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Often, crabbers do not perceive as chemicals many of the chemical substances they deal

with on a daily basis chemicals. In one instance, a fisher we interviewed while he was painting his

vessel and using gasoline as a cleaning fluid, responded "no" to and early version of the question

about chemicals, leading us to change it from, "Do you use chemicals in your work?" to "Do you

use chemicals such as bleach in your work?" In response to this new question, we found that

64.9 to of the Albemarle crabbers use chemicals regularly in their work, while only 50'lo of the

Pamlico crabbers responded to this question in a positive way.

III. b. 4. Common Occu ational Hazards of Crabbin

Several occupational hazards confront crabbers, besides those that may derive from

marine toxins. The following table shows those injuries that were reported with any frequency,

comparing the two groups:

The only significant differences between the two populations were in regards to the first

two injuries on table 06, with significantly higher number of Albemarle crabbers reporting both

cuts and their own designation of "sea needle in the eye." The first four kinds of injuries are not

uncommon among both populations, affecting upwards of one fifth to one half of crabbers, but the

table clearly suggests that most crabbers do not report experiencing a large number of hazards.

Injuries may be underreported, as is evident from the discrepancy between rows one and

two in the Albemarle column in table 06, crabbers may not consider minor cuts and sprains as

injuries, but simply as common aches and pains associated with their job. Knowing how common

it is for crabs to attack and pierce the skin of crabbers, it is almost inconceivable that most

crabbers have not been cut at least once during their years on the water.
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HI. e. Rel;itio»s Between Fishin Communities and Health Providers in North Carolina

III. c 1. Health in Eastern North Carolina A Context for the Health Status of Crabbers

As can be seen in Appendix A, our survey elicited information on nervous,

gastrointestinal, dermatological, cardiovascular, respiratory, and uro-genital complaints or

problems In addition, we asked about other information that might influence the health of

crabbers, such as alcohol and drug use or the prevalence of diabetes and cancer. No descriptive

health studies of North Carolina fishermen are available in the medical literature with which to

compare these data, and much of the recent reporting of environmental illness related to Pfiesteria

is based on a relatively few self-diagnosed," self-selected cases, primarily of marine construction

workers and scientists working in laboratory settings Therefore, we briefly describe the general

health status of the population living in Eastern North Carolina below as a context for

interpreting our findings. This section draws on data from interviews with coastal physicians

concerning the health of their fishermen patients, information from marine construction workers in
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New Bern who reported symptoms they attributed to Pfiesteria, and interviews with physicians

from the Pamlico region.

The Health Atl<rs of Eastern North Carolina  Wilson 1997! reports the morbidity and

mortality statistics for adults living in a 41 county region, including the seven counties of the

Albemarle and Pamlico sounds. The region suffers from a shortage of health providers compared

to other regions in the state. According to the Atlas, as well as local physicians, coastal

populations neither seek nor receive adequate health care. State funds for health departments are

limited, some communities are located two hours from primary care services. Many are health

under-insured or uninsured and some private physicians cannot afford to treat self-pay, uninsured

patients. Some of these either refuse to see the uninsured or limit care options according to what

the patient can pay.

Rural health clinics are located in Columbia, Tyrell County; Vanceboro, Craven County;

and Ocracoke, Hyde County; these clinics ofFer limited primary care services and triage. All have

had trouble maintainin< a physician on stafF. Eight county hospitals funded originally through Hill

Burton funds struggle to serve the fisherman's counties and survive financially. Several small

hospitals in eastern North Carolina are currently under negotiation for buy-outs. In addition,

barriers to health care delivery include language and cultural difFerences, poverty, transportation,

functional illiteracy, and inadequate structural organization of rural health care services.

In Eastern North Carolina, mortality rates for heart disease, stroke and cancer not only

rank as major causes of death but are renowned as some of the worst in the state. Morbidity rates

for diabetes and hypertension, the major contributing secondary diseases to these causes of death,

also are some of the highest in the nation. In addition to diabetes and high blood pressure, certain
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infectious diseases appear to be increasing in Eastern North Carolina, including sexually

transmitted diseases and tuberculosis. However, only 7,2'10 of the survey respondents

experienced diabetes, and under 20'r'o of the crabbers we interviewed reported suffering from

cardiovascular problems such as high blood pressure.

