
mag n i tude of risks that em i ss ions pose to hu man health or
t he env i ron ment.

B A C K G R O U N D

tri was establi shed under the emergency planning
a nd Com mu n i ty Rig h t- to- K now Act of 1986. For a list of
s ubsta nc es ma i nta i ned by the U. S. Env i ron mental Prote c-
t ion Agency (epa), facil i t ies in a va riety of ind ust ries must
a n nua l ly rep ort pou nds of em i ss ions to air, water, and la nd
in the pre c e di ng yea r, if em i ss ions are ab ove a sp e cif ie d
level. tri s ubsta nc es are the so- ca l led tox ic chem ica l s; tri
do es not cover, for exa mple, such air pol l uta nts as sulfur and
n i t rogen ox ides or pa rt icles.

The ind ust ry rep ort s, summa rized and posted on the
I nternet by epa a nd rep orted by the news me dia, often
s how la rge qua nt i t ies of em i ss ion s, caus i ng conc ern among

t he publ ic and ind ust ry. Prop onents of tri s uggest that
em i ss ions data can inform ci t izens ab out potent ial risks in
t heir com mu n i t ies, guide compa n ies in their ef forts to
re d uce pol l ut ion, and cause investors to encou rage com-
pa n ies to improve env i ron mental performa nc e.

A l t hough tri has st i mu lated much interest in the
ex pa n s ion of rig h t- to- k now act iv i t ies, tri is the wrong
to ol to ach ieve our goa l s. I will il l ust rate its shortcom i ngs
in the case of the ele ct ric ut il i ty ind ust ry, wh ich this yea r
rep orts its tri em i ss ions for the first time. Although the
i nd ust ry will rep ort la rge qua nt i t ies of em i ss ions from the
bu rn i ng of coal and oil to pro d uce ele ct rici ty, those em i s-
s ions pose little risk to publ ic hea l t h. Fu rt her, it is clea r
t hat the ma ndated meas u re — p ou nds of em i ss ions—is a
p o or guide to risk ma nagement and prov ides little infor-
mat ion for judg i ng env i ron mental performa nc e. tri s hou ld
be reva mped to meas u re not just em i ss ions but ri s k s.

A CASE STUDY: ELECTRIC UTILITIES

the ri sks from many of the tri emi s sions by electric
ut il i ty compa n ies are well know n. Assess ments by epa a nd
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t he Ele ct ric Power Resea r ch Inst i tute (epri) have fo cused on
haza r dous air pol l uta nts (haps), wh ich incl ude almost
every type of tri em i ss ion from power pla nt s. Addi t iona l ly,
ma ny ut il i ty compa n ies have underta ken their own assess-
ment s. I will des c ribe the met hods and results of epa a nd
epri’s ind ust ry- w ide assess ment s, and then I will tu rn to a
s i te- sp e cific assess ment by a ut il i ty compa ny.

Assessing the Risks A mat hemat ical mo del is used to pre dict
t he conc ent rat ion of pol l uta nts (pa rts per mil l ion) in the air
a rou nd a pla nt, us ua l ly within a 50-kilometer radi us. Input s
to the mo del incl ude data on the pla nt’s em i ss ion s, its cha r-
acteri st ics (e. g., smokestack height), lo cal ge og raphy, and
weat her (e. g., wind di re ct ion and sp e e d ) .

Given the pre dicted conc ent rat ion of a pol l uta nt, the
next step is to est i mate how much of
t hat pol l uta nt is absorbed by people.
epa’s risk assess ment fo cuses on the
ma x i ma l ly ex p osed indiv id ual (mei) .
The hyp ot het ical mei l ives an ent i re
l ifet i me outdo ors at the place where
a pol l uta nt is at its hig hest conc en-
t rat ion. But not everyone — a nd often
no one — l ives at the poi nt of hig hest
conc ent rat ion. Ra rely do es anyone
l ive in the sa me place for 70 yea rs.
A nd the ass u mpt ion of an ent i re life lived outdo ors is pes-
s i m i st ic because, for most pol l uta nt s, on ly a fract ion of the
conc ent rat ion in outdo or air becomes pa rt of indo or air. 

epri, in addi t ion to comput i ng mei ex p os u re, com-
puted ex p os u res for a reasonably ex p osed indiv id ual (rei) .
A mong ot her things, epri’s est i mates of rei ex p os u re were
b ased on data ab out the prop ort ion of time people sp end
i ndo ors, the penet rat ion of pol l uta nts to indo or air, and
t he average length of time a person lives near a power pla nt
(19 yea rs ) .

