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' I. INTRODUCTION AND BACKGROUND 

The polybromina ted biphenyls (PBB) are a group of organic compounds 
widely used in recent years as flame retardants. There is little infor­
mation available on the human toxicity of PBB. Such compounds, however, 
are closely related'in chemical structure to polychlorinated biphenyls 
(PCB) which have been sho,m to be capable of causing abnormalities of 
skin, liver, metabolism, and nervous system. In addition, PCB's have 
recently been shown in rats to cause liver tumors, thus raising the 
possibility by inference that PBB's may also be carcinogenic. in fact, 
since PBB's have slower rates of metabolic degradation and more pro­
longed retention times in fat than PCB's, it is distinctly possible that 
such compounds have even greater earcinogenic potential. 

In 1973 and 197~, between 10,000 and 12,500 Michiganresidents, principally 
farm families and their neighbors, were exposed to p;~ain, meat, dairy, and 
poultry products that had been contaminated with Firemaster PB-6, a 
commercially available PBB mixture consisting principally of hexabrominated 
bi.phenyl. The events leading to exposure began in the summer of 1973 when 
l.0-20 fifty-pound bags of the PBB mixture ·were inadvertently substituted 
for magnesium oxide, a cattle feed supplement., and distributed in feed to 
farmers in many areas of Michigan. Decreased .milk production, loss of 
appetite, skin changes, hair loss, and marked loss of weight developed 
between August and October 1973 among dairy cattle which received this 
contaminated feed, and many of the cows died. There was also a high 
incidence of stillbirths and neonatal de.aths in calve,; ';orn to such herds. 
Analysfa of the feed in April 1974 by the U.S. Depart: of Agriculture 
detected the presence of PBB in large amounts. Soon '. ·-c,after, ana:Lyses 
of milk and adipose tissue (fat) from affected cattle · '.,wed PBB levels as 
high as 400 and 4,600 parts per million (ppm) respectlvely, PBB was 
dete.cted also in poultry, swine, and sheep that had consumed the contami­
nated feed, and in eggs. 

Human consumption of food products from the contaminated animals began 
shortly after initial contamination (summer 1973) and continued until 
quarantine of affected herds and flocks was established in Hay 1974. 
At that time, the maximum. limit of PBB allowed in milk or in meat fat 
was set at 1.0 ppm and in eggs at 0.1 ppm, and 183 farms were quaran­
tined. In November 1974, it was judged that human exposure to PBB was 
still occurring and thus the maximum allowable limits were decreased to 
0,3 ppm for milk and meat fat and to 0.05 ppm for eggs, and another 229 
farms were quarantined, additional farms being quarantined in subsequent 
months. As the result of these quarantines, at least 21,000 cattle, 
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5,000 swine~ 1,300 sheep, more thbn 1,500,000 chickens, 40 million 
eggs, and thousands of pounds of dairy products were destroyed, 

To determine whether or not persons exposed to PBB-contmninated food 
products had absorbed any of the chemicals or had suifered any acute ,· 
adverse health effects, the Michignn Department of Public Health (MDPH) 
undertook a series of toxicologi.c and clinical studies in the sutnnler 
and fall of 1974. These studies showed that blood levels of PBB ~ere 
significantly higher in a sample of 110 persons from quarantined farms 
as compared to a control group of 104 persons from non-quarantined 
premises (Table l); even in the non-quarantined farms, however, there 
was evidence of some low-grade contamination with PBB. At the same 
time, there was no evidence that any consistent pattern of acute illness 

. had occurred among the exposed groups, and in particular no disease 
similar to that seen in the Yusho episode where persons in· Japan were 
exposed to rice oil contaminated with PCB (1). 

Table 1 

Distribution of PBB Blood Levels, Michigan 1974 

Quarantined Farms Nonguarantine<l Farms 
Adults Children Adults Children 

PBB Blood Levels (~ No. % No. % No. % . ·No. % 

0 3 3.7 21 28.4 

0.002 - 0.019 43 52.4 8 28.6 52 70.3 29 96. 7 

0.020 - 0.090 19 23.2 10 35.7 1 1.4 1 3.3 

0.100 - 0.490 11 13.4 3 10.7 0 0 0 0 

0.500 - 2.260 6 7.3 7 25.0 0 0 0 0 

Total 82 100.0 28 100.0 74 100.1 30 100.0 

II. NEED FOR LONG-TER1'l EVALUATION 

Despite the absence of detectable acute illness in persons in Hichigan 
exposed t:o PBB, the suspected long persistence of PBB in the human body 
raises the possibility of chronic internal exposure and suggests the 
need for longer term follow-up of at least the more heavily exposed 
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individuals. While .the precise nature of any. delayed or chronic illness 
that might develop in these people cannot be predicted from the small 
amount of toxic9logic data currently available, it is not unlikely that ' 
PBB will behave like comparably halogenated PCB ·residues (2), with perhaps 
more pronounced long-term effects because of slower degradation and 
excretion (3). Among such effects may be metabolic diseases and chronic 
neurologic syndromes, precipitated by events causing sudden release ·of PBB ;· 
from adipose stores, such as acute weight loss, high fever, or surgery, · , •. 

Of particular concern is the possibility of increased cancer risk in 
PBB-exposed persons. Several studies in which Sherman rats were fed 
PCB for a prolonged period revealed development of liver ]:.asions 
clas~ified as adenofibrosis (4, 5, 6). More recE•tly a prolonged (6 to 
11 months} PCB feeding study with BALB/cJ male mice demonstrated the 
induction of adenofibrosis of the liver in all of the experimental 
survivors with hepatomas in 9 of 22 mice fed PCB for 11 months (1,7). 
Such hepatomas represent potentially malignant lesions, a certain per­
centage of which can metastasize and be transplanted. In her review 
of the polyhalogenated polycyclic compounds, Dr. Kimbrough noted that 

'·the distinction between adenofibrosis and adenocarcinnma is difficult. 
However, studies we_re cited in which the coexistence of this lesion and 
carcinomatous lesions in rat livers were interpreted to indicate that 
the adenofibrosis lesion is in fact a precursor of cancer (7). Another 
study showed that feeding Japanese PCB (Kanechlor 500) to male dd mice 
for 32 weeks produced liver tumors histologically characterized as 
nodular hyperplasias and well differentiated.hepatocellular carcinomas 
(8). It was noted that PCB also promoted the induction of tumors by 

·anotl1er compound, benzene hexachloride. The hepatocarcinogenic effect 
of PCB has recently been demonstrated in female Sherman rats fed 
Aroclor 1260 at 100 ppm for 21 months (9, 10). When sacrificed at 23 
months, it was found· that experimental rat livers had areas of hepato­
cellular ·alteration (182/184), neoplastic nodules (146/184), and 
hepatocellular carcinomas (26/184). Finally, Allen and Norback have 
reported that ingestic1 of PCB for 3 months at levels less than 10 
times grc,ater than that occurring in human food samples produced hyper­
trophy, hyperplasia and dysplasia of the-. gastric mucosa of. male Rhesus 
monkeys (2). These abnormalities were interpreted as the result of 
chronic irritation by the chemical. Although neoplastic transformations 
were not observed, it was noted that chronic irritation has been 
associated with cancer of the stomach and oral mucosa. 

