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“An ounce of prevention is worth a pound of cure”

Dear readers of International Journal of Sanitary Engineering Research
(IJSER). In front of you is volume number 12. The author of the quote
above is Benjamin Franklin and | would like to draw your attention and put
this quote into the context of environmental health hazards. Why? Because
it is always difficult to demonstrate and make people aware how many
illness or deaths have been prevented with prevention. One of the reasons
for this is the fact that environmental health hazards are ubiquitous, affect-
ing all aspects of our life. Our environment in general consists of physical,
chemical and biological factors. We are always in interactive relationships
with our environment and as we affect our environment, our environment
affects us. To reduce the adverse impact of environmental hazards on hu-
man health we need to understand the hazard origin and routes of expo-
sure as well as pathways through which the specific hazard affects peo-
ples’ health. In the current volume we present five papers. Two of them are
dealing with hazards in food and another two with hazards in water. Addi-
tionally, we present one more paper whose authors investigated the quality
of the health-related data.

Mari¢ et al., and Fox et al. investigated food related hazards. Mari¢ et al.
investigated the presence of organochlorine pesticides in different food
samples of plant origin, available in area of Rijeka (Croatia). Their research
demonstrates the presence of organochlorinated pesticides in the tested
food samples is below the maximum permissible concentration, presenting
minimal risk to human health. Fox et al. on the other side explored the
awareness, understanding and practices of allergen management in select-
ed food business in the North West of England. Their findings revealed a
significant gap between the level of confidence expressed by food business
owners and their practices exposing customers to a significant level of risk.

Kelava et al. and Godi¢ Torkar & Oder investigated water related microbio-
logical hazards. Kelava et al. analysed the five-year trend of bacteriological
contamination of specific water supply system. They found out that due to
faecal contamination investigated water supply system is not safe for hu-
man health. They concluded that without basic sanitary-technical mainte-
nance of the water supply system and chlorination, identified microbiologi-
cal hazards cannot be maintained at acceptable level. Godi¢ Torkar & Oder
studied the influence of temperature, disinfectant and presence of water
softener on the bacterial growth of Legionella pneumophila. They concluded
based on their laboratory experiments that the temperature of 55 °C, even
after a long time of incubation, does not eliminate all bacteria. They have
also proven that incomplete or improper disinfection of drinking water may
cause an intensive reproduction of bacteria. Additionally, they demonstrated
that sodium polyphosphate in a water softening product caused an inten-
sive multiplication of the bacteria. At last but not at least Stevi¢ et al.
investigated the quality of cause-of-death data. Their objective was to de-
termine percentage of the “garbage codes” (GCs) coded as the underlying
cause of cancer death.

Despite the papers published in this volume we should not forget that envi-
ronmental health hazards may be encountered at home, work, or in the
community via several pathways and routes of exposure. In addition we
should not ignore global environmental conditions which may also adverse-
ly affect human health. Therefore, | am looking forward to new manu-
scripts submitted for the next volume of International Journal of Sanitary
Engineering Research.

Sincerely,
Andrej OVCA, Editor-in-Chief

itary Engineering Research
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The organochlorine
pesticides in food samples

Monika MARIC! , Marina VUCENOVIC?, Ingrid SUTIC!,
Aleksandar BULOG*"

ABSTRACT

Nowadays the concept of food is changed, because food is no longer
considered as a source of energy alone, but must provide a sense of pleasure
and satisfaction with eating meals. But the unwillingness to develop awareness
and raise the concept of food to a higher level, we have to emphasize and warn
of the food safety related to chemical hazards. The presence of pesticides in
food has a detrimental impact on human health and we tested the presence of
organochlorine pesticides in eleven food samples of plant origin, randomly
selected in one supermarket in Rijeka. During the sample analysis, the methods
of extraction, reextraction, degradation, purification, GPC and GC-ECD were
used. Our data indicated the presence of pesticides in the tested food samples,
but the level is below the maximum permissible concentration (MPC).
According to the results it can be concluded that the analyzed food samples
did not have harmful effect on human health.

Key words: food of plant origin, organochlorine pesticides, health care, GPC,
GC - ECD




INTRODUCTION

The topic that nowadays occupies a great deal of attention in the every-
day life of people is food safety. In many European countries food sam-
ples contain pesticide residues within legal limits, but continuous moni-
toring is necessary. Part of the health safety assessment of food is the
remains of pesticides whose detection is more precise and accurate to-
day, which allows us to constantly develop technology [1]. Food safety
dimensions are: food availability, food access, utilization and stability
[2]. Pesticide residues are the result of the use of pesticides in plant
protection in veterinary medicine and biocidal products. They include
active substances, degradation products or reactants of active substan-
ces or their metabolites previously used or currently used in plant pro-
tection products. The levels of pesticide residues depend on the amo-
unt of pesticide applied, the physicochemical properties of pesticides,
the number of applications and the agricultural culture to which it appli-
es [3]. Given that excessive use of pesticides results in their accumula-
tion in the environment as well as in treated herbs, pesticide residue
monitoring is carried out. Organochlorine pesticides, pesticides easily
enter the food chain due to their lipophilic nature and accumulate in egg
yolks, fatty tissue and liver of different animals [4]. Symptoms of acute
poisoning with organochlorine pesticides include nausea, vomiting,
tremor, dizziness, fatigue, headache, cramping and lethargy, while signs
of chronic poisoning are anemia, anorexia, weight loss, skin rash, mem-
ory loss, vision problems, insomnia, nervousness , anxiety and muscu-
lar weakness [4]. On the other hand, pesticides are essential for food
production and human survival, as the speed of life and growth of the
world population results in the needs of larger quantities of food. That is
why the use of pesticides must be under constant and strict control of
science [5]. Since pesticides are applied in agriculture and livestock
farming, food of plant and animal origin may contain pesticide residues.
If food pesticides do not break down, there is a buildup of a toxic com-
pound in food or a phenomenon of residues of pesticides which are of-
ten not destroyed by food preparation [6]. There are three major groups
of organochlorine insecticides ( Table 1.)

Table 1. Organochlorine insecticides

Groups of
organochlorine insecticides

Types of
organochlorine insecticides

Dichlorodiphenylethane DDT, DDD, DDE, Rotary, Pertane,

Methoxychlor, Methochlor, Dikofol

Chlorinated cyclodienes Endosulfan, Clordan, Endrin, Dieldrin,

Aldrin, Heptachlor

Klordekon, HCB, HCH, Mireks,
Lindan, Toksafen

Chlorinated benzene and
cyclohexanes
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The levels of pesticide
residues depend on the
amount of pesticide applied,
the physicochemical
properties of pesticides, the
number of applications and
the agricultural culture to
which it applies.




One of the ways to combat
the excessive use of
pesticides today is organic
production where pesticide
use is prohibited.

In the Republic of Croatia, pesticides are controlled by the Pesticide
Sustainable Use Policy (OG 014/2014). It has defined the distribution
and sales system, handling and sustainable use of pesticides. It also
wants to raise levels of pesticide awareness to reduce the negative ef-
fects and risk of pesticide use [7]. One of the ways to combat the ex-
cessive use of pesticides today is organic production where pesticide
use is prohibited. However, given the fact that pesticides are over-
whelmed and found in the air, soil and water, the question is if we really
have the possibility of such production [8].

The aim of this paper was to investigate the amount of pesticide by ref-
erence methods that provide reliable results in randomly selected foods
and to determine whether there is presence of pesticides in quantities
greater than MPC as well as their harmfulness to human health.

METHODS

All the samples were collected by the same trained professional person.
The food samples were taken from 11 different owners, but every sam-
ple has also been taken in three independent pattern. This investigation
was a part of regular/state monitoring in the Department of Public
Health of Primorsko-Goranska County. All samples were transported by
special transport car with refrigerator in which there is a system of con-
stant measurement of the temperature of the cooling chamber. Within
this study 11 samples of food of plant origin were analyzed.

They are marked with numbers from 1 to 11 in the following order (Fig-
ures 1 and 2).

. Choco Muesli (K plus)

. Apple Chips (Velis)

. Slow chips (K plus)

. Rice (K plus)

. Sweet paprika — minced spice pepper (K plus)
. Wheat white flour — smooth (millet)

. Swamp Juice Soup (Knorr)

. Apples and concentrated fruit juice nectar (TO)

O 00 N O o & w N =

. Pineapple Compounds (K plus)
10. Apple Golden Delis (Moslavina fruit d.o.o.)
11. Pepperoni (Pepperoni Rossi)

These 11 food samples were analyzed for the following pesticides (Table
2).

© Institut za sanitarno inzenirstvo, 2018



Table 2. Pesticides analyzed in the samples

Figure 1. Mix dry samples.

Sample 1. — Choco Muesli; sample 2.
— Apple chips; sample 3. — Slow chips;
sample 4. — Rice; sample 5. — Sweet
pepper — ground spice pepper; sample
6. — Wheat white flour — smooth;
sample 7. — Mushroom soup with
raspberries.

Figure 2. Mix wet samples.

Sample 8. — Apples and concentrated
fruit juice nectar; sample 9. — Pineapple
compote; sample 10. — Apple Gold
Delis; sample 11 — Paprika red.

The methods used during sample analysis are: extraction, reextraction,
degreasing, purification, GPC and GC — ECD. Pesticides were determined
according to the norms:

1. HRN EN 12393-1: 2013 (EN 12393-1: 2013) “Food of plant origin
— Multi-lingering methods for determination of residues of pesticides by
gas chromatography — Part 1: General considerations”.

2: Methods for extraction and purification “(EN 12393-1: 2013)” Food
of plant origin — Multi-lingering methods for the determination of residues
of pesticides using GC or LC-MS / MS”.

3. HRN EN 12393-1: 2013 (EN 12393-3: 2013) “Plant origin foods —
Multi-lingual methods for the determination of residues of pesticides using
GC or LC-MS / MS — Part 3: Determination and Certification” [9].

International Journal of Sanitary Engineering Research

Organochlorine pesticides Other pesticides containing chlorine

No. Name of pesticide No. Name of pesticide No. Name of pesticide
1. alpha — HCH 12. 4,4° — DDE 1. PCIB

2. beta - HCH 13. 2,4 - DDT 2. HCB

8, linden 14, endrin 3. pentachlorophenol

4. delta — HCH 15. endosulfanll 4. vinclozolin

B, heptachlor 16. 4,4 — DDD 5. alachlor

6. aldrin 17. endrin aldehyde 6. isodrin

7. heptachlorepoxide 18. endosulfan sulfate 7. captan

8. gamma — chlordane 19. 4,4 — DDT 8. tolyfluanid

<, endosulfan | 20. endrin ketone 9. iprodione

10. alpha — chlordane 21. methoxychlor

11. dieldrin




RESULTS

This paper examines the presence of organochlorine pesticides in 11
randomly selected samples. 21 organochlorine pesticides have been
determined and 9 are not organoclorinate but have chlorine. The quan-
tification limit is a parameter in quantitative analysis. It represents the
smallest amount of an analyte in a sample that is quantified with preci-
sion and accuracy and is determined when the level of analyte concen-
tration is low [10].

Sample 1 — Choco Muesli (K plus) in Table 3.

