
 

 

 
 
 
 
 
 
 
July 21, 2006 
 
 
Mr. Robert Connery 
Ms. Denise Kennedy 
Holland & Hart  
555 17th Street, Suite 3200 
Denver, CO 80202 
 
Dear Bob and Denise: 
 
In emails this week, you and Todd Johnston asked me to review and comment 
on a number of recent studies, particularly: 
 

Schins RPF et al. (2004): Inflammatory effects of coarse and fine 
particulate matter in relation to chemical and biological constituents.  
Toxicology and Applied Pharmacology 195: 1-11. 
 
Veranth JM et al. (2004): Inflammatory cytokines and cell death in BEAS-
2B lung cells treated with soil dust, lipopolysaccharide, and surface-
modified particles.  Toxicological Sciences 82: 88-96. 
 
Veranth JM et al. (2006): Correlation of in vitro cytokine responses with 
the chemical composition of soil-derived particulate matter.  Environmental 
Health Perspectives 114: 341-349. 

 
These three studies address the biochemical mechanisms by which inflammation 
is induced in lungs exposed to dust particles.  Each focuses on intermediate 
steps of the inflammatory process, but not dust-induced injury.  This raises 
important, but ambiguous concerns as to whether the end-points in any of the 
studies represent “adverse effects” or merely non-adverse “biological effects”.  
This sometimes subtle distinction is of primary importance to risk assessors, and 
may be of similar importance to you and your clients [1].   
                                            
1 For example, when the NAS reviewed EPA’s risk assessment for perchlorate, it concluded that 
EPA had wrongly set its risk assessment on an effect that was a precursor of an adverse effect, 
but not itself an adverse effect.  As a result, NAS recommended a Reference Dose nearly 10-fold 
higher than that originally proposed by EPA.   
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1). To facilitate discussing these studies, it may be useful to first provide a 
simplified overview of the inflammatory process.  The “hallmarks” of inflammation 
are alterations of the microcirculation and the accumulation of inflammatory cells.  
Those processes are largely initiated by the secretion of cytokines – small 
proteins – that serve as a means of cell-cell signaling.  The major source of 
cytokines is macrophage cells, but other cell types (e.g., lung epithelial cells) also 
participate.  Certain specific types of molecules, such as bacterial endotoxin, are 
recognized as particularly potent stimuli of cytokine release.   
 
Some cytokines (and related molecules) are pro-inflammatory (i.e., they provoke 
inflammation) while others are anti-inflammatory.  The degree and persistence of 
inflammation is related to the balance of those competing effects: 
 

“The degree and persistence of inflammation in the lung and other tissues 
is influenced by the balance between these last pro-inflammatory factors 
and other processes that down-regulate inflammation.  In this respect, 
several cytokines such as IL-10, TGF-β, IL-4, IL-11 and IL-13 exhibit anti-
inflammatory activities in a number of in vitro and in vivo models.” [2]. 

 
Stimulation of cytokine release can lead to a cascade of cell-cell signaling that 
results in the migration of cells to the anatomic location of concern, and the 
activation of cellular processes essential to the inflammatory process.  Whether 
such effects occur, however, depends in part on the balance of pro- and anti-
inflammatory cytokines.  Accordingly, evidence that a particular exposure 
scenario causes up- or down-regulation of any particular cytokine is not sufficient 
to conclude that such an exposure will necessarily lead to inflammation and 
tissue injury.   
 
Following their migration to the anatomic ‘area of interest’, macrophage and other 
inflammatory cells “undergo a respiratory burst, producing free radicals and 
enzymes” [3].  The formation and release of free radicals, notably reactive oxygen 
and nitrogen species, is a primary mechanism by which inflammation causes 
tissue injury.   
 
From this very simplified overview, it should be understandable that researchers 
studying the mechanisms of particle-induced lung toxicity often focus on two 
types of biochemical markers: cytokines and free radicals.  Their research often  
                                            
2 Huaux F (2006): Role of Cytokines in Pulmonary Inflammation and Fibrosis Induced by Inhaled 
Mineral Particles.  In Salem H, Katz SA (eds): Inhalation Toxicology. Taylor & Francis, 307-333. 
3 Gregus Z and Klaassen CD (2001): Mechanisms of Toxicity. In Klaassen CD (ed): Casarett & 
Doull’s Toxicology. McGraw-Hill, 35-81. 
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seeks to determine which components of particles induce cytokine secretion 
and/or free-radical generation and their specific dose- response relationships.  It 
is important to recognize that the study of such biochemical markers may 
elucidate the processes by which injury is provoked, but the presence of those 
markers is not per se evidence of tissue injury. 
  
