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Olena Bryhada

FEATURES OF LABOUR SAFETY DURING  
THE OPERATION OF SEWER NETWORKS
Summary
The maintenance of drainage facilities during emergency repair or maintenance 
work is an important part of the life support of urbanized areas. The greatest danger 
during the operation and repair of sewer systems is posed by poisonous gases for-
med in sewers – hydrogen sulfide, methane, carbon monoxide, etc. Workers in sewer 
facilities must strictly adhere to occupational safety measures to avoid poisoning 
by harmful gases and death. However, as practice shows, during planned and emer-
gency recovery work in sewer networks, fatal accidents occur worldwide every year. 
The paper characterizes the gassiness of sewer collectors in Kharkiv on the concen-
tration of hydrogen sulfide and the danger of gas emissions from sewer shafts and 
wells for the urban environment. The main reasons influencing the state of injuries 
on sewerage networks include non-use or absence of personal protective equipment, 
safety and protective equipment, the unsatisfactory condition of ventilation systems 
in sewerage facilities; unsatisfactory organization of repair and emergency works 
on sewer structures, non-compliance with the requirements of labour protection in-
structions and performance of works with gross violations of occupational safety 
requirements; lack of training sessions at water supply and sewer enterprises, etc. 
To reduce injuries at sewer facilities, water supply and sewer workers should be pro-
vided with special means of communication, and in some cases, “personal alarms” 
to give a signal in case of immobilization. As means of individual protection, it is 
better to use not gas masks and oxygen respirators of various designs.

Keywords: work safety, sewage networks, injuries, sewage gases, work safety, se-
wage networks, injuries, sewage gases

Every year in Ukraine, during works in closed spaces (well chambers, 
collectors, sewer networks), there are injuries at water supply and sewer fa-
cilities, including fatal ones. People die due to lack of oxygen, poisoning 
by harmful substances. More than 80% of accidents in wells are due to the 
at least one poisonous gas. The causes of accidents are usually related to 
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violations of occupational safety requirements during work, underestima-
ting the danger of workers in such places, failure to use personal protective 	
equipment. 

Poisoning by gases contained in the atmosphere of sewers in 50% of ca-
ses is fatal. Poisoning is received by workers of water utilities, checking the 
serviceability of pipelines or eliminating accidents, and bystanders and chil-
dren who were inspired by gases and could not get out.

Gaseous emissions from sewer networks create environmental tensions 
in the surrounding urban areas. They pose a threat to public health, as the 
concentration of several sulfur-containing compounds of hydrogen sulfide, 
sulfur dioxide, mercaptan, dimethyl sulfide (DMS) exceeds the maximum 
allowable concentration for populated areas and working area [1, 2]. 

In order to obtain average indicators, probabilistic and statistical pro-
cessing of data on the content of gases in the reservoirs of different areas 
of Kharkiv (Table 1). According to the data, the largest excess of maximum 
permissible concentrations is observed for sulfur-containing compounds-

-hydrogen sulfide and DMS [1-4].

Table 1. Chemical composition of the atmosphere of sewer collectors of the city of Kharkiv [4]

Compound Concentration Multiplicity of exceeding the maximum allowable 
concentration of the working area

CO, mg/m3 0-25 1,4

CO2, vol. % 0,1-3,5 -

CH4, vol. % 0,2-6,0 0

H2S, mg/m3 0-300 30

SO2, mg/m3 5-10 0,5-1,5

NH3, mg/m3 0-5 0-0,4

Hydrogen sulfide (H2S) – is one of the primary priority air pollutants. It 
is a colourless gas with a sharp characteristic odour, noticeable even in small 
concentrations. However, in high concentrations due to paralysis of the ol-
factory nerve, the smell of hydrogen sulfide is not felt, which is a potential 
danger to life. Hydrogen sulfide acts on the central nervous system, oxidative 
processes and blood, reducing the ability of blood to be saturated with oxy-
gen [5]. In table 2 presents the symptoms of hydrogen sulfide poisoning and 
their consequences.
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Table 2. Symptoms of hydrogensulfide poisoning [5]

Concentration H2S, ppm Symptoms of hydrogen sulfide poisoning and their consequences
0,01-0,3 odour threshold (highly variable)

