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Rakaskemmdir og raki, leida til 6rveruvaxtar

Raki, eini takmarkandi patturinn a voxt.

| bessu umhverfi vaxa drverur sem gefa fra sér agnir
sem berast i inniloft:
Gro, MVOC, eiturefni, svepphlutar og adrar smaerri agnir.

burr byggingarefni par sem 6rverur hafa nad ad vaxa
upp geta lika valdid skada:

Eiturefni og ofnaemisvakar eru mjog stodug i innilofti og
lifreent ryk er alltaf alitid mogulega skadlegt heilsu.



Er petta raunveruleg ogn vio heilsu?

Samkvaemt WHO fra 2009 & samantekt Mendell (EHP,
2011) er raki og mygla dheaettupattur fyrir heilsu.

No causality (association and other evidence)
Sufficient epidemiological evidence of increased
Upper respiratory track symptoms (cough, wheezing, dyspnea)
Respiratory infections
Exacerbation and development of asthma
Bronchitis
Allergic rhinitis
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Arid 2011 gafu Ut gégn um Evrépu
18% (5-37%) af ibuum Evrépu utsett fyrir raka.
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Dampness related indoor pollutants - potential
causative agents of adverse health effects

ological agen
gban%pness mg Health effects

———
allergens
(fungal proteins,

causative agents

‘ gmlcal agenf

obial secondary metaboli

(mycotoxins, bacterial toxins)
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Tioni rakavandamala i Finnlandi

1.45 milljéon byggingar: 85% heimili, 15% annad

Building type Observed Estimated to be
(several ref.) significant

(Reijula et al.
2012)

Single familyand 55% (80%) 7-10%

detached

apartments

Apartment 42-43% 6-9%

buidings

Schools and day 10-60% 12-18%

Il EDUSKUNTA

care centers

Economial importance of moisture damage in Finland (Reijula et al. 2012)




Economial importance of moisture damage
In Finland (Reiljula et al. 2012)

* Renovation of buildings with
significant moisture damage
would cost on one time basis 1.2-
1.6 billion € (

+  Costs of moisture and mold
damage related to health 23-953
million €

— Includes costs for symptoms,
diseases, their diagnosis, loss of

capability of work and decrease in
work efficiency

o http://web.eduskunta.fi/dman/Doc [ EousKuNTA
ument.phx?documentld=er286121
60849612
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» Finnland: Kostnadur vid lagfeeringar €10-40.000 eda 1,5-6
mllljénlr ISK II hverju tl|f€”| (Tao Lu, Xiaoshu Lu og Marttti Viljanen, 2011)

Kostnadur 1,2-1,6 miljardar evra ad laga allt sem parf ad laga
nana.

» Kostnadur vegna mygluvandamala Finnlandi (5,2milljonir
ibua)
23-953 milljonir evra

Daemi: 450 milljon evra & ari umreiknad m.v. Island rimlega 4,7
milljardar ISK

(skyrsla vinnueftirlits Finnlands 2012)

Taeplega 20% ibua veroa fyrir heilsuspillandi ahrifum af
raka og myglu.

Helstu rannsoknir eru fra Finnlandi

» Ny rannsokn september 2012 um ahrif myglusveppaeiturs akvedinnar tegundar
(mycotoxin) a samskipti fruma i taugakerfi og 6ndunarvegi (Raimo Mikkola, 2012)

» Medferd sjuklinga felst i pvi ad ,,leekna“ umhverfio



Endurbaetur a byggingum eftir raka- og
mygluvandamal og heilsufar

(Cochrane review, Sauni et al. 2011)

Tilgangur rannséknar ad kanna arangur endurbota a
byggingum til ad minnka einkenni fra 6ndunarvegi,
sykingar og asthma.

Eingdngu 8 rannsoknir sem komust i urtakio

Krt')fu I". Selection criteria: randomised controlled trials (RCT), cluster-RCT, interrupted time series
studies adn controlled before-after (CBA) studies



Remediating of buidings damaged by dampness
and mould and health outcomes
(Cochrane review, Sauni et al. 2011)

- Reasonable scientific evidence
— Among adults, decrease in respiratory symptoms and infections
— Among children, decrease in hospital admissions, but not in
symptom days
+School studies usually before-after (CBA)
— =>Weaker evidence
— No evidence of decrease in respiratory symptoms
— Doctor’s visit due to common flue possibly decreased

More and better research is needed
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Guidance for mold problems
- examples

