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CHAPTER TWO 

House Occupants’ Health Conditions and Their Living 

Conditions 

Bin Su and Lian Wu 

Unitec  

 

Introduction 

This study focuses on participants’ health conditions, related to their living conditions, in the Minginui, Te 

Whaiti and Murupara areas of New Zealand. Sixteen sample houses in these areas were randomly selected 

for this study. Field studies of indoor microclimatic conditions in the 16 sample houses related to indoor 

health conditions, and involved collecting dust mite and mould samples, and testing dust-mite allergens, 

testing mould and spores and identifying types of mould in 13 of the sample houses.  

Respiratory Health Surveys were carried out with occupants in nine of the sample houses, and lung function 

tests of occupants in some sample houses were carried out during the winter of 2018. Four sample houses in 

Rotorua were randomly selected for this study as reference houses. Rotorua was chosen as the site for the 

reference houses, as it’s close to the study area and has similar climate conditions. The sample houses in 

Rotorua have basic insulation, in contrast to the houses in the Minginui, Te Whaiti and Murupara areas, 

which have either inadequate or no insulation. 

Research Methods 

Field studies of indoor microclimatic conditions were carried out by researchers from Unitec Institute of 

Technology, Auckland, in 2018. Air temperatures and relative humidity adjacent to floors and ceilings of 

different indoor spaces in the 16 sample houses (six houses in Minginui, five houses in Te Whaiti and five 

houses in Murupara) and shaded outdoor spaces were continuously measured and recorded at 15-minute 

intervals, 24 hours a day, by HOBO temperature and relative humidity (RH) loggers, from March 2018 to 

January 2019. Air temperatures and relative humidity adjacent to floors and ceilings of different indoor 

spaces of the four sample houses in Rotorua were also measured and recorded during the winter of 2018 as 

reference data for the study.  

Field study tests of dust mites and mould in 13 sample houses were carried out by Unitec researchers in the 

winter of 2018. According to the instructions for the Ventia™ Rapid Allergen Test, dust mite samples on the 

carpets of living rooms and bedrooms of the 13 sample houses were collected by a vacuum cleaner fitted 

with a DUSTREAM® collector, and dust-mite allergens were then tested using the Rapid Test cassette. 

Comparing the colour intensity of the test line with the indicator lines shown on the test cassette can identify 

four different levels of dust mite allergens:  

1. Undetectable dust mite allergen, no action is needed to reduce indoor mite-allergen level.  

2. Low level of dust-mite allergen (less than 0.2 micrograms per gram of dust), no action is needed to 

reduce indoor mite allergen level.  

3. Medium level of dust-mite allergen (0.2–1.0 micrograms per gram of dust), take action to reduce 

indoor mite-allergen level to protect occupants’ health.  
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4. High level of dust-mite allergen (approximately 1 microgram or greater of Group 2 allergen per gram 

of dust), take action to reduce indoor mite allergen level to protect occupants’ health.  

Dust mite allergens of four sample houses in Rotorua were also tested. According to the instructions of 

Biodet Services Ltd (consulting industrial microbiologists), the researchers used clear, standard Sellotape to 

collect mould samples from the indoor surface areas of the 13 sample houses in the Minginui, Te Whaiti and 

Murupara areas. The Sellotape with the mould samples was then folded in non-stick baking paper and placed 

into a plastic bag; the samples were then sent to the local testing lab, where they were examined both 

macroscopically and microscopically. 

The respiratory survey questionnaire used in this study was adapted from the European Community 

Respiratory Health Survey, which has been used for 200,000 participants to date. The questionnaire 

investigates the participant’s basic health profile, respiratory symptom prevalence, risk factors, medication 

and related medical history, and all possible related factors. After the occupants signed the consent form, the 

Respiratory Health Survey was carried out by the research assistant (a nursing graduate), appointed by Toi-

Ohomai Institute of Technology. The research assistant conducted interviews and explained all the 

questionnaires in both Māori and English, to ensure the quality of research. Survey results were entered into 

an Excel spreadsheet and analysed using SPSS Statistics software. A total of 11 participants from nine sample 

houses in the study areas, Minginui, Te Whaiti and Murupara, took part in the Respiratory Health Survey. 

Seven participants from three of the sample houses in Rotorua also took part in the Respiratory Health 

Survey to provide reference data.  

The lung function tests of occupants in the sample houses were carried out by Toi-Ohomai and Unitec 

researchers. According to the instructions of the US Medical International Research (MIR), lung functions of 

participants were measured using a portable spirometer. The lung function results, including forced vital 

capacity (FVC), forced expiratory volume in one second (FEV1) and their ratios, were downloaded and 

analysed using the Winspiro PRO® PC software. However, due to the sample size being too small and the 

variation too large, the analysed results of lung function are not included in this report: additional lung 

functions tests are required for further analysis. 

Data Analysis and Discussion 

This report is based on indoor microclimate data of the 16 sample houses; dust mite and mould test data of 

13 sample houses; and Respiratory Health Survey results of 11 participants from nine sample houses in the 

Minginui, Te Whaiti and Murupara areas. Indoor microclimate data from the four sample houses in Rotorua; 

dust mite and mould test data from three of the sample houses; and Respiratory Health Survey results of 

seven occupants in three of the sample houses in Rotorua were used as reference data for comparison. All 

field-study data of temperature and relative humidity of indoors and outdoors have been converted into 

percentages of time in winter when indoor temperature is equal to or greater than 10 °C, 12 °C, 14 °C, 16 °C, 

18 °C, 20 °C, 22 °C, and when indoor relative humidity was equal to or greater than 40%, 50%, 60%, 70%, 

75%, 80%, 85%, 90%, 100%, and within the range of 40–60% for the purposes of comparing indoor 

temperature and relative ranges related to occupants’ health conditions, thresholds of mould germination 

and growth, and thresholds of dust mite growth and survival. For example, the percentage of time in winter 

when indoor temperature is equal to or greater than 10 °C is from the calculation result of the number of 

temperature measurements that are equal to or greater than 10 °C divided by the total number of 

temperature measurements during the winter, for all houses. The autumn data (from 28 March 2018 to 31 

May 2019 used for this study are based on 28 indoor spaces (14 north-facing indoor spaces and 14 south-

facing indoor spaces) of the 16 sample houses. The winter data (from 01 June 2018 to 21 August 2019 are 

based on 25 indoor spaces (13 north-facing indoor spaces and 12 south-facing indoor spaces) of the 16 

sample houses and four indoor spaces of two sample houses in Rotorua. 
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Low indoor temperatures 

Both low indoor air temperature and high relative humidity can negatively impact occupants’ health. The 

World Health Organisation recommends a minimum indoor temperature of 18 °C for houses; and 20–21 °C 

for more vulnerable occupants, such as older people and young children (WHO, 1987). Table 1 and Table 2 

show profiles of indoor temperatures of the 16 sample houses, which are based on mean indoor air 

temperatures and percentages of time in autumn and winter related to different ranges of temperatures in 

each of the 16 sample houses.  

Differences of mean indoor and outdoor temperatures of the 16 sample houses were 2.8 °C for autumn and 3 

°C for winter. Mean air temperatures adjacent to the ceiling were 2.4 °C and 2.2 °C higher than floor 

temperatures during autumn and winter respectively. Mean indoor air temperature of the 16 sample houses 

during winter was 11.8 °C, with a range of 7.4–16.2 °C, which is much lower than 18 °C, the minimum indoor 

temperature required for maintaining healthy indoor conditions. In winter, the mean indoor air temperature 

of the 16 sample houses was lower than 18 °C for 93% of the time, with a range of 68–100%. In autumn, the 

mean indoor air temperature of the 16 sample houses was lower than 18 °C for 65% of the time, with a range 

of 26–96%. 

