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SUMMARY

A, Activities

Méince the start of this assignment on 5 November 1979,
numerous discussions have been held with members of CETESB
staff, p articularly with members of the air quality
aﬁalytical and spec1a1 pro;ects laboratorles,.w1th engineers
working oﬁ telemetry system, with meteorologists, data
evaluation personnel and engineers from the motor vehicle
testing laboratories (See Appendlx I). All these technical

personnel were most cooperatlve and supplied the technical

nformation regardlng the Sao Paulo area which have been

utilized in this report.

A summary course on development in air pollution was given to

selected CETESB staff members during the first two wveeks,
The discu531on3‘povered meteorology and contaminant em1531on
and how they affect air quality; transport of a1r contamwuanLh,

source- receptor areas and photochemlstry,'all monltorlng,

.iﬁcluding data collection, quality assurance and data

interpretation;y alr quality trends, air quality standards and
health effects; and the future program in the Sao Paulo area,

particularly an assessment of the problem and -suggested

-rd

control measures.

ys were spent visiting the chemistry laboratory, the
automotive emissions laboratory, the air monitoring stations

at Parque D. Pedro and S3o Caetano do Sul, and the telemetry

noting some of the major sources of contaminant

emissions.

B. Findings

CETESB staff is we]l 1nformcd regarding the overall air
pollution p problem in “the greater Sao Paulo arca. Emiss sion
fnventorics have been compiled for the maJor contaminants

from both mobile and stationary sources, and a brief survey
of traffic has been attempted, '
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Alr monitoring: data show that air quality standards for
partlculate matter, sulfur dioxide, sulfates, carbon monoxide
and oxidants (ozone) have been exceeded in the greater Sao
Paulo area (Tables I, IV, Vj Ref. 5). A potential exists for
a‘continuous deterioration of'air’quality unless strict

emission control measures are applied. .

.. lA

Alr monitoring data, particularly for ozone and nltrogen dioxide,
is very sparse; the%e def1c1enc1es should be remedled when

the telemetry system is implemented.

Further definition of the extents of sulfate and acid rain
phenomena is needed; as are more detailed analyses of ambient
aldehyde concentrations and the possible impact of increased
aldehyde em1551ons ‘in automotive exhaust from alcéhol*fueled
or gasollne a1c0h01 fuel mixtures upon ozone formation.
Speciated hydrocarbon analyses from emission sources and from

ambient air are needed to more thoroughly define the

photochemical oxidant problem.

-

C. Recummendations

1. Encourage CETESB staff to maintain its técﬁnical
awareﬁess of air pollution progress in other areas and
assist in 'the implemgntation~of its propésed air
pollution control program in the Greater "Sao Paulo area.

2. Eliﬁinate Gaps in Ambient Air Honitqring Data
a) Implement Telemetry System
b) Expedite Acquisition of Replacement Parts for

Analytical Instruments

3. Increase.Personnel"AssignedAto Special“Projects

Laboratory

~

4. Purchase Two Ultra- VlOlCL Photometer Ozone Recorders
(Dasibi, or ecquivalent)
With a very well informed but numerically limited technical

staff presently aSSl rned to chomlcal rescarch and andlysla,

CETESY has alrendy made considerable progress in definition
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of the air pollutlon problem in the greater Sao Paulo area.
leen the assistance needed in additional personnel and air
monltorlng equipment, even greater progress may be ant1c1pateg

within the next two years.

R
“IYa

OBJECTIVE OF THE CONSULTANTSHIP

The purpose of the consultantship is to provide technical

advice regardlng the study of photochemlcal reactions in the

.atmosphere in the Greater Sao Paulo area, and to suggest

monltorlng methods of sampllng ‘and analysis and air monitoring
site locations for measurement of those pollutants.

Y

FINDINGS

A. Background

CETESB staff is well informéd regarding the overall air
pollution problem in the CGreater Sao Paulo area. Emission
jnventories have been: complled for carbon monoxide,

hydrocarbons, oxides of nitrogen, oxides of sulfur and

.particulaée matter for both automotive vehicles and

stationary sources (Table II). Daily traffic data were

gathered and presented as volume equlvalents for 15 major

roadways in Sao Paulo during a 5. day period in October 1977.

