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The reason for the variation between the three fractions 'can
be explained mainly by the gffec?s of gravity. The larger 'particles
are affected by gravity mofé than they are by the wind and would.
seftle out in a short period of time. Particles greater than 19 um'
consist of dust, grit, fly ash and visible smoke (Oke, 1978) whoée
sources can be within an urban area. Particles of this size tend to
settle out in a short>tiQ%vafter releage and the particles greater
than 20 um are unlikel&‘to travel mare than 30 km (Tsoar and Pye,
1987). These are considered to be a short-range transport‘ of
dustfall. Particles lesg than 10 um can remain in suspension fony gnr'
unlimited period of time: These are long-range transport pagticied
and may travel worldwide‘in‘suspension (Tsoar and Pye.k 1987). It is
suggested that particles 1less than 1 um will not céntributé
significantly to the overall dustfall rate (Chamberlain, 1975). ‘The'
turbulent motion of the wind Qould have a greater effect since the

‘effect of gravity decreases sharply (Junge, 1963) for particles of
this size. ’ |
The nature of an urban environment ean have a significanf_'
effect on the particle size disEribution. The presence of irregular
objects (i.e. buildings) and co%étant disturbance of the surface (i.e.
traffic) can effe&t,the depoeitiﬁn of dust particles. The buildings
\ ,

cause large differences in wind speed and direction and the turbulent

motion of the wind. Thé,buiidiﬁgs can shield areas from high winds

.

»

that ‘wquld normally flush an area of the fine dust particles. _ For i

this reason much of the fine.particles (> 1 um) may not decend into’
. .

the wurban 1layer and deposit within the city. Another cause for

variation due to the urban environment is the constant distrubance of
i
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the surface . The traffic can cause the resuspension of dust from the
roadways. Figure 5 (Vermette et al., 1987) illustrates the effect of
a car passing by an area. The force exérted by the car on the dust
resuspends the finer particlgs of silt and clay (5 um and .45 um
filters). The Up/us ratio (Equation (1)/(2)) is low enough (<9.1) fo
resuspend the particles. This could lead to an artificially enhﬁnged
deposit of silt énd clay on the nearby areas. This may be a problem
for the CH and PC sites. Thé CH site 18 in the city core where thefe
is a great deal of traffic and the PC site is near a busy roadway used
by cars and large trucks. Therefore this may result in an increase 'in’
the 8ilt or clay fractions contributing to the overall dustfall rate;
The particleﬁ emitted from the city can disperse upwards
through the turbulent motion caused by the city, over the city of over'
the lake depending on‘the wind direction. The city has a tendency for
atmospheiic inversions. The inversions would prevenf the upward
dispersal of the pollutants emitﬁed from within the city. Therefore

much of the particulate matter frdm within the city will be dispérqed
/
either over the city or over the lake.

The fine particles on the .45 um filter did not vary much froml
site to site. Dust of this size has an influence on a number 'of
factors. The particles between 5 um and .45 um are fine enough to-
flow through the urban runoff sewgr system without settling out. This
has a influence on thg storm water runoff quality since the polluténps'
associated with this fraction will affect the water quality. Larger

' :
particles greater than 5 um will settle out in the urban environment

b

or storm sewver netwo{k and willlnot make 1t to the outflow. Therefore
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it is the fine particles that éfe important and the depositional rates
’for these do not vary much over the city. Therefore the industrial
atmospheric output does not seem to have an enhancing effect on the'
stormwater quality with respect to fine particulate matter.

The fine particles are also important in +terms of - the
inhalation of dust. Particles less than 3 um (Pengelly, 1986) are not
trapped 1in the nose by filters, but rather can flow through the nose
and into the lungs. This can have an effect on the efficiency of the.
lungs and may be a contributing factor to the occurrence of lung -
disease. As noted, the fine paricles do not vary over +the city.
However, this is the deposition of the fine particles which may not be
representative of the concentration of fines in the air. For this
factor, an air sampler could have been used to determine -thé
concentration of dust in the air. The presence of fine particles may
increase towards the industrial .area in relation to the deposition of

o

dustfall, but not enough information is known to make an accurate

deduction.

f
i

3.2 Trace Metals

The filters and dustfall were analyzed for trace metals in the
nuclear reactor at McMaster University. The process used was INAA'ts
find the concentrations for twelve trace elements (Al, Ba, Br, Ca, CIl,
Co, Cu, I, Mn,‘ Na, Ti and V). The metal concentrations weig
determined for all thé‘ é;ents‘ for each site, including ‘ the
fractionated saﬁples. Th; concentrations were mgit}$11e4 by' the
loading for each sample to detg;ﬁine the mass loading ;f each metal.

