10.0 Other Transuranic Elements

10.1 Neptunium

This chapter provides technical information on the transuranic
elements (other than plutonium and americium) that have been
identified as warranting Hanford technical basis analysis. Initially,
neptunium is the only element so identified. As other elements are
identified, this chapter will be expanded with subsections devoted to
each element. Dosimetry methods used are based on the concepts of
ICRP 30 (1979), ICRP 48 (1986) and ICRP 67 (1993), as
implemented using the CINDY computer code (Strenge et al. 1992).

Neptunium has posed very limited internal dosimetry issues at
Hanford, due in large part to its very low specific activity relative to
plutonium. The slight mass impurities of plutonium typically found
with neptunium usually are much more dosimetrically significant
because of their much higher specific activity. The following
discussions lead to adoption of an internal dosimetry program for
neptunium based on ICRP 30 and ICRP 48 concepts. Compared
with more recent ICRP publications discussed below, this is a
program likely to be conservative by a factor of 10 to 100. However,
the CINDY code cannot accommodate the newer ICRP models. The
lack of significant neptunium exposure at Hanford and the
conservativeness of the ICRP 30 and 48 models suggest that
additional Hanford resources need not be allocated to neptunium
internal dosimetry at this time.

10.1.1 Sources and Characteristics

10.1.2 Biokinetic Behavior

Neptunium at Hanford might be found at the Redox Plant (202-S),
233-S, the PUREX Plant (202-A), chemistry labs, or as a trace
contaminant in waste products or fuel. The only isotope likely to be
of significant dosimetric concern as a result of current Hanford
activities is 2'Np.

Radiological decay data for ’Np are shown in Table 10.1. The data
were taken directly from, or calculated based on information
contained in ICRP 38 (1983).

This section discusses the inhalation transportability class, internal
distribution and retention, and the urinary and fecal excretion of
neptunium.
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Table 10.1. Radiological Decay Data for Neptunium

Principal Decay Specific
Mode, Physical Half-L.ife Decay Constant Activity
Isotope | Energy and Yield | Years Days Year™ Day™ Cilg
Alpha
4,772 MeV, 25%
“Np | 4789 MeV, 47.1% | 2.14E+06 | 7.81E+08 | 3.24E-07 | 8.87E-10 | 7.02E-04
Gamma
86.5 keV, 12.6%

Transportability Class

All compounds of neptunium are assigned transportability class W
by ICRP 48 (1986). The new respiratory tract model of ICRP 66
(1994) assigned absorption type M to all forms of neptunium (ICRP
68 [1994], ICRP 78 [1997]).

Gastrointestinal Uptake to Blood (f; Factor)

The fractional uptake to blood from the gastrointestinal (GI) tract is
assumed to be 5H10™, as recommended in ICRP publications 67 and
78. This value was reduced from the 107 value used in earlier ICRP
publications based on human studies published by Popplewell,
Harrison, and Ham (1991) and discussed in ICRP 67. The 5H10™
value applies to both inhalation and ingestion intakes.

Distribution and Retention in Systemic Organs and Tissues

The choice of models for use by the HIDP is constrained somewhat
by the tools routinely used by the program. For internal dose
calculations, the main computer code used by the HIDP is the
CINDY computer code (Strenge et al. 1992), which uses basic
ICRP 30 and 48 format models (simple first-order kinetics) for
defining metabolically significant organs and tissues but allows
adjustment of the organ partitioning and clearance half-times for
those organs and tissues. CINDY does not accommodate the
addition of new organs and tissues or alternate model forms, such as
the recycling models used in more recent ICRP publications (e.g.,
ICRP 67).

The basic ICRP 30 Part 4 (1988) model (based on data presented in
ICRP 48) is used by Hanford for distribution and retention of
neptunium in the body, and is described as follows. For dissolved
(ionic form) neptunium reaching the transfer compartment (i.e., the
blood stream), this ICRP model distributes 75% to the bone with a

PNNL-MA-860 Chapter 10.0

Page 10.2

Issued: January 31, 2003



clearance half-time of 50 years, and 15% to the liver with a clearance
half-time of 20 years. The activity deposited in bone is assumed to
be deposited uniformly over bone surfaces of both cortical and
trabecular bone, where it remains until decayed or excreted. A small
fraction is permanently retained in the gonads (0.035% for testes and
0.011% for ovaries). The remaining 10% is assumed to go directly
to excretion or short-term holdup in other body tissues.

A departure from the simple first-order kinetics form of modeling
(sum of single exponentials) to a recycling form of model occurred
with ICRP 56 (1989), which was further refined in ICRP 67. Some
significant changes with regard to neptunium biokinetics also
occurred with those model shifts. The skeleton uptake was changed
from the 75% in ICRP 48 to 50% in ICRP 56, and then to 45% in
ICRP 67. The liver uptake fraction was reduced from 15% in

ICRP 48 to 10% in both ICRP 56 and 67. The concept of retention
half-time is somewhat lost with recycling models, however, an
“externally viewed” or apparent half-time can be stated for some
applications. ICRP 56 suggested such a liver half-time of about 3 to
15 years, which was reinforced in ICRP 67. This liver half-time is
much faster than plutonium, and somewhat faster than americium.
The long apparent skeleton half-time of ICRP 48 did not appear to be
significantly reduced. ICRP 56 and 67 also attributed small uptake
fractions to long-term retention in soft tissues (2% with a 100-year
half-time), with a total of another 3 to 5% having short-term soft
tissue retention. As much as 30 to 35% of the neptunium in
circulation in the blood may go to direct urinary excretion. These
modeling changes, combined with the new tissue weighting factors
of ICRP 60 (1990), resulted in a much lower effective dose
coefficient than the one derived using the ICRP 30 and ICRP 48
models. These newer recycling models and the associated lower
dose coefficients are not being adopted by the HIDP at this time due
to the lack of a routine dosimetry code to implement them, the
relative insignificance of neptunium to Hanford dosimetry with the
older, more conservative models, and the mandatory tissue weighting
factors of 10 CFR 835.

