have substantial effects, supporting a role for dietary

I1'n the United States, nitrate concent r aMN,iwhkereasiniEaropd r i nki ng
they are more often reported as mg/ L NO -Nusihga factorefO.L26t t er c a
(National Reearch Council (US) Subcommittee on Nitrate and Nitrite in Drinking Water. Nitrate and Nitrite in Drinking

Water. Washington (DC): National Academies Press (US); 1995. PMID: 25101396).
https://nap.nationalacademies.org/read/9038/chapter/4#10
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nitrosation modifiers in shaping the underlying deesponse relationship betwedrinking-water
nitrate exposure and colorectal cancer. This distinction between nitrate s@addesssed in some
studie,helps explain why dietary nitrate intake (primarily from vegetables) shows no association with
colorectal cancgrtl, 47] while stronger associations are observed for nitrate in drinking water among
individuals with low antioxidant intakgll, 43, 47]or higher consumption of red or processed meat
[41, 43, 47] This source distinction explain how waterborne nitrate may confer risk even at levels where
vegetablederived nitrate appears protective

In summary, the current evidence does not support a single, universal biological threshold for nitrate
exposure with respect tlorectalcancer Use of different exposure categoriésjited sample sizes

at high exposures, exposure misclassification, and residual confounding may explain eHegng
estimates and dosesponse observed in existing studies.

Regulatory frameworks that treat nitrate solely as a threshold compound for acute toxicity, such as
infant methemoglobinemia, may underestimate {targh cancerelated risks. A moreprotective
approach, incorporating lower monitoring or action levels and accounting for dietary context; source
specific exposure, and nitrosation potential, is more consistent with current evidence.

Derivation of gparametric valu¢ghrough benchmark dose modelling

Benchmark dse(BMD) modellingwas performedbasedon results fromthe paper by Schullehner et

al. [1] using Bayesian Model Averaging. The modelling was performed following the principles
outlined in theJECFA? Guidance Documerj69] and the EFSA Scientific Committee Guidance on

the dJse of the Benchmark Dose Approach in Risk AssesSifiit Because these guidance
documents primarily address experimental toxicological data, adaptations and sensitivity analyses were
implemented to account for specific challenges associated with modelling human observational data
which have been described sifieally elsewherd61].

The primary analyses were performed using the EF
packageBMABMDRfor data preparation, model fitting, model averaging, and plétting

Modelling considerations

Modelling was performed using adjusted nursbafr cases. The adjusted number of cases were
calculated from the adjusted hazard ratio (HR) and case distribution in the Schullehner et al 2018 study
[1]. This approach was applied by JECFA in its 2011 assessment of inorganic fg8gaitd later
adopted by EFSA in its 2024 assessment of inorganic afé&hid he data used for these analysed
modelling resultare presented iAppendix I1. Modelling results are presenteddppendix Il1 .

Selection of a benchmark respons&1B

In EFSA6s 2022 guidance on benchmark dose (BMD)
the prespecified change in the endpoint used to derive the B8OD This change (the BMR) should
bemedgilasur abl e, considered r el e\vaadhefbiologicallirelevand s or t
(i.e. adverse)For quantal data the EFSA guidandefines the BMRasfian increase in the incidence

of the lesion/responsecored, compared with thbackground incidenag with the background

incidence, in toxicological experiments referring to the control aninwals ( i z e ). lo huchans e 0
observationat udi es an MfAunexposed bataBMRmretative tg no@xpgsore d o e s

12 JECFA: TheJoint FAO/WHO Expert Committee on Food Additives
3 https://r4eu.efsa.europa.eu/
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is obtained by extrapolating the fitted curve to zZg@®, 61]or relative to a lowest exposure gpou
[64]*.

In Bayesian analyses the lowaedibility interval around taBMD (or the BMDL) is then defined as

t h dosefbelow which the change in response is likely to be smaller thé&nNte o . I f the BMF
chosen as the smallest measurable change in response that is considered biologically relevant (or
adverse) the corresponding BMDL would reflect a dose at which no biologically relevant health risk is

to be expected. By convention theedibility interval around the BMD is usually estimated at 90%

level meaning that the BMDL reflects th& percentile in the BMD probability distribution. Other

credibility intervals can also be derived but this must be justifiedoaseby-casebasis.

For ani mal cancer st ud)iisescemmordy used & the detaultdoenchmaskk ( B M
response, as it represents the smallest effect size that standard OECD carcinogenicity studies, typically
involving approximately 50 animals per sex per dose graugpadequately powered to detect

In contrast, human epidemiological studies generally involve much larger sample sizes, and the
definition of a small but measurable increase in risk depends strongly on study design, background
incidence, andample sizeOnly a few prior examples of BMD modelling in human observational data

for quantal outcomeskxist. In its 2011 assessment of inorganic arsenic, JECFA modelled an extra risk
of 0.5%for cancerf58], while in its more recent evaluation, a smaller 0.1% extra risk was[6sSkd
reflecting a shift toa more conservative approach. In those assessments, the cumulative cancer
incidence in the underlying studies ranged from approximately 1.5% tin5% more recent arsenic
assessment, EFSA applied an added risk correspondinglatiaely 5% increase in incidencabove

the lowest exposure categétyThis approach was used consistently acequssitalbased outcomes,
including cancer, birth defects, and cardiovascular disease [59].