Previous studies show that the minimum threshold of indoor temperature required for limiting respiratory 

infections is 16 °C: there is increased risk of respiratory infections when indoor temperatures are below 16 °C 

(Collins, 1986; Braubach, Jacobs, & Ormandy, 2011). Table 3 and Table 4 show the percentages of time in 

autumn and winter in relation to different indoor temperature ranges below the thresholds of healthy indoor 

conditions. For 86% of the time in winter (with a range of 55–100%) and for 20.8 hours per day (with a range 

of 13.2–24 hours per day), mean indoor air temperature was lower than 16 °C. For 46% of the time in autumn 

(with a range of 10–88%) and for 11 hours per day (with a range of 2.4–21.1 hours per day), mean indoor air 

temperature was lower than 16 °C. Indoor temperatures below 16 °C can result in high indoor relative 

humidity. Most of the factors that adversely affect health, such as bacteria, viruses, fungi, mites, allergic 

rhinitis, asthma, etc., have increases associated with high indoor relative humidity. 

Indoor temperatures below 12 °C can cause short-term increases in blood pressure and blood viscosity, which 

may increase winter morbidity and mortality due to heart attacks and strokes. When elderly people are 

exposed to indoor temperatures of 9 °C or below for two or more hours, their deep body temperature can 

start decreasing (Lloyd, 1990; Hunt, 1997; Goodwin, 2000). This study shows that for 55% of the time in 

winter (with a range of 3–96%) and for 13.2 hours per day (with a range of 0.7–23 hours per day), mean 

indoor air temperature was lower than 12 °C. It also shows that for 16% of the time in autumn (with a range 

of 0–52%) and for 3.9 hours per day (with a range of 0–12.5 hours per day), mean indoor air temperature was 

lower than 12 °C. For 34% of the time in winter (with a range of 0–81%) and for 8.1 hours per day (with a 

range of 0–19.4 hours per day), mean indoor air temperature was lower than 10 °C. For 8% of the time in 

autumn (with a range of 0–32%) and for 2 hours per day (with a range of 0–7.7 hours per day), mean indoor 

air temperature was lower than 10 °C. For 24% of the time in winter (with a range of 0–67%) and for 5.8 

hours per day (with a range of 0–16.1 hours per day), mean indoor air temperature was lower than 9 °C. For 

6% of the time in autumn (with a range of 0–25%) and for 1.4 hours per day (with a range of 0–6.0 hours per 

day), mean indoor air temperature was lower than 9 °C. Very low indoor temperatures can negatively impact 

occupants’ health conditions. According to our Respiratory Health Survey, 88% of occupants in the sample 

houses have long-term physical or mental illness.  

According to the 2014 New Zealand General Social Survey (NZGSS), nearly 50% of New Zealand adults 

reported living in a cold house and 21% of respondents reported their homes were often or always cold and 

had a problem with dampness (Stats NZ, 2014). Former housing Minister Phil Twyford has said, 

“Approximately 1,600 mostly older New Zealanders die premature deaths every winter… Some 6,000 children 
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get bundled off to hospital every year with infectious and respiratory diseases. Many of those children would 

have life-long health problems as a result” (Cropp, 2019, paras. 5-7). For the 16 sample houses in this study, 

incidence of health problems associated with low indoor temperatures are likely to be worse than the 

averages reported in the national survey data. 

Table 1. Percentages of time in autumn related to different ranges of indoor temperature (16 houses).  

Autumn 

spaces 

Indoor 

mean 

Indoor 

min 

Indoor 

max 

Ceiling 

mean 

Ceiling 

min 

Ceiling 

max 

Floor 

mean 

Floor 

min 

Floor 

max 

Outdoor 

mean 

Mean T 16.3 °C 11.7 °C 19.9 °C 17.5 °C 12.2 °C 22.3 °C 15.1 °C 11.1 °C 15.1 °C 13.5 °C 

Time T≥10 °C 92% 68% 100% 94% 71% 100% 90% 64% 90% 79% 

Time T≥12 °C 84% 48% 100% 88% 54% 100% 80% 42% 80% 66% 

Time T≥14 °C 72% 28% 98% 78% 34% 99% 65% 22% 65% 49% 

Time T≥16 °C 54% 12% 90% 64% 17% 94% 44% 8% 44% 29% 

Time T≥18 °C 35% 4% 70% 47% 7% 82% 24% 1% 24% 14% 

Time T≥20 °C 19% 1% 44% 29% 1% 67% 8% 0% 8% 6% 

Time T≥22  °C 9% 0% 28% 16% 0% 52% 2% 0% 2% 2% 

 

Table 2. Percentages of time in winter related to different ranges of indoor temperature (16 houses). 

Winter 

spaces 

Mean 

indoor 

Indoor 

min 

Indoor 

max 

Mean 

ceiling 

Ceiling 

min 

Ceiling 

max 

Mean 

floor 

Floor 

min 

Floor 

max 

Outdoor 

mean 

Mean T 11.8°C 7.4°C 16.2°C 12.9°C 7.9°C 19.3°C 10.6°C 7.0°C 15.0°C 8.8°C 

Time T≥10°C 66% 19% 100% 75% 26% 100% 58% 13% 100% 42% 

Time T≥12°C 45% 4% 97% 56% 6% 98% 34% 1% 97% 19% 

Time T≥14°C 27% 0% 78% 37% 0% 92% 16% 0% 69% 5% 

Time T≥16°C 14% 0% 45% 22% 0% 77% 5% 0% 28% 1% 

Time T≥18°C 7% 0% 32% 13% 0% 64% 1% 0% 12% 0% 

Time T≥20°C 4% 0% 24% 7% 0% 48% 0% 0% 6% 0% 

Time T≥22°C 2% 0% 15% 4% 0% 30% 0% 0% 2% 0% 

 

Table 3. Time in autumn related to different indoor temperature ranges below the thresholds of indoor 

health conditions (16 houses). 

Different time % autumn 

time 

% autumn 

time range 

Autumn 

time (day) 

Range (day) Mean time 

per day (h) 

Range (h) Outdoor 

(day) 

Time T<9°C 6% 0-25% 5.2 0-23.0 1.4 0-6.0 17.1 
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Time T<10°C 8% 0–32% 7.6 0–29.4 2.0 0–7.7 22.6 

Time T<12°C 16% 0–52% 14.8 0–47.8 3.9 0–12.5 35.5 

Time T<14°C 29% 2–72% 26.2 1.8–66.2 6.8 0.5–17.3 50.5 

Time T<16°C 46% 10–88% 42.2 9.2–81 11.0 2.4–21.1 67.1 

Time T<18°C 65% 26–96% 59.6 23.9–88.3 15.5 6.2–23 79.9 

Time T<20°C 81% 56–99% 74.8 51.5–91.1 19.5 13.4–3.8 86.9 

Time T<22°C 91% 72–100% 84.1 66.2–92 21.9 17.3–24 90.2 

 

Table 4. Time in winter related to different indoor temperature ranges below the thresholds of indoor health 

conditions (16 houses). 