Urinary and Fecal Excretion of Neptunium

Actual data for neptunium excretion are limited and there is
substantial variation in models. Neither ICRP 30 Part 4, ICRP 48,
nor ICRP 54 directly addressed urinary or fecal excretion of
neptunium. Lessard et al. (1987) used a fractional split of 0.5 to
urine and 0.5 to feces for excretion and calculated urine and fecal
excretion fractions based on ICRP 30 Part 2 (1981). The CINDY
computer code incorporates a general ICRP 30 model for excretion,
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based on the initial fraction going directly to excretion and the long-
term clearance from liver and skeleton going directly to excretion
with a user-established ratio for the urine-to-fecal paths. In ICRP 78,
urine and fecal excretion fractions were tabulated based on the

ICRP 67 recycling model. Injection (instant uptake) and ingestion
fractions were tabulated only for the first 10 days post intake.
Fractions for 5-um-AMAD particle inhalation of Type M ?'Np
compounds were tabulated out to 365 days post intake. The ICRP 67
model has a much larger fraction (32%) going directly to urine
excretion from the blood, with fecal excretion representing only a
few percent. These models give substantially different results.

Based on the ICRP 67 discussion of urinary excretion, the HIDP
has adopted a 90% urinary excretion pathway for excretion of
metabolized neptunium, and incorporates this into a CINDY
computer code urine-to-fecal split of 90:10. This modeling results in
a substantial underestimate of urine excretion fractions compared
with values tabulated in ICRP 67. The application of these fractions
to actual bioassay data would result in substantially higher estimates
of intake compared with the use of ICRP 67. The CINDY model
used by Hanford is considered adequate for basic program design
and interpretation of early data. Caution in its application to actual
intakes is advised because of the relatively large discrepancy
between the various models and the lack of human data to support
them.

10.1.3 Internal Dosimetry Factors

This section contains factors that are useful in making internal
dosimetry calculations. The factors included in this section are
derived from the CINDY computer code and incorporate the models
and assumptions described in the preceding sections. Their
application is intended for those circumstances where such
assumptions are appropriate or more specific information is lacking.
Variation from these factors is appropriate if sufficient data are
available.

Intake Retention and Excretion Fractions

The intake retention (or excretion) fraction expresses the fraction of
intake retained in a particular compartment or excreted by a
particular pathway (urine or feces) at a given time post intake.
Although excretion implies elimination rather than retention,
conventional models include excretion compartments under the
general term retention and use the term “intake retention fraction”
(IRF) to describe both. IRFs for various times post intake are
tabulated as described below for *’Np.
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Dose Coefficients

Lung retention fractions for the class W inhalations of 1-um- and
5-um-AMAD particles of *’Np are tabulated in Table 10.2 and
plotted in Figure 10.1. Urine excretion fractions for an instantaneous
uptake, acute inhalations, and acute ingestions of >’Np are shown in
Table 10.3 and plotted in Figure 10.2. Corresponding values for
fecal excretion are shown in Table 10.4 and plotted in Figure 10.3.
Values for days other than those tabulated here can be obtained by
interpolation between the tabulated data, or by obtaining the values
directly from CINDY.

Dose coefficients, expressed as committed dose equivalent per unit
activity of intake (rem per nanocurie of acute intake), are a conven-
ient shortcut to estimating doses based on standard assumptions
when the magnitude of an intake is known or assumed. Acute intake
dose coefficients have been tabulated for instantaneous uptake, class
W inhalation (for both 1-um- and 5-um-AMAD particle sizes), and
ingestion. The dose coefficients shown in Table 10.5 were derived
by the CINDY computer code using the previously described
models.

Comparison of Published Dosimetry Factors

10.1.4 Derived Reference Levels

A comparison of ?’Np dosimetry factors, including dose coeffici-
ents, annual limits on intake (ALIs), and derived air concentrations
(DACS) published in several sources is shown in Table 10.6. For
Hanford applications, the DAC values of 10 CFR 835 Appendix A
are typically used to control facility operations. As noted in the
previous discussion on neptunium biokinetics, the dose coefficients
used by Hanford are approximately an order of magnitude more
conservative than the recent recommendations of the ICRP (1993;
1994b; 1997), due primarily to the significant impact of changing
from the ICRP 48 metabolic model to that of ICRP 67.

Derived screening, investigation, and regulatory compliance levels
(based on committed effective dose equivalents of 10-mrem,
100-mrem, and committed bone surface dose equivalent of

50,000 mrem, respectively) have been calculated for 1-um and 5-um
class W inhalations of pure *’Np. The urine excretion levels are
shown in Table 10.7 and chest count levels are shown in Table 10.8.
These levels are sufficiently low that, from a practical standpoint,
any detected result is likely to result in investigation and dose
assessment.
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Table 10.2. Lung Retention Fractions for Class W Inhalation of %’Np

Days Post Intake | 1-um AMAD | 5-um AMAD
0 3.3E-01 1.7E-01
1 2.1E-01 7.5E-02
2 1.8E-01 6.3E-02
5 1.5E-01 5.1E-02
7 1.4E-01 4.9E-02
14 1.3E-01 4.4E-02
30 1.0E-01 3.6E-02
60 7.0E-02 2.5E-02
90 4.8E-02 1.7E-02
180 1.5E-02 5.3E-03
365 1.4E-03 4.8E-04
730 1.1E-05 3.9E-06
1825 NA NA
1.000
——1-um Class W
—O—5-um Class W
§ 0.100
g
g
L 0.010
0.001 T T T T T T
0 50 100 150 200 250 300 350 400
Days Post Intake
Figure 10.1. *'Np Lung Retention
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Table 10.3. Urine Excretion Fractions for *’Np Intakes

