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A:	Introduction	
 

Worldwide, occupational diseases kill more than 2 million people a year, according to the U.N. World 

Health Organization (WHO).  Tens of millions of workers around the world are exposed to silica dust, 

which can cause silicosis.  Silicosis is a chronic lung disease that decreases lung capacity, eventually 

impairs the ability to work, and often results in early death due to complications like heart disease.  

Silicosis also predisposes people to tuberculosis, especially in low and middle income countries, which 

partially explains the high rates of tuberculosis in countries like India. Since 2014, the International 

Agency for Research on Cancer (IARC) has considered two of the most common form of silica (quartz 

and cristobalite) as known human lung carcinogens.1 

“Silica” refers here only to free crystalline silica (formula SiO2) which is found widely in the earth’s crust, 

with quartz being the most common crystalline form.  Silica should not be confused with amorphous 

forms of Si02, such as diatoms, or compounded crystalline forms of silicates, which do not have the same 

detrimental impacts on health as free crystalline silica. 

The American Gem Trade Association (AGTA) contacted Workplace Health Without Borders (WHWB) to 

assist with its pilot project to investigate and propose solutions for potential workplace exposures to 

silica dust in the coloured gemstone processing industry in India.  Specifically, AGTA decided to launch 

this project in the city of Jaipur, Rajasthan, because it is a major centre of production that turns raw 

stones into finished shaped gemstones for use as jewellery.  WHWB was invited by AGTA to participate 

in the Jaipur pilot project because of its previous work in the agate processing industry in Khambat, 

India, where silica dust levels were assessed, and tools were piloted to reduce workplace silica 

exposures. 

Planning for the Jaipur pilot project began in mid 2017, but by late 2017, AGTA had partnered with 

GEMHUB, a multisite research team dedicated to sustainable and ethical production of gemstones.  

GEMHUB deployed researchers from the University of Queensland’s Minerals Industry Safety and Health 

Centre (“UQ”), who are experts at training and education, in the Jaipur pilot project. 

Jointly, a field trip to Jaipur from February 26 to March 6, 2018 occurred to investigate and try dust 

controls that were expected to lead to improved health outcomes among Jaipur’s gemstone workers.  

This report outlines the methods and findings of the investigation and makes recommendations to 

sustain and promote the successes of the pilot project.  

Additionally, a research assistant was left in Jaipur after the field trip, to gather additional information 

about gemstone industry hazards, and results are provided here as relevant to AGTA’s intentions to 

positively impact the gemstone processing industry in India. 

  	

                                                            
1 IARC, https://monographs.iarc.fr/wp‐content/uploads/2018/06/mono100C‐14.pdf.  Accessed October 19, 2018. 
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B:	The	Pilot	Project	and	Follow‐Up	Investigations	
 

AGTA funded and proposed a pilot project to show Jaipur’s coloured gemstone industry ways that could 

be introduced to reduce mineral dust exposure and reduce health risks for the workforce.  Based on 

AGTA’s knowledge and expectations for the conditions in Jaipur factories, the following interventions 

and strategies were proposed: 

 Encourage gemstone processors to use wet techniques during cutting, grinding and polishing of 

gemstones to reduce airborne dust levels generally; 

 Implement workplace cleaning using HEPA vacuums to reduce secondary dust exposures 

(airborne dust exposures caused by dusts that have settled, but become airborne again when 

disturbed by cleaning using sweeping or other dry techniques); 

 Deploy a simple, inexpensive direct reading scientific instrument that could be purchased and 

left behind after the field visit, to allow Jaipur employers to verify that dust reduction 

techniques were successful and sustainable in future; 

 Validate the reductions in dust levels, and the efficacy of the direct reading instrument 

purchased and left behind; 

 Gather information and audiovisuals to be used in future for educating and training the 

gemstone processing employers and workers on the health hazards and ways to control risks. 

WHWB agreed to participate and contribute as outlined below2 

 Advising AGTA and UQ in developing educational materials on prevention of silica exposure, 

videos, and other relevant occupational health information 

 Conducting monitoring at the outset of the project, both with control measures and without 

control measures 

 Provide advice on project implementation, including advising a person based in India who will 

monitor project implementation. 

This report summarizes WHWB findings for the monitoring and validation efforts conducted on behalf of 

AGTA mentioned above. Follow‐up efforts in a laboratory to help interpret measurements in the 

gemstone processing factories were conducted and are included here as relevant to our conclusions. 

In addition, WHWB entered into an agreement with GEMHUB3 to extend the project by funding a 

research assistant to collect data by means of questionnaires, videos to support UQ’s efforts, dust 

measurements (with AGTA’s recommended instruments) and noise measurements.  Training and 

education materials and plans are not discussed further in this report, as the University of Queensland 

has completed that part of the project.  Noise and dust measurements are included here as they are 

relevant to AGTA efforts in sustaining the efforts to improve the health of gemstone workers. 

                                                            
2 Letter to Jeff Bilgore, Doug Hucker, AGTA from WHWB dated January 17, 2018 
3 Letter to Dr. Salim Ali, University of Delaware, from WHWB dated February 21, 2018. 
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C:	Methods	and	Strategies	
 

Pilot	Project	for	Silica	Dust	Control	
 

AGTA recruited a few worksites to participate in the pilot using contacts developed by its members who 

trade in gemstones in Jaipur.  Sites allowed us access to measure dust levels during gemstone 

processing, take observations and, at their discretion, implement additional dust control measures (wet 

processing and HEPA vacuums for cleaning, if needed), so that we could re‐measure dust levels and 

report on the degree of improvement that could be achieved.  

AGTA chose to purchase a particle counter (PCE Instruments model PCE‐PCO‐1) after consulting with 

experts from the US MSHA4 regarding a simple instrument to estimate silica dust levels.  Two such 

instruments were purchased for this purpose and left in India for use after the pilot project was 

completed.  This type of instrument gives an estimate of the number of particles of various size fractions 

after only about a few seconds of use.  Although this “snapshot” measurement has limitations 

(discussed in Section D), it provides an indication of dust levels quickly and responds to changes in levels 

nearly instantaneously, without need for laboratory analysis. The instrument can be cycled to gather 

many datapoints sequentially and record them for downloading afterwards. However, it does not 

specify whether the particles are silica or another material.  Any dust, whether toxic or not, will cause 

the instrument to respond. In addition, the data generated by this instrument cannot be compared to 

any accepted worker exposure limits (discussed below).  

WHWB provided two occupational hygienists for the project who measured dust levels in multiple ways 

to assist in the validation of results and conclusions regarding worker health.  Firstly, air samples were 

collected using validated cyclone and filter technique, which require laboratory analysis to determine 

both the mass of respirable dust (dust that reaches the deepest parts of lung) collected and silica 

content of the dust5.  This was done to estimate the health risks associated with silica dust in a manner 

identical to that recommended by professionals and used by regulators to ensure compliance with 

worker exposure limits. It requires air samples to be collected over a minimum of two hours, and the 

filter samples subsequently sent to a laboratory for analysis, which is a slow and expensive process. 

Another direct reading instrument (TSI Inc. Brand Sidepak model AM‐520) was also used by WHWB, as 

this scientific direct‐reading instrument estimates mass concentration of dust in the air.  As legal and 

scientific exposure limits for silica are expressed in mass per unit volume of air (milligrams per cubic 

metre, mg/m3) this instrument was used to study whether a correlation could be developed between  

the measurements of dust made by the AGTA‐recommended PCE‐PCO‐1 and measurements made in 

units consistent with health‐based exposure limits.   

                                                            
4 U.S Mine Safety and Health Administration 
5 Methods 0600 and 7500 published by the US National Institute for Occupational Safety and Health, available at: 
https://www.cdc.gov/niosh/docs/2003‐154/default.html  Accessed October 19, 2018 
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All three methods (particle counter PCE‐PCO‐1, cyclone/filter, and Sidepak) were deployed side by side 

in fixed locations near workers processing gemstones (and producing airborne dusts) during our site 

visits in February. This was done to help describe how the particle counter compares to the other 

methods which are more appropriate and recommended by hygienists to measure worker exposures to 

dusts, like silica. 

“Respirable dust” is a technical term used to indicate the particle sizes that are capable of depositing in 

the gas exchange region of the respiratory tract.  Dusts that are too large to penetrate to this region of 

the lung are not associated with silicosis and thus were not important to collect for the purpose of this 

investigation. This would exclude about half of the dusts that are 4 micrometers in diameter and all 

dusts greater than 10 micrometers in diameter.  For both methods (Sidepak and Cyclone/Filter) 

recommended by WHWB, we used a standard size selective device to ensure that only the respirable 

dusts were collected and measured. 

 

Follow‐Up	Investigation	Funded	by	GEMHUB	
 

During the pilot project visits to sites picked by AGTA, the team observed high noise levels during many 

of the operations involved in processing gemstones. This led to a decision to conduct a follow‐up 

investigation where a research assistant  was employed to collect data from additional gemstone cutters 

with both the particle counter and a sound level meter app on a smartphone6.  Two questionnaires were 

developed by WHWB and UQ for administration during these follow‐up visits; one to document 

workplace observations, and the other to ask workers about hazards7.  This follow‐up was performed 

between March and September 2018. These sites were recruited based on word of mouth from 

factories and workers who were included in the pilot study, contacts from AGTA, and a local college that 

offers programs to various gemstone trades.  As a “convenience” selection, the sites were not randomly 

selected from the gemstone industry  but included if  they agreed to allow the investigator to enter, 

observe and take notes.  

Sound level measurements were short term, ranging from about a minute or two during the actual task 

being observed.  Results are presented in decibels using A weighting (dBA) which is the accepted 

measurement to understand risk to hearing from excessive noise.  Additional statistical analysis and 

interpretation of the particle counter data is still underway as discussed below, in section D5.   

D:	Results	and	Discussion	–	Pilot	Study	
During the field visit for the pilot, 5 locations were observed; three allowed us to take air samples and 

two of these accommodated us on more than one day. 

                                                            
6 Available from https://www.cdc.gov/niosh/topics/noise/app.html  
7 See Appendix A and B 
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D1.	Gemstone	Types	Encountered	
The table below outlines important physical properties of the  gemstones observed or anticipated 

during our field visits.  

Table 1 

Gem Stone  Specific Gravity Hardness Composition 

Corundum 

Ruby  ~4  9  Al₂O₃ 

Sapphire  ~4  9   Al₂O₃ 

Crystalline Silica Minerals 

Quartz (various 

shades and agate) 

~2.6  7   SiO2 

Chalcedony   2.7  7   SiO2 

Amethyst  ~2.6  7   SiO2 

Non‐Crystalline Silica Mineral 

Opal  2.15  7   SiO2 

Beryl (Beryllium Silicates) 

Emerald  2.7‐2.8  7.5‐8   Be3Al2Si6O18 

Aquamarine  2.7  7.5‐8  Be₃Al₂SiO₆ 

Other Silicates 

Topaz  2.7‐2.8  8  Al2SiO4(F,OH)2 

Peridot  3.2‐4.3  6.5‐7  (Mg, Fe)2SiO4 

Tourmaline  ~3.0  7‐7.5  NaMg3(Al,Mg)6B3Si6O27(OH) 

 

Many of the gemstone types observed are silicates (peridot, beryl, etc.) and oxides (corundum, ruby, 

sapphire), which do not contain “free crystalline silica”.  We did encounter the presence of “lemon 

quartz” and amethyst, which are crystalline silica minerals (with minor impurities that impart colour).  

One location exclusively processed the cryptocrystalline form of silica (chalcedony). As rough stones 



 

Workplace Health Without Borders  - Report for AGTA on Jaipur Coloured Gemstones Pilot 
Project  7 

 

were observed to have little to no “waste” rock affixed to the rough gems, there was no significant 

concern with silica contaminated extraneous materials, only for the gem types themselves being inhaled 

as dust during processing.  

 

D2.	Gemstone	Cutting	Process	
 

The basic steps observed at the gemstone processing facilities visited in February consisted of 

 Sorting (manual inspection) 

 Cutting 

 Shaping and Facet Cutting 

 Polishing 

In the facilities observed, all gemstones were processed wet using water, kerosene and even olive oil, 

due to the reported need for cooling and lubrication to protect the gems from fracturing.  This wet 

processing acts to suppress much of the airborne mineral dusts, by engulfing many of the dust particles 

that can present risk to health and simultaneously enlarging the particle size enough to allow settling.  

No workplaces were found to have visible dust clouds, likely due to this wetting.  However, because of 

the high speed of rotation of cutting or grinding wheels, some fine mist containing mineral dusts was 

suspected to be present in the micron size range, and air sampling performed to determine if crystalline 

silica aerosols were controlled adequately with the wetting techniques employed. 

As no workplaces were found processing gems completely dry, there was no opportunity to intervene 

and test before and after implementing wetting as a dust control, as anticipated (based on the 

information provided by AGTA) during the planning stages of our project.  All workplaces observed 

cleaned floors with wet mopping, which meant that the introduction of HEPA vacuums is unlikely to 

improve control of exposure to dusts during cleaning. Wet mopping of settled dusts promotes 

accumulation on the mop and discourages re‐suspension of dusts into air. 

 

D3.	Air	Sampling	–	Mass	Based	Results	
 

The results of our air sampling using the Sidepak and filter/cyclone methods at the three sites are 

summarized in the table below (with lab results in Appendix C).  The samples were task‐ based, meaning 

that we sampled for a period of time during actual operations, and not for the full work shift.  This is 

commonly done to conservatively estimate worker exposures, as full shift sampling can include breaks in 

the day when workers are typically not exposed to airborne contaminants and thus lead to lower 

results.  
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Table 2 

 

Notes: 
mg/m3 = milligrams per cubic metre of air 
Silica = crystalline silica 
 “<” indicates that results were below the level of detection by laboratory analysis 
 

Acceptable limits  for silica‐containing airborne dusts are typically 0.05 to 0.10 mg/m3 for a full 8 hour 

shift . Traditionally, limits like these were set to protect against silicosis, as silica was not confirmed to be 

a lung cancer risk.  One influential scientific organization8 in North America in 2009 adopted a guideline 

limit for silica of 0.025 mg/m3 for a full 8‐hour shift, which is intended to protect against silicosis and 

reduce cancer risks.  However, the U.S. National Institute for Occupational Safety and Health (NIOSH) 

still publishes a limit of 0.05 mg/m3, which is also intended to protect against silicosis and reduce risks of 

cancer.9   

From Table 2 it is observed that where a gemstone containing pure silica is being cut (results highlighted 

in yellow), airborne levels are below the limits for prevention of silicosis but bordering on concern for 

lung cancer for chronic lifelong exposures.  For polishing, even for the site with amethyst, silica 

measurements were acceptable since below the most stringent limit.  The Chalcedony site, despite 

being 100% silica, also did not result in levels that exceeded the most stringent limit.  The single sample 

from the ruby processing site was not unexpected; no airborne silica was found, confirming the 

observation that any extraneous minerals attached to the raw rubies does not contain appreciable 

amounts of silica.  

For other relatively non‐toxic dusts, historically called ‘nuisance’ or ‘not otherwise classified’ dusts, the 

exposure limit for the respirable size fraction is 3 mg/m3 in many jurisdictions, and higher under U.S. 

OSHA legal requirements. As the highest respirable dust level measured in these sites was 0.3 mg/m3 

                                                            
8 American Conference of Governmental Industrial Hygienists (ACGIH). Threshold Limit Values (2018 ed) 
9 https://www.cdc.gov/niosh/npg/npgd0684.html  Accessed October 19, 2018 

Sidepak/
Cyclone

Duration
Respirable 
Dust

Respirable 
Dust Silica

Minutes mg/m3 mg/m3 mg/m3
1 Cutting Room (amethyst) 113 0.32 0.26 0.05
1 amethyst polish 198 0.153 <0.17 <0.017
1 amethyst cut 173 0.153 0.24 0.025
2 polishing aquaprase 122 0.184 <0.24 <0.024
2 polishing aquaprase 122 0.134 <0.24 <0.024
2 sizing and polishing aqua 144 0.183 0.3 <0.025
2 aquaprase cut 267 0.275 0.15 <0.011
2 aquaprase shape 261 0.13 0.15 <0.011
3 Cutting Ruby 153 0.161 <0.19 <0.019

Filter/Cyclone

Average Concentration

Factory # Location Description
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(10% of the exposure limit), non‐silica containing mineral dusts, which can be considered nuisance 

materials, are not an exposure concern. 

As the Sidepak instrument estimates dust concentration using optical techniques, it is not expected to 

give results identical to the accepted cyclone and filter method.  To see how useful it could be in future, 

the graph below compares results to the mass of respirable dust (not just silica) measured on the filters: 

 

This is visually promising but not precisely matching data between the filter and Sidepak.  These results 

are not totally unexpected as the Sidepak is affected by particle composition, and density, which varied 

among the 3 sites that participated in the study because of differing gemstones being processed.  Also 

there are only 9 data points, and at levels that are generally low (for nuisance dusts, not for silica). 

	

D4.	Air	Sampling	–	Count	Based	Results	
 

The data from the particle counter are not shown in table 2 as these are not directly comparable to the 

health guidelines and limits discussed above.  A snapshot of what the particle counter data look like is 

shown below; 

0
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The numeric data visible in the instrument display indicate the number of particles per unit volume of 

air in various size ranges of interest (all expressed in micrometers (microns); 0.3, 0.5, 1.0, 2.5, 5.0 and 10 

microns.  Ideally to use these counts for comparison to levels of concern for health we would compare 

the cyclone/filter results to the particle counter and derive a simple “correction factor” to interpret the 

particle counter. 

As a first attempt to derive a simple correction factor, we considered that the particle size range of 

concern includes 50% of the particles at 4 microns and increasingly more of the particles as they get 

smaller.  This segregation of particles by size defines the “respirable” size fraction.  As we configured the 

particle counter to repeatedly sample and record results alongside our filter/cyclone, we postulated that 

perhaps the average of particle counts less than 5 micrometers may correlate with the dust level 

determined by the cyclone/filter, which was graphed below; 

 

 

As is visible on the graph and determined by simple statistical means (Pearson correlation coefficient 

=0.29), the particle counter does not always increase with higher dust concentrations in a manner that 
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allows it to reproducibly predict the mass concentration in air.  Thus, no simple means to interpret the 

particle counter data was derived with the limited data we have (9 samples ranging from 2 to 4 hours).  

This is not totally unexpected as the sites sampled had different gemstone types (with different 

densities, composition and potentially thus optical properties) and thus the particle counter may 

respond differently to each type of dust it measures.  

 

E.	Results	and	Discussion:	Laboratory	Work	on	Count‐Based	Dust	
Measurements	
 

As another attempt to convert particle counts to mass‐based results for the pilot data collected in 

gemstone factories, laboratory work was conducted at the University of Toronto in November 2018.  A 

graduate student was recruited to collect short term side‐by‐side measurements.  Two of the dust 

sampling instruments were used in this laboratory experiment; the PCE‐PCO‐1 particle counter and the 

Sidepak.  Silica flour10 , which is pure crystalline silica, was dispersed and suspended in air in a laboratory 

chamber and one‐minute samples taken sequentially by both instruments simultaneously.  These data 

were fitted to an equation to predict the mass concentration from the particle counter data, using 

Sidepak estimates of the airborne silica concentration.  The results and details of the experiment and 

data analysis are included in the student’s report in Appendix D. 

From the laboratory work, we applied the equation derived to convert our pilot study data collected in 

Jaipur.  This is shown below where we compare the predicted mass concentration to the 9 long term 

concentrations measured by filter and cyclone. 

                                                            
10 Imsil brand microcrystalline silica, >98% pure, Grade A‐8, Unimin Speciality Minerals. 
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The resultant correlation (Pearson correlation coefficient = 0.44) does not suggest that our laboratory 

derived equation is sufficient to allow the PCE data to accurately predict silica dust levels from the 

gemstone field data.  Again, this is likely due in part to the variety of gemstone dust in the air where we 

sampled (different density and potentially optical properties compared to the silica flour used in the 

laboratory experiment).  Also, with only 9 field samples it is difficult to get enough data to be sure that 

the method is robust enough to use in future. 

