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Te IRTRODUCTION

4As part of a comtinuing programme of Sub-Commission III, of the Buropean Inland
Fisheries Advisory Commission (EIFAC), a Working Party was set up in 1964 to prepare
water quality criteris for Buropean freshwater fish, besed on critical surveys of the
literature on measured effects of the important pellutanis known to cause harm o
fisheries. A series of publications has been produced which coniain a synthesis of
information drawn from lsghoratory tesis on lethal and sub-lethal effects of specific
pollutants on fish, and on field obmervations. Although there are usually coherent
and well-founded data on the response of fish o specific pollutants under closely
defined laboratory conditions, there is gensrally a lack of cowparsble data from field
observetions. Such observations are essential for the validation of laborvatory data
and the preparation of accurate water gualiiy cobjectives. This shoritage of fisld dats
was emphasized in the Reports on the effects of zinc (EIFAG/T21; 1973) and copper
(BIFAC/T27; 1976) on freshwater fish. Recognition was given to this need in 1970 and
in 1973 a questiommairs was circulated to member countries of BIFAC in which information
wag sought on the existence of suitable sites where the interaction bsiween the lsvels
of pollution in waiter and the status of the figheriss there could be investigsted, and
where the pollution was caused by one or twe pollutants of international importance,
One such site which appeared to fulfil the reguirements was in Horway, where two inter—
cormected lakes were fed by a polluted siream containing copper and zinc wastes from
former mining cperations.

Two of the major deficiencies in existing Tield studies have been the insufficient
number of samples taken for analysis and in some cases the use of inappropriate methods
of analysis. This latter factor is imporiant in the case of copper, where under field
conditions a large proportion of the metal can be bournd 4o soluble organic compounds, in
which state 1t is much less harmful $o the fish than the free ionic form or copper carbon—
ate. Current analytical methods usuvally measure total copper (dissolved and bound %o
gsugpended soli&s) and it is often not possible to assess the potentiazl harmfulness io
fish of such concentrations., Since UNEP has a sirong interest in the development of
pollution monitoring programmes which provide data relevant 4o the needs of environmental
protection, this organization funded a ome-year project 4o carry out an investigation of
the polluted Norwegian lakes, in order fo generate data of value to the plamming of other
monitoring programmes and o provide information in support (or otherwise) of the tenta—
tive water quality objectives for zinc and copper put forward in EIFAG/T21 and BIFAC/T27.

The programme was carried out by Mr. K.W. Jensen (Directorate for Wildlife and
Freshwater Fish (DVF)) who was meinly responsible for the fisheries investigation, and
Mr. M. Grande (Norwegian Institute for Water Research (NIVA)) who was meinly responsible
Tore the sampling and chemical analysis. General supervision of the projsci was exercised
by mewmbers of the Working Party on Water Quality Criteris for Freshwater Fish {Sub-
Commission III, BIFAC), which included Mr. J.S. Alabaster (Convener), Dr. D. Calamari (Fi0),
and Mr. R. Lloyd (Rapporteur) together with Mr. K. Baalsrud and Mr. E. Snekvik,

2.  DESCRIPTION OF THE SITE

Leke Ringvatnet (63°10'N, 9°33'E, altitude 199 m, -surface avea 1.9 km°) is situated
in Central Norway sbout 50 km southwest of Trowndheim (Fig. 1). The water flows from
Leke Ringvatnet to the slightly lower-lying Lake Hostovatnet (2.9 km“)., A4 small dam at
the cutlet of Lake Hostovatnet regulates the lake level which can be reduced by 1.5 m
for hydro—slectric power gsneration.

The catchment area measured at the cutlei of Lake Ringvainet is sboud 27.5 kmg and
at the outlet of Lake Hostovatnet about 40 km™., The lakes are partly surrounded by
farmland, but most of the catchment avsa is forested with conifers and some decidusus
trees. The geology of the aves comsisis of basic effusive rocks together with some green
gchists,
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Both lskes are oligotrophic; Lake Hostovatinet is shallow with considerable areas less
than 5 m deep; whereas Lake Ringvatnet is deeper with areas of at least 25 m deep. The
mean retention time of the water in Lake Ringvatnet is about six months; and for
Lake Hostovatnet about four months. The lakes are covered by ice from the end of November
until mid-May.

The biggest of the inflowing streams is the River Bj#raa which begins at the small
tarn Bjﬁrtjﬁnma and passes through two other tarms, the Gruvedammen and Malisetertjonna,
before it enters Lake Ringvainet. The Gruvedammen is divided into two parts by a small
causeway; the lower part is heavily polluted with copper and zinc by drainage water from
the abandoned Drogset Mines. The mining operations for copper began in 1867; previously,
the River Bj#raa was the chief spawning stream for trout in Lake Ringvatnet. HMining
continued until 1909, and according to local farmers all fish disappeared from the
River Bj#raa and also from the southern part of Lake Ringvainet. Some years after the
cessation of mining, trout and char began to reappear in the southern part of Lake
Ringvainet.