Tables B1.1 - 32.4, in Appendif:B show the concentrations and loadings

for all the samples for JHE, Cﬁ; PC, and SC respectively.
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3.2.1 Concentrations

The concentrations were plotted on line graphs to help Ito
identify trends. For +the graphs the metals were divided into two
groups. The metals were divided into a large and small scale group
according to concentrations. The large scale metals are Al, Ca, Cl;‘
Mn, Na and Ti and the small scale metals are Ba, Br, Co, Cu, I, and V.

The series of graphs illustrating the trends in both the large and

small scale metals are in appendix C1.1.
The 1large scale metals for JHE were plotted for each of the

six samples from the first event, and for the three filters (62, 5 and

six gauges are similar with a few major peaks. The main peaks are Al
(45000 - 70000 ppm), Ca (43000 - 96000 ppm) and a secondary high for
Mn (11000 - 26000 ppm) and a low concentration for Cl (<5000 ppm)
except for #1 (36000 ppm). The other four events show some similarity
to this pattern, with some variation. The general trend shows hiéh
concentrations for Al, Ca and Mn while Cl is low. The 5 um and .45 um
filters show low values for Al, also the .45 um does not register ;s
high for Mn. The pattern for the three sizes show that generally the
concentrations are highest for the 62 um and lowest for the .45 um
filters. The exception to this pattern involves the 5 um filter. The:
5 um is lowest for both Cl and Ti while highest for Mn.

The samples from CH for the first event (CH-3) show 1little
variation from gauge to gduge. The main features are high
concentrations for Ca (1;;000'— 144000 ppm) and Mn (71000 - 78000 ppmi
and also a high level for Al(égm - 35000 ppm). The main low ' value

is for Cl1. The rema;ning events were fractionated and the trends are
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a high concentration for Ca and also high levels for Mn 'and TIw‘
However +the high for Ca generaliy only occursjin the 5 um filter and'
in the 62 and 5 uﬁ filters for Ti. The 5 um and 62 um filters had the
highest levels while the .45 um was the lowest. However for this site
the levels determined seem to be quite variable.

The first event for the PC site show a large variation in the
metal concentrations. The large concentration for one gauge is only
Ca (67000 ppm) but for the other géuge Al (26000 ppm), Ca (180000 ﬁﬁmj
and Mn (30000 ppm) dieplayeéplarge values. For the remaining four
events, the actual concentrations vary but the pattern remains
consistent. The 5 um is usually the highest for Ca, Mn and Ti and fhp
62 um is usually the lowest. The main abnormality is the .45 um for
PC-4. All‘ the values are lower then expected from the other three
events, and the concentration for Ca was below detection. This is not

consistent with the other three events and because of the large

difference it may have been céusedfby human error somewhere along' the

process of the analysis. ' :

t

The SC site was very eimilﬁr for the two gauges from the first
event. The high levels were recorded for Al(62000 - 65000 ppm) #nd Ca
(96000 ppm) while the low was for Cl (<1000 ppm). Thg same general.
pattern remains for the fractionated samplés. The 5 um filter |ie
highest in Al and Ca while the 6% um filter is lower but follow; ‘the
same pattern. The .45 um !iltgr ia quite variable for Al and Ca. Allv
three filters are quite similar and consistent for Cl, Mn, Na and Ti.

The small scale metal concentrations were also graphed to

identify trends. The concentrations for JHE only display three metals

I
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(Br, I and V) above detection. For the?:irst event, the six gauges
only show one variation. The metal I 18 above detection for four of
the six gauges (6€0 - 1200 ppm). The other two metals are Br (240 -
490 ppm) and V (100 - 160 ppm). The pattern continued for the
remaining four events with the concentrations higher for the .45"uh
filter except for V. The 5 um filter generally has the lowest
concentration except for V.

