Dear 8iry
I wish first of all to thank all the members and thelr staff

Tor the thoroughness of their work and excellent presentations made

for the publlc consultation at the Ste. Anne de Bellevue Library,

Tueaday March 30, 7.00 vpm.

Re: Maximiser g biodiversité;t augmenter la superfiole des milisux

naturals proteges a Mcntreal.

Favoriger une meilleure integration des ecesystemes et des
paysages naturels dans les melieux de vie,
Assurer la pérennlt des milieux naturamls dans lss parcs et ,
favoriser la Consalidation et 1la viabilitd des ecosystans presents.
I asked a question at that meeting and I wish to pursus it
further. RE: THEZ REGISTRATICON OF PRIVATE PR(PERTIES AS SANCTUARIES.

1. The reglatration could take place over apesricd of 2 yeara with the
owner supplylng orcof( by photo & etc., ) of meeting the standards
get up by government,

2, The registration fee could be § 15- $25, dollars each ysar on
suceegave registrations. Pald by owner, And the reception of a

written certificate of passing the atandards set up,

3. A basic list of the criteria from elther one to ten or 20 of
gtandards met up b?’the Dept such as A) types of shrubs benefRcial
to birds or bees, or butterfllies & etc, or a bat Sanctuary, or
Blue bird houses with these birds, or a butterfiy garden, c¢r trees
beneficlal , protect from pollution, with years of 1ife, and of &

8ize for vroperties, COr a mixture of some of the abovae.

Banefits:



HENEFITS:

1. It weuld £lve much needed funding for the work on the orotection c
of tne forests, and so farth,

2. Citizens would learn about the natural world around them. the earth
and the fauna, their children would recelve a benaficlal learning
experience for 1ifg.

3 It would enoourage citizens not to use peaticides nor fertlllizers
nor insecticides on their prcoerties,

4 It would benefit the Governments orojects and at the same time benefit
the owner , such as greater prestige for thelr properties, greater valu
value whan selling § .Elavating the property value, benefiting and
encouraging buyers, and at the same tinme eliminating thelr fears rTe
contaminated land surrounding the house and on that property. Thus
shildren sncouraged to play on the preverty, aafely, healthily.

Thue the government benefits, and the ownera henefit and sa does our na

natural world,
To me the whole projesct would be a teaching, learning,

pesnaefiting vrecject and experience, at tha same time protecting the
1and for future g enerations. Ccitizens would learn to care for the

sarth in knowledgeable ways whatever thelr axpertiss.

Pours Very Sincarely,

Maureen Murray R.N.
. .

o :-‘r . Yy
/ {{cZ&A&Zze¢zJ /67 gujf
P.9. I have enclosed a photecody of gardenixg&:izz’éhat I ecoF

copy and give out in cur Tewn,

P.P.S. To stay on the register the owner must pay a fee of
oLt

810.00 dollars each successive year, if property sold that owner

% . T
must vay the full fee e,g, & o HO - (O Acpaals ‘
s ‘0,7|'0\ | VoL AAT .
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In the 19405, my family found sut that our yazd was contaminated by Th 20
lead froma basome station dnd car-zaiating factery next door. We had to - e y <5 .
dig up z fact of the soil and have it removed 10 2 hazardous-waste dump. , N ’
1f we hadn® clesned it up, we would have baen ereating probiems for our- AII T A
selvas and for anyene wha iived there afier ua, SN lme“

) OR A FABULOUS LAWN THAT SVEN YOUR NEIGHBORS WILL LOVE, Gre ate St a

here's all you have to dz: Plant a native variety of grass in scil en-
J = '1.hcd with compe , which adds 2l the nutrients you azed. Cu O
_J the grass 19 adout thrse iazhes high {longer than the norm) 80 that rgan]_C"
deveiop 2 strong, deep ool systemn.

tean d
Water the lawn ozeasienally, Sut only if you must. Most people over- Gardenlng

wates their lawns, 80 the chemizals that remaia on the grass wash into our

rivers and straams, killmg fish. The chemicals then go back into our waser

system, which we drw on to drink, Pesticides are also subject to vapor | lps

drift; that is, they are tzangporied by air 1o other arees,

BY ELLEN PRILLIPS

~~ D M : e ‘ .
— . In the past 50 years, the organic-
' _ gardening movemsnt has con-
>—/ e tributed thousands of tips and tech-

ftter lawn and garden. BY MARIA RODALE  niques o gardeners everywhere.
: Heze are 20 of the most enduring.

