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Metro Manila air particulate samples were collected with a low volume pump and membrane filters. Pb particulate pollution 
levels were determined by graphite furnaceAAS (GFAAS). Experimental parameters were optimized to minimize GFAAS interfer
ence effects and low volume air samples' susceptibility to contamination. Majority of the samples had Pb levels way above the World 
Health Organization (WHO) allowable level. 
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LEAD IS THE MOST ABUNDANT HEAVY METAL IN THE EARTH'S CRUST 

and is very useful for manufacturing a whole range of 
products from batteries to circuit boards. Its use, how
ever, has caused serious environmental and health prob
lems. Even low level exposures to lead can have health 
effects, especially in children (1). 

One of the main pathways for lead entrance into the 
human system is via inhalation or"lead containing air par
ticulates which are prevalent in areas with moto� vehicles 
powered by fuel with lead additives, as in Metro Manila. 

Concentrations of Pb in ambient air range from ng/ 
m3 to !lg/m3. Thus, flame AAS Pb analysis uses high vol
ume air sampling which involves long sampling hours 
(usually 24 hours and up to 7 days). Powerful pumps, with 
flow rates of 500 - 2000 LPM (liters per minute), at heights 
of 10 to 50 m above ground collect air particulates through 
large (500 cm2) glass fiber filters (2). 

Low volume sampling (30 min-8 hr at 2-4 LPM using 
40 to 70 cm2 membrane filters) needs more sensitive in
strumentation (graphite furnace AAS or anodic stripping 
voltammetry) and greater care must be exercised to avoid 
contamination. Lower sampling heights (1 to 2 m above 
ground) are used which better approximate inhalable Pb 
levels, compared to high volume sampling. 

Forty Metro Manila low volume air particulate 
samples were collected and analyzed for Pb in this study. 
The samples were divided into 'indoor', 'beside street traf
fic' and 'inside moving public vehicles' categories. 

Experimental 

Air Particulate Sampling. Air was drawn through a 
Gelman GN-4 cassette filter unit (consisting of a 37 mm 

*Author to whom inquiries are to be addressed. 

diameter, 0.8 11m pore size cellulose ester membrane fil
ter in a plastic cassette filter holder) by an SKC 224-
PCXR3 personal sampling pump at 2 to 4 LPM. This is 
the NIOSH (National Institute of Occupational Safety and 
Hygiene) recommended sampling method for determina
tion of trace metals in industrial and ambient airborne 
materials (3). 

Air sampling was done at about 1.6 m from the floor 
(for indoor samples) or from the ground (for street 
samples). For samples inside moving vehicles, the air fil
ter cassette was attached to the shoulder of the person 
carrying the pump. Sampling times were 30-60 min (for 
outdoor samples) and 1-4 hrs (for indoor samples). 

Pb Extraction. Five different methods of Pb extrac
tion from air particulates in filters were done and exam
ined for contamination effects. Standard additions was 
used to determine blank values using a clean air filter 
subjected to the same extraction procedure as the air 
samples. The extraction methods are described in Table 1. 

Extracted air sample and blank filters were recov
ered intact for most of the methods and were subjected to 
a repeated extraction procedure to ascertain complete ex
traction of particulate Pb. 

Analysis of Pb in Extracts. An improvised higher sen
sitivity AAS instrument system was used, consisting of a 
Perkin Elmer HGA 2200 graphite furnace interfaced with 
a Varian AA6 atomic absorption spectrophotometer. 

Continuum source and adjacent non-resonance line 
manual background correction was used to correct for 
spectral interferences. Standard additions method was 
used to correct for non-spectral interferences (matrix ef
fects). Both aqueous standardization and standard addi-
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Table 1. Ph extraction methods 

Method 1 Heat filter gently with 2 mL cone. HN0
3 

for a few minutes until filter dissolves 
completely. Dilute to volume with deionized Hp. 

Method 2 Ultrasonicate filter with 0.1M HN0
3 

for 5 min three times (with 5 min rest in 
between extractions) in 100 ml pyrex beaker covered with a watchglass. Filter re
mains intact but partially disintegrates. 

