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FOREWORD

This report contains unpublished original data from a study
which is still in progress. None of the information contained
herein is to be cited or quotéd or used in any way without the

written permission of the authors.

Furthermore, the interpretation of results presented in the
report are to be regarded as tentative pending completion-of the
research project and full aéséssment of +the effects‘ of mine

tailings on the Jack of Clubs.Lake ecosysten.

fhe study is a part of thevprojecf on éssessment of effects of
mining activities on ‘aquatic ecOSystems, in Canada‘ under the
leadership of A.'Mﬁdroch, Lakes Reséatch Branch, Néﬁidnal Water
Research Institute, Burlington, Ontario. The ﬁieid work was carried
out by the authors with the help of Mr. M.Mawhinney, and Mr.
R.Coker. Ms. K.Andrews, ahd Mr. D.Sutherlgnd;VB,C. Ministry of the
Environment, williams Lake Jand .Prince George, respectively,
| provided valuable support té the field wdrk; The study‘was'funded_
by'Conservation and Pfotection, Department of the Envifonment,

Canadé, Vancouver, B.C., through the Fraser River Action Plan.
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SUMMARY AND CONCLUSIONS
1. Metal mining'has been an important industry in the Fraser basin
since the 19th century. L1ke every 1ndustry, mlnlng has generated

waste products, such as talllngs and.waste rock which contaln some

'-'naturally occurrlng and potentially toxic elements found in the

metal ore, and toxic elements and compounds introduced during the

various stages during the extraction of the metals from the ore.

2. In August 1992, a reconnaiSSance study was carried out in Jack

of. Clubs Lake (JCL) at Wells, B.C.,v and adjacent aquatic and

terrestrial'environments.'The objective of the study was'to_obtain

preliminary information for evaluation of biogeochemical effects of

wastes from the past gold mining activity on the aquatic ecosystem

- of JCL in the Fraser River drainage basin..

3. Bottom sediments and surface and bottom,watef.samples_were
collected at ten sampling stations in JCL. Concentration profiles
of nutrients, ChIOrdphyil, temperature, cqnductivity, andepH were
obtained in the water column at each sampling station. Suspehded
sediments were collected in the centre of JCL (3 m water depth) and
at two stations in the Willow Rlver at Wells. Surficial sediments
were collected at several 51tes in the Wlllow River and adjacent
streams. Sedlment-_samples. were collected from the tailings
depesited along the northeastern shoré of'JCL. Samples of 1oQ'(11
speciee).and hiéh,vegetatien (4 spegies) growingnoﬁ tﬁe su;fade of»

the mine tailings and at sites adjacent to Willow River and JCL
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were collected. Samples of invertebrates were collected from the
water flowing through the'tailings. Pore water from the botfom
sediments was collected in JCL, and groundwater in the.tailings was
samﬁied'at selected éites. Bowron Lake (BL) in the Bowron Lake
Provincial Park, located about 30 km east of Wells, was selected as

a control or reference site for the study.

4. The concentrations of 43 elements (major and trace.elements)
were determined in collected sediments, sedlment pore water and
groundwater samples; The assoc1at10n of major and trace elements
with different size tailing particles.was determined. The water
samples were analyzed for 10 nutrients (soluble and particulate)
and 33 trace elements. Trace elements (12) were determined in
collected vegetation and invertebrate samples from the water
flowing through the tailiﬁge. Chemical forms of major and trace
elements were determined in selected sediment cores from JCL.
Benthic¢ community structure was evaluated at ten sampling stations
'in JCL and laboratory bioassays‘of'sediment toxioity were carried
out using different benthic species and sediments from the ten
stations in JcCL. Microbial.activity was determined in sedimeﬁts

from three sites in JCL.

§. The loading of As and Pb from the tailings to the lake is
evidenced by a concentration gradient of these elements from the
end of the lake ' where the tailings were deposited (with

concentrations of As and Pb in the sediments - 1,104 and 281 ug/9g,
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respectively), to the.oppbsite end (with 98 and 88 ug/g of As and
Pb, respectively). EléVéted concentrations of Pb in chemically
labile forms iﬁ-JCL sediments suggest that Pb associated wiﬁh fine
-parﬁicles in the tailings (up to 3,470 ug/g) may become transported

into the lake.

6. A péak “in thé concentrations of several traCeﬁbelemeﬁts,
(particularly Fe, As, Ni, Zn and éu) at the 4 to 6 cm'depth in the
sediment colledted at station 10 in JCL, most likely reflects the
inpﬁté of these e1éments from past gold mining.activities at the
CaribOOJvGold mine around 1940. This assumes the annual
éédimentation rate ofrbl to 2 mm. in the lake. The greatést
pfdportion of As in the sedimenf cores is associated with iron
oxides and sulphideé, implying medhanical dispersion frém thé
tailings. Arsenic ih:true solution AppearsAto be readily scavenged
by amorphous iron hydroxides' in the 1lake sediment oF by
coprecipitation with iron hYdroxide §n_ surface media (récks,
tailings themselves) which is prevaléht in the area surroﬁnding
JCL. Both water and vegetation data suggest that rapid fixétion of
diséolved As occurs, thus drastically limiting its dispéréion in
JCL or downstream . in - Willow River. ,Thefefbre, the high

concentration of Fe .in the tailings originating from pyrite:
(associated with Au) is actually beneficial and vefy‘effective at

limiting the migration of undesirable elements.

7. The concentration profiles of As in the sediments at stations 10
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and 3 in JCL suggest maChanical and hydromorphic dispersion of As
from its source, such as arsenopyrite, in the tailings. The .
ccncentrations of As in several water sampies indicate the present
_mobilization of As at low pH, for ekample, 556 ug/L of As at pH 2.7
in‘the Seep hear the old mine. Eievated concentrations of Ni, Co,
Cu and Zn in the samples from this and some other seeps support the
indication that these elaments'havé been continUouély mobilized.
fron the tailings and transported into JCL in dissolved form, as
'weli as particﬁlates from erosion of the tailings. The elevatad
" concentrations of Pb (up to 281 pg/g) in JCL aediments appear to be
the fesult of mobilization of Pb from the tailings, such as
dissolution and adsorption oh sediment particles or physical
dispersion of eroded ta111ng partlcles into the lake. The greatest‘
.concentratlons of Pb in finer partlcles in the ta111ngs support
this observation. The increased COncentratlons of Pb in the
sediments (i.e., 12 to 18 cm sediment depth) at station 10 in JCL |
which accumulated approx1mate1y 80 years ago on the ‘lake bottonmn,
are absent frcm the same sediment depth collected at station 3,
whichr is on the opposite side of the lake from the disposed
tailings. This indicates that the northeast part of JCL has been
impacted by the tailings deposited on the shore‘to fnuch greater

extent than the southwestern part of the lake.

8. The concentrations of Hg in JCL (up to 0.107 pg/g in bottonm
sediments, 0.205 ug/g in the suspended sediments, and 0.07 pg/g in

the vegetation) are compatible with the concentrations of Hg in
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this area. However, elevated concentrations of Hg (0.400 ug/g) were
found in the sﬁépended_ matter collgctéd from Willow 'Rivér,_'
indicating an input of'Hg'into,the'system below the outlet of'JCb.

intoWillow River.

9; The céncentrations'df polynuclear afqmatic hydrocarbons (PAH) in
JCL sediments_ were comparable to thbse found in relatively
unpollﬁted sediments. The éoncentrationé of total polychlorinated
bi?henyls (PCB) in JCL sediments were at or below the detection

1imit'(0.01 ng/g dry weight) of the analytical method.uséd,

' 10. The pH in the bottom waters of JCL was lowest near the tailing
deposits and increased with the- distance from the tailings.
However, all pH's were above 7.7 and the differende-across the lake
was smail (about 0.4 t6 0.5 pH.units)“andvmay.reflect either the
release of HY ions after the oxidatioﬁvof Sulphides'in the tailingS'
or an inhibition of microbial ac"tiv?it-y‘ by contaminants in the
tailing particles deposited on. the _bottom of the 1lake. The
concentrations of-suiphate differ‘sighificantly between the surface
and bpttom'watefs qf‘the lake with the concentrations in‘the-bottpm
waters about two times greater thah those in the surface watérs.
This indicates a release of the sulphates from the bottom
sediments, A low primary productiOn ‘in the. lake water was
attributed either to N-limitation or to elevated concéntrétions of

bioavailable metals in the lake bottom sediments.
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11. The concentrations of As in sediment pore water in JCL‘was
about two orders of magnitude greater than that in the lake water.
However, there is no migration of As from the sediments into the
overlying water, as evidenced by the concentrations of As in the
. surface and bottom water in the lake. This indicates that the
bottom sedimen?s act as a sink rather than a source of As. On the
other hand relatively great concentrations of As in the pore water

may affect the health of the sediment biota. With the exception of

As, Ni and Cu, the differences in the concentrations of trace

elements in sediment pore water in JCL and Bowron Lake are not
,statlstlcally different. The average concentrations of As, Ni, Mn

and Zn in the groundwater collected from the tailings are similar

to those found in the sediment pore_water in JCL. However, the

average concéntrations of Pb, Cd, Fe and Cr in the tailings

grbundwater are signifiCantly greater than those in the lake
sedlment pore water. The elevated concentrations: of As, Pb, cd and
cr observed in the vegetatlon and invertebrates collected from the

tailings confirm high mobility of these elements in the tailings.

12. The bioavailability of certain trace elemehts in sediments
increaées tbwards thettailingé..There is evidence that the tailings
inhibiﬁ a variety of microbial activities including enzyme
functions, Cdi production, humification of organic matter, and
denitrification. The cause(s) are not yet known, but the degree of

inhibition increases with the abundance of bioavailable Cu and Pb
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(but not the total coricentrations) in the sediments.

13. On.prelimiﬁary examinatioﬁ, the béﬁthic community data do not
demonstrate any majof effect Qf the mine tailings on JCL bénthic-
organisms..There is some indication»of-feduCed overall numbers at

station 5,. and the bivalvés may be partiCuléfly sensitive, as
implied by the}r.reduéed‘ﬁumbers at St@tidns 4 and 5. The‘Spbradic
distribution and low numbersAoﬁ'oligochaéteS-is pérhaps indicative
of a lake?wide impact, but the hiéh numbérs of total organiéms>at
Statioh 6 suggest that effects on the resident communityvare very
local, occurring at stationS» 4 and 5 only. However, ,Qithout
reference data from other lakes of similar type it is difficult to 
determine what type of community coﬁld be expected. There isv
'certainly a functioning.benthic community- in the lake. With the
exception of the results from the Hyélella bibaSSay, these data
give no indicatibn of Sediment-aésociated'toxicity. Examination of
the‘fest results7from.thé HYalellarbioéssay with the sediment
characterization may providevaﬁ explanation for the high variable

response of the amphipod.

14. Elevated éonéentratiéns of As,'Cd and Cu‘(721, 25 and 361.ug/q,
respectiVely)‘ in the invertebrates: COIieétéd from 'the' streams
flowing through the tailings and ﬁptake of As, Cd, cr and Pb by
certain species of the vegetation growing on the tailings
suggested the transport of these elements from the tailings into

the terrestrial and aquatic environment at the study area..
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SINS(}ESIICHQSINDFKFWTTIHREIETWVER(NNB&EE¢TAJL
INVESTIGATIONS

N |
a) Investigate the possible source of Hg entering Willow River
between the outlet of JCL and downstream of Wells (confluence of
Willow River and Williams Creek), and the Qhémical_
forms/biocavailability of the Hg in the suspended and bottom

sediments in the Willow River downstream of JCL;

b) evaluate the quality of water, and the processes in sediment and
suspended matter in Willow River within a 10-km distance downstream

- of JCL;

c) survey the benthic community structure and water chemistry in
noncontaminated lakes (3 to 5) near the study area. Selected lakes
should have geological setting, water depth and morphometry similar

to those of JCL;

d) estimate sedimentation rates in JCL and areas with permanent
sediment accumulation in Willow River. Determine background
concentrations'of elements of concern in bottom sediments of JCL,

Willow River and adjacent streams;

e) investigate the deformities and changes in chironomidae species:

to determine the effect of contaminants in the sediments on the
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health of the dominant benthic invertebrate species in JCL;

f) determine the uptake of trace elements, particularly As, by
diffExent invertebrates living on the tailings, Jack of Club Lake
and Wi;low, River, to assess the potential mobilization and

bioacumulation of these elements in the biota;

q) based, on the preliminary ‘regonnaiSSAnce survey. ccllect:
additional data on microbial activities in JCL‘Sediments, physico-
chemical characteristics of’sediments and water, including a study
of metal sPéciation,in relation to toxicity and bioavailability,
such as, effects of labile Cu on priﬁgry ,productién and
bioaccumulation of elements in JcL, to preparé a final rep0r£>on
the health of the aquatié environment of JCL ahdgwillow Rivér at

Wells, B.C.
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'1. INTRODUCTION

Gold mining has been a major mining aétivity in Cénada for
over a Century.'The Cariboo region in British Columbia has been an
impoxtant mining area since the 1800's. By 1960 host of the creeks
in the'cariboo region had been prospegted. The complex'geOChemistry
of gold ore was a challenge for its extréction. Conéequently, the
miners practised different extraction techniques, including

amalgamation with mercury and cyanidation.

During the 1800's the/CaribOo Gold Rﬁéh lured thousands of men
to this region in the interior of British Columbia;vand early in
1861 dozens of gold-bearing creeks weﬁe discovered. Lowhee Creek
near Barkerville; B.C. became the nucleus of the gold rush. In the
boom days of_1863 the pépulation of Barkerﬁilie was 15,000,~in
contrast to the present population of <100. After the firét year
the entire length of the creek was staked, from the site of the
presént town of Wells for a distance of two and a half miles
through the;mOuntains to its source. In the course of time, gold
came to be mihed underground, and drift miniﬂg was required. In the
1890's the Cariboo Consgolidated Mining Company began hydraulic

mining, whi¢h continued until 1964.

The town of Wells (Figure 1.1), ‘at the northeast shore of Jack
of Clubs Lake (JCL), was founded in 1932 by Fred Wells and built on
the tailings from the old Lowhee Mine. Starting in 1933, the Gold

Quartz Mining Company.decided to tunnel‘the mountain to extract
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gohi by underground mining rather than panning,vdredging,‘and
"sluicing. During its 33 years of operation at Wells, the Cariboo
Gold Quartz Mining company produced - 1n excess of five million
: dollars worth‘of gold. Further historical information is available

in Ludditt (LSBO)QVHarris (1984), and Taylor (1978).

Recently,’environmental effects of past.goldfmining“activities

~ have received considerable attention,‘ Potential health ‘risks
associated with the development of a community recreation site on
the abandoned tailing deposits at‘Wells,tB.c., contamination of
groundWater,'and transport of contaminants in tailinq particles by
wind nave been recently studied (Andrews,’1989; Galbraith, 1991;
RescanL,1990). Mercury concentrations in lake trout (over 45 cm
length) frem JCL have been shown to exceed the 0.5 mg/Kg - Hg
guideline for human consuﬁption (Andrewsi'l§89);.However,'limited
information is available on the effects of the abandoned gold mine
tailings on the aquatic ecosystems and the potential for
methylation of Hg in JCL - and the W1llow River. Such 1nformation is
essential to the 1dent1fication of pollution sources and assessment

of their effects on the Fraser River Basin ecosystem.

A multidiSCiplinary study _was initiated to determine
biogeochemical effects of gold-mine tailings deposited in JCL and
on adjacent land. Bowron Lake (BL), which is located nearby and is
considéred essentially pristine, ‘was used for purposes of

comparison.
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The objectives of this study were as follows:

a) to conduct a reconnaissanCe-sthdy to determine the distribution
of major and trace elements in the different environmental
compartments.(wate:, suspended and bottoﬁ‘sediments, interstitial

water of sediments and biota) of Jack of Clubs Lake;

b) to determine the effects of the abandoﬁéd‘tailings on the‘bigta

in the lake and on adjacent land; and

c) té examine the transport of major and trace elements from

abandoned tailings into the Fraser River systen.

2. MATERIALS AND METHODS
2.1. 8tudy Area

Jack of Clubs Lake (JCL) is 1located in tﬁe Barkerville
Terrane, which is mostly underlain by clastic sedimentgfy rocks,
principally Precambrian and Palaeozoic sandstone, greywacke and
black and‘green pelite, with mihor proportions of limestone and
mafic volcanic‘rocks (Struik, 1988).. The strike of the rock units
is parallel to the regional NW-SE struéturall‘ﬁrend, and the
sediments have been metamorphosed to greenschist facies (Robert and

Taylor, 1989).
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The tailings from the millihg and gold extraction by Cariboo

Gold Quartz Mine were discharged into the northeast end of JCL,.
changing the original morphometry of the iake.vAt_present, tailings
depésit‘about 4.5 m thick cerrs approximately 25 hectares of land
adjacent to the 1ake. The tailings are dissected by Highway 26,

Lowhee Creek and Willow River (Figure 2.1).

Lowhee Creek  flows through‘the tailings ef the GariBOO Gold
Quartz Mine before it empties into the northeast end of Jack of
Clubs Lake. During spring runoff the waters of the creek flood an
extensive area of the talllngs. Most of the sedlments that have
accumulated_near the mouth of the creek are remnants of extensive
‘hydraulic mining activities that occurred during the gold rush
(Andrews, 1989). Jack of Clubs Lake is 2.4 km long and 0.5 km wide,
with a mean depth of 19 m and a maximum depth of 63 m. Its flushing
rate is ethemely rapid, averaging 0.8 years (K.I.Ahdrews; personal
‘communication). A man-made channel dug through the tailings at the
- northeast end of the lake drains into the Willow River, the only
outlet of the lake, which flows for 130 km before diseharging into
the Fraser River. Part of the water flowing Fhrough this channel
originates as groundwater seepage from the taiiinés and does not
reach the lake. The field work was earried out during the fi:st
week of August, 1992. Samples of sedimeént and water were collected
from Jack of Clubs Lake, Lowhee Creek, Willow River, and Bowron
Lake (Figure 2.1). Bowron Lake, located about 30 km east of Wells,

was selected as a control or reference lake for the study. The
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surface area of the lake is‘over 121,600 hectares. The bedrock in
the watershed of Bowron Lake consists mainly of quaftzite,
' limestone, shale, phyllite, dolomite, and conglomerates. The lake
is inside the Beﬁron Lake Provincial Park, and there are no reports
of mining‘aetivities, past or present, along the lake. The Bowron
River dfains the north side of the lake and enters the Fraser River
near‘Prince George. The Cariboo. River drains the east and south
sides of the lake and flows south to join the Quesnel River, one of
the trlbutarles of the Fraser River. Bowron Lake was not surveyed
for benthos because of the dlfferent size, morphometry and water

depth.

2.2. Sannling and Analytical Methods
2.2.1. Water
2.2.1.1. surface Water

Water samples for determination of nutrient concentrations
were collected 1 m below the surface and 1 m above the lake bottom,
at each of the 10 statlons in the lake (Figure 2.1) using a van

Dorn bottle (Rosa et g;,, 1991).

The samples were filtered through pre-ignited (500°C) and pre-
weighed Whatman GF/C glass fibre filters (pore size 1-2 pm) for
determination of total suspended matter (TSM). Water samples
collected for analysis were divided into different‘subsemples which

were stabilized with various preservatives (for example, HNO, for

subsamples to be analyzed for metals). Total suspended matter was




26
measured gravimetrically after drying the samples at 100°C for 2.5
hours. The inorganic suspended matter (ISM) was determlned after
- igniting the samples at 500°C for 2 hours. The organlc suspended-
matter (OSM) was calculated as the difference between TSM and ISM.
Particulate organic carbon_ (POC) , particulate nitrogen (PN),
‘chlorophyll-a corrected and uncorrected for phaeophytln (CHLA-C,
CHLA-U), flltered (Whatman GF/C pore size range 1~ Zum) and -
unfiltered total phoSphorus (TFP and TP, respectlvely), and total
organic carbon‘(C—ORG) were determined by the methods of Philbert
and Traversy (1974). Particulate phosphcrus TPP was calculated-as
the difference between TP and TFP. The water samples were anaiyzed
_for various metals (Pb,,Hg, Cu, Cd, Zn, Cr, Ni, Co, V, Ca, and.Mg)
and for As, by 'atomic 'absorption spectrophqtometry>»(AAS); ‘the
concentrations of P, N, Sof,'and Cl were also determined. At all
sites continuous surface—to-bottomAdepthvprcfiles of PpH, specific.
conductance (COND), dissolved oxygen (DO), an& temperature were

recorded by a HYbROLAB Profiling SyStem, Model DataSonde; 3.

The lake and stream waters were analyzed for 47.parameters at
the Geologlcal Survey of Canada (Flnch et al., 1992) Three water
samples were collected at each site (Figure 2.2): one una01d1f1ed
and filtered for anions; one filtered and acidifled with Ultrex
H,50, for Hg; and one filtered and acidified with Ultrex.HNo,at”tne
rate ef 0.4% for most trace elements. Membrane filters with 0.45um
pores were used for all filtrations. The nethods used are described

below.
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Major catioﬂs ' (Naf’_, K*, c_:a’*,, Mg‘*) were ‘dete.rmined by air-
acetylene AAS} Cesium at Ojl%‘wes used as'angiqnisaticn buffer and
‘La at 0.5% as a releasing aéent. Anioﬁs (No,, No,, F, PO,, Br, SO,
_and“Ql) were determined by ion.chromatography with detection by
conductivity using a Dionex Ion Chromatography aeCOrdihg to the

method described by Smee’gghg;.’1978.

. Hydride-forming elements (As, Sb, Se .Té and Bl) were all
determlned by formation of; their hydrides using NaBH, as a reductant'
followed by analysis employing quartz tube AAS for As inductive
coupled plasma mass spectrophetometry'(IGP—MS)‘for Sb, Se, Te, and
'Bi. Arsenic was‘redﬁced,with KI and ascorbictecid prior to analysis
so that the concentrations reported represeht As(III) and?As(V).
The Sb, Te and Bi were reduced in Hcl so that the results for these
elements indicate total 1norgan1c concentratlons. Values given for
Se, however, represent total Se (organlc and 1norgan1c),,as the
‘subsamples taken for Se determlnatlon were dlgested with’ K;;O {a

strong oxidising agent) prlor to reduction in 6M HCl and analy51s.

Mercury was determined by ICP-MS with intrdduetioh as its
vapour fblloWing redﬁction with NaBR& Al, Ti, V, Co, Ni;,Cu,’Zn,.
Y, Cd,'In, La,-Ce, Pr,.Nd,'Sﬁ,iEu,th;‘Gd, Dy, Ho, Er, Tm, Yb, Lu,
Pb, U, Mn and Fe were all determihed tbgetherlby_ICP?MS follqwing
a 10-fold preconcentration using an automated procedure whereby the’
free ion is chelated on a resin prepared by Dionex, marketed'under

the name Metpac Cc-l,'whose properties are very similar to Chelex-
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100 but without its undesirable shrinking and swelling

characteristics.

“The determination of rare—eérth elements (REEs) and transition
metals in natural waters directly by ICP-MS.can be difficult owing
to their 1low concentrétions and interferences caused by the
- presence of aikali and alkaline-earthymétals and various anions
such as chloride. Recent work by the Analytical Method Development
laboratory has resulted in the production of a fully automated

system to overcome these difficulties.-

‘The-”system consists of a Dionex chelation concentration
module, a Gilson autosampler,and a Foxy fracﬁion collector. The
chelation column is the "MetPac_CC—l“ from Dionex Corporation. The
REEs, Cu, Pb, Ni, co, Zn, Mn, Al, Fe, Y, Ti, €d, In, and U are
retained and preconcentrated on- the coluiin, whereas interfering
componenté such as aniéns> Na, K, Ca, and Mg are not. The sample is

recovered in 5% HNO; for ahalysis by ICP-MS.

The water sample§ were filtered in the field within a few
hours of coilecfion using a Millipore glass filter apparatus Qith
0.45 pm cellulose acetate filters. They were then acidified with
"Ultrex" grade HNO, to a final concentration of 0.4% AND sent to the
laboratory as quickly as possible and stored at 4°C until analyzed.
The water samples were preconcentrated andv separated from

interferents using the automated system (described in detail
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below). A known volume of sample was buffered on-line and passed
.through‘the chelation column. The alkali earth metals and anions
passed throuéh the column which was then rinsed to remove weakly
bound alkaline earth metals. The concentrated REEs and transitibh

metals were gluted'with's mL of 5% HNO,.

