Human health risk assessment of air pollution in the regions of unsustainable heating sources.
Case study — the tourist areas of southern Poland
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Human Health Risk Assessment

In our investigations, both resident and tourist exposure scenarios were _
analysed through the inhalation exposure pathway. Under each exposure :
0 _“n

Introduction

Air quality, raises public concern owing to severe air pollution in many locations
in Poland, especially on the areas offering great natural and landscape values
for tourists. In Poland, household emissions, generated by cooking and heating
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scenario, the following subpopulations were considered: adults (>7 years),

stoves, boilers, and fireplaces, fired with coal or wood, are still high and children (1-7 years), and infants (0-1 year). TR El e 0 ”1" ol |‘ﬁ"‘; "E-- 'l; - "“-- "u--
uncontrollable [1,2]. On less affluent areas, poor quality fuel is often used and Non-carcinogenic risk was calculated for NO,, PM10, and PM2.5, because the Tousst ocaton Tousstlocitions

burning diverse municipal solid waste is quite common, additionally increasing reference values of those contaminants, i.e. the reference dose (RfD) for NO, 2 NO, 25 .

hazardous emissions. Traffic emissions are placed at the second place after the and PM10 and the reference concentration (RfC) for PM2.5, were available in 0 2

communal and household sector [3] and the increasing number of vehicles in the toxicological databases [8-10]. ~ s

general causes the increase of so-called traffic-related air pollution [4,5]. Daily intake of pollutants: either exposure concentration (EC) or average daily 2" % 10

The mountainous region around the Czorsztyn Reservoir (Figure 1) is one of the dose (ADD) values were calculated according to Equations (1) [11] and (2) 0 ;

most attractive tourist areas in southern Poland and it offers opportunities for [12], respectively, depending on the available reference values: ettt I |‘ il ; it

outdoor activities to both local residents and tourists, especially in the winter EC=(CxETxEFxED)/AT (1) ADD =(CxIRxET x EF x ED)/(BW x AT) (2), ST testeaens DT e
season. Air quality depends strongly there on traffic concentration and Where: EC, exposure concentration (mg/m?3); ADD, average daily dose s resident adult s esident child s resident infant s fourist adult s tourist child s touristinfant TRV

(mg/kg-day); C, contaminant concentration in air (the measured values were
converted to mg/m3); IR, inhalation rate (m3/h); ET, exposure time (h/day);
EF, exposure frequency (days/year); ED, exposure duration (years); BW, body
weight (kg); AT, averaging time: ED, in years x 365 days/year x 24 hours/day,
in hours.

combustion of poor quality fuels for heating purposes [6].
Figure 3. Non-carcinogenic risk values (HQ) for selected air pollutants on the

study area (for location numbers, see Fig 2); TRV — target risk value.

Our research revealed that air quality was poor or very poor [7] in the popular
areas of the Czorsztyn Reservoir, while the risk values associated with air
inhalation, estimated in the present study, were comparable to those
identified in large cities, for instance Krakow [14,15]. The main cause of that
situation was that the study areas involved small towns developed mainly with
single-family houses. Individual means of transportations dominated there.

The goal of the present study was to investigate the human health risk
assessment (HHRA). We analysed health risk factor arising from inhalation
exposure to ambient air contaminants in the popular tourist region of the
Czorsztyn Reservoir in the Carpathians, for both residents and tourists, because
tourist areas had been rarely investigated in Poland, under the national
ambient-air quality monitoring network.

Non-carcinogenic risk was calculated, using the hazard quotient (HQ) values,
according to Equations (3) [11] and (4) [12], in respect of the available
toxicological data:

HQ = EC/RfC(3) HQ=ADD/RfD (4),
Where HQ, hazard quotient (unitless); EC, exposure concentration (mg/m?3);
ADD, average daily dose (mg/kg-day); RfC, reference concentration (mg/m?3);
RfD, reference dose (mg/kg-day).

Materials and Methods

The target non-carcinogenic risk value was set at 1 [11], indicating lack of

_ , Besides, the tourists travelled to those sites in their own vehicles, aggravating
Study area. Air quality was investigated in twelve attractive tourist locations negative health effect on humans when risk values were <1. sollutant emissions. Furthermore, the main heating installations of the local
(Figure 2), in the surroundings of the Czorsztyn Reservoir during the winter houses were based on stoves burning poor quality fuels and even solid waste.
season of 2017/2018 [7]: Table 1. Total non-carcinogenic risk values on the study areas. : N . L

