S U MMARY REWPORT

Environnement
Canada

: >nmental  Service de la
:ction protection de
e I'environnement




BVAEIﬂ '\’Ianc&lauvermIErlw” Can, Lib./Bib.

36 011 6 r

DEPARTMENT OF THE ENVIRONMENT |
ENVIRONMENTAL PROTECTION SERVICE '
PACIFIC AND YUKON REGION

CHEMICALS IN THE ENVIRONMENT
PACIFIC AND YUKON REGION

IV. LEAD

By

| C.L. Garrett

May, 1985

LIBRARY
DEPT. OF THE ENVIRONMENT
ENVIRONMENTAL PROTECTION SERVICE
‘ PACIFIC REGION |



B I N - T I S S S

w W N =

gy v O o O
. . . .

1

2
.3

4

w W W W N =
. . .
w N .

TABLE OF CONTENTS

INTRODUCTION

USES AND SOURCES OF RELEASE

ENVIRONMENTAL DYNAMICS

ENVIRONMENTAL LEVELS
~ Aquatic Systems

Water
Sediments
Aquatic Organisms

- Uptake
Levels

Toxicity ' »
Terrestrial Systems

'Atmospheré _
'Soil and Vegetation
~ Wildlife |

Toxicity '

REGULATIONS AND GUIDELINES
Water Quality

'Human‘Health_
Ocean Disposal
Industrial Effluents and Emissions

REFERENCES.

~ Page

0 N N s

11
11
12
15
16

17
17
18
18
18

20



1. INTRODUCTION

" This report is one in a series entitTed-"Chemita]s in the
Environment - Pacific and Yukon Region" prepared by the Environmental
Protection Service. The objective of these'reports is to provide the tech-
nical guidance neﬁessary for: a) the interpretation of environmental
quality data on specific chemicals, and b) the assessment of potential
impacts resulting from the release of these. chemicals into the
environment. | | | o |

‘ The series will focus on both naturd]]y‘occurrjng and man-made
compounds'whose release to the environment is of concern due to their
per51stence toxicity and/or bioaccumulative abilities.

These .reports discuss highlights of existing environmental
quélity data for B.C..and Yukon and provide information on environmental
dynamics potentia1 impacts on the enVironmeht "“and pertinent legislation
and gu1de11nes contr0111ng both releases to the receiving environment and

env1ronmenta1 quality. ’ . '
A This report is adapted from Garrett C. L et al, "Overview of
,Lead in the Pacific and Yukon Region”, Env1ronmenta1 Protection Service,
Pacific and Yukon Reg1on, in preparation. For additional information refer
to this document.



2. % USES AND SOURCES OF RELEASE

Lead.is'a heavy bluish white element whichtoc¢urs naturally in.
the earth's crust. Lead and its compounds are used in making pipes, tank
Tiners, roofing and sound attenuating materials, electric storage batter-
1es, sh1e1d1ng material for X-ray and atomic radiation, so]der ceramic .
glazes, ammunition; as an additive in gaso]1ne, rubbers, . p1ast1cs and
paints; 1n,p1at1ng_meta1 objects; and in metallurgy, to improve the
characteristics of alloys. |
' ‘ Losses to the environment may occur at mining, smelting and metal
plating operétions; during gaso]ine'andfcoa1 combustion; and from the dis-
posal of batteries, paint wastes and various consumer products. Elevated
lead concentrations have been detected in the environment as a result of
these releases. :Recent studies. indicate that lead detected in the aquatic
environment has been primarily deposited by man's activities, either
directTy or as a result of atmospheric deposition. AtmoSphéfic transport
results in the distribution of lead to areas far removed.froh'sourceélof
release.’ ' | | ‘ | | |

3. - ENVIRONMENTAL DYNAMICS

The form and concentration of lead in surface waters depends on a
number of factors such as pH, temperature, salinity, hardness, redox
conditions and the presence of soluble complexes (1, 2).

Under acidic conditions lead sulfates, chlorides and ionic forms
are prevalent, while in alkaline conditions precipitateS‘suchvas carbonates
and hydroxides are more common (3). Lead may also be bound to'solub1e.
organic materia] and suspended particulates as the pH increases. Organic
matter such as fulvic and humic acids are important in transport1ng metals
due to their mobility (1, 4).



Compounds present in the water column bind metals with varying
efficiencies (MnOz, humic ‘acid, iron oxide, clay minerals). While hydrous
ox1des of 1ron and manganese effectively bind metals in-oxidized systems,
reduc1ng cond1t1ons can result 1n their solubilization (1, 4, 5, 6).

