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1. INTRODUCTION

Research on freshwater acidification and loss of fisheries
have centered on clear waters. The role of natural organic
acids and in particular the interaction between organic acids
and the strong acids in soils and surface water is poorly
understood. Weak acids in natural coloured waters are mainly
weak organic acids and aluminum compounds. Other weak acids
such as silica and ammonia usually play only a minor role,

except at very low aluminum and organic matter concentrations.

The natural organic matter in water origihates from the soil
and is a result of chemical and microbiological decomposition
of terrestrial plants. This organic matter is acidic and
consists of slightly negatively charged macromolecules which
are retained in the so0il by adsorption to mineral surfaces
{Kodama and Schnitzer 1968, 1969; Gjessing and Gijerdahl 1975;
Gjessing 1976). The ability to be retained in the soil depends
on pH and the nature of the mineral surfaces (Gjessing 1976).
This suggests that acid precipitation will effect the release
of the soil organic matter into surface water both

guantitatively and qualitatively (Gjessing 1976).

The natural organic matter present in water, the agquatic humus,
will also change with changes in water chemistry such as pH.

A change in pH effects the colour, the molecular size,
complexation, the degree of solubility in organic solvents and
ion - fixation properties (Gjessing 1976). The biocavailability
of inorganic and organic aluminum species, assoclated with

humus, is thus changed.



The purpose of the work presented below is:

1. to introduce and test a modified method for determination of
weak acids in water and to use this method to characterize
the content of weak acids in coloured water from acidified
and less acidified areas.

2. based on the assumption that the toxic effect of species in
water is related to the ability to penetrate cell walls,
studies on the dialyzability of different types of water,

using artificial membranes, are performed.

2. METHODS AND EXPERIMENTAL APPROACH

2.1 trong and a cid

Normally, the determinations of strong and weak acids are based
an Gran's method (Gran, 1952). The method includes potentiometic
pH titration and transformation of titration data to a straight
line, so called "Gran plot”. Several variations of the Gran
procedure have been reported, partly due to an overestimate of
total acidity due to Co2 contamination of the titrant, and
partly due to an overestimate of strong acidity at the expense
of an underestimate of the weak acidity due to dissosiated weak
acids present in the low pH region of the titation curve.

From a critical survey of the literature the modified Gran
procedure described by Molvarsmyr and Lund (1983) seemed to be
the best choice of method in order to avoid the most serious

errors.

The titrations are carried out by coulometric generation of
hydroxide ions, thus avoiding carbonate contamination of the
titrant. A pH titration-range between 3.6 and 10.3 was assumed
adequate for a majority of the fresh waters. With minor
modifications this method was adapted for routine analysis of

strong and weak acids (for details see Reogeberg, 1987).
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2.1.1 Dialvzing technigue

The equipment used for dialyzing the different water samples is
illustrated on figure 1. The samples are dialyzed in distilled
water. As can be seen at the upper right on the figure, the
humus water is recirculated by a pump through several meters of
a dialyzing tube {(up to 18 meters in length) contained in a tank
with a volume of approximately 30 liters. The dialyzing tube 1is
surrounded by distilled water which is circulated in the tank
and renewed several times during the run. The conductivity of
this "washing water” never exceeded 0.4 mS/m, and before

ending the run the conductivity of this water was below

0.15 mS/m. During the dialyzation the conductivity of the
recirculated humus sample was measured. Some typical patterns of
the reduction of conductivity of the water sample as a function

of dialyzation time, are given in figure 2.

2.2 "Burning off"

The organic matter in the water samples is mineralized, using
Uv and H202.

Ultraviolet (UV) radiation of water, to which is added minute
amounts of hydrogen peroxide (HZOZ). will mineralize the
organic matter nearly completely.

Some of the samples referred to below have been UV/HZO2 -
treated and analyzed on relevant inorganic compounds.

The main purpose of this treatment is to see whether this is a
possible approach to distinguish between inorganic and organic

acids in water.

2.3 Toxicity tests with fish

Using Atlantic salmon {(Salmo Salar L.}, about one half of the

samples are tested regarding fish toxicity {(see table 7).



In these fish/water studies the toxicity of water is compared
before and after membrane-dialyzation.

The screening test involves one liter of water, in which the
survival of two small fishes (Atlantic Salmon about one gram

each) is studied during a 96 hour period.

2.4 Samples

Hellerudmyra is a highly coloured water from a marsh area
outside 0slo. This water source has been extensively used
in our humus research during the last twenty vyears, and is
apparently not affected by acid precipitation to any great
extent. This water has also been the base for the Nordic

Reference Humus and for the "NIVA-concentrate” (see table 3).

The water used in the present experiment 1s the same water
as that used for the isolation of the “Nordic” and the "NIVA-
concentrate”.

