
conditions (spring and fall phltoplankton bloom periods, summer high water). Un-
fortunately, the schedule was adversely aflected by unusual water conditions in 1971.
Abnormally high water levels allowed sampling of caddisfly larvae only once, and
whitefish were unobtainable in June and August.

All samples were collecrcd from the Columbia River withio the Hanford Reserva-
tion, but upsaream from all effluents associated with the reactors. It is not known to
what extent whitefish may have been subjected to plant effluents, but it is known that
they may seasonally move several kilometers upsffeam ( Cushi[g and l7arsoo, 1966).
The sampling station was located at River km 616, about 2 km above and across the
river from the furthest upstream operaring teacto!.

Caddisfly larvae were collected by handpicking organisms from rocks. Larvae wele
frozen immediately with dry ice and kept frozen until neuffoo activated prior ro
aoalysis. Caddisfly larvae were analyzed with gur coorents included since we wele in-
terested in rhe total element ffalsfel to the whirefish, oot just that included in the
larval tissues or adsorbed to the orgaflism (see Xlwood et al. U976] for further details
on this aspect). \flhitefish were collecred in the same vicinity by angling and also
were frozeo uotil neufion activated. Analyses were performed on composire samples
of whitefish flesh from six to eight fish, and on flesh, liver, ard kidney of an individual
fish from each of the four samplings.

Concentrations q/ere determined by nzutron activatiol analysis. The basic pro-
cedures for irradiation ard subsequent separarion and gamma spectroscopy were de-
scribed by Rancitelli and Tanner (1969). Elements analyzed in both caddisfly larvae
and whitefish were Ag, As, Au, Br, Co, Cr, Cs, Fe, Hg, K, Na, Rb, Sb, Sc, Se, and Zn.
In addition, Eu, Hf, La, Sn, Ta, Tb, and Th were measured in caddisfly lawae.

Resulls and Discussion

Table 1 presents the elemeotal conceoffarions in caddisfly larvae and rtitefish flesh
on 16 November 1970, together with similar dara from wate! and phytoplankton col-
lected at about the same date two years eadier. Based on rhese resulrs, K is the only
element increasing in coocefluation through the food web from phytoplanktoo to white-
fish flesh. Nine elements, occurring in all three trophic levels (Ag, Co, Cr, Cs, Fe, Na,
Sb, Sc, and Zn), decreased in concentration, some more significantly than others;
e.g., Ag as compared to Na. Lwels of Br, Hg, Rb, and Se remained relatively constant.
Seven elements s/efe dereced in caddisfly larvae only; rwo in q/atef) caddisfly larvae,
and whitefish only; and rhree in watet only (Table 1).

The above comparison involves only concentlations of the elements in the flesh of
whitefish; but varying levels of several elements were found in other tissues of
the fish. Table 2 shows concentrations of 17 elements in the flesh, liver, and kidney
of a single whitefish from each of the four sampling trips. In essence, rhele ale two
"fall" samples (16 November l97O ard 14 December 1977), one winter sample (18
February 1971), and one spring sample (15 April 1971). Sample collection by
angling was unsuccessful in mid-summer.

Examination of these data shows that generalizations caooot be made either sea-
sooally within a tissue or amoog the thlee tissues. For instance, Cs and Rb ale remalk-
ably coostant both seasonally and among tissues, but Fe reflects a two order of mag-
nitude difference among the dssues. Several elements have unusually high or low
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concentrations in a particular rissue on one sampling date; e.g., Sc in kidney, Ztr i.n
flesh. Hov much variation is atributable to true seasonal differences or to individual
variation is difficult to ascertain, since only the values for flesh can be compared
with composited samples from sweral fish taken at the same dme. The composited
values are shown in parentheses in Tabie 2. Agreement between composited and in_
dividual samples is good. It is not surprising to find inconsistencies when comparing
such values considering the mafly variables iovolved-lor example, age, prevrous ex-
posure to effluents, erc.

TABLE 1. Elemental concentratio.s in Cotumbia Biver 1vater, phyloplankton, caddisily larvae, anrl
whitelish flesh.

IllenrLnt (  1 1 / r  4 / 6  E  ) (11/14 / t8)
Ctddisil'' lar\l.re

(  1 1 / 1 6 / ? 0  ) ( 1 1 / 1 , 6  / 7 0 )