If AGTA wishes to try to use the particle counter for silica, further laboratory and field work is 

recommended to see if trends can be predicted with the instrument.  With further data from 

environments where silica‐containing dust is present in the absence of other interfering dusts, it may be 

possible to screen for high levels of silica in some gemstone processing facilities. 

	

F:	Results	and	Discussion	–		Follow‐Up	Surveys	
	

F1.	Characteristics	of	Sites	Included	in	the	Study	
 

A total of 62 gem processing facilities were recruited into the follow‐up survey.  Tabular results can be 

found in Appendix E.   In total, these sites were visited 169 times.  The average number of workers 

present in these 62 facilities was 4.52, which ranged from 1 to 25 workers per site.  The types of 

gemstones being processed were noted at each visit and are summarized in the graph below. 
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In the sites recruited, silica‐containing gemstones were encountered just over one‐fifth of the time (dark 

blue in the pie chart above), while the majority of gemstones processed did not contain crystalline silica.   

For dust control, only 2 of 62 sites reported doing a task dry, but this was only for cleaning.  All sites 

indicated that they immersed the gems in water or dripped water onto the gems while cutting, polishing 

or shaping.  Thus even when silica‐containing gemstones are being processed, wetting is already widely 

used, which helps to suppress dusts. 

All 62 sites reported using a combination of dry sweeping and wet mopping daily to remove any settled 

dust from the work surfaces and floors.  This indicates that dusts will not accumulate on surfaces to 

become airborne by subsequent disturbance if cleaning is thorough. 

No sites indicated that dust masks or respirators were being used by their workers during gem 

processing nor cleaning. 

 

F2.	Noise	Measurements	and	Controls	
 

The analysis of data from spot noise measurements at a total of 62 gemstone factories visited is 

summarized in the table below, aggregated by task being conducted.  However, not all factories allowed 

measurements, and thus the noise results below were collected where permission was given.  Hence, 

not all tasks were sampled at each of the 62 factories visited. 
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Table 3 

Task  Mean Sound 

Pressure Level 

(dBA) 

Sound Pressure 

Level Range 

(minimum to 

maximum, dBA) 

Number of 

Factories Where 

Measured (n) 

Rough stone 

cutting 

94.9  92‐98  3 

Stone shaping  83.4  74‐99  56 

Stone Polishing  83.0  72‐98  55 

Stone Mounting 

on Polishing Spike 

80.9  74‐88  28 

 

Since these noise measurements were not collected with calibrated scientific instruments, and only are 

short term measurements, they are not directly comparable to health‐based limits.  Health‐based limits 

for excessive noise are based on full shift (8 hour) average sound pressure levels.  However, the results 

are indicative of potential risk to hearing and thus further interpretation is provided.  Many jurisdictions 

suggest an 8‐hour limit of 85 dBA11 for protection of hearing for workers.  Therefore, the data collected 

suggest that shaping, mounting stones on a polishing spike and polishing can present a risk of hearing 

loss for these workers, but not always.  Stone cutting was likely to be a risk for hearing loss as the 

samples collected were consistently well over 85 dBA.  Use of hearing protection in the form of ear plugs 

is expected to provide sufficient protection on average to protect hearing for gemstone workers.  

However, the survey found that no facility provided personal protective equipment (muffs, plugs) to 

reduce noise exposure for its’ workers. 

 

F3.	Worker	Questionnaire		
 

From the 62 gem processing facilities, 75 workers consented to participate individually and provide 

answers verbally posed by the research assistant. Tabular results can be found in Appendix F.    Most 

indicated they worked full time (6 to 8 hours per day) for 6 or 7 days per week normally.  Most have 

worked in the gem processing industry for at least 10 years, and nearly 40% of them had worked over 15 

years in the industry. 

                                                            
11 For example, this guideline is published by the U.S National Institute for Occupational Safety and Health. See 
https://www.cdc.gov/niosh/topics/noise/default.html  . 
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Workers confirmed that wet processing of gems is nearly always done, and that no protective masks or 

respirators are used.  Dust cleaning frequency corresponded to what employers reported (daily) and the 

type of cleaning techniques (dry sweeping and wet mopping) also were reported similarly to what was 

reported by employers in the workplace questionnaire (section F2, above). 

Workers overwhelmingly believe that their workplaces are not noisy, and that the levels in their 

workplace will not harm their hearing.  This is possibly why none indicate that they wear hearing 

protection.  These findings indicate the need to train workers on what levels of noise can harm their 

hearing and how to best protect themselves from the potentially high levels found at specific tasks in 

gemstone processing. 

 

G.	 Key	Achievements	and	Conclusions	
 

Our results indicate that silica may not be a widespread concern in the coloured gemstone processing 

facilities in Jaipur.  Many facilities process gemstones that do not contain silica.  In the sites visited, wet 

techniques for processing (cutting, shaping and polishing) gemstones were already employed and are 

supplemented by wet mopping to clean the workshops which further controls dust exposures.   

In the facility sampled where a pure silica gemstone was processed, dust levels in close proximity to the 

wet cutting process were not high enough to warrant concern for silicosis, and complies with the limit 

designed to reduce lung cancer risk.  Wet polishing, even of the pure silica gemstones, did not result in 

silica levels that require further action to reduce risks to health from silicosis.  This could be verified with 

additional sampling across a broader spectrum of sites to confirm whether this applies generally in the 

industry.  

Based on our results, the use of wetting for cutting, shaping and polishing is already in widespread use 

for coloured gemstones.  In facilities that handle pure silica products (like amethyst), further reductions 

in silica dust levels may be warranted to reduce risk of lung cancer.  These can be achieved by use of 

personal protective equipment (respirators) and/or installation of engineering controls like local exhaust 

ventilation.   

Based on a non‐random survey of 62 gemstone factories, noise exposure during gemstone processing 

may present a risk of hearing loss.  Workers could be protected by use of hearing protection such as ear 

plugs, which substantively reduce noise exposures .  Any worker in close proximity to noisy cutting tasks 

should be trained about the hazards of noise, and informed about how to protect their hearing. 

Through laboratory testing, we have derived an equation for converting results from the particle 

counter to mass‐based concentrations.  However, when applied to our field results, the correlation was 

weak.  Therefore, while the  particle counter may be useful for before‐and‐after measurements to 

assess dust control effectiveness, it may not prove helpful or easy to interpret for screening facilities 

that have silica concerns.  Further laboratory testing is recommended if AGTA wants to recommend this 
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type of instrument to screen for levels of concern to health.  This will also require the user to recognize 

which gemstone types contain silica, so that the instrument can be used in an environment where 

results are not impacted by other dusts in air that arise from non‐silica materials. 
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APPENDIX	A	–	Workplace	Observations	Questionnaire	
Gemstone Dust Exposure and other Health Hazards – VISUAL OBSERVATIONS OF 

WORKPLACES 

Business Name____________________________________________________________________ 

ADDRESS  ______________________________________________________________________ 

Factory #  ___________________(assigned by Sid) 

Survey date ________________________ 

1. Total Number of Worker Present __________________________________________ 

 

2. How Many workers are doing the following: 

 

Job Description  Number of 

Workers 

Number of 

workers sitting 

on floor 

Number of 

Workers on 

Seat or 

bench 

Number 

of workers 

standing 

Dust Controls 

Observed (see 

coding below) 

Manager or 

Owner 

         

Grading, 

inspecting stone 

or finished gems 

         

Rough Stone 

cutter 

         

Rough Stone 

Shaping 

         

Stone Facet 

cutting  

         

Polishing Stones           

Mounting stone 

on metal spike 

         

Distributing or 

moving gems 

         

Cleaning           

Drilling holes           

Other: Specify 
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Dust Control Coding: 

D = dry 

WD = water drip, with rubber tubing 

WI = wet immersion, with wheel partially submerged in water reservoir 

WS = wet the stone by dipping in water before applying stone to wheel 

CO =  Chrome oxide (green paste) applied 

OM = oil (eg olive oil, hair oil) manually applied with fingers 

KM = kerosene or mineral spirits, manually applied with fingers 

RP = respiratory protection  

SM = surgical mask 

FM = cloth over the face 

 

3. Gem Stone Types: (Check all that apply DURING the site visit) 

 

 Topaz, Periodot (Fe silicates) 

 Aquamarine, Morganite Emerald (“Beryl”) 

 Ruby, Sapphire (all colours) = “Corundum” (Al2O3) 

 Amethyst (purple or other colours) 

 Quartz, Chalcedony, agate 

 Rutile (star sapphire, star ruby) 

 Other  (describe): _________________________________________________   

 

4. ASK OWNER/MANAGER: 

 

 How is settled  dust waste cleaned and disposed of? Check all that apply.  

 Sweep or shovel dry dust 

 Wet mopping 

 Wash down the drain 

 Not specially disposed, just removed from immediate work area 

 Other (describe):______________________________________________ 

 

 

 How often is  settled  dust waste cleaned and disposed of?   

 Never 

 Once per day 

 Once per week 

 Other (specify) ____________________________________________ 

 

 If Dust if cleaned, when is it cleaned and disposed of?   

 Beginning of day 

 End of day 

 Other (specify) _____________________________________ 
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Noise and Lighting: 

Job 

Description 

Noise Levels 

Measure (dBA) 

Lighting Levels 

(lux) 

 

Noise Controls Observed (see coding 

below) 

Grading, 

inspecting 

stone or 

finished gems 

     

Rough Stone 

cutter 

     

Rough Stone 

Shaping 

     

Stone Facet 

cutting  

     

Mounting 

stone on metal 

spike 

     

Distributing or 

moving gems 

     

Drilling holes 

 

     

Other: Specify 

 

     

Hearing Protection Codes: 

EP = ear plugs 

? Other ________________________________________________ 

Ergonomics/Posture 

Note any aids for ergonomics  (check all that apply) 

 

 Knee support 

 Sit on a  cushion or blanket 

 Arm rest for work at benches 

 Back rest on chairs/stools 

 Stretch  breaks often, as work permits 

 

 

Other ______________________________________ 
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APPENDIX	B	–	Worker	Questionnaire	
Gemstone Dust Exposure and other Health Hazards 

Notes to surveyor: 

The purpose of this survey is to collect information on awareness and experience of gemstone workers 

to health hazards.  It is important to identify who answered these questions so we can follow up at a 

later time to see how things have changed. 

Use a five digit code (e.g. 12345) to protect the participant’s anonymity, and keep page 2 and 3 of this 

survey separate from page 3‐8 after collecting the answers.  

Survey participant (name)__________________________________  

Five digit code  identifier _____________________________ 

Factory #  ___________________(Industrial estate, home or small factory”office” 

Survey date ________________________ 

______________________________________________________________________________ 

Informed Consent Guidance Script and Record for Awareness Survey 

You are invited to participate in a survey to better understand health hazards  at your workplace.  This 
study will be collected by the following 
• The University of Queensland (Australia)  
• Workplace Health without Borders  (“WHWB”) in Canada  
• AGTA 
 
We may want to do a follow‐up survey in the future, and this is why we are recording your name. Your 
participation in this study is completely voluntary, and can be withdrawn at any time.  Just let us know 
verbally if you want us to stop the questions and leave. The scientists intend to publish the study and its 
results in a journal. We will not share your name or personal identification with anyone outside of the 
study, including in the written report. 
 
Do you have any questions? (Concerns and questions are to be addressed and documented on the back 
of this form).   
 
If you have further questions or concerns you may contact the Office of Research Ethics at the 
University of Queensland, at ethics.review@ or phone number (write this down for them if they ask) 
 
Do you agree to participate in the study as just described?  Yes  ________  No _____ 
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Five Digit Code __________________________________  

1. Please indicate:  

 Male 

 Female 

 

2. What work are you doing at present (check al that apply)? 

 Owner/manager 

 Rough Stone cutter 

 Shaping stone 

 Faceting 

 polishing 

 Attaching stone to metal rod 

 Supervisor/work distributor/quality control 

 Driller 

 Cleaning 

 Other Specify ________________________________________________ 

 

3. From where do you work now? 

 Home 

 Employer’s Home 

 Employer’s Factory 

 Other (describe): _____________________________ 

 

4. How long do you work each day? 

 3	Hours	or	less	

 3‐6	Hours	

 6‐8	Hours	

 >8	Hours	

5.		How	may	days	per	week	do	you	work?	
	
________________	number	per	week	typically	
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6. Please indicate your age range:  

 Under 20 years old 

 20‐29 years old 

 30‐45 years old 

 46‐60 years old 

 Over 60 years old 

 

7. What is your highest level of education? 

 None 
 1‐8 years 
 More than 8 years  Specify highest level achieved:_________________________ 

 
8. Can you read? 

 Yes 

 No 

 

9. For how long have you been working in the gemstone industry? 

 0‐5 years 
 5‐9 years 
 10‐15 years 
 More than 15 years 

 
10 . Do you think that breathing workplace dust can be harmful to health? 

 Yes 

 No 

 Not sure 

 

11.  If Yes to Question 10, how did you learn that workplace dust could be harmful? Check all that apply.  

 Friends/Family members 

 Other workers 

 Doctor/heath workers 

 Newspaper 

 Government 

 Employer 

 I don’t remember   

 Other: _____________________________ 

 

 

12.  If Yes to Question 10, which dust can be harmful to health? Check all that apply. 

 Dust that is visible in the air 

 Very small/fine dust in the air, even if not visible 

 Don’t know  

 Other (describe): ___________________________________________________ 
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13. Is the air where you work dusty when working? 

 Yes, a lot  

 A little 

 No, not at all 

 

14.  What do you think are good ways to minimize the dust someone breathes in? Check all that apply. 

 Fan that blows dusty air away from worker 

 Water drip on the wheel 

 Wet the wheel by applying water with your fingers 

 Wetting the stone by dipping in it water 

 Enclose/cover the equipment 

 Move others into a different room away from indoor  

 Dust Mask  (if mask, note type used  – surgical □   or disposable respirator  □ ) 

 Scarf or cloth around mouth and nose 

 Other (describe)   ____________________________________________________________ 

 

AWARENESS MESSAGE:  

It is the very fine smallest dust particles, even those not normally visible, that reach the deepest part 

of the lungs and can cause damage. 

Therefore you and your co‐workers  must be protected from all  dust, but most importantly the very 

finest dust.  

This is also the dust that is hardest to capture with cloth, jute bags and enclosures that are not sealed.   

15. In your workplace, do you use any methods to reduce the amount of dust you and/or your co‐

workers breathe in? 

 Yes, all the time 

 Sometimes  

 No, not at all 
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16. If yes OR sometimes to question 15, which methods do you use? (check all that apply) 

 

 Fan that blows dusty air away from worker____________months 

 

 Water drip on the wheel  __________________________months 

 

 Wheel is partially immersed in water all the time ______________months 

 

 Wetting the stone when cutting or polishing _______________month 

 

 Enclose/cover the equipment  ____________________months 

 

 Move others into a different room away from dust _______________month 

 

 Dust Mask  ________________months 

 

 Scarf or cloth around mouth and nose  _________________months 

 

 Other  (describe): ___________________________________          _______months 

17. How long have you been using these methods? (Write number of months beside method above) 

 

18 . If sometimes or no to question 15, why don’t you use methods to reduce the amount of  dust you 

breathe in? Check all that apply. 

 

 I do not think dust is unhealthy  

 Employer doesn’t provide anything 

 I do not think it makes a difference 

 It is too expensive 

 It is too time consuming 

 It reduces my production  

 I don’t know 

 Other (describe): _________________________________________________ 

 

 

19. How is settled  dust waste cleaned and disposed of? Check all that apply.  

 Sweep or shovel dry dust 

 Wet mopping 

 Wash down the drain 

 Not specially disposed, just removed from immediate work area 

 Other (describe):______________________________________________ 
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20. How often is  settled  dust waste cleaned and disposed of?   

 Never 

 Once per day 

 Once per week 

 Other (specify) ____________________________________________ 

 

21. If Dust if cleaned, when is it cleaned and disposed of?   

 Beginning of day 

 End of day 

 Other (specify) ______________________________________________ 

 

Noise: 

22. Do you think that noise levels in your workplace are high?   

 Yes 

 No 

 

23. Do you think that noise levels in your workplace can cause harm to your hearing?   

 Yes 

 No 

 Not sure? 

 

AWARENESS MESSAGE:   

 High levels of noise can cause loss of hearing or other problems, like ringing sounds in the ears even 

when there is no noise.  Once your hearing is lost, you cannot be treated to make it better. 

24. Have you ever worn hearing protection devices?   

 

 Yes, which type __________________________________________ 

 No 

 Not sure? 

 

25. If yes to Question 24, how long have been using hearing protection devices?   

 

 Months (specify)  _______________________________ 

 

 Years (specify)   ___________________________ 
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Ergonomics/Posture 

26. In which position do you normal work?   (check all that apply) 

 

 Sitting on the floor 

 Sitting on a chair or bench 

 Standing 

 

27. If the answer to Question 26 is sitting on the floor; Do you normally work with the following?   (check 

all that apply) 

 

 A knee support to hold your knee up 

 Sit on a  cushion or blanket 

 I get up and stretch whenever I feel stiff or uncomortable 

 

 

 

______________________________________________________________________ 

Thank you very much for your time; your input is greatly appreciated. 
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	APPENDIX	C–	Lab	Results	for	Filter	Samples	
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APPENDIX	D	–	Laboratory	Work	to	Convert	Particle	Counter	to	Mass	Concentration	
 

Estimating	Concentration	Using	a	
Particle‐Counting	Dust	Monitor	
CHL7001H F Directed Reading  
November 26, 2018 
Adam Debly 

 

Executive Summary 

 

Direct reading monitors represent a common means of collecting high‐resolution information on silica 

dust levels in the air for purposes such as compliance testing and control implementation. The purpose 

of this experiment was to develop a process to calculate a concentration in milligrams per cubic meters 

based on the output data from the Particle Counter PCE‐PCO 1 (PCE Instruments UK Ltd.).  Silica dust 

was generated by aerosolizing A‐15 silica flour inside a calm air dust chamber while measuring dust 

concentration using a DustTrak 8520, a DustTrak 8533 and a PCE‐PCO 1. Based off experimental data, a 

function was created to predict concentration using PCO 1 data. The accuracy of this tool was verified by 

comparing predicted concentration with actual concentration using t‐testing and linear regression. 

Based on the results, it can be concluded that the functions generated represent a suitable method of 

estimating silica mass concentration using PCO 1 particle count data. To address methodological 

limitations in this investigation, the function generated should be verified in test conditions more 

reflective of real‐world exposure conditions. 
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Introduction 

Crystalline silica is a chemically inert mineral commonly found in rocks and used extensively in abrasives, 

building materials, metal processing and many other areas (Yassin, Yebesi, & Tingle, 2005). When 

powdered and aerosolized, crystalline silica represents a serious inhalation risk, having the potential to 

cause silicosis in highly exposed individuals (Yassin et al., 2005). Both the particle size and concentration 

are critical in assessing the risk of airborne silica (Yassin et al., 2005). Millions of workers are exposed to 

silica worldwide, and it is imperative that adequate tools are available to assess the severity of 

exposures and inform exposure reduction strategies (Yassin et al., 2005). Most regulatory bodies set 

limits for the respirable fraction of crystalline silica, in units of milligrams per cubic meter. The National 

Institute for Occupational Safety and Health (NIOSH) and the American Conference of Governmental 

Industrial Hygienists (ACGIH) both report occupational exposure limits of 0.05 mg/m3 for respirable 

crystalline silica (Yassin et al., 2005). 

The Particle Counter PCE‐PCO 1 is a low‐cost handheld laser particle counter intended for indoor air 

quality assessment or analysis of potentially hazardous aerosols (PCE Americas Inc., 2018). Although the 

instrument returns the particle count in each of 6 particle size ranges, it does not return mass 

concentration for any fraction of dust. A similar instrument by PCE is now available, the PCO 2, which 

does indicate a mass concentration for aerosols sampled (PCE Americas Inc., 2018). However, there is 

currently no method of estimating concentration from previously recorded PCO 1 data. PCE’s series 

particle counter software does not allow for the derivation of concentration from existing PCE‐PCO 1 

data (PCE Americas Inc., 2018). 

