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AVRUPA VE ABD OKULLARINDA iGC GEVRE KALITESI -
OGRENCI SAGLIGI VE OGRENMESINE ETKILERI

Ulla HAVERINEN-SHAUGHNESSY

OzZET

Okullar, ¢ocuklar igin evlerinden sonra gelen ikinci en énemli i¢ ortamlardir. Fakat okullarin i¢ gevre
kalitesinden sikhkla o6dun veriimekte; bu da c¢ocuklarin saghdr ve &6gdrenim ciktilar ile
iliskilendiriimektedir. i¢ gevre kalitesinin yénetimi, isil sartlarin ve yeterli havalandirmanin kontroliinii
kapsamaktadir. Okullardaki isil gevrenin kontroll ve yeterli havalandirmanin saglanmasi, semptomlari
ve hastalia bagh devamsiziigi azaltabilecegi gibi performans ve 06grenmeyi de iyilestirebilir.
Havalandirma hizinin distk olmasi insan sagligi ve performansi Uzerindeki olumsuz etkilerin ana
sebebi olan i¢ hava kirleticilerine maruziyeti artirabilir. Bu yuzden, kirletici kaynak kontrolli temel
strateji olmalidir. Etkili nem kontroll, rutubet ve kuf problemlerini engelleyebilir ve 6grencilerin
solunum sagligina olumlu bir katkida bulunabilir. Son caligsmalar temas sikhdi yuksek ylzeylerin
temizliginin saglik etkileriyle, 6zellikle, sindirim sistemi ile ilgili semptomlarla baglantili oldugunu
gOstermektedir. Avrupa ve ABD okullarinda yapilan ¢alismalar, okullardaki i¢ ¢evre kalitesi yonetiminin
potansiyel yararlarini anlamaya yardimci olmustur. Etkili yonetimin ilk adimi izlemektir: Dinya Saglik
Orguitii cocuklari gevresel tehlikelerden korumak igin génalliilik yaklagimiyla yeni gdstergelere dayali
olarak Parma taahhutlerini izlemek icin bir anket gelistirmigtir.

Anahtar Kelimeler: Akademik basari, temizlik, rutubet ve Kkif, sindirim sistemi semptomlari,
performans, isil kosullar, havalandirma, solunum saghgi

1. GIRIS

Konforsuz i¢ ortam sicakliklari, yetersiz havalandirma ve nem — kif problemleri, 6grencilerin saglik ve
performansini olumsuz etkileyebilecek, disiik okul i¢ gevre Kkalitesinin (ICK) birer gdstergesidir. Isil
konfor, ICK ve saghgin temel 6gesidir. Bu ylizden birgok aragtirma, égrenci performansinin [1], hava
kalitesini algilamada azalma ve hasta bina sendromunun [2,3] yliksek sinif sicakliklariyla ile baglantili
oldugunu; distk sinif sicakliklarinin ise solunum saghgr Uzerinde olumsuz etkiler yarattigini
gOstermektedir [4-6].

Daisey ve arkadaslari (2003) okullardaki yetersiz havalandirmanin saglik problemlerine neden
oldugunu saptamistir. Mendell vd. (2013) tarafindan gergeklestirilen ¢alisma ise bunun Uzerine yeterli
havalandirma ile i¢ hava kirleticilerinin dizeylerinin azaltiimasinin 6grencilerin sagligi tzerinde olumlu
etkiler yaratacagini eklemigtir [7,8].

ICK'nden birgok okulda vyetersiz bakim ve temizlik sebebiyle &din veriimektedir. Yetersiz
havalandirma Ust ve alt solunum yolu problemleriyle iliskilendirilmis olan nem ve kiifiin olusma riskini
artirabilir [9-13]. Yetersiz temizlik ise bulagici ajanlar yayan ekolojik rezervuarlarin olusmasiyla
sonuglanabilir. Okullarda hijyenin iyilestiriimesi ve biyolojik kalintilarin hedeflenerek temizlenmesi
hastaliklarin (MRSA, Shigella salginlari), hasta bina sendromu semptomlarinin ve devamsizhgin
azalmasini saglayabilir [14-17].

