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Finding solutions to issues of drinking water safety is a significant component in activities aimed at public health protec-
tion. In accordance with sanitary-epidemiological requirements, drinking water, in particular, should be harmless as regards its
chemical composition and have favorable organoleptic properties. It is especially vital to identify risk factors for public health
associated with drinking water quality. Supplying high-quality drinking water to population is a relevant problem associated,
among other things, with use of new materials and reagents. The major challenge posed by their hygienic assessment is a poten-
tial growth in human health risks caused by consuming tap drinking water contaminated with migrating organic compounds.
Although each of them has been detected in low concentrations, they can cause adverse chronic health outcomes.

The Threshold of Toxicological Concern (TTC) is a powerful tool of risk assessment. It is based on identifying a
threshold value of effects produced on human health by chemicals for which no hygienic standards have been developed so
far. Below such a threshold, there is very low (95 %) likelihood of a health risk being higher than its acceptable levels. An
idea of some exposure levels unable to cause adverse health outcomes is embedded in establishing maximum permissible
levels (MPLs) for chemicals with known toxicological profiles. The TTC enlarges this concept by assuming that the minimum
value can be identified for many chemicals based on their composition even if there is no comprehensive database on their
toxicity. The TTC can be used for evaluating up-to-date materials applied in drinking water supply in order to detect risks
for human health caused by consumption of drinking water that had contacts with them. Such risk assessment relies on the

results of examining water extracts and involves identifying priority chemicals for their further investigation and control.
Keywords: water supply, drinking water, hygienic assessment of polymer materials, threshold of toxicological concern,

polymers, migration, water-related risk.

Exposures to environmental factors are
considered a strategic social risk in Russia. But
quite often they are either neglected or com-
prehended incorrectly by the society due to
absence of adequate and reliable data on them.

Multiple studies have established anthro-
pogenic pollution of drinking water, together
with ambient air and soil pollution, to be a
substantial factor able to affect human health
[1-7]. Ongoing pollution and constant devel-
opment of analytical methods result in discov-
ering new anthropogenic chemicals in drinking
water sources as well as in water that has been
treated until it is safe for drinking. Finding so-
lutions to issues of drinking water safety is a
significant component in activities aimed at
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public health protection. In accordance with
sanitary-epidemiological requirements, drink-
ing water, in particular, should be harmless as
regards its chemical composition and have fa-
vorable organoleptic properties. It is especially
vital to identify risk factors for public health
associated with drinking water quality [1, 7].
At present, supplying high-quality drinking
water to population is a relevant problem asso-
ciated, among other things, with use of new
materials and reagents in drinking water sup-
ply. Drinking water contains some admixtures
represented by a heterogeneous group of an-
thropogenic compounds (for example, alkyl-
phenols, pharmaceuticals, and microplastics);
although each compound is usually identified
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in low concentrations, exposure to such mix-
tures can cause chronic adverse health out-
comes [8—11]. In fact, even if all the compo-
nents of a mixture occur in quantities, which
separately are unable to cause any observed
adverse effects, people still might be affected
due to chronic low-level exposures able to
produce additive effects thereby becoming
more toxic [12, 13].