Days Post Instant Class W Inhalation
Intake Uptake Ingestion 1-pm 5-pm
1 1.6E-02 1.6E-05 1.2E-03 1.9E-03
2 1.0E-03 1.0E-06 1.2E-04 1.4E-04
5 3.9E-05 1.9E-08 4.8E-05 2.0E-05
7 3.8E-05 1.9E-08 4.7E-05 2.0E-05
14 3.8E-05 1.9E-08 4.4E-05 1.9E-05
30 3.8E-05 1.9E-08 3.8E-05 1.7E-05
60 3.8E-05 1.9E-08 3.0E-05 1.4E-05
90 3.8E-05 1.9E-08 2.3E-05 1.1E-05
180 3.8E-05 1.9E-08 1.1E-05 7.4E-06
365 3.8E-05 1.9E-08 5.3E-06 5.2E-06
730 3.7E-05 1.8E-08 4.5E-06 4.9E-06
1825 3.5E-05 1.7E-08 4.2E-06 4.6E-06
3650 3.1E-05 1.6E-08 3.8E-06 4.1E-06
7300 2.6E-05 1.3E-08 3.1E-06 3.4E-06
18250 1.5E-05 7.5E-09 1.8E-06 2.0E-06

1.E-02 T

1.E-03 7

1.E-04

1.E-05

1.E-06 A

Fraction of Intake Excreted

1.E-07

1.E-08

—O— Instant Uptake

—X—|ngestion
—2—1-um Class W
—>—5-um Class W

1.E-09

10

Figure 10.2.
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Fraction of Intake Excreted

Table 10.4. Fecal Excretion Fractions for *’Np Intakes

Days Post Instant Class W Inhalation
Intake Uptake Ingestion 1-pm 5-pm
1 1.8E-03 4.7E-01 1.1E-01 2.2E-01
2 1.2E-04 2.8E-01 1.3E-01 2.6E-01
5 4.3E-06 1.8E-02 2.3E-02 3.1E-02
7 4.3E-06 2.5E-03 6.3E-03 5.6E-03
14 4.3E-06 2.3E-06 1.2E-03 4.3E-04
30 4.3E-06 2.1E-09 9.4E-04 3.3E-04
60 4.3E-06 2.1E-09 6.2E-04 2.2E-04
90 4.3E-06 2.1E-09 4.1E-04 1.5E-04
180 4.2E-06 2.1E-09 1.2E-04 4.2E-05
365 4.2E-06 2.1E-09 9.6E-06 3.8E-06
730 4.1E-06 2.0E-09 5.5E-07 5.6E-07
1825 3.9E-06 1.9E-09 4.6E-07 5.1E-07
3650 3.5E-06 1.7E-09 4.2E-07 4.6E-07
7300 2.9E-06 1.4E-09 3.5E-07 3.8E-07
18250 1.7E-06 8.4E-10 2.0E-07 2.2E-07
1.0E+00
1.0E-01 L —o\ —O Instant Uptake
. —X—Ingestion
—0—1-um Class W
1.08-02 Y«‘ —-—5-um Class W
1.0E-03 E
1.0E-04 A
1.0E-05 A
1.0E-06 A
1.0E-07 1
1.0E-08 A
1.0E-09 T %
10 100 1000 10000 100000
1.0E-10

Figure 10.3.
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Table 10.5. Committed Dose Coefficients for Acute Intakes of *’Np (rem/nCi)

Instantaneous| Ingestion Class W Inhalation
Organ or Tissue Uptake f;=5E-04 1-pm 5-pm
Effective 4.5E+00 2.3E-03 5.5E-01 6.0E-01
Bone Surface 1.0E+02 5.1E-02 1.2E+01 1.3E+01
Red Marrow 8.1E+00 4.1E-03 9.7E-01 1.1E+00
Liver 3.6E+00 1.8E-03 4.3E-01 4.8E-01
Lung 5.7E-04 2.8E-07 5.9E-02 2.1E-02
Gonads 9.2E-01 4.6E-04 1.1E-01 1.2E-01

Table 10.6. Comparison of Dosimetric Factors for *'Np

Class W Class W
Inhalation Inhalation
Reference Source 1-um AMAD 5-um AMAD Soluble Ingestion

Dose Coefficients
CINDY (heso) 0.55 rem/nCi 0.60 rem/nCi 0.0023 rem/nCi

1.5E-04 Sv/Bq 1.6E-04 Sv/Bq 6.2E-07Sv/Bq
ICRP-30 Part 4 (hg 50) 1.3E-04 Sv/Bq NA 1.1E-06 Sv/Bq
EPA Federal Guidance 1.46E-04 Sv/Bq NA 1.20E-06 Sv/Bq
Report No.11 (hgeso) (0.54 rem/nCi) (4.44E-03 rem/nCi
ICRP-68 [e(50)] 2.1E-05 Sv/Bq 1.5E-05 Sv/Bq 1.1E-07 Sv/Bq

(0.078 rem/nCi) (0.056 rem/nCi) (4.1E-04 rem/nCi)

Bone Surface DAC

10 CFR 835, App. A 2E-12 pCi/ml and NA NA
9E-02 Bg/m®

EPA Federal Guidance 2E-12 puCi/ml and NA NA

Report No. 11 6E-08 MBg/m®

ICRP-30 Part 4 6E-02 Bg/ m* NA NA

Annual Limit on Intake, ALI (Bone Surface)

Calculated from 4.8E-03 uCi and NA NA

10 CFR 835 DAC 216 Bq

ICRP-30, ICRP-54 2E+02 Bq NA 2E+04 Bq

EPA Federal Guidance 2.0E-04 MBq and NA 0.02 MBg and

Report No. 11 0.004 pCi 0.5 uCi

NA = not applicable
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Table 10.7.