Artificial acidification is performed by adding either

concentrated HCl or concentrated H2804. The Hellerudmyr-water
is acidifled to below pH 2 and stored for 24 hours before
dialyzation.

"Egil” and "Kim” are samples from the RAIN-project-area at
Risdalsheia, an acidified region in southern Norway.

"Kim" is water from the outlet of a small "roofed” catchment
where all the acid is removed from the collected precipitation,
before it is sprinkled back into the catchment.

"Egil” is the water from the reference-area, where the
collected acid-precipitation is sprinkled back to the catchment
without any treatment.

Artifticial salt-solution is prepared from the following in-

organic salts {(regarding chemical composition of the solution
see table 8. NacCl, N32804' Ca(NO3)
K_S0 , H_ S0 .

2 4 2 4

. 0, M . )
2 4H2) g SO4 7H20



3. RESULT

3.1 Uv_ -~ Hdod—treatment

Seasonal samples from Hellerudmyra are compared. These four
samples are also compared with one sample from "Egil”™. The

results are summarized in table 1.

In general this treatment mineralizes essentially all the DOC
(977).

Comparing the pH in the water-samples from Hellerudmyra, with
the pH of the sample from the Egil-catchment, it appears that
essentially all the organic acid is removed from the
Hellerudmyr samples whereas UV/HZOZ—treated "Egil" retains a
considerable concentration of H -ions.

With regard to aluminum this oxidation treatment removes most
of the reactive aluminum {(RAL) from Hellefudmyr—water. however
little from the Egil-sample. All the "non labile” aluminum
{ILAL), which consists of organically bound complexes, 1is
removed, which is agrees with theory.

It should be emphasized that both the concentration of sulphate
and in particular the concentration of nitrate are increased
after oxidation with UV/HZOZ' This increase might partly be
due to organic nitrogen and sulphate connected to the humus
molecule, but also due to a "complexation” of nitrate and

sulphate to the humus molecule.

3.2 Dialvzation

The "membrane performance” is illustrated on figure 2. The
dialvzation paﬁtern on humus water (Hellerudmyra) is compared

to salt and mineral acid solution.

According to the membrane specification (SPECTRATOR membrane
tubing, SPECTRUM Medical Industries Inc.) the dialyzing tube

operates in the molecular weight range of 12 000.
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The change of conductivity of sample with time of dialyzation.
The results suggest that SO‘—ions generally are "held back” by

the membrane to a greater extent than the other inorganic ions.
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As can be seen from figure 2 the discrimination of molecules
is not only a matter of molecular size; most probably there 1is
also an electrical charge effect, or a combination of size and
charge. The results given in figure 2 indicate that sulphate
ions are more resistant to penetrating the membrane than other
anions, such as chloride. This again suggests that this
artificial membrane surface, as natural membrane surfaces,

has a net negative charge.

The chemical data of Humus water from Hellerudmyra, before

and after dialyzation, are given in table 2 and table 3.
Table 2 represents samples from four seasons and table 3 is
based on water, sampled in July 1986. The results given in
table 3 are partly "natural” Hellerudmyr-water, partly arti-
ficially acidified (HC1l or H2804) and partly reference humus
{Nordic fulvic acid and NIVA concentrate (before and after

dialyzation}.

Comparing column 6, 7, 8 and 9 in table 3, which is the same
water dialyzed {(and analyzed) in four different runs, there is
generally good agreement in pH (H+), conductivity, aluminum
and weak acid, regarding degree of retainment. The discrepancy
regarding the other components is partly, probably mostly,

due to analytical errors.

The middle section of table 3 represents acidified water from
Hellerudmyra {using HCl or HZSO4), before and after dialyzation.
As it appears from fig. 2 the dialvzing patterns are very
different, comparing HC1l and stok. In addition to Cl and SOQ
it is in particular the pH of the dialysates that are
significantly different; it should be emphasized that there is
lack of agreement between the concentration of H' of the

dialyzed "H2304~sample" and conductivity.

The right section of table 3 represents reference humus, the
“Nordic fulvic acid reference humus” and "NIVA-concentrate®.
The former is isclated according to internationally accepted
procedures, which inveolves adsorption of the organic matter to
a synthetic adsorbant (XAD-8) and the "NIVA-concentrate”, which
is organic matter isolated from the same water as the “"Nordic
reference humus”, however, by evaporation of membrane filtered

water {(0.45 pm) at reduced pressure and 30 OC.



Comparing the dialysates of the two "Reference humics,” the
iower content of weak acids of the "Nordic reference fulvic
acid” should be emphasized. It is also remarkable that both
dialysates, as also the dialysates of the "normal”
Hellerudmyr-water, contain a significant amount of strong

acids.