Method 3 Completely digest filter with 4 mL cone. HN0
3 

by heating with 1 mL portions until 
almost complete evaporation. Dissolve residue in 0.1 HN0

3
. 

Method 4 Ultrasonicate with 0.1M HN0
3 

(same as Method 2) but use Teflon beakers with 
Teflon covers. Filter remains intact with no disintegration. 

Method 5 Add 1 mL cone. HN0
3 

to filter in Teflon beaker. Tightly cover with Teflon watchglass 
by wrapping with Saran wrap and Al foil. Leave overnight at room temperature. 
Filter dissolves completely. Dilute to volume with deionized Hp. 

tions method were done to examine. matrix differences 
among the air particulate samples. The optimized ana
lytical methods and parameters are summarized ln Table 
2. 

A Standard Reference Material (NBS-SRM 2676c 
metals on air filter) was analyzed using the optimized 
conditions to ascertain analytical accuracy. 

Results and Discussion 

Particulate Pb Levels. Ph levels of Metro Manila air 
particulate samples collected in filters are shown in Table 
3 and in Figs. 1 to 4. The sampling objective was not for 
an extensive survey but only to get an idea of typical par
ticulate Ph levels in indoor air, in street spots where com
muters wait for a ride and inside moving public vehicles. 

'As seen in Fig. 1, all indoor air samples except one 
were below the World Health Organization (WHO) maxi
mum allowable Ph air level of 1.5 11g/m3. Sample 33 was 
taken at a bedroom of a residence in Project 1 (Roxas Dis
trict, Quezon City), 2nd floor, with the door and all win
dows closed, during the 1992 New Year's Eve celebration. 
The very high lead level (6.21 11g/m3) was attributed to 
particulates from fireworks and firecrackers. Ph com
pounds are common constituents of low explosives. Ex
amples of lead compounds used in explosives and pyro
technics are lead thiocyanate, lead styphanate, (2,4,6-
trinitroresorcinate compound), lead azide (Pb(N

3
)2), lead 

dinitroresorcinate (2,4 dinitro compound), and lead 
dinitrosoresorcinate (the 4,6 isomer). Typical priming 
compositions may contain from 5 to 45% of one or two of 
the above lead compounds. Upon explosiol)., these com
pounds are transformed to lead oxides (4). 

Most of the indoor air samples were from the same 
room in Project 1 where the New Year's Eve sample was 
taken, with Ph level average of 0.42 11g/m3 air. (The New 
Year sample was not included in the averaging.) 
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Lowest Ph levels for indoor samples were for those 
taken inside Ateneo de Manila University's (ADMU) 
Chemistry rooms (Samples 3 to 7) averaging 0.11 11g/m3 
Ph in air. The ADMU Chemistry rooms from which the 
samples were taken were on the third floor of the Chem
istry building inside the ADMU campus and far from 
street traffic. The Proj. 1 samples were taken in the sec
ond floor of a house situated in a populated residential 
area near busy thoroughfares. Among the ADMU samples, 
the highest level was for Sample 5 taken inside a hood 
(hood not running). The hood was not cleaned when 
Sample 5 was collected. Since air is drawn from other 
parts of the room whenever the hood is used, accumu
lated dust and residues from digestion procedures could 
cause the comparatively high Ph level for Sample 5. 

The outdoor air samples had two categories. The first 
(Fig. 2) was sampled along or near busy streets, mostly in 
places where commuters wait for a ride. The second (Fig. 
3) was sampled inside moving passenger vehicles (mostly 
jeepneys and some inside buses). 

The majority of the street samples exceeded the WHO 
allowable level of 1.5 11g/m3 air as shown in Fig. 2. If only 
street samples taken from sites where commuters wait 
for a ride were considered, the average Ph level was 3-.25 
11g Pb/m3 air. The lowest levels (0.11 and 0.35�ig/m3) were 
for samples 8 and 9 which were taken near Gate 2 inside 
the ADMU campus, under very windy conditions. Two 
other street samples had Ph levels lower than or very close 
to 1.5 11g/m3 (Samples 23 and 24 taken in Quiapo, also on 
a windy day). Durando and Aragon (5) have shown good 
negative correlation between wind speed and lead levels 
in air. 