At present, the system for hygienic regu-
lation exists in the Russian Federation. Within
the system, the threshold principle covers all
the exposure effects and compliance with the
hygienic standards (maximum permissible lev-
els or MPL, some others) guarantees absence
of any adverse effects on human health. How-
ever, more and more chemicals are being iden-
tified worldwide, which are not covered by the
established hygienic standards (they have no
MPL determined for them). The concept that
exposure thresholds or safe exposure levels
can be identified for certain chemicals is
widely used nowadays in routine practices of
regulatory authorities in western countries.
They rely on it when establishing acceptable
daily intakes for chemicals with known chemi-
cal structure [14, 15]. The concept proposes
that a low level of exposure with a negligible
risk can be identified for many chemicals, in-
cluding those of unknown toxicity, based on
knowledge of their chemical structures [16].
Munro with colleagues used a database con-
taining information about 613 chemical com-
pounds explored in sub-chronic and chronic
animal studies including certain industrial
chemicals, pharmaceuticals, food chemicals,
protection chemicals, and consumer chemicals.
Later on, new studies were added into the da-
tabase and now it is employed in software
tools such as Toxtree (TT) and OECD Tool-
box. The database is used to identify a thresh-
old of acceptable human exposure for three
structural classes and can be applied in the ab-
sence of specific toxicity data on a substance
within one of them. The Threshold of Toxico-
logical Concern (TTC) method was first intro-
duced in the 90ties last century to facilitate
assessment of hazards and risks caused by
chemicals [17, 18].
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The threshold of toxicological concern
(TTC) is a risk assessment tool that is based on
the principle of determining a human exposure
threshold value for all chemicals, which do not
have hygienic standards established for them.
Below such a threshold, there is a very low
probability of an appreciable risk to human
health (95 % likelihood that any chemical be-
longing to a specific class does not produce
any adverse effects on human health) [19, 20].
The concept that there are levels of exposure
that do not cause adverse effects is inherent in
setting acceptable daily intakes (ADIs) for
chemicals with known toxicological profiles.
The TTC principle extends this concept by
proposing that a de minimis value can be iden-
tified for many chemicals, in the absence of a
full toxicity database, based on their chemical
structures and the known toxicity of chemi-
cals, which share similar structural characteris-
tics [21]. The TTC method compares informa-
tion about a chemical dose with a threshold,
below which any observed adverse effects are
highly unlikely. Some chemical groups are
excluded from the TTC approach, namely,
heavy metals, compounds with extremely long
half-life time, chemicals that have huge inter-
species differences in bioaccumulation and are
strong genotoxic carcinogens (aflatoxin-like
substances, N-nitrosamines, azoxy com-
pounds, steroids and polyhalogenated dibenzo-
p-dioxins, polyhalogenated dibenzofurans),
and proteins [20-22].

The TTC approach employs Cramer clas-
sification of chemicals to assign a chemical
into one of three structural classes depending
on its structure. Initially, the approach relied
on a database [23] that contained results ob-
tained for 613 chemicals in subchronic and
chronic animal studies. For each substance, the
5™ percentile was calculated from the empiri-
cal cumulative distributions of No observed
(adverse) effect level (NOAEL) (concentra-
tion) values. Subsequent application of an un-
certainty factor of 100 accounting for inter-
and intraspecies differences and a default adult
body weight of 60 kg resulted in TTCs repre-
senting exposure levels at which a 95% chance
exists that any chemical belonging to the same
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class does not elicit adverse human health ef-
fects. The threshold human exposure levels
identified for these three structural classes are
1800, 540 and 90 pg/person per day respec-
tively [24-26] (Table 1).

That is, if a chemical belongs to Class 1,
exposure to it in a dose lower than 1800
ng/day does not create any health risks even if
there are only limited data on toxicological
properties of this chemical. Body weight of an
adult person is assumed to equal 60 kg; there-
fore, the threshold value can also be given as
30 pg/kg of body weight per day.

Exposure thresholds identified for each
TTC level are based on evaluations of avail-
able data on chemicals toxicity at each level.
However, it is generally accepted that those
chemicals without any available data on their
toxicity can be assigned to a relevant TTC
level based on their chemical structure.

Researchers determined the lowest TTC
levels to be equal to 0.15 pg/day (0.0025
ng/kg of body weight per day). Any chemical,
for which there is information about its toxic-
ity / mutagenic effects, is assigned into this
category [24, 27].

Chemicals that are not potential mutagens
and / or carcinogens, organic fluorine com-
pounds or carbamates are assigned into one of
three structural classes based on Cramer Deci-
sion tree'. The tree includes 33 questions that
employ established ways of metabolic deacti-
vation and activation and data on toxicity. The
Decision tree was created in such a way so that
chemicals not covered by the TTC approach
are excluded at an early stage. Use of the De-
cision tree ensures the well-structured ap-

proach that makes it possible to sequentially
apply the TTC method to assess chemical
risks. The databases are constantly updated
[28, 29] but since they can fail to include cer-
tain chemicals, the latter should not be consid-
ered as per this principle.

