The effect of Ozone on Waters Containing Chlorine or Bromide

Werner R. Haag and Jiirg Hoigné

Many drinking water treatment plants, especially in Swiizer-
land and neighboring countries, use ozone either for disin-
fection or to improve the chemical quality of the water.
Chlorine is also ofien used in a preceding or subsequent
treatment step. However, czone and chlorine react with one
another, resulting in a decrease in efficacy of both oxidants.
How fast does this reaction occur under practical water
treatment conditions?

Qutside of Switzerland waters sometimes contain traces of
bromide, which also reacts with ozone during drinking water
treatment. The advantages and disadvantages of using
ozone in seawater (which contains large amounts of bro-
mide) for shelifish depuration or cooling water antifouling
are under discussion, Are the bromide lons not simply oxi-
dized to «active» bromine? Such questions are of interest
since «active» bromine not only interferes in the measure-~
ment of ozone concentrations, but can also produce unde-
sirable brominated compounds, such as bromoform in the
presence of natural organic compounds.

in this article we will briefly describe how basic, experimen-
tally accessible, kinetic data can be used to predict the be-
havior of chemical oxidants used in water treatment.

1. interaction of Ozone with Chlorine

When gaseous chlorine is added to waler it rapidly hydro-
lyzes; therefore, «active» chlorine exists mainly as hypo-
chiorous acid (HOCH) (see Fig. 1). HOCI is & weak acid which
is partly dissociated to the hypochiorite ion (OCI") at the pH
of drinking water. Qur kinetic measurements show that
ozone reacts only with OCI" and not with HOCI Thus, the rate
with which ozone reacts with aqueous chlorine increases
proportionately to the degree of dissociation, @, of the hy-
pochiorous acid; that is, it increases by a factor of 10 per pH
unit up to pH 7:

_d[Oy]

@ = 160 M-18- a[HOCh,] [C4]

where a= 13100 5

As shown in Fig. 1, ozone reacts with hypochlorite ion by two
different pathways. Only about 23% of the OCI” ends up as
undesirable chlorate (CI0;); the main pathway {77 %) leads
to relatively non-toxic chioride.
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Fig. 1:
Reactions of czone with agueous chiorine,

Using the kinetic rate law given above, we calculated the
half-lives of ozone or chlorine in the presence of one another
{see Fig. 2). For example, if the ozone concentration is kept
at 1mg/l, which lies in the range normally used in water treat-
ment plants, the half-life of the chlorine at pH 7-8 will be
about 10 minutes. The same is true for the half-life of ozone if
the chiorine concentration remains constant at about 1.5
mg/l Cl,,... The reaction is slow when compared with disin-
fection processes and, therefore, should not interfere signi-
ficantly with the latter. On the other hand, the residual chior’
ine concentration in the water distribution network will be re-
duced, increasing the risk of a re-infection.

For spectalists in this field, we should note that combined
chiorine, formed by chiorination of ammonium-containing
waters, reacts somewhat more slowly with ozone than does
hypochiorite ion [1].
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Fig. 2:

Stability of active chlorine and ozoneg in water in the presence of
each other, Lower & left axes: hall-life of ozone assuming the con-
centration of chlorine remains constant. Upper & right axes; haif-
iife of chiorine assuming the concentration of ozone remains cons-
tant.

2. Interaction of Ozone with Bromide lon

Many waters which are ozonated for disinfection, such as
drinking water, swimming pool water, and power plant cool-
ing water, contain at least traces of bromide (see Tabie 1).
Ozone oxidizes bromide o «active» bromine (HOBr/OBr),
which acts as a secondary oxidant and disinfectant. This ac-
tive bromine is then further oxidized io bromaie, the stable
end product. Using model reaction mixtures for the kinetic
measurementis, we were able fo establish and quantify the
reaction scheme shown in Figures 3 and 4 {2].

Fig. &:
Reactions of ozone with aqueous bromine and bromide ion.
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Table 1:
Typical bromide concentration in various waters [2]

mg/l Brr
Sea Water 65
Lake of Zurich 0.006
River Rhine at Basle 0.03
River Rhine at Karlsruhe 0.2
River Rhine at Netherlands 0.06~0.8
Five major rivers in USA 0.004-0.08
Ground water (Beigium) 0.03-0.3
Rivers {Belgium) 0.02-0.2
Various Mineral Waters (Switzerland,
France, Fed. Rep. Germany, Belgium} =24

Analogous to the reaction with active chlorine, only the hy-
pobromite ion reacts with ozone, and only a minor part {23%)
of this reaction leads directly to bromate ion {BrQO;). The
main pathway again leads to halide ion, via peroxide forma-
tion and O, loss. However, in contrast to chioride, bromide
can be oxidized back to hypobromite by additional ozone,
The result is a small chain reaction, whereby czone is cataly-
tically destroyed and the formation of bromate strangly inhi-
bited (see Fig. 4).

Of primary interest is the concentration of active bromine
which builds up during the ozonation of a bromide-contain-
ing water. A simple kinetic computer model and subsequent
experimental verification gave the concentration-time pro-
files shown in Fig. 5. After only several minutes of continuous
ozonation at 1mag/l, a large portion of the initial bromide was
oxidized to active bromine. However, since this existsina
dynamic equilibrium with bromide, only a certain percentage
of the total bromine can be present as active broming. This
percentage is particulariy low at high pH values where the
regeneration of bromide is not inhibited by the protonation
of the OBr™ to HOBr. Nevertheless, in the pH range typical of
drinking and cooling waters {pH 7-8), a substantia! portion
of the initial bromide exists as active bromine over a rather
iong ozonation period.

