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PREFACE 

The 1978 Annual Report from PaciFic Northwest Laboratory (PNL) to the DOE Assistant Secre

tary for Environment is the first report covering a full year's work under the Department of 
Energy since it came into existence on October 1,1977. Most of the research conducted during 

this period and described in this report was begun under the Energy Research and Development 
Administration or its predecessor agency, the Atomic Energy Commissio'1. However, several ne\~ 

projects have enhanced the PNL emphasis on environment, health and safety research in the area 

of synthetic fuels. Preliminary reports on these efforts are spread throughout the five parts 

of this annual report. 

The five parts of the report are oriented to particular segments of our program. 

report on research performed for the DOE Office of Health and Environmental Research. 
Parts 1-4 

Part 5 

reports progress on all other research performed for the Assistant Secretary for Environment 

including the Office of Technology Impacts and the Office of Environmental Compliance and 

Overview. 

Each part consists of project reports authored by scientists from several PNL research 

departments, reflec~ing the interdisciplinary nature of the research effort. Parts 1-4 are 

organized primarily by energy technology, although it is recognized that much of the research 
performed at PNL is applicable to more than one energy technology. 

The parts of the 1978 Annual Report are: 

Part 1: Biomedical Sciences 
Program Manager - W. R. Wiley D. 1_. Felton, Editor 

Part 2: Ecological Sciences 
Program Manager - B. E. Vaughan B. E. Vaughan, Report Coordinator 

C. H. Connally, Editor 

Part 3: Atmospheric Sciences 

Program Manager - C. L. Simpson R. L. Drake, Report Coordinator 

P. R. P artch/C. M. Gilchrist, Editors 

Part 4: Physical Sciences 
Program Manager - J. M. Nielsen ,1. M. Nielsen, Report Coordinator 

,J. S. Burlison, Editor 
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Part 5: Environmental Assessment, Contr0l, 

Health an] Safety. 

Program Managers - N. E. Carter 
D. B. Cearloc'< 

D. L. Hess!?l 

S. Marks 

r:. M. Unruh 

W. J. Bair, Report Coordinator 

R. W. Baalman, Editor 

Activities of the scientists whose work is described in this annual report are hroader in 

scope than the articles indicate. PNL staff have r!?sponded to numerous requests from DOE 

during the year for planning, for service on various task groups, and for special assistance. 

Credit for this annual report goes to many scientists who performed the research and wrote 
the individual project reports, to the program managers who directed the research and coordi

nated the technical progress reports, to the editors who edited the individual project reports 

and assembled the five parts, and to Dr. Ray Baalman, editor in chief, who directed the total 

effort. 

Previous Reports in this Series: 

Annual Report for 

1951 W-25021, HW-25709 
1952 HW-27814, HW-28636 
1953 HW-30437, HW-30464 

W. J. Bair, Manager 

S. Marks, Associate Manager 

Environment, Health and Safety Research 

Program 

1954 HW-30306, HW-33128, HW-35905, HW-35917 
1955 HW-39558, HW-41315, HW-41500 
1956 HW-47500 
1957 HW-53500 
1958 HW-59500 
1959 HW-63824, HW-65500 
1960 HW-69500, HW-70050 
1961 HW-72500, HW-73337 
1962 HW-76000, HW-77609 
1963 HW-S0500, HW-S1746 
1964 BNWL-122 
1965 BNWL-2S0, BNWL-235, Vol. 1-4, BNWL-361 
1966 BNWL-480, Vol. 1, BNWL-481, Vol. 2, Pt 1-4 
1967 BNWL-714, Vol. 1, BNWL -71 5, Vol. 2, Pt 1-4 
1968 BNWL-1050, Vol. 1 , Pt. 1-2, BNWL-l051, Vol. 2, Pt. 1-3 
1969 BNWL-1306, Vol. 1, Pt. 1- 2, BNWL-1307, Vol. 2, Pt. 1-3 
1970 BNWL-1550, Vol. 1, Pt. 1-2, BNWL-1551, Vol. 2, Pt. 1-2 
1971 BNWL-1650, Vol. 1, Pt. 1- 2, BNWL - 1651, Vol. 2, Pt. 1-2 
1972 BNWL-1750, Vol. 1, Pt. 1-2, BNWL-1751, Vol. 2, Pt. 1-2 
1973 BNWL-1850, Pt. 1-4 
1974 BNWL-1950, Pt. 1-4 
1975 BNWL-2000, Pt. 1-4 
1976 BNWL-2100, Pt. 1-5 
1977 PNL-2500, Pt. 1-5 
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FOREWORD 

In Part 2 of these volumes, all work funded in the Ecological Sciences by OHER has been 
brought together. This covers ecological effort in the following budget activity categories: 

G - Environment 

GK - Multi-Resource 

GK-Ol-02-03-1 

GK-Ol-02-03-2 

GK-Ol-02-03-3 

GK-Ol-02-03-4 

Identification Transport and Conversion 

Environmental Effects of Energy-Related Processes and 
Pollutants in the Environment 

Energy-Related Supporting Research 

Environmental Operations and DOE Support Activities 

For convenience, organization charts for the several participating departments and sections of 
PNL can be found at the back of the report. 

Wherever possible, we have grouped the individual research projects (Schedule 189's) accord
ing to the energy technology they primarily support. It is important to recognize, in some 
other cases, that certain environmental processes are common to several technologies (e.g., 
impact of cooling systems operation on fisheries), and in these cases the individual research 
projects are grouped under the Multitechnology section of this report. In the abstracts that 
follow, principal investigators are listed who may be contacted for further information about 
individual projects. This format should ma~e the report useful not only to OHER, but to man
agers of technology programs as well. We hope the technology manager can go to an appropriate 
section of this report set off by a blue divider page, then immediately find those ecological 
problems investigated by PNL that may be pertinent to his concerns. In several instances 
(e.g., the shale oil program) coordinated efforts lie in the biomedical and organic chemistry 
areas outside the purview of this report. In those instances we have inserted cross references 
to the appropriate volume of the five-volume Annual Report, of which this is one part. 

PNL's direct experience with the oil and utility industries, and with other agencies con
cerned with energy installations, has contributed in a particularly pertinent way to the under
standing of the major environmental problems that the technologies will need assistance in sol
ving. Not all of our prior work is reported herein. All work for other agencie$ ilnd industry, 
however, can be located in the bibliography named below, a separate publication. la ) 
Several projects funded specifically on the basis of interagency agreement with DOE are, how
ever, briefly described in Section 11 of this report. 

In our ongoing discussions with technology representatives, a frequent misunderstanding 
occurs concerning the purposes of DOE work in the ecological sciences and concerning the use
fulness of the quantitative data developed in these programs. Basically, the ecological pro
grams are designed to assist the technologies in meeting the intent of the National Environmen
tal Policy Act (NEPA). In meeting this objective, part of the work is designed to anticipate 
problems "around-the-corner," so that the developing technology may be suitably modified before 
major capital investment is committed. The projects described under the Multitechnology sec
tion of this report fit another category. Here the effort is either "generic" (i.e., applying 
to several technologies) or theoretical. The theoretical work, particularly, is concerned with 
providing an improved basis from which rational environmental standards can be derived. In 
many situations, current measurements of ecological processes are highly provisional, without 
adequate statistical basis, and better suited as order-of-magnitude estimates only. In these 
areas, it is in the interest of the technologies that a better groundwork be laid for 
subsequent activities of the agencies responsible for setting standards. 

During the past year, effort has intensified regarding OHER coordination of its projects 
with those of other components and agencies. Counterpart PNL contributors have been partici
pating in these efforts and are so indicated in the text and, in summary, on the organization 
charts at the end of this report. In addition, Raymond E. Wildung (PNL) has continued as a 
member of the NAS/NRC Committee on Accessory (Trace) Elements, and the Coal, Oil Shale and 
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Uranium sub-panels; Richard F. Foster (PNL) has continued assistance with NRC's Environmental 
Standard Review Plans; and William L. Templeton (PNL) has continued serving on the Marshall 
Islands Advisory Group. 

Although the Hanford National Environmental Research Park (Hanford NERP) was dedicated on 
March 18, 1977, it has functioned for over a decade on a more restricted basis as the Arid Lands 
Ecology (ALE) project. Now, well over thirty dissertation projects have been sponsored by PNL, 
consistent with NERP objectives, and the ALE Reserve appears to be the only national location 
that has been maintained fully to NSF standards as a Biosphere Reserve. In establishing the 
Hanford NERP, major segments of the 750-square-mile site have been set aside for applied 
research in ecology, open to all qualified research scientists. Charter intent is to stimulate 
1) baseline observations, 2) field studies of response to man-made disturbances, 3) predictive 
modeling of impacted ecosystems and 4) public demonstration of alternate land use at the energy 
activity sites. Use policy and procedures have evolved from those developed earlier on the ALE 
Reserve. Within the Hanford NERP, the ALE Reserve (110 square miles) remains a protected area 
intended for long-range modulation studies (i.e., nondestructive studies) of grasslands and 
desert shrub-steppe ecosystems, and the data established for this type of landscape become of 
major importance in dealing with landscape rehabilitation efforts. A descriptiv~ $ummary of 
the data base and prior research conducted at the Hanford NERP is now available.\b) 

(a)A Bibliography of Environmental Research 
BNWL-SA-4655, Rev. 3 
Ecosystems Department 
Pacific Northwest Laboratory 
P.O. Box 999 
Richland, WA 99352 

(b)B.E. Vaughan and W.H. Rickard 
Hanford National Environmental Research Park (NERP) 
A Descriptive Summary of the Site and Site-Related 
Research Program, 1952-1977 
PNL-2299 
Ecosystems Department 
Pacific Northwest Laboratory 
P.O. Box 999 
Richland, WA 99352 
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NATIONAL ENVIRONMENTAL RESEARCH PARK 
AND LAND USE 

• Hanford National Environmental Research Park 

• Ecological Monitoring of Long-Term Effects 

• Terrestrial Ecology 

• Restoration of Surface-Mined Lands 

Historically, man has exploited the biologic productivity of land to sustain 
an increasing human population. Most of the land area in the United States is used 
to produce food, fiber and wood products. Increased food production has been 
possible because of energy derived from fossil fuel, nuclear fuel and hydroelectric 
dams. Some of the byproducts of the operation of energy facilities are released 
into the air, into surface- and groundwater or buried in the earth. Some residuals 
are potentially toxic to man, domestic or wild animals, and plants. The purpose 
of research in land use is to quantify the environmental (ecological) impacts of 
expanding energy technologies including extraction of the resource, construction 
of facilities} operation of facilities and the disposal of wastes. 

The U.S. Department of Energy has extensive land holdings in the arid and 
semi-arid regions of the western United States. One of the most strategically 
situated land holdings is in the State of Washington. The Hanford Site currently 
contains the obsolete facilities developed for wartime plutonium production and 
also stores large amounts of radioactive waste materials. To provide additional 
health and safety measures} the production facilities were buffered by a large land 
area unoccupied and unused by people. Today} this buffer zone provides some of 
the least disturbed and therefore most desirable land for long- and short-term 
terrestrial and aquatic ecological baseline research in the United States. In recog
nition of this research potentiaL the Arid Lands Ecology Reserve and the Hanford 
National Environmental Research Park were established to promote the use of the 
Hanford Site for ecological research} and especially for studies related to energy 
technologies and their potential for environmental impacts in semi-arid regions. 

Throughout 1978 Annual Report: 
• Bullets denote 189 titles. . 
® Use of brand name does not imply Battelle endorsement. 
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Long-term ecological monitoring studies at PNL are designed to detect and 
evaluate subtle but potentially harmful effects on aquatic and terrestrial ecosystems 
induced by long-term operations of energy facilities in the northwestern United 
States. Similar studies in the southeastern United States are conducted by the Oak 
Ridge National Laboratory. 

Most terrestrial ecology studies are conducted on the Hanford Site. These are 
concerned with short- and long-term energy technology impacts, construction and 
operational impacts, and natural perturbations in shrub-steppe ecosystems. These 
projects provide the kind of ecological information needed to achieve the purposes 
of the National Environmental Policy Act (NEPA) as well as advancing the state 
of ecological knowledge in the scientific community at large. Land restoration 
studies, located in Washington and in Arizona, are aimed at testing alternative ways 
to successfully revegetate surface-mined lands in the most arid parts of the western 
United States. 

This section of the Annual Report is divided into two parts. The first discusses 
the studies on and uses of the Hanford National Environmental Research Park and 
studies concerning long-term ecological monitoring. The second deals with land use 
studies. These consist of terrestrial ecology studies and investigation of surface
mined land restoration. 
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• Hanford National Environmental Research Park 

• Ecological Monitoring for Long-Term Effects 

Principal Tnvestigators: W. f.i. Rickilrrl, W. T. f.ii'lds, 
D. H. McKenzie, K. S. Baker, C. O. Bec~er and C. E. Cushing 

The Hanford National Environmental Research Park (NERP) includes the Arid Lands Ecology (ALE) 

Reserve, a 310 km2 land area located on the western edge of the Hanford Site, in southcentral 

Washington. It is dedicated to ecological research. One of the aims of the NERP concept is to 

promote use of designated lands for research and educational purposes, which is being done on 

the ALE Reserve. 

The research conducted in the long-term ecological monitoring tasks is concerned with both 

terrestrial and aquatic ecosystems. Terrestrial ecology tasks are designed to detect subtle 

long-term buildups of potentially harmful airborne pollutants in terrestrial ecosystems in the 
northwestern United St~tes. This will provide an early warning of harmful effects to high 

trophic level animals or potentially widespread loss of primary productivity as a result af 

chemical pollution associated with a variety of expanding energy technologies, especially 

fossil fuels. Tasks i'l aquatic ecology are intended to detect subtle changes in the chemical 
and/or physical properties of lakes and streams that might he deleterious to fish and other 

valuable aquatic species. 

HANFORD NATIONAL ENVIRONMENTAL RESEARCH PARK 

Educational Use 

During calendar year 1978, thr~e graduate 
theses were completed by students\a) whose 
ecologically-oriented research was conducted 
on the National Environmental Research Park 
at Hanford. The authors, titles of disserta
tions, 'lames of sponsoring universities, and 
brief abstracts of the research are given 
belO\'!. 

W. D. Steigers, M.S., Brigham Young 
University 
Mortality of Mule Deer Fawns in 
Southcentral Washington 

Thirty-nine mule deer (Odocoileus hemionus) 
fawns were captured on the Hanford Site in 
the spring of 1977. The fawns at capture 
ranged between 1 and 24 days old and weighed 
2 kg to 9.7 kg. F aIm'S were fi tted wi th 
radiotransmitters and their movements monitored 

(a) Students have access to NERP Facilities 
through the NORCUS Program, which provides 
graduate student stipends. 

1.3 

each day from May through August and once 
monthly during September through December. 
The average distance traveled by faw'ls from 
the previous day's location during the first 
three months of life was 438 m. Fourteen of 
the tagged fawns died. Ten were killed by 
coyotes and three drowned. The mean home 
range for fawns older than 60 days was 254 ha. 
Such a large home range is attributed to mar
ginal habi~at conditions. 

J. T. Rotenberry, Ph.D., Oregon State 
University 
Ecological Relationships Among 
Shrub-Steppe Birds: Competition or 
Opportunism in a Variable Environment? 

The dietary relationships within a guild 
of three ground-foraging passerine shrub
steppe birds--horned lark (Eremophila 
alpestris), sage sparrow (Amphispiza belli) 
and western meadm'ilark (Sturnella negTecta)-
were studied. General dietary analysis indi
cated a strong temporal influence on birds' 
selection of food; different species col
lected at the same time ate the same foods 
'''hile members of the same species collected 
at different times ate different foods. In 



general, differences in body size or bill 
length were insufficient to account for 
variations in prey size, although on 
occasion the meadowlark took larger prey 
items than did the small~r horned larks ann 
sage sparrows. Average prey size was 
significantly correlated with the proportion 
of seeds in the diet and varied seasonally 
as seed consumption varied. 

Shrub-steppe passerines are largely oppor
tunistic rather than optimal in their forag
ing and diet selection. The apparent absence 
of "fine tuning" to their competitive milieu 
is most likely a function of the variable 
environment in which they coexist. 

J. N. Fitzner, Ph.D., Washington State 
Uni ver s ity 
The Ecolo y and Behavior of the 
Long-billed Curlew Numenius americanus) 
in Southeastern Wash~ton 

Breeding territories of the long-billed 
curlew are located mostly in dry areas of 
short, patchy grass. The territories are 
well defined and are occupied from year to 
year. Birds arrive on breeding territories 
in the spring either in pairs nr as single 
males soliciting for a female. Most agonis
tic displays and postures involved with 
sexual behavior are performed by the male. 
On the Hanford Site, pre-hatching territory 
varies in size from 15 to 50 ha depending on 
the habitat. After hatching, only the area 
in the vicinity of the chicks is defended. 

Once the nest site is selected, four eggs 
are laid at 48-hr intervals. Eggs are some
times lost, many of them taken by magpies 
(Pica pica) and coyotes (Canis latrans). If 
an entire clutch is lost the parent birds 
abandon their territory. Hatching is syn
chronized within nests and also within each 
general nesting area. Chick mortality is 
very high. Though the causes are uncertain, 
predation, weather and external disturbances 
during hatching are undoubtedly involved. 

Up to ~50 long-billed curlews congregate 
on Island 3 in the Columbia River for one to 
two weeks during late summer flocking. 
Groups of 30 individuals or fewer leave from 
this staging area in the late afternoon and 
presumably head south in migration. 

Research Use 

Professional researchers used the Hanford 
NERP in 1978 as an outdoor laboratory to aug
ment ecological studies funded by agencies 
other than the Department of Energy, Office 
of Health and Environmental Research. The 
names of these researchers and brief de
scriptions of their activities on the Hanford 
NERP appear below. 
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Dr. J. Kenagy, University of Washington 

Kenagv's research, funded by the Univer
sity of Washington an rl the National Science 
Foundation, seeks to elucidate the ecological 
and physiological factors t~at ini~iate and 
govern reproduction in desert-dwelling ro
dents. The Hanford NERP is a useful study 
site because of the large population of pock
et mice (Perognathus parvus) an~ the long
term protection that the NERP offers the 
shrub-steppe habitat. 

Dr. R. N. Mack, Washington State 
University 

This study attempts to ~iscover the com
petitive relationships between annual and 
perennial grasses in rangeland habitats in 
the nonforeste~ region of southeastern 
Washington. The Hanford NERP is useFul ~or 
this kind of research because of the long
term protection it offers to st~dy locations 
and because the lands at the Hanford NERP 
represent the arid extreme on the climatic 
gradient in the nonforestAd regions of 
Washington. This research is sponsored by 
Washington State University and the National 
Science Foundation. 

Other NERP Projects and Concerns 

A role of the NERP is coordinating wild
life research activities with state and fed
eral agencies t~at manage those wildlife spe
cies associated with Hanford NERP habitats. 
The Hanford NERP helps protect critical wild-
1 ife habitats and recommenrls mitigating ac
tions to ameliorate any loss of habitat 
caused by energy development activities. The 
NERP administration also is responsible for 
far-sighted avoidance of potential legal 
action. 

Game Animal s 

Information meetings were held in 1978 
with Mr. Ellis Bowhay, Washington Game De
partment biologist, concerning the status of 
the American elk (Cervus canadensis) on the 
Hanford NERP. Of particular concern was the 
potential for elk to leave the site and dam
age crops of neighboring private farms anrl 
ranches. Also of interest was t~e nesting 
population of the Canada goose (Branta 
canadensis) and t~e heavy predation induced 
by the coyote (Canis latrans) in recent 
years. 

Non-game Animals 

Informal meetings were held with biolo
gists of the Washington Game Department and 
the U.S. Fish and Wildlife Service concerning 
research and management of non-game species 
such as the prairie falcon (Falco mexicanus), 
Swainson's hawk (But~swainSOriT), ferruginous 



ha\'ik (Buteo regal is), burrowing owl (Speotyto 
cunicularia), ~alrl eagle (Haliaeetus 
leucocepr;a-Tus) and the long-~illea curlew 
(Numenius americanus). 

Migratory Waterfowl 

Historically the Columbia River as it flows 
through t1e Hanford NERP has been a resting 
stop for large flocks of ducks and geese. For 
the first time in 35 years the Columbia River 
will be entirely open to unrestricted boat 
traffic. Increased boating use will probably 
discourage the use of the Columbia River by 
resti ng waterfowl. New I akes created on the 
Hanford NERP by the U.S. Bureau of Reclamation 
and managed by the U.S. Fish and Wildlife 
Service as t~e Saddle Mountain Wildlife Refuge 
will probably become more attractive to 
migrating waterfowl. 

End~ered Species 

A pI ant on the U. S. Fish and Wi I dl ife Ser
vice's endangered species list occurs on the 
Hanford Site. This species, Astragalus 
col umbi anus, is described in detail in the 
land use section of this report. 

Bird-Bandi~ and Collecting Permits 

All bird-banding and marking st~dies 
conducted on the Hanford NERP are done so with 
the approval of the U.S. Fish and Wildlife 
Service Bird-Banding Laboratory. Animals 
collected for scientific purposes receive 
written approval f'rom the Washington State 
Game Department and/or the U.S. Fish and 
Wildlife Service. 

Fire 

A man-induced fire burned over seven or 
eight thousand hectares of sagebrush-grass 
habitat in July 1978. The fire, the largest 
of the year, was mostly confined to the ALE 
Reserve. New roads and vehicle tracks were 
made by fire-fighting crews. These marks on 
the land will be visible for many years, even 
after fire damage has mostly disappeared. 

Stray Livestock 

There \'iere no instances of stray livestock 
intrusion on the ALE Reserve in 1978. A few 
stray horses (less than 10) have occupied the 
west bank of the Columbia River south of the 
old Hanford Village townsite for several 
years. 

High Voltage Transmission Lines 

The Bonneville Power Administration (BPA) 
is presently constructing a new transmission 
line. The line crosses the ALE Reserve as it 
1 eaves the Hanford NERP to the west. It 
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crosses the Columbia River on the east 
boundary in the vicinity of Ringold. 

Hydroelectric Dam 

The U.S. Army Sorps of Engineers is 
contemplating future dam construction nn the 
Columbia River on the Hanford Site. The pro
posed location is between tile 300 Area and 
Ringold. This dam would displace wildlife and 
fish populations on the Hanford NERP. 

Decommissioning and Decontamination 

Future decommissioning of a number of ob
solescent nuclear facilities on the Hanford 
Site is being contemplated. Shallow burial of 
debris having low levels of radioactive 
contami nat i on wi 11 prob ab 1 y occupy 1 arge sec
tions of land, creating a need for land res
toration and wildlife protection. 

Hanford Nuclear Energy Center 

One of the proposed future uses of land at 
the Hanford Site is the development of a 
complex of about 20 nuclear power reactors. 
lt is likely that many operating cooling 
towers will release moisture and salt over 
considerable expanses of the Hanford NERP as 
well as adding heat and minerals to the 
Columbia River. The number of transmission 
lines crossing the Hanford Site will also be 
increased, affecting wildlife and consider
able land removed from biological productiv
ity by buildings and ancillary structures. 

ECOLOGICAL MONITORING FOR LONG-TERM EFFECTS 

Terrestrial Effects 

The northwestern United States is expect
ing a rapid increase in energy facility sit
ings. These may include a variety of energy 
technologies, such as coal combustion, 
solvent-refined coal, and coal conversion. 
All of these have the potential for dispersal 
of fine particles and gaseous releases into 
the air, and therefore the potential for bio
logical ':lamage. Because of the increased 
activity, collection of long-term baseline 
data in the varied forest ecosystems of the 
Northwest was begun in 1978. 

Sites for this long-term study have been 
sought in areas having administrative or stat
utory protection against intentional eco
system disturbance (i.e., logging) for the 
next several decades, at least. Federal Re
search Natural Areas are prime candidates for 
such sites. Five sites have been selected 
in Washington and Oregon, with two others 
being seriously considered (Figure 1.1). The 
potential relationship between these sites 
and energy facility development is indicated 
by the counties called out in the figure. 



(These counties figured prominently i~ 
considerations of regional energy development 
1 ast year.) Future sites \1i 11 increase the 
number of forest types under study and extend 
the geographical dispersion of the sites. 
The characteristics of the sites selected to 
date are summarized in Figure 1.1. 

Collection of litterfall on an experimen
tal basis has begun in these areas, aimed at 
defining a suitable collector and adequate 
sample numbers. Traditionally, forest ecol
ogists have used a rel atively small number 
of large samplers For biomass estimates of 
litterfall. One square meter is a common 
size. However, statistics indicate to us 
that such small numbers of samplers (six is 
a frequently used number) can quantitatively 
misrepresent the forest litterfall function. 
Experiments are currently under way to deter
mine the effect of sampler size on accuracy 
of collection in a variety of forest types. 
Figure 1.2 shows the first series of result~ 
obtained in a western hemlock/Douglas fir 

I au I NAULT RNA, SPRUCE - HEMLOCK' 
2. ~ESKOWI~ CREST RNA 'SPRI,CE· HE~\LOCK' 
J THORNTON 1. MUNGER RNA 'HEMLOCK - DOIiGlA SF I R, 
4. H. J. ANDREW S EXPE R I MENTAl FORE ST IHEr,lLOCK DO(,GLA S FIR 
5. OCHOCO DIVIDE RNA IPONDEROSA PINE -GRAND FIR, 
6. MEEKS TABLE RNA (PROBABLE) IPONDEROSA PINEl 
7. KELLOGG IPROBABI E' (DOUGLAS FIRI 

(Tsuaa heterophylla/Pseudotsuga menziesii) 
stan at the Neskowin Crpst Natural Area, 
Oregon. 

~nimal populations may also be profitably 
monitored regularly if the species gathers 
seasonally to nest or rest in colonies. 
Gulls, terns, cormorants, auklets, herons and 
other birds are good candidates for long-term 
monitori'lg. Potentially vallJable obsl?rva
tions i~clude reproductive effort and success 
and environmental contaminants in eggs or 
fecps. Sites For marine bird stu~ies to be
gin next year have been identified on is13nds 
in Puget Sound, the Straits of Juan de Fuca, 
an~ ofF the Washington Coast, as shown in 
Figure 1.1. 

Aquatic Effects 

This year's effort was devoted to deter
mining a monitoring strategy for detecting 
long-term effects of new energy production 
systems on aquatic habi~ats. lakes and 

CJ:J CONIFEROIJS fOREST, 

c=:=J DECIDUOUS FORf'>TS 

c::J (.RASSLANDS 

I:.'J SAGEBRUSH STEPPE 

FIGURE 1.1. Research Natural Areas and Surrounding Terrain. 
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other bodies of standing water differ from 
rivers and streams by their relative stahil
ity and in their response to environmental 
stresses. Because of these inherent differ
ences, standing and flowing waters were con
sidered separately. Four parameters ulti
mate 1 y were chosen for mon i tor i ng in each. 

Lakes serve as collecting basins for vari
ous contaminants or pollutants. These enter 
directly or indirectly from the surrounding 
area through deposition, precipitation and 
runoff, making them valuable in long-term 
monitoring programs. The four main categor
ies of parameters that appear to be of 
greatest value in long-term monitoring in 
lakes are 1) chemical composition of key 
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organisms (fish, ~enthic invertebrates and phy
toplankton), ~) chemical composition of water 
and sediments, 3) species composition and 
4) productivity indices based on reproduc
tion, Diomass and survival rates of ~ey or
ganisms. Methods of quantifying these four 
parameters are well defined in the litera
ture. Because of the relative stability of 
lake ecosystems, sampling or measuring the 
desired parameter once or twice a year should 
be sufficient to detect long-term trends. 
However, data from supporting laboratory 
studies may be required. 

The four main categories of parameters 
that appear to be of greatest value in long
term monitoring of streams and rivers are 
1) productivity ratios based on photosynthe
sis, respiration and biomass, 2) percent com
position of insect functional groups, 
3) detritus biomass and 4) chemical composi
tion of fish, algae/macrophytes and inverte
brates. 

Sampling schedules will vary for stream 
monitoring. It would be desirable to collect 
data used in estimating productivity ratios 
three or four times a year (early spring, 
late spring after runoff, late summer and 
fall), but if limited to once a year, late 
summer is preferred. Samples to quantify 
percent composition of insect functional 
groups should be taken either in late winter, 
before major emergence, or fall, after egg 
deposition and hatching. Detritus transport 
and/or detritus storage should be measured 
in the fall and spring. Annual or semiannual 
sampling for chemical analysis of organisms 
should be sufficient in most instances. 





• Terrestrial Ecology 

• Restoration of Surface-Mined Lands 

Principal Investigators: ~. E. Rogers and R. H. Sauer 

The research conducted for the Terrestrial Ecology and Restoration of Surface-Mined Lands 

tasks is largely f-ield-oriented. Terrestrial Ecology studies are undertaken to determine the 

important plant and animal species that comprise ecosystems on the Hanford Site. These studies 

investigate the responses of these ecosystems to various landscape perturbations, such as shal

low land burial, plowing, fire, livestock grazing, weather, and their responses to more static 

features of the landscape such as topography and soil. Sampling is an inherent part of quan

titative ecology measurement; various sampling designs and strategies are tested during field 
studies. long-term studies are conducted to evaluate the ecological success of self-estab

lished biotic communities on severely disturbed habitats. The behavior of potentially toxic 

mineral elements and those essential to plant and animal growt~ are being studied to establish 

baseline values before coal-fired power stations become operational in southcentral Was'lington 
and adjacent Oregon. Dietary habits of animals are studied to establish meaningful food webs 

and material transfers between ecological trophic levels. 

'_and restoration of surface mines involves rainfall harvest, soil placement, slope treat

ment and plant species selection to restore surface-mined lands to plant production without the 

need for irrigation. Crop plants are selected to provije food for people and/or livestock. 

This research is conducted on the Hanford Site, the most arid portion of Washington State 

(ppt < 7 inches), and on an active mine site in Arizona. 

TERRESTRIAL ECOLOGY 

Protection and Maintenance of the ALE Reserve 

One of the tasks of the Terrestrial Ecol
ogy Project is to prevent unwarranted tres
pass i ng and its potent i a 1 damage to the vege
tative cover, especially on lands believed to 
be near pristine conditions. This is accom
plished by aerial surveillance designed to 
discourage trespassing, especially by off
road vehicles. The barbed-wire fence around 
the ALE project is regularly patrolled and 
repaired as needed to prevent stray livestock 
from grazing ALE lands, damaging vegetation, 
and interfering with ongoing field experi
ments. Roadways are maintained by grading 
and ballasting as needed to reduce erosion 
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and to expedite vehicular travel to remote 
study sites. Two air strips are marked on 
the ALE Reserve for emergency use. 

In calendar year 1978 there were no sig
nificant intrusions of livestock or unauthor
ized off-road vehicle use on the ALE Reserve. 
Roads were maintained as needed. 

Climate of the ALE Reserve 

The network of 26 weather stations on the 
ALE Reserve was maintained. Precipitation, 
air temperatures and soil temperatures were 
recorded. The data are computer-retrievahle 
and are available to investigators as raw 
data or as summaries. 



Self-Revegetation of Disturbed Ground: 
Longer-Term AspecrsraJ ---

The process of self-revegetation of dis
turbed ground is termed ecological succes
sion. Usually the process is i~itiated by 
the invasion of annual plants wi~h a capacity 
for copious seed production and eFficient 
seed dispersal. Over a period of years these 
annuals are either suppressed or replaced by 
perennial plants that occupy the ground for 
longer periods of time. In theory these pe
rennials are the permanent members of the 
site, although they can be destroyed hy sud
den events such as Fire, disease, or human 
activity. ~ire and disease have relatively 
little impact on the physical features of the 
rooting substrate, but the plowing or scrap
ing of modern machinery destroys vegetation 
and also stirs and mixes the sur~ace soil 
layer. Plowing is not generally thought of 

(a) Nevada studies were conducted with 
permission of the Nevada Operations 
Office. The cooperation of Ernie 
Campbell and use of the Sivil Effects 
Tests Offices Facilities are appreciated. 
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as especially destructive because it is con
ducted on the best soils which are promptly 
seeded with economically valuable crop spe
cies. l1ecdll';e ploweo ground in southeastern 
Washington is seldom allowed to become self
revegetated, t~ere is little defini~ive data 
on the rate of self-revegetation. 

Probably there is no more dramatic and 
spectacularly destructive man-induced event 
to desert vegetation than that created by 
aboveground nuclear explosions. We investi
gated self-revegetation of an abandoned cul
tivated field in the semi-arid shrlJb-steppe 
region of southcentral Washington after 30 
years and that of a tract of land disturbed 
by 3 nuclear explosion in the 3rid region of 
sOllthern Nevada aFter ;/0 years. 

Annual grasses, especially cheatgrass 
(Bromus tectorum), dominated the canopy cover 
of plowerrgroUiid in southcentral 'tlashington 
(Figure 1.3). The undisturbed vegetation, 
in contrast, was dominated by perennial 
grasses, especially blue~unch wheatgrass 
(Agropyron spicatum). More plant species 
were encoun fererl in the unplowed sites than 
i1 the plowed field, but total canopy cover 
was greater 01 the plowed ground. 

