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ABSTRACT

The U.S. Subseabed Disposal Program has compiled an
extensive concentration factor and biological half-life data base
from the international marine radioecological literature. A
microcomputer-based data management system has been implemented
to provide statistical and graphic summaries of these data. The
data base is constructed in a manner which allows subsets to be
sorted using a number of interstudy variables such as organism
category, tissue/organ category, geographic location (for in situ
studies), and several laboratory-related conditions (e.qg.,
exposure time and exposure concentration).

This report updates earlier reviews (SAND83-1725 and SAND84-
2087), and provides summaries of the tabulated data. In addition
to the concentration factor/biological half-life data base, we
provide an outline of other published marine radioecological
works. Our goal is to present these data in a form that enables
those concerned with predictive assessment of radiation dose in
the marine environment to make a more judicious selection of data
for a given application.
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1. INTRODUCTION

An interdisciplinary assessment of the feasibility of
subseabed disposal of high-level radiocactive wastes (HLW), as an
alternative to mined repositories, is being conducted by the U.S.
Subseabed Disposal Program (U.S, SDP). The U.S. SDP is
developing and refining a suite of predictive models (see Figure
1) which will provide a basis for judging whether the near-field
barriers (waste form, canister, and sediments), far-field
sediments, and ocean water will inhibit the migration of
hazardous quantities of radioactive material to acceptable
levels. Biological research in the U.S, SDP is acquiring data
that will build upon our current understanding of how deep-sea
biota distribution patterns, activity rates, and natural
histories may influence the food chain partitioning of
radionuclides in the deep sea. These data are integrated into
the U.S. SDP modeling effort using multicompartmental ecosystem
models (Gomez et al., 1980, 1981 and 1983; Marietta and Robinson,
1981; Robinson and Anderson, 1983)., U.S. SDP radioecological
research provides the data base, through literature review,
required to link physical transport and biological partitioning
to the dose-effects component of the U.S. SDP models.

One recommendation of a U.S. SDP-sponsored workshop on
biological and radioecological research priorities for ocean
disposal of HLW (Mullin and Gomez, 198l) was that a thorough
review of published radioecological data be conducted to ensure
that the U.S. SDP would use the best possible estimates of con-
centration factors and biological half-lives in performing safety
assessment calculations. This task was addressed and the results
first published in Jackson et al. (1983), and updated in Gomez et
al. (1985). The material presented in this report represents
updates of these two documents, and an attempt to provide useful
summaries of the data.

This document is primarily concerned with presentation of
concentration factor (CF) and biological half-life data (BHL) for
marine biota. The following sections present introductory and
explanatory information intended to facilitate use of the exten-
sive data base. Lest it be overlooked, we want to emphasize that
the Radionuclide Index presented following the data base may be
of value in locating information on a range of radioecological
topics.

2. RADIOECOLOGICAL DATA BASE

An extensive literature review has been conducted to
establish a base of radiocecological data for use with the ocean
transport models. Aquatic radioecological data have been the
subject of several reviews (Polikarpov, 1966; Chapman et al.,
1968; Patzer, 1976; Eisler, 1979; Schultz, 1980a, 1980b; Beasley
and Cross, 1980; Watters et al., 1980; Trabalka and Garten,
1983), and the importance of these data in assessing radiation
dose has been discussed by Vaughn et al. (1981).
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Figure 1. U.S. SDP Systems Analysis Model

a. Definition of terms. In our review of radioecclogical data
the focus has been on those parameters required by the ocean
transport models: concentration factors and biological half-
lives. Concentration factors are expressions of the steady-state
ratio between the weight-specific radiocactivity in an organism
relative to that in a equal mass of some reference environmental
medium. The reference medium is most often seawater, but
sediment, suspended particulate and the organism's food are all
possible reference media. Biological half-lives are calculated
from depuration experiments as the natural logarithm of 2 divided
by the measured elimination rate.

Reports of weight-specific radionuclide activities or
concentrations in marine biota, along with gross activity and



gamma spectra, are reported in the earliest of marine
radioecological literature. These data are reported in recent
literature in those instances where the radionuclide is extremely
difficult to measure in water or particulate matter (e.g., Tc-99),
but is concentrated by marine biota to measurable levels. 1In
other cases the researcher(s) has access to samples of organisms,
but not water and has been unable to report concentration
factors. Since these data do not provide the predictive
capability we seek, they have not been included in the data
compilation, but have been cataloged in the outline of marine
radioecological literature (Appendix D) that follows the data
base appendices (Appendix A, B & C).

b. Radionuclides considered. The radionuclides selected for
inclusion in our review are those considered most likely to be
important considerations in evaluating the environmental
feasibility of subseabed disposal of high-level radiocactive
wastes (HLW). We followed these general guidelines in choosing
the radionuclides:

* HLW constituent radionuclides with physical half-lives on the
order of 500 years or greater, along with important daughter
products of these nuclides' decay, or...

* Nuclides which might serve as analogues of nuclides included

in the previous group (e.g., Tc-95™ is used as an analogue of
Tc-99), or...

* Nuclides known to be important contributors to the natural
radiation dose to marine biota (e.g., Po-210) and/or
radioisotopes of biologically active elements (e.g., Co-60).

Table I presents pertinent information for each of the
radionuclides selected. High-level waste characterizations are
presented in, for example, Slate et al. (1981) and Oak Ridge
National Laboratory (1981).



Table I. Radionuclides considered in review of marine
radioecological literature.

DECAY PRINCIPAL
NUCLIDE HALF-LIFE MODE ENERGY (MeV) COMMENTS
l4c 5730 E00 y B- 0.156 (Max) WC
55Fe 2,90 EOC y E.C. Mn X-rays, major fallout
continuous constituent;
bremsstrahlung high concentrations
to 0.23 in fish
(0.004%)
60co 5.24 E00 y B-, 0.317 (Max) biologically active
y 1,17,1.33 & WC
63ni 92 E00 y B- 0.067 (Max) activation product
with a long
residence time in
ocean; analogue of
WC Ni-59
*
::90gy 28 E00 y B- 0.546 (Max) biologically active
HH & WC; REC data re-
::90y 64 EO0O h B- 2.283 (Max) ported for Sr/Y pair
93zr 1.5 E06 y B- 0.060 (Max) WC
93myp 13.6 EO0 y y Nb X-rays WC & daughter of
e- 0.011, 0.028 Zr-93 decay
95mpe 60 E00 4 B+ 0.608 (Max) used as analogue of

Tc=99 in lab work
Notes for Table I:
* Denotes equilibrium pair
Key to abbreviations used in Table I

E.C. = electron capture NON = naturally-occurring nuclide
REC = radioecological wC = high-level waste constituent

Radicactive decay data taken from:

Kocher, D.C. 198l1. Radioactive decay tables, Report No. DOE/TIC-
11026. Technical Information Center, U.S. Dept. Energy. 221pp.



Table I.

NUCLIDE

991
126g,

129;

134¢g

13504
1374

155,

210py,
210p,
226p,

228,

230q
232qy,
234y
235y

238y

Radionuclides considered in
radioecological literature,

HALF-LIFE
2,1 EO5 y
1.0 EO5 y
1.7 E07 ¥y
2,05 EOO0 ¥y
3.0 EO6 y

30 EOQ0 y
1.8 EQ00 y

22 EOO0 y

138 E00 4
1602 E0O0 y
1.91 EOO ¥y
8.0 EO4 y
1.4 El10 y
2.48 EO05 y
7.1 EO08 ¥y
4.5 EO9 y

DECAY
MODE

X-rays)

review of marine

cont'd.

PRINCIPAL

ENERGY (MeV)

0.293
0.250
0.152

0.662
0.796

0.21

0.511
0.662

0.250

0.061

5.304

4.780

5.423

4.687

4.010

4.775

4.396

4.196

(Max)
(Max)
(Max)

(Max)
(99%)

(Max)

(Max)

(Max)

(Max)

COMMENTS
WwC
WC
WwC

analogue of WC
Cs-135 & 137

WwC

biologically active
& WC

produced in bomb
tests;

measured at Bikini
Eniwetok; analogue
WC Bu-152 &154

WC; NON in the U-
series

WC; NON in the U-
series

WC; NON in the U-
series

analogue of WC Th
isotopes;
NON in the Th-serie

WC; NON in the U-
series

WC; NON in the Th-
series

WC; NON in the U~
series

WC; NON in the Ac-
series

WC; NON in the U-
series

&
of

S



Table I. Radionuclides considered in review of marine
radioecological literature, cont'd.

DECAY PRINCIPAL

NUCLIDE HALF-LIFE MODE ENERGY (MeV) COMMENTS

235yp 410 E00 d E.C. U L X-rays analogue of Np-237
used in lab work

237yp 2.2 E06 y a 4.788 we

237py 46 E00 d E.C. analogue of WC Pu
isotopes used in lab
work

238py 89 E00 y a 5.499 fallout nuclide used
as analogue of WC
Pu-239+240 & WC

23%y 2.43 E04 y a 5.155 WC; REC data for
Pu-239+240 reported
together because
measurements do not
distinguish the two

240py 6.57 E03 y a 5.168 we

241am 458 EO00 y a 5.485 we

242pn 16 EO0 h E.C. analogue of WC Am-241

152 E0C y 5.205



c. Organization of the data base. Data compiled from the
literature review are stored in a microcomputer-based data
management system which allows the data to be sorted into subsets
of interest. Data subsets are then summarized statistically and
graphically for a given application. The following outline
presents the general compilation scheme used in organizing the
data base; each element of the compilation scheme, along with the
radionuclides in Table I, represent sorting keys:

A, CF's Reported from In Situ Investigations (ISCF's)
l. Organism category
2. Tissues, organs, etc. used in measurements
3. Location
a. Locations with chronic local contamination
b. Locations with background + fallout
4, Investigator(s) (=reference)
. Special conditions

wm

CF's Reported from Laboratory Experiments (LABCF's)
1. Organism category
2. Tissues, organs, etc. used in measurements
3 Time of exposure in days
4 Exposure concentration in Ci/l unless otherwise noted
5 Investigator(s)
6 Special conditions
C. Biological Half-Life Data (BHL's) - data reported in days
along with percentage of body burden associated with each
pool identified
l. Organism category
2. Tissues, organs, etc. used in measurements
3. Exposure method - labeled food, labeled water, labeled
food + water, oral dose, injection
4., Investigator(s)
5. Special conditions

The organism categories used in the data base are presented
in Table II. Subdivisions included for the seaweed category
(SEA) are in response to reported differences in uptake between
these classifications (SEA/C, SEA/P, SEA/R) for some HLW
radionuclides (e.g. Fisher, 1982). Similarly, reported dif-
ferences in uptake of naturally-occurring Po-210 (Cherry and
Heyraud, 1981) prompted the inclusion of decapod (DEC) subdivi-
sions (DEC/P, DEC/C, DEC/R, DEC/S). These categories are by no
means mutually exclusive in all cases, but provide a convenient
means of broadly classifying the numerous species considered in
marine radioecological research. The categories epifauna (EPI)
and infauna (INF) were included to cover some miscellaneous
benthic animals which are not commonly consumed by humans (e.g.,
brittle-stars, sea anemones, holothurians, polychaetes, etc.),
but are important in the biological transfer of radionuclides



TABLE II. Organism Categories Used in the Radiocecological Data
Base Compilation. Organism Category Codes are Used
in the Data Summary Graphics (Fig. 2 to 19)

CATEGORY CODE
Bacteria BAC
Phytoplankton PHY
Seaweed
unspecified SEA/U
greens (Chlorophyta) SEA/C
browns (Phaeophyta) ' SEA/P
reds {(Rhodophyta) SEA/R
Bivalve BIV
Gastropod GAS
Cephalopod CEP
Zooplankton 200
Decapod
unspecified DEC/U
prawn-like decapods (Penaeidae) DEC/P
true prawns and shrimp (Caridae) DEC/C
crabs, lobsters, and hermit crabs (Reptantia) DEC/R
stomatopods (Stomatopoda) DEC/S
Fish FIS
Epifauna EPI
Infauna INF

from contaminated sediments. Table III provides a list of the
tissue/organ categories used in cataloging the data, and the
following outline presents the special conditions noted for the
three major data subdivisions:

A. Conditions noted for all three data classes
1. Data reported as mean, mean * standard deviation, or as a
range rather than as individual observations
2. Data are estimates rather than direct measurements
3. Any special notes, insights, warnings, etc. cited

B. Conditions noted for ISCF's and LABCF's
1. CF's not based on fresh, or wet, organism weights
2. CF reference medium other than unfiltered seawater

C. Conditions noted for LABCF's and BHL'S
1. Special pH or temperature conditions
2. Chemical form or valence of nuclide used

D. Conditions noted for LABCF's
1. Exposure by means other than labeled water

E. Conditions noted for BHL's
1. Depuration allowed to occur in situ
2. Data reported as effective or ecological half-life



TABLE III. Tissue and Organ Categories Used in the
Radiocecological Data Base Compilation

Whole Body fluids
Flesh/muscle Gut contents
Digestive tract/organs Bone
Respiratory tract/organs Skin/body wall
Excretory tract/organs Exoskeleton
Reproductive organs Shell/byssus
Nervous system tissues/organs Miscellaneous

Detailed listings of data for ISCF's, LCF's, and BHL's are
presented in Appendices A, B, and C, respectively. These
appendices contain a detailed guide for the location of data by
investigator, class of data, or organism category. Data within
an appendix are organized in alphabetical order by
investigator(s). It should be noted that in compiling the data
for the summaries presented in Section 3 we followed these rules
for data reported as a range or as below detection limit :

* For data reported as a range, the median between the reported
upper and lower bounds was recorded.

* For data reported as below detection limit, the median
between the detection limit and zero was recorded as
suggested by Nehls and Akland (1973).

3. DATA ANALYSIS AND SUMMARY

Our objective in assembling this data base is to provide
those concerned with the assessment of radiation dose in the
marine environment with a summary of available concentration
factor and biological half-life data. We selected the sort keys
mentioned in the previous section to allow the isolation of major
of variation among studies; our summary will concentrate on data
sets that are more or less homogeneous with respect to these
sources of variation. Sources of variation among radioecological
data not considered in our compilation include biological factors
(relative body size, temperature and salinity effects on homeos-
tasis) and differences among elements with respect to biological
regulation.

Table V presents a listing of descriptive statistics for
concentration factor data sets, with a sample size of at least
three, sorted from the data base. Of the radionuclides
considered in our review (see Table I), only these were studied
well enough to provide a relatively homogeneous subset of at
least three observations: Fe-55, Co-60, Tc-95m, Cs-134, Cs-137,
Pb-210, Po-210, Ra-226, Np-235, Np-237, Pu-237, Pu-~238, Pu-
239+240 and Am-241. These data sets exhibit the same general
characteristics observed for both terrestrial and aquatic
concentration factors; variance is great within and between
studies, and laboratory measurements tend to be lower than in



T8SIN

“IY9TH ELICH
28AT‘GLIADSLUY
s8°2n
‘I8SIN’ELXCH
‘grad’gLuod
s89an

‘GLeN’ LTy
‘Iy9TH’gLuUOd

s8°n
‘IV9TH’ gLuOH

sgan’sLen

GLeN'[LITY
‘Iy9TH’ gLUOY

8SIeN
‘Lrari‘gLuoy

9LIAY
69)usr
69U

69)uar
oguuar

9.4y

»{S)a0uarajyay

9sayl paION 9STMIIYIQ SSafufn

0885°T SS6£°0 0°ssT
80vS°T  6T19€°0 0°00¢€
19L6°%¥T SO09¥°€ 0°L¥SZ
0S9£°€  89.0°T 0°€€8
8250°S  2066°1 0°L¥SZ
o06b°z  TLIT 0- 0°219
000S°T  TLOL'O 0°92¢€
918€°€  9T9Z°T Z €t
6Z1L°Z SEZT°0 0°00009
9145°T  €800°0- 0°0000§
€0€L°C L658°0 0°000€T
0062°€  ¥L09°0 PI°0
ZZ19°v  L6¥9°T 0ZZ1
STSO3}INY SSOUMIYS wnw X ew

0°0TT

0°ve

0°001

k170

0°000vT1

0°0002¢

0°002¢
6000°0

2709

WNUTUTW

9T ¥S

(AN TA S

6€°92S

68°CT¥Z

1A X4

S0°181

8V °"0€T

S8°¢

€°GE0LT

6°29STT

z2°Glog

g¥0°0

S e9t

uorleraag
paepueis

UOoT3109S 90UdIBJS9Y 9y} UuT papiacid 31e SBPOD IVUIIIFIY «»

6¢°99

vZoLel

6S°G8¢

00°1S¢E

6Z°t6V

£9°12¢

EE€°SLT

29°¢

0°0029¢
0°0089¢

£ EEEL

190°0

6°0¢tE

ueay

vl ysaTj aAteard

S SOATBATq STOUM

44 Spaameas patood

L spaameas pay

L Spo9mMeas umoxg

8 SpooMEAS UIBIDH

€ uojjuerdolhygd
61 erxajoeg

¥Sn 3ISeod 3isam Jjo
OTjioRgd WOIJ suebio
S aationpoidar {sT1d

¥Sn 1seod isam jjo
or31oed WOoxjy suebio
G /3dex} IATIISOTIP Ystd

\USn 3Iseod

Isam 3jo otr3Ideg

z1 woxy gsarj Ystd
s,dD 3uau

8 —-Ipas eunejutr ITOYM
$30eI131Xd

ot poamesas umoxg

N uorjdrxosag 319§ eleq

*UOTIBIJUIOUOCD 133BM BIG PaIal[Tjun Syl O3 IAaTIe[ay aie pue ‘siseqg 3ybrom oM -

‘¢ 3seaT e JO (N) ©z1S o91dwes yirm s3as eieq I03d0ed uUOTIeIIUIOU

Kxojexoqey

KLx03ex0qe]

K1o3exoqeq

Kxo3e20qP]

Kiojexoqeq

K1o3exoqen

K1ojexoqe]

Kx03exoqe

n3Ts ur

n3rs ur

niTs Ul

K103e10qe]

Kxo3eioqe

sse[) eaeq

iv 31e ejeq

)y Kxewwng

99

g9

ST

09

g9

g9

g9

o9

g9

g

T
2dgg
2dgg

SpPTTONN

‘A 2198y,

10



Uo 3035 IDUBIIIY BYI UT paPrnoid aIe S3pOd IOUIIDJIY &
eInu-Teyo] pue
oges ‘spag yoelg % OoT3ireg
‘qr9od’ogni (12374 J4 SS6L°0 07006 0°¢9 167861 Z0° 191 9 woxy saalealrq atoym n3ts ug >~uwom
LLex'sLaan
‘gges’‘g9nen
‘ognx’‘9sed 1v9v°8 [ X34 A4 0°0S1 6°L 8T1°9¢ 11762 LT paameas pafood nlrs ug ».Hwom
LLeX’sL9n (ueder) exnu-teyoy )
‘gges’‘g9nex pue esg or3jes
‘ogny’‘9sed ¥9L.9°9 b681°C 0°0ST 6°L T0°Z% go°te 1t wox3y pasmeas umoig n3rs ur ».umom
uedep [e3seod
pue eas dIj31eq
LLex‘0Bes Leee"e BEST T 0°0¢L 0°0T ¥8°62 6Z°s¢ v woIj pasameas ua3d1n n3rs ur >~Hmcm
ueaURIIIITPIW 9Y3
698l LETY9"S S069°1 §°896 8 1T 6Z°0ST 8L7EET ST woxj uojiyueydolhyq n3rs dr ».umca
QLS
‘IV9TH'ZITH TeEE"T PrS1°1 o°oov 0°T I1°861 S8°201 14 T1ous/3asa3 euneyrdgy  Axojeroqeq 49
oL4ys , suebro/joexl
‘IY9TH'ZITH 9¢eZ¢e°C 9ZY1°1 0°0ss8 0°¢ €L°CTY 0°2¢e2 14 aaT3Isabip euneyrda  Aio0leioqen 949
6LEN 00051 60£9°0 ST €70 ¥9°0 LL-o € ysaty Yysrtd K103exoqe] 949
6LEN
‘IV9TH’ZITH (%4224 0Lt 0- 1°¢L "1 L't (XA § L4 4sT3 afoym Kiojeiogeq] )49 ”u
sqexo
oLys‘gLuog 000s°1T S669°0 0°0¢s 0°0¢ FP-GLZ €€°202 € ® sI231SqOo[ d1oym  Arojeroqeq] 024
€LMUBA’TEITH
‘Z9tH‘gLuod SE0E°C 2G€8°0 0°LE 0°S 26°CT ov-91 S spodedap praeo atoym  KAxojeroqeq g9
gLMuep’QLYS
‘T8SIN’IV9TH ZITH
128A3’SLID’ G LW 209¢€° Y 989L°1 6°LSY 0°¢ vL-zee SV EPT €1 sussiq/11ays aalearg L1o3jeroqeq %99
I8STN'IVITH suebio
‘gLICH’SLID 6€70° 1 0100°0- 0°00T 0°LT bLoVY 8E°6S ¥ A103extdsax aafearg A1ojexoqeq 0049
18STIN
‘IVOTH’Z9H suebio/30e13
‘€LIBH’SLID  6606°F  STVL'T 0°0S¢ 0°2 08° 11T 08°6L 6 8AT31sab1p aatearg  Aiojeroqe ©44
s(S)adusxayay STsSO}aIny SSaumaxs WOWTX eW wnWIuTW uotieraaq uesy N uotidrxosag 325 eieq Sse[) eied OSPITONN
piepueis
“uoT}EIIUIDOUO) IdJeM EBIS PIIIITTIUN 9Y3 O SATIIL[IY 81e pue ‘stseg 3ybtram 1aM e O 9Ie ejeq ("3uod)
953yl PaIoON @STMIAYIQ SSa[un “g ISed] e Jo (N) 9z1g ardwes yirm S385 eieg I0}0BJ UOTIRIIUIDUC » Axewuwng A ayqel