The presence of active bromine in czonated walers causes
certain problems. Conventional analytical methods for the
determination of residual ozone, which are usually based on
oxidation, give a false positive response 1o active bromine.
Moreover, aqueous bromine will brominate organic water
constituents. Fig. 6 gives direct experimental evidence for
the formation of bromoform upon addition of agueous ozone
to mixtures of humic acid and bromide ion, However, the ex-
tent of formation of halogenated organics appearsto beless
with ozonation than with chlorination, The formation of bro-
minated phenols can be excluded since data from rate cons-
tant catalogs we have established [3] show that phenols
react over 1000 times faster than bromide; thus, they would

Fig. 4:

Chain reaction of gzone in hromine- and bromide-containing water,
including further reactions of hypobromous acid and hypobromite
ion.
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Fig. 5.
Calculated active bromine concentrations during continous ozona-
tion of hromide-containing water at 1 ma/] ozone,

be oxidized before significant amounts of active bromine
could be formed. This is the case even in seawater, despite
the fact that the high bromide concentration {65 mg/) limits
the lifetime of the added ozone to only 6 seconds. In this re-
spect, ozonation of seawater has an advantage over chlori-
nation, even though active bromine is produced as a secon-
dary oxidant in both cases.

These considerations demonstrate that kinetic data can be
used to make predictions on the behavior of chemical oxi-
dants and disinfectants used in water treatment, even when
complex interactions must be considered. In a separate
communication we will show how certain reaction pathways
of atmospheric czone can also be better understood and
guantified by using corresponding kinetic data.

03 mg /i

Fig. 6:

Bromoform concentration measured 21 hours after addition of
ozone to bromide-~ and humic acid-containing selution [Br s =
1 mg/l; [humic acidle = 2 mg/t [HCO;) = 2 mmoi/l.
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Suspended Particles in Lakes

Michael Sturm

Introduction

Particles are excellent tracers to study geobiochemical pro-
cesses inthe natural environment. Knowledge of processes
which lead to particle formation and descriptions of their
composition and distribution in an aguatic system, there-
fore, increase our insights into those mechanisms which
control that particular system.

Suspended material {= pariicles, suspensoids) inalake may
originate from different sources: the atmosphere, river input,
land slides and formation processes within the lake itself
(Fig. 1). Accordingly, suspended particles vary greatly in
composition and represent a wide range of sizes: distinct
single particles (rock fragments, individual crystals, algal
cells, etc.) or aggregates (coagulates, fecal pellets, etc.).
Due to differences in the catchment area, the tributaries, ba-
sin morphology, and trophic state, variable amounts of par-
ticles from an individual source will be contributed to a lake.
In aipine and perialpine {aipine foreland} lakes, the sources
of suspensoids are either allochthonous including all mate-
rial carried to a lake by its tributaries, by avalanches and land
slides, etc. or autochthonous, 1. e. particle formation within
the water column inciuding particles formed by biological
processes, precipitation, coagulation, etc. Material from
both sources may be secondarily reworked in the lake by
slumping and resuspension processes.

Suspended particles in a lake can be described quantitati-
vely and/or qualitatively. Within the water column, the occur-
rence of suspensolds is quantified by their concentration
{mg- -} and the fiux to the lake bottom by their mass per
area and time {g- m-2d-). Final deposition of particles on the

lake floor is expressed by the annual sedimentation rate
{em- y-1) or the annual rate of accummuiation (g- m-2y-).
Some of the different techniques which are applied to deter-
mine these parameters are schematically shown in Figure 2.
The qualitative description of particles may include the cha-
racterization of particles by their shape and size, by their
chemical composition or by their position within the biologi-
cal system. Several technigues may be applied to measure
pariicle grain sizes {Coulter Counter, Sedigraph}, bulk par-
ticle chemistry (Atomic Adsorption Spectrometry, Neutron
Activating Analysis, X-ray diffraction} and single pariicle
composition {Scanning Electron microscopy/X-ray speciro-
metry).

1. Particle concentration

Comparisons of particle concentrations in a number of al-
pine and perialpine lakes show in general a mean annual, pe-
lagic, epilimnetic suspended material concentration of 2-3
mg- |- (Table 1). Regardless of their trophic state, all lakes
develop lower concentrations during the winter months and
higher concentrations in the spring and summer. Average
uniform values are exceeded in lakes with high allochtho-
nous input (Lake Ammer: 21 mg- I-'[4]) or near the mouth of
main tributaries {L.ake Brienz: 25 mg - I1'[7]). Moreover, maxi-
mum concentrations may occur during periods of high pro-
ductivity during the spring in the epilimnion of a lake (Lake
Greifen: 7.4 mg- -'[9]) and by resuspension processes at
the sediment/water interface. However, water profiling with
transmissometer or nephelometer and short-period water
sampling show that such peaks of high concentrations are
rapidly reduced (within hours or a few days) {o the seasonal-
ly varying mean background concentration of particles in a
lake [7, 18].
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Fig. 1:

Sources and sinks of suspended particulate matter in a lake (modi-

fied after [13]).

RIV = influx by rivers, slumps, avalanches etc.
AR = athmospheric influx by wind, rain etc.
AUT = autochthonous materiai (bioproduction,
chemical precipitation stc.}
DIS = dissolution of particles
RES = resuspended material (hottom-currents, subagquatic

slumps etc.)