NEVADA 
UNDI STURBED 

~~~~------~ 

TOTAL COVER 59'10 

% CANOPY COVER 

TOTAL COVER 7rf1o 

o 20 40 60 80 100 120 
% CANOPY COVER 

FIGURE 1.3. Comparison of Canopy Cover Provided by Self-Revegetation of Severely Disturbed Soils in the Shrub
Steppe Region of Washington and Nevada. 
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Annual forbs, especially filaree (Erodium 
cicutarium), dominated the canopy cover of 
severely disturbed ground at Yucca Flat, 
Nevada but red brome (Bromus rubens), an an
nual grass, also was an important contribu
tor. The undisturbed vegetution supported 
about twice as many plant species as the dis
turbed ground. There were more species at 
the Nevada Site than at the Washington Site 
and Russian thistle (Salsola kali) was more 
abundant at the Nevada Site. --

These data indicate that annual grasses 
and forbs dominate the vegetation for at 
least two decades following severe soil dis
turbance. Native shrubs and perennial 
grasses are slow to re-establish themselves 
on disturbed ground. However, total vegeta
tive ground cover on disturbed ground exceeds 
that of undisturbed ground. 

Self-Revegetation of Replowed Cheatgrass 
Communities: Short-Term Aspects 

Plant productivity was studied on ground 
replowed after 30-year occupancy by cheat
grass. Species composition of replowed plots 
was very similar to that of adjacent control 
plots, but differences in productivity were 
found and attributed to changes induced by 
replowing. 

Two long-abandoned agricultural fields 
were selected for study, one at an elevation 
of approximately 520 m, the other about 5 km 
away at an elevation of about 305 m. Both 
fields had similar soils. The air tempera
tures of the upper field are slightly cooler 
than the lower field. Annual precipitation 
measured over an eight-year period averaged 
21.3 cm at the lower field and 24.8 cm at the 
upper field (Hinds and Thorp, 1977). The 
1977 growing season, however, was marked by 
extreme drought. 

Two macroplots were staked in each field. 
Within each macroplot, two subplots were 
plowed in late autumn of 1974, thereby bury
ing almost all of the dead plants. The re
mainder of each macroplot was left unplowed 
and served as controls. Comparative data on 
phytomass were taken in 1976 and 1977. Phy
tomass estimates were made by random location 
of five points in each subplot. Plant mate
rial was harvested in March, April, and May, 
with the final harvest made on what was judged 
to be near pea~ phytomass. 

The sparse plant yield on the control 
plots of the upper field was believed to be 
limited by factors other than drought Decause 
phytomass product ion in 1976 (87 g/m2) was 
only slightly greater than the 83 g/m 2 pro
duced in 1977, a drought year. The soil was 
probably deficient in nitrogen. 

Surprisingly, the replowed plots in 1976 
yielded almost three times more live phyto
mass than the control plots. This suggests 
that productivity was enhanced by plowing and 
the burying of accumulated dead plant parts, 
which then decomposed, making nutrients 
available for plant uptake. Nevertheless, 
the drought of 1977 had a more deleterious 
impact on productivity in replowed plots than 
on the control plots. Replowed plots pro
duced only 35 g/m2 as compared to 83 g/m2 for 
controls. Cheatgrass (Bromus tectorum) domi
nated at both levels. Percent botanical com
position did not differ appreciably, except 
for tansy mustard (Descurainia pinnata) which 
was noticeably higher in the lower field. 

Plant yields in the lower field were much 
lower in 1977 than in 1975 (Table 1.1), and 
this is attributed to drought. The drought 
harmed the replowed plots more than the 
control plots. During 1976 the control plots 

TABLE 1.1. Statistical Comparison of Phytomass on Control and Plowed Plots, 
May 21, 1976. The mean is derived from 0.032 m' plots. 

Analysis of 
Location Treatment n x SD CV Variance 

Live Upper Field Plowed 20 9.68 4.7 0.49 P(F) = 0.00011 
Phytomass Control 10 2.73 1.3 0.49 

Lower Field Plowed 20 5.28 0.23 0.06 
P(F) = 3.8 x 10-7 

Control 10 9.42 1.9 0.21 
----------------------------------------------------------------------------------------------------------
Dead Upper Field Plowed 20 1.27 1.9 1.47 P(F) = 8.2 x 10-9 
Phytomass Control 10 12.6 5.8 0.46 

Lower Field Plowed 20 1.40 1.5 1.06 
P(F) = 0.00 

Control 10 11.5 1.7 0.15 
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were almost twice as productive as the plowed 
plots. These findings sugg~st that the dead 
plant material (mulch) is probably more im
portant as a soil '.'later conservation measure 
than as a nutrient source. 

Statistical comparisons of mean p~ytomass 
values between replowed and control plots are 
presented in Table 1.1. An analysis of vari
ance indicates that the differences between 
means are highly significant between live and 
dead phytomass values on the control and the 
replowed plots. 

Microtopography and the Vegetative Recovery 
of Steep Slopes 

Although the plants that comprise steppe 
vegetation provide a more or less uniform
appearing ground cover, the amount of cover 
and its species composition varies from place 
to place according to the physical and chemi
cal properties of the rooting substrate and 
to variations in microclimate as influenced 
by macro- and microtopographic features of 
the land. In field investigations it is 
often not feasible to separate substrate 
variables and those variables affecting plant 
growth caused by slope exposure. Nor is it 
always possible to separate those ecological 
factors concerning inter- and intraspecific 
competition as related to plant community 
development. 

Our earlier studies of species composition 
and canopy cover on contrasting slopes showed 
considerable difference in (natural) rooting 
substrate (Sauer, R. H., and Rickard, W. H., 
accepted, Vegetation of steep slopes in the 
shrub-steppe region of southcentral 
Washington, Northwest Science). The present 
investigation examines these and other 
appropriate parameters using artificial 
earth mounds. Other work has indicated that 
microclimate, rather than soil variables, 
controlled phenology and plant productivity 
(Hinds, 1975). 

Cheatgrass (Bromus tectorum) seeds were 
hand-pl anted 0n~sl opes in early autumn. 
The ground was unattended until the 1977-1978 
growing season when this investigation was 
undertaken. New plant growth was initiated 
with the onset of autumn rains. By mid
December 1977 aboveground live phytomass 
averaged 101 and 7.6 g/m2 for the north and 
south-facing slopes respectively. Above
ground growth was slowed during the winter 
months but resumed when temperatures warmed 
in April. Plants attained maturity on the 
south-facing slope in April but maturation 
was delayed until mid-Mayan the north-facing 
slope. 

At the end of the spring growing season, 
plants on the north-facing slope produced 
830 g/m2 dry wt as compared to only 163 g/m2 

for the sout~-facing slope. Almost all the 
phytomass produced on the north-facing slope 
was cheatgrass. Tumble must'l.rd (Sisymbrium 
a1tissimum) and cheatgrass shared-cJominance 
nn-the south-facing slope. 
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The larger yield on the north-facing slope 
places its net primary production in the mid
range of the world's natural ecosystems and 
much higher than the yields expected of arid 
land (desert) ecosystems. The north-facing 
slope cheatgrass yield was about 10 times 
greater than that of climax sage~rush
cheatgrass (Artemisia tridentata-Bromus 
tectorum) commun it i es and about twi ce that 
of level land cheatgrass swards during peak 
production years. In contrast the south
facing slope phytomass was more representa
tive of arid land productivity. 

Dead plant phytomass (litter) was high in 
winter months and declined as the growing 
season progressed (Table 1. '2). Sampl ing 
variability was high partly because the dead 
plant material was unevenly distributed over 
the slopes. Dead plants and p13nt parts 
tended to accumu13te in irregularly occur
ring microdepressions on the slopes. Never
theless, dead plants tended to disappear; 
this is attributed to accelerated decomposi
tion rates during the spring months when tem
peratures and soil moisture are most favor
able. On the average there was more accumu
lated dead plant material on the north slope 
than on the south slope. 

Since its inadvertent introduction to 
North America from Europe, cheatgrass contin
ues to strengthen its position on south
central Washington rangelands. It apparently 
has little competition from the native plants 
on disturbed ground. Although cheatgrass is 
held in low esteem by livestock raisers, it 
can provide a self-sustaining ground cover 
that retards soil erosion. In arid regions, 
where land is not intended for livestock 
grazing, cheatgrass would seem to be a quick 
and effective way to establish a self
sustaining plant cover capable of resisting 

TABLE 1.2. Dead Phytomass (g/m2 ± SE dry wt) on North 
and South Slopes of an Artificial Earth Mound. 

Date North South 

Dec 15 449! 80 308! 52 

Feb 10 443 ± 84 357! 50 

Feb 22 244 ± 77 335 ± 84 

Mar 24 243 ! 45 114 ± 43 

Apr 18 216 ± SO 182 ± 82 

May 17 124! 52 



soil erosion even on steep slopes. Cheat
grass is more acceptable in the time scale 
of ecological secondary succession if it is 
regarded as an early invader of disturbed 
habitats rather than as a noxi0us weed to bp 
eradicated and replacpd with those native 
species that do not appear to use water, 
energy and nutrients as effectively. 

Leaffall in Desert Shrubs as a Method for 
Long-Term Monitoring of Ecological Trends 

Long-term environmental monitoring studies 
are usually designed to detect changes in 
biological performances in relation to spe
cific man-induced changes in the outdoor en
vironment. Apart from construction activi
ties, some environmental damages are subtle, 
occur slowly over time, and can extend over 
extensive acreages and may even be species
specific. Examples of the latter kind of 
impacts are those caused by chronic indus
trial air pollution. Impacts may be direct 
and observed as visible leaf damage to trees 
or decreased plant productivity (crop 
plants), or indirect impacts may be seen 
through c li mat i c changes by increased C02 
content of the air, or by acidified precipi
tation altering soil pH and plant uptake of 
essential mineral nutrients. 

Air pollutants such as mentioned above 
have not been of as much concern in the arid 
West as in more populous regions of the 
United States and Europe, because air pollut
ing industries are scarce. Steppe shrubs 
also are not of great economic value as are 
trees and crop plants, but they can be used 
as monitoring organisms by systematically 
collecting leaffall and chemically analyzing 
the collected leaves. 1n this way biological 
buildups of trace elements and other fine 
particle pollutants derived from a variety 
of industrial sources might be detected early 
and extrapolations made concerning long-term 
mineral nutrient changes in shrub leaves. 

Advantages of the leaffall monitoring 
method are that it is biologically non
destructive and it can be monitored monthly 
over decades. The leaffall approach is being 
tested here and studied for suitability as 
an indicator in the monitoring of long-term 
ecological trends. 1t has not been widely 
used for desert shrub-steppe terrain, however 
(8ray and Gorham, 1954). 

Shrub-steppe vegetation in Washington is 
characteristically comprised of an overs tory 
layer of small, widely-spaced, microphyllous 
shrubs and an understory layer made up mostly 
of grasses. By far the most abundant and 
widespread shrub is big sagebrush (Artemisia 
tridentata). Sagebrush is an autumn-blooming 
species. Bitterbrush (Purshia tridentata), 
hops age (Grayia spinosa), and greasewood 
(Sarcobatus-vermiculatus) are spring-blooming 
species. 1t appears that sagebrush's autumnal 
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flowering and its maintenance of leaves year
round has some ('cologica11dvantag"s. New 
leaves appear in March and a full complement 
is in place in April and May, the months most 
favorable for plant growth. Many but not all 
1 eaves are shed in SIJmmer, thereby reduc i ng 
water losses by reducing leaf surface area. 
The monthly pattern of leaffall suggests that 
there is adaptive advantage in these two 
phenomena. 

For this st~dv, special litterfall collec
tors were placed beneath the canopy spread 
of four bushes of each species. Sagebrush 
study bushes 'IJere located at different eleva
tions. The collectors were emptied of leaf 
material "ach month and returned to their 
original placps. The contents '1ere hand
sorted to exclude twigs and other debris, 
oven-dried, and weighed. 

Only 3 cm precipitation ~ell between 
October 1975 and October 1977. This drought 
vias reflected in minimal leaffall acclJmula
tions at all study sites except a high eleva
tion sagebrush site. The 1975 growing season 
was wetter (9.2 cm between October 1975 and 
April 1976), resulting in relatively large 
litterfall collections later in the year. 
Hopsage was severely affected by the 1977 
drought (Figure 1.4). It produced no leaves, 
which resulted in no summer leaffall. In 
1975, hopsage produced leaves in March and 
abscised leaves appeared in the collectors 
in Mav, June, July and August. Thereafter 
the plants were bare. Most of the leaves 
dropped in June and July. 

Greasewood was also severely affected by 
the 1977 drought even though it was believed 
that greasewood shrubs were capable of tap
ping a permanent supply of groundwater (Harr 
and Price, 1972). Total cumulative leaf
fall !'IdS much less i" 1977 than in 1976. In 
1977 leaffall lasted the same duration as it 
had in 1975, but there was no leaffall peak 
in Novemher as observed in 1976 (Figure 1.4). 
Only one-fourth of the cumulative hitterbrush 
leaffall was collected in 1977 as compared 
to 1975. Nevertheless the monthly distribu
tional pattern of leaffall was similar during 
both years (Figure 1.4). 

The low elevation sagebrush plants produced 
only about (lOe-third the leaffall in 1977 
that they did in 1976 and the monthly pattern 
of leaffall was also different (Figure 1.S). 
There were no June, July and August peaks as 
in 1976. The high elevation sagebrush plants 
were apparently not affected by the lq77 
drought. The average cumulative litterfall 
was slightly greater in 1977 than in 1976 but 
the monthly pattern of leaffall was similar 
in both years. 

On the ALE Reserve soil water penetration 
depth varies from year to year depending upon 
amount of rainfall and soil type, but in most 
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years soil water penetration is restricted 
to the upper meter of soil profile. Soil 
water normally reaches peak accretion values 
in February. Soil water steadily declines 
in the upper meter of soil, and herbaceous 
plants wither in June on its depletion 
(Sauer and Uresk, 1976). Only one shrub 
species appears to be closely synchronized 
in leaffall to this seasonal soil water pat
tern. This is hopsage. Bitterbrush has a 
leaffall pattern like hopsage, except that 
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FIGURE 1.5. Leaf Litter Collections at Monthly Intervals, 
May 1976 to March 1978, for Sagebrush Shrubs Located at 
High and Low Elevations (g dry wt/collection device). 

new leaves emerge later in the spring and 
leaves persist longer into the summer. Un
like hopsage, bitterbrush is never entirely 
without leaves. It grows on the sandiest 
soils. These soils probably permit deeper 
soil water penetration, which would account 
for the observed delay in leaffall in bitter
brush as compared to hops age. 

Greasewood and hopsage grow side by side 
in the same habitat, yet the monthly pattern 
of leaffall is markedly different. Grease
wood branches usually retain their leaves 
throughout the hot, dry summer months and 
then shed their leaves with the onset of 
wi nter. It was expected that greasewood 
plants would be unaffected by drought because 
of their capability to tap groundwater sup
plies (Harr and Price 1972). Prolonged 
drought might have affected leaf production 
if groundwater levels were lowered beyond the 
reach of the established root systems, or if 
roots were not able to move enough water to 
maintain leaf turgor and photosynthesis. 
Studies will be continued to determine if 
greasewood shrubs return to normal production 
during years of normal precipitation. Spe
cial attention would be given to the monthly 
periodicity of leaffall as well as to compar
ing total amounts of leaffall between years. 
Samples will be submitted for chemical analy
ses of those ecologically important minerals 
likely to be present in coal combustion stock 
effluents of a coal-fired power plant located 
nearby in Boardman, Oregon. 
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Phenology Studies 

Plant phenology studies on the ALE Reserve 
are conti"uing. Observations are made ~eek1y 
on the timing of the onset of various plant 
growth phases. A continuous record of micro
climatologic data measuring soil and air tem
perature, insolation, precipitation and soil 
water potential is also maintained. The 
plant phases recorded are the dates of grovlth 
initiation, floral bud initiation, f1O\~er 
opening, ripening of Fruit, and end of 
growth. This study has continued since 1973. 
The five years of data permit an analysis of 
the relationship between plant development 
and microclImate. 

In the past year, the most notable obser
vation was that the severe drought of the 
1977 growing season apparently threw the ex
pected progression of plant development off 
schedule. Some species, in particular long
leaved phlox (Phlox longifolia), continued 
to bloom throughout the winter, an unusual 
observation for this normally spring-blooming 
species. This response to a suppression of 
spring growth will be further studied through 
analyses of past collections of plant phenol
ogy and microclimate data. It is expected 
that such ana lyses wi 11 increase the under
standing of ';leather on seasonal progression 
of plant development and ecosystem processes 
in general. 

Astragalus co1umbianus: An Endangered Plant 
Species on the Hanford Site 

Astragalus co1umbianus is listed as "rare, 
endangered and probably extinct." It is known 
from only two specimens, one in fruit only 
and the other in flower only. The fruiting 
specimen, the typus, ';las coll ected by 
Brandgee and Tweedy in 1883 in what was then 
the Walla Walla region of the Washington 
Territory and was identified as Astragalus 
casei. The flowering specimen was collected 
by H. St. John in 1922 above Priest Rapids, 
Yakima County, Washington and was identified 
as A. reventus. R. C. Barneby studied these 
two-specimens and classified them as a new 
and different species, A. columbianus. This 
species is probably deslgnated as "rare, en
dangered and probably extinct" because so few 
specimens had been found and because so much 
time had elapsed since its last collection in 
1922. 

The Priest Rapids region of the Columbia 
River immediately north of the Hanford Site 
is an area of fast-flowing water and large 
rocks. A. columbianus was found growing on 
bench1ands between the high basaltic cliffs 
and the river along the west bank. For the 
most part the population of A. columbianus is 
on Federal land outside the boundaries of the 
Hanford Site. Here the typical shrub-steppe 
vegetation consists, in part, of big 
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sagebrush (Artemisia tridentata), rabbitbrush 
(Chrysothamnus nauseosus), 6itterbrush 
(PUrShla~ntata), long-leaved phlox 
(Phlox 1(ngifo1ia), large-flowered desert 
parsley LomaflUm macrocarpum), cheatgrass 
(Bromus tectorum) .. woolly-pod mi l'(vetch 
(~a1us purshii), stalked-pod milkvetch 
(~. speirocarpus), need1e-and-thread grass 
(Stipa comata), and ha\~k' s beard (Crepis 
atrabarb~) . ---

The new collections match Barnehy's de
scription in all details except the position 
of the inflorescence, which he described as 
the first to third nodes. However, the sin
gle extant specimen with flowers shows some 
evijence of grazing damage which could have 
altered the position of the inflorescence to 
a point lower on the stem. Only a few speci
mens were collected to avoid further reduc
ing the size of the population. 

Bats of the ALE Rp.serve 

Bats have seldom been collected on the 
Hanford Site and no previous attempts have 
been made to examine their temporal and spa
tial distribution or habitat preferences. 
In July of 1978 a study was undertaken to 
collect hats inhabiting riparian habitats 
(Snively Gulch, Rattlesnake Springs) on the 
ALE Reserve. Six mist nets were placed over 
or adjacent to the stream in Snively Gulch 
and hlo were si tuated over or near the stream 
at Rattlesna~e Springs. Three species of 
bats were captured. The western pipistrel1e 
(Pipistre11us hesperus) was the most fre
quently captured (Table 1.3) and was also 
observed flying about during twilight hours. 
None of the location or date records for the 
species captured were unusual for Washington. 
Specimens were mounted and kept in the 
collection at ALE Headquarters. These 
specimens provide authentic records of bats 
on the Hanford Site. 

TABLE 1.3. Findings of Bats on the ALE Reserve. 

Dates and 
Number 
Captured 

Species or Sighted Location Sex 

Western July 7 (1) Snively Gulch c1 
Pipistrelie July 27 (1) Snively Gulch c1 
(Pipistrellus August 10 (1) Snively Gulch and c1 
hesperus) Rattlesnake Springs 

August 30 (1) Snively Gulch and c1 
Rattlesnake Springs 

Silvery-haired July 7 (1) Snively Gulch c1 
Bat (Lasionycteris August 30 (1) Rattlesnake Springs c1 
noctivagans) 

Hoary Bat August 30 (1) Snively Gulch rf 
(Lasiurus 
cinereus) 



Bald Eagles Wintering on the Hanford Site, 
1977 

Field notes have been kept of bald eagle 
(Haliaeetus leucocephalus) winteri~g densi
ties along the Columbia River on the Hanford 
Site from 19S1 through 19SQ and 1974 through 
1977. The population apparently increased 
from five birds in the 1950's to over 15 
birds in the 1970's (Figure l.~). Eagles 
generally arrive during mid-November wi~~ a 
period of peak abundance occurring in late 
November through early Fehruary and begin to 
depart in mid-Fel)ruary.n.ll have usually 
disappeared by early March. 

The bald eagle apparently is attracted to 
the Hanford Site by spawned-out fish 
carcasses in the Columbia qiver that wash 
ashore after the autumn spawning period. 
The bald eagle is important to the Hanford 
Site because it is regarded as a threatened 
species in the state of Washington. 

A Comparison of Two Gull Nest Census 
Techniques 

In large colonies of ground-nesting birds, 
a total nest count is difficult to obtain. 
Time and cost required for such a census is 
usually prohibitive and often may be too dis
turbing to the nesting birds. Gull nesting 
censuses are important to the Hanford Site 
because islands in the Columbia River provide 
nesting habitats for several thousand pairs 
of nesting gulls. In an effort to reduce 
censusing time without sacrificing accuracy, 
two census techniques on nesting ring-billed 
gulls (Larus delawarensis) and California 
gulls (Larus californicus) were tried. The 

two techniques are referred to as 1) the line 
transect (100 m2 al'ea) and 2) the circular 
plot (100 m2). 

I~ the line transect method, a 50 m tape 
is laid on the ground in a specified habitat. 
An observer then walks the line counting all 
nests within a 1 m st~ip on each side of the 
tape. A meter stick is carried along to as
sure accuracy. In the circular plot tech
nique, plots are selected at random in speci
fied habi~ats. A piece of cord 5.S4 m long 
i s ~lserl to ci rcumscri ')e an area around a 
center pivot point. One observer holds the 
center point while the second walks the cir
cumference of the circle counting all nests 
within the circular area. The circular plots 
were selected by walking 10 paces in a ran
dom direction and then placing the pivot 
point of the radius at this spot. 

The circular plot method proved to be 
quicker than the transect method yet it still 
covered a 100 m2 area. The circular plot 
method was also suited to estimating nest 
densities in di~ferent \inds of vegetative 
cover. The line transect often ran through 
several kinds of vegetation and could not be 
used for distinguis~ing variations in nest
ing densities related to vegetational differ
ences. 

In comparing density estimates derived 
from the two di~ferent census methods 
(Tahle 1.4), we found that the line transect 
method yielded a higher density estimate for 
~alifornia gulls than the circular plot. 
However, ring-billed gull nest density esti
mates using the two techniques were nearly 
identical. The differences noted in the 
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California gull nest density estimates are 
probably a reflection of the small sample 
size using the line transect and may also be 
the result of the possible inclusion of some 
ring-bill territories. Since the line tran
sect is laid out along a 50 m tape, it was 
not always possible to keep c~npletely within 
Cal iforni a gull nesti'1g areas. The 1 ack of 
flexibility in selecting t~e 100 m2 sample 
plots with the line transect method is cer
tainly another shortcoming of this census 
technique. Field studies in 1979 will fur
ther test these two techniques and others in 
order to find one best suited for estimating 
nesting densities of colonial nesting gulls 
and other bi rds. 

TABLE 1.4. Average Density of Gull Nests as Determined 
by Two Different Census Types. 

Species 

Ring-billed Gull 

California Gull 

Census Type 

Line Transect, 
n=5 

19.4/100 m2 

14.0/100 m' 

Circular Plot, 
n=10 

20.8/100 m' 

6.8/100 m' 

Abundance of Large and Medium-Sized Animals 
on the Hanford ~ 

The abundance of large and medium-sized 
animals on the Hanford Site is of special 
concern since their food habits, behavior 
and density has a substantial effect on eco
system dynamics. In addition, deer, elk, 
rabb its and coyotes are of part i cu 1 ar i nter
est to the general public. The presence of 
small and medium-sized animals was documented 
by censusing thirty transects on the Hanford 
Site having dimensions of 1.S km by 75 m. 
The census included all major habitat types. 
It was conducted at night using a 200,000 
candle power spotlight while driving at 
speeds ranging between 16 and 32 km/hr. Tn 
June 1978 the census was taken for three con
secutive nights. The number of sightings of 
each species over the three-night survey was 
compared to results in a similar survey taken 
in 1977. The three species encountered dur
ing the 1978 survey were Rocky Mountain mule 
deer (Odecoileus hemionus), coyotes (Canis 
1 atrans), and bl ack-tail ed hares (Lep~ 
californicus). The number of black-tailed 
hares was lower in June of 1978 (31) than in 
June of 1977 (47). Coyote sightings in the 
transects were the same during both study 
years with two coyotes observed during each 
study period. The number of deer (eight) 
sighted in 1978 also was similar to that 
found in the 1977 survey (six). 
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Consumer Food Habits, Beetles and Ground 
Squirrels -

Diet characterization of major consumers 
is essential since consumption serves as a 
control point for all materials entering the 
transfer pathways. Food habit analysis is a 
useful tool in understanding how particular 
consumer populations partition the available 
food supply. It also serves as a starting 
point for documenting how foodstuffs and as
sociated materials flow through the ecosys
tem. Food habit analysis includes inquiry 
into 1) food materials present, ~) consumers 
present, and 3) food preferences for speci
fic consumers and dietary similarity of 
consumers occurring in the same community. 

Diet Similarity of Darkling Beetles 
(Tenebrionidae) 

The diet composition of individual dark
ling beetles, their abundance, and the length 
of their activity periods together determine 
much of the beet 1 es' impact with in natural 
communities. Measurement of diet similari
ties permi:s grouping of beetle cohorts hav
ing the same feeding patterns, thereby sim
plifying management of controlled areas and 
aiding in our understanding of ecosystem 
functioning. 

~ similarity matrix is shown in Table 1.S. 
High indices of diet similarity indicate a 
high degree of dietary overlap. Similarity 
analysis For Eleodes nigrina and E. hispilabris 
resulted in a calculated value of-58.a, which 
is interpreted as meaning that these two bee
tles select basically the same food items. 
The low similarity values for E. humeralis 
and all other species mean that t. humeralis 
is unique in its food selection.-

The means of similarity indices are shown 
in the last column (x) of-Table 1.6. This 
permi:s a ranking of those species with a 
high degree of overlap (high means) and those 
with low means, indicating little dietary 
overlap with other darkling beetle species. 
Application of an analysis of variance test 
revealed the mean values to be significantly 
different (a = 0.05). ~ Student-Neuman-Kuels 
multiple range test was then used to identify 
the values responsible for the statistical 
significance in mean values. Similar letters 
indicate those mean values that are not sig
nificantly different from each other. This 
is interpreted to mean that E. nigrina, 
I. novoverrucula, ~. granulata, Philolithus 
densicollis, and E. hispilabris select the 
same-food plant species, but as a group are 
different from all other beetles. The only 
species that have completely unique diets are 
E. humeral is, E. obscura, and ~apstinus sp. 



---------
TABLE 1.5. Similarity Indices for Diets of Darkling Beetles, 

Species (1 ) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11 ) (12) (13) 3((a) 

f/eodes nigrina (1) 52.4 57,0 63,0 68,0 51] 48,8 51.4 39] 40,8 313 27,6 24,2 463 A 

f/eodes novoverrucula (2) 60.1 49.9 50.4 54.9 42.7 37,0 39,9 64,0 38] 28,8 29.4 45] A 

f/eodes granulata (3) 61.0 59.6 39.9 49.3 60.0 32.5 38.5 28] 41.4 10.2 44.9 AB 

Philolithus densicol/is (4) 55.8 48.3 42.8 57.9 39.9 38.2 26.6 19] 18.6 43.5 AB 

fie odes hispilabris (5) 44.7 45.4 40.3 38.0 33.2 33.9 24.9 14.2 42.4 ABC 

Coniontis setosa (6) 41,6 56.4 38,2 35,2 35,1 23] 25,3 413 BCD 

Conisattus nelsoni (7) 35,8 51,2 26,1 41,6 31] 20,2 39,8 CD 

Stenomorpha puncticollis (8) 21,6 25,9 30,0 355 10.3 38,5 D 

fusattus muricaws (9) 23.4 28.2 16.1 58.2 35.6 E 

Oxygonodera hispidula (10) 29.9 20.1 25.5 33.4 E 

Blapstinus spp. (11) 18.3 14.4 29] F 

fie odes obscura (12) 9,8 24,8 G 

f/eodes humeralis (13) 21] H 

(a) Means followed by similar letters are not significantly different. 

Ground Squirrel Food Habits TABLE 1.6. Relative Frequency of Plant Species in the 
Habitat and Diet of Townsend Ground Squirrels. 

Fecal pellets from 72 individual ground 
squirrels (Spermophilus townsendii) were ex
amined microscopically and a total of 15 
plant taxa identified. The most commonly oc
curring food items in their diets (Table 1.6) 
were a bluegrass (probably Sandberg's blue
grass (Poa sandber ii, ~8%), and two forbs, 
tansy mustard Descurainia pinnata, 24%) and 
lupine (Lupinus laxiflorus, 18%). T~e habi
tat frequency of these three heavily foraged 
species was 15%, 14% and 1% respectively, in
dicating that the ground squirrels are prob
ab 1 y act i ve 1 y searci1i ng them out. The ahun
dance of bluebunch wheatgrass (A ro yron 
spicatum, 14%), six weeks fescue Festuca 
octoflora, 9%) and lomatium (Lomatium 
macrocarpum, 10%) in the ~abitat had asso
ciated consumption frequencies of <1%. This 
indicates that these plant species are being 
selected against (Table 1.6). Phlox occurred 
with a field frequency of 2% and diet fre
quency of 5%, indicating that it may be a 
preferred food item. The low frequency of 
ingestion (1%) of big sagebrush (Artemisia 
tridentata) approximates its occurrence in 
the field (3%) indicating that it is neither 
selected nor avoided as food. 

Winterfat (Eurotia lanta) is indicated as 
occurring in the diet with a frequency of 
<1%. Any value of <1% is interpreted here 
as an indication, but not positive evidence, 
of its presence. Some miscellaneous food 
items in the diet included insects (12%), 
seeds (5%) and pollen «1%). 
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Grasses 

Agropyron spicatum 
Bromus tectorum 
Festuca octoflora 
Poa sp, 
SUpa thurberiana 

Total 

Forbs 

Amsinckia Iycopsoides 
Antennaria dimorpha 
Astragalus purshii 
Calochortus macrocarpus 
Chenopodium album 
Crepis atrabarba 
Descurainia pinnata 
Draba verna 
Erigeron filifolius 
Eriophyllum lanarum 
Hol05teum umbel/arum 
Lappu/a redowskii 
Lepidium perfoliatum 
Lomatium macrocarpum 
Lupinus laxiflorus 
Microsteris gracilis 
Plantago purshii 
Salsola kali 
Sisymbrium alti5simum 
Townsendia florifer 

Total 

Shrubs. and Half-Shrubs 

Artemesia tridentata 
Eurotia lanata 
Phlox longifolia 

Total 

Habitat Diet 
Frequency, (Yr, Frequency, 0,;, 

14 
3 
9 

15 

42 

<1 
2 

<1 
7 
0 
6 

14 
2 
5 
0 

<1 
<1 

0 
10 

<1 
2 
0 
2 
0 

51 

3 
0 
2 

5 

<1 
o 
o 

28 
<1 

28 

o 
<1 

2 
o 

<1 
o 

24 
o 
o 

<1 
o 
o 
2 
o 

18 
o 
o 

<1 
o 
2 

48 

7 



RESTORATION OF SURFACE-MINED LANDS 

Slope Treatment, Water Harvest and Crop 
Yield~ 1978 

The arid regions of the U.S. are likely 
to experience more surface mini'1g for coal 
as demands for electric power increase. The 
existing vegetation in these arid regions is 
sparse but valua~le as livestock and wildlife 
forage, and as a soil binder to reduce ero
sion. During surface mining, the substrate 
and soil 3.re fully disorganized so that imme
diate re-establishment of the original vege
tation is not likely. Instead of the more 
desirable native species, weedy alien species 
often invade the disturbed land, decreasing 
its economic and aesthetic value. 

A conventional approach to restoring mined 
land involves regrading the spoil into gentle 
slopes and applying seeds, fertilizer and 
irrigation water to re-establish a vegetative 
cover. The results of the conventional ap
proach are frequently regarded as successful, 
but depend upon the availability of irriga
tion water. However, water is often scarce 
in arid regions, particularly over extended 
periods of time. 

This program investigates and demonstrates 
an alternative approach to land restoration 
that does not depend on irrigation water. 
This approach also reqllires less regrading 
of the spoil material, thus conserving fuel, 
and allows more economically valuable crops 
to be grown. The strategy is to use the 
slopes of the partially graded spoil lands 
to intercept and direct precipitation to a 
strip of topsoil between the spoil banks 
where the crops are planted. Thus, part of 
the area (the spoil slopes) is devoi d of veg
etation and is used for rainfall collection 
only, and the remainder is used for crop 
cultivation. 

This approach is currently being demon
strated on the arid Hanford Site. Coarse 
alluvium has been graded into simulated spoil 
banks 100 m long and 18 m wide. Topsoil 
strips 3 m wide lie between the slopes. Two 
agricultural crops have been planted: grapes 
(four varieties) for their high economic 
value and deep roots, and wheat (Nugaines, a 
winter wheat) because it is extensively 
planted in this region. Several runoff 
treatments have been applied in an attempt 
to identify an effective means of maximizing 
runoff water for the crops. These treatments 
are paraffin wax, rubber sheeting, and rub
berized asphalt. There is also an untreated 
control area without adjacent slopes. The 
microclimate features that are being moni
tored are soil water content and temperature, 
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air temperature at canopy height (30 m) and 
at 1 m, precipitation, insol ation, and wind 
speed and direction. To consider the effect 
of slope aspect, some of the valleys are ori
ented NS and others lie in an EW direction. 

All slope treatments were tested during 
the 1978 season. Tahle 1.7 shows production 
of wheat in each growing area. (Grape pro
ductivity has not been measured; the grapes 
are still too young to bear frui~.) The 
valley with the slopes covered with rubber 
sheeting, the maximum runoff treatment, had 
the highest productivity. The NS valleys 
produced more wheat than the EW valleys. . 
This may be because high-velocity winds fun
neled through the valleys in autumn when 
wheat was germinating, removing several cen
timeters of soil and uncovering the emerging 
wheat. As a consequence, many of the young 
wheat plants died and were later replaced by 
Russian thistle, an undesirable weed. 

TABLE 1.7. Wheat Production, 1978. 

Treatment 

NS Valleys 

Rubber Sheeting 
Untreated Slopes 
Paraffin 
No Adjacent Slopes 

EW Valleys 

Paraffin 
Untreated Slopes 
Rubberized asphalt 

Bushels of Grain! 
ac 

22.1 
8.2 

16.8 
4.4 

4.7 
4.7 
3.1 

The relationships between slope treatment 
and wheat production is shown in Figure 1.7. 
The effectiveness of a slope treatment is 
represented by an estimate of season-long 
soil water availability, which is the sea
sonal sum of the difference in soil water 
potential and -15 bars, times the days at 
that soil water potential, times the centi
meters of soil profile at that water poten
tial. As indicated on the plot in 
Figure 1.7, the relationships between this 
estimate of seasonably available soil water 
and wheat production in the NS valleys is 
good with an r2 of 0.98. However, the 
slope treatments in the EW valleys explain 
only 29% of the variation in wheat yield, 
showing that wind erosion and weed growth 
had far more influence on wheat yield than 
soil water and slope treatment. 
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FIGURE 1.7. Plot of Relationship Between Seasonal Soil 
Water Availability and Wheat Production. Solid circles 
represent the EW valley orientation which experienced 
severe wind erosion. Open circles represent NS valley 
orientation where the amount of wheat produced was 
dependent upon slope treatment and it effectiveness in 
delivering runoff to the valley. 

This alternative approach is also being 
tested and demonstrated at the Pea~ody ~oal 
Black Mesa Mine in nort~ern Arizona in co
operation with the Universitv of Arizona. 
Spoil ':>an{s at the mine are being graded to 
a-lor 5-1 slopes and compacted to improve 
runoff characteristics. qesults to date 
clearly show that quality and quantity of 
vegetative production can be improved in 
arid, disrupted regions by concentrating 
water and soil, growth factors in short 
supply, into a small cultivated area between 
the slopes of the spoil ':>an~s which supply 
rainfall runoff. 
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SHALE OIL 

• Terrestrial Effects of Oil Shale Development 

Vast domestic resources of oil shale may provide a long-term alternative to 
petroleum-derived fuel products. Methods proposed for obtaining shale oil from its 
deposits range from conventional mining and aboveground retorting technologies 
to in situ retorting. Although the technical and economic aspects of this wide range 
of options have been generally studied, the environmental impacts must be assessed 
as questions of siting, control technology, licensing and regulation can strongly affect 
the best production strategy. 

Three major segments of the aboveground shale oil production cycle have 
potential for environmental consequences. These include mining of the shale, extrac
tion of the shale oil and disposal of processed shale. In the mining process, aquifer 
disruption, runoff and movement of process residuals through the soil profile to 
groundwaters may result in impact on streams and rivers. During the extraction cycle 
(crushing, retorting and refining), the major impact will result from gaseous emissions 
and liquid effluents containing organic, macro-ion, and trace metal residues. Dis
posal of retorted shale presents problems in loss of recreation land, in reclamation of 
land occupied by retorted shale, and in environmental and human exposure resulting 
from resuspension of particulates and leaching of pollutants to ground and surface 
waters. The use of pyrolytic methods, together with a relatively high concentration 
of organic nitrogen and sulfur in oil shale, can lead to the formation of heterocyclic 
nitrogen components possibly resulting in environmental problems not ordinarily 
encountered in other energy industries. 

The current PNL program focuses on the chemical characterization of effluent 
residuals (see PNL-2850, Part IV, Physical and Technological Programs), the potential 
toxicity of effluent residuals (see PNL-2850, Part I, Biomedical Sciences), and the 
chemical/microbiological processes leading to mobilization and plant uptake of 
inorganic and organic residuals (this report). Supporting research on the feasibility 
of revegetation in arid climates and application research on a water harvesting 
approach are described in Section 1.0 of this report, because they are of primary 
importance to surface mining of coal. 

The specific studies reported in this section concern chemical/biochemical 
transformations in retorted shales and soils and their relationship to water quality, 
viability of green plants, and human food chains. This is a multitask interdiscipli
nary research approach which draws upon PNL capabilities in hydrocarbon chemistry, 
soil science, microbiology, and plant physiology. Principal objectives of the project 
are to 1) develop a basic knowledge of important extraction and environmental 
processes influencing the form, mobility, chemical and microbiological stability, 
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plant availability, and toxicity of trace elements and organic residuals in retort waters 
and retorted shales, 2) model the movement of trace elements and stable organic 
residuals in soil and retorted shale, and 3) develop a rational basis for selection and 
subsequent laboratory and field testing of proper retort conditions/soil conditioners, 
irrigation waters and native or agricultural plant species to physiochemically stabilize 
and revegetate retorted shales for permanenC safe restoration of shale lands. The 
studies are being closely integrated with field investigations by other federal agencies 
and universities. Together, these programs should provide a basis for assessment of 
the potential terrestrial effects of waste disposal and for viable restoration of shale 
lands. 
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• Terrestrial Effects of Oil Shale Development 

Investigators: R. E. Wi 1 dung, T. R. Garl and, R. M. Bean, 
O. A. Cataldo, W. E. Fallon, S. W. L i, K. M. McFadden, 
V. M. McNair, L. Neil, R. G. Riley, J. E. Rogers, 
K. Shiosaki and D. J. Silviera 

The potential development of an oil shale industry requires the concomitant development of 
methodology to evaluate and ameliorate the environmental impact of waste disposal, principally 
retort waters and retorted shales. 

Programs have emphasized 1) development of sampling protocols with industry, collection of 

samples from a range of retort processes, and physicochemical characterization of retort 
waters, retorted shales, retorted shale leachates and soils of the region, 2) column and field 
studies to determine the chemistry controlling the composition of leachates from retorted 
shale, 3) evaluation of the role of microbes in influencing the stability of organic residuals 
and formation of degration products in retorted shales and retort waters, and 4) the plant 
availability and effects of organic and inorganic residuals in retorted shale and retort 

waters. 

Field studies of the stability and movement of trace metals and organic residuals in retort
ed shale disposed to the ground have been under way at the Paraho Oil Shale Demonstration Pro
ject, an aboveground retort operated by Development Engineering Incorporated at Anvil Points, 
Colorado and in the Piceance Creek Basin, Colorado, in conjunction with Colorado State Univer
sity. Planning is under way with DOE and industry to develop similar studies on actual sites 
in Colorado and Utah where in situ and modified in situ methods are being used. The results 
of laboratory and field studies have led to new concepts of the long-term nature of leachates 
from retorted shales and will be used to develop models of the mobility of organic and 
inorganic residuals in the oil shale region. 

The program has provided technical and administrative support to current programs in inte
grated assessment of oil shale development, assessment by the National Academy of Sciences of 
redistribution of accessory minerals as a result of mining and extraction of oil shale, the Oil 
Shale Environmental Development Plan, Oil Shale Commercialization Environmental Readiness Docu
ment and to the DOE Task Force on Modified In Situ Development. 

Properties of Effluents Disposed to the 
Ground--Organic Solubles 

In order to predict the mobility and fate 
of organic residuals from oil shale develop
ment, it is essential to understand the na
ture of the initial effluent. Analytical 
methodology is being developed for character
izing organic residues from shale oil indus
try process effluents. Studies have focused 
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on Paraho retort water from the Paraho Oil 
Shale Demonstration Project. 

Partial separation of organic from inor
ganic constituents of retort water was 
achieved by a methanol extraction of lyophil
ized retort water. The methanol extract con
tained 90% to 95% of the organic carbon in 
the starting sample of lyophilized whole re
tort water. Despite contamination of the 



organic (methanol-soluble) fraction with in
organic species, significant enrichments in 
percent composition of total sulfur, NH3, 
sulfur as S042-, and sulfur as S2032- oc
curred in the inorganic (methanol-insoluble) 
fraction (Table 2.1). 

TABLE 2.1. Analyses of Lyophilized Whole Retort Water 
and Lyophilized MeOH Soluble and Insoluble Fraction. 

Whole MeOH MeOH 
Retort Soluble Insoluble 

Component Water, 'Yo Fraction, % Fraction, % 

C 20.15 26.68 1.82 
H 6.24 6.30 5.91 
N 14.45 12.64 17.98 
5 21.42 18.01 37.08 
O(a) 37.08 35.48 36.92 
Ash 0.0 1.53 0.0 

NH J 15.38 10.89 21.90 
Mg 0.44 0.64 0.18 
Na 0.22 0.25 0.11 

5 as 504= 3.96 3.62 8.38 
5 as sot 4.74 0.0 0.0 
5 as 520)= 9.47 4.91 28.69 

Total 504= 11.87 10.35 25.15 
Total sCN- 4.76 0.0 0.0 

5 as sCN- 2.63 
N as sCN- 1.15 

CN- 0.0 0.0 0.0 

Free 5 0.0 0.0 0.0 

(a)Difference determinations 

The organic and inorganic species will be 
further segregated using various solvent 
extraction and chromatographic techniques. 
This will facilitate the separation and char
acterization of individual compound classes, 
which will allow for a more specific assign
ment of observed toxic effects. 

The U.S. Geological Survey (USGS) devel
oped methods for the fractionation of or
ganic solutes into hydrophobic and hydro
philic acid, basic, and neutral fractions 
using macroreticular adsorption and ion ex
change resins. These were applied to the MeOH 
soluble fraction of Paraho retort water. The 
distribution of organic carbon achieved by 
this method is shown in Table 2.2. 

The preponderance of hydrophilic acid sol
utes supports previous reports that the ma
jority of the organic solutes are highly po
lar, water-soluble species. Procedures are 
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TABLE 2.2. Percent Organic Carbon in Paraho Retort 
Waters Using USGS Method. 

Organic Carbon, 
Fractions %, n=3 

Total HPO(a) 30.67 ± 4.16 
Total HPI 69.33 ± 4.16 

HPO - Acid 16.00 ± 1.00 
HPO - Base 6.67 ± 0.58 
HPO - Neutral(a) 8.00 ± 1.00 

HPI - Acid 60.00 ± 2.00 
HPI - Acid 4.33 ± 0.58 
HPI - Neutral 4.33 ± 2.08 

(a) Difference determi nations 

currently being developed to further frac
tionate and/or characterize these fractions. 

Solvent Solubilization of Organic Compounds 
in Retort Water 

Verification of the structural types of 
water-soluble organic compounds present in 
retort waters has proved challenging. Pre
liminary investigations indicated that the 
organic components comprising retort waters 
were polar and hydrophilic, since they were 
poorly extracted from water into water
immiscible organic solvents. To circumvent 
this problem, effort was directed towards 
development of chemical methods of transform
ing water-soluble organic compounds of retort 
waters into chemical forms that are more ame
nable to characterization and quantitation by 
classical analytical techniques. 

The reaction of freeze-dried Paraho retort 
water from the Paraho Oil Shale Demostration 
Project with boron trifluoride in methanol 
(BF3/MeOH) partially fulfills this need by 
converting 23% of the organic carbon to an 
organic solvent-soluble form. Capillary gas 
chromatographic/mass spectrometric analysis of 
a benzene extract of freeze-dried retort water 
treated with BF3/MeOH revealed a complex 
mixture of volatile organic compounds. Compo
nents of a homologous series of aliphatic mono
carboxylic and dicarboxylic acids were identi
fied from the mixture (Figure 2.1). Acids in 
both series were present at concentrations 
between 3.2 and 138 ppm. The method applies 
to monitoring the fate of organic acids in 
biological systems in which oil shale retort 
waters, retorted shales, or fractionated 
samples containing these compound types are 
used as substrates. Future studies will 
investigate other chemical derivation reagents 
which are specific for other compound types 
and suspected to be present in retort waters 
or retorted shales. 
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FIGURE 2.1. Capillary Gas Chromatogram of Benzene 
Extract of Freeze-Dried Retort Water After Reaction with 
BF ,-MeOH (all as methyl esters). 

Properties of Effluents Disposed to the 
Ground--Retorted Shale 

The retorted shale used in field and labo
ratory studies was obtained from the Paraho 
Oil Shale Demonstration Project. Continuing 
studies involve the behavior of shale compo
nents under a variety of laboratory condi
tions. These studies are designed to provide 
input for computer models currently ryeing 
developed to help predict transport behavior 
observed in the field. 

In these experiments, the solubility of 
salts due to leaching of retorted oil 
shales was determined as a function of equi
libration time, particle size distribution, 
solution-to-solids ratios and simulated 
weathering conditions. One study involved 
mixing distilled water with retorted shale 
in batch equilibration systems. The results 
indicate that the solubilization of macro
ions occurred in at least two phases with 
initial solubility approaching a steady state 
after two to six days; solubility again in
creased and equilibrium was still not 
achieved after 95 days. In a second batch 
experiment, sieved fractions of retorted 
shale over a range of particle sizes from 
less than 0.15 mm to less than 6.3 mm affect
ed the solution composition differently when 
incubated for 24 hr. Increases in the 
effective maximum particle size resulted in 
decreases in calcium (50x), magnesium (2x) 
and strontium (lOx), and little change in 
pH, electrical conductivity (ec) or sodium 
and potassium concentration. It was also 
found that higher solution-to-solids ratios 
(1:1 to 10:1) increased the solution concen
tration of calcium, strontium and magnesium, 
but did not affect sodium and potassium. In 
column studies involving leaching with dis
tilled water, the pH of the leachate did not 
change from initial values of 11.5 to 12.5, 
but ec was a function of flow rate and con
tact time of the percolate. Electrical 
conductivity ranged from approximately 
30 mmhos/cm after 1 column volume to 
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approximately 2 mmhos/cm after 5 column 
volumes. The role of temperature and the 
atmospheric composition surrounding the shale 
is also currently being evaluated for effects 
on the chemical composition of the column 
effluent. The results will help to increase 
our understanding of the chemical interac
tions which may occur within a retorted shale 
disposal pile, and will improve the ability 
to predict the behavior of shale components 
in actual field situations. 

Mobility of Soluble Inorganic and Organic 
Residuals 

Laboratory Columns and 
Irrigated Field Sites 

In order to evaluate the potential impact 
on existing ground or surface water quality 
from the interaction of precipitation or ir
rigation water with retorted shale, it is 
necessary to understand the chemical or bio
logical mechanisms which control the solubil
ity and mobility of the residuals from dis
posed retorted shale. Field and laboratory 
studies have been undertaken to define the 
variables most important in changing the sol
ubility and mobility of salts, trace metals, 
and organic components within the retorted 
shale profile. 

Preliminary short-term laboratory studies 
showed that water leaches of retorted shale 
were saline (0. 1-0.2~ Na2S04) and of high 
pH (11-12). Several colwnn volumes of water 
were required to reduce either salinity or 
pH. In contrast, leachates from field lysi
meters indicated that the major soluble salts 
and organic residuals were removed in a pulse 
corresponding to approximately 0.2 column 
volumes. The initially high pH of leachates 
was significantly reduced by a single winter 
weathering season. The reduction of pH and 
changes in cation composition (increasing 
calcium and magnesium levels in the 
leachates) appears to be a result of the com
bined effects of several mechanisms, all of 
which may be rlirectly or indirectly mediated 
by the demonstrated recolonization of the 
retorted shale by microorganisms. These 
mechanisms include 1) recarbonization of the 
shale from C02, i.e., the chemical conver
sion of oxides to carbonates, () the reduc
tion of five species to S042- by oxidation, 
3) the oxidation of NH4 to N03 and 4) the 
oxidation of organic matter. The relative 
importance and the interactions of these 
mechanisms are currently under study. 

A comparison of the leachates from area 
soils (derived, in part, from the weathered 
raw shale) and the irrigation water used re
veal s that, after one .year of field weather
ing, the only trace elements leaching from 
the retorted shale in higher concentrations 
than from the soils or irrigation water are 
arsenic (x2-l0), molybdenum (x5-l0), boron 



(xO.15-1.5), and fluorine (x2-10). Signifi
cantly lower levels of uranium, copper, and 
clorine are leached from t~e retorted shale 
than the soil. The major differences hetween 
the leachates from retorted shale and area 
soils are in the alkaline earth or alkali 
metal elements, lithium (x200-400), sodium 
(x2-5), potassium (xlO-30), calcium (x3-4), 
strontium (x2-3), and magnesium (xO.001-l.5). 

Understanding of the mechanisms control
ling the composition of leachates from re
torted shale will have a major impact on not 
only the models being developed to assist the 
oil shale industry in waste disposal, hut 
also directly on the requirements which the 
industry must take to mitigate potential 
problems from waste disposal. Long-term 
field studies suggest that leachates are neu
tral or slightly acid, rather than being 
highly basic as originally hypothesized from 
short-term laboratory studies. This may sig
nificantly change the nature of the efforts 
required for design and revegetation of the 
retorted shale piles. 

Nonirrigated Field Site 

A field study was designed to examine 
problems associated with revegetation of a 
retorted shale disposal site and provide 
field validation of predictive models for 
movement of trace metals and organic resid
uals. The experimental design for this study 
is described in the Annual Report for 1977, 
PNL-2500, Pt 2. 

One objective was to determine the phys
icochemical properties and homogeneity of the 
retorted shale and soil overburdens after the 
plots were prepared. Analysis of the chemi
cal composition of these materials taken from 
many locations on the plots indicates that a 
homogeneous condition does exist for both the 
shale and soil overburden layers. A second 
objective was to determine the change in sol
ubility and the overall movement of salts, 
trace metals and organic residuals within the 
soil shale profile. This is being accom
plished by analyzing cores taken from the 
plots and by extracting moisture within the 
plots using porous ceramic cups which were 
installed at various depths in the fall of 
1977. The water obtained from the cups will 
be analyzed for soluble components. This 
sampling routine will be conducted periodi
cally, depending on the amount of precipita
tion falling on the site, and the results 
will be correlated with moisture movement 
through the profile. 

The first samples from the ceramic cups 
were obtained in April 1978 following the 
spring thaw. This method of determining the 
concentration of soluble components at vari
ous depths within the retorted shale pile 
appears to produce good results. However, 
the maximum depth water was extracted and 
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also the maximwn movement of water as deter
mined by neutron probe was approximately 
90cm, suggesting that data from several years 
are needed before anv conclusions can be made 
regarding the overall movement of soluble 
components. 

Microbiology of Effluents Disposed to the 
Ground 

Microbiology of Retort Water 

T~e use of retort waters in dust control 
and compaction of retorted shale at disposal 
sites has been proposed. Retort water from 
the Paraho Oil Shale Demonstration Project 
contains 4% dissolved organic carbon. The 
organic components of retort water appear to 
be a unique and complex mixture. Preliminary 
studies i'ldicate tf-Jat the organics are ex
tremely polar, hydrophilic, and poorly ex
tracted into less polar solvents immiscible 
with vlater. 

One of the principal ~actors influencing 
the stability and possible toxicity of retort 
waters within retorted shale disposal sites 
will be the activity of the indigenous micro
organisms. Studies were initiated to deter
mine the effects of retort waters on micro
organisms and the effects of microorganisms 
on retort water. These studies are concerned 
with the hacterial and fungal components of 
the soils in the area proposed for retorted 
shale disposal sites. Bacteria and fungi 
were Found to utilize retort water as tf-Je 
sole source of carbon and energy. Added 
phosphate was essential since cultures con
taining no phosphate supported only minimally 
detectable growth. The addition of a 
nitrogen or sulfur source was not required. 

The utilization of organic residues in 
retort water by microorganisms were monitored 
by measuring the decrease in dissolved organ
ic carbon of both bacterial and fungal cul
tures. Cultures (100 ml final volume) con
tained 4% v/v retort water, 100 mg Anvil clay 
soil ,10 rnM Na2HP04, 40 mM KH2P04 and 
either 10 ppm fungi zone or 30 ppm strepto
mycin plus 30 ppm tetracycline. The initial 
pH of bacterial and fungal cultures was 5.3 
and 7.2, respectively. Cultures were incu
bated at 25C witf-J rotary shaking at 150 rpm. 
Under these conditions, bacterial cultures 
decreased the dissolved organic carbon con
tent of retort water to a larger extent than 
fungal cultures (Figure 2.2). The maximum 
decrease in dissolved organic carbon was 
reached within 25 days by bacterial cultures 
whereas fungal cultures reached a maximum 
within 10 days of incubation. Continued in
cubation up to 55 days did not appreciably 
alter the concentration of dissolved organic 
carbon. 

Studies were also started to determine the 
effects of retort water concentration on the 
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FIGURE 2.2. Bacterial and Fungal Utilization of Retort 
Water Dissolved Organic Carbon. 

bacterial utilization of the organic residuals 
in retort water. Preliminary results indi
cate that retort water concentration up to 
10% v/v does not significantly affect the 
percent decrease in the dissolved organic 
carbon. After 21 days of incubation, approx
imately 20% of the dissolved organic carbon 
was utilized by bacterial cultures containing 
2, 4, 6, 8, and 10% v/v retort water. 

These studies are continuing and will be 
expanded to include studies of the effects 
of retort water on the growth of microorgan
isms, the microbiological colonization of 
retort water and retorted shale mixtures, and 
the degradation of important soluble organic 
compounds identified from retort waters. 

Microbial Colonization of Retorted Shale 

Previous studies show that total hetero
trophic bacterial populations of soil samples 
and retorted shale obtained in June 1977 from 
the lysimeters at Anvil Points, Colorado con
taining retorted shale from the Paraho Oil 
Shale Demonstration Project were similar 
(~3xl06 bacteria/g dry wt). However, the 
bacterial population of the retorted shale 
sample was dominated by a single organism 
that composed 30% of the total population. 
The relative total heterotrophic bacterial 
populations of retorted shale and soil sam
ples obtained in April 1978 were again simi
lar (1.Oxl07 bacteria/g dry wt) but slightly 
elevated over the June 1977 samples. 

In June 1978, a 1.5 m core sample was ob
tained from the lysimeter at Anvil Points. 
The core was divided into five .3 m sections. 
Each section was thoroughly mixed and subsam
pled for determination of total heterotrophic 
and anaerobic bacteria and fungi. As shown 
in Figure 2.3, the fungal population was 
highest in the first .3 m (4.5xl04 fungal 
units/g dry wt) and decreased to less than 
100 fungal units/g dry wt at the 1.5 m level. 
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FIGURE 2.3. Depth Profile of the Microbial Colonization 
of Irrigated Retorted Shale. 

The heterotrophic and anaerohic bacteria de
creased in population from the .3 m level 
(1.1xl06 bacteria/g dry wt and 1.9xl04 
bacteria/g dry wt) to the 1.2 m level 
(4.2xl0 3 bacteria/g dry wt and less than 100 
bacteria/g dry wt); however, both bacte
rial populations increased at the 1.5 m 
level (1.1xl0 6 bacteria/g dry wt and 3.9xl0 5 
bacteria/g dry wt). The highest ratio of 
anaerobic to heterotrophic bacteria was ob
served at the 1.5 m level just above the 
compacted zone which has been shown to be 
saturated with water. This suggests that 
anaerobic conditions may be developing at 
and below the 1.5 m level. 

In laboratory stUdies using liquid cul
tures which contained 10 g retorted shale, 
100 mg soil, and 100 ml of sterile salts 
(560 mg Na2HP04, 540 mg KH2P04' 100 mg KN03 
and 500 mg MgS04), bacteria grew on retorted 
shale as the sole source of carbon and energy. 
The absence of either phosphate, KN03, or 
MgS04 did not decrease the level of bacterial 
populations; however, the absence of phos
phate lengthened the lag phase of growth to 
the greatest degree. The bacterial popula
tions from these studies were dominated 
(greater than 90%) by bacteria with colony 
morphologies and growth characteristics simi
lar to those found to dominate the retorted 
shale field sample (June 1977). These organ
isms have been identified as gram-positive 
cocci. The growth of the organisms on 
retorted shale may, in part, be attributed 
to their ability to grow over a wide range 



of pH (7.0-10.0) and salt concentrations 
(0-5%, NaCl). These results are consistent 
with the pH (11-12) and the salt concentra
tion (1-3%) of the initial leachates obtained 
from the lysimeter in June 1977. 

These studies show that bacteria can uti
lize the organic residues of retorted shale 
for growth and can modify the organic compo
sition of the retorted shale, which may have 
an important effect on the mobility of trace 
metals. This work will be expanded to deter
mine the types and numbers of additional 
microorganisms which develop on retorted 
shale with environmental aging. Studies are 
also being initiated to measure the rate and 
extent of microbial decomposition in retorted 
shale leachates and representative water
soluble residual organic compounds. 

Physiological Effects of Effluents on Plants 

Preliminary studies with Paraho retort 
water from the Paraho Oil Shale Demonstration 
Project showed effects on plant growth when 
present in excess of 0.5% v/v. These in
cluded reduced water usage, chlorosis, dry 
matter production and a marked drop in rhizo
sphere pH. There were no detectable effects 
on tissue respiration or ion absorption. 
Based on the observed toxicity of retort 
water, investigations were initiated to 
determine the physiological effects of the 
major inorganic species and organic fractions 
of retort water. 

Retort water was fractionated using a com
bination of solvent and macroreticular resin 
procedures. This yielded methanol insolubles 
(inorganic fraction) and methanol solubles 
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(organic fraction) consisting of hydrophobic 
and hydrophilic acids, bases, and neutrals. 
Of six organic fractions tested, only the 
hydrophilic acids induced phytotoxic behavior 
(i.e. chlorosis) and reduced dry matter pro
duction of both roots and shoots. The 
methanol-insoluble fraction, which contains 
primarily inorganic salts, accounted for the 
majority of the phytotoxicity observed, i.e. 
reduced water usage, reduced rhizosphere pH 
and 1 eaf burn. 

Characterization of the inorganic compo
nents of Paraho retort water showed several 
species to predominate (SCN-, S03 2- and 
S2032-) which may account for the observed 
effects. These were supplied to plants at 
levels equivalent to their concentration in 
retort water, and their effects on plants 
noted. Reduced water usage was observed for 
all three species, but especially for SCN-. 
Rhizosphere pH effects and reduced dry matter 
producti on were noted I"ith S03 2- treatments. 
Pronounced leaf burn was observed in treat
ments with S03 2- and S2032-. Based on these 
studies, it would appear that at least the 
initial toxicity of retort water is due to 
inorganic constituents. 

Studies are being extended to indigenous 
species such as four-wing saltbrush and to a 
comparison of plant responses to retort water 
from in situ extraction processes and deep 
well waters. In the latter case, preliminary 
results show retort waters from in situ oper
ations to produce little adverse effects on 
plants, with uncontaminated deep well waters 
exhibiting much more pronounced toxic 
effects. 
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SYNFUELS 

In his environmental message of May 1977, the President of the United States 
declared a national commitment to reduce reliance on foreign oil through increasing 
use of our own vast coal reserves. He admonished, however, that we were to do this 
in a way that protects the quality of our environment. To meet this challenge, 
government and industry have entered into an unprecedented series of cooperative 
efforts to develop new energy technologies. Their purpose is to convert coal to oil 
substitutes and alternate fuels that burn more cleanly than their parent coals. 
Among these coal conversion technologies are those in which slurried coal is sub
jected to high heat and pressure, causing the coal to liquefy. 

The development timelines for three of the most promising coal liquefaction 
technologies, Solvent Refined Coal (SRC), H-Coal, and Donor Solvent, show that 
commercial plants are expected to be built and operational by 1987 in all three 
cases. This means some major decisions on commercialization have to be made 
in 1980 or 1981, and the time frame for conducting the necessary research to assure 
that these decisions will be environmentally sound is uncomfortably short. 

Of the three most promising coal liquefaction technologies, SRC is the first 
expected to reach the demonstration stage of development. Design of the demon
stration facility will derive largely from experience gained at a SO-ton-per-day 
SRC pilot plant at Fort Lewis, Washington. 

The work described herein is PNL's part of a larger research program on coal 
synfuels being implemented by the Department of Energy. In order to obtain maxi
mum return on investment over the whole program, the ecological characterization 
task is being coordinated with complementary programs at PNL (Biology and 
Physical Science Departments) and at Oak Ridge National Laboratory. Tests are 
being run on the same source materials and under comparable conditions whenever 
possible. 

The PNL research program is currently expanding to include more of the 
most likely avenues of environmental change from solvent refining of coal. An 
important element of this expansion is to identify the source materials and variations 
of source materials most in need of ecological investigation. This requires increased 
collaboration with technology developers and process engineers. 

As a basis for the ecological research strategy, it is assumed that a develop
ing technology can be described in two ways: in terms of physical and chemical 
properties of liquid, solid and gaseous materials it produces (source terms), and 
in terms of the environmental effects of perturbations that these materials may 
cause. It is further assumed that the wide variety of possible source terms, coupled 
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with a multitude of possible biological effects from each, makes it impossible 
to characterize a technology completely, both physically and biologically. Instead 
it is necessary to employ a "top-down" strategy, by which we first ask, "Is there 
an effect?" 

Under this strategy, chemical characterization may be limited to relatively 
inexpensive "indicator" tests until potentially significant biological problems are 
observed. Only then would more detailed analyses of an archived sample be initiated 
to track down the source of the problem. This approach is most fruitful as applied 
to liquid SRC products and waste materials. A somewhat modified approach is 
needed to deal with leachates from solid products and waste materials, requiring 
greater emphasis upon preliminary chemical analyses of variously derived leachates 
in order to bracket the ranges within which biological tests should be conducted. 
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• Synfuels 

Principal Investigators: R. M. Bean, 
C. D. Becker, T. M. Poston, M. J. Schneider 
and J. B. States 

Other Investigators: S. A. Barraclough, 
R. G. Genoway, A. J. Scott, and J. A. Strand 

Technical Assistant: M. G. Wolford 

This program represents the Ecosystems Department component of a cooperative effort to facil
ilitate the development of environmentally amena.ble coa.l conversion technologies. Participants 
in this endeavor are the Biology and Physical Sciences Departments of Battelle, the Department 
of Energy, Oak Ridge National Laboratory, and other technology developers. The objectives of 
Ecosystems' component are to ecologically characterize the products, process streams and efflu
ents of Solvent Refined Coal (SRC) technology on the basis of source materials from a pilot 
plant sited at Fort Lewis, Washington; to determine the environmental fate and effects of these 
materials; and to obtain sufficient information to predict ecologically significant impacts as 
input to technology development decisions. 

Acute Toxicity of Solvent Refined Coal 
Effluents--Toxicity Tests 

We have used static, short-term exposures 
of fish to various dilutions of Solvent Re
fined Coal (SRC) effluent in preliminary 
evaluation of toxicity. Such toxicity tests 
are commonly adopted in initial evaluations 
of liquid byproducts arising from a new tech
nological process. In considering the toxi
city testing described below, one should keep 
in mind that the effluent treatment process 
finally adopted will probably differ from the 
process used at the time these tests were 
run. Part of the purpose in carrying out the 
toxicity tests is to provide data to guide 
engineering development at the pilot plant. 

Observed mortality of test organisms 
ranged from zero to 100% (Table 3.1). Incon
sistency in relative toxicity could be 
caused by a variety of conditions, including 
1) condition of the charcoal filter below the 
biodigester (i.e., its effectiveness in sorb
ing low molecular weight and soluble organ
ics); 2) pH level in the biodigester to the 
degree that it controls the abundance of 
microorganisms breaking down hydrocarbons; 
3) the waste treatment unit operating condi
tion when the effluent sample was obtained; 
4) the extent of effluent dilution with 
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potable cooling water or tap water, and 
5) the specific process used. 

Tests during the SRC I mode of plant oper
ation yielding a solid product used treated 
process effluent obtained from the discharge 
pipe. The results indicated that treated 
SRC I effluents were relatively low in acute 
toxicity. This was apparently due largely 
to the effectiveness of the biodigester, 
followed by sand and activated carbon filtra
tion. However, a slow narcosis of test or
ganisms, or an impairment of their function
ing, was often noted, suggesting that longer 
exposure would have proved lethal. (This 
should be kept in perspective as the pilot 
plant routinely dilutes its treated process 
effluent with tap water before discharge.) 
Tests run under the SRC I process yielding 
liquid products were influenced by abnormal 
plant operations, which resulted in effluent 
that did not pass through the biodigester and 
filter to reduce hydrocarbon loading. Re
sults of tests in this water indicated that, 
as expected, incompletely treated or un
treated SRC I effluent was toxic to aquatic 
1 ife. 

At about the time of changeover from SRC 
to SRC II operations it became necessary to 
supplement with tap water the potable cooling 



TABLE 3.1. Summary of Results from 96-hr Static Laboratory Toxicity Tests with Treated SRC Process Effluent 
at 17-19C. Effluent was collected at the P&M SRC pilot plant, Fort Lewis, Washington one day before start of each 
assay. 

Date Assay 
Conducted 

Test 
Organisms Assessment(a) 

SRC I 

Aug 3-7, 1976 Rainbow trout (Salmo 
gairdneri) fingerlings 

No relationship between mortality and effluent concentration. Losses 
due to low dissolved oxygen. 

Aug 24-28, 1976 Largemouth bass 
(Micropteris salmoides) 
fingerlings 

No mortality attributable to effluent concentration. Some losses due 
to disease. Some stress display by fish. 

Oct 12-16, 1976 Rainbow trout 
fingerlings 

Significant mortality (>50%) at effluent concentrations of 80 and 100%. 

Nov 16-20, 1976 Rainbow trout and 
crayfish 

Significant mortality (>50%) at effluent concentrations of 40, 60, 80 
and 100% for rainbows, >60% for crayfish; narcosis evident among 
crayfish. 

Jan 27-31,1977 Rainbow trout fry No mortality in 96-hr but some fish stressed at 80 and 100% effluent 
concentrations. 

SRC II 

June 21-25, 1977 Rainbow trout 
fingerlings 

Some mortality at higher effluent concentration. 

Dec 14-18, 1977 Rainbow trout fry No mortality attributable to effluent concentration. 

Feb 17, 1978 Rainbow trout fry Total mortality at all effluent dilutions. Test terminated after 30 min 
and repeated with higher dilutions. 

Feb 17-21, 1978 Rainbow trout fry Over 80% mortality at low effluent concentrations of 6, 8 and 10% 
(repeat). 

Mar 24-28, 1978 Rai nbow trout fry Over 90% mortality at effluent concentrations of 60, 80 and 100%. 

(a) Factors influencing relative toxicity were condition of charcoal filter below biodigester, pH level in biodigester, 
stage of plant operational stage when sample was obtained, effluent dilution, and mode of plant operation 
(SRC I or SRC II). 

tower water supplied to cooling jets on the 
Sandvik® belt. This reduced high cooling 
tower losses from Sandvik operation which had 
interfered with efforts to maintain cooling 
tower water chemistry and noncorrosive condi
tions. At the same time it significantly 
increased the dilution of effluent waters 
being tested for aquatic effects during all 
subsequent testing periods. Results of the 
first two acute toxicity tests conducted dur
ing SRC II indicated low toxicity hut a nar
cotic effect, similar to tests conducted dur
ing "normal" operation of SRC I. However, 
considerable toxicity of untreated process 
effluent was subsequently indicated when ab
normal plant operating conditions prevailed. 
When the surge reservoir was cleaned before 
the effluent samples were obtained, highly 
acidic wastes inadvertently entered the bio
digester, killing most of the microorganisms. 
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Thus, the effl uent used in the acute tox i city 
test was untreated and, as might be expected, 
highly toxic. In the first test, all fish 
soon died and the test was terminated in 30 
min. The subsequent test 9mployed greater 
dilutions of the same effluent sample. 
Again, high toxicity was indicated. 

In summary, short-term toxicity tests with 
SRC plant effluent indicate that treated pro
cess effluent passing through the biodi
gester, sand filter, and activated charcoal 
filter is relatively low in toxicity to aqua
tic life, and that untreated effluent origi
nating within the plant contains chemical 
features highly toxic to aquatic life. It 
is clear that sampling of effluent issuing 
from a pilot plant must be closely correlated 
with a specific mode of plant operation, and 
that an effective biological treatment unit 



is required of effluent originating from a 
commercial operation. 

Chemical Characterization of Solvent Refined 
Coal Effluents 

A temporary failure of the SRC liquid 
effluent treatment facility in February, 1978 
provided a unique opportunity to collect sam
ples of untreated effluent for hydrocarbon 
analysis. These samples were compared with 
those collected from the same location when 
the treatment facility was fully operational. 
In each case, the organic material in the 
water was collected by pumping the effluent 
discharge directly through tubes filled with 
macroreticu1ar resin. The tubes were ex
tracted with 100 ml diethy1 ether to remove 
the organic material. Then the ether ex
tracts were concentrated and the hydrocarbons 
in the extracts separated into saturate and 
aromatic hydrocarbon types using a standard 
silica gel separation procedure. These frac
tions '}jere investigated using capillary gas 
chromatography and capillary gas chromato
graphy/mass spectrometry (GC/MS). 

Figure 3.1 shows a capillary chromatogram 
of the aromatic hydrocarbons isolated from 

rr 
I 

-n!1 
I 

Ii 
I 

i 

J 
~ 

0.56 1 of effluent when the water treatment 
facility was inoperative (top) and compares 
this with the aromatic ~ydrocarbons isolated 
from 10 1 of treated eff1 uent (bottom). 1 t 
is difficult to accurately determine the 
quantities of material being discharged at 
any time, because the amount of water added 
to the waste stream from cooling operations 
and other relatively uncontaminated sources 
varies widely. However, it is apparent that 
the untreated effluent sample contained at 
least two orders of magnitude more material 
than did the treated effluent. The qualita
tive differences are also dramatic. CG/MS 
analysis of the untreated effluent sample 
revealed a wide variety of alkyl substituted 
naphthalenes, biphenyls, f1uorenes, phenan
threne/anthracenes, and pyrenes. Most of the 
major chromatographic peaks appearing in the 
untreated effluent sample are absent from the 
treated sample. 

Work is in progress to identify all the 
major components appearing in both effluent 
samples. Knowledge of the composition of the 
treated effluent will allow an assessment of 
the effectiveness of the treatment operation 
and point the way toward any necessary im
proved procedures. 

FIGURE 3.1. Capillary Gas Chromatograms of Solvent Refined Coal Effluent, Aromatic Hydrocarbons. Above, 
untreated effluent; below, treated effluent. Treated effluent has been concentrated 15 times that of the untreated 
effluent. 
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Effects of Sublethal Phenol Exposure on 
Predator-Prey Relationships 

The studies reported here were initiated 
under a former 189 entitled IIImmediate Ef
fects of Coal Utilization on Fish Physiology 
and Behavior." Because the developing SRC 
technology required more immediate attention, 
the fish behavior investigations were tempor
arily interrupted. The results of these 
studies to date are reported below. 

The research investigated the use of phys
iological and behavioral indicators to detect 
the environmental effects of coal-related 
contaminants entering aquatic systems with 
greater sensitivity. The interaction of pre
dator and prey was selected for investiga
tion. Companion studies at PNL indicated 
that the phenols were representative of SRC 
waste streams connected with coal conversion 
processes. 

The experimental design of our studies 
required exposing juvenile rainbow trout 
(Salmo gairdneri) to sublethal levels of 
phenol before exposing them to adult trout 
predators. Acclimation and test temperatures 
were 13.0 + 1.0C. Following a 96-hr expo
sure, test-fish and an equal number of con
trol fish were put into a tank containing 
adult predators (rainbow trout). Each test 
lasted a maximum of 30 min or was terminated 
when approximately half of the prey had been 
consumed. Fish remaining at the end of the 
test were recorded as exposed or control ac
cording to pretest marking. 

wG:i 
~~ 
~~ 4 
-' -' « « 
~~ 
00 
::E::E 

~ ~ 3 
00 
L.o..I L.o..I 
zz 
«« 
I- I
Z Z 
«« 
t;;; t;;; 2 
zz 

• 

Exposure concentrations ranging from ap
proximately 0.4 to 7.7 ppm were generated by 
proportional diluters and were selected based 
upon reported lethal concentrations ranging 
from 10-25 ppm. 

The ratio of predation rates upon two 
groups of fish was dp = i1/i2, where i1 and 
i2 are the instantaneous mortality rates of 
the exposed and control groups, respectively. 
Figure 3.2 is a plot of the dp ratio versus 
the phenol concentration for 62 individual 
tests. The linear regression shows a signif
icant trend in the data. The slope of the 
line (0.20) is significantly different from 
o (p<0.05), and with a correlation coeffi
cient of 0.50 there is a significant (p<0.05) 
relationship between the dp ratio and phenol. 
Thus, there is a trend of increasing vulnera
bility to predation with increasing phenol 
concentration. However the individual test 
dp ratios do not indicate a significantly 
greater predation rate of exposed fish com
pared to controls until the highest test con
centrations, i.e., 7.03 and 7~74 ppm. This 
suggests that the level of sensitivity of 
the predator-prey test may be only slightly 
higher than that realized by using a stan
dard 96-hr determination of LC50' 

Effects of Phenol on Gill Adenosine 
Triphosphatase 

One aspect of investigation dealing with 
sublethal stress in aquatic organisms has 
been the effect of pollutants upon enzyme 
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FIGURE 3.2. Plot of the dp Relationship Versus the Phenol Concentration for 62 Individual 
Tests on Predator-Prey Relationships in Rainbow Trout. 
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systems. Research on adenosine triphos
phatase (ATPase) has received attention in 
the literature, with major emphasis on organo
chloride pesticides. Analysis of SRC efflu
ents identified phenol as one of the more 
persistent constituents. This compound was 
selected as the initial test toxicant for 
ATPase activities. 

Experiments were conducted to determine 
optimal assay conditions for three ATPase 
activities associated with crude gill homoge
nates of rainbow trout. Definitions of these 
activities and assay conditions for toxicity 
are listed below: 

• Mg-baseline--the amount of activity stim
ulated solely by magnesium ions. Assay 
conditions were 20C, pH 7.0 (10 mM imid
azole buffer) and 3.25 mM Mg+2. 

• Total NaK=ATPase--the total amount of 
activity observed in the presence of mag
nesium, sodium and potassium ions. Assay 
conditions were 20C and 37C, pH 720 (10 
mM imidazole buffer), 3.25 mM Mg+ , 100 
mM Na+ and 20 mM K+. 

• Sodium pump activity (ouabain-sensitive 
NaK=ATPase)--the fraction of activity 
stimulated by magnesium, sodium and po
tassium ions and inhibited by ouabain, a 
cardiac glycoside. Assay conditions are 
identical to those for total NaK-ATPase 
with the addition of 0.5 mM ouabain. 

Initial efforts were directed towards the 
characterization of these ATPase activities. 
We found that all three activities exhibited 
a rather broad pH optimum between 6.0 and 
7.3. Thermal lability was observed in both 
Mg-baseline and total NaK-ATPase activities 
in excess of 30C and 20C, respectively. So
dium'pump activity, was demonstrated only at 
37C. At this temperature total NaK-ATPase 
activity did not exceed Mg-baseline activity, 
indicating a lack of alkali metal stimula
tion. It was also observed that magnesium 
ion concentration in excess of 5 mM appeared 
to inhibit total NaK-ATPase activity. Nei
ther Na+ or K+ demonstrated any stimulatory 
effect on ATPase activity at 37C. 

Experiments were performed to assess the 
in vitro effects of phenol on ATPase activi
ties. Mg-baseline activity was less sensi
tive than total NaK-ATPase activity. In two 
separate tests, Mg-baseline was inhibited 43% 
and 35% by 20 mM phenol, whereas total NaK
ATPase activities were inhibited 58% and 57%. 
Sodium pump activity was unaffected by phenol 
at concentrations as high as 25 mM phenol. 
The mode of inhibition was determined as un
competitive by inspection of Eadie-Hofstee 
plots (Figure 3.3). 
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FIGURE 3.3. Inhibition of Mg-Baseline (A) and Total 
NaK-ATPase (B) Activities at 20C. Solid dots and solid lines 
represent controls (i.e., no phenol). Ten mM and 20 mM 
phenol are represented by triangles (dashed line) and 
squares (alternating dashed line) respectively. ATP con
centrations were 0.1,0.6 and 4.0 mM. Each point represent~ 
the mean of three fish. 

Phenol does not appear to have the poten
tial to adversely affect gill ATPase activi
ties in vivo. Conversion of millimolar con
centrations of phenol to mg·t(20 mM phenol = 
1,882 mg.t) shows that ppt levels would have 
to accumulate in the gills to produce a 
significant level of inhibition. The LC50 
levels of phenol range between 6-25 mgot 
for freshwater teleosts, indicating that 
death would most likely precede any detect
able sublethal effects associated with gill 
ATPase activities. 
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OIL AND GAS 

• Fate and Effects of Petroleum Hydrocarbons 
in Marine Ecosystems 

• Long-Term Effects of Hydrocarbons* 

The major objective of the programs supporting oil and gas technology 
development is to identify classes and levels of petroleum hydrocarbons which do 
not significantly disrupt aquatic ecosystems. This knowledge will provide a strong 
technical rationale for specifying the degree of environmental control technology 
needed at production sites, i.e., at the offshore well-head and refinery. Also, this 
research provides data for predicting the potential ecological impact of petroleum 
hydrocarbons resulting from transportation spills and accidents. 

Current research programs at the Marine Research Laboratory in Sequim 
and PNL (Richland) are designed to address a range of questions regarding the fate 
and effects of petroleum. The programs utilize integrated approaches and expertise 
in ecology, environmental physiology and analytical chemistry. Hypotheses formu
lated from results of either field or laboratory investigations are verified by testing 
in both types of systems, sO that the significant variables are defined and the rates 
and magnitudes of effects are evaluated under natural conditions. 

The framework of experimentation is designed to: 

• assess the effects of petroleum hydrocarbons in the natural environment at the 
population and community level. This is achieved by establishing the statistical 
validity of sampling methods for populations and by exposing representative 
communities to chronic low-level contamination 

• define the threshold levels of petroleum hydrocarbon contamination in sea
water, above which the survival of sensitive marine organisms cannot occur 

• describe the fate and effects of petroleum hydrocarbons bound to marine sedi
ments. Phases of this large topic regard the recovery (depuration) rate of oiled 
sediments in the natural environment, the transport of specific components of 
oil from sediment to benthic organisms, and the effects of contaminated sediment 
on the health of individual species as well as populations settling (recruited) 
on the substrate. 

*Includes related services contribution under joint EPA/DOE agreements. 
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• Fate and Effects of Petroleum Hydrocarbons in 
Marine Coastal Ecosystems 

Principal Investigators: J. R. Vanderhorst 

The objective of these studies is to evaluate effects from petroleum hydrocarbons at the 

population and community levels of biological organization. Identification of potential 

effects in laboratory studies and measurement of actual effects of field sites are the major 
subtasks. 

Potential Effects: Laboratory Studies 

A goal in this subtask is to identify po
tential effects from petroleum hydrocarbons 
(PHC's) on population and community pro
cesses. The reseeding of populations follow
ing PHC contamination has been identified as 
a potentially sensitive population process. 
Estimation of population density, which varies 
greatly, is prerequisite to measurement of 
reseeding rate. In the current year two ex
perimental systems have been compared for 
usefulness in elucidating PHC effects on 
natural population density. The first is a 
laboratory system open to reseeding by a con
tinuous raw seawater supply. Populations on 
solid substrates are evaluated. The second 
uses in situ trays of PHC contaminated sedi
ment.--Populations of animals within the sed
iment are evaluated. Species common to both 
systems were used for the comparison. 

Of interest is the relative amount of ef
fort required to measure effects on popula
tion density from PHC. Figure 4.1 estimates 
the effort needed to measure effects on popu
lation density for two species. From 2 to 
60 replicate tanks are required to detect 
differences in population density hetween 
PHC-contaminated and control tanks from 90% 
to 10%. This estimate is for the species to 
which the approach is most suited (Ophiodromus 
pugettensis). In contrast, from 4 to nearly 
400 replicate tanks are required to detect a 
difference of from 180% to 10% for Psephidia 
lordi. A risk of 10% is accepted that the 
differences observed may be due to change. 

Figure 4.2 compares the two approaches. 
For this comparison a standard sensitivity 
(50%) is used and a risk of 10% that the ob
served difference (50%) is due to change is 
accepted. 
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The laboratory approach proved superior 
for polychaetes (Platynereis bicanaliculata, 
o hiodromus pugettensis, and Armandia 
bioculata in terms of required effort. The 
in situ approach was superior for bivalues 
(psepj11dia lordi and Mysella tumida). Costs 
for measuring population density in either of 
the systems is high but feasible. For the in 
situ approach the overall effort can be reduced 
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FIGURE 4.1. Number of Tanks Required to Detect Percent 
Differences i n Treatment and Control Means for Psephidia 
lordi and Ophiodromus pugettensis. 



by subsampling (Figure 4.2A). Subsampling 
effort appears to be relatively uniform 
between species. 

Measurement of Actual Effects on Populations 
and Communities from Oi 1 and Gas Technologies 

This subtas~ involved sampling of the in
tertidal zone of four sites in the north 
Puget Sound region. Two of these sites have 
high potential for contamination by PHC's; 
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two do not. A manuscript was prepared 
describing t~e statistical sensitivity of 
littleneck clam density methods iJefore the 
current year Vanderhorst, J. R. and 
Wilki~son, P., The littlenec~ clam 
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• Long-Term Effects of Hydrocarbons on Selected 
Ecosystems and Associated Organisms 

Principal Investigator: J. W. Anderson 

One of the major objectives of this program is to determine the responses of various marine 

organisms to realistic concentrations of hydrocarbons in water for different exposure periods. 

This information will be used in a model for assessing the effects from oil inputs ranging from 
short-term spill situations to chronic releases. Methods of exposure and calculations of re

sponses are designed to provide a statistically valid means of predicting the damage of inputs 

to marine species. 

Characterization of the Flowing Exposure 
Systefl! 

In earlier reports we described various 
aspects of our quantitation and identifi
cation methods for determining the precise 
characteristics and levels of petroleum 
hydrocarbons (PHC's) contacted by test 
species. Over the past year we have utilized 
two syste~s: filtered and unfiltered 
(Table 4.1). While rearing amphipods it was 
necessary to construct containers which 
would not allow the animals to exit, and 
these restricted surface outflow, thus pro
ducing a thin oil film. To remove the film 
and eliminate buildup of oiled particulates 
or oil droplets, filters were installed 
which had a slight effect on specific com
ponent distribution within the exposure 
water. The differences observed in quanti
tative analyses can be explained by the 
selective removal of droplets (whole oil) 
and the enrichment of very soluble aromat
ics washed from the oil on the filters. 
Table 4.1 shows the analyses of total oil by 
the infrared spectrometry (IR) hydrocar
bons adsorbed to XAO-2 resin columns. This 
method is frequently used in monitoring 
analyses to determine the consistency of a 
given concentration in the delivery system. 

There is rather close correlation be
tween the 300 ppb value in the unfiltered 
system by IR and the 281 ppb determination 
by helium equilibration (HeEq) and gas cap
illary chromatography (GC) of total aromat
ics. This correlation is not as good for 
the filtered water because of higher con
tribution from monoaromatics, which are 
recovered less efficiently from the resin 
and are less detectable by the IR analysis 
technique. It is interesting to note how 
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this rather minor modification of the system 
produced changes in component distributions 
which must be taken into account in evaluat
ing effects on a given species. Without 
these extensive analyses, differences could 
not be detected and comparisons between re
sponses of different species or between the 

TABLE 4.1. Concentrations of Hydrocarbons in Con

tinuous-Flow Bioassay Apparatus as Determined by IR, 
Helium Equilibration, and Capillary GC Techniques. 
Unfiltered oil exposure tanks were sampled in May, 1978. 
Filtered oil exposure tanks were sampled in February, 1978. 
Concentrations are in Mg/Q and standard deviations 
are in parentheses. 

Unfiltered Filtered 

Oil Concentration (IR) 300 320 (SO) 

Saturates (C,·C,,) 19.80 (2.32) 34.97 (3.85) 

Aromatics 

Benzene 61.4 (3.6) 369.1 (92.6) 

Toluene 112.6 (24.1) 319.1 (35.0) 

Dimethylbenzenes 48.0 (5.7) 214.1 (19.3) 

Trimethylbenzenes 16.6 (1.3) 55.8 (7.5) 

Co-Benzenes 5.50 (0.61) 18.90 (0.38) 

Naphthalene 5.61 (0.42) 11.65 (0.41) 

Methylnaphthalenes 6.56 (0.56) 13.39 (0.27) 

Dimethylnaphthalenes 3.95 (0.37) 5.64 (1.04) 

Trimethylnaphthalenes 2.0(a) 2.0(a) 

Phenanthrene 0.18 (0.02) 0.35 (0.07) 

Aromatics Total 282.6 1031.1 

(a) Estimated from recovery data 



same species in other systems could not be 
made. 

Analytical Procedures to Ensure Internal 
Consistency 

In the past year, an analytical procedure 
has been developed for the quantitation of 
saturate and aromatic hydrocarbons in the 
tissue of marine organisms. The method is 
directly applicable to the determination of 
concentrations of hydrocarbons in organis~s 
exposed to chronic or acute hydrocarbon 
levels in the continuous-flow bioassay sys
tem, and in organisms exposed to oil
contaminated sediments in field and labora
tory studies. The method is being expanded 
to include several tissue types. It "as been 
used in two intercomparisons of data produced 
at Battelle's Richland and Sequim laborator
ies to ensure accuracy, precision and inter
nal consistency. 

The results of the second hydrocarbon 
tissue intercomparison exercise are shown in 

Table 4.2. Hydrocarbon concentrations re
ported in column 1 of Table 4.2 by the 
Richland laboratory are corrected For percent 
recovery based on correction Factors derived 
from quantitatively determining the amount 
lost of known amounts of each of the individ
ual hydrocarbons amended into uncontaminated 
tissue. These results are compared to re
sults obtained using a simplified calibration 
where only three pre-selected hydrocarbons 
are used for correcting the raw data for 
recovery. 

In the second method, saturate hydro
carbons are corrected based on the recovery 
of 2-methylhexad2cane. Diaromatic hydro
carDons and phenanthrene are corrected on 
the basis of biphenyl and the methylphenan
threnes on the basis of pyrene. Most values 
reported in Table 4.2 are within 20% 
of the actual amounts amended and, there
fore, better than the values reported in the 
first two columns, indicating that 
simplification of the recovery portion of 
the procedure has not reduced accuracy or 

TABLE 4.2. Concentrations of Saturate and Aromatic Hydrocarbons in Amended 
Clam Tissue as Measured by Gas Chromatography. Concentrations are in parts 
per million (ppm). 

Corrected by Uses of Three 
Richland, Sequim, Specific Hydrocarbons, 

Compound 'Yo recovered % recovered % recovered 

nCll (112) (52) 74 

nC '4 (102) (60) 86 

nC ,S (99) (68) 95 

nC '6 (109) (75) 105 

nCll (111) (84) 116 

nCn (159) (93) 148 

nC24 (150) (76) 126 

Naphthalene (129) (80) 91 

2-MN(a) (118) (89) 98 

l-MN (120) (94) 107 

2,6-DMN(b) (108) (151) 106 

1,3-DMN (125) (148) 112 

2,3-DMN (116) (111) 114 

2,3,6-TMN(c) (104) (117) 114 

Phenanthrene (137) (69) 133 (104)(e) 

l-MP(d) (113) (69) 117 

(a)MN = methyl naphthalene 
(b)DMN = dimethylnaphthalene 
(c)TMN = trimethylnaphthalene 
(d)MP = methylphenanthrene 
(e) Value in parentheses are based on pyrene recovery factor. 
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preclslon. Hydrocarbon concentrations re
ported by the Richland laboratory, with the 
exception of one compound, are greater than 
100% of actual amounts amended to tissue 
samples. The hydrocarbon concentrations 
reported in column 2 by the Sequim labora
tory show amounts both above and below the 
actual amounts amended to the tissue. Both 
laboratories have agreed to use the simpli
fied method where only the three preselect
ed hydrocarbons are used for calibration, 
which should ensure the inner consistency of 
data produced by both laboratories. 

By using the method, we are participat
ing in a national analytical intercompari
son study conducted by the Nat i ona 1 Bureau 
of Standards for the Bureau of Land Manage
ment. Such exercises are being conducted to 
devise methods of standardization for 
hydrocarbon analyses such that analytical 
results from environmental studies of dif
ferent national laboratories can be better 
intercompared. Analytical methods are cur
rently being developed to ensure the accur
acy, precision and internal consistency of 
experimental data on the analysis of hydro
carbons in sediments. The methods will be 
tested employing interlaboratory intercom
parison studies similar to those described 
for tissue analyses. 