%'Np Urine Excretion Reference Levels and Derived Reference Levels for
Class W Inhalation

50-rem Bone Surface
10-mrem Heso 100-mrem Hego Dose Limit

Screening Level Investigation Level Compliance Level

Inhalation 1-um 5-um 1-um 5-um 1-um S5-um
Intake (nCi): | 1.8E-02 | 1.7E-02 1.8E-01 1.7E-01 | 4.2E+00 | 3.8E+00
Derived Screening Derived Investigation Derived Compliance

Level Level Level
(dpm/d) (dpm/d) (dpm/d)
Days Post

Intake 1-um 5-um 1-pm 5-um 1-pm 5-um

1 4.8E-02 7.0E-02 4.8E-01 7.0E-01 1.1E+01 1.6E+01

2 4.8E-03 5.2E-03 4.8E-02 5.2E-02 1.1E+00 1.2E+00

5 1.9E-03 7.4E-04 1.9E-02 7.4E-03 4.4E-01 1.7E-01

7 1.9E-03 7.4E-04 1.9E-02 7.4E-03 4.3E-01 1.7E-01

14 1.8E-03 7.0E-04 1.8E-02 7.0E-03 4.1E-01 1.6E-01

30 1.5E-03 6.3E-04 1.5E-02 6.3E-03 3.5E-01 1.5E-01

60 1.2E-03 5.2E-04 1.2E-02 5.2E-03 2.8E-01 1.2E-01

90 9.3E-04 4.1E-04 9.3E-03 4.1E-03 2.1E-01 9.4E-02

180 4.4E-04 2.7E-04 4.4E-03 2.7E-03 1.0E-01 6.3E-02

365 2.1E-04 1.9E-04 2.1E-03 1.9E-03 4.9E-02 4.4E-02

730 1.8E-04 1.8E-04 1.8E-03 1.8E-03 4.2E-02 4.2E-02

1825 1.7E-04 1.7E-04 1.7E-03 1.7E-03 3.9E-02 3.9E-02

3650 1.5E-04 1.5E-04 1.5E-03 1.5E-03 3.5E-02 3.5E-02

7300 1.3E-04 1.3E-04 1.3E-03 1.3E-03 2.9E-02 2.9E-02

18250 7.3E-05 7.4E-05 7.3E-04 7.4E-04 1.7E-02 1.7E-02

10.1.5 Bioassay for ®’Np

This section discusses the general techniques and applicability of
bioassay monitoring and describes the capabilities of excreta sample
bioassay and in vivo measurements. General recommendations are
also provided for routine bioassay monitoring for >’Np. Because
"Np is rarely found as a truly pure isotope, but usually has trace
amounts of plutonium in it, the recommended bioassay program
includes a discussion of the impact of these trace amounts with
regard to bioassay.
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Table 10.8. #’Np Chest Count Reference Levels and Derived Reference Levels for Class W Inhalation

50-rem Bone Surface
10-mrem Hegso 100-mrem Hggo Dose Limit

Screening Level Investigation Level Compliance Level

Inhalation 1-um 5-um 1-um 5-um 1-um S5-um
Intake (nCi): | 1.8E-02 | 1.7E-02 1.8E-01 1.7E-01 | 4.2E+00 | 3.8E+00
Derived Screening Derived Investigation Derived Compliance

Level Level Level
(nCi) (nCi) (nCi)
Days Post

Intake 1-um 5-um 1-pm 5-um 1-pm 5-um

0 6.0E-03 2.8E-03 6.0E-02 2.8E-02 1.4E+00 6.5E-01

1 3.8E-03 1.3E-03 3.8E-02 1.3E-02 8.8E-01 2.9E-01

2 3.3E-03 1.1E-03 3.3E-02 1.1E-02 7.5E-01 2.4E-01

5 2.7E-03 8.5E-04 2.7E-02 8.5E-03 6.3E-01 2.0E-01

7 2.5E-03 8.2E-04 2.5E-02 8.2E-03 5.8E-01 1.9E-01

14 2.4E-03 7.3E-04 2.4E-02 7.3E-03 5.4E-01 1.7E-01

30 1.8E-03 6.0E-04 1.8E-02 6.0E-03 4.2E-01 1.4E-01

60 1.3E-03 4.2E-04 1.3E-02 4.2E-03 2.9E-01 9.6E-02

90 8.7E-04 2.8E-04 8.7E-03 2.8E-03 2.0E-01 6.5E-02
180 2.7E-04 8.8E-05 2.7E-03 8.8E-04 6.3E-02 2.0E-02
365 2.5E-05 8.0E-06 2.5E-04 8.0E-05 5.8E-03 1.8E-03
730 2.0E-07 6.5E-08 2.0E-06 6.5E-07 4.6E-05 1.5E-05

Excreta Bioassay Techniques for ?’Np

The typical urine sampling practice is to collect a urine sample over
a specified time interval and perform a chemical separation using an
added tracer to determine the chemical yield of the process. This
technique is followed by electroplating and quantitative alpha
spectrometry. Fecal sample analysis follows a process similar to
urine sample analysis.

Less sensitive, rapid analytical procedures are available for special
circumstances. These procedures can be executed and results
obtained in substantially shorter times than the routine procedure, but
they are less sensitive. Their use is primarily for diagnostic bioassay
of suspected internal contamination related to unplanned exposures
(incidents). The decision to use such procedures involves consider-
ing the probability and potential magnitude of the exposure.
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The contractual detection limits for 2’Np in urine or feces can be
found in the radiochemistry bioassay laboratory statement of work
(available from the HIDP) and in the Hanford Internal Dosimetry
Project Manual (PNL-MA-552).@

The minimum detectable intakes based on a 0.02 dpm/d urinalysis
sensitivity are shown in Table 10.9. The committed effective and
bone surface dose equivalents associated with those intakes are
shown in Tables 10.10 and 10.11, respectively, and Figures 10.4 and
10.5 show graphical presentations of the minimum detectable doses.
Corresponding data based on a 0.1-dpm/d fecal analysis sensitivity,
are shown in Tables 10.12 through 10.14 and plotted in Figures 10.6
and 10.7.

