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Abstract

This report describes the results of an exhaust emission testing program
on eight catalyst-equipped passenger cars in the St. Louis area.
Vehicles from each of the three major domestic manufacturers were pro-
cured from the general public. The vehicles were sought to obtain a
general representation of popular models and engines with the final
selection based on odometer reading. The vehicles chosen were from the
1975 model year and averaged 104,479 miles with a range from 71,026 to
138,831. The test sequence included the exhaust emission portion of the
1975 Federal Test Procedure, the Highway Fuel Economy Test and three
short cycle tests. This sequence was employed five times over two
phases. The first phase consisted of test sequences in (1) as-received
condition, (2) after correction of maladjustments and disablements of
emission control systems, and (3) after a complete tune-up with replace-
ment of defective parts. The second phase provided for two test sequences;
one after the existing catalyst was replaced with a plain section of
pipe (with restrictions to duplicate back pressure) and the other after
installation of a new OEM catalyst.

The results from the first phase indicate that high mileage vehicles
generally exhibit higher HC and CO emission levels than their counter-
parts with lower mileage which were tested in earlier Restorative
Maintenance programs. The results from the second phase appear to
indicate a loss in catalyst activity with age and mileage when compared
to the activity of a brand new unit.

Introduction

For the purpose of Federal Regulations which pertain to motor vehicle
emissions, "the useful life" of a vehicle has been defined as 5 years or
50,000 miles, whichever occurs first. Prior EPA surveillance studies of
passenger cars have demonstrated that even low-mileage, relatively new
vehicles exhibit poor average emission performance when compared to
applicable standards (Reference 1l). These studies went on to determine
that maladjustments and disablements within the emission control system
(primarily idle mixture) were the primary cause of the problem. Signi-
ficant reductions in average levels were possible once these actions
were corrected. )

Recently, there has been an increased interest in the possibilities of
Inspection/Maintenance (I/M) Programs on in~use motor vehicles as a:
major tool in controlling air pollution. When this interest is combined
with the fact that many of the first catalyst—equipped vehicles have now
exceeded the 50,000 miles of this "useful life'", it is clear some assess-
ment of these vehicles must be undertaken to project their impact on air
quality. '



Program Design

The purpose of this effort is to gather information on catalyst-equipped
passenger cars which have exceeded their defined '"useful life". The
following areas were to be addressed:

1. Emission performance in as-received condition.
2. Extent of malperformance in the emission control system.

3. Capability of restorative maintenance in reduction of emission
levels.

4. Effectiveness of both 0ld and new catalysts on emission levels.

A total of eight catalyst-equipped passenger cars were procured from
private owners in the St. Louis area. Vehicles of each of the three
major domestic manufacturers were chosen to constitute the test fleet.
The actual vehicles were sought to obtain a general representation of
popular models and engines with the final selection based on odometer
reading.

Each vehicle was subjected to a prescribed series of tests, inspections
and maintenance actions. The flow diagram for this effort is attached
as Figure 1. The basic test sequence conducted at each point included
the current Federal Test Procedure (exhaust emissions only), the Highway
Fuel Economy Test and three short cycles (Federal Short Cycle, Two-Speed
Idle and Federal Three-Mode). The initial test was performed in as-
received condition. This was followed by an underhood inspection and a
correction of all maladjustments and disablements. A second test was
performed with the vehicle in this condition. The third test was preceded
by a major tune-up and replacement of any defective parts. This phase
of the program would serve to address the first three aspects of the

listed purposes. The last aspect would be addressed by the elements in
the second phase.

The fourth test on each vehicle was performed to obtain "engine-out"
emissions. The original catalyst was replaced with a section of plain
pipe after measurements of exhaust back pressure had been recorded under
a range of steady state conditions. The back pressure was duplicated as
nearly as possible by introduction of a device which was tailored to
restrict exhaust flow at the tailpipe. For the fifth and final test, a
new OEM catalyst was installed. The original catalysts were retained
and are being throughly examined and analyzed under a separate effort.

