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EDITORIAL 

POLITICALLY PROCESSED SCIENCE 

After the second world war, the scientific com
munity increased its awareness of its responsibility 
to society. The dominant role of science in the develop
ment of atomic weapons, the production of combat 
airplanes with jet engines, and the deployment of 
rockets capable of delivering warheads are examples 
of the contribution of scientists to war efforts. Un
derstandably, the scientific community argued that in 
the second half of the twentieth century, it was no 
longer possible to wage war without the contribution 
of science and that scientists should make a con
certed effort to avoid wars. These noble thoughts 
were advocated by a large number of exceptionally 
distinguished scientists. In effect, the scientific com
munity informed political decision makers that it was 
no longer willing to follow the political leadership 
blindly. The social consciousness of science became 
an accepted norm. 

Based on such an assessment, one could conclude 
that during the period preceding the sixties, the scien
tific community had no role in societal decisions. In 
fact, during that period the scientific community was 
the sole decision maker for what is now called en
vironmental and occupational protection. Permissible 
exposure standards for chemicals and radiation, design 
standards for equipment, fire safety standards, and a 
large number of other standards were entirely the 
domain of the scientific community. 

During the sixties and seventies, a large number of 
advocacy groups were formed and existing groups 
were strengthened. These interest groups wanted to 
influence societal decisions in favor of their views. 
They chose a logical route by using the emerging 
social consciousness of science to question the validity 
of existing standards. The method chosen frequently 
was to question the validity of the science upon 
which the standards were based. Because their area 
of action was the political arena, discussion of scien
tific issues occurred in public instead of traditional 
scientific avenues such as meetings and scientific pub-
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Iications. These advocacy groups argued that they 
lacked the resources to combat the "establishment", 
and thus although their science may be poor, their 
goals were noble. The public, including some seg
ments of the scientific community, accepted this ar
gument. 

Based on their success, these groups saw no need 
to change their method; although their influence and 
their resources grew so rapidly that they became a 
part of the "establishment", and their resources be
came comparable or superior to their opponents'. 
These groups published reports and other materials 
comparable in frequency and extent to any other 
established organization . Because of their interest in 
societal goals, as a general rule, they chose to politi
cally process scientific information. 

Politically processed science is now a common 
occurrence. Nowhere is politically processed science 
as prevalent as in the environmental area. Vir
tually every environmental advocacy group evaluates 
scientific information, chooses data supporting its 
political views, and discards data that may not sup
port its goals. Misquotations and misrepresentations 
are commonplace. Repeatedly, minor differences 
among scientific findings are magnified to indicate a 
lack of consensus; this leads to the conclusion that 
their (political) view and their "scientists" are right, 
and that others have a "conflict". 

There is an old saying that those who do not 
learn from history are bound to repeat past mis
takes. There are numerous historical examples in
dicating the dangers of politically processed science; 
the two most recent examples are Aryan physics and 
Lysenko's genetics. 

During the second world war, two German physi
cists with very distinguished scientific accomplish
ments formed a school of physics known as Aryan 
physics. Nobel Laureates Philipp Lenard and Johan
nes Stark contended that there was a conspiracy to 
promote scientific findings of Jewish scientists, 
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notably Einstein and they found one hundred scien
tists supporting their cause. According to Lenard and 
Stark, it was acceptable to reject scientific findings 
of Einstein and other Jewish scientists in the interest 
of society, because their writings were inseparable 
from their Jewish heritage. The end of the war put an 
end to the political processed science of Aryan physics. 

Lysenko was a plant geneticist who eventually be
came the Director of the Institute of Genetics of the 
Academy of Sciences in the Soviet Union. The scien
tific accomplishments of Lysenko are subject to con
siderable dispute. However, his influence in shaping 
genetics in the Soviet Union is beyond question . 
Because of this influence, he was able to discredit 
leading Russian geneticists and destroyed the ex
isting level of the science of genetics in the Soviet 
Union. 

Editorial 

In a democratic society, all societal goals, includ
ing the support of science, are determined through 
the electoral process. The political process deter
mines which branch of science is to be supported and 
what goals are to be pursued . The scientific com
munity, the scientists, and the scholarly organiza
tions must participate in the process and convince the 
system of their desire like any other group. 

In contrast to funding and setting scientific goals, 
scientific results are not the purview of the political 
process. Politically processed science inevitably leads 
to excesses, such as Aryan physics and Lysenko's 
genetics. Those who believe that politically process
ing science justifies their goal should learn from 
history. Aryan physics and Lysenko's genetics are 
undesirable; they should not be repeated. 

A. Alan Moghissi 
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FROM DATA WAREHOUSE TO INFORMATION 
CRAFT SHOP: THE CHANGING SHAPE OF IN
FORMATION SUPPORT FOR ENVIRONMENTAL 
PROTECTION 
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Kennedy School of Government, Harvard University, Cambridge, MA 02138 
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Strategies of environmental protection in the U.S. are undergoing significant change. Emphasis 
is shifting from measures of productivity to measures of environmental quality; from pollution 
abatement to pollution prevention; from a traditional enforcement mentality to a more creative 
risk·identification and problem·solving orientation. These shifts in the organizational culture and 
strategies of U.S. environmental protection agencies have profound effects on the nature of the 
relationships between federal and state agencies, and upon the kind of information support 
required. This study examines the State/EPA Data Management Program, a major and nationwide 
initiative to transform the style of information management within the environmental community. 
In particular, this study tests the extent to which this initiative serves the emerging strategies, 
and its effect on interagency cooperation. 

INTRODUCTION 

When William Ruckelshaus became the first 
Administrator of the U.S. Environmental Protection 
Agency in 1970, he selected the phrase "Pollution 
Abatement" as his mission statement (Wiehl 1974). 

In 1990 the language of senior EPA officials in
cludes, instead, "pollution prevention", "risk manage
ment", "cross-media integration," and "managing 
for environmental results" (Grizzle 1989; Reilly 1989; 
Reilly 1990a,b,c). To many these phrases signal im
portant new ideas about the business of environmen
tal protection and about its ends and about its means; 
they signal a shift in the strategy of environmental 
protection (USEPA 1989b). 

New strategies require new institutional structures 
and processes to support them . In particular, they 
require new uses of information and of information 
technology. 

The task for this paper is to examine the new ways 
in which information technology is being used within 
Federal and State environmental protection agencies 
and to determine the extent to which they fit new or 
emerging strategies. The focus of the paper is the 
nationwide effort to coordinate and integrate data 
collection-The State/EPA Data Management Pro
gram. 

PIONEERS IN GEORGIA 

In 1985 Georgia's Environmental Protection 
Division (EPD) of the Georgia Department of Natural 
Resources established a "Comprehensive Data Man
agement Program", introducing on-line State access to 
EPA databases. The federal databases were physical
ly resident on EPA's mainframe computers at Re
search Triangle Park (RTP) in North Carolina. There 
were several motivations for the changes. 



In terms of mandated provision of data, the U.S. 
EPA had viewed the Georgia agency as one of the 
worst in the country (GDNR 1984). Georgia's EPD 
had been seriously embarrassed at data discrepancies 
brought to light during Congressional hearings. State 
and federal officials, called to testify, both talked 
about the same facilities in Georgia, but they had two 
completely different sets of data, with two different 
sets of opinions and conclusions (Sparrow 1990a). 

Also Georgia's EPD, faced with increasing demands 
and diminishing resources, was learning the impor
tance of accurate data as the proper basis for intel
ligent priority setting. 

Third, the agency was having some highly infor
mation-intensive tasks added to its work load. A new 
state law required EPD to regulate agricultural users 
of ground water (GDNR 1988d), and another required 
regulation of underground storage tanks (G DNR 1988c). 
Georgia had over 10000 farmers using ground water 
(whereas they were previously monitoring only a 
hundred or so industrial users) and roughly 50 000 
tanks. Hence, the agency faced a massive explosion 
in the regulated community, quite apart from the 
continuing rapid expansion of the population of Geor
gia with its expanding industrial base. 

Fourth, the Georgia agency faced serious dif
ficulties with the computer support that EPD received 
from the State's central data processing facility (GDNR 
1984; Sparrow 1990a) 

EPA offered assistance to Georgia's EPD in the 
form of a Prime 2550 minicomputer, which could act 
as a front-end interface to the national databases. The 
Prime would be directly connected through a high
speed data link, and would be able to handle all of 
the state's local requirements not met by the avail
able federal databases. 

The promise of the scheme, for EPA, was the 
prospect of obtaining reasonable quality data from 
Georgia-hitherto one of the most seriously delin
quent states in that regard-since EPD would rely 
upon the data in EPA's databases for its own opera
tional purposes . The advantages for EPD included 
cost savings and resolution of their immediate 
problems. 

Phase I: Data sharing 

There were two distinct aspects to the program. 
The first established on-line connections from EPD 
to seven EPA databases at Research Triangle Park, 
North Carolina: 
(I) NEDS National Emissions Data System: 

provides data on air emissions from 
industrial facilities; 

M.K. Sparrow 

(2) SAROAD System for the Storage and Retrieval 
of Aerometric Data: provides ambient 
air quality data from air quality 
monitoring sites; 

(3) CDS Compliance Data System: provides 
air compliance data. (Superseded, 
along with NEDS and SAROAD, in 
1989 by AIRS, the Aerometric 
Information and Referral System); 

(4) GICS Grants Information and Control 
System: keeps track of municipal 
sewage treatment plant construction 
projects when supported by federal 
grants. 

(5) STORET Water Quality Storage and Retrieval 
System: provides water quality data 
from monitoring sites; 

(6) PCS Permit Compliance System: provides 
compliance data and effluent data for 
facilities having surface water 
discharge permits; and 

(7) HWDMS Hazardous Waste Data Management 
System: provides information about 
hazardous waste sites. 

A Memorandum of Understanding stipulated that 
EPA would not alter the State's data. Previously EPA 
would quite happily have altered data they mistrusted 
or did not like. A formal management procedure was 
established for resolving any disputes about accuracy, 
and EPD became solely responsible for the quality of 
its data. 

The Phase I objective was met, in Georgia, by the 
end of 1986, although some of the benefits of the 
data-sharing scheme were apparent long before that. 
So much so, in fact, that the EPA headquarters in 
Washington, D.C. was beginning to pay close atten
tion to what was happening in Georgia. Lee Thomas, 
EPA's administrator, took a close personal interest, 
and staff at EPA Headquarters' Office of Information 
Resources and Management began to see the poten
tial impact of the data-sharing approach if extended 
to other states (ASIWPCA 1986; Sparrow 1990b). 
The phenomenon was simply that Georgia's EPD had 
turned around from being one of the worst providers 
of data to one of the best, in less than two years. 

Phase II: Decision making for environmental results 

Phase II of Georgia's program, partially supported 
by a grant from EPA, related more to the uses to 
which the data would be put, than to the mechanisms 
through which it would be collected. The explicit 
goal of Phase II was "the use of automated systems 
to better support decision making for environmental 



Information support for environmental protection 

results" (GDNR 1988a) . Under that rubric, three 
specific objectives were highlighted : 

(1) Data integration to support decision making; 

(2) Use of Geographic Information Systems (GIS) 
to relate and analyze data from the different media 
(air/water/land etc.); and 

(3) Support of the toxic substances and risk manage
ment programs. This was a state initiative to help 
coordinate emergency response to toxic spills, and to 
make rapidly available the necessary chemical infor
mation for dealing with such an emergency. 

It was the use of Geographic Information Systems 
that most dramatically demonstrated the value of 
cross-media integration of data (GDNR 1988a) . The 
EPD in Georgia had five early successes. They are 
worth examining in some detail as they shed some 
light on the philosophy and strategy of this state 
agency. 

Example 1: Siting sanitary landfills . Traditionally 
municipal applicants for permits to construct sanitary 
landfills had to face rejection of their proposals by the 
Georgia EPD in at least 50% of cases. Applicants 
tended to choose rocky, swampy, or steeply sloping 
sites because these were unsuitable for other develop
ment and consequently low priced . They also had 
high environmental impacts, being groundwater 
recharge areas, or wetlands, or upstream of drinking 
water sources. 

To make relationships with applicants more produc
tive, the EPD used GIS to construct a map, for public 
release, which showed vast areas of Georgia that 
were unsuitable for siting sanitary landfills. The map 
itself resulted from the overlay of nine separate 
digitized databases. The map increased the produc
tivity of both the EPD in processing applications and 
the local governments in their selection of possible 
sites. It also produced a more cooperative relation
ship between them. 

Example 2: Prioritizing hazardous waste sites. There 
are 3230 facilities in Georgia which generate, treat, 
store , transport, or dispose of hazardous waste. 
Georgia's EPD could not pay attention to them all , 
so they plotted their locations in relation to signifi
cant ground water recharge areas . A crude scoring 
system, incorporating proximity to recharge areas, 
together with the toxicity and the subjectively as
sessed risk of a release, enabled EPD to rank the sites 
in order of environmental impact. The product of the 
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GIS application in this case was a list of priorities, 
not a map . 

Example 3: Impact of agricultural chemicals . Geor
gia recognized the risk posed by overuse of agricul
tural chemicals. By superimposing the ground water 
recharge areas on the agricultural land-use areas, 
EPD highlighted particular agricultural areas as tar
gets for educating farmers on management practices 
that would minimize the risk . 

Example 4: Siting regional water supply reservoirs . 
Georgia's drought problem required intelligent siting 
of new reservoirs for drinking water. EPD used GIS 
to help identify appropriate sites by integrating 
information about measured stream flows (during 
recent drought periods), local population density, 
local land uses, acceptability of dam sites, and stream 
classification (i .e., they had to avoid building dams 
on trout streams etc.) 

Example 5: Communicating the risks of radon ex
posure. The Georgia General Assembly requested an 
assessment of the risks posed by radon in the state. 
EPD used GIS to superimpose zip-code areas on a 
geologic map of rock formations with high natural 
concentrations of radioactive minerals . 

Other methods of data integration 

The EPD's local Prime 2550 computer became 
host to new integrated databases, designed and im
plemented by EPD in high level database program
ming languages . These local databases served specific 
local management needs, but drew their information 
from EPA's databases , combining data elements from 
two or more of those databases and presenting it in 
an integrated format. 

The first was the Facility Identification Module, 
which stored basic information about the states' regu
lated facilities-their name, location (coordinates), ad
dress, and contact names , together with a unique EPA 
identification number-irrespective of which program 
was obliged to regulate them. 

The second was the Permit Application Tracking 
Module, which was designed to provide a manage
ment overview on EPD's accomplishments, backlogs, 
and productivity with respect to processing permit ap
plications. 

A third was the Compliance Management and En
forcement module, designed to facilitate inter-pro
gram coordination on routine facility inspections and 
on enforcement actions. It enabled, for example, the 
water branch to examine the status of the air permits 
and vice versa. It also provided the basis for schedul
ing the multi-media inspections that EPD ran from 
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its four Regional Offices. The data it drew from 
program-specific EPA databases included the results 
of inspections, details of notices of violation, con
sent orders, and dates upon which facilities returned 
to compliance. It provided a quick and comprehen
sive view of anyone facility's compliance record and 
status, thus more clearly revealing which were the 
good guys and which were the bad guys. 

EPA HEADQUARTER'S PERSPECTIVE 

EPA also made data management a priority, and 
established its Office of Information Resources and 
Management in 1985. That Office, with strong sup
port from its administrator Lee Thomas, formally 
established the State/EPA Data Management Program 
as a nationwide umbrella for the further development 
of information management. It was modelled on the 
experience of Georgia's EPD and was similarly divided 
into two phases (USEPA 1989a). 

Phase I (Data Sharing) concentrated on the estab
lishment of the physical network infrastructure and 
cooperative relationships and understandings neces
sary to ensure provision of "complete, accurate and 
timely data". Phase II (Data Integration) was more 
concerned with making intelligent use of the data 
once they were available. The explicit goals of the 
two phases were as follows: 

Phase I 

Obtain and enter complete, timely, and accurate 
information in all EPA enforcement, monitoring, and 
compliance data bases. 

Provide states with high-speed, on-line access to 
all EPA data bases. 

Ensure the integrity of state data in EPA data 
bases and due process for states in resolving data 
disputes with EPA. 

Phase /I 

Provide EPA and the states the data, methods, and 
technology required to conduct integrated environ
mental analyses and to plan and manage cross-media 
programs. 

Build effective, long-lasting arrangements for shar
ing data and technology between environmental agen
cies at all levels and with our colleagues in federal, 
state, and local agencies that are responsible for 
commerce, agriculture, science, and natural resour
ces conservation. 

In 1987, one state in each EPA region (and two 
from region IV) were selected as Regional pilot states 

M.K. Sparrow 

for Phase I. In 1988, a further 19 states were added 
to the list. As of April 1991, high speed data links to 
all states except Hawaii (also to Puerto Rico) have 
been connected. 

However, installation of the communications chan
nels is no guarantee that the various programs within 
state agencies will adopt on-line access to EPA's 
databases. Nor is technical adoption of Phase I's 
data-sharing provisions any guarantee that states will 
grasp the fundamental purposes and significance of 
Phase II . 

Many states have experienced substantial difficul
ties in linking the federal databases to their own 
existing computer systems (Sparrow 1990c). Even 
when the technical connections are completed, some 
states report that their staffs find EPA's databases 
unfamiliar and more difficult to use than their own 
(Sparrow 1990c; 1990e). Most states find that EPA 
databases do not meet all of their operational require
ments (US EPA 1989b; Sparrow 1990a; 1990d; 1990e). 
And often the long term benefits of the Data Manage
ment Program are not sufficiently visible or not suf
ficiently understood to make the implementation 
obstacles worth overcoming. 

STRATEGY AND CULTURE AT GEORGIA·S EPD 

Therefore it is prudent to ask what was so special 
about the culture and philosophy of Georgia's EPD. 
Why did these new information management ideas fit 
there, when they do not fit so well in some other 
states and regions? (Sparrow 1990c; 1990e). Six fea
tures of Georgia EPD's philosophy are quite striking 
(Sparrow 1990a). 

Cross program integration 

For Georgia's EPD, cross-program integration was 
the routine way to use data. Data management was 
only one of ten functions within the Program Coor
dination Branch whose budget was roughly $5 mil
lion annually, representing between one third and one 
half of the EPD's program budget (GDNR 1988b). 

One major program within that Branch was the 
administration of the multi-disciplinary inspection 
teams, based around the state in four regional offices. 
Fifty interdisciplinary field officers handled all of 
the inspections for 6000 of the state 's 10000 regu
lated facilities. The others, requiring specialist en
gineering or complex technical skills, were regulated 
by program specialists from the State central EPD 
office. The EPD moved to this multimedia approach 
over a decade ago, in 1976. 



Information support for environmental protection 

Cooperative attitude towards industry 

EPD is almost service oriented, as opposed to 
viewing industry as the involuntary object of enfor
cement and regulation. And it views enforcement as 
only one means for compliance. 

Another sign of the agency's commitment to work
ing with, rather than against industry, is its New In
dustry Program, designed to smooth the whole process 
of site selection and permit issuance for industry 
contemplating moving into Georgia (Sparrow 1990a). 
This EPD scheme helps to attract industry to Georgia 
by eliminating unnecessary obstacles. 

Selection of performance measures 

EPD's performance measures are described by its 
staff as results oriented, not numbers oriented. They 
have rejected the traditional measures of output or 
productivity: the numbers of enforcement actions 
taken, the numbers of permits issued. Instead, they 
set goals such as to insure that dissolved oxygen in a 
given reach of a river achieves a particular level 
within six months. In other words, they measure their 
performance by environmental results. 

Attitude towards public release of data 

They view release of data and information to the 
public as lightening the agency's load, not increasing 
it. They see it as a method of empowering the public 
to participate in procuring a cleaner, safer environ
ment. 

Pioneering spirit 

Georgia EPD also prides itself on being quick to 
adopt new ideas, new practices, and to experiment 
with new programs. Staff members are encouraged to 
publish papers, attend conferences, and to help out 
agencies in other states who want to learn from 
Georgia's experience. 

Attitude towards other state agencies within Georgia 

EPD consciously assumes a cooperative rather than 
an adversarial position. In particular, the interests of 
economic prosperity and environmental protection
so often in conflict-seem well integrated. 

NEW STRATEGIES FOR ENVIRONMENTAL 
PROTECTION 

The Georgia story provides some useful clues about 
the directions in which strategies of environmental 
protection might be moving. The signals about reorien
tation in philosophy emanating from federal EPA 
have been quite unmistakable, especially since the 

" " ~:\'· · : :'.~~·::l l ~ ' ~·. 
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arrival of William Reilly as Administrator in February 
1989 (Reilly 1989; Reilly 1990a,b,c). The initiatives 
being pursued by EPA's Office of Information Resour
ces and Management properly reflect some of those 
strategic shifts. 

Phase II of the Data Management Program is, in 
fact, predicated on the assumption that environmen
tal agencies will have to change the way they do 
business in at least three important ways: first, 
there is the perceived need to break out of the strict 
programmatic straightjacket (water/air/hazardous 
waste etc.) in order to do cross-media risk analysis and 
problem solving; second, there is the push to focus 
on environmental impact rather than on the more 
traditional "bean-counting" output performance 
measures; and, third, there is a new emphasis on 
drawing the public into the decision-making process 
through provision of public access to data. 

Cross program integration 

The need for cross program integration is obvious. 
It is mandated by the advent of new environmental 
problems such as global warming. 

When EPA was formed in 1970 from a number of 
disparate programs, the congressional oversight ar
rangements were never integrated. EPA Headquarters 
staff is primarily disaggregated along program lines. 

These divisions within EPA Headquarters are mir
rored by similar divisions within the EPA Regional 
Offices and within almost all state agencies. The 
strength of the programmatic divisions present a 
constant challenge for the proponents of the Data 
Management Program, in the details of Phase I as 
well as in the more philosophical concerns of Phase II. 

Managing for environmental results 

Equally obscure is the extent to which managing 
for environmental results can become a practical 
reality for EPA within the foreseeable future. The 
Program Staff at EPA recognizes William Reilly's 
commitment to it, but still feels the compulsion to 
maintain or increase the numbers of judicial referrals 
as a method of demonstrating their productivity. Some 
of the staff are still more conscious of the require
ment to collect data, than the need to use it intelligent
ly. For many the most obvious purpose for having 
national data collections is for congressional report
ing, not for operational decision support. Their focus 
on getting the data from states, makes them natural 
fans of the Data Management Program, at least of 
Phase 1. Anything that helps make it easier to get the 
states' data is a bonus. The need for Phase II seems 
much less immediate. 



Looking further ahead, to measuring states' perfor
mance by the quality of their water rather than by the 
number of enforcement actions and the extent of per
mittee non-compliance, EPA officials point to the ex
treme difficulty of designing generally applicable water 
quality measures. 

There seem to be two major obstacles facing any 
major shift towards managing for environmental 
results: first, the scientific problem of establishing 
meaningful measures of environmental quality; and, 
second, the necessity of re-educating not only agency 
staff, but the legislatures, the media, and the public as 
to appropriate new forms of accountability. The 
scientific debate about the first and the political debate 
about the second are active and vigorous. 

Public access to data 

While EPA continues the struggle to design more 
meaningful indicators of environmental quality 
and better measures of environmental impact, it 
sim ultaneously has to deal with ever increasing 
public interest in environmental affairs. 

The Data Management Program has not yet in
cluded public release of data within its formal Phase 
I or Phase II goals. But senior EPA staff know that it 
has to come (Habicht 1989). They describe EPA's 
past attitude to data as being secretive and posses
sive. And they see the public availability of toxic 
discharge data as a small indication of what will 
come. 

Since 1989, a National Library of Medicine com
puter provides on-line access to one of EPA's 
databases. Using a PC and modem, anyone can access 
the files on 17 000 different manufacturing facilities 
across the country. Included are emissions to each 
media on an annual basis. The Toxic Release Inventory, 
as it is called, contains data on over 300 different toxic 
chemicals, and has a total of 75000 records, submitted 
by industry itself (USEPA 1986). 

Officials of EPA's Office of Toxic Substances, 
responsible for directing this implementation, refused 
to protect the chemical industry from public 
misinterpretations of the data. The burden of educat
ing the public had to be shared by the industry itself. 
The result, according to a senior EPA official, was 
that the industry began a meaningful dialogue with 
the public about the data, rather than stonewalling. 
"The result has been more two-way communication 
about toxics in the last year than we've ever seen before" 
(Sparrow 1990b). 

M.K. Sparrow 

FROM DATA WAREHOUSE TO INFORMATION 
CRAFT SHOP 

These trends in environmental protection strategies 
require new forms of information support. Data col
lection cannot remain focused on levels of activity; 
regional and national aggregation cannot remain the 
dominant form of analysis. Four broad trends for 
information support will emerge. 

First, the process of analysis of incidents compris
ing anyone risk will require the facility to aggregate 
and disaggregate data along a number of different 
dimensions-geographic, temporal, type of pollution 
source, affected medium, causal mechanism for the 
pollution, offending chemical, or class of chemicals. 
That requires flexible database structures and ver
satile analytic capabilities. 

Second, the information and analytic support for 
risk identification, risk selection, problem-solving, 
and resource allocation will be required at many 
different levels-ranging from support for isolated, 
street-level problems dealt with by a single Field 
Engineer, to major and protracted national priorities. 

Third, agencies' information and analytic support 
has to be available for environmental problems whether 
they are covered by traditional enforcement programs 
or not. Public partnership may result in the nomina
tion of new priorities. 

Fourth, increasing attention should be paid to 
educating and thereby empowering the public regard
ing environmental matters. Release of appropriate 
information should be seen as a powerful tool, not a 
regrettable drain on resources. 

The emerging strategies will therefore require the 
production of more appropriate information products, 
in addition to enhanced data collection. Good quality 
data only has to be accurate, up to date, and complete. 
Good quality information has to be relevant, useful , 
comprehensible, well designed and presented, and in 
the right hands. Environmental protection can no 
longer be adequately supported by a "data warehouse". 
It has to be supported by an "information craft shop". 

It could be argued that Phase I of the State/EPA 
Data Management Program seeks to perfect the tradi
tional national data warehousing system and that 
Phase II, with its emphasis on GIS units, introduces 
the information craft shop, elevating the status of 
data analysis. 

CONCLUSION 

It is not yet clear to what extent the Data Manage
ment Program itself will ultimately be successful in 
supporting strategic changes within the environmen-
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tal protection community; nor is it clear to what 
extent the progress of the Data Management Program 
will be constrained and hampered by the traditional 
enforcement-oriented and programmatically divided 
status-quo. 

But it seems an inescapable reality that environ
mental information is one of EPA's major assets; and 
that the agency's future credibility will depend to a 
considerable degree on how it manages, uses, and 
communicates that information. Collecting the data 
is a necessary prerequisite. But, the aggregate picture 
has to be presented in such a way and to such an 
audience that it serves some useful environmental 
purpose. 

The implications for the State/EPA Data Manage
ment Program are clear. First, Phase I must never 
be regarded as an end in itself. The EPA national 
databases, however complete, accurate, and up-to
date, are of no use unless significant attention, resour
ces, and creativity are applied to generating useful and 
usable information products from them. 

Second, Phase II should never be made to wait for 
Phase I. The transformation of the strategy of en
vironmental protection does not depend on perfecting 
the national information infrastructure. Many infor
mation products supporting intelligent environmental 
decision-making are now being generated without using 
data from the major national databases. Supporting 
a wider variety of risk-assessment and resource-al
location decisions utilizes a wider variety of data 
sources and demands many non-traditional forms of 
analysis. 
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The importance of gender to the prevalence o f the "si ck building syndrome" symptoms was 
investigated by questionnaire studies in three office buildings in Norway. T he study included 710 
persons. Of these, 590 (83%) completed the questionnaires . The most important factor related to 
the differences in symptom prevalences was found to be the sex . A greater percentage of females 
than males reported having symptoms. A relatively frequent occurrence of symptoms was reported 
by a greater percentage of females than males . The difference between males and females within 
each building was greater than the corresponding differences between females and males respec
tively in different buildings . The results show that gender is of importance to the prevalence of 
symptoms recorded in indoor air questionnaire studies . It must be taken into account when 
analyzing the results; otherwise, the sex can be a confounding factor. Possible reasons for the 
observed differences are discussed. 

INTRODUCTION 

From many countries during the last 10 to 15 years , 
there has been an increasing number of reports of 
discomfort and adverse health effects in the non-in
dustrial sector of the population (Finnegan et al. 
1984; Hedge et al. 1987; Skov and Valbjf3rn 1987). 
Although a broad range of symptoms is reported, 
many are common, such as irritative symptoms from 
the eyes, nose, throat, and lower airways; skin reac
tions; unspecific hypersensitivity reactions; mental 
fatigue; headache; nausea; and dizziness (WHO 
1983). The frequent occurrence of the symptoms in 
any population makes it difficult to establish a 
relationship to indoor environment in particular cases. 

The prevalence of symptoms of discomfort and 
illness in a building is taken as a measure of the 
health of the persons working in that building. How
ever, there is no objective method for measuring the 
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sick building syndrome (SBS) (Hedge 1990) . Inves
tigations are generally based on questionnaire studies, 
reflecting the employees ' subjective feelings . The 
need for standardized questionnaires has been 
emphasized (Andersen 1984; Berglund et al. 1987; 
Valbjf3rn and Kousgdrd 1984), but to date no general 
design of questionnaire investigations for this aim 
has been outlined. In fact , reports differ greatly with 
regard to prevalence of SBS symptoms, and correla
tions between the occurrence symptoms and a wide 
range of attributes have been reported (Hedge 1984; 
Hodgson et al. 1987; Jaakkola et al. 1987; Lam et al. 
1987; Morris and Hawkings 1987; Robertson et al. 
1989; Woods et al. 1987). There appears to be much 
controversy concerning the primary cause and the 
mechanism of appearance of the symptoms (Hedge et 
al. 1987; Zweers et al. 1990; Menzies et al. 1990; 
Kirkbride et al. 1990; Miller J.D. 1990). 
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Investigations have indicated a higher frequency 
of occurrence of symptoms among females than among 
males (Hedge et al. 1987; Norbilck et al. 1987; Skov 
and Valbj~rn 1987; Finnegan and Pickering 1987), 
but as yet no psychological or physical environmen
tal factor which can generally explain the observa
tions has been found. The "healthy worker effect" 
and atopy are considered in only a few studies, but 
they are not found to be crucial factors for the ob
served differences (Norbllck 1987; Arundel 1987). 
Recently, it has been suggested that it may be related 
to more body awareness in females than in males 
(Burge 1990). 

However, statistically significant correlations do 
not necessarily mean profound associations. In a large 
group, for example, small variations can be detected 
as significant; whereas in a small group, large and 
important variations may go undetected. For many 
practical purposes, the magnitude of the variations 
remains the most relevant information. Further work 
and more thorough analyses are necessary in order to 
verify correlations among certain factors suggested 
by the sporadic studies to date and in order to deter
mine the relative importance of various factors. 

The study described below deals particularly with 
differences between the sexes with regard to the 
results of questionnaire studies of indoor environ
ment. It is part of continuing investigations into 
the relationships between various factors and the 
prevalence of SBS symptoms. 

MATERIALS AND METHODS 

Buildings 

Employees in three public office buildings, A, B, 
and C, were asked about their working situation and 
about SBS symptoms by questionnaires. The study 
was conducted at the request of health personnel in 
the buildings which means that the buildings were 
already suspected of being sick. The ages of the 
buildings A, B, and C were 16, 15, and 2 y, respec-
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tively. Buildings A and B were situated in urban areas 
and building C in a rural area. All three buildings 
were made of concrete and brick and had mechanical 
supply and exhaust ventilation. 

Study population 

The study included 710 employees, most engaged 
in clerical work. Of these, 590 (83%) returned the 
questionnaire. Sick leave, maternity leave, and vaca
tion were stated as the reason for non-participation 
by -85% of the non-respondents. For the rest, unwill
ingness to participate, short-term absence, etc. are 
assumed to be the reasons. No further analysis of the 
non-participants was done. 

Mean age for males was 41.8 y and for females 
39.2 y. 

Of the females, 38% (101 persons) were smokers; 
and 27% (87 persons) of males were smokers. 

In buildings A, B, and C, 30%, 7%, and 10%, 
respectively, of the employees worked in open areas. 

Questionnaire 

A self-administered questionnaire was used, with 
questions concerning the following four main groups 
of items: general items, health symptoms, environ 
mental and climatic factors, and job-performance con
ditions. 

The categories of answers for individual health 
symptoms and work-related complaints were "Very 
often", "Often", "Sometimes", and "Never". For statis
tical evaluation, "Very often" and "Often" were com
bined in one group as "Often". 

According to the employees' own job descrip
tions, three categories of employment were used: 
1) secretarial work; 2) executive work by highly 
skilled engineers, architects, economists, and manage
ment personnel; and 3) other work by caretakers, 
librarians, bookkeepers, craftsmen, etc. 

The questionnaires were organized and distributed 
by the health personnel at the offices under investiga
tion. The importance of high response rates and com-

Table I. The number of respondents in each building (A. B. and C). 

FEMALES MALES Response 
Smokers Smokers rate 

A 100 43 % 96 26 % 196 (83 % ) 

B 63 32 % 44 34 % 107 (74 %) 

C 105 36 % 182 26 % 287 (87 %) 

Total 107 38 % 287 27 % 590 (83 % ) 
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plete answers from the employees was stressed . All 
staff members were encouraged to participate regard
less of their rank . 

Statistical analyses 

Chi -square te sts were used for the sta ti stical 
analyses . using a level of significance of p < 0.05 . 

13 

Statistical comparisons were carried out for each of 
the symptoms. 

RESULTS 

The proportion of males and females who returned 
the questionnaire in the three offices is shown in 
Table I. Table 2 shows the prevalence of symptoms 

Table 2. The prevalence (%) of symptoms and significance levels (p) between the responses from females and males. 
o . Often S . Sometimes N . Never 

Prevalence (%) 
Signifi-

Female,n=268 Male, n=322 cance 
(p) 

category of answer : 0 S N 0 S N 

Irritation - face 
Build . A 12 20 68 6 . 7 5.3 88 0 . 0089 

" B 13 6.7 80 9 . 1 15 76 0 . 4323 
" C 11 19 70 2 . 5 12 86 0 . 0037 

Total (mean) 12 17 72 4.4 10 85 0.0007 
Irritation - eyes 

Build. A 27 35 38 7 . 1 21 71 0.0000 
" B 33 33 35 19 19 62 0 . 0457 
" C 35 33 33 15 22 63 0.0000 

Total (mean) 32 33 35 13 22 65 0.0000 
Dry skin - face 

Build. A 46 26 27 7 . 7 19 73 0.0000 
" B 60 13 27 18 21 61 0 . 0003 
" C 45 24 31 13 16 71 0.0000 

Total (mean) 49 22 29 12 17 70 0.0000 
Dry skin - hands 

Build. A 59 22 20 15 16 69 0 . 0000 
" B 69 9 . 3 22 16 22 62 0.0000 
" C 42 26 32 14 7 . 8 78 0.0000 

Total (mean) 55 21 25 15 12 73 0.0000 
Headache 

Build . A 26 51 23 15 37 48 0 . 0044 
" B 38 46 16 11 42 47 0 . 0012 
" C 19 51 30 3 . 6 39 57 0.0000 

Total (mean) 26 50 25 7 . 6 39 54 0.0000 
Tiredness 

Build . A 33 49 18 19 51 31 0 . 0514 
" B 57 36 6 . 9 22 51 · 27 0 . 0007 
" C 37 45 18 16 54 29 0.0008 

Total (mean) 41 44 15 18 53 29 0.0000 
Lethargy 

Build. A 37 49 13 21 45 35 0.0015 
" B 58 37 5 . 1 23 48 30 0.0002 
" C 45 43 12 18 49 33 0 . 0000 

Total (mean) 46 44 11 19 48 33 0 . 0000 
Concentration 
problems 

Build. A 6 . 9 60 33 8 . 8 39 53 0.0336 
" B 21 55 23 11 44 44 0 . 0888 
" C 11 51 38 6.5 48 45 0.3695 

Total (mean) 12 55 33 7 . 7 45 47 0.0055 
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in each buildingandcombinedforall three buildings. 
For all three buildings combined, and for each of 

the sexes, the following calculation was done: 
(1) 

Frequency ("Often") 
Frequency ("Often" + "Sometimes") x 100% 

The results of this calculation are given in Fig. 1. 
When asked if the problems had resulted in a visit 

to a medical doctor, 30% of the females and 16% of 
the males replied in the affirmative. 

Distribution of symptoms 

Table 2 shows that the prevalence of the symptoms 
varies greatly. In most instances, for each symptom 
and for each building, the differences in prevalence 
of symptoms between females and males have a level 
of significance of p < 0.01. The symptoms are much 
more widespread among females than among males. 
As shown in Fig. 1, a larger percentage of women 
than men answered "Often" to the question of the 
occurrence of symptoms, which suggests also that the 
symptoms recur more frequently among women than 
men. 

The prevalence of symptoms in each of the three 
buildings was statistically compared for males and 

Irritation/e!;les 

Irritation/face 

Concentrationprobl. 

Letharg!;l 

Tiredness 

Headache 

o 10 20 
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females separately. In 85% of the comparisons car
ried out, the differences in symptom prevalences be
tween the buildings were found to be statistically 
insignificant for males and for females. 

Investigations have indicated some complaints to 
be related to job category (Skov and Valbjl'!rn 1987). 
Investigations of symptom prevalences related to 
job categories (Lenvik 1990) show that for each job 
category, the symptom prevalences were much higher 
among females than among males, and the differen
ces were statistically significant in half of the cases. 
The prevalence of symptoms in each of the three 
job categories was compared for males and females 
separately, and in most cases no statistically significant 
differences were found for males or for females. 

The prevalence of symptoms among smokers and 
non-smokers, among persons of age 40 y or less, and 
for persons more than 40 y old was compared for each 
of the sexes for the three offices together. The dif
ferences among these groups were found to be small 
and therefore are omitted in the further analyses. 

Woods et al.(1987) found that poor air quality was 
reported by workers in open areas 1.5 times more 
often than those in closed areas. In the present study, 
significant differences were found in the occurrence 
of dryness of face, 47.1 % and 28.4%, respectively; 
dryness of hands, 43.4% and 25.4%, respectively; 

30 40 50 £'0 70 80 

Fig. t. Symptoms reported to occur "often" as a percentage of occurrence of all symptoms ("often" + "sometimes"), given for males 
and female. and for different symptoms. 
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and of headache. 20.0% and 13.7%. respectively. 
Between female groups in open and closed areas. 
there was a statistically significant difference for 
only one symptom. The prevalence of symptoms was 
1.5 to 3 times higher for males in open areas than for 
males in closed; and statistically significant different 
prevailed for four of the symptoms. The prevalence 
of symptoms among the males with the worst com
plaints. ie .• those in open areas. was at the same level 
and lower than among the females with .the least 
complaints. 

DISCUSSION 

The health of employees in a particular building is 
usually judged by the frequency of answers in the 
"Often" (or corresponding) category for single 
symptoms. discomfort. or complaints obtained by a 
questionnaire. 

