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Abstract 

Acute and chronic health problems are expected due to exposure to high levels of formaldehyde. The aim of the 

current study was to evaluate the outdoor and indoor levels of formaldehyde in Cairo in order to assess the 

carcinogenic and non-carcinogenic risks as a result of exposure to formaldehyde. Formaldehyde concentrations 

were measured outdoors and indoors at five residential sites in Cairo, Egypt. The samples were taken during the 

day (8 AM to 6 PM) and at night (8 PM to 6 AM) for 10 hours during winter and summer seasons of 2018/2019. 

Chronic daily intakes (CDI), cancer risk (R) and hazard quotient (HQ), were estimated to assess health risks from 

exposure to formaldehyde. Outdoor average concentrations of formaldehyde at the selected sites were 24.6 and 

22.8 µg/m³ in summer and winter, respectively, which exceeded the value of 15 ppb (18.3 µg/m3) set as an indicator 

for urban environment. Indoor HCHO concentrations are still far lower than the effective short-term exposure levels 

of HCHO between 0.5 and 1 ppm (0.62-1.23 mg/m3) which could lead to irritation of throat, nose and eyes. Newly 

apartments with newly furnished can be a stronger source for formaldehyde emissions than the ambient sources. 

The I/O ratios of formaldehyde were above one which demonstrated that the sources in the indoor environment are 

prevalent at the investigated sites.  The outdoor cancer risk values did not exceed the “alarm level” (R > 1 × 10–4) 

for formaldehyde, while in living rooms and kitchens they exceeded the “alarm level” by 30% and 55% in winter 

and summer, respectively. The results indicated that the levels of airborne and inhaled formaldehyde in Cairo 

residences should not be underestimated. The current study can help regulatory agencies to establish guidelines for 

formaldehyde concentration in indoor air. 

Keywords: Formaldehyde, indoor/outdoor, Hazard quotient, Cancer risk. 

 

1. Introduction 

Air pollution, whether indoor or outdoor, is a critical 

global health problem [1-4]. The quality of air is 

influenced by high use of fossil fuels, improper 

combustion techniques, lack of green space and traffic 

loads, as well as terrain and meteorological conditions.  

Many adverse health effects on human health are 

observed for long-term exposure to air pollution, e.g., 

respiratory, cardiovascular, neurological system… etc. 

[4, 5-7]. Formaldehyde (HCHO) is the most abundant 

carbonyl compound in the urban atmosphere [8-11]. 

HCHO has been reported as a hazardous indoor 

organic pollutant with high oxidation capacity [12-16], 

and is considered as one of the free radical precursors 

in the atmosphere [4, 17-18]. On the other hand, 

HCHO have an important role in the industry as an 

important organic base chemical, with an annual 

production capacity of over 30 million tons worldwide 

[19].  

Ambient formaldehyde is produced through the 

photochemical oxidation of some reactive organic 

gases in the atmosphere [4, 16, 20-23]. In addition, 

many industrial processes (e.g. Oil refining, copper 

plating, incinerators, etc.) and fuel combustion in 

urban and industrial activities are the main emission 

sources of formaldehyde [24-25].  

Indoor air quality is liable to influence human health 

more than outdoor air quality as people spend most of 

their time in indoor environments [26-28]. HCHO is 

considered the most common indoor pollutant [29-31]. 

Indoor sources of formaldehyde include wood-based 

materials, flooring, insulation materials, paints, 

residential cooking activities, and smoking [32-34]. 

Moreover, electronic equipment, paper, fabric dyes, 

inks, cosmetics, cleaning products, air fresheners, etc. 

are other potential sources of formaldehyde in the 

indoor environment [30, 35-37]. 

https://dx.doi.org/10.21608/ejchem.2021.100935.4691
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HCHO is known to be a human carcinogenic agent 

according to the International Agency for Research on 

Cancer (IARC) under Group 1 [30, 38-39]. Moreover, 

the US. Environmental Protection Agency (EPA) 

identified formaldehyde as the most important 

carcinogen in outdoor air among the 187 hazardous air 

pollutants (HAPs). It has been estimated that up to 

6600–12500 people in the United States would 

develop cancer over their lifetimes by exposure to 

outdoor HCHO [40]. Because of the toxic nature of 

formaldehyde, some international agencies have 

established maximum exposure levels in residential 

environments. According to the American Society of 

Heating, Refrigerating and Air Conditioning 

Engineers (ASHRAE) and most of the European 

countries, the standard limit set was 0.1 ppm (123 

µg/m3) [41-43].  

