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ABSTRACT 

Road constructions could generate air pollutants that have a negative impact to health. This research examined the 

analysis of risks of Total Suspended Particulates (TSP) at road construction areas, such as roadbed construction, rigid 

concrete casting, and joint cutting activities. The main purposes of this research are to measure the concentration of TSP in 

each aforementioned activity, to compare the measurement results with the air quality standard in Indonesia, and to analyze 

the risks of TSP exposure to the workers. The sampling method was undertaken according to SNI 19-7119.3-2005 and the 

risk characterization was done based on US-EPA method. Based on this research, all of TSP concentration in samples has 

exceeded the permissible limit (395.41-1200.15 µg/Nm
3
). However, according to the risk characterization, it is found that 

the carcinogenic risks associated with Pb via inhalation and ingestion were still below the acceptable level (<1.0E-04) and 

the non-carcinogenic risks of Pb and Si were low (HQ<1.0).  

 
Keywords: construction, TSP, Pb, Si, health risk characterization. 

 

1. INTRODUCTION 

Road construction or road widening is usually 

proposed to reduce traffic jam and to support the economic 

development, but there were little comprehensive 

assessment regarding the air quality surrounding the 

project (Matson et al, 2006). According to Zhi (1995), the 

risks of construction activity could come from two 

sources: the first source is from the environmental impact; 

usually called the external risk while the second source is 

from the uncertainties in the project itself; called internal 

risk. In addition, the construction activities showed 3.8% 

of total particulate emission from open source in the US 

(Evan and Cooper, 2012) which inevitably contribute to 

air pollution. According to The Act of Republic of 

Indonesia No. 32/2009 regarding the basics of 

environmental management and protection, air pollution is 

the existence of one or more pollutants in the air in a 

certain number of concentrations at a time that could cause 

problems in humans, animals, plants and other objects.  

The air pollution coming from the concrete 

cutting and construction will take effect on the health and 

life quality of the residence and worker. Bergdahl, et al 

(2004) concluded that occupational exposure to dust 

increases mortality due to chronic obstructive pulmonary 

disease, even in never-smokers. Furthermore, asthma 

caused by occupational exposure to dust during 

construction has been found (American Thoracic Society, 

2003).  The risk of dust exposure on workers may vary 

according to place of activity, the activities carried out by 

an individual, and the lifestyle of each worker. There are 

three ways of entry of air pollutants into the human body, 

i.e. inhalation, ingestion, and skin penetration. Road 

pavement or more often called rigid pavement consists of 

Portland cement concrete slab and foundation layers 

(could also be done without foundation layer) put above 

the land ground and/or ground heap. According to 

Mustika(2006), rigid work stages in its order are as 

follows; measurement (determination) of elevation, 

installation of formwork/iron, distribution of concrete 

pavement, concrete maintenance/curring, slitting with saw 

cutter, and ended with the work of joint sealant. Based on 

a previous research by Qi (2013), TSP resulting from road 

construction activities were generated more from 

mechanical construction or physical work than the wind 

erosion of soil material. Therefore, it is necessary to assess 

the potential health risks on the construction workers 

according to their activities. The objectives of this study 

are to measure the concentration of Total Suspended 

Particulates (TSP) in a rigid pavement process which 

consists of roadbed construction, concrete casting, and 

concrete cutting activities in road construction of 

LingkarKaliwungu Km 23+250 - Km 23+450; and to 

analyze health risks of TSP of these activities towards the 

construction workers. 

 

2. METHODS 

 

2.1 Road construction and sample description 

Road construction project has been selected as 

the research location because air pollution could be 

occurred due to the construction activities and could have 

effects on the construction workers’ health, particularly 
TSP (Total Suspended Particulates). The construction 

project was carried out on LingkarKaliwungu KM 23+250 

until KM 23+450. In this research, the project activities 

could be divided by three activities, as follows: Roadbed 

construction: The LingkarKaliwungu Roadway consists 

of two lanes. However, the samples were taken in one 

lane, according to the project schedule. The roadbed 

construction includes some demolition activities such as 
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breaking, cutting, and crushing the previous asphalt or 

concrete of the road; Rigid concrete casting: in this 

activity, the TSP exposure of two lanes were analyzed. In 

this activity, concrete used cement and water as the glue 

between sand and crushed rock. Workers placed concrete 

into steel molds (forms); Joint Cutting: in this activity, 

TSP was sampled at two lanes. A finishing machine 

vibrated and trimmed to the necessary height. To prevent 

cracks, workers cut joints between the concrete slabs. Dust 

exposure at these three activities of road construction 

cannot be avoided. At each activity, sampling of the TSP 

has been conducted three times as reduplication and each 

sampling was done by 50 meters distance. The 

reduplication was conducted at KM 23+250, KM 23+350 

and KM 23+450. 

