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1. INTRODUCTION

This report is one in a series ent1t1ed “Chem1cals in the
Env1ronment - Pacific and Yukon Region" prepared by the Environmental
Protection Service. The objective of these reports is to provide the tech-
nical quidance necessary for: a) the interpretation of environmental
quality data on speeific_Chemicals, and b)'the assessment of potential
impacts resulting from the release of these chemicals into the
environment. ‘ '

The series will focus on both naturally occurring and man-made
compounds whose release to the environment is of concern due to their
persistence, toxicity and/or bioaccumu]ative abilities.

These reports discuss highlights of existing'environmental
quality data for B.C. and Yukon and provide information on environmental
“dynamics, potentia] impatts on the environment ‘and pertinent 1egis1ation'
and gu1de11nes controlling both releases to the rece1v1ng env1ronment and
environmental qua11ty |

This report is adapted from Garrett C.L. et al, "Mercury in the
Br1t1sh Columbia and Yukon Env1ronments“, Environmental Protection Service,
Pacific Region Proqram Report 80-4 (1980). For additional information
refer to this document.. o '



2. USES AND SOURCES OF RELEASE

Mercury is a heavy silvery-white eTement,which occurs natuha]]y
in the environment. Its application is extensive and diverse in industry.
The maijor use has been as a cathode for the electrolytic production of
chlorine and caustic soda in chlor-atkali plants. .Other applications
include wsage in electrical equipment, scientific instruments, paints,
pesficides, dental amalgams, gold recovery procedures, drywa]I compounds,
pharmaceutica]s and chemical manufacturing. Releases to the ehvirohment '
have been documented at chlor-alkali plants, mines, smelters, fossil fuel
combustion faci]ities,'1aboratories,'hospite1s, dental offices,‘and
municipal waste disposal facilities. | ' |

3. ENVIRONMENTAL DYNAMICS .

The accumulation of high concentrations of mercury in the bottom
sediments results from the sedimentation (coagulation and f]occuTation) of
suspended partwcu]ate matter in areas receiving large amounts of mercury
from urban or natural sources (1, 2, 3, 4).

' Inorganic and organic forms of mercury can be converted to the
toxic methylated form by microorganisms in the sediments. Therefore,
environmental conditions which promote mfcrobial activity (warm tempera-
tures and high nutrient and organic content) can also be expected to result
in increased mercury methylation. In sediments with low mercury concentra- .
tions, or under high pH conditions, the formation of volatile dimeihyl-
mercury is favoured. At high sediment mercuky concentrations, or hnder.1ow
‘ pH cond1t1ons monome thy lmercury predom1nates At pH levels of less than
.6 d1methy1mercury is unstable and is converted to monomethylmercury
D1methy1mercury is primarily released to the atmosphere wh11e the more
stable monomethylmercury remains in the aqueous environment and becomes
available for accumulation in the tissues of aquatic organisms (4).



| jMethylation can occur under aerobic and anaerobic conditions but
usually proceeds'more'efficient]y in aerobic environments. Under anoxic
;conditions the rate of methylation would be considerably reduced (4, 5, 6,
'7 8). The production of hydrogen sulphide (H»S) by anaerobic bacteria 1n
the sediments would result in the formation of the stable compound mercuric
su1ph1de which is not: readily methylated (4, 10). In addition, methy]-
"mercury may react w1th H2$ to produce the vo1at11e dimethylmercury product
which would result in less methy1mercury becomlng ava11ab1e for uptake: by
fish and she11f1sh (11).

The anaerobic conditions and the abundance of natural sulfates
often found in marine and estuariné environments.results in a slower rate
of methylation than occurs in freshwater systems. 1In addition, it has
been shown that the methylation rate decreases with 1ncreas1ng salinity
(12) and decreasing temperature (13).

, A1though it is widely accepted that methy]at1on processes do
occur in the bottom sed1ments many researchers have noted surprisingly low
concentrations of methylmercury in sed1ment samp1es (14 15) These find-
1ngs have been attr1buted in part, to the fact that methy]mercury can be
b1o1og1ca11y transformed to- methane and elementa] mercury by microorganisms
in the sediments. A1though there is currently little information on the
preva]ence of these 'demethylating' organisms in the aquatic environment,
it has been suggested that they may serve an important function in provi-
"ding. some degree of contro1 over the amount of methylmercury in the bottom
sediments (16, 17).

