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ABSTRACT

Air paniculate samples were collected from two monitoring stations in

Metro Manila using a 'Gent' type dichotomous sampler for pollutant source

apportionment studies. Samples were collected in two fractions: a fine fraction with

aerodynamic diameter, dp < 2.5 urn and a coarse fraction with 2.5 urn < dp < 10 um. Zinc,

cadmium, and lead were analyzed in these samples as markers for incinerators and

vehicular emissions.

Differential pulse anodic stripping voltammetry (DPASV) of the three toxic

heavy metals was performed using a mercury film plated rotating glassy carbon working

electrode, Ag/AgCl reference electrode, and glassy carbon rod auxiliary electrode. The

heavy metals exhibited electrochemical behavior satisfactory for their simultaneous

determination in the supporting electrolytes studied. They were detected at average

stripping peak potentials of -1.10 V for zinc,-0.70 V for cadmium, and-0.50 V for

lead. Background levels of these elements in the media studied were significant and were

corrected for.

Microwave digestion was employed in the decomposition of the sample.

For the simultaneous digestion of 12 samples, microwave digestion at maximum power in

3.0 ml of acid (HN03: HCI: HF, 4: 1: 1) for at least 20 minutes with subsequent heating

at lower power settings for a total of 20 minutes more, effectively decomposed the

sample with complete recovery of the elements.

The digests were evaporated to near dryness to eliminate the troublesome

effect of HF and HNO3 and to decrease acidity of the electrolytic solution to pH > 2.
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At pH < 2 the high signal due to the evolution of hydrogen gas masked the zinc peak and

interfered with its determination. At pH 2 the detection of zinc was improved by

deposition at -1.30 V. Also at this pH further addition of a supporting electrolyte was not

necessary. At pH > 2, the addition of at least 0.01 M KC1 was needed to improve

sensitivity.

The formation of Zn-Cu intermetallic compounds which interfered in the

accurate quantitation of zinc was eliminated by addition of gallium as a 'third' element.

The amount of gallium needed varied from sample to sample and was affected by the pH

of the solution.

The DPAS V parameters found to be optimum for the analysis of the air

paniculate samples a/e as follows: pulse amplitude, 50 mV; scan rate, 10 mV/sec; Edcp, -

1.30 V; tdCp, 2 min; and RDE rotation rate, 1500 rpm. Detection limits of 0.2 ppb for

zinc, 0.6 ppb for lead, and 0.05 ppb for cadmium in the sample matrix were obtained.

The standard addition method was found to be reliable for the quantitative

determination of the analytes in the sample. All R2 values obtained were > 0.9900 at 95%

confidence level. Validation of the established analytical methodology by analyzing

certified reference standards and performing parallel analysis by GF-AAS and flame AAS

showed acceptable accuracy of the DPASV measurements.
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Chapter 1

INTRODUCTION

Air pollution has brought about the deterioration of the urban ecosystem,

afflicting all of Asia's megacities in varying degrees. The Asian Development Bank

Outlook for 1990 views pollution along with urban congestion as Metro Manila's most

severe problem (1). In the ADB funded study "Vehicular Emission Control Planning for

Metro Manila" which was conducted by the Environment Management Bureau (EMB) in

1991-1992, particulate matter and lead were found to be the pollutants of primary

concern (2). The maximum levels for Total Solid Particulate (TSP) and PM10 (suspended

particulate matter with particle diameter, dp, <10 u,m) were four to five times the national

standards. From 1990 to 1994, annual geometric means for TSP for all Metro Manila

monitoring stations, consistently exceeded Philippine guidelines of 90 jJ.g/N m3 (3). Mean

values for Pb obtained by the Philippine Nuclear Research Institute (PNRI) for TSP and

PM10 collected by the Department of Environment and Natural Resources (DENR) from

ADB and Quezon Ave., sampling stations from 1991 to 1993 exceeded the 1.5 \xgj N

(normal) m3 short term ambient air quality standard for Pb in TSP (4).

This growing concern about current and future levels of environmental

pollution has led to increased demand for experimental methods to study the environment.

To effectively control air pollution, adequate scientific information specially on the

magnitude of contribution of different pollutant sources is needed. In support of



regulation, the PNRI has started a collaborative study with the DENR-NCR-EMPAS for

the multielement characterization of Metro Manila aerosol leading to pollutant source

apportionment. It has collected air particulate samples from two monitoring stations in

Metro Manila using a Gent-type dichotomous sampler. Samples are collected in two

fractions: a fine fraction with mean aerodynamic diameter < 2.5 microns and a coarse

fraction with mean aerodynamic diameter between 2.5 and 10 microns. The aerodynamic

diameter, dP; of a particle is the diameter of a spherical particle with the same density and

settling velocity as the particle in question. The PM2.5 fraction penetrates more deeply

into the lungs and has been proven to cause excess deaths in the United States. Based on

these findings, new PM2.5 standards were established by the USEPA in 1997 (5). The

data generated frorn this project will be the first local data for PM2.5.

Included among the identified marker elements for pollutant source

identification are Pb, Zn and Cd. Among toxic metals found in ambient air, lead is

considered as the most harmful to public health. While the absorption of lead from the

atmosphere by inhalation is dependent on a number of factors including particle size,

respiration rate, etc., the best estimate indicate that approximately 37% of the lead in the

inhaled air is retained in the lungs under normal conditions (6). Increase in the occurrence

of cancer (7) and neurobehavioral effects attributed to lead exposure have been

reported (8,9). The chief use of lead is in the manufacture of storage batteries, accounting

for approximately one-third of its total industrial consumption (6). However, the use of

lead as antiknock fuel additives, the second most prevalent use, is the major source of

pollution . Pigment manufacture, particularly in paints, is another source of lead exposure,



the use of which has decreased. Lead has application in glazes and coloring for ceramics.

Miscellaneous uses include lead arsenate as an insecticide, in electrical cable, in hose and

pipe manufacture and as a stabilizer in plastics. Coal combustion, lead alkyl manufacture,

primary and secondary lead smelting, and brass manufacture, while contributing to lead air

pollution, are relatively minor sources compared to gasoline combustion and has been

used as a primary marker for motor vehicles. With the current decreasing amount of

automotive-derived airborne lead, the contribution of coal combustion and some other

industries may have become significant requiring appropriate methodologies for

identification of different airborne lead sources.

Zinc and cadmium are recommended as tracers for incinerators. The

principal uses of zinc are in the manufacture of galvanized iron, bronze, white paint,

rubber, glazes, enamel, glass, and paper and as a wood preservative (6). Zn is also

emitted by automobiles primarily by the combustion of lubricating oil that gets into the

cylinders.

Acute inhalation exposure to cadmium during the first three days may result

to pulmonary edema and death caused by anoxia (6). The delayed lung effects that may

ensue are prevascular and peribronchial fibrosis accompanied by emphysema. Chronic

inhalation exposure may result in proteinuria and emphysema. Renal dysfunction and

cardiovascular diseases, particularly heart failure, have been linked to exposure to

cadmium (10,11,12). Cadmium is produced as a by-product of zinc or lead

production (6). Its industrial uses include plating for other metals (iron, steel, and

copper), in alloys, in pigments for glass and paint, in nuclear reactors as a neutron



absorber, and in insecticides. The manufacture of aluminum solder, dental amalgams,

incandescent lamps, smoke bombs, small-arms ammunition, and storage batteries provides

additional source of industrial exposure. Cadmium from industrial effluents as well as from

motor vehicle exhausts contributes to air pollution. Thus, correlations may arise from

these elements being co-emitted by different sources.

Although nuclear analytical techniques (NATs), being non-destructive and

having capability for multi-element determination are the techniques of choice for

receptor modeling studies, the use of more than one analytical technique in the analysis

of the samples is highly recommended. It will not only increase the number of analytes

that could be measured, it will also aid in the quality assessment of the data for those

analytes that could be determined by more than one technique.

With the Philippine Research Reactor (PRR-I) still undergoing repair, the

only nuclear-based techniques available at PNRI is Total Reflection X-Ray Fluorescence

(TXRF) Spectrometry. TXRF has been reported to be capable of ultra-trace analysis (13),

yet being a relatively new technique, parallel analysis using established methods would be

advantageous in obtaining reliable data. Available complementary techniques that have

been established for elemental analysis such as atomic absorption spectrometry (AAS) and

voltammetry can be very useful in obtaining greater amount of reliable data which is

necessary for source apportionment studies. Since anodic stripping voltammetry (ASV)

has been established to be a sensitive technique for the simultaneous determination of Pb,

Cd, and Zn in various environmental samples, it would be worth applying it to this

particular study.



This work aims to develop the analytical methodology for the simultaneous

determination of zinc, cadmium, and lead and to provide data on the levels of these

elements in the air particulate samples, especially for cadmium which is not readily

determined by other techniques available at PNRI. The components are: the establishment

of procedures for air sampling and determination of particulate mass appropriate for local

conditions; the development of a microwave digestion sample preparation procedure for

optimum determination of the analytes by DPASV; investigation of interference in the

determination of the analytes and development of procedures to eliminate or minimize

such effects; optimization of DPASV parameters; and validation of the analytical

procedures developed.



Chapter 2

REVIEW OF LITERATURE

2.1 SAMPLING

2.1.1 Background

The composition of atmospheric aerosol (condensed phases plus the

supporting gas) is a complex function of sources of material plus chemical and physical

changes which alter the form and composition of emissions during transport from the

source to the sampling (receptor) site (14). Thus, relating what is actually on a filter when

it gets to the laboratory for analysis to those sources and processes that gave rise to the

sample can be at times quite difficult. One approach was to separate the problem into

simpler systems and use a sampler that fractionates the .airborne particles into specific size

ranges.

Particulate air pollution is formed by condensation of gases or vapors, or by

direct generation through mechanical processes (1,15,16). The different processes of

formation lead to characteristic differences in size and composition of particles. Suspended

air particulate cover a large range of particle sizes, from 10"3 to 102 jim (15). Large

particles are generally produced through mechanical processes such as wind erosion of

soils, production of sea salt aerosol via bursting bubbles, and tire wear from motor

vehicles (14). Fine particles are either produced in very small sizes through nucleation

following chemical reactions including gas phase oxidation or combustion. These particles

have high mobility and rapidly coagulate into the accumulation mode aerosol and thus,

nuclei mode aerosol are rarely observed in the ambient atmosphere. Thus, a typical



aerosol size distribution is bimodal and the compositions of these modes may be quite

different because of the different mechanisms of particle formation and /or suspension in

the air. Thus, separation of particles into fine and coarse particles can often be helpful in

providing samples that are easier to understand in terms of the particle sources and

processes that brought them to the receptor site.

The particles of most interest are in the range of 0.1 to 10 urn aerodynamic

diameter (1,15) since they are relevant to human health. It is this size range that can

efficiently enter into the human respiratory system and can be deposited into the lungs.

Most inhaled particles of greater than 5 u,m aerodynamic diameter deposit in the upper

airways or larger lower airways. Particle smaller than 5u.ni aerodynamic diameter are more

likely to deposit in the smaller airways, e.g. the bronchioles and the alveoli.

2.1.2 Sampler Development

Beginning in the 1960's, the airborne particle sampler that was widely used to

characterize the ambient aerosol mass was the high volume sampler (1,14). Glass fiber

filter was used because of its high retention of particles, low pressure drop, and ability to

take a substantial particle load.

The primary requirement for monitoring ambient aerosol mass was

protection of public health, thus, samplers with better defined size collection

characteristics were developed. The first of these was the dichotomous sampler (14), the

latest of its design has an inlet with a 50% collection efficiency at 10 fim aerodynamic

diameter and separates the particles in two size ranges : <2.5 urn and 2.5 < dp < 10 urn .



The dichotomous sampler is ideal for health related studies, monitoring inhalable particles

( < 10 u,m ) and further separating them to fine (deep lung penetration) and coarse

(pharynx and trachea) fractions. Moreover, the separation of fine and coarse fractions

reproduces the bimodal distribution of particulate matter in air, aiding in the source

identification of emissions attributed to combustion (fine fraction) and soil suspension

(coarse fraction). The dichotomous sampler is a medium volume sampler (16.7 lpm)

and is most often used with urban sampling (12 to 24 hours) but sampling in rural and

remote regions is possible if sampling times of 48 to 96 hours can be accommodated.

In addition to dichotomous samplers, other systems have been developed but

in many studies, sampling was done with size fractionation (1).

2.2 Analytical Techniques Applied to Airborne Participates

2.2.1 Spectroscopic Techniques

Analytical techniques used in the study of air particulates have to be, ideally,

capable of multi-elemental analysis. With the development of high resolution detectors,

nuclear analytical techniques such as instrumental neutron activation analysis (INAA),

energy dispersive X-ray fluorescence (EDXRF), and particle induced X-ray excitation

(PIXE), have become popularly used in these studies (14,18-27). The ability to analyze for

a large number of elements with good accuracy and precision and without destruction of

the sample makes these methods useful for large scale analysis of airborne particulates.

