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Copper in the livers of trout caught below a sewage discharge
(NOTE)
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ABSTRACT

The range of copper concentrations in the livers of 21 brown trout Salmo trutta L. caught
in a pool in the Wainuiomata River, Wellington, was 93-809 f-g.g1 by weight of wet tissue.
This pool was 150 m below a sewage-treatment plant discharging into the river. The mean
copper concentration in the livers of 11 of these trout caught in November-December
1976 was 505 Mg.g 1, and for the other 10 trout, caught in the same months in 1977,
312 Mg-g"1. Bottom fauna in the pool was dominated by the snails Physastra variabilis and
Potamopyrgus antipodum, which were ingested by the trout. Copper concentrations for these
snails in the pool and in upstream clean waters, the sewage and sewage solids, the silt
and organic sediments of the pool, upstream clean water and the water of the pool, and
mayflies and caddises which drift into the pool, are reported. Copper concentrations in the
stomachs and intestines of 10 fish examined indicate that not all of the copper ingested is
assimilated by the fish.

INTRODUCTION

The Wainuiomata River, in the Wellington district,
supports a recreational trout fishery. In some seasons
an unusually large number of fish gather in a holding
pool about 150 m below a sewage outfall. The river
receives the entire discharge from the sewage-treat-
ment plant at Wainuiomata.

In November 1976 two trout caught in this pool
were analysed for heavy metals in their organs and
tissues. Copper levels in the livers exceeded the
maximum of 506 Mg.g J wet weight found by Brooks
et al. 1976 in the livers of Lake Taupo trout. Subse-
quently, the livers of 9 trout caught in this pool in
December 1976, and of 10 fish caught in November-
December 1977, were analysed for copper. Small
numbers of the snails Physastra variabilis and Pota-
mopyrgus antipodum from the same pool and 3.9 km
upstream were also analysed for copper, as these
appeared to be an important part of the diet of trout
in the pool. As part of the investigation, determina-
tions of copper were made on the water of the pool,
on clean water upstream and on silt and organic
sediments (mostly algal slimes with entrapped silt)
from the pool. Copper determinations were made on
the treated-sewage discharge, and trickling-filter sludge
which makes up the suspended solids in the dis-
charge. Bottom insects were captured upstream and
analysed for copper content.

METHODS

All trout were caught by conventional angling
methods in the evening and after dark.

Livers were dissected out as completely as possible,
the whole weighed wet in 50 ml pyrex beakers, oven
dried at 105° c, weighed dry, and ashed in a muffle
furnace at 500°c for a further 18-24 h. The ash was
dissolved in 5 or 10 ml of AR-grade hydrochloric
acid with gentle warming on a hotplate, and the
volume was adjusted to 250 or 500 ml depending
on expected concentration. A blank solution was also
included.

Gut contents were divided into two portions, one
from the oesophagus and stomach, and one from the
intestine. As much of the gut contents as possible
were extruded with thumb and forefinger into 50 ml
pyrex beakers. Subsequent treatment was as for livers,
except that ash was dissolved in 25 ml of 2% hydro-
chloric acid.

Snails were treated similarly to the livers; the ash
was taken up in 1 ml hydrochloric acid and made up
to 25 ml.

Organic sediments were centrifuged to remove
excess water, and dried and ashed as for the livers.
Ash was taken up in 2% hydrochloric acid, the
volume being 50 ml for each approximately 1 g of
dried sediment. Oven dried silty sediment was ashed
as for livers, the ash digested in 2% hydrochloric
acid, 1 ml for each 1 g.

Sewage sludge was centrifuged to remove excess
water, dried and ashed as for the livers. The ash
was dissolved in 2% hydrochloric acid, 20 ml for
each moist lg. A 250 ml portion of the sewage effluent
discharged to the river was evaporated to dryness on
the water bath, oven dried, and ashed as for livers.
The ash was dissolved in 25 ml of 2% hydrochloric
acid. Another 250 ml of filtered (0.45 p membrane
filter) sewage was similarly dried and ashed, the
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TABLE 1—Copper contents of brown trout livers (wet
tissue weight) caught in a pool in the Wainuio-
mata River, November-December 1976 and 1977.

Fish
Fish

Wt (g)
Copper

1
Fish

Wt(g)
Copper

1

TABLE 2—Copper concentrations of the contents of
stomach and intestine (dry matter) of brown trout
Salmo trutta caught in a pool in the Wainuiomata
River, November-December 1977.

Stomach Contents
Fish Copper Wet Wt

Intestine Contents
Copper Wet Wt

1976
1
2
3
4
5
6
7
8
9

10
11

1350
910
900
780
660
610
450
450
400
370
340

804
510
735
783
620
671

93.3
280
463
446
153

1977
12
13
14
15
16
17
18
19
20
21

1360
1030
910
900
850
680
650
630
630
420

809
460
258
271
234
138
282
169
298
205

No.
12
13
14
15
16
17
18
19
20
21

(Mg-g"1)

42.1
11.7
9.3

13.0
13.4
14.0
11.2
24.1
12.2
16.4

DryWt
7.1
5.7
5.6
6.6
5.1
5.1
5.6
6.4
4.9
5.1

fog.gr1)
80.5
38.0
46.6
41.5
45.2
65.1
59.6
76.4
67.4
32.2

DryWt
6.2
7.5
7.4
7.7
5.0
6.2
6.6
6.3
6.8
8.6

difference between the two analyses for copper repre-
senting suspended or particulate copper in the sew-
age.

