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Abstract
Preliminary Investigations

into Lead and Cadmium Polluticrn in tHe City of Edmonton

Preliminary investigations were made concerning
the extent of automobile derived leéd ana_cadmium pol-
lution within the city of Edmonton.

The lead content of forty-four soil samples
was found to vary from 25-720 mg/Kg of soil and the
cadmium content of thirty-three samples varied from
0.5 - 1.2 mé/Kg of soil.

For forty-four water samples (drinking water
and raw w-ter) collected during the summers of 1973 and
1974 the lead values ranged from <0.001 - 0.014 mg/1 and
the cadmium values ranged from <0.001 - 0.005 mg/1l.

' Mean monthly atmospheric lead concentrations
for air samples taken during January-December, 1973 and
January-Juﬁe, 1974 gave concentrations ranging from a
low of 0.06 ug/m for a residential area to a high of-

0.7 ug/m for a downtown locatlon.

iv \",'
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CHAPTER 1

INTRODUCTION

»

In recent years concern has been ekpressed
regarding the)production and distribution of lead and
other metal aerosals. Numerous studies have shown that
some of these are almost entirely derived from inter-
nal combustion gngined vehicles. Lead aerosals have
been shown to bé mainly due to the combustion of gas-
olines containing lead alkyls, chiefly tetraethyl 1lead.
The automobile has also been indicated as a source of
cadmium compounds, specifically from the tires..

An examination of the number of automobiles |
in the city of Edmonton indicated that contamination
by these two metals was likely. It was subsequently
decided to do a preliminary investigation of lead and
cadmium distributions and concentrations in aif, water,
plants and soils within the city of Edmonton.

Chapter II deals with thé effects of lead and
cadmium on the human organism; Chapter III with the
distribution; Chapter IV with a description of the study
area; Chapter V with the experimental methodology;
Chapter VI with results and discussion and Chapter VII
with summary and recommendations.

It is hoped that this work will serve as a
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useful br iis for further.studies of this fvpé vithin the

Edmonton area.



CHAPTER II

Lead, Cadmium and the Human Organism

)
/

:
/
7

Effects of Lead o /

For over rwo thousand years it has been known
that lead is toxic 3. 1t has been proposed that the
Roman civilization deteriorated largely as a result of
lead poisoning 5;ong the ruling class, causéd by exten-
sive use of lead in cooking utensils, plumbing and in
wine sweetening. High bone-lead concentrations in skel-
etal remains tend to support the theory 8.

The blood lead concentration of the average
American exceeds one-fourth of that considered diagnos-
tic for classical lead poisoning 3’7’22. Numerous studies
:have shown that persons living in urban areas have higher
body burdens of _aua ‘han those living in rural areas 16
In Los Angeles t e 5iovd lead levels of persons liviné
near freeways wer< 1i-ner than levels in persons living
one mile away or in nearbylcoastal areas 5122. In
Philadelphia the blood lead levels of persons who lived
and worked within a twenty-five block radius of city hall
were significantly higher than for persons who normally -
spent their entire time in the suburbs. The mean lead

level of commuters was approximately midway between the

two groups 23. A study. of Philadelphia males by Ludwig,

//



et al., (1965) showed that over 63% of downtown in-
habitants had a blood lead concentration greater than
0.20 mg/1, while the 0.20 mg/l level was exceeded in only
apPut 43% of the suburban males (Figure 1). Hernberg,
etBal., (1970) and Miller, et al., (1970) state that
metabolic disturbance occurs above 0.20 mg/1l.

Lead accumulates in many parts of the body,
viz: bone, liver, kidneys, spleen, pancreas, lungs and

blood 5'7. The skeleton contains about 91% of the total

body lead . Most of the blood lead (ca. 95%) is found

in the red blood cells 9.

Schroeder, et al., (1968) found that a balance
between absorption and excretion seems to hold for some
foreign subjects but not for Americans. Hardy (1969)
states that the body lead'c§nt¢nt in old age is double
what it is in adolescence éhd Goldsmith (1969j found in-
creasing concentrations of lead with agé‘in;;hejliver,
spleen, kidneys, pancreas and lungs of Americané with no
such increases being found in the organs of foreign sub-
jects from fairly primitive environments. Schroeder and
Tipton (1968) found highwlead concehtratibns in persons
living in Hong Kong and other large fa(\fastern cities.

Goldw%gsf'and Hoover (1967) stated that they
found no variation in "normal” levels of lead in the

blood and urine of subjects from various countries,
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however, Goyer, et al., (1970) have shown that over a

wide range of lead intake, the urinary lead concentration
cretled is constant although reoal lead concentration
increases. In addition, about 95% of the blood lead is
associated with the red blood cells and very little is
found in the blood serum.

Acute lead poisoning causes extensive damage
to the body damage to the ce;tral gervous system,
destructlon of various brain tissues, degeneration of
capillaries and blood vessels, blindness, paralysis,
mental retardation, liver and kidney damage, reproduction
failure and death 4’5'7'10'16'22. Acute poisoning has
easily recognized symptoms and usually if treatment is
administered soon enough permanent damage is avoided.
Chronic poisoning resq};%ggjgromxthe slow buildup of
lead concentrations is, however, mofe of .a problem.
Because eariy symptoms a;e vague and sometimes absent,
diagnosis often ocours only after damage‘has been done.

Low-level exposure éo lead (which is generally -
the case in most environmental situations) ;esuits in
numerous biochemical changes, particularly in the hemo-
globin synthesizing enzymes, resulting in ihhibitioﬂ of
red blood cell productlon and subsequent development 2' .

In addition, blood cell mobility, general enzyme activity,

blood‘coagulatlon, resistance to disease and the lipid



metabolism are éll affected detrimentally at blood lead
_levels of about 0.20 mg/l 2,4,5,11,15

The major source of lead for most humans is
the diet. Estiméted-oral ingestion of lead as the metal
(from food and water) ranges from 300-400 micrograms per

5’17'18. Schroeder (1970) gives an absorption of about

day
‘10% for orally ingested lead which wouldﬁresult in a
daily accretion of about thirﬁy—five micfograms of the
metal. - Tﬁe.lungs retain ébout 30% of the lead inhaled
from the atmosphere 13'14, and in regions of high atmos-
pheric lead concentrations the inhaled lead.can-éqﬁal or
exceed the oral contribution. Urban atmospheric lead
concentrations have been found to range from 1 - 10 ug/m3
(as the metal) and to exceed 40 ug/m3 in‘traffic 3. Thé'

\
average American adult inspires about 20 m3 of air per

day 17 which gives a conservative estimate of the daily

contribution from the respiratory tract in tﬁ; range of
7 - 70 ug of lead metal.

Ani?als exposed to hiéh concentrations of atmos-
pheric lead héve'been observed to exhibit symptoms of
acﬁte lead poiépning. Bozell (1971) reports that a
large proportion of animals at the Staten Island and

Bronx Zoos in New York City suffer from lead poisoning,

apparently due to atmospheric sources.



Effects of Cadmium |

While it is known that cadmium is several times
more toxi& than léad, comparativély‘little is known about
the effects of cadmium on the human organism, particularly
about the biologiégljéffects of small doses.

Cadmium 4s found mainly in the kidney, liver
and pancreas where concentrations tend to increase withv
age 18, 19, 20, wg}ig other body tissues may or may not
contain measurable qShntities of the metal.

Cédmium induced changes in both énimal and
human physiology have been observed. Weber and Reid
(1969) observed increased mortality among mice whose diets
included cadmium and Morgan (1972) states that accelerated
arteriosclerosis, hypertension and kidney diéease have
been induced in experimental animals by dietary cadmium.
In humans, cadmium has been correlated with emphysema,
bronchitis, hypertension and cardiovascular disease 12’16'18'19.
Available data indicate that in small doses cadmium in-
hibits organ functions and enzyme activitf 20.

