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1. _ruTRoDUCTquu

~ This report ‘is’ one in a ~series entit1ed: “Chemicals in the
_ Env1ronment - Pac1f1c and Yukon Reg1on prepared'by Environmental Protection.
The obJect1ve of these: reports is to prov1de the techn1ca1 gu1dance necessary
:for: a) the 1nterpretat10n of env1ronmenta1 quallty data on specific
chemicals, and b) - the assessment of. potent1a1 tmpacts resulting from ?the
-~ release of these chem1ca1s into the env1ronment L o
- The series bwtll focus on both natura]]y occurr1ng and man-made
compounds which, “when- released ‘to. the: env1ronment ~are- of concern due’ to
' thelr pers1stence toxicity and/or b1oaccumu1at1ve ab111t1es. ,” '
These reports discuss h1gh11ghts of ex1st1ng env1ronmenta1 quallty.

. data for B.C. and’ ‘Yukon and prov1de 1nformat10n on environmental dynam1cs,,

potent1a] 1mpacts on the ’env1ronment and pert1nent 1eg1slat1on' and
gu1de11nes contro]11ng both re]eases to the rece1v1ng environment - and
-env1ronmenta1 qua11ty ‘ ' o

2. UsES D SOURCES OFfRELEASE |

Arsen1c occurs natura]]y in the earth s crust in assoc1at10n with
copper, lead, silver or go]d, usual]y as a sulflde MaJor arsenlc containing
m1nera1s are arsenopyr1te (FeAsS), realgar (AS4S4) and or1p1ment (AspS3) (1).

Arsenic (III) oxide 1s the most 1mportant commercial arsenic
compound It is em1tted ‘as a by- product dur1ng the sme1t1ng of copper and
lead ores, and is recovered from the flue dust Arsenlc compounds ‘have been

“used extens1ve1y 1n' agr1cu1ture and forestry as pest1c1des, uood B
' :preservat1ves (usua]ly 1n assoc1ation with copper and/or chrom1um) glass,
| ceram1c and. c]oth manufacturlng, meta]lurgy,‘ pharmaceut1cals, ~and as
11vestock feed add1t1ves (2). . ”h h '

Arsen1c compounds are released to the env1ronment as a resu]t oF

'pest1c1de use,- ref1n1ng -and sme1t1ng of - nonferrous meta]s, foss11 fuel 4;_

~-..combustion, 1nc1nerat1on of mun1c1pa1 waste, the use of arsen1c based wood .

".vpreservat1ves and the burn1ng of wood treated with arsen1c based"
.~preservat1ves ' - ’ ' '



_ In past years, the maJor uses of arsen1c coumpounds in Canada have
' been glass manufacture and meta] ro111ng, cast1ng and- extrud1ng (3)

Large quant1t1es of arsen1c compounds are used for wood
preservation in B.C.  The products CCA . (chromated copper arsenate) and ACA -
‘(ammoniacaT' copper arsenate) re_ the maJor compounds used for “wood
preservatfon. . These products are used - for the treatment of - fence posts;
' ut111ty posts, construct1on and 1andscap1ng ‘timbers (4 5).. ', | '

The main source of env1ronmenta1 ‘and groundwater contam1nat1on at.
“wood treatment fac111t1es is. stormwater runoff from product storage areas.
Due to the h1gh tox1c1ty of these compounds to aquat1c organ1sms, the ‘
potent1a1 for serious environmental 1mpacts as a resu1t of major.
re}éases/spi]]s.is»Signif1cant. However, there have been no such documented?
incidences in B.C. (4,5). o = .

Yalence changes of arsenic 1n the env1ronment can affect its tox1C'
potent1a1 However, a pre11m1nary study conducted 1n B C -in 1986 for :

_ Env1ronment Protect1on, 1nd1cated that so1ls and standlng water col]ected inﬁfi-r

the: yards at CCA facilities in B. C ‘contained at Teast 97% of the arsen1c in-
the or1g1na1 pentava]ent form (6) _ RS ' ' _
| Small quant1t1es of the arsen1ca1 pest1c1de MSMA (Monosod1um.
methane arsonate) are also used 1n B.C. for commerc1a1 th1nn1ng of conifer | _
stands and for contro]l1ng mounta1n p1ne and spruce beet]e by 1etha1:
injection 1nto hab1tat trees. . o : |



‘3. ENVIRONMENTAL DYNAMICS

_ - Arsenic ;is .ubiquitous and ex1sts natura]ly in - the following
oxidation states;' elemental '(As(O)) tr1va1ent (As*3 “and - As™3) and
'pentavalent” (As*3). - In aquatic systems the _presence of arsenic in the
t,eTemental form is-rare. ‘Arsenic'can‘aTso occUr in both organic and inorganic
‘lforms, with. the chemical - spec1es dependent on the phys1ca1 and chemlcal,
characterlst1cs of the water system (7 8, 9,.10). . ‘

In surface waters inorganic arsenate (+5) and arsenite (+3) forms
predom1nate Arsenate (As043 ) ls the most. chem1cally stable form- under
'“aerob1c cond1t1ons, wh11e low pH anaerob1c or. reducing cond1tlons favour thel
formation of arsenite (AsO33 }, arsines (As'3), and arsenic sulfides (8, 11,
12). The. ox1dat1on of arsenlc 1ncreases w1th salinity 1n marine systems
(13). Fluctuations -in tr1va1ent/pentava1ent arsenic ratios occur in some
water systems and are - probably assoc1ated with b1o1og1ca] act1v1ty.} The
_-reduc1ng actions of certa1n organlsms can resu]t 1n arsenite belng the
predom1nant form (10 13 14, 15) ‘ _ '

M1crob1a] reduct1on or blomethy]atlon of' arsenic . occurs in
freshwater and marine: systems, but .the “rate depends on the spec1es of
organlsm and the env1ronmenta1 condltlons (16, 17, . 19). Methanogenlc
"bacter1a and certain other organ1sms are responSIble for the presence of Tow"
concentrations of d1methy]ar51n1c ac1d (cacodyllc ac1d) and methylarsonic
tf'ac1d in aquatlc systems (20, 21) D1methy1ar51n1c ac1d is the ma jor organlc
form of arsenic present in the env1ronment It is res1stant to-oxidation and
may persist in natura] waters. In anaerob1c cond1tlons further reductlon of
“these . compounds may resu]t 1n the formatlon of vo]at11e d1- .and
tr1methy1ars1nes As these compounds are re]eased to aerobic env1ronments at'
the sedlment/water, water/alr or- so11/a1r .lnterfaces they are probably
.‘ox1d1zed to methy]ated compounds of h1gher ox1dat1on state (8 10, v14 22,

23). . R I
' D1sso]ved arsen1c in the water co]umn can be . coprec1p1tated with -
iron ox1des .or bound by suspended matter and humlc const1tuents in the

;dsed1ments In waters with a high hum]c content much of the arsenic is bound

o co]]o1da1 hum1c ‘material. Arsenlte adsorbs. and coprec1p1tates_w1th,other'
'meta] su]fldes due ‘to 1ts strong aff1n1ty for su]phur. ’Arsenate adsorbs to



metal oxides and hydroxides These processes prevent the bu1ldup of h1gh
arsenic concentrat1ons in surface waters (14, 22, 23 25, 26)