Nose tumor, irritation of the eyes, respiratory, and skin 

are the main effects of HCHO over short term 

exposure [16, 21, 44-46], while liver toxicity, 

neurotoxicity, reproductive impairment, and abortion 

in women are the expected chronic effects after long-

term exposure. Furthermore, the International Agency 

for Research on Cancer (IARC) and the US national 

toxicology organization registered HCHO to be a 

leukemia agent [4, 47]. 

As in the case of many other developing countries, the 

most important contributions to air pollution in 

Egyptian cities originate from uncontrolled 

urbanization and industrialization. Cairo is a 

metropolitan megacity with a rapid increase in 

population to around 19 million. The major urban 

activities within and around Cairo City have a great 

influence on Cairo's atmosphere which is 

accompanied by a high emissions rate of pollution, 

resulting from the intensity growing in human 

activities like transportation and industry. This high 

emission rate in the presence of low wind speed leads 

to high pollution load in the atmosphere [48-50]. 

However, the studies analyzing formaldehyde in 

Egypt are still rare and are important to set a proper 

control strategy in the future. Therefore, the main 

objective of the current study is to evaluate the levels 

of formaldehyde outdoor and indoor apartments 

located in different sites in Cairo, in order to assess 

carcinogenic and non-carcinogenic risks of exposure 

to formaldehyde in Cairo. 

 

2. Experimental work 

Five sampling sites were chosen in Cairo City, Egypt, 

as shown in Fig. 1.  The sampling sites are located in 

residential areas (El-Maadi, El-Haram, Nasr City and 

Masr Al Gadidah and Madinity) with moderate 

population and moderate traffic density, except the 

area of Madinity which with low population and 

traffics. Apartments were selected in the sites to cover 

different age, different areas and different floors. 

Table 1 shows information concerning the sampling 

sites.  

Air samples were collected simultaneously indoor 
(from kitchens and living rooms) and outdoor. 

Sampling was performed during the day (8 AM to 6 

PM) and at night (8 PM to 6 AM) for 10 hours during 

winter (December, January and February) and summer 

(June, July and August) of the years 2018/2019. A 

total of three hundred and sixty samples were taken 

during this study. Indoor measurements were 

measured in smoking-free apartments and natural 

ventilation in all apartments was by opening windows, 

not air conditioners. 

 

Table 1: Information concerning of sampling sites in 

Cairo City 

Site Age 
Size 

(m2) 
Floor Comment* 

El-Haram 30 80 1st  

El-Maadi 22 130 3rd  

Masr Al 

Gadidah 
20 180 6 th  

Nasr City 17 90 1st  

Madinity 8 160 4th 

With new 

paints and 

furniture 

*Smoking not allowed in all the investigated 

apartments 

 

 
Figure 1: Sampling sites in Cairo. 

A: El-Maadi, B: El-Haram, C: Nasr City, D: Masr Al 

Gadidah, E: Madinity 

 

2.1. Sampling and chemical analysis 

MBTH (3-methy-2-benzothiozolone hydrazone 

hydrochloride) Method is used for the determination 

of formaldehyde in air. HCHO is collected in glass 

bubblers with a coarse fritted inlet containing 50 mL 

of MBTH solution by using a calibrated pump to draw 

air (one liter/minute) through absorbing solution (0.5 

gm of MBTH in one liter of distilled water) [51]. 