In table 4, 5 and 6 are the results of membrane filtered and

dialyzed samples from the "Egil-area” (reference area of the

RAIN-product at Risdalsheia) and the "Kim-area" (the catchment

at Risdalsheia where the acid precipitation is removed). These

are samples taken during summer and fall 18986, In general the
results suggest relatively large differences between the samples.
As the duplicate runs {(column 168 and 17 in Table 4, and column

31 and 32 in Table 6) show essentially the same results,
indicating reasonably good reproducibility, these differences

are probably due to changes with time in the chemical

composition; implying that there are episodic changes.

Neither "Egil nor Kim” {(with a few exceptions) have any strong
acids in the dialysate, in contrast to the sample from
Hellerudmyra. As the biological "activity” of these waters is an
essential part of the acidification problem, the toxicity of
several of these waters have been tested, using fish. The results
in table 7 indicate the time of survival. The dotted line

indicates: 1 fish still living.

4. DISCUSSION

4.1 UV/H O

The oxidation process involved in this treatment, removes
essentially all the organic matter.

Comparing the four seasonal samples from Hellerudmyra {(table 13},

the pH increases to above 5.8 {from less than 4&.5). This
suggests that organic acid dominates the acidic properties of

these waters.



With regard to aluminum the results in table 1 show that the
"nmon labile aluminum” (ILAL) is "removable”, and suggests that
most of the aluminum 1is hydrolyzed.

Comparing the anions chloride, sulphate and nitrate, before
and after oxidation, it appears from table 1 that there is a
general increase after UV/Hzoz—treatment. For the summer-humus
containing more than 22 mg of carbon pr. liter the increase in
sulphate concentration is in the range of 15 peqg/l.

This might be organic sulphur oxidized to 504, 804 "complexed”

with humus or sulphate liberated from a “sulphonic humus ester”.

With regard tao the NO3 increase this is most probably due to

oxidation of organically bound nitrogen.

The one sample from the "Egil-area” (ref.catchment at
Rindalsheia), gives oxidation products which are similar to the
Hellerudmyr-samples except from the pH. The pH of the oxidized
sample from this acidified area is 4.8, which is more than a

pH unit lower than in Hellerudmyr-water, indicating 15 ueqg/l of

mineral acids.

4.2 Dialyzation technigue

The size of the pores of the dialyzing membrane is, according

to the specification, equivalent to a molecular weight in the

range of 12 000. Theoretically inorganic salt solutions should
therefore easily penetrate through.

As shown in figure 2 this is not the case. It appears from the
figure that CaCl2 and HCl penetrate relatively easily, whereas
NaZSO4 and the mixture of salts (see table 8) are resistant to
penetrating the membrane.

Comparing the chemical composition of dialyzed inorganic salt-
solution with that of natural water (Hellerudmyra) the results
are relatively similar.

It should be emphasized that there are several uncertainties

connected with the analytical results, as there is an ionic

inbalance, particulary for the dialyzed inorganic salt solution.

10



Nevertheless, the performance of the dialyzing tube was
unexpected regarding inorganic salts; in particular the pene-
tration of sulphate ions, appeared to be slow. This suggests
that the membrane surface has a negative charge, resulting in
a rejection of anions. As SOk—ions in aqueous solutions are
relatively large, they are rejected to a greater extent than

for instance the smaller chloride ions.

However, 1n spite of these unexpected properties, it is important
to emphasize that cell membranes as such also generally have a
negatively charged surface, so that the dialyzing experiments are
valuable in interpreting the biological implications of surface

waters containing humic substances.

4.3 Acidified surface waters

4.3.1 "Egil"~-area

Samples from the "Egil-area” are representative for humus water
from acidified waters. It appears indirectly from table 4 and

5 that in spite of pronounced differences in H' —concentration

{50-160 peg/l) in the membrane filtered waters, the resulting
H+—concentration in the dialyzed water is relatively constant
(10-20 ueg H+/l). Sulphate in the sample-fraction that passes
the dialyzing membrane also varies considerably (11-86 /1, or
L-104 yeqg 804/1). The SO4mconcentraticn in the dialyzed sample
is also relatively constant (28-62 ueq 504/1, with exception
of one valus). However, as indicated earlier, there are
generally remarkably high concentrations of sulphate in the

dialyzed waters.

With regard to the penetration of SO4 through the dialyzing
membrane, a comparison of the results of the synthetic solution
{see fig.2 and table B) and the "Egil-water sample” (for

instance No.23-24) reveals some interesting considerations:



Of the 304 in the synthetic water, only 2371 (1.4 mg 804/1) has
passed the dialyzing membrane at "steady state”, whereas 1in
the natural sample more than 607 (4.5mg 304/1) has passed the
membrane under the same experimental conditions. This may
imply that SO4 is "helped” to the membrane when natural water

is dialyzed, possibly together with the organic matter.

The aluminum results are very complex and confusing.

