CHERNOBYL RADIONUCLIDES IN THE ENVIRONMENT:

Tracers for the tight coupling of atmospheric, terrestrial

L INTRODUCTION

Radioactive fallout from the buming
Chernobyi reactor was measured during
May and June 1986 all over the
northera hemisphere, even though, at
times, activities were at extremely low
levels, The attention given in each
country to the radioactivity measure-
ments as a basis for estimating dose
rates to man, and the relative ease of
measurement of radionuclides, allowed
scientists to follow the journey of the
radioactive cloud around the world. The
accidental release of radioactivity provi-
ded a striking demonstration of the fact
that all trace contaminants, radioactive
and non-radioactive, can be transported
within days from one country to
another via the atmospheric and aquatic
conveyor belts. The radioactive fallout
from the reactor accident in Chernobyl
provided a pulsed release to the environ-
ment; as such, this pulse presented a
good opporfunity to study transpori
processes in atmospheric, terrestrial and

aquatic reservoirs, as pulse inputs of ra-

dionuclides to the environment can be
used to study physical (e.g., 3H), che-
mical (e.g., 54Mn) or biological (e.g.,
14C) or hydrological (e.g., *H [1]) proc-
esses operating in a particular system,
Understandably though, most of the at-
tention was given to the dose rate
aspect of the accident, i.e., the transfer
of Chernobyl radionuclides to man and
relatively little to the geochemical beha-

and aquatic geochemical processes

Peter H. Santschi

vior of the nuclides.

The purpose of this articie is threefold:
1} to demonstrate, using selected radio-
nuclides from the Chemobyl fallout as
tracers, the tight coupling between the
movement of water in the atmospheric,
terrestrial and aquatic reservoirs in the
Zurich area : .

2) to show which processes influence
the rates of migration of radionuclides
in the environment and transfer to man
(fig. 1), and

3) to indicate the extent to which the in-
formation on the Chemobyl radio-
nuclide pulse agrees with what has be-
en learned from previous studies of

bomb fallout nuclides and releases from .

previous reactor accidents. While some
-of the radioactivity measurements repor-
ted here were also made by & number of
other groups, the radionuclide mobility
studies in atmospheric and aquatic
systems, carried out by research teams
of the Atmospheric Physics Section of
ETH, the Federal Reactor Institute
(EIR), the Inorganic Chemistry Institu-
te of the University of Berne, and of
EAWAQG, are unique.

2. METHODS

The gamma-ray emitting Chernobyl ra-
dionuclides were determined on solid
state detectors (Ge-Li, and high-purity-
Germanium) in samples from surface,
drinking and groundwaters, sewage
treatment plants, air filters, total preci-

pitation, dry fallout, sedimenting par-
ticles from Lake Ziirich caught in sedi-
ment traps, fish, grass, milk, salads
and vegetables. In selected samples, be-
ta-ray emitting 908r and 39Sr activities
were determined as well [2]. Detector
geometries were calibrated  with
standards of the appropriate radionuciide
in order to circumvent summation cor-
rections.

The deposition rate was measured in

. special collectors for total precipitation

and for dry deposition, either on con-
secutive days or as the total over the
fall-out period. Dry fallout was coilec-
ted in pans filled with 2 thin layer of
distilled water, open to the atmosphere
only during times of no precipitation.
Because surface water concentrations of
137Cs  soon became unmeasurably
small with direct counting techniques
on 1 liter samples; 137Cs had to be pre-
concentrated from 1-30 liters by ion ex-
change before measurement.

3. CHEMICAL FORM OF THE
NUCLIDES IN THE ENVIRON-
MENT

The composition of radionuclides found
in the radioactive Chernobyl cloud in
Switzerland was determined by the fol-
lowing factors (fig. I):

a) The asymmetrical fission yield of
233U which favors nuclides with neu-
tron numbers near the "magical” num-
bers 30 and 82;
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Release, transport, fractionation, deposition and dose concept of Cherno-
byl radionuclides. The activities are expressed in units of disintegrations
per seconds [1 dps = I Becquerel (Bq) = 27 Picocurie (pCi) =27 x 1042
Curie (Ci}]. The radiation exposure measured in air {unit: 1 Roentgen
= 16102 ion pairs formed per g air | can be detected in an electri-

100 Rad] are responsible for mutagenic and cancerogenic effects.
Daose concept: An equivalent dose can be calculated for organs, whole body and for whole populations for present and, in case of
fong-lived nuclides, for future generations. In order to calculate an equivalent dose to man, one multiplics the number of Grays

2

EAWAG-NEWS 22/23 (1987)



by the relative volaiility of the ele-
ments or their oxides at 1500° C, the
burning temperature of the reactor
graphite [4], and
c)by fractionation
processes in air.
Based on thermodynamic reasoning, the
following chemical forms or oxidation
states of selected Chemobyl radio-
nuclides are likely: Cs‘z' Bal+ L‘s(III)
Ce(IV), Nb(V), MoO,2 TcO , HTe-
o%. For 1311 ang ! 3Ru, for whlch it
is also possible to postulate meta-
stable forms, the following species or
oxidation states are possible: Ru042",
Ru(HI), Iy, CH3L I" and 103 . The spe-
ciation of the radionuclides was partial-
iy established in the burning reactor by
the chemical and physical conditions
there, which allowed the production of
the volatile species 12 and RuQy4. The-
se proposed species or oxidation states
are consistent with:

1) the observed behavior of the Chemo-
byl radionuciides in laboratory extrac-
tions by ion exchange and activated
charcoal columns and by precipitation
reactions; and

2) the observed nuclide mobility in the
environment: uptake by and washout
from soils and plants, and the
groundwater infiltration behavior.

and . deposition

4. RESULTS
SION

AND  DISCUS-

4.1 Washout of the atmosphere
by rain, fog and dew as the de-
termining factor in the deposi-
tion of the Chernoby! radionu-
clides,

The concentrations of selected radio-
nuclides collected in Diibendorf in air
filters (Fig. 2), were similar to those in
the rest of Switzerland [2], France and
Germany, and only a little less than
those measured in Sweden [3]. The de-
position rates were, however, very diffe-
rent in different parts of Switzerland
and in Western Europe. This was main-
ly caused by the unequal rainfall during
the transit of the radicactive cloud.
Nuclide deposition in Switzerland was
particularly high near Lake Constance
and in southern parts of the Canton of
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Radionnclide activities _in_air _filter

- samples in Diibendorf collected with a

hich volume sampler at 960 nid-1
flow rare (NABEL-Station).

Tessin (e.g., over Lake Lugano). The
high efficiency of water droplets in rain
and fog to transfer contaminants in the
air to the ground is demonstrated by
QuUr measurements.

Table 1 shows the deposition rates and
deposition velocities of selected radio-
nuclides during periods of rainfall, fog
and dry weather calculated from the re-
spective activities- in our atmospheric
collectors. Deposition rates evaluated
from activities in rain collectors of dif-
ferent geometries and from maximum
activities in grass samples generally
agreed to within 20 %. These measure-

-ments demonstrate the high deposition

efficiency of rain events. These events
accounted for 70-809% of the total depo-
siion  for 137.134¢  103,106p

1311 gng 132 “Te, while the dry fallout
which was measured separately, only ac-
counted for 20-25%. Furthermore, by
calculating the ratio of the measured de-
position rate (rp, [kqug]) to the inte-
grated air concentration (c,;;) on that da-
¥y, deposition velecities (vp) for the dif-

ferent radionuclides could be calculated
as follows: vpy={1py / | Cpip- dt ) fomy/s].

The calculation of these deposition ve-
locities is particelarly important as
they can serve as an estimate for the de-
position velocities of other contamin-

.anis in the air under similar atmo-

spheric conditions. These calculations
showed that the rain event of April 30,

1986, which lasted intermittently over

a period of 12 hours, washed out the
nuclides in the air at a velocity of
about 3 cm/s. The average deposition
velocity during the time, accounting
for 90% of the nuclide deposition,
was, however, only 0.4 cm/s. This is
due to the much smaller deposition ve-
locities preduced during dry weather pe-
riods. Nonetheless, during fog periods,
deposition velocities increased by
about five fold as compared with ciry
weather.
The calculated deposition velocities are
of the same order of magnitude as those
estimated during the 1950's for the fis-
sion products of bomb fallout and for
ihe nuciides from the reactor accident of
Windscale in England in 1957. In the
latter case, overall deposition velocities
ranged between 0.1 - (.3 cm/fs, depend-
ing on the nuclide [3).
The deposition velocities calculated
here for Chernobyl radionuciides during
different weather conditions are, how-
ever, more detailed than what has been
reported before.
The average scavenging ratio by rain
droplets, S, is calculated from

S =T. Crin/Cair
with r'= density of air { 1.2 kg/m3),and
Crain (Ba/kg) and cyjr (Bg/m3) the con-
centrationsof radionuclides in rain water
and air, respectively, The average S, for
different nuclides scavenged during the
rain eveat on Apsil 30, 1986, was
similar for all nuclides at a value of
400. This is close to the value expected
for continental aerosols [6] of an avera-
ge diameter of 0.5 to lpm {2]. This
agreement should allow the calculation
of deposition rates for other atrmosphe-
ric trace contaminants which are asso-
ciated with aerosols of similar sizes and
which can be transported over distances
of hundreds to thousands of kilometers
over a continent.

with a quality factor (QF) which consi-
ders the different linear energy transfer
for different types of nuclear radiation
(QF =1 for beta- and gamma-rays, 10-
20 for alpha- and neutron-rays.) The
unit is the Stevert (Sv) = 100 Rem. In
order to calculate the Effective Equiva-
lent Dose, one sumy over all organ do-

ses, weighted by a factor which consi-

ders the different sensitivities to radia-
tion damage of the different organs. Ac-
cording to international guidelines, one
considers governmenmial activities 1o
start at annual dose rates above 5x10-3
Sv. In Switzerland, the Effective
Equivalent Dose to the average
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" Svivear. In

popudation  from natural and
anthropogenic sowrces is about 4x10~
1986, the Chernobyl
fallout’s comtribution to the total dose

rate was , on the average, 4 % or less,
decreasing  exponentially  in future
years,



Table 1. Deposition rates and deposition velocities for Cherngbyl radionuclides in the Diibendorf area.

Nuclide Halflife Deposition rate Deposition velocities {cmy/s]
D Total Deposition Dry Deposition
[Days] [kBq/mz} 30.4.86 30.4.-8.5.86 days with fog and dew without
29.4.-22.5.86 (12h) (9 days) 30.4.-2.5.86 2-12.5.86
137Cs 104 4 34 0.5 0.13 0.024
103Ry 40 3 28 0.4 0.10 0.024
1311 8 20 3.0 0.4 0.21 0.080
132Te (1321) 3 18 . - i} -
99Mo (¥mTc) | 3 5.6 - ~ - -
90Sr 108 0.027 (~6.5)* (0.7)* - -

For further ¢xplanations, see 1ext.

These values were calculated using 90,137 activity ratios in selectéd air filter and precipitation samples.

