


Regulating 
Biotechnology 

This issue of /\PA Journal 
concerns the Agency's 

rol e in insurin!,I the safe and 
productive use of 
biotechnology. one of the 
n ewes t and most 
con troversial scien ti fic 
developments in m odern 
societv. 

Dr. john 1\ . loore. the 
Agenc1/s 1\ ssis tant 
Ad m inistrn tor for Pesticides 
and Toxic Substances. 
responds to questions about 
EPA's responsibilities l o 
regulate lii otec:hnology. Dr. 
Da vid K ingsliury explai ns the 
White llousn policy rngarclin !,I 
the dcve lopnienl of 
biotechnology. Kingsbury 
was it key nrchi tect of !he 
White I l ouse plan to 
coordinate rngu lation in th is 
fi eld. 

Two (:Xp(:rt olisc:n·ers 
giv1: thi:ir views regarding the 
futurn of hiot r:chnology und 
wha t th(: l1:d1:ral 
govcrn rrn:nt"s role shoul d be. 
Dr. Wins ton !frill. resc:arch 
directo r of a hiot(:chnology 
firm, expluins !lw poti:nlial of 
th is 1iew sc: ic:nc1: to help 
soc:i l!l y. j ack IJo \'le. i t1 1 
assoc:i«1te of it n<; li on<il public 
in terest group. raises so1111: 
c:onc:1:rns about 
biotc:c: lrnology's possili l1: 
i m prn:l . 

Concl ud ing thi s is!-> ue "s 
look a l liiotcc.l111o logy is ii 

featu rn n:porti11 g rn 1 EP1\ 's 
prC'p<tra l ions lo n:gul i11l: thi s 
1ww sc: ic11u: and ex ploring it s 
polt:n t i;tl l o hi: lp c lean up llw 
e11viro1111w11 !. 

Al so fea lurc:d !his month 
arP art i<. lns 0 11 ;1 moli il t> 
c: l iissroorn to Ir.tin as lH:s lus 
cl1:.1 1111 p \\"orkt: rs. tlw prac.tiu' 
of llH• .irt of ·· 1> io111 01 1ilori 11g·· 
to mu.is11rc \\'i1l1:r pollt1tio11 in 
1·:1'1\ ·s Ri:gion ll . and a 
re t ruSJH~t.!i\'(: louk i l l ii 

cl ose call \\'ith a polluti o11 
disaster on llw :Vl ississ i ppi 
Ri ver 25 years ago. 1\ 
photogra phic 1~ssay c:xplorns 
1:nviro11mc11tal m e<1 11i11gs in 
life on Ta ngier lslu11d i11 ! lw 
Ch esa 11:ake l3 il\. 

A t on Agricu lturnl lfosr:Gn;h Sen- ice IGb in i'vlnrylond. CJ 

micro/J io logis t exom ines bnctr:rin groll' ing in pet ri dishes. 
Using IJNA-clo ning techn iqu es. sc ienti sts 11·i/ / ge11r:ticolly 
o/ter the bocte rio lo hel p spr~ed the brco kclo1rn of ce rt ui11 
pesticides. 

The issue con clud1:s \\' i lh 
two regulur fea lures- llpd a!L: 
and 1\ ppoi11t111c11ts. 

Com ing up nex t month in 
EPA fou rrwl am urticles on 
how !he nat ion \\'ill firrn ncc 
the next genernlion of 
municipal \\·as tewater 

treatm ent svslems. \\'hi ch is 
also th e su l)jccl of an 1\ gcncy 
conference sch ed ulccl fur 
November 18-20 i 11 i\'mv 
Orlea ns. o 
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EPA is charged by Cu ngress to pro­
tect the nati on's land. a ir. and 
wate r svstems. Under a mandate of 
nationa1 environ munta l laws. the 
agency str ives to formula te and im­
plement acti ons which lead tu a 
cumpati\.il e bala nce between hu­
man activ ities and the abilifl· of 
natura l systems to support a·nd 
nu rture life. 

The EPA Journa l is publi shed b)' 
the U.S. E1wironmc11tal Prutcctio11 
Agency. The Adminis trator of EPA 
has determined th , t the pu bl ica­
tion of this period ica l is necessary 
in the transaction of th pu blic 
bus iness requi red by la w of th is 
agency. Use of fun ds for printing 
thi s periodica l has been approved 
by the Di rector of the Office of 
Management an d Budget. \'iell's 
expressed by au th ors do not neces­
sari ly refl ect EP1\ po licy. Con tribu­
tions and inqui ries should be ad­
dressed to the E lito r (1\-·t07) . 
Waters ide Mall. 40t M St .. S.\.V .. 
Washington, DC 20460. >:o permi.·­
sion necessa r~· tu reprod uce con­
tents except copyrighted photos 
and other materials. 
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The an nua l rain fo r subscribers i11 
the U. S. for the E/'1\ /ournu/ is 
$20.00. The charge tu subscribe1·s 
in foreign coun tries is $2:1.0D a 
yeil r. The price of a si 11glc copy of 
the EPA journcil is S2.00 i11 lhis 
co untrv and $2.50 if sent lo a for­
eign cou n tr~" Prices inc lude m11il 
costs. Subscrijitions to tlw U 1 t\ 
journal as we l as to olher federal 
government mag1u.ines arc handled 
onl v bv tho U.S. Go\·ernment Print­
ing-Office. Anyone wishing to sub­
scribe to the EP1\ /ou n w / should 
fi ll in the form at right and enclose 
a check or money orcl m p11y;1blc to 
the Superintcnrl Pnl of Doc.urne11 1s. 
The requests should be 111ailed to: 
Superintendent of Documen ts. 
GPO, Washington. DC 20402. 
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Developing Confidence 
in Biotechnology: 
An Interview with John A. Moore 

Whot nm l·:P1\ ·s r<:sponsibilitir~s Oil(/ 

plnns to rng11l(l fe hiolcchnoiog.1·' To .find 
some o( th e nnsw1~rs. EP/\ journal 
inlen·ie11·cd /Jr. fohn J\. Moore. 
Assislu nt 1\dmi11islrnlor fo r Pes lic:idos 
oncl Toxic Sulistonr;es, 1\'/10 is ploying o 
nwjor role for I lie t\genc:~' in tho 
regulolor_1· tu sk. The inlerl'ie11· lol/011·s: 

( Whal do you see as the greatest 
risf<. in the emerging field of 
biotechnology·~ 

Thu greatest risk we fnce right now 
is failure lo du\'ulop public confide nce 
in llrn procnss tlwl leads from the 
laboratory to the marketplace. 

Is there any way for 
biotechnological experiments to 
proceed without the public feeling 
threatened by them? 

1 think so. But an ed urnliona l 
process has tu tnke plau) first. so that 
thn p1ili lic cun develop a p1~rspective 011 

the IJllndits of hiot1~ch no logy and can 
idcntifv thn checks and balances th at 
will bt; in pluce Lo prevent undesirable 
effects from occu rring. I lopdully. the 
communit\' ll'ill conclude that it s initial 
feurs w1!rc. unjustifiecl. and that a 
process dons exist to safogua rd its 
inl ~m~sts. Tlrnn these experiments ca n go 
fOl'l\'<lrd. 
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This is what happened in the earl y 
davs of recombinant DNt\ research 
about 10 years ago. People who lived in 
communities where experiments were to 
Lake place \'Diced objections. Scientists 
worked to inform them fully about the 
experimen ts. 1\ s a result. today this kind 
of research is ''business as usual" in 
communities such as Cambridge. Mt\. 

Q Then you're saying that it's 
possible for biotechnology to be 
developed safely? 

A o question about it. It already has 
been developed safe ly. 

Let me give you some examples. The 
Commissioner of the Food and Drng 
Administration (FD/\) recently 
anounced tha t FDA is lic:ensing for 
marketing a nevv vaccine against the 
hepatitis B virus. The new var.ci ne is 
believed to be rnslly superior to the 
vaccine currently on the market . 

Human insulin is being produced by 
bacteria grown in fe rmentation vats. 

Blood components aru being produced 
using biotechnology. 

The U.S. Depnrtment of 1\ gri culture 
(USDA ) has permitted the testing and 
sale of a pseudorabi(JS virus vaccine. 
Alth ough thern \N CI'() concerns about the 
review procedure. the vaccine is safer 
than the virus and. on balance. society 
is belter off hn,·ing it a\'ailable. 

() Does biotechnology have a big 
fufure as a component of our economy 
and our health care system? 

[\ That depends. t\s a society, we 
have a double challnnge. We have to 
find ways to exploit l1i otech11o logy inn 
whole sphere of activities. But we also . 
have t think about the consequences o! 
applying biotechnology. so that we 
don't make serious errors. 

Q Will EPA have a major role in 
regulating the biotechnology indust ry? 

A Yes. EPi\ is probably going to 
regulate under two stutu tes. 

l ncler FIFRr\ (the Federal Insecticide. 
Fungicide. and Rodenli cide Act). EP1\ 
will regulate biotechnology in the 
develop111ent of pesticides. Under TSCr\ 
(the Toxic Substances Control r\cl). lhe 
Agency will have a role in revi~wing. 
the dc\'elopment and co111merc1a1Lzat1on 
of products that involve non- pestic idal 
or non-agricultural usage, with the 
exception of drugs. For example, we 
could look at the development of 
microorganisms that can degrade 
certain chemical pollutants. Or we 
could look at bacteria engineere<l 
specifically to concentrate precious 
minerals or commodities of one sort or 
another that currently exist only in 
extremely low quantities or 
concentrations. 

Our role is Lo be sure that the ne\N 
organism do only what they are . 
supposed to do. If a microorganism 1s 
supposed to degrade a certain chemical, 
we need to be sure that it doesn't also 
attack some other type of life. or 
chemical substance, or that it doesn't 
produce a new chemical sub ' lance 
worse than the one it set oul lo destroy. 

As the field evolves over the next 
decade or so, some legitimate concerns 
mav also arise under RCR1\ (Resource 
Co1;servation and Recovery Act) , as well 
as under ome of the water stat utes. 
EPA will need lo make certain tlrnt 
companies in the biotechnology field 
don't end up with byproducts that they 
can't safely dispose of. 

Q How is EPA going to m~ke sure 
that its regulations are effechvely 
enforced? 

A Enforcement is the challenge with 
any sel of regu lations . 13iotechnology 
will be no different. 

First we must identify exactly what 
needs to be regulated. and come up 
with a clear set of guidelines so that all 
parties understand what is expected of 
them. Then we have to identify 
miles tones that determine compliance 
with the guidelines in an objective 
fash ion. Where people fail to comply, 
we will take them th rough enfo rcement 
action. 

Q The Administra tion has developed 
a coordinated plan for oversight of 
biotechnology. What is EPA's part in 
this plan? 

A Al ong with other agen ies. EP/\ 
has a major role in d eveloping a 
common approach to assessing 
biotechnology products. The goa l is to 
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agree on a single rev iew process so that, 
in cases of jo int jurisdiction between 
EPA and othe r federal agenc ies, the 
review can at least proceed on para llel 
tracks. This should avoid undue delays 
for the person seeking to develop and 
sell a product. 

J think we've made good hendway in 
identifying whi ch agency should have 
lead respons ibility in such cases. We've 
also developed common definition s that 
are keyed to some of the regulatory 
actions . 

Also , a long wi th USDA. EPA is 
co-chairing a subcom mittee to d evelop 
guide lines for testing in greenhouses. 
These guide lines will he lp sc ienti s ts 
who are test ing new produ cts , as they 
move from the research phase in a 
laboratory to the development phase in 
a greenhouse. 
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Q How many reviews has EPA 
conducted to dale on biotechnology 
products, and how many of these 
products has the Agency actually 
approved? 

1\ If someone wants to do a 
bio technology experiment in the 
environment , he firs t consult s wi th 
EPA. The agency determines whether or 
not a form al. experimen ta l use permi t 
application wi ll be required. 

As far as formal req uests fo r reviews 
are concerned , we have received ni ne so 
far , a ll of them in the pesticide program. 
To date we have ruled that an 
experimen ta] use permit wi I l be 
required fo r three of these. 

We have acted on al l th ree . We 
approved two ice n ucleati on bacteria 

/dpho potulot-; f('CICI\ 1 1 11 .n t t /.11 \ 
appro1 ed 'f'll t11 , n •111• • 1111 
( xperi1111•11t t m11no1 t lro't n '' tonu 
o/ potatoes !nit th1' t xp< r ment c un 101 
pror 1' cl 1111ti/ -;f'!llt•mt'll! o pt nr!.1 1 

• 

litigc1tioi1 

experiments . One of these in\·olve the 
field experiment of Or. Ste\·en Lindow 
of the Uni versi ty of Ca lifornia using the 
bacteria on potatoes. The other in\'olve 
an experiment of Advanced Genetic 
Sciences. Inc., also in California. using 
the bacteria on strawberries. In the third 
in tance-a Monsanto proposal for an 
experiment involv ing bacteria which 
live on the root of corn plants-we'\'e 
deferred making a final decis ion 
pend ing the de1·elopmenl of additional 
data. 

In other instan es, we\·c determined 
that experimenta l use permits are not 
required and have allowed the 
experiments to proceed. A couple of 
formal requests are sti ll pc 11 cli11g. 

( Were you dismayed when you 
learned tha t Advanced Genetic 
Sciences, Inc. had actuallv teslcd its 
product outdoors before lhc agency 
granted it a permit to do so? 

f Yes . of cou rse. 111 that case. the 
Agenc 1 found that s01rn,thing improper 
and illegal had indeed been do1w. But 
we were convinced that the compi11H··s 
motive was characterized by un\\'itting 
error in judgment rather than a 
conscious and bla tan t disregard for 
regulation· or law. The case has been 
closed. and the compnny has bP(m 
fined. 

0 Did EPA learn anything from lh is 
experience Iha! it can apply to the 
future? 

\!Ve k1w\\· that \\"e mall\· hm·t! to 
eva luate the clari ty of our -
communications. ~o that this kind of 
misi nterpretation can he 111inimiznd in 
the future. 

Q Do you th ink that Agency 
personnel have kept abreast of 
advances in biotechnology and that 
they will continue to be able to do so in 
lhe future? 

t\ Yes. l do th in k so. This ob\'io us h· 
involves a bit of specu lation on my pa-rt, 
since I don"t know what's coming in the 
future. But based on proposa ls \ove've 
received to da te. I' m confident that wn 
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urn keep up with what's com ing. 
Of cou rse. we've relind heavily on 

outside scien tific: expert ise in reviewing 
every formal inquiry we've rcceiv(~rl to 
datn . nnd we will contirrnc~ to du so in 
the future. Tlw scop(! of science 
in \'olvnd in these on rlv laborutury and 
field trial ventures is ~o broad tlwt 
there's 110 wa\· EP1\ could anticipa te iill 
the ev1!ri tualitics nncl hire <lrl adequate 
stahln of rnsident exp1!rts. So peer 
revimv bv outsid1~ (!Xpcrts is, ar id will 
cont inue- to bo. a key to our abilit\· to 
ke1!p p<1cu wi th Lhe ;rnticip;1ted 
worklnad. 

What s teps does EPA ta ke to 
insure tha t genetically a ltered products 
arc reviewed confidently and 
effectively? 

One kuv stop. <1s I just n1untio1wd. 
is peer rc:v i ( !~ \" 13don! EP I\ gra 11 ts 
permission to do an 1:x perimcnt 
involving biotechno logy man ipulations. 
wo assess tfrn iideq u<ic\· of informatio n 
about tlw cxporinwnt. as \\'t!ll as tlw 
data gu1wrnl1)d for tht) ()Xpmirn1)11t. \\'1: 
form a tcntati\'l! in t crpr1~ t ;1ti on of thn 
pro posed stud '.I '. 