While the main source of cadmium fbr human
beings is the diet, the fact that inhaled cadmium is

almost entirely absorbed by the body indicates that air-

borne cadmium is a health hazard 18.
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CHAPTER I1I1I

Lead and Cadmium in the Environment

Sources of Lead

Available data indicate that the combustion of

gasolines containing antiknock lead compounds is the major
source of the present world wide lead pollution >,8,9,11

(Figure 2). Since the introduction of lead alkyls in 1923

14 12

more than 5.5 x 10 gm (1.2 x 10 lb)réf lead metal have

been consumed for this purpose in the United States alone 9

At present the lead in lead alkyls accounts for some 20%

of the lead consumed annually in the United States 27. In

Los Angeles over 1.36 x 107 gm (3.0 x 104 1b) of lead metal

is exhausted into the atmosphere every twenty-four hours 19

U.S. Gasoline hag been reported to contain from

2.5 - 5 gm/Imp.gal. of lead alkyls 18. In October, 1973

gasoline produced in Canada by Gulf contained 1.5 gm/Imp.
gal. of lead metal in regular gasoline and 2.0 gm/Imp. gal.

in premium 40.

fin low speed driving situations some £3>- 40%
of the avéilableile " is exhausted into the atmosphere
The rema%nder, whicu is retained by the engine and exhaust
system, is exhausted at higher freeway spgeds along with
almost all éaso}ine lead 1'11. Particulate matter emitted

by ca: exhausts is largely composed of lead compounds
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(30 - 608 by weight as the metal)_a.

| The results of the combustion of leaded gaso-
lines is that the highest lead lévels are found in and
around automobiles in high-speed, high-density freeway

traffic 1’12’27.

v

Lead Distribution

Over 90% of lead in automobile exhausts is in-
organic 27’30, much of it lead halides 27’28. Particle
sizes range from about 0.0l u to larger than 1.0 p. About
:75% have a mean diameter less than 1.0 p and about 25%
have a mean diameter larger than 1.0 u. Results from Lee,
et al., (1968) showed a distribution as follows: about
65% < 1.0 p mean diameter and about 73% < 2.0 p mean
diameter for Fairfax, a Cincinnati suburb, and for downtown
Cincinnati about 75% < 1.0 p and about 83% < 2.0 w. Junge
(1963) showed that particles < 1.0 py mean diameter compose
about 35% of the total particle mass and particles of mean
diameter < 2.0 yu compose about 50% of the total mass.

Gillette (1972) and Gi.lette and Winchester
(1972) give evidence that particle size distribution of
lead aerosols do not vary greatly from one source are:
to another; furthermore, the size distribution does not

 respond noticiably to change of weather within the source

area for twenty-four hour sampling periods. Small particles

.;
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tended to coaqulate and add to the 0.05u ¢ r < 0.5p range.
Removal from this range by coagulation was very slow.
Gravimetric sedimentation was an‘important removal
mechanism only for large particles (r > 1lu) and inertial
impact was the prime removal mechanism for smaller par-
ticles (r < 1lu). They estimate that about 17-50% of the
total mass of exhausted lead is deposited on soils,
roadways and waters near the emission site. The rest
(50~-83%) remains in the air for varying lengths of time,
depending upon turbulence, impact site availability and

LY

pkecipitation.

Atmospheric Lead Concentrations

No part of the world is free from atmospheric
lead. Patterson (1965) gives a mean concentration of
lead in soils and rocks of about 15 mc w:. On this basis,
Chow et al., (1969) estimate that the - tural lead concen-
tration in north and central Pacific marine air shoula be

3
3 ug/m

1 - 30 x 107° ug/mB; They found a mean of 1 x 10~
indicating airborne pollution. Chow and Earl (1970) have
shown conclusively via isotope ratio measurements, that

gasoline combustion is the main source of atmospheric lead
pollution, and an essentially linear correlation has been

shown to exist between lead concentrations in air and

traffic density 6. \
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Levels of ie@d in urban air range frqm about

1 - 10 ug/m3 (Table I){but near heavy traffic they often
3 13,14,30,33

#

exceed 40 ug/m , and a level of 71.3 ug/m3 has

been recorded 13, A peak concentration of 107_g/m3 has

been recorded at the driver's seat of a stationary auto-
/

mobile °. These figures contrast with’the 1.5 ug/m>
limit adopted by the California Air Resources Board and the

legal limit of 0.7 ug/m3 set by the Soviet Union 13.

Lead in Soils

The mean background soil lead concentration is
33

--ually accepted as about 15 mg/Kg . In dusts from
city s£reets concentrations of lead metal up to 1% (10,0Q0
mg/Kq) Eave been reported 13. Acid extractions of soil
samples taken adjacent to highly travelled roadways
typically give values of several hundred milligrams of
lead metal per kilogram of dry soil (Table 2).

It has been shown that for a given distance
from the source, soil lead increases with increasing traffic

density 31. The lead localizes in the top few centimeters

17,21,31

of soil . The lead concentration decreases rapidly

with increasing distance from the source 31.
Colucci et al., (1969) found that for all cities
studied the lowest soil lead concentrations were in sdburban

residential sites.



17.

.

(penutjuoco a1qeyr)

b1 (uesw) oTFjex3z Kaeay
9°T ueau oe (596T) etydreperTyd
o 4 (ueau) oF¥3Ieay Aaeay
2 \ uesw oc (T96T) soT8buy s0T
69°0 uesu gz (5961) mﬂamﬁmvwdﬂzm
8L°C uesu gz (996T) TIeuuToUT)
LT uot3erndod 0T X T>
0°2 uot3erndod g0T X T>
G2 uot3erndod ooa x.Nv 61 §ST3ITUNUWOD IBYIQ
0°s ueau 61 (2L6T) sarabuy son
T0°0 ueaw mﬂﬁmomﬁv ucmﬁcmwuw ‘aTnyg
peL 0T33Fex3 Aaeay urt EﬂEﬁme, ‘
8°¢ oﬂwwmuu Aaeay ut uesu pp (TL6T) uTTISg
8¢ coﬂmum>zﬂ muﬂumum&&mv vﬁaﬁnmﬂv..umo .wuswxcmn&
Ame\mnv ‘
SUOTITPUOD £31D

UOT3IRIJUIOUD)

— |
8971310 ubraxog 103 SUOT3eIJUSOUOD PedT ITV °T 919el



18.

61°0 A310 epis3no

0°9 : I33uad. A3710 6c (L96T) ®eyselvw ~mx:mnuﬂMh
0°8 (0L6T) uesw ATy99M umwixew ‘ .

8°1 (996T) ueau ATyoom unuTXRW

10T " (LS6T) ueau AT399M umuTxew €1 obstqg cmm
VT ueau o¢ (S96T) Tieuutout)
AmE\m:v

UOT3IRIJUDIOUO) SUOT3TPUO) K310

panuTt3uod T arqer
|
. ~



19.

(penut3uOcD B1qey)

008s
0098

008T

009

00T2 -

009
00€T
00€T
00T
00ST

uasxos

usaaos

ua29J08

usasxos

usexdos

pazTI9ATINg

PozZIIoaATnNg

pazTIaaAIng
pazTasaIng

pazTasalng

yssw Qy uo
yssuw Oy ybnoayg
ysaw Qp ybnoayg
yssw 0y uQ

yssw oy ubnoayg

{b)/bu) pesT

(At

qano je 399139 -
o 11eMopTSs
pue qano ussmisq eaxe Assean
cum>wﬁsom 0014
(@318 butTdwes xTe uo 3jo0u)
qans 3® °35 Y30y pue °3aAy :uma
YTeMapTs pue qand cmwzwmm

307 buriaeg

dIed sNOITD puerd

peox Jo I8pTnoys

peox JO I9pPINOYS

abueyoxojzuT IE3U 3IVIIIS

abueyoxsjur Aemesai prog-obpoT

B3Iy DTITO8dS pur 33TS

S

v

saTsbuy sog

YIOX M8N

3T03133Q
i3T5

S®T3TD UBTSI0J WOX3 3IITQ 90BIING U Ped] 7 S1qed



20,

09€-9T
0092
0092

006¢

oovs
00T

00T
0089

000¢€

(panut3juoo arqeq)

pozZTIaAIng
vaﬂww>H9m

pPezZTIsAIng

pazTasAaIng

pozZTI8ATNg

pazTIaaIng

p®zZTIaAINg

(b)/bu) peaT

(saTdwes x1s) T1T1O0s dog

3ITD 398138
ATemopTs

Pue qIno ussmileq pPaq ISMOTJ
qand 3e 399138
eTAOIUOK
qano 3e 399139
| ATemapTs
pue qand usamjaq eaxe Assean
POTUOW ®3URg
@bueyozsjur z9pun eaze ©m>mmmﬁ
9bueyoxsjuT x9pun eaze @m>mm
@bueyoxequtr ae9U qIno e umwuuw

