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At present chlorine compounds are widely used to disinfect water during water treatment procedures; it stimulates oc-

currence of toxic chlorinated organic compounds. Water preammonization with ammonia sulfate was implemented at central 
water treatment facilities in Arkhangelsk.  

Our research goal was to assess efficiency of water preammonization at central water treatment facilities in Arkhangelsk. 
Our research involved analyzing drinking water quality at central water treatment facilities prior to preammonization 

was implemented (from January 2016 to July 2017) and after it was implemented (from June 2018 to December 2019). We 
examined 14,674 water samples prior to water preammonization implementation and 15,165 water samples after it. Water 
quality was analyzed as per 19 parameters. Non-carcinogenic effects caused by exposure to chemicals in drinking water, 
prior to and after preammonization, were estimated basing on calculating hazard quotients and indexes. To describe exam-
ined parameters, median and 90-th percentile was used. Wilcoxon signed-rank test was applied to reveal differences between 
water parameters prior to and after preammonization was implemented.  

Water preammonization implemented at central water treatment facilities allowed improving drinking water quality at 
the second lifting and in distribution networks. After preammonization were implemented, aluminum concentration want 
down by 2.7 times at the second lifting; nitrates concentration, by 1.2 times; chloroform concentration, by 3.5 times 
(р < 0.001). Overall microbe number went down by 1.6 times (р < 0.001). After preammonization was implemented, water 
turbidity in distribution networks went down by 1.3 times, aluminum and chloroform concentrations fell by 1.7 and 7.3 times 
accordingly (р < 0.001). Contribution made by chloroform into hazard indexes decreased by 10–47 % after preammoniza-
tion was implemented against water treatment performed according to conventional procedures (chlorination). 

Water preammonization allowed achieving more qualitative and efficient operating of water supply systems and opera-
tional costs reduction; it also resulted in a decrease in concentrations of adverse side products occurring due to disinfection 
and in achieving higher drinking water quality.  

Key words: water preammonization, ammonia sulfate, water treatment, disinfection products, chlorinated organic 
compounds, chloroform, drinking water quality, central water treatment facilities, Arkhangelsk.  
 

 
Drinking water quality is among the most 

essential factors affecting population health. 
High technogenic burden on the environment 
contributes significantly to the contamination 
of water bodies as indicated by chemical, bio-
logical and organoleptic properties of water 
[1–3]. Clean and safe drinking water supply 

and optimization of water usage are still ongo-
ing tasks, despite improved water disinfection 
and purification technologies [3]. 

Sufficient drinking water disinfection and 
appropriate sanitary conditions at water treat-
ment facilities are accomplished due to water 
chlorination, which is one of the most impor-

__________________________ 
 
 Sosnina S.A., Mironovskaya A.V., Unguryanu T.N., Buzinov R.V., 2021 
Svetlana A. Sosnina – Leading expert at the Sanitary Supervision Department (e-mail: stchupakova@yandex.ru; 

tel.: +7 (8182) 65-27-93; ORCID: https://orcid.org/0000-0003-0241-4111). 
Anastasiуа V. Mironovskaya – Candidate of Medical Sciences; Deputy Head; Associate Professor at the Department for Hy-

giene and Medical Ecology (е-mail: miro_av@mail.ru; tel.: +7 (8182) 20-57-23; ORCID: http://orcid.org/0000-0001-9849-2848).  
Tatiana N. Unguryanu – Doctor of Medical Sciences, Chief Expert; Professor at the Department for Hygiene and Medi-

cal Ecology; Professor at the Common Hygiene Department (e-mail: unguryanu_tn@mail.ru; tel.: +7 (8182) 21-04-61; ORCID: 
http://orcid.org/0000-0001-8936-7324). 

Roman V. Buzinov – Doctor of Medical Sciences, Head; Professor at the Department for Hygiene and Medical Ecology 
(e-mail: arkh@29.rospotrebnadzor.ru; tel.: +7 (8182) 20-05-69; ORCID: https://orcid.org/0000-0002-8624-6452). 