~~~~of Hydrocarbon~ from the Flowinq 
Syste_~ 

For several years, studies have been con
ducted on the extent of hydrocarbon accumula
tion and the duration of retention in the 
tissues of bivalve mollusks. Early reports 
indicated that these compounds were retained 
in the tissues indefinitely, thus removin~ 
the valuable resource from the market and the 
consumer. However, in later studies, it has 
been shown that clams and oysters cleansed 
themselves of the contamination in one to 
three months, but there was some indication 
that a small residue was retained. Reports 
from field sampling also suggested the pres
ence of a "stable pool" of hydrocarbon con
tamination detected in animals that had been 
exposed over long time intervals. The appar
ent conflict between the various conclusions 
of several investigators was important to 
address because it concerned the contamina
tion of commercially valuable seafood pro
ducts. 

Using our well-characterized hydrocarbon 
delivery system, we investigated the problem 
in detail. Table 4.3 illustrates the find
ings of showing the specific component anal
ysis of the exposure water and the tissues 
of oysters exposed over a period of nine 

TABLE 4.3. Glass-Capillary Gas Chromatography Analyses of Exposure 
Water and Oysters Exposed for One to Nine Weeks. Mean water values 
are derived from three replicates and oyster data from six replicates at each 
time interval (standard deviations in parentheses). 

Oysters, ppm 
Water, 

Hydrocarbons ppb 1 Week 5 Weeks 9 Weeks 

Total n-alkanes 8.5 (0.3) 0.4 (0.3) <0.3 <0.3 

(Cn-C28) 

Naphthalene 4.3 (0.3) 0.8 (0.4) 0.3 (0.3) 2.0 (1.7) 

2-MN 4.7 (0.5) 2.6 (1.0) 1.4 (1.7) 8.6 (3.2) 
l-MN 3.7 (0.4) 2.0 (0.8) 1.4 (2.0) 7.2 (3.0) 

1 ethyl + 2 ethyl N 1.0 (0.1) 0.8 (0.5) 0.7 (0.8) 5.7 (2.1) 

2,6 + 2,7 DMN 0.7 (0.2) 1.2 (0.5) 0.7 (0.6) 6.6 (2.3) 
1,3 + 1,6 DMN 1.8 (0.3) 1.9 (0.7) 1.2 (1.0) 10.3 (4.1) 
1,7 DMN 1.9 (0.3) 2.2 (0.9) 1.0 (0.7) 7.9 (5.4) 
1,4 + 2,3 + 1,5 DMN 1.2 (0.1) 1.7 (0.8) 0.5 (0.6) 8.4 (2.9) 
1,2 DMN 0.5 (0.1) 0.6 (0.3) 0.3 (0.6) 5.9 (3.1) 

Phenanthrene 0.6 (0.1) 0.7 (0.4) 0.3 (0.4) 11.9 (6.9) 
MP(a) 0.9 (0.1) 1.7 (0.7) 0.9 (0.7) (c) 
DMP(b) 0.3 (0.1) 0.8 (0.4) 0.6 (0.5) (c) 

Total Aromatics 21.6 (2.0) 16.6 (6.4) 9.2 (7.4) 74.7 (22.8) 

Total Hydrocarbons 31 ppb 17 ppm 9 ppm 75 ppm 

(a)MP = methylphenanthrenes 
(b)DMP = dimethylphenanthrenes 
(c) Analyses are not yet completed. 
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weeks. lt should be noted that the concen
trations of total hydrocarbons i~ the deliv
ery water was 31 parts per billion (ppb), 
while the tissues of the oysters contained g 
to 75 parts per million (ppm) at the three 
sampling intervals. As is normal for upta~e 
by bivalves, the content of individuals var
ied such that the concentrations at one and 
five weeks are not significantly different 
(standard deviations 40-80% of the mean). 
The concentration at nine weeks is higher 
than the earlier levels, and the 75 ppm rep
resents a magnification factor in the tis
sues of 2400 times t~at in the water. As 1as 
been observed in other studies, the naphtha
lenes and phenanthrenes were all accumulated 
in the tissues. 

A most significant aspect of our findings 
regards the levels of hydrocarbons i~ oysters 
transferred from the exposure system at one, 
five, and nine weeks to clean flowing sea
water for three weeks (six at each interval). 
None of these organisms exhibited detectable 
levels of contamination, which would be 0.3 
ppm total n-alkanes, 0.02 ppm individual aro
matics and 0.25 ppm total aromatics. Since 
there was no evidence on long-term retention, 
regardless of the exposure period, it must 
be concluded that there is no "stable com
partment" in the tissues which would produce 
long-term contaminaton. It is likely that 
field and laboratory samples which suggested 
longer retention (analyzed by other research
ers) were not analyzed by the best possible 
means, or were not allowed to depurate the 
contamination in a flowing and truly clean 
seawater system. 

While very recent information indicates 
that hydrocarbons degrading enzyme systems 
may be present in bivalves, their level of 
activity is probably 100 times lower than 
those of fish and some crustaceans. There
fore, the release of hydrocarbons from t~e 
oysters, described above, was probably the 
result of partitioning from tissue back to 
the water. In crustaceans depuration of con
taminants would probably be faster, and up
take would probably show saturation at some 
time. During the extensive studies of the 
benthic amphipod Anonyx laticoxae we con
ducted several hydrocarbon uptake experiments 
for correlation with toxic and sublet~al ef
fects studies. During a short-term exposure 
of 96 hr at a concentration of 0.5 ppm total 
hydrocarbons or 31 ppb total naphthalenes, 
we found that the amphipods accumulated a 
mean of 1.92 ppm (±O.7) specific naphtha
lenes, and a one-week depuration in clean 
water resulted in complete release of con
taminants «0.02 ppm). A second test at the 
same exposure concentration resulted in con
tamination of specific naphthalenes, as shown 
in Figure 4.3. Using the ultraviolet tech
nique for naphthalenes analysis, it was ob
served that the tissue content of the parent 
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FIGURE 4.3. Ultraviolet Tissue Analysis of Adult Amphi
pods Exposed to Hydrocarbons in d Flowing System. Data 
points Jre the mean of three replicate samples and the 
confidence limits are standard errors, SE = SD . 
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compound (napht~alene) reached a p~ak at 8 
hr, then dropped to nondetectable at two 
days. goth the methyl (MN)- and dimethy1naph
thal~nes (DMN) increased during the first 24 
hr and at later intervals the methyl isomers 
decreased, while the DMN increased over the 
five-day period. The total naphthalene 
values, composed of the alkylated forms, 
tended to level off by the end of the expo
sure. In the final test on accumulation, 
tissues from six animals (per sample) were 
analyzer by gas chromatography after exposure 
periods up to 27 days (Table 4.4). The total 
values are higher than those shown in 
Figure 4.3, which is probably due to more 
exact analytical techniques. There is rela
tively little accumulation of naphthalene 
(as seen in Figure 4.3), while tissue levels 
of the alkyl-naphthalenes increase to a peak 
at seven days and remain relatively stable 
thereafter. The mean level of contamination 
from day 7 to 27 was 20 ± 5 ppm total naph
thalenes, which represents a thousandfold 
magnification over concentrations in the 
water (0.37 ppm total hydrocarbons and 22 ppb 
naphthalenes). 

It is relatively easy to compare these two 
uptake and release studies as the exposure 
system and concentrations were approximately 
equal. Oysters accumulated 10 to 15 ppm 
naphthalenes in 7 to 35 days, but by 63 days 
the contamination was at 74 ppm. It is not 
known exactly when depuration hy oysters was 
complete, but all earlier studies suggest it 
would take at least the three weeks used in 
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TABLE 4.4. Gas Chromatography Analysis of Amphipods Exposed in the Flowing System for Periods up to 27 Days 
(sample sizes between 0.8 and 2 g for six animals). 

Hydrocarbons, ppm 8 hrs 24 hrs 4 days 

Naphthalene 0.74 1.24 0.62 

l-Methylnaphthalene 1.13 2.93 2.06 

2-Methyl naphthalene 0.89 2.24 1.73 

(l-Ethyl + 2 Ethyl) 0.21 0.52 0.48 

Total Methyl + Ethyl-naphthalenes 2.23 5.69 4.27 

Dimethylnaphthalenes 

2,6 + 2,7 Dimethylnaphthalenes 0.45 0.72 0.81 

1,3 + 1,6 Dimethylnaphthalenes 0.44 1.55 1.84 

1,7 Dimethylnaphthalene <0.04 <0.04 <0.05 

1,4 + 2,3 + 1,5 Dimethylnaphthalenes 0.28 0.83 1.04 

1,2 Dimethylnaphthalenes 0.10 0.32 0.44 

Total Dimethylnaphthalenes 1.48 3.94 4.61 

Total Naphthalenes 4.66 11.39 9.98 

this study. The uptake exhilJited by amphi
pods was quite rapid, reaching maximal con
centrations between four and seven days at 
levels somewhat higher than oysters at 35 
days, but about one-third the 53-day oyster 
values. There was no indication of a satura
tion level being reached by oysters (this is 
confirmed in other reports), while amphipods 
maintained quite constant values for 20 
days. Methyl- and dimethyl naphthalenes are 
the primary contami nants of the exposed 
amphipods, and earlier studies with bivalues 
have also shown that these are retained 
longer than the parent compound. 

These data create an accurate oicture of 
the rates and magnitude of hydrocarbon ex-
ch ange be~ween mar i ne organ isms ina chron
ically contaminated environment. It is pos
sible to predict the extent and duration of 
contamination in rather different organisms. 
The results are consistent with our knowledge 
of the metabolic capabilities of these two 
species and what is known about the parti
tioning coefficients of these compounds. The 
higher degradation capacity of amphipods pro
duces a stable level of contamination, while 
bivalves continue to accumulate the material. 
The order of hydrocarbon release is naphtha
lene + MN + DMN + P + MP + DMP, which would 
be predicted from the relative solubilities 
of these compounds in lipids and water. 
Higher molecular weight aromatics tend to be 
more firmly bound to tissue lipids and less 
likely to exchange with the surrounding 
water. 
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Exposure Time 

7 days 10 days 15 days 19 days 22 days 27 days Control 
------ --- ---- -----

1.94 1.14 1.40 0.71 0.85 0.50 <0.04 

5.39 3.75 3.79 1.70 3.42 1.96 <0.04 

4.35 3.23 3.24 1.52 3.36 1.90 <0.04 

1.53 1.46 1.63 0.71 1.65 1.29 <0.04 

11.27 8.44 8.66 3.93 8.43 5.15 <0.04 

1.36 1.94 2.24 1.10 2.27 1.84 <0.04 

3.87 3.80 4.73 1.93 3.91 2.65 <0.04 

<0.02 <0.02 <0.02 <0.03 <0.02 <0.02 <0.04 

2.59 2.63 2.88 1.45 2.84 2.46 <0.04 

0.95 0.95 1.11 0.56 1.05 1.01 <0.04 

10.30 10.78 12.59 5.75 11.72 9.25 <0.04 

25.04 21.82 24.28 11.10 22.65 16.19 <0.04 

Toxicity Indices of Selected Marine Species 

Since study on growth and reproduction of 
mysids and amphipods vias very time-consuming 
and not as productive as hoped, we have 
changed our objectives for this task as dis
cussed in the last semi-annual report. We 
have been very active in producing "toxicity 
indices" to evaluate the relative resistance 
of various species and in expressing these 
data in a form that will be most useful for 
predicting impacts from oil spills and chron
ic exposure. Table 4.5 summarizes our find
ings from exposure concentrations and periods 
which produced 50% mortality (LC50). Only 
the highest concentration tested (2.9 ppm 
total hydrocarbons) produced 50% mortality 
for the chum salmon (Oncorhyncus ketal. This 
occurred at 3 days of exposure. The mysids 
tested at several concentrations lower than 
this exhibited 50% mortality in 12 hr to 
seven days. LC50 values were also determined 
for grass shrimp (Hippolyte clarki) coon
striped shrimp (Pandalus dan~d sand 
lance (Ammodytes hexapterusr-TTable 4.5). 
By taking the product of the LC50 concentra
tion and the time to 50% mortality, we have 
generated values referred to as "toxicity 
indices," which have as units ppm-days. From 
about 12 hr to six or seven days the values 
for a given species remain relatively con
stant, but by nine days or so, the index often 
increases sharply (grass shrimp, Table 4.5). 
This rise in the level required to produce 
mortality on prolonged exposure probably rep
resents accommodation of the species to 



TABLE 4.5. Summary of Exposures Producing LC50 Values and Calculated 
Toxicity Indices. 

Concentration 
of exposure, 

Species j( + SD (reps) 

Neomysis awatschensis 0.358 0.062 (2) 
(mysid) 1.097 0.256 (2) 

1.493 0.519 (2) 
2.559 1.074 (2) 
Control 

0.307 0.021 (2) 
0.539 0.009 (2) 
0.710 0.010 (2) 
Control 

Panda/us danae 1.806 0.033 (2) 
(coon-striped shrimp) 3.835 0.247 (2) 

5.906 0.738 (2) 
Control 

Hippo/yte clarki 1.73 0.22 (3) 
(grass shrimp) 2.67 0.37 (2) 

3.97 0.64 (2) 
Control 

1.063 0.212 (4) 
1.971 0.152 (3) 
3.638 0.349 (3) 
6.353 0.272 (2) 
Control 

Anonyx /aticoxae 0.449 0.162 (11) 
(juvenile amphipods) 0.715 0.188 (8) 

Control 

Oncorhynchus keta 2.931 0.442 (2) 
(chum salmon) Control 

Ammodytes hexapterus 3.510 0.055 (2) 
(sand lance, fish) 5.508 0.544 (2) 

Control 

hydroGar~ons, mediated by enzyme induction. 
We will probably limit the calculation of 
indices to data produced in approximately one 
week, but the later phases of exposure are 
also interesting as they provide evidence of 
resistance induction (Rossi and Anderson, 
1978) . 

It should be noted in Table 4.5 that the 
tentative ranking of these species from most 
to least resistant to hydrocarbons is as 
follows: sand lance ->- grass shrimp ->

coon-striped shrimp + mysids. The indices 
ranged from 12 to 1.3 ppm-days for these five 
species, exposed in exactly the same manner 
to precisely the same hydrocarbon mixture. 
An even greater range would be shown if we 
were to include the shore crab (Hemigraphsus 
sp.) which tolerated 2.6 ppm for 23 days 
with no mortality. This indicates the ex
treme tolerance of these crabs to oil, which 
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Toxicity 
Time to % Index, 

LC50, days Mortality ppm-days 

4.0 1.4 
3.75 4.1 
1.0 1.5 
0.5 1.3 

13 

6.3 1.93 
7.0 3.77 
4.7 3.3 

20 

1.7 3.1 
0.7 2.7 
0.37 2.2 

0 

9.0 15.3 
2.2 5.94 
1.6 6.40 

0 

7.3 8.0 
2.75 5.5 
1.2 4.3 
0.75 4.8 

13 

15 10.8 
17 7.6 
17 13 

3.0 0 8.7 

3.5 12.3 
2.0 11.0 

10 

might be the result of low water permeability 
and/or high activity of detoxification enzymes. 
Other data provide a view of possible thresh
old levels of hydrocarbons for the various 
species. Percent mortalities observed be
tween 0 and 3 after several days of exposure 
woul~ tend to indicate that organisms will 
be capable of tolerating a given concentra
tion for long or indefinite periods of time. 
For chum salmon, the concentration ranged 
from 0.4 to 1.0 ppm and the values for both 
coon-striped and grass shrimp fell within 
this range. The most sensitive species (N. 
awatschensis) still exhibited 33% mortality 
at 0.15 ppm, showing again that it is indeed 
the most sensitive species. 

In a first attempt to evaluate the predic
tive value of these data on toxicity indices 
and to test the statistical significance of 
the findings, the data from mysids and grass 



shrimp were analyzed. When Lo910 of time 
in days is regressed on L0910 of exposure 
concentration (ppm total ~ydrocarbons) the 
results shown in Figures 4.4 and 4.5 are 
obtained. 

The null hypothesis Ho: a 2 = ai 2 (where 
i represent the variances of the slopes of 

the two regression lines) was tested. An F 
= 1.OS indicated no significant difference 
between variance estimates (p>0.2S). 

The null hypothesis Ho: 81 = 82 (where 8i 
repl"eSent the slopes of the tlNO regress ion 
lines) was tested. The following analysis 
of variance table resulted. 

OF 
Between Slopes 1 
Within Slopes 10 

SS 
0.019S5 
0.3579 

MS 
0.01935 
0.03579 

F* 
0.5545 

The F - 0.5545 indicated no significant dif
ference between slopes (p 0.25). 
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1 

C6 

0.415 
0.176 
0.041 

-0.398 

C5 

-0.301 
O.Q()(] 
0.574 
0.602 
0.672 
0.84'> 
0.799 

------
-0.147 0.159 -0.154 

2 0.129 0.1l0 -0.129 
3 0.285 0.090 0.289 
4 0.793 D.m -0.191 
5 -0.155 0.512 0.082 0.160 

-0.301 0.681 0.096 0.164 
-0.523 0.938 0.136 -0.139 

FICLJRE 4.4. Regression of Log Exposure Time Versus 
Log Concentration for Neomysis awatschensis. 
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The null hypothesis that the regression 
lines coincide, Ho: E(d) = 0 (where d is the 
horizontal distance ~etween the lines), was 
then tested. A test (t = -4.402) indicated 
a highly significant (p<O.Ol) di~ference in 
the height of the regression lines. 

Pooling information from the hlo regres
sions yields a common slope bc = -1.25718. 
The regression equations then become: 

Animal #1 LY 
Animal #2 LY 

-1.2671SXL + 0.3329 
-1.26718XL + 1.0045 

where LX = Lo910 concentration an~ 
I_Y - L0910 time. 

Using anti-logs the regression equations 
may ~e rewritten: 

Animal #1 Xl.2671S Y 
Animal #2 Xl.2571S Y 

2.1523 
10.1055 

where X concentration in ppm and Y time 
to LC50 in days. 
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Thus, preliminary results seem to indicate 
that the relationship between concentration 
of total hydrocarbon and time to LC50 may he 
represented as: 

Xl .'26 Y=C 

with C varying from species to species. In 
these examples mysids (Animal #1) were about 
five times more sensitive than grass shrimp. 
These studies are continuing because we need 
more data on the present species, taken at 
various periods of the year, and data on 
other species. The analytical and statisti
cal approach is being constantly improved. 
To our knowledge, this is the only approach 
which can be used predictively, since it 
takes into account varying periods of expo
sure and changing concentrations. When a 
firm data base has been compiled, we should 
be in a position to estimate the damage to a 
range of species from v~rious types of actual 
hydrocarbons inputs. 