78714

£€Lad'zeal
6S3aL'TLAY
9.7104 ‘85109

y90d
‘e190d‘IIV9TH

6vds’9gLdy
‘yha'zrhy
‘Y904 'IIP9TH
‘1y9TH’ (9ueH
AR ¢

‘%904’ IIV¥9TH
YRS SR TR S

6vds’zL &y
‘y9od’e190d

ztkd’y9od
*IIy9TH’ L9wey

qi190d
‘GLON‘g9nen

sisn

LLex’oges

LLex’sLan
‘ogna’gshby

sLsn

s+(S)aouaiajay

9sayl pa3lop] 8asTMIIYIQ SsSIaTun

0069 ¥ 1T19°1 0°LT
g81e "¢t 1LL0°1 0°Tel
L6V "€ €IvS 1T 0" ¢TIl
L08Z L T91€£°2 0°6¢
Z103°¢ €vby-0- 6°0
6709°GT L60L"E 1°6€Y
L84 A4 78€8°0 0°8
1869°C §60C° T T°6€V
6TL6°T TILT"0- (VI 4 4
86L6°GT 6LIL"E L9
000S° Y F6SL"O 0°001T
T1es°1 T€2ZE°O 0°29
8zZz"¢ 1620° 1 0°01
9L6L" T 8088°0 0°%2
LZIL 1 F¥SE"0- 0°v1t
SIS03INY SS2UMIYS wnuTXeR

¥°o

1€2°0

9°7

0° 1L

wNUTUTH

€0°S

GG°29
6272V

ve'8

L9170

vzt

8€°¢C

LY O0LT

v6 ¢TI

vt

69°LT9

€21

Sh°¢g

ov'6

66°91

uoT3eraadg

piepueis

uo 131093

STt

871§
og-eZ

v

SL9°0

TL-ee

ST ¢

79°F1T

1€°82

6L°0

€E°GLE

SL° 9%

Is° ¢

80°6

09°v6

ueay

souaiajay ayl ut

vT uoiyuerdoizlydg
suebio

0t aatT3ionpoidar ystyg
ot Ysty afoum
€1 uojxuerdooz aToym
9 ysa13 aAyesld
[ Spoameas pajoogd’
1 spaameas pay
s3oeIxlxa

€1 paamMeas umoig
6 sSpaameas umorg
12 sSpasameas u3aadaxn

yolamtug 3 TUTYTH pue
‘seas yoeyd ¥ YsvTiI
€ wo13 eunejtds aToym

uedep 1ejseod
|2 woxjy auoq YsSTd

uedep y[eijseoo
pue e35 otited
8 wox3 ysar3y ysrtd

uedepr Te3seOD
pue eag oTifed
0t woIy yst3 STOuM

uedep feiseod
S wox1J [I9YS aareatrd

N uotidtrIosag IS eled

*UOT3IEIIUSBOUOC) ISIeM ©IS PIIDI[TIUN 9yl O3 IATIe[dY dIe pue ‘siseqg Iybray Iam ©

¢ aseaT e JO (N) 9215 afdues Y3irm s3Ia85 eleq 10304 UOTILIJUSDOUO]

A101010q0R]

K10jexoqeq

Ax03e10q0€]

Kx0jexoqeq

Kxojyexoqeg

K103e30qe]

K103e10qe]

K103e10q0]

KL103jexoqet

K10j3exoqe]

n3ts uy

n3Is ur

n3rg ur

n3rs ur

n3rs ur

sserd eiea

» DIe ejleg
Lxewwng

papTAcid 31e SIPOJ SIUI2ITIFIY x

lugg

X'1S96
L}
X' 1896

X'ISy¢

N.Hmcm

x'1Sg¢
X'ISyg
1'Sgg
LY

.
X Hmom

»
X Hmca

a2
X" ISq¢

K"ISgg

N.hwca

N-chm

IpITINN

{ *3u0D)
‘A @1qel

12



1823’ 1829

18seW’ 1824

182d
‘18sen’ 1894

1894
‘18SeW’ 18°€
1824

sgms’ 1894

sgms‘ 182d
‘1{8Sen’ 580D

£8Mmodg
18M04’'z89d

g£gmod
‘189m0 ‘Z8od

18Mm0d ' Z834

ggmod

g£8mod

T8M0d "’ 1834

g8Moyg

£gmo4’ ey gsy
Zgod'eygsy
rgdoy

s(S)d0Ua1933y

9S9Y3 POION BSTMIIYI0 Ss21uUn

000S° I

Te66° 1

9786° 1

L096° 1

£9¥1°¢

998Z° 1

9609°¢

Z69v° ¢

909¢°¢

9LTL T

T006° T

LAAT U 4

9T ¥

T006° T

Sv0s°¢C
£€801°2

TTIL"1

STS03INY SSIUMIYS

TL0L70-

6T0L"0

SL6L" 0~

T6¥L°0-

1566°0

689C°0

SISV 1T

€676°0

€506°0

¥90€°0

95%0°0

€60T°0-

S9¥Z 1

9s¥0°0

¥vssTo-
¥059°0-

Z59%v°0

0-zLe

0°¢eeT

15°0

L8

0 €ELE

0°¢9L

0°00¢T

£Ev°8

80°0

£°0

6°€

80°0

¥1°0
S°T
0°00S2

wnu X ey

07021

6170

6L°0

Ls°1t

S0°0

80°0

96°0

s0°0

Lo°0

6v°0
0°LT

mMuWTUTH

uo1393g
9L L8 £€°12¢
G605 6Z°0S
080°0 £8E°0
ST°¢ 179
6L°9ST €E€°60T
c0°6bt cET6VE
80°LLY ZE°10¢
19°2 S8°Z
L6870 ¥6° 1
ZC°9 9Z-0t
T0TO0°0 LZ90°0
16%0°0 €T161°0
66L°0 269°1
10T10°0 LZ90°0
120°0 it o
4 A1) | 2 Gl ¢
£8°860T1 S°090T1
uotrjeraaqg ueapn
piepuejs

90u219)3yY 9yl utr papraocid d1e SIPOd JOUIIIJIY

13

[ A

€1

114

(A8

€1

It

ST

9¢

1T

LAY

suebio A103I810X3 ysSty

suebro/3oeay
9ATISabTIp ystg

YSS13 ysta
qsty atoym

spIniy
Apoq qe1d % 19315qOT

ysa13J qexd % I33sqoy

sqeId
% SI193SQOT ITOYM
1T3Ys aareatd

suebio
K1ojextdsax aatearg

suebio/3oerl
aA11sabrp aarearg

S,dD 1931em TeT3IlS
—-I33UT JUDUIPIS
aA[eATq ITOYM

8,4D) juaumrpas
ysa(y aatgearq

Ysary sAtreatd
8,40 JX33jem [eritls
-I193UT JUDUIPIS

2ATEATq 2TOUYM

$,d) jusmIpes
2ATeATq BTOUYM

S9ATPATq ITOYM

Spaamesas umoxg

uotidraosag 319§ ejed

-UOT}PIIUBOUO) I9IBM ©IS PAIIITTIUN SYI O3 aaTie[ay 21 pue ‘siseg Iybram 3am v
‘¢ 3SeaT 3e Jo (N) 9z1s ardwes yitm $3Id8S eIeg JIO3IO0Rg UOTILIJUIDUL

Axojeaoqgeq]

K1o3jeaoqe]

Kiojeaoqe]

A103exoqe]

Kxoj3exoqe]

L103e10q€]

K1o3exoqe]

K103ex0qel

K1ojexoqe]

Kxojexoqeg

L103eI10qE]

Kixojexoqeq

Kx03010q0RT

Kxojexoqe]

K103e10qe]
Kxojexoqe]
K103@10q€E]
sserd eaed

10 axe ejeq
. > Kxewwng

2lugg
g g
Sluge
Hugg

Mg

g g
g
g
wmg g

Mmgg

g

Womgg

Nwge

Odwgg

uge
Olwg
Hug g
apTTanN

( ~3uoD)
‘A 21qeL

13



1L380'1IIV9TH

TLISC'IIPITH

TLIBC'IIVITH

TLIeL'TIVITH

v9oW‘'1L39C

194189

19419
19419

V9OHW

‘19&xg’gLuod

V9Oon

‘ITy9THgLUOH

v9oun’gLuog

II79TH’ T8uoH
‘gLuod’ 18108

IIv9TH

‘1guog’gLuog

II$9TH' 1g8uog

T85en

18ad

‘I8Sen’ TgMO0d

18seW’ 1824

18°4

»(S)adouaxajay

8s3y)} poION @STMIDdY3lQ SsS3a[un

0006° 1T

0006°1

£€LS° T
0005° 1

9£G0°S

wes 1

A4 AEA

£188°C

¥6v6° 1

[A3 4 M |

SG0S° 1

6896°9

STLS™ T

Zs0e°S

1619° 1T

8TLO° ¥
60T0°1

8998° 1T

STS03IN) SS2UMINS

6L90°0 F°s
7889°0 0°o1
8060°0 T°61
218570~ 0°SZ
FseL" T 9°0T
¥9£0°0 96° 1
€Evey - o- £°0T
0€5Z°1 L LT
680T°0 S*8
091Z°0- 0°0¢
9¢0¢£°0 STt
9191°¢ 0°0S
P1EE" O 0o°v
8781 0°82
S8T6°0- 8v°0
S€06° 1T 070011
2800°0 0°01
L1870 0°0¢

wnuyxew

wnUTUTKH

uoT1303S
08°1 LS €
88°¢ £€E"S
YL Y L9°8
9611 £8°ST
€L Z8°¢
STT°0 1
SG6° 1 ge°8
L9°¢ L 2 §
17 A v0°9
TIT°L 16 11
66L°0 | 4 A
09°C1 Z9°L
SLo°1 S9°¢
010°8 191°S
9€0°0 96Z°0
pZ°09¢ g8g°20¢
206°€ QLe*9
S9°L L8°L
uotjetraad uean
piepueis

souarajaey aylz ur papraoid aie

€

ST

ot

0t

1 X4

9T

-UOT3IPIIUSOUO) I9}eM BIS PaIaI[TrIun 9yl O3 IATIe[aYy aie pue
‘¢ IsedT 3e jo (N) 9215 ardues yirm s3Iag eleg I030e4 UOTIBRIJUIDC

auoq {YsT4g Arojeroqe]
suebio
K1ojextdsal ystd Axojexoqe]
suebio/3oexy
aAT1ISabTIP ystd K1o3exoqel
ysar3¥ ystd Kxojzexoqe]
sty 2T0UM K1ojexoqeq
sprnt3 &poq
qeid ® I1935qOT K103e10q07
suebio Azojextdssx
qexd 9 I938q01] Kxojexoqetg
ysarj qeid 3 133sqo] K103e10qE]
sqeao
3 SI93ISqOT STOYM K103e10qe]
spodeoap
pTIed 2TO0UM Kxo03exoqe]
saATeATq 9TOUM K103e10qR]
spaameas pafood K103eI10qQRTY]
spaameas pay KLxojzeaoqe]
SpaamMeas uaain K103e10qe]
§,dD IuawIpasS
ruUnEJUT 3ITOUM K1ojexoqeq]
rUnEJUT STOUM K1ojexoqeq
eunejtda atoum KA103e10qPR]
spIniy Apoq ysta 4Azojercqet
uotiydraosag 13195 eileq sse[d ejed
‘stseqg Iybtam 3am U 1O aae eled

.0 KAxewuwng

SBpOd DOUDI3JIY x

SOpe1
SOpet

Spet
Sope1

S0pe1
SOpet

SOpe1

SJpe1
SIpe 1

Sdper

SOpet
SOpet

SOpet

SOpet
dlygg

Obugg
Odugg
lugg
apTTo0N

( "3u02)
‘A d19a®y

14



osny

vixed

SLTO

sLed
GLed’'oguny’'sLId

‘69104 ' ¥ Loed

SLed’SLTd

9LIeg’‘gLorg

viaa

gLns

SLeq

SLed

gLns’seed’ ogny

‘vLag’sLoadg

T8TIN’€9NeN

‘ggny’‘GgLoxg

TLIBC'IIVOTH

»(S)20uUai1a33y

25943l PI3ION ISTMI2YIQ SSafup

[AAN A

891L°1

SLrt e

£€908° T

0068° ¥

€0T19°2

000S° 1

9ZrE"6

Twvee

€TET"L

00£9°C

€900°8T

89L9°T

00061

STS03}INY SSIUMIYS

8¢€65°0

106€£°0

LETY O

ETEE"0

9¢8%v° T

6809°0

L869°0

8L18"¢C

L209°0

Lve6z -

€ECEL"O

87€8°¢

CIST 0

09€9°0-

0°0¢ 0°LT
0°0S¢ 0°0S
0°80¢ 0°LE
0°SL S L
0°0S€ S°L
0°Z0T1 0°s¢
0°66 0Ly
0°S01 0°¢
0°8¢Z 0°L
0°0s2s 0°st
[ XA S 1€°0
0°0s2S 0°¢
0°G6 0°02
6°S 8°Z
WouTX ey WNUTUTKW

¥6°G

oF 611

86°9S

06°%C

6Z°¢t8

09°¢t

61°6C

[4 A : T4

88°L

6°80vT

08Z°0

09°966

T6° LT

99°1

uoT3erAaq
piepuels

uot1303§

0°90T1

TL°SE

60L°0

9eE"voY

ueay

aouaixajay ayl ur papriaoxd aie s3poo

eINN-Teyoy,
14 worjy (stJ 3Toym

eag uetdse)
9 Y3 woxy ysty I3Toym

URdURIIIITPIN
TIT  9Yy3 woij ystj a[oyM

I0qiey Aequog
L Wox3 YstT3l ITOoyum

SUOT3ed0]
6Z JINOJ wWOIJ YSTJ STOYM

URAUEIIIITPIW WOXJ
9 spodeoap preuad aroym

ue3URIIIFITPIN

pue y) ‘KAeg 3jproquuy
€ Wwox3J YsSa[J oa1eatrq

:mw:muuwuﬂvwz
T WOXJ SIATERAT] ITOUM

uedepr Te3seo)
9 WOIJ SIATPATQ IS3TOUYM

10qaey Kequog
P WOIJ SIATEATq STOYM

xoqaey Aequog
woly S,4) IUSUIPIS
01 aATeATq 2TO0YM

SUOT3eD0[ 9ATJ
S¢€ WwoIJ SIATEAT] ITOYM

elnu-1eyo] pue ‘eag
otited ‘eas ysrTaAI
L WwoI3j sposmesas umoag

£ uTys ysig

N uoridrrosag 3as ejeq

SUOTIEPIJUSOUO) IDIEM EB3S PaIIJ[TIUR 3yl O3 aarje[ay axe pur ‘stseqg Iybram 3IaM e
‘g 3sebdl e 3o (N) 9zt1s ardwes yitm SIS ejeg I03joed UOTIRIFJUSDOUG

JOUIIDJIY

n3rs ug
n3rs ux
nirs ul
nits ur
nirs ul
n3rs ur
nirg ux
n3rs ug
nirs ur
n3rs ur
n3rs ur
n3Ts uy
n3rs ur
K103eI10qR]

ssel) eieg

31e ejeq
Arewung

S9et
WUNMM
SOLet
SOre1
SOre1

et

S9e1
SOs¢1
S9e1

SOLe1

et
SO.e1

SOre1

SOpet

SpTTOON

(-3uoD)
‘A @1qeL

15



uotr109g 22ua13j3Y AYI ut papraoid sxe sS3pod 20uUd313J9Y »
sgen
rgLan’zLiy
‘y9o0g‘er190d
rg9no’Lgx0d

srguodg’gouy  66ST vy 9T1ZT"9 0°002 {2 1) 20°92 79°21 £9 spoameas pajood  Axoiexoqel SO ¢1
sgen
rgran‘zLXya’y9od
‘gong’/s10d
s1guog’g9uy  v79£°"8  LTITT'Z 0°06 £°1 Lv-01 ov-T1 9Z spoameas pay  Kiojexoqe] SO, ¢1
ZL&y*v9od
‘e190d'G9NO
s{guog’gouy  Y91Z IT BIZTI'E 0°00¢ 0°¢ 0" 1S S6°SC vl spoomess umolg  Arojexoqeq] 83,¢1
ZLkya
‘p90d’69nd
sqguog’gouy  LZ60°8 8YO¥°T 0°LE 120 90°6 88°S £2 spasmeas uaary Axojeioqe] D61
s,dD Iybrom
9.3S G80T°¥ OFVEL"T 0°E0¥ S 11 v0-8%1 €8°201 9 Kap uojyuetdoifyg  Lrojexoqe] SO, ¢1
gsen’r6I0d  GZSVT L L86Z°0- 1°€ 0°0 1L6°0 sZL 1 8 uojyuerdolkyg  Axojexoqe] D¢
ueaueII3aITPaInW
pue e35 YsSIII
€9NenH’sLTD ¥O0LS'T  8EVITO 0°6€€ 0°8 8Z"GE1 8°691T S woxj eunejrds I9TOUM n3rs ul SO
eInu-Teyol pue
gLnS ueaURII3ITPIN WOIJ
f0gnM’SLTD  T9¥S P VOSYVTI 0°LY 0°€ vL-zt 1°L1 6 spodoieydas a[oyM n3yts ur S,e1
¥sn 1seod
as9m 3jo woij suebio
69USL  BLED"T I810° T 0°0€T 0°0€ Lz v 09°09 S aationpordax ysTd n31s ur S, e1
¥sSn 1seod
1sam j3jo woxj suebio
693uar L£69°2 508870 0°29 0°8T 0Z°91 ¥°GE ¢ /3ioex} aatisabrp 4std n3Is ux SO, ¢1
edoe[en
) jo - 13§ pue eas
1L24d YSIII ‘¥SN 3ISBOD 1ISIAM
‘g9juar’zgod 002" ¥ 6LSL"T 0°79GT L°92 GE TS SP°96¢C LT Jjo wox3 YsalJ Ysid n31s ux SD,¢1
x(S)90oua12334 STS03INY SSIUMBYS wnurxew unWTUTW uotleraad ueaW N uotidraosaqg 3I3s eled sse[d ejed S{pTTINN
@HM@C&&M
-uoT3EIUIDUCY I BIS PIIsxTTIun 2yl 03 IATIE[3Y S1e pue ‘stseg 3IybtoM 19M uD 210 BjlRJg { - 3u0d)

35943 paloN 9STMIaYlQ SSafug ‘g ISe’T e Jo (N) 2215 @1dwes yITA S3I\8S BIB(Q I030B4 UOT3IRIJUDDU s~ KLxewwns A 2I9el

16



uOoT3095 20uUdI1ajay 9yl ul paplaoid ai1e sopod 9OUIIIIIY «

0L91

1z9Kk1g’gouy  HTHS T SE9T°0 0 v¢e A €8°8 28°7¢ S spodeoap pried afoyM  Kiojexoqe SO ¢t
sprni{3 Apoq
79419 65LL" T YEOT 0~ 0¥ 96° 1 €0°1 rA: Rl 4 14 podeosp pieuag  KA1ojexoqeT] SO,er
suebio K103910x3
794ka1g v9zZe "¢ (] XA | 1°16 9°02Z Ly %2 Lozy L podedap preuad K103eI10qRT SO, et
suebio Kiojextrdsax
79K1d $692°C ZeL0 T S 0L L LT £€8°61 1" 1% v podedap pieusad K103exoqe] S, e1
Z9&k1g  g¥s6e T  919€°0 6°€€ 1 2 £4 0Z°S 80°LZ ¥ ysa13 podeosp preusad  Axojeiroqeq] SO,e1
79414 G666° T EVLL O~ S°6Z T°LT 8L"S (AR T4 t spodeoap preuad ajoym  Axojexoqel SJ; 61
Zera‘e9kig zigewy T 002270 0'vl 99°Z €LV 69°L € uojjuerdooz atoyy  Aiojzexoqe] SOt
suebro/3oeay
g/Lns  9968°Z ¥8v0° 1 8-zt L¥ L6°2 voL 9 aarIsabrp podoteydap Axolexoqe] SOt
8L0S  000G6°T  6SZTI°0- v°9 S € Sy 1 0°s £ ysayy podoteyda) 4Liojexoqeq SO,e1
v90d
fgrad'g9hag
'gouy’Gruy 9£8L°L 088€°Z °6 0°0 { 2 A4 w1 91 1192Yys aareatd 4Lxojexoqeq] S/t
gLxeq
‘gead‘e9kxg 9ZI8' YV L6L8°T 1°¢ 11 69°0 95° 1 L spIn(3 Apoq aateard Axojexroqeq S, et
g€LIeH suebio
‘gran‘egkig  06LY° T €L9V "0~ €°0T Z°9 €8°1 89°8 S Kxojeardsax aateatrd Kxojexoqe] S/t
gLIeH suebio/joery
fgrI10'g9hkxg s8Z¥°C LZT9° 0~ £°€T 0¥ 60°¢ 6€°6 L aat3sabrp aatearg  K1xojexoqeq S),e1
§91d’'p9T10d
‘ef9t1od’€LIeH
'grLI1D'c94k1g
‘gouy’SLuwy  0GEV°6Z SISCTS 0°L6 0°¢ 16°ST SL°TT €€ ysaty aareatd Aixojexoqe] SOet
s8°9n
‘oLom’gLan’er9od
fELIBH'GLID
g9K1g’991¥  $EST"T ovLT0- 6°21 £€°Z 1 2 8S°L 13 G s9ATeATq dTOoym  Axojexoqeq] SO, e1
s(S)90ouaiajiay STS03INY SSAUM3IYS wunutxey unwWtUTH aoryetraadq uean N uvoradriosaqg 395 eaed sSsef) eileq 9pPrITOINN
pxepuels
*UOTIBIJUIDOUOC) IBIEM ©IS pParxaI[rjun dYl O3 SATIR[SY d1e pur ’‘sSIseqd 3ybtam oM ® 0 91Ie ejeg { " 3uod}