UPW = influx by upwelling of material (groundwater, subaquatic

fountains etc.}

QUT = outflow of particles

Tabie 1:

Particle and sediment data from alpine and peri-alpine lakes

Surface area| Max. water Part. concentration Part. flux Sed. rate

Name of lake {ikm?) Depth.(m) Character {mg- 11} (g m-2d-1 (em - y 1)

L. Geneva {1] 582 310 oligo/mesotrophic 1.8 {0.9-2.5) 3.3 (1.8-6.2) 0.5 4]
large tributaries (Dec.~Auqg.)

8 km of delta - 9 (2.8-13.7) -
{Dec.—Aug.)

L. Constance [2] 475 252 oligo/mesotrophic 3 (0.4-5.5) [11] 2 (0.2-19) .45 [3]
large tributaries

L. Zurich [3} 65 140 meso/eutrophic 2.2 {0.4-4} 2 (0.7-7) 0.35 [11]
minor tributaries

L. Ammer/Ger 47 82 mesoe/eutrophic 21 (17-23) - -

many [4] large tributary

L. Biel [5] 39 75 eutrophic 2.5 {0.7-5.8} 5 1.1
large tributary (1-17}

L.. Zug 6] eutrophic -

38 197 minor tributaries 2 {0.2-9.3) 0.35

L. Brienz [7] 30 261 oligotrophic 25 {4.3-54.7) - >2
large tributaries {2 km off delta)

L. Traun/Austria 26 191 oligotrophic 2.3 {1.2-2.9) - 0.4 133

[8] large tributaries

L. Greifen [9] 9 32 eutrophic 3.2 (1-7.4) 6 0.4 [3]
minor tributaries {spring) [17] {1.8-24)

Bay of Horw 2 72 mesotrophic 1.6 (0.3-4) [8] 3 0.4

{L. lucerne) [10} minor tributaries {0.4-13.8}

L. Rot {10] 0.5 16 eutrophic - 3 0.37
no tributaries (0.4-13.8)

[1] Jacquet, J.M., Favrager, PY, Uldry, A., Vernet, J.-P, Production,
transformation ef sedimeniation de [a matiére particufaire dans
le Léman. Schwelz, Z. Hydrel, submitted,

21 Sturm, M., Zeh, U., Midler, J., Sigg, Laura, Stabel, H., Schweb-
stoffuntersuchungen im Bodensee mit intervali-Sedimenta-
tionsfalien, Eclogae geol. Helv. 75/3, 579-588, (1082).

[{3] EAWAG-unpublished data.
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teifung, Zusammensetzung und Sedimentation suspendierten
Materials in einem Voralpensee, PhD Thesis, T.U. Munich, Fed.
Rep. Germany, {(1980).

[5] Santschi, P, Chemische Prozesse im Bigclersee, PhD Thesis,
University of Berne, Switzeriand, 1975,

[6] Bloesch, J., Sturm, M., Particie Huxes and sinking velocities as
model parameters for the restoration of eutrophic Lake Zug,
Switzeriand. Paper accepted by 3rd Symp. Interact. Sediment/
Water, Geneva, 1984,

{71 Sturm, M., Matter, A, Turbidities and varves in Lake Brienz
{Switzerland): depasition of clastic detritus by density cur
rents, tnt. Ass. Sedimentologists, Special Publ. 2, 147-168,
{1978}

[8] Mitller, 4., Sossau, C., Zeh, U, Bie Schwebstoffe der Traun und
des Traunsees, Report 12, Obertsterreichische Landesregie-
rung, Austria, (1983},

[8] Weber, H., Sedimentologische und geochemische Untersu-
chungen im Greifensee, ETHZ, PhD Thesis, Switzerland, (1981).

Fi0] Bloesch, J., Sedimentation und FPhosphorhaushalt im Vier-
waldstattersee (Horwer Bucht} und im Rotsee, Schweiz. 2.
Mydrol. 36, 71-186, (1974).

[111 Erten, H.N,, von Gunten, H.R., Rassler, E., Sturm, M., Dating of
Sediments from Lake Zurich {Switzertand) with 212Ph and %7 Cs,
Schweiz. Z. Hydrol,, {in press).

{12] Giogvanoli, F, Institut Forel-Versoix, pers. communication.
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Fig. 2: Common techniques used for the quantification of suspended paricles in lakes.
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if measured frequently enough, particle concentration data
can thus be used to describe the fast processes of autoch-
thonous particle formation in and allochthonous particie
plumes to a lake as well as their distribution in the water co-
lumn and throughout the lake basin, On the other hand, the
concentration of particles does not seem o be an adequate
parameter to characterize lakes varying in their trophic
states, geochemical backgrounds, sizes, depths, etc,

2. Particle flux

Sediment trap measurements of the downward flux of par
ticies in different lakes show annual mean values of 2-3
g m-2d-' (Table 1), Higher fluxes (5-6 g m-2d-*} have been
observed in some eutrophic lakes, where higher amounts of
particles are produced during periods of increased produc-
tivity in the epilimnion (l.ake Biel, Lake Greifen) [5,17]. Gene-
rally, particle flux data reflect seasonal changes of suspend-
ed material, whereby >70%of the suspensoids settle during
spring/summer from May to September [6]. Periodic maxima
of particle fluxes during this time indicate successions of
phytoplankton blcoms. These maximum values can be in-
creased by synchronous plumes of allochthonous particles
from spring melt water or torrential rains [5,71. Shori-term
measuremenis {60 hours intervals} with time-sequencing
sediment traps show that the duration of such increased
pulses is usually short and seldom exceeds 2.5 days [2,19].
Determination of particle fluxes from traps just below the
epilimnion and near the lake bottom, can show significant
differences. They are caused by physical and biochemical
recycling and transformation of particles outside or within a
sediment trap.