4.2 Radionuclides in drinking  groundwater was sampled very close
waters and  groundwaters in  (i.e., a few meters) to the river. Ano-
Switzerland ther exception was from the karst re-
Chriesbach : a8 @ gion of Southern Switzertand.
- The highest concentration of 1311 mea-
2 Ziirichsee : a o R . 4 . "
sured in rain water was about 10% Bg/l 4.3 Washout of soils as additio-
137(25: ~1.4 Bg/l and that for 137Cs was about 500  nal input to surface waters
10 Bg/l. These concentrations can be com-
a 132 pared to maximum permissible concen-  An important question asked is how
£ i &4 Tex05 trations for continuous consumption of  much of the activity deposited onto
N1 oa ryx10 these radionuclides in drinking water,  catchment basins would be quickly
w ';I 0o 13t ¢ 1071 which are 2 x 103 and 104 Bo/l, respec-  removed via surface. run-off. Even
o J tively. Even though the highest concen-  though many measurements were car-
- o6H trations measured for samples of cistern  ried out to demonstrate that Chernobyl
© \ water used as drinking water supply  radionuclides were initially lost from
2 ! ‘x‘ were of the same order of magnitude as  grass at rates equivalent to 1-2 weeks re-
4 Al for rain samples containing most of the  sidence time, very few studies exist
Y Chernobyl fajlout, their average concen-  which followed the movement of the de-
\ v - - W .
5 ! \\\\ tration was considerably lower, Howe-  posited activity from soils to surface
NN ver, the Chernobyl radionuclides were waters. None so far, however, have at-
Y y . \
\.ﬁﬁ_.‘.‘_-_- - generally not measurable in drinking  tempted to quantify the rate and extent
0 s - and groundwaters. One exception was  of this initially rapid leaching process.
2 9 4 5 6 MAY reported from an experiment site neara  In this section such a process is
b) region of infiltration of the Glatt River  quantified from measurements of radio-
into groundwater [2], and where the  nuclide activities in surface waters soon
I}
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Fig. 4

Vertical 137Cs concentration profile in Lake Lugano on

Fig.5

September 9, 1986.
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after deposition.
The concentrations of 137Cs in various
surface waters of northermn Switzerland
are shown in Fig. 3a, and the activity
ratios of selecied radionuclides to
137¢s*, corrected for radioactive decay,
are shown in Fig. 3b. 137Cst concen-
trations in various rivers remained high
during the first week after the fallout
and only after they decreased to small
values. Other Chermnobyl radionuclides
in the Chriesbach next to EAWAG
showed very high concentrations only
during the first few days after deposi-
tion, and quickly decreased to unmeasu-
rably small values within a week dur-
ing which 137Cs activities remamed a
;ilroxxmately constant. Nuclide (13
327¢ and 1 3Ru) to 137Cs ratios in
the Chriesbach on May I, 1986, were
much higher (by a factor 4-3) than in
rain water and air samples (Fig. 3c),
presumably because these nuclides were
washed out of the catchment basin as
neutral or anionic species . However,
137Cs+, a cation, also partially depo-
sited as insoluble particies, was re-
tained by the soil.
Due 1o the fow adsorbability of anionic
and molecular species to particle surfa-
ces, such species can be expected to be
extremely mobile in the environment.
It is understandable, then, that anionic
species of 1311 ana 103Ry, eg., I,
1047, RuO4 -, were washed off soils
and vegetation, infiltrated into test
wells near the Glatt River. Such
species were abie, also, to penetrate the
surfaces of leaves and pine needles [2].
Because '37Cs concentrations in sur-
face waters were relatively constant

Cumulative nuclide(b.ct and particle fiux (a)in Lake Ziirich

after May [, 1956

during that time, nuclide to 137¢s ra-
tios can be taken as indicative of the re-

lative nuclide mobility with respect to-

137¢s in soils.

Figures 3a and 3b show, qualitatively,
that mobile anionic and neutral species
of these nuclides must have existed on-
ly during the first few days after the fal-
lout. The subsequent very low concen-
tration of these nuclides {(i.e. 1331,
132T¢ and 193Ry) indicates that they
must have been immobilized in the
soil after a few da};s to amuch larger de-
gree than was Cs. Assuming a rea-
listic value of the surface run-off duy-
ing zhat time of about 0.2 cm3 cm2
day . and typical deposition rates as
described previously [2}, it is plossible
to determine that arelatively small frac-
tion of the drainage basin of Chries-
bach has a very low retention capacity,
with concominant short nuclide residen-
ce times of days to weeks. Such areas
correspond, in general, to terrain cover-
ed with concrete, such as streets and
houses, but also rocky grounds and ri-
vers. For 137Cs, this fraction can be
calculated to be on the order of [9; and
for the more mobile nuclides (1311,
1327¢ and '103Ru), to be about 5-10%.
These results agree, within the errors,
with those by previous stadies using
either naturally occurring radionuclides
[8] or those from bomb fallout {9].
These latter studies had determined this
fraction of a catchment basin to be in
the order of 1% for nuclides such as
137Cst and 7TBe2+, which are relatively
strongly sorbed onto soil particles, and
about 10% for nuclides such as
908:"?-"', which are sorbed onto soils to
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tical concentratloﬂ profile,

a lesser degree. A similar behavior af-
ter deposition to catchment basins can,
of course, be expected for other atmo-
spherically delivered trace contami-
nanis. The remaining fraction of these
radionuclides will be residing in the
soil, however, for a very long time,
i.e. about 103 years [8,9].

44 Direct deposition of Cherno-
byl radionuclides into surface
waters

For medium-range and long-term stu-
dies, only 137¢s (halflife of 30 years)
and 103, 106Ry (halftife of 40 days and
369 days, respectively) have to be con-
sidered. Because of the long residence
time of water in lakes, which is often 1
year and longer, and the relatively
small contributions from drainage
basins to lakes for the long-lived

37(35, we can  assume that lake
nuclide inventories reflect the direct at-
mospheric fallout to the lake area only.
Since horizontal mixing in lakes is fast

-compared o vertical mixing, horizontal

gradients should be small and one pro-
file can be taken as representative for a
whole lake. Vertical concentration pro-
files can therefore be indicative of mix-
ing and elimination processes within a
lake.

The 137¢y inventory in Lake Zunch
on June 1, 1986, calculated from a ver-
was 4.5
kBq/m-' This is in agreement with the
atmospheric fatlout measured in Dii-
bendorf.

The 137Cs profile from Lake Lugano,
which is shown in Fig. 4, resulted in a

5



137¢y inventory of 20 kBg/m? on Sep-
tember 9, 1986, Here too, this invento-
ry agrees fairly closely with measure-
ments of its deposition rate in southern
Tessin of 21-26 kBq/m2 [2]. In both
lakes, however, 137¢¢ had been mixed
below the actual position of the ther-
mocline at the time of measurement.
4.5 Accumulation and elimina-
tion processes in lakes

Radionuclides in iakes are taken up by
particles freshly produced in the lake
(plankton and CaC03) and by those wa-
shed into the lake from drainage basins
(composed mostly of clay minerals).
Over a time scale of months, these ra-
~ dionuclides are transported to the sedi-
ments by the downward conveyor belt
of particles. An important route for
eliminating more solubie nuciides such
as 137Cs™ is also the direct adsorption
onto surface sediments in shallow parts
of a lake [10]. One aim of the present
studies is 1o differentiate between these
two pathways,

Longer-lived nuclides can be accumula-
ted by fish via food (plankton, periphy-
ton) and water. The bioconcentration
factor for 137Cs in selected fish (= acti-
vity in fish/activity in water) of about
2x10° cm per g wet weight [2} is
similar to that of plankton and is
mostly gained by the 137Cs* taken up
through ingestion of plankionby the
fish [11}. This behavior of ! Togt
agrees with that of other radioactive tra-
ce elements released by reactors and
through atomic bomb 1esting, which
are not magnified in the food chain.
The bioconcentration factor of 137Cs+
on sinking plankton debris of Lake Zu-
rich was initially higher, namely 4 x
10%cm? per ¢ dry weight, This also
means that the fraction of 137Cs™ asso-
cisted with suspended particles was
only a few percen, at most. This fact,
and the pulse-like shape of the 137¢g

[}] Santschi, P.H., Famenkothen, K., Lueck, A.,
Hueppi, H.J., Werth, E.. and Hihn, E. 1984,
The movement of & tritivm pulse through surfuce
and gronndwaitcrs in the Glait Valiey, Switzer-
land, EAWAG News 16/17, 7-11.

[2] Proc. Symp. "Radicaktivititsmessungen in
der Schweiz nach Tschernobyl und ihre wissen-
schafiliche Interpretation”. 1987, Bem, Schweiz.
Bundesamt fiir Gesundheitswesen.

[3] Develf, L., Tovedal, H., Bergstrom, U., Ap-
peigren, A., Chrysler, J., and Anderson, L. 1986.
initind cbservations of fallont from the reactor ac-
cident at Chernobyl, Nature 321, 192-193.

{43 Seifritz, W, 1986. Der offizielle Tschernobyl-
Bericht, Unfallablauf und ersie Bewertung. " Neue

and 103Ry fux out of the lake (Fig.

Syconid indicate that abouwt (0% of
137¢s probably reached the lake in in-
soluble aerosol particles, and is in
agreement with our filtration resuits of
rainwater. This pattern of decreasing

137¢s fluxes was not produced by de- -

creasing  sedimentation rates as sedi-
mentation rates increased during the
summer months. The fraction of

137¢Cs which was vertically transported
out of the lake water to the lower-lay-
ing sediments was 10-13% of the totai
inventory during the first 2 months,
and only about 3% during the fol-
lowing 2 months. _

During the same time, all other nucli-
des disappeared from the lake water,
either due to radioactive decay or due o
faster removal rates. For example, se-
venty percent of the total inventory of
103Ru was vertically transported out of
the lake within the first 2 months,
stressing the strong particle affinity of
Ru in lakes. Such a behavior contrasts
the behavior of Ru in soils and surface
waters during the first few days after
the faliout, and most likely points to &
reductive uptake of Rue by the plank-
ton. The speciation in biological sys-
tems is characterized by the tendency of
these systems 1o reduce radionuciide va-
lence after adsorption to surfaces.
Because of their ultra-low concenira-
tions in the environment {i.e. less than
10-15 M), the fate and extent of accumu-
fation in biological systems of some of
these radioactive trace elemenis is de-
termined by the concentration of the
stable element, or of a stable homolo-
gue (e.g., Kt for 137¢s+, and Cal*
for 90Sr2+). As both K¥ and Ca?t
concentrations are similar in - most
Swiss lakes, bioaccumulation factors
in different fish species from one lake
and other aquatic organisms should also
be similar. Indeed, 137¢s concentra-
tions in fish from different lakes in
Switzerland [2] were approximately pro-

Ziircher Zeilung" 193/5, Aug. 22, 1986.
3] Stewart, N.G., and Crooks, R.N. 1958
Long-range travel of the radioactive cloud from

the accident at Windsca-le, Nawre 4636, 627-628,

[6] Buat-Menard, P., and Duce, R.A. 1986, Preci-
pitation scavenging of acrosol particles over remo-
1e maripe fegions. Nature 321, 508-509.

£71  Massarotti, A, 1986, Tschernobyk
Auswirkungen auf die Trinkwasserversorgang im
Tessin, Gas-Wasser- Abwasser, 66, {12} 827-832.
{8] Dominik, 1. Burus, D. and Vemet. J-P.
1987, Transport of the environmental radionucli-
des in an alpine watershed, Earth Planet. Sci.
Lett, inn review,

1931 Linsley, G.S., Haywood. 5.M., and Dionan,
], 1982, Use of fallout dota in the deve-
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portional to the deposition rate from
the atmosphere and this determined the
values of the prevalent concentrations
in the lake water and sediments. No dif-
ferences between herbivores and carni-
vores, or between fish with pelagic and
littoral habitat were discernible during
1986, because of very large variability
in concentrations from all species.
However, the relatively uniform avera-
ge concentrations of 137¢s in different
fish species from a single lake pro-
bably are the consequence of the uni-
form tagging of the food sources, ie.,
suspended and sinking particles, shal-
fow surface sediments and periphyton,
with 137Cs. As the residence time of
137Cs in fish is about 500 days [11],
it will be difficult io detect during 1987
a significant decrease of its activity con-
centration in fish from Lake Lugano or
from other lakes.