III. PURPOSE OF STUDY 

In the light of these experi1nental findings, it would appear prudent to 
establish and maintain long-term health surveillance with particular 
emphasis on neoplastic disease among persons in Michigan exposed in 
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1973 and 1974 to PBB. ·The object of this proposal is to define and 
recruit such a cohort of PBB-exposed individuals in Michigan and to 
arrange for their long-term periodic followup, primarily with respect 
to incidence of cancer. 

IV. METHOD OF STUDY 

The major components of the study will be: (1) selecting participants; 
(2) conducting interviews to enroll subjects, to determine history of 
Pllll exposure, and to obtain brief past histories of major medical events; 
(3). collecting and testing blood specimens for PBB levels; (11) periodic 
surveil 1., 0 ·1•.ce of participants, especially for the development of cancer; 
and (5) lysis of data. 

(1) Selc_cc.t:ion of participants. The problem of PBB contamination has 
involved approximately 500 farms in nearly one-half of the counties in' 
Michigan (Figure 1). The HDPH and the Michigan Department of Agriculture 
(MDA) have ranked these farms according to the PBB l-,vels in each type of 
proCuce which formed the basis for quarantine (Appendix). It is estimated 

·that an average of 5 persons live and/or work on each of these contaminated 
farm premises. Thus, a total of approxima_tely 2,500 persons have been 
exposed to PBB on these. farms either as the, result of handling contaminated 
grain and/or by consumption of contaminated meat or dairy products. In 
addition, preliminary investigations suggest that each of the quarantined 
farms delivered meat, milk or eggs to 3 to 4 additj_onal five-msmber families 
or to 7,500 to 10,000 persons. This represents a total exposed population 
of 10,000 to 12,SO? persons. 

The present study will focus on the approximately 4,000 persons in this 
population who had contact with the most heavily contaminated farms. 
The following two groups will be included: 

(1) Farm fainilies: all members of the household or households (as 
defined by 1970 U. S. Census) who operated a quarantined farm in 1973 
and/or 1974. 

(2) Recipient families: all members of a household who did not 
themselves operate a quarantined farm, but who received dairy products, 
meat, or eggs, from a contaminated farm premise. Each farmer will be 
asked the names of 3 families whom he supplied directly, and 1 such 
family will be chosen for each farm family selected. He_mbers of recipient 
families will be ide_ntificd on their data forms according to the co!\­
i:aminated farm p:cmisc from which they received their produce. 

The actual selection of farm and recipient families will be accomplished 
'by proceeding down the ranked list (Appendix) from the most heavily 
COiltaminated premise to the least, s,electing l recipient family for each 
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farm family that is chosen. For logi~tic reasons, this selection process 
may concentrnte on part"icular geographic areas in Michigan where clusters 
of contaminated farms are located, 

In terms 0£ indicating dose-response relationships, it should be noted 
that while the study will look at the most heavily contaminated forms, .. 
we would expect that there will be a wide range in the actual PBB exposur~· 
of persons on these farms or consuming produce from these Lnms. The 
previous study of the acute toxicity of PBB made the point that some persons 
on the highly contaminated farms had scrum levels of PBB approaching zero, 
presumably because of small or nil individual contact with contaminated 
grain or food products. Furthermore, the inclusion in the proposed study 
of persons who did not actually reside on contaminated farms, but only 
received their products, may increase the opportunity for inclusion of 
individuals who had little or.no contact with contaminated materials. 

(2) Enrollment interviews. As soon as the study farms have been identified, 
the farmers involved will be contacted by letter regarding the study, The 
purposes, benefits, and possible risks of participation in the study will 
be fully explained to them. An appointment for an L:itial interview will 
be made for each farmer and his family. 

During the interview, the long-term nature of the project will again 
be carefully explained, and signed informed consent will be obtained 
from each adult and from the parent or guardian of each minor child. 
Each participant will then be enrolled using a questionnaire on which 
will be recorded (Appendix A) ider1tifying information including name, 
address, telephone number, and social security number; brief past 
medical history focusing on major medical events and chronic conditions; 
and a retrospective· history of PBB exposure. Recipient families will 
be identified as noted above, and enrolled in the same fashion. 

As part of this initial enrollment, an effort will be made to contact 
and enlist the aid of each participant's personal physician in establish­
ing a prospective system for recognizing and recording major illnesses 
and medical conditions. Physicians will be kept regularly informed of 
study findings and test results. 

{3) Determination of PBB blood levels. At the time of the enrollment 
interview, a venous blood sample will be collected from each person 
enrolled in the study. Primary analysis of these specimens will be con­
ducted by gas chromatography in the HDPH Laboratories (Appendix B), In 
addition, aliquots from 10% of the specimens will be submitted to CDC 
for confirmatory testing both by gas chromatography and in some instances 
by mass spectrometry. The proportion of specimens tested at CDC will 
df!-crease. to 1% after, the first 6 months of the study. 

We anticipate that it will be possible·, on the bases of PBB bloo'd levels, 
to establish several exposure groups·, each contaJ.ning a statistically 
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adequate 
years). 
exposure 
based on 
PBB will 

number of subjects (if followed over a substantial number of 
The extent to which serum PBB levels mc,rnured ·2-3 years post­
will be useful measure of PBB exposure is unknown; however, 
previous work, it seems not unlikely that persistent levels of 
be found, materially aiding the classification of exposed person& 

into exposure categories. 

(4) Follow-up evaluation. A follow-up letter will be sent each year to 
each_ participating family. This letter will describe the progress of 

· the study, and participants will be asked to complete a brief health 
questionnaire to be returned to HDPH. Like the initial evaluation, this 
questionnaire will inquire specifically about symptoms relating to 
chronic conditions, particularly cancer and metabolic and neurologic 
conditions. All diagnoses of cancer will be confirmed by review of 
clinical specimens and pathologic materials. 

Intensive effort will be made to reach any family that does 
the annual questionnaire. Follow-Ltp telephone inten·:cews wj • 
and missing persons will be sought by review of post office 
license records, Social Security records, death certificates, 
views of friends and neighbors. 

respond to 
c~ attempted, 

,,rds, driver ts 
and by inter-

(5) _Analvsis of data, The incidence of cancer and other disease entities 
'Will be assessed at regular intervals in the study group. It is proposed 
that observed incidence be compared with data from the ongoing NCI-supported 
SEER cancer registry in Iowa to determine departures from expected incidence. 
It is thought that the Iowa and Michigan groups will be comparable in terms 
of demographic data and in background pattern3 of cancer mortality. 
(Retrospective assessment of these similarities will be undertaken through 
review of 1970 U.S. Census data and of data on cancer mortality by county 
collected by NCI) 

Although this proposal focuses on problems of initial cohort identification 
and less on periodic followup, it is anticipated that annual surveillance 
of the study population will need to be continued for perhaps 20 to 30 years 
to adequately gauge the po·ssible effects of PBB exposure- on cancer incidence. 
The animal experiments cited above, as well as general experience with 
chemical carcinogenesis, predict long latent periods between initial chemical 
exposure and eventual cancer development, particularly if levels of chemical 
exposure are low. Although little PBB carcinogenic activity may therefore 
be expected in the initial phases of fbllowup, it is estimated that under 
ideal surveillance conditions, roughly 20,000 person-years of observations 
will accrue over the first 5 years of the study with an expected incidence 
of perhaps 0.3 cases of hepatic cancer. ' 

V. CDC PARTICIPATION 

It is proposed that this study be administered by CDC through sub-contract 
with lUlPH. Following approval and funding by NCI, final contracting 
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arrangements will be undertaken by CDC with MDPH, the project to begin as· 
500 n as such arrangements are complete. It is anticipated that, in addition 
to final negotiation of the subcontract, CDC resources will be used in' thi's 
study in 2 areas: 

1) Epidemiologic support will be provided both from CDC headquarters in 
Atlanta and from CDC's Epidemic Intelligence Service Officer assigned to 
HDPH, CDC epidemiologists will assist in developing the final questionnaires 
and consent forms for use in the study, and to some e.xtent in helping guide 
the actual field work in Hichigan, Close contact with the study's progress 
will also be maintained through contract progress reports submitted to CDC 
by MDPH on a quarterly basis. 