III. c. 2, Health Providers' Views of Fishers' Health

For this study, we interviewed primary care providers in Chowan, Pasquotank, Beaufort

and Craven Counties to determine their perceptions of health problems of fishermen in their

communities, we also interviewed pharrnacists, public health workers, nurses, and others familiar

with health issues along the coast.' All primary care providers interviewed concurred that

fishermen tended to be low-income, uninsured, and non-compliant. They reported poor

compliance particularly in caring for open sores, in taking prescribed rnedications, and in changing

risk behaviors. Pharrnacists we interviewed supported this. Physicians also felt that uninsured

fishermen made it a habit to "physician-hop," rotating among several primary care providers

rather than staying with one. The reason for this was best expressed by one provider in Chowan

County, "They come to you and never pay their bill. Then, they are too embarrassed to come

back because they owe money." When asked if fishermen differed from other uninsured people,

another physician working in Tyrell County replied, "Not really, all the uninsured follow that

pattern. People are proud and feel ashamed when they can't pay. We have a sliding fee scale, but

some people can't even afford that."

When asked what the major health problems of fishermen were, most believed there were

no differences between frsherrnen, farmers, and farmworkers. They reported that the most

widespread problems for all their patients were high blood pressure, heart disease and diabetes,
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also noting that they were not sure how many of their patients were professional fishermen. Two

physicians reported that they knew fishermen in their communities and knew they did not go to a

doctor except when very sick. As evidence of the perceptual nature of physicians' accounts, our

data show lower levels of diabetes and heart disease among crabbers than are found in the

population at large.

When asked specifically about skin probleins, all physicians reported that fishermen have

many bacterial infections in their skin due to several difFerent reasons. First, the sores don't heal

and get reinfected because the fishermen don't keep them dry. Second, fishermen, like many

other rural patients, do not take a full course of their antibiotic nor use antibiotic cream as

prescribed. Crabbers, in particular, are known to get an infection from crabs puncturing the skin.

This infection is particularly stubborn to heal. Twelve physicians reported that fishermen's main

health problem was skin cancer. A dermatologist at PCMH confirmed that skin cancer rates are

very high as well as psoriasis and skin rashes.

While there seems to be no shortage of sick individuals and lay persons who have been

attributing illnesses to Pfiesteria, physicians have yet to diagnose a case of illness caused by

Pfiesteria in the region. Of course, there is no diagnostic test for the dinoflagellate as yet, and

physicians currently have no standardized definition of the illness; this is rare in epiderniological

research, because epidemiology usually follows rather than precedes human mortality and a cluster

of symptoms associated with that mortality, So far, no one has died from exposure to Pfiesteria,

and the only symptom clusters that exist have come from the principal cases that occurred in the

laboratory.

Causes of skin problems in fishermen were not attributed to water quality or toxin
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exposure but to bacterial infection, injury, lack of regard for water safety, and use of caustic

chemicals. All physicians agreed that healing problems were aggravated by failure to rest the

injured area, continual exposure of skin to sun and salt water and use of rubber gloves, boots and

protective outer clothing that does not permit air to get to the skin. Our observations of crabbers

on their vessels indicated that much of their bodies stay wet through the day, despite the

protective gears discussed earlier.

