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Abstract: The incidence rate of inflammatory bowel disease (IBD) is becoming a global health problem
that could be caused by changes in environmental and lifestyle habits. The study aimed to identify
the association between the quality of drinking water, i.e., physiochemical and biological aspects
of the phenotype and activity of IBD in Eastern Croatia. The study included 312 patients (63.4%
ulcerative colitis, UC, and 36.6% Crohn’s disease, CD) from the area of Eastern Croatia. The data were
collected by questionnaires and the analysis of the water safety, based on 65 samples of drinking water
by the patient’s water supply method (public supply, rural water supply, and private well). IBD was
active in 38.0% patients (34.0% CD and 40.0% UC). Significant differences (p = 0.001) were observed
in the distribution of patients, according to counties in which they lived in. The largest deviation
was noted in coliform bacteria, Escherichia coli, and enterococci bacteria, Fe, Al, and nitrate in rural
water supply and private wells, although, without significant impact on IBD phenotype and activity.
The hazard quotient (HQ) simulations showed that children are a sensitive group, regarding exposure
to nitrates in drinking water over a long period of time, so there is a need for further monitoring
and analysis of this issue.

Keywords: inflammatory bowel disease; ulcerative colitis; Crohn’s disease; Eastern Croatia;
drinking water quality; rural public supply; private wells

1. Introduction

Inflammatory bowel disease (IBD) is a term used for chronic gastrointestinal tract disorders,
ulcerative colitis (UC), and Crohn’s disease (CD). IBD is specific for chronic inflammation
and destruction of the intestinal wall, and the periods of exacerbation and remission of clinical
symptoms [1–3]. Due to the unpredictable course, chronicity of the disease, and diagnosis at a young
age, the need for expensive drugs and hospitalization for patients with IBD is a major public health
problem. According to available data, it is estimated that more than three million people in Europe will
contract IBD [4]. Several authors [5,6] have reported an increasing incidence and prevalence of IBD
in all regions of the world, with considerable variations between countries. A high IBD incidence is
noted in North America and northern and western Europe, while eastern Europe and Asian countries
record an increase in newly affected patients [3,7].
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As for Europe, Segerman et al. have stated that the Faroe Islands have the highest incidence
of IBD in Europe [8]. Several authors [9,10] claim that the incidence of UC is twice that of CD in
Asia as compared to the west. Studies previously published by Burisch et al. show a north–south
gradient in more economically developed countries (MEDC), although with increasing incidences of
IBD, the west–east gradient is emerging as well [11]. The incidence of IBD is almost twice as high
in western Europe as in eastern Europe. It is interesting to note that, in eastern Europe, the UC
to CD incidence ratio is 1:1, while in some countries, the incidence of CD is higher than UC, with
Croatia as an example [12–14]. Some authors [15,16] claim that increased incidences may be caused by
environmental and lifestyle factors. Furthermore, diseases are equally affecting men and women, with
less emphasis on the more frequent occurrence of CD in women [5].

Experts agree that IBD etiology is multifactorial and that the significant factor of etiology
is a complex interaction of genetic susceptibility, the immune system, the intestinal microbiome,
and various environmental factors [3,17,18]. Fofanova et al. [2] presented a thorough analysis of
microbiome–epigenome interactions and the environmental origins of IBD. The author claims that
the genetic predisposition within children with very early-onset IBD appears to play a more important
role, while environmental factors and gut microbiota are likely more involved in the disease etiology
and natural history of patients (who present with the disease at a later age). Morgan et al. [19] pointed
out that gastrointestinal microbiome composition, microbial function, and metabolic activity of gut
microbiota are perturbed in patients suffering from IBD, and that is unclear whether this is an initiator
or consequence of the disease. Actually, it is considered that environmental factors and lifestyle
habits carry 70% of the risk occurrences of IBD, and that they have significant effects in the course of
these diseases, although data are still limited [20,21]. It should be noted that, besides genetics, eating
habits, and lifestyle, the quality and content of drinking water (organic and inorganic components) is
considered as a risk factor for the development of IBD [22].

A Norwegian study aimed at examining the association between the presence of heavy metals
and organic components in drinking water. The incidence rate of IBD confirmed the association of iron
content in drinking water with an increased risk of developing IBD. Moreover, the association of the risk
of IBD with pH and coliforms in drinking water was detected, although the effects were negligible [23].

According to Fathmawati et al., consuming high nitrates in drinking water can continuously
harm human health. Usually, maximum nitrate concentration in public water supplies is rarely above
the maximum contaminant level (MCL, 50 mg/L as nitrate or 11 mg/L as Nitrate-N) since it is more
protected and controlled by regional water authorities [24,25]. This is opposite to agricultural regions,
especially where the main source of drinking water is shallow wells. The main sources of nitrogen in
drinking water are intensive agricultural production, meaning, nitrogen fertilizers in crop production,
manure, and slurries from animal farms (diffuse source from agricultural run-off), but also point
sources, such as septic tanks. It is important to emphasize that the MCL of nitrate is determined
according to the occurrence of the methemoglobinemia, while the impact on the occurrence of other
diseases has not been investigated.