Representing PCO 1 results in units used by dust monitors and regulations worldwide would allow users 

to interpret PCO 1 measurements much more effectively. It would also make the results of this 

instrument much more useful when assessing sources of exposure, methods of exposure control, or 

communicating results to non‐professionals. Importantly, this functionality would allow for more 

meaningful re‐analysis of data collected using PCO 1 monitors. Overall, adding a mass concentration 

output to this generally effective instrument would address its most substantial shortcoming. 

The purpose of this study was to develop and test a means of converting existing particle count data 

collected using a PCE‐PCO 1 instrument to mass concentration data for silica aerosols.  

 

Materials and Methods 

Direct Reading Instruments 

The PCO 1 returns the number of particles in six non‐overlapping size ranges: 0.3 µm, 0.5 µm, 1.0 µm, 

2.5 µm, 5.0 µm, and 10 µm. The instrument is only 50% efficient in counting particles less than 0.3 µm or 

below. These size fractions are not clearly defined within the manual for this product or in information 

available on the product’s website (PCE Americas Inc., 2018).  Because of this, there is uncertainty as to 

what particle sizes each of these ranges truly include. However, it is clear when using the instrument to 
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measure an aerosol with different sized particles that the smallest size ranges always have the highest 

number of particles, and no size range ever has more particles than one below it in size. This indicates 

that the ranges are non‐cumulative or non‐overlapping. For example, this would mean that the 0.5 µm 

range includes particles greater than 0.3 µm in aerodynamic diameter but equal to or below 0.5 µm.  

 

The maximum sample number of the PCO 1 in one run is 100 measurements. The minimum interval 

between tests was three seconds. It appears that this instrument double‐counts all interval periods, 

resulting in a recorded sample length of approximately 66 seconds for each sample. 

 

The TSI DustTrak 8533 reports the concentration of PM1, PM2.5, PM10, and the respirable and total 

dust fractions. The cyclone‐equipped TSI DustTrak 8520 was set up to record concentration for the 

respirable fraction. To match the PCO 1, both DustTraks were set to a log interval of one minute and set 

to collect 100 measurements.  

Dust Chamber Measurement Procedure 

A standard laboratory fume hood was used for the experiment by fully lowering the sash and sealing all 

openings. Instruments were placed beside each other near the center of the fume hood (Figure 1). 

 

 

Figure 1. Dust chamber, aerosol generator, and direct reading instruments prior to experiment. 

The silica aerosol was generated by placing approximately 20 g of A‐15 silica flour into an 

SKC Pyrex® glass bubble tube from a glass midget impinger. The dispersion tube was replaced onto the 

tube and air was forced down the dispersion tube through tigon tubing running from a small compressor 

to the impinger inlet. When activated, the turbulence inside the impinger tube would aerosolize the 

silica dust and force the dust out horizontally from the impinger outlet port. After each addition, a small 
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axial fan was activated briefly to distribute the aerosol throughout the chamber. When the DustTrak 

reading decreased to 0.009 mg/mg, more dust was generated. 

Data Processing 

 

TSI TrakPro software version 4.7.1.0 was used to download data from both the DustTrak 8520 and 8533 

to output ASCII data files. To export the PCO 1 data, PCE’s series particle counter software version 

1.1.1.0 was used to combine the individually stored samples into a single data frame. All further data 

analysis was conducted within RStudio version 1.1.453. 

 

Concentration Function Development 

Because the DustTrak 8520 and 8533 returned virtually identical results, only the results of the DustTrak 

8533 were used to develop and corroborate the calculations. For the purpose of this experiment, it was 

assumed that particles were perfectly spherical with a density of 2.65 g/cm3 (National Toxicology 

Program, 2009). 

 

Equation 1. Summary of function for calculating the concentration contributed by each size range sampled by the PCO 1. Note 
that this equation is applied to all size ranges from 0.3 µm to 5.0 µm, and the products summed to combine all size ranges. 

ܼ ൌ ሺܹ ൈ ܥ ൊ ܸሻ ൈ ൬ܪ ൈ
4
3
ߨ ൈ ሺ2/ܦሻଷ൰ ൈ ሺߩ ൈ Nሻ 

 

Name  Value  Description 

Z  Variable  Concentration contributed by each size range (mg/m3) 

W  Variable  Weighting factor based on the respirable convention 

C  Variable  Particle count for size range 

V  0.00283 m3  Air volume sampled by the PCO 1 (2.83 L/min) in 60 seconds 

H  10ିଵଶ	ܿ݉ଷ/݉ߤଷ  Conversion factor for cubic centimeters from cubic micrometers 

D  Variable  Titular aerodynamic diameter of each size range 

 ࣋ 2.65 g/cm3  Density of silica 

N  10ଷ	ሺ݉݃/ܿ݉ଷሻ/ሺ݃/ܿ݉ଷሻ  Conversion factor for milligrams from grams per cubic centimeter 
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To convert the number of particles in six size ranges measured by the PCO 1 into a format comparable to 

the respirable convention, weighting factors were created for each of the size ranges from 0.3 µm to 5.0 

µm. Using the respirable particulate curve from ISO 7708:1995, a weighting factor was approximated for 

each of the size ranges (Figure 2). The 10s µm was excluded from all calculations, as it would receive a 

weighting factor of zero (Figure 2). 

 

 

Figure 2. Respirable particulate curve, showing the percentage of total airborne particles for all relevant size ranges measured 
by the PCO 1, adapted from ISO 7708:1995. 

To calculate the number of particles per cubic meter, this weighting factor was multiplied by the number 

of particles in each range and divided by 0.00283 m3, the volume of air analysed by the PCO 1 per 

sample (Equation 1). Next, the volume per particle was counted by converting the titular diameter of 

each size range into a sphere measured in cm3 (Equation 1).  Finally, this was multiplied by the density of 

silica in milligrams per cubic centimeter (Equation 1). This approximation of concentration was 

calculated by minute for 100 PCO 1 samples and matched by time with DustTrak 8533 concentration 

measurements. Data from both instruments were ln‐transformed and compared using a linear 

regression (Figure 3). 
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Figure 3. Linear regression of ln‐transformed 88 DustTrak concentration samples time‐matched with 88 concentrations 
calculated from PCO 1 particle count information, showing a high degree of correlation. 

The coefficients of the linear equation relating the two ln‐transformed variables were incorporated into 

a function to convert the sum of concentration contributed by each size range (mg/m3) of the PCO to a 

mass concentration reflecting DustTrak data, and by extension, true aerosol concentration (Equation 2).  

 

Equation 2. Conversion function to estimate Y, actual concentration (mg/m3) by Z, the summed output of Equation 1 for each 
size range of PCO 1 data from 0.3 µm to 5.0 µm.  

ܻ ൌ ݁൫ሺ଻଺ହ଴	୪୬ሺ୞ሻ	ା	଺଺ହଽሻ/ଵ଴଴଴଴൯ 

	

Concentration Function Testing 

The combined efficacity of equations one and two was assessed by repeating the aerosol generation and 

testing procedure described previously and comparing calculated concentration with concentration 

measured by a DustTrak 8533.  

After normality verification using Shapiro‐Wilk testing for both the predicted and actual concentration, 

they were compared using a Wilcoxon rank sum test. The analysis was limited to DustTrak readings 

below 3.5 mg/m3, as values above this were rare in the original dataset and thus unlikely to be predicted 

accurately. In addition, pure silica aerosols of this concentration would not be reflective of real‐world 

exposure situations. 
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Results 

Predicted and actual concentration were not normally distributed according to Shapiro‐Wilk tests (p= 

2.208e‐15 and p= 1.144e‐14 respectively). When ln‐transformed, neither the predicted nor the actual 

concentrations were normally distributed according to Shapiro‐Wilk tests (p=0.00049 and p=9.736e‐06 

respectively). As a result of the non‐normality, a nonparametric Wilcoxon rank sum test was applied to 

the untransformed data. 

Based on the results of the paired Wilcoxon rank sum test of the predicted and actual concentration, the 

alternate hypothesis that the true mean difference in the pairs is not equal to zero was rejected (p= 

0.4004). Based on the test, it can be concluded that there is no statistically significant difference 

between actual and predicted concentrations. 

The predicted mean concentration of 0.372 mg/m3 was very similar to the actual concentration 

measured by the DustTrak 8533 of 0.322 mg/m3. Overall, the predicted concentration data appeared to 

be very similar to the actual concentration measured using the DustTrak 8533 (Figure 4). 

 

 

Figure 4. Concentration (mg/m3) measured using a DustTrak 8533 and predicted concentration (mg/m3) estimated using PCO 1 
particle count data, 

When viewed over time, the overall trend in predicted and actual concentration appear to demonstrate 

a very high degree of agreement (Figure 5). However, higher concentrations appeared to be predicted 

with less accuracy than low concentrations (Figure 5). 
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Figure 5. Concentration (mg/m3) measured using a DustTrak 8533 matched by time with predicted concentration (mg/m3) from 
a PCO 1, using sample number as a proxy of time. 

Comparison of the ln‐transform of the predicted and actual concentrations using linear regression also 

demonstrates a high degree of correlation and similarity (Figure 6). The line of best fit generated using 

the least squares method has an approximate slope of one and an approximate intercept of 0, indicating 

that actual concentration is approximately equal to actual concentration (i.e. y=x). In addition, the R 

squared value of 0.86 indicates that the data are closely fitted to the regression line (Figure 6). 

 

 

Figure 6. Linear regression of ln‐transformed 89 DustTrak concentration samples time‐matched with 88 concentrations 
predicted using PCO 1 particle count information, showing a high degree of correlation. 
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Discussion 

Based on the results, it can be concluded that the functions generated represent a suitable method of 

estimating silica mass concentration using PCO 1 particle count data. This was supported by 

nonparametric testing, linear regression and observation of data collected over time. 

This experiment was complicated by differences in the method of storing time in TSI and PCE 

equipment. TSI equipment labels concentration readings consistently in 60 seconds intervals. This is not 

the case with the PCO 1 even when sample duration is set to 60 seconds with a minimum delay of 3 

seconds between samples. In this instance, samples are approximately 66 seconds long, possibly from 

counting the three‐second delay period twice and the 60 second sampling period once.  Aside from this, 

the difference between subsequent samples was not identical for all samples in the run. Functionally, 

this led to some one‐minute samples behind slightly longer than others. One solution to this issue would 

be to generate aerosols that are consistent over time, or to develop advanced methods to synchronize 

PCE and TSI data. The differences in which these instruments store time made it challenging to ensure 

that samples truly occurred in the exact same time period. This likely had the effect of reducing the 

association between predicted and actual concentration by incorrectly paring some points (Figure 5, 

Figure 6). This would have the effect of reducing the association found in the linear regression of 

predicted and actual concentration (Figure 6). Similarly, imperfect time synchronization of the 

instruments likely biased the Wilcoxon rank sum test of the data towards the alternate hypothesis. 

Due to the preliminary nature of this investigation, numerous limitations intrinsic to the experiment 

should be acknowledged. For simplicity, single PCO 1 runs were used to develop and test the conversion 

function, comprising of approximately 90 points each. This was acceptable, but more accurate 

predictions are possible by combining multiple sampling runs. 

For simplicity in all calculations, the titular aerodynamic diameter (e.g. 0.5 µm) ascribed to each size 

range was assumed to be reflective of all particles for its respective range. An alternate method would 

be to set the particle diameter for each range equal to the value halfway between its titular diameter 

and the bin below. For example, 0.75 µm could be used as the actual particle diameter for the 1.0 µm 

range. This was not done, as the specific size range of particles in each bin for a given sample is 

unknown, and the true definition of each bin itself also remains unknown. This may have led to 

inaccuracy in the estimation of particle volume, but the likelihood and effect of this are unknown. 

The simplistic method of aerosol generation resulted in a “boom and bust” silica concentration over 

time, with very high concentrations directly after dust addition (Figure 5). This is not reflective of all 

exposure scenarios and may have introduced experimental error from the presumably different 

response times of the two instruments that would not arise when measuring a more consistent 

concentration over time. 

Because of the small, still‐air chamber used in testing and validation, the degree to which function 

generated applicable to real‐world exposure scenarios remains unclear. In addition, experiments were 

conducted using pure silica aerosols, which may not reflect all dust compositions encountered. Because 
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the conversion function was only tested below a concentration of 3.5 mg/m3, it may not be applicable 

to higher concentrations, in the event that a pure silica aerosol is encountered in that concentration. 

The results suggest that equation one adequately produces an estimate of mass concentration using 

particle count. The efficacity of the two equations together should be verified in test conditions more 

reflective of real‐world exposure conditions with more comprehensive time‐handling methods. Further 

testing should include larger room sizes, longer test lengths, and consistently low silica concentrations.  

In addition, the effect of non‐silica particulates on mass concentration estimates should be investigated. 
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APPENDIX	E	–	Tabular	Results	from	Workplace	Data	Follow‐Up	
Survey	

See attached excel file entitled, “Factory combined 8jan2019” 

 

 

 



 

Workplace Health Without Borders  - Report for AGTA on Jaipur Coloured Gemstones Pilot 
Project  43 

 

APPENDIX	F	–	Tabular	Results	from	Worker	Follow‐Up	Survey	

 

 

See attached excel file entitled, “Worker Survey cleaned” 

 

 

 

 

 



Sheet1

						Gem Stone Type(s) - mark with "X"												Number of Worker Present																				Dust Control Code																Waste Removal - How?
Mark with "X"								Waste Removal - How OFTEN?								Noise Levels (dBA)														Respiratory Protection						Seating						Hearing Protection

		Factory #		DATE		Iron Silicate (topaz, peridot)		Beryl (aquamarine, emerald)		Corundum (ruby, sapphirre)		Quartz, chalcedony, agate		Rutile		OTHER		total		manager		grading, inspecting		rough stone cut		rough stone shape		polishing		mounting stone on spile		distributing or moving stone		cleaning		drilling holes		grading, inspecting		rough stone cut		rough stone shape		polishing		mounting stone on spile		distributing or moving stone		cleaning		drilling holes		Sweep or shovel		wet mop		wash down drain		just removed, nothing special		Never		Once per day		once per week		other		grading, inspecting		rough stone cut		rough stone shape		stone facet cut		mount on spike		polish		other		Mask		Cloth on the face		Other		Bench		Chair 		On the floor		Ear Plugs		Ear Muffs		0.3 um 		0.5 um 		1.0 um 		2.5 um 		5.0 um 		10 um 		Conc (mg/m3) using silica conversion factor		where sample taken		distance of sample collected from source		distance of sample collected from receiver		other hazards present?

		1		Feb-25																																																																																																221107.5		79739.5		12495		2338.5		619		206.5		0.116		outdoor

		1		Feb-25						x		x						5				1				2		2										om				ws		km										x		x		x						x						79				83,83						81,80				No		No								5		No		No		180114.5		63702		10022		1853.5		510		177		0.098		facet cutting(rough stone shape)		15-20 cm		20-25 cm		slippery surface due to water spread

		1		Feb-25																																																																																																210675		74371.5		11006		1895.5		463		155.5		0.096		polishing		15-20 cm		20-25 cm		Ergonomic

		1		Mar-05						x		x						6				1				3		2										om				ws												x		x		x						x						78				84,82,83						81,82				No		No								6		No		No		234329.5		67593		24697.5		2379.5		852		219.5		0.131		outdoor

		1		Mar-05																																																																																																200280.5		71051		10837		1905.5		479		160.5		0.098		facet cutting(rough stone shape)		15-20 cm		20-25 cm		Ergonomic

		1		Mar-05																																																																																																180114.5		63702		10022		1853.5		510		177		0.098		Polishing		15-20 cm		20-25 cm

		1		Apr-05								x						5				1				2		2										om				ws												x		x		x						x						79				83,82						80,81				No		No								5		No		No		221747		77812.5		12566		2545		759		251.5		0.129		outdoor

		1		Apr-05																																																																																																180114.5		63702		10022		1853.5		510		177		0.098		facet cutting(rough stone shape)		10-15 cm		15-20 cm		Ergonomic

		1		Apr-05																																																																																																43280.5		170478		36824.5		8019.5		2154		774		0.299		Polishing		10-15 cm		15-20 cm

		1		Apr-05																																																																																																187171		66983.5		10680		1867		465		165		0.096		Rough stone shape		10-15 cm		15-20 cm

		1		Apr-05																																																																																																579954		160068.5		17442.5		2408		644		280.5		0.119		Polishing		10-15 cm		15-20 cm

		2		Mar-06								x		x				10				1		2		4		3										om		wi		wi		co										x		x								x						85		92		91						87				No		No				2		1		7		No		No		172774.5		48029		6872.5		1168.5		401		127		0.075		outdoor

		2		Mar-06																																																																																																241482.5		94032.5		19001		4494.5		1925		638		0.228		Rough stone cut		20-25 cm 		25-30 cm		Ergonomic

		2		Mar-06																																																																																																284734.5		107825.5		20701.5		4518.5		1591.5		536.5		0.212		facet cutting(rough stone shape)		20 cm		25 cm

		2		Apr-06								x		x				9				1		2		4		2										om		wi		wi		co										x		x								x						86		90		93						86				No		No				2		1		6		No		No		260010.5		12071		15136.5		2885.5		939		279		0.146		outdoor

		2		Apr-06																																																																																																343995.5		133669.5		27768		6122.5		2116		711		0.265		Polishing		15-20 cm		20 cm		Ergonomic

		2		Apr-06																																																																																																350940		134565.5		28451		6055.5		1910		648		0.255		facet cutting(rough stone shape)		20-25 cm 		20-25  cm

		2		Apr-06																																																																																																1006638		388826		87684.5		18450		5585.5		1598		0.589		Rough stone cut		20-25 cm 		25-30 cm

		3		Mar-07						x								1								1																wi												x		x				x				x										84										No		No								1		No		No		435318.5		182765.5		54286.5		13785.5		2756.5		804.5		0.415		outdoor

		3		Mar-07																																																																																																180547.4		170750		37934.6		10100.2		4411.7		1760		0.426		Rough stone shape		10-15 cm 		10 cm 		Ergonomic

		3		Apr-07						x								1										1																co										x		x				x				x										86										No		No								1		No		No		450593		176033.5		39344.5		8187.5		1647		588		0.279		outdoor

		3		Apr-07																																																																																																664746		250568		58763		13770.5		2663.5		778		0.412		Polishing		15 cm		15-20 cm

		4		Apr-07						x								3										3																co										x						x				x																83				No		No								3		No		No		73721.5		28641.5		6172		1805		764		375.5		0.113		outdoor

		4		Apr-07																																																																																																161747.8		68904.2		14720		3727		1311		635		0.183		Polishing		15 cm		15-20 cm		Dust exposure, chrome oxide powder

		5		Mar-12		x						x						4								1		2		1												wi		co		ag								x		x				x				x										83				78		85				No		Yes				4						No		No		79062		25264.5		4755		1214.5		526		243		0.084		outdoor

		5		Mar-12																																																																																																118183.5		40591.35		7887.5		1936.4		655.5		292		0.109		Rough stone shape		10 cm		5-10 cm		Ergonomic.

		5		Mar-12																																																																																																154642.5		45793.5		7240.5		1344		400		190.5		0.079		Polishing		25 cm		10-15 cm		Skin Absorption. (chrome oxide)

		5		Apr-20				x		x								4								1		2		1												wi		co		ag								x		x				x				x										85				80		84				No		No				4						No		No		247434.5		98964		25262.5		6999		2096		760		0.280		outdoor

		5		Apr-20																																																																																																333788		137019		41681		14321.5		3664.5		1444		0.459		Polishing		15 cm		10-15 cm		Ergonomic.

		5		Apr-25		x						x						3								1		1		1												wi		co		ag								x		x				x				x										84				81		86				No		No				3						No		No		90846		35747		8171.5		2211		813.5		326.5		0.125		outdoor

		5		Apr-25																																																																																																138002		53207.5		10341		2599.5		855		357		0.135		Rough stone shape		15 cm		15 cm		Ergonomic.