Cramer structural classes were identified
in the following way: Cramer class 1 includes
substances of simple chemical structure with
known metabolic pathways and low potential
toxicity. Cramer class 2 includes substances
that are intermediate; they possess structures
that are less innocuous than those in Class 1
but they do not contain structural features that
are suggestive of toxicity like those in Class 3.
Cramer class 3 contains substances with
chemical structures that permit no strong ini-
tial impression of safety and may even suggest
a significant toxicity. Therefore, assigning a
chemical into one of these three Cramer
classes is an important step in maintaining risk
assessment reliability.

Several software platforms were based on
the obtained information. They allow achiev-
ing minimal subjectivity and sequentially ap-
plying Cramer Decision tree for any chemical
that should be assessed. The Decision tree was
employed in software tools including Toxtree
(TT) [30] and OECD Toolbox (TB) [31].
There were certain inconsistencies between TT
and TB. In total, 165 chemicals (16 %) turned
out to have different results in these two pro-
grams. Crucial control points are being re-
vealed in the Decision tree; there are ongoing
discussions as regards strategies and recom-
mendations on how to identify a Cramer class
for various chemicals [31, 32].

Table 1

TTC values within classification of chemicals

Classification TTC, pg/day TTC, pg/kg of body weight per day
Potential mutagens and /or carcinogens 0.15 0.0025
Organic fluorine compounds and carbamates 18 03
with anti-cholinesterase activity '
Cramer class 3 90 L5
Cramer class 2 540 9.0
Cramer class | 1800 30

'TOXNET Databases. Available at: https://toxnet.nlm.nih.gov/cpdb/ (February 15, 2023).
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Toxtree is a user-friendly open source ap-
plication. Its development was ordered by the
European Chemical Agency of the Joint Re-
search Center of the European Commission ex-
clusively for determining a Cramer class of a
chemical substance and estimating its relative
toxic hazard. Later Toxtree versions included
some additional options such as mucosa irrita-
tion, BfR / SICRET and Verhaar [33].

OECD QSAR Toolbox was ordered by the
Organization for Economic Cooperation and
Development (OECD). Cramer classification
was included into it as a module. Although both
these systems were developed based on the
same Cramer Decision tree, each rule might be
interpreted differently in each of them®.

Some foreign organizations such as Health
Canada3, Australia’s National Industrial Chemi-
cals Notification and Assessment Scheme
(NICNAS)*, and Food Standards Australia New
Zealand (FSANZ) [34] consider TTC a power-
ful tool for identifying priorities and performing
risk-based screening. The Toxic Substances
Control Act (TSCA) obliges the US Environ-
mental Protection Agency (US EPA) to deter-
mine priority of chemicals in trade based on
risks posed by them and then assess health risks
caused by high-priority substances. Such as-
sessments combine data obtained by toxico-
logical studies and information about exposures
[22]. The TTC approach can be used as a filter
to determine the necessity of a toxicological
study and its order of priority and avoid con-
ducting such studies if an exposure level of a
chemical in humans is far below the concentra-
tion needed for it to have any biological effect.
Such a situation is labeled as ‘negligible expo-
sure’ in the REACH legislation. The studies
[19, 35] highlight a likely decrease in animal
studies as a result of active TTC use.

The TTC approach is applied to evaluate
safety of cosmetic ingredients and ingredients
in personal and household products [36-38].
The European Food Safety Agency relies on
TTC to evaluate levels of pesticides in

groundwater [39]. Independent non-food Sci-
entific Committees (SCCP, SCHER, and
SCHENIHR) assessed potential TTC use and
concluded that the approach was scientifically
eligible for assessing non-carcinogenic risks
for human health caused by exposure to
chemicals in trace quantities [40]. The TTC
approach is also used to assess food products
safety (flavoring agents); for mixtures of sub-
stances; to identify internal exposure to chemi-
cals (iTTC) [41]; for plant extracts (Botanical-
TO); to identify the ecological threshold of
toxicological concern (eco-TTC) [42—44].