‘3UI °9914 EOTUOW PIURS~IOQIRH

e8Iy OTJITO9dS pue 331§

TaeuuTouUT)

AT0X MoN

X310

psnur3juod z arqel

b



21,

9-9°Q §edIe TRTIISNPUT-UOU ‘Teanx ut 3sng o.o..nxwz
8T-0 (setdwes () of3yyex3 I030W OU Y3t s3@aa3s pueTIaZ] TMS

00Z€-00T . (se1dwes T.T) ©9T3zex3 zojoum nuﬂs s399138 ‘yotang
(bx/bu) peo | ®81Y 073100d5 PUE 5375 | X310

_panutjuos z a1qey



22,

Lead in Water

Although water is recognized as a source of
dietary lead and standards have Been established for lead
in drinking waters there is little information regarding
natural and contaminated lead levels. Lazarus, et al.,
(19¥0) have shown there are significant amounts of lead

9,33,34 have

in precipitation, énd other researchers
found automobile derived leaa in snow-and glacial ice.
Pitt and Field (1974) give data to show that
urban storm wéter is a lérge source'of lead contamination
for r%geiviné bodies of water and Oliver (1973) showed
thét‘r'ver sediments where snbw_dumps have existed . have
high concentrations of lead compared to backgroundfkedi—

ments.

Sources and Distribution of Cadmium

Comparatively few studies have'been performed on ~
the sources and disﬁribution of cadmium in the environment.
Cadmium is found as a trace contaminant associated with
zinc in galvanized coatings, oils, tires, superphosphate

22,23,35,36

fertilizers, fungicides and tobaccos The

main source of the metal in urban. areas seems to be tires
and oils 22. Grains and grain products contain appreciable
amounts of cadmium due to the use of phosphate fer-

tilizers. -
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There is little data available on background
cadmium'concentrations, but Klein (1972) gives mean values
of 0.41 mg/Kg for residential aréas,.0.57 mg/Kg for
agricultural areas, 0.66 mg/Kg for industrial areas and

“0.77 mg/Kg for an aiJ.;port. John (1972, 1973) found that
the amount of nitric acid soluble cadmium present in some
agriaultural soils ranged from undetectable to 4.67 mg/Kg.

Lagerwerff and Specht (1970) found that cadmium
concentrations varied with traffic density, distance from
roadway and sdil depth. Their analysis of lubricating
oils and automobile tires gave 0:20 - 0.26 mg/Kg and
20 - 90 mg/Kg cadmium respectively. No cadmium was detect-
ablé in gasolines analyzed.

d

Lead and Cadmium in Plants and Animals

Evidence cénclusively shows that plants growing
along roadways take up lead and cadmium and have it de-
posited on their surfaces. Vegetab;es grown within
twenéy-fiﬁe feet of 'a street averaged 80 - 115 mg/Kg of lead
woodybplants in an urban area were shown to have high lead
concentrations 37,-and various food crops hve been shown
to take up cadmium 23. . ‘

Animals living near roadways—and/or eating

vegetation from this area displayed high lead concentrations.

" Invertebrates and small mammals found near a heavily.
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travelled roadway had high lead concentrations with animals
found closest to the road having the highest concent-

rations 20. Bovay et al. (1970)‘and Blanc et al. (1971)
'have shown that cows fed on grass har\;é/}’1

sted along a busy
highway accumulated lead, notably in stomach, intestiﬂés,
blood and milk. Goodman and’ Roberts (1972) observe that
a horse fed on contaminated grass died from acute lead

poisoning.
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CHAPTER IV

Description of Study Area

Soil Sampling Locations

In Edmonton, a city cf about 500,000 population,
there were about 170,000 passenger automobiles 'in 1973.

At present, there is extensive commuting and high t:affic
densities existing. (Table 3, Figures 3,4)

The city is divided roughly in half by éhe North
Saskatchewan‘River and a large percentage of the total
traffic flow utilizes the various bridges spanning the
river. As-a result of this hich density traffic it can
be exﬁgcteq;gggp/axgas close to the bfidges would be among
those ABEEJheayily contaminated with automobile derived
pollutants; sgecifically lead and cadmium. On- this basis,
areas immediately adjacent to the exits and enfrances of
four bridges were.chosen as sampling points for a deter-
mination of leadllevels: Low Level Bridge,.High Level
Bridge, 105th Street Bridge and James MacDonald Bridge.
Subsequent experimental results showed that c;dmium levels
were low and conseqyently only the latter two bridgeé'were
used for cadmium.determinations. The first of ﬁhese is a
new bridge with about three years use and it was éxpected
that it would be the least contaminated. The‘éiherAthree

bridges have seen extensive use for ten or more years

S~

(Figure 6).
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N | |

s : SOURCE; CITY OF EOMONTON, 1974

FIGURE 3 - Averace AnnuaL Weekoay Trarric - 1973 -
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FIGURE 4 - Averace Annuar Weekpay Trarric Fok Tre Viciniry

Or Tue 98 Avenue 85 Streer Trarric CircLe — 1973

7
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LE SHOWING TRANSECTS

FIGURE 5 ~ ScHuemaTic OF 98 Avenve 85 STrReeT TRAF.F'IC Circ
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* 105 ST. .

" TRAFFIC
CIRCLE

TC=100
® .

-

FIGURE 6 - REPRESENT,;TWE ScHemaTic For Brioces Svowing SameLe

Sites - 105 StreeT Brioce
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One of Edmonton's traffic circles was chosen
for an evaluation of the lateral distribution of . lead
and cadmium. The traffic circle chosen is located at
98 Avenue and 85 S;reet, and until the construction of

the James MacDonald Bridge in 1972 experienced com-

paratively low traffic flows (Figure 5).

Water Sampling Locations

The North Saskatchewan River performs a number
of functions for the City of Edmonton. It is utilized
for recreation, a source of municipal and industrial
process water, the municipal drinking water source and as
a recepter for various wastes. With two exceptiéns{ all
wastes enter the river downstream from the Edmenton Water
Treatment Plant raw water intake (locateq on the north
side of the river just below the 105 Street Bridge) aﬁd
therefore have no effect upon Clty of Edmonton drlnklng
water quallty.1 The two exceptlons are a number of storm
sewer outfalls and some snow dumps (Table 4, Figure 7).

Snow dumps are created durlng the ‘winter when
snow from street cleanlng operations is plled on the river
ice and adjacent shore. When the ice breaks up in spring,
with about 3 - 4 days the snow in the river is washed
down. At approximately thls same tlme (depending upon
weather condit;ons), melting snow also flushes the streets,

the effluent passing through the storm sewer‘system into
v . A . ‘
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CITY OF EDMONTON

- o (COMBINED SEWER OUTFALL
SOURCE: CITY OF EDMONTON, 1974 '

FIGURE 7 - STORM Sewer OutraLL Locations - 1973
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Table 4. Storm Sewer Outfalls into the North Saskatchewan
River Above the Municipal Drinking Water Intake

1973.

Source - City of Edmonton, 1974

Number/
Diameter Location
1. ’243 Approximately 105 Street - north side of
{ river - south of traffgg\;I;;f:.
2. : 2x€% IAlong River Road - north side of river -

/ZﬁlO" between High Level Bridge and 105 Street

Circle.

f3. 8" Below High Level Bridge - north side of river.
4. 27" Beiow Royal Glenora Clgb/— north side of river.
5. 7x(10" On River Road Between Ra;al Glenora Club and
or 12") Groat Bridge.
6. 48" ﬁast of Groat Bffage - south side of river -
Emily Murphy Park.
7. 15" ‘Below Groat Bridge - south side of river.
8. 66" Ravine below Riverside Drive - north of

Valle§yiew Drive < north si¥e of river.
9. 24" Below Mayfair Park - south side of rivef.

10. ‘Several 24" and 27" Mayfair Park Rdé

11. 60" Approximately 89A Avenue - n¢rth side of fiver.

12. 54" On Buena Vista Rbad -~ nort ide of river -~

east of 200 ’
‘ (Table continued)
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Table 4 continued

13.
"
15.
16.
17.
18.
19.
20.

21.

15"

30"

15"

15"

60"

96"

72"

36"

30"

Below Sask. Drive -.on south side of river -
north of University Avenue.