Table 3. Display results obtained by GC-ECD method in sample 1. organochlorine pesticides (ND-non detected)

Name Tirrle Quantity Area Area ; Height Rgtf.f:::e Quarllitr:‘:;:satlon

[Min] [mg/kgl [uV. Secl] [uV. SMin] [uvl [Min] [mg/kg]
alfa-HCH 7.97 N.D. N.D. N.D. N.D. N.D. 0,002
beta-HCH 8.91 N.D. N.D. N.D. N.D. N.D. 0,002
lindan 9.20 N.D. N.D. N.D. N.D. N.D. 0,002
delta-HCH 10.11 N.D. N.D. N.D. N.D. N.D. 0,002
heptaklor 12.28 N.D. N.D. N.D. N.D. N.D. 0,002
aldrin 13.89 N.D. N.D. N.D. N.D. N.D. 0,002
heptaklorepoksid 15.89 N.D. N.D. N.D. N.D. N.D. 0,002
gama-klordan 17.11 N.D. N.D. N.D. N.D. N.D. 0,002
endosulfan | 17.71 N.D. N.D. N.D. N.D. N.D. 0,002
alfa-klordan 17.92 N.D. N.D. N.D. N.D. N.D. 0,002
dieldrin 19.09 0.0017 241533.5 4025.6 32658.7 0.01 0,004
4,4-DDE 19.32 0.0001 15892.8 0264.9 2969.4 0.01 0,004
2,4-DDT 19.71 N.D. N.D. N.D. N.D. N.D. 0,004
endrin 20.15 N.D. N.D. N.D. N.D. N.D. 0,004
endosulfan Il 20.68 N.D. N.D. N.D. N.D. N.D. 0,004
4,4-DDD 21.49 0.0006 63350.5 1055.8 9803.1 -0.03 0,004
endrin aldehid 21.69 0.0006 52765.5 879.4 8730.0 -0.04 0,004
endosulfan sulfat 23.03 N.D. N.D. N.D. N.D. N.D. 0,004
4,4-DDT 23.32 N.D. N.D. N.D. N.D. N.D. 0,004
endrin keton 25.41 N.D. N.D. N.D. N.D. N.D. 0,004
metoksiklor 26.94 N.D. N.D. N.D. N.D. N.D. 0,020
Total - 0.0031 | 61867367.7 | 1031122.8 | 2770873.8

© Institut za sanitarno inzenirstvo, 2018



Table 4. Display results obtained by GC-ECD method in sample 1. Other pesticides containing chlorine (ND-non detected)

Sample 2 — Apple Chips (Velis)

Name Tin'1e Quantity Area Area _ Height Rgt];f:::e Qua“t::::tlon

[Min] [mg/kgl [uVv. Sec] | [uV. SMin] [uV1 [Min] [me/kg]
PCIB 5.28 N.D. N.D. N.D. N.D. N.D. 0,002
HCB 8.26 N.D. N.D. N.D. N.D. N.D. 0,002
pentaklorfenol 9.13 N.D. N.D. N.D. N.D. N.D. 0,002
vinelozolin 12.15 0.0003 18324.8 305.4 3929.0 0.05 0,002
alaklor 12.46 N.D. N.D. N.D. N.D. N.D. 0,005
izodrin 15.25 N.D. N.D. N.D. N.D. N.D. 0,002
captan 16.28 0.0012 8108.0 135.1 2539.0 0.02 0,020
tolilfluanid 16.34 N.D. N.D. N.D. N.D. N.D. 0,020
iprodion 26.14 N.D. N.D. N.D. N.D. N.D. 0,010
Total - 0.0016 | 61222567.3 | 1020376.1 | 2505895.0

Table 5. Display results obtained by GC-ECD method in sample 2. Organochlorine pesticides (ND-non detected)

International Journal of Sanitary Engineering Research

Name Tin-1e Quantity Area Area _ Height Regf.f:;n:e Quarllitr::::tlon

[Min] [mg/kgl [uV. Sec] [uV. SMin] [uv] [Min] [mg/ke]
alfa-HCH 7.96 0.0001 13294.5 221.6 1517.8 -0.01 0,002
beta-HCH 8.91 N.D. N.D. N.D. N.D. N.D. 0,002
lindan 9.20 N.D. N.D. N.D. N.D. N.D. 0,002
delta-HCH 10.11 N.D. N.D. N.D. N.D. N.D. 0,002
heptaklor 12.28 N.D. N.D. N.D. N.D. N.D. 0,002
aldrin 13.92 0.0014 213494.8 3558.2 19941.9 0.03 0,002
heptaklorepoksid 15.89 N.D. N.D. N.D. N.D. N.D. 0,002
gama-klordan 17.11 N.D. N.D. N.D. N.D. N.D. 0,002
endosulfan | 17.71 N.D. N.D. N.D. N.D. N.D. 0,002
alfa-klordan 17.92 N.D. N.D. N.D. N.D. N.D. 0,002
dieldrin 19.08 N.D. N.D. N.D. N.D. N.D. 0,004
4,4-DDE 19.31 N.D. N.D. N.D. N.D. N.D. 0,004
2,4-DDT 19.71 N.D. N.D. N.D. N.D. N.D. 0,004
endrin 20.15 N.D. N.D. N.D. N.D. N.D. 0,004
endosulfan Il 20.72 0.0024 0.0024 255938.4 4265.6 50953.5 0,004
4,4-DDD 21.52 N.D. N.D. N.D. N.D. N.D. 0,004
endrin aldehid 21.73 N.D. N.D. N.D. N.D. N.D. 0,004
endosulfan sulfat 23.03 N.D. N.D. N.D. N.D. N.D. 0,004
4,4-DDT 23.32 N.D. N.D. N.D. N.D. N.D. 0,004
endrin keton 25.41 0.0002 14584.8 243.1 3677.1 0.00 0,004
metoksiklor 26.94 N.D. N.D. N.D. N.D. N.D. 0,020
Total - 0.0040 | 61867367.7 |1031122.8| 2770873.8
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Table 6. Display results obtained by GC-ECD method in sample 2. Other pesticides containing chlorine (ND-non detected)

Sample 3 — Slow Chips (K plus)

Name Tir!1e Quantity Area Area _ Height R:)tf.f::e Quarllitr::‘:;::tlon

[Min] [mg/kgl [uv. Secl | [uV. SMin] [uv1 [Min] [mg/kg]
PCIB 5.28 N.D. N.D. N.D. N.D. N.D. 0,002
HCB 8.26 N.D. N.D. N.D. N.D. N.D. 0,002
pentaklorfenol 9.13 N.D. N.D. N.D. N.D. N.D. 0,002
vinelozolin 12.10 N.D. N.D. N.D. N.D. N.D. 0,002
alaklor 12.46 N.D. N.D. N.D. N.D. N.D. 0,005
izodrin 15.25 N.D. N.D. N.D. N.D. N.D. 0,002
captan 16.26 N.D. N.D. N.D. N.D. N.D. 0,020
tolilfluanid 16.34 N.D. N.D. N.D. N.D. N.D. 0,020
iprodion 26.14 N.D. N.D. N.D. N.D. N.D. 0,010
Total - 0.0000 | 11172514.5 | 186208.6 | 1913786.0

Table 7. Display results obtained by GC-ECD method in sample 3. Organochlorine pesticides (ND-non detected)

© Institut za sanitarno inzenirstvo, 2018

Name Tin_1e Quantity Area Area . Height Rgtf.f:::le Qual:i:::;::tlon

[Min] [mg/kgl [uV. Sec] [uV. SMin] [uvl [Min] [me/kg]
alfa-HCH 7.97 N.D. N.D. N.D. N.D. N.D. 0,002
beta-HCH 8.91 N.D. N.D. N.D. N.D. N.D. 0,002
lindan 9.20 N.D. N.D. N.D. N.D. N.D. 0,002
delta-HCH 10.11 N.D. N.D. N.D. N.D. N.D. 0,002
heptaklor 12.28 N.D. N.D. N.D. N.D. N.D. 0,002
aldrin 13.89 N.D. N.D. N.D. N.D. N.D. 0,002
heptaklorepoksid 15.89 N.D. N.D. N.D. N.D. N.D. 0,002
gama-klordan 17.11 N.D. N.D. N.D. N.D. N.D. 0,002
endosulfan | 17.71 N.D. N.D. N.D. N.D. N.D. 0,002
alfa-klordan 17.92 N.D. N.D. N.D. N.D. N.D. 0,002
dieldrin 19.09 0.0002 9753.7 162.6 3727.2 0.01 0,004
4,4-DDE 19.34 0.0004 22587.3 376.5 4810.2 0.03 0,004
2,4-DDT 19.71 N.D. N.D. N.D. N.D. N.D. 0,004
endrin 20.15 N.D. N.D. N.D. N.D. N.D. 0,004
endosulfan Il 20.68 N.D. N.D. N.D. N.D. N.D. 0,004
4,4-DDD 21.52 N.D. N.D. N.D. N.D. N.D. 0,004
endrin aldehid 21.73 N.D. N.D. N.D. N.D. N.D. 0,004
endosulfan sulfat 23.03 N.D. N.D. N.D. N.D. N.D. 0,004
4,4-DDT 23.32 N.D. N.D. N.D. N.D. N.D. 0,004
endrin keton 25.41 N.D. N.D. N.D. N.D. N.D. 0,004
metoksiklor 26.94 N.D. N.D. N.D. N.D. N.D. 0,020
Total - 0.0006 | 58137688.9 | 968961.5 | 1690362.6




Table 8. Display results obtained by GC-ECD method in sample 3. Other pesticides containing chlorine (ND-non detected)

Time Quantity Area Area Height e Ul Quan_tlf!catlon
Name Min] | [mg/kgl | [WV.Secl |[WV.SMinl|  [uV] sl s
: . e - [Min] [mg/ke]
PCIB 5.28 N.D. N.D. N.D. N.D. N.D. 0,002
HCB 8.26 N.D. N.D. N.D. N.D. N.D. 0,002
pentaklorfenol 9.13 N.D. N.D. N.D. N.D. N.D. 0,002
vinelozolin 12.10 N.D. N.D. N.D. N.D. N.D. 0,002
alaklor 12.46 N.D. N.D. N.D. N.D. N.D. 0,005
izodrin 15.25 N.D. N.D. N.D. N.D. N.D. 0,002
captan 16.26 N.D. N.D. N.D. N.D. N.D. 0,020
tolilfluanid 16.34 N.D. N.D. N.D. N.D. N.D. 0,020
iprodion 26.14 N.D. N.D. N.D. N.D. N.D. 0,010
Total - 0.0000 | 58985425.2 | 983090.4 | 1445137.7
The values that deviate but do not exceed MPC are 2, 4'-DDT, 4, 4'-
DDT and vinclozolin. Derived values (2, 4-DDT and 4, 4°-DDT) were
found in samples 4 and 6 (sample 4 — Rice, sample 6 — Wheat white
flour — smooth) while the vinclozoline elevated value was found in the
sample 8 (Apple nectar and concentrated fruit juice). Therefore, the cal-
ibration directions (Figures 3, 4) and their values of computer curves
are shown.
Figure 3.
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Figure 4.

Graphic representation of the
concentration dependence of
¢ (pg/uL) on the surface of the
sample point 4,4-DDT.

Figure 5.

A graph of the concentration
dependence of ¢ (pg/uL) on the
surface of the sample point
vinclozoline.
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Next to the line is the equation of the line and the coefficient of correla-
tion for each direction. The tracks are created in the Galaxy Chromatog-
raphy Data system version 1.9.3.2. For all types of DDT (p, p — DDT, o,
p — DDT, p, p — DDE and p, p — TDE) MDK for flour is 0.05. The same
applies to rice. MPC vinklozolina with apples is 0.01.

When sample 4 and 6 were analyzed (sample 4. — Rice, sample 6. —
Wheat white flour — smooth), the 2.4’-DDT was elevated as shown in the
diagram (Figure 3), whose y is 122.52573 x and the value R is 0.9939.

When we analyzed samples 4 and 6 (sample 4 — Rice, pattern 6 —
Wheat white flour — smooth), an elevated value of 4,4 u-DDT was ob-
tained as shown in diagram (Figure 4) whose y is 32.76046 x and the
value R is 0.9944.

When sample 8 was analyzed (apple nectar and concentrated fruit
juice), a vinclozoline elevated value was obtained as shown in the dia-
gram (Figure 5) whose y is 368.65825 x and the value R is 0.9969.

For all types of DDT (p, p — DDT, o, p — DDT, p, p — DDE and p, p -
TDE) MDK for flour is 0.05. The same applies to rice. MDK vinklozolina
with apples is 0.01 [111.

DISCUSSION

Only 3 samples of the 11 analyzed, had a mild deviation (mild increase
27.27%), but below MPC. In samples 4 and 6 (sample 4. — Rice, sam-
ple 6. — Wheat white flour — smooth) there can be seen a slight in-
crease of 2.4°-DDT and 4.4°-DDT. Since both pesticides have been in-
creased in both samples, it is assumed that this is a possible impurity
or an error in the analysis. Of course, because of the longtime of DDT's
dissolution, it is possible that it is a real result. In the results in sample
8 (apple nectar and concentrated fruit juice), vinclozolin pesticides in-
creased. MPC values were not exceeded. A more comprehensive pic-
ture of pesticide diffusion and their control can be given to us “Annual
reports on the implementation of monitoring programs for pesticide res-
idues in and on plant-based products” [12].