~ The dredging of bottom sediments from contam1nated areas, and the .
ultimate disposal of these sediments on land or in ocean dump sites, is of
concern due to potential environmental impacts.” Dredging of;contaminated
sediments can result in a temporary-increase in dissolved levels of mercury
and other meta1s in. over1y1ng waters, although most studies have shown
that the levels" of most meta]s rapidly return to normal (18). However,
methy1at1onvoccurs more rap1d]y when sediments are kept in suspension (9)



and, for this reason, attempts should be made to minimizé disturbance
during dredging activities. ' I '
v The exposure of sediments to air during,tida1 changes or dredging
also increases the rate of methylation. In addition, when dredge Spoi]s
are deposited in nearshore areas or in settling ponds, significant amounts
of mercury may be.reléased back to the environment in association with the
suspénded organic mattér‘and fineﬁparticu1ates in drainage water (9).
Researchers have suggested certain precautions to minimize mer-
cury release dUring dredging and‘kedepositipn of contaminated sediments.
These include: the treatment of drainage water from dredge spoils with
lime or aluminum sulfate in order to precipftate mercury prior'to the
release of dréinage water back to the environment; the selection of deep-
water anaefobic, sulfide-rich areas as ocean dump sites; and, covefing the
most contaminated sediment with those of lesser contamination at the
disposal site (9, 12, 18). a

q

4, ENVIRONMENTAL LEVELS

4.1 Aquatic Systems

4.1.1 Water.

General

High concentrations of mercury are rarely found in natural waters
due to its low solubility, high affinity for organic matter, and the vola-
tility of some mercury compounds. Mercury rapidly adsorbs onto suspended
particulate matter in the water column and is ultimately deposited'in the
bottom sediments by the forces of sedimentation. ansequent]y, even in
areas of known Contamination, surface waters may contain very low
concentrations of mercury, often below the 1imits of detection.



Mercury levels in seawater vary with the area and‘the depth at
wh1ch the samples were c011ected but are generally 1ess than 0.126 ug/1
with a median value of approx1mate1y 0,015 ug/1 (19). Some researchers,
however ~estimate that unpol]uted ocean waters contain 0.005 to 0.006 ug/]
mercury and attribute all h1gher estimates to analytical problems (20).

D1sso1ved mercury levels in the Ir1sh Sea ranged from 0.01 to
7 0.05 ug/1 but concentrations of more than 200 ug/1 were detected in the
v1c1n1ty of three chlor-alkali plants and a sewage sludge disposal area
(21). o | R
_ The natura1 level of mercury in freshwater systems varies with
the degree of local mineralization, but in most uncontaminated areas sur-
face water-concentrations.are less or close to the limits of detection
(typically 0.05 ug/1) (22). | | |

British Columbia .
Guidelines for freshwater quality set by the In1and waters

D1rectorate recommend that total mercury levels do not exceed 0. 1 ug/1 in
water systems conta1n1ng f1sh spec1es used for human consumpt1on and -
0.2 ug/1 in other systems (22) o

L Freshwater systems in B.C. genera]]y meet this obJect1ve
E1evated mercury levels were, however periodically detected in certain
freshwater systems including: Stoney Creek and the Columbia River near a
sme1ter/ferti1izer como1ex at Tréi1; the St. Mary River and various creeks
near a mining operation:at Kimberley; Pinchi Lake in the vicinity of exten-'
sive mercury minera]izatfon and the past site of a mercury mine; and the
industrialized Tower port1on of the Fraser River. Certain freshwater
systems in the Yukon Terr1tory may also contain elevated levels of mercury,
1nc1ud1ng South McQuesten.R1ver Keno Ladue ijer system; Tank Creek;
vTaoish Lake' and Rose Creek. Further verification is required as existing
1nformat1on is very 11m1ted Potential sources of mercury to these water
systems 1nc1ude natural mineralization and mining activity (23).



Information on mercury levels in marine waters off B.C. is limi-
ted. In most areas sampled mean concentrations were below or near the
detection 1imit of 0.05 ug/1. Somewhat higher mercury levels were
occasionally detected in Kitimat Arm (up to 0.4 ug/1), Ucluelet Inlet (up
to 0.16 ug/1),'Bamfie1d Inlet (up to 0.34 ug/1), and Quatsino Sound (up to
0.14 ug/1) .(23). However, due to problems associated with past determina-
tions. of low mercury levels in water, the accuracy of this data 1s |
uncertain.

A]though there are currently no Canadian gu1de11nes for marine
water quality, the U.S. Environmental Protection Agency has set gu1de11nes
of 0.1 ug/1 (over a 24 hour period) and 3.7 ug/1 (maximum) total
recoverable mercury (24). '

4.1.2 Sediments.

General _ |
' The concentration and mobility of mercury in sediments is detérg
‘mined by a number of factors including grain size, organic matter content,
oxidation conditions, and the presence of microorganisms. The highest
mercury concentrations are associated with the finer sediments and with
high organic matter content (1, 25, 26, 27, 28). j

Mercury concentrations in sediments can vary greatly as a result
of natural mineralization and it is often difficult to establish natural
background levels, especia11y in areas of industrialization. Mercury con-
centrations in freshwater sediments in non-industrialized and non-miner-
alized areas are generally below 100 ug/kg, with slightly higher concentra-
tions being found in some marine sediments (29). While sediment concentra-
tions of less than 100 ug/kg (0.1 mg/kg) are not usually considered to
indicate enrichment due to man's activities, the interpretation,of higher
mercury values is very difficult. Concentrations above 100 ug/kg may indi-
cate naturally high background levels, contamination as a result of



industrial. or other man-related releases, or may result through a combina-
‘tion of both factors. Sediment concentrations in excess of 1000 ug/kg