Volume equivalents (VE) ranged from 18.196 at - Av. Santo

‘Amaro, Av. Sao Gabriel tob 46. 814 at Radial Leste, Av.

Alcantara Machado (1).

Preliminaxry reports (3,4) indicate that aldehyde concentrations

in motor vehicle exhaust increcase as the alcohol content of
the fuel-mixﬁore increcases from O ~ 207, while carbon monoxide
cmissions appear to decrcasc. Aldchydes are believed to be

an impoxrtant source of the radicals Oll, Ho, and RO, which .
participate in the oxidation of NO to NO, and in most of the

chemical rcactions which consume hydrocarbons. and aldehydes(2).

a) VE (volume equivalent = autos’# 9% trucks 4+ 4X buscs.
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EmphaSIS has correctly been placed on particulate matter aud
sulfur dioxide as ambient pollutants, and most of the air
monitoring data available refers to these pollutants. The
relatlve importance of specific 1ndustr1es'in.rclation.to
partlculate and sulfur dioxide em1581one ‘has also been .
pointed out by CETLSB staff (Table III). During the years,
1976, 1977 and 1978 the air quality standard for particulate

N

matter of 240 pg/m3/24 hour average was exceeded 189, 105 and
121 tlmes, respectively, in the Sao Paulo rea (Table IV).

A special CETESB study at four stations dur ng 1978 has
jndicated that sulfate levels at Embu Guagu, Pinheiros, Praga
da Republlca and Sao Caetano do Sul exceeded the California
state air quality standard for this contaminant of 25 ng/r’/
924 hour average. At Sao "Caetano do Sul that standard was
éxceéded on 62,5% of the sampllng days. The hlghest value

(78 ug/m /24 hour average) was measured at this station. This
was not unn381ng since Sao Caetano do gyl is in a heavily
1ndustr1allzed area characterized by high 802 emissions. .

Meteorologlcal CODdlthnS in the Greater Sao Paulo area seem

to favor conversion of sulfur dioxide to sulfate, and

therefore the control of sulfur dloxlde emissions 1s _ ~
extremely 1mportant.'
gufficient 1nformatlon has been gathered to identify carbon

monoxide as & potential problem in terms of ambient

concentrations (Table V) and as a potential health hazard(6).

.Carbon monoxide is also an excellent tracer for automotive

exhaust, which, because of its optimal concentrations of

hydrocarbons and oxides of nitrogen has been shown to be

a majbr source of photocﬁemical oxidant (2).

. B. The Oxidant Problem

1. Sampling Stations

CETESB'staff has alrcady proposcd a sampling network to

provide the data necessary for quanL:tatlve dcflnleon of «he

photochcmical oxidant problem in the Greater Sao Paulo arez
(1). It will comprise five pcrmanent stations incorporated
into a telemetering system curre ently being installed and

tested for acceptance,. and qupplemented by an additional
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. Aive sites to be sampléd with the two CETESB mobile
‘laboratories;

The.siteS'(Figure 1) were carefully sclected after

*_consideration of the distribution of moving and

-l

: stationary sources of primary pollutants, topography
" of the Creater Sao Paulo region and the prevailing wind

7

directions (1), and are 1isted below:

1. Telemetry, Parque D. Pedro
"2, Telemetry, Mooca
3. Telemetry, Lapa
4. Telemetry, Congonhas . .
5..Té1emetry, Juquitiba V
6=.Mobile Laboratoxry, Campo Graﬁde
7. Mobile Laboratory, 330 Caetano do Sul
8. Mobile Laboratory, Casa Verde 4
9, Mobile Laboratory, Caieiras

10. Mobile Labovatory, Santana do Parnaiba

When implemented, these ten sites should provide minimal

" data required to define the photochemical oxidant problem

in the GreateX Sao Paulo areéa.

