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I. INTRODUCTION

A significant part of the Nation's efforts to achieve clean air
standards has been directed toward control of motor vehicle emissions.
According to EPA emission estimates, motor vehicles account for nearly
three-quarters of the total carbon monoxide, over one-third of the hydro-
carbons, and one-third of the oxides of nitrogen emitted to the atmos-
phere. To reduce these emissions, automotive manufacturers have been
required to install control devices on certain classes of new vehicles.
Each manufacturer must certify that the control devices will enable its

vehicles to meet established emission standards.

Congress has passed laws making it il1legal for automobile dealers
to disconnect or modify emission control devices. As of August 8, 1977,
these laws were broadened to prohibit all automobile service or repair
facilities, as well as dealers, from knowingly disconnecting or modify-
ing a vehicle's emission control devices. These laws are contained in
the 1977 Amendments to the Clean Air Act under Sections 203(a)(3)(A)
and 203(a)(3)(B) [Appendix A]. The Field Operations and Support Divi-
sion (FOSD) of the EPA is responsible for enforcement of these Sections

which are generally referred to as the tampering provisions of the Act.

Prior to 1978, the Mobile Source Enforcement Division (MSED)--(FOSD's
predecessor organization) had data showing that tampering was occurring.
However, these data were inconclusive due to the variability in inspec-
tion procedures and inspectors. Therefore, in early 1978 MSED decided
to conduct a tampering survey on a national level that used consistent

procedures.

The objectives of the survey were to determine: (1) the rate of
tampering on a national level, (2) the common types of tampering; and

(3) if a relationship existed between tampering and idle emissions.



The survey was conducted from May through August 1978 under the direc-
tion of MSED, by an expert consultant with assistance provided by the
National Enforcement Investigations Center (NEIC). Of the 1,953 vehicles
inspected, 19% showed tampering, 48% showed arguable tampering,* 2% showed
control device malfunctioning, and 31% showed no visible signs of tamp-

ering or malfunctioning.

To remain abreast of the tampering rates, MSED requested that the

NEIC conduct a second nationwide tampering survey during the summer and
fall of 1979. 1In addition to the objectives of the 1978 survey, the
1979 survey sought to (1) compare the tampering rates in areas with in-
spection and maintenance regulations (I/M areas) with those having no
inspection and maintenance regulations (non-I/M areas), (2) check for
sample bias that may have been introduced because participation was vol-
untary during the survey, and (3) compare the tampering rate for the

two years. v

* The term "arguably tampered" means potential, but not clear-cut
tampering. a



II. SUMMARY AND CONCLUSIONS

The National Enforcement Investigations Center of EPA's Office of
Enforcement conducted the 1979 Motor Vehicle Tampering Survey at the re-
quest of the Technical Support Branch of EPA's Mobile Source Enforcement
Division. During the period June through November 1979, 2,499 vehicles
comprising model years 1973 through 1980 were inspected at eight sites.
The sites, Tennessee, Delaware, Minnesota, Vermont, New Jersey, Texas,
Virginia, and Arizona, were chosen to represent various geographic areas,
duplicate some 1978 sites, and include several with existing or poten-

tial I/M regulations.

At each site 100 to 350 vehicles were inspected for tampering with
emission control devices. In addition to control device inspection,
idle hydrocarbon (HC) and carbon monoxide (CO) emissions were measured

and fuel samples were taken from vehicles requiring unleaded gasoline.

A1l vehicles inspected in the survey were c]assifiedlinto one of
four mutually exclusive categories: tampered (at Teast one control de-
vice removed or rendered inoperative), arguably tampered (potential,
but not clear-cut tampering), malfunctioning, and OK (all control devices
present and apparently operating properly). The results for all four

categories for both the 1978 and 1979 surveys are shown below.

TAMPERING SUMMARY

Change
Vehicle Status 1978 Survey (%) 1979 Survey (%) (Percentage Points)
0K : 30.7 33.3 + 2.6
Tampered 18.9 18.0 - 0.9
Arguably Tampered 48.4 46.5 - 1.9
Malfunctioning 2.0 2.2 ’ + 0.2

Total Number Vehicles 1,953 2,499




As can be seen, the rates changed only nominally. Averaging these
yearly changes, the results of these two national surveys show that al-
most two-thirds of the vehicles originally -equipped with emission con-

trol devices are operating without the full benefit of those devices.

Other results of the 1979 survey further substantiate the conclu-
sion reached in the 1978 survey that the tampering rate increases with
the age of the vehicle population. The projected tampering rate for
the 1979 survey increases to 40%¥ as the vehicle population reaches eight
years old. However, this rate of increase is significantly lower than

the 1978 projected tampering rate of 48% in eight years.

| The results also show the rate of tampering is dependent upon geo-
graphic location and vehicle manufacturer. A consistent geographic pat-
tern for tampering has not yet been developed, but a pattern showing
vehicles made by foreign manufacturers with lower tampering rates has

been developed.

A strong correlation between tampering (including arguable tamper-
ing) and high idle emissions has been demonstrated by data from both
the 1978 and 1979 surveys. For the 1979 survey overall idie HC and CO
emission;, respectively, were two to three and a half times higher for

tampered vehicles than for OK vehicles.

The most prevalent form of tampering in the 1978 and 1979 surveys
was EGR system tampering. Limiter cap removal remained the most prev-

alent type of arguable tampering for both survey years.

At 8.9%, the rate of fuel switching for the 1979 survey was more
than twice the 4.2% detected during the 1978 survey. The large in-
crease is due to the very high rate found at one site--Vermont. When
the Vermont fuel switching data are excluded from the total, the rate
falls to 5.3% for 1979. Whether a high rate of fuel switching is pecu-
liar to Vermont or to rural areas in general cannot be said without in-

c¢luding other rural areas in future surveys.



The rate of tampering for I/M areas was 6.5% less than the rate
for non-I/M areas, but the rate of arguable tampering for I/M areas was
13% higher than the rate for non-1/M areas. Despite the higher arguable
tampering rate, idle emission for I/M areas were lower than non-I/M areas.
These results indicate that I/M areas should be included in future surveys

to obtain additional data.

A comparison study between a voluntary and mandatory survey was
made in Vermont to determine if the voluntary nature of the surveys
causes a bias in the results. The analysis of this limited data from
the survey showed a 48% increase in the tampering rate for the mandatory
survey, indicating a pofentia] negative bias on the tampering rate ex-
ists in voluntary inspections. However, before concluding a definite

result, this comparison should be performed at additional sites.

To determine if drivers may be circumventing I/M regulations by
disconnecting emission control devices after I/M inspections, an inspec-
tion station and a roadside check inspection were performed in an I/M
area. The results showed no statistical differences between the tamper-
ing rates and arguable tampering rates for the inspection station and
for the roadside check, indicating that circumvention of I/M regulations

by disconnecting emission control devices is not a problem.



III. SURVEY DESIGN

The major design considerations for the survey were twofold:

1. A minimum of six locations would be investigated. These loca-
tions would represent geographic diversity with at least three

of the 1978 locations being repeated.

2. A minimum of 300 vehicles would be the goal to be inspected
at each location with at least 1,800 vehicles being inspected
during the survey. Inspections would be limited to 1973 and
newer light duty vehicles. The mix of vehicles which would
come by the inspection sites was assumed equivalent to a ran-
dom sample. No attempt would be made to approximate the na-

tional vehicle mix.

Each vehicle inspection included a thorough check of all emission
control systems, recording basic data about the vehicle, measuring idle
hydrocarbon (HC) and carbon monoxide (CO) emissions, and obtaining a
fuel sample from vehicles requiring unleaded fuel. The inspection pro-
cedures required objectively determining and recording the condition
of emission controls. A determination whether conditions constituted
tampering was not made at the time of inspection. (A detailed explana-
tion of the inspection data required and recording procedures is con-
tained in Appendix B; a 1ist of the equipment used is contained in

Appendix C.)

A four member team was used at each site. A designated team lead-
er was responsible for data and sample collection, and implementation
of the above-mentioned procedures. The team leader was also responsi-

ble for explaining the objectives of the survey to the news media.



A11 gasoline samples were analyzed by the NEIC using the automated

procedure described in Appendix D.

In arranging survey sites, the EPA Regional Office, the state air
pollution control agency, the state police and the state department of
motor vehicles, or the agency responsible for vehicle safety inspections

were contacted. The following states and cities were contacted:

Maine New Hampshire Vermont
Delaware Chattanooga, Tennessee I1T1inois
Wisconsin Minnesota Texas

New Jersey Virginia Maryland

Phoenix, Arizona

Vermont, Delaware, Chattanocoga, Tennessee, Minnesota, Texas, New
Jersey, and Phoenix, Arizona agreed to participate. Virginia was in-
cluded with the aid of the State Air Pollution Control Board. The
states that did not wish to participate cited such reasons as manpower
shortages, possible unfavorable public reaction, and legal problems as-

sociated with roadside checks.

Of the eight sites that were surveyed, three were revisits from
the 1978 survey (Wilmington, Delaware; Chattanooga, Tennessee; and
Houston, Texas), two were I/M areas (New Jersey and Phoenix, Arizona),
four were pre-I/M areas (areas where inspection/maintenance regulations
are about to be implemented--Vermont, Delaware, Houston, Texas, and
Richmond, Virginia), and one was an area of the country not visited in

the 1978 survey (Minneapolis-St. Paul, Minnesota).

The three sites from the 1978 survey were selected so that changes
in the tampering rate over the past year could be determined. The two
I/M sites were selected to see if the tampering rate differed from non-
I/M sites. The four pre-1/M sites were selected to build a data base
for comparison with data to be collected from these same sites after I/M

regulations go into effect.



