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Population Monitoring for Acute Exposure
to 210Po

Jeri L. Anderson, PhD
Henry B. Spitz, PhD
Robert D. Daniels, BS

Learning Objectives
• Compare the distribution of ingested or inhaled radioactive polonium

(210Po) with that of other alpha-emitting radionuclides such as uranium and
plutonium.

• Recall the urinary detection limit for urinary 210Po activity and the minimal
intake predicted to result in clinically significant effects.

• Conclude whether analysis of single 50-mL void urine samples will reliably
identify those individuals who may have been exposed following the
intentional dispersal of 210Po.

Abstract
Objective: To investigate the feasibility of using single void urine samples to

monitor internal radiation exposure of first responders and large populations in
the event of a radiological incident involving the intentional dispersal of 210Po.
Methods: Urinary excretion of 210Po was evaluated and organ absorbed and
effective doses were calculated subsequent to an acute unit intake of 210Po.
Results: 210Po can be detected in single void urine samples at levels sufficient to
detect effective dose below recommended limits. Minimum intakes of 210Po that
would result in clinically significant effects were estimated. Conclusions: Collec-
tion and analysis of single void urine samples is adequate to identify persons who
may be exposed in the event of a radiological emergency involving 210Po. Also, the
first responder limit appears to be sufficiently protective to prevent clinically
significant deterministic effects. (J Occup Environ Med. 2008;50:916–923)

A n international radiological incident
involving an unknown substance
containing a large quantity of the
radioactive isotope 210Po occurred in
November 2006 resulting in the rapid
death of one person and contamina-
tion of several other individuals.1,2

As a result, 210Po, a relatively short-
lived, alpha-emitting radionuclide, is
now recognized as a potential source
of acute internal exposure, should it
become widely dispersed in a radio-
logical incident.

Ingested or inhaled 210Po is unique
among internal alpha emitters in that,
once it passes from the lung or gastro-
intestinal (GI) tract and enters the sys-
temic circulation (ie, blood), it deposits
primarily in soft tissues with higher
concentrations in blood cells, spleen,
and kidneys.3 Thus, the distribution of
210Po in the body is very different from
other alpha emitters, such as plutonium
and uranium, which primarily concen-
trate on bone surfaces.

Deterministic effects associated
with acute radiation syndrome (ARS)
are a series of clinical observations
that describe the response of biolog-
ical systems when the whole body, or
a large part of the body, is exposed to
ionizing radiation.4–7 The symptoms
and severity of these effects depend
primarily on the magnitude of the
dose and the organs that have been
exposed.4 Studies of persons acutely
exposed to external radiation, such as
atomic bomb survivors, Chernobyl
first responders, and workers in-
volved in criticality accidents have
provided increasing knowledge
about the conditions necessary for
onset of ARS due to radiation expo-
sure from an external source. In con-
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trast, most of our knowledge about
biological response after comparable
doses of alpha-emitting radioactive
materials has been obtained from
research studies with animals.

Current radiation protection stan-
dards regarding the intake of radio-
nuclides consider the risks associated
with both the immediate onset of
deterministic effects and potential for
latent effects (ie, cancer). In many
cases, separate occupational expo-
sure limits have been established for
deterministic and stochastic effects.
Biokinetic models are used to predict
deposition and retention of radioac-
tive material that enters the systemic
circulation. A separate mathematical
model is used to predict how much
ingested radioactive material enters
the systemic circulation (ie, a GI tract
model or more recently, the human
alimentary tract model). Another
mathematical model is used to pre-
dict how much inhaled radioactive
material is retained in the lungs,
absorbed into the systemic circula-
tion or transferred to the GI tract (ie,
lung model). The amount of radioac-
tive material expected to be excreted
in urine or feces can be estimated
using these models. It is conven-
tional practice to determine compli-
ance with occupational exposure
limits by monitoring the quantity of
radioactivity in excreta from persons
with potential for internal exposure
to radioactive material. It is expected
that such monitoring would also be
conducted for first responders and
members of the public who are po-
tentially exposed after an intentional
dispersal of radioactive material.