In the Netherlands a clear and consistent
approach called ‘Drinking Water Quality for
the 21st century (Q21)’ has been developed
within the joint research program of the drink-
ing water companies. Target values for an-
thropogenic drinking water contaminants were
derived by using the Threshold of Toxicologi-
cal Concern (TTC) approach [45]. The target
values for individual genotoxic and steroid en-
docrine chemicals were set at 0.01 pg/l. For all
other organic chemicals the target values were
set at 0.1 pg/l. The target value for the total
sum of genotoxic chemicals, the total sum of
steroid hormones and the total sum of all other
organic compounds were set at 0.01, 0.01 and
1.0 pg/l, respectively.

The studies [46, 47] set the following
chemical levels for drinking water supply:
37 pg/l for Cramer class 1 substances and
4 pg/l for Cramer class 3 substances; for
Cramer class 3 substances with reproductive
toxicity, 3 pg/l. The authors believe it is essen-
tial to assess toxicological risks posed by pol-
lutants in drinking water sources since it helps
identify potential health risks and determine
priority of chemicals for further investigation
and monitoring. Calculations performed in the
studies [45—47] either rely on a person consum-
ing 2 liters of water per day, or consider 10 %
admissible daily contribution made by water for
substances with threshold effects, or non-

threshold lifetime risk of cancer reaching 10,

2 The OECD QSAR Toolbox. Available at: https://www.oecd.org/chemicalsafety/oecd-gsar-toolbox.htm (March 17, 2023).
3 Health Canada. Government of Canada. Available at: https://www.canada.ca/en/health-canada.html (March 18, 2023).
* Australia’s National Industrial Chemicals Notification and Assessment Scheme (NICNAS). Available at:

https://www.nicnas.gov.au/ (March 18, 2023).
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Therefore, the aim of this study was to test
whether it was possible to apply the TTC ap-
proach to evaluate materials used in drinking wa-
ter supply. The task was to reveal likely risks for
public health caused by consumption of drinking
water that had contacts with a polyethylene
coated woven hose used within reconstruction of
drinking water pipelines. To do that, we evaluated
the results yielded by examining water extracts.

Materials and methods. In this study, we
examined a polyethylene coated woven hose
designed for reconstruction of drinking water
pipelines, thermal water supply, communal and
industrial sewage networks. Its use was exam-
ined by analyzing water extracts derived from
samples under aggravated conditions.

Ready samples were represented by white
hose cuts with a smooth inner polyethylene
coated surface and an outer surface made of a
synthetic woven material. The samples were
evaluated considering the Unified Requirements’;
we also examined some indicators that were not
mandatory within assessment of polymer materi-
als used in drinking water supply.

Prior to any tests, the samples were pre-
pared in accordance with the Methodical
Guidelines MU  2.1.4.2898-11  Sanitary-
Epidemiological Examinations (Tests) of Mate-
rials, Reagents, and Equipment used for Water
Treatment®. The ratio of a surface of an exam-
ined material and a contacting water volume
was 1 cm? per 1 cm’. Distilled water was used
as initial one to prepare water extracts. The ex-
tracts were derived under +20 °C and +37 °C.
The aforementioned water types were used as
controls to ensure adequacy of hygienic as-
sessment. Samples of test (water extracts) and
control water were examined to identify and
quantify low volatile organic compounds on the

5™ and 7" day of the experiment by using
chromato-mass-spectrometry.

Results and discussion. Our analysis of a
5-day water extract from a polyethylene coated
woven hose identified 22 organic compounds un-
der 37°C and 15 organic compounds under
20 °C. Most compounds were identified in low
concentrations; maximum permissible levels in
water were not established for some of them. The
identified compounds mostly belonged to oxy-
gen-containing ones; it is noteworthy, that we de-
tected phenols and aldehydes, ketones, organic
acids, complex ethers, and phthalates. Moreover,
we identified nitrogen- and fluorine-containing
compounds used in chemical industry, such as
benzotiazol in a level equal to 0.102 mg/l. Ac-
cording to chromato-mass-spectrometry data, the
following substances were identified in the high-
est concentrations, apart from benzotiazol: tetra-
hydrofurfuryl ether (0.437 mg/l under 37 °C and
0.088 mg/l under 20°C) and di-tert-butyl-
oxaspiro-decadiendion (0.345-0.136 mg/l), both
substances not standardized in drinking water.