Figure 2 shows the sampling equipment for 

formaldehyde collection. 10 ml of sample and 2 ml of 
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oxidizing reagent (1.6 gm of sulfamic acid and 1 gm 

of ferric chloride dissolved in 100 ml of distilled 

water) is reacted for 12 minutes to oxidize the azines 

formed during samples. Then HCHO is determined by 

the colorimetric method at 628 nm using UV/VIS 1800 

Spectrophotometer, Shimadzu. Standard solution (2.7 

ml of formaldehyde (35-37 %) diluted into one liter by 

distilled water, where 1000 µg HCHO/ml) is used for 

blank measurement. HCHO in blank solution is 

determined by the same manner like samples. The 

concentration of HCHO (expressed as µg/m3) was 

calculated from the standard curve and the volume of 

air. 

 

 
Figure 2: Sampling equipment for formaldehyde 

collection 

2.2. Statistical Analysis 
SPSS Statistical program version 16 was used to 

investigate the day-time and night-time relationship of 

formaldehyde concentrations that measured in each 

season at outdoor and indoor sites. It was used to 

estimate the significant difference between the mean 

concentrations of formaldehyde in different seasons, 

and between daytime/nighttime concentrations. 

2.3. Carcinogenic Risks Calculation 

Carcinogenic risks were calculated for chronic 

exposure to formaldehyde in the investigated 

residential apartments. Exposure duration and 

frequency, body weight, and lifetime of the receptor 

are critical parameters for computation of chronic 

daily intake (CDI) for a carcinogen [52], which is 

calculated by Eq. 1: 

 
Where C is the concentration of carcinogenic 

substance (mg.m–3), IR is the rate of inhalation 

(m3.hour–1), ET is the time of exposure (hour day–1), 

EF is the frequency of exposure (day.year–1), ED is the 

duration of exposure (years), BW is the average body 

weight of receptor’s (kg), and AT is the average 

lifetime (years) [53]. The standard BWs and ATs for 

adults and children have been defined by the United 

States Environmental Protection Agency (USEPA) 

[54-55]. Risk assessment for formaldehyde was 

expressed in terms of the probability of developing 

cancer assuming continuous lifetime exposure to 

HCHO. In further, based on the CDI values, the cancer 

risk (R) is thus estimated by Eq. 2 [54], 

R = CDI × PF                            Eq. 2 

Where PF is the cancer potency factor for a particular 

carcinogen (kg.day–1.mg–1), which is available from 

the open access in Integrated Risk Information System 

(IRIS) [56]. Certain assumptions were made to 

estimate the risk, e.g. exposure frequency, exposure 

duration, average lifetime and average body weight. 

An average of 300 days per year of exposure and 40 

years of exposure duration were assumed. Also, 

average body weight of 70 kg for man and 70 years of 

lifetime were considered, according to USEPA [54-

55]. To calculate the daily intake of formaldehyde, 

EPA indicated an inhalation rate of 0.63 m3h-1 and 10 

h per day for residential exposure [57]. For 

carcinogenic potency, a slope factor of 0.045 (kg.day-

1.mg–1) for formaldehyde was used according to the 

IRIS system [58-60]. The inhalation cancer risk of 

formaldehyde is the output of the multiplication of 

daily intake and slope factor. 

Non-cancer risk is expressed in terms of the hazard 

quotient (HQ), which is the inhalation dose (I) divided 

by the reference exposure level (REL) for a single 

substance and a particular endpoint (Eq. 3A and Eq. 

3B).  

HQ = I / REL                                             Eq. 3A 

Where      

Inhalation dose (I) = (C x ET x EF x ED) / AT Eq. 3B 

The REL is the chronic inhalation exposes levels, at or 

below it, no non-cancer adverse health effect is 

anticipated to occur for population exposed for a 

specific duration (REL is 94 μg/ m3). Generally, no 

health effects are likely at a HQ value less than or 

equal to 1 (HQ ≤ 1), however at a HQ value greater 

than 1 (HQ > 1), there is a possibility that adverse 

health effect will occur [61]. 

