Ecological
Magnification

A commonplace observation in monitor-
ing persistent chlorinated hydrocarbons
is that residue concentrations are much
higher in predatory animals than in other
organisms or in the general environment.
Usually residuc levels are higher in her-
bivorous animals than in plants, higher in
carnivorous animals than in herbivores,
highest of all in carnivores that feed on
carnivores. The spectacularly high con-
centrations of DOE and PCBs are thus
found found in fish-eating birds (such as
ospreys and pelicans), bird-eating birds
(such as falcons) and fish-eating mammals
(such as seals and porpoises).

Scientists commonly account for these
frequencies by describing persistent chem-
icals as “ecologically magnified” or “ac-
cumulated in food chains.” With the pro-
viso that most animals feed on more than
one type of prey — so that we should
speak rather of “food webs” than “food

ains” — this serves as a fairly good em-
pirical gencralization. However, the sim-

word “accumulation” presents a mis-
eading impression of the underlying
mechanisms' simplicity: Detailed studies
show that the phenomenon is quite com-
plex and biologically interesting,

Many features of ecological m:gni-
fication can be duplicated and studied
under controlled conditions in the lab-
oratory. In one simple aquarium exper-
iment, algae accumulated dieldrin to
levels 1,300 times higher than that in the
ambient water, water-fless to levels 11
umes those in the algae; and guppies to
levels 3.5 times those in the water-fleas.
More sophisticated “model "
incorpurating both terrestial and nqu:tic

water and fat-containing organisms: The
less soluble the chemicals are in water, the
more strongly they are taken up into
plants and animals.

A simple partitioning theory does not
work quantitatively, however. Partition
coefficients for DDT and DDE between fat
and water are of the order of 10° to 10%
yet in controlled experiments bio-accumu-
lation factors (racios of chemical levels in
organisms to levels in ambient water)
rarely exceed 10%. Thus the degree of ac-
cumulation must be limited by biological
rather than physico-chemical processes.

The Equilibrium Theory

When organisms are exposed to constant

levels of chlorinated hydrocarbons (cither

in their food or, in the case of aquatic or-

ganisms, in their water environment), the
of the chemi rise
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rapidly at firse and then level off to reach a
quasi-equilibrium. At this point the rate of

ly high leveis of chiorinated
hydrocarbons hava been found In
L(uh-uling biras such as this brown pelican.

chemical intake is more or less bal

by the rates of
breakdown. The slower che rate of excre-

tion, the longer the time requi
equilibrium and the higher the concentra-
tion in the tissues. As it happens, experi-
ments show a good general correlation be-
tween the size of the organism and the
time required to reach equilibrium. In ex-
periments with DDT and PcCBs, for exam-
ple, approximate equilibrium is reached in
a matter of hours in algae, days in crusta-
ceans, weeks or months in fish, months in
birds and small mammals, and several
years in humans. Thus larger animals gen-

d ging snimals are particularly
and of boli 8a their ciet is more likely
Include prey which has died of been
d to reach by fothe

chemicals both in their food and directiy
from the water in which they live; they
have to process so much water in order 11
obtain oxygen that the water is usuaily ti
primary route of exposure to toxic cheni-
cals. The mechanisms are so different thes
are often given different names: For an
aquatic animal, the uptake of a chemical
from ambient water is termed “bio-

erally have more difficulty
chemicals than do smaller organisms — a
3iff. ' bly has .

plans and animals, have been desi ar
the University of lllinois. In these systems
the highest concentrations were consist-

hat p y
do with their lower metabolic rates and
surface-to-volume ratios. Since predacors

emly observed in fish (pred; ) and

are ge ily larger than their prey, this
\olic diffe

smails (scavengers). A number of diffe
chemicals have now been tested under
identical conditions in these sy The
measurcd degeee of ecological magni-
fication s very closcly correlated with
and inversely proportional 1o the water-
solubility of the chemical. Thus the prin-
cipal force behind the phenomenon of
ecological magnification appears to be the
partitioning of the chemicals b
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gocs far to explain
the phenomenon of ecological magnifica-
tion.

So far, we have expressed in the term
“ccological magnification" two rather dif-
ferent phenomena. Terrestial animals (in-
cluding man) ingest these chemicals
primarily in their food — or sometimes by
inhalation. However, aquatic animals
such as fish and crustaceans ingest the

g these "y for an ing ani-
mal, uptake of a chemical from food
810 called *'bio-magnification.' *‘Bia-ac

cumulation factors™ for persistent chlo-
rinaced hydracarbons are typically in the
range of 10% 10 10% in laboratory cond-
tions, but “bio-magnification factors’ re
much more modest — typically around
ten for DDT and PcBs and around one fo
more water-soluble chemicals such .
dieldrin and lindane.