Most of ‘the arsen1c 1n ‘bottom sediments 1s present as hydrous iron. :

oxides; sed1mentary CO]]OIdS, or chelated with humlc mater1a1, wh1le some is
~ present in water soluble form.' The release of arsenlc from sediments is
1arge1y dependent on the reduction of" the ferr1c 1on (+3) to- the ferrous 1on’
7_(#2). Under anaerobic conditions, 1norgan1c arsen1c 1s__1eached from the
bottom sediments in association with Fe.._.Arsenate b1nds;more_Strongly.to* i
sediments ‘than other arsenic forms (27, 28). ‘Manganese oxides in the bottom
'sed1ments p]ay an important ro]e in the ox1dat1on of arsenlte to arsenate
{29). ' ' '

4 ENVIROMMENTAL LEVELS

'4;1 . Aguatic Systems
4.1.1  Freshwater

General » . o .
| Arsenic concentrations in the water-and.sediments of lakes, rivers
and streams vary substant1a11y with prox1m1ty to 1ndustr1a1 act1v1ty and ore
deposits. _ ' . .
A survey of Canadian freshwater  systems revealedd that dissolved
arsenic levels in rivers ranged from < 1 to 50 ug/L wfth'QOZ-of'the samples .
containing < 8 ug/L. Lake water samples contained < 0. 5 to 20 ug/L (30).
0ccas1ona1]y, high arsenic 1evels have been: detected in surface waters in the'
vicinity of arsenic- bear1ng mlnera] -deposits, and 1n the hot spr1ngs The
ma jor sources of aqueous contam1nat1on are nonferrous metal smeltlng and
other industrial operations. . I | - _
Most - freshwater sediments contain natura]t'arsenic"levels of
< 15 ug/g, but higher levels occur in the vicinity of naturally mineralized'
areas and in areas receiving arsenic contaminated industrial discharges.



TABLE 1 ARSENIC LEVELS IN FRESHWATERS NEAR INDUSTRIAL ACTIVITY

LocArION_ C . CONCENTRATION  REFERENCE
o _ e - .(mg/L) .
Near Au mining operat1ons Yel1owkn1fe 'R B Up_to‘12;6-f' , 30
. Near arsen1ca1 pest1c1de manufacturer Texas = up to 240.0 31
Downstream from 1ndustr1a1 comp]ex, North o ‘R‘uo to‘l.l, | L | 32
Carolina . : ; B o : v
Near formu]ator of arsen1ca1 compounds, Un1on up to 2.8 - 33‘

Lake, New Jersey

TABLE 2 - ARSENIC LEVELS IN FRESHHATER SEDIMENTS IN AREAS OF NATURAL
' MINERALIZATION AND INDUSTRIAL CONTAMINATION

LOCATION - S CONCENTRATION © REFERENCE
' S (mg/kg dry weight) _

Au m1n1ng reg1on, Ye]]owknxfe - jl_’ .L up‘to 3500' - 34
Near firm manufactur1ng arsen1ca1 pest1c1des, ' 7100f12000 - 31
Texas : o . .
Mineralized area, Hackett River, Canadlan ' up to 394 ' : '35
Shield W : - ' S
Red Lake, Canadian:Shield | T

- background - - . 2-5 . 36

- near Au processing operat1ons . - upto 556 36
Near Cu smelter, Lake_wash1ngton, RashingtOnl'L up to 210 . . ) 37
4.1.2 . Marine Systems.
General o

Arsen1c concentrat1ons in. seawater usua]ly range from 0.15 to .
6 0 ug/L and- average 2.to 3 ug/L (8 30) E]evated arsenic levels occur in



coastal waters 1n some areas rece1v1ng 1ndustr1a1 d1scharges. Stud1es in the
.Puget Sound area in Nash1ngton State 1nd1cated that background 1evels of‘
arsenlc in water were 1. 5 to 2.0 ug/L. However,‘samples co11ected near . a

]

“copper smelter contained up to 1000 ug/L (9).

- Natural arsenlc concentratlons rang1ng from < 0 4 to > 450 ug/g t’lf

have been detected in ocean sed1ments, w1th average concentrat1ons be1ng '

approx1mate]y 30 ug/g (1). Elevated arsen1c levels occur in sed1ments fromflglf"
- some coastal and estuarine areas as a result of 1ndustr1aﬂ ‘releases. | -
: Sediments - co]]ected near . the copper sme]ter ~in -Puget Sound,‘ wash1ngtonigjyiﬁ_ -
contained up to 10 000 ug As/g compared to. background concentrat1ons of 3 torif’* ‘r”
15 ug/g for this area (9). Slm11arly, concentratlons of over’ 4000 ug/g haver,f_ﬁvi’ -
been detected in sed1ments from estuar1ne reg1ons in southwestern[Eng]and andff»'

were attrtbuted to the extens1ve m1n1ng act1v1ty in that reg1on (38 39)

', Br1t1sh Co]umb1a and Yukon

Very little 1nformat10n was ava1lab1e on arsen1c concentratlons 1n_‘1j’f*’

B.C. freshwater systems Arsen1c 1evels 1n Fraser River surface waters weref S

less than 5 ug/L-at most 51tes samp]ed and dld ‘not exceed 10 ug/L (40)
limited number of water samp]es have a1so been col]ected from m1n1ng areas'

(41). 1In all cases, arsen1c concentrat1ons were wel] _below- ‘the 50 ug/L} ”‘J
,_gu1de11ne recommended by DOE for the protectlon of - aquatlc 11fe ‘and W11d11fe_fgf"'

in freshwaters (3 30).

Informatlon on arsen1c 1evels in: sedlments from freshwater systems;a1‘
in B C. was also very 11m1ted Low. arsen1c levels were present at a]l SItesi'

" sampled in the Fraser River and its estuary (1ess than the detect1on 11m1t

- of 8 ug/g dry weight in most cases) (41 42) A Timited number of sed1ment;;j='
:samp1es have ‘been co]lected near m1n1ng operat1ons and s]1ght1y elevatedvf.’

" arsenic levels have been detected at some s1tes However, these Tevels: were’
typical for mineralized areas (41). _ _ .