Est i mates of mei ex p os u re were sig n if ica nt ly hig her
t han est i mates of rei ex p os u res—5 to 12 times hig her for
t he poi nt of greatest pol l uta nt conc ent rat ion. 

Risk at the mei or rei level of ex p os u re dep ends on the
tox ici ty of a substa nc e. epa’s and epri’s risk assess ment s
fo cused on long- term ex p os u re and used sta ndard epa
met hods to cha racterize potent ial ca nc er risks and ri s k s
of ot her adverse health ef fe ct s. Both epa a nd epri fo cuse d
on ly on the chem ical natu re of the pol l uta nt s. Some pol-
l uta nt s, esp e cia l ly the gases, might have dif ferent est i mates
of risk if their pa rt icu late natu re was also con s idere d.

For a nonca r ci nogen ic substa nc e, risk is cha racterize d
by a hazard quot ient (hq). hq is the rat io of est i mate d
ex p os u re to a reference conc ent rat ion (RfC) or reference dose
(RfD), an epa- determ i ned level at wh ich no adverse ef fe ct s
a re ex p e cted with lifet i me ex p os u re, even among potent ia l ly
sen s i t ive subp opu lat ions such as ch ild ren and the elderly.
hq is not a prob abil i ty. It is a rat io of est i mated ex p os u re
( l ifet i me dose) to an appa rent ly safe level of ex p os u re.

For a substa nce with ca r ci nogen ic potent ia l, ex p os u re
is mu l t ipl ied by a ca nc er “s lope factor” to yield est i mates of

t he inc reased prob abil i ty of developi ng ca nc er as a result of
ex p os u re to the comp ou nd in quest ion. Sta ndard pro c e d u res
for ca nc er risk assess ment yield what epa terms “a plaus i-
ble upp er bou nd” on ri s k, rem i ndi ng us that “t he true ri s k
is likely to be lower and may be zero.”

EPA and EPRI Risk Assessments The risks from power
plant emissions vary according to the fuel they use. Both
epa and epri analyzed coal, oil, and natural gas plants
separately. Natural gas is the cleanest fuel and emissions
from gas plants were so low that detailed analysis was not
cond ucte d. (Not surpri s i ng ly, gas- p owered pla nts are
exempt from tri reporting.) Emissions from coal- and oil-
fired power plants were analyzed more carefully.

Both epa a nd epri fou nd that hu man ex p os u res to

hap em i ss ions from power pla nts were always well below
RfC (or RfD) for nonca nc er ef fe ct s. Even mei ex p os u re est i-
mates were always less than 10 per c ent of RfC. For the
majori ty of comp ou nd s, mei ex p os u res were hu nd reds or
t housa nds of times less than RfC, re ga r d less of the fuel
used by a pla nt. Both epa a nd epri concl uded that power
pla nt tri em i ss ions do not pose a risk of nonca nc er ef fe ct s,
even ac cou nt i ng for ex p os u res to people liv i ng in areas
s ubj e ct to em i ss ions from several pla nt s.

epa a nd epri exa m i ned two meas u res of ca nc er ri s k
from haps: (1) indiv id ual ri s k, the inc reased prob abil i ty
( ab ove bac kg rou nd) of an indiv id ual developi ng ca nc er due
to the ex p os u re; (2) popu lat ion ri s k, the annual exc ess
nu m b er of ca nc ers in an ex p osed popu lat ion. The ma x i mu m
i ndiv id ual risk (ca lcu lated from mei ex p os u re est i mates) va r-
ied with a pla nt’s fuel, lo cat ion, age, and ot her factors.

