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ABSTRACT 

Introduction: Although most of the Slovak population employs 

public water supplies, there are rural areas with dominant use 

of individual wells. Heavy metals are quite common contami-

nants of well water and can potentially affect human health. 

Aim: he study analyses levels of manganese (Mn), copper (Cu) 

and lead (Pb) and studies possible temporal variability of these 

elements in well water one year apart. 

Sample and methods: The study was realized in Korňa village 

and included 15 wells. Water samples were collected in a period 

of two subsequent years in May 2018 and May 2019. The levels 

of Mn, Cu and Pb were determined by atomic absorption spec-

troscopy with graphite furmance GF AAS. The measured re-

sults were complemented by self-administered questionnaire 

data on well maintenance, water use and its quality monitoring. 

Results: Median Mn level in 2018 was 8.9 µg/l. Parametric 

value for manganese was exceeded in 3 samples. In 2019 me-

dian Mn level was 11.0 µg/l. Parametric value (PV) was ex-

ceeded in 2 samples. Median copper level in 2018 was 9.6 µg/l 

and in 2019 13.3 µg/l. In 2019 PV for Cu was exceeded in one 

sample. Median Pb level in 2018 was 4.8 µg/l and one sample 

exceeded PV. In 2019, median Pb level was 4.1 µg/l. Effect of 

weather patterns on heavy metals' levels was insignificant.  

Conclusions: Heavy metal contamination of well water presents 

a potential thread of human health. Proper and regular well 

stewardship play an important role in prevention of potential 

health impact. 
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ABSTRAKT 

Úvod: Hoci väčšina slovenskej populácie využíva verejné 

zdroje vody, existujú vidiecke oblasti, kde sa väčšinovo použí-

vajú individuálne studne. Ťažké kovy sú častými kontaminan-

tmi studničnej vody a predstavujú potenciálne ohrozenie zdra-

via ľudí. 

Cieľ: Štúdia analyzuje hladiny mangánu (Mn), medi (Cu) 

a olova (Pb) a sleduje ich možnú časovú variabilitu v studničnej 

vode v priebehu jedného roka. 

Vzorky a metódy: Štúdia sa realizovala v obci Korňa a zahŕňala 

15 studní. Vzorky vody sa zhromažďovali v období dvoch na-

sledujúcich rokov v máji 2018 a máji 2019. Hladiny Mn, Cu 

a Pb sa zisťovali atómovou absorpčnou spektroskopiou s grafi-

tovou pieckou GF AAS. Namerané výsledky sa doplnili dotaz-

níkovými údajmi od majiteľov o údržbe studní, spôsobu použi-

tia vody a monitorovania jej kvality. 

Výsledky: Medián hladiny Mn v roku 2018 bol 8,9 µg/l. Para-

metrickú hodnoty prekračovali tri vzorky. V roku 2019 bol me-

dián hladiny Mn 11,0 µg/l. Parametrickú hodnoty prekračovali 

dve vzorky. Medián hladiny Cu v roku 2018 bol 9,6 µg/l v roku 

2019 13,3 µg/l. V roku 2019 parametrickú hodnotu pre Cu pre-

kračovali dve vzorky. medián hladiny Pb v roku 2018 bol  

4,8 µg/l a jedna vzorka prekračovala parametrickú hodnotu. 

V roku 2019 bol medián hladiny Pb 4,1 µg/l. Vplyv počasia na 

hladiny ťažkých kovov sa nepreukázal ako signifikantný. 

Závery: Kontaminácia studničnej vody ťažkými kovmi predsta-

vuje potenciálne ohrozenie zdravia ľudí. Dôkladná a pravidelná 

údržba hrá významnú úlohu v prevencií možných dopadov na 

zdravie. 

 

Kľúčové slová: Ťažké kovy. Kontaminácia vody. Studničná 

voda. 

