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Abstract. Epidemiological analysis of morbidity rate in the population of Novodvinsk revealed that in the area with
higher level of ambient air pollution with specific substances emitted by pulp and paper mills, the incidences of
acute respiratory viral infections (223.2 %o) and chronic bronchitis (25.9 %o) in the adult population and the
incidences of acute bronchitis (158.0 %o) and bronchial asthma (28.8 %o) in the child population, are in 1.2-1.6-fold
higher compared to the areas of the city located at some distance from the pulp and paper mill (¥2 = 4.3-70.6; p =
0.038 - p<0.001). High risk of general toxic effects on the respiratory organs in children (HI = 5.7-13.6) and adults
(HI = 4.5-6.1) is found, which is formed mainly due to chemicals which are present in emissions of in the pulp and
paper mill.
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One of the environmental factors, providing the greatest impact on public health, is the
quality of the ambient air. According to the literature, ambient air pollution primarily affects the
respiratory system, which functions in direct contact with the environment [3, 5, 8]. Increasing
incidence of respiratory diseases due ambient air pollution was observed in many industrial
regions in Russia. In the areas with high pollution, incidence of asthma, acute and chronic
pneumonia, bronchitis, acute respiratory viral infections are several times higher compared to the
relatively clean areas [1, 2, 4, 7]. Of particular importance is the investigation of the impact of
environmental pollution on human health in the areas where pulp and paper mills are located,
which are associated with high values of atmospheric pollution, and where people may be
subjected to significant health risks [6].

Novodvinsk is a monoindustrial town of Arkhangelsk region with a population of 42
thousand people. The town-forming enterprise is "Arkhangelsk Pulp and Paper Mill" Joint-Stock
Company (OAO), one of the leading wood chemical enterprises in Europe and the Russian
Federation.

The aim of the study was to carry out epidemiological analysis of distribution in the
population of the incidences of respiratory diseases in different areas of the city with calculation of

health risk levels resulting from exposure to the chemicals contained in the emissions produced
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by “Arkhangelsk Pulp and Paper Mill” Joint-Stock Company (OAO).

Ambient air quality was studied using the monitoring data of the Federal State-funded
Institution “North weather control and environmental monitoring service” and calculated
concentrations of the priority pollutants emitted by “Arkhangelsk Pulp and Paper Mill” Joint-
Stock Company (OAO), obtained using modelling of chemical substances dispersion performed
with a Unified program of calculation of air pollution “Ecolog” version 3.0 with calculation
package “Mean”. Hazard identification has shown that the greatest share of environmental
pollutions in Novodvinsk is contributed by “Arkhangelsk Pulp and Paper Mill” Joint-Stock
Company (OAO), which accounts for 98% of all emissions from plants located in the town.
Based on the detailed analysis of criteria of inclusion and exclusion of chemicals polluting the
ambient air, the priority list for the subsequent calculation of risk included 25 compounds.

According to the data of atmospheric air monitoring for the period of 2001-2011, average
annual concentrations and concentrations at the 90th percentile of the suspended particles, sulfur
dioxide, carbon monoxide, nitrogen dioxide, hydrogen sulfide, carbon disulfide and methyl
mercaptan did not exceed the maximum permissible concentrations (MPC). Average annual
concentrations of formaldehyde and benzo(a) pyrene exceeded twofold the established health
standards, and their concentration at the 90th percentile exceeded the maximum permissible
concentrations 2.5 and 3.4-fold, respectively.

According to the results of emission dispersion modelling the area of the town was
divided into three zones: 1st — the closest to the "Arkhangelsk Pulp and Paper Mill" Joint-Stock
Company (OAO); 2nd - located in the intermediate position on the distance from the
"Arkhangelsk Pulp and Paper Mill" Joint-Stock Company (OAO) and the 3rd being the most
distant from the plant. In the 1st zone of the town the levels of ambient air pollution by the
chemicals contained in emissions from the pulp and paper mill were 1.2-2-fold higher than the
calculated concentrations of pollutants observed in the 2nd and 3rd zones.

A house-by-house distribution of the population into three zones of Novodvinsk has
shown that the size of these sub-populations was about the same. The sub-population living in
the 1st zone, was 13,053 people in the 2nd — 12,417 and in the 3rd — 13,398 people.

The morbidity rate in different zones of the town was studied for the period 2001-2009,
based on electronic database of the State-Funded Health Institution “Novodvinsk Clinical
Hospital” in which disease cases are recorded in accordance with the accounting medical
document "Letter of ambulatory patient" (form No.025-6(7)/u-89). Testing of the null hypothesis
of no difference between the levels of morbidity in different zones of the town was carried out

using the chi-square (x¥2) and Fisher's exact tests. The level of significance, at which the null
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hypotheses were evaluated, was 0.05. Statistical data analysis was performed using SPSS 18.0
software for Windows and Epi Info 3.4.1 program.