For disease outcomes with low background incidesceh as colorectal cancf6], an extra risk
corresponding to a 5% relative increase above the referent may, in some cases, be close to or below the
limits of what is reasonable to model as refle¢tesomeexisting analysewhere such modelling has

been performed on humaancerdata [63]. This supports the conclusion thab8b relative increase

(or aRR of 1.05 is at the lower end of what is reasonable to modirms of measurabkdffect size

above background variation

TheSchullehnestudy used for this assessmiitis a large nationwide cohort with sufficient statistical

power to detect small effect sizes, such as a hazard ratio (HR) of 1.05. Although modest, this level of
association represents an adverse and meaningful effect. Accordingly, an extra risk canmg$pand

5% increase in HR was considered a conservative benchmark response (BMR), reflecting the smallest
measurable change that would be reasonable to model. An extra risk corresponding to a 10% increase
in HR was alsanodelledto represent a@leareradwerse effect size that should beore accurately
guantifiedand of high public health relevance.

Based on these considerations, the working group modk#d8iMR of 5% and 10% increase in cancer
incidence using data relative to the background incidence defined as the incidence in the lowest
exposure category, and approximated the BMR relative to a nitrate concentration of 0 mg/L through

Y This latter approacts less conventional and has not been used by EFSA or JECFA for modelling of epidemiological data.
%10 clarify the difference between modelling extra risk versus relative risk for the benchmark response (BMR).

L e tsdy shat the incidence in the lowest exposure category is x. Modelling 0.%6 extra risk results in a BMR = x

+0.00 1 Modelling a relative increase of 5%above background means that the BMR=x*1.05. Regardlessof what

the incidence (x) in the lowest exposure category absolute increase would always reflect the same adtional risk

while the added risk related to relative increase is highly dependent on theincidence in the study population

under consideration.
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extrapolatiom. The resulting posterior distributions of the benchmark dose (BMD) estimates for these
two BMRs were then compareddwaluatinghe level of protection for both BMRs.

Selection of a reference point

The results of the modelling based on the study by Schullehner et al. (2018) [1] are presented in Table
2. The corresponding benchmark doses (BMDs) for 5% and 10% relative increases in incidence were
11.9 mg/L and 17.8 mg/L, respectively. These values represent the expected nitrate concentrations in
drinking water associated with the specified effect sizas. dredible intervals were relatively wide,
indicating uncertainty across an exposure ir@gffom ~3 to ~40mg/L (for the 5"to 95h percentiles

of the BMD). The benchmark dose lower bounds (BMDbgagsed on ®0% credible interval when
modellingBMR corresponding tof 5% and 10%elativeincreaseover backgroundwere 3.2 mg/L

and 6.1 mg/L, respectively.

Table 2.Benchmark dose resulfor modellinga BMR of 5%

and 10% relative increase imancer incidence above
background in the Schullehner et al 2018 study. The table
shows the percentile distributions for the estimated BMD when
modelling 5% and 10% relative increase.

Percentile$ BMDso BMD 1008
5t 3.2 6.1
100 4.9 8.8
150 6.1 10.6
20" 7.1 12.0
50" (BMD) 11.9 17.8
8ah 18.5 25.6
ogh 27.1 33.3
o5 37.7 40.6

1Modelling was performed using the EFSA Bayesian BMD platform:
https://r4eu.efsa.europa.eu/app/bmdbayesian

2The BMD is the 5% percentile(median)in the BMD distribution while
the 8" 10" and 1% percentile reflecthebenchmark dose lower bound
(or BMDL) for the 9®%, 80% and 70% credible intervals, respectively

3 the subscriptefersto modellingof a BMR corresponding t6% and 10%
increase in cancer incidence above backgrorespectively

To achieve a protective level for an effect size corresponding to a 5% relative increase over background,
the nitrate concentration in drinking water would need te32 mg/L, based on the conventional 90%
credible interval. However, using a 70% credible interval, the corresponding BMDL is 6.1 mg/L. At
this concentration, the probability of maintaining a protective level against a 5% relative increase in
risk is approinately 85%. Thus, while 6.1 mg/L would not be considered protective under the
conventional 90%redibility interval, the overall risk to human health would still be relatively low.
Moreover, this same concentration of 6.1 mg/L would provide full protection under the 90% credible
interval for a 10% relative increase in risk.

