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COPPER AND ZINC CONTENTS OF WASTE WATERS
AND RECEIVING STREAM WATERS AT BRUNSWICK
MINE, NEW BRUNSWICK

b
* v Hok

J'eJse Thomas and W.J. Traversy
SUMMARY OF REJULTS

Chemical analyses of receiving stream waters at the
Brunswick mine show abnormally high zinc contents in the South
Little and Little Rivers. This pollutant, as well as decreased
pH and mineraligzation in these rivers, is due to inflow of

polluted waters from a source or sources other than the effluent
from the mine treatment-ponds.

The precipitate that forms in the treated mine waste
water upon acidification is organic matter which was not further
identified. No evidence was found that this material significantly
interferes with tests for zinc and copper in the waters. . A high
lead content was found in the treated waste effluent.

‘Recommendations are made for future investigafion of
the source of the pollutants in the South Little River and for

the monitoring of all waters for lead in addition to zinc and
copper.

* *k

Head and  Scientific Officer, Industrial Waters Section,
Mineral Processing Division, Mines Branch, Department of Mines
and Technical Surveys, Ottawa, Canada.
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INTRODUCT ION

For some time the Industrial Waters Section, Mineral
Processing Division, Mines Branch, has been monitoring mine waste
and receiving stream waters for their copper and zinc content, at
several base metal mining operations in New Brunswick. These
investigations, carried out at the request of the Depa.tment of
Pisheries and the New Brunswick Water Authority, are preliminary
to research on methods of reducing the pollution of receiving
streams by mining operations in Canadae. '

Except for a few samples collected in 1963, monitoring
of receiving streams at the Brunswick Mining and Smelting Co.
Ltd!'s property near Bathurst did not begin until about June 196l,
when the new concentrator and mill started operation. Shortly
thereafter it was noted that, despite ponding and treatment of
the mine waters and mine waste waters, receiving streams still .
showed high contents of zinc. It was also observed that a yellow-
ish white, almost colloidal, suspension formed when the treated
ef fluent from the ponds was acidified for the determination of
total metal content. '

This report details the results of a preliminary
investigation of these findings, to ascertain (1) whether the
suspension forming in the effluent was interfering with the
. determination of copper and zinc in the several waters, and (2)
whether the high zinc contents found downstream from the mine
were inflow of waste effluent from the treatment pond.

Brunswick Mine Operation

Since about June 1964, the high zinc~lead ore from this
mining property has been concentrated in a modern flotation plant.
Table 1 lists the range of chemicals reported being used in treat-
ing Brunswick ore.
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TABLE 1

Treatment Chemicals - Brunswick Mill Operation

Chemical Range (lb/ton of ore)
Asrofloat 2h2 - a thiosulphate - con~ , ,

taining thiocarbanilid 0.02 = 0,15
Reagent 303 - potassium ethYl ianthate 0.05 = 0.2

Dowfroth 250 - a poly propylene lecol ether | 0.02 = 0,2
Soda Ash (Na,COj) » 0«5 =5
|rime (ca(om)z) | 0.5 -3

}

. The alkaline tailings or wastes from the concentrator
enter a large ponding area where they mix with an acld water
pumped directly to the pond from the mine. This mixture 1s then
treated with lime to raise the pH and to precipitate the base
metals (copper, zinc and lead). The treated wastes settle in three
ponds in series, the overflow from the third pond flowlng into.
the drainage system of the Little River, via the tributary stream,
South Little River (see Figure 1). .( '

-
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 PROCEDURE

Personnel of the Department of Fisheries perlodlcally :
collected samples from the pond overflow and from recelving
streams at the Brunswick mine property. Barly in Novemher 196#,

' a biweekly sampling program was initlated to.check the L.igh zine.
contents already noted in the Little River; samples were collected :

' at the following locations over a 3-week perlod (see Figure 1)"11f3;

(i) Treated mine waste water at the outfall from pond No. 3 -:V'
~ Station B 4 |

(ii) South Little River, into which the treated mine waste
waters eventually drain and below the junction of two
branches at the river's mouth - Station B 6

(iii) Little River below the entrance of South thtle River -
Station B 8 , . :

Figure 1 also shows ‘the locations where several spot
samples were collecteéed during this perlod, namely at Stations ;
B 7, B10O and B 11.