Bu calismada Avrupa ve ABD okullarinda ICK, saglik ve akademik performans (lizerine devam
etmekte olan ve yapilmis son galismalar 6zetlenmigtir.
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2. YONTEM

Bu bildiride incelenen galismalar, okul binalarini ve (nemlilik ve kif dahil olmak Gzere) durumlarini
belirleyici veriler toplamak icin genel olarak anket uygulamalarini ve kontrol listelerini kullanmistir. ICK
verileri, i¢ ve dis hava sicakliklarini, bagil nemi ve CO, derigimlerini birka¢ hafta veya giin boyunca
Olcllmesiyle toplanmistir. Havalandirma hizi, CO, verileri kullanilarak veya bazi durumlarda
siniflardaki hava gikis menfezlerinde hava akisini dlgerek belirlenmistir. iki — (i¢ aylik periyotlarla
¢obken toz toplanmig; toz miktari ve mikrobiyal icerik (veriler gdsterilmemistir) icin analiz edilmigtir.
Secilen yizeylerin temizligi ve yapilan temizligin etkinligi adenozin trifosfat (ATP) tespiti ve
dizeylerinin saptanmasi; ve agar (RODAC) Petri kaplari kullanilarak toplam kultiri yapilabilen bakteri
miktarinin belirlenmesi yoluyla degerlendirilmistir [18]. Saglik ile ilgili veriler Finlandiya’da anket
uygulamasi yoluyla, ABD’de okul hemsirelerinden elde edilmistir. Akademik performansla ilgili veriler
ulusal sinavlardan toplanmistir. Veri analizinde tanimlayici istatistikler, faktor analizi, dogrusal karma
modeller ve hiyerarsik Zero Inflated Poisson (ZIP) modelleri gibi gesitli istatistiksel yontemler
kullaniimistir.

3. SONUGLAR

Yakin zamanda Finlandiya’da 60 okul binasinda yapilan ¢alismalar siniflarda yeterli havalandirma
saglayabilmek icin bakim ya da parca degisimine ihtiya¢ oldugunu géstermistir [19]. Ugylizbir okulun
6. sinif 8grencilerinin matematik dersindeki basarilari ile gocuklarin bildirdigi sinifta yliksek sicaklik ve
hastalik sebebiyle okula devamsizlik arasinda iliski oldugu goérilmastir [20]. Turunen ve arkadaslari
[21] dort binden daha fazla sayida 6grenci igin saglik ve iyilik halinin okul bazinda yayginhgini
belirlemis ve dgrenciler tarafindan bildirilen disik i¢ hava kalitesi ile 6lgllen ortalama sicaklik ve
havalandirma hizi ile iligkili oldugunu bulmuslardir. Solunum yolu semptomlari ile isitma sezonunda
konforsuz sicakliklar ve rutubet veya nem hasari arasinda iliski oldugu 134 okulun muddrleri ve 6. sinif
ogrencilerine ayri ayri uygulanan anketler yoluyla toplanan veriler analiz edilerek ortaya konmustur
[22]. Ek olarak, Ust solunum yolu semptom sayisinin yetersiz havalandirma ve rutubet veya nem
hasari ile iligkili oldugu belirlenmistir. Yetersiz havalandirma olan okullarda solunum yolu
enfeksiyonlari sebebiyle devam edilemeyen okul giniu sayisinin daha yuksek oldugu bildirilmistir.
Ayrica, okul bazinda ICK gésterge degiskenlerinin égrencilerin kendileri tarafindan bildirlen solunum
yolu semptomlari ve solunum yolu enfeksiyonlari sebebiyle kagirilan okul ginlerinin sayisindaki
degiskenligi goéreceli blylk oranda agikladigi da bulunmustur.

Avrupanin Ug farkh iklim boélgesindeki ¢ Ulkenin okullarindaki nemlilik sorunlari uluslararasi HITEA
calismasiyla anket uygulamalari ve bina incelemeleri kullanilarak incelenmistir [23]. Bu ¢alismaya gore
Hollanda, ispanya ve Finlandiya okullarindaki minimum nemlilik sorunu yayginligi sirasiyla %20, %41
ve %24 dizeyindedir. Bu okullarda nem hasari, rutubet ve gézle gorulebilir kif gibi nem sorunlarinin
goreceli olagan oldugu sonucuna varilmigtir. Nem sorunlariyla velilerin bildirdigi solunum yolu
semptomlari arasindaki ilinti Ulke bazinda >9000 ilkokul égrencinin verisi kullanilarak incelenmistir.
Gece kuru Oksurik ile okulda nem sorunlari her (¢ Ulke verisine gore de iligkili bulunmustur. Nem
sorunu olan okullara devam eden Fin cocuklarinda hirilti, nazal semptomlar ve solunum yolu
hastaliklari ilintili okul devamsizhiginin anlamh bir sekilde ylksek oldugu belirlenirken, bu iligkiler
Hollandali ve ispanyol gocuklarda gériilmemistir. Calisma, okullarda nem sorunlarinin gocuklarin
solunum vyollari saghgdini olumsuz etkiledigi ve Fin c¢ocuklarin okullardaki rutubet nedeniyle daha
yiksek saglk etkileri risklerine sahip olduklari sonucuna varmistir [24].