0x1d1zed cond1t1ons and soft water systems favour the presence of
the free ion, PbZ* which is cons1dered to be the most tox1c form.

As fresh water (pH usua]]y 7.0-7:5) comes in contact with sea-
water (pH usua]]yf~»8) more lead becomes complexed with carbonate,
hydroxides and chlorides. The so]ub111ty of many of these comp]exed forms
is reduced in seawater and much of the lead carbonate will precipitate to -
the bottom sediments. Most of the lead in open seawater is in dissolved
form (1, 3, 7, 8).

Lead concentrat1ons are highest in bottom sediments with sma]]
part1c1e size and high organic carbon content. Organic matter and clay
content are important in the retention of lead in sed1ments As with other
metals, the release of lead.from sediments back to the water co]umn is
influenced by pH, ox1dat1on state organ1c matter content 1ron content
particle size and ‘sulfide levels. v _ '

- When bottom sediments become anoxic or reduced due to burial or
oxygen dep1et1on, 1nso1ub1e lead sulfide is formed and the 1ead becomes
unavailable for release to the water co]umn (5, 9, 10). However one study
of anoxic marine sed1ments has shown that metal su]f1de is not necessar11y
the dominant form of metals in anaerobic sed1ments Between 40-50% of the
1ead was associated with clay, 20-30% was associated with iron sulfide and
20% with humic acid (11). o v

Physical d1sturbance or t1da1 act1v1ty can resu]t in oxygenat1on
of sed1ments and overlying waters and remobilization of lead (12) Also,
it has been ‘shown that trivalent iron (Fe3+), sulfur bacteria and organic
compounds such as NTA can mobilize Tead from 1nso]ub1e lead su]ph1de (3).

Lead/zinc m1ne tailings discharged 1nto a fjord in Greenland
resulted in increased d1sso1ved metal levels 1nc1ud1ng lead. The increased



dissolved metals were attributed to the formation of compounds in the tail-
ings during miT1ing ahd flotation, and the partial oxidation of meta1
sulphides in high pH tailings when contact1ng somewhat 1ower pH seawater
(13). Also, the presence of Fe3+ in tailings can promote the ox1dat1on of
metal su]ph1des and the release of metals 1nc1ud1ng lead (3).

A]though the methylat1on “of lead 1n sed1ments has been demon-
strated under certain conditions, the potent1a1 impacts of methy]at1on in
the natural environment is not well understood. It has been shown that
temperature, pH and microbial aciivity'in the sediment are important fac-
tors in detérmining méthylation while the concentration of_1ead_fs less
important (14; 15). Some researchers suggest that methy1ation‘does not
significant]ybaffect lead mobilization in anoxic marine sediments, but may
bé important in intertida1.afeas which experience periodic oxidation (16).

It is unlikely that the temporary release of lead during dredging
significantly affects organisms at either the dredge site or the disposal
site. Most of the metal released rapidly binds to particulates and settles
out of solution. However, highly contaminated material shoqu not be
disposed of in estuarine or nearshore littoral env1ronments as ox1dat1on
may result in the release of lead and other metals (8, 17, 18).

4. . ENVIRONMENTAL LEVELS

4.1 Aquatic Systems

4.1.1 Water.

General '
Freshwater lead concentrations typically ranged from 0.6-120 ug/1
(average 3-5 ug/1) (19). However, in the U.S., a survey of freshwater
- systems revealed a mean concentration of 23 ug/1 dissolved 1eéd and’' a mean
of 120 ug/1 suspended lead (20). ‘



N A

‘Lead levels in the upper levels of the ocean average
0.01-0.03 ug/1, while concentrations in estuaries or coastal- areas
receiving 1ndustr1a1 wastes may exceed 0.100 ug/1 (8, 9, 21) |

' Due to d1ff1cu1t1es with analytical methods and contam1nat1on of
samp]es during collection and/or analysis, it is 11ke1y that much of ;he '
pre-1975 data overestimates the concentration of lead in water (9).

Br1t1sh Columbia
" Most of the water samples from the coastal B.C. areas samp1ed
contained mean lead levels of close to or less than 1.0 ug/1 (usually
< 1.0-3 ug/1) (22). Concentrations rarely exceeded 3 ug/1. The detection
11m1ts ranged from < 0.5-< 1.0 ug/1.
' " Mean water concentrat1ons in most freshwater systems were less

than or c1ose to 1.0 ug/1 however, concentrat1ons near several mines and
1ndustr1a1 areas were much h1gher E]evated water concentratioﬁs'were
_detected in the v1c1n1ty of severa1 mines and smelters 1nc1ud1ng
~ Northair; Dol]y Varden Scott1e Cominco sme]ter Silvana; Com1nco :

' Su111van Noranda, “and Western Mine. Average lead concentrat1ons were
elevated near mine d1scharge sites in the following water systems: Anomaly
Creek Kitsault Rivef Summit Lake, Columbia River, Trail Creek, Carpenter
Creek, St. Mary River, James Creek, Mark Creek, Bab1ne Lake, Buttle Lake
and Myra Creek.