The concentrations for CH are very similar for the first eVeqt
with the same three metals as JHE, plus a large concentration for Cu.
The same pattern 1is consistent for the remaining events with ve}y

.

little variation.

The concentrations for the PC gite was variable for - the two
gauges that collecfed the firs; event. One of the gauges .only
detected Cu and V while the other detected Br, Cu, I and V. The Cu
peak was by raf the largest for both gauges (250 - 980 pbm). The
remaining events displayed variation in the concentratioﬁs between the
metals and between the filte; sizéF. The larger values were recdrded
for Ba, Br and Cu. The V concgﬂtration remained constant‘(<12¢ ppm)
over time and between the filters. B

The SC site Qas consistent for the fi;st event with the larger.
metal concentration (210 - >62 ppm) for Ba. This remained the largest
throughout the 1last four events. There were also low or nil
concentrations for I, and Cu was below detection at all times.

3.2.2 Loadings ,
The concentration of.eééh metal was multiplied by the dust

deposited to determine the trade metal loadings. The loadings were

combined for the 62 um and 5 um filters and will be considered the

A

‘A
A
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bulk pollution loading. The .45 um filter will represent the fipe
particle pollution which 1is important in terms of human lungs and
stormwater management.

The metals for each sgite are in Appendix B2.1 - B2.4 for JHE,
CH, PC and SC. The loading for the first event for each site wefe nof
fractionated so that only a total loading was determined for the large
and small scale metals. The large scale metal loadings show little
variation for CH and SC. The larée values for CH were Ca (3.43 mg);
Mn (1.85 mg) and 'also Al (.74 - .84 mg). The large values for Sclwere
Ca (.87 - .96 mg) and Al (.59 - .63 mg) and C1 (.01 mg) waé the. low
value. The JHE values were variable but follow some trends. The
metals Al and Ca were the largest values and Cl was thevlowest excéﬁt
for one of the gauges. The PC‘}ite had large values for Al, Ca, ﬁn
and Ti for one gauge. The values were variable with one gauge low for

Mn and low for Ti compared to the:other gauge. The remaining events

follow some general patterns. Fbr the large scale metals of the bulk

i \

i
P
i

pollution partidles (62 um and 6 um filters) the patterﬁs can be
summarized 1in a few generalizations. The remaining events for eaéh
site showed similar patterns for metal loadings. The PC site shows a
higher 1loading of the large scale trace metals than any other site
except for Ti in CH-4 and CH-5. In all other c;aes the loading' is
highest in the industrial area dug to the output from industries. The
CH and JHE sites were ver} éimilar in fhevamount'of loading ‘of Iﬁhe
metals. The loading for ;he‘SC.site is also similar for the large
scale metals. Therefore the industrial area seems to effect the ‘PC!

site more than the other three sites: The other three sites are
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either not effected by the industries in terms of +trace metals .orﬁ‘
effects the other sites all equally.

The pattern for the fine particles can be generalized in much
the same manner. JHE and CH Show the same pattern throughogt ﬁthe
- remaining four events. The ‘SC gite also shows the same genqrél
pattern exdept for the value of Ca for S8C-7 and SC-8. The PC site
shows more variaﬁility thoughout the events especially PC-5b whichvhaé
higher loadings for Ca, Cl and Mn. Except for that,event, PC usually
has values-Juef higher than the other sites for Al , Ca and Mn'while
the other metals (Cl, Na, and Ti) are similar for all four sites.

For the small scale metals all.the sites except for PC, there
does not seem to be much variation between the gauges. The values.for
JHE-1 are similar except for gauge 2 where Br is only h#lf the iogding
compared to the other fivevgauges. On;y three of the six small scal;_
metals (Br, I, and V) show leQelt above detection. The SC-5a event
have levels for all metals excep‘é Cu, and the highest ioad;ng is for
Ba. The other ﬁetéls especially}Co, I and Vv are just above detection
do not contribute much to the tgtal loading. The site at CH sﬂow
levels for Br, Cu. I and V and are consistent between gauges. In fhil
cagse Cu 1s the largest loading while it is not even detect?d at JHE
and §SC. Cu 1is also detected at PC where again it is the. largest
loading. The two gauges at this site are variable bdbut both 111ua§gate
the large level of‘Cu; Due to the levels of Cu at PC and also at CH ’
the nearest two sites to the industrial zone, the contamination of Cu
must be due to the influencé,of éhe industries.