In this study. the simultaneous evaluation of several 
categories of answers has revealed more particular 
differences in responses by males and females . The 
study shows that symptoms are reported by a higher 
percentage of females than males. as was also found 
in earlier studies (Hedge et aL 1987; Norbllck et aL 
1987; Skov and Valbj~rn 1987). In addition. the cal
culations (Eq. I) and Fig. I show that a relatively 
frequent occurrence of symptoms was reported by a 
higher percentage of females than of males. Thus. the 
symptoms are found to be both more widespread and 
recurring more frequently among females than among 
males. 

More complaints were registered for workers in 
open areas than in closed; for males. the incidence of 
symptoms being 1.5 to 3 times higher. For females. 
the difference was small and statistically insignificant. 
As no environmental factor has been found as a 
plausible explanation for this inconsistency between 
the sexes. the question arises as to whether women 
and men respond in different ways to some environ
mental conditions. 

The observed differences between the sexes could 
be due to differences in the nature of employment of 
men and of women. In this case. the difference be
tween the sexes within the same job category would 
be reduced. while a crucial difference in the symptom 
prevalences between the job categories would be 
expected. However. the results showed statistically 
significant differences between the sexes regardless 
of job category. A more thorough analysis on this 
specific question has been carried out (Lenvik 1990). 
which shows that the differences between the sexes 
are considerable regardless of job category. Some 
studies have revealed (Valbj~rn and KousgArd 1984) 
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that females suffer from health problems and discom
fort more than males outside the working environ
ment as well. supporting the premise that factors 
other than job category must be of importance. 

The way in which the questions are presented and 
the way in which they are interpreted. as well as the 
way in which the answers are evaluated may affect 
the end result. However. a number of questioning 
methods have been used in various studies which 
have shown different prevalences of symptoms be
tween the sexes. It is unlikely that this is due to 
differences in interpretations in all cases. Further
more. in questionnaire studies where answers were 
given as the number of times individual symptoms 
occurred (Valbj~rn and KousgArd 1984). there was 
still a higher frequency among females than among 
males. The fact that relatively many more women 
than men. 30 and 16%. respectively. reported con
sulting a doctor for the problems associated with 
indoor environment. also indicates that the differen
ces exist in reality and are not simply due to the 
questioning methods and interpretation. 

The employees in building B were also questioned 
about asthma and allergies. No statistically significant 
differences were found between those who reported 
having allergies and those who reported not having 
allergies. Reports concerning asthma and allergies 
and the "healthy worker effect" show that observed 
differences in the occurrence of symptoms can only 
partly be explained by these factors (Norback 1987; 
Arundel 1987). 

Although all three buildings investigated had similar 
ventilation systems. variations due to the operation of 
the systems. for example. cannot be excluded. How
ever. this factor would have the same impact upon 
males and females in the same building. and does 
balance out for the comparisons performed. Especial
ly for comparisons between the sexes inside each 
building. the ventilation conditions would be similar 
for both sexes. 

The study shows greater variations in the occur
rence of symptoms between females and males within 
a building than among groups in different buildings 
and indicates that environmental factors affect men 
and women differently. Variations observed among 
buildings can therefore be due to the composition of 
the study groups with regard to gender and not neces
sarily to different building factors . as is often sug
gested. It appears to be important to take the sex of 
the participants into account when considering results 
from questionnaire investigations. Unfortunately. in 
many studies possible differences between the sexes 
are not taken into consideration. and therefore there 
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will be some uncertainties and limitations in using 
the results outside the specific work done. Lack of 
consistency in published data may, at least to some 
degree, be due to gender as a confounding factor. 

It has not been the purpose of this paper to find out 
why the symptom prevalences are different for the 
sexes. However, as recently suggested (Burge 1990), 
the results support that perceptual or cultural dif
ferences between females and males may be a crucial 
factor. Selection bias between males and females 
in the study group can not be excluded, although 
as yet, there is no evidence of any crucial bias. More 
specific studies are required to clarify these ques
tions. 

CONCLUSION 

The SBS symptoms are both more widespread and 
recur more frequently among females than among 
males. Differences in the prevalence of symptoms 
appear to be so profound that the composition of 
study groups with regard to sex can be a confounding 
factor unless taken into consideration when interpret
ing results of questionnaire investigations of indoor 
environment. 
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In order to provide information on levels of environmental tobacco smoke (ETS) in office 
environments during 1989, a total of 585 offices was sampled for a number of factors, including 
respirable suspended particles (RSP), nicotine, carbon monoxide, carbon dioxide, room size, 
average number of room occupants, and number of cigarettes consumed. Each data set was 
collected over a one-hour sampling period. Discriminant analysis of the data collected showed a 
group of rooms used for light smoking (59.9% of total smoking rooms) was not significantly 
different from the nonsmoking rooms, in terms of the variables which contributed to the predictive 
ability of the model (RSP and nicotine). These light-smoking rooms overlapped somewhat with 
the heavy-smoking rooms, suggesting other variables not measured here might contribute to this 
model, such as air change rates or outside air intake volumes. This leads to the possibility that a 
range of smoker densities could be established inside which indoor air quality will not be 
significantly affected, thus reflecting the American Society of Heating, Refrigerating and Air 
Conditioning Engineers (ASHRAE) Standard 62-89, which shows that with good ventilation 
acceptable air quality can be maintained with moderate amounts of smoking. Statistical analysis 
also showed overall levels of ETS in offices to be considerably lower than estimated in work 
ten years previously, and that carbon monoxide is only weakly influenced by smoking activity. 
Carbon dioxide measurements taken in each room did not correlate significantly with RSP, 
nicotine, or carbon monoxide, and there were significant relationships between smoker density, 
RSP, and nicotine, respectively. 

INTRODUCTION 

Given the present-day concerns in the U,S. society 
about exposure to environmental tobacco smoke 
(ETS), it is important that measurements used to 
assess exposure to this substance are representative 
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of conditions existing in modern office environ
ments, 

Numerous studies have measured levels of various 

components of ETS in both the home, workplace, and 
other public places, Repace and Lowrey (1980,1982) 
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presented results of field measurements made in non
office environments (bars, restaurants, bingo games, 
dinner dances, bowling alleys , sports arenas, waiting 
rooms, etc.), as well as experimental results in office 
type environments with high smoking rates (32 cigaret
tes smoked in 49 min). Respirable suspended par
ticles (RSP) levels were found as high as 697 ~g/m3 
in the non-office environments. In some office ex
perimentation, an equilibrium of 1947 ~g/m3 of RSP 
was attained with a time constant ('C) of 14 min. They 
used data from these two papers to derive a mathe
matical model to estimate average RSP concentra
tions of 200 ~g/m3 in office environments where 
smoking was allowed (Repace and Lowrey 1987). 

These papers are frequently referenced by other 
workers, and were extended by Repace and Lowrey 
to compute a "quantitative estimate of nonsmoker 
lung cancer risk from passive smoking" (1985a), and 
then "an indoor air quality standard for ambient tobac
co smoke based on carcinogenic risk" (I 985b). Refer
ences to one or both of the first two papers are found 
within much literature on the subject of ETS that has 
been published since (Collishaw et al. 1984 ; Samet 
1988; Meisner et al. 1989; Wells 1986; Sterling 1982; 
Wells 1989). These include some papers published as 
recently as 1989. In addition , the U.S . Environmental 
Protection Agency (US EPA 1990) currently includes 
references to these two papers in their Draft Guide to 
Workplace Smoking Policies. This document has not 
been formally released however, and is still in the 
review process. 

There are no data in these papers on field measure
ments of ETS in office workplace environments; how
ever, they have been referenced in many cases to 
argue that ETS is the major particulate component of 
indoor air, and hence smoking should be eliminated 
from the office environment. At present, research 
that measures components of ETS in discretionary 
smoking office environments has been limited-most 
studies contain small data sets thereby preventing 
precise statistical analyses. Examples of these rela
tively small scale ETS studies focusing on RSP where 
smoking was discretionary include Meisner et al. 
(1989), where RSP ranged up to 80 ~g/m3, with a 
mean of 34 ~g/m3 . Also, Sterling et al. (1987) reported 
mean RSP levels of 37 ~g/m3 in smoking permitted 
areas in their Building Performance Database (BPD). 
Finally in this vein, Oldaker (1990) measured RSP 
levels in a range of offices and reported mean RSP 
levels of 126 ~g/m3 (mean Ultra Violet Particulate 
Matter [UVPMj levels of 27 ~g/m\ In any case, 
overall ETS levels have likely changed during the 
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past decade due to improved ventilation rates and 
changing patterns of smoking in the U.S. 

There is still a need for more study on all aspects 
of ETS in modern offices where smoking is allowed, 
especially in a larger variety of office environments 
sampled with the same methodology to highlight the 
influencing factors. 

In an effort to provide contributory data on ETS 
components in office atmospheres, and to build on 
our understanding of which factors influence ETS 
levels, this study sets out to measure a series of 
parameters related to , or influencing , ETS in a very 
large sample of offices, using identical methodology 
in each . This provides us with up-to-date information 
on ETS in contrast with the data collected a decade 
previously. 

METHODS AND MATERIALS 

Obstacles which have prevented the collection of 
data as extensive as this before may have been: a) 
cost-since travel to and time in each office building 
constitutes a significant portion of a budget for this 
work; and b) access to each building. (Unless build
ing owners or employers see some personal benefit, 
they are unlikely to allow their staff or tenants to be 
disturbed for air sampling exercises.) Each building 
requires individual persuasive visits allowing tech
nicians into the building. This would normally be a 
prohibitive effort if the objective is to sample from 
hundreds of buildings. 

Both cost and building access problems are eased 
by the nature of the indoor air diagnostic work routine
ly conducted by HBI. Access to many buildings is 
negotiated during the course of indoor air surveys 
allowing the ETS study to be added on to each routine 
indoor survey, with additional expense limited to a 
brief extra time period and analytical costs. In this 
manner, it was possible to survey several hundred 
buildings within practical cost constraints and without 
access difficulty. 

During the visit to each building, the primary in
door air survey includes, as a minimum, visual in
spections of the internals of each air handling system 
and measurements for a range of air contaminants 
throughout the building space. This survey is separate 
from the ETS study each building was subjected to, 
and no efforts are made in this paper to coordinate 
the results from the main air quality survey and the 
ETS studies. 

The nature of this process dictates the buildings 
which were surveyed. Some were surveyed because 
of indoor air quality complaints by occupants . The 
majority were sampled, however, during the course 
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of routine proactive monitoring visits to buildings 
perceived as generally healthy. We have no reason to 
suspect the buildings in this sample are not 
representative of office buildings throughout North 
America. 

Unoccupied areas of buildings (e.g., areas under 
renovation), garages, stairwells, industrial areas, and 
outside terraces were avoided, although cafeterias 
and some areas designated as smoking lounges were 
included. A minimum of two ETS sample sets were 
taken in each building, and while it cannot be claimed 
that the occupants were unaware of the sampling 
activities, they were not informed that the sampling 
was related to ETS. 

Data set collection procedures 

A one-hour time period was allocated to each ETS 
sampling set. During this period , the field technician 
did not leave the space selected for sampling. Each 
sampling set consisted of the following information: 

General: 

Inspector 1.0. 
Client name 
Building address 
Overall building size 
Number of stories 

Specific to sampling set: 

Type of business and work activity 
Location (floor/room) 
Room configuration details (partitions, supply, 
and return outlets) 
Room size (m2) 
Number of people in room (average) 
Number of cigarettes smoked 
Respirable suspended particles (llg/m3) 
Carbon dioxide (IlL/L) 
Carbon monoxide (IlL/L) 
Nicotine (llg/m3) 
Temperature (0C) 
Relative humidity (%) . 

Smoking density was then calculated for the hour 
sampling period by dividing the number of cigaret
tes consumed in the hour by the room size, to give 
cig/m2.h. 

The methodologies used for the air sampling were 
as follows: 

Respirable airborne-particle counts were made using 
a piezoelectric microbalance that measured particles 
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in the 0.01 to 3.5 11m size range. Flow rate through 
the piezobalance was periodically checked at 1 L/min 
with a bubble flow meter, and the sensor was cleaned 
with alcohol swabs after every five measurements. 
The unit is factory-calibrated with diluted welding 
fumes which have shown equivalence to indoor RSPs 
to ±1O%. The lower detection limit was setat 10 Ilg/m3. 

Carbon dioxide levels were measured using a non
dispersive infrared absorption portable gas analyzer. 
Accuracy is ±2% over full scale. Periodic calibration 
of the instrument was with a factory-supplied span 
gas of 5000 IlL/L C02. Zero was set with dry nitrogen 
gas and the lower detection limit was set at 50 IlL/L. 

Carbon monoxide concentrations were measured 
using a controlled potential electrolysis detector, ac
curate to 10% full scale. Periodic calibration of the 
instrument was with a factory supplied span gas of 
50 IlL/L carbon monoxide. The minimum detection 
limit was set at 1 IlL/L. 

Each of the above three parameters, as well as 
temperature and relative humidity, was measured in 
real-time and recorded ten times during the hour 
period. The real-time measurements and the average 
of the ten measurements were recorded in a standard 
field log, along with calibration data. 

Airborne nicotine was measured after USEPA 
(1989) with a personal universal flow sampling pump 
drawing air through unfiltered XAD4 absorbent resin 
tubes. Samples were analyzed with gas chromatog
raphy. Results are expressed in total micrograms 
converted to Ilg/m3 , and the detection limit for our 
sampling rate of 1 L/min for a one-hour period is 
given as a conservative 1.6 Ilg/m3 of air. 

Statistical methods 

General statistics . Statistical methods were used for 
the purposes of data description and correlation 
assessment between specific variables . Graphical 
methods were also used to evaluate relationships 
between specific variables . 

The main goal of the stalistical analysis was to 
evaluate differences between smoking-observed and 
nonsmoking-observed areas. To evaluate these poten
tial group differences for variables such as RSP, 
nicotine, C02, and CO, t-tests were used. 

Discriminant analysis . The goal of discriminant 
analysis (Karson 1982) was to predict group member
ship from several predictor variables. With these data , 
the discrete variable defining group membership 
was the type of room-either smoking-observed or 
nonsmoking-observed. Room type was entered into 
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discriminant analysis with several predictor vari
ables such as RSP and nicotine. 

The discriminant analysis methodology used here 
is a stepwise procedure; it initially enters the most 
significant variable for predicting group member
ship, as defined by specific statistics, and proceeds 
to enter new variables into the model until the 
inclusion of additional variables does not increase 
prediction ability. There are other methods available 
that will determine the best predictor model , such as 
backward elimination. In many cases, however, each 
method will result in the same final model. 

The discriminant function, on the basis of the input 
variables (e.g., C02, RSP, and nicotine levels) , decides 
on whether a room should be classified as a smoking 
or a nonsmoking room (Table 3). The results of the 
discriminant analysis are then compared to actual 
room status. 

Assuming that there is a significant difference 
between a nonsmoking and a smoking environment, 
then discriminant analysis should produce the fol
lowing: (I) a discriminant model that is significant, 
and (2) a model which differentiates between smok
ing-observed and nonsmoking-observed rooms. 

Soflware . A computer package by BMOP Statistical 
Software Inc. (#BMOP 7M) was used to generate this 
discriminant analysis. Standard statistical packages 
were used to produce the tables, graphs, and descrip
tive statistics. 

RESULTS 

Descriptive statistics 

The final mix of building types surveyed is shown 
in Table 1. Since the establishment of designated 
smoking and nonsmoking areas mayor may not be 
respected by occupants, and because even a smoking 
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lounge may contain no smokers during our sampling 
period, it is not possible to classify areas as definitely 
smoking or nonsmoking. Instead, we can classify 
areas based on the smoking activity observed to be 
in place during the sampling period. For information, 
however, 20 rooms sampled were noted as desig
nated smoking lounges. There were 254 nosmoking
observed and 331 smoking-observed data sets, giving 
a total of 585 data sets . 

Figures 1 through 4 show frequency distributions 
for four parameters, divided into smoking-observed 
and nosmoking-observed groups . These frequency 
distributions illustrate the basic features of the raw 
data. 

Table 2 displays the mean and standard deviation 
of, among others, the following variables: (1) RSP, 
(2) nicotine, (3) C02, (4) CO, and (5) room size. 
These statistics are shown for the overall data set, 
and are also categorized by room type (observed 
smoking activity) , smoking or nonsmoking . 

To explore in more detail the relationships be
tween some of these factors , correlation coefficients 

were calculated between various parameters. Strong 
correlation exists between the following variables: 
RSP and smoking density (r = 0.5180, p < 0.01); 
nicotine and smoking density (r = 0.7007, P < 0.01); 
RSP and nicotine (r = 0.7345, P < 0.01). 

Poorer correlations are calculated between the fol
lowing variables: carbon monoxide and smoking den
sity (r = 0.1792, P < 0.01); carbon dioxide and RSP 

(r = 0.1763, P < 0.01); carbon dioxide and nicotine 
(r = 0.0841, p < 0.05). It should be noted that the 
small p-values imply a nonzero correlation which 

does not mean a strong correlation . Correlations less 
than 0.2 should be viewed as relatively weak. 

Table 1. Numbers of office types sampled. 

General Commercial Office Areas 340 

Banking Offices 152 

Cafeterias 62 

Newspaper Offices 14 

Institutional (church, hospital, correctional or educational) 17 

Total 585 
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Fig. I. Frequency distribution for nicotine measured in 585 office buildings with and without observed smoking. 
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Discriminant analysis 

As indicated above, t-test results suggest that there 
is a significant difference between smoking and non
smoking rooms when considering the variables RSP 
(p < 0.01), Nicotine (p < 0.01). and CO (p < 0.05). 
However. there is serious overlap between the fre-

quency distributions of smoking rooms and non
smoking rooms. particularly on the variables CO 
and RSP. 
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All factors in Table 2 were entered into the 
discriminant analysis (except number of cigaret
tes smoked). Smoker density was not entered into the 
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Fig. 2. Frequency distribution for respirable suspended particles measured in 585 office buildings with and without observed smoking. 
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Fig. 3. Frequency distribution for room sizes of 585 office environments with and without observed smoking. 

analysis since 1l IS directly related to room type 
definitions- smoker density equal to zero is defined 
as a nonsmoking room and smoker density not equal 
to zero is defined as a smoking room. The discriminant 
analysis was significant and the variables RSP and 
nicotine were the only variables entered into the 
model. The discriminant analysis did not enter the 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 

Percent 

variables CO and C02. nor the variables relating to 
room size and occupant density. All of these un
entered variables do not improve the ability of the 
discriminant function to classify the rooms as smok
ing or nonsmoking. 

Table 4 displays the ability of the selected model 
to predict room type properly. The selected model 
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Fig . 4. Frequency distribution for carbon monoxide measured in 585 office environments with and without observed smoking . 
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Table 2. The mean (Standard Deviation) of variables grouped by observed smoking activity. 

Observed Room # of 
Smoking RSp· Nicotine· CO,·· CO· Size·· # of Cigarettes 
Activity (l1g/m3

) (l1g/m3
) (I1L/L) (I1L/L) (m') People Smoked 

Non- 20 0.2 591 3.1 107 7.9 0.0 
Smoking (17.6) (0.8) (159) (0.90) (231) (15.7) 0.0 

Smoking 46 6.7 595 3.4 83 7.9 5.9 
(56.9) (14.8) (167) (1.12) (134) (12.6) (12.8) 

Totals 35 3.8 593 3.29 93 7.9 ----
(44.4) (11.2) (163) (1.03) (182) (14 .0) ----

• .. Statistically significant difference between nonsmoking and smoking group . 
No statistically significant difference between nonsmoking and smoking group. 

was able to classify properly 96.1 % of the nonsmok
ing rooms as nonsmoking. However, only 41.4% of 
the smoking rooms were classified as smoking; 58.6% 
of the smoking rooms were classified as nonsmok
ing. Overall, 65.1 of the cases were properly classified. 

Table 5 displays the mean and standard deviation 
of selected variables in the ETS data set. These vari
ables are grouped according to observed status, either 
smoking or nonsmoking, and status provided by dis
criminant analysis. One possible combination, ob-

Table 3. Classification functions which detennine model group membership, derived from discriminant analysis of the sample data. 

Group Constant RSP Nicotine 

Nonsmoke -0.8916 0.0202 -0.0557 

Smoke -1 .2628 0.0284 -0.0269 

Table 4. Classification of observations into smoking and nonsmoking groups by the discriminant analysis model based on sample 
results (the percentage of correct classifications is also shown). 

Model Status 

Observed Status Percent Correct Non Smoke number Smoke number of 
of sets sets 

Nonsmoke 96.1 244 10 

Smoke 41.4 194 137 

Total 65.1 438 147 
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Table 5. The mean (Standard Deviation) of selected variables shown for groups defined by their status as observed in the field during 
sampling and the discriminant analysis model based on sample results. 

Smoking 
Observed Model RSp· Nicotine·,· CO/ CO· Density·· 

Status Status Ilg/m3 Ilg/m3 (IlL/ L) (IlL/ L) cig/m2.hr 

Nonsmoke Nonsmoke 17.18 0.1 584 3.1 0.0 
(9.5) (0.6) (153) (0.8) (0 .0) 

Smoke Nonsmoke 19 0.9 566 3.3 0.075 
(9.2) (1.9) (170) (1.0) (0.075) 

Smoke Smoke 85 14.8 636 3.6 0.30 
(71.8) (20.4) (154) (1.3) (0.35) 

·No statistically significant difference between Nonsmoke/Nonsmoke and Smoke/Nonsmoke. All 
other differences are statistically significant. 
··Statistically significant differences between all groups. 

served-status nonsmoking/model-status smoking, is 
not included since this combination only contains ten 
observations . The data show that for groups defined 
by observed-status nonsmoking/model-status non
smoking and observed-status smoking/model-status 
nonsmoking, there is no statistically significant 
difference between group means for the variables 
CO, C02, and RSP. The group smoking-observed 
status/smoking-model status is significantly different 
when considering nicotine and smoker density. This 
difference is slight for the groups nonsmoking-ob
served status/nonsmoking-model status and smok
ing-observed status/nonsmoking-model status. 

DISCUSSION 

Discriminant analysis 

The most significant results from the discriminant 
analysis are the following: 

(I) RSP and nicotine contribute to the prediction 
of room type-smoking or nonsmoking. 

(2) most (96.1 %) nonsmoking rooms are clas
sified as nonsmoking rooms, demonstrating very little 
evidence of ETS spillover from smoking areas, and 

(3) a significant number (58.6%) of total smoking 
rooms are classified as nonsmoking rooms. 

Table 5 suggests that smoking rooms can be 
separated as "light" or "heavy". The light-smoking 
rooms appear equivalent to nonsmoking rooms when 
considering, in a multivariate context, the important 

factors ofRSP and nicotine. The heavy-smoking rooms 
do have elevated levels of nicotine and RSP. This 
indicates that there may be a rough working range of 
smoker density in which smoking activity does not 
seem to influence ETS levels significantly, as measured 
by RSP and nicotine. 

This analysis goes part-way towards identifying 
what this range might be in that the mean of the 
light smoking range is 0.075 cig/m2.h and the median 
figure is 0.048 cig/m2.h. There is considerable over
lap, however, between the two types of smoking 
groups in Table 5. The median of the heavy-smok
ing rooms is 0.143 cig/m2.h with 20% of the heavy
smoking rooms below the median of the light-smoking 
rooms, and 13.4% of the light-smoking rooms above the 
median of the heavy-smoking rooms. This suggests 
that other variables which were not fully charac
terized in this work, such as outside air ventilation 
and/or air change rates, need to be considered in more 
detail when determining the impact of smoking in the 
room environment. One can see, however, that a realis
tic smoking density in properly ventilated rooms might 
be somewhere between 0.05 and 0.1 cig/m2.h, or 
between 5 and 10 cigarettes per hour in a 100 m2 

room. 

Other pertinent data 

These 585 data sets reveal some other interesting 
information. If one examines the absolute levels of 
items of particular concern, such as nicotine, RSP 
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and carbon monoxide, they show relatively conser
vative values. For instance, most of the RSP data in 
smoking-observed areas show levels well under that 
reported in Repace and Lowrey's early papers (1980, 
1982); in general, about four times less than their 
mathematical model predicted for office environ
ments of 200 l-lg/m 3 (Repace and Lowrey, 1987). In 
this model, they assumed an occupancy of 7.53 per
sons/IOO m2, one third of them smoking at an 
average rate of 2 cig/h (5.02 cig/IOO m2 h). In this 
study, in observed-smoking areas, mean RSP levels 
of 46.37 l-lg/m3 were measured with a mean occupan
cy of 9.57 persons per 100 m2, and an average ob
served-smoking rate of 7.14 cig/IOO m2·h. In fact, only 
eight data sets showed RSP values above this model 

value of 200 l-lg/m3
. 

Our measurements of RSP and nicotine also tend 
to match levels reported in other recent work by 
Meisner et al. (1989) and Eatough et al. (I989a). 
Ogden et al. (1990) found ETS contributes ap
proximately 50% to RSP which mirrors almost 
exactly our findings in that mean RSP levels in 
no smoking-observed areas were approximately half 
those in smoking-observed areas. 

There are statistically significant differences be
tween smoking-Observed and nonsmoking-observed 
areas for RSP, nicotine, and CO. While not statisti
cally significant (p ? 0.10), our data set contained 
smoking observed rooms with smaller sizes than non
smoking rooms , suggesting that smokers in modern 
office environments may be confined to smaller rooms 
than nonsmokers. This possibility might justify fur
ther work, perhaps examining smokers/nonsmokers 
room sizes, separate from designated smoking loun
ges. 

A clear relationship was observed between RSP 
and nicotine, which is not surprising in light of other 
studies. These studies were summarized by Eatough 
et al. (1989b), and show that nicotine/RSP ratios vary 
depending on overall ETS levels and tend towards 
that found in pure sidestream smoke at the highest 
levels of measured nicotine and RSP. 

Although it is possible to identify two different 
groups (smoking and nonsmoking) by examining the 
carbon monoxide results, the distinction is not clear 
enough to characterize the relationship between smok
ing density and carbon monoxide concentrations. For 
instance, it was not possible to extrapolate properly 
the data to identify what smoking density might be 
associated with CO concentrations higher than the 
EPA ambient 24 h maximum of 9 l-lL/L, although it 
would appear to require a smoker density much greater 
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than typical in a "discretionary smoking" office en
vironment. 

This shows that carbon monoxide is a poor in
dicator for ETS levels found in typical conditions. 
This is in contrast to Cain and Leaderer's work (1982) 
in experimental chambers which showed wide varia
tions in carbon monoxide concentrations under dif
ferent smoking conditions . Lower, more typical 
smoking rates, and larger spaces allowing for faster 
diffusion of CO may explain why this gas is not as 
good a predictor in normal offices as it is in ex
perimental chambers. 

Improved resolution for carbon monoxide (measured 
to +/-1 l-lL/L in this study), and a lower detection 
limit for nicotine (set at 1.6 l-lg/m3 for this study), 
and RSP (set at 10.0 l-lg/m 3

) may be thought to allow 
for different conclusions to be drawn from the suitis
tical analysis. However, a sensitivity analysis was 
performed with the discriminant analysis by setting 
different values for nicotine and RSP at the detection 
limits. For example, on a subsequent evaluation of 
the data with discriminant analysis, all nicotine and 
RSP values below the detection limit were set to zero. 
This produced little or no difference in the results 
obtained from the discriminant analysis. This strong
ly suggests that improved detection techniques would 
not change the results drawn from this study, includ
ing those conclusions concerning spillover from smok
ing areas . 

Carbon dioxide is frequently used as an indicator 
of ventilation rates, and furthermore, since carbon 
dioxide levels are related to the number of occupants 
and the size of the space they occupy, these factors 
were also included in an attempt to establish a general 
ventilation status for each data set. No relationship 
was subsequently observed, however, between com
ponents of ETS and these factors as measured during 
these surveys . This does not mean that there is no 
relationship between total outdoor air intake for the 
building and overall ETS levels. But it means that 
local measurement of C02 needs to be interpreted 
carefully if it is to be used as an indicator of ventila
tion, and that it may show considerable spatial varia
tions in a building, depending on local floor and air 
handling zone characteristics . This study did not ex
amine in detail local room aspects of ventilation such 
as air change rates or airflow through local diffusers 
which may correlate much more strongly with local 
ETS levels. Alternatively, average levels of ETS 
throughout a building may also correlate with total 
outdoor air intake. 
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CONCLUSIONS 

These 585 measurements of some components of 
ETS and other related parameters sampled during 
1989 suggest overall concentrations of ETS in typi
cal office workspaces to be considerably lower than 
estimated ten years previously. Some parameters, 
such as carbon monoxide, appear to be only weakly 
related to smoking activity. Discriminant analysis 
shows that when "blindfolded" for presence or ab
sence of smokers, in most cases realistic smoking 
levels do not significantly influence the aspects of 
air quality that were measured, and spillover from 
smoking areas into nonsmoking areas appears to be 
minimal. This work further reinforces the position 
the American Society of Heating, Refrigerating and 
Air Conditioning Engineers (ASHRAE) has taken on 
ETS in office buildings in ASHRAE Standard 62-89 
(1989), in that acceptable air quality can be main
tained in properly ventilated offices with a moderate 
amount of smoking, even without smoker segrega
tion. These data help to further define the limits of 
moderate smoking. 

Further work to achieve this goal should address 
room air exchange and ventilation rates, and their 
relation to ETS. This might best be achieved with the 
use of tracer gas instrumentation. This ventilation 
data when combined with ETS component meas
urements will give us a better understanding of the 
relationships between smoking and ventilation in 
modern offices. Other influencing factors may also 
include furnishing types and room size, which could 
be studied in more detail. 
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The costs associated with using different crop rotation patterns designed to reduce the use of 
nitrogen fertilizer under alternative agricultural policy options are measured. The policy options 
considered include those incorporated in the Food Security Act of 1985, a No Farm Program 
option, a Nitrogen Fertilizer Tax option. a Corn Sales Tax option, and a Limiting Nitrogen 
Fertilizer Use option. To achieve an objective of reducing the nitrogen available for potential 
leaching into ground water, crop rotation patterns associated with limiting nitrogen fertilizer use 
appears to have the lowest cost 10 the farmer while a corn sales tax has the highest cost. The costs 
are computed based on data from the Iowa State University experiment farm at Kanawha, Iowa. 

INTRODUCTION 

Nitrogen is an essential plant nutrient required to 
produce food and fiber. While the increased use of 
nitrogen fertilizer has contributed to increased food 
and fiber production in the United States in recent 
years, it has also been identified as a major con
tributor to the elevated concentration levels of nitrates 
in ground water in some regions of the country (Fresh
water Foundation 1988; Office of Technology Assess
ment 1984; Nielsen and Lee 1987; USEPA 1984). 

• The views expressed are those of the authors and do not 
necessarily represent the policies of the organizations wilh 
which they are affiliated. 
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High concentration levels of nitrates in drinking 
water supplied from ground water have become a 
public concern because of their real and suspected 
risks to human health. The presence of nitrates in 
drinking water can cause potentially fatal infant 
methemoglobinemia· (blue baby syndrome). Nitrates 
are also linked to nitrosamine, a potent carcinogen 
affecting a wide range of organs in many animal 
species (Cantor 1988). 

Although nitrates in ground water come from 
various sources, the application of nitrogen fertilizer 
by the agricultural sector has been identified as the 
major contributor to the presence of nitrates in 
ground water in some states (Office of Technology 
Assessment 1984). This conclusion is supported by 
documented incidents of contamination by nitrogen 
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fertilizer used by farmers in Pennsylvania, Florida, 
Wisconsin, California, New York, Iowa, and several 
other states (Nielsen and Lee 1987). 

Targeting vulnerable areas to reduce nitrate leach
ing associated with nitrogen fertilizer use into the 
ground water is a plausible national environmental 
policy. The targeting approach recognizes the dif
ferences in the vulnerability of various types of soils 
to leaching and, correspondingly, prescribes different 
policies to minimize (or at least mitigate) nitrate leach
ing. Additionally, the targeting approach is an effec
tive tool if the objective is to minimize the social cost 
of the program (Tietenberg 1978; Baumol and Oates 
1988). 

In order to reduce the use of nitrogen fertilizer on 
targeted cropland, a variety of methods is available. 
One approach is to adopt a fertilizer-reducing farm
ing practice, such as a crop rotation in which a legume 
crop (e.g., soybeans) is rotated with a non-legume 
crop (e.g., corn). The legume crop is used to provide 
fixed-nitrogen as a substitute for fertilizer-nitrogen. 
Adoption of this sort of crop rotation can reduce the 
residual nitrogen in the soil through a reduction in 
the frequency and amount of nitrogen fertilizer ap
plied on a field and through the more efficient use of 
the nitrogen fertilizer applied because of more con
ducive soil conditions in which to grow a crop. The 
benefits and costs associated with this approach are 
the focus of this paper. 

Adopting a specific crop rotation scheme alone, 
however, may not reduce nitrogen fertilizer use to an 
optimal level. Additional controls may be needed. 
These include fiscal, regulatory, and liability con
straints (Baumol and Oates 1988). Fiscal controls 
involve the imposition of an input (i.e., nitrogen 
fertilizer) tax, an output (e.g., corn sales) tax, the use 
of marketable emission (e.g., nitrate leaching) per
mits, or a producer subsidy to reduce nitrogen fer
tilizer use. The regulatory method directly limits a 
farmer's nitrogen fertilizer application rate in order 
to meet the established standard for ground water 
contamination. The liability approach makes a farmer 
responsible for any ground water contamination and 
thus, potentially makes a farmer reduce his or her use 
of nitrogen fertilizer to avoid any damage assess
ment. 

Different policy alternatives or a combination of 
alternatives designed to reduce nitrate leaching into 
the ground water will have different adoption costs. 
Policy makers should at least be aware of these dif
ferentials as they strive to choose an option that 
reduces the nitrogen fertilizer application rate to the 
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desired level while imposing the lowest compliance 
cost on a farmer. 

This paper uses as the basis of its analysis the 
farm-level cost of adopting alternative farming prac
tices aimed at reducing the application of nitrogen 
fertilizer. The analysis focuses on crop rotations for 
corn production because corn uses large amounts of 
nitrogen fertilizer and because the continuous grow
ing of corn is a common farming practice. 

In what follows, the concept of excess nitrogen 
will be discussed. Next, alternative policy options 
designed to reduce the application rate of nitrogen 
fertilizer which leads to the presence of excess nitrogen 
available for potential leaching into the ground water 
will be delineated and their cost to a farmer indi
cated. Finally, an Iowa case study will be used to 
estimate the relative costs to a farmer to reduce the 
excess nitrogen fertilizer application rate under each 
policy alternative. 

THE DEFINITION OF EXCESS NITROGEN 

To determine the amount of excess nitrogen avail
able for potential leaching into the ground water 
under a farming practice (i.e., a crop rotation pat
tern), the nitrogen mass balance method is employed 
using the nitrogen cycle (Gilliam and Hoyt 1987). 
The amount of excess nitrogen, Ne, available for 
potential leaching associated with farming activities 
is defined as the difference between the amount of 
nitrogen applied from all sources on one hectare of 
cropland and the amount of nitrogen present in both 
plants and crops harvested and removed, Nplt, at the 
end of the growing season. The amount of nitrogen 
applied includes that from nitrogen fertilizer, Nf, 
nitrogen credited from previous legume crops, Nleg , 
and nitrogen from manure application, Nman . (Note 
that if no animal manure is applied on the field, the 
term Nman is set equal to zero.) The excess nitrogen 
available for potential leaching is thus computed as 

Ne = Nf + Nleg + Nman - Nplt (1) 

Note that this definition is concerned with the 
excess nitrogen caused only by human farming ac
tivities since an accurate estimate of the excess nitrogen 
available for leaching from all sources is virtually 
impossible to obtain. The problem is associated with 
the difficulties in distinguishing between leaching 
and denitrification and with delineating between 
nitrogen losses and changes in the organic nitrogen 
level in the soil (Blackmer 1987). Equation (1) as
sumes that, for a given hectare, the amount of nitrogen 
available for plant uptake from atmospheric nitrogen 
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absorbed by the soil and nitrogen from the organic 
matter in the soil are negligible after subtracting 
nitrogen losses attributable to other factors. These 
other factors include nitrogen losses due to denitrifica
tion. volatilization. water run-off. and soil erosion. It 
also assumes that the excess nitrogen leaves the field 
at the end of each growing season. Finally. it assumes 
a long-run steady-state of nitrogen residue level in 
the soil. Any of the assumptions above can be removed 
and a different estimate of the excess nitrogen can be 
calculated. For instance. for a particular cropland site 
encountering significant soil erosion. the nitrogen loss 
due to soil erosion can be estimated and subtracted 
from the right-hand-side of Equation (I). Thus. the 
results are conditional upon the assumptions made 
and they will obviously vary based on how the issues 
of denitrification. volitization. and so forth are incor
porated into the analysis. For this reason. the notion 
of a global optimal level of nitrogen fertilizer use is 
elusive. Consequently. a local optimum (i.e .• an op-
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timum based on the set of explicit assumptions that 
are made) will be computed. 

Figure I illustrates the estimation of the excess 
nitrogen available for potential leaching. The yield 
function in the figure describes corn yield as a func
tion of the amount of nitrogen fertilizer applied under 
the continuous planting of corn (i.e .• planting corn 
year after year on the same field). (Note that this 
yield function is based on field experiment data. 
These data are discussed below.) The intercept of the 
function reflects the inherent productivity of the soil. 
The per hectare amount of the excess nitrogen is the 
amount of nitrogen applied in excess of Nz where Nz 
is the application rate of nitrogen fertilizer that will 
minimize the presence of excess nitrogen in the soil. 
For example. if a farmer applies the amount No of 
nitrogen fertilizer per hectare to maximize his or her 
net farm income (an economic optimum). the excess 
nitrogen. Ne • will be a function of the difference 
between No and Nz. (Note that the economically op
timal nitrogen fertilizer application rate is determined 

slope = 0.15 
2.10 

°0~--------4~0~------~80~------~12~O~------~1~OO~----~~2~O~O---------24LO---------2~80-

N/acre N. 
Nitrogen fertilizer application rate 

Fig. I.Optimal fertilizer applic;ation rate for maximizing net farm income, N., and the optimal fertilizer application rate for minimiz
ing excessive nitrogen, N •. 
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by solving the relationship that equates the change in 
the yield resulting from one additional kilogram of 
nitrogen fertilizer to the ratio of the nitrogen fer
tilizer price and the corn price .) The amount of 
nitrogen removed is a product of the internal nitrogen 
required by the crop being grown and the per hectare 
quantity of the crop produced. For the present study, 
it is assumed that the internal nitrogen requirement 
is 0.0 I kg of nitrogen per liter of corn harvested 
(Fertilizer Institute 1976). This number obviously is 
an approximation and it may vary with the planting 
season, the soil type, and the soil fertility. Note that 
there is considerable controversy associated with the 
magnitude of the internal nitrogen requirement for 
corn. The interested reader is referred to the Con
servation Foundation (1987), the Fertilizer Institute 
(1976), the Office ofTechnology Assessment (1984), 
and White (1989) for a discussion of the relevant 
issues. 

Next, because the corn yield response to nitrogen 
fertilizer is a function of many factors including soil 
type, soil fertility, temperature and precipitation, respon
ses under actual farming conditions are likely to be 
different than those indicated here. Therefore, in deter
mining the excess nitrogen available for potential 
leaching for a particular parcel of cropland, it would 
be necessary to estimate the response based on site
specific historical information. 