The Dioneg CCM_consists of two units, the sample concentration
module (SCM) and the gradient pump module (GPM). The SCM consists
of two single piston pumps (one pump is used to transferlthe sample
from the autosampler to the SCM and the other is used to buffer the
sample té pH 5.4 before it is passed. through the éoncentrator
column), four 2000 psi, inert double stack four way pneumétically
controlled siidet valves (only two are used in this application)
and the MetPac CC-1 columns used for reaéent cleanup_and,sample
preconcentration. The GPM is a ndbrOproéessor controlled, high
performance qhatefnar? gradiént IC pump. This module has twenty
programmable steps that allow the timg dependant selection and flow
rates of up to 4 different eluants and control of the two pneumatic
 valves in the SCM (valve 5 and valyevs); The GPM can store up to 10

programs and is interfaéed to and controlled by the autosampler.

The Foxy fraction collector is fully programmable and has a
solenoid valve that can bevactivéted to allow fbr the collection of
each sample in separate test tubes allowing the rest of the eluent
to be diverted to waste. It is interfaced to_and controlled by the

autosampler. Forty samples can be processed in a day.



31

The autosampler is interfacedbwith the GPM, the two pumps in

the SCM, and the Foxy fraction collector. The current setup we are
using in the CCM ailows us to use Baker "Intra-Analyzed" grade
reagents for the preparation of the ammonium acetate eluent. Both
the 2M and the 0.5M emmoniﬁm acetate-afe cleaned on~line by passing
each through separate MetPac CC-1 columns. The coluﬁns are cleaned
by pa551ng 5% HNQ,through the columns to waste before eluting the
sample off the main concentrator column. This has ellmlnated the
need for costly high purlty reagents. The samples were analyzed on
a Perkin Elmer/Sciex Elan 250 upgraded'to a 500. Corrections were
made for the speetral interferences of the oxides of the light REEs
in the determination of the isotopes of the heavy REEs and for the

oxides of Mo and Ti in the determination of the transition metals.

'for any series of samples.that~are\being pfecondentrated it is
necessary' tq prepare blank réagents which must also Dbe
preconcentrated and are used to rinse the autosampler 1lines.
Standards solutions containing the elements being preconcentrated
are'prepared in the same matrix as the samples and the blank
solution. This standard was pfocessed along with the samples to
allow for corrections for recovery.‘There are two controls that are
currently in use when preconcentrating water samples: NBS 1643cC and
~an in-house reference standard “tap". Normally one of each of theee

standards will be included in each batch of samples processed.

2.2.1.2. Pore Water and Groundwater
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Interstitial water in sediments'was collected at'selected
sampling stations in Jack of Clubs Lake (Figure_z.l), and bottom_
sediments were sampled u51ng a modified Kajak—Brlnkhurst corer.
Sedlment core sections 0 to 5 and 5 to 10 cm were extruded from
the core liner‘ under an atmosphere ‘of nitrogen and sgueeged
separately to press out thedinterstitial water. The timelbetween
sample collectlon and termlnatlon of squee21ng was less than 5
hours. A squeezer assembly'des1gnated by Kalil and Goldhaber (1973)
was used for~sed1ment_squeez;ng. During the squeezing process the
interstitial water was separated from thehsediments by a 0.45 pm
Millipore filter. Interstitial water samples from individual
sédiment sectlons were collec¢ted in v1als pre~a01d1f1ed with two
drops of ultra pure conc. HNO3 in each, and stored at 4°c for
laboratory analysis. Trace elements and major ions in- ‘all samples

were determined by ICP.

Groundwater .was sampled by means of pieéometers previouslyy
inserted into the tailings (T1 to . Té innFigure 2.1). First, the
water level in each piezometer'uell was measured and the standing
water was pumped out.'The pieZometers were alloWed to recover
oyernight, and the next day any. water which had accumulated in the
piezometers during the night was pumped outfat a lou flow rate,
using prewashed polypropylene tublng. Once the water started to
‘flow, the tublng was attached to an on—llne 0.45 um filter and
several mL of water were passed through the filter. Two types of

groundwater sample were collected: one was collected in a Nalgene
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bottle containing few drops of conc. HC1 for determination of
cations; and the othér was coileéted in a'prewashéd‘bottle with no .
preservative added for determination of anidns. A flow-through cell
was -attached for determination of pH. The pH was measured by a
" glass combination electrode (previously calibrated with pH 7.0, 4.0
and 1.68 'buffers). .If water remained in the piezometer after
collection df.the samples, the on-line fiiﬁer was detached, and
unfiltéred samplesv(acidified and nonacidified)-were collected for

determination of cations and anions.
2.2.2. Sediments
2.2.2.1. Suspended Sediments

Suspended sediments were recovered from»thrée~locationsain the
study area (Cl, C2 and C3 in Figuré.z.l): (1) at the centre of JCL,
three méters.below the Waﬁer surface; (2) from the 6utflow'of.the
lake (the Willow River); and (3) from the Willow River at the end
'of'its passage. through the town of Wells (Figure 2.1). About 2,000
litres of water were pumped into a Westfalia separator at a flow
rate of 4 L/min to remove the suspended sediments, which were then
freeze-dried, weighed, homogenized by grinding, and analyzed for
major and trace elements (following the techniques of Mudroch and

Duncan, 1986).

2.2.2.2. Bottom Sediments and Tailings
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Sediment samples were taken at 10 stations using a miniponar

grab samblera This sampler‘éncpmpasseg'an afea of 234 cm? and
penetrates fo an average depth of ‘5 cm..The sediment was placed in
a glass. tray, homogenized with a plastic spoon and transferred to
plaétic vials and prewashed glass vials,:Samples‘in plastic vials
were stored at 4°C in the field and freéze;dried'Wheh téken back to
the laboratory. The concentrations of majorband trace elements in
freeze—dfiéd samples of whole bulk sediments were determined-by ICP
using liﬁhium Vbo;ate fusion followed by aqUa .regia digestion
(Bondar-Clegg, 1992). The Samplés in glasé containeré were frozen
and used for determinatibn of PAHs by GC/MS, using the metﬁod

described by Nagy.g; al. (1986).

Particle size frequencies in lake_Sediments were estimated for

‘'wet samples usihg‘the sedigraph method (Dunéah and LaHaié'1979).

Carbon analyses were performed on freeze-dried sémples using a
LECO-12 Ccarbon Analyzer, and3ioss on ignition (LOI) was.détermihed
by ashing dry sediment at 450°C to constantfweight (approx. 3h).

Surface saﬁpies of tailings were collected at ‘six‘ different
locations (T1-T6 in Fig..z.l). Tailings samples were separated into
sixvdifferent particle size}fractions: 54-140 um; 40454 um, 27-
40'um,'19-27-um, 13-19-um, and‘<13‘pm;'the method was déscribed.‘
earlier 5y Mudroch and Duﬁcan.(1986). Parti¢1e‘size‘anélyses were
‘carried_out by-the "Sieve and Sedigraph Methodﬁ, using a Warman
‘CYClOSiZér (WR-200) and sieves (LC-10B) (Duhcan and LaHaie, 1979).

A modified Kajak-Brinkhurst corer was used to collect sediment
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cores to éxamine Vertical.profiles}of major and trace element
concentrations' in the sediment. For this purpose, sediment cores
were subdivided into 1-cm sections and analyzed by AAS following

application of the sequential lea¢h scheme outlined in Table 2.1.

2.2.2.3. Sequential Leaching of the Sediment Cores

Sequenti@l solvent 'extractionsv were performed and the
extracts analyzed for metals to determine various operationally
definéd classes of metal Species, Although the aCcuraéy of such
analyses may hot be equivalent to- that of +total metal
determinations, the precision has been found to be excelient_in all
the R&D gafried out previously at the Geological Survey of :Canada.
The order in which the extractants are used is critical, each being
more severe in action or of a different natﬁre (reducing vs.

oxidising) than the previous one.

‘samples were kept moist and refriQefated_at 4°¢ until analysis
was begun. Each interval or segmeht of core was centrifuged at 2800
rpm for 20 min; to remove the bulk of the water, and 1'g-taken for
the séquential leach procedure. Another sub-sample of the
cenhtrifuged ﬁaterial was oven-dried, the loss in weight (‘LOD"in
results)brecorded, and the sample then analyZed by AAS for ‘total!
“metals following én HF-HC10,~HC1-HNO, extraction. It should be borne
in mind that some refractory minerals such as spinels, tourmalihe,

zircon, etc. are not dissolved effectively by this acid digestion,
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‘Table 2.1. SEQUENTIAL EXTRACTION SCHEME

Extractant

Phase dissolved

1M NaOAc. HOAc pHS
(1g/20 ml; 2 x 6 h constant
shaking) :

(two 6h extractions; app 24)

| exchangeable metals

Carbonates, adsorbed metals,

' 0.25 M NH,OH.HCl1 in 0.25M HCl
(At 60°C; first leach for 2 h,
second leach for 0.5 h]

(2 and 0.5 hour extractions;

approx. half a day)

Amorphous oxyhydrates of Fe
and Mn.

Hydroxylamlne hydrochlorlde is
preferred to oxalate reagent .
as its attack on organic -
matter is minimal.

1 M NH,0H.HCl in 25% HOAc

Crystalline Fe oxides (e.q.

(At 90°C; first leach for 3 h, hematite, geothite, magnetite,
second leach for 1 1/2 hj maghemite, lepidocrocite) ‘

(3 and 1.5 hours extractlons,

approx. one day)

KClOJHCl for 0.5 h folipwed by | Sulphides, organic matter AT
4 M HNO, at 90°C (30 and 20 : . : :

min; approx. half a daY)

HF/HC10,/HNO,/HCl" evaporatlon ‘Silicates, residual

(approx. 1 day)

crystalllne fraction
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but the sulphides and oxides of interest in this study are. Arsenic
was determined'by,hydride generation quartz tube AAS, using NaBH,
as the reductant (detection limits in Table 2.2). Arsenic was first
sepangted from potential interferents such as Cu and Ni by
ceprecipit;at_:ion with La(OH),, which was f-ormed by adding La(NO,), and
NHOOH to the exﬁract‘ The.hydroxide precipitate was filtered off and
dissolved in 4 M HCl1l for subsequent hydride production. All
calibration selutions for measurement by AAS were made up in the

same matrix as the analytes in each of the five leaches.

Procedures for the sequential leéching of soils for the extraction

of elements bound in differenﬁ (mineral) phases:

1) Adsorbed and exchanged carbonates (phase one)

1. Weigh out 1.0.§ of sampie into a 50 mL centrifuge tube fitted
with a screvw cep. Add 20 mL of the 1M sodium acetate solution to
each sample and cap the tubes tightly.

2. Suspend the sedimeht by shaking the samples for 5 seconds using
a Vortex mixer. Place the samples horizontally on a motion shaker
set at 160 shakes per minute, for a total time of 6 hours.

3. Centrifuge the samples for 10 hminutes at 2800 rpm. Decant the
liquid into clean and labelled containers.

4. Rinse with 5 mL of DDI water, suspending:the sediment using a
Vorﬁex mixer and then centrifuging again as in step #3. Add the
rinsing to the approprlate containers used in step #3. Repeat with

another 5 mL of DDI water. After completion of thlS step, the
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extraction may be halted and the sediments refrigerated.
5. Repeat steps #1 to #4 exactly as-wriﬁten (with the same sediment
sample) and store the tightly capped residUal sediments in the
refrigerator unless pfbceeding immedigtély to the.leaching of-thé
hydrous iron and manganese oxides phase. -
2) Hydrous iron and manganese oiides‘(phase two)
1. Add 20 mL of the 0.25M hydroxylamine-hydrochloride in 0.25M HC1
to the residues from the adsorbed and exchanged carbonates phase.
“Cap tightly and shake ﬁhe samples using a Vbrtex mixer for 5
seconds té suspend the sediment complefely. |
2. Heat the samﬁles in a water bath set at 60°C, for 2 hours with
the caps loosened. Every 20 minutes, re-tighten the caps and shake
ﬁheAsamples for 10 secqnds each, u#ing a Vortex mixer.lke-loosen'
~the caps and return the samples to the water'bath.
3. Centrifuge the samples for 10 minutes at 2800 rpm. Decant the
liguid into clean and labelled containers.
4. Rinse the sediment‘with S mL DDI water,'suspending the sediment
using ‘a Vortex mixer and cent_rifuginé as in step #3. Add the
riﬁsing to the solution from step #3. Repeat with another 5 mL of
DDI water. After compietion of this step, the extraction may be
halted and the sediments refrigerated before continuing.
5. Repeat steps fl to #4; however, at step #2, heat the mixtures
for 30 minutes in the water bath instead of 2 hours. Store the
tightly capped residual sediment in the refrigerator unless
proceeding immediately to the leaching'of‘fhe cfystalline iron

oxides phase.
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3) Crystalline iron oxides (phase'three)

1. Add 30‘mL of the 1M hydroxylamine hydr6ch1oride in 25% acetic
| acid to residues of the hydrous Fe and Mn oxides phase. Cap the
: tubes\tlghtly and suspend the sedlment u51ng a Vortex mlxer. V
| 2. W1th the caps tightly screwed oén, heat the samples for 3 “hours
in a water bath at 90°C. Every 20<m1nutes,shake +the samples for 10
seconds eaoh.dsingva Vortex mixer.

3. After 3_hours,'centrifﬁ§e‘the sahples.for 10 minutes at 2800
rpm. Decant the liquid into clean and labe}led containers. |
4. Add 10 nL of the 25% acetic acid to the sediment, and suspend
the sediment using a Vortex.mixer. Centrifuge the mixtures as in
step #3. Add the Superhatesvto the appropriate 1abe11ed cohtainer
’dused'in'step #4.kkepeat once more;;addinq the.snpernates_to the
same containers. After this step'is compieted, the ektraction may_
‘ be.halted and the sediments refriqerated beforelcohtinuing._

5. Repeat,steps.fl to #4; however, at step #2, heat the_sahple
mixtures for 1.5 hours eachxinstead of 3 hours.‘Store the tightly
capped residual sediments in,the refrigerator unless proceeding

dgimmediately‘to‘the leaching of the sulphidesvphaSé.

4) Sulphldes/organ1c (phase four)

1. In a fumehood, add 750 mg. pota551um chlorate to residues of the
crystalline iron ox1des phase Qulckly add 5 mL of concentrated HCl:
to the sediments, cap tightly and shake for 5 second u51ng a Vortex
mixer. This should be done for - ‘one sample at a time, the sample

mixture will froth v1olently, so the tubes should be capped
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immediately to avoid loss of‘sahple or reagent.
2. When,ﬁhe reaction.subsides (in approximately 5 to 10 minutes),
quickly add a further 10 mL of concentrated HCl to each tube and
cap“tightly. Once agaih, this should be done for one sample at a
time to minimize ioSSes through frothing. Keeping the samples.
tightly capped, each mixture is shaken using the Vortex mixer every
10 minutes, for 10 seconds each tlme, for a total time of 30
minutes. At the end of the 30 minutes, add 15 mL of DDI water to
each sample, cap tightiy and shake for 5 second using the Vortex
mixer. | |
3. Gentrifdge the samples for 10 -minutes at 2800 rpm. Decant the
liquid into clean, labelled centeiners. After completien of this
step, the extracﬁion may be halted and the sediments refrigerated
before continuing.
4. Add 10 mL of 4M HNO, to the sedlments, ‘cap tlghtly and suspend
the sediment by shaklng for 5 seconds using the Vortex mixer. Heat
the samples with the caps closed tightly for 20 minutes in a water
path set at 90°C. During this time, each sample mixture is shaken
every 5 minutes for 5 seconds duration, using a Vortex mixer.
5. At the end of the 20 minutes digestion time, suspend the
sediment thorodghly‘and transfer thevmixture inﬁo clean, labelled
Teflon pressure tubes ("0Oak Ridge" tubes, with rounded bottom,
straight sides, and a screw-cap were used).
6. Centrifuge the samples in'the'pressure tubes for 10 minutes at
2800 rpm. Decant the liquid_intq_the same containers holding the

KC10,/HC1 solution from step #3.
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_7.'Rinse'the centrifuge tubes with 5 mL of DDI water, suspending
any remaining sediment by shaking Qith a Vortex mixer. Pour this
mixture into the appropriate pressure tubes, centrifuge and decant
into the same containers from step #3. Repeat with another 5 uL ofv
DDI water. Store the tightly capped. res1dua1 sediments 1n the
refrigerator unless proceedlng immediately to the leachlng of the

silicates and residual oxides phase.

gf-Bilicates and residual oxides (phase five)

1;>Add 2 mL of ccncentrated'HNo;to residues of the‘sulphidesvphaSe,
If the sediment has been leached for elements bound in the Qrganic
phase, cr if the organic content of the _sediment is high,
additional nitric acid may be required tc deccmpose the~sediment
adequately (e.g. 5 to 10 mL of HNC;_instead of 2 mL).

2. PlaCebthe Teflon pressure tubes in a dry heating block on a hot
plate (200°C). Heat uncapped,.untii less than 0.5 nL ofhiiquid
remains in the tube. Remove each sample from the heating b10ck,at'
'they evaporate to the appropriate volume. Cool the mixtures for
approximately 5 minutes and add 2 mL of concentrated HCl to each
"sample. Heat the samples uncapped for 20 minutes in a water bath at
90°C. Remove the samples from the bath and allcw them to cocl.

3. Add 10 mL of the,decomposition.mixture to each‘sample and cap
the tubes tightly. Heat the mixtures for 1 hour in a water bath_
.(90°C) . Transfer the contents of the tubes into 50 mL Teflon
beakers, using DDI water to rinse the sediment from the pressure

_tubes.
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4. Place the beakers on a hot plate (70°C) and let them heat
overnight..In the-mdrningi raise the heat to approximately 129@,
and evaporate the mixture to incipienﬁ dryness. (This step can take
a tdtal'tihe of 20 to 24 hours). If.a reddish-brown colour remains,
i.e. -- evidence of orgahic compounds, add 5 mL of a 5:2 =
HC10,:HNO, mixture to the sediment, and heat till évaporated to
incipient dryness.
5. To each »mix‘ture, add 1 mL of HCl to diésolve some of the
sediment. Then add 3 mL HNO; and swirl to dissolve as much material
as possible. (NQte. that some of ‘the material may remain
undissolved.) Add 3 mL DDI water and warm the mixture gently on a
hot plate for approximately 5 minutes.
6. Transfer-theAmixture into a calibrated tube, using DDI water to
rinse the beakers. Make the volume up to 20 mL for each mixture
with DDI water. Stopper the tubes and ﬁix thoroughly. Leave the
ﬁmixtures_to sit ovefnight, to allow the solid material to dissolve
more completely into the acid solution. Anj insoluble material will

_have settled to the bottom of the tubes at this time.
2.2.4. Biota

2.2.4.1. Microbial Population

‘Sediment samples for the study of the micrdbial communities
were éollected from three sites in Jack of Clubs Lake: one close to
the northeast end, whererthe tailings were deposited (station-4,

Figure 2.1); a second one at the centre of the lake (station-9,
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Figure 2.1); and a third'one nearethe sbqthﬁest,end, Which.is
farthest from the}tailing deposits (station-1, Figﬁre 2.1). Samples )
were also taken:from two»sitesyin Bowron Lake; and, as the data
'from\\thesev two eites were lumped together . and aVeraged, the

combined site was Simply’designated,as‘BL.

Sediment ‘samples collected for determination of PH, Eh,
zsolvent-extractable.metai species; and activiﬁies of micfobes and
enzymes were stored in plastlc bags at 4°C with exclu51on of air to
keep them in their native state. Samples collected for .other kinds
of analyses were frozen, Ihls report deals exclusively with deta
obtained from fresh sediment Samples>in their native state; the
frozen ones have not yet been analyzed. As‘the tailinge.were
inﬁroduced into the noftheast end of the lake, the expected order
of deereesihg'environmental and biological effects of the pollution

at the sampling sites was: JCL-4 > JCL=9 > JCL=1 > BL.

Soon after collection of the samples, the sediment pH and Eh
. were measured. The sedimerits were then analyéed for .microbial
dehydrogenase and alkaline phosphatase activity <(under an
atmosphere of air) and. for nmicrobial CoQ, broduction and
denitrificatien (represented by'prgduction of N,0 in the presence
of acetylene, which bloeks cohversioh ofilﬁo to tﬁ) under both
aerobic¢ and anaerobic cqnditionsh(under etmospheres of air and He,_.
respectively); the analyses.were performed after incubation of

:‘sediment samples in stoppered flasks under defined conditions for .
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different lengths of time. Pore wa‘ter in sediments was cdllec{:ed by
high—speed' centrifugation followéd by rinsing with water under N,
and was acidified and then ahained for metals and As. After
remos(ia___,]_b.' of the pore water, operationally defined "bio-available"
metal species in the solid phase were determined by d.ivi'ding the
material into two Sets of subsamples and .t'hen extraci:ing one set
with 0.5 M CacCl, (which solubilises weakly adsdrbed or exchangeable
metals) and the other one with a solution of DTPA (a chelating
aqent' commonly employed in the estimation of the availability of
ée:tain soil-bound metals to plants); the e-xtract‘ions ' were
perfdrmed under an atmosphere of N, using N,-purged solvents, and
thé extracts were analyzed for metals and As. In addition,
sedimentary humic lﬁajtter was extracted with 0.1 M NaOH under N,, and.
the UV-visible abéorptioﬁ spectra and Fe and organic C content of
t",he 'extract's were recorded; humic conteht was estimated by .
measuring the ab‘sorba,nce of the extract at 465 nm (Ayss0m PEY un_it
weight- of dry sediment), and the degree of "humic" as distiﬁct from
nfqlvic"'chafacter of the humic matter (in other words, its dég‘ree‘
of "maturity" or "humificat«ibn“) was estimated by means of the

absorbance ratio As.ua/Asssum (othefwise known as the "E,/E" ratio).

| .~ 'Fe and Mn oxyhydroxides (FeOOH and MnOOH) in sediments were
determined by sequential extraction with N,-purged solutions of
NHZOH'HCI and citrate-dithiohite, in that order, followed by
anailysis of the extracts for Fe énd Mn. The total metal and As

concentrations in the sediments were estimated by wet-ashing and




| 46
analyzed by AAS. Thelmoisture content of the sediment was meaSured,
and the data Qere calculated on the basis of dry weight. In
~addition, the sediments will be analyzed for N, P, and organié C.
jInvthg near future frozen sediment samplés are to Be analyzed for
sulphide and for various biochemical substances sﬁch-as fatty acids
and lipid phosphate,'whi¢h are expected to yieid moré information

. on the nature and activities of the microbial populations.

2.2.4.2. Benthic organisms

Sediment samples fbr détermination of-beﬁﬁhic invertebfate
communify structure were cpllectéd by avmodified Kajak-Brinkhurst
corer usihg a plexiglas core linerlwith an inside diaﬁefer of 6.6
cm. Only tdp.lo cm of each core was examihed. Thus, the surface
area of the sample was 34.2 cm%-ahd the volume was 342 cm’. Benthic
community.'structure was _exaﬁihed ét alll-ip sampling stations
(Figure 2.1) in JCL. At each 'station- five replicates were
vCollected. Each réplicate'was extruded into a plastic whirl-pak’
bag. Sieving of the sample was conducted in the field using a ZSOy
mesh sieve. Sieved samples .were preSefved in 4% formalin for

SOrting_and identification in the laboratory.

Following the same methodology;'invertebfate_organisﬁs‘were
also cbllected-at'station T2 in the tailings for metalsanalysis.
The individuals (chironomid,.qligbchggte and other dipterous) were
subdivided haphazardly into two gréups to obtain sufficient numbers

for metal analysis, and a large sample of Hirudinoidea was analyzed
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separately. The compoSite sémbles were dry‘at 60°C to constan£
weight and then digested under pressure as described in section
2.2.4.3. Gut contents of the invertebrates were not purged because
the Qbjective of this test was to determine the concentrations of

contaminants available to the food chain at the area.

Sediment}foxidity to bgnthic.organisms was measured using
sediments from the 10 stations in Jack of Clubs Lake. Sediment
samples for toxicity testing were collected by a mihiponaf grab
sampler (five grabs per station). The samples were transferred to
41, plastic containers, each of which was filled with a plastic
liner, whéreupon-they were presefved on ice in the field_and stored
at 4°C in the 1abof§tory'beforé testing. The storage period before
testing ranged from 100-180 days..Earlier experiments (Reynoidsqn
et al 1991) have shown that storage up to 168 days does not effect
vthe test results. Toxicity was estimated by means of the T. tubifex
reproductive bioaésay,,and growth and sufvival in C. fiparius; H.
azteca and H. liﬁbata (Day and Reynoldson, 1991). For each station
five field replicates were used separately. The tests were
conducted at 22.5@ (x1°C) and the sediment was pre-treated by

‘sieving through a 250 pum net to remove indigenous organisms.