In our investigations, only non-carcinogenic risk was assessed. As to the

1 — Maniowy, 2 — tapsze Wyzne, 3 — Frydman, 4 — Klikuszowa, 5 — Jurgow, 6 — : Resident scenario Tourist scenario pollutants that had been proved to be carcinogenic, no measured
Huba, 7 — Ludzmierz, 8 — Kacwin, 9 — Debno, 10 — Czorsztyn, 11 — Niedzica, 12 DI Tt I;:f:,;:: Adult  child Infant Adult  cChild Infant concentrations or reliable toxicological parameters were available to perform
~ Waksmund. Maniowy 1 774 7 87 7 87 1.37 134 134 specific risk estimations. For that reason, our risk estimation results might be
Air pollutant measurments. The concentrations of PM10, PM2.5, PM1, CO, O,, tapsze Wyine ) 271 2 79 779 131 132 132 underestimated.
and NO, were measured continuously between 18 December 2017 and 9 Frydman 3 559 566 566 095  0.96 0.96 On the other hand, the pollutant contents exceeded permissible and
March 2018, using an Alphasense air sensor (station model: Sensor AirSense Klikuszowa 4 408 416 415 069 071 0.71 recommended values in ambient air in the south of Poland during most of the
Extended; date of manufacture: 26 February 2017; zero-chamber calibration Jurgéw c — — — —= T = months, in reference to the conservative risk assessment principle.
conducted on 7 March 2017; station software: SenseQS v.2.0). Huba e — T T — 7 Consequently, in our research, we made assumptions of the winter pollutant
QC/QA. Our air pollution content analyses involved real-time measurements Ludimierz 7 3.84 8.92 3.92 1.50 1.52 1.51 contents, in the inhalation exposure route.
within one second and average measurements, within three minutes. The Kacwin 3 1283 1293 1293  2.18 290 290 Moreover, since the determination of the concentration ratio between
results of the measurement were sent to and stored in the database in real Debno 9 1928  19.47 19.42 397 330 330 outdoor and indoor air pollutant contents has not been clearly defined yet,
time and the average hourly values of investigated pollutants were further == 10 6.04 6.15 6.15 103 104 104 our risk assessment calculations assumed a worst-case scenario according to
used for health risk calculations. Sensor locations during measurements Niedzica 11 1209 1223 1299 5 05 5 08 5 08 the outdoor air pollutants concentrations. And that could have contributed to
described the general city condition of air pollutants concentrations. Waksmund 1 1301 13.11 13.10 591 593 —= the calculated risk overestimation.
The accuracy of the performed measurements was checked by comparison Mean 958 968 968 163 164 164 Nevertheless, the risk values obtained under the present project evidently
with the measurement values achieved under the regional monitoring system revealed that poor air quality posed significant hazard to both residents and
of the Chief Inspectorate of Environmental Protection in Poland in the winter tourists.
season [7]. “

Conclusions

9 P | , =N It was revealed that the 24 h quality guideline recommended for PM, ., set at
s, 25 pg/m3 [1], was exceeded in eleven out of twelve investigated locations . . . ~ o _

9 28 ! X', (except for No 4. Klikuszowa). The permissible 24 h PM,, content, set at 50 Our studloes determl.ned h.ealth risk arising from the ogtdoor air inhalation

Qs 99-‘ ? ug/m3 [1,13], was exceeded in seven out of twelve locations. The mean pathway in the tourist regions, located in the surroundings of the Czorsztyn
et N Cz°“"¥ﬁ_f‘”°’f—°*‘,?l' contents of CO and O, 4, did not exceed the permissible contents of 10,000 Reservoir.

L S L 9 . Qwﬂ ug/m3[13] and 120 pg/m3 [13], respectively. Non-carcinogenic risk values were assessed for PM, ;, PM,,, and NO,, on the
— 2 g e The total non-carcinogenic risk (sum of the HQ values) for PM, ., PM,,, and basis of the available toxicological data. Total risk figures significantly exceeded

Péland\-\ 2T LAy j - NO,, significantly exceeded the target risk value of 1, under the resident the target risk values under the residential exposure scenario for adults,

u\} LN Y e ) scenario (Table 1). The highest total non-carcinogenic risk values exceeding the children, and infants.

value of 10 were obtained for No. 9 Debno, No. 12 Waksmund, No. 11 Under the tourist exposure scenario, the total risk value did not exceed the

Figure 1. Czorsztyn recreational area in

southern Poland (R. Klimek). the villages surrounding the

Czorsztyn Reservoir [7].

1 — Maniowy, 2 — tapsze Wyzne, 3 — Frydman, 4 — Klikuszowa, 5 — Jurgéw, 6 —

Huba, 7 — Ludzmierz, 8 — Kacwin, 9 — Debno, 10 — Czorsztyn, 11 — Niedzica, 12 —

Waksmund
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Figure 2. Air measurement sites in

Niedzica, No. 8 Kacwin, and No. 6 Huba. Under the tourist exposure scenario,
the total non-carcinogenic risk values did not exceed the target risk value of 1
in the cases of No. 3 Frydman and No. 4 Klikuszowa.

PM, . was identified as a contaminant, with the strongest impact on the total
risk value, approaching a 100% share (Figure 3).

In the individual cases of PM,, and NO,, the calculated non-carcinogenic risk
values indicated low to negligible risk, under both resident and tourist
exposure scenarios.

target risk value of 1, in the cases of two out of twelve analysed locations.
PM, . was determined to be the pollutant representing the highest share of
the total risk value.

In summary, the current binding ban on poor-quality fuel burning and the
campaign for the replacement of heating installations, under the regulations
adopted in the Matopolska Region in 2017, can significantly improve air
qguality and lower health risk, as well as increase the attractiveness of holiday
sites for potential tourists.
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