Samples 31 and 32 had the highest Ph levels among 
the street samples, with Sample 31 having the highest 
level (8.67 11g!m3) taken at the junction of K-Mart Road 
(Katipunan Ave.) and Aurora Blvd., where traffic density 
is very high. Sample 32 had windier conditions compared 
to Sample 31, although traffic volume was almoet the 
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same. This may account for the lower value of Sample 32 
compared to Sample 31. Samples 31 and 33 (the New 
Year's Eve indoor sample) were the dirtiest among the 
filter samples. 

The samples inside moving vehicles had generally 
higher Pb levels compared to the street samples, as seen 
in Fig. 4. All were above the allowable WHO level of 1.5 
J.lg/m

3 
air. None of the samples in this category were taken 

under heavy traffic situations. The levels would 
expectedly be higher under heavy traffic or rush hour con
ditions. 

The most common spectral interferences are due to 
light scattering and molecular absorbance which are 
termed background absorption. Batred on the results of 
background correction studies (0.000 absorbance or same 
absorbance as graphite tube blanks), the extracts of the 
Metro Manila air samples exhibit little or no background. 

Analytical Accuracy. Interferences in graphite fur
nace absorption analysis are due to radiation detected by 
the instrument which are extraneous or different from 
that absorbed by the analyte (called spectral interfer
ences), and non-spectral interferences which affect the 
analyte signal itself. 

Most non-spectral interferences are detected by 
checking the effect of the sample matrix on an added stan
dard of the analyte (standard additions method). If the 
matrix does not affect the analytical signal, the standard 
additions curve and the aqueous standardization curve 
will be parallel (have the same slope), in which case aque
ous standardization is sufficiently accurate (assuming 
background correction is adequate or not needed). 

Fig. 5 compares slopes of air particulate filter extracts 
using aqueous standardization (AQSl and standard addi
tions methods (SAM). Many of the samples exhibit signal 
suppression by the matrix (below the [SAM slope]/[AQS 

Table 2. Analysis of Pb in Metro Manila filter air samples 

Ph Hollow Cathode Lamp 
(HCL) 

wavelength 
spectral bandpass 
background correction, nm (manual) 

graphite tube 

sample volume 
internal gas flow (nitrogen) 

dry temperature 

char temperature 

atomization temperature 
(10 sec, maximum power heating rate, 

50 mL per min internal gas flow) 

sensitivity (pg/.0044 A. peak ht.) 

detection limit 

(based on 3x blank std. deviation) 

Apparatus 

Reagents 

Sample Preparation 

Calibration 

4 mA 

283.3 nm 
0.5 nm 
280.2 (Pb HCl), 283.3 (H2 HCl) 

pyrolitic coated, no platform 
10 ].ll (Eppendorf pipette) 
300 mL!min 

100'C, (10-20 sec) 

500-550'C, (20 sec) 

1900'C 

15 

0.53 ppb 
(or .044 J.lg/m

3 
air for 30 min sampling at 4 LPM) 

Varian AA6 Spectrophotometer interfaced with Perkin 
Elmer HGA 2200 

1000 J.lg/mL stock solution of Pb (Titrisol) deionized 
water 
HN03 (Merck, A.R.) 

Filter air samples ultrasonicated with 0.1M HN03 in 
Teflon beakers for three 5 min periods (with 5 rnin rest 
in between) in a windowless, air-conditioned room 

Aqueous standardization (0.1M HN03 Pb standard 
solutions) and standard additions method 

KIMIKA • Volume 11 ., 1995 
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Table 3. Metro Manila air samples 

Sample 
No. 

Location 

Indoor 

1 
2 
22 

25 
30 

33 
38 
3 

5 

6 
7 

8 

9 
10 
11 
18 
19 
23 
24 
31 

32 

26 
27 
28 
29 
34 
35 
36 
37 
39 
40 

Proj. 1 house 

ADMU CH308 

ADMU CH307 

ADMU CH309 

Street 

ADMU Campus 
(near Gate 2) 

Q. Blvd.-Roces 

Kalaw-Taft Ave. 

UN Avenue.-Taft 

Quiapo sidewalk 

Corner Katipunan 
-Aurora Blvd 

In vehicles 

Proj. 1-Kalaw St. 

