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The problem of indoor air is extremely urgent in Ar-
‘menia, the country that due to several reasons, such as the
destructive earthquake, transport and economical block-
ade by Turkey and Azerbaijan, the transfer to the market
relations etc., is in a hard socioeconomic situation now.

In the last decade the industrial and agricultural pro-
duction 5-6 times decreased. The entire system of services
is ruined. For example, the central heating of residential
and public buildings actually ceased in practice. Mass
unemployment began. The increase of prices for the fuel
and electricity, raw materials, as well as the cost of food-
stuffs, goods of every day use and services have brought
to abrupt decrease of the incomes of the government and
the population, the vast majority being beyond the level of
poverty.

The social tension especially increases in a period of
long lasting winter (4-6 months), when there is the neces-
sity to warm the apartments, production areas, offices,
institutions and enterprises. Due to the high cost, the over-
whelming part of population (80%), as well as many state
institutions (schools, hospitals, places of entertainment,
enterprises, etc.) cannot pay for heating of the indoor air.
The use of local heating appliances functioning with the
help of liquid fuel (kerosene, diesel fuel, gasoline, etc.) in
residential and office areas, classrooms at schools, hospi-
tal wards and so on without stumps or ventilation hoods is
hygienically unavailable, as the toxic products of burning
remain in the indoor air., When the stoves for burning
solid fuel are used, the removal of by-products outdoors is
of low efficiency, as the smoke, gases and dust blown
outdoors penetrate backwards through the untight cracks
in the upper stairs of the buildings, polluting additionally
the indoor air. As the use of both liquid and solid fuels is
of low availability due to the high cost, the warming of
the indoor air with the use of local heaters is usually done
in one or two rooms. This brings to the high “density” of

people in small area, creating favorable conditions for
respiratory diseases. Besides, the number of smokers has
extremely increased in the recent period, bringing to high
tobacco smoke level in passive smokers. In these small
rooms the meals are also prepared, the fact increasing the
air humidity. The economically unprovided families (20-
25%) have no means enough to purchase the fuel for
warming their homes and to pay electricity bills and are
forced to burn all flammable materials: wood treated by
chemicals, paper, cartoon, tires, domestic and industrial
wastes, polymers, plastics, worn old shoes and clothes,
organic solvents, cables, transformer and technical oils.
The releasing by-products of these types of fuel may be
presented by rather harmful substances (dioxins, PCBs,
lead, nitrogen and sulfur oxides, etc.). Thus the transition
from central heating to the local with the use of liquid and
solid materials as fuels creates conditions for pollution of
the indoor air of residential and public buildings by toxic
substances. In such conditions the normal microclimate is
not achieved. In many cases the air temperature does not
achieve the optimal level. The air humidity in unventilated
roorms is increased.

Low temperature, high humidity and air dust content,
the presence of chemical and biological harmful factors in
the air, as well as the droplet infections penetrating from
the outdoors, have brought forth the increase of respira-
tory and cold-related diseases and worsening of the indi-
ces of the health status. As an example, we can compare
data on morbidity due to acute respiratory diseases in the
inhabitants of the earthquake zone, who reside mainly in
half-ruined and self-destroying houses with the similar
information from the region of Vayots Dzor, where the
central heating has been preserved. The indices in the
earthquake zone were 2 times higher than those in Vayots
Dzor as it is demonstrated in fig. 1.

Our researches on the indoor air evaluation were car-
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Fig. 1. Respiratory diseases morbidity indices in winter 1992, 1995, 1996 (per 10.000 people)

ried out in winter 1994, in a period of extreme crisis of
electricity supplies, when the population and institutions
were totally deprived or supplied with electrical energy
only 2 hours a day. Then we continued the study in 1998,
when the energy production was normalized, and the Ar-
menian Nuclear Power Plant was restarted, that is in the
conditions, when there was no deficiency of electricity.
The study was held in towns of the earthquake zone,
where 25 thousand families still live in temporary metallic
or wooden dwellings, as well as in 2 other towns not suf-
fering the destructions of the earthquake. Besides the
measurements of temperature and humidity, the determi-
nation of the contents of air dust, carbon monoxide, nitro-

gen oxides, lead, streptococci, mold and yeast fungi was
performed.