III. c. 3. Fishers' Views of Health Care Delive

Views of the medical profession from the general population are, at times, as jaded as

those of physicians toward fishermen and the rural poor. As is common in small, rural, close-knit

communities, patients' perceptions may derive from a handful of anecdotes, such as the following:

Case t: Dalai ng a June, J996 interview, a crabber 's wife, who also works on the crab vessel

when needed, reported that she had not had a pap smear in 13 years. She stopped visi ti ng

doctors when one "niade her si cker. " The family doctor who treated her in a small medical

center told her that she had a vaginalinfection, H%en she complained of abdominal pains

and painfiil intercoirrse, she responded the doctor told her she did not need to be having sex

anyway because she coi<ldn 't afford the kids she already had, He told her that because, she

said, her hiisband was "just a fisherman " and, as such, they could not pay for tests to

diagnose the infecti on. To treat her infection he gave her samples of "about 20 kinds of

medici ne" and told her to take one of each either twice or three times a day to get rid of the

problem. She became sick, she believesPom the medication, and had to be treated in the

hospital at Washington, NC.

Cases 2 dc 3: Two other wives related their childbirth experiences. Both had two chi ldren;
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nei ther had any prenatal care until the third trimester. One, from Englehard, went into

premature labor and drove two hotrrs to Beaufort County Hospi tal emergency room. The

I:A»ur se sent her on to Pi it County Memorial Hospital at Greenvi lie because the physician

did not want to have her give birth there. She delivered at the PCMH emergency room and

the baby was notmal. Ihey retttrned to Englehard the next day. Her perception was that

the doctorsin 8earrfort did not want to take care of her baby if she was born sick She and

her hitsband had no insurance and she thought that made a difference in how she was cared

for by physicians.

Opened ended interviews with a few crabbers about their treatment of hypertension further

support the idea that crabbers health practices conflict with those of established medical practice.

Three crabbers, one each from Beaufort, Hyde, and Tyrell counties, and two crabbers' wives from

Carteret and Beaufort counties, discussed health problems they experienced due to high blood

pressure. The three male crabbers and the husbands of the women all had been diagnosed with

high blood pressure. Currently, 4 of the 5 were not taking prescribed medication due to its cost.

Two stopped taking the medication once it brought blood pressure down. Four of the five

smoked and also refused to return to a physician. One wife said  paraphrased from field notes!,

"I know one day he's not comin' home. He' ll just drop over dead and no one will find him or his

boat." One husband also had "kidney trouble," which he defined as pain in the lower back,

nausea, and inability to urinate. He passed kidney stones twice in the last l2 years. He felt his

kidney trouble was due to the kidney stones, but said his doctor warned him that uncontrolled

blood pressure could destroy his kidneys. That is why he takes his medicine.

Risk behaviors associated with heart disease, stroke, high blood pressure, diabetes and
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cancer prevalent in Eastern North Carolina include tobacco and alcohol abuse, high fat diets low

in fruits and vegetables, lack of exercise and obesity. Table 07 compares the three groups

regarding varying aspects of their drug, tobacco, and alcohol use:

Table 07: Comparisons of Use of Tobacco, Alcohol, aiid Drugs by Sample Population

'=statisticalli significant  chi-square=30.034; df=2; p=.000! *~= statistically significant  chi-square=15.490;

dl =2, p=.  ! 00!,

KVhile the three populations are similar with regard to tobacco and alcohol use, this table

shows that Albemarle crabbers use significantly more over-the-counter drugs and home remedies

than the other two groups, and that the use of home remedies is twice as common among all

crabbers, 28,8% of whom use horne remedies, than among the 14.4% of Community Controls

who use home remedies  chi-square=10.314; df= 1; p=.001!. Behind these statistics lie some of

crabbers' the mistrust of the medical community and their lack of ability to aFord its services as

well as common practices for treating their own wounds. In our interviews with crabbers during

this and other studies, we found that a common treatment for various kinds of skin ailments

among crabbers is the use of chlorine bleach; the eft'ect of this, according to medical personnel on

our research team, is that it removes layers of skin, evidently soinetimes along with infections,

rashes, and so forth, because most crabbers who report this practice report also that it is effective.

The higher use of over-the-counter  OTC! drugs among Albemarle crabbers may be
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related to their higher reported levels of allergies and respiratory ailments, which we present in

more detail be! ow.