The standard operation procedure (universal), for the bioassay
tests‘can be summarized as foilﬁWs:
—culture water: charcoal-filtered, dechlorinated City of Burlington

(Lake Ontario) tap water.
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-Temperature: 23.0£1.0°C
 -Sedinent handling: sediment for bioassays was sieved through a
250 pm éfieve by ‘placihg enough water for each bioéssay 1n a bucket
and egough sédiment in the sieve and géntly "swirling" the sieve in
the water until the sediment had been sieved. The residue on the
sieve was discarded. The water with its sieved sedimebnt ' 'and
-suspended sed_iment load was aliowe‘d to stand overnight. The
overlying water was thén gently decanted into a sep,érat-e container.
The_sédiment'was added to the bioassay beakers and the decanted
water was reintroduc‘ied to the beakers as overlying >wa'terj. Thus, the

suspended sediment was not lost.

This technique is necessary in order to remove indigenous
organisms (i._ve. ,endémic tur_bificid WOrMiS , | other chironomid larvae,
etc.) which hav‘e‘ been shown to inte‘rfere with the bioassay results.
In SOmé ‘situations, the sieved sedimeﬁf was f‘r'c.:-'zevn» for 24h and_
. thawed .in order to kill all residual eggs of tubificids. The
-paramet'e'rs méasured were pH, DO, conductiyity, and temperature. All

the d_et_,erm-iriations were done on the five répl_icat;e field samples.

Sediment used for bioassays w‘as“ allowed to settle for 24h
_bé_f‘or-e introduction on animals. Water 1loss thr‘éugh evaporation
replaced ad hoc. Specific operatidn proceq_ures.' (Chirononus
riparius, Hekagenia $pp., ‘HYalell_.a azteca, and Tubifex tubifex) are

SUmmarized i_n Table 2.3.
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2.2.4.3. Vegetation
Lower vegetation. Eleven speoies of plants were collected from the
mine tailings in Wells and from creeks and lakes distant from'the
tailings. The plants were washed with lake.water and placed in
plaStic bags. Plant identification and nomenclature followed
MaCkinnon,g; al. (1992). Once in the laboratory; each sample was
washednthoroughly'withvdeionized water to rémoVé-inorganic dust
particles. Plants were oven-dried at 70°C to constant weight and
ground 1n a Wlley mlll Dry plant materlal (0. 5 g) was weighed 1nto
Teflon microwave oven digestion vessel beakers and dlgested under
pressure with 10 ml of aqua regia (HC1:HNO,, 3:1). Prior to,the
digestion, the.hixture was allowed to stand.orernight to prevent a
vigorous reaction during héating in the microwave oven. The samples
were treated by the follow1ng mlcrowave oven. program. a) 3 mlnutes
S minutes at.130_p51. Determlnatlon of 12 traoe elements (As, Au,
cd, Cr, Cu, Fe, Mn, NiLle,_Ti, Zn, and Zr)-was.carried out by ICP-
’ AES, Jobin Yvon Model 74. The results of the blank‘analyses and the

detection limits are presented in Table 2.2,

Aliquots of the final rinse water_usedvduring the.washing of
‘each plant were kept for analys1s. Titanium and Zr, although
present in the soils, are known not to be 51gn1f1cantly a551m11ated
by plants (Thompson and Walsh, 1988). Consequently, they were
determined to test the effioaoy of tnevcleaning‘procedure. Blanks‘

from all the different reagents employed were analyzed alongewith
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the:samples. Quality control analysis was performed by analyzing

Technology (NIST): orchard leaves (NIST 1571) and citrus leavés
(NIST 1572). Agreement between the known concentrations of these
metals in the reference material and the results of analysis by the

ICP method was above 90%.

Higher vegetation. The main species collected comprised: Engelmann
spruce (Picea engelmannii designated'ES.TW and ES.BK, twigs and
bark), willow (WI.TW,‘twigs), Lodgepole piﬁe (Pinus contorta LP.TW,
twigs), and Subalpine fir (Abies lasioéarpa SF;TW, twigs). Care was
taken to sample the same.number of'Years of growth for each species
to ‘maintain consistency in “the data. "The spruce is the most
prolific conifer in the immediate vicinity of JCL, with various
forms of willow (leaves variegated or straight, blue-green or
yellow-green) thriving along the banks of the river hamed after it.
The sites at which vegetation was sampled are shown in Figure 2.3;
most‘of‘the site numbers correspond with those‘for waters shown in
Figure 2.2. Only willow grows on the tailings themselves; fhe site
dictated‘the variety of species collected. Samples‘weighing.about
200 g were partially dried in their paper bags before return to
Ottawa whereﬁpon drying was complete in the open air. Needles or
leaves (willow) were then separated by hand (with plastic gloves)
from twigs and ail organs macerated in a Wiley mill. Samples were
then sent to activation laboratories for instrumental neutron

activation analysis (INAA) after pressing into 15 g pellets.
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3. RESULTS AND DISCUSSION . .

3.1. Water Quality
3.1.1. Physicdechemieal Parameters
~ |

EXCessivevalgal production may arise in any body of‘Water if
the nufrient concentrations exceed certain. levels. Usually
1ncreased levels of phosphorus, nitrogen, and carbon in particular
have been related to increased primary productlon. Although many
elements and compounds are requlred for blosynthe51s, nitrogen and
phosphorus-have long been considered to be the principal llmltlng
nutrients for primary production; evidence also suggests that
carbon may also limit production in some situations. Results of

nutrient analysis are reported in Table 3.1 (a,b).

Concentratiene of particulate nutrients are generally very-
low, with the exception of suspended matter at seme of the bottom
samples. This increese is not due to primary preduction, but to
sediment resuspension, caused by Sampling too close to the lake
bottom. This is confirmed byAthe'low or comparable concentrations
of soluble nutrients. Viable chlorophyll as measured by CHLA.C was
extremely 1low or undetected (ND). This implies that. primary
produCtien, at least during our sampling period, was extfemely_low.
This low production cannot be attributed to low or limiting '
nutrients, with the possible exception of soluble nitrogen (NH;-

N, & NO,#NO,=N). According to Molot and Dillon (1991), the
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chlorophyll/phoéphorus,'reiationship .for 15, nutrient limited,
central Ontario lakes can be expressed as:

Chl,; = 0.329TP_; + 0.606
The\gelationship was estéblished by linear regression using data
‘collected over a 12 year period. Baséd on this relationship . the
total ¢hlor6phy11 concentration of JCL‘should be in the range of
1.8 to 3.0 ug/p. Similarly, based on the above-reiationShiﬁ, Bowron
Lake, used as a control Lake in this study, has higher chlorophyli
concentrations typical of oligotro?hic 1akés. _Based on iake
classification models, and cbncéntratiOns of carbon and phosphorus;
the chlorophyll concentrations of Jack of Clubs Lake should-range
between 2 and 3 pg/L; instead the mean surface chlorophyll is only

0.3 ug/L, a factor of 10 lower than expected.

According  to other research results preseﬁted in section
3.3.1, sediment‘miérobial activities were found toibe supp:essed by
_tailingé‘deposited'in the lake. Iﬁ is speculated that the 1low
primary productioﬁ, based on the chlorophyll 1evels'ih the lake, is
also affected by‘ the tailings in. the lake. Althbugh the
concentration of Cu, which'is one of,the most toxic elements to
" phytoplankton, in the lake water exceéded the guidelines for the
protection of freshwater adquatic life (i.e;vS kg Cu/L, McNeelY et :

al., 1979) only at two sampling stations (Appendix B).

Continuous depth profiles for tempe:ature, conductance, PpH,

and dissolvéd oxygen:are shown on Figures 3.1 to 3.12. Both JCL and
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BL are thermally stratified. The thermal layers are typical of a
well stratified northern lake,FWith epiliﬁnion‘and ﬁhermocliné'
thickness between 5 to 7 m, and 2 to 4 m respectively and the
remaipdér of the water column consisting of a cold (7-9°C)
hypolimnion. The.epilimnion>of'BL is 1%2_m.deeper than JCL, owing

to greater exposure to prevailing winds.

Conductivity and pH in BL decrease with depth, and follbws the
same pattern as temperaturé (Figufes 3‘1‘ and 3Q2). In JCL,
conductivity values fall to a minimum in the thermocline and
increase in the hypolimnion (Figures 3.3 to 3.12). This increase is
probably due to regeneration of metal ions from the contaminated
bottomvsediments; Thé'gfeatest difference from surface to bottom
was recorded at stations 6, 5,-and 4; (Figures 3.6 to 3.8), closest
to the tailings.-éurface water.pH decreases from approximately
8.25, to 7.87 from stn #1 (westend) to stn #4 (eastend). The oxygen
' concentration;is greater than 7.5 mg/L ét all sampling stations,
with a consistent concentration minimum in the thermocline. This
minimum is typical in stratified systems, but much more pronounced
in other lakes, such AS the Great Lakes, and is attributed to
decaying organic matter traped in the thermécline.-Neither the lake
exhibits an oxygeﬁ depletion preblém in the hypolimnion, probably
owihg to the low biological produCtion and correspondingly low
organic mattér content (see Table 3.1). Moreover, inhibition of
microbial activity (see section 3.3.1) undoubtedly reduces oxygen

consuniption.
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Figure 3.2. Profiles of temperature, pH, conductivity and oxygen from Bowron
Lake (Station #2)



JACK OF CLUBS LAKE
| (lStn“ #1/10m).

5Cond(uSlcm) B . Temp(Deg.C)
—— Yemp = —%= Cond 116
73 - . - 14
| W o {2
- j«‘&,,e
. *Tho
69 F W ,
K ) \‘_—: 8
Y LS DOV S S S U W U W R R R U T S T G T O S B L 11 ‘8

0 L 2 3 4 5 . 6 7 ‘89 10 10

Depth (m)

JACK OF CLUBS LAKE
~ (Stn #1/10m)

ph _ DO(mg/L)

8.5 ~ e _ 11
—+ pH - DO V)(X\K
4 | w’( ’
- {10
AN v
83l /M* | * /
. e : oy v .
4 4/ - g
82} | -x/x:**"'\‘* s .
| M e
J . | , . s
8‘1 - . ]
8 ) U T U Y T T P S e | i 1 U VNS USS W VU S SN VU T S S N DU NN SN S T S | _1 1“ .l Al 11 - 7

0 1 2 3 4 5 6 7 89 10 10

Depth (m)

Figure 3.3. Profiles of temperature, pH, conductivity and oxygen from Jack of
Clubs Lake (Station #1) . :
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Figure 3.4. Profiles of temperature, pH, conductivity and oxygen from Jack of
Clubs Lake (Statlon #2)
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Figure 3.5. Profiles of tcmperature pH, conduct1v1ty and oxygen from Jack of
Clubs Lake (Station #3)
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~ Figure 3.6. Profiles of temperature, pH, conductivity and oxygen from Jack of
‘Clubs Lake (Station #4) '
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Figure 3.7. Profiles of tcmperature pH, conductivity and ‘oxygen from Jack of
Clubs Lake (Station #5)
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Figure 3.8. Profiles of temperature, pH conductmty and oxygen from Jack of
Clubs Lake (Station #6)
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Figure 3.9. Profiles of temperature pH, conduct1v1ty and oxygen from Jack of
Clubs Lake (Station #7)
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Figure 3. 10. Proﬁles of temperature, pH, conductmty and oxygcn from Jack of

Clubs Lake (Station #8)
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Figure 3.12. Profiles of temperature, pH, conduct1v1ty and oxygen from Jack of

Clubs Lake (Station #10)
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3.1.2. Major and Trace Elements

The concentrations of major aﬁd tracé elements in water are
given in Aﬁpéndix.B; the detection limits and units being listea at
the top of éachicolumn. The deSignatipn ‘D' for some waters denotes
'a_subsampie froﬁ a 1ater déy; Ihe series 01e32 refers to streaﬁs‘
(Fig. 2.2) while JCL saméles are 13belléd 1 to io (Fig. 2.1)
followed.by ah indication of the sample depth} In Appendix‘ﬁ, BL 01
is Bowron River collected near the lake; the other BL designations
refer to Bowron Lake itseif,'at différent water depﬁhs. The stréam
water sample location map is shown in'Fig. 2.2; tﬁe lake stations
are shown_ih Fig. 2.1. Sites not shown on the JCL location mépbare:
19 (northféast of Wells on Downey Creek); 27 and 28 (lake site of
" 0ld mining operation ca. 6 km west of JCL on Hwy. 26); and 29
(Willow River near Pfince George) . Résults‘er some important.

parameters (As, Fe and SO,) are illustrated in Figures 3.13 to 15.

Jack of Clubleake (JCL) -

 The éeep at Site.os, situated on the taiiings just downslope
from the abandohed Cariboo Gold Quartz mine operation, was sampled
after a rainy night. It'éontained the greatest concentrations of
all trace elements, as might be suspected from its pH §f 2.7 (Table

3.2).
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mhe sample'taken.conCUrrently beside it, 32, is a surface run-

off rather than a seep and this is reflected in its chemistry.
Sample 05 is highly anomalous in the following elements: As at 556
4g/b; S as SO, at 640 mg/L; Fe at 163 mg/L; Pb at 144 ig/L; Zn at
116 ug/L; Ni at 62 pg/L; Cu at 21 ug/L; Co at>57 ug/L; Al at 357
pg/L; Te at 39 hg/L; and Bi at 109 hg/L..Ih the rainy season,
seepage from this site would reach JCL via the wide gulley”running
down. the south-east side of the tailings. During this collection
period, sample 16 represents dreinage across the tailings into JCL
from the general location of 05. This sample is similarly high inl
the elements listed above. The major sources of Water'(and.hence
possihle conteminahts)iforrJCL which were sampled in this project
comprlse' 16 (from across talllngs), 08 (Lowhee Ck having traversed
tailings); 15 (dralnage through culvert of steep slopes north of'
Hwy 26); 25 (dralnage through culvert from steep slopes on north
side of Hwy 26); 01 (stream about 1 m wide at JCL with a rapid.
flow); and 02 (streem‘about 0.3 m wide at jCL with a good flow).
Data forlthese samples are compared in Table 3.2 with two surface
lake samples, 51te 4 closest to the talllngs and site 3 furthest‘
-away at the anut of JCL-Creek. Clearly, in terms of absolute
concentration, samples 16 and 08 are‘the‘most significant, though
the high values of Se in stream 02 (1810 ng/L)- and in drainage
Samples 15 (783 hg/L) and 25 (461 ng/L) -are very interesting.
Regardless of these anomalous levels of heavy metals in the surface
runoff to JCL, concentratiohs‘in the lake itself are 1owsand pH is.

neutral. Site 4, nearest the tailings, is higher than the other
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lake samples in only cCl and Pb. The siénifieantly higher
cbnéentratipns of'.SO4 in the bottom ‘lake' sampies reflecte
dissolutiop from'the sedimept interfaCe, Whilewthe.majqr element
Chemistfy‘of:JcL is'quité.different ffom that of‘36wron; trace
element chemistry is fairly similar with the exception of SO, (ca.
io—zo.mg/L' in JCL vs. 2 ﬁg/L in BL)'and se ('ea. 100 ng/L vs. 30
ng/L) . Unexpected contamlnatlon from the sampllng or analytlcal
procedure appears to be respon51b1e for hlgh values of Cu, Ni, Co,
v, Ti, Al, Bi, 2Zn, Pb and Fe in several of the BL samples and in
JCL 9;12. The lack of any signature in rare-earth elements in JcL
is unusual and is probably caused by their efficient removal via
coprec1p1tat10n with FeOOH which is abundant inj the area.
Slmllarlyy As is" effectlvely removed from solution as the pH.

1ncreases and Fe and Mn oxyhydroxides are prec1p1tated.

Sampling on different days at sifes 04 and 08 provides a
measure of short term variability of the runoff chenmistry; as
expected, there is more of a shift in the data for ‘Lowhee' (08)
after it traverses the tailings because of the leaching. It is
interesting tovnote the diéappearance of Lowhee Creek's signature

in Se and the rare earth elements after crossing the tailings.
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Willow River
Heavy iron oxide staining is visible all along Willow River
from JCL to its confluence with Williams Creek (at 30); tailinés
banks. are also present in tlhiis area of nofth Wells. Figures 3.13-15
demonstrate the dispersion of As, Fe and SO, from the beginning of
Willow (09) to the cchfluence; The dhemistry of sample 10 flowing -
through a culvert into.willow R. reflects béth drainage from the
'other side of the road and froﬁ the tailings closest to the road;
: while.that of sample 11 represents the effluent from the tailings
area on-the east side and overflow from Lowhee Ck. Sample 12 is a
mixture of seépagé and drainage from the minerélised slopes on the
far side of the road and its chemistfy should be similar to that of
sample 10. Sanple 26 is taken from’ water flowing rapidly through a
disintegrating culvert from the Pooley St W. area, and is dralnage
from_the general site of the Island Mountain Mlne. Samples 18, 31,
13; 14, 23 and 3OIWere all taken in Willow R. itself; as close to
the éeﬁtral flow as possibie. Data of pafameters of interest for
these samples has been ordered from the beginning of Willow R. to
Vits confluence withvwilliams Cr. in Table 3.3; It is clear that the
influence of leachinj from the ﬁain tailings bed (represented by
11) and from the general area of the Island Mountain Mine on the
other side of the road (26 and 10) is quickly dissipated so that
just before Williams Cr., Fe, S0, and As-values have fallen to about
100 pg/L, 35-40 mg/L and 0.5 ug/L, respectively. Mixing with
williams dilutes'SQ‘concentration to ca. 17 mg/L; it would be of

interest to monitor this parameter further downstream. Levels of U
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are high (>5 ug/L) inJSaﬁples 10 and 12>on the north-west side of
the road; again, these are rapidly lowered by dilution. Sampling of
sites on different. days (e.g., at 09, 10 and 13)' affofds an
appreciation of short term temporal Variability' which appears

particularly high in Ni and Zn.
-3.1.3 Pore water<and Groundwater

ReSults of pore water analyses are presented on Table 3.4.
anc‘entrations of As in the pore- water are approx. 100 times
greater than in lake water (Figure 3.16); These eoncentration
differences.are het uncommon, even in unconfaminatedelakes, and are
observed ofteh for many nutrients ahd trace metals. Differences in
the concentrations qf trace e;ements in the pore water in Jack of
Clubs _and-Bowron lakes appear to be different for many t;race
elements, Qith the exception of As, Ni and Cu. The greatest
concentrations of As, Ni, and Cu Wefe found in the pore water
‘collected from the teilings (Table 3.4). The pore water
cencentrations of all trace elements are a factor of 10 lower in
JCL, compared Eo other lakes euch as Larder Lake, Ontario whiéh has
been contaminated by' wastes from gold mining activities.
cOncentratien differences for arsenic ameng JCL, Larder Lake, eﬁd
Bowron Lake, and are shown in Figure 3.17. The concentrations of
trace element species are hot different between the surface and

bottom waters (Appendix B), thus it follows that the trace‘elements
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- Trace & Major Eleménts ,(mg/L)

Elements

Be

Cd

Pb

Cov

Cu |

Cr Mo Ni
detect. limit>| 0.0002( 0.001| 0.005| 0.001]| 0.001| 0.001]| 0.001| 0.001| 0.00{ 0.00|
Lake/Station/Layer o y ' '

BL1/1 0.0002( 0.008{ 0.010{ 0.008| 0.005]| 0.013 0,002 0.002| ND|0.014

BL1/2 - ND| 0.002| 0.006{ 0.005| ND| 0.006| 0.002| 0.002{ 0.00|0.005

JoCT/1 | 0.0002{ 0.002| 0.036| 0.005| = ND| 0.013| 0.081| 0.009| ND|0.065

JoCT/2 ND| 0.002 ND{ 0.001 ND| 0.003| ND| 0.041| 0.02{0.023

JoC3/1 ND| 0.002| 0.038| 0.006 ND| 0.01{ 0.048} 0.003| 0.00{0.019

JoC3/2 ND| 0.001| 0.016| 0.003| 0.002| 0.002{ 0.033{ 0.002| 0.00|0.010|

JoC8/1 ND ND ND| 0.001| 0.001 ND| 0.008| 0.001 ND|0.002

JoC8/2 0.0002| 0.008| 0.021| 0.007| 0.004| 0.018| 0.056} 0.001 ND|0.033

JoC9/1 ND| 0.003| 0.016 0.006| 0.003 0.006| 0.07| 0.002} 0.00(0.013}

JoC9/2 ND|. 0.001| 0.006] 0.003. ND| 0.002| 0.016 *0.002| 0.00}0.002

JoC10/1 0.0003| 0.054| 0.016| 0.004| .0.01| 0.003| 0.035| 0.002{ 0.00{0.031

JoC10/2 |° - ND| 0.002| 0.006] 0.003 ND{ 0.004{ 0.006{ 0.001| 0.00]0.006

Trace & Major Elements (mg/L) “

Elements Al Ba | Fe | Mn | Zn | S | Ca | Mg | Na K As
detect. limit> 0.01| 0.001| 0.001| 0.001| 0.001{ 0.001] 0.1] 0.1 0.2/ 0.2] 0.0002
Lake/Station/Layer - ' . N B
BL1/1 0.813| 0.653| 62.20| 6.400| 0.126] 0.083 229 46| 15| 0.7] 0.023
BL1/2 0.114] 0:395| 15.05|12.550| 0.080| 0.077| =21.3 47| 23| 1.0} 0.021
JOCT/1 0.179{ 0.114| 8.30{12.400| 0.206{ 3.170| 559.0} 153.0f 21| 1.8 NS
- JoCT/2 0.058| 0.080| 10.90| 5.580| 0.033| 3.120{ 375.0] 967.0{ 3.1| 59| 0.361
JoC3/1 2.086! 0.195{ 10.59]| 8.775| 0.072| 0.183 26.2 9.4 13| 0.7 0.091
JoC3/2 0.656| 0.106| 4.18| 3.755| 0.025| 0.193 275\ 72| 20| 11 0.105‘
JoC8/1 0.196{ 0.029| 0.70| 0.379| 0.008{ 0.114 18.71 5.2 1.1 0.3| 0.056
JoC8/2 1.530| 0.776| 67.40|10.600| 0.064| 0.191 29.2 63| 15| 04| 0.108
JoCg/1 .0.909| 0.555| 30.70{11.200| 0.056| 0.273| 42.1{ 92| 12| 0.7| 0.081
JoC9/2 0.333] 0.195( 9.12| 8.920( 0.017| 0.240 382 92| 13| 06| 0.051
JoC10/1 0.351| 0.148 496 6.310] 0.798| 0.371 63.2 15.7| 27 1.4 0.078
JoC10/2 - 0.148] 0.209| 4.27| 7.530| 0.030| 0.294 409 10.1| . 20| 0.7 0.1_64

1=0-5cm Iéyer
2 =5-10cm layer
BL = Bowron Lake

JoC = Jack of Clubs Lake
JoCT = Tailings at the north shore of Jack of Clubs Lake
No Sample o

~ ND = Not detected

NS =
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are not. being regenerated from the sediments. At some sampling
stations the concentration in the bottom water are lower, as shown
for arsenic (Figure 3.17), which implies that the sediments are
acting as a ‘*sink' rather than a 'source', According to these
preliminary results, JCL seens to have been only partially impacted
by contaminants towards the,north'end‘of the lake. Based on the
pore water concentration differences between 0-5, and 6-10 cm
sediment depth, there seems to be an improvement in the sﬁrface
sediment quality, since some surface concentrations are lower than

the 6=10 cm layer.

The concentrations of major and trace elements in the
groundwater from the ta111ngs are shown 1n Table 3.5. The average
As, Ni, Mn and Zn concentrations are similar. to the levels reported
for the pore water in the lake (Table 3.4). However, the average
concentrations of Pb, Cd, Fe and Cr in the groundwater are much
greater than in pore water. The elevated concentrations of As, Pb,
cd and Cr observed in the invertebrates (section 3.3.2.) and
vegetation_(section.3.3.3,) collected from the tailings confirmed

the high mobility of these elements in the tailings.
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3.2. Sediment Quality

3.2.1. Suspended Sediments

~.The concentrations of tOtal; ihorganic and,orcanic,carbonoin
suspended sediments collected at three stations in the S€udy area
are -shown in Table 3.6. The greatest concentration of organlc
carbon was found in suspended sediments collected at the centre of
JCL. The concentration was ,up to three tlmes greater in the
suspended sedlments at this statlon than in those collected from
two statlons in the Willow Rlver, suggestlng a larger blomass 1nl
the lake - water than in ‘the Willow River. The greatest
concentrations of As, Pb, Z2n, Cd and Cr were found in the suspended
‘'sediments collected from the Willow River at the outflow from.JCL.
The concentrations of”As; Co and Hg in the;suspended sediments in
the middle of the lake:(Table 3.7) were similar to those in the
" pottom sediments from the same area (station 8) in the lake (Table
3.9). However, the concentrations of Zn, Pb, Ni and Cu Qere greater'
in the bottom sediments ‘at .thisfvstation, suggesting limlted
transport of these elements into lake water.. The concentratlons of
As, Cd, Cu, Co and Hg were similar 1n suspended sedlments from the
Willow River at the outlet from the-lake-and_bottom sedlments_at

‘the most séverély'dontaminated site (station 5) in the lake.

