
y r. C u t •- " C( ,<< 

LCRL- §2804 
PREPRINT 

^fc / 

UCRL--93804 

DE66 006704 

Description and Application 
of the AERl.'i Cody a' t LLNL 

I'UHam r>. CHw 

«s® 
This Paper was Prepared for Submittal to 
Radiobioassay and Internal fiostotry Work 
Shop, Department of Enerny, AJbuqaeraue, 
Hew Mexico, January 20, 1SSS 

January 2, 192fl 

This '* 4 preprint of ^ paper intended Cor puMiulinn in i )nurr**l or prtKeefJin*^ Since 
chingtfH nuy be -rude before publication, lhi» preprint \% m*de ivjibble with the 
understanding that it will not be cited c a reproduced without the permittinn of the 
author. 

'•':''! H L',:i>/m 



DESCSIPTIOH Al'D APPLICATION OF THE 
AEKIN CODE AT L' NL 

William C. King 
Lawrence livermore National Labor*iu»"v 

P.O. Box 5505 
Livernore, CA 94550 

ABSTRACT 

The AERIN code was written at the Lawrence Livcrmoi-i! National 
Laboratory in 1976 to compute the organ burdens and Absorbed dose 
resulting from a chronic or acute Inhalation of transuranie 
isotopes. The CGde was revised in 1982 to reflect the concepts .sf 
ICRP-30. Tins paper will describe the AE81N code and how it has 
been used at LLNL to study more than 80 cases of internal 
deposition and obtain estimates of internal cose. A comparison 
with the computed value: of the committed organ dose is cade with 
ICRP-30 values. The benefits of using the code are described. 

DESCRIPTION OF AERIN 

The AERIN (Aerosol Inhalation) code was written at the Lawrence Livernore 
National Laboratory In 1976 (Powell 1976) to trace the behavior oi inhaled 
radionuclides in the body and to compute the absorbed dose to trio critical 
organs. Extensive revisions to the code were cade in 198? to reflect the new 
concepts of ICRP-30 (ICRP 1979) and to expand the code! to Include additional 
body organs. 

The current revision of the AERIN code will compute the time transport of 
a radioisotope from the initial site or* deposition through the various organs 
of the body. The initial site of deposit may be the respiratory tract, a 
wound site, or the gastrointestinal tract. The user can, with sone 
limitations, design the model he wants to run. in addition, the code will 
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also compute the differential and integrated organ dose and the effective 
whole-body equivalent over any selected time interval desired. 

For ingestion or inhalation cases, the input to the code can be an acute 
intake, a series of acute intakes, or a chronic intake. As many isotopes can 
be run in series as desired. 7he cumulative organ uu;>es resulting from oil 
isotopes are tabulated along with the dose contributed by each individual 
isotope. For inhalation intakes, the code promts the user to select one of 
the three solubility classes and an AMAD particle s u e . Mixed nodes of intake 
can be used in a run. Different solubility classes and particle si?es can 
also b* mixed in a given run. 

The activity excretion rate in the urine and feces is tabulated for the 
last day in each time interval. A user can select a power function or an 
exponential series to describe the urine excretion rate, and the code pro:v.pt £ 
the user to enter the values of the constants and exponents desired in the 
selected function. 

For a run containing several Isotopes, the computed excretion data will 
contain not only the activity contributed by each individual but also the 
total activity of all the isotopes. 

Each isotope included in a run results in a 16-page report of tabulated 
data. The output data are formatted to make them readily adaptable for graph 
routines if one desires to plot the coi ,'Jted data. The grapn routine, 
however, is no longer included in the A£RIN code, as it was !n the original 
ve rsion. 

.IP have used the AER1N code to review all of Che past internal exposures 
of Laboratory employees back to the beginning of LLNL. The computed organ 
doses and the effective whole-body doses have been inserted into a data base 
containing all employees' external and internal dosimetry data. 

We participated in the Transuranium Registry 1983 study for estimating 
the plutonium systemic burden from urine excretion data. We have also 
provided service to others outside the Department of Energy. 