The purpose of this article is to
develop guidance for clinicians and
health providers who may be called
upon to monitor large populations
for potential exposure to 210Po in the
event of mass contamination result-
ing from intentional dispersal to the
environment or food and/or water
supplies. Ingestion via contaminated
food/water supply is considered a
likely route of intake as demonstrated
by the recent poisoning incident.1 This
article also evaluates the current ex-

posure limits for first responders to
determine whether these limits are
sufficiently protective against deter-
ministic effects from internal expo-
sure to 210Po.

Readers who desire comprehen-
sive and detailed information on
acute toxicity and biokinetics of 210Po
are referred to Stannard and Casarett,8

Leggett and Eckerman,9 Harrison et
al,1 and Scott.2 An exhaustive discus-
sion of the relative biological effec-
tiveness (RBE) of alpha particles is
beyond the scope of this article.

Materials and Methods
IMBA ExpertTM ORAU Edition

(ACJ and Associates and Health Pro-
tection Agency, Radiation Protection
Division (HPA). Incorporating HPA’s
IMBA Suite ©1997–2005. IMBA Ex-
pert ORAU Edition © 2000–2005.)
(IMBA), a computer program for
calculating intakes and organ doses
from internally deposited radioactive
materials, was used to predict the
daily excretion of 210Po in urine and
to estimate organ doses associated
with an acute intake of 210Po via
inhalation or ingestion. IMBA uses
the polonium biokinetic model de-
scribed by the International Commis-
sion on Radiological Protection
(ICRP) in Publication 67.10 The pre-
dicted urinary excretion of 210Po (Bq
per day) was determined subsequent
to a unit acute intake of 210Po via
inhalation (type F and M) and inges-
tion. Comparison of the measured
excretion of 210Po with the predicted
excretion per unit intake can be used
to determine the quantity of 210Po
inhaled or ingested by a potentially

exposed individual. Uncertainty in
the estimated intakes was evaluated
using Monte Carlo methods.

Table 1 shows the whole body ex-
ternal radiation absorbed doses,
Dbody, at which the different sub-
types of ARS may be observed.6,7

Absorbed dose, which is the energy
absorbed per unit mass, is defined in
terms that allow it to be specified at
a point, but it is used by the ICRP in
Publication 6011 to mean the average
dose over a tissue or organ. The
ICRP states that the average ab-
sorbed dose is not directly relevant to
deterministic effects unless the dose
is fairly uniformly distributed over
the tissue or organ because the dose-
response relationship is not linear for
deterministic effects.11 For radiation
protection purposes, the ICRP uses
the equivalent dose which is the ab-
sorbed dose over a tissue or organ
(rather than a point) weighted based
on the RBE of the radiation. The
equivalent dose is then further
weighted based on the contribution
of the organ or tissue to the total
detriment due to these effects result-
ing from uniform irradiation of the
whole body.11 These doubly weighted
organ absorbed doses are summed to
produce an effective dose which rep-
resents the combination of different
doses to several different tissues and
organs that correlates with the total
of stochastic effects.

The damage to tissue by ionizing
radiation is the same regardless of
the type of radiation, although the
degree of damage varies with the
effectiveness of the radiation (ie,
RBE).12 Just as certain tissues or

TABLE 1
Whole Body Absorbed Doses, Dbody, at Which ARS May Be Observed

Dbody (Gy)* ARS Subtype Effect

0.50 Blood changes (BC) Mild depression of lymphocyte count
2 Hematopoietic syndrome (H) Bone marrow depression to ablation

10 Gastrointestinal syndrome (GI) Desquamation of intestinal epithelium,
death likely

20 Central nervous system
syndrome (CNS)

Unconsciousness, death

*Dose refers to whole body absorbed dose from external radiation source.
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organs are associated with the prob-
ability of certain cancers (eg, irradi-
ation of the bone marrow may result
in leukemia), different organs and
organ systems are associated with
the different syndromes that make up
ARS (eg, irradiation of the bone mar-
row causes hematopoietic syndrome).
Direct and indirect damage of tissue
in select organ systems gives rise to a
generalized systemic disease. In ad-
dition, organs that participate in the
response to the damage, such as the
bone marrow, kidney, and liver, are
also damaged.12,13 The spleen also
has lymphatic tissue that can com-
pensate for bone marrow depression
after acute radiation exposure.14

