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A post-Chernobyl rise in thyroid
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Recent analyses of children in Belarus and the Ukraine are the first to document large numbers of excess thyroid
cancer cases only 4 yenrs after exposure to radiation. In Connecticut (USA), » thyroid cancer increase of & much
smaller magnitude occurred in 1990-93, 4-7 years after the Chernobyl accident, for both children wnd adults.
Similar changes aiso occurred in the states of lows and Utah. which like Connecticut were exposed to low levels of
radionuctides from  hernoby! fallout during May and June of 1986, Historical dats from Connecticut also revesl
substantiai increases in thyroid cancer incidence about § years after large releases of iodine-131 from distant US
nuciesr weapoms plants. after the largest atmospheric US atomic weapons testy in Nevada, and after substantial
releases of iodine-111 from the Millstone nuclear power plant in Connecticut. Further analysis of this apparent 5-

year latency period will enhance understandicg of jonizing radiation's effects on thyroid function snd on hwman
heaith in genersi.
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Introduction

Several recent reports have documented a dramatic
increase in thyroid cancer in children under 15 living
near Chernobyl following tke nuclear acoident on 26
April 1986 Bemnning in 1990, sharp incidence rises

able latency may have occurred in Hiroshima/
Nagasaki survivors, but no systematic study was
performed unul 1958-61, 13-16 years after the
bombings, when 21 cases in a population of 15,000

o
L]

occurred in the Jownwind Belarus region (Kazakov et
al, 1992) and upwind Ukraine (Likhtarev er al. 1995)
By 1991-94, the Belarus thyrowd cancer rate had nsen
100 times and the | kraintan rate seven times from the
levels in 1981 85 The number of cases in 1991-94
wds 286 in Belarys and 149 in the Ukraine (Stsjakhko
et al, 1995) Because pre-cancerous thyroid conditions
in children are currently more common than
carcinomas. health officials in the area expect future

thyroid caneer ales o convaue nsing (Shapiro,
1995)

These reports represent the first instance that large
excesses Of thyind cuncer have been documented as

early as 4 years after radiation exposure A Compar-

were diagnosed (Socolow er al, 1963) In Rongelap,
Murshall Islands, which received a large amount of
fallout after a 1954 thermonuciear device test, the first
case of thyroid cancer was not documented until 1965
(Conard er al, 1970). Six thyroid cancer cases (vs | 4
expected) werc found among Mormons hving in
southwest Utah in 1958-66, about 5 years after the
1951-62 US atmosphenc bomb tests in nearby
Nevada (Johnson, 1984) For Utah remdents under
30, a towal of 39 thyroid ca icers (vs an expected |7)
were detected from 1958 to 1962 (Weiss er al, 1967)
Average time between exposure to childhood
therapeutic hesd and neck irradiation and diagnosis
of thyroid carcinoma 1s about 25-35 years (Ron er al,
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1987: Schneider et ¢l. 1993). one study showed only 12
of 309 (4%) of thyrowd cancers developed within 10
years of exposure (Schneider er al. 1993). Regcently. a
link between 4 varici/ of X-rays and elevated thyrod
cancer rates was dentitied. especially for papillary
carcinoma. beginnmg with o latency of § years
between cxposure nd diagnosis (Hallquist et ol
1994)

With & short latency for radiation-induced thyroid
cancer near Chernoby! apparent, the question anses
whether distant populations also cxpenenced adverse
effects. Fallout trom Chernobyl travelled long
distances, crossing the Atlantic Ocean and reaching
the Americas While levels of post-Chernobyl radio-
nuchides in the US ¢nvironment were much lower than
those in Belarus and the Ukraine, few studies have yet
been performed on any potential health effects of such
small doses of these 1sotapes (Sperling er al, 1994),

