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SUMMARY 

Object of this study is to characterize risk factors from water supply during martial law and 
recommendations for risk minimization.  
Problems of water utilities in wartime: 
• Destruction of water supply sources. 
• Demolition of power supply systems during a long time. 
• Demolition of water distribution networks.  
• Problems with supply of equipment and materials and their financing.  
• Loss of logistics in system control and response to emergency situations.  
• Deficit of specialists. 
Recommended water purification techniques during emergency situations: 
1. Water filtering through activated carbon: sand filter and multilevel filter. 
2. Water disinfection by boiling with and without enhanced decontaminating effect.  
3. Water disinfection by chemical agents: iodine alcohol tincture or iodine tablets. 
4. Water freezing. 
Taking into account the number and multifactorial nature of risks for water supply of 
population during martial law, it is required to attract State institutions and international 
organizations for solving problems of water utilities and stabilizing situation with drinking 
water quality. 
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Introduction 
 
Problems of water supply enterprises during the war are illustrated by the conditional division of 
water utilities in Ukraine into three groups: enterprises that were located in active combat zones and 
sustained serious damage; utilities that are at risk of bombardments or combat operations; and utilities 
that are located in the western regions of Ukraine and have a big rise in the number of customers. 
 
Despite numerous hazards of pollution, the drinking water in terms of the indicators of epidemical and 
radiation safety must comply with the regulations “Hygienic requirements for the drinking water 
intended for human use” (Order no. 400…, 2010). However, with due regard for the urgent necessities 
of water supply in times of war, the new DSanPin were developed and approved. They are applied in 
conditions of the state of martial law and during emergency situations (Order no. 683…, 2022). 
 
Methods (bibliometric and descriptive); results and discussion 
 
Problems of water utilities consist in the following: destruction of water supply sources (demolition of 
main technological constructions, uncontrolled pollution of sources in the water intake area as a result 
of occupation or constant shelling, etc.); demolition of power supply systems during a long period of 
time; demolition of water distribution networks; problems with the supply of equipment and materials 
and their financing; loss of logistics in system control and response to emergency situations; the lack 
of specialists, including those invited from external relevant organizations. 
 
Destruction of water supply sources 
 
The problem of losing a water supply source in a settlement can be solved exclusively through the 
search for reserved sources and organization of potable water accumulation and storage.  
Under conditions of the state of emergency, rationing of water consumption per 1 person and 
accumulation of the maximum possible volume in clean-water reservoirs can extend the term of 
response to the existing emergency situation. 
 
Under the standards of project SFERA it is recommended to provide minimum 15 liters of water per 
person per day that includes drinking water, water for preparing food and personal hygiene (includes 
the technical water that may not comply with requirements for the drinking water) (Order no. 400…, 
2010). 
 
The reserve sources of water supply can be wells on condition of an appropriate water quality control 
in such wells and in advance prepared solutions for water filtering and disinfection in case of existing 
problems with water quality. A possible solution for provision of drinking water in case of emergency 
situations can be the provision by local self-governing bodies of bottled water supplies that can be 
stored for a long time in chilly places without access to light.  
   
It is also necessary to elaborate preliminarily the issue of water delivery by road transport. If possible, 
it is necessary to conclude contracts for supply of drinking water with enterprises located within the 
transport accessibility limits or at least to achieve new oral agreements with subsequent signing of 
contracts. 
 
In critical situations, a source of drinking water can be obtained by using even the operation 
byproducts of certain household or industrial equipment, such as a condensate from operating air-
conditioners, and the water, which is the product of dehumidification of compressed air produced by  
compressors at industrial production facilities. The possibility of collection, accumulation, and storage 
of rain water anticipated in advance can, for a specific period of time, save life of many residents who 
happened to be in emergency situation. 
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The absence of power supply during a long time 
 
On the territory of communities where combat operations take place, objects of critical infrastructure, 
including transformer substations, power networks and others, could be damaged. Therefore, the 
capability of providing the population with drinking water during the long-term absence of power 
should be anticipated in advance with relevant preparation of necessary equipment, means, materials 
and technologies. 
 