The loadings for JHE for the remaining four events show much

the same pattern as the first event. There are only three metals
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above detection (Br, I and V). The loadings are largest for Br, I
then V. The loading for CH show the same pattern as JHE except Cu is
also included. The PC site is, more variable for the loading with Br
and Cu the predominant metals. The pattern for SC displays large

values for Ba and Br. The remalning metal loadings are very low and

would not contribute much to the total loadings.
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CHAPTER FOUR

4.1 Conclusions

The purpose of this study was to examine the process of dry
deposition. The results showed that the amount of dustfall decreased
rapidly as the distance from the industrial =zone increased. The

LI : :

industrial emissions contain particulate matter, most of which fall

within a short time after release. The larger particles (> 5 um) were

af

not affected much by wind and q;é-deposited within a short distance

surrounding the industrial area?;ﬂ

The metal analysis of ;ge dustfall displayed enrich&d values
of Al, Ca and Mn near the indﬁgtrial area. The presence of Cu was
another indicator of the indu;trial effects. The metal was first
detected at CH bdut was foﬁﬂd to be larger at the PC site. By
comparing the SC values to those from the other three sites, there
wvere enriched values of moaf metals due;to the urban environment.

Therefore the industrial emissions of particulate matter was found to

have a pronounced effect on the cijy of Hamilton.

i

i
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Statisical Analysis
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A1.1 : Linear Regression for JHE.

Hy, : The slope of the line is not significantly different from.'
zero. '
Hy There is a significant diflerence.

'l
,ﬂ

Significance level = 0.05 * '

(LS 4

= 45 L0
ST

ANALYSIE OF VAaRIANCE

DUE TO DF 55 ME =5/ DF
REGRESE 1 54, 450) 54 450
R & bd 519 B.315
' = 120 .969

t* = -2.56 .

terit = tg9, ,p25 = -2.262

t* < torgt

Therefore we reject Hop,
significantly with time.

Regression line:

and conclude that the dustfall rates chapge '

Rate = 41.1 - 1.65 Time (mg m-2 day-!)
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A1.2 : Linear Regression for CH.

Hy "The slope of the line is not éignificantly different

from
ZEero.

H; : There is a significant difference.

Significance level = 0.05

THE RE GRESSION EQUATTON IS.
0Ob 80.3  0.90 010

FOTOUAED = 14,9 PERCENT
D T

\M\;LjfnrJ;[J G LOOPERCENT, ADRJUSTED FOR DWF.

AMAL YT LS OF VAR TAaNCE

{e

{HF R MR

) 10,80 1

iy L1 .66 T8 .4l
£ T b

t* = -0.84
terit = t4, .p25 = -2.776

tY t terit

Therefore we do not reject Hy, and conclude that the dustfall rates do
not significantly change with time.

Regression line: Rate = 80.3 - 0.9¢ Time (mg m-2 day-')

[
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A1.3 : Linear Regression for PC.

He The slope of the line is not significantly different from
zZero. '

Hy : There is a significant difference.

Significance level = 8.05

O L OMN EQUATION L&

I Y-S O

ST. DEV. T-RATIO =
O LN COEFELCLENT OF COEF. COEF /5.0,
w54 100 =L FO : QQ.Q@

GG oy ki (. 8843 iy 27
3 L)

R-GQuUereDh = B87.4 PERCENT
R-SQUARED = 84,3 PERCENT, ADJUSTED FOR D.F.

ANALYHEIE OF VARIANCE

[ 58 ME& =85/ DE

4 RGBS BEG LB '
A 41 .7 R

TOTAL K FE1.5S

t* = -5.27
terit = Y4, .p25 = -2.776

*
Tt < terit

Therefore we reject Hy, and conclude that the dustfall rates change
significantly with time. '

Regression line: Rate = 254 - 4.66 Time (mg m-2 day;1)
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Al1.4 : Linear Regression for SC.

H, : The slope of the line is not signifioantly different from:
ZEero. :

Hy : There is a significant difference.