\'\11: tlwn sha1·e all that informa ti o11 
wi th the ap prnpria tt! experts. bo th 
insirl1: tlw fc!doral gu1'crnm1m t a ri d 
ou tsicln. us uullv from academia. Thes(: 
exports look at · tlw originu l cL1 ta. fo rm 
th oir own concl usions. and ma tch thei r 
conclusions ngainst !hose of lh t! 1\ gn11c:\'. 
The morn significant issur:s usua lly 
[m·ol\'u a rnc1!ling where e\'cryonc c;111 
ta lk ou t perspectivc:s ;md viewpo ints. lf 
there is concurrnnc1~ umung e\'myone. 
we fee l rc'assured that tlw judgmen t is 
co rrnct and tha t i: rTors of O\'(!J'Sigh t lrnvc 

a 

been avo ided . EPA can then make a risk 
management decision about what wil l 
be a llowed to go fo ri,varrl. nnd under 
vvhat ci rcumstances . 

J\ nother key step is our insistence 
that results of all npproved experiments 
be mad available to EPA. Follo\\'ing 
some experiments , a company may 
decide to abandon developmen t of a 
particular prod ucl because it doesn't see 
anv com mercial value in it. But the data 
the com pany has come up with mav 
still be of vnlue to us . \'\'hen we l ok at 
that data, vve an fi nd ou t if ou r 
judgment , nnd the judgment of the peer 
review groups, was correct. 

The more da ta we han~. the better off 
we a re when it comes to dealing with 
future proposa ls. 13y requiring that data 
be given to EPJ\ . we will build il better 
da ta base, and ou r judgments wi ll 
become more and more objectil'e. 

Q What are the potentia l benefits of 
biolech products versus existing 
pesticides a nd toxic substances 
products? 

1\ 13iotech nofogy alfo\\'s us to 
develop prod ucts tha t fun ction w ith 
grea t specif i c i t~' · This means we c;in 
loo k fo rward to a 1rnnkecl rcduc1ion in 
undes irable side effects of certain 
products . 

for example, m;:i n,v of the earlv 
pesticides were ind iscrimi nute. The\' 
not onlv killed the in sects they wen: 
supposed to kill: they go t r id of every 
other insect as well. /\ 11 ot her problem of 
th ose pesti c ides was that they persisted 
in the envi ronment. Other organisms 
vvo uld co nsume these pes ticides . w ith 
undesi rable consequences all the Wt!'>' 

up the food chain. In the case of DDT. 

In gn•1•11hrn1s1 ~t11C/1P' 11 n/0•11 • 11• 1 ·t 
n•11101 t's jJ1Jllf'n fmrn u dt'J .\!Lt rt' 't"' 
)Jl'IUIWJ to ( l'ClSS I\ ith (J IHI\ /JI I '1r. 
(right }. cn•11tl'd thrnu:,!h 1rii1 ru1111P' Lr r 
of cltro1110so111us. !:/',\ i~ lll'/p1ll" ro 
d1•n•/op guid1·li111'.' lnr !!•'1'1'11< ti 'Ill '1 1 

gn•nn h OU SI'S. 

everv creature in the food chain 
mag~ified levels of the pest icide, <rnd 
the eagle, at the top of the food chain, 
ended up with huge concentrations of 
DDT. 

Today we're developing products that 
work at a molecular biochemical lesion 
level, and have great specificity as to 
the number of organisms affected. 
Biotechnology gives us strong tools to 
develop pesticides that are more and 
more specific. 

Q Does it surprise you that an . 
agency formed just to clean up the a ir 
and wate r now fi nds itself in the center 
of the most advanced science in 
society? 

A o. I th ink it 's an appropria te 
p lace for us to be. 

Let me give you an example. So me 
people fo llow this line of reasoning" 
pesticides are po ison: thernfo re. they are 
bad; therefore , EP1\ shouldn't be 
involved in any process that a llo\\'S 
th em to be used . 

This same line of reasoning could also 
be applied to b iotech products. In each 
case. I think it is fo u lly reason ing. It is 
im portant that someone be able to 
assess both the benef its and the 
detriments of biotechnology prod ucts, or 
pesti ci des. or w hatever. Indeed . thnt's 
what environmental protection is al l 
about. 

Q Is there any parti cular comment 
you would like to add concerning 
biotechnology? 

A [would like lo underscore the 
sta tement I made at the outset: it is 
essential tha t we develop a clearly 
outlined approval process th ll t 
everybody can un derstand. "Everybody" 
incluc:es the general public . \N1)'ve got 
lo be very open vv ith the pub lic as we 
look at speci fi c cases, so that the pu blic 
can feel assured that our judgm1) nts 
protect public i ntercsts. 1\ nyt hi ng short 
of tha t will portend a very rocky road 
for the deve lo pment and 
commerc ia li zation of biotechn ology 
prod ucts. o 
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Regulating Biotechnology: 
The White House Policy 
by David T. Kingsbury 

A framewo rk to guide and coordinote 
federal regu lat ion of 1Jiotccl111 ologr 1rns 
developed recently os o \\lhite flouse 
poli cy. Th e poli cy 11'os issued by the 
Office of Science oncl Teclrnologr ot tlw 
White ! louse. The leader in dcvclop i11 g 
this policv ll'CIS fJr. Dcll'id 1'ingsbury oJ 
the No tional Science Fou 11dol io11. TJ1 • 
fo llowing a rtic le by Kings bury r.x ploin s 
the pol icy : 

On June ZG. 198G, tho federnl 
government 's fina l poli cy for a 

"Coordinated Framework for the 
Regulation of Biotechnology" was 
publ ished in the Federa l Register. The 
framework invokes ne\1' regul;llury 
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!'lo 11 t 
g!'/l(•f ll'ls!s I\ itfl 
tilt' \grit ulltl'ul 
Ht•St'(l]'( h 
St>n 1< 1 

dt!11•rn11111• tilt 
::; I I'll c I u n • o I o 
soyhP011 /J:\,\ 
::;('~llll'/lf t/iut 
l'('Sl'lll/Jlps ti I 

"1u rnp1 II" 
g1·rws'' Ii rst 
disco1·1·n•d 111 

corn. T/11 
sc i1•nt 1sh e1n• 
tn in~ to l1·w11 
ho11 ~1·111·~ 
('Olllrnl trn1ts Ill 

sodiec1 Jh '>O 

, 1ii1t 111<'' , !Ill 

hl'lp lm·1•d1 h 

dt"'1g11 IJl'tt1•r 
( l'Ofl'> 

requirements nncl establishes two basic 
principl es: 

• to the extent possible. government 
agencies involved in regulati ng 
biotechno logy will use consistP.nt 
definit ions of "genetica ll\' engineerncl" 
organ isms: 

• all agencies will base decisions on 
comparably rigorous scientific re\·iews. 

We bel ieve this policy wi ll protect 
human health and the environmen t and. 
at the sa me time. provide the fl exibi litv 
necessnrv to deal wit h a new an d -
ra pid ly Jeveloping industry. 

Biotechnology has broud applica ti ons 

in many diverse aspects of industn· and 
commerce. and most obser\'ers P.xpect 
that it will affect the U.S. econom\' 
substantiallv. One recent anah·sis -
predicted that the sale of biotechnolog>' 
products w ill rise to several billion 
dollars in the 1990s and to as much as 
$40 billion by the year 2000 

t\ nticipnted major products \\'ill 
include pharmaceuticals. agricultura l 
chemicals and pesticides. 
gro\Nth-promot i ng hormones for d n i ma Is 
and plant . and a line of nry \'Uluable 
industrial chemicals. Biological waste 
treatment proces e and spec ially 
engineered microorganisms to degrade 
pollutants are also probable products for 
th e relati\·el\' near future. 

t\ lthough ·the U.S. is c:urren ll>· the 
world leader in this field. our lead is 
not unbea table. Japan and man\· 
European countri es ha\'e tlrn tet:hnical 
:>oph isti cation tu den' lop 
biotechnology-based industries. and 
these industries have btrnn t<1rgetPd for 
special financial support from their 
governments. They can bt! expected to 
recei\'e special rogi ilatory tnrntmt!nt 
from their governments a: \1·tdl. 

That is w!w thl' fra11rn11·ork is so 
important. \\'i-thout a consistent. rc1tio1rnl 
approach. sonw obsern1rs are concerned 
that no n-scientific issues lllll\' play n 
dominant role in till' futun' of 
biotr?c:h11olngy cll'\'ldopment and 
imple111e11ta tion in the l ' .S. Thi>1· fear 
that an irra tional or burdPnsoml~ 
regulatory climate could f.1t ;tll» impeck 
llw H\·entuill introclucticm of prod11cts 
nm\· umler denJlopnrnnl and luHd to 
future disi nte rl'st in this ;1 rn<1. There is 
nlso worn· in the fi11am:i<tl c·ommunill· 
about thc-long-tnrm stabili t\· of · 
busi nesses in en\'irn11111<mtcilly rugulatt•d 
fie lds. This \l' Ofl'\' m;n· reduu' tlw 
economic: c:apalil it\· c;f nwny Pntnrprisus 
to continue ncedc?d prndu c:t 
developnrnnt a11cl tPsting. 

Thu s. a m;ijor gunl of tlw "frnme11·ork" 
agencies is to edu c:ntc• th l' public about 
the true ri:ks uncl bn11dits of 
biotechnolog>'· The publi c ht1s legitirn t1tt: 
COll CCr'llS <1bout tlw i11troducli01l of SO llH' 

prod ucts. rn1d it's our job lo est.iblisli 
principles thi!l ensure: tht ·i r safo 
en\'iru111ncn tal usu \\'hilu allo\\'i ng 
research to proceed. The i11terugt?11 c1· 
committ eus that worked 011 the curi.-rm t 
policy are \' •ry cunfident tlwt ux isting 
regu lations co1·er the prest!nl and 
near-term bio tt?c hno log\' ind ustrv. \\'e 
are also confident that wu ll'ill be ab le 
to monitor a11d absorb chang11s <lS the 
tcclrnolugy cic\'elops. \ \'e arc proud of 
our coord inntion polic1·, but 11·u 
recognir. t~ tha t it is 01 t!~· tlw 
b<~g i n n ing. - · 



Biotechnology: 
Its Potential 
by Winston J. Brill 

Not n week goes by wi thout another 
heodlinc or TV bull etin on the 

emorgi ng bcnefi ts of biotcch no logy. 
espociolly appli ca ti ons of genetic 
engi neering. In most cases, the focus is 
on human health care n'ith promises of 
safer vncci11cs. morn sonsi ti\'e) diagnostic 
tools, nncl new c:anrnr troatrnc11ts like 
ta rgeted monocl onal nnlibodies. 
Meanwhil e~ . bi otech no logy is nlso being 
applied to agriculture, and there is even 
sonrn acti vity in mining, oi l recovery, 
and toxic waste rcmO\'id (the latter topi c: 
is d isc:ussc!d 011 page '!() of thi s issue by 
EPA wrilc:r Roy Popkin). 13ioteclrnology 
also holds ou t the hope of sa fn 
substitutns for toxic chem ica ls. 

The 110n-med ic:al a ppl icatio11s 
prns11ppose 1he release of genetica lly 
enginc:crnd organisms into the 
e11 v iro1111w nt. ;11HI that brings F·:P1\ into 
tht! picturn . The task of EPA and also of 
the U.S. Departmernt of 1\gric:ul ture is to 
regulatu rn luasml organisms wi thout 
inhibiting th e advance of liiotcc:hnology 
usu whole:. 

The geneti c f)ngincur c:a n takn a gene 
from a ny urg<mism a11d ad d that gelll) to 
tlrn c hromosome of unothur organism. 
Tlw rr.cipil!nt ce ll doc:s 11ot have to he 
rclatnd tu the! donor. Sc:iu11ti sts are 
udd ing bnctnrinl g1: ncs to pl <111ts, pln11 t 
genes to hacte:r ia, aninw l ge11us to 
p la nts, nlc. This \\'Ork is le:aching usu 
great dea l about thu pathology and 
developmnnt of organisms. Jndustry is 
sw iftl y applying ll'hat is lca med \o 11uw 
and improved products wi th enormou s 
pote:nt ial to improve ll rn qua lity of life. 

Plant Agriwlt ure 

Trnditional plant breeding jusl 
randomly 111i x(~S le:ns of thousands of 
genes from l!Cl e:lt parent. with th e 
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following disadvantage : a) the breeder 
almost never can predict th e exact 
characteri sti cs of the progeny from a 
standard cross. b) the breeder has to 
hunt among th e progeny for the few 
offspring with the desired properties, 
and c) painstaking reverse breeding is 
necessary to dispose of undesirabl e 
characteri sti cs Thus . the process of 
breeding and backcross ing is very 
labor-intensive; it can lake 10 to 12 
years to develop a new variety. By 
comparison, genet ic c ngi nceri ng adds 

Jliolet:hnoloKv c}()(~s hold out 
tlw hope of s<1fe substitutes for 
toxic; chemicals. 

one or lwo well-characterized genes to 
the tens of thou san ds of genes in the 
recipient organism. Thus, a breeder 
working with gene ti ca ll y engineered 
plants: a) can easi ly predict the 
character isti cs of the modifi ed plan, b) 
does not ha\·e to hunt for the rare 
combination of des irable traits , and c) 
does not need to spend a third of his 
life backcross ing si nce no undesirable 
genes have been added. fas ter 
production of new and better 
characterized varieties will 1·esull . 

Laboratori es ha\'e alreaclv achieved 
major advances . .. \ viral gori'e has made 
plant s resistant to atluck by that \'irus. A 
yeas t gene has made plants res is tant to a 
ha ·terial pathogen . i\ bm:tl)rial gene has 
made plants res is ta nt lo ce rt a in 
ca terpillars. These res is tan ces breed true 
from one genera\iou lo another. The 
'"pesticide" is built into the plant and is 
11 011-tox ic to man nncl othe r non -targt~ t 
s pecies . Un like chemical pesti cides, it is 
unlike ly that the pesls 1..vi ll beco me 
resi s tant lo lite pes ti c: idal action of the 

plant, except perhaps over thousands of 
generati ons. This technology is clearly 
go ing to cu t the u e of toxic pesti cides 
in our environment. 

Several groups have used genetic 
engineering to obtain plants that survive 
application of a chemical that kills 
weeds. This advance w ill allow farmers 
to be more selective in their 
weed-k ill ing methods. Whil e 
he rbici de resistance in plants may seem, 
at first , to make poss ibl e continued use 
of toxic chem icals in the fi elds, it 
s hould actually obviate them. Th ro ugh 
genetic engi neering we should be able 
to choose he rbicides with minimal 
hea lth and env iron mental effects. 
Chemicsl com panies will be able to 
market herbicides that are safer, more 
beneficial. better targeted and ult imately 
less expensive than any avail ab le today. 

J\nother approach will util ize 
microorganisms that kill or damage 
weeds. The disadva ntage here is that 
microbial herbic ides are usually speci fi c 
fo r a single weed . 1 lowever , a mix of 
mi crobia l herbi c ides may come on li ne 
to kil l a vari ety of weeds al some poi nt 
in the future. 

Research is also being foc used o n 
genetically modified mi croorgan isms 
that will imp rove a plan t's ability to 
uti lize fertil izer. The farmer wou ldn't 
need to use as much and run-o ff after a 
heavy min wo uld carry less fer tili zer 
into rivers, lakes . a nd s treams. Bacter ia 
have been modified to protect plao ts 
from early fros t damage, a development 
that cou ld prevent huge eco11om ic 
losses. Labora tories are genet ica lly 
engi neering bacteria and fungi to protect 
plun ts from d iseases , too. Such bacteria 
would be ad ded to seed or soil or 
spni •eel on the growing plant. 1\ gai n. a ll 
these methods should greatly d imi nis h 
the use of toxic chemi cals. 