‘ - All samples were analysea for copper by the 21nc o
dibenzyldithiocarbamate procedure and for zinc by a modified - o
dithizone procedure. ‘Previous work showed these methods precise_ﬁv

to the parts per billion (ppb) range if specilal teohniques were.( -
, used. _ . _ C

, Usually two samples were collected at each swnpling L
at each location; total metal content was determined by acidific-'
ation of the entire contents of one contalner. When only one
- sample was avallable, the dissolved metal content was determined
by analysis of the supernatant or filtered water. -The total.
metal content usually includes quantities of zinc and copper

 present as colloidel matter and/or metals adsorbed on the sides’

of the container. The dissolved metal conterit is, therefore,
usually lower than the total metal content in these waters.

, Quantities of the white precipitate, which forms in

" the waste water from the mine treatment pond, were obtained by
acidification (HCl) of the water, followed by settling and

centrifuging. Thls precipitate was examined by ultra-violet

absorption and X-ray diffraction.. Quantities of the flotation

chemlcals used in the Brunswick concentrator were similarly - B

examlned. A quantity of the precipitate was also ignited at 550°C
and the loss on ignitlon determineds; this test is to some. extent

a measure of . the organic content.

To determine whether this precipltated me.tter interfered
in the analytical determinatlons for zinc and copper or was a




complex containing these metals, quantities of the precipltate
were added to standard copper and zinc solutions and to waste
waters; also, known amounts of copper and zinc were added to
samples of the waste containing the matter. A quantity of the
waste water was also evaporated to dryness and ignited at 550°Cy
the residue was dissolved 1ln acld and analysed for copper and
zinc to determine the amount of metal, 1f any, combina2d with
organic matter lost on ignition, in the precipltate or adsorbed
on the precipitate. An aliquot of the waste water was also
digested with perchloric acid to destroy organic matter, and

was analysed for copper, lead and zinc to be sure that metal was
not lost during the destruction of organic matter by ignition
at 550°C.

RESULTS AND DISCUSSION

Nature of Precipitate and Possible Interference in Analyses

Table 2 shows that the addition of the precipitate
which forms on acidification of the waste effluent does not
Interfere with recovery of known amounts of added copper or zinc}
this 1s true whether the precipitate is added to standard solutions
of copper or zinc or whether known amounts of the metals are
added to waste water containing the precipitating matter.

Table 3 confirms previous findings that considerable
quantities of copp er and zinc, especially the latter, are not
detected by analysis of the supernatant or settled samples) i.e.,
metal is present in the samples as colloldal suspension and/or
adsorbed on the container walls.




TABIE 2

Recovery of Copper and Zinc from Waste Waters

‘med

Initial Sample ‘Added _
- ' D Conper ppb Zinc ppb
‘| Standard Water (0.0 ppb Cu) . quantity oi. precipitace ‘
L from waste eleuent ' -3
i on (0.0 ppb Zn) - R L. _ o 5
n n (50 ppb Cu) ] n oon .53 :
n 3} ) .(20 ppb Zn) L4 1 n L 20
" 5 (60 pb CU.) n ooun. . on _58 .
Waste eflluent of Vov. 6/6Y - .
_ . - as received - .- - - 3
Waste effluent, Nov. 6/6L R i
(25 ppb Cu) 50 ppb Cu 76
i3 o n 3 ppb Zn) Lo © Zn - Lo -
" " Nov. 10/64%
_ as re:eived - - o 3
n 3L - (3 ppb Zn) 40 ppb Zn L2
I " Nov. 13/6% |
© as received = == 2
u o (2 ppb Zn) 40 ppb Zn 40