Below Sask. Drive - on south side of\Kiver -
south of University Avenue.

Below Sask. Drive - on south side of river -
north of 78 Avenue.

Below Sask. Drive - on south side of river-F
on 74 Avenue. \

N; of Whiteﬁud Road - on south side of

’

river - W. of Sask. Drive. g
Below Quesnell Bridge on north side of
river.

Below Quesnell Bridge on south side of

river.

Rio Terrace Road - north side of River wést

of 149 Street.

' Approximately 56 Avenue, south side of river -

west of Riverbend. In add.:ion there are 7
outfalls into Whitemud Creek, between 30th
Avenue and the river, of sizes (from‘south to
north) : 72", 36", 72", 48", 42", 48" and
24", and 120" storm'sewer draining into

Kennedale Ravine. 2y



[Nl

40.

the river. As there is approximately a six month accumu-
lation of automobile emissions in and on the snow it can
be expected that significant amoﬁnts of lead and cadmium
would be carried imto the river, primarily from storm
sewer runoff and, to a leséer extent, from.the snowdumps. ///

During rainfall in the summer and fall, street
contaminants are also washed into the sewer. The accumu-
lation period here is much shorter,vand the net lead and
cadmium concentration should be significantly lower. .

Rather than sample the numerous storm sewers,
it was decided to determine the lead and cadmium concen-
trations in raw water entering and treated water leaving
the Edmonton Water Treatment Plant. Fr&m this it was

expected that an estimate of the contribution of lead and

cadmium by drinking water could be made. Since there are

M.only»two snowdumps located upstream (Groat Road, Whitemud

' Creek) it was decided to sample both of these to determine

their effect upon the river quality.

Air Sampling Locations

A portable highﬁvolume air sampler was not :
available and consequently it was arran;;d to use data
compiled from the three fixed samplérs utilized by the A
Provincial Department of the Environment. The Department ?

air samples three representative areas of the city:
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downtown at 102 Avenue and 100 Street, a residential site

at 92 Avenue and 146 Street and an industrial site at 17

Street and 100 Avenye.

Vegetation Sampling Locations

Numerous investigators have shown that plants
growing in soils containing lead and cadmium can contain
increased concentrations‘of metals. Leaf samples from
about the four foot jevel were taken for lead and cadmium

analysis from trees growing near the soil sample sites.
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CHAPTER V

4 Experimental Procedures

Lead and Cadmium Standard Curves

“Separate stock 1000 mg/l1 lead and cadmium
solutions were prepared by dissolving appropriate amounts
of lead nitrate (J.T. Baker Co.) and cadmium oxide (J.T.
Baker Co.) in a minimum volume of concentrated nitric acid
(C.I.L.) ana diluting to volume with standard one molar
nitric acid. Working soluéions were prepared daily be
successive dilutions of the stock solutions.

Samplés containing 0, 5, 10, 25, 40, 50 mg/l of
lead were prepared for the stanc -d curve (Figure 9).

The calibration curve for cadmium was obtained from samples
containing 0, 0.1, 0.25, 0.5 and 1.0 mg/l cadmium (Figqure
8).

Analysis of samples and standards for lead was
performed on a P2rkin Elmer 290-B atomic absorption in-
strument using the 2833 i lead absorption line. A second;‘;
instrument was utilized for cadmium using the 2288 g cadmiu;
line. An air/acetylene flame was used with fuel/oxidant.

-}
ratios adjusted for maximum sensitivity. A 7 A slit width

was used for both elements.
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Soil Analysis Procedure

A method of extraction which will provide an
accurate measure of non-native lead and cadmium in soil
is neceésary. A procedure as utilized by John (1971)

-and Klein (1972) was selected for this purpose.

Small areas (about 10 cm x 10 cm) of dry soil
were Qelected at several spots alongside roadways and thr
top 1 - 2 cm of soil from this area wére obtained for
analysis as free from pebbles énd larger pieces of blant
material as possible. The soil (about 20 gm) Qas placed
into p%lyethylene bottles, taken to the laboratory and
stirrgd:wéll before being placed in;; small individual
alumiﬁum dishes. These samples were allowed to dry a
minimum of one week at 25°C and then randomly selected for
analysis. §oi1 samples from all the bridge areas contained
very fine siit, fine sand and a féw small pebbles (< 3 mm
diameter) Soil samples from the 98 Avenue, 85 Street
trafflc circle were composed of black topsoil with decayed
and partlally decayed vegetable matter.

7 Without further preparation, triplicateé‘of'about
2 gm of each sample were taken from the tops of the
samples in the aluminum dishes and éccurately weighed to
.0.1 mg into éélypropyleneAbeakers. Twenty milliliters of
one molar nitric acid were pipetted into each beaker and |
the m%gturés were stirred for 0.5 hour with teflon covered

magnetic stir bars. The samples were then filtered through
&
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“ gléss-fiber filter mats, quantitatively transferred to 50 ml
volumetric flasks and diluted to volume with one molar nitric
acid.

The samples were analyzed for lead and cadmium
by atomié absorption spectroscopy. Calibratic . cu}ves
were run on each instrument befqre each sample ‘and con-
centrations were réad off a calibration curve. ‘Stand;rd
addition te~aniques were employed to determine and eliminate

matrix effects.

Snow Dump Analysis : .

During the spring of 1973 grab samples were
taken from the two snow dumps located on the river at
Whitemud Creek and at Groat Road. The samples consisted
of’snow (about 250 ml hardrpacked) from the intefiof and
sané/snow slush (about 250 ml) from the exterior. The
samples were frocessed in the same way as the soil samples,
except that five, ten and fifteen gram samples were used
and appropriate Qoluﬁeé of conéentrated nitric acid were

- added qE;iﬁg %he extraction phase to counteract dilu-

~“Facts.

‘j_Samélc ‘ocedure

“n. -he summers of 1973 and 1974 samples of

bl

water we e t: 'roﬁ the Edmonton Water Treatment “lant



47.

to determine the amount of lead and cadmium in the raw and
finished water. Water samples were taken at the raw water
intake, the primary clarifier, the secondary clarifier

and the final water flume.

The concentrations were expected to be in the

ug/1 range which precluded the use of the 290-B spectro-
meters. Arrangements were made with the Alberta Pollution
Control Laboratory to analyze the samples using a flameless
atomic abéorption‘spectrometerwemploying a carbon rod
furnace.

Samples wéré taken in pyrex glass tubes and
delivered to the Pollution Control Laboratory. Before
analfsis each sample was blended ultrasonically to re-
diésolve any metals that may have platéd onto the sample

1
container in t..» interim period.

Air Samples

As Stated in Chapter IV the lack of avail-

ability of a portable Kigh olume air sample necessitated

using results obtained (fro

the Alberta Department of the
i e

Environment samplers.

Large known volrmes of air are passed through a
filter for twenty-four hours. The filters are collected
‘and sent tc the Pollution Control Laboratory for analysis

of lead. Samples are taken for fivé days each month.
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Vegetation Analysis Procedures

Vegetation samples were collected on the day
they were to be analyzed. Approximately two grams (wet
weight) of unwashed plant material were accuratély.weighed
and placed in 250 ml -ound-bottom flasks. To each flask
were added 10 ml conceﬁtrated HC104, 10 ml concentrated
HNO3 and 10 ml demineralized water. The flasks were.fitted
with a reflux condensef and Bethge apparatus and refluxed
at 220°C for four hours 1’2. The mixture WaS.COOled to room
temperature, transferred'to a 50 ml volumetric flask and
brought up to voiumé with one molar nitric .acid. Samples
were then analyzed for lead and cadmium by atomic absorp-
tion spectroscopy as previously described. |

Difficulties were enébuntered in dissolving the
samples. A white, crystalline precipitate formed which
was difficult to filter from the solution. Problems were;
also encountered with clogging of the aSpé}ator and
burner slot, necessitating frequent ¢leaning.

1

Equipment and Reagent Preparation

All glassware was obtained new and Lhenbaged in
a concentrated nitric acid PgEh for 48 hours. It was then
rinsed in distilled and'démiﬁerélized water. Used glass-
ware was washed in distilled watér, then concentrated pitric

acid, followed by rinses in distilled and demineralized

\

water.
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The aluminum soil sample containers were analyzed
for lead and cadmium. Samples of dishes (about 4 gm) were
weighed to 0.1 mg and dissolved in 50 mls 37% HC1l and 30 mls
deionized water in a teflon beaker. Sample volume was .
reduced to 50 mls by slow heating and the cooled solutions
were transferred to a 106 ml volumetric flask, diluted to
volume with 1 M HNGS and analyzed.