As defined, the concept of excess nitrogen has 
considerable practical appeal. Using the indicated 
definition, a farmer is able to estimate the amount of 
nitrogen added and the amount of nitrogen removed 
from a field to calculate the nitrogen residual in the 
soil. A farmer using this relationship can apply the 
optimal amount of nitrogen fertilizer to minimize the 
excess application of nitrogen. A farmer can also use 
it to approximate the amount of nitrogen available 
for potential leaching in areas where soil conditions 
favor water infiltration. In these areas, reducing the 
excess nitrogen that is available for potential leach
ing is tantamount to reducing excess nitrogen leach
ing into the ground water. 

POLICY OPTIONS TO REDUCE NITROGEN FER· 
TILIZER USE 

As noted above, rotating crops is one way a farmer 
can reduce his or her application of nitrogen fer
tilizer. Various crop rotations will be evaluated to 
provide information on the relative cost of adopting 
alternative farming practices designed to reduce the 
nitrogen fertilizer application rate. The cost to a 
farmer of the rotations considered will vary from one 
farm policy alternative to another. The farm-level 
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performance of various crop rotations under five dif
ferent farm policy alternatives is considered. The 
alternatives are enumerated below. 

Food Security Act of 1985 Program 
Under this program, cropland which employs a 

crop rotation pattern to reduce the nitrogen fertilizer 
application rate is currently (or is eligible to be) in 
the existing farm program (as detailed in Glaser 1986). 
This option is used as the basis for comparison of the 
different crop rotation patterns and policy options 
considered. 

As a caveat, the most current manifestation of the 
farm program is contained in the Food, Agriculture, 
Conservation and Trade Act of 1990. The aspects of 
the farm program applicable to crop rotation and, 
hence, nitrogen fertilizer use considerations remain 
little changed from the 1985 legislation. The main 
difference pertains to crop base acreage which is now 
divided into three categories (instead of the two found 
in the Food Security Act of 1985). The categories in
clude the cropland included in the Acreage Reduction 
Program, the permitted acreage on which program 
crops are planted and deficiency payments may be 
paid, and flexible acreage. (The first two categories 
are contained in the Food Security Act of 1985.) 
Producers can plant up to 25% of crop base acreage 
to any commodity, except fruits and vegetables on 
the flexible acreage component. If an alternative crop 
is planted on this acreage, it will be eligible for 
nonrecourse loans and marketing loans but not 
deficiency payments. Given this latter condition, it 
is not yet clear whether farmers will take advantage 
of the flexible acreage provision. 

No Farm Program option 
The cropland which needs to use a crop rotation 

pattern to reduce the nitrogen fertilizer application 
rate is not (or cannot be) in the Food Security Act of 
1985 Program when this option is in effect. This 
alternative is also applied to situations in which a 
farmer does not (or is not eligible to) participate in 
the Food Security Act of 1985 Program. The purpose 
in considering this option is to investigate the nitrogen 
application rate and cost to a farmer of foregoing 
government program benefits if he or she chooses not 
to participate in the Food Security Act of 1985 Pro
gram. 

Fertilizer Tax option 
The objective of this alternative is to use a tax on 

nitrogen fertilizer to reduce the nitrogen fertilizer 
application rate so that zero excess nitrogen is avail
able for potential leaching into the ground water. 
That is, the objective is to force Ne to equal zero. 
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With this alternative, the cropland on which different 
crop rotations are practiced is allowed to be in the 
Food Security Act of 1985 Program. A fertilizer tax, 
however, is imposed to discourage a farmer from 
generating excess nitrogen for potential leaching into 
the ground water. A nitrogen fertilizer tax that achieves 
a zero level excess nitrogen available for potential 
leaching is determined (see below) and imposed for 
each crop rotation. 

Corn Sales Tax option 
The objective of this policy alternative is to employ 

a corn sales tax to reduce the nitrogen fertilizer ap
plication rate to minimize excess nitrogen available 
for potential leaching. For this alternative, the cropland 
on which alternative rotations are used is allowed to 
be in the Food Security Act of 1985 Program. An ad 
valorem (per liter sales) tax is imposed on the corn 
produced. An optimal corn sales tax is determined 
(see below) and imposed for each crop rotation. 

Limiting Nitrogen Fertilizer Use option 
This alternative endeavors to control the nitrogen 

fertilizer application rate to minimize excess nitrogen. 
In doing so, the cropland on which a crop rotation is 
used is allowed to be in the Food Security Act of 1985 
program. The amount of nitrogen applied to that 
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cropland, however, cannot exceed the amount of 
nitrogen in the corn harvested and the stalks removed 
from the field (if the farmer elects to do this) . 

DETERMINATION OF NITROGEN FERTILIZER AP
PLICATION RATES 

Different policy options can have different im
pacts on a farmer's decision with regard to the ap
plication rate of nitrogen fertilizer. If it is assumed 
that a farmer growing corn endeavors to maximize 
revenue over the cost of production, then he or she 
will increase the amount of nitrogen applied up to the 
point where the additional revenue generated due to 
the additional crop yield just equals the added cost 
of the nitrogen fertilizer. These values for a farmer 
operating the various policy alternatives are given in 
Table 1. What one garners from this table is that any 
tax or restriction on nitrogen fertilizer use will directly 
affect the rate at which nitrogen fertilizer is applied. 
For example, under the Food Security Act of 1985 
Program, a farmer would apply fertilizer up to the 
point where the increase in revenue due to a higher 
yield associated with the application of nitrogen fer
tilizer equals the nitrogen fertilizer price. Addition
ally, the absence of any farm program variables such 
as the target price, the program yield, and/or the 

Table I. Optimal application rate of nitrogen fertilizer. 

Policy 
option 

(a) Farm Program 

(b) No Farm Program 

Value of the Marginal 
Product of Nitrogen 

Fertilizer 

P (aY/aN) 

P (aY/aN) 

(c) Nitrogen Fertilizer P (aY/aN) 
Tax 

(d) Corn Sales Tax (P - s) (aY/aN) 

(e) Limiting (P - (k(h)) (aViaN) 
Fertilizer Use 

Marginal Cost of 
Nitrogen Fertilizer 

r 

r 

r + t 

r 

r + h 

----------------------------------------------------------------
YeN) is the corn field function whereby yield is a function of the nitrogen fertilizer 

application rate; 
P is the market price of corn; 
IiY IIiN is the marginal product of corn with respect to nitrogen fertilizer price; 

is the ad valorem nitrogen fertilizer tax ; 
s is the ad valorem corn sales tax; 
k is the amount of nitrogen in corn grains; 
h is the shadow price associated with the constraint requiring that the amount of 

nitrogen fertilizer applied must be exactly equal to the amount of nitrogen 
removed from the field . 
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percentage of base acreage set-aside from the expres
sions indicates that these factors will not affect a 
farmer's decision with regard to the rate at which to 
apply nitrogen fertilizer. Participation in the Food 
Security Act of 1985 Program involves a lump-sum 
payment to a farmer participating in the program 
regardless of his or her nitrogen fertilizer application 
rate. If a farmer anticipating that the future program 
yield will be based on his or her historical yield, 
however, a higher target price for corn may encourage 
him or her to increase the fertilizer application rate 
in order to increase the program yield which would, 
in turn, lead to an increase in future payments. 

Since it is assumed that there is no change in either 
the agricultural commodity market prices or the 
nitrogen fertilizer price under both the Food Security 
Act of 1985 Program and the No Farm Program op
tion, the nitrogen fertilizer application rate under the 
No Farm Program option will be the same as under 
the Food Security Act of 1985 Program. It is assumed 
that only a relatively few number of hectares will be 
included in any crop rotation program. Consequently, 
any resulting change in corn production (either an 
increase or a decrease output) would have minimal, 
if any, effect on either corn and nitrogen fertilizer 
prices. Under the No Farm Program option, an in
crease in the amount of nitrogen applied would be 
expected if a farmer plants more hectares since he or 
she is not subject to the acreage reduction require
ment existing under the Food Security Act of 1985 
Program. 

For the Nitrogen Fertilizer Tax option, an ad valorem 
tax is added to the nitrogen fertilizer price. The de 
facto result is an increase in the fertilizer cost which 
will lead to a reduction in the nitrogen fertilizer 
application rate if the quantity of fertilizer applied in 
response to a change in the price of fertilizer is 
different than zero . This appears to be the case. Uri 
and Konyar (1990) explore this issue in greater detail. 
A farmer would reduce the application rate to the 
level, N*, where the added revenue due to an increase 
in the use of nitrogen fertilizer, P CY/,N), equals the 
cost of fertilizer plus the tax, r + t. A tax rate that 
achieves zero excess nitrogen available for potential 
leaching, as defined above, can be found by varying 
!he tax rate. 

For the Corn Sales Tax option, imposing a tax on 
output should result in a reduction in the nitrogen 
fertilizer application rate. A farmer would reduce his 
or her application rate to the point where the value 
of the added revenue due to an increase in the use of 
nitrogen fertilizer «P-s) CY/,N», which is now ad
justed for the ad valorem sales tax, equals the cost of 
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the fertilizer, r. The optimal tax rate, the one that 
reduces the excess nitrogen available for potential 
leaching into the ground water to zero, can be found 
by varying the tax rate. 

In order to determine the optimal nitrogen fer
tilizer application rate under the Limiting Nitrogen 
Fertilizer Use option , it is necessary to know the 
amount of nitrogen in corn grains and plants and to 
determine the shadow price associated with the con
straint requiring that the amount of nitrogen fertilizer 
applied be exactly equal to the amount of nitrogen 
removed from the field. A mathematical program
ming model (see below) can be used to determine this 
latter value. For this, the optimal nitrogen fertilizer 
application rate is determined based on equating an 
adjusted value of the marginal product to the cost of 
nitrogen fertilizer plus the shadow price associated 
with the nitrogen fertilizer application rate constraint. 

A COMPARISON OF COMPLIANCE COSTS 

A farmer participating in the deficiency payments 
program might incur a reduction in net farm income 
if he or she must reduce the fertilizer application rate 
in order to reduce excess nitrogen. The magnitude of 
the loss in net farm income is referred to as the 
compliance cost. A farmer has an incentive to comply 
and stay in the Food Security Act of 1985 Program if 
the benefits of participating in the farm program (in 
the form of deficiency payments) exceed the cost of 
reducing excess nitrogen . In this section, the relative 
costs of the various policy options are indicated. 
Corn production for the continuous planting of corn 
is used for the illustration . The conclusions, how
ever, can be extended to various crop rotations . 

The per hectare net farm income under the Food 
Security Act of 1985 Program can be expressed as 

NIp = P (Y(N» + DP - r N - C (2) 

where YIN is the corn yield function, N is the per 
hectare nitrogen fertilizer application rate, P is the 
market price of corn, DP is the deficiency payment, 
r is the per unit cost of nitrogen fertilizer, and C 
denotes the fixed costs excluding the nitrogen fer
tilizer cost. 

The difference in net farm income between the 
limiting nitrogen fertilizer use and fertilizer tax, NDif, 
is 

NDif = t N* (3) 
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where N* is the optimal nitrogen fertilizer applica
tion rate and t is the ad valorem nitrogen fertilizer 
tax . The value of NOif is positive. That is, under the 
Fertilizer Tax option, a farmer would incur a larger 
reduction in net farm income than under the Limiting 
Nitrogen Fertilizer Use option. A farmer operating 
under the Fertilizer Tax option not only suffers a loss 
from a reduction in output (since yield will be less 
because less nitrogen fertilizer is applied) but also 
from the increased cost of nitrogen fertilizer while 
under the Limiting Nitrogen Fertilizer Use option, a 
farmer would realize a net farm income loss only 
from the output decline. 

Next, a farmer would incur a larger compliance 
cost to reduce excess nitrogen under the Corn Sales 
Tax option than under the Fertilizer Tax option . Using 
the Equation (2), the difference in the net farm in
come between the fertilizer tax and the corn sales tax 
is 

NOfs = s (Y(N*» - t N* (4) 

where s is the ad valorem corn sales tax . 
Since optimal nitrogen fertilizer application rates , 

N* , are the same for both alternatives , the following 
relationship exists : 

(r + t)/P = r/(P - s) (5) 

Solving for t in Equation (5), recalling that N* 
equals k(Y(N*» where k is the amount (in kilograms 
of active ingredient) of nitrogen contained in one 
liter of corn grains (Fig. I), and making the ap
propriate substitutions into Equation (4), NOfs can 
be expressed as 

NOfs = s (Y(N*) (I - k «r/(P - s»». (6) 

The term (r/(P - s» in Equation (6) is the slope of 
yield function evaluated at N*. Since the expression 
(k «r/(P - s») is less than I, NOfs is positive. This 
means that a farmer would have a larger net farm 
income (thus, a lower compliance cost) under the 
Fertilizer Tax option than under the Corn Sales Tax 
option. 

Given these foregoing considerations, is the dif
ference in the compliance cost quantitatively sig
nificant among various policy options? Ooes the 
compliance cost associated with participating in the 
farm program exceed the benefits? These questions 
are empirical in nature and, thus, have to be answered 
by empirical analyses. To do so, an Iowa case study 
will be used to compare the compliance cost and the 
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program benefits of various policy alternatives. It is 
assumed that a farmer will be in compliance if the 
farm program benefits under a specific option exceed 
the compliance cost. Because experimental data are 
used, however, any conclusions must be tempered by 
the realization that the results might not be applicable 
for all regions under different crop rotation schemes. 

AN IOWA CASE STUDY 

A farm -level crop rotation evaluation model is 
used to estimate the farm-level cost of departing from 
a continuous planting of corn associated with alter
native programs to reduce nitrate leaching into the 
ground water. The model is discussed in Huang and 
Lantin (1990). In the model, it is assumed that a 
farmer is a profit-maximizer and that he or she has 
full knowledge of the fertilizer-yield relationships 
associated with various crop rotation patterns. The 
continuous planting of corn is the focus of attention 
because it is a common farming practice accounting 
for about 26% of the number of corn hectares planted 
(Oaberkow and Gill 1989). The continuous planting 
of corn uses nitrogen fertilizer relatively inefficient
ly and could result in a large amount of excess nitrogen 
available for potential leaching into the ground water. 
This conclusion is tentative. The linkage is not yet 
firmly established. 

The farm-level cost to be estimated and used in the 
analysis is defined as the loss in net farm income 
associated with adopting an alternative crop rotation 
instead of continuously planting corn. Thus, the cost 
of switching from the continuous planting of corn, 
j I, to an alternate rotation, j2, under a specific policy 
option, NOjl,j2, is defined as 

NOjl ,j2 = NIjl - NIj2 (7) 

where NIji denotes the net farm income associated 
with cropping pattern ji. 

The cost effectiveness of adopting an different 
crop rotation pattern is the farm-level cost to reduce 
one unit of excess nitrogen available for potential 
leaching into the ground water. 

The reduction in excess nitrogen by adopting rota
tion j2 over the continuous planting of corn (i .e., jl), 
NRjl,j2, is 

NRjl,j2 = Nejl - Nej2 (8) 

where Ne is defined previously. 
The adoption cost to a farmer to switch to rotation 

j2 from j I, NLj l,j2, is the ratio of the reduction in net 



36 

farm income and the reduction in the excess nitrogen 
available for potential leaching. That is, 

NLjl,j2 = NDjl,j2/ NRjlj2. (9) 

The adoption cost will be used to evaluate the 
cost-effectiveness of adopting an alternative crop 
rotation to reduce excess nitrogen available for poten
tial leaching. A crop rotation is considered to be 
efficient in reducing the excess nitrogen available for 
potential leaching if the associated value of NL is 
small relative to the value of NL for all of the rota
tions considered. A policy of promoting an efficient 
rotation in order to minimize the excess nitrogen 
available for potential leaching into the ground water 
can potentially lead to the least cost to the society of 
all alternatives available (Baumol and Oates (1988». 

DATA 

Various data sources are used to facilitate the 
analysis. Cost of production and average yield data 
are from Duffy and Chase (1988). The cost data 
represent average production costs for farms in Iowa 
(Iowa State University 1989). The commodity price 
and the target price data are from the Economic Re
search Service (1990). The December 1989 nitrogen 
fertilizer price ($0.07/kg) is assumed to prevail. The 
yield data (relating yield and nitrogen fertilizer use) 
are obtained derived from the Iowa State University 
research farm study at Kanawha, Iowa (Iowa State 
Experiment Station 1989). These data are used to 
estimate the yield functions for the specific crop 
rotations used in the analysis. A complete listing of 
the estimates is available from the authors upon re
quest. The alternative crop rotations considered are 
three-year rotations of corn and legumes. The reason 
for selecting as the basis of analysis rotations of less 
than 4 years is because the marginal gain of nitrogen 
fixed by a legume crop declines drastically as longer 
rotations are used (Huang and Lantin 1990). The crop 
rotations considered are soybeans-com-corn (BCC), 
meadow-com-corn (MCC), corn-soybeans-corn (CBC), 
soybeans-soybeans-corn (BBC). meadow-meadow
corn (MMC), and soybeans-com-soybeans (BCB). 
These rotations are common in the Corn Belt region 
of the United States (Daberkow and Gill (1989». 
The nitrogen application rate for corn production 
varies considerably from one rotation to the next. Net 
farm income under these different rotations also varies 
significantly. In each rotation, only corn production 
receives nitrogen fertilizer. 
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ANALYZING THE POLICY OPTIONS 

The excess nitrogen fertilizer application rate and 
the adoption cost of each crop rotation under the five 
policy alternatives discussed previously are computed. 
Note that under the No Farm Program option, the as
sumptions concerning the target prices and acreage 
set-aside (under the Acreage Reduction Program (ARP» 
are eliminated as is the fixed program yield. Under 
the Fertilizer Tax option. the tax has been determined 
to be about $O.l7/kg above the nitrogen fertilizer 
price for corn rotations with soybeans while the tax 
is about $0.32/kg for the continuous planting of corn. 
As indicated previously, the tax is determined by 
increasing the tax rate to the level at which the 
excess nitrogen available for potential leaching into 
the ground water in each rotation approaches zero. 
Due to the way the tax is computed, if the policy 
option is adopted on a broad scale for different regions 
of the country, it should theoretically vary by site as 
well as by rotation since the corn yield functions 
vary. This might not be politically viable in which 
case representative (average) yield functions would 
have to be estimated and used in setting the tax rate. 
The tax is added to the fertilizer price in solving the 
model. Under the Corn Sales Tax option, a sales tax 
of $0.047/L for corn compared with a market price 
of $0.060IL is estimated for the continuous planting 
of corn, and a tax of $0.035/L is calculated for the 
corn-after-soybeans rotation. As in the case of the 
Fertilizer Tax option, the tax would vary by location 
and crop rotation if the Corn Sales Tax policy alter
native were adopted. The tax is subtracted from the 
corn market price for each rotation. Since no excess 
nitrogen is observed for the MMC rotation under the 
Food Security Act of 1985 Program, there is no need 
to impose either a fertilizer or a corn sales tax for 
this particular rotation. Under the Limiting Nitrogen 
Fertilizer Use option, a constraint which imposes 
zero excess nitrogen available for potential leach
ing is added to the model. The constraint ensures 
that the amount of nitrogen applied for the production 
of corn is less than or equal to the nitrogen contained 
in the grain harvested and plants removed from the 
field. 

Excess nitrogen application rates 

Based on the yield functions estimated from field 
experiment data, it appears that the excess nitrogen 
fertilizer application rate-and coincidentally, the 
excess nitrogen available for potential leaching
will vary among crop rotations under the different 
policy options. The results in Table 2 show that under 
both the Food Security Act of 1985 Program and the 



Policy 0Plions 10 reduce nilrogen fenilizer use 37 

Table 2. Excessive nilrogen ferlilizer applicalion rale under allernalive policy 0Plions . 

Crop Farm No Nitrogen Corn Limiting 
Rotation Program Farm Fertilizer Sales Fertilizer 

Program 

Pounds per Acre 

CCC 194 195 

BCC 105 105 

MCC 65 65 

CBC 82 82 

BBC 41 41 

MMC -30 -30 

BCB 41 41 

No Farm Program option, the CCC rotation has a 
relatively large excess nitrogen fertilizer application 
rate while the crop rotations in which corn is rotated 
with soybeans or meadow demonstrate a significant 
reduction in the excess nitrogen fertilizer application 
rate. (Meadow is an alfalfa hay crop. It is assumed to 
make no contribution to net farm income.) 

Tax Tax Use 

over Three Years 

0 0 0 

0 0 0 

-30 -30 -30 

0 0 0 

0 0 0 

-30 -30 -30 

0 0 0 

Under the Fertilizer Tax option, the Corn Sales Tax 
option, and the Limiting Nitrogen Fertilizer Use op
tion, the excess nitrogen fertilizer application rate is 
approximately equal to and, for two rotations is less 
than, zero. Note that a negative excess nitrogen fer
tilizer application rate implies that part of the nitrogen 
in the harvested grain is that fixed by meadow (alfalfa). 

Table 3. Cos I 10 a farmer 10 swilch from conlinuously growing corn 10 a nilrogen-reducing rOlalion. 

Crop Farm No Nitrogen Corn Limiting 
Rotation Program Farm Fertilizer Sales Fertilizer 

Program Tax Tax Use 

Dollars per Acre over Three-Years 

CCC 0 259 228 601 59 

BCC -11 158 95 353 12 

MCC 39 208 112 232 58 

CBC -11 162 100 362 14 

BBC 26 109 58 191 31 

MMC 92 175 92 92 92 

BCB 23 109 56 194 28 
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Adoption costs 

The estimated adoption costs of the various rota
tions under the alternative policy options are shown 
in Table 3. A farmer's adoption cost is the difference 
in net farm income received from a CCC rotation 
under the Food Security Act of 1985 Program and an 
alternative rotation under either the Food Security 
Act of 1985 Program or the one of the alternative 
policy options. The information in the table indi
cates that a farmer in the Food Security Act of 1985 
Program could improve his or her net farm income 
by adopting either the BCC or the CBC rotation. 
These rotations are the major farming practices in the 
Corn Belt (Daberkow and Gill 1989). A farmer opting 
for the No Farm Program alternative would realize a 
lower net farm income. The reduction could be as 
high as $640/ha (under the CCC practice) and as low 
as $269/ha (under the BBC or BCB rotations). The 
difference is attributable to the farmer not receiving 
deficiency payments and losing base acreage (which 
is based on a five year average) under the BBC and 
BCB rotations. 

If reducing excess nitrogen available for potential 
leaching into the ground water is the policy objec
tive, the Limiting Nitrogen Fertilizer Use option has 
the lowest cost to a farmer while the Corn Sales Tax 
option shows the largest net farm income loss to a 
farmer. For instance, if a farmer must limit fertilizer 
use, he or she could have an income loss of $ 146/ha 
(for the CCC pattern) while a farmer could have an 
income loss of $1484/ha if a COrn sales tax is im
posed. The loss due to the corn sales tax is far greater 
than the government program benefits under the Food 
Security Act of 1985 Program ($640/ha). The farmer 
would be better off by not participating in the Food 
Security Act of 1985 Program or by switching to an 
alternative rotation. The net farm income loss under 
the input (fertilizer) tax option also is substantially 
larger than under the Limiting Nitrogen Fertilizer 
Use option. This is because a farmer under the Fer
tilizer Tax option would suffer a net farm income loss 
not only from a reduction in production but also from 
an increase in the cost of fertilizer while a farmer 
under the Limiting Nitrogen Fertilizer Use option 
would suffer an income loss only from the production 
reduction. Thus, the compliance cost is less under the 
Limiting Nitrogen Fertilizer Use option than under 
the other options analyzed. Additionally, a farmer 
would more likely be in compliance under the Limit
ing Nitrogen Fertilizer Use option because the com
pliance cost is less than the benefits foregone from 
the farm program. 
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Efficient policy options 

A farmer seeking to maximize profit is expected 
to be concerned with the cost of adopting an alterna
tive crop rotation scheme under the alternative policy 
options . He or she would, given a choice of alterna
tive rotations under a specific policy designed to 
reduce the excess nitrogen available for potential 
leaching , be expected to select the one with the lowest 
adoption cost. 

The farm-level cost associated with reducing by 
one kilogram the excess nitrogen fertilizer applica
tion rates under various policy options are found in 
Table 4. The negative costs in the table for specific 
rotations indicate that a farmer should gain by 
switching to those rotations. A farmer also could gain 
by switching to one of the rotations with a com
pliance cost less than the nitrogen fertilizer price. 
One such rotation is the BCB rotation under both the 
Food Security Act of 1985 Program and the Limiting 
Nitrogen Fertilizer Use option . 

The results shown in Table 4 indicate that the 
Food Security Act of 1985 Program and the Limiting 
Nitrogen Fertilizer Use option have the lowest costs 
for reducing the excess nitrogen fertilizer applica
tion rate. These two options constitute the least-cost 
policy alternatives from which it is possible to iden
tify an efficient policy. These are discussed below. 

Efficient Policy #1 - Compliance under the Food 
Security Act of 1985 Program. This option is selected 
because it is relatively efficient in reducing the ex
cess nitrogen fertilizer application rate (and hence 
the excess nitrogen available for potential leaching 
into the ground water) and can be verified on the field 
(that is, enforcement is relatively straightforward) . 
The efficient rotations are BCC, CBC, BCB, and 
BBC. The negative cost for the BCC and CBC rota
tions indicate that a farmer would realize a gain in 
net farm income by switching to one of these rota
tions. A farmer also would reduce fertilizer expense 
by switching to the BCB rotation because the cost of 
reducing by one kilogram the excess application rate 
of nitrogen fertilizer ($0.06/kg) is less than the cost 
of applying one additional kilogram of nitrogen fer
tilizer ($0.07/kg). Furthermore, a farmer would have 
an economic incentive to remain in the Food Security 
Act of 1985 Program if the program benefits of a 
rotation exceed the compliance cost. For example, a 
farmer would have a compliance cost of $227/ha for 
switching to the MCC rotation . This is less than the 
program benefits of $640 for continuing the CCC 
practice. Since the compliance cost is less than the 
program benefits, the farmer should comply and stay 
in the Food Security Act of 1985 Program. 
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Table 4. Reduction in net farm income associated with reducing the excessive nitrogen fertilizer application Tate. 

Crop Farm No Nitrogen Corn Limiting 
Rotation Program Farm Fertilizer Sales Fertilizer 

Program 

U.s. Dollars 

CCC 

BCC -0.12 1.77 

MCC 0.30 1. 60 

CBC -0.12 1. 82 

BBC 0.17 0.71 

MMC 0.47 0.47 

BCB 0.14 0.71 

Efficient Policy #2 - Compliance by Limiting Nitrogen 
Fertilizer Use. This option is selected because it has 
the lowest cost to a farmer where the objective is to 
minimize the excess nitrogen fertilizer application 
rate. This option requires a farmer to limit his or her 
nitrogen fertilizer application rate for each crop rota
tion while giving the farmer flexibility in selecting 
the crop rotation. Under this policy, a farmer would 
be expected to gain by switching to the BCC, CBC, 
or BCB rotation because the compliance cost for 
these rotations is computed to be less than the fer
tilizer price. Furthermore, since the compliance cost 
of each rotation is less than the program benefits, it 
appears to be advantageous for a farmer to stay in the 
farm program and comply with the limitation on 
nitrogen fertilizer use. 

IMPLICATIONS OF ADOPTING AN EFFICIENT 
POLICY 

Sensitivity of the price impacts 

If all the farmers currently using the CCC rotation 
in the United States switch to an alternative rotation, 
based on the foregoing analysis a reduction in corn 
production and an increase in the production of other 
crops might be expected. Such changes may, how
ever, cause fluctuations in the market price of corn 
and other crops. A decline in the soybeans price or 

Tax Tax Use 

per Pound 

1.18 3.05 0.30 

0.49 1. 82 0.06 

0.63 1.19 0.29 

0.52 1. 86 0.07 

0.30 0.98 0.16 

0.47 0.47 0.47 

0.29 1.00 0.14 

an increase in the corn price will lead to a higher 
compliance cost for a corn-soybeans rotation. The 
magnitude of the increase differs among the policy 
alternatives which may affect the relative order of 
efficiency. For this reason, a sensitivity analysis was 
conducted to investigate whether the change in the 
price of soybeans relative to corn affects the cost 
effectiveness of the various rotations under the Food 
Security Act of 1985 Program, the Fertilizer Tax 
option, and the Limiting Nitrogen Fertilizer Use op
tion . In the analysis, the soybeans/corn price ratio is 
allowed to range from a high of 2.76 under the low 
corn price (SO.060IL) to a low of 1.93 under a high 
corn price (SO.085/L). (The price of soybeans is as
sumed to remain at SO.165/L.) To compute the price 
ratio for the low . soybeans price, demand elasticity 
estimates of -0.32 for corn and -0.60 for soybeans are 
used (Green and Price 1986). Also, it is assumed that 
the estimated 26% of national corn acreage currently 
under the continuous planting of corn is converted 
to a corn-soybean-corn rotation and that the 1987 
national average yields will be realized. The com
pliance cost for four rotations considered (BCC, CBC, 
BBC, and BCB) is relatively smaller under the Limit
ing Nitrogen Fertilizer Use option over the range of 
price ratios investigated. For the low price ratio, a farmer 
should gain the most by adopting the BBC or the BCB 
rotation. 
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Sensitivity of reducing the target price 

The level of the corn target price can also affect 
the efficiency of a policy. The compliance cost is 
expected to decline as the target price is reduced . The 
efficiency gap, the difference in compliance costs 
between limiting nitrogen fertilizer use and main
taining the current level of fertilizer use, should be 
slightly less as the target price is reduced . Regardless 
of the level of the target price, limiting nitrogen 
fertilizer use appears to be more efficient than impos
ing a nitrogen fertilizer tax. The efficiency gap be
tween limiting nitrogen fertilizer use and maintaining 
the Food Security Act of 1985 Program is reduced 
and reversed as the target price is reduced. 

Consideration of nitrogen fixed by soybeans 

Corn grown after soybeans will use the nitrogen 
fixed by the soybeans plants. The fixed nitrogen in 
the form of nitrate, if not used, could also leach into 
the ground water. To minimize the excess nitrogen 
available for potential leaching under the various 
policy alternatives considered, it is necessary for the 
nitrogen fixed and left by the soybeans plants and 
nitrogen from fertilizer sources to equal the amount 
of nitrogen in the corn grain and plants removed from 
the field. Based on the model developed and the 
assumptions previously delineated, it was found that 
a tax on nitrogen fertilizer of $0.28/kg would be 
needed to ensure that the fixed nitrogen plus fer
tilizer nitrogen are removed from the field . The tax 
is about one and one-half times the tax needed to 
insure that the amount of fertilizer nitrogen applied 
approximates the amount of nitrogen removed. Also, 
it was determined that a corn sales tax of $0.045/L 
would be required to achieve zero excess nitrogen 
available for potential leaching when fixed nitrogen 
(from growing soybeans) is present as compared with 
a tax of $0.035 required to remove only the fertilizer 
nitrogen applied. Thus, based on the analytical model 
developed, to reduce the potential for nitrate leach
ing from both soybean-fixed nitrogen and fertilizer 
nitrogen, an increase in the cost of compliance is 
recommended. 

POTENTIAL PROBLEMS IN POLICY IMPLEMENTA
TION 

Implementing an efficient policy to minimize the 
excess nitrogen available for potential leaching into 
the ground water will most likely require the use of 
both targeting and compliance. First, cropland to be 
targeted for the use of alternative nitrogen reducing 
rotations needs to be identified according to vul
nerability to ground water contamination. Second, 
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rotations to be used under alternative policy options 
should be identified according to adoption cost as 
well as some selected efficiency criteria. In this study, 
the compliance cost for reducing excess nitrogen avail
able for potential leaching into the ground water has 
been used. Third, a farmer would have to use a 
specific rotation(s) and/or limit his or her nitrogen 
fertilizer use on targeted cropland in order to place 
the cropland vulnerable to nitrate leaching in the 
farm program. 

A number of implementation problems can be ex
pected . For example, a farmer may challenge the 
method of classifying vulnerable cropland and the 
legality of discriminating against cropland on the 
basis of its degree of vulnerability. Fortunately, the 
concept of targeting vulnerable cropland is not new 
to farmers. Farmers are familiar with policies of this 
nature because they are incorporated in the Conser
vation Reserve Program and the Conservation Com
pliance Provisions of the Food Security Act of 1985 
(Glaser 1986). Next, the lack of a consistent national 
method of identifying vulnerable cropland is a poten
tial problem. The DRASTIC criterion (Allen et al. 
1987; Huang and Mizer 1987) has been suggested. 
However, its accuracy has yet to be validated by field 
tests. 

Use of compliance as a policy tool will require that 
a farmer adopt pre-approved rotations for vulnerable 
cropland in order to be placed in the farm program 
and to limit nitrogen fertilizer application rates. Rota
tion compliance will likely cause few implementa
tion problems because it can be verified on the field. 
Limiting nitrogen fertilizer use, on the other hand, 
can pose a verification problem. First, the optimal 
nitrogen fertilizer application rate must be deter
mined and second, there must be a monitoring of 
nitrogen fertilizer use to ensure that the optimal rate 
is not exceeded. To determine the optimal fertilizer 
application rate, an inexpensive and accurate soil test 
is needed. Fortunately, such a test has been developed 
by Blackmer (Iowa State University 1990). Also needed, 
however, is a low cost method to monitor fertilizer 
application rates. Such a method has yet to be found. 

CONCLUSIONS 

The costs associated with using different crop rota
tion patterns designed to reduce the use of nitrogen 
fertilizer under alternative agricultural policy options 
have been measured in the foregoing analysis. The 
policy options considered have included the Food 
Security Act of 1985 Program, a No Farm Program 
option, a Nitrogen Fertilizer Tax option, a Corn Sales 
Tax option, and a Limiting Nitrogen Fertilizer Use 
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option. Based on the notion that the amount of excess 
nitrogen available for potential leaching should be 
minimized, the analysis suggests that crop rotation 
patterns associated with limiting nitrogen fertilizer 
use will have the lowest cost to the farmer while a 
corn sales tax would have the highest cost. 
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The change in the perception of polluted air was studied during the first 15 min of exposure in 
climate chambers. Subjects, 16 female and 16 male, ages 18-30 y, served as air quality judges 
during 42 exposures. They were exposed to different concentrations of human bioeffluents 
(500-4000 j.1L/L CO.), tobacco smoke (0.25-2.5 j.1L/L CO), and emissions from building materials 
(-). The subjects voted every 2 min on scales for odor intensity and acceptability of the air quality, 
while they were exposed to constant levels of the air pollution. Perception of bioeffluents reached 
a low level independent of concentration after a few minutes. Adaptation to tobacco smoke caused 
acceptability to increase, but votes still depended on concentration. Ventilation for comfort may 
be reduced considerably if a few minutes of discomfort are acceptable or if the occupants are 
exposed to a gradually increased pollution level during the first 10 min or more of their stay in 
a space. 

INTRODUCTION 

Ever since the classical experiments of Yaglou 
(1936), standards for ventilation have primarily been 
based on people's perception of the air quality. Com
fort criteria have often proved to be the most restric
tive for indoor air quality. 

Ventilation requirements have been set up based 
on the first impression of the air quality although 
adaptation often modifies the perception consider
ably. It was felt to be unrealistic to tell people to 
disregard their first negative impression and wait a 
few minutes until they had adapted to the pollution. 
Furthermore, the available data quantifying the effect 
of adaptation were limited. 
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In polluted spaces, where people often walk in and 
out, the initial impression is of major concern. In 
other spaces which are occupied by the same persons 
for several hours, the impression after the initial 
adaptation becomes more important. It may be pos
sible to adapt people at a high comfort level gradual
ly by slowly increasing the level of pollution. This 
applies in particular to spaces where people enter 
simultaneously, and where they are the main pol
luters. Spaces like theaters, classrooms, and meeting 
rooms are typical examples. In other cases, it may be 
possible to adapt people gradually before they enter 
a given room by proper control of the air quality in 
entry halls and corridors. 
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Earlier investigations of phenomena involving 
adaptation have concentrated on specific single
component odorants and irritants (Cain 1985; Engen 
1987; Ekman et a!. 1967; Berglund 1978; Stone 1972). 
Cain (1985) presented a model for the time course of 
olfactory adaptation to single components. He found 
that perceived intensity reaches a stable level of 
approximately 40% of the initial magnitude after 
3 min of adaptation. 

Pollution indoors is usually more complex com
prising a large number of single pollutants. A person 
may experience changes in both the concentration 
and composition of indoor pollution. 

Perception of air pollution may depend on several 
adaptational phenomena. For some pollutants, the 
time effects may cause fewer dissatisfied persons 
after a short exposure, while dissatisfaction may grow 
after a longer period (one hour or more). In the 
present study, only the first 15 min of exposure were 
studied. 

Transients in air quality are experienced not only 
when air quality in a room is changing but also when 
persons walk from one room to another. Often tran
sients are both qualitative and quantitative. This makes 
the real life situation complex. It is our aim to estab
lish a model for the perception of air quality during 
transients. 

The purpose of the present in vestigation is to study 
discomfort caused by typical indoor pollution before, 
during, and after a transient period of adaptation. 
When entering a room, the air may seem unaccep
table, but during an adaptational period, the sensa
tion of odor may decrease while the irritation may 
increase or remain constant (Engen 1986). The com
bined effect of these two sensory processes will be 
quantified. 

METHOD 

In this study, human bioeffluents, tobacco smoke, 
and emissions from building materials were studied. 
Perception of pollution from one source, as well as 
perception of pollutants after previous exposure to 
other pollutants were studied, with subjects in dif
ferent adaptational states. 

Facilities 

The experiments took place in the climate cham
bers of the Laboratory of Heating and Air Con
ditioning. Two of the chambers were similar in shape 
and equipment (Albrechtsen 1988). Stainless steel 
was used for all lining and ductwork. Each chamber 
had a total volume including recirculation ducts 
of 28.5 m3. Air entered the chambers via a plenum 
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through a perforated floor and left via ducts in the 
ceiling. The air was well mixed by a recirculation 
rate as high as 50 h-I. Outdoor air was supplied 
through a series of filters including activated carbon. 
The supply of outdoor air was controlled by individual
ly calibrated arrangements of orifice plates. During 
all experiments, curtains were hung in the chambers 
dividing them into a section for judges and a section 
invisible to judges where pollution sources could be 
placed. The third chamber, designed for thermal en
vironmental studies, was used as a reference (Kjerulf
Jensen 1975). Air enters and leaves the chamber in 
the same way as in the twin chambers. Traditional 
materials are used in ductwork and the chamber is 
plastic-lined. The supply of outdoor air was 1000 LIs, 
or 30 LIs per person when 32 persons occupied the 
chamber. 

Temperatures in all chambers were kept constant 
at 22 °C (±0.3 °C). The humidity was in the range of 
3-7 glkg (20-40 %RH), and no attempt was made to 
control it. 

Bioeffluents were produced by the subjects. They 
polluted and rated the air quality at the same time. 
Carbon dioxide was used as an indicator for this 
pollution (8,9). It was monitored by an infrared CO2 

analyzer, Uras 7N from Hartmann & Braun. 

