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ABSTRACT. In this study the authors describe the investigation of a 1992 outbreak of green 
tobacco sickness, a form of nicotine poisoning from dermal exposure, among 47 tobacco 
workers in a five-county region of central and south-central Kentucky. Cases were identified 
through medical record searches at participating hospitals, as well as from reports submit- 
ted to the Occupational Health Nurses in Agricultural Communities program. A case-con- 
trol study was undertaken to assess risk factors for green tobacco sickness. In a 20-min tele- 
phone interview, 40 cases and 83 controls responded to questions contained in a 
questionnaire. In 1992,47 persons (3 were under age 16 y) in the study region sought med- 
ical treatment for green tobacco sickness. Twelve persons were hospitalized and 2 required 
intensive-care treatment. The crude incidence in 1992 was 10.0/1 000 tobacco workers. In 
1993, 66 cases (7 were under age 16 y) of green tobacco sickness were identified in the 
study region (i.e., annual incidence of 14.0/1 000). A case-control study demonstrated that 
ill workers were younger, and were more likely to have worked in wet conditions, compared 
with workers who were not ill. Green tobacco sickness is a common problem among tobac- 
co workers that may be prevented by avoiding work in wet tobacco or by use of protective 
clothing. Children younger than 16 y of age represented 9% of the green tobacco sickness 
cases in 1992 and 1993. Current occupational safety and health laws do not address pro- 
tection of tobacco workers with respect to green tobacco sickness. 

GREEN TOBACCO SICKNESS (GTS) is  a form of nico- 
tine poisoning that affects tobacco workers who have 
direct contact with tobacco plants during cultivation 
and harvesting. More than 20 y ago, GTS was first 
described among tobacco workers in Florida,' and GTS 
was later found to be caused by absorbed nicotine from 
wet tobacco  plant^.^,^ Nicotine is  a water-soluble alka- 
loid found in the leaves of the tobacco plant.4 It is 
absorbed readily through the skin, lungs, and gastroin- 
testinal t r a ~ t . ~ , ~  Nicotine poisoning has been reported in 

tobacco  worker^,^,^,^ as well as in persons who inten- 
tionally or accidentally ingested tobacco or nicotine- 
containing solutions8 or who had dermal contact with 
nicotine-based  insecticide^.^^'^ GTS has been described 
among tobacco workers in India and Japan.6,7,11 Subse- 
quent to the original studies in the 1970s, only a few 
published articles have addressed GTS in tobacco 
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workers in the United States,l2.l3 despite knowledge of 
the existence of GTS among some clinicians and tobac- 
co workers in tobacco-growing regions of the United 
States. Green tobacco sickness i s  potentially pre- 
ventable through the use of protective clothing, which 
reduces nicotine absorption in tobacco  worker^.'^**^ 

Green tobacco sickness has a short duration (i.e., 
usually 1-2 d) and is  characterized by nausea, vomit- 
ing, weakness, dizziness, and occasional fluctuations in 
blood pressure or heart rate.2,3,16 There have been no 
known fatalities associated etiologically with GTS, but 
the effects of nicotine may make unrecognized contri- 
butions to morbidity and mortality from cardiovascular 
or cerebrovascular diseasel7,l8 and may be particularly 
hazardous to individuals with preexisting cardiovascu- 
lar conditions. Clinical diagnosis of GTS is based on the 
presence of symptoms consistent with the condition 
and on a history of working with tobacco plants. The 
symptoms of GTS are similar to those of organophos- 
phate or carbamate poisoning, and distinguishing 
between the two conditions has implications for diag- 
nostic procedures and treatment beyond supportive 
measures.18 The diagnosis of green tobacco sickness 
may be achieved by a test for urinary or serum nicotine 
(half-life = 3-4 h) or, in the case of nontobacco users, 
cotinine (a nicotine metabolite with a half-life of 36 h) 
may be useful diagnostically. Whereas cotinine levels 
have been used to differentiate between tobacco users 
and  nonuser^,'^*^^ they cannot be used to differentiate 
between heavy tobacco users and persons with green 
tobacco sickness because n icoti ndcoti n ine concentra- 
tions that represent toxic levels have not been estab- 
lished. 

At a time when much attention is being directed to 
the health effects of tobacco, one overlooked popula- 
tion includes persons employed in tobacco harvesting 
who are exposed to nicotine through direct contact 
with tobacco leaves. We describe the detection and 
investigation of and the response to an outbreak of 
green tobacco sickness, identified by an agricultural 
surveillance system in the Commonwealth of Kentucky. 

