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INTRODUCTION

. The extent of the area of impact of a point source industrial

discharge will vary depending upon many faﬁtors, not the least of which

is the nature of the paraméter being employed to define such areas. In
the case of a complex effluent, such as would be expected from a Kraft
Pulp Mi11, there will be some organic-compounds which will persist well
beyond the "plume", as defined by visual means, and some of these may

haVe an effect on one or another form of biota. Such effects may come
about through accumulation, or by direct action, resulting in acute or
chronic:.toxicity or tainting in the case of fish.

Exclusive of physical factors, it was anticipated that soﬁe.

indication of the above impact areas might be obtained through.a programme
- designed to monitor a number of chemical and biochemical parameters. This
would greatly assiét—in the se]eétion of sampling sites for more intensive
organic examination and could be correlated with changes in the concentra-
tions of individual organic compounds. The~f01]owiﬁg geographical sequence

of -events was predicted:
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1) In the immediate area of the butfal], biological indices should

be minimal, due to the toxicity of the relatively undiluted effluent. At

_the same time, both the dissb]veq and the panticulate organic content of
the waters should be high arising from the Kraft Mi1l processes and the
nutrient chemicals (nitrogen, phosphorous and'eakbqn) have been observed
to be elevated in the effluent (£ae et al., 1975a);

2) Somewhat beyond the above area, microbial activity would be
theﬁfirst biological indicator expected to increase but this might
occur within a very short distance of the outfall. There Shou]d also
be a decrease in the concentration of disso]ved and particulate organics
-- the former by degradation, dilution and, to a lesser extent, adsorp-
tion; the latter by precipitation and deg}adation. These and other
transitions need not (probably would not) coincide for all parameters;

3) Considerably beyond the outfall and the area of initial micro-
bial éétivity, algal growth should inéreése and would probably coincide
_wifh a»decreése in microbial activity (from a dilution of nutrients)
and there would be, as well, a drop in:digsolved organics, through

‘.adsorption; | |
4) Finally, there would be the ﬁeribhera] area where the waters
assumed the Chahactefistch of background waters.
The real situation is unddubfed]y more complicated than this
simp]ified approach, particulafly as a result of the variabi]ity'of

winds and currents. These factors WOu1d require that the above areas



be related to the direction of the water movement as distinct from
random linear distance from the outfall. It was anticpated, however,
that such effeété could be time-averaged since the area of examination
was proposed as being well beyénd the visual "pluhe" and consequent]y,
not subject to the momentary vagaries of outfall ef-euwtfatd compdsitibn
and weather, For this reason, surface effects in the immediate.region
of the mill outfall were not fo]]owéd‘in this s tudy ahd sambling was. |
largely restricted to subsurface sites outside the plume.
Sampling

| Two separate days, oneiweek aparf; were employed for the.
sampling programme. }A single day was éssumed to be a "point-in-time"
and to reflect the effluent behaviour in theﬁbay area. Durihg the

sampling period, the five metre current data (July data, Polak, 1975)

, ) N a mean neortherly direction
indicated an average current of 0.7 km/day,.1a&gelg—%ewa*ds—%he—ZeP%h,

near the outfall. Since most sample points were separated by a

- minimum of this 24-hour movement, the presumption of a "momentary"

pattern”séems reasonable.

Because of restrictions on estab]ishing the position while
sampling, a total of sixteen sites, 1ocatéd as indicated in the map
(Figure 1), was the limit of the number which could be sampled in a

working day. All positions were located by means of radar froma
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central anchorage (C,S.S. PORTE DAULPHiNE) or from a smaller radar set
aboard the work vessel (C.S.L. AQUA) employed in this study; In

addition, the map indicates the mean wind direction and speed during

the sampling as well as the behaviour of the plume (Fox, 1975) on the

preceeding day, as determined by dye studies.