3. THE FISH AND FISHERIES OF THE AREA

The upper reaches of the River Bjéraa, from Bjﬁrtjﬁnna t0 the upper Gruvedammen con-
tains dense populations of small brown trout (Salmo trutta L.). The lower Gruvedammen,
Malisetertjonna and the remaining length of the River ngraa are completely fishless. Both
Leke Ringvatnet and Lake Hostovatnet have populations of brown trout, char (Salvelinus
alpinus L.) and three-spined stickleback (Gasterosteus aculeatus L. ).

It was not possible to carry out a guantitative survey of the fish population in the
two lakes within the time available. However, an assessment of the status of the fish
population as a fishery can be obtained from calculations of growth rates and condition
factors of the species present, and an assessment of the angling potential.

3.1 Growth Rates and Condition Factors

3.7.1 Brown trout

Age and growth were calculated from an examination of the scales, without correction
for allometry between scale growth and length. A summary of the results is given in
Table 1. The scales were read with some difficulty, and the figures obtained cannot be
assumed to be free from error. As usual with browm trout, the variation in growth rate
between fish from a lake is considerable; much of this difference is caused probably by
the variation in the number of years that small trout live in the nursery streams before
they enter the lzke,

In both lakes the growth of the trout is good, but not exceptionally fast, and the
fish continue to grow well even after they are 10 years old; occasionally the trout in the
lakes attain sizes of 2-3 kg or more. The growth rate was faster in 1976 than in 1968,
and for both years the rate was faster in Lake Ringvatnet than in Lake Hostovatnet. In
comparison with other trout lakes in this part of Forway, the growth rates are above
average.,

In Norwegian trout lakes the growth rate of +trout is usually highly dependent on the
population density. This density is again highly dependent upon recruitment and fishing
mortality. For the two lakes in this study, the two potentially best spawning streams
cannot be used; the River Bjﬁraa is heavily polluted with copper and zinc, and the outlet
of Lake Hostovatnet into the River Vorme is barred by a dam. Trout recruitment is, there-
fare, too small to lead to overpopulation.



EIFAC/T29

Bxamingtion of the trouts' stomachs showed that the main food was sticklebacks, and
where these are abundant the growth rate of trout is usually good. However, sticklebacks
are intermediary hosgts for trout parasites; in both lakes the trout were heavily infested
by a cestode (probably Diphyllobotrium dendriticum Witsch) and the infestation is probably
caused by the trout feeding on sticklebacks.

In Lake Hostovatnet, & six-year old female trout was found to have spawned in the
previous autumn; this was the youngest and smallest (about 27 om long at spawning) female
found in the samples from the two lakes. It appears that female trout in these lakes do
1ot usually reach sexual maturity until they have reached 30-35 cm or more.

Compared with many other trout populations in this part of Worway, the qualiiy of the
trout is good. Im both lakes, trout larger than 23-24 om had pink +to red coloured flesh.

The condition of trout is usually classified by a factor k; which is equal to the
weight divided by the inverse cube of the length. The k values for all fish examined were
calculated from the formula:

Kk = 00w
13

where w is the weight in grammes and 1 the total length in cm. The results are summarized

in Table 2. If the shape and specific gravity of a trout do mnot change as the fish grows

in size, the k value will be constant during its whole 1ife. In overcrowded populations,

the larger, older fish will frequently be lean or thin, and above a certain length the

value will decrease as the fish length increases. In sparsely populated trout lakes with

abundant food, the k value will usually increase with length. Since the lengths of the

trout were not distributed normally, the association between k and 1 was tested for all

three samples by the non-parametric Kendall's rank correlation test (Sokal and Rohlf, 1969).

In the sample of trout from Lake Hostovatnet, no correlation was found between k and 1.

The trout samples from Lake Ringvatnet gave a positive correlation between k and 1

(ts = 1,90, P = 0.057).

3e1e2 Char

The growth data for char are given in Table 3; the age was determined by reading both
the otoliths and the scales from the same fish., Both were difficult %o analyse, and the
ages shown in the table are subject to error. However, there is mno doubt that growth rate
is good, and better than in many other Worweglan char laskes. The char alsc grow faster in
Lake Ringvatnet than in Lske Hostovatnet. Parasite infestation is much less common in the
char than in the trout from the two lakes, probebly because the char did not feed on
gticklebacks to the same extent; stomach analyses showed that most of +the char had been
feeding on planktonic crustaceans. The average condition factor of the char in Lake
Hostovatnet is shown in Table 2; there was a highly significant negative correlation
(% = =3.49, P =-0.0004) between k and 1. This is not sbnormal among char in Norwegian
lakes.

The char spawn in the lskes; according to the local farmers and to our own ohserva=
tions, the spawning areas are in shallow water (1-2 m) along the shores, but the area
around the outlet of the River Bjdraa into Lake Ringvatnet is avoided.

3:1e3 Summary
The cordition and gfowth of +{rout 'and char did not appsar to be abnormal in the fwo

lzkes; population density and parasites sppeared 1o be the major factors of importance
in controlling the growth rate.
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3¢2 Status of the Fighery

The fishing rights are held by the farmers who own the land around the lakes. WNost,
but not all, of the farmers are organizsed info an ownsrs® association which sells sport
fishing licences for the lakes; the price is H.Kr. 15 per day, W.Kr. 30 per week and
W.Kr, 50 for the year. Two boats are hired out at F.XKr. 3 per hour, but many of the sport
fighermen use their own boats. The total income from the sale of fishing licences and
boat hire is around W.Kr. 3 OOOwE 000 per year. In 1976 the sale of licences produced
H.Kr. 3 550 and the hiring of the two boats, N.Kr. 750.