Methodology

Thyroid cancer inciderice for the state of Connecticut
(USA) was selected for the study of post-Chernoby!
effects Connecticut located 7200 km west of
Chernobyl. has the oldest comprehensive tumour
registry in the LS. dating from 1935. The registry
collects data from Connecticut hospital admitung
records. hospital  outpatient  pathology/radiology
records. death certincates and autopsies, and obtains
information from physicians. hospitals and health
departments in other states (Connecticut Department
of Health Services. 19%4) Due to the muluple sources
of data and the age of the registry, cancer reporting 15
probably as complcte in Connecticut as it is anywhere
in the US
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Between 1960 and 1990, when it ceased such
reporting, the US Environmental Protection Agency
reported monthly levels of vanous radionuchdes in
milk 1n about 60 US cities; one of these elements 1s
iodine-13}, exposure to which poses a nisk factor for
thyroid cancer. The average level of '*'1in pasteunsed
milk 1n Hartford. Connecticut from 1983 to 1985 was
about 0.02 Bg/l, but between 12 May and 2 June 1986,
after Chernoby! fallout reached the US, six consecu-
tive readings between 0.19 and 0 85 were recorded, as
well as a level of 1.96 on 23 June, before the readings
returned (0 customary levels (Natonal Awr and
Radiation Environmental Laboratory, 1986) The
May-June readings will correspond to changes in
radioactivity ingested through the fuod chain, since no
measures 10 restnct consumption were taken or
suggested by Amencan heaith officials. By July,
most of the '*'T from Chemobyl had decayed and
was no longer detectable, as the element has a
physical half-life of 8.05 days (Table 1).

The May-June 1986 readings are higher than
normal, but lower than the peak average of 2.59
Ba/l in September-October 1962, a time of heavy
fallout from atmospheric weapons testing in Nevada.
Except for late 1961 and 1962, only a few samples
above 0.37 Bq were recorded during the 1960s and
1970s. Between 1960 and 1974, readings below 0.37
Ba/l were not specified, preciuding any precise
analysis of effects of '''l during these years (LS
Public Health Service, 1960--1974).

Although exposure to radioactive iodine has been
directly linked with thyroid cancer, it should be noted
that there other radionuchdes were also released from
Chemnobyl. These include isotopes that affect the cells
in the bone marrow (and thus, the immune system),

Table 1. Becquerels per litre of iodine-131 and caesium-137 in pasteurized milk;

Hartford, Connecticut, USA, 1983-90

Y eur No of readings Average radioacumity (Ba/l)
lih C'll’
R 12 00l 008
Lt 12 0.00 0.08
LS " 003 010
el
lan Apr 4 0.08 .07
S My 22 May 6 0.30 ni1l
37 May- 23 Jun b 063 049
Jul Dee 6 0.08 028
k7 12 010 023
9K i 010 018
Ry i 009 008
1990 § 018 017
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such as barium-140 ('*’Ba), and others that disperse
themselves throughout all tissues. such as caesium-
137(' 'Cs) The half-life of '**Ba 1s 12.8 days, and that
of 'YICs is about 30 years. Levels of these two
elements in Harttord's pasteunzed milk rose sharply
dunng May and June of 1986. due to Chernoby!
fallout.

Table | also includes histoncal readings of "'Cs in
Hartford milk Levels reached a record high of 555
Bg/! between Junc 1963 and May 1964, just after
cessation of atmosphenc nuclear weapons tests, and
steadily declired thercatier. By the 19805, levels werc
generally below 020 By/l. and even readings in May
and June 1986 (013 0.49) were just a small fracton
of those of the v » 19605 (U'S Public Health Service,
1963--1964)

The post-Chernobyl 1odine levels in the Connecticut
milk supply swnify an increase In the amount
absorbed by the population, especially fetuses and
infants. Normally. & nursing Connecticut infant's
thyroid absorbs ~ 3 mrad of "' per year, assuming
the mother ingests | | of milk with 0.074 Bq of o |
each day and that the infant absorbs 10 mrad for
every 37 B ot 'l exposure. In 1986, the figure nearly
doubled, reaching 13 § mrad For fetuses. assuming a
thyroid gland 10 . the size of an infant's during the
{ast 180 days of gestation (Beierwaltes ef al, 1960), the
usual level of 161 mrad would have nsen 1o 1008 in

1986 (Committec on Food Protecuon, 1973). The
figure of 100 8 mrad s more than double the 50 mrad
of background radiation typically absorbed in 6

months.
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Resalts

Table 2 presents ~ge-adjusted thyroid cancer incidence
for Connecticut residents from 1935-93, along with
rates fur individual age groups.