2) Laboratory support, as indicated in the preceding proposal, will be 
furnished by CDC's Toxicology Laboratory. By measuring PBB levels by 
both gas chromatography and mass spectrometry on a sample of serums 
collected by MDPH, CDC will provide independent confirmation of laboratory 
results. Should results in the· 2 laboratories differ significantly, further 
arrangements for additior,al laboratory work may need to be negotiated. 

The CDC professional personnel to be involved in the epidemiologic and 
laboratory phases of the project are: 

Function 

Project Officer 
Project Advisor 
EIS Officer, Michigan 
Toxicology Advisor ~ 

Chemist· · 
Chemist 

Name 

Philip J. Landrigan, H.D. 
· Clark W. Heath, Jr,, M.D. 
D. Michael Shasby, M.D. 
Renate Kimbrough, M.D. 
John Lj_ttle, Ph.D. 
Virlyn Burse, B.S. 

Level 

05 
06 
04 
GS-14 
GS-13 
GS-11-
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Appendix B 

LABORATORY TECHNIQUES (MDPH) 

Clotted blood specimens will be received for serum separation and PBB 

testing by the MDPH Environmental Epidemiology Laboratory in cooled 

red top vacutainer tubes (no preservative added). Tissue specimens, at 

least 0.5 g (no preservatives used), will be received in cooled, clean 

glass containers. Unused portions of collected specimens will be 

preserved at -20°C. The following is an outline for the extraction-gas 

chromatographic procedure used at MDPH for PBB dete,:rninations: 

1. 2 ml aliquot of serur: or macerated tissue suspens ~on. 

2. Add 1 ml of methanol - mix,. 

3, Add 2 ml of a hexane/ethyl ether mixture (l:l) and mix on a roto 

rack for 10 minutes; 

4. Centrifuge mixture at 2200 rpm for 2 minutes and transfer extract to 

a Mills tube. 

5. Repeat above extraction twice. 

6. Reduce final extract to a low volume by evapo1dtion in a water bath 

utilizing a micro Synder column. 

7. Clean up extract by passing through a mic.ro Floricil column (1. 6g) 

using a benzene/hexane (5:95) solvent. Collect 10 ml of eluate. 

8. Reduce final eluate to a low volume (5 ml) by evaporation with a 

nitrogen gas stream. 

9. Inject 5 ml samples of eluate into a dual column gas chromatograph 

equipped with an electron capture dector. The 6' x !,;" columns are 

• 



packed with 1% OV17 on 100/120 mesh Gas Chrom Q or 5% OV210 on 

80/100 mesh Supelcotort. A column temperature of 205-210_0 c and 

carrier gas (nitrogen or helium) flow rate of 100 ml/min. are.used. 

Appropriate reagent blanks, spiked sheep blood. standards for recovery 

efficiency determina.tion, and UV degradation PBB confirmation will be. 

used. Selected specimens will be sent to CDC :'or confirmatory t<esting 

by gas chromatography; one in 4 of these specimens· will be further 

analyzed by mass spectrametry for the possible presence of furans, 

' dioxins, or other toxic compounds that may coexist with PBB • 
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share such information with the mothers under their care. 
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The Sho1t Term Effects of PBB on Health 

Michigan Department of Public Heal th 
' 

SUMMARY 

A study was made of 165 persons who lived on quarantined farms (exposed 

group) and 133 persons who lived on nonquarantined farms (control group) 

to determine the immediate effects of PBB on health. A history of illness 

was obtained from all and physical examinations and selective laboratory 

work on as many as possible. PBB blood levels were obtained on 110 ex­

posed persons and 104 from control persons. The following conclusions 

could be reached from these data: 

1. There is no disease or symptom that occurred consistently in 
the "exposed" group or that affected most of them. 

2. Complaints of illness in adults were not significantly more 
frequent.in the exposed· group than the control group. 

3. Adults having the highest PBB blood levels did not show 
significant increase in complaints of illness. There was 
no detectable direct relationship between PBB blood level 
and complaints of illness. 

4. There were no significant increases in complaints of illness 
in exposed children. 

S. Family members tended to have similar levels of PBB in the blood • 
• 

6. Physical examinations and laboratory tests of exposed persons 
revealed no unexpected or unusual abnormalities. 

7. Detection of any long term effects 
a long term study of the problem, 
detected at this point. 

of such exposure must await 
No long term effects can.be 
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BACKGROUND 

In 1973, some cattle from Michigan dairy herds showed signs of. 

sickness, to have excessive abortions, to have a marked fall in milk production, 

and even to die. It was not until some 9 months later that the cause was 

suggested to be polybrominated biphenyl (PBB), a fire retardant used in a 

wide variety of manufact:ured products which had been accidentally mixed with 

cattle feed. As a result some 450 farms were quarantined and thousands of 

cattle and other animals were destroyed. 

The question then arose as to the possible short and long term effects on 

human health of exposure to PBB from eating contaminated meat or drinking 

contaminated milk. There was no previous experience with PBB exposure of 

humans, and therefore effects, if any, were unknown. In an initial attempt 

to find answers to questions about short term effects, the state health 

department began, in the swnmer of 1974, a study involving a group of 

"exposed" persons from quarantined farms and a number of "unexposed" persons. 

The study included a written questionnaire to collect historical information 

on diseases, symptoms and conditions plus physical examinations and laboratory 

tests on those persons willing to cooperate in the study. 

Data were collected for a group of persons presumably exposed to PBB 

through ingestion of farm products. (The definition of an exposed person was 

one who lived or worked on a quarantined farm for more than 6 months since 

May 1, 1973.) In addition, a control group of persons was selected living 

on farms in the same geographic area which had not been quarantined, and 

who were therefore presumably not exposed. 

A total of 298 persons participated in the study, 133 questionnaires 

(85 adults - 48 children) were completed for the control group; 165 

questionnaires (104 adults, 61 children) for 1:he exposed group. PBB blood 
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values were not obtained on all participants because some were unwilling 

to visit the clinic for a physical exam and because.blood was not drawn from 

small children. As a result (see Tables 1 and 2), 104 PBB blood values 

were measured from the control group (74 adults, 30 children), and 110 

blood values were measured from .the exposed group (82 adults, 28 children). 