 

 

INTRODUCTION 

Although more than 90 % of Slovak population 

is supplied by public water supplies, individual 

sources (wells) are quite common, similarly, as in 

other European countries [1]. It applies namely for 

rural areas, where hilly terrain represents a problem 

with further construction of public water supply´s 

infrastructure. However, the water quality monitor-

ing is left on their owners [2] and experience has 

shown that most of them do not analyze well water 

quality regularly and there are also problems with 

an appropriate stewardship [3].  

Heavy metals include over 50 elements. Some of 

them such as copper and chromium are essential for 

a human metabolism. On the other hand, there are 

ones being toxic even in low levels and their chronic 

exposure can be associated with health disorders [4-

6]. 

Individuals are most likely exposed to heavy 

metals through water consumption. Water can be 

polluted either by naturally occurring metals in 

earth crust or by anthropogenic pollution [7, 8]. A 

secondary water pollution in the water supply sys-

tem can present another problem due to adverse hy-

draulic conditions of the network, combined with 

pipelines ageing or chemical instability of water. 

Such events can lead to formation of sediments 
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providing a reservoir of accumulation of toxic sub-

stances, including also heavy metals. [8].  
 

GOALS 

The aim of the study was to analyze levels of 

manganese (Mn), copper (Cu) and lead (Pb) in well 

water in northwest Slovakia. We also analyzed in-

terannual variability of these heavy metals. 
 

METHODS 

Water samples from the private wells were col-

lected in a period of two subsequent years in the vil-

lage of Korňa, which is unique by its settlement and 

frequent use of private wells. The first sampling was 

realized in May 2018 and the second one in May 

2019.  

The village of Korňa (18 ° 32'10 "E, 48 ° 24'42" 

N) is situated in northwest Slovakia (Figure 1) hav-

ing a population of 2057 inhabitants and is typical 

for its 36 traditional dispersed settlements called 

“kopanice“ or “osady“. They are situated mostly in 

higher elevations of valleys or mountains, not close 

to a community. The public water supply has been 

established in 2012. However, especially individu-

als living in remoted dispersed settlements has only 

limited access to this and are depended on their pri-

vate wells. In 2018, only 78.3 % of inhabitants were 

connected to the public water supply. 

Geotechnical profile of the studied area is built 

by flysch layers, made up of sandstones, claystones 

and clayshales. The previous geochemical studies in 

the area confirmed higher levels of manganese in 

ground water with relatively high variability. The 

village is known by its open natural oil-gas seepage 

(protected natural heritage of Slovakia). 

The prevailing wind in the Korňa has northwest 

direction. There are no significant industrial pollu-

tion sources close to the area. On the other hand, 

possible air pollution from nearby Moravian-Sile-

sian Region cannot be omitted. 

 

 
 

Figure 1. Location of the village of Korňa 

Meteorological characteristics: 

The village of Korňa belongs to a slightly warm, 

very wet to cold climate zone [9]  

1st data collection (May 2018): The temperatures 

in a winter and spring were highly about the aver-

age. In April, dry season started. The rain started 

one days after the water sampling. 

2nd data collection (May 2019): The first winter 

months to the first part of January got a lot of snow-

fall; the temperature was in normal. From the Janu-

ary significant dry season started. The rain season 

started one week after the water sampling.  
 

Samples 

Data collection started in May 2018. To guaran-

tee the owners ‘privacy, the samples were taken by 

the owners themselves with the assistance and su-

pervision of the activists trained beforehand. The 

well owners received from the activists information 

leaflet including all information about the project 

together with respective contacts, sterile polyeth-

ylene bottles and the complementary questionnaire. 

Both, the sample container, and the questionnaire 

were labelled with the same identification code.  

The samples were collected in 250 ml sterile pol-

yethylene bottles. Immediately before sample tak-

ing, water was run for 1 to 5 minutes and then the 

bottles were rinsed three times with the water. If the 

water was sampled directly from the well, the string 

was attached to the bottle neck. Subsequently, the 

bottle was filled up to 2/3 of the maximum volume, 

shaken and poured them out. Then, the bottle was 

fully filled with the water up to the edge. All the 

samples were transported to the laboratory within 

24 hours.  