At the present time only one station, Juquitiba, 1is
operating on the telémetryusystem. A second station,
Parque D. Pedro, is undergoing tests prior to being

placed on stream. One mobile laboratory 1is stationed at’

Sao Caetano do Sul; the second is at Parque D. Pedro,

gupplementing the telemetry data from that station.

2. Oxidant (0zone)

Available oxidant data obtained during the 1976 - 1977
smogp Seasons, May, through August, indicate 32 hours

.during which ozone values exceeded 0,08 ppm, the Sao Paulo

state air quality standard. The maximum value of 0,157 pp=,

1 hour average, Was measured at Sao Caetano do Sul on

Septcmbcr'la, 1977. However, these values, while the
highest measured to date, may not represent the trug
maximum oxidant values in the Greater Sao Paulo area.

As indicated by CETESH ctaff (1), samples should be taken

Sho Caetano do Sul, gao laulo, Casa Verde
4

simultancously at

CETESE - D EDO TSP IR
ea o opm L oel YT O A . .. o
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and Caieiras in order”to follow the developﬁcnt of
photochemicdl oxidant during transport of the pollutants

across the Greater Sao Paulo area.

No oxidant data were obtained durlng the smog seasons of

'*‘1978 - 1979 because of problems with ‘instrumentation.

Replacement parts for the three Bendix Ozone Analyzers
were ordered, but were not received in time to permit
sampling during the critical May through August periods

‘when high oxidant values were to be expected.

3, Oxides of Nitrogen (NO, NOZ, NOX)

Oxides of nitrogen (NO"NO2 and the sum ofANO ; N02
(NO )) have not been routinély measured. Sampling at two
statlpns, Central Zone, in 1976 and Praga da Republica
in 1977, indicated that NO, goncentratlons, like 0,

peaked’dﬁring the winter months May through September.

’

Examination of preliminary diurnal curves reveals a
variation in mnitric oxide which may be related to traffic
" emissions, and there are sl1so indications of a negative

ijnterference of nitric oxide on ozone concentrations

-measured.

4. Aldehydes

B2

Aldehydes are important precursors to ozone formation.
As stated above, preliminary data lndlcate that aldehyde
emissions in automobile exhaust increasc as the percent
of alcohol added to ‘the gaso}lne 1ngreases. The effect of
the alcohol fuel program an ambient concgntrations of
aldehyde and on the formation of photochemical oxidant
should be dctermlned by collection and analysis of
amblent air samples and a careful evaluation of these datz.

At the present time such lnformatlon is lacking.

CONCLUSIONS AND RECOMMENDATIONS

1. Encourage CETESB staff to pwaintain its technical awarcnes:
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of air pollution 1n the Greater Sao Paulo area and, ‘assist
‘the 1mp1ementat10n of 1ts proposed air pollution. control

program.

2
: - CETESB staff is well informed régardihg the. air pollhﬁion
g | problem in the greater Sao Paulo area and is aware of the
: . critical lack of data in some areas, particularly ambient
g | - concentrations of oxidant, nitrogen dioxide, speciated
hydrocérbons, aldehydes and particulate sulfaﬁes,‘as well as

emission data for oxides of nitrogen, speciated hydrocarbons

and aldehydes.

The staff should be encouraged to continue itTs effort to
§ apply the most recent and best available technology to the

° . 'deflnlLlon of the CGreater Sao Paulo air pollution problem

and to its eventual control through reductlon of contamlnant

em1331ons from both statlonaly and mobile sources.

e
L s -
i A : : e

"9, Eliminate Gaps.in Ambient Air Monitoring Data
B 4 ’
UB L : . .
o : . " a) Implement Telemetry System
? Deficiencies in acquisition of ambient contaminant
. . N -
ﬁJ§ - - . .data will be minimized when the telemetry system is, fully

implemented. This should occur within the next few months;

certainly . before the 1980 May;8¢piember smog Seasomn.