Given the limited number of studies available on nitrate in drinking water and colorectal cancer, and
the fact that different modelling approaches produced BMDL estimates varying by only a few

milligrams perLiter, the expert group considered that the most conservative estimate (3.2 mg/L) may
reflect greater uncertainty in the data rather than a true health risk threshold. In contrast, a BMDL of
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6.1 mg/L could be justified as providing protection against a 10% relative increase in cancer incidence
while still affording a reasonable level of protection for the more conservative 5% relative increase.

Based on this evaluation, the expert group decided to recommend a parametric value of 6 mg/L

for nitrate in drinking water. This recommendation is grounded in evidence from two Danish
populationbased studies indicating adverse effects on cancer risk at or slightly below 10 mg/L [1, 48],
while alsoconsideringhe uncertainties inherent in the modelling and the limited number of available
studies.Deviations from this recommended value can be justified and quantitatively assessed based on
thedistributions around thBMD presented in Tablg.

Sensitivity analyses

The primary analyses perfor med umoddaliggthet BMROfEF SA O
5% and 10% increase in cancer incidence using data relative to the background incidence defined as

the incidence in the lowest exposure category, approximated the BMR relative to a nitrate
concentration of 0 mg/L through extrapolatiéds reported in table 2his resulted in a BMD4y, and

BMDL 109 0f 3.2 and 6.1mg/L, respectivelyhen using a 90% credible intenabund the BMDThe

other, less conventional, alternative is to estimate the BlHRive tothe nitrateexposure observed in

the lowest exposure category, where the median concentration was 0.69 hay/approach resulted

in a slightly higher BMDky and BMDL1G, of 3.4 and 6.7mg/L, respectively. Given the difference

between these two definitions of a BMR is less than 10%, the same conclusions are supported.

To furtherevaluate the modelling approach the expert group also used two alternative berabseark
modelling approachegs WebBased System for Bayesian Benchmark Dose Estindgiogioped by
Shao et al[67] was used to modéhe samd&MRs corresponding to relative increases of 5% and 10%
above the background inciden@s done using the EFSA software) as well modelling the hazard ratios
directly (which is not possible for the EFSA softwaModel structure specific BMDL estimates were
similar for different modelling approaché&hese results are not included in the appendix as they were
only used for sensitivity analyses and to make judgement on the consistency across wiffdediirtg
platforms.

Possible health benefits of a revised parametric value

To estimate the possible benefits in terms of cases avoided if the exposure pattern wastheduced
working group used the exact exposure categoriebaratdatiosas reported in the Schullehner paper
(see table 3). More recently the average exposure to nitrdtenking waterappears tdave been
reducelin Denmarkand to account more recent estimates as reported by Jacobssaretaeds]®.

For the assessmaehis also assumed thatnual number of colorectal cases 4543 as reported in the
Nordcan databader Denmark between 2019 to 2323 Table 3 also shows the estimated number of
annual cases according to the exposure categories in the Schullehner paper

1 That papeby Jacobsen et grovided an update assessment on the exposure distribution across the same exposure cutoffs
as used in the Schulleéret al paper

o https://nordcan.iarc.fr/en
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Table 3.Distribution of population, relative risks aedtimatechumber ofannual
colorectal cancer (CRC) casas categorized in tHechullehner et al 20l&aper

Exposure Population CRC CRC
category (mg/L) percentage HR Cases per year
<1.27 26.9 1.00 1165
1.272.3 26.9 1.06 1234
>2.33.9 26.9 1.03 1200
>3.99.3 9.9 1.11 476
>0.3 9.4 1.15 468
Total 100% 4543

L as reported by Jacobsen efHl In that paper the distribution was 80.7% in the first
three exposure groups and here it is assumed the three first groups are the same size
(80.7/3=26.9%.)

Effect estimates as reported by Schullehner Et]al

Based on the estimated number in table 3 the likely benefit in terms of cases which could be prevented
under various scenarios can be estimated. Those estasatenehat i)the HR from the Schullehner

study represents a causal association in each group, i) the exposure distribution as reported by Jacobsen
et al (2024) reflects current exposutistribution To assess possible case reducfive different
scenariosdefined by the categories epiints used in the Schullehner stuadg assessed (see Table 4).

Table 4: Expected reductiom casesy different intervention scenarios (see text below table for
explanation)

Case distribution for differenhtervention

scenarios
Exposure category Case distribution 1 2 3 4 5
(mg/L) without interventioh
<13 1165 4330 1572 1165 2001 1165
1.32.3 123# 123# 123# 1234 1234
2.33.9 1200 1200 1200 1200 2061
>3.99.3 476 476 928
>9.3 468
Total 4543 4330 4482 4527 4435 4460
Casereduction 213 61 16 108 83

number of cases per exposure group prior to reduction in exposure
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Scenario 1:Exposures reduced to a minimum and everybody is exposed to less than 1.3 mg/L. This
intervention would result in 213 fewer cases per year