TABLE I 

NUMBER OF PERSONS INCLUDED IN TilE S'IlJDY 

Group 

Quarantined 
Farms 

Nonquarantined 
Farms 

Total 

Group 

Quarantined 
Farms 

Non quarantined 
Farms 

Adults Children 

104 61 

85 48 

189 109 

TABLE 2 

NUMBER OF PBB BLOOD VALUES OBTAINED 
FROM STUDY PARTICIPANTS 

Obtained Not Obtained 
No. % No. % 

Adults' 82 78.8 22 21.2 
Children 28 45.9 33 54,1 

Adults 74 87.l 11 12 .9 
Children 30 62.5 18 37.5 
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Total 

165 

133 

298 

Total 
No. 

104 
61 

85 
48 



PBB VALUES 

The blood values for PBB were higher in the exposed group than in the 

unexposed group. Some individuals in both groups had none detected, but 

56 persons (51%) in the exposed group had levels of 0.02 ppm or higher 

whereas only 2 persons (2%) in the unexposed group had such levels. 

The highest level detected in the exposed group was 2.26 ppm; the highest 

level in the unexposed group was 0.06 ppm. Table 3 shows a breakdown of 

the levels for adults and children for the two groups. 

Table 3 

PBB Blood Quarantined Nonquarantined 
Levels* Farms Farms 

· Adults - Children Adults - Children 

No. % No, % No, % No. % 

0 3 3.7 - - 21 28.4 - -
0,002 - 0.019 43 52.4 8 28.6 52 70.3 29 96.7 

0.02 - 0.09 19 23.2 10 35.7 1 1.4 1 3.3 

0.1 - 0.49 11 13.4 3 10.7 0 0 0 0 

0.5 - 2.26 6 7.3 7 25.0 0 0 0 0 

Total 82 100.0 28 100.0 74 100.1 30 100.0 

•measured in parts.per million (ppm) 
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HEALTH CONCERNS OF EXPOSED AND UNEXPOSED FAMILIES 

The basic question was whether or not any illnesses, ailments, or 

complaints could be identified which could be attributed to PBB ingestion, 

To help answer this question a set of 24 variables was selected consisting 

of symptoms, illnesses· and complaints that were suggested by symptoms 

experienced in a related polychlorinated biphenyl (PCB) Japanese experience, 

plus the reported initial complaints from Michigan persons after PBB 

exposure. These are listed in Table 4. 

Table 4 

SELECTED CONDITIONS AND COMPLAINTS 
INVESTIGATED IN THE ADULT STUDY POPULATION 

Complaint 

Numbness 

Balance Problems 

Nausea 

Stomach Pain 

Appetite Change 

Weight Change 

Liver Trouble 

Hepatitis 

Fainting 

Loss of Power 

Blurred Vision 

Light Sensitivity 

5 

Complaint 

Thyroid Trouble 

Headache 

Fatigue 

Irritability 

Anxiety 

Depression 

Pink Eye 

Rash 

Sores 

-Acne 

Skin Color Change 

Hair/Fingernail 
Change 



Symptoms were not considered to be significant for consideration unless 

more than 10 individuals (5%) in the entire study complained of them. The 

ten symptoms meeting thi3 requirement were: increased frequency and severity 

of balance problems, increased severity of rashes, increased frequency and 

severity of headache, increased frequency and severity of fatigue, and in• 

creased frequency and se,verity of anxiety. None of these complaints occurred 

in more than 12% of the study subjects. This means that there were no 

complaints occurring consistently in either group. The remaining analyses 

are to determine whether or not any of these complaints were associated 

with exposure to PBB or increased PBB levels in the blood. 

Upon analysis, none of these symptoms was statistically s_ignificant. This 

means that the evidence presented is not sufficient to indicate a true differ­

ence between the 2 groups. In other words, the exposed and non-exposed groups 

have essentially the same frequency of th~se conditions. However, it is also 

true that the proportion of positive responses for each of the variables is 

greater in the exposed group than in the control group. Therefore, further· 

analysis was made. 

HEALTH CONCERNS BY PBB BLOOD LEVEL 

Theoretically, if the PBB lev_el had any effect or influence on the conditions 

reported, there should be more .conditions or complaints from these persons with 

the highest PBB levels. 

To determine whether or not this was the case, the complaints of the 

17 adults whose PBB blood levels were the highest (between 0.1 and 2.26 ppm) 

were compared statistically with the complaints of the remainder of the study 

group, regardless of whether they were in the exposed or unexposed groups. 

The comparison showed that none of the complaints was significantly more 

frequent in those.with the highest PBB levels; Six complaints were reported 

in a greater proportion of those with the highest PBB levels and four 



in a lower proportion as follows: 

Observed in a greater proportion 

Severity of anxiety 
Frequency of anxiety 
Severity of tiredness 
Frequency of tiredness 
Severity of balance problems 
Frequency of numbness 

Observed in a lesser proportion 

Severity of rash 
Frequency of balance problems 
Severity of headaches 
Frequency of headaches 

A further attempt was made to determine whether or not there was a 

relationship between_ the frequency of complaints and the PBB blood levels 

by dividing the entire study group (disregarding whether they were "exposed" 

or "unexposed") into three groups; those with zero levels, those in the 

middle range (0.002 to 0.020),and those with the highest levels(above 0.020). 

If there is an effect related to PBB blood levels one would expect to see 

the lowest frequency of complaints in the zero group, the highest frequency 

in the highest group, with the middle group falling in between. The results 

are shown in Table 5. 

For all but one complain·t, the high group showed the greatest proportion. 

For the first five complaints listed the proportion was about the same in 

the low and middle groups. For the last five complaints listed, the pro­

portion was higher in the low than the middle group. The proportion of 

subjects complaining of increased frequency of headaches was a little higher 

in the low group than in the high. Unless the frequency with which these 

complaints are found increases considerably with continued observation no 

implication of a significant effect on health due to PBB will be warranted. 

In reviewing the data, it should be kept in mind that all but 1 of the 

persons in the high group are from the exposed group. Because these people 

knew they had been exposed to PBB the results can be biased. Similarly, 

almost all (21 of 24) persons in the zero group were from the control group.· 
• 
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Table 5 

NUMBER OF POSITIVE RESPONSES FOR SELECTED SYMPTOMS, CONDITIONS 
AND COMPLAINTS IN THE STIJDY POPULATION BY PBB BLOOD LEVEL VALUE 

Symptom, Condition PBB Blood Levels 1 (ppm) 
or Complaint 

o.o 0.002-0.020 greater tnan u.v..:v 
No, % No. % No. % 

Severity of rash 1 4.2 5 5.2 4 11.4 

Frequency of 
tiredness 3 4.8 4 4.1 9 25.7 

Severity of 
balance problems 1 4.2 5 5.2 5 14.3 

Frequency of 
balance problems 1 4.2 5 5.2 4 11.4 

Severity of 
headaches 2 8.3 8 8.3 4 ll. 4 

Severity of 
anxiety 2 8.3 6 6,2 7. 20.0 

Frequency of 
anxiety 2 8,3 3 3.1 6 17.l 

Severity of 
tiredness 3 12.5 6 6.2 9 25.7 

Frequency of 
numbness 1 4.2 2 2.1 2 5.7 

Frequency of 
headaches 5 20.8 9 9,4 6 17.1 

Number of people 24 97 35 

*Denominator used is 96 due ,to one missing observation 
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Of the symptoms with a significant number of positive responses, the 

severity and frequency of rash is probably the most obvious physical condition. 