- WHO guidelines (2009): General
recommendations - detailed guidelines
on national level e

* FINLAND:

» Guideline for healthy housing (2003) _—

- Handbook for healthy housing (2009)

- Handbook for resolving moisture and opas
mold damage in schools (2008) %

- Handbook for renovating moldy schools | \:

- Recommendations for clinicians (2007) -l
- Recommendations for clean up of =
building and furniture after renovations E
(2012) g
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Health protection act in Finland

- Protective - a circumstance
that may cause health
effects is considered as a
potential health hazard and
should be removed

*  Moisture and mold damage
are considered as such
circumstances
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Microbial growth in building is a potential health hazard — also dried
growth

Moisture and mold damage should be repaired and causes that lead to
damage should be removed
To give guidance on

— How to measure microbial growth and contamination

— What is normal in the indoor air of homes in northern climate

— What kind of indoor air findings indicate abnormal source or
contamintion

— What kind of findings indicate microbial growth on surfaces or
building material

Not health based guidelines!

) THL
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Review of existing information

Visible microbial growth is a health hazard — no microbial
measurements are needed

— Minor mold spots in bad room — increase ventilation, cleaning

Moisture problems suspected, smell of mold
— Technical investigation of the building

— Building material and surface samples from suspected sites
Observation of risk structures important!
Opening structures often needed!

Air sampling, only if other methods have shown nothing, but
mold damage is suspected due to symptoms

£ THL
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Synatokur (Finnland)

Loftsyni
Vafasom, gefa ekki rétta mynd af astandi

parf morg endurtekin syni a sama stad

Segir ekki til um astand, geta gefid visbendingar en aldrei
stadsett

Oftast oparfar en ef ekkert finnst vid sjonraena skodun

Yfirbordssyni og syni af byggingarefnum
Er mygluvoxtur?

Ef myglan er purr — getur gefid falskt neikvaett ef synid er raektad
upp.



Examples of sources of microbes;
and factors affecting |

- Qutdoor; climate, season,
ventilation

* House dust, microcolonies;
RH, activity

* Housekeeping, food stuff,
cooking; “cleaniness level’,
ventilation

* Firewood, other biological
material; storage, handling

- Pets, their litter and food,
clothes used eg. barns
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http://farm1.static.flickr.com/5/6435168_dcda226003.jpg

Examples of sources of microbes; and
factors affecting Il

+ Cellars, attics etc; ventilation,
alr pressure conditions

- Age and structure of buildings

+ Farming buildings; changing of
clothes, distance

* Mouldy structures; severity,
extend, age, location, air
pressure conditions, tightness
of structures

& THL
&/ NATIONAL INSTITUTE FOR HEALTH AND WELFARE, FINLAND

25/11/2013 Raki og mygla i byggingum — heilsa, hollusta og adgerair


http://images.google.fi/imgres?imgurl=http://www.thedecontaminator.com/images/Moldy_room.jpg&imgrefurl=http://www.thedecontaminator.com/&h=482&w=500&sz=21&hl=fi&start=3&usg=__jrK7D11EcrDBSa64GnRAha1pTQ0=&tbnid=kaso_pC7imuihM:&tbnh=125&tbnw=130&prev=/images?q%3Dmold%2Bgrowth%26gbv%3D2%26hl%3Dfi%26sa%3DG

Reference, bedroom Index, bedroom

7.0 -m-Day1 e Day?2 | e e ek
~ & -Day 3 —y—Day 4
——Day 5- 4~ Dayb
6.0 - S
25.0 !
E
S
‘G 4.0 1 1
3.0 1-a-Day1 e Day?2 &
~ & -Day 3 ——Day 4
~4—Day5- 4+ Dayb
2.0 2

Morrlling Mid'dav Afterlnoon Mor;ling Midlday After'noon

‘;\
o’ I H L NATIONAL INSTITUTE FOR HEALTH AND WELFARE, FINLAND

25/11/2013 Raki og mygla i byggingum — heilsa, hollusta og adgerair



Sampling campaings needed
(Hyvarinen et al. 2001)

- Concentrations higher in damaged
homes (figure)

* One sample is not enough to —=— Index=129 /
characterize the overall airborne o] | Crences®? _
fungal concentration of a : /

residence I -
1000 5 /

100 — /
| —
needed | /

|

« "If lucky” a few samples can show ; 0 0 e 80 10

abnormal condition — actions to Percentiles
locate the damage

* A single negative result do not
exclude the possibility of mold
damage!!!!