2). The two studies by Veranth used similar methodology, which the authors 
described as “a simplified biological model” (Veranth, 2004).  From 5-10 kg 
samples of soils, they obtained sub-samples of particles that were mainly 0.4-3 
µm (“PM2.5-enriched soil dust”).  These particles were added to cultures of lung 
epithelial cells and their ability to induce IL-6 and IL-8 and to cause cell death 
were then measured.  Particles were analyzed for levels of “40 elements, 7 ions 
and 8 carbon fractions” (Veranth, 2006) and those levels were evaluated 
statistically to determine which, if any were correlated to IL-6 and IL-8 release.  It 
is difficult to compare the doses used in these in vitro studies to doses that might 
be expected to result from inhalation exposure scenarios. 
 
The 2004 study found that some soil samples were benign, while others showed 
varying adverse effects.  The authors concluded that the observed effects were 
probably not due to endotoxin: “this study demonstrated that the response to 
these soil dusts was not due to particle-associated endotoxin” (Veranth, 2004).   
 
The 2006 study used the same basic design, but included a greater variety of 
soils and more extensively analyzed dust components.  All dust samples induced 
a dose-related increase in IL-6, but there was a “wide range of potency” across 
soil samples.  The evidence also suggests that the dose-response curves for 
various dust samples had different slopes, suggesting the possibility of multiple 
mechanisms of IL-6 induction.  Surprisingly two samples of coal fly ash, which 
were utilized as known positive controls for toxic dust, did not induce a strong IL-
6 response, suggesting at least some disconnection between IL-6 up-regulation 
and toxicity. 
 
The strongest positive correlations between IL-6 release and particle component 
was with an elemental carbon fraction and with pyrolyzed organic carbon.  In 
other words, IL-6 was most potently induced by exposure to combustion 
products, not crustal dust or mineral dust components.  There was a positive 
correlation between IL-6 and endotoxin concentrations, but that association was 
no longer significant after one particular sample (of 28 tested) was excluded.  
Thus, as earlier reported by Vernath (2004), endotoxin did not seem to be an 
important cause of the observed effects.   
 



Mr. Robert Connery  
Ms. Denise Kennedy 
July 21, 2006 
Page 4. 
 
Small increases of IL-8 were noted for some samples, but dose-responses were 
inconsistent.  As with IL-6, one of the two most potent inducers of IL-8 was an 
elemental carbon fraction.  Correlations between IL-6 and IL-8 were inconsistent 
and generally weak.  Cytotoxicity, which was noted for some samples, was not 
correlated to IL-6 or IL-8 levels. 
 
These two studies provide some insight into underlying toxicological mechanisms 
and serve for hypothesis generation, but they do not serve for hypothesis testing.  
The 2006 report explicitly cautioned that its findings may have resulted from 
chance (i.e., some may have been false positive findings): 
 

“We observed a number of statistically significant correlations between 
chemical composition and IL-6 and IL-8 release by human lung cells.  
However, because of the multiple post hoc correlations, even a 1% 
confidence limit likely includes some type 1 error false positives.”  

 
In summary, these two studies suggest that under some conditions, soil derived 
particles cause biological effects, some of which are adverse, but the particle 
components causing those effects remain unknown.  These studies neither 
demonstrate nor predict that adverse effects are expected in humans under 
realistic inhalation exposure scenarios.  They also do not specifically address 
PM10-2.5, although the PM2.5 used in the studies were derived from soil, rather 
than airborne sources, and therefore probably contained some smaller crustal 
components.   
 
The most surprising finding is that the most potent components of the tested 
dusts were combustion products: 
 

“The major new insight from this study is that the strongest correlations 
were with EC and OC.”  (Veranth, 2006) 

 
Such findings serve more to substantiate the primary toxicity of airborne fine 
particulate (mainly composed of combustion products), not coarse particulate.   
 
3). Schins et al. report a rodent study in which samples of airborne dust were 
instilled into the lungs of rats.  Using dichotomous samplers, fine (PM2.5) and 
coarse (PM10-2.5) particulate were collected in two locations, a “heavily 
industrialized” city and a “rural site”.  Particles were analyzed for metal content, 
ability to generate free hydroxyl radicals, and endotoxin content.  Their potency 
for inducing inflammation was measured by incubating dust samples with whole 
blood and then measuring two pro-inflammatory cytokines, IL-8 and TNFα.   
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Eighteen hours following instillation of dust into rat lungs, the rats were killed, 
their lungs excised and lavaged with saline, and the lavage fluid was analyzed for 
cell counts, cytokine content, and glutathione content [4].       
 