Fertiiize vaur iawr.—'::' 22 on ‘;«' (i locks Limp and paie and ssems to Make and use compost,
need :'.L'r'-":h‘*y spping it w h cempost and runaing over it - » Composr is awond-rml way to
with your lawn mowsr. Alse, <o arinking the sizs of your lawn by scyclt kitchen and ya : wastes and
plaatiag more shrubs and rree :” i -cﬂ'xch your ga.dcn while keeping trash
Nexs, lsarn te live with bugs. net could survive without people, out of the landfill. just heap grass clip-"
but s needs ants and bess, Ants aerats the soil and cireulate nutrients even pings, shreddsd leaves, vegetsble and frui:
mare than earshwormi c0 Fonevhees t23 2 million flowsrs and fly 55,000 seraps, shrcﬁded newipaper, 2ad other
miles 10 make a pound of Roney In ths srocess, they pollinate most of our orgar‘.h materials (no meat or fat, please)
fruise, vcgctablss, herbs, and fowers, : in a pils, and letit ror. Tnz Vear of l"‘ss,
Whea you're faced with 3 mysierious invaiion of bugs, it's tempting to you'll have rich, erumbly,. odor-fres crgant
think that a littfe bit of pessicids here o2 there won't matter But pesticides fectilizer for your plants.
don’t kill on.y the Sugs that ¥ou think are causing trouble; they alee kill the , ' N
onss that help you I lock at bugs as messengers. Beneficial insects have 2 Muleh, Mulching retains soil mois-
job 20 do. and ofien their jeb s to sat and da compose diseased or malnour- u fure, 50 you don’t have 10 water s
ishad plant material, I"you have 2 bug prodlem, it's a symptorm of a greater cn, it suppresses weeds and keeps the
prool‘m. Vaﬂ.e youz seil ne2ds compott. Maybe you have been pla.ntmg soil wazm longer, extending your growing
the same thing in tne same piace for toc song. Maybe you plantsd things in season; it enriches the soil as ftbreaks
the wrong piace te segin with, Whatever your problem, get to the root of down; and it makes your garden look bet-
it; den't kill the measenger. tar, To raulch, cover the bare ground in
" Finally if yeu g a'de" organically and observe and commit to learning your garden bed with 2 layer of shredded
from nam-e yeu cant b help -ﬂ:i ing up with a profound faith in naturs and leaves; newspaner, grass ..hpmngs pine nee-
8 respeat for the ole \hat sach creature pesforms, So plant flewers for the dies, compost, or other organic rnaeenai

bees, let the ants roam free, 2ad listen 12 what the bugs are tying to tell

vou about your plants and your garden, Dontt traat your 3ol itk dirt.

We all hava a responaibility te do what we can to maxe the woerld a better ¥ 2 Fsalthy soil is alive with microor-.
p'ac- Formethare isno greaser isy than geing outsids on 3 summer evening ganisras that break down organic matter
afrer work and ;y:r g in the warm grass with my kids, With a clean lawn and to release plant autrienty; earthworms and
a clean yard, [ can do so with & clsan conscience. | have faith chat [ am doing other small creatures thas aerate £hs soil
the rig"‘ thing for myse.?, for =y family, 284 for natuee. Yau can, 1o B 28 they bu r'aw and enrich it with thet

droppings; and tiny feeder rootiets, in-
Moaria Rodalz is the vitg-charrwsomar of Rodale Press and the author of Maria vislole to the naked eys, which bring
Ro‘ﬁlc ¢ Organic Gardening (1774 nusslents inzo the olant Rather than
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sompasting the sels
with henvy machiaery
1nd deusing o with
e :rs....c;ls, sreat
i g::-:y wv- hand
1500, WK in the
paths rather th Dpxrg o garden
beds, 2nd appay ::ez..n, deszs of
Organit mattsz iiks coOmposl.