With‘the-exception of cu and Hg, the concentrations of major

and trace elements in suspended.sediments in the Willow River
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Table 3.6. Total and organic carbon (%) in bottom and suspended sediments

Location - Organic lnorganic ~ Total

Bottom sediments:

JOC-1 4.00 0.25 4.26
Joc-2 1.90 - 026 2.15
JOC-3~ - 1.69 0.27 1.96
Joc4 1.24 0.20 144
-JOC-5 , 0.85 0.89 1.75
JOC-6 _ 1.63 0.26 1.89
JOC-7 - 1.62 0.23 1.85
JOoCc8 . : 1.29 024 1.53
JOC9 2.06 0.30 246
JOC-10 1.34 0.28 1.63
Bowron L. : 363 017 3.79
WR-L . ‘ 0.34 0.48 0.82
WR-:U 0.89 '0.49 1.38
LC-L 1.45 0.14 1.59
LC-U - 058 0.16 0.74
Tailings 0.62 0.10 072

Suspended sediments:

JOC-8 12.35 0.38 12.73

WRL 3.52 0.43 3.95
WR-U 481 016 4.97

WR-L=Willor River at the lake outflow

WR-U=Willor River downstream the town of Wells

L.C-L= Lowhee Creek at the lake

LC-U= Lowhee Creek approx. 500m upstream of the tailings
Tailings = near the lake shore
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Location Gravel  Sand Siit Clay
JCL-1 0 0.26 55.79 43.95
JCL-2 0 0.13 31.14. 6873
JCL-3 0 0.04 31.73 68.16
JCL-4 0 295 61.07 3598 -
JCL-5 0 0.27 60.91 38.81
JCL-6 0 0.11 43.69 56.2
- JCL-7 0 032 4892 50.76
JCL-8 0 0.57 35.28 64.15
- JCL-9 .0 0.58 40.76 58.66
JCL-10 0 0.33 34.62 65.06
Bowron L. o 0.11 4754 5235
Willow R.(*) 0 46.09 29.92 23.99
Lowhee C.(*) 0 14.75 25.78 59.47
Tailings 0 42.45 33.22 2433

' Table 3.8. Percent of gravel, sa

nd, silt and clay in bottom sediment samples

(*) close to JCL

88



Table 3.8. Major and trace element concentrations in the bottom sediments (average of triplicate samples)

. 89

Al As Ag Ba Bi Ca Cd Co Cr Cu Fe Hg
%  wglg ug/g ugfg ug/g % ug/g uglg ug/g uglg % nglg
Joc1 148 98 10 207 6 036 15 28 34 57 649 137
JOC2 216 153 .12 .34 8 032 24 40 51 76 764 127
JOC3 199 168 09 337 7 032 18 39 47 7 757 13t
JOC-4 108 596 13 167 8 094 22 28 28 40 8.15 52
'JOC5 098 © 1104 14 140. 16 274 525 28 33 48 0 48
Joc6 153 . 455 1.4 242 15 035 08 ' 33 40 63 B36 166
JOC7 179 268 - 1.1 - 248 8 0.48 2 35 45 70 .. 749 83
Jocs 181 277 1.3 2N 14 036 1.7 39 46 75.. .8 167
. JOC9 203 80 06 300 <5 031 <072 35 48 63 637 79
JOC-10 196 216 10 . 286 8 042 09 21 48 75 735 85
wilow River 059 1184 1.6 94 9 0.73 45 24 16 15 >10 27
Lowhee Cree 025 >2000 7.7 46 48 023 12 20 11 2% >10 69
Tailings 058 903 . 28 236 15 096 39 36 27 29 >10 152
Bowron Lake 2.23 21 0.3 409 <5 0.38 14 34 54 47 892 119
K Mg. Mn Mo Na Ni Pb . la Sb . St Y Zn
% % ug/g ug/g % ug/g ug/lg ug/lg ug/g ug/g ug/lg ug/g
JOC1 0.18 052 1345 4 0.06 87 88 17 6 29 24 389
- JOC-2 031 071 4346 5 007 109 132 20 8 33 36 423
JOC3 03 064 548 7 007 102 127 - 20 8 35 33 383
JOC4 02 053 . 2280 5 0.06 57 132 12. 5 33 22 174
JOCSs 020 085 2011 6 0.07 56 281 12 7 65 17 324
JOC6 022 051 2912 4 006 78 231 16 .7 29 26 450
JOC-7 022 068 3114 5 0.07 gs: 129 15 - 7 33 34 326
JOC8 023 059 4745 3 007 10t 209 16 8 32 30 516
JOC9 022 078 2198 4 0.06 90 68 20 7. 28 a3 229
JOC-10 0.28 068 4309 1 0.06 101 121 19 7 36 36 326
Wilow River 025 0.22. 406 2 0.07 32. 144 13 <5 31 '8 138
- Llowhee Cree 0.12 009 778 2 006 29 965 18 <5 16 2 165
Tailings 015 0.15 11670 8 0.06 43 467 20 <5 57 6 303
Bowronlake 025 0.99 6367 1 0.07 66 27 8 22 36 137.

37
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decreased with increasing ‘distance from the lake. However, .
suspended sediments in the Willow River below the second bridge (on
Hardscrabble Rd) in_Wellé~had greater concentration of Hg than any
of the other susPendéd sediménts and bottbm sediments colleéted in
- the lake and the river,.indicatihg introduction of Hg into the

river somewhere between the outflow of the lake and this bridge. -
3.2.2. Bottom Sediments and Tailings

Concentrations of total, inorganic, andvdrganic cérbon in .
bottom sedimehts from JCL, BL,Hand tailings are summarized in Table
.3.6. The greatest concentrations of organic carbon were found in
the sediments at station 1 (Figure 2.1) at the southwest end of.thé
lake. Adjacenttmarshes on the shore most likely contributed organic
matter to the bottom sediments in this part of the lake. The lowest
concentrations of organic carbon were found in the sediments at
étation 5, whiéh appeared to be in the area most strongly affected
by the tailings on the northeast shore of the lake. The
concentrations ' of inorganic. carboh, which probably represents
calcite in the sediments, were reiatively uniform at all sampling.
stations with the exception of statibn 5. The inorgani¢ carbon
content was about threé times greater in the sédiments_at this
station than in the sediments elsewhere in the lake and in Willow
River and Lowhee Creek. fhe particle size distribution in all the

- collected sediment samples are shown in Table 3.8.
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_The greatest concentrations. of As; ¢d, Pb, Ca and Fe were
found in the sedimehts at station 5 (Table 3.9). However, the
concentratlon of Zn were greatest at statlons 2, 6 and 8 (Flgure
2.1)% suggests a different source of Zn than the tailings on the
northeast shore of the lake. The.-concentrations of Hgv Qere
relatively uniform ‘(from 27 to 167 ng/g, Tabie 3.9) in the
sediments in JCL, Willow River, Lowhee Creek and tailings, and were
51m11ar to the- concentratlons found in the sedlments in Bowrén
Lake. The results showed that the northeast end of the lake was the
'most seVerely_contaminated erea,and that this area extends about

500 m towards the centre of the lake.

‘bata‘presented-in Table 3.10 show 10w PAH concentrations;
comparable to those seen in relatlvely unpolluted sediments. The
presence of perylene as the predominant - M252 isomer is another
characterlstlc of unpolluted sediments, as perylene can ‘be a
natural product The high levels of phenanthrene may 1nd1cate that
the PAHs orlglnated from petroleum sources 1nstead of belng formedt
by cOmbustlon‘ ‘The concentrations of total polychlorlntaedg

bibhenyls (PCB) in the sediments of JCL were at or.below detection-.

limit (0.01 ng/g dry weight) of the analytical method used.

The average concentrations of major and trace elements in the
tailings are presented in Table'3,9. Generally, the concentrations
of As, Fe, Mn and Pb in the tailings are considerably greater than

in JCL sediments. However, they are comparable with tailings at
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Table 3.10. Concentration (ug/g) of PAHs in bottom sediments of Jack of Clubs Lake

Compound . Joct  Joc4 JOC9  LowheeC. Bowron L.
Naphthale\ne 0.067 0.024 0.002 0.161 0.035
Acenaphthylene n.d. n.d. nd. n.d. n.d.
Acenaphthene nd. 0.005 nd. - 0.005 - n.d.
Fluorene _ 0.022 0.007 0.005 0.014 0.011
Phenantherene 0.06 0.021 0019 0.028 0.03
Anthracene nd. n.d. n.d. nd. - n.d.
Fluoranthene 0011  0.004 0.004 0.009 0.005
Pyrene - 0.022 0.008 0.01 0.014 0.009
- Benzoanthracene 0.001 0.00t1 n.d. - 0.002 n.d.
Chrysene : 0.004 0.002 0.002 0.005 0.002
Bbfluoranthene n.d. n.d. n.d. 0.002 n.d.
Bkfluoranthene n.d. . nd. nd. 0.002 n.d.
Bapyrene n.d. n.d. : n.d. 0.001 n.d.
Indenopyrene nd. = nd n.d. - ond. n.d.
Dibenzoanthracene nd. n.d. n.d. n.d. n.d.
Benzoperylene nd. n.d. n.d. n.d. n.d.
Total 0.187 0.071 - 0.043 0.092 0.242
Bepyrene n.d. n.d. n.d. 0.001 n.d.

Perylene 0.188 0.013 0.022  0.0004 0.228

D.L = 250 pg/g
n.d. = below detection limit
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other mining areas (Azcue and Nriagu 1993; Adriano, 1986) . Previous
studies at the Wells area suggested‘a very low solubility of As and.
Pb  in the tailings, owing to adsorption onto ' and/or ‘¢o-

‘precipitation with ferric oxyhydroxides (Rescan, 1990).

It is well known that the metal concentrations in the
different 'particle size fractions of the sediments are very.
important in the evaluation of the transport of metals (Forstner,
1982 ;" Mudroch and Duncan, 1986): Figure 3.18 .shows the.
concentrations of As and Pb in six particle size fractions (see
section 2.2.2.1) of sediments collected in the tailings. The
conCentrations of the major elements reflected the mineralogy-of
each size fraction. The greatest.concentration of Pb (3,470 ug]g)‘
was found in the <13 um size fraction, with decreasing
concentrations With increasing size fractions. Consequently, large
quantitles of Pb bound to the fine silt and c¢clay fractions (<63 pm
particle size) may be mobilized by erosion of the fine particles
and phy51co chemical changes of environmental conditions at the
site where the fine-grained particles settle On the other hand As
concentration. was greatest (>2,000 pg/qg) in the 45-53 pm size
fractionﬁ with decreasing concentrations in the smaller particle
siie fractions. Thus, As preferentially bound to coarser sediment
fractions (i.e. silt) tends to be less mobile by erosional:

processes.
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2000 ‘

1600+
14004

12001

ug/g:

microms

Lead concentration in sedlments
mlnetamngs (Wells, BCY

ug/g

" microms

Figure 3.18. Concentrations of As and Pb in six particle size
fractions of the tailings separated by a cyclosizer

94



| | o5
'3.2.3. Sequential Extraction
All results for thezfive.phases extracted,'as well as the
summation of these concentrations ("phase 6"), are listed in
Appendix A. The control data»testify to the high;precision attained
in the analyses:“ TILL-2 and LKSD-4 ' (lake sediment) ere
international standard reference samples produced by-.the GSC
(Lynch, 1990). The variation in elemental concentration with depth
in the five phases extracted from each core is shown-ih Figures
3.19 to 26. The p01nt plotted at 0 cm represents that concentratlon
for the 0- 2 cm segment of core, that at 2 cm represents that value
for the 2=4 cm interval, and so on. Note the logar;thmlc scale used
in the figures. Thendistribution of'Mn, Fe, Zn, As and Pb amongst
the f1ve phases, as a percentage of the total elemental content, is
.111ustrated in Flgures 3.27 and. 28 respectlvely, for four selected
depths (062, 2-4, 4-6 and ;6—18 cn) 1n‘cores 3 and 10. The results
for each element are discussed below. Core 10 was collected at a
water depth of ca. 40 m about 1100 m from the tailings, and
presumably' during spring run=off and times of flooding WOuld.
treceive both  material flushed mechanically from the tailings and
water Carrying high contents of dissoived salts. Core 3 was
collected at a water depth of ca. 25 m about 250 i from the mouth
of JCL Creek, at the opposite_end of the iake (southwest) from the
tailings (Fig. 2.1); Thus, while the presence of mine tailings and
associeted activities would affect the geochemistry Of core 10 more
than core 3, the latter would be rece1v1ng sediment brought into

the lake via JCL Creek (Table 3.11).
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Iron (Figure 3.19)

The profiles for total Fe (phase 6) inlCOres 3 and 10 differ
markedly. The range is similar - from 6.4 to 9.2% in core 3 and
from5.8 to 9.3% in core 10. The large increase to 9.3% atvSegment
4-6 cm in core 10 was conflrmed by separate ana1y51s of a sub-
sample after an HF-HClO;-HCl-HNO3 acid attack. Below 6 cm, the total
Fe proflle 1s}qu1te constant. In core 3, there is a noticeable
depletion of Fe at'6~8 cm, again confirmed by separate ‘total'
analysis. Confribution to the total Fe content is derived mainly
from phases 2 (amorphous Fe oxyhydroxide), 3‘(crystélline Fe oxide)
and, to.a lesser degree, 4 (sulphides aﬁd 1esé soluble organics).
Total Fe is more consistent in Bowron cores 1 and 2, ranging-from

6.4 té 7.4%, and from 7.6 to 8.6%, respectively.

Both JCL cores are depleted in exchangéable Fe (phase 1) in
the top 2 cm, shown clearly in Figures 3.19, 3.27 and 3.28. This Fe
varies from 2.7% éf total Fe in the 0-2 cm segment of core 3 to
5.8% gf total in the 14-16 cm segment; corresponding values in core
10 are 2.7% and 10.5% of the total Fe. Not surprisingly, Fe is
enriched in all cores in the émorphous othydro#ide component of
the surface sédiment.‘It reaches 2.6% (absolute) in thé.tbp of
core 3 (Cf;‘3.0% in core 10), and then varies from 1.8 to 2.2% in

the remainder (cf. 1.5 to 1.9% in core 10). Iron in this phase
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makes up a notably higher proportion of the total in the BL

sediment cores.

“\There is a-significant difference in profiles of crystalline
Fe (phase 3) in cores 3 énd:lo which is reflected in the total Fe
signatures. The enhancement at 4-6 cm in corevio.is striking, to a
value of 3.7%,‘from a.bacquound-of;1;7‘to 2.6% in the underlying
_sediment. Generally, phase 3 Fe in core 3 is higher than that in
core 10, at 2.4;4.6% compared to 1.7-3.7%. This Fe in the Bowron
cores is more cOnsiStenﬁ and lower in magnitude, at 1.4 to.1.9%,

and the s?ike shown in core 10 is absent from these.

. Sulphide/organic bound Fe (phase 4) is relatively qonstgnt
with depth in core 3, with a depletion to-0.29% at surface. This
profile is more erratic for core 10, and the increase shown at 4-6
cm for phase 3 Fe is evident here also, though the cbncentration is
much -lower (1.6%). The proportion of Fe‘in this phase appears
higher in core 10>than in core 3. Note, that ppase 4 Fe, like
crystalline Fe, is considerably lower in both BL sediment cores,

though total Fe values are quite similar.

The spike (1.4% Fé)'at the 4-6 cm depth in core 10 is evident
agéin in phase 5 Fe, that attributed to silicate and more‘
refractory oxide binding or encapsulation. Such an.inCreése is not
apparent in core 3, and in fact there tends to be a decrease in

phase 5 Fe from about 4 to 8 cm, as reflected in total Fe.
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Figure 3.19. Distribution of Feée in sediments from  JcL
(concentrations expressed in pug/g). [1= adsorbed and exchanged
carbonates; 2= hydrous Fe and Mn oxides; 3= crystalline Fe oxides;.

Depth :in.,cm‘

Depth in cm

4= sulphides/organic; 5= silicates and residual; 6= total]
CORE 3 1RON
0-
2
4-
o
g -
101
12
14
16 - \
18
10° 1':)510" '1_(])5'103 ,11)‘“ 1t 10t adtiet 10
2 3 4 5 6
PHASE |
CORE 10 IRON
00 10t 1’:)5‘10.‘ ¢ 10%0 0 100" 10
1 2 4 6




100

Manganese (Figure 3.20)

There is a large increasé in total Mn in éll cores at the
surface of the sediments ﬁost of it in the @xide (phase 2) under
the‘ﬁypical 6xidising conditions at the interface. Total Mn ranges
from 1084 to 8014 ug/g in core 3 and from 1145 to 4861 ug/g in ‘
core 10,’thése‘cohcentrations being somewhat lower than those in
Bowron cores. The drastic change with debth in the Mn content of
the first two phaseé is best seen by'comparing the diagrams ‘in
Figures 3.28 and 29. "Exchangeable" Mn is vastly dépleted at the
surface while oxide Mn is very high. Beiow 4 cn, ﬁhése 1 and 2}Mn
profiles are similar, fhough phase 1 Mn dominates in absolute
concentration. This is most 1likely due to_theloxidation.of Mn

migrating through the sediment pore water to the sediment surfaCe.'

The spike shown at 4-6 cm by phase 3 Fe, in'core 10, is
evident for Mn in this phase. Similarly, a depletion in Mn is
evident in core 3 at 6-8 cm,vas is the case for phase 3 Fe. Thé
‘concentrations of Mn in phases 4 and 5 are, for the most part, well
under iOO pg/g and are insignificant with respect to phases 1 and
2. Nevertheless, an enhancement is again seen at 4-6 cm in core 10
for phases 4 and 5 Mn, following the patterh of Fe. slight-
depletions are seen in phaées 4 and 5 Mn for core 3 at a depth of

4-8 Cl.
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- Figure 3.20. Distribution of Mn in sediments from JCL (legendsnas
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Arsenic (Figure 3.21)

There is a 1large difference in the magnitudé’ of As
conceptrations.bétween JCL and BL. In sediment cores 1 and 2 from
BL, As is in the range 8-25 and 12-23 ug/g, respeCtiVely‘ However,
in JCL cores 3 and 10, As values lie in the ranges of’78—229 and
93-574 ug/dg, rgspectively. By far the dominant phases of As in BL.
sediment cores are phases 2 and 3 wheré amorphous Fe and Mn (oxides
and oxyhydroxides)'énd crystalline Fe are preferentially extracted.
‘However, As in JCL is held mainly in phasés 3 and 4 (largely
sulphides), With 2 being the next most sighificanta Arsenic values
in phase 1 are greater in core 10 (1-15 ug/g) than in 3 (0.9—11‘
pg/g) . These profiles follow closely those for Fe, with marked

depletion at the sediment-water interface. -

A large épike (342 pug/g compared to <30 ug/g) is present for
phasé 2 As at 4-6 cm in core 10 and has been confifmed by sepafate
‘total' analysis. A much more subdued high at this depth is shown
for core 3. Arsenic tends to be greater in phase 3 in the upper76
cm of both JCL cores, ranging’ from 63 to 115 ug/g in core 3 and

from 62 to 110 ug/g in core 10.

" Profiles in cores 3 and 10 of phase 4 'As are distinctly
different. Only 3 ug/g was found in this phase at the surface of
core 3; this increases with depth to a maximum of 71 pg/g at 8-10

cm and then decreases to 18 ug/g at 18-20 cm. However, in core 10
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there are two maxima: at 4-6 cm (116 pg/g).;and at 12-14 cm
(159 ug/g) The mean value'fer'phaSe 4 As below 4 cm is 41%19 rg/g
for core 3 and 105+38 ug/g for core 10. | |

N ‘ . ‘ :

Arsenic in tne.teéidual portion extracted with HF-HC10,~HNO,,
phase 5, is low at 1 to 4 pg/g in beth cores 3.and 10,bthough the
enhancement typicalbof eOre 10 at 4-6 cm is visible. There is a
similarity between As and Fe in cores 3 and 10, most notably in the
latter core for»phases 3, 4 and 5. Profiles for core.3 tend to be
gradual wﬁile those for core 10 are more irregular with significant

increase at 4-6 ci.
Cobalt (Figure 3.22)

Total Co_concentratiens for all cores are low, at about 20-
40 pg/g, with the greatest singie_contribution in all cases coming
from'phase-z,‘the fraction asSociated with Fe/Mn oxyhydroxides.
Cobalt in phases 4 and 5 in particular is close to the detection
limit of 1 pg/g. However, one feature distinguishes JCL corello
from the others, The profiles for this core again show the positive
anomaly at i-6 cm; this was confirmed by independent ‘total!
ana1y51s separate from appllcation of the sequential scheme (46 Vs.
42 pg/g). Unlike the other phases in core 10, phase 2 indicates an

enrichment in the top 6 cm.
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Figure 3.21. Distribution of As in sediments from JCL (legends as
in Figure 3.19)
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Figure 3.22. Distribution of Co in sediments from JCL (legends as
~in Figure 3.19) .
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Nickel (Figure 3.23)

Nickel is enriched in both JCL cores, particularly in core 10,
compared to BL wheré it ranges from 60 to 80 kg/g. Total Ni
con&entrations are consistent in core 3, fluctuatiné from 89 to 123
Kg/g with no visible trends. However, total Ni is as high és 426
ug/g at 4-6 cm in core 10, falling to a rathef iﬁconspicuéus
minimum of 76 pg/g at 12-14 cm. Nickel is relatively evenly
distributed‘in‘the BL cores amongst the five phases, with phase 4
(sulphides) containing the least. Howevér( it is the phase 4 Ni in
core 10 samples which cause that éofe.to-be anoﬁaldus; Nickel
cohdentrations here are 66, 131 and 305 MQ/g, respectively, in the

first three segments from the sediment-water interface. More subtle

anomalies persist for Ni at 4-6 cm in phases 3 and 5. A second

anomaly at 10-12 cm in core 10 is evident for Ni in phases 1, 4 and
5 as is the case for Mn. Profiles in both JCL cores are similar for

Ni and Co.