		5		Apr-25																																																																																																454249		151084		21958.5		4287.5		1276.5		494		0.192		Polishing		15 cm		15 cm		Skin absorption( chrome oxide)

		5		May-03		x		x				x						4								1		2		1												wi		co		ag								x		x				x				x										84				82		85				No		No				4						No		No		348731		119406		1977.5		4365.5		1530.5		598		0.206		outdoor

		5		May-03																																																																																																172451		65000.5		13227		3305		1124.5		510.5		0.165		Rough stone shape		15 cm		15 cm		Ergonomic.

		5		May-03																																																																																																206579		81079.5		16630		4150		1419		657		0.196		Polishing		15 cm		15 cm		Skin absorption( chrome oxide)

		6		Mar-13						x								2								1		1														wi		om		ag								x		x				x				x										86						85				No		No				2										281511		88164		24812		6578		1982		796		0.267		outdoor						Ergonomic.

		6		Mar-13																																																																																																259248.5		98777.91		21370.45		5005.18		1404.5		546.6		0.212		polishing		10 cm		5-10 cm

		6		Mar-13																																																																																																25416.36		95416.36		19751.1		4533.8		1244.6		480.04		0.195		Rough stone shape		10 cm		5-10 cm

		6		Apr-20		x		x										4								1		2		1												wi		om		ag								x		x				x				x										88						84				No		No				4						No		No		98880.5		39448.5		9755.5		2546		876		332		0.135		outdoor						Ergonomic.

		6		Apr-20																																																																																																92445.5		36925		8517.5		2108.5		636		247		0.112		polishing		10 cm		5-10 cm

		6		Apr-20																																																																																																275896.5		108326.5		25550		6513.5		2113.5		786.5		0.272		Rough stone shape		10 cm		5-10 cm

		6		May-21				x		x		x						3								1		1		1												wi		om		ag								x		x				x				x										88						85				No		No				3						No		No		258759		98043		21970		5512		1608.5		639		0.231		outdoor						Ergonomic.

		6		May-21																																																																																																232399		88193		18244		4289.5		1208		459.5		0.188		Polishing		15 cm		20 cm

		6		May-21																																																																																																292124		114658.5		26887.5		6978		2487.5		913.5		0.297		Rough stone shape		15 cm		20 cm

		6		Aug-01		x				x		x						6								2		2		1				1								wi		om		ag				d				x		x				x				x										86						84				No		No				6						No		No		147623.5		60631.5		15336.5		3793		1120.5		415.5		0.174		outdoor						Ergonomic.

		6		Aug-01																																																																																																162206		66964.5		16921		4045.5		1183		463		0.182		polishing		15 cm		15-20 cm

		6		Aug-01																																																																																																165079		67751.5		17235		4072.5		1173		479.5		0.182		Rough stone shape		15 cm		15-20 cm

		6		Aug-01																																																																																																359831.5		107102.5		19858.5		4880.5		1634.5		616.5		0.221		cleaning		15 cm		15-20 cm

		7		Mar-13								x						4								2		2														wd		co										x						x						x								87,86						87,90				No		No				4						No		No		22839.5		85454.5		18836		4263		1463.5		501.5		0.201		outdoor						Ergonomic

		7		Mar-13																																																																																																259483.3		97525		22048.2		5703.5		1902		771.3		0.248		Rough stone shape		10 cm		10-15 cm

		7		Mar-13																																																																																																248498.6		91544.8		19707.9		5001.6		1592.4		667		0.221		Polishing		20 cm		20-25 cm

		7		Apr-20		x				x								4								2		2														wd		co										x						x						x								88,89						86,85				No		No				4						No		No		73721.5		28641.5		6172		1805		764		375.5		0.113		outdoor						Ergonomic

		7		Apr-20																																																																																																10694.5		43849		9666.5		3254		940.5		448		0.154		Rough stone shape		15 cm		10-15 cm

		7		Apr-20																																																																																																165987.5		69380		14546.5		3659.5		1264.5		612.5		0.179		Rough stone shape		15 cm		10-15 cm

		7		May-22				x		x		x						5								2		2						1								wd		co		ag				d				x						x						x								87,87				84		88,86				No		No				5						No		No		228399.5		85454.5		18836		4263		1463.5		501.5		0.201		outdoor						Ergonomic

		7		May-22																																																																																																324037		111268.5		25961.5		6796.5		2338		960.5		0.287		Rough stone shape		15-20 cm		20 cm

		7		May-22																																																																																																251110		91683.5		19427.5		4941		1557.5		655.5		0.218		Polishing		20 cm		20 cm

		7		May-22																																																																																																461819		199382		55500.5		23067		17019.5		11031.5		1.021		cleaning		15 cm		20-25 cm

		7		Jun-03		x		x		x								4								2		2														wd		co										x						x						x								87,89						85,86				No		No				4						No		No		233062.5		70607		11747		2411.5		687		267		0.122		outdoor

		7		Jun-03																																																																																																241797		76618.5		13217		2655		734.5		308		0.130		Polishing		15 cm		15 cm		Ergonomic

		7		Jun-03																																																																																																687840		276182		47866		8367		2050.5		843.5		0.300		Polishing		15 cm		15 cm

		8		Mar-14								x						5								2		1		2												wd		km		ag								x		x				x				x										73				74		73				No		No				5						No		No		125909		50179		11786		2846.5		815		325.5		0.138		outdoor						Exposure to chrome oxide.

		8		Mar-14																																																																																																176866.6		69611.6		16443.5		4083		1233.4		486.6		0.186		Rough stone shape		15-20 cm		5-10 cm		Ergonomic.

		8		Mar-14																																																																																																144896.5		57926.5		13717.6		3288.5		965.5		376		0.156		Polishing		15 cm		20 cm

		8		Apr-27		x				x								4								2		2														wd		km										x		x				x				x										79,81						79,77				No		No				4						No		No		79062.5		25264.5		4755		1214.5		526.5		243.5		0.084		outdoor						Exposure to chrome oxide.

		8		Apr-27																																																																																																213451		83636.5		17101		4203		1399		641		0.196		Rough stone shape		15 cm		15 cm		Ergonomic.

		8		Apr-27																																																																																																275279		111797.5		22625.5		3896		1547		680		0.198		Polishing		15 cm		15 cm

		8		May-23				x		x								5								2		2						1								wd		km						d				x		x				x				x										80,77						78,78				No		No				5						No		No		113166.5		48395		10647.5		2636		812		349.5		0.134		outdoor						Exposure to chrome oxide.

		8		May-23																																																																																																115920.5		49583.5		11061		2621.5		838.5		380.5		0.135		Rough stone shape		15 cm		10-15 cm		Ergonomic.

		8		May-23																																																																																																124206		53333		6010.5		2882		891.5		432		0.143		Polishing		20 cm		15 cm

		8		May-23																																																																																																562501.5		233985.5		48536.5		12031		5061.5		2028		0.480		cleaning		25 cm		20 cm

		8		Jul-06		x		x		x								4								2		2														wd		km										x		x				x				x										81,83						80,79				No		No				4						No		No		82202		30996		6714.5		1900		795		408.5		0.117		outdoor						Exposure to chrome oxide.

		8		Jul-06																																																																																																164948		65492.5		13885		3641		1319		686		0.181		Rough stone shape		10 cm		10-15 cm		Ergonomic.

		8		Jul-06																																																																																																181400.5		74166		17309		5039		2179		1058		0.249		Polishing		15 cm		15 cm

		9		Mar-15		x												1										1														ws,co												x		x				x				x										73										No		No								1		No		No		131481.5		42904.5		7804.5		1777		628.5		287.5		0.104		outdoor						Exposure to Chrome oxide.

		9		Mar-15																																																																																																166612.2		57585		11028.7		2612.5		908.3		419.1		0.139		Polishing 		10 cm		5-10 cm		Eye irritation.

		9		Apr-26				x										1										1														ws,co												x		x				x				x										75										No		No								1		No		No		179789.5		74741.5		18463		5662		3111		1516		0.302		outdoor

		9		Apr-26																																																																																																146487.5		61069		14548		4383.5		1991		963.5		0.229		Rough stone shape		15 cm		15-20 cm		Exposure to Chrome oxide.

		9		Jun-07		x		x										1										1														co												x		x				x				x										77										No		No								1		No		No		167659		70138.5		15536.5		4186.5		1504		686.5		0.201		outdoor						Eye irritation.

		9		Jun-07																																																																																																506717.5		241813.5		56092		15015		6001.5		2452		0.557		Polishing		20 cm		15-20 cm

		10		Mar-16				x										3								1		1		1												wd		km										x		x				x				x										62				72		74				No		No				3						No		No		183731.5		64684		12666		2922.5		935.5		429.5		0.147		outdoor						Ergonomic.

		10		Mar-16																																																																																																182154.9		62840.5		12054.1		2824.4		929.5		412.5		0.144		Rough stone shape		5-10 cm		10 cm

		10		Mar-16																																																																																																163581		57525		11337.5		2670.5		846.5		378		0.136		Polishing		5-10 cm		15 cm

		10		Apr-16		x		x										4								1		2		1												wd		km										x		x				x				x										76				74		76,79				No		No				4						No		No		183731.5		64684		12666		2922.5		935.5		429.5		0.147		outdoor						Ergonomic.

		10		Apr-16																																																																																																171535.5		60171.5		11995		2795		899.5		405.5		0.142		Rough stone shape		5-10 cm		10 cm

		10		Apr-16																																																																																																192789		92485		19594		4905		1196		879		0.199		Polishing		5-10 cm		15 cm

		10		Jun-01		x				x								3								1		1		1												wd		km										x		x								x										75				72		77				No		No				3						No		No		156105.5		62131		14173		3218.5		982.5		360.5		0.155		outdoor						Ergonomic.

		10		Jun-01																																																																																																694882		277955		77294		37141		6690		2466		0.863		Rough stone shape		10 cm		15 cm

		10		Jun-01																																																																																																209599		83893.5		19320		4535		1302		510		0.198		Polishing		20 cm		20 cm

		11		Mar-19								x						4								2		2														wd		co										x						x				x										78,79						77,75				No		No				4						No		No		135291.5		45600		8991.5		2233		869		422.5		0.128		outdoor						Ergonomic.

		11		Mar-19																																																																																																367222		147962		26463		5331		1636		707		0.229		Rough stone shape		10-15 cm		10 cm		Bad odour in workplace.

		11		Mar-19																																																																																																139853		50080		9724		2209		687		306		0.117		Polishing		20 cm		15 cm

		11		Apr-20						x								4								2		2														wd		co										x						x				x										77,79						79,81				No		No				4						No		No		392874.5		128540.5		23203.5		5071		1702.5		732.5		0.227		outdoor		 				Ergonomic.

		11		Apr-20																																																																																																643661.5		190249		26379.5		4733		1220.5		489.5		0.197		Rough stone shape		15 cm		20 cm		Bad odour in workplace.

		11		Apr-20																																																																																																463542		135908		21056		3982.5		997		403.5		0.171		Polishing		15 cm		20 cm

		11		May-18				x		x								5								2		2		1												wd		co		ag								x						x				x										78,78				76		79,80				No		No				5						No		No		292124		114658.5		26887		6978		2487.5		913.5		0.297		outdoor						Ergonomic.

		11		May-18																																																																																																305153		120444.5		28057		6933		2215.5		838.5		0.284		Rough stone shape		10-15 cm		15 cm		Bad odour in workplace.

		11		May-18																																																																																																265185		106778		26447.5		6514		2015.5		798.5		0.268		Polishing		10-15 cm		15 cm

		12		Mar-19				x										4								2		2														wd		co										x		x				x				x										80,82						81,81				No		No				4						No		No		333118.5		129895		25568		5950.5		2087.5		1002		0.261		outdoor						Ergonomic.

		12		Mar-19																																																																																																266632.2		10427.3		17703.4		3278.2		849.2		345.3		0.149		Polishing		10-15 cm		10 cm

		12		Mar-19																																																																																																207611		76832		14935		1524.5		1136.5		506		0.128		Rough stone shape		20-25 cm		20 cm

		12		20-Apr		x				x								5								2		2		1												wd		co		ag								x						x				x										81,83						80,79				No		No				5						No		No		178953.5		70537.5		16436		4222		1419		556.5		0.198								Ergonomic.

		12		20-Apr																																																																																																226468.5		87548		19860.5		4534.5		1272		458.5		0.196		Polishing		15 cm		15-20 cm

		12		20-Apr																																																																																																352176		126273.5		23045		4998.5		1472		563.5		0.215		Rough stone shape		15 cm		15-20 cm

		12		May-18		x		x										6								2		2		1				1								wd		co		ag				d				x						x				x										81,81				83		80,81		83		No		No				6						No		No		205953.5		80972.5		17700		3792.5		1002		314		0.168		outdoor						Ergonomic.

		12		May-18																																																																																																228214		86880.5		17691.5		3592.5		910.5		288.5		0.159		Rough stone shape		10-15 cm		15-20 cm

		12		May-18																																																																																																281567		104777		19666.5		3604.5		758.5		258.5		0.151		polishing		15 cm		15 cm

		12		May-18																																																																																																321048.5		128139.5		30775.5		7195.5		2257		838		0.290		Cleaning		20 cm		25 cm

		12		May-18																																																																																																242120.5		93643		18686.5		3733.5		941.5		288		0.163		Applying gum on metal spike.		35 cm		15 cm

		13		21-Mar						x								5								2		2		1												wd		co		ag								x		x				x				x										84,85				80		86,87				No		No				5						No		No		98006.5		40425		9127.5		2238.5		747		267		0.121		outdoor

		13		21-Mar																																																																																																110554.6		44078.9		10233.5		2497.2		802.3		299.2		0.130		Polishing		10 cm		5-10 cm 		Ergonomic.

		13		21-Mar																																																																																																111074		43506.6		9916.8		2385.3		723.5		266		0.123		Rough stone shape		20 cm		10-15 cm

		13		25-May		x				x								5								2		2		1												wd		co		ag								x		x				x				x										85,86				82		87,88				No		No				5						No		No		59895		21512		4164.5		990.5		302.5		121.5		0.063		outdoor

		13		25-May																																																																																																60449.5		20214		3855		884.5		267		114		0.058		Polishing		10 cm		5-10 cm		Ergonomic.

		13		25-May																																																																																																88754.5		30236		6052.5		1419		502.5		252		0.088		Rough stone shape		20 cm		10-15 cm

		13		7-Jun				x										5								2		2		1												wd		co		ag								x		x				x				x										86,87				83		87,89				No		No				5						No		No		532826		180324		26894.5		5141.5		1612.5		572.5		0.224		outdoor

		13		7-Jun																																																																																																114908		43657		8473.5		1945		621		237		0.107		Polishing		15 cm		15-20 cm		Ergonomic.

		13		7-Jun																																																																																																125058		47594.5		9802.5		2211		639.5		257		0.114		Rough stone shape		15-20 cm		15 cm

		13		7-Jun																																																																																																400175		138211		23164		4785		1581.5		620		0.216		cleaning		25 cm		25-30 cm

		14		23-Mar				x										3										3																co										x		x				x				x																81,83,79				No		No				3						No		No		101605		31717.5		5553		1350.5		511		253		0.086		outdoor

		14		23-Mar																																																																																																132106		47208		9178		2043.5		641		273.5		0.111		Polishing		15 cm		10-15 cm 		ergonomic, Electrical hazard (cut in wire connection)

		14		22-May		x		x										4								2		2														wd		co										x		x				x				x										80,83						80,82				No		No				4						No		No		423424		149886		25280.5		4585.5		1315		538.5		0.199		outdoor

		14		22-May																																																																																																262653		91828.5		16136		3205		957		385		0.154		Rough stone shape		15-20 cm		20 cm		Ergonomic. Electrical Haz.

		14		22-May																																																																																																174285		59409		10539.5		2225		601.5		249.5		0.112		Polishing		15 cm		15-20 cm

		14		27-Jul		x		x										4								2		2														wd		co										x		x				x				x										81,84						82,84				No		No				4						No		No		426034		168760		28678.5		7893.5		1562.5		781.5		0.270		outdoor

		14		27-Jul																																																																																																345678		10060.5		22456		4507.5		1008		673.5		0.182		Rough stone shape		15-20 cm		20 cm		Ergonomic. Electrical Haz.

		14		27-Jul																																																																																																326927		67278		14746.5		2894.5		945.5		598.5		0.147		Polishing		15 cm		15-20 cm

		15		23-Mar				x										4								2		2														wd		km										x		x				x				x										81,83						77,79				No		No				4						No		No		101605		31717.5		5553		1350.5		511		253		0.086		outdoor						Ergonomic.

		15		23-Mar																																																																																																92250		29152.5		5418		1317.5		409.5		191.5		0.079		Rough stone shape		10-15 cm 		10 cm

		15		23-Mar																																																																																																132106		47208		9178		2043.5		641		273.5		0.111		Polishing		15-20 cm		15 cm

		15		17-May		x		x										5								2		2		1												wd		km		ag								x		x				x				x										84,81				80		78,81				No		No				5						No		No		178640		74523		15756		3784		1181.5		502		0.177		outdoor						Ergonomic.

		15		17-May																																																																																																231297		97168.5		20227.5		4749		1354		580		0.204		Rough stone shape		10-15 cm 		10 cm

		15		17-May																																																																																																189199		79015.5		16309.5		3776.5		1022		401.5		0.169		Polishing		15-20 cm		15 cm

		15		31-May		x		x										5								2		2		1												wd		km		ag								x		x				x				x										85,83				78		82,85				No		No				5						No		No		172398		70016		14115.5		3254		940.5		365.5		0.154		outdoor

		16		23-Mar						x								2								1		1														wd		ws										x		x				x				x										89						86				No		No				2						No		No		213966.5		59561.5		8703		1910.5		601		258.5		0.105		outdoor								Electrical, Ergonomic.

		16		23-Mar																																																																																																105270		50234		9618.5		2183.5		707.5		287.5		0.118		Polishing				10-15 cm		10 cm

		16		23-Mar																																																																																																93474		36776		7796		1940.5		547		221		0.103		Rough stone shape				20 cm		25 cm

		16		4-Jun		x				x								3		1						1		1														wd		ws										x		x				x				x										91						88		85		No		No				3						No		No		330740.5		115505		17857		3166		872.5		328		0.148		outdoor								Electrical,Ergonomic Haz.

		16		4-Jun																																																																																																367591		130782		23121		5020		1433.5		542.5		0.213		Rough stone shape				10-15 cm		10 cm

		16		4-Jun																																																																																																243069.5		87362		15147.5		3400.5		974.5		359		0.159		Polishing				20 cm		25 cm

		16		9-May				x		x								3		1						1		1														wd		ws										x		x				x				x										93						90		83		No		No				3						No		No		193437.5		80331		20916		5352.5		1761		852		0.235		outdoor								Electrical,Ergonomic Haz.

		16		9-May																																																																																																414811.5		151314.5		28402		6123		1679		639.5		0.245		Rough stone shape				10-15 cm		10 cm

		16		9-May																																																																																																264374.5		97427		19072		4515		1340		508		0.199		polishing				20 cm		20 cm

		16		9-May																																																																																																209525		83642.5		21452.5		5630		1845		710.5		0.244		Cleaning				30 cm		35 cm

		17		26-Mar								x						5								2		3														wd		km,co										x		x				x				x										87,89						83,85,85				No		No				5						No		No		74753.5		28184		5812		1393.5		526.5		243.5		0.088		outdoor

		17		26-Mar																																																																																																321013		135908		29237.5		7075.5		2546.5		1255		0.301		Polishing				10-15  cm		10 cm		Ergonomic, skin Adsorption of polishing powder.

		17		26-Mar																																																																																																157712.5		63044		13231		3297.5		1156		560.5		0.166		Rough stone shape				20 cm		10-15 cm

		17		3-Apr				x		x								4								2		2														wd		co										x		x				x				x										86,88						84,86				No		No				4						No		No		74753.5		28184		5812		1393.5		526.5		243.5		0.088		outdoor

		17		3-Apr																																																																																																450747		178457		39464		9269.5		2968		1246.5		0.355		Polishing				10-15  cm		10-15  cm		Ergonomic, skin Adsorption of polishing powder.