_ E]evated lead 1eve1s have also been detected in Lynn Creek near a
1andfill and in the highly 1ndustr1a11zed Brunette River system.

4.1.2  Sediments.

: Genera1 d_ ‘
' The average 1ead concentrat1on in the cont1nenta1 crust is
approx1mate1y 12 mg/kg, while deep sea sed1ments and deep sea clays contain
an average of 45 and 80 mg/kag, respect1ve1y Sed)ments co]lected near



richly mineraltized or heavily fndustqiatizedwareas{méy'com@ain,muchyhigher
concentrations. For example, sediments from a sludge sampling area in
Great Britain contained 360 mg/kg lead, while Sediments_fromfa Smeftimg v
area ‘in Norway contained 30500 mg/kg (2%, 23, 24). | _

' It has been‘estvmated that Canad1an estuarine and coastaW
sed1ments contain an average of approx1mate1y 20: mg/kg (8).

British. Co]umb1a _ S

Background concentrations of 1ead in: most freshwater and: coastal
areas of B.C. ranged frem < 10 to < 20 mg/kg. However, concentrations:
éxCeededébackgroumdiingmanyyof the areas sampled (22).

In marine areas elevated Vead levels were detected at mining
operations in Alice Arm, the Alcan smelter at Kitimat, Vseveraﬁ pulp mills

in Victoria and Vancouver Harbours, certain ocean dump\smtes False Creek
Comox and the Esqu1ma1t Harbour Armed Forces Base.. ‘

In freshwater systems, elevated lead levels were present. in
sediments near several mines, the Columbia River near the Pb%Znismelter;
the Brunette River system; and certain areas in the Fraser River. i

The highest concentrations were detected?am-the;fomhowiﬁg
locations.

LOCATIONS: MAXTMUM CONCENTRATION
| (mg/kg)

Marine: :

Esquimalt Harbour - Armed Forces Base 7 to 5550
Victoria Inner Harbour 24 to 2000
Burrard Inlet : - , 3 to 2570
‘Coal Harbour 5 to 4440
False Creek | : | 2 to 778



: Freshwater; o

Buttle Lake & assoc1ated creeks R < B to°840
Brunette Riverbasin . | ”]‘k A 4 to 950
Homestake Creek at mouth S o . | - . 1150
Columbia River d/s sme]ter o o | 148 to 25600

Slocan Lake o o 50 to 14600

~ Mark Creek (near base meta] mine) 222 to 38900
- St. Mary's River (near base metal m1ne) A ' 70 to 3040

4.1.3 ﬁAouatfc.Oroanisms;

4.1.3.1 Uptake e ?actors affecting uptake of lead into aquatic orga-

 nisms, 1nc1ude sa11n1ty, temperature pH concentrat1on and form of the

“metal, organ1c content su]ph1de content presence of 1ron ox1des, redox

cond1t1ons, and particle size- of 'sediments. The age, s1ze, we1ght diet,

species of the organ1sm and the t1me of year are also 1mportant (1, 8, 9,

25 26, 27 28 29). ‘ ' _

Some researchers have reported that lead levels in aquat1c inver-
tebrates and f1sh do not vary with s1ze (30, 31, 32). Others report that
concentrations decrease w1th 1ncreas1ng size, poss1b1y due to.rapid growth
rate and changes in d1etary habits (33 34, 35, 36, 37).

‘ ~ Lead accumu]ates most: read11y in the g111s, d1gest1ve organs,
k1dneys, and also in the shell and exoskeleton of aquatic 1nvertebrates
(32, 34 38 39 40, 41, 42) In f1sh Tead may concentrate in the bony
parts such as the g111s, backbone and ta11 and a]so in the 11ver and

.k1dney Concentrat1ons 1n the musc]e t1ssue are usua11y Tow (28 29 33
36 43) S

- Laboratory stud1es have shown that organ1c forms of 1ead are more

read11y accumu]ated by aquatic b1ota than are inorganic forms In some.

studies tetraa]ky]]ead compounds have been detected in many,spec1es of
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aquat1c organ1sms but not in amb1ent waters or nearby sed1ments ;The'
absence of these’ compounds in the env1ronment may be exp1a1ned by their Tow
solubility and high vo]at111ty in water systems, but the poss1b111ty of in
vivo product1on has not been discounted (44, 45)

4.1. 3’2 Levels. Lead does not biomagnify in the\foOd chain and con-
3centrat1ons in organ1sms at the. Tower 1eve1s of the food chain are usua1]y
greater than 1n organ1sms at the higher 1evels. For instance, insects and
other aquat1c invertebrates typ1ca11y conta1n hlgher 1evels than do f1sh
(46 47, 48).

