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METROPOLIS IN DECAY-AIR POLLUTION 

. _, l ()chotorena, Ph.D. 
Zenatua J. 

• 
t ned from bad to worse. The metropolis has 

Al·r pollution in Metro Manila _has udr ark haze resembling the dark clouds of a 

f pollution a • II • th t ff" 11 

now acquired a canopy o . hen st{II and humid, espec,a y ,n. e ~a . re conge51ec, 

approaching storm. The a,r w_ 1 d gases that make. breathing d1ffrcult. In~ 

areas, smells and contai~s partdic es a~ ss nausea and headache when breathing th· 

. ces a feeltng of rows1ne , 
• 

one expenen 
air for some time. 

. . this situation. Aren't we concerned about the ill 

Can we remain 1ndiff~rent t~r we breath? Shouldn't we take positive measures 

effects of the poffutants t,n thde _a the contamination of the air for our own survival 

to arrest and reverse the ren •~ . , 
, 

tor our children, and for the coming generations. . 

Most of the ollutants in the air are gases, vapors and par_ticulates _from the corn,. 

- P b product and wastes from the phys1co-chem1cal processes 

bust,on processes, Y· 
. t k d · 1· 

of industrial and manufacturing plants, leakages fr?•!1 st0rage an s an prpe 1nes of 

industrial complexes, and from natural decompos,t,on processes and other human 

activities. 
Sources of Air Pollution 

. 

Motor vehicles (jeeps, buses, trucks, and· cars and other heavy construction 

equipmentJ are number one contributors, emitting about 7096 of the pollutants in 

the air which consist of the oxides of nitrogen, carbon and sulfur, the hydrocarbons· 

the halogenated and gaseous compounds of lead and the particulates. of lead and' 
. 

Data on the number of vehicles registered in Metro Manila during the last three 

years show a trend of about 16,000 additional units peryear as shown below: ) 

Type 1985 1986 1987 

Gasoline 340,359 304,898 359 46 

Diesel .-117,159__ 
' 9 

Total Units 457 51 
169,321 130,960 

, 6 . 474,219 490,429 

With the relaxation the government' • . 

not the old cars which do not ass 5 ,m~ortat,on policy on used cars (hopefully 

of the exporting countries) an" inc::e stringent environmental pollution standards 

Manila is imminent. With the proble se '~ the. nu~ber of vehicles (old/) in Metro 

~umber of old and poorly maintain dm O _ava,lab,hty and cost of spare parts, the 

rn the coming years. Likewise the d~eh.,c:~s• hen~e, polluting vehicles will rise 

form or erratic changes in dri~ing s "ec;s~,p •ned driving which results In nGIHI 

vehicles. Compounded by practicalr •~creases the amount of emlssJoft$/fJ 

procedures to ease traffic congest· y no improvement in traffic man~ 

the air pollution level in the metro •~.n and • the continued use of lelded -
po is could reach a disaster pof rit. 
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The number two contributor to a·i 11 . • ·t t· I r po utIon ar th electr1c1 Y genera ing P ants of the r·•at· 1 e e power generating plants or 
d • t . " iona Power C • ment _an pnva e. a_genc1es, commercial est . orporat1?n, of other govern-

factunng plants which burn bunker oil di abllashments, and tndustrial and manu-
plants generate t_he same type of pollutant~se • coal an? other fossil fuels. These 
may vary depending on the type and sou fas the vehicles although composition 

rce O the fuel and the operating conditions. 
Moreove~\ manufacturinq plants such as ce . . . 

chemical plants, other industrial complexes i ~ent /actories, d1st1lleries and other 
air .. In 1983, of the 4,059 firms inspected or~, etc. add pollutants in the 
air pollutive firms_ There are 1 733 of th .. • a_ out 41% were found to be 
that 800 manufacturing and industrial plants e; f~ms in Metro Manila~ It_ is said 
tants daily (Lingkod-Tao Kalikasan, Primer No. ~s~) _arge about 100 tons of air pollu-

Health Effects of Pollutants From Vehicle Emissions 

Carbon Dioxide (CO2) 

Normally, carbon dioxide poses no danger to health H d • · th 
th . . owever, unng e past century, e average concentration of CO has risen so has th t t of the earth. 2 , e average empera ure 

CO2 permits the passage of ~ltraviolet_ (UV) and visible light from the sun ·to 
the _earth s surfa~e but absorbs infrared I 1ght. .Th is prevents infrared light from 
p_~ss,ng through into the atm~sph~re, thus, rai~ing the temperature of the· earth 
( the Greenhouse Effect). An 1mm1nent danger 1s that of the melting of the polar -
ice caps which can raise the level of the oceans several feet high. . 