Scenario 2:Exposure is controlled to 9.3 mg/L and those >9.3 mg/L are reduced to a minimum, (<1.3
mg/L). This intervention would result in 61 fewer cases per year

Scenario 3:Exposure is controlled to 9.3 mg/L and those >9.3 are reduced to the group h8&low (3
9.3mg/L). This intervention would result in 16 fewer cases per year

Scenario 4:Exposure is controlled to 3.9 mg/L and those >3.9mg/L are reduced to a minimum. This
intervention would result in 108 fewer cases per year

Scenario 5:Exposure is controlled to 3.9 mg/L and people currently >3.9 are reduced to the group below
(2.33.9mg/L). This intervention would result in 83 fewer cases per year

The results in table elearlyshow that bw exposure is modifie@n terms of interventiorf)as a relatively

large impact. For examplégr the 9.4% of the population exposed to over 9.3 mg/L, if they are reduced
to the minimum (<1.3mg/L) then 61 cases might be prevented, but if they are only reduced to just below
9.3, then 16 cases would be prevented. Thus, there is a range of possible benefits from 16 tarGlcases
the average of these two scenarios would be 39.cases

To estimate the benefit from regulating below 6 mg/lwe used linear interpolation based on the figures
int table 4. For reduction fromr@g/L down to the minimum (<1.3mg/L) the benefit would be estimated
as 90cases per yedlinear interpolatiorof benefitsin scenario 2 and 4) , and the benefit of dropping to
just below 6 would be 5Zases per yedtinear interpolatiorof benefits inscenario 3 and 5), and the
averageof these two scenarios would B2 cases

Theestimates presented here in terms of case redwdtmnd be interpreted with some cautiBirstly,

the HRs carry uncertainty, as reflected in their 95% confidence intervals. It is also important to note that
exposure has already decreased due to reductions in nitrate levels implemented by water[Slippliers
relative to the exposure estimated by Schullehner et al. for the periotd2D378[1]. The estimates in

Table 4 therefore represent the possible additional benefits of further reducing nitrate concentrations in
drinking water. Some caution is also needed, as current risks reflect past exposures because of the latency
periods required forancer development. A further source of uncertainty relates to differences between
current and past dietary patterns, which may influence the extent to which endogenous nitrosation of
ingested nitrate occurs. o0

In conclusion, the benefit from regulating below 6 mg/L is estimated by the expert group to range
between 57 (1.3% of cases) and 90 (2.0% of cases) depending on the specific intervention strategy
with an average of 73 cases (1.6% of cases).

Derivation of a parametric valueuncertainties

Several uncertainties are associated with deriving a parametric value through benchmark dose (BMD)
modelling. Firstly, the available data included only summary data for five exposure categories, which
is rather limited for characterizing the underlying @@esponse relationship. Having divided the data

into a larger number of exposure categories (idedll§) would have reduced this uncertainty. In the

case of the data used in the Schullehner et al. study, the underlying rbggstd/dataset was no longer
accessible because such data must be deleted after a defined retention period, in accordancatwith curre
legislation. Modelling a higher number of exposure categories was therefore not possible.
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Despite these limitations, modelling ttesé response relationship through BMD analysis provides a
more robust basis for deriving a parametric value and for quantifying the associated uncertainties than
relying on pairwise comparisons between a few (n = 5) exposure categories. The use of BMingnod

is now recommended by several international agerjbi@s and alternative approaches are advised
only when the available data are not suitable for modelling, which was not the case here.

Another source of uncertainty is that only one study w@ssidered suitabléor benchmark dose
modelling. As discussed above, variation in diet and lifesfgletors that influence endogenous N

nitroso compound formatiors likely to differ across populations and may therefore affect the observed
dosé response relationship. Assessing the dasponse curve in multiple populations would be
preferable. On the other hand, the study by Schullehner et al. encompasses the entire Danish population
over a weldefined period, which is a major strength.

Finally, it is important taecognizehat data limitations cannot be resolved by any modelling approach,
and identifying a reference point that reflects no appreciable risk with very low uncertainty is rarely
achievable. Nevertheless, dosesponse modelling makes better use of the avaitiitiée and when its
estimates and quantified uncertainties are interpreted in the context of the overall evidence, it provides
an appropriate basis for establishing a parametric value. The proposed value of 6 mg/L is grounded in
thoseconsiderations.

23



Conclusions

Based on the evidence synthesis, modelling and discussion above the working group concludes the
following:

Assessment

0

(@]

O«

Since a previous assessment by other international agd@cids 58] the evidence for an
association between nitrate in drinking water and colorectal cancer has been substantially
strengthened.

In line with the DTU 2024 report, the working group concludes that the totality of the available
evidence indicates that nitrate in drinking water poses a potential health risk for colorectal
cancer.

The working group considers that, as a precautionary approach, derivation of a parametric value
for nitrate in drinking water based on colorectal cancer is sufficiently supported by the current
evidence.