Fathmawati et al. [24] stated that the nitrate pollution in water wells by human excreta can
be correlated with the distance of wells to septic tanks (less than 10 m). Research conducted by
Manbber et al. [22] aimed to investigate the relationship between quantity, type, and source of water,
and the use of water purification devices with the onset rate of IBD. The primary outcome was
the association between the amount of consumed water and IBD, and the secondary outcome was
the impact of the amount, type, source of water, or use of water purification devices on the incidence of
IBD. Research has shown that there is no significant correlation between the amount or source of water,
and the presence or absence of IBD [22].

Despite the high prevalence and incidence of IBD in the south of Sweden, research aimed at
drinking water analysis for pH, alkaline, nitrate, sulfate, iron, magnesium, and calcium compounds
with the prevalence of IBD found no significant association [8]. Of course, other compounds in
the drinking water could be connected to influence the risk. Bacterial contamination could reduce



Int. J. Environ. Res. Public Health 2020, 17, 8495 3 of 16

water quality. That is why the analysis of bacterial content should be carried out regularly, and if any
signs of decontamination are present, the distribution should be stopped, and the population should
be warned. Therefore, this mechanism is less likely to occur [8].

In Croatia, drinking water quality standards are under the responsibility of the Ministry of Health
and Social Welfare. The Ministry is responsible for the monitoring of the sanitary quality of drinking
water with the help of the Croatian National Institute of Public Health. The drinking water quality
standards in Croatia, laid down by the ordinance on the sanitary quality of drinking water, are fully in
line with the Directive’s 98/83/European Community (EC) and World Health Organization (WHO)
requirements. In the period from 2016 to 2018, on average, across counties, more than 60% of collected
water samples in Croatia were faulty, primarily because of the microbiological contaminants [26].
According to the European Commission, the most significant pressure in Croatia is on surface water
bodies (57% of surface water bodies), while for groundwater bodies (6%), the most significant pressure
is diffuse pollution from agricultural production [27]. As for the Nitrate Directive, Croatia designated
approximately 9% of its territory as a nitrate-vulnerable zone (NVZ), which is not systematically
associated with all areas subject to high agricultural pressure [28]. Croatia is one of the European
countries with the lowest groundwater nitrate concentrations, generally below 20 mg NO3

−/L, while
in the southern, karst areas, they rarely exceed 5 mg/L [29]. It should be emphasized that the average
annual input of nitrogen fertilizers in Croatia is considerably reduced (384 kg/ha in 2008, 180 kg/ha in
2016) because of the implementation of the Nitrate Directive [30]. Regardless, the average annual N
and P fertilizer input in Croatia is below the European Union (EU) average [31].

Due to its complexity, it is clear that a multidisciplinary approach is necessary for basic
and clinical IBD researches. During the last decade, significant IBD study advances have occurred
with the development of cross-sectional studies, which include epidemiology, environmental factors,
genetics, IBD diagnoses, medical therapy, etc. Cross-sectional studies are widely adopted in medical
studies as a type of observational study that analyses data from a population at a specific point of time.
Of course, it is important to indicate some limitations within, for example, inconsistent measurements
of exposures to individual factors, such as diet, water quality, lifestyle habits, etc. Similar to many other
countries, there is a lack of large population-based cohort studies of IBD in Croatia, due to the lack of
clinical data or the difficulty in collecting sufficient patients in a long period of time.

For the current study, it is important to point out that no population-based study is currently
being conducted in Croatia to determine the incidence and prevalence of IBD caused by the quality of
drinking water. Therefore, the present study aims to identify the association between the quality of
drinking water, i.e., physiochemical and biological aspects of the phenotype and activity of the IBD in
Eastern Croatia.

2. Materials and Methods

2.1. Study Area

The study area is in the northern Pannonian region of Croatia where large lowlands are dominant.
This area belongs to the continental climate region with cold winters, hot summers, and a mean
annual precipitation of 600 mm. The study area consists of 3 counties, Požega-Slavonia (26.248
inhabitants, 133.9 km2), Virovitica-Podravina (74.521 inhabitants, 2.024 km2), and Vukovar-Srijem
County (179.521 inhabitants, 2.454 km2), with a dominant agricultural sector due to fertile soils, where
nitrate contamination in groundwater from fertilizer and animal manure could be an issue. Average
input of N fertilizers in Virovitica-Podravina County is 101 kg/ha of mineral and 20 kg/ha of organic N,
in Požega-Slavonia County, 97 kg/ha of mineral and 17 kg/ha of organic N, and in Vukovar-Srijem
County, 110 kg/ha of mineral and 30 kg/ha of organic N [32], which is below the EU average [30].
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2.2. Study Design and Participants

This cross-sectional study, according to Kogevinas et al. [33], was conducted from January to
June 2016 to show the association between drinking water quality and the activities of CD and UC.
In this study, only the IBD patients who developed specific conditions were included, i.e., not the entire
population of the selected counties. The study contains individual-level data, meaning one record
per patient (individual). Patients included in the study (312) were treated for IBD at Vukovar General
County Hospital, Vinkovci General County Hospital, Požega General County Hospital, and Virovitica
General County Hospital. The study was approved by the Ethics Committee of the Josip Juraj
Strossmayer University of Osijek, Faculty of Medicine in Osijek (approval no. 2158-1-07-17-19).