Carbon Monoxide (CO) 

Carbon monoxide has been shown to produce detrimental effects on higher 
plant life by inhibitng the nitrogen fixing bacteria. On humans and other animals, 
it interferes with the transfer of oxygen through the body· by forming a coordination 
complex· with hemoglobin in· the red blood cells. Carbon monoxide displaces_ 
oxygen (200 times more strongly bound than oxygen to the hemoglobin) and pre-
vents the oxygen from~ being transported through the bloodstream depriving the 
various orga·ns,-especially the heart and the _brain·;_of the needed oxygen. c~mpli-
_cating fact is that cigarrette smoking can raise t~e l!vel of ~arbon_ m~nox1de 1n the 
-~ungs to between 400 and 500 ppm (USEPA Air ~ual1ty Cnteria for Carbon 
Monoxide'', AP-62, USEPA, Washington, q.c. (1970); ~.C. Hexter and J.R. Gold-
smith, Science 172, 265 (1971) '. 

Nitrogen Oxides (NC>,c) 

Prolonaed exposure to nitroaen oxides has been sho~~ to be detriment~I. t? 
both plants and animals. The direct effects of atmospheric. N02 /USEPA, . Air 
Quality Criteria for Nitrogen Oxides,'' AP-84,, USEP~, ~ashington, .D.C. (197~)) 
include acute respiratory diseases in man, in~reased 1nc1dence of acute b~onch1t1s 
in infants . and children, structural changes in the l~ng collagen of ra~bit~, mor-
h I · 1 h • th r · · mass cells characterized. by degranulat1on 1n rats, P o og1ca c anges 1n e iving . . • tissue changes in the lungs heart pneumonitis. and alveolar distention 1n mice, ' ' 
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nd in plants - leaf abscission, chlorosis 

. of monkeys, a ' and d 
liver and kidneys O has been found to be an initiato " 
creased yi~1?· t the direct effects,• Nre~ction pathways some of which arr Of PhN 

I dd1t1on ° s comp ex . e: ¥,a. n. a I smog It undergoe ndergoes reaction with the solar radiatio 
chem1ca NO i~ the atmosphere ~ich initiates a numbe~ of the important~ to Pro. 