. The acid extraétaﬁle lead and cadmium in the
glass—fibef filter mats was assessed by passing fifty‘
~millilite£ aliquots of 1 M HNO3 through several of the
maﬁs and énalyzing the filtrate for lead ana cadmium.

Samples of deionized water,»HNO3 and HCl1l were
analyzed for lead and cadﬁium. One liter samples of de-
mineralized water were reduced to about 10 ﬁls by slow
heating in a Teflon beaker, diluted to 50 ml with 1 M HNO,
and analyzed;- Five-hundred milliliter samples of concen-

trated HNO, and 37% HCl were reduced to 50 ml., made up to

3

100 ml with 1 M HNO, and énaiyzed;

3
All solutions used were prepared using deminer-

alized water.

\

The accurac, of the analytical procedure used
for the determination of lead and cadmium in the air and

water samples is not known.
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The spectrometers used for the soil anélysis
were reproducable to 30.5 ppm for lead and +0.01 ppm for
cadmium. Fdr.the 50 ml solution and 2 gm of extracted
soil, these values correspond to *12 mg/Kg lead and +0.25
mg/Kg cadmium in the soil. The éxtraction procedure util-
ized has been shown to extract 99.1 +73% of the non-nat-
ural lead l. The extraction efficiency is higher for cad-
mium.due to the higher solubility of cadmium nitrate.

Thus soil data is $(12 mg/Kg + 7.3%) for lead and #0.25

mg/Kg for cadmium (see Tables 6-10).



51.

¢ | ‘ Chapter V
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Test Results and Discussion

"CHAPTER VI

Standard Addition Results

In1t1ally it was decided to ntilize standard
addltlon technlques for all samples. Subseqnent inves-
tigations showed that for all cadmium samples and for the
less concentrated lead samples the sample 51gnal and’/
large reading errors resulted. The standard addition method
was continued for the concentrated lead samples to deter-
mine whether matrix effects were present and if so, to what
extent. The results for nine samples are shown in Table 5.
The mean deviation between samples analyzed with.and wlthout
standard addition was Zze€ro, jndicating that there is probably

no matrix effect. On this basis the method of standard

addition was discontinued for the rest of the samples.

Lead and Cadmium as a Functlon of Distance

The Data in Table 6 and Flgures 10 and 11 show that
the soil concentration of _:ad and cadmium is a function of
distance from the emiééiéﬁ sit. This istin line with the
findings of Lagerwerff- and Specht (1970Y, Goodman and
Roberte (1971) and Klein (1972) . Indicatipnsvare that,

depending upon prevailing winds and screening objects, the

SOil lead and cadmium content w111 probably decrease to

~

™



Table 5 . Comparison of Sample and Standard Addition

Results for Lead.

~

Standard Addition Sample Deviation
[Pb] (mg/Kg) [(Pb] (mg/Kg) [Pb] (mg/Kg)
350 ) 350 0
190 210 +20
220 230 +10
230 - . 180 o -50
260 260 _ 0
200 210 40
150 - 130 =20
130 | 160 | +30
150 150 0

)}
o

mean deviation (d)
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\

background levels within about one hundred yards of the
emission site.

Examination of Table 1l reveals tﬁat for the tran-
sect made from the north curb of thé circle towards the -
center, the lead levels tend to be higher than for samples
taken from the transect from the south curb towards the
center. There are possibly two reasons for this, prevailing
winds or heavier traffic flow alonc one side of the circle.
From the‘traffic flow patterns given in Chapter IV, it would
seem that such a traffic distribution is unlikely. A
light wind blowing from north to soufh along 85th Avenue
would prevént.the light particles from settling on the
south end of the circle and*ﬁhe concentration in the south
transect should be approximately a cofistant amount less K,
than for the north traq&fct. Fo;é;p‘;lead distribution,

)
the mean difference is gﬁout 100 mg/Kg; howeéver, for cadmium
distribution a similar pattern is not evident..

‘Anomalies in the distribution (Figures 10,11)

are likely due to artifacts, most notably plant material, in R

£

the samples.

Lead ‘and Cadmium for the Bridge Sites

In Tables 7 - 10 the data shows that with the
exception of the James MacDonald Bridge all soil samples
displayed high concentrations of lead. The James MacDonald

‘Bridge values are much lower due to the much shorter.
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4

Table 6. Lead and Cadmium Concentration as a thction of
Distance from Emission Site - 98 Avenue 85 Street

Traffic Circle

*Distance (ft) [cd] (mg/Kg) [Pb] (mg/Kg)

from curb

350
260
| 220
220

230
210
N-50 .75 210
N-75 .76 160
N-100 .75 « 91

0
S-0 1.0 160
S-3 1.0 | - 210
S=6 .77 - 180
S-9 ~ 1.1 150
s-12 . .78 ' 89
S-15 - .81 160

S-25 ' .62 ) 130
S-50 .62 . 64
5-75 - .50 63
S-100 | .50 v 27

(Table continﬁed)
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Table 6 continued
R _
a transect was made across the traffic circle co-a..ial
with 85th Street and samples were taken from the north
“and south curbs towaras the center and numbered N-15,

S-15, respectively.
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Table 7. Lead and Cadmi%p Concentrations for the vicinity

A | of the 105th Sttreet Bridge.
. site " [cd] (mg/Kg) [Pb] (mg/Kg)

N-W o | .75 . 650

'N-E ” e ; - 580

N-C | .75 _ 620

S-E .75 380

S-w 1.0 | 490
TC-0 .75 4 570 2
©TC-100 .75 _ 3207

S-100W - .50 59

) _mean (x) = 0.85 mean-(i)yf 540

N (#1-5) (1-5)

W
v
N <

N-W - north end of;bridge, south bound lane, right curb, .

about 10 ft. from entrance.

N-E - right curb,’'north bound lane, north end of bridge

N-C ~ median, south tip, north end of bridge

S-E

lsouthvend of bridge, right side of nor;hibound'lane
, S-W"—F%6uth end of bridge, right side of séﬁgﬁzbound lane
 ',87lQbW - iOO ft. west into park, south end of bridge

{ 'T;-é ; edge of traffic circle closeg%.t;‘briige, north end

Ny

of -bridge’

Tc-100 - 100 ft. into tfaffic,circle, bo—axial with 105

Stfeet, north end of bridge



Table 8.

Site
SS
SNN

SSC

NS

NC

SS
SNN

ssc

NS

" .NC

60.

Lead and Cadmium Concentrations for the Vicinity

.- 0of the James MacDonald Bridge

south
south
south
north
north

north

[cd] (mg/Kg)
.50
. . .50

mean (x) = 0.74

side exit, right curb of south bound lane

[Pb] (mg/K97
25
84
79
87
190
37

——

mean (x) = 84

side exit, right curb of north bound lane

sid: _-/it, center of dividing median

side exit, right curb of north bbund lane

exit, right curb of south bound lane

exit, median

A



the Low Level Bridge

Table 9.
=ape 2
"N
. *
Site
NW
N\
NE
NC
SW
SE
* ‘:;{ .
NW north side

NE -

- NC

* SE

entrance

north side
median, 50
south side
séuthkside

entrance

[Pb]

(mg/Kg)

mean (X)

entrance, 1 ft from curb, 50 ft f:om

720
420
190
110
600

410

61.

Lead Concentrations for the Vicinity of

LYEE
R
.

A

4

exit, 1 ft from curb, 50 ft+ from exit

ft from entrance

exit, 6 ft from cib, 100 ft from exit

entrance, 6 ft from curb, 75 ft from

S
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Table 10. Lead Concentrations for the Vicinity of

N-EC

N-wC

the High Level Bridge

*

,Site ' | [Pb] (mg/Kg)
< S-w 530
S-E 700
N-E ) 430
N-W . 100
N~-EC - : 94 .
N-WC 36
mean (x) = 310 .