Ac cor di ng to the epa rep ort, a l l p ower pla nts had life-
t i me ma x i mum indiv id ual risks of ca nc er below 1X1 0- 4

a nd more than 97 per c ent had risks below 1X1 0- 6 ( less tha n
one- i n- one mil l ion). Of 426 coa l- fired pla nt s, 44 had a ma x-
i mum indiv id ual risk below 1X1 0- 8, 289 were betwe en 
1X1 0- 8 a nd 1X1 0- 7, 91 were betwe en 1X1 0- 7 a nd 1X1 0- 6, and
2 pla nts had ma x i mum indiv id ual risk est i mates betwe en
1X1 0- 6 a nd 1X1 0- 5. Of 137 oil- p owered ut il i t ies, 26 pla nts had
ma x i mum indiv id ual risk below 1X1 0- 8, 48 were betwe en
1X1 0- 8 a nd 1X1 0- 7, 52 were betwe en 1X1 0- 7 a nd 1X1 0- 6, 9
were betwe en 1X1 0- 6 a nd 1X1 0- 5, and 2 pla nts were betwe en
1X1 0- 5 a nd 1X1 0- 4. Fu rt her, the epa rep ort suggests that
t he risk to the average person in the Un i ted States from
haza r dous air pol l uta nts em i t ted by ut il i t ies is 100 to 1,000
t i mes lower than the ca lcu lated ma x i mum indiv id ual ri s k.

The TRI program only tells the public about

pounds of emissions. Clearly, that information is

insufficient and potentially misleading.



In all cases, there were very small risks to populations
a rou nd power pla nt s. For exa mple, even epa’s ana lysis con-
cluded that the upper bound risk to all people living within
50 kilometers of the 426 coa l- fired power pla nts in the Un i t-
ed States was no more than 0.2 cases of cancer per year.

epa’s and epri’s hap risk assess ments do not com-
pletely overlap the list of tri chem ica l s. Several substa nc es
t hat ut il i t ies will rep ort under tri were not incl uded in the
hap assess ments (e. g., bari u m, copp er, molyb denu m, and
z i nc). In addi t ion, haps for several power pla nts will not be
rep orted under tri b e cause em i ss ions are below the bench-
ma rk set by the Com mu n i ty Rig h t- to- K now Act.

A Utility’s Self-Assessment A major eastern utility company
recently assessed short-term and long-term health risks
from emissions of tri-listed substances by its large coal-
fired plants. I will take as an example the company’s risk
assessment for its largest tri-emitting plant, which in
1997 burned almost 7 million tons of eastern coal and
produced more than 16 billion kilowatt-hours of electrici-
ty (approximately equal to the total demand of Maine,
New Hampshire, and Vermont).

Using mei exposure estimates modeled by the compa-
ny, I ca lcu lated hq a nd ca nc er risks for that pla nt, us i ng
standard epa methods and, where available, epa values for
exposure limits. In the absence of official epa values, I used
ex p os u re limits from Ca l iforn ia’s epa or the American Con-

ference of Govern mental Ind ust rial Hyg ien i st s. I fo cuse d
on risk from direct inhalation of power-plant emissions.

Table 1 gives tri em i ss ions and risk est i mates for the
pla nt. The data for tri em i ss ions are similar to what wil l
app ear in the lo cal newspap er when epa releases its tri
em i ss ions rep ort for 1998. But, unlike epa’s rep ort, we se e
in Table 1 the risk est i mates for each type of em i ss ion and
t he sum of hq a nd ca nc er risks for all em i ss ion s. Not show n
in the table is the assess ment of acute ri s k s — t he nu m b er of
i m me diate deaths caused by em i ss ion s — wh ich was less
t han 0.04 in tota l.

An exa m i nat ion of Table 1 yields two key insig h t s: the
risk from em i ss ions is low and there is a poor correlat ion
b etwe en pou nds of em i ss ions and ri s k.

Risks in Context Even at mei ex p os u res, all hqs for non-
ca nc er risks are far below the ass u re d ly “safe” level of 1.
All ca nc er risk est i mates — wh ich in epa’s term i nology
a re “plaus i ble upp er- b ou nd est i mates” — a re less tha n
1X1 0- 6 ( one in a mil l ion), the level con s idered “ne g l ig i ble”
by re g u latory agencies. Compa re that level of risk with
ot her invol u nta ry ri s k s: 1X1 0- 6 is 1⁄ 4 of a person’s lifet i me
risk of bei ng kil led on the grou nd by a fa l l i ng aircraft and
1⁄ 1 0 0 of the lifet i me risk of bei ng st ruck by lig h t n i ng or
d row n i ng in a home bat h tub. Re call that the true va l ue of
t he ca nc er ri s k s, to quote epa, “is likely to be lower and
may be as low as zero.”