Information on - mar1ne waters - off B C. 1s a]most non- ex1stent
However, as a result of 1ndustr1al re]eases, arsenlc Tlevels in sedlments from

- several coastal areas of B C exceed background concentrat1ons . Natural - -

levels of arsenic in Burrard In]et were found to be <8 to 9 ug/g (41)‘f
However, much h1gher concentratlons were detected in nearshore sedlment

_ samples  taken immediately = adJacent to.. certain ,1ndustr1a1 _fac111t1est-;ys'
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Especially hfgh‘concentratfonsfwere detected:off an ore loadfng facility (up
to 330 ug/g) and off certain sh1pbu1ld1ng/repa1r facilities (up to 483 ug/g).
High ‘arsenic concentratlons were also found in Esquwmalt Harbour sediments
" near the Department of National Defense docks (up to 180 wug/g) (41).
,Sl1ghtly elevated arsenlc levels were also detected near. other industrial
~..s1tes such as False Creek Al1ce Arm and certaln coastal pulp m1lls (41‘
. 43), o . L
i ' Several water bodies near mines and m1n1ng propert1es in Yukon have
been monitored for arsenlc. As would be expected in these. h1ghly mineralized

-areas, very hlgh arsen1c concentrat1ons have been- detected in the sediments

(up to 842 ug/q) (44, 45), Surface water samples contained. arsenic levels .i"
well below the DOE/L obJectlve for the protection of aquatic life (50 ug/L)- -

at all but ‘one 51te (3 30). Concentratlons of up to 445 ug/L were detected
in the South MacMillan. area and were attr1buted to- mlnlng act1v1ty (46)

Creeks 1n ‘the v1cin1ty of Stokes P01nt on “the Beaufort Sea

. conta1ned < 0. 5 ug ‘AS/L - in the surface waters and 6 to 30 ug/g in the

. sedvments (47).

_ L1m1ted sampllng has been done in the Beaufort Sea in the v1c1n1ty
| of Stokes and K1ng Po1nt Seawater collected at .- Stokes Pantb contained’
3 ug/L arsenlc and sedlments ranged from 5 to l82 ug/g Sediments-from King
Point conta1ned 10. 1 to 20 2 ug/g (48) I '

J'4;1.3-_ Aquat1c Organisms. , . , ,
© 4,1.3.1 - Ugtake ; L Arsenic uptake occurs. 1n aquat1c organ1sms under most

env1ronmental cond1t1ons, however,»the rate of uptake is 1nfluenced by - such
‘ factors as water temperature and the concentrat1on and form of arsenic (49 '
50). ' T ‘. . ' ,'
B1oaccumulatlon of arsenlc var1es w1th the age and spec1es of the
‘-organ1sm, w1th the greatest accumulatlon occurr1ng 1n spec1es from the lower
A parts of the food chain. In most ecosystems studied there . 1s no ev1dence of -
”magn1f1cat1on up. the food chain (22 34,751, 52). ' ’ o

. Arsen1c uptake 1n aquatlc organlsms occurs through the 1ngestlon of
' :contamlnated food and suspended partlculates, or by absorptlon through the

”'f‘skln and gllls. The maJor route of uptake varles w1th the spec1es (24 53)..



The primary sites of accumulation in aquatic organisms are the - -

liver, spleen, kidney. 'and digestive organs (53, 54). The k1dney IS thought
to be important . in arsen1c metabolism and excretlon (54).

In mar1ne organ1sms,~ most of the arsenic is present'tin_j
arseno-organic" form. In several -species fnc]uding western rock lobster,
dusky shark, whiting and several crab species, the - predom1nant compound is
arsenobetaine. It is believed that aquatic’ organ1sms can synthes1ze organ1c’
~arsenic compounds from 1norgan1c forms (55, 56 57 58 59 60, 61)

,4.1.3;2 Levels
General ‘ _
~ There is a wide var1ab111ty in arsenic concentratlons in “the
t1ssues of aquatic organisms, but the highest levels are ‘normally. found in
spec1es wh1ch 11ve near the bottom sediments -and ingest sed1ment part1cles,
while feeding. “Arsenic ' does not blomagnify through the food chain and_
aquatic plants and crustaceans norma]ly contaln h1gher concentrat1ons than

most fish species (34, 60).

Most fish spec1es show no correlat1on between arsenic leve]s in
t1ssues and fish age, length: or weight - (50) However, in certain northern
species (62, 63) and in Australian wh1t1ng (59) positive correlations have
been observed. Similar correlations have also been observed in shrimp (64).

' - L1ver, kidney and digestive organs. norma]]y contain hlgher arsenic
1evels than muscle tissue. However, high concentrations have been detected
in muscle tissue in marine organ1sms and in freshwater species from
‘contaminated areas (51 54). - o '

| The average arsenic -concentration in freshwater f1sh on a whole
body basis is reported to be 0.54 ug/qg (wet weight) (62). Freshwater fish
collected . across Canada contained 0.01 to 0.62 ug/g in ed1b1e tissue‘(30)

Much higher concentrations have been detected near sources of 1ndustr1a1

-arsen1c releases, especially gold.mines (66) ,

~ Arsenic levels in marine species-are usually much hlgher -than in

- freshwater spec1esv' Some spec1es of marine shellfish (especja]ly crabs) and

_bottom feeding fish contain very'high arsenic levels (> 100 ug/g dry weight)
with no indications of abhormalities These levels are norma]ly attr1buted
.to ‘natural enrichment rather than to 1ndustr1a1 pollution (22 65, 67).



The hlgh 1evels of arsenic in seafood do not appear to pose a human
health concern The arseno-organic compounds have a short res1dence time
when 1ngested by man and. are excreted intact- (61). - _

, Mar1ne ‘plants, espec1a11y brown kelp, also contain very high 1evels,
~of arsen1c but concentrat1ons vary w1de]y with spec1es. Submerged port1ons-
of the p1ants often conta1n hlgher levels than ‘the emergent parts (53, 67). .

- The average arsen1c concentratlon in marine plants is approx1mate1y 30 ug/g .
-(66). Most of the arsenic in p]ant tlssues is . present in water and lipid
solub]e arseno organlc forms (o9)

" British Co]umb1a and Yukon ‘ ,
Arsen1c levels in marlne 1nvertebrates from coasta] areas of B.C.
are high in compar1son with other metals, but are. similar to levels reported;

'_‘for 1nvertebrate spec1es from other areas “of the worid. In most . cases, the'

, presence of arsen1c 1n B.C. marlne 1nvertebrates 1s attrlbuted to the natural-
“presence of arsen1c in, the env1ronment and not 1ndustr1a1 contam1nat10n.

, Concentratlons of 20 to 30 ug. As/g (dry we1ght) were typical of

crab muscle. t1ssue from most B.C. coasta] areas, a]though concentrat1ons of

“over 100 ug/g were common in the minera11zed and exten51ve1y mlned Al1ce Arm

. area. Somewhat h1gher concentrat1ons were often detected -in the
hepatopancreas (41, 42, 70, 1, 72) : .

' ‘ Several spec1es of shrlmp from ‘the southern coastal areas of B C.
contained mean arsen1c 1eve]s 1n the 20 to. 40 ug/g range. Arsen1c levels in
shrimp from certain other B C. coasta] areas were somewhat. mgher and mean
concentrations between 60 and 80. ug/g were not uncommon. Leve]s of Up'tO'
300 ug/g were detected in the hepatopancreas (41 '70, 72, 73 74)

. In general bivalves contained Tower: arsen1c concentratlons than-
crustaceans A]though the data for - B. C. spec1es are 11m1ted -mean

S concentrat1ons appear to be 1n the’ 10 to. 20 ug/g range.’ The exception 1s

Yoldia co]]ected from Quats1no Sound wh1ch conta1ned a mean concentration of
62 ug/g (41 71 72 73) , _ , vl .