Different 

time 

% winter 

time 

% winter time 

range 

Winter time 

(day) 

Range 

(day) 

Time per 

day (h) 

Range (h) Outdoor 

(day) 

Time T<9°C 24% 0-67% 22.3 0-61.6 5.8 0-16.1 49.2 

Time T<10°C 34% 0–81% 31.1 0–74.5 8.1 0–19.4 59.1 

Time T<12°C 55% 3–96% 50.5 2.8–88.3 13.2 0.7–23 76.9 

Time T<14°C 74% 22–100% 67.8 20.2–92 17.7 5.3–24 87.9 

Time T<16°C 86% 55–100% 79.6 50.6–92 20.8 13.2–24 91.4 

Time T<18°C 93% 68–100% 85.7 62.6–92 22.4 16.3–24 91.8 

Time T<20°C 96% 76–100% 88.6 69.9–92 23.1 18.2–24 91.9 

Time T<22°C 98% 85–100% 90.2 78.2–92 23.5 20.4–24 92.0 

 

High indoor relative humidity 

Low indoor temperatures during the winter can result in high indoor relative humidity. Most of the factors 

such as bacteria, viruses, fungi, mites, that contribute to health effects like allergic rhinitis, asthma, etc, have 

increases associated with very high indoor relative humidity. Maintaining indoor relative humidity between 

40% and 60% can minimise the indirect health effects (Arundel, Sterling, Biggin, & Sterling, 1986). Mites and 

mould, two major causes of allergies and asthma in New Zealand housing, increase proportionately with a 

rise in average indoor relative humidity.  

Maintaining indoor relative humidity below 50% can reduce dust mites and their allergens in the home. There 

are five stages in the life cycle of the dust mite: egg, larva, protonymph, tritonymph and adult. Both indoor 

relative humidity and temperature can influence dust-mite development and population growth (Arlian, 

Bernstein, & Gallagher, 1982; Arlian, Rapp, & Ahmed, 1990; Arlian, Neal, & Vyszenski-Moher, 1999; Hart, 

1998). A range of 60–80% relative humidity provides ideal conditions for the reproduction of mites. Mites are 

hardy, surviving and multiplying best when relative humidity is 75–80% and the temperature is around 21 C 

(Arundel, Sterling, Biggin, & Sterling, 1986). The indoor relative humidity required by dust mites to thrive is 
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75–80% or higher, and dust mites prefer temperatures around 18–25 ᵒC. A decrease in dust mite population 

is associated with a decrease in indoor temperature (Arlian, 2010). 

Tables 5 and 6 show percentages of time in autumn and winter in relation to different ranges of relative 

humidity in the 16 sample houses. For 95% of the time in autumn and 96% of the time in winter, indoor 

relative humidity was higher than 50%. For 100% of the time in autumn and 100% of the time in winter, 

relative humidity adjacent to the floor (dust mites often grow in carpet) was equal to or higher than 50%: 

there would have been no limitations on dust mite survival and growth. For 40% and 22% of the time in 

autumn, mean indoor relative humidity was equal to or higher than 75% and 80% respectively. For 51% and 

30% of the time in autumn, mean relative humidity adjacent to the floor was equal to or higher than 75% and 

80% respectively. For 65% and 48% of the time in winter, mean indoor relative humidity was equal to or 

higher than 75% and 80% respectively. For 81% and 64% of the time in winter, mean relative humidity 

adjacent to the floor was equal to or higher than 75% and 80% respectively. Some sample houses were likely 

to have had a dust mite problem during the autumn and a worse situation during the winter. 

Table 5. Percentages of time in autumn related to different ranges of relative humidity (16 houses). 

Autumn spaces Indoor 

mean 

Indoor 

min 

Indoor 

max 

Ceiling 

mean 

Ceiling 

min 

Ceiling 

max 

Mean 

floor 

Floor 

min 

Floor 

max 

Outdoor 

mean 

Mean RH 71.2% 58.5% 88.2% 67.4% 50.3% 86.8% 75.1% 63.1% 89.7% 80.7% 

Time RH≥40% 99% 90% 100% 98% 80% 100% 100% 99% 100% 100% 

Time RH≥50% 95% 73% 100% 91% 46% 100% 100% 95% 100% 99% 

Time RH≥60% 85% 46% 100% 74% 19% 100% 96% 73% 100% 96% 

Time RH≥70% 59% 2% 100% 44% 0% 99% 73% 3% 100% 83% 

Time RH≥75% 40% 0% 98% 28% 0% 97% 51% 0% 100% 70% 

Time RH≥80% 22% 0% 94% 15% 0% 89% 30% 0% 100% 57% 

Time RH≥85% 10% 0% 80% 7% 0% 66% 13% 0% 93% 41% 

Time RH≥90% 3% 0% 40% 2% 0% 30% 4% 0% 49% 22% 

Time RH≥100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Time 

40%≤RH≤60% 
14% 0% 54% 23% 0% 81% 4% 0% 27% 4% 

 

Table 6. Percentages of time in winter related to different ranges of relative humidity (16 houses). 

Winter spaces Indoor 

mean 

Indoor 

min 

Indoor 

max 

Ceiling 

mean 

Ceiling 

min 

Ceiling 

max 

Floor 

mean 

Floor 

min 

Floor 

max 

Outdoor 

mean 

Mean RH 76.8% 59.1% 92.2% 72.1% 46% 91.7% 81.6% 66.7% 92.8% 84.5% 

Time RH≥40% 99% 88% 100% 98% 75% 100% 100% 100% 100% 100% 

Time RH≥50% 96% 63% 100% 92% 27% 100% 100% 98% 100% 100% 
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Time RH≥60% 90% 51% 100% 81% 5% 100% 99% 94% 100% 98% 

Time RH≥70% 77% 11% 100% 64% 0% 100% 90% 21% 100% 90% 

Time RH≥75% 65% 1% 100% 49% 0% 100% 81% 2% 100% 82% 

Time RH≥80% 48% 0% 100% 31% 0% 100% 64% 0% 100% 70% 

Time RH≥85% 27% 0% 98% 16% 0% 96% 38% 0% 100% 55% 

Time RH≥90% 10% 0% 83% 6% 0% 77% 13% 0% 89% 35% 

Time RH≥100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Time  

40%≤H≤60% 

9% 0% 42% 17% 0% 79% 1% 0% 6% 2% 

 

According to international and national standards, indoor relative humidity should be lower than 60% for 

optimum indoor air quality (The American Society of Heating, Refrigeration and Air-conditioning Engineers 

[ASHRAE], 1993; Standards New Zealand [SNZ], 1990; Department of Building and Housing [DBH], 2001). The 

threshold of indoor relative humidity for mould survival and growth conditions is 60%. Mould growth is likely 

on almost any building material if equilibrium relative humidity of the material exceeds 75–80% (Coppock, 

1951; Block, 1993; Pasanen et al., 1992). The threshold of relative humidity for mould germination (Hens, 

2000) and time are shown in Table 7. One option to prevent mould growth on indoor surfaces is to control 

the indoor humidity to a level below the threshold (80%) of mould germination. If the mould spores never 

start germination then mould will not grow on indoor surfaces (Su, 2006; ASHRAE, 1993). 

Table 7. The thresholds of relative humidity and time for mould germination. 