Tobacco smoke was produced by filter cigarettes with 
a content in the smoke per cigarette of: 

18 mg 
1.5 mg 

21 mg 
44.4 11m3 

tar 
nicotine 
CO 
CO 

(main stream); 
(main stream); 
(main stream); and 
(during experiments). 

The main stream values are the manufacturer's 
official ratings according to ISO and CORESTE stand
ards. The CO emission during experiments was es
tablished by Cain (1983) with similar cigarettes and 
test conditions. They were lit by persons behind the 
curtains at a predetermined rate. After lighting, the 
cigarettes were placed in an ashtray to produce only 
sidestream smoke. Carbon monoxide was used as the 
indicator of tobacco smoke (Cain 1983). Monitoring 
was done by a Gas Filter Correlation CO analyzer, 
model 48, from the Thermo Electron Corporation. 

Building materials were selected from commonly 
used materials. Two equal sets were used. They com
prised: wooden chipboard, nylon carpet with a latex 
backing, gypsum plates coated with water-based 
acrylic paint, and stainless steel plates with acrylic
based sealant and iso-cyanate lacquer. There is no 
known chemical or physical indicator for human per-



Adaption to indoor air pollution 

ception of pollution from these materials. No monitor
ing was done during experiments. Pollution levels 
were calculated as a constant (=64) divided by the 
steady state outdoor air supply rate measured in L/s. 

Subjects 

Thirty-two persons served as judges (and as pollu
tion sources during experiments with bioeffluents). 
They were students or white collar workers aged 18 
to 30 years. They were as a group consistent with the 
standard person introduced by Fanger (1988). Their 
hygienic standard corresponded to 0.7 bath/day and 
changing underwear every day. 
. During previous experiments with similar subjects 
at the same level of activity by Rasmussen et al. 
(1985), the C02 emission per person was found to be 
4.69 mL/s. During the experiments they were divided 
into four groups, each group comprising four women 
and four men, five of them smokers and three non
smokers. They were not allowed to smoke in the 
chambers. 

Scales 

The subjects voted on odor intensity on a modified 
Yaglou (1936) scale; acceptability was voted on a 
new scale. Scales and corresponding questions are 
shown in Fig . 1. 

Experimental procedure 

Experiments each lasting 4 h were performed on 
four different days with the following program: 

Day 1: 
Day 2: 

Day 3: 

Day 4: 

adaptation to bioeffluents; 
adaptation to pollutants from 
building materials; 
cross adaptation between the 
pollutants; and 
adaptation to tobacco smoke. 

During experiments on days 1, 2, and 4, the con
centration of pollution in the twin chambers was 
increased stepwise. Every 15 min, a group of subjects 
entered a chamber and was seated for 15 min. They 
voted on air quality just after entering and every 
2 min during the stay. 

During the experiment involving cross adaptation, 
the judges were first exposed to one pollution type 
for 15 min and then exposed to a second type of 
pollution. For each type of pollution, the subjects 
were exposed to the highest concentration applied in 
the previous experiments with single pollution sour
ces. The shifting between chambers and the pollution 
build-up was directed so that each pollution type was 
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judged when the subjects were in the following four 
adaptational states: 

1 - refreshed; 
2 - adapted to bioeffluents; 
3 - adapted to tobacco smoke; and 
4 - adapted to pollution from building materials. 

RESULTS 

Scale comparison 

Figure 2 shows the relation between votes for in
tensity and acceptability and between percentage of 
dissatisfied persons and votes for acceptability. The 
dissatisfied votes are defined as all votes below 0 on 
the acceptability scale. For both, the intensity/ac
ceptability and the dissatisfied/acceptability relation
ships, it is remarkable that there was no significant 
difference between bioeffluents, tobacco smoke, build
ing materials, and adaptational status. The change in 
votes due to adaptation was 95% and took place 
within the first 6 min of exposure. The initial non
adapted votes were given just after entering the cham
bers, and the adapted votes were given from 8 to 14 
min after entering the chambers. The remaining votes 
representing the transient period were not analyzed. 

Bioeff/uents 

Votes for intensity and acceptability versus C02 
concentration obtained during experiments with bioef
fluents are shown in Fig. 3 for adapted and non
adapted persons. 

The adapted subjects voted low intensity and high 
acceptability rather independent of pollution level. 
The non-adapted subjects felt the odor to be more 
intensive and less acceptable at an increasing air 
pollution level. This is in good agreement with pre
vious studies (Fanger 1988; Rasmussen et al. 1985; 
Berg-Munch et al. 1985). Based on the C02 emission 
rate per person of 4.69 mL/s, the corresponding steady
state ventilation rates were calculated. Converting ac
ceptability votes to a percentage of dissatisfied at the 
same time gives Fig. 4. Fanger's (1988) definition 
curve of one olf (= one standard person) is shown for 
comparison. Apparently, adapted persons do not dis
tinguish between low and high levels of bioeffluents. 
Generally, when adapted, the subjects perceive the 
investigated range of concentrations to be accept
able. 

Tobacco smoke 

Votes for intensity and acceptability versus CO 
concentration obtained during experiments with tobacco 
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NAME ________ _ NO. KODE 

VOTE FOR ODOR INTENSITY 

How Itrong i. the odor in this room 7 

PI_ mark on the scale: 

o -,- No odor 

1 -I- Slight odor 

2 - '- Moderete odor 

3 - - Strong odor 

4 - - Very strong odor 

5 - - Overpowering odor 

VOTE FOR ACCEPT 

L. Gunnarsen and P.O. F~nger 

TIME 

Imagine that you frequently during dally work were exposed to the odor In thla room. 

How acceptable do you find the odor7 

PINH mark on scale: 

- - ClNrIy acceptable 

Just acceptable 

Just not ecceptable 

- - Clearly not acceptable 

Fig. 1. Scales and corresponding questions used in the experiments . For data analysis the intensity .cale range. from 0 to 5 and the ac
ceptability scale from -I to +1. where 0 indicates the shift from acceptable to not acceptable. 
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ability. Each point on the figure represents the mean of eight votes. 
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bioeffluents. Fangers (1988) definition curve for one olf equal to one standard person is shown for comparison. 

smoke are shown in Fig. 5. Intensity increased and 
acceptability decreased with increasing concentra
tion both for non-adapted and for adapted subjects. 
But the adapted felt the intensity slightly less inten
sive and more acceptable than the non-adapted sub
jects. 

Figure 6 illustrates the dissatisfied subjects as a 
function of the ventilation per cigarette based on the 
CO emission. The current results show a higher dissatis
faction than that established by Cain et al. (1983). 
For moderate tobacco smoking in the range of 30-
50%, the adaptation of the initially dissatisfied sub
jects reduces the required ventilation at a given level 
of dissatisfaction to approximately 50% of the re
quirements based on initial perception. 

Pollution from building materials 

The votes for intensity and acceptability are shown 
in Fig. 7. Apparently, the materials polluted the in
coming air only slightly. Votes are close to the votes 
for background at all pollution levels. This makes 
interpretation of results difficult. 

Cross adaptation 

Votes for intensity and acceptability are shown in 
Fig. 8. Adaptational status is seen to influence the 
perception of the different types of pollution. Not 
only adaptation to actual pollution or self-adaptation 
is important, but adaptation to one type of pollution 

seems to have a notable effect on the immediate 
perception of other pollutants. 

Adaptation to bioeffluents makes perception of 
environmental tobacco smoke and building material 
pollutants more acceptable and less intense than after 
previous exposure to fresh air. In this case, adapta
tion to one type of pollution produces cross adapta
tion to other pollutants. However, previous exposure 
to tobacco smoke seems to have a different effect on 
the immediate perception of other pollutants. Bioef
f1uents and building material pollutants feel worse 
than after exposure to fresh air. This is like a negative 
adaptation. Adaptation to emissions from building 
materials has an effect similar to adaptation to bioef
f1uents on perception of the other types of pollution. 
But still the level of pollution from building materials 
was low and the re.sults less significant. 

Each value in the figure is the mean of 16 votes. 
The standard deviation on these values was ap
proximately 0.2 for acceptability and 0.4 for inten
sity. Only the modifying effect of previous exposure 
to bioeffluents on perception of tobacco smoke is 
statistically significant for both acceptability and 
intensity. 

DISCUSSION 

Adaptation may be a reason for not experiencing 
more complaints in bad indoor climate. Adaptation is 
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seen to have a modifying effect on perception of 
common indoor air pollution. Supply of outdoor air 
may be reduced whenever a few minutes of discom
fort during adaptation is acceptable. Auditoriums, 
theaters, and big offices are some of the places where 
it should be considered to take advantage of adapta
tion. 

The investigated lower levels of human bioeffluents 
represent concentrations often found in indoor air. 
Bioeffluents exceeding 2 mL/L C02 are unusual. The 
full adaptation to levels as high as 4 mL/L is an 
impressive validation of the effect of adaptation_ The 
investigated levels of environmental tobacco smoke 
may all be found indoor. The level of pollution from 
building materials during the experiments are probably 
rather low. 

The new continuous scale for acceptability is seen 
to be a promising candidate for future studies on air 
quality. It provides information not only on whether 
each subject finds the air quality acceptable or not, 
but also on how far he or she is from switching to 
the alternative vote. The clearly indicated switching 
point between acceptable and not acceptable makes 
interpretation possible without introducing a pos
sible bias due to an arbitrary limit value. The scale 
may be used for the quantification of many other 

sensory stimulations including pain, noise, and il
lumination. 

The fact that the sense of smell is likely to adapt 
while the general chemical sense is not (Engen 1986) 
indicates that during an adaptational period, inten
sity of odor weakens and irritation persists or may 
even grow. The nearly constant relation between ac
ceptability, percentage of dissatisfied persons, and 
odor intensity, independent of the type of pollution 
and whether the subjects were adapted or not, is an 
important result. Apparently, humans do not distin
guish between stimulation of the general chemical 
sense and odorous stimulation when voting on the 
scales presented in this study. 

A possible explanation of the difference in adap
tation for the three types of pollution is that human 
bioeffluents stimulate mainly the olfactory sense, 
while tobacco smoke and building material pollution 
comprise many irritants. 

The subJects voted background pollution in the 
empty chambers and in the reference chamber to be 
in the range of l.2 - l.9 for intensity and 0.2 - 0.6 for 
acceptability. This indicates that the outdoor air was 
slightly polluted before it entered the chambers. The 
relatively short time period studied may be a limita
tion to the general use of the results. 
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CROSSADAPTATION 

ACCEPTABILITY 

ADAPTIONAL STATUS 

INTENSITY 

ADAPTIONAL STATUS 

Fig. 8. Initial votes for intensity and acceptability when the subjects were exposed to one pollutant after previous exposure to another 
pollutant. Pollution levels equivalent to: Bioeffluents: 3500 I1L/L CO.; tobacco smoke: 2.2 I1L/L CO; pollutants from building 

materials: Level 8 from previous experiments. 
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CONCLUSIONS 

The air is perceived least acceptable immediately 
after people enter a space with air pollution. After 
some minutes, people may adapt and the air is felt 
more acceptable. Adaptation improves acceptability 
of air quality considerably when humans pollute the 
air; some improvement occurs when moderate tobac
co smoking is the source, while only a small improve
ment is observed when building materials are the 
main source of pollution. When designing ventilation 
for adapted people, human bioeffluents may be 
neglected if a minimum ventilation rate per person 
of 1-2 Lis is assured, and the veritilation require
ments based on moderate tobacco smoking may be 
reduced to 50%. The ventilation for the control of 
building-material pollution may probably only be 
reduced slightly. 

Both positive and negative effects of cross adap
tation were seen. Previous adaptation to bioeffluents 
may cause fewer people to be dissatisfied when ex
posed to environmental tobacco smoke or pollutants 
from building materials. On the contrary, previous 
adaptation to environmental tobacco smoke may cause 
more people to be dissatisfied when suddenly ex
posed to other types of pollution. 

Further research is recommended studying the ac
ceptability of pollutants as a function of time over 
several hours. The new continuous acceptability scale 
is recommended for future studies of indoor climate. 
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Life Cycle Analysis (LCA) is a method which allows the development of objective criteria and 
procedures for the assessment of the environmental impacts of products, based on the total life 
cycle of the product (from cradle to grave). Packaging materials are taken as an example in order 
to demonstrate the principle of "eco-balancing" or comparing different products which fulfil the 
same function . This comparative assessment is the real strength of LCA. The criteria to be used 
are described and a general way of performing an LCA is presented. As an example, different 
packaging used for milk is analysed by means of LCA and eco-balancing . 

INTRODUCTION 

Numerous products of everyday life have become 
the subject of public criticism because of their actual 
or assumed environmentally hazardous effects. Manu
facturers, government agencies, and environmen
tally-minded consumers, therefore, have a legitimate 
interest in having the environmental impacts of 
products assessed as objectively as possible . This 
aspect is so much more important as substitute 
products and methods which replace the criticized 
products may possibly lead to the same or even higher 
environmental impacts. Therefore , it is necessary to 
consider carefully in each individual case which 
product (of the same technical suitability) is more 
environmentally compatible. The process of this con
sideration consists of two phases: 

(1) Scientific and technical investigations to deter
mine the feasibility, usability, and environmental im-
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pact of different alternatives (including an estima
tion of the consequences of non -production of a 
product). 

(2) Political decisions based on the results of 
Phase 1 and on additional aspects which are beyond 
the techno-scientific domain (Hartkopf and Bohne 
1983). 

In this context, only the environmental aspects 
will be discussed, exemplified by packaging materials. 
Packaging materials, especially if made of plastics, 
have been subject to particularly strong criticism for 
about 20 years . Therefore, attempts were being made 
at a very early stage to develop objective assessment 
criteria and methods (Oberbacher et al. 1974; Hunt 
et al. 1974) which cover the entire life of the package 
including its disposal. This systems-analytical ap
proach, which has recently become known as product 
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life cycle assessment or analysis (LCA), (Fava et al. 
1991), "Produktlinienanalyse" (Projektgruppe Oko
logische Wirtschaft 1987; Schmincke and Rubik 
1988) or "Oekobilanz" (ecological balance) (Bundes
amt ftir Umweltschutz 1984), is suited in principle 
for investigating all the products that consist of a 
manageable number of components. As most of the 
analyses that have been reported so far in publica
tions are limited to packaging, the present paper also 
uses these as examples. The environmental problems 
we are facing in the packaging sector can be roughly 
divided into two categories: 

(1) psychological (emotional) problems of accep
tance or objection; and 

(2) technical problems with respect to environ
mental compatibility of the products (Bojkow 1989). 

The feeling that the package is superfluous results 
in it being discussed unobjectively. However, this is 
a real problem with respect to waste disposal. Ac
cording to the figures given in Table 1 (Franke 1984), 
the share of packages in the weight and the volume 
of domestic waste (including other types of residen
tial refuse, which at present account for 30 Tg/a, are 
30 to 35% and about 50%, respectively. In the USA, 
the annual mass of domestic waste is as high as 140 
Tg/a), and the per capita generation of domestic waste 
of 700 kg/a is more than twice as high as that in Western 
Europe (OECD 1985). These facts, in combination 
with the shortage of dumping space and the emission 
problems of incineration (shifting the waste problem 
into the atmosphere), lead to political measures to 
reduce the waste amounts. 
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CRITERIA FOR OBJECTIVE COMPARISON OF 
PACKAGING SYSTEMS 

To compare and assess different packaging 
materials or systems Objectively, one has to indicate 
the criteria on which the comparison or assessment 
is to be based. From the point of view of environmen
tal impact, the following criteria can be used: 

(1) energy consumption; 

(2) emission of pollutants; and 

(3) type and amount of waste. 

Energy consumption is in the center of most of the 
global and of many of the regional environmental 
problems, such as the greenhouse effect, forest dieback, 
and exhaustion of natural resources. Energy con
sumption is easy to compare quantitatively for dif
ferent packaging materials and methods. It is important 
to note that the inherent energy content of the pack
aging material (Kindler and Nikles 1979; 1980) should 
be included in the balance. 

Emissions can be assessed in principle according 
to the same criteria as chemicals (Frische et al. 1982): 
persistence/accumulation (KIOpffer 1989), ecotoxicity 
(Rudolph and Boje 1987), mobility and (human) 
toxicity (Greim 1989). A quantification beyond the 
emitted substance amounts, however, is difficult; the 
use of limit values has been tried for scoring the 
environmental hazard (Bundesamt fUr Umweltschutz 
1984). 

Waste production is the main argument against 
unlimited use of packages and the cause for 
governmental measures. The problems in transporta
tion are due to the large volume; in incineration to 
hazardous gases (Greim 1989); and in dumping to the 

Table I. Share of packages in domestic waste of the FRG (Franke 1984). 

Domestic waste 

Packages 

Beverage packages 

Mass 
[Tg/a) 

20 

::; 8 

::; 2 

Volume 
[10' m' fa) 

60 

::; 30 

::; 7-8 
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Figure I. Basic principles of a product life cycle analysis. 

space required. An advantage is that most of the 
packages are compacted at the waste dump to a 
smaller volume than they had during transportation . 

THE METHOD OF PRODUCT LIFE CYCLE 
ANALYSIS 

For some time now, it was generally accepted that 
only a complete analysis of the entire life cycle of a 
product, in this case a package, can yield a reasonable 
measure of environmental impact (Oberbacher et al. 
1974; Franke 1984; Lundholm and Sundstrllm 1985 , 
1986; Schmincke and Rubik 1988). Figure 1 shows 
the basic principles of a product life cycle analysis. 
The vertical arrangement corresponds to the process 

chain analysis which is usual in technology for deter
mining the process. energy, but is not sufficient for 
environmental assessment. 

Product life cycle analysis starts from the raw 
materials and analyzes all the steps in the manufac
ture of the finished product, in its use, and in its 
disposal (recycling and waste disposal) or non-dis
posal (litter). Energy supply for production and par
tial recovery of energy in waste incineration play an 
important part. The use of packages normally is en
vironmentally neutral , unlike other products of 
everyday life, such as automobiles. 

In the case of complex products, this analysis may 
be intricate, because each part has to be traced back 
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to the raw materials. It is therefore best to use the 
methods of system analysis for breakdown and or
ganization (Franke 1984). 

Raw materials in a narrow sense are the inorganic 
and organic raw materials such as minerals, coal , 
petroleum, wood, etc . In a broader sense, relatively 
simple materials and intermediate products such as 
metals, plastics, glass, paper, or cardboard may be 
designated as raw materials. Product life cycle analysis 
requires that the analysis be carried out down to the 
minerals, because the very first stages may involve 
environmentally hazardous processes, emissions, 
waste generation, and high energy. consumption. 

Typical examples of intermediate steps in the produc
tion of packages are melting and extrusion, sheet 
metal production, production of films and laminated 
films, and the production and cleaning of bottles, 
cans, bags, boxes, and other containers. Energy con
sumption, emissions, and waste situation must be 
quantified for these steps. Further steps are filling, 
production of packages and containers, and actual 
use. 

Controlled disposal of waste in industrial countries 
is largely done by dumping and incineration. The ratio 
of dumping to incineration differs greatly in the in
dividual countries; in the Federal Republic of Ger
many, for example, the major proportion of domestic 
waste and industrial refuse similar to domestic waste 
is disposed of by dumping (Umweltbundesamt 1989a), 
while the proportion of waste which is incinerated is 
about 30% (Reimann 1989). In Switzerland (Bun
desamt fUr Umweltschutz 1984) and in Sweden, 
domestic waste is predominantly incinerated (about 
70 to 80%). Problems in the disposal of packages by 
transportation and dumping mainly result from the 
space required. 

Waste incineration , which leads to reduced vol
ume, is the subject of discussion about hazardous 
emissions. These discussions mainly relate to the 
formation of polychlorinated dibenzo-p-dioxins 
and dibenzofurans (PCDD/PCDF) from chlorinated 
precursor substances during and after the incinera
tion process (Der Rat von Sachverstllndigen ftir Um
weltfragen 1987; Verein Deutscher Ingenieure 1987). 
Incineration permits part of the inherent energy con
tent to be recovered by utilization of heat; in product 
life cycle analysis, this is accounted as a bonus. 

Recycling means to return materials into the produc
tion process; however, the use of such recovered raw 
materials need not necessarily result in manufacture 
of the same product. Reuse of beverage packages in 
the form of returnable bottles poses special problems in 
product life cycle analysis. In this case, the trip 
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number (TN) of the bottles has to be taken into 
account. According to calculations made by the Um
weltbundesamt in Berlin, the trip number of retur
nable bottles averages about 40, and under favorable 
conditions it may be even higher (German Federal 
Environmental Agency 1989b). Favorable conditions 
for the system of returnable packages exist in cases 
of a well-established deposit and returning system; 
sturdy and standardized bottles; distribution mainly 
in crates; and short deliveries (decentralized dis
tribution). 

In the Federal Republic of Germany, these condi
tions exist in particular for the 0.5 L beer bottle 
and for the 0 .7 L mineral water bottle . If these 
favorable conditions do not exist, the trip numbers 
are assumed to be much smaller (Franke 1984; 
Lundholm and Sundstr<lm 1985; Umweltbundesamt 
1989b; K<lnigs 1989; Lemke and Possmann 1989; 
Oberbacher 1975). The total range of trip numbers 
reported is approximately TN ::; 10 and 60. 

For returnable glass packages, the ecological loads 
due to bottle cleaning and transportation have to be 
taken into account. For non-returnable glass bottles, 
a well-established recycling system exists in many 
countries which does not cover the often necessary 
outer package (usually made of cardboard). The recy
cling system reduces, but does not solve the problem 
of disposal of large amounts of waste glass. 

ECOLOGICAL BALANCES 

This method of product life cycle analysis estab
lishes quantitative and qualitative data on the 
environmental impact of a packaging system while 
optionally also considering the goods inside the pack
age (Fig. 1). The results apply to a specific country 
or to a homogeneous economic territory. They have 
to be revised as soon as decisive changes occur in the 
production, distribution, or waste disposal methods. 

It has been emphasized (Bundesamt ftir Um
weltschutz 1984; Drllger 1989) that the special ad
vantage of product life cycle analysis consists in 
comparing different systems for the same goods. The 
comparison of the advantages and disadvantages of 
different packages (or different products or systems) 
from the point of view of environmental impacts may 
be called ecological balance . However, the term 
ecological balance is often used as a synonym of 
product life cycle analysis. 

The input data and other qualitative data required 
for ecological balance originate from the product life 
cycle analyses of the products to be compared. How
ever, they must be appropriately standardized for 
comparison . A reasonable reference quantity (func-
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tional unit) for beverages is the filling volume. The 
data are normally related to 1000 L (1 m3

) of liquid 
(Oberbacher et at. 1974; Franke 1984; Bundesamt 
fiir UmweItschutz 1984; Lundholm and Sundstr(jm 
1985). A similar functional unit for other products 
has to be defined in each individual case. The ecologi
cal balance is exemplified here by the problem of 
milk packaging. which has been discussed by 
numerous authors (Oberbacher et at. 1974; Franke 
1984; Bundesamt fiir Umweltschutz 1984; Lundholm 
and Sundstr(jm 1985). It is not intended to give a final 
judgement here. but to present the principle of ecologi
cal balance and to show the weak points which still 
exist. The older publications dealing with work per
formed in the early 1970s (Oberbacher et at. 1974; 
Oberbacher 1975) report that under the boundary 
conditions existing at that time. the non-returnable 
package for milk was the only non-returnable pack
age which was favorable in comparison with the 
returnable glass package. In all other systems ex
amined at that time. the returnable glass package was 
more favorable . A particularly favorable result was 
obtained for the tubular polyethylene package for 
milk. which has an extremely low weight of 7 - 7.5 gIL 
(Oberbacher 1975; Bundesamt filr Umweltschutz 1984). 
but unfortunately has not yet found the deserved 
acceptance by the consumers. 

Of the common milk packages. the leading paper 
and plastic composite (PPC) may be compared with 
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the returnable glass package in the following. The 
data originate from three detailed studies: 

(1) Bundesamt fiir Umweltschutz 1984. on the 
basis of a study by EMPA in St. Gallen; 

(2) System Analytical Study by Franke in Berlin 
1984; and 

(3) Tetra Brik UmweItprofil in Malm(j 1986 
(Lundholm and Sundstr(jm 1986). 

For the returnable glass package. a mean trip num
ber of 20 to 25 is assumed. The bottle weight used 
for the estimates in the above studies varies between 
370 g (Franke 1984) and 480 g (Lundholm and 
Sundstr(jm 1986). The mean weight of a one-liter 
glass bottle used in the Swiss study is 400 g. The 
bottle closure consists of 1.3 g . aluminum (Bun
desamt filr Umweltschutz 1984) or of 0.27 g aluminum 
(thin foil) for the wide-neck bottle (Franke 1984). 

The 1 L PPC package is assumed to have a weight 
between 25 g (Bundesamt fiir Umweltschutz 1984; 
Lundholm and Sundstrom 1986) and 27 g (Ober
bacher et at. 1974; Oberbacher 1975). of which 4.5 -
5 g (17 - 20%) is the polyethylene portion. 

The calculated energy values are compiled in Table 
2. In order to improve the comparability. the electric 
energy was uniformly increased by a factor of 3 
(Bundesamt fiir UmweItschutz 1984; Lundholm 

Table 2. Energy balance of milk packaging systems (MJ/IOOOL). 

Source Paper/Polyethylene Returnable glass system 

(PPC) (Trip Number) 

BUS/EMPA (1984 ) 1770 726 (20) 

Franke (1984) 970' 400' (25 ) 

Lundholm (1986) 2060' • 1930 (20) 

Klopffer (1989 ) 1860 860 (20) 

Original data changed: electric energy x 3 . 03; inherent energy 
content of the packaging material added in case of PPC. 

•• 50 % incineration 
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Table 3. Waste volume (L/lOOO L milk). 

Paper/polyethylene Returnable glass 

system 

Refuse collection 500 

Dumping 22 

and Sundstr(\m 1986) to account for the losses in 
(thermal) electricity generation. The high values for 
the glass bottle used by Lundholm and Sundstr(\m 
(1986) probably result from data of an obsolete glass 
factory. On the whole, the returnable glass bottle is 
more favorable with respect to energy consumption. 
The lower values reported by Franke (1984) have to 
be examined. 

In Table 3, waste volumes are considered as they 
are related to the disposal of the empty packages 
(excluding the wastes generated in the production of 
raw materials). The volume of non-returnable pack
ages during garbage collection is much higher (Ober
bacher 1975; Bundesamt ftir Umweltschutz 1984; 
Franke 1984), whereas the space required for dump
ing is not necessarily higher because of compression. 
The paper/PE package is superior in incineration, 
where useful heat can be gained. In adddition, the 
C02 production (greenhouse effect) may be considered 
natural in this case, as the material originates essen
tially from regenerative raw materials (4/5 cardboard 
from wood). 

The emissions of the two systems, which are dis
regarded in this context, are more difficult to com
pare. This parameter can be included in the ecological 
balance only if the measured data are listed and 
compared in detail, but this would go beyond the 
scope of the present paper. Another problem arises 
from the combination of the various parameters in 
one quantitative overall assessment. One such pos
sibility is to determine the costs (Oberbacher et al. 
1974; Oberbacher 1975) which are incurred for the 
disposal of the pollutants (e.g., biological oxygen 
demand in sewage treatment plants; waste by dump
ing and by incineration). Unfortunately, this does not 
permit the environmental impact to be properly as
sessed, because it cannot be quantified on a financial 
basis. Furthermore, the scoring method or determina-

(trip number = 20) 
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tion of a coefficient (Oels 1988; Bundesamt ftir Um
weltschutz 1984), which is applied in similar cases, 
is not free from non-scientific considerations. These 
include political values used in the rating of the 
scores, which are beyond the objectivity of science 
(Hartkopf and Bohne 1983). 

LITTER 

The litter problem is often treated emotionally; as 
early as 1930, Freud stated: "We are annoyed and call 
it 'barbarian', which is the opposite of cultured, if 
we find the paths of the Wienerwald littered with 
carelessly dropped papers" (Das Unbehagen in der 
Kultur 1930) . Litter does not enhance roadsides, 
public parks, forests, etc. Its conspicuousness in the 
eyes of the public makes litter one of the main en
vironmental problems. However, there are significantly 
larger environmental problems (Deutscher Bundes
tag 1988). The conspicuousness of litter permits and 
facilitates its collection. Litter is primarily a problem 
of organization and education and only secondarily 
a serious environmental problem. 
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An office environment has been evaluated objectively by means of measurements of air quality 
and climate and subjectively by means of self-administered questionnaires . The main problem 
reported by the employees was dry air. However, relative air humidity was mainly in the range 
of 36-39% due to humidification. Air quality with respect to measured dusts and vapours was 
good and the mean temperature in the office areas was 22.8 ·C. The sensation of dry air and the 
occurrence of work-related symptoms were significantly influenced by sex and position level. 
When adjusted for these background factors there was a statistically significant relation between 
the sensation of high temperature and the sensation of dryness . The implications of the findings 
are discussed. 

INTRODUCTION 

Irritation of skin, eyes and upper airways, headache, 
and fatigue are symptoms that often have been as
sociated with enclosed and air-conditioned buildings 
(Burge et al. 1987; Finnegan et al. 1984; Hedge et al. 
1989; M~lhave 1985; Robertson et al. 1985; WHO 
1984). Symptoms of this kind were the background 
for the present investigation of air quality and climate 
in an office building. In particular, there had been 
complaints about dry air, although the ventilation sys
tem was equipped with a central humidification unit 
intended to prevent relative humidities below 35%. 

Present address for correspondence: Ingvar Eide, Statoil, 
Research Centre, Postuttak, N-7004 Trondheim, Norway. 
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Traditional occupational hygiene surveys often 
fail to explain the reason for the complaints and 
symptoms. For example, contaminants may be present 
in low concentrations and there may be complex 
interactions between different factors, e.g., between 
electrostatic forces . and dust which has been sug
gested to cause skin rashes (Nilsen 1982; Wedberg 
1987). Furthermore, sex and psychosocial factors may 
influence the prevalence of building sickness (Burge 
et al. 1987; Hedge et al. 1989; Jaakkola et al. 1987; 
Skov et al. 1987; Skov et al. 1989) and high tempera
tures, vapours, and dusts have an impact on man's 
perception of air humidity and mucous membrane 
symptoms (Andersson et al. 1975; Jaakkola et al. 
1987; Jaakkola et al. 1989; M~lhave and Bach 1985; 
M~lhilVe et al. 1986; Valbj~rn and KousgArd 1987). 
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The purpose of the present investigation was to 
evaluate air quality and climate in an office building 
by means of objective measurements, and to assess 
the prevalence of complaints and subjective symptoms 
by means of self-administered questionnaires. Due to 
the complaints about dry air, it was emphasized on 
those factors known to affect the perception of air 
humidity and the occurrence of mucous membrane 
symptoms. Both physical, chemical, and psychoso
cial factors were considered as these may interplay 
in a complex way. The questionnaire study was car
ried out anonymously as desired by the employees, 
implying that objective measurements could not be 
correlated with the subjective evaluations on an in
dividuallevel. 

METHODS 

The office building was approximately five years 
old at the time of the survey, mechanically venti
lated, and equipped with a central humidification unit 
(steam) which was activated at relative humidities 
below 35%. The air change rate was 4/h. The air 
outlets were located in the ceilings and the air was 
supplied at a temperature of 12-13 °C. Air was not 
recirculated. Sampling and measurements were car
ried out in the different areas of the office building 
during three consecutive days in December 1986. 
All measurements were done in a height of ap
proximately 1.2 m (breathing zone). Temperature 
and humidity were also measured one year earlier in a 
pilot study, and registered continuously electronically. 
At the time of the present survey, 1278 persons were 
employed in the building. 

The measurements 

For a gravimetric determination of airborne 
aerosols, a portable piezobalance, TSI Model 5500 
with a cut size of 3.5 j.l.m, was used. For a numerical 
determination, an Aerosol Particle Counter Model 
225/519 from Royco Instruments was used. The 
particles were separated into the ranges 0.3-3 .0 and 
3.0-12.0 j.l.m. Concentrations of aerosols were deter
mined as mean values during 1-2 min. Each day, 
40-50 readings were recorded. 

In order to identify mineral fibres, air was sampled 
through Nuclepore polycarbonate filters with 0.4 j.l.m 
pore size. The size of each sample was approximately 
500 L of air, collected over periods of 4 h. The filters 
were analysed using scanning electron microscopy 
(SEM) with an x-ray microanalyzer. 

Volatile organic compounds in the air were en
riched on activated charcoal tubes (SKC lot. 120). 
The sampling rates were from 450-550 mL min- 1 and 
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sampling volumes ranged from 600 - 800 L. The 
charcoal tubes were desorbed with carbon disulfide 
(Merck Uvasol Spectroscopic grade). The samples 
were analysed on a Hewlett-Packard 5890 gas 
chromatograph equipped with a flame ionization 
detector (FlO) and a Supelco SBP 1 column (60 m x 
0.75 mm Ld.). 

Formaldehyde was adsorbed on N-benzylethanol
amine-coated sorbent tubes (Orbo-22 from Supelco). 
Also direct-reading indicator tubes were used (Drl1ger 
tube formaldehyde 0.2/a)_ Drl1ger tubes were also 
used for the determination of ozone in rooms with 
copy machines (Drl1ger tube ozone 0.05/a). Formal
dehyde was desorbed from the sorbent tubes with 
iso-octane (Merck Uvasol spectroscopic grade) in an 
ultrasonic bath. The analyses were carried out on a 
Hewlett-Packard 5890 gas chromatograph equipped 
with a flame ionization detector and a Supelco 
fused silica Carbowax 20 M column (30 m x 0.25 mm 
Ld.). 

Samples of organic vapours and formaldehyde on 
sorbent tubes were taken in duplicate on each loca
tion. Each sample was collected over a period of 24 h. 

. Electrostatic charge on visual display units, as 
well as on the operators, were measured with an 
Electrostatic Locator (ACL International, Model 300)_ 

Spores of bacteria and fungi were collected on 
selective growth medium in Petri dishes which were 
placed in the air outlets of the ventilation system. 

A psychrometer (Ass man) was used for the deter
mination of air temperatures (dry bulb) and relative 
humidities. In addition to the measurements carried 
out during the three days survey, temperature and 
humidity were also determined in a pilot study one 
year earlier and on several other occasions using the 
psychrometer. In addition, there was a continuous 
electronic registration of temperature and humidity 
(Tour-Anderson, DEGL D-60-20 and DEGHRL D-
60-45, respectively). The electronic registration of 
relative humidity was used to start the humidification 
unit, implying that relative humidities below 35% 
should occur only intermittently. 

The questionnaire survey 

Self-administered questionnaires with pre-coded 
response categories were distributed among the en
tire workforce of 1278 employees in the office 
building in December 1986, simultaneously with the 
physical survey. The questionnaires were in Nor
wegian and were designed in cooperation with rep
resentatives of the employees according to principles 
described by Reeves and Harper (1981). The 
questionnaire covered the subjective perception of 



Evaluation of an office environment 

temperature, humidity and draught, the prevalence 
of work-related symptoms, work with visual display 
units, smoking habits, background factors like sex, 
age, position level (job category), and psychosocial 
factors like job satisfaction. The terms used to class
ify the perception of temperature, humidity and 
draught, position level, and job satisfaction are given 
in Table 3 to 5. The work-related symptoms were 
classified in terms familiar to the employees; these 
terms are given in Table 6 and Fig. 2. The question
naires were completed anonymously by 936 of the 
employees, implying a response rate of 73%. The 
respondents were representative with respect to back
ground factors like sex, position level, and age. 

For statistical treatment of the data, multivariate 
analysis by means of crosstabulations was used (Hel
levik 1984). The method overcomes measurement 
problems in regression analysis which requires data 
with a normal distribution at a high level of measure
ment. In the present survey, most variables are on 
an ordinal scale. Furthermore, the different sizes 
of subgroups are compensated for by the use of 
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size-weighted differences in proportions. The coef
ficients obtained are measures of the influence of 
each variable adjusted for the other independent vari
ables in the model. 

RESULTS 

The measurements 

The results from the gravimetrical and the numeri
cal determination of the aerosols are given in Table I. 
The results obtained during the first and second day 
of the survey were in accordance with results ob
tained in the pilot study one year earlier. An in
crease in the aerosol concentration was observed 
the third day of the survey, probably due to stormy 
weather generating aerosols of sodium chloride from 
the sea. Sampling of aerosols was not carried out 
when tobacco smoking was observed. The aerosol 
concentrations in Table 1 therefore represent the 
background level. In the presence of environmental 
tobacco smoke, the concentrations increased 10 to 
100 times. 

Table I. Concentration of airborne dust. 

Day 

1 

2 

3 

-3 Number m 

1. OX10 7 -2. 8x10 7 

6.0x106-2.0x107 

2.0x107-2.2x108 

-3 
Number m 

3.0-12jJ.m 

1.8X104-1.3x105 

1.8x104-1.3x105 

8.0x103-9.6x105 

Table 2. Temperature and humidity. 

-3 
jJ.g m 

<3.5jJ.m 

20-30 

20-30 

30-50 

Temperature ± SO 

°c 

Humidity ± SO 

% 

1985 pilot 22.6 ± 0.6 36.3 ± 5.8 

1986 manual 22.8 ± 1.0 36.6 ± 3.6 

1986 electronic 22.7 ± 0.8 38.8 ± 3.1 
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Mineral fibres in the air were not identified in any 
of the filter samples; nor were growth of bacteria or 
fungi from the ventilation system detected on the 
selective growth medium. 

The concentration of organic vapours was lower 
than 0.5 mg m·3

. The most abundant compounds 
were toluene and xylenes. Concentrations of formal
dehyde and ozone were below the detection limits 
(60 and 35 I1g m -3, respectively). 

During the three days survey, the mean relative 
humidity measured with the psychrometer was 36.6% 
(Table 2). This is in accordance with the measure-
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ments one year earlier and with the electronical read
ings and confirms that due to the humidification unit, 
the relative humidity will only occasionally be lower 
than 35%. 

The mean temperature was 22.8 °C (Table 2). Also, 
the temperature registrations were in accordance 
with the measurements one year earlier and with the 
electronic registrations. 

Personal electrostatic charge was not found, 
probably due to the antistatic properties of the car
pets and a satisfactorily high air humidity. Ap
proximately one third of the visual display units had 

Table 3. The subjective perception of air humidity (% of respondents). 

Dry Satisfactory Humid N=100% 

Sex: 

Female 58 40 2 297 

Male 27 72 1 614 

Total: 37 62 1 911 

position level: 

section head, manager 18 80 2 170 

Supervisor 35 64 1 127 

Engineer, consultant 34 65 1 397 

Operator, skilled worker 64 37 o 52 

Secretary 57 41 2 156 

Job satisfaction: 

Very satisfactory 27 73 o 275 

Satisfactory 39 60 1 477 

Unsatisfactory 49 47 4 125 

Very unsatisfactory 60 40 o 20 
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HUMIDITY 

Fig . I. Interrelations between background Cactors and the subjective perception oC air humidity. 

Table 4. The subjective perception oC temperature (% oC respondents). 

