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ject. The physician suddenly moved to
another city, leaving his books, and
Antheil froze onto them and eventually
became something of an authority. La-
ter he went to France and solidified his
theoretical knowledge by working with
the Paris police, thus winning the hon-
orary life membership. The Esquire
articles led logically to a column called
“Boy Advises Girl,” which is syndicated
to some thirty papers.
This isn’t all Antheil
does, by any means, but
it’s enough to give an
idea.

Immoderate

TS late in the game
for anecdotes about
salutes, but maybe you’d
like just one more, on
the house. This one is
about a Wac who was
celebrating her promo- -
tion to a captaincy by entertaining her
mother in New York. When they ven-
tured out on a shopping tour the first
morning, the daughter was saluted four
times within three blocks. After the
last salute, the mother said indulgently,
“That’s enough, now. I see how you
do it, and you don’t want to make your-
self conspicuous.,”

DDT

N amateur naturalist we know, who

is currantly skipper »f a landing
barge in the South Pacifig, wroce us 2
letter 2 few weeks ago describing the
effect of DD'T, the:deadly ardlitary in-
secticide sprayed from a1rplancs before
invasions. . “Is kills evéry mspc’t, he in~
formed-us. “The Lord ¥rows what’s
going to happen if they start using it
promiscuously in the States.” Nobody
is using the stuff promiscuously at the
moment, but a few weeks ago the
W.P.B. announced that it was plan-
ning to release small quantities of DDT
for experimental use by civilians. Just
in case you're thinking of doing a job on
your plant lice or Japanese beetles with
DDT, we’ve dug up some information
on the subject that you’d do well to
mull over. In'the first place, DDT gets
its name from its chemical composition,
formally described as “2,2 Bis (P-
Chlorophenyl) 1,1,1 Trichlorethane,”
which is, more familiarly, dichloro-
diphenyl-trichlorethane. It was devel-
oped in Switzerland by researchers of
a dye-manufacturing outﬁt, which djs-
covered later on that its Aew insecti-

Jcide-was the same,as a dye formula put
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together by a German scientist seventy
years before. It was first used commer-
cially by the Swiss in 1939 to combat
the Colorado potato beetle. Presently
the Swiss noted that it played hell with
lice and used it to delouse refugees
when they streamed across the French
border. It is so persistent in its effect
that it remains lethal to insects for
months after an application, and since
it won’t dissolve in wa-~
ter it has to be removed
with alcohol, oil, or
other organic solvents.
The Navy spraysit over
South Pacific atolls to
destroy mosquitoes and
flies that might intro-
duce malaria and typhus
among the troops after
they have landed. The
Public Health Service
has just issued a bulletin
revealing that DDT in
fairly large quantities
has a toxic effect upon rabbits. Nobody
knows exactly how much it takes to
harm human beings. Unlike most insec~
ticides, it works by both contact and in-
gestion; whether an insect merely crawls
over aleaf sprayed with DDT or nibbles
on the edge of it, he’s 2 dead duck. All of
which sounds fine, However, Edwin
Teale, former president of the New

" York Entomological Society, who has

been making DDT his major work for
several years, doesn’t sound fine.

. “A spray as indiscriminate as DDT,”
Mr, Teale told us, ““can upset the econ-
omy of nature as much as a revolution
upséts social economy. Ninety per cent
of all insects are good, and if they are
killed, things go out of kilter right away.
Just suppose that DDT is sprayed from
airplanes over huge acreages. Your
bumblebees will be eliminated. Once
they’re gone it means the end of your
red clover, which they fertllize. Darwin
once said that you could tell the num-
ber of old maids in a village by the size
of the clover fields in its environs. He
figured that old maids have cats, cats
kill mice, mice destroy bumblebees. So
fat fields of red clover mean lots of
old maids. Now, suppose they introduce
DDT in the South to kill the pink boll-
worm. Suddenly they’re going to have

