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Kuch controversy hos arisen concerning the water quelity

e

in an area  northwest o7 Bridgewsater, ova Scotia.

. ToEresolve the pféblem, weter semnles were tazken and
analyzed Tfor itrece metels, from the area which was also
mapoed, This shoved the erez to be forested with the pre-
ferred draincge direction to “e towaerds the La Have River.
Two dumps were discovered which could affect the area. In
order to construct hignwey 103, two road metal pits were
opened.v In these tits there is exposure of Halifax slates

wnich have been metamorphesed and folded. Interbedced in

the slctes are iron sulfides. The enalysis of the water

=h

disclosed patterns of ion distribution redieting from the
pits down slope. This is due to acid leaching of the newly
exposed peds of iron sulfides in the slates. These mobhilized

<l

ions are then precipitated dowvn slope with a change in pH
i

and other chesmiccl properties.



Introduction

For the last two years, the residents of Iorthwest

Bridgewater, love Scotiz have revporfted o defteriorction in

+

the quality of their ground water. The reports began shortly
after several pits were developed for road metal to construct

a roaed bed for Hizhwey 103. This study is an attemant to )

ot

5

ol

evaluate the current wo

T

s

quality oy enealyzing the trece

metal content of surface &nd ground waters in this sres,

t

The field work was cerried out in Iovember 1977 over a

period of 7 cd=ys.

r’ﬂ 3
ot

I would like %o acknowledge helo ertended fto me in this

D

study by members of the depertment. In particuler I would
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Cooke, T.VW. Henniger, V.3 Ervine, P.=. Schenk, Ir, S. Parikh,

Mr, P.D, Bourque and Ms. D.E. Vebb,



General Setting

-

The study aree 1s 3 km, west of the tovn of 3Bridgewster,
Nova Scotia and 100 km. southvest of Halifax, The 8 square
kilometer area, measuring eporoximetely 2 km. by 4 km. is
on the south slope of the valley of the La Iave River
(Fizure 1). It is forested, pr%dominawﬂk by white pine and

spruce, and dreined by streems =nd ditches flowing north-

easterly to the La Heve River. (Plate 1)

The netural zround suriace hes been disturbed in seversel
places, Highwey 103, consisting of two leres, was constructed
in 1975-76 (Plate 1). Rosd metel for this highwsy was removed

from 2 large sres Jjust north of the

t
factory, svout 4000 square meters ian arse,

N
—
[ ]
|3‘
s
9

and Plete
was built in 1970 end is owmned and oper=ted by the Iichelin

Tire Co. of Canada, Ltd.

There are also two dumps In the area. One is the Town

dump 0.5 km., south of the study area. The other is a2 smell

1

4.

dump located in the west pit (Figure 1), consisting of
tires, rubver sand zlsstics. This dimp anperrs to ve feirly

rzcent (3 months)..

2

1 o~
vl Geolory
)

’__x

The following summery of the geolosy is beged on

reports by Taylor (1964), »y Schenk (1277), ~rd on ny

[73

RS
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Plate 1: Photograph of seneral topography, teken
from north slope of La Have River,
looking south,

13
|
\
|

Plate 2: Taken in East Pit looking north.
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observations in the immediate &rea.

Bedrock exposures ars generally small and of poor:
quality due to activity in these »nits. Howsver, a few
well-cxposed outcrops in the west »it, in a stream 2 km.,

to the west, and in the west »it were examined in detail.

The geology is shovm in Figure 1a .

The area ig underlzsin 5y slates znd very few thin beds
of quertzite of the Hslirex Formstion. These rocks stirike
northeassterly =and din» moderately northwest. The rock in
the Bridgewater arsa hos bezn metamorphosed to the gresn-

gchist facies. Trere annear to ve two folding episodes,

Eagt-VWest and Horin-Soutli. The lstter event has given
rise to the anticline-syncline nsture of the ares and the

Meguma in this ares as = whole. Taylor (1969) describes
o

the exis of a syncline north of the study area.

The area has also been glescieted. Smooth rock surfaces
f

R} Ao /s v
or roches moutonnees can be found, thege exhitit scutheast-
northeast oriented striations. The thicknsss of glacial
driftv varies generally from a few meters to nil, as can

e sesn in areas of the Vizst Pit and in rosd cuts of

Higaway 103. Some wells interssct bedrock at denths of
0.5 to 3 meters (Appendix A). Pebbles in drift material
have been identified as Triassic sandstones and basalts,

and as Devonian granites in addition to lleguma slates.
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The soil, known locally ~s the Bridgewater s=ndy
loan, consists of light-brown szndy loan overlying a
yellowieh bLrown or olive-brown lozm., These soil horizons

vary in thickness,.