5, SUMMARY

Observations of the temporal trend in
concentrations of Chernobyl radionucli-
des in atmospheric terrestrial and aqua-
tic reservoirs near Ditbendorf aided in
guantifying fluxes and transfer veloci-
ties from one reservoir to another. The
resuits from these studies add to our
knowledge on radionuclide movement
in the environment, for which the
groundweork was layed down by the ear-
lier observations on the fate of the ra-
dionuclides released by bomb tests, ear-
lier reactor accidents, and by purposeful
tracer experiments in lakes and ocean
basins. The resulis from our observa-
tions should also help to predict the
movement of other atmospheric trace
contaminants in the environment.

lopment of models for the wuansfer of nuclides in
terrestrial and freshwater systems. In: Environ-
mentai Migration of Losg-lived Radionuclides,
Prog. Symp, Knoxville, 27-31 July 1981, IAEA,
Vienna, pp. 613643,

10} Santsehi, P.H., Nyffeler, U.P., Anderson,
R.F.. Schiff, S.L., O'Hara, P. 1986, Response of
radioactive trace mefals to acid-base titration in
controlled experimental ecosystems: Evaluation
of transport parameters for application to whole
lake radiotracer expesiments, Can. 1. Fish. Aguat.
Sc.. 43(1), 60-77.

[1i} Thomann, R.V. 1981, Fquilibrium Model
for Fate of micro-contumisants in.diverse aquatic |
food chains. Can. J. Fish, Aqaat. Sci. 38, 280.



AEROBIC THERMOPHILIC PRETREATMENT FOR WASTE SEWAGE

SLUDGE HYGIENISATION

Geoffrey Hamer, C. Anthony Masen and Thomas Fleischmann

1. BACKGROUND

The enforcement of increasingly strin-
gent water pollution control legislation
has resuited in increased capacity for
both municipal sewage and industrial
wastewater treatment by various com-
binations of mechanical, biological and
physico-chemical process technologies
in most West European countries. The
major by-product of both mechanical
and aerobic biological treatment proc-
esses is waste sludge, a putrefactive,
aqueous suspension of biodegradable,
partially biodegradable and essentially
" non-bicdegradable solids and similarly
degradable dissolved and soluble matter.
Waste siudge presents a serious dispo-
sal problem in Switzerland and other
countries or regions that are remole
from the ocean. In Swiizerland, sludge
disposal is generally done by spreading
stabilized sludge on agricultural land.

Conventional waste sludge stabiliza-
tion technology involves mesophilic
anaerobic digestion, but such processes
are no longer considered, by the Swiss
authoritics, to be entirely satisfactory
for the elimination of pathogenic orga-
nisms from the waste sludge undergo-
ing treatment. The essential require-
ments of the Swiss ordinance [1} are
that treated sludge deposited on agricul-
tural land must contain neither viable
- worm eggs nor more than 100 Entero-
bacteriacea per gramme of wel sludge.
Thermophilic anaerobic sludge diges-
tion processes have been proposed as
obvious alternatives to conventional

mesophilic anaerobic biotreatment, but
the large numbers of bioreactors recent-

ly constructed in Switzerland for the lat-

ter technology cannot easily be conver-
ted to thermophilic operation. Hence,
the technology that is presently being
adopted in Switzerland, comprizes a pre-
treatment siep, prior to conventional di-
gestion, where the preferred technology
for pretreatment is self-heating, ther-
mophilic aerobic biological processing,
operating either in a continuous flow
mede or a semi-continuous (fill and
draw) mode. Genuine thermophilic bio-
treatment requires process temperatures
in the range 359-70°C. Frequently,
processes operating in the thermotole-
rant range of microbial activity, ie.
459-550C, are erroncously described as
thermophilic processes, but such proc-
esses should not be considered to be en-
tirely effective in their hygienization
poiential for the elimination of pathoge-
nic bacteria. In the research work descri-
bed here, which was supported by
Swiss National Program 7D, it is ge-
nuine thermophilic aerobic pretreat-
ment that is considered,
Effective sludge hygienization requires
either the death or irréversible inactiva-
tion of potentiaily pathogenic bacteria
present in the waste sludge undergoing
treatment, i.e., organisms present in
the hygienization process feed must be
destroyed by the actions of the ther-
mophilic process bacteria responsible
for mediating the sludge treatment pro-
- cess. Bacterial death and/or destruction,
whether in technical-scale waste studge
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treatment processes, during growth

. processes under either optimized or un-

balanced conditions or as a result of ex-
ternaily applied stresses, has been large-
ly ignored and is little understood when
compared with the available knowledge
concerning bacterial growth and growth
related phenomena [2]. Much of the da- -
ta concerning bacterial death is to be
found in the pharmaceutical and food
science literature, where contaminating
bacteria present in products are subjec-
ted to extreme physical stresses such
that the products are able to meet
public health safety standards.

In waste sewage sludge hygienization
processes growth and death/lysis are
process phenomena which occur coinci-
dently, a feature frequently overlooked
and one which has led to either over-
simplification of or erroneous data inter-
pretation concerning such processes.

2. PROCESS RESEARCH

Aerobic, thermophilic hygienization
processes comprize numerous unique
features compared with other waste tre-
atment processes [3]. Some of these fea-
tures are microbiological in nature.

whilst others are. involved primarily

with pracess engincering aspects.

The vast majority of scientific studies
on both bacterial growth and biodegrada-
tion have been concerned with soluble
carbon energy subsirates which, given
both an appropriate spectrum of other
essential nutrients and sufficient time,
are completely utilized to form additio-
nal bacterial biomass, carbon - dioxide
and, in some cases, other products, de-
pending on whether the growth and/or
hiodegradation processes occur under
oxygen excess/deficient aerobic or anae-
robic conditions. In addition, it is also
assumed that a small fraction of the car-
bon energy substrate is utilized for she
maintenance requirements of the bacte-
ria involved, a growth-rate independent
process. In waste sludge treatment proc-
esses, the major fraction of the biode-
gradable matter is present as particulate
solids. These are predominantly biologi-

Fig. 1

Schematic diagram for the solubiliza-
tionibiodegradation of the solids frac-
tion of sludge by heterotrophic bacteria
under aerobic conditions.




cal in origin, comprizing both microbi-
al solids, including potentially pathoge-
nic bacteria, on the one hand, and mate-
rial such as cellulose particles, on the
other hand. The utilization of biodegra-
dable particulate matter by bacteria, as
their carbon energy subsirates, first in-
volves solubilization (hydrolysis} of
the solids. Clearly, the two categories
of biodegradable solids mentioned are
markedly different in both their structu-
re and composition and it can be hy-
pothesized that mechanisms involved
in their solubilization will also be mar-
kedly different. In the case of cellulose
particles, a modified cube root law,
shrinking site type behavior can be pre-
dicted, whilst in the case of microbes, a
cell wall/membrape bursting mecha-
nism must predominate. Whilst both
modes of solubilization are of impor-
tance for complete sludge treatment, it
is the latter process that is required
when hygienization is the primary pro-
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cess objective. In sludge treatment proc-
esses this involves two distinct catego-
ries of microbes, the process bacteria,
on the one. hand, and the substrate
(feed) microbes, on the other hand. The
overall process is shown diagrammati-
cally in fig. .

Experimental studies have been underta-
ken to examine and models have been
established to describe the death and ly-
sis both of growing pure cultures of
bacteria and of non-growing substrate
microbes in the presence of actively
growing process bacteria. In the former
case, Klebsiella pneumonice, a mild
pathogen, was the bacterium investiga-
ted, whilst in the latter case, the only
"standardized” microbes readily avai-
lable, baker's yeast was used. Experi-
ments with K. pneunioniae under opti-
mized mesophilic growth conditions in
continuous culture clearly indicated that
in actively growing cultures, the bacte-
ria were predominantly present as
viable respiring cells, although 2 small
fraction were present as non-viable en-
zymically active respiring cells. No
dead, enzymatically inactive cells couid
be detected, and the conclusion drawn
was that in such cultures, the processes
of death and lysis were coincident [4].
In further studies with pure cultures of
K. pneumoniae, the capacity of this
bacterium to exhibit "cryptic” growth,
i.e., growth on its own lysis products,
was evaluated [3]. In these experi-
ments, the soluble cell contents of
cells taken from an optimized continuo-
us culture of the bacterium were tested
as carbon energy substrates in batch cul-
tures inoculated with cells from the
same continuous culture, Rapid growth
without any lag phase was observed
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~ coefficient

Fig. 2

Changes in the concentration of total
suspended solids (TSS), volatile sus-
pended solids (VSS), dissolved organic
carbon (DOC), pH and dissolved oxy-
gen concentration during semi-con-
tinuous aerobic thermophilic  biode-
gradation of microbial solids with a
cycle time of 3 davys.

and it was concluded that the cells were
optimally adapted to utilize their own
soluble intraceHular components. This
finding clearly casts doubt on the con-
cept of maintenance -energy that is $o
widely used to explain biomass yield
depression in  actively
growing cultures.

The experiments carried out on the solu-
bilization of yeast cells by bacterial ac-
tion at thermophilic temperatures were
conducted in bioreactors operating in
both the semi-comtinuous {fili and
draw) and the continuous flow modes.
The mixed process culture. of bacteria
used was derived from a technical-scale
plant operating at ca. 63°C. Its proper-
ties remained essentially stable through-
out the experimental programme. Stu-
dies to determine the most effective ope-
rating conditions for microbial sclids
solubilization were carried out under
both semi-continuous and continuous
flow modes of operation, Of particular
interest in the latter studies were the op-
timum dissolved oxygen concentration,
the optimum operating temperature
range and the optimum pH range that
resulted in the maximum rates and le-
vels of microbial solids solubilization.
Most of the previous studies concer-
ning dissolved oxygen suggested high
dissolved oxygen  concentrations,
usually achieved by sparging oxygen
rather than air into the bioreactor, to be
the most effective for complete aerobic
degradations, but in spite of this, indica-
tions were, from oxygen conversion da-
ta, that where thermophilic aerobic
technical-scale pretreatment/hygieniza-
tion processes were employed prior to
conventional mesophilic anaerobic dige-
stion/stabilization, using air rather that
oxygen for oxygenation, oxygen restric-
ted or limited conditions occurred in the
aerobic bioreactor [6]. The laboratory
studies, conducted under a wide range of
dissplved oxygen concentrations, from
near saturation to limited coaditions,
clearly indicated that the solubilization
process was most effectively operated
under either low dissolved oxygen con-
cenfrations or oxygen limitation {7].



Such findings are consistent with the
view that effective process aperation de-
pends on the functioning not of an obli-
gately aerobic mixed process calture,
but on the combined activities of
mixed process cultures comprizing
both obligate aecrobes and facultative
anaerobes.

At low and limiting dissolved oxygen
concentrations, the best operating tem-
perature for microbial solids solubiliza-
tion was 650C, reflecting the genuine
thermophilic nature of the process cul-

ture. Operation at 70°C, whilst still

possible, was inferior to that at 65°C,
indicating that the process culture was
not caldoactive, whilst operation at
600C, was intermediate in performan-
ce, with respect to the other operating
temperatures discussed (7). The opti-
mum pH range was between 6.5 and
7.5,

Semi-continuous operation of ther-
mophilic aerobic pretreatment/hygieni-
zation processes is relatively widespre-
ad on a technical-scale at smaller treat-
ment works in Switzerland and an ob-
" jective of our study was to evaluate ope-
rating variables such as charge size,
cycle time and the presence of an added
nitrogen source on the solubiliza-
tion/biodegradation of microbial selids.
Operation with a charge size of 50% of
the bioreactor volume resulted in the
biodegradation of more than 59% of the
microbial solids present in the bioreac-
tor feed, showing enhanced performance
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when compared with operation where a
charge size of 25% was used [8].

When microbial solids biodegradation
oceurs in bioreaciors operating in a $e-
mi-~continuous  mode, the changes
which occur to particular components
in the system can be monitored as a
function of time [9]. Some results of
‘such analyses are shown in figs. 2-4,
where a decrease in the total suspended
solids concentratipn, shown in fig. 2,
can be directly related to a decrease in
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the biodegradation of whole yeast cells by aerobic thermophilic microbes.
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the number of microbial cells used as
substrate by the thermophilic process
culture, shown in fig. 3. The activity
of the thermophilic process culture in-
creased during the course of the process
and was probably stimulated as a result
of the release of readily biodegradable
substrates upon lysis of the substrate
miciobes. The increase in the dissolved
organic carbon conceniration, shown in
fig. 2, occurred as a result of the produc-
tion of large quantities of carboxylic
acids, shown in fig, 4. Such production
results from the fermentative metabo-
lism of the thermophilic process cul-
ture, comprizing both obligate aerobes
and facultative anaerobes, under oxygen
restricted conditions. As can be seen
from fig. 4, the carboxylic acids are se-
quentially degraded according to their
molecular weight and structure, al-
though both n-butyric and i-valeric
acid, which are unpleasantly odorife-
rous, tend o accumulate and persist, a
distinct process disadvantage if such
processes are used without a subsequent
anaerobic stage. In multi-stage proc-
esses, carboxylic acids are favored sub-
strates that are readily biodegraded
during anaerobic digestion/stabiliza-
tion, thereby enhancing the rate of this
stage and, hence, reducing the necessary
residence time in the stage.