1. Results and Discussion 

3.1. Outdoor Formaldehyde concentrations 

Figure 3 shows that, outdoor formaldehyde 

concentrations in winter varied between the five sites, 

ranging from 7.4 to 53.9 µg/m3 in day time and from 

7.6 to 69.9 µg/m3 at night time. Meanwhile, in summer 

the outdoor concentrations ranged from 7.2 to 52.7 

µg/m3 and from 6.1 to 68.9 µg/m3 in day and night 

times, respectively. No significant difference was 

found between the values of day and night outdoor 

formaldehyde concentrations over the sites. Figure 4 

shows the ambient average concentrations of 

formaldehyde at the selected sites in winter and 

summer seasons. The total mean of formaldehyde 

concentrations for the five sites were 24.6 and 22.8 

µg/m³ in summer and winter, respectively. These 

concentrations exceeded the value of 15 ppb (18.3 

µg/m3) set as an indicator for urban environment [13].  
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Ambient levels of formaldehyde in the current study 

are lower than the values of 40.0 µg/m3 and 33.0 µg/m3 

found in Cairo by Khoder et al. (2000) [41] and 

Khoder (2006) [62]; which means that there may be an 

improvement in the formaldehyde concentrations in 

the air of Cairo. 

Table (2) compares the ambient formaldehyde 

concentrations of the current study with that 

determined by others around the world, taking into 

consideration the different sampling strategies 

followed in each study.   

 

3.2. Indoor Formaldehyde concentrations 

Figures (5 and 6) show average, maximum and 

minimum indoor (living rooms and kitchens) 

formaldehyde concentrations in apartments selected in 

the five sites in winter and summer. Figure (5) shows 

that, average formaldehyde concentrations determined 

in living rooms in winter varied between the ranges of 

12.3 - 87.5 µg/m3 and 8.6 - 103.2 µg/m3 for day and 

night times, respectively. Meanwhile, in summer the 

average concentration ranged from 14.2 to 184.1 

µg/m3 and from 14.8 to138.3 µg/m3 for day and night 

times, respectively. Formaldehyde concentration 

determined in kitchens during winter was 13.6 - 84.0 

µg/m3, for the day times and 15.7 - 161.4 µg/m3 for the 

night times (Fig. 6). Meanwhile during the summer, 

the average concentrations ranged from 28.5 to114.4 

µg/m3 and from 27.7 to 230.2 µg/m3 for day and night 

times, respectively.  

 

Table 2: Outdoor formaldehyde levels determined in different studies around the world. 

Country 
Sampling 

location 

Conc. 

(µg/m3) 

Comments 
Reference 

Egypt 

Cairo - five 

sites 
Urban sites 

7.4 - 

53.9 

Mean winter - 

day time 

The present 

study 

7.6 - 

69.9 

Mean winter - 

night time 

7.2 - 

52.7 

Mean summer 

- day time 

6.1 - 

68.9 

Mean summer 

- night time 

Cairo- seven 

sites 
Residential areas 33.0 

Mean spring 

and summer 
[41] 

Cairo- six sites Suburban areas 40.0 Mean winter [62] 

Cairo - Shoubra 

El-Kheima 
Residential areas 10.7 - 

[76] 

Cairo - Helwan Residential areas 16.7 - 

Algeria Algiers Urban sites 
5.2- 

27.1 
- [77] 

Saudi 

Arabia 
Makkah Urban sites 

1.2 - 

18.9 
- [78] 

Spain 
Madrid - 

4.7 - 

20.0 
- [79] 

Catalonia Residential areas 0.9 –3.0 - [46] 

Finland 
Eastern Urban sites 13.2 - 

[78] Kuopio Highway  38.0 - 

Greece Athens Urban sites 39.0 - 

India  Kolkata - 19.7 - 
[78] 

China Hong Kong Urban sites 4.0 - 

Japan Osak Urban sites 2.3 - [77] 

Iran Tehran 
High-traffic 

areas 

21.0 - 

28.0 
- [4] 

USA 

Chicago Urban sites 2.5 - 

[20] 
Los Angeles Urban sites 8.8 - 

St. Louis Urban sites 5.4 - 

Houston Urban sites 9.7 - 

Brazil 

Salvador Urban sites 
1.5 –

18.0 
- [16] 

Rio de Janeiro 
Roadside sites 18.3 - 

[79] 
Urban sites 66.0 - 

Mexico Mexico City Urban sites 63.0 - [77] 
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Figure 3: Average, maximum and minimum outdoor concentrations of formaldehyde at the 

selected sites in winter and summer seasons (as µg/ m³). 
 