A11 water quality samples were obtained with a Van Dorn
bottle from five metres. The bottle was triggered as it arrived at -
this depth so as to lessen aVoidance on the part of any bio]ogical
species. The samples were stored in rinsed,ioné-ga11on, brown, glass
bottles and processed within a few hours for the indicated parameters. -

The microbiological samples were obtained, employing steri-
lized, evacuated sampling bulbs according tb methods routinely fo1Towed
by C.C.I.W. microbiologists (Rao et a].,.1975a). Sampling was limited
to one.metre except at the outermost stafions=where a ten-metre sample
was a]éo obtained. In other studies of this .area, the microbiology

did not prove to be different at these depths and it was considered

) that the water column was microbiologically homogeneous--at least for

1-10 metres.

Analyses

Three general groupings of parameters were examined: ;disso1ved

and particulate materials, and biological indices. Where indicated,

. . 4
dissolved was distinguished from particulate by use of ‘either an 0.54 u
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membrane filter (for nutrients and A.T;P.) or with a GF/C or Nucleopore

glass fibre fi®lter (for particulate carbon and nitrogen and for chloro-

phyl1). The procedures employed for the analyses are largely those of

the Water Quality Branch at C.C.I.W. (1974), the bare essentials of

which are indicated here. Where the methods are not those of W.Q.B.,

they are given in more detail,

A. Biological Indices:

1)

2)

3)

Chlorophy11l (CHLO): Preparation of samples was as for PC
except that 42.5 mm GF/C filters were used. These were |
folded in half and stored frozen before analyzing according
to standard w.Q.B. procedures; | |
Adevipsine triphosphate (ATP): Samples were prepared in
duplicate by filtration of 250 ml through 47 mm 0.45 u

‘membrane filters and extraction of ATP from collected

material by the method of Holm-Hansen and Booth (1966).
The extracts were stored frozeniand analyzed by the
luminescence bioassay utilizing DuPont luciferin-luciferase
and an ATP photometer in the peak area mode;

Heterotrophs (HETS), fecal streptococci, fecal coliform and

total coliform: A1l were analyzed according to standard

| sfudy b ‘
procedures and are part of the «epe#éLeégRao et al. (1975&0.
, vecorded ; o
Only HETS is repewnted here since the numbers of the other
microbial parameters were small and showed minimal pattern

behaviour.




Dissolved Materials:

»

2)

,3)

4)

5)

6)

Soluble reactive phosphorous (SR-P): Filtered samp]es>Were
reacted to form a phosphomolybdate complex which was reduced

with stannous chloride to molybdenum blue and measured

_photometrically.

Total filtered phosphorous (TF-P): Filtered samples were
digested with sulphuric acid and persulphate and treated as
for SR-P.

Nitrate plus nitrite (NO3): Filtered samples were reduced

to nitrite with Cd and determined colourimetrically after

reaction.
reductien with sulphanilamide and naphthylethylenadiamine.

Total filtered nitrogen (TF=N): Fi]tered'samples were
subjected to ultraviolet digestion in acidfc'and alkaline
media before analysis as for NOj. |

Dissolved organic carbon (DOC): Acidified filtered saﬁp]es '
were oxidized with persulphate after dgas stripping of COZ’
The oxidized samples were determined as CO, in an I.R.
Analyzer.

Total dissolved carbon (TC): The procedure for DOC is .
employed without the acidified gas stripping step.

Particulate Material:

1)

Particulate carbon (PC): . The samb]e was filtered through

a 47 mm Nucleopdre glass fibre filter and rinsed with a few
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ml of distilled water. The filters were stored frozen until
analysis on a C-H-N Analyzer;
2) Particu]ate organic‘carbon (PoC): Samb]es were collected
| on GF/C,filtered and rfnsed with acidified water. The
fi]ters.were stored frozen and subsequently analyzed on a
C—HeN Analyser; |
3)  Particulate nitrogen (PN-1): As for PC; (PN-2): As for POC;
4) Total phosphorous (T-P): An_unfi]tered sampie is treated as
| for TF=P; | | |
5) Particulate phosphorous (P-P): This paraméter is derived as
‘the difference between T-P and TF-P; |
’6) “Seston (SEST): Particulate maﬁeria1 was‘co11ectedg0n.a pre-
weighed, combusted (450°C) Nucleopore glass fibre filter,
dried overlnight at 110°C and weighed;
7) Inorganié Seston (ISES): The filters from SEST wérevcombUSted
for six hours at 450°C and reweighed; |
8) Organic Seston (OSES):’ This'parameter i$ defined as SEST -
ISES. |