The 2013, report states that out of 335 analyzed samples, none of
them contained residues above MPC [1, 12]. Similar results are also
found in the 2014 report, when 378 samples were analyzed [3]. In the
reports it can be seen that the average in the EU country from 2013 to
2014 increased by 1%. In 2013, the EU average was 1.6%, while the
EU average in the EU in 2014 was 2.6% [11]. It was emphasized the
use of resources that were allowed for use but not for the products they
were found to be. Such an example is stated in the 2014 report, where
the strawberry was found to be an active substance chlorpyrifos which
has no license for its use [3]. They also mention the finding of active
pyrazophos (on tomatoes) that is banned in Croatia and the EU. Pesti-
cide residues, as stated in both reports, are most commonly present in
orange and strawberries, while pesticide residues in wheat flour, baby
food and bread are not found or are at the limit of quantification [3,
12].
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On the basis of this data it can be estimated that consumer exposure in
the Republic of Croatia is extremely low because none of the samples
listed in the reports have passed the MDK or the samples analyzed for
the purpose of this paper. It should also be taken into account that
MDK values are set several times lower than concentrations of pesti-
cides that are harmful to the health of consumers themselves [3, 12].

CONCLUSIONS

The use of pesticides is a worldwide problem and today's hygiene could
not be imagine without them. Pesticides are a necessary today, but the-
ir use must be strictly controlled. The presence of DDT and vinclozoline
is elevated but within the allowed limits. We can conclude that pestici-
de concentrations do not exceed the permissible concentration in a sin-
gle sample and can not cause food poisoning. After the food test was
carried out on randomly selected samples in the Public Health Institute's
labs of Primorsko-goranska County, it was found that the food was safe
and had no adverse effect on humans and their health.
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A Matter of trust:

A quantitative study to
explore allergen awareness
and compliance in
takeaway food businesses
in the Borough of Knowsley

Sarah FOX', Graeme MITCHELL*, Michael PASCUCILLA®

ABSTRACT

With the number of people suffering from food allergies increasing globally and
food allergies accounting for more hospital admissions than food borne diseases,
food allergens pose a significant public health threat.

In December 2014, the European Union (EU) introduced legislation which aimed
to ensure that customers with food allergens could make informed choices and
safely consume food, without the risk of a potentially life-threatening reaction.
Using a questionnaire and allergen audit (designed to provide a consistent and
standardised means of measuring food safety practices within food businesses),
the aim of the research was to explore the awareness, understanding and
practices of 21 randomly selected food business in the Borough of Knowsley,
located in the North West of England.

The findings revealed a significant gap between the level of confidence expressed
by food business owners and their practices and understanding. Whilst all
(n=21) felt confident in providing a safe meal and 90% (n=18) were aware of
the need display allergen information, none of the food businesses owners
demonstrated a high level of allergen control in their premises and 43% (n=9)
did not display any allergen information within their premises. In addition, the
research established that there appeared to be no direct link between the levels
of food hygiene found in a food business and the awareness and practice of the
food business owner regarding food allergens.

This gap leaves customers exposed to a significant level of risk, as it appears
that the confidence food business owners have in producing a safe meal is
misplaced.

Key words: food allergens, food businesses, risk, allergen audit
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The prevalence of food
allergies is reported to be
rising in many countries, with
many studies estimating that
food allergies affect 1-2% of
adults and 5-8% of children.

The World Health
Organisation (WHO) reports
that there are more than
70 foods that have been
reported as causing food
allergen reactions.

Table 1. Area of reaction and symptom [9]

INTRODUCTION

Since December 2014, specific EU legislation has required food busi-
nesses (FB) to provide information to customers about food allergens, yet
concerns still exist as to how effectively this legislation is being imple-
mented.

The importance of ensuring customers are provided with accurate infor-
mation about potentially life-threatening allergens that may be contained
within food cannot be underestimated. A number of deaths in the United
Kingdom (UK) have been linked to FBs providing allergen-contaminated
food, sometimes despite requests from the customer concerning their al-
lergen status. In one case, the wilful negligence shown by a food busi-
ness operator (FBO) regarding allergens resulted in his prosecution and
conviction for manslaughter after the death of a customer.

The prevalence of food allergies is reported to be rising in many coun-
tries [1], with many studies estimating that food allergies affect 1-2% of
adults and 5-8% of children [2, 3, 4, 5]. Hospital admissions for chil-
dren in the UK alone, due to food allergens, have increased by 700%
since 1990 [6] and almost twice as many people are hospitalised per
year due to allergic reactions to food than food borne diseases [7] al-
though there appears to be no single reason for this.

According to Wang and Sampson [8] food allergies can be defined as
adverse immune mediated reactions to specific food proteins that can
have a rapid onset time and can sometimes be serious and lead to a
life-threatening anaphylactic reactions. Table 1 identifies the area where
the reaction could take place and the symptoms that may be experi-
enced.

Food allergies are not the same as food intolerances, which may be
caused by difficulties in digesting certain substances such as lactose.
With a food intolerance, no allergic reaction occurs, and symptoms de-
velop several hours after consuming the food. In general, it requires a
larger amount of food to trigger food intolerances than for food allergies
and whilst undoubtedly unpleasant, food intolerances are never life
threatening, unlike food allergies.

Area

Symptom

Skin

Itching, swelling and redness

Gastrointestinal Tract

Pain, nausea, vomiting, diarrhoea, itching and swelling of the oral cavity

Respiratory Tract

Itching and swelling of the nose and throat, asthma

Eyes

Itching and swelling

Cardio-vascular system

Chest pain, abnormal heart rhythm, low blood pressure causing fainting and
loss of consciousness
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The World Health Organisation (WHO) reports that there are more than
70 foods that have been reported as causing food allergen reactions,
however the EU has identified 14 maijor allergens, as detailed in box 1.

Box 1: List of EU food allergens [10]

Egg and products thereof

Fish and products thereof

Peanuts and products thereof

Soybeans and products thereof

Milk and products thereof (including lactose)

Celery and products thereof
Mustard and products thereof

Sesame seeds and products thereof

Lupin and products thereof

Crustaceans and products thereof (for example prawns, lobster, crabs and crayfish)

Cereals containing gluten namely wheat (such as spelt and Khorasan wheat), rye, barley

Nuts (namely almond, hazelnut, walnut, cashew, pecan nut, Brazil nut, pistachio nut and Macadamia nut (Queensland nut)

Sulphur dioxide and/ or sulphites at concentrations of more than 10mg/kg or 10mg/L (litre)

Molluscs and products thereof (for example mussels, clams, oysters, scallops, snails and squid)

The detriments to the quality of life for allergic consumers and their
families has been well documented [11, 12, 13]. Although there are no
boundaries on the groups of people food allergies effect, Gowland, [14]
recognises that teenagers and people in their early twenties are particu-
larly at risk, as they are beginning to make independent food choices
and they are ill equipped in food preparation and have had little experi-
ence in dealing with the risk allergens pose. In addition, the vulnerabili-
ty of this group is exacerbated by the struggle for social acceptance and
that due to peer pressure; this group is more likely to engaging in risky
behaviour particularly when they are out with friends [15].

From December 2014, all FBs have been required to provide information
about allergenic ingredients used in foods sold or provided by them. This
legal duties placed upon FBs are based on EU Food Information for Con-
sumers Regulation (No.1167/2011) (EU FIC) and Commission Delegated
Regulation (EU) No. 78/2014 amending Annex Il of 1167/2011. This re-
quirement states that food must be safe, authentic and properly labelled
and the responsibility for this falls to the FBO; however, there is an ex-
pectation of some regulatory oversight. This is where the enforcement re-
garding allergens becomes complex and the issue is raised as to whether
allergens are a food safety issue or a food standards matter. Allergen en-
forcement has taken two separate tracks, food safety, e.g. hygiene and
contamination and food standards, e.g. labelling, authenticity and fraud
[16].

For individuals who experience food allergies, avoidance is often the
only solution as accidental allergen ingestion is potentially life threaten-
ing for many [17]. The conveying of information regarding allergens then
becomes vitality important as eating away from the home has become
more of a norm. This presents a particular problem for consumers with
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food allergies as the lack of information can lead to exposure of risk
and/or unnecessary restrictions. In the UK Bailey et al, [18] reported
that of 90 restaurant staff surveyed, 81% reported being confident in
providing a safe meal for a food allergic customer yet 38% believed that
consuming a small amount of an allergen was safe; Common et al, [19]
found that out of 40 UK restaurant staff questioned, all respondents
were comfortable and 65% were very comfortable in providing a safe
meal, yet 25% believed that cooking food would prevent it causing an
allergy — this would seem to justify the concerns that allergic consumers
would have in eating away from the home.

Even after the introduction of the legislation, the UK’s Royal Society for
Public Health [20] established that takeaway food businesses were
struggling to meet the new legal requirements: 66% of all takeaways
failed to provide the legally required information on how customers can
find the 14 allergens; over 50% were unable to state whether their food
contained an allergen and 80% were not in possession of records stat-
ing whether allergens were present in ingredients.

The studies indicates there is a significant gap in the knowledge and
practice of FBs around the provision of allergen safe food to customers.
Therefore the aim of this research is to explore the understanding and
practices of FBs in relation to food allergens.

The research was undertaken in the Borough of Knowsley which is lo-
cated in the North West of England. The Borough is typical of a mid-
sized urban district in the UK, although it is ranked 2nd in terms of
deprivation in the UK. The Environmental Health team for the Borough
of Knowsley are responsible for the enforcement of 750 takeaway FBs,
which provide a range of cuisines to the local residents and visitors.

METHODS

Research Design

The research itself consisted of two different research elements. The
first element of the research aimed to assess the knowledge and atti-
tudes of FBOs surrounding allergens utilising questionnaires. The sec-
ond element of the research was designed to explore the practises in
place within the business and an allergen audit was undertaken.

Sampling

Using pragmatic sampling, from the list of 750 FBs every 25" FB was
selected in order to achieve a sample size of 30 businesses. However,
given the time and resources limitation for the survey only 21 FBs took
part in both the questionnaire and audit elements of the research.

Questionnaires

The questionnaire was specifically developed by the authors for the pur-
pose of this research considering the Food Standards Agency’s guid-
ance on food allergens. The questionnaire was designed to assess the
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knowledge and attitudes of FBOs and took on the style of a descriptive
survey, which employed both closed questions and those based on a
Likert scale. The questionnaire probed the FBOs level of knowledge re-
garding the requirements of the legislation and how clear/easy to under-
stand these legislative requirements were. To gain insight into the
knowledge FBO’s have in being able to identify allergens they were pro-
vided with a grid of ingredients and asked to identify any that they be-
lieved should be highlighted as an allergen. The grid contained a list of
28 ingredients, of which 17 were classed as allergens. This included all
14 specified allergens plus three other commonly used items that con-
tained one or more allergens (these items were: mixed nut powder; pas-
ta and almond powder). Finally, the questionnaire explored how confi-
dent FBOs were in providing a safe meal and the factors that could
cause issues for allergen sufferers.

Audit

The audit focused on three main areas:
e The display of information
* Allergen control in storage, kitchen, production and service areas

* Confidence in management (how well the guidance was understood
by the FBOs)

In order to allow for a standard and consistent measure for these three
areas, an allergen descriptor matrix was developed by the authors for
this specific research study. (see box 2). The combined scores for each
area of the audit then generated an overall allergen score for each
premises. As each area has a highest score of four, the maximum over-
all score a FB could achieve would be 12. This approach was based
around the current food hygiene intervention-rating scheme, which is a
risk assessment to determine the frequency of interventions for FBs,
and can be found in Annex 5 of the UK’s Food Law Code of Practice.
Although not its primary purpose, the audit also verifies the answers
given in the questionnaire.