The study yielded an array of findings.   

a) The fine PM from both locations contained more extractable metals 
than did the coarse PM, while the coarse PM from both locations 
contained more endotoxin than did the fine PM.   
 
b) The urban particles generated significantly more highly reactive 
hydroxyl free radicals than did the rural samples.  The urban coarse PM 
generated more free radicals than did the urban fine PM, but the rural fine 
and coarse samples did not differ. 
 
c) The coarse particulate from both locations induced greater amounts of 
pro-inflammatory cytokines (IL-8 and TNFα) in whole blood than did fine 
particulate.  Rural coarse PM was more potent than urban coarse PM.  
Fine PM induced “modest” increases of IL-8 and no increases of TNFα.   
 
d) Coarse rural particulate significantly increased levels of TNFα in lung 
lavage fluid, while fine urban particulate significantly increased levels of a 
different pro-inflammatory cytokine (MIP-2).  Other dust samples did not 
affect levels of the measured cytokines. 
 
e) The glutathione content of lavage fluid was significantly reduced after 
exposure to rural coarse particulate, but not after exposure to other dust 
samples.  Biochemical markers of cellular damage were not increased for 
any of the dust samples. 
 
f) The coarse particulate from both locations induced a significant increase 
in the proportion of neutrophils among the cells in lung lavage fluid, but the 
total cell count was not described.  None of the dust samples increased 
the number of macrophages in lavage fluid. 

 
g) The in vivo effects were not correlated with the metal content of the 
various dusts, but were generally correlated with the endotoxin content of 
the samples. 
 

                                            
4 Increased numbers of white blood cells in lavaged fluids indicates an inflammatory response, 
while decreased levels of glutathione suggests that free radicals were generated. 
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Interpretation of these findings and their relevance to ambient human exposures 
is complicated because the dusts were administered by instillation, not inhalation, 
and the administered doses were very high:   
 

“Notably, the effects as described were observed upon intratracheal 
instillation, and might have been different if an inhalation model had been 
used due to differences in dose rate and size-specific particle distribution 
patterns throughout the respiratory tract.  Importantly, the applied dose is 
at least 100-fold higher than a comparable human dose that would be 
expected to result from realistic ambient exposure conditions.”  (Schins, 
2004) 

 
Despite the very large dose of particulate administered directly into the lungs, no 
lung toxicity was observed: 
 

“Remarkably, however, considering these dosimetry aspects, no lung 
toxicity was observed for any of the samples.” (Schins, 2004) 

 
4). These three studies present both consistencies and inconsistencies:   
 

a) Some coarse particulate samples can induce cytokine responses, but 
only a few pro-inflammatory cytokines were studied.  The dust component 
responsible for that cytokine response is unclear.  Both agree that it is 
probably not due to extractable metals.  Schins et al. propose that it is due 
to endotoxin, while Veranth et al. provide evidence that it is not due to 
endotoxin.    
 
b) Schins et al. provide data suggesting an association between cytokine 
release and generation of free radicals, while Veranth et al. found no such 
association. 
 
c) Neither study documented cellular damage, despite large exposure 
doses. 
 
d) Both studies generate interesting hypotheses for further testing, but 
neither offers a uniform or systematic explanation for the observed 
difference across dust samples.  It is notable that Veranth (2004) reported 
positive responses in only four of nine soil samples and Veranth et al. 
(2006) described very large differences across individual samples.  Thus 
the significance of the Schins (2004) study, which tested only a single 
sample from each of two locations, is unclear and requires replication. 
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5). In summary, these studies indicate the complexity of understanding the 
physiological response to particulate exposures.  They explore the underlying 
mechanisms that might explain those responses, but their study methods do not 
reflect the reality of human inhalational exposure, they administered doses that 
far exceeded those associated with realistic ambient exposures, and they can not 
be readily extrapolated to such ambient exposures.    
 
These studies may provide a basis for better understanding particulate toxicity 
and they certainly deserve follow-up study, but they can not currently serve as 
the basis for setting human exposure limits.   
 
Yours truly, 
 
 
 
Jonathan Borak, MD, DABT 
 
Associate Clinical Profess of Medicine and Epidemiology 
Yale University 
 


