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Abstract

Kriging is an interpolation technique that is used to estimate a variable at an unmeasured location
from observed values at nearer locations. In this study, it is used to analyze the spatial distribu-
tions of the health risk of indoor air pollution. The study case is an air-conditioned office building
that has 16 floors, located in Taipei, Taiwan. The Kriging method is used in drawing health risk
maps on the basis of limited sample points and facilitates investigating the possible source of pol-
lution.
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1. Introduction

Clean air is a basic requirement for human life. In particular, the indoor air quality of homes, offices, schools,
health care centers, and private and public buildings is critical for human health because most people cannot be
separated from these spaces. However, some buildings, building materials, and interior equipment or even
cooking and heating fuel combustion may release harmful substances that cause serious health damage. Fur-
thermore, people spend approximately 80% - 90% of their time inside office buildings or other structures; poor
indoor air quality can cause sick-building syndrome, directly affecting work quality and efficiency and nega-
tively affecting health [1].

Indoor air pollutants that are defined in the Taiwan Indoor Air Quality Act include carbon dioxide (CO,),
carbon monoxide (CO), formaldehyde (HCHQ), total volatile organic compounds (TVOCSs), bacteria, fungi,
airborne particles with a particle diameter <10 pm (PMy), airborne particles with a diameter <2.5 um (PM,s),
and ozone (O3). CO, can cause choking at high concentrations (more than 7000 ppm). CO combines with he-
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moglobin in the blood to reduce the oxygen supply to the body, causing headaches, decreased alertness, flu-like
symptoms, nausea, fatigue, rapid breathing, chest pain, confusion, and impaired judgment. HCHO, as a carcino-
gen, can also cause a dry or sore throat, nosebleeds, headaches, fatigue, memory and concentration problems,
nausea, dizziness, breathlessness, and a burning, stinging pain in the eyes. Exposure to TVOCs has carcinogenic
and noncarcinogenic effects. The noncarcinogenic effects include damage to the liver or kidney systems and
respiratory irritation or discomfort. Gram-negative bacteria infection usually causes fever, weakness, pain, and
shock, which can develop into more serious illnesses such as typhoid fever, urinary tract infection, and meningi-
tis. Gram-positive bacteria affect the structure or function of specific cells and cause diseases such as gas gan-
grene, tetanus, botulism, diphtheria, and scarlet fever. Toxic fungi can cause human allergies and infection.
Common allergic reactions are allergic asthma and allergic rhinitis. Repeated exposure to high concentrations of
a fungus can cause hypersensitivity pneumonitis. Fungal infection often occurs on the skin and mucosal surfaces.
In addition to infection and allergy, parts of fungal metabolites can be toxic, with some containing mycotoxins.
Suspended particulates in the alveoli and trachea result in allergic rhinitis, asthma, chronic obstructive pulmo-
nary disease, and other diseases. Indoor O; causes a change in lung function, which results in respiratory prob-
lems.

The study case is an analysis of health risk in an office building in Taipei. At any sampling point, it is easy to
ascertain whether the measured value exceeds the regulatory standards and subsequently to calculate its health
hazards. However, at nonsampled points, the possible concentrations and corresponding health effects caused by
indoor air pollutants can only be interpolated by using spatial statistical methods such as Kriging, which has
been applied in environmental studies [2] [3]. This study uses Kriging as an optimal interpolation method, which
is based on a regression against observed z values of surrounding data points that are weighted according to spa-
tial covariance values.

2. Materials and Methods
2.1. Case Study

A 16-floor office building located in Taipei, Taiwan, has 70 sample points in the building, with approximately
four to five measurement points per floor. The 7th, 8th, and 12th floors are illustrated in this paper. The distribu-
tions of their measurement points are shown in Figures 1-3, respectively.

2.2. Health Risk Assessment

Health risk assessment (HRA) is a process for estimating the characteristics and probability of adverse health
effects occurring in humans who may be exposed to hazardous substances. Its four basic ingredients are hazard
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Figure 1. Distribution of measurement points over the 7th floor.