S impl e diagnost ic ki ts are be ing 
devel oped to detect extremely low 
levels of d isease-forming 
mic roorganisms . Fa rmers w ill be ab le to 
detect pathogens in th ei r fields before 
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plant symptoms become visib ly 
apparen t. With th is early-warning test. 
farmers vvill be able to be much more 
se lecti ve in deciding the quan tity and 
type of pes ti cide to prevent damage by 
d isease. 

Mining and Oil Recovery 

Bacteria have been used for many years 
to leach metals from ores; biotech nology 
should give us mi croorga nisms with 
very effective mechanisms for 
accumu lating speci fic meta ls. Such 
organ isms cou Id be added to a crude ore 
and then , full of metal. harvested. 
Uran iu m. molybden um , tungsten, go ld, 
s il ve r, and copper may be mined by 
such method s. 

Oi l wells that are no longer acti ve 
usual ly have large amounts of oil 
remaining. but the internal pressure of 
the well is not sufficient ly high to rai se 
it to the surface. Organic materia ls that 
could help push the oil ou t of such 
1..vells are bei ng exami ned. For instance, 
a material that clogs rock pores or 
materials that expand when water is 
added has potential value . Many 
bacteria synthes ize such materials (e.g., 
polysaccharides) and genet ic engineers 
are examin ing ways to modify bacteria 
to produce large amoun ts of 
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polysaccharides in an oil well. thus 
pushing the oi l lo the surface. 

Concerns 

Some people have exp ressed concern 
about releasing genetical ly engineered 
organisms into the environment, fea ring 
thnt genetically engin eered crop plants 
could become probl em weeds. In fact. 
the likelihood of forming problem 
weeds through gene\ ic engineering 
(adding one or two character ized genes 
to an orga nism) is much mailer than 
the chances of formi ng a problem weed 
through traditionnJ breeding (randomly 
mixing tens of thousands of genes) . As 
with any technology, however. we 
should be nlert to possible problems. A 
plant en gi11<~ered tol e resi ·\ant to one 
pathogen may uninl ntionally become 
susceptible to another. These types of 
prob lems are the kind that breeders 
have traditionally been 01 1 the lookout 
for and thev are routinelv detected 
du~ing exle;1sive field !es-ting before a 
new va riety is marketed . 

There is more concern abou t the 
release of genetical ly engineered 
microorganisms because they are 
associated in the public mind with 
disease. But thousands of different 
microorganisms. added to many type. of 
env ironm ents in amounts of billions per 
acre, have been used experimen tally 

and commercial ly in agriculture and 
mining for th past 80 years without 
any health or environmental side 
effects. The evidence is rather 
persuas ive that a deleteriou pc1lhogcn 

It is improlwblt• that addin~ 
one or h1 o ,~cnps lo imprm t' u 
saft> micro()rgani..,m 1d// 
render that or~cmism 
dan,rwrous 

cannot be formed by geneticalh· 
modifying a safe microorgan i. m. A 
pathogen is a problem not because it 
contains a s ingle "pntho-genc." but 
because it conta ins mnny genes nil 
finely tuned and integrated. 
representing natmal bncteria l selection 
over many milli ons of generations. 
Thus, it is improbable that adding one 
or two genes to impro\·e a s;ifc 
microorgan ism for agricullun:. mining. 
waste removal. etc., will re11dur that 
organism dangerous. 

Conclusions 

Genetic engineering is 011' of the m<1ny 
techniques being applied lo i1nprov1: 
products. deve lop ne\\' serv ices. nnd 
help us get a grip 011 environnw ntal i111d 

health problems resu lting from hc<l\'Y 
use of man-made chc mi rn ls . F;1rnwrs 
and miners w il I be ut i I izi 11g o rga11 isms 
modified by genetic e11gi1rnering just as 
they have used organisms modified liy 
trad it io nal techniques. Farming, in the 
fu ture, \•vii i be based more on biology 
than chem istry. Biotechnology means 
going "back to nature." Jn this ligh t. any 
advantage the U.S. now enjoys in 
biotechnology can easily be eroded. 
Point less regula ti on wil l impose a 
burden on an inherent ly safe technology 
a nd delay the phasing out of 
undesi rable chemical products. o 
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Biotechnology: 
Its Possible Dangers 
by Jack Doy le 

"Gene s pli ci ng" is no longer an 
exotic technology of the far 

future: it is here today. t\nd desp itn 
what newspa per headlines might 
suggest <1bout postponed field tests and 
progress. biotechnology is iJ goi ng 
business, rapidly becoming an 
established part of every major industry 
basnd on bi o logy or genetics. 

Gencticallv engineered orga nisms are 
currently being fiold-testml. new 
produ cts urn br)i ng so ld . and millions of 
doll ars c:ontinut) to hr~ invested in 
biotechnology research as major 
indus tries "re-tool" for the 1\ge of 
Biology. American Cyanamid. for 
exampk one of the nation 's major 
chemical concerns. now defines itself as 
"a resl:nrch-bascd bi otech nology a11d 
chc:mi1 :;il compa11y which dnl'<dops 
propric!tmy medical. agriculturnl. 
chomiuil nnd co 11 sumer products . 

111 mndicino. ge11 eti r:nlly a lt crnd 
insulin and inl!!rferun hnl'e b1!e11 
approved by FDA and are on tho 
mnrket. Jn agriculture. a number of nC\\' 
gc1rntically t)nginuerecl liv!!s toc:k 
vacci1ws arr! c: um:ntl v in use . includ i11g 
t lw first I i\'l) virus to prevent 
pseudorabit:s in hogs . Genl:tically 
alt creel crops are a !so being fie! d-tesl ed. 

Wall Strnet. m<:<Jnvvhi le. hns been \'en· 
receptive to biotechno logy. In recent 
months. the: "bioteclrnology index" has 
ou tp!! rfornwd the Standard & floors 500 . 
Jn Ju ly. tht! first public stock offt: ring b\· 
Cal ge11c. ;1 C:;il ifornia biotcchnulogv 
company. sold out in one day. with 2.25 
million sllilrus S()ll ing at $14 per s hare. a 
pri ce: more than three t imes the 
company's book valur:. In nddition. 
somn unl ikt:lv corporations. such as 
Kodak. havl: iurm:cl on a dime tu la unch 
major in-house biolt!clrno logy R&)) 
programs, wl1il e others. such as 
Bristol -Mt!\'crs Cu. and Eli 1.illv. have 
gobbli:cl 111; prollli si 11 g new bio.tuch 
compnnins (13ri sto l \ leyors acquired the 
St:at t le-bascd Cenetic Systems for 5295 
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million last Octouer. while Lilly paid 
$350 million in March lo buy up San 
Diego 's Hybritech.) 

But the business boom in 
biotechnology does not mean that al l 
th e questions about ecological risks 
have been adequately answered. Nor 
does it suggest that there is an adequa te 
regulatory system in place, or that the 
public is well informed about th is new 
technology. Quite the contrary. 

Ecological Risks 

Onl y s ince 1983 have government 
agencies and scientific insti tutions 
begun to think in-depth nbout what 
geneti ca ll y nltercd organisms might do 
in the environment OL:ts ide th e 
laboratory. t\nd only as recently as )U11e 
1985 did molecula r biologists and 
ecologists. meeli ng in Phi lad el phi a for 
llw first time on the ques tion of 
deliberat e re lease nnd ecological risks, 
begin a scientific d inlogue on the 
subject . f3ut in the last three yenrs. as 
more and more ecologists have 
partic ipated in the debate, more 
qur:s tions have begun to be asked and 
more un certainty and data gaps have 
begun lo appear. 

Jn Fcbrunr\· 19H5 the Cornell 
nivers ity Ec:osystems Resenrch Center 

issued on-c d th-c fi rst comprehensive 
oven·io\\'S of what was possible and 
what \\'<JS lacking in the wny of 
assess ing the environmenta l risks of 
ne\\' biotechnology products. The 
fi nd ings of that re port ure fairly 
astonishing anJ underscore how little 
\1·c~ know about microorgonisms- how 
thc!y surl'i\·e. wh~1 some grow and others 
clo not. and how they di sperse in the 
e 111· i ro 11 men t. 

!Jul the c lincher in the Cornell s tudy 
is \\'ha t it sa id abou t our abili ty to make 
predi ct ions about the behal'ior of 
organ isms in the environment. 
";.Jcth ocls for predicting the likelihood 
of s 11 r\'il'al and prolife rntion of a given 
organism in the environ men t are crude." 
says tlrn report. "Meth ods arc arn il able 
for assessing some potentinl effects. but 
thern a re manv deficiencies in current 
knowledge ancl theory. Generally, we 
lack any true data base against which to 
compare test results or predict 
en\'ironmenta l consequences." 

EP 1\ 's Sc ient ific: 1\ clvisor\' Boa rd 

released a Ja nu Hry 1986 study that 
echoed some of the same concerns 
about data defi c iencies and the present 
state of ecological knowledge. Jn 
addition . a growing list of ecologis ts. 
entomologists . population biologists. 
and evolutionary biologists continu e to 
raise new concerns independently of 
official government bodies. 

Some scientists estimate that as many 
as 80 percent of soil microbes have yet 
to be cultured in the laboratory, and 
perhaps as many as 90 percent don't 
even hove names. Of those that are 
named , we don't know much about 
their reln tionship with other mic robes. 
Scientists are unable to prove 
r.onclusively that a given organism has 
complete ly "died out." We can mensure 
when organ isms have "died back.'' only 
down to a certain level, beyond \\·hi h 
we can't measure them accurately or 
even detect them. 

Although EPA has so far approved 
one fiel d test for the much-maligned 
"ice-minus" bacterium [current ly 
blocked by li tigat ion in Californ ia) as 
well as a few other laboratory-mutated 
and killed microbia ls, it has called for 
more information in the case of a 
Monsanto soil bncterium combined with 
an insect toxin gene from bacill us 
th u ri ngiens is . 

1\ s the Admi ni stration's current 
multi-agency regu latory scheme wends 
its wny thro ugh a court challenoe and a 
public co mment period , it is unclear 
what regu la tory s heme wi ll fi na lly 
emerge. and how effective the new 
regula tio ns wi ll be. Congress has yet to 
take a clear position on the matter , and 
there is some sen t im ent runn ing in 
favor of EPA hav ing more authority in 
reviP.w ing re lease experiments, and 
USDA and FDA havi ng less. 
In a ny case. the issues of risk 
assessment and sc ientific uncertainty 
are sure to figure prominently in all 
future debnles in Congress and 
elsewhere . Yet, the most immediate 
need is fo r pub licly funded research to 
tackle some of the d ata shortcomings 
and upgrade assessment tools. 

f3 ut , assum ing fo r the moment that 
these probl ems will be overcome, the re 
are st ill other issues surrounding the 
oppli cation of biotech no logy that have 
more to do w ith s ide effects. economi c 
impacts. and the sett ing of socia l 
pr ior ities tha n they do wi th microbes 
running amuck. 

Promises, Promises 

In agricu lture . for example, 
bi otech no logy offers some very 
in teresti ng and promis ing opportun ities, 
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from geneti ca lly engineered cereal crops 
that "fix" their own nitroge n to the 
development of safe biologica l 
pesticides that could replace toxic 
insectic ides and herbi cides. But. as with 
al l new technology, what is promised is 
not always wha t is delivered. 

In the agrochemi ca l industry, for 
exa mple, compa nies such as Monsanto, 
Ciba-Ge igy, Stauffer Chemical. W.R. 
Grace. a nd others have teamed up with 
biotechnology companies and uni versity 
scienti sts to devPlop all kinds of new 
"farm inputs." Some of these 
companies , to their cred it, are working 
to exploit mol ecular and cellular 
mechanisms of disease and insect 
res istance within crops, a deve lopment 
that could save farm ers money while 
cu tting the use of pes ticides. 

However, at least 26 compan ies are 
also engineering crops to make them 
genetically res istont to the damaging 
side effects of herbicides. rais ing 
concerns about furth er ground-\Naler 
contamination. In addition , some 
un ivers ities. USDA resea rchers . and 
chemi ca l firm s are also fashio ning a 
new generation of fin e- molecule 
chem istry for agricu lture. developing 
chem ical plant growth regulators 
des igned to "turn on" or "turn off" th e 
genes of fiel d crops in order to set more 
flowers. ca pture more sunlight. or 
produce stronger stalks. These "new" 
produ cts- essentiall y in the pattern of 
the same ''old" agricultural chemistn'. 
but tied mo.re closely to plant 
genetics- will ex tend the pest ic id e era 
rather than encl it, continuing th e heal th 
and environmenta l risks associated with 
pesti cide use. 

Biotech & the Ag Surplus 

In quite ano ther vein. biotechnology's 
awesome powers of productivi ty on the 
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farm may very well prolong and 
increase the current agricultural 
surplus- not only in the .S .. but 
worldwide- bri nging further 
management hea daches to both far mers 
and government planners; creating 
pricing and market instabilities: in \· it i11g 
agricul tu ral trade and su bsidy 11·ars : and 
ultimately forci ng more farm 
consolidation and the further d<)mise ot 
the fami lv fa rm. 

Bovine-grov;th hormone (13GH). n 
projected $1 bill ion product being 
pursued by several majo r chemical nnd 
pharmaceutical companies for use in \he 
dairy industry. wilt increase milk yi<:lds 
per cow by 20 to 40 percent. reduce the 
need for about a third of the present 
U.S. dairy he rd, and sq ueeze out of 
business a n equ iva lent number of 
fa rmers. most of them small-to-nwd ium 
operators. Th is new yield-enhanci ng. 
genetically engineered product (<1nd 
th ere are others coming for hogs. sheep. 
and ca ttle) will come on the market 
precisely when Congress must <1gai11 
grapple v1·it h a new fa rm bil l in 
1989-1990, agai nsl a backdrop of 
mountains of stored dairy products and 
a darkening eco nomi c pictu re fo r fa mily 
dairies . 

If agri cultural biotechnology simp ly 
ad ds new increments of ped igree 
imp r·o \·eme11t to the high-yie ld system 
al ready in plarn. with the snmn crop 
\'CUieties and the same livestock breeds 
currentlv i11 use , we will continue to 
overprocluce. cl ri\·ing more farm ers off 
the lnnd and pu shing more shaky rura l 
com mu nities to the br ink of bankruptcy. 
But there are choices with this 
technology , and there is an opportu nity 
to be "smart" \\'ith the new knowledge 
that is co mi ng to agriculture every day. 
13iotechnology can be used to broaden 
the mix of crops and li ves tock. red uce 
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production costs for form ers. and help 
e lim inate the use of pestic ides dnd other 
su pp lements tha t have had nega ti\·e 
envi ronmen tal and pub lic lrna lth si de 
effects. TllP choices. it \1·ould seem. an' 
ours to ma ke. 