Birgok calisma ABD okullarinin siniflarinda havalandirma hizlarinin American Society of Heating,
Refrigerating, and Air-Conditioning (ASHRAE) tarafindan tavsiye edilen kisi basina minimum 7,1 I/s
dizeyinin siklikta altinda kaldigini bildirmistir [25]. YUz ilkokuldan veri toplayan bir galisma mevcuttan
7,1 l/s/kisi de@erine kadar her I/s artisin 5. sinif 6grencilerinin eyalet ana mifredat standardize edilmis
testlerinden gegme oraninda matematik igcin %2,9 (%95 Glven Araligi %0,9-4,8), okuma igin %2,7
(%95 Guven Araligi %0,5-4,9) artis saglayabildigini gostermistir [26]. Diger bir arastirma 70 okulun
140 sinifinda havalandirma hizinin yaninda sinif sicakligini da élgmus ve bireysel matematik notlari ile
havalandirma hizi arasinda anlamli iliski bulmustur [27]. Tavsiye edilen 7,1 I/s dizeyine dogru
g6zlenen minimum 0,9 I/s/kisi dizeyinden (74 puan tahmini etki) her I/s artis ile birlikte ortalama
matematik notunun (2286 puan) %0,5 (11 puan) artmigtir. Disen her 1 °C sinif sicakligi ile ek 12-13
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puan artisi olmustur (6lgllen sicaklik araligi 20-25 °C, tahmini 67 puan etki). Calisma, yeterli
havalandirma ve 1sil konfor saglanmasi durumunda o6grencilerin akademik basarisinin artacagi
sonucuna ulasmistir. Devaminda yapilan bir galismada ise havalandirma hizi ile solunum yolu
semptomlariyla okul revirine miracaatlar ve kiltir edilebilir bakteri ile sindirim sistemi semptomlariyla
basvuru arasinda iliski belirlerken, okula devamsizlik ve ICK parametreleri arasinda bir iliski
bulamamistir [28].

Dinya Saglk Orgiti (DSO) Avrupa Bélgesi Uye Devletleri 2010 yilinda gocuklarin bulundugu
tesislerde saglikli bir gevre saglamak icin zaman kisiti olan takip eden sorumluluklari yiklenmislerdir:
(1) Tatin dumansiz hava, (2) i¢ hava kalitesi rehberlerinin uygulanmasi, (3) uygun sihhi tesisatin
saglanmasi ve (4) gocuklarin okula ylriimeleri veya bisikletle gidebilmelerinin saglanmasi [29]. DSO
simdiye dek, bu hedeflere ulagimin izlenmesi maksadiyla standart okul inceleme metodolojisinin
gelistirilmesini koordine etmistir. Okul incelemesi, her okulda, bir okul haftasi boyunca, g sinifta ig
hava kalitesinin (pasif érneklemeyle azot dioksit, formaldehit ve benzen) ve havalandirma hizinin
izlenmesini icermektedir. Ayrica, 1sil sartlar (sicaklik ve nispi nem) da izlenecektir. inceleme ek olarak,
tim okul alanlarinin rutubet ve kif agisindan teftis edilmesini ve 6grencilerin hijyen pratiklerini ve
uygun bir sekilde bakimi ve temizligi yapilan sihhi tesisata erigsimleri olup olmadiginin belirlenmeisini
de icerir. Bu inceleme, potansiyel olarak 6grencilerin saglik ve 6grenmeleri ile ilgili olan okullarda
iyilestiriimis ICK icin bir temel olugturmaktadir.
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OZGEGMIiS
Ulla HAVERINEN-SHAUGHNESSY