Arsenlc was. a]so present in elevated concentrat1ons in- many spec1es
-of B.C. mar1ne fish and levels were comparable with those reported for - fish
-from other areas of " the world. Tlssue concentratlons in B.C.. f1sh showed
}extreme varlab111ty and no clear trends were 1dent1f1ed w1th respect to-



spec1es or geograph1c locat1ons (41 43 70 72 73, 74) A'wide”varlation
“in arsenic concentrat1ons in marine f1sh has also been reported for areas
other than B. C. and Yukon (75). g S - _
| In general "B.C. data lndlcate that the h1ghest concentratlons were"

present in bottom—dwelllng species such as sole and skate Arsenlc levels 1n:,-”

~the muscle. tissue of sole were usually in ‘the 40 to 80 : ug/g range, -although
concentrat1ons of over 100 ug/g. were common in the Barkley Sound, Quat51no
Sound and_Surf Inlet areas (73). Skate: contained arsenic. levels of 77 to

182 ‘ug/g in‘muscle tissue (73). 'Rockflsh,spec1es;generally_conta)ned lower7’-'

| arsenic concentrat1ons (2 to 25 ug/g) ‘A,Similar findlng Was.reported.by‘_'A
‘another author (75). L v e T
Although several. researchers have reported that arsenlc levels tend

to. be h1gher in the llver than in the muscle t1ssue of flSh ‘this was notfv

con51stently observed for B.C.: mar1ne flSh In many 1nstances, arsen1c ,
levels 1n muscle tissue. exceeded ‘those. in- the l1ver _ : ‘
Very little 1nformat1on was ava1lable on arsenlc levels in B C'

freshwater spec1es.,Tlssue concentrat1ons .were: typlcally much Tower than qn
marine species, although sllghtly elevated levels have been detected 1n flSh--Tl

from m1neral1zed areas (41) Arsenlc was not detected in the muscle t1ssue“

of -any of the several flsh spec1es collected from the Fraser River 1n l973}~'

- and_lQSQ.' Arsen1c was present in the llver of two f1sh collected in. 1980V
(76, 77). | SR . S -
No . 1nformat1on was ava1lable for arsenlc levels 1n aquatlc blota

ﬂfrom Yukon

4.1, 3 3 Toxicity A number of factors are important in determining the -
"_tox1c1ty of arsenic compounds to aquatic organisms. These include the pH, DO -
concentrat1on and temperature of the water, the' chemical form"andjj-.f

’concentrat1on of arsen1c, the: duratlon of the exposure, and the spec1es and

life stage of the, exposed: organ1sm.‘ IR RN ' L
Sod1um arsenite is generally cons1dered to be more tox1c to aquat1cm,1

l1fe than is sodium arsenate (8). water systems with Tow- pH and DO values'

favour the productlon of the more tox1c lower ox1dat1on states such as_‘;
arsenite (11, 12). Warmer temperatures increase -the rate at which aquat1c>' o

organisms- take up arsen1c-compounds and, therefore, in many species arsenic
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'-«has been shown to be more tox1c 1n warm water condltlons (49, 78) Studies

",_.w1th f1sh 1nd1cate ‘that water hardness does not 51gn1f1cantly affect the .
toxicity of arsenic (79). ' '

» Amb1ent water concentrat1ons in the mg As/L range “can result in
adverse effects on the growth reproduct1on “and surv1va1 of aquatic’
organisms, Tests on - the tox1c1ty of sodium arsenlte, to’ severaT spec1es of
freshwater fish, demonstrated that the 96 hr LCsg values ranged from
25.8 mg/L for brook trout to 72 mg/L for bluegill. The.LCsq. vaTues for some
species decreased with Tonger exposure tlmes.vA concentration of 18 mg/L was
‘TethaT to brook trout in an 11 day exposure and Tethal to goldflsh in a 14
day exposure (80). , . . v
o In long term studles appllcat1ons of sod1um arsenite . totallng_"
4 mg/L or greater (as NaAst) caused decreased survival and growth in
bluegill, w1th immature 1nd1v1duals belng more sensitive than adults (51).

| | Concentrat1ons of 1 mg/L arsenic tr1ox1de resulted in loss of

we1ght and fat content and aTso causes Kidney - damage in ralnbow trout This =

effect was manlfested 1n the dlsrupt1on of osmoreguTatory mechan1sms and
water retent1on in the t\ssues (81).

In generaT, 1mmature 1nd1v1duaTs are more sens1t1ve to arsenic than
are aduTts (49, 51). However, it was reported that ‘the eyed stage of ralnbow
- trout eggs’ were - less sensitive ‘to both arsenite and arsenate “than both
AJuven1Te and aduTt f1sh These: eggs coqu tolerate a TeveT of 50 mg/L thCh h
was lethal to the sw1mm1ng stages (82). ‘ |

Trout embryos exposed. to 0.1 to O. 75 mg/L arsenic (administered by
1nJect1on into the yoTk sac) had a 96% and a 46% hatch rate respectlvely. In
trout embryos surv1v1ng 1 mg/L and 0.25 mg/L exposures gross abnormal1t1es
were observed in 27% and TT% (83). " The teratogen1c potential of arsen1c has
also been observed in other. stud1es (2)

o " Levels of 2. to 21 mg/L A5203 were shown to be lethal to aquatic
‘1nsects (2) When macroxnvertebrates (1nc1ud1ng var1ous insect larvae) in
.manmade ecosystems were exposed to arsenic concentrat1ons of 4.0 mg/L over a
"treatment perlod of- one year, a reduct1on in the surv1vaT -and spec1es -
d1ver51ty was observed The effects on bottom fauna were proport1onal to the:
-‘fTeveTs of arsenic in the sed1ments (51). Other 1nvertebrate spectes exh1b1t -
'a greater sen51t1v1ty to arsenic o - ’
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A concentration of 4 mg/L NaAsO2: reduced. zooplankton numbers by 5
to 10 fold, while a level of 8 mg/L resu]ted in 1mmob111zat1on and death (2).
Daphn1a exposed to 0.52 mg/L arsenic as NagHAsO4 for a period of 3 weeks R
showed a 16% decrease in the survival rate. The LCgsy value for this
exposure period was 2.85 mg/L. A 50% decrease in reproductlon was observed
in Daphn1a at 1.4 mg/1 (84). | , | |

'Additional information on the tox1c1ty of arsenlc to aquat1c s
organ1sms is presented in Table 3. ' : '

4.2 ‘TerrestriaI,Systems

4.2.1  Atmosphere
General | | B |
Natural sources of" arsenic to the. atmosphere . 1nc1ude volcanic

activity and natural weathering of the - eérth's crust. Major industrial

releases occur during the processing of gold and base. meta] ores, fossil fuel:
Solid waste

_combustlon (espec1a11y coal), and iron and steel product1on.‘
1nc1nerat1on and pesticide app]1cat1on are Tess 1mportant sources.