1-5
Moderate offensive odor, may be associated with nausea, tearing of the eyes, 
headaches, or loss of sleep with prolonged exposure; healthy young male parti-
cipants experience no decline in maximal physical work capacity

10 8-hour occupational exposure limit in Alberta, OSHA PEL; anaerobic metabo-
lism threshold during exercise

20-50 conjunctivitis (eye irritation) and lung irritation. Possible eye damage after seve-
ral days of exposure; may cause digestive upset and loss of appetite

100 eye and lung irritation; olfactory paralysis, the odour disappears
150-200 sense of smell paralyzed; severe eye and lung irritation

250-500
potentially fatal accumulation of fluid in the lungs (pulmonary edema), from the 
central nervous system headache, nausea, dizziness, especially if the effect is 
prolonged

500
Serious damage to eyes within 30 minutes; severe lung irritation; ‘‘knockdown’’ 
(sudden unconsciousness) and death within 4- to 8-hours; amnesia for period 
of exposure

1000 Breathing may stop within 1 or 2 breaths; immediate collapse

Modern ideas about the quantitative characteristics of air and water pol-
lution in drainage networks are based on many of measurements and statisti-
cal processing of the obtained data [6-8].

According to observations, in different parts of the sewer network of 
Kharkiv, the concentration of hydrogen sulfide in the atmosphere of the 
under crownspace of pipelines varies significantly not only during the year 	
(Fig. 1), over the previous seasons, but also during the season (quarter) 	
– spring (Fig. 2), as well as quite dramatically during the day (Fig. 3).

Fig. 1. Dynamics of hydrogen sulfide concentration in the atmosphere of the under crown space in 
the collector sections of Kharkiv Tractor Plant (XTZ) [6, 7] 
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Fig. 2. Dynamics of hydrogen sulfide concentration in the atmosphere of the under crown space in 
the area of XTZ collector [6, 7] 

Fig. 3. Daily changes in hydrogen sulfide concentration in the atmosphere of the under  
crown space of Ivanivka collector (shaft № 5) [6, 7]

The dynamics of hydrogen sulfide concentration in the atmosphere of the 
undercrown space in the area of XTZ collector of the shaft № 4 of XTZ col-
lector for the period from March to June varied from 47 to 240 mg/m 3, i.e. by 
more than 400%. During the day, the hydrogen sulfide concentration in the 
atmosphere of the undercrown space of the shaft № 5 of Ivanivka collector 
varied from 7.9 to 37.8 mg/m3, i.e. almost 400%. At all research sites, the con-
centration of hydrogen sulfide constantly exceeds the maximum allowable 
concentration of the working area, posing a threat to workers.

Every year with the onset of spring and summer in Ukraine and the world, 
there is a sharp increase in occupational injuries, including fatalities. Some 
statistics are below.

In June 2019, in the village of Skhidne of Bilozerka District of Kherson 
Region, due to poisoning by sewer, gases died two people who tried to elimi-
nate the blockage in the sewer [9].
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In June 2013, four employees of Communal Enterprise “Kharkivvodo-
kanal” were poisoned by sewer gases and died during repair work on sewer 
facilities on Rudyka Str. (Fig. 4). The death occurred due to occupational 
safety and health rules violations because workers did not use seat belts and 
gas masks [10].

Fig. 4. Photo from the scene of the accident in Kharkiv, Rudyka s. [10] 

In August 2013 in Sloviansk, at the intersection of Zhovtnevoi Revoliutsii 
Str. and Frunze Str., two workers died while cleaning of the sewer collector 
[11]. 

In July 2015, during the operation of the sewer pumping station in Slo-
viansk, Donetsk Region, the group accident occurred – three people were 
poisoned, one of them – deadly. On July 13, 2015, three workers died due to 
drowning while cleaning the sewer pumping station in Zolotonosha, Cherka-
sy Region [12].

In September 2015, 2 water utility employees were killed in Sevastopol, 
who fell into the sewer well without protective equipment for its cleaning due 
to suffocation by toxic fumes [13]. 

In June 2019, 7 people died while cleaning the sewer in the village of 
Fartikui in western India. The cause of death was poisoning by toxic fumes 
[14]. According to statistics, in 2017, every 5 days in India, 1 worker died 
while working in sewers, but it is believed that the real mortality rate is much 
higher [15].