Dr. Haverinen-Shaughnessy Finlandiya Ulusal Saglik ve Refah Enstitisinde Kidemli Arastirmaci,
Tampere Teknoloji Universitesinde Saglikli Binalar Dogenti ve ABD Tulsa Universitesinde misafir
dgretim (yesi olarak gorev yapmaktadir. Doktorasini 2002 yilinda Tampere Teknoloji Universitesinden
almig, 2002-2004 arasinda Fullbright Bursu ile lllinois Teknoloji Enstitistiinde (Sikago, ABD) doktora
sonras! arastirmaci olarak bulunmustur. Sonrasinda kendi arastirma grubunu kurmus, Avrupa’da
bircok arastirmayi tasarlamis ve yonetmis, ABD’de arastirmalarda yer almistir. Bilimsel diinyaya birgok
uzman pozisyonunda hizmet etmektedir. Ornek olarak, rutubet ve kif kaynakhl saglik etkilerinin
azaltilabilmesini saglayacak uygulamalarin belirlenmesi icin; evlerle ilgili hastalik kuilfetini belirlemek
icin; politika tretimini destekleyici gevresel saglik bilgi sistemlerinin gelistiriimesi konularinda DSO ile
calismistir.
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INDOOR ENVIRONMENTAL QUALITY IN SCHOOLS IN
EUROPE AND THE US — EFFECTS ON STUDENTS’ HEALTH
AND LEARNING

Ulla HAVERINEN-SHAUGHNESSY

ABSTRACT

Following home environments, schools are the second most important indoor environments for
children. However, indoor environmental quality (IEQ) is frequently compromized in schools, and it has
been associated with student health and learning outcomes. Management of IEQ includes control of
thermal conditions and adequate ventilation. Control of thermal environment and provision of
adequate ventilation in schools can lead to decreased symptoms and illness absence, as well as
improved performance and learning. Low ventilation rates can result in an increased exposure to
indoor air pollutants, which are assumed to be the primary reason for adverse effects on occupant
health and performance. Therefore, pollutant source control should be a fundamental strategy.
Effective moisture control can prevent dampness and mould problems and result in better respiratory
heath among students. Recent research has also associated cleanliness of high contact surfaces with
health outcomes, especially gastro-intestinal symptoms. Recent research conducted in the European
and US schools helps to understand the potential benefits of management of IEQ in schools. First step
to effective management is monitoring: World Health Organization has developed a survey based on a
set of new indicators as a voluntary approach to monitoring of Parma commitments to protect children
from environmental hazards.

Key Words: Academic achievement, Cleaniliness, Dampness and mold, Gastro intestinal symptoms,
Performance, Thermal conditions, Ventilation, Respiratory health

1. INTRODUCTION

Unsatisfactory indoor temperatures, inadequate ventilation, and moisture and mold problems are
indicators of poor IEQ in schools, which may adversely affect students’ health and performance.
Thermal comfort is fundamental to IEQ and health. Whereas elevated classroom temperatures have
been associated with student performance [1], reduced perception of air quality, and sick building
syndrome (SBS) [2, 3], several studies have also found cold temperatures to adversily affect
respiratory health [4-6].

Daisey et al. (2003) found inadequate ventilation in some schools leading to health issues, and a
recent study by Mendell et al. (2013) added to the understanding that reduction of indoor air
contaminants by means of adequate ventilation has a positive effect on child health [7, 8].

In many schools, IEQ is compromised by inadequate maintenance and cleaning practices. Inadequate
maintenance can increase the risk of dampness and mold, which has been extensively documented to
be associated with upper and lower respiratory problems [9-13]. Inadequate cleaning can lead to
ecological reservoirs, which can disseminate infectious agents. Enhanced hygiene and targeted
cleaning of biological residuals in schools have resulted in reduced illnesses (MRSA, Shigella
outbreaks), reduced sick building syndrome (SBS) symptoms, and reduced absenteeism [14-17].
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This paper summarises recent and ongoing studies on IEQ, health, and academic performance in
European and US school buildings.

2. METHODS

The studies described in this paper have mainly used questionniares and cheklists to collect
descriptive data on school buildings and their condition (including dampness and mould). Data on IEQ
have been collected by monitoring indoor and outdoor temperatures, relative humidity (RH), and CO,
concentrations for several days or weeks. Ventilation rates have been assessd based on CO, data or
in some cases, by measuring the exhaust air flows from exhaust vents in the classrooms. Settled dust
have been collected over 2-3 months periods and analyzed for the amount of dust and its microbial
content (data not shown). Cleanliness and the effectiveness of cleaning of selected surfaces has been
assessed using monitoring systems to detect and quantify adenosine triphosphate (ATP), and contact
agar (RODAC) plates to quantify levels of total culturable bacteria [18]. Health data have been
collected using questionnaires (in Finland) and data from school nurses (in the US). Data on academic
perfomance have been collected from national tests. Data analyses have included various statistical
methods, such as descriptive statistics, factor analysis, linear mixed models (LMM), and hierarchical
Zero Inflated Poisson (ZIP) models.