Emissions and Risks The epa, epri, and
industry studies yield several lessons
about the relationship between emis-
sions and risks. First, as I noted, there is
a poor correlation between emissions
and risks. Large numbers of pounds of
em i ss ions are often asso ciated with
very small risks, even at mei exposure
levels. It is important to note, however,
that certain compounds with mei risks
that might be of concern (i.e., cancer
risks greater than 1X1 0- 6) are not
reported in tri because emissions are
below the reporting threshold. That is,
small numbers of pounds of emissions
can be asso ciated with potent ia l ly
notable levels of risk—a relationship
that tri, in its present form, does not
recognize.

Se cond, we see that pou nds of em i s-
s ions is a poor guide to env i ron menta l
p erforma nc e. Even relat ively la rge em i s-
s ions may be asso ciated with no ri s k. Yet
tri rep orts play a la rge role in ma ny
rat i ng system s. For exa mple, Fortu ne has
b ased a story (“Who Scores Best on the
E nv i ron ment?” Ju ly 26, 1993) on tri
em i ss ion s. The Cou ncil on Econom ic
P riori t ies, wh ich grades compa n ies on

C o m p o u n d TRI Emissions MEI Noncancer MEI Individual
( p o u n d s / y e a r ) Hazard Quotient Cancer Risk

A n t i m o n y 3 6 0 8 . 5 7 E - 0 7

A r s e n i c 3 , 6 4 0 4 . 0 0 E - 0 3 2 . 5 8 E - 0 7

B a r i u m 8 2 0 4 . 5 7 E - 0 6

B e ry l l i u m 3 8 0 3 . 0 0 E - 0 4 1 . 4 4 E - 0 8

Chromium 5 0 0 2 . 6 0 E - 0 5 3 . 1 2 E - 0 8

C o b a l t 1 6 0 1 . 9 1 E - 0 6

C o p p e r 9 4 0 1 . 4 2 E - 0 5

Hydrochloric acid 5 , 1 7 2 , 0 0 0 2 . 1 8 E - 0 3

H y d r o fluoric acid 4 6 , 4 8 0 9 . 7 5 E - 0 5

L e a d 9 6 0 4 . 4 3 E - 0 6

M a n g a n e s e 1 8 0 6 . 0 0 E - 0 5

M o l y b d e n u m 5 0 0 6 . 4 0 E - 0 5

N i c ke l 3 0 0 6 . 0 0 E - 0 6 3 . 1 2 E - 1 1

S e l e n i u m 6 , 8 6 0 3 . 9 6 E - 0 4

Sulfuric acid 2 , 9 1 5 , 2 0 0 5 . 3 6 E - 0 4

Z i n c 1 , 3 6 0 2 . 8 0 E - 0 6

T O TA L 8 , 1 5 0 , 6 0 0 8 . 0 0 E - 0 2 3.04E-07 
( 0 . 0 0 8 ) ( 3 . 0 4 X 1 0- 7)

Note: Hazard Quotients are in scientific notation. For example, the HQ for antimony is 8.57X10- 7, or 0.000000857, indicating an

exposure approximately 1.16 million times lower than RfC or RfD. An HQ of less than 1 is considered assuredly safe. A cancer risk

of less than 1X10- 6 is considered negligible by regulatory agencies.

Table 1

TRI Emissions and Associated Chronic Risks 
from Example Power Plant



several so cial cri teria as a guide to investors, uses tri em i s-
s ions as an imp orta nt comp onent of its eva l uat ions of env i-
ron mental performa nc e. Simila rly, Domini Social Invest-
ments uses tri em i ss ions in ma k i ng its de ci s ions ab out
compa n ies in wh ich to invest.

Fu rt her, despi te tri’s known shortcom i ngs, ma ny com-
pa n ies rely on it to des c ribe their env i ron mental perfor-
ma nce and to guide their act ion s. Ma ny a compa ny’s “a n nu-
al rep ort on the env i ron ment” and press releases will fo cus
on the sum total of its tri em i ss ions—a meas u re that
a l most every compa ny knows to be scient ifica l ly indefen-
s i ble. Of cou rse, ind ust ry is simply react i ng to the inc ent ives
t hat have been create d: cre dit and status as a “good corp o-
rate ci t izen” go to those who re d uce em i ss ion s, re ga r d less
of the ef fe ct on risks to hea l t h.