The data reveal a substantial increase between
1985-89 and 1990-93 in the state's age-adjusted
incidence of 26.2% (P < 0.0001), following 10 years
of virtually no change Likewise. the rate rose for
persons aged 0-19 (44%), 20-39 (27%, P < 0.05), 40-
64 (23%. P < 0.05) and 65 or over (27%; P < 0.05)
Incidence for persons aged 0-14 more than doubled.
moving from 0.16 to 0.35; however, with only five and
nine cases reported during these two penods, this
increase has limited staustical significance (P < 0.15).
While females account for nearly three-quarters of all
thyroid cancer cases in the state, the increase for males
(28%) was roughly equal to that for females (25%).
Prior analysis has shown that much of the histoncal
change involves papillary carciroma. the type of
thyroid cancer most affected by exposure (0 onizing
radiation (Pottern e al, 1950)

Connecticut's age-adjusted thyroid cancer incidence
in the early 1990s was compared with those for two
other American states with established tumour
registnies, lowa and Utah. These states also received
fallout from Chernoby!, perhaps in greater amounts
than did Connccticut. The average level of >l in
pasteunsed milk 1n Des Moines, lowa was 0.76 Bq/l
for the penod 20 May-25 June 1986 (seven readings,
with & high of 1.37), compared with 0.03 Bg/l for the
previous 6 months. *'I samples n Salt Lake City.

Table 2. Thyroid cancer incidence rate per 100,000 adjusted 1o 1970 US standard and by age group. Connecticut, USA

1935 9
Year Al ages 0-14 0-19 20-39 4004 65+

No Rate “achange  No. Rate No Rawe No Rete No Rate No  Rate
1935-39 “ 0 - 0 000 B 018 2 007 27 114 28 432)
| S04 b 094 182 0 000 | 0.04 6 020 42 1.58 w42
1945.49 10 109 158 | 0.08 1 004 25 080 47 | 66 3 e
195054 iy 202 860 ! 004 2 006 53 170 105 142 L3 ] 579
1995. 99 an M 09 2 006 1 017 68 2.08 (R 133 67 596
1 960-64 124 245 199 $ 013 16 0.33 99 2194 117 31 vl 129
196569 LTI g 114 - 010 i} 020 131 157 168 413 % 669
197074 a0 vt 80 3 007 9 0135 | &6 165 196 450 07 707
197579 $6" 1ad 153 g 023 27 054 198 é4) ¥ ¥ S64 10% 620
1980-84 620 146 09 § 025 17 038 216 424 260 6.19 127 666
198589 [N 145 -0.2 $ 016 19 044 196 358 278 64} 149 704
1990-913* ot 415 262 9 035 2 063 195 455 287 788 163 898
“4 yeurs
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over the subsequent 25 vyears (Hanford Health
Information Network 1994) At Oak Ridge. Tennes-
see, exact amounts of '''1 emissions are unknown. but
because the stacks gt the plant were unfiltered from
1943 to 1948 rcleases were large. For example, 2.4 «
10'* Bg of 'l were released from the Oak Ridge
National Labaratory in 1947 (Tennessee Department
of Health. 1993

The period |56() 64 15 about § vears after the US
atmosphenc weapons tests in Nevada yielding the
greatest kilotonnage. The 1957 test senes had the
highest yield (346 kilotons). this senes followed those
in 1955 (167 kt) and 1953 (252 kt). These 3 years
account for about 857 of all yields from atmosphenc
testing 1n Nevada from 1951-62. In addition, US
atmospheric detonations in the Pacific during 1954-56
and 1956-38 producec a yield of 103,000 kt, about
80% of the tota’' cutput from Pactfic tests from 1946 to
1962 (Norris and Cochran, 1994). Fallout from these
tests (especiallv those in Nevada) dnfted eastward
across the conuncnial US, camed by prevailing
winds, and entered the environments of many states
(including Connecticut), often through precipitation.
Introduction of fallcw particles into the food chain
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caused Amencans to ingest radioactve products.
including iodine. Although records were only kept in
ane US cities (none in Connecticut) in the late 1950s,
1 levels in New York City (160 km southwest of
Connecticut) averaged as much as 802 Bg/l in raw
milk, from September to November 1957 Chiidren
born in New York City in 1957 were esumated to
have absorbed a dose of about 620 mrad of '*'l to
their thyroid gland by 1963, slightly more than the 600
mrad absorbed through background radiation.
Amounts for children in other US cities such as St
Lows and Salt Lake City were nearly three tumes as
much as those in New York City (US Public Health
Service, 1963, 1969).

The pernod 1975-79 is approximately 5 years after
the opening of the Millstone nuclear power plant in
Waterford, Connecticut, which emitted relatively
large amounts of fission products into the atmosphere
duning 1ts first years. Mil!stone operations 1n
1970, and released 1 15 x 10'? Bq of 'l from 1970 10
1979, compared with 542 x 10'° Bq from 1980 to
1986. The greatest annual release (3.69 x 10'' Bq)
occurred in 1975 (Nuciear Reguiatory Commission,
1970-1986). Table 4 presents histoncal data from

Table 4. Thyroid cancer cascs, all ages and sexes: Middlesex and New London countics.