It is proposed here that the sys-
temic response of the organism to
internally deposited radiation is a
function of the combined effects of
the exposed tissues. It is assumed
that the sum of absorbed doses to
organs associated with the syn-
dromes of ARS (red bone marrow,
small intestine and colon, brain) and
the doses to organs critical to the
response (kidneys, spleen, and liver)
is proportional to the whole body
dose sufficient to induce the sub-
types of ARS. The red bone marrow,
small intestine and colon, and brain
are assumed to be the critical organs
in the hematopoietic, GI, and central
nervous system syndromes, respec-
tively. Organ absorbed dose conver-
sion factors, DCFi, due to an acute
unit ingestion of 210Po were calcu-
lated for kidneys, spleen, liver, bone
marrow, small intestine, colon, and
brain and cumulated for 20 days. The
quantity of ingestion intake, Ij, was
determined that produces summed
organ absorbed doses, Dabs, equal to
the threshold doses, Dbody, j, for in-
duction of each of the four subtypes,
j, of ARS.

Ij �
Dbody, j

�
i

DCFi

(1)

and

Dabs,i � Ij � DCFi (2)

210Po is tightly bound to hemoglo-
bin proteins in blood and is trans-
ported to all tissues of the body
similar to the manner in which he-
moglobin transports oxygen to and
carbon dioxide from tissues.15 Organ
and tissue damage may occur via
radiation injury to vascular endothe-
lial cells, with greater damage ex-
pected in well-vascularized tissues.16

Therefore, it is also proposed that the
organ absorbed doses should be
weighted according to organ vascu-
larity, blood volume, or blood flow
rate. Blood flow rates (BFR) as a
percentage of cardiac output 17 for
each of the organs of interest were
summed and normalized to unity cre-
ating a weighting factor, w, for each
organ, i.

wi �
BFRi

�
i

BFRi

(3)

The DCFi were multiplied by the
appropriate BFR weighting factor, wi,
and then summed to determine the
quantity of ingestion intake, Ij, that
produces summed weighted organ ab-
sorbed doses equivalent to the thresh-
old doses, Dbody, j, for induction of
each of the four subtypes, j, of ARS

Ij �
Dbody, j

�
i

DCFi � wi

(4)

and

Dabs,w,i � Ij � DCFi � wi (5)

Systemic uptakes (MBq kg�1)
were calculated from the ingestion
intakes and compared to animal tox-
icity data.

Other than the recent poisoning
case,1,2 the only reported incidence
of fatality from internal exposure to
210Po was reported by Gasteva.18

The case involved acute inhalation of
a 210Po aerosol of unknown particle
size distribution and solubility and
the individual died 13 days after the
incident. Absorbed organ doses from
inhalation were calculated using
IMBA and default parameters for the

lung model described in ICRP Pub-
lication 66.19 Values for absorption
type and particle size were adjusted
to match predicted urinary and fecal
excretion rates reported by Gasteva.
The quantities of inhaled 210Po that
would result in clinically significant
effects were also calculated.

The US Department of Homeland
Security20 has adopted a 50-year com-
mitted effective dose limit of 250 mSv
for emergency first responders. IMBA
was used to determine the quantity of
210Po activity taken into the body via
ingestion or inhalation that would
deliver an effective dose equal to 250
mSv. The ICRP 66 lung model19 and
tissue and radiation weighting fac-
tors recommended in ICRP Publica-
tion 6011 were adopted for these
calculations. The calculated intakes
were compared to animal toxicity
data and the quantity of activity es-
timated to induce subtypes of ARS to
determine whether 250 mSv is a
sufficiently protective dose limit to
prevent the occurrence of ARS in
emergency first responders.

Results
Predicted excretion of 210Po in

urine for up to 30 days after acute
exposure to 1 Bq of 210Po via inha-
lation or ingestion is shown in Fig. 1.
For comparison, the expected excre-
tion of 210Po in urine from natural
sources in diet is also included in
Fig. 1 for smokers and nonsmokers.
The ICRP reference man21 is as-
sumed to ingest approximately 0.12
Bq d�1 of 210Po in food and water.
Note that these values are subject to
day-to-day variability and are very
dependent upon diet.