The \lulnernb\e Thoroughbred 

Our agricultu ral sysl<'lll is \'N~ · much 
like a tboroughbwd race horse: it is a 
s \·st em ful l~· ca pable of t1chiP\· i11g \'Ur~· 
high yirl ds . but. lih. r tlw pamperPd <rnd 
sensi tive racn horse. it must be 
m<\inlai1wd <1nd supporl\'d b\' ,111 
manrwr of a rtifi ces. Todm·'s ·hd >rid 
crops and ped igree li\'(''it tKh. 1~1u s t IH' 
sustained and nour ishPd h\' ht'd\'\' 
inputs of ennrg~·. \\' li ter. frn:t ilizer .· 
pestic id es. nwd irn ted f<>eds. horn1011rs. 
Hllt ibiotics. and capit.1 t. In short. ours is 
a high-strung ngricultur<tl systPrn . 
rnpablc of yie lding surplu: . !Jut 01w 
\\'h ich is al so \·u lnernble to till' \\'h ims 
of na turn nnd tecl111 ologic,t! "qui rks .·· 

13 io tech nology may Ill' usPcl to isolal<! 
and amplify the thorougltl >n·cl gt•1ws Ill 
aµ,riudlurl' .. { rpa\i nµ, a s~: stem th.it is 
rn<tde to "run fostPr." ln1t lllll' th,it is .i lsu 
gcnctical h· loc.ked ill to d H•mi< .tis . 
capitnl. an d big <'qui pnwnt tu k<'<'P it 
performi ng at peak Jp \·Pls. In tlw long 
run. that could lw a d<lllgl'ro11s c1 nd 
\'Ulncrn blt: d<! plm·nw11l of 
biotec:hnolog\·. produc ing n 
"ho11se-of-cmcls" s>·stprn iri 11 hie. Ii 01 w 
un foresPc' 11 mutation or t?rrn11 t gmH' 
could bring do\\"ll tlw \\' lto ll' s>·stl'lll. 

1\ nd bn1·011d ag ri cultun'. of cours<!. 
biotechn oiogy is already being used in 
the fores t products indust ry . ,Htd wil t 
certa in !:-· I H~ ust:cl fo r mining. enh anced 
oil recovnn· . to;>.i c \\'ilS I<! t:l1:am1p . nnd 
\'mious m<;rirw appl icnt ions. Virt ually 
C\'Urv 1wt ura l resource incl ustrv will be 
nffec~l ed. as wnll as thu rnsoun .: c:s 
themsol\'es. frnm groHnd \\'a tnr to the air 
we brnalhn. \·'.c:onnmic: ancl 
etl\'i ronmental questions wil l surely 
emerge in a ll of these uses . as well as 
new ones not vet envisio ned. So it 
behoo\'es us no11· to mo\·e ahead \\'ith 
deliberate cautio ll and measun,d 
foreth ought in ful ly assessing the r isks 
we will face, as wel l as making some 
hard choi ces ns to \\' hat \\'e \1·ant from 
this " nell' fin! ... and hull' we \\'an t to 
apply it. -
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Keeping Ahead 
of a New Technology 
by Roy Popkin 

··Now here, vou see, it tokes rill the running you can do, 
to keep in Ifie some place. If you wont to get somewhere else, 
you must run o l least twice as fas t ns that. 

-The Red Queen in Through The Looking Closs 

As biotechnology moves "somewhere 
else" into the era of genetic 

engineering, the Environmental 
Prot ection /\grmcy finds itself running a l 
least twice as fns t to stay ahead of th is 
burgeoning new technology. But. un like 
Lc\.vi s Carroll's l{ E)d Q1wen, EPA a lso 
has an unpre1:cdcnted opµ ortunity to 
make haste slowly and to an ti c ipatn the 
problems- and benefits-that might come 
wi th genetic u11g i11 cering and o ther 
recombinant Oi'\1\ breakthroughs. 

Proponents of genetic e11gineering say 
that it has potential applica tion lo every 
face~! of modern life . particu larly 
medi cine . industry . agricul ture. and 
pollut ion abatement or prr!vention , and 
tlwy hold ou t promise fo r: 

• mi crobes th at rernovr! specif ic 
poll ut ;rn ts from ground w;1t er . 
wastewater. and soi I: 

• plants lm:d "lo order" fo r nutritional 
composi tion and drough t-. sa lt-. and 
pest -rusista nu:: 

• improved 111ining <ind oi l extraction 
methods: and 

• lo..,v-cos t manufacture of medicines 
and various proteins. enzymes. nnd 
hormones 11 s<!d in med icil trea tm ent. 

Oppo11e 11 ts of wi despread use of 
genetically engi neen:cl organisms. on th e 
nthr.r hand . fe11r tha t assessmen t of their 
poss ibl e risks has been inadequate. 
They cha rge that introdUL:ing changed 
orgnnisms in to the enviro nment has 
enormous pote ntia l for me lica l or 
environmenta l ca tastrophe: thuv cite the 
alrnacly alarming in crease in bacterial 
rns is t;111 co to a nt ibi o t ics which has 
occurred bnc:a 11 s<: of widnspwacl use of 
antibi ot ics in <111imal feed as an exa mpl e 
of the impact 0 11 th e cm\'i ronment or 
human uclivitics. 

I' ~ I !1' 1 ,,,,,, ( J 1/11 11' \ 
' I \I I 
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Other opponents raise concerns about 
social impacts of biotechnology-for 
example, wil l fa rming with genetically 
engineered products eliminate all bu t a 
handful of fa rmers? 

ln thi s charged atmosphere. EP1\ is 
running hard to stay ahead of the ga me. 
And the ga me moy. in fact, be ii lot 
longer and harder than was first 
expected. In an early study sponsored 
by the National Science Foundation and 
th e Carnegie-Mellon Inst it ute, a panel of 
experts was asked to predict the ma jor 

"This time, we 're doing the 
won:ving up front. "-IJr. 
Elizubeth ,Wi/e"n;ki. 

developments in gene tic engineeri ng 
that would take µlace between 1980 and 
th e yea r 2000. J\s reported in the 1\pril 
1981 issue of Futurns magazi ne. the 
experts were very optimistic. By the 
early 1980s. they expected 
biotec hnology to have deve loped 
nitrogen-fixing and predator-res istan t 
crops, one-celled edible pro teins. 
bacter ia for use in wnstewater and 
polluti on con trol. techniques to isola te 
genes ca using birth defects as 1\·ell <JS 

gene therapy lo correc t monogeni c 
d iseases such as sickle-cell anemia. and 
increased knowledge of immun ological 
processes. aging. and cancer. 

This ambitious agenda has not been 
fulfill ed. Few of the cx1wcted 
breakthroughs have ou:u rrecl C\'l!fl in 
th e laiJorntory, much less in 
the rea l world of hosp ili1 ls. farms. and 
waste treat ment plants. In aclcli tion. 
lega l chnllcnges to th e n~ l case of 
genetically engineered orga nisms ha\'e 
a lso served to slow cornnrnrcial 
development . As one trade magazine 

commented several years ago. " ... the 
expectation that 'two geneticists and a 
pair of whi te ra ts make a business' 
seems now ... behind us ... 

But, while industry may be·marking 
ti me for the present, EPA is pu tting this 
slowdown to good use. seeking lo 
develop a fra mev"ork lo regulate this 
ne\\" industry w ithout stifli ng it. 

The \gency's scientists general ly 
bel ieve that most current an d future 
products of genetic engineer ing will not 
threaten the environment or human 
hea lth . But they want to be su re that 
each product's possible risk is 
adequa tely cons idered. that no acc idents 
inaclvertenth create a dead lv virus or a 
crop blight.· · 

Dr. Elizabeth l'vlilewski. fo rme rl y in 
the Office of Recombinant ON/\ 
Activ it ies at the National Institutes of 
l lea lth and now Special 1\ ssistant to the 
EPA Assi stan t /\dmin istralor for 
Pesti c icfos and Toxic Substances, puts it 
this wav: ··This is one time we are 
a ttempting to evalua te the clown-side of 
a new technology before ii is \V idely 
applied . \1\ hen the automobile was 
introduced. people said the machines 
would fri gh ten horses ancl could cause 
accidents . but no one envisio ned the 
im pact cars and the fuel they used 
wou ld have on the a ir we breu the or 
that they would cause leud poisoning in 
children. 1\ t the s ta rt of World War /I , 
when shipb ildin g increased rapid ly, no 
one stopped to think about the asbestos 
poisoning that woul d affect sh ipyard 
1\·orkers in the vca rs to come, even 
though th e imp.net of asbes tos on the 
hum <1 n lung wns known at the time. 

"This lime, we're do ing the worrying 
up front. We' re t rying to determine what 
problems genetic engineering might 
create. and how vve can monitor the 
technology and use of its prod ucts so as 
to prevent problems before lhey occur. 
VVe want to knovv what the ri sks ore, so 
we ca n regu late th em properly. from a 
base of sc ientifi c knowledge rather than 
fearfu l conjecture." 
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\tu tn otn11'11t p 1ont (/ 1 u1!...t r odd~ 
n1it rnb1 d prndut.'" to" o•te11·ot• r. I e,;!' 
nr1tt1rnlh oc C'unin • 1111t roor..:i1111.,m' 
l1t'lp dt•stro~ c 1•1tw11 CJl'l.!t1rll 0111pou1 d,, 
in the 11·(1sft 11·(1f!'1. Prnpo11t•11ts of 1.,t lit tit 
t~11gi111t1'111~ /111/d 011! Jll"<lilllSt for 
dev!'lop111e11t nf 'dt•s1grn•r /Jugs" thul 
con dt'l.!rmh• to.'\ic c lwml( ed..; in g,ot111d 
l\'Olt•r. \\'CISIC'll'Cl!f'r. (!lid soil. 

In so me ways , she says. the future of 
genetic engineering will be like that of 
any other new technology, but EPA fee ls 
that "we must know more about and be 
sure of the safety factors before our 
regulations can be seen as cred ible by 
those who may need reassuring that the 
new mi croorga ni sms are useful and 
aren' t to be feared ." 

OCTOBER 1986 

So far. EP1\ has 011ly been asked to 
license or otherwise approve a handful 
of experimental applications of 
geneti cally engineered 
mi croorgan isms- or potential 
"superbugs"-in the env iron ment. 

But there is no doubt tha t the Agency 
\\'il l receive scores of appl ications in the 
future. Milevvski believes that an 
importan t fu ture exists in genet ic 
e 11 gincering of "designer bugs" 

(microbes that can degrade specific 
tox ic chemica ls at their source in toxic 
waste dumps or in ground water). Wh ile 
microbes have been used to treat waste 
fo r many years, their use has large ly 
been confined to bacterial contaminants. 
The big challenge now is to find a \'\'a) 
to treat toxics \N ith microbes. 

A step in the direction of producing 
such bugs has occurred at EPA 's 
laboratorv in Ada, OK, vvhere 
microbioiogists john and Barbara 
Wilson have encouraged the growth of 
microorgan isms that gobble up and 
detoxifv chlorinated hvdrocarbons such 
as EDB-and TCE. (These organism will 
be tested in wells next vear in 
con juncti on with the Air Force, which 
is a major user of TCE.] The Wilsons 
and thei r colleagues are now seeking to 
develop organisms to work on other 
chemicals such as dioxin nnd PCBs. 

A sim ilar effort at the Lawrence 
Livermore Labora tory r.ou ld remove 
selenium from the polluted waters of 
the Kesterson Wildlife Refuge. 
Biochemist Robert Tn,vlo r and geneticist 
Emi lio Garcin are working to combine 
the genes of one bncterium that absorbs 
selenium with the genes of another that 
chemical ly detoxifies it. Jf th ey succeed . 
Kesterson's 2 3 million gallo ns of water 
could be fil te red for a fe w hundred 
thousand dollars annually, rather than 
!he $1. 1 million lo $ 145 million 
estimated for other methods. 

EPA todav has a multi-mill ion dollar 
research program in plilce. Coordi11ating 
these act ivities is Or. Morris Levin. 
Biotechnology Progril rn Coo rd inator in 
the Office of Enviro11nrn11ta l Proccssns a11cl 
Effects l<esea rch of the Office of 
Research and Development (ORD). 

"At th is point in time, we are ahead 
of the cu rve insofar as geneti c 
engineering is concerned," Dr. Levin 
says. "The steady growth of commercial 
research and development has led to a 
para llel growth of government concern 
and act ivity." 

Cont inued to next pnge 
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EP1\ 's rt!st:arch efforts ilrt! fOL:usud 
pri m.iri ly 011 de' 1dopi ng nw\ hods and 
protocols for ass1:ssi11g tlw impact of 
releasi11 g gc:rwtically m1gincernd 
miuobcs inlo tlw c11viro11111cml. \\'i\h 
part icu lar umphasis on the require111e11ls 
of tlw F1)dc:ral lnsc!c:tic:idc. Fu11gicicle. 
and Rod cn tic.icl1: Ac.I (FIFR1\ ) and the 
Toxic ~uhsta1H.!!S Cont ro l /\ c t (TSC:A) . 
Tlw Agency's res1:Mc:h program li1:gan 
with a seric:s of worbhops i11 1 ~l 71l. 
1 C)/q. an d 1 ~JBO. at which i nduslr ial. 
<H.aclumic:. ;111cl gc)\·ornmc: 11t sc:i1: 11ti s ts 
looknd ut 1·:1'1\ 's pott:r1tin l role) in 
rnlatio11 to tlw rupicll\· growi11g 
hiot uc.l111olugy i11cl us trv. They 
n:c:o11111tt :11dL:cl that EJl t\ : 

• Exumi 1w sewago syst<:ms and <wrosols 
as vectors for thu disscminntion of 
g<:ncl ic:ally engi1wcrud rnicroo rgn11isms. 

• Evalu;1l1• tlw polt:ntial lo r c n gi 111:1~ recl 
organisms to i:reati: h.irmful uffm:ts. 

• D1:\·1:lop ;1 plan for st ucl yi 11g the 
rnleasn. s urv i1·;il , c.oloni 1.ation. potentia l 
for gu1wtic nxdrnngc'. disse!n1i11at ion. and 
dfm:ts of n:l1:;1sns of s 11 c. h orgn11 is ms. 

Folloll'ing up 0 11 th ese: 
n:c:omnw11Cli1lio11s. ()f{I) Sl ll'l ' l)\'C!d 

bit1lc:chnolog\' 0

S l!llll!rgi ng i11cl{1strial and 
agric:ulturnl applicutio11s . and i11iti ;1tecl 
prcdi 111i1 wry research i11 tlw 
rnc:o111111u11dncl areas. 1\I tlw s;rnw time:. 
:\gum:y c.up<ili ili lics <1 11cl lll:e:ds for 
rnsnan .h rcl.1t e:d to FIFI~ ,\ and TSC1\ 
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\·t1 I I I di 111111 ,, till l SI (JI bu11r11;, to 

'.>1: .i1 11 oil sp11I. Hrs1 un lu rs mt• 
~1·1·1-., 1 tr r 11 'llH t I bm 1!•1 ICJ ti111t 11 ill IH 
11 1J ,. 1' 1 n trnJ oil s111Ji!'> bio:o0 11 J/h 

a nd geneticall y engineered products 
were identified. This effort culminated 
in a 1984 conference at which panels 
organized by the J\merican Associat io n 
for the 1\ dvancemen t of Science 
reviewed the proposed research plans. 
The pane ls recommended an overa ll 
rese<1rch program concentrated on 
environmenta l effects and how to 
estimate them, and u case-by-case 
uppronch to eval uating the release of 
specific microorga ni sms. (The 
case-by-case approach is currently being 
used by EPA lo rev iev\' applica tions for 
approval of experiments in real world 
testing areas.) Funds allocated for the 
research program were $1 .5 mil lion for 
fi sca l year 1985 , $4. 5 milli on in fisca l 
year 1986 and $4.8 million for the 
coming year. 

Tim program 11 0\\' lwing carried out 
i11 a number of EPA and uni versity 
laboratories is buil t around ri sk 
assessnw11\. ll includes deve lopment of 
methods and protocols fo r laboraton · 
s tud ies, evaluation and modification of 
methodology in laboratory microcosms, 
comparison of equi l'alent data from 
field studi es. and the preparation of risk 
ass11ss mcnt gui de lines. Eighty percent of 

the funds are being used fo r 
envi ronmenta llv oriented research 
beca use of the ~ncertaint y regarding the 
effects of manufactured superbugs on 
the environment. 