Generally 507 of the total aluminium passes the dialyzing
membrane, whereas roughly 1/4 to 1/2 of the labile form
penetrates the membrane.

The lack of "persistent” aluminum results, reveals the com-
plexity of the aluminum chemistry: During the dialyzation the
chemistry will gradually change, and the pattern of these
changes will depend on the chemistry of the original water.
This implies that the concentration gradients of the different
aluminum species during the dialyzation will differ and conce-
guently the amounts that are penetratable through the dialyzing

membrane depend on numerous conditional factors.

fssentially all the strong acids in the "Egil”-samples

apparently penetrate through the membrane, suggesting
that all mineral acids are removed from the dialyzates.

With regard to the weak acids the degree of penetration through

the membrane varies considerably. In spite of the fact that
the concentration of weak acids in the original samples is
relatively constant, the degree of retainment by the membrane
differs significantly. Any attempts to correlate these

differences with other parameters have so far failed.

£,3.2 "Kim"-area

These samples are from the deacidified area at Risdalsheia,

the area where the acids i1n the precipitation are removed.

12
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PH in the dialyzed samples from the "Kim"-area 1s not
significantly different from that of the "Egil“"-area (in the
range of 4.6 - 5.0).

The sulphate in the original samples from the "Kim"-area does not
vary to any great extent (with one exception, within 2.0 - 2.7

mg 804/1), in contrast to the samples from the "Egil”"-area.

Only 1/4 the sulphate penetrates the membrane. Presently

it is not known whether this resistance to dialysis is due

to low concentration gradient, charge phenomena or humus

complexation.

4.4 "Egil"-~area/"Kim"-area/Hellerudmyra

Chemical composition before and after dialyzation.

b .4, 1 H+—strong and weak acids

In table 8 the results of the three different sample-types are
summarized.

More ﬁ: and almost all strong acids (SA) are removed from the
naturally acidified water-samples compared to water from
Hellerudmyra where only 507 SA is removed. With regard to the

total content of strong acid, the samples from the acidified

areas do contain about twice as much as water from the less
acidified area (Hellerudmyra). Comparing the content of weak
acids in these two sample-sets, it appears from table 9 that
there are insignificantly less weak acids in the water from
Hellerudmyra. However, by relating the content of weak acids
to that of organic matter (00C) the results indicate that
"Egil"-water contains two times more and "Kim"-water about

1 1/2 times more than Hellerudmyra. The same ratios are

apparently valid for weak acids in dialvzed samples.
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4.4.2 Aluminum

Significantly less aluminum passes through the dialyzing
membrane in water from the "Kim"-area compared to the sample
from the "Egil“-area.

With regard to RAL (Reactive aluminum) the results indicate

a relationship between percent of membrane penetrateable
aluminum and pH in the original water. In water from Hellerud-
myra no LAL {(Labile aluminum) apparently passes the membrane,
whereas in acidified water ("Kim” and "Egil") significant

amounts of LAL penetrate the dialyzing membrane.

4.4.3 Sulphate/chloride

0f the major anions, nitrate and chloride behave differently
with regard to penetration through the membrane compared to the

divalent sulphate. However, there is no significant difference

between the three sample sets ("Hellerud”, "Egil” and "Kim")} in
this respect. Generally most of the univalent anions (Cl and
N03), passes the dialyzing membrane, whereas more than 1/2 of

the sulphate is retained.
As indicated earlier, this difference in behaviour might be due
to charge phenomena, molecular size or due to an association

between sulphate and the humus molecule.

4.5 Artificially acidified Hellerudmvr water

The results from dialyzation of acidified humus water given
in table 3 and in figure 2, clearly show that the addition of
mineral acids to humus water does change the dialyzation
behaviour dramatically and also the nature of the final dia-

lyzation product:



Comparing HCl acidification {for instance, sample no 56, with

dialyzed natural sample no 54), it appears from table 3 that

all the components, including D0OC and 804, pass the membrane
to a significantly greater extent. There are several possible
explanations for these important findings:

1. The molecular size of humus is reduced; the difference in
DOC retainment between natural and HCl acidified water 1is,
however, not remarkable (18.4 versus 16.1). This indicates
that the transport of ions through the membrane is
probably not by means of the organic matter.

2. The acidification results in a release of humus complexed
cations; particularly Mg, ILAL and Fe apparently pass
the membrane more easily.

3. The negative charge of the membrane-surface might be

reduced (so also the charge of the humus molecule).

The conductivity of the HCl-sample (figure 2 "Hellerudmyra
55/56") apparently levels off at the same value as the

natural sample, however, at a longer dialyzing time.

Comparing the dialyzing pattern of the H2804—acidified humus
water, with that of HCl-acidified humus-water (figure 2},

"Steady state” is apparently not reached after 6 days!