Substrate Threshold of 

RH 

Time needed 

Porous and dust- 

and fat-covered 

non-porous 

100% 1 day 

89% 7 days 

80% 30 days 

Source: Hens (2000) 

Tables 8 and 9 show time in autumn (days) and time in winter (days) related to mould-germination conditions 

and dust-mite thriving conditions. On average there were only 20.5 days during the autumn (with a range of 

0–86.7 days) when indoor relative humidity was equal to or higher than 80% for the 28 indoor spaces in the 

16 sample houses (see Table 8); but on the test points adjacent to the ceilings in five indoor spaces, and 

adjacent to the floors in nine indoor spaces, the time at this relative humidity was more than 30 days. On 

average there were only 2.4 days during the autumn (with a range of 0–36.4 days) when indoor relative 

humidity was equal to or higher than 90% for the 28 indoor spaces of the 16 sample houses, but on the test 

points adjacent to the ceilings in one indoor space and adjacent to the floors in two indoor spaces, the time 

at this relative humidity was more than seven days. According to the threshold for mould-spore germination 

conditions (Table 7), mould spores could have germinated in some sample houses during the autumn. In 

addition, for 85% of the time in autumn (with range of 46–100%) indoor RH was equal to or higher than 60%, 

which meets the threshold for mould growth conditions. This high indoor RH could have caused early mould 

germination and mould problems during the autumn or the beginning of winter in some of the sample 

houses. 
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On average there were 41.9 days during the winter (with a range of 0–90.9 days) when indoor RH was equal 

to or higher than 80% for the 25 indoor spaces of the 16 sample houses (see Table 9), which is clearly higher 

than the threshold for mould germination conditions. On the test points adjacent to the ceilings in seven 

indoor spaces, and adjacent to the floors in 19 indoor spaces, the time at this RH was more than 30 days. The 

time of mean indoor RH for 14 indoor spaces was more than 30 days. In addition, for 90% of the time in 

winter (with a range of 51–100%) indoor RH was equal to or higher than 60%, which meets the threshold for 

mould growth conditions. Most of the sample houses were likely to have had mould problems. According to 

the respiratory survey data of occupants in the sample houses, 90% of participants reported mould problems 

on indoor surfaces, in response to the question, “Has there ever been any mould or mildew on any surface, 

other than food, inside the home?” 

Table 8. Time in autumn (days) related to mould germination conditions and dust-mite thriving conditions. 

Autumn spaces Indoor 

mean 

Indoor 

range 

Ceiling 

mean 

Ceiling 

range 

Floor 

mean 

Floor 

range 

Outdoor 

mean 

Time RH≥75% (day) 36.6 0–90.4 25.9 0–88.8 47.4 0 to 92 64.8 

Time RH≥80% (day) 20.5 0–86.7 13.8 0–81.7 27.2 0 to 91.7 52.7 

Time RH≥85% (day) 9.1 0–73.2 6.4 0–60.9 11.8 0 to 85.5 37.4 

Time RH≥90% (day) 2.4 0–36.4 1.7 0–27.6 3.2 0 to 45.2 20.6 

Time RH≥100% (day) 0 – 0 – 0 – 0 

 

Table 9. Time in winter (days) related to mould germination conditions and dust-mite thriving conditions. 

Winter spaces Indoor 

mean 

Indoor 

range 

Ceiling 

mean 

Ceiling 

range 

Floor 

mean 

Floor 

range 

Outdoor 

mean 

Time RH≥75% (day) 55.9 1.0–91.0 42.0 0–91.0 71.4 2.0–91 75.5 

Time RH≥80% (day) 41.9 0–90.9 24.8 0–90.9 54.0 0–91 65.6 

Time RH≥85% (day) 22.6 0–89.2 12.0 0–87.4 28.5 0–91 52.6 

Time RH≥90% (day) 7.8 0–75.3 5.0 0–69.8 8.9 0–80.8 34.0 

Time RH≥100% (day) 0 0–0.1 0 0–0.2 0 0 0 

 

Insulation, space heating and energy of the sample houses 

The 16 sample houses were built in the 1920s to the 1970s. Floor areas of the 16 sample houses are 44 m2 to 

342 m2. Roof materials are tin (eight houses), iron (five houses), aluminium (one house), tile (one house) and 

asbestos (one house). Wall materials are old weatherboard (14 houses), brick (one house) and concrete block 

(one house). Nine of the sample houses do not have any insulation in their envelopes; seven houses have 

only limited, old insulation in either their roof space only or both roof space and floor. For space heating, 12 

sample houses used firewood as fuel for fireplaces, three houses used coal or firewood as fuel for stoves 

(cooking and space heating), one sample house did not use any space heating. Only one house used both a 

fireplace and an oil heater. Fifteen of the sample houses did not use any electricity as fuel for space heating. 
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Only seven sample houses provided their electricity consumption data. Table 10 shows daily mean energy 

usage per cubic metre of indoor space of these seven sample houses and of 131 Auckland houses that were 

the subject of a previous study (Su, 2017). The 131 Auckland houses use electricity as the only fuel for space 

and other types of heating. Of the 131 Auckland houses, 70 have sufficient insulation and double-glazed 

windows, in compliance with the current building code. Sixty-one of the Auckland houses, built in or after 

2000, have basic insulation and single-glazed windows. The seven sample houses used no electricity, only 

firewood, for space heating, but their annual energy usage (kWh/m3/day) was higher than that of the 70 

Auckland houses with sufficient insulation and double-glazed windows and of the 61 Auckland houses with 

basic insulation and single-glazed windows. The energy efficiency of the seven sample houses without 

insulation or with partial insulation is very poor. 

Table 10. Energy data (kWh/m3/day) of the sample houses and 131 Auckland houses. 

 The 7 sample houses 70 houses with double glazing 61 houses with single glazing 

 Mean Max Min Mean Max Min Mean Max Min 

Annual  0.07974 0.1558 0.0284 0.05848 0.16345 0.02004 0.06367 0.14512 0.01570 

Space heating 

months  

0.08880 0.1867 0.0314 0.07351 0.19856 0.02177 0.08197 0.20669 0.02007 

No heating 

months  

0.08476 0.1547 0.0300 0.04763 0.13812 0.01833 0.05046 0.11741 0.01254 

Difference  0.00404 0.0320 0.0000 0.02588 0.11496 0.00235 0.03151 0.12975 0.00478 

 

Many New Zealand homes are inadequately insulated and have inefficient space heating (Ministry of 

Economic Development [MED], 2011; Energy Efficiency and Conservation Authority [EECA], 2011). Fuel 

poverty is usually defined as a situation where a household does not have the financial ability, or needs to 

spend more than 10% of its income on heating energy, to maintain indoor thermal comfort and healthy 

conditions (Boardman, 1991; Clinch & Healy, 2001). About a quarter of New Zealand households are 

estimated to be in fuel poverty (Howden-Chapman et al., 2012). Recent studies related to New Zealand fuel 

poverty issues are based on existing New Zealand designs, space-heating methods, hot-water systems and 

housing energy (O’Sullivan, Howden-Chapman, & Fougere, 2015; Lawson, Williams, & Wooliscroft, 2015). 

Retrofitting house envelopes and upgrading space heating for indoor health conditions must consider 

occupants’ ability to afford these modifications. 

 For example, in an Auckland house with sufficient insulation and double-glazed windows (in accordance with 

the current building codes), in order to keep winter indoor mean relative humidity at 50% and within the 

range of 40–60%, the winter indoor mean air temperatures have to be heated up to and maintained at 22 °C 

by a central-heating system (Su, 2017). Without affordable heating it is impossible, in the 16 sample houses, 

without sufficient insulation, to heat up the indoor air temperature to 22 °C in order to maintain indoor 

relative humidity below the thresholds of mould (60%) and mite (50%) survival and growth. 