Physical resuspension of already deposited material was
observed in Lake Zug (South Basin) during a storm-~event in
November 1982, when a sediment trap exposed 9 m above
ground measured a particle fiux of 4.2 g- m-2d-* as com-
paredto 1.7 g- m-2d-' {40%) for the trap set below the epilim-
nion [6]. Sinking Mn-oxides formed during the biochemical
recycling of Mn (which comprises the release of Mn(ll} from
the sediment at the anoxic sediment/water interface and its
subsequent oxidization to y-MnOOH, catalyzed by microor-
ganisms in the overlying water [15]) clearly increases par-
ticle fluxes in bottom traps of eutrophic lakes during periods
of anoxia in the hypolimnion. An increased total particle flux
{up to 7% in the bottom traps and numerous Mn-oxide par-

freeze drying
{total material)

sedimeni parameters
{density, porosity, age)

particle flux
g- m-?d-i

sed. ratejaccumuiation
cm - y-1 g . m-zyd

ticles in both the water and trap samples indicate the influ-
ence of this shori-cut recycling of Min on sedimentation pro-
cesses near the bottom during autumn and winter months in
Lake Zurich [3].

On the cther hand microbial degradation and grazing by fil-
terfeeders within the traps, especially when exposed within
or just below the epilimnion, may reduce frapped material
during longer periods of exposure. During a 14-day trap ex-
periment in Lake Greifen, more than half of the trapped ma-
terial summed over 2-day intervals was degraded in the re-
ference trap, which was continuously exposed during the
experiment [17].

3. Sedimentation rates

Average annual sedimentalion rates, displayed in Table 1,
show surprisingly uniform values of about 0.4 cm- y-'in
most of the lakes listed. It has o be kept in mind, however,
that lakes with large tributaries show annual rates, which de-
pend on the position of the studied sediment core within the
lake basin (e.g. near a delta or in more distal parts of the
lake). Differences by up to an order of magnitude have been
observed in some of the Swiss lakes, which are influenced
by high debris-flow from rivers [5,7].

Average sedimentation rates are likewise significantly great-
er in those lakes, in which rates of productivity are superim-
posed by the input of high amounts of allochthonous mate-
rial (e. g. Lake Biel [5]} or where frequent puises of particle-
loaded river water carry large quantities of allochthonous
solids even to distal parts of a lake (e. q. Lake Brienz [7]).
The rate of sedimentation, as determined by dating of sedi-
ment cores, describes the net amount of particles finally de-
posited on the {ake floor. However, 2 sedimentation rate cal-
culated from results from sediment trap material, which is
susceptible to both recycling and biochemical alteration wili
usually be larger.

4. Composition of particles

As the formation and fate of suspended particles in lakes of
temperate climates are seasonally variable, particle analysis
of filtered samples and sediment trap material shows signi-
ficant differences during the course of a year [6,18].

A dramatic increase in the number of diatom shells (Stepha-
nodiscus hantzschif, Asterioneila sp.) (Fig. 3) represents the
first productivity peak of the year. Lakes with substantial par-
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Fig. 3:
A spring bloom of phytoplankton represented by a vast number of

bl et
Bz

Fig. 4.
Aulochthenous calcite crystal with residual holes of former chloro-

centric Stephanodiscus hantzschif and a few specimens of the pen-

phyta nuclei. Water sample of pelagic Lake Constance, collected at

nate Asterionella sp. Clusters of diatoms (arrow) indicate fecal pel-
lets from grazing zooplankion. Sediment trap material from the epi-~
limnion of Lake Zug (South Basin), coliected at 22 m water depth,
April 20 ~ May 11, 1982, (bar = 100 um}

ticle input from rivers show simultaneous enrichment of al-
lachthonous material in the samples {e. g. rock fragments,
clay particles, quartz grains, etc.). In carbonate-saturated
lakes sudden calcite crystal precipitation starts in early
summer [20], when assimilation activity of the phytoplank-
ton raises the pH and simultaneously decreases the reser-
voir of dissolved phosphorus in the lake, thereby no ionger
inhibiting crystal growth [16,20]. Newly formed calcite crys-
ials reaching diameters of 40-60 um, exhibit step-like mor-
phology and inclusions of helerogeneous nuclei (shelis of
diatoms, chlorophyta as indicated by residual holes within
calcites, Fig. 4). Epllimnetic calcite precipitation is characte-
rized by high settling velocities (up to 100 m - d-'[2}). The in-
fluence of these fast settling particles on the overali settling
process is stll unclear and subject of further studies. All the
more as calculated settling velocities of total suspended
matter {i. e, particle flux/particle concentration) are in the or-
der of 1 m- day-'[6]. Autochthonous calcite plumes may
further be enhanced by summer phytopiankton productivity
peaks during the summer, when large numbers of pennate
diatoms and of calcareous greens {(Phacoius lenticularis) are
formed [3,20].

At the end of summer, when anoxic conditions are deve-
loped at the sediment/water interface in the deeper parts of
mesoctrophic and eutrophic lakes, bicgenetic structures of
Mn-oxide ({"Metallogenium’} become more frequent in the
suspended material (Fig. 5). These structures are present in
particle samples from autumn until early spring. Then, dur-
ing homothermic conditions, oxygen is mixed down to the
deep hypolimnion and the first spring algal bloom starts a
new annual cycle.

Suspended particles inlakes are part of a complex and inter-
dependent environmental puzzle. Their guantitative and
qualitative investigation fielps to understand physical and
geobiochemical processes which are essential for the func-
tion and the preservation of these natural systems.