		17		3-Apr																																																																																																503059.5		188183.5		38040		8540		2352.5		858		0.317		Rough stone shape				20 cm		10-15 cm

		17		14-Aug				x				x						5								2		2		1												wd		co		ag								x		x				x				x										85,83				83		87,89				No		No				5						No		No		123423		41326.5		7393.5		1523		437.5		198		0.086		outdoor

		17		14-Aug																																																																																																146003.5		56094.5		12447		3113		895		370.5		0.148		Polishing				15 cm		15-20 cm		Ergonomic, skin Adsorption of polishing powder.

		17		14-Aug																																																																																																194022.5		76893		19515.5		4716		1425.5		552.5		0.207		Rough stone shape				15-20 cm		15 cm		 

		18		27-Mar				x										5						3		2																wd		ws										x		x				x				x										83,85,82						82,84				No		No								5		No		No		532826		180323.5		26894.5		5141.5		1612.5		572.5		0.224		outdoor

		18		27-Mar																																																																																																398721		137224		22361		4586		1486.5		575		0.208		Rough stone shape				15 - 20 cm		20- 25 cm		slip hazard. (wet floor)

		18		27-Mar																																																																																																486631.5		169715		28692		6682.5		1957.5		801		0.268		Polishing				20 cm		10-15 cm 

		18		16-Aug		x		x										5						3		2																wd		ws										x		x				x				x										84,87,85						84,86				No		No								5		No		No		185720		66310.5		11826.5		2579.5		801		303.5		0.132		outdoor

		18		16-Aug																																																																																																2817407		1196440.5		218890.5		28291.5		4189		1175.5		0.670		Rough stone shape				15-20 cm		20- 25 cm		slip hazard. (wet floor)

		18		16-Aug																																																																																																3049255.5		1283875.5		241635.5		33903		5590		1844.5		0.788		Polishing				20 cm		10-15 cm 

		19		27-Mar		x												3								1		1		1												wd		ws		ag								x		x				x				x										76				75		76				No		No				3						No		No		94979.5		39306.5		8401		2115		728		335		0.118		outdoor

		19		27-Mar																																																																																																97829		40918.5		8623		2021.5		678		292.5		0.112		polishing				10 cm		5-10 cm		ergonomic, skin Adsorption

		19		27-Mar																																																																																																137963		55586.5		10684.5		2631.5		795.5		386		0.133		Rough stone shape				10-15 cm 		15-20 cm

		19		16-Aug		x		x										3								1		1		1												wd		ws		ag								x		x				x				x										78				79		77				No		No				3						No		No		94979.5		39306.5		8401		2115		728		335		0.118		outdoor

		19		16-Aug																																																																																																206475.5		82512		16292.5		3388.5		1000.5		429.5		0.160		Rough stone shape				15-20 cm		15 cm		ergonomic, skin Adsorption

		19		16-Aug																																																																																																297821		109493.5		18998.5		3903.5		1082		445		0.174		Polishing				15 cm		20 cm

		19		31-Aug		x				x								3								1		1		1												wd		ws		ag								x		x				x				x										79				77		80				No		No				3						No		No		100451.5		41859.5		9205.5		2334		745.5		343		0.123		outdoor

		19		31-Aug																																																																																																1184413.5		596368.5		167742.5		25555.5		3819		1144		0.621		Rough stone shape				15-20 cm		15 cm		ergonomic, skin Adsorption

		19		31-Aug																																																																																																2801137		1202917.5		231759.5		29714.5		3956.5		1127		0.680		Polishing				15 cm		20 cm

		20		27-Mar						x								1								1																wd												x		x				x						x								90										No		No				1						No		No		289042.5		121928.5		38441.5		11760		4365		1817		0.449		outdoor

		20		27-Mar																																																																																																166844		62530.5		13744.5		3279		1009		438		0.158		Rough stone shape				10 cm		10-15 cm		ergonomic.

		20		30-Mar		x		x										1										1																km										x		x				x						x														87				No		No				1						No		No		169837.5		74059.5		18595		5875		2739.5		1347		0.290		outdoor

		20		30-Mar																																																																																																148619.5		58648.5		12366.5		3376		1312.5		671.5		0.176		Polishing				10-15 cm		15-20 cm		Ergonomic.

		20		2-May		x				x								2								1		1														wd		km										x		x				x						x								89						88				No		No				2						No		No		193491.5		74785.5		16067		4083		1375.5		613.5		0.193		outdoor

		20		2-May																																																																																																216355		81002		15773.5		3630.5		921.5		392.5		0.160		Polishing				15-20 cm		20 cm		Ergonomic.

		20		2-May																																																																																																173929		63476.5		12381		2933.5		856		368		0.142		Rough stone shape				20 cm		25 cm

		20		28-May				x		x								1										1																km										x		x				x						x														86				No		No				1						No		No		135154.5		36498		5999		1307		389		174.5		0.077		outdoor								Ergonomic.

		20		28-May																																																																																																130224.5		40939		7271.5		1715.5		507.5		246.5		0.095		Polishing				10-15 cm		15-20 cm

		21		Mar-28								x						2										2																co										x		x				x				x																76,75				No		No								2		No		No		122757		43408		8158.5		1869		650.5		289		0.107		outdoor

		21		Mar-28																																																																																																261539.5		99844		19172.5		4256.5		1420.5		637.5		0.198		Polishing (chrome oxide)				10 cm 		5-10 cm 		Ergonomic, Powder exposure to body parts through inhalation, absoption, adsoption

		21		Apr-30				x		x								3								1		2														wd		co										x		x				x				x										83						79,81				No		No								3		No		No		46823.5		20970		4510.5		1030		325		136.5		0.066		outdoor

		21		Apr-30																																																																																																84737.5		36535.5		8005.5		2162.5		797.5		399		0.123		Polishing				10-15 cm		15 cm		Ergonomic, Powder exposure to body parts through inhalation, absoption, adsoption

		21		Apr-30																																																																																																124144		44092.5		8409.5		2111		675		341.5		0.114		Rough stone shape.				15-20 cm		20-25 cm

		21		May-24		x		x										1										1		 														co										x		x				x				x																82				No		No								1		No		No		132506		50683.5		10534.5		2420.5		807.5		276		0.129		outdoor

		21		May-24																																																																																																437790.5		160534.5		28146.5		5273.5		1340.5		431.5		0.213		Polishing				20 cm		25 cm		Ergonomic, Powder exposure to body parts through inhalation, absoption, adsoption

		21		May-24																																																																																																450978.5		194010		46166.5		13460.5		5807.5		2724.5		0.529		Rough stone shape.				15-20 cm		20-25 cm		 

		22		Mar-21				x		x								4								2				2												wd				ag								x		x				x						x								84,83				81,83						No		No				4						No 		No		93202		37091.5		7363.5		1633		502.5		225.5		0.093		outdoor

		22		Mar-21																																																																																																397819.5		132250		18173.5		3400		898		361		0.154		Rough stone shape				10 cm 		10-15 cm		ergonomic.

		22		Apr-24		x		x										3								2		1														wd		co										x		x				x						x								86,84						83				No		No				3						No 		No 		228399.5		85454.5		18836		4263		1463.5		501.5		0.201		outdoor

		22		Apr-24																																																																																																293836		109016.5		23051.5		5570.5		1952		781.5		0.248		Polishing				15-20 cm		20 cm		ergonomic.

		22		Apr-24																																																																																																174719		65010		12269		2857.5		829.5		365		0.139		Rough stone shape				20 cm		20 cm

		22		May-31		x		x										4								2		1		1												wd		co		ag								x		x				x						x								85,87				82		85				No		No				4						No 		No 		121756.5		38616		6562.5		1435.5		395.5		199.5		0.081		outdoor

		22		May-31																																																																																																193759.5		65894		13647.5		3428		1096		451.5		0.166		Rough stone shape				15-20 cm		20 cm		ergonomic.

		22		May-31		 																																																																																														260682.5		96536.5		20992		5322.5		1765.5		728		0.235		Polishing				20 cm		20 cm

		23		Mar-29		x												2								1		1														wd		ws										x		x				x				x										80						80				No		No				2						No		No		84872.5		29214		5413.5		1279		492.5		220		0.083		outdoor

		23		Mar-29																																																																																																1076837.5		432491		111232		25959.5		7533		2784		0.754		Rough stone shape				15-20 cm 		5-10 cm		Ergonomic.

		23		Apr-30		x		x										2								1		1														wd		ws										x		x				x				x										83						81				No		No				2						No		No		255897.5		95960.5		21780.5		5693.5		1922		749		0.249		outdoor

		23		Apr-30																																																																																																278505.5		107727.5		23177		5028.5		1498.5		540.5		0.217		Rough stone shape				20 cm		15-20 cm		Ergonomic.

		23		Apr-30																																																																																																234713.5		93676		20244		4285.5		1280		442.5		0.192		Polishing				15-20 cm		20 cm

		23		May-31		x				x								2								2		1														wd		ws										x		x				x				x										83,85						84				No		No				3						No		No		795146		358584.5		72141.5		16139		5661.5		2337		0.560		outdoor

		23		May-31																																																																																																236543.5		88581		17541.5		3948.5		1240		529		0.183		Rough stone shape				20 cm		15-20 cm		Ergonomic.

		23		May-31																																																																																																181791.5		66796.5		13996		3481		1114		506.5		0.168		Polishing				15-20 cm		20 cm

		24		Apr-02								x						2								1		1														wd		ws										x		x				x				x										82						78				No		No				2						No		No		181501.5		62464.5		8274		1461.5		365		147.5		0.080		outdoor

		24		Apr-02																																																																																																166922.5		56173		7460.5		1324		286.5		94		0.071		Polishing				10-15 cm 		10-15 cm		Ergonomic.

		24		Apr-02																																																																																																217473		80926.5		16244.5		3762		1029		396		0.169		Rough stone shape				15-20 cm		20 cm

		24		Apr-30				x				x						2								1		1														wd		ws										x		x				x				x										84						80				No		No				2						No		No		170700.5		67176		15906		3936		1228.5		506		0.183		outdoor

		24		Apr-30																																																																																																240664		92841.5		19946		4640		1368.5		485		0.203		Polishing				10-15 cm		15-20 cm		Ergonomic.

		24		Apr-30																																																																																																305508.5		117553		26610.5		6342		1825.5		684		0.256		Rough stone shape				15-20 cm		20 cm

		24		May-02						x		x						2								1		1														wd		ws										x		x				x				x										83						81				No		No				2						No		No		328433		119374.5		21752		4602.5		1258		470.5		0.197		outdoor

		24		May-02																																																																																																333602		118884		19507.5		3768		985.5		384.5		0.167		Polishing				15-20 cm		20 cm		Ergonomic.

		24		May-02																																																																																																315111.5		118154.5		23571.5		5265.5		1502.5		550.5		0.221		Rough stone shape				15-20 cm		25 cm

		25		Apr-03				x										4								1		2		1												wd		ws		ag								x		x				x						x								80				79		79,81				No		No				4						No 		No		948440.5		60118.5		9649.5		1970		614		250.5		0.107		outdoor

		25		Apr-03																																																																																																178205.117647059		62811.4		10130.1		2093		618		254		0.110		Rough stone shape				15-20 cm		10-15 cm		Ergonomic

		25		Apr-03																																																																																																184835.9		17704.9		17027		4157		1261		515		0.188		Polishing				15-20 cm		10-15 cm

		25		May-07		x		x										4								1		2		1												wd		ws		ag								x		x				x						x								83				81		80,82				No		No				4						No 		No		125909		50179		11786		2846.5		815		325.5		0.138		outdoor

		25		May-07																																																																																																159974		64463		15623		3847.5		1163.5		444.5		0.177		Rough stone shape				20 cm		25 cm		Ergonomic, Low light condition.

		25		May-07																																																																																																208690		82785		19272.5		4476.5		1343.5		513		0.199		Polishing				15-20 cm		20-25 cm

		25		Jun-04				x		x								4								1		2		1												wd		ws		ag								x		x				x						x								85				82		81,83				No		No				4						No 		No		271381.5		70200.5		9922		1929		591		253.5		0.105		outdoor

		25		Jun-04																																																																																																216454.5		67680		13170		2959		926.5		385.5		0.147		Rough stone shape				20 cm		25 cm		Ergonomic, Bad odour in workplace.

		25		Jun-04																																																																																																160011.5		65924		16416		4174.5		1320.5		546.5		0.192		Polishing				20-25 cm		25 cm

		26		Mar-20		x												2						1						1												wd				ag								x		x								x										80				78						No		No				2						No		No		209552		74616.5		13040		3081.5		911.5		363.5		0.149		outdoor

		26		Mar-20																																																																																																201342.78125		73274.9		13552.8		3032.5		852.5		343.9		0.144		Polishing				15-20 cm		10-15 cm		Ergonomic

		26		Apr-23				x		x								2										1		1														co		ag								x		x								x														83		82				No		No				2						No		No		289042.5		121928.5		38441.5		11760		4365		1817		0.449		outdoor

		26		Apr-23																																																																																																143637.5		57918		14098		3401.5		991.5		384.5		0.159		Rough stone shape				20-25 cm		15-20 cm		Ergonomic

		26		Jun-05		x				x								2						1						1												wd				ag								x		x								x										82				83						No		No				2						No		No		338611.5		117343		19900.5		3775.5		1115		517.5		0.173		outdoor						 

		26		Jun-05																																																																																																312823.5		108429		18225		3449		957.5		400.5		0.159		Polishing				15-20 cm		10-15 cm		Ergonomic

		27		Mar-20						x								4						2				2														wd		ws										x		x				x				x										88,87						85,84				No		No				4						No		No		227974		80976.5		14457.5		3347		1112		461		0.165		outdoor

		27		Mar-20																																																																																																245689.357142857		89364.5		17501		4236.5		1410.9		587		0.198		Rough stone shape				 20 cm 		10-15 cm 		Ergonomic

		27		Mar-20																																																																																																223644.266666667		80073.2		14895.4		3325		961		394		0.156		Polishing				20-25 cm		15-20 cm

		27		Apr-23		x		x										4						2				1		1		 										wd		ws		ag								x		x				x				x										88,87				82		84				No		No				4						No		No		82318		26068.5		4723		1115.5		347		141.5		0.069		outdoor

		27		Apr-23																																																																																																252909		72715.5		9840.5		1646.5		517.5		244.5		0.094		Rough stone shape				15-20 cm		20 cm		Ergonomc.

		27		Apr-23																																																																																																625560		203112		25516		3864		1100		281.5		0.174		Polishing				20-25 cm		25 cm

		27		May-04				x				x						4						1				2		1		 										wd		ws		ag								x		x				x				x										88				82		86,84				No		No				4						No		No		532826		180323.5		26894.5		5141.5		1612.5		572.5		0.224		outdoor

		27		May-04																																																																																																400174.5		138211		23164		4785		1581.5		620		0.216		Rough stone shape				20-25 cm		10-15 cm		Ergonomc.

		27		May-04																																																																																																98517		38815		8429.5		2130		654.5		269.5		0.113		Polishing				15-20 cm		15-20 cm

		28		Mar-30		x												3								1		1		1												wd		km		ag								x		x				x				x										81				79		80				No		No				3						No		No		239074.5		82181.5		19866.5		5352		1396.5		546		0.218		outdoor

		28		Mar-30																																																																																																185416.928571429		73507.9		15891.8		3976		1149		450		0.179		Rough stone shape				15-20 cm		10 cm		Ergonomic

		28		Mar-30																																																																																																155573		62610.5		15179		3769		1128		453		0.174		Polishing				20 cm		10 cm

		28		Apr-30		x		x										5								2		2		1												wd		km		ag								x		x				x				x										85,84				80		82,85				No		No				5						No		No		298454		120199		31071.5		8467.5		2967.5		1201.5		0.342		outdoor

		28		Apr-30																																																																																																409829		158188.5		31076.5		6735.5		1954		747		0.269		Rough stone shape				15-20 cm		10-15 cm		Ergonomic.

		28		Apr-30																																																																																																226287.5		90854		22419		5245.5		1563		599		0.224		Polishing				20 cm		10-15 cm

		28		May-11				x		x								5								2		1		2												wd		km		ag								x		x				x				x										86,83				80,82		84				No		No				5						No		No		98006.5		40425		9127.5		2238.5		747		267		0.121		outdoor

		28		May-11																																																																																																117818		47538		11991		2867.5		897.5		350		0.143		Rough stone shape				15-20 cm		10-15 cm		Ergonomic.

		28		May-11																																																																																																151651.5		60888		14889.5		3716		1178.5		442.5		0.176		Polishing				15-20 cm		10-15 cm

		28		Jul-02		x		x		x								6								2		2		2												wd		km		ag								x		x				x				x										87,85				85,84		84,87				No		No				6						No		No		257267		102604		25364		6654.5		2227		819.5		0.280		outdoor

		28		Jul-02																																																																																																269185		103277.5		22897		5482		1730		694.5		0.236		Rough stone shape				15-20 cm		20-25 cm		Ergonomic.

		28		Jul-02																																																																																																219778.5		77892		14185.5		2976		845		380		0.143		Polishing				15-20 cm		15-20 cm

		29		Apr-27												x		1						1																		d												x		x				x				x										99										No		No								1		No		No		1028701		365578.5		96503		34384.5		4898.5		2027.5		0.771		outdoor

		29		Apr-27																																																																																																672849.5		235498.5		49690.5		14910		4320		2027.5		0.493		Rough stone shape				20-25 cm		15-20 cm		High noise level, absorption of dust(powder) through skin and other body parts. Process they were doing is same like khambhat.

		30		May-01												x		1						1																		d												x		x				x				x										96										No		No								1		No		No		2081827		783265		201406		62393		12476		4774		1.319		outdoor

		31		May-01										x				1										1																ws										x						x						x								72										No		No								1		No		No		64761		22526.5		4404		1072		375		194		0.070		outdoor

		31		May-01																																																																																																206837		90473		2009.5		5252.5		1989		971		0.244		Rough stone shape				20 cm		15-20 cm		Ergonomic.

		31		May-03		x		x										1										1																ws										x						x						x														75				No		No								1		No		No		120010.5		46472		10310		2572.5		820		341		0.133		outdoor

		31		May-03																																																																																																90372.5		35176.5		7771.5		1827		549		210		0.100		Polishing				25 cm		20-25 cm		Ergonomic.

		31		Jun-01				x		x								1								1																wd												x						x						x								78										No		No								1		No		No		268401.5		97493		15856		3307		1034		387.5		0.160		outdoor

		31		Jun-01																																																																																																311619.5		109081.5		17602		3690		1168.5		420		0.175		Polishing				15-20 cm		20-25 cm		Ergonomic.