Rotale your crops. Pagrs and
v diszases can uild up when vou
grow the tame ¢rop in-the same azes
vaar altar yearn 3 Alsernes ing crepi,
yc:. dor't glve pest and diseass popu-
ns 2 chanse to grow

Try compan'on planting. A
1 tig planting of 4 singie crop fiks
:IC?.CZALV inouUTs 8t pel.:“—:‘::m
wermy 1o recosns—"Ea mz, ¥at
" But whea you zlant squash and
ans in the same 318t with your soen,
118 a7e confised and 2an’trecognize
s smel, a*pﬂa';...e 5d otker alres
of eati srop ar easily. A. 2 rasulz, yeu
protest all three zrons, G cw'ng herde
ad ciner arematic mlants ke marls
golds with your :.-c~s alie shrowe
pests off the seenr. Adding neotar-
srodusing fiowers 1nraate beasflela!)
insects 30 fight pest Doz yeu.
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Use foliar feading fors
x gulck flx, Wher your slanse

need 3 fant-acting Seost, spray nusie

B
ent-rich liquid seaweed, somposrt tea,

™

o manuse tes dirsely e the loave
The nutnenti wil be aleord ¢d inte
the planty’ tssues immedianeiy it
i:‘.g in perkier plani in @ mansr of

3, To make tampast fea o manuse

yna i1

:ea, filla ..ve-gz len Bucke: half iUl
of finished compest or well-reted
manure, o3 1t off with waids, and
seir dally uneil the Heuid losks lika
dark t2a, Strain our the 32lids, end
azply them to the garden as muleh,

[}
M
Ay

Censerve watan Don's wasss
® waler and w-ak:n your planh
by watering them with 2 ::a.n..n-' i
hoseora sp'mx...:—ycu lags 2 lot
of wazer to evaporation and encourage
shaudow rocting, which makss planzs
mere susceptidie to droughe [niread,
use wilsr-conserving scaker nases ot

Auvuvey MirchApst! 1577

drip iz r;gmn'\ which diracts water

- te the piants’ rect.

Invite garden allies to call
o your yard home, These's 2
whale world of creatures that are
:.a dy, willing, and a5le to help you
n your fight agsinst garden paste.
You just have to invise them in, The
eadiest way-ig tarough water—se!
out 8 bx-dba.... on 2 pedestal 2ad
one on the graund, and watch pest-
1'mg birds, beneficial insecey, 1nd
teads come treund, Putup a ba
houss, and get dome real pest-sating
pewer—1 b3t consumes thousands
of insests every night. Beneflclal
insects love' plants with flat flowar
heads, liks 4ilf, fennsl, Queen Anne's
“lace, and yasrow,

Discover helrloom flowers,

u frulis, and vagetahles, These
sianls were originally developed or
iclecied becanas they graw well in
i pa..-'i..L.ia' place, had incradible
flavor or fragranes, looked fantastic,
22 served a spucific purposs (like cider
app.2s). Today, when most plants az2
d-»c.opcd t0 Wi'f‘S'n..d ¢ bumps

and bruises of shipping rather than
:c quality, heirloems are a real find

er the backyard gardener, Chack
,.c.a:ry seed catalogues ot join the
Sw" Savars Exchange (315-382-5990)

¢4 wide selection,
1 Usa tricks, traps, and
» homemade traatments to

Haht pests. Whan you do encounter
pests, don’t spray Netting, aticky trazs,
shiny atrips, beer bals, s0ap, oil, 2n¢

gulic=hot pepper spray are just ¢ few of

the 82fe ¢rganic teols a1 your dispasal.
1 Fight plant diseasas with

» vineyar and haking teda.
Ay with fending off pests, simple in-
grediznis from your pantry are effective
disease-fighters if you cat hsy-np‘ona
eazly. Ameng these aze 4 tablespoas of
vinsgar or baking soda {or both) in a
gallon cf watsr, Con:ast and zhubass-
leaf 122 are oh‘m safe ingredisnts.

Graw disease.rasistant
x variaties, Check seed cans-

logues for resisant varieties of crops
such 48 tormatoes and cucumbers,
Nurssried often sell alternatives for
flovresa that are noteriously plagued
By a disease=black spot on roses

or powdsry mildew on phlox or bee
balm, for examgle, {For these three
plants, ragistant varieties include
Stanwall Perpatual, Madame Plantier,
and rugoea roses; Devid phlox; and
Mazshail's Delight bas balm.)