[11-[12} see Table 1

{13} Sturm, M., Origin and composition of clastic varves, Moraines
and Varves, Proc. Symp. Genesis and Lithology of Quarternary
Deposits, Balkema, Rotterdam, 281-285, {1973).

[14] Sturm, M., Zwyssig A, Piccard, J., Bio-erosive humpack struc-
fures on the lake ficor — an example of sediment/water inter-
face alteration in Lake Geneva, paper accepted by 3rd Symp.
interact. Sediment/Water, Geneva 1984,

115} Diem, D., Die Oxydation von Mangan (ll} im See, PhD Thesis,
ETHZ, Switzerland, (1983).

10 m water depth, May 23, 1981 (bar = 10 um)

@i

Fig. 5:

Cabbage-like {left) and polygonal structures of Mn-oxides (‘Metal-
logenium’} totally covering a 0.45 um membrane filter of a hypolim-
netic water sample of Lake Zurich, 130 m water depth, October 5,
1983. (bar = 10 umj}
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Fig. &:
Elemental composition of the Mn-oxides from Figure 5 (Anaiysis by
SEM/EDS).

+ [16] Kunz, B., Stumm, W., Kinetik der Bildung und des Wachstums

von Calciumcarbonat, Vom Wasser, 62, (1984).

[17] Sturm, M., L.ee, Cindy, McKenzie, Judith, Der Abbau von Sedi-
menifallenmaterial im Epilimnion des Greifensees, EAWAG-
Jahresbericht 1983.

[18] Zeh, U., Sturm, M., Partikeientstehung und -verteijung im Bo-
densese, in prep.

{19] Sigg, Laura, Sturm, M., Davis, Joan, Stumm, W, Metal transfer
mechanisms in lakes, Thalassia Jugosl., 18 {1983).

[20] Kelts, K., Hsii, K.J., Freshwater Carbonate Sedimentation. In:
iakes, Chemistry, Geology, Physics, Springer 1978B.
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The Movement of a Tritium Pulse through Surface and Groundwaters

in the Glatt Valley, Switzerland

Peter H. Santschi, Klaus Farrenkothen, Alfred Liick, Hans-Jir-
gen Hippi and Esther Werth (EAWAG) and Eduard Hoehn
{Federal Institute of Reactor Research, EIR)

Present-day drinking water resources have become endan-
gered by poliution due to anthropogenic activities. One of
the parameters environmental scientists need to know inor-
der to predict the fate and effect of pollutants in endangered
surface and ground waters is the mean residence time of
water, 1, in a given reservoir, or the mean transport velocity,
v, in a given ground water aquifer, stream, canal or fake. Un-
fortunately, these parameters are not always known very ac-
curately. In ground water, which supplies most of our
drinking water, 1, is difficuit o assess. In general, natural or
artificial tracers could be used to determinet,, orv, but these
often suffer from drawbacks, such as adsorption on par-
ticles, biological degradation, hydrolysis, photolysis, or gas
exchange.

On December 13, 1983, an accidental release of tritium by an
isotope processing plant resulted in a nearly optimai situa-
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tion for measuring fiow parameters in the watershed of the
river Glatt (Fig. 1). Tritiated water is an almost ideal tracer be-
cause it is not microbially degraded and iis transport is very
litle retarded by interactions with particles. EAWAG and EIR
scientists reponded by using an existing ground water test
field, as well as other sampling stations, to follow the tritium
pulse through the watershed. The continous menitoring sta-
tions of the Swiss National River Surveillance Project
{NADUF) helped to establish a mass balance. i thus became
possible {o characterize the flow of a conservative sub-
stance through a water treatment plant, and to validate a
transport model for river water infiltration into ground water -
derived previously from studies using EAWAG's test field -
for a considerably larger area. The results of some previous
studies using this test field in the lower Glatt River valley
near Glattfeiden, which was established by EAWAG in 1979
in order to understand the processes controlling the infiltra-
tion of polluted river water into an aquifer used as a drinking
water reservoir, are described in [1-5].

Unfortunately, sampling did not start until 3-6 days following

Fig. 1:
Selected sampling siations in the drainage basin ofthe river Giattin
northern Switzeriand,
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the tritium release. Nonetheless, the 500 Ci pulse was strong
encugh to trace over more than 100 km for several months
{Table 1.

The consequences and dose rates resulting from the acci-
dental release were being dealt with by the Swiss National
Accident insurance Fund (SUVA), the Federal Health Depart-
ment (BAG) and the Federal Commission for the Surveil-
jance of Radioactivity in Switzerland {KUER}. The dose rates
were found to be insignificant. In this article we can concen-
trate on the scientific aspects of the accidental tritium re-
lease.

1. Memory effects of the environment after accidental re-
leases of contaminants

Even though one might consider such a release a puise,
being quickly carried away from the injection point by sur
face waters, one has to bear in mind that such a pulse will be
modulated by any reservoir the substance is flowing
through. Removal processes to sediments and atmosphere
as well as exchange processes with additional reservoirs
coupled in parallel will also act on any chemical substance
(Fig. 2), further delaying the response in the surface water
downsiream. This can lead to a memory effect of the whole
system. Exactly this situation was observed following the ac-
cidental discharge of tritium described here.

ATMOS PHERE

SEWAGE | RESERVOIR
T TREATMENT RTVER ™R Zﬁ)
BLANT | LAKE
DIGESTER GROUND
TANKS WATER SEDIMENTS

Fig. 2:

Schematic of a typical situation after an acgidental release of a con-
taminant into the environment.