Vermont was the site of two inspections during the survey. The
first inspection was conducted as a voluntary inspection; the second was
a followup mandatory inspection arranged in cooperation with the State
Agency of Environmental Conservation. The followup inspection was con-
ducted to determine if a significant difference in the tampering rate

exists between a voluntary inspection and a mandatory inspection.

To ensure comparability with the 1978 survey the same expert con-
sultant who supervised the 1978 survey conducted a two-day training
course for inspectors at the NEIC and assisted at two sites during the
1979 survey. In addition, many of the inspectors who participated in

the 1978 survey also participated in the 1979 survey.



IV. SITE DATA

This section lists the location, dates, inspectors, number of vehi-
cles inspected, number of fuel samples analyzed, and the estimated re-
fusal rate for each site. It also contains a description of the inspec-

tion sites and the procedures used to obtain vehicles for inspection.

A. Chattanooga, Tennessee - City-run safety lanes

Dates June 11 to 15, 1979
Participants Larry Walz - NEIC

Ron Snyder - NEIC
Steve Nemec =~ NEIC

Tom Newman - NEIC

Jing Caldwell - MSED
Samples 275 Vehicles
Fuel Samples 156 Analyzed
Refusal Rate Estimated at less than 5%

Chattanooga has a city-wide annual safety inspection at one four-
lane site. The tampering inspection was performed in front of an active
lane to which 1973 and later model cars were directed by safety inspec-

tion personnel.

During the week of the survey a local truckers strike closed most
of the city's gasoline stations. Consequently, vehicle flow through the

safety lanes was very low and the goal of 300 vehicles was not met.

B. Wilmington, Delaware - State-run safety lanes
Dates June 18 to 22, 1979
Participants Larry Walz - NEIC

Ron Snyder - NEIC
Steve Nemec - NEIC
Tom Newman - NEIC

Paul Gesalman -~ MSED
Jack Gockel - Private consu];ant



Samples 330 Vehicles
Fuel Samples 209 Analyzed _
Refusal Rate Daily range of 26 to 38%

De]aware.has an annual safety inspection performed at four state-
operated sites. The site chosen for the survey was the largest. - It was
located in a Wilmington suburb near the airport and was set up to do
only safety inspections. The inspection team used a vacant lane outside
the inspection building and cars were chosen randomly from those waiting
in the other lanes. Because those volunteering for the inspection had
to leave their place in line and then return to the line after the in-
spection, the refusal rate was higher than that experienced at the Chat-

tanooga safefy lanes.

C. Minneapolis-St. Paul, Minnesota - Roadside check
Dates July 9o 13, 1979
Participants Larry Walz - NEIC

John Schmuck - NEIC
Tom Newman - NEIC

Steven Nemec -~ NEIC
Geri Hilden NEIC
Paul Gesalman - MSED

Samples 300 Vehicles

Fuel Sampies 195 Analyzed

Refusal Rate Estimated at 50%

Sites Monday - Interstate Hwy I-94, 2 miles

_east of Rogers, Minnesota

Tuesday ~ Weigh station in Elk River,
Minnesota

Wednesday - Forest lLakes - Northwest of
Minneapolis -

Thursday - West of Minneapolis

Friday - North of St. Paul

One State trooper was assigned to assist with the check. The troop-
er escorted the inspection team to the sites each morning and supplied
the team with a steady flow of cars. The refusal rate was estimated by

the trooper.

10



D. Vermont I - Roadside check

Dates July 16 to 20, 1979
Participants Larry Walz - NEIC
Jon Dion - NEIC
Tom Newman - NEIC

John Schmuck - NEIC
Paul Gesalman MSED

Samples 304 Vehicles
Fuel Samples 171 Analyzed
Refusal Rate  Estimated at 40 to 70%

Sites Monday -~ Along the roadside of Hwy 14
north of Barre, Vermont

Tuesday = Parking lot on Hwy 7 north
of Milton, Vermont

Wednesday ~ Along the roadside of Hwy 117
north of Richmond, Vermont

Thursday - Along the roadside of Hwy 114
east of Lyndonville, Vermont

Friday - Along the roadside of Hwy 100B

south of Middlesex, Vermont

A roadside check was conducted with the aid of the Vermont Depart-
ment of Motor Vehicles. The Department inspectors performed a license/
safety check and sent those volunteering for an emissions check to the
tampering inspection team. Although exact figures were not kept by the
Department inspectors, the refusal rate for the emissions check was es-
timated to range from 40 to 70%.

E. New Jersey - State Safety Lanes and Roadside Check

Dates August 20 to 24, 1978

Participants Jack Gockel - Private Consultant )
Ron Snyder - NEIC
Steve Nemec - NEIC

Jim Caldwell
Bob Chatham

MSED

New Jersey Department of En-
vironmental Protection

Dave West ~ New Jersey Depratment of En-
vironmental Protection

New Jersey Department of En-
vironmental Protection

Mark Giallella

11
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Samples 199 Vehicles -- Safety Lane
119 Vehicles -- Roadside Check
318 Totatl

Fuel Samples 193 Analyzed

Refusal Rate Daily range of 16 to 20% at Safety Lanes and es-
timated at 20 to 25% Roadside Check

Sites - Monday and
Tuesday - State Safety Lane,
Lawrenceville, New Jersey

Wednesday - State safety lane, Lawrenceville,
New Jersey and Roadside at Ajt.
Rt. #1 and Darrah Lane, Lawrenceville,
New Jersey

Thursday - Alt. Rt. #1 and Meadow Rd.,
Lawrenceville, New Jersey
Friday - State Safety Lane, Lawrenceville,

New Jersey

New Jersey has an annual safety dnd emissions inspection performed
at State-operated sites. The site chosen for the inspection was the
Lawrenceville safety lanes near Trenton, New Jersey. Initially, the
inspection team set up at the head of one lane but later moved to the
end of the lanes where cars exiting from two Tanes could be inspected.
Drivers leaving the lanes after completing the State inspection were

asked to participate.

Two roadside checks were conducted in the Lawrenceville area with
the aid of a State Motor Vehicle Inspector. The inspector stopped vehi-
cles along the highway and directed those drivers who agreed to have
their vehicles checked to the inspection team. The roadside check re-
fusal rate for the vehicle inspection was estimated at 20 to 25% by the

NEIC inspectors.

F. Houston, Texas - Private garage inspection
Dates August 27 to 31, 1979
Participants Ron Snyder - NEIC

Tom Newman - NEIC

Jim Kellerstrass - NEIC
Paul Gesalman - MSED



Samples 236 vehicles
Fuel Samples 138 Analyzed
Refusal Rate Team 1 - Daily range of 0 to 2%; Team 2 -~ 0%

Sites Team 1 - Monday-~Friday = Turanos Gulf, 1002
Montrose, Houston, Texas

Team 2 - Monday-Friday - Walker's Mobil,
13210 Memorial, Houston, Texas

The Texas Department of Public Safety would not agree to assist
with a roadside inspection, however, they did agree to assist with a
private garage inspection. The Department obtained permission to con-
duct the survey at the two busiest safety inspection garages and accom-
panied the tampering inspection teams. Two inspection teams of two in-
spectors each were sent to Houston so that the sites could be covered
simultaneously. Ron Snyder was in charge of Team 1 and Paul Gesalman

was in charge of Team 2.

G. Vermont 11 - Roadside Check

Dates Oc¢tober 1 to 4, 1979
Participants Larry Walz - NEIC
Paul Gesalman - MSED
Roger Cram ~ Vermont Department of Motor
Vehicles
Ted Wills - Vermont Department of Motor
Vehicles
Charles Pierce -~ Vermont Department of Motor
: ~ Vehicles
Paul Sambel. - Vermont Department of Motor
Vehicles
Ronald Macie - Vermont Department of Motor
Vehicles

Harold Garabedian - Vermont Department of En-
vironmental Conservation.
Larry Miller - Vermont Department of En-
vironmental Conservation

Samples 312 Vehicles
Fuel Samples 185 Analyzed
Refusal Rate 0% - Mandatory Inspection

Sites Monday - State Route 12 near Worchester,
Vermont

Tuesday - Route 5 at Coventry, Vermont

13
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Wednesday - Route 5 near Bradford, Vermont

Thursday - State Route 116 near Starksborough

A roadside check was conducted with the aid of the Vermont Depart-
ment of Motor Vehicles and the Vermont Agency of Environmental Conserva-
tion. The Department of Motor Vehicles kept the inspection team sup-~
plied with a steady flow of vehicles. Participation was mandatory and -
all vehicles selected from the road traffic were inspected. The Depart-
ment did not allow a long line to form at the fnspection site, but in-
stead directed traffic through when the inspection team had several

vehicles waiting.

H. Richmond, Virginia - Private Garage Inspection
Dates October 29 to November 3, 1979
Participants Ron Snyder - NEIC

Tom Newman - NEIC
Steve Nemec ~ NEIC
Jim Kellerstrass - NEIC
Samples , 98 Vehicles
Fuel Samples 64 Analyzed
Refusal Rate Estimated at 15%
Sites Monday and
Tuesday - Team 1

Sears Automotive Center,
Cloverieaf Mall

Team 2 - Penneys Automotive Center
Cioverleaf Mall

Wednesday, Thursday,
and Saturday - Team 1 - Huguenot Exxon,
Rt. 147, Midlothian Pike

Team 2 - Buford Road Exxon, Buford Rd.
and Midlothian Pike
Friday - Teams 1 and 2 - City of

Richmond garage

The Virginia Department of State Police declined to assist with a
roadside check citing legal problems as the reason. They also decliined

to obtain permission from the owners of official inspection stations for
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the tampering inspection team to set up there. However, they did agree
to identify the high volume inspection stations. Permission to conduct
a voluntary tampering inspection was obtained from six of the nine high

volume inspection station managers identified by the State Police.