1 Ralse your beds, Growiag
n plants in raised beds rather
than at ground level hat many advan-
tages. Drainage iy inproved Paths
aze eagy to find, so the soil in the
Eedy is Jsas likely to be .ampacted
uy feet, And perhaps mant mportznt,
if your native sail is solid clay, hope-
laasly recky, sandy, swampy, seidic, of
otheswise impossidle, you can creats
1 custom 8o for your ralsed bed-that
providss 12 instant fix, Gardener
n the desert Scuthwest, where raised
ads would fry, may instead want to

fry & sunken bed o retain moisture
Caver up, Naturs abhors a

1 T vasuume=in this case, bare
sail, Sawwy oz ga...c gardeners grow
caver crogs, alsc called green manure,
in their unused plots. These leafy

cropr—including alfalfa, cloves, annual
7ys, and buekwheat—graw rapidly,
outcompeting weeds. They pravent
ercilon. And whan you turn them into
the soil 2t the end of the setaon or the
following spring, they add erganie
matter and nutrienss, building batter
soil and rejuvesating your garden.
1 Try a chicken tracton

1 Small livestock, such as

a faw chickans or rabbity, can make
1 real contribution to your gardan,
Rabbits produce nitrogen-rich
manure, which ¢an ba aoplied around
plants, worksd into be edsat the end of
tha saason, or added to the compoit
pils all y-ar. Ifyau let chickens range
from garden bed ta girden bed in a
movabls wize cage calied a chicken
wractor, they'll ear pests and weed

seeds, lccs-n the soil, and deposit nis
trogen- righ fertilizer ar tha same time.
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Increased Particulate Air Pollution and the Triggering of
Myocardial Infarction

Annette Peters, PhD; Douglas W. Dockery, ScD;
James E. Muller, MD; Murray A. Mittleman, MD, DrPH

Background—Elevated concentrations of ambient particulate air pollution have been associated with increased hospital
admissions for cardiovascular disease. Whether high concentrations of ambient particles can trigger the onset of acute
myocardial infarction (MI), however, remains unknown.

Methods and Results—We interviewed 772 patients with MI in the greater Boston area between January 1995 and May
1996 as part of the Determinants of Myocardial Infarction Onset Study. Hourly concentrations of particle mass <2.5
pm {PM, ), carbon black, and gaseous air pollutants were measured. A case-crossover approach was used to analyze
the data for evidence of triggering. The risk of MI onset increased in association with elevated concentrations of fine
particles in the previous 2-hour period. In addition, a delayed response associated with 24-hour average exposure | day
before the onset of symptoms was observed. Multivariate analyses considering both time windows jointly revealed an
estimated odds ratio of 1,48 associated with an increase of 25 g/m* PM, s during a 2-hour petiod before the onset and
an odds ratio of 1.69 for an increase of 20 pug/m® PM, ; in the 24-hour period 1 day before the onset (95% Cls 1.09, 2.02
and 1.13, 2.34, respectively).

Conclusions—The present study suggests that elevated concentrations of fine particles in the air may transiently elevate
the risk of MIs within a few hours and 1 day after exposure. Further studies in other locations are needed to clarify the
tmportance of this potentially preventable trigger of ML, (Circulation. 2001;103:2810-2815.)

Key Words: myocardial infarction m air pollution m heart disease m epidemiology

pidemiological analyses throughout the world have

shown that high 24-hour average levels of ambient
particulate air pollution are associated with an increase in
all-cause, respiratory, and cardiovascular disease mortali-
ty'-4; nevertheless, little information is available on the effect
of shorter-term exposures. The harmful effects of elevation of
ambient concentrations of particulate matter are well docu-
mented in multiple studies of hospital admissions and emer-
gency department visits for respiratory diseases.’# In addi-
tion, increased hospital admissions for cardiovascular
diseases have been associated with particulate air pollution in
studies of numerous American, Canadian, and European
cities,>* These results indicate that ambient particulate air
pollution is a risk factor not only for respiratory diseases but
also for acute cardiovascular events.

Inhaled particles could lead to acute exacerbation of
cardiovascular disease through pulmonary inflammation trig-
gering systemic hypercoagulability.’® Increases in plasma
viscosity!! and C-reactive protein!? were observed in ran-
domly selected healthy adults after episodes of high particu-
late air pollution. Increased heart rate,’>'4 decreased heart

rate variability,!s-'7 and increased risk of implanted
cardioverter-defibrillator discharges!® associated with epi-
sodes of particulate air pollution indicate an autonomic
NErvous system response.

The US Environmental Protection Agency has promul-
gated a new ambient air quality standard for fine particles
(particulate matter <<2.5 um aerodynamic diameter, PM, ().'
This new standard regulates 24-hour and annual average
concentrations and does not address transient elevations
(minutes to hours) in fine-particle concentration. There are no
published data on the risk of myocardial infarction (MI) in
human populations after transient exposures to elevated
concentrations of ambient fine particles.