The h1ghest body burdens of lead are usually found in organ1sms
1iving in close assoc1at1on with bottom sediments. Benthic organ1sms and
deposit feeders such as annelids and certain’ molluscs, inc1uding gastrOpods
and pe]ecypods common]y contain high lead concentrat1ons (3,7, 8, 50)

~_ There are no clear trends for lead concentrat1ons in f1sh
species. Some researchers suggest that Tevels in grazers and detrltus
feeders are higher than in predators wh11e other researchers find no
significant d1fferences between spec1es (50 51).

Lead concentrat1ons in the edible. t1ssues of aquatic 1nverte—
~brates usually ref1ect the 1eve1s in the env1ronment while concentratlons :
in the flesh of fish are usua11y Tow regard]ess of environmental levels.
‘However, 1ead concentrat1ons may. become elevated in livers of f1sh from
contam1nated areas (33). ' v

E]evated 1ead levels are common1y detected in aquatic b1ota near
sh1pbu11d1ng and repa1r fac111t1es harbours and marinas {due to the use of
lead-based paints) (39 52); m1n1ng and sme1t1ng operations; storm, . sewers -
(47, 53, 54), and in the v1c1n1ty of roads with high veh1cu1ar traff1c f]ow
(27, 55)

British Columbia
o Aquatic 1nvertebrates from most areas of B.C. contain lead levels
comparable.with those found in other areas of the world. Typical




concentrations in var1ous species from British Columbia are 1isted below
(22). ‘

SPECIES =~ | | CONCENTRATIONS (mg/kg wet weight)
~ Mussels S ’ < 0.2
" Oysters o _ - < 0 3 (w1th few exceeding 0.5)
Scallops : ' ‘ ' © < 0.3 (at all sites)
Crabs o S <05
Shrimp and Prawns . : < 0.2

‘Snails o | . 5 < 0.3

| -Higher cdneenthationé were deteeted~in these species when
~collected near m1nes certa1n other 1ndustr1a1 fac111t1es and stormwater
d1scharges

' H1gh lead levels detected in Yo]d1a from A11ce Arm area (up to
50 mg/kg dry weight (d.w.) or approximately 9 mg/kg wet weight (w.w.)) have
beeh'attributed to téilings releases from a now closed nearby mine.

" ‘Lead concentrations in mussels from Burrard Inlet commonly
exceeded 3 mg/kg (wet weight) and levels of up to 86 mg/kg were detected.
Contam1nat1on is probab]y associated with 1oca1 industrial releases, marine
traffic and stormwater discharges (53). Elevated lead levels have also
been detected in crabs and Toredo worms collected near a shipbuilding/
repair facility in Burrard Inlet. o

~ Clams co11ected in the vicinity of a sewage treatment plant in
'the Fraser R1ver estuary conta1ned much higher lead concentrat1ons ‘
(26 mg/kg d.w. or approx1mate1y 3.25 mg/kg w.w. ) than clams from most other
~ areas (< 3. 0 mg/kg d.w. or < 0.5 mg/kg W.W.). B
It has been shown that sna1ls from var1ous parts of the world
accumu1ate part1cu1ar1y h1gh 1eve1s of lead, however concentrat1ons in
various spec1es of sna11s co11ected from the B.C. coast are 1ow
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Lead concentrations in muscle tissue of B.C. freshwatekvqnd
marine fish were usually less than 0.3 mg/kg wet weight and did not often
exceed 0.5 mg/kg. Information on lead concentrations in liver tissue is
limited but available data indicate that levels are somewhat higher than in
muscle. - -

' Muscle tissue in rainbow trout from lakes in the highly minera-.
1ized Kamloops area contained lead at levels exceeding 1.0 mg/kg Lead
concentrations in some species of fish collected downstream from a sme]ter
on the Co]umb1a River appear to be h1gher than those in the same spec1es
collected upstream. Based on 11m1ted data, muscle and liver t1§§ue con-
tained mean lead levels of < 0.2 and 0.39 mg/kg respectively, in 5ucker and
0.08 and 0.10 mg/kg in whitefish, collected upstream. Muscle and liver
tissue in theseISpecies'col]ected‘downétreamzcontained 0.78 and 2.45 mg/kg
and 0.17 and 3.22 mg/kg, respectively. B