In the laboratory, 67 – 69 % of trace metal grade 

HNO3 was added into the samples (500 µl of HNO3 

in 100 ml of well water) and afterwards each sample 

was filtered by cellulose filtration paper. The levels 

of the Mn, Cu and Pb were determined by atomic 

absorption spectroscopy with graphite furnace GF 

AAS (AAS GBC XplorAA 5000 with GBC GF 

5000) equipped with hollow cathode lamps. Argon 

was used for the inert gas flow and deuterium lamp 

was employed for the background correction. The 

chemicals for the experiments were in a high purity 

grade. For the Pb analysis we used 1 % Pd modifier. 

We used ultrapure water Type 1 (UPV H2O) with 

resistance 18.2 MΩ.cm for the blank, standards 

preparations and water dilutions. All the containers 

used  for  the laboratory  analysis  were  washed up 
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Table 1 Specific parameters for the analysis of selected heavy metals 

Element 
Hollow cathode lamp 

(wavelength, current) 
Std. level1 

2018 2019 

LOD2 LOQ3 LOD LOQ 

Mn 279.5 nm, 5 mA 6 µl/l 0.1 µg/l 0.4 µg/l 0.4 µg/l 1.2 µg/l 

Cu 175.0 nm, 4 mA 24 µg/l 0.4 µg/l 1.0 µg/l 1,3 µg/l 3,9 µg/l 

Pb 217.0 nm, 5 mA 26 µl/l 1.2 µg/l 4.0 µg/l 1.0 µg/l 3.35 µg/l 
Legend: 1Std. concentration standard concentration, 2LOD limit of detection, 3LOQ limit of quantitation 
 

with ultrapure water, subsequently sank in a trace 

metal grade HNO3 for a day and then rinsed with 

UPV H2O. The calibration solutions standards were 

acidified by trace metal grade HNO3 to the same 

levels of concentration as the samples. Table 1 

shows specific parameters of the heavy metals´ 

analysis 

The measured levels were complemented by 

questionnaire data on numbers of potentially ex-

posed persons in household, well design and its con-

struction characteristics, well maintenance fre-

quency, well water use and the water quality moni-

toring. Levels of heavy metals were compared with 

parametric values (PV) given in in the Resolution of 

the Ministry of Health of Slovak Republic No. 

247/2017 Coll. corresponding to Annex I to Di-

rective 98/83/EC on the quality of water intended 

for human consumption. In addition, levels of man-

ganese were also compared with PV 200 µg/l given 

in the Resolution of the Ministry of Health of Slo-

vak Republic No. 247/2017 Coll. This PV applies 

for the areas with high natural occurrence of man-

ganese in the earth crust.  

The measured levels were graphically expressed 

as decadic logarithms. 
 

RESULTS 

We analyzed 15 well water samples and question-

naires. As much as 62 individuals used the well wa-

ter, including 9 children. Most of them (80 %) used 

the water for drinking. Median usage of the wells 

was 27 years. Majority of them (73.3 %) were dug 

and only 4 owners used a filtration system. Only 

around half of them realized inspection of water 

well system annually; three owners never inspect 

their system. More than a quarter (26.7 %) realized 

at least one water quality testing since the start of 

the well´s operation (Table 2). 
 

Manganese 

We quantified manganese in 15 samples. Median 

level in 2018 was 8.9 µg/l, maximum was 805.0 

µg/l. Parametric value (PV) in drinking water 50 

µg/l was exceeded in 3 samples. Three samples  

exceeded the Slovak PV for manganese (200 µg/l), 

2 of them were used for drinking. In 2019, the me-

dian was 11.0 µg/l and maximum 295.3 µg/l (Table 

3). PV for manganese in drinking water 50 µg/l ex-

ceeded 2 samples and only one sample exceeded 

Slovak PV 200 µg/l. To summarize, from 3 initial 

samples exceeding PV 50 µg/l, all of them were be-

low the PV after the second analysis. On the other 

hand, from three initial levels exceeding PV 200 

µg/l, only one sample did not meet after the subse-

quent analysis the PV. We registered declined levels 

in 11 samples. The deepest decrease was by 801.8 

µg/l. In 4 samples we noticed an increase. All these 

samples were in 2018 below manganese PV (50 

µg/l), but two of them reached levels over PV in 

2019 (Fig. 2). 
 