Our analysis of a 7-day water extract iden-
tified 15 organic compounds under

37 °C and 12 organic compounds under
20 °C. The identified substances were in low
concentrations and maximum permissible lev-
els in drinking water were not established for
most of them. According to chromato-mass-
spectrometry data, the following substances
were identified in the highest concentrations:
pentadecanols, hexadecanols, 2,4 di-tert-buty-
Iphenol, di-tert-butyl-oxaspiro-decadiendion,
di-tert-butyl benzochinon; all these substances
were not standardized in drinking water.

Therefore, chromato-mas-spectrometry
identified a wide range of chemicals in water
extracts, most of them though in low levels; still,

>Edinye sanitarno-epidemiologicheskie i gigienicheskie trebovaniya k produktsii (tovaram), podlezhashchei sanitarno-
epidemiologicheskomu nadzoru (kontrolyu), utv. Resheniem Komissii Tamozhennogo soyuza ot 28 maya 2010 goda Ne 299 [The
Unified Sanitary-Epidemiological and Hygienic Requirements to products (goods) subject to sanitary-epidemiological surveillance
(control), approved by the Decision of the Customs Union Commission on May 28, 2010 No. 299]. KODEKS: electronic fund for
legal and reference documentation. Available at: https://docs.cntd.ru/document/902249109 (April 11, 2023) (in Russian).

®MU 2.1.4.2898-11. Sanitarno-epidemiologicheskie issledovaniya (ispytaniya) materialov, reagentov i oborudovaniya, is-
pol'zuemykh dlya vodoochistki i vodopodgotovki: metodicheskie ukazaniya, utv. Rukovoditelem Federal'noi sluzhby po nadzoru
v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka, Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Fed-
eratsii 1 vvedeny v deistvie 12.07.2011 [Sanitary-Epidemiological Examinations (Tests) of Materials, Reagents, and Equipment
used for Water Treatment: Methodical Guidelines, approved by the Head of the Federal Service for Surveillance over Consumer
Rights Protection, the RF Chief Sanitary Inspector; came into force on July 12, 2011]. KODEKS: electronic fund for legal and
reference documentation. Available at: https://docs.cntd.ru/document/1200089967 (April 11, 2023) (in Russian).
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it is noteworthy that maximum permissible lev-
els in drinking water are not established for most
of them. Our tests also showed that intensity of
migration is influenced by many factors; in our
case, the experiment involved different time of
contacts with water and different temperatures.
The next task was to determine possible
effects on health produced by the chemicals

1dentified in water
ene coated woven

standards establish

software (Table 2).

extracts from a polyethyl-
hose designed for recon-

struction of drinking water pipelines. To do
that, we determined Cramer classes of the
identified chemicals without any hygienic

ed for their level in drink-

ing water using Toxtree and OECD Toolbox

Table 2

Cramer’s classes of the chemicals identified in the analyzed water extracts determined by using
Toxtree and OECD Toolbox