Therefore, the relationship between reports of increased severity and fre­

quency of rash in the e~posed group and the increased severity and frequency 

of other symptoms was examined. Rash severity was compared with the severity 

of 15 other symptoms, only one of which (sores) showed a significant corre­

lation, Rash frequency was compared with the frequency of 9 other symptoms, 

of which S (balance problems, fainting, weakness, irritability, and sores) 

showed a significant correlation. (Table 6) 

These data can be interpreted to mean that if a person reports an increase 

in the severity of rash, he is likely to report an increase in severity of 

sores, Similarly, if a person reports an increase in the frequency of rash, 

he is likely to report an increase in the frequency of balance problems, 

fainting, weakness, irritability and sores, Although these correlations are 

statistically significant, only 3 persons reported both increased rash severity 

and sore severity, while no one reported an increase in rash frequency and 

increase in the frequency of all S of the other symptoms, 

CHILDREN 

Data for children were analysed in a similar way. The only symptom 

which appeared to be significant ·was stomach pain for which there were S 

responses, However, 2 of these children were from the exposed group, and 

3 from the control group. Of these S children, 3 had zero PBB blood levels, 

and the other 2 had values of 0,002 ppm and 0.004 ppm. 

9 



Table 6 

SIGNIFICANT CORRE:,ATION SIGNIFICANT CORRELATION 
BETWEEN RASH SEVERITY BETWEEN RASH SEVERITY 

& 9 OTHER SEVERITY SCORES & 15 OTHER FREQUENCY SCORES 

Variable Correlation Variable Correlation 
Coeff. Coeff. 

Sores 0.400 Balance 0.247 
Fainting 0. 3'26 
Weakness 0.273 
Irritability 0.351 
Sores 0.351 

FAMILY CLUSTERS 

Upon analysis of the data to this point, it seemed appropriate to try to 

determine the extent, if any, of clustering of PBB values within family units. 

Int.raclass correlations were therefore calculated for 154 persons in 50 fa:nn 

families, 25 from the exposed group and 25 from the control group. 

The correlations were 0.672 for the exposed farms and 0.324 for the 

control farms (ari absolute correlation is l)'. Both correlation coefficients 

arc statistically significant, a,1d explain 67% of the variation in PBB values 

for exposed families and 32% for control families. Interestingly, the zero 

PBB values did not appear to clu·;ter in farm families. For only 2 families, 

with 2 persons each, were all farnily members recorded as having PBB values 

of zero. This appears to indicace that persons on control fa:nns had some 

relatively minor exposure to PBB from a variety of sources not common to all 

members of a farm family. 

The 27 persons with PBB valu,,s greater than O. I ppm were distributed among 

only 7 families, with 22 of the' 17 persons coming from 4 famiUes. This strongly 

indicates that these persons wer,, exposed to ·PBB from a common source. 

"' 



CLINICAL AND LABORATORY FINDINGS 

Physical examinations and laboratory tests were perfonned on 158 persons 

(85 exposed, 73 control) at special clinics in Big Rapids and Grant, Michigan,_ 

during the fall of 1974. Of the adults exposed to PBB 14 reported the on­

set of more than one symptom suggesting anxiety during the exposure period, 

when their cattle seemed inexplicably ill _and milk production was down; 

Only 4 such symptoms were noted during this period by the control adults. 

A papular dennatitits was recorded for 3 exposed and no control adults. 

While the statistical comparison of these conditions showed no clear differ­

ence between exposed and control groups, it should be noted that these 

symptoms were mainly experienced in association with the exposure and cattle 

illness period. 

Physical examinations did not show any unusual abnonnalities, in either 

the exposed or control groups. No one had an enlargement of the heart, 

liver or spleen. Examinations of the nervous system revealed no excess of 

disorders in exposed persons. All of the reported skin eruptions had faded 

away by the time of these examinations. At examination, no significant ab­

normalities were found in exposed children. 

Laboratory examinations of urine and complete blood counts have not 

revealed consistent abnormalities _related to exposure or blood PBB levels. 

Blood analysis was limited _to blood cell counts because chemical analysis of 

blood from a sample of exposed persons in June, prior to this study, was 

judged by toxicologists to be non-contributory, i.e. showed no findings of 

diagnostic significance, Some elevated and some reduced white blood counts 

were reported, but they were not in excess of that which would be expected 

from· a normal distributibn of the population, Likewise, urinalyses showed 

no evidence of unusual or unexpected abnormalities among either the exposed 

or control groups, 
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DISCUSSION 

If PBB exposure caused short term human illness, the data would be 

expected to reveal an illness or a group of symptoms common to a significant 

number of those exposed. In fact, the data do not show such a pattern, 

leading to the conclusion that PBB, thus far, has not been shown to be the 

cause of any identifiable human ailments. 

This is not to say that PBB exposure has caused no ailments, but only 

that there has been no consistent pattern of illness or symptoms which 

occurred excessively in exposed persons, and which could, therefore, be 

attributed to PBB. Unquestionably, farm family members who encountered 

a long-unexplained illness in their cattle, and who were faced with quarantine 

and destruction of their herds, could be expected to exhibit some situational 

stress and related symptoms. However the data fail to indicate that PBB 

exposure has caused human ill health up to the present time. In addition, 

while the numbers are too small to be meaningful, it should be noted that 

3 babies have been born to women exposed to PBB throughout their pregnancy, 

and all appear to be normal and healthy. 

The question of possible long term, delayed, chronic effects on human. 

health remains unanswered. In an attempt to find answers to this question, 

a proposal for continuing surveiliance and study for any late, toxic, car­

cinogenic, or t;ratogenic (causing birth defects) effects of PBB has been 

developed in conjunction with the Federal Center for Disease Control and the 

Food and Drug Administration. This proposed study would involve some 6000 

persons over a 5 to 15-year period. A protocol for that study is appended. 

12 
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INTRODUCTION 

The polybrominated biphenyls (PBB) are a group of halogenated aromatic 
hydrocarbon compounds employed until recently as flame retardants in the plastics 
industry.' PBB have low acute toxicity,* but are fat-soluble, biologically per~is ten t ,~  
and capable of causing chronic injury to the liver:  kidney^,^ skin,5 and lymphatic 
tissue.6 In addition, PBB have been found in chronic rat feeding studies to induce 
neoplastic liver nodules.' 

I n  1973, several hundred pounds of PBB were introduced into cattle feed as the 
result of a shipping accident in  Michigan.' Thousands of dairy animals' died or were 
destroyed, and widespread human exposure resulted from contact with contaminated 
feed and from consumption of PBB in dairy foods. While human exposure was most 
intense on quarantined farms: and in chemical workers," low-level exposure was 
widespread throughout the state, and in October, 1976, a survey of randomly selected 
samples of human breast milk showed that 51 (96%) of 53 samples from the lower 
peninsula of Michigan contained detectable levels of PBB." 