The other two phases of our research re
late to field studies with oiled sediment 
exposures. Much of the information reported 
by Vanderhorst (above) I"las generated from 
research on our recruitment task. The first 
report of these studies included an extensive 
study of the depuration of oil from sediments 
in the field and a preliminary report on re
cruited organisms (Anderson et al., 1978). 
Vanderhorst et al. then discussed the data 
in a framework of valid statistical design 
of future field investigations (Vanderhorst, 
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,1. q., Anderson, ,]. W., Wi"I!<inson, P. and 
Woorlruff, D. '_., in press. Estimation of 
effects from oil on intertidal populations: 
Experimental perturbation versus natural 
variation. Presented at the Conference on 
Assessment of Ecological Tmpacts of Oil 
Spills, Proceedings to be published by the 
American Institute of Biological Sciences). 

The third task of this program concerns 
the transport of hydrocarbons from oiled sed
iments ~nd their effects on marine organisms. 
As discussed in Section 11.0, the program 
funded by NOAA/BLM has been complementarv to 
this DOE project, since a given field 
experiment may incorporate the manpower and 
expertise of others to produce a greater 
range of biological and chemical findings. 
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NUCLEAR WASTES: FISSION 

• Transuranic Behavior in Soil and Plants 

• Quantitative Aspects of Plutonium Field Studies 

• Analogs for Transuranic Chemistry 

• Transuranic Weathering in Plants 

• Radioecology of Nuclear Fuel Cycle 

• Environmental Behavior and Effects of 
Technetium-99 and lodine-129 

One of the highest priorities in the continued development and use of 
fission as a source of energy is the resolution of questions about the long-term 
fate and ultimate effects of long-lived radionuclides in the biosphere. This long-term 
behavior generally cannot be confidently inferred from the short-lived isotopes. 
The individual studies described in this section range from basic investigations of 
the behavior and effects of long-lived nuclides at the chemical and cellular level to 
ecosystems studies which describe inventory, transport, and effects in waste manage
ment areas. The investigations and reports listed in this section are designed to 
differentiate and measure certain processes affecting the biological availability of 
the radioelements. The specific applications of this and other information to nuclear 
fuel reprocessing and waste management sites will be found in Section 8. Materials 
of particular concern in connection with Nuclear Fusion, e.g., 3H, are covered in 
Section 6. 

In terrestrial studies, investigations of transuranics in soils and plants have 
demonstrated the importance of valence state, complexation, competing elements, 
microbial processes, migration down the soil profile, and weathering cycles in 
governing transuranic, availability of 1291 and 99Tc to plants and, in the case of 
plutonium, to the consuming animals. In the latter case, it was demonstrated for 
the first time that ingestion of plant tissues containing plutonium may result in 
greater transfer across the gut compared to gavaging animals with inorganic 
plutonium solutions. This underscores the importance of detailed studies of soil, 
plant and animal factors influencing uptake by the ingestion pathway. The importance 
of the ingestion pathway was also seen in studies of foliar interception of airborne 
transuranic elements in which plants were seen to effectively intercept and 
retain plutonium in particles in the respiratory size range and significant quantities 
of intercepted plutonium were transported to roots and seeds. Similar studies on 
the terrestrial ingestion pathway have been initiated with other actinides including 
uranium, americium, curium and neptunium. 
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Radioecological field studies at PNL were directed toward establishment of 
pertinent ingestion pathways and exposure levels through description of habitat 
types, population densities, and, in several instances, dosimetry, for major insects, 
reptil.es, birds, and mammalian species. These studies were extended to agricultural 
ecosystems through definition of the uptake of long-lived nuclides and digestibility 
in cattle of several forage species. In studies on a pond ecosystem at the nuclear fuel 
reprocessing plant, plutonium and americium uptake rates were studied for major 
biotic components including organic floc, algae, fish and ducks. The results indi
cated that assimilation of transuranics by the biota and export from the pond system 
were low compared to the total inventory. 

Field inventory studies have provided the bases for appropriate environmental 
sampling, and in conjunction with basic studies of plutonium behavior in soils and 
plants, have resulted in the development of reliable statistical procedures for esti
mating the concentrations of transuranics in soils. Decisions as to need for land 
decontamination in former nuclear detonation and waste management areas will 
be based on this inventory. 

The approaches developed in terrestrial and freshwater studies were recently 
extended to studies of the marine environment. The marine environment may repre
sent an ultimate repository for the mobile forms of transuranic elements and results 
indicate that geochemical and biochemical factors may influence transuranic mobility 
and availability to biota. Investigations have provided a basis for description of 
dispersion mechanisms on the sea floor of transuranics arising from nuclear 
detonations and a bomber crash. In addition to physical dispersal, biochemical 
factors may influence transuranic speciation and mobilization resulting in substan
tial changes in plutonium availability as a function of ocean depth. 

This is a comprehensive program, encompassing basic, as well as descriptive 
studies on the behavior and effects of the major long-lived radionuclides. It should 
provide a better integrated picture of the extent of engineering sophistication required 
in the nuclear fuel cycle to minimize risks associated with this important energy 
source. 
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• Transuranic Behavior in Soils and Plants 

Principal Investigators: R. E. Wildung, T. R. Garland 
K. M. McFadden, J. E. Rogers, O. A. Cataldo, and M. Sullivan 

The principal objectives of these investigations are to determine 1) the potential for 

alteration of transuranic solubility through formation of transuranic complexes in soil and 
the role of the soil microflora in this process, 2) the extent of uptake and translocation by 

plants and the sites of plant deposition of transuranics or their complexes, 3) the bond types 

and chemical forms of transuranics of their metabolites in microbes, plant tissues, and soils, 

4) the influence of soil properties, environmental conditions and cropping on these processes 

and 5) the retention of airborne pollutants by plant foliage and their subsequent absorption by 
leaves and transport to seeds and roots. 

Soil-Plant-Animal Studies 

These investigations have resulted in 
development of a model for the environmental 
behavior of plutonium. The ultimate behavior 
of plutonium upon entrance into aerobic 
soils, regardless of the chemical form or 
oxidation state, is governed by processes 
which tend to result in Pu(IV) or Pu(III) 
solubilizaton (complexation) and insolubili
zation (hydrolysis or sorption). The major 
fraction of total plutonium in soil is insol
uble and of low mobility (diffusion coeffi
cients <10- 9 cmZ/sec). Of the soluble plu
tonium «2%), a major fraction (99.9%) has 
a diffusion coefficient <1 x 10-6 cmZ/sec and 
appears to be present as small particulates 
of hydrated PuOZ' The small fraction of plu
tonilJm wl1ich is available for plant uptake 
is complexed or in the more mobile valence 
states, (V) or (VI). Thermodynamic calcula
tions indicate that the presence of Pu(V)
Pu(VI) in the soil solution is theoretically 
possible; however, studies of the interaction 
of Pu(VI) with microbial metabolites indicate 
the likelihood of plutonium in these valences 
is low because of reductive reactions in soil 
with inorganic or organic ligands associated 
with the solid or aqueous phases. Further
more, reductive processes at the plant root 
surface also occur. Evidence that the reduc
tion potentials near the root membrane are 
sufficient to reduce Pu(V)-Pu(VI) to Pu(IV) 
is evident from the established mechanisms 
of iron uptake. In this process, ferric iron 
is reduced to ferrous iron near the root and 
transported and reoxidized to ferric iron in 
the plant. Thus, the reactions of Pu(IV) in 
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soil are essentially responsible for the 
long-term behavior of plutonium. The pluto
nium entering soil in a complexed form is 
initially soluble, but exchange reactions and 
degradation of the organic ligand tend to 
decrease its solubility over time. 

The ligands most important in maintaining 
a soluble, plant-available level of plutonium 
are HC03-C03 and low molecular weight organic 
solubles, both of which are related to micro
bial metabolism during decomposition of 
organic materials in the soil. 

The complexes of plutonium appear to be 
anionic and neutral, which facilitate plu
tonium mobility in the soil and transport to 
the root membrane. Although transport 
probably depends on the presence of the free 
Pu(IV) ion for some finite period of time, 
the potential remains for Pu(IV) hydrolysis 
to insoluble Pu(OH)m at the root surface, 
likely explaining the residual plutonium 
found on root surfaces and cell walls. Evi
dence indicates that organoplutonium com
plexes serve mainly to deliver the metal to 
the root membrane, and the ligands are not 
taken up by the plant stoichiometrically with 
the metal. After passing the root membrane, 
plutonium is transported to the shoots in the 
xylem through formation of a number of com
plexes with plant ligands. Once transport 
is complete, plutonium is again complexed for 
translocation to aerial tissues. 

The gut absorption of plutonium by animals 
also requires soluble forms of plutonium and 
similar chemical reactions (hydrolysis, 



complexation) govern the formation of soluble 
forms. The pH of stomach fluids ('\,l.5) is 
insufficient to retard hydrolysis of Pu(IV) 
to Pu(OH)m but is sufficient to dissociate 
many weakly ~ound plutonium complexes. 
Insoluble forms of plutonium probahly hydro
lyze extensively ',!hen passing to the intes
tine (pH'\,?). When plutonium is iqtroduced 
into the gut as Pu(V)-Pu(VI) in high mass 
concentrations (>1 g) and I'lhen large excesses 
of a holding oxidant are present, the Pu(V)
Pu(VI) remains soluble and is absorbed in 
signi~icant quantities. However, the rerluc
ing potential in the gut is sufficient to 
reduce very low concentrations of Pu(V)
Pu(VI) to Pu(IV) if the ~olding oxidant is 
not present. When plutonium is present in 
complexes in which the ~inetics of dissocia
tion are sufficiently SlOl'I, as may occur ifl 
microbial and plant systems, the plutonium 
remains soluble in the gut, increasing absorp
tion. It is not known whether plutonium com
plexes are absorbed by the gut, but it is 
possible that soluble complexes may not pass 
gut membranes because of steriochemical 
considerations. 

Foliar Studies 

Investigation of the foliar interception 
and behavior of plutonium and americium have 
been completed and the results submitted for 
publication. Biological availability of 
Pu(IV) and Am(III), as with essential ele
ments, has been shown to depend on both solu
bility and chemical form. To evaluate the 
influence of solubility and chemical form, 
bushbean plants were contaminated with par
ticulate aerosols containing plutonium cit
rate, plutonium nitrate, water-aged Pu02 
and freshly prepared Pu02 and maintained 
for 28 days at 30% relative humidity (RH). 
The relative availability of these forms of 
Pu(IV), as measured by the percentages of 
plutonium translated from foliage to seed 
and roots, was aged Pu02 > plutonium nitrate 
> plutonium citrate> fresh Pu02. Relative 
behavior of the aged plutonium dioxide and 
plutonium nitrate compared with fresh Pu02 
can be explained by their chemical behavior 
in solution. However, the comparative 
unavailability of the chemically stable and 
soluble plutonium citrate suggests that the 
stability of the citrate complex precludes 
exchange of plutonium to other ligands which 
may be transported under these conditions. 

Moisture affects both the absorption and 
leaching of essential nutrients from plant 
foliage by influencing the wettability of 
hydrophobic leaf surfaces, providing a sur
face solution for chemical reaction, and act
ting as a vector for diffusion and subsequent 
absorption of contaminants intercepted by 
leaf surfaces. Studies of plants contami
nated with Am203 and the four forms of 
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plutonium show translocation to increase with 
both increasec ~H (70%) and intermi ':tent 
rainfall. The more soluble forms, plutonium 
nitrate and plutonium citrate, exhibited 
increases of approximately a hundredFold and 
tenfold respectively, while the oxides exhi
~i~ed a two- to threefold increase. Similar 
studies with water-aged PU02 with count modes 
of 0.042 to 0.104 ~m show that the avai1ahil
ity of plutonium is related to particle sile 
distribution. 

Transfer rates for plutonium and amerlClum 
deposited in foliage and translocated to 
seeds and roots range from 0.043% to 0.0019%. 
Although it is di~ficult to directly compare 
the relative importance of the foli~r versus 
root absorption pathway, these data demon
strate that the foliar route of entry for 
plutonium and americium must ~e considered 
in long-term dose assessment and in low-level 
release and accident situations (Table 5.1). 

Early studies were concerned with parti
cles measuring 10 to 200 ~m and retention 
half-time of particles intercepted hy foliage 
was reported as approximately 14 days. Our 
investigations showed that particles of 
<0.2 ~m (count mode) could not he readily 
removed from leaves using either wind speeds 
of about 24 ~m/hr or hy light abrasion. Use 
of a simul~ted rainfall to evaluate retention 
showed that less than 8% of Pu02 and Am02 
activity intercepted by foliage could be 
removed by simulated rainfall conditions 
initiated one day following contamination. 
More soluble forms of plutonium, such as plu
tonium nitrate and plutonium citrate, were 
leached more readily with 14 and ~O%, 
respectively, of the surface deposits leached 
after one day (Figure S.l). Leachability of 
all chemical forms studied decreased when 
time between contamination and occurrence of 
a simulated rainfall increased. Analyses of 
leachates showed that, in the case o( the 
oxides, the majority of the activity was 
associated with particles. Simulated acid 
rainfalls (pH 2) increased the removal of 
plutonium oxides only slightly while mar~edly 
increasing the removal of americium oxides 
from foliage. Calculated retention half
times for various chemical forms of plutonium 
ranged from 67 to 736 days for plutonium 
citrate and aged Pu02 respectively. 
Detailed analyses of particle size distribu
tions of plutonium and americium in leachates 
showed the majority of the inso1ub1es to be 
associated with particles with mass median 
diameter (MMD) greater than the count mode 
for particles intercepted by foliage. 

Retention half-times for submicron-sized 
particles of plutonium and americium indicate 
that much of our earlier beliefs concerning 
the behavior of particles on foliar surfaces 
are in error. Extended residence times for 
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TABLE 5.1. Effect of Relative Humidity and Intermittent Rainfall on Plutonium 
and Americium Availability. 

Transport to Concentration in 
Seed and Root, Seed and Rooi. 

Form Treatment 'N, x 104 dpm/g 

Plutonium Oxide 30';', RH B.8 + 2.0 (4) 1.20 
ifreshl 

70',,, RH 11.4 + 0.9 (4) 6.01 

70')" RH dnd Intermittent 26.7 ± 2.8 (12) 6.83 
Rainfall 

Plutonium Oxide 30"" RH 45.8 ± 8.5 (4) 16.4 
(dged) 

70';" RH 97.0 ± 21.0 (4) 41.0 

70'\, RH and Intermittent 53.9 + 9.2 (12) 22.2 
Rainlall 

Plutonium Citrate 30'}·" RH 11.0 + 1.3 20.4 

30"j, + Intermittent Rainfall 116 ± 15 139.9 

Plutonium Nitrate 30'1" RH 35.1 ± 0.9 124.4 

30'1., RH and Intermittent 427 + 80 1088 
Rainldll 

Americium Oxide 30'1" RH 16.1 + 1.9 4.97 

30'X, RH + Intermittent Rain- 20.3 + 2.7 4.62 
fall 

30':;, RH + Misting 

Pu-OXI DE. FRESH I ,~~" .. ","' rZ - 0.96 
t liZ " 520 DA Y 

~T 
t _____ " 

Pu-OXIDE. AGED 
y c -O.06lxl * 97.0 
r2" 0.95 

+ tllZ" 736 DAY 1--, __ !--.-
Pu-NITRATE 

T y" -0.15Ixl + 88.Z t ~"O~ _____ • t 112 - 259 DAY 

-----I ----I-. 
Pu-CITRATE I ,~U,","., 
r2 " 0.83 
t 112 67 DA Y 

~ l __ ~ 
-

14 ZI 

DAYS AFlH CONTAMINATION 

31.7 t 5.2 7.12 

particles i~tercepted by plant canopies pro
vide the time for chemical modification of 
surface contryminants and for absorption and 
translocation to edible plant tissues in the 
case of many agronomic crops. Extended 
retention half-times and the relative bio
availability of transuranic elements depos
ited on foliar surfaces requires an evalua
tion of these parameters in dose assessment 
models. 

FIGURE 5.1. Foliar Retention of Plutonium Forms. 
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• Quantitative Aspects of Plutonium Field Studies 

Principal Investigators: R. O. Gilbert, 
P. G. Doctor and L. l. Eberhardt 

Consultant: P. Delfiner 

This project is directed toward the development and use of appropriate statistical design 

and analysis procedures in field studies of environmental plutonium and other transuranics and 

radionuclides. This effort is motivated by the large variability and skewed frequency distri

butions usually observed in environmental transuranic data. During the past year we have made 

major efforts in two areas: 1) the publication and distribution of five issues of TRAN-STAT, 

a periodical that discusses statistical aspects of environmental transuranic studies and 

2) research into appropriate statistical methods for estimating and analyzing ratio data such 
as concentration and inventory ratios. Progress was also made in the development of kriging 

techniques for estimating spatial pattern of transuranics. Additional activities include 

involvement in the North Marshall Islands Advisory Group and in the Nevada Applied Ecology 

Group (NAEG) environmental transuranic studies (under separate funding) on the Nevada Test 

Site. 

TRAN-STAT: Statistics for Environmental 
Transuranic Studies 

TRAN-STAT is a publication we periodically 
distribute to those engaged in environmental 
transuranic studies for DOE. Publication 
began in September 1977 and five issues have 
been distributed so far. Some topics dis
cussed in these issues are the role of the 
statistician in environmental transuranic 
studies, effective data summaries and dis
plays, statistical aspects of environmental 
cleanup studies, statistical problems asso
ciated with compositing samples, and the use 
of nonparametric procedures in environmental 
studies. Topics to be discussed in future 
issues are expected to include statistical 
aspects of estimating transfer coefficients 
in process models, the use of data transfor
mation, design aspects of field studies, 
regression analyses, and statistical analyses 
appropriate for handling "not-detected" or 
"less-than" concentrations. The overall goal 
of TRAN-STAT is to increase awareness of 
appropriate statistical methods for trans
uranic research. However, its publication 
has also been a strong motivation for review
ing the statistical literature and hence 
being prepared to make progress in the devel
opment of new statistical methods for 
transuranic studies. 
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Statistical Analysis of Ratio Data 

The goals of DOE's Transuranic Environmen
tal Program include determining the rate at 
which transuranium elements move from one 
ecosystem component to another, up to and 
including man. In practice, these transfer 
rates are usually estimated by computing the 
ratio of the amount of transuranic in one 
ecosystem compartment to that of the donor 
compartment. During the past year we have 
continued to explore the statistical problems 
of ratio data. 

A basic assumption underlying the use of 
a ratio is that the numerator and denominator 
have a multiplicative relationship. In prac
tice this assumption may not be realistic. 
We are investigating the feasibility of using 
multivariate and other statistical techniques 
when this multiplicative relationship is not 
valid. We are also attempting to understand 
problems in ratio estimation that can arise 
when aliquot sizes are so small that result
ing concentrations are unreliable. We feel 
it is important that researchers understand 
and appreciate the difficulties involved in 
making inferences on the basis of ratio data. 



North Marshall Islands Advisory Group on 
Cleanup of Enewetak Atoll 

In March 1978 Dr. Gilbert became a member 
of the North Marshall Islands Group 
(W . .J. Bair, PNL, chairman). This group was 
formed to evaluate and advise DOE's radiolo
gical support of the current cleanup and 
rehabilitation of the Eneweta~ At~ll. The 
Advisory Group reports to the Director of 
Operational and Environmental Safety. It met 
on several occasions during 1978 and visited 
Eneweta~ to observe the current cleanup 
operation and to meet 'lith DOE scientists 
providing technical support. 

Dr. Gilbert's involvement in these nctivi
ties has proved beneficial to this quantita
tive aspects program in a numbt~r of respects. 
Close interaction with statisticians respon
sible for characterizing the transuranic con
taminations on the islands of the atoll 1ave 
contributed to our understanding of statisti
cal approaches useful for ma'<ing cleanup 
decisions. Other benefits accrue from ~eep
ing abreast of the experiment studies on 
plant uptake, modeling and plowing being con
ducted on the atoll. The present Enewetak 
cleanup effort will provide valuable oppor
tunities to apply statistical techniques and 
criteria to transuranic cleanup situations. 

Nevada Test Site (NTS) Environmental 
Transuranic Studies 

The objectives of this program, funded by 
the Nevada Applied Ecology Group (NAEG), are 
similar to those of the transuranic program 
of the Office of Health and Environmental 
Research (OHER). We have participated in 
NAEG statistical design and analysis programs 
since 1971. Our experience there indirectly 
contributes to this quantitative aspects pro
gram and hence is briefly described here. 

Because the overall NAEG program was 
reduced during the past year, statistical 

design and annlvsis was reduced correspond
ingly. 4ence, our ~AEG activities mainly 
consisted of 'liri ti1g several reports for" puh
lication in the proceedings of the NAEG 
Plutonium Information Conference held in San 
Diego in Fehruary 1978 (NVO-192). These 
reports cover statistical ~opics of interest 
to hoth NAEG and OHER. . 

One of the topics discussed in our reports 
is the analysis of data for studying the 
relationship hetween 241Am concentrations in 
soil and size of aliquot. These data indi
cate an increased variability and s~ewness 
of aliquot rlata as aliquot s~zes decrease 
from 100 to 1 g. Our studi es shOl'/ geometric 
means and medians to be a function of aliquot 
size, hut arithmetic means do not show this 
tendency. The optimum allocation of sampling 
effort ')etween field samples and aliqlJots per 
field sample is nnother topic discussed with 
aliquot data analysis. Results of these 
studies should he relevant wherever trans
uranics occur as particles and 3t low concen
trations. We have used these nliquot data 
in our evaluation of appropriate statistical 
methods for ratios as discussed above. 

A paper has been prepared (partly funded 
under this ::juantitative aspects program) that 
deals with estimating the spatial distribu
tion of plutonium using kriging techniques. 
An expert on ~riging from the Centre de 
Geostatistique, Fontainebleau, France, works 
as a consultant to PNL on the applicahility 
:)f kriging to transuranic contamination and 
is concerned with estimating the spatial dis
tribution of plutonium at a safety shot site 
on NTS. However, the statistical techniques 
employed may have signi~icance to OHER stud
ies, since a characterization of spatial pat
tern usually is included or precedes field 
stlJdies for quantifying rates of movement 
among eCDsys tem components or eva l'Jat i ng 
radiological 1azards to man, two goals of the 
DOE environmental research program on 
transuranics. 
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• Analog Elements for Transuranic Chemistry 

Principal Tnvestigators: W. C. Weimer, J. C. l_au1 .'lnd J. C. Kutt 

Naturally occurring elements which serve as analogs for some of the transuranic elements 

have been demonstrated to be taken up by plants as a smooth function of elemental ionic radius. 

They remain unfractionated over geologic time periods. Dools of potentially available rare 

earth elements have been defined by chemical extraction methods and have been related to the 

pool of fallout transuranic elements in soils. 

Patterns of Rare Earth Analog Elements in 
Biological Materials 

The rare earth element concentrations and 
chondrite-normalized concentration patterns 
for a number of biological materials and hio
logically derived samples have been deter
mined and compared to the concentrations and 
concentration patterns in terrestrial soils. 
In all cases, the concentration patterns of 
the rare earth elements in the biological 
materials show no elemental ~ractionation or 
selective upta~e as a function of ionic 
radius and are identical to the patterns 
determi ned for all soi 1 s thus far exami ned. 
These data indicate that, throughout geologic 
time, elements of similar ionic radii and 
chemical properties are not fractionated, but 
behave as though they were one. 

Some of the rare earth elements have been 
chosen for use as geochemical and biochemical 
analogs for a few of the transuranics. These 
are principally neodymium for americium and 
curium. This selection was based primarily 
upon the elements' nearly identical ionic 
radii and very similar chemical properties. 
The biogeochemical behavior of the natura11y
occurring analog element is intended to 
represent the long-term behavior of its cor
responding transuranic element. One approach 
to determining whether elements with similar 
ionic radii and similar chemistries do behave 
identically over geologic time is to examine 
the behavior of the entire series of the rare 
earth elements. The concentrations of the 
rare earth elements (normalized to the rare 
earth concentrations in chondrites to facili
tate interpretation) in several biological 
samples and biologically derived materials 
are given in Figure 5.2. These data are for 
snap beans, four recently harvested grains, 
and two biologically derived materia1s--raw 
coal, and raw oil shale. 
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FIGURE 5.2. Patterns of Rare Earth Analog Elements 
in Biological Materials. 

(For comparative purposes, the data for two 
soils are also included.) Two aspects of 
these data are remarkable. The first is that 
these data represent a concentration range 
of approximately 10 6 times. Throughout this 



entire concentration range, there is no evi
dence of any elemental fractionation. The 
pattern of the rare earth elements is remark
ably consistent. Second, these data repre
sent a geologic time scale going from the 
very recent uptake of the rare earth elements 
by the grains and snap beans, to the rare 
earth content of the soils derived from the 
weathering of primary minerals, to millions 
of years ago when the rare earth elements in 
the coal and oil shale were incorporated by 
living plant species. These data offer con
clusive evidence that no selective uptake or 
differentiation of elements of these ionic 
radii occur over geologic time periods. 
Therefore, the behavior of americium and 
curium, the transuranic analogs to neodymium, 
should be biochemically and geochemically 
identical to neodymium throughout very long 
periods of time, just as its neighboring 
rare earth elements have behaved identically 
over millions of years. 

Availability of Native Rare Earth Elements 
and Fallout Transuranic Elements from Soils 
to Plants 

The purposes of this investigation are 
1) to determine the concentration ratios for 
the plant incorporation of the entire series 
of rare earth elements from bulk soils and 
from several soil pools defined by chemical 
extraction techniques, and 2) to compare 
these concentration ratios with those meas
ured for the uptake of fallout transuranic 
elements plutonium and americium. The ini
tial results of these studies indicate that 
concentration ratios for the fallout trans
uranics are most closely matched by concen
tration ratios for the rare earth elements 
which are calculated from an available pool 
defined by a 1 ~ HN03-9% H202 extraction of 
the so il . 

The biological incorporation of certain 
native rare earth elements from soils may 
serve as the natural analogs for the incor
poration of the transuranic elements which 

have reached a weathered, steady-state equi
]-j brium in the environment. NatlJrally 
occurring rare earth elements in soils are 
divided into two pools. One of these pools 
contains the rare earth elements which are 
bound within primary and secondary minerals 
and are not biologically available. The 
other includes rare earth elements which have 
been released into the soil by the biogeo
chemical weathering of these minerals and 
which are potentially biologically available. 
Several different chemical extraction tech
niques have been employed to determine the 
magnitude of the available pool of the entire 
series of rare earth elements in soils and 
to relate the rare earth extractants to the 
total soil rare earth content. The specific 
extractants we have chosen represent both a 
broad range of equilibrium pH values and the 
effect of the destruction of the soil organic 
matter. The chemical strength of extractants 
ranged from quartz distilled water to 
1 ~ HN03-9% H202' Table 5.2 is a listing of 
the chemical treatment employed and the frac
tion of the total soil rare earth content 
extracted from each of two soils which have 
been examined in detail. (These data are 
expressed as the averages for the entire 
series of rare earth elements since the pro
portions extracted have been shown to be 
independent of the specific element.) 

The rare earth element concentration 
ratios from each of these chemically defined 
pools have been determined for several 
plants. These data are presented in 
Table 5.3, together with the corresponding 
fallout transuranic element concentration 
ratios for comparison. The data demonstrate 
two significant points. First, although the 
proportion of the rare earth elements removed 
by chemi ca 1 treatment is qu ite di ff erent for 
the two soils (Table 5.2), the rare earth 
element concentration ratios calculated from 
each of these pools are very similar. This 
finding suggests that the chemical treat
ments are removing materials which are 
potentially biologically available. 

TABLE 5.2. Chemical Extractability of Rare Earth Elements from Soil. 

Fraction of Total Rare Earth Element Content in Soil Extracted by(a) 

Soil 1 ~ HNO,-9% H,02 pH 2-9% H2O, pH 2 H2O 

Cape Cod 3.4 x 10-2 8.6 X 10-3 2.2 X 10-3 3.7 X 10- 4 

(EML Garden Plot) 

Ritzville 2.5 x 10-1 1.5 X 10-2 1.0 X 10-2 5.2 X 10-4 

(ALE L ysimeter Field) 

(a) Data are average extractions for the entire series of rare earth elements. 
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TABLE 5.3. Concentration Ratios for Plant Uptake of Rare Earth and Transuranic Elements. 

Transuranic Element 
Rare Earth Element Concentration Ratios(a) from Ratios from Bulk Soil (b) 

Plant Bulk Soil 1 !:::! HNOl -9% H,O, pH 2-9% H,O, pH 2 H,O 239-'40PU '41Am 

EML Soil 

Peas 1.1 X 10-4 4.3 x 10-3 1.8xl0-' 4.8 x 10-' 1.4 1.4xl0-3 6.0 x 10-3 

Potatoes 5.3 x 10- 5 1.6 X 10-3 1.0 X 10- 2 2.1 X 10-' 2.2 7.1 x 10-4 6.0 X 10-3 

Corn 8.1 x 10-5 2.7 X 10-3 2.1 X 10-' 4.0 X 10-2 4.6 1.4 x 10-' 6.1 X 10-3 

Squash 4.5 x 10-4 1.8 x 10-' 9.7 x 10-' 2.6 X 10-1 10.4 6.4 x 10-3 9.9 X 10-3 

ALE Soil 

Cheatgrass 3.6 x 10.4 1.5 X 10-3 8.4 X 10-' 3.9 X 10-' 12.9 
(whole plants) 

(a) Data are average concentration ratios for the entire series of rare earth elements. 
(b) Data provided by E. P. Hardy of the DOE Environmental Measurement Laboratory. 

In addition, the fallout transuranic ele
ment concentration ratios (determined by the 
Environmental Measurement Laboratory) are of 
the same order of magnitude but about two
fold lower than those calculated for natural 
rare earth incorporation from an elemental 
pool defined by the 1 ~ HN03-9% H202 extract. 
Since this extraction is rather harsh and may 
represent an upper limit to the biologically 
available pool, it appears that the rare 
earths may represent a more completely equil
ibrated and aqed pool for plant uptake than 
the 241Am. Thus, one may conclude that the 
241Am may become more available for plant 
uptake, perhaps by a factor of 2 or more, 
with aging time in the soil. These data do, 
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however, suggest that this extraction removes 
many rare earth chemical forms which may be 
similar to or bound in the soils by similar 
mechanisms to the fallout transuranic 
elements. 

Continuing work is necessary on the 
extractability of both native rare earth 
elements and fallout transuranics from a 
variety of soils. However, results thus far 
indicate that it will be possible to relate 
the uptake of the rare earth elements from 
the weathered pool of available elements to 
the uptake of transuranic elements, and to 
use this relationship to estimate the 
ultimate availability of transuranics in the 
environment. 





• Transuranic Weathering in Plants 

Principal Investigators: ~. G. Schreckhise, J. F. Cl ine 
and L. to Cadwell 

Technical Assistants: W.·J. Christian, M. A. Combs, 
M. J. Harris, L. F. Nelson and H. A. Sweany 

Norcus Appointee: D. T. Farrar 

Releases of long-lived transuranium elements to ecological systems pose questions for which 

data are very limited. Quantitative information is needed on the potential pathways through 

food chains to assess the potential hazards to man. Of special interest is the effect of time 

(weathering, aging, and associated biological processes in soil) on the change in availability 

of transuranium elements to be taken up by plants from soil. This study provides valuable 

information on the effects of weathering and aging on the llptake of transuranics from soil by 

range and crop plants grown under realistic field conditions. 

Comparative Uptake and ~istribution of 
Transuranics in~e and Crop Plants 

In this study, a comparison was made of 
the uptake of the nitrate forms of 238pu, 
239Pu, 241Am, 244Cm and 237Np from soil into 
selected parts of four plant species grown 
under field conditions. Alfalfa, harley, 
peas and cheatgrass were grown outdoors in 
small weighing lysimeters filled with soil 
that contained a single nitrate form at one 
of two treatment levels. The plants were 
harvested at maturity, divided into selected 
components and radiochemically analyzed hy 
alpha-energy analysis. Soil concentration 
did not appear to affect the plant uptake of 
238pu, 239Pu, 241Am or 244Cm for the tltlO 
levels utilized. The relative uptakes of 
238pu and 239Pu were not significantly dif
ferent. The relative 241Am uptake values 
were not statistically different from the 
244Cm values. The relative plant uptake of 
the four transuranium elements (Figure 5.3) 
was Np > Cm '" Am > Pu. Relative uptake 
values of neptunium into various plant parts 
ranged from 2,200 to 45,000 times as great 
as for plutonium, while americium and curium 
values were 10 to 20 times greater. 

If the concentration ratio (CR) of pluto
nium is approximately 0.0001 and 237Np was 
taken up into the ent ire plant some 3900 
times more readily than plutonium, one can 
infer that the CR value for neptunium would 
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be about 0.4. That is, under usual agronomic 
conditions, the concentration of vegetation 
growi ng on soil contami nated with 237Np in 
the upper 15 to 20 cm would be equal to ap
proximately one-half of the soil concentra
tion on a dry weight basis. Likewise, the 
CR values for 241Am and 244Cm woul d be ex
pected to be a~out 0.002 si~ce the relative 
uptake of these two transuranics was approxi
mately 16 times as great as plutonium. Sig
nificance of these CR values can ~e related 
to transuranics associated with plutonium 
breeder reactor fuels. The relative abun
dance of a number of long-lived transuranics 
relative to 239pu was calculated in spent 
Liquid Metal Fast Breeder Reactor (LMFBR) 
fuels. As shown in Table 5.4, the estimated 
concentration of 241Am, 242Cm, 237Np and 
239Np in vegetation is higher than 239Pu for 
various time periods following environmental 
releases of spent LMFBR fuels. 

Another interesting finding was the low 
concentration of transuranics in pea and 
barley seeds when compared with the entire 
plant. This is important because, in many 
dose assessment models, the CR values uti
lized are often calculated using the entire 
aboveground plant. As shown in this study, 
the levels of plutonium, americium, and 
curium in barley seeds were 30 to 50 times 
lower than the entire plant and five times 
lower for neptunium. Pea seeds were some 70 
to 230 times 10l~er for plutonium, americium, 