Indicators of the populations' interactions with the health care delivery system are

presented in Table 08

Table 08: Percent of Use of Health Care Systems by Sample Population

&pm''jr:.-an't eiiiergn>ey '=": ,'32.8

iIIqii> ij> thepIIsI trip

A ain, we found no statistical differences between the three groups in terms of the above

variables, which indicate that all three groups engage the health care delivery system with equal

frequency Any health differences between groups, therefore, cannot be attributed to these

factors.

Eastern North Carolina's environinental health problems have attained national notoriety

due to publicity over animal waste spills. Just as significant, more widespread but not frequently

publicized are problems with high water tables, heavy clay soils, dysfunctional septic tank systems

and bacterial and fungal spore growth due to seasonal flooding. Agricultural run-off and soil

leaching are major problems both for farmers trying to protect nutrient poor soils to give the best

possible yields and to fishermen who believe that phosphate run-off contributes to "dead water"
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and fish kills. As with most environmental groups in Eastern North Carolina, many fishermen

believe that high concentrations of Pfiesteria are due to animal waste effluent spilling into

tributaries feeding the sounds.

III. c. 4. Patterns of Self-Re orted Health Status Amon The Sam le Po ulations

The interviewers asked study participants to report their medical history concerning

including cancer, diabetes, and infectious diseases. While the response rate to the question about

infectious disease was too low to allow any comparison across the three populations, table 09

shows, again, that the incidences of cancer and diabetes are similar across the three groups

 differences were not found to be statistically significant!:

Table 09: Incidence of Cancer arid Diabetes by Sample Population

s r 1 l l

Catieor...,,,',."." <...'..................... --::::=-:=-:=-:=-:=--:: ;8 0

Dmbetm::;:-p.;......,....,....,..::;:,"j=--:=;---:;=--:=--:: 7.2

Our analysis compares the three sample populations in terms of 6 major groups of

symptoms, all of which have been associated with Pfiesieria exposure:

1. neurological symptoms such as changes in personality or rneinory; cognitive impairment;

problems with coordination, nerves, movement or sensation, and headaches, seizures or visual

changes

2. respiratory problems

3, dermatological probteins such as rashes, sores and cancer.

4. symptoms associated with eating, bowel habits and stomach problems.

5, heart/circulation problems and high blood pressure.

6. urination, bladder and prostate problems.

After eliciting data on these types of symptoms, we asked crabbers to report any problems

with physical activities and symptoms associated with general malaise, fatigue, unexplained fever

or other non-specific conditions defined by the fisherman as being "unwell." While these are
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vague categories, they were included because many of the symptoms associated with Pfiesteria

have been expressed in such vague terms. As noted earlier, these syrnptorn categories were based

on articles and information related to toxic dinoflagellate exposure and consultation with an

occupational physician. Table 10 presents these data.

Table 1 !: Percent i+ho Reported Symptoms: Crabbers and Community Controls Compared

" = stat tsticallx sip>ttificant

III. C. 5 Discussion

These statistics reveal very low levels of illness in our sample populations, suggesting that

extreme healtli problems along the coast are uncommon and that crabbers are more likely than

non-crabbers to suffer from only a few types of syrnptorns. Of all these comparisons, we

discovered hi hly si nificant differences between cornrnunity controls and crabbers only in terms

of'dern!atological problems  chi-square=10.322; df=2, p=.006!, and slightly significant differences

in terms ot problems with fatigue and general feelings of illness. On closer examination, however,

we can see that skin problems are not restricted to crabbers in the Parnlico region, but occur with

equal frequency among crabbers in the Albemarle region. This suggests that skin problems are an

occupational hazard of crabbing itself and not necessarily the result of toxic dinoflagellate

poisoning. We support this with closer scrutiny of the cases, showing in table 1 1 the specific
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lumbering and farming areas along the north and south shores of the Albemarle sound. Table 12

presents data on these cases. Given the low levels of respiratory ailments found among the

Parnlico group, however, we cannot conclude that these ailments are due to toxic dinoflagellate

exposure or casual contact with the estuary.