Copper 

We quantified copper in all 15 samples. Median 

level in 2018 was 9.6 µg/l and maximum was  

641.6 µg/l. None of the samples exceeded PV for 

cooper in drinking water (Table 3). On the other 

hand, median level in 2019 raised to 13.3 µg/l. and 

maximum was 3442.0 µg/l. This maximum level 

was the only one event, when PV for cooper was 

exceeded. An increase of concentration in this sam-

ple was by 3435.0 µg/l resp. 491.7 times higher in 

comparison with initial level. Water from this well 

was used for drinking and has been operating for 34 

years. In general, levels raised in 11 samples  

(73.3 %) and only 2 of them increased in more than 

100 % (7.0 µg/l to 3442.0 µg/l; 9.7 µg/l to  

145.2 µg/l). We noticed in one sample decrease 

from 641.6 µg/l to 13.3 µg/l.  
 

Lead 

We quantified lead only in 7 water samples in 

2018. Median level was 4.8 µg/l and maximum was 

20.0 µg/l. One sample exceed PV 10.0 µg/l of lead 

in drinking water (Table 3). The respective well was 

used for 40 years for garden watering. After a year 

we quantified 11 samples with levels higher than 

LOQ. Median level was 4.1 µg/l. Maximum in 2019 

was  8.9 µg/l,  none  sample  exceeded  Pb  PV. The  
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Table 2 Selected characteristics of private well water supply 

 
Table 3 Measured manganese, copper and lead levels in well water samples in 2018 and 2019 

Parameter 
Mn Cu Pb 

2018 2019 2018 2019 2018 2019 

˃LOQ (No)1 15 15 15 15 7 11 

average (µg/l) 151.5 46.8 54.1 250.9 7.0 5.0 

geo. mean2 (µg/l) 25.8 15.9 13.9 22.3 5.9 4.7 

min.3 (µg/l) 2.9 3.2 5.4 8.4 4.4 3.4 

25. percentile 5.8 4.3 11.5 4.7 4.7 3.8 

median (µg/l) 8.9 11.0 9.6 13.3 4.8 4.1 

75. percentile 114.7 38.8 18.8 19.8 5.2 5.6 

max.4 (µg/l) 805.0 295.3 641.6 3442.0 20.0 8.9 

>PV (No) 5  6 3 0 1 1 0 

Legend: 1Number of samples above limit of quantitation; 2Geometric mean (µg/l); 3Minimum. (µg/l); 4Maximum (µg/l);5 Number 

of samples exceeding parametric value given in in the Resolution of the Ministry of Health of Slovak Republic No. 247/2017 

 

 
Figure 2 Manganese levels in Korňa village in 2018 and 2019 

Characteristics Categories Korňa (N=15) 

Type of well 
drilled 4 

dug 11 

Well water components filtration system 4 

Inspection of water well system 

annually 6 

every few years 6 

never 3 

Water testing at least once 4 

Well water use 

drinking 12 

well water only 3 

bottled and well water 9 

watering 7 

personal hygiene 10 

log PV 50 µg/l log PV 200 µg/l 
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sample reaching 20.0 µg/l in 2018 decreased to the 

unquantified level in 2019. 
 

DISCUSSION 

Water quality depends on hydro-chemical char-

acteristics of the area [10]. The selected area is not 

classified as an anthropogenic polluted one, but it is 

characterized by higher levels of manganese (Mn) 

in a geological substratum [11]. Moreover, Mn lev-

els in groundwater may vary over time, especially 

when water from the unconfined aquifer mixes with 

water from the upper confined aquifer [12]. There-

fore, PV 200 µg/l is required (the limit can be ap-

plied only when the sensory water quality parame-

ters are not changed) while drinking water health 

risk assessment. We detected in May 2018 three 

samples exceeding Slovak PV for Mn in drinking 

water, two of them were used for drinking  

(463.9 µg/l, 660.0 µg/l). Here we can see a problem 

with Mn overexposure and its possible health ef-

fects. Several studies stated that chronic low-level 

exposure to Mn affects neurobehavioral functions, 

especially in children [6, 13]. Therefore, the situa-

tion deserves an attention.  