'-.0 

3 

~~~ ------- -------~-- - - - -- ~~---

0 
0 

0 
0 

--

SEED+STEM 
+ LEAf 

CHEATGRASS 

Pu 1238 & 2391 
A"l -241 

em -244 
Np-237 

-

-

Fff 
SEED " TE~1 

+ LEAf 

B.ARLEY 

BARS REPRESENT LOG TRANSFORMATION OF 
STANDARD ERRORS 

. 
r'1 

-
~ 

I 

T 

-

'"' -

~ I 
SEED STE\1 lEAf 151 2nd 3rd 

HARVEST HARVEST HARVEST 

PEA 5 Al FALFA 

FIGURE 5.3. Relative Uptake of Transuranics into Various Plant Parts. 

I 

TABLE 5.4. Comparison of the Relative Importance of Americium, Curium and Neptunium to 2J9pu for Relating 
Plant Uptake of Spent LMFBR Fuels Following Irradiation. 

Data Summarized by Thomas and Healy(a) Results from this Study 

Abundance in 
Spent LMFBR Fuels Importance Importance 

Relative to mpu Relative to mpu Relative to mpu 

Plant Uptake Plant Uptake 
Nuclide 3y 1000y Relative to 239PU 3y 1000y Relative to 239PU 3y 1000y 

241 Am 1.5 1.6 800 1200. 1300. 20 30. 33 

2.2Cm 0.28 0.00034 15 4.2 0.0051 20 5.6 0.0068 

2"Cm 0.40 0 15 6.1 0 20 8.1 0 

2l7Np 1.9xl0- 5 1.2x10-3 730 0.014 0.89 4,000 0.08 4.8 

239Np 1.8x10-2 1.7x10 2 730 13. 12. 4,000 72. 68. 

(a)Thomas, R. L., and Healy, J. W. 1976. An appraisal of available information on uptake by plants and 
transplutonium elements and neptunium. ERDA Report LA-6460-MS, Los Alamos Scientific Laboratory. 
Springfield, VA: NTIS. 

Data used in the above report was taken from the following sources: 

Bell, M. J. 1970. Heavy element composition of spent power reactor fuels. USAEC Report ORNL-TM-2897, Oak 
Ridge National Laboratory. Springfield, VA: NTIS. 

Price, K. R. 1972. Uptake of 237Np, mpu, WAm and "'Cm from soil by tumbleweed and cheatgrass. USAEC 
Report BNWL-1688, Battelle, Pacific Northwest Laboratories. Springfield, VA: NTIS. 
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and curium, and 30 times lower for neptunium. 
Differences in plant part concentrations must 
be considered when utilizing CR values in 
dose assessment models, and can also be used 
to describe some of the discrepancy in CR 
values reported in the literature. 

Plutonium Movement Within a Soil Column 

Samples of soil from three lysimeters were 
used to document the vertical movement of 
plutonium after four growing seasons. The 
lysimeters were originally spiked in 1974 
with a thin layer of 238pu approximately 10 
to 10.6 cm below the surface. The lysimeters 
were maintained in an outdoor enclosure and 
planted continuously with peas, barley or 
cheatgrass. After the 1977 harvest season, 
the lysimeters were brought into the labora
tory for soil sampling. Horizontal cores 
were obtained at depths ranging from 5 to 
50 cm. Analyses for 238Pu concentration in 
the soil were performed by LFE Environmental 

0 

10 

20 
CHEATGRASS 

30 

40 

50 

E 0 
£ 
:x: 10 
l-e.. 
UJ 
0 20 
...J BARLEY 
0 30 (f) 

40 

50 

0 

10 

20 

30 

40 

50 
0 

LOG 238PU CONCENTRATION (dpm/g) 

FIGURE 5.4. Concentration of 23Bpu in Field Lysimeters 
at Various Depths Below Soil Surface Following Four 
Harvest Seasons. 

5. 15 

Analysis Laboratory in Richmond, California. 
Figure 5.4 shows the distribution of 238Pu 
within the soil column after four harvest 
seasons. The apparent downward and upward 
movement of plutonium in the 1ysimeters 
indicate that mechanisms other than just 
chemical processes may be involved. 

Placement of 239pu_Oxide Into Field 
Lysimeters 

Sixty-nine mg of 239pu oxide were placed 
in each of 20 field lysimeters. The spiking 
solution was prepared by grinding 239Pu-oxide 
in a standard ceramic mortar, suspending it 
in triple distilled water and adding a sur
factant, lignin sulfonate, to the solution. 
The suspension was treated intermittently in 
a ultrasonic cleaner for a total of about 
50 hr. The ultrasonic treatment and addition 
of the lignin sulfonate appeared to reduce 
the amount of particle aggregates which 
settled out during the procedure. While the 
suspension was being stirred continuously by 
a magnetic stirrer, aliquots were pipetted 
and transferred to vials. The vials were 
then oamma-counted. Contents from three of 
the vials were analyzed for total 239pu con
tent by normal alpha-energy analysis tech
niques. These data were used to cross
calibrate the gamma-counting system to 
estimate the amount of 239pu in each of the 
remalnlng vials. The maximum gamma-count 
deviation of any sample from the average was 
1 ess than 2%. 

Following calibration, the solution in 
each vial was stirred and then pipetted 
directly to prepared lysimeters containing 
14.5 kg oven-dried soil. The empty vials 
were gamma-counted to determine the total 
amount of 239Pu-oxide transferred to each 
lysimeter. After the 239Pu-oxide suspensions 
were pipetted, an additional 1.7 kg of soil 
was added to each lysimeter. Ten additional 
lysimeters containing the nitrate form of the 
239pu were also prepared for comparison pur
poses. Half of the 1ysimeters were planted 
with peas and half with barley. The plants 
were harvested at maturity and prepared for 
radiochemical analysis. 

Three of the original vials were utilized 
to determine the particle size distribution 
of the 239Pu-oxide solution using sedimenta
tion and filtration techniques. These meas
urements showed that 93.9% of the activity 
was associated with particles with an 
activity median Stokes diameter (AMSD) equal 
to 6.1 ~m with a geometric standard devia
tion (GSD) of 1.3 ~m, 6% associated with 
particle with an AMSD = 1.63 jJm (GSD = 2.7 m) 
and 0.1% of the activity passed through 
a 0.1 11m filter. 





• Radioecology of Nuclear Fuel Cycles 

Principal Investigators: R. G. Schreckhise, R. M. Emery, t. E. Rogers, 
1_. L. Cadwell, J. F. Cline, R. E. Fitzner, K .. A.. Gano, T. M. Poston and 
W. H. Rickard 

Technical Assistance: W. ,J. Christian, M. A. Combs, M. J. Harris, 
D. C. Klopfer, M. G. laRiviere, L. F. Nelson, H. A. Sweany and J. l. Warren 

Norcus Appointee: O. T. Farrar 

Consultant: ,J. H. I_arsen 

Radioecology of nuclear wastes was pioneered in the western United States on the Hanford 

Site during the early 1940's when the Columbia River provided coolant water for production 

reactors. Ecological studies centered upon fish and waterfowl as vectors transporting radio

nuclides to people. After the shutdown of production reactors, the radionuclide content of 

Columbia River water declined. Attention was then directed towards radionuclides released into 

the environment as a result of chemical processing of irradiated fuel and storage radioactive 

wastes. Sites where radioactive wastes are found are solid waste burial ground, soils below 

liquid storage areas, surface ditches and ponds, and the terrestrial environment around chemi

cal processing facilities that discharge airborne radioactive debris from stacks. This study 

provides information to help assess the environmental impacts and certain potential. human haz
ards associated with nuclear fuel cycles. A data base is being developed to define and quan

tify biological transport routes which will permit credible predictions and assessment of rou

tine and potential large-scale releases of radionuclides and other toxic materials. These 

data, used in assessment models, will increase the accuracy of estimating radiation doses to 

man and other biota. lnformation obtained from existing storage and disposal sites will pro

vide a meaningful radioecological perspective with which to improve the effectiveness of waste 
management practices. Results will provide information to determine if waste management proce

dures on the Hanford Site have caused ecological perturbations and if so, determine the source, 
nature and magnitude of such disturbances. 

Important companion studies also are under way. They are funded through local intercontrac
tor support agreements rather than through the Office of Health and Environmental Research. 

These studies involve short-term assistance to Hanford plant personnel concerned with charac

terization of particular landscape subunits impacted by operation of nuclear facilities. See 
Section 10.0 for intercontractor studies. 
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Aquatic Radioecology of Waste Management 
Areas 

This study characterized the limnological 
and radiological conditions of aquatic envi
ronments on the Hanford Site and attempted 
to determine if nuclear waste discharges can 
be related to ecological variation among 
these systems. The aquatic systems that were 
studied are Gable Mountain Pond, West Pond, 
the B-Pond system, including B-3 and A-29 
ditches, the U-Pond system including 
Z-19 ditch, and the lOO-N trench (Figure 5.5). 
All study sites received wastes directly from 
nuclear facilities except West Pond, which 
is included in this investigation because of 
its natural accumulation of'radioactivity and 
its interesting limnology. 

Each system has been historically des
cribed and assessed for its physical, chemi
cal, and biological limnology and for its 
general radioactive character, expressed as 
doses from the sediments and concentrations 
of alpha-, beta- and gamma-emitting radio
nuclides in the water, Maximum dose rates 
and radionuclide concentrations were used to 
group these systems into three categories 
differentiated by relative content of nuclear 
wastes. The B-Pond system and West Pond fell 
into the lowest category of nuclear waste con
tent, while lOO-N trench alone represented the 
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FIGURE 5.5. The Aquatic Systems on the Hanford Site. 
Reactor sites are located along the Columbia River and 
are designated by letter. Only the N-reactor is currently 
in operation. 
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highest category. A mid-range grouping was 
suggested by Gable Mountain Pond and the 
U-Pond system, although the maximum water 
activity of these systems showed considerable 
overlap with those in the other groups. 

Literature resources (Polikarpov 1966, 
Eisenbad 1973, Whicker and Fraley 1974, 
Bl umer, Fi x and Speer 1976, IAEA 1973) are 
used to identify minimum levels of radiation 
harmful to some aquatic organisms and terres
trial communities. The range of radiation 
dose observed to be marqinally damaging to 
these biological systems was compared to the 
measured levels of radiation in the Hanford 
ponds and streams to determine if radiation 
from nuclear wastes in these systems is suf
ficient to affect the aquatic communities 
that colonize them (Figure 5.6). 

All systems supported populations of 
common algae, macrophytes, invertebrates, and 
in some cases, fish. Although the variety 
in algal populations was reduced in lOO-N 
trench and Z-19 ditch, variety in other types 
of biota was not. Community structures in 
these systems appear to be as diverse as 
those in the Columbia River but occasionally 
less diverse than in some streams mentioned 
in offsite references. The productivity of 
pla~t life, invertebrates and fish in these 
systems did not appear to depend on the rela
tive amounts of nuclear waste contamination. 
Furthermore, their rates of productivity 
resembled those measured in aquatic environ
ments not associated with nuclear activities. 
In the parameters studied, we found no con
clusive evidence that the nuclear wastes dis
charged into Hanford ponds and streams have 
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affected the colonization, diversity, and 
activity of biota that appear in them. 

Despite this lack of ecological evidence, 
we have determined that one system (lOO-N 
trench) contained enough radioactive material 
to be potentially harmful to some aquatic 
organisms and terrestrial communities. How
ever, the biota in this ecosystem did not 
clearly indicate radiation influence. The 
organisms existing in the lOO-N trench sedi
ments were common to most smaller freshwater 
environments and also appear in other 
Hanford aquatic systems. 

Terrestrial Radioecology of Waste 
Management Areas 

Ecological Efficacy of Shallow 
Land Burial 

Shallow land burial is a relatively inex
pensive and safe way to keep low-level radio
active solid wastes from movement by biologi
cal vectors. It has been practiced on the 
Hanford site for more than 30 years. The 
objective of this study is to record the 
efficacy of shallow land burial in safeQuard
ing biota and to examine the contribution of 
above-bac~ground radiation exposures deliv
ered to animals living in waste burial sites. 

The coyote (Canis latrans), ~adger 
(Taxidea taxis), ground squirrel 
(SpermophlfUStownsendii), pocket mouse 
(Perograthus parvus), and the harvester ant 
(Pogonomyrmex owyheei) have the ability to 
penetrate the backfill and come in contact 
with the burial wastes. Harvester ants were 
recently identified as responsible for bring
ing radionuclides to the soil surface during 
nest building activities. Mice have been 
studied to determine if burrowing animals 
living on retired waste burial grounds can 
be exposed to radiation emitted from the 
burial wastes. Data indicate that in a few 
instances mice have received greater than 
background doses, presumably by burrowing 
underground through fissures in the backfill. 

The roots of plant species growing on the 
backfill may penetrate deeply enough to con
tact radioactive material. The amount of 
radioactive material taken into the roots and 
moved into the shoots depends upon the spe
cies. Rabbitbrush (Chrysothamnus nauseosus), 
a shrub, has penetrated to a depth of 3 m to 
bring l37Cs to the leaves, wood and seeds. 
R u s sian t his t 1 e (S a 1 sol a k ali), an an n u a 1 , 
has deep roots and has been documented to 
accumulate 90Sr and l37Cs. Total amounts of 
radioactive materials incorporated into plant 
tissues has been found to be very small, but 
once radionuclides enter plant tissues they 
can enter food chains and be carried long 
distances by animals. 

Shallow burial grounds must be designed 
to prevent biotic transport of radionuclides. 
Prevention of biotic leakage is more effi
cient and cost-effective than methods which 
interrupt the food chain. 

Animal Wastes as Indicators of Food Chain 
Contamination 

In order to study food chain contamina
tion, animal fecal matter, food scraps and 
regurgitated pellets could be routinely col~ 
lected and analyzed for changing levels of 
radionuclides. This would decrease or elimi
nate the need to harvest the animals 
themselves for study. 

A colony of great blue herons is known to 
exist in Benton and Franklin Counties and is 
located on the Hanford Site. The colony of 
approximately 40 pairs in confined to a small 
isolated grove of ,black locust and poplar 
trees on the banks of the Columbia River. 
The parent birds forage for fish in shallow 
shoreline waters which they feed to their 
young. The young birds defecate over the rim 
of the nest and food scraps dislodged from 
the nest fall to the ground. Over the nest
ing season SUbstantial amounts of detritus 
accumulate on the ground beneath the nest 
trees. This detritus can be collected, dried 
and chemically or radiochemically analyzed. 

Because herons on the Hanford Site derive 
most of their foods from the Columbia River 
and nearby nuclear waste process ponds, any 
biologically available contaminants in the 
waterways could be expected to occur in the 
heron detritus and slightly elevated levels 
of 60Co and 137Cs have been found. These 
data indicate that heron detritus is a useful 
and sensitive indicator of food chain contami
nation derived from aquatic ecosystems. 

The coyote feeds on small and large mam
mals, birds, reptiles, insects, fish, fruit 
and carrion of all kinds. It roams more or 
less at will over the Hanford Site, including 
the waste management areas. Coyote scat can 
be routinely collected, dried and radio
chemically analyzed. Only a few data are 
presently available concerning radionuclide 
content of coyote scats. However, scat col
lected in and near the waste management areas 
has slightly higher levels of 90Sr than those 
from other parts of the Hanford Site. This 
suggests that coyote foods obtained from the 
waste management areas have higher levels of 
90Sr than foods obtained elsewhere on the 
Hanford Site, indicating that low levels of 
environmental contamination exist and are 
available to coyotes through their diet. 
Continued surveillance will be necessary to 
detect increases or decreases in contamina
tion as radioactive materials are managed in 
future years. 
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Hawks and owls are high-trophic-level 
organisms. These animals mainly hunt and eat 
small mammals, small birds, snakes, lizards 
and grasshoppers. The Swainson's hawk is 
present between April and September through
out the Hanford Site and the horned owl is a 
year-round resident. These hawks and owls, 
after feeding, regurgitate pellets comprised 
of hair, feathers, bones, and other non
digestible animal materials. These pellets 
can be found scattered around nest sites or 
perching sites. Pellets can be chemically 
analyzed for environmental contaminants and 
types of food items eaten. 

The advantages of collecting scat, pellets 
and food scraps from high-trophic-level ani
mals are clear. First, the method is non
destructive. Animals with low population 
levels need not be hunted and killed. 
Second, sample collecting can be conducted 
routinely with little disturbance to animals 
during the critical breeding or nesting sea
son. Third, sufficient biomass can be col
lected for accurate chemical analyses, and 
finally, the relative amount of radioactivity 
originating from the Hanford Site can be at 
least partially determined by comparison with 
detritus from other areas. 

Burrowing Owls Study 

Over the past few decades burrowing owl 
populations in western grasslands have shown 
a significant decline. Intensive farming and 
the eradication of prairie dogs are two fac
tors which have caused the reduction. The 
Hanford Site, with its history of little 
human interference, today serves as an impor
tant nesting area for burrowing owls. No 
fewer than 20 pairs breed on the Hanford 
Site. Since 1975 the owls have been studied 
to determine their habitat requirements, 
food habits, and productivity of the Hanford 
population. 

Cold-Blooded Vertebrates of the Hanford 
Site 

During 1976 and 1977 a drift-fence study 
was conducted to assess the relative abun
dances of snakes and lizards utilizing four 
different vegetational associations on the 
Hanford Site. Pit trapping in a grid arrange
ment was also utilized to study populations 
of lizards. To date we have analyzed 58 
lizard stomachs for dietary information and 
have examined their reproductive conditions 
(number of eggs, size of ovaries or testes). 
These analyses, when broken down by species, 
sex, and age and examined spatially and tem
porally, will provide information on the 
parameters which function to partition 
lizards (Uta stansburiana, Sceloponus 
grociosus~nto their respective niches. 
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Radiosensitivity of the Harvester Ant 

The harvester ant (Pogonomyrmex owyheei) 
frequently seeks out disturbed areas as its 
habitat. Waste management areas often sup
port a greater density of ant colonies than 
the surrounding areas. Harvester ant colo
nies on the Hanford Site have been observed 
to burrow to a depth of 2.7 m, which is with
in the depth of some low-level radioactive 
waste sites. The purpose of this study was 
to determine the radiosensitivity of adult 
worker harvester ants. Mortality rates and 
an LT50 (lethal time for 50% of a population) 
were used as measures of radiosensitivity. 

Ants were collected locally, separated 
into groups of 30, and housed in plastic 
petri dishes. The ants were kept at two 
different climate regimes: 27C (Series A) to 
simulate summer and 7C (Series B) to 
simulate winter. Thirty-four different 
groups of ants were exposed to a 137Cs source 
at exposures ranging from 3.5 kR (3.36 krad) 
to 268 kR (257 krad). Following irradiation, 
the ants were examined daily for mortality 
and dead ants were removed. It was impos
sible to tell live from dead ants in the 
Series B groups because of their lack of 
movement. Therefore, this series was not 
counted until 3D days after irradiation, at 
which time their ambient temperature was 
raised to 27C. Mortality rates were com
pared between the two temperature treatments. 
In addition, the LTSO's were interpolated 
from mortality curves to further quantify the 
relationship between exposure and survival 
time. 

The mortality rates of both series in
creased as the exposure was increased. There 
did appear to be a latency period for the 
Series B group, even extending past the 
3D-day period when the ants were maintained 
at 7C and were not observed. However, the 
eventual mortality, as a function of dose, 
was not different between the two groups; 
only the amount of time from irradiation to 
death was different. 

Biotic Transport Parameters 

Uptake and Distribution of Uranium-232 
in Peas and Barley 

Breeder reactors that use 232Th to breed 
fissile 233U may play an important role in 
meeting the nation's energy requirements. 
Irradiation of 232Th also results in the 
formatlon of 232U. 

Certain properties of 232U could be 
potentially dangerous if released to the 
environment. The decay chain for 232U con
tains six alpha- and two beta-emitters. 



Included in the decay series is 208n which 
emits at'. 6 MeV gamma. Uran i um-23t' has a 
half-life of 72 years and decays by emitting 
a 5.3 MeV alpha particle to 228Th, which has 
a l.g-year halF-life. The remaining off
spring in the decay series have half-lives 
shorter than 3.:) days, and theref o~'e are 
effectively i~ equilibrium with 232U within 
10 years following chemical separation of 
uranium from the irradiated fuels. 

Most environmental studies concerning 
uran i urn have been related to 238U and its 
proximate risks to human health. Most bio
logical hazards associated with uranium are 
related to the chemical toxicity of the ele
ment rather than radiological implications. 
However, 232U having a relatively high speci
Fic activity, presents new potential radio
logical hazards previously ignored I~hen con
sidering the biological effects of uranium. 
This study is concerned with the transfer of 
232U from soil to peas and barley plants. 

Concentration ratio (CR) values listed in 
Table 5.5 were determined by dividing the 
level of 232U observed in the vegetative 
materi~l (dpm/g oven-dried tissue) by the 
soil concentration (1.5 x 104 dpm/g oven
dried soil). Estimates for other plant com
ponents \>Jere calculated by numerically com
bining various plant part CR values within 
each pot which were weighted according to the 
mass of each fragment. ~lso included in the 
table are data on the amount of vegetation 
produced per pot, along with the ratio of 
oven-dried weight to harvest weight. One can 
convert the CR values listed to a harvest 
weight basis (dpm/g harvested vegetation 
(dpm/g dry soil) by multiplying by the dry 
weight to harvest weight ratio for each 
respective plant part. 

The average CR values for pea plant part 
analyzed, the leaves, stem/pod and seeds, 
were 1.7 x 10- 2, 3.3 x 10- 3, and 5.4 x 10- 5, 
respectively. The CR value for the stem/pod 
plus leaf component averaged 7.3 x 10-3 and 
4.5 x 10-3 for the entire aboveground plant. 
The average CR value for the barley stem/leaf 
component was 3.6 x 10-3, 1.6 x 10-4 for the 
seeds, and 2.3 x lO~ for the combined above
ground plant parts. 

In general, the peas took up more of the 
232U than the harley did. The average CR 
value for the entire aboveground pea plant 
was approximately twice the barley estimate. 
An exception was the barley seeds where the 
CR value was about three times greater than 
the pea seeds. 

The low concentration of 232U in the seerls 
of the peas and barley is interesting. In 
many rlose assessment models t~e CR values 
utilized are often calculated using the en
tire aboveground plant parts. The CR value 
listed in a guideline for utility companies 
for estimating radiation doses from operating 
nuclear power reactors is equivalent to 0.01 
when converted to a dry \1eight basis for com
parison with results from this study. This 
is approximately equal to the CR value for 
the pea leaves; however, it exceeds the other 
plant fragments considerably. As illustrated 
in this study, the CR values for the pea and 
barley seeds were 83 and 14 times less, res
pectively, than the entire aboveground plant 
parts. If seeds were the source of contami
nation, these differences would be reflected 
in a dose assessment model and the resulting 
prediction would be proportionally high. How
ever, in using these data as a parameter for 
predicting levels of contamination ingested by 
foraging animals the CR values For the entire 
aboveground plant would be used. 

TABLE 5.5. Uptake of 232U from Soil by Peas and Barley Plants. 

plant Part 

Leaves 

Stem/Pod 

Stem/Pod + Leaves 

Seeds 

Stem/Leaf 

Entire Aboveground 
Parts 

(a)N = 10 

CR = dpm/g dry vegetation (+ SE)(a) 
1.4 x 104 dpm/g dry soil -

Peas 

(1.7 ± 0.7) x 10-2 

(3.3 ± 1.4) x 10-3 

(7.3 ± 3.1) x 10-3 

(5.4 ± 2.0) x 10-5 

(4.5 ± 1.8) x 10.3 

Barley 

(1.6 ± 0.3) x 10-4 

(3.6 ± 0.6) x 10-3 

(2.3 ± 0.4) x 10-3 
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g dry vegetation/pot 
(± SE)(a) 

Peas 

3.6 ± 0.1 

8.9 ± 0.2 

12.5 ± 1.0 

Barley 

Oven 
Dry Weight to Harvest 
Weight Ratio (± SElIa) 

Peas 

0.51 ± 0.03 

0.24 ± 0,01 

0.38 ± 0.01 

Barley 

7.5 ± 0.2 13.7 ± 0.8 0.30 ± 0.01 0.50 ± 0.03 

23.4 ± 0.9 0.71 ± 0.04 

20.1 ± 0.3 37.1 ± 1.6 0.29 ± 0.01 0.63 ± 0.03 



Chemical Speciation for Uptake Studies 

The objectives of these uranium i~vestiga
tions are 1) to develop preparation methods 
for defined solutions of complexed and 
inorganic uranium species For plant and 
animal uptake studies, and 2) to develop 
methods of detecti~g and ~ssaying for the 
uranium speciation in solutions, plant 
extracts, and animal ~issue extracts. 

Based on reported stability constants of 
salicylic acid and U022+ (Ks = 10 12), ann 
OTPA and U0 22+ (Ks = 1015 ), attempts \'1ere 
made to prepare these complexes for increas
ing the concentration of uranium in plant 
tissues so that animal feeding studies could 
be ini:iated. The salicyclic acid and U022+ 
complex, in the absence of an organic phase 
immisible with water, could not ')e rlemon
strated. However, preparation of the U022+ 
and OTPA complex and characterization by 
thin-layer chromatography and electrophoresis 
~ere accomplished. Plant uptake comparisons 
with this complex and with 232U022 in the 
nitrate form are currently under way. Ulti
mately, the uranium speciation in the plant 
and the effect of the incorporated uranium 
on the availability to animals will be 
investigated. 

The 232U tracer allows the study of 
uranium at low mass levels but presents 
unique problems with both storage and 
analysis. The storage problem comes from 
the difficulty of shielding the 2.~1 ~eV 
gamma of 208Tl which is in secular equilib
rium with 228Th. For very 1 arge amounts of 
232U, this requires the periodic removal of 
the 228Th. Three analysis approaches are 
under investigation. The first is digestion 
of tissue samples and chemical separation of 
the uranium from all of the offspring with a 
final assay by alpha energy analysis. The 
second is digestion of the tissue samples, 
electroplating of the total uranium plus off
spring, and separating the 232U by alpha 
energy analysis. The third method does not 
require digestion. It employs gamma energy 
analysis of each sample at least three times 
over a gO-day geriod with the final determi
nation of the 232U from analysis of the 
growth and decays curves. All methods have 
drawbacks in cost and sensitivity, but appli
cation of the best analysis procedure to 
specific samples types should give the most 
accurate and complete information possible. 

Uranium Movement within a Soil Column 

Radioactive substances released to the 
environment are subject to chemical, physical 
and biological processes which may influence 

their form, availability and rlistribution in 
natural systems. The purpose of this labora
tory experiment "las to document the vertical 
displacement of 233U in soil ~hen subjected 
to processes that occur naturally in 
agricultural soil s. 

Three ly~imeters containing Ritzville 
silt loam were spiked with 36.6 ~Ci of 233U 
contained in a narrow lens from 10 to 
10.S cm below the soil surface. Each 
lysimeter was pl1nted with alfalfa, peas 
or barley. The lysimeters were irrigated 
and given nutrients as necessary to maintain 
vigorous p11nt growth. Between harvests, the 
soils were watered and subjected to mild 
freezing to simu11te the regional winter 
season. The lysimeters were maintained 
through three cropping seasons and two 
interim winters before sampling the soil 
profile. 

Sampling consisted of cutting horizontal 
cores through the sides of the lysimeters at 
depths ahove and below the 10 cm spiking 
level. Soil samples thus obtained were sent 
to an outside lahoratory for analysiS. 
Figure 5.7 shows the semi-logarithmic plat 
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of 233U concentration versus soil dept~. The 
highest 233U concentration occurred at 12 cm 
soil depth in the barley lysimeter, rather 
than at 10 cm. This is probably the result 
of factors other than a mass downward move
~ent of uranium. Watering had made the soil 
surface uneven, which could have contributed 
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to error in locating the level of the 
surface. Plant roots may ~ave contributed 
to an expanded volume of the surface soil 
and thus increasing the effective depth of 
the original spi~ed soil lens. 





• Environmental Behavior and Effects of Technetium-99 
and lodine-129 

Investigators: T. R. Garland, R. G. Schreckhise, R. E. Wildung, 
L. L. Cadwell, K. M. McFadden and D. A. Cataldo 

The objective of this program is to define the environmental behavior of 99Tc and 1291, two 

long-lived radioactive byproducts of the nuclear fuel cycle that have received little study. 

The specific objectives are to 1) determine the soil physicochemical and microbiological fac

tors and physiological parameters that govern the mobility and bioavailability of different 

chemical forms of 99Tc and 1291 in terrestrial and aquatic environment~ and 2) validate and 

measure food web transport in selected field locations. 

The potential for both isotopes to exist in multiple valence states and various complex 

chemical species has been well documented. For 129 1, the kinetics of equilibration of the 

source term species with the indigenous iodine pool, or pools, will define its behavior. 

Unfortunately, these pools are not well defined. Technetium-99 has no stable element pool and 

its behavior will depend on the chemistries of several analogs and the general physicochemical 

parameters of the systems. Previous laboratory studies at PNL Have shown 99Tc and 1291 to be 

much more mobile in the environment and available to biota in ways not previously recognized 

than the more intensively studied long-lived radionuclides (strontium, cesium, plutonium). 

The major obstacle to field studies with both technetium and iodine is the expensive analy

tical methodology required to analyze the existing environmental levels. For 99Tc, the devel

opment of a reliable technique for chemical separation and assay by a supporting research pro

gram (PNL's Physical Sciences Department; see PNL-2850, Pt. 5) has recently been applied. 

Although the research on this program has shown technetium and iodine to be mobile in the 

environment, adequate assessment of the potential hazards to man requires a more thorough 

understanding of the mechanisms which may limit technetium effect or reduce the long-term 
mobility. Research has been initiated in 1) defining the mechanisms of technetium toxicity to 

plants at the cellular level, 2) evaluating the mechanisms and extent of technetium uptake by 
aquatic algae and soil microorganisms, 3) determining the chemical form of technetium and 
iodine in soils, plants and aquatic systems, 4) evaluating the mechanisms responsible for 

iodine mobility in soil and plant systems and 5) measuring levels of iodine and technetium in 
soils, plants and animals at specific sites selected for a range of activity and environmental 

conditions. 

These are the major accomplishments of the past year: 1) field sites were located near 

fuels reprocessing facilities where levels of technetium exist in plant tissues 15 to 600 times. 

the predicted levels due to world wide fallout from weapons testing, 2) kinetic analyses of 

absorption isotherms suggested that Tc04- was actively absorbed by mechanisms functioning for 

nutrient ions; analyses of competition kinetics showed Re04-, H2P04 and S04= to be transport 
analogs of Tc04- influencing the transfer of technetium from soils to plants, 3) metabolic 
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studies of inhibition of the previously noted phytotoxicity of technetium indicated no pro

nounced effect on nitrate reduction, photosynthesis or respiration following short-term exposure, 

4) transport of technetium in the xylem stream occured as TcO~, but the technetium deposited 

in leaves and roots (95% soluble in weak buffers) 'lias shm'in to be associated \'li1:h several 
ligands \~ith apparent molecular weight >5000, S) availability of technetium in phnt tissue to 

animals was less than Tc04- administered in drinking water, in contrast with plutonium, where 
incorporation increased availability, Ii) concentration ratio of technetium for a si'1g1e species 

of algae (~elenas!.rum) was '1,2, while several species of bacteria and fungi ranged from 40-170, 

7) reduced availability of technetium was demonstrated under simulated irrigation practices in 

contrast to small container growth chamber st~dies and B) the release of volatile forms of 

iodine from soil and subsequent adsorption of gaseous iodine by pl,ant Foliage was demonstrated 

and evaluated in terms of impact on the iodine cycle. 

Mechanisms of Technetium Toxicity to Plants 
at the Cellular Level 

An understanding of the uptake character
istics and subsequent fate of technetium in 
plants is essential in understanding techne
tium transfer from soils to plants and ulti
mately to man. The plant studies have been 
designed to investigate three specific areas: 
1) the kinetics of root absorption of techne
tium, 2) the metabolic effects of technetium 
and 3) the chemical fate of technetium in 
pl ants. 

Root absorption characteristics of TcO 
have been extensivelY studied. These have 
shown Tc04- to be ef~iciently absorbed hy 
plants over the concentration range of 
0.03 ppt to 80 ppb. Kinetic analysiS of 
absorption isotherms suggests Tc04- to be 
actively absorbed by mechanisms functioning 
for nutrient ions. Previous studies have 
shown H2P04-, Mo042-, S042-, 1042- and Re042-
to have an inhibiting effect on Tc04-
absorption. Analyses of the competition 
kinetics of these interfering ions show 
Re04-, H2P04- and S042- to be transport 
analogs of Tc04- and, therefore, should 
influence the transfer of technetium from 
soils to plants in the environment. 

We are presently using the previously 
noted phytotoxicity of technetium to identify 
specific metabolic sites of inhibition, in
cluding the nitrate reduction system and 
metabolism of nitrogen, carbon and sulfur, 
and membrane transport processes. Prelimi
nary results show no pronounced effect on 
nitrate reduction, photosynthesis, or respir
ation following short-term pretreatment 
(24 hr). 

An understanding of the chemical fate of 
technetium in plants is required to evaluate 

the long-term stability of metabolically in
corporated technetium and possible changes 
in availability of these technetium-contain
ing ligands following ingestion by animals. 
To determine the distribution and chemical 
fate of technetium in plants, 36-day-old soy
bean plants were supplied with a 24-hr pulse 
of Tc04- (9 mM)'lnd tissue analyzed after 72 
~r. Greater than 95% of the technetium 
activity contained in roots and leaves was 
associated with soluble materials. Fraction
ation of the soluble components by molecular 
weight showed >70% of technetium to be asso
ciated with ligands with molecular weight 
>5,000. This was i~ marked contrast to 
spiked controls which showed an average of 
only 25% to be associated with these molecu
lar vleights. Thin-lay"r chromatography and 
thin-layer electrophoresis of the molecular 
weight fractions showerl the presence of a 
number of ligands containing technetium. 

Behavior of Technetium in Aquatic Systems 

Laboratory studies are being performed 
to evaluate absorption and transport aspects 
not readily possible in field situations. 
Presently our studies are concentrating on 
two EPA algal test species, Selenastrum 
capricornum and Microcystis ~~ Both 
are freshwater species selected because of 
differences in cell wall structure. Morpho
logical difference may explain the variabil
ity in ion "uptake" reported for algal spe
cies. Studies with Selenastrum have shown 
Tc04- absorption to be linear for at least 
96 hr from solutions containing 1 ppb 1c04-. 
Accumulation rates for Tc04- are 0.08 ng Tc/g 
dry wt of cells/hr under these conditions. 
Calculat"d concentration ratios (Tc activity/g 
dry wt cells ~ Tc activity/ml solution) for 
cells grown for 24 hr in 1 ppb solution of 
Tc04- are '1,2. Studies with Microcystis are 
currently under way. 
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Behavior of Iodine in the Pl~nt-Soil Syst~~ 

Previous studi~s of the behavior of 1271 
and 1291 i1 soil s and plants suggested the 
presence of gas-phase transfer of iodine. 
Laboratory studies were conducted to deter
mine if volatile -1 components were formed 
in the soil-plant system and whether they 
could significantly affect the environmental 
transport of iodine. The experimental system 
C("lS i sted of R itzvill e soi 1 amended with 
1251-, and 25-day-old bushbean plants which 
'liere acclJmul at i ng 1251- duri 11g the exper iment. 
30th the plant shoots and the root-soil com
partments were contained in air-tight con
tainers. Volatile iodine components From 
these two compartments were passed over con
trol plant canopies and the resultant oFf
gases cycled through a series of gas absor
bant traps consisting of activated charcoal, 
XAD-2, and silica gel. The latter systems 
were duplicated downstream of an ozonator to 
oxidize any organic iodine not absorbed in 
the first pass. Of the 1251- supplied, 0.031-
was released as volatile iodine components; 
this represented 4,8 pg of, the 15,000 sup
plied over a l4-day period. Of the total 
released, 0.13% was absorbed by t~e plant 
canopy over wh i ch the a i l' passed and the 
remainder was trapped to various extents by 
charcoal and silica gel. The distribution 
of 1251 on backup absorbed traps suggest that 
these release rates are minimum values and 
an unknown fraction of volatile iodine com
ponents are passing the traps. These d~ta 
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suggest that thel'e is a gas-phase component 
in the iodine cycle which has not yet been 
investigated. 

Iodine-129 in the Hanford Environment 

As part of a joint effort with PNL's 
Environmental Surveillance Program, studies 
describing the behavior of 1291 in and around 
the environs of the Hanford Site were begun 
ill January 1978. Samples \'leI'2 collected for 
evaluating the spatial distribution and rela
tive food chain concentration of 1291 
I'eleased from previous fuel l'eprocessing and 
other nuclear activity at the Hanford Site. 
Sesides the Hanford Site, samples were col
lected at Wenatchee, Dayton, and Centralia, 
Washington, and a control site in south
centl'al itJashington. I\t each sampling loca
tion soil, vegetation, littel' and plants 
were collected. Deer were harvested as well. 
Samples removed from the deer for 1291 analy
sis included thyroid, muscle, livel' and rumen 
content. 

Individual samples were labeled, packaged 
in double plastic bags and returned to the 
laboratory where they were immediately 
frozen. Subsequently, the samples were 
thawed and aliquots were removed, weighed 
and freeze-dried. The dried samples \~ere 
taken to PNL's Physical Sciences Laboratory 
where they are currently being analyzed for 
1291 content. 
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NUCLEAR FUSION 

• Sublethal Effects of Tritium on Aquatic Systems 

• Effects of Lithium and Beryllium on Aquatic Systems 

• Teratogenic Effects of Low-Level Magnetic Fields 

It is highly probable that increased use of nuclear energy will result in 
greater quantities of potentially harmful radionuclides being released into the 
environment. This may be particularly true for advanced reactor designs such as the 
fusion reactor, in which radionuclides, principally tritium, may escape from the plant 
both in gaseous and liquid effluents in quantities significantly greater than for 
present Pressurized Water Reactor or Boiling Water Reactor designs. Foreseeing such 
contingencies, the research program described herein responds to the need to measure 
the potential radiation effects of tritium releases on individuals, and ultimately popu
lations and biotic communities. As a first approach, our efforts are directed to 
determining effects of low-level chronic exposures on developing embryo and larval 
stages, clearly the most radiosensitive. 

The anticipated increase in the release of lithium and beryllium from mining, 
refining, and fabrication of materials used during construction of fusion reactors 
has also caused concern over potential adverse effects to the environment. Accordingly, 
FY -1978 fusion-related research has included efforts to study the metabolism of each 
metal in the living organism, and to determine at what levels toxicity may be expected. 
Again, the effects of lithium and beryllium will be assessed in embryo and larval 
stages of selected aquatic organisms, with greatest interest in the response of popu
lations and communities. 

Our fusion-related research in FY-1978 also has included preliminary experi
ments on the effects of low-level magnetic fields. It is conceivable that magnetic 
fields of 70 to 450 gauss will be encountered by attendant personnel working in the 
transport and hot cell areas of fusion reactors. Also, those staff members assigned 
to the areas immediately surrounding the reactor may be exposed for substantial 
durations to field strengths of 1 to 70 gauss. The current PNL program is aimed at 
developing different measurement end-points for the early detection of develop
mental and adult chronic effects. Work involving mammalian tissue and cell systems 
is reported in PNL-2850, Part 1, Biomedical Sciences; work involving nonmammalian 
animal systems is reported here. Dr Dennis Mahlum is coordinator for the compre
hensive program. The approaches described here study the embryo and larval stages 
of aquatic organisms. This should provide meaningful data applicable to ultimate 
assessment of effects in life processes of higher vertebrates. 
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• Sublethal Effects of Tritium on Aquatic Systems 

• Effects of Lithium and Beryllium on Aquatic Systems 

• Teratogenic Effects of Low-Level Magnetic Fields 

Principal Investigators: R. M. Emery and J. A. Strand 

Other Investigators: M. P. Fuji'lara, ,J. C. Montgomery 
and T. M. Poston 

Technical Assistance: C. S. Abernethy, D. C. Klopfer 
and W. G. Woodfield 

Continuing studies of the sublethal effects of tritium on freshwater species are directed 

to determine the potential for genetic transmission of slJppressed immune competence to off

spring from parental rainbow trout (Salmo gairdneri) exposed to tritium oxide (0, 0.04, 0.4, 

4.0, 40.0 rads) over embryogenesis. Another fusion-related research project focuses on the 

potential adverse effects of the metals lithium and berylliwn on aquatic systems. Studies now 

under way include an evaluation of the potential tJxicity of lithium on early life stages of 

the rainbow trout and the effects of lithium on Columbia River periphyton communities. 

Additional fusion-related research has included assessment of effects of low-level magnetic 

fields on a representative vertebrate. Again, the embryological life stages of the rainbow 

trout are employed. Particular interest is in the immediate effects of inhibited fertiliza

tion, delayed or arrested development, and inhibition of hatching. 

Sublethal Effects of Tritium on Aquatic 
Systems 

Curren t stud i es are di rected to determi ne 
the potential for genetic transmission of 
suppressed immune competence to offspring 
from parental rainbow trout sublethally ex
posed to tritium as tritium oxide (0, 0.04, 
0.4, 4.0 and 40.0 rads) over 21 days of em
bryogenesis. Previously, it was demonstrated 
that the primary immune response of parental 
fish was significantly suppressed and perma
nently altered at doses as low as 4.0 rads. 

Offspring of each parental test cross (all 
test crosses were conducted within respective 
treatments) at five months of age were intra
peritoneally administered a heat-activated 
antigen, Flexibacter columnaris. One week 
before vaccination, three weeks after vac
cination, and at bimonthly intervals there
after, a standard tube agglutination test for 
the specific antigen of vaccination was per
formed on the serum from 20 fish from each 
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of the control and treatment test groups. 
Additional agglutination tests were performed 
at bimonthly intervals when offspring were 
12 months old. 

Table 6.1 shows the arrangement of test 
groups in three ponds employed during the 
present series of experiments. Each test 
group is replicated three times. The experi
ment was designed so that the data could be 
treated by analysis of variance. Mean titer 
values (reciprocals) for specific agglutinins 
to F. columnaris for a selected experimental 
group over the initial II-week sampling peri
od following antigenic stimulation are pre
sented in Figure 6.1. 

Although summary statistical information 
is not yet available, these data suggest 
that, under prescribed experimental condi
tions, a clearly observable change in mean 
titer values occurred during the II-week sam
pling period following antigenic stimulation. 
These data also suggest the failure to detect 



TABLE 6.1. Arrangement of Test Groups in Trough or 
Concrete Pond Array. (a) 

Compartment 

2 

3 

4 

5 

Trough or Concrete Pond 

B 

D 

C 

E 

A 

II 

A 

D 

B 

C 

III 

D 

B 

A 

C 

E 

(a)The letters A, B, C, D and E represent, respectively, 
0,0.04,0.4,4.0 and 40.0 rad levels of parental test groups. 

clear differences in mean titer values among 
the five groups of offspring at each sam
pling, which may indicate that suppressed im
mune competence as mediated by early radia
tion injury was not genetically transmitted. 

The purpose of FY 1979 studies is to 
include provisions for determining the rela
tive biological effectiveness (RBE) for tri
tium applying the radiosensitive immune 
process of rainbow trout. 

Ecological Effects of Lithium and Beryllium 
on Important Aquatic Organisms and 
Associated Communities 

Mainly because of the requirements of ad
vancing fusion technology, demands for lith
ium and beryllium will increase severalfold 
over the next three to five decades. By the 
year 2000, demands for lithium will increase 
by a factor of 4 or 5 and demands for beryl
liumwill double. The present demand for 
lith-ium of 2.7 x 10 6 kg/yr will increase to 
1.2 x 10 7 kg/yr in the next two decades if 
the solid blanket concept is applied to the 
controlled thermal nuclear reactor (CTR) de
sign. Even more lithium will be required if 
a liquid blanket concept is used. There is 
6.9 x 108 kg of lithium presently available 
in rock ores and 4.0 x 109 kg in salt lake 
brines. However, by the year 2030, these 
resources may be sufficiently depleted to 
necessitate extracting lithium from seawater 
where 2.5 x 10 14 kg is available. For at 
least the next 50 years, the major source of 
lithium for fusion technology will be brines 
closely associated with aquatic environments. 
The maximum beryllium demand for present CTR 
projections is 1.5 x 10 6 kg (1500 metric 
tons) per year, which is about the same as 
the present annual consumption of this metal 
without a fusion technology. 
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FIGURE 6.1. Mean Titer Values of Offspring in Pond II 
for Specific Agglutinins to F. columnaris at Each Sampling 
Interval. 

The compounds of lithium and beryllium 
that could enter aquatic environments from 
mining, refining, fabrication, and use are 
primarily carbonates, fluorides, oxides, 
hydroxides, and sulfates of both metals. 
The carbonates and fluorides appear to be 
the most probable environmental 
contaminants. 

Our literature review indicates a back
ground range from 10-4 to 10-3 mg/t of con
centrations of lithium and beryllium occur
ring naturally in freshwater. However, con
centrations of lithium may be as high as 
10-1 mg/t in lakes and streams with somewhat 
higher salinity, and 10 1 mg/t in hot springs 
and salt la!(es. These data suggest a very 
broad range of background concentrations for 
lithium (and probably beryllium) covering 
several orders of magnitude. 

The purpose of this study is to strengthen 
the conceptual understanding of the ecologi
cal significance of lithium and beryllium 
compounds. This study is also designed to 
identify and measure the acute and chronic 
effect of lithium and beryllium compounds on 
specific aquatic organisms and associated 
freshwater communities. 

Chronic and Acute Toxicity 

The objective of this task is to determine 
the concentrations of lithium that cause in
cipient effects at all life stages of the 
rainbow trout (Salmo gairdneri). We have 
exposed lithium~C03 and LiF) to trout in 
most stages of growth, from egg fertilization 
to yearling class. The parameters that have 
been measured are success of fertilization, 
embryogenesis and hatching, survival of sac 
fry to feeding stage, and survival of alevins, 
juveniles and yearlings. 



Fertilization, embryogenesis, and hatching 
were observed in recirculating exposure con
tainers. Experimental concentrations of 
Li2C03 were 1, 10, 100, and 1000 mg/~, and 
test concentrations of LiF were 0.1, 1, 10, 
and ~70 mg/~ (saturation). These tests were 
extended to one week after hatching was com
plete in the controls. Survivors of these 
tests were transferred to standard hatchery 
troughs carrying continuously flowing river 
water to where the survival of sac fry to 
feeding stage was observed. 

To determine the survival of fingerlings 
in lithium solutions, we used recirculating 
systems containing Li2C03 and LiF concentra
tions of 0.05, 0.1, 0.5, 1.5, and 10.0 mg/~. 
Exposure time for these tests was 96 hr. 
Adu lt ra i nbow trout were also exposed to the 
concentrations of Li2C03 and LiF in continu
ously flowing test systems using proportional 
diluter techniques. These tests ran for 30 
days. Fish were examined for tissue damage 
in addition to mortality. 

Although it is too early to draw conclu
sions from this year's results, there are 
consistent indications that both Li2C03 
and LiF acutely affect any stage of rainbow 
trout development at concentrations as low 
as 1-10 mg/~. Chronic (long-term) exposure 
of yearling rainbow trout to Li2C03 indi
cates that effects are manifested at concen
trations ranging from 0.5 to 1.0 mg/~. Addi
tional tests and thorough synthesis of data 
is the next step in the completion of this 
task. 

Community Response 

This task was intended to detect and mea
sure perturbation from Li2C03 and LiF at 
the commun ity 1 eve 1. The tar get commun ity 
for this ongoing study was Columbia River 
periphyton, supplemented with cultures of 
chironomid larvae and amphipods. These ex
periments involved the use of two "microcosms" 
acting as bioassay units for continuously 
flowing (i.e., single-pass) solutions of 
lithium in Columbia River water. Retention 
times in these units were 20 min with a flow 
of 100 m~/min. Test concentrations for both 
compounds were 1.0, 10, and 100 mg/~. How
ever, the highest concentration for LiF was 
~70 mg/~ (saturation). 

These experiments were performed under 
natural light and at ambient Columbia River 
temperatures. Indicator parameters measured 
w'ere total biomass, primary production, auto
trophic indices (i.e., Chl a: total biomass), 
community diversity, survival and growth of 
specific organisms, and seasonal periodicity 
of species occurrence (as reflected by control 
streams) . 
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Preliminary results indicate that the 
total biomass and primary productivity of 
periphyton communities are substantially re
duced by lithium concentrations greater than 
10 mg/~ (Figure 6.2). Detectable effects of 
lithium on biomass and primary production were 
observed at concentrations ranging between 1 
and 10 mg Li+/~. There are also tentative 
indications that the fluoride anion is not 
additionally toxic to periphyton at most of 
these concentrations. Additional experimental 
work, sample analyses, and data synthesis are 
to be performed in the coming year. 
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FIGURE 6.2. A Comparison of Primary Production and 
Total Biomass of Periphyton Communities Occurring in 
Controls to Those Occurring in Continuously Flowing 
Solutions of Li 2CO J and LiF During August-November, 
1978. These communities developed naturally from 
Columbia River water in 2-Q exposure containers over 
14 days. 

Teratogenic Effects of Low-Level Magnetic 
Fields 

Development of magnetic fusion reactors 
will result in occupational exposure of per
sonnel to varying magnetic strengths and ge
ometries. Attendant personnel working in the 



transport and hot cell areas of the reactor 
could conceivably encounter magnetic fields 
of 70 to 450 gauss. Also, personnel assigned 
to the areas immediately surrounding the re
actor may be exposed to field strengths of 1 
to 70 gauss for substantial periods. 

The objective of this cooperative study 
with the Biology Department is to determine 
the potential effects of low-level magnetic 
fields on sensitive life stages of lower ver
tebrates. Our initial approach is to study 
the teratogenic effects of magnetic fields 
on the embryonic life stages of rainbow trout 
(Salmo gairdneri). Several advantages may 
be gained by examining magnetic effects on a 
lower vertebrate. This approach is less 
costly and will provide large numbers of ex
perimental organisms for meaningful statisti
cal analysis. It also permits study of po
tential latent effects resulting from expo
sure during embryogenesis. Tn addition, the 
data obtained is applicable to processes oc
curring in higher vertebrates. 

To date, four screening tests have been 
conducted using a Varian Model V-3603 elec
tromagnet. This magnet provided a homogene
ous field that could be varied from back
ground to 12,200 gauss. In each test, be
tween 3000 and 7000 embryos were exposed from 
fertilization through 21 days of development. 
An add i tiona 1 3000 to 7000 embryos were mai 11-

tained outside the magnetic field and served 
as paired controls. Incubation chambers for 