359y} PO1ON 9STMISYIQ SSa[un ¢ ISEdT 3e Jo (N) 2zIs ardwes yiTm sS3ads ejzeq Iolded uvorierjuadvor - Azemmng °A 37qel

17



qQegtd

6L3H

9Lud’'6L3H

6L°H

LLen’seuy
sLan‘LLan
‘g9kag’gLuy
£941g
£94xg
v9od‘e190d
*¢9k1g’gouy
gLad’'zLnl

z9deg
‘g9eay’gouv

powTy

‘zLAa1’z9ded
‘ggeav’gouy

s9kig’z9kxg

59&1g’z9k1g

c9Xk1g’z94h1d
s9k1g‘z941g

x(S)aousiajay

25943 PIION 9STMIIYIQ SSaTun

12891

00061

0005° 1

000S° 1

Teee "¢

08I€°C

€8ET ¥

99%0°¢

¥Z61°8

LStz

9L99°1

LL9s° 1

000S° 1

LLeLe"c

000S°1

000S° T

STsSo}1ny SSIUMIYS

LLOS" O

818¢°0

166270

756S°0

SPST'1

TEET " 1~

vzer° 1

TvLv 0~

8186°¢C

¢L90°1-

¢920°0

8EZE"0

€E0LY"0-

€166°0-

¢0Z9°0-

185T1°0

0°00L8BC 0°00SS
0°008 07002
0°00tT 0°ve
0°00€1 0°00¢
S°v 8ST°0
£°9 $°C
1°82 6°T
9°6T 9°91
0°99 (D 4
£°0T 0°1
0°9¢€ S°¥
1°92 tA 4
L0°T 0°T
6°62 v°6
8°81 ¥°9
6°¢%T 9721
wnwtTxey unuTUTH

€°¢0901

G°G0¢

8°vb9

2°62s

19172

18°1

¥v°8

ve°T

6% €T

16°8

9€0°0

€€ L

Z9°9
ST°1

uorjeraaq
pxiepuels

UOTI09S 9ouUa3IaJay 9yl ul papraord 512 SIPOD BOUIII]IY &

0°0GLVT ¥

£9°99¢

0°809

0°00L

65271

(A1

12701

€2°81

06°¢T

8Z°L

€170

¥0°1

sL e

1t

uoiuetdoldyg

uesuUeII3}TIPIW WOIJ
spodeoap ptaeds aroym

uesURIII}IPOW WOXJ
uoijuetdooz 3ITOUM

URDUBRIIDITPOW WOXJ
spodoteydas aroym

s,4D juUsWIPIsS
ruUnRJUT 3TOYM

N

vunejuT I[OUM

suebro/3oe1]
9AT3s3abTp eunejytddy

ysa1j eunejrdg

eunejrda afoum
suebro

aatrionpoadax ystd

YsoT3 uUSTd

ystJ atoum

sprny3 Apoq
qexd 3 I133sqo1

suebro K103810x%x8
qeid 3 I33sSqOT

suebio Axojzeardsex
qexo 3 193SqoO]

ysar3y qero 3 I133sqol

uotidrIosag 3195 eleq

Ar1oyexoqe]

n3ts uf

n3rg ur

n31s ur

K103ex0qe]

K1o03exoqe]

K10o3je10qeq]

K103ex0qeE]

Kiojzexoqe

K10o3e10qe]

Kxojexoqe]

K1o3e10qe]

K103eI10qeq]

A103e10qE]

Kxo3exoqe]
K1ojeaoqeq

sse[) ejeq

*UOT}RIJUIOUO) IDIEM BIS PIIIJ[TIUN 9Yl O3 SATIe[Iy a1 pue ‘sTiseg Iuybram 3am v uo axe ejeqg
*¢ 3SseaT 3e Jo (N) 9z1s ardwes y3iTm s3ias eleg IOIdEJ UOIFPIJUADUN

7y Arewung

g 1g
gz
g1z
o1z
St
SOLet

SOt

SOre1
SILe1
Sdret

Soe1

SOLet
SOret
SOLe1

SOret

S9ret
apIToNN

( *3uod)
‘A P19y,

18



uUoI 1035 3DU2I2J3Y 9Y} Ul PpIpIaoid 2Ie SIPOO SI0UBIIIAY &

uedep fe3jseod pue

LLBX'pITd anbey e ‘orTJTORqd °"ON
‘ogenp’elLEN) LZET ¢ L8V 1 0°0LST 0°68 6°tb9 zToce S WOoI3] SPpI3aIMEIS UIBIDH n3rs ug
anbey e7q
votd pue D2TJtoeq “ON
‘ogend’ yLud ¥8LZ°2 £160° T 0°00009T 000V B vZLIL 0°ST09% ¥ wox3j uo3jjuerdoiiyg n3rs ug
greng’LLen) 0006° T 8¥6Z°0- 0°09 0°0¢ 1Z° 02 L9° 1% € 1134s 3aateatd K103er0qeT]
gLenn’rend 000s°T 6169°0 0°ST (1 a4 €2°L L9°9 £ YsarF aayeard L103e10q0]
gLens’[Lend 000s° 1T 9eLZ 0~ 00°0¢ 0°L 96°9 0°vT 13 S3ATeATq STOUM Axo3ex0qe]
eggrd 987T6° 1 88¥v "0 070zt 0°ST 9 vy S°Z9 9 uoiyuerdolfyd L103e10q0T
1guog 006S°C T2eo" 1~ 0°66 8°0 ¢T 6t 9L°59 S Spa9mMeas pafood A1o3eroqe]
¥Sn 3ISe0O0 31S3M
693uar 9.88° T ¥99¢v°0 0°0566 0°S¥ 9°1¢et 9°06¢€ 8 330 woxy YsaTJ YsS1d n3irg ur
T8uod €66L°1 L9Z¥ "0~ 0°66 0°09 6L°91 0°Z8 L4 Spo9Mmeas umoag K1ojeioqe]
qesTd 9eEYT-C 9Z58°0 0°000¢2T 0°o0ovL 8°Z910¢ 0°00T1IS ¥ uojyuerdoldyd A103e10qeT]
folsmrulg
3 TuryTd woxj suebio
GL3N 90LZ°1 1092°0- 0°0000S 0°05891 T°Z82Zs1 0°096€E€ § /30eI1l 9ATISIBIP YSId n3rs ur
Yo3amMTUg 3 TUTYTH
SL®N 6ELT ¥ vLL 1 0°0006¢ 0°S6L 1°201ST 2 6278 9 WwoIy YSOTF Ystd n3rg ug
Yo33amTug 3 TUTHTH
GLaN 60267V 616" 1 0°0006¢ 0°00¢8 ST6LOT € °F98VT L woxj ystj Ia1oyMm n3rs ug
UPIURIIIITPIN WOXJ :
6L2H 000S° 1 818E°0- 0°0000L 0°0000T §°0660¢ EEEEEY € spodeoap prIed atoyMm n3rs ur
uedURIID}TPIW WOIJ
6L3H'T18®ND £€89° T ¥6€S°0- 0°0000€ 0°0006 S°CTI00T 0°0622Z Vv spodoyeydaoa atoym n3Ts ur
ueaqiiie)
gLud % UPSURIASITPOW WOILJ
‘6LOH¥LYD 1986° T 98€L°0 0°0000S 0°0L6 8°L¥91C SZVL6T ¢ uojjue1dooz ITOUM n3rg ur
x{S)20uUoiajay STS03INny SSIUMDAS WnuTX W wnuTuTH uor3ieraag UROW N uorjdriosag 19s eleq mwmﬁu eiyeq
paepuelg

-uoT3}erjuaduc) I93eM BaS paIal[TIun 24} 03 darieray d1e pue ‘srseg Jybrem oM e o 3re eleEQ
259y} POION ISTIMIFYIQ SSafun ¢ ISedT 3e Jo (N) dz15 d[dwes yirm SId5 e3jeq I03degd UOTILIJUIDUO, A 1ewung

.

”movm
+ Mdgeg

ng
+ nagg?
N, ez
Ny ez
N e
dNgeg

Bgz2
Blgzz
Blg9z2
%dy1z
®dg1z
Ody1e
%dg1e
°dg1z

©dy1ez

%dy1z
spI7onN

( *3u0d)
“A 3T19®L

19



8L3d

LLeX'v91d
‘gLON‘Q8end
‘eyrenn’gLeny

08eu9’'yLYD

¥91d
‘pgenn’yLUd

qLLens’eLend

ogenn’‘qrLens

qrrLeng’eLreny

ogend

¥91d
‘pgens’qLLeny

LLBRX %974
‘ggens’e/LLEND

ogend

¥9Td‘0gens

s(S)oousrayoy

8sS8(U3 paION @STMIBYIQ SSITUN

£eve e 6520°1
¥66G6°C ¥Sr8°0
£612°1 8y0£°0
L91e°Z Tvel° T
8119°S ¥9L0°2
£87e" T 0sS1T°0-
€1€E°C 02sT°1
000s°1 LZy¥s"o
LSTL°C L6780~
8¢€L0°9 p6ce ¢
118272 88G0° T
926" 1 005670

STS03INY SSOUMdYS

Zr°o

0°6¢£C

0-ove

0700082

0°08ST

0°0f€

0°62Z¢

’

0°08T1

0°06¢

0°00SET

0°6LTT

0°006E1

Wnu X ey

v0°0

0°t0T1

0°06¢

wnuITUTR

Lo

€°95421

¥ LTS

67821

Z°8¢€01

9°66CF

1°20s

6°6509

uotr3leraag
piepueils

uOT109S PouUa13J3aY¥ a9yl Ul papraoid ale sapod

89170

S°TlC6
v 62¢
T 88T1
€°899
L7901
€£°961
1°¥soc

8°2¢ev

9 LYY

ueanw

LAY

9T

L

N

ess ysrTay
woxy s,d4D 1lem eas
poI23T1J USSIJ USTd

uedep
1e31SE0D puk Yojamrujmg
8 Turqrd ‘anbey e

wolJ YsTF 9TOuM

anbey eq woi}
spodeoap pried ajoym

anbey eq pue
o213ToRd °*ON WOIJ
uojxyueydooz aToym

anbey e woxy
spodox3jseb atoym

anbey ey
woIl3j T[9Ys aareary

anbey e woxy
113ys podoxisey

uesaUEIIIITPIN
pue anbey e
woxy Ysarj aarearg

anbey eq

pue oTjyToed °ON
woly ssafea1q atoym

spaameas pa1ood

uedep Te3lseoo pue
anbeyg e ‘orjioed °oN
WOIJ SPOIMEIS pIY
ueder Te3lseod pue
anbey e ‘OrjToeq °“ON

MO13 SpaImMess umoig

uotidrIosag 189S eied

nirs

niIs

n3t1s

nirs

nars

nits

nits

n3rs

n3ts

n31s

n3ts

n3rs

JDUDIBIIY &

ul

uyl

ur

uy

ux

ur

ul

uy

ux

ur

uy

ur

sse[) eieqg

*UOT3ILIFUBOUO) IB3IEM €IS PII3I[TIUQ 9Y3 O} 2aTIeray d1e pue ’‘siseg IYybrom Iam v 10 3IR BlEQ
*¢ 3Isea] 3e JO (N) 9zTs ardwes ylrim sS3aS eBleQ JOIDEJ UOTIRIJUITU.

s

;> Axewuing

nd
ove
Meez

Moz
Meee

”m=q~
+ NMeeg

Ndoyz
+ Ndeez

ng
ovz
+ Ndgee

ng
ore
+ Mdeez

ng
0z
+ Mdeez

ng
(1154
+ NMgeg

ng
ovz
+ NMgeg

ng
ovz
+ Mdeez

nd
ovz
+ Ndges

ng
ove
+ Mdeez

apTronN

{ ~3ucd)
A 2Iq9RL

20



UOT 3085 JOUDIBFIY 9YF Ul poplaoird aile S3Pos 3DUIIIIIY &

0LTZ 668V ° 1 LYYT°0- 0°L6L 0°86C 8°01¢ ¢°69S S SpIIMRAS UMOIYg A103eI10qeT
s,40 8unioA IeInirsd
189X  80L0°€E 0I¥E"O 0-00€£ZL 0°00T18 6 L8G8T 0°0S9LE 8 3run uvoijueydoikyd  Axojeroqe]
uelUEIIIITPOW
11ZgeNno’Qggend ¥000° 1 £000°0— 0°G1t 0°00T £°€Z1 £°80¢ 14 woIy eunejuyr IS[OUM n3rs ur
uRaULIIIITPON
woxj suebio
I1Z8eND‘08END 000S°T L999°0 0°00S 0°SeY 0°661 L TLZ € oar3zonpoirdax euneyrdy n3rs ur
ueaueIIIITPON
wox3j suebio/3Ioex)
11Z8ENS’0geENy ¥96Z°T 9ZS0°0- 0°0021 0°0S L°09S 0°8¥%9 S aaT}sabtp eunejyrdy n3rs up
ueaueIIIITIPON
SLON pue Jojlamrujg
‘T178RND ' 1Z8RND - 3 turyig ‘onbel eq
‘ggeng’eL/eND FLZV"C zzs9'o 0°00L2 0°991 S°0T8 0°0L0T 21 woxy euneyrda IToyMm njIg ur

e9s |S1X] wWoxj}
8L3d 10€€°2 90ST1°1 8°LS 8° 1 0S°¥T 86°91 4 s3juajuod Inb Ysrt4 narg ug

eag YsTII
woxjy suebro
8Lad 80V9° 1 ST0S°0 (A 4 4 L°6 6Z°91 88°27 v Kx03a10%3 ystg n3rg ux

eags YsSTI] wolijy
S,d0 I93EeME3S
paiajytry uebio

gLed  1L8%°T  16LZ°0 8L s 811 SE°9 v Kx0oj3exrdsax ystg nirs ur
yo3iamrug 3 TUTYTIH pue
GLaN‘Qgeny anbey e woxj suebro
‘efsenn’‘greny  $EB9°E LLOEX 0°00081 0°g 9°ZS6S P €EZS 8 /3I0exl BAaTISabIp yst4 n3irs ur
eag YsSTIl

WOX} S,J) Iajem
@as paialtry suebio

8L3d S966°T 9T0L°0 8-LE A4 9°€1 £°91 8 /30ex} aArISabIpP 4std n3rs ur
uedep
LL®eX [e3ISe00 pue YOIIMTUZF
‘T8ON‘SLAM 3 Turytg ‘onbey
‘gLens’yLYd 0ELS ST 6LBL°E 0°00ST 0°S €°16¢ Z2°€01 8T o] woxj Ysaly Yysid n3rg uy
x{(S)a@dousaiajay STSO3}INY SSIUMIAS AW TX e MNWTUTH uotryjeraad ueoW N uoTt3idriosag I95 ejed sser) ejeq
pIepueis

*u0T3eI3UIDUC) IIJBM BIS PSISITTIUN dYI O} DATIEI3Y 1@ pue ‘sSTseq Jybrom 39M © uo axe eied
25941 POION SSTMIIYIQ SS3a[un "€ 3ISedT 3B Jo (N) 8zI5 drdwes yirm SI95 eleg I03DRJ UOTIRIJUIIUS ° TO Kxewuns

124

+t Mdgeg

Mgz
. ”mo.N
dgez

nd
orz
Meez

ng
0¥z
Ngez

na
ovez
+ Meez

umovN
deez

ng
vz
Meez

nd
(1] &4
+ Mgez

od
orz
+ Mdger

nd
ore
+ Rdgez

ng
orz
+ Meer

apTIoNN

( *3u0od)
‘A a1qeg

21



UOTI308S BOUBIVITY BYI UT PpapTaA0id #iw $IPOD DVUBIIIOU «
©dS ystif
wox3l suebio/3oexl
gL2d Y8LY T  ESOL°O 0" 6T 0°vY 59°8% 88°50T aa13s3b1p ystd ni1ts ug WYy
s,dD -IuduTpas Ndyyz
9L2d’ep8SY  9909°T  OLTIT 0- 900°0 8000°0 8T00°0 SE00°0 eunejut afoyq ALr103er0qET + Ndg e,
qpgs¥  6S€Z°1  LBLI"O 0-0LE 0°8S LT1°9ST S 161 eunejut ayoym Aiojzeioqger] Nd,ea
11z9en9
‘1rgens’ggend  €y18°T  E€LZT1°0- 0°000T 0°0T1 65°TT¥ GZ°12S Ttes Apoq euneyrdg  Axojexoqer] nd, e,
I1Z8EN9
‘ggensn’ggens  Zy6L'T  SE6Z°0 S°LS S70 S8 €2 8°€2 spTniy Apoq eunejyrdy LAxojeioqe] nd, e
I11Z8eno suebro/3oe1y
‘1gens’ggens  ZpSS T ZT09Z°0 0°0¢tZ 0°S 8°68 z Lot aaT3gab1p eunejyidz  Arxojexoqer] nd, e
11 24
. + =QQMN
3
Z8TW’I8eND’ggeD 98G5 T  €ISP°0 0°00L 0L G°Z6¢ £8°8L7 euneyrda afoyM  Axojexoqe] nd, e,
nd
ovez
+ NMgeg
]
9gemM’pgend  000S°T  T6£C°0 0°8 0°¢t rAE 4 €€°S ysa[3y qexd 3 193sqol Axojexroqetq N, eq
suebio
8L3d  €£9¥L°T TIL9"0 0°6T z'1 oL L 96°L /30e13 9aT13Sabrp ysid  Axojeroqeq nd, e
GLMod  000S6°T 82SZ°0 0°09T 0°v6 Z €€ L°vZ1 spodeoop prieo atoyq 4Lxojeroqe] nd, e,
suebio
1z8eno 0005° T ZLoL"0- 0°06 0°L £8° %2 L9°SE K103910%9 podoteuds)y  Aiojexoqe] nd,en
IZgeng  000S°T 955670 0°08 0°61 £0°VE L9 TV ysarj podoteydapy 4Lxojexoqer] d, e
Rdgpg
+ Ndges
GBTW'Z8IW 6
‘1819’6/m0d 88881  6LES°0 0°001¥ 0°S81 9.°86FT  €1°8ZST 112ys 3ateatrd Axojexoqe] 0d, e
Mgez
ST ]
‘Z8TW’'I8ID ¥998°2 1LZT 1 07091 0°S LT°09 0°0S ysarj aareald Aiojeroqe] nd, .
x(S)3@0Us19319Yy STSO3INY SSDUMIYS wWnWTX eW WNUTUTW uorierasaq ueay uotridraosag 3I95 eileq sseT) eileq a3pTIIOnN
paepuejg
*UOTI}RIIUSIUOCD ISFEM BIG pPaIaj[Tiun 39Uyl O3 aatie[ay aixe pue ‘siseqg Jybram 3sMm € 0 31 PIRQ {*3uo0)
359yl POION 9STMIIYIQ SS8[Un "¢ ISedT 3e Jo (N) 22715 21dwes y3iTm $3a8s ejeq I03opg UOTIRIJUSOUC, Azewwng A I97qey

22



9L9d

18ens’ggens

1geno’ggens

T8TW'I8ID

Izgeno’1gend

IZgeno’1gend

ggbuep
‘GETH’ TBTHW

¢gbuep
'GETW' I8TH

ggbuep

ggbuep
‘GETIW’'IBTINW

S8TW
‘18TW’' 1819

S8TW
‘18 TW' 181D

ggend

ogend

gLad

8L9d

x(S)2ousI1233y

3S9U3} PIOION ISIMIaYI0Q ssaqupn

ZEIS ¢

000S°1

Z2Lte 1

0006°T

0°0

000S° 1

2oL ¢

001C° ¢

ETAR 34

8ZvL" 1

Z8T1T° 1

8026°¢C

€12

61v0°¢C

$916° 1

0Z81°¢

UOT308S 30USIS3JaY 83U} UT papraoid aie sSapod IDUDINIAY

S,dD IUBMTIpPSS

6012 T E£¥00°0 v000°0 Z100°0 LT00° 0 8 eunejyur afoym  Arxojeroqe] WYy

60vv "0 0°s L0 12°¢ Ls°2 € sprn13 Apoq eunejrdy  Aiojeizoqer] Uy
suebio/3oe1l

¥86L°0 0°SLT 0°0T YT L9 98°L9 L aatasabrp euneytdy K103e10qeT WYy

£V0L"0 0°00Z1 0°0¢ 20°0L9 L9°92% £ eunejida aroum K103RI0qET UYLy
suebro

0°0 0°0¢ 0°0¢ 070 0°02Z ¢ Kxoisaoxa podoreyday  Arojexoqe] Uy
suebio Aixojzeardsax

1L0L°0 0°00TL 0°00T L°GE0V 0°o0vve € podoreyday  Kiojeioqeq WYy
s,dD IulawIpP3S

98TT°'T 61070 1500°0 ¥S00°0 8600°0 S 119ys o@aieatg Krojexoqeq] WYy
S,dD0 IUdWIPIS

89660 10°0 8000°0 0€00°0 Zv00°0 L ptni3 Apoq aareard <Lxojeroqe] Uy p o
s,dD IUBWIP3S
suebio/joexl

9€GT" 1 80°0 10070 16€0°0 $120°0 14 aAT3Isabrp aareatg  Axojeioqe] WYy
$,dD JUBWIP3IS

1600°0- #T0°0 11000 8%00°0 LLO00 9 ysa[Jy aareargd AKxojeroqe] Uy

6L00°0 0°08S 0°00¢ ¥ e6T 0°SLE 14 1T24sS aAtTeatd K103e10qe] UWypz

GZ62° T 0°00CT 0°0¢€ L6°00G 0°Z€€ S ysary aarearg Kiojexoqe] Wy e
. suebio

128670 0°0009¢ 0°0SZ 6°86VTT G°L8T6 ¢ =2aT3ionpoadax euneyrdg n31g ur ULy
ueaUeIIdITIPIN
woxj suebio/joexy

oLyS"o 0700062 0°06 S TvZTIT  0°0¥60T 9 2AT3sabrp eunejtdy n3ts ur Uy
. 9§ YSTII wWOoxjy

9€89°0 0°6S0€Z 0°1252 G216 €°99%0T ¥ s3juajuoo 3Inb ystg n3rs ug WYy 2
eag ystir woxy suebio

278870 0°962 0°011 S¥°08 0°08T ¥ Axojextdsax ystyg n3rg ur L

STSO3INY SSIUMIYS wnuyxey WUNWTUTH uotrileraaq ueIW N uoridraosag 19s eiled ssel) eieq SpPITOnN

prepuels
*uoT3RIJUSISUO) I3IBM BIS PIIIITTIUN IYI O3 SATIeTSY axe pue ‘siseqg 1ybram 3Ism B 0 21 eBleqQ ( “3uo0d)
‘¢ 3seaT 3B JO (N) @zTS ardwes y3rtm S3IaS BIRQ I0JDORJ UOTIRIJUIDUO! » La1ewung *A 91q98e]

23



situ measurements (e.g., Trabalka and Garten, 1983).
Concentration factors used in dose assessments are usually
relative to the radionuclide concentration in unfiltered
seawater, and are based on the wet weight of the whole organism
or its edible portion (flesh). Figures 2 through 19 present
scatter plots, over six logarithmic cycles, of the data
summarized in Table V which satisfy the preceding criteria and
would be of most interest to those performing dose assessments in
the marine environment. Figures 2 through 10 illustrate the
range in reported concentration factor data among the organism
categories (see Table II) for the most well-studied
radionuclides: Co-60, Sr,¥Y-90, Cs-134, Cs-137, Pu-237 and Pu-
2394240 (data for Pu-237, Pu-238 and Pu-239+240 were pooled for
Figure 13). Figures 11 through 16 present data for the
naturally-occurring radionuclides Pb-210, Po-210 and Ra-226.
Figures 17 and 18 present data for the transuranic radionuclides
Np-235, Np-237 and Am-241. Finally, Figure 19 presents data for
Tc-95™ which may be considered an analogue for the
environmentally mobile (lightly sorbed) HLW radionuclide Tc-99.