For upstream clean water and water of the pool,
volumes of 500 ml were evaporated to dryness on
the water bath, oven-dried and ashed, the ash being
dissolved in 25 ml of 2% hydrochloric acid.

Collections of mayflies and caddises were made
3.9 km upstream, sorted into groups for weighing,
and dried and ashed in the laboratory. Ash was dis-
solved in 2% hydrochloric acid, usually 10 ml.

Sample solutions and blanks were analysed with a
Varian Techtron atomic absorption spectrophoto-
meter, using pure copper standards in a similar
acid matrix. The absorption line at 324.7 nm was
used. Where necessary, blank corrections were made
to the result.

RESULTS

In the 1976 group of 11 fish, the range of copper
concentrations in their livers was 93-804 ng.jf1 by
weight of wet tissue with a mean of 505 i^g.g1. The
1977 group of 10 fish, of similar size range, had a
range of copper concentrations in their livers of 138-
809 /ig.g"1, with a mean of 312 Mg-g"1 (Table 1).

None of the gut contents of the 1976 group of fish
were analysed for copper Cursory examination of the
contents indicated that the principal food was Physas-
tra, with small numbers of Potamopyrgus, the most
recent intake being drift mayflies and caddises. In the
1977 group of fish no more than four Physastra were
found in the stomachs, nor more than six snails in
the intestine. No Potamopyrgus were observed in the
guts of the 10 fish. The most recent intake was drift
mayflies and caddises, sometimes with many hydro-
philid beetle larvae. Higher levels of copper were
found in the intestines than in the stomach (Table 2).
Usually the contents of the intestine were rather more
watery than those of the stomach, so comparisons

have been made on the basis of dry matter. As food
traversed the gut from stomach to intestine and its
mass decreased, a two-to five-fold increase in copper
concentration per gram occurred.

Snails in the pool had copper concentrations of
63 Mg.g"1 wet weight for Physastra and 57 /xg.g"1 wet
weight for Potamopyrgus. No Physastra could be
found upstream, but Potamopyrgus collected 4 km
upstream had a concentration of 22 /ig.g x wet
weight.

Various common insect larvae were collected in
the river from sites 0.5^- km upstream of the sewage
discharge. Two samples of the Dobson fly Archi-
cauliodes diversus had copper levels of 6.9 and
5.4 Mg-g"1 wet weight. The stoneflies Stenoperla
prasina and Megaleptoperla sp. had copper levels of
5.3 and 5.6 ^g.g"1 wet weight respectively. Copper in
cranefly larvae, Tipulidae, was 6.8 jug.g * wet weight.
Amongst the Ephemeroptera, copper in Deleatidium
spp. was 3.3 /ig.g~x wet weight, in Coloburiscus hum-
eralis 3.8 Mg.g"1 wet weight, and in Zephlebia cruen-
tata 4.2 Mg.g"1 wet weight Amongst the Trichoptera,
copper levels in an assortment of Rhyacophilidae was
3.4 jug.g"1 wet weight, in the spiral-cased caddis
Helicopsyche sp. was 2.2 /̂ g.g"1 wet weight, and in a
mixture of the cased-caddises Olinga sp. and Pycno-
centrodes sp. 0.4 Mg-g'1 wet weight.

As expected of solely domestic sewage, copper in
the sewage discharge into the river was virtually at
'trace' level. Total copper (that is, soluble + par-
ticulate) was 0.095 g.mr3; filtrate copper (i.e. 'sol-
uble') was 0.076 g.nr3; by difference the particulate
copper was 0.019 g.nr3.

Total copper in the river water upstream of the
discharge was 0.003 g.nr3 (± 10%); and in the
pool below the discharge was 0.015 g.nr3. No attempt
was made to separate the copper into 'soluble' and
particulate fractions. Nevertheless, there was a five-
fold increase in copper in the receiving water below
the discharge, discounting that portion which had
settled on the bottom of the pool.
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The fine sand-silt in the pool had a low level of
copper, 2.8 fig.g"1 of dried material, which may have
been derived from included organic matter. The algal
slime coating boulders and pebbles of the pool, with
its entrapped silt and organic detritus, had a higher
copper level of 12.5/ig.g1 wet weight.

DISCUSSION

Increased copper levels in the intestine (Table 2)
suggest that much of the ingested copper is not
assimilated.

Of the factors examined which could raise the
levels of copper in trout livers, the most significant
are the copper-rich snails Physastra and Potamo-
pyrgus. Trout often eat them in considerable num-
bers. Sewage has an important but indirect contri-

bution to copper in the livers. It promotes colonisa-
tion of the pool with the two snail species, and in-
hibits all but the most pollution-insensitive insects.
Lacking any variety in bottom food, trout eat the
snails.

Smallest trout tended to have the least copper in
their livers, while the largest fish had the highest
concentrations. This could reflect the daily intake
of snails proportional to body size, or an accumula-
tion of copper in the liver with age; the toxic con-
centration of copper in the liver is unknown.
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