Research at EPt\'s Corl'a llis. OR, 
laborato ry is on te rres trial ecol ogical 
assessment problems. The Gu lf Breeze, 
FL, lab is focusing on the aquatic 
equ ivalent of those probl ems. The 
Hea I th Effects Research Lab. Research 
Triangle Park. 'C, is seeking ways to 
estimate health effec ts and to develop 
risk assessment guidelines. In 
Cincinnati , OH, Agencv sc ient ists are 
looking at the problems of accid ental 
release, containment, and 
decontamination. In add ition to research 
at its own fac ilit ies, EPA has 
cooperative or related studi es going on 
at more than a dozen univers ities and at 
the Batlelle Memorial Inst it ute 
Northwes t. 

These scientists are a collect ive 
equivalent of 1\li ce's "Heel Queen ... 
They' re running twice as fas t so that 
before u product is reaclv for release into 
th e environme nt , the world wi ll know it 
is safe. When genetica lly engi neered 
orga nisms arri ve, EP1\ intends lo have 
in place a credible, well-founded 
regulatory progrnm with which to meet 
the superbugs and sec that th ey are 
propcrlv introduced into th e 
environment. ::::: 
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Some Possible Uses for Biotechnology 

Here is a partial list of pending or 
potential environmental uses of 
genetically manipulated organisms. 

• Using killed bacteria as a pesticide 
The delta-endotoxin gene from 

Bacillus thuringiensis (Bt) is cloned and 
inserted into a species of Pseudomonas 
which is cultured to produce large 
amounts of the protein that acts as a 
pesticide. The bacteria are then killed, 
their cell walls fixed, and the resulting 
"poison capsule" administered as an 
insecticide. Small-scale field trials by 
the developer, Mycogen, San Diego, CA, 
are under way. The Monsanto Co., St. 
Louis, MO, is working on a similar 
product involving the use of live 
Pseudomonas fluorescens containing the 
Ht.gene. 

• Ice minus 
Strains of Pseudomonas syringoe and 

Pseudomonas fluorescens from which 
the ice-nucleation gene has been deleted 
will be applied to strawberry blossoms 
to see if the "ice minus" bacteria will 
make the strawberries frost resistant. 
EPA approval of small-scale field testing 
by the developer, Advanced Genetic 
Sciences, Oakland, CA, is pending. 

A similar experiment by the 
University of California at Berkeley 
involves manipulating bacteria to confer 
increased frost resistance on potatoes. 
Although approved by EPA, field testing 
has been delayed because of legal 
challenges against the university and 
the State of California. 

OCTOBER 1986 

• Cell fusion product for fungus control 
A Cornell University scientist has 

received EPA approval to field test 
genetically altered strains of the fungus 
Trichodermo harzonium to determine if 
these new strains are effective for 
controlling fungi responsible for such 
plant diseases as damping off and root 
rot. The strain was produced by fusing 
cells of two closely related strains of the 
fungus. The hybrid fungus \•vill be 
applied to pea and cucumber seeds. 

• Fungus strains altered by ultraviolet 
irradiation 

Four strains of the fungus Sclerotinio 
sclerotiorum, genetically changed by 
ultraviolet radiation, are being field 
tested by Montana State University to 
determine their efficacy as herbicides 
against the weeds Canada thistle and 
spotted knapweed: 

• Baculoviruses as pesticides 
By manipulating the organization and 

expression of viral chromosomes, 
researchers at universities in Florida, 
Texas, and Idaho, and at Genetics 
Institute, Cambridge, MA, hope to 
increase the usefulness of baculoviruses 
as pesticides. 

• Engineered marine algae 
Protoplast fusion techniques are being 

used by scientists at Northeastern 
University, and other recombinant DNA 
techniques are being used in Australia 
to increase the efficiency of marine 
algae in producing beta-carotene, agar, 
and other useful algal by-products. 

• Toxic waste disposal 
Researchers are seeking to engineer 

bacteria to metabolize specific toxic 
wastes such as PCBs or PBBs. dioxin, 
and oil spills. One such bacterium. 
developed by EPA distinguished visiting 
scientist Dr. Anan da Chakrabarty, is a 
Pseudomonas strain capable of 
metabolizing several crude oil 
components. This may improve the 
possibilities of biologically controlling 
oil spills by combining in one bacterium 
functions that nov1• must be performed 
by several. 

• Toxic waste disposal-heavy metal 
recovery 

Bacteria are being experimentally 
engineered to extract or concentrate 
heavy metal contaminants from land fill 
or mine tailings to minimize toxicity 
problems and allow future agricultural 
use of reclaimed land, or more efficient 
recovery of mineral resources. Similar 
applications are being developed in 
relation to wastewater and industrial 
effluent treatment. 

• Plants engineered for increased 
tolerance to environmental factors 

Plants can be genetically engineered 
tu increase their tolerance to such 
limiting environmental factors as 
salinity, drought, sensitivity to heavy 
metal toxicity, pests, etc. This artificial 
expansion of ecological niches could be 
exploited to bring marginal lands into 
use or to decrease problems of 
deforestation and erosion. Such 
developments could also reduce 
dependence on environmentally 
harmful pesticides. 

• Pollution control 
Phosphorus removal, ammonia 

oxidation, and flocculation are three 
significant problems in municipal water 
purification systems that could be dealt 
with through use of engineered bacteria. 
Developing the potential for using 
genetically modified microorganisms 
created at EPA's Ada, OK, laboratory for 
use in removing toxic chemicals from 
underground \·Valer supplies and wells 
also represents a potential widespread 
application of the new biotechnology. o 
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"Hands-On" Training 
for Asbestos Control 
by Dave Rya n 

"Asbestos" u11d "hands-on·· would 
seem to be mutually exclusive 

terms these davs. bul not lo the folks at 
the lJnivcrsitv.of Kansas 1 ntionnl 
Asbestos Training Center. Using il 
retrofitted trnclor trailBr. the first of its 
ki11d in th(! countrv. they've built u 
mobilri trnining unit for p()oplc \\'ho 
work with nsbestos. Their cl icnts arc 
contrnc.tors. schoob and building 
ow rwrs. and workers: their mission is to 
provide a nial. but safu. experience in 
working with asbtistos. 

1\sbestos is a proven human 
c<1rr:inog1in. Lausing as many as 12.000 
casos of lung iind other cancers in the 
U.S . m·nrv vuar. Since the (Jarly 1!l70s, 
EPt\ has ia(cn stops to rf'ducc the risks 
of asbestos to tlw public. most rncently 
proposing to phase out a ll asbestos use 
in ntiw prod11r.ts. 13111 \\·hile tlwsu 
actions will help lo nlimi1rnte pmblr)ms 
in the futurn. l ·~ Jl 1\ 1istinrntes that 
millions of pt:oplt: still linl. work. and 
studv in buildings thc1t hold friable 
ashe~tos-con tc1 in i ng 11wteria Is. l Friable 
matnrial s ;m• thosci that cu11 be cru mi>l cd 
u11dm hiind prnss11rn and ;1rc) tht!rdorn 
liknlv to rdeas1: lilit:rs \\'hc11 disturbed. 
EP1\ .c:onsid1irs asiJ1istos polt!llliall\' 
hazardous \\')wn it is in friablo 
nwt1iriill.) In their C.OJH.nrn o\'m the 
pn:sc:11!.t) of aslH)Slos, m<111y building 
o\v111n·s hd\'n irrnch·c:rtc:n th· hired 
u11trai111:d c.ontrm:tors \\'hiisn poor 
nimm·a I dforts lw \'D somtit i mes nwdu 
cixposun:s \\' Ol'S!! tha11 had till• .isb1istos 
bt)(!ll loft i11 plau'. 

1\sid1! from prm·iding gra 11ts to s t<1tcs 
tn ('Sl<tbl ish t.011trn1:tor c:crtific:atio11 
programs. 1':111\ is pro\'iding co11trac.1o rs 
and \\'Orkc!rs with trnining in propnr 
11wthods of asb1:stos t1 bal1!11wn t. Sinc:t! 
l!JB:5. th (! 1\ g() llt:\' h.is hvlped sot 11p and 
Jl<lrti,dly fu11d firn ;1s lwstos infu rmil t ion 
.incl tra i11ing u:nlt:rs: Tufts lJ11i,·1: rsi l~ ' in 
lloston : the Ccurgia lnstitull: of 
Tn1:l111ology in t\tla11t.i: tlw l ni\·1:rsity of 
f...l!ns.is at L11\·n·11cp: tlw l ni\'f•rsit~· of 
Illinois at Chic.;1gu: l!nd the l111i\'t:rs ity of 
Culifornic1 ,11 llt:r~tdt•\'. In th o lusl IB 
Illonths. tlinst: fi\'!l c;rnters h.1\·1: tr<1i11ml 
m·m 7 .000 partic:i pants in ui 1Tut ·t 
lll!'thods ol idnntifyir1g t11 1d .ilit1li11g 
ilSI wst OS. 

/ /!I '111 I ' <I I' /'I's~ I ) 11 /( ('I I fl I. I'. \ ' ' ( ) II /( I. 

11( J>11/il11 \tltlli'" I 
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At the Universitv of Kansas Training 
Center. however, ci'fficials were not 
content with just letting people come to 
the Center for traini ng. Instead. they 
decided to take the training via the 
mobile training unit- to the people. 
"Asbestos control. done prop •rly. is 
complex. difficult work." says Dale 
Grube, Director of the Kansas training 
center. "It allows little margin for error. 
Whether performed by a contractor 
doing a major removal project or a 
maintenance man repairing ll leaking 
cei ling. asbestos abatement requires an 
undcrstn nding of the procedures. 
techniques, and equipm en t needed to 
protect employees , building occupants. 
and the public from exposure to 
dangerous asbestos fibers. The mob ile 
van Wils designed to fullv impart this 
und erstanding in the closest real -\\'Orld 
simulation possible." 

Outfitted with pipes. \'ah·es. 
hot-water tanks. duct \\·ork. flooring. 
walls. ceilings. and plenum spaces. tlw 
van can simulate a c:ompl1~te asbestos 
abatement operation from prepming the 
work area to d isposing uf asbustos 
waste. Its fac ilities include realistic 
asbestos subs titu tes to work with. as 
well as state-of-the arl abatement 
eq uipment. such as respirators. negati,·e 
ai r unit s. vacuums. and 
decontaminiltion chambers. 

The training rn11 itsr. lf is an a· x ·HJ' 
semi-trai !er with three sect ions. The 
first and second sections arn "clean 
areas, .. where students becom e familiar 
with personal protective gna r and lt:u m 
how to thoroughlv docon ta111i11alll 
themselves and the abatement 
equi pment. The third and largest section 
is designed to resemble asbestos 
removal sites. ·1 his is 11·here the bulk of 
th e training takes pl ;1c:e. S tudents are 
taugh t how lo main tain or n:11101·e pipe: 
and bo iler wraps. and reµuir or rnmm·c: 
ce iling 1m11<)rials. They also learn tu usEl 
sophis tica ted remm·a l equ ipment. 

Training programs in the mobil1i \·a n 
accommodate a group of six to IB 
s tudents 81 a ti me and last t\\'o clays. [ 11 

add tion. the center <ilso oflcrs 
customized training to meet the rweds 
of specific sites and workers. Se\'l~ral 
groups are targeted for hands-o n 
trai ning. The p ri mi.l r~· target fUI' the 
mobile training unit. of course. is thost: 
who actual lv work \\·ith tlw 
asbestos- w-orkers and supc:n·isors in 

contractor firms. as wel I us maintenance 
workers in public and priv<Jte bu ildings , 
particularly schools. In other programs. 
the Center reaches architects. engineers. 
and consu ltants who dernlop asbestos 
removal plans. Finally. the center wants 
to reach decision makers. such as 
building owners and school 
administrntors. who must choose among 
various abatement options and costs. 

Though it has already served such 
diverse clien ts as Michigan State 
Universitv. the Nebraska Deferred 
Building Task Force, and the 
Leavenworth Federal Penitentiary. the 
Universi tv of Kansas mobile un it is still 
just .l protot) pe. Another traile r is 
nearing completion. and two additional 
designs are under stud y. ewer train ing 
units. for example. will be housed in 
converted mov ing vans to take 
advantaoe of their better suspension 
sys tems~nd smoother rides. In addition. 
future units will have larger training 
areas . 

The mobile unit not on ly prm· ides 
training for safety. it nlso provides 
contractors \\'ith hands-on trnini ng 
experience \\·hich is an important 
component of many state certi fi ca li on 
programs. Such certifi cation programs 
are functioning or under development 
in 25 states alreuch': cveral olher states 
have legislation p(;nding to set them up. 
The Univcrsi tv of Kansas Train ing 
Center has wc;rked with Kansas and 
Iowa officials to develop a trai ning 
course that covers both states' 
requirements. 

The mobile training van. as well as 
the fi\·c traini11g ce nters. \\'ere 
established through funding under the 
Asbestos School Hazard Abatement t\ ct 
of HJ84. Funds arc distriuuted to each 
training center over three years: 
$250.000 the first \'ear. $200.000 the 
second vear. $100:000 the third year. 
Centers -a re expected to becomr. 
self-supporting by the fourth yem. 

"Most people think of EJ>1\ as some 
sort of stern regulator ... says Crube, "but 
the mobile va n gives high visibility to 
another as pect of the J\gu11c:y. tha t of a 
posi ti ve he lper in meeting 
environmental go<.ils. 

",\iloreover,'' she adds. "the \·an and 
the Kansas Trai ning Center . as well as 
all the other ce nters. arLi an excellent 
example of ho\\' a federal gol'ernment 
agency and univers it ies c:iln \1·ork 
together to make a posi tive impact on a 
signi ficnnt problem. With a rela ti vely 
sma ll amount of government fu nd ing 
and a lot of federal ilnd acade mic 
ingenuity. we've come up with 
someth ing tha t fulfill s a real-\rnrlcl need 
in protecting all 1\mericans from the 
haza rds of asbestos.·· :J 
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Practicing the Art 
of Biomonitoring 
by David Wann 

l.u~ s /lcm 1sl1. c111 EJl. \ uqtJ(llir /Jiologi~I. 
stlldi1·~ orgcJ11isni.~ lrom lh1 stn·um 
/Joltom ol /)1'111·t·r·s CIH•rr1· Cn!f'"-. 
sf'tm lti11.•; lor signs tlwt 11 ill 111dirnlf' 1111' 
qtrnlit1 ol till' c n•c•"-'.s 11 utc•r. 

(\\'01111 is o ll'l'iU·r 11 ith EJl1\ 's llr·gio11 /l 
officr' i 11 /Jpm·pr.J 
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Some of the techni ques cu rren tly used 
by en vironmenta l scien tis ts seem to 

be as much art as sc ience. 
Biomonitoring is a good example. By 
grow ing " in dica tor" s pecies such ns 
fathead minnovv , crus tacea ns like 
daphnids, and alg[l e in se lected water 
sa mpl es, scienti s ts can quick ly 
determine if a given s tretch of wa terway 
shoul d be s tudied in more detail. The 
arti stry lies in dec id ing exact !:-· where 
and how to use the indicators. 

1\ ccorcling to De l Nim mo. an aqua ti c 
tox icologist wi th Region 8 of the 
Environmental Protection t\ gency in 
Denve r. "The ad vant ages of this so rt of 
test ing ure its s impli c ity. 
cost-effecti veness. and qui ck results . 
This tec hnique cu n be used as a firs t 
line of d efense in the pro tection of our 
surface waters." 

There's no doubt that plan t and 
animal species have ser\'ed as reference 
points fo r environmental quality 
throughout hu man history. One of the 
first forma lized uses of biomonitoring 
was the canaries which miners took 
with them into the coal mines to 
forewarn of lethal gases. When the 
canaries died from accu mulating 
methane, the miners got out fast. In 
recent years , biomonitoring techniques 
have become so fi nelv tuned and 
reliable that the\' are ·now being built 
into the regu latory process. 