‘TABLE 3
Dissolved ani Total Meta . terg.
Waste Effluents (Station B4)|Copper:ppb Zinc ppb Lead:ppb
Diss. | Total |{Diss. |Totel || Ditsd Total
Sempled Nov. 6/64 25 55 6 35 || - -
" m o m (jgnited 550°C) 6 40
" " 10/64 26 39 6 24 - -
" " 13 /64 18 30 4 12 - -
" " 24/64 7 - 2 - 2200
" " (After HC10, |
digestion) 32 8 2600

The results of evaporation of a waste water (sample of
November 6, 1964, Table 3) followed by ignition at 550° show
possible loss of copper. However, this test was carried out to
show whether appreciable metal was present in the precipitate and

no special care was taken to remove all metal from the crucible,
etc. '

A relatively large quantity of lead was found present
in the one waste water sample analysed.

Ultra-violet absorption and X=ray diffraction analyses
of the precipitated matter indicate thuat it was organic in nature;
its UV~absorption curve showed peak absorption at 215 mp but 4id
not match the curves of any of the flotation chemicals or one
random mixture of these chemicals. The precipitate was completely
lost on ignition at 550°C, further evidence of its organic nature.
Studies to date have not identified this precipitates




TABLE 4

Analyses of Mino Yaste Weters and Hnéelvina Stream Walers - Branowlek Mine

Bourca Sampling Point Tata. - |otorage | Appsarance Pl Ppocific Total ~“TYXGp5eT, pb . jZIRe, ppb___ |level ({Plochargs | Hatie
Sompled  |(Days) Lub.1F101d jondustonso Hurdnsan Ding, | Totnl |Diss, jTotal (r¢) |. (ors) Zina:Coppar .
(Micromhoy 0 25°C) | pyn s CaCly : . . :
1
Brunsatok Mine Direct from mine 30-6-64 as 20 3,900 1 198
qater 24-9-64 13 2.8 615 63 9 9,000 [11,700 148,
24-9-64 5. 348 128 14 |a,B0 | 6,300 450
At outfall to ponda 31-7-64 4 11 41 1,600 39
. 27-9-54 b Turbid 6.0 8,6 1,320 327 24 3,560 140
. ’ .
HBrunawiok Wine At outfall from third 3)~7-H4 59 . 7.6 . 97 950 9.8
watar and tallinga | treatmont pond - 279464 ] S1. turbid 7.8 8.6 1,856 345 70 63 48 58 0.69
mixture Station B4 '
6~11-64 6 8. turbid 7.0 7.6 1,684 237 25 6 0.23
10~11-64 10 wo.oon 5.2 9.0 1,684 26 6 . 0,23
13~11-64 7 Glear 8.3 9.1 1,649 18 4 0.25 . 4 0,21
17-11-64 3 51, turbid 7.9 10-11 | 1,666 23 4 0,50 ? 0.17
20-11-64 16 Olear 10 10.7 1,672 12 7" 0.3 B 0,88
24-11-64 7. " 10.9 11 1,718 7 2 .36 3.2 0.29
South Little River | At Thereault bridge 8-6-63 19 Brown tint 6.7 646 30.4 11 8 90
after entrunce of | below junation of two 15663 8 6.0 7.0 80,1 12 1 70
{wastes branchea of the South .
Little Rivor - Station 8-9-63 22 Cleur 6.5 7.0 47.2 14 1 117 1.58
B6 (Cage 5B) 14-9-63 16 6.2 " 7.0 50.3 14 X 139 1,98 ’
21-9-63 9 Broan tint 6.6 6.6 5646 16 1 142 1.3
29-9-63 10 Cleur 6.6 6.6 ‘62.8 17 6 172 1.0 ‘21,8