Kalaw St.- Proj. 1 
Proj. 1-ADMU 
ADMU-Proj. 1 
Proj. 1-ADMU 
ADMU-Roces 
Kamuning-Buendia 
Ayala-Cubao 

Proj. 1-ADMU 
ADMU-Roces 

Sampling 
Date 

12/16/91 
12/21/91 
8/10 
& 8/14/92 
9/19/92 
10/17 
& 10/31/92 
12/31192 
1/09/93 
1/17 
& 1/18/92 
3/26 
& 3/28/92 
4/08/92 

4/04/91 

5/05/92 
5/08/92 

5/18/92 

9/14/92 

10/22/92 

9/29/92 

10/01/92 

1105/93 

1109/93 

1113/93 

Phair 
(pg/m") 

0.61 
1.02 
0.45 

0.31 
0.56 

6.21 
0.74 
0.09 

0.35 

0.08 
0.07 

0.11 

0.35 
1.99 
2.59 
2.58 
3.30 
1.44 
0.96 
8.67 

4.44 

4.60 
4.17 
3.58 
4.58 
4.00 
3.62 
4.93 
2.97 
3.32 
2.64 

Pb levels are standard additions method values. 

WHO (World Health Organization) allowable Pb air 

level: 1.5 !1g/m3 
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Sampling Sites 

Metro Manila 
Province ofBulacan 

Manila Bay 

Province ofCavite 

• Sampling sites 



PARTICULATE PB IN LOW VOLUME METRO MANILA AIR SAMPLES 5 

7 

6 
0 Proj. 1 residence samples 
• ADMU campus samples 1 

5 

s ...... 
if 
� 3 

2 

Sample 

Figure 1. Metro Manila indoor air .samples 

8 

7 

5 

' 

3 

2 

1 

0 

-1 0 public street samples I 
• ADMU campus samples 1 

..- .. 
.. "' 0 .. 

1-

.._ 

flo 

... ... 

1-

1-

.._ 

1-

1-

.._ 
"' "' ... ... 

1-

Sample 

� 

J1 
.. N 

Figure 2. Metro Manila street air samples 

�-

... .., 

1-

1-

I--

1-

f'l 
f-

f-

� 

� 

5 

.A .. <"'• 
4.5 

,&· 
4 ,c:· 

""-'· L 
3.5 

,4. 

"' 3 ;<!! s ...... A 
if 2.5 

� 
2 

1 .. 5 

1 

0.5 

0����J��� ... �� ... �� .. ��w-2������� ... ��o� 
N N N N � � � � � � 

Sample 

Figure 3. Inside moving vehicle air samples 

slope] = 1 line and some exhibit matrix signal enhance
ment. Non-spectral interferences have a greater effect on 
the Pb signal accuracy of the air samples. The SAM re
sults were therefore used as the basis for calculating and 
reporting Pb levels in Metro Manila urban aerosols. 

Aside from standard additions, another method for 
correcting matrix interferences is the use of matrix modi
fiers. This was not done in this study to avoid increased 
contamination risks and additional manual pipetting. 

One of the factors that most often affect accuracy is 
contamination, which in turn is determined to a large ex
tent by the method of sample preparation. Blank values 
for five different methods of Pb extraction from air par
ticulates in filters (see Table 1) are tabulated in Table 4. 

Method 4 gave consistently low blanks and was used 
for the majority of the air samples. The highest blank 
levels were those for Method 3, which required at least 
30 minutes of heating in the hood. Since the hood draws 
air from other parts of the room, the risk of contamina
tion is higher for this method and is reflected in the high 
blank values. Although Method 1 and Method 5 also use 
the hood, the time spent in the hood is considerably 
shorter than for Method 3 . 

For Method 4, the whole procedure was done in a win
dowless air conditioned room (weighing room of ADMU 
Chemistry Department) for most of the samples. The 
Teflon beakers were thicker walled and heavier compared 
to pyrex beakers, so filters were kept intact (unlike in 
Method 2 where pyrex beakers were used and there was 
partial filter disintegration). 