		32		May-02						x								5								2		2		1												wd		ws		ag								x		x				x				x										86,85				85		86,85				No		No				5						No		No		145033		51472.5		9786		2374.5		828.5		389.5		0.129		outdoor

		32		May-02																																																																																																216694		74319		13085		2798		803		378		0.137		Rough stone shape				15-20 cm		15 cm		Ergonomic

		32		May-02																																																																																																175649		67160		13647		3273		1056		497		0.160		Polishing				20 cm		15 cm

		32		May-03				x		x								5								2		2		1												wd		ws		ag								x		x				x				x										83,87				84		82,87				No		No				5						No		No		998024		324476.5		39538.5		5958.5		1353.5		543.5		0.227		outdoor

		32		May-03																																																																																																248136		83073		15033.5		3309		1061		443.5		0.161		Rough stone shape				20-25 cm		20 cm		Ergonomic

		32		May-03																																																																																																201676.5		68828.5		12554		2804.5		856		388.5		0.140		Polishing				25 cm		25 cm

		32		Jun-05				x		x				 				5								2		2		1												wd		ws		ag								x		x				x				x										82,85				82		85,83				No		No				5						No		No		106235		41131.5		8277		1996		612		303.5		0.108		outdoor

		32		Jun-05																																																																																																224029		82392.5		16743		4001		1302		535		0.188		Rough stone shape				25 cm		20-25 cm		Ergonomic

		32		Jun-05																																																																																																324801.5		122411.5		23400		5086.5		1430		544.5		0.214		Polishing				15-20 cm		20 cm

		33		May-04		x				x								9								4		4		1												wd		ws		ag								x		x		x								x								81,82,82,82				81		82,82				No		No				9						No		No		128439		50168.5		10188.5		2416		971		401		0.138		outdoor

		33		May-04																																																																																																112808		41575		8220		1848		567		222		0.102		Rough stone shape				20 cm		15 cm		Ergonomic

		33		May-04																																																																																																109444		40557		8243		1923		551		235		0.103		Polishing				25 cm		15 cm

		33		May-15				x		x								10								4		4		1		1										wd		ws		ag		d						x		x		x								x								82,81,85,83				82		85,83,82,81,83				No		No				10						No		No		122092		46631		9668.5		2635.5		903		458.5		0.139		outdoor

		33		May-15																																																																																																119105.5		44424		9333		2275		798		344		0.125		Rough stone shape				20-25 cm		20 cm		Ergonomic

		33		May-15																																																																																																121945.5		44832.5		9372.5		2181.5		687		322		0.117		Polishing				20 cm		25 cm

		33		Jun-05		x				x								9								4		4		1												wd		ws		ag								x		x		x								x								82,86,84,84				81		85,87,83,85				No		No				9						No		No		189810		67892		11732.5		2212.5		502.5		171.5		0.106		outdoor

		33		Jun-05																																																																																																200088		71531.5		12091		2539.5		681.5		240		0.124		Rough stone shape				20 cm		25 cm		Ergonomic

		33		Jun-05																																																																																																204575.5		71191		11578.5		2238		512.5		148.5		0.107		Polishing				25 cm		25 cm

		34		May-07								x						4								2		1		1												wd		ws		ag								x		x				x				x										74,75				75		74				No		No								4		No		No		100211		36738		7864		1919.5		699.5		301		0.111		outdoor

		34		May-07																																																																																																123492		47002		9892		2615		934		454		0.140		Rough  stone shape				20 cm 		15-20 cm		Ergonomic

		34		May-07																																																																																																115756.5		43399		9806		2179		691		327.5		0.117		Polishing				25 cm		20-25 cm

		34		May-28				x		x								2								1		1														wd		ws										x		x				x				x										76						78				No		No								2		No		No		211867.5		71492		8921.5		1450		351.5		88.5		0.078		outdoor

		34		May-28																																																																																																217308		74061		10363		1871.5		318		228		0.087		Rough  stone shape				15-20 cm		25 cm		Ergonomic

		34		May-28																																																																																																450626		167935		34422		7091.5		1914		656.5		0.273		Polishing				25 cm		20-25 cm

		34		May-31		x		x										3								1		1		1												wd		ws		ag								x		x				x				x										79				75		80				No		No								3		No		No		200233.5		61957.5		10005.5		1919.5		555		233.5		0.103		outdoor

		34		May-31																																																																																																259967		85941		16484.5		3795.5		1214		505		0.179		Rough  stone shape				20-25 cm		20 cm		Ergonomic

		34		May-31																																																																																																284859.5		106978		21774		4823		1435		536		0.210		Polishing				15-20 cm		15-20 cm

		35		May-08		x												1										1																ws										x		x		x						x																79				No		No								1		No		No		270164		91013		11061.5		1655		332.5		88.5		0.082		outdoor

		35		May-08																																																																																																401721		143608		25142.5		5083		1470		527		0.216		Polishing 				15 cm		10 cm		Ergonomic.

		35		May-08																																																																																																506083.5		174584		25715		4706		1285		455.5		0.200		Polishing 				20 cm		15 cm

		35		May-28				x		x								2								1		1														wd		co										x		x		x						x										80						82				No		No								2		No		No		399484		144976.5		26833.5		5323.5		1338.5		403		0.214		outdoor

		35		May-28																																																																																																372961		136874.5		26114.5		5356.5		1387		442.5		0.217		Rough stone shape				10-15 cm		10-15 cm		Ergonomic.

		35		May-28																																																																																																890884.5		292150		35151.5		5762		1386		474.5		0.225		Polishing 				20 cm		25 cm

		35		May-31		x		x										1								1																		co										x		x		x						x																82				No		No								1		No		No		59895		21512		4164.5		990.5		302.5		121.5		0.063		outdoor						 

		35		May-31																																																																																																147352.5		55403		12045.5		3179		1242		560		0.168		Polishing 				20 cm		25 cm		Ergonomic.

		36		May-09		x												25								4		4						3								wd		ws								wd		x		x				x				x										80,81,						82,85		109		yes 		No				25						yes		No		128153.5		44576.5		7873		1542		460		182.5		0.088		outdoor

		36		May-09																																																																																																430193.5		198860		40736		8698		2686		1064		0.334		Drilling holes				15 cm		10 cm		Ergonomic.

		36		May-09																																																																																																188952		67676		12678		2645		799		326.5		0.133		Rough stone shape				15-20 cm		10-15 cm

		36		May-30				x		x								20								4		4						3								wd		ws								wd		x		x				x				x										83,85						85,83				yes 		No				20						No		No		132506		50683.5		10534.5		2420.5		807.5		276		0.129		outdoor

		36		May-30																																																																																																437790.5		160534.5		28146.5		5273.5		1340.5		431.5		0.213		Rough stone shape				15 cm		10 cm		Ergonomic.

		36		May-30																																																																																																450978.5		194010		46166.5		13460.5		5807.5		2724.5		0.529		Drilling holes				15-20 cm		10-15 cm

		36		Jun-01		x		x										25								4		4						4								wd		ws						d		wd		x		x				x				x										83,82,85,81,86						83,81,85,82				yes 		No				25						No		No		168799		66324.5		15288		3510		1054		339		0.165		outdoor

		36		Jun-01																																																																																																346232		133716.5		26703.5		5221		1403.5		437		0.216		Rough stone shape				15-20 cm		15-20 cm		Ergonomic.

		36		Jun-01																																																																																																462221.5		183797.5		41836		8789.5		2495.5		823.5		0.327		cleaning				20-25 cm		20 cm

		37		May-10		x												5								1		2		1														ws		ag								x		x								x										82				83		87,88				No		No				5						No		No		237713		89931		18292		3701.5		953		333.5		0.163		outdoor

		37		May-10																																																																																																253418		96273		19862		4313		1147		388		0.186		Polishing				20 cm		15 cm		Ergonomic.

		37		May-10																																																																																																209619.6		79714		15732		3168		756.5		243.5		0.142		Rough stone shape				15 cm		15-20 cm

		37		Jul-05				x										4								1		2		1														ws		ag								x		x								x										85				80		85,82				No		No				4						No		No		227753		86186.5		16863		3737		1109.5		394.5		0.172		outdoor

		37		Jul-05																																																																																																372434.5		143451.5		32385		8040.5		2498.5		943.5		0.315		Polishing				15-20 cm		20-25 cm		Ergonomic.

		37		Jul-05																																																																																																281852		108030		22653.5		5229.5		1456		555		0.218		Rough stone shape				20-25 cm		20 cm

		37		Jul-06		x		x										4								1		2		1														ws		ag								x		x								x										83				84		83,87				No		No				4						No		No		322570		113666		19637.5		3925		1210.5		570.5		0.181		outdoor

		37		Jul-06																																																																																																319941.5		113584		19420		3761		1081		453		0.171		Polishing				15-20 cm		20 cm		Ergonomic.

		37		Jul-06																																																																																																185029.5		65246		11156		2281.5		583.5		212.5		0.113		Rough stone shape				10-15 cm		20-25 cm		 

		38		May-14						x								4								2		2														wd		ws										x		x				x				x										83,80						83,85				No		No				4						No		No		374434.5		178041		42449.5		12277.5		4778.5		2027.5		0.473		outdoor

		38		May-14																																																																																																167769		70398		14850		3548		1020		426		0.164		Rough stone shape				25 cm		10-15 cm		Ergonomic.

		38		May-14																																																																																																168459		70113		14288		3266		912		369		0.152		Polishing				15 cm		20 cm

		38		Jul-06		x		x										3								2		1														wd		ws										x		x				x				x										84,81						85				No		No				3						No		No		159347		65112.5		13927		3391.5		1040.5		441.5		0.162		outdoor

		38		Jul-06																																																																																																159105		59730.5		11919		2591		693		272		0.126		Rough stone shape				20-25 cm		15-20 cm		Ergonomic.

		38		Jul-06																																																																																																201434		71413.5		12385.5		2458.5		611.5		220		0.118		Polishing				20-25 cm		15-20 cm

		39		May-14						x								3								2		1														wd		ws										x		x				x				x										83,82						82				No		No				3						No		No		246363.5		92143		17491		3774.5		1024		343.5		0.169		outdoor

		39		May-14																																																																																																278305		103748.5		19871		4141		1076		370.5		0.179		Polishing				25 cm		10-15 cm		Ergonomic.

		39		May-14																																																																																																256424		95023		17953		3591		871		285		0.157		Rough stone shape				20 cm		15-20 cm

		39		Jun-03		x		x										3								2		1														wd		ws										x		x				x				x										81,85						86				No		No				3						No		No		309052.5		110202		19432		3916		1216.5		560.5		0.182		outdoor

		39		Jun-03																																																																																																311307.5		107579		18180.5		3511.5		990.5		411.5		0.162		Polishing				20 cm		20-25 cm		Ergonomic.

		39		Jun-03																																																																																																244572.5		85345		14424		2810.5		696.5		238.5		0.131		Rough stone shape				15-20 cm		20 cm

		39		Jul-05		x		x		x								2								1		1														wd		ws										x		x				x				x										86						84				No		No				2						No		No		83570.5		33112.5		6593.5		1502.5		441		198.5		0.086		outdoor

		39		Jul-05																																																																																																311307.5		107579		18180.5		3511.5		990.5		411.5		0.162		Polishing				10-15 cm		15-20 cm		Ergonomic.

		39		Jul-05																																																																																																244572.5		85345		14424		2810.5		696.5		238.5		0.131		Rough stone shape				15-20 cm		20-25 cm

		40		May-14				x										1						1																wi														x		x		x						x								98												No		No				1						No		No		576368.5		221271		54450		13295.5		4399		1545		0.473		outdoor

		40		May-14																																																																																																1888960		802224.5		308177.5		109182.5		23784.5		8003		2.071		Rough stone cut				10 cm		15-20 cm		Ergonomic, cut injury, 

		41		May-15						x								9								1		8														wd		ws,co										x		x				x				x										88						87,88				No		No								9		No		No		277044		99518.5		16794.5		3287.5		915.5		396		0.153		outdoor

		41		May-15																																																																																																114647		39034		6930		1423		383		163		0.080		Polishing				20 cm		10-15 cm		Ergonomic, Exposure  to chrome oxide.

		41		May-15																																																																																																190072		69001		12407		2558		736		330		0.128		Rough stone cut				15-20 cm		20 cm

		41		May-25		x												8								1		7														wd		ws,co										x		x				x				x										86						86,84,82,88,85				No		No								8		No		No		190839.5		66128		12121.5		2511		732		309		0.126		outdoor

		41		May-25																																																																																																157014.5		51324		9359		1983		492.5		189.5		0.100		Polishing				15-20 cm		15 cm		Ergonomic, Exposure  to chrome oxide.

		41		May-25																																																																																																193514.5		74182		15034.5		3477.5		1085		507		0.166		Rough stone cut				20 cm		25 cm

		41		Aug-01				x										9								1		8														wd		ws,co										x		x				x				x										84						82,87,84,85,81,84,88,84				No		No								9		No		No		146511.5		48062		8674		1781		485		213		0.095		outdoor

		41		Aug-01																																																																																																202595.5		73221.5		14227		3039.5		927		410		0.149		Polishing				10-15 cm		20 cm		Ergonomic, Exposure  to chrome oxide.

		41		Aug-01																																																																																																156344		55793		10733.5		2382.5		699.5		334		0.122		Rough stone cut				15-20 cm		15-20 cm

		42		May-15						x								2								1		1														wd		ws										x		x				x				x										86						84				No		No				2						No 		No		101312		33297		5992.5		1292		429.5		193.5		0.080		outdoor

		42		May-15																																																																																																133952		47821.5		8701.5		1877		551.3		253		0.101		Polishing				20 cm		15 cm		Ergonomic, heat stress

		42		May-15																																																																																																96582		31139		5519		1193		369		172		0.073		Rough stone cut				15 cm		15-20 cm

		42		Jul-09		x		x										2								1		1														wd		ws										x		x				x				x										88						82				No		No				2						No 		No		91738		32134.5		5691		1108.5		271.5		100.5		0.064		outdoor

		42		Jul-09																																																																																																139348		74487		12958.5		2412		565		236		0.114		Polishing				15-20 cm		20 cm		Ergonomic, heat stress

		42		Jul-09																																																																																																352455.5		135662.5		23317.5		4359.5		1032		424.5		0.181		Rough stone cut				20 cm		20-25 cm

		42		Jul-13				x										2								1		1		1												wd		ws		ag								x		x				x				x										86				82		89				No		No				3						No 		No 		206490.5		85377		17176		3617		940		324.5		0.161		outdoor

		42		Jul-13																										 																																																																						409416		183986		36136		7362.5		1857		713.5		0.275		Polishing				15 cm		20 cm		Ergonomic, heat stress

		42		Jul-13																																																																																																261684.5		110756		21378.5		4195		961		357		0.174		Rough stone cut				15-20 cm		20-25 cm

		43		May-16		x						x						5						5																		wd												x		x								x								106,91,91,92,93												Yes		Yes								5		No		No		260968		97315.5		11973.5		2948.5		748		520.5		0.137		outdoor

		43		May-16																																																																																																1162475		537769		205007		53793		11875		3230		1.210		Rough stone cut				25-30 cm		20-25 cm		Ergonomic, high noise, 

		43		May-29				x										4						4																		wd												x		x								x										91,89,95,97										Yes		Yes								4		No		No		260968		97315.5		19385.5		4389.5		1418.5		520.5		0.201		outdoor								slip hazard, Electrical hazard, 

		43		May-29																																																																																																6101029.5		3415349.5		1898489		581930.5		112685		23706.5		7.217		Rough stone cut				25-30 cm		20-25 cm		Higher dust value coz some wooden dust also there.

		44		May-17		x												4						2				2														wd		ws,co										x		x								x										84,88						88,87				No 		No								4		No		No		70693.5		25336.5		5002.5		1025.5		239.5		95.5		0.059		outdoor

		44		May-17																																																																																																122128		50567.5		10265		2338		700		304		0.121		Rough stone shape				20-25 cm		15-20 cm		Ergonomic, Exposure to polishing powder

		44		May-17																																																																																																164373		66349		12912		2815		859		399		0.140		Polishing				15-20 cm		15-20 cm

		44		Jun-03		x												3						1				2																ws,co										x		x								x										84						87,85				No 		No								3		No		No		131481.5		42904.5		7804.5		1777		628.5		287.5		0.104		outdoor

		44		Jun-03																																																																																																160192.5		57385		11287		2766.5		1009		489.5		0.147		Rough stone shape				20 cm		15-20 cm		Ergonomic, Exposure to polishing powder

		44		Jun-03																																																																																																173717		61284.5		12217		2783		900.5		407		0.142		Polishing				25 cm		25 cm

		44		Jul-10				x		x								3						2				2														wd		ws,co										x		x								x										84,81						87,85				No 		No								4		No		No		183830		65199.5		12779.5		2944.5		953		426		0.148		outdoor		 

		44		Jul-10																																																																																																146794		50373.5		9455		2234		741		327		0.121		Rough stone shape				15-20 cm		20 cm		Ergonomic, Exposure to polishing powder

		44		Jul-10																																																																																																139429		52261.5		9984		2165.5		623.5		270		0.112		Polishing				20-25 cm		25 cm

		45		May-21		x												9								2		5		2												wd		ws		ag								x		x								x										83,84				82,82		87,84,85,85				No		No				9						No		No		205953.5		80972.5		17700		3792.5		1002		314		0.168		outdoor

		45		May-21																																																																																																252832.7		98012.5		20303		4125		975		290		0.173		Polishing				20 cm		15-20 cm		Ergonomic.

		45		May-21																																																																																																292266.5		112473		22881		4657		1187		385		0.194		Rough stone shape				20-25 cm		15-20 cm		 

		45		May-30				x		x								8								2		4		2												wd		ws		ag								x		x								x										81,83				81,85		86,82,87,83				No		No				8						No		No		128493.5		32695.5		4771		999		287.5		122		0.062		outdoor

		45		May-30																																																																																																176866		52143.5		9229		2104		698		302		0.116		Polishing				15-20 cm		15-20 cm		Ergonomic.

		45		May-30																																																																																																177233.5		59892		11626.5		2738.5		832.5		406		0.137		Rough stone shape				20-25 cm		15-20 cm

		46		May-24		x												8								2		4		2												wd		ws		ag								x		x										x								83,84				82,82		85,86,87,84				No		No				6				2		No		No		224092		86554.5		17507.5		3523		874		280		0.156		outdoor

		46		May-24																																																																																																292087		107337		19740		3789.5		908		287.6		0.163		Rough stone shape		10-15 cm		25-30 cm		Ergonomic.

		46		May-24																																																																																																271581		102905		20177		3958		947		318		0.168		Polishing		15 cm		20 cm

		46		Jun-05				x		x								7								2		3		2												wd		ws		ag								x		x										x								82,81				80,83		85,87,82						No				5				2		No		No		243834		85959		15743.5		3568		1013.5		414.5		0.164		outdoor

		46		Jun-05																																																																																																227225		82206.5		16715		3728.5		1075.5		434.5		0.170		Rough stone shape		15-20 cm		20-25 cm		Ergonomic.

		46		Jun-05																																																																																																150627		60861		12615		3086.5		950.5		437.5		0.151		Polishing		15-20 cm		20-25 cm

		46		Jul-23								x						6								1		4		1												wd		ws		ag								x		x										x								83				82		84,87,83						No				5				1		No		No		408995.5		145951.5		26604.5		5612		1635		617		0.234		outdoor		 

		46		Jul-23																																																																																																405191.5		141134		25445		5595		1662.5		623.5		0.235		Rough stone shape		15-20 cm		20-25 cm		Ergonomic.

		46		Jul-23																																																																																																356195		134362		29028		6633.5		1978.5		809		0.268		Polishing		15-20 cm		20-25 cm

		47		May-28				x										6								1		3		2												wd		ws		ag								x		x								x										87				88,88		86,87,85				No		No				6						No		No		106543		43608		8925		2041		577		224		0.107		outdoor

		47		May-28																																																																																																135128		54537		10867		2370.5		694.5		303		0.121		Rough stone shape		20 cm		20-25 cm		Ergonomic.

		47		May-28																																																																																																341397.5		135796		24331.5		4798		1245		525		0.200		Polishing		15-20 cm		20-25 cm

		47		Jun-06		x												6								1		3		1				1								wd		ws		ag				d				x		x								x										85				85		86,87,85				No		No				6						No		No		385593.5		149223.5		30485.5		7049.5		2259		861.5		0.288		outdoor

		47		Jun-06																																																																																																313366		122635.5		28001.5		6699.5		2016		742.5		0.271		Rough stone shape		20 cm		20-25 cm		Ergonomic.

		47		Jun-06																																																																																																248698.5		100007		23246		5548.5		1612		618.5		0.232		Polishing		15-20 cm		15-20 cm

		47		Jun-06																																																																																																1072487.5		388084.5		87326		23933.5		6297.5		2675		0.686		cleaning		20-25 cm		25-30 cm

		48		May-31		x												6								2		3		1												wd		ws		ag								x		x								x										86,86				84		86,87,86				No		No				6						No		No		153026.5		66468.5		14010		3161.5		855		323.5		0.147		outdoor

		48		May-31																														 																																																																		287508		103523		18682		3842		1001		398		0.169		Rough stone shape		20-25 um 		15-20 cm		Ergonomic.

		48		May-31																																																																																																182092		73601		14631		3089		743		281		0.139		Polishing		10-15 cm		20 cm

		48		Jun-05				x										5								1		3		1						 						wd		ws		ag								x		x								x										87				85		84,85,87				No		No				5						No		No		134756		52437		11467.5		2726.5		837		330.5		0.137		outdoor

		48		Jun-05																																																																																																153528.5		58170.5		13053.5		3116.5		915		365		0.150		Rough stone shape		20-25 cm		10-15 cm		Ergonomc.