No. Chemical CAS Cramer class, Toxtree Cramer class, Toolbox
1. Tetradecene 1120-36-1 Low (Class 1) Low (Class 1)
2. Trimethyl-1-dodecanol 6750-34-1 |No data available on the chemical |No data available on the chemical
3. Phenoxyethanol 122-99-6 Intermediate (Class 2) Intermediate (Class 2)
4. 2,4- di-tert-butylphenol 96-76-4 Low (Class 1) Low (Class 1)
5. Cyclopentanone 120-92-3 Intermediate (Class 2) Intermediate (Class 2)
6. | 2-cyclopentyl cyclopentanone | 4884-24-6 | No data available on the chemical Intermediate (Class 2)
7. 2-cyclopentiliden- 825-25-2 | No data available on the chemical Intermediate (Class 2)
cyclopentanone
. . 77907 Extended Cramer rules with Low
8. Tributyl acetylcitrate (Class 1). Updated Cramer Low (Class 1)
Decision tree High (Class 3)
Intermediate (Class 2
9. Methylether of 3-0x0-2- 15405 g5 7 Updated Cramer gecisiorz tree High (Class 3)
pentylcyclopentane-acetic acid Low (Class 1)
10. Diisobutyl phthalate 84-69-5 Low (Class 1) skin-irritating Low (Class 1)
1, | Oxasp uodecsﬂgrlldlon-dl—tert- 82304-66-3 | No data available on the chemical | No data available on the chemical
12. 2,5-d1-tert—bgty1—1,4— 2460-77-7 | No data available on the chemical Intermediate (Class 2)
benzochinon
13.| 4-methyl-8-aminochinoline | 62748-01-0 | No data available on the chemical High (Class 3)
14. Tetramethylindol 27505-79-9 | No data available on the chemical | No data available on the chemical
15. Nitrosomethane 865-40-7 | No data available on the chemical High (Class 3)
16. (3 S-dimethyl-1-piperidinyl) 349118-92-9 | No data available on the chemical | No data available on the chemical
(4-mopholil)methanone
High (Class 3) Updated Cramer
17. Benzotiazol 95-16-9 Decision tree Intermediate High (Class 3)
(Class 2)
18. Tetradecane 629-59-4 Low (Class 1) Low (Class 1)
19. 5-tridecene 25524-42-9 | No data available on the chemical | No data available on the chemical
20. 2 4-di-tert-butylphenol 96-76-4 Low (Class 1) Low (Class 1)
21. h;&iéi;;e:n_zt;fi}:}g;ie 1620-98-0 | No data available on the chemical High (Class 3)
22. Hexadecane acid 57-10-3 Low (Class 1) Low (Class 1)
23.| Butoxyethoxy ethyl acetate 124-17-4 Low (Class 1) Low (Class 1)
High (Class 3)
24. Propylene carbonate 108-32-7 Revised Cramer Decision tree High (Class 3)
Low (Class 1)
25. Complex etl;g dOf PIOPIONIC | 74381.40-1 | No data available on the chemical |No data available on the chemical
2. ! 6-d10xacyc(i?0d§edecane—7 12-1 777.95-7 | No data available on the chemical Low (Class 1)
54 Health Risk Analysis. 2023. no. 3
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We did not find any information about 6
substances that would allow assigning them
into one of the aforementioned classes. These
chemicals are not included into the IARC clas-
sification of carcinogens either.

Tables 3 and 4 provide results of com-
parisons between the levels of the chemicals
identified in the analyzed water extracts and
the threshold of toxicological concern, below
which there is a very low probability of an
appreciable risk to human health. The de-
tected concentrations (mg/l) were recalcu-
lated into dose values (pg/day) basing on the

assumption that a person on average con-
sumes 3 liters of water per day (as estab-
lished in the Methodical Guidelines MU
2.1.5.720-98 Substantiation of Hygienic
Standards for Chemicals in Drinking and
Household Water’). The concentrations of
the identified chemicals were taken from the
series of tests conducted under 37 °C as the
most aggravated conditions. In a situation,
when use of two different software packages,
Toxtree and OECD Toolbox, yielded differ-
ent results, a substance was assigned into a
higher Cramer class out of two.

Table 3

Indicators that describe quality of water (water extracts) in a statics experiment in comparison
with the threshold of toxicological concern for these substances (distilled water; in a contact
with the analyzed material for 5 days; water temperature is 37 + 0.5 °C)