S.A. Sosnina, A.V. Mironovskaya, T.N. Unguryanu, R.V. Buzinov 

Health Risk Analysis. 2021. no. 2 54 

tant stages in water conditioning and purifica-
tion [4]. However, drinking water chlorination 
involves occurrence of disinfection by-
products (DBPs). Water treatment using chlo-
rine-containing reagents results in occurrence 
of more than 300 toxic chlorinated organic 
compounds, primarily those that belong to tri-
halomethanes (THMs) (chloroform, dichloro-
bromomethane, chlorodibromomethane, bro-
moform, and others) [4, 5]. And chloroform is 
one of the most common disinfection by-
products with its concentration significantly 
exceeding contents of other chlorinated vola-
tile organic compounds1 [6–8]. In addition, 
even a small amount of chlorine in drinking 
water gives it a very distinctive odor that con-
sumers can easily sense. 

Chronic exposure to THMs poses a sig-
nificant risk to population health as they are 
considered systemic toxicants, are mutagenic 
and carcinogenic [9–11], genotoxic, cause 
metabolic disorders [12], and contribute to an 
increase in overall and infant morbidity rates 
[13]. Even a small amount of THMs, in par-
ticular chloroform, in drinking water leads to 
elevated risks of carcinogenic and general 
toxic effects [14]. 

Contents of chlorinated organic com-
pounds in drinking water can be decreased via 
preliminary ammonization, that is, water that 
is being chlorinated contains ammonium ni-
trogen [15]. The essence of the method lies in 
introducing ammonia or its salts into water 
before adding chlorine to it. The advantages of 
water preammonization are a decrease in chlo-
rine consumption by 1.5–2 times, reduction in 
distinct chlorine odor from water, and increase 
in the concentration of residual chlorine in pu-
rified water, which contributes to a longer dis-

infection effect provided by combined chlorine 
(chloramines) [16, 17]. 

The practices in water preammonization 
in Moscow, St. Petersburg, Khabarovsk, 
Rostov-on-the-Don, and Nizhny Novgorod 
have shown a positive effect produced by this 
method for water conditioning and purification 
on quality of drinking water supplied to popu-
lation, mainly due to reduction in the amount 
of chlorination by-products [4, 18–21]. 

This study was carried out on the territory 
of Arkhangelsk, the administrative center of 
the Arkhangelsk region, a city that is located 
in the Russian Arctic Zone2. The main source 
of centralized water supply in Arkhangelsk is 
the Northern Dvina with its channels with 10 
waterworks being operated on them. The char-
acteristic features of the Northern Dvina are 
low water temperature, low water salt and 
fluorine content, low total hardness, significant 
fluctuations in turbidity, intense color and high 
oxidizability3. 

Intense color of water – as much as 180° 
in the area at the water intake – is attributable 
to natural humic substances as well as to waste 
discharges from the Arkhangelsk Pulp and Pa-
per Mill, with a share being no less than 60 % 
in total output of contaminated wastewater 
within the sanitary protection zone around the 
water source4. In addition, untreated or insuffi-
ciently treated municipal waste and storm wa-
ter are discharged by sewage treatment plants 
of Arkhangelsk, housing without sewage, and 
enterprises operating in river and railway 
transport sectors.  

The analysis of water quality in the 
Northern Dvina near Arkhangelsk revealed 
that a share of samples analyzed in 2017–2019 
deviating from sanitary-hygienic standards as 

__________________________ 
 
1 Guidelines for drinking-water quality: fourth edition incorporating the first addendum. Geneva: World Health Organiza-

tion, 2017, 470 p. 
2 Decree of the President of the Russian Federation issued on 2 May 2014 No. 296. On Land Territories of the Arctic 

Zone of the Russian Federation. ConsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_162553/ 
(March 14, 2021). 

3 Shraga M.Kh., Bobun I.I., Mironovskaya A.V., Kudrya L.I., Gordyenko T.A., Unguryanu T.N. Hygiene of drinking wa-
ter: textbook. 3rd edition. Arkhangelsk, Northern State Medical University Publ., 2015, 224 p. 

