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Abstract

A study was conducted in which two domestic buildings in different parts of
London with similar construction type and occupancy pattern were monitored and
results were acquired for a period of thirty days in summer from July 14™ 2011 until
August 14™ 2011. Temperature and indoor relative humidity logged data was
collected from two places within each dwelling along with outdoor temperature and
humidity data. Several lessons were learned from this fieldwork. Significance of
relative humidity along with sources and its effects were studied and were compiled in
the research-oriented thesis. High indoor relative humidity levels were found within
small spaces with high occupancy, low level of infiltration and lack of cleaning habits
Effects of high relative humidity like condensation, fungal contamination, possibility
of house dust mites and musty odours were notice during walk-around evaluation. The
monitored data was analysed and even though, reasons for fungal growth and
condensation could not be completely evaluated. Yet the available literature review
showed that high relative humidity could be a possible cause of occupant ill health.

Introduction

The constitution of the World Health Organisation defines good health as “A state of
complete physical, mental and social wellbeing, not merely the absence of disease and
infirmity”. Therefore, the indoor environment needs supervision in such a way so as
that it promotes good health, and not merely avoidance of illness, in the first instance.
As a result, of fuel the crises that grew in the 1970’s, there was a increase in
awareness related to energy efficiency and since then attempts have been made to
design and construct most energy efficient homes. In recent times, this concept has
been amplified in designing and marketing homes as ‘zero carbon dwellings’. In
general, ‘sustainable’ and/or Low energy buildings are achieved by supervising
temperatures, centrally controlling heating and ventilation, efficient lighting design
and making buildings more airtight. The probable outcome of these airtight buildings
was phenomenon Building related illness (BRI), Multiple Chemical Sensitivity
(MCS), and Sick Building Syndrome (SBS). SBS was acknowledged by the WHO as a
recognisable disease in 1986, this observable fact of SBS is said to be a part of air-



conditioned offices and institutional buildings, moreover symptoms related to SBS can
also found in dwellings with inferior IAQ and/or IEQ.

Bormehag (2000) suspects that the indoor environment has been playing a
considerable role both for the development of allergy diseases and for symptoms of
allergic people. Allergies and other hyper-reactivity reactions, Sick Building
Syndrome (SBS), airway infections, lung cancer etc can be associated with 1AQ
(Sundell 2000). Allergy and other hypersensitivity reactions are important public
health issues. It is periodically mentioned that, elevated relative humidity at a surface
70 % or higher can lead to problems with mold, corrosion, decay and other moisture
related deterioration. When relative humidity reaches 100 %, condensation can occur
on surfaces leading to a host of additional problems. An elevated relative humidity in
carpet and within fabrics can lead to dust mite infestation and mildew. Whereas Low
relative humidity can lead to discomfort, shrinkage of wood floors and wood furniture,
cracking of paint and discharge of static electricity. Therefore, within this research
process, an attempt is being made to understand the effects of high and low level of
humidity and to investigate whether indoor relative humidity has any impact on the
buildings and the health of its occupants.

What codes and Standards say?

Standards for indoor thermal conditions and for ventilation have traditionally put
upper limits on the account of humidity permissible in interior spaces because of
concern for health effects that might occur should the humidity become too high. The
values set for the upper limits as suggest within ASHRAE standards have typically
ranged around 60% RH, even though boundaries of absolute humidity have also been
used.

According to comfort requirements, ASHRAE Fundamentals 2009 (9.12)
suggest that at dew point temperatures of less than 32 °F or 0 °C complaints of dry
nose, throat, eyes, and skin have occurred. A dew point of 32 degrees converts to a
relative humidity of 25 percent at 68 degrees, it also suggest that relative humidity
level of 60% should not be exceeded ASHRAE Standard 62-2001 Ventilation for
Acceptable Indoor Air Quality, also recommends that the lower boundary of the
relative humidity range be limited to 25 % and the upper boundary of the relative
humidity range be limited to 60 %.

According to CIBSE TM 04 : 2006 the combination of high temperature and high
humidity does introduce a feeling of sultriness or oppression which occurs at 70% RH
at 21 °C and 60% RH at 23 °C. In normal circumstances, humidity in the range 40-70
% RH is acceptable but with the optimum being around 65% RH at comfort
temperature

Causes of High Relative Humidity:

Humidity is an attribute of human environment most generally recognized by its
important role as a determinant in climate, weather and personal comfort. The existing
limits for relative humidity appears as based on engineering experiences within
buildings, where indoor relative humidity is whispered to be a probable cause these
health issues. Burndrett et al (1990) states that the influence of moisture on people is
one of the least understood of all the environmental factors. Many studies suggest that
internal relative humidity level may rise due to the rise in water vapour content in air.