When the ice melts in May, fishing with gillnets in shallow water is very good in both

lakes, with both brown trout and char being taken. Howsver, the good caiches only lasi

for a few days and rapidly diminish thereafter. In late spring and in the summer, sport
fishing contimues with rod and line (including use of otters and spinmers) and two people
fish for char with floating gillnets. In the autumn, gillnet fishing for +trout and char

is again good and continues on a small scale until the lakes freeze over in November. In
the winter, there is considerzble sport fishing through the ice with jiggers and baited
hooks; most of the catech is chare

The total catch per year in the two lakes is unknown, but the data obtained indicate
a total yield of between 3~4 kg per heciare per year for both lakes combined, which is
quite good for Norwegian trout and char lakes. The best data for catch/e fort were
obtained from one of the farmers who had recorded daily catch from his fishing the Lake
Hostovatnet since March 1969; the figures in Table 4 were calculated from this sourcs.

In summary, although there are no guantitative data available on the sisze of the
trout and the char population in these lakes, it appears that they are considered to be
good spori-fisheries.

3«3 Other Aguatic Life in the River and Lake System

A general investigation of the genersl bioclogy of the lskes and rivers in the system
investigated was not one of the objects of the project. However, a few observations have
been made in order to give z brief descripiion of the gensral biological conditions, The
dates and type of sampling are shown in Table 5.

3.3.1 River Bjdraa

At its lower end before entering the lake, the River Bjéraa congisted of small pools
and riffles with clear water flowing over s bed consisting mainly of sand and stones of
different sizes and which was partly covered with a thin layer of ferric hydroxide. The
fauns was extremely poor and sampling with a handnet resulted in only 2 Chironomidae
larvae, 2 Trichoptera larvae and 1 Ephemercpiera larva; these groups are more resistant
than fish to zinc and copper pollution. Other aguatic animals were not found.

3.3.2 River Langbekken

At its lower end, thiz small stream contained clser weter flowing through small
pools and riffles; the siream bed comnsisted mostly of clean sand, small stones and gravel,
The sample of the bottom fauns showed a normal population, containing 120 spscimens of
Plecoptera larvas, 65 Ephemeroptera larvae, 97 Chironomidse 1a§vaeg 24 Szmulldae larvas
and a small mumber of other aguatic enimels. Fish were also seen.

3e3.3 Lakes Ringvatnet and Hostovainet
In general there was very littles difference between the two lakes, either from &

morphometric or s bioclogical viewpoint. The followling description applies, therefore,
to both the lakes.
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The bed of the littoral zome in the lakes was mainly covered with stone and sand.
Some places, however, also contained a thicker layer of organic material which was only
partly mineralized. There was a relatively sparse growth along the shore of Equisetum
fluviatile, Nymphea alba and Menyanthes trifoliata.

The samples of phytoplankton taken in June and August were relatively poor both quanti-
tatively as well as in the number of spscies present. The most important groups were the
blue~green alga, Oscillatoria sp., the greenm alga (losocystis gigas and the diatom Synedra
of tenera. The zooplankton was fairly rich and the dominating species was the copepod
Cyclops scutifer. The phyllopod Bosmina longispine was also present; while the copepods
Diaptomus denticorinis and Heterocope saliens were sparsely found. Of the rotatoria,
Kellicottia longispina and Polyarthra vulgsris were abundant. Bottom samples iaken at 1,

2 and 4 m depth in August showed that the fawna at this time was poor with mainly chirono-—
mids present; the greatest asbundance was recorded in Lake Ringvatnet where 3 200 specimens
were found per m square at 1 m depth. In addition, a few oligochaetes and Trichoptera
larvae were found. The apparent absence of molluscs and crusiaces may be an indication of
heavy metal pollution, but insufficient samples were taken to form any definite conclusions.

4. WATER CHEMISTRY
4.1 Introduction

Initially i+t was decided to make routine analyses of pH value, conductivity; water hard-
ness, organic carbon; copper, zinc and iron. Analysis of cadmium were slsc included later in
the programme; in addition, analyses were made of some other water quality characteristics in

order to obiain a measure of the general water gqualitfy.

4.2 Sampling and Analytical Procedures

4.2.1 Sampling stations

Figure 1 shows the position of the sampling stations; stations 4, B, and C are situated
upstream of the main mining area, and only the small siream at point A may be influenced
occasionally by drainage from some deposits on the ouiskirts of the old workings.

Gruvedammen receives the water from most of the mining arvea; siation Dy therefore, re-
flecte the most heavily polluted locality in the water system. t station B the water is
diluted somewhat by 2 clean tributary and at station 1 the concentrationsof the pollutants

were measured just before the River Bjéraa enters Lake Ringveinet. Station 2 on the River
Langbekken was chosen to provide data on the background values for heavy metals in the area.