4 Order of the Ministry of Natural Resources and Environment of Russia of 18 April 2018 No. 154. On approval of the 
list of facilities that have a negative impact on the environment, related to category I, whose contribution to the total emis-
sions, discharges of pollutants in the Russian Federation is no less than 60 percent. ConsultantPlus. Available at: 
http://www.consultant.ru/document/cons_doc_LAW_301627/ (March 14, 2021). 
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per microbiological and sanitary-chemical in-
dicators, was 48.8 and 56.3 %, respectively, 
and it was by 2–3 times higher than the same 
rates in the Russian Federation. A percentage 
of drinking water samples analyzed in 2017–
2019 on the territory of Arkhangelsk, deviat-
ing from sanitary-hygienic standards as per 
microbiological and sanitary-chemical indica-
tors was 6.3 and 30.7 %,  respectively, and it 
was by 2.5 times higher than the same rates in 
the Russian Federation on the whole5. The as-
sessment of water quality monitoring in cen-
tralized water supply systems on the territories 
included in the Russian Arctic Zone showed 
that chloroform was one of the key contaminants 
in drinking water in Arkhangelsk region [22]. 
Thus, to improve quality of drinking water sup-
plied to the population in Arkhangelsk, it is re-
quired to upgrade the water treatment system. 

Preammonization of water was introduced 
at the central water treatment facilities 
(CWTFs) that supplied water to 77 % of the 
population in Arkhangelsk. In 2017, Municipal 
Unitary Enterprise «Vodokanal» developed a 
pilot testing program for water ammonization 
technology that was approved by the Federal 
Service for Surveillance over Consumer Rights 
Protection and Human Well-being (Rospotreb-
nadzor) in Arkhangelsk Region. It was aimed at 
reducing contents of chlorinated organic deriva-
tives remaining in drinking water due to its 
chlorination. In the period from August 2017 to 
May 2018, laboratory and pilot tests for imple-
menting water ammonia technology were car-
ried out using ammonium sulfate. In June 2018, 
preammonization of water at CWTFs was in-
troduced on a permanent basis. 

The purpose of the study is to assess the 
efficiency of water preammonization imple-
mentation at the central wastewater treatment 
plants in Arkhangelsk. 

Materials and methods. The study ana-
lyzed quality of drinking water after water con-
ditioning and purification at CWTFs prior to 
preammonization (from January 2016 to July 

2017) and after it (from June 2018 to December 
2019). 14,674 samples were analyzed prior to 
water preammonization was implemented, and 
15,165 samples were analyzed after it was 
done. Exposed population involved in the study 
amounted to 273,624 people. The efficiency of 
preammonization implementation was assessed 
according to the data from in-process laboratory 
testing carried out by the organization operating 
CWTFs at re-lift pumping plants immediately 
after water conditioning and purification and at 
control points in the supply net, as well as ac-
cording to the results obtained via supervisory 
activities performed by Rospotrebnadzor De-
partment in Arkhangelsk region and laboratory 
investigations reports on drinking water quality 
completed by the Federal State-Funded Health-
care Institution “Centre for Hygiene and Epi-
demiology in Arkhangelsk Region” within 
socio-hygienic monitoring. The analysis in-
cluded the data on consumption of chemicals 
prior to the implementation of preammoniza-
tion and after it which were provided by the 
organizations (Municipal Unitary Enterprise 
“Vodokanal” and LLC RVK-Arkhangelsk) re-
sponsible for operating CWTFs. 

The results of the study allowed the inves-
tigators to create a database on quality of drink-
ing water supplied from CWTFs as per or-
ganoleptic, sanitary-chemical and microbi-
ological indicators. Water quality was analyzed 
as per 19 indicators: organoleptic properties 
(odour at 20 °C, color, and turbidity), complex 
indices (hydrogen ion concentration, perman-
ganate oxidizability, and total dissolved solids), 
inorganic substances (aluminum, iron, chlo-
rides, sulfates, ammonia, nitrites, nitrates) and 
chemical compounds formed during water 
treatment (chloroform, free residual chlorine, 
residual combined chlorine) and microbiologi-
cal indices (total coliforms, thermo-tolerant 
coliforms and total microbial count). 

Non-carcinogenic effects caused by expo-
sure to chemicals contained in drinking water, 
prior to the implementation of preammoniza-

__________________________ 
 
5 On the Sanitary and Epidemiological Wellbeing of the Population in the Russian Federation in 2019: State report. Mos-

cow, Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing (Rospotrebnadzor) Publ., 2020, 
299 p.; On the Sanitary and Epidemiological Wellbeing of the Population of the Arkhangelsk region in 2019: State report. In: 
R.V. Buzinova ed. Arkhangelsk, 2020,  148 p. 