Warm satisfactory Cold N=100% 

Sex: 

Female 19 63 18 294 

Male 16 77 7 612 

Total 17 73 10 906 

Position level: 

Section head, manager 11 83 7 169 

Supervisor 21 70 9 127 

Engineer, consultant 17 73 10 396 

Operator, skilled worker 20 68 12 50 

Secretary 20 65 15 155 

Job satisfaction: 

Very satisfactory 15 75 9 273 

Satisfactory 16 73 11 474 

Unsatisfactory 21 66 13 126 

Very unsatisfactory 30 55 15 20 

------------------------------------------------------------
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Table S. The subjective sensation of draught (% of respondents). 

Never Occasionally Often N=100\ 

Sex: 

Female 55 39 6 293 

Male 69 28 3 611 

Total 65 31 4 904 

position level: 

Section head, manager 70 26 4 171 

supervisor 67 32 2 127 

Engineer, consultant 67 30 3 389 

Operator, skilled worker 57 37 6 49 

Secretary 55 38 7 159 

Job satisfaction: 

Very satisfactory 72 26 2 274 

Satisfactory 64 32 4 474 

Unsatisfactory 55 41 4 120 

Very unsatisfactory 48 33 19 21 

-------------------------------------------------------------

an electrostatic charge of 3000-7000 Volts. Many 
of these units were, however, equipped with antis
tatic screens that removed the charge. 

The questionnaire survey 

As many as 37% of the respondents felt that the air 
was dry. According to Table 3, the sensation of dry 
air varies with position level, sex, and job satisfac
tion. Figure 1 visualizes the interrelations between 
these three parameters and the statistically significant 
influence of sex and position level on the subjective 

perception of air humidity. The relation between job 
satisfaction and the sensation of dry air is, however, 
not statistically significant when adjusted for sex 
and position level (Table 6) . 

The positive relation between sex and the sub
jective perception of air humidity means that women, 
to a greater extent than men, perceive the air as dry. 
The negative relation between position level and 
the perception of air humidity means that persons 
at higher position levels perceive the air as dry to a 
lesser degree than persons at lower position levels. 
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Table 6. Influence of different factors on the subjective evaluation of indoor climate and the occurrence of subjective symptoms. The 
coefficients are measure. of the influence of each independent variable adjusted for the two others in the model. 

Influence on Influence of 

Sex Pos.1ev. Job.satisf. 
-----~------------------------------------------------- - -
Humidity 0.233*** -0.091** -0.068 
Temp. -0.007 -0.023 -0.014 
Draught 0.105* -0.039* -0.068 

Dry air 
-------------

Headache 0.103*** -0.083*** 0.069* 
Irr.eye 0.086** -0.092*** 0.028 
Irr.nose 0.073*** 0.077*** 0.132*** 
Irr./dry skin 0.181*** -0.037*** 0.153*** 
Skin rash 0.101** 0.014** 0.064* 

VDU 
-------------

Humidity 0.250*** -0.075*** 0.011 
Headache 0.103*** -0.105*** 0.033 
Irr.eye 0 . 079** -0.076*** 0.096** 
Irr./dry skin 0.205*** -0.059*** 0.045 
Skin rash 0.124*** 0.011*** -0.009 

ETS 
-------------

Humidity 0.239*** -0.094*** 0.075 

Temp . 
-------------

Humidity 0.244*** -0.092*** 0.195** 

Draught 
-------------

Temp. (low) 0.115*** 0.038*** 0.117*** 

***P<0.001; **P<0.01; *P<0.05 

The subjective evaluation of the temperature con
ditions demonstrates that, especially among women, 
there are approximately equally as many who feel the 
air is warm than cold (Table 4). Altogether, 73% are 
satisfied with the indoor air temperature. 

Only 4% responded that they "often" are bothered 
by draught, while 31 % are bothered by draught 
"occasionally" (Table 5). The subjective sensation 
of draught is dependent on sex and position level 
(Table 6). 

Figure 2 shows the prevalence of work-related 
symptoms occurring "often" and "occasionally" 

among the employees . The occurrence of work
related symptoms is dependent on sex and position 
level (Table 6). Skin problems and irritation of upper 
airways occur more often among those who perceive 
dry air (Table 6). 

There is a relation between the occurrence of eye 
irritation and work with visual display units. How
ever, there is no apparent influence of work with 
visual display units on the occurrence of other work
related symptoms or the sensation of dry air. Further
more, there is no statistically significant relation 
between the sensation of dry air and the subjective 
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Fig. 2. Work related symptoms occurring often and occasionally (% of respondents). 

feeling of exposure to environmental tobacco smoke 
(Table 6). 

A most striking finding is the very strong relation 
between the sensation of high temperature and the 
sensation of dry air when adjusted for the most im
portant background factors, sex and position level 
(Table 6). There is also an independent and statis
tically significant relation between the experience 
of draught and the sensation of low temperature 
(Table 6). 

DISCUSSION 

The main problem as experienced by the employees 
is dry air; a percentage of 37% dissatisfied employees 
is higher than criteria values of 20 and 10% given by 
ASHRAE (1989) and Scanvac (1991), respectively. 
Furthermore, there is a statistically significant 
relation between the perception of dry air and the 
prevalence of work-related symptoms. It is known 
that the prevalence of sick building symptoms, in
cluding the sensation of dry air, is higher among 
women than among men (Burge et a1. 1987; Hedge et 
a1. 1989; Jaakkola et a1. 1987; Skov et a1. 1987; Skov 
et a1. 1989). Furthermore, it has been demonstrated 
that the prevalence of these symptoms relates to the 
position level and, usually, there is a relation 
between sex and position level in most companies 
(Burge et a1. 1987; Skov et a1. 1987; Skov et a1. 
1989). The present work confirms all these findings 
and demonstrates that both sex and position level 
each independently influence the perception of air 
humidity and the prevalence of work related symptoms 
(Table 6). 

Due to the central humidification unit in the ven
tilation system, the air humidity will only occasional-

ly be lower than 35% which is confirmed by the 
measurements. Usually, 30% is considered sufficient. 
Even 20% may be sufficient if the temperature is 
below 20-22 °C (Andersson et a1. 1975; Wyon 1987). 
In fact, it has been demonstrated that man is almost 
incapable of judging air humidity in the range of 
20-70% in clean air (Andersen et a1. 1973; GOthe et 
a1. 1987). 

Therefore, the sensation of dry air in the present 
survey may be related to some factor other than air 
humidity. In the absence of tobacco smoking, the 
concentrations of dust and vapour are at lower levels 
than reported in other non-residential buildings 
(Hansen et a1. 1987; Valbj0rn and Skov 1987; Turk 
et a1. 1987) and within acceptable limits (Scanvac 
1991). The concentrations of organic vapours are 
below those levels that have been reported to give 
mucus membrane symptoms (M0lhave and Bach 
1985; M01have et a1. 1986). There are no indications 
that those who complain about dry air are those 
who are bothered by environmental tobacco smoke 
(Table 6). The multivariate analyses of the data from 
the questionnaire survey demonstrate a significant 
relation between the subjective sensation of high 
temperature and dry air. According to the measure
ments, the mean air temperature is 22.8 °C with a 
standard deviation of 1.0 °C. The recommended level 
is 20-22 °C (Andersson et a1. 1975; GOthe et a1. 1987; 
Seppl1nen 1987). It has been demonstrated that sick 
building symptoms including the sensation of dry
ness, may disappear by lowering the air temperature to 
the recommended level (Jaakkola et a1. 1987; Jaak
kola et a1. 1989). 

Based on all the factors discussed above (the 
measurements, data from current literature and the 
correlation between the subjective evaluation of 
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temperature and humidity), it is suggested that in the 
present survey high temperature is a contributing 
factor to the sensation of dryness. It is emphasized 
that this suggestion can only be proved by a follow
up study. In our office building, the temperature was 
lowered after the present survey had been carried out. 
However, as the complaining seemed to cease, it was 
decided by the management and representatives of 
the employees that priority should not be given to 
another investigation. 

Another possible reason for the sensation of dry
ness that cannot be ruled out is environmental tobac
co smoke (ETS), although there is no correlation 
between the subjective evaluation of humidity and 
the subjective feeling of being exposed to ETS. The 
reported concentrations of airborne dust were low. 
The measurements were, however, carried out when 
tobacco smoking was not observed, and the data rep
resent background values. Tobacco smoking was per
mitted in the building and, when it occurred, the 
concentrations of airborne dust increased 10 to 100 
times in the vicinity of the source. 

A percentage of 27% of the respondents was 
dissatisfied with the temperature conditions; this 
percentage being relatively evenly distributed among 
those who felt the air as cold and those who felt the 
air as warm. Experiments in climate chambers have 
demonstrated that, as a theoretical minimum, there 
will be 5% of the employees dissatisfied (Fanger 
1972). Possible reasons for the present finding 
are variations in temperature (as demonstrated 
by the relatively large standard deviations), differen
ces in clothing, and in physical activity among the 
employees. 

The present approach comprising both an objec
tive and a subjective evaluation of the indoor en
vironment has been useful, although the design does 
not permit any causal relationship between the sub
jective and the objective evaluations to be drawn. In 
some instances, the measurements confirm the sub
jective evaluation made by the employees. In other 
instances, there are discrepancies between the two 
kinds of evaluations. By comparing them it is, 
however, possible to obtain indications of what the 
problems are and which factors should be studied 
closer. Although the reasons for the sick building 
symptoms may be physical or chemical, the occur
rence of them are influenced by several other factors. 
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A point source pollutant dispersion model is developed, allowing fast evaluation of the maximum 
one-hour-average ground concentrations, along with the corresponding critical receptor distance 
and meteorological conditions (wind speed and stability class) for urban and rural areas, with or 
without plume spread during plume rise. Site-specific meteorological data are not required, as 
the computed concentrations are maximized against all valid combinations of wind speed, stability 
class, and mixing heights. The model combines, under a constrained numerical extremization 
algorithm, the minimum mixing height model of Benkley and Schulman as adapted for urban areas 
by Economopoulos, with the dispersion relations of Briggs and Pasquill-Gifford for urban or rural 
settings respectively, the plume spread during plume rise correlation of Pasquill, and the mo
mentum plume rise relations of Briggs. The model is particularly suited for air pollution manage
ment studies,as it allows fast screening of selected point sources in study areas and evaluation 
of the ways to have their impact reduced . Also, for regulatory purposes, as it allows accurate 
setting of minimum stack height requirements as a function of the exit gas volume and velocity, 
the pollutant emission rates, and their hourly concentration standards. 

INTRODUCTION 

Dispersion models constitute a prominent element 
in environmental management studies, since they link 
emission rates and emission reduction alternatives to 
air pollution levels, providing thus the basis for the 
formulation of rational pollution control strategies 
(Economopoulos and De Koning 1989). Simplicity, 
however, both in terms of model use and data require
ments, is an important element for their widespread 
use. 

Naturally, the formulation of simple models has 
been pursued over many years. Recent developments 
in this area include a seasonal or annual dispersion 
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model for traffic and space heating emissions in urban 
settings (Economopoulos in press, a) which com
bines ease of use with reasonable accuracy, as well 
as a short term model for critical impact analysis of 
point sources under thermal plume rise conditions 
(Economopoulos in press, b). 

In the present paper, a short-term dispersion model 
is developed allowing fast critical impact analysis of 
emissions from point sources under momentum plume 
rise conditions. The computed maximum hourly con
centrations provide a useful yardstick for the purpose 
of identifying point sources, from which the impact 
may not be acceptable. For, if some air quality stand-
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ards are to be violated, those violated first and foremost 
are normally the short-term ones. 

The momentum plume rise becomes dominant when 
the temperature of the exhaust gas is not much higher 
than that of the ambient air. In practice, this situation 
is commonly encountered with exhaust gases from 
fugitive sources and processes, with ventilation gas 
from storage and transportation systems (e.g., in fer
tilizer, textile filament, metallurgical, or nonmetallic 
minerals processing industries), or with scrubber tail 
gases. For such cases, use of the present model 
allows fast estimation of the maximum ground 
concentration, as well as the critical distance and 
meteorological conditions (wind speed and stability 
class) leading into it. Relatively unstable pollutants 
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can be dealt with, but flat terrain topography remains 
a requirement, as in most Gaussian dispersion models. 
As site-specific meteorological data are not used, the 
model inputs are restricted to the physical dimen
sions of the stack, the volume of the released gas, and 
the pollutant emission rates. The model is thus suitable 
for the fast screening of selected point sources within 
a study area, for the purpose of assessing whether 
their ground impact is likely to violate acceptable 
short-term air quality standards, as well as for ex
ploring mitigation options. The model is also suitable 
for regulatory purposes, as it makes possible to set 
minimum stack height requirements as function of 
the exit gas volume and velocity, the pollutant emis
sion rates, and their hourly concentration standards. 

NOTATION 

ACMS = Stack gas volume, Actual m3/s U = Wind speed at anemometer height (lOm), 
Cj = One-hour average normalized ground- mls 

level concentration of pollutant j equal to Ucr = Critical wind speed at anemometer 

IjIj/Qj,llg/m3/Mg/h height (10m) corresponding to Ccr, mls 

Cer = Critical one-hour average normalized U. = Wind speed at the physical stack height 

ground-level pollutant concentration, level, mls 

ug/m3/Mg/h Y. = Exit gas velocity, mls 

D = Internal stack diameter at gas exit level, x = Distance of a receptor from stack, m 
Xcr = Critical receptor distance corresponding 

m 
toCer. m 

Fm = Momentum plume rise parameter xc = Distance to final plume rise, m 
defined by Equation (12), Actual m3/s z = Height of a receptor, m 

FI = Thermal plume rise parameter defined 6Hd = Stack downwash, m 
by Equation (9), Actual mlls 6Hr = Momentum plume rise, m 

H = Physical stack height, m C1y = Standard deviation of concentration 
HeCc = Effective plume height at the receptor, distribution in the horizontal plane, 

m adjusted, if required, for buoyancy-
Hc = Effective final plume height, m induced dispersion, Equation (3), m 
K = Pasquill stability class, I to 6, or A C1y' = Standard deviation of plume 

to F concentration distribution in the 
Ker = Critical Pasquill stability class horizontal plane, m 

corresponding to Cor. I to 6, or A to F C1z = Standard deviation of the concentration 
L = Depth of mixing layer, m distribution in the vertical plane, adjusted, 
Lm = Depth of mixing layer due to mechanical if required,for buoyancy-induced 

turbulence. m dispersion, Equation (4), m 
Qj = Rate of emission of pollutant j from all C1z' = Standard deviation of plume 

identical neighbouring stacks. Mg/h concentration distribution in the vertical 
= Time required for a released pollutant plane, m 
to reach the receptor. s IjIj = One-hour average concentration of 

ttll = Half-life of a reactive pollutant, s pollutant j, llg/m3 
T. = Ambient air temperature, OK (IjIlld)j = Maximum allowed one-hour 
T. = Stack gas exit temperature. OK concentration of pollutant j. llg/m3 
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In situations where violation of the air quality 
standards is anticipated, more detailed follow-up dis
persion estimates using computer models with site
specific meteorological data are advisable. One can 
investigate, for example, the impact on specific recep
tors, compute the frequency of exceeding certain 
concentration levels, or assess the overall impact 
from multiple sources. 

DIFFUSION OF GASEOUS OR AEROSOL POL
LUTANTS 

A fundamental assumption in most air pollution 
models is that of the Gaussian distribution of plume 
spread, in both the horizontal and vertical planes. 
Additional assumptions, commonly made to simplify 
the diffusion equations, postulate steady-state condi
tions, constant eddy diffusivities, complete reflec
tion at the ground and at the mixing layer top under 
unstable or neutral conditions, and stable pollutants, 
which follow the turbulent motion of the atmosphere. 
As the objective of this study is to assess the maxi
mum emission impact from a given stack, we are 
primarily interested in computing the ground con
centrations (z = 0) below the plume centreline (y = 0). 
Under such conditions the well-known Gausssian dif
fusion equations become: 

For unlimited mixing or for stable meteorological 
conditions, 

c 
[
- 1 [~r] 

2 Oz 
---exp (I) 

and for limited mixing under unstable or neutral 
conditions, 

n~" 

[-
[ Heff"'l ] ,] c =--- r exp (2) 

noyozUs n~-a) 2 Oz 

DISPERSION COEFFICIENTS 

The standard deviation coefficients of the plume 
concentration, (Jy' and (Jz'are computed from the rela
tions of Briggs for urban areas, as reported by Gif
ford (1976) and derived from the tracer experiments 
of McElroy and Pooler (1968), or from the relation 
of Pas quill (1961,1974) and Gifford (1961) for rural 
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areas. The standard deviation coefficients used in our 
model, (Jy and (Jz. are adjusted when the buoyancy 
induced dispersion assumption is made, so as to in
clude the additional spread that takes place during 
the plume rise (Pasquill 1976). Thus: 

Oy 

Oz 

where, 

o ' 

[ (:y,2 + 0b2)O.5 

o ' 

[ (:z,2 + 0b2)O.5 

I\Hr 

3.5 

WIND SPEED PROFILE 

(3) 

with no-buoyancy
induced dispersion, 
with buoyancy
induced dispersion 

with no-buoyancy
induced dispersion, 
with buoyancy
induced dispersion 

(4) 

(5) 

The wind speed at the stack height, Us, which is 
used in the diffusion equation to account for the 
initial dilution of the emitted pollutants and to rep
resent the conditions throughout the vertical disper
sion field, is computed as a function of the measured 
wind speed at the anemometer height (10m above the 
ground), U, from the following power-law equation: 

Us = U (H/IO)P (6) 

The exponent p values used here are the same as 
in USEPA regulatory models such as RAM (Catalano 
et al. 1987). These, for urban areas and for stabilities 
A to F, are 0.15, 0.15, 0.20, 0.25, 0.30, and 0.30, 
respectively; for rural areas and stabilities A to F, 
they are 0.07,0.07; 0.10, 0.15, 0.35, and 0.55, respec
tively. 

EFFECTIVE PLUME HEIGHT 

The effective plume height, Heff, as given in Equa
tion (7) below, is a function of the stack downwash, 
t.Hd, and the momentum rise, t.Hr: 

Heff = H - I\Hd + I\Hr (7) 
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Stack down wash occurs, according to Briggs (1969), 
in situations where V s < I.SU. reducing the effective 
stack height by 2D(l.S-Vs/U s) m. In momen
tum-dominated plume rise situations, which are 
of interest in this study, stack down wash can be 
ignored since V. is normally high. This is the only 
simplifying assumption introduced in our model 
over those used in most Gaussian dispersion com
puter models. 

Plume rise takes place due to momentum or 
buoyant forces stemming from the high velocity or 
the elevated temperature, respectively, of the ex
haust gas. This momentum or thermal plume rise is 
an important parameter in dispersion calculations, 
as it affects significantly the computed level of ground 
pollutant concentrations. 

In order to calculate the effective plume height, we 
must first determine whether a plume rise is momen
tum- or buoyancy-dominated. Briggs suggested that 
the plume rise is momentum-dominated when the ~Hr 
due to momentum exceeds that due to buoyancy. 
Based on this and on Briggs plume rise correlations, 
it is possible to compute a cross-over temperature 
difference ~Tcr. If it is exceeded by the difference in 
the temperatures of the exhaust gas and the ambient 
air, the plume rise is buoyancy-dominated, otherwise 
momentum-dominated. 

Under stability classes A to D, the cross-over 
temperature difference is found by setting Equation 
(S.2) of Briggs (1969) equal to the combination of 
Equations (6) and (7) of Briggs (1971) and solving 
for ~Tcr: 

where 

Ts VsO.3333 
0.02970 00.6667 for F, < 17.61 

(8) 

Ts VsO.6667 forF, = 17.61 
0.00575 00.3333 or> 17.61 

Ft ACMS (9) 

Under stability classes E and F, the cross-over 
temperature difference is found by setting Equa
tion (S9) of Briggs (197S) equal to Equation (4.28) 
of Briggs (1969) and solving for ~Tcr. Assuming 
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further that ST a/Sz = 2 °C/lOOm for stability E and 
that STa/Sz = 3.S °C/lOOm for stability F, one 
gets: 

For stability class E, 

~Tcr = 0.00867 TaO. 5 Vs (10) 

for stability class F, 

~Tcr = 0.01147 TaO.5 Vs (11) 

As the critical impact from any stack, under both 
buoyant or momentum plume rise conditions, occurs 
always under unstable meteorological conditions (see 
below and Economopoulos in press, b), only Equa
tions (8) and (9) above are relevant to our analysis. 

For the remainder of this paper, the underline 
assumption is that the plume rise is momentum
dominated, otherwise another model (Economopoulos 
in press, b) should to be used. 

For the following analysis, the momentum plume 
rise parameter, Fm, is introduced, which will control 
fully, not only the momentum rise of the plume, but 
also, along with the stack height H, the critical im
pact from any particular stack. This parameter is 
defined by Equation (12) below: 

Fm = 0 Vs ( 12) 

Momentum rise occurs close to the point of release 
under any stability class condition. Thus, the dis
tance to final rise can be assumed to be zero, 

Xf = ° (13) 

and thus, the effective plume height, Heee, above any 
receptor is always equal to the final plume height, 
He. 

Introducing the momentum plume rise parameter 
Fm from Equation (12) into Briggs' (1969, 1971, 
1972, 1973) plume rise correlations, one obtains the 
following equations for the effective plume height 
for the various stability classes: 

Under stability classes A to D, 

Fm 
Heff = H + 3 -

Us 
(14) 
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under stability class E, 

Heff z smaller of 

Fm 
H + 3 -

Us (15) 

and under stability class F, 

Heff • smaller of 

Fm 
H + 3 -

Us (16) 

FmO.6667 TaO.5 
H + 1. 129 ----::--:-:-::-:-

(Ts Us)O.3333 

CREDIBLE, MOST ADVERSE MIXING HEIGHTS 

From Equation (2), it would appear that under 
limited-mixing conditions, the concentration C at 
any particular receptor increases as the mixing height 
L decreases. The theoretical maximum value is at
tained when L becomes equal to the effective plume 
height at the receptor, Heff, as any further decrease 
in the mixing height yields zero concentration at the 
receptor. The latter stems from the assumption, com
monly made in dispersion models, that the impact 
from any point source at a receptor ceases to exist 
when the plume centreline above that receptor cros
ses the inversion layer, as it is commonly assumed 
that vertical diffusion is very slow above the inver
sion capping a mixing layer. 

The occurrence of mixing heights, as low as the 
effective plume height, under the critical wind speed 
and stability class conditions, is not always probable, 
nor even always possible. Indeed, in the case of very 
short stacks, the occurrence ofvery low mixing heights 
(as low as 10 m) is unrealistic under unstable condi
tions, especially in urban areas. Similar is the case 
for medium height stacks with high Fm values, where 
high critical wind speeds under unstable conditions 
are computed and where their simultaneous occur
rence with relatively low mixing heights is also un
realistic. 

Based on the above, indiscriminate use of the cor
relation L = Heff for the purpose of maximizing the 
ground impact from Equation (2), leads often into 
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over-estimates. Thus, a minimum credible mlxlOg 
height has to be introduced into our model, if the 
computed critical concentrations are to be realistic 
for all stack heights and Fm values. The mixing height 
correlation due to mechanical turbulence proposed by 
Benkley and Schulman (1979) appears most suitable 
for this purpose. On the basis of this model and its 
calibration over flat rural areas, the following re
lations were derived (Economopoulos in press, b), 
for the credible, most adverse mixing heights, to be 
used along with Equation (2) above: 

For urban settings, 

L = larger of 

For rural settings, 

[ 207 U 

Heff from Equations (14) 
to (16) above. 

(17) 

[ 
90 U (18) 

L = larger of 
H ff from Equations (14) 

e to (16) above. 

Equations (17) and (18) above allow maximization 
of the computed ground impact from a point source 
using, whenever possible, the mathematically most 
adverse mixing height Heff. However, depending on 
the wind speed and the type of study area, a minimum 
level is superimposed transforming the values of L, 
and the computed maximum values of C from Equa
tion (2), from the mathematical, most adverse into 
the credible, most adverse ones. 

ANALYSIS OF FUNCTIONAL DEPENDENCIES 
AND CRITICAL CONDITIONS 

For a given stack, stability class, and wind speed, 
one can use Equation (12) to calculate the momentum 
plume rise parameter, Fm, Equation (6) to compute 
the wind speed at the physical stack height, Us, Equa
tions (14) to (16) to estimate the effective plume 
height, Heff, and Equations (17) or (18) to calculate 
the credible, most adverse mixing height, L. Finally, 
for a given receptor distance x, the value of the 
dispersion parameters Oy' and oz' can be computed 
for urban or rural settings from Briggs' equations as 
reported by Gifford (1976) and derived from the 
tracer experiments of McElroy and Pooler (1968), or 
from Pasquill (1961, 1974) and Gifford (1961) cor
relations, respectively. The results can be introduced 
in Equations (3), (4), and (5) to compute Oy and Oz, 
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which are adjusted to include the buoyancy-induced 
dispersion if required. and into Equations (I) or (2) 
to compute the ground concentration below the plume 
centerline under stable and unstable conditions. re
spectively. If one is to estimate the critical ground 
concentration from that stack. the above procedure 
has to be repeated for various combinations of stability 
class. wind speed. and receptor distances. until the 
overall maximum concentration is obtained . 

To simplify the above procedure. Equations (14) 
to (16) can be introduced into (17) and (18). as well 
as. along with Briggs or Pasquill-Gifford dispersion 
correlations. into (3) to (5); and the resulting cor
relations. along with Equation (6). can be introduced 
into (1) or (2) (depending on the value of K). to 
eliminate Vs. Heff. L. cry and crz. The resulting cor
relations are fairly complex and vary depending on 
the assumptions made (urban or rural area. buoyancy 
or no-buoyancy induced dispersion). For the discus
sion to follow. however. we are more interested on 
the functional dependence of C on the other system 
variables, rather than on the analytical form of the 
derived correlation. This dependence can be expressed 
through the following simple correlations: 

For stability classes A to D, 

C = f (H, Fm , K. x, V. (19) 
urban/rural area type, buoyancy-/no
buoyancy-induced dispersion assumption) 

and for stability classes E and F. 

C = f (H, Fm, Ts, Ta. K. x. V. (20) 
urban/rural area type. buoyancy-/no
buoyancy-induced dispersion assumption). 

In deriving Equations (19) and (20) above, the 
observation was made that the wind speed at the stack 
height. Us. is a function of V, the stability class K, 
and the type of area under consideration (urban or 
rural) as evidenced by Equation (6) and the selection 
of values for the parameter p. Similarly, the effective 
plume height, Heff. given from Equations (14) to (16) 
above. depends on H. Fm, Ts, Ta , V. K. and the type 
of area under consideration (urban or rural). The 
dispersion parameters cry and (h. given by Equations 
(3) to (5), depend on the receptor distance x, the 
stability class K, and the type of area under considera
tion (urban or rural), used to define cry'and crz', as 
well as on Heff and on the buoyancy or no-buoyancy 
induced dispersion assumption. Finally. the credible. 
most adverse mixing height L. given by Equations 

A. Economopoulos 

(17) and (18). is a function of V. Heff. and the type 
of area under consideration (urban or rural). 

For any given stack and emission conditions. there 
is a unique combination of receptor distance. surface 
wind speed. and stability class. which yields the 
critical ground concentration. Thus. the maximality 
condition for ground concentration leads into a 
unique determination of the variables K, x and V. 
Equations (19) and (20) can thus be written in the 
form: 

For stability classes A to D. 

Ccr = f (H. Fm. (21) 
urban/rural area type. buoyancy-/no
buoyancy-induced dispersion assumption) 

and for stability classes E and F. 

Ccr = f (H.Fm.Ts. Ta, (22) 
urban/rural area type. buoyancy-/no
buoyancy-induced dispersion assumption). 

Critical ground concentrations from stack emis
sions are always encountered under unstable condi
tions and thus, Equation (22) above is of no end-use. 
Equation (21) shows that for any given combination 
of area type (urban or rural) and dispersion assump
tions (buoyancy- or no-buoyancy-induced dispersion). 
Ccr can be plotted against the physical stack height, 
H, as function of the parameter Fm. This makes it 
possible to present in a simple graphical form the 
results of a constrained numerical extremization al
gorithm. which solves Equations (2) to (6) and (12) 
to (18) to compute C as function K. V. and x, and 
seeks to maximize C yielding Ccr• Vcr, Xcr. and Kcr 
for a broad range of physical stack height and Fm 
values. 

It should be noted that in the extremization algo
rithm employed for the computation of the above 
critical conditions. the following constraints on the 
value of wind speed were incorporated: 

for stability Class A-I < V < 3 mis, 
for stability Class B-1 < V < 5 m/s. 
for stability Class C - 1 < U, 
for stability Class D - 1 < V. 
for stability Class E - 2 < V < 7 m/s. 
for stability Class F - 1 < U < 3 m/s. 

The above constraints reflect the maximum ranges 
of wind speed for each stability class as derived from 
Pasquill's (1961) key to stability categories, and also 
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from the modified keys using the radiation and 
wind speed, as well as the lapse rate and wind speed 
criteria (IAEA 1980). Their imposition serves the 
purpose of ensuring that only credible wind speed 
and stability class combinations are generated by the 
extremization algorithm. 

The constraints reflect also a lower bound in the 
values of V of 1.0 mIs, common to most Gaussian 
dispersion models, imposed in order to safeguard 
against overestimates in the value of Ccr caused by 
the unaccounted meander in the wind direction under 
very calm conditions. 

PRESENTATION AND USE OF THE MODEL 
RESULTS 

The calculated Kcr values for all cases are listed 
in Table 1. Those for Ccr, Vcr, Xcr are plotted as 
functions of Hand Fm in three separate graphs for 
each combination of area type (urban or rural) and 
dispersion assumption (buoyancy- or no-buoyancy
induced dispersion). As there are four such combina
tions possible, a total of 12 graphs would be normally 
required. It was found, however, that the assump-

Table I. Critical Stability classes for point sources with momen
tum-dominated plum rise. 

Urban Areas: 

H < 

30m < H < 

100m < H 

Rural Areas: 

H < 

15m < H < 

30m < H 

45m 

100m 

15m 

30m 

Prevailing Kcr 

C 

A,S,C 

A,S 

C 

A,C 

A 
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tion of no-buoyancy-induced dispersion over the 
buoyancy-induced one did not produce noticeable 
differences in the case of urban areas. This observa
tion reduces the number of required graphs to nine. 

Based on the above, Fig . 1 to 9 along with Table 1 
can be used to provide the value of Ccr, Vcr, Xcr, and 
Kcr, for any given combination of urban or rural area 
with or without buoyancy induced dispersion. Fig
ures 1 to 3 apply to urban areas with or without 
buoyancy-induced dispersion, Fig. 4 to 5 to rural 
areas with buoyancy-induced dispersion, and Fig .7 
to 9 to rural areas without buoyancy-induced disper
sion. 

MODEL VALIDATION 

RAM version 3.0 dated 85364 (Catalano et ai, 
1987), a well established V.S. E.P.A. model incor
porating all necessary features for the purposes of 
this study, was used as the reference for validating 
the predictions of our computer dispersion model. 

RAM was further used for validating the computed 
critical conditions from our combined pollutant 
dispersion and extremization algorithms. In each 
test-case RAM computed the ground impact with 
alternative x, V, and K values. In all cases, the ex
tremization algorithms appeared to have converged 
into true, globally critical, conditions. 

Finally, one of the key conclusions from the analysis 
of functional dependencies given above, which enabled 
the presentation of the computed results in the form of 
simple graphs, was that the physical stack, H, and the 
momentum plume rise parameter, Fm, were the sole 
factors affecting the critical impact from any stack. 
To verify this important point, several stacks with 
widely different diameters and exit gas velocities 
were simulated both through our model and RAM. As 
expected, their computed critical conditions were 
identical as long as they shared the same Hand Fm 
factors. 

EXAMPLE: S02 POLLUTION FROM A FERTILIZER 
PLANT AND MITIGATION OPTIONS 

Problem 

As an example, a fertilizer plant operating in the 
outskirts of an urban area and comprising two iden
tical sulphuric acid production units is considered. 
Both units are equipped with ammonia tail-gas scrub
bers and emit via separate stacks. The problem to be 
solved is to assess whether the S02 emissions from 
these units violate the applicable air quality stand
ards and, if so, what mitigation options are avail
able. 
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In relation to this problem the following data are 
given: 

H 76_0 m 
D 1.44 m 

V. 
T. 
T. 
Q 

11.27 m/sec 
= (35 + 273.16) K 
= (20 + 273.16) K 
= 0.140 Mg/h (from both units) 

The applicable air quality standard for the hourly 
concentrations of S02 is 350 J.1g/m3 ('!'std = 350). 

Solution 

The temperature of the tail gas from the scrubbers 
is not much higher than that of the ambient air and, 
under the circumstances, it must first be determined 
whether the plume rise is buoyancy- or momentum
dominated. From Equation (9) , one can obtain Ft = 
0.89 m3/s and from Equation (8) ~Tcr = 16.1 K. Since 
Ts-Ta = 15 K and (Ts-Ta) < ~Tcr, the plume is momen
tum-dominated. 

The problem under consideration is rather typi
cal for existing stacks, and the analysis procedure 
is similar to the general one described elsewhere 
for point sources under buoyant plume rise (Econo
mopoulos in press , b). 

(I) As the study area is urban, the graphs in Fig. 1 to 
3 are applicable. Note that both Hand '!'.td are 
specified. 

(2) From Equation (12), one obtains Fm = 16.23 m3/s. 

(3) From the graphs in Fig . 1 to 3 and Table 1, one 
obtains the following for the current situation, where 
the two sulphuric acid units emit via separate stacks: 

Cc, = 3600 J.1g/m 3/Mg/h (Fig. 1) 

Uc, = 1.0 m/s (Fig. 2) 

xc, = 400 m (Fig. 3) 

Kc, = Stability class A, B, or C (Table 1) 
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From the equation 'V = Ccr Q. we calculate 'V = 
504 ~g/m3. Thus. the hourly standard of 350 ~g/m3 
may be violated. 

(4) The maximum alIowed value of Ccr can be com
puted as folIows: 

II/std 350 
'" 2500 ~g /m3/Mg/h 

Q 0.14 

Using Fig. 1 with the above computed values of 
Ccr and Fm. the minimum stack height required to 
achieve the desirable air quality standard can be read 
directly. H = 100 m. 

(5) As both Hand 'Vstd are given and the air quality 
standards are violated. we proceed into the analysis 
of mitigation options: 

(a) One option. as shown in step (4) above. is to 
increase the height of both stacks from 76 m to 100 m. 

(b) A second option would be to reduce the S02 
emission rates by improving the S02 to S03 conver
sion and/or the scrubber efficiencies. The maximum 
alIowable S02 emission rate can be computed as 
folIows: 

Qmax 0.14 
350 

504 
'" 0.097 Mg/h 

(c) A third option could be to combine the tail 
gases from both units into one of the existing stacks. 
Under such conditions. ~Tcr = 20.3 K can easily be 
calculated from Equations (9) and (8). and thus. the 
plume rise remains momentum-dominated; Fm = 
32.47 m3/s from Equation (12). and the folIowing 
from Fig. 1 to 3 and Table 1: 

Cn = 2450 ~g/m3/Mg/h (Fig. 1) 

U •• = 1.0 m/sec (Fig. 2) 

x •• =450 m (Fig. 3) 
K •• = Stability class A. B. or C (Table 1) 

Using equation 'V = Ccr Q. one obtains 'Vi = 
343 ~g/m3, and thus, the hourly concentration stand
ard of 350 ~g/m3 for S02 is met. 

According to the above analysis, the existing height 
of stacks appears insufficient to safeguard against 
violations of the one-hour average S02 concentration 
standard. Alternative mitigation options include in
creasing the height of both stacks from 76 to 100 m, 
reducing S02 emissions from 0.14 to 0.097 Mg/h, or 
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redirecting the tail gas from both units into a single, 
76 m stack. They could also include appropriate 
combinations of the above measures, which can be 
analysed through similar procedures. As mentioned 
earlier, if short-term standards are observed, long
term standards are also expected not to be violated. 

DISCUSSION AND CONCLUSIONS 

As has been shown, this model combines. through 
a numerical optimization algorithm, a Gaussian dis
persion model with the minimum mixing height model 
of Benkley and Schulman (1979) as adapted for urban 
areas by Economopoulos (in press, b). The former 
computes the dispersion coefficients for urban 
areas from the correlations of Briggs as reported 
by Gifford (1976) and derived from the tracer ex
periments of McElroy and Pooler (1968), the dis
persion coefficients for rural areas from the relations 
of Pas quill (1961,1974) and Gifford (1961), the stand
ard deviation coefficient for the plume spread during 
the plume rise from the relation of Pasquill (1976), 
and the momentum-dominated plume rise from the 
correlations of Briggs (1969, 1971, 1972, 1973). 

Stack down wash , has not been included in the 
present model as this would interfere with the analysis 
of functional dependencies and would downgrade un
necessarily the elegance and simplicity ofthe results. 
This, however, should have a rather negligible im
pact in most practical situations. 

The model presented applies in the case of relatively 
unstable pollutants, as the time for a released polIutant 
to reach the critical receptor spans, in most si tua
tions, from a few seconds to a few minutes, while 
even in the extreme case of very talI stacks the travel 
time is always less than 30 min. For such short 
periods, the effects of the chemical reactions are 
normalIy insignificant. In cases, however, where the 
reaction impact needs to be considered, we can use 
the procedure described earlier on in this paper for 
estimating Ccr, Ucr, Xcr. and Kcr, and proceed to 
correct Ccr from the folIowing relation: 

(Ccr)corrected • Ccr exp[-0.692 _t_ ] (23) 

tl/2 

where 
t xcr/Ucr (24) 

The impact of the no-buoyancy-, over the buoyancy
induced dispersion assumption was found negligible 
for urban areas. In rural areas, the impact becomes 
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moderately significant only in the analysis of very 
tall stacks with high Fm values (Fig. 4 and 7). 

The minimum mixing height relations, introduced 
in the present model through Equations (17) and (18) , 
affects, as could be expected , the computed critical 
concentrations and wind speeds of intermediate-height 
stacks. For example, using the relation Lm = 250U, 
instead of Lm = 207U, as a mixing height delimiter 
over urban areas, one obtains lower critical con
centrations and critical wind speeds for stacks with 
heights in the range of 75 to 200 m. The maximum 
deviation in the computed concentrations (-25 to 
-27%) is observed for stack heights between 100 to 
150 and Fm values between 25 to 40 m3/s. For short 
stacks, where dispersion is for all practical purposes 
under unlimited mixing conditions (Lm far exceeds 
their effective plume height), as well as for tall stacks, 
where Heff becomes greater than Lm (and is used 
instead of Lm), the computed critical conditions are 
not affected by the form of the Lm relation. It should 
be noted that from the two minimum mixing height 
relations used here, that for rural settings, Lm = 90U, 
has been field-tested and verified by Benkley and 
Schulman (1979). The other for urban settings, 
Lm = 207U, was derived by Economopoulos (in press, 
b) from Benkley and Schulman's model as calibrated 
with their rural mixing height data . The relation 
Lm = 250U, used above for sensitivity analysis pur
poses, is believed to represent an upper bound for the 
urban minimum mixing height relations. 