With regard to the composition of the final dialyzation product
of this stO4 treated water sample, it appears from table 3
{sample no 58), that except for sulphate and DOC the results
are not remarkably different from that of the HCl-treated
sample {sample no.54). The relatively high concentration of

SO4 is probably due to, as indicated earlier, charge effects

on the membrane, as the concentration of 804 in the dialysate
is relatively high even at a late stage of the dialyzation

run when the pH is relatively high.

i



L .6 Toxicity tests

As expected “"Egil and Kim”-water (from Risdalsheial} are
generally more toxic to yearlings of salmon than Hellerudmyr
water. It can also be seen from table 7 that the waters are
less toxic after dialyzation; which also should be expected.
These experiments indicate, however, some results of
significant importance: Dialysates of the most acidic waters
{sample 33, 31, 29, 27, 23, 19 and 11} are apparantly more
toxic than dialysates from less acidic samples.

It should also be pointed out that in 5 of these 7 apparantly
toxic "dialysates” there has also been found a significant

amount of strong acids.

5. CONCLUSION

* UV/H202 - treatment of natural water removes essentially
all the organic matter. The composition of the "residual”,
such as pH, show differences between water from acidified
and less acidified areas. This may indicate differences in

the mineral acid/organic acids ratio.

* Membrane dialvzation, based solely on concentration gradient
{sample/destilled water, without pressure) gives satisfactorily
reproducible results and is apparently a more useful technique
than most other dialyzation methods for estimating passage of

compounds into organisms.

* Acid and acidified samples penetrate the membrane used more

slowly than less acidified samples or deacidified samples.

*x A1l the strong acids {(SA), and most of the labile aluminum
{LAL) pass the membrane from "natural” acidified waters.
In contrast, only 50 per cent SA and essentially no LAL

penetrate the membrane from the less acidified samples.

o1
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x There 1is no significant correlation between weak acids (WA)

and DOC, either within sample types nor all samples considered.

* The sample from the acidified area apparently contains more
weak acids (WA} per mg carbon {(min, 20 peqg/mgC) than samples

from the less acidified area (13 peg/mgC).

* As the sulphate concentration per mg carbon in dialyzed
samples are significantly higher in the acid waters compared
to the less acidified, the results may suggest that the
sulphur reacts with the humus, to form a "sulfonic humus”

having 2 lower pK-value.

* Toxicity tests, using fish, suggest that dialyzed samples
from acidified areas are more toxic than samples from less

acidified areas.

5.1 Summary

Samples, containing humic substances, from an acidified area
have been compared with corresponding samples from a less
acidified area. Samples from a deacidified area (RAIN-project)
and artificially acidified humus samples (laboratory acidified)
are also included.

The studies are based on an equilibrium-dialyzation, using
artificial membranes. The waters are thoroughly characterized
before and after dialvyzation. In the studies are also included
toxicity tests of dialvzed and undialyzed water.

A potencial method {using UV/HZO2 mineralization) for
estimating the content of mineral acids in waters 1is described.
The description of a modified method for the determination of

weak and strong acids 1is also included.



The results suggest that the artificial dialyzation tubes have
a negative surface-charge in the actual pH region, which hinders
the penetration of anions, such as SOQ. However, as these
properties are typical also for natural membranes, the
technique may be valuable for the interpretation of biological
etfects.

Equilibrum dialyzation of three types of samples: acidified,
non-acidified and deacidified humus water, show that even with
considerable variance in the pH of the original samples, the
pH of the dialvzed "product” are remarkably constant (pH 4.7
to 5.01.

The content of strong acid {(SA) is, as expected, much higher
in the water from the acidified area. In contrast to the non-
acidified waters, the dialyzation removes almost all the SA
from these waters.

In the dialyzed water of the non-acidified sample, there are
apparently insignificantly less weak acids (WA)}. However, when
related to DOC, the WA-content is one half compared to the

acidified water.

Labile aluminum {(LAL, the potencially most toxic Al-fraction to
fish) does not penetrate the membrane from non-acidified waters,
whereas in acidified waters, a significant fraction of LAL

penetrates through the membrane.

Sulphate dialyzes differently compared to the other major
anions, indicating a chemical assocciation with the humic

substances.

The fish toxicity of dialyzed acidified humus water is
apparently higher than the corresponding non-acidified waters.
The chemical parameters used to describe differences in the
chemical composition of the various water samples, are

apparently not sufficient to explain why this may be so.
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Table 1.

from Hellerudmyra and “"Egil area”.