Box 2: Allergen Descriptor Matrix

Display of information

score Guidance on scoring criteria

4 High standard of compliance — clear and informative information displayed on the premises and on the
takeaway menu providing the customer with all the necessary information

3 Information is displayed regarding allergens in some areas of the food business but not necessarily both on the
premises and on the takeaway menu

2 The need for allergen information is recognised with ‘please ask for more information’ type signage.

1 Total non -compliance with statutory obligations — no, or very little information displayed on the premises and/
or on the menu
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[
Allergen control in storage, kitchen, production and service areas

score Guidance on scoring criteria
4 High standard of control — allergen ingredients are clearly labelled and separated avoiding the risk of cross
contamination. There is documented control with regards to the purchasing of allergen ingredients
3 There is good evidence of labelling and separation to prevent cross contamination
2 The business makes some attempt to control allergens by basic separation and some labelling
1 There is total non-compliance with the Food Standards Agency guidance. Labelling is poor and cross
contamination of allergens is evident

Confidence in management

Score Guidance on scoring criteria
4 FBO is knowledgeable and has an excellent understanding of allergens and legal requirements. They can
confidently discuss processes in place to ensure compliance
3 FBO has good knowledge surrounding allergen requirements and the impact this has on the business
2 The FBO has some understanding, however there are obvious gaps in knowledge and understanding
1 There is no, or very little knowledge or understanding by the FBO of allergens, the requirements around them
or the impact this has on the business

Data Collection

As this research was undertaken as part of the BSc (Hons) Environmen-
tal Health degree programme, prior to collection of any data, ethical
approval was obtained from Liverpool John Moores University. The
questionnaires were administered face to face with the FBOs and the
audits undertaken at the same time. Visits to the food premises were
carried out during weekdays and evenings in January/February 2018.
The FBs were aware that the research was taking place, as they had
previously been contacted directly by the Environmental Health team.
However, none of the visit were pre-arranged and the researcher arrived
unannounced at each of the premises.

Data Analysis

Data from the questionnaires and audits were analysed using Microsoft
Excel. The descriptive statistics are used, as well as Pearson’s’ correla-
tion co-efficient

RESULTS AND DISCUSSION

Results

Questionnaire Findings

There is a legal requirement under the legislation for FBs to display in-
formation regarding allergens in their businesses. When asked, 90%
(n=18) of FBOs were aware of this requirement, with only 10% (n=2)
of all FBQO’s providing the answer as no (total n=20).

The FBOs were then asked if the legislation relating to allergens was
clear and easy to understand. 85% (n= 17) agreed or strongly agreed
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that the requirements under the legislation are clear and easy to under-
stand, with 15% (n=3) disagreeing (total n= 20).

Figure 1 shows the number of correctly identified allergens; incorrectly
identified allergens; correctly identified non-allergens and incorrectly
identified non-allergens. Of particular note is the one FBO who identi-
fied all 18 allergens correctly, but-also identified nine incorrectly.

When asked how confident they were in preparing a safe meal 67%
(n=14) of FBOs stated they were very confident and 33% (n=7) said
they were confident. None of the FBOs stated they were unconfident or
very unconfident. (total n=21)

The FBOs were then asked a series of questions relating to the manage-
ment of allergens and their impact.

Table 2 demonstrates that 23% (n=5) of FBOs thought that when eat-
en in small amounts, food allergens would be safe for allergen suffers to
eat, whereas 77% (n=16) of FBOs did not (total n=21).

Table 2. FBO perceptions towards specific aspects of allergen safety management

Figure 1.
Allergens and non-allergens correctly
and incorrectly identified

30

Strongly .
disagree Disagree Agree Strongly agree Total
No. % No. % No. % No. % No. %
FBs FBs FBs FBs FBs FBs FBs FBs FBs FBs
Safe to eat small amount of allergens | 10 48% 6 29% 3 14% 2 9% 21 100%
Allergens destroyed by cooking 13 62% 6 29% 2 9% 0 0% 21 100%
Importance of cross contamination 0 0% 1 5% 10 48% 10 48% 21 100%
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Figure 2.
Overall allergen scores achieved

Figure 3.
Allergen scoring for all areas
of the Allergen Audit
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In addition Table 2 demonstrates that 9% (n=2) of FBOs thought that
cooking would destroy food allergens, whereas 81% (n=19) of FBOs
did not (total n=21).

Finally, Table 2 highlights that FBOs understand the importance of
cross contamination, with 95% (n=20) agreeing that it can be a con-
tributing factor to a dish becoming contaminated with and allergen and
only 5% (n=1) disagreeing (total n=21)

Audit findings

The second element of the research was the audit of the premises and
this part of the research was designed to explore the actual practises of
the business. The highest overall score that each FB could obtain was
12 and Figure 2 shows the range of scores achieved by the FBs.

This data was then broken down further to determine the score achieved
in each area of the audit. This is detailed in Figure 3.
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The score ranges from 1 (total non-compliance with guidance/ cross
contamination is inevitable/ no or very little knowledge by the FBO sur-
rounding allergens and the impact of them) to 4 (where a high standard
of compliance was observed/allergens are clearly labelled to avoid cross
contamination and there are documented controls with regards to pur-
chasing/excellent knowledge and the FBO can confidently discuss proc-
esses in place to ensure compliance).

As Figure 3 shows, none of the premises visited receive the highest score
available for allergen control and only 25% of FBs received the highest
scores for display of information and confidence in management.

All the FBs involved in the research were registered with the local au-
thority and as such, all (except one, which was a new business and was
awaiting inspection) had a current Food Hygiene Rating System (FHRS)
score. The FHRS generates a score based upon three elements: current
level of compliance (hygiene); current level of compliance (structural)
and confidence in management/control procedures. The FHRS score
ranges from O (urgent improvement necessary) to 5 (very good).

To explore any relationship between the FHRS score and the allergen ma-
trix score generated by this research, the FHRS score for each premises
was identified. This was then plotted against the allergen matrix score for
the premises, as shown in Figure 4.

5 L 2 L 2 L 2 L 2 L 2
4 L 2 L 2 L 2 L 2
3 L 2 L 2 L 2
2 °
[%2]
o
T o1 °
0
0 2 4 6 8 10 12

Allergen Audit Score

As shown in Figure 4 there does not appear to be a direct relationship
between the allergen score and the FHRS score. Whilst the FBs with
the highest scoring allergen matrix score did achieve the highest FHRS,
so did a FB with one of the lowest allergen matrix scores. Indeed, the
three lowest allergen matrix scores were found to be in FBs that were
deemed acceptable, according to their FHRS scores.

The Pearson correlation co-efficient (r) for the above scatter plot is
moderately positive (+0.40) and has a p value of 0.069, which indi-
cates the relationship is not statistically significant.
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If cross contamination

is not effectively controlled

in the kitchen then customers
are exposed to a significant
level of risk.

DISCUSSION

All FBOs that participated in the study felt they were either confident or
very confident in providing takeaway meals that were safe to eat for
customers with stated food allergies. Yet the results of this study sug-
gest that such a level of confidence may be misplaced, in line with the
findings of Bailey et al. [21], Common et al [22] and the Royal Society
for Public Health [23].

The vast majority of FBOs claimed to be aware of the legislative require-
ments to display food allergen information and that in general these re-
quirements are clear and understandable. The allergen audit though, re-
vealed that 33% (n=7) of premises provided only the most basic
information and that a further 43% (n=9) had no or very little information
on display. This apparent contradiction means that customers who would
rely on the information provided by the FBO are being potentially mislead
and misinformed as to the presence of allergens in the food provided.

Even if a customer advises an FBO that they suffer from a food allergy,
there is still the potential that they are putting themselves at risk. As
previously stated, all the FBOs that participated felt they were either
confident or very confident in providing takeaway meals that were safe
to eat for customers with stated food allergies. The questionnaires and
audits would challenge this: 23% (n= 5) believed that it is safe for an
allergen sufferer to consume a meal, if only a small amount of the aller-
gen is present; 9% (n=2) assumed that food allergens could be de-
stroyed through the cooking process.

The risk is that FBOs who hold these beliefs and make these assump-
tions are endangering the health of their customers; customers who
think that by consuming food from establishments display allergen in-
formation and informing the FBO of their food allergy, that they have
taken appropriate steps to protect themselves from harm.

Overall the FBOs demonstrated a good knowledge of the food allergens
themselves and 95% (n=20) were aware that cross contamination was a
contributing factor for a dish to contain a food allergen. This knowledge
and awareness was not perfect, with none of the FBOs being able to cor-
rectly identify all the allergens and non-allergens presented to them, in-
deed one FBO appeared to simply tick every box. Perhaps of greater con-
cern is that whilst cross contamination was identified as an important
factor none of the FBOs achieved the highest mark in the audit for aller-
gen control, with 43% (n=9) just making a minimum effort and 29%
(n=6) showing no level of control at all. This is perhaps the key finding
for the research. It highlights that regardless of the information provided
to the customer and then awareness of the FBOs, if cross contamination
is not effectively controlled in the kitchen then customers are exposed to
a significant level of risk. The gap between the confidence expressed by
FBOs in their ability to provide safe meals and their actual practice poses
a clear health risk to customers with food allergies.

In addition, the research found that the level of food hygiene in the FBs
was not directly related to their practice and awareness around aller-
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gens — although it must be noted that the relatively small sample size
could have influenced this value. This could lead to further risk for cus-
tomers, who may assume that because a FB has a good FHRS score
that the FB is able to adequately provide food that is allergen free. It
creates a situation where hygienic food is not necessarily safe food —
justifying the question as to whether allergens are a food safety issue or
a food standards matter.

Limitations

The research utilised small sample of FBs (n=21). It must also be ac-
knowledged that this reported level of confidence may have been gener-
ated as a result of the Hawthorne Effect — were participants provide
answers they believe that the research is seeking. This is perhaps espe-
cially relevant, since the FBOs may have felt a “wrong” answer could
have led to formal action against them. However, in order to limit this, it
was made clear to the FBOs that the research was part of a University
research project and that the researcher was not part of the Environ-
mental Health team.

CONCLUSION

The introduction of legislation seems to have made little difference to
the level of compliance found within FBs. It can be suggested that the
introduction of it has had little effect on FBs, other than perhaps the
cosmetic change of the putting up of a sign, stating that food produced
on the premises may contain allergens. This alone does not make the
FBO compliant and possibly instils a dangerous sense of false security
for customers with food allergies.

Those cases that are reported and brought to the attention of enforce-
ment staff, and then afterwards the public, are often the ones that have
resulted in fatalities. Yet how many “near misses” occur that are never
notified? For any legislation to be effective and to result in behaviour
change, it must be adequately enforced and resourced. In the UK, en-
forcement officers were encouraged to adopt an advisory approach
when the legislation commenced, switching to a more formal approach
after 12 months. However, the lack of any tools (such as the audit tool
developed for this research) to gauge the level of compliance within a
FB; the lack of any incident reporting mechanism and the confusion as
to whether this is a food safety or food standards issue, leaves custom-
ers vulnerable and exposes them to an unacceptable level of risk.
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ABSTRACT

Introduction: The water supply network of the Cabar area (Cabar is a little place
in Gorski kotar, mountain part of Croatia) has been carrying bacteriological
contamination for many years. The aim of the paper is to present a five-year
microbiological profile of drinking water used for supplying the field area.
Methods: The collected data for Cabar, Gerovo, Prezid and Tri¢e water sourses
were obtained from the Department of Public Health, Primorsko-Goranska
County. Data were statistically processed and interpreted for the period from
January the 1%t 2012. to December the 31 2016. The number of tested samples
is 435 and the analyzed parameters are temperature, color, turbidity, pH,
conductivity, KMnO4 consumption, ammonia, coliform bacteria, Escherichia coli,
Enterococci, colonies at 37 °C and colonies at 27 °C, Pseudomonas aeruginosa
and free chlorine. Results: The highest number of bacteriologically defective
samples in the five-year period was in Cabar's water supply with 33% of
defective samples compared to the total number of measurements and the
Gerovo water supply with 29%. The contaminated samples contain Escherichia
coli (fecal contamination indicator) and are most present in the Cabar water
supply (28%), followed by Gerovo (24%), Trs¢e (10%) and Prezid (9%).
Conclusion: Due to fecal contamination, these water supply systems are unsafe
for human health because they are the potential causes of the hydric epidemic
and need to continue to invest in the protection of sources and sanitary-technical
maintenance of the water supply system with regular chlorination.

Key words: fecal contamination, water supply, water for human consumption,
health sanitation
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Because of the large number
of diseases and mortality of
people due to lack of supply
with potable water and
non-hygienic conditions,
water is considered to be the
leading cause of mortality
among environmental causes.