Copper (Figure 3.24)

Total Cu is only slightly higher in JCL cores than in BL

cores. Copper fluctuates from 28 to 47 ug/g in core 1 of BL, andv

from 54 to 63 pug/g in core 2. Total Cu is in the range 88-108 ug/g

in core 3 of JCL and 67-79 ug/g in core 10. Phases 2 and 3 Cu are

the major components in the all cores but labile Cu in phase 1

becomes significant in JCL core 3 (unlike Bowfén); A positive
anomaly is seen at 4-6 cm in core 10 for Cu in all>phases, and is

particularly striking in phase 4 (sulphides/organics). Once again,
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Figure 3.23. Distribu_tiOn of Ni in sediments from JCL (legends as
in Figure 3.19) ,
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Figure 3.24. Distribution of Cu in sediments from JCL (legends as

in Figure 3.19)
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this increase was independently verified by the direct HF baséd
analysis (125 vs 99 ug/q). A ‘depletion in Cu in core 3 at 6-8 cm ié_.
'segn‘for most phases, similar to Fe, Co_and phase 5 for As,

N |
Lead (Figure 3.25)

Lead contents of both Bowron cores are relatively low, at 9-
20 pg/g in core 1 and‘19—30 kg/g in core 2. Total Pb is much higher
in the JCL cores, in the;range 71-281 pg/g in core 3 and 95;
296 pg/g in core io. By far the most dominant phases containing fb
in these cores are 1 andvz,:suggestingﬁlabile‘forms of the element.
With a few exceptions in core 10, Pb levels in.pﬁases-3,‘4'éhd 5
are below 5 ug/g. The uncharacteristic ‘noise' shown in phases 3,
4 and 5 in COfe 3 is due to data too close ,to the detection limit
(1 pg/g). Strong depletion of Pb in‘phase'l in the surféce sediment
is evident for both cOres;IPhase‘l Pb tends to be higher in the
‘upper portion of core 3 than it is in éore 10 but the‘re§érsehtheﬁ~"
occurs below aboutllz cﬁ. This pattern‘revérsal between cpréé'alsb
~occurs for phase 2 Pb. This behaviour is reflected then in total Pb
where Pb leveéels are greéter in the upper 12-14 cm of coré‘3'than-'

core 10 and lower below this dépth;~
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Fiéure 3.25. Distribution of Pb in sediments from JCL (legends as
in Figure 3.19) '
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Zinc (Figure 3.26)

Zinc levels in JCL are 51gn1f1cantly greater than in BL. Total
;Zn Iies in the range 71-118 ug/g in core 1 and 108 156 4g/g. in core
2, mostly contrlbuted from phases 2, 3 and 5. However, 2Zn
concentrations in JCL range from 199 to 544 ug/g in core 3 and from
228 to 397 ug/g in core 10. The increase in 1levels is due
‘predomlnantly to Zn held in labile phases 1 and 2, rather than in
sulphldes or 5111cates in phases 4 and 5. Both cores show dramatlc
‘depletion of Zn in phase 1 at the surface. Proflles for Zn in core
3 are relativelyfsmooth, with the exception of the positive anomaly |
present at‘4¥6.cm in phases 1 and 2. This gives.rise to a highr
total Zn of 544 ug/g at thisvdepth,‘a value verified by direct
analysis of a sﬁh-sample follbwing the HF attack (549 upg/g Zn).
» Interestingly, the high at 4-6 cm in core 10 is due to increases in
the non=labile forms of Zn in phases 3, 4 and'5 This results in a
high total Zn at 4 6 cm of 388 ug/g (cf 402 ug/g by the HF attack
on a sub=sample). The upper 12 cm of core 3 tend to be more
concentrated inhzn than.that part df core 10, similar to the.

pattern for Pb.

our interpretation of these data must, qf’conrse, be regarded
as tentative owing to the absence of information on subjects such
as sediment stratigraphy, the hydrological history of JCL, dates of
core horizons, and pore water data. The salient

features of the observations mentioned above are as follows:




Figure 3.26. Distribution of 2Zn in sediments from JCL (legends as

in Figure 3.19)
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Figure 3.27. Phase distribution of elements with depth in core 3

(legends as in Figure 3.19)
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Figure 3.28. Phase distribution
(legends as in Figure 3.19)

of elements with depth in core 10
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~In Core 3:

-Most profiles,are,smooth and consistent with depth except where
elemental concentretions»are very close to detection limits; .;
-Prqﬁlles for Fe, As, Cu, Ni and Co are broadly 51m11ar,

-Total Zn and As show maxima (544 and 229 ug/g) at 4 6 cm due
malnly to enhancement in the 1ab1le forms for Zn, and to all forms
of: As but_pertlculgrly to phase 3 (crystalllne Fe oxides),_

-An enhencement in Pb exists from 4 to 14 cm (predominantly phase
1) | | |

In Core 10:

-a distinct maximum in total Fe, As; Ni, Zn and Cu at 4¥6vcm}

.- =For Fe, this is due in decreasing order to phases 3, 4lend 5 (i.e.
non-labile); |

 -For As) this is due in decreasing order to phases 2<3<4<1 and 5;
-For Ni, this is due to phase 4 and, to a muchAlesser extent, 3;
-For Zn, this is due in decreasing order to phases 3, 4 and 5 (i.e.
non-labile) ; | |
~For Cu, this.is aue in decreasing order to phases 3, 4 and 1;
-Profiles are broadly similar for Fe, As, Cu, Ni and Co;

-Below 12 cm depth, there are elevated levels of phase 1 and 2 Zn,

phase 1 and 2 Pb, and phases 4 and 3 As;

" With reference to both JCL cores

-All elements show a depletlon at surface in the adsorbed-
exchangeabieecarbonate phase;
-Mn is extremely eleveted in the oxic surface layer in phase 2

(precipitated Mn oxides) of all four cores;
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=Both cores are enriched in As and Pb compared to Bowron sediments
by an order of magnitude;

-JCL cores with respect to BL cores are generally about 2-3 fold
higher in total Zn, slight1y elevated in cu and Ni, and equivalent
in Co, Mn and Fe (though phase distribution is much‘differéni).

The distribution of metals in cores 10 and 3 are ranked from high

to low concentration in Table 3.12.
3.3. Biota

3.3.1. Microbial Populations

The reSulté_(Tables 3.13 to 15) showed clear evidence of
-environmentai and biological effects of the tailings_deposited at
the northeast end of JCL. Ail microbial activities tended to-bécome
ihcreasingly inténsefwith distance away from the northeast end of
the lake and were most significant at the southwest end (furthest
from the tailings) or in BL (Table 3.13), whereas the
concentfations of Cacl&-extractable Cu and ﬁTPA—eXtractable Pb (but
not total Cu and total Pb) decreased. with distance from the
tailings and were lowest at the southwest end of JCL and in BL
(Table 3.14). Similarly; the least polluted sediments had the
highest concentrations of organic matter, the highest pH values(.
the highest moistﬁre content and relatively high organic matter
content (expressed in»Table 3.15 as loés on ignition), the highest
humic content (Aus,./9), and the highest concentrations of NH,0HHCl-

extractable Fe (poorly crystallised Fe oxyhydroxide) and
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Table 3.12.0rder of elemental concentration (high to low) by phase
in cores 3 and 10 of JCL

Element

Fe
Mn
As_~ .
cu

- Co
Pb

3
1
3
3
Ni 3
2
1
Zn 1

Element Concentration inp Core 10

- Fe
Mn
As
Cu
Ni
Co
Pb

NN e NN W NN
W s WA E N W
FOTT RN N SR AN B

SR DWW A w ol
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Table 3.13. Measurements of‘microbial activities in sediment eampleé:frOm-Jack

of Clubs Lake (JCL) and Bowron Lake (BL) arranged in the expected order of
decreasing severity of pollution. The data are means and ranges for 2-6
replicate values. ' ' . .
Sampling Alkaline Total _ CO, produced  N,0 produced.
site phosphatase déehydrogenase by day 10 by day 10
activity activity {umol/q) (gmol/qg)
(units/g/h) (pmol/g/hy under He under He +
acetylene
JCL-4 0.16 52.5 4.78 4.03
(0.14-0.18) (51.16-53.25) (4.76-4.81) (3.79-4.26)
JCL-9 h 0.28 125.3 4.74 6.66
1(0.24-0.32) (115.0-135.7) (4.51-4.96) (6.57-6.75)
JCL-1 - o0.61 182.5 9.67 - 35.48
(0.43-0.77) (181.2-183.8) (9.98-9.35) (33.82-37.13)
BL 1.24 205.9 10.38 . . 25.64
(1.00-1.46) (205.7-206.1) (8.627-12.13) (25.04-26.24)




Table 3. 14.

concentrations in sediment samples from Ja
(BL) arranged in thé expected ‘order of de
data are the means of 2=4 replicate values.

119"

CaCl,~extractable Cu, DTPA-extractable Pb, and total Cu and Pb

Sampling  CaCl,- DTPA- " Total Cu  Total Pb
site extractable extractable (ug/q) (1g/q)
Cu (ug/g) Pb (ug/g) .

JCL-4 . 0.174 1.58 ) 57.2 141
" JCL-9 0.086 1.63 - 100.9 144
JcL-1 0.078s 0.4895 83.3 171
BL 0.0585 0.680 : 81.9 1 83.5

ck of Clube Lake (JCL) and Bowron Lake
creasing severity of pollution. The
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Tablé 3.15. Various data characterising the sediment samples from Jack of Clubs
Lake (JCL) and Bowron Lake (BL) arranged in the expected order of decreasing

geverity of pollution.

Except for the pH data for JCL,
readings, all values are means of 2-4 replicate values.

which are single

N ‘. _ F— - = ‘. — —
Sampling Loss on pH - Pigsan/ 9 B sorn/ Bssom NH,OH'HCl1- ‘ NaOH-

site ignition » extractable extactable

(%) Fe (mg/qg) Fe (mg/g)

JCcL-4 4.05 6.55 0.037S 8.27 0.714 0.047
JCL=9 . 5.7 6.6 0.101 7.22 1.795 0.125%
Jecr-1 . 10.35 6.7 0.272 6.97 4.44 1.60

BL 15.6 6.8 0.319 6.32 6.51 1.21
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| _Naoﬁ-extractabie, (*humic") Fe (Table 3.15). (Note that the total Pb
'goptentx of ' the sediments in JCL, in contraét fo the DTPA-
extréctable Pb Vfraétion, increased with ‘distance from the
tailings.)ﬁMo;eovér, the humic. matter at the least . contaminated
sites had the lowest valués fof'the_Amm@/A“ﬁm ratié,(Tébie 3.15),'
indicating a relatively high proportidn-of humic.to fulvic-acids -
ih other words, a high degree of maturity, which implies relatively
intenée microbially mediatéd'humification of decomposing orgahic
matter. It is worth emphasising that the biochemicaliactivities_of
_microbes.cbrrelated inversely with the concentrations of "bio-
available" Cu and fb species in the sédimént.but.wére independent

of the total Cu and Pb COncentratiQns.

The data thus far obtained clearly demonsfrate that a wide
range of microbial activities, including heterotrophic CO?
productioh, denittificatiOn; biocheﬁical reactions catalysed by
alkaline phosphatase -and dehydrogenase, and the proceéss ofv
humificatioh, tend to be suppressed as a result of environmental
degradation caused by the tailings depbsited in JCL. The cause-and-
'effectirelations afe as yet unéertain, but further research, now in
prdgreés, may help to clarify the underlying mechanisms. Meanwhile,
the available information suggests at least four by no meéns
_ mutually' exclusive working ’hypotheses which, singly or in

combination, could account for. the observed relationships:
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'(1) Weakly bound, and therefore biochemically reactive, Cu and
'Pb species inhibit enzyme-catalysed biochemical reactions of
microbes. Possibly the tailings influenced the availability 5: the
heavy metals by altering the composition, the physicochemical '
environment, and the biota of the sediments. The fact that the
decrease in the abundance of'lﬁo—available metal species with
distance from the source of pollution iS'accompanied by an increaSa
in the abundance of Fe oxyhydroxide and humic matter is consistent
with the possibility that the binding of Cu and Pb by 6xyhydroxides
and humic matter renders'these metals less available, and therefore
less toxié, ‘to microbes. Also note that phosphatase .and
dehydrogenase showed much stronger inverse correlations with €aCl,-
extractable Cu thanfwith‘DTPA-extractable Pb, whereas the reverse
was true in the case of denitrification and quprodﬁction (Tables
3.14 and 15); this éuggests that different bio-available metal
fractions have spécific or preferential effects on particular

biochemical pathways of microbes in sediments.

(2) Mineral detriﬁus from the tailings dimlnishes microbial
activity by diluting the concentrations of organic nutrient
substrates in the sediments and by hindering’ the eXchangei of
nutrients and metabolic waétesvbetween the sediment Surface'and the
water. This explanation invoking purely physical effects is
consistent with the fact that the sediments laid down closest‘to
‘the accumulation of tailings had the lowast organic content (as

indicated by their low moisture content and low Ay, values per
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unit'weight). On the'other hand, the 1low ofganic'content'cbuld
“reflect inhibitio‘n of biological activity by toxic effects of
bmetais;.as posﬁulated in section (1), above. |

(3) Inhlbltlon of mlcrobes by talllngs is due to H* ions
generated durlng oxidation of sulfldes in the tailings under
aerqblc condlt}ons- Lowering of the amb;ent PH could‘render metals
such as Cu and vamore soluble and conSeqUentlyvmore'toxic, thus
cOhtributingth the process outlined id paragraph (1), above, and
other indirect effects are conceivable. However, a significant
toxic effect of pH 1ow§ring is unlikely, because allApH values were
close to neutrality (between 6.5 and 6.8) énd véried by only a few

tenths of a pH unit throughout the field area. Besides, the

observed pH variance cbqld well be an effect, not a cause, of the
inhibition of microbes by the tailings. According to this alternate
hypothesis, microbial activity was most yigorous in,énvironments
unaffected or only slightly affected by tailings, and this
~activity, in tu:n, caused the sediment pH to risevtd a small but

measurable extent with decreasing severity of pollution.

(4) The inhibition of plankton and otheéer higher orders of
aquatic 1life by the tailings depréssed microbial activity by

depriving heterotrophic microbes of organic nutrient substrates.




124

In conclusion, there is strong evidence that the contamination

of JCL by mine tailings has inhibited a_wide-speCtrum of microbial
activities in ﬁhe bottom sediments of the lake. The most probable
mechanisms of inhibition are the_poisoning of enzymes by certain.
bio-available species of cu and Pb (possibly aggravated slightly by
a smail reduction in the sédiment pﬁ), the dilution of'organic
nutrient substrates and smothering of microébes by mineral detritus
.from the tailihgs, and partial suppression of the production of
ofganic nutrient.substrates owing to inhibition of plankton and
oﬁher-aquatic organisms. The causé of the obseryed inhibition of
sedimentary microbes has not been determined with certéinty, but iﬁ

could any one of these phenomena or a combination of them.
3.3.2. Benthic Organisms and Toxicity Bioassays

Metal concentrations in invertebrates from the abandoned tailings-

The concentrations of metals in invertebrates collected in the
tailings are presented in Table 3.16. In géneral, tHe metal levels
are compa;able to reported Qalues from macroinvertebrates from
heavily contaminated environments (BeSser and.Rabeni,‘1987; Burrows
‘and Whitton, 1983; Dixit and Witcomb, 1983; Riedel et al., 1989;
Wentsel et fl., 1977) . However, the As, €d and Cu levels (721, 25
and 301 ug/é, respectively) are significantly higher than ﬁhose

commonly reported in the literature. The metal bioaccumulation

(metal in the organism/metal in sediments) by the invertebrates
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varles from 0. 13 for Mn to 10.4 for. Cu. ‘The highest bloaccumulatlon

factors were for Cd, Cu, Cr and Zn.

It is well knowﬁ-theﬁiinVertebrate,organisms can dramatically
increaseathe flux of toxic substances (Aller and Yingst; 1985;
Besser end‘Rabeni; 1987; Frithsen, 1984; langston, 1980; Riedel et
al., 1989). Usualiy.by two main routes} one is by enhancing the
- release ef the substance, and second is direct incefperaﬁiqn and
subsequent food chain t:ansfer; The high metal concentfations
observed ih'the invertebrates suggesfed thet they may play an
1mportant role in the moblllzatlon of the metals in the tailings.
'The differences _1n the bloaccumulatlon factors may reflect-
vafiatiohs in the physico-chemical behaviour of these metals thet
affect .their availebility to invertebretes.“However, ‘further
research is needed in order ﬁo determine the role of the different
.specieS-(sizesand mode of activity) of benthic inverﬁebrates in the

accumulation and transport of metals released from the tailings.

Initial Observations —uBenthic;Invertebrate'Communitv Structure

- This initial examination of the attached aata-is largely based on
Quélitative observations and should be treated as such. Note that
,two sampllng devices were used because of dlfflcultles with
equlpment However,'at two statlons both dev1ces were used and 1n‘

addition a corer was used, for purposes of comparison.
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Community Composition
A tqta;.of fiftéen taxa were found. However the copepods,
cladocerans ahd ostracodes have not been considered as the_sampling'
methoeds wexe‘nst appropriate for these groups. Twelve taxa were"
VCOnsidered potential indicaﬁors of  adverse effects of mine

. tailings. -

The community is dominatéd by tﬁe Chirqhomidae (midges) which
colprise over 63% of the total organisms found (Figuré 3.29). The
next most.abundant.qroup were the bival&es, largely sphaeriidae,
which made up almost 20% of the Organismé; othef groups were
rglatively rare overall. The Ooligochaeta (segmented worms); which
usuallf  are an impoftanﬁ .componeht ‘of the benthic communify,

although fourth in overall abundance, were .surprisingly sparse.

Total Abundance

 Station 1 is_nof considered truly repfesentétive, as it was
the sha;lbﬁest station (8 m) and was the only station where the
‘Diptera ' (other than the chironomidae) were represented. The
Sedimeﬁt‘was richly organic and contained a considerable amount Qf
‘plant dgbrisa The sample taken with the Ekman had'much.larger
numbérs than the sampvles coilected by ponar and coter (Figure
3.30); but as thé Ekman sample was taken on a return visit;vit is

' probably.not from the same location as thé ponar sample and core.
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This may explain the difference in numbers, as the samples from

station 2, where other devices were used show much better

-vagreement between results obtalned w1th dlfferent samplers. The

greatest den51ty of organlsms was found at station 4, the other
shallow station (9.21m), however, the‘relatlvely great total number
was largely due to the fact that this station had the highest
number of nematodes (37=4%) The'lowest total abundence occurred at
statlons 2, 5, 8 and 10 Lower numbers were expected at stations 2,

8 and 10, which were the three deépest stations (33 =45 m), however,

statlon 5 was one of the shallower stations (14.5 m) and would be

expected to have greater numbers of organisms - (Figure 3.30).

;Percent Com9051tlon at Statlons

The contrlbutlon of the four most abundant taxa (Chlronomldae,
bivalves, Oligochaeta and Dlptera) have been examined at all the
stations.with regard to their overall abundance (Figure 3.31).
Preliminary examinatioﬁ of the stetions using cluster analysis
shows no real evidence for stations 4 and 5 being distinct (Figure

3.32).

Chironomidae

| Numerically the ﬁidges are the most importaht groupl making up
from 40 (station 6) to'80% (station 2 -.pohar) of the community.
They shéw no clear trend, although their numbers are relatively low

at station‘S.
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Figure 3.30. Total Density of Benthic Fauna
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02/02/93 10:36:56.82 DEND Jack of Clubs - mean no/sample 1992

0.0990 0.2852 0.4714 6.657T 0.8438 1.0300
| | | I
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Jc3p ( 7)T |
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JCIE  ( 3) l
JC9E ( 13) 1
JC1ic ( 2)
Jezc ( S)
i il | 1 1 :
0.0990 0.2852 0.4714 0.6576 0.8438 1.0300

02/02/793 10:41:38.21 Dzub Jack of Clubs - mean no/100cm2 1992

0.0245 0.2148 0.4051 0.5954 . 0.7857 0.9760

I ! | 1 1 |
JC1P ( 1)
Jcsp ( 9} ]
Jeic ( 2) T
Jcace ( S) |
Jcap ( 4) -
Jcip ( 1]
JC6P ( 10)
Jcie ( 11)
JCSE ( 12)
JC10E 14)T__] _
JC2E ( 6) I ) ;
JCIE ( 13) ] i
Jc4r 8y 1
JC1E ( 3) ]
[ T | ] I |
0.0245 0.2148 0.4051 0.5954 0.7857 0.9760

02/02/93 10:51:29.04 DEND Jack of Clubs - percent 1992

0.010? 0.0893 - 0.1677 1 0.2462 0.3246 0:.4030
I | ] I . !
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JC2E 4 6y .
Je3p n_.J
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JC8E  ( 12)__|
JC1E ( 3y
1 [ | | [
0.0109 0.0893 0.1677 0.2462 0.324s6 0.4030

Figure 3.32. Cluster analysis of the different sampling stations of Jack of
Clubs Lake |




133
Bivalves

This group appeafs to be  more strongly affected 'by the

tailings, comprisihg the lowest proportion of the COmmﬁnity.at»

stations 4 and 5. Overall they make up 19% of the benthic community
but are onii 6.5'and 10% at stations 4 and 5 respectively, and

their abundance is markediy reduced, particularly at station 5.

, Oligochaeta_

The ollgochaete usually form a major component of the benthlc’

fauna, but 1n JCL they only comprlse 3.9% of the benthlc community

overall.,Moreover, their distribution and abundance are highly

variable, ranqing~frdm approx. 10% of the community at station 9 to

.1ess than i% at statlon 7, and at three stations (3, 4 and 6) nene
were found.‘Thls group is partlcularly sensitive to metals, whlch

may explalnethelr low numbers.

Diptera

The Diptera‘(except'chirenomids) were only found at station 1.

Thls statlon was unlike the other stations in that the sedlment was

hlghly organic with 1arge amounts of vegetable debris. This is

probably typ1ca1 of much of the 11ttora1 "zone of the lake, and

arguably could be the natural condition of statlons at the ta111ngs

area.
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Tnitial Observations = Sediment Toxicity Tests

Four sediment toxicity tests were performed on samples from
theﬂggn sites as well as a clean reference sediment (Long Point -
Lake Erie). The tests used and‘endpoints measured were (1) growﬁh
and survival in Chironomus riparius (midge), Hyaleila azteca (scud)‘
and HeXageniauli@bata (méyfiy) aﬁd (2) survival and reproduction in
_ Tubifex tUbife¥ (worm). The results are summarized in Figure-3;33
and are presented'with increasing distance from the tailings toward
the left of the figufe. There is no eﬁidenCe of -acute toxicity
(reduced survival) due to tailings‘in three of the four'specieS,
either with proximity to the tailings or in comparison with the

reference material.

There is no évidence for impaired feproduction in T. tubifex
either between sites in fhe lake or in compariéoh to the reference
sediment. This is strong evidence that metals are not a concern, as.
this species ié particularly sensitive to metal contamination.
Furthermore, it addresses the absence of‘oligochaetes in the 1ﬁke
community suggesting eithef a geographical mechanism for their
absence or interaction (competition or prédatioﬁ) from .othef

organisms.

Chironomus riparius shows no evidence of acute toxicity, which
is in agreement with the relative importance of this family in JCL.

Nor was there any indication of reduced growth in the
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Figure 3.33. Bioassay test response in four invertebrate species
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“vicinity of the:tailings (sites 4,5 and 6), where growth was
similar to the reference sediment. The only sites indicating
reduded grthh'were 7, 8 , 9 and 10 all deeper stations. Fufther_‘
examipation of the sediment characteristics may explain thié

observation.

As is the case with the other two species, Hexagenia limbaté
shows no evidence of toxicity. Survival is well within the expectéd
range for clean sediments and growth while more variable} which is
normal for this test species, shows no apparent pattern in response

to proximity to the tailings.

The last species tested was the amphipdd Hyalella azteca. The
data from this species showed the greatest variatiénf and both
survival and growth were affected at sites within the lake. The
tést results also showed a marked reduction in survival and growth
compared with the reference sediment. Sites 1,2 , 3 and 6 were the
most affecfed. Of these four siteé 1,2 and 3 are located furthest
from the tailings and only site 6 is in the 1vicinity' of the
tailings. Site 5 which is closest to the tailings is one of the
least toxic sites. It is difficult to interpret these results as
demonstrating an impact due to tailings aé’thére is_little spatial
consistency in the reSults,‘and.no spatial signal can be seen.
Hyalella is the most sensitive of the species tested and is also
responsive to sedimént characteristics such as particle size. This

may account for the observed results.
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3.3.3. Lower Vegetation

During therpast,decade natnral vegetation has started_to cover
part\of‘the exposed surface~area of the tailings. certain‘plants
are. knovm to be very resistant to. high', metal concentrations.
Consequentlv, effects of metals on-the.terrestrial vegetation'in
the vicinity of JCL were studied. Eleven-different plant species

growingvon'the surface of the mine tailings on the shore of JCL and

In the plants sampled the concentratlons of Co, Cu, Ni and Zn
were similar to the reported typ1ca1 values for terrestr1a1
vegetation (Thompson and Walsh, 1.988) However, all the other
elements were. present in con51derably greater concentratlons thanb
natural levels. Metal concentratlons in some of the plant spec1es-'
showed very ‘good correlatlons with the metal dlstrlbutlons in them
tailings and soils. For example, concentratlons of trace elements
in red clover (Trifolium pratense) were one order of magnitude
_greater in plants sampled from the ta111ngs, than those in plants

‘ sampled.west shore of the lake (opp051te-from the tailings).