High lead concentrat1ons were also detected in both muscle and
Tiver tissue from rainbow trout and Dolly varden in Buttle Lake in the
mid-1970's. However, over the next few years concentrations decreased to
normal levels. | L |
4.1.3.3 .- Toxicity. ., Lead is not an essential element and has no known
benefiq{a1'effect._ The toxicity of lead increases with water softness, as
the concentration of free Pb2* increases (3), but is generally somewhat
lower than the toxicity of cadmium. Organic lead compounds are usually
more toxic than inorganic forms (39). |

At high concentrations lead precipitates on fish gills causing
excessive mucous production and congestion, while lower levels inhibit
enzyme act1v1ty (56). ‘

The 96 hr LCgo for rainbow trout in soft water is 1. 17 mg/] 1ead,
while’' the MATC (maximum acceptable toxicant concentration) for rainbow
trout was 0.0072 to 0.0146 mg/1 (57). Lethal concentrations to fathead
‘minnows in soft water range from 5.6 to 7.3 mg/1, while in harg water the
LCgo is 482 mg/1 (58).
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. Two to three month exposures to 0 10 mg/1 resu]ted in detr1menta1
effects on rainbow trout (59) and chron1c exposure to 0.1 to 0.3 mg/1
causes sub]ethal effects on stickleback (60). A concentrat1on of 1.24 mg/1
s1ows growth of gupp1es (61) and 0. 07 mg/1 affects the cond1t1oned beha-
vv1our of goldfish (62) Levels of 0. 134 to 0.525 mg/1 1nterfere with |
, a1ev1n deve1opment in brook trout (63). Ra1nbow trout exposed to 0.05 mg/1
of lead as a resu]t of a mine ta111ngs dam washout developed 'spinal curva-
tures and tail b1acken1ng Chronic exposure of trout to levels as low as
'0.0076 to 0 0120 mg/] lead in laboratory exper1ments has been shown to
cause the same symptoms (56, 64 65).

‘ Certain 1nvertebrate spec1es are also very sens1t1ve to lead.

- The 28 day LC50 for Gammarus was 0.028 mg/] (66) and exposure -of Daphnia to
0. 030 mg/] lead for 3 weeks caused a 16% reproductive 1mpa1rment (67). |

- A1though ava11ab1e data is. 11m1ted acute and chron1c toxic
effects have been. 1dent1f1ed in marine spec1es at concentrat1ons as low as .
668 ug/1- and 25 ug/1 respect1ve1y (68)

4,2f’ - fTerrestrfa1,Systems o
4.2.1  Atmosphere.

General |
| Lead enters the atmosphere pr1mar11y in automob11e emissions, but
"a]so as a result of pr1mary and secondary 1ead sme1t1ng, fossil fue]
combustlon and waste incineration.

Due to the w1despread transport of atmospher1c lead it is diffi-
cult to determine natural levels of lead in air as even very remote areas
are influenced by anthropogen1c releases (3).  Levels of atmospheric lead
Vreported for remote areas include; 0.0001-0.064 ug/m3 (microgram per cubic
metre) oqver: the North At]ant1c and < 0. 00019 0.0012 ug/m3 at the South Po]e
(69, 70) _ o ' ,
‘ _ The atmosphere in urban areas norma]]y contains 1ead at levels of
' 0 3 to 2 5 ug/m3 (3) but concentrat1ons in heavy traffic in the downtown
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centres ‘and in the vicinity of point éources, such as sme]ters may be much
higher. Average. annual atmospheric 1ead levels. in Toronto, and in La
Jolla, San Diego and Los Angeles have been estimated to be 0. 97, 0. 42, 2. 1
and 3.6 ug/m3, respectively (71). A 1976 survey 1nd1cated‘that“atmospher1c
levels. in Canada ranged from ND to 5.3 ug/m3 (56). Leve]s‘of 8.4, 8 2, 8.9
and 11.3 ug/m3 have been detected in downtown heavy traff1c areas in
Toronto, Vancouver, New York and Los Angeles’ (3). ' ' |

British Co]umb1a and Yukon .

Mean atmospheric lead concentrat1ons in a11 areas of B. C sampled
between 1977 and 1981 were below 1.ug/m3, with the except1on of Trail, J
where concentrations commonly exceeded}Z ng/m3 (22); The primaryapoint ,‘
source of lead release to the atmosphere in the Trail area is a lead/zinc
smelter and fertilizer plant complex. _Similarly‘monthly,deposifion)of lead
in dustfall in the Trail area (93-10928 ug/m?) was higher than in other
areas of B.C. sampled: Castelgar, < 11.68-443 ug/mz; Genelle,

19-980 ug/m2; and Kimberley, < 11.68-2054 ug/m? (22).