To determine the effects of PBB exposure on human health, the Michigan 
Department of Public Health (MDPH), the Center for Disease Control (CDC), the 
National Institutes of Health (NCI and NIEHS), the Food and Drug Administration 
(FDA), and the Environmental Protection Agency (EPA) have established a cohort of 
persons with varying levels of PBB exposure. The members of this cohort have been 
examined systematically to determine whether or not they have experienced an 
increased incidence of acute or subacute illness, of biochemical aberrations, or of 
alterations in the outcome of pregnancy in relation to their PBB exposure. In addition, 
the health status of the cohort is to be followed prospectively over the next several 
decades to determine whether they will experience an increased incidence of chronic 
disease, particularly of cancer. In  this report, we shall summarize the epidemiologic 
and clinical data collected on the Michigan cohort in the first 4 years since the onset of 
PBB exposure. In addition, we shall present the results of an immunologic study 
conducted in 1977 to evaluate peripheral lymphocyte function in the most heavily 
exposed subset of the cohort. 
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METHODS 

Selection of Participants 

Four categories of Michigan residents were invited by mail and by interview to 
participate in this prospective cohort study: 

Farm Residents on Quarantined Farms 
Invited to join this group were the 2,248 persons who were members of families 

residing on quarantined farms at  the time of those farms’ quarantine for PBB 
contamination; included here were 110 residents of quarantined farms who had 
participated in a 1974 MDPH pilot study of PBB exposure.’ Quarantine was 
established when any single specimen of meat, eggs, or milk from a farm exceeded 
quarantine action limits; the number of specimens submitted for PBB testing varied 
from farm to farm. In May, 1974, the maximum allowable limit for PBB in milk or 
meat fat was set a t  1.0 parts per million (ppm), and in eggs at  0.1 ppm, and 183 farms 
were quarantined. In November, 1974, these quarantine action limits were decreased 

TABLE I 
SURVEY PARTICIPATION RATES BY ENROLLMENT GROUP 

(MICHIGAN PBB STUDY, 1976-77) 

Group Invited (No.) Enrolled (No.) (%) 
1. Quarantined farm residents 2248 2148 95.6 
2. Farm product recipients 1495 1421 95.1 
3. Chemical workers 

(and families) 322 251 78.0 
4. Pilot study control 

participants 60 57 95.0 

to 0.3 ppm for milk and meat fat, and to 0.05 ppm for eggs, and another 229 farms 
were quarantined. Additional farms have subsequently been placed under quarantine. 
The survey participation rate in Group 1 was 95.6% (TABLE 1). 

Farm Product Recipients 
Invited into this group were 1,495 persons who had not themselves resided on 

quarantined farms, but who had received meat, eggs, or dairy products directly from 
quarantined premises in 1973 or 1974. The participation rate in Group 2 was 95.1% 
(TABLE I) .  

Chemical Workers 
This group includes workers, who had been exposed occupationally to PBB in a 

chemical manufacturing plant in Michigan, as well as the members of these workers’ 
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families. The total number invited was 322; the participation rate was 78.0% (TA- 
BLE 1) .  

Pilot Study Participants 
Invited to join this group were 60 persons who had been identified in the MDPH 

pilot study9 as being resident on farms with low-level PBB contamination; they had 
served as a control group in the pilot study. The participation rate in this group was 
95.0% (TABLE I ) .  

Finally, a small number of additional persons were enrolled into the cohort who 
were not originally invited to participate: 

(1 )  331 self-referred persons who had either resided on farms identified as being 
contaminated by PBB in levels below quarantine limits or who had eaten food 
produced on such farms (Group 5); and 

(2) 337 self-referred volunteers who had no direct connection with contaminated 
farm premises (Group 6). 

Field Studies 

All persons enrolled in the study were visited in their homes over a 12-month 
period between September, 1976 and August, 1977, by trained interviewers from 
MDPH. Repeated visits (up to 4 per household) and repeated mailings were made in 
an attempt to reach families who could not initially be contacted, or who refused in the 
first instance to participate in the cohort study. After informed consent had been 
obtained for each person, a questionnaire was administered which sought data on 
potential sources of PBB exposure, as well as on the occurrence since 1973 of 17 
symptoms and conditions considered possibly related to PBB contact. This symptom 
list was developed from anecdotal data on the possible human toxicity of PBB’ as well 
as from published information” on the human toxicity of the polychlorinated 
biphenyls (PCB). Symptoms and conditions sought were weight loss, fatigue, 
headaches, skin rash, changes in skin pigmentation, changes in the nails, heart disease, 
gastrointestinal complaints (nausea, vomiting, diarrhea, or abdominal pain), liver 
disease, Reye’s syndrome, diabetes mellitus, thyroid disease, peripheral neuropathy, 
convulsions, joint disease, benign tumors, and cancer. Data were obtained also on 
tobacco and alcohol consumption. Detailed information, including birth weight data 
and data on any congenital malformations, was sought on the outcome of all 
pregnancies since 1963. 

Toxicologic Laboratory Studies 

A venous blood sample for PBB analysis was requested of each study participant, 
and 3,639 were obtained. Samples were analyzed for PBB concentration at  MDPH 
using gas chromatography with electron capture detection; the limit of detection for 
PBB was 1 part per billion (ppb). 

Quality control on PBB analysis was conducted jointly by MDPH and the 
Toxicology Branch. Clinical Chemistry Division, Bureau of Laboratories, CDC. In 
addition to internal quality control at MDPH, which consisted of repeated analyses of 
quality control specimen pools, external surveillance was provided by (a) repeat 
analysis a t  CDC of 13% of samples, and (b) blind insertion by CDC of quality 
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evaluation specimens into the regular system of specimen collection. For 466 serum 
samples analyzed in duplicate a t  MDPH and CDC, mean PBB values were 16.9 and 
16.2 ppb respectively; the coefficient of correlation between paired results was 
0.9982. 

Immunologic Studies 

To evaluate peripheral lymphocyte function in the members of the cohort 
identified previously as having highest serum PBB values, an immunologic investiga- 
tion was undertaken by MDPH and CDC in collaboration with the University of 
Michigan (UM) in October, 1977. 

Invited to participate were all 41 cohort members shown previously to have serum 
PBB values 1 300 ppb; 34 of these 41 (83%) agreed to participate. Invited as a 
comparison group were all 7 persons shown to have a serum PBB concentration less 
than 1 ppb, as well as a random sample of 59 of the 91 5 enrollees with serum values of 
1-9 ppb; 56 (85%) of these 66 persons agreed to participate. 

Fasting early morning venous blood specimens, taken from 8-10 persons per day, 
were collected in heparinized vacuum tubes over a 3-week period in participants’ 
homes and a t  nearby field stations. Members of both exposure groups were included 
each day. Samples were coded in the field and then transported at  ambient 
temperature by automobile to the UM laboratory where test procedures were begun 
3-5 hours after venipuncture. To examine for any possible decrement in lymphocyte 
function during transport, blood samples were obtained in the field from 1-3 MDPH 
staff members each day (total, 9 persons, 33 samples) from whom blood samples had 
previously been taken in the UM laboratories and tested immediately. 

Mononuclear cells were obtained by centrifugation through a ficoll-isopaque 
gradient.I3 The mononuclear cell layer was removed and washed twice in Hanks’ 
balanced salt solution (HBSS). Cells to be used for T and B lymphocyte enumeration 
were resuspended in HBSS, counted, and diluted to a final concentration of 4 X lo6 
mononuclear cells/ml. Cells to be used for lymphocyte transformation were resus- 
pended in RPMI-I640 (GIBCO, Grand Island, N.Y.), and counted and diluted to a 
concentration of 10 X lo6 cells/ml. These procedures gave greater than 99% cell 
viability as determined by exclusion of 1% trypan blue dye. 