Method 

The Kentucky Department for Health Services has 
established a surveillance system for identifying work- 
related illnesses and injuries among farmers, farm fam- 
ilies, and agricultural workers in nine counties. The sur- 
veillance system is  a component of the Occupational 
Health Nurses in Agricultural Communities (OHNAC) 
program, which is a 5-y demonstration project funded 
by the National Institute for Occupational Safety and 
Health (NIOSH) to support education, surveillance, and 
prevention activities by public-health nurses in agricul- 
tural communities of 10 states2’ Active community- 
based surveillance and case ascertainment through 
health-care providers and local hospitals i s  a mainstay 
of this program. During September 1992, the Kentucky 
OHNAC program identified 47 persons with GTS who 
sought treatment at five hospital emergency depart- 
ments in five central and south-central counties. The 

surveillance case definition was a person with an emer- 
gency-department diagnosis consistent with GTS (e.g., 
green tobacco sickness, tobacco/nicotine poisoning), 
whose symptoms were characteristic of the condition, 
and whose recorded work history included tobacco 
harvesting at the time of illness. Cases were identified 
through medical-record searches at participating hospi- 
tals, as well as from reports submitted to the OHNAC 
program. Because symptoms of GTS are similar to gas- 
troenteritis or other common conditions; however, we 
did not consider it feasible to conduct case-finding 
through review of medical records for patients with 
non-GTS-related diagnoses that may have been GTS. 

To evaluate possible risk factors associated with 
green tobacco sickness, we conducted a case-control 
study during the month of October 1992, which coin- 
cided with the end of the harvest. All persons who met 
the surveillance case definition were initially included 
in the study. Cases and local agricultural extension 
agents were asked to identify persons who might serve 
as control subjects. A control was defined as a person 
who resided in the study region, who worked in tobac- 
co during the 1992 harvest season, and who had not 
experienced symptoms consistent with green tobacco 
sickness during that year. Controls were selected 
according to the control definition via telephone- 
screening interviews; controls were not matched by age 
or sex. in a 20-min telephone interview, study subjects 
responded to questions about job duties performed dur- 
ing the tobacco-growing season; exposure to wet 
tobacco leaves; whether clothing became soaked from 
exposure to wet tobacco; whether wet clothin was 

clothing usually worn (e.g., short or long pants, short- or 
long-sleeved shirts, no shirt); use of protective clothing 
(e.g., gloves, rain gear); work duration (measured as hld 
or d/wk); and personal tobacco use. Odds ratios (ORs) 
and 95% confidence intervals (CIS) were estimated from 
stratified analyses and from logistic regression models 
for risk factors associated with GTS.22 

replaced with a dry set during work hours; type o B work 

Resu I ts 

Case descriptions. During the cutting of tobacco 
plants throughout harvest, 47 cases of green tobacco 
sickness occurred in August and September of 1992. 
The median age of the 47 cases was 29 y (range = 
14-54 y), and 3 (6%) cases were under the age of 16 y. 
Six cases (13%) were female. The most frequently 
reported symptoms included weakness (1 OO%), nausea 
(98%), vomiting (91 Yo), dizziness (91 %), abdominal 
cramps (70%), headache (6O%), and difficulty breathing 
(60%). The median time from starting work in the 
morning to initially feeling ill was 10 h (range = 3-17 
h). The median duration of illness (i.e./ number of days 
symptoms were experienced) was 1 d (range = c 1-1 4 
d). A l l  case patients were treated initially with 
antiemetic drugs in emergency departments, and 35 
(74%) received intravenous fluids. Twelve persons 
(26%) were hospitalized for periods of 1-2 d, and 2 
(4%) persons required intensive-care treatment for 
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hypotension and bradycardia. Thirty-six of 40 
interviewed cases (i.e., goo/,) had previous work 
experience with tobacco, 14 (39%) of whom in 
previous years had sought medical care for symptoms 
suggestive of GTS. 

Hospital costs were calculated for three levels of care 
received by 31 cases who were treated at two partici- 
pating hospitals. On average, fees were $250 for outpa- 
tient treatment, $566 for hospital admission, and 
$2,041 for intensive-care treatment. 

Based on these 47 cases, we calculated estimates of 
GTS incidence. Using U.S. Department of Agricul- 
ture/Kentucky Department of Agriculture data,23 we 
estimated the population of tobacco harvest workers to 
be 4 696 in the five counties affected. The incidence for 
developing occupationally related GTS was 10.0/1 000 
workers during the 1992 harvest season in the five cen- 
tral and south-central counties. 