In general, atmospheric lead concentrations have decreased since
the 1970's but are higher in densely populated urban areas such as
Vancouver and Victoria than in small towns and rural areas.

~ Information on atmospheric levels of lead in Yukon is limited to
the City of Whitehorse (22). Samples collected between 1977 and 1981 |
contained mean values of 0.32.ug/m3 or less. '

Precipitation samp]és recently collected in southwestern B.C. by
the Atmospheric Environment Service contained 1-9 ug/1 of lead (72). |

No information was ava11ab1e on .lead levels in wet prec1p1tat10n

(rain and snow) Yukon.

4.2.2 - Soil and Vegetation.

General . :
~ The average lead content in the earth's crust has been estimated
to be less than 20 mg/kg (20). 'However, lead -levels in soils vary
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significantly with natural mineralization, local automobile traffic and:
proximity to 1ndustr1a1 po1nt sources : B

It has been reported that Canadian so1ls conta1n an average of
12 mg/kg with levels in urban areas ranging from 40 to 2600 mg/kg (72)
Concentrat1ons of several thousand milligrams per k1logram have been detec-
ted in soils near lead depos1ts heavy traffic areas, and lead smelters.

The mob111ty of lead in soils is very Timited.. "‘Mobility in soils
and ava11ab111ty to vegetat1on is influenced by a number of factors inclu-
‘d1ng, soil composition, metal content, pH, cation exchange capac1ty,‘
organic matter content and the presence of phophorus. Lead is most mobile
and, therefore most ava11ab1e to plants in acidic, sandy soils with low
phosphorus and organic matter content (3, 71). _

G1ven so11 conditions favouring uptake, plants Tocated in highly
' m1nera11zed areas, near busy h1ghways and in close proximity to point
sources (espec1a11y smelters) can accumulate h1gh concentrations of lead.
For example, vegetat1on collected near a battery smelter and a battery
manufacturer in 0ntar1o contalned up to 2740 and 387 mg/kg (dry we1ght)
respect1ve1y (73)

~Plants obta1n 1ead through the roots and the fol1age and,
although.some trans]ocat1on may occur in the plants, it is limited (3, 71)
‘Plants ‘exposed to atmospher1c lead depos1t1on often contain the h1ghest

_ ,1eve1s 1n the fo11age, while p1ants grown on contam1nated so11s usually

concentrate lead in the roots. The edible parts of plants norma]]y do not
conCentrate high 1eve1s'of Tead with the exception of some leafy
vegetables, such as lettuce (56, 75, 76, 77).

As most of the Tead in contam1nated so11s is. located in the sur-
face 1ayer, sha]]ow rooted plants often contain h1gher Tead concentrat1ons
than do deeper rooted spec1es (74)., However, mosses and 11chens :
concentrate higher 1eve1s of lead than do other plants and are often used
as indicators of:atmospher1c»pol1ut1on (78). '

Br1t1sh Co]umb1a . ‘ ‘
, Agr1cu1tura1 so11s co]]ected throughout B.C. contalned an average
of 10 4 mg/kg (dry we1ght n1tr1c acid extractab]e Tead). ~Soils from areas
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near Vancouver contained the highest concentration of lead, probab]y due to
1nput from automob11e exhausts. In all areas the hlghest concentratlons
were in the surface soil layer (79).

Soil samples obtained from downtown Vancouver conta1ned up to
490 mg/kg total lead, while samp]es from downtown V1ctor1a conta1ned much
Tower levels of lead (13 to 35 mg/kg) (22). ‘

Lead contam1nat1on was detected in soils 1n the v1c1n1ty of the
1ead/z1nc smelter at Trail in 1972. Concentrations of up to 12000 mg/kg
(n1tr1c acid extractab]e 1ead) were detected in soils near the sme1ter but
levels decreased with increasing distance from the source (80, 81).
Smelters are recognized as 1mportant point sources of 1ead to the atmos-
phere and similar contamination has been identified near sme]ters from
other areas of the world (82, 83, 84). '

No recent data was available for soils in the Tra11 area but lead
emissions from :the. smelter have been reduced s1gn1f1cant1y since the early
1970's. v o

Elevated 1ead concentrations (up to 1200 mg/kg) were also
detected in some soil samp1es collected near a phosphate fert111zer p]ant
in Kimberley in 1976 (22). , ' '

The h1ghest Tevels of contam1nat1on were detected in soils
co]]ected near a battery smelter in R1chmond in 1971. A concentrat1onpof
59600 mg/kg (nitric acid soluble lead) was detected in surface soils
15 metres from the stack, but at.a distance of 300 metres the lead 1evels
in the soil had decreased to. 106 mg/kg (79).