Lead and zinc are normally detected by PIXE, however, Cd is rarely seen (1, 26, 27).

INAA easily detects Zn with detection limit as low as 5 ng/m3 of air (21). Cadmium can be



detected at 6 ng/m3 of air but its typical level in air particulates is lower, 4 ng/m3 (21),

thus, NAA with radiochemical separation has been recommended for its

determination (28). INAA is not suitable for lead determination. EDXRF, although

sufficient for many applications has high detection levels (24, 25).

A significant number of studies done used destructive methods for elemental

analyses such as TXRF (13, 29), inductively coupled plasma mass spectrometry

(ICP-MS) (13), and atomic absorption spectroscopy (AAS) (4, 28, 30). AAS is one of

the most widely used methods for analysis at low and trace-level concentrations being

applicable to Pb, Zn, and Cd (1, 4, 28, 30). The low levels of cadmium, however, require

the use of electrothermal AAS (13, 30).

*" 2.2.2 Voltammetric Techniques

For the simultaneous determination of trace amounts of Pb, Zn, and Cd,

"electroanalytical methods, particularly anodic stripping voltammetry (ASV) especially
• N v • •
those employing mercury electrodes, are the most sensitive. In comparison with

_spectroscopic methods, electroanalytical methods have an advantage in their much more

exact and fully developed theoretical background, chiefly due to the extensive

polarographic literature (31). Furthermore, the instrumentation is less costly and are

jally less sensitive to matrix effects than spectroscopic techniques (32).

.•;'-''• The sensitivity of voltammetric methods depends on the faradaic- to-

charging current ratio. In general, higher, and consequently, favorable ratio has been

phieved with techniques that discriminate against charging current. Stripping voltammetry

9



is an electroanalytical technique which generates its extremely favorable faradaic-to-

charging current ratio almost solely by its ability to enhance the faradaic current

component response of the process, while maintaining the charging current at values

associated with other voltammetric techniques such as pulse polarography (33). The

extremely large faradaic currents per unit concentration associated with this technique give

rise to very low detection limits. ASV in its common form is a combination of a

concentration step, in which metal ion in solution is reduced by controlled-potential

electrolysis at a potential more negative than the polarographic half-wave potential, to

produce either a metal deposit on a solid electrode (plating) or an amalgam with the

mercury of a mercury drop (or mercury film electrode), followed by a stripping process in

which the metal is stripped from the electrode, i.e., oxidized back into solution. The

concentration step is carried out for a definite time under reproducible conditions

(the solution may be stirred or the electrode rotated at constant speed to improve the

efficiency of electrolysis ), and the stripping process is performed in most cases via a

voltammetric procedure, e.g., linear sweep, pulse, and ac voltammetry (31,32,33).

2.2.3 Applications of ASV

To date, ASV has been successfully used for the determination of heavy

metals such as Cu, Pb, Zn, and Cd in many matrices (32, 34-40). However, although it has

been applied to various environmental and biological samples, its use in the analysis of air

paniculate have been reported only scarcely (41-43). In most of these studies, the

10



r differential pulse mode was commonly used (35-37, 40) although determination by linear

scan has also been used (36).

At present, processes utilizing the formation of amalgams of metals and

metallic films on electrodes, are used in majority of stripping determinations (31).

Cd, Pb, and Zn are frequently determined by differential pulse anodic stripping

voltammetry (DPASV) at the hanging mercury drop electrode (HMDE) or stationary

mercury drop electrode (SMDE). Their determination in human hair by DPASV at a

HMDE after digestion with nitric acid and fused with alkali metal nitrates was reported by

Chittleborough and Steel (37). Cd and Pb were determined in biological materials by

Adelojuo and Bond (34) after dry-ashing with sulfuric acid at 500°C and further

dissolution of the sample ash with hydrochloric acid while Lord and Eriksen (35)

performed determination of both in urine without pre-treatment of the sample.

DPASV at the HMDE could be applied to 0.1 ug/L levels of the analytes.

In ultra-trace range, use of the mercury film electrode formed on a specially activated

glassy carbon electrode is required (44).

Brihaye and Duyckaerts (45) conducted studies comparing several ASV

techniques for the determination of heavy metals in sea water and concluded that

differential pulse ASV at a HMDE is best suited for determining heavy metal

concentrations of the order of u.g/L while the differential pulse mode at the rotating disk

electrode or the d.c. mode at the rotating ring -disc electrode are required for sub- |ag/L

concentrations with limits of detection for Cd and Pb reaching 2-5 ng/L.

11



Baseline levels of cadmium, lead and zinc in Antarctic snow samples were

determined by DPASV at a rotating glassy carbon electrode (RGCE) with in situ mercury

plating (36) and achieved voltammetric detection limits of 0.0005 ppb Cd, 0.001 ppb Pb,

and 0.005 ppb Zn. Sensitivity depended very much on the conditions of the RGCE. These

are specially critical for zinc as its peak is very close to the hydrogen reduction and

mercury oxidation waves.

ASV at the HMDE was used by Colovos et. al. (41) in the analysis of zinc,

cadmium, and lead in airborne paniculate collected on Millipore filters. The destruction of

the organic collection filter and sample was achieved by high vacuum low-temperature

ashing followed by digestion with concentrated hydrofluoric acid in a Teflon bomb.

Complete evaporation of the acid from the sample after digestion was done to eliminate

interference of the hydrogen peak with that of zinc.

2.2.4 Interference in ASV of Zinc, Lead, and Cadmium

The presence of organic surfactants (46) and the formation of intermetallic

compounds (47-51) in the mercury electrode are usually regarded as inherent difficulties in

stripping analysis. Frequently noted examples of intermetallic formation are the

interactions of copper and zinc and that of copper and cadmium that result in

depressions of the Zn and Cd stripping peaks. Several methods have been proposed and

studied to eliminate or minimize this type of interference.



The formation of stable intermediate compounds has been exploited

(47,48). A third element is added to the sample mixture to mask in the mercury electrode

one of the metals, preferably the interfering metal, e.g., gallium, which preferentially

combines with copper so that zinc may be determined without interference. The addition

of surfactants to mask the interfering peak has been suggested by Georges and Mermet

(50) for the analysis of Pb in the presence of Sn, while Dalangin and Gunasingham (51)

reported the use of an on-line ion-exchange column of Dowex XFS 43084 to obviate

the effect of copper. Another approach involves a mathematical analysis scheme based on

a generalized standard addition method to correct for interferences (49).

Aside from ensuring the complete destruction of organic material in the

sample by the use of appropriate digestion technique, Cox and Twardowski (46)

recommend a Donnan dialysis matrix normalization for removal of interference by

surfactants and electroactive organic compounds. The generalized standard addition

method (49) has also been suggested to be applicable for this type of interference.

2.2.5 Digestion Techniques

Sample dissolution procedure for air particulate matter found in the literature

commonly involve prior assign of the filter with particulate sample followed by dissolution

with acid in a Parr bomb. Colovos, et. al. (41) ashed the samples in a high

vacuum (0.1-0.3 mm Hg) low temperature asher for 2 hours. After ashing, the sample

was further dissolved with 2.0 mL of concentrated nitric and 2.0 mL of concentrated
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hydrofluoric acid in a Parr bomb for 1 h at 120°C. Dennis et. al. (42), digested paniculate

matter collected on Nuclepore membrane filters in 20 ml of 1.0 M nitric acid in an acid

digestion bomb at 100°C for 1 hour. Earlier work performed at PNRI (4) on the analysis

of air paniculate samples collected on quartz and glass fiber filters involved open

digestion with HNO3-HCLO4 at 120°C. This procedure took > 8 hours to finish and

required considerable amount of acid.

Recently, the use of microwave digestion as a sample preparation technique

prior to AAS and ICP analysis have become popular (52-56). In contrast to conventional

wet digestion procedures which take from 1 to 2 h and even longer, microwave digestion

procedures can be completed in 5 min to less than an hour depending on the type of

sample, sample size, number of samples, and on the microwave oven heating power.

With the development of closed-vessel high pressure systems, it is possible

to achieve higher temperatures and therefore more complete digestion than in an open

vessel system (56). Microwave energy generates approximately five billion molecular

collisions per second. This enormous activity leads to rapid solution heating when closed

vessels are used . It generates mechanical stirring which facilitates the disintegration of

the sample matrix in digestion procedures. Furthermore, the use of closed system in

microwave digestion ensures complete recovery of elements. Work performed by

Nadkarni (54) investigating the volatility of various elements under microwave heating

conditions using an open vessel showed that Pb and Cr are lost in substantial amount

(20%and 26% respectively). The loss of other elements on the average was less than 5%.
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Chapter 3

EXPERIMENTAL

3.1 Air sampling

3.1.1 Site and Schedule

Sample collection at the Ateneo de Manila University campus was done from

June 1996 to October 1997 and at the MWSS Water Treatment Facility, La Mesa Dam,

from November 1996 to present. The samplers were installed on open areas at some

distance from building walls, trees, and all possible nearby sources of air paniculate

matter. In order to better approximate human exposure, the samplers were installed such

that the intake side of the container was at least 1.6 m above ground level. An automatic

weather station which measures wind speed and wind direction was also installed close to

the sampler. Figure 3.1 shows one of the installed sampling stations.

Figure 3.1. Sampling station. A) sampling head with the protective
cap, B) pump in the protective housing, and C) the weather station
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Air particulate matter was collected at the sites twice a week, one on a

weekday and another on a weekend. To prevent filter clogging, sampling was

programmed such that the motor, controlled through the use of a mechanical timer,

alternately turns on and off at two hour intervals over a 24 hour period. This results to

an effective sampling time of 12 hours.

3.1.2 SAMPLER

The 'Gent1 PM10 Stacked Filter Unit (SFU) Air Sampler (45) was used.

This sampler separates the aerosol into two size fractions by sequential filtration through

two Nuclepore filters of different pore size. The 'Gent' SFU makes use of NILU type

"open face" 47-mm diameter stacked filter cassette, in which a polycarbonate filter of 8

u.m pore size (Apiezon coated) and one of 0.4 u.m pore sized are placed. The cassette is

inserted in a cylindrical container which is provided with a pre-impaction plate for the

collection of particles that are larger than 10 um equivalent aerodynamic diameter (EAD).

The container cassette combination forms a complete SFU. The air is drawn through the

SFU by means of a GAST diaphragm pump and the sampling line is further equipped with

a flow control valve, a vacuum gauge, a rotameter, a volume meter, and a time switch and

hour meter. The 'Gent' SFU is designed to operate at 15-16 liters per min (lpm). It is at

this flow rate that the pre-impaction stage provides a PM10 cut-off point (for 293 K and

101.3 kPa). Also, it is at this flow rate that the coarse (8 fxm pore size) Nuclepore filter

has a dso value (diameter at which 50% of particles are removed) of 2 yim EAD, so that

the coarse filter then collects the 2-10 \xm EAD size fraction, whereas the fine filter
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r . collects the particles <2 u.m EAD. Figure 3.2 shows a diagram of the SFU assembly.

Figure 3.3 is a photograph of the actual components of the sampler.

3.2 Determination of Particulate Loading

Filter handling operations (loading and unloading of filters, initial and final

weighing, and equilibration) were carried out inside a laminar flow clean air work bench

fitted with HEPA filters. The unexposed and exposed filters were equilibrated in a

controlled humidity desiccator, RH < 50%, then weighed in a Mettler MT5 microbalance.

Equilibration and weighing of the unexposed and exposed filters were repeated until a

constant weight was obtained. Performance of the balance was monitored by weighing 10,

20, and 50 mg calibration weights before every weighing program. During weighing, the

static charge, which could lead to inaccurate weights, was eliminated by means of an

alpha radioactive source.

3.3 Anodic Stripping Voltammetry

3.3.1 Instrumentation and Electrochemical Cell

DPASV measurements were performed with a Metrohm 626 Polarecord

equipped with a VA-Timer to control plating and stripping times. The electrochemical

cell, shown in Figure 3.4, consists of a Ag/AgCl saturated KC1 reference electrode

(Metrohm EA437), a glassy carbon rod as an auxiliary electrode, and a Metrohm E628

rotating glassy carbon electrode (RGCE). In-situ mercury plating on the glassy carbon

electrode was performed. A Princeton Applied Research (PAR) quartz vessel with five
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Figure 3.2. Diagram of the stacked filter unit assembly
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Figure 3.3. Components of the SFU assembly, a) PE container,
b) stacked filter cassette, c) exposed fine filter, d) exposed coarse filter
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electrode apertures was used. It was treated with 5% v/v dimethyldichlorosilane in carbon

tetrachloride ( PAR 9356) in order to reduce metal adsorption (48) then cleaned

thoroughly with 1:1 HNO3. A nitrogen purge tube was used to initially bubble N2

through the solution and then to maintain a blanket over the sample to prevent oxidation.

Figure 3.5 shows the complete DPASV set-up.