magnet i c exposed and contro 1 embryos were 
identical (Figure 6.3). 

At 21 days (eyed stage), the embryos were 
transferred to standard hatchery drip 
incubators and they hatched in 28 (+ 1.5) 
days. The fry were transferred to standard 
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FIGURE 6.3. V-3603 Varian Electromagnet and Plexiglass 
Egg Incubation Chamber. 

hatchery fiber glass troughs two weeks after 
hatching. 

Magnetic field characteristics and envi
ronmental conditions for each test are 
presented in Table 6.2. A1thouqh it seemed 

TABLE 6.2. Magnetic Field Characteristics and Environmental Conditions. 

Mean 
Intensity, Duration, Mean Temp., D.O., 

Test No. kilogauss days Gradient C mg/£ 

(alControl 21 None 11.7 10.7 
Exposed 10.02 21 None 12.0 10.8 

2 (blControl 1 21 None 11.5 11.3 
Exposed 10.1 21 None 11.5 11.3 

3 (clControl 1 21 None 12.3 12.6 
Exposed 2.9-11.83 21 None 12.2 12.6 

4 (dlcontrol 21 None 11.9 12.7 
Exposed 10.14 21 None 12.0 12.7 

(alBackground 
(blMagnet was shutdown for 4 min on day 12 due to cooling system malfunction. 
(clMagnet was operated in ramping mode; period of oscillation was 1 min. 
(dlMagnet was shutdown for 4 min on days 8 through 12 to simulate conditions of 

Test No. 1. 
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practical to emphasize the use of fields of 
less than 450 gauss, the selection of an ini
tial 18,000 gauss field was made to more 
fully define the experimental system, and 
ul~imately to establish a dose-response rela
tionship. Tests 3 and 4, in which the magnet 
was oscillated (ramped) or simply shut down 
for short periods, were designed to simulate 
field characteristics encountered in Test 1. 

Each test exami ned the immedi ate effects 
of inhibited fertilization, delayed or ar
rested development, and inhibition of hatch
ing. Additionally, survivors of each magnet
ic exposure and paired controls were main
tained for 10 weeks after hatching to observe 
latent mortality and impaired growth. 

A chi-square test statistic was applied 
to each index of effect to determine the po
tential for differences between exposure and 
paired control groups. evaluation of each 
index was conducted in the "blind" to de
crease the possibility of investigator bias. 

A partial summary of results from each of 
the four screening tests is presented in 
Table 6.3. Although all tests cannot be 
rigorously compared, a review of these data 
suggested considerable variation between 
simila.r treatments. While a statistically 
significant inhibition in fertilization oc
curred ina 11 magnet i c treatment groups, a 

statistically significant reduction in hatch
ing percentage and fry survival over 10 weeks 
was not consistently demonstrated. 

The results of Test 1 are particularly 
difficult to explain in light of subsequent 
tests designed to reproduce these initial 
results. However, it is entirely possible 
that eggs and sperm used in Test 1 were im
mature and therefore less resistant to envi
ronmental stress. In this case magnetic ex
posure could have acted in concert with such 
dimi nished "vital ity" as to account for the 
degree of effect demonstrated. The eggs and 
sperm used in Test 1 being the first avail
able during the breeding season, and the 
finding of relatively unsuccessful fertiliza
tion, add credibility to this interpretation. 

In FY 1979. after testing at relatively high 
magnetic field strengths (10,000 gauss), tests 
at lower field strengths «5,000 gauss) will 
be conducted to fully establish a dose
response relationship, and to establish the 
threshold of exposure to produce injury. In 
FY 1979, tests will also be initiated to inves
tigate the effects of nonhomogeneous (gradient) 
magnetic fields on trout embryology. Such 
tests will initially be exploratory but will 
determine if the effects of a gradient field 
are different than those of a homogeneous 
field. 

TABLE 6.3. Effect of 10 Kilogauss Magnetic Field on Survival of Early life Stages of Sa/ma gairdneri. 

Test % % % Survival 
No. Condition Eggs Fertile X' Level Hatch X2 level 10 - Weeks X2 Level 

Control 7171 69.88 92.36 87.44 
Exposed 5721 63.46 49.43 (a) 46.87 2177.81 (a) 67.01 344.35 (a) 

2 Control 4589 91.46 95.20 89.47 
Exposed 4646 89.88 6.60 (b) 96.34 6.49 (b) 91.86 13.06 (a) 

3 Control 2948 85.38 97.57 90.26 
Exposed 2844 77.02 63.03 (a) 97.45 0.07 (c) 88.82 2.40 (c) 

4 Control 2686 86.40 97.81 92.30 
Exposed 2639 79.95 37.32 (a) 98.24 1.00 (c) 90.23 5.52 (b) 

(a) Significant X' at 0.001 level 
(b)significant X' at 0.05 level 
(c)Nansignificant X' at 0.05 level 
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SOLAR/HYDROELECTRIC GENERATION 

• Effects of Hydroelectric Generation on Riverine 
Ecology 

The use of hydroelectric generation to meet peaking loads has increased in 
the Pacific Northwest in recent years. This increase has resulted in greater hourly 
fluctuations in flow volume and subsequent impacts on the stability and dynamics 
of riverine ecosystems. The trend toward peaking hydrogeneration will continue as 
more thermal plants are completed and take on a larger share of the regional power 
base load. In addition to thermal plants, large pumped storage plants are expected 
to be authorized and constructed in the next decade. They are likely to contribute 
considerably to the overall daily fluctuation in river flow. Out-of-stream water uses 
(irrigation, industry, power plant cooling) tend to increase the damage done to aquatic 
biota by dam-induced flow fluctuations. 

The project described here is primarily an ecological field study dealing with 
the effects of water level fluctuations on important fish species and invertebrate 
organisms. We have observed several effec!s of water level manipulation including 
entrapment and subsequent loss of fry of a number of fish species, including 
chinook salmon and smallmouth bass; poor hatching success of bass eggs; and 
stranding of fish food organisms. Our recent studies were initiated to quantify 
these effects. We are also planning to examine the impacts on chinook salmon 
redds and to investigate the effects on small mouth bass recruitment. 

The general public recognized only recently the limited nature of regional 
water resources and the need to resolve conflicting water use demands. Recreational 
and commercial fishing are important to Pacific Northwest residents who are con
cerned about the effects of consumptive and nonconsumptive water use on fish 
production. Sport fishing groups and regulatory agencies have expressed a continued 
interest in the progress of this report. 
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• Effects of Hydroelectric Generation on Riverine 
Ecology 

Principal Investigators: C. D. Becker, D. H. Fickeisen, 
R. H. Gray and J. C. Montgomery 

NORCUS Appointees: J. M. Haynes, A. D. Sharrett 
and R. K. Werberig 

Investigations continued on the effects of short-term fluctuations in water level below 

hydroelectric facilities. These investigations emphasized quantifying the impact of entrapment 

on salmonid fry, subsequent salmonid fry mortality, impacts on small mouth bass (Micropterus 

dolomieui) reproduction caused by fluctuations in temperature and water level in their spawning 

areas, and entrapment of bass fry. Adult bass movements were studied by dart-tagging and 

soliciting tag returns from fishermen. Mark-recapture experiments and fishing along standard 

transects were used to estimate the population size and relative abundance of fish species in 

impacted inshore areas. 

Results of the completed project "Effects of Water Quality Alterations on Fish Behavior" 

were analyzed and prepared for publication. This project was designed to study behavioral 

patterns of ecologically or economically important fish in relation to energy development. 

Experimental data on fish behavior are essential for proper design and operation of new facili

ties so that potential adverse impacts on aquatic systems may be minimized. Although the work 

emphasizes hydroelectric generating plants, the results also apply to nuclear and fossil fuel 

technologies. 

Water levels vary daily and weekly below 
a hydroelectric dam as more or less water is 
released for power generation in response to 
load demand. These variations stress compo
nents of aquatic ecosystems. This continuing 
project is designed to assess the effects of 
this stress on important fish populations in 
the Hanford reach of the Columbia River. Our 
emphasis during the past year was on develop
ment of methods for quantifying the effects 
of entrapment on fry and estimating popula
tion abundance. Previous studies of adult 
smallmouth bass (Micropterus dolomieui) 
movements were continued. 

Monitoring stations were established at 
White Bluffs Slough and Hanford Slough to 
continuously record fluctuating water levels. 
Radio-frequency transmitters were located on 
the river bottom at each station. The trans
mitters included pressure transducers and 
circuitry to send a pulsed signal. The 
transmitted pulse rate varied with pressure 
(depth). Receiving gear, a pulse rate 
decoder, and a recorder were set up on shore. 
The depth indicated by the pulse signal was 
translated to horizontal fluctuation or beach 
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exposure area by using survey data of the 
beach slope and by using data recorded daily 
from a cable stretched along the beach that 
measured the water edge position. The 
recorded daily water level fluctuations some
times exceeded 2 m vertically, which corre
sponded to about 30 m of beach width at the 
study sites. Temperature was simultaneously 
recorded on Ryan® submersible thermographs 
for part of the study period. 

In order to determine the accuracy of 
observations in typical dried entrapment 
ponds, we conducted a series of experiments 
to determine the recovery rate of fish en
trapped in small depressions by receding 
water. The experiments required release of 
a known number (200 to 500) of rainbow trout 
fry into ponds filled with water pumped from 
the river and counts of fry remaining after 
the pond dried. Replicate experiments were 
conducted in each of several substrates 
(i.e., sandy, muddy, rocky and grassy). 
Temperature and dissolved oxygen were 
measured and recorded in the entrapment 
ponds. The results indicated that both 
factors cause mortality in entrapped fish. 



When predators were excluded, the recovery 
rates were from about 50% to over 95%. Ini
tial attempts to determine predation rates 
were unsuccessful, although we believe preda
tion to be high in natural entrapment ponds. 
Predation of entrapped fish by insects, ro
dents, birds and mammals has been observed 
in areas periodically inundated and exposed 
by changing water levels. 

Data for estimation of population size 
were collected for smallmouth bass and salmo
nid fry with standard mark-recapture meth
ods. The returns of dart-tags for adult Jass 
trapped in F-Area Slough over the winter were 
sufficient to estimate the size of this popu
lation, which is closed (except to natural 
mortality). Spray-dyeing methods using fluo
rescein dye were adapted and a black-light 
viewing box was developed for field use. 
Salmon fry were spray-dyed and released in 
sloughs, but marked returns were very few, 
indicating that the population was large and 
transitory. Data on catch per unit effort 
were also collected for all species taken in 
standard transects by using a backpack elec
troshocker, a boat-mounted electroshocker and 
a seine net. These data will be used to de
termine relative species abundance and 
changes in species composition with time. 

Studies of adult bass movement and behav
ior continued with analysis of data from 
radiotelemetry studies conducted in FY 1977. 
Dart-tagging of adult Jass continued, and we 
now have over a 10% return on tagged fish 
over a three-year period. The results from 
these studies are consistent with the hypoth
esis that bass from over 60 km of the 
Columbia River spawn in slough areas of the 
Hanford Reservation. 

Observations of smallmouth bass nesting 
and guarding, and of numbers and relative 
size of pods of "black-fry" continued. Re
sults were consistent with the hypothesis 
that temperature fluctuations in the sloughs, 
caused by variations in river flow, adversely 
affect reproductive success of smallmouth 
bass. However, we do not know how density
dependent mortalities may compensate for the 
effect on hatching and subsequent losses due 
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to entrapment and, therefore, we cannot pre
dict the effect on recruitment to the adult 
stock. 

The project also supported completion of 
a doctoral dissertation by J. M. Haynes on 
the relationship between dissolved gas super
saturation generated by hydroelectric dams 
and the swimming depth of adult chinool( salm
on migrating upstream. Additional results 
of this radiotelemetry study were published 
in the open literature, submitted for publi
cation, and reported at scientific meetings. 

Studies to monitor seasonal location, dis
tribution, and movement of white sturgeon 
(Acipenser transmontanus) in the Hanford 
reach of the Columbia River were terminated 
in early FY 1978. These studies investigated 
radiotransmitter-tagged sturgeon in a free
flowing section of the Columbia River 
influenced by two hydroelectric dams and 
thermal loading from a nuclear power plant. 
The results of the studies were prepared for 
publication. 

Use of pumped storage is likely to in
crease in the United States, and the U.S. 
Army Corps of Engineers has been conducting 
a preliminary site selection study for 
development of pumped storage systems in the 
Pacific Northwest. Some of the candidate 
sites are located on the Columbia River, and 
development of them It/ould result in removal 
and return of large quantities of water on a 
daily cycle. Such a large-scale manipulation 
of river flows would effect present river 
flow fluctuations and would probably impact 
migrating anadromous species as well as other 
aquatic organisms. We have completed a 
review of environmental effects and research 
needs related to pumped storage hydro
electric generation and are drafting a report 
for publication. Our review demonstrated 
that comprehensive studies have been con
ducted at pumped storage sites. Several 
questions remain to be addressed in order to 
predict the overall impact of pumped storage 
development on aquatic ecosystems and to pro
vide criteria for operations management that 
will optimize multiple use of the reservoirs. 
As a result of that review we are currently 
developing a research plan. 
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SA TELLITE POWER SYSTEMS 

• Investigation of Microwave Effects on 
Terrestrial Ecosystems (Proposed) 

The Department of Energy (DOE), in cooperation with the National Aeronautics 
and Space Administration (NASA), is currently conducting a concept development 
and evaluation program for the Satellite Power System (SPS). A major portion of this 
program is devoted to assessment of the environmental effects of employing the SPS 
concept. The transmission of energy from orbiting satellites to earth via microwaves 
would expose significant portions of the biosphere to potentially hazardous levels of 
non-ionizing radiation. PNL is participating in studies of possible radio-frequency 
interference (Part 3, Atmospheric Sciences) and biological effects of microwaves at 
the SPS frequency (Part 1, Biomedical Sciences) and the laboratory has conducted 
some planning studies related to the ecological effects of the microwave beam. The 
possibly harmful effects of microwaves from radar, communications, and other 
familiar sources have been studied for the past 25 years, but no studies have yet 
attempted to assess the impacts of microwave irradiation on the structure and func
tion of intact ecosystems. Impacts on whole ecosystems are of special importance 
to the SPS concept since an area in excess of 125 km 2 would be continuously 
irradiated at each receiving-antenna facility. 

During 1978, PNL began conceptual planning of a research design and test 
facility appropriate to the study of SPS ecological effects. The results of that planning 
effort are reported here. Further development of this potential program will occur 
at the request of the SPS Program Office in DOE's Office of Energy Research. 
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• Investigation of Microwave Effects on Terrestrial 
Ecosystems (Proposed) 

Principal Investigators: ~. ' .. Warner, K. C. Davis, 
K. Fox and L. E. Rogers 

The purpose of this proposed study is to identify any changes in organism populations or in 

whole ecosystems continuously exposed to the microwave frequencies and the power density levels 

that are anticipated in or near an operating Satellite Power System (SPS) receiving-antenna 

system. This information is necessary for the environmental assessment of the SPS concept and 

for planning and locating receiving-antenna sites. The initial planning effort described here 

confirmed the technical feasibility of constructing an adequate field exposure system and it 

identified a battery of possible ecological stlJdies tfjat would be carried out usi'lg this expo

sure system. The information to be developed will aid in specifying the extent of buffer zones 
around the receiving antenna system. 

Characteristics of the Field Exposure System 

Ecosystem-level effects can only be iden
tified by the irradiation of a functioning 
ecosystem of known characteristics. Initial 
planning efforts have shown that a field ex
posure system can be built that will simulate 
:<ey characteristics of an SPS receiving
antenna facility. The test area can be irra
diated from a single, tower-mounted reflector 
emitting microwave energy at the expected SPS 
frequency of 2.54 GHz. Power density flux 
levels, as measured near the ground, will 
range from a peak of approximately 20 mW/cm Z 
to background «1 mW/cm2), distributed in an 
eliptical pattern. The total area irradi
ated will be 1 to 2 ha. Exposure will be 
conti nuous except for short periods required 
for sampling in the exposure area. The major 
electronic "hardware" required for this ex
posure system has been identified and conver
sations with both suppliers and persons using 
similar equipment have confirmed that relia
ble system components can be readily obtained. 
During preliminary planning ~Ie identified a 
number of safety features, including elec
tronic interlocks, that will be needed to 
prevent the exposure of research personnel 
to unsafe levels of microwave energy. 

Irradiation of a known ecosystem with 
microwave energy distribution along gradients 
of power density will allow the use of a 
"dose-dependence" research design. 1n this 
design, effects are identified by comparing 
ecologically similar areas receiving differ
i ng amounts of mi crovlave rac1 i at ion. An im
portant advantage of this research design is 
that it allows conclusions regarding power 
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level effects to be drawn after as little as 
two years of irradiation. (It would, how
ever, be desirable to continue studies longer 
to allow for possible emergence of more sub
tle effects of chronic exposure.) The c1ose
dependence design, however, requires that the 
entire study site be essentially homogeneous 
in important environmental variables such as 
soil, climate, and ecosystem structure. The 
ALE Reserve is one of the few pl}ces where 
suitable sites have been sufficiently charac
terized to provide reasonable assurance of 
such homogeneity. Tn addition, the test 
facility requires a site that is secure, iso
lated, and accessible to relatively large 
amounts of electrical power. The ALE Reserve 
meets these requirements. 

Possible Ecological Studies 

A variety of studies can be carried out 
at the test facility to identify effects on 
the important components of the ecosystem and 
on any i:lteractions among these components. 
The ecosystem components examined may include 
vegetation dynamics, birds, invertebrates, 
decomposers, and small mammal populations. 
In addition, studies on species of special 
interest can be conducted; specifically, 
studies on cattle behavior, crop plants, and 
honey bees. Generally, concern will focus 
on the possible effects on the behavior, sur
vival, or reproductive success of these eco
system components and species. Specific can
didate studies for each component or species 
have been identified in the preliminary plan
ning. Studies of abiotic factors such as 
weather conditions, soil moisture, and soil 
temperature will also be required. 



An important aspect of the research will 
be densitometry-dosimetry studies on how in
coming power density patterns are modified 
by site conditions such as vegetation 
"shadows," reflection, or soil moisture con
tent. This information will be vital in 
judging which site variables are critical in 
predicting the effects on ecosystems at other 
potential receiving-antenna sites. 
Densitometry-dosimetry studies will also be 
valuable in providing a link to SPS labora
tory studies of the effects on single organ
isms. The ecosystem studies described here 
will identify the presence or absence of ef
fects in an SPS receiving-antenna environment. 
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They will not identify the physiological 
mechanisms causing these effects nor identify 
the complex history of exposure levels expe
rienced by the free-living organisms. Follow
up laboratory studies will be required to 
investigate these issues. 

Documentation of the Planning Done to Date 

Preliminary plans for the proposed inves
tigation of microwave effects on terrestrial 
ecosystems are more fully described in a 
technical description of the proposed pro
ject, submitted to the SPS program office in 
August 1978. 
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MULTITECHNOLOGY AND SUPPORTING 
RESEARCH PROGRAMS 

• Analysis of Natural Systems 

• Ecological Effects of Combined Aquatic 
Stressors 

• Effects of Energy Systems Effluents on 
Coastal Ecosystems 

• Bioavailability of Energy Effluent Materials 
in Coastal Ecosystems 

• Marine Chemistry of Energy-Generated 
Pollutants 

• In Situ Pollutant Measurements 

• DOE-Funded Oceanographic Cruises 

• Coordination of West Coast Marine Programs 

This section discusses research efforts relevant to several presently operating 
technologies as well as those being investigated for the future. In these programs 
the nature of the environmental problem is equally applicable to anyone technology; 
examples would be thermal and chemical water pollution caused by operation of 
steam electric plants, whether nuclear, fossil fuel, or gas-fired, and the statistical 
design needed for distinguishing a general background of industrial pollution from 
the contributions, if any, arising from operation of an energy facility. 

The two main types of study in this category include biomathematical effort 
represented by the first project indicated above, and aquatic ecological studies 
represented by the remaining seven projects. 

The assessment of how a technology will impinge on an ecosystem requires 
the ability to adequately describe the existing system and then measure the changes 
(if any) resulting from a technology deployment. The analysis of natural systems has 
been mainly qualitative in the past and has led to situations where no solid quanti
tative measure of change could be made even though extremely large and expensive 
descriptive programs have been carried out. The program addressed in this section 
focuses on the improvement of sampling methods through the application of sampling 
theory and new statistical analysis techniques. Through this program we hope to 
refine the methodologies used in sampling and analysis to permit cost-effective pro
grams to be implemented at specific sites. This will provide statistically valid data 
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for determining the level of change resulting from a technologies operation. An 
important theoretical development has been that of the "ratio" design for measuring 
environmental impacts. Opportunity to test these concepts has also been provided 
through related services work for the Nuclear Regulatory Commission as described 
in Section 11.0 of this report. 

The use of the aquatic (fresh and marine) environment by many technologies 
as a resource and disposal site, and the fact that most contaminants leaving an energy 
facility (whether as a solid, aerosol, or liquid) eventually enter an aquatic system, 
requires that we understand how these materials interact with the aquatic eco
system and the ultimate consequence of their presence. To understand this, it is 
necessary to know how the aquatic ecosystem functions and the processes and 
mechanisms controlling the cycling, effects and fate of energy-produced contami
nants. Our research has attacked this problem from two points: the understanding 
of how specific contaminants interact with and affect aquatic organisms; and the 
understanding of the chemical interaction and the factors that control these inter
actions. Relative to the biological effects, we have undertaken studies to determine 
the effects of chronic exposures on basic processes important to the survival of an 
individual and population. These include behavioral responses important for ob
taining food, defending against or escaping from predators, and finding mates for 
reproduction. Also included are the physiological changes indicative of long-term 
stress and specific for individual contaminants. 

Research on the chemical interactions has focused on defining the form of 
a contaminant that is "bioavailable," and the physical, chemical and biological 
conditions that control the quantities of the form present. The two avenues are 
complementary in that each provides an understanding to why certain phenomenon 
are observed in the laboratory and field. The results are particularly significant 
in the assessment of probable effects of deployment of existing and new technologies. 
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• Analysis of Natural Systems 

Principal Investigators: l. Eberhardt anrl J. M. Thomas 

Tecimi cal ,"Issi stance: M. T. Cochran 

The thrust of this project has continued to be development of quantitative theory and improved 

methods for application to real-world problems. All of the technologies involved in energy pro

grams will clearly impact the environment in some way. Evaluating such effects requires survey 
and sampling designs besides the capability of actually measuring various characteristics of 
natural populations. Merely measuring levels of contaminants or abundance of a species, while 

both difficult and essential, is not in itself sufficient to answer basic questions. Because 

natural populations :lave a built-in "regulatory" mechanism, they can at times compensate For 

some insult so that its impact is not important. In other circumstances a minor environmental 
change may have very seri GUS conseqllences. 
difficult area. 

We have thus begun research in this basic ~ut very 

Statistical Aspects of Environmental 
Contamination 

We have continued our investigations in 
four 1reas of sampling: 1) descriptive, 
2) analytical, '3) sampling for spatial pat
tern and 4) sampling for modeling. The 
first two areas have been studied exten
sively, and most ecological research needs 
in energy technology ~reas can be handled by 
adaptation of existing methods. The other 
two areas are vlholly neVI in envil"onmental 
work (having been developed largely in geol
ogy and industrial research) and thus need 
much work for actual application in environ
mental research. Both theoretical and prac
tical developments are needed, as well as 
expositions (manuals, etc.) directed towards 
specific energy technology applications. 

We 'lave focused recent efforts on the sam
pling for modeling problems. This ~ork has 
~een mostly devoted to computer aspects 
(i.e., considerable time has been involved 
in developing programs for a PDP-ll/34 mini
computer). Since "optimal sampling" strategy 
is closely linked to the presumed probability 
distribution, we are using simulated data 
from several such distributions (principally 
log-normal and gamma). Because our results 
will depend largely on the validity of the 
simulated data, considerable effort has heen 
expended in evaluating uniform rand?m number 
generators for use on this project. ,a) 
In addition, we plan to "fitil our simulated 
data Ilsi ng non1 i near least-squares techniques. 
Four computer codes have been obtained (and 
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are now operational) for this purpose; two do 
not require partial derivatives. We presented 
our preliminary results at the Third DECUS 
Symposium in Novembe~. 

Biostatistical Aspects of Environmental 
Impact Analysis 

Our previous work on this topic as it re
lates to nuclear power plants ha$ b~e0 s~m
mal"ized in three journal papers.\b)\c}(d} 

(a)Nicho1 son, P. R., Thomas, J. M. and 
Watson, C. R., in press, Characterization 
of PDP-II pseudo-random number generators; 
to appear in Proceedings of the Third DECUS 
Users Society Meeting; Maynard, 
Massachusetts: Digital Equipment 
Corporation. 

(b)McKenzie, D. H. and Thomas, J. M., ms. 
submitted, Towards improved field 
experimental designs and quantitative 
2valuations of aquatic ecosystems. 

(C)Thomas, J. M., Mahaffev, J. A., Gore, 
K. 1_. and Watson, D. G., in press, 
Statistical methods used to assess 
biological impact at nuclear power plants; 
Journal of Environmental Management 7. 

(dhhomas, J. M. ano McKenzie, D. H., 
submitted, A procedure for assessing 
biological effects of power plants on fish, 
to appear in the American Fisheries Society 
Bulletin, Fisheries. 



Since there is now ~onsiderable ~ehate on 
biological monitoring (the impetus seems to 
be from i~terest in haseline monitoring), we 
are currently devoting some ~ttention to 
this general area. 

We found that considerable confusion exists 
regarding the e;clCt meaning of "moni:oring." 
T~ereFore, we have elected to define biologi
cal monitoring as the collection of samples 
of biota, usually as a Function of time, 
taken to assess population fluctuations for 
campl i ance wi"':h regul atory directi ves, and 
sometimes taken in an attempt to assign cause 
from observed effect. We suggest that moni
toring for the first two purposes should nor
mally be called baseline monitJring, while 
sampling to assign cause or answer questions 
ahout how much or where it is might be called 
research (analytical) moni:oring. ~s such 
our research on sampling will be directly 
relevant to moni:oring problems (as noted 
above) and in part i cul ar to the many aspects 
related to baseline monitori~g. 

An initial appraisal indicates that popu
lation data collected as a function of time 
(baseline) can sometimes also be useful i1 
the impact assessment context (i.e., cause 
and effect). ~lthough there are substantial 
problems (indirect effects, compensation, 
interactions) it appears to us that some 
inferences (but not conclusions) can be ob
tained by correlation of current observations 
with the long-term trend. Moreover, lahora
tory results can be evaluated against a base
line data sequence and testable hypotheses 
may be devised. 

Censusing Animal ~~tions 

Two extensive journal papers concerning 
this topic were described in last year's re
port. 80th have been completed and published 
this year (Eberhardt, 1978a,b). One 'lias ad
dressed to the issue of sample size (i.e., 
how large a sample should be ta'<en in given 
circumstances). The second dealt with tran
sect methods (line transects, strip tran
sects, and line intercepts). ~nalysis of 
data from a large-scale line transect census 
made it evident that another facet of the 
methodology (use of right-angle distances) 
required further research, so another paper 
was prepared on that topic, and will appear 
in the near future. \ a) : n that paper, \~e 
consider a nonparametric approach which we 
believe will be useful in the improvement of 
"Emlen's method" for censusing small birds, 
which was shown to have a rather serious 
shortcoming in our earlier paper. 

(a)Eberhardt, L. L., Time-transects based 
on right-angle distances; to be published 
in Journal of Wildlife Management. 
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Most of the available data on ~nimal popu
lations is in the form of what may be called 
i:ldices or relative measures of abundance. 
Unfortunately, very little attention has been 
paid to the mathematical and statistical 
Epects of SUCll data. We hav", thus hegun all 
analysis of the sitllation, portions of which 
were reported in olle of the papers mentionerl 
above (Eberhardt, 1978b). 

As noted in the introduction to this sec
tion, popul~tion regulation is a ~ey issue 
in determinati'Jn ()f the actllal outcome of 
some stress placed on a population. Undpr 
normal conditions, most natural populations 
can tolerate an additional mortality induced 
by, .for example, construction and operation 
of a power plant or fossil-fuel extraction 
facilitv. In some cases the population may 
"compensate" (e.g., I)y 3.n increas2 in repro
ductive rate) to t~e ext~nt that no overall 
change in a~undance occurs. However, if the 
population is already under stress, a small 
addition to the burdeY1 may have a dispropor
tionately large impact. There i'; thus an 
urgent nee~ for research 0'1 mechanisms that 
determine the population's response. 

There are several aspects to our study of 
the toplc. One is investigation of the 
:lvail ahl,~ actual practical ,jSPS of models for 
regulation based on real data, principally 
from the applied arpas of fisheries manage
ment and economic entomology. We will empha
size t~e fisheries area, hecause of its 
closer connections to "impact" problems. A 
second feature has to do with assessing the 
population dynamics of a given species, since 
it is not possible to say much about mechan
isms unlpss one :(nov!s the basic facts of 
birth a'1d death rates and age structure. A 
third aspect is evaluating data From detailed 
long-term studies of species populations of 
the kinds most likely to be involved in 
energy-related activities. A final portion 
of our current work concerns the theoretical 
aspect. A considerable theoretical litera
ture now exists, much of which is concerned 
with analysis of differential equation models 
of population hehavior. While we may do some 
model development of our own, the main effort 
for the present will concern what might be 
called a "comparative pathology" of existing 
models. 8y this we seek to determine the 
circumstances in which existing models may 
be appropriate and useful. Such an investi
gation depends very much on the previously 
listed aspects of our study as a basis, i.e., 
on actual applications such as stock
recruitment curves, on study of population 
dynamics, and on reanalysis of the results 
of long-term population studies. 



~e ~egan a fairly i~te~sive effort of this 
kind about two years ago, and have published 
four papers in 1977-73 dealing wit~ our ini
tial :'Iork in this area (Eberhardt 1977a,b,c, 
Eberhardt and Si ~iff 1977/. T'{!o more papers 
are in editorial process. ,b)(c) 

Marine Mammal Studies 

As noted in last year's report, we have 
been participating in a number of marine 
mammal studies in connection vlith our Antarc
tic research and L. l. Eberhardt's responsi
bilities as a member of the Scientific Advi
sory Committee of the U.S. Marine Mammal 
Commission (the Committee has certain statu
tory responsii)ilities under the Marine Mammal 
Protection Act of 1972). Several of the spe
cies concerned are variously involved in 
energy-related activities (~ea otters, 
manatees and bowhead whales being notable 
examples), while data on other mammals will 
provide useful input for the population regu
lation effort. Two papers connected with the 

(b)Eberhardt, 1_. L, in press, Determining 
"optimal" levels for marine mammals, to 
appear in Proceedings of the International 
Conference on the Population Dynamics of 
Large Mammals, ed. C. W. FO\~ler and T. 
Smith. 

(c)Eberhardt, 1_. 1_., Chapman, D. G.· and 
Gilbert, .J. R. A revi,:w of marine mammal 
census methods; to he publ i shed in 
Wildlife Monographs. 
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Antarctic work have heen published (Sini~f 
et al. 1977, Siniff, Stirling and Eberhardt 
1978), while several others concerning 
marine mammals are part of the effort 
described in the section above on population 
regulation. 

Other Activities 

Considerable effort has been devoted to 
consulting, reviews for journals and the 
Office of Healt~ and Environmental Research, 
and critically evaluating the statistical 
:ontent of departmental publications. 

Or. Eberhardt has participated in the af
fairs of both t~e Coll~ge of Fisheries and 
the Center for Quantitative Science at the 
Univ~rsity of Washington (where ~e is an 
Affiliate Professor). Dr. Thomas has been 
elected to the Faculty Executive Commi+.tee 
at the Joint Center for Graduate Study 
(Richland) and conti1ues to serve as coordi
nator for the Master's Program in Biology. 
The program has grown to a point where about 
20 students are enrolled each quarter and two 
students received master's degrees t~is past 
summer. These activities are broadening the 
impact of the ~iomathematics program on 
other PNL programs. 

Interaction with state ~nd federal groups 
(i.e., Marine Mammal Commission, Department 
of Interior, Southwest Fisheries Center) has 
continued. A final report from our partici
pation on an International Commission on 
Radiological Protection commi+.tee is 
expected during FY 197Q. 





• Ecological Effects of Combined Aquatic Stressors 

Principal Investigators: D. R. Anderson and M. J. Schneider 

Technical Assistance: S. A. Barraclough and M. '_. Wolford 

This program represents two major research areas which were formerly separate projects and 

are now combined under one title. This combination represents a recognition of the close 

relationship of the information each is generating. The program titles formerly used were 

"Effects of Thermal Discharges on Aquatic Biota" and "Combined Effects of Waste Heat Clnd 

Environmental Factors Acting in Concert." 

The former was designed to measure thermal injury, latent and manifest, in fish and other 

organisms important in aquatic food chains. The latter uses such thermal data to investigate 

the toxicity of multiple pollutants, including thermal pollution and their combined effect on 

fish. A key concept emerging from these studies is that of sYnergistic effect; i.e., where 

several pollutants each, at "sublethal" concentrations, act together to cause signif"icant 

abnormality or death. The use of the combine~-effect approach in estimating the toxicity of 

effluents containing multiple toxicants is more realistic than a single-factor approach. 

The Combined Effects of Nickel, Chlorine and 
Temperature on Rainbow Trout 

The combined effects program is designed 
to quantify the combined action of thermal 
stress and two chemical pollutants, nickel 
and chlorine, on the physiology of rainbow 
trout (Salmo gairdneri). These chemicals 
were selected because chlorine is frequently 
used as a biocide, and nickel alloys are Llsed 
in a large percentage of the types of conden
ser tubing in steam electric stations. The 
effect of temperature on the toxicity of 
these two components is being studied because 
of the thermal component normally associated 
with steam electric station effluents. 

The combined effects approach is more real
istic than a single factor approach in esti
mating the toxicity of effluents containing 
multiple toxicants. The objective of this 
program is to study the interactions and 
mechanisms of toxic action of nickel and 
chlorine at several water temperatures on 
rainbow trout. Acute flow-through bioassays 
are under way in a modified Mount-Brungs pro
portional diluter. Isotope tracer studies are 
also under way with Ni to follow the path
ways and rate of nickel accumulation in rain
bow trout. 
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To analyze the isotope tracer data, a 
computer-compatible data-handling system was 
deve loped. A remote computer termi na 1 ,,'as 
modified to interface with the liquid scin
tilation counter to record the output on mag
netic tape. A FORTRAN program was developed 
to analyze the ~ata. The program includes a 
quench curve to correct for sample geometry 
and counting efficiency, and subtracts the 
background counts, then calculates the disin
tegrations per gram of tissue. This system 
eliminates calculation errors and enables the 
data to be statistically evaluated and plot
ted (Figure 9.1) without further data tran
scription. The system substantially reduces 
the amount of time from counting to analYSis 
or plotting of t~e data. 

The standard met~od of wet-ashing fish 
samples containing 63Ni tracer has been 
modified to make the process more efficient. 
Instead of using a hot plate during digestion 
a microwave oven is used. This system has 
reduced the sample digesting time to one 
third the time of a hot plate method; it has 
the additional advantage of not burning dry 
or nearly dry samples. 

Preliminary results indicate continued up
take of sublethal levels of nickel spiked 
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FIGURE 9.1. Accumulation of Nickel in Blood of Rainbow Trout Sampled Over Three Days 
in Counts per Minute (cpm) of 63Ni. Fish were exposed to 6 ppm nickel with an activity of 

6100 cpm. 

with 63Ni in the hlood for three iays 
(Figure 9.1) while excretion of the isotope 
increases after the second day through the 
kidneys and lower gastrointestinal track. A 
comparatively high level of 63Ni is also 
accumulated in the eye of fish. Further 
analyses of the data are continuing. 

The experimental design of the acute ~io
assays is a factorial design with three 
levels of nickel and three levels of chlorine 
at different temperatures. This ~nables sta
tistical evaluation of each toxicant effect 
and their interaction or the combined effect 
of the toxicants and temperatures. 

A synergistic toxic effect of chlorine 2nd 
nickel has been demonstrated. ConcentrAtions 
of 0.05 ppm total residual chlorine (TRC1) 
alone result in fish mortality of 5%. 
Nickel, alone, in concentrations ranging from 
4-8.5 ppm results in no fish mortality in 
96 hr. When these levels of chlorine and 
nickel are combined the resultant mortality 
ranges from 95-100% of the fish exposed dur
ing a 96-hr bioassay. This is the first in
cident reported in the literature of a 
chlorine-nickel synergistic toxic effect. 
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Effects of Temperature on Fish Stamina 
Physiology 

The investigations discussed in the sec
tion were designed to determine the combined 
effects of temperature and exercise stress 
on Fish. Results of earlier studies in this 
series revealed a combined 0ffect as measured 
by swim performance and indicators of stress 
and fatigue level, plasma glucose and lac
tate. The studies conducted this year deter
mined the critical swim speed, plasma glu
cose and lactate, blood p02, pC02, and 
pH of 10C acclimated rainbow trout (Salmo 
gairdneri) at 10, 15, ?O and 25C. ----

Critical swim speed (CSS) is defined as 
the maximum swimming velocity fish can main
tain for a precise time period. Determina
tions of CSS are used to measure the stamina 
limitations of fish as affected by environ
mental stressors, e.g., temperature and chem
icals. Earlier studies in this series demon
strated that the ability of a fish to swim 
at water temperatures above the acclimation 
temperature may be impaired and further sug
gested that the physiological basis for fail
ure was the development of a hypoxic condition. 



The investigations reported here were designed 
to quantify the stamina limitations through 
CSS and to provide the physiological 
information necessary to explain them. 

Rainbow trout were acclimated to lOCo 
Critical swim speeds 'IJere then determined at 
10, 15, 20 and (SC in a specially designed 
swim tunnel. Two fish "~re introduced into 
the apparatus at the ~eginning of each test. 
One fish occupied the swim chamber and the 
second fish was held in a chamber receiving 
continuous water exchange ~ut no current. 
This fish is therefore referred to as the 
"resting" fish. After a short handling re
covery period water temperature was elevated 
at 0.5C min- l to the test temperature. The 
water velocity in the swim tunnel was then 
incrementally increased 0.2 m sec-1 at 20-min 
intervals. At the instant the fish fatigued, 
the water flow was interrupted, the time 
recorded, and both exercised and rested fish 
were removed from the apparatus. !31ood sam
ples were obtained by cardiac puncture and 
from the dorsal aorta for the measurements 
1 i sted above. 

The graphs in Figure 9.2 provi1e the 
results for CSS, plasma glucose and lactate, 
blood p02 and pC02 for all test groups. 
This series of experiments has only recently 
been compll~ted and not all statistical analy
ses have been completed. The CSS data was 

120 25 
A B 

analyzed by one-way analysis of variance and 
indicates that there is a significant (P>0.05) 
difference between the means at the various 
temperatures. At 25C the CSS is sig
nificantly lower than at 10, 15, 20e, indi
cating impairment of swimming performance 
between 20 and (5C (AT = 10-15C). A com
bined effect of temperature and exercise 
stress 11as noted at a similar ilT in the ear
lier investigations. 

The remaining data for plasma glucose 
lactate levels, blood gases pCO ,pO and 
for blood pH have not yet been statisti
cally analyzed. Figure 9.2 provides a plot 
of mean values. As might be expected, the 
pC02 of exercised fish is higher than that of 
rested. Regardless of whether the blood 
samples 11ere taken from the heart or from the 
dorsal aorta there is also an apparent trend 
of increasing pC02 with increasing exposure 
temperature. Simi 1 arly, the blood p02 is 
higher in rested fish at 10C test temperature 
as compared with exercise blood p02' At 
higher test temperatures the blood p02 of 
both groups appears similar in value. Blood 
glucose and lactate levels appear to follow 
patterns similar to those seen in earlier 
investigations. One interesting difference 
is that the blood lactate of exercised fish 
appear to be lower for the 25C test group 
compared to the 20C group, whereas the lac
tate levels for the resting fish are more 
like the patterns observed in earlier studies. 
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• Effects of Energy Systems Effluents on Coastal 
Ecosystems 

Principal Investigators: G. ~oesijadi olnd .J. S. Young 

This program investigates the potential effects of contaminants released by ~nergy techno

logies into the marine environment. Our primary goal is to identify and evaluate environmen

tally meaningful measures of the effects \~hich contaminants produced i)y energy systems have on 

marine organisms. 

At present, a major problem in the study of the pollution effects in the marine environment 

is the lack of meaningful criteria with which to assess biological effects under conditions 

representing the nat~ral environment. Our research is designed to address this problem. In 

the past year we have studied the effects of two classes of contaminants released by energy 

technologies, biocides and trace metals (represented by chlorine and copper, respectively), on 

aspects of the physiology, biochemistry, and histology of selected marine animals. 

Disruption of Magnesium Regulation in the 
Crab Cancer productus Exposed to Chlorinated 
sea:wa~ -----

Disruption of ionic regulation has been 
reported as a mechanism for the toxic action 
of chlorinated seawater to aquatic animals. 
However, research on this subject is scant. 
For this reason, we studied the effects of 
chlorinated seawater on ion regulation in the 
crab Cancer productus, an important species 
for both sport and commercial ~ishing. The 
relationship between ammonia excretion and 
chlorination was also investigated since re
actions with ammonia play ~ major part in the 
chemistry of chlorination. 

Exposure of Cancer productus to chlorinated 
seawater altered hemolymph sod i um and magne
sium concentrations. At the highest chlori
nation levels, which approached the 96 hr 
LC50 (~1.2 to 1.4 ~g/ml total residual oxi
dants, TRO), regulation of both ions was 
essentially abolished. Reciprocal changes 
in the sodium and magnesium levels suggested 
an effect on the' activity of the bladder 
wall, which has been implicated in the regu
lation of hemolymph magnesium in crustaceans. 

Additionally, exposure to 1.19 ~g/ml ap
plied Cl (0.68 ~g/ml TRO) for 96 hr resulted 
in a fourfold increase in the ammonia excre
tion rate. Crabs also contributed consider
able chlorine demand to the exposure seawater. 
Measurements of TRO in the inhalant seawater 
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and water exiting from the crabs' branchial 
chambers indicated a reductio~ in TRO equiva
lent to 56% of that initally present in the 
inhalant I~ater (0.51 ~g/ml TRO). 

Measurements of ammonia concentrations in 
the exposure water indicated that ammonia in 
~eawater was consumed in reactions with oxi
dants. This was especially evident at higher 
levels of chlorination. At. 0.58 ~g/ml ap
plied Cl and above, chlorination result2d in 
near disappearance of ammonia from the water. 

Effects of Chlorinated Seawater on the 
Littleneck Clam 

The littleneCK clam (Protothaca staminea) 
is a commercially important bivalve with a 
range distribution from Alaska to Southern 
California. These clams occur in the vicin
ity of at least one coastal power plant 
(Pacific Gas and Electric at Morro Bay, 
California) and in areas which may be influ
enced by sewage effluents, both of which use 
chlorine for disinfection or control of foul
ing. This clam was used as a test species 
to determine the possible effects of chlori
~ated seawater on specific biological para~
eters. Attention focused on the responses 
of gills because they have direct contact 
with the external environment and are con
sidered major organs in gas exchange, uptake 
of ionic and organic solutes, and ciliary 
feeding. We measured concentrations of the 
major gill cations {sodium, potassium, 



magnesium and calcium) sinc~ the levels of 
these ions are dependent on uptake mechanis~s 
associated with the cell membrane. We felt 
that oxidants present in chlorinated seawater 
may have a direct effect on the integrity of 
the cell membranes of gills. We also exam
ined free amino acid concentrations of gills 
as indicators of alterations in metabolism. 
Declines in glycine levels have been reported 
as a response to st~ess in bivalves by sever
al investigators. Exposures lasted 26 days 
at concentrations of 25, 75, 150 ppb total 
residual oxidants (TRO) plus a seawater con
trol. lI,nimals vlere sampl,ed ilt J, 14, and 26 
days for ion levels and 0 and 26 days ~or 
free amino acids. 

We found that gill ion concentrations ~ere 
not altered by exposure to chlorinated sea
water. Mean values for control samph~s at 
0, 14, and 26 days were 575.4 mM/kg for so
dium, 359.1 mM/kg for potassium, 104.6 mM/kg 
for magnesium, and 11.3 mM/kg for calcium. 
Values for exposed clams were not signifi
cantly different from controls at any of the 
time intervals measured. With free amino 
acid levels, however, we found alterations 
related to exposure to chlorinated seawater. 
In particular, glycine declined at all levels 
of TRO when compared to controls and exhib
ited a correlation with oxidant exposure 
level. Mean values ~/ere 1l.72 \JM/g for con
trols, 8.47 \-iM/g at 25 ppb TRO, 8.05 \-iM/g at 
75 ppb, and 5.92 \-iM/g at 150 ppb. These 
values are consistent with observations made 
in previous studies, and support the hypothe
sis that stress in marine animals is associ
ated with a decline in cellular free glycine. 

Tissue Copper Levels in Protothaca ~taminea 
Exposed to Chlorinated Seawater 

Presently, there is controversy regarding 
the chemical form of heavy metals in seawater 
in relation to their bioavailability. It has 
been suggested that the free or ionic form 
of metals is the fraction available for up
take by organisms. However, complexed forms 
have also been shown to be taken up across 
epithelia in bivalves. Since the presence 
of oxidants in seawater can alter the chemi
cal form of metals by disrupting bonds 
between metals and complexing agents, we mea
sured "free" and total copper in the exposure 
water by anodic stripping voltammetry (ASV) 
and tissue copper levels by atomic absorption 
in the experiment described previously for 
the effects of seawater chlorination on 
Protothaca. 

The results indicated no influence of 
chlorination (25 to 150 ppb TRO) on the gross 
form of copper in seawater or on the tissue 
levels of copper after 26 days of exposure. 
Total copper in seawater ranged from 0.7 to 
1.7 \-ig/Q, and "free" copper ranged from <0.1 
(nondetectable) to 0.3 \-ig/Q,. These levels 
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reflected ~mbient copper levels in our sea
water system. No relationships were observed 
\/i':h TR.O levels in tile (.>xposure tanks. I_ike
wise, copper levels in tissue of chlorine
exposed clams did not differ from controls. 
These results suggested that chlorine expo
sure of up to 150 ppb TqO did not alter the 
ASV-availahle form of copper in seawater of 
copper levels in clam tissue. Hoyever, 
adrli:ional studies are required for more de
finitive conclusions. Studies of this ~ind 
are presently ongoing on another program at 
our laboratory. 

Assay for Sodium-Potassium Adenosine 
TrlPhOShatase in GllTsOl'Protothaca 

In order to directly test for processes 
related to the functional integrity of the 
cell membrane of the gills of Protothaca, we 
began experiments to characterize the enzyme 
sodium-potassium adenosine triphosphatase 
(NaK ATPase). This enzyme is localized on 
plasma membrane and is involved in the cel
lular regulation of sodium and potassium. 
Sharacterization involve~ examining the 
influence of incubation time, temperature, 
substrate concentration, magnesium concentra
tion, sodium and potassium concentrations, 
ouabain (a cardiac glycoside known to inhibit 
NaK ATPase activity), pH and cell localiza
tion. We have found that the activity of the 
enzyme is very low in clam gills (~10% of 
total ATPase) and easily masked by the activ
ity of the total ATPase systems. The enzyme 
appears to ~e more sensitive to sodium than 
potassium. Inhibition caused hy lack of 
sodium was equivalent to inhibition by 
ouabain. In general, ilowever, errors in 
measurement due to the low activity ",ere 
very high, and it appears that the NaK 
ATPase in clam gills will be difficult to 
use in f)ioassays. 

Effect of Copper on Eudistylia vancouveri 

We have completed copper exposures to the 
polychaete Eudistylia vancouveri at concen
trations that cause gill degeneration. The 
purpose was to examine ~nd describe gill ne
crosis at a range of copper concentrations 
and compare it with the uptake rate and level 
of accumulation of copper in the gills. Ten 
individuals were sampled rlaily at treatment 