INTRODUCTION

Human'’s need for water, especially for drinking, is constantly increasing
due to urbanization, industrialization, population growth and irrational
consumption. For the last hundred years, the use of water for human
consumption has increased 7 times, mostly due to the needs of industry
and food production. Sea and oceans make up 97.5% of the total amount
of water on Earth while fresh water accounts for 2.5% [1]. Out of these
available fresh water supplies it fell 1.74%. It results that 0.76% of the
total mass of fresh water on Earth, which is not all environmentally ac-
ceptable for use. Carnations and constant snow cover about 10% of the
world’s mainland and contain about 70% of the world’s quantity of fresh
water [1]. The largest amount of available fresh water that can be used
for water supply is land-flowing water. Groundwater is the largest re-
source of drinking water and makes 90% of the available world resources
[1]. Millions of people all around the world suffer and may die from dis-
eases caused by water contamination. The largest number of victims are
children in developing countries, particularly in Asia and Africa [2]. Be-
cause of the large number of diseases and mortality of people due to lack
of supply with potable water and non-hygienic conditions, water is con-
sidered to be the leading cause of mortality among environmental causes.
Precisely because of the great link between health and sanitary water,
water management is part of public health [3]. Potable water is consid-
ered to be healthy and good if it has good sensory properties, which
means it must be free of mute, smell and color . In addition to satisfacto-
ry sensory properties it should not contain, in a number that would pose
a risk to human health, parasites, microorganisms, as well as their devel-
opmental forms. It should not contain harmful substances that may be
harmful to human health [3].

Water intended for human consumption is, according to the Law on
Water for Human Consumption (OG 64/15), which has been in its origi-
nal state or after processing intended for drinking, cooking or other
household purposes, irrespective of its origin and irrespective of wheth-
er they come from a water tank, tank, or public water supply system.
This is also the water used in food-producing industries that are pro-
duced, processed or placed on the market of products or substances
intended for human consumption unless it has been determined by the
competent authority that the water quality can not be affected in its fi-
nal form, on food safety [4]. Potable water quality, apart from the purity
and quality of the water source itself, also depends on the way the wa-
ter is purified and disinfected, as well as on the quality of the water
supply system itself and the water supply network. Healthy water qual-
ity depends on the sanitary-technical and hygienic conditions that must
be met to ensure that the water used for supplying the population is
healthy [5].

The water supply system implies a water supply system for the human
consumption, which constitutes a watercourse (arranged and protected),
a conditioning device, a pumping station and a water supply system, and
a main supply pipeline and a water supply system for transporting water
from the waterworks to the consumer [4].
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In Primorsko-Goranska County, for the needs of the Ministry of Health,
the drinking water is controlled by the Institute of Public Health of Pri-
morsko-Goranska County. The Department that performs control within
the Institute is the Department for Control of Drinking Water and Water
in Nature. According to the Ministry of Health’s instructions only proc-
essed water is controlled at the place of consumption. Water samples
are mostly taken in public facilities, for example in schools and in public
shows. All results obtained by testing are regularly sent to the water
supply, sanitary inspection and the Ministry of Health. The results are
also publicly available to everyone on the Institute’s website: www.
zzjzpgz.hr. Gorski kotar occupies the western part of the Republic of
Croatia and a third of the land area of the Primorsko-Goranska County.
It is naturally very rich in water. Lake Lokvarsko, Lepenica and Bajer
are Lake Gorski kotar. The water wealth is crowned by the watercours-
es of the river Kupa, Cabranka and Dobra. It belongs to the most exqui-
site parts of the state. Relatively speaking, it is distinguished and char-
acterized by its low population density and its prominent depopulation.
Although it belongs to the Primorsko-Goranska County, where there is
an excellent water supply system, a number of samples have been ob-
served for a long period of time in analyzes of water for human con-
sumption [6]. The water supply of the Cabarsko area is characterized by
a large number of smaller water supply systems, which are concerned
with sources of less tolerance. Sanitary-technical maintenance of such
systems as well as disinfection is greatly hampered by dispersion and
multiplicity. During 2012, the first phase of installation of automatic
chlorine in the area of Prezid and Tropet-Parga began. This has greatly
improved water quality. The second phase of construction was contin-
ued in 2013. It was supposed to be for the area of Mandla-Zagar—PIeéac
and Gerovo, but only in the territory of Gerovo and Tr§¢e the main part
was realized [7, 8].The aim of this paper is to present the status of the
water supply system of the Cabar area in the five-year period from Jan-
uary the 1%t 2012. to December the 31 2016. The water supply net-
work of Gorski Kotar and, therefore, the areas of Cabar belonging to it,
have for a long time followed a bad picture of health testing of water for
human consumption showing the microbiological contamination of the
water supplying the area. By reviewing the five-year results, it will be
apparent how much the change in the legal regulations as well as the
installation of automatic chlorinates have influenced the health of drink-
ing water and how it was in the past five years.

MATERIALS AND METHODS

All collected data were analyzed in the Department of Public Health
Primorsko-Goranska County. The data obtained are a summary of total
measurements during the five-year period from January the 1%t 2012 to
December the 31% 2016. For the purposes of this paper, the data are
systematized in four parts by analyzing microbiological status of sam-
ples of the potable water of four water sourses of Cabar area for Cabar,
Gerovo, Prezid and Trsée. All water samples were taken at places of
consumption, most commonly in public parlors, kindergartens or
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schools. Samples were taken most frequently once a month by 2013,
while from 2014 to 2016 the number of samples was dependent on the
amount of water delivered in m%day. In the data obtained a total of
1,107 measurement results for Cabar, 1,899 results for Gerovo, 2,210
results for TrS¢e and 2,218 results for Prezid within the examined five-
year period were analyzed. The collected data for Cabar, Gerovo, Prezid
and Tr8¢e water sourses were obtained from the Department of Public
Health, Primorsko-Goranska County. Data were statistically processed
and interpreted for the period from January the 1%t 2012. to December
the 31 2016. The number of tested samples is 435 and the analyzed
parameters are temperature, color, turbidity, pH, conductivity, KMnO4
consumption, ammonia, coliform bacteria, Escherichia coli, Enterococ-
ci, colonies at 37 °C and colonies at 27 °C, Pseudomonas aeruginosa
and free chlorine.

RESULTS

Table 1 shows the values of indicators obtained by the health check of
human health water quality for Cabar watercourse in the period from
January the 1% 2012. to December the 31 $'2016. For the sake of better
visibility, red paint has been shown to show defective nhumber of sam-
ples. 64 samples were tested in the Cabar waterway during the five-
year period. The water temperature in the five-year period did not ex-
ceed the permissible value of 25 °C, which means that the water
complied with the prescribed values of the Ordinance. The minimum
measured water temperature was 6.5 °C, while the maximum meas-
ured temperature was 18.0 °C. The water color was satisfactory and in
all measurements it was O mg/L Pt/Co, while the maximum permissible
concentration was 20 mg/L Pt/Co. pH values are optimal for water for
human consumption. The minimum measured value was 7.7, while the
maximum measured value was 8.3. The measured values did not ex-
ceed the maximum permissible value of 9.5. The conductivity of the
samples ranged from 243 uS/cm/20 °C (min.) up to 437 uS/cm/20°C
(max.) and it is a characteristic for the water from the river Cabranka.
The maximum permissible concentration is 2500 uS/cm/20 °C. Based
on this we conclude that the water complied with the prescribed con-
ductivity values. Utility KMNO4 (potassium permanganate), which is an
indicator of the presence of organic substances in water consuming ox-
ygen for oxidation, was low and did not exceed the maximum permissi-
ble concentration of 5.00 mg/L O,. The minimum measured value was
0.31 mg/L O,, while the maximum measured value was 3.54 mg/L O,.
Values for ammonia in water samples were low. The maximum meas-
ured value was 0.012 mg/L NH,, much lower than the maximum per-
missible concentration of 0.500 mg/L NH4 given in the ordinance. The
only microbiological parameter that did not have a defective sample
was Pseudomonas aeruginosa but it started to be controlled as an indi-
cator until 2014, so it should be taken into account that these measure-
ments are not the values of this indicator for the period from 2012 to
2013 [9].
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Table 1. Results of the health check results of the Cabar water supply from January the 1% 2012 to December the 31% 2016

Indicators Measuring unit Total Min. Max. MDK I:ac:l:; cst

Water temperature C 18 6.5 18.0 25.0 0
Water colour mg/L Pt/Co 61 0 0 20 0
Water turbidity NTU 61 0.32 18.60 4.00 4
pH value pH value 61 7.7 8.3 9.5 0
Water conductivity uS/em/20 °C 61 243 437 2500 0
Consumption of KMnO, mg/L O, 61 0.31 3.54 5.00 0
Ammonium mg/L NH, 61 0.000 0.012 0.500 0
Coliform bacteria Broj/100 mL 64 0 1300 21
Escherichia coli broj/100 mL 64 0 1300 1%
Enterococci broj/100 mL 64 0 260 17
Colonies at 37°C broj/1 mL 62 0 560 20 16
Colonies at 22°C broj/1 mL 62 0 560 100 13
Pseudomonas aeruginosa broj/100 mL 14 0 0 0
Free chlorine mg/L 64 0.00 0.86 0.50

Table 2. Results of the health examination of the Tr§¢e water supply system from January the 1% 2012 to December the
31 2016

Indicators Measuring unit Total Min. Max. MDK I::nc::; (;t
Water temperature G 23 9.9 17.3 25.0 0
Water colour mg/L Pt/Co 134 0 0 20 0
Water turbidity NTU 134 0.17 5.60 4.00 3
pH value pH jedinica 134 7.9 8.5 955 0
Water conductivity uS/ecm/20 °C 134 166 438 2500 0
Consumption of KMnO, mg/L O, 134 0.00 2.10 5.00 0
Ammonium mg/L NH, 134 0.000 0.013 0.500 0
Coliform bacteria Broj/100 mL 134 0 640 14
Escherichia coli broj/100 mL 134 0 390 14
Enterococci broj/100 mL 134 0 80 9
Colonies at 37°C broj/1 mL 125 0 680 20 12
Colonies at 22°C broj/1 mL 125 0 1000 100 6
Pseudomonas aeruginosa broj/100 mL 11 0 2 1
Free chlorine mg/L 134 0.00 4.40 0.50 24
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Table 3. Overview of the results of the medical examination of the Prezid water supply system from January the 1% 2012 to

December the 31% 2016

Indicators Measuring unit Total Min. Max. MDK I:ac:l:; ?
Water temperature @ 25 3.3 18.0 25.0 0
Water colour mg/L Pt/Co 120 0 0 20 0
Water turbidity NTU 120 0.10 6.20 4.00 8
pH value pH jedinica 120 7.3 8.4 9.5 0
Water conductivity uS/cm/20 °C 120 328 442 2500 0
Consumption of KMnO, mg/L O, 120 2.00 3.53 5.00 0
Ammonium mg/L NH, 120 0.000 0.012 0.500 0
Coliform bacteria Broj/100 mL 123 0 260 12
Escherichia coli broj/100 mL 123 0 260 11
Enterococci broj/100 mL 123 0 300 9
Colonies at 37°C broj/1 mL 116 0 120 20 7
Colonies at 22°C broj/1 mL 116 0 560 100 g
Pseudomonas aeruginosa broj/100 mL 15 0 0 0
Free chlorine mg/L 123 0.00 4.30 0.50 5
DISCUSSION

Water for human consumption can be influenced by various pollutants
as a potential source of hydrocypic epidemic, which is a major threat to
the general population. This suggests that great care and supervision of
a water-based system depends on many factors, and this task is ex-
tremely complex and belongs to the public health field of action [10].
The water network of Cabar area has been carrying bacteriological con-
tamination for many years. This paper analyzes the health and safety of
water for the consumption of water supply Cabar, Gerovo, Tré¢e and
Prezid in a five-year period from January the 1%t 2012 to December the
31t 2016. All these sites are supplied with water from the Central Wa-
ter Supply System. The parameters for water temperature (°C), color
(mg/L Pt/Co), turbidity (NTU), pH value (pH unit), conductivity (uS/
cm/20 °C), KMnO, (mg/ L (humber/100 mL), number of colonies at 37
°C and number of colonies at 22 °C (number/1 mL), Pseudomonas aer-
uginosa (number/100 mL) and free chlorine (mg/L). The water for hu-
man consumption in all four water sources met the requirements of the
Ordinance for basic physio-chemical parameters. The measured water
values for water temperature, color, conductivity, consumption KMnO,
and ammonia did not exceed the maximum permissible concentrations
during the period from 01.01.2012 until 31.12.2016. Based on this,
we conclude that the water used for supplying the field area was safe in
all measurements for the specified parameters. The water was inade-
quate in 10 measurements. In Cabar 3 watercourse, they are a health
defective sample due to the turbidity of the water. In the water supply
of Gerovo water turbidity was the cause of malfunction in one measure-
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ment. The turbidity exceeded the permissible values in three measure-
ments for the Prezid watercourse as well as for the TrS¢e watercourse,
where there are also only three defective samples of turbidity during a
five year period. During the five-year period in four watercourses, water
turbot has emerged as a cause of malfunction of water in a small
number, therefore it is not a problem for water used for supplying the
field area. Water pH values in most measurements were correct and
characteristic for the water of this area having a naturally lower pH val-
ue. Only in the Gerovo watercourse the pH value of the samples did not
meet the requirements of the Ordinance in three measurements in five
years [11].

