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Abstract
In 1958, Neil Wald presented data on the incidence of leukemia among the Hiroshima atomic bomb survivors. These data, which
suggested a dose–response threshold for radiation-induced leukemia, were included in the first UNSCEAR report (1958).
However, this evidence of a threshold was not recognized. It was obfuscated and concealed. In 2010, Zbigniew Jaworowski
identified these data as evidence of radiation hormesis. A letter to the editor in 2014 and 2 articles in 2014 and 2015 presented a
graph of these UNSCEAR 1958 data, which revealed a threshold at about 500 mSv. Since the blood-forming stem cells of bone
marrow are more radiosensitive than most other cell types, it is reasonable to expect thresholds for inducing other types of
cancer by ionizing radiation—their thresholds are likely higher than 500 mSv. A careful examination of the Wald data reveals the
suprisingly low incidence of radiogenic leukemia, only 0.5% of the survivors who were in the high radiation zone. Many articles on
radiation risk have been published since 2015 by other authors, but none makes reference to this evidence of a threshold, either
to challenge or endorse it. In this commentary, the author addresses the comments from a colleague.
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Introduction

Widespread fear of low-dose ionizing radiation (LDIR) began

in 1956 when the US National Academy of Sciences (NAS)

recommended that the linear no-threshold (LNT) dose–

response model be used to assess the risk of radiation-

induced mutations.1 Nuclear power plants and all applications

of LDIR, especially in medicine, began to be linked to a risk of

dreaded cancer. Prior to this NAS publication and the associ-

ated publicity, there had been 60 years of extensive experience

using X-rays and radium to image and treat many millions of

patients. The dose rate limit (tolerance dose) for protecting

radiologists against overexposures was based on a threshold

model, and it was satisfactory.2,3 There were no reports of

elevated cancer levels, when the early radiation protection stan-

dards were followed. On the contrary, lower cancer mortality

and increased longevity were observed in follow-up studies of

radiologists and nuclear workers.4,5

In addition to the diagnostic applications, many treat-

ments with LDIR were discovered and employed on many

millions of adults and children against very serious diseases,

including a variety of cancers, infections, and inflamma-

tions.2 Low radiation doses were observed to be stimulatory

(beneficial). A National Cancer Institute review of

nasopharyngeal radium irradiation (NRI) reported that

worldwide studies have not confirmed a definite link

between NRI and any disease.6

It was recently discovered that the 1956 NAS recommen-

dation was ideologically motivated and was based on the

deliberate falsification and fabrication of the research record.

This NAS scientific misconduct led to governments adopting

the LNT model for cancer risk assessment.7-9 Many scientists

wanted to stop the ongoing development of nuclear weapons

after 2 atomic bombs were used to end World War II. Radio-

phobia was promoted as part of a political strategy to stop all

atomic bomb testing, which releases radioactive materials

(fallout) into the environment. More than 60 years have

passed since that NAS recommendation, but the fear of
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radiation is sustained by regulatory disregard of the large

amount of evidence that contradicts it.10

This commentary reviews the UNSCEAR 1958 data and

endeavors to understand why this evidence of a threshold for

radiation-induced leukemia is being ignored by other authors,

even those who have been challenging the validity of the LNT

model of radiation carcinogenesis. They do not make refer-

ence to this UNSCEAR information, either to challenge or

endorse it. In this commentary, the author addresses the com-

ments from a colleague.

Incidence of Leukemia in the
Hiroshima Survivors

In 1958, Niel Wald summarized the results of the leukemia

survey in Hiroshima as of December 1957. The numbers of

cases for the years 1950 through 1956 are fairly accurate;

however, the numbers that arose in the preceding years are

significantly understated. With respect to 1957, there were

likely additional cases discovered.11 Table 1 is the original

table of this information and Figure 1 is a graph of the number

of cases versus year.

Wald’s data were included in the first UNSCEAR report

(1958), Annex G, Table VII (Table 2 below).12 Zbigniew

Jaworowski, representative of Poland in UNSCEAR, referred

to these data in an article advocating the use of radiation

hormesis as a remedy for fear.10 He stated on page 266,

“hormesis is clearly evident . . . in a table showing leukemia

incidence in the Hiroshima population, which was lower by

66.3% in survivors exposed to 20 mSv, compared to the unex-

posed group (p.165). This evidence of radiation hormesis was

not commented upon.”