Inspection Results

After the first "as-received" test sequence, each vehicle received a
thorough inspection for maladjustments, disablements and defective
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emission control components. As in earlier Restorative Maintenance
programs, the most common disablement was broken or missing limiter
caps. Only one vehicle had its limiter caps present and unbroken. This
vehicle was also the only vehicle to pass Federal Standards "as-received'.
The second most common disablement was plugged or disconnected EGR
vacuum lines. This disablement was found on three vehicles. Rich idle
mixture on half of the test vehicles accounted for the most common
maladjustment which may be slightly lower than expected considering that
all but one vehicle had missing or broken limiter caps. Two of the test
vehicles had defective vacuum breaks (leaky diaphragms). There were
many other defective parts found and replaced, but no single part was
prevalent in frequency of failure. The majority of these parts would
not have had an adverse affect on driveability and consequently would
not have likely been repaired by the vehicle owner.

Phase I Test Results

The results of the first phase of testing show the improvement in emis-
sion performance that has been witnessed in past Restorative Maintenance
programs. Through correction of maladjustments and disablements, all
three regulated emissions were reduced. Average HC emissions were
reduced 32%, average CO emissions were reduced 55% and the average NOx
emissions were reduced 22%. As has been the case in past programs, idle
mixture adjustments were found to have the greatest impact in reducing
emissions. This can also be seen in the improvement of idle CO which
decreased from an average of 2.027% to .06%. Although the major tune-up
performed prior to Test #3 reduced the average CO 21% from Test #2 on
the FTP, the average HC increased slightly (9%). NOx remained essen-
tially the same. Through Test 1, 2 and 3, the percent of vehicles
meeting Federal Standards was 137, 38%Z and 50%, respectively. These
percentages are displayed graphically in Figures 2 and 3.

Phase I1 Test Results

Preparation for Test #4 consisted of removing the catalyst and replacing
it with a plain section of pipe. Before removing the catalyst, the
backpressure created in the exhaust systems of the test vehicles by the
catalyst was measured by a water manometer at a point just before the
inlet of the catalytic converter. These measurements were taken at idle
through 60 miles per hour in 10 mile per hour increments. After re-
cording these measurements, the catalytic converter was removed and the
plain section of pipe was installed in its place. An adjustable orifice
"was then introduced into the exhaust system at a point near the end of
the tailpipe. The backpressure was then measured at the same point in
the system as it was earlier. The aperture of the back-pressure dupli-
cator was varied until the pressure matched the earlier measurement (plus
or minus 2 inches of water). As expected, the average HC and CO emis-
sions increased from the averages shown in Test #3. HC showed the most
dramatic increase (87%) over Test #3, and was considerably greater (36%)
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than the "as received" emission values. The average CO emissions were
only 59% of the "as received" values but were 667 greater than the Test
#3 average values. NOx displayed a decrease of 5% from Test #3. Under
the Test #4 conditions, none of the vehicles were able to meet Federal
Standards. Test #5 consisted of removing the backpressure duplicator
and the plain pipe section and replacing it with a new catalyst. Test
#5's average emission results were lower than any of the previous tests
for all three regulated pollutants. The average HC emissions in Test {5
were 27% of those recorded in Test #4 and 37% of the "as received"
values. Average CO was 57% of the Test #4 value and 34% of the “as
received" average CO emissions. The average NOx emissions were 84% of
Test #4 values and 61% of the "as received" values. The new catalyst
obviously had a significant impact on reducing emission levels. This
completed the vehicle testing sequence. No subsequent tests were per-—
formed on these vehicles once the new catalysts had accrued some mileage.

Conclusions

The results show that these high-mileage vehicles had significantly
higher average emissions "as-received" than similar vehicles with lower
mileage tested in an earlier Restorative Maintenance program. In this
condition, only one of the eight vehicles was able to meet Federal
Standards. However after the correction of maladjustments and disable-
ments along with a major tune-up and replacement of defective components,
HC and CO levels were reduced and half of the test vehicles were able to
meet Federal Standards. The test after removal of the original catalyst
showed evidence of its activity because of the emission increases
witnessed. The installation of a new catalyst showed that although the
old catalyst was still working, it was not up to the efficiency of the
new one. But even with new catalysts installed, only 637 of the vehicles
meet Federal Standards. This indicates that even though an individual
high-mileage vehicle is tuned-up and a new catalyst is installed, it may
not meet the standards under which it was certified. On the other hand,
the average results for the fleet display some durability of emission
control systems and the ability of such vehicles to respond favorably to
proper maintenance.
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Figure 1

Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from Eight Very High Mileage Passenger Cars in St. Louis
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Figure 2

Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from Eight Very High Mileage Passenger Cars in St. Louis
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Figure 3

Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from Eight Very High Mileage Passenger Cars in St.Louis
Average Mileage:104,479
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Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions fromEight Very High Mileage Passenger Cars in St. Louis
' ~Vehicle Test Results-

Veh. # 51l odometer /38183‘ ' Make?\ym- Model Puslev  cip 225 carb |7/ Trans ,A RLHp i 2 Inertia 3500

' FTP (gm/mi) MPG IHC 1CO
Test#  Date HC co NOy FTP HFET | (ppm) %) . Comments

CApS MISSING .

lo40-78} 3. 221 45.312.77 | 17.82| 26.99| J/0 4 43 jouE STCP SOLENIOD DEFECTINE

021 1.7% /.8 3.17. 18,341 2616 29 | Ol | AosesT™ joLe mixTuRE

MAJOR TuNe UP

[0-15 {3.00]229 | 2,54 /711 | 24911 5571 .21 ||pie sToe .soLENoip REPLACED

1098 13151298 ] 2,10 | 18,24 26.46| oy0 | 1,67 |CATARIST fEfrcce wm By~ PASS.

U‘\“F'VJN\

IO'ZO /bg ZO,) /3‘LI‘ [711‘5’ Zs’CILI, 66l .?8 NEW CcATALYST INSTALLED

Test # Action performed prior to test

1 None,tested "as received".

2 All maladjustments and disablements HC_ CO NO,
corrected. 1975/76 Federal Standards: 1.5 15 3.1

3 Major tune-up and the replacement (grams/mile)

of defective components.
4 Replace catalyst with by-pass.

Install new catalyst.



Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from EightVery High Mileage Passenger Cars in St. Louis
~Vehicle Test Results-

veh.# 512 odometer 75 064  Make DOO‘:\G, Model Charge v CID 360 carb 2V Trans A RLHp 2.7 Inertia__Lﬁ):_Q_O___

FTP (gm/mi) MPG IHC 1CO
Date HC co NOy FTP HFET | (ppm) (%) . : Comments

105178\ 4,36 | 72.7( 329 |13.97]21.16 | 270 | 3,83 |Gt S Eepan W OIS TImNe T,

1092 | 294 19.0 |t 1] [ 13.33]2063] 85 | 06| se aomireo o s e e oo tor
j0-13 |35 | 16.6]2.08)5.05] 18,08 126 | 02 |TAE TVNECP | |
1018 159711681177 |1z.01| 199 {934 | .20

(020 | 93| 21.8] .67 (). 1717.61) 47| .98 NEW CATALNGT /NSTALLED }

[

CATALYIST KETLACED wnTH RYLASS,

v\u.:ww\,

Test # Action performed prior to test

|
1 None, tested "as received". !
!
2 All maladjustments and disablements HC CO NO. |
corrected. 1975/76 Federal Standards: 1.5 15 3.1 ‘

3 Major tune-~up and the replacement (grams/mile)

of defective components.
4 Replace catalyst with by-pass.
5 Install new catalyst.



Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from EightVery High Mileage Passenger Cars in St. Louis
-Vehicle Test Results-

ven.# 513 odometer 7102  ake Plym  Model Sta. Ukw. c10. 318  carb 2V Trans_ A  rusip I4:7  Inertia 5000
- — —y

FTP (gm/mi) : MPG IHC 1CO
t#  Date He co NOy FTP  HFET | (ppm) (%) . Comments

< ; ) CAPS MISSING ; 0OSAC VALVE BYPASSED,"B&" /N EGR
/0“]2'78 '65 5’3 7‘347 ,3'1(0 /9100 67 JO | vacoum L)Nr—lj TIC DEFELCTIVE

j i -3 g Z i — OSAL. CONNECTED,
/O-M //Z 2b.5 /75 | 11.08|/5750| 35 - OZ | g™ REMONED FROM EeR. VALUUW LINF

MAJe R TUNE U P,

/O‘/7 «(7"} ‘/6 ZJZ. //-L"b /EZ" 31 .02 REPLACED . ThC .
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/

2

3

§1 1019 |1.68 | 285 178 | 11-67] 16.10| 126 | 1.55| CATADYST BEQACED wWiTh BY TRSSED
511020 | .62 livu| .35 |11.69| r594] 22 | 02

Test # Action performed prior to test
1 None,tested "as received".
2 All maladjustmenté ard disablements HC CO NOy,
corrected. 1975/76 Federal Standards: 1.5 15 3.1
3 Major tune~up and the replacement (grams/mile)

of defective components.
4 Replace catalyst with by-pass.