| Results
The values for the preceeding parameters are presented in
TabIes IA,B,C and 1IA,B,C, corkesponding to the three categories A

(biological), B(dissolved) and C (particulate)}. The area was eXamined
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on each of two days (July 25 and August 1, 1975). While distances are
given, in the A tables, these do not reflect the water movement since
it was subsequently shown (Polak, 1975) that'for the bulk -of the time
during these studies, the flow in the east channel (measured near
station 8) was towards the mill as compared to the eXpécted direction
(gygx_from the mfi]). Near the outfall itseTf (near stations 1 and 15)
the resu]tanf flow was towards the north, albeit slowly (0.3 km/day).
These particular observations 1arge1§ negated the anticipated usefulness
of this approach since distance became a parameter which was of little

practical value. It wés still expected, however, that some of the

. measured parameters would show inter-relationships which could be useful:

in interpreting behaviour of either other parameters or the behavior of
specific organic concentrations. It mighf also indicate which, if any
of the parameters, if preceded by current studies, would be useful in
def1n1ng impact areas at other point source sites.

" The fo]]oW1ng, then, are the comments on co- re]at1ons among

the parameters, the correlation coefficients of which are summarized in

Table III.
.(A) Biological Parameters

A.T.P. has poor correlations with all other parameters
excepting those with particu]ate,nitrogen and chlorophyll. Since
chlorophy1l also correlates with the nitrogen forms and the cdrre1ations
are only moderately good, no pafticu]ar advantage is gained by following

this parameter. A very poor extrapdlation to zero chlorophyll a levels




-9 -

results in a baseline level of 0;1 ug/1 A.T.P. which might be ascribed
to bacterial levels.

Chlorophyll-a correlates we11 with particulate nitrogen,
part1cu1ate organic carbon and organ1c seston. It is reasonable to
expect that the organic seston in th1s area is largely comprised of
plant derived material and that therefore there might be a correlation
with chlorophyll. The other.noted parameters (PN-1 and POC) also
correlate with the organic seston and are discussed under part1cu1ate
. parameters An extrapo]at1on of organic seston to zero chlorophy11 a
: concentrat1ons reveals an intercept of some 0.4 mg/] of non- -phytoplank-
“tonic organic seston _presumably evengly distributed within the sample
area. This observat1on is also supported by the extrapolation of POC.
to zero chlorophyll levels to an approximate 0.2 mg/1 organic carbon.
At a 1:2 ratio, this is a reasonable figure for natural organic compounde,
g1ven the precision of the extrapo]at1ons

Heterotrophs also correlate well with all the seston and
particulate forms of carbon and nitrogen. In addition, it correlates
moderately with dissolved total and orgénic carbon and with dissolved
nitrate. These relationships are,as might be'expected,frOm organiems

drawing on both particulate and disso]vedhmateriaT.

(B) Dissolved Parameters
There are few correlations among these parameters that are
unexpected. Only total filtered and organic phosphorus correlate for

the phosphorous pool. Their high correlation is readily explained by
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noting the large percentage (76%) which the latter forms of the
former. |

Nitrate-nitrogen correlates moderately with particulate
carbon and nitrdgen forms and an examination of the plot between
organic seston and this parameter (NO3) indicates a bay-wide organic.
sesfon level of 0.5 mg/1 in good agreement with that obtained from the
chlorophyl1l relationship.
| There is also a good correlation between dissolved organic
carbon and tofa] carbon, the former representing approximately one-‘
third of the latter. Since both are at relatively constant levels
throughout the bay, no particular significance is attached to this

observation.