S.A. Sosnina, A.V. Mironovskaya, T.N. Unguryanu, R.V. Buzinov 

Health Risk Analysis. 2021. no. 2 56 

tion and after it, were assessed via calculating 
hazard quotients (HQ) and hazard indices (HI) 
for substances with a unidirectional action. 
Hazard quotients were calculated for alumi-
num, iron, ammonia, nitrites, nitrates and chlo-
roform in their median concentrations. To cal-
culate a dose of chemicals taken with drinking 
water, a water intake rate for the average adult 
(2L per day for a person weighing 70 kg) was 
used. The total HQ and HI values lower than 
1.0 were considered to be the minimum risk 
levels6. 

To describe the content of the analyzed in-
dicators, the median (Me) and the 90-th percen-
tile (P90) were used. Differences between the 
indicators of drinking water quality prior to the 
implementation of preammonization and after it 
were detected with Wilcoxon two-sample test. 
The critical level of statistical significance, p, 
was equal to 0.05. Statistical data analysis was 
performed using STATA 14.2 software. 

Results and their discussion. Currently, 
Arkhangelsk water supply services from 
CWTFs are being operated by LLC RVK-
Arkhangelsk (previously, Municipal Unitary 
Enterprise “Vodokanal” till 20 December, 
2018). CWTFs comprise two water treatment 
plants (No. 2 and 3) where water is prepared 
and disinfected, to be then supplied to a clean-
water reservoir. On average, CWTFs produce 
130–140 thousand m3/day. 

CWTFs use two methods to purify water: 
coagulation in a free volume at plant No. 2, 
and coagulation in a filtering layer at plant No. 
3. During water conditioning and purification 
at plant No. 2, water from the Northern Dvina 
comes to a vortex mixer, and then goes into 
water conduits, where ammonium sulfate is 
added to react with free chlorine to form 
bound chlorine. After that, to ensure primary 
disinfection, sodium hypochlorite and soda 
ash, coagulant and flocculant, are added into 
water. The ratio of ammonium nitrogen to ac-
tive chlorine is 1:4. Further, water mixed with 
the chemicals arrives at high-speed filters 
through the reaction chambers, and then un-

dergoes secondary disinfection and enters res-
ervoirs with pure drinking water. 

During water conditioning and purifica-
tion at plant No. 3, water from the Northern 
Dvina is fed into a contact chamber, where 
ammonium sulfate solution, sodium hypochlo-
rite (primary chlorination) and coagulant are 
added. When water leaves the contact cham-
ber, it is mixed with the flocculant and enters 
contact coagulation pre-filters (contact floccu-
lators). In addition, a micro-dose of flocculant 
is introduced into purified water. Then the 
second dose of sodium hypochlorite and soda 
ash solution are added into the water. After 
rapid filters, purified water undergoes final 
disinfection and is pumped into reservoirs with 
pure drinking water, where it is mixed with 
water coming from plant No. 2. 

Assessment of water quality at the re-lift 
pumping plant of CWTFs. A comparative as-
sessment of drinking water quality sampled at 
the re-lift pumping plant of CWTFs, taken as 
per average values of the indicators, showed 
an increase in color by 1.1 times (p = 0.027) 
and an increase in ammonia concentration (in 
terms of nitrogen) by 3.8 times (p < 0.001). At 
the same time, color and ammonia content at 
the median level did not exceed the threshold 
limit values (Table 1). 

The quality of drinking water at the re-lift 
pumping plant of CWTFs at the median level 
for such indicators as odor, turbidity, pH value, 
permanganate oxidizability, iron and nitrites 
content did not change after preammonization 
was implemented (p > 0.05). 