 

2.2 Sample collection 

This research was conducted by taking TSP 

samples of the ambient air at the study site, namely 

LingkarKaliwunguroad which is Kendal City and 

Semarang City Borderline road. The TSP sampling was 

done using Dust Sampler DS 600 - MVS with maximum 

capacity 600 liters/min and glass microfiber filter 

Whatman GF/A 1820-110 (0.26-mm width, 110-mm 

diameter; 1.6-µm pore size). The microfiber filter was 

made of borosilicate glass. To remove volatile substances 

and other impurities, the filter membranes were baked at 

105˚C for two hours and then put in a desiccator for 15 
minutes.  

The sampling method was undertaken according 

to SNI 19-7119.3-2005. The dust sampler was placed in 2-

3 meters from the workers with 1.5 meters height and the 

sampler was mobilized according to the worker movement 

in order to measure the TSP inhaled by the worker. 

However, it should be noted that the worker must not be 

bothered by the dust sampler. 

Background test was undertaken to assess the 

TSP concentration in ambient before construction 

activities.  The background test was conducted at day and 

night because the construction took place at day and night 

according to the activity. For 50 meters construction, 

roadbed construction, concrete casting, and joint cutting 

needed approximately 1.5, 3.5, and 2 working hours, 

respectively. The sampling was undertaken in eight days 

during 3 weeks, including one day for background ambient 

sampling. 

 

2.3 Sample analysis 

The sample preparation was done prior to AAS 

(Atomic Absorption Spectrophotometer) analysis. The 

filter was cut into some pieces, then HNO3 (± 200 ml) was 

added and then heated at 175
o
C for 12 hours. Next, the 

sample was diluted to 25 ml, thenanalyzed using AAS 

with wave length for Pb and Si was 422.7 nm and 217.0 

nm, respectively.  

 

2.4 Calculation of TSP concentration 

The calculation of TSP concentration was based 

on SNI 19-7119.3-2005, which was done in three steps, as 

follows:  

Flow rate correction at normal condition  

 �s = Qo ×  [ ×× ]                                                (1) 

 

where, Qs: corrected flow rate Qs (m
3
/min) at normal 

condition; Q: as measured flow rate (m
3
/min); To: 

measured temperature (°C); Ts: standard temperature 

(25°C); Po: measured pressure (mmHg); Ps: standard 

pressure (760 mmHg). These standard temperature and 

pressure is based on EPA (1999).  

 

Sampled air volume 

 V = + × t (2) 

 

where, V: sampled air volume; Qs1: corrected initial flow 

rate; Qs2: corrected final flow rate, t: sampling duration 

(minutes).  

 

Total Suspended Particulate (TSP) concentration in 

ambient  

 C =  − x 6
                                               (3) 

 

where, C: TSP concentration (µg/Nm
3
); W1: initial filter 

weight (g); W2: final filter weight (g); V : sampled air 

volume (m
3
).  

Next, the concentration of Pb and Si element in 

the TSP samples was analyzed using SNI 19-7119.4-2005 

which was calculated as the following equation:  

 

   C = 
��−��  � �� � ����                                                (4) 

 

where, C: the concentration of Si and Pb element in the 

sample (µg/m
3
);  Ct: concentration in sample; Cb: 

concentration in blank; Vt: solution volume; 
���: ratio of 

exposed filter area and total filter area used; V: sampled 

air volume. 

 

2.5 Exposure assessment 

The workers in this project are potential receptors 

of TSP. Three exposure pathways were analyzed, e.g. 

inhalation, ingestion, and dermal contact. Based on the 

human health evaluation manual by US-EPA (2011), the 

chemical daily intake (CDI) was estimated to assess the 

risks posed by Pb and Si in TSP via inhalation, ingestion, 

and dermal contact. The equations were as follows (US-

EPA, 2011): 

 CDI =   × I  ×  ×  × ×                                  (5) 

 CDI =   × I  ×  ×  × × × CF                  (6) 