Connecticut, USA, 1950-93

Y car No. of cases Crude rae
in county
County Rest of state
Viddiesex county
19%0.52° 4 192 {~) 218 (=)
1953.57 9 230 (+198%) 192 (-107T%)
1958 62 10 225 (=22%) 280 (+250%)
1963.67 13 258 (-133%) 246 (+25%)
(Haddam Neck resctor start-up)
1968 72 14 244 (-43%) 286 (+16.3%)
1973 717 ) 3717 (+547%) 138 (+182%)
1978 82 b 3187 (-53%) 147 (+27%)
1981 §7 £) $4) (+23.5%) 420 (+21.0%)
9% 52 26 163 (=17T%) 46l  (+98R)
New London county
108} 8% 5 (R (=) 206 (=)
956 B0 4 157 (-178%) 197 (-44%)
96! 6% 17 171 (+89%) 3 (#21.3%)
19AA TN 11 154 (-99%) 275 (+150°4)
(Milistone reactor siart-up)
1971 7§ 20 172 (+117%) 104 (+105%)
1976 80 8 321 (+B68%)° 360 (+122%)
981 85 'S 145 (47 4%) 404 (+185%)
1986 90 62 491 (+429%) 424 (+5.0%)
1991 93 51 669 («387%) 498 (+175%)
o 0k
b oyeary
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Millstone s home county (New London), as well as
Middlesex county (the location of Haddam Neck,
C onnecticut's other nuciear power plant).

In the period 1976 80 € vears aller Millstone's
early operauons, the number of thyroid cancer cases
in New London county jumped from 20 to 38, an
increase 1n the crude rate of 86 % (compared with
12.2% for the other seven onnecticut counties). In
Middlesex county, the number increased from 14 to
23 (crude rate increase of 54 7, vs 18.2% elsewhere in
the state) § vears aller Huddam Neck opened in 1967
Releases from Haddam Neck were considerably 'ower
than at Millstone. Because only crude rates are
available, these increases are imprecise. However, it
is clear that age-adjusted raies also rose substantially.
beginning 5 years after the two Connecticut reactors
jmitiated operations. in these two counties.

Thyroid cancer invidence has risen in Connceticut
in all but one S-year period since the 1930s. at an
average annual rate of about 3%, Thus, some increase
in the early 1990s can be expected, with or without
introduction of iodine 'rar a nuclear accident into the
environment However. the upswing after (989
follows 10 years of unchanged rates marked by
falling incidence lor the populaiion under age 40:
the proportion of this group that received head and
neck irradiation in childhood, a practice associated
with thyroid cancer 1-h that ceased by the late 1950s,
s dropping. After 1959, however, rates increased for
all age groups. inciuding the under-40 popuiation
Thus. the pattern in the early 1990s can be seen as a
departure from the trond cypecied from the previous
10 years.

Perhaps the mosi revealing finding of this study is
that exposure to relatnely low levels of radioactivity
may add to cancer nsk after just a few years. Children
in Belarus and the L'krainc received severa! hundred
rads. or thousand> o umes the level of ioduw than
their Connecticut counterparts (Anspaugh ¢ al,
1988). However, thyroid cancer increases for children
since the late 1980s 1n Belarus (6657) and the Ukraine
(209%) are not thousands of times greater than that of
Connecticut children (1177 (Stsjakhko et al, 1995). It
is possible that effects on thyroid function from low
levels of 1odine arc greater than previously believed.
and may resembie the supralinear dose risponse
found by other researchers (Petkau, 1972: Geuld
and Sternglass. 19%9 Fulure studies on changes in
thyroid cancer and other disezses should assess the
dose-response relationsh.p for vanous levels of
Chermobyl fallout

The full health legucy of the Chernoby! disaster will
not be known for many vears. However, the first

B0 Europear Journal o1 Cancer Prevention Vol 8 .
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adverse health effect, increased thyrowd cancer in local
children beginning 4 years after the accident, has been

documented. This paper suggests a statstical link
between exposure to Chernobyl fallout and elevated
thyroid cancer rates in distant populations exposed to
lower levels of iodine and other radionuchdes; this
link includes both children and adults. Future study
on thyroid cancer patterns will greatly ad tre
understanding of Chernobyl’s effects, as well as the
effects of protracted, low level radiauon exposures on
human health.
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