TABLE 3: TOXICITY OF ARSENIC AND ARSENIC COMPOUNDS TO AQUATIC ORGANISMS
SPECIES GEMKML EXPOSURE  |CONCENTRATION 'EFFECT REFERENCE
o FORM TIME (mg/L) : :

i) Aquatic Invertebrates : .
Qyster - enbryos Asp03 | 48 hours 0.326 - 50 abnonna] developrent 85
Qyster - enbryos 48 hours 7.5 5&0 86
Mussel _ embryos As 48 hours | > 3.0 abnormal development| 85
Mussels -- 4.3 - letha] quoged in
Crab - zoeae Asp03 | % hours | 0.282 |- LCsp 85
Crab Total As| 11 days: 43 - toxic - 87

ii) Fish.
Perch - |total As| 2 days 1.1 |- toxic 87
Pike - |total As| 2 days: 2.2 |- toxic 87
Bleak total As| 3 days 2.2 - toxic . 87
Bass total As| 10 days - 7.6 - - toxic 87
Carp total As| 4-6 days 3.1 - toxic - 87
Goldfish ‘JArsenate| 7 days 2.0 - bgﬁg 87
Goldfish NA%;\SOQ5 24-48 hrs| 0.1-1.0 vioural mpamrent 8
Pink Salmon total 20 days 5.3 |- - 2% nnrtahty : cpo'ged in
Chum Salmon total As| 48 hrs. | -11.0 |- 50% mortality q.:oged in




"ArseniC'in the'atmoSphere-is present in both volatile form and in
. association with f1ne particulates (pr1mar1ly as 1norgan1c arsen1c oxides and
arsenate) (16) D1methyl-' and trlmethyl- ars1nes have been detected in
significant quant1t1es in. some locat1ons (89) - The highest arsenic
:concentratlons are assoc1ated w1th the ‘smallest part1cles (90) Atmospherlc_
arsenic releases can be d1str1buted over great distances by alr currents,,
‘ult1mately be1ng depos1ted by prec1p1tatlon and dry deposition. K
' Informat1on on atmospherlc levels of arsen1c is limited. However,'
' atmospher1c arsenic levels in. some remote areas are typ1cally <-0.02 ug/m3 f
“(ranging from 0.005 to 0.1 ug/m3) (91). Much hlgher levels are- present in
' urban and 1ndustr1al1zed regions, partlcularly in: the vicinity of base metal
smelters and gold process1ng operatlons.f Prec1p1tat1on samples collected in
the Great Lakes area in the 1970 s ranged from < 0.1 to 2.5 ug As/L The -
B hlghest levels were detected near h1ghly 1ndustr1allzed SlteS such as
"Toronto Sarn1a and Hamllton (92) L

TABLE 4 'ATMO.SPHEéic'_'AR'SE,N.Ifc fco_"CENTRATidNS'ﬁ e

~ LOCATION. = -~ = - oo - . CHEMICAL . CONCENTRATION REFERENCE

‘ . o S e - FORM- - (ug/m ) o .
Rural England-~ - . - total As;"_0;0004-0.0064~ 91
Rural Canada -~ .77 total As - 0.0003-0.0047 - - 91
-Near a Au smelter, u. S : total As' = 60-13000 - - 2
Near a Au mine. Yellowkn1fe, N W. T as AsOp fﬁO 01-3.91 93

U.S. cities. o i ‘total As . . 0.01-1.41 94 -
.= typical - S ST 0002 94
~ Chicago . .. ...~ total'As - -0.02-0.04 = - 2
.. Seattle . o - . total As " 0.03-0.14 = . 2
- New York. . . . total As . 0.02-0.05 - 2
British cities =~ = = - - total As 0.01-0.2 2

Br1t1sh Columbla and Yukon .
Informat1on on arsen1c levels 1n the atmosphere of B.C. is very

l1m1ted L _
Atmospher1c Env1ronment Servlce recorded mean arsenlc

='concentratwns of < 0. 10 to 0 40 ug/L in prec1p1tat1on in south eastern B. c-d"'

between October, 1984 and February,31986 Ind1v1dual sample concentrat1ons
' ranged as h1gh as 3. 1 ug/L These levels are 51m1lar to those detected in
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Aprec1p1tatlon in Moncton,ANew Brunsw1ck from June to November of 1981 (< 0 I?n*;t"..-

‘ to 0.438- ug/L) It has been reported that mean arsen1c 1eve1s
prec1p1tatlon from var1ous areas in North Amer1ca range from 0 65 tofrf.
1.44 ug/L (95) . s E SRR Co
. o Dustfall 1n the v1c1n1ty of the Pb/Zn sme1ter in’ Tra11 in 1974 and
1975 ranged from 0.7 to 19 mg As/mZ.month (average of 4 mg/m2 month),
compared to a background 1eve1 of 1 mg/mz.month A max1mum concentrat1on of
56 mg/mz.month was recorded (96). In comparlson dustfall in the v1c1n1ty of
~a smelter in the Helena Va]]ey, Montana ranged from O to 9. 6 mg/m2. month
(97). | ST - &
' Dustfa111collected'in the-Kimberley, B.C, area.in.1974 and'1975
contained arsenic levels at"lessl than the ‘level ‘of detection
(3.5 mg/m2 month) in all samples (98). o ' ' '

Arsenic concentrations 1n suspended - atmospher1c part1cu1ate matter -

in the Tra11 and Kimberley areas ranged: from < 0.1 to > 0. 5 ug/m3 and from
0.01 to 0.20 ug/m3, respect1vely (98). '

No information was aval]able -on arsenic levels in the atmosphere_ .

and prec1p1tat1on in Yukon.

4.2,2  Soil and Vegetation
General :' ' L | v _ .
Background arsenic levels in soils tybically ‘range from 0.1 to
40 ug/g (dry weight), with .average conoentrations of 5 to 6 ug/g (99).
However, concentrations in soils vary significantly based-On;proximity to
natural mineral depos1ts and soils over su1ph1de depos1ts can contain several
hundred ug As/g. .

_ Agricultural s0i15 from Ontario contained. from 1.1 to 16.7 ug/g
arsenic and averaged 6;27-ug/g. These soiis had no history’of'treatment with
arsenical pestfcides (100). Arsenic levels -of up to several thousand ug/qg
have been detected in soils contaminated by arsenic releases from ore
roasting and smelting, power plants and arsenical pesticide application (2).

Theimobility or retention of arsenic in soils is influenced by both
the level of contamination and ‘the 'soil characteristicS. Soils with a high
clay or organic content retain arsenic,EWhereasasahdy;SOils do not (101).
Arsenic compounds in the soil are normally converted to.arsenates (except -



v:under reduc1ng cond1t10ns) (11)" ‘Iron . a]um1num, and in some 1nstances

'ovfphosphorus, b1nd the arsenate 1on and restrlct downward 1each1ng in soil

_5.,'(102"103) In contam1nated areas.‘hlgh arsenlc 1evels are normal]y conflned -
to the top 30 cm of soil" (100 101) However 801l pH affects the

. ava11ab1l1ty of Fe, A1 -and P and Tow - pH values in soll can resu]t ln less

. arsenic. retentlon and greater mob111ty (102) ' Anaerob1c condltlons can also

.f-hresult in - the mob1l1ty of arsen1c due to the formatlon of more so]uble forms
‘(104) The so]uble 1norgan1c forms of arsenic are more 11ke]y to leach from
| so1ls than organ1c arsen1c compounds and 1nstances of groundwater’&

"n:contam1natlon have been reported (105)