 

 
Figure 4: Outdoor average concentrations of formaldehyde at the selected sites in winter and 

summer seasons (as µg/ m³). 
 

 
The results show an increase in the levels of 

formaldehyde in kitchens more than in living rooms 

which reflect the effect of cooking processes in 

kitchens on the increase of indoor HCHO 

concentrations; these results are in agreement with 

Tang and  Wang (2018) [63].  

No significant difference was found between the 

values of day and night indoor HCHO concentrations 

for living rooms or kitchens in either summer or 

winter. The absence of variation between day and 

night HCHO concentrations could be attributed to air 

circulation over monitoring time. Opening windows 

and allowing fresh outdoor air to replace indoor air can 

be as an effective way to decrease formaldehyde 

concentration inside homes [64]. 

Most of indoor formaldehyde concentrations in the 

investigated apartments had values higher than the 

recommended exposure limit of 20.0 µg/m3 over 8-

hours [65], but lower than the limit set by the Egyptian 

law 4/1994 (0.37 mg/m3 = 370.0 µg/m3) [66]. 

However, these concentrations are still far lower than 

the effective short-term exposure levels of HCHO 

between 0.5 and 1 ppm (0.62-1.23 mg/m3) which 

could lead to irritation of throat, nose and eyes [39, 

43]. HCHO is a sensitizer and can cause allergic 

contact dermatitis and asthma [53].  

Figure (7) shows average concentrations of indoor 

formaldehyde (living rooms and kitchens) in the 

investigated apartments in summer and winter. The 

highest indoor HCHO concentrations, in living rooms 

or kitchens, were found in Madinity site of low 

population density; which could be due to the 

apartments in that site are newest buildings with newly 

furnished. These findings indicate that newly 

buildings can be a stronger source for formaldehyde 

emissions than the ambient sources.  

Average indoor concentration of formaldehyde, for 

both living rooms and kitchens, in summer was found 

about 1.6 times higher than that found in winter. This 

result is in agreement with Dehghani et al. (2017) [4] 

https://www.sciencedirect.com/science/article/abs/pii/S1309104217304300#!
https://www.sciencedirect.com/science/article/abs/pii/S1309104217304300#!
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who found a strong correlation coefficient of 0.58 

between temperature increase and formaldehyde. 

Moreover, Liu et al. (2017) [67] stated that the higher 

air temperature is, the faster the formaldehyde is 

released. Feng et al. (2017) [68] also revealed the 

reduction of formaldehyde concentration with the 

temperature decrease.  

Table (3) compares the indoor formaldehyde 

concentrations of the current study with that 

determined by others around the world, taking into 

consideration the different sampling strategies 

followed in each study. 

 

 

 
Figure 5: Average, maximum and minimum indoor (living rooms) formaldehyde 

concentrations (as µg/ m³) in apartments selected in the five sites in winter and summer. 

 

Figure 6: Average, maximum and minimum indoor (kitchen) concentrations of               

formaldehyde (as µg/ m³) in apartments selected in the five sites in winter and 

summer. 

 
Figure 7: Average concentrations of indoor formaldehyde (living rooms and kitchen) in the 

investigated apartments in winter and summer (as µg/ m³). 

https://www.sciencedirect.com/science/article/pii/S1877705817348981#!
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Table 3: Indoor formaldehyde levels determined in different studies. 