B cells were enumerated by detecting complement receptors by means of 
complement-coated zymosan particles according to thc methods of Mendes ef  al.I4 
Two-hundred lymphocytes were counted in duplicate specimens using a phase 
microscope; cells that had three or more zymosan particles attached were recorded as 
B cell rosettes. 

T lymphocytes were enumerated by determining the number of cells that formed 
rosettes spontaneously with sheep erythrocytes according to the method of Jondal et 
01.’’ Two-hundred lymphocytes were counted in duplicate specimens using a phase 
microscope. Cells that had three or more erythrocytes attached were recorded as T cell 
rosettes. 

Peripheral blood lymphocytes were studied for transformation to three mitogens, 
phytohemagglutinin (PHA), cbncanavalin A (Con A), and pokeweed mitogen 
(PWM) in wells of flat-bottomed microtiter plates. Each mitogen was run in 
quadruplicate wells that contained lo5 lymphocytes/well in a total volume of 0.2 ml 
RPMI-1640 with 20% autologous plasma. 

Microtiter plates were placed in a 5% C 0 2  humidified incubator a t  37°C. After 
incubation for 96 hours cells were pulsed with 1 microcurie (pCi) of ’H-thymidine and 
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TABLE 2 
MEAN AGE A N D  PERCENTAGE MALE A N D  FEMALE BY ENROLLMENT GROUP 

(MICHIGAN PBB STUDY. 1976-77) 

Group 
Percentage Percentage 

Mean Age (yrs) Male Female 

I .  Quarantined farm residents 
2. Farm product recipients 
3. Chemical workers 

4. Pilot study control participants 
5 .  Low-Level PBB farm residents 
6 .  Volunteers 

(and families) 

28.0 52.6 47.4 
28.3 48.4 51.6 

22.6 51.6 48.4 
33.7 50.0 50.0 
27.9 53.1 46.9 
29.4 50.8 49.2 

harvested 6 hours later with an Otto-Hillier cell harvester. Cells were then washed 
with saline, dried, resuspended in scintillation fluid and counted. Data were expressed 
as mean counts per minute (cpm) per lo' lymphocytes. 

EPIDEMIOLOGIC RESULTS 

Members of the Michigan cohort ranged in age from 1 to 89 years (median, 24 
years) a t  the time of enrollment; 2,317 were male and 2,220 female (8 of unspecified 
sex). Age and sex distributions were approximately comparable in the 6 groups 
(TABLE 2). 

Analysis of data on the prevalence of symptoms showed that fatigue, headaches, 
paresthesias, and joint problems were the conditions most frequently reported. For 
nearly all conditions the volunteer group (Group 6) had the highest prevalence, 
followed closely by the group who had resided on farms with low-level PBB 
contamination (Group 5) (TABLE 3). 

Data on serum PBB levels showed a range of values from &1900 parts per billion 
(ppb); 106 values were greater than 100 ppb. Examination of results by age-group 
showed that children aged 10 years or less tended to have the highest serum PBB 
concentrations. Above age 10, there was no significant gradient by age (F = 1.81, p = 

0.1 I ) .  Males had significantly higher values than females (x' = 256.5; p < lo-''). 

TABLE 3 

( M I C H I G A N  PBB S T U D Y ,  1976-77) 

Conditions I 2 3 4 5 6 

PREVALENCE RATES ( 9 , )  FOR SELECTED SYMPTOMS BY ENROLLMENT GROUP 

Symptoms and Group 

Fatigue 36.4 32.4 22.0 15.8 41.4 54.4 
Rashes 8.1 7.5 6.4 1.8 14.5 3.1 
Joint pains 25. I 26.4 18.9 1 1 . 1  32.0 39.9 
Hepatitis 1.5 I .8 1.6 0.0 3.3 3.6- 
Diabetes mellitus 1.9 2.2 2.4 I .8 2.7 2.4 
Benign tumors 4.2 5.4 5.8 1.8 5.5 9.8 
Cancer-ail sites 0 .4  0.5 0.4 0.0 0.6 0.6 
Number of 

subjects 2428 1421 25 1 57 33 1 337 

- ~ __ - - - 
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Serum PBB levels showed a strong tendency to cluster by families (intra-class 
coefficient of correlation = 0.85). 

Examination of serum PBB levels by enrollment group showed that highest values 
were found in the chemical workers and in the members of their families (TABLE 4) 
followed by the residents on quarantined farms (Group 1). In the chemical worker 
group, the workers themselves had a serum PBB level of 108.7 ppb (range, 0-1,240 
ppb), significantly higher than that in members of their families. Volunteers (Group 
6) had the lowest serum PBB levels. 

Paired serum samples, one collected in 1974 and the other in 1977, were available 
for 148 members of the cohort. These data indicate that serum levels were generally 
stable over the 3-year period. The mean change in serum ppb value was - 16 ppb, and 
the coefficient of correlation (r) between the 2 sets of values was 0.96. 

Simultaneous paired specimens of blood and adipose tissue were obtained on 221 
Michigan residents, 19 of whom were members of the cohort. A high coefficient of 
correlation (r) was seen between these 2 sets of values (0.951), and in the 132 

TABLE 4 
SERUM PBB LEVELS* BY ENROLLMENT GROUP 

(MICHIGAN PBB STUDY, 1976-77) 

Serum PBB 
Group Number Range Mean Median 

1 .  Quarantined farm residents 1750 0- I900 
2. Farm product recipients 1114 0-659 
3. Chemical workers 

4. Pilot study control 

5. Low-level PBB farm residents 242 0-24 
6. Volunteers 

(and families) 216 0- 1240 

participants 44 1-13 

273 0-1 1 I - 
Total 3639 0-1900 

*PBB levels in parts per billion (ppb). 

26.9 4.0 
17.1 3 .O 

43.0 4.5 

3.5 2 .o 
3.5 2.0 

1 .o 3.2 

21.2 3 .O 
- - 

instances where both values were above detection limits the ratio of adipose to serum 
PBB concentrations was 362.8:l.O (FIGURE 1). 

An evaluation of dose-response relationships was undertaken by dividing the 
cohort into seven segments on the basis of serum PBB levels. No positive associations 
were found between serum concentrations of PBB and reported symptom frequencies 
(TABLE 5). Symptom-prevalence rates (excluding volunteers) were slightly higher in 
persons with no detectable PBB in serum than in those with measurable quantities. 
Relationships between symptom prevalence rates and serum PBB level were also 
examined within each enrollment group, and no positive trends were found; in all 
groups, including chemical workers and quarantined farm residents, highest preva- 
lence rates occurred in persons with lowest serum PBB levels. 

Since 1973, 65 children have been born to women in Michigan with potential 
exposure to PBB (TABLE 6). Serum PBB concentrations in the 52 women examined a t  
the time of delivery ranged from not detectable ((1 ppb) to 1150 ppb (mean, 26.2 
ppb). Cord serum PBB levels a t  birth in 58 infants ranged from not detectable to 104 
ppb (mean 3.2 ppb). The mean ratio of maternal/cord serum PBB values for the 13 
maternal-infant pairs where both had detectable values was 7.04:1 .O (range, 1.5- 
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10.3). Breast milk samples were obtained from 32 women, and PBB values (fat basis) 
ranged from 32 to 93,000 ppb (mean 3614 ppb). The mean ratio of serum to breast 
milk PBB values in the 21 women where both concentrations were detectable was 
122.0: 1 .O (range, 62.6-256.7). 