Observation of the critical distance plots in Fig. 2, 
5, and 8 reveals lack of monotonic continuity and 
noise in the isopleths, similar to that found in buoyant
dominated plumes (Economopoulos in press, b). Step 
changes in the correlations employed for the calcula
tion of the dispersion parameters and wind speed 
among the stability classes are thought to be the 
dominant cause for this. 

In conclusion, the present model is best suited for 
pollutants for which one-hour air quality standard 
exist, and for areas where interference from other 
sources is limited. In practice, assumptions can be 
made enabling the use of the model in most situa
tions. The predictions from this model are as accurate 
as those from established computer models (e .g., 
U.S.E.P.A. 's RAM or CRSTER), since the only added 
simplifying assumption here is that of the no-stack 
downwash. 

The model presented offers an especially fast and 
accurate way for evaluating critical impacts from 
single or multiple adjacent point sources, as well as 
for computing the necessary stack size changes or 
exhaust gas compounding modifications so as to meet 
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environmental quality criteria. As such, it is useful 
for regulatory purposes, as it allows accurate defini
tion of minimum stack size requirements as function 
of the exit gas volume and velocity, the pollutant 
emission rates, and the hourly concentration stand
ards . It is also useful in environmental management 
studies (Economopoulos and De Koning 1989), as it 
offers fast screening of selected point sources and 
evaluation of the ways to have their impact reduced. 

REFERENCES 

Benkley, C. W.; Schulman L. L. Estimating hourly mixing 
depths from historical meteorological data. J. Appl. Meteorol., 
18:772·780; 1979. 

Briggs, G. A. Plume rise, USAEC Critical Review Series. TID-
25075. Springfield, Va.: National Technical Information Ser
vice; 1969. 

Briggs, G. A. Some recent analysis of plume rise observation. In : 
H.M. Englund; W.T. Beery, ed. Proc. 2nd International Clean 
Air Congress, 1971: 1029-1032. New York, NY: Academic 
Press. 

Briggs, G. A. Discussion on chimney plumes in neutral and stable 
surroundings. Atmos. Environ. 6:507-510; 1972. 

Briggs, G. A. Diffusion estimation for small emissions. Contribu
tion File No. (Draft) 79. Oak Ridge, TN: Atmos. Turb. and Diff. 
Lab.; 1973. 

Briggs, G. A. Plume rise predictions. In: Duane A. Haugen, ed. 
Lectures on air pollution and environmental impact analysis. 
Chapter 3. Boston, MA: Amer. Meteorol. Soc. ; 1975. 

Catalano, J.A.; Turner D.B.; Novak J.H. User's guide for RAM . 
EPA/600/8-86/041. Research Triangle Park, NC 27711: U.S. 
Environmental Protection Agency; 1987. 

Economopoulos, A. P. In: De Koning, H.W. , ed. Management and 
control of the environment. WHO/PEP/89.1. Geneva : World 
Health Organization; 1989. 

Economopoulos, A. P. On the dispersion of traffic and space 
heating emissions in urban settings. J. Air & Waste Manage. 
Assoc. 59. (In press, a) 

Economopoulos, A. P. A Model for the critical hourly con
centration. receptor distance and meteorological conditions 
from point sources with thermal plume rise. J. Water, Air, Soil 
Pollut. (In press, b) 

Gifford, F. A. Uses of routine meteorological observations for 
estimating atmospheric dispersion. Nucl. Saf. 2:47-51; 1961. 

Gifford , F.A. Turbulent diffusion-typing schemes: A review. Nucl. 
Saf. 17:68; 1976. 

IAEA (International Atomic Energy Agency). Atmospheric disper
sion in nuclear power plant siting. A safety guide, safety series 
No. 50-SG-S3. Vienna: IAEA; 1980. 

McElroy, J.L.; Pooler F. St. Louis dispersion study, Vol II - Anal
ysis. National Air Pollution Control Administration. Pub\. No. 
AP-53, U.S. Dept of Health, Education and Welfare, Arlington, 
VA; 1968. 

Pasquill, F. The estimation of the dispersion of wind borne mate
rial. Meteoro\. Mag. 90:33-49; 1961. 

Pasquill, F. Atmospheric diffusion. London: D. Van Nostrand Com
pany Ltd.; 1974. 

Pasquill, F. Atmospheric dispersion parameters in Gaussian plume 
modeling. Part II : Possible requirements for change in the 
Turner workbook values. EPA-600/4-76-030b. Research Tri
angle Park, NC: U.S. Environmental Protection Agency; 1976. 



Enviro~1II International, Vol. 18, pp. 87 - 93,1992 
Printed in the U.S.A. All rights reserved. 

CHARACTERIZATION OF ATMOSPHERIC DUST 
OF SICHUAN, CHINA BY X-RAY ANALYSIS AND 
COMPARISON WITH JAPANESE SAMPLES 

Tsutomu Fukasawa, Masaaki Iwatsuki, and Tsugio Fukasawa 
Department of Applied Chemistry, Faculty of Engineering, Yamanashi University, Takeda-4, Kofu-shi, 
400 Japan 

Zuce Liu 

0160-4120/92 $5.00 +.00 
Copyright © 1991 PC'llamon Press pic 

Department of Applied Chemistry, Chengdu University of Science and Technology, Chengdu, Sichuan, 
China 

Shi-Sen Zhang 
Department of Environmental Science and Engineering, Chengdu University of Science and Tech
nology, Chengdu, Sichuan, China 

EI 9003-030 (Received 12 March 1990; accepted 13 July 1991) 

This paper describes the characterization of some atmospheric dusts collected in Chengdu and 
Dukou of Sichuan Province, China, and compares them with samples from Tokyo and its vicinity. 
The samples were fractionated with heavy liquids, followed by ordinary x-ray diffraction and 
fluorescence analyses. Individual particles were further analyzed using an x-ray microdiffrac
to meter with a position sensitive proportional counter. Dukou's dust fall was characterized by 
high-temperature products and by large amounts of magnetite (Fe,O.) and hematite (Fe,O,). 
Chengdu's sample was characterisized by large contents of gypsum (CaSO.·2H,O) and the lightest 
fraction of <2.0 g!cm' including carbonaceous substance and some epsomite (MgSO.·7H,O). It 
resembled the sample of Chiba (Japan) in the amounts of gypsum and epsomite, and it was similar 
to the samples of Tokyo in the large proportion of the <2.0 g!cm' fraction . In addition to quartz 
and iron oxides, kaolin mineral and mica were detected in Chengdu, while plagioclase, chlorite, 
mica, and sodium chloride were detected in Japan. The origins of the pollutants are discussed. 

INTRODUCTION 

Investigators in Japan and China have a common 
interest in the air pollution in the Sichoan Basin, 
China, with its unique climate characterized by cloudy 
skies for almost the entire year and the recent occur
rence of acid rain (Zhao et al. 1988). Although several 
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studies have been carried out on pollutants such as 
metallic elements, water-soluble ions, and polycyclic 
aromatic hydrocarbons in airborne particles collected 
in the Sichuan Basin, no study on their mineralogical 
components has so far been found. 
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In Japan, studies have characterized airborne par
ticles collected in Tokyo and its vicinity, using x-ray 
diffraction (XRD) analysis combined with heavy
liquid separation, and elucidated their mineralogical 
components. These studies have provided important 
information on the origin of pollutants. (Fukasawa et 
ai. 1980). The XRD and x-ray fluorescence (XRF) 
analyses were applied to airborne particles collected 
size-fractionally by an Andersen cascade impactor 
with eight stages and used to construct distribution 
curves of compounds (minerals) or elements versus 
particle size for environmental studies (Fukasawa 
et ai. 1983; Iwatsuki et ai. 1984). Chemical states 
and acid-extractivities of elements in some air
borne particles were elucidated by applying x-ray 
analysis and heavy-liquid separation to the decom
position residues after ashing, acid-treatment, and 
flux fusion (Fukasawa and Iwatsuki 1985). Recent
ly, Iwatsuki and Fukasawa (1991) showed that the 
x-ray microdiffractometer was useful for the analysis 
of individual particles in atmospheric dust. 

The purpose of the present study was to obtain 
information on mineralogical components and den
sity distributions of dust fall and airborne particles 
collected in Sichuan Province and to reveal their 

NO.*1 

COOl 
CC01 
CC02 

CCM1 
CCM2 
CCM3 

JTB1 

JTB2 
JYB1 
JCB1 

JKA1 
JKA2 

Table I. 

Location 

Oukou 
Chengdu(urban) 
Chengdu(suburban) 

China 
Chengdu(urban) 
Chengdu(urban) 
Chengdu(urban) 

Tokyo(government 
office) 

Tokyo(business) 
Yokohama(business) 

Japan Chiba(industrial) 

Kofu(residential) 
Kofu(residential) 

T. Fukasawa e\ al. 

characteristics by comparing them with the Japanese 
samples. 

The Chinese authors carried out the sample collec
tion in China and the analysis of Chengdu 's dust fall, 
and the Japanese authors did the others. The results 
observed here were compared with each other and 
with those observed so far from the Japanese samples. 

EXPERIMENTAL 

Samples 

Table I shows the locations, times, and methods 
for sample collection in China and Japan. 

The dust fall sample CDDI was collected at Dukou 
(Sichuan). Dukou is located in the southernmost moun
tain area about 500 km from Chengdu; it has iron and 
other manufacturing plants nearby. The samples CCD I 
and CCD2 were collected in the urban and south 
suburban areas, respectively, of Chengdu, the capital 
of Sichuan Province in the Sichuan Basin. These 
samples were collected in a glass cylinder 15 cm in 
diameter and 30 cm in height, which was supported 
by a tripod I m in height and placed on the roof of a 
tall building. All water in the collected samples was 
removed by evaporation before the study. 

Samples. 

Year Collected by 

1987 } Glass cylinder 
1986 (15cm i. d •• 30cm high) 
1986 [Dust fall] 

1988*2) Middle-volume sampler 
1988*3 (125mm diameter glass 
1988*- fiber filter used) 

1973 

1975 } Ai, 0''''" 1974 (bag filter used) 
1974 

1982 } Andersen cascade 
1982 impactor(8 stages) 

*1 Sample notation: The first letter indicates the country; 
the second letter the city where the sample was collected; 
the third letter the dust type or sampling media. 

*2 Collected from 16:00 to 22:30. October 22. 
*3 Collected from 8:50 to 13:30. October 23. 
*4 Collected from 16:15 to 22:15, October 23. 
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The samples of Chengdu, CCMl, 2, and 3, were 
collected using a middle-volume sampler equipped 
with a glass fiber filter on the roof of a tall building 
in an urban location. 

The samples from Tokyo (JTB 1, government office 
district, and JTB2, business district); Yokohama 
(JYB 1, business district with a nearby industrial 
district); and Chiba (JCB I, industrial district) were 
collected in bag filters by air cleaners on the roofs 
of tall buildings. These samples were ground and 
homogenized before use (Fukasawa et al. 1980). 

The samples from Kofu (JKAI and 2) were col
lected size-fractionally by an Andersen cascade 
impactor consisting of eight stages of removable 
aluminum plates (80 mm diameter) covered with 
Nuclepore filters (made of polycarbonate, from 
Nuclepore Corp.) as collecting media (Fukasawa et al. 
1983). 

Heavy-liquid separation 

Samples were first fractionated to six parts having 
different densities using heavy liquids as follows: A 
100-mg or 200 mg sample was shaken with carbon 
tetrachloride in a 100 mL flask to remove solvent
soluble substances and filtrated out onto a 25 mm 
diameter membrane filter (MF-Millipore filter, made 
of mixed esters of cellulose, HA-type, 0.45 J.l.m pore, 
from Millipore Corp.). After washing with carbon 
tetrachloride, the sample was transferred to a lO-mL 
centrifuge tube, where carbon tetrachloride of 8 mL 
was added as the first heavy liquid, and then the 
sample was subjected to ultrasonic waves in an 
ultrasonic cleaner unit. After centrifugation, the float 
was filtered off along with the upper 4 mL of the 
heavy liquid onto a 25 mm diameter membrane filter 
and washed with carbon tetrachloride. For the suc
cessive separation of the sediment, methylene 
iodide and carbon tetrachloride were added to the 
sediment in the residual heavy liquid of 4 mL, so as 
to prepare 8 mL of heavy liquid of a greater density. 
The procedure described was repeated. The final sedi
ment was treated in the same manner as the floats . All 
the fractions with different densities were weighed 
after expelling the solvent and subjected to x-ray 
analyses. The results were used to construct his
tograms of weight percentage or an XRD or XRF line 
intensity vs. density. 

XRD analysis 

Rigaku x-ray diffractometers were used under or
dinary conditions. A copper-anode x-ray tube was 
used for the Chengdu dust fall (CCDI and 2) and an 
iron tube used for others. Sample mounting was 
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as follows. The unfractionated ground sample, which 
could be used in a larger quantity, was packed into a 
hollow that was made on a nondiffracting quartz 
plate. A 16 mm diameter fractionated sample (on 
a 25 mm diameter membrane filter) or a 25 mm 
diameter sample (which was a cut piece of a glass 
fiber filter with dust collected by a middle-volume 
sampler) was held between a standard aluminum 
sample holder with a hole of 15 x 20 mm and an 
aluminum square plate (0.3 mm thick) with a 23 mm 
diameter irradiation window. 

A Debye-Scherrer camera also was used in China 
for the analysis of a small sample containing heavy 
minerals. 

The analytical results of the Japanese samples taken 
from air cleaners had also been obtained by the 
same heavy-liquid separation and x-ray analyses as 
described above (Fukasawa et al. 1980). 

X-ray microdiffraction (XRMD) analysis 

A Rigaku x-ray microdiffractometer, which con
sists of a curved PSPC and a three-circle goniometer, 
was used with a high-power x-ray generator of rotary 
copper-anode type excited at 40 kV and 150 rnA. 
Individual dust particles were sorted depending on 
color, shape, etc. under a microscope using a needle 
of magnetized stainless steel or copper, and attached 
with rubber cement onto the tip of a copper or 
aluminum wire, which was attached to a hand-made 
brass sample holder. After being set on the goniometer 
head, the particle was irradiated with a collimated x-ray 
beam of 100 J.l.m, under a three-dimensional motion 
(Le., rotation around the ~-axis, and oscillation of 
_300 to +30 0 around the x-axis and oscillation of 
200 to 600 around the m-axis), to give a smooth and 
reproducible diffraction pattern. The x-ray diffrac
tion pattern was accumulated for 600 s into a 
multichannel analyzer, and printed out after data 
processing. 

XRF analysis 

A Shimadzu VF-320A x-ray spectrometer was 
used under conventional operating conditions. The 
sample collected onto a glass fiber filter of 125 mm 
diameter was cut to a 50 mm diameter size, and held 
in a Teflon sample holder for analysis. Other samples 
on membrane filters were sandwiched between two 
pieces of Mylar film (made of polyethylene tereph
thalate, from E.!. du Pont de Nemours & Co.) and 
mounted on the sample holder. 
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RESULTS AND DISCUSSION 

Density distribution 

Figure I shows a comparison of weight percent
ages vs . density histograms of the samples taken in 
China and Japan. 

The 1.6 - 2.0 g/cm 3 fraction of the Oukou's 
sample was as much as 47%, it decreased to 21 % for 
the same ground sample. Its >3.1 g/cm3 fraction 
constituted 32% of the sample corresponding ,to 
the ground sample constituting 23%. Grinding may 
have destroyed some pores in the fly ash particles and 
also combinations among different minerals resulting 
in a different distribution. In any event, Oukou's dust 
fall was characterized by much larger amounts of 
heavy minerals, differing from all other samples. On 
the other hand, Chengdu's sample was characterized 
by the <2.0 g/cm3 (lightest) fraction constituting 45% 
including large amounts of carbonaceous substances, 
and the >3.0 g/cm3 fraction constituting as little as 
2%. 

Characterization by X-ray analysis 

Dukou's dust fall . The ordinary XRO analysis of 
Oukou's dust fall and its fractions separated with 
heavy liquid, showed that Oukou's dust fall contains 
magnetite (Fe30.) and hematite (Fe203) as the major 
crystalline substances in the heaviest fraction of a 
large amount (refer to Fig. I), and a-quartz (Si02) 

(China) Dukou. COOl 
Sample as it is Ground sample" 

~l.L!~ 
1.6 2.4 3.1 

2.0 2.8 
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I JTB1 

1.6 2.4 3.1 
2.0 2.8 

Tokyo 
JTBt 
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Fig. 2. Histograms of XRD intensities of identified substances 
in Dukou's dust fall. 
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Fig, I. Density distribution of Chinese dust fall and Japanese airborne particles (ground). 
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and calcite (CaCO) as the major crystalline substan
ces in the fractions of moderate densities. Figure 2 
shows the histograms of XRD line intensities of the 
minerals vs. density. These histograms resembled 
those of XRF line intensities of the main elements 
vs. density constructed from the results of XRF 
analysis of each fraction (which are omitted here). 
Table 2 summarizes substances identified by XRMD 
analyses of particles in Dukou's dust fall. It shows 
that each of the major substances described above 
existed in some different states. The XRMD 
analyses also allowed the distinct identification of 
minor constituents. even a particle as small as 
about 0.03 Jig. which was calculated as size mul
tiplied by density: mullite (A1 6Si20 13). phlogopite 
[KMg)(ShAl)Olo(OHhl. periclase (MgO). and sphered 
particles (containing magnetite, hematite, mullite, 
or glass only) were detected. 

Chengdu's samples. The XRD patterns of three 
samples (CCMl-3) of airborne particles, which were 
collected at the same place, but at a different time, 
were similar to each other and showed only the 
presence of gypsum (CaSO.· 2H20) and a-quartz. The 
XRF analyses of the three samples also showed 
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similar results to each other. These results indicate 
that there were no differences among these samples. 

The XRD patterns of Chengdu's dust fal1, which 
was collected in a larger quantity, suggested the pres
ence of some amounts of epsomite, kaolin mineral 
[AhSh05(OH)4], and mica, in addition to quartz and 
gypsum. Then, the fractionation of the dust fall using 
the heavy-liquids and the XRD analyses confirmed 
the minor components described above, and further 
detected magnetite and hematite in the heaviest frac
tion of a smaller amount. Figure 3 shows the his
tograms of XRD line intensities of the minerals vs. 
density. The histograms were also supported by those 
of XRF line intensities of their main elements vs. 
density (which are omitted here). Figure 3 shows that 
the dust fall included epsomite (MgS04 . 7H20) as a 
main crystalline component in the lightest fraction 
in addition to a large amount of carbonaceous sub
stance. It also included large amounts of gypsum. 
quartz, and some mica · as main components in the 
moderate fractions of 2.0 - 3.0 g/cm3

, and iron oxides, 
such as magnetite and hematite, in the heaviest frac
tion at a smaller quantity. 

Table 2. Mineralogical components identified by XRMD analysis of dust fan particles in Dukou. 

No. Identified substance Amount Color Trans- Shape Size(lJm) Density 
parency (g/cm 3 ) 

1. Amorphous carbon Large Black Opaque Irregular 10-1000 1. 6-2. 0 
Glossy lump 

2. Fly ash containing Small Colorless Trans- Sphere 20- 200 2.0-2.4 
mul lite or glass or pale lucent 
only yellow 

3. Quartz Medium Colorless Trans- Grain 10- 400 2.4-2.8 
or pale lucent 
yellow 

4. Calcite Medium White Opaque Aggregate 10- 500 2.4-2:8 
Small Colorless Trans- Grain 20- 200 2.4-2.8 

lucent 
5. Phlogopite Small Gold Opaque Plate 500x600xlOO 2.4-2.8 

Glossy 
6. Mul lite Small White Opaque Lump 300xlOOxlOO 2.4-2.8 
7. Periclase Small White Opaque Mixed 100 2.4-2.8 

aggregate 
8. Fly ash containing Medium Black Opaque Sphere 20- 500 >3. 1 

magnetite Glossy 
9. Fly ash containing Medium Brownish Opaque Sphere 20- 500 >3.1 

hematite black Glossy 
10. Magnetite>Hematite Large Black Opaque Grain 10- 400 >3.1 

Fragment 
11. Hematite>Magnetite Large Redish Opaque Aggregate 10- 800 >3. 1 

black 
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Fig. 3. Histograms of XRD intensities of identified substances 
in Chengdu's dust fall (relative intensity by Debye-Scherrer 

camera). 

Comparison between pollutants in China and Japan 
and their origin 

Table 3 compares detected substances in the samples 
collected in China and Japan. 

Dukou's dust fall (CDDl) was distinctly dif· 
ferent from other samples and characterized by a 

T. Fukasawa et a\. 

great deal of the >3.0 g/cm3 fraction containing 
magnetite and hematite as main components and 
high temperature products like sphered particles, 
mullite, and others. It suggests great influence from 
iron and other manufacturing plants located in the 
Dukou area. 

Chengdu's dust fall (CCDl, 2) was characterized 
by a large amount of gypsum, a larger amount of the 
lightest fraction including carbonaceous substance, 
some epsomite, in addition to kaolin mineral, and 
mica of probably earth origin . It was similar to 
Chiba's sample (JCB I), though hemihydrate gyp
sum (CaS04 . 0.5 H20) detected in Chiba's sample 
was not detected in Chengdu's. Gypsum in Chengdu's 
samples seems to have been produced by the reaction 
of S02, mainly from the combustion of coal with high 
sulfur contents and lime, a popular wall paint for 
construction. On the other hand, the Chiba area had 
a power plant where lime was used for the flue gas 
desulfurization to prepare gypsum. All the samples 
except Dukou's dust fall included some sulfates like 
gypsum, hemihydrate gypsum, ammonium sulfate, or 
epsomite which were probably attributed to S02 pol
lution. Sodium chloride in the sample of Tokyo and 
Yokohama may be attributed to the nearby sea. In 
addition to quartz and the iron oxides, the following 
minerals, which were probably earth origin, were 
detected: plagioclase, chlorite, and mica in Japan; 
and kaolin mineral and mica in Chengdu. 

The ~uantities of dust fall were about 97 - 124 
Mg/km .y (1986) in the Chengdu area. In Japan, 
dust fall decreased rapidly from about 1967 to 1975, 
and slowly since about 1976 as follows: 188 (1970), 
110 (1974), 43 (1983), and 56 (1987) Mg/km2.y in the 
Tokyo district; 95 (1970),65 (1975),66 (1983), and 
56 (1987) Mg/km2.y in the Yokohama district; 
85 (1971), 52 (1975), 50 (1983), and 48 (1987) 
Mg/km2.y in the Chiba district; and 42 (1973), 30 
(1975), 14 (1983), and 16 (1987) Mg/km2.y in the 
small Kofu basin, which contains only a few small 
industries. The dust pollution in the Chengdu area 
seems to be about two to three times the present 
amount in Japan, although the Yokohama and Chiba 
districts have large iron manufacturing and other 
plants nearby. 

The results described above suggest that the at
mosphere in Dukou may be improved by clean-up of 
the industrial plants. Similarly, the atmosphere in the 
Chengdu area may be improved by the pollution abat
ment at the coal combustion plants. 
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Table 3. Comparison among substances detected in samples collected in China and Japan. 

Sample No. COOl CCD1,2 CCM1-3 JTBl JTB2 JYBl JCBl JKAl JKA2 
Location Dukou Chengdu Chengdu Tokyo Tokyo Yokohama Chiba Kofu Kofu 
Method* 1 2 1 3 1 1 1 1 4 4 

NH.Cl 2+ 
MgSO.·7H 2 O 2+ + 
(NH. h (N0 3 ) 2S0. + 
(NH.hSO. 3+ + 
Carbonaceous M 4+ L L M M M S S S 
NaCl 2+ + 3+ 
CaSO.·2H 2O 4+ 4+ 3+ 3+ 4+ 5+ 
CaSO •• O.5H 2 O 3+ 
Kaolin mineral + 
Quartz 3+ 3+ 4+ 4+ 5+ 5+ 5+ 5+ 5+ 5+ 
Plagioclase 2+ 2+ 2+ 3+ 2+ 2+ 
Calcite 3+ 3+ 2+ + + + 
Ch lorite 2+ + + 
Mica + 2+ 2+ + + 
Mull i te + 
Periclase + 
Magnetite 4+ 4+ + 2+ + 2+ 2+ 
Hematite 4+ 4+ + 2+ + + 2+ 

--- -----
* 1: Ordinary XRD anal. of sample fractionated with heavy liquid: 

2: XRMD anal. of individual particles; 
3: Ordinary XRD anal. of sample collected by middle-volume sampler; 
4: Ordinary XRD anal. of sample collected by Andersen sampler. 

.Number of +: Detected XRD intensity approximately propotional to amounts. L>M>S: 
Approximate quantity estimated from fractionation with heavy liquid and/or ashing 
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A total of 128 passive diffusion tube samplers have been used to measure the average concentra
tions of nitrogen dioxide inside and outside of 32 homes in Bahrain. The tubes were placed for a 
period of 14 days. Nitrogen dioxide in the kitchen, hall, bedroom, and outdoors averaged 
52.3, 22.1, 15.2, and 26.0 J.lg/m', respectively. The overall mean of the indoor concentrations was 
29.8 J.lg/m', and the mean indoor/outdoor ratio was 1.2. A significant positive correlation was 
found between the concentrations of NO, in the kitchen and the number of meals cooked per week. 
In 6% of the houses, the average kitchen NO,-levels were higher than the U.S. National Ambient 
Air Quality Standard of 100 J.lg/m' . All houses had liquefied petroleum gas (LPG) cookers with 
the exception of one which used an electric cooker. The mean levels of NO, in this house were 
14.5, 10.5, 11.5, and 28.2 J.lg/m' in the kitchen, hall, bedroom, and outdoors . The results of the 
study show that indoor sources of NO, contribute more than outdoor sources to the overall 
concentrations of NO, in the houses in Bahrain. 

INTRODUCTION 

Air pollution has been traditionally associated with 
outdoor air pollution and industrial occupational ex
posure, and concern over the adverse health conse
quences of air pollution has always focused on outdoor 
and occupational exposure. Only recently, however, 
increasing attention has been drawn to the quality of 
air in nonindustrial indoor environments, such as 
private residences, offices, schools, and commercial 
and public buildings. This is reflected by the numerous 
studies and reviews which have been published regard
ing the various aspects of indoor air quality (Meyer 
1983; Sherwood et al. 1987; Spengler et al. 1983). 
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Several factors have contributed to this widespread 
concern: 

(I) People in Bahrain and in many countries in the 
world spend at least.20 h each day in indoor environ
ments. 

(2) Policy towards energy conservation by con
structing tighter buildings affected indoor air 
quality, 

(3) awareness of the presence of various chemicals 
in indoor environments and recognition of the poten
tial impacts of exposure to these pollutants, and 

(4) the need to understand total exposure to pol
lutants which includes both the outdoor and indoor 
environments. 
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There are many sources of indoor air contaminants 
including various outdoor sources, gas cookers, gas 
hot water heaters, gas or kerosene space heaters, 
building and furnishing materials , and smoking. 
Numerous investigations have documented that the 
concentration of some pollutants , such as nitrogen 
dioxide may be substantially greater indoors than 
outdoors in homes that have un vented combustion 
appliances (Spengler et al. 1979; Moschandreas et 
al. 1978; Palmes et al. 1977). This observation has 
raised concern about the health implications of ex
posure to N02. 

Some recent studies have found the association of 
respiratory illness in primary school children living 
in inner city areas of England with the combined use 
of gas cookers and kerosene heaters in the home 
(Melia et al. 1979; Melia et al. 1982; Melia et al. 
1988). 

In the Arabian Gulf countries, and in the state of 
Bahrain in particular, not much attention has been 
given to outdoor air pollution, and virtually no con
cern has been raised with respect to the quality of 
indoor environments. 

With regard to outdoor air only, an automated 
mobile air monitoring unit is employed to monitor 
nine air pollutants in certain areas in Bahrain (Madany 
and Danish 1988), and no work has been carried out 
regarding the quality of indoor air. The objectives of 
this investigation were to assess nitrogen dioxide 
levels in 32 homes in the state of Bahrain, and to 
report spatial variations in nitrogen dioxide concentra
tions within and between homes by installing three 
passive diffusing samplers in each home and one 
outside the home. This study will document the first 
data on the quality of indoor air in Bahrain with 
respect to N02. 

MATERIALS AND METHODS 

Sample selection and sampling protocol 

The 32 residential houses which were selected in 
this study represented all populated areas in Bahrain. 
Note that the area south of Bahrain was not included 
in the study because it is not inhabited. 

The residents of the houses participating in this 
investigation were provided with detailed informa
tion sheets that described the objectives of the study 
and the procedures to follow along with a question
naire. The questionnaire included information regard
ing factors influencing indoor nitrogen dioxide levels, 
such as area of residence; vicinity of heavy traffic ; 
smoking habit (smoker or nonsmoker) ; presence of 
equipment using gas-like gas cookers or water heaters; 
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number of meals cooked per week in the house; and 
how often windows are open for ventilation and if a 
mechanical ventilation system is used. 

Three N02 diffusion tubes were installed in each 
house, in the kitchen, bedroom , and hall (living room) . 
In the kitchen , the tube was placed against a wall 
approximately 1.5 m above the floor and 3 m from 
the stove. In the bedroom and hall , it was placed in 
a wall away from windows and approximately 1.5 m 
above the floor. The tubes were exposed for a period 
of about 14 d. In addition, diffusion tubes were in
stalled outside the houses. 

Instrumental and analytical methods 

The N02 diffusion tubes used in this investigation 
were supplied and analyzed by Gradko International 
Limited of Winchester, UK. These have been fully 
described and evaluated elsewhere (Palmes et al. 
1976, 1977; Blacker 1973; Levaggi et al. 1973; At
kins et al. 1978). The acrylic tubes were 7.2 x 1.1 cm 
in diameter and fitted with airtight polythene 
end-caps . Three acid-cleaned stainless steel mesh 
discs were soaked in 50% vjv triethanolamine 
(TEA)jacetone solution and, after allowing the acetone 
to evaporate, fitted inside one end of the tube . During 
exposure, the polythene end-cap at the opposite end 
of the tube to the mesh collector was removed and 
the tube mounted vertically, with the open end point
ing downwards . 

The nitrogen dioxide absorbed by the collectors 
was determined colorimetrically as N02. A mixed 
reagent was prepared consisting of the following 
materials : 

(1) 1 mL of distilled water; 
(2) 1 mL of sulfanilamide reagent prepared by 

adding 2 g sulfanilamide to 5 mL concentrated phos
phoric acid and diluted to 100 mL with distilled 
water; and 

(3) 0 . 1 mL of N-l-naphthylethylene-diamine
dihydrochloride (NEDA) reagent prepared by dis
solving 70 mg NEDA in 50 mL distilled water. 

After adding 2.1 mL of the mixed reagent to each 
tube, the tubes were agitated and left for 20 min 
for the reaction to proceed . In solution, the nitrite 
ion diazotizes sulfanilamide, and the resulting salt 
is coupled with NEDA to give a pink azo dye . 
The absorbance was measured at 540 nm using a 
spectro-photometer. A range of standards was prepared 
from Analar sodium nitrite and a calibration curve 
was prepared from the standards. Using the quan
tities of N02 found in the sample tubes, the known 
sampling rate of the tubes , and the number of hours 
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of exposure, the average levels of N02 in the air 
sampled during the exposure period were calcu
lated. 

Quality assurance procedures included two 
blanks and at least one replicate sample for every 15 
samples. The blanks included laboratory and field 
blanks. 

The statistical method used to assess the differen
ces between the means ofN021evels was the student's 
t-test. The correlation coefficient between various 
variables was calculated using Pearson 's (r) values, 
and the student's test was employed to estimate the 
significance of these values. 

RESULTS AND DISCUSSION 

In only 32 of the original 37 houses selected for 
the study, the residents agreed to participate. The 
total number of tubes used in the investigation, ex
cluding the blanks was 128 tubes. Ninety-six tubes 
were placed in the houses and 32 tubes were placed 
outdoors. Of the 32 participating households, only 
one used an electric cooker; the rest had liquefied 
petroleum gas (LPG). In Bahrain, LPG is more con
venient to use, readily available, and cheap; thus, 
approximately 95% of the Bahraini people use LPG 
for cooking purposes. All households in the present 
study used electric water heaters. 

The results of the present investigation are 
demonstrated in Table 1. The table shows the average 
levels of N02 at each of the 32 houses and in the 
bedroom, hall, kitchen, and outdoors. The mean of 
the levels of N02 at each of the three sites indoors 
show that levels tended to be highest in all the kitchens, 
except with house number 20 . The values were 
52.3 ~g/m3 in the kitchen, 22.1 ~g/m3 in the hall, and 
15.2 ~g/m3 in the bedroom . The difference between 
the means of N02 levels in the kitchen and hall was 
significant (p < 0.001), and also between the means 
of N021evels in the hall and bedroom (p < 0.01). The 
level of N02 in the kitchen of the house with the 
electric cooker was measured to be the lowest 
(14.5 ~g/m3). 

Analyses were conducted to find out the effect of 
various factors, such as the number of meals cooked 
per week, area of residence, vicinity of heavy traffic, 
and smoking habits, which may have been related to 
the N02 level. In these analyses, a statistically sig
nificant correlation was found between the levels of 
N02 in the kitchen and the number of meals cooked 
per week in the house (r = 0.56, p < 0.001). However, 
with respect to the other factors, no statistically sig
nificant variations were found in the N02 concentra-
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tions. Also, no correlation was found between N02 
levels in the kitchen and in the hall (r = -0.04). 

The overall mean of the concentrations of N02 
at each of the 32 sites outdoors was measured to be 
26.0 ~g/m3, and ranged from 16.1 to 47.0 ~g/m3 as 
demonstrated in Table 1. It can be seen from the table 
that the mean outdoor N02 value is lower than the 
overall mean indoor value of 29.8 ~g/m3. The cor
relation between the outdoor N02 values and the 
corresponding mean indoor values was not important 
(r = 0.17). Table 2 provides the ratios of the NOz 
levels in the kitchen, hall, bedroom and the whole 
house (indoors) to that of the N02 outdoors. The 
ratios are 2.2, 0.8, 0.6, and 1.2, respectively. 

The aim of this investigation was to provide 
information regarding the quality of indoor air in 
an arid climate such as Bahrain, by measuring nitrogen 
dioxide levels inside the houses, and to study the 
factors which might influence the concentration of 
N02. 

It was apparent from our results that indoor N02 
concentrations markedly vary within and between 
houses . Kitchen N02 levels were the highest, then 
the hall, and the lowest N02 values were measured 
in the bedroom . These results are expected due to the 
use of LPG cookers in the kitchen, which is usually 
the only source of N02 in the houses in Bahrain . 
Our data are consistent with the literature which 
has reported that N02 concentrations vary spatially 
within homes, with kitchen levels being generally the 
highest compared with the living room and bedroom 
(Spengler et al. 1983; Boleij et al. 1982; Atkins et al. 
1978; Melia et al. 1990). 

In our study, the elevated levels of N02 in the 
kitchen were found to be significantly correlated to 
the reported number of meals cooked per week. How
ever, Marbury et al. (1988) reported that the number 
of meals cooked per week was not associated with 
the N02 concentrations. 

All houses in the present investigation used LPG 
for cooking, with the exception of house number 13 
which used an electric cooker. This house measured 
the lowest N02 value in the kitchen, and low 
values in the hall and bedroom (Table 1). Although 
no decisive conclusion could be made regarding this 
observation due to the low number of houses with 
electric cookers, such observation was confirmed by 
others who reported significantly higher N02 levels 
in dwellings with gas stoves than those with electric 
stoves (Palmes et al. 1977; Atkins et al. 1987; Melia 
et al. 1990; Spengler et al. 1983; Parkhurst et al. 
1988). 
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Table I. Nitrogen dioxide concentrations in the 32 Bahrain houses and outdoors. 

N02 Concentration (P9/m3
) 

House number Bedroom Hall Kitchen Outdoor 

1 26.5 30.B 36.B 21.B 

2 1B . 6 21. B 36.5 35.9 

3 10.3 11.7 31. 0 21.B 

4 
( e) 20.7 54 . 3 57.9 26.4 

5 l1.B 13.9 22.9 1B.0 

6 6.0 10.0 141. 2 1B . 0 

7 
(b) 10.0 21.1 35.7 35 . 9 

B 4 . 5 10.9 22.4 2B.2 

9 
(e) 20.1 34.2 52 . 3 35.9 

10 19.6 27.6 52 . B 37.B 

11 (b,e) 13 . 5 22.0 34 . 0 37.B 

12 7.0 13.3 32.5 16.1 

13 (0) 11.5 10.5 14.5 2B.2 

14 
( e) 19 . 6 20.1 74.3 29.3 

15 10.0 24.4 52.5 16.7 

16 6.0 1B.0 7B.0 20.3 

17 
(e) 

12.4 15.2 BB.5 16.7 

IB 13 . 7 14.9 27.8 16.7 

19 
(b,e) 20.9 27.4 60.0 37.B 

20 
(b) 

22.9 3B.5 29.9 21.B 

21 
(b) 7.9 11.3 91.2 1B.0 

22 19 . 7 32.1 75.8 37.8 

23 
(e) 21.1 2B.6 5B.3 37.B 

24 12.B 21.0 51.9 20.3 

25 11. 3 15.4 42.9 20.3 

26 24.3 39.9 66 . 7 2B.2 

27 1B .2 22.6 2B.6 2B.2 
2B 

(e) 
17.7 15.4 2 . 6 1B.0 

29 9 . 6 13.7 11B.4 20.9 

30 13.9 10.7 29 . 7 20.3 

31 
(e) 

17.7 20.3 69.6 47.0 

32 26.3 36.7 32.0 16. 

Average (SO) 15.2(6.1) 22.1(10.4) 52.3(28 . 41 26.0(8.6) 

Average (indoor) (SO) 29.B(10 . 3) 

(a) house with electric cooker . 
(b) smoking residents. 
(c) heavy ' traffic area. 
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Table 2. Indoor/outdoor ratio of NO. concentrations in bedroom (B). hall (H). and kitchen (K). 