The International Atomic Energy Agency (IAEA) is developing
a framework for evaluating doses resulting from radionuclide
releases to the marine environment which has been reported on and
discussed in recent publications (e.g., Templeton, 1980). Of
relevance to the data presented here is the concentration factor
data base reported in Templeton (1980). This data base is
organized around 45 elements and 9 critical pathways. There are
five organism-related pathways, which are analogous to the
organism categories presented in Table II, including Fish,
Crustacea, Molluscs, Seaweed and Plankton. Table VI presents a
comparison of the IAEA estimates of average concentration factors
and the range observed in our review. We pooled data from the
organism categories presented in Table II to correspond to the
IAEA critical pathways using these guidelines: Fish = FIS;
Crustacea = DEC/U + DEC/P + DEC/C + DEC/R + DEC/S; Molluscs = BIV
+ GAS + CEP; Seaweed = SEA/U + SEA/C + SEA/P + SEA/R; Plankton =
PHY + Z00. Additionally, data for isotopes of the elements in
Table VI were pooled along with data from laboratory and in situ
studies. Flesh concentration factors were used in compiling
Table VI for all pathways except Seaweed (SEA/U, SEA/C, SEA/P and
SEA/R) and Plankton (PHY and Z00); whole body concentration
factors were used for these two pathways.

Considering the great variance expressed in reported con-
centration factor data (e.g., Fig. 2 through 19), the IAEA
estimates of average concentration factors appear to be
reasonable in most cases. Lack of data for the elements Tc¢, Np,
and Am is reflected in consistently conservative (high) estimates
of average concentration factors. Masson et al. (1981) report a
single technetium (Tc-95™) concentration factor of 1500 for the
brown seaweed Fucus serratus and Topcuoglu and Fowler (1984)
report a Tc-95™ concentration factor of 2500 for the brown
seaweed Cystoseira compressa, compared with the IAEA estimated
average of 100,000 for all seaweeds. Conversely, IAEA estimates
of average concentration factors for the element Pu appear to be
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low compared to reported data in some cases. The IAEA estimate
of the average fish Pu concentration factor (10) is lower than
the lowest value found in our review (50).

Table VII presents a listing of descriptive statistics for
biological half-life data sets, with a sample size of at least
three observations, sorted from the data base. Biological half-
lives are included as a parameter in various multicompartmental
ecosystem models, such as Doi et al. (1980) and Gomez et al.
(1981). Note that Table VII provides a column identifying the
number of "pools" for each data set; in using the word "pools" we
are referring to the number of components identified in
depuration curves for the data set. To facilitate inter-study
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comparison we calculated weighted biological half-lives using
Egn. (1). In Egn. (1) WBHL is the weighted bjological half-life,

WBHL = [ r * P.] + ... + [ rp* p] Egn. (1)

ris the biological half-life (in days) for the ith pool, and p
is the fraction of the organism's total radionuclide burden rep-
resented by the ith pool. Egquation (1) is evaluated for the n
pools identified to give the WBHL in days. The sum of all p's is
equal to one.

34




Z0+3 1 ?jewrlsy
£0+d ¢ €043 2 £0+4 T 20+d 1 ¥0+3 T yo+d T 2043 1 £0+d T ‘1049 1 €0+ T VavI
uo3jquerd
G043 9°T ¢2o0+3 T°T G0+d Z'T %043 6°Z 1043 ¥°T T0+T LT 2O0+d L°S TO0+d €°€
03 03 o3 03 03 o3 o3 03 abuey
ejep ON 20+3 0°¥ TO0+3 6T e3Iep ON 20+9d L6 TO+d #°C 00+d 0°0 00+3 0°0 T0-d 0°T Z20+3 0O°T paaxasqQ
€0+d 1 23ewurysy
€0+3 Z €043 1 €0+3 T Z0+d T €043 1 £0+43 T 1043 1 S0+d T ‘1049 T £0+9 T vavIl
paameag
po+d ¥°1 10+3 6°6 20+d 0°2 0+3 ¥°F €043 G°C
03 o3 03 03 03 abuey
ejep ON 10+3 6°8 ®Elep ON 10-3 0°8 ®eiep ON ejep oN 10-3 2°T e3iep oN T0-d £€°C 0043 L°T paaxasqQ
€0+ T ajewtysy
€0+d ¢ £0+d T £€0+3 1 20+ 1 y0+3 ¢ 20+3 T T0+d 1 £0+9 T ‘1043 T €0+ T VavI
SOSNTTOW
Z20+3 £€°€ Z0+3 8°1T 10+3 6°1 . ejep 10+3 6°6 T0+d 6°¢ T10-T 0°6 C0+d 9°T
o3 o3 o3 03 01 03 o3 abuey
10+3 0°¢€ 00+3 0°S 00+d 0°C ©3IEP ON elep ON YsSSTJ ON 00+3 0°¢€ T0-34 9°S T0-3 0°F 00+ 0°L P3AI3sqQ
€0+d T ajewtlsy
20+3 ¢ 20+d T 20+3 T 20+d T yo+d Z 70+3 T 10+9 ¢ £0+d T ‘1043 1 £0+d T YaviIl
eade3ISNIH
00+d 0°8 ejep ejep 1043 v°¢ 20+3 879 ejep
[o o3 o3 abuey
ejep ON 00+3 Q"¢ ®e3ep ON e3ep ON YsSITJ ON UYSSTJ ON T0+d T'T 10-3 09 e3jep oN Ysaty ON pPaAIasqQ
00+d T 93ewr3isy
T10+d T 10+9d 1 10+d T 20+d 1 £0+d Z 2043 € 10+3 G 1043 T ‘00+3 1 20+3 1 vavl
. ystg
£€0+d 671 Z20+3 G°6 ¥0+3 6°¢ €0+ 9°T T0-4 1I°6 TO0+d O0°T #»0+d E€°T
o3 . 03 o3 o3 o3 03} [o ]} abuey
elep ON 10+d 0°G e3jep ON 00+3 S°F 20+3 0°8 e3ep ON 00+3 S°¢ T0-d v°T 0043 0°C T0-J 0°€ P3AaxasqQ
ury nd dn ey od aqa SO oL X’1s oD Kemyieq
sjuswary
M2TASY STY]} UT paalasqo obuey 8yl pue s103doegd uorierjuaouo) IYbroM 19M uesw JO sajewrlsy vIVI I istaedwo) "IA @Tqe]

35



~
*UOT3IDIS JDUIULIJOY SYY UT paptaoad sle s3pPod SOUNIIIBY «

11gens‘ggens’ 1819

‘grmog'sgla’epgsy L916°L LELY T $8°90S 0°vZ VO GET L6°E0T zZ1 €-1 S9ATeATq 3T0uM 0d, o
LLens 0005°T TETP "0~ 0°92¢ 0°18 1%L €€°291 € 1 S3ATRATq ITOUM mzhmm
gLmaH ' z9deq 0005°T 6¥19°0- 0°0¢T1 $6769 LL"9¢E 8L TIT € z-1 ysary ystd S e
8LNS’ gL MOH  pRUTY ’
‘69104 z9deg 220872 1ZL0°1 0°612 0761 6€°9L 01°28 6 -1 YST3I aToum SO.e1
G914
‘ELIBH'GLID £281°¢C 0856 °0- 0L €T L0°8 257 vLo1X v -1 ysal3d aateard SO, 61
s91d4‘6Led
‘gred’ LLSOH
‘ELIBH’GLID 1447887 vZe°1 5°0Z9 SL°9 €8°G¥Z ¥P 951 9 v-1 SaATeATq STOUM SO¢1
59309 8009° T S09¥ -0 0°1C 0°Z 68°8 5°6 14 1 spaameas pay D¢t
19M04’ 1894 8L65°2 S80T°1 0°26L z°ee €¥°0¢€€E 6°8¢€Z S -1 vuneyrda atoym g g
189418929 T0v1°2 16¥6°0- 0°9¢v €£v°8 LL- LT 12°ve 14 -1 ysiJ atoum Oduygg
182d 000S° T 8vL0°0- 0°6¢t€E €£°99 122813 1 €£¥°S0C € T spodedap prIied 3[OUM Slyge
184 0005°1 Z6L9°0 L5791 96°¢ ST L yeE"8 € Z-1 spodeoap preuad atgoym dhyge
5L 1dg
'Z89418°d 6€ZE" 1 LYZ0-0 0°09 6°22 TT1°LY | £ Y 17 z-1 spodoaiseb ayoym Oy
£gmod’'zgag
‘1894’ eygsy 0£6G6° Y ZZ91°0 0°€EPT | X4 90 °S¢ oL 98 1 Z-1 SaATeATq ITOUM luge
6LeN’gtdeg 08LT°2Z 0906°0 S° 6V 6°¢€C 61" 1T €E €€ v 1 ysty atoum 2449
699any €821°9 IAAC 96°6 Lz 0 17 3 4 €272 9z 1 uoijuerdooz aToym 0Dg49
I8STN
‘gLIeH’GLID 01561 TLEL"O | 1] 24 0°€LT 80°0¢ 90°861 14 Z-1 Usal3J aareAtd LAT
gLMuep
‘LLSBH’ELAeH :
GLID 9 LUy 16€£6"€ 8¥8v-1 0°0¢T £°81 88°¥¢E vL"9Y L 1 SOATRATQ STOUYM 949
SLEN TZST°€ wsz 1 9°6L S L €0°LZ 08°82 9 T spaameas umoig 944
»(S5)20uUa1333y SISO3IINY SSIUMIYS wnWTXew WOUTUTH uotT3IeTA3d uean N sToog 3o uotydiiosag 39S ejeq BpPIOnN
piepuelis ) I3quonn

*Ia1vy 10/pue
poog parqel o3 posodxy swstuebip Hursp Spew 2I9M SIUSWIINSEIW ISIY} PIION ISTMIBYIO SSIaTun *skeg ut -rassaxdxg
21e saATT-JTeH Teotrbolorg -g 3Isead] e Jo (N) 9z1Ss afdwes yitm s3as ejeq 9JTI-JIBH 1eotborotrg 1 .TP2mwng  “IIA 919e]

36



ogens’ 1819
£8%0
ggend

6L3d
LLBTH! 9/ MmOd

ggenn’ 1819

qgLad’eglLad
qgled’egLad
ogens’ g mod

«(S)3@oua1933y

pood palqe] 03 pasodxg susiuebig HuUIsSn IPEW IIBM SIUDWIINSEIN IS3YI
"t 1sea] 3je Jo (N) 9z15 ardwes yira

£28€° 1
199v°¢

vL08°¢

000S°T

000S° T

6S0L°¢
vZgg ¢

69¢L°2

STS03INY SSIUMIYS

LETO"O
€697 0

LSTS T
185970
299670
£880° 1

Lzeett

££96°0

9Ie saATI-JIeH Tearbojorg

¥0°882 0°6
L°LS 89
0°s¥ 0°Z

L8 0°s

8T LLE 9°6L
0°991¢ 07161
0°%0T S1°9
o-zv 0°Z
wnutxep ENWTUTKH

*UOTIDAS JDUIIIJAY 9Y3 UT papraoxd aixe S9pod IOUIIIIIY

6121 S8°GV1 S Z-1 eunejrda afoyMm ﬂtavw

L6°91 s1°8¢ 6 Z ysTJ 9TOoyM EtﬂvN

¢S°61 LS°2Z1 L 1 spodeoap pried Ia[oyM Eﬂﬁvm

. . Moye

10°2 b9 € 1 uojljyuerdooz STOYM + =mmm~

Lz-9s1 96°00C € 1 euneytds atoym ng, ..,

uorjoalur Aq

78°62S 81°2¢€6 LT T - bP?T3qeT ysty StoumM :mth

- Lz L9 ve ST z-1 sty SToym :mhmw

16°91 9°%I S T spodeoap priaed aToyMm =mhmm

uotjetraaq uesy N syood 3o uotldtIosag 39S eleg IPI[ONN
piepuels Iaquny

*I123eM I10/pue
p2310N 9STMmIaylQ Ssatun -sAeqg u: passaxdxg (" 3u02)
§385 BIPQ SITT-JTPH [eoTboyOTY . Arewwnsg  °“IIA I@[qel

37



4. CLOSING COMMENTS

Radioecological research within the U.S. SDP will continue
to review and update the concentration factor and biological
half-life data base to ensure that the possible estimates of the
range observed in these data will be available for use in sen-
sitivity analyses of multicompartmental models. We have estab-
lished communication with similar programs sponsored by the U.S.
Environmental Protection Agency (U.S. EPA) and the IAEA, and we
hope to continue this exchange of information in the future. The
U.S. EPA program is focusing on laboratory-determined concentra-
tion factors and turnover rates for radionuclides of Pu, Am, Cs,
Sr, and Co. The IAEA program is detailing the approach adopted
by the IAEA for deriving concentration factors and
sediment/seawater partition coefficients (Kd's) for use in
oceanographic and radiological models.
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APPENDIX A
Concentration Factors from In Situ Studies

Key to APPENDIX A:

60co - IN SITU CONCENTRATION FACTORS - Table Al - Page A-8
REFERENCE ORGANISM(S)2
de Franceschi et al. (1976) BIV
Harrison et al. (1976) BIV
Jenkins (1969) FIs
Nilsson et al. (1981) SEA/P

90Sr,Y - IN SITU CONCENTRATION FACTORS - Table A2 - Page A-9

REFERENCE ORGANISM(S)?

Agnedal et al. (1958) FIS

Danckwerte (1956) SEA/P

Kurabayashi et al. (1980) FI1s,BIV,CEP,DEC/U,
SEA/P,SEA/R

Mauchline (1963) SEA/P,EPI

Noshkin et al. (1975) EPI

Polikarpov (1961b) EPI,BIV,DEC/C,DEC/R

Salo (1980) BIV,SEA/P,SEA/C,FIS

Schreiber (1967) PHY,CEP

Tassi Pelati & Triulzi (1969) PHY

Ueda et al. (1975) FIS,BIV,GAS,SEA/P

Yamato et al. (1977) SEA/C,SEA/P,FIS

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX A (cont.):

137cg - IN SITU CONCENTRATION FACTORS - Table A3 - Page A-13

REFERENCE

Bakunov (1974)

Broom et al. (1975)

de Franceschi et al. (1974)
Dougherty & Ng (1982)
Folsom et al. (1969)

Gilat et al. (1975)

Harrison et al. (1976)
Jenkins (1969)

Kurabayashi et al. (1980)

Mauchline (1963)
Nilsson et al. (1981)

Patel et al. (1975)

Patel et al. (1978)
Pentreath & Jefferies (1971)
Strogonov & Lisachenko (1969)

Suzuki et al. (1978)

ORGANISM(S)?

FIS
SEA/P,SEA/C,GAS,BIV
BIV

DEC/R,FIS

FIS

SEA/U,EPI,DEC/P,
CEP,FIS

BIV
FIS

FIs,BIV,CEP,DEC/U,
SEA/P,SEA/R

SEA/P,EPI
SEA/P

BIV,DEC/P,DEC/R,EPI,
FIS,PHY

BIV
FIS,INF,BIV
PHY

CEP,BIV,GAS

a: consult Table II for key to general categories of organisms

reported in this table

APPENDIX A A-2
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Key to APPENDIX A (cont.):

210py - IN SITU CONCENTRATION FACTORS - Table A4 - Page A-19

REFERENCE ORGANISM(S)2
Guary et al. (1981) CEP
Heyraud & Cherry (1979) PHY,Z200,DEC/P,DEC/C,

DEC/R,CEP,EPI

Kharkar et al. (1976) Z00

210p, - IN SITU CONCENTRATION FACTORS - Table A5 - Page A-21

REFERENCE ORGANISM(S)2

Cherry & Shannon (1974) FIS,PHY,Z0O

Guary et al. (1981) CEP

Heyraud & Cherry (1979) PHY, Z00,DEC/P,DEC/C,
DEC/R,EPI

Kharkar et al. (1976) Z00

Nevissi & Schell (1975) FIS

226p, - IN SITU CONCENTRATION FACTORS - Table A6 - Page A~23

REFERENCE ORGANISM(S)?
Cherry & Shannon (1974) FIS,PHY,Z00
Jenkins (1969) FIS
Kharkar et al. (1976) zZ00

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX A (cont.):

2281y - IN SITU CONCENTRATION FACTORS - Table A7 - Page A-24

REFERENCE ORGANISM(S)?
Cherry & Shannon (1974) FIS,PHY,Z00
Holm & Persson (1980) SEA/P
Kharkar et al. (1976) | z00

Nilsson et al. (1981) SEA/P

230ppn - IN SITU CONCENTRATION FACTORS - Table A8 - Page A-25

REFERENCE ORGANISM(S)?
Cherry & Shannon (1974) PHY, 200
Holm & Persson (1980) SEA/P
Nilsson et al. (1981) SEA/P

232, - IN SITU CONCENTRATION FACTORS - Table A9 - Page A-26

REFERENCE ORGANISM(S)?2
Cherry & Shannon (1974) PHY, 200
Guarf et al. (1981) CEP

Holm & Persson (1980) SEA/P
Nilsson et al. (1981) SEA/P

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX A (cont.):

234y _ IN SITU CONCENTRATION FACTORS - Table Al0 - Page A-27
REFERENCE ORGANISM(S)?
Holm & Persson (1980) SEA/P
Nilsson et al. (1981) SEA/P

235y - IN SITU CONCENTRATION FACTORS - Table All - Page A-28
REFERENCE ORGANISM(S)?2
Holm & Persson (1980) SEA/P
Nilsson et al. (1981) SEA/P

238y . IN SITU CONCENTRATION FACTORS - Table Al2 - Page A-29

REFERENCE ORGANISM(S)?
Cherry & Shannon (1974) FIS,PHY,Z0O
Holm & Persson (1980) SEA/P
Kharkar et al. (1976) 200

Nilsson et al. (1981) SEA/P

239+240py - IN SITU CONCENTRATION FACTORS - Table Al3 - Page A-30

REFERENCE ORGANISM(S)?2
Aarkrog et al. (1984) SEA/P

Cherry & Shannon (1974) FIS,PHY,Z00

Guary (1980) 700 ,PHY,SEA/C,SEA/P,

SEA/R,EPI,GAS,BIV,
DEC/C,FIS, INF

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX A (cont.):

239+240p,

REFERENCE

Guary & Fraizier (1977a)
Guary & Fraizier (1977b)
Guary et al. (1981)

Guary et al. (1982)

Guary et al. (1976)
Hetherington et al. (1976)
Holm & Persson (1980)
Murray & Fukai (1978)
Nevissi & Schell (1975)
Nilsson et al. (1981)
Noshkin et al. (1975)
Noshkin et al. (1981)
Pentreath & Lovett (1978)

Pillai et al. (1964)

Yamato et al. (1977)

IN SITU CONCENTRATION FACTORS - Table Al3, cont.

ORGANISM(s)2
SEA/C,EPI,INF,FIS,GAS
BIV,GAS

CEP

EPI
DEC/R,F1S
DEC/R

SEA/P

BIV

FIS

SEA/P

EPI

FIS

FIS

PHY,SEA/C,SEA/P,Z00,
BIV,FIS

FIS,SEA/C,SEA/P

241l - IN SITU CONCENTRATION FACTORS - Table Al4 - Page A-40

REFERENCE
Guary (1980)

Guary et al. (1981)

ORGANISM(S)?®
EPI

CEP

a: consult Table II for key to general categories of organisms

reported in this table
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Key to APPENDIX A (cont.):

24lpm - IN SITU CONCENTRATION FACTORS - Table Al4, cont.