Excretion of 210Po in a 24-hour
sample of urine on any day postex-
posure to 1 Bq is predicted by the
three curves in Fig. 1 which can be
used to estimate the level of acute
intake if the suspected date of expo-
sure is known. Population monitor-
ing after a radiological incident will
likely involve collecting single void
samples of urine that require rapid
analysis so that results can be re-
ported to authorities with little delay,
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should remedial actions or counter-
measures be required. Using the
method of spontaneous deposition and
alpha spectrometry, the detection limit
for 210Po in a single void (50 mL)
sample of urine is approximately 20
mBq which equates to 640 mBq of
210Po excreted per day determined by
normalizing the single void urine sam-
ple volume to 1.6 L d�1. According to
Fig. 1, between 3 and 9 days postin-
take, the urine excretion rate per Bq
intake is about 0.3 mBq d�1 (type M
inhalation), 0.4 mBq d�1 (ingestion),
and 1.2 mBq d�1 (type F inhalation).
Table 2 shows the minimum intakes and
effective doses that can be confirmed
if single void urine samples are col-
lected within a few days postexposure.
For inhalation of a type F material or
ingestion, the minimum detectable ef-
fective dose is less than 1 mSv, which

is the annual dose limit for members of
the public recommended by the
ICRP.11 For inhalation of a type M
material, the minimum detectable ef-
fective dose is about 5 mSv.

Table 2 also shows the 90% con-
fidence interval (CI) for the calcu-
lated minimum detectable intakes
and effective doses evaluated using
Monte Carlo analysis to propagate
uncertainty. It was assumed that the
uncertainty associated with the vari-
ous models used to interpret a urine
sample result followed a lognormal
distribution with a geometric stan-
dard deviation of 1.6.22 Additional
uncertainty is introduced by the nor-
malization factor (1.6 L d�1), which
was estimated using data provided
by studies of 24-hour voiding among
asymptomatic men and women.23,24

If the 24-hour excretion volume of

urine varies lognormally, then me-
dian and 95th percentile 24-hour
urine volumes for 137 women and
284 men can be used to determine a
geometric standard deviation of 1.6.

Calculated organ absorbed DCF for
ingestion are shown in Table 3. BFR
as a percentage of cardiac output for
each of the organs of interest are also
shown in Table 3 as well as the calcu-
lated normalized weighting factors.

Table 4 shows the quantities of
210Po activity ingested that result in the
summed weighted organ absorbed
doses that are predicted to result in
subtypes of ARS. Organ absorbed
doses do not account for the RBE of
alpha radiation. The limited time pe-
riod adopted for cumulating absorbed
dose is similar to that experienced by
an acutely exposed person (ie, �20
days) who died from complications
associated with ARS as a result of
exposure to 210Po.1 For comparison,
the systemic burden that results in 50%
lethality for Sprague-Dawley rats at 20
days25 is 1.3 and 1.6 MBq kg�1 for
women and men, respectively, which
is equivalent to an uptake of 90 to 110
MBq for a 73-kg man and an ingested
amount of 900 to 1100 MBq, assum-
ing a fractional absorption from the GI
tract of 0.1. The summed weighted
organ absorbed dose is 16–19 Gy,
which is above the threshold whole
body absorbed dose predicted to result
in GI syndrome. The body burden
which gives a summed weighted organ
absorbed dose of 0.5 Gy (0.04 MBq
kg�1), the threshold whole body exter-
nal dose for blood changes, is within
the range of body burden (0.04 to 0.4
MBq kg�1) that has been observed to
result in temporary reduction of white
blood cells in animals.1

Gasteva18 estimated an inhalation
intake of approximately 110 MBq
for the reported 210Po fatality case.
Retention in the lung and whole
body at death (day 13) was estimated
to be about 13 MBq and 100 MBq,
respectively, suggesting rapid and
relatively complete absorption simi-
lar to that of a compound assigned to
Absorption type F using ICRP crite-
ria.26 Measured urine and fecal ex-

0

0.5

1

1.5

2

2.5

0 5 10 15 20 25 30 35

Ingestion of 1 Bq
Inhalation of 1 Bq Type F
Inhalation of 1 Bq Type M
Non-smokers
Smokers

-

Fig. 1. Urine excretion after acute exposure to 1 Bq of 210Po. Also shown are the background
urine excretion levels of 210Po for nonsmokers and smokers (ICRP 1975).

