
HEALTH EFFECTS OF SUGAR CANE BURNINGPRIVATE 

INTRODUCTION

Sugar cane has been burned for over 50 years in Hawaii as a method of controlling pests and reducing the leafy bulk of the plant prior to the harvest and milling.  There are currently 200,000 acres of which one-half must burned each year from approximately March to November, averaging in some locations two cane fires a day.  There are 20-30 tons of trash per one acre of which 66-75% is burned off (1).


The sugar industry has done cost comparisons of burned and non-burned sugar production, demonstrating high production costs (2) and less purity of the refined product (3).  The capital cost for one major company to retool for non-burning capability has been estimated at about $32 million in 1986, a figure considered exorbitant despite the yearly profits of almost $850,000 anticipated from the sales of bagasse generated electricity back to the electrical company (2).


While acknowledged for decades to be an aesthetic nuisance, open field burning was not generally felt to be a detriment to health until recently while population centers have grown up close to fields where burning takes place.  In addition, new information regarding certain components of the burning has raised questions as to the validity of the assumption that the burn product is harmless.
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COMPOSITION OF SUGAR CANE SMOKE

PARTICULATES, CARBON MONOXIDE, ORGANIC COMPOUNDS AND 
   HERBICIDES


There have been several studies analyzing the constituents of cane smoke.  The earliest was a laboratory study by Darley in 1974 utilizing a burn table and smoke collection funnel (4).  He found a particulate emission value of 7 lbs/ton, carbon monoxide (CO) value of 70.6 lbs/ton and 10.4 lbs of hydrocarbon (HC).  He also found 79 grams of benzopyrenes in the particulates.  The study was flawed by the limitations of the laboratory conditions.


A field study performed by Daniels found much higher particulate levels of around 1500 lbs/ton of cane burned.  Likewise levels of CO and HC were much higher in the Daniels study, although not quantifiable because the levels were "off scale" (5).  The markedly elevated values of these components over those found by Darley was attributed to the firestorm effect of the updrafts created by the intense fires, leading to more complete combustion and entrainment of large amounts of field dust in the plumes.


Dorsey, of the EPA, performed a preliminary one smoke study on Maui in 1986 (6).  The concentration of particulates 30 to 50 meters downwind of the plume were 50 to 100 times the background level (2000-5000 micrograms/M3 as compared to 40 micrograms/M3).  These figures included only those particulates in the respirable range (10 microns in size).  High molecular weight organic compounds increased 15 fold in the burn samples.  The herbicides atrazine, ametryn, and durion were found in small quantities in the smoke, but atrazine was also found in the background samples, and was felt to be "...associated with the air mass at the sampling systems preparation site...."  Dioxins were not detected, but chlorofluorocarbons (CFC's) were found, although no explanation
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was offered as to what their source was.  Products of incomplete combustion (PIC's) were typical of those produced by burned vegetation, along with the pyrolysis products of herbicides.


BIOGENIC SILICA


Biogenic silica in sugar cane were first described in the 1960's by Baker in Queensland, Australia (7).  These are needle-like organic silica structures resembling asbestos fibers in shape and size on electron microscopy.  They are synthesized by cane during growth by uptake of inorganic silica from the soil.  Although variable taken up according to the amount of silica present in soils, some Hawaiian sugar cane takes up 1,700 lbs of silica per acre (7).


Newman, in 1983, reported the presence of respirable biogenic silica in ashed Trinidad sugar utilizing electron microscopy, and found that biogenic silica comprised 5-7% of the weight of dried mature leaf (8).


Boeninger and Hill in a NIOSH study done among Jamaican cane workers in Florida (1986), found airborne biogenic silica as well as polyaromatic hydrocarbons (PAH) in the air breathed by workers during hand cutting of burned cane (9).  Air concentration of silica fibers (3 of 7 samples) ranged from 60,000 to 300,000 fibers per cubic meter in the air breathed by post-burn cutters, with lesser numbers of fibers in the air of other personnel.  Most fibers were 1 micrometer in diameter and 10 to 300 micrometers long, easily in the respirable range.  None of the samples were positive for PAH's, but this may have resulted from low gravimetric loading on each sample.  


A followup study was performed by NIOSH in 1988 on Maui, and preliminary results corroborated the findings of Boeninger, documenting worker exposure levels of up to 56,000 fibers per cubic meter.(10) This study contained other significant findings which will be addressed later in this review.

HEALTH EFFECTS

Very few epidemiologic studies have been performed looking specifically for health effects of sugar can burning.  It is well
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known that bagasse dust, a product of sugar production, can cause bagassosis, a debilitating hypersensitivity pneumonitis which can progress to fibrotic lung disease.  The IgE mediated reaction to various thermophilic actinomycetes growing in molding bagasse can resemble acute bacterial pneumonitis in clinical presentations (11).


Carbon monoxide poisoning has been a well known occupational hazard for firefighters, but its effects in sugar workers has not been studied.  It is of interest that a recent study of sugar workers as a sugar mill on Kauai showed a high percentage of smokers represented among those with field worker jobs (12).  Carboxyhemoglobin in smokers is already 5-7% and higher, and therefore additional desaturation due to carboxyhemoglobin can be expected in workers involved in burning cane who also smoke.  Recent literature has described decreased exercise tolerance, increased propensity to angina at low levels (< 2%) of carboxyhemoglobin.  Other low level effects may include increased dyspnea in chronic airway obstruction, changes in mental alertness, reduced threshold for ventricular fibrillations.(13)


There is a high prevalence of asthma in Hawaii with approximately known 40,000 asthmatic statewide registered with the American Lung Association (14).  Lehman in Hawaii in 1976 demonstrated an extractable allergen in sugar cane smoke that caused a wheal and flare when injected subcutaneously into patients with allergic symptoms to cane smoke, but no reaction when given to asthmatics without symptoms on exposure to cane smoke (15)