Two inspection teams were sent to Richmond so that two sites could
be covered simultaneously. Ron Snyder was in charge of Team 1 and Tom

Newman Team 2.

Peak inspection flow was expected the final week of the month since
inspection stickers run out the first of the next month. The actual
flow, however, was much lower than predicted by the inspection station
managers. At the request of the Virginia Air Pollution Control Board,
the inspection teams located at the City of Richmond garage for one day.
However, data gathered at this site were ﬁot included with the balance
of the survey data because data from any one group such as municipal

employees can frequently alter general results.

I. Phoenix, Arizona - State-run vehicular emissions inspection
station
Dates November 5 to 8, 1979
Participants Ron Snyder - NEIC
Tom Newman - NEIC

Jim Kellerstrass - NEIC
Paul Gesalman - MSED

Sample 328 Vehicles
Fuel Samples 180 Analyzed
Refusal Rate . Daily range of 20 to 32%

The State of Arizona has a semi-annual emission inspection per-
formed at State-operated sites in Phoenix. The site chosen for the
inspection was the MO2 inspection station located at 8802 N. Black
Canyon. This station was the most heavily used with a flow of 90 to

110 vehicles per hour,
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The tampering inspection team set up at the end of the lanes and
asked for volunteers. As requested by State officials, exhaust gas an-
alyzers were not used. Instead idle emissions were obtained from the
State inspection station analyzers. The NEIC inspectors observed the

calibration of the State's analyzers.
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V. SURVEY RESULTS

This section presents the basic aggregate results of the survey
and the rate of tampering by vehicle age, site, and manufacturer. Com-
puter printouts of the data used to produce the tables and the figure

in this section are contained in Appendix E.

AGGREGATE RESULTS

The results for all vehicles inspected at all_locations are summa-

rized in Table 1 below.

Table 1
1979 AGGREGATE RESULTS

Vehicle Status Percent Number
0K 33.3 832
Tampered 18.0 450
Arguably Tampered 46.5 1,162
Malfunctioning 2.2 55
Totals 100 2,499

Because of the hierarchy of classifying vehicles, the above resu]is
must be viewed with caution. As the data for each vehicle were processed,
the vehicle was classified into one of four categories: OK, tampered,
arguably tampered, and malfunctioning. Since each vehicle inspected has
various components, each of which could be tampered, the vehicle itself
is classified by the worst state of any component in the vehicle. The

hierarchy is: tampered, arguably tampered, malfunctioning, and OK. Thus,
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if any one component is tampered, the entire vehicle is considered tamp-
ered. If one component is "arguably tampered" and all the others are
functioning properly, the entire vehicle is considered "arguably tampered".

Thus an "OK" vehicle must have all observed components functioning pro-

perly.

For example, it would be incorrect to conclude that only 2.2% of
the vehicles had malfunctioning emission control devices. Many more
vehicles had malfunctioning control devices, but if at least one other
control device were tampered or arguably tampered, the vehicle as a
whole would have been classified in the tampered or arguably tampered
state. Thus, as soon as an item like a missing limiter cap (arguably
tampered) is noted, the vehicle cannot be classified as malfunctioning,

no matter how many other control devices are malfunctioning.

A comparison of the aggregate results from the 1978 Motor Vehicle

Tampering survey to the 1979 survey is presented in Table 2.

Table 2
COMPARISON OF 1978 AND 1979 AGGREGATE RESULTS

Change
Vehicle Status 1978 (%) 1978 (%) (Percentage Points)
0K 30.7 33.3 + 2.6
Tampered 18.9 18.0 - 0.9
Arguably Tampered 48.4 46.5 - 1.9
Malfunctioning 2.0 2.2 + 0.2

As can be seen the rates changed only nominally with the tampering
rate down by 0.9%, and the arguably tampered rate down by 1.9%. These

two increases account for most of the 2.6% increase in the OK rate.

The reasons for the redistribution of the above rates are not known.

However, the elimination of limiter caps by manufacturers from some
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models may account for the decrease in the arguable tampering rate

since limiter cap removal accounts for most cases of arguable tampering.

Taking these yearly changes into account, the results of these two
national surveys still show that almost two-thirds of the vehicles orig-
inally equipped with emission control devices are operating without the
full benefit of those devices. To better understand this problem, the
balance of Section IV identifies those vehicles most likely operated
without the full benefit of control devices and Section V analyzes the
impact of control devices upon vehicle emissions and the effectiveness .

of regulations designed to maintain control device operation.

TAMPERING BY VEHICLE AGE

The data from Appendix E show that the tampering rate increases
with the age of vehicles and correspo;ding1y, the 0K rate decreases
with the age of the vehicles. The percentage change by year is given
in Table 3.

Table 3
TAMPERING BY VEHICLE AGE

Age Tampered (%) 0K (%)
0-1 5.5 76.0
1-2 13.8 47.2
2-3 14.9 29.7
3-4 19.0 22.5
4-5 21.7 16.5 ‘
5~6 27.4 .5
6-7 35.6 .4

In Figure 1 the data from Table 3 have been fit to a straight line

to demonstrate the increase in tampering rate over the life of the vehicle
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population. The figure also shows a straight 1ine plot of the tampering
rates vs. vehicle age from the 1978 survey. The 1979 data show that by the
end of six years 31% of the vehicle population will be tampered with and
after eight years 40% will be in the tampered classification. The 1978
motor vehicle tampering data show the rate of tampering after six years to
be 37% and rate after eight years to be 48%.

TAMPERING RATES BY SITE

The tampering rates for each survey site are summarized in Table 4.

Table 4
TAMPERING BY SITE

Number of Arguably Mal-

Site Vehicles  Tampered ¥ Tampered ¥ Functioning % oK%

Arizona® 328 15.2  62.2 0 22.6
Delaware 330 14.8 51.2 2.4 31.5
Minnesota 300 13.3 38.7 2.0 46.0
New Jersey® 318 11.0 51.6 2.8 34.6
Tennessee 274 22.6 46.7 0.4 30.3
Texas 236 . 22.5 50.4 1.7 25.4
Virginia 98 17.3 51.0 1.0 30.6
Vermontb 616 23.4 34.6 4.2 37.8

a I/M sites.
b Results of both surveys.

The results show a significant difference in the rate of tampering
among the sites. To determine if the difference is due to random chance or
if there is a difference in the tampering rate by site, a statistical test
(Chi-Squared) was run on the data. The test indicated there are less than

5 chances in 1,000 that the differences are due to random chance.



Three of the 1978 sites were again surveyed in 1979. Table 5 lists

the sites and compares the tampering rates between years. Of the three

22

sites, Tennessee showed the least change with tampering and arguable tamp-

ering up by about 2%. Delaware and Texas showed a significant (8% or more)

drop in the tampering and arguable tampering rates, respectively, while

the arguable tampering and tampering rates remained essentially unchanged.

There are no apparent reasons for the changes in Delaware and Texas.

TAMPERING RATES BY VEHICLE MANUFACTURER

~ To determine if a difference in the tampering rate exists among
vehicle manufacturers, a breakout by manufacturer was examined. For
purposes of this evaluation, all foreign manufacturers were grouped as

one. The results are shown in Table 6.

A statistical analysis of the 1959 results in Table 6 indicates
that there is a difference in the tampering rate among manufacturers.
A Chi-Squared test shows less than 5 chances in 1,000 that the differ-

ences are due to random chance.

A comparison of the 1978 and 1979 incidence of tampering among man-
ufacturers is also presented in Table 6. The table shows that all manu-
facturers except Chrysler experienced a decline in tampering from 1978
to 1979. The Table also shows that foreign made vehicles consistently

have a significantly lower tampering rate.



Table 5

COMPARISON OF 1978 AND 1979 TAMPERING RATES

Tampered (%) Arguably Tampered (%) 0K (%)
Site 1978 1979 Change 1978 1979 Change 1978 1979 Change
(Percentage Pts) (Percentage Pts) (Percentage Pts)
Delaware (Wilmington) 22.8 14.8 - 8.0 51.1 51.2 + 0.1 24.2 31.5 + 7.3
Tennessee (Chattanooga) 20.4 22.6 + 2.2 44 4 46.7 + 2.3 34.3 30.3 - 4.0
Texas (Houston) 22.2 22.5 + 0.3 59.7 .+ 50.4 - 9.3 16.7 25.4 + 8.7

€



Table 6
COMPARISON OF 1978 AND 1979 TAMPERING BY VEHICLE MANUFACTURER

Manufacturer Tampering (%) Change

1978 1979 (Percentage Points)
GMC 20.1 17.3 - 2.8
Ford 20.2 20.1 - 0.1
Chrysier 20.1 24.2 + 4.1
AMC 31.3 27.5 - 3.8

Foreign 8.5 7.8 - 0.7




VI. DATA ANALYSIS

To gain further insight about the nature of tamﬁering and its ef-
fects the following forms and groups of tampering were examined: the
most common types of tampering, the effects of tampering on emissions,
the rate of fuel-related tampering, the rate of tampering in I/M areas
compared to non-I/M areas, the rate of tampering in a voluntary survey
compared to a non-voluntary survey, and the rate of tampering at an in-

spection station compared to a roadside check for an I/M area.

TYPES OF TAMPERING

The rates of tampering and argua61e tampering by type are given
in Table 7 for both 1978 and 1979 surveys. The figures indicate that
EGR system tampering was the most prevalent form of tampering and 1imit-
er cap removal the most prevalent form of arguable tampering for both
the 1978 and 1979 surveys.