The x •ve oxygen, 0, w mpounds and radical present as 1 •ct1o 
d~ce the ~e~r~carbons and ote~ c~Jdehydes or ketoiies • and radical~o ~utallts 
w,t~ t~e rhe hydrocarbons oro and NO . Ozone, 9-J , also form radicals O'!'e. Of 
th:i~:':jieed up production,;: ~alt with ioxygen, 02 • to form peroxide :it~the 
w rbons which maY a 'ds formed whose structures depend on th d1ca1s. 
~~~r~~Jehydes, ketones, a~in~~~se to for~ aerosols whi~h limit visibility •,in1t1ai 
hydrocarbons, eventual~{ conditions which could re~ult in temperature inv!~J 
and disturb atmospheri hich may be present in. phot?chemical smog are theSiort. 

Other compounds w d the extremely ~ox 1c ox 1dants such as perox ~• 
irritants (lachrymators~ anroxybenzolynitrate produced _by the reaction 
nitrate and the r~latt P; the carcinogenic and mutagenic polychlorinated hy Nol 
with peroxide radicf 5 anlear aromatic compounds produced from the combust~o. carbons and the po ynuc . I • IOn 

f d. sel gasoline or any fossil fue • . . o 1e , . , . 

Oxide3-of Sulfur(SO2 and SO3) ' ., 

These oxides are irritants to the_ ings of t~e respiratory tract. • It reacts With 
·st t form acids which. gathe~ 1n the respiratory me~bran~s. However sin mot ure o -i • • d h' h s • • • ce these oxides ~ave strong ~uf!o~at1ng o ors, w 1c e~e as a warning d1r~ in•u 

. from pr0longed exposure 1s h~1ted although SO2 pollution may cause compllcatfo 
among those with respirator~ diseases. • . . . . • • , 

The oxides of sulfur and nitrogen form acids with moisture. The accumulation 
these pollutants in the air may aggravate t~e problem of acid rain which haye cau 
damage to fisheries in about 2,500 lakes 1n Sweden, about 1,750 lakes in N 
and nearly _20% of the lakes in Canada (U~EP State of _the Environ~ent, 19 

According to the W~~. Manila's a~erag~ SO2c~_ncentration during the 
from 1973-1980 was 73 m1crogram/cub1c meter. which exceeded that of New v. 
Los Angeles, and Chicago whose SO2concetration were 59, 35, and 34 micr.ogr 
per cubic meter, respectively, and com·parable to Frankfurt and London with 79 a 
~!-~1;°grams per cubic_ meter, ~esPectively _ (Lingkod Tao-Kalikas.in, Primer Sjw. 

, • • 
# -. 

lad Compounds and Lead Particulates .. . - . . 

tegular an~ premi~m gasoiine c0ntain 2.5 to 4.0 gra-ins of tetraalkyl lea 
ga 0i"t~ gasohne. While the use of this additive in developed countries 11ad 

t\is a~~~i~!a!i~I~ phased out, here in the Philippines, the talk of p 
1989, was just a "falsie I was .. suppos~d to start in 1985 with a· total phase 

A b . ea arm and still too far away from reality .,. 
othenng fact abo t th . • dicholorethane are also du · e use ~f this additive is that dibr~meoth1n 

oxide deposits inside theae~~d tooga~ohne to pr~ent the deposition of lead iii! 
and emitted into the at gine. unn~ combustion, these compounds are VI 
genated compounds of :~~phe~e as finely divided particle$ of lead and 
lead in the atmosphere com a~ the hydrocarbons. More than 98" of t 
Moore, 1976 ] . 8

1

5 rom the combustion of leaded gasoline( M 
l 
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The fine lead particle_s (less t_han 2 olm in size ) when inhaled are easil retained the human lungs causing respiratory problems. Y bY • t d •. 
i Three· docur:nen e toxicity of lead are gastrointestinal cramps (lead cholic), central and peripheral nervous system ~ffects (lead encephalitis) and anemia. Kidney disease excess, frequency of hypertension, vascular disease and lung cancer have also been suggested alth0ugh these have not been proven beyond reasonable doubt. Lead is a gener~I metabolic po_ison and enzyme inhibitor like the heavy metals mercury and cadmiu~. Young children are part_icularly affected by lead and can suffer mental retardat_,o~ and .~ermanent or semipermanent brain damage. An insi-duous effect_ of lead ,s ,ts abilt_ty to replace calcium in bones and remain there to form a semipermanent reservoir for long term release even well after the initial absorption. 