A graph was made of these data, Figure 2, and this evidence

of a threshold at about 500 mSv was presented in a letter to

Archive of Toxicology and an article in Dose-Response.2,13 A

year passed and it became apparent that this very important

Table 1. Leukemia in Hiroshima Atomic Bomb Survivors Who Were Residents of Hiroshima City at the Time of Diagnosis, as of December
1957.11

Year of Onset Total

Distance From Hypocenter (meters)

Under 1000 1000-1499 1500-1999 2000-2999 3000 and Over

1945
1946
1947 3 1 2
1948 7 2 4 1
1949 5 1 1 1 1 1
1950 9 3 5 1
1951 11 3 7 1
1952 11 3 5 1 2
1953 12 2 6 2 1 1
1954 6 2 2 1 1
1955 8 1 4 2 1
1956 6 1 1 1 3
1957 5 1 3 1
Total 83 18 39 9 7 10
Estimated population*

95 819 1241 8810 20 113 32 692 32 963
Number of cases with onset in 1950-1957

68 15 33 8 3 9
Estimated person-years at risk

766 552 9928 70 480 160 904 261 536 263 704
Annual incidence of leukemia per 100,000

8.9 151.1 46.8 5.0 1.1 3.4

*Based on Hiroshima Census Bureau’s daytime population census of Hiroshima City, June 3, 1953.

Figure 1. Number of leukemia cases per year.
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evidence was being ignored by the scientific community and

the media. Another article was prepared in 2015 that criticized

a 1957 article by Edward Lewis. This article demonstrated

that Lewis had misled the scientific community by combining

2 exposed population groups, averaging their doses and con-

cealing the evidence of the threshold.14 (A threshold would

have contradicted the LNT model.) Although this article has

been viewed 8810 times on the Internet and referenced by the

author in several additional articles, it has not been cited by

other authors.

Review of the 2015 Article by a Colleague

A recently published critical evaluation of the NCRP Commen-

tary 27 endorsement of the LNT model15 did not mention the

UNSCEAR 1958 evidence of a threshold for radiogenic leuke-

mia that appears in the 2015 article.14 When the author of the

evaluation was asked why this important evidence had been

omitted, he provided the following comments.

1. The conclusion that the acute dose threshold for leuke-

mia is 500 mSv is extraordinary. It is in stark contrast to

conventional knowledge—the difference being about

one or two orders of magnitude.

2. Skepticism is created by changing the Zone C dose from

the calculated value of 0.5 Sv to the value 1 Sv, to

address the footnote: “almost all cases of leukemia in

this zone occurred in patients who had severe radiation

complaints, indicating that their doses were greater than

50 rem.” A more careful reading led to an understand-

ing of the rationale for this change and the acknowl-

edgement that the Zone C dose could have been raised

even higher.

3. The conclusion that the radiation thresholds for other

cancer types are expected to be higher than the 500 mSv

threshold for excess leukemia is of significant concern.

There exists an additional 42 years of follow-up leuke-

mia data that should be discussed. To extend that claim

to other types of cancer would require an evaluation of

the most recent solid cancer incidence/mortality data,

which was not carried out.

4. There is no discussion of the optimum time window for

detecting putative radiation-induced leukemia, which

is the first 10 to 15 years following an acute exposure.

The idea that including years of data afterward just

dilutes the effect merits further discussion. The initial

leukemia signal is most visible in that time window

and fades toward the null of no effect, as more and

more naturally occurring leukemia cases accumulate

in both the exposed and control groups with the pas-

sage of time. The RERF data updates should have been

analyzed.

Responses to the Reviewer’s Comments

Indeed, the reported threshold dose to induce leukemia, about

500 mSv, is 1 or 2 orders of magnitude higher than the cur-

rently accepted level of significant risk. Conventional knowl-

edge is based on applying the LNT model, which continues to

be discredited. The threshold is a factor of 5 higher than the 100

mSv value that many radiation protection people seem willing

to accept. Up until the 1960s, millions of patients received

repeated radiation doses in range from about 0.1 to 1 ED

(erythema dose � 600 mSv) to cure many life-threatening dis-

eases. There are no reports of a significant increase in leukemia

incidence following such treatments.6 Many Chernobyl fire-

fighters suffered from very high radiation doses; 134 of them

were treated for acute radiation syndrome. Of them, 28 died

Table 2. UNSCEAR 1958. Table VII. Leukemia Incidence 1950-57 After Exposure at Hiroshima.a

Zone Distance From Hypocenter (m) Dose (REM) Persons Exposed L (Cases of Leukemia)
ffiffiffi

L
p

Nb (Total Cases per 106)

A Under 1000 1300 1241 15 3.9 12 087 + 3143
B 1000-1499 500 8810 33 5.7 3746 + 647
C 1500-1999 50c 20 113 8 2.8 398 + 139
D 2000-2999 2 32 692 3 1.7 92 + 52
E Over 3000 0 32 963 9 3.0 273 + 91

Figure 2. Total number of leukemia cases per million versus radiation
dose. Data from UNSCEAR 1958.12 Evidence of a threshold for radio-
genic leukemia is apparent at about 0.7 Sv, or 0.7 Gy assuming RBE¼ 1.
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within weeks and 106 recovered. Follow-up of these 106 sur-

vivors after 19 years showed no increase in their overall mor-

tality or their cancer mortality compared to unexposed

workers.3 And there have been other accidents involving expo-

sures of many people to high radiation levels that resulted in

serious burns, but no evidence of elevated cancer incidence.

