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Biogenic amorphous silica 
by Jean Rabovsky, Ph D1 

Rabovsky J. Biogenic amorphous silica. Scand J Work Environ Health 1995;21 suppl 2:108-10 

Biogenic amorphous silica (BAS) is a natural constituent of living matter (eg, unicellular organisms and crop plants). 
Diatoms, whose siliceous remains are the geologic precursors to diatomaceous earth, actively process soluble silica into 
BAS. In some plants, a portioil of the BAS exists externally as pointed or irregularly shaped fibers. Although silica- 
related adverse health effects are usually attributed to crystalline fonns, s~ich effects could occur as a result of exposure 
to BAS at high temperatures (above 800°C), where crystalline silica, a known human toxicant is formed. BAS fibers 
from food crops can be ingested and lead to adverse health effects due to irritative processes. Airborne BAS fibers from 
rice can be inhaled during burning or incineration. Fibrous or nonfibrous BAS can adsorb toxic organic compounds and 
facilitate their entry into the lung. Recon~n~endations for research are suggested to address the issue of potential health 
effects due to exposure to BAS. 

Key terms biogenic amorphous silica, crop plants, diatomaceous earth, environmental exposure, fibers, inhalation, 
occupational exposure, review. 

Amorphous silica exists i11 Inore than one form. Some forms are 
associated with nonvegetative matter, such as volcanic glasses and 
various manufactured sols, gels, powders, and glass fibers (1-3), 
while other forms (ie, biogenic amorphous silica) are found in 
living matter [eg, viruses, bacteria, fungi, diatoms (a group of 
algae), sponges, and plants] ( I ,  4). For the current discussion, the 
focus will be 011 the biogenic a~norphous silica (BAS) associated 
with fossilized diatoms and crop plants. 

Amorphous silica is considered less toxic than crystalline sili- 
ca, to which are attributed the silica-related adverse health effects, 
silicosis, and lung cancer (5) .  Amorphous silica is currently not 
classifiable as to its carcinogenicity to humans (5). The noncancer 
toxicity associated with amorphous silica is more ainbigi~ous than 
for crystalline silica, although in vitro cytotoxicity and in vivo 
lung lesions have been observed with some industrial amorphous 
silica in rats (6, 7). The current threshold limit value for anior- 
phous silica is 10 mg . 111r3 (total dust) for u~icalciiied diatoina- 
ceous earth, precipitated silica and silica gel; 2 mg . m-' (respira- 
ble dust) for fumed silica; and 0.1 mg . m-' (respirable dust) for 
fused silica (8). 

Exposure to amorphous silica from diaton~aceous earth and 
crop plants may present unique situations not examined in most 
studies. The purpose of this paper is to describe the conditions 
under which human exposure to amorphous silica from diatoina- 
ceous earth and crop plants occurs. Where information is availa- 
ble, potential exposure-related health effects are discussed. Rec- 
ommendations for research are also suggested. 

Diatomaceous earth 

Diatomaceous earth is the geologic product of decayed unicellular 
organisms called diatoms (1, 9). As part of the normal life cycle, 

diatoins take up soluble silica, probably as silicic acid [Si(OH),] 
from the surrounding water and transport it across the plasma 
membrane in saturable, energy-dependent steps (9, 10). The trans- 
ported Si(OH), then undergoes a series of reactions that ends in 
biornineralization producing biogenic amorphous silica and depo- 
sition in the diatom valve (frustule). The BAS levels in diatoms 
vary with species and range from less than 1 to almost 50% by 
weight (I) .  Over geologic time, the siliceous frustules of the dia- 
toms accumulate and become diatomaceous earth. 

Exposure to ainorplious silica in diaton~aceous earth occurs 
among workers who process tlie raw material into manufactured 
products. During a heating (calcining) step at temperatures of 
982-1093"C, which includes tlie addition of a flux agent such as 
sodium carbonate, some amorphous silica in diatomaceous earth is 
transformed into a polymorph of crystalline silica, cristobalite 
(1 1). The temperature-induced transformation is a known phe- 
nomenon and has been studied with industrial silicas, including 
precipitated and vitreous silicas (12, 13). Hence, at the heating 
step of the manufacturing cycle, diatomaceous earth workers can 
experience inhalation exposure to high levels of respirable cristo- 
balite and can therefore be at risk for adverse pulmonary health 
effects associated with this silica polymorph (14). 

Crop plants 

Like the silica in diatoms, the accumulation and deposition of 
silica in certain vascular (higher) plants is a normal biological 
process. Little is known, however, about the specific steps in 
uptake, accumulation, aud deposition. For the grasses (including 
rice and sugar cane), silicic acid is taken up from the soil by active 
transport or passive diffusion (1). I11 rice, the conceiltration of 
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silicic acid in the vascular tissue may reach 650 ppm as it is 
transported towards the leaves (4). 