(1.0 mg/kg) warrant further investigation as they are often associated with
elevated tissue levels in.aquatic organisms. Levels of several mi11igréms
per kilogram have been detected in bottom sediments in the vicinity of
mercury emission sources such as chlor- a1ka11 and sewage treatment p]ants

(1, 25, 28, 30, 31)

British Columbia. - | _ -

Mércury concentrations of greater than 1000 ug/kg (1.0 mg/kg)
have been identified in bottom sediments from the following areas of B.C.
(20): - |

Location - i C e L Concentration
‘ ' (mg/kg)

a) Marine : '

Howe Sound . : _

- in the vicinity of a mercury cell : " <-0.010 to 20:

chlor-alkali pTant' o -

Victoria'Harbduk L o : k ,' o S Q;078~to 3.98
_ Powell River | | | | | )

- off a pulp énd paper mill ' , < 0.020 to 21.0
“Point Grey. ‘ o - 0.975 to 1.4 _

Sturgeoh Bank , S o 0.010 to 1.5

~ b).Freshwater

>Port Clements o

- on mining property containing high order 1.3 to 26.0°
Hg anomalies ° | - -

Pinchi Lake

- area of extens1ve m1nera11zat1on and past s1te of -« 2.0.to 117.0
a mercury mine o

Columbia River at Trail

- near a smelter/fertilizer complex I 0.26 to 2.52



Water systems in B.C; containing mean sediment mercury concentra-
tions in the 100-1000 ug/kg-(O.l-l.O»mg/kb) range include: variOUS'lakes
in- the Kamloops area,'a region of known mineralization; Port Alberni, ‘in
the vicinity of a pulp and paper mill which used mercury-based slimicides
from 1959 to 1970; Alice Arm and Observatory Inlet, where several mines and
a smelter. once operated; Roberts Bank, Which'receives discharges and sur-
face runoff from a coal superport and is also affected by the potential
contamination sources that have been identified for Sturgeon Bank; the
heavily industria]ized False Creek area; the Coal Harbour portion of
Burrard Inlet; Tezzeron Lake which is located in the Pinchi Lake Fault
Zone; and various lakes in the fruit producing Okanagan Region.

Mean mercury concentrations in the 100-1000 ug/kg (0.1-1.0 mg/kg)
range were detected in the bottom sediments of several water systems in the
Yukon Territory including: Rose Creek, near a mining operation: Francis
- Lake; Dezadeash River; Schwatka Lake; Marsh Lake; Bennett Lake, Tagish
Lake, near an abandoned gold mine; Teslin River; Teslin Lake; and»Simpson
Lake. Areaé'of natural minéraTizatioﬁ are present throughout Yukon and '
elevated mercury concentratidns are attributed primari1y to natural
sources. Man-related sources of mercury release in Yukon are Timited
primarily to mining activity. ’ B

4.1.3 'Aquatic Organisms.

4.1.3.1 Uptake. Mercury can accumulate to significant contentrations
in some species of aquatic organisms. The rate of mercury accumulation in
aquatic organisms depends on a variety of factors including trophic level,
feeding habits,‘genera1 biology, sex, age,'énd availability of food (32,
33, 34, 35, 36, 37, 38, 39). Non-migratory, predatory, bottom-feeding »
species and filter-feeding bivalves are considered to be the most re1iab1e
indicators of local levels of contaminationv(40, 41). .
Sediment mercury levels alone do not necessarily influence the
level of contamination in local aquatic organisms. Water and sediment
characteristics such as low pH, low salinity, lTow dissolved oxygen, Tow



a1ka11nity, Warm-temperature;_low organic'matter content, Tow Se content,
the preSence_of micrOorganisms,.elevated mercury concentration and:readi1y
available chemical forms play important roles in increasing the rate of
.accumu1at1on jn aquatic biota (31, 42, 43, 44, 45, 46, 47 48, 49).

Almost all of the mercury detected in aquatlc organisms in the1r
natura1 environment is in the form of methy]mercury (50, 51, 52). The
"h1ghest concentrations of mercury are detected in the liver and k1dney but
theyvare slowly eliminated from these organs and subsequently accumulate in
the muscle (9, 53). Particularly high accumulations are also found in the
hepatopancreas of shellfish (54). ' '

4.1.3.2 -Levels,

Genera1_ ‘ _
Under the appropr1ate environmental cond1t1ons al]lfbrms of.
mercury entering the marine and freshwater env1ronments can be converted
to the toxic methy1mercury state by naturally occurr1ng microorganisms,
and so become biologically available to aquatic 1ife. Biomagnification
through the food chain may'occur ahd as a'resu1t organisms at the higher
troph1c 1evels often accumulate mercury to concentrat1ons several orders
of magn1tude greater than the concentrat1ons in the amb1ent waters (32,
33 55, 56). Pos1t1ve corre]at1ons between mercury concentrat1on and both
we1ght and 1ength of several aquatic species have been noted by many
researchers (34,‘37, 39, 57, 58).

o Rég{onaw background concentrations in aquatic organisms from
‘ unpo11uted areas vary depending on the degree of local natural mineraliza-
tion, however natural 1eve1s in most species of f1sh are - norma11y less
than 0. 20 ‘mg/kg (59).