Indoor / outdoor ratio 

House No. B/O R/O K/O I/O· 

1 1.2 1.4 1.6 1.4 

2 0.5 0.6 1.0 0.7 

3 0.4 0.5 1.4 0.8 

4 0.7 2.0 2.2 1.7 

5 0.6 0.8 1.3 0.9 

6 0.3 0.5 7.8 3.0 

7 0.3 0.6 0.9 0.6 

8 0.1 0.4 0.8 0.4 

9 0.5 0.9 1.5 0.9 

10 0.5 0.7 1.4 0.9 

11 0.4 0.6 0.9 0.6 

12 0.4 0.8 2.0 1.1 

13 0.4 0.4 0.5 0.4 

14 0.7 0.7 2.5 1.3 

15 0.6 1.5 3.1 1.7 

16 0.3 0.9 3.8 1.7 

17 0.7 0.9 5.3 2.3 

18 0.8 0.9 1.6 1.1 

19 0.5 0.7 1.6 0.9 

20 1.1 1.8 1.4 1.4 

21 0.4 0.6 5.1 2.0 

22 0.5 0.8 2.0 1.1 

23 0.6 0.7 1.5 0.9 

24 0.6 1.0 2.5 1.4 

25 0.5 0.7 2.1 1.1 

26 0.9 1.4 2.4 1.5 

27 0.6 0.8 1.0 0.8 

28 0.9 0.8 1.5 1.1 

29 0.4 0.6 5.7 2.3 
30 0.7 0.5 1.5 0.9 
31 0.4 0.4 1.5 0.8 

32 1.6 2.2 1.9 1.9 
Average(SD) 0.6(0.3) 0.8(0.4) 2.2(1.6) 1.2(0.6) 

(a) mean indoor (house) / outdoor. 
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The overall mean N02 value for all the 32 houses 
was 29.8Ilg/m3 (SO = 10.3; range = 12.1 - 52.4) as 
presented in Table 1. Some factors might appear to 
explain some of this N02 variance. Houses number 
4,9, 14, 17, 19,23, and 31 which have mean N02 
values of 44.3, 35.5, 38.0, 38.7, 36.1, 36.0, and 
35.8 Ilg/m3, respectively, were located in heavy traf
fic areas. However, other houses (Nos. 11,28) which 
were also located in heavy traffic areas did not show 
elevated mean N02 levels. House number 6 has the 
highest mean N02 level (52.4 Ilg/m3) due to high 
levels of N02 in the kitchen (141.2 Ilg/m3) which is 
located in a poorly ventilated basement of the house. 
Only two houses (Nos. 20, 21) out of five with smok
ing residents showed high mean levels of N02, and 
one of the two houses had N02 values of 91.2 Ilg/m3 

in the kitchen. Thus, no definite conclusion could be 
drawn regarding the effect of smoking on the varia
tion of indoor N02 levels. 

The overall mean of the outdoor concentration of 
N02 was 26.0 Ilg/m3 (SO = 8.6; range = 16.1 - 47.0). 
This is similar to the results obtained from a mobile 
air monitoring station in Bahrain which reported an 
average value of 28.8 Ilg/m3 (Madany and Danish 
1988). Table 2 presents ratios of N02 concentrations 
in the kitchen, hall, bedroom, and the whole house 
(indoors) to that of N02 levels outdoors. Generally, 
the indoor/outdoor ratio of N02 levels is lower than 
unity in houses in which there are no major indoor 
sources, and greater than unity in houses with indoor 
sources such as gas stoves (DNHW 1987). The data 
show that the mean kitchen/outdoor and indoor/out
door ratios are higher than bedroom/indoor and haIl/in
door ratios, 2.2 and 1.2, respectively. This suggests 
that indoor sources of N02 (major source being an 
LPG cooker) contribute more than outdoor sources to 
the overall concentrations of N02 in the hpuses in 
Bahrain. 

The indoor N02 concentrations presented in this 
investigation are somewhat lower than those reported 
for homes with N02 sources in other part of the 
world. In a study using diffusion tube samplers 
for one-week sampling times in winter in England, 
Goldstein et al. (1979) reported a mean across 428 
homes with gas stoves of 202 Ilg/m3 and a mean of 
321lg/m3 in homes without gas stoves

j 
while ambient 

concentrations were about 35 Ilg/m . Atkins et al. 
(1978) in England, reported mean kitchen, living 
room, and bedroom N02 concentrations of 103.4, 
50.8, and 41.4llg/m3, respectively, with gas cooking, 
and 16.9, 11.2, and 9.4 Ilg/m3, respectively, with 
electric cooking. Recentl y, Melia et al. (1990) reported 
mean kitchen, living room, and bedroom N02 levels 
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in winter in England of 69.4, 45.8, and 45.3 Ilg/m3, 
respectively with gas, and 39.6, 32.1, and 38.9 Ilg/m3, 
respectively, with electric cooking. Boleij et al. (1982) 
reported weekly mean levels across 175 Dutch houses 
in winter in kitchen, living room, and bedroom of 
115,54, and 431lg/m3, respectively, whereas ambient 
concentrations varied from 25 to 72 Ilg/m3. Palmes 
et al. (1977) reported mean kitchen and living room 
N02 levels of 92.3 and 46.8Ilg/m3, respectively with 
gas cooking, and 15.6 and 12.7Ilg/m3, respectively, 
with electric cooking in New York in spring. 

Comparing the results reported here with the an
nual U.S. National Ambient Air Quality Standard 
(NAAQS) and Canada's Acceptable Long-Term 
Exposure Range (ALTER) for residential indoor air 
(DNHW 1987) of 100 Ilg/m 3, we find that only two 
homes (Nos. 6, 29) had mean kitchen concentrations 
exceeding those standards. This represents about 6% 
of the total 32 homes sampled, indicating that a non
negligible percentage of the population is exposed to 
high concentrations of N02. 

The present study was conducted in December 
1990, a winter month in Bahrain. In winter months 
(November to February), houses are usually more 
ventilated and electricity consumption decreases; 
whereas in the prevailing summer months electricity 
consumption increases by using air conditioning which 
naturally keeps the house less ventilated. This condi
tion might lead to increasing the level of N02 and 
other pollutants in the house. Therefore, there is a 
need for another study to provide additional informa
tion on N02 levels indoors in summer months . 

CONCLUSIONS 

In the light of the preceding results and discussion, 
the following conclusions can be drawn: 

(1) The survey of the 32 houses in Bahrain has 
demonstrated that NOz concentrations in the kitchens 
were consistently higher than those in the hall and 
bedroom. The level of N02 in the kitchen of the 
house with an electric cooker was the lowest. 

(2) A statistically significant positive correlation 
was found between levels of N02 in the kitchen and 
the reported number of meals cooked per week. 

(3) Mean indoor N02 concentrations in the houses 
in Bahrain exceeded outdoor concentrations. 

(4) Only 6% of the houses had mean kitchen con
centrations exceeding the USNAAQS. 

(5) Liquefied petroleum gas used in cookers is the 
major source of indoor N02 pollution in the houses 
of Bahrain. 
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The effect of motor vehicle emissions containing the trace elements Pb, Cu, and Cr in surface 
sediments is investigated along motor routes in metropolitan Lagos and Benin City in south
western Nigeria. The results of analyses of 85 sediment samples from roadside drains, 60 from 
metropolitan Lagos and 25 from Benin City, show clear differences in pollution levels between 
the two cities. There are proportionately high Pb, Cu, and Cr concentrations in sediments along 
high density motor ways in both cities considered while lower trace metals are found along 
medium and light density motorways. However, there are higher levels of trace metal enrichment 
in Benin City than in Lagos. In particular, high levels of Pb (480-5112 ~g/g, mean: 1207±35) are 
found in sediments along high density motorways in Benin City in comparison to 221-1252 ~g/g 
(mean: 540±82) recorded for Lagos samples. The generally higher trace metal concentrations in 
Benin City are inferred to result from very poor municipal drainage systems. 

INTRODUCTION 

Great concern has been expressed, especially in 
developed countries, about the role and fate of trace 
metals derived from industries, mining, traffic, and 
household sources in the environment. In the recent 
past, there has been a tremendous increase in the 
number of motor vehicles in Nigeria. Airborne metal 
particulates like Pb, Cu, and Cr have been attributed 
to motor vehicle emissions. For example, Pb occurs 
as lead tetraethyl, an important additive to petrol; its 
effect on soil and vegetation has been studied by 
Cannon and Bowles (1962), Daines et al. (1970), 
Ihenyen (1987), and Ndiokwere (1984). Cr is a com
ponent of chrome plating of many motor vehicles 
while Cu is a common constituent of piping and 
other engine parts (Ndiokwere 1984; Lagerwerff and 
Specht 1970). WHO (1972) and Shubert (1974) have 

103 

documented the toxic effects of some heavy metals 
when ingested or inhaled. 

This work undertakes the study of heavy metal 
pollution levels arising from motor vehicle emis
sions, employing the distribution of Pb, Cu, and Cr 
in the sediment of roadside drains along intra- and 
intercity motorways in two cities, metropolitan Lagos 
and Benin, both situated in southwestern Nigeria. Most 
of these motorways lack efficient drainage sys
tems, so that highway runoffs are deposited direct
ly in the immediate surroundings. Fruits and leafy 
vegetables sometimes grown in these flood neigh
bourhoods may contain a significant proportion of 
heavy metals. 

Lagos, the former capital city of Nigeria, is a city 
with a high number of motor vehicles and human 
activities. It has a population of about 3.4 million, 
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and many industries dot the periphery. However, Lagos, 
unlike most big cities of developed countries , lacks 
efficient drainage systems. Emissions from motor ex
hausts and effluents from households and industries are 
discharged directly into the immediate environment 
which, in some cases, may be farmed. 

In contrast, Benin City is a medium-sized town 
with a population of about 375 400 inhabitants. It is 
situated on the eastern corner of southwestern Nigeria 
and forms an important gateway between Lagos and 
the eastern and northern states of Nigeria. Industrialisa
tion is low and any elevation in heavy metals con
centrations of roadside sediments would be attributable 
more to emissions from motor vehicles and effluents 
from households. The municipal drainage system is 
very poor. 

This study aims to compare the levels of petroleum
related heavy metal pollutions between the two cities 
studied and to determine the relation between the 
volume of traffic and the efficiency of drainage sys
tems. 

MATERIALS AND METHODS 

Sediment samples were collected from roadside 
drains along major traffic routes in both CItIes in 
1986. In Lagos, where estimated background data 
are not available , sediments were also collected 
from areas about 50m from motor vehicle routes along 
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intercity ways in order to estimate natural background 
levels. The motorways were classified into (I) heavy 
density, (2) medium density, and (3) light density 
motorways. In Lagos, heavy density motorways carry 
more than 200 000 vehicles per day; medium density 
50000 - 100000 vehicles; and light density motor
ways fewer than 10000 vehicles. In Benin City, these 
routes support about 50 000, 20 000 - 30 000, and 
fewer than 5000 vehicles per day, respectively. 

There are no official figures on the volume of 
traffic per day. Traffic densities along the routes 
considered were estimated by counting the number 
of motor vehicles at peak and low traffic periods 
along representative routes of the three categories of 
motorways for one hour each . The resulting average 
traffic volumes were projected over the period between 
06:00 and 19:00 h, which represents high industrial 
activities. 

The number of samples was 85, 60 from Lagos 
metropolis and 25 from Benin City. The collected 
samples were oven dried at about 100° C and frac
tions less than 63 ~m used for analyses. According 
to the method of Herman (1976) , 0.25g of powdered 
sediments were digested with 5ml concentrated 
HN03 (AnalaR) . Trace element composition was 
determined by Atomic Absorption Spectroscopy, Pye 
Unicam 2900, using laboratory standards (E. Merck, 
Darmstadt) . Reagent blank determination was car
ried out. Standard analytical error was about 5%. 

Table I. Trace metal concentrations (I!g/g dry wl.)in roadside sediments along high, medium. and light density motorways. 

CITY METAL HIGH MEDIUM LIGHT BACKGROUND 
DENSITY DENSITY DENSITY LEVEL 

Lagos . Pb range 221 - 1251 235 - 331 176 - 368 83 
mean 540 ± 82 245 ± 24 242 ± 24 

Cu range 31 - 95 38 - 74 23 - 51 33 
mean 53 ± 15 48 ± 3 40 ± 8 

Cr range 85 - 101 77 - 100 86 - 102 88 
mean 95 ± 7 92 ± 12 96 ± 7 

Benin Pb range 480 - 5112 238 - 530 180 - 296 12 
mean 1207 ± 35 394 ± 18 258 ± 16 Ndiokwere 1984 

Cu range 29 - 258 33 - 59 28 - 39 15 
mean 107 ± 10 47 ± 7 33 ± 8 

Cr range 76 - 131 85 - III 83 - 106 6 
mean III ± 53 97 ± 10 97 ± 10 
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RESULTS AND DISCUSSION 

The results of spectrophotometric analyses on 
the roadside sediments from metropolitan Lagos and 
Benin City are summarized in Table 1. In general, 
sediments from Benin City show a higher level of 
heavy metal concentrations than samples from Lagos. 
Also, there are clear gradational decreases in heavy 
metal concentrations along heavy, medium, and light 
density motorways in both cases. There is, however, 
an exception to this trend in the distribution of Cr in 
the Lagos samples. The highest concentrations are 
found along light density motorways which inciden
tally are situated in residential areas. Estimated back
ground levels are rather high, probably due to the 
proximity of the sites to motorways. 

Results in Table 1 separate pollution levels for Pb 
and Cu in sediments from metropolitan Lagos into 
two main subdivisions: (I) high pollution levels along 
high density motorways, and (2) lower pollution levels 
along both medium and light density motorways. 
In contrast, Cr does not show a similar distribution 
pattern like that recorded for Pb and Cu above. Rather, 
the highest concentrations are found in sediments 
along light density motorways which are also situated 
in residential areas . Input through effluents from 
household waste waters is inferred to account for the 
elevated Cr concentrations. It is seen from this study 
that heavy pollution from Pb occurs along high, 
medium, and light motorways while heavy Cu pollu
tion occurs only along high density motorways; Cr 
pollution is moderate along all routes. 

In contrast, the levels of heavy metals found in road
side sediments in Benin City are considerably higher 
than those noted in samples from Lagos. For ex
ample, there is a high Pb concentration along high 
density motorways in Benin City (1207±35 Ilg/g) as 
compared with 540±82 Ilg/g in metropolitan Lagos. 
Pb levels are, however, much lower (394±18 and 
258±16 Ilg/g, respectively) along both medium and 
light density motorways. There is, therefore, no doubt 
that the elevated Pb values along high density motor
ways are directly associated with emissions from 
motor vehicles which run on leaded petrol. 

The concentrations ofCu and Cr along high, medium, 
and light roadways show a distribution pattern similar 
to those obtained for Pb. It can be concluded that the 
occurrence of a similar distribution pattern is linked 
to an identical source of input. A comparison with 
background levels (Ndiokwere 1984) shows that Pb 
and Cr are heavily polluted along all routes while Cu 
is heavily polluted along high density motorways, 
but moderately polluted along medium and light den
sity motorways. 
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A careful comparison of pollution levels in sedi
ments of metropolitan Lagos and Benin City shows 
that although Lagos motorways carry a larger volume 
of traffic, roadside sediments in Benin City have 
higher concentrations of Pb, Cu, and Cr. For ex
ample, the statistical mean of Pb along high density 
motorways in Lagos and Benin City are 540±82 Ilg/g 
and 1207±35 Ilg/g respectively, representing a ratio of 
1 :2. The ratio is also true for Cu. However, this 
ratio is approximately I: 1 for Cr. It is inferred that 
the generally higher trace metal concentrations in 
sediments in Benin City may be attributable to the 
very poor municipal drainage system because both 
cities are founded on the same geological formation, 
the Benin Formation. This unhealthy development 
can be remedied by the introduction of unleaded 
petrol to the transport industry and by providing an 
adequate municipal drainage system particularly in 
Benin City. 

CONCLUSION 

Evidence adduced from this chemical study on 
sediments from roadside drains show that Pb pollu
tion in metropolitan Lagos, and Pb and Cr pollution 
in Benin City are high along all routes considered. 
However, sediments in Benin City are more polluted 
than in Lagos, although motorways in Lagos sustain a 
larger volume of traffic. This development is inferred 
to be attributable to the poor municipal drainage sys
tems in Benin City. 
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LETTERS TO THE EDITOR 

SOIL LEAD CONCENTRATIONS AND 
PREVALENCE OF HYPERACTIVE BEHAVIOR 
AMONG SCHOOL CHILDREN IN OTTAWA, 
CANADA; A RESPONSE 

Dear Editor: 

Several aspects of this report (Ericson and Mishra 
1990) deserve further attention. 

(1) The reported soil lead values, up to 75 ppm 
(mg/kg), are all within the natural range and do not 
demonstrate lead contamination. For example, rural 
Ontario soils typically range from 5 to 360 ppm 
(mg/kg) (Rinne et al. 1986; Stokes 1990; Nriagu 
1986), although urban soils are often much higher, 
over 1000 ppm (mg/kg). 

(2) The statistical analysis on page 255 shows 
several correlation coefficients which are claimed to 
be significant, but fall short of a p = 0.05 level. The 
r value of 0.50 from the subset of schools is claimed 
to be significant at the p = 0.05 level, but a coeffi
cient of 0.55 would be required. Also, for the entire 
data set, the r value of 0.32 is claimed as significant, 
but an r of 0.35 would be required to achieve sig
nificance. 

The regression equation (y = 0.12 x +10.66), the 
standard error of the lead coefficient is so high (0.06), 
that the confidence interval includes zero. The fit of 
this line to the data is not significant (F = 3.49, p = 
0.07) and could be rejected in favor of a line with 
zero slope. 

The conclusions that lead in soil shows contamina
tion and that the amounts of lead are related to the 
prevalence of hyperactivity (the y above) are not 
supported. Indeed, the null hypothesis, that lead and 
hyperactivity are independent, is not refuted by the 
descriptive report. 

Much higher lead levels have been reported to be 
associated with hyperactivity and many other ad
verse outcomes, as is noted. However, at the lead 
levels reported here, there is no evidence to support 
this claim. Our recent studies in which lead body 
burdens of Chinese children have been compared to 
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their classroom behavior has also failed to support 
this claim (Rabinowitz et al. 1990). We too found a 
bivariate association. Among the 42 of 234 boys who 
were rated by their teachers as being impulsive and 
hyperactive, when classified by the lead content of 
the interior dentine of their shed incisors, the X2 for 
the trend is significant, <0.01. For example, 4 of the 
53 boys with very low lead levels «2.9 Jlg/g) were 
hyperactive compared to 14 of the 56 with much 
higher lead levels (>5.6 Jlg/g). However, when 
other risk factors are considered (notably gender, 
age, lengthy hospitalization, and family size). 
the predictive strength of any lead term decreases. 
Logistic models of hyperactivity, although significant 
(model X2 21.3, p < 0.001), are not improved by 
adding lead terms (change in model X2 2.2, p > 0.3). 

Interestingly, at these lower lead exposure levels, 
another test of mental function does show lead 
associated trends, Raven's Colored Progressive 
Matrices Test. This language-free intelligence test 
involves visuo-spatial analogy tasks. 
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SOIL LEAD CONCENTRATION AND 
PREVALENCE OF HYPERACTIVE BEHAVIOR 
AMONG SCHOOL CHILDREN IN OTTOWA, 
CANADA; A RESPONSE TO CRITICISM 

Dear Editor: 

Several points addressed in the Letter to the Editor 
(Rabinowitz 1991) deserve comment: 

(1) The reported soil lead values up to 75 ppm 
(mg/kg) may be within the natural range for rural 
Ontario soils. However, the values do show spatial 
patterns conforming to major transportation routes 
and the history of urban development and land use in 
Ottawa. These patterns may be best explained by 
anthropogenic inputs to natural soil horizons. Second
ly, urban soil lead tends to be sampled in the upper 
centimeter. Whereas, the samples in this pilot study 
were collected 2-4 cm below the surface which may 
account for their low level. Comparison between sur
face and subsurface sampling may not be warranted 
in this case. Thirdly, arguments favoring comparison 
of Pb concentrations may not be as accurate as using 
Pb isotopic concentrations. In subsequent studies 
of Ottawa soil level it will be important to use Pb 
isotope analysis to discriminate between anthropo
genic inputs and natural soil lead. 

(2) The statistical analysis on page 255 has been 
examined and stands as reported. We share concerns 
with Rabinowitz (1991) involving the robustness of 
the association between soil lead and hyperactivity. 

The major concern of our study was the issue of 
catchment whether the location of the school con
formed to the centroid of student residences. In our 
pilot study, we did not have the resources or infor
mation to test the correlation between soil lead and 
% hyperactivity grouped by residential zones. School 
location had to suffice. For example, on page 253, 
the east view of the prevalence of hyperactivity on 
Figure 2A shows a topographical "ridge" running 
northeast-southwest in the central part of Ottawa. In 
the same view (Figure 28) the "ridge" of soil lead is 
parallel and displaced to the south of the hyperac
tivity "ridge." The lack of concordance between these 
two patterns did affect the association of the hyper
activity and soil lead as measured at the school 
locations. A reanalysis of these data grouped by 
residence, if data are available, may improve the 
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association between soil lead and prevalence of hy
peractivity. 

The significance of the statistical analysis should 
be weighed with general and specific spatial pattern 
analysis. Clearly, there are demographic patterns of 
hyperactivity in the Ottawa schools (Trites 1979) as 
well as demographic patterns of soil lead . We would 
like to understand why prevalence of hyperactivity 
is so distributed in Ottawa. 

(3) It is interesting that the study of the Chinese 
children (Rabinowitz et al. 1991) does show lead 
associated trends using the Raven's Color Progres
sive Matricies Test rather than those variables using 
teacher rating of impulsive and hyperactive behavior. 
Factors involving hyperactivity are multi-causation
al and include biological variables such as genetic, 
neurotransmitters, nutritional variables such as in
take of chemicals; and psychosocial variables such 
as socio-economic status (Whalen 1989). Future "high 
lead" versus "low lead" arguments must be considered 
relative to the extremely elevated typical levels of 
body burden lead of contemporary industrialized 
people which exceed natural levels by a factor of 
approximately 1000 (Patterson et al. in press). 
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Agriculture and Fertilizers. Oluf Chr. B0ckman et al. 
Norsk Hydro. Oslo, Norway; 1990. 245 pp. (ISBN 
82-90861-0 I-X) £5.00 softcover. 

A growing number of people, particularly in the 
industrialized nations, is alarmed over threats to na
ture, to the environment, and ultimately to man as a 
result of prevailing agricultural, industrial, and so
cial practices. Environmental protection is on the 
agenda throughout the world. The issues relating to 
agriculture and the environment are very complex. 
There exists a large body of scientific knowledge in 
this field. The public debate does not always reflect 
these insights. It is of the utmost importance to use 
what is known, and to seek new knowledge where 
needed. This book has been prepared by Norsk Hydro's 
Agricultural Group. As a producer of 12 milIion ton
nes of fertilizer annualIy, Norsk Hydro has an ob
vious interest in the future of agriculture. The purpose 
of the book is to provide factual information about 
the environmental aspects of modern agriculture, with 
an emphasis on the issues relating to fertilizer use. 
The information is drawn from the scientific litera
ture and the text has been reviewed by independent 
reviewers. This volume is recommended as a desk 
copy. 

Cancer Risk Assessment. Samuel C. Morris. Marcel 
Dekker, Inc. New York, N.Y.; 1990. 408 pp. (ISBN 
0-8247-8239-9) hardcover. 

Cancer assessment draws on many subareas of 
biology, chemistry, physics, engineering, and the so
cial sciences. For an assessment to work welI, the 
effort must be truly interdisciplinary. This book shows 
how the disciplines relate to the field and each other
outlining procedures in which experts combine their 
efforts for more accurate results. It provides tables of 
Poisson confidence limit factors for varying uncer
tainty levels ... cancer incidence and mortality statis
tics for the United States and internationally ... a detailed 
summary of current practices and future trends, and 
extensive references for in-depth comprehension of 
specific areas. This book is recommended as a desk 
copy and as a library reference. 
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Conceptual Basis for Calculations of Absorbed
Dose Distributions. National Council on Radiation 
Protection and Measurements, Bethesda, Md; 1991. 
234 pp. (ISBN 0-929600-16-9) softcover. 

In external or internal irradiation, the absorbed 
radiation dose is usualIy non-uniform in any struc
ture and, in particular, in the human body. This non
uniformity is to be distinguished from the stochastic 
variations that exist even in regions where the dose 
is uniform and that are the subject of microdosimetry. 
For alI absorbed-dose calculations, there is a source 
of radiation and a receptor of some of the energy of 
this radiation, with or without intervening material 
between the source and receptor. The calculation of 
absorbed-dose distributions requires specification of 
the sources and receptors, characterization of their 
geometrical relationships and consideration of the 
physical interactions of the radiations involving at
tenuation, scattering, and the production of secon
dary radiations. AlI these processes are considered in 
the basic transport equation, the general theorems 
and properties and the methods of solution of which 
are described in the transport theory. The report is a 
systematic presentation, discussion, and compilation 
of alI the concepts involved. It contains some com
plicated mathematics that wiJI be of interest to the 
mathematicalIy knowledgeable, but that should not 
discourage those not mathematicalIy inclined. The 
text of the report contains detailed explanations of 
alI the concepts and of the consequences of the equa
tions so that, even omitting the mathematics, a broad 
and comprehensive understanding can be obtained of 
what is entailed in the calculation of an absorbed
dose distribution. This report is highly recommended 
as a desk copy and as a library reference. 

Desalination and Water Re-use. Miriam Balaban, ed. 
Hemisphere Publishing Corporation, Bristol, PA; 1991 . 
4 Vol., 1674 pp. (ISBN 1-56032-234-9) hardcover. 

These four volumes constitute the Proceedings of 
the Twelfth International Symposium on Desalina
tion and Water Re-Use sponsored by the European 
Federation of Chemical Engineering in conjunction 
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with the International Desalination Association (IDA). 
The 1991 conference organized by the Institution of 
Chemical Engineers in the United Kingdom and hosted 
by the Government of Malta is sponsored jointly by 
the European Society of Membrane Science and Tech
nology, the American Institute of Chemical Engineers, 
the European Desalination Association, and the 
Academy of Sciences of the USSR. Topics covered 
during the symposium included economics, membrane 
and evaporative processes, reverse osmosis, solar proces
ses, fouling and scaling, waste water treatment, syn
thesis and properties of membranes, electrodialysis, 
and material requirements. 

Environment and Health. Daniel W. Bromley. Black
well Publishers, Oxford, UK; 1991. 247 pp. (ISBN 
1-55786-087-4) £35.00 hardcover. 

In this book, Daniel Bromley presents an opera
tional theory of rights, property, and property rights 
with the intent of informing economic analysis and 
public debate about natural resource and environ
mental problems. He argues that externalities, 
efficiency, equity, the commons, or intertemporal 
equity cannot be properly understood without first 
being clear about the property relations defining the 
legal relationships among various users. This leads 
to a detailed treatment of property rights and proper
ty regimes in natural resource management, clarify
ing in particular the unfortunate confusion between 
"common property resources" and "open access resour
ces" that has plagued scholarship and policy for near
ly four decades. The author explores a number of 
applications of the theory, but his prime concern is 
to demonstrate a conceptual approach to the analysis 
of property relations concerning natural resources 
that transcends particular examples and can pro
vide general illumination of the abiding policy 
issues in natural resource and environmental 
management. 

Environmental Health in Urban Development. Report 
of a WHO Expert Committee, World Health Organiza
tion, Geneva, Switzerland; 1991. 65 pp. (ISBN 92 4 
1208074) Sw.fr. l1.-/US $9.90, softcover. 

This report assesses what can be done to alleviate 
the many severe health problems associated with 
urban environments, where the living conditions of 
hundred of millions of people adversely affect their 
health, cause misery, and have potentially catastrophic 
social consequences. Recommendations and advice 
respond to the urgent need for an integrated approach 
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to urban development that takes into account all the 
environmental factors that affect human health and 
well-being. Particular emphasis is placed on infor
mal settlements, slums, and shanty-towns, where the 
most serious health problems are found. It is recom
mended as a desk copy. 

Evaluation of Environmental Data for Regulatory 
and Impact Assessment. S. Ramamoorthy and E. Bad
daloo. Elsevier Science Publishers, Amsterdam, The 
Netherlands; 1990. 466 pp. (ISBN 0-444-88530-7) 
US$ 171.50/DfI.300.00 hardcover. 

This book deals with the evolution of analytical 
methodologies to the current state-of-the-art techni
ques, quality assurance/quality control of data ac
quirements, and testing procedures for screening of 
toxic chemicals including their hazard identification, 
persistence, and fate processes in the environment. 
The models currently employed in environmental 
impact assessment and risk assessment are also 
discussed in detail. Public involvement and participa
tion in regulatory decision-making processes are also 
described. This book is intended for managers and 
scientists involved in environmental management and 
research of toxic chemicals in the environment. 

The Genetic Revolution. Bernard D. Davis, M.D., ed. 
The Johns Hopkins University Press, Baltimore, 
Md; 1991. 295 pp. (ISBN 0-8018-4239-5) $15.95 
softcover; $45.00 hardcover. 

Remarkable advances in molecular genetics have 
brought benefits ranging from more flavorful tomatoes 
to inexpensive human insulin produced in bacteria. 
But not everyone welcomes the inevitable "genetic 
revolution." Perhaps because experts and the general 
public belatedly recognized that the benefits of other 
technologies have come at great cost-pollution of 
the environment, exhaustion of natural resources, 
even damage to the atmosphere-many assumed that 
similarly unintended and unforeseen harmful conse
quences are inevitable for biotechnology. What 
monsters and disasters, they wonder, will accompany 
the miracles of this latest advance? This book addres
ses such fears with clear explanations of molecular 
genetics, its practical applications in biotechnology, 
its legal implications, and its surprising historical 
context. To ensure that all sides of the debate are 
heard, Davis has chosen outstanding contributors with 
a wide range of viewpoints-from apprehensive to 
enthusiastic-and a variety of backgrounds, includ
ing political science, law, and government regula-
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tion, as well as biology and medicine. With the latest 
information on the likely impact of genetic engineer
ing in agriculture, animal husbandry, ecology, and 
medical research and practice, the book introduces 
scientific facts and informed opinions to an emotion
al and often confusing public discussion. It is highly 
recommended as a desk copy. 

Green Futures for Economic Growth. Terry Barker, 
ed. Cambridge Econometrics, Cambridge, UK; 1991. 
137 pp. (ISBN 0-9516638-0-1) softcover. 

The nature of environmental policy is changing. 
There is a distinct shift from the wholesale emphasis 
on "command-and-control" approaches (CAC) to ap
proaches based on market-based instruments (MBI). 
CAC is typified by the traditional standard-setting 
approach based on ambient concentration limits or 
"best available technology". Basically, CAC says that 
a polluter can emit waste up to a point, and then no 
more. The limit may be set by ambient thresholds or 
by what is as "reasonable" to expect a polluter to do, 
given the available technology. The MBI approach is 
different. It allows pollution so long as the polluter 
pays the price of using up the valuable services of 
the environment, services which have hitherto been 
regarded as underpriced (and hence over-used). A 
typical MBI is an environmental tax, proportional to 
the amount of damage done. Such a tax induces the 
adoption of cleaner and cleaner technology in an 
effort to minimise the tax burden. In so far as some 
of the cost is passed on to the consumer, the consumer 
also receives a signal in the market place that a given 
produce is polluting and therefore expensive. There 
is no need for a significant sacrifice of "lifestyle", 
but the use of MBIs will alter the pattern of technol
ogy and consumption in the economy, and hence 
the way we grow. Essentially, the economy becomes 
restructured, away from a composition biased towards 
"high waste" goods and towards a "low waste" struc
ture. The emphasis is on efficient environmental 
policy: achieving environmental goals at least cost. 
This is an important objective, neglected in the past, 
and vital in an age where, rightly, environmental 
controls are tightening and being extending to the 
"new" challenges such as global warming. The cur
rent book discusses how the various reforms will 
impact the economy, employment and competitive
ness, and the low income groups. For that matter, we 
know little about the impacts of past CAC policy. 
This volume is highly recommended as a desk copy. 
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Hazardous Waste Incineration Calculations. Joseph 
P. Reynolds et at. John Wiley & Sons, Inc. New York, 
NY; 1991. 249 pp. (ISBN 0-471-50782-2) hardcover. 

The engineering profession management of haz
ardous wastes, with particular emphasis on control 
by incineration is being considered by an increasing 
number of engineers. This book, plus the software 
contained on the computer diskette, represent an at
tempt to help meet these challenges. It consists of 
four main parts. Part 1 contains almost 100 problems 
dealing with hazardous waste incineration and re
lated areas (e.g., quenchers, air pollution control 
equipment, risk analysis, etc.) and Part 2 contains 
detailed solution to these problems. Part 3 is a User's 
Guide which provides instructions and documenta
tion for HWI software contained on the enclosed 
diskette. Part 4 is a Reference Manual intended to 
familiarize the use with the basic principles behind 
the calculations performed by the HI program. Parts 
1 and 2 are the result of a year-long effort on the part 
of a group of university professors who first met 
during the summer of 1988 for a College Faculty 
Workshop .. The workshop was funded by the Nation
al Science Foundation. The main objective of the 
workshop was the development of a problem workbook 
in the hazardous waste incineration field. During the 
june 1988 meeting, each faculty member was re
quired to generate six applications-oriented problems. 
The 1988-1989 academic school year afforded most 
of the faculty an opportunity to classroom test their 
own problems, at a minimum, plus many of the other 
problems. A three-day follow-up session held during 
June 1989 was utilized to revise, update, and edit the 
workbook and finalize production and distribution 
plans. This book is recommended as a desk copy. 

Human Exposure Assessment for Airborne Pollutants. 
National Academy of Sciences, Washington, DC; 1991. 
321 pp. (ISBN 0-309-04284-4) hardcover. 

Exposure assessment has been integrated into 
attempts by governmental agencies and other or
ganizations to examine the contact of an individual 
or population with contaminants released in environ
mental media. Numerous techniques have evolved 
concurrently to qualitatively and quantitatively es
tablish exposure profiles. In industrial hygiene prac
tice, assessments of worker exposure during a work 
shift have been conducted for many years in attempts 
to comply with guidelines or standards. The techni
ques industrial hygienists have used are now being 
refined and introduced with other new advanced tech
niques to study the community environment, where 
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contaminant concentrations are usually much lower 
than those observed in the workplace. The present 
report focusses on human exposure to contaminants 
that can be inhaled and potentially cause an adverse 
health or nuisance effect. It does not cover air con
taminants transferred to other media or other routes 
of entry into the body. The report emphasizes that 
inhalation must be placed in the context of total 
exposure assessment, which requires consideration 
of all pertinent environmental media and all routes 
of entry into the body. This report is recommended 
as a desk copy and as a library reference. 

In Situ Evaluation of Biological Hazards of Environ
mental Pollutants. Shahbeg S. Sandhu et al., eds. 
Plenum Publishing Corporation, New York, NY; 
1990.277 pp. (ISBN 0-306-43617-5) $65.00 hardcover. 

This volume contains the proceedings of a sym
posium held in Chapel Hill, North Carolina. The 
purpose of the symposium was to address the applica
tion of in situ bioassay and chemical analyses for 
assessing hazards to the ecological health in marine, 
freshwater, and terrestrial environments, to discuss 
the application of in situ monitoring to human health 
in the workplace and living space, and to review 
the regulatory aspects related to hazardous waste 
programs. The ultimate goal of this symposium was 
to encourage the active integration of biomedical 
research and ecological effects research, an integra
tion which would allow for a more rapid advance
ment in new techniques, and the development of a 
broader data base on both biomedical and eco
toxicological effects of environmental pollution. 

Issues in Nutrition. Agnes Heinz, ed. American Coun
cil on Science and Health, New York, NY; 1991. 156 
pp., softcover. 

Nutrition today is a very popular topic. Magazines 
and news shows increasingly feature offerings on 
nutrition. Diet and nutrition books crowd the shelves 
of bookstores, promising quick weight loss, a better 
immune system, cholesterol reduction, and general 
rejuvenation. Some of the information on food and 
nutrition reaching the public is scientifically reli
able; much of it, however, is not. Food is not only a 
source of nutrients for energy and tissue replace
ment; it provides one of the pleasures of life and 
plays an important role in every culture. Thus, food 
and its use is also a political and philosophical 
battleground. Strongly held opinions about food have 
always existed. What is surprising, however, is that 
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decisions on food and health issues are still often 
based on personal value judgments, not grounded in 
scientific fact. This book provides a selection of 
timely and relevant nutrition articles, reports, and 
commentaries of interest to both lay people and health 
professionals. This collection should be of interest to 
researchers, students, members of the media, and 
those interested in science and nutrition policy issues 
in the 1990s. This book is highly recommended as a 
desk copy and as a library reference. 

New Risks-Issues and Management. Louis A. Cox, 
Jr. and Paolo F. Ricci, eds. Plenum Press, New York, 
NY; 1990. 716 pp. (ISBN 0-306-43537-3) $135.00 
hardcover. 

This volume constitutes the proceedings of the 
annual meeting and conference of the Society for 
Risk Analysis and is the seventh volume of a series 
on advances in risk analysis. In selecting and or
ganizing topics for this conference, the organizers 
sought to identify and include new ideas and applica
tion areas that would be of lasting interest to both 
risk analysts and to users of risk analysis results, and 
to include innovative methods and applications in 
established areas of risk analysis. A theme of the 
meeting was the importance of new technologies and 
the new and uncertain risks that they create. Thus, 
several comparatively new applications for quantita
tive risk assessment are addressed here-risks from 
biotechnology, genetic engineering, and microor
ganisms; from innovative technologies, projects, and 
practices in the telecommunications, transportation 
and energy industries; and from natural and man-made 
threats to computer systems. Methodological themes 
and issues in cancer risk analysis that are now much 
debated also appear here. These include the use of 
biologically motivated stochastic models of car
cinogenesis as opposed to more traditional statistical 
models. Other areas of concern were the roles of 
societal risk management institutions and policy 
instruments as indispensable parts of practical risk 
management-especially tort law, regulation, insurance, 
and negotiated compensation, and conflict resolu
tion. There was also increased awareness of the im
portance of both effective risk communication and 
decision-making partnerships and agreements be
tween industry and the public, between industry and 
government decision makers, and between manage
ment and labor for occupational risks. This book is 
recommended as a library reference. 
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Opportunities in the Hydrologic Sciences. National 
Academy Press, Washington, DC; 1991 . 348 pp. (ISBN 
0-309-03633-X) $34.95 hardcover. 

Hydrology is central to our understanding of the 
global environment and its many problems. Yet the 
study of water has not developed as a science in the 
same way as other fields have. This book explains 
how hydrologic sciences can be used to solve some 
of those problems. Various chapters explore the for
ces that drive the global water system, highlighting 
promising research topics in hydrology's major sub
fields . The book offers recommendations for improv
ing education in the hydrologic sciences and includes 
a chapter on the basics of the science that is interest
ing for the scientist and understandable to the lay 
reader. Included are a series of brief biographical 
sketches of leaders in the field and important applied 
problems, such as waste disposal and global change. 
This book is recommended as a desk copy and as a 
library reference. 

Ozone Diplomacy. Richard Elliot Benedick. Harvard 
University Press, Cambridge, Ma; 1991. 300 pp. (ISBN 
0-674-65000-X) $27.95 hardcover. 

The author, the leader of a U.S. delegation to an 
international meeting dealing with ozone depletion, 
describes his views on the impact of chlorofluorocar
bons (CFCs) on the depletion of stratopheric ozone 
layer. The book describes the details of negotiations 
that finally led to the signing of Montreal Protocols 
effectively banning the use of many CFCs. 

Soil Analysis. Second Edition. Keith A. Smith, ed. 
Marcel Dekker, Inc . New York, NY; 1991. 659 pp. 
(ISBN 0-8247-8355-7) $150.00 hardcover. 

The theme of this revised and enlarged second 
edition is the same as that of the first edition, that is, 
to fill the gap between books covering traditional 
methods of analysis and specialist monographs on 
individual instrumental techniques, which are usual
ly not written with soil or plant analysis specifically 
in mind. The principles of the techniques are com
bined with discussions of sample preparation and 
matrix problems, and critical reviews of applications 
in soil science and related disciplines. This book is 
aimed at the researcher working in soil science or a 
related field who is faced with the problem of making 
a new determination, or of replacing old analytical 
equipment to make a routine determination more ac
curately or more efficiently. It is recommended as a 
desk copy and as a library reference . 
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The Threatened Gene. Cary Fowler and Pat Mooney. 
The Lutterworth Press, Cambridge, UK; 1990. 278 pp. 
(ISBN 0-7188-2830-5) £9.95 softcover. 