Country Sampling location Conc. (µg/m3) Comments  Reference 

Egypt 

 

Greater 
Cairo 

Living room 
Kitchen 

40.3 , 59.7 
51.9, 78.3 

Mean (winter, 
summer) 

The present study 

Cairo 

(Spring & 
summer) 

New Apartments 
Old Apartments 

Kitchen 

Living rooms 

180.0 
52.0 

109.0 

123.0 

Mean 

(daytime) 
[41] 

China 

Harbin 

Bedroom 

Living room 

Kitchen 

50.0 (20.0-

100.0) 

100.0(80.0-
130.0) 

30.0 (20.0-

40.0) 

Mean (Range) [80] 

Dailan 
Bedroom 

Kitchen 

29.0 (13.0 - 

272.0) 

31.0 (13.0-

167.0) 

Median(Range) [81] 

Hangzhou 
2324 rooms in 

residential homes 
107.0 Annual mean [81] 

Chinese 

cities 
Renovated rooms 12.5 Median [82] 

China 
Indoor northern china 

Indoor southern china 

56.0 

40.0 
Median 

[27] 

Beijing 
Remodelled dwellings 

Indoor 

131. 0 

1.3–86.0 

Mean 

range 

[1] 

[83] 

Spain Catalonia 

Bedrooms 

living room 
Houses in industrial 

city 

10.0 - 47.0 

96.0 - 37.0 

55.0 

Range 

 

Median 

[46] 
[84]  

Sweden Sweden 
single-family houses  

apartments 

22.0 

13.0 
Median [49] 

Lithuania Lithuania 
11 newly residential 

buildings. 
3.0 –52.0 Range [85] 

Australia 

Australia Forty dwellings 15.0 Annual mean [86] 

Perth 

Bedroom 

Lounge-room 

Domestic indoor 

5.0 , 22.0 

4.0 , 24.0 
16.0 (ND-

46.0)  

Median, Max 

Median, Max 

Mean (Range) 

[87-88]  

Italy Italy 20 homes 9.3-12.9 Range [89] 

Japan Minamisoma Temporary houses 29.0 Mean [90] 

USA Boston 
Indoor 

Mobile homes 

43.0 

70.0 
Geo Mean [91-92] 

France France 24 student rooms 21.0 Average [93] 

Korea Korea 
Three types of 

residential units 
52.0 - 99.0 range [94] 

 

3. 3. Indoor/Outdoor (I/O) ratios 

Generally, the concentrations of formaldehyde indoors 

and outdoors in summer were higher than in winter. 

(Fig. 4, 7). Increasing the air temperature in summer 

in Egypt indicates an important role of temperature 

parameter in the chain of photochemical reactions, 

which lead to increase the formaldehyde production. 

Average daily high temperature in Cairo, Egypt, were 

above 90°F (32.2 °C) in hot season and below 72°F 

(22.2 °C) in cold season [69].  

Average indoor/outdoor (I/O) ratios of formaldehyde 

concentrations are shown in Table (4). Generally, the 

measured I/O ratios of formaldehyde were above one; 

this means that, average indoor formaldehyde levels 

are still higher than outdoor levels in Cairo. (I/O) ratios 

demonstrated that sources in the indoor environment 

are prevailing for all the investigated sites. The high 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/residential-building
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/residential-building
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I/O ratios at the Madinity site reflect the high internal 

emissions inside the new apartments. Average values 

of I/O ratio of formaldehyde were 1.79 and 2.74 in 

winter and summer, respectively.  

In general, the indoor exposure to formaldehyde, in 

residential locations in Cairo, is higher than the 

outdoor exposure, mainly due to the presence of 

stronger sources inside the buildings such as cooking 

and the emissions from furniture, flooring, insulation 

and coating materials as well as the entry of the 

outdoor air of the building, which leads to the 

accumulation of additional pollutants inside, and it 

may be another source of indoor air pollution with 

formaldehyde. 

(I/O) ratios of formaldehyde concentrations in the 

present study are almost similar to that found in 

Beijing, in which indoor/outdoor ratios were 1.6 –6.3 

for the summer months [70], and in Mexico City in 

which I/O ratios were 1.4 – 4.4 [71].  