‘a tremendous cotton crop. Prices will
-promptly go down, foreclosures will be

made, and there’ll be more Tobacco
Roads than ever before. I remember
early in ‘the thirties when an attempt
was made to wipe out the gypsy moth,
The spray unfortunately also killed the
monarch, or milkweed butterfly, which
lays.its eggs in the milkweed and thus
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for kapok, then of course the monarg

must be destroyed.” ¢
Slightly confused, we said goodbye o

M. Teale and headed up to the Audu.%;

bon Society to supplement our informa

3

are,” said Mr. Pough,
alarmed over the possibilities of DDT 3
It might conceivably eliminate all in.
sect-eating birds as well as shrewss
moles, bats, and skunks. The insect eat- f rgea.
ers make up one-half the base that supeh bt "y
ports the whole natural economy. Youl
may remember when they experiment
ed with an arsenic spray not nearly
lethal as DDT at the Jockey Holloy
National Monument at” Morristown
They went over the acreage afterwar
and found no dead birds, but they didn’
find many live birds either. They hat*oi over
moved out, to find insects. A spray lik} 453 des
DDT makes people think of a continent} "k kp, sq
arranged like a manicured garden, bug . ebull;:m P
you can’t kick nature around that waj.
If DDT should ever be used widely
and without care, we would have
country without fresh-water fish, ser
pents, frogs, and most of the birds w &,grm a
have now. Mind you, we don’t ob_|e 3 ,électnca]
to its use to save lives now. What we'g} 1
afraid of is what might happen w.
peace comes.’

O.K. It’s up to the gardeners.

3:ot of
'g:lcctnﬁc
£, aput o
Lofitainis

Gredential “pology i
2| Jater apy
EATINGthegunonthe W.M.CY Jrector ¢

unfreezing of manpower, we mad] five year:
V-E Day confetti out of all but onet} I

the ma1d-shortage anecdotes we had on ‘
hand. This is the one we saved out, al "
we will never again print another;
lady who had had a very sansfactorw
terview with 2 colored cook nam
Celia concluded with a mention
references. “References?” said C
“Yes'm.” She thereupon rolled up

forearm

F lexi&lé

FERDINAND Carr Auvcusr FR
ERICK KRAMER is the archit
the week, by reason of the news«
the Brmsh Norweglan, and Ruﬁs :
governments are all interested in 2 p{
uct of his which is not stnctly archi
tural at all; briefly, it is lows
knocked- down furniture which
seventy-five per cent in shipping i
and can be agsembled by the hougeh
ers themselves.
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Assessing chemical hazards

Evaluation of hazards requires an interdisciplinary approach

By Eugene E. Kenaga

For a long time toxicologists have told
us that all chernicals are toxic to or-
ganisms at some concentration if expo-
sure lasts long enough. We all know
that common things encountered in our
daily lives illustrate this principle: wa-
ter, oxygen, carbon dioxide, cigarette
smoke, alcohol, aspirin, coffee, vita-
mins. But think of this:

¢ Why does it take so long for scien-
tists to convey the reasons a given
chemical may or may not be toxic to
a given organism?

Why does it sound so complicated?
Why do the public and the media
come away from nearly any short
meeting that gives explanations of
scientific problems with more ques-
tions, fears, and doubts than they
had when they were in ignorance of
the problem?

The simple solution for those not in-
volved financially in the cause of the
problem is to get rid of the source of the
problem. Many items that cause prob-
Jems, such as automobiles, pesticides,
plastics, aspirin, alcohol, and tobacco,
are difficult to remove from public use
because of the desire for the products,
economic factors related to business,
and tolerance by a public familiar with
the desirable uses of such products.
Many one-sided arguments by experts
either for or against their use are heard
by the public concerning the benefits or
risks of these products.

How does one choose the right side?
The answer is rarely clearcut. The
benefits to some people may or may not
outweigh the cisks to others. Obviously,
most people carnot take time to be ex-
perts on every risk-benefit problem.

‘Whom ¢an they trust? We often hear
neophyte activists saying, “We just
don't know anything about the toxicity
of [the scare chemical of the week).”
They intimate, with this statement, that
the information they need does not ex-
ist, that it is inaccessible to them, or
that someone must be criminally negli-
gent—regardless of whether or not they
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have taken the time to learn the facts.
The solutions to these communication
problems are not casy.