A study conducted by a ~e?ica_l team which examined children with ages ranging from 4 months to _14 years_ living, m the depressed areas in Metro Manila, found sub-stantial lead levels m the chi~dren blood. The team found an average level of about 22.83 micrograms per _decal,~er w,th,7.76% of those sampled having lead levels of 30 micrograms per decallte~. Smee the US Center for Disease Control had established 30 microgram~ per. dec~ltter ~s a measure for ''elevated" blood lead level, the result of this study Is quite disturbing. There was also found a significant correlation be• tween increased blood.lead level and the proximity of the household to traffic density ( Manila ~ulletin, Aug. 1, 1986]. 

Tile Particulates 
The particulates from emissions. are largely smoke and soot and lead particles. These particles are in the size range of 0.1-10 um. Because of their large surface area, they absorb the gaseous and liquid pollutants and act as catalysts in the photo-chemical reactions [Korfmacker et al, Science 207~ 763 (1980); Nijima and Kahno, Chemosphere 37 (1977)) . •. The p~rticles between 0.1 and 1 olm. because of their diameters which are comparable to the wavelength of visible radiation, can cause interference phenomena whose effect is to reduce visibility as well as the amount of solar radiation reaching the ground. These fine particles may also form too many nuclei which can cause the formation of water droplets which are too small to precipitate, hence, will only in-crease cloud cover but no rainfall [ \N. Bach ''Atmospheric Pollution", McGraw-Hill, N.Y. 1972 ·). 
The detrimental effect of these fine particulates on plants is the impairment of the circulation of CO2 and 0 2 through plant leaf stomata. In humans and other animals, the respiratory tract is the area with the most damage. The particles which are smaller than O.lolm which are inhaled are deposited in the lungs causing respi-ratory problems. 
Data from WHO and the United Nations Environment Program· [Lingkod-Tao Kalikasan, Primer No. 12] revealed that the average suspend~d particulate matt~r (TSP) concentration of Manila during. 1973-1980 _was 85 m1crogra~s per cubic meter, exceeding that of Tokyo and New York with 61 and 65 micrograms per cubic meter; respectively. . . 

·, 

' The Polynuclear Aromatic and Polychlorinated Hydrocarbons 
· A recent acticle by Sigsby, J. et al, [ Environ Sci. T echnol_. 21 (5) :~66(1987) in-dicated that even the non-leaded gasoline, regular and premium., emitted polyaro-
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h. Handa et al [ Environ, Sci ·r TakaS I , • • ecn 

According to rnutagenic polyaro~at,c h~drocarbonoI.1, 
. drocarbons. . enic and . which are also direct acting rnut rts 1, 

rnat1c8;~(1984) / carc1n~gnitro derivat1)ves polycyclic quinones may also b agells~ 
(12): converted t_o t1,e1r oxides (NOx • rbons and the actJve oxygen b e for~ 
readl~~re to the ~,troger aromatic hydro~~dition in an engine. Muller ~~hel'lliCII 
expo the appropriate p~ temperature c86) who studied the formation o/ 811st, 
fr~;ation under the ~19 20(11)· 115t p9 of leaded gasoline, found that the h htlo 
o;~viron. Sci. Tec~no~ the coinbust1~n and were observed to be ortho-sub;.o9eili 
~ated cornpount !~re mostly phenf the halogenated dibe~zo-p-dioxins Whic1" 
ated con!poun stential precurso~s o bstances and hardly biodegradable. lr1 

d therefore po . d mutagen1c su 
!~utely carcinogenic an 

. . ns From Incinerators 
Em1ss10 • 

. f the Manila Bulletin an article carried th 
1988 issue o f M • 1 M e 

th September 5, ups over the plan o an, a ayor Gernir' 
In f evarious enviro_n~ental grolant in the city ~nd tr~~sf~r th~ h_µge piles ot'arto 

cern o Jr to build an inc1nerat~r-~,, in Tondo -to the Engineer Island in Ma~ 

bLopee~'ro~ the "Smokey Mof utnh a1various groups because of the hazar~s that woniff 
ag h oncern o e u 

Bay I share t e . f the incinerator. . . 
com"e from the em1ss1ons o I destruction devices used '~ the disposal_ of wastes by 

Incinerators are ther~~ h temperature of about 9~0 C or greater in a_n oxidii 
exposing t_he wastes to a rJal destruction processes include _therf!lal oxidation a 
environment. These _t~e . at·,on which are made to occur rn boilers, cement k·,1 

• lytIc ,nciner • h. h 
starved-air or py~o h stes as fuel or burning the wastes using a 19 temperature 
or furnaces burning t e wa . 

process. h n· that combustion processes produce polynuclear arom .: 
Studiebos have(PAsHos)w which are known carcinogens and mutagens. Release of th 