Table J2; Most Common Reasons for Respiratory Problems Among Albemarle Crabbers Wbo

Reported Respir'itory Problems  n=40!

7
Note totals exceed lOU% because some crabbcrs listed niore than one reason.

Besides these tv, o sets of symptoms, differences between the three groups were not

statistically significant, which suggests that these levels of illness are conunon among individuals

in this age group, this region of the country, with common smoking and drinking habits, etc.

Overall, levels of illness were low and cannot be attributed to casual exposure to the waters of

Eastern North Carolina.

One final set of comparisons involves the probable effect of heightened awareness about

toxic dinoflagellates on propensity to report health problems by the three groups. This issue is

important in determining whether or not those who have heard about Pfiesieria are more likely to

report illness than those who have not, giving some indication of the hypochondria surrounding

this issue. It is no secret that the press coverage devoted to this issue has been, at times,

hysterical, especially with claims of Pfiesteria 's similarity to deadly contagious rainforest illnesses.

Did this have any effect on respondents' reports of health? As table 13 shows, evidently not.

That is, those who had heard of the dinoflagellate �9.8% of the total satnple, including all three
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waters of Eastern North Carolina are not dangerous to human health,

We point out, however, that from other studies  Griffith 1996!, we know that crabbers

have a sophisticated knowledge of the marine environment and most have experiences with what

they call "dead water" and other problems of poor water quality. Thus their ability to detect

subtle differences between water that appears to be contaminated and water that appears to be

clean may lead them to avoid areas where toxic forms of Pfiesteria are likely to lurk, a factor

which could account for their low levels of illness associated with an occupation that requires

daily contact with the estuary. The following two sections focus specifically on the two groups of'

crabbers, leaving the community controls out of the comparative analysis.

HI. e. In-Depth Examination of Crabbing Samples

Having made broad comparisons among the three populations, we turn to a more detailed

examination of the incidence of health and illness within the crabbing population. These

comparisons proceed along three lines: reported illness by experience with a fish kill; reported

illness by different levels of exposure, as indicated by numbers of crab pots pulled per day; and

reported illness by crabbing territory, based on map data provided by 295 of the 366 crabbers

 that is, around 20'10 of the crabbers either refused or could not provide data on where they

placed their traps from season to season!.

III. e. I Re orted Illness B Ex osure to AFish Kill

First, we explore whether or not experience with a fish kill, as indicated by a positive

response to the question, "Have you ever seen a fish kill?" influences reported health. Table 14

shows that this does seem to be the case in at least one reported syrnptotn: that of respiratory

ailments and allergies. In other words, while in most cases witnessing a fish kill does not
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differentiate crabbers from one another, in the case of respiratory ailments, those who witnessed

fish kills �4.9% of all crabbers! are more likely to report suffering from such ailments than those

who have not witnessed fish kills �5.1% of all crabbers!. This may lend some additional support

to the Maryland case, where individuals found working in and around fish kills were found to

suffer health problems; in any case, this finding would suggest a recornrnendation that coastal

residents exercise caution in the vicinity of a fish kill.

Table 14: Crabbers' Reported Symptoms by Experieiiee >arith Fish Kills

"siaiisii< aih si«nil<ca<n  chi-sqoar<:=9.73; df=l; p=.002!

III e. 2 Re orted Illness b Levels of Ex osure

For the following analysis, we divided up the population into tertiles according to the

number of traps per day they reported pulling: group one  low! pull 50-272 traps per day

 n=113!, < roup two  medium! 273 to 400 per day  n=152! and group three  high! pull more than

400 traps per day  n=75!. We determined this variable to be an accurate refiection of exposure

despite potential mediating factors such as protective gear. Based on our direct observations of

crabbers on the water, we determined that protective gear seem not to prevent exposure to water.