3. RESULTS

In Finland, recent studies including on-site investigation of ventilation systems in 60 school buildings
indicated a need for maintenance or replacement due to insufficient classroom ventilation [19]. Further
studies associated mathematics achievement of 6th grade students in 301 schools and both self-
reported elevated classroom temperatures and absenteeism due to ill health [20]. Turunen et al.
(2014) assessed school level prevalence values of students’ health and wellbeing (>4000 6th grade
students), and found self-reported daily stuffiness/poor IAQ significantly correlated with measured
mean temperatures and ventilation rates in classrooms [21]. Analyses of questionnaire data from 134
school buildings collected from school principals and independently collected health questionniare
data collected from the 6th grade students established associations between occurrence of upper
respiratory symptoms and unsatisfactory classroom temperature during heating season and
dampness or moisture damage, respectively [22]. Also the number of upper respiratory symptoms was
significantly associated with inadequate ventilation and dampness or moisture damage. A higher
number of missed school days due to respiratory infections were reported in schools with inadequate
ventilation. It was also found that the school level IEQ indicator variables (based on principal reporting)
could explain a relatively large part of the school level variation observed in the self-reported upper
respiratory symptoms and missed school days due to respiratory infections among the students.

An international HITEA study investigated the occurrence of moisture problems in schools in three
countries from different climatic regions of Europe based on questionnaires and building inspections
[23]. Based on the study, the minimum estimates for prevalence of moisture problems in school
buildings were 20% in the Netherlands, 41% in Spain, and 24% in Finland. Moisture problems, such
as moisture damage, dampness, and visible mould, were concluded to be relatively common in these
schools. Country specific associations between moisture problems and parent-reported respiratory
symptoms were explored (data from >9000 elementary school students). Dry cough at night was
associated with moisture damage in schools in all three countries. Finnish children attending moisture
damaged schools had significantly more often wheeze, nasal symptoms, and respiratory health
related school absence, but these associations were not seen in Dutch or Spanish school children.
The study concluded that moisture problems in schools may cause adverse respiratory effects in
pupils; Finnish pupils were found to be at higher risk for adverse health outcomes due to dampness
problems in schools [24].
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In the US, several studies have found ventilation rates in classrooms frequently below the American
Society of Heating, Refrigerating, and Air-Conditioning recommended minimum of 7.1 |/s per person
[25]. One study collected data from a hundret elementary schools and estimated that for every I/s per
person increase up to 7.1 I/s per person, the percentage of 5th grade students passing the State’s
core curriculum based standardized tests could increase by 2.9% (95%CI 0.9-4.8%) in mathematics
and 2.7% (0.5-4.9%) in reading [26]. Another study included both ventilation rates and temperatures
measured from 140 classrooms in 70 schools, and found a statistically significant association between
ventilation rates and fifth grade students’ individual mathematics scores [27]. Students’ mean
mathematics scores (average 2286 points) were increased by up to eleven points (0.5%) per each liter
per second per person increase in ventilation rate towards the recommended minimum of 7.1 I/s per
person (observed minimum 0.9 I/s per person, estimated effect size 74 points). There was an
additional increase of 12-13 points per each 1 °C decrease in temperature (observed range 20-25 °C,
estimated effect size 67 points). The study concluded that maintaining adequate ventilation and
thermal comfort in classrooms could significantly improve academic achievement of students. A
subsequent study also found associations between ventilation rates and mean number of visits to
school nurse due to respiratory symptoms, and culturable bacteria with number of visits due to
gastrointestinal symptoms; but no significant correlations were found between absenteeism and IEQ
parameters [28].

In 2010, Member States of the WHO European Region made time bound commitments to provide
healthy environment in children’s facilities, ensuring that they are tobacco smoke-free, implementing
WHO indoor air quality guidelines, providing access to proper sanitation, and enabling children to walk
and cycle to schools [29]. Since then, WHO has coordinated the development of a standardized
school survey methodology for monitoring progress towards these goals. The survey includes
monitoring of indoor air quality (passive sampling of NO,, formaldehyde and benzene) and ventilation
rates in three classrooms per school during one school week. Also thermal conditions (T, RH) are
monitored. In addition, the survey includes all school premises inspected for mould and dampness,
and evaluates students’ hygiene practices and access to properly maintained and serviced sanitation
facilities. The survey provides a basis towards improved IEQ in schools, potentially related to students’
health and learning.
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