The metal concentrations in,.someA of: the _plants- suggest
preferential accumulation of oertain elements. In beaked sedge
(CareX'rostrata) the concentratlons of As, Fe and Pb concentratlons
were cons1derab1y hlgher on the talllngs than on the shore of the

lake and the banks of the surroundlng creéks. vHowever,_the‘
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concentrations of the-other elements in the same plant species do
not show s1gn1flcant correlation with metal concentratlons in the
' a55001ated ta111ngs. In general, the deep-rooted spec1es (willow

and’ Qeaked sedge) accumulated higher concentratlons of metals .
3.3.4. Higher Vegetation

-The INAA results for 35 elements'are listed in Appendix C;
Table 3;18'shoWs the excellent precision obtained, firstly for two |
control samples (CLV-1 and V-6) inserted randomly in'the batch, and
secondly for ‘blind' (separated' after preparation). and fiela
duplicates. Mercury is seen to be very lou in all samples, the only
'eXCeption’beiné O.SIug/g in theé bark of Engelmann spruce at the.
edge of the lake at site 7. Clearly,'the spruce-shows'the greatest
reSponse for Au, with bark as the most sensitive plant part,
_reaching-a maximum of 103 ng/g (dry weight) atlsite 7 where the
maximum Hg level is also seen ‘(Figure 3.34). The highest value for
" Au (30 ng/g) in spruce tw1gs is ‘at 51te 5, just uphill from the
metal enriched seep designated 05 in the water series. The
'distribution of Au in spruce twigs around‘JCL is illustrated in
Figure 3.34. Ev1dently willow does not take up Au to any great'
extent: thé mean content-ln 17 twig samples, in areas where the -
metal would be hlgh in solutlon, is low at 1 5 % 0;9‘ng/g Au. The
-spruce at 31te 15 1s anomalous in Au; thls sample is uph111 from
the lake and receives drainage from the slopes on the opposite 51de

‘of HWy. 26.
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The highest As contents occur in the spruce collected at sites

5, 6 and 7 on ; traverse just_uphill 6f the gulley running south-
west down to the lake from the old Cariboo Gold operations. The
- bark. and tﬁigs-of the spruce at site 5, closest to the seepage,
contain greaé%r than 40 ug/g As, with the twigs of a nearby fif
- containing as mﬁch as 10 ug/g As. The twigs of the willow at site
5 however contain only 0.8 ug/g As, showing'little uptake as in the
case of Au. The rapid decrease in As along the Willow_River from
the tailings.shOWh-by‘the water data (Figure 3.13) is reflected in
the spruce twiés (Figure 3.35) Where; for_example, those at site 13
cohtéih only 0}5 Lg/g As. This,pattern isbalso in evidence for As
in willqw twigs, though the magﬁitude is much lower than that of
spruce (Figure 3.36). Perhaps not surprisingly, the spruce of site
5 is anomalous-in this data set in Fe, Hf, Co, Sb, Sc, Th, W, Zn
4and the rare ‘earﬁh eiements, as well as in Au énd_-As.
IntefeStingly, the spruce at site 15 is also enriched in most of
these elements in addition to Na (very high at >250 ug/g),»Br,.Cr,
Ni,‘iTh ‘and 'U.  Both water and vegetation results indicate
minerélisation on the slopes near site 15. Wiilow twigs showing one
of the féw reportable values for Se are locatéd.at site 2 where Se

in the water data set was maximum (1810 ng/L).
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38.76

55.23
47.58

4439
40.27
46.61

4557

45.45
43.06
46.76
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Bowron Lake 0-1
Bowron Lake 1-2
Bowron Lake 2-3
Bowron Lake:3-4
Bowron Lake 4-5
Bowron Lake 5-6
Bowron Lake 6-7
Bowron Lake 7-8
Bowroa Lake 8-9
Bowron Lake 9-10

Bowroa Lake 10-11

Bowron Lake 11-12

Bowron Lake 12-13

Bowron Lake 13-14

Bowron Lake 14-15

Bowron Lake 0-2
Bowron Lake 2-4
Bowron Lake 4-6
Bowron Lake 6-8

- Bowron Lake 8-10

Bowron Lake 10-12
Bowron Lake 12-14
Bowron Lake 14-16

JC #10 0-2°
JC #10 2-4

JC #10 4-6

JC #10 6-8

JC #10 8-10
JC #10 10-12 -
JC #10 12-14
JC #10 14-16
JC #10 16:18

JCc#30-2
JC#32-4
JC #3 46
JC #36-8
JC #3810
JC #310-12
JC #3 12-14
JC #3 1416
JC #3 16-18
JC #3 18-20

TILL-2
TILL-2
TILL-2
TILL-2
TiILL-2
LKSD-4
LKSD-4

LKSD-4

Bowron Lake 0-1
Bowron Lake 1-2
Bowron Lake 2-3
Bowron Lake 3-4
Bowron Lake 4-5

SEQUENTIAL LEACHES OF CORES (ug/g)

N
PHASE 1

(- TP W )

1
11
12
11
12
12

52

1n
12
13

12
15
n
12
Rk
13
15
13

12
19

Rt A

17
28
12
15
13

18
25
20
16
17
14
13
1
13

A OO - -ONO

PHASE1

N NN O

PHASE 2

17
19
20
20
20
22
20
20
20
21
21
23
20
23
22

20
2
20
22
21
22
23
2

27
an
27
18

- 18
20
18
17

21

32
28
29

26

29
26
28
a3
a1
32

- - -]

14
16

Co
PHASE 2

1"
16
9

12

APPENDIX A

NI
PHASE 3

13
10
13
13
14
14
15
16
15
15
7
15
18
12
13

18
21
23
26
21
26
25
19

44
45
52

N
a

ggNE2

13
11
14
15

16

(L]

PHASEQ

O\ NNN

8858848288

o~
PHASE 4

D DO ANONNNONLAEAN

10
10

10
13
10

209

131
305
"
13
41
15

12

11
1
1"
14
14
12
14
16

O WO OO NN

PHASE 4

o 0 0 oo

Ni
PHASE §

10

11
10
10
11
10
11

10

12
13
12
14
1

10
1
12
14
13
14
16
19

13
16
23
11
10
15

n
11

n
15
12
1"
13
16
16
20
19
20

10

©

27

Co
PHASE §

~oaN AN

NI
PHASE 6

114
281

159
235
426

79
127
76

a7

89
116
123
102
108
113
109
122
17
121

ar
41
42

42
61
7

Co
PHASE 6

13
22
15
20
24

222238282238828

LOO

59.46
58.26

§5.16:

56.04
55.54
54.69
52.43
51.95
53.37
52.03
50.46
52.08

51.03

51.73
§2.46

60.57
59.00
'§7.93
56.41
$6.74
57.83
59.02
€0.23

53.72
40.38
62.78
4230
42.72
49.69
37.86
36.70
38.76

§5.23
47.58
50.00
4439
40.27
46.61
45.57
45.45
43.06
46.76

LOD
$9.46
58.26
§5.16

55.54

158



Bowron Lake 0-1
Bowron Lake 1-2
Bowron Lake 2-3

- Bowron Lake 3-4
Bowron-{ske 4-5.
Bowron Lake §-6
Bowron Lake 6-7
Bowron Lake 7-8
Bowron Lake 8-9
Bowron Lake 9-10
Bowron Lake 10-i1
Bowron Lake 11-12
‘Bowron Lake 12-13
Bowron Lake 13-14
Bowron Lake 14-15

Bowron Lakeé 0-2
Bowron Lake 2-4
Bowron Lake 4-6
Bowron Lake 6-8
Bowron Lake 8-10
Bowron Lake 10-12
Bowron Lake 12-14
Bowron Lake 14:16

JC #100:2
JC #1024
JC #1046
JC #1068
JC #108-10
JC #10 10-12
JC #10 1214
JC #10 14-16
JC #10 16-18

JC #30-2
JC #3 2:4
JC #3 46
JC #36-8
JC #38:10
JC #310-12
JC #3 1214
JC #3 14-16
JC #316-18
JC #3 18-20

TiLL-2,
TiLL-2
TILL-2
TILL-2
TILL-2
LKSD-4
LKSD-4
LKSD-4

Co
PHASE 1

]
N

N b

10
10
11
1

-

Auuﬂ«inmnun

- N
o o N

vt inn & 1 O

(X R R N NP

NNNBBANNONONNDNDEO

Co
_PHASE 2

11

16’

]

]
12
16
14
15
17

13

14
18
16
14
15

27
21
18
20

19

17
19
24

28

19
12

18

10
11
12
11
11

W R WwesE s OO

~N OO0 e e

| APPENDIX A
SEQUENTIAL LEACHES OF CORES (ug/g)

Co
PHASE'3

NN S-EAEOBNDN

e W NO

- -
o o

PO I R

NAAEBABLOOOB NG NNN

No o oo o0~N®

Co
PHASE 4

DN RNNON

-t
o &N

nmnonnno

- N WA W W N

NOMNODOONM®©ODOOOO©ODO

Co
PHASE §

L b b WL LWL WSESLEPNSEN

»

N W HWNNNON - N W W W W e W W ST I N R

NNNWNNNN

Co
PHASE 6

13
22
15
20
24
24

SRERR

27
28

.24 .

13

42

41

42

RRRRR&EER

22

BUBRRERE

88

14
16
14
13
13
11

10
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Bowron Lake 0-1
Bowron Lake 1-2
Bowron Lake 2-3
Bowron Lake 3-4.
BowrofrLake 4-5
Bowron Lake 5-6
Bowron Lake 6-7
Bowron Lake 7-8
Bowron Lake 8-9
Bowron Lake 8-10
Bowron Lake 10-11
Bowron Lake 11-12
Bowron Lake 12-13
Bowron Lake 13-14
Bowron Lake 14-15

Bowron Lake 0-2
Bowron Lake 2-4
Bowron Lake 4-6
Bowron Lake 6-8
Bowron Lake 8-10

Bowron Lake 10-12'

Bowron Like 12-14
Bowron Lake 14-16

JC #100-2
JC #1024
JC #10 4-6
JC #106-8
JC #10 8-10
JC #10 10-12
JC #10 12-14
JC #10 14-16
JC #10 16-18

JC #30-2
JC #3 2-4
JC #3 4-6
JC #36-8
JC #38-10
JC #3 1012
JC #3 12-14
JC #3 1416
JC #3 16-18
JC #3 18-20

TILL-2

CTILL-2
TILL-2
TiLL-2
TILL-2
LKSD-4
LKSD-4
LKSD-4

Mn
PHASE 1

842
1477
2961
2758
2116
1219

868
916
1154

" 1086

1027
974
997

1128

2066
2761

2036
2102
1935

2284

1770
513

1284
1409

1714 .

2579
1753
1763

765

214
1821
1426
2099
1429

| 687

824

816
839

1769

73
72
91
91
92
230
225
259

Mn

PHASE 2

9860
3521

a8d

798

959
1494
1724
1745
1784
1256

953
1017
1222
1314
1143

7610
372
242

303
173
225
220
212
289

304
300
279
279
289

67

72

APPENDIX A
SEQUENTIAL LEACHES OF CORES (ug/g)

Mn
PHASE3

73
111
102
100

102
107
109
114
113

111

109
102
101

127
126
137
139
139
137
135
13

227
175

118
109
119
119
121
127

144

179
117
148
169
180
161
156

118
118
122
121
121

41

42

Mn
PHASE 4

15

17
20
15
22

2R R

16
21
24

N %R

27

28Ry

27

95
. 10
10

10
14
11

Mn
PHASE §
48
68
67
69
67

71
"

67

68
70
61
78
73
73
72

70
74
78
76
‘73

82
88
84

39

58

73
37
38
39
27
27

‘30

35
41
22
22
28
33
28
43
43
37

131
114
147
138

8s
75
82

Mn
PHASE &

10838
5194
4030
3740

3260

2795
2859
3144

2174
2199
2410
2601
2481

3874
3224
2829
2878
2691
3189
3208

4861

1949
1819
2201

2243
2203
1145

2454 -

1878
2635
1919
1084
1275

1278
2317

LOD

59.46
58.26

55.16

56.04
55.54
54.89
5243
51.95
5337
52.03
5046
52.08
51.03
5173
52.45

60.57
5§9.00
57.93
56.41
56.74
. 5783
59.02

60.23

83.72

62.78
4230
4272
49.69
31.86
. 36.70
38.76

§5.23
47.58
50.00
44.39
40.27
46.61
45.57
45.45
43.06

46.76
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Bowron Lake 0-1
Bowron Lake 1-2
Bowron Lake 2-3
Bowron Lake 3-4
Bowrori-Lake 4:5
Bowron Lake 5-6
Bowron Lake 6-7
Bowron Lake 7-8
Bowron Lake 89
Bowron Lake 9-10
Bowron Lake 10-11
Bowron Lake 11-12
Bowron Lake 12:13
Bowron Lake 13-14
Bowron Lake 14-15

Bowron Lake 0-2 )

' Bowron Lake 24

Bowron Lake 4-6 -
Bowron Lake 6-8.
Bowron Lake 8-10
Bowron Lake 10-12
Bowron Lake 12-14
Bowron Laks 14-16

JC #100-2

JC #10 2-4

JC #10 4-6

JC #106-8

JC #10 8-10
JC #10 10-12
JC #10 12-14
JC #10 14-16
JC #10 16-18

JC #30-2

JC #3 2-4

JC #3 4-6

JC #36-8

JC #3810
JC #310-12
JC #3 12-14
JC #3 14-16
JC #316-18
JC #3 18-20

TiLL-2

TILL:2

TILL-2
TILL-2
TILL-2
LKSD-4
LKSD-4

. LKSD-4

Feo
PHASE 1

2805
4396
6359
6584
6062
5716
- 8394
5523
5566
5215

4513

4920

. 7080
6703

5407 -

7000
€072

1949
6198
7528
5934

5525

. 4150
4311
4765
7326

326
319

443

560
571

Fe

PHASE 2

32489

34427

31424

‘31268
33147
33676

40702 .

41729
33034
34201

-+ 32853,

33253
35170
14916
18927
16638
19342
17471

15949

16541

25631
19766

‘22335

18010
20333
18687
19164

19136

20992

9720

9588
10437
10116
10767
7535
7326

7386

APPENDIX A
SEQUENTIAL LEACHES OF CORES (ug/g)

Fe

_PHASE 3

1275

15426
' 14600
14843
14206
15190
16435
16257
17817

17136

16289

15239
15006

14063

17083
17357

19291.

19024
19565

19284

15472

31275
25974
37198
17443

17336
17133
19225

19585

26077

31391

36498

37206

24755

29339

38098
33183

46277

13868
14288
14625
14988
14810
8243

7337

) Fe
PHASE 4

2647
34i0
3489
2516
3847
3847
4106
3800
3893
3813
4075
3956

11257
7770

7496
7160

‘5948,

4240
4025
4065
4310

3760

5010

Fe
PHASE §

6248
8628

8948
10022
10373
10466

9895

10438
- 12088
10495

7531

14670

7544,

. 7639
6298
6851

N

8943

8851
5814
5732
7940
723
7051
9309
9082

11019

§740

6595

6520

5280
4705

. Fe
PHASE 6

70063
74387
69087
69752
68996
- 69110
70437
67016

67386
6486S

80722

. 86762

‘82844
81441
79511
79264
82395
76189

77103

93640
58265

60425

62046
66895

70783

70858
76975

64267

74394

74283
76521
73735
73329
91562

34744
33455
36126

35912

36868
26508

24719

25294

53.72

62.78
4230
4272
49.69
3786
3670
38.76

47.58
50.00
4439
40.27
46.61
45.57
45.45
43.06

' 46.76

le61l



Bowron Lake 0-1

‘Bowron Lake 1-2

Bowron Lake 2-3
Bowron Lake 3-4
Bowron'Lake 4-5
Bowron Lake 5-6
Bowron Lake 6-7
Bowron Lake 7-8
Bowron Lake 8-9
Bowron Lake 9-10
Bowron Lake 10-11
Bowron Lake 11-12
Bowron Lake 12-13
Bowron Lake 13-14
Bowron Lake 14-15

Bowron Lake 0-2
Bowron Lake 2-4
Bowron Lake 4-6
Bowron Lake 6-8

Bowron Lake 8-10

Bowron Lake 10-12
Bowron Lake 12-14
Bowron Lake 14-16

JC #100-2
JC #10 24
JC #104-6
JC #10 6-8
JC #10 8-10
JC #10 10-12
JC #10 12-14
JC #10 14-16
JC #10 16-18

JC #30-2
JC #32-4
JC #3 46
JC #3868
JC #3 8-10
JC #3 1012
JC #3 12-14
JC #3 14-16
JC #3 16-18
JC #3 18-20

TILL-2
TiLL-2
TILL-2
TILL-2
TILL-2
LKSD-4
LKSD-4
LKSD-4

As
PHASE 1

1162
1265
1690
1364
1624
1244

872

804

1410
4011
15519
10445
3552
8643
7954
13169
8895

869
9831
10986

4242
3900
3593
2188
2647
3520

183
177
237
214
221
1483
1569
1208

As
PHASE 2

8346
12958
10902
7087
4384
3564
3313
3367
2895
3956

3077

3202

3138

8478
6166

4123
3974
4124

3762

49414
23307
342334
19865
17606
14212
22904

32166

- 23951

26881
36477
47320
28540
18679
10870
11865

7705

7073

9334

306S

3078
2962
2744
3115
3376

APPENDIX A
SEQUENTIAL LEACHES OF CORES (ug/g)

As
PHASE 3

6625
10093
8347
7142

6125

5583
5710
6541
7235
6510
6139
5676
5316
5342
4290

11784
8916
‘8697
7445
8003
7474
7079
6418

110319
61788
96177

38303

32964
24172
55265
49894
70135

62676
104962
115809

70160

73557

61118

60752

46702

40028

49935

11377
11723
12394
12069
12174
4234
4376

3733

As
PHASE 4

283
1123
- 1170
1026
1233
1221
1225
1084

1019
858
819
715
761

‘671
617
629
549
492
620
602
592

21938
25987
116105
84117
86625

44755

158952
140587
110593

2861
23950
51636
64566
71217
31416
39169
29116
24111
18693

§796
4336
3700
3731
4155
3039
2442

2961 -

As
PHASE §

2471

1935
2541
2608
3327

1460
3797
3736
2597
3670
4281
4109

£33

3218
2800
3531

3588
1334
1182
1126

As
PHASE 6

16500
25486
22120
16716
12849
11334
11189
11942
13103
12462
10929
10729
10222
10641

8837

22934
17875
16065
14392
14959
14421

12734
12269

185633
117810
574567
155201
142632

93717
247616
238424
216901

94747
179017
229487
171946
171365
111585
119488

90114

78649

84922

23639
21976
22906

22449

23100
12834
12684
12404

LOD

59.46
58.26
§5.16
56.04
55.54
54.89
52.43
51.95
53.37
5§2.03

52.08
"51.03
51.73
52.46

60.57
59.00

56.41

56.74

5§9.02
60.23

53.72

62.78

4230

42.72

49.69
37.86
36.70
38.76

§5.23
47.58
50.00
4439

40,27

46.61
4557
45.45
43.06

46.76
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Elomaent
Unit
Det Lif

ot

01 DS
02
02.0S'
04

04 D3
05

o8

08 D3
09

09 D3
09 D4
09 DS
09bD4
10

10 D4
1

12

13
1304
1305
14

15

16

17

18

19

20

21

22

24
25
26
27
-28
29

31
32
8L ol

PH CONDUC
UNI umMo
- ot [
7.25 151
7.49 206.
7.52 202.
2.67 1701,
G.Qa 653.
713 108,
8.10  1630.
- 7.84 415,
1.37 1497,
123 211.
117 228.
7.26 - 225.
2.76 1757.
137 148,
748 135,
7.43 228.
7.7 108.
7.53 221.
7.07 165.
1.36 203.
€.63 209.
7.28 119,
7.39 ‘176.
7.03 138,

NA
mg/L

0.42
0.42
0.45
0.50
0.50
0.36
0.58
0.94
0.84

050
0.84

0.36
038
0.43
9.40

12.03°

0.60
9.55
0.53

054
0.50

119

0.60
0.52
0.42
0.57
0.70
0.42
0.97
0.66
0.72
4.65
7.55
2.14
1.20
1.51
0.76

. 0.54

0.41
0.54

0.27
0.24
0.30

0.27
0.24
0.24
0.66
0.47
0.56
0.16
0.14

 0.12
0.12

0.14

a.01
0.47
2.96
0.33
0.15
0.16
0.42
0.48
0.47

- 0.23

0.18
0.26
0.26
0.14
0.26
0.19

‘0.27

0.:47.
S.16
0.23
0.54

S 0.52
0:31

0.15
0.16
0.26

' STREAM WATER DATA

. ca

‘mgnL
1

-26.32
29.54

26.44

29.13
33.94
2211
75.60
122:25
127.80
13.59
1425
11.79

1202

13.95
269.10
251.55

97.50
238.40

27.93

18.08

19.59

3235

24.97
171.90

25.23

18.89

19.58

38.58

16:30

39.56

22.91

3.74

24.53
316,35

22.42

18.59

18.39

28.67

18.15

20.70

9.96

APPENDIX B

MG
mgiL

4383
5.41

13.58 :

15.47
-6.46
4.08
9.20
32.85
30.75
8.19

. 4.66

447
443
522

188.10

17220

17.10

167.25
73

" 836
6.99
9:21

15.61
49.05
482
7.21
5.88
614
4.53
6.11
7.02
0.33

17

74.10
11.95
8.89
3.72
6.20
6.26
4.7
2.64

AS

ugll’

020
-0:20
-0.20

-0.20 .

0.21
0.38
556.47
0.51
-0.20

1.66

020

0.26
"0.49
2.08
2.21
0.89
139
0.54
0.43
0.49
0.85
033
7.52
0.31
0.57
032
0.41
0.22
039
0.57
0.22
0.20
7.18
:0.20
0.35
.0.21
6.58
0.39
123
-0.20

NO2

ugit

£

-50.

-50.
<50.
+50.

-50.
-50.
-50.

=50,
-50.
-50.
-50.

$50.
80,

-S0.
~50.‘

-50.

. NO3

ugit

-50.
569,
78.

=50,
-50;

-50.

.+50.

+$50.

-50.

50, -

=50,
-50.

-50.
-50.
-50.

-50. '

<50,
4581.
=50,
-50.

-50.

ughL

129.

92.

-50.

133.

. +50,

77.

12
169.
-50.
113,

124.

115.

69.

+50.
<50.
-50.
-50.

87.

PO4
ugfl
-50.
-50.

+50.

-50. .

-50,

-50.

50,

-50.
-50.
-50.

-50.
<50,
<50.
-50.

.50..
-50.
-50.
.50,
-50.

«50.

" -50.

-50.
-S0.

-50.

BR:

ugn

-50..

-50.

=50,

=50,

-50.

" -50.

<5Q.

-50.

-50.
-50.

-50..

-50.

=50,

-50.
-50.
-50.

-50.

-sq.
.50.
-50.
-50.

-50.

163

$04

mg/L
05

183

103

160

1000. -

93.4
916.
54.2

57.8
$1.8
810.
7.82

4.05
8.11
7.16
133
36.5

18.5
- T.24
3.62
16.8

31.4

mgn
.05

0.29

- 0.26

0.62

0.11
0.17

0.48

4.06

0.35
230
0.76

2.41
0.25
1.7
0.13

4.53
16.4

0.73

0.67



Elomont
Unit

Det Lim
o1
010S

0205

0403

08 D3

09 D3
09 D4
09 DS
09bD4
10
10 D4
11
12
13
1304
1305
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

3t

8L 01

Se 78
ught
0.002

0.063
0.037
1.810
2.101

0.834

0.471

0212 -

0.023
0.019
0.102
0.096
0.103
0.100

0.094

0.007
0.012
0.014
0.023
0.081
0.103
0.118
0.083
0.783
0.469
0.539
0.110
0.145
0229
0.252
0.192
0.099
0.052
0.461
0.101
0.465

0278

0.096
0.127
0.108
0.061
0.027

Te 130
ugfl
0.002

-0.002
-0.002

-0.002
-0.002
-0.002
0.039
<0.002
-0.002
-0.002
-0.002
<0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0.002

. -0.002

-0.002
-0.002
-0.002
-0.002
-6.002
0.002
-0.002
-0.002
-0.002
+0.002
-0.002

0002

-0.002
~0.002
-0.002
=0.002
-0.002
-0.002

Bt 209
ug/L
0.002

-0.002
0.002
0.004

-0.002

-0.002
0.002
0.109
0.003

-0.002

.0.008
0.045
0.004
0.005

.0.008

-0.002

-0.002
0.012
0.039
0.005
0.005
0.011
0.012
0.005
0.022

-0.002

0.004
-0.002
-0.002

" -0.002
_-0.002

-0.002
-0.002
-0.002
-0.002
-0.002
"0.003
0,002
-0.002

0.008

0.008

0.005

8b 121
ugfiL

0.003

0.013
0.015
0.008
0.007
0.040
0.023
0.081
0.004
0.005
0.012
0.018
0.010
0.010
0.013
0.100
0.026
0.017
0.042
0.010
0.011
0.041
0.017
0.017
0.009
0.026
0,011
0.016
0.014
0.014
0.017
0.009

0.065

0.036
0,011
0.004
0.016
0.028
0.622
0.011
0.038
0.014

ugft

APPENDIX B
STREAM WATER DATA

T
ugL
0.05

0.25
0.69
0.38
-0.07
0.76
0.45
0.08

<0.05 -

-0.05
-0.05

0.13
-0.05

-0.05
-0.05
0.14
-0.05
0.19
0.05
-0.05

- 0,05
" 048
222
-0.05
0.30
-0.05
-0.05

0.1
0.05
0.06
0.81
0.81
-0.05
-0.05
013
-0.08
-0:05
-0.05
0.09
0.06

v
ugfL
0.01

0.04
0.21
0.05
0.02
0.12
0.10
0.05

-0.01
0.01

-0.01
0.02
0.02

-0.01
0.01

-0.01
0.06

-0.01 "

0.02
-0.01
-0.01

0.02

0.01

0.20
-0.01

0.07
-0.01

003

0.02
0.03
0.02
0.02
0.43
0.18
-0.01
-0.01
0.03
0.17
-0.01
-0.01
0.01
0.04

ugh.
0.005

0.138
0.282
0.194
0.036
0.099
0.129
57.003
5238
734

" 0.128

0.364
0.045
0.204
0.578
1.527
0.956
0.996
0.780
0.337
0.303
1.568
0:363

21175

0.110
0.400
0.175
0.121
0.076
0.117
1.217
0.341
0212
4.629
0.066
3.036
0.149
0.265
0.343
1.261
0.037

Ni
ug/L
0.1

0.6

16.4

0.6

0.4
0.6
0.6

61.6
€3
8.9
0.8
12

20.6
0.6
37
19

745
1.8
2.9
17
1.0
22
X

‘4.9

223
0.7
1.1
0.9
1.1
1.0
0.8

28.4
1.0
11
7.0
0.6
42

- 1.0

12
1.0
2.4
0.8

Cu

ug_/l. .