We therefore evaluated the effect of short-term exposure 10
fine-particulate air pollution on the risk of acute Mls, com-
paring data from the Determinants of Myocardial Infarction
Onset Study (Onset Study) with hourly measurements of fine
particles in Boston. We used a case-crossover design®?! to
specifically assess the risk of exposure to high levels of PM;;
and the timing of the impact of this exposure on the onset of M1,

Received July 12, 2000; revision received March 19, 2001; accepted March 28, 2001,
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Methods

Study Design

The design of the Onset Study has been described in detail else-
where.20-23 In brief, we used a case-crossover study design to assess
the change in risk of acute MI during a brief “hazard period” after
exposure to potential triggers of MI onset. An important feature of
the case-crossover design is that control information for each patient
is based on his or her own past exposure experience. Self-matching
results in freedom from confounding by risk factors that are stable
over fime within an individual but often differ between study
subjects.

Patient Population

The Onset Study is a multicenter case-crossover study conducted
between 1989 and 1996 in 64 centers throughout the United States. >
Participants were interviewed a median of 4 days after their MI. We
analyzed data from 772 Onset Study participants living in the greater
Boston area collected between January 20, 1995, and May 25, 1936,
Data were collected in 6 centers with =50 cases (455 cases), 6
centers with 25 to 49 cases (209 cases), and 4 centers with <25
cases (108 cases).

Interviewers identified eligible cases by reviewing coronary care
unit admission logs and patients’ charts. For inclusion in the study,
patients were required to meet all of the following criteria: symptom
onset while in the greater Boston area, =1 creatine kinase level
above the upper limit of normal for the clinical laboratory perform-
ing the test, positive MB isoenzymes, an identifiable onset of pain or
other symptoms typical of infarction, and the ability to complete a
structured interview. The protocol was approved by the Institutional
Review Board at each participating center, and informed consent was
obtained from each patient.

Detailed chart reviews and patient interviews were conducted by
trained research personnel, 223 Data were collected on standard
demographic variables as well as risk factors for coronary artery
disease. The interview identified the time, place, and characteristics
of MI pain and other symptoms,

Air Pollution Measurements

Daily air pollution measurements were collected at a Harvard School
of Public Health—operated monitoring site in South Boston starting
January 15, 199598 PM,, and PM,, concentrations were measured
continuously with a Tapered Element Oscillating Microbalance
{Rupprecht and Patashnick model 1400A TEOM). Elemental carbon
concentration was determined continuously with an Aethalometer
(Magee Scientific Inc), a light-absorption method to measure “black
carbon.” Ozone concentration was measured with a UV photometer
analyzer (TECO mode! 49, Thermal Environmental). CO concentra-
tion was measured with a continuous nondispersive infrared analyzer
(Bendix model 8501-5CA). Relative humidity and temperature were
measured continuously (Vaisala model MP113Y), The Massachu-
setts Department of Environmental Protection measured concentra-
tions of sulfur dioxide and nitrogen dioxide hourly in Chelsea, which
is ~7.5 km north of the South Boston site. We calculated 24-hour
mean values when =16 valid hourly measurements were available.

Statistical Analyses

The analysis of case-crossover data is an application of standard
methods for stratified data analysis.?®?' The stratifying variable is
the individual patient, as in a ¢crossover experiment. For each subject,
i case period was matched to 3 contro] periods exactly 24 hours
apart. Thus, by matching time of day for case and control periods,
potential confounding by the circadian pattern of Ml onset or diurnal
patterns in the air pollution were controlled.

Conditional logistic regression analyses were used to analyze the
data. Exposure to particles and gases were entered into the model as
continuous variables. Odds ratios are expressed for a change in air
pollution concentrations from the 5th to the 95th percentile for all
measurements available. Separate models were constructed to eval-

Myocardial Infarction and Air Pollution 2811

TABLE 1. Characteristics of the Study Population (n=772}

Age, ¥
Mean+SD 61.6x13.4
<50 164 (21)
50-69 365 (47)
70+ 243 (32)
Sex
Male 4895 (63)
Femals 283(37)
Medical history
Prior myocardial infarction 237431)
Prier angina 174 (23)
Any coronary arlery disease 302 (39)
Hypartenslon 319 (1)
Diabetes mallitus 143 (19)
Obase 261 (34)
Ever smoker 558 (72)
Current smoker 246 (32)

Values are n (%).

uate the impact of hourly and 24-hour average air pollution concen-
trations on the onset of MI.