We analyzed the data on morbidity due to respiratory
diseases in inhabitants residing during the whole winter in
conditions of cold and polluted indoor air in 1996.

The results of the study are the following: data pre-
sented in table 1 and 2, summarizing the results of 240
measurements, demonstrate that the air temperature was
not optimal in all the examined residential and public
buildings. Low temperature level varied from 7°C to 10°
C, while the upper levels were 11-15°C. In rare cases it
reached 17°C.

Table 1
Air temperature and relative humidity in residential houses in winter
December 1994 February 1998
Index
Yerevan Byureghavan Yerevan | Byureghavan | Gyumri Spitak
Air Temperature 7-12,6 8-11,5 10-16 8-13 7,5-12 9-13,5
Relative Humidity 71-78 66-72 63-73 66-74 69-75 71-80
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Table 2
Air temperature (°C) in public and governmental buildings
T December 1994 February 1998
Buildings Yerevan Byureghavan Yerevan | Byureghavan | Gyumri Spitak
‘Kindergarten 12,6-17 12-15-5 14-17 13-15 12-15 11-14
Schools 10-14 11-15 9-13 11-14 12-15 11-13
“Hospitals, Clinics 9-13,5 10-11,6 12-15 11-13 12-16 11-13
Governmental buildings 12-14 = 1117 = i 2)

The relative air humidity varied in all the examined
{ rooms, and was higher than that of the outdoor air. In the
| temporary houses the humidity exceeded the level of the
| outdoor air to 18-20%, reaching the level of 75-80%.
Air temperature was a little higher in the kinder-
 gartens, at schools, in medical and state institutions, but
it was still significantly (by 2-3°C) lower than the
optimal one. Thus, in spite of the local heater’s type and
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the fuel used, the unfavorable cool microclimate was
created in the residential buildings.

The results of 100 samples analyzed for air dust con-
tent are presented in fig. 2. Data obtained demonstrate
that dust air concentration significantly (up to 4 times)
exceeds the permissible level, especially in residential
buildings, kindergartens and schools.

1-Yerevan,2-Byureghavan,3-Gyumri,4-Spitak

Fig. 2 Average dust content in the air of residential and public buildings
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The results of our study on uge carbon moyoxxde and
nitrogen oxides are summarized.m fig. 3. While the car-
bon monoxide content was mainly almos.t normal, the
concentration of nitrogen oxides exceeded in some cases

wable level. :

e ;nmt,he earthquake zone (Gyumri, Spitak), as well as in
Byureghavan town lead was found in the air and sctt.led
dust on the inner surfaces of residential and school build-
lng§I"he: sources of lead in the earthquake zone, grobably,
were the crumbled chips of the lead contni'nix'lg paints that,
despite the prohibition, were used for painting inner sur-
face’Is’he analyses of 26 samples of paint chips from these
buildings showed that in the main the lead content was
1.3-2.4%, while in Yerevan (64 samples) the lead content
varied from 0.3 to 0.5%. Another source of lead in the
earthquake zone temporary dwellings was the ethylated
benzene frequently used as fuel for heating by means of
Primus stoves.

In other towns of Armenia the presence of lead in the
indoor air and settled dust samples was mostly connected
with the outdoor air polluted by lead from the transport-
related and industrial emissions. For example, in Buregha-
van the lead penetrated from the large crystal plant situ-
ated near the inhabited area and school.

In 26 samples of settled dust wipes from the inner sur-
faces of the dwellings and schools of Bureghavan the av-
erage lead content, determined by Atomic Absorption

—

Spectrometry, varied from 420 to 1050 mcg/m®. In 8 aj
samples from the dwellings near the crystal plant the aver.
age lead content was 0.8 mcg/nr’. In the air samples fron
the classrooms the lead content was 415-462mcg/m’. Iy
the school dining room it varied from 360 to 760 mcg/m
in surface wipe samples. In the bedrooms it was in the
range of 380-1300 mcg/m’, in the flats not far from the
plant lead level — 800-1700, in the shops and at the poly
clinic — 1100-1200 mcg/m’.

In Yerevan, where there were no industrial and trans.
port emissions in that period, in 46 samples the lead con.
tent in residential buildings, offices and hotels was 150
1100 mcg/m’.