Each patient was contacted to conduct a survey and to collect drinking water samples. The survey
for this study was conducted with a questionnaire consisting of 42 questions divided into several
categories: questions related to the sociodemographic characteristics of the patients; to personal
and family history and disease activity (Harvey–Bradshaw index for assessment of Crohn’s disease
activity, Mayo index for evaluation of UC activity, and disease phenotype according to the Montreal
classification). The next category concerns respondents’ life habits and the questions related to exposure
to environmental risk factors, i.e., water supply method and drinking water quality.

2.3. Water Analysis

Water sampling for biological and physiochemical analysis was performed by the following
procedure. Before sampling, the field sampling was coordinated with the laboratory so that the water
samples could get analyzed in the shortest period of time. For the analysis, glass sample bottles with
a capacity of 500 mL were used. Since the water was chlorinated, sampling bottles were previously
prepared in the laboratory, i.e., sodium thiosulfate was added to neutralize chlorine. Before sampling,
the attachments from the tap were removed, and the tap was wiped so that the dirt was removed.
Sampling bottles were labeled (date, patients name, location, water source) and taken with rubber
gloves, so that contamination was avoided. At the patient locations, the cold water tap was turned
on at maximum flow for 5 to 10 min. The bottles were filled carefully to prevent overfill and sealed
with screw caps. Bottles with water samples were placed in a container and immediately taken to
the laboratory.

In total, 65 drinking water samples were collected (sampling methods HRN ISO 5667-6: 2011;
HRN EN ISO 19458: 2008) and submitted to the laboratory where the analysis was performed within
six hours of sampling. Water samples were representative of locations at which water was delivered
to the patient (and points of use). Drinking water samples were taken following the patient’s water
supply method, i.e., tap water. One sample of water was sufficient for all patients from a certain
location where the public water supply system or rural water supply system was the source of water.
In cases where patients were supplied from private wells or tanks, drinking water samples were taken
from each patient’s location separately.

Parameters of water quality were analyzed according to Ordinance on analytical methods
(“Official Gazette”, No. 125/17), which is regulated by the law on the water intended for human
consumption, provision of Council Directive (1998/83/EU) on the quality of water intended for human
consumption, and European Commission Directive (EU) 2015/1787), the quality of water intended for
human consumption.

The following water physicochemical parameters were analyzed: color (HRN EN ISO 7887: 2001
method), turbidity (HRN EN ISO 7027: 2012 method), odor and taste (Drinking water—standard
methods for hygiene testing, 1990), pH value at 25 ◦C (HRN EN method ISO 10523: 2012),
electrical conductivity (EC) at 25 ◦C (HRN method EN 27888: 2008), consumption KMnO4 (drinking
water—Standard methods for hygiene testing, 1990), chlorides (HRN method ISO 9297: 1998),
ammonia(method HRN ISO 7150-1: 1998), nitrates (Standard methods, 1975), nitrites (HRN EN 26777:
1998 method), iron (ASTM standard methods, 1981), aluminum (drinking water—standard methods
for hygiene testing, 1990), manganese (Merck 1974/ASTM standard methods, 1981), arsenic (HRN



Int. J. Environ. Res. Public Health 2020, 17, 8495 5 of 16

EN ISO 15586: 2008 method). Total hardness analysis is expressed in the German unit (◦dH, degree
German hardness) and is the sum of the molar concentrations of Ca2+ and Mg2+.

The following microbiological analyses were performed: total coliforms (HRN EN ISO 9308-1:
2000 method), Escherichia coli (HRN EN ISO 9308-1: 2000 method), colonies at 37 ◦C/48h (HRN EN
ISO 6222: 2000 method), colonies at 22 ◦C/72 h (HRN EN ISO 6222: 2000 method), enterococci (HRN
EN ISO 7899-2: 2000).

Laboratory analyses of water samples were performed at the Health Ecology Service of
the Brod-Posavina County accredited by the Croatian Accreditation Agency (HAA) according to
the standard HRN EN ISO/IEC 17025: 2007.

2.4. Data Analysis

Categorical data is presented in absolute and relative frequencies. Numerical data is described
using an arithmetic average and standard deviation for normal data distribution, and median
and interquartile range for the remaining cases. The differences in categorical variables were tested
using the χ2 test and Fisher’s exact test if necessary. The differences in normally distributed numerical
variables between two independent groups were tested using the Student’s t-test, and in case of
deviation from the normal distribution, the Mann–Whitney U test. All of the p values are two-tailed.
The significance of differences (p < 0.05) determined by statistical testing is expressed at the level
p < 0.05. The correlation analysis was used to test the strength of the relationship between nitrate
concentration and the microbiological compounds in drinking water with the private well depth
and the distance of livestock manure storage (Statistica 12, StatSoft, Tulsa, OK, USA).