Most of the information on lead concentrat1ons in terrestrial
vegetation in B C. was collected from _highly mineralized mine explorat1on
sites 1n.the 1960 s. (22). For th1s reason, these concentrations are not
typical of B.C. vegetation. The various spec1es of deciduous and con1fer—
ous species samp1ed commonly contained 20 50 mg/kg (dry we1ght) 1ead wh11e

levels exceeding 100 mg/kg were detected in vegetatlon from some areas.

Vegetation collected in the vicinity of a copper smelter in the
Kamloops area contained much lower levels of lead and did not exceed
16 mg/kg. Levels of lead .in soils from this -area were not elevated
(x = 16 mg/kg) . . |
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Moss co]lected in the vicinity of Trail contalned 1. 03 to
4.65 mg/kg. '

4.2.3°  Wildlife.

General o ,
- Lead concentrations in birds are determined by species, age,
tissue 1ocat1on diet and migratory habits.

" Lead levels in song birds, pigeons and doves in large c1t1es are
usua11y much higher than in rural areas (85, 86, 87). This has been attri-
buted to lead emissions dn automobile exhausts. High lead levels have also
been detected in'birdS'from'industria1'areas For instance, birds from the
- Mersey Estuary in’ Eng]and accumu1ated h1gh, sometimes 1etha1 levels of
a1ky1 1ead compounds d1scharged in petrochem1ca1 plant effluents (88 89).

Game birds and waterfowl in more rural areas obtain lead from
‘the 1ngest1on of spent lead shot. Birds ingest spent shot both acciden-
tally dur1ng feeding and intentionally for use as grit in d1gest1ve
processes Lead fishing weights have also been 1dent1f1ed as a source of
lead po1son1ng in birds (90, 91, 92). ,

o Little 1nformat1on was ava11ab1e on lead levels in terrestr1a1

, mamma11an w11d11fe spec1es ' ’ ‘ _
Sma11 mamma]s 11v1ng near busy roadways and in urban areas often
' conta1n elevated lead levels due to the lead contamination from automobile
exhausts (93 94) E1evated Yevels of lead in wild mamma11an species’ have
'been reported (95) but 1ead contam1nat1on is more. common in domestic:
spec1es, part1cu1ar1y 1n 11vestock forag1ng near h1ghways and sme]ters (96
97).

Br1t1sh Co]umb1a and Yukon o

Informat1on on lead levels. in B C. w11d11fe spec1es is very
11m1ted (22). The lead concentrations in the few eggs and tissue samples
ana]yzed to date are’ not e]evated in compar1son to other areas and do not

approach tox1c 1eve15
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" However, in the early 1970 S, e1evated 1ead concentrat1ons were
detected in horses suffer1ng from 1ead poisoning as a result of sme]ter i
emissions in the Trail area (97). Releases of lead from the smelter and
atmospheric levels of lead in the Trail area have decreased s1gn1f1cant1y
since the early 1970's. ' ;

No information on Yukon wildlife species was available.

4.2.3.1 Toxicity. Ingestion of spenf lead shot is the most common
cause of lead poisoning in wildfowl and has been the cause of significant

_die-offs in some water bird populations in.past years (3, 92, 93).

. ' Species at h1ghest risk include diving and dabb11ng ducks, wh1st-
1ing swans and Canada geese (3, 92) Lead shot has also been detected in
the gizzards of game b1rds 'such as grouse (90). Ingested lead shot is
absorbed by the gut and may cause var1ous physiological disturbances of the

-digestive, circulatory and nervous systems and, in some cases ‘may result
in death. As .few as 5 to 6 1ead shot pe11ets may be 1etha1 to mallards.
(90, 91, 92, 98).

. . Alkyl,lead. contam1nat1on from petrochem1ca1 plant eff]uents were
responsible for high morta11ty among waterfowl in the Mersey estuary in-
England between 1979 and 1981. Wading birds collected in the area
contained up to 35 mg/kg (wet weight) lead in the liver. Internal morpho-
logical a1terations were noted in birds containing more than 0.5 mg/kg
trialkyl lead in the liver (88 89). ,

Lead levels exceeding 100 mg/kg (wet we1ght) are common in “the
bone of waterfow] dy1ng of lead poisoning. ‘Lead levels in other tissues
which are 1nd1cat1ve of lead po1son1ng in waterfow1 1nc1ude the fo]low1ng:
6 to 20 mg/kg 1n liver, > 20 mg/kg in kidney and > 3 mg/kg in the brain
(99, 100, 101).