Stations R 1-9 and H 1~16 are situated in Lake Ringvatnet and Lake Hostovainet respec—
tively, as shown in Pigure 1. The outlets of Lake Ringvatnet and Lake Hostovatnet are rep-—
resented by stations 4 and 5 respectively.

4,2.2 TFrequency of sampling

An overall survey was carried out on 18 July 1975; samples were taken from a .arge num-—
ber of stations in the water system on this date, to obitain an indication of the exfent and
magnitude of the pollution at the different localities, and at different depths in the lakes,

The routine sampling programme began on 12 October 1975 and ended on 27 August 1976.
t was planned that sampling should take place every 14 days, but because of extremely dif-
ficult weather conditions during the winter it was impossible to keep to this schedule and
no samples were taken between 10 December and 30 January.
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4.2.3 Sampling procedures and analytical methods

Samples for heavy metal analysis were collected in specially washed 25 ml vials ard
acidified with nitric acid. Samples Ffor other analyses were taken in polyethylene bottles.
Sampling in the lakes was carried out using a Ruttner water sampler.

A short description of the analytical methods used; the detection limits and the units
used for the routine programme are outlined in Table 6. Analyses for heavy metals, other
than zinc, were carried out using flameless atomic-absorption spectrophotometry (AAS); zinc
was analysed by flame AAS. The sampling and analytical procedures used for heavy metals are
those used and validated at NIVA (Henriksen and Balmer, 1977 (in press)) and reliable results
are obtained at levels close to the detection limits. The $5 percent confidence interval for
differences between the standard deviation of paired samples from 38 localities in Norway is
shown in Table 7. Two samples were taken for analysis from each locglity and stored in sepa~
rate bottles (Hermriksen, Balmer and Wright, 1976).

In this investigation the analytical results for the heavy metals have a lower limit of
1 pg/l for copper, 0.05 ng/1 for cadmium and less than 10 ng/l for zinc.

4.2.4 Chemical state of copper

4 sample of water was collected from Lake Ringvatnet on 6 July 1976 and subjected to
ultra—~filtration to determine the extent o which copper was bound to humic components in
the water. An Amicon ultra-filiration cell with UMZ2 and UMI0 filters was used for this pur—~
pose; these filters will retain substances with molecular weights greater than 1 000 and
10 000 respectively. From previous experience, less than 10 perceunt of the natural water—
soluble humic matter will pass an UMIO filter (Gjessing, 1976). Copper iomns bound to com—
pourds of high molecular weight will thus be retained by the filter while the "available"
copper ions (free ions or ions bound to small molecules) will pass through with the filtrate.
In each experiment, a 500 ml sample was filtered under 4.5 atm N, pressure until 50 ml re-
mained. Copper concentrations wers measured by AAS. The concentration of "available™ copper
was determined directly in the filtrate, while the concentration of copper bound to humic
substanceg was calculated from the copper concentration of the sample remaining in the cell,
with corrections made for the presence of Yavailable' copper,

4.3 Results
4.3.1 General chemisiry

Data from the initial survey made on 18 July are shown in Tables 8 and 9; results of
analyses not included in the routine programme are shown in Tables 10 and 11, Results of the
analyses included in the routine programme are shown in Tables 14~04 in the Appendix.

The water in the two lakes has a relatively low suspended solids content with mean tur—
bidity values of 0.7 JTU. It is pale yellow-brown with colour values of 46 mg pt/l in Laks
Ringvatnet and slightly lower in Lake Hostovainet (39 mg pt/1)}/. The single determination
of permanganate value in July 1975 was 2.8 mg 02/1. The colour; the high colour-values and
the low turbidity values indicate that most of the organic matter is probably present as
humic components.

i/ The contents of organic matter measured as organic carbon were 5.4 and 4.3 mg G/1
in the two lakes respectively
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The lake waters have a mean value of about 7:; only when the snow melts in the
spring is a lower value (about 6) measured in the surface waters. The mineral content
ig rether low and conductiviiy values are about 60 yS/ome Mean water hardness values
were 19.0 and 17.4 mg CaCol /l for Lake Ringvatnet and Lake Hostovatnet respectively and
ths fluctuations appsar tosba relatively small, The content of other minerals such as
sodium and potassium gave mean values of about 3.6 and 0.50 mg/l respectively for both
lakes; the manganese content was about 23 pg/l. Concentrations of chloride and sulphate
were 6.3 and 4.7 mg/l respectively.

Nitrate and total phosphorus was found in concentrations of about 50 and 11 pg/l N and
P respectively, which indicates a slight nutrient enrichment from human and agricultural
activity within the catchment area. An approximate esgtimate of the biomass of planktonic
algae was obtained from chlorophyll a analysis; mean values were about 4.6 pg/l in the lakes
during June-iAuguet 1976, indicating that algel production was rather low.

Measurements of dissolved oxygen were made in the two lakes on 17 March 1976 at
vhich time the values are normally at their lowest in Norwegian lakes; data are shown in
Table 12, The values found of 9.7 mg Og/l in the upper 15 m indicates that the oxygen
demand in winter is small.