It is suggested that simultaneous measurement of ozone,
- . . . . .
! { : nitrogen oxides, carbon monoxide, sulfur dioxide and

hydrocérbons be made in 1980 according to the following

11 " schedule:

-

May-June . " July-August September

M Sao Caetano - T Sao Paulo T Sao Paulo

T Sao Paulo (P.D.Pedro) M Casa Verde T Lapa

s;/. T Lapa M Caieiras M Santana do Parnaibe
ud ) M Santana do Parnaiba T Lapa M Caieipaé

] T Juquitiba T Juquitiba T Juquitiba

; T Congonhas T Congoﬁhas T Congonhas
k? T Mooca T Mooca T Mooca '

mé : b) Expedite Acquisition of Replaccment Parts for Analytical

Instruments .

. = . e e g < 04 B T R T B Y B et T ST I I B B PRPTTUR USRI < !ﬁ'
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“i.replacement parts for the Bendix Ozone Analyzers.

3. Increa

4. Purchase Tw

09.

-~

SB was unable to obtaln ambient oxidant measurcments

- 1979 because of

CETE
during the smog seasons of 1978
blems assaciated, with the lack of

Parts

. {nstrumentation pro

3
«

were. ordered, but did not arrive in time to perform the

necessary analyses.
Perhaps PAHO could assist in obtaining the requxred

replacement parts for three Bendix Ozone Analyzers and

one Bendix N02 Analyier currently used by the laboratory.

se Personnel Assigned to Special Projects Laboratory

Special projects have already'demonstrated the potential

ems in the Sao Paulo
will

carbon monoxide and sulfate probl

area. Oxides of nltrogen, partlcularlly NOZ’

require special studles,as soon  as p0581b1e. Also, no

time should be‘lost in defining tﬁe potentgal'problem of
related to 50, and NO ‘emissions. Still

ac1d rains"
the alcohol fuélf

- another problem is that of the effect of

program on ambient aldehyde and oxidant concentrations.

" Finally, to determlne the effect of hydrocarbon emission

. control programs, and of changes 1n ambient h)drocarbon

concentrations with time, speciated hydrocarbon-analyses

should be made of emissions from stationary and mobile

sources as well as of ambient samples throughout the

areca.

This group of projects should be undertaken now, and

requlre the service
signed to. the Spec1al Projects Laboratory. The.

will s of at least two additional

chemists as

two chemists presently
requlred projects without additiona

in that Section cannot possibly.

carry out the 1 help.

Supporting equipment may be required at some later date.

o Ultra-Violet Photometer Ozone Recorders

(pasibi, or cquivalent)
The Dasibi Ozone Recorder utlllzes the principle of ultra=
violet light absorption for ozone analysis ,a physical

‘method, rather than the chemical methods such as the

chemi Juminescent or potassium iodide methods.,
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. calibrate other ozone recorders

The State of California has found the Dasibi to be an

rugged instrument, and has tested it in the

accurate,
ficial Statc method

field and recommended its use as the of

of ozone analysis.‘The EPA has designated the Dasibi as an

gahiﬁalent mgthod for field analysis and 2 reference
calibration method. '

A minimum of two such recorders ijs recommended: one to be

maintained in the laboratory as a reference calibration

unit; the second to be utilized in the field either to

or to provide supplemental

oxidant data at locations other than the ten sites designated

earlier.

CE]ESB - FM ”F 7["',‘1:!‘»{,’,1” ."F ar ’
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PERSONS WHO PROVIDED HELP FUL ASSISTANCE DURING THIS ASSIGNMENT

Organlzagao Pan-Americana de Saude
Engo Carlos Hilburg — Assessor de Saneamento Ambiental
.Sra. Célia G. Castelld - . s
Companhia de Tecnologia de Saneamento Ambiental - CETESB
.Quimico Roberto Godinho .