TABLE 2
Minimum Detectable Intakes and Doses Following Inhalation or Ingestion of
210Po Based on the Predicted Excretion of 1 Bq Between 3 and 9 d and a
Detection Limit of 20 mBq in a Single Void Urine Sample

Type Intake

Median Minimum
Predicted Intake

(90% CI) (Bq)

Median Minimum
Predicted Effective Dose

(90% CI) (mSv)

Ingestion 1600 (550–4800) 0.39 (0.14–1.2)
Inhalation (type F) 530 (62–1600) 0.39 (0.13–1.2)
Inhalation (type M) 2300 (770–6700) 4.9 (1.7–15)

The 5th and 95th percentile intakes and doses were determined by Monte Carlo methods.
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cretion rates averaged over days 10
to 12 postexposure were 0.41 and
0.55 MBq d�1, respectively. IMBA
was used with the ICRP 66 lung
model and ICRP 67 polonium bioki-
netic model to predict excretion of
210Po in urine and feces averaged
over days 10 to 12 postintake. For an
intake of 110 MBq of a rapidly
absorbed (type F) compound, and
default deposition parameters (5-�m
aerosol), the average excretion rates
were predicted to be 0.13 and 0.26

MBq d�1, respectively. The pre-
dicted and observed excretion rates
are relatively consistent considering
the uncertainties associated with the
models and the severely impaired
health of the exposed worker. If a
larger intake of 290 MBq is assumed,
predicted urine and fecal excretion
rates averaged 0.33 and 0.69 MBq
d�1, respectively, which is closer to
the reported excretion rates for the
exposed worker. Table 5 shows the
organ absorbed DCFs cumulated for

13 days, and the weighted and
summed organ doses for each of the
two intake levels. Table 6 shows the
quantities of inhaled 210Po that result
in the summed weighted organ ab-
sorbed doses that are predicted to
result in subtypes of ARS. Quantities
are calculated for both a type F and
type M material.

As shown in Table 7, the quantity
of 210Po activity ingested that pro-
duces a committed (50-year) effec-
tive dose equal to 250 mSv is 1.02
MBq, which is considerably less than
the amount (29 MBq) predicted by
the proposed model to result in clin-
ically significant effects (Tables 4
and 6). Less activity is needed via the
inhalation pathway to produce a 250
mSv effective dose. This is because of
the more complete absorption in the
lung in the case of type F material
compared to the GI tract. In the case of
type M material, higher retention in the
lung results in a higher equivalent dose
to the lung which is heavily weighted
relative to other organs in the calcula-
tion of effective dose.

Discussion
Deterministic effects after exposure

to radiation are those effects for which
above a certain threshold dose the
response is certain, with an intensity
that is directly related to the dose.7,27

The existence of a threshold is a result
of the ability of many organs and
tissues to exhibit adequate function
after the loss of substantial numbers
of cells. Nevertheless, if enough cells
are damaged, there will be observ-
able loss in tissue or organ function.

There is currently no model to
address deterministic effects from
internal exposure to radionuclides.
For stochastic effects, the ICRP uses
average absorbed dose to predict risk
based on the linearity of the dose-
response relationship and the as-
sumption of a linear-no-threshold
dose-response relationship at doses
less than 100 mSv.11 Total detriment
to health (or risk) from stochastic
effects is determined using a doubly
weighted absorbed dose, where
weighting is based on radiation qual-

TABLE 3
Calculated Organ Absorbed Dose Conversion Factors (DCF) and Blood Flow
Rates (BFR), as a Function of Percent Cardiac Output (From Leggett and
Williams 1995) Used to Calculate Normalized Weighting Factors (w) for
Deterministic Detriment

Organs (i )

Dose Conversion
Factors (DCFi)

(Gy MBq�1)

Blood Flow
Rates (BFRi)

(% Cardiac Output)

Normalized
Weighting

Factors (wi)

Kidneys 0.0375 19.0 0.33
Spleen 0.0323 3.0 0.05
Liver 0.0194 6.5 0.11
Red bone marrow 0.0078 3.0 0.05
Colon 0.0024 4.0 0.07
Small intestine 0.0010 10.0 0.17
Brain 0.0008 12.0 0.21

Calculated DCFs are cumulative average absorbed dose to the organ at 20 d after an acute
ingestion intake.