Table 10.9. Minimum Detectable Intakes (nCi) for **’Np Based on
Detection of 0.02 dpm/d #’Np in Urine

Days Post Instant Class W Inhalation
Intake Uptake Ingestion 1-um 5-pm

1 5.6E-04 5.6E-01 7.5E-03 4.7E-03

2 9.0E-03 9.0E+00 7.5E-02 6.4E-02

5 2.3E-01 4.7E+02 1.9E-01 4.5E-01

7 2.4E-01 4.7E+02 1.9E-01 4.5E-01

14 2.4E-01 4.7E+02 2.0E-01 4.7E-01

30 2.4E-01 4.7E+02 2.4E-01 5.3E-01

60 2.4E-01 4.7E+02 3.0E-01 6.4E-01

90 2.4E-01 4.7E+02 3.9E-01 8.2E-01
180 2.4E-01 4.7E+02 8.2E-01 1.2E+00
365 2.4E-01 4.7E+02 1.7E+00 1.7E+00
730 2.4E-01 5.0E+02 2.0E+00 1.8E+00
1825 2.6E-01 5.3E+02 2.1E+00 2.0E+00
3650 2.9E-01 5.6E+02 2.4E+00 2.2E+00
7300 3.5E-01 6.9E+02 2.9E+00 2.6E+00
18250 6.0E-01 1.2E+03 5.0E+00 4.5E+00

(@) Pacific Northwest National Laboratory (PNNL). Hanford Internal Dosimetry Project Manual.
PNNL-MA-552, Richland, Washington. (Internal manual.) Available URL:
http://www.pnl.gov/eshs/pub/pnnl552.html
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Table 10.10. Minimum Detectable Committed Effective Dose Equivalent (rem) for *’Np

Based on Detection of 0.02 dpm/d %’Np in Urine

Days Post Instant Class W Inhalation

Intake Uptake Ingestion 1-pm 5-pm

1 2.5E-03 1.3E-03 4.1E-03 2.8E-03

2 4.1E-02 2.1E-02 4.1E-02 3.9E-02

5 1.0E+00 1.1E+00 1.0E-01 2.7E-01

7 1.1E+00 1.1E+00 1.1E-01 2.7E-01

14 1.1E+00 1.1E+00 1.1E-01 2.8E-01

30 1.1E+00 1.1E+00 1.3E-01 3.2E-01

60 1.1E+00 1.1E+00 1.7E-01 3.9E-01

90 1.1E+00 1.1E+00 2.2E-01 4.9E-01

180 1.1E+00 1.1E+00 4.5E-01 7.3E-01

365 1.1E+00 1.1E+00 9.3E-01 1.0E+00

730 1.1E+00 1.2E+00 1.1E+00 1.1E+00

1825 1.2E+00 1.2E+00 1.2E+00 1.2E+00

3650 1.3E+00 1.3E+00 1.3E+00 1.3E+00

7300 1.6E+00 1.6E+00 1.6E+00 1.6E+00

18250 2.7E+00 2.8E+00 2.8E+00 2.7E+00
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Figure 10.4. Minimum Detectable Committed Effective Doses for 2’Np Based on Detection of
0.02 dpm/d in Urine
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Table 10.11. Minimum Detectable Committed Bone Surfaces Dose Equivalent (rem) for
%’Np Based on Detection of 0.02 dpm/d ?’Np in Urine

Committed Bone Surface Dose Equivalent

(rem)

Days Post Instant Class W Inhalation
Intake Uptake Ingestion 1-pm 5-pm
1 5.6E-02 2.9E-02 9.0E-02 6.2E-02
2 9.0E-01 4.6E-01 9.0E-01 8.4E-01
5 2.3E+01 2.4E+01 2.3E+00 5.9E+00
7 2.4E+01 2.4E+01 2.3E+00 5.9E+00
14 2.4E+01 2.4E+01 2.5E+00 6.2E+00
30 2.4E+01 2.4E+01 2.8E+00 6.9E+00
60 2.4E+01 2.4E+01 3.6E+00 8.4E+00
90 2.4E+01 2.4E+01 4.7E+00 1.1E+01
180 2.4E+01 2.4E+01 9.8E+00 1.6E+01
365 2.4E+01 2.4E+01 2.0E+01 2.3E+01
730 2.4E+01 2.6E+01 2.4E+01 2.4E+01
1825 2.6E+01 2.7E+01 2.6E+01 2.5E+01
3650 2.9E+01 2.9E+01 2.8E+01 2.9E+01
7300 3.5E+01 3.5E+01 3.5E+01 3.4E+01
18250 6.0E+01 6.1E+01 6.0E+01 5.9E+01
1.0E+03
X x———x/x/x
1.0E+02 A /(\
A
1.0E+01 1
1.0E+00
—— Instant Uptake
—X—Ingestion |
10801 —O—1-um Class W
—&—5-um Class W
—50-rem Dose Limit
1.0E-02
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Figure 10.5. Minimum Detectable Committed Bone Surface Doses for ?*’Np Based on Detection of
0.02 dpm/d in Urine
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Table 10.12. Minimum Detectable Intakes (nCi) for *’Np Based on Detection of 0.1 dpm/d >*’Np