The contaminant pulse wili be modulated by a number of reservoirs
coupled in series or in parallet o the main flow path.

Fig. 3 shows the general trend of the measured tritium
concentrations; decreasing amplitudes and increasing
time-lags of the response curves along the course of water
fiow. Peak concentrations in the inflow and outflow of the
sewage treatment plant or in the Glatt river were, however,
not measured {see Table 1 and Fig. 3}, but rather had to be
estimated.

The slow exchange with additional reservoirs delayed the
response of the surface water systems. For example, even
though the tritium release acted essentially as a pulse stimu-
ius through the sewage treatment plant, the concentrations
of tritium in flow-proportional weekly samples, taken from
the Rhine River at Vilage-Neuf near Basel, were nearly con-
stant between December 12-26, 1883 {Table 1and Fig. 3}. Ad-~
ditional reservoirs along the Rhine River caused this delayed
response. Furither examples will be discussed below.

A difference of about eight orders of magnitude was found
between the highest concentration measured in the inflow
to the sewage treatment plant and the background concen-
trations of the various monitoring stations {100-200 pCiA},
the latter of which are predominantiy determined by the at-
mospheric bomb-tests conducted between the early 1950's
and 1963.
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Fig. 3:

Time dependence of the measured tritium concentrations in sew-
age discharge, surface and subsurface waters al the sampling sta-
tions shown in Fig. 1. Dotted curves are exirapoiations based onthe
calculated total amounts of tritium discharged during the event, so-
lid lines are fits through the data points, An additional small release
of tritium of about 2 Ci by the isotope processing plant caused the
increase in the tritium concentrations in the waters of the sewage
treatment plant on December 26-27, 1983.
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Table 1;

Estimated peak concentrations of tritium at selected sampling stations
Date of Chax in

Q Crax (pCI/H December 1883
{m3/sec}) measured estimated® measured  estimated
Sewage discharge of processing plant n 50x10m - Bxi0w 13.% 13.
Sewage treatment plant effluent 041 1.3x107 5x107 1B. 14.
River Glatt at Hermikon 2 3.0x105 2 x 108 17, 14./16.
River Glatt at Rheinsfelden 4.5 1.5x 108 1 x 108 12189 15.
River Rhine at Rekingen 340 2.5x10° 1 %104 12.-19.9 15.
River Rhine at Basel {Village Neuf) 720 7.5 x10% 4£x103 12.-26 18.
Ground Water at Test Site (Well KB 2} 0.52 1.5 x 105 2 x 108 18. 18.

N V=10 m?
% Total infiltration flow rate {6}
weekly average

The estimates are based on the measured total amount of tritiated water discharged by the Glatt River at Rheinsfelden of ca. 460250 Ci, the
Rhine River at Rheinsfelden of 650 = 150 Ci, Rhine River at Basel (Village-Neuf) of 400 £ 110 Ci, Rhine River at Rekingen of 410 = Ciand
measurements made by 5 of 480 £ 10 Ci.

Personal communication from the isotape processing plant

3
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2. Tritium pulse through the sewage treatment plant

The tritium release in the waste discharge of the isotope pro-
cessing plant acted as a spike input to the sewage treatment
plant. The expected residence time {i,) of the water in this
treatment plant is about one day, which is equal {o the total
volume of 10° m? divided by the flow rate of ca. 10¢ (ranging
from 6000 to 20 000) m? day-" in the months of December
and January. indeed, the tritium concentrations in the ef-
fluent of the 3 clarifier basins of the plant (Fig. 4a) initially de-
creased exponentially with a residence time of about one
day. This corresponds to the main pulse of tritium passing
through the treatment plant. After approximately one week,
the concentrations in the effluent decreased more slowly.
The residence time of about 60 days during that period is ac-
counted for by the slow release of tritium initially trapped by
the two anaerobic digester tanks, Waterin these twotanksis
recycled into the treatment plant's primary ciarifier basin
with a flow rate which would fill the two tanks in about 60
days. A two-box model, which assumes constant flow rates,
can adequately describe the water flow through the plant
(Fig. 4b). The first reservoir in this simple model comprises
the 3 clarifier basins, the second one consists of the twa di-
gestertanks in series. Deviations of up to a factor of two from
the model curve are caused by two reasons: a) the irregular
flow rates which caused a further dilution of the tritium input
from the digester tanks during peak flow rates, and b) a se-
cond but smaller tritium input from the waste discharge of
the isotope processing plant on December 26-27 (Figures
3a and 4¢).

3. Tritium pulse through the river Giatt and the infiltration
ground water

The concentration profile in the effluent of the sewage treat-
ment plant acted as an input function to the Glait River. As-
suming a flow velocity of about 0.9 m/sec [2], the tritium
puise traveled from the treatment plant’s outlet to Giattfel-
den and Rheinsfelden in 8~10 hours. in the latter area, the
river flows on g glaciofluvial granular aquifer and infiltrates to
the ground water {4].

The concentration profile of the guasi-conservative water
tracer tritium in the river Glatt was assumed to act as a puise
stimulus inpui {i. e., a Dirac deita function) to the ground wa-
ter. Mean residence times (1,)of 10 to 30 days in the infilirat-
ing ground water with 26 to about 500 m flow distance {x}
from the river, and approximate mean linear ground-water
flow velocities (v} of about 5 m/day were calculated from the
breakthrough curves of Fig. 3. These values are in agree-
ment with values determined earlier in the testfield [2, 4] and
are typical for perialpine granular aguifers. The tritium con-
centrations in the ground water were simulated with a one—
dimensional advection—dispersion model (Fig. 5). The fresh-
ly infiltrated water did not mix well with older ground water as
was observed earlier in the testfield [4].