On' the basis of the results obtained
during semi-continuous operation, a
mathematical model of the bio-solubili-
zation process for microbial solids
under oxygen restricted conditions, was

" proposed. The essential steps that were

considered to occur were:



() A feed, comprizing a suspension of
intact yeast cells, was added to the bio-
reactor contailning an active thermophi-
lic bacterial process culture; '

(ii} The thermophilic process bacteria
produce extra-celiular enzymes, which
are capable of cleaving the cell walls of
the yeast (substrate microbes), after
non-specific astachment over the entire
surface of the yeast ceils;

(iii} Cell wall lysis, resulting from at
least one cleavage in the cell wall, but
possibly multiple cleavages before the
wall is sufficiently weak to lyse, oc-
curs and resulis in the release of so-
luble cytoplasmic components from
the substrate microbes;

{iv) The thermophilic process bacteria
utilize the soluble compounds as car-
bon energy substrates and in so doing
produce carboxylic acids, predomonant-
ly acetate, whilst further lysis of rema-
ining yeast cells provides a continuous
supply of soluble carbon energy sub-
strates, supplemenied by soluble matter
resujting from the enzymic hydrolysis
of yeast cell wall polymers;

{v) After significant time elapse, the ra-
te of supply of soluble substrates from
yeast cell lysis decelerates and the so-
luble substrate concentration falls, be-
cause production occurs only from cell
wall polymers, such that the produced
acetate that has accumulated is now
used as carbon energy substrates by the
process bacteria.

The process is considered to exhibit the
molar stoichiometry of table 1, on a
carbon, hydrogen and oxygen basis,
with nitrogen and ash omitted.

CH].SOOAS +1.12 02
Substrate Microbes

> 03 CH3.800.43
Process bacteria
+0.23 CH;COOH + 0.24 CO5 + 0.48 Hy0

Acetic acid

CH3COOH +2360, > 0.38 CH1.800.43 4+ 1.62 CO4 +3.32 HO
Acetic acid ' Process bacteria
Table |

In order to describe the growth of the
therrnophilic process bacteria, Monod
type saturation kinetics were assumed
for growth on.the soluble lysis pro-
ducts and Monod kinetics, with an inhi-
bition term, for growth on acetate. The
remaining rate expressions, for yeast
cell lysis, for process bacteria de-
ath/tysis and for residual cell wail part-
culate matter hydrolysis were alf assu-
med 1o be first order. Incorporating ap-
propriate rate constants and yield coeffi-
cients resulted in the predictions shown
in fig. 5 for the decay in both total su-
spended solids and substrate microbe
concentrations and in the accumulation
and-decay of the acetate concentration
with respect to elapsed time during se-
mi-continuous operation. Superimpo-
sed on the predicted curves in fig. 5 are
appropriate experimental points, demon-
strating close agreement between hy-
pothesis and experiment and, hence, a
basis for process predictions [9].

3. SLUDGE HYGIENIZATION
Most pathogenic organisms have opti-

mum temperatures for ‘growth below
459C and are either inactivated or "kil-
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led" at temperatures in excess of 55°C,
hence, the susceptability of pathogens
to thermophilic treatment processes.
Bacteria of enteric origin, especially
Escherichia coli are used as indicators
of more sericus pathogens such as Sal-
monella spp. The ability of bacteria 0
survive heat treatment is a function of
the exposure time, the temperature and
the physiological status of the bacteria
as a consequence of the conditions perta-
ining to their growth or survival during
the time immediately preceding the he-
at shock, The realisation of effective
sludge hygienization involves two ma-
jor facets:

(i) The death/irreversible inactivation of
pathogens; )

(i1} Prevention of subsequent reinfec-
tion with pathogens and regrowth of po-
tential pathogens.

To investigate the former, the bacteri-
um K. pnewmonige, a mild pathogen
commonly found in sewage, was
grown in aerobic chemostat culture at
its optimum temperature, 359C, pH
6.8 and a dilution rate of 0.1 bl The
effluent from the chemostat was congin-
uously fed into a second acrated bioreac-
tor operating at various temperatures be-
tween 35C and 60°C, pH 6.8 and a dilu-
tion rate of 0.031 b}, in order to assess
survival potential during continuous
flow operation without any additional
nutrient feed,

The effect of the operating temperature
in the second bioreactor on the steady
state bacterial dry weight, bacterial cell
number, irrespective of their physioio-
gical status, and the metabolic activity
are shown in fig. 6. Compared with the
growing culture, the change in metabo-
lic activity was most pronounced even
at 359C. However, what is most impor-
tant to note is that at 35°C and even at
60°C and mean residence times in the
second bioreactor of 32 h, the metabo-
lic activity, although very low, was
aot in fact zero. Obviously, this re-
sults from the continuous feed of
viable cells to the bioreactor, but the
implication is that in such continuous
flow completely mixed systems, i
would be possible for pathogens to by-
pass inactivation, suggesting that such




a mode of operation does have its limi-
tations as far as complete hygienization
i concemed {10}

"In order 1o evaluate the question of re-
growth potential, operation as described
above was repeated at 499, 550 and
60°C. During steady state operation at
each temperature, the flow of effluent
from the chemostat into the second bio-
reactor was interrupted and the second
acrated bioreactor was maintained at its
pperating temperature for 4 hours, The
temperature of the second bioreactor
was then reduced to 35°C and fresh me-
dium was continuousiy fed 1o the biore-
actor, such that the dilution rate was
0.08 b~} After an initial period, where
wash-put occurred, it can be clearly
seen in fig. 7 that, for each operating
temperature employed in the second bio-
reactor during two-stage operation, re-
growth of K. preumoniae occurred.
The most likely explanation for this is
that a potential source of reinfection
existed in the head-space of the in-
completely filled bioreactor used, as a
result of aerosol carriage of bacteria
from the aerated liquid to the walls of
the head space where accumulation oc-
curred. The temperature of the walls of
the head space is significantly lower
than that in the bulk liquid and, hence,
survival is possible. In technical-scale
thermophilic  aerobic  hygienization
processes designers will have to face
the problem of pathogen transfer to
cool regions of the bioreactor as a re-
sult of foaming by either effective
foam breaking coupled with head-space
wall heating or operation under comple-
tely fitted conditions.

4. CONCLUDING REMARKS

Thermophilic aerobic pretreatment proc-
esses.provide one technology for achiev-
ing effective hygienization of waste se-
wage sludges. However, both process
design and operating strategies must be
based on an adequate understanding of
the process microbiology of such sy-
stems. Moreover, asrobic thermophilic
hygienization processes must be co-
upled with fully effective stabilization
processes if treated sludge is to meet str-
ingent standards with respect to patho-
gens elimination.

It is unlikely that the use of aerobic
thermophilic processes for complete se-
wage sludge stabilization, as inde-
pendent precesses, will compete with
conventional anaerchic mesophilic treat-
ment on either an econaomic or a techno-
logical performance basis, although
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Time (b}

their use as a pretreatment process
could, in addition to achieving hygieni-

zation, also increase process rates °

during subsequent anaerobic digestion/-
stabilization.

Our continuing research programme on
aerobic thermophilic pre-treatment for
waste sewage sludges is concentrated
on two further objectives:

(i) The coupling of an optimized pre-
treatment process with an optimized
mesophilic anaerobic digestion/stabili-
Zalion process:

(i) Minimization of the biomass yield
coefficient for aerobic thermophilic cul-
tures of the process bacteria, thereby
reducing the load of biodegradable
solids transferred to anaerobic diges-
tion/stabilization.
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Fig. 7

Regroweh of heat treated cultures of K.
preumoniae. Continuous feed of mi-
crobes was halted four hours before
returning the temperaure to 35°C and
starting  nutrient flow. A: 499C; B:

. 339 C; C: 60°C. The expected wash-

oul curves are also shown (- - -)
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CONTRIBUTION OF BACTERIA TO RELEASE
AND FIXATION OF PHOSPHORUS IN LAKE
' SEDIMENTS

René Giichter and Antonin Mares

It is generaily believed that lake
sediments act as a sink for phosphorus
(P) under aerobic conditions and that
large amounts of P are released when
sediments become anoxic. For over 40
years it has been assumed that this
cycling is mainly controlled by inor-
ganic processes as described by Einsele
[1] and Mortimer [2], where ortho-
phosphate combines with oxidized iron
to a solid phase and later becomes
released if Fe 37T is reduced and redi-
solved. According to this traditional
model sediment microorganisms only
play an indirect role by lowering the
redox potential while decomposing
organic matter and thus providing the
necessary condition for reduction of
iron and subsequent release of
phosphate.

Although numerous results from fieid

ard nutrieat broth {(Merck), 1 g
glucose and 0.27 g NH4Cl per liter of
filtered and sterilized lake water. When
the dissolved phosphate was exhausted,
the culture was subdivided into two
parts. To one part, particulate iron in
the form of freshly precipitated iron-
oxihydroxide was added. Then, in order
to remove the oxygen, both cultures
were bubbled with nitrogen. As fig.1
demonstrates, iron and phosphate dis-
solved simultaneously although - for
experimental reasons- iron and phos-
phate never were associated together in
the solid phase before the dissolution.

After bubbling with air, the reieased
SRP was immediately reconverted into
particulate phosphorus in both cuitu-
res, Based on these resulls we propose

an antithesis to the purely abiotic
model mentioned, suggesting that
- the phosphorus cycling at the
sediment/water-interface is controlled
to a large degree by microorganisms
and

. - the geochemical release of iron and
the biological release of phosphate are
not coupled, but appear to happen si-
multansously.
Preliminary results obtained from
sediments of Lake Sempach [8] in-
dicate that up to 40% of the total
phosphorus is incorporated in micro-
bial biomass. Thus, the release of
SRP from lake sediments cannot
simply be described by inorganic pH-
and redox-potential dependent solubili-
ty equilibria and by diffusion. Produc-
tion and decomposition of microbial
biomass and biological uptake and
release of soluble reactive phosphorus
(SRP) by bacteria seem to be other
important processes which need to be
considered.

(4]

12

(1977}
Bostrém, B. et al: Phosphorus release from lake sediments.
Arch. Hydrobiol. Beth. Ergeba. Limnol. /8, 5-59 (1982)

and laboratory studies are in convin- umoles SRP liter~! pmoles PFe Titer~!

cing agreement with this model, there o

are some results reported in the literatu-

re [e.g. 3-5] which cannot be explained 301

by it solely.

Most studies ignore that bacteria

grown under aerobic conditions are X 124

able to store large amounts of phos-

phorus and then are able to release it ’

very quickly if their environment 20 104

becomes anoxic [6,7]. - X

In the experiment described in fig. 1 ] 8-

.sediment bacteria were grown in an

aerated medium containing 6.7 g stand- ) .