EPIDEMIOLOGIC STUDIES

Epidemiologic studies have been limited, but three are worthy of mention. The first is a study by Rothschild and Mulvey in Louisiana in 1982 (16).  There the state tumor registry of 10 parishes was used to identify 284 persons who had died of lung cancer over five years.  These were compared with 284 control cases, controlled for age, sex, race, smoking status, and 
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employment in shipbuilding industry.  Persons employed in sugar cane industry had 2.3 times the odds of workers employed in other industries of contracting lung cancer.  Two cases of mesothelioma were seen also.  In the "Discussion" section, the authors noted the sugar growing counties in Florida had a higher incidence than expected of lung cancer, similar to Louisiana.  


A brief study by Malker from Sweden reported in Lancet in 1983 described mesothelioma in four male workers at a sugar refinery (17).  While this represented a 2.7 fold excess of these cancers compared to workers in other industries, the authors claimed that asbestos exposure for these workers could not be ruled out.


NIOSH, in a preliminary study mentioned  earlier, investigated the charts of  sugar cane workers in two mills on Maui in 1986, and found that 13 of 47 of the workers had x-ray reports (the X-rays themselves were not reviewed) compatible with the diagnosis of occupational lung disorder, in particular, exposure to fibrogenic dusts. (10)  This study had several biases including lack of specificity of job description (all job classifications were accepted including desk workers, drivers, field workers), lack of controls for smoking, lack of trained "B-readers", uncontrolled x-ray technique, exclusion of workers who either died or were transferred back to the Philippines.  Most of these biases, however, would tend to minimize the already significant findings, suggesting that there might be an even greater percentage of field workers with fibrotic lung disease.  The study did not find an excess number of cancer or mesothelioma but the numbers of subjects were small.


A follow-up study has been completed last year on Maui by NIOSH, and is expected to be released very soon. 


Other epidemiologic studies deserve some mention.  McCabe reported an increased incidence of leukemia in Queensland, Australia among male sugar workers over the age of 60, when compared to workers under the age of 60 and workers in other industries.(18) The authors implicated, but did not pursue,
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pesticide exposure as a possible cause.


Ames, in a brief report from the Barbers Point Naval Air Station Infirmary in 1987, showed a 300% increase in the incidence of asthma and other respiratory problems in military families during sugar cane burning season (19).


A final epidemiologic study was done by Kirkham of the Hawaii Department of Health in 1987.(20)  This retrospective study utilized the Hawaii Health Survey data to analyze two groups of persons, "exposed" and "unexposed" to cane burning.  The study found no differences in several major categories of disease.  Unfortunately, this study made no attempts to quantify exposure, determine place of occupation, length of residence, smoking history, sex, age, or any other useful parameters of comparison between the groups, seriously compromising any interpretation.


CASE REPORTS

Das et al reported five cases of mesothelioma in a sugar cane growing community in India in 1976 (21).  Although no population data was provided, all the patients were documented to have worked as field hands in sugar production and not to have had known exposure to asbestos.  Mesothelioma in the general population occurs about one in a million persons per year.


In Brazil, nineteen sugar cane workers were found to have squamous cell carcinoma of the conjunctiva (22).  A cluster of esophageal cancer was also found among sugar cane workers in Southeastern Brazil who drank as sugar cane based alcoholic beverage.  (23)


There are many other agricultural sources of biogenic silica  other than sugar cane, and exposure to these may be causing health problems. In Iran (flour), Africa (jute), and China (millet), an association between biogenic silica and esophageal


- 7 -

cancer has been suggested. (24-26)  
BASIC SCIENCE

An animal study by Bhatt et.al., utilizing grain derived biogenic silica, shows promotion of growth of skin tumors in rats initiated with a polycyclic carcinogen. (27)


The mechanism by which biogenic silica might cause alveolar tissue damage was postulated by Baker (1), who found biogenic silica particles in lymph nodes and the urinary system of sheep ingesting grains:  "...the smaller of the sharp, narrow, needle-like forms and microsplinted fractured from larger forms could penetrate cell walls as equally as readily as an ordinary needle penetrates thin skin membranes."

CONCLUSION

There is a growing body of scientific evidence suggesting that the burning of sugar cane may cause a variety of adverse health effects above and beyond the well described syndrome of bagassosis.  There are very few studies as to the content of sugar cane smoke, but it appears to be similar to the products of combustion of other vegetable material, with the addition of large amounts of dust, various polycyclic hydrocarbons, pesticides and their byproducts, biogenic silica, and CFC's.  CO2, CO and water are also released in large quantities.  Dust, as a prominent component of the smoke, is of major concern due to its respirable size ( < 10 microns) and its inherent potential to adsorb pesticides and other toxic elements, enhancing their passage into the body.  This is of concern to both the workers and the exposed public.


Carbon monoxide is probably not a concern for the ambient air quality and the general public, but may have important implications for occupationally exposed individuals with angina and other cardiopulmonary disorders.
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CFC's have been implicated in the depletion of the ozone layer of the atmosphere with the associated health problems.


Biogenic silica derived from the burning of sugar cane and other crops may be associated with the development of lung cancer and in particular, mesothelioma, in exposed workers, a study is under way in Hawaii to determine this.  Biogenic silica bears many similarities ultrastructurally to asbestos fibers, and may have a similar effect on mammalian systems.  


With the great preponderance of unanswered  questions regarding this pervasive practice of sugar cane burning, more epidemiologic and pathophysiologic work is needed to elucidate the probable connection between cane smoke and human illness.