We also evalvated the effect of hourly (2-hour average) and daily
(24-hour average) exposures jointly in 1 model. Control periods were
selected as multiples of 24 hours starting 3 days before the date and
time of the onset of the symptoms. In addition, multivariate analyses
adjusting for season, day of the week, and metcorological parameters
on the same time scales were estimated. The final model included
sine and cosine functions with periods of | year plus '4, 14, Y, \4,
and s of a year. it also included quadratic terms for minimum
temperature and relative humidity during the 2-hour and 24-hour
perod of exposure and an indicator for the day of weck. Results are
presented as odds ratios (OR) and 95% ClI,

The unidirectional case-crossover analyses might be sensitive to
trends in the outcome and the exposure.?*2% Thercfore, control
periods close to the event were chosen to minimize the impact of a
potential trend. Particulate air pollution concentrations increased
over time (0.4 ug/m® per 100 days, P=0.0002). Although there was
weak evidence of a linear downward trend in the number of cases
(—0.05 cases per 100 days, P=0.23), ihe sampling fraction of cases
decreased substantially during 1996. Consequently, a downward bias
of the estimates would have been expected. This could be demon-
strated by choosing control periods >3 days before the event. The
bidirectional design has been shown to give unbiased estimates when
full case ascertainment was present.2¢ Analyses of the present data,
however, indicated a bias with the bidirectional design due to
incomplete case ascertainment during 1996,

Results

The baseline characteristics of the study population are
shown in Table 1. The distribution of 24-hour average and
1-hour average concentrations of the particulate and gaseous
air pollutants is presented in Table 2. PM,, and PM,; were
highly correlated, whereas the coarse fraction of PM,,, ie,
difference of PM), and PM,;, and the gaseous pollutants were
only moderately correlated with PM,;.

Figures | and 2 show results from the conditional logistic
regression models, in which PM;, was entered as a lincar
continuous variable. Odds ratios are expressed for an hourly
change of 25 pg/m’ in PM,, (Figure 1) ot a daily change of
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Flgure 1. Univariate analyses for association betwean onset of
MI and hourly concentrations of PMzs. Odds ratios and 95%
Cls for an increase of 25 ug/m® PM, ;.

20 pg/m' PM,; (Figute 2) comesponding the 5th to 95th
percentile intervals (Table 2).

A positive association between the onset of MI and the
concentrations of PM, ; was observed within the first 3 hours
(Figure 1) that was statistically significant for the PM;,
concentrations 1 hour and 2 hours before the onset of

.
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days belora ongat

Figurs 2. Univariate analyses for assoclation betwsen onset of
Mi and 24-hour average concentrations of PM,.. Odds ratios
and 95% Cls for an increase of 20 pug/m® PM, .

symptoms of an MI. Exposures before this time period
seemed to have little impact on the risk of acute ML In
addition, a more delayed response to air pollution was
observed when 24-hour averages of the particles were con-
sidered (Figure 2). A positive association was observed with

TABLE 2. Distribution of the Alr Pollutants for the Time Perlod January 15,
1995, to May 25, 1946, In Boston, Mass

Corralation With

PM?.!
n Mean 8D 5% 50% 95% 1-Hour 24-Hour
Particles

PMy5, pi/m?

1-hour 11 457 1241 8.9 2.6 9.7 296 1.00

24-hour 490 121 6.8 46 104 243 1.00
MY, po/m?

1-hour 11698 194 128 45 167 437 0.87

24-hour 487 194 94 78 178 370 0.90
Coarse mass, ug/m®

1-four 11357 73 66 -07 6.2 194 0.33

24-hour 480 7.4 44 1.6 68 152 0.38
Black carbon, pg/m®

1-hour 11466 134 121 027 097 37 0.68

24-hour 488 135 072 043 118 283 0.74

Gases

Qzone, ppb

1-hour 10834 198 148 1 18 46 003

24-hour 460 19.9 10.0 6 18 36 010
Carbon menoxide, ppm

1-hour 11843 109 058 030 100 210 0.54

24-hour 497 109 040 048 107 178 .57
Nitrogen dioxids, ppm

+-hour 167 0023 0013 0007 0.021 0047 051

24-hour 494 0,024 0008 0011 0022 0.039 (.60
Sutfur dioxide, ppm

1-haur 11786 0.007 0010 O 0005 0023 038

24-hour 497 0007 0007 0001 0006 0020 043
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TABLE 3. (0dds Ratlos for 2-Hour (1 Hour Before Onset) and 24-Hour Average {on the Previous Day)