Hydrogeological survey in the given area did not 

confirmed disturbing levels of copper (Cu) in the 

environment [14]. It corresponds with our results as 

none of the water samples exceeded the PV in 2018. 

The increased Cu level in 2019 can by caused by 

anthropogenic contamination by a fungicide agent 

or by a release of copper from materials used in 

plumbing [15]. However, median usage of wells 

was 27 years, so ageing of water system can play an 

important role, too [16].  

The negative health effects of lead (Pb) can oc-

cur while drinking contaminated water [4, 5]. Simi-

larly, individuals using well water for watering their 

fruit and vegetable are at risk, too [17]. Although 

levels of Pb were normal except one sample exceed-

ing PV (20.0 µg/l) [18], we should pay attention to 

the situation considering recently adopted revised 

Directive EU 2020/2184. This Directive, taking into 

account current body of knowledge, defines border-

line of abnormal Pb values much more rigorously (5 

µg/l) [19]. According to this two wells would not 

meet PV in 2018 and four in 2019. There are several 

factors which can have an impact on Pb levels in 

well waters. Firstly, Korňa village is famous by its 

natural spills of crude oil [20]. Previous research on 

Pb isotopes confirmed, that the element occurs in 

parents’ rocks and its higher levels can be found in 

upper layers of soil [21]. Secondly, Pb can release 

into the well water from pure lead pipes, galvanized 

iron pipes, lead solders or other piping materials 

containing lead, especially when they corrode [22]. 

Therefore, a regular maintenance of the well is rec-

ommended (at least once a year) [3, 17]. Unfortu-

nately, only around half of well owners do the in-

spection annually. Tertiary, as the previous studies 

confirmed, higher levels of Mn in well water may 

result in a Pb release from the water system [23]. 

Therefore, we should make efforts to eliminate pos-

sible health risks through targeted preventive 

measures such as using appropriate materials for 

plumbing and providing proper maintenance of the 

system. 

Several studies described seasonal variation in 

heavy metals levels [24-26]. Our analysis did not 

confirm any variations in Mn or Cu levels between 

2018 and 2019. Climatic conditions were from win-

ter 2018 to May 2019 similar and the changes in pre-

cipitation or temperature could not affect these lev-

els. On the other hand, we noticed the significant 

decrease of extreme Mn levels. We suppose it as an 

effect of preventive measures after the first testing 

in May 2018. We recommended all the owners with 

exceeded Mn PV to get a manganese filters. 

Changes in water quality can also depend on fre-

quency and intensity of water pumping [27]. Alt-

hough Cu levels in 73.3% samples increased, me-

dian Cu levels between 2018 and 2019 were not sig-

nificantly altered. However, the weather patterns in 

the studied period were similar and we did not sup-

pose higher demand on water. Therefore, changes in 

physicochemical processes in the water system can 

explain the increase [28]. We informed the well 

owner after the first analysis about changes in sen-

sory parameters as well as risk of corrosion in the 

system. Reverse osmosis can be considered as an ef-

fective and not expensive tool to lower Cu levels 

[29]. 

Our study has two limitations. Firstly, number of 

samples were relatively small. Some wells in dis-

persed settlements of Korňa are very old, build and 

used without appropriate permission so the inhabit-

ants felt worried about possible sanctions. Secondly, 

we undertook well water sampling only twice – 

spring 2018 and spring 2019. Both sampling periods 

were in terms of hydrometeorological conditions 

similar regarding temperature and precipitation.  

Eventually, our analysis pointed out that heavy 

metals levels in well water vary across time and  
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repeated measurements are needed to obtain a relia-

ble picture on the actual situation. The results fur-

ther indicate that an appropriate stewardship rather 

than weather conditions determines this variability. 