EFFECTS OF TAMPERING ON EMISSIONS

To determine the effect of tampering upon emfssions, idle mean HC
and CO emissions were calculated for each category of vehicles (0K,
tampered, arguably tampered, and malfunctioning) for each model year.
Table 8 results show that OK vehicles had lower idle HC and CO emissions
than either tampered or arguably tampered vehicles for every model year
with only one exception--idle CO emissions for the 1974 model year. The
results also show that arguably tampered vehicles usually had slightly
lower idle HC and CO emissions than tampered vehicles. These results
further substantiate the 1978 motor vehicle tampering survey results
which also showed lower idle HC and CO emissions for OK vehicles com-

pared to tampered and arguably tampered vehicles.
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Table 7

RATES OF TAMPERING AND ARGUABLE TAMPERING BY TYPE

26

1978 1979 Change
Tampering Rate (%) Rate (%) (Percentage Points)
EGR System 13.0 9.9 - 3.1
EGR Valve 11.9 4.5 - 7.4
EGR Sensor 5.3 7.0 + 1.7
Air Pump Belt 5.7 4.6 - 1.1
Air Pump Control Valve 2.9 2.1 - 0.8
Air Pump 3.2 2.2 - 1.0
Catalytic Converter 1.2 1.0 - 0.2
Aspiratorsa - 2.4 -
PCV 3.3 ‘ 2.7 - 0.6
Vacuum Spark Retard 10.5 ’ 1.6 - 8.9
Idle Stop Solenoid 0.7 0.6 - 0.1
Heated Intake 0.8 1.1 +0.3
ECS Storage 2.6 2.4 - 0.2
Filler Neck Restrictor 3.4 3.8 - 0.4
Arguable Tampering
Limiter Cap 65.0 61.9 - 3.1
ECS Tank Cap 0.3 0.6 + 0.3
Tank Label 5.2 4.2 - 1.0
Dash Label 0.6 0.7 + 0.1
Heated Intake 8.5 8.0 - 0.5

a Aspirators were not checked during the 1978 survey.



1979 MEAN IDLE EMISSIONS OF TAMPERED AND OK VEHICLES

Tab]e 8

Mean Idle HC (ppm)

Mean Id) Idle CO (%)

Model Year Arguably Arguably
0], Tampered  Tampered OK  Tampered Tampered

73 220 279 253 2.66 3.96 3.97

74 195 230 233 3.21 3.09 3.41

75 111 260 261 1.11 2.67 2.23

76 154 218 192 1.00 2.89 2.17

77 138 270 234 0.92 3.47 2.62

78 94 214 141 0.75 1.89 1.67

79 _68 _89 115 0.59  0.92 1.83
Average 103 239 205 0.85 2.94 2.55
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It should be pointed out that the classification 0K does not mean

that the vehicle is necessarily operating properly; it simply means no

tampering or arguable tampering was observed. For example, a spark plug

or coil may not be performing satisfactorily resulting in a poorly oper-
ating and excessively poliuting vehicle. This vehicle would still be

classified OK for purposes of this survey.

FUEL RELATED TAMPERING

To determine the rate of fuel switching (vehicles requiring unlead-
ed gas that are being fueled with gas containing greater than 0.05 grams
gallon of lead), fuel samples were taken from vehicles requiring unlead-
ed gas. The percentages of fuel switching detected by inspection site
is 1isted in Table 9.

The 8.9%'average fuel switching ;éte for the 1979 survey was over
double the 1978 survey rate which was 4.2%. Most of this increase is
due to the very high rates found in the Vermont surveys. When the Ver-
mont fuel switching rates are excluded from the total, the overall rate
is 5.3%.

The reason for the high fuel switching rates in Vermont is not
known. However, the data from Tables 4 and 9 show a tendency for the
fuel switching rate to increase as the tampering rate increases. For
example, Tennessee, Texas, and Vermont are the only three states with
tampering rates above 20% and they are also the only states with fuel
switching rates above 10%.

In the case of New Jersey and Arizona, the low rate of fuel switch-
ing may be due in part to the existence of I/M regulations in those
states. Although I/M regulations do not address fuel switching direct-
ly, their existence may discourage fuel switching because fuel switch-
ing normally increase emissions. Another partial explanation of the
low rate in New Jersey may be due to fhe prohibition on self service
gasoline stations. The reason for the low rate in Delaware, however,

is not apparent.

28
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Table 9

FUEL SWITCHING PERCENTAGES BY STATE
State % Fuel Switching
Tennessee 10.3
Delaware .9
Minnesota .2
Vermont I 15.2

New Jerseya 2.1

Texas 10.4
Vermont II ' 25.3
Virginia .0
Arizona® .2
Average for all 8.9

a I/M sites.
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TAMPERING RATES FOR I/M AND NON-I/M AREAS

Inspection and maintenance (I/M) areas are those areas that require
vehicles to meet specified hot idle emission standards. The 1979 motor
vehicle tampering survey included two I/M areas (the State of New Jersey
and the City of Phoenix, Arizona) to determine if a difference exists

in the tampering rate between I/M and non-I/M areas.

Table 10 compares the rate of tampering in I/M and non-1/M areas.

Table 10
TAMPERING RATES IN I/M AND NON-I/M AREAS

Arguably a
Area Total Vehicles Tampering (%) Tampered (%)
/M 645 13.2 56.9
Non-1/M 1,854 19.7 42.9

a This column shows the bercent of limiter cap removal for vehicles
equipped with Timiter caps.

The Table shows a higher incidence of tampering in non-I/M areas
which would be expected but it also shows a higher incidence of arguable

tampering for I/M areas.

Higher arguable tampering rates_in I/M areas are also expected be-
cause of the need for more frequent tune-ups and carburetor adjustments
that vehicles require to pass emission tests. Although it is not neceé-
sary to remove limiter caps to adjust carburetors, some limiter cap re-
moval does occur during adjustment. Therefore, more frequent carburetor
adjustments would be expected to result in a higher rate of arguable

tampering from limiter cap removal.
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A statistical analysis (Chi-Squared Test) of the data in Table 10
indicates that the difference in tampering and arguable tampering rates
between I/M and non-I/M areas is not due to random chance and reflects

a real difference.

A comparison of idle emissions for all vehicles in I/M areas and
non-I/M areas was made to see if the higher incidence of arguable tamp-
ering in I/M areas resulted in higher idle emissions for those areas.

This comparison is shown in Table 11.

Table 11

IDLE HC AND CO EMISSIONS FOR ALL VEHICLES
IN I/M AND NON-I/M AREAS

Idle HC (ppm) Idie CO (%)
Model Year I/M Non-1I/M I/M  Non-1I/M

73 198 286 2.92  4.23
74 282 207 3.03 3.44
75 133 236 1.58 2.38
76 142 204 1.49 2.21
77 135 238 1.66 2.45
78 94 138 0.97 1.33
79 58 80 0.55 0.87

Table 11 shows that both idle HC and CO emissions were lower in
I/M areas for every model year with only one exception--idle HC for the
1874 model year. These results indicate that the higher arguably tamp-
ered rate for I/M areas did not adversely affect idle emissions for

those areas, and tend to support the explanation suggested above.

For another evaluation of I/M and non-1/M vehicle emissions, the

New Jersey I/M idle test criteria* was used to evaluate all vehicles.

* The New Jersey I/M Test has cutpoints of 500 ppm HC and 5.0% CO for
model years 1973 and 1974; and 300 ppm HC and 3.0% CO for model years
1975 and later.
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The results showed 22% of the I/M vehicles failed the test while 32% of
the non-1I/M vehicles failed; a statistical test (Chi-Squared) indicates

the differences between the two groups did not occur by chance.

TAMPERING RATES IN A NON-VOLUNTARY SURVEY

Both the 1978 and 1979 motor vehicle tampering surveys were volun-
tary. However, because the inspection arrangements differed from site
to site éo did the refusal rate (see Section III). During the 1979
survey the refusal rate was documented. A comparison has been made be-
tween a voluntary and a mandatory survey to determine the effect of the
refusal rate upon the tampering data. The comparison study was done in
Vermont where the refusal rate during the voluntary inspection (Vermont I)
ranged from 40 to 70%. Table 12 provides a breakdown of tampering rates

between the voluntary and mandatory surveys conducted in Vermont.

&

Table 12

COMPARISON OF TAMPERING RATES FOR VOLUNTARY
AND MANDATORY INSPECTIONS IN VERMONT

Type of Arguably Malfunc-

Inspection Tampered (%) Tampered (%) tioning (%) oK (%)
Voluntary (Vt.I) 18.8 32.9 3.3 45.1
Mandatory (Vt. II) 27.9 36.2 5.1 30.8

The data in Table 12 show a 48% increase in the tampering rate and
a 32% decrease in the OK rate for the compulsory survey over the vo1un:
tary survey. A statistical analysis (Chi-Squared Test) of the tampering
rates indicate that the differences in the voluntary and mandatory sur-
veys did not occur by chance. Hénce, the voluntary nature of the survey
appears to have a negative bias on the tampering rate. However, before
concluding a definite result, this comparison should be performed at

more sites.
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TAMPERING RATES AT SAFETY LANES VS. ROADSIDE CHECK IN AN I/M AREA

A theoretical weakness in I/M regulations stems from the fact that
the inspections are periodic-~once or twice a year--and vehicle owners
may attempt to circumvent them by connecting pollution control devices
only for inspection purposes. The balance of the time the vehicles
could be driven without benefit of the control devices under the pre-
sumption of obtaining better gas mileage or improved driveability. To
determine if a tendency to circumvent I/M regulations exists, tampering
inspections in an I/M area (New Jersey) were divided between the safety
lanes where I/M inspections are performed and a roadside check where
people would not be anticipating an inspection. The results of the

tampering inspections are presented in Table 13.