TABLE 4
Quantities of 210Po Activity ingested and the Resulting Weighted Organ
Absorbed Doses, Dabs,w, at 20 d That are Predicted to Result in ARS Subtypes
Based on the Summed Weighted Organ Doses

Syndrome BC H GI CNS
LD50(20)

Females
LD50(20)

Males

Threshold dose of
syndrome (Gy)

0.5 2 10 20

Ingestion intake (MBq) 29 116 582 1164 913 1132
Systemic uptake* (MBq) 3 12 58 116 91 113
Body burden† (MBq kg�1) 0.04 0.2 0.8 1.6 1.3‡ 1.6‡
Dabs,w (Gy)

Kidneys 0.36 1.44 7.21 14.42 11.31 14.03
Spleen 0.05 0.20 0.98 1.96 1.54 1.91
Liver 0.06 0.25 1.28 2.55 2.00 2.48
RBM 0.01 0.05 0.24 0.47 0.37 0.46
Colon 0.00 0.02 0.10 0.19 0.15 0.19
SI 0.00 0.02 0.10 0.20 0.16 0.19
Brain 0.01 0.02 0.10 0.21 0.16 0.20

Sum of doses 0.5 2 10 20 16 19

Organ absorbed doses due to systemic uptake that results in lethality predicted from
animal toxicity studies are also shown.

*Fractional uptake from the GI tract was assumed to be 0.1.
†Calculated for a 73-kg man.
‡Data for Sprague-Dawley rats reported in Cowden (1952).
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ity and the relative contribution of an
individual organ or tissue to the total
detriment.

Similar reasoning is proposed by
the authors to address a new model
to predict the occurrence of deter-
ministic effects from internal expo-
sure. First, it is reasonable to use the
average absorbed dose to an organ or
tissue because the dose-response re-
lationship may indeed be linear if
one is considering cellular or tissue
response other than clonogenic sur-
vival.16 Also, detriment to organs or
tissue is likely due to damage to the
vascular endothelium.16,28,29 Recent
research has shown that radiation
damage to the microvascular endothe-
lium is the primary lesion in the patho-
genesis of the GI syndrome.30 Another
study showed that hematopoietic recov-
ery and survival of lethally irradiated
mice is mediated by transplantation of
primary endothelial cells.31

Animal toxicity studies have indi-
cated hemorrhagic syndromes in ani-
mals injected with 210Po.32 Gasteva18

described the symptoms in a worker
acutely exposed to 210Po that included
vomiting within 5 to 6 hours after the
exposure, epigastric pains, dyspnea,
headache, and excitation. By the 6th
day, there was general hemorrhagic
syndrome, although platelet counts
were relatively high, indicating injury
of the microcirculatory network (cap-
illaries). Prolonged retention of 210Po
in the blood apparently caused second-
ary dystrophy of the liver and kidneys
(discovered at autopsy). The clinical
presentation of this patient is quite
similar to that of other workers who
received lethal doses of external ioniz-
ing radiation.4,12,13

Organ and tissue injury due to
damage to the microcirculation (cap-
illary system) such as reported by
Gasteva18 is not addressed in current
dosimetry models, although evidence
suggests that this damage may play a
significant role in initiating local and
systemic responses that could lead to
multiorgan failure such as is seen in
ARS. The model proposed in this
article is reasonable in that it utilizes
the average absorbed dose, a well-

TABLE 5
Organ Absorbed Dose Conversion Factors, DCFi, at 13 d After an Acute
Inhalation Intake of a Type F 210Po Compound

Organs

Absorption

Type F Type M Type F

DCFi (Gy MBq�1)
Dabs,w (Gy),

Intake � 110 MBq Intake � 290 MBq

Kidneys 0.0757 0.0174 2.75 7.26
Spleen 0.0652 0.0149 0.37 0.99
Liver 0.0392 0.0090 0.49 1.28
Red bone marrow 0.0157 0.0036 0.09 0.24
Colon 0.0021 0.0010 0.02 0.04
Small intestine 0.0018 0.0005 0.03 0.09
Brain 0.0017 0.0004 0.04 0.11
Sum 3.8 10

BFR-weighted (see Table 3) organ absorbed doses, Dabs,w, for two intake levels estimated
from the Gasteva (2001) data are also shown.