Fig. 1 10

Uncoupled but simultaneous release of b 4 -

phosphorus and iron from an anoxic g

culture of bacteria

Left: Mobilisation and immabilisation ’ 21

of soluble reactive phosphorus (SRP) 1

are independent of whether iron oxi- e M e e s el

hiydroxide flocs were added (o) or not 20 40 60 80 HRS 140 20 40 60 80 HRS 140

o _ anoxic | oxic _|[_ anoxic | oxic |

Right: Dissolution and formation of

particulate iron (PFe).

f1] Einsele, W.: Uber dic Beziehungen des Eisenkreislaufes zum [5] Schindler, D.W. et al: Interactions between sediments and
Phosphatkreislauf im eutrophen See. Arch, Hydrobiol. 29, 664- overlying waters in an experimentaliy eutrophied Precambrian
686 {1936) ) Shield lake. Proc, Symp. on Sediment Water Interactions,

" [21 Morimer, C.H.: The Exchange of dissolved substances between Sept. 1976, Amsterdam, 235-243 (1977)
mmud and water in lakes. I J. Ecol. 29, 280-329 (1941), and II: . {61 Shapiro, J.: Induced Rapid Release and Uplake of Phosphate
- Ecol. 29, 147-201 (1942) by Microorganisms, Science /35, 1269-1271 (1967)

[3] Lee, G.F. et al: Significance of oxic versus anoxic conditions (7] Fleischer, S.: Microbial Phosphorus Release During Enhanced
for Lake Mendota sediment phosphorus release. Proc. Symp. on Giycolosis. Naturwissenschafien 70, 413416 (1983}
Sedimen: Water Interactions, Sept. 1976, Amsterdam, 294-306 . 18] Giichter, R. and A. Mares: Centribution of bacteria o release

and fixation of phosphorus in lnke sediments. Submitied to
Limnol. Oceanogr.
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ORGANIC MICROPOLLUTANTS IN THE ATMOSPHERE:

Determination, Origins and Behavior in Rain, Snow and Fog.

Walter Giger, Christian Leuenberger, Jean Czuczwa and Josef Tremp

1. Organic Trace Constituents
in the Atmosphere

Besides the major components nitro-
gen and oxygen, the atmosphere
contains a complex mixture of inor-
ganic and organic constituents includ-
ing water, carbon dioxide, noble gases
and ozone as well as methane and
other organic compounds. These
atmospheric trace components play an
important role in many terrestrial
processes, some of the most
important examples of which are
weather, radiation balance,
photosynthesis and protection from
solar radiation.

Organic compounds enter the atmo-
sphere from various emission sources,
from which both biogenic substances
{methane, terpenes} and above ali pol-
lutants caused by human activity are
of interest (fig. 1). Emissions from
automobiles, household heating, indus-
trial sources, municipal incineration
and agricultural activities contribute
organic contaminants to air pollution,
In the atmosphere the primary
pollutants are subject fo complex
dilution, transport, dispersion and
transformation  processes (fransmis-
sion) and can be converted into
secondary pollutants throogh photo-
chemical reactions. The atmospheric

dry
deposition

&'*"\Ee
&

wet vu!cannes J
deposition

agricultur

sg¢condary  pollutants ]
TRANSMISSION

primary  poilutants

EMISSIONS

: dcmesilc
heatlng

aquatie induslr;f
ecol— :% T . s, )
sy8 ems; & -_'.;’"135. automobit
lerrastrial /JJ‘ TN traflic waste
‘Fx“ § incineration
vegelation
natural anthropsogenic
concentrations which finally result and ~ £78-/

the effects on ecosystems including
man (immissions) are characteristically
influenced by chemodynamic restraints
on the pollutants. Of particular signi-
ficance is the physical state of the
pollutant entering the atmosphere. The
behavior during transmission is much
different for a gaseous compound in
comparison to a particle-bound substan-
ce.

Condensed atmospheric water (rain, fog
and snow) can remove poliutants by
gas scavenging as well as by particle
scavenging, The distribution processes

48
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=
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Fig. 2

Average and distribution of concentrations of classes of organic compounds in

rain, snow and fog. The concentrations refer to water volumes.
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Organic air pollutants: from emission
to immission.

between gaseous, dissolved and parti-
culate phases are important in deter-
mining the behavior of atmospheric
pollutants. These processes especially
influence the extent of damage from
atmospheric pollution to
terrestrial and aquatic ecosystems
through wet and dry deposition.

2. Environmental Pollutants in
Atmospheric Precipitations

Within the framework of the National
Research Program 14, "Atmospheric
Processes and Air Pollution in
Switzerland", - a research project is
being carried out at EAWAG. The pri- -
mary goals of this project were the
development of dependable procedures
for sampling of wet depositions and for
quantitative determination of selected
classes of organic substances. With
the help of these methods the
concentrations of organic compounds
in wet deposition (rain, snow) and in
fog were measured. The separate deter-
mination of dissolved and particulate
fractions was especially emphasized.

A specially developed instrument was
available for rain collection (Pankow
sampler). This accomplished simul-
taneous filtration for separation of
particles as well as enrichment of rain-
dissolved substances on an adsorption
column. Chromatographic and spectro-
scopic methods were employed for the
determination of individual organic

13
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compounds (GC, GOC/MS, HPLO).
Figures 2 through 6 contain an over-
view of the most important results of
this research. The loading of precipita-

tion with alkanes, volatile hydro-
carbons, filterable and particulate
phenols and polycyclic aromatic

hydrocarbons (PAH) each have their
own distinct characteristics with respect
to precipitation type and season of sam-
ple collection (fig. 2). The different
sources of individual classes of com-
pounds lead to different modes of
emission and dissimilar atmospheric
behavior. The relatively high phenol
concentrations in the rain samples
indicate effective scavenging of the
well soluble phenols. The extremely
high loadings of fog water with alkanes

and PAH are especially noteworthy. -

However, since only two fog samples
have been analyzed, these values must
not yet be considered highly certain.

FHa-
P 2-MP MP

2-NP tNP DNGC

oot

Fig. 5

Distribution  of concentrations  of
phenols in rain and snow. P: Phenol ;
MP: methylphenol; NP: nitrophenol;
MNE: methylnitrophenol; DNOC: 2,4-
dinitro-ortho-cresol.

14

Fig.3

Concentrations of individual polycyclic
aromatic hvdrocarbons in sununer and
winter rain, snow and fog. The con-
centrations refer to water volunes.

The gas chromatographic analysis of
saturated hydrocarbons (alkanes) yields
clear information about the origin of
these substances. All filtered material
(>0.2 um particle diameter) contained
the homologous series of straight-chain
saturated hydrocarbons (n-alkanes) with
chain lengths ranging from 15 to 35
carbon atoms (”'CESH32 ¢ B-C35H72).
N-Alkanes of  biogenic  origin
dominated in the particulate alkanes
from the summer samples. In winter
rain and in fog, however, alkanes
originating from oil or combustion
products were predominant, It should
be noted that saturated hydrocarbons
should be found exclusively associated
with particles because of their poor
water solubiiity. The presence of
colloidal adducts could explain their
elevated occurrence in the dissolved
fraction in rain.

Trace concentrations of alkylbenzenes
(toluene, ethylbenzene, xylenes) and
volatile chiorinated hydrocarbons (tetra-
and trichloroethylene, 1,4-dichloro-
benzene) were also observed. The al-
kylbenzenes belong to the fraction of
gasoline and of fuel oif which is water
soluble. Finally, considerable amounts
of the chlorinated soivents trichloro-
and tetrachloroethylene {(used for dry
cleaning and metal degreasing) is lost
to the atmosphere during normal
application,

About thirty PAH were determined
gualitatively and quantitatively. The
PAH concentrations increased with
precipitation type as follows: summer
rain < winter rain = snow << fog water
(fig. 3). In the rain and snow samples
the three and four ring PAH dominated;
in fog, PAH with five and six rings
were the main components.

The proportion of PAH associated with
particles increased with decreasing size
of the PAH molecule. The partition
coefficient D between the dissolved and
particulate form in rain samples yielded

a comelation with the octanol-water

coefficient (fig. 4), indicating a rela-
tionship between the dissolved-
particulate phase partitioning and the
solubility for individual PAH. This
correlation results from the interaction
of various physicochemical processes
responsible for phase distribution.
Differences in  gas and * particle
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Correlation _between _the _ratio _of

pariiculate  to  dissolved polycyelic
aromatic hydrocarbons in rain and their
octanol-water coefficients (Knw). -

scavenging processes between indi-
vidual PAH are especially significant.
Hydro- and lipophilicity of a pollutant
are also important factors in deter-
mining the phase distribution.

Rain contained phenol and methyiphe-
nols {cresols) in concentrations ranging
from 0.022 10 3.8 ug/l (fig. 5). In addi-
tion, mitro- and dinitrophenols were
also found in concentrations approa-
ching these levels. All phenols occur-
red in the filterable part of the
precipitation. The phenols and cresols
are due to engine combustion emis-
sions with a possible contribution
from secondary formation during atmo-
spheric transmission. The origin of
the nitrated phenols is not yet fully
explained. Certain  dinitrophenols
(DNOC, Dinoseb) could originate from
agricultural activities since they are
used as pesticides, Dinoseb exhibits
elevated concentrations in summer rain,
In contrast, DNOC shows no seasonal
differences, as would be expected for
agricultural emissions (fig. 6). Other
observations suggest that the nitro- and
dinitrophenols resuit from automobile
emissions, since formation from
aromatic hydrocarbon precursors in the
presence of hydroxyl radical ions and
nitrogen oxides is possible.

Until recently the importance of all
organic air pollutants was primarily
judged with reference to their harmful
effects on man. For this reason cancer
causing PAH such as benzo[a]pyrene
stood at the forefront. Further
attention has been given to the
problem of a possible decline of the
stratospheric ozone layer through the
extremely high persistence of the



Fig. 6

Seasonal fluctnations of concen-
trations of nitrated phenols in
rain

A: dinoseb; B: DNOC; C
methyl-2-nitrophenots

chlorofluoromethanes  (Freons).
Motivated by the forest decline
in central Europe, which cannot
be explained by a single cause,
organic air poliutants with pos-
sible ecotoxicological effects
{e.g., peroxyacetyl nitrate and
other photochemical oxidants)
are now also evaluated In this
context, the resuits conceming
rrace concentrations of nitrated
phenois should be discussed.
Nitrated phenols and above all
dinitrophenols are biologically
very active molecules which
uncouple oxidative phosphory-
lation and disturb cell meta-
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bolism already at low concentrations
{1 uM - I mM). Such toxic organic
substances in atmospheric deposition
could represent stress factors for the
terrestrinl  and aguatic ecosystems
which have wuntil now not been
recognized.

3. .Consequences for the Pro-
tection of the Environment

The research resuits will be evaluated
with regard to their significance for
practical environmental protection
measures In Switzerland organic air
pollution is addressed through clean
air regulations and emission controls.
The imminent revision of the
ordinances for emission controls is
expected to have a greater probability
than before of decreasing the con-

centration of organic pollutants
occurting  in atmospheric  preci-
pitations. .

BUFFERING MECHANISMS IN ALPINE LAKES

Jiirg Zobrist, Laura Sigg, Werner Stunun and Jerald Schnoor (University of Towa)

Small alpine lakes which are
situated above the timberline,
where there is little soil, re-
present a simple natural system
for studying the interaction of
acid ammospheric deposition with
crystaliine bedrocks such as
gneiss and granite,
Generally. the acidity measured
in surface waters results from the
difference of processes occurring
. in the drainage bassin, i.e. of tho-
se that produce and of those that
consume protons. In high alpine
areas the protons produced origi-
nate mainly from wet and dry
atmospheric deposition and from
transformation reactions of am-
monium (nitrification and assi-
milation} which is also supplied

Conclusion; In alpine crystalline areas,

- from atmospheric deposition, whereas chemical wea-

thering of rocks represents the dominant process that
uses up protons. This proton balance can be expres-
sed quantitatively assuming known elementary re-
actions for the weathering of silicate minerals. For
example, in the drainage area of Lake Cristallina the
proton input by the atmospheric deposition amounts
to 17 mequiv/m?y, while the contribution from
ammonium assimilation is 12 mequiv/m2y. This
yields. a total of 29 mequiv/mzy. By comparison, the
weathering of crystalline rocks newralizes only 24
mequiv/m2y of protons. Therefore, an excess of hy-
drogen jons remains in the catchment basin and the
result is an acidification of the lake and its river
waters, :
the low
weathering rate of silcate rocks is insufficient to
neutralize any more the increased atmospheric
deposition of strong acids and acid-producing
substances.

equiv/| snow Lake Cristallina rain
P
80— .
2 12.6, 7 14.8, 19.4.
60—
401
20—

4.89 520

521 =
EAWAG-NEWS (22/23) 1987

| 48 pH

3 IO
composition of the high alpine
Lake Cristalling (sirface area 0.75
ha, drainage area 17 haj during
summer 1985 in comparison with
the estimated armospheric
deposition {derived from
precipitation data mea- sured 10
km WSW).