3.3.2 Materials and Reagents

Standard solutions of mixed Pb, Cd, and Zn were prepared from 1000 ppm

stock solutions of each element (Merck Titrisol standards) using ultrapure water.

Gallium was from Spectrascan, AR. The mercury plating solution was prepared by

dissolving mercuric acetate (Merck, extra pure) in ultapure water to a concentration of

1000 ppm. KC1 electrolyte solutions were prepared from KC1 crytals (Merck, Suprapur)

using ultrapure water. Earlier in the study, the acids used, HC1 (36%), HNO3 (70%), and

HF( 43.6% ) were of analytical grade. Later, HC1 and HNO3 purified by distillation at

sub-boiling temperature and Ultrex grade HF by Baker were used . The reagents for

preparing the sodium acetate buffer were of analytical grade. All working solutions were

prepared using ultrapure water. Ultrapure water was produced by a four-stage procedure

in which tap water was passed through two Millipore prefiltration cartridge to get rid of

suspended materials, then through the Millipore MilliRO-12 Plus where up to 95% of

impurities is rejected. It was finally passed through a Millipore Milli-Q water purification

system where the final product with a resistivity of 18.2 Mil is obtained. Working

solutions were prepared using freshly prepared ultrapure water.
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Figure 3.4. The electrolytic cell assembly: a) Ag/AgCl/satd. KC1 reference electrode;
b) glassy carbon rotating electrode; c) glassy carbon auxiliary electrode; d) PAR quartz
electrolytic vessel; and e) N2 purging tube (not seen in picture, behind GCE).

Figure 3.5. The DPASV instrumentation: a) Metrohm 626 Polarecord; b) Metrohm
621-VA timer; c) Metrohm 628-10 RDE drive unit; d) electrolytic cell.
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All plasticware and glassware used to handle samples in the laboratory were

rigorously cleaned before use. Tap water and detergent washes were followed by

thorough rinses with reverse osmosis purified water and soaking in 1:1 HNO3 for at least

24 hours. After the acid soak, wares were again rinsed with water, washed with

detergent, followed by thorough rinsing with purified water. Items were then left to soak

in ultrapure water in covered plastic pails retrieved only to drip dry before they were

used. All working solutions and reagents were stored in polyethylene or PFA bottles

previously cleaned as above.

After use with one sample, the electrolytic vessel was rinsed thoroughly with

purified water (Milli-RO product) then soaked in 1:1 HNO3 for at least 1 h. This was later

rinsed then washed with Reasol detergent followed with thorough rinsing with purified

water and a final soak in ultrapure water.

3.3.3 General ASVProcedure

Before each ASV measurement, the RGCE was refurbished by polishing with

0.3 urn alumina paste on a polishing pad for at least 1 min, rinsed with ultrapure water

then repolished again on the polishing pad without the alumina paste and finally

thoroughly rinsed with ultrapure water. An aliquot of the sample was transferred to the

voltammetric cell to which 200 uL of 1000 ppm mercuric acetate, and ultra pure water or

0.01 M KC1 when needed were added to a final volume of 20 mL. Before analysis the

solution was purged with high purity N2 for 10 min after which the N2 stream was

redirected over the surface of the solution. Plating and stripping were then performed
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two times in quick succession using a rapid scan of 50 mV s"1 to condition the

RGCE (36). Electrodeposition of the metals was carried out for 2 min at -1.30 V and

the RGCE rotation was stopped 24s before stripping. The standard addition method was

used in the quantitative analysis of the elements in the sample. Each sample was run twice

to confirm reproducibility followed with two standard additions of the analytes. The

second standard addition was performed to check linearity of response. After the analysis

of a sample the electrodes were flushed thoroughly with ultrapure water. The mercury

coat was removed by wiping the GC electrode gently with tissue and repolished as

described earlier. The electrolytic cell was then soaked in 1:1 HNO3, and bubbled with

N2 gas for about 60 sec to more effectively eliminate "memories" from the previous

analysis. It was then flushed with ultrapure water after which it was soaked while

bubbling N2 for another 60 sec. This was followed with another rinsing with ultrapure

water. Blanks were run for each type of matrix at the start of every analysis day.

3.3.4 DPASVof Possible Supporting Electrolytes

The DPASV analysis of possible supporting electrolytes for Zn, Cd, and Pb

which were available in the laboratory were carried out to determine their background

current-potential curves within the potential range used in the analysis of the analytes.

Addition of known amounts of the analytes were done to determine the stripping peak

potential (Ep) of each metal ion and also to determine the response curves of the metal

ions in each electrolyte.
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3.4 Air Particulate Samples

3.4.1 Sample Preparation

Approximately 1/3 portion of the filter was taken for voltammetric analysis.

The exact area of this portion was determined by using a template which was cut out

from the backing material used for the filter. The whole backing material was weighed

before cutting out the template which was also weighed later. Since the whole filter and

the backing material have identical areas, the area of the portion taken which was also

equal to the area of the template was determined by proportion.

The sample was further cut into 3 smaller pieces, was put in the PFA Teflon

liner of the microwave vessel, then soaked in concentrated HNO3 overnight. HCI and HF

were added just before digestion.

A stainless steel scissors was used to cut the filter. Before each use with a

sample, it was wiped clean with cotton soaked in ultrapure water followed by an acetone

wipe.

Initial cleaning of the PFA liners was done as follows: They were first

thoroughly rinsed in purified water, soaked in 2% Reasol detergent then subjected to

ultrasonic shaking for at least 4 hours. They were then thoroughly rinsed with purified

water, soaked in 1:1 HNO3 then returned in the ultrasonic shaker for another 4 hours.

After the acid soak, they were rinsed anew with purified water followed with ultrapure

water where they were soaked until they were used. The PFA rupture disks were cleaned

and stored in the same manner. The outer digestion vessel and the outer lid were cleaned

with detergent and purified water only since these parts are not in contact with the sample.
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3.4.2 Microwave Digestion

A Questron Model Q45 Enviroprep microwave oven was used. It has a

maximum power of 750 watts and maximum fequency of 2450 Mhz. It has a capacity

for twelve vessels and can store up to ten procedures with a maximum of four

programmed steps. The digestion vessel liner where the sample is contained is made of

PFA Teflon. The rupture disk is also made of PFA and is designed to release at 220 psi.

Figures 3.6 and 3.7 show the microwave digestion set-up and the digestion vessel

components respectively.

Although microwave digestion procedures for a variety of matrix are found in

the literature, none was found particularly for the microwave digestion of air particulate

on Nuclepore filters. Initially, the digestion program recommended by the

manufacturer (57) was used but later found to be ineffective for the particulate sample.

Different digestion procedures were investigated to determine optimum conditions. Initial

microwave power tested ranged from 20% to 100% . The optimum digestion program

determined was the one used for the analysis of samples.

3.4.3 Post-Digestion Procedure

After cooling, the digestion vessels were opened and the solutions transferred

to 50 mL Teflon beakers. The PFA liners and the rupture disks were washed three times

with 5.00 mL aliquots of ultrapure water, transferring the washings to the beaker. The

resulting solutions were evaporated to near dryness at not more than 110°C. The beakers

were washed five times with 1.00 mL aliquots of ultrapure water, transferring the
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Figure 3.6. The Questron Q45 Enviroprep microwave digestion set-up.

Figure 3.7. Digestion vessel assembly, a) outer vessel, b) PFA Teflon liner,
c) Teflon rapture disk (transparent), d) Teflon cover with vent, e) outer vessel cover
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M | : washings to a 10.00 mL volumetric flask then made up to volume with ultrapure water.
Bis.

| ! P The pH of the resulting solution was determined with a Merck Indicator strip and adjusted

U p to pH 2 with HN03 when needed.

—;-_ 3.4.4 Eleclroanalytical Procedure

jg | ; 3.4.4.1 Investigation of Interferences in the Determination of Zn. Cd, and Pb

s~" The effects of pH, the presence of adsorbable organic matter, and the

~ • formation of intermetallic compounds of the analytes with Cu were investigated.

— Procedures to reduce the effects of pH and the presence of adsorbable organic matter

were determined alongside the optimization of electroanalytical parameters. The

reduction or elimination of the effect of intermetallic compound formation was studied

using gallium as a 'third' element.

3.4.4.2 Optimization of DPASV Analytical Parameters

The effects of such parameters as the deposition time, deposition

potential, scan rate, electrode rotation, and pulse amplitude were investigated for the

simultaneous determination of the three metals in the sample matrix. The effect of other

factors such as the pH of the working solution and the concentration of KC1 added

were also investigated. The results were the optimum parameters employed for the

analysis of the samples.
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3.4.5 Quanlilation of the Analytes

The standard addtition method was used to quantitatively determine

simultaneously Zn, Cd, and Pb. The individual anodic stripping peaks before and after

each standard addition were measured manually and plotted against the amount of

standard added to determine if good linear fit was obtained. The concentration of the

analyte was calculated from the x-intercept resulting from extrapolation of the line.

3.5 Validation of Analytical Procedure

3.5.1 Recovery Studies

To validate the efficacy of the sample decomposition procedure

developed, solvent, filter blanks, and exposed filters were fortified with known amounts

of the three analytes and were digested and analyzed as described. The result of this study

was the basis for modifying the digestion procedure to optimize recovery.

3.5.2 A nalysis of Standard Reference Material

Validation of the final analytical procedure developed for the

simultaneous determination of Zn, Cd, and Pb in air particulate samples was performed

by the analysis of NIST standard reference material for metals on a cellulose filter media

2676d (Cd, Mn, Pb, Zn). The analysis was done for three concentration ranges.
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3.5.3 Parallel Analysis by Graphite Furnace-Atomic Absorption Spectrophotometry
(GF-AAS) and Flame Atomic Absorption Spectrophotomelry (Flame - AAS)

Digested samples earlier analyzed by DPASV were measured for lead and

cadmium using a Shimadzu Model AA- 650IS spectrophotometer with a graphite

furnace. Zinc was measured with a Varian Model AA 1200 spectrophotometer. Analytical

parameters established by the UP Analytical Services Laboratory for cadmium and lead by

GF-AAS were adopted. Likewise, conditions for zinc analysis was determined from the

PNRI Nuclear Materials Research Group
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Chapter 4

RESULTS AND DISCUSSION

4.1 Determination of Participate Mass

In the determination of paniculate loading, it was necessary to obtain the

constant weights of both the unexposed and exposed filters in order to get accurate

results for particulate mass. The recommended procedure (9) of equilibrating the

unexposed and exposed filter for 24 hours in a desiccator at a relative humidity < 50 was

found to be insufficient when preliminary results yielded negative net weights in some

determinations. Thus, a protocol for the determination of particulate mass loading under

local conditions had to be established. It was necessary to equilibrate the filters under

constant humidity conditions and this required an electronically controlled desiccator.

The Nuclepore filters are susceptible to static charge build-up which could lead to

inaccurate weights. To eliminate this, the filter was exposed to an 241 Am alpha source

for about 20 seconds prior to weighing. The weighing procedure was carefully controlled

such that a stable weight had to be obtained within 30 seconds from retrieval from the

desiccator. Otherwise, the sample had to be re-equilibrated and the whole procedure

repeated. With the relative humidity maintained between 30% and 50%, constant

weights were obtained after at least two 24 hour equilibrations for the unexposed filters.

It took longer, as many as four equilibrations, for the exposed filters to attain constant

weights. The weights were considered constant when the difference in weights was not

> 5 ng. This was based on the average standard deviation of weights obtained for the
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reference weights, 10 u,g and 20 u.g, which were weighed before every weighing session

after the balance has been internally calibrated. A control chart was maintained to

monitor the performance of the balance.

Table 4.1 (58) gives a summary of the particulate mass data obtained for the

Ateneo de Manila University and the MWSS Water Treatment Facility. None of the 60

samples collected at the MWSS La Mesa Dam compound exceeds the 24-hour PM2.5

standard of 65 u.g/m3 ( 5 ) set by the US EPA while four out of the 74 samples collected

from the ADMU campus exceed the 24-hour PM2.5 standard. The mean PM2.5

concentrations for MWSS and ADMU, 20.6 u.g/m3 and 27.2 u.g/m3 respectively, both

exceed the long term standard of 15 u.g/m3 (5). Only one sample from the ADMU exceeds

the Philippine standard for PM10 of 150 |ig/m3 (3).

Table 4.1. Particulate mass data for Ateneo de Manila University sampled from
June 1996 to October 1997 (n= 76), and MWSS Water Treatment Facility, La Mesa
Dam from November 1996 to April 1998 (n= 60).

Sampling Site

MeanPM2.5(ug/m3)

Range (ng/m3)

MeanPM10(u.g/m3)

Range (u,g/m3)

ADMU Campus

27 ± 17

5.20 - 128

59 ± 29

12.9 - 190

MWSS, La Mesa Dam

2 1 + 9

6.90 - 56.4

45 ± 20

16.2 - 128
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4.2 Preliminary Evaluation of the Electrochemical Behaviour of Zn, Cd, and Pb in
the Presence of One Another.