REFERENCE ORGANISM(s)2
Hetherington et al. (1976) : DEC/R

Holm & Persson (1980) SEA/P
Nilsson et al. (1981) SEA/P
Pentreath & Lovett (1978) FIS

a: consult Table II for key to general categories of organisms
reported in this table
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APPENDIX B
Concentration Factors from Laboratory Experiments

Key to APPENDIX B:

14c - LABORATORY CONCENTRATION FACTORS - Table Bl - Page B-10
REFERENCE ORGANISM(S)?
Ivanov (1972) FIS

55Fe - LABORATORY CONCENTRATION FACTORS - Table B2 - Page B-11

REFERENCE ORGANISM(S)?2

Jennings & Fowler (1980) INF

Ryndina (1976) SEA/P

60co - LABORATORY CONCENTRATION FACTORS - Table B3 - Page B-12

REFERENCE ORGANISM(S)2

Amiard-Triquet (1975) BIV, INF

Avio et al. (1976) BAC

Bonotto et al. (1978) SEA/R,SEA/C,PHY,BIV,
EPI,DEC/C,DEC/R

Cranmore & Harrison (1975) BIV

Evans (1982) BIV

Harrison (1973) BIV

Hiyama (1962) DEC/C,FI1S,EPI,BIV,SEA/U

Hiyama & Khan (1964) FI1s,DEC/C,EPI,BIV,SEA/C,
SEA/R

Ivanov (1972) | FIS

Kirchman et al. (1977) SEA/C,PHY

Martin (1958) PHY

a: consult Table II for key to general categories of organisms
reported in this table
Key to APPENDIX B (cont.):

APPENDIX B B-1 LABORATORY CF'S



60co - LABORATORY CONCENTRATION FACTORS - Table B3, cont.

REFERENCE
Nakahara et al. (1975)

Nakahara, Hirano et al.
(1979)

Nakahara, Koyanagi et al.
(1979)

Nishiwaki et al. (1981)
Phillips et al. (1958)
Shimuzu et al. (1970)
Triquet (1973)

Ueda et al. (1977)

Ueda et al. (1985)

Van Weers (1973)

van Weers (1975)

ORGANISM(S)?2
SEA/C,SEA/P,SEA/R

FIS

CEP

BIV

FIS
EPI,BIV,DEC/C,DEC/R
INF

INF

SEA, BIV

BIV

DEC/C

9OSr,Y - LABORATORY CONCENTRATION FACTORS - Table B4 - Page B-19

REFERENCE

Argiero et al. (1966)
Boroughs et al. (1958)
Hampson (1967)

Hiyama & Shimizu (1964)

Ivanov (1972)

ORGANISM(S)?
BIV

200

SEA/C

SEA/C,SEA/R,BIV,EPI,
DEC/C

FIS

a: consult Table II for key to general categories of organisms

reported in this table

APPENDIX B
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Key to APPENDIX B (cont.):

30sr,y - LABORATORY CONCENTRATION FACTORS - Table B4, cont.

REFERENCE

Lear & Oppenheimer (1962)
Martin (1958)

Pentreath et al. (1973)

Polikarpov (196la)

Polikarpov (1964)

Rice (1956)

Ryndina (1972)

Ryndina (1976)

Ryndina & Polikarpov (1974)
Spooner (1949)

Templeton (1959)

Tolkach & Gromov (1976)

ORGANISM(S)2
BAC
PHY
FIS

SEA/C+R,SEA/P,EPI,
BIV,DEC/U

SEA/P,SEA/C,SEA/R,
EPI,BIV,DEC/C

PHY
SEA/C,SEA/P,SEA/R
SEA/P

SEA/P
SEA/P,SEA/C+R

FIS

200

95Mpe - LABORATORY CONCENTRATION FACTORS - Table B5 - Page B-25

REFERENCE
Aston & Fowler (1984a)

Beasley (1981)

Beasley et al. (1982a)
Beasley et al. (1982b)
Conversi (1985)

Fisher (1982)

Fowler et al., (1981)

ORGANISM(S)?2
BIV

EPI,SEA/R,SEA/P,Z00,
FIS,DEC/R

GAS
BIV
DEC/R
PHY

BIV,DEC/C,EPI, INF

a: consult Table II for key to general categories of organisms

reported in this table

APPENDIX B

LABORATORY CF'S



Key to APPENDIX B (cont.):

95Mpc - LABORATORY CONCENTRATION FACTORS - Table B5, cont.

REFERENCE ORGANISM(S)2

Fowler et al. (1983) BIV

Masson et al. (1981) SEA/P,INF,BIV,DEC/R,
FIS,INF

Pentreath (1981) DEC/R,FIS, INF

Spies (1975) GAS

Swift (1985) DEC/R

Topcuoglu & Fowler (1984) SEA/P,SEA/R,SEA/C

13405 - LABORATORY CONCENTRATION FACTORS - Table B6 - Page B-38

REFERENCE ORGANISM(S)?2

Bologa & Balaban (1981) SEA/P

Bonotto et al. (1978) SEA/R,SEA/C,DEC/C,
DEC/R,EPI,BIV

Bonotto et al. (1981) SEA/C,SEA/P,SEA/R

Bryan (1961) DEC/R

Bryan (1963a) INF,DEC/S

Evans (1982) BIV

Hiyama (1962) EPI

Hiyama & Shimizu (1964) DEC/C,SEA/C,SEA/R,
BIV,EPI,FIS

Jefferies & Hewett (1971) FIS

Morgan (1964) FIs,DEC/C,DEC/R,BIV,GAS

Scott (1954) SEA/R

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX B (cont.):

137cs - LABORATORY CONCENTRATION FACTORS - Table B7 - Page B-44

REFERENCE ORGANISM(S)?

Amiard-Triquet (1975) EPI,BIV,INF

Ancellin & Vilquin (1968) SEA/C,SEA/P,SEA/R,EPI,
BIV,DEC/C,FIS

Argiero et al. (1966) BIV

Avargues et al. (1968) SEA/R,DEC/R,BIV,FIS

Baptist & Price (1962) FIS

Bonotto et al. (1981) SEA/P,SEA/R,SEA/C

Boroughs et al. (1957) PHY,SEA/R

Bryan (1963a) EPI, INF,BIV,GAS

Bryan (1965) DEC/R

Bryan & Ward (1962) DEC/R,DEC/C

Cranmore & Harrison (1975) BIV

Gutknecht (1965) SEA/C,SEA/P,SEA/R

Harrison (1973) BIV

Ivanov (1972) FIS

Kimura (1984) FIS

Lemee et al. (1970) DEC/C

Martin (1958) PHY

Pentreath et al. (1973) FIS

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX B (cont.):

137cs - LABORATORY CONCENTRATION FACTORS - Table B7, cont.

REFERENCE ORGANISM(S)?2

Polikarpov (196la) SEA/C,SEA/P,EPI,BIV,
DEC/U

Polikarpov (1964) SEA/P,SEA/C,SEA/R,EPI,
BIV

Price (1965) BIV

Rice et al. (1972) Z00

Ryndina (1972) SEA/C,SEA/P,SEA/R

Styron et al. (1976) : PHY

Suzuki et al. (1978) CEP

Tolkach et al. (1975) 200

Ueda et al. (1977) INF

Ueda et al. (1978) INF,SEA/R,BIV

Ueda et al. (1985) SEA, BIV

Wolfe & Coburn (1970) BIV

210pp, - LABORATORY CONCENTRATION FACTORS - Table B8 - Page B-58
REFERENCE ORGANISM(S)®

Fisher et al. (1983a) PHY

210py - LABORATORY CONCENTRATION FACTORS - Table B9 - Page B-59
REFERENCE ORGANISM(S)2

Fisher et al. (1983a) PHY

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX B (cont.):

226p, - LABORATORY CONCENTRATION FACTORS - Table Bl0 - Page B-60
REFERENCE ORGANISM(S)?2
Bonotto et al. (1981) SEA/R,SEA/P,DEC/C,DEC/R,

EPI,BIV,GAS

Np-235 - LABORATORY CONCENTRATION FACTORS - Table Bll - Page B-61

REFERENCE
Fisher et al. (1983b)

Fowler & Aston (1982)

ORGANISM(S)?
PHY

Z00

237yp - LABORATORY CONCENTRATION FACTORS - Table Bl2 - Page B-62

REFERENCE
Guary & Fowler (1977)

Guary & Fowler (1978)

ORGANISM(S)?2
DEC/C,BIV

DEC/C,BIV

237py - LABORATORY CONCENTRATION FACTORS - Table Bl3 - Page B-64

REFERENCE

Aston & Fowler (1984a)
Aston & Fowler (1984b)
Carvalho & Fowler (1985)
Fisher et al. (1983b)
Fowler et al. (1975)
Fowler et al. (1976)
Grillo et al. (1981)
Guary (1980)

Guary et al. (1981)

ORGANISM(S)?2
BIV
BIV,INF,EPI
EPI

PHY
DEC/C,BIV
Z00
EPI,INF,BIV
DEC/R,EPI

CEP

a: consult Table II for key to general categories of organisms

reported in this table

APPENDIX B
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Key to APPENDIX B (cont.):

237p,

REFERENCE

Guary et al. (1982)
Guary & Fowler (1982)
Pentreath (1978a)

Yen (1981)

- LABORATORY CONCENTRATION FACTORS - Table Bl3 - Page B-64

ORGANISM(S)?2
EPI
CEP
FIS

PHY

238p, - LABORATORY CONCENTRATION FACTORS - Table Bl4 - Page B-~70

REFERENCE
Miramand et al. (1982)

239+240py - LABORATORY CONCENTRATION FACTORS
REFERENCE

Beasley & Fowler (1976a)

Miramand et al. (1982)

Miramand & Germain (1985)

Ward (1966)

Zlobin & Mokanu (1970)

ORGANISM(S)?

EPI,INF,BIV

Table Bl5 Page B-71
ORGANISM(S)?

INF

EPI,BIV

BIV

DEC/R

SEA/P

241Am - LABORATORY CONCENTRATION FACTORS - Table Bl6 - Page B-73

REFERENCE
Aston & Fowler (1984a)
Beasley & Fowler (l1976a)

Carvalho & Fowler (1984)

Carvalho & Fowler (1985)

ORGANISM(S)2
BIV
INF

SEA/P,SEA/C,DEC/R,
EPI, INF

EPI

a: consult Table II for key to general categories of organisms

reported in this table
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Key to APPENDIX B (cont.):

24lam - LABORATORY CONCENTRATION FACTORS - Table B16 - Page B-73
REFERENCE ORGANISM(S)2
Fisher et al. (1983a) PHY

Fisher et al. (1983b)  PHY

Fisher et al. (1983c) 200

Fisher & Teyssie (1986) BIV

Fowler & Heyraud (1974) Z00

Gorsky et al. (1984) Z00

Grillo et al. (1981) INF,EPI,BIV
Guary (1980) DEC/R,EPI
Guary & Fowler (1982) CEP

Guary et al. (1981) ’ CEP
Miramand et al. (1981) EPI,INF,BIV
Miramand & Germain (1985) BIV
Vangenechten et al. (1983) BIV,INF

a: consult Table II for key to general categories of organisms
reported in this table
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APPENDIX C
Biological Half-Lives

Key to APPENDIX C:

35Fe - BIOLOGICAL HALF-LIFE - Table Cl - Page C-6

REFERENCE ORGANISM(S)?
Baptist et al. (1970) FIS

60co - BIOLOGICAL HALF-LIFE - Table C2 - Page C-7
REFERENCE ORGANISM(S)2
Amiard-Triquet & Amiard (1976) BIV,DEC/R
Baptist et al. (1970) FIS
Cranmore & Harrison (1975) BIV
Harrison (1973) BIV
Hess et al. (1977) BIV
Kuenzler (1969) Z00
Nakahara et al. (1975) SEA/P,SEA/R
Nakahara et al. (1982) CEP
Nakahara, Hirano et al. (1979) FIS
Nishiwaki et al. (1981) BIV
Ueda et al. (1977) INF
Van Weers (1973) BIV
Van Weers (1975) DEC/C

905r,y - BIOLOGICAL HALF-LIFE - Table C3 - Page C-12
REFERENCE ORGANISM(S)?2

Baptist et al. (1970) FIS

a: consult Table II for key to general categqgories of organisms
reported in this table
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Key to APPENDIX C (cont,):

93Mrc - BIOLOGICAL HALF-LIFE - Table C4 - Page C-13

REFERENCE ORGANISM(S)2
Aston & Fowler (1984a) BIV

Beasley (1981) BIV,GAS,EPI,DEC/P,FIS
Beasley et al. (1982a) GAS

Beasley et al. (1982b) BIV

Conversi (1985) DEC/R

Fowler et al. (1981) BIV,EPI,INF
Fowler et al. (1983) BIV

Pentreath (1981) DEC/C,FIS

Spies (1975) GAS

Swift (1985) DEC/R

Topcuoglu & Fowler (1984) SEA/P,SEA/R,SEA/C

134¢cs - BIOLOGICAL HALF-LIFE - Table C5 - Page C-15

REFERENCE ORGANISM(S)?2
Dahlgaard (1981) BIV
Hess et al. (1977) BIV
Jefferies & Hewett (1977) FIS

137cg - BIOLOGICAL HALF-LIFE - Table C6 - Page C-17

REFERENCE ORGANISM(S)?
Baptist & Price (1962) FIS
Cranmore & Harrison (1975) BIV
Folsom et al. (1969) FIS

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX C (cont.):

137cg - BIOLOGICAL HALF-LIFE - Table C6, cont.

REFERENCE ORGANISM(S)2
Folsom et al. (1969) FIS

Fowler et al. (1971) Z00
Fraizier & Vilquin (1971) FIS
Gutknecht (1965) SEA/C,SEA/P,SEA/R
Harrison (1973) BIV

Hess et al. (1977) BIV

Hewett & Jefferies (1978) FIS

Kimura (1984) FIS

Patel et al. (1978) BIV

Patel et al. (1979) BIV

Price (1965) BIV

Suzuki et al. (1978) CEP,FIS,BIV
Ueda et al. (1977) INF

210p, - BIOLOGICAL HALF-LIFE - Table C7 - Page C-20

REFERENCE ORGANISM(S)?2
Heyraud & Cherry (1979) 200
Pentreath & Fowler (1979) 200

'226g, - BIOLOGICAL HALF-LIFE - Table C8 - Page C-21
REFERENCE ORGANISM(S)?3

Pentreath & Fowler (1979) 200

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX C (cont.):

230rn - BIOLOGICAL HALF-LIFE - Table C9 - Page C-22
REFERENCE ORGANISM(S)?2

Pentreath & Fowler (1979) Z00

2327 - BIOLOGICAL HALF-LIFE - Table Cl0 - Page C-23
REFERENCE ORGANISM(S)?2

Pentreath & Fowler (1979) Z00

237Np - BIOLOGICAL HALF-LIFE - Table Cll - Page C-24

REFERENCE ORGANISM(S)?2
Guary (1980) DEC/C
Guary & Fowler (1977) DEC/C,B1V

237py - BIOLOGICAL HALF-LIFE - Table Cl2 - Page C-25

REFERENCE ORGANISM(S)2
Aston & Fowler (1984a) BIV

Aston & Fowler (1984b) INF
Bjerregaard et al. (1985) BIV

Carvalho & Fowler (1985) EPI

Fowler et al. (1975) BIV,DEC/C, INF
Fowler et al. (1976) zZ00

Grillo et al. (1981) BIV,EPI,INF
Guary (1980) BIV,DEC/C,EPI
Guary & Fowler (1981) BIV

a: consult Table II for key to general categories of organisms
reported in this table
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Key to APPENDIX C (cont.):

239+240py - BIOLOGICAL HALF-LIFE - Table Cl3 - Page C-28

REFERENCE ORGANISM(S)2

Guary & Fowler (1982) CEP

Pentreath (1978a) FIS

Pentreath (1978b) FIS

Fowler et al. (1976) . zZ00

Higgo et al. (1977) Z00

Pentreath & Fowler (1979) 200

241pm - BIOLOGICAL HALF-LIFE - Table Cl4 - Page C-29

REFERENCE ORGANISM(S)?

Bjerregaard et al. (1985) BIV

Carvalho et al. (1983) FIS

Carvalho & Fowler (1984) DEC/R,SEA/P,SEA/C,
EPI,INF

Carvalho & Fowler (1985) EPI,DEC/R

Fisher & Teyssie (1986) BIV

Gorsky et al. (1984) Z00

Grillo et al. (1981) BIV,EPI

Guary (1980) CEP,DEC/C,EPI

Guary & Fowler (1981) BIV

Guary & Fowler (1982) CEP

Pentreath & Fowler (1979) Z00,BIV

a: consult Table II for key to general categories of organisms
reported in this table

APPENDIX C C-5 BIOLOGICAL HALF-LIVES
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APPENDIX D

Radionuclide Index

This index is provided as a guide to some general categories
of marine radioecological literature for each of the
radionuclides considered in this review. The index is organized
as an outline with the following format: ’

N. Nuclide
N.l Concentration factor and/or biological half-life data
N.l.1l Laboratory work
N.1l.2 1In situ work
N.2 1In situ concentration data
N.3 Review articles
N.4 Miscellaneous work

Category N.l represents material which is the prime focus of this
review, concentration factor (CF) and biological half-life (BHL)
data collected through laboratory experimentation (N.1l.l1) and
through field observation (N.l.2). The remaining categories
provide a means of classifying literature that while not
providing CF or BHL data, may be of interest. The following
defines these categories:

N.2 1In situ concentration data: these works report measurements
of radionuclide concentrations in marine organisms collected in a
variety of environmental situations. Notes are provided for each
reference regarding geographic location.

N.3 Review articles: these works do not present original data,
but do provide an overview, analysis, and discussion of relevant
marine radioecological issues using previously published data.

N.4 Miscellaneous work: this category is for literature which
is not directly applicable to the problem of predicting
radionuclide concentrations in marine organisms. Notes briefly
describe the work presented in each reference.
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1.1

2.1

1. Carbon-14

C-14 Concentration factor and/or biological half-life data
1.1.1 C-14 Laboratory work
Ivanov (1972)
l1.1.2 C-14 In situ work
C-14 In situ concentration data
C-14 Review articles
Lowman et al. (1971)
Mauchline and Templeton (1964)
Miller (1983)
Woodhead (1973)
C-14 Miscellaneous work
Baxter (1983): Background concentrations in sediments and
sea water
Crossland and Barnes (1977): lab study of uptake by coral
De Vries (1958): investigation of isotopic ratios in
Mytilus from Dutch Waddenzee
Knutson and Buddemeier (1973): in situ coral growth rates
2. Iron-55
Fe-55 Concentration factor and/or biological half-life data
2.1.1 Fe=55 Laboratory work
Jennings and Fowler (1980)
2.1.2 Fe-55 In situ work
Bernhard et al. (1972)
Fe-55 In situ concentration data
Beasley et al. (1971): East and West Coasts, USA
Held (1971): Pacific
Jennings (1968): Pacific near Columbia River
Jennings (1977): East Pacific
Jennings (1978): §S. Pacific
Lowman (1958): Bikini and Eniwetok
Lowman (1960): Eniwetok
Lowman (1963): Eniwetok

Lowman et al. (1957): Edna Island and Eniwetok
Palmer and Beasley (1967): NW Pacific coast of USA
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Fe-55 In situ concentration data, continued

Saiki (1958): Pacific

Seymour (1959): Bikini and Eniwetok

Sholkovitz et al. (1983): Buzzards bay

Tozawa (1960): Bikini and Eniwetok

Tsuruga (1965): Japanese coast

Welander (1958): Rongelap and Ailinginae

Welander (1969): Bikini and Eniwetok

Wolfe and Jennings (1973): Trent/Neuse River Estuaries,

North Carclina, USA
Fe-55 Review articles

Burton (1965)

Ichikawa (1961)

Jinks and Eisenbud (1972)
Lowman et al. (1971)

Luoma (1983)

Mauchline and Templeton (1964)
Patel (1975)

Patzer (1976)

Pentreath (1977)

Preston (1974)

Preston and Jefferies (1969)
Preston et al. (1971)
Robertson (1971)

Woodhead (1973)

Fe-55 Miscellaneous work

Kawashim et al. (1983): stable element concentrations for seaweeds

Livingston and Anderson (1983): specific activities and
fluxes for sediment trap and water column samples

Martin (1974): stable element CF's for a crab

Martin (1975): stable element CF's for a crab

Miramand and Guary (1980): stable element concentrations in
Mediterranean water and octopus

Nishiwaki et al. (1965): laboratory study of Kd's for
suspended particulate

Phillips (1977): review of stable element concentrations in
marine water, sediments, and organisms

Preston (1968): although Fe-55 mentioned in paper, this
study primarily concerned with methods of control-
ling Zn-65 pollution in oysters

Ryndina (1976): study of concentrations in algal
polysaccharides from the Ukranian coast
Saenko et al. (1976): stable element concentrations and

CF's in 16 species of seaweed from the Sea of Japan
Szefer et al. (1985): stable element concentrations in
plankton from the Baltic Sea
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3.1

3. Cobalt-60
Co-60 Concentration factor and/or biological half-life data
3.1.1 Co-60 Laboratory work

Amiard-Triquet (1975)
Amiard-Triquet and Amiard (1976b)
Avio et al. (1976)
Baptist et al. (1970)
Bonotto et al. (1978)
Bonotto et al. (1981)
Cranmore and Harrison (1975)
Evans (1982)

Harrison (1973)

Hiyama (1962)

Hiyama and Khan (1964)
Ivanov (1972)