5-10-63 12 Brown Tint 6.3 6.4 53.90 15 1 138 1.60° 37.6
12-10-63 13 Muddy 6.3 6.4 49.8 13.5 4 152° | 1.80 64,8
19-~20-63 6 ” 644 6.4 62 17 2 164 1.30 40,1
27-10~63 5 Cloar 6,7 6.6 64 17 4 138 1.10 21.68
3-11~63 5 Turbid 6.9 6.0 46.3 12 5 . 236 2.70 116.6 47
10-11-63 16 6.1 6.4 46.8 13 3 172 2,0 108 - 57
17-11-63 9 6,2 6.6 50.1 14,5 2 211 1.45 52,2 103
24-11-63 9 CGrey color 6.9 6.2 64.7 18 0 267 1.40 50.4
1-12-63 15 Turbid 6.0 6.0 43.5 1z 2 . 228 2,20 95 124
8-12-63 ) Clear 6.2 6.2 64.5 17 o 250 - ice -
' B8-6-54 5 Clear 6,3 6.4 122 - 36 35 32 0.92
11-6-64 5 "o 5.9 6.2 76.2 23 o6 24 0.69
17-6-64 7 Gray color 6,11 ‘6.3 114 39 1
22-6-64 7 Clear 5.8 6.5 170 57 24 N
27-6-64 a3 S1. turbid 8.8 6.4 202 65 A
6=T7~64 6 " " 5.6 6.2 283 ‘84 1 196 1,02 20, 196
12-7-54 6 " " 4.4 6.0 330 104 1 117 1.08 26° 117
19-7~54 6 Clear 3.0 6.0 435 143 -3 146 0.90 ? 49
24.7-64 4 " 4.9 6.0 584 172 1 -208 - 15.4 208
31-7-64 4 " 4.4 6.0 844 249 4 300 - 18.6 75
3~8-64 4 " 4.3 6.0 733 240 28 258 - 18.0 g
10-8-64 2 " 4.1 6.0 933 275 7 223 1.10 18,2 32
13-8-54 1 " 4.3 5.0 a89 260 a 247 1.16 20.7 31
4-9-54 11 " B.6 6.1 1,360 300 4 640 1.9 7.4 160
. 17-9-64 15 " 3.9 6.0 1,407 317 8 688 | -0.90 10,0 86
25-10-64 8 " 3.5 6.0 1,026 189 6 450 1.25 18 75
6=-11-64 6 " 3.4 34 1,116 185 11 490 1.00 - 49
10-11-54 10 " 3.4 34 1,073 6 650 0.90 10 108
13~11-54 7 " 3.6 3.9 990 12 760 0,95 10 60
17-11-54 3 " 3.5 4.4 1,112 7 700 1,20 11 100
20-11-64 10 " 3.3 3.5 1,384 8 420 1.30 14 52.5
24-11-64 7 " 3.5 3.6 1,397 10 390 1.26 ice 39
Little River Below junction of 13-8-64 1 Clear 4,6 65,0 691 200 3 184 1.35 89 61
South Little River 18-8-64 27 " 5.0 6.1 701 194 [} 70 1,15 29,3 -
Station B8 (Cage 2B) 27-8-64 19 n 5.0 6.0 696 184 ] 600 1.2 45,7 -
10-9-64 18 " 5.7 6.0 0845 - 28 1 642 1.1 50, 642
17-9-64 15 " 5.3 6.0 ‘809 211 1 578 1.4 35.0 578
30-9-64 14 " .1 6.0 37 243 o 640 1.4 33.0 -
1-11-64 19 " 4.3 6.0 456 94 5 243 | 2,05 123 49
6-11~G4 6 " 3.9 3.9 578 11 11 300 : 1.1% - 27
10-11-64 10 “ 4.0 4.0, 983 ? 350 1,00 20 50
13-11-564 7 " 4.5 5.0 474 4 - 340 1.00 20 85
17-11-64 3 " 4.1 4.8 685 4 360 1.25 ice 90
20-11-64 10 " 3.6 3.6 1,008 4 360 1.25 22 g0
24-11-64 7 " 3.8 4.0 999 8 330 1.25 ice 41,5
Littlo River above 8-6-64 5 Clear 6.9 6.9 54 15 ? 0| 1.8 42,8 -
confluence of South 17-9-64 15 i 7.3 7,0 7% 30 1 6 15 40, 6
Little Hiver
Stution B? 13-11-64 7 Claar 7.1 5.9 62 2 [} 1.35 8 -
South DBranch, South .
Little River 13-11-64 7 Cleur B2 5.65) 1,118 )
Station B0 : + 11 15 975 1,00 3 65
Hocthwest Braneh South
Little River 15~11-64 7 Clonr 3,7 . 20 . 2
atotton bll R s 5 124 0.68 4 5
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Metal Content of Receiving Stream Waters