A third lesson from our case study is ab out the met h-
ods of the health risks caused by em i ss ion s. Why use met h-
ods that pu rp osely overstate risks when we shou ld be try-
i ng to assess actual risks? As I note d, epri’s ana lysis fou nd
s ig n ifica nt dif ferenc es betwe en ma x i mum and reasonable
ex p os u re est i mates. And epa has suggested that ma x i mu m
risk est i mates might overstate average risk by 100 to 1,000
t i mes. Del i b erately inflated est i mates of risk do not tell the
publ ic what it needs to know or help compa n ies to cho ose
t heir best cou rses of act ion.

C O N C LUSION AND RECOMMENDAT I O N S

A Better System Is Needed The tri program tells the pub-
lic only about pounds of emissions. Clearly that informa-
tion is insufficient and potentially misleading. Few citizens
have the time or means to apply the science necessary to
make sense or use of tri reports.

The use of tri to guide facil i t ies’ ri s k- ma nagement
ef forts may be cou nterpro d uct ive. Efforts to re d uce the
la rgest em i ss ions may prov ide little or no benefit to hu ma n
health or the env i ron ment, esp e cia l ly if sma l ler and poss i-
bly ri s k ier em i ss ions are ig nore d. Investors assess i ng env i-
ron mental performa nce may fo cus on the wrong compa-
n ies, pro c esses, or chem ica l s.

In sum, the publ ic and ind ust ry will be served bet ter by
placi ng rig h t- to- k now informat ion on a sou nd scient ific
fo ot i ng. Reva mpi ng the tri prog ram to rep ort risk as wel l
as em i ss ions wou ld be a step in the right di re ct ion. But
t here wou ld st ill be the problem of potent ia l ly haza r dous
comp ou nds that are not em i t ted in suf ficient qua nt i t ies to
t rigger tri rep ort i ng. The sol ut ion to that problem is not to
lower the rep ort i ng thres hold, wh ich wou ld on ly flood the
tri system with em i ss ions data on even more substa nc es
of ne g l ig i ble risk so as to incl ude a few that might meri t
at tent ion.

A ny improved system must prov ide context to judge the
mag n i tude of the risks of tri em i ss ions aga i n st ot her ri s k s.
Wi t hout context, even a ri s k- b ased approach can lead to con-
fus ion and inef ficient risk ma nagement.

A Better Alternative: Significant-Risk Reporting Given its
serious shortcomings, tri should be revamped. Instead of

reporting pounds of emissions for selected compounds,
facilities should report all emissions above a significant-risk
cutoff. If facilities reported only emissions with cancer
risks above 1X10-6 or hqs above 0.10, for example, their
reports would be much more meaningful and useful to cit-
izens and industry. Reporting on emissions of all types
also would eliminate the perverse incentives that arise
from list- b ased approaches to risk ma nagement (e. g. ,
encouraging the substitution of unlisted chemicals for list-
ed ones).

A sig n if ica nt- risk system of rep ort i ng wou ld re qu i re
ag reed ri s k- assess ment met hods and overs ight to en s u re
compl ia nce with those met ho d s. But such a system wou ld
have several benefit s. Fi rst, ci t izens wou ld be informed if
t here were sig n ifica nt — or ne g l ig i ble — risks from nea rby
facil i t ies. Se cond, pol l ut ion- prevent ion act iv i t ies cou ld be
fo cused on imp orta nt em i ss ion s, not the eas iest to re d uc e.
E m i ss ion re d uct ions under tri s how that corp orat ion s
resp ond to inc ent ives; sig n if ica nt- risk rep ort i ng wou ld
en s u re that ri s k s a re re d uc e d.

Fi na l ly, the ava ilabil i ty of risk informat ion wou ld give
i nvestors a sou nd basis for assess i ng the env i ron menta l
p erforma nce of compa n ies. If investors va l ue risk infor-
mat ion, firms wou ld have an inc ent ive to re d uce the env i-
ron mental and health risks that they rep ort. And if ri s k
re d uct ion inc reases a firm’s va l ue, its ma nagement wou ld
have an inc ent ive to ma ke cost ly invest ments in ef ficient
met hods of risk re d uct ion. Compa n ies that ca n not or wil l
not re d uce sig n if ica nt risks wou ld face the prosp e ct of
em b a rrass ment, con s u mer boycot t s, and lower stock pric es.

Closing Thoughts We should not retain a system that lacks
scientific validity and misleads those it is intended to help.
tri must be overhauled to focus on risk, rather than emis-
sions. It will take hard work and hard thought to produce
risk-based right-to-know information, but the result will
be more useful and scientifically sound information for all.
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