In 7 samples from the earthquake zone (town:
Gyumri, Spitak, Akhuryan) the lead content in settled dus
wipes was in the range of 200-700. But in this zone there
were no industrial emissions, and the automobile release:
were 2-3 times less.

In Yerevan the determination of blood lead content ir
children and adults residing in the conditions of lead pol
luted air revealed the following. In 1992, when the auto.
transport was not functioning in practice, and the city wa:
not supplied with the electricity, all the buildings were
heated with the use of liquid or solid fuels, the lead con.
tent in blood samples of children varied from 2 up to I
mcg/dl. In 1995, when some buildings were heated by
electricity, the lead content was somehow lower. In 1993
the blood lead content in 21% of children exceeded
10 mcg/dl, while in 1995 this level was only in 11.

Yerevan

Byureghavan Gyumri

Fig. 3 Average content of toxic substances in the air (mg/m’)
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Fig. 4. Blood lead levels in children (mcg/dl)

In Byureghavan the lead content in blood samples of
children varied from 3- 22mcg/dl.In the 44 % of those

~ examined the level of lead was more than 10mcg/dl. In

4% the lead content was above 20 mcg/dl (fig.4).

In the earthquake zone in 2 out of 8 children the con-
tent of lead was-above 20 mcg/dl.

And finally, the examination of 47 adults from Yere-
van and Byureghavan revealed that the lead content was
mainly up to 20 mcg/dl. In 12 individuals the lead content
was 20-30 mcg/dl. Thus, these data demonstrate that the
indoor air is polluted by lead in residential, school and
other buildings. That is one of the significant sources for
lead accumulation in the human organism.

Summarizing the findings obtained it should be men-
tioned that as a result of economy and complete energy
blockade in 1990-1996 and due to present serious socio-
economic problems there is a negative effect on the or-
ganization of heating in residential, public and state insti-
tutions in Armenia. The lack of national fuel resources has
made Armenia pass from the central heating to the local
one. Besides the traditional types of fuel (gas, oil, coal,
wood) there was a wide use of different other types of
fuel, bringing forth emissions dangerous for human
health. The local heating was performed in high-storied
buildings not intended for it (without chimneys, ventila-
tion systems, etc.). This resulted in accumulation of toxic
substances, dust and humidity, microorganisms and fungi
in the heated rooms (fig. 5). As a result the aim to create

normal temperature conditions was not achieved. The air
temperature remained below the optimal one, while the
quality of indoor air became worse. For example, the
higher indices of morbidity by respiratory diseases and
elevated blood lead levels signify the probable unfavor-
able effect on the health status in humans.

A very serious threat to the human health is presented
by the use of different wastes and materials as fuel. The
burning of these is fraught with the danger of formation of
harmful substances, — sulfur oxides, dioxins, PCB, etc.

The most effective measures to prevent worsening of
indoor air in winter in Armenia are the complete restora-
tion of central heating and the refuse to use local heaters,
despite the type of fuel. This will also favor the creation
of normal microclimatic conditions.

The liquidation of temporary dwellings used also as
schools and other public institutions will allow us to solve
the problem of indoor air quality, the problem of heating
and prevention of the harmful action of chemical and bio-
logical factors.

The real steps in this respect have been already suc-
cessfully carried out. 25 thousand families and 40 thou-
sand schoolchildren will be provided with new buildings
and all modern conveniences in 2-3 years.

Besides the governmental support, the awareness of
population about the danger of using the flammable do-
mestic and industrial wastes is also of great importance.
Without having information that some transformer oils

MeauumHcxan Hayka ApmeHri Ne3 2002



Staphylococci

Mold fungi

10000 -

~E8EE

Fig. 5. Quantity of staphylococci and fungi in the residential air(in 177°)

contain PCB, tons of this oil were burnt as a fuel for heat-
ing. People used the garbage as a fuel, being unaware that
burning of domestic wastes is connected with the forma-
tion of highly dangerous chemical compounds.

A significant effect can be also achieved in result of
fighting against smoking in offices, public institutions
and residences. This problem remained unsolved for a
long period of time. At last a National Program is estab-

lished against such a dangerous habit as smoking. Now
smoking is prohibited in offices and public institutions. A
wide educational activity is dedicated to increase the
awareness of general population.

Mass information on hygienic and ecological prob-
lems will facilitate the prevention of air pollution in gen-
eral and the improvement of the indoor air quality, in
particular.