4:3.2 Heavy metals

Results of analyses for heavy metals are shown in Tables 14-0A in the Appendizx.
Figure 2 illustrates the zinc and copper content of the water from various sampling stations
in the water system. In the region upstream of Gruvedammen, the content of zinc and copper
ig low, with the exception of some higher values from the stream at A which may be contami-
nated occasionally from drainage from mining deposits. The mean values of zinc and copper
in the Bjgrtjdmna (B), <10 and 6.5 ng/l respectively, can be taken as background values.
The concentrations found in the River Langbekken (2) were <10 and 4.3 ng/l for zinc and cop—
per respectively, which are similar to those found in unpolluted streams elsewhere in
Norway and can also be considered as background values.

The highest concentration of heavy metals occurs at the outlet of the Gruvedammen; in
July 1975 the concentrations were 1 550 ug Zn/l and 1 040 xng Cu/le Further down the system
the concentrations decline as a result of precipitation and dilution; the mean concentra-—
tion in the River Bjﬁraa before it enters Lake Ringvatnet were 294 and 169 ug/l for zinc
and copper respectively.

The percentile distribution of concentrations of copper and zinc found in the River
Bjﬁraa and Lske Ringvatnet are shown in Figure 3 and it appears that they conform to a
normal distribution,

The mean values of zinc and copper in Lake Ringvatnet were 88 and 43 ng/l respectively,
and were 77 and 38 ng/l respectively at the outlet. Lake Hostovatnet conteined lower zinc
ard copper concentrations, mean values being 44 and 22 pg/l respectively inthe lake but 51 and
24 ug/l respectively at the outlet. Analyses of cadmium gave near concentrations of 0.56
and O.47,ug/l in Lake Ringvatnet and Lake Hostovatnet respectively; concentration of lead
measured on a single occasion was 1 and Z,Qg/l for the two lakes respectively.

The resulis of the analyses made on a single sample subjected to ultra-filtration, as
described in Section 4.2.4, are given in Table 13. No significant difference was found
between the results from the two grades of filter used. .

4Although the results indicate that about 86 percenmt of the copper was bound $0 humic
gubgtances and other micro-particles, the total copper concentration found was about
31'pg/l for the UM2 filtered samples, comparsd with 42 pg/l from an analysis in the original
sample. I{ would appear that a substantial proporiion of the copper was absorbed onto the
filtration apparatus and the original state of that copper is not known. If it were all



tgyvailable' copper, then the total percent "bound' would be 63 percent: if it were pari

available' and part '"bound”, then the total "bound” would be betwesn 63 and 86 percent.
5. HBAVY METAL CONTERT OF FISH

The copper and zinc contents of fish from River Egé%zjﬁnna and the two lakes are shown
in Table 14. The data show wide variations and are too few to allow a rigorous statistical
analysis to be attempied. Such variations have also been found in other similar stuties.

In any monitoring programme, therefore, it may be necessary to analyse large mumbers of
fish in order to demonsirate the presence of concenirations significantly greater than back-
ground values,
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il T27 make tentative proposals for the maximum 95 per—
centile concenirations for zinc and copper respectively, above which fisheries will become
harmed., Interpolated values for these meximum cowncentraiions, taking into account the water
hardness found in %ﬂls survey are shown in Table 15, where taav are ﬂempg*@d with the cor-
responding ce@c%?z:a@ ions of copper and zince Tound in the polluted fishless River Bjéraa§
anid Lake Hingvainet and Lake Hostovatnet.

BIFAC vaelues for zinc are those for brown itrouby BIFAC values for copper take into
account the presence of soluble organic compoundsg.

It is clear that the levels of zinc and copper in the River Bjfrre exceed the EIFAC
values by a considerable margin: combined valves arve 8.6 +imes higher than the proposed
gtandards if % inc and copper sre assumed to be additive at these levels.
The concentrati ivic in Lake Ringvainet and Lake Hostovatnet, both of which
contain equall ead the BIFAC standard in combination with copper
concentrations, ise?g greater than the proposed limits. The appa~
rent cverupred e ?uss given in the EIFAC Heports are used can be
caused by sever
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=éCﬁT2? that in the pressnce of humic substances in zoft waters,

y one tizrd of the cepper may bs in a form toxic to fish. OStudies made in conjunction

I t of the coppsr could be present as organo-
vh copper present in the lakes was

would alter congiderably the ratios given in Teble 15, the

, 0.8 and 0.5 for the River Bjgraa, Lake Ringvatnet and

Lzke Hostovaitnet respect 3 e combined total for zinc and copper being 5.4; 2.0 and
.2 respectively. A second factor to consider is whether the fish in fthe lakes had become

adapited to the concenirations of copper and zinc presewnt. + is known that the brown trout

spawn in unpolluied sids streams and only migrate into the lake at a later stags; there is

some evidence that this species can scclimatize to concentrations of zinc higher than those

proposed in the BIPAC standard. However, brown frout spawn successfully in the River Vorma

below the outlst of Lake Hostovatnet, where the metal content is aiﬂllar to that found in

the lake. Also, char which breed in the iwo lakes undergo their whole life cycle fhere.