The electrochemical behaviour of Zn, Cd, andj?b have been well established

and have been described by a great many authors (31). Thus, preliminary investigation in

this work focused on the evaluation of background levels of these elements in possible

supporting electrolytes that could be prepared from available chemicals in the laboratory.

This is particularly important because obtainable detection limits depend a lot on the

background levels of the analytes in the supporting electrolyte.

The response of Zn, Cd, and Pb in the presence of one another in anodic

stripping voltammetry was evaluated in ultrapure water, 10"3 M HC1 (analytical grade),

sodium acetate buffer prepared from analytical grade sodium hydroxide (Merck) and

analytical grade acetic acid (Baker), 0.01 M, 0.05 M, and 0.1 M KC1 (Merck, Suprapur).

The analytical parameters used were adopted from the Metrohm procedure for the

simultaneous ASV determination of zinc, cadmium, lead, and copper (59): deposition

potential, -1.2 V; deposition time, 2 min; electrode rotation rate, 1500 rpm; scan rate,

10 mV/s ( -1.2 to 0.0 V); pulse amplitude, 50 mV but lOmV for 0.05 and 0.1 M KC1.

Sensitivities were generally set at lOnA/mm.

The results are shown in Figures 4.1 to 4.6. These confirm the presence of

detectable amounts of the three analytes in the blank electrolyte solutions. The presence

of the elements in ultrapure water (Figure 4.1) could be due to impurities from the

electrolytic vessel which was earlier soaked in 10% HNO3 before it was rinsed in

ultrapure water. Figure 4. lb shows the result of measurement on another ultrapure water
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sample using a vessel that has been cleaned as described then soaked covered in ultrapure

water for more than a week. This demonstrates the need for thorough rinsing of the

electrolytic vessel before it is reused.

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

E/V(Ag/AgCl)

Figure 4.1a. DPASV of ultrapure water; E ^ , -1.2 V, 2 min; scan
rate, 10mV/s; 50 mV pulse height, 10 nA/mra; 1500 rpm; a) ultra
pure water, b) + 0.5 ppb Zn, Cd, Pb, c ) + 1.5 ppb Zn, Cd, Pb

a
100 nA

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

E/V(Ag/AgCl)

Figure 4.1b. DPASV of ultrapure water after thorough cleaning of
the electrolytic cell; Edep, -1.2 V, 2 min; scan rate, 10mV/s; 50 mV
pulse height, 10 nA/mm; 1500 rpm; a) ultrapure water, b) 2nd scan
of the same sample
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Figures 4.2 to 4.6 show the well-defined peaks of zinc, cadmium, and lead and

the sufficient resolution obtained for the elements in 10"3 M HC1, acetate buffer,

0.01M KCl, 0.05 M KCL, and 0.1 M KCl respectively. In 10"3MHC1, significant levels of

zinc and lead are observed in the blank. This is believed to be inherent in the reagent and

could also be due to impurities from the vessel. The absence of a cadmium peak is,

however, not expected. This could be because of insufficient conditioning of the working

electrode prior to analysis. On addition of 1 ppb of Cd, there was a sudden increase in

the peak current. In the acetate buffer, relatively high peak currents for lead and copper

were observed. This is not ideal for the trace analysis of lead and zinc, thus no further

tests were attempted using this electrolyte.

Among the electrolytes tested, only KCl was available in high purity grade,

still, significant levels of the analytes were detected. .The effect of KCl concentration on

the ASV response of the analytes was evaluated. Zinc peak current increases with

increasing concentration of KCl from 0.01 M to 0.05 M . Analysis of zinc in 0.05 M

and 0.10 M KCl had to be performed at a pulse amplitude of 10 mV because of its high

background peak current in these solutions. The apparent non-proportionality of the zinc

peak current with concentration from 0.05 M and 0.10 M KCl could be attributed to

the decreased sensitivity at this pulse amplitude and to the interfering effect of copper via

intermetallic interaction. In Figure 4.6(b), the zinc peak was further suppressed by the

addition of 1 ppb of copper and further addition of zinc did not give a proportional

increase in its peak current. There is a general increase in the peak current of lead

with increasing KCl concentration while no significant effect is observed in cadmium.
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-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

E/V (Ag/AgCl/satd. KC1)

Figure 4.2. DPASV of a) 10"3 M HCl; b) + 1 ppb Zn, Cd, Pb; Edep, -1.2 V;
tdcp, 2 min; scan rate, 10mV/s; pulse amplitude, 50 mV; sensitivity, 10 nA/mm;
RDE rotation rate, 1500 rpm

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

E/V (Ag/AgCl/satd. KC1)

Figure 4.3. DPASV of acetate buffer, pH 4.6; Edcp, -1.2 V; tdcp, 2 min; scan rate, lOmV/s;
pulse amplitude, 50 mV; sensitivity, 10 nA/mm; RDE rotation rate, 1500 rpm
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-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 -0.0

E/V (Ag/AgCl/satd. KCI)

Figure 4.4. Edcp, -1.2 V; tdep, 2 min; scan rate, 10mV/s; pulse amplitude, 50 mV;
RDE rotation rate, 1500 rpm: a and b) 0.01 M KCl; c and d) + 0.5 ppb Zn, Cd, Pb;

) + lppbZn;Cd,Pb.

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2

E/V (Ag/AgCI/satd. KCI)

-0.0

Figure 4.5. Edep, -1.2 V; tdep, 2 min; scan rate, 10mV/s; RDE rotation rate, 1500 rpm:
a ) 0.05 M KCl, b ) + 0.5 ppb Zn, Cd, Pb, c and d) + 1 ppb Zn, Cd, Pb, e) same as d
but tdcp, 3 min.
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PPiO

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2

E/V (Ag/AgCI/satd. KC1)

0.0

Figure 4.6. E ^ , -1.2 V; t^, 2 min; scan rate, 10mV/s; 1500 rpm: a ) 0.1 M KCI,
b and c ) + 0.5 ppb Zn, Cd, Pb, 1 ppb Cu; d and e) + 1 ppb Zn, Cd, Pb, Cu

This indicates the negligible amount of cadmium in the reagent. With standard addition, a

proportional increase in the peaks of cadmium and lead is exhibited, cadmium showing

greater sensitivity.

Potassium nitrate which was found by Colovos , et.al.(41) to be best for the

DPASV analysis of Zn, Cd, Pb, and Cu in air particuiates was not used in this study due

to the difficulty of procuring it in high purity grade.

Except for the significant background levels, there appears to be no difficulty

in the determination of cadmium and lead in the media studied. Greater care is necessary

in the analysis of zinc because of its tendency to form intermetallic compounds with

copper which is present in significant amount in the blank. Also, at lower pH, the

hydrogen peak, which is very close to the zinc peak, could interfere.
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Tables 4.2, 4.3, and 4.4 summarize the results on the ASV of Zn, Cd, and

Pb, respectively, in the electrolytes studied. The current peaks reported here are those

obtained for the base electrolyte solutions with no standard added. The stripping potentials

observed were consistent (within 10% deviation) with data found in the literature on the

voltammetric analyses of these analytes against Ag/AgCl/saturated KC1 reference

electrode (59, 60).

Table 4.2 ASV response of Zn in different base electrolytes. Scan rate, lOmv/s;
deposition time, 2 min at deposition potential of -1.2 V and electrode rotation of 1500 rpm; scan range,
-1.2 V to 0.00 V; "pulse amplitude, 50 mV; sensitivity, 10 tiA/mm; bpulse amplitude, 50 mV; pulse
duration, 60 ms; sensitivity, 20nA/mm; cpulse amplitude, 10 mV; sensitivity, lOnA/mm.

Property

EP

Wi/2

iP

Ultrapure
water3

-1.08 V
9 mm
9 mm

10"3MHCla

-1.12V
7 mm

145 mm

Acetate
Buffer*
-1.08 V
7 mm

100 mm

,01MKClb

-1.12V
4 mm

162 mm

.05 M KC1C

-1.09 V
5 mm

61 mm

0.1MKClc

-1.10 V
5 mm

49 mm

Table 4.3. ASV response of Cd in different base electrolytes . Scan rate, lOmv/s;
deposition time, 2 min at deposition potential of -1.2V and electrode rotation of 1500 rpm; scan range,
-1.2 V to 0.00 V; pulse amplitude, 50 mV; sensitivity, 10 nA/mm.

Property

EP

Wi/2

in

Ultrapure
water

-0.66 V
7 mm
3 mm

IO-3MHCI

-0.71 V
~

Acetate
Buffer
-0.65 V
8 mm
3 mm

.01MKC1

-0.70 V
7 mm
3 mm

.05 M KC1

-0.72 V
4 mm
4 mm

0.1MKC1

-0.73 V
6 mm
4mm

Table 4.4. ASV response of Pb in different base electrolytes . Scan rate, 10nw/s;
deposition time, 2 min at deposition potential of -1.2 V and electrode rotation of 1500 rpm; scan range,
-1.2 V to 0.00 V; pulse amplitude, 50 mV; sensitivity, 10 nA/mm.

Property

EP

Wi/2

' P

Ultrapure
water

-0.46 V
8 mm
14 mm

10-3MHCl

-0.50 V
6 mm

48 mm

Acetate
Buffer
-0.48 V
6 mm

144 mm

.01MKC1

-0.52 V
8 mm
5 mm

.05 M KC1

-0.52 V
6 mm
9 mm

0.1MKC1

-0.54 V
6 mm
24 mm
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4.3 Development of Sample Preparation Procedure

4.3.1 Microwave Digestion

Chemical characterisation of atmospheric particulates leading to source

identification requires not only complete but also rapid dissolution of the samples since

this type of investigation necessitates the analysis of a large number of samples.

Complete decomposition not only of the air particulate matter but also of the polymeric

filter material is important because organic residues from incomplete decomposition of the

could cause interference in the electrode reactions in the form of adsorption (31, 33, 50).

Earlier studies performed on air particulate collected on glass fibber and quartz filters (4)

utilised wet digestion with HNO3 - HC1O4 which proved to be time consuming , taking

more than 48 hours to complete. In this study, the promise of a more rapid and more

efficient sample dissolution technique offered by microwave technology was explored.

Since this was the first time microwave digestion was going to be used in the laboratory,

and no cookbook procedure was found in the literature for the decomposition of air

particulate matter on Nuclepore ( polycarbonate) filter, a series of digestion experiments

were performed. The goal was to establish the optimum conditions for digesting 12

samples, the maximum number of samples that could be processed at one time. The

amount of acid added, the microwave power, and the digestion time needed to digest

approximately 0.2 mg of air particulate matter collected on approximately 3 mg of filter

material were investigated. It is desired to use the least amount of digesting aid possible

but the size of the digestion vessel puts a constraint on this. The 120 mL digestion vessel

provided with the digestion system is not the optimum size for the sample size dealt with
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in this study. As results will show, an acid volume of less than 2 mL becomes impractical

as most of the acid evaporates and fill the vessel void space, becoming unavailable for

digestion.

The use of HNO3: HC1 : HF for the digestion of air particulate matter in 7:1: 2

ratio was recommended by the manufacturer (61) but was modified in this study. The

efficacy of HNO3: HC1 : HF combination in varying proportion for microwave digestion

of various samples have also been reported (53, 54, 62). HF was added to break down the

silica in air particulate matter. The samples were soaked in nitric acid overnight as this was

recommended to aid in the more rapid digestion of samples (63).

Initial test was done using only two vessels, the samples soaked in 10 mL HNO3

and 0.2 mL HF. The digestion program used was that recommended by the

manufacturer (61); 20% power for 10 min followed.with 18% power for another 10 min.

This proved to be insufficient in effecting progressive digestion of the sample. After

addition of another mL of HNO3 and continuing with the following digestion step;

25% power for 10 min followed with 23% power for 10 min, the coarse filter material

appeared to have decomposed completely leaving a clear solution but the fine filter

material still had some residue left.

In the next experiment where 4 samples were soaked in only 1. 2 mL of acid,

the solution dried up, while still not completely digested, on heating to 35% power

( 260 watts ) for 10 min. This demonstrates the need for using a higher volume of acid,

at least 2 mL, when digesting in the 120 mL vessel. For 10 to 12 samples, heating at full

microwave power (750 watts) for not less than 20 min is needed to attain complete

digestion of the particulate matter as well.
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To determine the efficiency of digestion using a smaller digestion vessel, the

experiment using a 30 mL PFA vial to contain the sample before placing it in the 120 mL

digestion vessel was performed. Two mL of acid was sufficient to completely submerge

the sample and there was no need to add more acid after one digestion program. Since the

vial was placed in the digestion vessel uncovered, evaporation of the solvent to the outer

vessel still occurred to some extent. Recovery of the analytes was determined by fortifying

samples with known amounts of zinc, cadmium, and lead. The results of this experiment

will be discussed in the following section. There was no attempt to perform an experiment

with the smaller vial sealed since such a procedure would defeat the function of the

rupture disk which triggers the alarm when pressure exceeds 220 psi. Sealing the small

Teflon vial separately would cause uncontrolled high pressure which could damage the

digestion vessel and the microwave oven itself.