N

south eﬁi%; right side south bound lane, 6 ft
from curb,A~ 50 ft from-exit;

right side of north bound lane, 5 ft £#i curb
~ 50 ft from entrance '

north exit, exit lane, 6 ft from curb, ~ 50 ft from

>

"entrance

north entrance, entrance lane, 6 ft from curb,
~ 50 ft from exit.
median, 1 ft from cﬁib, 50 ft from exit

median, 1 ft from curb, 50 ft from entrance

<
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time it has been in service (about three years). For all
four brigdges however, concentrations are similar to thoseA
found in locations investigated by other researchers.

For three of the gridge sites, the High Level,
the Low.Level and the James MacDonald, there are anomalies
in the re 8. As soil lead concentrations are éxpected to

accumulatiqn with time, any activity which removes, covers

AL
s
up or adds to former depositions will result in concen-

trations for that area being lower or higher than for the
surrounding area;z It therefore appears necessary to take
sevefal samples at widely separa%ed points when determining
lead concentrations for that areax

At the 105th Street Bridge, in addition to the

bridge samples at the entrance and exit, two samples were

Y s

taken iﬂ the traffic circle at the north end of ;he bridge
and one sample was taken in Kinsmen Park about 100 feet'
‘weSt of ' the squth end of the bridge. The two circle sampies
display high lead levels but the park samplenhas low.
Cadmium leveLs for all locations sampled dis-
pléyed large deviations in concentration. For all cadmium
_gsamples processed (including the 98th Avenue, 85th Streéf,
Vtraﬁﬁi; circle) the mean was 0.78 mg/Kg with a range 0.50 -
1.2 mg/Kg. nTﬁisvgan be compared to the results of Klein
(1372) who' gave m@ans:of 0.41 mg/Kg and 0.57 mg/Kg for
residential and agricultu%al areas respectively and:John

(197%) who gives a méag'of 0.88 mg/Kg for agricultural

. areas.
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' As the results showed thaf_the total cadmium
concentrations were low, ahalyses for this element were
not made at the Iigh Level Bridge and Low Level Bridge

locations.

Lead and Cadmium in' Snow and Water

’

The maximum concénﬁrations of lead (0.014 mg/l)
and cadmium (0.004 mg/l) f£om the water analyses-in ﬁhe R
summers of 1973 and 1974 are much lesé than the limits of
0.05 mg/1 for lead and 0.0l mg/i for cadmium as given in
the Canadian Drinking Water Standards (1968) (Tables 11,12).
As there is little inflow of storm sewage during fall and

winter it is probable that similar conditions prevail during

these seasons.

Examination of Tables:{¥ and 12 shows that for %

. i

some occasions the final water céhtained higher concentrations
of lead and cadmi?m than the raw water. It is péssible
that this can be atﬁributed to trace: - contaminants in the
chemicals added during the water treatment processes, |
adsorption phenomena on the i;mple container walls or
insttumentatibn errors (the concentrations being'determined
are very close to iﬁstrument detection limits). |

Data are not available for the WTP for the
spring runoff'period, when it is expected that lead and'

cadmium levels will be the highest. The Pollution Control

Laboratory was reluctant to analyze the samples provided
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because of a large sample backlég at this time due to
/ Provincial Department of the Environment spring sampliﬁg
programs.

No data are available from thg_Department of
the Environment concerning iead.and cadmium. levels in the
river at this time.

//‘ Data from the 1973 snow dump samplés analyzed
| showea that anyylead present was in a conéentration below

1

TN mg/Kg.‘ No cadmium tests were performed.
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"pable 11. Lead and Cadmium in Raw and Mﬁnicipal Water gf

~ the City of Edmonton in Summer 1973;

. )

Y
Location Date
Y 4/6/73 11/6/73 18/6/73 25/6/73 9/1/73
final water Cd  .001 .001 .001 .001 .001
(mg/1) pb  .002 .001 .001 .002 .008
raw water cd <.001 <.001 <.001 <.001
(mg/1) pb  .002  .005 ©.010 .003
#1 primary cd’ .001 % .001
[
clarifier @ Pb  .002 .001
(mg/1) '
41 secondary Cd .00l .001 .001 001 .07
clarifier Pb  .002 .002 .014 ,002 .002
(mg/1) |
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Table 12. Lead and Cadmium in Raw and Muniéipal Water in

the City of Edmonton in Summer 1974.

Date Raw (mg/1) Treated (mg/1)
ca Pb cd Pb

14/5/74 <.001 . <.001 <.001 <.001
23/5/74' <.001 .005 <.001 <.001
14/6/74 <.001 <.001 <.001 <.001
24/6/74 <.001 <.001 <.001 <.001
2/7/74 <.001 <.001 <.001 <.001
5/7/74 <.001 <.001 <.001 <.007
9/7/74 <.001 <.001 <.001 <.00.
12/7/74 <.001 <.001 .002 <.001
16/7/74 | <.001 <.001 <.001 <.001
19/7/74 <.001, <.001 <.001 <.001
23/7/74 i <.001 <.001
26/7/74 | <.001 <.001 | '
30/7/74 .001 <.001 <.001 .005
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Vegetation Data

. The vegaetation samples proved difficult to
C .
\\\analyze. The digestion method used failed to completely

*ng/éissolve the plant material and the solutions tendeqfto

v

") clug the burner aspirator. Results obtained for three
;

\
)

sets of samples indicated less thah 12 mg/Kg of lead and

less than 0.25 mg/Kg of cadmium.

"Air Sample Data

Analyses for cadmium were not rerformed on air
samples by the Alberta Department of the Environment.

Tables 13 and 14 give the provincial government
déta for atmospheric lead in Edmonton for 1973 and 1974.
-Data for the residential (92 Aveﬁue, 146 Street), in-
austrial ({17 Street, 106 Avenue) and downtown (102 Avenue,
100 Street) sites can be compared to the Russian and
California stanaards of 0.01 mg/m3 aﬁd,O.Zp_mg/m3 respect-
ively. Downtown means.ﬁ@}3 ug/m3, 0;5 ug)m3) are usually
higher than residgntial or industriéi means (0.2'ug/m3,

0.3 ug/m3 and 0.1 ug/m3, : pectively).

-~

Statistical Treatment of Data

Samples for soil agd‘Water analysis were analfzed
in triplicate SO t%at a statistical analysis could be
performed on the raw data. Air pollution data was supplied

NN

’
/
14

o
5
“
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Table 13. Atmospheric Lead Concentrations in Edmonton -

1973

e

Source - Alberta Environment (1974)

Mean concent:ation (ug/m3)

Month . kesidential . Industrial Downtown
Jan 0.4 - 0.2 0.6
Feb 0.1 0.1 0.2
Mar 0.3 0.2 0.4
ApY 0.1 0.04 0.1
May ‘ 0.1 \ 0.1 . 0.1
June 0.1 0.. 0 ..
July 0.06 0.1 : - 0.2
Aug |

Sept 0.1 ' 0.1 S 0.2
oct : 0.2 : 0.1 0.4
Nov 0.3 | C T ol3 0.4
Dec 0.4 R 0.2 , 0.4
Mean and

'mean deviation 0.230.1 0.1%£0.06 : 0.3%0.2
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Table 14. Atmospheric Lead Concentrations in Edmontéon - 1974 °

Source -~ Alberta Environment (1974)

)

Mean concentration (ug/m3)

Month Residential .Industrial Dowvntown
Jan, 0.1 0.1 n.3
Feb ' 0.4 , 0.3 3
e .

Mar 0.3 . 0.2 0.4
Apr . 0.3 0.3 0.7
May 0.3 _ 0.3 0.7
June . . 0.3 ‘ 0.2 | 0.6
Mean and o

mean deviation 0.3%0.05 0.240.07 0.5%0.2

-



L]

71.

R

.by the Alberta Department of the Environment in a fini%hed
form and all samples were run singly so that no analysis

-

could be performed on raw data.