After water preammonization was imple-
mented, the content of substances in drinking 
water decreased statistically significantly as to 
the following values: aluminum, by 2.7 times 
(p < 0.001); chlorides, by 1.7 times (p < 0.001); 
nitrates, by 1.2 times (p < 0.001). The concentra-
tion of chloroform at the re-lift pumping plant of 
CWTFs decreased by 3.5 times at the Me level, 
and by 5.5 times at the P90 level (p < 0.001) after 
water preammonization was implemented. It 
was not possible to assess effects produced by  

__________________________ 
 
6 Guide on Health Risk Assessment under Exposure to Chemicals that Pollute the Environment. Moscow, Federal Center 

of Rosepidnadzor of the Ministry of Health of Russia Publ., 2004, 143 p. 
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T a b l e  1  
 Laboratory tests results showing drinking water quality at the re-lift pumping plant  

of CWTFs in Arkhangelsk 
Prior  

to preammonization 
After  

preammonization Indicator 
Ме  Р90  Ме  Р90  

р  Normal 
value7  

Organoleptic indicators 
Odor at 20 °С, points  1 2 1 2 0.466 2 
Color (colority), degrees  12 18 13 21 0.027 20 
Turbidity, mg/L (Kaolin) 0.58 1.10 0.58 0.62 0.106 1.5 

Complex indicators 
Hydrogen ion concentration, рН units  6.9 7.4 6.8 7.3 0.742 6–9 
Permanganate oxidizability, mg/L  4.1 5.0 4.3 5.0 0.369 5 
Total dissolved solids (solid residue), mg/L  268 362 209 322 0.008 1000 

Inorganic substances 
Aluminum (Al (3+)), mg/L  0.32 0.46 0.12 0.24 < 0.001 0.5 
Iron (Fe, total), mg/L  0.1 0.14 0.1 0.15 0.107 0.3 
Chlorides (in terms of CL), mg/L  16.05 20.3 9.7 13.8 < 0.001 350 
Sulfates (SO4), mg/L  77.9 116.4 83.3 113.5 0.650 500 
Ammonia (in terms of nitrogen)   0.10 0.38 0.38 0.60 < 0.001 2.0 
Nitrites (in terms of NO2), mg/L  0.02 0.02 0.02 0.03 0.014 3.0 
Nitrates (in terms of NO3), mg/L  0.55 1.44 0.45 1.04 0.024 45 

Chemical compounds occurring during water treatment 
Chloroform, mg/L  0.07 0.11 0.02 0.02 < 0.001 0.2 
Free residual chlorine, mg/L  0.94 1.17 0.05 0.27 0.317 NA 
Residual combined chlorine, mg/L  0.59 0.95 1.16 1.40 0.317 0.8–1.2 

Microbiological indices 
Total coliforms, in 100 mL  0 0 0 0 х None 
Thermo-tolerant coliforms, in 100 mL 0 0 0 0 х None 
Total microbial count (TMC),  number of 
colony forming bacteria in 1 mL 0.03 0.41 0 0.26 < 0.001 Not more 

than 50 

T a b l e  2   
Laboratory tests results showing drinking water quality supplied to population through 

the Central Water Treatment Facilities in Arkhangelsk 
Prior to 

preammonization 
After  

preammonization Indicator  
Ме  Р90  Ме  Р90  

р  Normal 
value6 

                                                    Organoleptic indicators 
Odor at 20 °С, points  1 1.3 1 1.3 0.114 2 
Color (colority), degrees  15 20 18 23 < 0.001 20 
Turbidity, mg/L (Kaolin)   0.86 1.47 0.66 1.02 0.002 1.5 

Complex indicators 
Hydrogen ion concentration, рН units  6.9 7.4 6.9 7.3 0.684 6–9 
Permanganate oxidizability, mg/L  4.1 5.2 4.4 4.8 0.547 5 
Total dissolved solids (solid residue), mg/L  277 363 199 310 0.023 1000 

Inorganic substances 
Aluminum (Al (3+)), mg/L  0.25 0.42 0.15 0.24 < 0.001 0.5 
Iron (Fe, total), mg/L  0.31 0.48 0.32 0.64 0.576 0.3 
Chlorides (in terms of CL), mg/L  17.35 22.30 10.73 15.88 < 0.001 350 

__________________________ 
 
7 SanPiN (Sanitary Rules and Norms) 2.1.4.1074-01. Drinking Water. Hygienic Requirements for the Quality of Water 

from Centralized Drinking Water Supply Systems. Quality control. Moscow, Ministry of Public Health of Russia, 2002,103 p. 
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Prior to 
preammonization 