The next recovery experiment involved the digestion of 12 samples directly in

120 mL digestion vessels. The amount of HNO3 used was increased to 2.0 mL and a total

of 3.0 mL of acid was used (with the addition of 0. 5 mL each of HF and HC1).

Digestion was programmed to proceed initially at 100% power for 30 min. However,

with 2 min left in the first step of the program, the alarm went on indicating the pressure

has exceeded 220 psi. The digestion was discontinued but most of the samples were found

to have completely digested. Results of this recovery experiment will also be discussed in

the following section.

The final set of digestion experiments involving 12 samples was performed

using the following digestion program : heating at 100% power for 20 min followed by
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successive heating at lower power for another 20 min resulting. This one step digestion

procedure with HN03: HC1: HF in 4: 1: 1 ratio appeared to be sufficient for the complete

digestion of the samples so it was adopted for the rest of the analysis in this study.

Table 4.5 gives a summary of the results of the investigation on the microwave digestion

procedure.

4.3.2 Evaporation of the Solvent

The resulting solution, after making up to a volume of 10.00 mL, was very

acidic ( pH <1 ) making it impossible to determine zinc. The use of a buffer, e.g.,

acetate buffer, was no longer considered because of the high levels of the analytes

detected in the preliminary investigations. It was opted to evaporate the acid to eliminate

HF which could attack the electrolytic vessel and other glass parts of the cell as well as

to minimize the amount of nitric acid in the electrolyte solution. Nitric acid has been

shown to react with mercury to produce nitrite as a reduction product that can readily be

oxidized (64). It was indicated that nitrite can adversely affect the electrode process

during stripping voltammetry but that this effect can be reduced or eliminated by boiling

the solution gently.

The extracts were transferred into 50 mL Teflon beakers, covered with

Teflon discs and evaporated to near dryness at ca, 110°C. Evaporation time took from 1

to 2 hours. The resulting solution after making up to 10.00 mL generally gave a pH ^ 2

using a Merck pH strip indicator. Samples which were allowed to dry yielded pH
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Table 4.5 Summary of Microwave Digestion Experiments

No. of
Samples

2.

4

4

10

12b

12C

12

Digestion Aid Used"

l).l mL cone. HNO3 + 0.2
mL HF

2 ) + l m L cone. HNO3

1) soaked in 1 niL cone.
HNO3 + 0.2 mL HF on
digestion

2) + 1 mL HNO3 + 0.2 mL
HC1

soaked in 2 mL HNO3

overnight + 0.3 mL HC1 +
0.5 mL HF on digestion

1) soaked in 1 mL HNO3

overnight + 0.3 mL HC1 +
0.5 mL HF on digestion

2) none added

3) + 1 mL HNO3

4) none added

1) soaked in 1 mL HNO3

overnight + 0.5 mL HC1 +
0.5 mL HF on digestion

2) none added

3) none added

1) soaked in 2 mL HNO3

overnight + 0.5 mL HC1 +
0.5 mL HF on digestion
1) soaked in 2 mL HNO3

overnight + 0.5 mL HC1 +
0.5 mL HF on digestion

Digestion Program
Power Time

(%) (min)

20 10
18 10

25 10
23 10
35 10
30 10

35 5
30 5

35 10
30 10

50 5
30 5

50 10
30 10

100 10
30 10

100 20
15 5

100 10
40 10
25 10
10 10
80 10
30 5

100 20
15 5

100 30
60 15
25 15

100 20
75 5
50 5
35 10

Results

only slightly digested; filter material still
intact

coarse filter completely digested; residue
present in fine filter
solution dried up; filter not fully digested

filter almost completely digested; clear
solution

filter completely digested; clear solution

no progressive digestion

only partially digested

digestion incomplete

digestion completed; clear solution

only partially digested

digestion incomplete

some samples had filter residue remaining;
clear solution

disc ruptured after 28 min; program
discontinued; almost completely digested;
some filter residue icA; clear solution
Digestion complete; clear solution

" Samples were cooled after each step. b Recovery Experiment A. Samples were contained in 30 mL
PFA vials which were placed in the 120 mL digestion vessels. c Recovery Experiment B. Samples directly
in 120 mL digestion vessels.
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values between 3 and 4 after dilution. In such a case, nitric acid was added to bring the

pH of the resulting solution to approximately 2. Because of the low concentrations of

metals in the samples, it is desirable to keep the solutions at low pH. It has been shown

that the rate of adsorption of metals unto the container and electrode surfaces is very

dependent on pH, increasing considerably at high pH (65). Moreover, at low pH, the

metals are found mainly in labile complexes which make them more electrochemically

available.

4.3.3 Recovery Studies

The recoveries of Zn, Cd, and Pb using the sample preparation method

studied were determined by fortifying samples with known amounts of these

elements. Samples of solvents, unexposed and exposed filters (fine and coarse) were

prepared in pairs of equal areas; one fortified, the other not. The fortified samples were

spiked with 5 u.g each of Zn, Cd, and Pb. They were equilibrated overnight in the

covered digestion vessel to allow time for the spiked elements to get incorporated into the

matrix. Recovery Experiment A involved the digestion of samples contained in a 30 mL

PFA vial which in turn was placed in the 120 mL digestion vessel. This experiment

included only solvents and unexposed coarse and fine Nuclepore filters. Recovery

Experiment B involved the digestion of samples directly in the 120 mL digestion vessels

with the amount acid increased to 3 mL. This experiment included fine and coarse

fractions of air particulate samples collected on the Nuclepore filters. After digestion, the

digests were evaporated to near dryness as described above then taken up in 50 mL
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ultrapure water. The results of AS V analysis on these sets of samples are summarized in

Table 4.6.

Table 4.6. Recoveries of zinc, cadmium, and lead spiked on solvent, fine and
coarse Nuclepore filters, and fine and coarse fractions of air participate matter
collected on Nuclepore filters.

Sample Description

Recovery Experiment A1

Solvent
Fine Filter
Coarse filter

Recovery Experiment B2

Air particulate fine fraction
Air particulate coarse fraction

% Recovery
Zn

102 ± 22
88 ± 43
95 ± 41

50 ±24
143 ±45

Cd

143 ±32
113 ±40
111 ±46

88 ±11
135 ±28

Pb

104 ±28
112 ±21
117 ± 42

66 ±24
139 + 42

1 Samples placed in 30 mL vial before the 120 mL digestion vessel. 2 Samples placed
directly in 120 mL digestion vessel. See Table 4.5 for digestion programs for both.

The values reported are the averages'of 2 parallel digestions. The large

uncertainties obtained here could be explained by the fact that the analytical procedures

employed in this stage of the study have not yet been optimized. The uncertainties in the

results reflect not only the uncertainties of the digestion procedure but of all the other

steps involved in the analysis as well. Furthermore, at this point, contamination has not

been optimally controlled yet. The higher than 100% recovery for the coarse fraction

in the second set of experiment which used the same set of digestion vessels used in the

first experiment, could be due to "memories" from the first recovery test. PFA vessels

have been shown to retain cadmium and lead from elevated concentrations of these

elements even after repeated cleaning procedures (55).
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The results of the first set of experiment indicate quantitative recovery of

zinc, cadmium and lead spiked in the solvent and filter materials. This demonstrates the

efficacy of using a closed-vessel system for digestion where the problem of losses due to

volatilization is eliminated. The second set of experiment, where actual air particulate

samples were fortified with the analytes of interest, reveals lower recoveries of all the

analytes for the fine air particulate sample compared to that obtained for the fine filter

without the sample. This could be accounted for by presence of air particulate matter

which provided binding sites for the spiked analytes leading to their stronger

incorporation into the sample matrix . The incomplete recovery indicates that the

digestion time was not sufficient to completely release the analytes from the sample

matrix. In contrast, high recoveries were obtained for the coarse particulate sample. This

could be explained by the fact that with the larger pore size of the coarse filter

(8 urn vs. 0.4 urn of the fine filter), the spiked elements were not as tightly bound in the

sample matrix as was the case in the fine filter, thus, the release of the elements from the

matrix is easier. Initial results of the digestion experiments also showed that the coarse

filter material was more rapidly digested than the fine filter. These results indicated the

need to increase the digestion time for a more thorough decomposition of the fine

particulate fraction. The final digestion procedure adopted for the analysis of the

particulate samples is as follows: Sample in 3.0 mL acid (HN03: HC1: HF in 4: I: 1

ratio); heating program; 100% power for 20 min followed with successive heating at

lower power as follows; 75% power, 5 min; 50% power, 5 min; and 35% power, 10 min.

The procedure entails a total digestion time of 40 minutes.
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4.4 Interference

4.4.1 Interference from Ions with Overlapping Peaks

Preliminary ASV analysis of digests of fine and coarse paniculate samples

showed the absence of other metals that could interfere with the detection of zinc,

cadmium, and lead. However, in solutions with pH < 2 steep baseline current due to H2

evolution from the acid masked the zinc peak and led to loss of sensitivity for the

metal. Evaporation of the acid digest with subsequent dilution with ultrapure water yielded

electrolyte solutions with pH > 2. ASV analysis of these diluted samples exhibited

improved detection of zinc. Figure 4.7 is a voltammogram of a fine filter digest of pH 2

showing satisfactory resolution of peaks. Detection of zinc was further improved with

optimization of the analytical parameters which will be discussed in the following

sections.

4.4.2 Interference from Intermetallic Interaction of Zn withCu

The interference of copper in the stripping analysis of zinc due to the

formation of Zn-Cu intermetallic compound during electrodeposition has been shown to

be a major difficulty in the determination of zinc by ASV (48,49, 51). Neiman et.al. (48)

have also shown that although Cd-Cu and Pb-Cu intermetallic bonds are also formed, the

presence of mercury as a "third" element gave a positive effect and practically eliminated

the influence of Cu on the determination of cadmium and lead.

Figure 4.8, showing the voltammogram of an acid blank, demonstrates the

suppression of the zinc peak current in the presence of copper. Subsequent standard

additions for zinc, cadmium, and lead exhibited proportional increase in the peak currents
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Zn

f-
-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

E/V (Ag/AgCl/satd. KCI)

Figure 4.7. Edcp, 1.2 V; tdcp, 2 min; scan rate, 10mV/s; pulse amplitude, 50 mV,
pH2. a) fine filter blank + 1 ppb Zn, Cd, Pb; b) fine filter sample;
c) fine filter sample + 2.5 ppb Zn, Cd, Pb.

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

E/V (Ag/AgCl/satd. KCI)

Figure 4.8. Cu suppression of Zn peak exhibited in an acid digest, pH 3;
Edep, -1.2 V, tdep, 2 min; scan rate, 10mV/s; 10 mV pulse height; 1500 rpm;
a ) 20 ml of acid digest; b) + 1 ppb Zn, Cd, Pb; c) + 2 ppb Zn, Cd, Pb
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of cadmium and lead but not for zinc. An apparent increase in the copper peak is instead

observed. This peak is however attributed to another peak from the oxidation of the

resultant Zn-Cu intermetallic compound occurring at a potential very close to that of

copper (48). As zinc is added, more of the compound is formed resulting to an increase

in its peak current.

For the Zn-Cu system, the use of gallium as a "third" element has been studied

to be effective in suppressing copper interaction with zinc (48). Figure 4.9 shows the

influence of gallium concentration on the zinc signal for a fine particulate sample in 0.1 M

KC1, pH3. The Cu:Zn concentration ratio in the sample was 12:3. Zinc current increases

with increase in the gallium concentration. For the particular matrix studied, the zinc signal

reaches its maximum value at a gallium concentration of around 80 ppb. This occurs at a

Ga:Cu ratio > 10. The amount of gallium needed to achieve optimum response for zinc

depends on the sample matrix. Neiman et. al. Neiman found that with a mercury film

electrode in 1M KC1 solution, the zinc signal vanishes at molar ratios of Cu:Zn > 1:3.