The Cl an Water Act specifically 
refers to biological testing for assessing 
environmenta l hazards. espe ially in 
condit ions where the mix of potential 
po ll u tan ts is com plex. Tnstrumcntn l 
techn iques such as atomic absorption 
s pectrosco py. w h ich have become 
astonish ingly. ens itive in recent years. 
can detect concentrations as smc1ll ns 
parts-per-trill ion, bu t thev can't 
effectivel v demonstrat e the in ternct ion 
of chemicals wi th each other. nnd wit h 
va ri ables such as acidity . hardness. 
so lubil ity. and exposure ti me. 

Biomon itori ng integrates thusC' 
vari ables and can definite!\· tell us 
when chem icals ha\'e reached thl~ toxic 
level. It ca n also help us trnce 
contaminan ts back to such sou rce ns 
hazardous vvoste fac iliti es. s in ce it 
can qu ickl y revenl where the hot spots 
are. 

Del Nimmo and hi. co llecigul'S Jim 
Lazorchak and Tom \\'i ltingha m Jrnq; 
been working with bioind ic;1tors for 

ea rs, al l over the U.S. and e\·en us far 
afi eld as Egyp t. But their 1·1;cent work 
has been focused on using tiny 
crn tac 'a ns to monitor \1·nter quality in 
the genera lly p rist ine strea ms and lnkt?ii 
of Montana. \V yom ing. Colorado. l tnh . 
a nd 1 orth and South 1);1ko ta. 

So111eti111 es th l)\' work ou t of R1;gio11 
s·s Envi ron nwn ta l Se1Ticns mobi le lah 
for senll'al wenks nt n tinw. but w lwn 
flex ibility a ncl a quick turnaround ;1ru 
called fo r. the\· can pack 11 n entin' fi1!ld 
laboratory intc) a bridc:nsu and un ic1· 
chest. The 111os t cruci;1 I cqu i pnwn t is 
the crustnccu 11 itse lf. hu ndrnds of w hich 
ca n be ca rriucl i11 n co11ta ine r 110 biggur 
than ;1 ca nn ing jar. 

l11 fu11ct ion . thnsc orga11is111s Cll'l! 

si milar to well-trained hun ting dogs or 
falcons. except that their re pertoire of 
skills is limited: the\· dart <1round. cnt a 
specia lly prnpa recl cfic t. and. after o nly 
fou r clays. prod uce their firs t brood. If 
th e wa ter snm ple is c:ic<111 they live: they 
d ie if it's not. If th e \1·n tt!r qwility fa lls 
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some\\'here between the two extremes, a 
"chronic" test to observe the number 
and vigor of offspring will yield 
va luable information about the degree of 
toxicity. In some cases this information 
can be used lo calculate the dilution 
necessary to reduce the toxicity of a 
given discharge to acceptable levels. 

One of the biggest advan tages of being 
a test crustl.lcenn is that thr. food is good. 
Trout chow. the cntrr.e, is concentra tec.l 
into highly nutritious ··soup" by being 
gentl y bubbl r,d for a week. The soup is 
kept chilled until use. The second 
course is a tea prepared from powdered 
rye grass or dried alfalfa usually 
obtainable at n louil health food store. 
/\n equal serving of baker's yeast rounds 
out tlw menu. 

But les t this begin to sound like a 
Jul ia Childs' luncheon buffet. it should 
be P.mphasiz!)d that these platoons of 
daphnicls arn on very critical 
assign mnnts. 1.ike the rest of the 
cou ntry. l~ocky Mountain and Hi gh 
Pla ins s la tes am experiencing \Nater 
contamination from both point sources 
like waslc!wntm discharges and 
no11poi11t sources such as agricultural. 
urban. <11Jd rni11ing runoff. Sin ce 
nn11poi11t sourer, c:on tarninntion .an 
rnsul t inn wide rnngc of potenti al 
toxicants. biomonitnring is very 
effor:ti ve in horning in on the 
troul>lc:spots in large st retchr.s of 
wntmwny. Tlw tcchniq11e is nlso a 
naturnl for dt~ tf!Cting the rela ti vr. tox ici ty 
of lrnalmm1I plnnl ;rnd indus trial 
dfl uen l. 

lliurnonitori11g is bning ca refully looked 
ut both n:gio nally and nat ionally as a 
nwans of nrnt:ting the ob jectives of the 
Clnan \'\'a tor 1\ c: t: to restore and 
mai11tni11 th e rinturnl biologic:u l balan e 
of the rrntion's waters, and prnven t th e 
dischurgt! of toxic pollutants in toxic 
amounts. Biomonitorinng techniqu es 
C:il ll nlso be very effective in the µrop er 
asses ·rncnt of ri sk, crn cl the setting of 
appropriate toxic efflu ent lim its. 

In fact. the: nation 's first officia l 
i11clustrial npplication of biomonitoring 
is no\\' on lin e at the Ciby- eigy 
chemi cal plant in New Jersey. The 
state's fJcpMtrnen t of Environmental 
Prot ec:1ion has rnquirccl that the plan1 
co ntinu ousl y monitor a colony of mysid 
shrimp . an orga nism smaller than the 
tip of n pencil poin t anc.l ex tremely 
snnsi li vn to contamination. 
lliomo11itoring is especially va luable in 
this case because the company uses 
hu 11drnds of chem icals in its 
manufacturing processes. and 
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determining the impact of each 
interacting chemical 1;vould consume a 
lot of time and money. 

The role of "Toxic 13usters" seems to 
suit the EP/\ crew of water quality 
experts, who are often accompanied in 
their efforts by state and local 
employees. Their detective work has 
already uncovered many cases of 
toxicity with serious environmental and 
heal th -impc:cts. 

The most crucial equipment is 
the crustm:ccm itst'lf hundrccl 
of which <:(Jn bl~ curried in a 
container no bigger llum a 
canning j(lr. 

For example, late i.n 1985 , EPA 
·worked with the Colorado Water 
Quality Control Division and the Denver 
Metropolitan Sewage District on a 
thorough profile of the South Platte 
River. Acute 48-hour tests and chronic 
7-day tests revealed that one of Denver's 
major wastewater treatment facilities 
was in far worse shape than previously 
real ized. The results were uneq uivocal: 
above the treatment plant, 100 percent 
of the tiny crustaceans survived. 
whereas directly below the plant's 
di scharges all perished. 

For 16 miles downstream from the 
plant's effluent, survival and 
reproduction of the bioindica tors was 
markedly reduced, which demonstrated 
that a complete range of testing was 
necessary. l~egion B's Environmental 
Services lab took over at this point, 
running fish bioassays and the whole 
spectrum of chemical tests. 

Another dis overy resu lting from the 
Sout h Pl atte stud v was that one of the 
river's tributari es : the prairie-born 
Cherry Creek, had high leve ls of 
contaminants in it. At the confluence of 
the river and the creek. right where 
Denver had first been settled, there was 
something in the wnter that didn 't 
appeal a t all to the daphnid crustaceans. 
A later. more in-depth . biomonitoring of 
Cherry Creek pinpointed several sources 
of toxi city of both point and nonpoint 
origins. 

Included in the Cherry Creek profile 
was an evalua1ion of invertebrat e life in 
1he bottom level of the streambed. The 
quantity and type of organisms present 
in a given square foot of s tream bot tom 
can yield valuable informat ion about 
how clean the water is. In general. as 
water quality decreases, one observes a 
higher population of midge larvae (a 

mosquito-like insect] , more caddis flies 
and snails. and fewer mayfly and stone 
fl y larvae. Though the biologists wading 
through Cherry Creek seemed to be 
panning fo r gold as Denver's pioneers 
had done. actua ll y they were in search 
of something e en more valuable: signs 
of the kinds of living things proving that 
the water was clean and safe. 

"There are a whole lot of variables 
here ," Nimmo remarkP.d as he looked up 
from his microscope. He was eval uating 
the results of an acute toxicitv test 
which he and personnel from' the 
Colorado Di vis ion of Wildlife had 
performed on water samples taken 
upstream from the Chalk Cliff fish 
hatchery just east of the Continental 
Divide. The facility and a sister 
hatchery supply many of the trout 
stocked in the s tate's cold-water 
streams. But in recent yea rs, during 
periods of high runoff, substantial 
percentages of fingerling trout 
transfe rred fro m Mt. Shavano to Chalk 
Cliff had no t survived the move. When 
the transfers were made experimentally 
to other receiving waters. the d ie-off 
didn't occur. Apparently 1here was 
something odd about the water in Chalk 
Creek, especially in the springtime. 

Biologists observed the transferees 
closely and noticed that as soon as they 
arrived they would start jumping. At 
first they thought the fish had too much 
darkness en route and were just reacting 
to the light. But within 24 to 48 hours 
many of the trout were dead . 

Extensive tes ting was performed on 
Chalk Cliff's waters for heavy metals, 
dissolved oxygen, pH, ammonia . 
hardness , etc., but the problem could 
not be pinpointed. Among the many 
possible ca uses were the amoun t of 
runoff during a given year, the presence 
of septic leach fields and greenhouse 
operations along the creek. the routine 
pesticide spraying nearby on national 
forest lands , and the interaction of 
various compounds under differing pH 
and tem perature cond it ions. Finding the 
exact source of the fish -killing 
contaminants was about as easy as 
juggling tenpins in a space station. 

Yet. biomonitoring gave qu ick and 
conclusive results. In water collected 
upstream from two abandoned mines, 
the daphnids were thri ving, but water 
directly below the mine tailings was 
100 percen t fatal to the crustaceans. 

'Tm proud of these cri tt ers" , 
remarked Del Nimmo. "It looks as if 
they've once again saved us a lot of 
time, expense and aggravation ." o 
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Text 
by John Heritage 

Photographs 
by Steve Delaney 

"rr1 
1. he sea is our 

life, our h ighway, our 
farm. our prison.'' 

So wrote a native of 
Tangier Island describing his 
hometown: two and one-half 

square miles of low-lying 
land on the Virginia side of 

the Chesapaake Ba . On 
Tangier Island, "waterman" 
is the occupation of choi ce. 
Nearly all the island' men 

earn their Jiving from the ea, 
dredging for oysters and 

harve ting blue crabs. 
Tangier has only a few miles 

of roadway. Most of its traffic 
is on the water. 

T he people of Tangier 
Island have a long tradition 

of living simply and c lose to 



Continued from pogc 17 

2 

the cn\'ironment. /\ man 
checking his crab pots on a 

quiet summer morning; a 
bird flitting through the 
marsh grass - these c:ire 

everyday scenes on Tangier. 
Life here is ver, diffe rent 

from the urban life with 
which most of us are 

familiar. l3ut the island 
triggers reflections that might 

help us rediscover the 
meaning of our own da ily 

efforts to improve 
environm(~ntal condit ions, 

inclu ding the waters vvhere 
the Tangier Island crabs 

flourish. 

There has been in recent 
years a national awakening lo 
the complexity of life and the 

fragilit y of the environment , 
and a grow ing wi llingness to 

rnspect and <1dapt to the 
11aturnl scheme of things. 

This change in atti tude 
represe nt s n new reverence 

fo r basi c n;1tural val ues and 
the intcrre lntedness of liv ing 

things. u changH that reaches 
from sa lt marsh to corporate 

board room, from crab 
harvest to Crrngrussional 
!waring. Wlwn \\'e think 

about it, plJrhaps Tangier 
lsla11d <111d tlw res t of the 

coun tr\· arm i'l so far awa 1 

from eac:h othur ;iftl~r all. c 
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1 '\s r lr•c111 lrnrndn I/rips 0111 r1 
lwut Oil liis IHwhurrl lillt', 
,\(lll!H'/' l'n11tl II orks Oil 1111· 
constnlC'liull ol 11 l/(lt·lrntlo111 
sk1jl. fie II ill !ISi i/w Sllltlll 

/wot to sh11U/1• fJcH k u11rl tmth 
lrnrll slwn· lo till' r mli slic111l11•s 
.11 hl'n' fisliin.2, g1·clf" 1s sto1n·d 
'J /11• lwut 11·ill 11lso 11'111 h1111 to 
ll!'flrlll' suit lllCl!":dlf's tn 1!11111 
thl' d11cl-:s UllCI .g1•1•.sp tlrni 
m1grnt1• t/1f'rl' 1•11•11 11 i11/l'r. 

2 B1c .11 /es /t'ull £1~11111st u 
hue k_\'(lrcl pir kr·I 11•11< r. \lo-·1 
pnopl!' gf'f r1rn1uHI Tongll'I 
/sl1111d"s 11•11 111il1•s ul 1111/Tl!ll 
wud11m lll hik1·. !11 lc11 t. ·fl 

n·i t'nl 1·is1lo1 lo th1• 1.s/£111d 
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o/Js1·n r·d u /rnlt dCJzr•11 1!1 siJ 

lrncb. go/( C'ml s. urn/ 11101lt'ds. 
but not o s111glr· u11tr>rno/Ji/r· . 

:i 1\ lm11I 1·uru r•ntn pn·11111•1 
si•lls his 1i1t ll p11bl1C utio11s to 
lounsl.-.; , 'f'111 li1story ol '11111.t;i1·r 
/~lcmd .s1•/b fl)) u dCJ//ur: llw 
lllCl/I. IOI Cl diilll 

4 1.ool-:"H, lil-:1 • u r /rn1ud1•1 out 
o/ I li11 k h1111 . cr 1 01111gs/1•r 
puddl1·s /ii.o, sk11t", tl11 • .S\\t~l't 
\\ illi<1n1. (Jn lu11gr1 r J:,;lulld . 
"Yo11'u· /ttsl ·'-'"' lo IH111• /o 
l)()U(J." (/ llcilr\ I' ()Ii( I' II rcil1 : 

"s"ills l rn the Ii/Ill' 0111";, 
oulhnurds lor 1h1• 1 ou!11s. u11d 
\\'or" noll 1111 tlw 
lni·r11l11·1 11111•1s ·· 

5 Crnb Imps. liouls. u11d 
s/wnlll's : tlH· 1·ssr•11 1w/s of lilr• 
011 Tungi!•r blond /'ish hu1t 
plou•d i11sicl!~ ihf' lrnps ltm·s 
ilw ! rnl1s . 1\ si11g/1: _lislwrnw11 
1!1(11 sl'I 1111( n111n• tlw11 u 
lwiHlwcl tru11s 1•uch du_\. 

Ii \ .11111ngst1•1 1111/ds 1111· p111.1' 
ht> /ws j11sl scoc1rwd up 11 ilh 
/11s ! rnb 111•1 : u p1•!'/n. Th is is o 
c rn/J rworl\' fe(Jcl\ to ,Jwd ih 
lion! 1 •xos~r · ft!1011 rJ11d turn into 
1111· C:h1•so1wokf' BCI\ df'lirn< 1 

k1J111111 us o sofl ~/it'll . 

7 C r•111•rnl111ns 111 islo11dr•1s 
hcw e lo u 11r/ u /irntl tt'sl111g 
p l11n• in i/H' l'C1is1•d grn1·r•.s of 
I h is !:1•111 r•t1•n 1111 l"1mg11•1 ' 
mu i 11 sl l'f'!'I. l ligh lr111d 
11011·/i1•n• l!ldli ' lhr111 1111• f<'<'I 
uhll\ t' s1•u ll'vt•I is ut u 
111·r· rn i111n h1•n• .. \ .s u n·still. 
rnw11 1slo11d1~rs h11n rh1•11 
"llllo/k in /"Cl/.Sl'd ,l!.f'Cl\' l' .S Ill 

i/1t• 11 110111 nnr/s . 