KIMIKA • Volume 11 • 1995 
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* WHO (World Health Organization) allowable level - 1.5 Jlg Pb/m3 air 
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Figure 4. Metro Manila air samples 

Table 4. Blank levels for Metro Manila air filter 
samples 

Air Sample Method ofPb Volume of Blank 

No. Extraction Extract (mL) (ppb Pb) 

1 1 5.0.0 5.4 
3 2 10.0 9.7 
2 3 50.0 10.3 
5 3 10.0 25.0 

18, 19 2 10.0 7.1 
8, 9, 10, 11 4 10.0 5.1 

14, 15 4 20.0 3.4 
6,7 4 10.0 5.0 
29 5 100.0 1.8 

Standard 4 100.0 3.0 
Reference 
Air Filter 

Blank 

Standard 4 400.0 2.7 
Reference (actually 10.0 ml 

Air Filter of orig. extract 

Blank diluted to 40.0 ml) 

(diluted 4x) 

26, 27 4 50.0 2.2 
22,23,24 4 10.0 3.5 
33,94,35 4 30.0 1.7 
36,37, 38,40 4 20.0 2.4 

31, 32 4 30.0 2.2 
35,38, 30,39 4 10.0 2.6 
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The cold digestion method (Method 5) holds promise 
for convenience and low contamination (although an ex
tra precaution of thoroughly cleaning the hood and the 
room was first done for this method). The main inconve
nience was the longer sampling time needed to collect 
enough air particulates for quantifiable Ph, since the mini
mum extract volume was 100 ml for optimum HN03 con
centration. Higher HN03 concentrations attack the graph
ite surface and lowers sensitivity (6). 

Contamination caused by the different components 
that go into the filter blank extract can be partially as
sessed by looking at the results for the Standard Refer
ence Material (SRM) filter blank. The original extract con
tained 3.0 ppb Ph. When diluted four times with 0.01M 
HN03, the Ph level was almost the same at 2.7 ppb. 

Based on the certified value for Pb of the SRM filter 
blank (< 0.01�-tg/filter) and on the Pb content printed on 
the label of the A.R. concentrated HN03 bottle (< 
0.000005% Pb), the Pb level contribution of the filter and 
the HN03 to the SRM filter blank extract is only 0.1003 
ppb Pb. The de-ionized (DI) water used to prepare the 
0.1M HN03 solution is always tested for every fresh batch 
(about 20 L/batch) procured from the source (Philippine 
Institute of Pure and Applied Chemistry or PIPAC labo
ratory), and consistently gives 0.000 absorbance when 10 

�-tL is analyzed in the graphite furnace. Labware (beakers, 
vol. flasks and pipettes) used are always soaked for at 
least 24 hours in 20% HN03 and rinsed with deionized 
H20 before use. So the most probable source of the blank 
lead lever is atmospheric dust absorbed while solutions 
are being prepared and transferred from one vessel to 
another. Pb levels are almost the same for original and 
diluted blank filter extracts, showing that almost all of 
the blank Pb is in the 0.1 M HN03 solvent. 

A very important accuracy consideration for the 
sample preparation method is whether all particulate Pb 
has been extracted from the filter. Residual Pb in the air 
filters, after ultrasonication, were found to have the same 
level as residual Pb in ultrasonicated blank filters. This 
supports the findings of previous studies which show com
plete removal of pollution Pb from the filters (7). 

A standard reference material (NBS - SRM 2676c 
metals on air filter) from the U.S. National Bureau of 
Standards was subjected to the ultrasonication method 
of extraction (Method 4). The analyzed Pb content (7.49 ± 

0.16 11g Ph/filter) agreed closely with the NBS certified 
value (7.47 ± 0.11 11g Ph/filter). However, this standard 
reference material does not exactly match the air par
ticulate samples collected in Metro Manila. An exactly 
matched standard would be difficult to prepare since, as 
shown in Fig. 5, the matrix of the air samples vary sig
nificantly. In terms of instrument performance and ex
traction procedure for air filter Pb soluble in dilute acid, 
the above results show the absence of significant system
atic error. 

Matrix Effects. To explain signal suppression or en
hancement by the matrix (shown in Fig. 5), the composi
tion of typical urban particulates where the particulate 

Pb source is predominantly automobile exhaust was stud
ied in the literature. 