Concentrations of PM,, Considered Jolntly

Quintile
Trend
] il n Y v Test P
2-hour average PM,;
Range, porm* 0-5.2 5.3-7.9 78-115 11.6-17.0 17.1-74.8
Odds ratios (Cl) 1.00 1.15(0.90,1.48)  1.09(0.84,1.41)  1.27(0.99,1.64) 1.44(1.12,187  0.025
24-hour average PM,
Range, wg/m® 1.6-6.4 6.5-8.6 B.7-11.5 11.6-16.2 16.3-52.2
Odds ratlos {CY) 1.00 112(087,1.45)  1.15(0.89,1.48)  1.31(1.01,1.68)  1.32(1.01,1.72)  0.008

elevated concentrations between 24 and 48 hours before the
onset of the symptoms.

A combined analysis considered 2-hour averages (between
60 and 180 minutes before the onset of symptoms) and
24-hour averages (between 24 and 48 hours before the onset
of the symptoms) jointly, with pollution levels divided into
quintiles (Table 3). When concentrations of PM,; were
elevated immediately before the onset of symptoms as well as

1 day before the onset of symptoms, the risk of an MI was
increased.

Table 4 summarizes the association between ambient air
pollution as a continuous measure and the risk of onset of ML
The estimates of the combined analyses of 2-hour averages
and 24-hour averages were larger than the analyses consid-
ering the time periods individually. Statistically significantly
elevated risks of MI were observed for PM,,. The coarse

TABLE 4. Odds Ratlos for 2-Hour and 24-Hour Average Concentrations of Single

Pollutants Estimated Jolntly.

Unadjusted Adjusted*
Incraase (5th to 95th OR (95% Cl) OR (95% C)
Percentlle) (n=772) (n=764)
Particles

PMys, ug/m?

2-hour 25 143113, 1.81)  1.48(1.09, 2.02)

24-hour 20 14401.11,1.88)  1.62(1.13,2.34)
PMso P'-qlm’

2-hour 40 1.45(1.11,1.88) 1.51 (1.06, 2.15)

24-hour 30 .31 (0,99, 1.73) 1.66 (1.11, 2.49)
Coarse mass, ug/m’

2-hour 15 1.13 (0.92, 1.40) 1.16 {0.89, 1.51)

24-hour 15 1.18(0.85,1.64)  1.39{0.89,2.15)
Black carbon, pg/m?

2-hour 3 1.32 {1.06, 1.65) 1.27(0.97,1.68)

24-hour 2 1.08 (0.84, 1.39) 1.21(0.67,1.70)

Gases

Ozona, ppb

2-hour 45 1.05(0.76, 1.46) 1,31 (0.85, 2.03)

24-hour . 30 1.21 {0.88, 1.67) 0.94 (0.60, 1.49)
Carbon monoxide, ppm

2-hour 1.0 1.27(0.98,1.63)  1.22(0.89,1.67)

24-hour 06 099{0.77,1.27)  0.98(0.70, 1.36}
Nitrogen dioxide, ppm

2-hour 0.040 1.20 (0.91, 1.59) 1.08 (0.76, 1.53)

24-hour 0.030 1.03(0.77,1.39) 1.19(0.81,1.77)
Suffur diaxfds, ppm

2-hour 0.020 1.00 (0.7, 1.14) 0.96 (0.83,1.12)

24-hour 0.020 0.92{0.71,1.20 0.91 {0.67,1.23)

Estimates are calculated for a change from 5th to 95th percantlls of the pollutants.
*Adjusted for season, metaorologlcal parameters, and day of the week.
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fraction of PM,,, black carbon, and the gasecus air poliutants
including carbon monoxide, NO,, SO,, and ozone showed
positive associations, but none were statistically significant,

A strong seasonal pattem was cbserved, with increased
risks of MI between May and December. Temperature and
humidity immediately before the onset of symptoms were not
associated with the onset of symptoms, but the 24-hour
averages of higher temperatures and lower humidity 1 day
before the onset of symptoms showed an increased risk. After
adjustment for seasonal and metecrological conditions, the
association of PM;; with the onset of MI was sustained
(Table 4).