8 \\'hill' r luplwurd hc11is1•, of 
To 11gir•1 lslond m r• rluo" I/Ji-. 
oboll donr•d 11 ork lH1ul. rnlli11g 
m1 Cl\ ' in the grnss ol' on · 
m l jou.•11 / suit 111ur.-.l1 
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ENVIRONMENT AL ANNALS 

A Close Call 
on the Mississippi 
by Roy Popkin 

Slow and squat, the river h<1rgc 
Wyclwm 112 hardly looked Ii kc the 

ca use of u major emergency, and thanks 
to good l11ck and crea ti ve improvisation, 
she wnsn't. llul 2~ yea rs ago, she could 
have been the world 's rirst sy non ym for 
a di sas trou s airborne chem ical release. 

On th e morning of March 23, HJGl, 
th e Wyc;hcrn was being towed north in 
th e flood-swollen waters of the 
Mississippi Ri ver. Seven and a half 
mil es south of atc:hcz , 1S, u1HJ 
Vidalia, l.1\ , the h;1rg<: was sw<1mped by 
waves, snap ping the towl ines and 
s inking th e hnrge into the muddy river 
bottom. The Maste r of the towboat 
radioed the l J.S. Ar111 y Corps of 
l·:ngi rwe rs , n: pnrli ng l ha t the \Vyc;/i cm 
had s1111k wi th a lrn1d of c;111stic soda . 

I le was rigl1l about the s inking, IJUl 
very wrong alm11l llil! cargo. The 
\l\/yr:lrem was c:arry ing fuur large steel 
tnnks r;o 11t;1i11i11g liq11ifieJ chlorine 
gas PtHlll '1,l1 to makn more poi son gas 
than was us<:d i11 all of Worlt.I Wnr I. 

S11nk() 11 barges on the Mi ss iss ip pi arc 
not 1 lw l 11nus u;ll , and the lost vessel 
pos1:d no app<irenl !lireu t lo river 
n;ivi ga ti o11. But tlw \Vyc:lwm's ca rgo wns 
of consi dera bl e co11c •rn lo the f<:dernl 
govu m111 e11t , which is res pons ible for 
th<: saf •! 'of the nu\io11's 1wvigt1ble 
wal1)rwuys. It was not any lh rnat to 
oth er tows llrut worried government 
ofli c inls; it was th e chlorine gas. Shoul d 
tir e tanks or llr ei r va lves lie damaged , or 
uv(;11 l11 all y ru st thro ugh , thl! clilori11 e 
could bulililu up lo t!w river's surft1ce, 
IH!co rni11 g H dL:adly, 1111co11lrol l<1lile 
cl(J t1 d. 

Many people think of chlorine as a 
w;1tur purifier, a household cleaner, 
sonrnlhi11g yo11 pour into a swi mming 
pool to kill bacteria. /\ml it is those 
things. Uut chlori ne is also a poison, 
causiug ncule, delnyed, and chronic 
hea lth h uza rcls,o r even Je;1th, if inha led. 
It s symptoms may includ e burns lo lire 
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skin nnd eyes, severe irri ta tion of the 
nose, throat, nnd eyes, severe coughing, 
difficulty in breathing, congestion, and 
other problems. 

One liook describes th e use of 
chlorine in World \Var I thi s way: 
"spreud as a gils by lhe Cerrnnns- then 

they ca ll •cl ii mustard gas-i t waflcd 
over allied lin es, ulrnosl u111wliceable at 
first, jus t a faint melnlli c odor. Then 
th em wus n slrn11ger stench. 1\ vile 
yellow fog crep t evilly ;dong the mud dy 
ground of batll e li t:lds like Ypres. 
Pushed by th e wind it climbed the 
bun kers <md over walls. J lcavier than 
air, ii fillncl th e trenches, the dit ches, 
i111d rnvinl!s. First the so ldi<~ rs' ey<:s 
began lo wa ler, then th e ir throuls 
light<?rwd. Th e ye llow gas flooded the ir 

Jn the Nutional Guurd arnwrv. 
a large jug of chlorine waH · 
marked, "Take a sniff. Knon/ 
your enemJ'." 

lungs, se;1ri11g ll H:n1, leaving llw soldie rs 
g;1spi 11g for oxygL! JJ . T]H:y vomited , 
writhed i11lo 11nc:o11sc io11s11uss, a 11cl died. 
Even s11111ll doses ldl 1ho11sa11ds 
crippl ed wi th rnspiralory di seases fo r 
life. ll doesn't liike m11ch. As littl e us 50 
pnrls 1rnr 111 illio 11 in tlw nir is enough to 
Ul ll S l: quiL.k, horri lil£: du;rlh. " 

Tire U.S. P11 lilic I lt:allh S1: rvic:c, 
respo11s ili le for air qunlil y prol1l1:111s al 
tlwt lime:, !i nd thi s his tory in mind 
when it es limuled there could IJe as 
man y us 50,000 casual ties- half of llwm 
fa tal it ies- if tho clilori111: in llw b<irges's 
1<111ks lcak<?cl and a gus cloud 
s1il1seque11ll y spread over 1w;1 rl i ' citi es 
n111l llw s 11rT0 11 11cli11g c:o11 11t rysi de. 

Duspi lt: tlwsc worrit:s , 111ore llt;111 a 
ye;1 r lntnr , tl w \Vyc:/1u111 and ils ktlwl 
c;irgo wt:rc still al thl: bottom uf ti!(! 
riv£:r. Tlw cargo ow11t: rs, th ei r insurers, 
and tlw Cmps of l~11gi 11 uers had all tried 
wilh no succ:ess lo local1: th e: s1111k tn1 
barge. 111 S1: pl rn11ber of 1 ~Hi2, l'rl!si cl en l 
Joh n l<c:111wdy nskerl lhn ()ffi c:<: of 

t:merge11cy Planning In loDk in to the 
rrnrller. Tlw Corps of Engineers wns 
nss ignnd lo fi nd <111(! sa lvage the barge, 
whil e the IJul.J li c 1 led lth 'ervice wns 
give n rnsponsib ilit y fur pu bl ic su f1:ty. 

The decision lah.u 11 i11 Sepl1:m ber sc l 
up u uniqu e barge recovery task force. 
!11 today's lex icon, wli nt the tas k force 
did wou ld lie ca ll1!d ;111 "crnergc11cy 
remo\'a I." 

The task fo rm lwcl th ree big jous 
nlwad of il: fi nding th£: hulk; ra isi11g il 
and it s ca rgo safely; and devisi ng an 
evacua tion plan that could move so me 
B0 ,000 people out of rnnge of a11y toxic 
c loud lhnl might be released. 

Using a U.S. Nav' lnrrricnne hu11tcr 
pla ne and an e lec troni c probe used by 
o il compan ies lo locate sunken 
pipelines, lhr. Corps found tir e Wyclt cm 
in a few clays. l l was largely buri et.I in 
the mud , its "back" broken and tilted in 
two dircclions. Divers immediate ly 
bega 11 i11vesl ign ling the c:undi li '. 11~ of th e 
ba rge a11d the cargo, but all ope rntions 
were lrnlt1:d when the i\. liss issip pi 
director of. c ivil defense said h is sl<1 le 
was not aclcqualcl y prepn rcd fo r ;1 11 
emergency ev;icuu l ion. Nol 1111lil 
October H \Nern the evncuali on 
prolilems rcsolved a11cl sa lvage work 
resumed. 

The plan was lu raise each of the four 
la11ks ind iv idually. This was cons idered 
less ri sky 111<111 r;1i si 11g lire entire linrge nt 
o nce. trn 11s fe rr i11g the chlorine lo other 
conlai rH:rs w hil e they remained 
und erwate r, or gradua lly lilcecl ing the 
chlori ne out of the tanks to the surfoce. 

LJ 11dcr the leadership of the Pulili c 
I leal lh Service, th e Reel Cross aml 
various slate agenc ies had put together 
an evn cunl ion and shelter pl an keyed to 
a s pnt:i <1 l wa rning sys lr.m and rea dy to 
go nrou11 d lite c lock unti l th e tanks had 
been s;1fe ly rnisl!d and removed from the 
urea. The fodc rul iz1:d Mississippi 
Na tional Cua rd u11 011e si de of the river 
and the L.ou isi;111a State Po lice on the 
o lhcr were res pons ibl1: for carry ing out 
nny evncual ion. The Public ll eal lh 
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Service reco11111ic1Hlecl tol<il evncunt ion 
wltli in a thi1·ty-milc rndi us of the 
sulvage site. The areil, wh ich inc luded 
Natchez, Vidalia, nnd a nurnbcr of 
smaller com 111u11 itir:s, ns well ns isolatc)d 
fishing camps 1md farms , had a 
population of B0,000. All these people 
would have to be warned and moved 
beyond Lh e thirt y-mile limit as soon as a 
leak occ111n:cl. Why thirty miles? 1\ l<ecl 
Cross disaster 8clrninistrnlor who 
participated in the pl n1111ing meetings 
recalls th nl "wl: h11d lo go Ii 1 what was 
known a lioul cl1lorine gRs <1t th e time 
... <111d 11 lot uf Lh1!1 ca11ie from 
uattl cf il!ld l!Xpnril:nce." 

Usi ng supplies from its own and 
govern m£:11t so11 rccs. Lhe l< ed Cross 
csta!JI is hed I :l:l tl!111 porn ry sliul ters mid 
support ing logistic;JI facil it ies in 
communities outside the proscribed 
danger nrea. These vvere mnn 11ed by key 
personnel 24 hours a day; until the Inst 
tank was rniscd , many of tlwst! people 
had to lw close lo 11 cl1:sig1wted 
tcleplw1H: ut 1ill ti1 1u:s. I lospi tals, clinics , 
and otl1er fuc: ilitics wern given specia l 
tr;1i11i11g a11cl s uppli1!s for use i11 tn:ali11g 
cl1lori111) exposun: vit:li111s. 

Natc lH:z, a ri,·erp1Ht city nnd tot11·ist 
allrnctio11 licrnt1 s1: of its 111a11y fine 
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nnll; lwllum honrns, was th e lilrgcst c ity 
i11vol ed. National Cunrdsmen were 
posted ut every street corner, clay nnd 
11ight, to sound <Ill al<1rm and assure the 
l!\'ac11<1lio11 of nvcryono i11 adjacen t 
homes. In th e ational Cuarcl nrmory, n 
b rge jug of chlo rin e wns markml , ' "1';1ke 
il s niff. Know yo11r enemy." Evucuntion 
drills were hold in all schoo ls, bri11ging 
thn avc:ruge time it took to empty a 
school, tag the kid s. a11d get th e111 on an 
011LIJOt1nrl bu s dow n In 111Hlnr two 
mi11t1ll!S. In fact, because it w;1s eas ier to 
ma 1wge tlw ci ty's c: liildr •11 while they 
wern i11 school . all the ta11ks wt:rc rnis£:d 
cl u ri 11g school I 1ou rs. Wht)n rn isi 11g th e 
third lank took longer th;111 nxpec:ted, 
school hours were: ex tended. 

Those build ings tllill rnulcln't or 
shoulcl11't br. evacunted 011 short not ice, 
s11c:h as the telephone compi1 11y ce11 Lrnl 
office nnd lhe local hospi t<1l s, were 
fitlc~rl with col lr!clivL: prolectnr!:> , 
con1pn:ssed air units that luokl~d like 
gi1111t tarnntulas h1111gi11g outsid e thc 
buildings. Tlwse units kept n highnr 
than nornrnl a ir pressure in dnsig11;1tcd 
i11side ;1reas to prnvent thl: entr;111ce of 
c hl ori 1w-l adc11 air. I11di\'idual gas masks 
were iss 11 ecl to everyone. 

f1uri11g tlie salvag·e period , 110 sin:11s 
were used hy C! lllt~rgr:nc~' Vl:h icl r:s or 
local firn ;ilarn1 syslt!ms. Tlw poptil<Jce 
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knew thnt n si ren meant just one 
thing-chlorine gas was loosn. 
Whenever n lank was being lifted from 
the b tlom , acti\'it , in a tchez seemed 
to come to a halt. Everyone I istencd to 
live rndio broad en ts from the rivcrb,rnk. 
And each time the "play-by-play" 
report er on the I ntchez rndio station 
announced thnt a tank had been secured 
on a speci8l barge and was under \\'ay, 
the city seemed to come liad. lo lifl? 
with n.collective sigh of relid. 

Tense as the si tuat ion was , it was not 
without humor. On I lallo \1'L!e11, kids 
painted their gas mus ks weird colors and 
wore them when they \V l)ll l out to tri ck 
or treat. The Coast Cuard , which 11•;1s 
responsible for co11tro lling ri\'L!r traffi c 
during th e operntion, tri ed to prtJ\' en l a 
riverboat from bringing a group of 
clubwomen into atchez for a tour of 
the mansions. \Vlwn !he wo11w11 
persisted in touring. they were ordered 
to wear gns masks at all ti111os . 

J\t the site of the sa lvage operat ion 
s11ortwave radi o •11,l:rator \\' US 011 duty 
c:onstnntly to rPlay wore! of any 11:.ik. 
The Na t ional \\lt!<t tlwr Sorvic l! n:leased 
liallouns regu ln rly to 111011 itor wind 
clirec tio11 , a11LI 11 helicopll!r s.it un llw 
levee, rnacly to fo llow <1 g<1s c lo11d ;111d to 
warn hl111tc rs, fishernw11, a1H I isol.1t 1!cl 
fnrmstua cls . Sc: icnlists i11 sm.ill Im.its 
circled the salvage: ureu , rc<1cly to s prtt y 
ammonit1 111 hvdroxi dc 011 11 1111 tcll-t,1ln 
lrnuhl os a nd t~l signa l l ~v c1 1 ti.it: s111allust 
sign of a chlorine leak. T l1is, too, \l't:nt 
on night an d da y. 1\ l I sal\'ilgl: workt!rs 
wore protective gc<H, nnd sp<:ci.il wi11d 
n1i1 c: h i11es ll'erc impo1·tccl frn m 
I lo llywood fil111 s tudi os I ll lilow anv 
escuping gas ilWilY frnlll tlw ~rn lv;ig1 1 
crews and e11wrgc11cy CiJH:rn lio11s. 

llnder tlw w11ter, after prnctici11g in 
pitch black dnrkncss, d i\'urs Imel lo first 
clear away the ar:cu11111 h tcd 111t1cl <111cl 

si lt- in some J laces l ·I fc:1Jt de1?p from 
th e barge, than c:an~lully rumovc: lhn 
deck slrnc:t11re so the · coul d gr:t at llw 
ind i\'idua l tanks. The n, t:vt:r so 
clelica t1:lv. tlH!\' had to 1·c111 m·o tlw 
fastcni11 gs lwl<.li 11 g tl in li111ks i11 pl11ct: 
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and jlls t ns delit:il lely attach new s traps 
to hooks lowerncl from giant derricks on 
the sa lvage barge above them. The crnne 
oper;itors, directed from heneuth th e 
rivr.r, had to inch each tank into a level 
position from its ca nted postu re on the 
broken barge. One<: thi s was done, the 
derricks raiscJ the tan ks slow ly- until 
they broke through the river surface up 
to 50 feet above the \Vyc/wm's resting 
ph1ce. From there, they wcrn hoisted 
onto a hi11-gt: nnd closely examined to 
111 ;1kt~ smr. the valves were intact. Then. 
<it Ins t, L~ac:h lank was towed to 11 depot 
in C:eis mar, l.1\, where the liq11id 
chlorine w;is transferred to safe storage 
tanks. 

Thl! last tank was raised on Novnm lJer 
5. All tlrnt remained of the operation 
were the nfler-. c tion re ports, and they 
ha ve long since di sappeared into fil es 
and libraries. 