The Montreal classification (modified Vienna system) was performed for subclassification of CD
by phenotype, where the age of onset, disease location, and disease behavior as the predominant
phenotypic elements were considered. The Mayo index (Mayo score), as the most commonly used
index in clinical studies, was used for assessment of the severity of the UC, i.e., active and inactive
disease. Disease activity is marked according to the sum of points as remission or inactive disease
(0–1), mild disease (2–4), moderate disease (5–6), or severe disease (7–9). The Harvey–Bradshaw index
(HBI) was used for assessing the degree of illness (activity) in patients with CD. Four disease categories
are defined according to the sum of points: disease remission—inactive disease (sum of points 0–5),
mild disease (sum of points 5–7), moderate disease (sum of points 8–16), and severe illness (sum of
points greater than 16).

The Monte Carlo simulations were used in this study to perform the variability and sensitivity
analysis of the risk assessment model predictions on the general population. Simulations were
implemented using R and they were run for 10,000 iterations. The result of Monte Carlo simulations
provide a confidence interval of the health risk of nitrate exposure from water consumption. Considering
the variance of nitrate concentrations in water samples, this equation variable was defined in the terms of
a probability density function taken from several measurements. A goodness of fit test was performed to
select the most adequate distribution of nitrate concentrations. In this study, a health risk assessment of
nitrate exposure in drinking water was carried out in three groups of the population, including children,
adult females, and adult males. The risk assessment was performed based on water samples from
public water supply (35 samples), but also groundwater wells (23 samples). Daily nitrate consumption
was calculated as [34,35]:

EDI =
C f ·Cd

Bw
(1)

where EDI is an estimation of daily nitrate consumption (mg/kg); Cf is nitrate concentration in drinking
water (mg/L), Cd is average daily drinking water intake; and Bw is body weight (kg). The World Health
Organization [36] suggests that based on a 70 kg adult male, a 58 kg adult female, and a 10 kg child,
under average conditions, it was estimated that adult males need 2.9 L of water per day, females
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needed 2.2 L/day and children 1.0 L/day. The health risk from water consumption was calculated as
hazard quotient (HQ) [36,37]:

HQ =
EDI
RFD

(2)

The RFD represents the reference dose of nitrates, which is expressed in mg/kg body weight per
day. According to the database of the Integrated Risk Information System guideline, the oral reference
doses of nitrates are 1.6 mg/kg/day [37,38]. The value of HQ below 1 indicates that the harmful effects
of exposure are not be expected, and values of HQ larger than 1 indicate that the health risks excess
the acceptable level [35,39].

The examination of the correlation of certain factors to nitrate concentrations in private
groundwater wells was performed. Chosen factors that may have had an impact on the nitrate
concentrations included depth of wells, crop production, livestock, and pH of water. To determine
the significance of each factor regarding its influence on nitrate concentration, the statistical analysis
using logistic regression was used. Logistic regression was applied to predict a dependent binary
response on nitrate concentration to independent variables [40]. An independent variable is considered
significant if it has a p–value for Wald chi-square statistic less than 0.05 (95% confidence) [41].
The calculation of the logit coefficients was performed using R packages ISLR (New York, NY USA) [41]
and Analysis of over-dispersed data (AOD) [42].

3. Results

From 312 patients (53.2% males and 46.8% females), 63.4% suffer from UC and 36.6% from CD.
The phenotypic characteristics of the patients are presented in Table 1 and previously elaborated by
Holik et al. [3].

Table 1. The phenotypic characteristic of inflammatory bowel disease (IBD) patients.

Phenotypic Characteristic Ulcerative Colitis
(N = 198) N (%)

Crohn’s
Disease

(N = 114)
N (%) p

Disease
duration

Age at diagnosis
Medians (Q1, Q3) 41.0 (30,53) 35.5 (26,48) 0.009 *

Disease duration
Medians (Q1, Q3) 7.0 (5,12) 7.0 (4,12) 0.597 *

Montreal
Classification

Age at diagnosis
(A)

_ A1: (Age ≤ 16) 6 (5.0%) _

_ A2: (17–40) 59 (52.0%) _

_ A3: (>40) 49 (43.0%) _

Extent (E)/
Location (L)

E1 (Proctitis) 51 (26.0%) L (Ileal) 21 (18.0%) _

E2 (Left side) 117 (59.0%) L2 (Colonic) 61 (53.0%) _

E3 (extensive colitis) 30 (15.0%) L3 (Ileocolonic) 32 (28.0%) _

L4 (Upper GI) 0 _

Behavior

_ B1
(Inflammatory) 66 (58.0%)

_ B2 (Structuring) 39 (34.0%) _

_ B3 (Penetrating) 9 (8.0%)

_ p: (Perianal) 0

Disease
activity

Mayo index

0.335 †
Active Disease 79 (40.0%) _

Inactive Disease 119 (60%) _

HBI

Active Disease _ 39 (34.0%)

Inactive Disease _ 75 (66.0%)

HBI, Harvey–Bradshaw index; median (Q1, Q3) interquartile range. * Mann Whitney U test, † Fisher’s exact test.
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The distribution of patients according to the county, length of the residence in the county,
and settlement in urban or rural areas, are presented in Table 2. According to x2, analysis statistically
significant differences (p = 0.001) is observed in the distribution of patients according to counties in
which they are living, but without the significant impact of length of living. Moreover, there were no
significant differences in patient distribution, according to the place of the residence.