The statistical test used was the critical value

N

test for the fejectidn of extreme values 2. ™. «¢st is
based on the ratio of tﬁé difference between tr- o.ghest
and lowest values of all values (R15 and t diffgrence
between the highest and.lowest values excluding the: value
which is suspect (sz. Ié‘the ratio excggded the;pé}-
ti@ular éritical'value for that nﬁmbeg‘of samples then'the

suspected value‘was excluded. The 95% probébility level

'was used and the critical value at this level for three

samples was Rl/-R2 = 16.9

Xors
5@« .
% A ]

Analysis of Reagents

Y

It was necessary to know if significant amounts
of lead or cadmium werevpresgnt in the chemicals used in
the analyses. The analysis of the aluminum dishes, glass-.

fiber filter mat extracts, HNO,, HCl and demineralized

~ water showed the following: . ' s

. 7 _
1) <5 mg/Kg Pb and <0.1 mg7RgM&d in the aluminum dishes

'/ '2) <0.5 mg/1 Pb and <0.01 mg/l Cd in the mat extracts

3) <0.2 mg/l1l Pb and <0.001 mg/l1 Cd in the demineralized

water

At \

4) '<0.05 mg/1 Pb and <0.001 mg/1 Cd in the concentrated

HC1l and HNOé
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-
_ . It was concluded that the aforementioned were

not a likely source of lead and cadmium contamination in

the soil analyses.
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CHAPTER VII

Summary and Recommendations

L &
o

Lead angh.Cadmium in Edmonton Soils
) \ |14 :

’ inite soil lead pollution from automobile

2]

exhausts e®ists in the areas around four of Edmonton's

4
— .

brld%es, indicating that'a similar SLtuatlon is likely to

exis long all major traffnc routes. Soil lead concen-
trations appear to be a functlog@of traffic volume, the

1

time ‘an area has been subjected to?traﬁflorflow and'dlstance‘

lany
B S
4 .

from thé em1551on -zone. The amount’ 6f lead po]lutlon is
"-3
comparable w1th levels ‘found %p 51m11ar "situations by
“} I

other researchers >e74 9 . ‘”“ HT‘!m

S

e

'+ The mean level - of 5011 cadmlum (0.8 mg/Kg) was

found to be almost tw1ce the concentratlon acceoted -as the

3

has Been observed in other studles, but llttle vaflatlon
with 'traffic volume or the time the area was subjected to

cadmium pollution‘was observed The variation in cadmlum
Y
concentratlon w1th dlstance 1ndlcates thq£ automoblles

‘

are a source of the metal.

Dilute nitric ac1dlextract10n of soil samples
followed by atomic’ absorption spectroscopy was found to
-be a fairly fast, accurate method of‘lead-and cadmium -
with no matriiseffects,being observed.

~
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‘basis, assumlng no removal

75.

Lead ‘and Cadmium in.Edmonton Municipal Water

Analyses of 1973 and 1954 showed that summer
levels of the metals were minimal (Pb:~ 0.014 mg/1, Cd. -
0.004 mg/l), certainly‘well within accepted standards
(Pb - 0.05 mg/1, Cd - 0.0l mg/1). It can be estimated
that fall and winter concentrations should be of the same
order of magnitude aswthere is minimal influx of local .
runof f w?ter to the river at%thls tlme. R

3 ‘ Sprlng runoff 1%§§Se§§‘ dm&ferent situation and.
.,

no 1nterpolat10n from summer resulfs should be made. Es—
2 ‘g

: tlmates of the total urban lead and cadm;um 1oad1ngs for a

gs%g month period 1nd1cate that levels at "this tlme ‘can be

L

£
substantlal. Pltt and Fleld (1974) give an urban street ¢
Q N

4

for a city of 100 000 people, based ‘on results of au. SM‘»'
¢ %\ - " '

Environmental Protection Assoc1a§10n study. ‘bn a similar ™

thlrty—day months and
> #a

a 500 O person populatlon, %he Edmonton loading should

be 92, 700 Kg for lead and 171 Kg for cadmlum. ‘= Data from

X

:loadlng of 103 Kg/day for lead and 0. 19 Kg/day for cadmium

ey

Automobile Emission Trends in Canada 1960 - 19853(1913), -

A

the Alberta Department of nghways 2 and the Alberta Depart-

ment of the Environment 1 also allows calculation of -total
: \

‘lead loadings. For QOO,OOOYautomobiles 1.75 g/gal of lead,

8,000 miles/year (city driving) and 15 mpg average the
thirty day, six month lead loading cadn be calculated as

92,800 Kg.



The results of grab samples from two snow dumps
seem. to inc .cate that contamlnatlon from this source may
be low, + _ it should be consjday

i N A
not ha 2en representative.w[

that the samples may

R X6

Lead and Cadmium in Edmonton Air

‘ © Permissible limits for lead and its organic
' compounds in particulate form in air range from 0.7‘ug/m3

. . . 4 , :
(Russia) to 1.5 ug/m3 (Callfornla) and the 1ead con-
" tent of urban air in the U.S. has been glven as 0.05 ug/m3 10.

Edmonton ‘means vary from 0.06 - 0. 7 '/m3, indicating that

&

atmospherlc contamination” be lead aerosols ex1sts. _pp,
Mean daytlwe and mean rush hour trafflc a1r lead

'concentratlons can be expected to substantlally hlgher

than mpnthly fleans. Results from other researchers indicate,

that mean air lead concentrations inLBeaygitraffic-are

about ten times the mean daily concentrations. This would

give a value of about 3 ug/m3 of lead for Edmonton.

»

A nation—wide‘air sampling program in the United

‘Stateés 3 showed that communities with populations of less

N
a2

than 100,000 peoble'experienced ambient airlcqncentrations;
of 1.7 ug/m3. In all air pollution studies it has been

found that the lead concentrations in a‘city center are sub-

stantially higher (by a ﬁactor onE:S) 8'than in the suburbs. ﬁ;"
In view of this the data |indicating that the lead levels |

_ o . : :
- in the city center are about,0.3 ug/m3 are anomalous.
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The downtown sampler is iocated on the roof/ of the Edggpton.
Public Library and is about forty feet above the street‘
while the industrial and residential samplers are located
at ground level. The work of Kobayashi, et al., (1970)
shows 'the . the location of the sampler affects the results,
and it_is likely that the low results reflect the sampler
location. |
v%? No data is available for atmospheric\cadmium
‘\levels, but indications a}e,that they tend to be about one

perlcent of the lead levels 6.

l;rEffects of Future Gasolinqggead Requlations

The United. States Env1ronmenta1 Protectlon

- Agency has*establfghed aigghedule (Table 15)" for the- rea P

'ductlon of gasollne lead contemt Indications are thatl‘_

Environment Canada intends to follow these regulations for

Canada 13. .These regulations would'reéult in a substantial

decrease in lead contgmination of the environmént.

“

While air- and water lead levels respond immediately
. . ,

-
~

to decreased lead .levels, no.data is available on the half- .

life of lead in variou§ soils. On the basis of present

EY

data, indiCations are that soil lead would be likely to

-

remain for several years. ‘ .

A reduction of gasoline lead-would have no effect

e N

B R o S oo S e N .
updn cadmium levels, ‘and they can be expected to increase
if the metal remains as a trace contaminent in tires and

motor oils.
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AEe , .
Table 15. . Environmental Protection Association (U.S.)
Schedule for Gasoline Lead Reductions
( e
Source - ‘Environment Canada, 1974 &
g’)."‘, "
. LT - - , g{&
Date > [Pb] (gm/Imp. gal.) =
: 4wy — —
&y ¥an 1, 1974 - <0.07 (non-leaded)
o s o K 2 . .
'¢3.1 (other grades)
Jan 1, 1975 <2.1° |
- Jan LeEH976 - <1.75 . -
Jan 1,, Y977 il ¥Y, 25
R AN . .
Jan 1, 1978 - <1.0
Jan 1, 1979  <0.6
o< .
. 2
L :"
P ' ‘)
f"j,\.
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Recommendations

. It has been shown that‘ﬁdmonton suffers from
lead-pollution'and, to a much lesser degree, cadmium’
~pollutlon. Thé research served as a preliminary inves-
tigation and‘shogld4be followed Wp by additional studies.
It is recommended‘that ‘the studles .include the following:
1) A check to see whether the present a1r quallty

monltorlng glves representatlve values of actual lead

and cadmlum levels in- the atmosphere at street levels.