. TTC, pg/day, |Intake with drink-
No. Chemical CAS Level, mg/l Cramer class not higher than| ing water, pg/day
1 Tetradecene 1120-36-1 0.005 Low (Class 1) 1800 15
2 | Trimethyl-1-dodecanol | 6750-34-1 0008 | Mo data available on
the chemical
3 Phenoxyethanol 122-99-6 0.023 Intermediate (Class 2) 540 69
4 | 2,4- di-tert-butylphenol 96-76-4 0.014 Low (Class 1) 1800 42
5 Cyclopentanone 120-92-3 0.007 Intermediate (Class 2) 540 21
6 2-cyclopentyl 4884-24-6 0.092  |Intermediate (Class 2) 540 276
cyclopentanone
7 | Zovclopentiliden- | g55 55 0.046 |Intermediate (Class2)| 540 138
cyclopentanone
8 Tributyl acetylcitrate 77-90-7 0.012 High (Class 3) 90 36
Methyl ether of 3-oxo0-2-
9 pentylcyclopentane- 24851-98-7 0.015 High (Class 3) 90 45
acetic acid
10 Diisobutyl phthalate 84-69-5 0.051 Low (Class 1) 1800 153
Oxaspirodecadiendion- No data available on
1 di-tert-butyl 82304-66-3 | 0.345 the chemical
1 | 2oditertbulld- )40 999 | 0014 |Intermediate (Class2)| 540 4
benzochinon
13 d-methyl-8- 62748-010 |  0.032 High (Class 3) 9 %
aminochinoline
14 | Tetramethylindol | 27505799 | 0017 | N dataavailableon
the chemical
15 Nitrosomethane 865-40-7 0.01 High (Class 3) 90 30
(3 5-dimethyl-1- .
16 piperidinyl) 349118-92-9 | 0091 | Nodataavailableon
. the chemical
(4-mopholil)methanone

MU 2.1.5.720-98. Obosnovanie gigienicheskikh normativov khimicheskikh veshchestv v vode vodnykh ob"ektov
khozyaistvenno-pit'evogo i kul'turno-bytovogo vodopol'zovaniya, utv. i vved. v deistvie Glavnym gosudarstvennym sani-
tarnym vrachom Rossiiskoi Federatsii 15 oktyabrya 1998 goda [Substantiation of Hygienic Standards for Chemicals in
Drinking and Household Water, approved and put in force by the RF Chief Sanitary Inspector on October 15, 1998]. KO-
DEKS: electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200006903

(April 12, 2023) (in Russian).
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Table 4

Indicators that describe quality of water (water extracts) in a statics experiment in comparison
with the threshold of toxicological concern for these substances (distilled water; in a contact
with the analyzed material for 7 days; water temperature is 37 £ 0.5 °C)

No. Chemical CAS Level, mg/l Cramer class TTC.’ ng/day, Intake with drink-
not higher than| ing water, pug/day
1 Tetradecene 629-59-4 0.015 Low (Class 1) 1800 45
2 5-tridecene 25524429 | 008 [N dataavailable on the
chemical
3 Pentadecanols 629-76-5 | 0.050 Low (Class 1) 1800 150
(3 isomer compounds)
4  Hexadecanol 36653-82-4 | 0.049 Low (Class 1) 1800 147
(2 isomer compounds)
5 | 2,4- di-tert-butylphenol 96-76-4 0.034 Low (Class 1) 1800 102
3,5-di-tert-butyl-4- .
6 hydroxybenzaldehyde 1620-98-0 0.008 High (Class 3) 90 24
7 6,8-dioxapentadecane - 0.018 No data avaﬂg ble on the
chemical
8 Hexadecane acid 57-10-3 0.043 Low (Class 1) 1800 129
g | Butoxyethoxyethyl | o) 15 0 1 012 High (Class 3) 90 36
acetate
11 Propylene carbonate 108-32-7 0.037 High (Class 3) 90 111
12 Complex e.:ther' of propi- 74381-40-1 0.033 No data avallgble on the ) )
onic acid chemical
Methyl ether of 3-oxo-
13 | 2-pentylcyclopentane- | 24851-98-7 0.032 High (Class 3) 90 96
acetic acid
Oxaspirodecadiendion- No data available on the
14 di-tert-butyl 82304-66-3 0.050 chemical ) )
15 | Bodntertbuylld- ) ou60999 | 0037 | Intermediate (Class2) | 540 11
benzochinon
1 6-dioxacyclodo-
16 decane-7 12-dione 777-95-7 0.005 Low (Class 1) 1800 15
17 Hexadecane acid 57-10-3 0.014 Low (Class 1) 1800 42