, ' Mercury contam1nated eff]uent and aer1a1 d1scharges from
‘1ndustr1a1 fac111t1es such as’ chemical manufacturers chlor- alka11 plants-
and pu1p and paper m111s have resulted in the accumu1at1on of unacceptab]y
_ h1qh levels of mercury in 1oca11zed popu]at1ons of aquatic organisms

.throuqhout the world (60, 61). ’
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"Health and Welfare Canada has established a ‘guideline of
0.50 mg/kg (wet we1ght) for mercury content in fish and she11f1sh 1ntended
for human consumpt1on

British Columbia

Mean concentrations were below 0.5 mg/ka 1n 1nvertebrates from
almost all areas. The highest concentrations were detected in Howe Sound
in the early 1970's (up to 13.4 mg/kg) in the vicinity of a mercury cell
chlor-alkali plant. Howe Sound wds*c1oSed to fishing at .this time but has
since been reopened due to significantly decreased residue levels. Crabs
from the Fraser River estuary also contained somewhat e]évated mercury
levels (up to 0.74 mg/kg) as did freshwater clams from Pinchi Lake (up to
1. 46 mg/kg) (23). ‘

No information was ava11ab1e on mercury concentrat1ons in aquat1c
1nvertebrates from the Yukon Terr1tory (23)..

Halibut over 60 1bs in weight often contain > 0.5 mg/kg mercury.
However, as the average weight of halibut collected off the coast of B.C.
is approximate1y 30 1bs, most would contain lower mercury levels. Ground-
fish‘speeies and sharks contain > 0.5 mg/kg mercury due to natural enrich-
ment. However, the highest concentrations were detected in the early
1970's in groundfish and dogfish from the vicinity of the mercury-cell
chlior-alkali plant on Howe Sound. Discharges from the plant and mercury ‘
levels in Howe Sound biota have now decreased significantly (23). |

Mercury levels in salmon and pelagic ocean species were low
(< 0.5 ma/kg). Concentrations in freshwater fish from B.C. were also low
' eXcept in Pinchi Lake and in some coarse fish from the industrialized Lower
Fraser River. . Mercury levels in certain species (most notably squawfish)
from the Columbia River near Trail are also somewhat elevated (23).

4.1.3.3 Toxicity. Acute toxic values. of mercury compounds in
~invertebrates and fish are listed in Table 1. _

The various 1ife stages in the development of aquatic organisms.-
exhibit different degrees of sensitivity to mércury compounds with embry-



embryonic, 1arva1( and Juven11e stages general]y be1ng more susceptible
than adult organisms (62, 63, 64). ‘ /

In laboratory experiments a wide range of behav1oura1 and physio-
logical effects have been attributed to exposure to various mercurial
. compounds at concentrations well below established acutely lethal levels.
The severity of the observed effects is dependent upon the form and concen-
tration at which‘merCUry_is administered and the length of exposure. ‘

Inorganic -and organic mercury compounds at concentrations in. the
micrograms per litre range, disrupt reproductive mechanisms by decreasing '
the hatchability of eggs and lowering the survival rate of larval and juve-
nile stages of several organisms (63, 64, 65, 66, 67). Other sublethal
effects of mercurial compounds include: inhibition of 1imb regeneration
and pigmentation in fiddlerycrabs at 0.5 and 0.1 mg/1 methylmercury (68),
respective1y;_the disruption of immdne respohses and a lowered resistance
to disease in blue gouramis at 0.009 mg/1 methylmercury (69); depressed
olfactory processes and 1mpa1rment of metabolic processes in ra1nbow trout
at 0.100 mg/1 mercur1c chloride (70, 71); and 1ncreased 1nc1dence of spinal
deformities 1n_fathead minnows (67). Mercurials exert toxic effects on the
secondary lamellae in the gills resulting in extensive structural damage to
the gill apparatus, impeired osmoregulation, respfratory disturbances and,
in many cases, death by asphyx1at1on (44, 50 72, 73).