Water towers that are often a component of water supply systems, especially in the rural areas, have 
an indisputable advantage, since they can provide the settlement with water supply owing to 
accumulation of static pressure. In such case, it is sufficient to find ways for temporary operation of a 
pump unit to fill the water towers. If there are no water towers, it is possible to purchase and use for 
the same purposes any storage tank. 
 
The temporary or permanent operation of electric pumps (submerged or surface) can be ensured by 
using the petrol or diesel generators. In the absence of electric power, one of the possible solutions 
can be, in particular, the use of manually operated pumps. 
 
Destruction of pipeline networks 
 
Destruction of pipeline networks is quite possible during the war operations. The reliability of water 
supply systems essentially depends on many factors, including the configuration of design. There are 
no pipelines that can be immune from damages in the case of emergency situations. However, for 
providing population with drinking water, a series of the following tasks must be fulfilled: 1. To 
ensure, if possible, the physical protection of facilities: covering and banking up of boreholes, pump 
stations, equipping them with building protection and sandbagging of the main equipment. 2. In case 
the containers for storage (accumulation) of drinking water (reservoirs, water towers) are far away, it 
is necessary to arrange temporary reservoirs for the emergency accumulation of water near a water 
source and intermediate ones along the route of motion in pipeline that will provide a specific reserve 
in case of demolition of the pipeline that supplies water to the main reservoir. 
 
Loss of logistics in system control and response to emergency situations 
 
The best method of controlling the system is the use of reliable automation and supervisory control. 
The provision of reliability of automation and supervisory control systems involves the need to apply 
the following actions: measures for introducing external intervention into the control system; the 
backup control by the direct start in the case of employing automatic control station units for pumps 
with frequency converters; the design and schematic implementation of automation in such way that 
in case of damage of the maximum possible number of elements, the control is maintained in the 
presence of main control elements; the use of signals and adjustments under which the water can be 
the main source of data transmission.  
 
The lack of specialists, including those invited from external relevant organizations 
 
The best solution of problems concerning the regular personnel of enterprises involves the use of the 
following steps: Preparation of detailed user equipment manuals; developments of written rules in 
responding to a specific problem that can arise during the operation of water supply system; training 
of personnel in secondary allied industrial professions that are encountered during the execution of 
employment duties in the process of servicing the water supply systems for the possible execution of 
other duties in the state of emergency; introduction of the performed-in-advance simulation of water 
supply systems available in settlements. 
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Water treatment techniques during the emergency situations (Methods…, 2022; Recommended…, 
2022). 
Water filtering 
 
Before filtering, the dirty water must be settled during 1-2 hours. The sediment left on the bottom is 
not used and is not filtered. The most effective filtering agent is activated carbon that reliably removes 
bad smells of water, admixtures and harmful substances. The treatment is performed using two 
techniques: the first technique implies that 5 fragmented tablets wrapped into clean cloth (gauze) are 
added to one liter of water. After water filtering in field conditions the water can be used in 8 hours; 
the second technique implies that a layer of fabric or gauze is put into a PET-bottle without bottom 
and a hole in cap; then, fragmented tablets are poured out onto this layer. The water is purified 
passing through the tablet layer. 
 
Sand filter: This is one of the simple, but effective methods of water purification. It is necessary to 
take a cut bottle with several holes in the cap. Next, a piece of fabric or cotton must be put on the 
bottom of bottle neck and then the vessel must be two-thirds filled with clean sand. The water is 
poured from top. For the sake of reliability, it is advisable to repeat the process several times. In this 
case, if the water is very dirty, the sand must be replaced with clean one. If the sand is not close at 
hand, then for a filtering material one can use the charcoal from the campfire (except conifer species) 
that is available in the majority of cases. 
 