Case-control study. Forty of the 47 cases (85Y0) and 
83 non-ill tobacco worker controls were contacted and 
were interviewed for the case-control study. Seven 
cases could not be located and were not included in 
any aspect of data analysis for the case-control study. 
All the remaining cases and al l  controls who were 
contacted agreed to participate. The 7 noninterviewed 
persons with GTS were younger than the remaining 
cases (median age = 19 y; range = 17-32 y), but they 
were similar to the others with respect to sex and 
severity of illness. Interviewed cases and controls were 
proportionately similar by gender, but the ages of 
controls exceeded the ages of cases (Table 1). Odds 
ratios and 95% confidence intervals were calculated to 
compare cases and controls for hypothesized risk 
factors (Table 2). Ill workers were more likely than non- 
ill workers to young. In an analysis that treated age as a 
continuous variable, the beta coefficient for increasing 
age in I-y intervals was estimated to be -.05993. The 
model-predicted odds ratios for 5-, lo-, and 15-y age 
differences, in which younger subjects were compared 
with older subjects, were 1.3 (CI = 1.1-1.61, 1.8 (CI = 
1.3-2.5), and 2.5 (CI = 1.5-4.1), respectively. When age 
was treated as a dichotomous variable, we found that 
cases were more likely to be younger than 30 y of age 
(OR = 3.1; CI = 1.4-7.0). All cases and 69 (83%) 
controls had worked in fields of wet tobacco, where 
their clothes became wet from moisture on the tobacco 
plants. The OR for current use of personal tobacco 
products (e.g., cigarettes, snuff, chewing tobacco, pipe, 
cigars) was 0.69 (CI = 0.32-1.5). The interpretation of 
this weak protective effect was hampered by the wide 
confidence interval. Prevalence of tobacco use was 
43% among cases and 54% among controls. Reported 
use of protective clothing worn at least once during the 
growing season was low for the study population as a 
whole (i.e., 5% for waterproof clothing and 32% for 
gloves). There was no significant difference between 
cases and controls with respect to these protective 
items. In addition, gender, work duration, and type of 
work clothing were not associated with illness. 

Public health response. After investigating the 1992 
outbreak of green tobacco sickness in Kentucky, we 

Table 1 .-Characteristics of Cases and Controls: Green 
Tobacco Sickness 

Characteristic Cases Controls 

Age (y) 

Sex 

Median 
Range 

Female 
Male 

Total 

29 39 
14-54 16-70 

5 (13%) 11 (13%) 
35 (87%) 72 (87%) 

40 83 

Table 2.-Risk Factors for Green Tobacco Sickness: Case- 
Control Study 

Risk factor OR* 95% CL 

Age 
5-v aee differencet 
16-y ;ge differencet 
15-y age differencet 
< 30 y versus 2 30 y 

Wet clothes from wet tobacco 
Current use of tobacco products+ 
Not changing out of wet clothes 
Not wearing rain gear 
Nonuse of gloves 
Female versus male 
Harvesting > 7 h/d 

1.3 
1.8 
2.5 
3.1 
infinite 
0.70 
3.6 
2.5 
0.78 
0.94 
0.96 

1.1-1.6 
1.3-2.5 
1.5-4.1 

1.8-infinite 
0.32-1.5 

1.4-7.0 

0.51-85 
0.32-121 
0.26-1.9 
0.27-2.8 
0.42-2.2 

*From a maximum likelihood estimate of the odds ratio. 
tFrom logistic regression model, including age a5 continuous 
variable, comparing younger to older age and adjusting for 
smoking status. 
*Age-adjusted. 

initiated an educational campaign that targeted tobacco 
workers and health-care providers. We provided on- 
the-job educational programs in local hospitals in the 
study area and mailed published on GTS to 
all licensed physicians in the Commonwealth of 
Kentucky. In an effort to target tobacco workers at risk 
of developing GTS, local newspapers and radio stations 
carried news stories at the end of the 1992 harvest and 
at the beginning of the 1993 season. Green tobacco 
sickness was described, and recommendations for its 
prevention were presented. 

To document the impact of GTS over time, we inten- 
sified surveillance activities at the beginning of the 
1993 tobacco-growing season in Kentucky. Diagnostic 
criteria and uniform coding for the diagnosis of GTS in 
medical records were discussed with staff at all hospi- 
tals in the counties that participated in the agricultural 
surveillance system. 

1993 surveillance findings. During the 1993 tobacco 
harvest, 66 cases of GTS among tobacco harvesters 
were identified in the five-county study region; 7 (1 1 YO) 
of the harvesters were between 12 and 15 y of age. 
Eleven of the 66 cases (17%) were hospitalized for at 
least 1 d. The crude incidence rate calculated for the 
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five-county area in 1993 was 14.0/1 000 harvesters 
(1 992 population estimate was used). 