levels of 0 (control), 10, 15, 20, 40, and 
80 \-ig/Q, copper during the first five days and 
thereafter on days 8, 11, 15, 19,26,33, and 
60. The gills were photographed, examined 
microscopically for deterioration, and pre
pared for atomic absorption analysis. Slides 
were prepared from representatives chosen for 
histological examination. As an attempt to 
quantify the amount of deterioration, the dry 
weight of the entire gill assemblage of each 
worm (the variable) was recorded to compare 
with the weight of the eight thoracic seg
ments (the constant). 



At 30 and 40 ~g/£ Cu, gills necrotized 
within the first 24 hr of exposure, whereas, 
at 10 ~g/t, necrosis was not found until 11 
days after the exposure began. Necrosis of 
the gills usually started at the tips of the 
more r!istal pinnules i1 the lower concentra
tions and ended with a complete breakdown of 
the rachis at the higher concentrations. The 
degree of gill degen2ration with time was 
extremely vari able. Within an individual 
some gills might show considerable necrosis 
and others little or none. Between individ
uals, some had most Jf the branchial plume 
eroded away and in others most .)f the plume 
vias i'ltact. In general, though, the severity 
of degeneration increased with copper concen
tration. Most of the gill/thorax ratios have 
yet to be calculated. Histological sections 
are currently being studied. Control gills 
have also been examiner! by electron micros
copy in preparation for ultrastructural sturl
ies of gill degeneration and lysosomal 
1 ab il i z at i on. 

fffe~t of Copper on the ,_ ittleneck Clam 

The eFfect of copper on the littleneck 
clam (Protothaca staminea) 'lias tested in a 
30-day exposure at total copper levels of 7, 
18, 39 and 82 ~g!£ Cu/£. Controls were 
treated with seawater alone. Measurements 
for "free" copper in the exposu~e water as 
determined by anodic stripping voltammetry 
(ASV) indicated that virtually all the copper 
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was in the "free" (as opposed to complexed) 
Form. The complexation capacity for the sea
water was determined to be 20.9 ~g/£ Cu. 
Mortalities during exposure were directly 
correlated with exposure concentration and 
were especially severe at 39 and 82 ~g/l Cu. 

At the end of exposure, copper and zinc 
content was determined for various organs, 
and gills were analyzed for acid phosphatase 
activity and concentrations of the major 
electrolytes, sodium, potassium, magnesium 
and calcium. Copper concentrations i~ tissue 
increased a~ove control levels in all the 
copper-treated clams. Gills possessed the 
highest concentrations of copper at all but 
the lowest copper dosing of 7 ~g/l. ~inc 
levels in tissue did not exhibit any obvious 
relationship with tissue copper levels. 

When the concentrations of electrolytes 
sodium, potassium, calcium, and magnesium 
were determined i~ gill tissue, an increase 
in gill sodium above controls was observed 
at all exposure levels. Other ions did not 
exhibit such a relationship. The activity 
of acid phosphatase in gill tissue of exposed 
clams indicated an apparent induction in 
enzyme activity s"ince there \'!as an increase 
in activity with increasing exposure concen
tration. Since acid phosphatase is considered 
to be a lysosomal enzyme, the increase in gill 
acid phosphatase may ~epresent an increase in 
lysosomal activity as a result of copper 
stress. 





• Bioavailability of Energy Effluent Materials 
in Coastal Ecosystems 

Principal Investigators: E. A. Crecelius, C. 1. Gibson, 
L. D. Kannberg, J. E. Rogers and R. L. Schmidt 

Other Investigators: J. Gurtisen and C. W. Apts 

The bioavailability program attempts to provide an understanding of the processes involved 

in the cycling of materials resulting from energy technologies in the marine coastal ecosystem. 

The primary goal of the program is to be able to predict the fate and ultimate ecological con

sequences of materials produced by energy technology in the coastal ecosystem. Copper was 

selected for study because it corrodes in seawater and is a frequent pollutant of marine eco
systems via mining operations, copper paint on ships, copper tubing from power plants, and 

other sources. 

One of the major problems limiting prediction of effects of a contaminant in the marine 

environment is the inability to equate an analytically defined fraction of the total amount of 

material in the environment with a biological response. This problem is particularly limiting 

for long-term effects where chemical modification is likely to occur because of chemical, 

physical and biological influences. The bioavailability program is using a multidisciplinary 
research team centered at the Battelle Marine Research Laboratory in Sequim, Washington to 

address these problems. 

This year our work has continued in 1) the development of a method for accurately measuring 

the "bioavailable" fraction of a contaminant in the marine ecosystem and 2) determination of 

how natural changes and those induced by energy technology effect the quantities of bioavail

able contaminants in the aquatic ecosystem. 

During the past year several of our exper
iments showed that anodic strippina voltam
met(y (ASV) copper measurements provide a 
good estimation of "available copper," and 
that organic molecules play an important role 
in complexing or detoxifying copper in marine 
systems. 

In two separate experiments we exposed 
three Northwest marine species, a clam, a 
shrimp, and a worm, to seawater amended with 
copper to levels between 5 and 30 ppb. In 
one test, the copper was added to the sea
water and the mixture was allowed to age 
approximately 70 hr before flowing into the 
exposure tanks. In the other, the copper was 
added to the seawater and the mixture entered 
the exposure tank directly. In the aged mix
ture, the availability (as measured by body 
burden) was significantly less than in the 
unaged mixture (Figure 9.3). 
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In a second series of experiments, sedi
ment was included to create a mixture more 
similar to the environment and to determine 
if the presence of sediment would change the 
availability of copper. Two clam species 
were used in this test: a filter feeder, 
Protothaca staminea (the littleneck clam), 
and a detritus feeder, Macoma inquinata. The 
test was conducted under static conditions. 
Results of the test showed that the copper 
added to the water quickly moved from the 
water column to the sediment. In the sedi
ment the major portion of added copper was 
found to be associated with the organic frac
tion. After one month of exposure, the body 
burden of copper was measured. The two spe
cies responded differently. In the filter 
feeder, P. staminea, body burden did not 
increase; whereas in the detritus feeder, 
~. inquinata, it did increase. 
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FIGURE 9.3. Body Burdens of Three Marine Species Exposed to Aged and Unaged Seawater, Copper Solutions After 
One Month Exposure Under Flow-Through Conditions. Arrow indicates the copp~r complexing capacity measured 
during experiments. 

There are three possible explanations for 
this difference in uptake: 1) the organisms 
have a physiological difference that allows 
~. inquinata to be more effective in removing 
copper from solution, 2) ~. inquinata removed 
some copper from the sediment, or, 
3) ~. inquinata was exposed to more intersti
tial water which had higher levels of copper. 
The first explanation is not likely since 
individuals of both species held above the 
sediment did not increase in body burden, 
and when both were exposed to aged seawater/ 
copper solutions, there were no significant 
differences in body burden increases. Fur
ther research is needed to determine whether 
organisms are able to strip metals off sedi
ment fractions or if the difference is caused 
by higher levels of available contaminants 
in interstitial waters. Research related to 
the latter question on the quantities of metals 
in various fractions of the sediment and 
interstitial waters is discussed later in 
this section. 

An important need is a method of measuring 
the quantity of "available form" of contami
nants present in an energy technology's 
effluents or caused by operation of the tech
nology. Such a tool will enable accurate 
prediction of the biological responses that 
will occur under described conditions. With
out such a measure we will need to run bio-
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assays under laboratory-controlled conditions 
for every set of conditions and contaminants 
projected to be released. For the trace metals, 
we have begun our studies with copper. We have 
been developing ASV as a way of measuring 
"available" copper in marine waters. At this 
time, our data indicates that there is a qood 
correlation between ASV-measured copper a~d the 
increase in body burden in the species tested. 
We believe the ASV-measurable copper is a mix
ture of free and labilr copper, and the amount 
measured is determined by the complexors present 
and their relative complexing strength. We 
have found that Sequim Bay water has a natural 
complexing ability between 7 and 33 ~g/1 added 
copper, with an average for 57 measurements over 
one year of 19 ~g/1. When copper is added at 
these concentrations, or less, we find little 
ASV-measurable copper and no significant 
increases in body burden. However, when copper 
is added in concentrations that exceed the 
natural complexing capacity, we find increased 
ASV-measurable copper, and exposed organisms 
begin to have increased body burdens 
(Figure 9.3). 

For Sequim Bay water we found complexing 
ability to vary randomly. It could not be 
correlated to tide cycle, sunlight or other 
such factors. We did find that up to 50% of 
the complexing capacity could be removed by 
filtering the seawater through a 0.4~ filter. 



Cooperating with Dr. Allen Lewis of the 
University of British Columbia, we measured 
the vertical distribution of complexing ca
pacity in 500 m of water. There appears to 
be a significant decrease in complexing ca
pacity near the surface when compared to deep 
water (Figure 9.4). Further work is needed 
to determine how real this jistribution is 
and any causitive factors. 
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FIGURE 9.4. Complexing Capacity of Seawater Collected 
from Stations in Jervis Inlet, British Columbia During 
a Cruise Aboard the Canadian Research Vessel Vector, 
July 1977. 

Research at this laboratory and 0t~ers has 
indicated that the addition of an oxidant 
such as C12 or ozone increases the amount 
of ASV-measurable and therefore hioavailable 
metals in seawater. To determine if low 
levels of chlorination increased metal avail
ability, four species were exposed to copper, 
chlorine, and copper plus chlorine-amended 
seawater for one month. The concentration 
of copper used was below the average complex
ing capacity of Sequim Bay water. There was 
no increase in ASV-measurable copper in the 
chlorinated tanks. However, one species, 
~. inquinata, had increased body burdens in 
the copper-plus-ch10rine case. The other 
organisms, P. staminea, Pandalus danae, and 
Eudistylia 'vancouveri, had varied responses 
but no increase in body burdens. 

As noted earlier, the availability of pol
lutants in the marine environment depends to 
a large degree on processes occurring in the 
underlying sediments. We are therefore 
investigating the influence of chemical, 
physical, and biological (primarily microbio
logical) processes associated with sediments 
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and suspended matter which affect the availa
bility of pollutants to marine organisms. 
Investigations to date have emphasized inter
actions between trace metals and sediment 
\~ith suspended particles, with primary empha
sis on copper. 

Ratios of copper to titanium have been 
~sed to calculate the apparent mineral and 
nonmineral forms of copper in suspended par
ticulates in Sequim Bay. Mineral-associated 
copper appears to vary seasonally with run
off and winter storm activity. Nonmineral 
copper appears to vary with the growth, 
decay, and deposition of phytoplankton. 

From initial studies, copper and zinc con
centrations in Sequim Bay sediments appear 
to vary with changes in organic carbon con
tent. Titanium, manganese, and nickel con
centrations within the sediments, however, 
exhibit a fairly uniform distribution. 

The distribution of copper has been exam
ined in more detail Jy subjecting sediment 
samples to sequential extraction with re
agents selective for different fractions of 
trace metal s (Tab1 e 9.1). It is apparent 
from the sediments examined that at least 30% 
of the copper was associated with the organic 
fraction. Effective dissolution of the amor
phic metal oxides was dependent on the prior 
removal of organic matter, which suggests an 
indirect effect of the organic fraction on 
copper species not directly associated with 
organic components. 

Preliminary field experiments show that 
soluble copper and organic carbon concentra
tions in sediment pore water exceed concen
trations in overlying seawater by an order 
of magnitude. In addition, the electro
chemical complexation capacity of the 
soluble organic matter in the pore water is 
two orders of magnitude greater. 

Laboratory studies have shown that copper 
levels in sediments incubated with filtered 
seawater (1:9) decreased under anaerobic con
ditions. The decrease in copper levels 
apparently correlated with the population of 
sulfate-reducing bacteria. These results 
would suggest that, under the appropriate 
field conditions, soluble copper could be 
decreased by the growth of sulfate-reducing 
bacteria. The direct cause of this decrease 
may be attributed to the production of sul
fide ion by these microorganisms. 

In the coming year, we plan to verify the 
usefulness of the ASV for measuring 
"available" metal under a variety of condi
tions, address the questions raised about 
the availability of sediment-contained con
taminants, and investigate further the 
effects of chlorine, particulates and other 
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TABLE 9.1. Distribution of Copper in Sequim Bay Sediments. 

Station 1 Station 4 

Fraction Component Extractant pg/g 'Xl pg/g % 

Weakly complexed, 2.5% acetic acid 2 3 
easily soluble 

2 Organically associated 0.1 ~ Na pyrophosphate 15 30 6 22 
5';,{, Na hypochlorite 

3 Associated with 1 M hydroxylamine hydro- 14 28 11 39 
amorphic metal oxides chloride in 25% acetic acid 

4 Residual 

physical and chemical parameters on the 
availability of contaminants produced ~y 
energy. Laboratory studies will be contin
ued to determine the flux and bioavailabil
ity of trace metals, particularly copper, in 
sediments under varied environmental 
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conditions. In addition, studies are cur
rently under way to jetermine the seasonal 
changes in the concentration of soluble 
trace metals and organic carbon in ~oth 
sediment pore water and the overlying 
seawater. 



• Marine Chemistry of Energy-Generated Pollutants 

• In Situ Pollutants 

Principal Investigators: E. A. Crecelius, 
D. E. Robertson, K. H. Abel and N. A. Wogman 

Other Investigators: C. L. Wilkerson, K. K. Nielson, 
L. A. Rancitelli, D. A. Cochran and C. W. Philbrick 

This program is designed to increase our understanding of the biogeochemical and physical 
processes that control the fate of energy-generated pollutants that enter the marine environ

ment. The increased energy needs of our country and increased utilization of the coastli~es 
for siting energy-generating facilities and related industries have resulted in the introduction 

of energy-related pollutants to the oceans from two main sources: 1) the emission of large 

quantities of material to the atmosphere and subsequent deposition in the oceans, and 2) direct 

discharges to the oceans from coastal effluents. 

The information generated by this program is vital to the U.S. ~OE's interests in under

standing 1) the natural origins, distributions and concentrations in baseline 0ata of trace 
metals and other contaminants in the oceans; 2) the input rates and mixing rates of pollutants 

introduced to the oceans; 3) the behavior and fate of the anthropogenic pollutants entering the 
oceans from the atmosphere and the continents; and 4) an assessment of the potential environ

mental impact of energy-generated pollutants on the marine environment. Specific tasks that 
were accomplished during the last year include determining the solubility of airborne particulates 

in seawater, shipboard analysis of mercury in seawater by a new, more sensitive technique and 

analysis of trace elements in coastal and oceanic waters. 

The In Situ Pollutants program provides feasibility evaluation, development, and 
application of instrumental technology for the in situ analysis of the wide spectrum of 

inorganic, organic and radionuclide species in ocean and freshwater sediments. Of particular 
interest this year is sediment analysis by X-ray fluorescence. 

The Solubility of Airborne Particulate 
Elements When Added to Seawater 

The solubility of airborne particulate 
elements in seawater was determined for ma
rine aerosol samples collected on the 
Washington coast. The samples used \~ere rep
resentative of marine aerosol composition as 
opposed to continental aerosol. Sections of 
the dust-coated air filters were gently 
agitated in seawater for two leaching periods 
(0.5 and 6 hr), then filtered through a 
0.1 ~m membrane filter and the filtrate was 
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analyzed. The soluble fraction did not 
increase hetween 0.5 and 6 hr. The elements 
were divided into the following classes, 
based on the percentage of the element on the 
air filter that dissolved 1) very soluble 
(>97% soluble) sodium, bromine and cesium; 
2) partly soluble (20-80%) zinc, arsenic, 
selenium, cobalt, antimony and chromium; 
3) slightly soluble (1-20%) scandium, iron, 
cerium and europium and 4) insoluble «1%) 
lanthanum, hafnium, ytterbium, palladium, and 
lutetium (Table 9.2). The very soluble ele
ments are believed to be associated with sea 



TABLE 9.2. Solubility of Marine Airborne Particulate 
Elements in Seawater. 

Element % Soluble 

Na 98 

Br 97 

Cs 100 

As 49 

Se 27 

Sb 35 

Zn 76 

Co 51 

Cr 23 

Fe 8 

Sc 5 

Ce 10 

Eu 14 

La <1 

Hf <1 

salt. The partly soluble elements could come 
from several sources including sea salt, 
anthropogenic aerosol and crustal material. 
The slightly soluble and insoluble materials 
are probably from crustal material. Studies 
are now under way to determine the chemical 
forms of some of the dissolved elements. 
Information on the chemical form is necessary 
to predict the hiogeochemical behavior of the 
elements. 

Separation of Gallium, Selenium and Tellurium 

Marine geochemistries of gallium, selenium 
and tellurium are not presently well defined; 
the concentration of tellurium is not known in 
marine waters, and measurements of gallium and 
selenium are few, indicating concentrations of 
a few ng/t. These elements are semivolatile 
and thus may be enhanced in emission from 
high temperature anthropogenic activities 
such as fossil fuel combustion and metallurgy. 
Thus the potential exists for anthropogenic 
alteration of the geochemical cycling of 
these elements. If this is to be examined 
and understood, accurate measurements are 
necessary in the coastal waters. 

We have developed a multi-step separation 
for these elements. The procedure utilizes 
coprecipitation from 25 tof filtered sea
water with iron hydroxide at pH 6.1 to 6.2. 
The seawater then is refiltered to remove the 
iron hydroxide using 0.4 Nuclepore® filters 
and the precipitate is digested by hot Ultrex® 
sodium hydroxide. This digestion extracts 

the selenium, tell~rium and gallium from the 
iron hydroxide phase and also dissolves the 
Nuclepore filter. The sodium hydroxide solu
tion is then rendered acidic to pH 1 ~ith 
H~l. This results in precipitation of the 
cell ullJse fi lter meri a dissolved (luri ng di-
gestion. The cellulose is separated by cen-
trifugation, the supernate is then extracted 
with MIBK and diethyl ether for separation of 
the selenium, tellurium, ~nd g~llium, re
spectively. 

The procedure is advantageous since the 
reagents used can bo obtained in ultraclean 
condition or readily purified to the extent 
nec~ssary. Ev~luation to date using radio
chemic~l tracers 75S e, 72S a, an~ l29mTe has 
indicated that each procedural step is >10% 
efficient a'ln overall efficiency is 95-90%. 

PillS far near-surface ",ater sampl,"s have 
hean o~tained aboard the research vessel 
CaylJse during tile July 1978 cruise. Sampl,"s 
were also collected from Alas~an coastal 
waters during August 1973. These samples 
are presently ~eing analvzed. 

Mercury in Coastal Waters 

We have utilized a newly developed, highly 
sensitive procedure For mercury analysis of 
seawater to confirm our ini~ial observations 
of extremely low concentrations of mercury 
in Oregon and WaShington coastal waters. 
During a cruise of the research vessel Cayuse 
i1 Puget Sound and nff the Washington coast, 
soluble mercury concentrations were measured 
on board. The analytical ~echnique involves 
concentrating the mercury from 300 mt of sea
water by reducing and volatilizing the mer
cury and catching the vapor on a tube of 
gold-coated glass bea~s. The mercury is then 
heated off the beads and carried in a stream 
of nitrogen gas into a sensitive atomic ab
sorption mercury analyzer. The sensitivity 
of the technique is about 0.1 ng of mercury. 
Water collected near the mouth of the 
Columbia qiver contained 0.~3 ng/2 of mer
cury. Water samples collected off the 
Ala5~an coast in Cook Inlet and analyzed at 
the same time onboard the Cayuse contained 
2.0 ng/t of mercury. 

Concentrations of mercury in Pacific 
Northwest seawater are shown in Table 9.3. 
\~ater samples from the Washi ngton co as t were 
Gollected in Teflon-coated Niskin G-Flo 
~ottles. Experiments were conducted to 
determine whether the sampling bottle either 
adsorbed or released mercury during seawater 
sampling. The storage experiments indicated 
t~at over a 2-hr period less t~an 10% of an 
ionic 203Hg spike was adsorbed. Also, con
tamination of seawater by mercury released 
From the sampling bottle was less t~an 
0.1 ng/t over a 2-hr period. 
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TABLE 9.3. Mercury Concentration in Pacific North
west Seawater. 

Sample 

Washington Coast Station Depth, m 

July, 1978 6 10 

Sequim Bay Surface 

April 19-26 

July 10-13 

July 27 

August 28 

13 10 

14 10 

18 10 

18 200 

19 10 

19 200 

19 400 

ng/£ 

1.5 

1.5 

1.3 

1.3 

1.3 

0.8 

1.2 

1.7 

0.4 

0.5 

0.4 

0.5 

Elemental Characterization of the 
International Atomic Energy Agency Standard 
Fish Homogenate MA-A-2 

Coastal zone studies requlrlng the mea
surement of trace elements in marine organ
isms are greatly benefited by the availabil
ity of reference materials which have both a 
suitable material matrix and well-documented 
elemental abundances. Such standard refer
ence materials are extremely useful to the 
evaluation and quality assurance of analyti
cal methods employed in the trace element 
characterization of marine samples. During 
the past year our laboratory participated in 
a multi-element characterization of the newly 
circulated reference material Fish Homogenate 
MA-A-2. This fish tissue material was devel
oped and distributed by the International 
Atomic Energy Agency's Laboratory of Marine 
Radioactivity, Principality of Monaco, under 
a program of intercalibration in trace ele
ment analysis of marine environmental samples 
which was initiated in 1975. 

In view of the inadequate comparability 
of measurements on trace elements in the 
marine environment on a national, regional or 
global basis, the Monaco Laboratory recog
nized the necessity of organizing an inter
calibration exercise for such measurements 
on an international scale. The overall 
objective of the program is to serve coun
tries and their marine science studies by 
supplying the means of analytical quality 
control for marine pollution monitoring and 
marine research in general. To implement 
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the program, t~e Monaco Laboratory has begun 
developing reference materials from samples 
of marine organis~s, marine sediments, and 
seawater. 

In support of the objectives of this ma
rine reference material program, our labora
tory used instrumental neutron activation anal
ysis (INAA) and X-ray fluorescence analysis 
(XRF) on two splits of the proposed reference 
material Fish Homogenate MA-A-2 for 53 major, 
minor and trace element constituents. Six 
or seven replicate analyses of each split 
were made by each of the two analytical tech
niques. The resulting data were corrected for 
a 4% water content and average elemental con
centrations were then computed with 
Chauvenet's criteria applied to individual 
anOinalous val ues. 

The results show t~at Fish Homogenate 
MA-A-2 is quite homogeneous for the majority 
of elements investigated and for samples as 
small as 0.1 g. The few exceptions are sil
ver, chromium, and titanium which were ob
served to vary significantly hetween samples, 
suggesting an inhomogeneity \-lithin the 
material matrix. A complete summary of the 
analyses is given in Table 9.4. 

In Situ Pollutants: Analysis of Sediments 
By X-Ray Fluorescence 

Modification of a prototype energv
dispersive X-ray fluorescence (XRF) analyzer 
for in situ analysis has heen the focus of 
this program. While the device did analyze 
close to 30 elements of 20 to 50 ppm in the 
top millimeter of sediment at water depths 
of 100 m, it now analyzes elemental concen
trations with sediment depth. The system has 
also been c~angerl. to allow its use on a mini
submersible, Link I, owned by the Harbor 
Branch Foundation. Several pollution studies 
were completed with the instrument using the 
mini-submersible in the Atlantic Ocean near 
Ft. Pierce and West Palm Beach, Florida 
(Figure 9.5). In these studies, thorium, 
lead, arsenic, ~irconium, and niobium were 
analyzed by laboratory study and in situ 
underocean XRF in standard matrix materials 
(Table 9.5A). The laboratory results were 
within +25% of that determined hy the under
water i~ situ analysis, except for thorium. 
This standardization qualified the accuracy 
of the in situ analyzer. 

An area near the coast of North Palm Beach 
was subsequently analyzed for its pollutant 
concentration, the results of which are shown 
in Table 9.5B,C. Calcium, iron, zinc, lead, 
arsenic, zirconium and molybdenum were ana
lyzed by in situ XRF and grab samples were 
analyzed by laboratory XRF. In general, the 
elemental concentrations compare well for 
calcium, iron, strontium, and zirconium using 
hoth laboratory and in situ techniques, 



TABLE 9.4. Summary of Elements Determined in IAEA Fish Homogenate MA-A-2 (pg/g dry weight). 

Spirt 021 

Method of Andjy~i~ 

Element INAA INAA XRF 

Ag 0,089! 0.002 
AI 22.3 + 2.1 
A, 2.96 ! 0,09 2.7! 0.2 
Ba <10 3.7 .:I:: 1.1 
B. 22.0 ± 0.3 22.4",:: 0,6 
C. <3000 502! 80 
Cd <2 
Ce <0.1 <3 
CI 2990!'10 3040 ± 130 
Co 0,04) ! 0.001 <0.8 
C. '_01 ! 0.05 1.4 • 0 5 
C, 0119! 0.003 <2 
Cu <20 3.6:!: 0.6 
Dy <0.1 
Eu 0_009 ! 0.001 
Fe 48.2.! 2.9 51.1 .;. ).1 
Ga <0.3 
HI <0,006 
Hg 0.36 + 0,02 <1 
I <2 
In <2 
K 17,100!: 200 16,600 :" SOO 
La <0.05 <3 
Lu <0.01 
Mg 1'60! 60 
Mn <07 0.9, 06 
Mo <0.6 
N. 1890 !: 90 1910:!: 20 
Nb <0.5 
Nd <2 
Ni ·1 0.91 ! 0.30 
P 9200· 150 
Pb <1 
Rb 6.8!. 0.3 7.3!. 0.4 
5 10,430! 450 
5b 0.009·0.001 <2 
5e 0.0011-:!: 0.0003 
5e 1.22 '"':. 0.01 1.09·0.07 
Si <3000 
5m <0006 
Sn <2 
5, <2 137· 0 . .30 
Ta <0.002 
rb <0.003 
Te <2 
Ti <20 3.7 ! 28 
Th 0.007 !. 0.002 
U <1 
V <0.2 <2 
Y <0.4 
Yb <0,04 
In 34 5 .! 0.04 33.2! 1 1 
b <0.5 

whereas the concentrations of arsenic, molyb
denum, lead, and zinc do not agree. This 
nonagreement is similar to that found for 
these elements in polluted freshwater and 
ocean sediments in the state of Washington. 
The earlier data (Wogman and Nielson 1976), 
as confirmed by this series of measurements, 
suggested that bulk grab samples allow the 
measurement of elements distributed through
out the samples but are not representative 
of the material surface. The in situ tech
nique analyzes elemental concentrations in 
the upper millimeter of surface. In these 
studies, the data developed by the in situ 
method, when compared to that from 1 aboratory 
analysis, indicated that zinc, lead and ar
senic have been removed by some mechanism to 
a greater sediment depth, while molybdenum 
was deposited on the sediment surface. 

Table 9.5C, shows the concentrations of 
lead measured by the in situ technique and 
those obtained from grab samples analyzed by 
laboratory XRF. Five grab samples contained 
lead varying from 7 to 449 ppm. The concen
trations of lead measured by the in situ 
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Split 021 

Method of Analysis 

INAA INAA XRF 

0.092.:!:. 0,012 
21.2.:1:: ),2 

2.85 ± 0.06 2.6 ± 0.3 
<9 2.6! 1.2 
22.1 ! 0.1 222:,: 05 
<3000 525.! 106 

·2 
<D.' <3 

2990! 170 2870! 240 
0.044 + 0.002 <08 
1.42! 0.41 1.4! 1.1 
0.115 , 0.003 ·2 

<20 3.3.! 0.2 
<0.1 

0.008 ! 0,001 
47.5 :! 1.4 52.4 ! 6.0 

"-0.3 
<0.006 
0.37 .!. 0.02 <1 

<2 
< 2 

17,500! 300 16.400.!. 40 
<0.04 <3 
<0,01 

1470! 310 
<0.7 1,2:!: 0.6 

<- 0.5 
1900:!: 140 1910! 10 

<0.5 
<2 
<1 0.87·0.13 

9540 ~ 530 
<0.9 

6.6!. 0.4 7.2:!: 0.3 
10.560:,: 350 

0.Q11 + 0.002 .-:3 
0.0009 :!: 0.0004 
1.13 :!: 0.02 1.04 + 0.11 

<3000 
<0.007 

·2 
<2 1.47!. 0.34 
<0.002 
<0.003 

<2 
' 20 7.4 :t 4.9 

0.006 ! 0.002 
<1 

<0.2 <2 
<0.4 

<0.04 
34.3 !. 0,8 32.5 :!: 0.4 

<0.5 

instrument were less than 155 and 144 ppm 
where the grab samples contained 449 and 
237 ppm respectively. Of some 21 additional 
in situ measurements made of the lead concen
trations, none showed any positive measure
ments of lead above 170 ppm. Areal concen
tration distributions were also obtained 
using the in situ instrument for calcium, 
titanium, vanadium, chromium, thorium, 
manganese, iron, cobalt, nickel, copper, 
zinc, mercury, selenium, arsenic, bromine, 
rubidium, uranium, strontium, ytterbium, 
zirconium, niobium, and molybdenum. These 
studies indicate that the underwater XRF 
method is viable for use with either sub
mersible or a surface vessel. The method 
measures pollutant concentrations at levels 
normally encountered in the environment. The 
data also indicate that one can make these 
measurements in the same time as that nor
mally required in the laboratory. The data 
also illustrate that the grab samples do not 
provide sediment surface pollutant element 
concentrations. The elemental concentrations 
of surface pollutant elements must be mea
sured by the in situ technique. 



FIGURE 9.5. The Submersible, Link I, Placing the Battelle-Developed In Situ X-Ray Fluorescence 
Spectrometer on Sediments Below the West Palm Beach Sewage Outfall. 

TABLE 9.5. A Comparison of In Situ and Laboratory X-Ray Fluorescence Analyzed Elemental Concentrations 
Obtained from Standards and Ocean Sediments (ppm).(a) 

A. Standards(b) 

Laboratory In Situ 
Element Analysis Analysis 
- - -
Th 1000 562 
Pb 1.0% 1.0% 
As 1000 1200 
Zr 1.0% 0.82% 
Nb 1000 1260 

B. North Palm Beach Outfall Ocean Sediments 

Laboratory In Situ 
Element Analysis Ana lysis 
---
Ca 16.8% 7.7% 
Fe 1.7% 1.6% 
Zn 123 <467 
Pb 449 <155 
As 109 <130 
Sr 471 530 
Zr 38 80 
Mo <1 20 

(a) Unless otherwise noted 
(b) Prepared by mixing insoluble elemental compounds with 

dunite 
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C. North Palm Beach Outfall Lead 

Laboratory In Situ 
Analysis Analysis Comments 

449 <155 In outfall p lume 
7 100' East of outfall 

10 100' Northeast of outfall in p lume 
237 <144 100' Northeast of outfall in p lume 
52 100' Southeast of outfall 

<170 10' East of ou tfall 
<156 16' East of outfall 
<156 20' East of outfall 
<92 15' North of outfall in p lume 

<111 30' North of outfa ll in plume 
<147 50' North of outfall in plume 
<167 100' North of outfa !1 in plume 
<100 125' North of outfall in plume 
<168 170' North of outfal l in plume 
<142 200' North of outfa.11 in plume 
<151 200' North of outfal l in plume 
<99 300' North of outfall in p lume 
<99 380' North of outfa ll in p lume 

<168 475 ' North of outfall in p lume 
<133 750' South of outfall 
<136 580' South of outfall 
<125 510' South of outfall 
<148 420' South of outfall 
<90 330' South of outfall 
<96 900' t'~ortheast of outfa ll in plume 

<136 600' Northeast of outfal l in p lume 





• DOE-Funded Oceanographic Cruises 

• Coordination of West Coast Marine Programs 

Principal Investigators: E. A. Crecelius 
and W. L. Templeton 

During FY 1978 two cruises were conducted in the offshore waters of Washington and Oregon. 

In addition to collecting air and seawater samples for laboratory analysis, shipboard analyses 
for mercury, total copper, and copper complexing capacity were conducted successfully. The 

coordinator of the West ~oast marine programs, in addition to visiting selected principal 

investigators on the West Coast, conducted a workshop on copper in the marine environment and 

an information meeting attended by all principal investigators and representatives of selected 

federal agencies. 

DOE-FUNDED OCEANOGRAPHIC CRUISES 

During FY 1978, Battelle-Northwest staff 
conducted two oceanographic cruises on the 
Oregon State University research vessel 
CaY'Jse. The cruises were funded by the 
Department of Energy, and data gathered on 
the cruises supported DOE Marine Science pro
grams at the Marine Research Laboratory in 
Sequim and PNL in Richland. 

The cruise in October 1977 began in 
Newport, Oregon and ended in Port Angeles, 
Washington. The purpose of the cruise was 
to study the processes that control the con
centrations of energy-related pollutants in 
coastal seawater. Sampling was concentrated 
along several transects frequently sampled 
by other DOE-funded investigators from the 
University of Washington and Oregon State 
University. Battelle-Northwest staff have 
sampled twice before on these transects. 
Samples of water, suspended matter, chloro
phyll, salinity, airborne particulates and 
vapor mercury in air were collected. Ship
board seawater analysis of mercury, total 
copper and copper complexing capacity was 
very successful. Air particulate samples 
will be compared to samples collected simul
taneously on the Washington coast at the 
Quillayute baseline air chemistry station. 
These data will be used to estimate atmos
pheric input of energy-related pollutants to 
the coastal area. Several stations were sam
pled in Puget Sound and the Seattle harbor. 
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All together, the locations of our stations 
range from an industrial ~arbor to the open 
ocean. 

The July cruise extended from Port Angeles 
to Astoria. Washington State coastal waters, 
including the Straits of Juan de Fuca and the 
Pacific Ocean were sampled on transects 
extending from near shore to farther away 
than 80 km. In addition to filtration and 
acidification of l-~ seawater samples for 
trace element analysis as conducted on pre
vious cruises, shipboard mercury analyses 
were conducted. Also, at selected stations, 
25-~ samples were filtered into carboys for 
subsequent separation and analysis of 
selenium, tellurium, and gallium. 

COORDINATION OF WEST COAST MARINE PROGRAMS 

A workshop on copper in est'Jarine, conti
nental and marine waters was organized in 
conjunction with the fall meeting of the 
American Geophysical Union in December 1977. 
The purpose of the workshop was to discuss 
the state of knowledge on the topic, evaluate 
present research, and to provide directions 
for future research. Over 50 participants 
attended, representing research supported by 
DOE and other federal and state agencies, 
institutions, and universities. A report, 
DOE-CONF-771236, was published. 

An information meeting of all the princi
pal investigators supported by DOE on the 



West Coast was held at Scripps Institute of 
Oceanography in April. Representatives from 
National Oceanographic and Atmospheric Admin
istration (NOAA), National Marine Fisheries 
Service (NMFS), Environmental Protection 
Agency (EPA) and Bureau of Land Management 
(BLM) attended. Short presentations were 
made by each investigator. 

The coordinator attended the DOE informa
tion meetings held for DOE-supported north
east Atlantic investigators at Brookhaven 

anrl for southeast ~tlantic investigators in 
Atlanta, and program reviews held at Scripps 
Institute of Oceanography and the University 
of Washington. He visited the Mid-Pacific 
Marine Laboratory operated by the University 
of Hawaii for DOE at Enewetak, Marshall 
Islanrls. At a NOAA workshop defining 
national research needs under the National 
Ocean Pollution Research and Development and 
Monitoring Plan Act of 1978, the coordinator 
chaired a panel on artificial radionuclides 
in the oceans. 

9.26 



Literature Cited 

Eberhardt, L. L. 1977a. "Optimal" 
man agement po 1 i c i es f or mar i ne marrma 1 s. 
Wildlife Society Bulletin 5(4): 162-169. 

Eberhardt, L. L. 1977b. Optimal policies 
for conservation of large mammals, with 
special reference to marine ecosystems. 
Environmental Conservation 4(3): 205-212. 

Eberhardt, L. L. 1977c. Relationship 
between two stock-recruitment curves. 
Journal of the Fisheries Research Board of 
Canada 34(3): 425-428. 

Eberhardt, L. L. 1978a. Appraising 
variability in population studies. Journal 
of Wildlife Management 42(2): 207-238. 

Eberhardt, L. L. 1978b. Transect method 
for population studies. Journal of Wildlife 
Management 42 (1): 1-31. 

9.27 

Eberhardt, L. L., and Siniff, D. B. 1977. 
Population dynamics and marine mammal 
management policies. Journal of the 
Fisheries Research Board of Canada 34(2): 
183-190. 

Siniff, D. B., Eberhardt, L. 1_., DeMaster, 
D. D. and Hofman, R. J. 1977. An analysis 
of the dynamics of a Weddell seal 
population. Ecological Monographs 47: 
319-335. 

Siniff, D. B., Stirling, 1. and Eberhardt, 
L. L. 1978. Problems in the conservation 
of polar marine mammals. In Polar research, 
to the present and future, ed. M. A. 
McWhinnie, pp. 161-173. AAAS Symposium, 
Volume 7. 

Wogman, N. A. and Nielson, K. K. 1976. In 
situ parts-per-million analysis of marine 
sediments by X-ray fluorescence techniques, 
pp. 12A-1-12A-7. Oceans 76, MTS-IEEE 
Symposium. Washington: Marine Technology 
Society. 





10.0 
Hanford Project 
Support 



HANFORD PROJECT SUPPORT 

o Rockwell Support (200 Area Burial Ground) 
Studies 

o Decommissioning and Decontamination 
(300 Area Burial Ground) Studies 

o Service Assessment Studies 

This section reports on related environmental studies organized either in 
support of the Rockwell Hanford Operations' waste management responsibilities 
or as part of the Decommissioning and Decontamination program under direct 
DOE funding. 

These studies are designed to 1) ascertain the potential for uptake and 
transport of waste radionuclides away from shallow low-level waste burial grounds 
located on the Hanford Site, 2) to develop techniques for guarding burial grounds 
against biotic penetration and 3) to monitor over long intervals the several most 
important animals likely to be impacted by industrial development of the Hanford 
Site. 
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o Rockwell Support Studies 

Principal Investigators: L. E. Rogers 
and L. L. Cadwell 

Other Investigators: D. A. Cataldo, 
K. A. Gano, R. E. Fitzner, R. E. Wildung, 
J. F. Cline and D. W. Uresk 

Technical Assistance: M. A. Combs, L. F. Nelson, 
C. A. Lee, M. J. Harris, V. D. Charles and 
H. A. Sweany 

Studies performed for the Rockwell Hanford Operations were designed to either 1) clarify the 

role of specific biota in the uptake and transport of radionuclides from shallow, low-level 

waste burial sites or 2) evaluate the radioactive exposure levels to biota inhabiting such 

sites. Tasks include studies on burrowing animals and shrub-inhabiting insects, dose distribu

tion evaluation, environmental assessment of raptors, study of radionuclide levels in black

tailed hares, field plant uptake studies, plant uptake (laboratory) studies and burial ground 

stabilization studies. 

Burrowing Animal Studies - Ants 

This task was designed to evaluate the 
potential for burrowing animals transporting 
buried wastes to the ground surface. Initial 
efforts focused on ants. Surveys of ground 
squirrel colonies and coyote and badger bur
rowing sites are planned for later study. 

A review of the literature reveals a pau
city of information concerning the nest 
structure and tunneling habits of most ant 
speCies known to inhabit the Hanford Site, 
except harvester ants (Pogonomymex spp.). 
P. californicus has been found to tunnel to 
a depth of 2 m, f. owyheei to 2.4 m and 
f. occidentalis to 3 m. This shows a range 
of maximum tunneling depths from 2 to 3 m 
which compares favorably with tunnel depths 
ranging from 1.7 to 2.7 m measured for 
colonies occupying the 200 West Plateau .. 

The total amount of soil excavated over 
the life of a colony can be calculated by 
summarizing the volume of soil movement 
required during construction of tunnels and 
chambers associated with excavated nests. 
Excavations of five colonies from the 200 

Area Plateau revealed an average of 
1774 ± 453 (SE) cm 3 of soil excavated per 
colony. 

A r,ecent study within 300 Area burial 
grounds revealed an average density of 32 
colonies per hectare. Extrapolating colony 
density estimates (32 colonies/hal with soil 
volume excavation estimates (1774 cm /colony) 
permits expression in terms of total soil 
volume excavated by harvester ants (56,768 
cm 3/ha of soil). Assuming a soil bulk den
sity of 1.2 g/cm permits expression in terms 
of the mass of soil excavated. This is esti
mated at 68.1 kg of soil moved to the sur
face per hectare of waste burial ground. 
This assumes that colony densities for 300 
Area burial grounds are equivalent with those 
for 200 Area burial grounds, which has not 
been verified. About 11% of the nest volume 
was found to occur at depths greater than 
1.5 m for the 200 Area harvester ants. This 
means that harvester ants occupying 200 Area 
shallow waste burial sites could move about 
7 kg of soil material to the surface per ha 
from this depth. Clearly harvester ants 
possess the potential for moving small par
ticles of contaminated material to the sur
face of 200 Areasha 11 ow waste buri a 1 grounds. 
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Shrub-Inhabiting Insects 

This study characterizes the insects asso
ciated with the major shrubs of the 200 Area 
plateau. Big sagebrush (Artemisis tridentata), 
rabbitbrush (Chr sothamnus nauseosus) and 
hopsage (Grayia spinosa were the three 
shrubs included in the study. 

The seasonal distribution of insect abun
dance on big sagebrush is shown in Figure 
10.lA. Peak abundance occurred earlier in 
1974 than the time span appearing in the dia
gram. The abundance values followed similar 
patterns in all three study areas, peaking 
in April or May of both study years. Insect 
abundance associated with rabbitbrush and 
hopsage is shown in Figure 10.lB. The 
seasonal pattern for insect abundance on 
rabbitbrush appears bimodal, peaking in May 
or June and again during September and 
October. The June peak was comprised mostly 
of Homoptera (bugs) and Orthoptera (grass
hoppers), but the October peak appeared to 
consist of several different taxa. There 
were no clear patterns of insect abundance 
on hopsage. 
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FIGURE 10.1. Comparison of Seasonal Distribution 
of Insect Abundance on Sagebrush, Hopsage and Rabbit
brush. Insects were collected with a standard sweep net. 

Hemiptera (true ~ugs) and homoptera (bugs) 
were the two groups most abundant on sage
brush. Homoptera and Araneida (spiders) were 
the common inhabitants of rabbitbrush, and 
Orthoptera (grasshoppers), Coleoptera 
(beetles) and Araneida the taxa most fre
quently collected from hopsage. None of the 
insect populations appear presently threat
ening to shrub stands on the 200 Area 
pl ateau. 

Dose Distribution Evaluation 

This task was intended to evaluate the 
exposure dose received by various biota 
inhabiting the 200 Area plateau. Thermo
luminescent dosimeters were placed on wild 
ducks, beetles and bird nests. The l37Cs 
content of soil excavated by harvester ants 
(Pogonomyrmex owyheei) occupying the A-24 
Crib was also analyzed as part of this task 
and is described here. 

Gamma Exposure in Magpie Nests Measured by 
Thermoluminescent Dosimeters 

This study measured gamma exposure in 
magpie nests at different locations on the 
Hanford Site. Twelve nests were selected 
from radiation zones in the 200 West Area, 
from an uncontaminated area near 200 East and 
from an area near the Columbia River, which 
was far from any radiation zone. For each 
nest, dosimeters mounted on dowels measured 
the exposures inside and outside the nest. 

Of the 12 nests measured, eight yielded 
dosimeter returns. The dosimeters and dowels 
in the remaining four nests were not found. 
Results showed the highest exposure rate in 
nests located near U-Pond, a low-level radio
active waste pond (Table 10.1). These expo
sure rates ranged from 54 to 71.5 mR/week. 
Nests in uncontaminated areas ranged from 
0.53 to 1.4 mR/week. 

This technique was not entirely successful 
because in most cases the dowels had fallen 
out of the nest by the time they were recov
ered. However, the values for the dosimeters 
that were found remaining in the nests 
(nest #1 and #7) were very close to those in 
the same group that had fallen to the ground. 

Gamma Exposure to Darkling Beetles on the 
A-24 Crib 

The purpose of this study was to evaluate 
gamma exposure received by darkling beetles 
(Philolithus densicolis) inhabiting the 200 
Area plateau. 

Dosimeters were sealed in plastic packets 
of two each and fixed to the elytra of dark
ling beetles, which were then released on the 
A-24 Crib. Additional dosimeter-carrying 
beetles were placed on an existing pitfall 
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TABLE 10.1. Gamma Exposure in Magpie Nests. 

Nest No. and Location mR/week mR/year 

SE Corner of 200 East Area 
1 1.39 72.2 
2(a) 1.09 57.0 
3(a) 0.80 41.8 

East Side of U-Pond 
7-1 Inside Nest 62.6 3266 
7-2 Outside Nest 56.2 2932 

South Side of U-Pond 
8-1 Inside Nest(a) 54.0 2816 
8-2 Outside Nest 71.5 3727 

Hanford Townsite 
10(b) 0.68 35.7 
11-1 Inside Nest 0.53 27.8 
11-2 Outside Nest 0.61 31.7 
12-1 Inside Nest(a) 0.53 27.8 
12-2 Outside Nest 0.68 35.7 

(a)Dosimeters were found on the ground. 
(b) One dosimeter packet was found on the ground. 

trap-grid located near Rattlesnake Springs 
as controls. Dosimeter packets were also 
attached to sagebrush in the same area to be 
used as backups in case the control beetles 
were not recovered. The total exposure time 
for all dosimeters was nine days. 

Results from dosimeters recovered on the 
control plot showed a mean background expo
sure of 1.6 mR/week. The dosimeters carried 
by beetles on the A-24 Crib revealed expo
sures ranging from 5.4 mR/week to 242 mR/week 
with an average of 102 mR/week (Table 10.2). 
The controls that were recovered from beetles 
and shrubs had very similar exposures. 

Gamma Exposure Rates to Wild Mallard Ducks 
on a Low-Level Radioactive Waste Pond 

The mallard duck (Anas platyrhynchos) is 
a common nesting species an the low-level 

TABLE 10.2. Gamma Exposure to Darkling Beetles 
on A-24 Crib. 

mR/week 

n X SE Range 

A-24 Crib 50 101.7 ± 9.0 5.4-241.9 

Beetle Controls 8 1.6 ± 0.08 1.3-2.0 

Bush Controls 18 1.2 ± 0.07 0.7-1.7 

radioactive waste ponds on the Hanford Site. 
Its use of the ponds permits exposure to 
ionizing radiation from radioactive waste 
deposited in pond sediments and from contam
inated food. Externally attached dosimeters 
were used to determine the gamma exposure 
rates, if any, received by mallards utilizing 
U-Pond. Two dosimeter packets containing 
three LiF dosimeters were sewn to the bases 
of the primary feather shafts of each of ten 
wing-clipped, wild mallards. These ducks 
were released on U-Pond in February, 1978 and 
recaptured several weeks later. Table 10.3 
provides data on exposure rates for the five 
ducks which were recaptured. 

In order to determine if the exposure rate 
recorded at U-Pond was different from that 
at a noncontaminated pond, another experiment 
was conducted. Dosimeter packets were 
attached to blocks of wood and were floated 
on U-Pond and a control pond at the McNary 
National Wildlife Refuge. Blocks were left 
on the ponds for 31 days. Exposure rates for 
dosimeters on the control pond ranged from 
0.016 mR/week to 0.49 mR/week. Exposure 
rates for dosimeters on U-Pond blocks ranged 
from 7.34 mR/week to 12.2 mR/week. Clearly 
U-Pond exposure rates at the water surface 
were higher than those recorded for the con
trol pond. We presently do not know what 
ecological significance this exposure has 
for waterfowl utilizing U-Pond. 

TABLE 10.3. Gamma Exposure Levels for Mallards Inhabiting U-Pond, 1978. 

Duck Date Date mR Total 
10 No. Sex Released Recaptured Exposure mR/day mR/week mR/year 

~ Feb 17 Mar 17 90 3.21 22.5 1173 

2 rf Feb 17 Apr 4 133 2.89 20.2 1055 

3 ~ Feb 17 Apr 4 147 3.20 22.4 1166 

4 ~ Feb 17 Apr 4 141 3.06 21.4 1118 

5 Cf Feb 17 Apr 28 180 2.58 18.3 940 
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Cesium-137 Content of Ant Mounds on A-24 
Crib 

The harvester ant is a common inhabitant 
of disturbed soils on the Hanford Site. 
Radioactive waste burial sites generally con
tain drastically disturbed soil, which makes 
them favorable sites for harvester ant 
colonies. 

Soil from the surface of nine ant mounds 
on A-24 Crib was collected in early April 
1978 when ants had recently begun their tun
neling activities. In addition to the sam
ples taken on the crib, six samples were 
taken from colonies located between A-24 Crib 
and an adjacent crib. Four control colonies 
were also sampled in an area remote from any 
contaminated soils. 

The samples were counted for 137Cs in an 
ARMAC liquid scintillation detector. The 
highest concentration of 137Cs from a colony 
on the crib was 28.6 pCi/gm. The other eight 
samples from the crib had much lower concen
trations with an average of 2.63 pCi 
137Cs/gm ± 0.85 SD. The samples taken 
between cribs averaged 3.4 pCi 137Cs/gm ± 
1.21 SD. Concentrations in the control 
samples were slightly lower and averaged 
0.84 pCi 137Cs/gm ± 0.18 SD. 

Environmental Assessment of Raptors 

Birds of prey, as end-of-food-chain organ
isms, serve as useful barometers of environ
mental pollution in lower trophic levels. 
Contaminants in their tissues, especially 
heavy metals and pesticides, are often 
several orders of magnitude higher than in 
tissues of their prey. 

In 1976 a study was begun to examine 
levels of radionuclides in the castings of 
raptors residing on and off the Hanford Site. 
Castings (regurgitated undigestable remains 
of prey) should provide a measure of radio
nuclides in prey species and may prove to be 
a valuable tool in long-term ecological moni
toring of the environment. Analysis of cast
ings also has the advantage of being a non
destructive technique; i.e., it does not 
require killing the birds of prey. 

To date, the castings of two species of 
hawks (red-tailed, Swainson's) and three owl 
species (great horned, long-eared, barn) have 
been examined. The only castings having 
137Cs levels above those from offsite con
trol locations were the 100-D Area barn owl 
samples (5.9 pCi/g) and one Swainson's hawk 
sample from the 200 East Area (9.1 pCi/g). 
Since hawks and owls often have 

well-defined home ranges, the next step in 
our research should be radiotelemetry deter
mination of home range areas. By coupling 
home range data with food habits and the 
radionuclide concentrations in castings, we 
should be able to better determine the speci
fic places where radioactive contamination 
is entering the food web. 

Radionuclide Levels in Black-Tailed Hares 

Black-tailed hares (Lepus californicus) 
have been involved in the localized spread 
of radioactive waste originating from the B-C 
Cribs waste burial ground. Radioactive salts 
(presumed to have been exposed to the surface 
by a badger's digging) consumed by the hares 
were incorporated in body tissues and ex
creta. Once the problem was noticed, waste 
management operations covered the exposed 
salts and sealed the source from animals. 
Today the radioactivity deposited in fecal 
material is still present in the B-C Cribs 
area. As the fecal matter decomposes and 
becomes incorporated into the soil, it has 
the potential to be incorporated into plant 
tissues. Hares eating these plants can be
come vectors of the radioactivity they 
ingest. 

In order to determine if black-tailed 
hares living in the B-C Cribs area have been 
ingesting and incorporating radioactivity 
into their bodies, systematic collections of 
animals near B-C Cribs and at a control area 
near Boardman, Oregon were made. Collections 
began in December of 1977 and were made quar
terly thereafter for one year. At least four 
hares were collected from each study site 
during each survey. To date samples collec
ted during the first two sampling periods 
have been analyzed for gamma-emitting radio
nuclides. Muscle, bone, and liver tissues 
have been examined. Table 10.4 provides the 
results for 137Cs, 40K and 60Co. These long
lived gamma emitters were found on the same 
general order of magnitude for both study 
areas. Cesium-137 levels in hares collected 
from the B-C Cribs area in March do indicate 
that even though 137Cs levels are low, they 
are higher than those found in Boardman hares 
collected at both study sites in December of 
1977. These higher 137Cs values may indicate 
that hares living in the B-C Cribs area are 
ingesting some contamination which cannot be 
attributed to world-wide fallout. Samples 
of hares collected in June and September of 
1978 will provide additional information 
which should enable us to determine if hares 
inhabiting B-C Cribs do in fact contain greater 
concentrations of radioactivity than hares in 
the control area. 
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TABLE 10.4. Radionuclides in Black-Tailed Hare Muscle Collected from the 
Hanford Site (B-C Crib Area) and the Boardman, Oregon Area. 

Location, Sex 
and Sample 
Number Date 

8-C Crib Area Dec 77 
#178 ~ 
#179 ~ 
#180 ~ 
#181 ~ 

51 ± SE 

B-C Crib Area Mar 78 
#174 ~ 
#175 if 
#176 ~ 
#177 ~ 

51 ± SE 

Boardman Area Dec 77 
#182 if 
#183 ~ 
#184 ~ 
#185 ~ 

51 ± SE 

Boardman Area Mar 78 
#186 ~ 

#187 ~ 

#188 ~ 

#189 ~ 

x ± SE 

Plant Uptake (Field) Studies 

The burial of long-lived fission products 
contained in radioactive wastes resulting 
from past and present reactor operations 
necessitate the understanding of the effect 
of long-term exposure of these elements to 
the environment. Of special concern is the 
effect of aging on the uptake of 90Sr by 
plants. 

This regort compares the uptake by barley 
plants of 90Sr that was placed on field soil 