 

Table 4: The average ratios of the indoor/outdoor (I/O) 

formaldehyde concentrations. 

Site 

Winter 

I/O 

Summer 

I/O 

El Maadi 
Day 1.20 2.10 

Night  1.26 1.75 

El Haram 
Day 1.03 1.47 

Night  1.17 2.43 

Nasr City 
Day 1.71 3.68 

Night  1.99 4.10 

Madinity 
Day 3.43 4.08 

Night  3.63 4.68 

Masr Al 

Gadidah 

Day 1.28 1.53 

Night  1.21 1.57 

Average  I/O 1.79 2.74 

1. 4. Carcinogenic and Non-Carcinogenic Risks 

Carcinogenic and non-carcinogenic risks were 

calculated for chronic exposure to formaldehyde at the 

investigated residential sites in Cairo. The present 

study quantified the chronic daily intake (CDI) and the 

cancer risk (R); their average values are illustrated in 

Tables (5). Table (5) shows that daily intake of inhaled 

and cancer risk of HCHO varies from site to site 

according to HCHO concentrations. Outdoor values 

showed minimal inhalation intake and cancer risk of 

HCHO, while maximum values were found indoors in 

kitchens. 

The daily outdoor cancer risk (R) ranged from 1.5E-

05 to 6.4E-05 in winter and from 1.8E-05 to 6.7E-05 

in summer. While the indoor values were in the range 

3.3E-05 - 1.5E-04 and 6.1E-05 - 2.1E-04 for living 

rooms, and in the range 4.5E-05 - 2E-04 and 8.7E-05 

- 2.6E-04 for kitchens in winter and summer, 

respectively. The highest cancer risk values were 

detected in the kitchens in Madinity site during 

summer. Exposure to HCHO may cause worse 

symptoms in people who have asthma or who are 

particularly sensitive to chemicals. Chronic effects due 

to high levels of HCHO include an increased risk of 

cancer and damage to the kidneys, liver, and central 

nervous system [72]. 

In typical, R value of < 1 × 10–6 represents below the 

“concern level”, while R value of  > 1 × 10–4 is an 

indication for the “alarm level”; which implies an 

urgent necessity to take appropriate action to protect 

human health [73-74].  

All cancer risk (R) values for formaldehyde in the 

current study (either indoors or outdoors) are above the 

“concern level”. However, outdoor cancer risk values 

(R) did not exceed the “alarm level” for formaldehyde; 

while in living rooms and kitchens they exceeded the 

“alarm level” by 30% and 55% in winter and summer, 

respectively. 

Hazard Quotients (HQ) for non-cancer risk were also 

illustrated in Table (5). HQ values for external 

formaldehyde ranged between 0.15 - 0.65, between 

0.44 - 2.59 for kitchens and 0.32 - 2.01 for living 

rooms. HQ values for outdoors were less than 1 (HQ 

< 1); indicating that no adverse health effects occur 

due to external exposure to HCHO in the investigated 

sites. Whereas, about 30 - 50% of the (HQ) values, due 

to indoor exposure in living rooms and kitchens, were 

greater than 1; indicating the potential for adverse 

health effects indoors. These results agree with Du et 

al. (2014) [75] who stated that about 70% of the risk is 

due to exposures occurring in homes.  

The results of the present study showed that the levels 

of airborne and inhaled formaldehyde in Cairo 

residences should not be underestimated. 

Undoubtedly, formaldehyde is a relevant indoor 

pollutant in Cairo. The current study can help 

regulatory agencies to establish guidelines for 

formaldehyde concentration in indoor air. The use of 

low-emitting building materials and products, 

ventilation and keeping temperature moderate can 

reduce the indoor exposure to formaldehyde and 

minimize its related risk. 