The amorphous silica in rice undergoes a temperature-depend- 
ent transition to crystallille silica (cristobalite), similar to that ob- 
served for diatomaceous earth. When rice hulls are incinerated at 
temperatures above 800°C, cristobalite is formed, and the conver- 
sion to this silica polymorph is prevented when furnace tempera- 
tures are lowered (15). If precautions are not taken, cristobalite 
can be inhaled by facility workers in proximity to the ash as it is 
removed from the baghouse or where it is stored on site. A poten- 
tial for environmental exposure also exists if uncovered ash is 
disturbed by high winds. 

Some of the arnorphous silica in plants exists as fibers, and the 
fibrous forms vary by crop. In wheat and millet, silica fibers exist 
externally as regular hair-like projections with sharp pointed ends 
(4, 16). In sugar cane and rice the fibers are less regular, some- 
times resembling twigs (17, 18). Concern about amorphous silica 
fibers is based on the adverse health effects associated with expo- 
sure to asbestos mineral fibers, particularly those with aspect ra- 
tios (length divided by diameter) greater than three. Although 
extensive epidelniologic data exist on the relationship between 
exposure to asbestos fibers and human disease (2, 19), little health 
research has been done 011 exposure to fibers of biogenic amor- 
phous silica. Sinks et al (20) reported the absence of mesothelio- 
ma among Hawaiian sugar cane workers; however, other pulino- 
nary end points were not addressed. 

Exposure to fibers of alnorphous silica may occur environ- 
mentally through the ingestion of silica-containing plants. The 
suggestion has been made that in the parts of the world where such 
plants are a staple food item, high esophageal cancer rates may be 
related to the ingestion of the amorphous silica fibers (1 6). How- 
ever, the results of a mouse bioassay were contradictory (21). Skin 
tumors developed after direct dermal exposure to the amorphous 
silica from the grain or to the fiber-bearing grain, whereas gas- 
trointestinal tumors did not occur after the latter was ingested. 
Although the mean aspect ratio of the fibers from the grain was 10 
before the grain was added to the diet, the value after the grain 
was ground was not reported. The evidence thus suggests that 
tumor formation in relation to arnorphous silica exposure is prob- 
ably at the level of irritative and reparative processes. 

Inhalation exposure to amorphous silica fibers occurs during 
harvesting, crop burning, or incineration. Such exposure can be 
occupational or environmental. Environmental exposure would 
occur during crop burning due to the air transport of residual 
particulate matter. Airborne fibers with aspect ratios greater than 
three were determined during sugar cane burning (17), rice straw 
harvesting and burning (18), and rice hull incineration (22). These 
fibers were not equivalent, however, to the long, thin, pointed 
structures associated with the external tissue of many grasses. 

To date, laboratory studies on the biological effects of amor- 
phous silica fibers have not been carried out in large part due to 
the unavailability of sufficient material. An epidemiologic study 
(23) on the respiratory health of California rice farmers has taken 
place, and the preliminary X-ray evidence is consistent with expo- 
sure to respirable silica dust. The nature of the specific exposure 
giving rise to the X-ray findings could not be determined however. 

lnferacfions 
The foregoing discussion has been restricted to exposure to amor- 
phous silica separate from simultaneous exposure to other con- 

taminants, although such exposures are ltnown to occur. For ex- 
ample, polycyclic aromatic hydrocarbons (PAH) are detected in 
the sinolte from rice straw burning in California, and they may be 
partially responsible for the inutagenesis observed in standard 
bacterial assay systems (24). Dioxins and dibenzofurans are also 
found in the smoke fro111 rice straw burning in Japan (25). Particu- 
lates, in general, may facilitate the uptake and distribution of toxic 
substances, such as the carcinogenic PAH to the lullg. One result 
may be enhanced tumor formation, as observed by Saffiotti et a1 
(26) and Kirnizulta et a1 (27). Other changes, such as increased 
retention time in the lung and altered PAH metabolite profiles (28, 
29), may also occur. 

Although the mechanisms for the particle-associated enhanced 
or altered PAH-induced biologic effects are not understood, in 
vitro studies may provide some insight. The facilitated transport 
of a PAH across lipid bilayers or isolated cell membranes was 
demonstrated if the PAH is first adsorbed onto amorphous silica 
particles that are respirable (30, 31). Hence the presence of PAH 
(and perhaps other organic compounds) in the environment of a 
population exposed to amorphous silica could exert interactive 
influences on the biological outcome. In the case of exposure to 
amorphous silica, the presence of organic toxins should be talten 
into collsideration when the relationship between amorphous sili- 
ca exposure and adverse health outcomes is studied. 

Research needs 
Many gaps exist in the knowledge about the relationship between 
exposure to amorphous silica and potential health effects. To as- 
sess the health risk due to exposure to amorphous silica adequate- 
ly, studies are needed on the mechanism of disease processes 
associated with exposure to silica in general and to biogenic amor- 
phous silica in particular. For example, more research is needed 
on the consequences of the interactions between soluble toxins 
and respirable silica particles. More information is also needed on 
exposure levels of arnorphous silica. To address this concern, 
improved methods for preparing large amounts of purified amor- 
phous silica fibers need to be developed. The result from studies 
such as the ones suggested in this presentation will add to our 
Itnowledge of the role of amorphous silica in silica-related disease 
and enable risk assessors to evaluate rislts due to exposure to 
amorphous silica more rationally. 
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