This book is about a worldwide problem : the loss 
of genetic diversity in food crops. Since the days of 
the hunter-gatherers, Man has used for food plants 
of a vast genetic diversity. However, uniformity in 
agriculture has been growing as an ever-increasing 
rate, most particularly in the use of plant breeds. As 
fewer varieties are employed, so the neglected 
ones may disappear from the global gene pool. The 
southern hemisphere now holds most of the world's 
germplasm-the genetic basis of seeds- while the 
developed world is consolidating its control of genetic 
resources. Unexpected disasters to a particular crop 
variety may hit less developed countries harder than the 
economic superpowers, which still see the problem in 
shorter terms. This comprehensive, uncompromising 
study is written in lay terms from an international 
perspective. Despite the grimness of the message, the 
tale is told with fluency and even humour, and offers a 
solution. This book is written in lay terms and contains 
a strong advocacy message. 

Beeinflussung der Grundwasserqualitiit durch luft
getragene organische SchadslOffe . Ruprecht Schleyer et 
al. Institut ftir Wasser-, Boden- und Lufthygiene des 
Bundesgesundheitsamtes. Berlin, Germany; 1991. 96 
pp., softcover. 

Draft Mission Plan Amendment. U.S . Department of 
Energy, Washington, D.C.; 1991. 208 pp., softcover. 

Global Economics and the Environment. Roger D. 
Stone and Eve Hamilton . Council on Foreign Relations, 
New York, NY; 1991. 61 pp., $8.95 sof~cover. 

Indoor Pollution. Steve Coffel and Karyn Feiden. Bal
lentine Books, New York, NY; 1990. 278 pp., $9.95 
U.S .\$13 .95 Canada softcover. 

Informationsquellen auf dem Fachgebiet Reinhaltung 
der Luft-Fortschreibung-. E. Lahmann. Institut ftir 
Wasser-, Boden- und Lufthygiene des Bundesgesund
heitsamtes . Berlin, Germany; 1990. softcover. 
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Jobs in a Sustainable Economy. Michael Renner. 
Worldwatch Paper 104. Worldwatch Institute, 
Washington, D.C.; 1991. 58 pp., soflcover. 

Management of Radioactive Waste. Stewart Kemp, 
ed. Thomas Telford Publications, London, UK; 1991. 
176 pp., £30 .00 hardcover. 

Obstruktive Bronchitis und Luftqualitiit in Berlin 
(West) . N. Englert et al. Institut fiir Wasser-, Boden
und Lufthygiene des Bundesgesundheitsamtes. Ber
lin, Germany; 1989. 175 pp., softcover. 

Recycling Household Waste . Association of Municipal 
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4984449 

ULTRASONIC LIQUID LEVEL 
MONITORING SYSTEM 

Joseph W Caldwell, Mark W Slobodnik as
signed to Caldwell System Corp 

A liquid level measuring system having a tubular 
ultrasonic probe with a length in excess of the 
depth of liquid to be measured; for vertical inser
tion into a tank. A transducer inside the tube, at 
a first distance above the bottom end of probe 
body, responds transmits a sinusoidal acoustical 
pulse through the probe to the surface of the li
quid. An echo returns from the surface of the li
quid to the transducer and provides a sinusoidal 
echo signal. A receiver responds to the echo 
signal by providing a start signal corresponding 
to the transmitter signal crossing a pre
determined amplitude in a predetermined direc
tion and by providing a stop signal 
corresponding to a first selected echo signal cros
sing a second predetermined reference level in a 
predetermined direction. The speed of sound in 
the liquid is measured by measuring the echo 
time to a calibration rod in the tube at a known 
distance from the transducer. A timer measures 
the time between the start and stop signals and 
provides the time to a sequential controller. The 
depth of the liquid and the leak rate of the tank 
are calculated for display. 

4984462 

DETACHABLE LIQUID LEVEL 
MONITORING APPARATUS AND 

METHOD 

Robert Hass, Brian G Hodder, Christopher P 
Yakymyshyn assigned to Meditor Corporation 

Liquid level monitoring apparatus for 
monitoring the level of a liquid in a container 

having a wall with an exterior surface and an 
interior surface and formed of a material which 
is substantially transparent to optical energy and 
which has an index of refraction different from 
that of the liquid. The apparatus comprises an 
optical sensor holder and adhesive means adap
ted to secure the sensor holder to the exterior sur
face of the container at a predetermined level. A 
sensor head is provided. An attachment 
mechanism is carried by the sensor head and the 
sensor holder for detachably mounting the 
sensor head on the sensor holder. A self
contained power supply is provided which is 
coupled to the sensor head. 

4984524 

TECHNIQUE FOR CONTROLLING 
THE COMBUSTION OF FUEL 

HAVING FLUCTUATING 
THERMAL VALUES 

Kurt-Henr Mindermann, Franz Wintrich, D 
4030 Ratingen, Federal Republic Of Germany 

The combustion of fuel having a highly fluc
tuating thermal value is controlled to permit op
timization of air supply and reduction of waste 
gas impurities. The fuel passes through a com
bustion chamber having a degassing and 
evaporation zone, a primary combustion zone, 
and a secondary combustion zone. Measure
ments are taken in the evaporation and degas
sification zone to determine the thermal value of 
the fuel. This is done by detecting the intensity of 
H20 and/or C02 spectra emanating from the 
fuel. The measurement results are utilized to op
timize the combustion parameters. Such 
measurements are also made in the following 
zones in order to provide further control of the 
combustion process. 
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4985682 

LEAK MONITOR FOR 
SECONDARY CONTAINMENT OF 

LIQUID STORED IN 
UNDERGROUND STORAGE 

TANKS 

Daniel Boryta assigned to Leak Sensors Inc 

A system for monitoring the continuity and 
potential rate ofleakage of an underground tank 
hole liner formed of a sheet of electrically in
sulating polymeric material in which a standard 
current measurement is made of a circuit com
prising a standard electrode in the form of a con
tainer of electrically insulating material having a 
small hole in a side thereof and containing an 
electrically conductive fluid connected to an in
jection electrode through a current source, the 
electrodes being immersed in a conductive fluid 
in the bottom of the tank hole to provide a 
calibrated liner leakage value, and such measure
ment is compared with the current provided by a 
circuit comprising the injection electrode con
nected to a ground electrode through the current 
source. If the latter current measurement is less 
than the standard, the area of the liner tested is 
considered to meet specifications as regards 
leakage since the total area of leaks, if any, is no 
greater than the area of the hole in the standard 
electrode, where as if the current exceeds the 
standard value, the liner is deemed not to meet 
specifications. 

4986141 

TAPE DRIVE WITH SELF
EXPANDING COILS FOR SLUDGE 

COLLECTOR 

Charles Meurer assigned to Baker Hughes In
corporated 

Apparatus for taking up and paying out first and 
second ends of an endless loop of tape that has 
an intermediate section. A first reel connected to 
the first end carries a first coil of the tape. The 
first coil extends from the first reel and is nor
mally self-expanding and unwinding so as to un
wind itself from the first reel. A second reel is 
connected to the second end for carrying a 
second coil of the tape. The second coil extends 
from the second reel and is normally self
expanding so as to unwind itself from the second 
reel. A drum supports both of the first and 
second reels for rotation in the same direction. 

Pulleys guide the intermediate section of the tape 
from the first reel to the second reel for moving a 
sludge collector. When the drum is rotated in a 
first rotary direction, the first coil tends to self
unwind from the first reel and the second coil is 
wound up on the second reel to move the inter
mediate section of the tape and the sludge collec
tor. Upon rotation of the drum in a second 
rotary direction, the second coil tends to self
unwind from the second reel to apply tension to 
the tape and the first coil is wound up on the first 
reel to move the intermediate section of the tape 
and the sludge collector. 

4986268 

METHOD AND APPARATUS FOR 
CONTROLLING AN ARTIFICIAL 

RESPIRATOR 

Fleur Tehrani 

An apparatus for automatically controlling an 
artificial respirator includes sensors for receiving 
the exhaust gas from a patient and providing 
data signals corresponding to the concentration 
of the carbon dioxide and oxygen in the gas. The 
data signals are provided to a microcomputer 
which, together with data representing at least 
the patient's lung elastance factor, air viscosity 
factor in the lungs and barometric pressure, and 
when the patient is in exercise, metabolic rate 
ratio, determines the total ventilation and fre
quency for the patient's next breath and provides 
data output signals corresponding thereto. The 
data output signals from the microcomputer are 
provided, in analog form, to a signal generator 
and timing control circuit. This circuit provides 
output pulses which control the respirator and 
control valves between the respirator and the 
sensors. 

4986905 

DISTRIBUTION CONTROL 
SYSTEM FOR RECYCLING 

TREATED SEWAGE WATER FOR 
IRRIGATION 

Rocky R White 

The present invention is a self-contained 
residential and commercial treatment system 
which is capable of purifying waste water and 
then distributing the purified water by means of 
a sprinkler system or a drip feed irrigation sys
tem or of recycling the purified water in some 
manner. 
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4986910 

APPARATUS FOR DEHYDRATING 
SLUDGE 

Kiyoshi Uyama, Yasuhiko Kihara, Kawasaki, 
Japan assigned to Nippon Kokan Kabushiki 
Kaisha 

This present invention relates to a method of 
dehydrating a wet sludge. The wet sludge which 
is subjected to a preliminary dehydration by 
gravity dehydration or the like, is pelletized by a 
pelletizer, and obtained pellets of the sludge are 
subjected to compression dehydration with a 
pair of endless filter fabrics. 

4986915 

TAPE DRIVE WITH SELF
EXPANDING COILS FOR SLUDGE 

COLLECTOR 

Charles Meurer assigned to Baker Hughes In
corporated 

Apparatus for taking up and paying out first and 
second ends of an endless loop of tape that has 
an intermediate section. A first reel connected to 
the first end carries a first coil of the tape. The fist 
coil extends from the first reel and is normally 
self-expanding and unwinding so as to unwind 
itself from the first reel. A second reel is con
nected to the second end for carrying a second 
coil of the tape. The second coil extends from the 
second reel and is normally self-expanding so as 
to unwind itself from the second reel. A drum 
supports both of the first and second reels for 
rotation in the same direction. Pulleys guide the 
intermediate section of the tape from the first 
reel to the second reel for moving a sludge collec
tor. When the drum is rotated in a first rotary 
direction, the first coil tends to self-unwind from 
the first reel and the second coil is wound up on 
the second reel to move the intermediate section 
of the tape and the sludge collector. Upon rota
tion of the drum in a second rotary direction, the 
second coil tends to self-unwind from the second 
reel to apply tension to the tape and the first coil 
is wound up on the first reel to move the inter
mediate section of the tape and the sludge collec
tor. 

4987584 

MATERIALS INSPECTION 
SYSTEM USING X-RAY IMAGING 

Gerhard Doenges, Heidenrod Kemel, Federal 
Republic Of Germany assigned to Heiman 
GmbH 

A material inspection system, such as a baggage 
insepction system, uses x-ray imaging to identify 
organic materials such as drugs and explosives. 
The articles being inspected are transirradiated 
with x-rays having different radiation energies. 
From detected radiation, attenuated by the 
article under inspection, a materials information 
signal and a luminance signal are formed. The 
color of the monitor image is controlled by the 
materials information signal, and the image 
brightness, color saturation and white content of 
the image are controlled by the luminance signal. 
A color portrayal occurs only when the materials 
information signal has a sufficiently high signal
to-noise ratio. 

4987770 

COMBUSTIONING CONDITION 
MONITORING SYSTEM FOR 

INTERNAL COMBUSTION 
ENGINE 

Yasutoshi Nanyoshi, Toshio Matsumura, 
Hyogo, Japan assigned to Nissan Motor Com
pany Limited 

An engine combustioning condition monitoring 
system monitors crankshaft angular position for 
detecting an engine cylinder in combustion cycle. 
The system derives variation of velocity of a 
crankshaft revolution on the basis of the 
monitored crankshaft angular positions and 
derives a combustioning coefficient for each 
engine cylinder. A value representative of the 
variation of the crankshaft revolution velocity is 
modified by the combustioning coefficient for 
deriving internal pressure in each engine cylin
der. Discrimination of the engine combustioning 
conditon is made on the basis of the engine cylin
der internal pressure. 
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4988442 

PROCESS FOR DEWATERING OF 
BIOLOGICAL SLUDGE 

Ronald E Highsmith, Frederick J Good, Francis 
S Lupton, Kenneth P Kehrer, Glenn Petrie as
signed to Polypure Inc 

The present invention provides an improved 
biological sludge dewatering process. The pro
cess comprises the steps of: (a) heating biological 
sludge to a temperature of about 90 degrees to 
about 150 degrees C. which corresponds to a pre
ssure of about 0 to about 55 psig and retaining 
the biological sludge at that temperature for less 
than about 15 minutes; (b) centrifuging the 
heated biological sludge to isolate the solids of 
the heated biological sludge from the liquid of 
the heated biological sludge; (c) chemically con
ditioning the isolated solids; and (d) dewatering 
the conditioned solids to produce a high solids 
biological sludge. The present process is used for 
dewatering any biological sludge to produce a 
high solids cake. The resulting high solids cake 
may be used as landfill, incinerated, or used as 
fertilizer by spreading on land and plowing said 
fertilizer into the soil. 

4988446 

METHOD FOR SPECTROSCOPIC 
ANALYSIS OF HYDROCARBONS 

Joel I Haberman, Robert Overfield, Winston 
Robbins assigned to Exxon Research and 
Engineering Company 

A sample of a hydrocarbon oil containing 
asphaltenes is chromatographically analyzed by 
forming a mixture of the oil with a weak solvent. 
The mixture is passed in contact with a column 
of a stationary phase of fine solid particles of 
fully functionalized material, followed by a weak 
solvent. The solvent, after recovery from the 
column, is analyzed for aromatics by UV
absorption of UV radiation in the range 200 to 
400 nm. The absorbance of the UV light by the 
irradiated eluents across the UV wavelength 
range is monitored and the integral of abs
orbance is derived as a function of photon energy 
across the wavelength range. The magnitude of 
the derived integral in at least one time interval 
corresponding with aromatics in the eluent from 
the stationary phase is measured as an indication 
of the level of aromatics in the oil sample. The 
weak solvent may be followed by a strong sol-

vent which, in turn, may be followed by a strong 
solvent which is modified by the addition of a 
hydrogen bonding solvent. 

4988487 

PROCESS FOR RECOVERING 
METAL VALUES SUCH AS 

SCANDIUM, IRON AND 
MANGANESE FROM AN 

INDUSTRIAL WASTE SLUDGE 

Wen-Cha Lai, William Rourke, Samue 
Natansohn assigned to GTE Laboratories In
corporated 

A process for eliminating an industrial waste 
sludge by converting its metal values into useful 
products involves the selective leaching of Mn. 
divalent Fe, and other valuable metals. such as 
Sc, Co, Cr, Ni, Th, rare earths, etc. with a mix
ture of dilute sulfuric acid and a reductant at 
ambient temperature. Scandium is recovered by 
passing the leachate through an ion exchange 
column which is packed with a weakly cationic 
resin. The retention of other metals on the resin 
column is negligible. The scandium is eluted 
from the resin column and converted to a solid 
product. The raffinate from the ion exchange 
column is titrated with an alkali solution to con
vert the metals, except divalent Mn and Fe, to a 
solid metal hydroxide. After the separation the 
filtrate is treated with an alkali and an oxidant to 
recover iron as a solid product of iron oxide 
which is separated from the solution. The 
remaining solution contains only Mn values 
which are recovered by treating the solution with 
an alkali and an oxidant to yield a solid man
ganese product. Separation of the solid leaves a 
liquid that can be discharged directly. The 
residue from the initial acid leaching contains the 
remaining metal values. HCI is used to selectively 
dissolve the Fe values. The insoluble residue is 
digested in an alkali to extract the total tungsten 
values. The residue from the alkali digestion con
tains substantial amounts ofTa, Nb and Ti and 
is a viable source for these metals. 

4988510 

INSECT CONTROL SYSTEM 

Richard Brenner, Richard S Patterson, Roger R 
Pierce, Marvin H Hult assigned to The United 
States of America as represented by the 
Secretary of Agriculture 
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A packaged bait system for the control of in
sects, especially cockroaches and other orthop
terous insects, comprising an insecticidal food 
bait composition housed in a bait block holder 
that allows for easy placement in locations where 
the probability of encounter by the target insect 
is high and that makes the bait readily accessible 
to the target insect. The toxic bait comprises corn 
distiller's grain, a humectant, an insecticide and 
a gel former to yield a deformable hydrophilic 
gel matrix subsequent to hydration. 

4988866 

MEASURING DEVICE FOR 
CHECKING RADIATION FIELDS 
FROM TREATMENT MACHINES 

FOR RADIOTHERAPY 

Kjell B Westerlund, S 756 53 Upsala, Sweden 

A measuring device for checking of radiation 
fields from treatment machines for 
radiotherapy, comprising a measuring block (II) 
containing radiation detectors (1-10) arranged 
under a cover plate (13) provided with field mar
king lines (14) and energy filter (16), said detec
tors being connected to a readout unit for signal 
processing and presentation of measurement 
values, the arrangement of the radiation detec
tors in the block and the signal processing in the 
readout unit being such that the dose monitor 
calibration, the homogeneity of the radiation 
field, the geometrical correspondence of the 
radiation field and the light field, and the radia
tion energy can be checked simultaneously in 
one single irradiation of the measuring block and 
subsequent reading of the measurement results. 

4988876 

PERSONNEL RADIATION 
DOSIMETRY DEVICE AND 

TESTING UNIT 

Kevin Doughty, Caernafon Gwynedd, United 
Kingdom assigned to Radon Testing Corpora
tion of America 

A system for measuring the cumulative amount 
of radiation received by a person includes a 
radiation monitoring electret. This electret is 
supported on a first conductive plate and pre
ferably is positioned within a protective cavity 
such that it is not discharged by non-radiation 
sources. Measurement of the charge decrease on 

the electret over time is achieved by a null 
method. In particular, a second plate in the 
monitoring device located over the electret, or 
the electret itself, is vibrated and an A.C. am
plitude modulation detector produces an output 
signal created by the alternating electric field due 
to the vibration. A D.C. voltage of opposite 
charge is then applied to the first conducting 
plate on which the electret is supported. This 
field is increased until it cancels the A.C. field ab
ove the electret. When this null occurs, the 
applied D.C. voltage is equal to the charge on the 
electret. Using this null technique the electret 
charge can be accurately measured without con
tacti ng the electret. 

4988988 

CENTRAL MONITORING AND 
ALARMING SYSTEM 

Tetsuo Kimura, Tokyo, Japan assigned to Nit
tan Company Ltd 

A central monitoring and alarming system for 
monitoring and alarming an abnormal condi
tion, for example fire and gas leakage, includes a 
central monitoring station having a memory 
device and a signal processor, plural terminals 
returning information detected by sensors in
cluded therein and a supporting terminal unit for 
specifying a proper address assigned to the ter
minal units respectively so that an operator can 
reliably know an address without looking at an 
address setter disposed in a terminal unit. 

4989344 

PARTICULATE REMOVAL FOR A 
SLUDGE TREATMENT PROCESS 

John D Glorioso assigned to Enviro-Gro Tech
nologies 

A system is described for producing small 
uniform pellets of predetermined size which are 
substantially free of fines from mechanically 
dewatered sewage sludge and a means for con
trolling odor from the production of said pellets. 
The system includes a process and apparatus for 
mixing the dewatered sludge with previously 
dried recycled particles of said sludge. Drying 
the mixture in a thermal drier, separating a sub
stantial portion of the dried solids from the drier 
off-gas. Clarifying said separated solids to 
separate the pellets of predetermined size, over
sized pellets, and undersized pellets and par-
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ticles, mechanically crushing the oversized 
pellets and admixing the crushed oversized pel
lets with the undersized pellets and particles and 
recycling said mixture for mixture with incoming 
dewatered sludge to the drier. The off-gas from 
the mechanical separation process is then passed 
through a two stage, in series, high pressure 
cyclone system to remove substantially all of the 
fines therefrom, without using a wet scrubber. 
The off-gas is then treated to remove odors and 
exhausted to the atmosphere. 

4989363 

BULK MATERIAL TREATMENT 
AND APPARATUS 

Manfred Doernemann, Frankfurt, Federal 
Republic Of Germany assigned to Degesch 
GmbH 

Process and apparatus for protecting or pre
serving stored commodities, in particular bulk 
commodities such as agricultural produce, e.g. 
grain, against deterioration by pest action, com
prising the introduction into and maintenance in 
the commodity in a substantially gas-tight 
enclosure of a pesticidal atmosphere comprising 
carbon dioxide. The carbon dioxide is admitted 
to the bottom of the storage space so slowly that 
it spreads out as evenly as possible in the bottom 
region, being mixed as little as possible with the 
air or like gas originally contained in the storage 
space and then displacing that air or gas progres
sively in an upward direction, to be vented to the 
atmosphere from the top of the space until the 
space is filled entirely with carbon dioxide in a 
predetermined concentration range. This range 
can be monitored and regulated automatically. 
Excess gas is vented through vent pipes, a slight 
back pressure being created by non-return flaps 
or throttles. 

4989522 

METHOD AND SYSTEM FOR 
INCINERATION AND 
DETOXIFICA TION OF 
SEMILIQUID WASTE 

George Cline, Dale Edward, Bob Langberg, 
Kurt Winkler assigned to Sharpe Environmental 
Services 

A method and system for detoxification of waste 
materials, comprising incineration of the waste 
materials followed by additional contaminant 
reduction steps. The waste material is separated 
into solid and liquid portions that are fed 
separately into a combustion chamber wherein 
they are exposed to a plasma arc torch to affect 
combustion, producing a gaseous emissions 
stream and an obsidian residue. The gaseous em
issions stream passes through an emissions con
trol unit to eliminate acid gases, metals, and 
particulates, producing a cleansed exhaust gas 
and an emissions residue. The emissions residue 
is passed through an electroplating unit to 
reclaim metals. The obsidian residue is pul
verized and then treated by a chemical process, 
or passed through the electroplating unit, to 
reduce the concentration of unbound barium 
contained therein, producing an inert obsidian 
residue that is free of toxic levels of all con
taminants. 

4989570 

FAIL DETECTING SYSTEM FOR 
SENSOR MONITORING 

CONCENTRATION OF A FUEL IN 
BLENDED MULTI-FUEL FOR 

INTERNAL COMBUSTION 
ENGINE AND FAIL-SAFE SYSTEM 

IN LAMBDA-CONTROL 

Masaru Kuribara, Masamichi Imamura, 
Yoshiki Yuzuriha, Gunma, Japan assigned to 
Japan Electronic Control Systems Co Ltd 

A fail-detection system is designed for detecting 
failure of a fuel concentration sensor for 
monitoring concentration of one of a plurality of 
different types of fuels which are blended to be 
supplied to an internal combustion engine, 
which fuel concentration sensor varies output 
signal level depending upon the monitored fuel 
concentration in the blended fuels. The system 
comprises first means for receiving the output 
signal from the fuel concentration sensor for 
providing a monitored data associated with 
monitored fuel concentration, second means for 
providing a reference data representative of nor
mal range of the value of the monitored data, 
and third means for comparing the monitored 
data with the reference data for detecting ab
normality of the fuel concentration sensor when 
the monitored data is out of a predetermined 
relationship with the reference data. 
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4990237 

PROCESS FOR THE RECOVERY 
OF OIL FROM WASTE OIL 

SLUDGES 

Steven R Heuer, Victor Reynolds 

Commercially valuable oil is recovered from 
refinery-produced, Resource Conservation and 
Recovery Act classified, hazardous waste oil 
sludges by a series of volatilizing and condensing 
steps (which may vary depending on the oil, 
water, and solids content of the sludge) resulting 
in the production of nonhazardous water and 
solid waste byproducts. A pumpable, low 
viscosity, high oil- and/or water-content sludge 
is first centrifuged to separate free oil and water, 
while the thick waste oil sludge, centrifuge solids, 
or other sludges low in oil and/or water content 
are heated to volatilize the contained water and 
oil. Dry, friable, deoiled solids are recycled with 
the oily sludge feed to prevent material ag
glomeration and heat exchanger fouling. Oil and 
water vapor from the high-temperature 
volatilization apparatus is recycled as an indirect 
heat source to the low-temperature volatilization 
apparatus. The volatilized oil and water are con
densed and combined with the oil and water cen
trate, and the oil and water are essentially 
separated as by gravity in a settler. The separated 
oil is again centrifuged to remove any entrained 
water and solids. The nearly oil free, non
hazardous waste water and nonhazardous, 
deoiled solids can be disposed of in a conven
tional manner, and the commercially valuable 
recovered oil is suitable for further refinery pro
cessing. 

4990311 

DEODORIZING APPARATUS AND 
METHOD 

Yoichi Hirai, Toshikazu Ito, Ohbu, Japan as
signed to Tohkai Kogyo Co Ltd 

An apparatus and method for deodorizing a gas 
mixture including air and a malodorous sub
stance having a flow passage for the gas mixture 
and a fan for inducing air flow in a pre
determined direction through the passage. An 
ultraviolet lamp for generating uv rays below a 
criticlil wavelength is in the flow passage for 
generating ozone from the air in the gas mixture. 
An ozone-decomposing catalyst layer is in the 

passage for contacting the gas mixture, and an 
ozone-decomposing ultraviolet lamp for gene
rating uv rays above critical wavelength is 
positioned to irradiate the layer directly. The in
tensity of the radiation of the two layers is con
trolled to avoid the discharge of ozone from the 
downstream end of the passage. 

4990313 

ULTRAVIOLET DEVICE 

Richard W Pacosz assigned to American Ultra 
Air Inc 

A switch-controlled, ballasted, low-frequency, 
ultraviolet device mounted inline in an air-return 
system of an air-conditioning unit to resupply 
return air. The air-return system has an up
stream filter and downstream cooling coil, drain 
pan and blower fan . The ultraviolet device is dis
posed inline between the filter and cooling coil, 
and in closest proximity to the cooling coil to 
maximize its effectiveness. Ultraviolet emissions, 
directed at the cooling coil and drain pan, 
destroy cooling-coil-and-drain-pan bacterial ac
cumulations, growth of mold spores or slime, 
dust mites, airborne diseases, pollens and pol
lutants, and purify such return air. 

4991531 

SYSTEM FOR IDENTIFYING 
UNAUTHORIZED BILGE WATER 

DISCHARGES FROM MARINE 
VESSELS 

Amant Joseph C St 

A system for marking unauthorized discharge of 
bilge waste, including a supply for containing a 
dye tracer product within the confines of a vessel, 
an interface line for adding the dye product via a 
flow line to the overboard discharge line of a 
marine vessel, valve controller for valving the 
flow of dye product between the supply tank and 
the vessel overboard discharge line, an activator 
for activating the valve controller responsive to 
the sensing of a preset level of waste products 
being discharged via the overboard discharge 
line so that unauthorized discharge of waste 
material from the vessel's bilge via the overboard 
discharge line automatically activates the valve 
controller to mix a dye product contained within 
the supply tank with the unauthorized fluid dis
charge. 
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4991625 

MULTIPLE STREAM FLUID 
MIXING AND DISPENSING 

APPARATUS 

Paul Manganaro 

An improved multiple stream, fluid mixing and 
dispensing apparatus for automatically 
regulating flow rate and temperature for one or 
more preset fluid flows for connection to 
domestic water delivery systems including a 
plural station, fluid flow rate and temperature 
control console adapted for cooperating with the 
standing hydraulic pressure of a dual tempera
ture fluid supply means with a variable effluent 
flow rate regulator interposed in each of the 
main supply conduits and associated controller 
means for presetting the flow rate through each 
regulator and determining both the degree of 
mixing and the incidence of fluid flow to be pro
vided from each supply conduit to the exit con
duit. 

4992268 

NOVEL SYSTEM FOR 
MONITORING AND 

CONTROLLING THE PAPAYA 
FRUIT FLY 

Peter J Landolt, Robert R Heath, Herndon R 
Agee assigned to The United States of America 
as represented by the Secretary of Agriculture 

A method and apparatus for monitoring and 
controlling the papaya fruit fly are described. 
The novel system is a combination of the male 
papaya fruit fly sex pheromone, 2-methyl-6-
vinyl-pyrazine, and a fruit mimic. 

4992658 

EI,ECTRET ION CHAMBER FOR 
RADON MONITORING 

Robert W Ramsey, Payasad Kotrappa assigned 
to Rad Elec Inc 

An electret ion chamber for monitoring radon 
comprises a housing having an electret holder 
and a cover. The cover is attached to a plunger 
which closes over the electret when the cover is in 
place and is removed from. the electret when the 
cover is opened. The plunger effectively turns on 

and off the radon monitor with the opening and 
closing of the cap. In very short term and very 
long term radon monitors, this turn on and off 
feature is not needed. 

4993323 

FLUIDIZED BED COMBUSTION 
OF ALUMINUM SMELTING 

WASTE 

Ronald S Tabery, Ky Dangtran 

An environmentally acceptable and effective 
method for thermal destruction of Spent 
Potliner (SPL) by Fluidized Bed Combustion 
(FBC) has been established . This method has 
overcome problems associated with ash ag
glomeration, ash leachate character and emis
sion control , the primary obstacles for applying 
FBC to the disposal of SPL and like solid fuels. 
Specifically, recipes of appropriate additives 
(fuel blends) are proposed. A mixture of lignite, 
limestone and SPL in an appropriate proportion 
has proven to notably increase the agglomera
tion temperature of the ash, allowing this low
melting waste to be destroyed continuously by 
FBC. Ash leachate character is modified by con
trol of ash chemistry to ensure that fluoride 
anions and metallic cations are at or below ac
ceptable limits. 

4993372 

TWO STROKE INTERNAL 
COMBUSTION ENGINE WITH 

DECOMPRESSION VALVE 

Constanti Mott, Constantin Noe, Don Mills, 
Ontario M3C IC?, Canada 

A two-stroke internal combustion engine has an 
inlet port in the cylinder wall covered and ex
posed by the piston during reciprocation thereof 
in the cylinder and to which fresh air is supplied 
under pressure by a supercharger. An exhaust 
valve is mounted centrally in the cylinder head 
for controlled operation independently of the 
position of the piston. Fresh air forced into the 
cylinder by the supercharger when the inlet port 
is exposed by the piston during the exhaust 
stroke enables any residual unburned gases to 
burn completely and expels the gasses from the 
cylinder completely enabling operation of the 
engine at high compression with relatively low 
pollution . 
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4993838 

DUST MONITOR 

Stewart W Tresouthick, Hugh Love assigned to 
Construction Technology Laboratories Inc 

An apparatus and method for reliably gene
rating simulations of actual dust suspension con
ditions and measuring the associated density of 
suspended dust. The dust monitor is constructed 
to permit generation of dust suspensions by ac
hieving various pre-selected motions for the test 
material , such as a rolling motion or swirling 
motion relative to the forward direction of travel 
of the test material. The apparatus and method 
permit prediction and control of the propensity 
to form dust suspensions during actual operating 
situations in the field . 

4993942 

LIME SLUDGE KILN 

John Boyden, James F Schooling assigned to 
Champion International Corporation 

A kiln for reclaiming quick lime for calcium car
bonate sludge formed in the production of 
cooking liquors in a wood pulping process for 
the production of paper. The kiln provides in
creased output with lower energy input due to: 
measurement and control of oxygen content in 
the kiln; non-air mixing burner; castable refrac
tory liner with tumbler ribs; a heat transferring 
chain system; and a variable speed exhaust fan 
and air flow control. The output of the kiln was 
increased by more than ten percent along with a 
forty-five percent improvement in energy effi
ciency at substantial cost reduction due to its ef
ficient use of energy. 

4994187 

APPARATUS FOR REMOVING 
SEWAGE SLUDGE FROM THE 

BOTTOM OR THE SURFACE IN A 
SETTLING BASIN 

Bernd Glaser, Uwe Kloth, Hamburg, Federal 
Republic Of Germany assigned to Richard Tot
zke Mashinen- und Apparatebaue GmbH 

Sweeper means for circular settling basins 
wherein at least a pipe is supported by a radially 
extending support structure adapted to be 

rotated about a central vertical axis by driving 
means, wherein further the discharge end of the 
pipe being connected to a sewage sludge return 
line which is extended below the settling basin 
and extended into the basin in the central area 
thereof and which is adapted to deliver the 
sewage sludge outwards of the settling basin, the 
support structure being suspended on a vertical 
rotary shaft coupled to the driving means, the 
other end of the pipe moving in conjunction with 
the support structure being connected to a rotary 
connection below the level in said settling basin 
to which also the sludge return line is connected. 

4994280 

IODOPHOR COMPOSITION FOR 
AQUACULTURE 

Lyle J Kochinsky 

A stable concentrated iodophor composition is 
useful in aqueous solution for control of micro
organisms in the therapeutic and prophylactic 
culture of aquatic animals such as fish, reptiles, 
and amphibians. It is effective against bacteria, 
fungi , viruses, algae and the like in very dilute 
solution while being non-toxic to higher animals. 
Its biocidal action is due in large measure to the 
action of iodine that is slowly released into the 
water. The solution has low-foaming properties 
to enable its use with water systems having 
moving water in fountains, filters and bubble 
aerators. The composition includes phosphoric 
acid, ethylene glycol monobutyl ether, and two 
iodophors, a first iodophor formed by mixing 
iodomethane with a quaternary ammonium sur
factant and a second iodophor formed by 
heating iodine with either an alkyl phenoxyl 
polyether alcohol or oleic acid sulfonate. 

4994378 

METHOD FOR REDUCING 
BLOOD CARBON DIOXIDE 

BACKGROUND IN BACTERIAL 
MEDIA BY THE ADDITION OF 

MICELLES OF SAPONIN AND A 
PHOSPHOLIPID 

Dolores Berger, Paul E Goldenbaum, Gregory 
Tice assigned to Becton Dickinson and Com
pany 

A non-ionic lytic agent, preferably saponin for 
reducing the background carbon dioxide pro-
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duced by blood cell metabolism is used in the 
testing of cultures for the presence of micro
organisms. The hemolytic agent saponin is com
bined with a phospholipid, preferably L- alpha
Lecithin (phosphatidylcholine), to form mixed 
micelles which protect saponin from the effects 
of heat sterilization and high blood cholesterol 
levels, thus maintaining the lytic activity of 
saponin. The phospholipid/saponin mixed 
micelles are added to non-radiometric culture 
media vials such as Bactec trademark NR6A, 
NR7A and NR8A. The media vials are used in 
the Bactec trademark NR-660 and NR-730 in
struments. However, the present invention may 
also be used in radiometric media such as Bactec 
trademark culture vials 6, 7 and 8 for reducing 
background carbon dioxide levels detected in 
CI4 radiometric instruments such as the Bactec 
trademark-460, or in other instruments designed 
to detect bacteria in the presence of mammalian 
cells by monitoring the increase in C02 pro
duced by the metabolizing bacteria. 

4994390 

ENZYME BLEND CONTAINING 
CELLULASE TO CONTROL 

INDUSTRIAL SLIME 

Christopher Wiatr assigned to Nalco Chemical 
Company 

A method of attacking and removing microbial 
slime in slime covered surfaces and maintaining 
a slime-free surface as in exposed cooling tower 
surfaces and in waste water treatment and paper 
making. This method comprises utilizing an en
zyme blend in 2 to 100 parts per million (ppm) of 
cellulase, alpha-amylase and protease. Such en
zyme blends have been found specifically to 
digest microbial slime and reduce microbial at
tachment and biofilm. A specific combination of 
polysaccharide degrading enzymes is a ratio of 2 
parts cellulase to I alpha-amylase to I protease 
utilized in 2-100 parts per million. Broadly, the 
alpha-amylase must be at least I and the pro
tease may vary from 0.5 to 1 part. 

4994391 

BACTERIA CULTURING SYSTEM 

Craig 0 Hoffmann 

An improved bacterial culturing system which is 
advantageously used on-site at waste water 
treatment plants. The system rapidly and effic-

iently produces various types of bacteria having 
enhanced activity and controllable charac
teristics. The bacteria are used to break down un
desired or unwanted chemical species contained 
in the waste water stream. The system includes a 
unique culturing or primary basin in com
munication with an acclimation or acclimator 
basin. Bacteria grown in the culturing basin are 
partially exposed to the materials they are later 
intended to break down in the acclimation basin . 

4994791 

PROGRESSIVELY 
MONITORABLE FIRE ALARM 

SYSTEM 

Henry F Taylor assigned to Texas A & M 
University System 

A method for producing reflectors in a con
tinuous length of optical fiber is disclosed. The 
present process includes the steps of preparing 
the ends of two or more optical fibers, placing 
one or more of these fibers in a vacuum system 
and applying a metallic or dielectric coating to 
the fiber ends, and then fusing the prepared, 
coated ends of the fibers together until the reflec
tivity of the region reaches a desired value. 

4995242 

METHOD OF AND MEANS FOR 
CONTROLLING THE CONDITION 

OF AIR IN AN ENCLOSURE 

Gad Assaf, Rehovot, Israel assigned to Ormat 
Turbines Ltd 

The air in a greenhouse is dehumidified using a 
direct-contact heat exchanger utilizing con
centrated brine. The diluted brine produced 
when water vapor in the greenhouse condenses 
on the concentrated brine is regenerated in a 
fuel-fired boiler whose products of combustion, 
carbon dioxide and water vapor, are passed into 
the greenhouse. The products of combustion 
provide the desired level of carbon dioxide in the 
greenhouse; and the excess water vapor in the 
products of combustion as well as a significant 
portion of the water vapor produced by plants, 
growing in the greenhouse are removed by the 
hygroscopic concentrated brine. 
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4996155 

BACILLUS THURINGIENSIS 
GENE ENCODING A 

COLEOPTERAN-ACTIVE TOXIN 

August Sick, Thomas E Gilroy assigned to 
Mycogen Corporation 

A novel B.t. toxin gene encoding a protein toxic 
to coleopteran insects has been cloned from a 
novel coleopteran-active B. thuringiensis 
microbe. The DNA encoding the B.t. toxin can 
be used to transform various prokaryotic and 
eukaryotic microbes to express the B.t. toxin. 
These recombinant microbes can be used to con
trol coleopteran insects in various environments. 

4996156 

PREPARATION OF SPORE-FREE, 
CONCENTRATED PROTEIN 

PREPARATIONS FROM 
BACILLUS THURINGIENSIS 

SEROV AR, ISRAELENSIS, WHICH 
IS TOXIC FOR GNATS, A 

MICROORGANISM FOR THEIR 
PREPARATION, AND THE 

ISOLATION OF THE 
MICROORGANISM 

Han Zaehner, Konrad Bernhard, Harald Weis
ser, 7400 Tuebingen, Federal Republic Of Ger
many 

Asporous mutants of Bacillus thuringiensis 
serovar. israelensis, a process for their prepara
tion and their use for the isolation of bacterial 
toxins for controlling diptera. 
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