After  
preammonization Indicator  

Ме  Р90  Ме  Р90  
р  Normal 

value6 

Sulfates (SO4), mg/L  71.8 122.6 74.7 105.6 0.327 500 
Ammonia (in terms of nitrogen)     0.11 0.22 0.43 0.66 < 0.001 2.0 
Nitrites (in terms of NO2), mg/L  0.02 0.02 0.03 0.12 < 0.001 3.0 
Nitrates (in terms of NO3), mg/L  0.73 1.42 0.54 1.38 0.31 45 

Chemical compounds formed during water treatment 
Chloroform, mg/L 0.066 0.085 0.009 0.043 < 0.001 0.2 
Free residual chlorine, mg/L 0.10 0.25 0.01 0.14 < 0.001 NA 
Residual combined chlorine, mg/L  0.11 0.15 0.50 0.64 < 0.001 NA 

Microbiological indices 
Total coliforms, in 100 mL  0 0.04 0 0.04 0.888 None 
Thermo=tolerant coliforms, in 100 mL  0 0.03 0 0.02 0.829 None 
Total microbial count (TMC),  number of 
colony forming bacteria in 1 mL  0.05 0.68 0.05 0.36 0.580 Not more 

than 50 
 
 

water preammonization on the content of free 
residual chlorine and residual combined chlo-
rine due to the low number of observations 
before it was  implemented (n = 4). 

At the median level, the total microbial 
count (TMC) was not found after water pream-
monization was implemented; the TMC at the 
P90 level decreased by 1.6 times (p < 0.001) at 
the re-lift pumping plant of CWTFs. 

Assessment of water quality in the sup-
ply net. Comparative assessment of quality of 
drinking water sampled in the supply net prior 
to preammonization and after it, did not reveal 
any changes in odor and hydrogen ion concen-
tration (p > 0.05). 

It was found that after preammonization 
was implemented, colority increased by 1.2 
times at the median level, the ammonia concen-
tration increased by 3.9 times (p < 0.001), and 
nitrites concentration increased by 1.5 times 
(p < 0.001) (Table 2). At the same time, the 
values of these indicators did not exceed the 
threshold limit values, with the exception of 
colority at the P90 level. 

In the supply net, after preammonization 
was implemented, water turbidity decreased by 
1.3 times (p = 0.002), the solid residue de-
creased by 1.1 times (p = 0.023), and concen-
tration of aluminum and chlorides decreased 
by 1.7 and 1.6 times, respectively (p < 0.001). 
The average content of chloroform decreased 
by 7.3 times, and free residual chlorine de-
creased by 10 times (p < 0.001). An average 
concentration of residual bound chlorine in-

creased by 4.5 times (p < 0.001). An increase 
in contents of residual bound chlorine in the 
supply net and a decrease in free residual chlo-
rine indicate that chlorine remains in the sup-
ply net for a longer period, and it determines 
longer bactericidal effects produced by chlo-
rine in the water supply net. 

In comparison with the re-lift pumping 
plant, quality of water in the supply net in terms 
of iron content deteriorated owing to significant 
wear and tear of the water supply network in 
Arkhangelsk (70.7 %) and the large number of 
accidents in it. However, the iron content in wa-
ter in the supply net prior to preammonization 
was implemented and after it did not show sta-
tistically significant differences. 

A decrease in concentrations of solid resi-
due, chlorides, nitrates and sulfates in drinking 
water at the re-lift pumping plant of CWTFs 
and in the supply net in Arkhangelsk is associ-
ated with water natural composition. A de-
crease in concentration of aluminum at the re-
lift pumping plant of CWTFs and in the supply 
net doesn’t result from water preammonization 
implementation. 

After preammonization was implemented, 
contents of thermo-tolerant coliforms (TTCs) 
and TMC in water in the supply net decreased 
by 1.5 and 1.9 times, respectively, while the total 
coliforms number (TCs) remained unchanged. 

The characteristics risks that developing 
general toxic effects would develop showed 
that values of the hazard quotients for all ana-
lyzed substances and the hazard indices for 
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critical organs and systems, both prior to the 
implementation of preammonization and after 
it, did not exceed 1.0. Nevertheless, after the 
preammonization was implemented, the haz-
ard indices for the blood and skin systems de-
creased by 3.2 times, and they decreased by  
5–7 times for the circulatory system, central 
nervous system and digestive organs (figure). 