0.1

0.8
0.7
08
0.4
0.8
0.9
21.4
3.9
0.4
0.4
0.6
0.s
1.0
03
0.8
0.5
0.7
22
03
0.3
1.4
0.5

12

63
0.7
0.3
0.5
0.5
0.8
0.5
0.3
2.1
1.7

0.1

0.1
1.4
2.7
1.6
0.3
2.4

06

ug/L
0.1

03
12
0.8
0.2
0.4
0.5

116.1
73

10.7
0.5
1.4

S0
0§
4.0
3.4

22.6
0.9
1.8
1.2
0.6
0.7

4.8
2.9
89.7

02

0.7
0.6
0.3
0.2
0.2
137
9.5
1.7
131
0.4
1.8
1.7
16.3
0.6
6.1

-0.1.

Y
ugn
0.01

0.05
0.01
0.03
-0.01
0.04
0.05
0.81
0.03
0.03

" 001

0.03
-0.01
-0.01

0.01
-0.01
-0.01

0.01-

0.01
0.01
-0.01
-0.01
0.03
0.08
4.06
0.05
-0.01
0.02
0.01
0.04
0.0t
0.01
0.03
0.0
0.03
-0.01
0.06
0.03
0.01
-0.01
0.04
0.01

le4

Cd

ugh

0.01

-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
022
0.27
0.16
-0.01
0.01
0.01
-0.01
-0.01
-0.01
0.01
0.02
0.02
10.02
. 0.01
-0.01
0.04
0.02
1.36
-0.01
0.01
0.01
-0.01
-0.01
-0.01
0.03
0.03
0.02
0.04
-0.01
. 0.11
0.12
0.08

0.01,

0.04
-0.01

- In
ug/L
0.001

-0.001
-0.001
-0.001
-0.001
-0,001
-0.001
<0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

' -0.001

-0.001
-0.001
-0.001

0.015
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001



Elemant
Uait
DetLim

01
01 D5

02 DS

04 b3

08 D3

0903
09 D4
09 DS
09604
10
1004
11

12

13
13 D4
1308
14

15

16
17
18

19

20

21

22

23

24

25

26

27

28

29

1
32
8L 01

AN

La
ugh.

001

0.05
-0.01
0.03
- -0.01
0.04
0.03
0.27
-0.01
-0.01
-0.01
0.02
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
0.01
0.03
0.49
0.03
-0.01
-0.01
-0.01

0.01 .

. -0.01
-0.01
0.02
0.02
-0.01
-0.01
0.01

0.01

-0.01
-0.01

0.01
-0.01

"Ceo
ugft.
0.01

0.06
-0.01
0.05
-0.01
0.08
0.08
0.51
0.01
0.01
-0.01
0.04
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
0.0t
-0.01
-0.01
0.03
0.06
113
0.06
-0.01
-0.01
-0.01
0.02
-0.01
-0.01
0.04
0.05
-0.01
-0.01
0.02
0.02
=0.01
-0.01
0.02
-0.01

Pr
ughl
0.005

0.010
-0.005

0.006
-0,005

0.009
0.009
0.061
-0.005
-0.005
-0.005
0.005
-0.005
-0.005

" -0.005

-0.005
-0.005
-0.005
-0.005

-0.005. .

-0.005
-0.005
-0.005

0.009 -

0.150

0.008
-0.005
-0.005
-0.00S
-0.005
-0.005
-0.005

0.006

0.007
-0.005
-0.005
-0.00S
-0.005

- «0.005

-0.00§

_ -0.00S
' :0.005

Nd
ught
0.01

0.043
-0.01
0.028

w01
0.0a7

0.040
0.245
-0.01
-0.01
«0.01
0.023
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
0.01
0.016
0.044
0.717
0.033

.01

-0.01
-0.01
0.017
-0.01
-0.01

0.024
0.034

+0.01

0.0

0.020
0.013

-0.01
-0.01-
0.014
-0.01

8m
ugll
0.005

0.008
-0.005
10.007

-0.005

0.008
0.009
0.070

<0.005

-0.005

0.007
-0.005
-0.005
-0.005

".0.005

-0.005
«0.005
-0.005
-0.005
-0.005
-0.005
+0.005

0.011%

0.268

0.008
-0.00S
-0.005

0,005
£ 0.005

-0.005
-0.005
0.007
0.008

0,005
" -0.005
0.005°

-0.005

" 20.005

-0.005
0.005

-0i00s

APPENDIX B

ugfL
0.001

0.002
<0.001
0.002
<0.001
0.003
0.002
.0.039
-0.001

" 0.001

-0.001

0.002
-0.001
-0.001

0.001
-0.001
-0.001

0.001.

0.001

.-0.001

-0.001
0.001
0.005
0.161
0.003

-0.001

0.002

~-0.001

0.003
0.001
0.001
0.002
0.003
-0.001
-0.001
0.002
0.001
0.001
-0.001
0.002
-0.001

Th
ugfL
* 0,001

0.002
-0.001
0.001
-0.001
0.001
0.002
0.017
<0.001
-0.001
-0.001
0.001

-0.001

-0.001
-0.001
-0.001
-0.001

-0.001
-0.001
-0.001
-0.001
-0.001

0.002

0.088

0.001
-0.001
-0.001
-0.001

0.001
-0.001
-0.001

0.001

0.002
-0.001
-0.001

0.001
-0.001
-0,001
-0.001
-0.001

' -0.001

STREAM WATER DATA

Gd

ugh.
0.005
0.012

0.008

-0.005

- 0.008

© 0.010

0.094
-0.005
-0.005

-0.005

0.007

=0.008

-0.005
-0.005
-0.005

-0.005
-0.005.

.<0.008.
<0.005 .
-0.005 .

0.006
0.016
0.461
0.009
<0.00S
-0.005

" -0.005

0.009
-0.005
-0.005

0.008

0.009

'-0.005

-0.005

0.011 -

-0.005
-0.005

0,005

0.005
-0.005

Dy
ugh.
0.005

0.008 -

~0.005'
0.005
-0.005
0.008

' 0.007
0.123

-0.005
-0.005

-0.005°

0.006

-=0.008

-0.005
-0.005

" 0.005

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

0.011

0.587 .

0.006

© =0.005
+0.00S

-0.005
0.005
+0.005

- +0.005

0.006'
0.008
-0.005
<0.005
0.010
-0.005

-0.005 .

-0.005

. 0.007
/40005

Ho'

- ught
0.001

0.001

-0.001
" 0.001
-0.001 -

 0.001
0.001
0.023

" -0.001

-0.001
-0.001
-0.001
-0.001

' -0:001

20.001
-0.001
-0.001
-0.001
<0.001
20,001
-0.001
-0.001
-0.001

0.002

0.114

0.002
-0.001

«0.001 -

0,001
0.001

0.001
-0.001"

. 0.001
0.002
-0.001
-0.001
0.002
-0.001
-0.001
-0.001
0.001

-0.001

ugfl
0.001

0.005
-0.001
0.003
-0.001
0.004

0.004

0.075
-0.001
0.001

- «0.001

0.003
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
0,001
0.001
-0.001
0.002
0.007
0.360
0.004
-0.001
0.001
0.001
0.604
-0.001
<0.001
0.003
0.005
-0.001

=0.001

0.006
0.003
-0.001
-0.001
0.003
-0.001

Tm
ugfL
0.001
-0.001
-0.001
-0.001

-0.001
-0.001

-0.001

0.009
-0.001
-0.001

+0.001

-0.001

-0.001
-0,001
-0.001
<0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

0.046
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

=0.001

-0.001

C-0.001

-0.001
-0.001
+0.001
-0.001
-0.001
-0.00%
-0.001

165

Yo
ugiL
0.001

0.002

0.0t

0.002
-0.001
0.002
0.003
0.064
-0.001

0.001

-0.001

0.002
-0.001
-0.001

-0.001

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

' 0.002

0.005

- 0.311

0.003
-0.001
0.001
-0.001

- 0.003

0.001
-0.001
0.002
0.004
-0.001
-0.001
0.006
0.003
-0.001
-0.001
0.003
-0.001

Ly
ugft
0.001

=0.001 -

-0.001
-0.001
0,001
-0.001
-0.001

0.009

+0.001
-0.001

-0.001
<0.001

-0.001
<0.001
-0.001
-0.001
-0.001
+0.001
-0.001
-0.001
-0.001
-0.001
-0.001

-0.001
-0.00%
-0.001
-0.001
-0.001
-0.001%
-0.001
-0.001
-0.001
-0.001
-0.001

0.001
50.001

- <0.001

-0.001
-0.001
-0.001



Element
Unit
Dot Lim

o1
0105

02.D5

04.03

08.03

09 D3
09 D4
09 DS
09604
10

10 D4
u

12
13
1304
1305
14

15

16
17

18

19

20

21

22

23

24
28

26

27

28

29

31
32
sL o1

Pb
ught.
0.02

0.04
0.05
0.10
\;o.oz
0.09
0.07
144.70
0.03
0.02
0.10
113
0.09
0.07
0.18
0.03

C 012
0.07
0.23
0.11
0.09
0.08
0.14
0.08
55.49
0.06
0.04
0.04

. <0.02
0.05
-0.02
0.08
0.46
0.16
0.04
-0.02
0.07
0.16
0.10
0.06
1.73

-0.02°

ug/L

0.005

0.233

0.306
0.438
0.698
0.687

0.343

0320
0.167
0.027
0.073
0.038
0.054
0.071

.0,078

5.843
5713
0373
5.403
0.123
0.087
0.089
0.126
0.145

1285

0.379
0.076
0.122
0.292
0.123
0.267
0.101

- 0.012

0.172
0.922
0.394
1.128
0.091
0.210

. 0.084

0.009
0.051

Mn
ught

-2
-2
12
2838
2874

K 60

7937

112
14l
49
14

173

2087
18

&.Sﬁdog

112

70
163828
22803
10102

217

g8 By

213
137
155
129
13
199
178
126903

sT1

APPENDIX
STREAM WATER DATA
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Elémaat PH CONOUC
Unit UNI umo
Dot Lim .01 5
~ .
1b 99.
1-4 84,
1e . 83.
2b 106.
2-8 ) 105.
" 2e 84,
v "r.
3-8 99.
3-8 dup
3s 86..
40 154.
46 87.
4 ' 95.
Sb ‘ 114,
511 115.
7 ’ 100,
(= 88.
Se 89.
.6b 11
6-6 ‘ 99.
6n : 87.
7t . 120.
7-11 13
7-8 ’ . 102,
7-4 - 100.
Ts 88.
8b 117,
8-8 103,
8s 118.
9b 119,
912 115.
- S 104,
9-4 . 88,
9s 87.
" 100 124,
10-8 ) 98.
10a 86.
BLOT b 715
8L.018m 73.
BLOT s 65.
BLO2.b 7S
BL 02 Bm 70.

BLO2s 65,

NA
mg/L

0.39
035
035
0.47
0.42
035
0.48
0.42
0.42
0.3s
0.45
0.39

. 0.38

0.51
0.50
0.45
0.39
0238
0.48
043
0:38
0.51
0.48
0.45
0.38
0.38
0.5%
0.45
0.38
0.50
0.50
0.43
0.38
0.36
0.50
0.42
0.38
0.69

0.52
0.76
0.61
0.56

“mgft

0.14
0.16
0.14
0.18
0.18
0.18
0.19
0.16

- 018

0.16
0.16
0.14
0.14
0.18
0.18
0.16
0.1s
0.14
0.16
0.15
0.14
0.18
0.18
0.16
0.14
0.14
0.18

©0.16

0.12
0.19
0.18

'0.15
0.14
0.14
0.16
0.14
0.11
0.30

‘0.23
0.31
0.28
0.27

CA
mg/L
a1

12.90
1"
1110
1555
13.99
10.76
1533
1335
1332
11.28

15.28

11.30
11.52
15.90
15.97

13.42
11.85
11.63
14.85
13.11

11.85
16.08
15.20
13.53
11.45
11.52
15.90
13.82
11.63
18.77
15.73
13.58

11.46 .
"11.48

15.66
12:84
11.54
10.33

9.42
10.99
10.10

9.72

APPENDIX B
'STREAM WATER DATA

MG
mg/iL

4.65
427
. 4.10
538
4.95
424
5.45
4.92
4.86
430
5.60
4.37
4,40
5.54
5.51
4.89
4.46
434
525
4.86
. 435
5.60
538
4.90
434
4.30
5.51
- 4.95
4.30
5.45
5.41
4.89
.27
‘430
5.48
4.70
4.29
2.89

2.57

297

2.78
2.61

AS
ughit

0.40
a.41
«0.20

<029 .
034 -

-0.20
033

.o

0.26
026
0.27

-0:20
0.30

-0.20

0.23

-0:20
-0.20

029

-0.20
0.31

025

0.22
0.24
0.23
0.39
0.27
0.30

‘.27

-0.20
0.24
0.36

-0:20-

0.28
0.30
-0.20
0.31
0.25
0.32

0.42
0.27
-0.20
0.31

NO2
ughit

NO3
ug/L

170.

-50..

-50..

-50.

75.

«50.
-50.
-50.

-50.
=50,
-50.

72.
‘1.

=50.

69.
- -850,

78.

74.
12
78.

7s.
" 76.
70.

$238

61.
67.
-50.
+50.
-50.-
-50:

=50,

PO4
ugh

54,

76,

-50.
<50,
-50.
-50.

80,

<50.

<80..

-50.
-50.
-50.
-50.
-50.
-50.
-50.
-50.
-50.
-50.
-50.
-50.
-50.
-50.

‘.s0.
-50.
-50.
»50.
-50.
-50.
-50.
-50.
-$0.

-50.

BR
ughl

- -50.
" -850,

-50.
-50.
-50.

.50. .

-50.
-50.

«50.

- =50,

«50.
-50.
-50.
-50.

-50. .
" <50,

-50. .
" .50,

-50.
-50.
-50.

-50,
-50.
-50.
-50.
-50.
=50.
<50.

167

804

mgn.

144

.75
8.95
18.9
16.0
10.1
193

15.2

10.2
213
12.7
10.4
19.1
19.2

147

1.5
103
175
14.4
9.91
20.5
183
153
10.5
10.5
193
15.4
19.1
19.0
18.3
14.7
9.65
9.54
19.6
13.0
9.67
2.05

2.04

2.60
2.05
2.25
2.68

mgﬂ

0.23
023
023
030
0.27
0.15
0.36
0.28



Element CONDUC
Unit UMO
Det Um 5
1b ] 99.
14 84.
1s ~ ) 83.
2b 106.
2-8 105.
2s 84.
3b 17,
38 99.
3-8.dup

3s 86.
4b 154,
46 87.
4 95.
Sb . 114,
5-11 118,
57 ' 100.
5-4 8s.
Ss 89.
6b 1.
6-6 ' 99,
6s 87,
7b " . 120,
7-11 13
7-8 102.
7-4 100,
71s 88,
8b : 117,
s8-8 103.
8s . 119.
96 119.
$-12 115,
%8 104. -
9-4 ‘ - 88,
9 a7.
10b © 124,
10-8 98.
10s 8s. .
BLO1 D 7S.
BLOT 8m ) - 73,
BLO1s . 65,
BLO2 b 7S
BL 02 8m 70.
BLO2 o 65.

‘NA
mgAL

0.39
035
035
0.47
0.42

0.48
0.42
0.42
035
0.45
0.39
038
0.51
0.50
0.45
0.39
038
0.48
0.43
0.38
0.51
0.48
0.45
0.38
03s
0.51
0.45
0.38
0.50
0.50
0.43
038
Q.36
0.50
0.42
0.:”
0:69

0.52
0.70

" 0.61
© 0.56

mg/L

0.14
0.16
0.14
a.18
0.18
0.15
0.19
0.16
0.18
0.16
0.16
0.14
0.14
0.18
0.18
0.16
0.1§
0.14
0.16
0.15
0.14
0.18
0.18
0.16
0.14
0.14
0.18
0.16
0.12
0.19
0.18
0.1
0.14
0.14
0.16
0.14
0.11
0.30

0.23
0.31
0.28
0.27

CA
mg/L

12.90
1M
11.10
15.55
13.99
10.76
1533
1335
1332
1128
15.28
1130
11.52
15.90
15.97
13.42
11.85
11.63
14.85
13.11

- 11.55

16.08
15.20
13.53
1145
11.52
15.90
13.82
11.63
15.77
15.73
13.58
11.46
11.48
15.66
12.84
11.54

‘1033

9.42
10.99
10.10

9.72

APPENDIX B
STREAM WATER DATA

MG
mgh.

4.65
427
4.10
538
495
424
5.45

‘4.92
488

5.60
437
4.40
5.54
551
4.89
4.46
434
525
4.86
435
5.60
538
. 4.90
434
4.30
.51
4.95
430
.5.45
5.41
4.89
427
430
.48
470
4.29

2.69

2.57
2.97
2.75
2.61

A8
ugn

0.40
0.41
-0.20
-0.:20
0.34
020
0.33
021
0.26
0.26
0.27

020 °

0.30
-0.20

- 0.23

©0.20
-0.20
0.29
-0.20
031
025

0.22

0.24
0.23
039
027
030
027

-0.20
0.24
0.36

-0.20
0.28
0.30

-0.20
0.31
0.25
032

0.42
0.27
-0.20
0.31

NO2
ughL

NO3
ugfL

170.
-50.

ugn

-50.
-50.

" -50.

75.
-50.

-50.

-50.

-50.
-50.
72.
7.
.50,
-50.
69.
-50.
78.

74.

72.

78.

78.
76.

6.

67.
<50.

-50.

-50.
-50.

-50..

-50.

2428383

PO4

ugn,

-50.
-50.

beg

BR
ugn

-50.
=50,
-50.
-50.
<50.
-50.

. =50,

-50.
-50.
-50,
-50,
-50.
<50,
-50.
-50.
-50.
=50.
-50.
-50.

+-+50,

-50.
=50,
-50.
‘s.o-.
-50.
-50.

-50.
-50.
-50.
-50.
-50.
-50.
-50.
-50,
-50.
-50.
-50.
-50.

-50;

168

804
mght
.05

14.4
9.75
9.95
18.9
16.0
10.1
193
15.2

102
213
127
10.4
19.1
19.2
14.7
1.5
103

1S

14.4
9.91
20.5
183
153
10.5
10.5
19.3
15.4
19.1
18.0
18.3
147
9.65
9.54
19.6
13.0
9.67
2.05
2.04
2.60
2.05
2.25
2.68

ﬁ'gn.
.05

0.23
0.23
0.23
0.30
0.27
0.15

036

0.28

0.19
9.32
0.89
2.01
0.30
0.35
Q.25
0.23
0:28
0.31
0.25
0.21
0.31
0.30
0.26
o.18
0.22
0.32
0.26
0.30
0.31
033
0.25
0.16

0.13
0.32
0.20
0.18
0.07

-0.05
-0.05
-0.05
-0.05



Elemant
Unit
DetLim

1b
1-4
is
2b
2-8
2s
3.,
38
3-8 dup
s
4b
46

i

5b
S-11
s-7
54
Ss
6b
6-6
6s
76
1-11
7.8
7-4 .
Ts

" 8b
88
8s
b
912
9-8
94
9s
10b
10-8
108
‘BLO1b
8L 01 6m
8LO1s
BLO2b
BL 02 8m
8LO2s

Se 78
ug/L
0.002

0:107
0.103

-0.099
0.110

0.107
0.106
0.107
0.105

0.111

0.109
0.103
0.109
0.109
0.109
0.112

0.111

0.107

0.106
. 0.109

0.097
0.105
0.108

0.107-

0.105
0.104

0.104

0.105

0.105

0.106

'0.104

0.112

-0.117

0.107

0407

0.109
0.111
0.113
0.025

0.031
0,029
0.030
0.032

Ye 130
ug/L
0.002

<0.002

«0.002

-0.002
-0.002
-0.002
-0.002
20.002
-0.002
-0.002
-0.002
<0.002
<0.002
50.002
-0.002
<0.002
-0.002
-0.002
-0.002

-0.002
-0.002
0.002

-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
-0.002
~0.002
«0.002
-0.002
-0.002

" 20.002

-0.002
-0.002

-0.002.
" -0.002

=0.002
+0.002

0,002
. -0.002

Bi 209
ug/l
0.002

-0.002
-0.002

© -0.002

-0.002
-0.002
Jlm
-0.002

<0.002 -

-0.002
0.005
-0.002
-0.002
0.004
-0.002
0.002
0.002
-0.002
-0.002
0.004

-0.002
- 0.009

0.004
+0.002
0.002
-0.002
0.004
<0.002
-0.002

0.009

0.065
0.019
0,016
0.009
-0.002
=0.002
-0.002
-0.002

'0.002

-0.002

-0.002
-0.002

sb121

ught
.0.003

0.009

0.010
0.010

. 0.011

0.010
0.011

o025

0.010
0.010
0.010
0.015
0.013

0.010.

0.012

0.012°

0.013
0.013
0.012
0.010
0.033
0.008
0.009
0.011

10,007
0.009
0.017
'0.015

0,007

0.008

' 0.009

0.010
0.007
0.009

- 0.010

0.009
0.008
0.008
0.015

0.023

0.016
0.010
0.008

Al
ught
10

<10
-10
=10
-10
-10

-10
-10
-10

.10
-10
-10
-10

10
-10

=10

APPENDIX B
' STREAM WATER DATA

i
ugh.
0.05

<0.05

© 0,05
"-0.05
-0.05

- -0.05

-0.08
-0.05

. <0.05

0.07

0.09

0.06
-0.05
-0.05

0.09
-0.05
-0.05
-0.05

005

-0.05
0.05
-0.05

| 0.05

-0.05
-0.05

0.32
-0.05

- «0.05

+0.05
1.20

- -0.05
005
-0.05°

-0.05

=0.05'

-0.05
3.34

7.70
2.05
0.09

-0.05

v
ugit
0.01

0.01

0.0

0.01
'0.01
-0.01

0.01

0.01
-0.01

0.01

0.01

0.02

0.01

0.01

0.01
-0.01

0.01

-0.01 -

0.01
-0.01
-0.01
-0.01
-0.01.
-0.01
-0.01
-0.01
-0.01

0.03
0,01

<0.01
-0.01
0.36
0.01
-0.01

- -0.01

-0.01
-0.01
-0.01

1.04

2.62
0.63
0.03
0.03

Co
ught
0.005

0.099
0.200
0.110
0.048
0.130
0.066
0.025
0.082
0.026
0.047
0.036

0.026

0.050
0.024
0.021
0.021
0.020
0.042
0.024

0.078
0.037 -

0.031
0.061
0,050

0.034

0.034
0.046
0.060

-

0.037

-0.024

0.468

© 0.021

0.041
0.042
0.021
0.048
0.031

1283

3.029
. 1190

0:100
0.053

. Nl
ugiL
0.1

0.7
0.8
0.7
0.7
0.7
0.6
0.8

oF

0.9
0.7
0.6
0.7
0.7

" 08
oz
0.6
0.7
0.7
0.6
0.7
0.7
0.6
0.6
0.6
0.7
0.7
0.6
0.8

31.4
07
0.6
0.6
0.6
0.7
0.5

211.9

51.0
11
07

Ca
ugnL
0.1

0.4
03
0.4
0.6
05
0.5
0.6
0.4
os
0.4
1.8
43
1.3
17
1.7
6.0
0.6
0.8
1.0
0.6

R R

1.2
0.6
0.3
0.4
03
04
03
0.3
23
138
"2.3
1.2

1.6

0.4
03
0.3
1.8

4.7

1.7

0.5

0.5

Zn

ugh.