Table 2. The distribution of patients according to the county, length of the residence in county,
and settlement in urban or rural areas.

Crohn’s Diseases
(%)

Ulcerative Colitis
(%) p

Distribution of patients according to the county

Vukovar-Srijem 40 (35.81) 128 (64.65)

<0.001 *Požega-Slavonia 34 (29.82) 40 (20.20)

Virovitica-Podravina 40 (35.09) 30 (15.15)

Total 114 (100) 198 (100)

Distribution of patients according to the length (year) of the residence in county

<9 1 (0.88) 6 (3.03)

0.312 ±
10–19 5 (4.39) 9 (4.55)

20–29 24 (21.05) 28 (14.14)

>30 84 (73.68) 155 (78.28)

Total 114 (100) 198 (100)

Distribution of patients according to the settlement in urban or rural areas

Urban area 70 (61.40) 103 (52.02)
0.137 *Rural area 44 (38.60) 95 (47.98)

Total 114 (100) 198 (100)

* x2 test, ± Fishers’ exact test.

The Results of Water Analysis

The number of water samples, according to the type of water supply in the study area, is presented
in Figure 1. From a total of 65 drinking water samples, 31 samples were taken in Vukovar-Srijem,
15 samples from Požega-Slavonia, and 19 samples from Virovitica-Podravina county.
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The analysis results of the physicochemical parameters of water samples are presented in Table 3.
Values that exceed the MLC are highlighted in red. NO3

− ranged from 192 mg/L in Požega-Slavonia
County to 0 mg/L in Virovitica-Podravina County. It is important to emphasize that all values that
exceed MCL of NO3

− are found in private wells or rural water supply system.
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Table 3. Results of water physiochemical analysis according to the water source.

PSC
NO3− (MCL < 50 mg/L) Chloride (MCL 250 mg/L) Fe (MCL 200 µg/L) Mn (MCL 50 µg/L) Al (MCL 200 µg/L)

Max Min Av Stdev Max Min Av Stdev Max Min Av Stdev Max Min Av Stdev Max Min Av Stdev

PWS 8.87 <0.031 5.73 4.44 8.1 6.3 7.55 1.17 <50 - - <35 - - 113.4 <35 - -

PW 192 5.83 70.69 49.01 118.7 4.7 55.16 31.14 <50 66.7 - - <35 - - <35 - -

pH (6.5–9.5) EC (2500 µS/cm) Total hardness (◦dH) Color (20 Pt/Co) Ar (MCL < 10 µg/L)

PWS 7.9 7.4 7.6 0.22 424 74.4 310.1 159.5 21.58 3.28 15.33 7.8 35 0 9.75 16.94 - - - -

PW 73.04 <0.1 7.8 35.05 57.18 0 26.4 28.8 43.54 17.32 22.6 7.3 51 0 14.8 16.4 - - - -

VPC NO3
− (MCL < 50 mg/L) Chloride (MCL 250 mg/L) Fe (MCL 200 µg/L) Mn (MCL 50 µg/L) Al (MCL 200 µg/L)

PWS 21.69 0.1 3.6 7.3 20.7 0 10.9 7.3 31 0 10 13.8 26 2 12.1 7.5 240 0 84.4 86.5

RWS 73.04 0.1 7.8 35.05 57.18 0 26.4 28.8 5 <1 - - 19 9 14.6 15.1 26 22 23.6 2.1

PW 73.04 3.98 37.9 19.8 172.98 13.26 61.4 62.6 40 0 12.5 14.9 33 8 21 11.6 730 0 121 248

pH (6.5–9.5) EC (2500 µS/cm) Total hardness (◦dH) Color (20 Pt/Co) Ar (MCL < 10 µg/L)

PWS 6.9 6.4 6.8 0.23 526 69.4 320.1 168.5 21.25 4.39 16.7 7 37 0 9.84 17.03 - - - -

RWS 54.9 0 5.3 38.5 325 65.24 120.6 99.8 35.6 21.5 18.3 7.4 42.5 0 10.2 17.1 - - - -

PW 68.04 1 6.7 32.25 63.18 0 34.4 35.8 42.58 17.32 22.6 7.3 55 0 15.8 17.4 - - - -

VSC NO3
− (MCL < 50 mg/L) Chloride (MCL 250 mg/L) Fe (MCL 200 µg/L) Mn (MCL 50 µg/L) Al (MCL 200 µg/L)

PWS 14.59 <0.6 7.7 5.4 37.3 9 23.6 10.2 60.7 0 8.7 22.9 45 0 29.7 16.2 92 0 42.2 28.2

RWS 62.1 <0.6 44.7 18.4 56.4 12.4 38.9 21.3 712.2 <50 - - 184.8 35 154.4 42.9 <35 - -

PW 72.3 0.73 22.7 31.3 55.8 12.4 16.9 11.2 223.5 <50 - - <35 - - <35 - -

pH (6.5–9.5) EC (2500 µS/cm) Total hardness (◦dH) Color (20 Pt/Co) Ar (MCL < 10 µg/L)

