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As Morfeld noted in his letter, adjustment 
for the healthy worker survivor effect is 
complex. We do not claim that adjustment 
using employment duration completely 
adjusts for a healthy worker survivor effect, 
but our results provided evidence that it 
is present in this cohort and should be 
addressed.
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DNA Damage after Continuous 
Irradiation: Findings in Mice 
Compared with Human 
Epidemiologic Data
http://dx.doi.org/10.1289/ehp.1205564
Olipitz et  al. (2012) suggested that their 
study of biomarkers in several hundred mice 
exposed to 10.5 cGy of ionizing radiation for 
5 weeks casts into doubt radiation standards 
and concerns about protracted exposure after 
accidental releases of radioactivity. Yet, the 
authors failed to discuss the many human 
studies that have appeared in recent years 

showing excess cancers after protracted expo-
sure (e.g., Cardis et al. 2005; Krestinina et al. 
2007; Muirhead et al. 2009). The most likely 
explanation for the contradiction is that the 
biomarkers they examined are not predic-
tive of cancer incidence 10–50 years after 
exposure, a possibility they did not mention. 
Before a cellular biomarker can be trusted to 
predict cancer risk, it first must be linked to 
epidemiologic data, something that Olipitz 
et al. have not done. 

If Olipitz et al. (2012) interpreted their 
biomarker results correctly, then recent 
studies on humans must have been wrong. 
For example, in a study of 400,000 nuclear 
workers, Cardis et al. (2005) reported excess 
cancer from protracted exposure at a rate 
per Gray higher than that found in studies 
of one-time exposures in atomic bomb 
(A‑bomb) survivors. In a study of 175,000 
radiation workers receiving protracted 
exposures in the United Kingdom, Muirhead 
et al. (2009) observed excess cancer at the 
same rate as found in A‑bomb survivors. 
Krestinina et al. (2007) found excess cancer 
in 17,000 members of the civilian popula
tion who received protracted exposure 
from emissions from the Soviet weapons 
complex—also at a higher rate than found in 
the A-bomb cohort. In addition, Chernobyl 
thyroid exposures meet the protracted test 
because >  90% of the dose came from 
iodine‑131, which has an 8‑day half-life 
(Gavrilin et al. 2004). It would have been 
helpful if Olipitz et al. (2012) had explicitly 
mentioned these epidemiologic contradictions 
to their data interpretation, thus allowing the 
reader to judge whether or not their mouse 
data should influence worker and public 
radiation standards for protracted exposures.

In the past, cellular radiation studies have 
conflicted with human epidemiologic data. 
Thus, the study by Olipitz et al. (2012) is 
not a test of the linear nonthreshold theory 
(LNT). The authors started with a dose 
almost universally accepted to cause a (small) 
risk of cancer if given all at once. 

Perhaps Olipitz et  al. (2012) would 
argue that the dose categories covered in 
the epidemiology studies cited above do 
not really include protracted exposures to 
10.5‑cGy doses, but only to doses no lower 
than 20 or 30 cGy. However, Olipitz et al. 
claimed to see “nothing” after 5 weeks, so 
the implication is that they would also see 
nothing after 10–15 weeks. If they thought 
otherwise, it would have been appropriate 
to say so. In addition, epidemiologic studies 
in regions with high natural background are 
not definitive. In one such study, Nair et al. 
(2009) concluded that their study in India, 
together with cancer mortality studies in 
China, could only set limits, suggesting that 
“it is unlikely that estimates of risk at low 

doses are substantially greater than currently 
believed.” 

One of the biggest paradoxes in the 
debate on low-level radiation—whether about 
immediate or protracted exposure—is that an 
individual risk can be a minor concern, while 
the societal risk (the total delayed cancers in an 
exposed population) can be of major concern. 
Attempts to calm public overreaction should 
not ignore the human epidemiologic data. 
Further discussion of these controversies and 
their policy implications have been published 
previously (Beyea 2012). 
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DNA Damage after Continuous 
Irradiation: Yanch and 
Engelward Respond
http://dx.doi.org/10.1289/ehp.1205564R
We thank Beyea for his comments and would 
like to respond, in particular, regarding the 
works he cites in his letter. First, the results of 
our study are, in fact, consistent with the find-
ings of many human epidemiologic studies. 
The latest National Research Council (NRC) 
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report on the Health Risks from Exposure to 
Low Levels of Ionizing Radiation: BEIR VII 
Phase 2 (NRC 2006) summarized the conclu-
sions of studies examining cancer mortality 
in those occupationally exposed to long-term 
low dose-rate radiation (Tables 8.3–8.5). Of 
the 38 studies listed, approximately half (18) 
found either no association or a negative rela-
tionship whereby exposure to radiation corre-
lated with a reduced cancer mortality rate.