Membrane filtered (MF: 0.45 um) and Mineralized (UVIHZOZ) samples

HELLERUDMYRA "Egil” - catchment
{less acidified area) acidified area
Winter Spring Summer Fall Fall
MF UV/H202 MF UV/H202 MF UV/HZG2 MF UV/H202 MF UV/HZO2
conc, pegjconc, peqglconc, peglconc, peqgiconc, peqlconc, peéqg|conc, peqiconc, peqlconc, peq|conc, peq
/1 /1 /1 /1 /1 /1 /1 /1 /1 /1
pH 4.531 29 l6.20 0 [4.51] 31 [5.84 1 ]4.35] 44 [6.79 0 14.37] 43 ]5.91 1 14.001100 14.82] 15
mS/m COND 2.117 - ]1.82 - 12.15 - 11.34 - 12.88 - 11.58 - 13.28 - 12.04 - 11.19 - 14.38 -
ug/l Fe 300 - 190 - 260 - 180 - 713 - 530 - 306 - 195 - 240 - 220 -
ug/l Mn 21 - 15 - 15 - 15 - 13 - 12 - 17 - 12 - 12 - 18 -
mg Pt/Color] 105 - 10 - 107 - 8 - 242 - 16 - 133 - 7 - 15 - 2 -
mg/1l Ca 1.131 86 [1.16] 58 10.78] 40 l0.79] 39 [1.01] 50 [t1.00] 50 |1.30] 65 |1.30] 85 j0.46] 23 Jo.49] 25
mg/1l Mg 0.25| 21 ]0.24f 20 {0.16] 13 jo.18] 13 jo.18] 15 lo.18] 15 lo.27) 22 lo.26] 21 |0.36 30 }0.38] 32
mg/l K 0.07 2 10.09 2 [0.20 5 |0.4 5 10.03 1 106.03 1 10.07 2 10.18 3 }0.39] 10 [0.39] 10
mg/l Na 1.01} 44 11.050 46 |0.64] 28 [0.63! 27 [0.75] 33 ]0.72] 31 [0.98] 43 [1.02]{ 44 {2.62{114 {2.69{117
ug/l Al 298 - 215 - 185 - 159 - 380 - 381 - 318 - 200 - 590 - 450 -
ug/l RAL 235 - 25 - 155 - gxx - 304 - 46 - 268 - 19 - 500 - 390 -
ug/l TLAL 183 - Oxx - 114 - Q%% - 271 - Q*x - 204 - O** - 218 - gxx -
ug/1l LAL 52 & 25 3 &1 5 gxx - 35 4 [3:] g 64 7 19 2 28217 N 390 43
mg/l C1 1.3 37 1.5] &2 1.51 42 1.6) 45 0.7] 20 0.9§ 25 1.3] 37 1.3} 37 2.61 13 2,71 75
mg/1 SO‘ 3.81 73 3.7 17 3.5( 73 3.6 11 1.57 31 2.27 48 £.81 96 4L.51 94 4,41 92 L.87100
g N/1 NO3 15 1 83 7 g 1 82 8 7 1 54 4 5 g 91 T | 620] &4 685 49
mg C/1 DOC [11.8 - 8.3 - 9.4 - 0.2 - 122.9 - 0.5 - 113.9 - 0.5 - 9.4 - 0.6 -
I/cm UV-abs{0.49 - |0.00 - 10.4¢% - {0.00 - {1.09 - |0.08 - 615 - 10.00 - §0.39 - 10.00 -
ACID
L cations - {158 - 1129 - 1122 - 85 - 1147 - j102 - 1182 - {136 - 1308 - 1242
I anions - 1t - 11286 - j1186 - 1122 - 52 - 75 - 1133 - j138 ~ 1209 - 1224
Deficit - 47 - 3 - § - 1-37 - 95 - 27 - 49 - -2 - 29 - 18
Cx%) ¢10=0