Table 13
TAMPERING RATES AT SAFETY LANES VS. ROADSIDE

Place of Total Arguably Malfunc-

Inspection Vehicles Tampered (%) Tampered (%) tioning (%) OK (%)
Roadside 119 10.1 ‘ 51.3 2.5 36.1
Safety Lanes 199 11.6 51.8 3.0 33.7

A statistical analysis (Chi-Squared Test) of the data presented in
Table 13 indicates there is no difference between the tampering rates at

the safety lanes and roadside checks for this I/M area.
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APPENDIX A

SECTION 203(a)(3)(A) AND
203(a)(3)(B) OF THE CLEAN AIR ACT



Section 203(a)(3): The following acts and the causing thereof are
prohibited --

(A) for any person to remove or render inoperative any device
or element of design installed on or in a motor vehicle or motor
vehicle engine in compliance with regulations under this title
prior to its sale and delivery to the ultimate purchaser, or for
any manufacturer or dealer knowingly to remove or render inoperative
any such device or element of design after such sale and delivery
to the ultimate purchaser; or

(B) for any person engaged in the business of repairing,
servicing, selling, leasing, or trading motor vehicles or motor
vehicle engines, or who operates a fleet of motor vehicles, knowingly
to remove or render inoperative any device or element of design
installed on or in a motor vehicle or motor vehicle engine in
compliance with regulations under this title following its sale and

~ delivery to the ultimate purchaser.
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DATA COLLECTION AND RECORDING PROCEDURES
The following data will be recorded on Form 1 [Figure A-1].
Date ;
Vehicle jdentifying survey number - Vehicles shall be numbered

sequentially as they are inspected, and this number shall be
followed by a site identifying letter.

Engine family/CID as recorded from the underhood emission label.

c. Odometer mileage

d. Model year - obtained from underhood emission label.
e. Make

f. Model

g.

h.

Carburetor - if the carburetor is original equipment a "P"

is used to indicate that it was a production unit. If fuel
injection is used then a "F" is recorded. If the carburetor
has been replaced with a non-stock unit, then a "6" is recorded.

The following codes, will be used to record data on Form 2 [Figure A-2].

- Not equipped

- Item is functioning properly
- Electrical disconnect

- Vacuum disconnect

- Mechanical disconnect
Incorrectly routed hose

- Non-stock equipment

- Missing 1item

- Misadjusted item

W 00 N O 0O W N —=o
t

- Malfunctioning item
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The codes are designed so that the inspector can objectively record the
condition of the device, and he does not have to make an "on the spot"

judgement with respect to tampering.

The following items will be inspected and the results recorded on Form 2.

Idle stop solenoid - This solenoid provides an idle stop for
maintaining idle speeds to the higher speeds needed to minimize
CO emissions. On some vehfc]es, it is used to close the
throttle and thus prevent run-on when the engine ignition is
turned off. On vehicles with air conditioning, it is used

for increasing engine idle speed to compensate for a decrease
in idle speed when the air conditioner is engaged.

With the air conditioner on, (or in non-air conditioned vehicles)
the solenoid should activate and contact the throttie linkage.
With the air conditioner turned off, there should be a small
gap between the solenoid stop and the throttle Tinkage.

Heated air intake - Provides warm air to the carburetor during

cold engine operation.

Limiter caps - Plastic caps on idle mixture screws designed

to limit carburetor adjustments.

Positive crankcase ventilation system - A typical configuration
for a V-8 engine consists of the PCV valve connected to a

valve cover and then connected to the carburetor by a vacuum
line. The other part*of the system has a fresh air tube

running from the air cleaner to the other valve cover.
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The codes are designed so that the inspector can objectively record the
condition of the device, and he does not have to make an "on the spot”
judgement with respect to tampering.

The following items will be inspected and the results recorded on Form 2.

a. Idle stop solenoid - This solenoid provides an jdle stop for
maintaining idle speeds to the higher speeds needed to minimize
CO emissions. On some vehicles, it is used to close the
throttle and thus prevent run-on when the engine ignition is
turned off. n vehicles with air conditioning, it is used
for increasing engine idle speed to compensate for a decrease
in idle speed when the air.conditioner is engaged.

With the air conditioner on, (or in non-air conditioned vehicles)
the solenoid should activate and contact the throttle linkage.
With the air conditioner turned off, there should be a small

gap between the solenoid stop and the throttle linkage.

b. Heated air intake - Provides warm air to the carburetor during
cold engine operation.

c. Limiter caps - Plastic caps on idle mixture screws designed
to Timit carburetor adjustments.

d. Positive crankcase ventilation system -~ A typical configuration
for a V-8 engine consists of the PCV valve connected to a
valve cover and then connected to the carburetor by a vacuum
line. The other part of the system has a fresh air tube

running from the air cleaner to the other valve cover.
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Evaporative control system - Controls vapors from the fuel
tank and carburetor. Some systems have two lines, one from
the fuel tank to the canister, and one from the canister to
the carburetor or air cleaner to air purge the canister.
Other systems have é third Tine, usually connected to the
carburetor. '

Tank cap - Part of the evaporative system, the tank cap seals
with the filler neck to maintain a closed system.

Air injection system - Consists of an air pump driven by a
crankshaft pulley which pumps air through a control valve and
Tines connected to the exhaust manifold.

Exhaust gas recirculation (EGR) system - The standard config-
uration consists of a vacuum line from the carburetor to a
sensor (used to detect temperature to activiate the EGR valve),
and another vacuum line from the sensor to the EGR valve.

Some systems have multiple sensors and thus additional vacuum
lines. The system directs a portion of the exhaust gases back
into the cylinders for the control of oxides of nitrogen. This
is one system where a functional check shall be performed.

Non—sea1ed EGR valve functional check;

1. The system shall be visually inspected to see if the

valve, sensor(s) and hoses are in place.

2. If the system is .intact the engine shall be revved and
. EGR valve stem movement checked visually or by touch.
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If the stem fails to move, the vacuum line to the valve
should be pulled off and checked for vacuum while the
engine is revved. If vacuum occurs the valve is not
functioning and the hose nipple on the valve should be
checked for blockage. If vacuum does not occur the line
should be checked for blockage. If it is not blocked

a hand vacuum pump should be connected to the sensor
outlet and the engine revved. If a vaccum is obtained
the sensor is functional. If no vacuum is obtained, the
line from the sensor to the carburetor should be checked
for vacuum while the engine is revved. If this line

has vacuum then the sensor js not functioning and should
be checked for a plugged port.

Some systems have a vacuum delay valve. If the EGR
valve is not functioning, the delay valve should be
checked for plugs and that it is not installed backwards.

Sealed EGR valve functional check

1.

The system shall be visually inspected.

The vacuum hose to the EGR valve should be disconnected.
The hand vaccum pump should be connected to the valve and
vacuum applied with the engine running. If idle speed
drops with the application of vacuum, the valve is good.
The vacuum pump should then be inserted into the liné
leading to the valve's vacuum source. The engine

should be revved to determine if vacuum is available.

If vacuum is not available, the sensors and hosing are
checked using the same procedures described for the

non-sealed unit.
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i. Catalytic converter - Shall be visually checked for its presence
and for high temperature discoloration.

j. Dash labels and tank Tabels - Shall be checked for presence.

k. Filler neck inlet restrictor (unleaded vehicles only) -

Shall be checked for presence.

1.  Vacuum spark retard - Shall be visually checked for proper

connections.

m. Tampering source - When tampering is found the drivers should
be asked if they know the origin of the tampering. The following
codes shall be used to explain their answers:

&

The following codes shall be used:

K - Don't know

0 - Owner or non-mechanic
D - Dealer

M - Mechanic

n. HC in ppm and CO in percent with the engine at curb idle.

The following is a listing of possible codes that can be observed with

each item checked.
Idle stop solenoid
0 - Not equipped

1 - Functioning properly
2 - Electrical disconnect
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7 - Missing item
9 - Malfunctioning - If the gap between the solenoid and the throttle
plate is incorrect.

Heated intake

0 - Not equipped

1 - Functioning properly _

3 - Vacuum disconnect - If the vacuum line to the vacuum override
motor is missing or disconnected.

4 - Mechanical disconnect - When the stovepipe is missing, disconnected
or deteriorated. Also when the air cleaner has been unsealed
i.e., inverted air cleaner lid, oversized filter element, or
holes punched into air cleaner.

6 - Non-stock equipment - Custom air cleaner,

7 - Missing item - Missing stovepipe hose

9 - Malfunctioning item - Problems with the vacuum override motor.

Limiter caps

0 - Not equipped
1 - Functioning properly
4 - Mechanical disconnect - Tabs broken or bent
7 - Missing item
PCV system

0 - Not equipped
1 - Functioning properly
3 - Vacuum disconnect - When the line between the PCV valve and the

carburetor is disconnected
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6 -
7 -

Mechanical disconnect - When the fresh air tube between the
valve cover and the air cleaner is disconnected or removed
Non-Stock equipment - Any add-on device

Missing item - When the entire system has'been removed.

Evaporative storage canister

W N R W - O
'

Tank cap

Air pump

O N b~ O
1

Nof equipped

Functioning properly

Vacuum disconnect

Mechanical disconnect

Incorrectly routed hose

Missing item

Malfunctioning item - When the puarge line is connected
to the air cleaner and the air cleaner js unsealed.