Number of'pots a crabber pulls per day, however, determines the amount of time a crabber spends
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on the water daily and reflects the degree to which they are likely to come into direct contact with

the water In addition, as crabbers lean toward the water to pull crab pots, usuaHy while the

vessel is still in motion, they risk breathing any toxins that might occur in aerosol form and have

been stirred up by the passage of the vessel. Table 15 presents the results of these comparisons:

Tahle 15: Percent RLt!orting Sym<!toms By Level of Exl!osure: AH Crabbers/ Pamtico Crabbers

None of these comparisons was found to be statistically significant; in other words, as

exposure to the water increased, we did not find a corresponding increase in the incidence of

reported symptoms among either all the crabbers or the Pamlico crabbers. The lack of statistical

significance in all of these comparisons suggests that the illnesses that do plague the crabbers are

not directly related to exposure to the water as defined by numbers of pots pulled per day, again

supportin ~ the overall conclusion that exposure to the waters of Eastern North Carolina does not

pose a serious threat to public health.

III. e. 4 l=ish Kills and Crabbin Territories

Perhaps our most compelling evidence that Pfiesteria poses no serious threat to public

health outside of a fish kill or disease incident comes from data we collected on the actual places
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crabbers set their traps as compared to regions that have been associated with fish kills and, more

specifically, with Pfiesteria. For this analysis, during our interviews with crabbers, we asked them

to indicate, on nautical maps of the rivers and sounds of Eastern North Carolina, where they set

their crab pots and fished through the course of the year. Because crabbers do move their traps

through the year, we had them indicate territories by months and by seasons, and then assigned

territories to crabbers based on where they crabbed during the summer months and for most of

the year. As a result of these comparisons, we reassigned one of the Albemarle crabbers to the

Painlico group, since although he lived in the Albemarle region, he crabbed during the height of

the season in the Pungo River, which is known for fish kills and for Pfiesterirt infestation.

We were, in addition, able to compile information on fish kills from several sources,

including data from the state of North Carolina,' from the National Marine Fisheries Service's

HEED project, and from published sources on fish kills and other incidents  Pietrafesa and Miller

1997, Stanley 1992!. From these sources, located 96 fish kills that had been associated with

concentrations of Pfiesterio, While there have been many more kills with high concentrations of

Pfiesteria  e.g. greater than 20,000 cells/ml!, these 96 were sufficient to determine areas of the

estuary that, year after year, have experienced fish kills in association with Pfiesteria. We

emphasize that most data on fish kills are either incomplete or biased toward certain areas over

others, since all fish kill data depend on someone reporting the kill. Smaller kills, or kills that

occur during times of the year or season that there are fewer individuals on the water, are more

likely to go unreported than others.

According to existing data, areas that are particularly prone to such kills are the Pamlico

River, primarily between South Creek and Bayview and around Blounts Bay, the Pungo River
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area, and the lower Neuse River around Minnesott Beach and between Planner Beach and Cherry

Point Landing. On the following inaps, we have listed several of the more infamous locations for

fish kills associated with Pfiesieria, and below that shown the distribution of crabbers we

interviewed over the same area  see Maps I and 2!. Clearly, our interviewed included several

individuals who routinely fish in and around these kill sites.

We grouped the crabbing territory data into six regions, two of which correspond to these

areas of frequent and intense fish kills associated with Pfiesteria, These are:

l. Upper Albemarle, consisting of the rivers around Elizabeth City and the Currituck

Sound.

2. Albeniarle Sound, consisting of the area from the mouth of the Roanoke River to the

Alligator River.

3. Pamlico and Pungo Rivers, consisting the Pamlico and Pungo Rivers, from Washington

to where the Parnlico River meets the Pamlico Sound.

4. Pamlico Sound.

5. Neuse River, from New Bern to Minnesott Beach.

6. Core Sound/ Onslow Bay, or the area from Core Sound to the mouth of the New River.

Clearly, regions three and five are the areas most prone to reported fish kills, particularly

kills associated with Pfiesteria. If interaction with these areas were more dangerous to public

health than interaction with other areas that were less prone to reported fish kills, we would

expect to find high levels of sickness in these areas coinpared to the other areas. We find some

limited support that the Pungo and Neuse regions are in fact less healthy than the other regions,

although we hesitate to suggest that any of these areas pose very serious threats to public health.
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However, when we examine the ratios of well crabbers to ill crabbers  that is, those reporting no

symptoms vs. those reporting some symptoins! by region, we can rank the areas in the following

manner

Table 16: Ratios of Well People to III People by Crabbing Region, Ranked from Lo>vest to Highest

 n=295!

