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Abstract. The article uses a case study of drinking water produced by desalination plants "Caspiy" to review the
results of predictive comprehensive assessment of drinking water in terms of chemical safety on the basis of non-
threshold public health risk assessment. Hazard assessment of source water (Caspian Sea) revealed 11 out of 19
priority pollutants that the water was tested for. The analysis did not reveal any carcinogenic substances. Total risk
of reflex and olfactory responses and non-carcinogenic health effects in consumption of drinking water supplied
through the distribution network did not exceed the permissible level for individual substances and the compound
action. Additional water quality control measures were not required.
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Introduction. Providing sustainable access to safe drinking water to people living in
areas affected by arid and man-made sea pollution is a pressing challenge, and the Republic of
Kazakhstan is not an exception. One of the solutions here is conditioning of the mineralized
Caspian Sea water.

For example, the city of Aktau has operating desalination units (MAEK-Kazatomprom,
LLP); additionally, Caspiy reverse osmosis desalination plant was built and put into operation in
2005. With growing water consumption, such facilities are an economically viable option for the
region serving the needs of consumers by providing high quality water.

Meanwhile, ensuring a safe drinking water supply in the Caspian Sea region might be
very challenging due to industrial water pollution. Technogenious pollution has a long-term
effect on the Caspian Sea and results from the three major sources: toxic river discharges, marine
transportation (mainly crude oil and oil products), as well as, crude oil extraction in the sea and
the coastal areas. These factors challenge the use of this water body as a source of water supply
for the population living in the coastal areas of the Caspian Sea Region in the Republic of
Kazakhstan.

The necessity and practicality of using mineralized contaminated sea water as the source
of public water supply make it essential to use highly effective sea water purification methods.
The choice of water purification methods and their revision must be determined by the minimum
health effects associated with consumption of the drinking water of the desired quality.

Therefore, the purpose of this publication is assessment of health risks associated with
consumption of treated drinking water (specifically the purification process that takes place at
Caspiy facilities).

Research methods and materials. Assessment of public health effects associated with
drinking water was conducted following the Guidelines 2.1.10.1920-04 [6].

! Translated by Ksenya Zemnlyanova
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The arrangement of non-carcinogenic chemicals is based on total weights (TW) with
consideration of reference doses (RfD) or reference concentrations (RfC). (The Guidelines
2.1.10.1920-04). Thus non-carcinogenic hazard risk index (HRI) was calculated as follows (1):

HRI = E¥*TW*P/10000, (1)

Where: HRI — non-carcinogenic hazard risk index;

TW — total weight of the health effect;

P* — size of the population group;

E** —relative exposure level (calculated as average daily intake).

Since the population group under exposure is assessed as population at large (Aktau), P/
10 000 is not accounted for in HRI and HRIc calculations.

Similarly, comprehensive toxicity assessment of chemical compounds in drinking water
was conducted following the guidelines in MR 2.1.4.0032-11 [7].

All the calculations are based on predicted risk assessment associated with the planned
launch of Caspiy. The risk assessment was conducted according to the reference doses of the
tested chemicals (12 compounds) and maximum permissible concentration MPC (7 compounds).

The assessment was conducted for peroral exposure with the use of the following
standard values recommended by the WHO [6]: water consumption — 2 l/day, exposure
frequency — 36 days; exposure length — 30 years; body mass — 70 kg; identification period,
number of days — 30 years, 365 days each. Maximum daily exposure is agreed to be 24 hours.

Reflex and olfactory responses risk assessment was conducted only for significant
indicators of organoleptic water properties, with the risk value equated to zero at low indicator
values (Prob) (chlorine residual and fixed, chlorides). The assessment of the total risk was
conducted by selecting the maximum value in the group of all values characteristic of each of the
chemicals [5].

Results and discussion. Review of the project documentation shows that the water
treatment process (the Caspian Sea) is based on water filtration with coagulation and
flocculation, reverse osmosis desalination and pH adjustment of the fresh water. This treatment
process is a purification solution for source water that contains chemical contaminants and oil
products. Caspiy uses selective membranes with high oil filtration levels; filtration efficiency
equals 99.5% even for high (approx. 3.0 mg/l) source levels.

Nineteen chemical compounds were registered in the source water and pre-arranged at
the hazard identification state of which 11 were categorized as priority compounds including
common sea water compounds: chlorides, sulfates and organic compounds registered by such
water quality indicator as ‘dry residue’. The analysis showed that the identified compounds
entering a human body with drinking water in amounts exceeding the reference values could
induce dysfunction of the critical organs/systems: nervous system, blood circulatory system,
gastrointestinal system, kidney, tooth and bone tissues, and reproductive system.

Carcinogenic compounds were not revealed in the source water. The following average
daily intakes were calculated at the exposure assessment stage for peroral exposure to the
identified compounds through drinking water consumption (Table 1).
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Table 1

Estimated average daily intake (I) of compounds contained in water at the post-
conditioning stage, mg/(kg-day)

No Indicator Chemical R1D, I (average daily intake),
) concentration, mg/l | mg/kg-day mg/kg-day
1. Sodium 6,05 34,3 0.166
2. Calcium 30 41,4 0,822
3. Magnesium 0.67 11 0.018
4. Sulfates 38,75 ¥ 1,062
5. Chlorides 10.07 - 0.276
6. fluoride 1,01 0.06 0.028
7. Bromine 0.14 1 0.004
8. Boron 0.36 0.2 0.010
9. Dry residue 133,14 ¥ 3,648
10. | Hydrocarbonates 44,13 ¥ 1,209

*Reference doses not determined

The highest average daily intake values were registered for sulfates (1.06),

hydrocarbonates (1.209) and dry residue (3.648) which do not have determined reference doses.