For example, in another Auckland house built in 2000 with insulation in its envelope and single-glazed 

windows, indoor relative humidity can be maintained, with temporary heating, below the threshold of mould 

germination conditions and mite thriving conditions for most of the winter (Su, 2017). The house does not 

have mould and mite problems. It is possible for a house with adequate insulation to use temporary space 

heating to control indoor relative humidity under the threshold of mould germination conditions and mite 

thriving conditions to avoid mould problems and minimise mite allergens. The baseline winter indoor 
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temperature of the 16 sample houses without sufficient insulation is very low, therefore it is difficult and not 

energy efficient to heat up indoor air temperature to control indoor relative humidity below the threshold of 

mould germination and mite thriving conditions, and it is also too expensive for the occupants. 

Dust mite allergens, indoor temperature and relative humidity 

Dust-mite allergy symptoms are caused by dust-mite allergens. Dust mite-allergen tests on the carpets of 13 

sample houses in the Minginui, Te Whaiti and Murupara areas were carried out by Unitec researchers during 

the winter of 2018 using the Ventia™ Rapid Allergen Test method. Dust-mite allergens on the carpets of three 

of the sample houses in Rotorua were also tested during the same winter for reference data. Test results of 

seven sample houses in the Minginui, Te Whaiti and Murupara areas showed high levels of dust mite 

allergens, which correspond to exposure to approximately one microgram or greater of Group 2 allergen per 

gram of dust. At this level of exposure, it is recommended that action needs to be taken to reduce mite 

allergen levels to protect occupants’ health. Group 2 allergens are recognised as major allergens in several 

mite species, including Dermatophagoides pteronyssinus (house dust mite), Lepidoglyphus destructor, and 

Tyrophagus putrescentiae. Test results of six sample houses in the Minginui, Te Whaiti and Murupara areas 

show medium levels of dust mite allergens, which correspond to exposure to approximately 0.2–1.0 

microgram per gram of dust; at this level of exposure, it is recommended that action needs to be taken to 

reduce mite allergen levels to protect occupants’ health.  

Test results of two sample houses in Rotorua (used as reference data) show low levels of dust mite allergens, 

which correspond to exposure to less than 0.2 micrograms per gram of dust; no action needs to be taken to 

reduce mite allergen levels to protect occupants’ health. Test results of one sample house in Rotorua (used as 

reference data) show undetectable dust-mite allergens; no action needs to be taken to reduce mite allergen 

levels to protect occupants’ health. Test results of another sample house in Rotorua show a medium level of 

dust mite allergen (not used as reference data).   

Table 11 shows dust-mite test results related to winter indoor microclimatic data of the sample houses. The 

winter mean indoor temperature and relative humidity data of seven sample houses with high levels of dust 

mite allergens are based on the test points adjacent to the floors of nine indoor spaces, because the dust 

samples were collected from carpets. The winter mean indoor temperature and relative humidity data of six 

sample houses with a medium level of dust mite allergens are based on the test points adjacent to the floors 

of nine indoor spaces. As there were no sample houses with low levels of dust-mite allergens in the Minginui, 

Te Whaiti and Murupara areas, winter indoor temperature and humidity data of two sample houses with low 

levels of dust-mite allergens (and with insulation in their envelopes and single-glazed windows) in Rotorua 

were used as reference data, based on the test points adjacent to the floors of four indoor spaces. 

Unfortunately, the indoor microclimatic data from the sample house in Rotorua without dust mite allergens 

was lost.  

To compare indoor microclimatic conditions between the houses with low levels of dust-mite allergens and 

the houses with high and medium levels of dust-mite allergens, the mean temperature adjacent to the floor 

of the houses with low allergen levels is 15.2 °C, significantly higher than that of the houses with high (11.2 

°C) and medium (8 °C) allergen levels; the mean relative humidity of the houses with a low level of dust-mite 

allergens is lower than the threshold (75%) for dust mites to thrive and lower than that of the houses with 

high allergen levels (78%) and medium allergen levels (87%). The percentages of time in winter (18% and 1% 

respectively) in the houses with low levels of allergens when relative humidity is ≥75% and ≥80%, are lower 

than in the houses with high allergen levels (65% and 45% respectively) and medium allergen levels (93% and 

88% respectively); and the percentage of time in winter (3.8%) when relative humidity is between 40% and 

60% is higher than in the houses with high allergen levels (1.5%) and medium allergen levels (0.4%). The 

above comparison of physical field-study data suggests that one possible option for a house with sufficient 
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insulation to prevent indoor dust-mite allergy problems, or to maintain indoor dust-mite allergens at low 

levels, is to control indoor mean humidity below the threshold for dust mites to thrive (75%) and maintain a 

minimum percentage of time in winter when indoor relative humidity is higher than the threshold for dust 

mites to thrive by using adequate temporary space heating. Sufficient insulation is the foundation of good 

indoor health conditions, and increasing insulation in the building envelope of houses is the first step to 

improve indoor health conditions. “For every dollar we spend on making homes safer, we're saving at least 

six dollars of further health, particularly health and education, costs down the road,” says Green Party of 

Aotearoa New Zealand Co-leader, Marama Davidson (Cropp, 2019, para. 8). 

Previous studies show that both indoor relative humidity and temperature can impact indoor dust mite 

populations and allergen levels, and a decrease in indoor temperature (between 10 °C and 25 °C) can result in 

reducing dust mite populations when indoor relative humidity meets the threshold for dust mites to thrive 

(Arlian, Bernstein, & Gallagher, 1982; Arlian, Rapp, & Ahmed 1990; Arlian, Neal, & Vyszenski-Moher, 1999; 

Arlian, Yella, & Morgan, 2010; Hart, 1998). To compare the indoor microclimatic conditions between the 

houses with high dust-mite allergen levels and the houses with medium dust-mite allergen levels, mean 

relative humidity (78% and 87.4% respectively) of the houses with high and medium allergen levels are both 

clearly higher than the threshold (75%) for dust mites to thrive. The percentages of time in winter, in the 

houses with high and medium allergen levels, when relative humidity ≥75% and ≥80% (the threshold for dust 

mites to thrive), are significantly and extremely high (65% and 45% respectively for the houses with high 

allergen levels, and 93% and 88% respectively for the houses with high and medium allergen levels). Although 

in the houses with both high and medium levels of allergens, the indoor humidity meets the threshold for 

dust mites to thrive, the mean air temperature (11.2 °C) adjacent to the floor of the houses with high 

allergens is 3.2 °C higher than in the houses with medium allergens (8.0 °C). If temporary space heating in a 

house without sufficient insulation cannot increase indoor temperature to the level that can decrease and 

control the indoor relative humidity to below the threshold for dust mites to thrive, a limited increasing of 

indoor mean air temperature (a couple of degrees increase from a very low baseline) can relatively increase 

indoor dust-mite allergens, which can make indoor health conditions worse. 

Table 11. Dust-mite allergens, indoor mean temperature and relative humidity adjacent to floor. 