(C) Particulate Parameters

Particulate phosphorous shows no correlations of any note

except with total phosphorous. No explanation is offered.

The particulate carbon forms (total and organic) and nitrogen

are all well correlated with each other and also with the seston forms.
_ between

The correlations are particularly good with the organic seston and the
elemental forms, a not unexpected observation.

It is interesting to examine the fraction that the non-
organic seston forms of the total seston - a remarkably constant 60-70
percent for all July 25 samples and 70-80 percent for August 1 samples -
indicating the common nature ofseston throughout the bay. This holds for
samples obtained from the Nipigon River as well as from near the mill

outfall. At both sites, the analyses indicate slightly elevated levels
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of seston and consequently, it appears that most of the seston in the
bay originates from these two sources (as distinct from the lower

carbon content sediments) and that it is of a similar nature.

Conclusions

The use of chemical-biochemical parameters to define an
impact area for a kraft mill effluent p]umé is not recommended except, -
perhaps, for the very immediate outfall area. In the case of the Red
Rock mill, the dilution (mi]T outflow:river f]ow) factor is some 3-400
(" ) and this is probably the deciding influence on
parameter behaviour. In situations invo]ying less dilution, such
pattern parameter studies may well be of value. If it is attempted
elsewhere, however, it is strongly recommended that current studies be
undertaken before any water quality analyses and that sampling be con-
centrated in the direction(s) so indicated.

‘Particulate matter in the bay is of a uniform composition and
averages some 2-3 mg/1 of which approximately one-third is organic.

Of this organic seston, 0.4-0.5 mg/1 (i.e.- half) is of a non-
phytoplankton origin,
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Table IA: Biological Parameters for July 25, 1975 at Five Metres.

Station OQutfall

. 1 2
No. Distance Chlorophy1l-a A.T.P.( ) HeterotrOphs(_g
(km) (ug/1) (ng/1) (MF/100 m1x1073)
18 8.8 1.4 0.2 ' - 0.3
14 3.0 4.3 0.3 1.6
0.7 - 3.0 0.6 : 27.
15 1.0 ' 3.0 0.3 55.
4 1.6 2.6 05 1.3
16 1.7 2.8 0.3 4.8
5 _ 1.8 2.6 0.3 | 37.
3 2.2 2.5 0.5 .2
7 2.5 2.4 0.4 1.3
17 3.1 | 2.1 | 0.4 " 5.6
6 0 2.1 0.5 26.
8 5.7 3.7 0.6 0.6
9 4.7 2.9 0.7 0.8
10 3.9 2.1 0.2 14.
12 3.6 1.9 0.2 4.7
19 6.8 - 2.0 - 0.3 4.6

(1) these averages of duplicate analyses showed an average deviation, from
data on both days, of 0.07 ug/1. '

(2)'va]ues are largely for 1 metre from the work of Rao et al (1975).




Table IB: Dissolved Parameters (1) for July2§, 1975 at Five Metres

Station Carbon . Nitrogen Phos phorous

..(1)

No. TOC  DOC DIC TF-N  NO3  DON TF-P  SR-P OR-P
18 23.0 6.0 17.0 245 .035 .210 .0034 .0000 .0034
14 19.5 5.0 14.5 460 .070 .390 L0077 0070 0007
1 21.0 7.0 14.0 .180  .055 .125 .0010° .0000  .0010
15 21.0 9.0 12.0 - .330 050  .280 0024 Q11 . 0013
4 19.5 7.5 12.0 .255- . .070 .18 - .0055
16 20.0 7.5 "12.5 .220 060  .160 0040 . —
5 21.5 9.0 12.5 190 055 .135 6027  .0003  .0024
3 19.5 5.5 14.0 260 .060 .200 .0041  .0005  .0036
7 19.5 5.0 14.5 .280 .080  .200 .0027 .0007  .0020
17 20,0 7.5 12,5 - .215 .060  .155 0057 L
6 20.5 7.5 13.0 195 060 .135 -0032  .0000 .0032
8 17.5 7.0 10.5 .215  .095 - .120 .0048 .0044  .0004
9 23.0 9.0 14.0 .080 ' . 0032 .0000 .e032
10 20.5 8.0 12.5 .250  .060 .190 0026 .0000  .0026