Hazard assessment involves compar-
isons of the magnitude and duration of
chemical concentrations in various seg-

Eugene E. Kenaga

T 3 = TF
LAt the $pring feeting of the Amerk-
dan Chemical-Soclety in April 1986
In New York, Eugens £, Kenaga ro-
.coived theACS Award for Creative
* Advances in EnVifonmiental Science
“and Technology In his lectdre at 2,
sympasium on risksessessment and
|, fisk manaBement of, chemicals he
reviowed- some Of the Important
avents leading up to~current tech-
niques for evaluating hazardous,,
chemjcals. Kenaga led.the way in A
developing methods énd protocols
for predictive testing, for evaluating
tondicity 1o awildiife and-aquatic orga~+
“nisms, and for monitoring the envi-+
“ronmentalifate of chemicals. He has
~contributed éxtensively to the evalu- 1
ation of environmental proparties
and hazards of chemieals.

* Kenaga works as'a consultant in |
Midland, Mich. He started hls career’
in 1940 at,Dow, &nd,in 1986 he be-
came Dow’s first full-time ecolpgist,
In 1979 he_was promoted to re-
séarch scleritist, Dow's highest level
of professional recognition. He' leff
Ah& company in 1882 to become a
part-time consultent for industry and

~government agentles.

¥y

ments of the environment—which
result from the manufacture, transpor-
tation, use, and disposal of a com-
pound-—with concentrations in food,
water, air, and soil at levels that are
toxic to the environment.

Some understanding of the extent of
the effort put into hazard evaluation can
be had by looking at the nnmber and
variety of tests that EPA reguires of
chemical companies that want to regis-
ter and use pesticides and other chemi-
cal products. These tests can cost mil-
lions of dollars because they require a
broad range of information on rhanu-
facturing, chemistry, and toxicology.
The test results are supplemented spe-
cifically or generally by the work of
many university research laboratories,
private consultants, and a host of gov-
ernment agencies.

Congress hag passed many laws that
protect wildlife by regnlating the distri-
bution of chemicals from manufacture
to disposal. There are at least five laws
related to manufacture, three related 10
transportation, ten related to disposal,
and four related to use. There are Jaws
that protect humans in the work place
and those that protect food and watet
These necessarily spawn many regola-
tions, which require devclopment of
tests 1o satisfy the intent of the laws.

The results of scientific tests ar
made public in federal agency reports,
university reports, and journals and &

meetings of professional societies of the
many disciplines of science involved it
environmental study.

Scope of the approach

This information indicates the depth
and breadth of sources of environmeD”
tal information. The need for summé-
rizing such information becomes obvt
ous and requires an interdisciplinary
approach to hazard evaluation. A S
cial breed of scientist is needed for the
overall integration of these data. HeZ

ard evaluation requires the combioed _¥.

use of loxicologayl;d r:;rcomlogy. geol
0gy, 2eo; y emistry.
g’yl”ogpcrgf:p;{-ncaningﬁu toxicity tes®
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 the maximum that can

" and biota from the uses,

. chemical are uniform or

on wild animal and
plant nontarget organ-
isms, scientists must
know the range of con-
centrations, particularly

occur in soil, water, air,

distribotion, and fate of
the chemical &s it is in
the environment.

1t is also necessary to
know whether concen-
trations of the test

fluctuating; short-term
or long-lasting; occur-
ring during the critical,
seasitive stages of the
organisms® life cycles;
occurring by means of
vapor, water, food, or
cuticular contact routes; and whether
they affect individuals, species, popula-
tions, food, or ecosystems of the organ-
isms. Toxicity test methods and results

¥ must reflect the realities of these varia-
* bles. The question herc is how well

these problems are addressed.
Knowledge of the natural history of
organisms is a necessary prerequisite
for those who study the effects of
chemicals on a given species or ecosys-
tem. We need to know about the life
cycles of organisms, desirable or nec-
essary environmental conditions, food
requirements, growth, reproduction,
and other ecological relationships be-
fore we can determine the difference
man-made chemically induced
effects on the population and those that
follow natural ecological successions.
Because 1 is impossible 10 test all spe-
€ies or ecosystems for even one chemi-
<al, selection of surrogate species that
are representative of various phyla,
clesses, orders, or families of related
Species is necessary for conducting tox-
leological or chemical tests.
Considering the number of chemical
Compounds that need quick envirom-
mental evaluation, the costs involved,
and the shortage of toxicity testing fa-
cllities, we see that the important ques-
tion s *“What is the best and minimum
Mumber of indicator toxicity test meth-
ods and species for range-finding toxic-
¥ 10 a broad spectrum of organisms
Vertebrate and invertebrate, terrestrial
nd aquatic)?”
o4 species could be selected for
rosTing, but certain organisms are
. Ore suitable representatives than oth-
cﬁ- Data on acute toxicity to 75 insecti-
mh“;‘ and herbicides were collected and
larg ted for eight species (rat, mal-
i-_bobwh:te, rainbow trout, saltwa-
bee)‘-‘h- Daphnia, shrimp, and honey-
commonly used for evaluation of