In the lakewater, the increase of
the concentrations of the cations

CCa*, Mg?*, Na‘, K* and of
H,Si0y is due to the interaction
of crystalline rocks with protons
{using up protons, means
restoring the pH during  the
summer to the expected value of
-about pH 3.4). The soluble Al(I11}
concentration is controlled by the
dissolution equilibria of gibbsite.
The concentrations of the anions
are regulated by ammespheric
deposition.
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SIMULATION OF COMPLEX ACTIV

fhe discharge and the operating
requirements of biological waste water
treatment become more and more
complex. Organic carbon, nitrogen and
phosphorus compounds must reliably
be removed by a variety of biological,
chemical and physical processes. For
activated sludge systems this requires -
that already in the phase of plant design-
it is necessary to consider different
fltowschemes and load variations.
Mathematical simulation with the aid
of computer programs is an ideal tool
for this task. Further, such programs

may be used to analyze and improve

the operation of existing plants.

On the basis of the bio-kinetic model
for complex activated sludge systems
as proposed by the TAWPRC
(International Association for Water
Pollution Research and Control) Task
Group for Mathematical Modeling for
Design and Operation of Biological
Waste Water Treatment a simulation
program was developed which may run
on IBM compatible personal computers
and which may, with small effort by
the user and with good accuracy, predict
the performance of different flow
schemes under a variety of operating
strategies under diurnal as well as
weekly or even seasonal flow and load
variations.

At the moment this model/program
simulates organic carbon degradation,
nitrification, denitrification, sludge
production, oxygen consumption and
soluble pollutant concentrations along
a cascade of CSTR type aeration tanks
and in a secondary clarifier. The
model/program has been verified for a
wide range of applications with
experimental resulis from domestic

Fig. 1

Comparison_of _sinudated {continuous
line} _and _observed {(data _ poinis)
amponiuny___concentrations  in__the
effluent_of g completely mixed . pilot
scale | activated sludee reqcror operated
at_an SRT of 34 davs. The diurnal
variation of the influent conditions for
flowrate, total COD and Kjeldahl
Nitrogen as well as the reactor tem-
perature served as controling para-
meters. Original data by EAWAG
(1975).
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waste  water In further
projects:
- degradation of NTA is also included

with good

treatment.

results.

- a.variety of control loops may be
defined and their performance in plant
operation may be tested.

- further process flow schemes, such
as two step activated sludge plants,
discontinuous processes, aerobic sludge
stabilization etc. are built into the
program and further expand its
potential.

An example of the verification of the
model with regard to diurnal varjation
of effluent ammonia concentrations
from a nitrifying single CSTR type
pilot scale activated sludge process is
given in fig. . The model parameters
for this simulation were obtained from
experiments with domestic waste water
as published in the internationai lite-
rature {1], and no calibration was ne-
cessary to obtain the resulis of fig. L
A sample of a potential application
of this program is demonstrated in fi-
gure 2 [2]. For an activated sludge
systern with three equal reactors in
series, the ammonium concentration
and the total oxygen consumption are
illustrated for a period of four days
subject to significant load variations. It
is obvious, that this 1ype of
information may help to improve the
design of biological waste water
treatment plants.
A further application is in operation of
existing plants. In the context of
consulting work, the program is used

ATED SLUDGE PLANT FLOW SCHEME

today in order to test the reliability of
existing performance data. Frequently

- simulation of the operation of existing

plants helps to identify systematic
errors in data collection , or how the
existing facilities may be used in order
to  obtain  improved  treatment
performance. For instance, oxygen
limitations during high load periods
which may appear in some parts of the
aeration tank can easily be identified.
Improved distribution of aeration
capacity or feed flow may be analyzed
to improve the situation,

The application of the simulation
progeam in practice (consulting firms)
has been tested with several specifically
chosen and trained engineers with good
success, Given enocugh time, to un-
derstand the details of the bio-Kinetic
model, engineers involved in process
design can soon make beneficial use of
the program and are enthusiastic on the
potential of this new tool. For many
practical engineers, this is the first
time, that they fully realize the
dynamic nature of biological waste
water treatment. Simulation provides
them with a tool which aliows 1o gain
significant information from existing
facilities, which can then be used to
improve the design of upgraded
treatment plants. '
In education of graduate students,
simulation programs allow for efficient
transfer of information. In short
simulation sessions, the students are
exposed to the effects and performance
of a wvast varety of operating
conditions and flow schemes of the

150 1
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activated sludge process. Simulation
can of course not substitute practical
experience, but it can enhance the
conceptual understanding  especially
with regard to the dynamic behavior of
the process. Simulation programs are
wsed with good success in an
application oriented problem solving
course taught at EAWAG in the

context of the gradvate program in
sanitary engineering and water pol-
lution control of the Swiss Federal
Institute of Technology in Zurich.

In cooperation with a  private
consulting firm, the program will now
be brought into a form which allows
for commercial distribution. An
english version of the program will

Fig. 2
Simulated _results  for _an  aqctivated
shidge  process  with  three  equal

completely mived reactors in_series,
sublect to variable loading _conditions

over four days.

_a} Variation of the amimonium concen-

trations in the three reactors 1,2, 3.

b} Variation of the total oxygen con-
sumption in the three reactors (Details
are given by Gujer 19587).

become available in fall 1987, In
courses lasting three days and organized
by EAWAG users will be introduced to
the program.

[1] Gujer, Willi (1985) "Ein dy-
namisches Modell fiir die Simulation
von  komplexen  Belebischlamm-
verfahren” Habilitation Thesis, Swiss
Federal Institwte of Technology,
Zurich.

2] Gujer, Willi (1987) "Die mathe-~
matische Simulation von Belebungs-
anlagen als Werkzeug fiir die verfah-
renstechnische Gestaltung” Schriften-
reithe WAR 31, Institut fiir Wasser-
versorgung, Abwasserbeseitigung und
Raumplanung der technischen Hoch-
schule Darmstadt.

ORGANIC CARBON IN THE RESIDUES OF WASTE INCINERATION

Paul H. Brunner, Hermann Moench and Steve McDow

The incineration of municipal solid
waste (MSW) produces residues
(bottorn ash, filter dust and scrubber
sludges, flue gas), which have to be
disposed of in the environment. In
order to enable the safe disposal of
these residues, their composition and
behavior in the environment have to
be known. In this paper, results are
presented from an investigation of the
content of Total Organic Carbon
(TOC) in the products of incineration.
Conclusions are drawn regarding the
“disposal of bottom ash and filter dust,
and it is suggested fo improve the
mineralization  degree  of MSW
incineration.

All products of incineration contain
organic carbon. Siarting with the work
of Hutzinger et al in 1977 [1] it
became well known that hazardous
organic substances such as chlorinated
dioxins and furans are present in the
flue gas and filter dust of MSW
incinerators. Today, the occurrence and

formation of certain organic trace
substances in the products of MSW
incineration is better known than the
amount and the composition of the
much more abundant organic matrix
compounds, Since this mairix can
determine the behavior and fate of the
tfrace organic substances as well as of
some inorganic compounds of the
incineration residue, and because the
emission and/or leaching of the organic
matrix itself can pose a threat to the
environment, the amount and nature
of this matrix should be known,

As a first step, Total Carbon (TC) in
bottom ash, filter dust and flue gas
of MSW incinerators was measured by
methods which are described in [2,3].
From these measuremenss, the flux of
carbon through incineration was
calculated, In addition, TOC in the
residues  ‘of  incineration was
determined as the difference between
TC and Carbonate Carbon (CC). In
order to determine further the nature of
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TOC in the ash and dust, samples
were  analyzed by  differential
thermogravimetry as well as extracted
with dichloromethane. Both methods
indicated that TOC as determined in
this work contains large {ractions of
non-graphitic and non-amorphous
carbon.

The resuits of the survey of four well
operated Swiss MSW incinerators are
sumimarized in table 1. The highest
concentrations of organic carbon were
found in the filter dust.The TOC
concentrations in the slag were slightly
lower. In order to evaluate the
quantitative importance of the three
sources, the specific load of TOC per
mass unit of MSW incinerated was
calculated from the incineration mass
balance (table 1). The highest load of
TOC is contained in the bottom ash,
and the lowest in the flue gas. The total
amount of organic carbon derived from
MSW incineration (2-4 g/kg MSW) is
high when compared to other com-
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bustion processes. A well operated
waste incinerator oxidizes  approxi-
mately 99% of the carbon contained
in the MSW. In a coa! furnace, 99.9%
of C are converted to CO,, and in a
fuel oil incinerator 99.99%.

Filter dust and bottom ash are used for.
‘road construction or are disposed of in
sanitary landfills. In such deposits
leachates with DOC concentrations of
10-50 mg/l have been observed. The
bulk of the orgamic compounds in
these leachates has not been analyzed
yet. The biodegradable fraction of
the organic carbon in  the  ash
* (unburned lignocellulosic material) is
utilized by microorganisms to pro-
duce methane and carbon dioxide. Thus,
the pH-value of an ash deposit may be
lowered by the reaction of carbon di-
oxide with the metal hydroxides of the
ash, favoring the mobilization and
leaching of heavy metais from the ash
deposits. The decrease of the pH-value
with time as observed in actual ash
deposits is presented in fig. 1. If the de-
gree of combustion of the ash is
improved by one order of magnitude,
(i.e. TOC= lg/kg, combustion effi-
ciency 99.9%). biochemical reactions
in the not yet fully understood reactor
"ash deposit” will become of minor
importance.

Values for TOC in filter dust samples
are given in table 2. In contrast to the
resuits for TOC in bottom ash, there

Table 1

Ranee of TOC in bottorn ash. dust from electrostatic precipitators and fabric filters.

and flue gas as measured in four Swiss MSW incinerators.

1) assuming 230 kg ash per kg MSW incinerated 2) assuming 2.5 kg filter dust per kg MSW

3) assuming & Nm” flue gas per kg MSW

bottom ash filter dust flue gas
(11% 03)
TOC concentration
le/kel 10-14 10-40 .
resp. [g/Nm3 } - - 0.01 - 0.06
TOC load [ghkg MSW] 2.3 0.1-10 2 0.05-030 3

are large differences between the values
of the four incinerators investigaied.
This Suggests that incinerator design
and operation (furnace temperature,
residence time, gas cooling and treat-
ment, etc.) can have a distinct effect
on the TOC in the raw offgas of 2
furnace, and that the mineralization
during combustion can be improved by
existing technology.

The fate of filter dust borme TOC in
disposal sites is not yet known. Trace
organic substances such as chiorinated
dioxing and furans have been found
in filter dust as well as leachates from
ash deposits {4]. In order to assess the
risk of the leaching of organic’
substances from dust deposits, it is
necessary to know the composition of
the TOC. Available information does
not account for more than 0.5 % of the
TOC in filter dust. These substances
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“pH-values of slag leachates as faiction of age of slag depasits: pH= 1 0.1-028 nt

(p<i%); with t= age of slag in months.