The pers1stence of arsen1c 1n so1ls 1s also 1nf1uenced by its. .
’chemlcal form and the soil character1st1cs Arsen1c 1s removed from 50115 as
o-a result of 1ts reductlon by mlcroorganISms to volat11e organlc ars1nes.
' lThe rate of aPSIHE productlon is greater under anaerob1c condltlons. Factorso '
:"favour1ng m1crob1a1 activ1ty, such “as. warm temperatures and hlgh organlc

o content, 1ncrease the rate of decomp051t1on (106)

Natura] arsenlc ]eve]s in terrestr1a1 vegetat1on usua]ly do not:‘

.jexceed 1 to 2 ug/g (dry we1ght) (2) However, vegetat1on in the v1c1n1ty ofp.;7'3

- mines; smelters and other sources of arsen1c, sometlmes contalns e]evated L
‘arsen1c levels (2) o ' o C ' '

; The h1ghest arsen1c 1evels -are’ normally found ‘in the roots of,{v'r“

cp]ants w1th ed1b1e frults and seeds conta1n1ng relatlvely Tow. levels, even . 1nn
contam1nated areas. Due’ to the tox1c1ty of arsenlc to vegetatlon, plants are
usua]ly k111ed or the1r development 1nh1b1ted before 51gn1f1cant levels ‘can

o "be accumu]ated by the edlble portlons.» For th1s reason, the potent1a1 for-,

'fe reduced growth and productiv1ty of vegetatlon and crops is usually of. greater '
:;5concern than its potent1a1 for. accumulat1on (2,. 104 107)

_ So11 condltlons which promote the mob111ty and so]ubillty of
,farsenlc.ln soils also 1ncrease the tox1c potent1a1 of the soils. to overlylng
.'vegetat1on The tox1c potentlal of 5011s 1s _not accurately determlned by

_: measurements of total arsenic as ‘not -all of the arsenic. is in so]ub]e or
f available form. - Measurements of extractable arsenlc 1n so1ls 'are more

: B _re]evant (52, 107) . N
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British Columbia and_Yukon : - ‘ o o ‘
’ Information on arsenic levels in B.C. soils and'.vegetation was

scarce. o S L S B
. - Soil and water samples were collected at two"B.C; facilities -
utilizing CCA (chromated copper arsenate) for wood preservation.v High levels
of arsenic,'copper and chromium were detected in yard SOils and in a ditch
receiVing surface runoff.. Concentrations of up to 15,300 ug/g total As were.
present in ditch sediments. Levels of arsenic and also copper and chromium
in surface runoff exceeded Canadian water quality criteria despite the fact
that the faCility sampled was taking precautions to avoid surface runoff.
contamination (6). R ' : '

Emissions from a Pb/Zn smelter at Trail 'B.C. release arsenic and
other metals into . the atmosphere. Analyses of vegetables grown in- the Trail‘
area  in 1969 showed that arsenic concentrations - were higher in root
vegetables than green'vegetables In some instances, levels exceeded the 1969
" Canadian Food and Drug guideline of 1 ug/g. However, it.was noted that the
highest concentrations ‘were present in ‘peelings of these vegetables and,
therefore, probably would not be ingested by humans. (96) No information was
available on arsenic levels in SOils from the Trail area. | ‘

Arsenic levels in soils from a Pb/Zn mine/mill complex near
Kimberley were less than 16 ug/g, with the_highest concentrations occurring
near the acid plant No information on vegetation ,from._this area was
available (98). - | '

A study of arsenic levels in SOils and vegetation was undertaken by
EP" near two abandoned mine Sites in Yukon (108) The ores from this area
contained high arsenic levels and concentrations of up to 19 000 mg/kg were

_present in soils (typical background levels were 30 to 300 mg/kg). Very high .. .

arsenic levels. (up to 93.3 mg/kg arsenic dry weight) were detected in
raspberries from areas receiving windblown dust accumulation., Higher levels
were detected in the Tleaves (up to 2800 mg/kg . in unwashed and up . to
1600 mg/kg in washed). Much of the arsenic contamination on berries and
leaves was attributed tot dust.  Surface washing reduced arsenic levels,
although the residual high levels (up to 33.3 mg/kg in berries) indicate
' significant uptake into the plant. Raspberries are tolerant of high arsenic
concentrations, thus; allow1ng Significant uptake into edible parts
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4.2.3  Wildlife
General ‘ _ o , ‘
- Very little information is available on arsenic levels in wildlife:
popu]at1ons. Background levels in Tiver and kldney tissues of most species
sampled are 1ess than. 0.3-0.5 ug/g (wet weight) (2, 91).. ' ’
In most spec1es, the h1ghest arsenic ]evels are found in the liver,
 kidneys, spleen and lungs. Concentrations in the blood are very Tow with the

~ exception of rats (2, 91, 109).

Positive 11near corre]atlons between liver and kidney arsenic
concentrations have been 1dent1f1ed in shorebirds from a contaminated area..
Arsenic 1evels in liver were approximately twice those in k1dneys (110).

wad1ng,b1rds collected in a oontam1nated estuary ‘in the Netherlands .
- contained higher arsenic '1eVe]s in tissUes and feathers than did birds
co11ected in comparat1ve1y ‘uncontaminated areas. Arsenic' levels in the
k1dneys of m1grat1ng birds lncreased rap1dly after their arrival in ‘the
estuary. - The mean arsenic concentration in kidneys of birds from this region
was 6.6 ug/g compared to less than: 3.5 ug/g in birds from Sweden (109). In
another study in the Dutch estuary, levels of 4 to 15 ug/g (dry weight) were
detectedv in the livers of shorebirds, while levels ranging from 2.5 to
10,5_ug/g were deteoted}Tn the kidney. sOnelbirdufodnd drowned in a net had
an arsenic concentration of 100'ug/g in the‘liver ‘The aUthors Speculated
that the bird may have died as a result of ]ocomot1ve 1mpa1rment stemming
from arsenic poisoning. (110) DR '

Shoreb1rds co]lected while w1nter1ng 1ndustr1a11zed bays. in
' other 1ocatlons contalned 0.02 to 1 20 ug/qg (wet we1ght) ‘arsenic in the liver
(average concentratlon of 0 10 ug/g) (111) Brown pellcans from . the Gulf of

_Ca11forn1a contained arsen1c levels. of 0. 32 to 0 72 ug/g (dry we1ght) in the

Tiver and 0.21 to 0. 92 ug/g in the. k1dney (112) Arsenlc levels in the
t11ver muscle and: brain t1ssue of ‘seven waterfow] spec1es from New York State |
~were less than-the. detect1on 11m1t of 0.4 ug/g (113). | ' |
Waterfow1 spec1es wh1ch ingest - lead shot were found to contain

- higher leve]s of arsen1c in “the feathers than blrds that do not ingest shot
(114), However, it ha's _been shown that feathers do not respond

proport1onate1y to the level of arsenic.exposure, and therefore- shou]d only
be used as an indicator of arsen1c exposure (114)
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~ Small  mammals collected from active and  proposed minesites in
Canada and the U.S. contained arsenic levels of less than 0.1 to 0.2 ug/g-
(wet' weight) in most cases (115, 116). Backgrodnd 1eveis'of arsenic in
livers of rOCk squirrels and pack rats in Utah ranged fhom‘ < 0.1 to
13. 3'ug/g (dry weight) There ‘was no correlation between the concentration
of arsenic in the 1ivers of these mammals and the Tevels 1n local soils and

B vegetat1on (117).