In August 2019, in Rivne Region in Zorya Village, communal workers 
were poisoned by vapors from the sewer during the current works, one of 
them was not saved by medics [16].
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In June 2015, the employee of the enterprise and two residents of the 
private house died in Novotroitsk housing and communal enterprise of Kher-
son Region while cleaning the sewer system in the cesspool of the private 	
house [17].

In June 2019, in Pennsylvania (USA), two workers were killed during the 
inspection of drainage pipelines after poisoning by sewer gases [18].

Cases of poisoning with toxic gases in the sewer lead to multiple deaths 
since in such cases, employees instinctively try to help colleagues as quickly 
as possible and thus also die due to poisoning. 

According to the State Labor Service of Ukraine on fatal accidents and 
group accidents in 2018, 6 accidents were registered at sewer and water sup-
ply companies, including 3 fatalities (4 people died). All fatalities occurred 
during the warm season (May and August 2018) [19]. In the cold season, 
there were 2 accidents – 4 people were poisoned by gases contained in sewer 
networks. 

In June 2021, in Ternopil Region, two handymen were found in the sewer 
well without signs of life. The men died from gas poisoning while perfor-
ming work related to flushing the septic tank sewer on the territory of the 
enterprise [20]. In July 2021, two employees of the communal enterprise in 
Cherkasy Region, during the routine examination of the sewer well, felt the 
deterioration in their health, fainted, and subsequently, doctors pronounced 
their death. 

In 2019, 10 people, employees of water utilities, and 2 people were hospi-
talized during the elimination of emergencies or the entry of planned works 
on sewer pipelines. Many accidents occurred in spring and summer (May-
August) [9].

Thus, about 75% of accidents occur from May to October, and the lowest 
number – in the winter. This is because most repair, adjustment, cleaning, 
and other types of work are carried out in the warm season when the ambient 
temperature rises sharply, and there is a more intense formation and release 
of toxic gases [21].

Analyzing the cases of death of water supply, and sewer workers during 
emergency, commissioning, construction, repair and other types of work, we 
can classify the main places of accidents (Fig. 5). It was found that most often, 
deaths at sewers occur due to gas poisoning (Fig. 6) [21].
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Fig. 5. Distribution of accidents of water supply and sewer workers by location [21] 

Fig. 6. Distribution of causes of accidents in sewer systems [21] 

Analysis of foreign publications allows us to conclude that foreign ex-
perts also pay much attention to the problems of labour protection in sewers.

To prevent accidents, representatives of various enterprises and inter-
national labour protection organizations issue short reminder bulletins. For 
example, the Occupational Safety and Health Administration – OSHA, which 
deals with occupational safety and disease prevention, in 2016 published the 
bulletin “Best Practices to Guard Against Hydrogen Sulde in the Workplace”, 
which contains the following questions [22]:

• sources of hydrogen sulfide and its derivatives;
• hydrogen sulfide concentrations and possible adverse effects;
• consequences of poisoning;
• methods and devices for determining hydrogen sulfide concentrations;
• personal protective equipment;
• first aid measures.

Other companies distribute similar products (newsletters, reviews, bro-
chures) to raise awareness among employees and train employees [23-36].

In general, foreign experts note similar problems in labour protection 
during the operation of water supply and sewer [36, 37]: the danger of hy-
drogen sulfide and other gaseous compounds, lack of oxygen, psychological 
discomfort, viruses and bacteria, and so on.
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Foreign experts also pay attention to the presence of toxic gases in the re-
servoirs, but they emit hydrogen sulfide and carbon monoxide and methane. 
Particular attention is paid to the distribution of these gases in the atmosphe-
re of the collectors, as different gases accumulate at varying levels of sewers. 
During work, a person who has not descended deep enough may not smell 
hydrogen sulfide because it is heavier and lower, fatal. As means of personal 
protection in addition to gas masks, foreign experts recommend the use of 
oxygen respirators of various designs [31].

In some cases, the employee has a so-called personal alarm, which can 
give signals shortly after the person loses mobility (usually 20 seconds). The-
refore, anyone entering the confined space should wear this particular device 
to ensure timely rescue [38].

The bulletin, published by the National Health and Safety Administration 
in Canada, proposes that gas monitors with audible alarms sensitive to low 
hydrogen sulfide levels should be installed [39].