Suymuguind hmuwpuijoimt b dnimlmi hhiiophitph okbphph
ttipuh onh npuijp &Wpwhp

k. fupmyub, V. Gwudyub, X Ungnyub, L Unppob, 0. Ohwbymb, W Suympumygtapyub, U, Uljppgwb

Uhpohf wwphGbph mimbtuwlpué L tGhpgbtmhbl
Gqfwdunih  hitnlwGpm| juqiumoytg YhGupn-
Gwywl 9tnmgiwl hunfwlwpgp, nph hbmlwGpm]
umwowgwl . mpy yhjwpmpymGitp phwilh L
hunupulmlml  EGptpmd  oupnfniuy  dhypnyjmiw-
JuiwG  wuydwGibph wwhwywGiwG hwdwp:

BiwlmpuGibpmd, qupngGbph guuumbuyGbpmy,
dwGjwuywpmbqitiph JuwquubtGuiibpmd L
GGgumbGyulfipmy, whowlmG hhiGuplbponn ogh
stmiumumhéwip quiymy k oupmmiug Swipumpulhg 6-
10°C gwop: Qtmiuyhl ntdhih upuhupuiwb hudwp
oqmuonpdymyd GG wwppbp YumbpuGmpbp.  Gun)-
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fpuipbppllp, thwjwn, pupwomfu, wypynn phihwlwG
{Gymplp, ntwhl, wohdbpughG Gympbp, YhGgunuwjhG
aunp, wypyon  wpouwgpulwG  punhnGGhp,  hGsh
phtinlwuGpny GpYwd pGGptph Ghpuh onp wqnnuynud
gpmilwynp Gympbpny’ wojuwdGh opuhnm], wqnunh L
@odph opupnGbpny wymjwd Gyuipbph thnphGhpny L
;. Umbnogwo wGpwpbluyjuum  hpujhGulp

Yyuwflg L Ghpluygimd pGuysmpyumG qquuh dwuh
wnmnonipjul huwiwp, npp  ddow@  powlmd
bBipupiymd t guwop gbplwuwmhGwGGhph, poiGuynp
Gynipbiph L JunuGquiynp YaGuwpwGwlwl qoponGGbph’
UhypopGbph L uGybph; Gpiwpwnl wonbgmpjwGp,
pGsp popmd E  pGswliwG  opqullbph  whumw-
hwpmiGhpn] hnjwlnugnipyjul pupdpugiubp:

KagecTBo BO3JyXa BHYTPH 3XaHHI 00IeCTBEHHBIX H IETCKAX yIpeKIeHH}N B ADMEeHHHA 3EMOM

9. Babasu, B.Kadsn, B.Manoss, JI.Caprsn, P.Oranss, A.A#panerss, C.MKpTasH

DKONOTHYECKUY M SHEPreTHIECKHM KpH3HC NOCiex-
[HUX JleT mpHBeN K NpaKTHYEeCKOMY NApaiH3y HeATeILHO-
{cTH LIEHTPAIBHOM OTONMTENEHON CHCTEMEL, B pe3ybTaTe
{[gero BO3HHK/IA CEphe3Hbe 3aTpyAHEHHA B obecredeHuH
'HOPMAJBHBIX MHKDOKITHMATHIECKHX YCIIOBHM BHYTDH
imoMeImeHu# JKUIBIX ¥ ODIIeCTBEHHBIX 3Manuil. B mopas-
JisieMoM GOJILIIMHCTBE CTydaeB B KBapTHpax, B KIACCHBIX
|[KOMHaTaX IIKOJ, B MTPOBEIX KOMHATaX M CHAJBHAX HEeT-
CKHX CajiOB, B TIOMEINEHAAX rOCYJapCTBEHHBIX ydpexIe-
HHif TeMIepaTypa BO3yXa NojjepxkuBaercs Ha 6-10°C
HIDKE ONTAMANBLHOIO YPOBHA.

TemnepaTypHEI¥# pexuM BHYTPH 3[aHHli obmecTsen-
HBIX ¥ JETCKHX y4YpexIeHWl NONNEpKHBACTCS CXHIaHH-
€M ropIOYMX MaTepHaioB: He()TenpOXYKTOB, APEBECHHEI,
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