Derivation of a parametric value:

0

0

[@]3

¢

(@]

The nationwide registrpased cohort study by Schullehner et al. was considered the most
appropriate basis for derivinghealthbased parametric value.

In accordance with existing guidan&®-61], benchmaridose (BMD) modelling was used for
deriving the reference point.

Among several available software platforms, the EFSA Bayesian BMD webtool was selected
because it applies model averaging, has undergone testing, and is used in regulatory contexts.
Based on the modelling results, their associated uncertainties, and the totality of the evidence,
theworking group proposes a parametric value of 6 mg/L nitrate in drinking water.

The uncertainties surrounding this estimate, including those reflected in the BMD credible
intervals (Table 2) and in the estimated range of potentially preventable colorectal cancer cases
(Table 4) were quantified to inform risk managers about the implications of deviations from
the proposed valués discussed abotleese numbers should be interpreted witinecaution.

Uncertainties:

0

0

Access to more granular exposure data (i.e., a larger number of exposure categories) would
likely reduceuncertainty in the BMD estimates.

Sensitivity analyses confirmed that the proposed value of 6 mg/L is not materially influenced
by extrapolating tao exposurgbelow the lowest exposure categooy)the choice of BMD
platform, when modelling uncertainties are taken into account.

Future perspective

0

To further assess the robustness of the proposed value, it is recommended that any revisions to
the current drinkingvater standard be accompanied by ongoing evaluation of their implications
for disease prevalence in future studies.
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Appendix |

Terms of reference as provided to the working group

Drinking water and chemicals
Ref. KARKR
23 September 2024

Terms of reference for international expert group - Evaluation of the parametric
value for nitrate in drinking water

I. Background

In 2019, the Ministry of Environment and Food of Denmark initiated an evaluation of the parametric

value for nitrate in drinking water in view of a Danish nationwide population -based cohort study from
2018 that showed a statistically significant correlation between nitrate in drin king water and colorectal
cancer!8, The Danish Environmental Protection Agency (DEPA) asked DTU National Food Institute to
perform the evaluation.

The evaluation assessed acute and chronic effects of nitrate in drinking water and the main concern
related to a potential carcinogenic effect, in particular colorectal cancer (Annex 1 and 2). Based on
epidemiological studies, the DTU National Food Institu te found some level of evidence that intake of
nitrate from drinking water may lead to the development of colorectal cancer also at nitrate
concentrations under the existing parametric value for nitrate in drinking water of 50 milligram per
litre (mg/L). S till, a considerable uncertainty exists with respect to the results of the epidemiological
studies and therefore a firm conclusion could not be drawn and DTU did not propose a revised

parametric value for nitrate i n ddrOeERAcontigdedwaz02dr .

that there was not sufficient data to lower the existing EU parametric value for nitrate in drinking water
of 50 mg/L T a value also in line with the recommendations of WHO.

In 2021-2022, three additional epidemiological studies were published on nitrate in drinking water and
various health effects in children (reduced fetal growth 19, childhood cancer20, and birth defects2?) based
on Danish data. DTU National Food Institute also assessed these and concluded after each assessment
that the most substantiated potential health risk relating to nitrate in drinking water was the association

to colorectal cancer. Therefore, DEPA mantained its conclusion from 2020.

In 2023, a health-economic valuation of lowering nitrate standards in drinking water related to

colorectal cancer in Denmark was published by Danish researcher$2. The valuation, which was based
on the findings of the Danish cohort study from 2018, showed an annual net gain for society of $302
million with a new parametric value of 4 mg/L by which it was assumed that 127 annual colorectal

18 https://doi.org/10.1002/ijc.31306

19 https://doi.org/10.1289/EHP 7331

20 https://doi.org/10.1016/j.envint.2021.106613

21 https://doi.org/10.1016/j.lanepe.2021.100286
22 https://doi.org/10.1016/j.scitotenv.2023.167368
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cancer cases could be avoided. By a lowering of the parametric value to #ng/L and an assumption of
72 fewer annual colorectal cancer cases, the researchers estimated an annual net gain of $170 million.

In light of the health -economic evaluation, the Ministry of Environment of Denmark initiated an update
of the evaluation of the parametric value for nitrate in drinking water in 2023 with a particular focus on
new data correlating nitrate in drinking water and cancer, especially colorectal cancer.

In the updated evaluation from 2024 (Annex 3, 4 and 5), DTU National Food Institute finds that
drinking water is positively associated with risk of developing colorectal cancer based on the overall
knowledge. DTU therefore finds that nitrate in drinking wa ter constitutes a health risk. This assessment
also applies to exposure to nitrate in drinking water below the existing parametric value of 50 mg/L.
DTU notes, however, that the assessment of the parametric value in relation to the risk of developing
colorectal cancer is subject to some uncertainty.