12 ~20.5 8.0 12.5 .205 050  .155 0025 .0000 .o®5
19 20.5 8.0 12.5 .260  .045 .215 .0033 ~ .0013 .0020

A1l values shown are mg/1 of the appropriate eTement. For translation 6f

the parameters, see Analyses.




Table IC: Pafticu]ate Parameters(l) for July 25, 1975 at Five Metres

Seston Carbon_ ~ Nitrogen Phosphorous

No. SEST  ISES OSES PC  POC PN-1  PN-2 TP~ P-P
18 3.07 2.11 0.96 = — .284 —  .028 .0062 .0028
14 2.83 1.75 1.08 - .52 .406 .075 .046 0064 —
1 3.46 2.27 1.19 66 .451 062 .046  .0066 .0056
15 3.05 2.04 1.0 56 .463 ©  .069 .048 0030 . 0006
4 2,39 1.56 0.83 .43 375 .067 .040  .0055 .0000
16 238 1.49 0.89 - .41 .349  .058 .040 0043 0009
5 6.69 5.50 1.19 64 .484 058 .047 0092 .0065
3 2.63 1.78 0.85 - .44 .365 .061 .040 .0055 . .0014
7 2.73 1.75 0.98 .41 .456 .050 .053 .0056 .0029
17 2.49 1.67 0.82 41 .328 056 .034 0091 0034
6 2.66 1.82 0.84 46 425 054 .050 0076 0044
8 2.57  1.53 1.04 .39 .499 .053 .068 .0065 .0017
9 2.89 1.98 0.9] 45 .396 - .063 .052 .0064  .0032
10 ©2.98 2.08 0.90 43 .361 057 .036 0075 0049
12 13.3¢ 12,15 1.19 60 ,357 .048 .039 0120 .e05
19 3.14 2.3 0.76 .3 .270  .049 .029 .0061 .0028

(Y

A1l values are mg/1 (of element if indicated). For translation of the
parameters, see Analyses. '




Table ITA: Biological Parameters for Aug. 1, 1975 for Five Metres

Station
No.

18
14

15

16

10
12

19

Qutfall

Distance
(km)
8.8

3.0

w .
Q -

w w H oo
O W ~

1

—
.

[ N I = ]
L] L] - .
Sy N O O

Chlorophyll-a
(ug/1)

4
1.

2

a1, ()
(vg/1)

0.
0.

=

oo o o
W o~ NN

1

3

w NN

Heterotrophs(z)

(MF/100 mix1o™3

0.3
0.5

42.1

28.

4.7

(1) these averages of duplicate analyses showed an average deviation, from
~data on both days, of 0.07 ug/1.

(2) values are largely for 1 metre from the work of Rao et al (1975)



Table JIB: Powticudate Parameters
Station - Carbon
No.  tp¢  poc DpIC
18 24.5 9.0 15.5
14 21.5 7.5 14.0
1 235 9.0 14.5
15 27.0 12.5 - 14.5
4 21.5 8.5 13.0
16 22.0 9.0 . 13.0
5 21.5 8.5 13.0
3 20.00 7.0 13.0
7 18.0 7.5 10.5
17 20.5 5.5 15.0
6 23.0 9.0 14.0
8 15.5 6.0 9.5
9 18.0 8.0 10.0
10 20.5 10.0 10.5
12 21.5 10.0 11.5
19  20.5 9.0 11.