Residential moisture generation is one of the factors for this rise in the moisture
content of air. The most complete summery on residential moisture generation was
published in a report of IEA (International Energy Agency) Annex 14 (1991).
According to ASHRAE technical bulletin 1996 (ol 12) human health is not affected
by high levels of humidity Whereas known health effects related to high humidity are
primarily caused by the growth and spread of biotic agents under elevated levels of
relative humidity, although humidity interactions with non-biotic pollutants, such as
formaldehyde, are also reported to cause adverse effects. Apart from theses effects
humidity also affects the rate of evaporation from skin casing heat stroke, it may be a
cause of condensation, corrosion etc.

The association between mould growth and adverse health reactions as: extreme
fatigue, headache, lack of concentration and memory, blocked nose, itching eyes,
burning sensation of the skin, hoarseness, cough, asthmatic bronchitis, asthma and
recurrent airway infections, especially sinusitis, have been enlisted by many authors.
When relative humidity level reaches 75% or more, micro-fungi (mould) can grow
unseen on unfinished wooden underside of couch and chairs, lower shelves of tables,
wooden furniture and shelving placed against cooler walls. Once mold starts growing,
water is expelled as a by-product of metabolism and it can then succeed even when
conditions become drier. Hence, it is essential to prevent the germination of the mold
growth and spore multiplication by avoiding high humidity levels.
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[Figure 1- Time to detect mildew as a function of Relative Humidity (29 ‘C-32 °C ambient) from Block
et al 1953 - Burndrett 1980]

Metabolic gases produced by fungi contain volatile organic compounds that are
responsible for the mildew odour. These MVOCs (microbial volatile organic
compounds ) may be a contributing factor to sick building type symptoms, including
eye, nose and throat irritation; headache; and fatigue. Most moulds have the potential
to cause health effects. Moulds produce allergens, irritants, and, in some cases, toxins
that may cause reactions in humans. As mentioned by ASHRAE fundamental 2009 it
is found that moulds produce approximately 300 toxins. These referred, as Mycotoxins
are chemicals that are concentrated in spores of most mold species, the toxicity of a
particular fungal colony is determined in part by the number and concentration of
mycotoxins. Micro-fungi (mold) specific to genera Fusarium and Stachybotrys
produces mycotoxins trichothecenes, which cause severe dermatitis, nosebleeds, throat



irritation, asthma symptoms, chest pain and bronchial haemorrhaging. The mold
Claviceps pupurea (ergot) can produce several mycotoxins, some of which causes
hallucinations, this mold is used to derive hallucinogenic drug LSD, while causes
contraction of peripheral blood vessels and lack of blood flow, thus loss of fingers and
toes die to gangrene. Mycotoxins produced my micro-fungus like Aspergillus flavus if
consumed in little amount for long period prove to be carcinogenic or may cause liver
cancer.

Dust mites

HDM are one of the proven environmental factors for asthma like symptoms
(Christopher 2011), and are considered one of the most important allergens in house
dusts, particularly in regions of high humidity and temperate climates. The actual
allergen is not the mites themselves, which are approximately 1/3 mm in length at
maturity, but the dried fragments of their body parts and fecal excreta. These by-
products are initially 10 to 50 um in diameter but break down into smaller fragments
that become air-borne. HDM grow in mattresses and upholstery or in corners of homes
where relative humidity is 70% to 80% and where there is adequate nutrition. Most
moulds require greater humidity than mites do, but some mite genera are found
wherever mould grows other than dermatophagodies, which are found in relatively
drier environments.). The mites themselves live with in textiles of furnishings and
carpets in microenvironments buffered from and quite different from the space
environment. The relative humidity within these microenvironments is important,
since mites extract water vapour directly from the surrounding air. Mites contain
approximately 70% to 75% water by weight and these organisms need to maintain this
in order to reproduce. Their primary source of water is ambient water vapour, which
they are able to extract directly from unsaturated air by means of a hygroscopic salt
solution present in their bodies. Laboratory studies suggested that the optimal
conditions for growth and development for occurrence of HDM lies between 70% to
80% at 25 °C, with acceptable ranges of 55% to 80% RH and 17 °C to 32 °C
(Baughman, ASHRAE 1996). Literature reviews suggest that under optimal
conditions, dust mites subsist for three months with three different larval stages.
Survival of active mites is limited to 4 to 11 days at humidity level below 50% RH at
25 °C. One of the dormant larval forms can survive for months at low humidity levels
and then evolve to forms that are more active when optimal conditions re-occur.