B One of the most important factors contributing to the toxic
action of mercurials is the long retention time of these compounds in the
tissues. Studies on northern pike from a mercury contaminated environment
sUQgest that, even after a recuperatory period of one year, the ability of
the fish to cope with disease, predation, and subgoptimal ehvironmenta]
conditions was still impaired (74, 75). |

_ Very Tow concentrations (ng/1 to ug/1 renge)'of mercury in water
have been fodnd to decrease grthh reprdduction and-survival 6f plankton
and diatoms. Lowering the survival rate of these pr1mary producers would
decrease the ava11ab111ty of food for h1gher organisms and increase their
susceptibility to the tox1c effects of mercury, thereby d1srupt1ng 10ca1
ecosystems -
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"TABLE 1 ACUTE TOXICITY OF MERCURIAL COMPOUNDS TO AQUATIC ORGANISMS

i) Invertebrates

COMPOUND | SPECIES EXPOSURE LCsg REFERENCE
TIME* (mg/1)
Mercuric chloride Crayfish 96 S N 76
Grass shrimp 120 0.2 7
Grass shrimp 8 0.0056 64
- larvae
‘ Brine shrimp 3 1000 78
- larvae :
Barnacle 3 0.2 78
- larvae ' -
Fiddler crab 11 - days 0.000018 79
- larvae 8 days 0.0018
‘ 24 : 0.18
American oyster 48 0.0056 - 79
- embryo '
n-amyl mercuric chloride | Brine shrimp 3 1.0 78
- larvae
‘Barnacle 3 0.01 78
- larvae
Mercuric acetate l American oyster | 50 days 0.100 80
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24 .

0.025

TABLE 1 - ACUTE TOXICITY OF MERCURIAL COMPOUNDS TO AQUATIC ORGANISMS .
-(cont1nued)
: ii) Fish
COMPOUND . SPECIES EXPOSURE - LCs0 REFERENCE -
' TIME*. (mg/1)
| Mercuric, chloride Rainbow trout 96. 0.22-0:40 | 70
' - fingerlings 48 - 0.30-0.65 70
. 24 0.90 50
Rainbow trout 14 days,A 0.014 81
- adults 96 0.016 81
24 0.036 81
Eel’ 26 1.0 82
Methylmercuric chloride | Blue gourami 96 - © 0.09 69
Brook trout 96 0.075 62
- juvenile ’ :
Rainbow trout 9% | . 0.024 50
- fry o _
. - 48 .0.045 50
24 0.084 50
Rainbow trout 96 0.042 . 50
- fingerlings ‘
48 0.066 50
- 24 - 0.125 50
Pheny]mercurié acetate | Rainbow Trout 70

*Hours. except as noted
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4.2 Terréstrial Systems
4.2.1 Atmosphere.

General , S _
Mercury released to the atmosphere can adhere to particulate
matter and'beﬂdistributed over great distances by air currents, ultimately
being deposited:-by precipitation and dry deposition mechanisms (83, 84).
Elevated concentrations of mercury, sometimes detected in water systems in
areas where there are no obvious sources of mercury release; are often
attributed to.thé'atmospheric transport of mercury.

Mercury enters the atmosphere through the natural erosion and
degassing of the earth's surface (volcanic activity, etc.) and as a result
of a variety of man's activities. The Concentratibh‘of total airborne
mercury in areas free of obvious sources of contamination is in the range
of 1-10 ng/m3 (84) but levels several orders of magnitude higher have been
detected near sources of natural and industrial mercury releases, such as
chlor-alkali plants, sewage treatment plants, municipal incineratoré,
smelters and coal-fired power plants.'> B

For example, air samples collected at a sewage'treatment plant in
Washington, D.C., contained concentrations -of greater than 60 ng/m3'and
decreased to a concentration of approximately 1 ng/m3 at a distance of
approximately 9.65 km. " *

British Columbia v

E Information on mercury concentrations in the atmosphere of B.C.
is very limited, (23). | |

Monitoring of mercury levels in stack gases and ambient air'aflé_

chlor-alkali plant near Squamish, B.C., in the early 1970's, indicated that
the plant was a major source of atmospheric mercury release to the Howe
Sound area. Elevated atmospheric concentrations were consistently detected
in the ambient air. Concentrations of up to 6030 ng/m3 were detected in
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1970 but monitoring programs conducted between 1971 and 1977, subsequent to
_improvements. of the ventilation system, indicated a genera1~reducti0n in ’
~atmospheric levels. |

Other significant point sources of mercury release to the atmos-
phere in. British Columbia include smelters and municipal incinerators.

" 4.2.2 Soil and Vegetationrr

General

The mercury content of Various:rock types ranges from a few.
micrograms per kilogram (ug/kg) to several thousand milligrams per kilogram
(mg/kg), hoWeVer rocks from most-regions contain less than 1.0 mg/kg.
'Concentrat1ons are. usually below 0.2 mg/kg 1n unmineralized areas (85) w1th
mean 1eve1s in the earth's crust be1ng est1mated at 0.05 to 0. 08 mg/kg
(86).

With the except1on of regions of natura] m1nera11zat1on and areas
receiving contributions from 1ndustr1a1 or agr1cu1tura1 sources, mercury
levels 1n‘so11 do not normally exceed 0.15 mg/kg (87). Background concen-
trations in California s0ils ranged between 0.02 and 0.04 mg/kg but levels
in 'soil around mercury deposits ranged from 10 - 100 mg/kg (85). Analysis
of various Canadian soils indicated that mean mercury 1eve1$ were
0. 08 mq/kg in areas removed from mineralization while a concentrat1on of
14 mg/kg was detected in a sample co11ected from a mercur1ferous region
(88). - o o .