Discussion 

The clinical spectrum of GTS described in this study 
is  similar to that found by Gehlbach2 and by others in 
published case  report^'^,'^: the condition is self-limited; 
it has a duration of 1-2 d; and the predominant symp- 
toms include weakness, nausea, vomiting, dizziness, 
and headache. Although green tobacco sickness is  not 
a new problem, the magnitude of illness has not been 
recognized previously because surveillance mecha- 
nisms for agricultural health conditions have been insti- 
tuted only recently in a few states.21 The only previous- 
ly documented estimate of the magnitude of GTS was 
9% of North Carolina tobacco harvesters who reported 
illness in 1 973.3This estimate cannot be compared with 
the incidence rate in Kentucky because case numbers 
were based on self-reports in North Carolina and were 
based on hospital-treated cases in Kentucky. Kentucky 
surveillance data showed that the incidence for hospi- 
tal-treated GTS was greater in 1993 than in 1992 (i.e., 
14 versus 10/1 000, respectively, tobacco workers), 
despite an intensive public-awareness campaign that 
stressed prevention strategies prior to the 1993 harvest. 
This increase in incidence, however, is not surprising. 
Heightened awareness about GTS on the part of both 
tobacco workers and health-care providers may have 
contributed to a greater number of affected workers 
seeking treatment, as well as to a greater number of 
cases being diagnosed with GTS in 1993. In addition, 
surveillance activities for GTS were intensified in 1993. 
It was originally thought that an excessively rainy sea- 
son contributed to the unusual number of GTS cases in 
1992, but a more likely explanation is  that 1992 was 
the first full year of the agricultural surveillance system, 
and the magnitude of the problem had simply not been 
recognized previously. The high treatment cost for GTS 
in Kentucky (i.e., approximately $250 for emergency- 
department care) may be an important barrier to seek- 
ing treatment and could contribute significantly to an 
underestimation of GTS incidence when hospital-treat- 
ed cases are measured. Given the seasonal nature of the 
work, tobacco workers may not have health insurance, 
and agricultural workers are not covered by the Ken- 
tucky worker’s compensation program. 

Results from the case-control study reported in this 
article showed that younger workers were more likely 
than older workers to develop GTS-a finding consis- 
tent with other studies.2 Possible explanations for this 
age effect include selection bias, introduced by the use 
of a convenience sample of controls that may have 
included an older sample than the true population of 
tobacco harvesters, or a survival effect in which work- 
ers most sensitive to nicotine dropped out of this work 
force at a young age. Inclusion in the analysis of the 
seven identified GTS cases who were not interviewed 
would have increased the strength of the age associa- 
tion because their median age was 19 y, compared with 
29 y for the study cases. Case-control study findings 

also suggested that ill workers were less likely to use 
tobacco. This finding, however, was much less promi- 
nent than reported previously; in a North Carolina 
study, the OR for tobacco use was 0.06 (CI = 0.014.24 
[calculated from published Personal use of 
tobacco products may confer a protective effect result- 
ing from an increased tolerance to the effects of nico- 
tine among regular tobacco users. Nonetheless, the 
documented occurrence of GTS among tobacco users 
suggests that this acquired tolerance may not be protec- 
tive if the user’s customary nicotine intake is  exceeded 
~ubstantially.~~ Wearing clothing that became wet from 
contact with wet tobacco was also a risk factor for dis- 
ease in this study; however, many of the specific behav- 
iors or work practices that increased direct dermal con- 
tact with wet tobacco leaves (e.g., wearing short- 
sleeved shirts, not using gloves or rain gear, not chang- 
ing wet clothes at the end of the day, harvesting for 
more than 7 h/d) were not associated significantly with 
GTS. Given that the controls and cases were not 
matched by date of illness, the study was limited in its 
ability to detect important differences between ill and 
non-ill tobacco harvesters for the use of these specific 
behaviors and work practices. This type of matching 
would have enabled a comparison between the effect of 
work clothinglpractices that increased exposure to wet 
tobacco and rainy weather on illness for the specific 
day a case occurred. 