Gerencia de Quimica da Atmosfera

.Eng® Ernesto Ronchini Lima ‘ -

GerenCLa de Fisica da Atmosfera

.Eng? Silvio Souza Esteves

GCerencia de Registro e Inventarlo de Fontes da Grande S. Paulo

e . ; . ‘
.Quimico Claudio Darwin Alonso

pivisao de Analise do Ar

* ,Quimico. Wilson Acquaviva

‘Divisao de Operagao de Campo~Ar

eEngO Gilmar de Paula Andrade

Divisao de Analise e Interpretagao de Dados

.Eng? Sebastiao Soares da Costa Junior

pivisao de Sistema Telemetrico’

EngO.Manoel Paulo de Toledo
L.Eng?® Alfredo SllVlO Castelli

D1v1%ao de Testes de Veiculos-

© ,Vilma Marques dos Santoé

Gerencia de Quimica da Atmosfera : o

7 we. . aCirlene Di Santi R. da Silva

Geréncia de Fisica da Atmosfera

.Angela M. Silva de Almeida

Gerencia de Registro e Inventario de Fontes da Grande S. Paulo
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TABLES AND FIGURES

Incidence of Days on Which Ozone Concentrations"

(Daily Maximum l-Hour Average) Fxceeded 0,08 ppm

PRy
“len

Estimation of Emissions from Automotive'Vehicles

and Stationary Sources in the Greater Sao Paulo Area.

Emission of Particulate Matter and Sulfur Dioxide
in the Greater Sao Paulo Area from Industrial
Opefations and Processing and the Burning of

Combusible Materials

Material Particulédo.Numero de Vezes que aAQoncentraggo

Ultrapassou PQAR e Atingiu Niveis criticos (Ref. 5)

5

Monoxido de Carbono. Nimero de Vezes que a Concentragao

‘Yltrapassou PQAR e Atingiu Niveis critivos (Ref. 5)

Estagses de Monitoramento.de Ozone (GSP) (Ref. 1)




TABLE I

INCiDENCE OF DAYS ON WHICH OZQNE CONCENTRATIONS
(DAILY MAXIMUM 1-HOUR AVERAGE) EXCEEDED 0,08 ppm

.

DATE_ HOUR 03 (ppm) LOCATION
T . (1-Hr.Max.)

26/04/78 13 - 14 0,100 Tatuapé

26/04/78 14 - 15 0,114 Tatuapé

09/09/76 12 - 13 0,094 .Tatuape

04/09/76 .15 ~ 16 0,082 Tatuapé .

03/08/76 12 - 13 0,086 °  Tatuape

31/07/76 . 12 - 13 0,100 Tatuapé _.

31/07/76 13 - 14 0,100 Tatuape

15/09/77 14 - 15 0,083 Sao Caetano do Sul

15/09/77 15 - 16 0,082 SEo Caetano do Sul

14/09/77 15 - 16 0,157 Sao Caetano do Sul

13/00/77 - 12 --13° ° 0,098 SZo Caetano do Sul
'12/09/77' 14 - 15 - 0,084 ~ Sao Caetano do Sul.

09/09/77 14 - 15 0,087 - S3o Caetano do Sul

09/09/77 15 - 16 0,098 Sio Caetano do Sul

03/69/77 i5 - 16 = 0,085 sao Caetaﬁo do Sul

22/08/77 13 - 14 . 0,092 Sao Caetano do Sul
- 22/08/77 14 - 15 0,098 - - SHo Caetano do Sul
' 16/08/77 13 - 14 0,100 Sio Caetano do- Sul

10/06/77 13 - 14 0,095 Sio Caetano do Sul
- 14/06/76 9 - 10 0,110 ' Szao Caetano do Sul

13/06/76 12 - 13 0,082 Sio Caetano do Sul
- 03/06/76 10 - 11 0,098 'Sao Caetano do Sul

03/06/76 11 - 12 . 0,111 - Sio Caetano do Sul

03/06/76 14 - 15' 0,082 ~S§o.Caetano do Sul
1 09/10/77 13 - 14 0,090  Correio

30/06/77 4 - 5 0,100 Correio

29/06/77 - 22 - 23 0,100 Correio

22/05/77 10 - 11 0,090 Correio

22/05(77 11 - 12 0,100 Correio

22/05/77 12 - 13 0,093 Correio

31/07/76 12 - 13 0,086 Correcio

31/07/76 13 - 14 0,092 Correido




ESTIMATION OF EMISSIONS FROM AUTOMOTIVE VEHICLE

TABLE 1

IN THE GREATER SAO0 PAULO AREA

Wl s
-

*
.