Mite allergen level High Medium Low 

Tested houses 7 houses 6 houses 2 Rotorua 

houses 

Test points Floor mean Floor mean Floor mean 

Mean T 11.2°C 8.0°C 15.2°C 

Time T≥10°C 67% 26% 100% 

Time T≥12°C 42% 6% 97% 

Time T≥14°C 18% 0% 75% 

Time T≥16°C 4% 0% 35% 

Time T≥18°C 0% 0% 5% 

Time T≥20°C 0% 0% 0% 

Time T≥22°C 0% 0% 0% 
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Mean RH 78.0% 87.4% 69.8% 

Time RH≥40% 100% 100% 100% 

Time RH≥50% 99% 100% 100% 

Time RH≥60% 98% 99% 96% 

Time RH≥70% 80% 96% 51% 

Time RH≥75% 65% 93% 18% 

Time RH≥80% 45% 88% 1% 

Time RH≥85% 22% 73% 0% 

Time RH≥90% 5% 36% 0% 

Time RH≥100% 0% 0% 0% 

Time 40%≤RH≤60% 1.5% 0.4% 3.8% 

 

 Mould, indoor temperature and relative humidity   

Mould sampling and testing on the indoor surfaces of 13 sample houses in Minginui, Te Whaiti and Murupara 

were carried out by Unitec researchers; the mould samples were collected according to the recommended 

procedures of Biodet Services microbiology lab. In all 13 houses, some mould or mould spores were detected 

on the indoor test areas. Stachybotrys was not detected in any sample houses. Test results show that the 

only type of mould identified was Cladosporium. An abundant level of Cladosporium on the indoor surfaces 

of three sample houses, a moderate level of Cladosporium on the indoor surfaces of four sample houses and 

a low level of Cladosporium on the indoor surfaces of one sample house were identified. There was no 

Cladosporium detected on the indoor surfaces of five sample houses. A moderate level of unidentified fungus 

on the indoor surfaces of five sample houses, and a low level of unidentified fungus on the indoor surfaces of 

two sample houses were noted. A low level of miscellaneous fungus spores or other fungus spores on the 

indoor surfaces of four sample houses was noted.  

Mould test results can be influenced by occupants’ daily life and depend on how often the occupants clean 

the indoor surfaces, especially for the areas with visual mould. Ninety percent of participants in the 

respiratory survey reported mould problems on indoor surfaces. Cladosporium is the only identified type of 

mould and had the highest frequency of detected mould in the 13 sample houses. Cladosporium is the most 

important indoor allergen, and a well-known trigger for asthma (Peternel, Culig, & Hrga, 2004; Flannigan, 

Samson, & Miller, 2001; Piecková & Jesenská, 1999). Table 12 shows test results of Cladosporium related to 

indoor temperature and relative humidity; indoor mean temperature and indoor mean relative humidity 

related to an abundant level of Cladosporium are based on five indoor spaces of three sample houses; indoor 

mean temperature and indoor mean relative humidity related to a moderate level of Cladosporium are based 

on five indoor spaces of four sample houses; and indoor mean temperature and indoor mean relative 

humidity related to no Cladosporium detected, or low levels of Cladosporium, are based on ten indoor spaces 

of six sample houses. 

To compare indoor microclimatic conditions between the houses with an abundant level of Cladosporium and 

the houses with a moderate level of Cladosporium, the percentage of time in winter at a relative humidity of 

60% or above is 80% in the houses with an abundant level of Cladosporium, and is 87% in the houses with a 
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moderate level of Cladosporium, both of which meet the threshold of mould survival and growth conditions. 

Time in winter, in the houses with an abundant level of Cladosporium and the houses with moderate levels of 

Cladosporium, when indoor mean relative humidity is equal to or more than 80%, is 33 days and 38.2 days 

respectively; in both cases, clearly higher than the threshold for mould germination. The main difference in 

indoor microclimate for mould growth, between the houses with abundant levels of Cladosporium and the 

houses with moderate levels of Cladosporium, is the indoor mean temperature. Indoor mean temperature in 

the houses with an abundant level of Cladosporium is higher than in the houses with a moderate level of 

Cladosporium. Mould prefers warm and humid conditions for growth. If temporary space heating in a house 

without sufficient insulation cannot increase indoor temperature to a level that can decrease and control 

indoor relative humidity to below the threshold for mould germination, a limited increase of indoor air 

temperature can create better thermal conditions for mould growth. Table 12 shows that the conditions of 

relative humidity and temperature are similar in houses that showed no or low levels of Cladosporium and 

houses with abundant or moderate levels of Cladosporium. This result does not necessarily mean there could 

not be higher levels of Cladosporium in these houses, but that it was present at low levels at the time of 

testing. This could be explained by cleaning, by the location of sampling, or other factors.    

Table 12. Cladosporium related to indoor mean temperature and relative humidity. 

Sample houses 5 indoor spaces of 3 

houses 

5 indoor spaces of 4 

houses 

10 indoor spaces of 6 

houses 

Cladosporium Abundant Moderate None or Low 

Location of data Indoor mean Indoor mean Indoor mean 

Mean T 12.4°C 11.4°C 11.5°C 

Time T≥10°C 67% 61% 66% 

Time T≥12°C 47% 38% 43% 

Time T≥14°C 31% 21% 23% 

Time T≥16°C 20% 13% 11% 

Time T≥18°C 13% 9% 5% 

Time T≥20°C 8% 6% 2% 

Time T≥22°C 5% 4% 1% 

Mean RH 72.3% 74.5% 75.9% 

Time RH≥40% 96% 98% 99% 

Time RH≥50% 87% 93% 97% 

Time RH≥60% 80% 87% 90% 

Time RH≥70% 65% 74% 73% 

Time RH≥75% 52% 62% 60% 

Time RH≥80% 36% 42% 41% 

Time RH≥85% 21% 15% 20% 
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Time RH≥90% 6% 1% 5% 

Time RH≥100% 0% 0% 0% 

Time 

40%≤RH≤60% 

16% 11% 9% 

Time RH≥75% 

(day) 

47.4 57 54.7 

Time RH≥80% 

(day) 

33 38.2 37.9 

 

Relationship between dust mites and mould 

Table 13 shows the sample houses with a high level of dust-mite allergens and mould in test results and Table 

14 shows the sample houses with a medium level of dust-mite allergens and mould in test results. Most of 

the sample houses with a high level of dust-mite allergens also have an abundant or moderate level of 

Cladosporium. Most of the sample houses with a medium level of dust-mite allergens also have low to 

moderate levels of Cladosporium. The threshold of indoor relative humidity for mould survival and growth 

conditions is 60%. The threshold of indoor relative humidity for dust-mite survival and growth conditions is 

50%. During most of the time in winter, indoor mean relative humidity of the sample houses was higher than 

50% and 60%. The threshold of relative humidity for dust mites to thrive is 75–80% or higher and the 

threshold of relative humidity for mould spore germination is 80% or higher. If a house has a dust mite 

problem, the house is likely to have a mould problem, and vice versa. 

Table 13. Sample houses with a high level of dust-mite allergens and mould in test results. 

Houses 1 2 3 4 5 6 7 

Dust-mite allergens High High High High High High High 

Mould or spores 

detected 

Yes Yes Yes Yes Yes Yes Yes 

Cladosporium Moderate Abundant - Abundant - - Abundant 

Unidentified fungus 
- - Low - - Low to 

Moderate 

- 

Miscellaneous spores - - - - - - - 

 

Table 14. Sample houses with a medium level of dust-mite allergens and mould in test results. 