In addition, DTU finds that it cannot be excluded that nitrate in drinking water is a risk factor for certain
other types of cancer. DTU also notes that beneficial effects of nitrate were not included in the
assessment.

DTU considers that it is not possible for them at present to recommend a specific health-based quality
criterion for a nitrate content in drinking water where the risk is assessed to be negligible.

Based on the updated evaluation, it was decided to appoint an international expert group to evaluate
and potentially devise a lower health based parametric value for nitrate in drinking water based on
epidemiologic studies and the overall evidence.

Il. Role of the expert group
Scope

The scope of the expert group is to providescientific expertise in areas of relevance for evaluating and
determining health -based reference values, in particular when the available data are from
epidemiological studies.

Using a multidisciplinary approach, the expert group will contribute to the protection of human health
by evaluating the existing parametric value for nitrate in drinking water and potentially devise a
proposal for a revised parametric value based on the lest available scientific knowledge and evidence.
The evaluation by the expert group could be based on the two evaluations from theDTU National Food
Institute and should be supplied with other relevant information including any new scientific literature
of relevance for the scope until two months before the termination of this mandate.

Tasks

The tasks of the expert group are:

- to evaluate the parametric value for nitrate in drinking water in order to determine if it is
sufficiently protective for the public with respect to the risk of developing cancer, in particular
colorectal cancer.
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- if required, to devise a health-based proposal for a revised parametric value for nitrate in
drinking water based on the overall evidence.

0 This should consider also the overall exposure to nitrate and its transformation product
nitrite from all sources.

o If relevant, it may include a meta-analysis and modelling of exposure/response
relationships based on data from high-quality epidemiologic studies.

o If possible, the feasibility in terms of technologic/economic possibilities for obtaining
a revised parametric value for nitrate in drinking water should be considered.

o If possible, to estimate the decrease of risk to the Danish public in terms of the
development of cancer, in particular colorectal cancer, if the parametric value for
nitrate in drinking water is changed to a certain lower level.

- to propose additional studies to be performed if a lack of data is identified in order to evaluate
if the existing parametric value of nitrate in drinking water is sufficiently protective of human
health.

Members

Danish and international experts within relevant areas of expertise constitute the 5-8 members of the
expert group to be found e.g. from the bodies below:

1 A chairperson and two or three additional representatives associated with The European Food

Safety Authority, EFSA, e. g. members of EFSAG6s Pan:
T One or two representatives associated with the Wor
setting indicative health -based values for substances in drinking water
One or two representatives from research institutions
i One or two representatives from universities

=

Observers

Observers are invited to attend the meetings of the expert group and they are permitted to participate
in discussions at the meetings and in the collective effort to obtain the scope of the terms of reference.
However, observers cannot object to decisionsof the expert group or to the content of the final scientific

report to be delivered by the expert group. Experts within relevant areas of expertise constitute the
observers with the below constitution:

i One representative of the Danish Health Authority
1  One representative of the Danish Patient Safety Authority

Secretariat and meeting frequency

The secretariat function will be provided by DEPA. This includes meeting logistics and providing
minutes of the meetings. Minutes are sent for commenting to the expert group members and observers
within two weeks after a meeting for commenting and written approval within a specified time.

DEPA will as soon as possible invite the members of the expert group and observers to a first meeting
in order to decide on a work plan and time schedule, including meeting frequency. Meetings are
expected to be held primarily online. Travel and daily allo wance expenses for one or two meetings in
person in Copenhagen incurred under this mandate will be reimbursed for both members and

observers.
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Deliverables

A scientific report with an outline of the outcome of the tasks prescribed in the terms of reference shall
be delivered to the Danish Ministry of Environment and Gender Equality within [6 -12 months] from
the date of issue of this mandate [before 1 Xxx 2025].
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Appendix Il

Data from the Schullehner et al 20181] paper as used formodelling:

A B C D E F G H
Dose Dose_scaled N HR CasesRaw CasesAdj rawlncidence adjlncidence
0.69 0 3458419 1 1266 1123 0.00363336  0.0032231
1.79 1.1 3458419 1.06 820 1190 0.00235449  0.00341649
2.95 2.26 348419 1.03 809 1157 0.00232192  0.0033198
5.72 5.03 3458419 111 1268 1247 0.0036393  0.00357765
18.59 17.9 348419 1.15 1843 1291 0.00525235  0.00370657
[ (Ctr) ~

Dose Refers to thenediannitrate concentration in drinking water for each exposure group in the
Schullehner et al. paper. This variable was used in the main BMD analyses, and the resulting BMR is
estimated relative tpero dose(i.e., extrapolating to a water concentration of 0 mg/L).

Dose_scaledSame a®ose except that 0.69 mg/L (the lowest observed exposure category) has been
subtracted. As a result, the modelling estimates the BMR relative to the lowest exposure category
(0.69 mg/L). These analyses were performeseasitivity analyses.

N: Total number of subjects in each exposure group.