CONCLUSION

Comparing the number of bacteriological inadequate samples with re-
spect to the number of tested samples of the four water sources we can
conclude that the water supply Cabar has the largest number of bacte-
riologically inadequate water samples in the five year period from Janu-
ary the 1%t 2012 to December the 31%' 2016. Out of a total of 64 tested
bacteriologically inadequate samples were found in the Cabar water
supply. This means that the water for human consumption of the Cabar
water supply was bacteriologically inadequate in 33% of the measure-
ments.
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The influence of
temperature, disinfection
and water softening of
drinking water on the
multiplication of Legionella
pneumophila
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ABSTRACT

The influence of temperature, disinfectant and water softener for drinking water
preparation on the bacterial growth of Legionella pneumophila was examined.
The optimal temperature for bacterial growth was 36 °C. At the incubation
temperature of 15 °C the multiplying of bacteria slowed down, as confirmed by
the bacteriostatic effect of this temperature. The number of bacteria was after
the first 24 h of incubation at 55 °C reduced by more than 6 log in comparison
to the culture at 36 °C. After 10 minutes of exposure to the disinfectant
dichloroisocyanuric acid, the number of bacteria in the culture decreased for
1.4 log CFU mL?, followed by an intensive growth immediately after the
disinfectant degradation. The number of bacteria was up to 72 hours incubation
even higher than in the control sample without a disinfectant, and then the
number in both samples equalled at approximately 7.3 log CFU mL*. Sodium
polyphosphate used as a water softener stimulated the bacterial growth. The
largest difference in growth was observed after 72 h of incubation, which was
1.9 log CFU mL?! higher in samples with sodium polyphosphate in comparison
to those without the softener.

Key words: Legionella pneumophila; growth curve; temperature; water softener;
disinfectant
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INTRODUCTION

Legionellae are Gram-negative bacteria found in freshwater environ-
ments [1]. Problems can occur in buildings where the water tempera-
ture is between 25 °C and 42 °C, which are ideal conditions for the re-
production of these bacteria [2]. Many studies have shown that
Legionella pneumophila may be found in water storage and distribution
systems as well as in the recirculating cooling water of air-conditioning
systems [3]. There are over 50 different species of Legionella and more
than half of them can cause Legionnaires’ disease and/or Pontiac fever
[4, B]. L. pneumophila causes more than 90 % of legionellosis [6, 71.
In 2015 ECDC reported 7034 cases of legionellosis in Europe. L. pneu-
mophila serogroup 1 was the most often confirmed pathogen, account-
ing for 679 of 834 (81%) culture-confirmed cases [8]. The presence of
these bacteria in water distribution systems, hospitals, hotels, and spas
is a significant problem all around the world [9, 101.

L. pneumophila often survives drinking water preparation and processing
procedures and can therefore be found in plumbing systems [11]. First it
enters these systems in low numbers and then starts to reproduce rapidly
due to favorable temperature conditions [12]. If the presence of Legionel-
la bacteria in a facility’s drinking water has been confirmed, different pro-
cedures for their elimination can be used. The most commonly carried
out disinfection procedures use chlorine or heat shock. Heat shock in-
volves flushing the system with water heated to temperature of at least
70 °C for 30 minutes. The water temperature must be 60 °C at the tap
most distant from the storage tank [13]. Zhang et al. [14] reported that
chlorination was an effective method for killing L. pneumophila in water
distribution systems, however, the results suggest that the bacteria were
not completely removed even after 40 months of constant chlorination.
Other preparations for the chemical disinfection of water involve chlo-
ramine, chlorine dioxide, bromine, ionization of silver and copper ions,
and ozone. Chloramine is more stable and penetrates deeper into biofilms
in comparison to chlorine [15]. lonization of copper and silver ions is an
effective method of destroying bacteria [16] but Rohr et al. [17] pointed
out that prolonged usage leads to reduced susceptibility of Legionella
bacteria. In large plumbing systems, hot water is often added to soften
water. Water softening is carried out with the intention of avoiding the
precipitation of lime scale from the water which is deposited on the
equipment, storage tanks, pipes, and taps [18].

Due to the above-described processes and preparation of drinking wa-
ter in water supply systems, the aim of our study was to verify the influ-
ence of different conditions on the multiplication and survival of Le-
gionella pneumophila. We studied the effects of various physical and
chemical factors (temperature, added disinfectants and water softener)
on the survival and reproduction of Legionella pneumophila.

The results can be used for further improvement of prevention meas-
ures against Legionella bacteria that could have more important public
health and economic impacts. The limitation of the study is that we did
not use different concentrations of softeners and disinfectants.
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METHODS

Bacterial strain

The standard strain Legionella pneumophila subsp. pneumophila ATCC
33153 (Czech Collection of Microorganisms, Brno, the Czech Republic)
was used for studying the growth curve and for determining the impact
of temperature, dichloroisocyanuric acid and sodium polyphosphate on
bacterial growth. Cultivation took place according to the relevant ISO
standard [19].

Bacterial growth

To study the growth curve of the test strain of L. pneumophila in differ-
ent conditions, the method of counting bacterial colonies (CFU mL?)
that grew aerobically after incubation on a solid medium was used [20].
First, bacteria were cultured in test tubes in a liquid medium of Yeast
Extract Broth (YEB) (Fluca Analytica, India) with 5 mg L! of cysteine
(Biolife, Italy) broth. During 120 h of incubation at 36 °C in aerobic
conditions, 1 mL of overnight culture with a concentration of 5.7 log
CFU mL*! was taken from the tubes every 24 h. The serial 10-fold dilu-
tions were prepared in a saline solution and 1 ml of each dilution was
mixed with a melted Buffered Charcoal Yeast Extract (BCYE) medium
(Biolife, Italy) with cysteine, using the plate count method [20]. After
incubation, the colonies growing on the solid medium were counted and
the results were expressed as CFU mL?.

The same procedure was used also for detecting bacterial concentration
in the culture exposed to different incubation temperatures, a chlorine
disinfectant and a water softener with sodium polyphosphate. The re-
sults were calculated and expressed as log CFU mL! [21].

The influence of temperature on bacterial growth

The growth curve of the bacterial strain was conducted at three differ-
ent incubation temperatures: 36 °C, which was optimal for bacterial
growth, and at the unsuitable temperatures of 15 °C, and 55 °C.

The effect of dichloroisocyanuric acid on bacterial growth

The effect of disinfectants on the growth of the test bacteria was meas-
ured by adding dichloroisocyanuric acid. The bacterial culture of L.
pneumophila were added in YEB with a concentration of 5.7 log CFU
mL*, with added dichloroisocyanuric acid (Oasis, England) with a con-
centration of 17 mg L. This concentration of disinfectant is recom-
mended by the producer of the product (Oasis), as effective for the de-
struction of micro-organisms in drinking water, so we did not change it.
The pH values of bacterial cultures were measured after adding the dis-
infectant using the Cyberscan pH11 RS232 Meter (Eutech Instruments,
Singapore) according to the producer’s instructions. Samples were tak-
en after O minutes, 10 minutes and then after 24, 48, 72, 96, and 120
h of incubation at 36 °C, to determine the number of bacteria (CFU mL
1). For each selected time, two samples (two parallels) were taken, rep-
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resenting 14 samples in an experiment with added dichloroisocyanuric
acid and 14 samples without added dichloroisocyanuric acid. The ex-
periment was repeated three times (42 samples with and 42 without
disinfectant), which together represented 84 samples. The bacterial
culture was exposed to dichloroisocyanuric acid for 10 minutes. For
negative control, the bacteria were grown under the same conditions
without exposing them to dichloroisocyanuric acid.

The effect of sodium polyphosphate softener on bacterial growth

The sodium polyphosphate (Microfos SH, TKI Hrastnik, Slovenia) water
softener in standard concentrations [22] was added to the broth cul-
ture. The softener with a concentration of 5 mg L' was added to the
fresh YEB broth with cysteine and overnight bacterial culture with a
concentration of 5.7 log CFU mL'. We used the product Microfos SH
(TKI Hrastnik, Slovenia) in a concentration, as prescribed by the soften-
er manufacturer [23]. Samples were taken to determine the number of
bacteria (CFU mL?) after 0, 24, 48, 72, 96 and 120 h of incubation at
36 °C. Free chlorine in the broth culture was measured with Colorime-
ter (Chlorine Test Kit, HACH, Floriffaux, Belgium) during incubation. For
each selected time, two samples (two parallels) were taken, experiment
was repeated three times.

Statistical analysis

R software version 3.1.3 was used for statistical analysis. The results
were analysed using a paired Student t-test. The significance level was
setatp < 0.05.

RESULTS AND DISCUSSION

The effect of temperature on the growth of L. pneumophila

Figure 1 shows the growth curve of L. pneumophila at different incuba-
tion temperatures. After the first 48 h of incubation at 36 °C, bacteria
were in the logarithmic growth phase. From the beginning of the experi-
ment to the stationary phase, the number of bacteria increased by
about 3 log CFU mL*. Their number after 120 h of incubation was 7.4
log CFU mL?!. At the incubation temperature of 15 °C the multiplying of
bacteria slowed down, as the number of the initial value of 5.6 log CFU
mL! culture did not significantly change, hence confirming the bacterio-
static effect of those temperatures. Bactericidal activity was defined as
a 3 loglO decrease in CFU/ml (99.9 % kill-effect). Bacteriostatic activity
was defined as <99.9 % Kill of bacterial cells after exposure to an anti-
microbial [24]. The reproduction of bacteria at 15 °C was minimal,
which has also been confirmed by other studies [3, 25]. The number of
bacteria incubated at 55 °C after the first 24 h was reduced by more
than 6 log in comparison to the culture at 36 °C. After 48 h, their con-
centration decreased from 5.7 log CFU mL! to 0.1 log CFU mL*. After
72, 96, and 120 h of incubation, the number of colonies that grew on
the solid media varied from O to 3 CFU mL?.
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Figure 1.

Growth curve of the bacterium
L. pneumophila subsp.
pneumophila ATCC 33152

at three different incubation
temperatures.

It is clear that the bacteria
surviving the disinfection of
water replicate more
intensely than in the medium
without the added
dichloroisocyanuric acid.
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The bactericidal effect of this temperature was also reported by Cooke
[26], who determined that 90 % of Legionella cells at a temperature of
50 °C died within 2 h. Serrano-Suarez et al. [27] noted that at a temper-
ature above 55 °C, about 12 % of the population died, as confirmed by
Carvalho et al. [28]. Differences in the productivity of the bacteria of L.
pneumophila in the incubation at 36 °C, 15 °C and 55 °C were statisti-
cally significant (p < 0.05).