TABLE 6
Quantities of 210Po Activity Inhaled and the Resulting Weighted Organ Absorbed
Doses, Dabs,w, at 13 d That are Predicted to Result in ARS Subtypes Based on
the Summed Weighted Organ Doses

Syndrome BC H GI CNS

Threshold dose of
syndrome (Gy)

0.5 2 10 20

Absorption type F M F M F M F M
Inhalation intake

(MBq)
14 63 58 251 290 1254 580 2509

Dabs,w (Gy)
Kidneys 0.35 0.36 1.45 1.44 7.26 7.21 14.51 14.43
Spleen 0.05 0.05 0.20 0.20 0.99 0.97 1.97 1.95
Liver 0.06 0.06 0.26 0.26 1.28 1.28 2.57 2.55
RBM 0.01 0.01 0.05 0.05 0.24 0.24 0.48 0.47
Colon 0.00 0.00 0.01 0.02 0.04 0.09 0.08 0.17
SI 0.00 0.01 0.02 0.02 0.09 0.11 0.18 0.22
Brain 0.01 0.01 0.02 0.02 0.11 0.10 0.21 0.21

Sum of doses 0.5 0.5 2 2 10 10 20 20

Intakes and doses for both absorption Type F and M are shown.

TABLE 7
Quantities of 210Po Ingested or Inhaled That Result in Committed (50-yr)
Effective Dose of 250 mSv

Type of Intake Ingestion Inhalation, Type F Inhalation, Type M

Intake Amount (MBq) 1.02 0.343 0.116

Absorbed Dose (Gy)

Kidneys 0.130 0.132 0.0132
Spleen 0.112 0.114 0.0113
Liver 0.067 0.068 0.0068
Red bone marrow (RBM) 0.027 0.027 0.0027
Colon 0.004 0.003 0.0004
Small intestine (SI) 0.003 0.003 0.0003
Brain 0.003 0.003 0.0003

Absorbed doses (unweighted) for organs considered relevant in ARS are also shown.
Absorbed doses do not account for RBE of alpha radiation.
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known quantity that can be calcu-
lated relatively easily, and applies a
weighting factor which represents
the relative contribution of that organ
or tissue to the total detriment due to
these effects resulting from uniform
irradiation of the whole body. The
choice of the weighting factor is also
reasonably based on the relative vas-
cularity of the organ or tissue, which
is represented by blood flow rate as a
percentage of cardiac output.

Conclusions
Assessing exposure to 210Po by

measuring the amount excreted in
urine is most reliable if 24-hour urine
samples are collected because the
biological models are based on the
amount of activity excreted per day.
Nevertheless, in response to a radio-
logical emergency where accuracy
may need to be superseded by other
civic requirements, it has been shown
that analysis of single void urine sam-
ples is adequate to identify persons
who may be exposed above the recom-
mended public dose limit of 1 mSv for
ingestion or inhalation of type F mate-
rials. For inhalation exposure to type
M material, the minimum detectable
dose is about 5 mSv.

The US Department of Homeland
Security20 has issued draft guidance
for emergency responders involved
in life and property saving activities
in the event of a radiological dis-
persal device or improvised nuclear
device incident. The guideline of 250
mSv is intended to “provide assur-
ance that exposure will not result in
detrimental deterministic health ef-
fects (ie, prompt or acute effects).”
The level of intake (�1.02 MBq)
that results in a 250 mSv effective
dose appears to be below the level of
intake (14 MBq) at which determin-
istic effects may present clinically.

A model has been proposed that
can be used to predict deterministic
effects from an intake of 210Po that
uses the sum of weighted doses to
seven organs/tissues thought to be
critical in the pathogenesis of ARS.
The choice of weighting factors
based on organ/tissue blood flow rate

appears to be reasonable and the
model appears to correlate well with
animal and human toxicity data. This
model should be further examined
using experimental animal toxicity
data for other radionuclides and dif-
ferent routes of exposure.
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