in Feces
Days Post Instant Class W Inhalation
Intake Uptake Ingestion 1-pm 5-pm
1 2.5E-02 9.6E-05 4.1E-04 2.0E-04
2 3.8E-01 1.6E-04 3.5E-04 1.7E-04
5 1.0E+01 2.5E-03 2.0E-03 1.5E-03
7 1.0E+01 1.8E-02 7.2E-03 8.0E-03
14 1.0E+01 2.0E+01 3.8E-02 1.0E-01
30 1.0E+01 2.1E+04 4.9E-02 1.4E-01
60 1.0E+01 2.1E+04 7.3E-02 2.0E-01
90 1.0E+01 2.1E+04 1.1E-01 3.0E-01
180 1.1E+01 2.1E+04 3.8E-01 1.1E+00
365 1.1E+01 2.1E+04 4.7E+00 1.2E+01
730 1.1E+01 2.3E+04 8.2E+01 8.0E+01
1825 1.2E+01 2.4E+04 9.8E+01 8.8E+01
3650 1.3E+01 2.6E+04 1.1E+02 9.8E+01
7300 1.6E+01 3.2E+04 1.3E+02 1.2E+02
18250 2.6E+01 5.4E+04 2.3E+02 2.0E+02

In Vivo Bioassay Techniques for ?'Np

In vivo measurement of 2’Np is not routinely performed at Hanford.
It can be accomplished by measuring the low-energy x-rays from
ZTNp, but is more effectively accomplished by measuring the 2*Pa
progeny of #’Np. The gamma emissions from **Pa (e.g., the
312-keV photon having a 36% intensity) are a reasonable indicator
for #’Np in secular equilibrium with ?*Pa. The equilibrium
condition is reached in a few tens of days.

Hanford does not have a ready calibration in place for these in vivo
measurements, however, chest counting for >**Pa can be
accomplished if it is required, with a MDA in the range of 0.25 nCi.
Because routine in vivo measurements for this nuclide are not being
performed and a formal MDA has not been established, a minimum
detectable dose analysis is not provided.

Recommended Periodic Bioassay Monitoring Protocol

Based on Tables 10.11 and 10.12, an annual urine sampling program
is recommended for monitoring intakes of pure **’Np. Such a
program is capable of demonstrating regulatory compliance with
both stochastic and deterministic dose limits, but is not capable of
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Table 10.13. Minimum Detectable Committed Effective Dose Equivalent (rem) for *'Np
Based on Detection of 0.1 dpm/d *’Np in Feces

Committed Effective Dose Equivalent

(rem)

Days Post Instant Class W Inhalation
Intake Uptake Ingestion 1-pm 5-pm
1 1.1E-01 2.2E-07 2.3E-04 1.2E-04
2 1.7E+00 3.7E-07 1.9E-04 1.0E-04
5 4. 7E+01 5.8E-06 1.1E-03 8.7E-04
7 4. 7E+01 4.1E-05 3.9E-03 4.8E-03
14 4. 7E+01 4.5E-02 2.1E-02 6.3E-02
30 4.7E+01 4.9E+01 2.7E-02 8.2E-02
60 4. 7E+01 4.9E+01 4.0E-02 1.2E-01
90 4. 7E+01 4.9E+01 6.0E-02 1.8E-01
180 4.8E+01 4.9E+01 2.1E-01 6.4E-01
365 4.8E+01 4.9E+01 2.6E+00 7.1E+00
730 4.9E+01 5.2E+01 4.5E+01 4.8E+01
1825 5.2E+01 5.5E+01 5.4E+01 5.3E+01
3650 5.8E+01 6.1E+01 5.9+01 5.9+01
7300 7.0E+01 7.4E+01 7.1E+01 7.1E+01
18250 1.2E+02 1.2E+02 1.2E+02 1.2E+02
1.0E+03

1.0E+02
1.0E+01 1 / ; j ;

1.0E+00 /
1.0E-01 [

1.0E-02 1
1.0E-03

XJ / —T Instant Uptake
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Figure 10.6. Minimum Detectable Committed Effective Doses for ’Np Based on Detection of
0.1 dpm/d in Feces
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Table 10.14. Minimum Detectable Committed Bone Surface Dose Equivalents (rem) for 2’Np
Based on Detection of 0.1 dpm/d *’Np in Feces

Days Post Instant Class W Inhalation
Intake Uptake Ingestion 1-pm 5-pm
1 2.5E+00 4.9E-06 4.9E-03 2.7TE-03
2 3.8E+01 8.2E-06 4.2E-03 2.3E-03
5 1.0E+03 1.3E-04 2.4E-02 1.9E-02
7 1.0E+03 9.2E-04 8.6E-02 1.0E-01
14 1.0E+03 1.0E+00 4.5E-01 1.4E+00
30 1.0E+03 1.0E+03 5.9E-01 1.8E+00
60 1.0E+03 1.0E+03 8.7E-01 2.7E+00
90 1.0E+03 1.0E+03 1.3E+00 3.9E+00
180 1.1E+03 1.1E+03 4.5E+00 1.4E+01
365 1.1E+03 1.1E+03 5.6E+01 1.5E+02
730 1.1E+03 1.1E+03 9.8E+02 1.0E+03
1825 1.2E+03 1.2E+03 1.2E+03 1.1E+03
3650 1.3E+03 1.4E+03 1.3E+03 1.3E+03
7300 1.6E+03 1.6E+03 1.5E+03 1.5E+03
18250 2.6E+03 2.7E+03 2.7E+03 2.7E+03
1.0E+05
1.0E+04 K .
1.0E+03 1
1.0E+02 1

1.0E+01 /
C

1.0E+00 A

1.0E-01

Committed Bone Surface Dose Equivalent
(rem)

1.0E-02 X\\_z/ >/)\
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Figure 10.7. Minimum Detectable Committed Bone Surface Doses for *’Np Based on Detection

of 0.1 dpm/d in Feces
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demonstrating compliance with administrative control levels of
500-mrem committed effective dose equivalent or lower. More
frequent urinalysis can provide some improvement in sensitivity, but
primary reliance must be placed on prompt detection of potential
intakes by workplace indicators and special bioassay monitoring to
provide low-level dosimetry. Uncertainties about the appropriate
urine excretion function for *’Np suggest periodic monitoring
should not cover periods longer than 1 year.