=~ Cnvh
- “™ironmental hazards of chemicals.

s Joby 1956

Lo FARE 45

. Correlation coefficients and regres-
sion equations for cach species were®
developed to determine the most selec-
tive and sensitive indicator species for a
wide spectrum of species. This correla-
tion provides a basis to test methods for
screening the toxicity of thousands of
industrial chemicals. Rats, one species
of fish, and Daphnia were found to be
the best indicators of acute toxicity to a
wide range of chemicals.

Amount makes a difference

Toxicity values given in terms of
concentration or dosage can be confus-
ing. However, the difference between
the two terms should be undersicod.
Dosage is the amount of chemical ap-
plied directly to an organism, The LDy,
is the dosage of a chemical that will
cause 50% of a given test spacies of
organism to die. A concentration ap-
plied to 2 given medium, such as water,
soil, or food, results in uptake of a cer-
tain amount by an organism. The LCsg
is the concentration in the medium that
results in 50% mortality of a given spe-
cies of test organism. Toxicity values
are commonly expressed in terms of
milligrams of chemical per kilogram of
body weight of the organism tested. To
arrive at this toxicity value, LD values
need no conversion. LC values, how-
ever, must be converted by such values
as the bioconcentration factor (BCF) or
dietary uf-xtakc raie to calculate milli-
grams of toxicant per kilo; s of
body weight. B

The relationship of the acute LCsp of
chemicals to the chronic toxicity no-ef-
fect concentration (NOEC) for aquatic
animals can be expressed as the acute-
chronic toxicity ratio (ACR). Calcula-
tion of the predictability of chronic tox-
icity from acute toxicity of chemicals in
fish and aquatic invertebrates is based
on 125 ACRs available for 84 chemi-
cals using nine species of fish and

two species of aquatic
invertebrates,
Eighty-six percent of
the LCsy acute toxicity
data were less than two
orders of magaitude
greater than the NOEC
when the same chemi-
cals and species were
compared. The lowest
ACR was 1, and the
highest was 18,000.
Distribution by size of
the ratios for all chemi-
cals shows that 31% are
under 5, 43% are under
10, 66% are under 25,
87% are under 100, and
90% are under 125.
Among the industrial
organic chemicals, ex-
cluding pesticides and
metals, the average of the ratios for
four species of orgamisms was 12.
Ninety-three percent of these ratios
were 25 or below. -
From these data on the use of an as-
sumed ACR, such as 25, a simple equa-
tion allows the prediction of NOEC in
water for chronic toxicity of most
chemicals from the known concentra-

tion causing acute toxicity:
_ LGy
ACR =Roec™ "
_ LGy
NOEC = ACR

Chemicals with large ACRs cannot
be correlated with any one of the fol-
lowing factors: general commercial
use, broadly related classes of chemical
structures, invertebrate aquatic species
sensitivity, size of the LCsp value for a
species, size of the acute NOEC, size
of the BCE, persistence in the environ-
ment, or size of the octanol-water par-
tition coefficient. There does not
appear-to be any single property associ-
ated with large ACRs.