~ Arsenic was ‘not detected (< 0. 01 ug/g wet. we1ght) in 21% of Tiver

samp]es from white-tailed deer in Ill1n01$ In samples w1th detectadle
levels, the mean concentrat10n was 1.4 ug/g with a range of 0 6 to 4 8 ug/g
(118). A ‘ b o

Several tissues from Bowhead whales from the'western-Arctic have
~ been collected and analyzed for arsenic. Arsenic was detected in the liver
(0.024 to 0.085 ug/g wet weight), kidney (0.058 to 0.068 ug/g); and muscle
(0.086 to 0.096 ug/g) but not in the blubber (< 0.002 ug/g) (119).

In -contrast, -arsenic levels in the -blubber of narwhais from
Northwest Tenritories were higher than levels in other t1ssues.“_Mean levels
were; 12.1 ug/g wet weight in blubber, 0.162 ug/g in muscle. 0.343 ug/kg in
‘kidney and 0. 326 ug/g in liver (120) "

British Columbia and Yukon |
Information on arsenic levels in B C. wildlife is very 11m1ted
, Arsenic concentrations were not detectable (< 7 ug/g dry welght) in
liver, kidney and a few fat samples from various spec1es of B.C. birds
(mallard, Canada Goose, hawk, gull and widgeon). One 1iver sample fromla
.ma11ard contained 10 ug As/g (121). - | A |
In 1986, samples of 11ver tissue were co]lected from deer from

various areas of the prov1nce. Arsenic concentratlons were 1ess than the
detect1on limit of 25 ug/g (dry weight) in all samples (122).
No 1nformat10n was avallable for wildlife spec1es from Yukon

4.2,3.1  Toxicity © The toxicity of ahsenic»compounds4to.mammals,and
birds varies with the species of animal, the chemical formulation, the
solubility of the compound, the route of exposure, and'hthe rate of
absorpt1on, metabol1sm and excret10n
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In genera1 the solub]e arsenlte form 1s"constderéd"to be more . .. . .

_ tox1c than the 1ess so]ub]e arsenate Inorgan1c forms are more tox1c than -
forgan1c forms and are 1ess readi]y e11m1nated (2 9L). In" genera],'arsen1c'
_-compounds are e11m1nated more rap1d1y by. sma]l an1ma]s (2 123) -E1imination

PR occurs ma1n1y v1a the kldneys 1n a]l species (2 17)

Un11ke tr1va1ent arsen1ca1s _(egt: arsenlte), pentavalent forms _

- (eg arsenate) do not 1nterfere d1rect]y w1th act1ve enzyme s1tes Arsenate e

hircan compete w1th 1norgan1c phosphorus 1n phosphorylatlon reactlons and has_
;ebeen shown to uncouple ox1dat1ve phosphory]at1on (91) SR )
f i Arsen1c tr1ox1de adm1n1stered w1th feed is more tOXlC than when'
'adm1n1stered in: aqueous so1ut1on due to “the’ 1ow solub111ty of thlS compound
"(124) " Inhalation: of so]ub]e arsen1cals generally resu]ts in greater f
'?_;absorptlon than 1ngest1on (2) ‘ . T
_ ‘ W11d11fe spec1es normal]y conta1n 1ess than 0.5 ug/g arsen1c (wet
‘ welght) in 11ver and k1dney t1ssue. In anlmals dy1ng of acute arsenic
A poison1ng, these organs conta1n 2 to 100 ug/g arsenic.- A concentrat1on of
“more than 10 ug/g is. cons1dered to be. 1nd1cat1ve of arsen1c poxsonlng '
"Concentrat1ons are genera11y h1gher in the k1dney than in the 11ver (2, 91)
Most spec1es (except rats) excrete arsen1c rap1d1y and in anlmals*
surv1v1ng tOXlC exposures, the arsen1c concentrat1ons in the 11ver and kidney df
_may qu1ck1y decrease to 1evels not 1nd1cat1ve of arsenlc p0150n1ng (2, 17,
125, 126). RN SR IR L |
| Much of the 1nformat1on “on tox1c1ty of arsen1cals to w11d11fe7

spec1es was obtawned dur1ng tests on arsen1ca1 pestlcldes or as a. resu]t ofuﬂ .

the mlsuse of these pest1c1des (91)

For most spec1es the lethal ora] dose is between 1 and 25 mg/kg'-"'

_:body we1ght as sod1um arsen1te.» The letha] oral dose for arsen1c ‘trioxide is .
3t 10 t1mes h1gher (91) Luh- et a] (87) est1mate a genera] lethal dosage:7'd
of approx1mate1y 44 mg As/kg body welght ' "”_' Ca :

Stud1es on the tox1c1ty of arsen1c to game b1rds 1nd1cate that the °

"7_iorder of sens1t1v1ty to arsen1ca1 pest1c1des 1s as fol]ows, i

'Af‘bobwh1te >, Japanese qua11 > r1ng necked pheasant > ma]]ard (91)

Pheasants and- songb1rds consumlng ]arge quant1t1es of grasshoppers

”5Z',po1soned w1th arsen1ca1 1nsect1c1des, showed no tOX]C effects and very: 11tt1e

”dbarsenlc accumu]at1on (91 127)
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The misuse of arsenic ecid as a pesticide in. Tennessee‘resulted in
‘mortalities in the local white-tail deer poputation. Patho]og1ca1 studies
revealed that the deer died of massive hemorrhagic gastroenter1t1s Mean
concentrations in the Tliver, kidney and rumen contents. of the deer were
18.96, 17.78, and 22.5 ug/g, respectlvely (128) o

In the 19405 and 50s sodium arsenlte was used to debark trees in
various parts of the Un1ted ‘States.  Mortality among w11d11fe species
1nc1ud1ng deer, porcuplne and rabbit resulted. ‘In New York State it was shown
that 923 to 2770 mg of - arsenic (as sodium arsenlte) was lethal to deer when
licked from the bark of trees (91, 129). ,

_ Contam1nat1on: of ditch .runoff nater with MSMA (an ‘arsenical
peétitide) was thought to>bevthe cause of a deer kill in,TenneSsee; High

‘concentrations of arsenic were present in various ‘tissues: 58,8 ug/g in the -

Tiver; 63. 0 ug//g in the kidney;. 25.2 ug/g in the musc]e, and 332 0 ug/g in
the rumen contents (91). |

: There: have also. been several inCidents of arsenic ‘poisoning in
domestic animals resulting from the contamination of food and forage’(91); -