And obtained maximum zinc signal at a Ga:Cu ratio > 15 in a 1.0 M KC1. In

subsequent analyses of the air particulate samples, most of which had pH = 2, a

gallium concentration of 250 ppb was found to be satisfactory. In less acidic samples

(pH > 3), lower gallium concentration is needed to reach optimum response for zinc.This

could be because at higher pH values, copper is less electrochemically labile and thus

intermetallic interactions are correspondingly decreased. The addition of gallium had no

significant effect on the responses of cadmium and lead. However, when gallium

concentration is very much in excess, its peak could mask the cadmium peak which

decreases sensitivity for cadmium.
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Figure 4.9. The effect of gallium concentration on zinc stripping current
of a fine paniculate sample in 0. 1 M KC1, pH3. Edcp vs Ag/AgCl, -1.2 V;

t. , 2 min; scan rate, 10 mV/sec; pulse amplitude, 50 mV

Figure 4.10 shows the effect of addition of 250 ppb gallium to a sample of

pH 2. On addition of gallium an increase in the zinc peak current (Ep=-1.06 V ) is

observed, the Zn - Cu compound peak ( Ep = -0.22 V ) disappears and is replaced by a

peak occurring at a less negative potential ( Ep = -0.14 V ). This last peak must be due

to the Ga-Cu intermetallic compound. The increase in the zinc peak current with addition

of gallium has been attributed to the formation of Ga-Cu intermetallic compound which

is more stable than the Zn-Cu intermetallic compounds (47, 48). The solubility products

of Zn-Cu and Ga-Cu in mercury at 20°C have been reported to be 4 x 10"6 and 2 x 10"6

respectively (31, pp 62).
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-1.3 -1.1 -0.9 -0.7 -0.5

E/V (Ag/AgCl/satd. KCl)

-0.3

Figure 4.7. Effect of Ga addition on zinc peak current; a) coarse
participate sample in .01 M KCl, pH 2 ; b) and c) + 250 ppb Ga; d) + 2.5
ppb Zn, Cd, Pb; e) + 5 ppb Zn, Cd, Pb; Edep, -1.3 V, 2 min; scan rate,
10mV/s; 50 mV pulse height; 1500 rpm.
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4.5 Optimization of Analytical Parameters

4.5.1 Scan Rate and Pulse Amplitude

ASV was performed using scan rates of 50, 25, 10, and 5 mVs"1 on a

sample. Scan rates of 10 and 5 mVs"1 gave the best defined and resolved stripping peaks.

A scan rate of 10 mVs"1 was chosen for use because it gives the advantage of adequate

resolution as well as a shorter analysis time.

For the concentration ranges of zinc, cadmium, and lead in the samples, a

pulse amplitude of 50 mV was optimum.

4.5.2 Deposition Potential and Deposition Time

Figures 4.11 to 4.13 compare the responses of zinc, cadmium, and lead in

0.01 M KC1 and in a sample with pH 2 at deposition potentials of-1.20 V and -1.30 V.

In 0.01 M KC1, similar response in these deposition potentials was observed for the three

metals. In the sample, a change in deposition potential from -1.20 V to -1.30 V likewise

did not result to a change in the response of lead and cadmium. However, a significant

increase in the stripping peak currents for zinc at -1.30 V was observed. At this

deposition potential, an increase in sensitivity for zinc in the sample is also seen. Because

of this, a deposition potential of-1.30 V was chosen for the analysis of the samples.
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Figure 4.11. Effect of Edcp (V vs. Ag/AgCl) on lead response curve
in 0.01 M KCI (Ip, 0 - 500 nA) and sample, pH2 , (Ip, 0-4000 nA);
tdep, 2 min; pulse amplitude, 50mV; scan rate, 10 mV/sec.

X

• Sanple,-1.3V
• Sample, -12 V
• .01MKa.-1.2V
A.01MKQ.-1.3V

- 2 0 2 4 6
ppb Cd standard added

Figure 4.12. Effect of Edcp (V vs. Ag/AgCl) on cadmium response curve in
0.01 M KCI and sample, pH2; tdep, 2 min; pulse amplitude, 50mV;
scan rate, 10 mV/sec.
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• 300 -
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• .01M KCI,-1.2V
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Figure 4.13. Effect of Edcp (V vs. Ag/AgCl) on zinc response curve in
0.01 M KCI and sample, pH2. tdep,2 min; pulse amplitude, 50mV;
scan rate, 10 mV/sec.
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Figure 4.14 shows the increase in the stripping peak current, Ip, with

deposition time for the three metals. There was no attempt to further increase the

deposition time from 3 min since sufficient sensitivity was achieved even at tdCp=2min.

300

250

©

X

200

150

100

-Zn

-CM

Fb

1 2 3 4

Deposition time (min)

Figure 4.14 . Effect of deposition time on stripping peak currents;
Edcp, -1.3 V; scan rate, 10 mV/sec; pulse amplitude, 50 mV.

Figures 4.15, 4.16, and 4.17 show the standard addition curves of Zn, Cd,

and Pb respectively, at tdep of 1 and 2 min. Greater sensitivity is achieved with a 2 min

deposition time and would be more advantageous for this study, specially for the analysis

of cadmium.
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Figure 4.15. Effect of deposition time on lead response curve. Fine filter
sample in 0.01 M KC1, pH3; Edep vs Ag/AgCl, -1.3 V; scan rate, lOmV/sec;
pulse amplitude, 50 mV

. I min
• 2 min

ppb Cd standard added

Figure 4.16. Effect of deposition time on cadmium response curve. Fine filter
sample in 0.01 M KC1, pH3; Ed vs. Ag/AgCl, -1.3 V; scan rate, lOmV/sec; pulse
amplitude, 50 mV
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Figure 4.17. Effect of deposition time on zinc response curve. Fine filter
sample in 0.01 M KC1, pH3; Edep vs. Ag/AgCl, -1.3 V; scan rate, lOmV/sec;
pulse amplitude, 50 mV
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4.5.3 Electrode Rotation Rale

Electrode rotation rates of 1000, 1500, and 2000 rpm were employed. There

was a general increase in the peak height with rotation rate although the differences were

not striking. There was no change in the resolution of the analytes. A rotation rate of

1500 rpm was adopted as it was the one recommended by the manufacturer and has been

widely used in studies involving rotating disk electrodes.

4.5.4. Electrolyte Composition- Effect of KCl Concentration

Potassium chloride was chosen as supporting electrolyte for the DPASV

analysis of the particulate samples because it was available in high purity grade and the

background concentration of the analytes were lower than in the other electrolytes

studied.

The pH of the resulting electrolyte solutions varied from pH 2 to pH 4

depending on the degree of evaporation of the digests. In the course of the study and as

greater familiarization with the sample and the analytical procedure was attained,

electrolyte composition has been maintained at pH values between 2 and 3. The

sensitivity and linearity of response towards standard addition of zinc, cadmium, and

lead in the sample as influenced by the addition of KCl were investigated. The results

of DPASV measurements of samples at different pH values in the presence of varying

KCl concentrations are shown in Figures 4.18 to 4.26.

At pH 2, stripping peak currents for zinc, cadmium, and lead increase linearly

with the concentration of standard added (Figures 4.18 to 4.20 ). The addition of KCl
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Figure 4.18. Response curves of lead in varying KCI concentration.
Fine filter blank, pH2; Edcp vs Ag/AgCl, -1.3 V; tdcp, 2 min; scan rate, 10 mV/sec;
pulse amplitude, 50 mV.

ppb Cd standard added

• w/oKCt

A0.01 MKCI

• 0.1 MKQ

Figure 4.19. Response curves of cadmium in varying KCI concentration.
Fine filter blank, pH2; Edepvs Ag/AgCl, -1.3 V; tdcp, 2 min; scan rate, 10 mV/sec;
pulse amplitude, 50 mV.
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Figure 4.20. Response curves of zinc in varying KCI concentration.
Fine filter blank, pH2; Edep vs Ag/AgCl, -1.3 V; tdcp, 2 min;scan rate, 10 mV/sec;
pulse amplitude, 50 mV.
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does not improve sensitivity for zinc and lead. Even without KCl, a fairly good sensitivity

is obtained for cadmium. The addition of 0.01 M KCl slightly improves its sensitivity

although further increasing KCl concentration to 0.1 M does not give the same effect.

These results show that at pH 2, the concentration of conducting species is sufficient to

achieve a fairly satisfactory sensitivity and the addition of KCL was not necessary.

At higher values of the pH, the addition of KCl as a supporting electrolyte

appears to be advantageous. Figures 4.21 to 4.23 show that at pH 3, the addition of

0.01 M KCl significantly improves sensitivity for zinc, cadmium, and lead. Increasing

KCl concentration gives no further improvement. Figures 4.24 to 4.26 show the effect

of addition of KCl to an electrolyte solution of pH 4. The sensitivity for cadmium is

increased with increasing concentration of KCl. The responses of zinc and lead appear

to increase with the addition of 0.01 M KCl although increasing its concentration to

0.1 M does not give a similar effect.

Figures 4.27 to 4.29 show the results of DPASV measurements of samples of

varying pH in 0.01 M KCl. Generally, the sensitivity trends exhibited by the solution

of pH 2 and the solution of pH 3 are similar, implying that the effect of adding

0.01 M KCl to a solution of pH 3 is equivalent to having an acidity of pH 2. It also

confirms earlier observation that the addition of KCl to a base electrolyte of pH 2 does

not effect an improvement in sensitivity. Lower sensitivities are observed for a solution of

pH 4 which indicates that a higher concentration of supporting electrolyte is needed to

achieve a response similar to that of solutions of higher acidity.
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Figure 4.21, Response curves for lead in varying KCl concentration.
Sample fine fraction, pH3 ; E ^ v s Ag/AgCl, -1.3 V; tdcp, 2 min; scan rate, 10 mV/sec;
pulse amplitude, 50 mV.

a w/o KCI
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• 0.1 MKQ
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Figure 4.22. Response curves for cadmium in varying KCl concentration.
Sample fine fraction, pH3 ; Edcp vs Ag/AgCl, -1.3 V; tdep, 2 min; scan rate, 10 mV/sec;
pulse amplitude, 50 mV.

BW/OKCI

A 0.01 MKd

• 0.1 MKd

- 7 - 5 - 3 - 1 1 3 5 7
ppb Zn standard added

Figure 4.23. Response curves for zinc in varying KCl concentration.
Sample fine fraction, pH3 ; Edcp vs Ag/AgCl, -1.3 V; tdep, 2 min; scan rate, 10 mV/sec;
pulse amplitude, 50 mV.
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Figure 4. 24. Response curves for lead in varying KCl concentration.
Fine filter blank, pH4; Edcp vs Ag/AgCl, -1.3 V; tdcp, 2 min; scan rate 10 mV/sec;
pulse amplitude, 50 mV
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ppb Cd standard added

Figure 4. 25. Response curves for cadmium in varying KCl concentration.
Fine filter blank, pH4; Edep vs Ag/AgCl, -1.3 V; tdep, 2 min; scan rate 10 mV/sec;
pulse amplitude, 50 mV
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Figure 4. 26. Response curves for zinc in varying KCl concentration.
Fine filter blank, pH4; Edcp vs Ag/AgCl, -1.3 V; tdcp, 2 min; scan rate 10 mV/sec;
pulse amplitude, 50 mV
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Figure 4.27. Response curves for lead in varying pH. Fine filter blank in
0.01 M KC1; Edcpvs Ag/AgCl, -1.3 V; tdcp, 2 min; scan rate, 10 mV/sec;
pulse amplitude, 50 mV.

- 2 1 4 7 -10
ppb Cd standard added

Figure 4.28. Response curves for cadmium in varying pH. Fine filter blank in
0.01 M KC1; Edep vs Ag/AgCl, -1.3 V; tdcp, 2 min; scan rate, 10 mV/sec;
pulse amplitude, 50 mV.
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Figure 4.29. Response curves for zinc in varying pH. Fine filter blank in
0.01 M KC1; Edcpvs Ag/AgCl, -1.3 V; tdcp, 2 min; scan rate, 10 mV/sec;
pulse amplitude, 50 mV.
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4.5.5 Summary of Optimum Analytical Parameters for DPASV

Table 4.7 shows the optimized parameters that were used in the analysis of

air paniculate samples. The concentration of mercury ( as mercuric acetate) used was

that recommended by Metrohm (59), 20 ppb. Based on the results of the above studies,

KC1 was added as supporting electrolyte for solutions of pH > 2. For solutions of

pH > 3 , 0.01 MKC1 was added and, in rare cases, at pH > 4, 0.10 M was added.

Table 4.7 Optimized Analytical Parameters for Simultaneous DPASV
of Zn, Cd, and Pb in Air Particulates

Parameter

^dep

* tdcp

Scan range

Scan rate

Pulse amplitude

RDE rotation rate

Value

-1.30 V

2 min

-1.30Y to 0.00 V

10 mV/sec

50 mV

1500 rpm

4.6 Validation of Analytical Procedure : Analysis of Certified Reference Material

The results of the analysis of NIST certified reference standards for metals on a

cellulose filter material containing zinc, cadmium, and lead using the analytical program

developed are shown in Table 4.8. Three standards, Ref I, II, and III, in varying

concentration ranges for the three metals were analyzed. One blank filter included with the
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set was also analyzed. The standards were processed using the optimized procedures.

They were diluted such that the lowest concentrations of the metals in the resulting

electrolyte solutions were approximately 1 ppb, 10 ppb, and 10 ppb for cadmium, lead,

and zinc respectively. DPASV analysis was performed on at least 3 replicates of each of

the standards. Ref I was analyzed in every sample analysis session.