‘The slates in the road-metal pits have interbedded
layers of iron sulfides. These beds are up to 5 cm, wide
and continue along strike for several tens of meters.

The iron pyrite varies from blebs to a highly disseminated
form., Where these slates contain numerous interlayers of
these sulphides they are overlein by a conglomerate of
probable Pleistocene age, called the Bridgewater Conglom-
erétéwﬁ§'éa:‘ and Hilchey (1958} 5 Limonite appears 1o .
cement the overlyingz boulders and pebbles of slatejsand—
stone, and granite. Cann and Hilchey (1958) believe it
formed when iron is dissolved during the soil-forming
process and is reprecipiﬁated‘as cement between the

fragments.

Field Procesdure

Thirty-three samples of weter from wells, ditches
and streams were collected in one liter polyurathane
bottles. These were first clecred with a very wealk solution

of HCl and then rinsed three times with distilled water,



Since, by Ilovember 19, 1977, the open wells had already

NS

been covered with pnlacztic: she=tinz, brush end even sow-
dust to pro .ect them from freezing winter temperatures,
the semples of well waters hzcd to be taken from the taps
at the surface, These and otner conduits were composed

of brass, cooper, and stazinless steel,

£

In each case the walter wes ellowed to flow for about
3 minutes to remove as much cont-min=tion from the pumping
system as possiple. 3efore the totiles were filled they

were rinsed twice with ths weter., The pH of esch saemnle

was measursd at this time.

An attempnt vias made to record the depth of the wells

not available

0
|-
=
()
O
B
=]
M
ct
[}
Q
3
::1
)
0

(dug and drilled) but thi
in most c¢rses. In general, however, drilled wells are

deeper than dug wells.

Samples of surface we:
streams, and rivers) were obiained by sinply diprin
water from the ~ools, ete .., Core was teken mnot to disturd

=

the sediments on the votsom £ these were rusty in sone

A11 scmnle sites vere exeminz=d carefully and are

casesa X
describec in Aprendix A.

Laborstory Procedire

In the leborstory, small (60 ml,) polyurathane bottles
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were clesned, rinsed, and shen Tilled with water from esch

the 33 sezmnles tcoken in the fizld. Standards were mede

:w

by taking ap-ropriszte aligquots of commercially prepared
solutions and dilutinc to the working range for each

element (Table I).

The waters viere analyzed at the Department of Geology,
Dalhousie University, on a Ilodel 503 Perkin-tlmer Atomic
Absorption Spectropnotometer eguipped with printed read-
out. Stendzrds were used to brecket each snelysis.
Indicated concentrations beryond the working range of the
instrument for a given element v _e reaznelyzed using e
more dilute semples Similerly, concentrations helow the
mninimum detection level of the insturment for e given
element were gently evaporated To concentrate them uy a

factor of exactly 10. These were sglso re-anelyzed,



Range of Concentrztions Used For Steandards

Zlsment 2on-s of Standaords
Ca 1 -5 ppm
T'e 1 -5 ppm
m C.S - 2.5 ppm
X Oed = 2.0 ppm
Ta Oe2 = 1.0 ppm
Mg O¢1 - 0.5 ppm
v | 0¢e2 - 4,0 ppm
Zn ' - 0.2 - 4.0 ppm
Ba | | 0.2 - 4.0 ppm
Cu O0e2 = 044 ppm

Datae from Perkin-Elmer "3luebook" (1974)
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Results
The enalyticel results ar: sﬁown in Table II, Each
value listed is an average Irom 3 determinations on the
same sampnle, Because vanadium analyses tended to te
variable (noisy), the values listed in Table II have heen

calculatzd from a computer nrogram developed by S. Perilkh.

Crephic Anelvysis

The results of the analysis have been plo-ted on

J

-

1 man is coloured in & mennsr tTo show

separ-te maps.

L

ferd

=]

8C

{

high and lows for ecch of the 10 elements and for fres
hydrogen (pH). The locaiions of the semple sites are

shown on Fi

High acidity (pH 3) occurs meinly in the road-metal
pits and decreases towards the La fave River (Figure 3).
The disturhed arezs hsve vH values of 4 or 5. The tovm
dump shows the lesst méasur@d-acidity (oH 6). Surface

waters have lower ecidity than the wells as a whole, and

dug wells have a lower acidity then drilled wells,

Barium concertretions, renzgirg from 0.22 ppm to
below detection levels, are hichect
and diminish somewhet towards the La Have River (Fizure 4).