Actual experience with >’Np facilities at Hanford and Savannah
River has shown that very slight mass impurities of plutonium in a
neptunium mixture can eliminate the need for neptunium bioassay.
The plutonium impurities have a much higher specific activity than
%Np, and although of little mass significance, they shift the activity
ratio to that of a plutonium mixture (i.e., by mass the mixture is
essentially all neptunium, by activity it is essentially all plutonium).
Hanford practice (as recommended in the Hanford Internal
Dosimetry Program Manual, PNL-MA-552, Section 5.4)® suggests
that a radionuclide or mixture of nuclides contributing more than
25% to the 100-mrem committed effective dose equivalent criterion
for requiring bioassay monitoring should be considered for specific
bioassay. Radionuclides do not require specific bioassay if they are
adequately monitored by indicator nuclides for a reference mixture.
For %'Np historically found at Hanford, the trace mass of plutonium
in the mixture resulted in a sufficiently high presence of plutonium
radionuclides that for bioassay monitoring purposes, plutonium
bioassay was sufficient. Conceptually, this can be demonstrated by
examining the activity and mass ratios for plutonium and *’Np
resulting in *’Np contributing 25% of the total committed effective
dose equivalent. This analysis was performed using the dose
coefficient for *’Np and several combinations of plutonium (from
Chapter 8) and results are shown in Table 10.15. From Table 10.15,
the summary statements below can be concluded:

e If the Pu alpha-to-**’Np activity ratio exceeds 6:1 for 1-um
particles (15:1 for 5-um particles), Np bioassay is not needed.

e If the ®'Np mass purity of the mixture exceeds 95% for 1-um
particles (90% for 5-um particles), then Np bioassay should be
considered. Alternatively, if the plutonium mass impurity in the
mixture exceeds 5% by weight for 1-um particles (10% for 5-um

(@) Pacific Northwest National Laboratory (PNNL). Hanford Internal Dosimetry Project Manual.
PNNL-MA-552, Richland, Washington. (Internal manual.) Available URL:
http://www.pnl.gov/eshs/pub/pnnl552.html
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particles), then Np bioassay is not likely to be needed. Mixture
activity or isotopic characterization should be performed at these
levels to aid in the determination of need for bioassay.

Special Monitoring for Suspected Intakes

Special bioassay monitoring for suspected inhalation or ingestion
intakes should include a prompt chest count, a urine sample, and at
least one (preferably two or more) fecal samples. If these measure-
ments are obtained within the first 3 to 5 days, committed effective
dose equivalents in the range of a few millirem to tens of mrem
should be detectable.

Table 10.15. Activity and Mass Ratios for Plutonium and ’Np Mixtures Resulting in ?'Np
Contributing 25% of the Total Committed Effective Dose Equivalent

Pu:Np Alpha
Activity Ratio Np:Pu Mass Ratio | Np Component Wt%
Pu Component 1-pm 5-um 1-pm 5-um 1-pm 5-um
Class W **®py 4.1 4.2 5905 5819 99.98% | 99.98%
Class Y #®*Pu 5.7 15.0 4281 1624 99.98% | 99.94%
Class W #py® 3.8 3.8 24 24 95.93% | 95.93%
Class Y Z9Pu® 5.3 13.8 17 6 94.32% | 86.47%
Class W 20-yr Weapons Grade| 3.5 3.8 39 36 97.48% 97.31%
Class Y 20-yr Weapons Grade 4.7 12.9 29 11 96.64% 91.34%
Class W 20-yr Fuel Grade 3.3 34 7 7 87.14% | 86.82%
Class Y 20-yr Fuel Grade 4.7 12.0 5 2 82.59% 65.08%

10-20%

(a) For pure “*Pu only. The presence of *°Pu will increase the mass numbers by approximately

For potential wound intakes, special bioassay should consist of a
wound count and a urine sample. Fecal sampling is not necessary for
wound dosimetry; however, data on the fecal excretion following a
wound can provide information which may be valuable to improving
metabolic models.

10.1.6 Assessment of Internal Dose

Assessments of internal dose for neptunium rely on evaluations of
intake based on urine, fecal, or in vivo data. For significant cases, it
may be possible to directly measure neptunium retention in the organ
or tissue of interest using in vivo monitoring. In such cases,
individual-specific retention parameters are appropriate for
dosimetry.
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Intake Assessment

An intake can be estimated by fitting the bioassay data to the
appropriate retention or excretion function, using manual or compu-
terized techniques. For a single data point, the intake can be
estimated by dividing the measured excretion by the value of the
retention function for the appropriate day after intake represented by
the sample in a manner similar to Equation 2.5. Values for the
retention function can be obtained from those tabulated in this
chapter, or directly from running the CINDY computer code. For
multiple data points, the CINDY computer code provides a choice of
fitting routines, or a manually determined fit of the data to the
expected function can be performed. Once the intake is calculated,
appropriate internal doses may be calculated by applying the dose
coefficients of this chapter to Equations 2.10 or 2.11. The CINDY
computer code may also be used to directly calculate internal doses
and is particularly appropriate for complex cases.

Assessing Organ and Effective Dose Equivalents

The organs of primary interest for 2’Np dose evaluations are the
bone surface, red marrow, liver, and gonads. The lung is also an
organ of general interest for inhalations, even though its contribution
to effective dose for class W intakes is relatively insignificant. Other
organs or tissues may be of interest depending on the nature of an
intake. For example, the dose to a specific lymph node or small
volume of tissue may be of academic interest as the result of a
wound intake of slowly transportable materials, even though doses to
such tissues are not of regulatory concern. Such cases can be dealt
with as they arise and are beyond the general scope of this technical
basis.