Thus, analyzing all of the above, we can determine that the leading caus-
es that affect the number of accidents in sewer networks -non-use or absence 
of personal protective equipment, safety and protective equipment, the un-
satisfactory condition of ventilation systems in sewerage facilities; deficient 
organization of repair and emergency works on sewer structures, namely: 
admission to work of employees without appropriate training on labour pro-
tection, without registration of the order-admission, non-compliance with 
instructions on labour protection and work with gross violations of labour 
safety requirements; lack of training sessions at water supply and sewer en-
terprises, etc. The largest number of accidents at the enterprises of water sup-
ply and sewer facilities falls on sewer wells due to the high gas content of the 
latter. The leading cause of death in sewers – poisoning by so-called “sewer” 
gases – hydrogen sulfide, carbon monoxide, ammonia and methane.

The dynamics of gassiness of sewer structures in the city of Kharkiv was 
analyzed, and it was found that in almost all surveyed areas, the hydrogen 
sulfide content exceeds the maximum allowable concentration of the wor-
king area. 

To reduce the incidence of injuries at sewer facilities, water supply and 
sewer workers should be provided with means of communication, such as 
walkie-talkies, and in some cases, “personal alarms” to signal in case of 
immobilization. 
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Work-related to the descent of workers into sewers and chambers is dan-
gerous and requires caution and strict compliance with labour protection 
requirements. To prevent the death of workers and reduce injuries, compre-
hensive technical and organizational measures should be taken to ensure oc-
cupational safety during inspections and maintenance of the sewer system.

Bibliography
1. Drozd G.Ya., Zotov N.I., Maslak V.N.: Sewer pipelines: reliability, diag-

nostics, remediation, IEP NAS of Ukraine, Donetsk, 2000. 
2. Goncharenko D.F., Korinko I.V.: Repair and restoration of sewer ne-

tworks and structures, Rubicon, Kharkov: 1999.
3. Kofman V.Ya.: Hydrogen sulfide and methane in sewerage networks, 

“Water supply and sanitation”, 2012, No. 11, P. 72-78.
4. Yurchenko V.A.: Development of scientific and technological bases of 

operation of constructions of the sewerage in the conditions of bioche-
mical oxidation of inorganic connections: thesis of D.Sc. in engineering: 
05.23.04. KhHTUSA. Kharkiv, 2007. 426 p.

5. Guidotti T.L.: Hydrogen Sulfide: Advances in Understanding Human 
Toxicity, «International Journal of Toxicology», 2016, 15, Р. 1-13.

6. Brygada O.V.: Monitoring of parameters of operation of water removal 
constructions from reinforced concrete, Kharkov, KNUCA, 2013.

7. Yurchenko V.O., Brigada O.V., Lebedeva O.S.: Determination of the ave-
rage annual concentration of hydrogen sulfide in sewer pipelines and 
gaseous emissions from them into the atmosphere, “Environmental safe-
ty and nature management”, No. 3-4 (24), 2017 Pp. 29-38.

8. Iurchenko V., Sierohlazov V., Melnikova O., Bryhada O., Mykhailova 
L.: Hydrogen Sulphide in Industrial Enterprises Water Management In-
frastructure – The Factor of Chemical and Microbiological Corrosion 
Concrete Degradation of Water Facilities, «Problems of Emergency 
Situations: Materials and Technologies II», Materials Science Forum, 
2021, Vol. 1038, P. 401-406.

9. Statistics of occupational injuries for the day (2018-2019): website of 
the State Labor Service of Ukraine. URL: http://dsp.gov.ua/statystychni-
dani-vyrobnychoho-travmatyzmu-za-dobu-2018/

10. Emergency near the memorial: four communal workers were killed. Me-
diaPort. URL: https://www.mediaport.ua/chp-vozle-memoriala-pogibli-
chetvero-kommunalshchikov

11. Death in the sewers. In the Donetsk region, two workers died while 
cleaning the sewer. URL: https://www.ostro.org/donetsk/society/news/ 
424186/.



246 Olena Bryhada

12. The State Labor Service initiates preventive safety measures during the 
operation of water supply and sewer enterprises. URL: https://www.sop.
com.ua/ news/234-derzhpratsi-initsijuye-provedennja-preventivnikh

13. Terrible death: in the Crimea, workers suffocated in the sewers. URL: 
https://www.segodnya.ua/ regions/krym/zhutkaya-smert-v-krymu-rabo-
chie-zadohnulis-v-kanalizacii-647169.html

14. In India, an attempt to clean the hotel’s sewer system killed seven people. 
URL: https://inshe.tv/proisshestviya/2019-06-16/445517/.

