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Introduction

From ancient Rome to not so ancient New York cities decay.  If urban structures and infrastructures are not maintained, they crumble.  As urban populations increase and new social and economic relations are created, infrastructures must must be structurally adopted to meet new challenges. Roads, highways and bridges are built and rebuilt, transportation hubs expanded. Complex water delivery systems push millions of gallons of water, while sewage is transported to treatment facilities.   Office buildings, new and old are continuously being demolished or renovated to serve new commercial interests. 
The end results of infrastructure rehabilitation are welcomed: we applaud renewal if it is aesthetically pleasing and socially functional, just as we curse the noise, dust and fumes generated during the process of renewal.  The effects of construction activities on the environment and communities are well documented, and methods to minimize damaging effects are often designed into projects.  Large construction projects must be preceded by environmental impact statements which assess potential negative effects which might preclude the construction. However, there is a hidden cost to urban renewal: the health of the workers who do the work.

Data on the characteristics of the urban construction labor force are extremely difficult to gather in the United States.  The construction workforce is very mobile, moving from project to project and from place to place in response to industry needs.  The length of employment of a worker at a project depends on factors such as its size and stage.  Projects can last for years or can be completed in days.  Workers are organized into many trades, and the trades are further organized into subtrades. The workers can be union or nonunion.  In New York City the workers on larger projects are generally unionized, whereas the smaller projects are generally nonunionized.  Most projects are, in fact, small, and the companies that do the work are also small, sometimes short lived in a very competitive market. The workforce itself varies greatly in skill, wages, job security and hours worked each year.  In New York City as well as in many large urban centers in the United States the construction workforce ranges from well-paid skilled workers with reasonable job security to undocumented day laborers working for a pittance. 

As little data as there are on the general characteristics of the urban construction workforce, there is even less on the adverse health effects of chemical exposures to toxic dusts, fumes and vapors.  We know that workers are exposed to many substances but, with few exceptions, the health consequences are not well documented.  These exceptions include asbestos, which was widely used as a construction and building material after the second world war, and has been closely regulated in the United States for many years.  Lead is another material about which some data are available for construction workers.

The paucity of information on health outcomes is one reason that there are far too few epidemiological studies correlating health with exposures in construction.  Another reason is the dearth of quantitative evaluations of the magnitude of exposures to chemical and physical agents. One reason for this, though perhaps not the most significant one, is that exposure assessment in the construction setting presents difficulties generally not found in manufacturing.  In construction, the conditions determining the magnitude of worker exposures are extremely variable and dynamic.  As stated above, construction projects can differ enormously in scope and duration; they can last several hours or several years.  They can involve several workers from one trade performing one task or hundreds of workers from many trades performing numerous tasks side by side.  Work and environmental conditions at construction sites vary from sector to sector (i.e., new construction, highway, demolition), and from project to project within the same sector.  Conditions also vary over time at the same project, sometimes over very short periods of time.  A worker can start the day working in an open space, and end the day in an enclosed room. 

Silica Exposure as a Marker of Occupational Health of Infrastructure Renovators
To exemplify and highlight the hazards to which construction workers are exposed during urban infrastructure rehabilitation, we have chosen to focus upon silica.  There is perhaps no better marker for the hidden human costs of rehabilitation work than this mineral.  Exposure to silica is ancient, as is the disease it causes-- silicosis.  Crystalline silica, or quartz, is one of the major constituents of the earth’s crust.  Any disturbance of the crust, be it by mining, drilling, or movement over dry soil, creates a cloud of silica-containing dust.  Industry employing sand or soil will expose workers to silica, and there are many such industries, including electronics, foundries, ceramics, clay and pottery, stone and glass, construction, agriculture, maritime and mining.

Silicosis is a fibrotic lung disease produced by the inhalation of dust containing free crystalline silicon dioxide (SiO2).  Classic silicosis is a chronic and slowly progressive disease. Usually, the reactions occur over 20 to 45 years.  Very high exposures to silica over a short period of time can result in acute or accelerated silicosis, which develops in less than 10 years of exposure.  The interactions of concentration, particle size, and dura​tion of exposure are the main determinants of the attack rate, latency period, incidence, rate of progression, and outcome of the disease.  More recently, in 1997 silica was declared a known human carcinogen by the International Agency on Research on Cancer. 

Silicosis was described in antiquity by Hippocrates and Pliny the Elder who wrote about disease among slaves and artisans engaged in the mining and processing of metals and building stone. Agricola, in his book  De Re Metallica ( 1556), was probably the first to recog​nize the adverse effects of inhaled dust. A decade later, in 1567,   Paracelsus included a description of “miners' phthisis in his work on miners' diseases, Von der Bergsucht.  The Italian physician, Bernardino Ramazzini, considered the father of occupational medicine,  included a description of diseases of stonemasons and miners in his famous De Morbis Artificium Diatriba (1700).  In England the disease (“phthisis”) was described in many occupations such as flint knappers, knife grinders, fork sharpeners, and cutters of sandstone. 

