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Abstract 

Silicon dioxide (SiO2) is one of the most abundant mineral on earth and it 

exist in crystalline or non-crystalline form. The crystalline form is 
hazardous to human health, and for this reason, the occupational 

exposure standards are associated with α-Quartz and Cristobalite, the 
most encountered crystalline forms. These two minerals can be found in 

sandstone, shale, granite and it is an important component of soil. In 
terms of industry, respirable crystalline silica is found in operations using 

abrasive blasting, manufacturing of cement and brick and others. 
Respirable α-Quartz and Cristobalite are considered carcinogenic to 

humans according to IARC (International Agency for Research on Cancer) 

and occupational exposures can cause silicosis and lung cancer. According 
to ACGIH (American Conference of Governmental Industrial Hygienists), 

respirable crystalline silica has TLV-TWA of 0,025 mg/m³, consequently, 
it action level is 0,0125 mg/m³. Thereby, the method sensitivity must be 

capable to achieve lower values than the action level, which is a 
conjunction of reporting limit and sampling volume. Nowadays, reporting 

method for NIOSH 7500 is 5 µg and to get a value at least half of the 
action level it is necessary to sample 800 L. This became a big issue for 

industrial hygienists to assess the exposure for each task performed by 
an employee. Task monitoring became important when the consequences 

behind the collection of the sample using only one media during the work 
shift is understandable. In order to have enough sensitivity for task 

monitoring, a higher sampling rate particle-size selector is necessary, and 
recently, were made available impactors, whose sampling rate can 

achieve the sensitivity necessary for respirable crystalline silica task 

assessment. These samplers are the most modern apparatus in industrial 
hygiene respirable crystalline silica assessment because they are easy to 

use, short term assessment for TWA respirable particulates, and task 
monitoring to have a better understanding of the exposure profile and the 

tasks responsible to biased the results higher than the TLV-TWA. 
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Silica (SiO2) is the most important silicium oxide and one of the most 

abundant mineral on earth’s crust, composing 15% of it, encountered 
specially in sand, gravel, granite, mineral ores and others rocks. This 

mineral exists in approximately 17 crystalline different forms and besides 

that there are the non-crystalline forms. Among the most common 
crystalline forms the most important are α-quartz and cristobalite, the last 

one can exist in alfa or beta forms. In addition to these, there is the 
tridymite found in volcanic rocks, however this mineral is less common 

than quartz and cristobalite.  

 

The α-quartz is the second most common mineral present on earth’s crust 

present in most of sedimentary and igneous rocks, approximately 95% of 
all sand and silt are composed by quartz. This mineral is the most 

abundant form of SiO2 due to its thermodinamical stability in ambient 

conditions and under the conditions in which rocks are formed. Besides 
the alpha form, there is also the beta quartz (β- SiO2) however this one 

is stable only at higher temperatures, above 573°C, and converts to α-
quartz on cooling. 

 

The quartz has an elevated demand in eletronic and optical industries. 
Brazil is the major producer of natural quartz in the world, although the 

United States is responsable to produce the quartz with high purity to be 
used in form of lascas, the precursor for crystal of synthetic quartz.    

 

The cristobalite can be found in 25% of flux-calcinated diatomaceous 

earth. Air simples containing cristobalite rarely contains more than traces 
of tridymite. Others sources of cristobalite reported have more than 61% 

of the crystaline product. The cristobalite in the form of calcinated 
diatomaceous earth is used to produce glass, ceramics, abrasives, 

refractories and enamels. In addition to these, is also used in the 
decoloration and purification of oils. 

 

Because quartz and cristobalite are present in sands, granites and 

different rocks that are vastly used in industrial processes, it can occur 
the generation of respirable crystalline silica during some of the 

operations. The definition of respirable crystalline silica is the silica with 
really small particles at least 100 times smaller than the ordinary sand 



 

 

found in beaches. This fine particulate is created during cutting, sawing, 
grinding, drilling and crushing operations of materials such as stones, 

rocks, concretes, bricks, blocks, mortar and/or industrial sand.  

  

The occupational exposure to respirable crystalline silica is common 

especially in bricks, concretes, manufacturing of ceramics and also 

operations using products from industrial sand such as foundries, 
sandblasting and fracking operations in the oil and gas industry that affect 

more than 2 million workers. 

