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　　　　　The　chemical　indl』s岬must　set　high　safety　and　e1wi正onmenta工goa1s．However，it　is　not

r巳asomb1e　to　set　goals　of　elimimting　p1ant　mishaps，di宮charge　of　toxic　chemioa1s　into　the

e皿vimnment，or　elimimting　expose　to　toxic　chcmicals．No　industry　c呂n　opemte　with　occasi011a1

mishap畠，environmelltal　disch趾ges，or　exposl』正es．The　ihduξtry　shou1d　strive　for　tho　fo11o如i㍉g

goals：

⑱　E1iminate　mishaps　that　inju正e　worke正s　serious1y　o正disoharge　harmful　am01』nt雪of

　　　　ohemicals　to　the　envi正onment．

㊥　E1iminate　discharges　that　inj1皿e　the　hea1th　of　wo正kers　or　impose　serious（血onイ正ansitory）

　　　　environmenta工dam齪ge、

　　　　　It　is　mt　possib工e　to　achieve　zero　mishaps　or　ze正o　exposure・Howevor，eli血imting　sefious

hafm　is　possib1e　and　desi咀b1e・l　will　give　a　b正ief　ove岬iew　of　the　major　issues　conf正onting　the

chemioa1i皿dustry　in1999．I　wi1工dcsc正ibe，f正om　an　academic　rathef　than　industry　standpoint，

some　of　the　steps　that　have　been　takon　bヅhe　U．S．oh巳mic且1indust正y　to　dea1with　the昌e　is昌ues．

I　wduld皿ot　da正e　to　dmw　lessons　foHhe　Japanese　ehemica1industry，b耐工hope　that　this

discussion　wi11he工p　p正ovoke　thought　on　possib1e　actions　and　their　consequences。

　　　　　It　is　helpful　to　divide　the　issues　into　four　phases＝　（1）The　design　of　chemica1害and

docision　to　mmufaotu正e　pa正ticu1ar　chemi6als，（2）The　mamfaoture　md　t閉nsport　of　chemicals，

（3〕the1』se　of　chemjcals　by　companies　md　consume正s　md　their　end　of1ife　tre前me皿t，md（4）

gaining　the　confidence　of　the　pl』b1io．I　wil1disc1ユss　each　phase．Fiml1y，I　wi11give　a畠hbrt

desc正iption　of　some　po工1ution　p正evention　and　sustaimbi1ity正es巳arch　in　the　Green　Design

InitiatiVe．

　　　　　Pa閉ce工eus，the　develope正of　modem　toxicology，said　that　it　is　the　dose　that　makes　a

poison．In　other　wo正ds，ally　s1ユbstance　is　toxic　in　a　la正ge　emugh　dose　or　benign　in　a　suffioiently

smaI1dose．一t　is　senseless　to　think　of　some　ohemicals　as　toxic　md　others　as　benign．Certainly

thereとre　major　di鉦e＝ences　in　the　toxic　potenoy　of　chemicals．However，the　diffe正ence　is　a

quantitative，not　a　qua1it齪tive　one，Th’e　chemical　industry　oan　produce　md1ユse　even　the　most

toxib　che血icals　and　not　call…e　harm，as工ong　as　care　is　taken　to正educe　expos1ユres　to　non－hamfu1

1eve1s．

2．　Preve皿ti皿g正【ar血1

　　　　　Fo正the　fi閑t2／3of　this’century，most　Americans　believed　th割t　app1ied　rosea正ch　and　the

introduction　of　new　p正oducts　w田s　the　key　to　growth　of　the　ecommy　and　of　personal　income、

“Better　Living　Throl』gh　Chemistry”was　the　popuiar　slogan　of011e・1a正ge　oompmy．PeopIe　were

not　so　naive　that　they　did　not㎞ow　that　new　products　in　gemral，and　new　chemicals　in

一36一



particular, sometimes caused great harm, e.g., aniline dyes. However, this harm was regarded as 

atypical, a small price to pay for the economic growth and prosperity. In the 1960s, public 

attitudes began to change. Environmental legislation in the 1970s required that new chemicals 

had to be tested and licensed by the Environmental Protection Agency before they could be 

produced. This switch to preventing possible harm posed considerable problems for the 

chemical industry. 

When a new chemical causes cancer or other health problems, some unfortunate victims 

suffer but there is proof of a chemical's toxicity. In contrast, trying to prove that a new 

chemical will not harm health is essentially impossible. Toxicology has devised an array of 

animal models and in vivo and in vitro tests meant to predict toxicity to humans. 

Toxicologists have been clever in devising tests. However, there are no perfect tests that 

correctly classify all toxic chemicals as toxic and all benign chemicals as benign (Lave et al, 

1988), In general a test has some chance of indicating that a toxic chemical is benign or that a 

benign chemical is toxic, type I and type 11 errors. Epidemiologists talk about the sensitivity of 

a test, the proportion of toxic chemicals that are correctly classified as toxic, and the specificity 

of a test, the proportion of benign chemicals correctly classified as benign. 