Prevention strategies to reduce the incidence of GTS 
include avoiding the handling of wet tobacco. NIOSH 
recommends that workers should avoid working in 
tobacco fields during or immediately after a rainfall; 
delay work hours until dew has dried; wear protective 
clothing (e.g., chemical-resistant gloves26 or waterproof 
rain gear) when working with wet tobacco plants; and 
change into dry clothing as soon as possible if clothing 
becomes wet.27 Nonetheless, these prevention strate- 
gies may not be practical for many reasons. Because of 
a tight schedule for harvesting tobacco, workers are 
often in the field 10-12 h/d, and growers may not be 
able to postpone work until plants are dry or allow fre- 
quent breaks for changing clothes. Use of personal pro- 
tective equipment (e.g., impermeable clothing, gloves, 
rubber boots) may increase the risk of heat stress in hot 
weather. Mechanization of tobacco harvesting reduces 
dermal contact with wet tobacco leaves and represents 
a potential method for prevention, but equipment for 
mechanical harvesting is not currently available for bur- 
ley tobacco-the dominant type grown in Kentucky. 
Even if such equipment were available, Kentucky tobac- 
co is grown primarily on small, family-operated farms, 
and the expense of purchasing such equipment i s  likely 
to be prohibitive. In the Southeastern United States, 
flue-cured tobacco is  grown on large- and medium- 
sized farms where mechanical harvesting has increased 
from 14% in 1987 to 29% in 1991 

Nationally, both the population at risk for GTS and 
the number of persons affected are unknown. There are 
an estimated 80 000-150 000 full-time workers who 
harvest, strip, grade, and haul tobacco to market during 
a 4-mo p e r i ~ d . ~ ~ , ~ ~  (This range i s  based on figures from 
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the U.S. Department of Labor and from the U.S. Depart- 
ment of Agriculture, 1993 [calculated from estimates of 
person-hours for all tobacco-growing activities, exclud- 
ing preharvest, for flue-cured and burley tobacco pro- 
duction (i.e., 93.5% of all tobacco grown in the United 
States)].) Included in the tobacco workforce nationwide 
are two vulnerable groups: migrant workers and chil- 
dren. The number of migrant and foreign workers hired 
to harvest tobacco is  increa~ing.~(!-~~ In the National 
Agricultural Workers Survey (1 989-1 991 1, the U.S. 
Department of Agriculture estimated that at least 20 000 
migrants were employed nationwide as tobacco work- 
e r ~ . ~ ~  Prevention and treatment of green tobacco sick- 
ness are more difficult in migrant populations who face 
barriers to health care access because of poverty, inad- 
equate sanitary facilities, lack of transportation, immi- 
gration status, cultural beliefs, and misunderstandings 
that arise from language  difference^.^^ Although the 
number of children who are involved in tobacco har- 
vesting is  unknown, green tobacco sickness does occur 
in child workers. In Kentucky, 9% of the cases of CTS 
that occurred during 1992 and 1993 were experienced 
in children under 16 y of age. Federal and Kentucky 
child labor laws prohibit children who are younger than 
18 y of age from working in hazardous nonagricultural 
industries. In agriculture, however, the standards are 
more lenient (i.e., hazardous work that involves han- 
dling of toxic substances is  prohibited only until age 16 
y), and work on family farms is  totally exempt from all  
regulations concerning child l a b ~ r . ~ ~ , ~ ~  In addition to 
nicotine poisoning, young children are at considerable 
risk for injury while working in tobacco, mostly from 
falls, lacerations, and  puncture^.^^ 

In summary, tobacco workers are exposed routinely 
to nicotine, a toxic chemical capable of producing an 
incapacitating illness that was first recognized and 
described more than 20 y ago. As many as 150 000 
workers nationwide may be at risk, including vulnera- 
ble groups such as children who are younger than 16 y 
of age, as well as migrant workers. Prevention of CTS 
through the complete avoidance of contact with wet 
tobacco is  difficult to achieve. Given the inadequacy of 
available control measures, one of the best prevention 
strategies available i s  to educate tobacco workers about 
the risk of developing GTS and, taking into considera- 
tion language and literacy barriers, provide them with 
current recommendations for prevention. There is  no 
legal requirement that workers be informed about haz- 
ards of nicotine3’; this suggests that current health and 
safety regulations and practices may not protect tobac- 
co workers adequately. Child labor laws do not cover 
tobacco production, and the laws do not in general pro- 
tect children who work in agricultural settings in which 
health and safety hazards are known to e ~ i s t . ~ ~ , ~ ~  

To reduce the burden of occupational nicotine poi- 
soning in tobacco workers, we propose that additional 
education and research efforts are necessary. Health- 
care providers and public-health professionals in tobac- 
co-growing regions should be educated about CTS, 
thus assuring improved recognition and treatment. Pri- 
orities for further research on GTS should take a three- 

pronged approach: (1 ) education and training should be 
researched to determine if recommendations are 
observed and if preventive measures are effective; (2) 
effective and practical protective clothing and skin bar- 
riers should be developed; and (3) occupational health 
surveillances should be expanded to identify popula- 
tions at risk of developing GTS, especially children and 
migrant workers. 
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