\\_

Concentration (cfu/m®)

- Several samples and samplings
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How does the indoor air of a moisture-

damaged house differ from normal?

(in winter in Finland)
3¢

Concentration
© ysyally < 100 cfu/m® s+ often > 100 cfu/m?
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secondary metabolites produced by microbes during
growth and proliferation (i.e. associated with active growth)

eg. alcohols, ketones and aldehydes
100 -200 different; "smell of mold”, "smell of cellar”

however, most of these compounds do have also other
source (eg. volatiles released from building materials)

Should NOT be used in detecting/concluding on moisture
and mold damage

Note: MVOC index proposed for mold detection

-’ ﬂ H L NATIONAL INSTITUTE FOR HEALTH AND WELI



basis: microbial growth can be toxic via production of toxic
metabolites

measurement of general toxiticy in sample materials (#
toxin determination); assessed from air or settled dust

typically done in different cell culture or bioassay systems

the result does not reveal the origin of the toxicity and
whether its related to microbes (can also derive from
outdoor air pollution, combustion, paints, household
products, ...)

Different approaches tested in U of Eastern Finland, THL,
TTL, U of Helsinki and U of Turku

— Conclusion: Toxicity measured from dust cannot distinguish
moldy homes with symptomatic occupants from non-moldy homes
N TH\Ehout symptomatic occupants

ATIONAL INSTITUTE FOR HEALTH AND WELFARE, |



Detection of mold problems - summary

* No method superior for mold detection

- Combination of technical, microbial and
health studies are needed to achieve an
overall understanding of the problem and
the measures needed

- New methods need to be validated and
Interpretation guidelines should be
established to ensure uniform practises

— International collaboration in developing
guidelines would be essential

Clinical tools largely missing

& THL
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Unlikely

— No moisture damage, no risk structures, room not strongly
under pressured, no air leakage from abnormal microbial
sources

Potential

— Signs of moisture damage, risk structures, repaired moisture
damage, rooms occasionally strongly under pressured and/or
potential air leakage from abnormal microbial sources

Propable

— Visible damage, microbial growth in surfaces or surrounding
building structures, abnormal microbial concentrations
observed, rooms strongly under pressured and/or air leakage
from damaged room or structure



Main principle of remediation: cessation and prevention of
exposure

Remove the mold, repair the water damage,
(often) improve ventilation

Mold remediation usually does good for the building, not only
Its occupants
Each building and its moisture damage is an individual,

— Difficult to design the repairs

— Unpleasant surprises may occur when dismantled

— guidelines available (eg. RATU-cards, Ministry of Environment
(YM-hometalkoot))

£ THL
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Remediation: eliminate exposure

- Eliminate exposure, prevent
contamination

*  During dismantling and renovation,
specific risks

- Evacuate the occupants if possible

» Use personal protection!

+ Isolate the remediation area carefully!
— Temporary walls, local exhaust

& THL
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Find out the cause of water intrusion, repair fault
Prevent the renewal of damage

Remove damaged materials
— Microbial growth and mycelium must be physically removed

— Mechanical removal of surface material of structures hard to be
removed
— Drying not enough and disinfection no solution
Efficient biocides also harmful for humans
Biocides not so efficient on fungi, spores

Biocides may change the composition of microbes, increase toxin
production

Even "dead” mycelium contains toxins, allergens...

Encapsulation
— only when materials cannot be removed or cleaned

- .
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"Moisture and mold problem initiative” —program funded by
government for 4 years now, examples of activities

— Coordinating eg. training and recommendations (clean up
procedures after remidiation, usage of mold dog, how to clean
moldy structures that cannot be removed etc., etc.)

— Web-site eg. examples of critical structures of different types of
houses and news

— TV-serie to inform people about moisture damage, to visit the
website

Partial funding can be applied for repairs of private houses

Governmental funding for repairs of moldy schools — only cases with
thorough building investigation and repair plans will be funded

Certifications of qualification for buiding investigations, repair planning
etc. will be established

£ THL
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http://www.hometalkoot.fi/sv
http://uutiset.hometalkoot.fi/sv/hem.html

Sjukdoémar
= flokid samspil erfda og umhverfis

= INNILOFT okkar helsti umhverfispattur
90 % innandyra




Inniloft - ahrifapaettir

Utiloft
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Weorld Health Organization
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Mikilvaegt ad st6ova rakaupptok og F/ARLAEGIA
myglud/rok byggingarefni.