Many chemicals are chronically
present and chronically toxic either in
the applied form or as metabolites.
Chronic exposure can come from the
chemical reservoir in the environment
{maintained by a chemical’s stability or
by constant renewal of less stable
chemicals) or from tissue accumulation
that creates a reservoir in the organism,
the BCE

It should be noted in calculation of
ACRs that chronic no-effect levels of 2
chemical are compared with LCso
(mortality) levels, which are not truly
comparable toxicity values. This is
done because statisticians do not recog-
nize the validity of an absalute no-effect
concemration (1.Co) level. However, it
is as justifiable to use an acute no-effect
level as it is 1o use a chronic no-effect
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level, as.dt is usually practiced. It has
‘been shown that concentrations of few
"shemicals are more than six times
higher at the LCso level than they are at
the no-effect level for acute toxicity.
Thus, the ecute no-cffect level divided
by the chronic no-effect level would be
only about one-sixth of the ACR given
here and should represent & more accu-
rate ACR.
Predictive methods

It is important to estimate or know
which environmental problems will
most likely occur from the use of a
cornpound at an early stage in its devel-
opment and the concentrations that are
most likely to cause problems. Predic-
tive methods for these problems are
very useful at this stage.

Under equilibrium conditions, a
chemical will reach a typical concentra-
tion distribution pattern in specific en-
vironments, depending on the relative
proportions of soil, water, air, and bi-
ota. Based on certain physical and
chemical properties (and natural laws
related 10 them), a oomber of distriba-
tion ratios between media can be esti-
mated. Assuming no degradation, these
ratios indicate the medinvm where the
chemical is most likely to accamulate.

The basic physical data needed to
calculate a partition coefficient for a
given chemical in various media are its
molecular weight, water solubility, and
vapor pressure. Partition coefficients
are needed between water and soil or-
ganic carbon (K,), watet and biota
(BCF), water and r-octanol (K,,), and
water and air (X,). Rapid methods for
estimating these coefficients have been
developed.

Partition coefficients and physical
data can be used to predict the equilib-
rium distribution of the chemical in an
environment _consisting of air, water,
and soil. Realistic models composed of
certain ions of these media are
the basis for calculating chemical distri-
bution. When different model ecosys-
tems containing various proportions of
different media are used as the basis of
calculation, along with the physical
properties and partition coefficient of
the chemical, the equilibrium distribu-
tion of each chemical can be deter-
mined for each rmedivm by computer.
These values can be modified by inclu-
sion of degradation rates in air, soil,
and water,

Now that an increasing data base on
sorption, volatility, and bjoconcentra-
tion properties has been determined for
a number of benchmark chemicals, the
use of regression equations creates a
number of surrogate methods for deter-
mining a given partition coefficient or
physical property with sufficieat accu-
racy for hazard evaluation purposes.
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For example, soil sorption K, values
are significantly correlated by equa-
tions with water solubility, BCE, and
K wvalues. High K, values also have
been comrelated with reversed-phase
high-performance liquid chromatogra-
phy (HPLC) data and short leaching
distances in soi} columps. HPLC values
have been correlated with BCF values.
Thus, five methods of estimating K.
valtes are available as surrogates for
experimental K,.s, BCFs and soil ad-
sorption coefficients are important indi-
cators for the movement of chemicals
in the environment,

The residence tiroe of relatively sta-
ble compounds in soil appears to affect
desorption propertics, Over time stable
chemicals become more highly zorbed
and less susceptible to leaching because
of increased intermal concentrations
compared with extzrnal soil particle
concentrations.

The fate of chemicals in the tropo-
sphere and stratosphere has been stud-
ied for chemical removal processes by
use of photolysis transformations and
reactions with hydroxyl radicals,
ozone, and other tropospheric chemi-
cals. Reaction rates and products of
many chemicals transformed by the
natural elements of weather can be pre-
dicted. Physical processes, such as
rainfall, dry deposition, and adsorption
on aerosol particles, are generally not
as cfficient for removing hazardons
compounds as chemical means are.

‘What have we learned about biocon-
centration of chemicals in various me-
dia? Chemicals like DDT that are
highly soluble in fat, nearly soluble in
water (less than 1 ppm), low in vapor
pressure, ang relatively stable in the en-
vironment are widely distributed.
These properties result in bioconcentra-
Hon in the fat tissues of animals; in
strong sorption to soil, especially that
which contains organic matter; and in
relatively low levels in plants, air, and
water.