 DAD a =   ×  ×  ×  ×  × × × CF                  (7) 
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where, CDI: chemical daily intake for ingestion (ingest) 

and inhalation (inh) (mg/kg-day); C: concentration of 

contamination (mg/m
3 

or mg/kg); DAD: dermal absorbed 

dose (mg/kg-day); InhR: inhalation rate (1.5 m
3
/hour, this 

value is an inhalation rate for construction worker based 

on US-EPA (1997); IngR: ingestion rate (100 mg/day for 

age group greater than 6 years old according to US-EPA 

(2011); SA: surface area of skin that contacts the TSP 

(3300 cm
2
 for adults); AF: skin adherence factor for TSP 

(0.2 mg/cm
2
); ABS: dermal absorption factor (1.0% was 

used based on Hu, et al (2012)); ET: exposure time (8 

hours/day for road bed construction; 13 hours/day for rigid 

concrete casting; 6 hours/day for concrete cutting); EF: 

exposure frequency (250 days/year, for worker according 

to US-EPA (2014)); ED: exposure duration (25 years, for 

worker according to US-EPA (2014)); BW: body weight 

(kg, the body weight was determined based on the 

questionnaire distributed to all of the workers ); AT: 

averaging time of exposure (25550 days, for the average 

exposure time for carcinogenic risk according to US-EPA 

(1997)). 

 

2.6 Risk characterization 

Risk and hazard indices for both carcinogenic and 

non-carcinogenic effects were quantified for each 

exposure pathway analyzed (via inhalation, ingestion, and 

dermal contact). According to US-EPA (2011), the 

carcinogenic risk (CR) and non-carcinogenic risk (as the 

hazard quotient, HQ) are as the following equations: 

 CR = CDI × SFi = CDI × SFo                  (8) 

 HQ = I× μ = I =                                  (9) 

 

where, SFi: inhalation unit risk (µg/m
3
)

-1
 ; SFo: oral slope 

factor ((mg/kg-day)
-1

); RfCi: inhalation reference 

concentration (mg/m
3
), RfDo: oral reference dose (mg/kg-

day); RfDd: dermal reference dose (mg/kg-day). The SFi, 

SFo, and RfCiwere obtained from OEHHA Database 

(http://www.oehha.ca.gov/risk/ChemicalDB/index.asp)whi

ch are summarized in Table-1.  Reference dose for Pbwas 

taken from WHO (1993). 

Table-1. RfCi, RfDo, RfDd, SFi, and SFo for Si and Pb. 
 

Substance 
SFi 

(mg/kg-day)
-1

 
SFo 

(mg/kg-day)
-1

 
RfCi(mg/m

3
) 

RfDo 

(mg/kg-day) 
RfDd 

(mg/kg-day) 

Si NA NA 3.00E-03 NA NA 

Pb 4.20E-02 8.50E-03 NA 3.5E-03 5.25E-04 
 

NA: Not available 

 

Table-2. Si and Pb concentration in TSP. 
 

Activity 
Average concentration 

TSP (µg/Nm
3
) Si (µg/m

3
) Pb(µg/m

3
) 

Background test (day) 286.57 0.053 0.01 

Background test (night) 272.51 0.123 0.07 

Roadbed construction 395,41 ± 93,720 0.24 ±0.030 0.19 ± 0.050 

Rigid concrete casting 524.51 ± 129.539 0.12 ± 0.004 0.08 ± 0.020 

Concrete cutting 1200.15 ± 76.870 0.25 ± 0.020 0.17 ± 0.003 

 

Carcinogenic risk (CR) is the probability of an 

individual developing any type of cancer from lifetime 

exposure to carcinogenic hazards (Hu et al, 2012). The 

acceptable or tolerable risk for regulatory purposes is from 

1E-06 to 1E-04 (US-EPA, 2011). Meanwhile, HQ (Hazard 

Quotient) is the potential for non-carcinogenic effect 

posed by a chemical. If the value of HQ is below one, it 

indicates that there is no significant risk of non-

carcinogenic effect. 

According to the classification group orders 

defined by IARC (International Agency for Research on 

Cancer, lead compounds are class 2A (IARC, 2011). 

Meanwhile, based on the IARC (2011), crystalline silica in 

the form of quartz or cristobalite dust is carcinogenic to 

humans (Group 1), but the cancer slope factor of Si is not 

found in the OEHHA database, hence, the carcinogenic 

risk of Si exposure in TSP was not assessed in this study. 