Lead alkyls (i.e., tetraethyl lead) are added to inter
nal combustion engine fuel to improve the fuel octane 
number and prevent engine 'knock'. Lead additives also 
act as lubricants for valve guides seats. Many engines will 
quickly seize up if run on lead-free petrol, unless prop
erly modified (8). 

Mter combustion, the lead residues are scavenged by 
adding ethylene dichloride and ethylene dibromide to the 
fuel. Consequently, Pb compounds in vehicle exhausts have 
been identified by x-ray diffraction as principally lead 
bromochlorides (PbBrCl), often associated with ammonium 
chloride (PbBrCl"2NH4Cl and a-2PbBrCl"NH4Cl), and 
2PbO"PbBrCl (9). 

Biggins and Harrison (10) used x-ray powder diffrac
tion to identify lead compounds present in ambient air 
polluted by vehicle exhaust. Aside from the lead 
bromochloride compounds, PbS04 and PbS04"(NH4)2 S04 
were found to be predominant lead forms in most of the 
sampling sites. These were postulated to be formed by 
coagulation and reaction of lead bromochlorides with neu
tral and acid sulfates of ambient aerosol. Results of ex
periments involving PbBrCl and an aerosol mist of sul
fates supported this proposed mechanism. 

Sulfates are formed by the atmospheric oxidation of 
sulfur dioxide. In Metro Manila, diesel fuel is widely used 
and emits considerable amounts of sulfur dioxide to the 
atmosphere. There is therefore a good probability that 
ambient Metro Manila aerosols also contain lead sulfate 
compounds together with the lead bromochloride com
pounds plus an abundance of sulfate ions in the particu
late matrix. 

With the above suggested composition of Metro Ma
nila air particulates, an explanation for matrix differences 
among the air samples can be attempted. 

Atomization characteristics of the lead bromo
chlorides in the graphite furnace can be approximated by 
PbCl2. When lead is atomized as a chloride, it has a lower 
atomization efficiency than the nitrate (which is the form 
of the aqueous standards). Atomization efficiency is the 
fraction of the analyte mass present in the atomizer sur
face that becomes atomic vapor. The PbCl2 atomization 
peak is smaller, shorter and appears at an earlier time 
than the Pb(N03)2 atomization peak (11). 

Sulfates cause serious suppression of lead graphite 
furnace signals even in samples digested with concen
trated HN03 (12). The bromochlorides and sulfates are 
thus postulated to cause lead signal suppression which is 
shown in Fig. 5 to occur in majority of the samples. 

For the Project 1 (indoor) area, Sample 33 (the New 
Year's Eve sample) showed signal enhancement, with a 
SAM to AQS slope ratio of 1.16. Assuming that most of 
the Ph in this particular sample came from fireworks and 
firecrackers, the lead combustion product would predomi
nantly be the oxide, which is postulated to be the main 
lead species atomized by thermal dissociation of the va
por in the furnace (13,14). Atomization would be more 
efficient than and would have the same mechanism as 
the Pb(N03)2 aqueous standards (13). The dissolution of 

KIMIKA • Volume 11 • 1995 
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PbO would also decrease the acidity of the extract, caus
ing signal enhancement. Absorbance increases with de
creasing HN03 concentration (15) for GFAAS. This is the 
most likely reason for the large signal enhancement of 
Sample 1 (SAM to AQS slope ratio of 1.60) since the di
gesting acid was allowed to evaporate, followed by dilu
tion with deionized water. 

For the outdoor air samples, significant signal sup
pressions are seen in most of the samples taken in load
ing/unloading areas for passengers which were most ex
posed to vehicle exhaust. These are Samples 10, 18, 19, 

23 and 24 with SAM/AQS slope ratios from 0.71 to 0.86. 

Samples 31 and 32 had very high Ph in air levels (8.67 

and 4.44 Jig/m3 respectively) and were also taken in a load
ing/unloading area (corner Aurora Blvd. and the road 
where K-Mart is situated). Matrix effects for these two 
samples, however, were smaller (SAM/AQS slope ratios 
of 0.92 and 1.03 respectively) compared to the other 
samples taken in loading/unloading areas. Visual com
parison of particulate content of the filters show Samples 
31 and 32 to be much dirtier than other loading/unload
ing area samples. This was because a lot more buses and 
trucks pass through the K-Mart/Aurora Blvd. corner, 
belching huge quantities of black smoke, compared to the 
other loading/unloading sites. However, extracts for 
Samples 31 and 32 were three times more dilute than the 
extracts for the other loading I unloading site samples. 
Dilution significantly decreases matrix effects. 