In addition ta the quasi-equilibrium cs.
tablished between an organism and its x-
ternal environment, there often appears w
be an equilibriuin distribution of he
chemical within the organism, If the ox
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posed animals are killed and dissected, the
chemical is often found distributed among
organs in & more or less constant and pre-
dictable fashion. According to the most
plausible model, the chemical is absorbed
into the animal and circulated through the
body in the blood, reaching an indepen-
dent equilibrium across the membranes
which separate the blood from each organ
in the body. Studies of the distribution of
dieldrin in man, for example, show that it
is partitioned between the blood, brain,
liver, and fat in the ratios 1:4:23:136 re-
spectively. poe and pces are ssill more
strongly partitioned into fat. The more fat
an animal contains, therefore, the higher
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will be its average body and
the higher the ecological magnification
atio calcutated on a wﬂok-body basis. As
» general rule, predatory animals tend o
be farter than their prey, s this fact alone

it 10 the of ecolog-
ical magnification.

Non-Equilibrium in the Real World

Like most simple theories based on a few
highly-controlled experiments, the
equilibrium theory does not work too well
in the real world, In the first place, no wild
animal is ever exposed to constant levels
of a chemical: Envi | residues are
highly variable in space and time, so that
it is unlikely that the ideal equilibrium is
ever reached — except in an abstract
statistical sense. For large animals, the
time required 1o reach quasi-equilibrium
is longer than annual cycles of physiologi-
cal condition. Under recurcent stresses of
food shortage, reproduction, etc, many
wild animals deplete their fat stores peri-
odicatly, releasing fat-soluble chemical

to circulate through the body at high con-
centrations.

Worse still, there is mounting evidence
that the equilibrium theory may rest on an
unsound empirical base, Several experi-
mental scudies on various animal species
exposed to dieldrin have shown that tissue

ions reach a quasi-equilibrium
afer about one year of exposure but then
start to rise sharply again after two years.
Since most research projects are funded
for only about two years, we know little
Continued on p. 68

SENIOR RESEARCH
ENGINEERS

We are the world's ieading manutacturer of instruments and systems
used in Process Management and Control. Qur products are used by
over 7000 customers, in every major market of industrial importance.
Two key assignments now exist at our modem headquariers in
suburban Boston for advanced degreed EE's and ME’s with at
leas! seven years research angineering experience, including two
years or more of technical leadership in Research, Design or
Development work.

Qualified candidates will have demonstated high qualities ot design
conception, innovation and leadership in carrying oul applied
science research investigations. These investigations will pertain
to industrial measurement techniques involving both theoretical
procedures and practical design considerations, from basic
concept through practical hardware demonsiration and the inter-
action with systems.

You may apply by resume or datailad letter to Mr. Henry Sypher,
Professional Statfing, The Foxboro Company, Dept. TR-23,

38 Naponset Avenue, Foxboro, Mass. 02035. Foxboro is an
equal opportunity employer.

FOXBORO
AEE—

MONS 082075

Technology Review, March/Apnl, 1975 7




Wt et -y
he comuideration in seving 8 bucket
..(..T{m are issues of (ood: provision,

fanewing, woring, s prepan
g of waer mansgements cvon,

smind, and punbiatvn; of wane man-
Sprmeen; JeOTEBLTR W AT, Ferirmmg it 1o
o wul, and wsng at b emaagys of transe
Pt of somaimnanar of educa-
e, o people

One bupes ¢ RS hay feamed a ot
alue energy auia i aten by prepanng
this ok and @ the dotee will consider
bushdings i the broades conrext of en-
sivonmental planiing, takimg into account
not only envrgy saviogs but all other
furnn of lifessupport systems as well. Ar-
vhi a dying p ion, must ex-
pand ity horizons from a wholly

B o end,

to
8¢

one dedicated to providing pevple with
meaningful environments that fully en-
hance the experience of living and that
allow us to discover who we are in the
comtext of the total world and the natural
environment.

The author, who halds three degrees from
M.LT. (B.Arch. and $.B. in Aero. and
Astra. ‘70, and M.Arch. *73), is Principal
in the firm of Total Environmental Ac-
tiom, building design, planning, and con-
sulting, of Harrisville, N.H.

Letters

Continued from p. 8

Should This Trip Be Up, Not In?
It scems to me that our cities need to go
up, not out, in order to save commuting
(ser Is This Trip Really Necessary?” De-
cember, 1974, p. 64). A cluster city might
have, say, cight skyscrapers possibly ar-
ranged around a park one-quarter mile in
diameter. Each would have a purpose:
offices, apartments, schools, recreation,
medicsl, shopping, light fabrication, and
car rentals. Surrounding the cluster would
be temnis courts, soccer fields, garden
plots, etc., for at least five miles. While
currently people may prefer to “live away
from work,” they currently “live away
from play” wo. As car prices, gasoline
prices, parking costs, and travel times in-
crease, the idea of riding an elevator to
work or to a tennis court gets more and
morc appealing. For vacation or trips to
the next cluster city, one could rent a car.
This concept has becn siarted in
Washington, D.C., where apartments are
now being built next to offices. Adding
the huildings for other purposes could
come son — and would require, | might
add, a lot more thought on balance than |
have given it. And somc thought on how
to usc two extra hours a day, too.
Alan Pope
Albuguerque, N.M.
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Butchering Mudicine