Install new catalyst.



Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from Eight Very High Mileage Passenger Cars in S;. Louis
-Vehicle Test Results-

Veh.# 524 Odometer ]03151'7‘7 Make Meve  Model MengecW CID 250 carb /v Trans M-3 ruup /2.0 Inertia_iQO_O__

FTP (gm/mi) MPG THC I1COo

. Test? Date HC co NOy FTP HFET | (ppm) (%) Comments

CAPS PRESENT

/ |9-2878] 1.90 | 6.9 | 2.55 | 18.13|24.76| 39 | O} |choke wnvL
21 929 | 115 9.5 | 2.55|1695| 24.1b| 42, | .02 |CHOKE APSTED
3|02 | 1.52] 8.0(2.68|1779|23,77] 32 | .01 |MAR TuNE W@
¢ | jo5 | 2.0920.7| 2.4 [18.17| 24.82| 4§ | .u7 |ATALYET REFACED LaTh By-Rass
1l | o0 4.8 | 281 |17.73|24.8b| 24 | .01 |FEW CATALYST IRSTALLED
Test # Action performed prior to test
1 None,tested "as received".
2 All maladjustments and disablements ' HC CO NO,
corrected. : 1975/76 Federal Standz'n:ds: 1.5 15 3.1
3 Major tune-~up and the replacement (grams/mile)

of defective components.
4 Replace catalyst with by-pass.
5 Install new catalyst.



Veh.

# 526 Odometer “ 512, Make /5'27"‘(} Model L TP

Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from Bight Very High Mileage Passenger Cars in St. Louis
-Vehicle Test Results-

cip 35/ carb 2V Trans A Rulp |4 7 Inertia 5000

FTP (gm/mi) MPG IHC I1COo
iTest Date HC co NOy FIP  HFET | (ppm) (%) . Comments
: i~ — — CAPS MISSING  EGR. FLUGEED, AR NS PXFECT, pELAY VL. OER
F, 7-30-18) 3.25] 20.1 | 5.5 0.9 16.59| 75 37 | BAD, sEnson ochmwe(wm'w-’ ALLUS VACovm THRUGHY
) ' , - — PLUG REMUVED FROW EGl VACVU WM LHiNE . .
20 /02 |3.27|234| 2.7 [ 1.03] j5 24| 64 | .36
i
i . N = — " —
o . MALCR. TUNE VP, REPLACTD: HAD STNScL) DeLAY VALVE,
31107 {2,041 11.0 | 6.38111.63[16.56][3b | O5 | )0 Ale ovs
‘ - - . - CATALY ST QREPLALTEND WiTH BY-PASS
t 1 o410 12.8470.31 6.7 |1].73) 1651} 251 |.,084 :
. - - , . BEwW CATAY ST NSTALLED
510y [ 2.0518.0] 6.2 (641708 209 | 03"
Test # Action performed prior to test
1 None,tested "as received".
2 All maladjustments and disablements ‘ HC CO NO,
corrected. 1975/76 Federal Standards: 1.5 1 3.1
3 Major tune-up and the replacement (grams/mile)

of defective components.

Replace catalyst with by-pass.

Install new catalyst.



Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from Eight Very High Mileage Passenger Cars in St. Louis
' -Vehicle Test Results-

veh.# 337 Odometer.SC]‘évC” vake Chev, Model Nevee  ¢Ip 25C carb /v Trens A RUHp fl. 2~ Inertia 35CC

FT? (gm/mi) MPG 1HC 1CO
Testd  Date HC co N0y FTP HFET | (ppm) (%) . Comments

/ )2.7 PO ‘_}7, -t oz 2! i , CAPS MISSING, Et-R. NACVSW LINE SV T,
10-23-78) 2.01 | 3C.% | | . T /6. 5112331 [ 76 | 2.52] @rRamaRY vaCw n BREAR. LEARY