Our analyses of the test data revealed that
levels of some chemicals in water extracts, in-
cluding 4-methyl-8-aminochinoline (in tests on
5-day extracts), propylene carbonate, and
methyl ether of 3-oxo-2-pentylcyclopentane-
acetic acid (in tests on 7-daty extracts) were
higher than the threshold of toxicological con-
cern after the identified concentrations were
recalculated into dose values. These findings
are evidence of likely health risks. Chemical
concentrations higher than TTC indicate the
necessity to search for new data and to conduct
toxicological experiments to collect an evi-
dence base proving their safety. Therefore, our
study findings do not allow absolute certainty
in confirming it is safe to use the examined
polyethylene coated woven hose in drinking
water supply.
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Conclusion. The major challenge in hy-
gienic assessment of up-to-date materials is a
potential growth in health risks associated
with drinking tap water, which is polluted
with migrating organic compounds [48, 49].
It is impossible to achieve complete absence
of any pollutants in supplied drinking water
since modern analytical procedures allow
identifying even very low concentrations; it
hardly seems possible to prevent migration
completely either given the contemporary
levels of industrial development. New plasti-
cizers are being developed at the moment;
there is ongoing search for compounds able
to provide good mechanical properties of
a material but with limited or even zero mi-
gration, resistance to extraction, and low
volatility.
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At present, the TTC use to evaluate ma-
terials applied in drinking water supply al-
lows identifying possible health risks for
human health caused by consuming drinking
water that had contacts, among other things,
with polymers. Such evaluations are based
on analyzing results obtained by examining
water extracts.

The issue of calculating a dose of a
chemical intake with water remains open for
discussion. In this study, we calculated intake
doses relying on likely consumption equal to
3 liters of water per day in accordance with
the Methodical Guidelines MU 2.1.5.720-98
Substantiation of Hygienic Standards for
Chemicals in Drinking and Household Wa-
ter’. Therefore, the upper limit of TTC-based
levels in drinking water is 30 pg/liter for
chemicals assigned into the high Class 3.
Given possible effects on the reproductive
function and likely long-term health out-
comes, the threshold for drinking water
should be set at 0.03 pg/liter. The Guide Hu-
man Health Risk Assessment from Environ-
mental Chemicals (R 2.1.10.1920-04%) calcu-
lates health risks relying on daily water con-
sumption of 2 liters, therefore, the upper limit
of chemical levels will grow.

In this study, we conducted hygienic as-
sessment of a polyethylene coated woven
hose; as a result, it is not deemed to comply
with the EAEU Unified Sanitary-Epide-
miological and Hygienic Requirements to
Goods Subject to Sanitary-Epidemiological
Surveillance (Control). It is not safe to use it
in drinking water pipelines due to migration
of organic compounds without any hygienic
standards established for their levels in drink-

ing water as well as due to elevated turbidity
and inadequate color of the examined water
extracts (the latter indicators were not ana-
lyzed in this study).

Basic uncertainties in the present study are
as follows. First, extracts from polymer pipes
can be considered similar to drinking water
only conditionally. Second, we relied on using
standard exposure factors for a general popula-
tion without considering the most sensitive
population groups. Third, we used maximum
levels of the analyzed chemicals in our calcula-
tions and this might result in risk overestima-
tion. On the other hand, we did not consider
summated exposure to all the analyzed chemi-
cals in this study; due to this fact, a health risk
caused by combined exposure to all the ana-
lyzed chemicals is considered negligible.

Therefore, the TTC approach is a quite
simple practical tool that allows assessing
health risks caused by exposure to unregulated
and understudied chemicals compounds with
unknown toxicological properties occurring in
drinking water. It also draws attention to
chemicals with expected high toxicity and al-
lows more precise evaluation of materials, re-
agents and equipment for water treatment,
which considers likely health risks caused by
their use.
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