Bioconcentration can be defined as
the ratio of a chemical in or on an ani-
mal organism to that in the surrounding
media. The highest BCF, which may be
over a million with DDT in animals,
occurs when the meédium is water
‘When the medium is soil, soil competes
with organisms for sorption of the
chemical. The BCFs from comparison
of treated dietary food to residues in fat

_tissues of mammals for many chemicals

are less than 1. The BCFs for chemicals
in aquatic organisms are directly cor-
related with the much lower BCFs in
fat tissues of large mammals in dietary
feeding tests, as shown by binary re-
gression equations. The BCFs for fish
and Daphnia from water are essentially
the same for comparative chemicals.
The following formula can be used to

predict the NOEC for a given medium
only if we know the NOEC for another
medijum:

NOEC (fish)

BCF =—m—rr——————
NOEC (water)

There are many other facets of envi-
ronmental hazard assessment, which
inclode
¢ the statistical use of climatic data;

* monitoring of residues in rivers,
soil, and foliage;

® effects of test method variation on
results;

® analytical techniques;

@ structure-activity relationships;

* interpretation of data from various
toxicity tests;

¢ statistical techniques; and

* computer modeling of environmen-
tal fate of chemicals in various seg-
ments of the environment, which al-
lows quick preliminary estimation of
concentrations likely to occur from &
given chemical.

Because of the great progress in all
areas of hazard assessment, the accu-
racy possible in predicting environmen-
tal fate and toxicity is improved and is
now much more a sciepce than an art.
The combination of many scientific dis-
ciplines is necessary before risk assess-
ment and tisk management decisions
can be made; decision-making groups
must make use of all disciplines. This is
an area that needs much improvement.
The methods of risk assessment mmst
be communicated among scientists and
then explained to the general public.
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 Cleaner water and
safe disposal of wastes

Continuation of the Pimentel report

Our surface and subsurface waters are
precious resources. Most of us take it
for granted that when we want a drink
of water or to go swimming or fishing,
our streams, lakes, and aquifers will
be safe to use. Our progress in protect-

5 ing water bodies from contamination

bas not generally been as successful as
our efforts in cleaning vp pollution in
the air, Nonetheless, some important
progress has been made. Lake Ere,
once thought doomed to die biologi-
cally from eutrophication induced by
phosphates and other mutrients, is mak-
ing a comeback. Improved water treat-
meént, coupled with more rigorous at-
teation (o hazardous waste treatment
and disposal, holds the key to future
advances. To recognize and control the

»3ources of pollution, we must under-
Stand the intricacies of pollutant move-

“ment and conversion.
Nearly half of the citizens of the
Usited States depend wpon wells for
¢ir drinking water. A recent National

& OPPoriunldes b Chemistry © 1985 try the National Academy of Scicnees
Nt

1t goes in here—but it comes out there

Spilts and
leaks

Buried

Academy of Sciences assessment of
groundwater contamination estimated
that about 1% of the aquifers in the
continental United States may be con-
taminated. Evidence of subsurface mi-
gration of pollutants makes it increas-
ingly important to protect, with the
best science and technology available,
the aquifers feeding those wells,

A number of disposal practices and
waste repositories involving burial in
the ground bave been used for many
years with only minimal groundwater
coniamination. Procedures have been
predicated on the assumptions that the
waste material was unlikely to migrate
and that, over time, the compounds
would be oxidized, hydrolyzed, or mi-
crobially decomposed to harmless
products, Now, however, some in-
stances of serious groundwater con-
tamination have appeared. Some com-
pounds have proven to be more stable
and mobile than expected, while some
of them are bacterially converted into

more toxic and mobile forms. In retro-
spect, it is clear that the scientific
knowledge base for the earlier deci-
sions was jnadequate.

Proposals currently under consider-
ation for recovering seriously contami-
nated aquifers are soberingly expen-
sive, For example, estimated costs for
“containment” efforts at the Rocky
Mountain Arsenal near Denver are
about $100 million and for “total de-
contamination,” up to $1 billion. Such
enormous prospective cleanup costs
require thoughtful weighing of the
cost-benefit trade-offs to society in de-
ciding what to do. More relevant than
these cleanup costs is the inescapable
conclusion that it is only prdent to in-
vest the much smaller amounts of pub-
lic funds in research that will betier
define cleanup options and lessen the
chances of recurrence.

1f the subsurface is to be used as 2
repository for our wastes, we must
have a2 much more thorough under-
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