Once the magnitude of an intake has been determined, organ dose
equivalents and the effective dose equivalent can be assessed using
hand-calculation techniques or computer codes. The HIDP uses the
CINDY computer codes to aid in dose calculations. More detailed
explanations and copies of the codes are maintained in the Hanford
Radiation Protection Historical Files. The tabulated dose coefficients
of Table 10.5 are useful for hand calculations.

10.1.7 Management of Internal Contamination Cases

This section discusses the diagnostic procedures, therapeutic actions,
and long-term monitoring of internal depositions.
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Diagnostic Procedures

The diagnosis of an intake involves a combination of workplace
monitoring to identify on-the-job potential intakes and bioassay
measurements to confirm and quantify internal contamination.

The primary method of identifying potential intakes is by workplace
monitoring, such as personal contamination surveys, nasal smear
analyses, air sample results, or workers' identifications of unusual
conditions. These techniques provide qualitative screening to alert
radiation protection staff to potential internal exposure, rather than
absolute confirmation that exposure has or has not occurred. For
example, activity detected on nasal smears is usually an indication of
an inhalation intake; however, the absence of activity does not
necessarily mean that an intake did not occur. The absence of nasal
smear activity following an inhalation intake can be explained by a
sufficient delay between the time of intake and the collection of nasal
smears to allow for complete clearance of activity from the nares.
The ICRP 30 (1979) respiratory tract model indicates that a delay of
as little as 30 to 60 minutes may be adequate for this in some cases.
Alternatively, some individuals are mouth-breathers, whose noses are
partially or completely bypassed in the respiratory process, hence no
activity may be deposited in the nares, despite the occurrence of an
inhalation intake. Particle size can also significantly affect nasal
deposition and clearance.

Once a worker has been identified as having incurred a potential
intake, the initial diagnostic measurements are arranged. These may
include a chest count, wound count, single voiding (spot) urine
sample analysis, first-day fecal sampling, and overnight urine
sampling. The purpose of these initial procedures is to provide an
order-of-magnitude estimate of the potential internal exposure and
dose. Initial diagnostic measurements are usually sufficient for final
evaluations only when all results collectively rule out the possibility
of an intake. In reality, initial measurements are not generally
expected to do this, and follow-up measurements are necessary.
Follow-up diagnostic measurements may include additional urine
and fecal samples, chest counts, liver counts, head counts, and lymph
node counts. These analyses aid in determining the magnitude,
location, and retention characteristics of the deposited material. In
some cases, blood samples or tissue specimens may also be appro-
priate. In addition, workplace or clothing contamination analyses,
air sample analyses, particle size analyses, and/or solubility analyses
may also be performed to more clearly define the physical and
radiological characteristics of the material to which the worker was
exposed.
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Therapeutic Actions

It is the responsibility of the exposure evaluator, working closely
with contractor radiation protection staff, to determine the
appropriate diagnostic protocols. Scheduling of follow-up
measurements will normally be done by the appropriate contractor
radiation protection staff.

Therapeutic actions for potential internal contamination include the
use of decorporation agents, catharsis, and surgical excision. For the
purposes of this discussion, the normal skin decontamination
procedures of Hanford contractors are not considered therapeutic
actions, although it is acknowledged that these procedures can be
quite effective in preventing the intake of radioactivity. The decision
to undertake one or more of these therapeutic actions is the respon-
sibility of the participating HEHF Occupational Medicine care
provider with the concurrence of the patient. The exposure evaluator
will provide advice and consultation to the physician and patient
regarding the potential dose implications and efficacy of alternative
actions. Guidance for the methods of therapy can be found in NCRP
Report 65 (1980) and in the “Guidebook for the Treatment of
Accidental Internal Radionuclide Contamination of Workers”
(Bhattacharyya et al. 1992). Guidance for circumstances under
which therapy may be warranted is contained in PNL-MA-552, but
was established as a good practice based on experience rather than a
detailed technical analysis.

Decorporation therapy is also referred to as chelation therapy, and
involves the chemical removal of radioactivity from the bloodstream
through drug administration. Both the “Guidebook for the Treatment
of Accidental Internal Radionuclide Contamination of Workers” and
NCRP 65 identify DTPA as the principal therapeutic agent, however
NCRP 65 cautions that it might not be effective. The drug DTPA has
U.S. Food and Drug Administration approval as an investigational
new drug for removal of actinides. The investigational new drug
status of DTPA requires that it can only be administered by an
authorized user (e.g., HEHF) and that the patient must provide
informed consent prior to its administration. Decorporation therapy
may significantly enhance urinary excretion of neptunium, a point
that must be considered when interpreting urine samples affected by
therapy. Human data for chelation enhancement factors for
neptunium are not available, however, the caution regarding its
effectiveness suggests that a factor somewhat less than the 50 used
for americium would be appropriate.

Catharsis involves accelerating the passage of material through the
Gl tract by means of laxative drugs or physical means such as an
enema. Catharsis has potential value in reducing the adsorption of
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material into the bloodstream from the Gl tract and in reducing the
dose to the Gl tract organs from material passing through the Gl
tract. These measures are not generally considered for occupational
exposures to neptunium, because the Gl tract adsorption of neptun-
ium is slight, and the dose to the GI tract organs is an insignificant
fraction of the total effective dose.

Surgical excision following wounds can be extremely effective in
reducing the potential internal deposition, particularly when coupled
with decorporation therapy. Minor excisions are usually performed
at the Emergency Decontamination Facility by HEHF Occupational
Medicine staff, assisted by a PNNL exposure evaluator and radiation
protection personnel.

Long-Term Monitoring of Internal Depositions

10.1.8 References
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bioassay monitoring program to detect an additional intake may be
affected. This issue must be addressed on an individual-specific
basis.
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