Doss has suggested that there is a fundamental weakness in the

somatic mutation model of cancer being used. He recommends

more attention be given to the immune suppression model of

cancer.16 Indeed, it is well known that a high dose of radiation

suppresses immunity and increases the risk of cancer.17 Since

the acute lethal dose for humans ranges from 3.5 to 5 Gy,18 a

threshold for the onset of radiogenic leukemia at about 1 Gy is

credible.

Changing the dose for Zone C was very important because a

dose that is based on actual human symptoms is much more

credible than a dose that is calculated using a primitive model

of atomic bomb radiation.

The Hiroshima evidence of radiogenic leukemia can be

modeled by a hormetic dose–response model.2,14 Since we

know that LNT is wrong, it is likely that the other radiogenic

cancer types can be modeled likewise. It is reasonable to expect

the threshold doses for other cancer types to be higher than for

leukemia because of the discussion in the 2012 article by Flied-

ner et al on the high radiation sensitivity of hemopoietic stem

cells compared with the radiation sensitivities of stem cells in

other organs.19

The long-term studies on radiation-induced leukemia mor-

tality and the mortality of other cancers among the bomb sur-

vivors lack credibility because the LNT model is invalid.

Cancer and the effects of radiation on cancer mortality are not

well understood. The confounding factors that affect radio-

genic cancer mortality are not known and, if they were, it

would be impossible to control them over many decades. There

is no value to be gained in analyzing RERF data updates.

An assessment of the 1958 to 2000 bomb survivor leukemia

data20 was not included in the 2014 and 2015 articles,2,14 and

unfortunately, no explanation was given for this omission. It

was known that radiogenic leukemia has a short latent period.

The excess cases appear a few years after the irradiation and

reach a peak by 5 to 7 years. Most radiogenic leukemia cases

occur in the first 15 years. Solid tumors show a longer latency,

from 10 to 60 years or more.21 Clearly, the inclusion of the

leukemia data from 1958 to 2000 would have diluted the burst

of radiogenic leukemia cases with 43 years of naturally occur-

ring leukemia cases, about 3 per 100 000 per year, masking the

evidence of the radiogenic leukemia dose threshold.

Table 1 shows the leukemia data of the 95 819 survivors

from 1945 until the end of 1957.11 Figure 1 shows that the

radiogenic cases began to appear in 1948 and peaked from

1950 until the end of 1953. In the 2014 and 2015 articles,2,14 it

was appropriate to do as the UNSCEAR-1958 report12 did—

examine the cases in the 8-year interval 1950 to 1957 to

evaluate the dependence of radiation-induced leukemia on

dose. Figure 2 shows the leukemia incidence response to

radiation dose. A threshold for radiogenic leukemia is

apparent at an “equivalent” dose of about 0.7 Sv, or 0.7 Gy

(70 rad) in “absorbed” dose units, assuming RBE ¼ 1. The 32

963 people who were in the outermost Zone E are regarded as

the nonexposed controls. Their annual (natural) leukemia

incidence is 3.4 cases per 100 000, as given in Table 1.

The uncertainty of the threshold can be gauged by noting

that 0.7 Gy is 30% below the assumed 1 Gy dose for severe

radiation pain, the spread of which is likely the same as the

human LD50 range, which is 3.5-50 Gy.18

Conclusions

The data on the incidence of leukemia among the Hiroshima

atomic bomb survivors, which were summarized by Neil

Wald and included in the 1958 UNSCEAR report, are evi-

dence of a dose threshold for radiogenic leukemia.

The authors of many recent articles about radiation risk

appear to be ignoring this evidence of a threshold. They do not

challenge, endorse, comment on, or reference the recent pub-

lications that presented this evidence.

A colleague provided the following important comments

on the 2015 article. The magnitude of the threshold is surpris-

ing high. Changing the value of the radiation dose in Zone C

because of the severe pain of the leukemia patients creates

misgivings. Supporting evidence is needed for the statement

that radiation thresholds for other cancer types are expected to

be higher than for leukemia. An explanation is needed for the

omission of 42 years of follow-up leukemia data. The RERF

data updates should be analyzed. Responses to these com-

ments are given in the previous section.

The additional information in this article should remove the

concerns that deter other scientists from accepting and referen-

cing this evidence of a high threshold dose for radiation-

induced leukemia. They may consider the possibility of higher

thresholds for other cancer types.

A careful examination of Table 1 reveals the surprisingly

low incidence of radiogenic leukemia among the atomic bomb

survivors. It is only 0.5% of the population in the high radiation

Zones A and B, shown in Table 1 (only 15 þ 33 ¼ 48 cases

among 1241 þ 8810 ¼ 10 051 people).
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