O,



K. F.-R. Liu et al.

ZRME J
WE - © eNo.47. . .
=]

© - o MBS
[
No.49. .
| n
HERPERE
. - |
Figure 2. Distribution of measurement points over the 8th floor.
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Figure 3. Distribution of measurement points over the 12th floor.

identification, exposure assessment, dose-response assessment, and risk characterization [4]. Hazard identifica-
tion aims to recognize any potential health problem that a substance can cause; exposure assessment determines
the amount, duration, and pattern of exposure to the substance; dose-response assessment estimates the amount
of the substance required to cause varying degrees of adverse health effects; and risk characterization interprets
the risk of the substance causing cancer or other illnesses. In the risk characterization of noncarcinogenic sub-
stances, the HRA of a substance can be evaluated by using its hazard quotient (HQ), the ratio of the intake of a
hazardous substance to its reference dose. Multiple hazardous substances may affect the same organ (or organ
system) causing a joint effect; hence, a target organ-specific hazard index is used to sum the HQ scores of mul-
tiple substances that have a joint effect on a specific organ [5].

Noncancer risk is usually determined by comparing the actual level of chemical exposure to the level of ex-
posure that is not expected to cause any adverse effects, even in the most susceptible people [6]. The level of
concern for noncarcinogenic contaminants is determined by calculating an HQ or hazard index (HI). An Hl is
the sum of the HQs for several chemicals that affect the same target organ. If the HQ or HI equals or exceeds
one, there may be exposure to site contaminants.
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where C indicates the exposure concentration (ug/m°), and RfC indicates the reference concentration (ug/m®).

HI:ZiHQi =Zi% @)

where C; indicates the exposure concentration of the i"" substance (ng/m®), and RfC; indicates the reference con-
centration of the i substance (ug/m°).

2.3. Geographic Information System and Kriging

A geographic information system (GIS) is a computer system for capturing, storing, checking, and displaying
data related to positions on the Earth’s surface that can show many data types on one map, enabling patterns and
relationships to be easily observed, analyzed, and understood. Regression methods and geostatistics are some of
the analytical tools that are usually available in a GIS. Kriging is a group of geostatistical techniques to interpo-
late the value of a random field at an unobserved location from observations of its value at nearby locations.
Kriging is an interpolation technique in which the surrounding measured values are weighted to derive a pre-
dicted value for an unmeasured location. Weights are based on the distance between the measured points, pre-
diction locations, and overall spatial arrangement among the measured points. Kriging is unique among interpo-
lation methods in which it provides an easy method for characterizing the variance, or precision, of predictions.
Kriging is based on regionalized variable theory, which assumes that the spatial variation in the data being mod-
eled is homogeneous across a surface. In other words, the same pattern of variation can be observed at all sur-
face locations.

3. Results

The hazard indices of indoor air pollution over measurement points 40, 41, 42, 43, and 44 for the 7th floor were
1.33,1.14, 0.95, 1.13, and 0.91, respectively; their interpolated map of health risk is shown in Figure 4.
The hazard indices of indoor air pollution over measurement points 45, 46, 47, 48, and 49 for the 8th floor
were 1.27, 0.92, 0.87, 0.96, and 0.99, respectively; their interpolated map of health risk is shown in Figure 5.
The hazard indices of indoor air pollution over measurement points 56, 57, 58, 59, 60, and 61 for the 12th
floor were 1.23, 1.14, 0.95, 1.09, 1.15, and 1.05, respectively; their interpolated map of health risk is shown in
Figure 6.
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Figure 4. Interpolated map of health risk for the 7th floor.
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Figure 5. Interpolated map of health risk for the 8th floor.
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Figure 6. Interpolated map of health risk for the 12th floor.

4. Discussion and Conclusion

The risk analysis shows a sample point (1.43% of 70 sample points) with possible harm to the cardiovascular
system, two sample points (2.86% of 70 sample points) with possible harm to the eyes, and 24 sample points
(34.29% of 70 sample points) with possible harm to the respiratory system. Therefore, those involved in the
study case should pay particular attention to respiratory harm. The study recommends the following measures to
improve indoor air quality: First, identify the sources of pollution, move them to a separate space, and install a
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separate exhaust system in the space; second, adjust the ventilation system; third, during renovation or recon-
struction, enhance the ventilation rate to increase the amount of fresh air; fourth, close doors and windows tem-
porarily and shut down the ventilation function of the central air-conditioning system in instances of high con-
centrations of outdoor air pollution.
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