Functioning properly
Missing item
Malfunctioning item - Tank cap not sealing properly

Not equipped
Functioning properly
Mechanical disconnect
Missing item
Malfunctioning



Air pump belt

0 N —~ O

Air pump

O N P2 W - O

Not equipped

Functioning properly

Missing item

Misadjusted item - Loose pump belt

control valve

Not equipped
Functioning properly
Vacuum disconnect
Mechanical disconnect
Missing item '
Malfunctioning item

EGR control valve

0 - Not equipped
-1 - Functioning properly
3 - Vacuum disconnect - Disconnect, removed or plugged vacuum
line
- Missing item
- Malfunctioning item
EGR senser
0 - Not equipped
1 - Functioning properly
3 - Vacuum disconnect
5 - Incorrectly routed hose

B-9



7 - Missing item

9 - Malfunctioning item

Catalytic converter

O N -~ O

1

Not equipped

Functioning properly

Missing item

Malfunctioning item - Discolored

Dash label and tank label

0 - Not equipped

1 - Functioning properly

7 - Missing item

Filler

Vacuum

w N - O

w0 N o S

neck

Not equipped

Functioning properly

Mechanical disconnect - Widened to fit a leaded filler
nozzle

Missing item

spark advance

Not equipped

Functioning properly

Electrical disconnect

Vacuum disconnect - Any removed, plugged, or disconnected
vacuum line

Mechanical disconnect

Incorrectly routed hose

Missing item

‘Malfunctioning item



A1l forms will be numbered and handled according to the NEIC document
control procedures.
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APPENDIX C
SURVEY EQUIPMENT



EQUIPMENT REQUIRED

2 each-

1 each

3 each
2 each
2 each
2 each
2 each
350 each
2 each
1 pair
2 each
1 each
1 each

2 each

HC-CO Gas Analyzers with sample Tines, water trap and tailpipe
probe '
Calibration Gas *+ 2% of listed concentration
18% CO
1560 ppm HC (Hexane equivalent)
4% €O |
827 ppm HC (Hexane equivalent)
1.6% CO
320 ppm HC (Hexane equivalent)
Inspection Mirrors
Flashlight
Vacuum Pumps
Fender Covers
Fuel Sampling pumps with 3 ft hoses
Sample Bottles per site
Power Inverters for sites without power
Battery Jumper Cables |
Leaded nozzles
One Gallon Gasoline Can
50 ft Extension Cord
Screwdrivers and pliers
Sufficient boxes, sample bottles, labels, parking and
shipping labels, Chain-of-Custody sheets, and sample tags
to label and ship up to 350 fuel samples per site.

Sufficient data sheets to process up to 500 cars per site.
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ANALYSIS FOR LEAD IN GASOLINE
(AUTOMATED METHOD)
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LEAD IN GASOLINE
(Automated Method)

1. Scope and Application

1.1

This method covers the determination of the total ‘lead content
of gasoline within the concentration range of 0.010 to 0.10 g
of lead/U.S. gal. The method compensates for variations in
gasoline composition and is independent of lead alkyl type.

2. Summary of Method

2.1

2.2

2.2

2.4

-The gasoline sample is diluted with methyl isobutyl ketone

(MIBK) and the alkyl lead compounds are stabilized by react-

1ngéwith iodine and a quarternary ammonium salt. A Technicon
AutoAnalyzer is used to perform the diluting and the chemical
reactions and feed the products to the atomic absorption

spectrophotometer with an air-acetylene flame.

The dilution of the gasoline with MIBK compensates for severe
non-atomic absorption, scatter from unburned carbon containing
species and matrix effects caused in part by the burning char-

acteristics of gasoline,.

The in situ reaction of alkyl lead in gasoline with jodine
eliminates the problem of variations in response due to dif-
ferent alkyl types by leveling the response of all alkyl lead

compounds.

The addition of the quarternary ammonium salt improves response

and increases the stability of the alkyl iodide complex.
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3. Sample Handling and Preservation

3.1

3.2

3.3

3.4

The reception of gasoline samples by laboratory personnel

follows NEIC procedures for sample custody.

A1l samples are refrigerated until the analysis are per-
formed. The analyses are performed within one week of

receipt of the sample when possible.

The samples are brought to room température prior to

analysis.

After the analysis has been completed (see section 8.4),
samples are stored in the solvent storage area until written

permission for disposal i's obtained.

4, Apparatus.

4.1

4.2

AutoAnalyzer system consisting of:
4.1.1 Sampler 20/hr cam, 30/hr cam

4.1.2 Proportioning pump

4.1.3 Lead in gas manifold

4.1.4 Disposable test tubes

4.1.5 Solvent displacement flasks

AAS Detector System consisting of:
4.2.1 Perkin-Elmer 403 atomic absorption spectophotometer

4.2.2 10" strip chart recorder

4.2.3 Lead hollow cathode Tamp



5. Reagents'

5.1

5.2

5.3

5.5

5.6

Aliquat 336/MIBK sulution (10% w/v): Dissolve and dilute
100 m1 (88.0g) of Aliquot 336 (Aldrich Chemical Co.,
Milwaukee, Wisconsin) with MIBK (Burdick & Jackson Lab.,

Inc., Muskegon, Michigan) to one liter.

Aliguat 336/MIBK working So]ution (1% v/v): Dissolve
and dilute 10 m1 (8.8 g) of Aliquat 336 (reagent 5.1)
with MIBK to one liter.

Iodine solution (3% w/v): Dissolve and dilute 3.0 g
jodine crystals (ACS) with toluene (Burdick & Jackson Lab.
Inc., Muskegon, Michigan) to 100 ml.

Methyl isobutyl ketone (MIBK) (4-methyl-2-pentanone)
(Burdick & Jackson Lab. Incf, Muskegon, Michigan).

Certified unleaded gasoline (Phillips Chemical Co.,

Barger, Texas).

6. Standards

6.1

6.2

Calibration Standards: Select four concentration levels of
alkyl lead in reference fuel ampoule standards (Bob
Jungers, U.S. EPA, RTP, N.C.) (see under section 8.3)
covering the range 0.010 g/gal to 0.100 g/gal.

Quality Control Standards: Select one NBS lead in refer-
ence fuel ampoule to be utilized as a QC check and one
NBS lead in reference fuel at a concentration of approxi-
mately 2 g/gal to be utilized for spiking. Obtain two

RTP blind check samples from the branch QA officer.
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7. AAS

NN N NN NN NN
O W 0 N Y W N~

~
]

I

nstrumental Conditions

‘Lead holiow cathode Tlamp

Wavelength: 283.3 nm

Stit: 4 (0.7mm)

Range: UV

Fuel: Acetylene (~20 ml/min at 8 psi)
Oxidant: Air (~65 m1/min at 31 psi)
Nebulizer: 5.2 ml/min

Chart speed: 10 in/hr

Recorder Full Scale: 0.50 abs
Digital Readout Button Selection
7.10.1 Absorbance units: in

7.10.2 Repeat mode: 1in

7.10.3 1 sec integration: in
7.10.4 Damping position: 1

-

8. Procedures

8.1

8.1.

oo 0 o @

W ~N O !

1

IS

AAS startup

Turn the power on to the Perkin Elmer 403 AAS and the
strip chart recorder.

Adjust the current to the lead hollow cathode 1amp as
as specified by the manufacturer.

Adjust all settings indicated in section 7.

Check the wavelength (283.3 nm) by maximizing the energy.
This must be rechecked after step 8.1.6.

Check the alignment of the lamp maximizing the energy.
Allow one hour for the AAS to warm up (see section 8.2).
Recheck the instrument optimization.

Check the fuel and air flow rates and ignite the flame.
Note: It may be necessary to push the sensor override
button.

Check and adjust the aspiration rate to -about 5.2 ml/min
(+ 10%).
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8.2 AutoAnalyzer Start Up (see figure 1).

8.2.1 Check all pump tubing and replace as necessary. All pump
tubing should be replaced after one week of use. Place
the platen on the pump.

8.2.2 Withdraw any water from the sample wash cup and fill with
certified unleaded gasoline (reagent 5.6).

8.2.3 Fill the 2 liter MIBK dilution displacement Erlenmeyer
flask (reagent 5.5) and the 0.5 liter Aliquat 336/MIBK
1% V/V reagent 5.2) displacement flask and place the
rubber stopper glass tubing assemblies in their flask.

8.2.4 Fill a 2-liter Erlenmeyer flask with distilled water. The
water will be used to displace the solvents. Therefore,
place the appropriate lines in this flask.

8.2.5 Fill the final debubbler reverse displacement 2-1iter
Erlenmeyer flask with distilled water and place the
rubber stopper glass tubing assembly in the flask.

8.2.6 Place the appropriate lines for the jodine reagent
(reagent 5.4) and the wash solution (reagent 5.6) in
their respective bottles.

8.2.7 Start the pump and connect the aspiration line from the
manifold to the AAS.

8.2.8 Some initial check to assure that the reagents are being
added are:
.a. A good uniform bubble pattern.
b. Yellow color evident due to iodine in the system.
c. No surging in any tubing.

8.3 Calibration

Note: As a means to increase the sample analysis rate,
utilize a 30/hr sample rate with a calibration curve from
0.01 to 0.06 g/gal. Any sample resulting in a value

> 0.05 g/gal should be set aside and analyzed later with
a sample rate of 20/hr and a calibrating curve for 0.01
to 0.10 g/gal.

8.3.1 Turn the chart drive on and obtain a steady baseline.

8.3.2 Break the RTP Calibration Standard, NBS check standard,
and the RTP blind samples ampoules and pour them into in-
dividually labeled telfon lined screw cap test tubes and
ptace them in the sample tray.

8.3.3 Start the sampler and run the above standards (Note: first
check the sample probe positioning with an empty test tube).