Leidarvisir WHO fra 20009:

ALINYND YV YOOON! HO4 SAININIAIND OHM

Raki og mygla er ahaettupattur heilsu

Eiturefni og udun er EKKI lausnin.

Skyndilausnir duga ekki - fjarlaegja parf myglu og
afleidingar raka.

Verkferlar skipta mali til pess ad na arangri.

WHO, 2009. Guidelines for indoor air quality: dampness and mould



WHO - desember 2010

Skyrsla um efni sem hafa ahrif a loftgae0i
innandyra - vidomidunarmork.

Krabbameinsvaldandi, innkirtlar ofl.
balot - PVC vinyl dukar - einhverfa?
Um 6 af hverjum 1000 bornum

Napthalane

Nitrogen dioxide ; SELECTED
Polycyclic aromatic hydrocarbons : POLLI

Radon

Benzene - Vinyldukar, gdlfefni, nylon teppi, malningu, limefnum ofl.

| hreinsiefnum
Hatt hlutfall i bilskdrum
Gas vio matseld
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Formaldehyo

Getur tekid nokkra manudi ad ,,loftast ut“
Byggingarefni eins og sponaplotur
Limefni, 10kk, malning ofl.

Hreinsivorur: mykingarefni, sotthreinsiefni

Formaldehyo harra i inni-
lofti par sem eru timburhus-
gdgn og innréttingar,

(Viegas e Prista, 2008).

Acoustical Ceiling

Wall Covering

Wood Office Furniture




Kokteilahrif - efna

Haust 2010 Norraena
radOherranefndin gefur Gt ® roracn

¢ Chemical cocktails
S ky rS I u - — a serious matter of concern

3.juni 2012 - skyrsla EU
Evrépurad
Efni sem geta verid
skadlaus ein og sér - geta
oroid haettuleg med 60rum
efnum.

Vidomidunarmork gilda pvi
ekki lengur.



Heilnaem hus ?

DUrr

Hrein

| oftskipti
An eiturefna
Orugg

An spilliefna
Vel vidohaldid

Ibuar medvitadir um loftskipti, byggingarefni
og rakabuskap
Opna glugga, purrka pvott og svo framvegis
Hvada efni a a0 velja - vitund neytenda litil
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Ibaar Byggingargeirinn
-Huseigendur -Reglugerdir
- Leigutakar -HOoNnNnuodir
- Starfsfolk - Eftirlitsadilar
-Nemar - Framkvamd

Rannsdknaradilar

- Liffreedingar
- Edlisfraedingar
- Efnafraedingar

-og fleiri
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Fagstéttir - byggingar




Upplysingafleei

Haseigandi parf adgengi ad upplysingum og fagadilum

Byggingaradilar purfa upplysingar um hvort og hvenaer
astand er talido varasamt, forvarnir, ,,rétt“ efni, endurbatur

HeilbrigOisstéttir - upplysingaflaedi um rannséknir og
nidurstoour

burfa einnig upplysingar um ad pessi vandamal eru oftast falin og
bvi sjaldan haegt ad meta af ibGum.

Skodunaradilar og heilbrigdisstéttir - purfa ad skilja nidurstédur
skodunar

Engin klinisk prof eru til vegna ,,husasottar”

Eftirlitsadilar purfa ad hafa kunnattu, taekni og bunad til
bess ad sinna sinum skyldum.

Synataka vandasom, erfitt ad tulka, parf sjaldan en er stundum
naudsynleg.

Mikilveegt a0 kortleggja vandamalio



Dami um upplysingar sem purfa

a0 berast a milli stétta:

Rannsoknir um ahrif efna og adferda til
hreinsunar

Efnisval i byggingar, hvada byggingarefni henta

Nidurstédur um staerdargradu vandamalsins
hérlendis

Hvernig er maelt med ad skoda husna0i

Hvernig parf ad Ig?(a til pess ad auka likur a ad
ibUar e0a starfsfélk geti snuid aftur an einkenna.



Skodun 4 Islandi

Mygla falin/hulin i flestum tilfellum
Um 20% tilfella er hun synileg

Toppurinn a isjakanum ?

burfum ad nota rakameela til ad gefa okkur
visbendingar (steypt hus)

Folk parf ad njota vafans umfram byggingar

Ef einkenni eru tengd vioveru i akvednu husnadi parf
a0 skoda pad sérstaklega par sem ekkert er synilegt.



|dnadarmenn

MIKILVAGUR HLEKKUR

bekkja og vidurkenna vandamalid ,
vidbrogd og hreinsun a rakasvaedum par sem er grunur um myglu.