I MM u NOLOG IC RESULTS 

Total leucocyte counts did not differ significantly among the high PBB, low PBB, 
and MDPH staff groups. The mean percentage of circulating lymphocytes was 
significantly elevated in the high PBB exposure group as compared to the low (p < 
0.0001). However, this increase was found only in children less than 12 years of age 
who made up a greater proportion of the high than of the low exposure group. 

2 5 1  
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SERUM PBB (PPM) 

FIGURE I Correlation between simultaneous paired serum and adipose PBB levels. Michigan 
PBB Study, 1976-1977 

The high exposure group had no depressions in absolute numbers of T or B 
lymphocytes, or in responses to any of the 3 mitogens as compared to the group with 
low PBB exposure (TABLE 7). However, 15% of persons from the 2 exposure groups 
were found to have 2 or more abnormalities in measures of in vitro lymphocyte 
function. 

Significant differences were found (TABLE 7) between results obtained in the field 
on MDPH staff and results obtained on these same individuals in the nontransported 
samples taken at  the UM laboratory; this discrepancy suggests the possible existence 
of a “transportation effect.” 
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TABLE 5 
PERCENTAGE INCIDENCE OF REPORTED SYMPTOMS AND CONDITIONS* 

SINCE 1973 BY SERUM PBBt LEVEL 
(MICHIGAN, PBB STUDY, 1976-77 

Symptoms and 
Conditions 0 I 2-3 4-9 10-19 20-99 100+ Mean 

Fatigue 46.5 40.1 40.7 38.1 

Joint pains 42.9 32.7 29.8 26.4 
Hepatitis 4.5 1.4 1.8 1.4 
Diabetes 

mellitus 4.7 2.9 2.4 1.8 
Benign tumors 2.7 7.5 5.6 4.3 
Cancer-all 

0.0 0.9 0.5 0.5 sites 

Number of 
subjects* 89 716 941 892 

Rashes 9.0 8.5 8.4 7.2 

- - - -  

*Excludes volunteer subjects. 
tPBB concentrations in parts per billion (ppb). 

37.8 28.7 27.4 38.3 
8.3 6.3 4. I 7.8 

28.4 21.6 17.1 28.6 
I .3 0.0 0.0 I .4 

I .9 3.3 0.0 2.4 
5.3 3.8 2.6 5.3 

1 .8 0.6 I .o - - -  - 0.4 

316 276 126 3,356 

DISCUSSION 

The finding in this study of elevated serum PBB levels in families from 
quarantined farms and in Michigan chemical workers confirms earlier reports of 
increased PBB absorption in these groups.9-” Although a number of exposed 
individuals reported symptoms, as has been the case in previous studies,16.” it was 
noteworthy that symptom prevalence rates bore no relationship to serum PBB levels. 

TABLE 6 
PBB CONCENTRATIONS* I N  MATERNAL SERUM, CORD SERUM, 

A N D  BREAST MILK? 
(MICHIGAN PBB STUDY, 1976-77) 

PBB Concentrations 
Average Ratio 

to Maternal 
Serum 

Specimen Number Range Mean Median (and Range) 

Maternal 

Cord 
- serum 52 0-1 , I  50 26.2 2.5 

serum 58 0-104 3.2 1 .o 7.04 
( I  .5- 10.3) 

Breast 
milk 32 32-93,000 3614 225 122.0 

(62.2-256.7) 

‘PBB concentrations in parts per billion (ppb). 
?Breast milk PBB values expressed on fat basis. 
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Symptom frequency was much more closely related to mode of entry into the cohort, 
with highest frequencies occurring in volunteers (Group 6) and in persons from farms 
that were contaminated by PBB at  levels insufficient to result in quarantine (Group 
5). These observations suggest that factors other than PBB absorption may have been 
responsible for the production of symptoms and that selection factors may have played 
an important role. Also, however, it may be necessary to examine samples of the 
commercial PBB mixture dispersed in Michigan to determine whether it contained 
other toxins in addition to PBB, possibly in concentrations not correlated directly with 
PBB levels. 

The failure of this investigation and of a previous immunologic study'* to 
demonstrate dose-related depression of lymphocyte function in persons exposed to 
PBB suggests that there may be no causal relation between the two. If, however, an 
association does exist, our failure to detect it could have resulted from any of several 
possibilities. One is that the methods used in this study were insufficiently sensitive. 
Another is that the 3-5 hours' transportation time required here may have depressed 
cell function in both of our groups to a point where intergroup differences were no 
longer evident. A third is that persons in both study groups (as well as MDPH field 
staff) may have had exposure to PBB at  concentrations above a threshold level for 
lymphocyte depression; hence all may have been equally depressed. A final possibility 
is that recovery of immunologic function may have occurred in the exposed population 
in Michigan in the 8 months which elapsed between this and the previous, more 
strongly positive study." Further investigation will be required to distinguish among 
these possibilities, and to explore the clinical significance of the immunologic 
abnormalities observed in members of the two exposure groups. 

PBB is a highly lipophilic compound and extremely persistent in the human body. 
Persons exposed to PBB may be at  potentially increased risk of developing delayed 
reactions, particularly cancer, since PBB fed to rats, has produced neoplastic liver 
n o d ~ l e s . ~  Because of the potential for delayed disease, MDPH and the federal 
agencies plan to continue to follow the Michigan cohort for a t  least another 10-15 
years through repeated contact with the exposed persons and their family physicians. 
Also, within the next year, a cohort of approximately 2000 Iowa farm residents 
without known exposure to PBB is to be recruited and interviewed using procedures 
identical to those used in Michigan; this group will be followed prospectively as a 
comparison cohort. 

SUMMARY 

Polybrominated biphenyls (PBB) were dispersed widely in Michigan by a 1973 
shipping accident in which PBB was introduced into cattle feed. Human exposure 
resulted principally from ingestion of contaminated dairy food products. To  determine 
whether PBB exposure has or will cause acute or chronic illness, a prospective cohort 
study of 4545 persons has been undertaken. Three exposure groups were sought: all 
persons living on PBB-quarantined farms; persons who had received food directly from 
such farms; workers (and their families) engaged in PBB manufacture. Enrollment 
rates were 95.6, 95.1 and 78.0%. Also enrolled were 725 persons with low-level PBB 
exposure. All were queried concerning 17 symptoms and conditions related possibly to 
PBB. Venous blood was drawn on 3639 and analyzed for PBB by gas chromatography. 
Mean serum PBB levels were 26.9 ppb in quarantined farm families, 17.1 in 
recipients, 43.0 ppb in workers, and 3.4 ppb in the low exposure groups. No 
associations were found between serum PBB levels and symptom prevalence rates. To 
evaluate peripheral lymphocyte function, T and B cell quantitation and in vitro 
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responses to 3 nonspecific mitogens were studied in 34 persons with highest PRR levels 
(mean, 787 ppb), and in 56 with low values (mean, 2.8 ppb). No statistically 
significant differences in lymphocyte number or function were noted. 
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