Pissolved

(1> for Aug. 1, 1975 at Five Metres

Nitkqgenlr
TF-N  NO;  DON
.245 035 .210
225 .095 .130
.200 .060 .140
180 .050 .130
.250  .090 .160
245 .075 .170
260 .080 .180
250 135 .215
.250  .150 .100
250 1257 .125
215 .060 .155
315 .100 .215
255 .110  .145
265 .060 .205
200 .065 - .135
250  .080 .170

Phosphorous.
TF-P  SR-P ~ OR-P
.0024  .0000 .0024
.0083  .0000 .0083
.0130 .0015 .0115
0032  .0A1 .21
©.,0048 .0009  .0039
<0027 010 0017
0017 0002 .0015
.0044 .0006 .0038
.0042 .0010 .0032
0015 0005 - .0010
8010 .0000  .0010
.0020 .0018  .0002
0027 £ol3 L0014
0070 .08 (62
0031 o7 024
.0022  .0005

.0017

(1) A1l values shown are mg/£ of the appkopriate element. For translation of

the parameters, see Analyses.



Table IIC: Particulate Parameters(l) for Aug. 1, 1975 at Five Metres

Station

No.

18
14

_____Seston
SEST ISES  OSES
3.23 2.54 0.69
2.60 2.02 0.67
2.84  2.13 0.7
3.48 2.05 1.43
2.39 1.69 0.70
2.5 1.92 0.67
2.62 1.99 0.63
1.83 1.25 0.58
1.80 1.26 0.54
1.74 1.22  0.52
2.65 1.94 0.71
1.29 0.78 0.51
2.18 1.63 0.55
3.12 2.37 0.75
2.67 1.92 .075
.82 2.15 0.67

Carbon
PC POC
.37 .261
.30 .266
35 222
.81 .514
.32 .257
.29 .252
.28 247
.25 .158
.25 .210
.22 242
.36 .266»
20 .170
.28 213
.40 .288
.38 .286
.28 .235

_Nitrogen
PN-1 PN-2
.036 .030
.030 .030
032 .025
050 .039
.033 .032
028 .027
033 .022
.029 .014
028 .020
.024 .020
036 .026
.022 .016
026 .017
044 .027
.037 .024
.032  .025

Phosghorods

T-P

.0065
.0100

.0160

0160

.0140
.0064
0064

.0150

.0045
0036
0065

.0040
.0350
<0110

0120

.0076

p-p

.0041
0017

.0030
.0128

.0092
0037
0047

.0106

.0003
.0021
Q055

.0020
.0323
0040
0089

.0054

(1)

» AU valwes shown are ng/'e 61‘ wafp'fopr,‘ca‘e
Llement. For translafion o»f tha ,:a,tamef-er;‘see Analyses.
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1 100 U0 Vel  abbs  =0e560 ~0.53L =~Do.145 6.235 -0o343 0362 00425 0. 356
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PN=-2
T-P
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_ATP ] —_
. 0SES PC POC PN=1 PN=-2 T-P p-P HZTS CHLOD ATP
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DONf§=-0.032  0.0615 -0,007 04349  0.023 -0.255 =0.,209 0,159 G.136 0e242 -
JF-PH-G.014  _0.016 -0s124 =0,022 -0.009 0243 ~-0,108 =0o220 =0.021 0,246 o
SR-PY Ge165 =0,015 0.256 0,110 0473 0,007 =0,074 <=0.164 00453 0,304 =
OR‘P "0. 073 } 00022 ‘0.218 '00:052 ‘;00;175 062‘0‘0 ’09084 "00166 ‘0018‘0 Guf.‘tz E
SEST§ 0.677 0.703 0,601 0.590 00461 0,004 ~0.003 0.556 Gold? d.217 o
ISESH 0524 _ 0,565 - D453 0.478 0.332 0,019 0,010 0o 469 00367 0,167 Z
8
O
X
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o
=
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_PC 1,000  0eB45 — D.758' 0,602 0,043 00038 0,766  0.437 __ 02041
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