The average daily intake values for other compounds (except for chlorides) were significantly

lower as compared to the reference levels.

Characteristics of the main organoleptic water quality indicators and their compounds

were identified at the stage of risk assessment of reflex and olfactory responses (Table 2).

Table 2
Risk assessment of reflex and olfactory responses in drinking water

Analysis parameter Value MPC, mg/l | Prob <*> Risk
Odor at 20 °C 0 2 0
Taste at 20 °C 0 2 0
Colority 0 20 -3,33 0
Cloudiness 0 1,5 -3 0
Hydrogen concentration 7,9 9 -3,1 0.001
Total hardness 3 7 -3,22168 0.0007
Chlorides 41 350 -5,09186 0
Dry residue 228 500 -3,13224 0.001
Free residual chlorine 0.08 0.5 -4,64232 0
Fixed residual chlorine 0.06 1,2 -6,31942 0
Total risk of reflex and olfactory effects 0.001
Permissible level of reflex and olfactory responses 0.1

<*> Here ‘Prob’ is an intermediate value for transition from the hazardous chemical concentration to health risk

The total organoleptic risk assessment of contaminants in this drinking water equaled

0.001; priority factors included dry residue and hydrogen concentration.
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Table 3 provides summary data from the non-carcinogenic risk assessment for the model
environment of water treatment at Caspiy desalination plant.
Table 3

Non-threshold non-carcinogenic risk values (Risk) for chemicals in drinking water after
desalination plant treatment and before going into the water supply network

Water after conditioning Water flow after radiation
filters chamber
Indicator MPC Chemical Chemical
concentration, Risk concentration, Risk
mg/l mg/l
Sulfates 500 69 0.0024 6,05 0.0005
Chlorides 350 41 0.0020 30 0.0037
Fluoride 1,5 0.24 0.0028 0.67 0.0001
Dry residue 1000 228 0.0040 38,75 0.0014
Free residual chlorine 0.5 0.08 0.0028 10.07 0.0005
Fixed residual chlorine 1,2 0.06 0.0009 1,01 0.0117
Permissible risk level of chronic intoxication <0.02 <0.02
Total non-threshold non-carcinogenic risk 0.01476 0.046
E:Lmlsmble total non-threshold non-carcinogenic <0.05 <0.05

According to Table 3, non-threshold non-carcinogenic risks associated with specific
chemicals under review do not exceed permissible exposure (0.02). Total non-threshold non-
carcinogenic risk assessment values for contaminants in drinking water equal 0.046 which does
not exceed the permissible level (0.05).

Overall, non-threshold, non-carcinogenic public health risks associated with the quality
of drinking water in the distribution network do not exceed permissible levels both for individual
chemicals and for compound action.

As risk description is the final stage of risk assessment and the first stage of risk
management, we conducted a comprehensive risk analysis (summation effects) of the drinking
water in the distribution network.

Table 4 below shows the results of the comprehensive risk analysis of the drinking water.

Table 4
Integral performance index calculation for drinking water
. Iqtegrgl Permissible | Risk / Permissible
Type of risk estimation .
value value ratio
value
Reflex and olfactory response risk 0.001 0.1 0.01
Non-carcinogenic risk 0.015 0.05 0.30
Carcinogenic risk 0 0.00001 0.0
Integral index 0.31

of all the tested risk indicators did not exceed the permissible levels and did not require
additional Table 4 shows that the ratio of reflex and olfactory response risk and permissible
value equals 0.01, and the ratio of combined non-carcinogenic risk and its permissible level
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equals 0.3. The integral performance index totals 0.31 which is below the specified level
(IPI<1). Overall, the values measures for water quality management.

At the uncertainty analysis stage, the following factors connected to uncertainties in
risk analysis were considered: determination of reference doses, relevance, accuracy of
extrapolation, acceptability of the scientific data, registration of all the routes of entry of the
tested substances into the body, and specifics of the epidemiological studies. Taking into account
the indicated uncertainties at the next water treatment stages will minimize risks, increase
objectivity of conclusions and validity of management decisions.

Conclusion. The case study of drinking water produced by Caspiy Desalination Plant,
LLP is the first risk assessment of this kind conducted in the Republic of Kazakhstan. Risk
assessment studies conducted based on harmonization approach in accordance with the current
RF regulatory and procedural guidelines [7, 8] has shown that 11 priority source water
compounds (including chlorides, sulfates, dry residue, etc., HRI>100) can serve as the leading
non-carcinogenic risk factors. Carcinogenic substances were not detected in the source water.

Estimated average daily intake values for all the tested compounds in the drinking water
after treatment were below the reference dose values indicating no health hazard.

Total assessment risk is acceptable in chronic intoxication by individual substances and
compounds (integral performance index for summation effects totaled 0.31 which does not
exceed the regulated level (IPI <1)). For this reason, recommendations for management
decisions are not needed, following the risk assessment guidelines.

Overall, the data indicates that the drinking water treated by reverse osmosis at the
Caspiy reverse osmosis desalination plant is not hazardous in its chemical composition to human
health.
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