Arsenic affects tissues that are rich in oxidative systems such as;

the alimentary tract, kidneys, liver, lungs:and'epidermis. It is a potent
capillary poison (91). Studies with mice_indicate‘thatfexposnre to large
doses of arsenic ean result in decreased resiStance to viral diseases (130).
Teratogenic and mutagem’c effects have also been »observed i.n experimental
an1mals, however, there: is 11tt1e ev1dence of carcinogenicity (2 17, 91,
131). Inorganic arsenicals can cross the placental barr1er in most mamma]s
and, therefore, maternal exposure can result in fetal death or injury.
Studies with organic arsenic ~compounds indicate that they concentrate in the
" placental tissue but do not cross it (2, 17, 91). ' ' '
, Symptoms of arsen1c poisoning vary depending on- whether exposure is
acute or chronic exposure. They include abdom1na],pa1n, staggering galt,
weakness, tremb]ing, diarrhea, nausea, partial paralysis of the rear ]imbs, 
decreased growth, and degenerative effects on the k1dney, Tiver and skin (2
17, 91). '
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s REGULATIOhSVAND GUIDELINES

v Current regulat1ons and gu1de]1nes perta1n1ng to arsen1c 1n the t
env1ronment are summarlzed fo]]ow1ng ' ' ‘

5.1 Mater Qualitv | o
The “Chemlcals in the Env1ronment reports 1nc1ude env1ronmental~

.qua11ty gu1de11nes or cr1ter1a ‘for - these chemicals if such recommendatlons.f

- are ava11ab]e Gu1de11nes are prov1ded ‘for reference ‘as one: source’ of

information in: asseSSIng env1ronmenta1 quality. It must be emphas1zed that
guidelines must not be used in d1rect 1so1ated compar1sons w1th mon1tor1ng
f.data.' Site spec1f1c factors lncludlng local blophy51ca1 conditions must also
he considered. - For examp]e. 1t must be recogn1zed that gu1de11ne numbers may
‘need to-be mod1f1ed to suit local aquatlc cond1t10ns (eg.Atox1c1ty of‘ammonla

:',”var1es with pH, toxicity of‘many*ChemicaTs varieS'with'preSence of other

toxicants, tox1c1ty of most chemlcals varles with species and life stage'
affected). L1kew1se, gu1de11nes or crlterla 1nformat1on cannot be ~used
~directly in formulating -water qua]ity obJect1ves but requires consideration
- of site Specificj biophysical”-and» socio-éConomic"factorS~ and requirements
,_(132). ' o Do ,;l S .‘ '
f - At present Canada ‘does” not recommend water qua]]ty gu1del1nes for-
-acceptab]e concentrat1ons of arsenic in marlne waters However, the U.S.
Env1ronmenta1 Protect1on Agency Water Qua11ty Cr1ter1a for arsenlc state that
except poss1b1y where a 1ocaHy 1mportant spec1es is very sensitive,
‘sa1twater aquatlc organ1sms -and their .uses should not be affected'
unacceptab]y if the four day average concentratlon of arsenlc (III) -does not

exceed 36 ug/1 more than once- every. three years on the average and if the

one~hour average concentrat1on does not exceed 69 ug/1 more than once every
_three years on the average Tox1c1ty 1nformatlon for other forms of arsenic
was 1nsuff1c1ent to establlsh gu1de11nes . ‘ .

‘The water qua11ty guideline recommended by water Quality Branch
_ Inland Waters and Lands Dlrectorate for the protect1on of aquatlc life in
”,freshwater systens  is.0.05" mg/l as. total arsenic. (30) The Internat1onal -

"1n. Joint Comm1551on recommended th1s va]ue as the obJectlve for tota] arsen1c in

- the 1978 Canada/U.S._ Great’ Lakes‘water:Qua11ty‘Agreement The Canadlan "



- 22 .-

Water Quality Guidelines prepared in 1987 for the Council of Resource and
Env1ronment Ministers also recommended that concentratlons of total arsen1c
in freshwater should not exceed 0.05 mg/L (3)

The U.S. Env1ronmenta1 Protection Agency water Qua11ty Criteria for

arsenic states that except where a locally important species is very
| sensitive, freshwater aquat1c organ1sms and their uses should not -be affected»
unacceptably if the four day average concentration of arsenic (III) does not
exceed 190 ug/1 more than once every three years on. the average and if the
one-hour average concentration does not exceed 360 ug/1 more than once every'
three years on the.average". Tox1c1ty information for other forms of arsenic
was insufficient to establish guidelines (7).

The EPA believes that measurements of ac1d solub]e arsenic for

water quality criteria would be more app11cab1e than measurements of total
" arsenic and- is considering' the ’development' of approved methods for acid
soluble-analyses. Until such methods are approved the EPA will app]y cr1ter1a
based on measurements of total arsenic (7).

5.2 Human Health ‘ - :

The Gu1de11nes for Canad1an Dr1nk1ng Water Quality- (133) and the
_British Columbia Dr1nk1ng Water Qua11ty Standards (134) recommend a maximum
acceptable concentration of 0.05 mg/L total ~arsenic and an obJectlve :

~ concentration of 0.005 mg/1. ,
Canadian Health and Welfare Food and Drug Regu]atlons spec1fy a
tolerance level of 3.5 ug/g arsenic in fish protein (wet weight basis). |
Measurements of arsenic in extractable dried fishuprotein are'not~direct1y
comparable ' to measurements in ed1b1e fish tissue. There are present]y no
guidelines on -acceptable levels of arsen1c in fish and she]1f1sh for human .
consumption.: Incidents of unusually elevated arsenic Jevels in commerC1a11y
important species are reviewed on a case by case basis. However, studies
have shown that the arsenic in seafood s predominantly in the form of
'arseno organ1c complexes. These compounds are readily excreted and do not
appear to pose a health hazard to consumers (61)
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5.3 Ocean Disposal : g
The ocean dlsposal of wastes and other mater1als of f the Canadlan

. -coast is contro]]ed under. the Federal Ocean Dump1ng Control Act Arsenlc_ls_‘
o a restr1cted compound under thlS Act. A]though there are no. set limits for

the max1mum Tevel of arsenic in mater1als to be ocean dxsposed -applications
‘:for _the d1sposa1 of. materlals conta1n1ng arsen1c are rev1ewed on a case by
case’ bas1s _ . 1 o L ) "

Prov1nc1a1 cr1ter1a for the ocean or freshwater dlsposa1 of dredged
'b.materlal in’ Quebec st1pu1ate a max1mum concentratlon of mg/kg arsenic.

5.4 - Industrial Effluents and Emissions &
Federal and prov1nc1a1 1eg1s]atlon prov1de controls on the entry of

~arsenic 1nto the env1ronment _ _ _

T leve] of arsen1c in” spec1f1c ,1ndustr1a1 veffluents and
*,atmospherlc em1ss1ons 1s regulated under prov1510ns contalned in the Br1t15h
Co]umb1a Naste Management Act, as: well as general prov1s1ons and regu]atlons

~1ssued pursuant to the federal F1sher1es -Act and the Clean Air: Act.
_ The transport of arsen1c compounds and arsen1c contamlnated wastes

o 1s regu]ated under the Transportatlon of Dangerous Goods Act (Canada)

“,_Regulat1ons under th1s Act came 1nto effect on Ju]y 1, 1985 and are f

‘adm1n1stered JOlntly by the Federa] and var1ous Prov1nc1a1 and Terrltorlal*lfjvs'

é ;jfgovernments
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