15. Manual scavenging: death toll of Indian sewer cleaners revealed. URL: 
https://www.theguardian.com/ world/2018/sep/19/death-toll-of-indian-
sewer-cleaners-revealed-for-first-time

16. A communal worker died in Rivne Region due to toxic emissions: two 
more were hospitalized. URL: https://narodna-pravda.ua/2019/08/31/
na-rivnenshhini-zaginuv-komunalnik-cherez-otrujni-vikidi-shhe-dvoh-
gospitalizuvali/

17. On the state of injuries, labor protection and industrial safety at the 
enterprises of water supply and sewer. URL: http://rda-m-p.gov.ua/
novini/ pro-stan-travmatizmu-ohoroni-praci-ta-promislovoi-bezpeki-na-
pidpriemstvah-vodoprovidnokanalizacijnogo-gospodarstva/

18. Contractors Working in Sewer Found Dead, but Cause Unclear. URL: 
https://www.usnews.com/news/best-states/pennsylvania/articles/2019-
07-11/2-contractors-working-in-sewer-found-dead-but-cause-unclear.

19. “They wanted to pull one out and fainted”: what is known about the death 
of communal workers in Kharkiv. URL: https://suspilne.media/172399-
na-kongresi-kulturi-u-lvovi-procitali-monologi-pro-najvazlivise-pamati-
miska-barbari/

20. News of Ternopil. The bodies of two men were found in sewer collector in 
Ternopil Region. URL: https://te.20minut.ua/Podii/u-kanalizatsiynomu-
kolektori-na-ternopilschini-znayshli-tila-dvoh-chol-11312112.html

21. Tomakov M.V., Tomakov V.I., Bokinov D.V., Bogatyrev P.S.: Investiga-
tion of the causes and prevention of death of workers servicing sewer 
systems, "Bulletin of the South-West State University", 2012, No. 6 (45 ), 
Pp. 111-118.

22. Best Practices to Guard Against Hydrogen Sulfide in the Workplace. 
URL: https://www.totalsafety.com/ wp-content/uploads/2016/09/Best-
Practices-to-Guard-Against-Hydrogen-Sulfide-in-the-Workplace.pdf.

23. OSHA official website. URL: https://www.osha.gov/.
24. Hydrogen Sulfide Awareness Program. Winger Companies Safety & He-

alth Manual, 2017. 8 р.



Features of labor safety during the operation of sewer networks 247

25. Toxicological review of hydrogen sulfide. In Support of Summary Infor-
mation on the Integrated Risk Information System. U.S. Environmental 
Protection Agency. Washington, 2003. 74 р.

26. Ambient Air Guidelines for Hydrogen Sulfide, «Environmental & Oc-
cupational Health Program Division of Environmental Health Maine 
Center for Disease Control & Prevention Maine Department of Health 	
& Human Services», 2006. 15 р.

27. Workplace Health and Safety. Bulletin. URL: https://open.alberta.ca/
dataset/91b7ed98-abc3-4267-a71b-304e68d11f78/ resource/689ff88d-
54a2-4d65-9d69-7e3103b67e07/download/whs-pub-ch029.pdf

28. Hydrogen Sulfide Safe Work Practice (SWP). URL: https://hssestorage.
blob.core.windows.net/filescontainer/ GoM/Documents/ Hydrogen%20
Sulfide%20(H2S).pdf.

29. Guidelines for Safely Entering and Cleaning Vessel Sewage Tanks. URL: 
https://www.osha.gov/ Publications/OSHA_FS_3587.pdf.

30. Confined Spaces in Construction: Sewer Systems. URL: https://www.
osha.gov/Publications/OSHA3789.pdf.

31. Prevention of gas poisoning in drainage work, «Occupational Safety and 
Health Branch», Labour Department, 2007, 30 р.

32. Standard Operating Procedure (SOP) for Cleaning of Sewers and Septic 
Tanks. Central Public Health and Environmental Engineering Organiza-
tion (CPHEEO). Ministry of Housing and Urban Aairs Government of 
India, 2018. 32 р.