From the integration of the breakthrough response curves,
we can obiain the ratio of total mass m divided by the flow
rate Q (see Fig, 5). Since we know Q, we can calculate m. The
value of Q was previously determined in [4] as 0.5 m3/sec,
and an interpretation of the geological cross-section given
in {6] would lead to a somewhat smaller flow rate Q of about
0.2 m3¥/sec. The value of m obtained this way is 25-50 Ci. We
estimate therefore, that 5-10% of the tracer puise of 500 Ci
must have infiltrated to the ground water of the aquiferin the
lower Glatt valiey. This confirms the water loss of the river
along the infiltration reach of 5-10% determined previously
[3.4%

4. Conclusions

1) Accidental contaminant releases to the environment
should be monitored closeiy, even if no person or ecosystem
might be directly endangered. This is also true for releases
of radioactive substances. If the monitoring is carried out
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Fig. 5:

Simulation of tritiumn concentration in the ground waier, The measu-
rements of the tritium concentrations in selected ground waler
wells are simulated by a one-dimensicnal advection-dispersion
model using the given parameters. ;. = longitudinal dispersivity, m
= total amount of tracer, Q = flow rate, v = x/1,,, with v=mean linear
ground water flow velocitiy, x=mean infiltration distance, {,=mean
ground water residence time [7].

properly, either the fate of this chemica! substance or the
geochemical processes controlling its dispersion in the en-
vironment can be studied, as was done here.

2) After a conservative chemical substance such as ftritiat-
ed water reaches the surface waters, the affected waters ex-
hibit amemory effect, i. e., concentrations in outflows of sew-
age treatment plants, rivers or reservoirs are modulated. The
response curves in agualic systems downstream from the
point of injection of conservative substances, therefore,
show timelags which depend on the voiume of the reservoir
involved and its exchange rate. Additional modulations
would further result for non-conservative substances which
could degrade or exchange with particles or with the atmos-
phere.
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3) 5-10% of the tritium accidentally released into the Glatt
River by an isotope processing plant was estimated to have
infiltrated to the ground water along the course of the river.
The concentrations of iritium in a number of ground water
wells were easily measurable but stili very low when com-
pared with maximum permissible concentrations. The infii-
trating tritium allowed validation of the experimentally de-
rived transport model for river water infiltration into a glacio-
fluvial granular aquifer for a considerably wider area.

Acknowiedgements: The tritium analysis of the ground water
samples of the iest field were carried out by the Radiation
Monitoring Department (SU) of EIR. The scientific interpreta-
tion of the accidental release was only possible thanks to the
foresight of a number of people involved in the planning of a
sampling strategy. O. Huber, H.R. Von Gunten, W. Stumm and
H. Voelkle advised In various stages of the work.
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Workshop on
«Chemical Processes in Lakes»

This workshop took place in September 1884 with nearly 100
participants in Kastanienbaum/Stans under the chairman-
ship of Professor Werner Stumm. Some of the highlights of
the workshop are reflected in the photographs given below.

As a result of this workshop a book entitled «Chemical Pro-

cesses in Lakes», W. Stumm, ed., is in press by Wiley Inter-

science, New York.

The book considers the foilowing topics:

— Redox Processes; Nutrient and Metal Interactions

~ Particle/Water and Sediment/Water Interactions

- Chemical Perturbations of Lakes

and has the following table of contenis:

- Spatial and Temporal BDistribution of Chemical Sub-
stances in Lakes: Modelling Concepts, Dieter M. Imbo-
den, René P Schwarzenbach, EAWAG, Switzerland

- Conceptual Models for Transport at a Redox Boundary,
William Davison, Freshwater Biological Association, Amb-
leside, UK

— Aqueous Surface Chemistry: Assessment of Adsorption
Characteristics of Organic Solutes by Electrochemical
Methods, Bofena Cosovié, Budjer Boskovic Institute,
Center for Marine Research, Zagreb, Yugoslavia

~ Strategies for Microbial Resistance io Heavy Melals,
John M. Wood, Hong Kang Wang, Gray Freshwaters Biolo-
gical {nstitute, Univ. of Minnesota, Navarre, USA

— Garbon Isotopes and Productivity in Lacustrine and Ma-
rine Environments, Judith McKenzie, Institute of Geology
ETH Zirich, Switzerland

WORKSHOR ON

t

1

i

i

Redox-related Geochemistry in Lakes; Alkali Metals, Al-
kaline-Earths Elements, and " Cs, Edward R. Sholkovitz,
Woods Hole Oceanographic Institute, Woods Hole, USA
Mechanisms Controlling the Sedimentation Sequence of
Various Elements in Prealpine Lakes, Hans-Henning Sta-
bel, University of Constance, Fed. Rep. of Germany

The Pavin Crater Lake, Jean-Marie Martin, Ecole Normaie
Supérieure Paris, France

Phosphate Interactions at the Sediment/Water interface,
Peter Baccini, University of Neuchatel and EAWAG, Swit-~
zerland

The Infiuence of Coagulation and Sedimentation on the
Fate of Particies, Associated Poliutants, and Nutrients in
Lakes, Charles O'Melia, The John Hopkins University, Bal-
timore, USA

The Coupling of Elemental Cycles by Organisms: Evi-
dence from Whole Lake Chemical Perturbations, David
W. Schindler, Freshwater Institute, Winnipeqg, Canada
The Geobiological Cycle of Trace Elements in Aquatic
Systems: Redfield Revisited, Francois M. M. Morel, Robert
J.M. Hudson, M.LT., Cambridge, USA