Table 2. Membrane filtered (MF: 0.45 um) and Dialyzed (MW 12.000} samples
. from Hellerudmyra and "Egil area”.
Column No 2 3 & 3
HELLERUDMYRA “E£gil" - catchment
{less acidified area) acidified area
Winter Spring ~Summer Fall Fall
MF*) Dial MF*) Dial MF* ) Dial MF*) Dial MF*) Dial
conc, ueqglconc, uweglconc, peglconc, pegfconc, peqlconc, pegjconc, pegjconc, pegjconc, ueqjconc, upeq
/1 IR /1 /1 /1 /1 /1 /1 /1 /1
pH 6.530 29 14.911 12 14.51] 31 [4.87] 14 14.35] 44 14.87] 21 14.37) 43 14.867 14 14.001100 ;4.78; 14
mS)m COND 2.77 = 10.94 - 12.15 - 10.94 - 12.88 - 11.43 - 13.28 - 11.10 - {7.19 - 111 -
ug/l Fe 300 - 260 - 260 - 310 - 713 - 630 - 3086 - 290 - 240 - 178 -
ug/l Mn 21 - 10 - ]5 - 9 - 13 - 3 - 17 ~ 8 - 12 - 4 -
mgPt/Color 108 - 104 - 107 - 120 - 242 - 219 - 133 - 124 - 75 - 48 -
mg/l Ca 1.13] %6 10.50] 25 Jo.78] 40 (0.46] 23 {t1.01] 50 |0.68] 34 {1.30] 65 [0.57] 28 |0.46] 23 {0.19] 10
mg/l Hg' 0.25] 21 {0.09 7 10,167 13 008 7 10.18] 15 j0.12 g 16.27) 22 (0.1 9 [0.36) 30 {0.11 9
mg/l X 0.087 2 [0.02 1 ]0.20 5 |0.05 1 10.03 1 10.01 g i0.07 2 10.04 1 10.391 10 {0.05 1
mg/1l Na 1.01] 44 [0.13 6 |0.64] 28 [0.13 6 {0.751 33 10.13 6 10.98; 43 0;15 7 §2.62)114 (0.28] 11
pg/l Al 298 - 240 - 185 - 205 - 380 - 347 - 318 - 258 - 590 - 263 -
Vugli RAL 235 - 178 - 155 - 146 - 304 - 283 - 268 - 197 - 500 - 219 -
ug/l ILAL 183 - 112 - 114 - a9 - 271 - 224 - 204 - 131 - 218 - 158 -
ug/l LAL 52 6 66 7 &1 5 57 6 35 3 538 7 684 7 66 7 2827 31 63 7
mg/l C1 1.3] 37 6.2 6 1.5] 42 0.1 3 g.7] 206 0.1 3 1.31 37 n.n 0 2.6} 13 0.2 6
mg/l SO‘ 3.5¢ 73 1.1] 23 3.5 73 1.1 23 1.5 31 0.5; 10 4.61 86 .1 23 L.41 92 1.71 38
g N/1 NO3 15 1 3 0 9 1 3 0 7 1 8 1 5 g 7 1 620} &4 5 i}
mg C/1 DOC [11.8 - 7.3 - 9.4 - 5.3 - 122.% - |15.3 - 113.9 - 1108.5 - 9.4 - 4.8 -
I/cm UV-abs|0.49 - 10.3% - 10,44 -~ 10.33 - {1.08 - 10.85 - 10.862 - 10.43 - 10.38 -~ 10.23 -
ACID
I cations - |158 - 58 - 1122 - 57 - 1147 - 77 - 1182 - 66 - 1308 - 52
I anions - 11 - 29 - 1116 - 26 - 52 - 11 - 1133 - 24 - 1209 - 41
Deficit 47 - 29 - § - 31 - 935 - 66 - 49 - 42 - 99 - 11

%] Membrane filter

{0.45 um}
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Table 5. Membrane filteved (MF: 0.45 um) and Dialyzed (MW 12.000) samples
from "€gil-area” {"natural acidified”). 7 denotes; per cenkt
passage through dialyzing membrane.

Column No 26 27 o 28 o
sampre Wo | 41 | 4z | | w1 | e 9 50
MF DIAL i &; DIAL 1 MF b;;L

conclueglconclueqg canclueqg|concueg canciyeg|conclueg
pH 4.05] 901{5.13 81 9114.06] 87]4.95%] 11 8714.03] 93!5.03] 10
;S/m COND 8.05 - 11.29] - 841T.411 - 11.36] - 82 8:;7 - i.BD
g/l Fe 148 - Ge| - ;%MQ;BS - 1261 - -32 ‘:;6 - TAL -
g/l Mn - - -~ - - - - - - - -
mgPt/Color 56 - 471 - 16 T2y - 61] - 15 53) - 38] -
mg/l Ca 0.52( 2610.47] 23] 10]0.39 {9 0.281 14§ 28 O:ZEMKZB 0.33 12
;;;IWMQ 0.421 35/0.18}] 15{ 57(0.23] 27{0.19] 18] 42 0.4;” 36]0.22) 19 0
mg/1l K 0.50( 13(0.10 Jp 80j0.461 12]0.09 2y &0 O.Bé”w;g 6?68 ; o5
mg/l Na 2.831123[0.30] 13} 89]2.65[115]0.35]| 15| 87(3.30]144]0.33] 14

et ARSI A S § .