In the United States silicosis was first described among employees of a cutlery plant in the nineteenth century.  Tunnel work was also known to generate numerous cases of silicosis. The tunnel at Gauley Bridge in West Virginia, where many workers contracted both acute and chronic silicosis in the 1930s, and 700 workers were buried, attracted national attention in the USA. This resulted in the initi​ation of dust suppression and respiratory protection methods, improved industrial hygiene, and the introduction of laws for compensation of silicosis victims.

With the enactment of the Occupational Safety and Health Act of 1970, and the adoption of standards for silica exposure, it was generally thought that silicosis would quickly be resigned to the diseases of the past.  This was not to be.  Although there has been a significant decline in silicosis since the 1930's, cases and deaths continue to be recorded, particularly among construction workers.  The disease has by no means disappeared.  Reawakening to this reality, the US federal government  declared a national campaign to end silicosis in 1996, 50 years after the government’s first onslaught against silicosis was launched.  The designation of silica as a known human carcinogen adds an urgent note to the goals of this effort.

Construction workers are among those at highest risk, in particular sandblasters, bricklayers and construction laborers. This latter group are potentially exposed to dusts that contain crystalline silica during the performance of routine tasks, including chipping, hammering and drilling of rock and concrete; crushing, loading and dumping these materials; and dry sweeping or air blowing of settled dust.  These tasks are performed by laborers employed in many construction sectors including road and bridge demolition and reconstruction.  The number of construction laborers potentially exposed to silica has been estimated to be about 75,000.
                  

In the USA in recent years there has been a dramatic increase in highway and bridge rehabilitation. In New York City over the past 10 years, every large bridge spanning its waterways, and every major highway, have been sites of intensive renovation. This work involves concrete pouring  and demolition.  Since concrete is produced from aggregates such as sand and gravel, crystalline silica is almost always present to some degree in these materials.  Chipping and drilling concrete is therefore a rich source of potential silica containing dusts.  Additionally, it has been suggested that silica generated by high energy impact tools such as chippers and drills, that is, freshly fractured silica, has greater potential to cause disease than aged silica.

Sites and Samples
In order to characterize the silica exposure experienced by construction laborers engaged in infrastructure rehabilitation, and to document the methods employed to protect such workers, we assessed silica exposure and controls for workers engaged in pneumatic drilling and chipping during bridge and road rehabilitation work. 
Respirable dust and crystalline silica samples were collected at 6 rehabilitation sites in New York City.  Sites  included  three bridges, a railway terminal, a highway, and a dam.  Samples collected at the bridge rehabilitation projects were done so at various locations at the sites and on different structural elements, including roadways, concrete encasing steel beams, and granite support piers.  This work is representative of tasks that are performed time and again during infrastructure rehabilitation.

Samples were collected with a stainless steel Higgen and Dewell type cyclone manufactured by BGI.  These cyclones are in conformance with the size-selective sampling criteria  of the American Conference of Governmental Industrial Hygienists (ACGIH), the International Standards Organization (ISO), and the European Community (CEN).  Sampling was conducted at a rate of 2.2 liters/minute, which is proscribed for these cyclones.  The cut size for this cyclone is 4μm.  Samples were collected on tared 5 mm polyvinyl chloride filters.  

The analysis was performed by a laboratory accredited by the American Industrial Hygiene Association for analysis of crystalline silica.  The respirable dust mass was determined by weighing, and the percentages of quartz, cristobalite and tridymite were determined via X-ray defraction (XRD).    

Personal monitoring of worker exposure was conducted during two tasks: drilling and chipping of in-place concrete. Chipping was performed with hand held pneumatic jackhammers and chipping guns.  Both tools use a rapidly reciprocating chisel to fracture and crush concrete.  

Drilling was done in preparation for lifting by crane of concrete blocks or for splitting them with a pneumatic splitting tool. All drilling was performed with hand held pneumatic drills.  The type of bit and steel length used varied  based on the material being drilled and the required drilling depth.  A driller helper was monitored who assisted the driller by holding the drill in position.

Survey of Engineering Control Technologies
A survey was conducted of available information concerning engineering control technologies to reduce worker exposure to dust during pneumatic chipping and drilling.  Information was sought from several sources.  First, inquiries concerning controls were addressed to manufacturers of pneumatic tools and to industry associations covering concrete work.   Contact was made via internet, email, phone, and letter.  Typically, contact with these organizations resulted in a request for written information regarding services and products related to chipping and drilling dust control.  If the contact did not have any pertinent information, they were asked to provide further leads to gather such information. Two internet resources, the Electronic Blue Book  and the Associated Equipment Dealers, were also searched for manufacturers of tools and appropriate control technologies.  Additionally, inquiries were made to  research institutes and government agencies which are known to deal with the use of pneumatic drillers and chippers.  Government agencies contacted include NIOSH and MSHA.  Individuals were queried about their knowledge of the topic and whether they were aware of any information on controls or could provide us with leads to others who might have this information.