Thn story of tl w sin~ing of Wyr;Jien1 
11 2 will never be the Sll hjecl of country 
ballads, for no one died ;i nc.I Ilic s<1 lvagfl 
opcmJ tion plan wc11 l off wi lli o1 1t a hitch. 
Bui the potential fo r such inciclen ls has 
increased. A repo rt for the Pc:dera l 
Eme rgcnc:y Management /\gcncy 
publi shed <rn rl y this ye;1r cited 11 0<1rly 
300 cvncuations because of c:hcrnical 
acc idents - mo re than one a week- in 
th e lJ11i lecl Slu tt!S from 1\JllO to 1\J/34. 
The overage i11volvecl one th ousn ncl 
p'eo pl e. TIH; l<Hgest, in which 30,000 
were cvac:u;t!ccl, took pl act! in 
down tow n Sa n Franc: isc:o nfltff a 
piepline n 1rryi 11 g PC!ls was broken. 

The largest c:hemic:al-ca uscu 
cvac:1wl ion 011 record oc:c:urred in 
C:a11acln i1 1 l!l 7D, wlwn a freight tra in 
derailed ou lsi cl e the city of tvli ss issa uga 
in lhe province of Ontario. 

Th e force of nx ploding clwm icnl.s tore 
a large l1(l lc! i11 a tunk car containing 
liq11id chlor inn, le tt ing the clwmicnl 
leak out i11 tlt e fo rrn of a cl nngero11 s gas 
cloud . Ancl llw c:nn ti1111ing fir l!s not only 
c:rnal cd a d;111gcr of furt her uxplosio 11 s, 
but cl clayc cl efforts lo sea l the lenk. 
What 's more, the probl em of s1:ttling th e 
lt!ak turrwd out to lw 11111 ch more 
diffi cult than l!X]l(!Ctt:d; th e personnel 
in volved liad lo work nol onl y on Lh c 
ex tmiur of !lie ta 11 k cnr !Jul had to get 
ins id e it, ;111 L)x trenwl y ri sky bus iness at 
bes t. It Look s ix davs to c lose the hol es 
and 1:xti11g11 ish the)- firns. 

J11itiullv. onl y iltt: i11d11slrinl area 
in111wcli;1ttdy smro11 1Hling th o wreck wns 
l!VHcuated. Tht!n, as llw escap ing 
chlorine l'ornH:d in to yol low c:lo11d s, till! 
ew1c:ualio 11 w.is ex p;111ded to i11 cl11de 
everyone livi ng wi th i11 five mil es or the 
au:iden\ si te; ulti11rntc ly, almost 2:i0,000 
residen ts, fnur hospitals , and <1ll 
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comm ercia l establishments in the area 
were evacuiJ lcd. It Wi1S no t u ntil five 
days late r thot the ;i uthoriti es perm it ted 
people lo return on n sector-by-sector 
bas is . 

Aga in , good luck and effec tive act ion 
by publi c authorities prevented another 
candidate for the "first" 13h opal. 
Fortunatel y, the wreck had occurred 
between two heavi ly popul ;i ted areas 
11ndur wind c:onditiu11s lh<1 t blew th e gas 
c lo uds away from tl H! populillion lung 
enough lo get peop le 01 !1 of harm's wily. 

Eve nts li ke the 1~J fi2 clilori1w IJ;nge 
s inking or llw !'vlississ;111gil trn inwn:r:k 
would be l1<111rllod 11111 ch diffl:renl lv i11 
th r~ U11itecl Slates today. 1:or tl1 c 01;e 
thing, mu c: li 111 on: is know11 ;tlio1 tl tlie 
behavior of leaking chlorine and 
chl orine gas clo ud" h~tkral criteria fo r 
ern l!rgenc:y acti ons rL)C:Omnwncl a n1 uch 
s rn11ll er 1!\'<H:1;alio11 11rn;1 tlwn th e :JO-mil e 
rndius spet.ified i11 1%2. It probab ly 
wou ld be in kr.ep i11 g witl1 th e five-mile 
radius used by the C:anudialls, or 
poss ibly <1 sma ll!:r ;irm1, al lh ough Joseph 
I .a forna rn of EPA 's Ernc rgnnr.y Respo nse 
Trai 11 i11 g Cent er in fali son, ]. s;1ys " if I 
thought llHJI the amount of chlo ri1w 
they h11d 11 11clcr the Mississ ippi was 
go ing to lie released all at once , I might 
urge a much l;1rgc!r arc:;1 be clcan:cl ou1." 

But th e major di ffcrc 11 cc today is 
EPJ\'s automat ic prcse11c1: on th e sr:enc 
in any s itt1ation thal pres1;11ts a11 
i111minu11l threa t to 1!111111111 lwnlth or tilt! 
environ11ie11l. Che mical releases lod11y 
nre generally reporlc!d o tlw Nalio11 ul 
Response Center (N l<C~). The NJ{C llwn 
co11 lacls l".P1\ Lo respo11cl to th (~ 
emerge ncy. 1\lthough the s t<1 tc u11Cl locnl 
offi c i;il s are responsib l1! for ca rrying out 
evacuations. l ~ PJ\ 's experts prov id e the 
tcclrni c:ul lea dership 011 dec isions aliou l 
th e 1!X l1 :11t (If du11ge r u11d the area to IH~ 

()ffi11•1s of t/11 \fiss1ssippi ,\ulioneil 
Cuunl instrne !f•cl Joe ul n•sidt 'llh ill J1Cn1 
to use• I Jiu gus mus!-.~ l/1ul l\ <'I<' 

clistribt1lc>d ill e (JS<' 011!• of th<'\\\ 1 lw1n"s 
e hlor111C' tcrnl-.s lt'IJKt•d 

evacua ted. El)i\'s computer mod els, for 
example, ca n test hund reds of differnnt 
scenarios fro m an incident, th11s giving 
emergency response agencies a quick fi x 
on what n1:eds lo be don e and how 
SOO ll. 

In addition , EP1\ !ins acr.ess to a 
mu ltit ude of qui ck respon,;e informa ti on 
sys tems on top ics such ns toxic effects 
of chemi culs, medi cal lrnatment, 
id enlil ies of chemical 11rn nufacturers 
and transpo rt ers, and an inventory for 
loc<1 ting respo nse equ ipment . 

Fina lly, one oth er important 
difference is thu avt1il11bilily of guidance 
lo help corn n111nili es prepare fo r such 
in cid1:11 ls. EPA 's Chemica l Emergency 
Prepared ness Program, <1clivaled in the 
aftermath of the Bhopa l incident, 
provides info rnrntion on preparing 
con ti 11ge 11 cy pl ans; crit eri a fo r 
id ent ifyi ng chemica ls that can be 
ncut ely tox ic undt!r ce rt uin conditions 
;111d a list of chemi r:<ils th at meet these 
criteria; a11d lec:hni ca l train ing fur 
emergency response officials. If state 
;i ncl local governments use EPA's 
assistn nee, f u lu re emergency operati ons 
won'! be stymied by the lack of an 
adequate evacua ti on pla n. lf the EPJ\ 
goa ls are achi eved, every river-front 
co111 rn1111 ily wi ll not only kn ow whnt 
cn rgcH!s nrr. moving by, but also w ha t to 
do if somet hing goes wrong. Jl would be 
a wondt:rfu I legacy for Wyr:lwm l 12 to 
leave beh ind . o 
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t\IR 

Chrysler Recall 
EPA ordered Chrvsler 
Corporation to recall about 
93.000 cars that are 
exceedi ng the federal oxides 
of nitrogen emiss ion 
standards. 

The affected models are the 
1981 Dodge Omni and 024 
and the Plymouth Horizon 
and TC3 equipped with a 1.7 
liter engine and manual 
transmission . 

Once a remedial plan has 
been approved by EP1\ , 
Chrysler will notify owners 
of the affected \•chi c les bv 
mail. -

The average oxides of 
nitrogen emissions from 
vehicles tested at EPA's lab 
was 1.4 grams per mile 
(gpm] . The current standard 
is 1.0 gpm. 

1987 Gas Mileage Est imates 
The Chevrolet Sprint ER tops 
the 1 ist of vehicles tested in 
EPA's gas mileage figures for 
th e 1987 model vear vehicles. 

The Sprint. rated at 54 
miles per ga llon (mpg) for 
city driving and 58 on the 
highway. was followed bv the 
Honda Civic Coupe HF with 
a 52 city and 57 highway 
mpg ranking. The Sprint, 
which has a th ree cy linder 
engine. is made for Chevro let 
by Suzuki in japan. 

The top domes ti c models 
are the Ford Escort and 
Lincoln -Mercury Lynx 
diesels rated a t 37 ci tv and 
45 mpg highway . • 

HE:ALTH 

Guidelines for Risk 
Assessment 
EPA announced that it will 
publish risk assessment 
guidelines setting out the 
approach EPA will use to 
evaluate the public health 
risk of environmental 
pollutants. 

The guidelines will be 
used by agency scientists to 
assess the risk of given 
pollutants in five areas: 
carcinoaenicitv 
(cancer-causing effects). 
mutagenicit~, (genetic 
Jamage). developmental 
toxicities (bi rth d fects], 
chemical mixtures. and 
exposure. 

EPA expects that data and 
methodological uncertainties 
identified in the guidelines 
will spur future research in 
this area. 

PESTICIDES 

Dinoseb Pesticide 

EPA has warned that 
pregnant women exposed to 
the pesticide dinoseb during 
its application in the field 
may pose a risk of birth 
defects to their unborn 
children. Women of 
child-bearing age are 
cautioned to avo id exposure 
to dinoseb during 
application. The Agency 
beli eves that dietary exposure 
to dinoseb is not of concern. 

EPA Deputy Administrator 
A. James Barnes. said, 
"the warning is primaril y 
aimed at making sure 
that the agricultural 
community in particular 
understands the health risks 
associated with the exposure 
of women to dinoseb." 

Oinoseb is primarily a 
contact herbicide used to 
control broadleaf weeds. Jt is 
highly toxic to huma ns by 
exposure through the skin as 
well as inhalation, and label 
directions require protective 
clothing for applicators. 

TOXICS 

Lead in Plumbing 
EPA Administrator Lee :--1. 
Thomas has formalh· notified 
the governors of the -5 0 states 
of significant new limits on 
use of lead in the installation 
and repair of public drinking 
water supply ystem s. 

Thomas stated in the 
letters to the governors that 
"l recognize that you may 
alreadv ha\'e in tituted or be 
con iclering similar 
prohibitions and 
requirements. You are to be 
commended for your action ... 

Extensive . tuciies hm·e 
shown that lead in drinking 
water can cause damage to 
the central nervous svstem in 
humans. and tha t children 
are especially \'uinerable to 
the toxic effect of this 
metal. o 
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Appointments 

Dr. Vaun A. Newill has been nominated 
by Pres ident R1:c1gn 11 to become the new 
Assistant 1\ d rni11i stra tor for Researr.h 
and Development a t EPJ\. 

Ur. Newi ll. is a vr. teran of many years 
in cnvironmen t;tl medicine both in 
governmcllt and in indus try. He 
previously served with EPA from 
1970-74 . including 18 months as special 
assistan t for h1:illth affai rs to the 
t\clm inis trator. Hnd latt:r on assignmc11t 
to thn Offi Cl: of Sc: i1:ncc and Technology 
and th r: Office of Energy Hesearch and 
Dev1:lop1m:1Jt, both in the Executive 
Offi ce of tlw l'n•s id cnt. 

Prior to hi s st:n ice with EP1\ , Dr. 
ewill was with the i\:Htional Ccntnr for 

1\ir Pollt1tio11 Control from HJ67-tiB and 
tlw Division of 1\i r Pol lutio n. U.S. 
DPpartninnt of l lnal th Education and 
Welfarn . .iss ig11ed to Japan. from 
1965-(if i. 111: was on the faculty in thu 
lkpart111 nnt s of Jl revnnti ve ,'v1e cli cine 
<11Jd Mndit i1w. :-lc:hool of Mcdi cin u, 
W1:stern R!!sr:rvc Uni vers itv . from 
1B55- l!Hi7. i)r. Nc:wi ll has"vVorkr.d wi th 
the I~ ·xo 11 Corp. s i1J ce 1974. I le 
c: urn:ntly is rngional medica l di rector 
and h(!dd of tlw Occupaton nl anc.J 
E11\' iro111nn11ti1/ I leal th Department. 
Exxon !-:uro1H:. London. a post he hns 
h(~ lcl sinu: Juno lfl8 :1. 

f le rrn:nived a bachel or of sc ience 
dcgrc:u in clw111istry from Juniata College 
in 1 ~l-1:J. an :'vl.D. from th e Uni versi ty of 
Pitt sbu rgh in tfJ4 7. and a mas ter' s 
d ngren in hyg i(!IW epidemiology from 
I larvnrd l ln i\' t:rsi l)' in 1960. 

?4 

Frank M. Covington . Director of the 
Water Management Di vision in Region 9 . 
has been selected to become the ne\\' 
Deputy Regional 1\cJmi nistni tor for 
Region 5. EPA. 

Covington bri ngs to this pos it ion a 
wide range of environmental 
experience. He has L !en with Region 9 
since 1971 in various cc1 pncili es . 
including Director of the 1\ ir and 
Hazardous Ma teria ls Divi sion . Directo r 
of the Enforcement Divi sion. and Director 
of the Air and \iVnler Div is ion. In 1977. 
h' wns Acting Deputy Regional 
Administra tor in Region 7. Prior to 
joining Region 9. he occupiecl the 
posi tion of Director of Pl anning and 
lnterngenc:y Programs at EPA 
Headquarters. He also worked at on e or 
EP 1\ ·s predr,cessor agencies a<> Execu t i ,.e 
Assislunt to the Comm issioner of the 
Federal Water Qunlil\' 1\dmini stration. 

Covington received hi s bac hel or's 
degree from Sa11 Francisco Sta te 
University and his maste r' s degroe in 
business aclmini stru tion from Co ld(!ll 
Gate lJ 11 i vers it y. 

Sheldon Meyers . form erl y the Deputy 
Assistant r\clministrntor of the Offi ce of 
Air and Radiation. will become th e new 
Direc tor of the Office of Radiat ion 
Programs in the Offi ce of 1\ir and 
Radiation at EP1\ . 

Mevers. vvho has been with the 
agenc-y off and on since its ex istence, 
has he ld many positions in the Agency . 
From 19G9-77. he directed the Federal 
Sol id Was te Progrnm nnd the l,.edera l 
Acti vit ies Program at EPA . From 
1978-82 he was Deputy Ass istant 
Secretary of th ' Nat ional Nuclear\'\ as le 
Management Program at the Department 
of Energy. a nd from 1982-83. he served 
as Director of the Office of 1\ir Qual ity 
Planning am! ' tandards al EP1\ . 

Meyers rccci,·cd his bachelor's degree 
in Marin e Engi neeri ng from the State 
Universitv of l\!m\· York. an Nl.S. in 
Mecha nical Engineering from the 
University of MicLi ga n. and n maste rs 
degree in Business 1\dm i11is tra ti on from 
New York Universi ty. I le rece ived the 
Presi dential Rank t\warcl of :'vl eritoriou s 
Execut ive in 198 l . :..:: 

EPA JOURNAL 



An experiment in culturing 
onthers. th e mole parts of f lowers. 

The experiment by passes the 
genetics oJ sexuol reprodu ction to 

genernte ne11• plants in test tubes 
Jrom bits oJ anth ers. Jn thi s 

photograph. 1vhite clumps in the 
test tube on the left are cells 

Jorming from live wh eat an thers. 
Jn th e center tube. masses of 
undiJJerentioted tiss ue groll' 

from the cells ; and. in a 
specia l growing medium in the tube 
on the right. c1 small p lant de1•eJops 

from the cultured tissue . 

Bock con:r: Full in 0.'<:11' I Ju mpshi rn . 
Ph oto by C~· nth io Foster. Folio. Inc. 