8.3.4 Check the linearity of calibration standards response and
slope by running a least squares fit. Check these results
against previously obtained results. They should agree
within 10%.
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9.

8.3.5

8.3.6

8.4 Sample

8.4.1

8.4.2

8.4.3

8.4.4

8.4.5

Calculate the found MBS value. It should agree within 10%
of the true value.

If the above is in control then start the sample analysis.
Analysis
To minimize gasoline vapor in.the laboratory load the

sample tray about 5-10 test tubes ahead of the sampler.
Write the sample number on the test tube and maintain
the AAS work sheet.

Record the sample number on the strip chart corresponding
to the appropriate peak.

Every ten samples run the high calibration standard and
a previously analyzed sample (duplicate). Also let the
sampler skip to check the baseline.

After an acceptable peak (within the calibration range)
is obtained, pour the.excess sample from the test tube
into the waste gasoline can.

Any sample resulting a peak greater than 0.05 g/gal
will be run in duplicate and spiked.

8.5 Shut Down

8.5.1"

8.5.2

8.5.3
8.5.4

8.5.5

Calculations

Replace the solvent displacement flask with flasks
filled with distilled water. Also place all other
lines in a beaker of distilled water. Rinse the
system with distilled water for 15 minutes.

Withdraw the gasoline from the wash cup and fill
with water.

Dispose of all solvent waste in waste glass bottles.

Turn the AAS off after extinguishing the flame. Also
turn the recorder and pump off. Remove the platen and
release the pump tubing.

Shut the acetylene off at the tank and bleed the line.

9.1 Run a least squares fit or plot of the peak height vs. con-
centration represented by the working standards and obtain
the concentration of the samples. Record the values on the
AAS work sheet. ‘



10.

11.
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Quality Control

10.1 Precision

10.1.1 A11 duplicate results should be considered suspect
if they differ by more than 0.005 g/gal.

10.2 Accuracy

10.2.1 A11 NBS standard found values should agree within
10% of the true value.

10.2.2 A11 RPT blind check standards should be reported
to the Q.A. officer and the found values should agree
within 10% of the true value.

10.2.3 A1l spikes should agree within 10% of the known
addition.

Past Quality Control Data

11.1 Duplicate analysis resulted in average difference of 0.003
g/gal with a standard derivation of 0.002 g/gal.

11.2 Replicate analysis (>5) of samples at concentrations of
0.010, 0.048, and 0.085 g/gal resulted in percent relative
standard deviations of 4.2% 3.5%, and 3.3%, respectively.

11.3 Analysis of known concentrations of lead in reference fuel
has resulted in found values deviating from the true value
by 1.7% to 4.8%.
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APPENDIX E
COMPUTER PRINTOUTS OF TAMPERING DATA



The following computer printout pages contain the data used in the
tables of this report. The tables and the corresponding printout pages

that the tables are based on are listed below.

Table Printout Page Number
1 1
2 _ -]
3 1-3
4 4
5 4
6 5
7 6-23
8 2-3
g%
10 24-25, 34, 35
1 26-29
12 . 30-31
13 32-33

*The data for Table 9 were taken from laboratory reports.
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17915.0000
81195,0000

64120,0000
10530,0000
53590.0000

27930.,0000
4580,0000
23350,0000

125.0000
0.0
125.,0000

MEAN

175.5964

260,0000
197.8378
28641364

22941494
28145493
20742647

20647212
133.,0526
235473056

187.9812
14148750
203.9603

209.0928
13446992
238.1085

128.2400
9440179
138,1186

75.2830
5749747
799658

1044167
0.0
1245000

ST0 DEV

" 238.5479

27546944
24403654
284445964

29544147
37242255
25447742

28441778
120.98%6
32245075

23643512
16642611
254 5225

25043911

14042835 -

27647150

17149250
9840757
18648605

13148265
10849269
1371582

19.8240
0.0
2142459

VARIANCE

56905.1110

7600744297
5971444391
8091742727

8726948693

138551.8511

64909.8881

8075740451
1463844772

10401140833

5586148787
2764247632
6478147194

6269546869
196794543
765711911

295582188
96188465
3491648645

1737842305
118650763
18812.3700

392+9924
0.0
45143889

~

230)
74)
176)

241)
1)
i70)

269)
76)
193

373
26)
277)

L7464
133

241

500)
112)
388)
3t

79
292)

12)

10

L2-3



TEST OF IMJOPRG 1 03717780
CRITERION YARIABLE IHC

R T - - - - - ANALYSIS OF VARIANCE == === == == ==« ===~

VARIABLE CODE VALUE LABEL . " osuM - MEAN STD DEV SUM OF SO . N
HYR 73 65000,.,0000 2600000 \ 27546944 18925850.0000 ( 250)
HYR Thoe 5$5225,.,0000 22941494 29544147 2094476846224 ( 241)
HYR 75 55608,.,0000 20667212 28441778 2164288840892 ( 269)
MYR 76 70117.0000 187.9812 23643512 20730618.8686 « - 373)
HYR 77 99110.0000 209 .0928 2503911 2965505949156 ( L74)
HYR 78 64120,0000 12842400 17149250 1474955142000 ( 500)
MYR 79 27930.,0000 7542830 13148265 662994542830 ( 371)
MYR 80, 125.0000 1044167 19.8240 £32249167 [¢ 12>
WITHIN GROUPS TOTAL ’ . 437235,0000 17545964 231.6018 1331330048956 ( 2490)
!l)(l!l!*l)(!X!*l!.!l!l***llll***!**X!Xlli*l.*!‘
4 *
* ANALYSTIS 0 F VARTIANTECE *
* *
X oOo% %X X% ¥ ¥ X X R X M ¥ ¥ X ¥ H O X M X X ¥ X X ¥ ¥ ¥ X X X ¥ ¥ N ¥ H N X H X X X X
x R *
¥ SOURCE SUM OF SQUARES UeF e MEAN SQUARE F SIGe %
] *
¥ BETWEEN GROUPS 85038164472 7 2N KKK KKK N 224648 0,0 *
x *
X LINEARITY 68855724417 1 KWK K XK 1284368 0.,0000 «
¥ DEVe FROM LINEARITY 16182444055 6 269707%362 5.028  0.0000 «x
X »*
® R '=-0,2205 R SOUARED = 00,0486 C R
»* »
x WITHIN GRQUPS 1331330044896 2482 53639406 \ *
13 L
% ETA = 04,2450 ETA"SOUARED = 00600 *®
| »
!l!!')(l.)(l(ll,l!Il!lll.lK!x_*l*ll!l*ll**.!l!llK!*l

c-—— - . LR RN "~ - - > - .- -~a .. - ‘ A
-~ -~ - v LY DL LW 4 N ACT N AT A AN Taevann nNIA Ana . rrso ne s L U~



TEST OF IMJDPRG 1

FILF NONAME

CRITERION VARIABLE
3ROKEN DOWN BY

(CREATION DATE

ico
MYR

INSTATY

= 03/17/80)

BDESCRIPTTIOGN
IDLE CO

SUBPOPULATIONS

03717780

YARTABLE

FOR ENTIRE POPULATION

MYR
IHSTATU
IMSTATY

MYR
IMSTATY
IMSTATU

MYR
IMSTATU
IMSTATU

MYR
THSTATU
IHSTATU

HYR
IHMSTATY
INSTATU

HYR
IMSTATY
IMSTATU

HYR
IMSTATU
IMSTATU

HYR
THSTATU
IMSTATU

TOTAL CASES
MISSING CASES

2500
11 OR

73
L0,
50

Tk
40
50

75,
40
50.

764
L0y
S0,

77
40,
50

784
40.
50"

79
404
S0

80

40
504

Oe¢b PCTo

VALUE LABEL

SUM
507240196
960.0999
216.,2000
743.,9000
79849999
215,0000
584.0000

57544000

120,0000 -

45504000

75543499
14247000

61246500

1058.0999
220,9000
8371999

62642999
109.0000
517.3000

2976700
4345000
254.,1700

0.1000
0.0
0.1000

MEAN
240378
348404
29216
Le2267
343154
3.0282
344353

2¢1551

1.5789 -

293843

240251
144865
202117

242276
146609
246480

1.2526
0,9732
143332

0.8023
045506
08704

0.0083
0.0
0.0100

STD DEV

206593

29477
246958
29707

29386
3.0464
248931

246027
2+1595
2.7308

245142
149625
246568

248586

243788 -

249991

240241
146185
241219

17531
1.5099
148096

0.0289
0.0
0.0316

VARIANCE

70719

806891
72672
B8.8248

846353
942803
843701

607741
Le6633
TelS74

643214
348515
7.0586

861717
546588
89945

440970
246196
445023

340734
202797
32748

0.0008
0.0
0.0010

~

250)
74)

176)

241)
71)
1700

257)
76)
191)

373)
96)
277)

475)
133)
342)

500)
112>
388)

371
4D

292) |

12)

10

62-3



TEST OF IMJDPRG 1 03/17/80

CRITERION YARIABLE ICO

T R ANALYSIS OF VARIANCE = -~ === =« ===
VARIABLE CODE VALUE LABEL , SUM MEAN STD DEV SUM OF Sa N
HYR 73, © 960.,0999 348404 k 249477 216345819 ¢ 250)
MYR The " 79849999 343154 29386 2072 4731 ( 241)
HYR 75 57544000 241551 26027 180149205 ¢ 267)
MYR _ 764 7553499 240251 245142 235145579 ¢ 373)
HYR 77, 105840999 242276 248586 387343884  ( 475)
KYR 78, 62642999 142526 240241 204664264 S00)
HYR 79 297.6700 08023 147531 1137.1507 ¢ 37
HYR 80, 041000 0.0083 0.0289 0.0092 ¢ 12)