' Mereury levels in terrestrial vegetation removed'frdm both
anthropogen1c contamination and ‘mineral depos1ts, are usua]]y less than
0.50 mg/kg (89). Much higher concentrations (several mg/kg) (90, 91, 92)
are often detected in the vicinity of 1ndustr1a1 act1v1ty and natural
m1nera11zat1on . The exposure to mercury in the soil and 1n the atmosphere
can resu]t in uptake and trans]ocat1on w1th1n plants. ‘Under some cond1-
tions, significant amounts of mercury may enter edible port1ons (93, 94,
95). | | |
| Mosses and fung1 often contaln higher 1eve1s of mercury than do
grasses and other vascular p1ants (95, 96. 97)
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Br1t1sh Co1umb1a

_ Data on rocks from British Co1umb1a mining propert1es mineral
c1a1ms ‘and areas of mineralization indicate that the highest mercury values
were present in rock samples collected in the vicinity of the Pinchi Lake
Fault Zone, Kamloops, Port Clements, Bridge River, and Yalakom River areas
(23). Mercury contents of over 1 000 mg/kg were common at these locations,
and rock samples from a mineral claim near Kamloops contained up to
32 000 mg/kg. Significant enrichment was also detected in rocks from Pb-Zn
base metal deposits throughout British Columbia and Yukon. B

! No background data for mercury levels in rocks from unm1nera11zed
areas of B. C has been obtained. .

i - Soils co11ected from various regions in Br1t1sh Columbia 1nd1cate
that norma1 background concentrat1ons from unmineralized areas were between
0.01 and 0.05 mg/kg (23). Mercury levels in soils from the v1c1n1ty of
gold, mo]ybdenum and base metal depos1ts normally range from 0.05 to -
0.25 mg/kg and rarely exceed 2.0 mg/kg. Concentrations of over 10 mg/kg,
however, were common]y detected in soils from anomalous areas in the Pinchi
Lake Fault Zone and other mercuriferous regions in Br1t1sh Columbia inclu-
ding Kimberley and the Port Clements area on the Queen Charlotte Islands.

| Surface soil horizons sampled in various'agricuItura1 areas of
B.C. conta1ned mean mercury concentrations below 0.15 mg/kg in all areas.

‘ In 1971 surface soils from the immediate v1c1n1ty of a chlor-
alkali plant at Squamish contained concentrations of up to 12.3 mg/kg. |
Mercury Tevels were elevated in soils collected up to 16 km from the plant.
However, by 1977 concentrations of mercury in soils had decreased to.back-
ground within-2 km of the plant. . | o -

i A1l of the information on mercury in B.C. vegetation was. based on
sampYés collected from mining properties and mineralized areas. Mercury
contentrations in these samples were-higher than would typically be found
in vegetation in this province.

Vegetation from almost every location sampled contained between
0.10 and 1.00 mg/kg mercury (dry weight). Concentrations exceeding

&
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1.00 mg/kg were common in vegetation from mining properties and from the
vicinity of the now defunct Pinchi Lake mercury mine.
No information was available for vegetation from Yukon.

4.2.3 Witdlife.

4.2.3.1 Birds.

General

Mercury 1eve1s in birds are largely dependent upon ‘the proportlon
of animal food in the diet (34). Fish-eating birds occupy the highest -
levels of the food chain and contain the most significant levels of mercury
contamination with the highest concentrations beihg found in the liver
tissue. Leve1s of mercury in invertebrate feeders are genera11y somewhat
lower (98, 99, 100, 101, 102).. o o

It has been reported that 11ver/k1dney compos1tes of birds nor-
mally contain less than 1.0 mg/kg mercury. Concentrations in excess of
this level indicate'exposure to either natural or industrial
contamination. . | : A
Mercury d1scharges from pulp mills, chlor-alkali plants and other
industrial facilities are often implicated-as a cause of elevated mercury
levels in aquat1c birds (103).

Br1t1sh Co]umb1a
Mercury concentrat1ons of over 1. 0 mg/kg were cons1stent1y found

in the livers of pelagic species (including gu111emots murrelets, auklets
and puffins) from coastal areas of British Columbia (23). Mercury contam-
1nat1on was especially ev1dent in birds c011ected near Victoria and other
southern Vancouver Island and Lower Mainland coasta1 Jocations. A concen-
tration of 30.0 mg/kg was detected in the liver of a heron from Victoria.
Particularly high mercury concentrations have been detected in
fish-eating raptorial species, such es bald eagles, and also in predatory
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birds, such as hawks and owls, that do not utilize fish as a food source.
A bald eagle collected near Campbell River on Vancouver Island in 1973 |
contained a surprisingly high mercury concentration of 19.3 mg/kg in liver
tissue.