Therefore, knowledge and attitudes of wells’ own-

ers plays an important role. Namely, campaigns or-

ganized in occasion of the World Water Day (22 

March) would be better focused on these issues and 

to increase public awareness on a significance of 

low level concentrations of heavy metals. 
 

REFERENCES 

[1] WHO Regional Office for Europe. Small-scale 

water supplies in the pan-European region 

[online]. Copenhagen, 2011 [cit. 2021 October 

25]. Available at: https://www.google.sk/ 

search?q=Small-scale+watersupplies+in+the-

pan-Europeanregion&ie=utf-8&oe=utf-8&cli-

ent=firefox-b-ab&gfe_rd=cr&dcr=0&ei= 

fGzKWfXzMKPi8Afl2bOwCA 

[2] Council Directive 98/83/EC of 3 November 

1998 on the quality of water intended for human 

consumption [online]. Luxembourg: The Coun-

cil of the European Union [cited 2021 October 

25]. Available at: http://eur-lex.europa.eu/ 

[3] VALOVIČOVÁ Z, MICHALKOVÁ K, 

GUBKOVÁ D. Zdravá pitná voda z vlastnej 

studne. Bratislava: Národné referenčné centrum 

pre pitnú vodu, 2017. ISBN 978-80-7159-231-

0. 

[4] TCHOUNWOU P.B., YEDJOU C.G., PAT-

LOLLA A.K. et al. Heavy metal toxicity and the 

environment. Exp Suppl. 2012; 101: 133-164. 

[5] WANI A.L., ARA A., USMANI J.A. Lead tox-

icity: a review. Interdiscip Toxicol. 2015; 8 (2): 

55-64. 

[6] BOUCHARD M.F., SURETTE C., CORMIER 

P. et al. Low level exposure to manganese from 

drinking water and cognition in school-age chil-

dren. Neurotoxicology. 2018; 64: 110-117. 

[7] JAMSHAID M., KHAN A.A., AHMED K. et 

al. Heavy metal in drinking water its effect on 

human health and its treatment techniques - 

a review. Int J Biosci. 2018; 12 (4): 223-240.  

[8] SCHOCK M., CANTOR A., TRIANTA-

FYLLIDOU S. et al. Importance of Pipe Depo-

sits to Lead and Copper Rule Compliance. JO-

URNAL AWWA. 2014; 106 (7): E336-E349. 

[9] Klimatický atlas. SHMÚ [online]. Slovenský 

hydrometeorologický ústav; 2015. [cited 2021 

October 25]. Available at: 

https://klimat.shmu.sk/kas/ 

[10] KUMAR M., KUMARI K., SINGH UK. et 

al. Hydrogeochemical processes in the groun-

dwater environment of Muktsar, Punjab: con-

ventional graphical and multivariate statistical 

approach. Environ Geol. 2009; 57: 873-884. 

[11] CVEČKOVÁ V., FAJČÍKOVÁ K., RA-

PANT S. Vplyv geologickej zložky životného 

prostredia na zdravotný stav obyvateľstva Slo-

venskej republiky. Bratislava (SVK): Štátny 

geologický ústav Dionýza Štúra; 2016; p. 8-49 

(In Slovak) 

[12] AYOTTE J.D., SZABO Z., FOCAZIO M.J. 

et al. Effects of human-induced alteration of 

groundwater flow on concentrations of natu-

rally-occurring trace elements at water-supply 

wells. Appl Geochemistry. 2011; 26 (5): 747-

762. 

[13] SCHULLEHNER J., THYGESEN M., 

KRISTIANSEN S.M. et al. Exposure to Man-

ganese in Drinking Water during Childhood and 

Association with Attention-Deficit Hyperacti-

vity Disorder: A Nationwide Cohort Study. En-

viron Health Perspect. 2020; 128 (9): 97004. 