 
Figure. Hazard indices for critical organs and systems 

when exposed to chemicals contained in drinking water, 
prior to preammonization and after it was implemented 

A decrease in a risk of developing general 
toxic effects on critical organs and systems was 
primarily attributable to a fall in contents of 
chloroform in drinking water after preammoni-
zation was implemented. A contribution made 
by chloroform in the hazard indices after 
preammonization was implemented went down 
by 10–47 % as compared to water treatment 
based on traditional chlorination. 

The major outcome gained via imple-
menting water preammonization in Arkhan-
gelsk was a decrease in chloroform contents in 
drinking water at the re-lift pumping plant 
from 0.07 to 0.02 mg/L and in the supply net 
from 0.066 to 0.009 mg/L. The results of this 
study are consistent with the data obtained in 
St. Petersburg, where tests on implementing 
water ammonization with ammonium sulfate 
were carried out. As a result of preammoniza-
tion at the water treatment facilities in St. Pe-
tersburg, chloroform contents in drinking wa-
ter decreased from 90–120 to 1–5 μg/dm3 [18]. 

In Khabarovsk, implementation of water 
preammonization with the use of ammonium 
sulfate allowed preventing drinking water qual-
ity form further deterioration as per microbi-

ological indicators in the supply net and reduc-
ing contents of chlorinated organic compounds 
in drinking water lower than hygienic standards 
[19]. Water preammonization with ammonium 
sulfate became an effective way to reduce con-
centrations of chlorinated volatile organic com-
pounds up to seven times in water supplied to 
population of Rostov-on-the-Don, Taganrog 
and Azov [20]. 

The implementation of water preammoni-
zation and the use of sodium hypochlorite at 
the Sludinskaya waterworks in Nizhny Nov-
gorod made it possible to reduce concentra-
tions of chloroform to no more than 
0.01 mg/L, as well as to reduce concentrations 
of disinfection by-products (DBPs) in drinking 
water by 60–80 % [21]. Employees of OJSC 
“Mosvodokanal” carried out a study on im-
plementation of water preammonization as a 
part of water treatment in Moscow; as a result 
chloroform concentrations decreased from  
50–87 to 6–15 μg/L [4]. 

To reduce contents of chlorinated organic 
compounds in drinking water, preliminary 
ammonization and chlorination are the most 
efficient technology, but it results in occur-
rence of chloramines which diminish the effect 
of discoloration. This explains more intense 
color of water at the re-lift pumping plant of 
the wastewater treatment facilities (1°) and in 
the supply net (3°). OJSC “Mosvodokanal” 
carried out a number of laboratory tests to de-
termine dependence between colority value on 
a dose and the order in which chlorine and 
ammonia were introduced into water. As a re-
sult, color reducing was not achieved: when 
ammonia was added 5 minutes after chlorine, 
color decreased only by 2° [4]. 

According to data provided by LLC RVK-
Arkhangelsk that operates CWTFs in Ark-
hangelsk, the total consumption of a chemical 
reagent (sodium hypochlorite) amounted to 
318.2 tons in 2019. Prior to the implementation 
of water ammonization, the total consumption 
of the reagent was 666 tons per year. Therefore, 
after water preammonization was implemented, 
the consumption of this chemical reagent de-
creased by 2.1 times and it means reagent sav-
ing and economic efficiency of implemented 
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water preammonization. At the Sludinskaya 
waterworks in Nizhny Novgorod, the imple-
mentation of preammonization helped reduce 
the chlorine consumption by 40–50 % [21]. 

Conclusions. The use of ammonium sul-
phate for preliminary ammonization as part of 
water conditioning and drinking water purifi-
cation at CWTFs in Arkhangelsk helped sig-
nificantly improve quality of drinking water 
supplied to population. A positive effect 
achieved due to preammonization was a re-
duction in the amount of chlorination by-
products and improved microbiological qual-
ity of drinking water. A reduction in chloro-

form contents decreases the risk of develop-
ing general toxic effects on critical organs 
and systems. Water preammonization as a 
new technology used at the stage of water 
treatment made it possible to improve quality 
of waterworks operation, reduce operating 
costs, decrease the amount of disinfection by-
products (DBPs) and improve drinking water 
quality. 
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