Jo2¢ | 831 8.1 |1 26| 504 22 u| 77 | oy |!PHE MIATVRE AcsETED

[P NN SO —

~ j ; , -1 . . MANCR., TUNE LUP, REPLACLD EGR VACGUL N LINVE
10-26 1 )14 | 7.5 | .17 1]7. 6712174} $4 | C) | eeen co CPRAMARY NACLU M BREAR

2
3

Y1 10-28 {3350 9.1 | 125 |9 58] 22.04|Gaq | |g [SATATYET CEeraceo T BT RASS
511030 6] 56| /0884|2223 19| .ol

NEvs CATALNST INSTALED |

Test # Action performed prior to test

1 None, tested ''as received".

2 All maladjustments and disablements HC CO NO4
corrected. 1975/76 Federal Standards: 1.5 15 3.1

3 Major tune-up and the replacement ' (grams/mile)

of defective components. _
4 Replace catalyst with by-pass.
5 Install new catalyst.
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Evaluation of Restorative Maintenance and Catalyst Replacement
On Exhaust Emissions from EightVery High Mileage Passenger Cars in St. Louis
-Vehicle Test Results-

# 533 odometer JO7 977  Make Chev Model Mc\Vibw c1p 350 carb 2v Trans A _ Ruip_ /4.0 I_nertia__")fé?_ﬂ_

FTP (gm/mi) MPG THC 1C0
Test? * Date HC co NOy FTP  HFET | (ppm) %) . Comments
. . : CAPS m\ssm& Pc\) HOSE COLLAPSED, EGR. DAPHRAGCM
, ) - . . ) . LE MixTue ADALSIED
2 025 | 1an | 37 | 233 [ 1407|208 | w3 | o2 | 'PF =
, . . MAJOR. TVYNE L £
3| /030 10 1129 | .52 130511887 | 152 | O lotonen: cer VALVE, vAULM BREAK, POV WOSE,
, , N — - CA 5T RECLACED wiTw @Y PASS
Gl Ji-1 |40 | 200 | 142 |j2.66 | 1815 ugs | 18 | CATAY €0 v &Y
; o . ' NEW CATALYST [NSTALLED
51 -3 A 2a L7 a3 16.39) 1 oL & B
Test # Action performed prior to test
1 None,tested "as received".
2 All maladjustments and disablements HC CO NO,
corrected. ' ' 1975/76 Federal Standards: 1.5 15 3.1
3 Major tune-up and the replacement (grams/mile)

of defective components.
Replace catalyst with by-pass.

Install new catalyst.



Evaluation of Restorative Maintemance and Catalyst Replacement
On Fxhaust Emissions from Eight Very High Mileage Passenger Cars in St. Louils
-Vehicle Test Results-

e R - [y e . i . 2 ()
ven.# ¥ odometer 137, 75 | Make BUICK Model Ste Lo CID 35C Carb ¥V Trans A - RuHp [4.Q Inertia 45CC

\&

TTP {gm/mi) MPG IHC 1CO
Yoot Tave ile co NO,, FTP  HFET | (ppm) (0 . © Comments

‘ a o . . P CARY QRESENT, yactvin BREAK DBONRAGM LLAKY , EFE VAcuoum
/ {1o-2%78) /.20 1-1 .71 1.0} 1557 &7 O.O | Line SRACKED ; NDWT/CN AR TV TURN

O W\IXLAT\)AJ\;S"TW\EU‘PS ORL BSABLEMENTD

’ N - . o _ MACR. TUNE v _
3 1020 | /. %] I]‘i /37 /2:5‘3 /8" 37| 45 . Ol REPLACED, VACYYMN BREAR, EFE IpCyem LINE, INDUCTICN AIR'TL‘SE:

0-27 12301 21 (& ].36 171,49 j7.35| 200 | .43 CATALYST QECLALED wWiTh @y -PASS

X

NELw CATALYIST INSTALLED

S0 | 5T 8% (.49 11,88 | Jet] g | o)

]

Test & Action performed prior to test
1 None, tested "as received'.
2 All maladjustments and disablements HC CO NO,
corrected. 1975/76 Federal Standards: 1.5 15 3.1
3 Major tune-up and the replacement (grams/mile)

of defective components.
4 Replace catalyst with by-pass.

5 Install new catalyst.
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