Discussion

Elevated concentrations of fine particles (PM,,) were asso-
ciated with a transient risk of acute MI onset. High 24-hour
average concentrations of fine particles were also associated
with an elevated risk of MI with a 24-hour delay. The
elevated risks during 2 separate time periods appear to be
independent of each other. In addition, even changes from
low to moderate ambient concentrations were associated with
an increased risk of M1, although PM,; concentrations were
below the new standards.?3 Particles >2.5 pm, which consist
primarily of resuspended crustal material, showed a substan-
tially smaller association than particles <2.5 um. Other
pollutants, such as black carbon, carbon monoxide, nitrogen
dioxide, and sulfur dioxide, showed positive associations, but
none of them achieved statistical significance in the single-
pollutant multivariate analyses.

These results are consistent with time-series analyses on
hospital admissions for cardiac diseases.5-* Hospital admis-
sion data collected for administrative purposes were posi-
tively associated with 24-hour average particle mass concen-
trations collected for regulatory compliance monitoring. The
effect of ambient particles on hospital admissions was re-
ported to vary between an immediate response on the same
day3-7# and a 1-day lagged response.®

There are several biological effects of ambient particles
that may lead to cardiac events. First, particles deposited in
the alveoli lead to activation of cytokine production by
alveolar macrophages?” and epithelial cells?® and to recruit-
ment of inflammatory cells,?® Second, increases in plasma
viscosity!! and C-reactive protein'? have been observed in
randomly selected healthy adults in association with episodes
of high particulate air pollution. Third, acceleration of heart
rates and diminished heart rate variability in association with
air pollution have been documented in elderly personsi®15-47
and in a random population sample.'* One study reported that
heart rate variability started to decrease within hours of
exposure.'” Controlled-exposure experiments in dogs ex-
posed to concentrated ambient particles indicated changes in
the ECG within an hour of the onset of exposure.? Fourth,
ambient concentrations of PM,, have been associated with
ventricular fibrillation and an increased number of therapeu-
tic interventions in patients with implanted
cardioverter-defibrillators.'®

A ‘proposed mechanism for triggering of MI is that onset
occurs when a vulnerable but not necessarily stenotic atheroscle-
rotic plaque disrupts in response to hemodynamic stress; there-

after, hemostatic and vasoconstrictive forces determine whether
the resultant thrombus becomes occlusive.’! As reviewed above,
particulate air pollution is associated with hemodynamic and
hemostatic alterations, which may contribute to MI onset.

Previous studies have shown that physical?32 and psycho-
logical®® stress as well as substances such as cocaine? can
trigger the onset of ML In this report, we demonstrate that
transient exposures to an environmental factor, ie, ambient air
pollution, appear to increase the risk of an acute MI.

The available evidence suggests that the mechanisms
responsible for the tmpact of ambient particles on MI may be
similar to the mechanisms responsible for triggering by other
stressors. If these findings are substantiated, susceptible
subgroups could be identified and possible pharmacological
interventions could be developed to protect the public from
transient exposures to ambient particles, such as that experi-
enced during rush-hour traffic.

Limitations

The case-crossover design controls for chronic risk factors for
MI such as sex, age, and hypertension. Confounding may
occur because of time-varying risk factors,2$ such as time of
day, season, or weather. These potential confounders, how-
ever, were considered in the multivariate analyses.

Another potential limitation of the study is that only 1 air
pollution monitoring site was available. Air pollution mea-
surements throughout the east coast indicate that the elevated
concentrations of particulate matter during the summer
months are due to regional transport3? For 11 months,
starting in October 1995, concurrent PM,, measurements
were collected every other day in South Boston and 3 other
sites in eastern Massachusetts. There was high concordance
between these 24-hour samples, with Pearson correlation
between South Boston and downtown Boston {Beacon Hill, 3
km northwest) of 0.86, Lynn (16 km north} of 0.86, and
Brockton (27 km south) of 0.81. On a larger scale, a high
correlation (0.76) was found between daily concentrations of
fine particles measured at sites 200 km apart in Washington
and Philadelphia.?* Data on the correlation between hourly
concentrations of fine particles at different locations within a
metropolitan area are not available.

Conclusions

Knowledge of the induction time between the exposure to
particulate air pollution and adverse health effects is crucial
to understanding the biological mechanisms responsible for
these associations and to setting of standards that reduce the
risk for the population. The present study suggests that
elevated concentrations of fine particles may transiently
increase the risk of MI for several hours as well as for several
days after exposure. As a consequence, 24-hour averages
might underestimate the association between air pollution and
acute cardiovascular events.
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