For air samples inside moving vehicles, majority ex
hibited signal suppression, but to a generally lesser ex
tent (SAM/AQS slope ratios of 0.88 to 0.97) compared to 
the street samples. 

Conclusion 

Majority of Metro Manila Ph particulate air levels 
were way above the WHO allowable Ph level of 1.5 Jlg/m3. 
This was expected as all gasoline fuel in the Philippines 
uses tetraethyl lead as the anti-knock additive. An inter
esting observation is the generally higher Ph levels in air 
inside moving public vehicles compared to outside on the 
streets, at least for the limited data gathered in this study. 
Another striking observation is the very high Ph air level 
during the New Year firecracker and pyrotechnics spree. 

It would be interesting to do similar studies after the 
hopefully successful production and use of low lead or un
leaded gasoline in the Philippines, and the improvement 
of diesel powered vehicle exhaust particulate levels. 

Extraction of air particulate Ph from the air filter 
samples was optimized. Least blank Ph levels and con
tamination was obtained by ultrasonicating the filters in 
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a windowless, air-conditioned room. The extraction pro
cedure, however, has been proven efficient only for par
ticulate Ph. Other trace metals may necessitate the use 
of the hood, in which case clean room conditions are nec
essary for the sensitive analytical methods used for low 
volume air samples. 

Non-spectral interferences (matrix effects) were de
tected when standard additions method slopes were com
pared with aqueous standardization slopes. These were 
attributed to acidity effects, particulate composition, and 
atomization mechanisms in the graphite furnace. 

Acknowledgements 

We are grateful to the Department of Science and 
Technology for funding this work, to Dr. Robert Michel of 
the University of Connecticut for providing the air sam
pling pump and accessories, to UP Natural Sciences Re
search Institute for funding some electronic accessories 
of the interfaced instrument and to the PHP Institute of 
Japan for support during the brownout and water short
age plagued last stages of the work. 

References 

1. Budiansky, S. Environ. Sci. Techno/. 15, 243 (1981). 
2. Kometani, T.Y., Bove,AL., Nathanson, B., Siebenberg, S., 

and Magyar, M. Environ. Sci. Techno/. 6, 617 (1972). 

3. P & CAM 173, 191lnd 214, NIOSH Manual of Analytical 
Methods, 2nd ed., vol. 1. (NIOSH 77-157-A, U.S. Dept. of 
Health, Education and Welfare, 1979). 

4. Standen, A, Ed., Encyclopedia of Chemical Technology, 2nd 
ed., vol. 8. (John Wiley and Sons, New York 1965). 

5. Durando, M.L. and Aragon, S.R. Environ. Sci. Technol. 16, 
20 (1982). 

6. L'vov, B.V. and Ryabchuk, G.N. Spectrochim. Acta 37B, 673 

(1982). 
7. Jernigan, E.L., Ray, B.L. and Duce, R .AAtmos. Env. 5, 881 

(1971). 
8. Butler, J.p . Air Pollution Chemistry (Academic Press, Lon

don 1979). 
9. Bayer, K. W. and Laitinen, H.A Environ. Sci. Technol. 8, 1093 

(1974). 
10. Biggins, D.E. and Harrison, R.M. Environ. Sci. Technol. 13, 

558 (1979). 
11. Erspamer, J.P. and Niemczyk, T.M. Anal. Chern. 54, 2150 

(1982). 
12. Andersson, A At. Absorp. News lett. 15, 71 (1972). 

13. Sturgeon. R.E., Mitcell, D.F. and Berman, S.S. Anal. Chern. 

. 55, 1059 (1983). 
14. Suzuki, M., Ohta, K., Yamakita, T. and Katsuno, T. 

Spectrochim. Acta 36B, 679 (1981). 
15. Janssens, M. and Dams, R.Anal. Chim. Acta 65, 41 (1973). 