In comparison, a wild raccoon suffering from lead po1son1ng
contained approximately 35 mg/kg lead in livér and kidney tissue and
~abnormalities were noted in the lungs, liver, kidney and brain (95).

Although 1nc1dents of lead po1son1ng in wild mamma11an spec1es
have been reported most T.ad associated deaths 1nv01ve domest1c spec1es
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Livestock - po1son1ngs have resu]ted from the 1ngest1on of lead
contaminated mater1als (paints, batter1es etc.) dumped on pasture landt
A]so ‘the 1ngest1on of lead contaminated forage near major industrial
em1ss1on sources, such as smelters, has resulted in deaths Horses are
part1cu1ar1y sensitive (3 56, 97). '

The toxicity of lead to w11d11fe varies s1gn1f1cant1y with
‘species, age, reproductive state, ab111ty to absorb lead, form of lead,
route of entry, and the general health of the animal. Diet, particularly.
'-ca]cium‘intake a1so'p1ays‘an important role. "Adequate levels of dietary
calcium and aquat1c vegetation are important in m1n1m1z1ng the effects of
lead poisoning (101, 102). _ -

Lead is a cumu]ative'bbison and many of .the effects are irréver-
sible. Characteristic effects of 1ead'poisoning include: impairment of
learning ab111ty, 1oss of motor funct1on and muscular strength seizures;
behav1oura1 changes we1ght loss;y anem1a enzyme 1nh1b1t1on, suppression of
ant1body product1on respiratory problems; ,Qecreased fert111ty, abortion;
~ and morpholog1ca]_abnorma1ities in tissues;'particu1ar1y the. brain, kidney
and liver. In birds, paralysis of the gizzard can ultimately lead to
starvation. v‘Decreased survival of offspring occurs due to the ability of
Tead to penetrate the placenta] barr1er -in mammals and to pass into the
eggs in birds (56, 59 87, 103 104)

5. fREGULATIONS,AND,GUIDELINES |

Current regu]at1ons and gu1de11nes perta1n1ng to 1ead in the ‘
env1ronment are summar1zed following.

5.1 MWater Qua11ty
, ' At present there are no Canad1an (or u.s. ) water qua11ty gu1de-‘
11nes for acceptab]e 1evels of lead in mar1ne waters The Inland Waters
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Directorate recommended water qua11ty cr1ter1a for tota] 1ead in. Canad1an
freshwater systems depends on water hardness (56)

soft water (< 95 mg/1 CaC03) — _ — 5 ug/1

hard water (> 95 mg/1 CaC03) . — '10 ug/1

in the absence of ‘sensitive spec1es (eg ra1nbow trout) —F 30 ug/1

The 1978fcenada/U.S. Great Lakes wdter,Quality Agreemeht speci-,
fies that 1ead‘1evels-in unfiltered water‘not"exceed 10 ug/1 in Lake
Superior, 20 -ug/1 in Lake Huron, and 25 ug/1 in the remaining lakes.

5.2 - Human Health _ -
- There are presently no guidelines on acceptable levels of lead in
fish and shellfish for human consumpt1on Incidents of e]evated lead

levels in commercially 1mportant spec1es are - rev1ewed on a case by case
basis.

5.3 Ocean D1sposa1 .
Federal and provincial 1eg1slat1on control the release of 1ead

into the ‘aquatic env1ronment
' The ocean disposal of wastes and other materials off the Canad1an'
coast is controlled under the Federal Ocean Dumping Control Act. Lead is a

'restricted"’ compound under this Act. Although there is no set cr1ter1a
for maximum levels of lead in materials to be ocean d1sposed app11cat1ons
for the disposal of materials contaanng 1ead are reviewed on a case by
case basis. : |

4 The. Quebec and 0ntar1o provincial criteria for ocean disposed
material specify maximum lead concentrations of 20 mg/kg and 50 mg/kg,
respectively.

'5,4 Industrial Eff1uents and Em1ss1ons

v The level of Tead in specific 1ndustr1a1 eff]uents and atmos-'
pheric emassmonstms:regulated«under'prov1s1on5~contewned,nn the British
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Columbia Waste Management Act as well as regu]atidns issued according to
the federal Fisheries Act. Lead content in gasoline and emissions from

secondary lead sme]ters are controlled by regulations under the federal
Clean Air Act. ' '
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