C o
(--I

Cs
Cu
EU
Fe
Hi

K
La
n'In

Rb
sb
Sc

Sn

a.b
U
Zn

0 . 5  0
2 . 5
0 . 0  J
5 . 6
0 - 0 2
0.,10
0 _ 3 5
2.6

1 3 . 0

< 0 .  t
1 1 9  0

2 . 8
2240

3 . 5
0 . 2  4
0 . 0 0 2
0 . 2

0 _ 9 3

17,1 '
9 . 1 1

2 2 . 8
2.11

1 9 2  0 0

0 . 5 6
1 0 ? 0  0

8 0 0  0
6  9 . 0
0 . 7 9
5.9I i
1 . 7 7

1 3 1 0

0 . 0 3 9
0 . 0 0 3 4

< 0 . 0 1 6
1 2 . 0

0 . E ?
1 _ !
Q . 2 2

0 . 0 5 6
2 0 0 0

1 2 6  0 0
1 . 6

3  9 0 0
1 E . 0

0.11
0 . 5 0
7 . 2

< 1 2 . 0
0 . 0 6  8
0 . 0 6 6

2 6 0

< 0 . 0  0 1 5
<0.82
< 0 . 0  0 5 ?

9 . 8  5
0.022

<0.11
0 . 0 8

1 7 . 0

0 _ 4 0 5
2 1 0 0  0

1 6 5 0
1 7 . 0

0 . 0 0 4
0 . 0 0  0 3
1 . 2 6

13_0
0 . 7
8 . 0

Comparison of these data with other sflrdies is at best teouous because of the
varying analytical techniques, environmental condidotrs, sample handling, food, species,
and so forth. The following discussion atempts to place the present data into some
PefsPectlve.

Table 3 presents data on elemental composition of caddisfly larvae and a fish, the
red-sided shiner (Richadtoniu babeatat), from the studies of Davis et at. (7958) io
the Columbia River and this study. Values for Cr, Fe, and perhaps Co are similar for
caddisfly larvae; however, our value Iot Zo is at leasr *o oid.r, of magnitude higher.
Similar values for Cr and higher concentrations of Fe and Zn occur in the whitefish.

Mathis and Cummings (1973) reported aoalytical values for various elements in
the flesh of five carnivorous fish species and five omnivorous fish species from the
Illinois River near Peoria, Illinois. Afthough no whitefish were collected, rhe mean
values for each of the rwo groups are compared with our data in Table 4 for three
elemeots measured in common (see Mathis and Cummings I\97 3] for individual
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species data). Zinc values are similar, but concentrations of Cr ald Co are an order
of magnitude less io Columbia River whitefish. The Illinois River receives consider-
ably more domestic and industrial wastes thao does the Columbia as reflecred irr the
water concenffadons shown in Table 4. Although this fact may paxrially explaio rhe
higher Cr and Co values in the Illinois River, it does oor explain the similar Zn
values. Since none of the data reported by Mathis and Cummings (1971) vrere from
whitefish, the varyiog physiological demands among the species undoubtedly influences
the levels found.

Table 5 presents comparative data for liver coocentrations of two species of lentic
whitefish (data averaged) from Lakes Michigan and Superior ( Lucas et al., 1970)
and this study. Comparison shows values to be similar for Co and Zn, but consider-
ably higher for As, Br, and Cd in Columbia Rivet whitefish. No informatioo is given
for levels of these elemetrrs in the food of the Great Lakes fishes.

Comparison of ffophic lwel changes is complex aad certainly oot straighrforv/ard
(Enk and Mathis, 1977). The majority of elements measured in phyroplan}too, cad-
disfly larvae, and whitefish flesh from the Columbia River decreased in concentradoo
in this food chain. Conversion of data given by Mathis and Cummings (1973 ) to dry
weights rweals that Cu, Ni, Pb, Cr, and Zn coocentrations increased from sediments

TABLE 3. Elementai concentra.iions in Columbia River iish and cadalisily larv:re (ppm dly weishi)-

Caddislly larvae'
Davis et al.

E lement  (1958)  Th is  s tudy

Fish

(1958) This study.

C r
Co
Fe
Zn

0 . 2 2
0 . 1 0
5 . 0 2

0_12
0 . 1 0
3_49

C r
Co
ZA

Co

B I
cd
zn

2.0.1
< 0 . 5 2

1534
< 5 . 1 1

1 , E
0 . 8 7

2 0 0 0
2 6 0

0 . 2 0
< 0 . 5 2

2.04
< 5 . 1 1

Q.152
0 . 0 3 ?

23.0

LRichardsonius balteatus (\'!'hole lish minus sut conlents)
,Prosopium $illiamsoni (llesh)

T-4BI-II 4. Elemental concenlrauons in Columbia River and Illinois River waier (ppm) anal tish
(ppm wet \vi_).