Max Min Av Stdev Max Min Av Stdev Max Min Av Stdev Max Min Av Stdev Max Min Av Stdev

PWS 7.68 7.2 7.6 0.2 705 394 482 92 24.63 5.8 17.8 9 7 0 1.8 1.9 - - - -

RWS 7.6 7.3 7.4 0.1 1077 499 853 248 33.5 11.6 19.8 8.4 124 2 35.3 59.3 213 45 113.7 88.1

PW 8.1 7.3 7.6 0.3 894 398 699 164 44.54 18.56 23.5 7.9 33 0 10.7 14.2 - - - -

Stdev = standard deviation; PSC = Požega-Slavonia County; VPC = Virovitica-Podravina; VSC = Vukovar-Srijem; PWS = Public Water Supply; RWS = Rural Water Supply; PW = Private well.
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In Požega-Slavonia County, all tested physiochemical parameters were within the allowable
reference values.

In Virovitica-Podravina County, besides the NO3
− concertation, which was previously emphasized,

the Al concentration was above MCL, 240 µg/L of Al was found in the public water supply system,
while 730 µg/L in the private well (Table 3). The biggest concern in Vukovar-Srijem County was Fe
concentrations, 712.2 µg/L of Fe was in the rural water supply system, and 223.5 µg/L of Fe in private
wells. Followed by the high Fe concentration in rural water supply, there was a high Mn (184.8 µg/L)
concentration in drinking water. As for As, the concentration that exceeded the MCL was found only
in Vukovar-Srijem County. The maximum measured concentration was 213 µg/L, while the minimum
measured concentration was 45 µg/L (Table 3).

In Požega-Slavonia County, total hardness ranged from 3.28 ◦dH in the public water supply to
43.54 ◦dH in a private well. In Virovitica-Podravina County, total hardness ranged from 4.39 ◦dH
in the public water supply to 42.58 ◦dH in a private well. In Vukovar-Srijem County, total hardness
ranged from 5.8 ◦dH in the public the water supply to 44.54 ◦dH in a private well. Overall, the highest
total hardness is measured in private wells, and it is classified as very hard. In the public water supply,
total hardness ranges from 3.28 ◦dH, i.e., very soft to 24.63 ◦dH or hard water.

The type of drinking water supply, as well as the water quality, did not significantly affect the IBD
phenotype, as presented in Table 4.

Table 4. The impact of type of water supply and the water quality on IBD phenotype.

Crohn’s Diseases
(%)

Ulcerative Colitis
(%) p

The patient’s distribution according to type of water supply

Public water supply 82 (71.93) 147 (74.25)

0.111 ±Rural water supply 22 (19.30) 36 (18.18)

Well 10 (8.77) 15 (7.58)

Total 114 (100) 198 (100)

The patient’s distribution according to water quality

Below the limit 23 (20.18) 31 (15.66)
0.389 *Over the limit 91 (79.82) 167 (84.34)

Total 114 (100) 198 (100)

* x2 test, ± Fisher’s exact test.

The duration of water consumption (Figure 3) did not significantly influence the IBD phenotype
(Mann–Whitney U test, p = 0.132). Duration of water consumption refers to the period of time in which
the patients consumed the tap water that was collected for the analysis.
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The type of drinking water supply as well as the water quality did not significantly affect the IBD
activity (Table 5).

Table 5. The type of drinking water supply as well as the water quality impact on IBD activity.

Crohn’s Diseases (%) Ulcerative Colitis (%) p

The patient’s distribution according to the type of water supply

Public water supply 141 (72.68) 88 (74.58)

0.277 ±Rural water supply 37 (19.07) 21 (17.80)

Well 16 (8.25) 9 (7.63)

Total 194 (100) 118 (100)

The patient’s distribution according to the water quality

Below the limit 35 (18.04) 19 (16.10)
0.776 *Over the limit 159 (81.96) 99 (83.90)

Total 194 (100) 118 (100)

* x2 test, ± Fisher’s exact test.

The period of water consumption (Figure 4) did not significantly influence the IBD activity
(Mann–Whitney U test, p = 0.378).
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The results of Monte Carlo simulations and hazard quotient (HQ) values with 90% confidence
(P90) are presented in Table 6, for public water supply and private wells. The Monte Carlo simulation
is usually used when there is the uncertainty of input parameter values or when inputs are subject to
variability [43]. Using the R package “fitdistrplus” [44], the lognormal distribution is selected as most
appropriate for representing nitrate concentrations in water samples from the public water supply
and private wells.
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Table 6. Values of (and hazard quotient (HQ) values for) public water and groundwater well supply.