Falconiformes from Victoria also contained elevated concentra-
tions of mercury with liver concentrations of over 6.0 mg/kg beingﬁdetected
in some species. Mercury concentrations in excess of 1.0 mg/kg have been
detected in the liver of many species of raptors from British Co1umb1a

Elevated mercury concentrations were also detected in the liver
of heron from Powell River in 1976 (63.45 mg/kg), the liver of a western
grebe. from Creston in 1969 (3.29 mg/kg)}, and several species of fish-eating

birds from Pinchi Lake in the early 1970's (up to 17.4 mg/kg in the
11ver) _

Gallinaceous species and Passeriformes from B.C. generally con-
tained very lTow levels of mercury with the exception of a few individuals
co]lected'in the Alberni Valley, Westham Island, Vernon and Victoria.

5' There is very little information relating to present levels of
mercury in birds of British Columb1a with most of the existing data hav1ng
been collected in the 1960's and early 1970s. Elevated mercury concentra-
tions! detected in the tissues of birds sampled during this period would -
reflect the widespread agricultural and industrial app]ication of mercury-
containing products including slimicides and other fung1c1des The
curtailment of the use of such compounds in the early 1970's wou]d be
expected to result in decreases in tissue mercury concentrations. Conse-
quently, much of the data discussed here may not provide an accurate |

‘representation of current 1eve1s'of contamination in British.CdlumBia avian -
populations (23). ' :

4.2.3.2 Mammals.
General .

Marine mammals occupy an important place at the'highest trophic
level of the food chain and serve as useful indicators of contamination in
the aquatic ecosystem. ' '
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Particularly high levels of mercury detected in the tissues of
seals (especia]]y'ih the 1iver) have led to suggestions that these mammals
may retain mercury in the1r tissues to an even greater degree than do other
mar1ne mammal s (104) For example, ringed seals and bearded seals from
Inuv1k, Northwest Territories contained mercury concentrations of up to
184.0 mg/kg and 420.0 mg/kg, respectively, in liver tissues. The maximum
concentrations in muscle were much lower, 2.12 mg/kg in ringed seals and
88.7 mg/kg in bearded seals (105).

- High concentrations of mercury have also been detected in other
species of marine mammals including porpoises, dolphins, and whales and
also in other fish-eating mammalian species such as otter and mink.

Herbivorous species do not usually concentrate large amounts of
mercury in the1r t1ssues with the exception of individuals ‘exposed to
mercury through the ingestion of vegetation from h1gh1y m1nera11zed areas
or in reg1ons of past agr1cu1tura1 app11cat1on of mercur1a1 compounds (106
107) V

British Columbia |
' _ There is very 1ittle available information on mercury concentra-
tions in marine mamma1s from coastal British Columbia and Yukon, but it is

»apparent that e1evated levels of mercury do exist in the Tivers of some
species (23). | | R .

High mercury 1eve1s were detected in the liver t1ssue of sea]s
collected from southern Vancouver Island (and the Washington coast)
(1.6-151.0 mg/kg)§ Triangle Is1and'(2.2 mg/kg); Herschel Island in Yukon
(0.2-19.6 mg/kg); and a walrus from Herschel Island (9.8 mg/kg). Mean
mercury levels in muscle tissue were much lower (< 0.5 mg/kg). :

' No 1nformat1on was .available on mercury concentrations in the
tissues of mink and otter from B.C. and Yukon but levels in the tissues of
other species of terrestrial mammals were very low. The highest concentra-
tions were'detected in the livers of predatory species, 0.64 mg/kg in a
wolf from Cowichan River and 0.37 mg/kg in a cougar from Saanich. Levels
in herb1vorous spec1es 1nc1ud1ng deer moose, car1bou beaver marmot and
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chipmunk in B.C. and moose in Yukon, were generally below or close to the
analytical limits of detection. ’

4.2.3.3 Toxicity. The first indications of hazards to wf]d]ife
species associated with the use and release of mercury compounds, occurred
in the 1960's when Swedish researchers attributed the death and reproduc4
tive failures of large numbers of seed-eating and predatory birds to the
widespread use of mercurial seed treatments. ‘ :

Experiments by numerous researchers have confirmed the toxicity
of alkyl mercury compounds to avian and mammalian species. Adverse effects
induced by the dietary‘administration of methylmercury to mallards and
pheasants included decreased egg production, decreased hatchabi]ity, small
eggs, and shell-less eggs (108, 109, 110, 111). The administratioo‘of
mercury- in the diet of juvenile starlings resulted in kidney damage'(llz)
Inorganic mercury appears to be relatively non- -toxic to birds, however as
acute exposure to dietary levels of up to 200 mg/kg d1d not s1gn1f1cant1y
affect reproductive processes (113).

A study on the effects of mercury on red- ta11ed hawks 1nd1cates
that the lethal level of mercury in liver tissue is approx1mate1y 20 mg/kg

. The high concentrations of mercury in tissues of marine mammals,
have not been linked to any obvious pathological effects. It has'oeen
suggested~that seals, and possibly other marine mammals, may possess enzyme
systems capable of demethylating methylmercury (114).