 

The big problem associated with the respirable crystalline silica are the 

risks its presents to human health. Respirable quartz and cristobalite are 
considered carcinogenic according to the International Agency for 

Research on Cancer (IARC) and an occupational exposure can cause 
silicosis (irreversible fibrotic lung disease) and lung cancer.  

  

Besides the two diseases cited above, respirable silica can cause 

tuberculosis, chronic obstructive-pulmonary disease, and affect the heart 
and kidneys. Some factors are determinant for the development of these 

diseases as: the particle size, concentration of exposure, duration of 
exposure and the time of exposure before the diagnosis.  

 

Maxim and collaborators (1999) found that the exposure by respirable 

crystalline silica is related to the installation and removal of refractory 
ceramic fibers (RCF) and conventional refractories containing silica in 

industrial furnaces may have been responsible for the development of 
silicosis because of the exposure to this fine particulate of cristobalite and 

tridymite during furnace-stripping operations. 

 

Based on studies realized in vitro, with animals and with humans the 

recommendation of exposure by ACGIH (American Conference of 

Governmental Industrial Hygienists) has a TLV-TWA for quartz in the form 
of respirable crystalline silica with maximum concentration of 0,025 

mg/m³. This recommendation is a result of the concern about silicosis, a 
possible inflammatory process and the association of the inflammation 

and silicosis with lung cancer.  

 



 

 

Several epidemiological studies were performed in protected employees 
at a concentration of 0,05 mg/m³ and none of them presented any 

alteration in longevity or in the lung function, although part of the 
employees showed radiographic changes consistent with the ILO 

classification of 1/0 or 1/1. In a study accomplished by Steenland and 
Sanderson (2001), they discovered an increase in the mortality risk by 

lung cancer for exposure levels higher than 0,065 mg/m³ of respirable 
silica, indicating that ACGIH could not use the concentration of 0,05 

mg/m³ in their recommendation because it would not be enough to 
protect the workers.  

 

Graham et al. (2004) identified that retirees that used to work in places 

with medium occupational exposure of 0,06 mg/m³ of respirable silica, 
the risk of silicosis was considerable higher when compared to employees 

at or before retirement (7,1% versus 1,2%). Despite the study was 
carried out for retirees, which does not allow the evaluation of the 

subsequently development of the disease in the post-retirement period, 
the ACGIH believes that a concentration of 0,025 mg/m³ will protect 

against the development of silicosis.  

 

Even with all the uncertainties about the past exposures and the detection 
in cases of silicosis, the industries are being oriented to use all necessary 

methods to maintain the exposure levels under the TLV-TWA 
recommendation.  

 

In the case of cristobalite, animal studies showed that this mineral in the 

form of respirable silica produces a more severe fibrotic response than in 
the case of quartz the fibrosis observed is diffuse and not nodular. Based 

on studies in humans, the recommendation of concentration for 
cristobalite by TLV-TWA is also 0,025 mg/m³ in the form of respirable 

silica, the same determined for quartz. Although not shown in the 
epidemiological data, the relation quartz-cristobalite observed by 

Hemenway et al. (1990) in animals warn that cristobalite probably is more 
inflammatory and fibrogenic than quartz.   

 

 

 

 



 

 

The committee of ACGIH recommends the carcinogenic designation A2 
(suspected of being carcinogenic for humans) for quartz and cristobalite. 

There is an epidemiological evidence that exposure levels of respirable 
crystalline silica that leads to silicosis are also associated with increasing 

the risk of development of lung cancer.  

 

The Colombian legislation adopt as occupational exposure limits the same 
as recommended by ACGIH. This is described by the article 154 present 

in the 2400 resolution of 1979.  And because of that, it is important to 
use a higher sensibility method with few interferers since the exposure 

limits for crystalline silica are significant low.  

 

The concentration of respirable crystalline silica must be determined by 

an instrument that allows to see the difference between crystalline and 
non-crystalline forms also using a particle size selective separator as 

specified by ACGIH.  