in 1954 with uptake of 85Sr added in 1957 and 
again in 1978. CR comparisons have been made 
between the 85Sr added in 1957 and again in 
1978 and the aged 90Sr • There was no differ
ence in CR values at the 99% level between 
the two aged isotopes (applied in 1954 and 
1957). However, the aged 90Sr CR value 
determined in 1978 (2.1) was significantly 
higher at the 95% level than the CR value 
(1.8) for newly added 85Sr . Studies are 
continuing to better characterize the apparent 
increase in plant availability of environmen
tal strontium with time. 

Radionuclides in Dpm/g 

137CS 4°K 60CO 

0.26 39.0 0.13 
0.40 15.0 0.23 
0.68 7.1 0.30 
0.73 18.0 0.19 

0.52±0.11 20 ± 6.9 0.21 ± 0.03 

1.1 21.0 0.64 
1.5 19.0 0.24 
1.6 20.0 0.38 
5.0 24.0 0.44 

2.3 ± 0.84 21 ± 1.0 0.43 ± 0.08 

0.53 23.0 1.2 
0.21 22.0 0.65 
0.16 18.0 0.16 
0.18 23.0 0.27 

0.27 ± 0.08 22 ± 1.2 0.58 ± 0.25 

0.61 20.0 0.37 
0.29 16.0 0.31 
0.73 16.0 0.24 
0.45 17.0 0.21 

----
0.52 ± 0.09 17 ± 0.94 0.29 ± 0.03 

Plant Uptake (Laboratory) Studies 

Cheatgrass (Bromus tectorum) and Russian 
thistle (Salsola kali) were used to determine 
the relative unavailability of radionuclides 
amended to Hanford area soils. Several stud
ies were undertaken, including 1) evaluation 
of the relationships between properties of 
Hanford area soils and the availability of 
cesium and strontium for uptake by plants, 
2) the comparative availability of cesium and 
strontium for plant absorption from Rupert 
surface soil and an associated subsoil as 
influenced by growth conditions and soil 
aging and 3) analysis of the behavior of 
technetium and 1- in surface soils and sub
soils, and their availabililty to plants 
following soil aging. 

The relationships between plant root 
absorption mechanisms and basic soil para
meters which effect the concentration of 
strontium, cesium and analog ions in soil 
solution were reviewed. Based on these 
relationships, studies were undertaken to 
determine the feasibility of developing a 
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predictive relationship between plant availa
bility of cesium and strontium, and readily 
measurable soil parameters. Concentration 
ratios (CR) were determined for cheatgrass 
and Russian thistle grown on Hanford area 
soils (Burbank, Ritzville, Lickskillet, 
Rupert and Warden) representing a range in 
properties. Concentration ratios ranged from 
0.0078 to 0.066 for 134Cs and 3.5 to 16 for 
85Sr . Soils were analyzed for physical pro
perties, mineralogy, extractable cations and 
extractable 134Cs and 85Sr . Simple correla
tion analyses showed cesium and strontium 
uptake in cheatgrass and strontium uptake by 
Russian thistle to be related to cation 
exchange capacity and extractable strontium, 
barium and magnesium. Uptake of cesium by 
Russian thistle showed weak correlations with 
extractable and exchangeable potassium. 
Factor analysis and principle components 
analysis did not assist in further quantita
tion of the relationships between plant 
uptake and soil parameters. 

Studies were also undertaken to determine 
the comparative plant availability of 134Cs 
and 85Sr amended to Rupert suface soil and 
an associated subsoil. Concentration ratios 
for cheatgrass and tumbleweed grown on Rupert 
soil amended with 134Cs were 0.15 and 0.28 
respectively; values for amended subsoils 
were 0.074 and 0.13 respectively. Rupert 
surface soil and subsoil amended with 85Sr 
gave CR's of 15 and 7 respectively for both 
Russian thistle and cheatgrass. While pot 
size (1 vs 4 kg) had a marked effect on CR, 
values for plants grown in a green house and 
in a growth chamber were generally similar. 
Aging of both Rupert surface soil and sub
soils for 1 to 30 days prior to planting had 
a pronounced effect on the availability of 
134Cs for uptake by plants, but no effect on 
85Sr uptake. 

The comparative availability to plants of 
99Tc04- and 1251- amended to Rupert soil and 
an associated subsoil was determined for 
soils aged for periods of 1,10,30 and 100 
days prior to planting. Concentration ratios 
for cheatgrass grown on Rupert soil and 
subsoil amended with 99Tc04- ranged from 185 
to 91 an 466 to 309 respectively; values for 

Russian thistle grown on Rupert soil and sub
soil ranged from 148 to 82 and 881 to 173 
respectively. Concentration ratios for both 
cheatgrass and Russian thistle grown on 
Rupert soil amended with 125r- ranged from 
0.95 to 0.25; values for cheatgrass and 
Russian thistle grown on subsoil ranged from 
3.5 and 1.3 and 13 to 5.8, respectively. 
Analyses of CR, shoot concentrations and 
percentage of spike absorbed indicate a 
reduction in plant availability of both 99Tc 
and 1251 over the 100-day soil-aging period. 
This may result from insolubilization of 
99Tc04- and anion exchange reactions for 
1251-. 

Burial Ground Stabilization 

In this task, physical and/or chemical 
barriers were tested for their ability to 
block plant roots from penetrating into 
buried waste (simulated by lithium chloride). 
Six treatments were each tested four times; 
these were cobble, asphalt, cement, Urea-bor 
(a root toxin), Urea-bar plus asphalt and 
control (no treatment). Cheatgrass (Bromus 
tectorum) and Russian thistle (Salsola-kaTl) 
were used as test plants. Root penetration 
was measured by analysis for lithium chloride 
in aboveground plant tissues. 

In 1977, a dry year, Russian thistle domi
nated the test plot. Of the four replica
tions of the control (no barrier), all showed 
evidence of root penetration to the lithium 
chloride. The cobble and cement layers were 
each penetrated in one instance, and the as
phalt in three instances. Neither Urea-bar 
nor Urea-bor with asphalt were penetrated. 
In 1978, however, more precipitation fell and 
cheatgrass rather than Russian thistle domi
nated the plot. No root penetration to the 
lithium chloride was found in any treatment. 

Conclusions drawn from this experiment are 
that 1) the only barriers to resist Russian 
thistle penetration were those containing the 
root toxin and 2) Russian thistle appears to 
prosper in dry weather when competition from 
other plant species is reduced. These data 
indicate that biological manipulations (spe
cies composition) might be a useful way to 
prevent root uptake of shallow buried wastes. 
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o Decommissioning and Decontamination (300 Area 
Burial Ground) Studies 

Principal Investigator: R. E. Fitzner 

Other Investigators: J. F. Cline, K. A. Gano, W. H. Rickard and L. E. Rogers 

Technical Assistance: H. A. Sweany, V. D. Charles and M. A. Combs 

The decommissioning and decontamination of retired Hanford facilities and the future use of 
surrounding landscapes requires a comprehensive understanding of how components of the natural 
ecosystem interact with managed facilities. Ecological studies were developed to characterize 
the 300 Area waste burial grounds and to determine the potential for biotic transport of 
buried contaminated wastes away from managed facilities. 

The 300 Area burial grounds are located 
in the bitterbrush-cheatgrass (Purshia 
tridentata-Bromus tectorum) vegetation com
munity which occupies about 193,000 ha in the 
southeastern part of the Hanford Site. 
Undisturbed vegetation is dominated by desert 
shrubs, bitterbrush and sagebrush (Artemisia 
tridentata), usually in mixtures of about 
equal abundance. The understory to the 
shrubs is dominated by cheatgrass, an annual 
grass that reseeds itself each year. Seeds 
usually germinate in the fall with the onset 
of autumn rain and the plants reach maturity 
in early May. Standing dead cheatgrass pro
vides ground cover throughout the summer 
months and helps to prevent erosion by wind. 

Bitterbrush-cheatgrass vegetation is sus
ceptible to fire; in 1961 and 1970 fires 
burned over an estimated 42,000 ha. Burning 
kills the shrubs. Cheatgrass re-invades the 
burned area from seeds that survive burning 
and from seeds blown or carried in from 
nearby unburned areas. Burned areas are 
usually also invaded by Russian thistle 
(Salsola kali). Russian thistle can domi
nate the vegetation for several years until 
cheatgrass re-establishes dominance, at which 
time Russian thistle persists in lesser abun
dance. Shrubs are slow to re-invade the 
burned areas. 

Waste burial also destroys the existing 
vegetation. Russian thistle and cheatgrass 
are the early self-invaders of backfill, and 
the backfill of 300 Area burial grounds is 
usually occupied by a sparse cover of cheat
grass and Russian thistle. Shrubs are gener
ally slow to establish themselves in 
backfill. 
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There are usually more birds, mammals, 
insects, and reptiles in shrub habitats than 
in communities of cheatgrass and Russian 
thistle alone. Backfill occupied by sparse 
stands of cheatgrass and Russian thistle, 
however, is inhabited by pocket mice, deer 
mice, black-tailed hares, horned larks, 
meadow larks, lizards and many kinds of 
insects, including the harvester ant. 

One of the aims of waste burial is to iso
late radioactive material from plant roots 
because plants have the ability to take up 
radionuclides incorporated into soil. Shrubs 
generally have deeper penetrating root sys
tems than herbaceous species. Perennial 
herbs have deeper roots than annual herbs. 
To discourage the establishment of plants 
that can take up radionuclides, shallow
rooted annual plants are the most desirable 
species on 300 Area burial grounds. Cheat
grass and Russian thistle are both annuals 
but Russian thistle has a deeper root system 
than cheatgrass. Russian thistle also has a 
greater affinity than cheatgrass for incor
porating radionuclides into its tissues, as 
indicated by laboratory studies. Russian 
thistle also has the disadvantage of breaking 
off at ground level when mature, and the en
tire plant can be blown from burial grounds. 
Sometimes Russian thistles move several miles 
and may be carried off the Hanford Site. 

Features desirable in plants growing on 
burial grounds, therefore, are 1) a shallow 
«1.8 m) root system, 2) low radionuclide 
uptake from soil, 3) low potential for wind 
transport of tissues and 4) retardation of 
soil erosion. Cheatgrass has all four. 



Russian thistle meets only the fourth quali
fication, but even that is lost when the 
plant is blown away. Shrubs retard erosion 
and have a low potential for wind tissue 
transport, but their root systems are deep. 
Their radionuclide uptake is unknown. 

Most natural plant communities are mix
tures of plant species. Management strate
gies can usually be formulated to obtain the 
desired results under existing cost 
constraints. 

The mammals of most concern for radio
nuclide transport from burial grounds are 
those species that are able to burrow deep 
into the backfill and bring radioactive 
debris to the soil surface. The badger is 
the most proficient burrowing mammal. 
Badgers can dig a meter or so below the sur
face, creating holes 15 cm or more in dia
meter and creating piles of earth about a 
meter in diameter and 0.3 m or more thick. 
Although badgers inhabit the Hanford Site, 
they occur in low numbers. They have not 
been observed to dig into the backfill of the 
300 Area burial grounds. However, unless 
barriers are intentionally placed in burial 
grounds at a depth of 2.5 m or so to prevent 
deep burrowing, badgers may possibly exhume 
waste debris. 

Pocket mice and ground squirrels spend 
much of their lifetime underground. Ground 
squirrels occur in localized colonies 
throughout the Hanford Site but have not been 
observed on 300 Area burial grounds. Pocket 
mice are found everywhere and populations 
reside on 300 Area burial grounds. Deer mice 
are found throughout the Site but are not 
nearly as abundant as pocket mice. They 
reside on 300 Area burial grounds and occa
sionally have access to the buried waste, as 
indicated by special dosimetry studies. 

Mule deer are present in bitterbrush
cheatgrass vegetation habitats but are effec
tively excluded from entry into 300 Area 
burial grounds by a wire mesh fence. This 
prevents mule deer from eating plants growing 
in burial ground backfill. 8lack-tailed 
hares are also present in bitterbrush
cheatgrass vegetation. The wire mesh fencing 
cannot exclude them because they can slip 
beneath it. Black-tailed hares cause concern 
in 300 Area burial grounds only if they con
sume plants with radionuclides derived from 
burial grounds or if they interfere with 
revegetation efforts to stabilize backfill 
with selected plant cover. Coyotes are 
present throughout the Hanford Site and are 
not excluded by fences. Coyotes are of con
cern if they should eat animals that have 
derived body burdens of radionuclides from 
buri ed waste. 

Only a few birds nest on the backfill of 
300 Area burial grounds. We expect that the 
western meadowlark, horned lark, mourning 
dove and western night hawk would find the 
300 Area burial grounds acceptable but nests 
have not been found. These birds are of con
cern only if their adult and nestling diets 
include plant seeds, grit, or insects that 
contain radionuclides originating from the 
burial grounds. 

Finally, ants are being studied because 
they seem to prefer backfill as sites for 
their colonies. Harvester ants are of 
special concern in waste management because 
they have the potential for digging into 
buried waste and bringing contaminated soil 
particles to the surface where they can be 
redistributed by wind. 
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a Service Assessment Studies 

Principal Investigators: 
D. G. Watson and W. H. Rickard 

Service Assessment studies, supported through the Richland Operations Office, involve the 

long-term ecological monitoring of several important animals likely to be impacted by the 

industrial development of the 1475 km 2 Hanford Site. This report concerns spawning of chinook 
salmon studied in a series of observations now in its third decade. 

Fall Chinook Salmon Spawning Near Hanford, 1977 

Aerial surveys of fall chinook salmon 
(Oncorhynchus tshawytscha) spawning begun in 
1947 in the reach of the Columbia River from 
Richland, Washington (river km 546) to Priest 
Rapids Dam (river km 638) were continued in 
1977. Data from these estimates of the 
locally spawning salmon contribute to the 
baseline ecological information of the 
Hanford section of the Columbia River and are 
of potential use to fisheries management 
agencies (e.g., State of Washington 

Department of Fisheries) or to local users 
of Columbia River water (e.g., Washington 
Public Power Supply System nuclear power 
plants). 

Surveys were conducted in 1977 on October 
13, 24 and 31 and November 7 and 10; the 
total number of redds (nests) observed was 
42, 919, 1701, 200 (partial count) and 3153, 
respectively. The estimated total number of 
redds was 3240, a little above the average 
observed during the past 15 years 
(Table 10.5). Fall chinook salmon spawning 

TABLE 10.5. Fall Chinook Salmon Spawning, 1963-1977. 

354(a) 

Year (Ringold) 587-592 

River Kilometer 

371 
(White 
Bluffs) 373-376 

383 
(Coyote 393 Other 
Rapids) (Midway) Location 

Number of Redds Total 

1963 

1964 

1965 

1966 

1967 

o (O)(b) 283 (22) 127 (10) 506 (39) 14 (1) 370 (28) 

624 (42) 

659 (37) 

3 (0.2) 1303 

5 (0.3) 163 (11) 111 (8) 510 (35) 

4 (0.2) 262 (15) 211 (12) 588 (33) 

10 (0.3) 279 (9) 267 (9) 1206 (39) 

28 (0.9) 388 (12) 273 (8) 1192 (36) 

1968 117 (3) 

1969 265 (6) 

1970 107 (3) 

1971 182 (5) 

1972 

1973 

1974 

1975 

1976 

1977 

88 (10) 

137 (5) 

104 (14) 

95 (4) 

25 (1) 

15 (0.5) 

(a) River mile 

595 (17) 188 (5) 1069 (30) 

820 (18) 427 (9) 1446 (32) 

615 (16) 302 (8)' 1180 (31) 

560 (16) 416 (12) 1071 (30) 

247 (28) 147 (17) 

458 (15) 179 (6) 

156 (21) 49 (7) 

458 (17) 291 (11) 

313 (16) 185 (9) 

473 (15) 355 (11) 

259 (30) 

1273 (43) 

238 (33) 

252 (9) 

647 (33) 

1577 (49) 

(b) Mean percent of total 
(c) Based on redd-to-fish ratio of 7 

37 (3) 

54 (3) 

37 (1) 

17 (0.5) 

52 (1) 

50 (1) 

72 (2) 

10 (0.3) 

4 (0.5) 

62 (2) 

5 (0.7) 

91 (3) 

182 (9) 

48 (1) 

1300 (42) 

1340 (41) 

1520 (43) 

1500 (33) 

1528 (40) 

1361 (38) 

131 (0.5) 

856 (30) 

173 (24) 

995 (37) 

599 (31) 

772 (24) 

1 O. 11 

27 (2) 

11 (0.6) 

2 (0) 

29 (0.9) 

39 (1) 

0(0) 

9 (0.2) 

0(0) 

0(0) 

0(0) 

3 (6.4) 

1 (0) 

0(0) 

0(0) 

1477 

1789 

3101 

3267 

3560 

4508 

3813 

3600 

876 

2965 

728 

2683 

1951 

3240 

Adult Dam Passage, 
Number of Fish 

Bonneville 
(Aug 1-
Dec 31) 

139,075 

172,463 

157,694 

155,445 

185,643 

159,048 

231,828 

208,902 

202,274 

137,486 

211,127 

186,328 

277,111 

325,312 

206,126 

McNary 
(Aug 9-
Oct 31) 

57,363 

58,593 

76,326 

75,119 

73,087 

72,757 

79,375 

61,554 

69,718 

49,307 

73,253 

62,009 

68,719 

87,991 

84,370 

Hanford Spawner 
as a Percent of 

McNary Count(c) 

16 

18 

16 

29 

31 

34 

40 

43 

36 

12 

28 

8 

27 

16 

27 



escapement to the Columbia as indicated by 
numbers of fish ascending the downstream 
Bonneville (river km 233) and McNary (river 
km 470) dams also was good in 1977. The same 
areas continue to attract most of the spawn
ing salmon in the Hanford reach. The areas 
near river km 587-592, 597-605 (White Bluffs 
to 100 D Area) and 633 (Midway) contained 
approximately 99% of the redds observed. 

In 1977, about 27% of the adult fall 
chinook salmon that passed over McNary Dam 
spawned in the Hanford section of the 
Columbia River. Approximately 2% of the 

McNary count went over Ice Harbor Dam on the 
lower Snake River, and 8% passed upriver of 
Hanford over Priest Rapids Dam. Of the 
remainder (63%) that passed McNary Dam, a few 
probably spawned in the Yakima and Walla 
Walla Rivers that are tributaries to the 
Columbia between Hanford and McNary or were 
trapped to stock the spawning channel and 
incubation facility at Priest Rapids Dam. 
The bulk of these fish, however, were unac
counted for. The Hanford reach was the 
major spawning ground for fall chinook 
salmon in the mid-Columbia River in 1977. 
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ENERGY RESEARCH FOR OTHER AGENCIES 

Nuclear Regulatory Commission 

Bonneville Power Administration 

Electric Power Research Institute 

National Institute of Environmental 
and Health Sciences 

National Oceanic and Atmospheric Administration/ 
Bureau of Land Management 

The purpose of this section is to correlate energy research conducted for 
other sponsors to U.S. DOE energy programs where interagency and other mutual 
agreements exist to support work on a nonduplicative basis. The research topics 
identified in this section are complementary to work discussed in other sections of 
this report. The data bases being developed provide a unique long-term reference 
for environmental and energy assessment in the arid West. Work performed under 
joint Environmental Protection Agency/Department of Energy agreements is dis
cussed in Section 4.0, Oil and Cas. 
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Nuclear Regulatory Commission 

Biocide Byproducts in Aquatic Environments (Principal Investigators: D. R. Anderson, R. M. Bean, 
C. 1. Gibson; Other Investigators: D. C. Mann, R. G. Riley, R. E. Shirmer; Specialists: C. S. 
Abernethy, K. Hanson, P. Wilkinson, D. L. Woodruff; Technical Assistance: M. G. Wolford) 

More electrical generating plants are being built each year to meet additional demands for 
electricity. Assuming the continued use of chlorine as a biocide in power plants, the volume 
of chlorinated effluents entering aquatic environments will increase significantly. Associated 
with these effluents will be chlorinated (halogenated) organic byproducts. 

This program is designed to further define an information base that can be used to develop 
or modify power plant regulations concerning chlorination or halogenation byproducts. This 
program is subdivided into analytical chemistry and biological tasks with freshwater and 
marine/estuarine subdivisions. The objectives of the analytical phase are to: 

e identify those chemical compounds, other than the "free and combined available halogen," 
which result from the addition of chlorine to fresh or saltwater 

• develop methods for detecting chlorinated hydrocarbons in the effluents discharged to 
receiving water bodies from nuclear stations 

• verify laboratory findings through analysis for chlorination byproducts in water and biota 
samples from cooling-water bodies of nuclear power stations. 

The objectives of the biological studies are to: 

• investigate the immediate toxicity of specific chlorination byproducts, chloroform and 
bromoform 

• investigate the chronic toxicity of chlorination byproducts 

• investigate the biuaccumulation for chlorination byproducts 

• follow their pathways of action in selected biota. 

Analytical Chemistry of Chlorination Byproducts 

Detailed analytical data have been obtained on the organohalogen contents of chlorinated 
freshwater from the Columbia River and seawater from Sequim Bay systems. Samples have been 
characterized with respect to 1) type and quantity of haloform produced from chlorination; 
2) total organohalogen produced; 3) distribution of organohalogen by molecular weight and 
4) distribution of organohalogen by polarity. In addition, a number of samples have been 
examined for individual halogenated components. 

Our most recent measurements of haloform concentrations generated from 2 ppm chlorine addi
tions to Columbia River water indicate that about 35 to 40 ~g/£ (ppb) chloroform are formed, 
along with lesser amounts of bromodichloromethane. Similar chlorine additions to Sequim Bay 
seawater produced about 17 ~g/£ bromoform, with lesser amounts of dibromochloromethane. Halo
forms comprise at least 90% of the organically bound halogen formed from the freshwater and 
seawater samples studied, when chlorination is at the 2 ppm level. Higher chlorine levels may 
produce a higher proportion of nonhaloform organohalogen material. 

Almost all of the organically bound halogen from chlorinated waters is found in fractions 
having less than 800 molecular weight. Fractions containing greater than 800 molecular weight 
have very small or undetectable quantities of organic halogen. The nonhaloform organohalogen 
material produced appears to consist mainly of relatively polar constituents, i.e., more polar 
than PCB's, DDT, chloronaphthalenes, etc. There appears to be more nonpolar halogenated con
stituents generated from seawater chlorination than freshwater chlorination. Dichlorobenzene 
has been identified in a freshwater sample. 
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In chlorinated Columbia River water, organochlorine is present in both phenol and acid frac
tions. Two dichlorophenols, trichlorophenol and bromochlorophenol have been identified by gas 
chromatography/mass spectrometry as products of freshwater chlorination. Figure 11.1 shows the 
single-ion chromatograms, obtained From a phenol sample, that clearly indicate the presence of 
the halogenated phenols, isolated as their acetyl derivatives. 
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FIGURE 11.1. Single-Ion Chromatograms Indicating the Presence of Halogenated Phenols, Isolated 
as Their Acetyl Derivatives. 

The single-ion chromatograms clearly distinguish the phenols from interfering components in 
the total ionization scan (top chromatograms). Measurement of chloroform levels in freshwater 
exposure apparatus using the headspace technique has shown that chloroform levels range from 
1 ~g/~ at 0.02 ppm total residual chlorine (TRC1) to 0.5 ~g/~ at a <0.002 ppm TRC1. Chloroform 
concentrations in the unchlorinated controls range from nondetectable to 0.5 ~g/~. Preliminary 
studies indicate that there is no detectable difference in the levels of chloroform in trout 
tissue exposed to the highest test levels of chlorinated organics and the tissues of control 
trout. This observation, which needs further verification, is consistent with the small dif
ferences observed between chloroform levels in the exposure tanks. 

We believe that the information that our present procedures are capable of generating will 
be particularly applicable to comparative studies of selected water resources across the United 
States which are now in progress. 

1 1. 4 



Biological Studies of Chlorination Byproducts 

The objectives of the biological studies are to investigate 1) the relatively long-term 
effects of chlorination byproducts and 2) the immediate toxicity and the bioaccumu1ation of 
specific chlorination byproducts. Chloroform in freshwater and bromoform in saltwater are the 
specific chlorination byproducts that were used in toxicity tests and bioaccumu1ation studies 
with selected marine or freshwater biota. The chronic six-month chlorination byproduct tests 
in freshwater are conducted using rainbow trout (Sa1mo gairdneri). Littleneck clams (Protothaca 
staminea) are used in marine systems. The acute toxicity tests in freshwater are of chloroform 
on rainbow trout, bluegill (Lepomis macrochirus), largemouth bass (Micropterus sa1moides) and 
channel catfish (Icta1urus punctatus). In marine systems, the acute toxicity studies are of 
bromoform on the littleneck c1 am, east coast oyster (Crassostrea virginica), quahaug (Mercenari a 
mercenaria) and brown shrimp (Penaeus aztecus). 

Water treatment in the second freshwater six-month chronic chlorination byproduct bioassay 
system is designed to approximate the level of chlorination and thermal regime of a power plant. 
Water is heated and chlorinated, then diluted and cooled before it enters the aquaria. Water 
is chlorinated at approximate power plant chlorination levels, that is, 1.5 ppm total residual 
chlorine (TRC1), then diluted to a maximum concentration of 0.020 ppm TRC1. Four other test 
concentrations (75%, 50%, 25% and 12%) are based on dilutions of the maximum concentration in 
addition to a control. Fish are sampled monthly to monitor growth and histological analysis. 

The mortality rate throughout the test was low (less than one fish per week). There was an 
overall trend toward decreasing mortality with increasing concentrations. This may be due to a 
prophylactic effect of the chlorination byproducts. Further statistical analysis to verify this 
trend will be made, particularly during the disease-prone warm months of the year. During the 
first chronic bioassay, a hypothesis had been formed of a sublethal effect of chlorination by
products on the behavior of rainbow trout. The results of the second bioassay tend to corrobor
ate this hypothesis. 

Acute toxicity tests with chloroform have been conducted on bluegill. Preliminary analysis 
of the results indicate a 96-hr LC50 between 13 to 20 ppm chloroform. Further 96-hr chloroform 
toxicity tests are planned with bluegill, rainbow trout, channel catfish and largemouth bass. 

A new toxicant delivery system (Figure 11.2) was developed for use with slightly soluble 
organic compounds such as chloroform. It consists of a continuous flow system using a glass 
column contact chamber filled with glass beads and a stirred mixing chamber that produces a 
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FIGURE 11.2. Toxicant Delivery System for Use with Slightly Soluble Organic Compounds. 

11. 5 



continuous flow of saturated stock solution. The stock solution is then pumped to the dilution 
chambers prior to entering the aquaria. This system eliminates the need for a solvent, e.g., 
acetone or alcohol, to dissolve slightly soluble toxicants. 

In the marine study, the second chronic six-month exposure of littleneck clams to sublethal 
concentrations of chlorinated seawater was completed. Samples were collected monthly from each 
of the test concentrations (control, 100, 50, 25, 12 and 6 ppb Total Residual Oxidant - TRO) 
for chemical and histological examination. 

Acute bromoform toxicity and bioaccumulation exposures of littleneck clams indicated that 
the clams' first reaction, withdrawal of the siphons, occurred at 400 mg/2 bromoform. The 
clams resumed siphoning 60 min after the bromoform input was discontinued. A 28-day uptake/ 
28-day depuration study was performed at several concentrations: 0, 1, 5, 10 and 20 mg/2 bromo
form. These bromoform levels are higher than those expected from chlorination of seawater. 
Bromoform is formed at 30 I1g/2 upon chlorinating seawater at a rate of 1.5 mg/L The uptake
depuration study indicates the LC50 is well above 20 mg/2 bromoform. 

Two acute 96-hr bromoform studies have been completed with brown shrimp at Battelle's 
Daytona Laboratory. A 96-hr LC50 of 36 mg/2 was indicated for the first run and 31 mg/ for 
the second run. These values are in close agreement and are much greater than levels expected 
to occur in the environment. 

Shrimp exposed to bromoform exhibited the following reactions: 

1. Within 60 sec of the addition of bromoform and at all concentrations (nominal, 50, 40, 30 
and 20 mg/2) except 10 mg/2, the shrimp attempted to leave the tank or avoid the air stone 
through which the bromoform was entering. 

2. The shrimp lost locomotion and equilibrium within 30 to 120 minutes in concentrations 
ranging from 50 to 20 mg/2 bromoform respectively. Narcosis did not occur at the 10 mg/2 
concentration or in the control. 

3. A number of shrimp apparently recovered fully from the bromoform narcosis within 1 hr 
after the flow of bromoform was discontinued. 

The 28-day bromoform uptake/28-day depuration studies on oysters and hardshell clams at 20, 
10, 5 and 1 mg/2 as well as mortality monitoring are under way. Results of these later studies 
have not been analyzed statistically at the time of this writing. 

Application of Fisheries Management Techniques to Assessing Impacts (Principal Investigators: 
D. H. McKenzie, K. S. Baker, J. R. Skalski, K. L. Gore and D. H. Fickeisen) 

This project was initiated to address the design and conduct of the ongoing monitoring pro
grams at the nuclear power plant sites where minimal fisheries impact was .predicted. The 
objective of these monitoring efforts would be to detect large-scale or catastrophic departures 
from the predictions. The project efforts were directed toward reviewing and evaluating fish
eries management techniques and case histories of their application, and toward determining 
their statistical properties and their ability to predict or document catastrophic changes in 
fish populations. 

Because the main emphasis of the project was to identify methods that are independent of 
population simulation models and absolute abundance estimates, the efforts have focused on 
indices such as catch per unit effort, creel census, age and growth parameters, spawner recruit 
relationships and the morphoedaphic index. The advantages, disadvantages and site-specific 
requirements of each of these indices were discussed and recommendations were made for a poten
tial combination of these indices to serve as the basis for a monitoring program. 

Quantitative Assessment of Aquatic Impacts of Power Plants (Principal Investigators: D. H. 
McKenzie, K. L. Gore, K. S. Baker, J. R. Skalski, D. G. Watson, D. H. Fickeisen, L. D. Kannberg 
and E. M. Arnold) 

Our efforts during the past fiscal year have been devoted to 1) evaluating the generic 
applicability of the statistical design developed during the previous year for phytoplankton, 
zooplankton and benthos; 2) evaluating fisheries monitoring techniques to determine their 
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applicability to assessing impacts; 3) cooperating with the investigators from the University 
of Washington, Center for Quantitative Sciences, in examining aquatic simulation models for 
their applicability to predicting impacts and to aid in monitoring program design and 4) evalu
ating the design and analysis of monitoring programs for support of water quality modeling. 

The project addressed the generic nature of the recommended sampling design, statistical 
analysis, and sample sizes for monitoring the lower trophic level organisms. These efforts 
confirmed that our earlier estimates of variance, developed from freshwater systems, are also 
applicable to the marine and riverine habitats. These findings have permitted us to prepare 
detailed recommendations for monitoring program design for the frequency of sampling and number 
of samples needed, and for the statistical methods of testing impact hypotheses. The recommen
dations include the magnitude of impact that monitoring programs should be designed to detect. 

Our efforts to develop similar recommendations for monitoring fish populations have focused 
on reviewing and evaluating the commonly applied and available techniques. These techniques 
have been primarily adopted from fisheries management practices and they have not been criti
cally examined in the arena of power plant impact assessment. Our review evaluates the ability 
of the various techniques to quantify impacts within the monitoring framew·ork. 

The review of fisheries models has focused on their mathematical formulation, their support
ive data and rationale, and their predictive ability. Our role has been to evaluate 
1) the representation of the fisheries population dynamics in models; 2) the contribution that 
the monitoring program can make to the required data and 3) the usefulness of the models in 
designing the monitoring program. 

A compendium of some 12 to 15 hydrothermal models representative of the state-of-the-art 
models in common use at nuclear power plants has been prepared. Among those described were 
hydrodynamic, radionuclide transport, water quality, thermal plume and Great Lake models. The 
structure, behavior and data needs of these models were discussed so that a prospective user 
could consult the compendium for guidance in designing a monitoring program to support the 
application of a specific model. Last year's work indicates that a monitoring program's design 
for supplying input and verification data to a hydrothermal model should reflect the model's 
resolution capabilities, its computational scheme, and its temporal (steady-state or transient) 
structure. 

Two hydrodynamic models (one a finite difference model and one a finite element model) were 
applied to the Surry Nuclear Power Plant Site on the James River in Virginia. These applica
tions were carried out to determine what demands might be made upon a monitoring program 
supplying data for these well-known and widely used models. The models were those of J. J. 
Leendertse of the Rand Corporation and Norton and King of Research Management Associates, 
respectively. In addition to determining the quality and density of the monitoring data neces
sary to insure reasonable model results, it was found that some types of irregularities in 
water body geometry cause the computational schemes to gain or lose mass. This finding implies 
that monitoring programs for a combination of hydrodynamic with transport or water quality 
models must pay close attention to water body geometry. A detailed report on the quantitative 
assessments of deviations from mass conservation has been prepared. It investigates the 
effects of boundary geometry, bathymetry and resolution of the discreditization process. 
Potential model users have been provided with a list of recommendations to enable them to mini
mize these deviations from mass continuity. 

Bonneville Power Administration 

Biolo ical Studies at the Site of a 1200-KV Protot e Transmission Line (Principal 
Investigator: L. E. Rogers 

The transmission of electric power over ultrahigh voltage facilities, while technically 
feasible, will be more ecologically acceptable, and therefore used more frequently, if its 
possible environmental hazards are demonstrated to be relatively few or insignificant. The 
biological studies described here were designed for the Bonneville Power Administration to 
determine what effects, if any, a 1200-KV transmission system might have on its surrounding 
environment. 

A test line was constructed near Lyons, Oregon in an area representative of the types of 
habitats commonly found west of the Cascade Mountain Range, including forests, meadows and 
agricultural lands. This permits an evaluation of possible biological effects in the field. 
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The overall research strategy was to locate study areas both near or beneath the power line 
(treatment areas) and within areas located some distance away from the line (control areas). 
This permits a study of populations located in similar habitats and exposed to similar climatic 
factors yet enough removed from the power line to eliminate effects from electrical fields, 
corona discharge, noise, etc. Cattle, crop plants, coniferous and deciduous trees, shrubs, 
small mammals, birds, grass and honeybees were selected for study, being representative of the 
major ecological components of the Lyons study site. Studies of the crops, trees and honeybees 
are described below. 

One of the most important observations to date is the lack of any gross deleterious biologi
cal effects following energization of the 1200-KV test line. The birds and mammals still live 
and forage beneath the lines. The trees and grasses appear normal, although some Douglas fir 
(Pseudotsuga menziesii) trees purposely left near the lines have shown some needle damage that 
appears to be associated with corona discharge points observed on the trees. 

The cattle were at first bothered by the noise and vibration of the activated line, but they 
soon quieted and now appear to graze all portions of the pasture, both beneath and remote from 
the line, in about the same proportion. The honeybees also continue to forage, reproduce 
and produce honey and wax at about the same levels irrespective of proximity to the line. 
There were some growth differences among barley plants grown near and far from the line. The 
biological significance of these observations is not clear, however. 

The general lack of observable adverse impacts associated with the 1200-KV test line does 
not mean that there are none. Studies are still in progress and many of the analyses can only 
be conducted after a complete data set becomes available. We would not expect to detect subtle 
biological effects before then. 

Crop Plant Studies 

Barley and peas were selected as the two crop plant species to be studied since they repre
sent important forage crops, that is, grasses and legumes. The plants were grown in lysimeters 
13 cm in diameter and 1 m deep. Some were located near the line and some farther away. 

An average of 36.4 ± 3.0 (x ± SE) pea seeds were produced per treatment lysimeter as com
pared to 34.4 ± 1.8 for control lysimeters. Pea seed biomass values averaged 5.6 ± 0.5 and 
5.9 ± 0.2 for treatment and control lysimeters respectively. Number and biomass of plant pods 
averaged 8.8 ± 0.9 and 2.0 ± 0.2 respectively for the treatment lysimeters and 7.7 ± 0.4 and 
1.7 ± 0.1 for control lysimeters. None of these values are statistically significant (aO.05) 
as determined by at-test. 

The results of plant growth analysis for barley plants is shown in Table 11.1. Plants con
tained in three of the ten control lysimeters were damaged by rodents and were not analyzed. 
Additional damage was prevented by elevating all treatment and control lysimeters a short 
distance above the ground. Culms and seed heads were longer and leaves shorter in plants 
grown near the line. These differences were significant (a .05). Seed head biomass values 
were not significantly different for the treatment and control areas. Straw production 

TABLE 11.1. 1977 Barley Production and Growth Measurements(a) 
Beneath and at a Distance from a 1200-KV Power Line.(b) 

Treatment Lysimeters 
Parameter (beneath the line) 

Culm Length (cm) 49.9 ± 0.6 (115) 

Seed Head Length 4.8 ± 0.3 (115) 

Leaf Length 15.4 ± 0.3 (447) 

Straw Biomass (g) 8.4 ± 0.3 (10) 

Seed Head Biomass 0.92 ± 0.04 (76) 

(a)X ± SE; () = n 
(b) Electrical field strength 4.9! 0.7 KV/m 
(c)Significant at a '" .05 
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Control Lysimeters 
(remote from the line) 

44.7 ± 0.9 (77)(c) 

3.7 ± 0.2 (77)(c) 

16.4 ± 0.4 (263)(C) 

6.7 ± 0.3(c) (10) 

0.99±0.03 (112) 



biomass, however, was significantly (et .05) 
than in the control lysimeters (6.7 ± 0.3). 
is not known. Another season's results are 
or perhaps spurious. 

Tree Studies 

greater in the treatment lysimeters (8.4 ± 0.3) 
The biological significance of these differences 

needed to see if these differences are consistent 

The dominant trees along the test line right-of-way include Douglas fir (Pseudotsuga 
menziesii) and Oregon oak (Quercus garryana). Tree growth patterns were measured by sampling 
current annual twig growth of both Douglas fir and oak trees. Trees were selected near the 
pO\~er line, away from the power line, and from a transect extending from near the power line 
to over 140 m away. Trees and brush were removed from the forest edge along the control area 
to simulate clearing activities that were required near the line (treatment areas) during 
construction. 

The annual incremental growth of the top three whorls of 38 Douglas fir trees were measured 
in August 1976 (before energization) and August 1977 (after energization). Measurements were 
stratified by whorl and by terminal and lateral twig growth within each tree. This is neces
sary since the patterns of gro\,ith and electric field exposures is probably different within 
these strata. 

A comparison of growth responses for Douglas fir trees in 1976 and 1977 is shown in 
Figure 1l.3 as a function of distance from the line. Clearly growth during 1977 was less than 
in 1976 at all distances from the line, but not substantially different for trees near the line 
as compared to those farther away. 

Observations during the August 1977 sampling session showed that the uppermost branches of 
some trees near the line had suffered needle tip burn. Photographs were taken of selected 
trees later using a Javelin® light amplifying device that clearly showed the presence of 
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corona discharge points on some branches. The observed needle tip burn appears to be caused 
by physical damage associated with corona discharge. 

Oak trees were sampled by measuring twig length growth in the tree canopy. Thirty measure
ments were made for each tree. The sampled branch was identified "lith flagging material per
mitting sampling of the same branch during succeeding years. Three oak trees were sampled near 
the 1 i ne and three aVlay from it. The aver age overall 1 ength of twi gs from both treatment and 
control areas was smaller during 1977 (after energization) than in 1975 (before energization). 
The proportional growth of twigs during the two years, however, was nearly identical: 83% 
during 1976 and 84% during 1977. This suggests a lack of any major impact on oak twig growth 
in treatment areas. 

Honeybee Studies 

This task explored the possible effects of the 1200-KV power line on the establishment and 
maintenance of honeybee colonies located both beneath and remote from power line facilities. 
The strategy was to use equi pment and tectm i ques s imil3r to those common 1 y employed by commer
cial beekeepers who might operate apiaries near power facilities. The parameters observed were 
production of honey and wax, reproduction and mortality rates. 

Ten hives were placed in treatment and 
control areas in early April 1977. Honeybees 
were put into the hives and fed sugar water 
until they had become established. 

An estimate of the reproductive vigor of 
colonies located both beneath and away from 
the power line was determined by periodically 
removing and photographing all brood frames 
within each colony. The photographic films 
were developed and a double sampling tech
nique used to estimate the average number of 
capped brood cells per frame (Figure 11.4) 
The values for control colonies were consis
tently higher than treatment colony values, 
but the significance of these differences is 
not apparent at this time. 

The periodic weight gain of both treatment 
and control colonies is shown in Table 11.2 
for July through August 1977. The peak honey 
flow period occurred during late July and 
early August as expected. 

TABLE 11.2. Honeybee Colony Weights,(a) 1977. 

Treatment Control 
Date Colonies Colonies 

July 5 48.5 ± 4.1 44.4 ± 4.1 

July 13 54.4 ± 5.4 48.9 ± 6.3 

July 20 54.8 t 5.9 53.0 t 6.8 

July 27 54.8 ± 5.4 53.9 t 5.9 

Aug 3 54.4 ± 5.4 55.3 ± 6.3 

Aug 10 51.2±5.0 54.8 ± 5.4 

Aug 17 50.3 ± 5.0 53.5 ± 5.4 

(a)Weights expressed as X ± 5E, (kg). 
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The estimated total production of wax averaged 1.4 ± 0.3 kg for colonies located near the 
line and 1.3 ± 0.1 kg for control colonies. Honey production averaged 14.1 ± 1.3 kg per colony 
near the line and 13.0 ± 2.4 kg per colony for those located away from the power line. Neither 
the wax nor the honey values were significantly different between treatment and control 
colonies (0..05, t-test). 

Dead bee traps were installed on August 4, 1977. Three were placed on colonies located near 
the line and three on control colonies of equivalent size. Mortality counts for both control 
and treatment areas appeared to be about the same. Mortality was highest during the first day 
of sampling for both treatment and control hives. This may have been associated with brood 
production estimating techniques. The colonies had been opened the previous day to permit 
photography of the brood frames and some bees always die during colony manipulations. The 
power line was de-energized during mortality sampling periods since the dead bee traps are 
metal and could influence the results. 

Electric Power Research Institute 

Synthesis and Anal sis of Coolin Impoundment Information (Principal Investigators: C. D. 
Becker, K. L. Gore and C. E. Cushing 

A literature review and assessment study was begun in 1977 to examine the ecological impact 
of a once-through cooling mode of power plant operation on cooling impoundments, which repre
sent essentially closed aquatic ecosystems. The primary objectives were to 1) synthesize eco
logical data from small impoundments, 2) analyze the data for impacts on plant operations, 
3) identify what important effects could not be assessed and 4) extrapolate the conclusions to 
other types of aquatic ecosystems. 

Fourteen cooling impoundments were selected for evaluation on the basis of physical criteria 
and the available ecological references. The primary physical effect was the increment of sur
plus heat from plant condensers to the water body. Chemical changes were minimal, and usually 
associated with the natural, long-term evaporation of water. Biological effects were largely 
qualitative, limited to a portion of the fish and plankton populations, and were not reflected 
at the population, community or ecosystem level. Most studies were inadequately designed to 
quantify potential ecological impacts from power plant operation. However, even small cooling 
impoundments !tiith a relatively heavy heat burden apparently sustain viable, reproducing 
populations of organisms. 

Effects of Coal-Fired Power Plant Emissions on Vegetation in the Western U.S. (Principal 
Investigator: M. L. Warner) 

During 1978 Battelle researchers conducted a brief preliminary survey of current research 
on possible effects of emissions from coal-fired power plants in the western U.S. on 
vegetation, particularly crops. The study was conducted to assist the Electric Power Research 
Institute (EPRI) in determining how future r~s~arch funded by EPRI might have the greatest 
possible impact. The resulting study reportt a) summarized findings on the state of current 
research on the effect of emissions on vegetation, listed 45 current research projects, 
summarized the major relevant findings of 105 references selected for review, and suggested 
priorities for future EPRI-funded research. 

The study was conducted as a preliminary overview of the field, based on 
reviews and discussions with other researchers and utility representatives. 
critical review of all relevant literature and on-going work was beyond the 
effort. Indeed, one of the purposes of this project was to identify topics 
exhaustive examination might be desirable. 

limited literature 
A more complete 

scope of the 
for which such 

(a)Warner, M. L., 1978, Effects of coal-fired power plant emissions on vegetation in the 
western U.S. Prepared for the Electric Power Research Institute by Battelle, Pacific 
Northwest Laboratories, Richland, WA, 22 pp. 
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National Oceanic and Atmospheric Administration/ 
Bureau of Land Management 

Accumulation of Or anic Constituents and Heav Metals from Petroleum Impacted Sediments by 
Marine Detritivores Principal Investigator: J. W. Anderson 

This research complements that conducted under U.S. DOE funding, since it relates to bio
availability of hydrocarbons from sediment. While the techniques and organisms differ, the 
findings will help us to evaluate the fate and effects of petroleum hydrocarbons in marine 
organisms and the marine environment. 

Research on the bioavailability of hydrocarbons and trace metals from oil-impacted sediments 
during FY 1977 and FY 1978 has resulted in publication or submission of the major reports and 
articles listed below: 

Reports 

Anderson, J. W., Roesijadi, G., Woodruff, D. L. and Crecelius, E. A. 1977. Accumulation 
of organic constituents and heavy metals from petroleum-impacted sediments by marine 
detritivores. Annual Report to NOAA, Juneau, Alaska. 

Anderson, J. W., Roesijadi, G. and Crecelius, E. A. 1977. Bioavailability of hydrocarbons 
and heavy metals to marine detritivores from oil-impacted sediments. In Environmental 
assessment of the Alaskan continental shelf, Vol. XII, Effects, pp. 770-822. U.S. Department 
of Commerce, NOAA. 

Anderson, J. W., Augenfeld, J. M., Crecelius, E. A. and Riley, R. 1978. Research to 
determine the accumulation of organic constituents and heavy metals from petroleum-impacted 
sediments by marine detritivores of the Alaskan outer continental shelf. Annual Report to 
NOAA, Juneau, Alaska. 

Publications 

Roesijadi, G., Woodruff, D. L. and Anderson, J. W. 1977. Bioavailability of naphthalenes 
from marine sediments artificially contaminated with Prudhoe Bay crude oil. Environmental 
Pollution 15: 223-229. 

Roesijadi, G., Anderson, J. W. and Blaylock, J. W. 1978. Uptake of hydrocarbons from 
marine sediments contaminated with Prudhoe Bay crude oil: Influence of feeding type of test 
species and availability of polycyclic aromatic hydrocarbons. Journal of the Fisheries 
Research Board of Canada 35: 608-614. 

Roesijadi, G. and Anderson, J. W. In press. Condition index and free amino acid content 
of Macoma inquinata exposed to oil-contaminated marine sediments. To be published in 1977 
symposium on pollution and physiology of marine organisms, ed. W. Vernberg and F. J. Vernberg. 
New York: Academic Press. 

Effects of Petroleum Hydrocarbons on the Behavior of Dungeness Crabs (Principal Investigators: 
W. H. Pearson and J. W. Anderson) 

In cooperation with Bori Olla, Chief of Behavioral Investigations at the National Marine 
Fisheries Service in Sandy Hook, New Jersey, we are investigating the effects of petroleum 
hydrocarbons on chemoreception and behavior in marine organisms. The initial studies are on 
the Dungeness crab (Cancer magister), blue crab (Callenectes sapidus) and hake (Uorphycis 
chuss). During the first year, the research has concentrated on obtaining baseline data on 
the detection limits of these organisms for sapid solutions (food extracts), specific 
petroleum hydrocarbon compounds, and the water-soluble fraction (WSF) of whole crude oil. We 
have found that the Dungeness crab can detect clam extract at approximately 10-10 g/t 
concentrations and naphthalenes at 10-8 g/t. The blue crab has slightly higher sensitivities 
and can detect clam extract at 10- 15 g/t and naphthalenes at 10- 10 g/t. WSF detection 
levels have not been calculated yet. The initial behavioral activities elicited by both clam 
extract and pletroleum hydrocarbons are the same. 

In the upcoming year, attraction/avoidance studies are planned. These studies will provide 
information needed to predict the potential for crabs being attracted to oiled areas and 
becoming contaminated, or for their avoiding oil contaminated areas and thus losing habitat 
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space. In addition, studies are planned that will determine if the exposure to oil interferes 
with the crabs' ability to find food items or perform other important behaviorial activities 
such as location of mates. 

This research has resulted in a report and a journal article: 

Olla, B. L., Pearson, W. H. and Anderson, J. W. 1978. The effects of petroleum 
"h,*,y...,dr"o",c;-:ca'-.-r_b.::..on,-sO--'o .... n,-,-c h_e-=,m,...:o,-,;-r..c.e-,-c""ep,,",t,...,i,:o,-n-'-.i _n ..c.m-cca..cr..c.i-,-,n.=-e _o:c.:.r~g<..;;.a,,-,n-,-i -'-'sm'-'s;,...;._.::..I -,--' --=D-=-u'-n .... g.=-en..;..e::..:s:....:s'--'-c_r-"-ab, Can c er mag i s ter • 
1978 Progress Report to NOAA. 

Pearson, W. H., Sugarman, P. C., Woodruff, D. L. and Ol1a, B. L. 1979. Thresholds for 
detection and feeding behavior in the Dungeness crab, Cancer magister (Dana). Submitted to 
Journal of Experimental Biology and Ecology. 

National Institute of Environmental and Health Sciences 

Fate of Heav Metals and Heavy Metal Com lexes in Soils and Plants (Principal Investigator: 
R. E. Wildung 

The program under way for the National Institute of Environmental Health Sciences is 
directed toward understanding the influence of soil, microbial and plant physiological pro
cesses on the form and behavior in soils and plants of trace metals arising from energy 
production. 

Trace elements may enter the environment as a result of extraction, combustion, upgrading 
and refining of fossil fuels, production of synfuels, and the utilization of geothermal energy. 
Little is known of the effects on the environment and on human health resulting from alteration 
of the sensitive concentration balance of trace metals in the environment, as investigations 
of these phenomena are relatively recent. However, a background of information to predict the 
behavior of these elements is available from studies of radionuclides. Furthermore, use of 
radiotracers is essential to studies of trace metals where problems of contamination and detec
tion require rapid, sensitive and specific detection methods. 

The studies are providing an integrated view of the potential for trace metal-organometal 
complex formation in soil, uptake by plants, localization in edible tissues and gastro
intestinal transfer in animals. This information has provided a basis for assessment of prob
lems associated with entrace of trace metals into the environment as a result of energy produc
tion and a unique insight into the effect of similar transformations on the long-term behavior 
of radionuclides. Nuclear science has, in turn, provided the tools and a part of the 
background necessary to conduct experiments appropriate to development of this understanding. 
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