House 1 2 3 4 5 6 

Dust-mite allergens Medium Medium Medium Medium Medium Medium 

Mould or spores 

detected 

Yes Yes Yes Yes Yes Yes 
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Cladosporium 
Moderate No Low No Moderate Low to 

moderate 

Unidentified fungus 

Low Moderate Low to 

moderate 

Moderate 

to 

abundant 

Moderate 

to 

abundant 

Low 

Miscellaneous 

spores  

- - - Low - - 

 

Relationship between Respiratory Health Survey results and indoor dust-

mite and mould problems 

According to the New Zealand Health Survey 2017/18 (Ministry of Health [MoH], 2018), respiratory disease 

affects 700,000 people, causes one in 10 hospital stays, and costs New Zealand $7.05 billion in healthcare 

every year. Respiratory-related disease is the third-highest cause of death in New Zealand. One in eight adults 

(12.5%) and one in seven children (14.3%) have asthma (MoH, 2018). For all age groups, hospitalisation rates 

of Māori and Pacific peoples are respectively 2.0 and 2.5 times higher than those of other ethnic groups 

(Barnard & Zhang, 2018). The Respiratory Health Survey for the occupants of the sample houses in the study 

areas of Minginui, Te Whaiti and Murupara was carried out by Toi-Ohomai researchers. The study method 

and questionnaires for the Respiratory Health Survey were provided by Unitec researchers. A total of 11 

participants from ten houses, which were part of the 16 sample houses in the study areas of Minginui, Te 

Whaiti and Murupara, took part in the Respiratory Health Survey. Eight of the 11 participants were from the 

seven houses with mould and dust-mite test data showing high or medium levels of dust-mite allergens. 

Seven participants from the three Rotorua houses with mould and dust mite test results also took part in the 

Respiratory Health Survey.  

According to the Respiratory Health Survey of occupants in the sample houses in the Minginui, Te Whaiti and 

Murupara areas, 36% of participants (four of 11) had asthma, which is 2.9 times higher than in the results of 

the New Zealand Health Survey 2017/18. Eighty-two percent of participants (9 of 11) from the 10 sample 

house with or without dust-mite allergens and mould test data in the Minginui, Te Whaiti and Murupara 

areas had long-term physical or mental illness that had been diagnosed by a doctor. Seventy-three percent of 

the participants (8 of 11) had had wheezing or whistling in the chest at some time in the previous 12 months. 

This result is about two times higher than the prevalence in other studies (Pescatore, Spycher, Beardsmore, & 

Kuehni, 2015). No participant from the three Rotorua houses had asthma, and 14% of participants (1 of 7) 

had a long-term physical or mental illness that had been diagnosed by a doctor. No participant from the three 

Rotorua houses had had wheezing or whistling in the chest at any time in the previous 12 months. 

Dust mites can cause allergy symptoms such as sneezing, allergic rhinitis, itchy, red or watery eyes or swollen 

eyelids, nasal congestion, coughing, eczema and sleep disorders. Mould can cause allergy symptoms such as 

sneezing, allergic rhinitis, coughing, nasal congestion, watery and itchy eyes, postnasal drip and itchy, dry or 

scaly skin. Dust mites and mould can also cause allergy symptoms compounded by asthma, such as coughing 

and wheezing, difficulty breathing, chest tightness or pain, and trouble sleeping caused by shortness of 

breath, coughing or wheezing. The following symptoms referred to in some questions in the questionnaire of 

the Respiratory Health Survey could be related to dust-mite and mould allergens, or triggered by the 

allergens: 

 Wheezing or whistling 

 Shortness of breath 
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 Coughing 

 Chest tightness 

 Difficulty breathing 

 Asthma symptoms  

 Eczema or any kind of skin allergy 

 Sleep disorders caused by shortness of breath, coughing or wheezing 

Table 15 shows the partial results of the Respiratory Health Survey: there are two groups of participants. The 

first group includes eight participants from seven sample houses with dust-mite allergens and mould test 

data in the Minginui, Te Whaiti and Murupara areas, five of which had high levels of dust-mite allergens and 

abundant levels of Cladosporium, and two of which had medium levels of dust-mite allergens and moderate 

levels of Cladosporium. The second group includes seven participants from the three sample houses in 

Rotorua, two of which had low levels of dust-mite allergens and no Cladosporium, and one of which had no 

detected dust-mite allergens or mould. The extremely high percentages of participants who had respiratory 

symptoms are strongly associated with the high levels of indoor dust-mite and mould allergens of the seven 

sample houses in the Minginui, Te Whaiti and Murupara areas. There are consistent differences in the 

percentages of participants who had respiratory symptoms between the seven sample houses in the 

Minginui, Te Whaiti and Murupara areas and the three houses in Rotorua: the low percentages of 

participants who had respiratory symptoms are apparently associated with the low levels of indoor dust-mite 

and mould allergens of the three houses in Rotorua. 

Table 15. Respiratory Health Survey results of the first and second groups of participants. 

The first 

group 

The second 

group 

Questions 

75% 0% Had wheezing or whistling last 12 months 

75% 0% Had wheezing or whistling when they did not have cold last 12 

months 

50% 0% Had been woken up with a feeling of chest tightness last 12 months 

75% 29% Had a daytime attack of shortness of breath during rest time last 12 

months 

88% 14% Had an attack of shortness of breath during physical activity last 12 

months 

63% 29% Had been woken by an attack of coughing last 12 months 

75% 0% Usually coughed first thing in the morning in winter 

75% 29% Usually coughed during the day or night in winter 

75% 0% Coughed during the day or night continuously for three months each 

year 

50% 0% Usually brought up sputum from their chest first thing in the winter 

morning  

63% 0% Usually brought up sputum from their chest during day or night in the 

winter 
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63% 0% Brought up sputum during the day or night continuously for 3 months 

a year 

63% 14% Had trouble with their breathing 

88% 14% Visited doctor because of breathing problems or shortness of breath 

25% 0% Visited a hospital emergency department because of breathing 

problems 

38% 0% Had asthma 

75% 43% Had eczema or skin allergy 

88% 29% Often woke up at night and had trouble falling back to sleep 

88% 14% Had long-term physical or mental illness diagnosed by a doctor 

 

Summary of current indoor health conditions of the sample houses 

For the current sample houses with very low R-value (without sufficient insulation) in their envelopes and 

inadequate temporary heating, the winter indoor air temperatures are very low, which can directly harm 

occupants’ health. It is impossible for those houses with poor energy efficiency to be heated up to and 

maintained at the minimum indoor temperature (18–21 °C) required for ensuring good health conditions for 

occupants. High indoor relative humidity is associated with low indoor air temperatures, and causes dust 

mite and mould problems. As the baseline of winter indoor air temperature is very low in these houses, it is 

impossible for the winter indoor relative humidity to be controlled to below 50% or 60%, the respective 

thresholds of dust mite and mould survival conditions, by temporary space heating. It is also difficult and 

expensive to increase indoor air temperatures to control indoor relative humidity to below the threshold for 

dust mites to thrive and mould to germinate. If inadequate temporary space heating cannot control winter 

indoor relative humidity to below the threshold for dust mites to thrive and mould to germinate, a limited 

increase of indoor air temperature (a couple of degrees increase from a very low baseline) by inadequate 

temporary space heating can even make dust mite and mould problems worse, because dust mites and 

mould prefer warmer indoor conditions, which can also make indoor health conditions worse. In this study, 

the indoor microclimatic data, Respiratory Health Survey data, dust-mite allergen levels and mould test 

results show that the sample houses have poor indoor health conditions. 