These figures shov that, indeed, those regions that have been associated with many fish

kills  Neuse and Pamlico k Pungo Rivers! do in fact have lower levels of well crabbers for every

ill crabber, while the Pamlico Sound, with its ratio of 9 to l, has the most well crabbers for every

ill crabber While these data do provide some limited cause for concern regarding working on

these two bodies of water as coinpared to the others, comparisons across the groups using the

appropriate statistical tests show that, with one exception, the nutnbers of well vs. ill crabbers do

not vary significantly by region. The one exception is that of fatigue, which we discuss further

below For these comparisons, we grouped the Neuse and Pamlico Regions together and grouped

all the other regions together, since the cell sizes were too small for comparisons across all

regions.

A ~ain, with the exception of fatigue, neither region is associated with statistically

significant hi her levels of illness than the other. The chi-square figures for fatigue are significant

at the .05 level, which is a fairly low level of significance, yet these figures bear additional
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investigatioii. Given the small number of cases  9!, we can easily examine them in more detail.

Table 17: Crabbcrs' Reported Symptoms by Region for Crabbcrs' With Map Data  N=244!

'stansucalli signil icani  chi-square = 3.872; df=l; p=,049!

Examininy the reasons for the fatigue among these nine crabbers, we find that most � of the 9!

cite "overwork' or simply the work of crabbing, one related it to stress or tension, one to a heart

problem, one to the fact that he works another job as well as crabs. and one to diabetes  one of

the 9 could iiot give a reason! This information suggests that causes other than water quality are

responsible toi these crabbers' cases of fatigue. Further, when we examine their crabbing

territories, we find that they are not clustered in fish kill areas but that instead tend to be clustered

in the Bay R.iver areas  see Map 3!.

In general, then, data on crabbers' territories, combined with data on fish kills, supports

our overall conclusion that the waters of Eastern North Carolina are not dangerous to public

health under normal ecological conditions, even in areas that have been known to have

experienced massive fish kills and high concentrations of Pfiesteria. Ne do note, however, that

the rankin data may cause some concern that the two regions known for fish kills are somewhat
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more associated with sicl individuals  as the ratios above show! than the other regions.

IV. SUMMARY AND CONCLUSIONS

ln the above analysis, we organized the survey data along three lines: 1! a comparative

discussion of general demographic and health characteristics of the two crabber populations and

the community controls; 2! a comparative discussion of the three populations in terins of the

health problems attributed to exposure to Pfiesterio and related organisins; and 3! an examination

of crabbers' health in terms of exposure to the water and crabbing territories/ fish-kill areas.

Combined, the findings from these comparisons do not support the widely held position that the

waters of Eastern North Carolina pose serious threats to public health. Quite the contrary: the

waters of Eastern North Carolina are, quite simply, not dangerous places to be, despite the fact

that high concentrations  e.g. >20,000 cells/ml! of Pfiesteria and other organisms that are deadly

to fish and other marine organisms are found throughout the estuary, in active forms, primarily

through the summer months,

Our findin< s did include, however, a ranking of different areas of the estuary in terms of

the ratios of well crabbers to ill crabbers, and this ranking revealed that the two areas known to

host the most fish kills during the summer months, over the past ten years � specifically, the

Parnlico and Pungo Rivers and the Neuse River~ave worse well to il! crabber ratios  between

5:1 and 6:1! than those areas, such as the Parnlico Sound, that have not experienced as many

reported fish kills  whose ratio is 9: l!. This is slim evidence that a problem exists, given that

comparisons that benefited from appropriate statistical tests found only one symptom that was

more likely to be reported by crabbers in these areas. This symptom was fatigue, and close

analysis of the specific individuals who reported this found that most were concentrated in an area
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not prone to fish kills  Bay River! and most could give explanations for their fatigue that were not

related to water quality. Consequently, our overall conclusio~hat, outside of fish kills and

other d! sease incidents, the waters of Eastern North Carolina pose no serious threats to public

healt~remains the primary finding of this analysis.