Noxious chemicals:

Several chemicals can be found indoor air, which interact with water vapour to from
respiratory and dermal irritants. Health problems attribute to chemical interactions can
be important in buildings with a high proportion of formaldehyde containing materials,
gas stoves for cooking, etc. formaldehyde, ozone, oxides of nitrogen, and sulphur can
be categorised as non —biological pollutants. Through literature review, it has been
observed that low-level exposure to formaldehyde produces adverse health effects
such as irritation to the skin, eyes and throat, respiratory disorders and allergies these
influences are primarily as a result of chemical irritation of the mucous membranes.
Formaldehyde is found in numerous building materials, including plywood, particle-
board, and other pressed wooden products; furnishings; carpets; and textiles.
Baughman (ASHRAE 1996) documented that, formaldehyde has been classified by
the U.S. Environmental Protection Agency (EPA) as a probable carcinogen. ASHRAE



and the World Health Organisation (WHO) have set maximum guidelines of 0.1
mg/m3 to ensure sufficiently low formaldehyde concentrations in indoor air.

Case studies:

Two Victorian mid terraced houses were monitored for internal temperature and
relative humidity using data loggers (i-buttons) in bed room living rooms and kitchens.
Amongst the two monitored homes case Il did have fungal traces in most area in wall
corners, door and windowsill etc. after analysing the results and stuffing the
specification of the dwellings it was observed that the area and volume of the dwelling
in case Il was less as compared to the number of occupants living in it, this gave rise
to residential moisture generation. For example due lack of space and proper drying
equipment cloths were dried indoors. Unclean habits of the occupants also had an
impact on the house. Whereas, due to regular cleaning regime, proper ventilation and
equilibrium between area, volume and number of occupants case | did not show any
signs of condensation or fungal growth. To further analyze the cause of fungal
contamination thermal imaging was used to evaluate any thermal bridges within the
structure of the dwelling in case Il. However, due to marginal difference between the
outside and inside temperature little difference was observed. And according to the
occupants the house was probably insulated during pervious refurbishment. Hence, it
was assumed that fungal contamination from the heating season was carry forwarded
in the summer period. This was also as the monitored relative humidity levels were
with the range as stated within codes and standards. Yet it was high enough for
survival of HDM. It was understood that just the measurement of RH was insufficient
to justify its correlation to occupant ill health.
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[Figure 2: Daily average temperature readings within monitored dwelings]
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[Figure 3: Daily average humidity readings within monitored dwelings]




Inference:

From real life investigations it was understood that such study needs to be carried
with more dwellings with similar construction method and occupancy. These homes
need to be monitored for the whole year to assess the effect of humidity in all seasons.
Also traces of house dust need to be tested for presence of HDM (house dust mite)
population. Factors affecting the rise of indoor humidity and various sources needs to
be evaluated in detail. Occupants health need to be monitored as symptoms mentioned
above may be caused due to other undesirable factors. Such field works is required to
be carried out and studied, for successive months and days, as it shall help in
comparing studies, and potential lacunas can be evaluated.

The review of indirect health effects of relative humidity indicates that adverse
health effects would be minimized by maintaining relative humidity between 40% -
60%. An increase in low humidity level to about 40% should reduce the incidence of
respiratory and infections and symptoms of respiratory illness, the severity of allergic
and asthmatic reactions. A reduction of relative humidity to 60% or below should
reduce the abundance of allergic mites and fungi and the concentration of
formaldehyde, and acids. The effect of relative humidity on biological and chemical
factors has been graphically illustrated._The shape and height of the bars in the figure
are only suggestive of an increase or decrease in effect and do not represent
quantitative data. Most of the health effects either increase in severity above 60%
and/or below 40% relative humidity. The exception are most chemical interactions
which consistently increase above 30% and conditions that produce ozone, which
consistently increase in severity DR [
with a decline in relative
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[Figure 4 - Optimum relative humidity range for minimizing adverse health effects Arundel et al (1985]
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