The effect of dichloroisocyanuric acid disinfectant on the growth
of L. pneumophila

Among the possible measures for preventing the growth of Legionella
bacteria in water distribution systems is the use of different disinfectants,
especially chlorine [16]. Totaro et al. [29] confirmed in their study the
connection between the number of Legionella bacteria in water and the
concentration of total chlorine and temperature. The growth curve of L.
pneumophila in a medium with and without the added dichloroisocyanu-
ric acid disinfectant at a concentration of 17 mg L' was examined. The
results showed (Figure 2) that after 10 minutes of exposure to the disin-
fectant, the number of bacteria decreased from 5.7 log CFU mL! to 4.3
log CFU mL* (reduced by 36 %) and the concentration of free chlorine
was 0 mg L. The change in the pH value of the medium immediately
after adding the disinfectant was reduced by only 0.1 grade, from 6.9 to
6.8. Followed by an intensive reproduction of the bacterial number, which
had already exceeded the initial value after 24 h of incubation. After 72 h
of incubation, the number of bacteria in both samples was about 7.3 log
CFU mL! and did not change much even after 120 h of incubation. The
resistance of Legionella pneumophila to hydrogen peracetic acid was also
confirmed by Farhat et al. (30). Bonadonna et al. [31] determined that
the concentration of free chlorine 0.08 mg L* confirmed the presence of
Legionella spp. at a level of 400 CFU mL!. Despite the high concentra-
tion of added chlorine, the number of surviving bacteria was high, mainly
due to the extremely high concentration of bacteria at the beginning of
the experiment, which is not common in most water supply systems.
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The number of bacteria in the samples with the addition of a disinfect-
ant increased in the first 24 h of incubation and was only 8 % lower
than in the samples that were not exposed to dichloroisocyanuric acid.
After 72 h, the number of bacteria was almost the same as in the control.
It is clear that the bacteria surviving the disinfection of water replicate
more intensely than in the medium without the added dichloroisocyanu-
ric acid. There was a statistically significant difference between the
number of bacteria that had been exposed to the disinfectant and the
number of bacteria without the disinfectant (p < 0.05).

The effect of sodium polyphosphate on the growth of
L. pneumophila

Figure 3 shows growth curves of L. pneumophila in a medium with and
without sodium polyphosphate. Water softeners are often used in apart-
ment buildings and large facilities (hospitals, hotels) to prevent calcifica-
tion in the system [19, 32].

1 ﬁ\;h.
g | 3

log CFU mEl
o

Inkubation time
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Figure 2.

Growth curve of bacterium

L. pneumophila subsp. pneumophila
ATCC 33152 in the presence of
dichloroisocyanuric acid, a chlorine
concentration of 17 mg L.

Figure 3.

Growth curve of the bacterium

L. pneumophila subsp. pneumophila
ATCC 33152 with adding sodium
polyphosphate for water softening in a
concentration of 5 mg L.
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Our results have shown that
the incubation temperature of
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55 °C has a bactericidal
effect on these bacteria.
We concluded that the
temperature of 55 °C,

even after a long time

of incubation, does not
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L. pneumophila bacteria
since we confirmed the
presence of bacteria in
samples even after 96 h

of incubation.

In the current study, sodium polyphosphate was used at a concentra-
tion of 5 mg L*! as prescribed by the manufacturer of the product. The
pH value of the culture after adding the softener did not change notice-
ably. Bacteria responded positively to the presence of the softener as
their number was much higher at all incubation times. The maximum
difference occurred after 72 h of incubation, when the number was
higher by about 1.9 log CFU mL?. After 120 h of incubation, bacteria
concentration was reduced to approximately 0.8 log CFU mL! but was
still higher than in the control culture. The shape of the growth curve is
similar in both cases, the difference being the number of bacteria in the
samples with added sodium polyphosphates, because even after a
longer period of incubation the number of bacteria was higher than in
the culture without it. The reason for the intensive growth of bacteria
might have been the phosphate in the polyphosphate solution as phos-
phates can also be a nutrient for microorganisms, which Drev et al. also
mentions (19). Between the average values, overgrown colonies on the
solid medium with sodium polyphosphate showed a statistically signifi-
cant difference (p < 0.05) to the results without the softener.

CONCLUSION

Opinions about the influence of different factors on the reproduction
and survival of Legionella bacteria in indoor water supply environments
vary noticeably. Our results have shown that the incubation tempera-
ture of 15 °C has a bacteriostatic effect and a temperature of 55 °C has
a bactericidal effect on these bacteria. We concluded that the tempera-
ture of 55 °C, even after a long time of incubation, does not completely
eliminate all L. pneumophila bacteria since we confirmed the presence
of bacteria in samples even after 96 h of incubation. We have proven
that the bacteria that survived disinfection by water with dichloroisocya-
nuric acid reproduced as intensively as the bacteria that were not ex-
posed to chlorine. This means that the incomplete or improper disinfec-
tion of drinking water in water supply systems may cause an intensive
reproduction of bacteria. Sodium polyphosphate in a water softening
product caused an intensive multiplication of the bacteria since the re-
production was more intense in the samples with added softener. The
process of preventing lime scale build up in water supply systems by
adding softeners can thus stimulate the growth of bacteria, which can
cause major problems due to the large numbers of bacteria in the drink-
ing water. It should be emphasized that all experiments were carried
out under controlled laboratory conditions. Bacteria were grown in lig-
uid medium (yeast extract with added cysteine), which means that we
provided them with nutrients for their reproduction. Conditions in
plumbing systems are less favourable, so the results would probably be
slightly different in the real conditions. In the future, we would like to
check the reproduction of bacteria under different temperature condi-
tions, and we are also wondering if other water softeners have a posi-
tive effect on the growth of Legionella bacteria. This would be very im-
portant since we could recommend the use of non-phosphate-based
softeners.
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Trend analysis of “garbage
codes” as the underlying
cause of cancer death:
Joinpoint Analysis

Svetlana STEVIC!, Natasa RANCIC-?, Mirko ILIC!

ABSTRACT

Introduction: The quality of cause-of-death data is commonly assessed by
determining the percentage of unspecified, ill-defined or “garbage” causes of
death. The objective of the paper was to determine percentage of the “garbage
codes” (GCs) coded as the underlying cause of cancer death. Material and
methods: The data base of all deceased from the NiSava District was
retrospective analyzed. The observed period was 2000-2016. Joinpoint
regression analyses was performed. Results: The total number of deceased
was 19598 (11247 men and 8351 women) and the total percentage of GCs
was 6.2%. The significantly decreasing trend of GCs by 5.6% yearly (p<0.05)
between 2000 and 2006 and by 2.9% per year (p<0.05) between the 2006
and 2016. In men, the statistically significantly decreasing trend of GCs by
6.1% per year (p<0.001) from 2000 up to 2013 was determine. In women,
significant decreasing trend by 7.5% vyearly (p<0.005) was registered from
2008 to 2016. There were statistically significant decreasing trends of GCs
both in deceased under 65 (p<0.001) and above 65 years of age (p<0.05).
The significant decreasing trend of GCs by 6.2% yearly (p<0.01) for deceased
in HSIs, was observed from 2000 to 2009. From 2004 to 2016 there was the
significant decreasing trend of GCs by 4.6% yearly (p<0.01) among deceased
out of HSIs. Conclusion: The significantlly decreasing trend of GCs was
recorded from 2000 to 2016 and the change in trend was in 2006. Continuous
education of the staff and control of data quality of medical death certificates
are needed.

Key words: cancer, mortality, garbage codes, trend analysis
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This term “garbage codes”
refers to all ill-defined or
incomplete diagnoses
consisted of codes from the
10" International
Classification of Disease
(ICD-10) for underlying
causes of death.

INTRODUCTION

The routine cancer mortality statistics provide data which are widely
used for identifying public health problems and developing health care
strategies [1, 2]. Because of the varied uses of these data, it is impor-
tant that mortality data be reliable and accurate [3].

The quality of cause-of-death data is commonly assessed by determin-
ing the percentage of unspecified or ill-defined [4] or “garbage” causes
of death [5]. Murray and Lopez introduced the term “garbage coding”
for the practice of assigning deaths to causes that are useless for public
health analysis [6].

This term “garbage codes” refers to all ill-defined or incomplete diagno-
ses consisted of codes from the 10™ International Classification of Dis-
ease (ICD-10) for underlying causes of death. “Garbage codes” don't in-
dicate the specific cause of death and they don’t have any value for
public health because they can’t be the underlying cause of death [7, 8]
and the appearance of “garbage codes” limits the public health utility of
cause of death data [9].

According to the ICD-10 the underlying cause of death is: “(a) the disease
or injury which initiated the train of morbid events leading directly to death,
or (b) the circumstances of the accident or violence which produced the
fatal injury” [10]. Despite this clear ICD definition of underlying cause of
death it is very often difficult to apply it in everyday practice [12, 13].

Mathers et al. (2005) classified Serbia and Montenegro in the group of
countries with medium mortality quality data and that means that “the
completeness of data was 70-90% or ill-defined codes appear on 10-
20% registrations or completeness >90% and ill-defined codes appear
on <10% of all registrations” [14].

The system for vital registration and medical certification of deaths in
Serbia is characterized by almost 100% coverage of civil registration of
the underlying causes of death. Serbia implemented the International
Classification of Disease-the tenth revision in 1997, and since then, all
medical death certificates issued in the country must be filled in with
the original three digit codes — ICD-10 codes.

This system of producing mortality data in Serbia has been decentralized
2006. The reporting of cancer in the Republic of Serbia is obligatory by
the law [15]. Data about incidence and mortality of the cancer are col-
lected by hospital-based and population-based cancer registries. The fol-
lowing data are entered into the population cancer register of Central Ser-
bia: descriptive characteristics of new cases or of deceased, possible
appearance of multiple primary tumors, date of determination of current
illness, diagnostic methods, tumor characteristics (primary and secondary
anatomy localization, histology type, stage), outcome of the disease, as
well as data on the health institution reporting the cancer [16].

Mortality data collection in Serbia is based on filling in the medical
death certifications by physicians-certifiers [17] and the law allows only
a physician to fill in the medical death certifications [18] using the
codes of ICD-10.
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The objective of the paper was to assess the quality of cancer mortality
data by determining and analyzing the percentage of “garbage codes”
on the medical death certificates coded as the underlying cause of
death in the NiSava District, Serbia.

MATERIAL AND METODS

Descriptive study was done. The observed period was 2000 to 2016.
The percentage of diagnoses C76 and C80 on the MDCs was analyzed
as Naghavi et al. [9] and Mathers and al. suggested [14].

The diagnosis C97 is imprecise too, but it was not taken for the analysis,
because since 2013 it cannot be taken as the underlying death cause ac-
cording to the Instructions to the Physicians-Certifiers in Serbia [17].

Data base of the medical death certifications of the Institute for Public
Health in Ni$ and data base of the Statistical Office of the Republic of
Serbia were used in this study. These data bases consisted of deceased
from cancer who were residents of the NiSava District. The observed
period was from 2000 to 2016. The deceased were retrospective ana-
lyzed according to their gender, age and the place of death.

Deceased according to age were divided into two groups: under 65
years of age and above 65 years of age. The notified place of death was
divided into: a) the deceased in the hospital stationary institution and b)
the deceased out of the hospital stationary institution.

The underlying causes of death from the medical death certificates
were accepted as accurate because as such they are published by the
official state statistics according to the deceased’s place of living and in
Serbia doesn't exist the “gold standard”.

Characteristics of the NiSava District population

According to the vital statistics the population of the NiSava District is
very old [19] and it is getting older. According to the data from 2015,
there were in average 20.5% persons older than 65 years of age.

The rate of general mortality in the territory of NiSava District ranged
14.3/100 000 inhabitans in 2013 to 15.0 in 2014 and 2015. An in-
creasing trend of general mortality was recorded. Depopulation tenden-
cies of the population with negative growth and negative natural increase
were recorded. It is well-known that aging is risk factor for cancer.

Statistical analysis

Trend of the percentage of the “garbage codes” with corresponding
95% confidence intervals (Cl) were calculated by performing Joinpoint
regression analyses [20]. For regression analyses, Joinpoint Regression
software, version 4.2.0.2. was used (available through the Surveillance
Research Program of the US National Cancer Institute Statistical Meth-
odology and Application Branch). The trend was considered to be sig-
nificant increasing (positive change) or decreasing (negative change)
when (negative change) when the p-value was below 0.05 (p < 0.05).
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In Joinpoint analysis, the best fitting points, called ‘joinpoints’, are cho-
sen where the rate changes significantly. The analysis starts with the
minimum number of joinpoints (e.g. zero joinpoints, which is straight
line), and tests whether one or more joinpoints (up to three) are signifi-
cant and must be added to the model. Each significant joinpoint that
indicates a change in the slope (if any) is retained in the final model. To
describe linear trends by period, the estimated annual percent change
(APC) is then computed for each of those trends by fitting [21].

Joinpoint regression model analyses rates, proportions, or any other
measure that can be considered (e.g., counts) over time in order to (i)
identify the possible time point(s) at which any given trend changes,
that is the joinpoint(s), and to (ii) estimate the regression function with
joinpoint(s) previously identified. Specific interests were to whether two
regression mean functions were parallel (test of parallelism) [22].