In the structure of primary morbidity in children and adults living in Novodvinsk,
respiratory diseases occur with the highest incidence (58 and 30%, respectively). Analysis of
distribution of incidence of respiratory diseases by zones of the town has shown that among
children living in the 1st zone, the incidence of acute bronchitis (158.0 %) and bronchial asthma
(28.8 %0) were significantly 1.2-1.6-folds higher compared with the incidence among children
living in two other zones (Table 1).

Among the adult population of the 1st zone, the incidence of acute respiratory viral
infections (232,2 %o) and chronic bronchitis (25,9 %o) 1.1-1.2-folds exceeded the incidence of
such diseases in subpopulations of the 2nd and 3rd zones, but statistically significant differences
in total morbidity rates of chronic bronchitis were found only between the 1st and the 3rd zones.

Mean levels of total incidence of bronchial asthma in total child population (28.8 %o), as
well as in children up to 2 years old (8.8 %o), 3-4 years old (23.6 %o), 7-9 years old (32.0 %o),
10-14 years old (37.3 %o0), and 15-17 years old (34.9 %o), living in the 1st zone, were
statistically significantly higher than the incidence among children in the respective age groups

living in 2nd and 3rd zones (Table 2).

Table 1
Morbidity rates in different zones of Novodvinsk for the period of 2001-2009
(mean incidence = 95% confidence interval per 1000
persons in the relevant age group)

Group, age Diagnosis ICD-10 Zone 1 Zone 2 Zone 3 prE*
Acute bronchitis* J20-22 | 158,0+14,1 | 124,4+13,4 | 137,3+13,3 pl-2 f 0,001
p1-3=0,038
0-17
. o pl-2 < 0,001
Bronchial asthma J45 28,8+16,9 | 20,9+15,9 18,2+14,3 pl-3 <0.001
Acute respiratory viral |y, 6| 933 9480,0 | 182.2475.0 | 211.0£76,0 | P12 < 0,001
infections* pl-3<0,031
18 and older 2 =029
Chronic bronchitis** | J40-42 | 25,9+3,1 23,7430 | 21,1%2,7 |[P7T2T
p1=3 =0,020

* . . .
Note: — Primary incidence rate;

™ _ Total morbidity rate;

5

™ _ Level of statistical significance achieved.
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Table 2
Total incidence of bronchial asthma (J4s) in different age groups of children
in the zones of Novodvinsk for the period of 2001-2009

Zone 1 Zone 2 Zone 3 P —value
0-2 33 8,8 25 7.1 11 2,9 Eij B 8:32?
34 57 23.6 27 11,7 27 11,2 ﬁij i 888}
5.6 64 26.1 52 25.1 55 22,4 g}j _ 8223
7-9 13 32,0 85 273 59 15,8 g}j - 8(1,3%
10-14 230 37,3 156 29,0 172 30,0 g}j _ 8883
15-17 173 34,9 95 20,7 95 19,3 ﬁij i 888}

The highest degree of differences was observed among children of 3-4 years old, for
whom the incidence of diseases in the 1st zone was 2-fold higher compared with that for children
living in two other zones. In the age group 15-17 years, the total incidence of asthma was 1.7-
folds higher than the incidence of the disease identified in the 2nd and 3rd zones. In other age
groups (up to 2 years, 7-9 years and 10-14 years old) the total incidence ratio between the 1st and
2nd zones was 1.2, and in regard to the incidence of the 3rd zone — the ratio was 1.3 to 3.

For calculation of the risk of general toxic effects resulting from exposure to chemicals
polluting the ambient air, daily equivalent doses were defined. It was found that for children in
the age groups of 1-6 years and 7-17 years, the values of daily doses were 2.2- and 1.3-folds,
respectively, higher than those for the adult population.

Analysis of hazard indexes (HI) showed that there is a high risk of respiratory diseases
resulting from exposure to ambient air pollutants. Hazard indexes at the level of median
concentrations and the 90th percentile for children in the age group of 1-6 years were 9.93 u
13.58, respectively.

For children of 7-17 years old and for adults, a high risk of adverse respiratory effects
was observed only at the upper bound of exposure (HI90 = 7.83 and 6.1, respectively). At the
level of median concentrations of pollutants, the risk level for school-age children and adults is
characterized as “alarming” (HI50 = 5.73 and HI50 = 4.49, respectively).

The largest contribution to the risk of non-carcinogenic respiratory effects is made by
formaldehyde (36.2%), suspended substances (15.7%), nitrogen dioxide (10.2%), chlorine
dioxide (9.1%), hydrogen sulfide (8.2%), methyl mercaptan (6.0%), chloride (6.0%) and sulfuric
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acid (5.0%). Attributable number of complaints about obstructive pulmonary disease in the
general population, resulted from the influence of suspended particles, is 15 cases per year or 3%
(95% confidence interval: 0-6.3 %). Mortality rate due to respiratory diseases is 2 cases or 5.4 %
(95% confidence interval: 2.8-11.3 %).

Thus, epidemiological analysis of incidences of respiratory diseases of Novodvinsk
showed higher levels of respiratory diseases among children and adults living in the proximity to
a paper mill. Application of the risk assessment methodology found a high risk of general toxic
effects of the respiratory organs in children and adults, which is formed mainly due to chemical

substances contained in mill emissions.
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