Values along Highway 10. generally decreases northward from
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Dug

Dug
Surface
Drilled
Spring
Surface
Surface
Surface
Dug

Dug

Dug
Drilled
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Sruface
Surface
Dug

Dug
Drilled
Drilled
Drilled
Town
Surface

Surfaoce.

Drilled
Drilled
Drilled
Dug
Dug
Dug
Surfeace
Surface

-1~ Table IT

Analyses of Vaters from M/ Nrid~ewater, I11.S.
. 2.

* *
pH Ca® K Na*® IMn Mg FPe®* Ba v
5 5.2 0.64° 6.0 .08 36 .25 .08 .006
4 3.05 0.42 11.6 0.09 30 2.2 ND ND
4 T1e2 0.60 5.8 .56 20 0.5 .06 ,003
4 ) .04 19,0 ,04 0.25 0,1 .14 1D
4 1.15 .70 8.0 262 .24 «5 22 D
5 2.4 1446 6.0 22 36 o 22 .01
3 3.05 1.46 8.5 .92 32 3.6 .22 .006
3 0.30 .70 10.6 1.10 56 3.7 .04 i
4 22.5 .72 3.6 42 60 2.9 .10 ,008
4 2.8 .68 6.0 07 24 o .10 .009
4 2.95 2.4 3.0 .04 10 .7 ¥D .004 3
4 .10 .04 20.0 02 .01 .3 22 iy
4 D ¥D 14.0 .02 .01 o2 D D
4 2,00 1.32 2.5 2.46 24 2.5 22 D
3 1.45 1.0 2.0 .36 12 3.0 .10 .0038
4 3.0 1.16 3.2 .09 24 o2 <10 .01
4 2.75 1.96 6.0 52 24 o1 .05 004
5 21.0 o7 2.8 .14 54 8,2 04,005
4 2.7 1.92 4.8 .52 24 o2 .C6 .008
4 0.25 0,02 19,6 .02 ,06 .1 I 004
4 3.2 24 2.8 .02 5 25 W14 WD
6 31.0 4.32 20 Q27 18 1.5 <13 .01
3 241 88 3.8 45 15 «25 14 .005
5 Te75 .68 2 .50 25 .7 <31 D
5 15 .10 19.5 .02 .03 o3 <14 004
4 16-5 . 6 3.8 014 A.‘O 05 004 0004
5 .10 .10 20 .02 ,02 o1 .04 ,008
5 1.25 52 <3 04 .03 o7 «125 D
4 1080 054 .2 005 06 01 0725 1\“
3 115 C 58 .3 02 .6 ) .13 .00
4 2.75 .80 ol 42 29 1.75 ND D

o 1indicates samples have been diluted
*¥ dindicates semnles have been concenirated
IID not detected

values are in ppm

.015
.015

. 005
25
015
1D
o1
.005
.01
.01
.005
.01
«15
. 005
OO0

{
LI

.C05°

.025

.005
.03
<045
.01
.01
.125

“e125

D

.13

T «33

.8
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the intersection with Highway 103,

tend to heve hi

wells tend to nrave lower values then dug wells,

hen the wells

Barium

The surface waters

concentrations seem, therefore, to decrease with depnth.

Calcium concentrations ranze from 31 ppm to below

detection levels,

O

were at the fTown dump and ia 3 wells &
(Figure 5). The rest of the asrea shows

of 1 to 10 ppm. Surface waters tend

than well weter and those Tor drilled wells are lower in
value than Hr cdug wells. Calciwn, then, seemns to de

joh

deot:

MU

[y

verible with

Copper values rsnge from 3.1 ppm

detection, There appears to be little
3=

copper veaelues with locetion within the

That is, isolated high values occur at

throughout the area. Low values ere also
Copper concentrations in surfsce walbter are generally

higher than the wells and dug wells heve

drilled wells., Copper concen

decrease witii depth,.

Iron concentrations renge from 8.2 ppm

B

detection,

1 3 : , s
he hi~hegt velues are in t©

moderase

The hizhest velues found in

values

ng Highway 10

and the drilled

have lower values

correlstion o

to values below

el
T

study area (Fizure

-
o]

intervals scatiered

+

scattered,

)e
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generally towards the La Have River (Figure 7). Values
from weters tend to be higher then well waters, and those
from dug wells are higher than for drilled wells. Iron

concentrations, therefore, decreese with depth.