In addition to searching for current information on controls, a search for pertinent articles was made of the peer-reviewed literature, using the NIOSHTIC data base.  A broad range of search terms was used to identify articles related to the topic of dust suppression and control of exposures during the tasks under consideration. 

Results
Descriptive statistics for the exposure assessment for drillers, chippers, and helpers are presented in Table 1.  The mean respirable dust exposure for drilling (n = 16) is 5.2 mg/m3.  The % quartz in these samples ranged from 9.1% to 25%, resulting in a mean silica exposure of .95 mg/m3 (Range = .208 - 2.70 mg/m3 ) . The mean respirable dust exposure for chipping (n = 27) is 4.9 mg/m3.  The % quartz in these samples ranged from 6.5% to 66%, with a resulting mean silica exposure of 1.05 mg/m3 (Range = 0.023 mg/m3 - 5.90 mg/m3 ) .


Table 1: Respirable Dust and Silica Exposure for Pneumatic Drilling and Chipping 

	Task


	Respirable Dust (mg/m3)
	
	
	% Quartz
	Respirable Quartz (mg/m3)
	

	
	N
	
Mean

(Range)
	
SD
	
Mean


(Range)
	Mean

(Range)
	
SD

	Drilling 
	16
	5.13

 (.85-20)
	5.36


	
17.8


(9.1-28)
	
.94


(.14-2.7)
	
.89

	Chipping 
	27
	
5.0

 (.27-21)
	5.11
	
31.1

(11.2-62.1)
	
1.04 


(.023-5.9)
	
1.34

	Chipping Helper 
	9
	
3.20 

(.73-8.5)
	
2.58
	
21


(11-62)
	
.78 


(.03-2.3)
	
.61


SD =  standard deviation

% Quartz = % of quartz in the dust collected on each filter, determined by x-ray diffraction analysis

The investigation of control technologies available in the marketplace resulted in contacting 13 tool manufacturers, 5 trade associations, 2 internet indexes, 3 government research laboratories, and 1 workers’ compensation board.  Most of the tool manufacturers contacted sent literature and brochures about their products, but only one sent relevant information concerning dust control for hand-held pneumatic chipping and drilling tools.  This company manufactures vacuums and ventilation equipment designed for construction users.   Most of the tool manufacturers did not manufacture dust suppression equipment or they produced such devices only for their smaller “indoor” tools, not for the large drills and chippers typically used for large-scale concrete demolition.    

Three peer-review articles were found that describe methods for controlling dust exposures during concrete chipping and drilling.  Two of these, written by the same investigator, are from the years 1967 and 1969.  They describe a control approach for dust generated during jackhammering which uses a continuous spray of water from a cone attached to the chisel  During the reciprocating motion of the hammer, the cone glides up and down along the steel, continuously feeding water to the point of dust generation.  Both studies’ show a statistically significant reduction in exposure to respirable particulate with the use of wet compared to dry jackhammering.  In fact, airborne dust levels were diminished by at least 90%. 

A more recent study describes concrete drilling during the construction of hand-dug caissons .  A dust suppression mechanism is described which uses water sprayed at the bit from an attachment to the drill.  In conjunction with the water, a Venturi air ejector was used to remove the remaining particulate not suppressed by the water.  The combination of the two systems resulted in a decrease in respirable dust concentrations of between 57% and 98% compared to uncontrolled exposures. 

Discussion  

Construction workers engaged in urban infrastructure rehabilitation are exposed to excessive levels of dusts, fumes and mists.  The data presented in this study focused on exposure to crystalline silica, not because this exposure represents the worst case, but because silica is omnipresent in the environment, is an important constituent of many construction materials, and is generated as a respirable dust during many construction activities.  In addition, silicosis has more than once been consigned to the dust bin of history.    

The exposure assessment described above leaves little doubt that laborers engaged in concrete demolition are overexposed to crystalline silica during pneumatic chipping and drilling.  In addition, a search for engineering controls that might be employed to reduce exposure came up virtually empty handed: the manufacturers of the drills and chippers used in concrete demolition do not manufacture controls as an accessory which could be purchased with the tool.   We assume that this is not related to technologically feasibility, because the peer-reviewed literature of the past  has descriptions of feasible controls for the tools.   The lack of control features for drillers and chippers is more likely related to market conditions: if there is no demand for such an accessory, the manufacturer has little incentive to develop one.

Recommendations
In order to protect workers from the adverse health effects of exposure to toxic materials during urban infrastructure rehabilitation, the owners of projects, whether public or private, the urban planners, and the designers and architects of the projects must build worker protections into the process from its inception.  By choosing nontoxic materials to work with, by selecting work processes which are less likely to lead to exposure, and by specifying worker health hazard controls into project blueprints, workers can stop paying for urban rehabilitation with their health. 
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