3. RESULTS AND DISCUSSIONS 

 

3.1 Assessment of TSP in the road construction work 

TSP identification was done by measuring the 

concentration of TSP at the time before the execution of 

road construction activities during the day and night in 

order to determine the initial concentration in the location 

of activities before the activity of road construction has 

started. TSP concentration measurement results can be 

seen in Table-2. As seen in Table-2, the background tests, 

both at day and at night, show that there are increases in 

the concentration of TSP, including the element of Si and 

Pb. Therefore, the road construction works had contributed 

elevated TSP in the present study.  

Based on a previous research by Qi, et al (2013), 

TSPs in the road construction activities are generated more 

from mechanical construction or physical work than the 

http://www.oehha.ca.gov/risk/ChemicalDB/index.asp
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wind erosion of soil material. The quantity of dust 

emissions from construction operations is proportionally 

influenced by the area of land being worked and to the 

level of construction activity (Qi, et al, 2013). The 

particulate emission from construction not only came in a 

coarse fraction but also fine particulate (Kumar et al, 

2012). The dust emission from construction activities is 

related to emissions from heavy construction operations 

are positively correlated to the silt content of the soil (that 

is, particles smaller than 75 µm in diameter), as well as 

with the speed and weight of the average vehicle, and are 

negatively correlated to the soil moisture content (Qi, et al, 

2013).  

The background tests (prior to the construction 

work) at the LingkarKaliwungu Road have already 

exceeded the permissible limit according to the 

Government of Indonesia Ordinance No. 41 in 1999 (the 

permissible limit is 230 µg/Nm
3
 while the samples were 

286.57 µg/Nm
3 

at day and 272.51 µg/Nm
3 

at night). The 

highest concentration of TSP was generated at concrete 

cutting activities, namely 1200.15 µg/Nm
3
; and the lowest 

concentration was generated at roadbed construction, 

namely 395.41 µg/Nm
3
. All levels in the construction 

activities being sampled have exceeded the quality 

standard according to the Government of Indonesia 

Ordinance No. 41 in 1999. 

The highest concentration of TSP was in the 

concrete cutting activity area (1200.15µg/Nm
3
) because 

the workers needed to use special cutting tools that 

generated concrete dust emission. In addition, a byproduct 

of the concrete cutting tools in the form of diesel exhaust 

can also become another source of TSP in concrete cutting 

activities. 

As for the element Pb and Si, both of them were 

still below the permissible limit according to WHO (2010) 

and ISO 7708:1995 which are 0.5 μg/m3 and 3μg/m3
, 

respectively. However, it should be noted that if all of Pb 

concentration were accumulated in those three activities, 

the concentration would be 0.44 μg/m3
. This value is very 

close to the permissible limit. 

Among those road construction activities, the 

highest concentration of Si was at concrete cutting activity 

while the highest Pb concentration was at the road bed 

construction. The high concentration of Si could became 

from the soil, which is one of dust emission (Santoso et al, 

2012). The soil was dredged using heavy equipment and 

the Pbcould be originated from the equipment or machine 

emission, saw cutter, agitator truck, loading truck, and 

vehicles passing the road or research location. The element 

Pb is resulted from the fuel combustion containing lead 

(Pb), particularly diesel fuel and gasoline (Kuvarega and 

Taru, 2008). 

Based on Speciate Data Browser Construction 

Dust by EPA (2011), the percentages of elemental Si and 

Pb in construction dust are 7.1% and 0.0037%, 

respectively. Meanwhile, the accumulation of element Si 

and Pb in this study were 0.22% and 0.18%. If these 

results are compared to the speciate data, the percentage of 

Si in this research is smaller and the Pb is larger. The 

higher concentration of Pb could be due to the research 

location where the traffic activity occurred, hence, the 

emission of the vehicles could not be avoided.  

 

3.2 Risk Assessment for Si and Pb in TSP due to road 

construction works 

Inhalation exposure is typically the primary route 

of direct exposure to airborne metals (Hu et al, 2012). 

Based on the supplemental guidance for inhalation risk 

assessment, the element Pbis listed in carcinogenic risks in 

TSP while Si is included in non-carcinogenic risk. The 

carcinogenic and non-carcinogenic risks from the Pb and 

Si in TSP can be seen in Table-3. 

 

Table-3. Carcinogenic and non-carcinogenic risks via inhalation and ingestion exposure 

(mean ± standard deviation). 
 