Hg/1l RAL L430 - 1170 - 607 385} - 210) - &5 4407 - 194
worvtial | se |- e | - | of o] - | ves| - | o] s ¥
Hg/1 LAL *){336 37 71 81 78] 267 30 851 9 68 3491 391 100 11
mg/1 €1 £.8113581<0.1 21 99] s5.71161)<0.11 2 991 6.8119¢1<0.1 2
;;/1 S;#"’”* G.2j129) 2.5] 52) 60 4.5 'U;‘ 2.?4 45_"45 “g"g 117 2.7 56 52
pg N/ NO3 §30 ';S 6 01 99} 5751 41 4 0] 991 71251 H2 A ] ¥
mg /1 DOC 6.4 - 5.51 - 140 7.71 - 6.1y ~ 211 5.91 - 3.8
- — S I S . e .
I/cm UV-absi{.284) - }.221] - 221.331¢ - L2751 - 161 .224) - [.113
Emcations - 32;%Mif~”;g‘m%8 - 12490 —»:. 657 ?; ““; 3;8 - 72
I anions - 1330 - 541 84 - 1236 - 591 80 - 1381 - 58
Deficlit - -6 : 16 ‘thVw'j‘ ”i & : 14
e e e i S U VNSRS SRR NN L e

¥} RAL - ILAL
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Table 8. Composition of a salt solution and sample from Hellerudmyra
{July -886) before and after dialyzation.

Sample 61 62 “““”“ggW“ - 60
Galt solution Hellerudmyra
B MF DIAL MF DIAL
conc jueg/llconc lueq/llconc lueg/llconc |peq/l
;:kHWNW”MWMWw .22 60 4 .88 13 4.39 &1 4.91 12
EOND ~;S/m - .14 - 1.75 - 3.03 - 1.76
Colour mg ;t/l - - - - 168 - 176
EGf mg C/1 - - - - 19.6 - i2.5
Fe ug Fe/l - - - - 570 - 480
Z; mg Ca/l 0.27 13 0.07 3 1.15 57 0.98 '“;;'
Mg mg Mg/l 0.32 26 0.25 21 0.24 20 0.24 20
JLAL —j ‘- - : - 190 - 196
YT R B R R RV PR P
K“» “““";;‘;;j;* .29 T 0.08 g 5H§; i .07 L e
Q; mg NA/L 1.88 8£ M;isi 22 1.09 ”%7'”"0;65“‘é8"”
304 my So‘/l 5.9 123 4.5 94 1.9 “;5 W;iﬁ 31
NO3 pg N/1 b4 3 2 - 2 : 5 -
Cl mg C1/1 2.4 68 <0.1 2 1.7 48 0.8 23
e e e et et e . o e e [UUEENUNES NN
UV abs. I/cm .60 - .00 - .91 - 0.87 -
L cations 188 61 175 M 116
L nnanions 194 Q;ﬁﬁ‘ - 8;””» | 54




Table 8. Mean values from all tables (except for ionbalance,

71 denotes; passing through membrane.

see foot notes}.

HELLERUDMYRA EGIL, Samples
corresponding with KIM
MF DIAL MF DIAL DIAL DIAL
1) 3) 5} 6)
conc conc [ueq 1 jconc yeq 4 ueq conc conc jueq 1
/1 /1 /1 /1
pH .38 4.84% t4] 67 (4.03 141 85 15 3.88 4.92 12} 87
mS/m Cond 2.92 1.33 - 54 16.50 - 78 - 7.35 A1 - 81
ug/l Fe 549 528 - L3 227 - 26 - 148 101 - 32
pg/l Mn L3¢ 23 - - <20 - - - <20 <20 - -
mgPt/Color 175 170 - 3 94 - 14 - 66 56 - 15
1 1 3 g 6
mg/l Ca 1.09 0.63 311 42 10.46 131 43 18 0.47 0.38 197 21
mg/l Mg 0.26 0.14 91 46 10.39 151 53 16 0.408 0.18 18] 52
mg/l K 0.081 0,021 g1 15 0.473 2! 83 3 0.50 0.09 2] 82
mg/1l Na 1.03 0.33 91 70 [2.46 13] 78 17 2.863 0.53 14 88
ug/l RAL 2651 249 - 6 4393 - 55 - 421 1888 - 56
1 3 &
yg/l ILAL 211 176 - 17 130 - g - 39 104 - 0
1 1 3 8
ug/l LAL 55 73 0 309 9! 74 11 322 82 91 75
mg/l C1 1.48 0.38 L1 T4 14.03 3 93 . <3 5.2 0.1 <3] 88
mg/l SO‘ 3.01 1.63 331 48 (5.186 48] 55 52 5.2 2.5 52} 52
ug N/1 NO3 9 3 0 87 482 0 99 0 580 4 0 99
1 1 N 3 3
mg C/1 DOC [15.9 11.6 - 27 6.0 - 24 - 6.5 5.2 - 20
I/cm UV-abs|.720 550 - 24 450 - 24 - 333 264 - 21
2 2 4
umol/1l Strong 37 19 (4931 717°) 94
acid 3 STy I B TR = e - — et
umol/1l Weak| 282 222 {21)] 248 2 247
[ cations - 72 - 63 78 69
L anions - 25 - 51 54 52
Deficit &7 12 24 17
1} Column No 1, 2, L & 9 3) column 5, 27 & 28 32, 34
2} column 6 & 8 4) " 5 26{x2), 28
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