hydrocar ns . . · h d b rt d • th st k 
d f Om municipal In 1c1nerators a eeA repo e rn e ac ga 

compoun s r • • C t I Ad • ·st t· Publ' • 
[ Hangerbrauk et al., National Air Pollution on ro mrnr ra ron 1cat, 
No 999-ap-33 Durham, N.C. 1967; ·The Toronto Star News, Nov. 1987] and 
the· ash residues [-Hudrey et al., Environ. Research 7.29~ (1974)]. la~ W. Davies 

__ ,,.et al. ( Environ. Sci. and Technol. 10(5) May 19761 '1tud1~d the formation of PAH 
in municipal incinerators burning 9.14 tons re~use/hr •. with furnace temperature 

. maintained between 800-900°C and burning with 75%. excess 9f oxygen. In this 
study, the residue dropped from the grate into a tank where it was quenched, freed 
of magnetic ·materials and discharged. The gases leaving the furnace entered in an 
upflow into the water spray towers where these were cooled to 250-300°C and 
larger particles of fly ash removed. Induced draft fans draw the gases from the spra 
towers an electrostatic precipitator prior to discharging them through a 55m-b 
concrete chimney. . . . . 

. His findings showed that gases leaving the furnace contained PAH both as 
and absorbed as _fly ash particulates. Sol id residues made up of_ combinatio 
q_u~nched ash res1du!s and fly ash collected from the spray towers electrostati 
cipitator~ a_lso c~nta1ned PAHs as did the washwater from the incinerator .. 
were vanations in level ?f emissions with variations in: combustion tempei 
and ~efuse co~position during normal operations and differing PAH levels i 

w~~:es du~mg start up: nor~al operation, and close down of the incine 
the incin~r~:~r :~; {~ench\"~ ~med substantially in PAH content during its 
carbons· e er w, t e more soluble and lower molecular .weight h . . 
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other studies of municipal incinerators showed 
ounds wer~ prese~t in fly ash samples a that com~lex mixtures of or nic ,001~) These mixtures isolated from the fl ht concentration levels of 1 Jot, (4 • e found to include n-alkanes, polyc~l~:in~~rough solvent extraction ~ethod~ "":roatic hyd~ocarbons (PAHs), polychlorinated ~; benzenes (PCBs), polycyclic ar present in the extracts are the acutely t . P nols (PCPs), and many others A150rinated dibenzofurans (PCDFs) and th:xic teratog~nic, and mutagenic poly: ch~oos) at concentration lev~ls of 1-10 ng/g of ~f ly;~ori~ated dibenzo-p-dioxins (~ pCDOS are also actually toxic and carcinogenic tf l0) • Since som_e of the isomers 0 tal fate of PCDDs have been the center of several • the formation and environ-roen h d recent studies (11 2S) . Although t e precursors an mechanisms of fo t' •. • d other incinerators are unknown, these and simil;ma ,on of PCOOs in municipal an ·ng combustion processes. In fact laboratory str ~~m~ounds have been formed dur~esses including pyrolysis and the burning of r; ies ave shown that thermal 

P~~er chl~rinated biphenyls produce certain Pco6s ~Ps a_nd 
~heories that ~coos and other, chlorinated co!1'1pounds are firmed thr~~n~o~~;; b stion. Studies als? show that.compounds which are absorbed fl sh 9 

~dergo reac;tions with gases during ·emission i'nto the atmospher~~.ky af !"asty also u • h a id l o '1d' d th fl ' e, or in ance PAHs whIc were r P . Y x ize _on e Y ash even in the absence of light (29) as w~II as the gas-particulate reactions of other PA~s which were induced photo-chemically (30-31).. . . 
l : Results of studies cited above. a~d other si_milar studies with simple organic ompounds (37) suggest that ~ven 1nc1nerators with a destruction removal efficiency {oRE) of 99.999~% w~uld ~til) be a health hazard because of the toxic and carcino-enic compounds In their emIssIons. . • . • 

gf Thus while incineration appears a promising means of disposing wastes primarily because 'of the remarkable reduction in waste volume (up to 85%) its potential ad-v·erse effects on man_•s health and the environment should be eriol:lgh of a deterrent .. against the putting up of incinerators in M~tro Manila .. 
A: The air is the Almighty's gift to all of us, rich and poor alike. But with the un-abated addition of pollutants to the air, we may have to pay dearly for the air we 
breathe in the days to come. • 

. Need we say more? 
1 
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