The possibility of acclimatiszation is not saken into account by the proposed EIFAC standards

for pollutants, because such higher values could act as a barrier to migration.
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A third factor to be taken into account is the percentile distribution of concentrations
of copper and zinc about the mean value, Fish populations may be affecied by average or mesan
concentrations of a pollutant, but they are more likely to be limited by sporadic high con-
centrations which may persist for a sufficient time 4o cause harm %o the fish. BEvidencs from
polluted rivers suggesit®that the disitribution of pollutent concentrations may be log-normal
with 95 percentile values being asbout four times higher than the 50 percentile; this is

reflected in the limiting valuss for copper given for these percentile values in WLFﬁC/'PZYe
This relation predicts that the 99 @ercénaule value {(obtained on a total of = days in a



.

year) would be 1.75 times the 95 percentile valus. In th
Lake Hostovainst, however, the distribution of concentratis
centile values of the River Bjgraa and Lake Ringvatnet be
50 percentile value. With this distribution, the 99 perc

95 percentlle, implying that sporadic peaks would mot be so high relative to the 95 pmrce?

tile values as those obtained where = log-normal distribution occure, It is possible {hat

the small tarns on the River Bjé@aa may have acted as a buffering system for sporadic peak

concentrations; the major lakes Ringvatnet and Hostovatnet w' h their long retention period
would certainly have acted in this way,

River Bjé?aa§ Lake Ringv

ng was normal, with the

o only about 1.38 time

tile value was only 1.
i

;.J
r.-i””ﬁ.f

There are two further considerations to take into account. A complicating fac
be the presence of other pollutants. Recent studies have shown that freshly precipitat
ferric hydroxide can be harmful to fish at concentrations above m%/l The mine drainage
discharges to the River 339raa are acidicy the pH valuve at sampling station D was 4.7 on
18 July, rising to 6.5 at station E and 7.0 at station 1. Iron concentrabions were 71.45,
0.77 and G.45 mgfl respectively, and the stream bed was partly coated with a thin layer

of precipitated ferric hydroxide. TFo such deposits were observed from the margin of either
of the two lakes., However, the River BJ%?@& wag fishless down to the point of its emtry into
the lake, and in the lower regions the effect of prscipitated irvon hydrozide was likely 4o be
small. Measurable concentrations of both cadmium and lead were alsgo Tound in the lakes, but
again the concentrations are probably considerably less than the limiting values for these
metals.

>
RM

4 Turther complicating factor may be that the meximum 95 perceniile values for zinc and
copper given in EIFAC/TQ? and T27 are levels of no ef”est? and it is possible that the com—
bined toxicities of the metals at these levels are less than additive; in fact they may act
independently. This is an area where more research is required.

Both acclimatiszation and concentration distribution could account for the presence of
good Tisheries in Lake Ringvatnet and Lake Hostovatnet at combined zinc and copper levels
slightly higher than those based on BIFAC /TZT and T27. However, the standards must be close
to the true 11mit1ng values since whereas the cembl ed ratios (BIFAC 95 D@rceﬁ%l?e/measared

95 percentile) was 2.0 and 1.2 for Lake Hostovainet and Lake Ringvainet respectively, the
River Bgéra& was Tishless with a total of 5.4 @ﬂd spawning char were observed to avoid the
outflow of this stream into the lake. This implies that levels of zinc and copper at which
figheries begin to be affected may only be slightly greater than those found in Lake
Ringvaitnet.

Te CONCLUSIONS

The result of these studies undertaken within this project have three main implica-
tions. They show that the proposed standards for zinc and copper in JIFéP/“2 and T27 are
not seriocusly in error, and the spparent over—estimation of toxicity can be sccoounted for
by the distribution of heavy metal concentraticns, a higher—than-predicted combination of
soluble organic material with copper, and acclimatization of fish, The studies re-enforce
the imporiance of measuring those chemical siates of polluting subsitances which are toxic
4o fish: control of copper pollution based on total copper analyeis might be unnecessarily
gtringent if a major proportion of the copper was prsesent as norn—toxic soluble cupro—-crganic
complexes. This underlines the nsed for relevant analytical techniguss 4o be used in moni-
toring programmes linked with foxicity testing on appropriste spscies, so that accurate
egtimates can be made of the ewvirommental impact of the levels of pollutant found. Finally,
there is a nssd to identify scourately the form of the distribution of concentrations of
‘pollutant found at 2 sampling site, and this has implications (see Monigomery and Hart, 1974)
for the freguency with which the samples have 4o be taken over a pericd of tims.
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Table 2
The "condition" of trout and char from the lakes

k

Lake Species Date T | Length range Hange Mean | Std. errori CV
of mean
L. Ringvatnet | Trout | 31.5=1.6 |45| 23.6~56.7 0.80-1.09 0.902 0.0117 8.6
1976
L. Hostovatnet| Trout 1.6.,76 | 18| 24.4~34.6 0.831=1.10 0.942 0.0164 1.4
L. Hostovatnet| Char 3-5.7.76 | 60 25.4-36,1 0.84~1,04 0.938 0.0066 5.4
Table 3
Mean lengths of char at different ages
Locality Age N Length range Mean length