1

-~

S AND STATIONARY SOURCES

Emission Souxce

Pollutant (Tong/Day)

coO HC NOy ~ SOy MP
Automotive Vehicles
Automobiles 2768 303 115 24 17
Utility and Commercial Vehicles 1339 146 56 11 8
‘Medium Weight Gasoline Trucks 163 33 6 1,3 0,7
Heavy Weight Gasoline Trucks 576 113 16 5,4 3
Diesel Trueks 137 22 100 52 9
Buses - 58 11 58 30° 4
TOTAL. o 5041 629 351 .124 42
) '(Percent .0of Grand Total) (95,7) (75,7) (83,6) (18,1) (7,6)
Staticnaxry Sources
Industrial Processes and o o
Operations ' 86 127 - 18 399
Burning of Combustibles in T }
Stationary Sources 19 9 62 541 28
Burning of Residual Solids 120 39 7 1 32
Othersb . - 27 - - 51
TOTAL 225 202 69 560 510

(Percent of Grand Total)

. GRAND TOTAL

(4,3) (24,3)

' 5266

831

(16,4) (81,9) (92,4)

420

684

552

a)

b)

01 Controle de Emissao de Fontes Moveis

.Govcrno do Estado de Sao Pa

Ambiente,

ulo,

Secretaria de Obras e do

no Estado de Sao Paulo"”

Meio

Companhia de Tecnologia de Saneamento Ambiental.
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Other

materials,

sources include commercial product

Manaus - 21 a 26 de janciro de 1.979.

and sources of fugitive dust.

jon and use of volatile




TABLE IIL- . _ \

f . EMISSION OF PARTICULATE MATTER AND SULFUR DIOXIDE IN THE GREATER-
SAO PAULO AREA FROM INDUSTRIAL OPERATIONS AND PROCESSINC AND THE

3‘4' ' BURNING “OF COMBUSTIBLE MATERIALS

LAY

«

* . “GrOUP - TOTAL -
- . . A B C :

L PARTICULATE . No, of Industries 69 193 1,813 2,075
, MATTER. Percent 3,32 9,30 87,38 100

\§ ) . . - .

i .

a . "Emissions(Tons/ 384,44 31,80 10,56 426,80
E Day) Percent 90,07 7,45 2,48 100

] o :

. SULFUR No. of Industries 208 . 400 833 . 1441
[ DIOXIDE ' Percent ' 14,43 27,76 58,81 100

N ' - . Emissions(Tons/ 443,01 81,42 25,75 .. 550,18
' pay) Percent 80,52 14,80 4,68 100

C . .
a) "Pormagao e Ocorrencia de Oxidantes Fotoqulmlcos ‘na Regiao da

Grande Sao Paulo. PJ 5.3/79 - 19 e 29 Fase™ 27/04/79. GLE AR/ -

A .
i . DAID/DMT; GQAR/DAV/DST.
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| IRELE J . | &
NOMERO DE VEZES QUE A CONCENTRACRO ULTRAPASSOU POAR'. Y
E ATINGIU NIVEIS' CRITICOS o |
. * MONOYIDO 'DE CARBONO . .
ANQKXEDKDESHEIT?NX@D © PADRIO N I VE L |
: 1h 8 hs Atencao ' Alerta  Emercenciaz
1 1 - 84 20 0 0
26 2. . 1 107 60 o 0
' ; ?ifuif.lw3 e 108 4 o 0
awvAL. 5 - . 298 121 0 o
1 o 90 S48 0. "o
77 .2 - i) 112 64 n 0 0.
-3 0., " 88 " 20 "o 0
ANUAL 1 290 132 | o 0

OBSERVAGOES :

| “ PEAR/CO/1H - 35 ppm
.. -, POAR/CO/8H - 9 ppm.

‘co ~ 8 HS

LOCAL: PRAGA DO CORREIO h

-

NIVETIS

Alerta  Emergéncia -

30

40
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