The code has been used to estimate the internal dose of more than 80 
individuals who have an internal burden of uranium, plutoniun, arcericium, or 
curium. We also use the code for hazards analyses and environmental impact 
reports. 
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MODELING SCHEMES 
Figure 1 is a diagram of the AERIN model, wnicn Mill be recognised as an 

expansion of the lung model developed by the Task Group of ICRP Cor.mittee 2 
(ICRP 1972). The default values for deposition fractions, suoeompartment 
fractions, and half-time rercavai rates for the three solubility classes are 
those recommended in ICRP-30. The user can modify any of the parameters, 
which perm)ts suute flexibility in model des1n.ru 

For example, suppose the internal deposition results frorc a contaminated 
wound. We have observed that when a heavy isotope such as "^Pu j S injected 
into tissue, there arc three or more fractions of the deposit transported to 
the body fluids with different removal haH-Umes. There is a very rapid 
component with a turnover half-time of less than 1 day, an intermediate 
coiiponunt with a turnover hall-Lime around bt) days, and long-titao component 
with a turnover half-time of around 6000 days. Me can let the nasopharynx, 
tracneobronchi, and lung regions in the Inhalation model represent the three 
compartments at the wound site. Then by modifying the deposition fractions D3 
to 06, the transfer fractions F(l) to F(9), and turnover half-times T(l) to 
T(9), we can model a wound. A schematic of the wound model is shown in 
Fig. 2. 

We can modify these parameters in a similar runner to cwde) an tngestlan 
intake. If we set 03 to 1 and 04 and OS to ioro so that alt the intake is 
deposited in the nasopharynx region and modify the turnover half-time to the 
stomach at 1 second or less, then an ingestion nodel like that shown in Fig. 3 
is created. 

COMPARISONS wlTH 1CRP-3U VALUES 

We made runs of the code for acute inhalation and ingestion using several 
transuranic isotopes. The intake input to the code was 1 uCt, jnd for 
inhalation-'cases the particle size was taken as 1 ynt AiiAO. Comparisons of the 
computed committed dose equivalents in target organs with the values published 
in ICRP-30 were made aft°r conversion from Sievert to rem. The results of 
these comparisons are shown in Tables 1 through 6. 

The code is written to evaluate heavy alpha emitters and therefore should 
be used with caution for isotopes that cause a significant dose to an organ 
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when the source organ is different than tne target organ. In practice, we 
look at the specific effective energy tables in ICRP-30 to determine if tnere 
is a significant contribution of radiation energy to the target organ fron 
other source organs. I* so, we only use thi A£R1N code to fit the observed 
excretion and whole-Body count data to the eonputod values. He do this so 
that we can estimate the initial intake and trace the organ burdens with time. 

Fortunately, uiany isotnpes that fall into this category have a short 
biological half-time so that the annual dose is approximately the same as tin? 
bO-year dose commitment. In these eases, we (lake the internal dose 
calculations from the committed dose equivalent tables in ICRP-30. 

BENEFITS OF USING THE. AERIN CODE 
There are obvious benefits to using the AERIN code. The major one is 

that we obtain a time-related history of organ burdens and dose equivalents 
for six organs of the body. We also obtain a time-related history of urine 
and fecal elimination rates. This allows us to fit the observed lung-counts 
with the comouted lung burden and the observed bioassay data with the conputed 
urine or fecal activity. When we can do thi-i, we obtain rather accurate 
estimates of the dose equivalents to the organs. 

Another benefit is that we have a year-by-year reeord of effective whole-
body dose equivalent that can be added to the annual external whole-body dose 
for entry into the individuals dosimetry record. 

The ability to run several isotopes with mixed solubility classes and 
particle sizes or different values of the transport parameters is a disdnct 
benefit. Rarely do our incidents of intake involve only one isotope or one 
solubility class. The fact that we obtain the total organ dose equivalent 
from all the isotopes in the mix saves a considerable amount of hand 
calculation. 

Unfortunately, AERIN was written for the CDC-7600 carnputer in LL.NL-TRAN 
and is not compatible to other C0C-7600s. To rewrite and compile the code in 
Fortran V would require substantial effort. 
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FIGURE CAPTIOUS 

FIGURE 1. AERIN code model. 
FIGURE 2. Wojnd model. 
FIGURE 3. Gastrointestinal tract. 
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FIGURE 1. AERIN code model. 
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FIGURE 2 . Wound model. 
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FIGURE 3. Gastrointestinal tract. 