A significant shortcoming of many of 
the studies listed in BEIR VII is the a priori 
invocation of the linear no‑threshold (LNT) 
model without consideration of other plausi-
ble dose–response relationships. Because large 
cumulative doses do result in excess cancer 
deaths, fixing the lowest data point at (0,0) 
and assuming a linear relationship has the 
inevitable consequence of generating a posi-
tive dose response at all lower doses, regard-
less of whether this conclusion is supported 
by low-dose data. For instance, Table 5 of 
the study by Krestinina et al. (2007), cited by 
Beyea, shows the number of person-years rep-
resented by subjects in various dose cohorts 
(< 10, < 50, < 100, < 300, and ≥ 300 mGy), 
and the estimated number of excess can-
cer deaths. Note that the number of excess 
cancers per person-year of exposure initially 
declines and increases significantly only for 
the very highest dose cohort—those receiving 
any cumulative dose > 300 mGy (Krestinina 
et al. 2007). Our data are thus consistent 
with the data of Krestinina et al. (2007) but 
not with their conclusion, which is based on 
the LNT model. 

Cardis et al. (2005) pooled results from 
nuclear workers in 15 countries; in calculat-
ing country-specific excess relative risk (ERR) 
per sievert, they found one country, Canada, 
to have an ERR > 6 times the 15‑country 
average. As pointed out by Krestinina et al. 
(2007), other analyses of the Canadian 
cohort determined an ERR that was much 
lower, on the order of 2.5/Sv. If this value 
had been used by Cardis et al. (2005), their 
estimate of the ERR from the pooled cohort 
would not be significant because the ERR for 
other countries in the pool was < 0.0. Indeed, 
Cardis et al. stated that when they removed 
the Canadian cohort (which contributed only 
5% of the deaths in the study), the calculated 

ERR for the entire group was not signifi-
cantly different from zero, even though the 
LNT was applied. That is, exposure to radia-
tion was found to have no impact on can-
cer mortality rates, a result consistent with 
our study, in which we found no association 
between radiation exposure and end points 
commonly associated with cancer induction. 

In another study cited by Beyea, Nair 
et al. (2009) found an ERR no different from 
zero. Radiation workers typically receive 
occupational doses that are substantially 
less than their natural background doses [in 
the United States, occupational doses are 
about 30% of average natural background 
doses (U.S. Nuclear Regulatory Commission 
2012); thus, any association between occupa-
tional radiation dose and excess cancer mor-
tality would be very difficult to discern. In 
contrast, in the study by Nair et al. (2009), 
the subjects who lived in an area with nat-
urally high background radiation received 
average radiation doses 8 times greater than 
the average occupational doses reported by 
Cardis et al. (2005). Not only did Nair et al. 
calculate an ERR of less than zero, the upper 
95% confidence level was less than the ERR 
calculated from A-bomb survivor studies 
(Nair et al. 2009); this result is consistent 
with a significant dose-rate effect whereby 
the effects of a dose received slowly over time 
are substantially reduced relative to the same 
dose received acutely.

Muirhead et al. (2009) found that the 
ERR per sievert was positive for 19  types 
of cancer and negative for 10. These mixed 
results echo those of epidemiologic studies 
of cancers in humans exposed to ionizing 
radiation in general: Some show a positive 
relationship, some show no effect, and some 
show a negative correlation. 

Once the environment has been contami
nated with radionuclides and our dose-rate 
increases, how we deal with the problem is 
a “zero-sum proposition.” That is, to avoid 
additional radiation dose (beyond natural 
background), it is necessary to relinquish 
many important aspects of life as a result 
of evacuation and long-term relocation: 
homes, communities, employment, and 
school opportunities, among others. One 
question is critical: At what dose-rate should 

these aspects of life be relinquished for 
years, perhaps forever? To answer such an 
important question, we need to begin relying 
on data and not on hypothetical models that, 
although offering mathematical simplicity, 
do not reflect the complexity of a biological 
system that evolved on a naturally radio
active earth with exposure levels that vary 
considerably from place to place. 
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