 

It is important to select the right analytical technique to evaluate the 
exposure by respirable silica. The Comprehensive Evidence-Based Care 

Guide for pneumoconiosis recommends the use of X-Ray diffraction to 
analyze the crystalline forms of SiO2, because it is the only selective 

technique available and the best one since it has higher sensibility and 
does not suffer interference of amorphous silica, which will be in the most 

of cases associated with quartz and cristobalite.  

 

Because the recommended value of concentration for respirable silica is 
0,025 mg/m³, action level equal 0,0125 mg/m³, the sensibility of the 

method to be used for the analysis should achieve lower values than the 
action level, and this is a combination of related limit and sample volume. 

Nowadays, the method reported by NIOSH 7500 uses 5 µg and to achieve 
the value at least equivalent to half of the action level it is necessary to 

use 800 L of sample. This is not an issue if you are collecting 75% of the 
work shift but became a big issue for industrial hygienists to assess the 

exposure for each task performed by an employee. 

 

 

 

 



 

 

Nowadays, the ACGIH requires that the respirable crystalline silica 
sampling be performed by an equipment that matches the specifications 

exposed on the ISO Standard 7708, entitled Air Quality Particle Size 
Fraction Definitions for Health-Related Sampling. The collection efficiency 

curve for respirable silica samplers in this standard includes a 50% 
(median) cut-point of 4 µm. 

  

The collection of air sample can be done with cyclones apparatus, 

responsible to collect the respirable fraction. There are 4 main types of 
this kind of apparatus: SKC, Higgins-Dewell, Dorr-Oliver e SKC G(S)-3. 

In order to have enough sensitivity for task monitoring, a higher sampling 
rate particle-size selector is necessary, and recently, ire made available 

impactors, whose sampling rate can achieve the sensitivity necessary for 
respirable crystalline silica task assessment. 

 

Nevertheless, there are new options of equipment available to collect the 

respirable fractions of silica in the air that obey the rules established by 
ISO Standard 7708 and the ACGIH criteria. These new options are called 

the PPI (Parallel Particle Impactor) samplers, they are personal samplers 
developed to attend the new requirements and matches the collection 

efficiency curve for respirable dust with a 4 µm median cut-point (Figure 
1). 

 
Figure 1. SKC PPI samplers to detect respirable crystalline silica during air sampling. 

  

 



 

 

According to the manufacture, the PPI can be selected by sampling rate 
for the specific applications as: 

 8 L/min respirable PPI: Enhances sensitivity (for short-term and/or 

low concentration sampling) using high flow pumps; 
 4 L/min respirable PPI: Enhances sensitivity and can be used with 

personal pumps; TWA sampling for > 4 hours; 
 2 L/min respirable PPI: 8-hour TWA sampling. 

 The SKC PPI design includes 4 inlets with different sizes to achieve 
a designated cut-point (Figure 2). Therefore, each inlet functions as a 

separate impactor. The performance of each impactor matches part of the 
collection efficiency curve. The crystalline silica collected on final filter 

closely matches the entire curve.   
 

 
Figure 2. The SKC PPI design inside. 

  

The principal advantages of this apparatus are: closely follows ISO/CEN 
Respirable Convention, retention of large particles, inversion does not 

compromise sample, higher flowrates (2 lpm, 4 lpm, 8 lpm) mean that 
lower detection limits are available and reusable and disposable versions. 

 

 

 



 

 

Besides of that, the major advantage of PPIs is to be able to do the 
monitoring in less time, but with enough sensibility to detect silica. 

Therefore, it can act in the exposure control highly directed to each 
activity, which will provide the ability to act only in them saving a lot of 

money. For example, when an exhaust system is installed it is posible to 
put it in the activities identified with higher exposure levels and with this, 

the activities with low levels of exposure will not recquire the use o an 
exhaust system. All lof that is possible because the PPI equipment can 

make a weighted average concentration for the time of each activity and 
with that obtain the weighted average concentration for the entire 

working day.  

 

These samplers are the most modern apparatus in industrial hygiene 
respirable crystalline silica assessment because they are easy to use, 

short term assessment for TWA respirable particulates, and task 
monitoring in order to have a better understanding of the exposure profile 

and the tasks responsible to biased the results higher than the TLV-TWA. 
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