HR: The central estimate of the hazard ratio (HR) reported for each exposure group in the
Schullehner et al. study.

CasesRaw The unadjusted number of colorectal cancer caseadh exposure group.

CasesAdjThe adjusted number of colorectal cancer cases per exposure group (estimated from the
HR).

rawlncidence andadjustedincidence The unadjusted and adjusted incidence rates in each exposure
category, respectively (CasesRaw/N and CasesAdj/N).

The modelingapproach used here (shown in Appendix | andIthe same approach as recently used
by EFSA in their opinion on inorganic arsenic [63].

29



Appendix Il

Modelling results

The working group modelleithe BMR of 5% and 10%hcrease in cancer incidence using data relative

to the background incidence defined as the incidence in the lowest exposure category, and approximated
the BMR relative to a nitrate concentration of 0 mg/L through extrapola@ioly the full modelling
outputusing a BMR of 5% relative increassing a 90% credible intervate shown belowThe main

results using a BMRorresponding td0%relative increasare also presented with the same credible
interval. Estimates for the alternative crediliervals reported in Table 2 are not included, as these
represent the same analyses repeated with different credibility levels.

Results from the sensitivity analysefiere the BMR was estimatedlative tothe exposure in the
lowestcategory (or 0.69mg/Lare also reported\ 90% credible interval was used for these models as
well. Other results from the sensitivity analyses are not reported

Note: The adjusted incidence in the lowest exposure category (defined as background) is 0.00322
(~0.322%). A BMR corresponding to a 5% and 10% relative increase in cancer incidence corresponds
to extrarisks of 0.0001& and 0.00032, respectively.

1. Modelling a BMR corresponding to a 5% relative increase in incidence above
background (BMR approximated relative to a nitrate concentration of 0 mg/L). Full
modelling report.

Benchmark Dose Modeling: Report

European Food Safety Authority (EFSA)

Zl'n the EFSA model ling report, CES stands for 6critical ef"
CES is extra risk. In our modelling, the BMR was defined as a 5% relative increase above background. With a
background incidence of 0.00322, a 5% relative increase corresponds to 0.00322 x 1.05 = 0.00338. The

corresponding CES (expressed as extra risk) is therefore 0.
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Short title

Table of Contents

A. Data Description

B. Software Used

C. Justification of any deviation from the procedure and assumptions
D. Results

E. Conclusions

Appendix

References

A. Data Description

Brief general description of the data. This section should include a table summarizing
the data. In case that raw data is available, resulting in a too large table, summary
statistics may be given instead. For quantal endpoints both the number of responding
animals and the total number of animals should be given for each dose level; for
continuous endpoints either the individual responses or the mean responses and the
associated SDs (or SEMs) and sample sizes should be given for each dose level

The endpoint to be analyzed is: CasesAd,.
Data used for analysis:

Dose CasesAdj N
0.69 1123 348419
1.79 1190 348419
2.95 1157 348419
5.72 1247 348419

18.59 1291 348419

B. Software Used

Results are obtained using the EFSA web-tool for Bayesian BMD analysis, which
uses the R-package [BMABMDR] version 0.1.17 for the underlying calculations.

C. Justification of any deviation from the procedure and

assumptions

* In case another approach than Bayesian model averaging was used, the rationale
and details for deviating from the recommended approach should be provided.

*  Assumptions made when deviating from the recommended defaults in this
guidance document (e.g. gamma distributional assumption instead of normal and

www.efsa.europa.eu,/publications 3 EFSA Supporiing. publication
200Y:EN-NNNN
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Short title

log-normal, heteroscedasticity instead of homoscedasticity).

e Other models than the recommended ones listed in Tables 2 and 3 of this guidance
document that were fitted should be listed, with the reasons to include them.

*  Description of any deviation from the procedure described in the flow chart to
obtain the final BMD credible interval.

The ‘Value for CES’ is set to 0.0001611 which differs from the default value (0.1).
Please justify this deviation.
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Short title

WU

Flowchart to derive a Reference Point (RP) from a dose-response dataset of a specified
endpoint, using BMD analysis

D. Results

Information pertaining to this endpoint.

TRUE

Goodness of Fit

Best fitting model fits sufficiently well (Bayes factor in favor of saturated model is

7.39¢-15).

Model Averzzed BMD

Model

Type

BMDL

BMD

BMDU

Estimated BMDs per model

Model BMDL BMD BMDU Model Weights Converged
E4 Q 2.279 12756 37.144 0.151 1
[E4 Q 11920 18368 48.642 0.019 1
H4 Q 2.295 12.047 37.424 0.145 1
LN4 Q 5.813 16985 46.615 0.038 0
G4 Q 1516 7.426 25.381 0.122 0
QE4Q 6.049 11.013 32.255 0.260 1
P4_Q 2.630 12.288 40.064 0.134 1
L4 Q 2.482 11.662 40.282 0.132 1

www.efsa.europa.eu,/publications
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Short title
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red dot and horizontal green bar indicate the model-averaged BMD and its 90%CI
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Short title
Model Averaged
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red dot and horizontal green bar indicate the model-averaged BMD and its 90%CI

E. Conclusions

This section should summarize the results for each endpoint (dataset) that was
analysed and provide a discussion of the rationale behind selecting the critical
endpoint. The BMD confidence interval of the critical endpoint (and the BMDL selected
as RP) should be reported and discussed.
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2. Modelling a BMR corresponding to al0% relative increase in incidence above
background (BMR approximated relative to a nitrate concentration of 0 mg/L).