Parameter Children Female Male

Public water supply

Mean 0.71 0.25 0.29

Standard deviation 3.02 0.88 1

P90 1.4 0.52 0.6

Groundwater wells

Mean 3.3 1.2 1.35

Standard deviation 2.77 0.98 1.15

P90 5.76 2.12 2.31

The results of logistic regression are presented in Table 7. Results indicate that none of the chosen
factors are significantly related (at 95% confidence) to nitrate concentration in well water.

Table 7. Results of logistic regression.

Variables Wald Statistic (z Statistic) p

Depth of Well 0.074 0.941

pH −0.600 0.548

Crop production −0.894 0.371

Livestock 0.005 0.996

4. Discussion

In Vukovar-Srijem County, 31 drinking water samples were analyzed; 20 (64.51%) from an urban
public water supply, 7 (22.58%) from rural public water supply, and 4 (12.90%) from private wells.
According to the study results, 29.03% of water samples were of poor quality. In Požega-Slavonia
County, 15 water samples, of which 4 (26.67%) were from an urban public water supply and 11 (73.33%)
from private wells. Almost 80.00% of water samples were of poor quality due to the biological pollutant.
In Virovitica-Podravina County, 19 water samples were taken; 8 (42.10%) from an urban public water
supply, 3 (15.79%) from rural water supply, and 8 (42.11%) from private wells, while 47.36% of water
samples were of poor quality.

The largest deviation was noted in coliform bacteria, Escherichia coli enterococci bacteria, in rural
water supply and private wells, although without a significant impact on IBD phenotype and activity.
Here, we emphasize that the correlation analysis has shown a complete negative correlation between
bacteria compounds and well depth (r=−0.99; p < 0.05; N = 50), more likely than the distance of livestock
manure from the well (r = 0.1). This is partly contrary to the “hygiene hypothesis”, which states that
individuals who are exposed to a healthy environment and high sanitary conditions are more likely at
risk of IBD [45–48]. The study conducted in India [49] does not support the “hygiene hypothesis”,
and also states that the higher incidence of UC could be associated with unhealthy sanitary conditions
and other factors that should be identified in future studies. Particularly interesting studies are the ones
that evaluated the industrialization and urbanization impact on IBD activity [12,17,50]. The mentioned
studies confirmed that the expansion of industrialization and urbanization in comparison to life in
rural areas has a considerably larger impact on IBD activity, meaning that higher living standards
during childhood are connected with a higher risk of IBD. The NH4

+, NO3
− concentrations above MCL

are found in rural public supply and private wells in Vukovar-Srijem County, NO3
− concentrations

above MCL in private wells in Požega-Slavonia and Virovitica-Podravina County.
The higher NO3

− concentration in private wells on family farms could be a result of shallow
private wells (<20 m), more likely than the low distance of livestock manure storage. This is confirmed
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with correlation analysis; r = 0.6 for well depth and r = 0.45 for the distance of manure storage
(p < 0.05; N = 50). Moreover, Fathmawati et al. [24] studied the impact of septic tank distance on nitrate
concentration in waters from wells and found 92.6% of water samples that go beyond MCL in cases
where the distance between the septic tank and well was less than 10 m.

In our study, Monte-Carlo simulation (MCS) is performed, since it is one of the most used
approaches to stochastic modeling. The results of simulations of HQ values for public water supply
with 90% confidence show that the levels of HQ of male and female adults are less than 1 (0.6
and 0.52, respectively), meaning that long-term exposure to nitrates in drinking water does not increase
the likelihood of adverse health effects. On the other hand, the values of HQ for children are a little bit
above 1 (1.4), pointing out that they are a sensitive groups and that there is a need for further monitoring
and analysis of this issue. The results of simulations of HQ values for private wells with 90% confidence
show that the levels of HQ are well above 1 (2.12–5.76) for all the analyzed groups, indicating that
drinking water from private wells could pose a high health risk. Nitrate concentrations were converted
to the binary response of 0 or 1. In case that the nitrate concentration in the water sample was below 10
mg/L, the value of 0 was designated, and if the concentration was above 10 mg/L, the value of 1 was
designated. The nitrate concentrations in the water samples of 10 mg/L were chosen based on the MCL
for nitrate–N set by the U.S. Environmental Protection Agency (EPA) under the Safe Drinking Water
Act [51]. Similar conversions were applied to livestock and cropping activities. The value of 1 was
designated if wells were located near the livestock and cropping activities. Otherwise, the value of 0
was designated. The values of well depths and pH were measured.

As for Fe content, the considerably higher Fe content, above MCL (712.2 µg/L) was found in
private wells (rural area). Aamodt et al. [23] found that the risk of developing IBD, including UC
and CD, was associated with high iron content in drinking water. The relative risk of developing UBC
increased by 21% when the iron content of drinking water increased by 0.1mg/L. Furthermore, they
found an association between these diseases and aluminum in water, color, and turbidity. The author
also suggests that there are two mechanisms for explaining this connection. High iron concentration
acts as a catalyst for oxidative stress causing inflammation and/or increasing the rate of cell mutation,
and second, iron content stimulates bacterial growth and increases the likelihood of an inappropriate
immune response in genetically predisposed individuals. As a result of the study, Aamodt et al. [23]
stressed the connection between the Fe compound in drinking water and IBD.