Potassium concentrations range from 1.92 ppm to
values below detection., The hignest values ( 432 ppm)
occur in the dump (Figure 8). The lowest values occur along
Highway 10 and near the river. Surface water values are
higher than well wstery and drilled values have lower

VGlues tqen dug wellse. Potassium tnen, decreases with

dept--e

Magnesium values range from 50 to 0.01 ppm, the
highest. values ere in the »its and diminish towards <he
La Have River., Surfsce water values are higher than well

waters mud dug wells heve higher values than drilled wells,

llenganese valuss range from 2.46 to 0.02 ppm, the

highest values gre in the pit and dminish towards the La

.

Have River., Surrface water values =re higher than well

waters md dug wells heve higher vzlues than drilled wells.

Sodium vzluss renge om 20 to 2.0 ppme The study

areas. as a whole has higher values with locelized hisghs in
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1 .

wells alons highwey 10 which are greater then 10 ppm.

)

Vanadium velues in the study

res range from 0.01

0
m

to values below detection, The area as a whole is low

with respect to vanadium.

Zinc values renge from 0,85 to 0,005 ppm. The wvalues

B

-

e pits and diminish graduslly towards the La

O
N
[0}
Iy
.
&
S
‘—J
3
ct
Yt

Have River, less so elsewhere., Surface weter values generslly
her then well waters, dug well weters hrve higher

valuegs than drilled waters. Therefore zinc values decrecses

- -

In summary, then, concentrztions of 7Zn, Fe, Ba, Iin,

)

T )

liz, and X are relstively high in and around the nits and

-

dump. These vlaues generally decrease downslopne toward the
river, except nes=r Higiway 103 where they remain fairly
hignh. "High end low concentraztions of the other trece
metals (Ce, Za, Cu, V) seem to heve an uneven, or at least
trendless, districution. However, in almost every case,
the trace-metal concentrations, including the aydrogen

.

ion concentrations, decrease with depth.

Trr

. Comnarison Tith Other YWote:

T

1l
i~

s

[

N

The trcce-metal concentrations in these 7w izr2 con he
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L

compared to those in ne:rby lebb Lake (XKelley 1975) and
to drinking woter stasnderds prepared by the Depertment of
Hezlth and Velfere of Canada, Table ITII and Teable IV

which present the renge of the samp le in this 'study

and how these cazn be compared to some known values., Tais
shows celcium, copper, iron, potassium, megnesium, manganese,

sodium and zinc %o be ajove other kxnown values, where

barium is belor knovm wvelues.,

Discussion

The source of most of the trace mefals anpears to ve

J

from the pit erea. Since the metel concentrations are highesst
in the pits whicl are topographicelly higher and due to

the chemical process at work here. It anpears that surface
and ground wete

ditches and cléavage nlenes (Plete 3 & 4 and Figure 14)

to the river, Pogsivly the wzter Trom the pit has mixed

with water from other arecag and hnzs become diluted.

In the =it srea the main process involves the oxidation
of sulfur by oxiyzen waich is reduced, The redox reection

(Levinson, 1974, P. 77).

4 FeSp + 15 02 + 10 Hp0 = 4 TeO(OH) + 8 S04~ + 16 ut



_Calcium
Copper
Iron
Illanganese
Magnesium
Sodium

zZinc

16

Table ITT

Drinking Water Stendzrds

200.0 ppmﬁé 1.0 ppm*. 15.0 ppm+
1.0 0.05 1.0
0.3 . 0.3
0.05 : 0.05
150.0 0.4
200,0 3.2 6.0

Ce5 ' 0,009 0.05

Depimenl | of Health and Telfare (1975)
Hebb Lake, Xelley (1975)

Averaze River VWeter, Hem (1970)
(&) b
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Table iv A comparison of trace metal concentrations with °
other water values

rang= in this study

average river water (llem 1970) :

Hebb Lake (Kelley 1975) ‘ '

drinking water standards (Dept health & welfare)

N o

'



-17-
Vhen freshly exnosed pyrite comes in contact with the
oxidizingz atrnosphere, the woter iglonly sligttly acid, -
so any iron dissolved by surTace water will tend to pre-
cipitete es ferric hydorxide (Ceothite) Dbeceuse of the
insolubility of *his compound in other than very acidic
waters. The geothite may tend to cement loose particles
and make an indurasted cornglonerete. However, with time,
the I concexntraetion should increcse &g described in The
reaction ebove. so that the ferric irom (Pe™™) remeins in
solution, Also the acid waters have a far greater lecching

effect on other msterisls comrnosed of & variety of metals,

In an acidic envircenment the m=tel Zn, Cu, Ilin could ecgily be

lla, 2a were most likely lezched in a similar manner from
the slates. The hizh acidity near the pits would ensure
that these metals remein in solution, even in an oxidizin