The ‘Value for CES’ is set to 0.0003223

1+ Goodness of Fit

Best fitting model fits sufficiently well (Bayes factor in favor of saturated model is
4.71e-15).

Model Averaged BMD

Model Type BMDL BMD BMDU
Model

Averag BS 6.098 17.794 40.618
ed

Estimated BMDs per model
Model BMDL BMD BMDU Model Weights Converged

E4.Q 5305 17.638 42972 0.152 1
IE4.Q 15.241 19.615 49.409 0.011 0
H4_Q 5.064 17.781 41.467 0.159 1
LN4.Q 11.019 19.327 45836 0.030 0
G4 Q 5.070 16587 30.862 0.134 1
QE4.Q 11523 18459 39.660 0.228 1
P4.Q 5134 17.694 43.552 0.144 1
L4 Q 4944 17.776 43.265 0.142 1

Goodness of Fit

Best fitting model fits sufficiently well (Bayes factor in favor of saturated mc

4.71e-15).

Model Averaged BMD

Model Type BMDL BMD BMDU
Model

Averag BS 6.098 17.794 40.618
ed

Estimated BMDs per model
Model BMDL BMD BMDU Model Weights Converged

E4 Q 5305 17.638 42972 0.152 1
I[E4.Q 15241 19.615 49.409 0.011 0
H4_Q 5,064 17.781 41.467 0.159 1
LN4 Q 11.019 19.327 45.836 0.030 0
G4.Q 5,070 16.587 30.862 0.134 1
QE4_Q 11.523 18.459 39.660 0.228 1
P4.Q 5.134 17.694 43552 0.144 1
L4.Q 4944 17.776 43.265 0.142 1
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3. Sensitivity analyses mdelling a BMR corresponding to a 5% relative increase in
incidence above backgroundHere theBMR is estimated relative to a nitrate
concentration of 069 mg/L.

Note: 0.69 needs to be added to all the BMD estimates to get ttwerect BMD values

Dose_scaled CasesAd] N
0.00 1123 348419

1.10 1190 348419

2.26 1157 348419

5.03 1247 348419

17.90 1291 348419

The “Value for CES' is set to 0.0001611
Goodness of Fit

Best fitting model fits sufficiently well (Bayes factor in favor of saturated mods
7.35e-15).

Model Averaged BMD

Model Type BMDL BMD BMDU
Model

Averag BS 2.663 11.339 36.661
ed

Estimated BMDs per model

Model BMDL BMD BMDU Model Weights Converged
E4 Q 2.093 10942 36.417 0.141 1
IE4 Q 12.032 17.409 46.279 0.016 0
H4 Q 2.207 11.563 38.000 0.153 1
LN4 Q 4948 16.288 44.832 0.035 1
G4.Q 2276 10.827 27.152 0.139 1
QE4 Q 6.145 10985 35.449 0.236 1
P4 Q 2.289 11.586 38.304 0.139 1
L4_Q 2.341 11.288 3B.709 0.141 1
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4. Sensitivity analyses mdelling a BMR corresponding to al0% relative increase in
incidence above backgroundHere theBMR is estimatedrelative to a nitrate
concentration of 069 mg/L.

Note: 0.69 needs to be added to all the BMD estimates to get the correct BMD values

Dose_scaled CasesAd] N
0.00 1123 348419

1.10 1190 348419

2.26 1157 348419

5.03 1247 348419

17.90 1291 348419

The “Value for CES' is set to 0.0003223

Goodness of Fit

Best fitting model fits sufficiently well (Bayes factor in favor of saturated moc
4.73e-15).

Model Averaged BMD

Model Type BMDL BMD BMDU
Model

Averag BS 5.974 17.318 41.546
ed

Estimated BMDs per model
Model BMDL BMD BMDU Model Weights Converged

E4_Q 5.548 17.761 44.495 0.163 1
IE4 Q 14711 18.666 45.671 0.010 0
H4_Q 5.367 17.549 44.023 0.171 1
LN4.Q 9.986 18.538 43.428 0.027 0
G4_Q 5.135 15.474 29.517 0.126 1
QE4 Q 11.376 18.052 36.934 0.190 1
P4_Q 5.823 17.568 43.442 0.158 1
L4 Q 5.574 17.542 43.546 0.156 1
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