2) An.assessment»of drlnklng water lead and cadmlum levels §;*

durlng sprlng runaff.
‘\/

An evaluatlon of blood lead levels in the general

populace if the results of l) -and 2) 1nd1cate sub- o

r

stantlalfpollut;on. S B o - e
4) _Determinetion‘of;leadiand cadmium levels in gtass and
other crops grown in soils that are céntaminated,
_.specifically hay harvested from roed ditches and hedians.
“5) Evaluatlon of air lead and’ cadmlum levels in dwelllngs

:along major roadwa2§ spec1f1cally hi-rise apartments.
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APPENDIX
Table A - Raw Soil Data For 98 Avenue, 85 Street
i :ffic Circle
Spectrometer oo X
Sample reading Sample wt. . [ 1 mg/Kg mean
Pb cd [Pb] [Cd] Pb Cd
S-0 .13 .03 1.9889 160 .70 160 1.0
.13 .06 2.0309 160 1.5
.12 .03 1.9809 150 .90
S-3 .18 .04 2.0150 230 1.1 210 1.0
.16 .04 2.0737 220 1.1
.14 .04 1.9339 180 .90
S=-6 .18 .03 2.0280 230 .74 180 .77
.16 .03 1.9953 180 .75
.14 .03 1.9626 180 .83
S-9 .12 .04 1.9878 150 1.0 150 1.1
.11 .04 2.0239 140 1.1
.12 .14 1.9688 150 3.6
s-12 .06 .03 2.0167 68 .75 89 .74
.07 .07 1.9914 88 1.4
.09 .03 2.0696 110 .72
s-15 .14 .04 2.0020 170 .87 160 .81
.13 .02 1.9959 160 .63
.13 .04 2.0010 150 .94
§-25 / .12, .02 2.0394 150 .61 130 .62
.10 .02 1.9498. 130 .51
.08 .03 2.0116 ‘110 .75
s-50- .05 .02 1.9677 64 .64 64‘ .62
) .06 .02 2.1428 76 .58 .
.05 .02 1.9125 65 .65
s-75 .05 .02 1.9826 63 .50 63 ;50
.05 .02 - 1.9906 63 .50
.04 .02 2.0366 27 .54
s-100 .02 .02 1.9692 25 .51 27 .50
.02 .02 2.0020 28 .50
.02 .02 2.0101 27 .50
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Table A Continued
Pb cda [Pb] [cCAd] Pb Cd

N-3 .33 .06 2.2353 370 1.1 350 1.2
.24 .04 1.8750 320 1.3

N-6 .21 .03 1.9975 260 .. 260 .74
.15 .03 1.9136 200 1.4
.22 .04 2.0701% 260 .72

N-9 .18 .03 1.9975 220 .75 | 220 .83
.1° .03 2.0004 230 .78
.16 .05 2.0199 200 .97

N-12 .16 .04 1.9855 210 1.0 220 .80
.18 .03 2.0107 220 .75 ‘
.17 .02 1.9729 220 .63

N-15 .18 .12 2.1175 210 2.7 230 .76 .
.19 .03 1.9030 250 .79
.19 .03 2.0317 240 .74

N-25 .17 .04 2.0176 210 .87 210 .87
.1 .04 2.0194 220 .87
.16 .03 1,9648 200 .76

N-50 .16 .03 2.0101 200 .75 210 .75
.18 .03 2.0279 220 .80 .
.16 .03 1.9945 210 .75

N-75 .13 .03 1.9798 160 .76 160 .75
.14 .03 1.9914 180 .75 :
.12 - 2.0036 150 . -

N-100 .08 .03 1.9998 91 .75 91 .75
.08 .03 2.0002 91 .75
.08 .03 2.0190 30 .74
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-

(Pb] = . —~—

soil '~

(corrected instr. read.) x 5.0 x 50 2 1000 K -1
) 1000 #gm sample g

.
A -
corrected~in§trument reading from calibration curve

L)

50 , 1000 « -1
1000° * ¥gm sample 9

[cd] mg/Kg = | | /

: " 50 1000 . . -1
(1nstr. read.) X ml X m Kg
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Table B - Raw Data For 105 Street Bridge

/
( Spectrometer

Sample -reading Sample Wt. [ 1] mg/Kg mean
b ca 5 Ipb) [cal_  [Pb] [cd]
. T
MY (477 .03 1.9843 600 -.75. 640 .75
.53 .03 '2.0124 750 .74 ,
.45 .03 2.0120 580 .75
© NW .46 .02 1.9709 600 .51 640 .67
.45 .03 2.0174 580 .74
.52 .03 1.9934 750 .75
SE .22 .03 2.0044 270 .75 380 .75
.32 .03 .2.0026 410 .75
.35 .03 2.0150 450 .74
SE .32 .03 2.0169 410 .74 400 .66
© .30 .02 1.9871 390 .50 '
.31 .03 2.0072 400 .75
S-100W .03 .02 2.0131 37 .50 59 .50
: .05 .02 1.9980 63 .50
.06 .02 1.9861 76 .50
NC .43 .03 1.9849 560 .76 620 .75
.43 .03 1.9923 550 .75
.58 .03 2.0185 760 .74
SWo . .44 .04 1.9910 560 1.0 490 1.0
.34 .04 1.9998 440 1.0
.37 .04 2.0017 470 1.0
NE = .50 .04 2.0103 650 .99 580 .99
.42 .04 2.0113 560 .99 -
.41 .04 2.0369 520 .88
TC-0 .45 .03 1.9900 590 .75 570 .75
- .41 .03 -~ 11,9955 530 .75 S
.47 .03 ~  2.0004 600 .75
TC-100 - .25. .03 1.9823 320 .76 320 .75
- - .27 .03 2.0024 340 .75

.24 .03 " 2.0064 300 .75
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Table C - Raw Data For James MacDonald Bridge
Spectrometer .
Sample reading Sample Wt. [ 1] mg/Kg mean
Pb  cd Pb cd Pb - cd
Ss .02 .02 2.0058 25 .50 25 .50
.02 .02 2.0053 25 .50
SN .06 .62 . 2.0015 75 .50 83 .50
.07 .02 1.9726 89 .51
.07 .02 2.0147 87 .50
ssc .07 .03 1.9974 87 .75 | 79 .75
.06 .03 2.0078 75 .75
.06 .03 1.9840 76 .76
NN .07 ..03 1.9905 88 .75 87 .75
.08 .03 2.0015 100 .76
.06 .03 2.0170 74 .74
NS .15 .03 $2.0127 190 .74 190 .75
.16 .03 2.0020 200 .75
.15 .03 1.9773 190 .76
NSC .03 .05 2.0073 37 1.2 37 1.2
.04 .05 1.9775 50 1.3
.03 .05 2.0152 37 1.2
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Table D - Raw Data For High Level Bridge
Spectromefer
Sample reading Sample Wt. [Pb] mg/Kg mean [Pb]
NWC .02 2.0194 .25 36
.04 1.9800 44 L
.03 1.9854 38
SW .34 1.9828 - 440 530
.39 2.0151~ 530
.48 ‘ 1.9734 630
NEC 0.08 2.0118 93 94
0.08 1.9942 94
0.08 1.9922 94
NE .37 2.0641 . 460 430
.32 1.9562 ) 420
.30 ] 1.9428 , 400
SE .56 2.0031 720 700
.48 1.9604 640
.56 1.9794 750
.
NW .08 2.0971 95 \_100
.08 2.0971 100

.08 1.9493 100
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Table E - Raw Data For Low Level Bridge /
Spectrometer .
Sample reading Sample Wt. [Pb] mg/Kg mear: [Pb]
NW . .52 2.0403 660 720
.44 2.0150 790
SE .48 1.9230 650 600
.49 1.9507 670
.43 A 2.1356 520
NE .36 2.0639 450 420
.32 1.9951 410
.28 1.9635 390
NC .16 1.9984 190 190
.15 2.0089 190
.18 212126 200
SwW .08 1.8703 110 110
.09 2.1224 110

107 1.9948 88
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Table * -~ Raw Data For Snow Dumps
Spectrometex . . <. i
S.oaple reading Sample Wt. [Pb]'mg}KQf %?an [Pb]
P —— — e , : - N 77;\ \” .
LT o 1
Groat . e ,K\f,
sSnow- .00 5.2526 - o 0
(intorior) .00 10.1298 - - g %
.00 15.2398 - ‘0
sand/slush- .20 4.9973 . 100 100
(surface) .36 10.1156 91
.55 15.2860 100
wWhitemud
snow- 0.00 5.1632 - 0
(interior) .00 10.7043 -
.00 15.1546 -
sand/slush- .18 4.7882 94 100
(surface) .43 10.1073 110
. >1.00 15.5138 ‘
River
snow- .00 5.3423 - o’
(surface) .00 10.0245 -