 

2. Conclusions 

 Average concentrations of outdoor formaldehyde 

(HCHO), at the selected sites, exceeded the value of 

15 ppb (18.3 µg/m3) set as an indicator for urban 

environment. Indoor formaldehyde concentrations in 

the investigated apartments were higher than the 

recommended exposure limit set by OSHA, but lower 

than Egyptian standards. Moreover, indoor 

concentrations are still far lower than the effective 

short-term exposure levels of (0.62-1.23 mg/m3) 

which could lead to irritation of throat, nose and eyes.  

Newly furnished apartments could be a stronger 

source for formaldehyde emissions than the ambient 

sources. Formaldehyde levels increased in kitchens 

more than living rooms, reflecting the effect of 

cooking processes. 

https://www.sciencedirect.com/science/article/pii/S0160412014001986#!
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Table 5: Average chronic daily intake (CDI), cancer risk (R) and hazard quotient (HQ) of formaldehyde for the 

different sites. 

Site 
CDI R HQ 

winter summer winter summer winter summer 

Indoor (living rooms) 

El-Maadi 0.0018 0.0027 8.2E-05 1.2E-04 0.80 1.20 

El-Haram 0.0011 0.0022 5.1E-05 9.9E-05 0.50 0.96 

Nasr City 0.0007  0.0013 3.3E-05 6.1E-05 0.32 0.60 

Masr Al-Gadidah 0.0011 0.0015 5.2E-05 7.1E-05 0.51 0.68 

Madinity 0.0034 0.0046 1.5E-04 2.1E-04 1.51 2.01 

Indoor (kitchens) 

El-Maadi 0.0014 0.0032 6.4E-05 1.4E-04 0.62 1.40 

El-Haram 0.0024 0.0031 1.1E-04 1.3E-04 1.05 1.35 

Nasr City 0.0010 0.0019 4.5E-05 8.7E-05 0.44 0.85 

Masr Al-Gadidah 0.0015 0.0020 7.1E-05 9.4E-05 0.68 0.91 

Madinity 0.0044 0.0059 2.0E-04 2.6E-04 1.95 2.59 

Outdoor 

El-Maadi 0.0014 0.0015 6.4E-05 6.7E-05 0.62 0.65 

El-Haram 0.0010 0.0011 4.7E-05 5.2E-05 0.46 0.51 

Nasr City 0.0003 0.0004 1.5E-05 1.8E-05 0.15 0.18 

Masr Al-Gadidah 0.0009 0.0010 4.2E-05 4.5E-05 0.41 0.44 

Madinity 0.0009 0.0010 4.4E-05 4.7E-05 0.43 0.46 

 

There were no significant diurnal variations, however 

there was a seasonal variation, where concentrations in 

summer were higher than in winter indicating the 

important role of temperature. I/O ratios of 

formaldehyde were above one demonstrated that 

sources in the indoor environment are prevailing for 

all the investigated sites. 

The Calculated carcinogenic health risks due to 

HCHO exposure demonstrated that outdoors show 

minimal values of inhalation intake (CDI) and cancer 

risk (R), while maximum values were found indoors in 

kitchens. All cancer risk (R) values for formaldehyde 

in the current study (either indoors or outdoors) are 

above the “concern level” (R < 1 × 10–6), while the 

outdoor cancer risk did not exceed the “alarm level” 

(R > 1 × 10–4), however in living rooms and kitchens 

they exceeded the “alarm level” by 30% and 55% in 

winter and summer, respectively. “Alarm level”: 

implies an urgent necessity to take appropriate action 

to protect human health.  

Hazard Quotients (HQ) for outdoors were less than 1 

(HQ < 1); indicating that no non-carcinogenic adverse 

health effects occur due to external exposure to 

HCHO. Whereas, about 30 - 50% of the (HQ) values, 

due to indoor exposure in living rooms and kitchens, 

were greater than 1; indicating the potential for 

adverse health effects indoors.  

The results indicated that the levels of airborne and 

inhaled formaldehyde in Cairo residences should not 

be underestimated. Undoubtedly, formaldehyde is a 

relevant indoor pollutant in Cairo. The current study 

can help regulatory agencies to establish guidelines for 

formaldehyde concentration in indoor air. 
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