		48		Jun-05																																																																																																192907		71913		14169.5		3217.5		987		403		0.156		Polishing		20 cm		10-15 cm

		48		Jul-20				x		x								5								1		3		1						 						wd		ws		ag								x		x								x										85				84		84,87,85				No		No				5						No		No		231552.5		91932.5		22406		5967		2127		894.5		0.263		outdoor

		48		Jul-20																																																																																																1024034		536550		252342		114281.5		9908.5		4264.5		1.772		Rough stone shape		20-25 cm		10-15 cm		Ergonomic.

		48		Jul-20																																																																																																945401		417037.5		169207.5		77296.5		7737		3433		1.343		Polishing		20 cm		10-15 cm

		49		Jul-02								x						5										4		4														ws,km		ag								x		x								x														82		83,82,84,86				No		No				5						No		No		153026.5		66468.5		14010		3162		855		323.5		0.147		outdoor

		49		Jul-02																																																																																																227638		86933		16429		3404		846		323		0.152		Polishing		15 cm		5-10 cm		Ergonomic.

		49		Jul-02																																																																																																265122		102405		19231		3852		943		359		0.166		Polishing		15 cm		5-10 cm

		49		Aug-01				x		x								5										3		2														ws,km		ag								x		x								x														85,83		85,87,87				No		No				5						No		No		200526		82420		16718		3786.5		987		388		0.167		outdoor

		49		Aug-01																																																																																																177119		73213		15161		3530.5		1053.5		450.5		0.165		Rough stone shape		20-25 cm		15-20 cm		Egonomic.

		49		Aug-01																																																																																																211340.5		82492.5		16000.5		3354.5		879		313		0.152		Polishing		20 cm		10-15 cm

		50		Jul-04		x												5										5																ws										x								x																		87,85,85,88,82				No		No				5						No		No		159495.5		65536		15008.5		3228.5		889.5		316		0.150		outdoor

		50		Jul-04																																																																																																230458.5		91001		18654		3614		821		251.5		0.155		Polishing		15-20 cm		15-20 cm		Ergonomic, Electrical haz.

		50		Aug-10				x		x								5										5																ws										x								x																		87,82,85,88,86				No		No				5						No		No		122351.5		48351		12112		2971		998.5		397.5		0.151		outdoor

		50		Aug-10																																																																																																114005		46072		10299		2482.5		833		319		0.132		Polishing		20 cm		15-20 cm		Ergonomic,Electrical Haz.

		51		Jul-05						x								6								2		4														wd		ws,co,km										x		x								x										97,94						98,96,95,94				No		No				6						No		No		180391		73959		16073		3483		963		363.5		0.160		outdoor

		51		Jul-05																																																																																																252878		99634		19629		3686		822		262		0.156		Polishing		25-30 cm		10-15 cm		Ergonomic, polishing powder exposure.

		51		Jul-05																																																																																																220272		86269.5		16842		3138		675		211		0.137		Rough stone shape		20-25 cm		10-15 cm

		51		Jul-23		x		 										6								2		4														wd		ws,co,km										x		x								x										90,93						97,95,90,89				No		No				6						No		No		309052.5		110202		19432		3916		1216.5		560.5		0.182		outdoor

		51		Jul-23																																																																																																319860		113032		19386		3731.5		1045		423		0.169		Polishing		20-25 cm		10-15 cm		Ergonomic, polishing powder exposure.

		51		Jul-23																																																																																																148018.5		54245.5		11128		2449.5		687.5		269.5		0.123		Rough stone shape		25-30 cm		15-20 cm

		52		Jul-12		x												6								1		5														wd		co,ws										x		x								x										81						83,81,82,82,83				No		No				6						No		No		180391		73959		16073		3483		963		363.5		0.160		outdoor

		52		Jul-12																																																																																																277518.5		108152		20237		3684.5		831.5		260		0.157		Rough stone shape		20-25 cm		15-20 cm		Ergonomic, Polishing powder exposure.

		52		Jul-12																																																																																																491471.5		233856		46792.5		8691.5		1887.5		676.5		0.299		Polishing		20-25 cm		10-15 cm

		52		Aug-03				x		x								5								2		3														wd		co,ws										x		x								x										80,83						84,81,83				No		No				5						No		No		145193		43701		7501.5		1445		404		170.5		0.082		outdoor

		52		Aug-03																																																																																																234756		79651.5		13927.5		3031		969.5		432		0.151		Rough stone shape		20 cm		15-20 cm		Ergonomic,Polishing powder exposure.

		52		Aug-03																																																																																																213123.5		84963.5		16405.5		3623		1162.5		515		0.173		Polishing		20-25 cm		10-25 cm

		53		Jul-16								x						7								2		5														wd		co										x										x										82,81						82,82,81,82,82				No		No				7						No		No		335205.5		108100		12238.5		1694		346.5		107.5		0.084		outdoor

		53		Jul-16																																																																																																324614		110134		16172.5		2918		703		244		0.134		Polishing		10-15 cm		10-15 cm		exposure to polishing powder, Ergonomic

		53		Jul-16																																																																																																281361		97212		16181		3254		784.5		285		0.145		Rough stone shape		10-15 cm		10-15 cm		 

		53		Aug-24				x		x								7								2		4						1								wd		co						d				x										x										80,82						83,82,80,85		83		No		No				7						No		No		261348.5		103990.5		25718.5		6476.5		1973.5		747		0.265		outdoor

		53		Aug-24																														 																																																																		2709128		1239432		533980		207633		37029.5		12057.5		3.213		Polishing		20-25 cm		15-20 cm		exposure to polishing powder, Ergonomic

		53		Aug-24																																																																																																2755430		1284459		586459.5		236976.5		38608.5		12431		3.479		Rough stone shape		20-25 cm		15-20 cm		 

		53		Aug-24																																																																																																673160		290808.5		117493.5		44007		9733		3435.5		1.038		Cleaning		20-25 cm		25-30 cm

		54		Jul-18								x						4								1		3														wd		co										x		x								x										84						82,84,84				No		No				4						No		No		423669.5		145984		22982		4292		1171.5		365.5		0.186		outdoor

		54		Jul-18																																																																																																533421		186212.5		31486.5		6262		1676		564		0.247		Rough stone shape		15-20 cm		10-15 cm		Ergonomic, Polishing powder exposure.

		54		Jul-18																																																																																																575264		209692		38294		7152		1708		542		0.264		Polishing		20 cm		15-20 cm

		54		Aug-13		x		x										4								2		2														wd		co										x		x								x										85,82						86,83				No		No				4						No		No		335205.5		108100		12238.5		1694		346.5		107.5		0.084		outdoor

		54		Aug-13																																																																																																346908.5		120216.5		18984		3580.5		819.5		282		0.154		Rough stone shape		20 cm		15-20 cm		Ergonomic, Polishing powder exposure.

		54		Aug-13																																																																																																186483.5		62824.5		10608.5		2195.5		564.5		207		0.110		Polishing		15-20 cm		20-25 cm

		54		Aug-30		x				x								5								2		2						1								wd		co						d				x		x								x										81,84						85,82		82		No		No				5						No		No		467347.5		155983		22065.5		3761		938.5		294		0.164		outdoor

		54		Aug-30																																																																																																726282.5		291551		83630.5		28678.5		4107		1763.5		0.672		Rough stone shape		15-20 cm		20 cm		Ergonomic, Polishing powder exposure.

		54		Aug-30																																																																																																568775		241147		78626		28202		4010		1752.5		0.663		Polishing		20 cm		15-20 cm

		54		Aug-30																																																																																																1280456		621651.5		268825		119405		11572.5		5057.5		1.863		cleaning		15-20 cm		20 cm

		55		Jul-19								x						5								2		2		1												wd		co		ag								x		x				x				x										86,83				85		85,84				No		No						 		5		No		No		335205.5		108100		12238.5		1694		346.5		107.5		0.084		outdoor

		55		Jul-19																																																																																																162646		56031		9086.5		1826.5		501		186		0.097		Polishing		15-20 cm 		15-20 cm 		Exposure to polishing powder, Ergonomic

		55		Jul-19																																																																																																1175265		380928		33823		4132		724		225		0.160		Rough stone shape		15-20 cm 		15-20 cm 

		55		Jul-20				x		x								4								2		2														wd		co										x		x				x				x										85,82						82,86				No		No						 		4		No		No		110613		37040.5		5097		979.5		260		89.5		0.060		outdoor						(outside reading is low bcoz of rain at those time)

		55		Jul-20																																																																																																262650		88523		13088		2442		585		207		0.116		Polishing		20 cm		15-20 cm		Exposure to polishing powder, Ergonomic

		55		Jul-20																																																																																																322065.5		100485		13495.5		2997.5		919.5		384.5		0.147		Rough stone shape		15-20 cm		10-15 cm

		56		Jul-20		x												4								1		2		1												wd		co		ag								x		x				x				x										87				83		83,83				No		No								4		No		No		176497.5		36659		3988.5		726		171.5		58.5		0.046		outdoor						(outside reading is low bcoz of rain at those time)

		56		Jul-20																																																																																																271202		87924		11466		1868		404.5		124		0.092		Rough stone shape		10-15 cm		15-20 cm		Exposure to polishing powder, Ergonomic

		56		Jul-20																																																																																																283268		92780		12127		1955		416		120		0.095		Polishing		10-15 cm		15-20 cm

		56		Jul-23				x		x								5								2		2		1												wd		co		ag								x		x				x				x										86,84				82		85,83		 		No		No								5		No		No		212912.5		72828.5		13809.5		3029.5		896.5		330.5		0.147		outdoor				 		 

		56		Jul-23																																																																																																1004469		465547.5		92723		19184.5		6043.5		2138		0.615		Rough stone shape		10-15 cm		15-20 cm		Exposure to polishing powder, Ergonomic

		56		Jul-23																																																																																																1598881.5		1331381.5		370778.5		145155		112152		56471.5		4.269		Polishing		15 cm		15-20 cm		 

		56		Aug-11				x										4										4																co,ws										x		x				x				x																83,81,85,81				No		No								4		No		No		141833		53653.5		10761.5		2460.5		737.5		273		0.126		outdoor

		56		Aug-11																																																																																																224745.5		94796.5		19934.5		5033		2039.5		967		0.243		Polishing		20-15 cm		10-15 cm		Ergonomic.

		56		Aug-11																																																																																																353416.5		143326.5		35336		8754.5		3046.5		1365		0.350		Polishing		20-15 cm		20-15 cm

		57		Jul-25						x								3								1		2														wd		co										x		x				x				x										82						81,80				No		No								3		No		No		36658.5		9265		1412.5		278.5		75.5		38		0.023		outdoor				 		(outside reading is low bcoz of rain at those time)

		57		Jul-25																																																																																																243456		85629		13592		2360		575.5		232		0.114		Polishing		15-20 cm		10-15 cm		exposure to polishing powder, Ergonomic

		57		Jul-25																																																																																																106880		35539		5985		1169		328		146		0.070		Rough stone shape		15-20 cm		10-15 cm		 

		57		Aug-17		x		x										4								2		2														wd		co										x		x				x				x										80,83						82,85				No		No								4		No		No		205515.5		83892.5		17621		4482		1458		645		0.205		outdoor

		57		Aug-17																																																																																																253975		99494.5		20399		4849		1580		671		0.217		Polishing		20 cm		15-20 cm		exposure to polishing powder, Ergonomic

		57		Aug-17																																																																																																252227		95652.5		18289		3749.5		905.5		303		0.162		Rough stone shape		20-25 cm		10-15 cm

		58		Jul-27						x								4								2		2														wd		co										x		x				x				x										70,71						71,70				No		No								4		No		No		85110.5		28763.5		6375		1630.5		623		314.5		0.100		outdoor

		58		Jul-27																																																																																																76389		24353		4703		1158		395		188		0.074		Polishing		15-20 cm		20-25 cm		exposure to polishing powder, Ergonomic , Electrical hazard.

		58		Jul-27																																																																																																302955		67867		9876		2006		619		283		0.109		Rough stone shape		15-20 cm		20-25 cm		 

		58		Aug-13		x		x										4								2		2														wd		co										x		x				x				x										73,75						71,73				No		No								4		No		No		167255		68558.5		16869		4264		1298		498.5		0.192		outdoor

		58		Aug-13																																																																																																152410		62528		15725		3799.5		1066.5		401.5		0.171		outdoor		20 cm		10-15 cm		exposure to polishing powder, Ergonomic , Electrical hazard.

		58		Aug-13																																																																																																162196		66700		16512.5		3857		1109.5		433		0.175		Rough stone shape		20-25 cm		15-20 cm		 

		59		Aug-06		x												7								3		3		1												wd		co		ag								x		x								x										88,87,88				86		84,83,82				No		No								7		No		No		212012		54484.5		4412.5		469		88		23		0.031		outdoor

		59		Aug-06																																																																																																623916		187245		19863		3199		763		242		0.143		Rough stone shape		10-15 cm		15-20 cm		Ergonomic, Exposure to polishing powder, itching in eyes due to polishing powder.

		59		Aug-06																																																																																																589098.5		182470		21966		3846		923		291		0.165		Polishing		10-15 cm		15-20 cm

		59		Aug-17				x		x								9								2		6		1												wd		co		ag								x		x								x										86,85				85		85,84,88,87,88,86				No		No								9		No		No		219793		78815.5		14088		2750.5		774.5		231.5		0.134		outdoor

		59		Aug-17																																																																																																493364.5		159051.5		22913.5		4110.5		948.5		312.5		0.171		Rough stone shape		15-20 cm		20 cm		Ergonomic, Polishing powder exposure.

		59		Aug-17																																																																																																553400.5		173022.5		23461.5		4122		893		259.5		0.169		outdoor		20-25 cm		15-20 cm

		59		Aug-30				x				x						5								2		2		1												wd		co		ag								x		x								x										84,82				84		85,87				No		No								5		No		No		222912.5		92977		18941.5		4232		1182.5		479		0.186		outdoor

		59		Aug-30																																																																																																868748		329867.5		73737.5		25869.5		4817.5		2008.5		0.660		Rough stone shape		20-25 cm		15-20 cm		Ergonomic, Polishing powder exposure.

		59		Aug-30																																																																																																805880.5		301733.5		65326.5		21368.5		4472		1871.5		0.588		Polishing		20 cm		10-15 cm

		60		Aug-08						x								8								2		5		1												wd		co		ag								x		x				x				x										77,78				78		78,78,78,78				No		No								8		No		No		378055		74539		5882		553		85.5		23.5		0.033		outdoor

		60		Aug-08																																																																																																355451		83447.5		9819		1491.5		346.5		131		0.079		Rough stone shape		20 cm 		15-20 cm		Ergonomic, Electrical haz,Polishing powder exposure.

		60		Aug-08																																																																																																292315		97879.5		15661.5		2910		744		243		0.136		Polishing		20 cm 		20-25 cm

		60		Aug-24		x		x										5								2		2		1												wd		co		ag								x		x				x				x										75,73				76		79,77				No		No								5		No		No		268055		93157		14485		2808.5		785		224.5		0.136		outdoor

		60		Aug-24																																																																																																496109.5		173192		33887		9870.5		2893.5		1224.5		0.361		Rough stone shape		20-25 cm		10-15 cm		Ergonomic, Electrical haz,Polishing powder exposure.

		60		Aug-24																																																																																																392528.5		137540.5		28313		8129.5		2703.5		1219		0.325		Polishing		15-20 cm		10-15 cm

		60		Aug-29						x		x						6								2		3		1												wd		co		ag								x		x				x				x										74,70				73		77,75,72				No		No								6		No		No		192446		79564		22142		6289.5		2092.5		854		0.267		outdoor						 

		60		Aug-29																																																																																																146291		58525.5		14391.5		3389.5		996.5		405		0.160		Rough stone shape		15-20 cm		20 cm		Ergonomic, Electrical haz,Polishing powder exposure.

		60		Aug-29																																																																																																142845.5		56709		13568.5		3331.5		1011		375		0.159		Polishing		20 cm		15-20 cm		 

		61		Aug-20		x												5								1		3		1												wd		co		ag								x		x				x				x										78				74		76,75,71				No		No								5		No		No		361047.5		85616		10275.5		1601.5		377		142.5		0.084		outdoor

		61		Aug-20																																																																																																712249		206658		30006		4991		1148.5		431		0.199		Polishing		15 cm		15-20 cm		Ergonomic, Exposure to polishing powder(chrome oxide)

		61		Aug-20																																																																																																218199		68647		13342.5		3071		947		401.5		0.150		Rough stone shape		10-15 cm		20 cm

		61		Aug-28				x										5								1		2		1				1								wd		co		ag				d				x		x				x				x										74				75		77,79		72		No		No								5		No		No		338611.5		117343		19900.5		3775.5		1115		517.5		0.173		outdoor

		61		Aug-28																																																																																																496928		169241		28162		5867		1856		769		0.249		Polishing		15-20 cm		10-15 cm		Ergonomic, Exposure to polishing powder(chrome oxide)

		61		Aug-28																																																																																																386674.5		130852.5		21293		4643.5		1712.5		738		0.220		Rough stone shape		20-25 cm		15-20 cm

		61		Aug-28																																																																																																268072		110260.5		29771		8255.5		2991		1249.5		0.340		cleaning		20-25 cm		25-30 cm

		61		Aug-31						x		x						6								2		2		2												wd		co		ag								x		x				x				x										77,79				73		80,81				No		No								6		No		No		227920.5		91322		18052.5		3847		1109		447.5		0.175		outdoor

		61		Aug-31																																																																																																182821.5		72518		15176.5		3386.5		998		425		0.160		Polishing		15-20 cm		10-15 cm		Ergonomic, Exposure to polishing powder(chrome oxide)

		61		Aug-31																																																																																																127461		49574.5		11728		3042		941		386.5		0.149		Rough stone shape		20-25 cm		15-20 cm

		62		Aug-24		x		x		x		x						5								2		3														wd		co										x		x								x										79,79						77,79,78				No		No								5		No		No		140702		43875.5		4227		538		116.5		31		0.036		outdoor

		62		Aug-24																																																																																																727774		388032.5		68486		6022		1450		521		0.232		Rough stone shape		20 cm 		15-20 cm		Ergonomic, Exposure to polishing powder.

		62		Aug-24																																																																																																605680.5		321669		133927		9933		2037		723.5		0.326		Polishing		20 cm 		15-20 cm

		62		Aug-29				x		x								6								3		3														wd		co										x		x								x										79,77,74						78,75,80				No		No								6		No		No		215297.5		85120.5		18738.5		4471.5		1251		497		0.194		outdoor				 

		62		Aug-29																																																																																																230613		79144.5		18518		5296		1590		695		0.226		Rough stone shape		15-20 cm		10-15 cm		Ergonomic, Exposure to polishing powder.

		62		Aug-29																																																																																																114363.5		42790		8640.5		2199.5		776.5		380.5		0.122		Polishing		20-25 cm		10-15 cm

		62		Aug-31				x				x						5								2		2						1								wd		co						d				x		x								x										80,78						81,76		82		No		No								5		No		No		84872.5		29214		5413.5		1279		492.5		220		0.083		outdoor						 

		62		Aug-31																																																																																																1622147.5		707962		183784		67441		8079.5		3174.5		1.248		Rough stone shape		20-25 cm		15-20 cm		Ergonomic, Exposure to polishing powder.