Additional evidence supporting this conclusion is relatively abundant, even when we only

consider the years since Pfiesteria was identified. Interviews with physicians revealed that most

agree with the conclusion that fishers are prone to skin disorders, either from skin cancer or from

cuts and puncture wounds that fishers either treat themselves or fail to treat adequately.

Physicians also admitted having no way of identifying the sickness known as Pfiesteriosis, despite

the handful of individuals who have diagnosed themselves as so afflicted.

That only a few individuals have claimed to have been stricken by Pfiesteria is itself fairly

telling evidence of the low risk associated with this dinoflagellate. A brief exercise in simple

rnathernatics may help clarify this Thousands of individuals swim, fish, boat, and otherwise

recreate along North Carolina's Rivers and Sounds annually. Yet between 199l and 1997, no one

has died from exposure to Pfiesteria  even those individuals exposed to high concentrations in

laboratories! and under thirty individuals working in natural settings have come forward with

Pfiesteri osi~, most of them either self-diagnosed or diagnosed by a river keeper, a limnologist, or

one of a handful of newspaper, radio, or television journalists. Assuining that these individuals are

qualified to diagnose illness in humans, and that there actually are 30 cases of Pfiesteriosis, this

still means that one's chance of contracting Pfiesteriosis while swimming or boating in Eastern

North Carolina are quite low. To estimate the actual risk, we would first need to cotnplete a

census of all the individuals who had come in contact with the water over the six year period since
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Pfiesteiia has been identified and divide that by the 30 self-diagnosed cases. Such as census is

outside the scope of our project  if even possible!, but we can derive a very conservative estimate

using vesse1 license data in the counties around and near the affected Pamlico, Pungo, and Neuse

Rivers: Beaufort, Carteret, Craven, Dare, Hyde, Parnlico, and Pitt, The total number of

cornrnercial fishin< and sportfishing vessel licenses for these counties is 8,912  North Carolina

Division of Marine Fisheries!. Assuming that each one of these vessels contained one individual

who carne into contact with the water at least once each year during the previous six years, this

would equal 53,472 exposures  8,912 x 6!. Dividing this figure by 30 cases of self-reported

Pfiestejiosi s yields a one in 1,782 chance of contracting Pfiesteriosis. This is, of course, an

extremely conservative estimate, only including licensed vessels and assuming only one trip per

year per vessel and excluding the thousands of vacationers, visitors, and seasonal residents who

swim, boat, fish, and otherwise use the waters the Neuse, Pamlico, and Pungo Rivers on an

annual basis. lf we were to include these individuals, the risks would be far, far lower.

As a final note, we address the issue of low-level cognitive impairment, which has been

one of the most often cited syrnptorns of Pfiesteriosis. While we performed no cognitive tests

with watermen for the current study, during previous studies we taped several hundred hours of

conversations with watermen who have worked on the waters of Eastern North Carolina for their

entire lives. These tapes, from which many quotes are included in Griffith's 1996 report to the

Moratorium Committee, show North Carolina's watermen to be articulate, witty, thoughtful

individuals � hardly the characteristics of a cognitively iinpaired population. While this is not

strict clinical evidence, it does suggest that years on the waters of Eastern North Carolina do not

evidently affect one's ability to express oneself in thoughtful and creative ways.
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Ke conclude by reiterating an earlier emphasis: that this report in no way constitutes an

overall clean bill of health for the waters of Eastern North Carolina. It is clear to even casual

observers, and particularly clear to North Carolina's watermen, that water quality problems

persist alon< the rivers and sounds of the state, This report simply points out that these problems

have not yet, apparently, reached a point where they pose severe health risks to human health.
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