Kirchman et al. (1977)
Kuenzler (1969)

Martin (1958)

Nakahara et al. (1975)
Nakahara et al. (1979a)
Nakahara et al. (1979b)
Nakahara et al. (1982)
Nishiwaki et al. (1981)
Phillips et al. (1958)
Shimizu et al. (1970)
Triquet (1973)

Ueda et al. (1977)

Van Weers (1973)

Van Weers (1975)

3.1.2 Co-60 In situ work

de Franceschi et al. (1976)
Bernhard et al. (1972)
Harrison et al. (1976)

Hess et al. (1977)

Jenkins (1969)

Nilsson et al. (1981)

Patel et al. (1978)

Ueda et al. (1985)

Co-60 In situ concentration data

Bernhard et al. (1972): coastal Italy

Bhat et al. (1981): Bombay Harbor, India

Buyanov and Boyko (1972): 1location not given

Cohen et al. (1985): Enewetak

de Franceschi (1974): Tyrrhenian and AdriaticSeas,
Mediterranean

Dunning (1957): Marshall Islands

Feldt et al. (198l1): NEA Atlantic Dumpsite

Feldt et al. (1985): NEA Atlantic Dumpsite
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Co-60 In situ concentration data, continued

Folsom and Young (1965): California coast, USA

Harrison et al. (1975): Humboldt Bay, California, USA

Held (1971): Bikini

Hodge et al. (1973): Pacific

Hunt (1979): Windscale, coastal England

Krygier and Pearcy (1977): Pacific near Columbia River, USA

Lowman (1958): Bikini and Eniwetok

Lowman (1960): Eniwetok

Lowman (1963): Eniwetok

Lowman et al. (1957): Edna Island and Bikini

Mattsson et al. (1980): Barsebak Nuclear Power Plant,
Sweden

McMurtry et al. (1985): Enewetak sediments

Mitchell (1971): Windscale, coastal England

Mitchell (1975): Windscale, coastal England

Noshkin et al. (1975): Bikini

Patel et al. (1973): Tarapur Nuclear Power Plant, India

Pearcy and Vanderploeg (1973): Oregon coast, USA

Polikarpov (1970): Black Sea, NW Pacific and coastal Japan

Preston (1974): Windscale, coastal England

Seymour (1959): Bikini and Eniwetok

Seymour (1963): Guam, Palau and Gulf of Siam, Pacific

Sjoblom and Ojala (1981): Gulf of Finland

Spies et al. (1981): Eniwetok
Thomas et al. (1956): Guam, Saipan, Yap, Ulithi and Palau,
Pacific

Tsuruga (1965): coastal Japan

Ueda et al. (1980): Urazoko Bay Nuclear Power Plant, Japan
Weiss and Shipman (1957): Marshall Islands

Welander (1958): Rongelap and Ailinginae, Pacific
Welander (1967): Bikini and Eniwetok

Welander (1969): Bikini and Eniwetok

Welander et al. (1967): Bikini and Eniwetok

Young and Folsom (1963): California coast, USA

Young and Folsom (1973): Pacific near Columbia River, USA

Co-60 Review articles

Amiard and Amiard-Triquet (1980)
Aten (1961)

Burton (1965)

Fukai and Murray (1973)

Ichikawa (1961)

Jinks and Eisenbud (1972)

Lowman et al. (1971)

Luoma (1983)

Mauchline and Templeton (1964)
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Co-60 Review articles, continued

Nishikawa and Larsen (1975)
Patel (1975)

Pentreath (1975)

Pentreath (1977)

Petrocelli et al. (1977)
Polikarpov (1966)
Polikarpov et al. (1967):
Preston and Jefferies (1969)
Preston et al. (1971)
Shimizu (1975)

Woodhead (1973)

Co-60 Miscellaneous work

Amiard and Amiard-Triquet (1979): lab study of accumulation
and elimination with data reported graphically as
percent distribution of activity in organs, tissues, etc.

Amiard-Triquet (1975): short review article that reports
sediment Kd's and concludes that nuclides sorbed on
alginic acid pass through gut of sediment-feeders
because they lack alginase

Amiard-Triquet and Amiard (1974): lab study of food <chain
transfer

Amiard-Triquet and Amiard (1975): 1lab study of food chain
transfer

Amiard-Triquet and Amiard (1976a): lab study of distribution
of activity in organs and tissues

Aston and Duursma (1973): lab study of sediment Kd's

Blaylock and Witherspoon (1978): bioaccumulation factors
for salt water plants, invertebrates and fish are
reported without discussion of their source of data or
method of calculation

Chakravarti et al. (1964): analytical methods and water
concentrations from near Christmas Island, Pacific coast,
USA

Dahlgaard (1979): study combines lab and in situ work to
predict seaweed concentrations as function of
concentration in Swedish nuclear power plant effluent

Doi et al. (1980): presents a biological transport model
along with concentration factors without discussion of
their source

Duursma (1970): sediment Kd's

Duursma et al. (1975): lab study of distribution between
components (water, sediment, diatoms) of a microcosm

APPENDIX D D-6 RADIONUCLIDE INDEX



Co-60 Miscellaneous work, continued

Fukai (1968): stable cobalt concentrations in seaweeds,
polychaetes, crustaceans, molluscs, echinoderms, and fish

Fukai aif Ballestra (1975): laboratory intercalibration
study

Gremov and Spitsyn (1974b): 1lab study of accumulation by
algae (in Russian)

Gromov {(1976b): sediment Kd's

Hess et al. (1975): an abbreviated version of Hess et al.
({1977)

Ishibashi et al. (1964): stable cobalt concentrations in
seaweeds

Kawashim et al. (1983): stable element concentrations for
seaweeds

Koyanagi (1980): 1lab study of organ and tissue distribution
in fish following an oral dose

Lowman and Ting (1973): although Co-60 is mentioned in the
abstract, Co-57 and Co-58 were used in uptake experiment

Martin (1975): stable element CF's for a crab

Nakahara and Cross (1978): 1lab study of food chain transfer

Nakahara and Shimizu (1985): lab study of Co-binding sites
in an octopus' branchial heart

Nakamura et al. (1972): a study of Co-60 loss from
biological samples following ashing

Nakamura et al. (1977): study of distribution between
water, sediment and seaweed in a laboratory microcosm

Nakamura et al. (1979): 1lab study of accumulation and loss
in 5 seaweed extracts and residue

Nicholls (1959): results of spectrographic analysis of ten
species of zooplankton

Nishiwaki et al. (1965): concentration factors for
suspended particulates

Olsen et al. (1980): study of fine sediment transport and

accumulation patterns in Barnegat Bay, New Jersey and
adjacent shelf waters using radionuclides as tracers

Olsen et al. (1981): reports sediment profiles from Hudson
River estuary and discusses sources (including Indian Point)

Phillips (1977): review of stable element concentrations in
marine water, sediments and organisms

Presnyakova et al. (1974): stable element concentrations in
10 species of seaweed from the Sea of Japan

Preston (1968): although Co-60 mentioned, study primarily
concerned with methods of controlling Zn-65 pollution in

oysters

Preston and Dutton (1970): analytical methods and
concentration factors for stable cobalt

Saenko et al. (1976): stable element concentrations and

CF's in 16 species of seaweed from the Sea of Japan
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4.1

5.1

Co-60 Miscellaneous work, continued

Suzuki et al. (1979): lab study of uptake and loss, data
presented as percent distribution of activity in organs
and tissues; CF's reported for food only (a commercial
paste)

Suzuki et al. (198l1): 1lab study of Co-60 binding to fish
protein to gain further information on the radionuclide's
biochemical behavior

Szefer et al. (1985): stable element concentrations in
plankton from the Baltic Sea

4. Nickel-63
Ni-~63 Concentration factor and/or biological half-life data
4.1.1 Ni-63 Laboratory work
4.1.2 Ni-63 In situ work
Ni-63 In situ concentration data

Beasley and Held (1969): Pacific Coast, USA; Atlantic
Coast, USA and Pacific proving grounds

Koide and Goldberg (1985): concentrations in marine
organisms, sediment, and water from various locations

Ni-63 Review articles
Patzer (1976)
Ni-63 Miscellaneous work

Nicholls (1959): results of spectrographic analysis of ten
species of zooplankton

Szefer et al. (1985): stable element concentrations in
plankton from the Baltic Sea

5. Strontium, Yttrium-90
Sr,¥-90 Concentration factor and/or biological half-life data
5.1.1 Sr,Y¥Y-90 Laboratory work

Argiero et al. (1966)

Boroughs et al. (1958)

Hampson (1967)

Hiyama and Shimizu (1964)

Ivanov (1972)

Lear and Oppenheimer (1962)

Martin (1958)

Polikarpov (l196la)

Polikarpov (196lc): data not yet in system because
translation is needed
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5.1.1 Sr,Y¥-90 Laboratory work, continued

Polikarpov (1964)

Rice (1956)

Rice et al. (1965)

Ryndina (1972)

Ryndina (1976)

Ryndina and Polikarpov (1974)
Shekhanova and Pechkurenkov (1968)
Spooner (1949)

Templeton (1959)

Tolkach and Gromov (1976)
Townsley (1967)

5.1.2 8Sr,Y-90 In situ work

Agnedal et al. (1958)
Bernhard et al. (1972)
Danckwerte (1956)
Kurabayashi et al. (1980)
Mauchline (1963)
Pentreath et al. (1973)
Polikarpov (1961b)

Salo (1980)

Schreiber (1967)

Tassi Pelati and Triulzi (1969)
Ueda et al. (1975)

Yamato et al. (1977)

Sr,Y¥-90 In situ concentration data

Bakunov and Garanina (1976): Caspian Sea

Dunning (1957): Marshall Islands

Feldt (1966a): Windscale, North Sea

Feldt (1966b): German coastal waters

Feldt et al. (1985): NEA Atlantic Dumpsite

Fukai et al. (1962): coastal Japan

Livingston et al. (1985): Denmark Strait, North Atlantic

Lowman (1958): Bikini and Eniwetok

Lowman (1960): Eniwetok

Lowman (1963): Eniwetok

Lowman et al. (1957): Bikini and Eniwetok

Mauchline and Taylor (1964): Windscale, coastal England .

Mitchell (1971): Windscale, coastal England

Mitchell (1975): Windscale, coastal England

Montesinos and de los Santos (1981): Mediterranean and
Caribbean Seas

Nagasawa et al. (1959): Bikini and Eniwetok

Nakahara et al. (1980): coastal Japan
Nakai et al. (1960): coastal Japan
Ortins de Bettencourt et al. (1980): coastal Portugal, near

NEA dumpsite

Parchevskiy et al. (1972): Black Sea, Atlantic, Indian
Ocean

Parchevskiy and Sokolova (1972a): Red Sea

APPENDIX D D-9 RADIONUCLIDE INDEX



Sr,Y¥-90 In situ concentration data, continued

Parchevskiy and Sokolova (1972b): World-wide

Patel et al. (1978): Bombay Harbor, India

Patel et al. (1979): Bombay Harbor, India

Payton et al. (1977): Gulf of Mexico

Pillai et al. (1975): Bombay Harbor, India

Pillai and Mathew (1976): Bombay Harbor, India

Polikarpov and Zaitsev (1970): Gulf of Mexico and Caribbean
Sea

Robison et al. (1981): Marshall Islands

Saiki (1958): Pacific

Shulert (1962): coastal Alaska, USA

Sjoblom and Ojala (1981): Gulf of Finland

Thomas et al. (1956): Guam, Yap (Pacific)

Tozawa (1960): Bikini, Eniwetok

Welander (1958): Rongelap and Ailinginae (Pacific)

Welander (1967): Bikini and Eniwetok

Welander (1969): Bikini and Eniwetok

Welander et al. (1967): Bikini and Eniwetok

Sr,Y-90 Review articles

Aten (1961)

Bernhard (1968)

Boroughs et al. (1957)

Bryan et al. (1966)

Burton (1965)

Cherry and Shannon (1974)
Fukai (1964)

Ichikawa (1961)

Jinks and Eisenbud (1972)
Mauchline and Templeton (1964)
Miller (1983)

Noshkin (1972)

Patel (1975)

Patzer (1976)

Pentreath (1975)

Pentreath (1977)

Petrocelli et al. (1979)
Polikarpov (1966)

Polikarpov (1970)

Polikarpov (1973)

Polikarpov and Bachurin (1970)
Polikarpov et al. (1967)
Preston (1974)

Preston and Jefferies (1969)
Rice (1965)

Tassi Pelati and Triulzi (1972)
Templeton (1961)
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Sr,Y-90 Review articles, continued

Templeton (1965)
Woodhead (1973)

Sr,Y¥-90 Miscellaneous work
Bagenal et al. (1973): stable Sr content of trout scales

Baxter and Aston (1983): data summary for radionuclides with
critical pathways through seaweed

Beasley et al. (1970): concentrations in commercial fish
protein concentrates
Brown (1962): lab work conducted under freshwater

conditions using salmon and trout

Chakravarti and Eisler (1959): concentrations in a land
crab at Rongelap Atoll

Chakravarti and Eisler (1961): concentrations in a land
crab on several of the Marshall Islands

Chakravarti et al. (1963): water concentrations from
Pacific and Arctic Oceans

Corcoran and Kimble (1963): lab study of preferential
uptake of ¥Y-90 vs. Sr-90 using phytoplankters

Doi et al. (1980): a biotransport model is described and
concentration factors given without discussion of source

Feldt (1962): concentrations in freshwater fish of North
Germany

Fretter (1953): autoradiography used to trace movement in a
bivalve

Fukai and Ballestra (1975): laboratory intercalibration
study

Fukai et al. (1974): water concentrations in the

Mediterranean down to 2000m

Hiyama and Ichikawa (1957): lab study of effects of
salinity on accumulation

Ivanov (1967): 1lab study of radiosensitivity of fish eggs

Kawashim et al. (1983): stable element concentrations for
seaweeds

Knutson and Buddemeir (1973): in situ study of coral growth
rates using specific activity

Kupferman et al. (1979): an extensive treatment of water
concentrations available for the NW Atlantic

Livingston and Anderson (1983): specific activities and
fluxes for sediment trap and water column samples

Martin (1974): stable element CF's for a crab

Martin and Goldberg (1962): lab study of distribution in
fish following dose

Moore et al. (1973): in situ study of coral growth rates

Nelson (1972): lab study of radiosensitivity of oyster
larvae

Parker et al. (1961): a study of the hazards associated
with a serious nuclear accident in an estuary
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6.1

Sr,Y¥-90 Miscellaneous work, continued

Ryndina (1973): 1lab study of accumulation in live and dead
seaweed; although concentration factors are discussed,
none are reported

Templeton (1970): Windscale data are fit to regressions
which predict seaweed concentrations given effluent
concentrations

Vaughan (1970): presents a model of Sr-90 contamination in
fish

Wong et al. (1974): concentrations in water and sediment
around Bikini and Eniwetok

6. Zirconium-93

Zr-93 Concentration factor and/or biological half~-life data

6.1.1 2Zr-93 Laboatory work

6.1.2 2r-93 In situ work

Zr-93 In situ concentration data

Zr-93 Review articles

Patzer (1976)

2r-93 Miscellaneous work

7. Niobium-93m
Nb-93m Concentration factor and/or biological half-life data
7.1.1 Nb-93m Laboratory work
7.1.2 Nb-93m In situ work
Nb-93m In situ concentration data
Nb-93m Review articles
Patzer (1976)

Nb-93m Miscellaneous work
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8.1

8. Technetium-95m
Tc-95m Concentration factor and/or biological half-life data
8.1.1 Tc-95m Laboratory work

Aston and Fowler (1984a)
Beasley (1981)

Beasley et al. (1982a)
Beasley et al. (1982b)
Conversi (1985)

Fisher (1982)

Fowler et al. (1981)
Fowler et al. (1983)
Masson et al. (1981)
Pentreath (1981)

Spies (1975)

Swift (1985)

8.1.2 Tc-95m In situ work

Tc-95m In situ concentration data
Tc-95m Review articles

Beasley and Vorz (1985)

Tc-95m Miscellaneous work

Goudard et al. (1985): study of subcellular distribution in
a seastar

9. Technetium-99
Tc-99 Concentration factor and/or biclogical half-life data
9.1.1 Tc-99 Laboratory work
9.1.2 Tc-99 In situ work
Tc-99 In situ concentration data

Dutton and Ibbet (1973): Windscale, coastal England

Hunt (1979): Windscale, coastal England

Jeanmarie et al. (1981): La Hague Reprocessing Plant,
coastal France

Koide and Goldberg (1985): concentrations in marine
organisms, sediment, and water from various locations

Masson et al. (198l1): La Hague, coastal France

Patti et al. (1980): La Hague, coastal France

Pentreath (1980): Windscale, coastal England

Pentreath (198l1): Windscale, coastal England
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10.1

10.2

10.3

10.4

11.1

11.2

Tc~99 Review articles

Beasley and Vorz (1986)
Gromov (1976a)
Wildung et al. (1979)

Tc-99 Miscellaneous work

Baxter and Aston (1983): data summary for radionuclides
with critical pathways through seaweed

Gearing et al. (1975): study determines effect of Tc-99 on
growth rate of microorganisms; uptake measured as % Tc
taken up

Gromov (1976b): Kd's for red clay, diatomic ooze and
carbonate deposits

Gromov and Spitsyn (1974a): 1lab study of accumulation by
algae, but no CF or BHL

Gromov and Spitsyn (1974b): same as Gromov and Spitsyn

(1974a)

Masson et al. (1983): activity of nuclides of the French
coast

Shukla et al. (1983): the use of technetium-99 in nuclear
medicine

10. Rhodium-102m
Rh-102m Concentration factor and/or biological half-life data
10.1.1 Rh-102m Laboratory work
10.1.2 Rh-102m In situ work
Rh-102m In situ concentration data
Noshkin (1975): Bikini
Rh-102m Review articles

Rh-102m Miscellaneous work

11, Tin-126
Sn-126 Concentration factor and/or biological half-life data
11.1.1 Sn-126 Laboratory work
11.1.2 Sn-126 In situ work
Sn-126 In situ concentration data

Koide and Goldberg (1985): concentrations in marine
organisms, sediment, and water from various locations
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11.3

11.4

12.1

12,2

12.3

12.4

13.1

Sn-126 Review articles

Sn-126 Miscellaneous work"

12. JIodine-129

I-129 Concentration factor and/or biological half-life data

12.1.1 I-129 Laboratory work

12.1.2 I-129 In situ work

I-129 In situ concentration data

I-129 Review articles

Jinks and Eisenbud (1972)

Mauchline and Templeton (1964)

Miller (1983)
Patzer (1976)

I-129 Miscellaneous work

Kawashim et al. (1983):
seaweeds

stable

element concentrations for

13. Cesium-134

Cs-134 Concentration factor and/or biological half-life data

13.1.1 Cs-134 Laboratory

Bologa and Balaban (1981)

work

Bologa et al. (1983)
Bonotto et al. (1978)
Bonotto et al. (1981)

Bryan (1961)
Bryan (1963a)
Bryan (1965)
Dahlgaard (1981)
Evans (1982)
Hiyama (1981)

Hiyama & Shimizu (1964)

Jefferies & Hewett (1964)

Morgan (1964)
Scott (1954)

13.1.2 Cs-134 In situ work

Hess et al. (1977)

Pentreath et al. (1973)
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13.2

13.3

13.4

14.1

Cs-134 In situ concentration data

Bhat et al. (1981): Bombay Harbor, India

Devell et al. (198l1): Baltic Sea, Studsvik Nuclear Power
Plant, Sweden

Hunt (1979): Windscale, coastal England

Mitchell (1971): Windscale, coastal England

Mitchell (1975): Windscale, coastal England

Mitchell (1977): Windscale, coastal England

Wrenn et al. (1973): Hudson River estuary, USA

Cs-134 Review articles

Bernhard (1968)

Jinks and Eisenbud (1972)
Luoma (1983)

Miller (1983)

Patel (1975)

Patzer (1976)

Pentreath (1975)

Pentreath (1977)

Preston and Jefferies (1969)
Zattera et al. (1975)

Cs-134 Miscellaneous work

Aarkrog (1980a): water concentrations in inner Danish
coastal waters; apparently related to Windscale effluent

Aston and Stanners (1979): ratios of Cs-134/Cs-137 in
sediment cores and their discharge patterns from
Windscale used to determine net sedimentation rates

Blaylock and Witherspoon (1978): biocaccumulation factors
for salt water plants, invertebrates and fish are
reported without discussion of their source

Fukai and Ballestra (1975): laboratory intercalibration

study

Hess et al. (1975): an abbreviated version of Hess et al.
(1977)

Kawahim et al. (1983): stable element concentrations for
seaweeds

Olsen et al. (1980): study of fine sediment transport and
accumulation patterns in Barnegat Bay, New Jersey and
adjacent shelf waters using radionuclides as tracers

Olsen et al. (1981): reports sediment profiles from Hudson
River estuary and discusses sources (including Indian Point)

Santschi et al. (1983): mobility of nuclides in artificial
microcosm tanks and in Narragansett Bay

14. Cesium-135
Cs-135 Concentration factor and biological half-life data

14.1.1 Cs-135 Laboratory work
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14.1.2 Cs=-135 In situ work
14.2 Cs-135 In situ concentration data
14.3 Cs-135 Review articles

Jinks and Eisenbud (1972)
Luoma (1983)
Patzer (1976)

14.4 Cs-135 Miscellaneous work

Kawashim et al. (1983): stable element concentrations for
seaweeds

15. Cesium-137
15.1 Cs-137 Concentration and biological half-life data
15.1.1 Cs=-137 Laboratory work

Amiard-Triquet (1975)

Ancellin and Vilquin (1968)

Argiero et al. (1966)

Avargues et al. (1968)

Avio and Lenzerini (1963)