Table 2

Concentration and load of TOC in filter dust samples from four Swiss MSW incine-

fators Total Organic Carbon
concentration load
MSW incinerator [g/ke] [efke MSW]
A 39 0.98
B 10 0.1
C 23 0.37
D 22 0.44
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comprise chlorinated benzenes, chlori-
nated phenols, chlorobrominated ben-
zenes and polycyclic aromatic hydrocar-
bons. The compounds which are most
likely to be leached from a deposit are
chloripated phenols, because their pi-
values range around the pH-value of an
agueous suspension of the filter dust.
In order to examine the TOC in the
flue gas, -a new sampling train was de-
veloped which allows the differen-
tiation  between  particulate, con-
densable and gaseous TOC. On the
particle filter, only about 10% of the
TOC ‘of approx. 40 mg/Nm3 (11%
05} was found, which points out that
TOC in the flue gas from MSW inci-
nerators cannot be further eliminated by
particuiate filtration. By conden-
sation at -10°C and sorption on
florisil approx. 40 % of the TOC were
trapped. The remaining 40 - 50% pro-
ved to be highly volatile C| to Cg
aliphatic  hydrocarbons.  The large
variations between the four sampling
campaigns are possibly caused by the
non-stationary combustion due to the
rapidly changing fuel quality of MSW.
It is concluded that the mineraiiza-
tion of MSW should be optimized.
As a new goal, 99.9% of the carbon
entering a furnace should be oxidized.
This may be achieved by improving

the degree of incineration of  the
bottom  ash, by increasing the
combustion  efficiency of  the

offeases, and by an additional secondary
combustion of the filter dust.

[l] Hutzinger, L., Olie, K. and Vermeulen, P.C,,
"Chiorodibenzo-p-dioxins  and Chlerodibenzo-
furans are Trace Components of Fiy Ash and
Fiue Gas of Some Municipal Incinerators in the
Netherlands”, Chemosphere, 6, 445-439 (1977)
12} Brumner, P.H. and Moench, H., "The Flux of
Meials  through  Municipsl  Solid  Waste
incineration”, Waste Management and Research,
4, 103-119 (1986)

£3] Brunner, P.H., Mueller, D.M., Moench, H..
Mc Dow. S.R., "Towul Organic Carbon Emis-
sions- from  Municipal Incinerators”, Waste
Management and Research, 5, in press (1987)
[4] Hagenmaier, H., "Dioxine in Filiesstiuben™,
337, Dechema Kollogium, April 2, 1987



GROUNDWATER FLOW IN GRAVEL DEPOSITS;
INFLUENCE OF HIGHLY - PERMEABLE ZONES ON
GROUNDWATER VELOQOCITY DISTRIBUTION -

Peter Huggenberger, Christoph Siegentaler, Fritz Stauffer (ETHZ), Kerry Kelts

Fluvio-glacial gravel deposits make up
most of the groundwater reservoir in
 Switzerland. At the outcrop scale these:
deposits display a complex pattern of
sedimentary structures inchuding chan-
nels, scour pools, chutes, overbank,
drapes and clay seals. The divers struc-
tures comprise deposits with variable
hydraulic conductivities. Horizontal-
and crossbedding impart a direction de-

Fig. !
Sedimentary-structures  within  fluvio-
glacial gravel deposits of the Northern
Swiss  Midlands, (Pit  Hiinhvangen,
Profile E-W) ‘

A )Well sorted gravel beds without fine-
fraction (Openframe work zones)
B.} Sand lenses

Fig.2

pendency for these parameters. A minor
part of these deposits is made up of
stringer gravels without any fine

fraction (layers "A" on fig. 1). The
hydraulic conductivity of such zones is
several orders of magnitude higher then
in the surrounding sediments. The
degree of interconnection of these
layers and their extent determine the
easiest flow path. Deterministic numer-

“ical models help visualize the
influence of sedimentary structures on
groundwater circulation at different
scales. :

Fig. 2 shows an idealized representa--
tion of the outcrop situation (fig. 1)
into finite elements with their appro-
priate material properties (hydraulic
conductivity, angle of anisotropy). For
calculations, it was assumed that the

Idealized representation of the owtcropping sedimentary structures of the E-W profile {fig.1 } as a finite element grid.

Composite sedimentary structure with openframework layers

kx = (£ kg iilhygrs kyy = hygy! (2 K s
thickness of openwerk (hy) = 1/5 thickness bimodal-layer (hy)

Lithologies : Ky [m/s] kyy[m/s}
@ Boulder gravels (general trend of anisotropy about §0 ) 6 x 104 1.0x 1074
Grey-biue gravels with Openwork stringérs {Material* ta- 7.0x 104 5.0x 104
ken as homogeneous but anisotropic; angle of anisotropy
varies between 07 and 149)
D Openwork/Bimodal couplets (homogeneous™, anisotropic; 8.0x 10-2 2.5x 1072
direction of anisotropoy variable)
Sand (angle of anisotropy variable) 75x 105 | 3 x10°5

maximum hydraulic ‘
conduct_ivity direction (kyy)
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potential gradient as well as the specific discharge through
the block section profiles are constant. Top and bottom of
the section are no-flow boundaries. Fig. 3 iilustrates
potential- and streamfunction contourlines for this
simulation. A dense line pattem means higher
groundwater velocities assuming constant porosity. The
sand bodies (layers) slow the groundwater flow. Travel
times of an input step-function (an abstraction of a tracer
experiment; fig. 3) have been determined = from
streamfunction density pattern. Only advection (nmo
dispersion and no molecular diffusion}) have been
considered in the calculation. The breakthrough curve (fig.
4) shows a rapid first appearence and a long tail due to the
slower flow path. The differences in groundwater velocity,
caused by the sediment structures and textures are of
importance for questions dealing with the transport and
mixing of pollutants in the groundwater.

This multidisciplinary project, together with the Institute
of Hydromechanics at the ETHZ, is aimed at determining
actual structural- and facies relationships among glacio-

| Potential
- Streamfunction

Gradient
Porosity :
Buik hydraulic conductivity Ky, = 2 33162 [m/s}
Specific discharge q = 0.233 104 [m/s)

coencentration

: 1 %0
20 %o

fluvial gravel bodies in order to contribute further to realistic
ransport models of chemicals in groundwater.

relative concentrations clcy

1.¢
[H:)
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Fig. 4
Breakthrough curve of an input step function

Time - 1 000 000 (sec)

Fig.3
Streamfunction and potential contour
lines,

Boundary conditions:

/

A. Potential calculation: potential on
left side: D=0y, on right side: §=0.
B. Streamfunction calculation:

upper boundary ¥ = 0.23 (L~IT}
lower boundary }o 0 (L~/T}
Dense streamline pattern means faster

groundwater velocities assuning

uniform porosities.

 NEWS ABOUT EAWAG-COLLABORATORS

About the departure of Wolfgang Geiger

Dr Wolfgang Geiger, head of the Fisheries Section, re-
tired end of July, 1986. For more than thirty years he was
a pioneer in fishery research and established qualitative
criteria for fish rearing in our waters. Wolfgang Geiger
received his training in different places. He stndied
zoology at the University of Basle where he obtained his
Ph.D. on the relative cerebral growth of bony fish under
the direction of Prof. Portmann. Between 1952 and 1954
he was visiting research scientist at the Institut de péches
maritimes du Maroc in Casablanca. From 1954 to 1956
he worked at the Zoological Institute of the University of
Berne, and in 1956 he joined the Swiss Federal Forestry,
Wildlife and Fishery Board in Berne. Some of his most
important work dates back to those days, particularly
investigations on the stock and catch in trout rivers and
on the reproduction biology of brown trout. This is when
he gathered the necessary experience for his future activity
as expert.

In 1962 he moved to the Zoological Institute of Geneva
where he participated as senior scientist in the training of
students and carried out, among other things, inves-
tigations on the sperm of salmonid fish. In autumn 1969
he followed Prof. Jaag's call to set up and head the newly

20

covers,
ichthyobiology, physiology, biochemicai taxonomy, population
biology, fish culture in our waters, effects of contaminants and
technical interventions on the aguatic ecosystem.

Retirement is not an end, but a new beginning. All his friends,
students and colleagues wish him all the best for this new
beginning whose location is nowhere else than at the place of his |
youth, which thereby confirms the homing theory.

established Fisherles Section at the
EAWAG.

Wolfgang Geiger attached great
importance particularly to the training
of candidates for diploma and doctor's
degrees. Thanks to his patience and
insight of people's nature, he managed
to impart, besides his fascination for
fish, scientific thoroughness and objecti-
vity. Thoroughness and realism cha-
‘ racterize also his own work which
in a broad sense, the entire field of ichthyology:

Dr Rudolf Miiller
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Perspectives of the Fisheries Section

The present time is characterized by an

ever increasing number of rapid
alterations of our environment. This
situation leads the environmental

scientist to reconsider the aim of his
task from time to time in order to cope
successfully with newly arising
problems. Such a process of read-
justment in the scope of activity
includes the difficulty to identify the
most urgent problems within the
multitude of existing problems. The
following issues are recognized today
as being of prime importance:

- ecotoxicity of treated wastewater

- canalization of ranning waters/residual
run-off in rivers

- lake eutrophication/oligetrophication

We have become aware of the general
lack in understanding the role which
fish play in the ecosystem of our
waters. This has led us o define four
main working areas. It is the common
‘aim  of these research efforts to
contribute to the conservation of natural
aquatic communities in an environment
altered by man.

1. Ecotoxicology and fish

The mode of action of certain che-
mosynthetic compounds {or groups of
compounds) on fish will be investigated
physiologically, embryologically and
ethologically. The first step in this
direction at the Fisheries Section will
be a doctoral thesis by T. Walter. The
compounds investigated are repre-
sentative of the innumerous organic
compounds entering the tivers through
treated wastewater effluents. We also
hope to make use of fish as bio-
indicators for chemical interference at
higher trophic levels of food-chains.
The project is part of the EAWAG
research focus "Ecotoxicology in
Aquatic Systems” and will start in
summer 1987,

2. Food-webs and nutrient furn-
over .

The main question within this topic is:

How do fish and food organisms
interact? For lakes (ILake Hallwil, Lake
Samen), the activities focus on the
interdependence of zooplankion and fish
at different trophic levels. For running
water, on the other hand, the role of
allochthonous  versus  autochthonous
food for fish in River Glatt downstream

of Lake Greifensee will be studied.
This activity is situated within the
EAWAG research focus "Running
Waters”. Started in March 1986, the
feeding ecology of whitefish fry in
lakes is currently being investigated in
cooperation with D. Ponton, guest
scientist from the Institut de Lim-
nologie/INRA, Thonon (France).

3. Population run-
ning waters

ecology in

During our investigations on River
Rhone in Geneva in 19853/86 we
realized how little is known about the
fish populations and their natural
fluctuations in large rivers. The fact
that existing  hydroelectric power
plants and river bank constructions will
have to be renewed in the near future,
with additional and severe impacts on
our rivers, makes it necessary (o
expand our basic understanding of the
fish fauna in such waters. In the first
place, the relationship between physi-
cal factors and population fluctuations
due to migration, mortality and natural
reproduction will have to be elucidated.
Particnlar attention will be paid to the
effects of river construction on fish.

The problem of residual (artificially
reduced) water flow and its effects on
stream ecology is becoming more and
more acute. Hydropower development
is intensifying its interest in small
rivers which have remained untouched
so far. Experimental evidence of such
effects is badly needed in order to argue

successfully for conservation of the,

HVer ecosystems.

4. Population ecology in lakes

One of the most advanced hydro-
acoustic  systems available today

enables us to quantify fish biomass and
to determine length distributions of
fish in sim. Activides are under way
on Lake Haliwil (eutrophic) and lake
Sarnen (oligotrophic}, We expect to
make significant progress in under-

- standing the reaction of the Ilake

ecosystem - and in particular of fishes -
to a changing stress such as the process
of  eutrophication/oligotrophication.
The importance of this topic is
reflected by a growing number of
scientific events like workshops
dealing with these questions,

Teaching, the second of the three
groups of activity, is currently being
intensified to meet the growing
interest.

Consulting  activities, on the other
hand,will  be resiricted to projects
contributing substantial new know-
ledge in-fish biclogy and aguatic eco-
logy. It should however be mentioned
here that consuiting has recently
opened up access to certain research

- areas, set-ups and technologies other-

wise inaccessible: Sedimentation in
rivers due to reservoir evacuation,
interesting but restricted fish waters,
and advanced hydroacoustics. In fact, a
continued exchange of ideas with
people engaged in practical fishery is
part of the scope of EAWAG and couild
prove to be essential for the iden-
tification of problems to come. Thus,
the activities of the Fisheries Section
during the next years can be sum-
marized as: Priority on research based
on clear concepts, complemented by se-
lective consulting and transfer of new
knowledge through teaching at uni-
versity.