-~
=]

environment.,

3

As the acid metel becring weters migrate away frox

Tk

neir escidity through

reactions with roclis and/or soils and being diluted by less
acidic waters. This would 27ein ceuse ferric iron to

precipitate cnd to a lesser extert ‘m., Since Fe and In
S

-

adsory metal ions vhen formed, it is poscille
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east pit

7
F pm—
FAl

= = ;
/ la Have River /% /
T _/

N

cleavage

FIG 14 llodel for groundwater flow

Arrow indicates flow direction




thet when the hydorxides —recinitate they would also remove

the other metals,

Some local concentration such as those seen in the
FHa, V, Cu =2nd Zn gradhs could be due to other means than

the pits. The localized hiznh sodium values

(2
L.‘J
0]
=
o

ke

el
o
.—‘
_l
ka

Highway 10 and thus they mey be the result of road szlt.
The high venedium values could Le the result of the oil

1

used to surface the dirt roads to  the town dump, to the

m

west pit, d to the esst pit. The copper nigns are also

localized in some wells and may be the reflsction of

copper in the pumping fixtures. Similairly, some dug
heet

wells are often lined with galvanized (zinc pleted) sh

metal; this could possibly explain some zinc ecnomalies,
Some wells show hizgh vslues while neardy wells show
lower values, The wells with the high concentrations tend

to he dug wells while “he lower values tend to be in desp

scrubbed of neftal due to adsorption process of hydroxides.
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Conclusion

It has been shovm that & sratial digtribution of metals
does exist in the study area. etals from the pits have been
leached from the sulfides which are interbedded with the
slates, These were exposed when the pits were opened for
road construction. These metal ions in solution migrate down
slope along drainage ditches in the surface environment and
along cleavage planes of the slates in the ground water system,
and are adsorbed on hydroxides and precipitated,

These waters interact with well systems causing the
deteriation in the quality of the drinking water, as some
well waters are in excess of the drinking water standards and
known sverages of the area.

If this project was to be followed up, it may be
interesting to test these results by ftaking two samples

o

directly from the well and to acidify one of these two, to keep
iron from precipiteting out. It would be of interest to
expand the analytical techniocue to include Pb, As, chorides,

anions and a measure of the oxidetion potential (Eh).
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L an

APPEIIDIY !

Zamonle Descrivntion
————————

1 Hand du— wvell 15-18' depth pH 5
nossible contaminationirallway

2 Hand dug well 6' denth pH 4
possivle contamination:railway

3 Running stream - moderate rsie pH 4
coszivle contaminction: railway
4 Drilled well 150' depth, cased 20!
»1 4, possible contenimation: reilway
5 Soring pH4, possible conteminstion:
railwey
5 Construction oit for sewage, belng
muilt pHE 5, tvossible conftzminstion:
highvray
7 treem in ditch by South Pit
moderate rate pH 5
: D 4 4 1 T SR = 7
3 Pool in South Pit, slow drsinage, pH 3
9 Dug well, pH 4
10 Dug well, pH 4
11 Dug well, pHd 4
12 Drilled well 130" depth

cased to 90' pH 4

13 Drilled wel
cagsed 20' »nH 4

14 Pool in dump in Forth nit, moderate
' - drainege, vl 4, vpossidle contaminstion:

nlastic, %ires

15 Stream in Ilorth Pit, pH 3, moderate-
’ slow flow



19
20

21

23
24

25

26

(W]

N

Da2scription

Dug well 6,5' pH 4
Dug well, pH 4

illed ”ell 104" denth, cased 20!

Drilled well, pH 4, 120' dexnth
cased 60°, jossi?le contrnin=tion:
sewage up slope

Tovm water, pL.

>

Dump - zereral
slow draineze,

'3 (9
m
)
D

R
oo

La Heve River, moderate Zlow

)
i
s

Drilled well 75' deopth, casec. 20!

Driiled well 100' depth, cased 27!

1
sting &t new school

Dvug well, rH 5, possible contaminat

g at new school

Dus well, pH 4, ~os=irle contaninst
blasting &t new school -

Stres, Iz
corntamination swamp

Pool in ghresy in »is, oH 3

1, pH 5, nossible contenin~iio

=t flo.w, very high, possible

(1]

.
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