		62		Aug-31																																																																																																960306		420665.5		135452		50497		6168.5		2462.5		1.004		Polishing		15-20 cm		10-15 cm		 

		62		Aug-31																																																																																																1093716		498642		178639		53840		6875.5		5178.5		1.063		cleaning		20 cm 		15-20 cm






WORKER Q

		Five digit code.						What work are you doing at present?				2. What work are you doing at present																				3. From where do you work now?								4. How long do you work each day?								5.  How may days per week do you work?		6. Please indicate your age range:												7. What is your highest level of education?						8. Can you read?				9. For how long have you been working in the gemstone industry?								10 . Do you think that breathing workplace dust can be harmful to health?						11.If yes to question 10,how did you learn that workplace dust could be harmful?																12.If yes to question 10,which dust can be harmful to health?								13.Is the air where you work dusty when working?						14.  What do you think are good ways to minimize the dust someone breathes in? 																				15. In your workplace, do you use any methods to reduce the amount of dust you and/or your co-workers breathe in?								16.If yes or sometimes to question 15,which method do you use?																		17. How long have you been using these methods? (in months)		18.If Sometimes or No to question 15,Why don't you use methods to reduce the amount of dust you breathe in?																19. How is settled  dust waste cleaned and disposed of?										20. How often is  settled  dust waste cleaned and disposed of?								21. If Dust if cleaned, when is it cleaned and disposed of?						22. Do you think that noise levels in your workplace are high?  						23. Do you think that noise levels in your workplace can cause harm to your hearing?														24. Have you ever worn hearing protection devices?  						25.If yes to question 24,How long have you been using hearing protection devices?				26. In which position do you normal work? 						27. If the answer to Question 26 is sitting on the floor; Do you normally work with the following?   

				Male		Female		Name of Employer		Factory #		Manager/Owner		grading, inspecting		rough stone cut		rough stone shape		polishing		mounting stone on spile		distributing or moving stone		cleaning		drilling holes		stone facet cut		Home		Employers home		Employer's Factory		other.specify		3 Hours or less		3-6 Hours		6-8 hours		> 8 Hours		numbers per week typically.		Under 20 years old		20-29 years old		30-45 years old		46-60 years old		Over 60 years old		Over 60 years old		None		1-8 Years		More than 8 years specify highest level achieved		Yes		No		0-5 years		5-9 years		10-15 years		More than 15 years		Yes		No		Not sure		Friends/Family members		Other workers		Doctor/health workers		Newspaper		Government		Employer		I don't remember		Other		Dust that is visible in the air		very small/fine dust in the air.Even if not visible		Don't know		Other		Yes, a lot		A little		No,not at all		Fan that blows dusty air away from workers.		Water drip on the wheel.		Wet the wheel by applying water with your fingers.		Wetting the stone by dipping in it water.		Enclose/Cover the equipment.		Move others into a different room away from indoor.		Dust mask(which type used)		Scarf or cloth around mouth and nose.		Applying oil with fingers.		Other		Yes, all the time.		Sometimes		No, not at all				Fan that blows dusty air away from workers.		Water drip on the wheel.		Wheel is partially immersed in water all the time.		Wetting the stone when cutting or polishing.		Enclose/Cover the equipment.		Move others into a different room away from indoor.		Dust mask		Scarf or cloth around mouth and nose.		Other				I do not think dust is unhealthy		Employes doesn't provide anything		I do not think it makes a difference.		It is too expensive.		It is too time consuming.		It reduces my production.		I don’t know.		Other		Sweep or shovel dry dust		Wet mopping		Wash down the drains.		Not specially disposed, just removed from immediate work area.		Other.		Never		Once per day		Once per week.		Other		Beginning of the day		End of day.		Other		Yes		No				Yes		No		Not sure.										Yes,which type?		No		Not sure.		Months		Years		Sitting on the floor		Sitting on a chair or bench		Standing		A knee support to hold your knee up.		Sit on a cushion or blanket.

		12340		X				Shakeel khan		1																				X						X								X				6						X										X				X								X								X														X																X				X																						X																								X																X		X										X						X								X								X												X								X						        X		X

		12341		X				Jagdish Saini		5								X														X												X				7						X												10		X										X				X																														X										X																X												x																		X												X		X										X						X								X								X												X										X

		12342		X				Mukesh Saini 		6								X		X														X										X				7						X												B		X										X				X																														X						X																		X										X																More than 10 years.														X				X		X										X						X								X						X														X										X

		12343				X		Mamta saini		8										X												X												X				7				X														10		X						X						X						         												X						X		 								X				        X		        X		X								X						X										x		x		x												More than 5 years.														X				X		X		X								X						X								X						X														X										X

		12344		X				Radheshyam Saini		7		X						X		X												X										X						7						X												12		X								X						X																																X				X																		X										X				x												15 years														X				X		X										X						X								X								X												X										X

		12345		X				Roshan Saini		7												X												X										X				7						X												12		X								X								X																												X				X				X																		X								X				x												7-8 Years						X												X														X				X						X										X												X										X

		12346		X				Sitaram Saini 		7										X														X										X				7								X								X				X										X																																		X						X														X				X										X				x												More than 10 years.														X				X												X						X								X						X														X										X

		12347		X				Munim Saini		9										X												 		X								X						7						X										X				X								X						X																														X						        X		X																X														x												10 years.														X						X										X						X								X						X														X								X						        X		X

		12348		X				Chetan Saini		10								X														X												X				7				X														13		X						X								X																																X				X				X						X								X										X				x												7-8 Years														X				X												X						X								X						X														X										X

		12349		X				Ishwarlal Saini		11								X				X														X								X				7								X								X				X										X				X																																X				        X		X				X								X				X										X				x												More than 10 years.														X				X		X										X						X								X								X												X										X

		12350		X				Devilal Saini 		12								X		X		X														X								X				6						X												10		X								X								X																														X				        X		        X		        X														X										x		x														10 years.														X				X												X								X						X						X														X										X

		12351		X				Hanuman Mahavar		13								X				X												X										X				7								X						       X								X								X				X																																X						X												X						X																								Don’t know exactly.		X				X												        X		X										X						X								X						X														X										X

		12352		X				Rajendra saini		13						 X		X																		X								X				6				X														12		X						X								X																																X						        X		X														X										X				x												7-8 Years														X				X												X						X								X						X														X										X

		12353		X				Bhojraj saini		14								X																		X								X				7						X												12		X										X				X																																X				X				X														X										X				x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12354		X				Yadram saini		15										X																X								X				7								X								       X				X										X				X																																				X		X																X										X				x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12355		X				Pooranmann saini		16								X		X																X								X				7								X						X								X								X				X																																X				X		        X		X														X										X		x		x												More than 10 years.														X				        X		X										X								X						X						X														X										X

		12356		X				Hukkamchand saini		17						X		X														X												X				7				X														12		X						X								X																																X						X																X														x												7-8 Years														X				        X		X										X								X						X						X														X										X

		12357		X				Makkhan Mali		18								X		X														X										X				7						X												10		X						X								X																																X								X														X														x												7-8 Years														X				X				X								X						X								X						X														X										X

		12358				X		Anita saini		24										X												X												X				6						X												10		X				X										X																																X						        X		X										X				X										X				x												More than 5 years.														X				        X		X										X						X								X						X														X										X

		12359		X				Zakir khan		18		X		X																		X												X				6								X								X				X										X				X																																X				X				X										X				X										X		x		x												More than 10 years.														X						X										X						X								X								X												X								X						        X		X

		12360		X				Radhamohan Saini		19						X		X														X												X				7						X												10		X										X				X																														X						        X		        X		X														X										X				x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12361		X				Tara Saini		20										X												X												X				7						X										X				X										X						X																														X				        X		        X		X														X										X				x												More than 15 years.(from starting)														X				        X		X												X				X								X								X												X										X

		12362		X				Nandlal Mali		21								X																X										X				7						X										X				X										X						X																														X				X				X										X				X										X				x												More than 15 years.(from starting)														X				        X		X										X						X								X						X														X								X						        X		X

		12363		X				Mahesh Kumar		22						X		X																X										X				7				X														13		X								X						X																																X				        X		        X		X														X										x		x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12364		X				Rajendra Prajavat		23										X																X								X				7						X										X				X								X						X																																X				X				X														X										x		x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12365		X				Ramesh Mahavar		23								X		X														X										X				7								X						X								X								X				X																																X						        X		X														X														x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12366		X				Hanuman Saini		24										X												X												X				7						X												12		X								X						X																																X				        X		        X		X														X														x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12367		X				Laluram Saini		25								X		X														X										X				7								X						X								X								X						X																														X								X										X				X										x				x												More than 10 years.														X				        X		X												X				X								X						        X		X														X								X

		12368		X				Ramraj saini		25										X		X												X										X				7						X										X				X								X						X																																X						        X		X														X										x				x												More than 10 years.														X				        X		X										X						X								X								X												        X		X								X

		12369				X		Rukmani Saini		25								X		X												X												X				7						X										X				X						X								X																																X				X				X										X				X										x				x												More than 5 years.														X				        X		X										X						X								X								X												X										X

		12370				X		Indira devi Saini		25								X		X		X										X												X				7						X												10		X						X								X																																X				X				X														X														x												More than 5 years.														X				        X		        X		X								X						X								X								X												X										X

		12371		X				Kamlesh Saini		26										X												X												X				6				X														12		X								X						X																																X						        X		        X		X												X												x		x		x										More than 10 years.														X				        X		X										X						X								X						X														X										X

		12372		X				Suresh Saini		26								X		X														X										X				7				X														10		X								X						X																																X				        X		X				X												X										x				x		x										More than 10 years.														X				X												X						X								X						X														X										X

		12373		X				Ramesh saini		27						X				X														X										X				7						X										X				X								X						X																																X				        X		        X		X														X										x		x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12374		X				Mahendra Saini		27								X		X		X														X								X				6				X												X				X								X						X																																X				        X		X				X												X										x		x		x												More than 10 years.														X				X												X						X								X						X														X										X

		12375		X				Ram Narayan		27						X		X																		X								X				6								X						X								X								X						X																												X								        X		X														X												x		x												More than 15 years.(from starting)														X				        X		X												X				X								X								X												X								X						        X		X

		12376		X				Nandlal mahavar		28										X																X								X				7						X										X				X								X						X																																X						        X		X														X												x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12377		X				Kiranlal Saini		28								X		X		X														X								X				6						X										X				X								X								X																												X										        X		X												X												x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12378		X				Gulab Kumar		29										X																X								X				6				X														10		X				X								X																		X												X						        X		X				        X		X																X																						Don’t know exactly.		        X		X														X												X						        X		X				X										X												X								X						        X

		12379		X				Narsinh		30										X														X										X				7				X														10		X				X												X																										X						        X		X						X																X																						Don’t know exactly.				        X		X												X												X								X				X										X												X								X						        X		X

		12380		X				Raju bhai		30		X																				X								X								6								X								X				X										X						X																												X						X																		X										X																More than 10 years.														X				X												X						X								X						X														X										X

		12381		X				Rajendra kumar		31								X		X												X												X				7						X												12		X								X						X																																X						        X		X										X				X												x		x												More than 10 years.														X				X												X						X								X						X														X										X

		12382		X				Babulal Saini		32										X																X								X				7				X														10		X								X						X																																X				        X		        X		X														X										x		x		x												More than 10 years.														X				X												X						X								X						X														X										X

		12383		X				Ramdilal Meena		34						X		X		X												X												X				7								X								X				X										X				X																																X						        X		X														X												x		x												More than 15 years.(from starting)														X				        X		X										X						X								X						X														X								X						        X		X

		12384		X				Ramutara		35										X												X												X				7						X												10		X								X						X																																X				X																		X										X																More than 10 years.														X				X												X						X								X						X														X										X

		12385		X				Chiranji lal saini		35								X		X																X								X				7						X										X				X										X				X																																X						X																X														x												More than 10 years.														X				X												X						X								X								X												X								X						        X

		12386		X				Shaitan singh		37										X														X										X				6				X														12		X								X						X																																X								X														X												x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12387		X				Gajanand Saini		38								X		X		X														X								X				7				X												X				X								X								X																														X				X														X				X										X																7-8 Years														X				        X		X										X						X								X						X														X										X

		12388		X				Shiv kumar		39								X		 X												X												X				7						X												10		X								X						X																																X						X																X														x												More than 10 years.														X				X												X						X								X						X														X										X

		12389		X				Ravi prajavat		39										X														X										X				7				X														12		X				X										X																																X				X																		X										X																More than 5 years.														X				        X		X										X						X								X						X														X										X

		12390		X				Mukesh meena		33						X		X		X																X								X				7						X												10		X								X						X																																X						X																X												x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12391		X				Salim khan		40						X																				X								X				6						X												10		X								X								X																														X				        X		        X		X														X										x		x		x												More than 10 years.														X				        X		X												X				X								X						X														X										X

		12392		X				Prakash saini		41								X		X																X								X				6								X								X				X										X				X																																X						        X		X														X												x		x												More than 15 years.(from starting)														X				X												X						X								X						X														X										X

		12393		X				Mulchand meena		42								X		X		X												X										X				7								X								X				X										X				X																																X				        X		X																X										x		x														More than 10 years.														X				X												X						X								X						X														X										X

		12394		X				Ravindra Atal		45								X		X																X								X				6								X										10		X										X				X																																X						        X		X														X												x		x												More than 15 years.(from starting)														X				X												X						X								X						X														X										X

		12395		X				Chhigan Atal		46										X												X												X				7						X										X				X								X						X																																X				        X		        X		X														X										x		x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12396		X				Raju mahavar		47										X		X														X								X				7						X												10		X								X						X																																X						        X		X														X												x		x												More than 10 years.														X								X								X								X						X						X														X										X

		12397		X				Chandalal Saini		48								X		X		X														X								X				6				X												       X		12		X								X				X						X		X																		X								X						X		X														X												x		x												More than 10 years.														X				        X		X										X						X								X						X														X										X

		12398		X				Yash Saini		49										X														X										X				7				X														13		X				X										X																																X				X		X		X														X										X		x		x												More than 5 years.														X				        X		X										X						X								X						X														X										X

		12399		X				Eklavya Saini		50										X												X												X				7				X														M		X								X						X																																X						X		X														X												x		x												More than 10 years.														X				        X		X										X								X						X						X														X										X

		12400		X				Harinarayan saini		51										X		X										X												X				7				X												X				X								X						X																																X								X		X												X														x		x										More than 5 years.														X				        X		X										X						X								X						X														X										X

		12401		X				Kailash mahavar		52										X																X								X				6				X												X				X								X								X																												X								X		X														X												x		x												More than 5 years.														X								X								X						X								X						X														X										X

		12402		X				Prem Mahavar		53						X				X														X										X				7						X										X				X										X		X																		X								X						X						X																						X																						More than 10 years.				X																				X								X						X						X						X														X										X

		12403		X				Rajendra mahavar		54										X		X												X										X				7						X												10		X										X				X																																X				X														X				X										X																More than 5 years.														X				X												X						X								X						X														X								X						        X		X

		12404		X				Shibbu khan		55												X														X								X				7		X																10		X								X						X																																X						X		X														X												x		x												More than 10 years.														X				X												X						X								X						X														X								X						        X		X

		12405		X				Siraj uddin khan		56										X														X										X				7								X								X				X										X				X																																X						X		X														X												x		x												More than 15 years.(from starting)														X				        X		X												X						X						X						X														X								X						        X		X

		12406		X				Mahesh Mahavar		57										X		X												X										X				7						X										X				X								X						X																																X				X																						X																						Don’t know exactly.						X												        X		X										X						X								X						X														X								X						        X

		12407		X				Wasim khan		58								X		X		X												X										X				6				X												X				X								X						X																																X				X																		X										X																More than 10 years.														X				        X												X						X								X						X														X								X						        X		X

		12408		X				Mohammad sharif khan		59		X				X		X		X												X												X				6								X										10		X										X				X																																X						X		X														X												x		x												More than 15 years.(from starting)														X				        X		X										X						X								X						X														X								X						        X		X

		12409		X				Rasid khan		59										X		X												X										X				7				X												X				X								X						X																																X						X		X														X												x		x												More than 10 years.														X				        X		X												X						X						X						X														X								X						        X

		12410		X				Rahim khan		62										X		X												X										X				7						X												10		X								X						X																																X						X		X														X														x												More than 10 years.														X				        X		X										X						X								X						X														X								X						        X		X

		12411		X				Deshraj Verma		59								X		X														X										X		X		7						X												10		X										X		X						X																X										X																				X								X																						Don’t know exactly.														X										X								X						X						X						X														X								X						X		X

		12412		X				Shukhram Mahavar		62						X				X														X										X				7				X												X				X						X								X																																X				X																												X																More than 10 years.																				X										X						X								X						X														X								X						X		X

		12413		X				Ahmed Khan		58								X		X														X										X				7								X						X								X								X		X						X																X										X						X																		X										X																More than 10 years.				 																X										X						X								X						X														X								X						X		X

		12414		X				Hafiz Mansuri		55								X		X																X								X				7						X								X								X								X		X								X																		X								X								X														X														X												More than 15 years.(from starting)																				X										X						X								X						X														X								X						X		X





FACTORY ID

		Factory #		Business Name		Address

		1		Agarwal Gems		johri bazar,jaipur

		2		Aqua Gems		johri bazar,jaipur

		3		Nadeem Gems		johri bazar,jaipur

		4		Saleem Gems		johri bazar,jaipur

		5		Jagdish Gems		Shiv kunda talai,jaipur

		6		Shankarlal Gems		shiv kunda talai,jaipur

		7		Saini Gems		shiv kunda talai,jaipur

		8		Mamta Gems		shiv kunda talai,jaipur

		9		Munim Gems		shiv kunda talai,jaipur

		10		Chetan Gems		shiv kunda talai,jaipur

		11		Ishwarlal Gems		shiv kunda talai,jaipur

		12		Devilal Gems		shiv kunda talai,jaipur

		13		Hanuman Gems		shiv kunda talai,jaipur

		14		Bhojraj gems		Badan ka baugh,jaipur

		15		Yadram gems		Badan ka baugh,jaipur

		16		pooranmann Gems		Badan ka baugh,jaipur

		17		Hukkamchand Gems		shiv kunda talai,jaipur

		18		Zakir gems		sangram colony,jaipur

		19		radhamohan Gems		shiv kunda talai,jaipur

		20		Tarachand Gems		shiv kunda talai,jaipur

		21		Nandlal Gems		Pili ki Talai,jaipur

		22		Maheshkumar Gems		Pili ki Talai,jaipur

		23		Rajendra Prajavat Gems		Pili ki Talai,jaipur

		24		Hanuman Gems		Pili ki Talai,jaipur

		25		Laluram Gems		Pili ki Talai,jaipur

		26		Kamlesh Gems		pili ki talai,jaipur

		27		Ramesh Gems		pili ki talai,jaipur

		28		Shambhu Gems		Shiv kunda talai,jaipur

		29		Mahendra Gems		Minawala sirsi road.

		30		Raju Gems		Minawala sirsi road

		31		Rajendra Gems		shiv kunda talai,jaipur

		32		Kailash Gems		Jaisinghpura khor

		33		Namichand Gems		shiv kunda talai,jaipur

		34		R.K. Gems		Natata ,jaipur

		35		Ramu Gems		Natata,jaipur

		36		RMC Gems		Sitapura,jaipur

		37		Bhavesh Gems		shivkunda talai,jaipur

		38		Gajanand Gems		shiv kunda talai,jaipur

		39		Shiv Gems		Kunda,jaipur

		40		salim Gems		Pahadganj,hari masjid

		41		Prakash Gems		Sarai baodi,jaipur

		42		Trilok Gems		Sarai baodi,jaipur

		43		Laxmi murti udyog		Sanganer

		44		Mahendra Gems		Sarai Baodi

		45		Ravindra Gems		Sarai Baodi

		46		H.L.Gems		Sarai Baodi

		47		Raju Gems		Sarai Baodi

		48		Shekhababa jewellers		Jaisingh pura khor

		49		Bhagirath Gems		Jaisingh pura khor

		50		Ram Gems		Jajola ki talai

		51		Prakash Gems		Jajola ki talai

		52		Ramesh Gems		Pili ki talai

		53		Prem Gemwork 		Amer,jaipur

		54		Rajendra Gemswork		Amer,Jaipur

		55		Salim Gemswork		Amer,Jaipur

		56		Ramzaan Gemswork		Amer,Jaipur

		57		Mulchand Gemwork		Amer,Jaipur

		58		Ahmed Gemwork		Amer,Jaipur

		59		Sharif Gems		Amer, Jaipur

		60		Nandkishor Gemwork		Koliyon ka mohalla,Amer

		61		Rajendra gemwork		Koliyon ka mohalla,Amer

		62		Raju gemswork		Amer,jaipur