4 12 25.4~28,6 26,9

5 27 26, 1=30.6 27.9

L. Hostovainet 6 10 57.6-30.2 28.8

7 6 29, 2-36,1 32.7

3 2 24.5=27.7 26,1

4 7 2798‘-3008 29-2

5 6 2%.1=-31.2 29.8

L. Ringvatnet

gvar 6 2 34, 1-37.0 35.6

7 1 36.2

8 1 35.2
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Table 4
Catch/effort data for Lake Hostovainet
Gillnets set on the bottom:
Period Bffort ¥o. char ¥o. trout Total wt. Wt./Effort
Nay-69 28 iy 20 14,8 0.53
1 =70 14 12 40 14.5 1.04
no7 8 g 27 9,8 1.23
vo72 12 18 15 8.3 0,69
" -73 12 5 48 14.4 1. 20
" -14 12 6 55 15.0 1.25
n .75 16 18 5e1 0,32
Total: 102 100 223 81.¢ 0.80
Avtunn—-69 4 3 24 6.7 1,68
i ~T70 12 4 26 8.6 0.72
" =71 4 ° 3 2.9 0.73
L, £ 16 5 61 18.9 1.18
" -3 10 1 23 6.3 0.63
n ~74 12 1 23 6.0 0.50
Totals 58 23 160 49.4 0.85
Floating gillnets:
1969 50 368 .10 T4.5 1.50
1970 24 85 8 21,0 0.88
1971 82 449 4 7.3 1.19
1972 30 248 17 55,8 1.86
1973 53 417 21 99.9 1.88
1974 42 400 15 97.8 2,33
1975 22 80 8 350 1.59
Total: 303 2 047 83 481,17 1.59
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Table 6
Chemical ard biochemical methods used in the analysis of water samples
lardness is calculated from Ca and Hg and given as mg CaCO:jT)
Parameter Detgg%éon Units Method ~ analytical instrument

pH - - Orion pH-meter. Model 701

Spec. el, conductivity - pS/cm Philips P¥W 9501

Total organic carbon 0.2 _mg/l mg C/1 Oceanography International and oxidation
with persulphate, analysis of CO2 in IR
spectrophotometer

KMnO 4-number 0.5 mg/ 1 mg O/ 1 Oxidation with permanganate. Titration by
hand

Colour 5 mg/l mg Pt/1 ¥ilter photometer, filter 601. Hazen
colour scale

Tﬁrbidity - JPU © Hach turbidimeter. lodel 2700 4

Ortho-phosphate 2 e/l npg P/1 Auto Analyzer (1)

Total phosphorus 2 ng/l pg P/1 " " Oxidation to ortho-phosphate

Nitrate 10 pg/l pgN/1 " " (3)

Total nitrogen 10 pg/l pe /1 U.T. oxidized and anslysed es HO,

Sulphate 0.2 mg/l mg SO 4/ 1 Auto Analyzer (4)

Silicate 0.2 mg/l mg §i0,/1 " " (2)

Chloride 0.2 mg/l mg Cl/1 o (2)

Calcium . 0.01 mg/l mg Ca/l Atomic abs. Perkin-Elmer Hodel 306

lMagnesium 0,001 mg/1 mg Mg/l " "

Sodium 0.01 mg/l mg ¥a/l " "

Potassium 0.01 mg/l mg K/1 " o

Zinc 10 g/l pg Zn/l " "

Hanganese g g/l ng Mn/l Atomic abs. Perkin-Blmer Model 300 SG,

: graphite cell HGA T2

Gopper 1 ng/l ng Cu/l " "

Cadmium 0.05 pg/l pg cd/1 " "

Lead 0.5 ng/l pg Pb/1 " n

Iron 10 ng/l ng Fe/l Auto Analyzer. TPT2 method

Oxygen 0.1 mg/l mg 02/1 Modified Winkler method

Chlorophyll a 1 pg/l ng C.A,/l Spectrophotometric, Trichromatic

1o Murphy and Riley (1958); 2. Hemriksen (1966) 3, Henriksen and Selmer—Olsen (1970);
4o Henriksen and Bergmann-Paulsen (1974)

Table 7

9% percent confidence intervals for .the standard deviation of
he difference between values obtained for pairs of samples

95‘73 confidence interval Zn: 3.1=4.9 Cus 1.6-2,4 Pb: 0.,6=0,9 cd: 0,10-0,16
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and Lake Hostovatnet and feeder streams, 18 July 1975

- 16 -

Table 8

Chemical analysis of samples from Lake Ringvatnet

{Samples R1-9 and Hi=16 taken at 1 m depth except where shown otherwise)