0.1

0.8
1.7

12,

0.9
0.7
12
0.7
0.7
0.8
6.1
2.8
17
2.1
1.8
2.4
1.2
0.9
12

St

0.8

1.5

0.7
0.7
0.6
0.5

1.2

12
0.9
3.0
6.1
1.5
1.2

1.6

0.7
0.6
6.4

146
42
0.5
0.5

Y
ugfL

0.01

0.02
-0.01
-0.01

0.01

0.02
-0.01

0.01

0-92

0.01
-0.0%

0.02

0.02°
-0.01 -

0.01
0.01
0.02
0.01

-0.01

0.01

0.02
-0.01
0.02
0.01
0.01
-0.01
-0.01
0.02
0.02

-0.01

0.01
0.01
0.0t
-0.01
-0.01
0.01

0.02

-0.01
-0.04,

0.01

0.04
0.03
0.01

169

cd

ugf
0.01

0.02
-0.01
0.01

. <0.0%
-0.01
-0.01
0.01
-0.01
-0.01

-0.01

. 012
0.06
0.05
-0.01
0.02
0.13

-0.01.

-0.01
-0.01
+0.01
:0.01
-0.0%
-0.01
-0.01

. 003
-0.01
-0.01
-0.01
+0.01

0.02 .
-0.01

"-0,01
-0.01
-0.01
-0.01
«0.01
-0.01
-0.01

-0.01
-0.01

0.01 *

~0.01

in
ugh.
0.001

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
«0.001
-0.001
-0.001
-0.001
-0.001
-0.001

=0.001

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001.
-0.001
-0.001
-0.001
-0.001

'-0.001

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

-0.001
-0.001
-0.001
~0.001



Eloment La
Unlt . ugh
Det Lim 0.01
1b -0.01
1-4 ~ <0.01
1 \'-0.0'1
2b -0.01
2-8 -0.01
2e -0.01
3b -0.01
3-8 -0.01
3-8 dup -0.01
3s -0.01
4b -0.01
4“6 0.01
4 -0.01
Sb -0.01
s-11 -0.01
57 © -0.01
5-4 -0.01
$a° . -0.01
6b - -0.01
6-6 -0.01
Ge : -0.01
7b -0.01
7-11 -0.01
‘7-8 -0.01
7-4 -0.01
7s -0.01
8b - 0.01
s-8 -0.01
8s . -0.01
9b -0.01
912 -0.01
9-8 -0.01
94 -0.01
8s -0.01
108 -0.01
10-8 -0.01
100 20.01
8LOT b 0.04
B8LO18m
BLOT e -0.01
BLO2b 0.03
BL 02 8m 0.02
8LO2 s -0.01

ug/l
0.01

-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

001

-0.01
<0.01

-0.01 .

-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

-0.01

-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

0.02
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.0t
0.02

<0.01
0.02
0.02
-0.01

Pr
ugh.
0.005

-0.005
-0.005
0,008
-0.005
0.005
-0.005
-0.005
-0.005

- -0.005

-0.005

-0.005

.<0.005

-0.005
-0.005
<0.005
-0.005
-0.005
-0.005
-0.005
+0.005
-0.005
-0.005
-0.005
-0.005
-0.005

<0.005

-0.005
-0.005
-0.005
-0.005

+0,005
+<0.005

-0,005
-0.005
+0.005
-0.005

0.008

-0.005

0.007
-0.005
-0.005

Nd
ugh
0.01

-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

.01 -

-0.01
-0.01
-0.01
-0.01
-0.0%

-0.01

-0.01
-0.01
-0.01
0.016
-0.01
+0.01
-0.01

--0.01

-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
0.036

-0.01
0.032
0.022
-0.01

ug/L
0.005

-0.005
-0.005
-0.005

. -0.005

-0.005
-0.005
-0.008
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0,005
-0.005
-0.00S
-0.005
-0.005
-0.005
-0.005
-0.00S
-0.005
-0.005
-0.005

-0.005 -

-0.005
-0.005
-0.005

0.007

0.020
'0.007
-0.005
-0.005

APPENDIX B
STREAM WATER DATA

Eu

ugh.

0.001

0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

0.001
20.001
-0.001
-0.001
-0.001
-0.001

<0.001:

-0.001
-0.001
-0.001
-0.001

-0.001

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

0.002

-0.001
0.001
0.001

-0.001

Tb
ught.
0.001

~0.001
-0.001

-0.001

~0.001
-0.001
-0.001
~0.001

-0.001

-0.001
-0.001
-0.001
-0.001

-0.001

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

-0.001

0.001
=0.001
-0.001

Gd

ugn. '

0.005

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0,005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

" -0.005

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

0.009

-0.005
0.008
0.006

-0.005

Dy
ught
0.005

-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
0.005
-0.008
-0.005

' «0.005

+0,005
-0.005
-0.005
-0.005
-0.005
-0.008
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005
-0.005

0.006

-0.005
-0.005
-0.005
-0.008

Ho
ug/t
0.001

-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

+0.001
-=0.001

-0.001
-0.001
-0.001
-0.001
-0.001%
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
<0.001

0.001

-0.001
0.001
-0.001

-0.001

ught
0.001

0.002
-0.001
-0.001

0.001

0.001
-0.001
-0.001
-0.001
-0.001
-0.001

0.001

0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

0.001

0.001
-0.001

0.001
-0.001

0.001
-0.001
-0.001

0.002

0.001
-0.001
-0.001

0.001

0.001
-0.001
-0.001

0.001
-0.002
-0.001

0.003

-0.001

- 0.003

0.002
-0.001

Tm
ugfL
0.001

-0.001
-0.001

-0.001-
~~0.001
<0.001

-0.001
-0.001
-0.001
-0,001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-6.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

-0.001
-0.001
-0.001
-0.001

170

Yb

ug/l
0.001

0.001

-0.001
-0.001
-0.001

0.001
-0.001
-0.001

0.001

0.001
-0.001

0.001

0.002
-0.001

. 0.001

0.001

0.001
-0.001
-0.001

0.001

0.001

-0.001 °

0.001
0.001
0.001

-0.001

-0.001
0.001
0.002

-0.001
0.001
0.001

0.002'

-0.001
-0.001
-0.001
0.002
0.002
0.002

-0.001

0.002
" 0.001
-0.001

Lu
ugh.
0.001

-0.001
-0.001
+0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
+0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001 -
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001

-0.001
-0.001
-0.001
-0.001



E_Iomonl
Unit
Dot Lim

1b

1-4

is

2b
2-8

2e
,3b
38

3-8 dup
Jse
4b
4-8

4

5b
511
57

5-4

Ss

6b
66
65’
7b
7-11
7-8

7-4

T1e

8b

s8-8

8s
‘9b
912
9-8

9-4

9s
00
10-8
108
BLO1 D
8L 01 8m
BLO1s
8LO2b
BL 02 8m
BLO2a

‘Pb
ugh
0.02

0.20

0.05
0.02
0.03
0.02
0.08
0.03
0.02

0.22

0.45-
0.11

0.06
0.07
0.25
0.06
0.04
0.08
0.04
0.06
0.05
0.02

-0.02
0.02

0.02 .

0.08
0.02
0.0z
0.09
0.31
0.06
0.04
0.05
0.02
0.03
0.03
024

0.48
0.16
0.03
0.05

ughL
0.00S

0.095
0.077
0.069
0.132
0.106
0.068
0.134
0.110
0.111
0.072
0.135
0.088
0.073
0.142.

. 0.135

0.100
0.083
0.073
0.123
0.099

' 0.073

0.139
0.125
0.108
0.074
0.075
0.150
0.109
0.070
0.135
0.132
0.105
0.072
0.072
0.152
0.102
0.073
0.050

0.047
0.045
0.042
0.045

ughit

Fe

ughl.

108

39
27

39

26

BRER

20
7
28
21

pgE 2

23

27

28

20

1781

22

23

77

26
42

24
21
23

22

24

476

25

APPENDIX B
STREAM WATER DATA
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Samplo Name
Unite
Detection Limit

01 DF.TW
01 ES.BK
01 ES.TW
01 WLTW
02 DF.TW
02 ES.BK .,
02 ESTW
02 WLTW
03 DF.TW
03 ES.BK
03 ES.TW
03 LP.BK
03 LP.TW
03 WILTW
04 DF.TW
04 WLTW
05 DF.TW
05 ES.BK.
0S5 ES.TW
05 WLTW
06 DF.TW
06 ES.TW
06 WLTW
07 OF.TW
07 ES.8K
07 ES.TW
07 WLTW
08 WLTW
10 LP.TW
10 WLTW
11 LP.TW
11 WLTW
12 ES.TW
12 LP.TW
12 WLTW
13ES.TW
13 WLYW
14LP.TW
15 E5.8K
15 ES.TW
15 WLTW
19 ES.TW
19 LP.TW
19 WILTW
20 WIL.TW
21 WLTW
22 WILTW

Au
ng/g
0.1

15
17
1.9
21
177
1.1

2.4
123

67
13
2.9

15
243
29.7

22

4.6

17

1.7

25

103

5.8

1.3
1.4

1.8

13

0.9

0.9

1.9

3.8

0.8

22

0.9

3.9
M7

4.1

39
‘04
0.9
1.1
0.6
4.4

uglg
0.3

.03

-0.3
-0.3
0.3
0.3
-0.3
-0.3
-0:3
03

03
03
-03
0.3

‘03

03
03
0.3
0.3
03
03
0.3
03

03
‘0.3
-0.3
-0.3
0.3

-0.3 .

03
-03
0.3
0.3
<03
<03
-03
-0.3
<0.3
-03

-0.3
- -0.3

~0.3
-0.3
0.3
-0.3
0.3

As

ugl/g

0.01

0.04
033
022

" 0.02

0.05
026
0.14
0.02

0.6

23
0.57

1.5

0.55
0.16
0.08
0.02

10

41

0.84

22

5.9
0.59
0.97
9.2

2.7
0.06

- 016

0.34
0.3

. 015

0.12
1.1
0.28
0.12
0.46
0.07
0.15
1.8
.09
0.03
0.18
0.02
-0.01
0.14
0.01

0.05

-5

16

76 .

B

160

gegeEgLIaR

APPENDIX C

VEGETATION DATA

Br
ug/g
0.01

038
.35
1.9
0.23
0.62
2.5

0.64
0.54
5.7
13
1.7
0.97
0.45
0.31
0.21

1.6
14

0.94
0.86
a3
0.67

78

11

0.44
0.96
1.3
0.22
0.7
0.17
2.7
0.5
0.29
0.66
0.19
0.62
9.6
3.3
0.19
0.24
0.85
0.31

0.22 -

0.16
0.34

Ca
%
0.01

0.51

0.81
0.68
0.44
0.77
0.63
0.38
0.41
0.89
0.51
0.17

03

0.44
0.88
0.46
0.92
0.78
0.17
0.39
0.61
0.27
0.52

13
0.74
0.44
0.51
0.29
0.37
0.21

0.5
0.57
0.16
. 0.4
0.61
0.38
0.21
0.98

0.8
0.47
0.39

o2
0.59

0.61

0.41
0.75

Co
uglg
0.1

03
0.2
02
0.6
0.2
0.2
0.2
03
0.5

0.7
0.8
0.4
0.8

0.2 .
03

0.5
1.5
1.7
0.3
0.3
0.4
0.2
03
0.5

04
03

0.2
0.2
0.2

03

0.3

0.5

03"

0.4
-0.1
03
7
1.5
0.2
0.1
02
0.2
0.1
02
0.3

ugl/g
03

0.6
0.5
0.7
1.5
0.3
03
0.6
0.4
13
2.9
1.9
3.1
1.5
0.7
0.4
03

1.6
2.4
0.5
0.8
0.6
-0.3
0.8
1.6
0.9
-0.3
-0.3

08

-0.3
0.4
-03
2.2
13
03
13
-0:3
L X}
31
2.8
-0.3
0.3
03
0.3
<03
0.3
-03

Ca

ugl/g
0.05

-0.05
0.05
-0.05
0.06
0.15
-0.05
0.05
0.09
0.06
-0.05

-0.05 .

0.07
-0.05
0.06
-0.05
0.08
-0.05
-0.05
0.05
-0.05
-0.05
0.12
0.14
-0.05
<0.05
-0.05
-0.05
-0.05
-0.05
-0.05

Fe
0.005

0.008
0.018
0.024
0.006
0.008
0.01
0.013
-0.005
0.05
0.127
0.064
0.151
0.043
0.009
0.009
-0.005
0.112
0.495
0.446
0.013
0.032
0.068
0.009
0.022
0.143
0.046
-0.005
0.005

0.018.
0.008

0.008
<0.005
0.086
0.042
0.01
0.042

" 0.007

0.017
0,165
0.138
0.005
0.006
-0.005
-0.005
-0.005
-0.005
-0.005

Ht
ug/g
0.05

-0.08
-0.08
-0.05

0.12

0.15-

-0.05
-0.05
-0.05
-0.05
-0.05

0.11
-0.08
-0.05

2005

-0.05
-0.05
-0.05
-0.0§
0.14
0.06
-0.05
0.05

-0.05
0.14
0.15

-0.05
-0.05
-0.05
-0.05

-0.05

172

-0.05
0.12
0.05

-0.05

-0.05

-0.05

-0.05

-0.05

-0.05

-0.05

nglg

0.1

0.1
0.1
0.1
0.1
-1
0.1
-0
0.1
0.1
0.1
-0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
-0.1
-0.1
0.1
-0:1
0.1
0.1
0.1
0.1
0.1
-0.1
0.1
0.1
-0.1
0.1
0.1
0.1
0.1
-0;1
0.1
0.1
0.1

Gy



Sample. Name
Units
Detaction Limit

01 OF.TW

01 ES.BK

01 EB.TW

01 WI.TW

02 DF.TW
02ESBK .
02 ES.TW .
02 WLTW

03 DF.TW

03 £8.BK

03 ES.TW

.03 LP.BK

o3 LP.TW
03 WILTW

04 DF.TW
04 WLTW
05 DF.TW
05 ES.BK
0S5 ES.TW
05 WLTW
06 DF.TW
06 ES.TW
06 WIL.TW
07 DF.TW
07 ES:8K
o7 ES.TW
07 WILTW
08 WILTW
10LP.TW
10 WIL.TW
11 LPTW
11 WLTW
12 E8.TW
12LP.TW
12 Wi.TW
13 ES.TW
13 WLTW
14LP.TW
15 £8.8K
15 ES.TW
15 WLTW
19 ES.TW
19 LP.TW
19 WILTW
20 WLTW
21 WLTW
22 WILTW

0.47

03
0.64
0.43
0.52
0.16

05
0.62

0.67

0.41
o.71
0.23
0.32
0.78

0.4
0.51
0.56
0.3s
078
0.84

0.57
072

043

. 0.51

0.27

6.59
0.44

0.58

032
0.83
0.42
0.95
0.32
0.39
0.67
0.48
0.36
0.32
0.66

0.36

0.98
0.38

047

0.46
0.8
0.52

uglg
0.05

-0.05
-0.05

0.07
-0.05

-0.05

0.07
-0.08
0.14
0.08
-0.08
0.05

-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05

- 0.13

-0.05
-0.05

-0.05.

-0.05
-0.05
-0.05
0.06
0.08
0.05
-0.05
-0.05
0.07
-0.05
0.08
-0.05

- -0.08

-0.05
-0.05
-0.05
0,05

0.06

0.09

2458
225

11
38.2
49.6

74 -

131
27.1
323

139

77.5
55.4
8.8
1.9
37
22.7
207
12.9
168
108
85.3
68.2
163
30.6
287
259
23.6
122
10.1
8.4
8.1

47

Ni
uglg

APPENDIX C
VEGETATION DATA

Ab
ug/g .

1

.AANU-lv!ﬂ"hmbumA_”NUMJN!N.NQAAAAGN'UHIMAN-"MQLON'O;NOA‘.-‘QAAN'D

~ 8b
‘uglg
0.005

0.021
0.028
0.028

" 0.016

0.02
0.023
0.022
0.016
0.033

0.12
0.041
0.085
0.029
0.022
0.017
0.016
0.087

0.34

0:35
0.025
0.043
0.066
0.019
0.031

0.12
0.061
0.014
0.014
0.029
0.01S
0.023
0.009
0.046
0.031

0.016

0.037

0.012 |

0.021
0.078
0.064

0:614 °

0.012
0.016
0.011
0.012

" 0.012

0.01

- uglg

0.01

003

0.05
0.08
0.01
0.02
0.03
0.04

.01

0.13

0.4

0.16

0.44

0.1
0.02
0.03
0.01

'0.07

0.22
0.25
0.01
0.04
0.06
0.01
0.05

" 0.19
" 0.08

-0.01
0.01
0.05
0.01

002

-0.01
0.22

0.1
0.02
a.11

0.02.

0.05
9.41
o3

- 0.01
" 0.01

0.01
-0.01
-0.01
-0.01
-0.01

Se
ug/g
01

-0.1

A

0.1
0.1
0.1
0.1
0.1
0.2
-0.1
~0.1
-0:1
-0.1
0.1
-0.1
-0:1
0.1
0.1
0.1
0.1
0.1
-0.1
0.1
-0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
-0.1

0.1

0.1
0.1
0.1
-0:1
‘0.1
-0:1

B8 |

-0.1

- 02
© 0.1

-0.1
0.1
0.2

01

0.1

6r
uglg

Ta

uglg
0.05

-0.05
-0.05
-0.05
-0.05
-0.05
'0-05
-0.05
-0.08
-0.05

0.05
<0.05

<0.05

0,05
-0.05
-0.05

 -0.05

-0.05

0.06
<0.05
+0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
0.05

'-0.05

-0.05
<0.05

-0.05
-0.05

-0.05
-0.05
-0.05

20,05

-0.05
0.05
-0.05

-0.05'

-0.05
-0.05

“Th
uglg
0.1

0.1
0.1
0.1
0.1

A |

0.1

-0.1°

0.1
0.1
0.3
0.2
0.4
0.1

-0.1

0.1

-0.1

-0.1
0.4
0.4

-0.1

0.1

-0.1

-0.1

0.1

6.2

-0:1.

0.1
-0:1
-0.1
-0.1
0.1
0.1

0.3

0.1
0.1

0:1
-0:1
0.1
- 04

0.4

0.1,

<0.1
-0.1
<0.1
-0.1
0.1
04
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U
uglg
0.01

-0.01

001

0.02
-0.01
-0.01

0.03

0.01
-0.01
.0.04

0.11

0.04

0.08

0.04
-0.01
-0.01
-0.01

0.02

0.1

0.06
-0.01
-0.01

0.01

-0.01
-0.01
0.06
0.02

-0.01

-0.01
-0.01
<0.01
-0.01

-0.01°

0.06
0.02
0.01
.0.03
-0.01
-0.01
0.13

0.09'
-0.01
-0.01

"-0.01

-0.01

. -0.01

-0.01
-0.01

w

ugly
0.05

-0.05
-0.05
-0.05
<0.05
-0.05
0.06
0.06
-0.05
0.18
03
0.34
0.27
0.19
0.05
-0.05
-0.05
0.34
23
1.9
0.12
0.12
028
-0.05

- 0.06

0.7

0.19
-0.05
-0.05

. 0.09

-0.05
-0.05

-0.08

0.57
0.24

. -0.05

0.08
-0.05
-0.05
0.2
0.9
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05
-0.05



Samplo Name
Units
Detection Limit

01 DF.TW
01 ES.BK
01 ES.TW
01 WILTW
02 DF.TW
02 ES.BK
02 ES.TW
02 WLTW
03 DE.TW
03 E8.8K
03 ES.TW
03 LP.BK

CILPTW

03 WLTW
04 DF.TW
04 WLTW
05 DE.TW
05 £S.8K
05 ES.TW
05 WLTW
06 DF.TW
06 ES.TW
06 WIL.TW
07 OF.TW
07 ES.BK
07 ES.TW
07 WLTW
08 WLTW
10 LP.TW
10 WIL.TW
11 LP.TW
11 WLTW
12 ES.TW
12LP.TW
12 WLTW
13 ES.TW
13 WLTW

14LP.TW -

15 ES.BK
15 ES.TW
15 WLTW
19 ES.TW
19 LP.TW
19 WLTW
20 WILTW
21 WLTW
22 WLTW

-

8RERZLERERRSLE

Zn

uglg

-t

-
N
[-]

2LH2LATRLEE

Ja8as8888882

La
ug/g
0.01

0.09
0.18
0.21
0.02
0.08
0.13
0.18
0.02
0.66

13
0.71

1.6
0.49
023

0.03
0.39
12
1A
0.29
0.14

'0.18

0.04
0.13

05.7
0.23
0.02
0.c3
0.18
0.05
0.07
0.04
0.94
0.46
0.08
0.43
0.06
.19

1.5

13
0.04
0.04
0.04
0.02
0.02
0.02
0.04

Ce

ug/g
03

0.3
0.3
0.4

0.3

0.3
03
0.5

03
13
2.1

13

29
0.9
03
03
03
0.7
2.1

03
03
0.4
0.3
0.3
12
0.5
03
03
03
03
0.3
0.3
1.8
0.8
0.3
0.8

0.3

0.3
2.4
23
03
0.3

©-0.3

03
0.3
0.3
0.3

Nd
uglg
0.5

0.5
0.5
0.5

- 0.8

-0.5
-0.5
0.5
0.5

- 0.8

09
0.5
05
05
05
0.5

0.7

0.6
0.5
0.5
-0.5
0.5

0.5
0.5

- 0.8

-0.5
-0.5
-0.5
0.5
0.8

0.6

0.5

-0.5
0.5
-0.5
-0.5
-0.5

0.8
0.5
-0.5
-0.5
0.5
-0.5
-0.5
0.5

APPENDIX C

VEGETATION DATA

Sm
ug/g
0.01

<0.01
0.02
0.02
-0.01
-0.01
0.01

0.01 .

-0.01
0.07
0.16
0.09

02

0.06

0.02
0.01
-0.01
0.04
0.16
0.15

0.01
0.02 -

0.02

-0.01.

0.02
0.09
'0.03
-0.01
-0.01
0.03
-0.01

-0.01
-0.01
0.12
0.06
0.01
0.06
-0.01
0.03

6.2
0.17

-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01

uglg
0.1

-0.1

0.1
0.1
0.1
0.1
-0.1
-0.1
0.1
0.1
0.1
0.1
-0.1

-0.1

-0.1-

0.1
-0.1
-0.1
-0.1
-0.1
0.1
-0.1
-0.1
0.1
0.1
-0.1
-0.1
-0.1

0.1

-0.1
-0.1
0.1
-0.1
0.1

Yb
uglg

" 0.005

0005

0.01
0.015
-0.005
-0.005
0.006
0.009

-0.005

0.033
0.08
0.047
0.084
0.034
0.006
0.006
-0.005
0.016
0.079
0.083
0.005
0.008
0.013
-0.005
0.009
0.042
0.019
-0.005
-0.005
0.014
-0.005
0.005

. <0.005

0.066
0.029
0.005

0.03

-0.005

0.01
0.114
0.096

-0.005

-0.005

-0.005

-0.005

-0.005

«0.005

-0.005

Lu
uglg
0.001

-0.001
0.001
0.002

-0.001

-0.001

-0.001
0.002

-0.001
0.005
0.013
0.007
0.014
0.005

-0.001
0.001

-0.001
0.003
0.012
0.011

-0.001
0.001
0.002

-0.001
0.002
0.008
0.002

-0.001

-0.001
0.001

-0.001

<0.001

-0.001

0.01
0.004
0.001
0.005

-0.001
0.002
0.016
0.013

~-0.001

-0.001
<0.001
-0.001
-0.001
-0.001
-0.001

18.5

15.62
15.64

153
15.32
15.67
15.68
15.48
15.62
15.74

133
15.34

" 15.48

14.22
14.78
15.72
15.51
15.31
14.08
15.12

157

15.27

15.8
15.55
15.51
15.36
15.62
15.47
15.32
15.54

15.38

15.59
15.22
15.56
15.82
15.24
15.53
15.73
15.62
15.31
15.45

15.7
15.52
15.57
15.48
15.65
15.71
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Think Recycling!

QN

Pensez a recycler !
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