Significance level = 0.05

PLOM EQUAT IOM 1&g

VI W AW

ST, DEY. T=RATIO =

COLLIMN COEFFICIENT OF COEF. COEF /8.0,

. 29 HE0 1. 6H&E 17.65
Ll O 47130 (3. 544 ) .86
Hom L, 988

Ew&QumRHU = 5.7 PERCENT

R-SQUARE L = D FERCENT , ADJUSTED FOR L, F.

ANALYSE LS OF VARIANCE

DLE TO O
REGQRESS LON 1
RES DAL, 4
TOVAL i)

t* = 0.86
terit = t4, .e25 = -2.776

tY 1 torig

Therefore we do not reject H,, and conclude that the dustfall rates do
not significantly change with time. '

Regression line: Rate = 29.3 + 0.47 Time (mg m~2 day-')
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A2.1 : Analysis of Variance between JHE, CH, PC and SC.

Hy : The slope of the line is not significantly different from .
zZero.

Hy : There is a significant difference.

Significance level = 0.05

-0 I .

a0 = g [ . F
s 4 35 ieTlel.:z Ge=al 8 2755,53
g=273 L D43, 22.7
M Ta iy 1m7828 .8
INDIVIDUAL 95 °CT CI°8 FQR “EAMN
EASED ON .v*JOL..u. STDEV
aREl N AP STIEY —eem—- o ———— + e ————————— o e e
N 13 .U .= *)
- & 77.z8 EPEE! -
- = etz S.1. %)
: % 0.8+ LoTe ()
et s s s e o o 28 o o < s e e o & A g e = .
RS- 1L I ) £ LI L83 aC

F* = 2755.6
Ferit = F3,24,0.05 = 3.01

F* > Forit

Therefore we reject Hy, and conclude that the dustfall rates are'
is a significantly differnce between the sites.
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A2.2 : Analysis of Variance between JHE, CH, and SC.

Ho : The slope of the line is not significantly different from
zero.

Ha : There is a significant difference.

Significance level = 8.05

ANALYE1S OF VARIALIE .
€JURCE rs §3 NS F
FACTOR z Ei7a4.k 4087 .1  366.Ca
ERROR 1¢ 112.2 11.2 »
TOTAL z: $3Ss. . _
INDIVIDUAL 95 PCT CI°S FOR MIAN
ELZED ON FOOLED STDEV
LEVEL x MEAN STLIV ~cegmmmm—mm=- #ommeememcsemmm———— P
JHE 2z IT.Te 3.7 Lew)
CH e ~7.85 331 (-
&C : iT.Eg P '
- —d . ————-—— S R .-
EOOLED ITIEY = 34 iz 48 &= ec
A
:
F* = 366.0 ,
Ferit = F2,19,0.05 = 3.52
' *
* s 1
F* > Ferit -

Therefore we reject Hy, and conclude that the dustfall rates are
is a significantly difference between the sites.
= ’
%

r
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A2.3 : Analysis of Variance between JHE and SC.

Ho : The slope of the line is not significantly different from

zero.

Ha : There is a significant difference.

Significance level = 0.05

ANALYS1S CF VAKIANCE

SOURCE oF ss
FACTOR : 194.76
ERRCR 14 139.70
TCTAL i< 32440
LEVEL : MEAN
JKE : 37.7%
€z : :35.58

FOOLED STDEV = 3.1s8

F* = 19.52

¥z ‘F
194 .76 19 .52
9.
INdIVIDUAL 9% PCT CI 5 FOR MEAKR
BASED ON POCLED ETIEV
STILEV -4-ccmcvcn= bemmmmm e PR *mm—en
3.¢e7 | menrdemm
1.%4 pm——— o —————
zE.0C z2.C I2.C «+0.C

Ferit = F1,14,0.05 = 4.60

F* > Forit

Therefore we reject H,, and conclude that the dustfall rates are
is a significantly difference between the sites.
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APPENDIX B

Trace Metal Tables
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JHE-I

.m‘ ‘

pe AI g 48000_+—1‘1600' 4#900 +- 58800
- Ba - < 2200 e < <
oo Br ‘ 560 += 70 - 240 +=
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APPENDIX C

Trace Metal Graphs
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