39, Table 1. Committed Oose Equivalent Inhalation of 1 i£i t 3 Pu, 1 & AXAD 

"i" Solubility Class 

Organ 
ieSP-30 
(fCfl) (rea) Error 

Lung 
Red marrow 
Bone surface 
Liver 

1200 
280 

3S00 
760 

I ISO 

34S0 
7G7 

4.2X 
0.4* 
l . « 

\.n 

"W" Solub i l i ty Class 
ICBP-30 AER1N 

Organ (rem) {rem) E r r o r 

Gonads ISO 118 - 1.7* 

Red marrow 740 724 - ?.Z% 

8one surface 9200 90SO • 2.75 

Liver 2000 I960 • 2.OS 



iMigJL-- Ce^Jt ied Case £sa?vjJeat Innalatfess af ? y£s " ^ P u , 3 y i AK*3. 

"Y" So lub l l i tv CI ass 
t£R?-a AlStW 

(ifo^h r w i f*ca) trruSP 

LttfKJ t£63 nm = tut 
Red narrow £46 2se 4,2* 
Bono surfd; it 3565 3tt© 0.3* 
Liver 6?0 S3S 2.2S 

K" Solubi l i ty C I * iS iS 
leup-aa ASSJN 

Ocadfi 

- O T -= 

(fSfl) i r es ! Effap 

Gonads 
- O T -= 

>p m a. os 
Rod narrow 6 n 6S3 = J , 6 * 

Bono surface ISM 1J3S = i,n 
l i v e r too usa - h i * 



Table 3. Committed Dose Ecuivalent Inhalation of I ;£i Am, \ ipi AMAO. 

"U" Solubil lty Class 

iCRP-no AtRIN 
Orqan (rem) (rem) Error 

Gonads 120 ne - 1.7* 
Red marrow /ao 760 2.7* 
Bone surfaee 9200 94S0 2.7* 
Liver 2000 2020 1.0* 



Tabla 4. Committed Dose Equivalent Pa Ingestion. 

n * 0.0001 

ICRP-30 AERIN 
Organ (rem) (rem) Error 

Gonads 0.096 0.098 1.9S 
Red siavrow 0.S90 0.604 i>.4S 
Bone surface 7.200 7.480 - 4 . IX 
Liver 1.600 1.630 1.9* 

f l ' = 0.00001 

ICRP-30 A6RIN 
Organ (rem) (r«i) Error 

Gonads 0.010 0.010 0.05 
Red marrow 0.0S9 0.060 1.7% 
Bone surface 0.780 0.748 - 4.15 
ULI wall 0.063 0.065 3.^5 
LLI wall 0.196 0.195 - 0.65 

11 ver 0.160 0.163 1.95 



Table S. Committed Dose Eouivalent °P» Ingestion. 

f J = 0.0001 

1CRP-30 AERIN 
Organ (rem) (rem) Error 

Gonads 0.085 0.087 2.2S 
Red marrow 0.560 0.550 - 1.6* 
Bone surface 6.700 6.840 2 . 1 * 
Liver 1.500 1.480 - 1.3* 

f 1 = 0.00001 

1CRP-30 AIRIPt 
Organ (rem) (rem) Error 

Gonads O.O08 0.009 12.SS 
Red marrow 0.056 0.055 - I.SS 
Bone surface 0.670 0.631 2.IS 
UL.I wall 0.067 0.071 b.tiJ 
LLI wall 0.211 0.210 - 0.4* 
Liver 0.150 0.148 1.3* 



Taole 6. Committed Oose Eauivalent An ingestion. 

Organ 

Gonads 
Red marrow 
Bone surface 
L i ver 

f l = 0.00054 

JCRP-30 ZiERiN 
— _ 

(rem) (rem) Error 

0.520 0.195 - 4.4S 
3.100 3.170 2.3S 

41.0 39.4 - 3.9S 
8.50 8.44 - 0.9S 