/[Station Nos: see Fig., 2/

Station . Conductivity KMnO 4-noe Total organic Ca Mg Cu Zn Fe
Ho, pH carbon

ns/cm mg 0/1 mg C/1 mg/l mg/l ne/1 ng/1 ng/1
1 7.0 56 1.8 2.0 10.2 1.3 174 350 450
4 Te3 46 2.8 3.5 6.5 0.9 38 75 125
5 Te1 A6 2.8 3.5 5.6 0.9 22 50 25
D 4.7 114 2.2 2.5 10.8 2.4 1040 1550 1450
¢ 6.9 47 4.0 6.0 8.1 0.7 19 25 650
) 6.5 53 0.6" 3.5 6.4 1.0 260 460 775
1 7.0 48 3.6 5.0 6.4 0.8 38 70 125
2 7.2 50 3.0 5.5 6.4 0.9 38 70 125
3 7.2 47 2.2 4.5 6.7 0.8 38 70 125
4 7.2 48 2.5 4,0 6.4 0.9 41 70 125
5 7.2 48 2.8 4.0 6.4 0.9 46 95 125
5 (10 m) 7.2 48 1.6 3.5 6.4 0,8 42 90 75
6 6.9 9 3.1 5.0 6.5 0.9 51 50 125
6 (10 m) 6.8 48 3.2 3.5 6-4 0,8 38 80 100
7 6.5 48 3.6 5.0 6-5 0.9 42 75 125
8 7.2 47 2.0 4.5 6.7 0.9 232" 400" 125
9 7.2 48 2.4 4.0 6.4 0.9 43 85 125
H1 7.2 45 3.4 3.5 5.9 0.8 21 40 75
2 7.2 45 3.0 3.5 5.9 0.8 24 50 75
3 1.2 45 3.8 3.0 5.7 0.8 22 45 50
4 7.2 44 2.7 3.0 5.7 0.8 33 70 5
4(10 m) 6.9 43 2.8 3.0 5.7 0.8 23 60 25
5 1.2 45 3.5 5.9 0.8 22 60 75
1 1.1 45 2,3 4,0 5.9 0.8 40 80 75
8 7.2 44 3:5 5.9 0.8 39 5 5
8 (10m) 6.8 45 3.0 3,0 5.7 0,8 32 70 25
9 7.2 45 3.3 3.5 5.7 0,8 31 60 75
10 7-1 45 2.9 4.5 5.9 0.8 33 5 5
1 1.2 45 2.8 3.5 5.9 0.8 22 50 25
12 7.0 46 3.2 3.5 5.9 0,8 22 50 50
12 (10 m) 6.8 44 3.6 3,0 5.9 0.8 28 65 50
13 7.2 45 2.9 3.5 5.9 0.8 35 80 5
14 71 45 2,3 4,0 6.0 0.8 27 60 50
15 7.1 45 2,6 3.5 5.9 0.8 21 50 75
16 7.3 46 2.4 3.5 5.7 0.8 27 80 75

#Abnormal values; not used in mean value caleculations
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Table 12

Dissolved oxygen concentrations in Lake Ringvatnet (R6) and
Lake Hostovatnet (H4) 17 March 1976

Locality Depth Temperature Oxygen
0

m C mg/1

2.5 11.0

R 6 15 9e T

25 4.9

2.5 2.1 10.9

H 4 g 2,8 0.4

15 3.2 ST

Table 13

Copper analyses on a sample of water iaken from Lake Ringvatnet

"ayailable® Cu

HBRound! Cu

Filter % "Bound"
ng/l
UM10 3.5 2463 88
(um2 443 26,6 86
Duplicate test( A
(o2 403 26,6 86

EIFAC/T29
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Table 14
Metal contents in fish samples
Locality Date Species | Length | Weight | Sex Organ | % Dry whe Cu Zn
17676 Char 40.0 830 9 Muscle 25.6 2:3 13
Liver 30.6 32 103
Kidney 2243 26 88
ﬁ 17&6976 Chal" 31 95 360 g MuSCle 23ao 335 17
s Liver 23.9 60 147
go Kidney 18.7 30 99
& 176476 Trout 275 220 9 Muscle 23.2 6.9 28
& Liver 22.8 925 305
. Kidney 21.3 32 376
17676 Trout 315 330 o Muscle 22.3 449 33
Liver 22.6 827 315
Kidney 23:5 24 992
£ 85776 Char 2345 150 & Huscle 2240 441 30
g Liver 3442 41 124
g Kidney 21.7 38 117
o]
- 8.7-T6 Char 2740 210 ) Muscle 2761 3at 26
2 Liver 3545 43 137
S Kidney 217 21 78
6776 Trout 19.5 75 & Muscle 213 8.2 32
o Liver 272 88 333
57 Kidney 234 79 237
"%i;i 6.7.76 Trout 19.0 60 0 Muscle 22.2 7.0 | 28
EH Liver 28.6 1 231
= g Kidney 21.7 338 434
K 2 6.7.76 Prout Mixed sample Muscle 1.8 5.5 | 238
iver 25.8 161 276
Kidney 22.8 27 499
Table 15
Comparison between EIFAC standards for zinc and copper aud soncenmbrations
found in the R. ngﬁ'raa? Le Ringvetnet and L. Hosbtovatnet
Hardness Zine pg/l Cu pe/l
Sampling eite mg/]_ ag CaCo EIFPAC Site . EIFAC Site .
3 1 o5d s1e | 958 116 | B0 | 957 16 | 954 dle | T2TRO
R Bjigraa (1) 30 130 405 3o 42 230 565
L.« Ringvatnet (5) 18 100 118 1e2 30 58 169
L. Hostovatnet (8) 18 100 72 0.7 30 37 1.2
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