Arsenic (As) concentration above MCL (≤10 µg/L) was found in the rural water supply of
Vukovar-Srijem County at three locations: Nijemci 45 µg/L; Markušica 213 µg/L; and Privlaka 83 µg/L.
Patients were informed about this threat. As for the duration of water consumption, as well as the type
of water supply and water quality, the result of our study is in agreement with Manber et al. [22]
and Segerman et al. [8], who also reported that there is no significant correlation between the amount
or source of water at the presence or absence of IBD.

5. Conclusions

It should be noted that this study contributes to new cognitions in clarifying IBD etiology.
Moreover, it contributes to the awareness of healthcare professionals, as well as the patients, about
the importance of environmental factors as the factors that reduce the risk of IBD occurrence.
The findings of this study can be understood as a confirmation of how important drinking water
quality for IBD is, even though the studied parameters did not show a significant impact on IBD
phenotype or activity. Here, the limitation in cross-sectional studies must be taken into consideration,
especially in collecting sufficient patients in a short period of time. High NO3

− (192 mg/L; private well
in Požega-Slavonia County, 73.04 mg/L; rural water supply and private well in Virovitica-Podravina
County, 62.1 mg/L in rural water supply, and 72.3 mg/L in a private well in Vukovar-Srijem County), Fe
(712.2 µg/L; rural water supply, 223.5 µg/L; private well in Vukovar-Srijem County) and Mn (184.8 µg/L;
rural water supply in Vukovar-Srijem County) that are above MCL are key components of future
research that needs to be investigated. One special concern is high (213 µg/L) arsenic content in the rural
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water supply (Vukovar-Srijem County). Furthermore, special attention should be given to children
as a sensitive group and to intensify the monitoring of nitrate leaching in rural areas with intensive
agricultural production. Despite the advances in understanding the onset of IBD, it is necessary to
change life habits and further investigate factors that may affect the natural course of the disease before
the onset of clinical symptoms of the disease. It should be noted that the major concern is the lack of
continuous monitoring of drinking water quality, especially in areas where contamination from diffuse,
and point source pollution from agricultural production, often occurs. Furthermore, from a public
health point of view, this study provides a good foundation for the establishment of the population
registry of IBD for the eastern Croatia area.
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physical activity on the activity of inflammatory bowel diseases in therapy-free patients. Acta Clin. Croat.
2019, 58, 202–212. [CrossRef] [PubMed]

4. Burisch, J. Crohn’s disease and ulcerative colitis. Occurrence, course and prognosis during the first year of
disease in a European population-based inception cohort. Dan. Med. J. 2014, 61, B4778. [PubMed]

5. Vegh, Z.; Kurti, Z.; Lakatos, P. The epidemiology of inflammatory bowel diseases from west to east. J. Dig.
Dis. 2017, 18, 92–98. [CrossRef] [PubMed]

6. Lofthus, E.V. Clinical epidemiology of inflammatory bowel disease: Incidence, prevalence, and environmental
influences. Gastroenterology 2004, 126, 1504–1517. [CrossRef] [PubMed]

7. Molodecky, N.A.; Soon, I.S.; Rabi, D.M.; Ghali, W.A.; Ferris, M.; Chernoff, G.; Benchimol, E.I.; Panaccione, R.;
Ghosh, S.; Barkema, H.W.; et al. Increasing incidence and prevalence of the inflammatory bowel diseases
with time, based on systematic review. Gastroenterology 2012, 142, 46–54. [CrossRef] [PubMed]

8. Segerman, F.; Clarkson, S.; Sjöberg, K. Marked regional variations in the prevalence of inflammatory bowel
disease in a limited geographical region are not associated with compounds in the drinking water. Scand. J.
Gastroenterol. 2019, 54, 1250–1260. [CrossRef]

9. Yang, S.K.; Loftus, E.V., Jr.; Sandborn, W.J. Epidemiology of inflammatory bowel disease in Asia. Inflamm.
Bowel Dis. 2001, 7, 260–270. [CrossRef]

10. Thia, K.T.; Loftus, E.V., Jr.; Sandborn, W.J.; Yang, S.K. An update on the epidemiology of inflammatory bowel
disease in Asia. Am. J. Gastroenterol. 2008, 103, 3167–3182. [CrossRef]

11. Burisch, J.; Pederson, N.; Cukovic-Cavka, S.; Turk, N.; Kaimakliotis, I.; Duricova, D.; Bortlik, M.; Shonová, O.;
Vind, I.; Avnstrøm, S. Environmentlal factors in a population-based inception cohort of IBD patients in
Europe-an ECCO-Epi Com study. J. Crohns Colitis 2014, 8, 607–616. [CrossRef]

12. Ng, S.C.; Bernstein, C.N.; Vatn, M.; Lakatos, P.L.; Loftus, E.V., Jr.; Tysk, C.; O’Morain, C.; Moum, B.;
Colombel, J.F. Geographical variability and environmental risk factors in inflammatory bowel disease. Gut
2013, 62, 630–649. [CrossRef] [PubMed]
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