Loftgaedi geta versnad med rongum vidbrogdum
pessar upplysingar purfa ad berast til peirra:

Stress astand myglunnar

Gré og afleiduefni margfaldast vid rask og purrkun
bpurr mygla heilsupillandi

Efni og purrkun dugar ekki til arangurs

burfa ad verja sjalfan sig - og adra

Forvarnir og fordast sl&am vinnubrégd
Mikilvaegt ad reyna ad fyrirbyggja rakavandamal

Bloom, 2007, skélarannsékn i Finnlandi






Mygluhemjandi malning og
béttiefni

Mygluhemjandi malning og péttiefni- stoovar
ekki voxt en hefur adeins litillega hemjandi
ahrif (Korea)

Mould Germination and Growth on Single and Multi-layered Building Materials at Different Environmental
Conditions
(Hyeun Jun Moon1 ofl , 2009)



Remediation of mould damaged building materials—efficiency of a broad
spectrum of treatments

Mirko Peitzsch,” Erica Bloom,™ Rocco Haase,? Aime Must” and Lennart Larsson”

Tilgangur:
Kanna hvort a0 efni sem eru til i lausasolu geti

stoovad voxt myglu og/eda stodvad framleidslu
myglusveppaeiturs.

Niourstaoda:

Ekkert efna / adferdir nadu ad stodva algjorlega
voxt myglunnar né framleidslu allra eiturefna

sumum tilfellum jokst framleidsla eiturefna umfram
viomio eftir hreinsun og purrkun.
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AMERICAN JOURNAL OF INDUSTRIAL MEDICINE 54:269-277 (2011)

Lack of Respiratory Improvement Following
Remediation of a Water-Damaged Office Building

Yulia Y. lossifova, mp, php,'*? Jean M. Cox-Ganser, php,” Ju-Hyeong Park, scp,?
Sandra K. White, ms,>* and Kathleen Kreiss, mp?

Conclusions During dampness remediation,
relocation may be health protective and prevent
incident building-related respiratory cases.
Without relocation of entire workforces, medical
surveillance is advisable for secondary prevention
of existing building-related disease.



Rannsokn: 20 hada skrifstofubygging 1994

1995-2001 - 60 kvartanir skradar vegna ,,husasottar”.
Leki fra paki, leki i kringum glugga, lagnir laku a stoku sta0.

Spurningalistar: Eftir ad nyja hisnae0id var tekid i notkun 7,5
(OR) sinnum meiri likur 4 ad fa astma/tilfelli 3,3 (OR) onnur
ondunarfaraeinkenni og fleira.

2001-2004 viogerdir fyrir 7,5 milljonir USD

Skipt um pak, teppi hreinsud, teppi fjarlaegd og innveggir,
badherbergi tekin i gegn, skipt um loftraestikerfi og fleira

For framhja verktokum ad rakavérn vantadi og var abétavant.

Rakavandamal voru enn til stadar 2005, malingar syndu
einhverja en litla l@kkun med synatokum



Nidurstoour:

beir sem voru fluttir annad
Einkenni minnkudu, ekki hja hinum

Engin breyting i einkennum hja ]geim sem voru a ]
vingusta’énum 2001-2005 a meoan breytingar attu sér
sta

Adrar rannsoknir hafa synt svipada nidurstoou.
Enginn nadi sér alveg

Staofestir mikilvagi forvarna og ad gripa inn i strax a
byggingarstigi

Ekki eda i kostnadarsamar framkvaemdir an pess ad
kortleggja vandamalid vel



Forvarnir mikilvaegar

| 75-80% tilvika skemmast byggingegna

raka (Bomberg, Brown, 1993; Ronald, 1994).

Kostnadur viogerda eykst par sem eru
rakasaeknar lifverur.
Nidurrif og hreinsun

40% dyrara a0 lagfaera eftir ad félk er flutt inn

(Atila Novoselac, Indoor Air 2011).

10-15% einkenna ganga ekki til baka worgmngoren.

Bioaerosol 2011)
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Astedur rakavandamala

Rakapetting, kuldabru, loftskipti, pétt hus
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Linoleum dukar eda limid undir peim virdist
vera i uppahaldi!







Linoleum dukur undir parketi, ekkert sjaanlegt a parketinu
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