Activity 

Pb 

(carcinogenic) 

Pb 

(non-carcinogenic) 

Si 

(non-carcinogenic) 

inhalation ingestion ingestion 
dermal 

contact 
inhalation 

Roadbed construction  

(n=14) 

3.78E-07 

±5.37E-08 

1.61E-09 

±2.29E-10 

5.42E-05 

±7.70E-06 

2.39E-05 

±3.39E-06 

3.85E-09 

±5.47E-10 

Rigid concrete casting  

(n=20) 

2.44E-07 

±3.69E-08 

4.84E-10 

±7.30E-11 

1.63E-05 

±2.458E-06 

7.15E-06 

±1.08E-06 

3.12E-09 

±4.70E-10 

Concrete cutting (n=6) 
2.61E-07 

±3.17E-08 

4.90E-10 

±5.94E-11 

1.65E-05 

±2.00E-06 

7.24E-06 

±8.79E-07 

2.99E-09 

±3.63E-10 

 

The carcinogenic risks from Pb for the 

construction worker were still within the acceptable level 

(<1E-04) according to EPA (2011). This result indicates 

that the carcinogenic risks posed by element Pb via 

inhalation are still acceptable. The most hazardous risk 

posed by Pb via inhalation is roadbed construction (3.78E-

07), while the lowest risk is rigid concrete casting (2.44E-

07). It has been proved that Pb is “urban” element that is 
mostly anthropogenic, the main sources appearing to be 

traffic, building construction/renovation, weathering and 

corrosion of building materials (De Miguel, et al, 1997) 

and industrial activities (Al-Khashman, 2004).  

The carcinogenic risk of Pb also could happen via 

ingestion. However, the risk posed by element Pb is still 

below the acceptable limit. The roadbed construction has 

the highest carcinogenic risk of Pb via ingestion and the 

concrete cutting had the lowest carcinogenic risk of Pb. 

Studies concerned with the risk exposure of Pb via 
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inhalation particularly in street dust (The risk posed by Pb 

via ingestion. Therefore, it can be concluded that roadbed 

construction had the highest risk of carcinogenic Pbboth 

via inhalation and ingestion. 

For non-carcinogenic effect, ingestion of dust 

particle appears to be the route of exposure to street dust 

that results in a health risk for Pb, followed by dermal 

contact (Ferreira-Baptista and De Miguel, 2005). The 

reference dose of Pb via inhalation has not been defined 

yet. Similar to the carcinogenic risk, the roadbed 

construction appears to be the highest risk of non-

carcinogenic effect via ingestion (HQ = 5.42E-05) and 

dermal contact (HQ= 2.39E-05). The activity of rigid 

concrete casting has the lowest risk of Pb exposure via 

ingestion and dermal contact. 

Exposure to silica dust may be considered an 

important hazard in the construction activities (Flanagan, 

et al, 2006). In the present study, the highest risk posed by 

element of Si is at the roadbed construction activity (HQ = 

3.85E-09), when the concrete cutting has the lowest risk 

(HQ = 2.99E-09). Since the HQ is still below 1.0, the risk 

of Si exposure via inhalation during construction activities 

in the present study is still acceptable. EPA has not yet 

established a cancer slope factor of Si. However, 

according to other studies, the construction workers 

(including building demolition workers) could potentially 

have unacceptable risk to lung cancer mortality 

(Normohammadiet al, 2016). 

In this research, although the measured TSP 

concentrations of all the activities exceeded the 

permissible limit, the health risks of element Pb and Si 

exposure via inhalation, ingestion, and dermal contact are 

still acceptable. Therefore, the permissible limit of TSP in 

the construction project should be evaluated or enacted 

specifically in Indonesia. 

 

4. CONCLUSIONS 

From the results of the air monitoring that has 

been done at three activities of road construction works in 

LingkarKaliwunguRoad,the highest TSP concentration 

was found in the concrete cutting (1200.15 µg/Nm
3
) and 

the lowest was found at the roadbed construction (395.41 

µg/Nm
3
). All of the measured TSP concentration has 

exceeded the permissible limit value of quality standards 

that had been assigned by the Government of Indonesia 

Ordinance No. 41 in 1999 (the permissible limit is 230 

µg/Nm
3
). However, the carcinogenic risks associated with 

Pb in TSP via inhalation and ingestion were within the 

acceptable level for all of the workers (<1.0E-04). There 

were also little non-carcinogenic risks from Pb and Si via 

ingestion, inhalation, and dermal contact (HQ < 1.0).  The 

highest risk of Pb exposure was the activity during 

roadbed construction (3.85E-09).  
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