Table 4.8. DPASV Analysis of NIST certified standard reference for metals on
filter, 2676 d. E ^ vs Ag/AgCl, -1.3 V; tdep, 2min; scan rate, 10 mV/scc; pulse amplitude, 50 raV;
RDE rotation rate, 1500 rpm.

Property

Mean
fug)

Standard
Dcv.

% RSD

Certified
Value,[i.g

% Rcl.
Error

Zinc
I

n=10

8.63

1.24

14.3

10.17

15.1

II
n=4

40.12

9.47

23.6

49.47

18.9

ra

106,5

13.7

12. 8

99.31

7.2

Blk"
n=6

0.06

0.03

50

.026

Cadmium
I

n=10

1.02

0.18

17.9

0.97

4.9

II
n=4

3.00

0.60

20.0

2.81

6.8

in
n=6

10.91

1.28

1 1.7

10.04

8.6

Blk"
n=6

0.004

0.002

50

.0005

Lead
I

n=10

7.20

1.35

18.8

7.44

3.2

n
n=4

15.83

3.77

23.8

14.82

6.8

III
n=6

31.89

2.62

8.2

29.77

7.1

Blk
n=6

.074

.05

72

.0005

3 Reported blank values are estimated values but not certified

The results obtained for cadmium and lead are in good agreement with the

certified values and exhibit better accuracy for the lower levels of concentration. This

could be because the DPASV technique with a rotating disk electrode is optimum for this

range of concentrations of cadmium and lead. However, for zinc, the accuracy of the

measurements was not as good and in contrast to that of cadmium and lead, better

agreement with the certified value is exhibited for higher concentration of zinc.
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An underestimation of the value is observed in the two lower concentration ranges. This

error is attributed to the effect of interference from hydrogen evolution and not to

intermetallic interactions because the zinc: copper ratio was high enough to diminish the

effect of copper interference. In fact, addition of gallium to the sample did not show an

improvement in the zinc stripping current.

4.7 DPASV Analysis of Air Particulate Samples

4.7. / Analytical Blank and Detection Limits

The analytical blank plays an important role in accurate trace analysis because

the limit of detection is almost always governed by the magnitude of the blank value and

not by instrumental sensitivity. In this study, each program of analysis included analysis

of field blanks. Every DPASV measurement session commenced with the analysis of

these blanks, one fine filter and one coarse filter. Table 4.9 gives the average values of the

analytes in the filter blank, the acid blank, in 0.01 M KC1, and in 0.1 M KC1. The

minimum concentrations obtained are also indicated.

The higher than desired values in the blank could be attributed to several

sources of contamination. With the unavailability of a clean room, the environment in

which analysis is performed is far from ideal for trace analysis. Typical concentrations of

cadmium and lead in ordinary laboratory air are 0.002 ug m"3 and 0.4 u.g m"3

respectively (63) . In a clean room or a clean hood, the concentration of lead could be

reduced to a thousanthfold. while cadmium becomes undetectable. The storage

container, polyethylene and Teflon contain zinc at ppb levels. The reagent used even in
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extra pure grade contain ppb levels of the analytes as seen in the results of DPASV

analysis of the blank electrolytes. Results reflect the contribution of acid and KC1 to the

blank contamination which increases with concentration. The electrolytic cell, even after

thorough rinsing with ultrapure water was found to be a major contaminant as was

shown earlier in the analysis of ultrapure water. It would be ideal to use an electrolytic

vessel only once during an analysis program but with the limited number of vessels

available vs. the number of samples that has to be analyzed, reusing a vessel within a day

could not be avoided.

Table 4.9. Typical concentrations, in ppb, of cadmium, lead, and zinc in the
blanks obtained bv DPASV analysis. Edq, vsAg/AgCI, -1.3 V; tdcp,2min; scan rate, lOmV/sec;
pulse amplitude, 50 mV; RDE rotation rate, 1500 rpm.

Electrolyte

Sample Blank1

w/o KC1

w/ 0.01 M KC1

w/ 0.10MKC1

Acid Blank, pH22

0.01 MKC1

0.10 MKC1

n

6

11

5

6

6

6

Cadmium

Mean

0.23

0.42

0.47

0.22

0.18

0.70

Minimum

0.09

0.15

0.43

0.17

0.16

0.68

Lead

Mean

1.9

3.4

6.5

5.0

0.60

5.9

Minimum

1.3

1.9

3.1

4.7

0.39

5.1

Zinc

Mean

4.4

5.4

6.3

5.5

1.6

10.4

Minimum

3.4

2.6

4.2

5.4

1.4

10.0
1 Filter without the sample. 2 HNO3:HC1:HF (4:1:1), processed as the samples.
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The detection limits were calculated as 3 times the standard deviation of the

blank measurements. Table 4.10 shows the detection limits for the metals in the sample

calculated from at least 3 determinations of a blank within one analysis program. The

values vary depending on the sample matrix and the analytical conditions, thus not one

value of detection limit is obtained. Detection limits in the blank supporting electrolytes:

0.01 M KCI, 0.10MKC1, and acid blank were also determined.

Table 4.10. Detection limits in the sample matrix and in the supporting electrolytes
Obtained by D P A S V analysis. . Edq, vsAg/AgCI, -1.3 V; tdcp, 2min; scan rate, lOmV/sec; pulse

amplitude, 50 mV; RDE rotation rate, 1500 rpm.

Analyte

Cadmium
Lead
Zinc

Detection limit (ppb)
Sample
Matrix

0.05 - 0.30
0.6- 3.0
0.2- 3.9

Acid Blank

0.08
0.8
0.4

0.01 M KCI

0.05
0.4
0.3

0.10 M KCI

0.06
0.6
0.5

Brihaye and Duyckaerts (45) report a detection limit value of 0.002 ppb for

both cadmium and lead in sea water by DPASV with a rotating disc electrode for

tdCp = 1 hr while Landy (36) reports values of 0.0005 ppb Cd, 0.001 ppb Pb, and

0.005 ppb Zn based on blank values of the ultrapure water using analytical parameters

similar to those in this study but for a plating time of 10 min. In this study, lowest

detection limits obtained for cadmium, lead, and zinc were 0.05 ppb, 0.4 ppb, and 0.2 ppb

respectively. Detection limits obtained for the supporting electrolytes without the

sample matrix reflect the lower limits of the range of values in the sample blank.
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The experimental values obtained in this study may appear inferior compared

to those found in the literature but increasing the plating time to values similar to those

reported, comparable detection limits could perhaps be attained. Limitations in the

instrumentation precludes the attainment of detection limits in lower orders of magnitude.

In the manual method of peak measurement, the smallest current change, AI, that could

be measured accurately with a ruler of I mm division at a sensitivity oflOnA/mm is

10 nA. Considering the limitations of the analysts' vision, the uncertainty of the

measurement would be + 0.5 mm or 5 nA. For cadmium, for which the technique is most

sensitive, this value of AI translates to a concentration of 0.02 ppb in 0.01 M KC1.

Thus, attaining detection limits in the thousandths of a ppb would not be possible for the

sensitivity setting us,ed in the measurements. Higher instrument sensitivity was not

used because it not only resulted to larger noise and increased baseline drift which

complicated the measurements of the peak heights but also yielded current peak heights

which went beyond scale. Because of the more complex nature of the matrix, higher

detection limits are obtained for the sample matrix.

The values attained are, however, sufficient for the determination of lead and

zinc in the air particulate samples. At minimum values of concentration in the blank,

cadmium could be determined with acceptable uncertainty in some samples but not for

all. This could be overcome by increasing the sample size and better control of

contamination in the analysis.
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4.7.2 Cadmium, Lead and Zinc Concentrations in Air F'articulate Sample

Quantitation of cadmium, lead, and zinc in the air particulate sample and in

the blank was done by standard addition. Typical standard addition plots for zinc,

cadmium, and lead are shown in Figures 4.30, 4.31, and 4.32 respectively. The difference

between the blank and sample matrix is apparent with lower sensitivities exhibited in the

sample. This could be attributed to the more complex matrix of the sample which contains

greater concentration of organic matter. This, however, is corrected by the standard

addition technique as demonstrated by the linearity of the response in both blank and

sample. R2 values obtained for most samples were greater than 0.9900 at 95 % confidence

level. Linearity was always confirmed by performing two standard additions on all

samples. Good linear relationship between response and the amount of standard added

was achieved for the three elements in almost all of the analyses. For samples which

yielded unsatisfactory response, adjustment in the sample matrix, such as dilution and/or

addition of KC1 was done. A blank treated in the same manner was always prepared and

analyzed before a series of samples of the same matrix.

Three batches of air particulate samples were analyzed by DPASV. The

results of each batch of analysis will be discussed in the following sections. The

concentration values reported are the mean values of at least 2 DPASV determinations for

most samples, with the exception of 3 samples for which the result of only one

determination was reported. This was because these samples were used to determine

optimum analytical conditions and the values reported correspond to that determination

for which it was thought that analytical conditions have been optimized. The calculations

assume quantitative recovery of the analytes in the sample based on the results of the

67



©

X

-+50-

R2=0.990J
100 --

R2=0.9983

Blank

. Sample

-9 - 7 - 5 - 3 - 1 1 3 5 7

ppb Pb standard added

Figure 430. Response curves for lead in blank and sample in 0.01 M KCl,
250 ppb Ga, pH2; Edcp vs Ag/AgCl, -1.30 V; tdcp = 2 min; pulse amplitude, 50 mV
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Figure 4.31. Response curves for cadmium in blank and sample in 0.01 M KCl,
250 ppb Ga, pH2; Edep vs Ag/AgCl, -1.30 V; tdcp = 2 min; pulse amplitude, 50 mV
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Figure 4.32. Response curves for zinc in blank and sample in 0.01 M KCl,
250 ppb Ga, pH2; Edcp vs Ag/AgCl, -1.30 V; tdcp = 2 min; pulse amplitude, 50 mV



analysis of the certified reference material. The uncertainties reported were the standard

deviations from the mean of 2 or more determinations. For the single determinations,

uncertainties reported were the propagated uncertainties of all the procedures involved in

obtaining the result ( from the weighing of the sample to the calculation of the

concentration). The relatively large uncertainties obtained for these determinations reflect

the magnitude of the error that could result from an analytical process involving trace

concentrations specially that which involves sample destruction. It is observed that the

standard deviation for duplicate determinations is lower than the uncertainty from a single

determination.

The first batch of samples was analyzed in the process of optimizing sample

digestion and DPA^V procedures (Table 4.11). This explains the poor precision of the

analyses with relative uncertainties ranging from 10% - 27 % for zinc, 5% - 50% for lead,

and 13% - 81% for cadmium.

Table 4.11. Results of DPASV analysis of the first batch of samples.. Edcp vsAg/AgCi,
-1.3 V; tdep,2min; scan rate, 10 mV/sec; pulse amplitude, 50 mV; RDE rotation rate, 1500 rpm.

Sample ID (n)

PM2.5
ADMUFclb97 (1)
ADMUFc4a97 (1)
ADMUAu5b97 (2)
ADMUSclb97 (1)
ADMUSc5b97 (3)

PM2.5-PM10
ADMUFcIb97 (2)
ADMUFc4a97 (2)
ADMUAu5b97 (2)
ADMUSclb97 (2)
ADMUSe5b97 (2)

Cadmium
ng/m3

43 ±13
<12

3 ± 2
6 ± 3
58 ± 8

29 ± 10
<12

6 ± 1
< 17

71 ± 12

% Relative
Uncertainty

31

67
50
14

34

17

17

Lead
ng/m3

169 ±136
173 ±58
102 ± 17

543 ± 168
647 ± 29

33 ± 8
36 ± 5

36 ± 10
267±168
505 ± 250

% Relative
Uncertainty

81
36
17
31
5

24
14
28
63
50

Zinc
ng/m3

230 ±61
<48

250 ±61
268 ± 180
427 ± 42

304 ± 64
300 ± 34
744 ± 239
145 ±45

1448 ±282

% Relative
Uncertainty

27
—
24
67
10

21
11
32
31
20



The second batch of samples was performed with the analytical parameters

already optimized. A general improvement in precision is observed although poor

precision is exhibited for zinc particularly in the fine fraction sample. This could be due to

interference effects and / or contamination. Table 4. 12 compares the results of DPASV

analysis for this batch of samples with the results obtained from direct EDXRF analysis

of the air paniculate sampleon the filter (67). This work obtained much higher values

for lead and zinc than the XRF results in almost all of the samples. It was concluded that

this gross discrepancy was due to contamination from the digestion vessels which were

earlier used for recovery studies. The "memory" from PFA vessels that have been used

for higher levels of these analytes has been noted earlier. The digestion vessels were

earlier washed thoroughly with soap and water, soaked in 1:1 HNO3 for several days,

then again were washed with soap and water before finally rinsed then soaked in ultrapure

water for several days. Evidently, this cleaning procedure was not sufficient to

eliminate contaminations from the previous analyses of spiked samples. Before the

next batch of analysis, the digestion vessels and the Teflon beakers where samples are

evaporated after digestion were subjected to more rigorous cleaning. After cleaning with

soap and water, the plasticwares soaked in near boiling 1:1 HNO3 for at least

4 hours then allowed to soak in the acid without heating over the weekend. After the

acid soak they were treated as described above. These were then used for the analysis of

the final batch of samples.
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Table 4.12. Comparison of DPASV measurements with XRF measurements
for the 2nd batch of samples. Edq, vsAg/AgCI, -1.3 V; tdep, 2 min; scan rate, 10 mV/sec; pulse
amplitude, 50 mV; RDE rotation rate, 1500 rpm.