Multilevel filter for water: Activated carbon, sand and gravel. The previous self-made filter can be 
improved and made more effective by using multilayered design and simultaneous use of several 
filtering elements. First, it is necessary to prepare charcoal as in the previous method. Next, the cloth 
or gauze folded into several layers must be put on the bottle bottom and into the neck. Then a 
sufficient layer of charcoal must be poured on the cloth, next one must pour a layer of river sand, and 
then a layer of gravel. Gravel should be covered with a layer of gauze and then the water must be 
poured for purification. The design of multilevel filter can also make use of grass, cotton clothes, and 
stones, however, it should be kept in mind that the upper layer in filter must be gravel.     
 
Water disinfection by boiling 
 
One of the simplest and most reliable methods of water purification is the thermal method consisting 
in water boiling. The duration of boiling depends on the degree of water source pollution. In 
particular, if the water is taken from clean stream, it should be boiled for about 15 minutes. If the 
water is taken from dirty pond, the duration of boiling should be no less than 30 minutes. The 
decontaminating effect during the water boiling can be enhanced by adding to water various branches 
of trees and grass: Young branches of coniferous plants: 150-250 g per 10 liters; duration of boiling is 
30-35 minutes; Bark of willow, oak and beech (150-250 g per 10 liters; duration of boiling is 40 
minutes); It is also possible to use leaves of chamomile, raspberry, goatweed, and other medical 
plants-antiseptics; If the water has a bad smell, it is necessary during boiling to add charcoal from the 
campfire; after boiling the water should be settled for 30 minutes. Next, the water is carefully poured 
out and the sediment is discarded.  
 
Water disinfection by chemical agents 
 
Iodine in the form of alcohol tincture or iodine tablets is suitable for water disinfection; these tablets 
are specially designed for individual disinfection of water:  3-4 drops of 5% alcohol iodine tincture or 
2 iodine tablets are added to one liter of water. Next, the product is thoroughly stirred and left for one 
hour. After disinfection by iodine, if possible, it is useful to filter the water through a household filter. 
This method will help to avoid dehydration; however, it should be used only in emergency situations. 
For individuals with thyroid pathology this method is contraindicated. 
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Special preparations are also used for the elimination of microbes in water. In particular, the UNO 
cluster dealing with issues of water supply, sanitation and hygiene recommends to use disinfection 
agents, the composition of which includes chlorine: liquid bleaching agent (contains sodium 
hypochlorite) and Aquatabs® (contains sodium dichlorocyanurate). The cluster also recommends to 
use Sachet PoW that contains a powder mixture with two active components: iron sulfate acting as a 
coagulant and sodium hypochlorite acting as a disinfection agent. 
 
Since the degree of microbial pollution of water in occupied territories cannot be predicted, it is 
expedient to use solid (powder or tableted) preparations of chlorine dioxide (Mokienko, 2021). 
Decontamination of water by using chlorine dioxide has significant advantages as compared with 
traditional chlorine-containing tablets, because, primarily, it provides much higher oxidation capacity, 
bactericidal and virucidal actions. The sufficient dosages of chlorine dioxide for the effective 
disinfection of water heavily polluted by microbes shall be accepted as follows: 1 tablet with the mass 
of one gram per 100 liters of water for the dosage of 1 mg/L and 1 tablet of one gram per 50 liters for 
the dosage of 2 mg/L.     
 
Water freezing 
 
Freezing of water neutralizes the salts of heavy metals, the majority of viruses and bacteria. Reservoir 
with water is kept for 7-8 hours in a freezer compartment (in the freezing cold). During this time the 
crusted ice is formed on the surface, in which the salts of heavy metals are accumulated. The crusted 
ice is removed, and the remaining water is poured into other vessel and kept for another 10-12 hours. 
Next, the unfrozen water is poured out, while the frozen one is thawed out and used. 
 
Conclusions 
 
Taking into account the number and multifactorial nature of risks for water supply of population in 
Ukraine under conditions of the state of martial law, it should be recognized as urgently required to 
attract the State institutions and international organizations for solving the problems of water utilities 
and stabilizing the situation with the quality of drinking water. 
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