Baptist and Price (1962)

Bonotto et al. (1981)

Boroughs et al. (1957)

Bryan (1963a)

Bryan (1963b)

Bryan (1965)

Bryan and Ward (1962)

Chipman (1959)

Cranmore and Harrison (1975)

Fowler et al. (1971)

Folsom et al. (1969)

Fraizier and Vilquin (1971)

Gutknecht (1965)

Harrison (1973)

Hewett and Jefferies (1978)

Ivanov (1972)

Kimura (1984)

Lemee et al. (1970)

Martin (1958)

Patel et al. (1978)

Polikarpov (196la)

Polikarpov (1961lc): data not yet in system because
translation is needed

Polikarpov (1964)

Price (1965)

Rice et al. (1972)

Ryndina (1972)

Styron et al. (1976)
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15.1.2 Cs~-137 In situ work

Suzuki et al. (1978)

Tolkach et al. (1975)

Ueda et al. (1977)

Ueda et al. (1978)

Wolfe and Coburn (1970)
Bakunov (1974)

Bernhard et al. (1972)

Broom et al.(1975)

de Franceschi et al. (1974)
Dougherty and Ng (1982)

Gilat et al. (1975)

Harrison et al. (1976)

Hess et al. (1977)

Jenkins (1969)

Mauchline (1963)

Nilsson et al. (1981)

Patel et al. (1975)

Patel et al. (1979)

Pentreath and Jefferies (1971)
Pentreath et al. (1973) ,
Strogonov and Lisachenko (1969)
Ueda et al. (1985)

15.2 Cs-~137 In situ concentration data

Angino et al. (1965): Gulf of Mexico

Bakunov and Garanina (1976): Caspian Sea

Beasley et al. (1971): East and West coasts, USA

Bhat and Kamath (1972): Tarapur Atomic Power Station,
Bombay Harbor, India

Bhat et al. (1981): Bombay Harbor, India

Cohen et al. (1985): Enewetak

Devell et al. (1981): Baltic Sea, Studsvick Nuclear Power
Plant, Sweden

Domanov and Poyarkov (1984): Tropical Atlantic and Pacific

Druffel et al. (1984): North Central Pacific sediments

Dunning (1957): Marshall Islands

Feldt (1966a): North Sea

Feldt (1966b): German coastal waters

Feldt et al. (198l1): NE Atlantic, NEA dumpsite

Feldt et al. (1985): NEA Atlantic Dumpsite

Folsom and Young (1965): California coast, USA

Fukai and Yamagata (1962): coastal Japan

Harrison et al. (1975): Humboldt Bay, California, USA

Held (1971): Bikini

Hodge et al. (1973): Pacific

Hunt (1979): Windscale, coastal England

Jeandel et al. (1980): Estuaries of France

Kujala et al. (1969): NE Pacific near Columbia River

Kurabayashi et al. (1980): coastal Japan

Livingston et al. (1985): Denmark Strait, North Atlantic
Lowman (1958): Bikini and Eniwetok

Lowman (1960): Eniwetok
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15.2

15.3

Cs-137 In situ concentration data, continued

Lowman (1963): Eniwetok

Lowman et al. (1957): Edna Island, Eniwetok

Martin (1978): Straits of Malacca, coastal Malaysia

McMurtry et al. (1985): Enewetak sediments

Mitchell (1971): Windscale, coastal England

Mitchell (1975): Windscale, coastal England

Mitchell (1977): Windscale, coastal England

Montesinos and de los Santos (198l1): Mediterranean and
Caribbean Seas

Nakahara et al. (1980): coastal Japan

Noshkin et al. (1975): Bikini

Noshkin et al. (1978): Farallon Islands

Noshkin et al. (1979): Kwajalein

Ortins de Bettencourt et al. (1980): Portuguese coast
Patel et al. (1973): Tarapur Atomic Power Station, Bombay

Harbor, India

Pearcy and Vanderploeg (1973): Oregon coast, USA

Pentreath et al. (1980): Windscale, Irish Sea

Pillai and Mathew (1976): Bombay Harbor, India

Pillai et al. (1975): Trombay Fuel Reprocessing, Bombay
Harbor, India

Robison et al. (1981): Marshall Islands

Salo (1980): Loviisa Power Plant, Baltic Sea, Sweden

Samuels et al. (1970): Arctic Ocean

Schelske (1973): North Carolina estuary, USA

Seymour (1959): Bikini and Eniwetok

Sholkovitz et al. (1983): Buzzards bay

Sjoblom and Ojala (1981): Gulf of Finland

Spies et al. (1981): Eniwetok

Welander et al. (1967): Bikini and Eniwetok

Wolfe (1971): Trent/Neuse River estuary, North Carolina,
USA

Wrenn et al. (1973): Hudson River estuary, USA

Yamamoto et al. (1984): Ny Bay, Japan

Young et al. (1975): Pacific off California, USA

Cs-137 Review articles

Aten (1961)

Bernhard (1968)

Bryan et al. (1966)

Gromov (1976)

Ichikawa (1961)

Jinks and Eisenbud (1972)
Kautsky and Murray (1981)
Luoma (1983)

Mauchline and Templeton (1964)
Nishikawa and Larsen (1975)
Noshkin (1972)

Patel (1975)

Patzer (1976)

Pentreath (1975)

Pentreath (1977)
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15.3

15.4

Cs=-137 Review articles, continued

Pentreath and Fowler (1979)
Petrocelli et al, (1977)
Polikarpov (1966)
Polikarpov (1972)
Polikarpov (1973)
Polikarpov et al. (1967)
Preston (1974)

Preston and Jefferies (1969)
Preston et al. (1971)
Templeton (1961)

Templeton (1965)

Thomann (1981)

Vilgquin and Fowler (1975)
Woodhead (1973)

Cs-137 Miscellaneous work

Aarkrog (1980a): a study of transport time for Windscale
wastes to inner Danish waters

Amiard-Triquet (1975): short review article that reports
sediment Kd's and concludes that nuclides sorbed on
alginic acid pass through gut of sediment-feeders
because they lack alginase

Aston and Duursma (1973): 1lab study of Kd's for sediment
and suspended particulates

Aston and Stanners (1979): ratios in sediment cores and
their discharge patterns from Windscale used to
determine net sedimentation rates

Beasley et al. (1970): concentration in commercial fish

protein concentrates

Blaylock and Witherspoon (1978): bioaccumulation factors
for salt water plants, invertebrates and fish are
reported without discussion of source

Chakravarti and Held (1960): concentration in a land crab
from Marshall Islands

Doi et al. (1980): work describes a biotransport model and
reports concentration factors without discussion of
their source

Duursma et al. (1975): study of distribution between water,
sediment and algae in a lab microcosm

Elwood and Eyman (1976): work describes a model which .
predicts Cs-137 flux in a freshwater fish (blue gill)

Fukai and Ballestra (1975): lab intercalibration study

Fukai et al. (1974): water concentrations in the
Mediterranean down to 2000m

Fukai et al. (1979): water concentrations in the
Mediterranean down to 2000m

Gustafson (1967): concentrations in fish from Chicago
markets

Harvey (1969): 1lab study of temperature effects on sorption
by a blue~green alga

Hess et al. (1975): an abbreviated version of Hess et al.
(1977)

APPENDIX D D-20 RADIONUCLIDE INDEX



15.4 Cs-137 Miscellaneous work, continued

Jeandel et al. (1980): radionuclide activity at the Seine
and Gironde

Kawashim et al. (1983): stable element concentrations for
seaweeds

Kupferman et al. (1979): extensive treatment of water
concentration data available for the NW Atlantic

Lemee et al. (1970): 1lab study of food chain transfer from
labeled bivalve tissue to a shrimp species

Livingston and Anderson (1983): specific activities and
fluxes for sediment trap and water column samples

Livingston et al. (1977): Pu-239,240/Cs-137 ratios in
Mediterranean sediments

Masson et al. (1983): activity of nuclides of the French
coast

Mauchline and Taylor (1964): 1lab study of accumulation by
thornback ray

Nakamura et al. (1972): study of loss from biological
samples following ashing

Nakamura et al. (1977): study of distribution between
water, sediment and algae in a laboratory microcosm

Nakamura et al. (1979): concentrations in 5 seaweed
extracts and residue

Olsen et al. (1980): study of fine sediment transport and
accumulation patterns in Barnegat Bay, New Jersey and
adjacent shelf waters using radionuclides as tracers

Olsen et al. (198l): reports sediment profiles from Hudson
River estuary and discusses sources (including Indian
Point), USA

Parker et al. (196l1): a study of the hazards associated
with a serious nuclear accident in an estuary

Patel et al, (1978}): study of Cs-137 concentrations in
Bombay Harbor sediments

Pentreath (1973): work presents some mathematical
expressions for uptake and elimination by fish

Preston (1968): although Cs-137 is mentioned, work is
primarily concerned with methods for controlling Zn-65
pollution of oysters

Simek et al. (1969): gamma spectra for Sargassum from the
Gulf of Mexico and N. Atlantic

Suzuki et al. (1979): 1lab study of uptake and loss; data
presented as percent distribution of activity in organs
and tissues, CF's reported only for food (a commercial
paste)

Suzuki et al. (1981): 1lab study of Cs-137 binding to fish
protein to gain further information on the
radionuclide's biochemical behavior

Ueda et al. (1981): 1lab study of accumulation with data
reported as concentrations only

Wolfe and Schelske (1969): gamma spectra for bivalve
tissues from the Trent/Neuse River estuary, North
Carolina, USA
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l6.1

l16.2

16.3

l16.4

17.1

17.2

16. Europium-155
Eu-155 Concentration factor and biological half-life data
16.1.1 Eu-155 Laboratory work
16.1.2 Eu-155 In situ work
Eu-155 In situ concentration data

Cohen et al. (1985): Enewetak

McMurtry et al. (1985): Enewetak sediments
Noshkin et al. (1975): Bikini

Schreiber (1967): Mediterranean

Spies et al. (198l1): Eniwetok

Tassi Pelati and Triulzi (1969): coastal Italy

Eu-155 Review articles

Tassi Pelati and Triulzi (1972)
Woodhead (1973)

Eu-155 Miscellaneous work

Kawashim et al. (1983): stable element concentrations for
seaweeds

17. Lead-210
Pb-210 Concentration factor and biological half-life
17.1.1 Pb-210 Laboratory work
Fisher et al. (1983a)
17.1.2 Pb-210 In situ work

Guary et al. (1981)
Heyraud and Cherry (1979)
Kharkar et al. (1976)

Pb-210 In situ concentration data

Bacon et al. (1985): the deep (3200 m) Sargasso Sea

Beasley (1969): Oregon coast, USA

Beasley et al. (1971): East and West coast, USA

Beasley et al. (1973): Puget Sound, Strait Juan de Fuca,
Washington coast, USA

Beasley et al. (1978): Mediterranean Sea

Beasley and Palmer (1966): California coast, USA

Buesseler et al. (1985): northeast U.S.A.

Cherry and Heyraud (1981): Mediterranean Sea, northeast
coast USA, northwest coast USA, coastal Kuwait, and
coastal S. Africa
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17.2 Pb-210 In situ concentration data, cont.

Feldt et al. (1985): NEA Atlantic Dumpsite

Heyraud and Cherry (1983): Mediterranean Sea

Holtzman (1969): NE Pacific near Columbia River

Li et al. (1985): Caribbean sediments

Noshkin et al. (1975): Bikini

Noshkin et al. (1984): Bikini and Enewetak

Schell et al. (1973): Puget Sound, Washington coast, USA

Shannon et al. (1970): off Cape of Good Hope
Smith et al. (1985): concentration in digestive gland of a
squid

17.3 Pb=-210 Review articles

Lowman et al. (1971)

Luoma (1983)

Mauchline and Templeton (1964)
Miller (1983)

Paschoa et al. (1981)

Patzer (1976)

Pentreath (1984)

Pentreath and Fowler (1979)
Woodhead (1973)

17.4 Pb-210 Miscellaneous work

Baxter (1983): background concentrations in sediments and
seawater

Baxter and Anderson (1983): data summary for radionuclides
with critical pathways through seaweeds

Beasley et al. (1970): concentrations in commercial fish
protein concentrates

Holtzman (1969): concentrations in fish from Atlantic
seafood market

Koide et al. (1975): study of accumulation in sediment off
the California coast, USA

Moore et al. (1972): in situ determination of coral growth

rates

Moore et al. (1973): in situ determination of coral growth
rates

Nicholls (1959): results of spectrographic analysis of ten

species of zooplankton

Phillips (1977): review of stable element concentrations in
marine water, sediments and organisms

Romeo et al. (1985): concentrations in plankton from the
Ligurian Sea

Santschi et al. (1983): mobility of nuclides in artificial
microcosm tanks and in Narragansett

Schell (1977): water concentrations around Bikini and
coastal Washington state; residence times calculated
for several areas
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17.4 Pb-210 Miscellaneous work, cont.

Schultz-Baldes and Lewin (1976): stable lead 1in
phytoplankton

Szefer et al. (1985): stable element concentrations in
plankton from the Baltic Sea

18. Polonium-210
18.1 Po-210 Concentration factor and biological half-life data
18.1.1 Po-210 Laboratory work

Fisher et al. (1983a)
Heyraud and Cherry (1979)
Heyraud et al. (1976)
Zlobin and Mokanu (1970)

18.1.2 Po~-210 In situ work

Guary et al. (1981)
Kharkar et al. (1976): Caribbean Sea
Nevissi and Schell (1975): Bikini and Eniwetok

18.2 Po-210 In situ concentration data

Beasley (1969): Oregon coast, USA

Beasley et al. (1971): East and West coasts, USA

Beasley et al. (1973): Puget Sound, Strait Juan de Fuca,
Washington coast, USA

Beasley et al. (1978): Mediterranean Sea

Beasley and Palmer (1966): California coast, USA

Bacon et al. (1985): the deep (3200 m) Sargasso Sea

Cherry and Heyraud (1981): Mediterranean Sea, NE and NW
coast USA, coastal Kuwait, coastal S. Africa

Cherry and Heyraud (1982): mid-Atlantic Hudson Canyon,
Central Pacific Rockall Trench, Natal

Heyraud and Cherry (1983): Mediterranean Sea

Hodge et al. (1974): California coast, USA

Hodge et al. (1979): California coast, USA

Hoffman et al. (1974): Baja California coast, USA

Holtzman (1969): NE Pacific near Columbia River, USA

Noshkin et al. (1975): Bikini

Noshkin et al. (1984): Bikini and Enewetak

Pentreath et al. (1979): Windscale, coastal England

Pentreath et al. (1980: European coast waters

Schell et al. (1973): Puget Sound, Washington coast, USA

Shannon and Cherry (1967): off Cape of Good Hope

Shannon et al. (1970): off Cape of Good Hope

Smith et al. (1985): concentration in digestive gland of a
squid

Wong et al. (1972): California coast, USA
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18.3 Po-210 Review articles

Cherry et al. (1975)
Cherry and Shannon (1974)
Folsom and Beasley (1973)
Jinks and Eisenbud (1972)
Miller (1983)

Paschoa et al. (1981)
Pentreath (1977)
Pentreath (1984)

Woodhead (1973)

18.4 Po-210 Miscellaneous work

Baxter (1983): background concentrations in sediments and
seawater

Beasley et al. (1970): concentrations in commercial fish
protein concentrates

Blaylock and Witherspoon (1978): biocaccumulation factors
for salt water plants, invertebrates and fish are
reported without discussion of source

Cherry (1964): measured total alpha in plankton and offered
qualitative estimate of percent contribution due to Po-210

Cherry et al. (1979): methodology for detailed study of
natural Po-210 in lobsters

Cherry et al. (1983): enrichment factors for Po-210 and
other elements in oceanic materials

Cowen et al. (1976): in situ study of translocation in
tagged kelp off the California coast, USA

Holtzman (1969): concentrations in fish from a seafood
market on the Atlantic coast of USA

Santschi et al. (1983): mobility of nuclides in artificial
microcosm tanks and in Narragansett

Schell (1977): water concentrations around Bikini and
coastal Washington state; residence times calculated
for several areas

19. Radium-226
19.1 Ra-226 Concentration factor and biological half-life data

19.1.1 Ra-226 Laboratory work

Bonotto et al. (1981)
Pentreath and Fowler (1979)

19.1.2 Ra-226 In situ work

Jenkins (1969)
Szabo (1967)
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19.2

19.3

19.4

Ra-226 In situ concentration data

Edgington et al. (1970): coastal Puerto Rico near nuclear
power plant

Feldt et al. (1981): NE Atlantic near NEA dumpsite

Feldt et al. (1985): NEA Atlantic Dumpsite

Holtzman (1969): NE Pacific near Columbia River, USA

Kharkar et al. (1976): Caribbean Sea

Kirchmann et al. (1974): near nuclear power plant on
Scheldt estuary, North Sea

Knauss et al. (1983): East Pacific and South California
coast

McMurtry et al. (1985): Enewetak sediments

Schreiber (1967): Mediterranean Sea

Shannon and Cherry (1971): off Cape of Good Hope

Tassli Pelati and Triulzi (1969): Mediterranean Sea

Ra-226 Review articles

Aten (1961)

Burton (1965)

Fukai and Ballestra (1975)
Mauchline and Templeton (1964)
Miller (1983)

Paschoa et al. (1981)
Pentreath (1977)

Pentreath (1984)

Pentreath and Fowler (1979)
Pentreath et al. (1980)
Petrocelli et al. (1977)
Preston and Jefferies (1969)
Tassi Pelati and Triulzi (1972)
Woodhead (1973)

Ra-226 Miscellaneous work

Baxter (1983): background concentrations in sediments and
seawater

Blaylock and Witherspoon (1978): bioaccumulation factors
for salt water plants, invertebrates and fish are
reported without discussion of their source

Cherry (1964): total alpha in plankton with a qualitative
estimate of Ra-226 contribution

Holtzman (1969): concentration in fish from a seafood
market on Atlantic coast, USA

Moore et al. (1972): in situ study of coral growth rates

Moore et al. (1973): in situ study of coral growth rates

Santschi et al. (1983): mobility of nuclides in artificial
microcosm tanks and in Narragansett Bay
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20.1

20.2

20.3

20.4

21.1

20. Thorium-228
Th-228 Concentration factor and biological half-life data
20.1.1 Th-228 Laboratory work
20.1.2 Th-228 In situ work
Holm and Persson (1980)
Nilsson et al. (1981)
Pentreath and Fowler (1979)

Th-228 In situ concentration data

Bacon et al. (1985): the deep (3200 m) Sargasso Sea
Cherry et al. (1969): off Cape of Good Hope

Knauss et al. (1983): East Pacific and South California
coast
Th-228 Review articles

Cherry and Shannon (1974)
Fukai and Ballestra (1975)
Paschoa et al. (1981)
Patzer (1976)

Pentreath (1984)

Pentreath and Fowler (1979)
Woodhead (1973)

Th-228 Miscellaneous work

Baxter (1983): background concentrations in sediments and
seawater

Imai and Sakanoue (1973): water concentrations around
coastal Japan

Kawashim et al. (1983): stable element concentrations for
seaweed

Koide et al. (1975): study of accumulation in sediment off

the California coast, USA
Santschi et al. (1983): mobility of nuclides in artificial
microcosm tanks and in Narragansett Bay
21. Thorium-230
Th-230 Concentration factor and biological half-life data

21.1.1 Th-230 Laboratory work

Holm and Persson (1980)
Pentreath and Fowler (1979)

21.1.2 Th-230 In situ work
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21.2 Th-230 In situ concentration data

21.3

21.4

22.1

22.2

Bacon et al. (1985): the deep (3200 m) Sargasso Sea

Knauss et al. (1983): East Pacific and South Californian
coast

Th-230 Review articles

Cherry and Shannon (1974)
Miller (1983)

Paschoa et al. (1981)
Patzer (1976)

Pentreath (1984)

Pentreath and Fowler (1979)
Pentreath et al. (1980)

Th-230 Miscellaneous work

Baxter (1983): background concentrations in sediments and
seawater

Blaylock and Witherspoon (1978): biocaccumulation factors
for salt water plants, invertebrates and fish are
reported without discussion of their source

Imai and Sakanoue (1973): water concentrations around
coastal Japan

Kawashim et al. (1983): stable element concentrations for
seaweeds

22. Thorium=-232
Th-232 Concentration factor and biological half-life data
22.1.1 Th-232 Laboratory work
Pentreath and Fowler (1979)
22.1.2 Th-232 In situ work
Guary et al. (1981)
Holm and Persson (1980)
Kharkar et al. (1976)
Th-232 In situ concentration data
Bacon et al. (1985): the deep (3200 m) Sargasso Sea
Edgington et al. (1970): near nuclear power plant, coastal
Puerto Rico
Knauss et al, (1983): East Pacific and South Californian
coast
Martin (1978): Strait of Malacca, Malaysia

Nilsson et al. (1981): near nuclear power plant, coastal
Denmark and Sweden
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22.3

22.4

23.1

23.2

23.3

Th-232 Review articles

Cherry and Shannon (1974)
Fukai and Ballestra (1975)
Mauchline and Templeton (1964)
Paschoa et al. (1981)

Patzer (1976)

Pentreath (1984)

Pentreath and Fowler (1979)
Preston and Jefferies (1969)

Th-232 Miscellaneous work

Baxter (1983): background concentrations in sediments and
seawater

Imai and Sakanoue (1973): water concentrations around
coastal Japan

Kawashim et al. (1983): stable element concentrations for
seaweeds

Koide et al. (1975): study of accumulation in sediment off
the California coast

23. Uranium-234
U-234 Concentration factor and biological half-life data
23.1.1 U-234 Laboratory work

23.1.2 U-=234 In situ work
Holm and Persson (1980)

U~234 In situ concentration data

Bacon et al. (1985): the deep (3200 m) Sargasso Sea

Hodge et al. (1979): California coast, USA

Knauss et al, (1983): East Pacific and South Californian
coast

Nilsson et al. (1981): near nuclear power plant, coastal
Denmark and Sweden

Pentreath et al. (1980): European coastal waters

U-234 Review articles

Mauchline and Templeton (1964)
Miller (1983)