Sample ID (n)

PM2.5
ADMUMr2b97 (3)
ADMUMr3a97 (2)
ADMUAp2b97 (2)
PM2.5-PM10
ADMUMr2b97 (3)
ADMUMr3a97 (2)
ADMUAp2b97 (2)

Cadmium (ng/m3)
ED-XRF

-do-
-do-

-do-
-do-
do-

DPASV

17± 2
< 4.0
N.D.1

10± 3
33 ± 1
14 ± 6

Lead (ng/m3)
ED-XRF

60 ± 4

46 ± 3

<4
31 ± 3
23 ± 3

DPASV

163 ±60

140 ± 1

161 ± 52
284 ± 52
91 ± 9

Zinc (ng/m3)
ED-XRF

240 ± 10

69 ± 4

295 ± 11
97 ± 4
72 ± 4

DPASV

133 ±60

73 ±58

509 ± 29
585 ±39
645 ± 39

1 Not detected

In the analysis of the final batch of samples (Table 4.13), a larger sample size

was used to improve detection for cadmium which was not quantitatively detected in

some samples in the previous analyses. The results • from this batch show much lower

concentrations of the analytes compared to the previous batches and are now of the

same degree of magnitude as the XRF results from the previous batch. Improved

detection for cadmium is observed and better precision was attained. Average relative

standards deviations (RSD's) of 21% for Zn, 17 % for Pb, and 34% for Cd were

obtained. Uncertainties of the above magnitude are reasonable in the case of trace

concentrations. In very dilute solutions ( < 10"6 M), concentrations and chemical

equilibria are poorly defined, reaction rates are very slow, so that reactions may not

proceed in the way expected from their behaviour when present in higher concentration

(31 ,pp 173).
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4.7.3. Parallel Measurements with Furnace-AAS and Flame AAS

The last set of samples was also analyzed by furnace-AAS for cadmium and

lead, and flame- AAS for zinc. Comparison of the results with those obtained by

DPASV are shown in Table 4.13. The results of the parallel analyses showed good

agreement between the 2 measurements for lead and cadmium in most of the samples. In

the case of zinc, agreement was not as good although values were of the same degree of

magnitude. It is believed that the values from DPASV determination are more accurate

because the qu imitation was corrected for matrix effect. On the other hand, quantitation

for the AAS analyses was done by linear fitting to a calibration plot. Calibration

standards for cadmium were prepared from blank digests spiked with known amount of

the element. For zinc and lead, standard solutionj oif these elements in ultapure water

were used instead because the remaining amount of filter digest for this batch of samples

was insufficient for this purpose.

Considering the very small amount of sample involved and the complete

atomization of the element in GF-AAS, it may be assumed that matrix effect is not an

important factor in this technique. However, results of the measurements using different

matrix for obtaining the calibration plots showed otherwise. For the determination of

cadmium by GF-AAS, one calibration plot was obtained from spiked solutions of a blank

digest, and another was prepared from spiked ultrapure water. A shift in the position of

the peak was observed on changing from the ultrapure solution to the acid digest.

Estimation of the concentration of the clement in the sample from a calibration plot

prepared from solutions of different matrix would then be less accurate. Moreover, the
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additional dilutions that have to be done to bring the concentrations of the analytes to

levels that would fall within the very narrow linear range optimum for GF-AAS analysis

contribute further to the uncertainty of the measurement. Based on the measurement done

on the blank digest, the calculated detection limit for cadmium by GF-AAS is 0.04 ng/m3

which is comparable to that obtained by DPASV. Lower detection limits are obtained for

lead and zinc by DPASV.

Table 4.13. Correlation of DPASV measurements with GF- AAS and Flame-AAS.
Edq> vsAg/AgCI, -1.3 V; tdep, 2 min; scan rate, 10 mV/sec; pulse amplitude, 50 mV; RDE rotation rate, 1500
rpm.

Sample ID

FB 118

FB 138

FB 149

FC186

CB 118

CB 138

CB 149

CC186

Detection
Limit

Lead(
GF-AAS

11 ±3

27 ±12

17±5

15 ±4

19 + 5

12±3

18 ±5

10±3

7

ng/m3)
DPASV

11 ±8

12 ± 1

13 ±1

9 + 1

6±1

13 ±1

18±1

13 ±2

0.5"

Cadmiui
GF-AAS

1.4 ±0.4

1.8±0.5

4 . 0 ± 1.1

1.0 ±0.3

3.7±1.0

9.1 ±2.6

>12b

2.1 ±0.6

0.04

n(ng/m3)
DPASV

2.2±1.0

3.3 ±0.8

4.0 ±0.6

1.7 ±1.0

1.3 ±0.1

7.2 ±1.8

12.4 ±4.2

1.0 ±0.6

.04"

Zinc(n
Flame-AAS

51 ±14

30 + 8

20 ±5

20 ±5

60 ±17

20 ±5

30 ±8

20 ±5

10

g/m3)
DPASV

22 ± 1

< 6 C

31 ±9

<21C

23 ±2

9±3

33 ±5.3

5 ± 2

0.2"

" The lowest detection limit attained in the study. Concentration was beyond the calibration range,
max =12 ppb. c Below detection limit
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4.7.4 Correlation with Related Studies

Figures 4.33 to 4.35 show the concentration profiles of the air participate

samples analyzed in this study. It is observed that lead is more associated with the fine

fraction, PNC 5, of the air particulate while zinc is more associated with the coarse

fraction, 2.5 > dp> 10 . This is particularly significant in health considerations because the

PM2.5 fraction penetrates deeply into the lungs. The concentration levels of lead and

zinc in this study are significantly lower than the concentrations of these metals reported

by Quirit, et. al. (68) for PM10 in air particulate samples collected in 1994 at the DENR

sampling station at EDSA and analyzed by AAS. Lead concentrations ranging from

110 ng /m3 to 620 ng /m3 and zinc levels from 50 ng /m3 to 420 ng/m3 are reported.

PM10 air particulate samples collected by First Signs (69) in 1997 and 1998 along

Commonwealth Avenue and the Elliptical Road, both in Quezon City yielded average

zinc and lead contents of similar magnitude as the above from ED-XRF analysis. From

Commonwealth Avenue, average Pb concentration was 395ng/m3 and average zinc

concentration was 475 ng /m3. From the Elliptical road, average Pb, 563 ng An3 and

average zinc, 445 ng /m3 were obtained. In contrast, based on the results of the last

batch of samples analyzed in this study, both lead and zinc levels are in the order of

tens of a ng/m3, one order of magnitude lower. It should be noted that the particulate

samples studied in the cited studies (68, 69) were collected at sampling stations directly

exposed to vehicular traffic while in this study, sampling was done farther from the

thoroughfares, approximating urban residential conditions.
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Figure 4.33. Lead concentration profile in the air particulate samples analyzed.
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The data generated by this study is therefore significant in that it would be

part of the first local data to provide information on concentrations of cadmium, lead,

and zinc in ambient air with less bias from vehicular emission. The data obtained also

forms part of the first PM2.5 data to be generated locally specially for cadmium which

could not be determined either by XRF or INAA.

Comparable levels of cadmium, lead, and zinc were reported by some

countries in the region also participating in this co-ordinated research program. Figures

4.36 and 4.37 compare the concentration levels of lead, zinc, and cadmium obtained by

Thailand (70) and Malaysia (71) for PM2.5 and PM2.5 - PM10 air particulate matter

collected with the Gent sampler with the concentrations of the metals found in this study.

Thailand reported results for air particulate samples collected in Bang Bo, 50 km east of

Bangkok, from November 1995 to August 1996 using EDXRF. Values obtained by

Malaysia for samples collected in Kuala Lumpur in 1997 before the haze were the results

of ICP- MS analysis of cadmium and lead and INAA of zinc. The nil value for

cadmium reported by Thailand and Malaysia could be due to the lack of sensitivity of

the techniques used for its determination (24, 25, 67).
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Chapter 5

CONCLUSION

Differential pulse anodic stripping voltammetry was found to be a reliable

technique for the simultaneous determination of zinc, cadmium, and lead in air paniculate

matter. Difficulties in the determination of zinc due to interference effects were overcome

by optimizing analytical parameters. Masking brought about by the evolution of hydrogen

gas was minimized by careful modification of the matrix by dilution and the addition of

KC1 as a supporting electrolyte. The formation of intermetallic compounds with copper

was eliminated by the addition of gallium as a "third" element. The standard addition

method was proven to be satisfactory for obviating matrix effect in the determination of

the three elements.

As with all trace analysis techniques, DPASV places great demands on the

cleanliness of reagents and materials use in the analysis. With the use of ultrapure water

and highest purity grade of reagent available in the laboratory, and rigorously cleaned

plasticware and glassware, detection limits sufficiently low to allow quantitative

measurement of zinc, cadmium, and lead were achieved. The detection limit, particularly

for cadmium, can be improved further by increasing the deposition time.

The advantages of microwave digestion: more rapid decomposition of the

samples, quantitative recovery of the analytes, and minimal amount of reagents needed for

digestion, were demonstrated in this study. Total sample preparation time for 12 samples
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was 3 to 4 hours in contrast with the amount of time needed to perform this task with the

conventional techniques of decomposition which took at least two days to complete.

The application of the techniques to the analysis of air particulate matter

for the purpose of pollutant source identification will be useful in terms of providing

additional data particularly for cadmium which is not readily determined by XRF and

INAA at the concentration range in which it exists in air. The data obtained in this study

gives preliminary information on the levels of cadmium, lead, and zinc in respirable

particulate matter in Metro Manila. They are significant in that they are among the first

data obtained for air particulate matter with aerodynamic diameter less than 2.5 microns,

the size of which has been a cause for concern due to its effects on human health.

Furthermore, the ŝ udy has increased awareness of the importance of quality control and

quality assurance in every analytical undertaking;; that the validation of measurements

is needed to give credibility to an analytical result.
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APPENDIX I

RELEVANT EQUATIONS USED

1. Recoveries of the analytes

% Recovered = Amount found in the spiked solution

Amount found in the spiked sample + amount added

2. Concentration of the elements in air

ngm3 (X)= [(HsxS)/(Ht-Hs)jx(V,/Vs)x(A,/As)

Volume of air (m3)

where

Hs = height in mm of the sample alone

Ht = height in mm of the sample + standard added

S = amount in ng of the standard added

Vs = volume in mm of aliquot taken

V, = total volume in ml of the sample solution

As = area of the filter taken

At = area of the whole filter sample

x 100
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3. Equations for uncertainties

a) ng analyte= (H s x S)/ (Ht - Hs)

To get uncertainty:
Let uncl= unc numerator

unc2= unc denominator
unc3= unc of quotient^ uncertainty of ng analyte (gross)

but net ng analyte- ng analyte gross - ng analyte blank
thus, unc4= propagated unc of gross and blank

b) ng analyte/vol.of air= [ng analyte x volume factor (Fl) x area factor (F2) ] / total vol air

Let unc5= unc total vol soln
unc6= unc vol aliquot taken
unc7= unc vol factor, Fl
unc8= unc wt total
unc9= unc partial wt
unc 10= unc area factor,F2
unc 11= unc of vol air

c) #pcerta)j}ty of final result, ng/cu.m = unc 12

unc 12 = ng/m'3(X) * sqrt [(unc4/ng analyte)2 + (unc7/Fl)2+ (unclO/F2)2+ (uncl 1/volume of air)2
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APPENDIX n

UNCERTAINTIES IN THE MEASUREMENT

Sources of Uncertainty Uncertainty Value

A.Weighing

1. Initial weight 0.0004 mg
2. Final weight 0.0004 mg

B. Sample Preparation

1. Stock solution (50 ml) Ref# 71) 0.05 ml
2. Stock solution ( 10 ml) (ibid) 0.02 ml
3. Sample aliquot (5 ml pipette) 0.025 ml
4. Sample aliquot (1 ml pipette) 0.005 ml

C. Voltammetric Measurement
>

1. Standard addition (5 ul) (ref # 72) . - 0.05 ul
2. Standard addition ( 10 ul) (ibid) 0.06 ul
3. Current measurement, instrument (mm) ref # 60 5 mm

4. Manual measurement of peak height (mm) 0.5 mm

D. Calculation of concentration in air

1. Volume of air,% (ref #73) 2
2. Area of filter taken ,% 5
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