[14] CVEČKOVÁ V., FAJČÍKOVÁ K., RA-

PANT S. Vplyv geologickej zložky životného 

prostredia na zdravotný stav obyvateľstva Slo-

venskej republiky. Bratislava (SVK): Štátny 

geologický ústav Dionýza Štúra; 2016; p. 29 (In 

Slovak) 

[15] WHO, World Health Organization. Copper 

in the Drinking Water [online]. Geneva, 2011 

[cit. 2021 October 25]. Available at: 

http://www.who.int/water_sanitation_he-

alth/dwq/chemicals/copper.pdf. 

[16] TANG M., BUSE H.Y., LYTLE D.A. et al. 

How to Prevent Copper Corrosion in Drinking 

Water Pipes. Opflow. 2021; 47 (7): 20-23. 

[17] MOUSAVI S.R., BALALI-MOOD M., 

RIAHI-ZANJANI B. et al. Concentrations of 

mercury, lead, chromium, cadmium, arsenic 

and aluminum in irrigation water wells and 

wastewaters used for agriculture in Mashhad, 

northeastern Iran. Int J Occup Environ Med. 

2013; 4 (2): 80-86. 

[18] CVEČKOVÁ V., FAJČÍKOVÁ K., RA-

PANT S. Vplyv geologickej zložky životného 

prostredia na zdravotný stav obyvateľstva Slo-

venskej republiky. Bratislava (SVK): Štátny 



Zdravotnícke listy, Ročník 10, Číslo 4, 2022                                                                                                                                  ISSN 2644-4909 

 

PÔVODNÉ PRÁCE / ORIGINAL WORKS   
12 

geologický ústav Dionýza Štúra; 2016; p. 31 (In 

Slovak) 

[19] Directive (EU) 2020/2184 of the European 

Parliament and of the Council of 16 December 

2020 on the quality of water intended for human 

consumption (recast)  

[20] MILIČKA J., MACEK J. Historical and 

geochemical outlines of the oil-gas seepage 

near Turzovka town; Flysch belt, NW Slovakia. 

Acta geologica Slovaca. 2012; 4 (1): 7-13. 

[21] OSUJI L.C., ONOJAKE C.M. Trace heavy 

metals associated with crude oil: A case study 

of Ebocha‐8 Oil‐spill‐polluted site in Niger 

Delta, Nigeria. Chem Biodivers. 2004; 1 (11): 

1708-1715. 

[22] SCHOCK M.R., LEMIEUX F. Challenges 

in addressing variability of lead in domestic 

plumbing. Water Supply. 2010; 10 (5): 793-799. 

[23] TRUEMAN B.F., GREGORY B.S., 

MCCORMICK N.E. et al. Manganese Increases 

Lead Release to Drinking Water. Environ Sci 

Technol. 2019; 53 (9): 4803-4812. 

[24] ANDER E.L., WATTS M.J., SMEDLEY 

P.L. et al. Variability in the chemistry of private 

drinking water supplies and the impact of do-

mestic treatment systems on water quality. En-

viron Geochem Health. 2016; 38 (6): 1313-

1332. 

[25] BARBEAU B., CARRIÈRE A., BOU-

CHARD M.F. Spatial and temporal variations 

of manganese concentrations in drinking water. 

J Environ Sci Health A Tox Hazard Subst Envi-

ron Eng. 2011; 46 (6): 608-616. 

[26] ORNELAS VAN HORNE Y., PARKS J., 

TRAN T. et al. Seasonal Variation of Water Qu-

ality in Unregulated Domestic Wells. Int J En-

viron Res Public Health. 2019; 16 (9): 1569.  

[27] BEXFIELD L.M., JURGENS B.C. Effects 

of seasonal operation on the quality of water 

produced by public-supply wells. Ground Wa-

ter. 2014; 52 (Suppl 1): 10-24.  

[28] VARGAS I.T., FISCHER D.A., ALSINA 

M.A. et al. Copper Corrosion and Biocorrosion 

Events in Premise Plumbing. Materials. 2017; 

10 (9): 1036.  

[29] AHMEDNA M., MARSHALL W.E., HUS-

SEINY A.A. et al. The use of nutshell carbons 

in drinking water filters for removal of trace 

metals. Water Research. 2004; 38 (4): 1062-

1068. 

 

 

 

  