Table 4+ tabulates the information aval lable on copper
and zinc contents of the waste waters and receiving streams at
the Brunswick mine. Included in Table 4 are the analyses of the
mine tailings and of mine waters prior to lime treatment and
settling in the ponds. The analyses of samples collected in the
biweekly sampling study (November 6 to November 24, 19:', inclusive)
are also included in Table L.

As expected from the type of ore at the Brunswick mine,
the mine water and waste waters are high in zinc in comparison to
copper. From the one analysis of lead, it is probable that the
lead content in these waters is also high. There 1is, however,
considerable variation in the total copper and zinc contents, as
well as in their relative ratios.

The effluent after treatment and settling in the ponds
(Station BY4) shows a reversal in the ratio of zinc to copper, l.c.,
present treatment is producing an effluent relatively low in
copper and zinc with zinc removal being more efficlent than
copper removal. Further investigation of lead removal is nec-
essarye.

Recelving stream waters at Station B6 and B8, show
high zinc contents even before start-up of the mill (about June
1964) and the treatment pond (Table 4). Since the start-up of
the concentrator, the total mineralization (specific conductance)
and hardness of the South Little River (Station B6) have steadily
increased. The zinc content has not increased in proportion. '
The mineral content of the Little River (Station Bg) has increased
during the same period. These findings and the continuing decrease
in pH of these river waters over the period June to December 196k
are indicative of an unknown inflow into the river system. As
expected, analysis of waters at Station B10 and B11 also shows
low pH and high zinc contents. However, Little River above the
entrance of the South Little River (Statlon B?7) shows little
evidence of contamination; this water has a pH of about 7.0, low
mineral content (specific conductance) and low hardness and
relatively low metal content.

From available flow rates an. analyses (Table L), it
was not possible to find a direct relationship between discharge,
total mineral content and zinc content at §tationsBY4, B6 and B8
because data on all possible inflows were not available.
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SUMIARY AND RECOMMENDATIONS

Limited tests to date show that the present alkaline
treatment-pond effluent probably contains an organic compound,
still unidentified, but this matter, which precipitates on
acidification, does not significantly affect the analyses for
zinc and copper.

The present treatment shows good removal of zinc and
copper. :

The receiving streams of the Little South River system
show very high zinc contamination, which cannot be due to inflow
from the treatment-pond. Decreasing pH, increasing mineralization
and high zinc contents in these waters ZLittle South River and
Little River downstream) are also evidence of inflow of acid mine
waters containing quantities of zinc. The source of these waters
is not known but could be drainage from ore dumps, from contaminated
springs, from pumped mine water not reaching the ponds, etc.

It is proposed, as soon as condltions permit, to carry
out a detailed survey of the area to ascertain the source of
this inflow.

.If possibley spot samples from the receiving streams
should be collected during the winter when stream flows are at
their lowest.

The monitoring program should be started prior to
spring break-up to ascertain whether run-off from the land de-
creases or increases the contamination.

In future investigations, determination of lead should
be made to ascertain whether the receiving streams are high in
this metal. '

Studies will continue in an attempt to identify the
precipitate that forms in the waste effluent upon acidification.