Recommendations for improving indoor health conditions in housing 

This report recommends two options for house designs to improve indoor health conditions for the 

occupants. The first option is house design that incorporates a permanent space-heating or central-heating 

system or other heating methods to constantly maintain the indoor temperature between 18 °C and 21 °C, 

for occupants’ health and to maintain the winter indoor relative humidity between 40% and 60%. The first 

challenge for this option, in building new houses or retrofitting existing houses, is affordability of construction 

costs and energy costs for space heating. The second challenge is that a climate-controlled house doesn’t 

allow for doors and windows to be left open for natural ventilation and connection to the outdoors. The 

second option is house design that uses temporary space heating, retrofitting existing houses or building new 

houses with sufficient insulation and double-glazed widows, in compliance with the current building codes. 

These measures could raise the baseline of winter indoor temperatures and significantly reduce indoor mean 

relative humidity; it would then be possible in those houses with adequate temporary space heating to 
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maintain the indoor relative humidity below the threshold for mould to germinate and dust mites to thrive. If 

there was no mould spore germination, there would be no problem of mould growth on indoor surfaces. If 

dust-mite allergens were controlled at a low or undetectable level, there would be no dust-mite allergy 

problems in indoor spaces. Indoor mean relative humidity would not have to be maintained below 60% or 

50% (the respective thresholds of mould and dust mite growth or survival conditions, which require indoor 

air temperatures of 20 °C or above to achieve) for the whole winter or the wet season. Occupants could also 

benefit from using natural ventilation to remove extra indoor moisture generated from daily life, and enjoy 

less artificially climate-controlled houses. This second option is more affordable for occupants in both 

construction and energy costs for space heating. 

Conclusions 

As the sample houses do not have sufficient insulation, the baseline of indoor air temperatures is very low. 

There were 13.2 and 8.1 hours per day in the winter and 3.9 and 2.0 hours per day in the autumn when mean 

indoor air temperature was lower than 12 °C and 10 °C respectively. The low mean indoor air temperatures 

could directly harm the occupants’ health. As autumn indoor temperatures of the sample houses were quite 

low, autumn indoor relative humidity was quite high. High autumn indoor relative humidity could cause early 

mould germination and mould growth problems on indoor surfaces, and dust-mite problems during the 

autumn or the beginning of winter in some sample houses.  

As winter indoor temperatures of the sample houses were very low, winter indoor relative humidity was very 

high. According to the winter dust mite and mould test results, all the 13 sample houses tested in Minginui, 

Te Whaiti and Murupara had a medium or high level of dust mite allergens, which definitely requires action 

taken to reduce mite allergen levels to protect occupants’ health. The 13 sample houses also had moderate 

or abundant mould growth; Cladosporium was the highest frequency of detected mould in the 13 sample 

houses, and is a known major indoor allergen and a well-known trigger for asthma. 

Dust mites and mould prefer warm and humid conditions. If temporary space heating in a house without 

sufficient insulation cannot increase the indoor temperature to a level that can decrease and maintain the 

indoor relative humidity below the threshold for mould to germinate and dust mites to thrive, the limited 

increase in indoor air temperature can create a better thermal condition for dust mite development and 

mould growth, and indoor health conditions can become worse.  

Most of the sample houses with high levels of dust mite allergens also had abundant or moderate levels of 

Cladosporium. Most of the sample houses with medium levels of dust mite allergens also had low to 

moderate levels of Cladosporium. There were strong correlations between dust mite and mould problems in 

indoor spaces of the sample houses. If a house had a dust-mite problem, it was likely to have a mould 

problem, and vice versa. 

Respiratory survey results were strongly correlated with dust mite and mould test results. The extremely high 

percentages of occupants who had respiratory symptoms were strongly associated with the high levels of 

indoor dust mites and mould allergens in the sample houses in the Minginui, Te Whaiti and Murupara areas. 

The low percentages of participants who had respiratory symptoms were apparently associated with the low 

levels of indoor dust mites and mould allergens in the sample houses in Rotorua. Further studies could focus 

on local housing design to improve indoor thermal and health conditions for the occupants. New designs 

should prioritise affordability of construction, passive thermal design and energy efficiency. 
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http://www.euro.who.int/__data/assets/pdf_file/0003/142077/e95004.pdfAppendix 5: 

About PHINZ 

The Passive House Institute New Zealand is an Incorporated Charitable Trust with the following 

aims to benefit the community by improving public health and well-being and relieving fuel 

poverty of the people of New Zealand through the promotion of healthy and highly energy 

efficient homes and public buildings; and by working with the public sector of New Zealand to 

improve the energy efficiency of New Zealand homes and public buildings. 

PHINZ aims also to advance education of the building industry and members of the public about 

improved energy efficiency in New Zealand buildings. This by providing a platform for the 

building sector to gain knowledge of highly energy efficient buildings; educating building 

professionals and lay persons about Certified Passive Houses; promoting the Passive House 

Standard in New Zealand; Researching the performance of built Certified Passive Houses in New 

Zealand and making such research publicly available; and Researching the New Zealand housing 

industry in general and the New Zealand climate and making such research publicly available to 

promote energy efficient building options. 

Information about PHINZ, members and activities are available at 

 

http://passivehouse.nz/  
 

 

The new brochure “Everything you always wanted to 

know about Passive Houses in New Zealand” can be 

downloaded at: http://phinz.org.nz/wp-

content/uploads/2017/03/PHINZ-Brochure-

March17.pdf  

About the Passive House Standard  

Adapted from passivehouse.com: 

The international Passive House Standard is a building standard that has been developed by the 

Passive House Institute (PHI), an independent research institute. The Passive House Standard is 

the only internationally recognised, performance-based energy standard in construction that 

allows for the delivery of energy efficient, comfortable and affordable buildings. 

The Passive House concept is based on the goal of reducing heat losses to an absolute 

minimum, thus rendering large heating systems unnecessary. With peak heating loads below 10 

W per square meter of living area, the low remaining heat demand can be delivered by making 

efficient use of the sun, internal heat sources and heat recovery, rendering conventional heating 

systems unnecessary throughout even the coldest of winters. During warmer months, Passive 

Houses make use of passive cooling techniques such as strategic shading to keep comfortably 

cool. 

Passive Houses are praised for the high level of comfort they offer. Internal surface 

temperatures vary little from indoor air temperatures, even in the face of extreme outdoor 

temperatures. 

http://www.euro.who.int/__data/assets/pdf_file/0003/142077/e95004.pdf
http://www.euro.who.int/__data/assets/pdf_file/0003/142077/e95004.pdf
http://passivehouse.nz/
http://phinz.org.nz/wp-content/uploads/2017/03/PHINZ-Brochure-March17.pdf
http://phinz.org.nz/wp-content/uploads/2017/03/PHINZ-Brochure-March17.pdf
http://phinz.org.nz/wp-content/uploads/2017/03/PHINZ-Brochure-March17.pdf
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While the Passive House concept and principles remain the same across the world since the 

fundamental physics laws related to building performance are universally valid, the design and 

construction details will adapt according to the local climate and specific site conditions. For this 

reason, buildings fulfilling the Passive House Standard are very diverse in different climate 

conditions. 

Information about the international Passive House Standard can be retrieved at  

   

  

https://passivehouse.com/index.html   https://passipedia.org/   

 

https://passivehouse.com/index.html
https://passipedia.org/