33. Wastewater Treatment Plant Occupational Health and Safety Bulle-
tin. URL: https://d3n8a8pro7vhmx.cloudfront.net/cupebcvotes2014/
pages/1551/at tachments/or iginal /1457451862/Wastewater_Treat-
ment_Plant_-_CUPE_ Occupational_Health_and_ Safety_Bulletin.
pdf?1457451862

34. Workplace Exposure Standard (WES) review. Hydrogen sulphide. New 
Zealand. Wellington, 2018. 28 р.

35. Shafik S.A., Hanaaabdelgawadabdelmegeed, Saad A.M., Rania Abd El 
Mohsen Abo Elnour: Occupational Health Hazards among Workers in 
Sewage Treatment Plants in Beni-Suef Governorate, «Journal of Nursing 
and Health Science», 2019. Vol. 8. Issue 1. Ver. I. P. 4-14.

36. Elwood M.: The Scientific Basis for Occupational Exposure Limits for 
Hydrogen Sulphide – A Critical Commentary, «International Journal of 
Environmental Research and Public Health», 2021. 18, 1-17.

37. Jaiswal A.: Sewage Work and Occupational Health Hazards: An Anthro-
pological Insight, «Archaeology & Anthropology: Open Access», 2018, 



248 Olena Bryhada

Vol. 2, Issue 3.Р. 211-217.
38. Sewerage manual. Key Planning Issues and Gravity Collection System. 

Drainage services department. Government of the Hong Kong Special 
Administrative Region, 2013. 107 р.

39. Hydrogen Sulfide. Health and safety fact sheet, «Cupe health & safety». 
URL: https://cupe.ca/hydrogen-sulfide.

CECHY BEZPIECZEŃSTWA PRACY PODCZAS 	
EKSPLOATACJI SIECI KANALIZACYJNYCH 

Streszczenie
Obsługa urządzeń odprowadzających wodę w trakcie przeprowadzania prac awaryj-
no-naprawczych lub eksploatacyjnych stanowi ważny element utrzymania terenów 
zurbanizowanych. Największe zagrożenie przy eksploatacji i naprawach systemów 
kanalizacyjnych stanowią toksyczne gazy powstające w kolektorach kanalizacyj-
nych – siarkowodór, metan, tlenek węgla itd. Pracownicy obsługujący instalacje ka-
nalizacyjne powinni ściśle przestrzegać zasad bezpieczeństwa pracy, aby uniknąć 
zatrucia szkodliwymi gazami co może doprowadzić do wypadków śmiertelnych. 
Przy przeprowadzaniu zarówno prac planowych jak i awaryjno-naprawczych w sie-
ciach kanalizacyjnych, co roku mają miejsce wypadki śmiertelne na całym świecie. 
W pracy scharakteryzowano zagrożenia dotyczące zagazowania kolektorów kanali-
zacyjnych pod względem stężenia siarkowodoru, w tym ryzyka emisji gazów z szy-
bów i studni kanalizacyjnych dla środowiska miejskiego na przykładzie danych dla 
miasta Charkowa. Do podstawowych przyczyn wpływających na stan zagrożenia 	
w ujęciach kanalizacyjnych można zaliczyć: niezastosowanie lub brak środków 
ochrony indywidualnej, brak wyposażenia w środki prewencyjne i ochronne, nieza-
dowalający stan systemów wentylacyjnych w sieciach kanalizacyjnych, niestosowa-
nie się do wymogów instrukcji ochrony pracy oraz wykonywanie prac z poważnymi 
naruszeniami wymogów bezpieczeństwa pracy; brak kursów szkoleniowo-trenin-
gowych w przedsiębiorstwach gospodarki wodociągowo-kanalizacyjnej itd. W celu 
zmniejszenia ilości potencjalnych zagrożeń i ich skutków w sieciach kanalizacyj-
nych, pracowników gospodarki wodociągowo-kanalizacyjnej należy wyposażyć 	
w specjalistyczne środki łączności, a w szczególnych przypadkach w „osobiste syg-
nały alarmowe” do przekazywania sygnału w przypadku unieruchomienia. Jako 
środki ochrony indywidualnej zalecane jest stosowanie nie masek przeciwgazowych 
lecz tlenowych aparatów oddechowych

Słowa kluczowe: bezpieczeństwo pracy, sieci kanalizacyjne, urazy, gazy ściekowe, 
siarkowodór.
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