Patzer (1976)

Paschoa et al. (1981)
Pentreath (1977)

Pentreath (1984)

Woodhead (1973)
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23.4

24.1

24.2

24.3

24.4

U-234 Miscellaneous work

Baxter (1983): background concentrations in sediments and
seawater
Hamilton (1980): report total uranium concentrations in

Mytilus edulis and associated materials from coastal
England, including Windscale

Kawashim et al. (1983): stable element concentrations for
seaweeds

24, Uranium-235
U-235 Concentration factor and biological half-life data
24.1.1 U-235 Laboratory work
24.1.2 U-235 In situ work
U-235 In situ concentration data

Feldt et al. (1985): NEA Atlantic Dumpsite

Holm and Persson (1980): Baltic Sea

Nilsson et al. (1981): near a nuclear power plant, coastal
Denmark and Sweden

Pentreath et al. (1980): European coastal waters

U-235 Review articles

Aten (1961)

Mauchline and Templeton (1964)
Paschoa et al. (1981)

Patzer (1976)

Pentreath (1977)

Pentreath (1984)

Woodhead (1973)

U-235 Miscellaneous work

Baxter (1983): background concentrations in sediments and
sea water

Baxter and Anderson (1983): data summary for radionuclides
with critical pathways through seaweed

Hamilton (1980: report total uranium concentratlons in
Mytilus edulis and associated materials from coastal
England, including Windscale

Kawashim et al. (1983): stable element concentrations for
seaweeds
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25.1

25.2

25.3

25.4

25. Uranium-238

U-238 Concentration factor and biological half-life data
25.1.1 U-238 Laboratory work
25.1.2 U-238 In situ work

Holm and Persson (1980): near a nuclear power plant,

coastal Denmark and Sweden

Kharkar et al. (1976): Caribbean Sea
U-238 In situ concentration data
Bacon et al. (1985): the deep (3200 m) Sargasso Sea
Edgington et al. (1970): near a nuclear power plant,

coastal Puerto Rico

Hodge et al. (1979): California coast, USA
Knauss et al. (1983): East Pacific and South Californian

coast
Martin (1978): Strait of Malacca, Malaysia
Nilsson et al. (198l): near a nuclear power plant, coastal

Denmark and Sweden
Pentreath et al. (1979): Windscale, coastal England
Pentreath et al. (1980): European coastal waters

U-238 Review articles

Cherry and Shannon (1974)
Mauchline and Templeton (1964)
Miller (1983)

Patzer (1976)

Paschoa et al. (1981)
Pentreath (1977)

Pentreath (1984)

Pentreath and Fowler (1979)
Preston and Jefferies (1969)
Woodhead (1973)

U-238 Miscellaneous work

Baxter (1983): background concentrations in sediments and
sea water ‘

Baxter and Anderson (1983): data summary for radionuclides
with critical pathways through seaweed

Blaylock and Witherspoon (1978): biocaccumulation factors
for salt water plants, invertebrates and fish are
reported without discussion of source

Emery et al. (1980): an abstract, reports that fish living
in a freshwater pond at Hanford with very high levels
of contamination would pose an insignificant radiation
dose hazard to a 70 kg man eating 0.5 kg fish/day for
70 years
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25.4

26.1

26.2

26.3

26.4

27.1

27.2

27.3

U-238 Miscellaneous work, cont.

Hamilton (1980): report total uranium concentrations in
Mytilus edulis and associated materials from coastal
quland, including Windscale

Kawashim et al. (1983): stable element concentrations for
seaweeds

26. Neptunium-235
Np~235 Concentration factor and biological half-life data

26.1.1 Np-235 Laboratory work

Fisher et al. (1983b)
Fowler and Aston (1982)

26.1.2 Np-235 In situ work

Np-235 In situ concentration work
Np-235 Review articles

Patzer (1976)

Np-235 Miscellaneous work

27. Neptunium-237

Np-237 éoncentration factor and biological half-life data
27.1.1 Np-237 Laboratory work

Guary (1980)

Guary and Fowler (1977)

Guary and Fowler (1978)
27.1.2 Np=-237 In situ work

Guary (1980)
Np-237 In situ concentration data

Guary (1980): La Hague, coastal France
Holm (198l1): Baltic Sea

Np-237 Review articles
Beasley and Cross (1980)

Patzer (1976)
Pentreath (1981)
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27.3

27.4

28.1

28.2
28.3

Np-237 Review articles, cont.

Pentreath (1984)
Scoppa (1984)
Thompson (1982)

Np-237 Miscellaneous work

Pentreath and Harvey (1981): concentrations in water,
particulate matter and biota around Windscale; reports
Kd's for particulate matter and ratios of Pu-239+240 to
Np-237 for biota

28. Plutonium-237
Pu-237 Concentration factor and biological half-life data
28.1.1 Pu-237 Laboratory work

Aston and Fowler (1984a)
Aston and Fowler (1984b)
Bjerregaard et al. (1985)
Carvalho and Fowler (1985b)
Fisher et al. (1983Db)
Fowler et al. (1975)
Fowler et al. (1976)
Grillo et al. (1981)
Guary (1980)

Guary and Fowler (1982)
Guary et al. (1981)

Guary et al, (1982)
Pentreath (1978a)
Pentreath (1978b)

Yen (1981)

28.1.2 Pu-237 In situ work
Guary and Fowler (198l1)
Pu-237 In situ concentration data
Pu-237 Review articles
Beasley and Cross (1980)
Luoma (1983)
Patzer (1976)
Pentreath (1981)
Pentreath and Fowler (1979)

Sholkovitz (1983)
Watters (1983)
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28.4

29.1

29.2

Pu-237 Miscellaneous work

Aston and Fowler (1986): discussion of problems of using
different valence forms in lab studies

Carey and Bowen (1978): abstract of lab study of uptake by
bacteria, phytoplankton, clay and glass beads

Fisher et al. (1980): lab study of percent of dose taken up
by phytoplankton as a function of time

Guary and Negrel (1980): association of plutonium and iron
in the edible crab

Leonard and Pentreath (198l1): 1lab study of accumulation in
plaice liver following injection; study reports Pu
metabolism in plaice is apparently similar to that of
the rat

29. Plutonium-238
Pu-238 Concentration factor and biological half-life data
29.1.1 Pu-238 Laboratory work
Miramand et al. (1982)
29.1.2 Pu-238 In situ work
Pentreath and Lovett (1978)
Pu-238 In situ concentration data

Aston et al. (1985): Irish Sea sediments

Delle Site et al. (1980): Mediterranean Sea

Feldt et al. (1985): NEA Atlantic Dumpsite

Fowler et al. (1983): Northeast Pacific, off central CA, USA

Fraizier et al. (1977): Channel shores, La Hague

Goldberg et al. (1983): East, West and Gulf coasts, USA-
Mexico

Hamilton and Clifton (1980): coastal England, including
Windscale

Hayes and Horton (1980): Savannah River, eastern coast USA

Hunt (1979): Windscale, coastal England

Hunt (1985): Irish Sea

Jeandel et al. (1980): Estuaries of France

Jennings et al. (1985): Ligurian Sea sediments

Kershaw et al. (1984): Irish Sea

McMurtry et al. (1985): Enewetak sediments

Robison et al. (1981): Marshall Islands

Scott et al. (1983): Gulf of Mexico

Yamamoto et al. (1984): Ny Bay, Japan
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29.3 Pu-238 Review articles

Hetherington (1976)
Holm (1981)

Kautsky and Murray (1981)
Luoma (1983)

Noshkin (1972)
Paschoa et al. (1981)
Patzer (1976)

Schell et al. (1980)
Scoppa (1984)
Sholkovitz (1983)
Watters (1983)

29.4 Pu~238 Miscellaneous work

Baxter and Aston (1983): data summary for radionuclides with
critical pathways through seaweed

Emery et al. (1980): an abstract, reports that fish living
in a freshwater pond at Hanford with very high levels
of contamination would pose an insignificant radiation
dose hazard to a 70 kg man eating 0.5 kg fish/day for
70 years

Fukai et al. (1979): water concentrations down to 2000m in
the Mediterranean

Holm et al. (1980): report concentrations in Mediterranean
surface water filtrate and suspended particulate, and
review similar data from other sites

Hamilton (1985): discussion of ocean disposal topics

Imai and Sakanoue (1973): water concentrations around
coastal Japan

Jeandel et al. (1980): radionuclide activity of the Seine
and Gironde

Koide et al. (1975): study of accumulation in sediment off
the California coast, USA

Livingston and Anderson (1983): activities and fluxes for
sediment trap and water column samples

Livingston et al. (1982): water concentrations, dispersal
pathways, transport times and dilution in the North Sea

Olsen et al. (1980): study of fine sediment transport and
accumulation patterns in Barnegat Bay, New Jersey and
adjacent shelf waters using radionuclides as tracers

Olsen et al. (198l1): reports sediment profiles from Hudson
River estuary and discusses sources (including Indian Point)

Schell et al. (1980): isotope ratios in water, suspended
particulate and sediments at Bikini Atoll

Wong et al. (1971): water and sediment concentrations
around Bikini and Eniwetok
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30, Plutonium-239,240
30.1 Pu-239,240 Concentration factor and biological half-life data
30.1.1 Pu-239,240 Laboratory work

Beasley and Fowler (1976a)
Fowler et al. (1976)

Higgo et al. (1977)
Miramand et al. (1982)
Miramand et al. (1985)
Ward (1966)

30.1.2 Pu-239,240 In situ work

Aarkrog et al. (1984)
Guary (1980)

Guary and Fraizier (1977a)
Guary and Fraizier (1977b)
Guary et al. (1976)

Guary et al. (1981)
Hetherington et al. (1976)
Kurabayashi et al. (1980)
Murray and Fukai (1978)
Nevissi and Schell (1975)
Nilsson et al. (1981)
Noshkin et al. (1981)
Pentreath and Lovett (1978)
Pillai et al. (1964)

Salo (1980)

Wong et al. (1970)

Yamato et al. (1977)

30.2 Pu-239,240 In situ concentration data

Aarkrog (1971): Greenland

Aarkrog (1977): Greenland

Aston et al. (1985): Irish Sea sediments

Bacon et al. (1985): the deep (3200 m) Sargasso Sea

Bowen et al. (1976): N. Atlantic

Buesseler et al. (1985): northeast U.S.A.

Cohen et al. (1985): Enewetak

Delle Site et al. (1980): Mediterranean Sea

Druffel et al. (1984): North Central Pacific sediments

Feldt et al. (1985): NEA Atlantic Dumpsite

Fowler et al. (1983): Northeast Pacific, off central CA,USA
Fraizier et al. (1977): Channel shores and La Hague

Fukai et al. (1974): Mediterranean Sea

Goldberg et al. (1983): East, West and Gulf coasts, USA-

Mexico

Hamilton and Clifton (1980): coastal England, including
Windscale

Hayes and Horton (1980): Savannah River, eastern coast UsSA

Hodge et al. (1973): Pacific
Hodge et al. (1974): California coast, USA
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30.2 Pu-239,240 In situ concentration data, cont.

Hodge et al. (1979): California coast, USA

Hunt (1979): Windscale, coastal England

Hunt (1985): Irish Sea

Jeandel et al. (1980): Estuaries of France

Jennings et al. (1985): Ligurian Sea sediments

Kershaw et al., (1983): Irish Sea

Kershaw et al. (1984): Irish Sea

Koide et al. (198l1): California coastal waters

Li et al. (1985): Caribbean sediments

McMurtry et al. (1985): Enewetak sediments

Miettinen (1976): Gulf of Finland

Mitchell (1975): Windscale, coastal England

Mitchell (1977): Windscale, coastal England

Murray and Fukai (1978): Mediterranean Sea

Nelson et al. (1984): N. Pacific, Aleutian Trench, East.
Pacific

Noshkin (1980): Bikini and Eniwetok

Noshkin et al. (1976): Kwajalein and Eniwetok

Noshkin and Gastrousis (1974): Atlantic

Noshkin et al. (1978): Farallon Islands

Noshkin et al. (1979): Kwajalein

Patel et al. (1979): Bombay Harbour, India

Pentreath and Lovett (1976): Irish Sea

Pentreath et al. (1979): Windscale, coastal England

Pentreath et al. (1980): Irish Sea

Pillai and Mathew (1976): Bombay Harbour, India

Pillai et al. (1975): Bombay Harbour, India

Robison et al. (1981): Marshall Islands

Scott et al. (1983): Gulf of Mexico

Sholkovitz et al. (1983): Buzzards Bay

Spies et al. (1981): Eniwetok

Thomas et al. (1956): §S. Pacific

Welander (1969): Bikini and Eniwetok

Wong (1971): N. Atlantic

Wong et al. (1972): CcCalifornia coast, USA

Yamamoto et al. (1984): Ny Bay, Japan

30.3 Pu-239,240 Review articles

Angeletti (1981)

Aten (1961)

Beasley and Cross (1980)
Bowen (1975)

Burton (1965)

Cherry and Shannon (1974)
Gromov (1976)

Hanson (1975)
Hetherington et al. (1976)
Holm (1981)

Holm and Persson (1977)
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30.3

30.4

Pu-239,240 Review articles, cont.

Holm and Persson (1980)
Livingston and Bowen (1976)
Livingston and Bowen (1977)
Lowman et al. (1971)

Luoma (1983)

Kautsky and Murray (1981)
Mauchline and Templeton (1964)
Murray and Avogadro (1979)
Noshkin (1972)

Paschoa et al. (1981)
Patzer (1976)

Pentreath (1981)

Pentreath (1984)

Pentreath and Fowler (1979)
Pillai (1975)

Preston (1975)

Schell et al. (1980)

Schell and Watters (1975)
Scoppa (1984)

Sholkovitz (1983)

Thomann (1981)

Vanderborght (1981)
Volchok et al. (1975)
Watters (1983)

Woodhead (1973)

Pu-239,240 Miscellaneous work

Baxter and Aston (1983): data summary for radionuclides
with critical pathways through seaweed

Beasley and Fowler (1976b): lab study of Pu-238/Pu-239,240
ratios in polychaetes exposed to tagged sediments

Bojanowski et al. (1975): analytical methods

Bulman and Griffin (1979): lab study of role of
phospholipids in uptake by mammalian liver cells

Emery et al. (1980): an abstract; reports that fish living

in a freshwater pond at Hanford with very high levels
of contamination would pose an insignificant radiation
dose hazard to a 70kg man eating 0.5 kg fish/day for
70 years
Fowler and Beasley (1977): authors arque that CF's reported
by Pentreath and Lovett (1976) are artificially high
because they were calculated relative to filtered seawater
Fukai et al. (1979): water concentrations down to 2000m in
Mediterranean Sea
Fukai and Murray (1975): laboratory intercalibration study

Gromov (1974a): lab study of uptake by phytoplankton (in
Russian)

Gromov (1974b): 1lab study of uptake by phytoplankton (in
Russian)
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30.4 Pu-239,240 Miscellaneous work, cont.

Gromov (1976b): 1lab study of sorption by sediment

Hamilton (1985): discussion of ocean disposal topics

Hetherington (1976): water and sediment concentrations

Higgo et al. (1977): study estimates removal rate from
upper layers of ocean by zooplankton

Holm et al. (1980): report concentrations in Mediterranean
surface water filtrate and suspended particulate, and
review similar data from other sites

Imai and Sakanoue (1973): water concentrations around
coastal Japan

Jeandel et al. (1980): radionuclide activity at the Seine
and Gironde

Koide et al. (1975): study of accumulation in sediment off
the California coast, USA

Livingston and Anderson (1983): activities and fluxes for
sediment trap and water column samples

Livingston et al. (1982): water concentrations, dispersal
pathways, transport times and dilution in the North Sea

Nelson and Lovett (1978): report concentrations of +4 and
+6 valence states in Irish Sea water and suspended
particulate, as well as Kd's for suspended particulate

Olsen et al. (1980): study of fine sediment transport and
accumulation patterns in Barnegat Bay, New Jersey and
adjacent shelf waters using radionuclides as tracers

Olsen et al. (198l): reports sediment profiles from Hudson
River estuary and discusses sources (including Indian Point)

Paschoa and Baptista (1978): study estimates dose rates to
plankton

Pillai et al. (1966): analytical methods

Schell et al. (1980): isotope ratios in water, suspended
particulate and sediments at Bikini Atoll

Wong et al. (1971): water and sediment concentrations
around Bikini and Eniwetok

Zlobin (1971): 1lab study of uptake and elimination by algae

Zlobin and Perlyuk (1971): lab study of uptake and
elimination by phytoplankton

31. Americium-241
31.1 Am-241 Concentration factor and biological half-life data
31.1.1 Am-241 Laboratory work
Aston and Fowler (1984a)
Bjerregaard et al. (1985)
Carvalho and Fowler (1985a)
Carvalho and Fowler (1985b)

Carvalho et al. (1983)
Fisher et al. (1983a)
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31.2

31.1.1 Am-241 lLaboratory work, cont.

Fisher et al. (1983b)
Fisher et al. (1983c)
Fisher and Teyssie (1986)
Fowler and Carvalho (1985)
Fowler and Heyraud (1974)
Grillo et al. (1981)

Guary (1980)

Guary and Fowler (1982)
Guary et al. (1981)

Gorsky et al. (1984)
Miramand et al. (1982)
Miramand et al. (1985)
Pentreath and Fowler (1979)
Topcuoglu and Fowler (1984)
Vangenechten et al. (1983)

31.1.2 Am=-241 In situ work

Guary and Fowler (1981)

Guary et al. (1981)

Hetherington et al. (1976)

Pentreath and Lovett (1978): Windscale, coastal
England

Am-241 In situ concentration data

Bojanowskl et al. (1975): Atlantic coast, USA

Bowen et al. (1976): N. Atlantic

Cohen et al. (1985): Enewetak

Feldt et al. (1985): NEA Atlantic Dumpsite

Fowler et al. (1983): Northeast Pacific, off central CA,USA

Galey et al. (1983): Mediterranean Sea

Goldberg et al. (1983): East, West and Gulf coast, USA-
Mexico

Hamilton and Clifton (1980): coastal England, including
Windscale

Hunt (1979): Windscale, coastal England

Hunt (1985): Irish Sea

Kershaw et al. (1984): Irish Sea

Koide et al. (198l1): California coastal waters

McMurtry et al. (1985): Enewetak sediments

Miramand et al. (1985)

Mitchell (1975): Windscale, coastal England

Mitchell (1977): Windscale, coastal England

Nilsson et al. (1981): near a nuclear power plant, coastal
Denmark and Sweden

Noshkin (1980): Bikini and Eniwetok

Pentreath et al. (1980): Windscale, coastal England

Pentreath et al. (1979): Windscale, coastal England

Wong et al. (1971): Bikini and Eniwetok

Yamamoto et al. (1984): Ny Bay, Japan

APPENDIX D D-40 RADIONUCLIDE INDEX



31.3

31.4

Am-24]1 Review articles

Beasley and Cross (1980)
Bowen (1975)

Hetherington et al. (1976)
Holm (1981)

Holm and Persson (1977)
Holm and Persson (1980)
Kautsky and Murray (1981)
Livingston and Bowen (1976)
Livingston and Bowen (1977)
Murray and Avogadro (1979)
Paschoa et al. (1981)
Pentreath (1977)

Pentreath (1981)

Pentreath (1984)

Pentreath and Fowler (1979)
Schell and Watters (1975)
Scoppa (1984)

Vanderborght (1981)

Am~241 Miscellaneous work

Baxter and Aston (1983): data summary for radionuclides
with critical pathways through seaweed

Beasley and Fowler (1976a): lab study of Am-241/Pu-239,240
ratios in polychaetes exposed to tagged sediments

Bulman and Griffin (1979): lab study of role of
phospholipids in uptake by mammalian liver cells

Emery et al. (1980): an abstract, reports that fish living
in a freshwater pond at Hanford with very high levels
of contamination would pose an insignificant radiation
dose hazard to a 70kg man eating 0.5 kg fish/day for 70
years

Fisher, Bjerregaard et al. (1983): study assesses the
significance of DOM on accumulation by a diatom

Fowler and Beasley (1977): authors argue that CF's reported
by Pentreath and Lovett (1976) are artificially high
because they were calculated relative to filtered
seawater

Fukai et al. (1979): water concentrations down to 2000m in
the Mediterranean Sea

Hamilton (1985): discussion of ocean disposal topics )

Holm et al. (1980): report concentrations in Mediterranean
surface water filtrate and suspended particulate, and
review similar data from other sites

Hoppenheit et al. (1980): 1lab study of uptake and effect of
dose on survival and molting in an amphipod

Livingston and Anderson (1983): activities and fluxes for
sediment trap and water column samples
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31.4

32.1

32.2
32.3

32.4

Am-241 Miscellaneous work, cont.

Miramand and Guary (1981): lab study of tissue
distribution; autoradiography used to study
subcellular localization

Santschi et al. (1983): mobility of nuclides in artificial

microcosm tanks and in Narragansett Bay
Wurtz et al. (1986): lab study with bacteria, Kd's for
bacteria reported
32. Americium-242
Am-242 Concentration factor and biological half-life data
32.1.1 Am-242 Laboratory work
32.1.2 Am=-242 In situ work
Am-242 In situ concentration data
Am-242 Review articles
Vanderborght (1981)
Am-242 Miscellaneous work
Baxter and Aston (1983): data summary for radionuclides

with critical pathways through seaweed
Hamilton (1985): discussion of ocean disposal topics
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