Dr Rudolf Miiller

Promotion

Dr Willi Gujer has
been  promoted to
Privatdocent for Water |
Technology and Water
Protection at the ETHZ
{Dept. of Civil Engi-
neering). The title of
his habilitation thesis
ist A dynamic model
for simulation of complex
systems. PD Dr Willi

EAWAG-NEWS (22/23) 1987

activated sludge

Gujer joined
EAWAG in 1974 and became head of the
Engineering science department in 1977.

Member of parliament

The editor of the EAWAG
news has been elected a
member of the State (Canton)
Zurich Parliament. As a mem--
ber of the Green Party, Diana
Hornung will have additional
leverage for intreduction of
environmental ideas and con-
cepts into legislation and
practice. The Direction of
EAWAG is very pleased about
having one of its staff
members in this positicn.

the
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Death of Prof. Kurt Grob

Kurt Grob, professor at the Swiss
Federal Institute of Technology Zurich
and former research scientist at the
EAWAG, died on 2 March 1987 at the
age of 67.

Before joining EAWAG in 1974, Kurt
Grob held a position as chemistry iea-
cher at the grammar school and at the
University of Zurich. Besides his tea-
ching activities, he first worked in the
tobacco industry where he studied the
composition of tobacco smoke. This
work brought him into contact with
the analytical technigue ‘of gas chro-
matography which then became Kurt
Grob's main field of research. During
25 years of intensive work he was able
to greatly improve this methodology.

Many techniques in the field of high-
resolution gas chromatography are
closely associated with Grob's name
There are applications todayin many
areas of analytical chemistry such as
environmental chemistry, forensic

science, food analysis and clinical.

chemistry.

After having established the consi-
derable improvement achieved by the
application of glass capillary gas chro-
matography for the determination of
organic trace contaminants in water,
he transferred his laboratory to the
EAWAG. His analytical methods allow
the guantitative determination of trace
pollutants down to 109 g/l for indi-
vidual organic chemicals in water. Kurt
Grob also aided in promofing the
application of capiliary gas chroma-

tography through his teaching at the
University and a: the Federal Institute
of Technology in Zurich. He authored
over 150 publications including 2 mo-
nograph on "Making and Manipulating
Capillary Columns for Gas Chio-

- matography”. The University of Beme,

as well as the ETH, awarded him 2
honorary doctoral degree for his out-
standing achievements as a teacher and
a scientist. Kurt Grob retired in
summer 1983 after having completed,
in his typically consistent manner,
almost all of his research work.He died
less than two yeasrs after his
retirement. The EAWAG is deeply
indebted to Kurt Grob and to his wife
and assistant in the laboratory, Mrs.
Gertrud Grob, for their unique scientific
contributions.

Doctoral degree henoris
causa

On  June 4,
1987, the Uni-
versity of Ge-
neva has awar-
ded Prof. Wer-
ner Stumm a
honorary doc-
toral  degree
for his outstanding achievements as
chemist in the field of equilibrium
chemistry of natural waters and their
environment. By connecting theory
and practice he developed mighty
tools to help to better protect our
environment.

Sth Ozone World Congress
and Exhibition

The 8th’ Ozone World Congress and
Exhibition will iake place in Zurich on
15-18 September 1987. It will be of
particular interest to specialists in the
field of technical ozone production,
process engineering  for waterworks,
swimming pools, exhaust air decon-
tamination, and water quality and to
municipal authorities responsible for
drinking water quality.

it is an honor for Switzerland to host
this conference, because the Swiss water-
works, Swiss engineering companies and
EAWAG have developed a tradition for
ozone application and research.

A rtesearch group from EAWAG will

report their results on the Kinetics of
ozone decomposition in ‘water. Before
the conference, EAWAG will host a
workshop for chemists to discuss fun-
damental problems related to analysis.
of ozone and the formation of secon-
dary products during water ozonation.

Environmental sciences as

new type of study

For the first time, the ETHZ offers a 4
year study program in environmental
sciences starting  fall 1987, It is
addressed to students witha broad inter-
estin integrated natural sciences and re-
quires sirong motivation.

For questions refer o PD  Dieter
Imboden, EAWAG.
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Chinese _edition __of  Aquatic

Chemistry, 1987

The second edition (1981) of the book
"Aguatic Chemistry - An Introduction
Emphasizing Chemical Equilibrium in
Narural Waters™ has been translated
under the supervision of Prof. Tang
Hongxiao of the Instinue for Envi-
ronmental Chemistry of the Chinese
Academia Sinica. He spent many years
in the USA and one year at the
EAWAG. Thanks to his skill, non-
translatable  expressions, such as the
namtes of the authors, Werner Stumm,
and James J. Morgan, retain e
English pronunciation, although still
expressed in Chinese characters.
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Investigations on the toxicological

effects caused by the

fire at Schweizerhalle on the Rhine

After the great fish kill and the initially
only  suspected important damage
caused to the Rhine's ecosystem
downstream of Schweizerhalle, the
EAWAG was commissioned by the
governement of the canton Basle-Land
to make an inventory of the damage and
to develop measures {or the regeneration
of the Rhine. :

The EAWAG divided this mandate into
three parts:

1. Chemical and biclogical inventory in
the flowing waters, in the benthos and
in the sediments,

2. Determination of the chemodynamic
behavior of the chemical subsiances
discharged into the Rhine with the fire
extinguishing water and assessment of
their ecoloxicalogical effects.

3. Development of measures for the
regeneration of the Rhine, primarily
with fish, and mornitoring of the

restocking measures of the Rhine with
organisms.

A first intermediate report on the
primary effects of the Rhine's conta-
mination with mercury and thio-
phosphoric ester compounds was deli-
vered aiready 4 weeks after receipt of the
mandate. The investigations revealed
that the macroinvertebrates had been
almost entirely destroyed while the fish
populations of eel and grayling had
been iotally wiped out. Only the aquatic
plants did not suffer any imporans
damage. The microbiological popu-
lation structure was intact during our
investigations about three weeks after
the accident. The Rhine's self-purifying
capacity was not impaired at the time of
these investigations. Nevertheless, a si-
gnificant biodegradation could not be
expected for many discharged substances
during the flow time,

Our cument investigations on the
chemical substances are trying to
establish, with the help of chemo-
dynamic measures, why the compound
concenirations in the Rhine had been so
terribly toxic. From theses analyses we

- expect to obtain important information

on the behavior  of the abiotic
substances in aquatic systems. The field
studies primarily aim at restocking the
Rhine with aquatic organisms. Since no
chemical residues were found on the
river bed along the Rhine section at
Basle-Stadt, some species of inver-
tebrates are expected to reappear even
this year. However, on account of the
still prevailing too high load of abiotic
compounds of different origins in the

. Rhine, the creation of a natural bioce-

notic habitat is not foreseeable in the
near future. The availability of suf-
ficient fish food organisms will soon
enable important fish restocking
measures.

Dr Peter Perret

Participants of the seventh postgraduate course in Sanitary Engineering and Water Pollu-
tion Control (offered by the Institute for Water Pollution Control, IGW, and the Institute for Hydraulics and Water Resources

Management, I[HW, of the ETHZ).

From left to right, front row: Renate Krauss, Jakob Hedegaard, Patrick Héhener, Haroun Frick, Judith Kemmler, Slavica
Prgomet, Mahuaz Schneeberger, Lea Locher-Azevedo;
second row: Georg Furger, Urs Dietschi, Jiirg Kappeler, Marcel Fisch, Thomas Walter, Nancy Dise;

third row: Pau! Wersin, Manuel Elgorriaga, Martin Anderson, Thomas Wepf, Urs Kempf, Herbert Kessler.

In 1986 and 1987, the EAWAG was honored by the visit of
the following guest scientists:

Allen Evelyn, Biologist, Univ. of Michigan, An Narbour,
USA, (June-Aug. 86).

Bruno Jorge, Chemist, Royal Inst. of Techn., Stockholm,
Sweden (May-July 87)

Capri Silvio, Chemical Engineer, Ist. di Ricerca sulle Acque,
Rome, Italy, {(Jan.-June 86 and June 87),

Christensen Erik, Ass. Prof. Civ. 'Eng., Univ. of Wisconsin,
Milwaukee, USA, (June-Aug. 86).
Czuczwa Jean, Dr., Analytical
Bloomington, USA, (Jan.-May 86).
Drever James, Prof. of the Univ. of Wyoming, USA (Sept 87-
Sept.88)

Emerson Steve, Prof. Umiv. of Washington, Seattle (Feb.-
Sept. 87)

Chemist, Indiana Univ,,

EAWAG-NEWS (22/23) 1987 23

Fuscoe Wendy Lynn, North Carolina State Univ., Chapel
Hill, USA, (Sept.-Dec. 86).

Goncalves Maria de Lurdes, Prof., Centro de Quimica
Estrutural, Inst. Superior Technico, Lisboa, Portugal (July-
Aug. 87)

Heyerdah!  Emily, Geologist,
Beaverton, USA, (May-Oct. 86).
Johnson Carola, PhD, Chemist, Imperial College, Geology
Dept., London, UK, (until March 86},

Lerman Abraham, Prof., Chemist, Northwest Univ. Chicago,
USA, (Nov. 86).

Marcomini Amtonio,  Dr., Chemist, Dip. di
Ambientali, Univ. Venezia, I, (May- June 86 and 87).
Masten Susan, Engineer, Harward Univ., Cambridge Mass.,
USA, {until April 86),

O'Connor John, Prof,, Univ. of Missouri- Columbia (July-
Aug. 87}

Oregon  Graduate Center,

Scienze



Paviova Violeta, Chemist, Univ. Géteborg, Sweden, (Sept.
86- Sept 87).

Pollinger Utsal, Prof., Israel Oceanographicand Limnol. Res.
Inst., Haifa, Israel (Aug.-87-July 88) .

Ponton  Dominique, Biologist, Inst. de Limn., Thonon,
France (Feb-Dec 87)

Pytkowicz Richard, Prof. Oregon State Univ., Oregon, USA,
{(Jari.-March 86).

Rebhun Menahem, Prof., Technion, Haifa, Israel (July-Dec
8N

Stephanou Euripides, Prof. Univ. Heraklion, Greece (June-
Aug. 87)

Sridhar Mynepalli, Prof., Engineer,Dept. Preventive and So-

cial Medicine, Univ. qf Ibadan, Nigeria, {Oct. 86- Sept. 87).

Wang Ao Sheng, Geologist, Inst. of Geography, Academia
Sinica, Nanjing, China (Feb. 87-Feb 89)

Xue Hanbin, Chemist, Inst. of Environ. Chemistry,
Academia Sinica, Beijing, PR China, (March 86- March 87).
Yu Jun Qing, Geologist, Qing Hai Salt Lake Res. Inst,
Academia Sinica, Xinhing, PR China, (Sept. 85-Sept 87).

Zepp Richard, Prof., Univ..of Miami, USA (June- Aug. 87)

The Otto Jaag Prize 1986 for the most outstanding thesis
in the field of water resources and water pollution control has
been awarded to Gerhard Furrer for his thesis on the surface
controlled dissolution of metal oxides.

EAWAG —~Publications (Reprints may be obtained by writing to: EAWAG, Library, CH-8600 Diibendoryf)
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Nearly hundred participants discussed at a workshop the possibilities of lake restoration. The speakers and discussion chairper-

B

sons were from left to right: Prof. Bernhardt, Dr Imboden, Prof. Vollenweider, Dr Davis, Dr Géchter, Prof. Lerman, Prof., Fors-
berg, Dr Davison, Prof. Bachofen, Dr Perret, Dr Sigg. Dr Clasen, Prof. Stumm, Dr Reynolds, Dr Pechlaner. The proceedings of
this workshop have been published in a special issue of the Swiss Jowrnal of Hydrology. :
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