WITHIN GROUPS TOTAL. ’ . .5072.0196 - 20378 © 244950 1544445082 (4 24 89)
XOX X X X X X ¥ ¥ % % ¥ ¥ X X % X % ¥ M X ¥ X N X H ¥ X M X X X X X X N ¥ X * X X l‘K
* *
x ANALYSIS "0F VARI ANCE *
* *
X OXK X X X %X X ¥ ¥ X X X ¥ X X X X X ¥ % ¥ X X ¥ X X X X X X H . N ¥ X X X X N ¥ X ¥ ¥
* %x
¥ SOURCE SUM OF SQUARES  OeFe  MEAN SOUARE F SIGe x
* *
* BETWEEN GROUPS ' 2150496 7 307.214 494351 0.0 *
* *
X LINEARITY 19354862 1 19354862 3104976 0.0 *
* DEVe FROH LINEARITY 2144635 6 35772 Se746 0.,0000 x
* *
x R '=-0+3317 R SCUARED = 0.,1100 M
S %
*» WITHIN GROUPS 1544464508 2481 6225 i *
X . »*
x ETA = 043496  ETA  SQUARED = 041222 *
X *
XK X X X % X K X X X X N % X M X O N N X M OX X X X A M X N X X X X X X XK X X X X X X

/

tEASR t AR AT AR FTAN T e AIATAN Y YW IAARAL . ., e . . SRAY UFLE . 4 S AC . AL AT A AN YaTANR ATA, . hna . Frrsa. . AR . aa N unTn



TR I I S IR N I S S |

03707780
R RIS (Cre by Inde Dafe = 03/G71/760)
F Y R & ¥ £ F 3 OF X E & X % ¥ % % CROSSTABULATIO®H 0 F ¥ X ¥ ¥ R & ¥ ¥ X X X &£ F %X ¥ ¥ ¥ ¥
BT 3 BTATUS VEBICLE TA:'PER STALUS
EPR T IV TN A
S.::} " VALYE = VT

s v - - ¥ X % % F F R A X £ % X X F ¥ O K X &

4+
a
»
*

¥ £ F % ¥ F & % £ 2 X X X X ¥ 3 X X £ 3

\

O il
o

. r
.
(%9

P i
T
.

PanbPrhel ARGUARLS
30,1 31,
———————— 1—-———---
5 .1 &
33,3 1 83,3
LR 1 WD
1. 1 7.6
-------- I-—--—-—-
3 1 t
25,0 1 Ae,7
5.3 1 6 G
1.0 1 7.5
-------- I—-—-—--—
21 13
8.7 1 52,5
3.8 1 13.¢C
v,71 I 4,3
-------- 1—-—-——-—
17 1 24
29,6 s 4261
29,8 1 26.0
5.9 1 7.5
-------- L'---.-----
1601 13
23.3 1 30,2
17,5 1 13,0
3.3 1 4.3
———————— I-—--—-—_
i3 25
17.1 1 32.%
22,8 1 25.0
2.3 I 4.2
________ {mememm——
5 1 9
7.5 1 11.8
10,9 | 5.0
2.0 L i.¢
-------- J--—-—-—--
Pl G
50,9 | ¢.0
1.4 1 c.u
3,3 1 [T
-------- ]—---——--
57 100
1x.8 32.9

RALFMCTH

)

1 33.1
lomeme—" ~L
I 1 1
1 £,7 1
I oy, 6 ¢
T 0,3 1
Jrmemmnn- I
I o 1
i 6,0 1
1 6,0 1
1 ¢,0 1
[omemem—n ~1
1 2 I
1 5.7 1
I 20,0 1
1 0,7 1
loommmmen)
i [§] 1
I 0.0 1
1 VIR U |
I 0,0 1
[ermmmacn-]
I 1 1
I 2.3 1
I 16,0 I
1 .3
[~mmmmmme]
I 2 1
I 2,6 1
1 Zz6,0 1
I 0,7 1
fomamecna 1
1 4 1
1 5.3 1
1 46,6 1
1 1.3 1
B it 1
1 V) L
1 6.0 ]
I 0,0 I
1 v.U 1
Joeemmmne]

Xt
3.3

Riw
TOLAL

[
oo

—

-~
.
(o)

23
T.€

43
14.1

16
25,0

b
25,0

G
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4t

LA Vol S

dy Bea 1 03/07/80
Ay E (CRaBLT0N LATE = 03/01/750)
B ox % % ¥ ¥ K &% ¥ ¥ ¥ % % CROUSSTABULATIOR 0 F X & K X R ¥ X K ¥ ¥ % X K K X K % X
Y STATUS VEHICLE TARPER S1ATUS

VALUF = V12
A O R R % K ¥ & ¥ X F ¥ %X X ¥ ¥ % 3

3

is, i v 1 i ] 17 1 1 1 26
[ 7.7 I 42,3 1 45,2 1 3.4 1 53

: 2 { 12,6 1 1lu.e 1 .3 1

] e s 1 3.5 1 3, 1 C.3 1

B Sl lowmmme-- Lo Jommmmmn]
5, 1 1 { 12 5 ] [V 14
i S.n L ®R,T L 27.% L .6 L San

i t.u 1 13.,¢ ) 4,6 1 g, {

1 [ | 3.2 1.6 1 .0 1

“leememee fmmmmm-- “le---- L CEEE R 1
713 { 7 { 1% 1 Vs ! 4 I &3
H Ya,n L 21,2 1 £S5, ¢ L B,3 1 lo.d

1 7.3 I 17,72 1 19.5 i 22,0 1

{ 2.2 1 4,8 ] 7.1 1 1.3 1

LR R ] [-ewmmmen oo Jemvrmmeae I
T, 1§ 135 J 1t 1 1y 1 5 i 57
i Ze.3 I 3l.6 1 33.3 1 B.E 1 1.3

] 1h.4 I G, 1 1n.n 1 31,3 1

H .z 1 5.8 I 2.1 H 1.6 1

R ikl g [~=m~e=- il Jowmmm—a L
To, I 25 1 14 I 31 I 3 i .13
L 340 1 19,2 1 42.% 1 4,13 1 23.4

L Zh 0 1 12.1 1 7.4 I 16,4 L

I a.l 1 4,5 1 c.y 1 1.6 1

e it j==e-- b bl Rl [emarem- -1
AN I EXH 1 3 1 14 1 3 1 B0
[ T i Y. I 23,3 1 5,0 i 19,2

1 = .7 1 i 4 J 12.4 L i, & I

I 12.% 1.6 1 4.% 1 1.¢ I

=]reneren~- [eomrnew- leemerena Jremmen=" 1
fe.o 1 3001 1y lo 1 ¢l 4
J 5.0 L 25.9 ] 0.¢ 1 G, 1 1.3

I 3.1 1 1.1 I [V I ¢, i

A 1.9 i 0.3 ! 0,0 1 C.0 {

jmeeee——— o lovmemm-- Jemmmema- i
Cotu Yo £7 113 ie 317

1 LR IV 27.9 35.% 5.1 JGu,0

2€-3
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LR
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~0, 40530
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~J. 230248

i

F % ¥ X % X X
TAMPRR STALU

CRU S
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¥ R & % X % 32 4 ¥ oy £ %

BERE Y

¢ C HrbiZnEr

3
P3.! 74,1 75.
------ 1—--_,—-—]—-—-—_--
i 71 )
2.0 1 3,9 I Jau
Iseqs 1 lv,0 I 1d,6
2.0 I 1,0 1 j.0
—————— i_s—n--—-I-—---—nﬁ
3001 3 1 [
1.0 i 13.0 i P
1leo 15,0 1 lb.s
[Tt 1.9 1 3.u
______ J'---—_—--I-----_--
1y L 15 1 19
iea,4 1 té&,5 L 1.4
Tsor I 75,0 [ 59,4
v 1 7.5 1 ER-
mm———- [mmemmma— |mememmmm
G i D] 1 b
Geg 1 Q.4 i 16.7
i L (VIR 1 3.1
v.u 1 G. ] Ueb
______ [_-..—_—--l----——-—
27 PAY 32
i3.1 10,1 1h.1
¢l JITHA 21 DEGRERS CF B
i = 0, 4707C
G.2395R wITH STATUE V]
“L.e97z4
T (ESEsiETHICY = 00,1413

TO(sY:
L 23008

RIC) = w.1021%
SLCHIFICARCE =
SIGHIFICRLCE =

i

) o= o~z HIth SYATUS
= =0,292%S
RR DEPRLDENT .

SlielbiCarCeE = 65,0000

-03/06/80

S P A B HLATLON 0 F
by YR

¥ K % K X X K X K % % F & %

VAL = *¥¥xaskkxx
¥ X F ¥ K K & & % F X % £ K % ¥ X £ X ¥ £ % ¥ X %

Riw
YUTAL
1 To.l 771.1 78.1 79.1 BU. 1
le=em= e R el Sl LRSI R L Lomermm—e I
1 11 I 17 1 17 I 9 1 11 61
I lo,4 [ 25.4 1 29,4 1 13,4 1 1.5 1 33.7
L 26,9 1 34,7 L 73,9 [ S0.u 1 1Gu.0 1
I 5.5 1§ re 1 8,5 1 4.0 I ¢.5 1
I e e N el el el DL LS DL L L ~I
1 4 ] S 1 2 1 G I ¢ 1 23
1 17.4 1 2. i 8,7 1 0.0 1 V.0 I 1i.06
1 10, 1 106.2 1 8.7 1 0.0 1 v,0 1
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