As 2 Doctor ot Mcdicine and Surgery, |
deeply resent th. headline “Science Comes
0 Medicine - Slowly™ by Mr. Victor
Cohn (Decomber, 1979, pp. 8-9). These is
much more 10 the “science of medicine”
than the randomized double-blind con-
trofled study that Mr. Cohn holds as his
paragon of knowledge and truth, Dis-
missing all who came before Mayo as
bumbling butchers crazed by the thrill of
the knife does a disservice to a profession
that since ancient times has led the at-
tempr at finding scientific explanations for
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of chlorinated hydrocarbons. Sclective
exposure is a particular hazard ta
scavenging amimals — those which ¢t
dead or moribund prey — who are thus
danger of selecting poisoned individuals
We urgently need more critical study «f
these processes. However, it is becommy
clear that ecological magnification
toxic chemicals is a phenomenon ults-
mately lled by ecological variah}
and not by the physiological ar physivo
chemical factors usually studied in the
laborarory.

natural happenings and whose literature  lan C. T. Nisbet, who writes regularly jor
is probably the most i ever re-  Technology Review, 1s Associate Directon
corded.  Journalism’s  “‘scientific  of the Scientific Staff of Massachuscris
accomplishments™ should onfy hopeto be  Audubon Society; he is a graduate of
as great. Cambridge University, England, i
Joseph F. Adolph, M.D. physics (Ph.D. 1958).

Washington, D.C.

The headline is the editors’ — not Mr.
Cobn’s — responsibility. — Ed.

Nisbet

Continued trom p. 7

about this phenomenon. However, in man
— aithough tissue levels of DDT appear 1o
have reached equilibrium some time ago

Purcell

Continued from p. 12

and N, Richard Werthamer, solid-starc

physicist from Bell Laboratories, were

sponsored by A.P.S.; and Ranal Larson,

Associate Professor of Electrical Engincer-

i?l at Georgia Tech, joined as an LE.E.E.
ow.

By the time these fellows arnved m
Washi g Iy

— those of POk rise ly with age
~— an observation hard to reconcile with
the equilibrium theary.

Worst of all, laboratory studies now
seem to underestimate grossly the poten-
tial for ecological magnification in the
naturai envi In Lake Michig:

gion in Ser . Dr. Hyman,
the AS.M.E. felow who had been with
the Senate Commerce Commitcee staff
since early spring, had clearly demon.
strated that a technical person on a fel-
lowship basis could make significant con-
it to Congressional staff work

for ple, the average ons

of poT and dieldrin in the lake water are

in the cange of 1 to 3 pans per trillion.

Typical concensrations in fish are in the

range of 0.2 and 10 parts per million,
: logical P
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tors of roughly 3 % 10% and 10%, respec-

and win the respeet and admiration of his
peers. Dr. Hyman had become an energy
conservarion cxpert for the staff, the or-
gamizer of an important energy conserva-
tion hearing held before the Committec
several months before the “energy crisis.”

The tension that preceded the arrival of

tively. Yet under experimenial
ecological magnification factors for these
chemicals in fish rarcly, if ever, exceed 10*
and 5 x 10, respectively. Evidently some
ph icads to magnification 20 to
30 rimes greater in the wild than in rthe

the new C | fellows gave way
during their rwo-week orientation to a
free exchange that revealed a lot about the
curiosity, misconceptions, and mucual in-
terests of the new fellows and the “old
pols.” One Congressman's administeative

inded the fellows shat rheir

laboratory. Many similsr ples could
be cited involving uncxpectedly high con-
centrations in wild fish, birds, and mam-
mals.

One factor contributing to these
anomalies is that the chemicals are
distributed patchily in the environment
and tend to be concentrated in biologi-
cally productive areas (e.g., sewage
effluents or natural surface slicks). Pred-
atory animals tend to concencrate theis
activities in such areas, and they thus
selectively cxpose themselves to high
levels of pollurants. Probably a more im-
portant factor is selcctive predation: It is
well known that predatars selectively take
prey whose bchavior is abnormal, and
several studies have shawn that they tend
to select prey with above-average residues

presence probably meant a tripling or
quadrupling of the total technical staff
capability of Congress. A veteran staff
member warned them, “As oursiders,
don’t expect to accomplish much. You'll
prabably spend mosi of your time ad-
dressing envelopes and answering con-
sticuent mail.” A Senator beamed and
said, “We need you. You're welcome with
open arms.”

The fellows, having a snappy rwo-week
cram course in the nstitution they were
abour 10 serve, lcamed thar privacy docs
nos exist if you work in Congress and that
the quiet office or laborarory from which
they had come would only be something
10 drcam about over the next several
months,
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