Illinois River
I.ish

Water Carnivorous Omnivorous

0 . 0 0 0 4
0.00002
0.008

0 . 0 3
0.01
4 . 2 0

0.021
0.003
0.031

TABLD 5. Dlemental concenirations in *'hitefish livers (iret .q/eieht)-

Columbi, River

{Prosorirm 1rillirmsoni)

LaI<e Michigan Lake Superior
(C. cluleaiornls +

((loregonus (lupcdormis) P. cylindrac€aum

59 DDb
500 Dr rb

2 .3  ppm

3ll pDm

21 pDb

0.00 ppm

4? ppb
6 ppb
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to oligochaetes afld that Li, Co, and Cd were essentially unchanged. All elements de-
creased in co[cenffation in carnivorous fish flesh, although specific food items are not
mentiooed. Rabe and Bauer (1977 ) found that tface metals generally decreased io
concenffation ftom sediments to chironomid larvae to yellow pefch flesh. Namminga
and Ntrilhm (1977) found that concenffatioos of Cu and Zn increased and Cr aod
Pb decreased from sediments to chironomid larvae which also ingest sediments. Dean
(1974), conversely, found that tubificid vrorms did not accumulate 652n, 51Cr, saMn,
46Sc, 137 Cs, or 5sFe from sediments, but did accumulate 51Cr, 60Co, and 65Zn from water
containing dissolved radionuclides. Sediments have been shown to act as "sinks" fof
maoy cootaminants including tace metals (Enk and Mathis, 1977; Mathis and Kevern,
1975; Mathis er al., I977t Cushing, unpublished) and radionuclides (Brungs, 1967;
Robertson et al.. 7973).

Elwood el al. (1976) studied the relationship between the gut contents (detritus)
and body burdens of tmce elements in crane fly larvae. Their data allow comparison of
elemenal concentrations between (1) crane fly larvae with and without gut contents,
and (2 ) larvae with gut contents and detritus, and ( 3 ) larvae without gut cootents and
detritus. Differences occur in increases o! decreases il concentration of oertain elements,
but the second case is analogous ro the phytoplaokton-caddisfly larvae analyses in rhis
study. Comparison of their data with that of this study shows that roughly twenty-two
elemeots inoeased in concentration, swen decreased, and one was essenrially unchanged
in the crane fly latvae. In caddisfly larvag one element increased, nine decreased afld
four wete unchanged. Elwood er al. (1976) further calculate a trophic-transfer factor
(TTF) which is a ratio indicating whether there is food chain effichmenr from
detritus to crane fly larvae without gut contents. A preponderance of elements had
TTFs less than uoity, indicating a decrease berween trophic levels. Recalculation of
these data, usiog crane fly larvae with gur conrents, reveals that three times as many

concenfaiion in orEanism
TABT,D r i .  B iomaan i r i ,  a r inn  to "oa  

i ;n i . l l , r kd  h - - f f i  
,d rJ  serFh , .

TIPular

Element 
-D€tritus

Sedincni
--$irnfini. Craldisily

-rIillottuttrm

. 7

. 1
_ 1
, 1
. 1

7 , 2

5
. 3
. l
. 1
. 7
. 2

2 .0b

Br
C o
C r
C s

K
Mn
Na
Rb
sb
Sc

Zt\

3 . 3
1 . 3

, 4
1.7
\ . 7
1 . 8
1 . 3

3 4 4

' u
2 , 7
2 . 9 1 . 7 r  3 . 6 d ,  . 1 .

rcalculaieal trom Elwood el al. (l!?6) usins Tiputr s!D. wiih gu1 conients-
',Calculated from X{aihis and Cumhings (19?:l) rller conlefling oligocn:reie dala 10 d.y weiehl usins

a  iac io r  o i  3 .32?! .
,same as  (b )  above i ron  Maih js  c l  a l .  (19??) .

dFrom Namminea and wilhm (19??).

eFrom Rabe and Bauer  (19??) .

I
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elements sho\\, higher concentrations in the craoe fly larvae than in the detritus. This
point further emphasizes the contribution which gut cofltents make to total e]ement

tansfer in food webs. Comparison of absolute values revealed lhat elemental coocen-
ffarions in the crane fly larvae and caddisfly larvae wete remarkably similar on a dry
weight basis, and that concentrations in phytoplankton were considerably higher than
in the detritus. This finding partially explaios the larger number of elements decreasing
io the phytoplankton-caddisfly Iatvae link.

Table 6 gives selected biomagnification factors for elements for which comparable
data are available. The most obvious difference is in the predominance of values )1,
indicating biomagnification, in the data from Elvrood e, al. (1976) as compared to
nearly all values of < 1 in rhe data from the Columbia River. Potassium is the only
element for which data are available from mote than ooe study that e{hibits ahe same
response, a value )1. Chromium decreased and Zn iocreased at thfee of the four sites.

These data emphasize the complexity of food web relationships and indicate that
extrapolation of data among organisms and sites should be made vrith caution. In
Table 6, for instance, we are comparing biomagnification factors for iovertebrates
from their respective food bases, but it includes at least {our different organisms and
thee distinctly different foods. Comparisons such as these, howevet, may be useful in
identifyiog geoeral trends in the dynamics of nutrient cycling.
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