A major difficulty with the animal models and test is that we rarely know the 

"information value" of a proposed test - its sensitivity and specificity or type I and 11 errors. 

Some tests will have high sensitivity and not so high specificity or vise versa. The 

characteristics of tests are important since there is a social cost to incorrectly classifying a 

benign chemical as toxic or vice versa. To select among tests, we must know the social cost a 

type I error (a false negative) and of a type 11 error (a false positive). The cost of the test and its 

sensitivity and specificity, together with the social cost of mistakenly classifying a benign 

chemical as harmrul or a harniful chemical as benign determine the value of each test. Whether 

a test or battery of tests has value depends of the cost of testing, the sensitivity and specificity, 

and the social costs of being wrong. 

Although this model is a standard one in decision analysis, it has not had a central role in 

testing the toxicity of chemicals. Estimating the cost of a test, its sensitivity and specificity, and 

the cost of a false positive and false negative are difficult, Usually, the cost of performing a test 

is known with reasohable accuracy. However, the sensitivity and specificity of a test are rarely 

known with precision. For example, for carcinogenicity testing, the lifetime rodent bioassay is 

assumed to be the "gold standard=." However, the test yields only about 60% agreement between 

mice and rats. Since mice and rats are more biologically similar than either species is to humans, 

it follows that the lifetime rodent bioassay is about to predict human carcinogenicity less 

accurately than 60%. Government regulators find it difficult to accept the proposition that even 

skewing a test toward classifying a chemical as a carcinogen when it is not will not eliminate 

the possibility that some chemicals classified as benign are in fact carcinogens. Rather than 
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It is now generally recognized that the conventional (SETAC) approach to LCA has major 

difficulties. It is expensive, time consuming, and inherently controversial because of the need to 

place strict boundaries on the problem to keep it tractable (Portney, 1993). Our approach has 

been to start with a simple general equilibrium economic model, Leontief's input-output 

analysis (Lave, et al, 1995A; Hendrickson, et al, 1998). To the input-output matrix, we add a 

matrix of materials and energy use and a matrix of environmental discharges. The USA input-

output table for 1992 has 500 sectors. Other government data enables to attach to each sectDr 

indices of the uses of various ores and fuels and the discharges of the criteria air pollutants, 

water pollutants, hazardous wastes, and all the Toxic Release Inventory pollutants. The 

resulting software is quick and easy to use. It provides a "screening" Iife cycle anaiysis in a few 

hours rather than many months. We will have this tool on the worldwide Web shortly and offer 

free access to anyone desiring to use it. A Japanese group apparently developed their version 

independently. I congratulate them on their achievement. 

Let me mention two areas where we have applied our tools. The first is handling 

municipal solid waste. Germany led the world in requiring that packaging be recycled. 

However, many US cities required that municipal solid waste be separated and recycled. Our 

analysis found that much of this recycling actually harmed environmental quality and 

sustainability (Lave, et al, 1994), Recycling makes sense only where the material and fuels 

required for collection, separation, and recycling are less than what is required for virgin 

materials plus disposal of the waste material. We were able to show that municipal solid waste 

recycling in Pittsburgh used far more materials and energy than did disposing of it and making 

virgin materials. That allows us to address the question of when does recycling make sense. 

Our answer is that designing for recycling can make it much more attractive, Recycling of 

metals currently can make sense which recycling glass, Iow quality paper, and post-consumer 

plastics does not currently improve environmental quality or sustainability, 

A second area that we examined is battery-powered cars. We were able to show that cars 

powered by lead-acid batteries will result in more lead being discharged into the environment 

that occurred when cars were powered by gasoline with tetra-ethyl lead. While the emissions of 

cars powered by leaded gasoline are likely to power much greater risks to people, no one wants 

to return to discharge large quantities of lead to the environment (Lave, et al, 1995B). In 

subsequent work, we calculated that half a million lead-acid battery powered cars in Los 

Angeles in 2010 would lower peak ozone concentrations from 200 ppb to 199 ppb while 

increasing national lead use (and presumably discharges) by 209~t, (Lave, et al, 1996). In my 

judgment, cars powered by batteries built from heavy metals (1ead, cadmium, nickel) do more 

harm than good to the environment, save in special circumstances such as enclosed areas. 

One major current project is an examination of alternative fuels for automobiles 

(MacLean & Lave, 1998). A Iife cycle view leads to interesting conclusions about the relative 



merits of gasoline, diesel, methanol and ethanol, natural gas, and hydrogen. Information on all 

this work can be found on our web page: Design/. 

A Japanese group apparently developed their version independently. (Pub. Wks. Res. Inst., 

1994., Kondo and Moriguchi) 

7. Conclusion 

The Atnerican chemical industry has made great progress in address safety and 

environmental issues. The industry was under great pressure to improve its performance in the 

1970s. The industry has addressed the most important issues, built public confidence and is 

working toward solving its problem. 
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