Selenium, which is a toxicant itself at certain concentrations,
appears to have a protective effect against mercury intoxication. It has
been suggested that the high correlations between mercury and selenium
noted in the livers of marine mammals may be an important factor in the
ability of these species to tolerate high body burdens of mercury.

Certain other species, such as mink, do not exhibit the ability
to tolerate the large body burdens of mercury that are apparent in many |
species of marine mammals. It is uncertain whether this disparity is due
to differences in selenium content of respective food sources or to
dissimilarities in the mecnanisms of selenium’ accumulation (115).
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: 'lA”dietary dosage'of 5 mg/kg methylmercury per day was lethal to-
‘mink within approx1mate1y one month. Symptoms of'poisoning inc]uding‘inco- :
ord1nat1on, convu151ons and we1ght 1oss became evident twenty four days
after the 1n1t1at1on of treatment In contrast “a daily 1ntake of 10 mg/kg

. mercur1c chloride for five months appeared to be non-toxic.

Some researchers suggest that the presence of more. than 5 mg/kg
"mercury in mink brain and muscle tissue, combined w1th observatlons of the
appropriate clinical symptoms and pathological aberrations, indicate
mercury poisoning It has been speculated that'elevated mercury concentra-
tions in fish from some water systems may be causing decreased surv1va1 in
: populat1ons of otter and m1nk frequenting these waterways by affect1ng
their behaviour and reproductlve mechan1sms (116, 117)
| Little 1nformat1on is ava11ab1e on the tox1c1ty of ‘mercury to
other wildlife spec1es

5.0 REGULATION§ AND GUIDELINES

. The current regu]at1ons and gu1de11nes perta1n1ng to mercury |
1eve1s 1n the aquatic env1ronment are as fo]]ows ‘

5.1 ” water Qua11ty o :
At present there are no Canad1an water qua11ty cr1ter1a or gu1de-

11nes for acceptab1e concentrat1ons of mercury in mar1ne waters. However,

: the u.s. Env1ronmenta1 Protect1on Agency water qua11ty guidelines for the

' protectton of marine ]1fe specify that 1eve1s of total recoverable mercury
should not exceedro.lozug/1vover a 24 hour period or 3.7 ug/1 at any time |
(ea). - ' | _ R |
: _ The Canad1an In1and Waters D1rectorate has proposed the fo]]ow1ng
objectives for tota mercury in freshwaters systems (22).

In water systems conta1n1ng spec1es used for human consumpt1on ' 0.1 ug/?
In other water systems ' o o o " 0.2 ug/N
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' The 1978 Canada/U.S. Great Lakes Water 0ua1ity Agreement speci-
fies that the mercury level in fiTtered water from the_GréathLakes must not
exceed 0.2 ug/1. _ _

The U.S. EPA criteria for the protect1on of freshwater aquat1c |
organisms specify that mercury 1eve1s shou]d not. exceed 0.2 ug/1 as'a
24-hour average or 4.1 ug/1 at any time (24)

5.2 Human Health

Hea]th and Welfare Canada Health Protection Branch has estab-
11shed a guideline of 0.50 mg/kg (wet weight) as an acceptab]e level of
- mercury in fish and shellfish intended for human consumption. -However, the .

recommended maximum weekly consumption of fish varies depend1ng on the
mercury content of the fish.

SAFE HEEKLY}CONSUMPTION LEVELS OF FISH! (118)
'MERCURY LEVEL IN FISH . . SAFE FISH CONSUMPTION PER WEEK

1.0 ppm 0.46 1b (0.21 kg)

0.5 ppm 0.92 1b (0.42 kg)

0.4 ppm : “1.15 1b (0.52 kg)

0.3 ppm y 1.54 1b .(0.70 kg)
0.2 ppm _ ' 2.31 1b (1.05 kg)

0.1 ppm . 4.62 1b (2.10 kg)

1Based on 70 kg man and assuming 20 ppb to be maximum acceptab]e blood
level or a maximum weekly intake of approximately 0.20 mg methy]mercury
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5.3 ~ Ocean Dispbsal

Regulations under the federal Ocean Dumping Control Act specify
that materials disposed of at sea must contain no more than 0.75 mg/kg
mercury in the solid phase and 1.5 mg/kg in the liquid phase.

Provincial criteria for the disposal of dredged material in both
Ontario and Quebec stipulate a maximum concentration of 0.3 mg/kg mercury.

5.4 Industr1a1 Eff1uents and Em1ss1ons

The level of mercury to both marine and fresh waters, and in
atmospheric emissions, is requlated under both federal and provincial legi-
slation. For example, the federal Fisheries Act and the Clean Air Act, as

well as the B.C. Waste Management'Act, regulate mercury levels in effluents

and atmospheric emissions from chlor-alkali p1ants}
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