Results

In the 17" years observed period the total number of deceased in the
NiSava District was 19598 (11247 men and 8351 women). The total
number of “garbage codes” was 1217 (6.2%). The percentage of “gar-
bage codes” ranged from 8.5% (2000) to 4.0% (2006).

In men perecentage of “garbage codes” ranged from 8.6% (2004) to
2.5% (2006), and in women ranged from 10.7% (2009) to 4.7 (2016).

The Joinpoint analysis showed statistically significant decreasing trend of
“oarbage codes” by 5.6% yearly (95% Confidence intervals [Cl] =-9.7%
to -1.3%; t=-2.632; p=0.0138; p<0.05) in the period 2000-2006 (Ta-
ble 1, Figure 1).

In the period after the 2006 up to 2016 Joinpoint analysis determined
statistically significant decreasing of “garbage codes” by 2.9% yearly
(95% Cl= -5.2% to -1.7%; t=-2.630; p=0.0139; p<0.05), (Table 1,
Figure 1). According to the test of parallelism trends were similar both
for men and for women. The Joinpoint analysis showed the change in
trend in 2006. The total percentage of the “garbage codes"was the
lowest in 2006 (Table 1).

Joinpoint analysis identified gender specific trends of “garbage codes”. Men
and women significantly differed for the trend in persistence. When paral-
lelism was tested, considering the period from 2000 to 2016 trends were
similar (in parallel) (p>0.05) to men and women with a change in 2006.

In men, the Joinpoint analysis showed a statistically significantly decreasing
trend of “garbage codesby 6.1% per year (95% Cl=-7.3% to -4.8%; t=-
10.13; p=0.000; p<0.001) from 2000 up to 2013. The increase of “gar-
bage codes” during 2013-2016 was not statistically significant (p>0.05).

In women, based on the Joinpoint analysis, trend of “garbage codes” de-
creased from 2000 up to 2008 but not statistically significant (p>0.05).
The Joinpoint analysis showed a change in trend for women in 2008.
Trend of “garbage codes”statistically significant decreasing by 7.5% year-
ly (95% Cl= -11.9% to -2.9%; t=-3,47; p=0.0046; p<0.005) in the
period 2008-2016.
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Table 1. The percentage of garbage codes (ICD-10, C76-C80) coded as the underlying cause of death (ICD-10, CO0-D48),
by gender, in the NiSava District from 2000 to 2016

Year Total GCs Males GCs Females GCs
n*/N¥ % n*/N¥ % n*/N¥ %
2000 85/1004 8.5 38/563 6.7 47/441 10.7
2001 83/999 8.3 47/579 8.1 36/420 8.6
2002 82/992 8.3 45/570 7.9 37/422 8.8
2003 80/951 8.4 35/526 6.7 45/425 10.6
2004 80/979 8.2 48/556 8.6 32/423 7.6
2005 80/1083 7.4 40/616 6.5 40/467 8.6
2006 41/1031 4.0 15/593 2.5 26/438 5.9
2007 59/1176 5.0 30/689 4.4 29/487 6.0
2008 80/1156 6.9 37/665 5.6 43/491 8.8
2009 79/1255 6.3 36/709 5.1 43/546 7.9
2010 78/1238 6.3 38/698 5.4 40/540 7.4
2011 74/1254 5.9 43/751 5.7 31/503 6.2
2012 66/1372 4.8 37/794 4.7 29/578 5.0
2013 54/1218 4.4 26/692 3.8 28/526 5.3
2014 70/1325 5.3 32/750 4.3 38/575 6.6
2015 64/1268 5.0 35/733 4.8 29/535 5.4
2016 62/1297 4.8 37/763 4.8 25/534 4.7

*n= the number deceased with 'garbage codes', TN= the number of persons who died from cancer (C00-D48, ICD-10)

Figure 1.
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Table 2. The percentage of cancers coded as the underlying cause of death with (CO0-D48, ICD-10) in the hospital stationary

institutions and among deceased out of the hospital stationary institutions, by age, in the period 2000-2016 in the NiSava

District
Year HSIst GCs gl;:if GCs <65 GCs 65+ GCs
n*/NT % n*/NT % n*/NT % n*/NT %
2000 29/324 9.0 56/680 8.2 39/417 9.4 46/587 7.8
2001 30/301 10.0 53/698 7.6 29/385 7.5 54/614 8.8
2002 22/277 7.9 60/715 8.4 32/406 7.9 50/586 8.5
2003 19/288 6.6 61/663 9.2 33/369 89 47/502 9.4
2004 28/346 8.1 52/633 8.2 36/384 9.4 44/595 7.4
2005 29/389 7.5 51/694 7.3 26/450 5.8 54/633 8.5
2006 16/363 4.4 25/668 3.7 15/411 3.6 26/620 4.2
2007 24/417 5.8 35/759 4.6 24/468 5.1 35/708 49
2008 25/358 7.0 55/798 6.9 24/468 5.1 56/688 8.1
2009 21/448 4.7 58/807 7.2 23/476 4.8 56/779 7.2
2010 24/432 5.6 54/806 6.7 33/480 6.9 45/758 59
2011 27/465 5.8 47/789 6.0 25/488 5.1 49/766 6.4
2012 25/519 4.8 41/853 4.8 30/579 5.2 36/793 4.5
2013 22/455 4.8 32/763 4.2 20/450 4.4 34/768 4.4
2014 30/542 5.5 40/783 5.1 30/510 5.9 40/815 4.9
2015 30/514 5.8 34/754 4.5 20/444 4.5 44/824 5.3
2016 27/534 5.1 35/763 4.6 21/433 4.8 41/864 4.7
*n = the number deceased with 'garbage codes', tN= the number of persons who died from cancer (CO0-D48, ICD-10)
tHSIs = hospital stationary institutions (state and private hospital institutions)
Figure 2.
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The total number of deceased in HSIs was 6982 and the total number
of “garbage codes” was 428 (6.1%). The percentage of “garbage codes”
ranged from 10.0% (2001) to 4.4% (2006). Every tenth diagnosis of
cancer as the underlying cause of death in HSIs was coded by “garbage
codes” (Table 2).

Mortality trends determined by the Joinpoint analysis differs for de-
ceased in HSIs and those who died out of the HSIs. Based on the Join-
point analysis there was statistically significant decreasing trend of “gar-
bage codes’by 6.2% yearly (95% Cl=-9.8% to -2.4%; t=3.683;
p=0.003; p<0.01) for deceased in HSIs, from 2000 to 2009. After
the 2009 trend of percentage of “garbage codes” has been stagnated
(p>0.05). Parallelism is excluded (p = 0.0129; p <0.05). The trends
do not behave similarly (parallel) to the place of death.

According to the Joinpoint analysis among deceased out of the HSlIs
there were two time periods. The first was from 2000 to 2003. The
percentage of “garbage codes” varied and it was not statistically signifi-
cant (p>0.05). The Joinpoint analysis showed the change in trend in
2003. From 2004 to 2016 there was a statistically significant reduc-
tion in percentage of “garbage codes” in the cancer mortality by 4.6%
yearly (95 % Cl= -7.7% to -1.4%; t=-3.139; p=0.008; p<0.01).

In deceased under the 65 years of age Joinpoint analysis determined
the statistically significant decreasing percentage of “garbage codes”
was from 2000 to 2006 by 5.6% yearly (95%Cl=-10.0% to -0.8%;
t=-2.4; p=0.023; p<0.05). There was significant decreasing trend of
“garbage codes” from the 2006 up to 2016 by 3.6% yearly (95% Cl=
-5.0% to -2.1%; t=-5.1; p<0.001).
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Figure 3.

Trend of percentage of garbage codes
coded as underlying cause of death in
deceased under 65 years of age and
in deceased over the 65 years of age
in the period 2000-2016 in the
NiSava District
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The Joinpoint analysis
showed statistically
significant decreasing
percentage of “garbage
codes” in cancer mortality
data from 2000 to 2006.

Parallelism can’t be excluded (p>0.05). In other words, trends behave
similarly (in parallel) for deceased under than 65 and the older than 65.
The year of a change was 2006.

According to the Joinpoint analysis there were statistically significant
decreasing frequency of “garbage codes” in deceased under 65 years of
age (t=2.0; p=0.019; p<0.05) from 2000 to 2006. After the 2006
up to 2016 there was statistically significant decreasing trend (t=5.369;
p=0.0000; p<0.001).

In deceased older than 65 years of age the Joinpoint analysis didn't de-
termine the year when change in trend has been occurred. There was a
statistically significant decreasing trend of “garbage codes” in deceased
over 65 years of age by 3.7% per year (95%Cl=-4.0% to -3.4%; t=-
26.34; p=0.000; p<0.001).

DISCUSSION

It is important to register every death that occurred but it is also impor-
tant to determine the exact cause of death. In all European countries
death certification is mandatory as it is in the Republic of Serbia. The
diagnosis on the medical death certificate doesn’t always reflects the
real underlying cause of death [23].

Cancer can be misattributed as the underlying cause of death on medi-
cal death certificates [1]. In some countries, up to 50% of cancer
deaths are coded to C80, the non-specific category with no indication
given of the primary site [2]. It is well known that the cause of death
can't be always determined. Autopsy is often considered as the “gold
standard”, but autopsies are infrequently undertaken [11].

Our study described trends of “garbage codes” coded as underlying
cause of death on the medical death certifications for the population of
the NiSava District in the 17-years. The Joinpoint analysis showed sta-
tistically significant decreasing percentage of “garbage codes” in cancer
mortality data from 2000 to 2006. According to the Joinpoint analysis
the change of trend occurred in 2006 when the total percentage of the
“garbage codes” was the lowest. The significant decreasing trend of
“garbage codes” in cancer mortality statistics has been recorded in the
whole observed period.

Since 2006, the cooperation has been started between the physician of
the Centre for biostatistics and informatics of the Institute for Public
Health Ni$ and epidemiologists from the same Institute that take care
of the population cancer register. There were less percentage of “gar-
bage codes” and the quality of cancer mortality data has been higher.

Mortality trends determined by the Joinpoint analysis differs for de-
ceased in HSIs and those who died out of the HSIs. Based on Joinpoint
analysis the percentage of “garbage codes” decreased in the whole
mortality data had a very high proportion of “garbage codes” [12, 20,
27, 28]. It is the same in the hospitals in the NiSava District despite
that the physicians have to certify the underlying cause of death when a
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death occurs in a hospital by the law [15]. Generally in every day prac-
tice the nurse not the physician or even community health worker certi-
fies the cause of death. That is one of the reasons of poor death certifi-
cation practice in the stationary health institutions in the NiSava Dstrict.

Decreasing trend of “garbage codes” was observed in deceased out of
HSIs in 13 years of all 17-observed years. There was not statistically
significant difference in the distribution of “garbage codes” on the medi-
cal certifications of cancer death between physicians of secondary and
tertiary HSIs and coroners who set the diagnosis of death out of HISs.

According to the literature in many developing countries more than half
of all deaths occur outside of hospitals and 'gold standard' for the un-
derlying cause of death doesn’t exist [26, 27]. The most deaths that
occur outside of the HISs are assigned to ill-defined causes [2, 5, 28]
and the percentage of “garbage codes” are higher on the medical death
certifications filled in by coroner.

A higher proportion of “garbage codes” in the older age groups has no-
ticed by other authors [12, 27, 28]. As for the age group of 60 years
and over also found a higher proportion of “garbage codes” deaths at
higher ages [24, 29]. These results may be due to the greater occur-
rence of comorbidities in the elderly, which make it difficult to establish
the correct underlying cause that led to death [29, 30].

In years of the law changing, introduction of the new recommendations
for coding and the change of the personnel, there were more cases of
“garbage codes” as the underlying cause of death. An exceptionally ben-
eficial effect on the quality of data was achieved by the cooperation with
epidemiologists that were in charge of the population cancer register, as
well as frequent educations of clinical doctors and medical personnel.

CONCLUSION

The significantly decreasing trend of “garbage codes” coded as under-
lying cause of cancer death was recorded from 2000 to 2016. Decreas-
ing trend of “garbage codes” was observed in both deceased men and
women, and in both deceased under the 65 years of age and in de-
ceased above 65 years of age. The percentage of “garbage codes” de-
creased in the whole observed period in deceased in the stationary hos-
pital institutions. Continuous education of the staff and control of data
quality of medical death certificates are needed.
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