Metal Transfer Mechanisms in Lakes: the Role of Setiling
Particles, Laura Sigg, EAWAG, Switzerland

Acidification of Aguatic and Terrestrial Systems, Jerald
L. Schnoor University of lowa, USA, Werner Stumm,
EAWAG, Switzerland

The Chemistry of Bog waters, Eville Gorham, Steven J. Ei-
senreich, Jesse Ford, Mary V. Santeimann, University of
Minnesota, Minneapoiis, USA

[ ake Restauration, René Gdchter, EAWAG, Switzerland
Kinetics of Chemical Processes of Importance in Lacus-
trine Environments, James J. Morgan, Alan Stone, Califor-
nia Institute of Technology, Pasadena USA

EANAG'S LAKE RESFTARCH
LABORATORY, HKASTANTENBAUN
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On a lighter tone here are a few «choice» excerpts from the
experts at the workshop
«... simple and complex .. .»
«useful but in error .. »
«The different values are not the sames.»
«Sometimes we have correlations. Sometimes we don't»
«The effects can be significant or neglible»
«The point is that the constants are not really constant.»
«My calculations are right .. . and | suppose so are your cal-
culations .. .»
«We're quite sure of this point, but we don't know what it re-
presents.»
« .. except for the biology .. »

{Collected by Dr. Patricia Colberg, EAWAG)

News about EAWAG Collaborators

Dr. Kurt Grob, expert on the application of capillary gas chro-
matography for the separation of organic pollutants, has
been promoted to Professor of the Swiss Federal institute of
Technology, recognizing his merits in the art of teaching and
developments in capiilary gas chromatography.

The Association of Environmental Engineering Professors
(AEPP) recently awarded «The Outstanding Publication
Award» to Professors Werner Stumm and James J. Morgan

EAWAG-NEWS NR

for their 1962 article «Chemical Aspects of Coagulation»
which was published in the Journal of the American Water
Works Association. This is the first such award. An outstand-
ing publication will be chosen each year in the future. Crite-
ria for the selected paper must be on «significant research
and of educational vaiue» and one which has «stood the test
of time». James Morgan is Professor of Environmenial Engi-
neering Science at the California Instilute of Technology,
Passadena, USA. Werner Stumm is shown receiving the
award from Professor Joseph H. Sherrard, a member of AEPP
who was at EAWAG on a study research leave from Virginia
Polytechnic Institute and State University during 1983-1984.

The Faculty of Natural Sciences has
awarded the ETHZ silver medal to Jo-
hannes Stdhelin for his dissertation on
«Qzone decay in water: Kinetics of the
Initiation by hydroxide ions and hydro-
gen peroxide and the Subsequent Re-
actions of the Mydroxyl and Peroxide
Radicals» (in German). This thesis re-
search was carried out at EAWAG under
the supervision of Dr. JUrg Hoigné. Dr.
Stahelin is now at the University of Colo-
rado, Baulder (USA), for postdoctoral siudies on atmospher-
ic chemistry. In 1983, this award was given to Dr. Erich Staub,
now working in the Swiss Environmental Protection Agency.

This year's Otto Jaag Prize for the most
outstanding thesis In the field of water
resources and water pollution control
was awarded {o Andreas Frutiger for his
thesis entitled: «Studies on the Ecology
of the Predacious Stonefly Dinocras ce-
phalotes Curt. {(Plecoptera: Perlidae) ina
pre-alpine Swiss river» {in German). In
1980, this award was given for Ph. D. re-
search conducted at EAWAG by Dr. Lau-
ra Sigg, Head of Analytical Chemistry
Section, EAWAG, and in 1981to Hansjorg Fricker, presently in
the Department of Zoology, University of Alberta, Edmonton,
Canada.

Dr. René Schwarzenbach has been pro-
moted to Privatidocent™ for Environmen-
tal Sciences at the Federal Institute of
Technology (ETHZ, Dept. X}). The title of
his habilitation thesis is: «Assessing
the Behavior and Fate of Hydraphobic
Organic Compounds in the Aquatic En-
vironment - General Concepts and
Case Studies emphasizing Volatile Ha-
logenated Hydrocarbons».

Dr. R. Schwarzenbach jeined the Chemistry Department of
EAWAG in 1977 after two years as a visiting research scien-
tist at the Woods Hole QOceancgraphic Institution, Massa-
chusetts, USA. In autumn 1983 he became an associale
head of the Department of Multidisciplinary Lake Research
{MLF) at EAWAG's research laboratory in Kastanienbaum on
Lake Lucerne.

* «Privatdocent» is an academic title used by many universities in
continental Europe. it Is in many regards equivalent to an Assistant
Professor in the USA. In order to become a «Privatdocent» a scholar
writes a «habilitation thesis», which is like a second doctoral thesis
at a higher scientific level. Upon acceptance of the thesis and after
passing the examinations, the candidate acquires the «wvenia le-
gendi», the right {o give courses at the University.
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As of September Dr. Peter Santschi, previously a senior re-
search associate at the Lamont-Doherty Geological Obser
vatory of the Columbia University (USA), became head of
EAWAG's Section for Radioactivity and Isotopes succeeding
Dr. Maria M. Bezzegh. His main research inferests are geo-
chemical processes in natural waters, using both natural
and ariificial radicisotopes and the fate of trace contami-
nants in lakes and oceans.

Dr. Santschi was also promoted to Privatdocent at the Swiss
Federal Institute of Technology in the field of isotope geo-
chemisiry. His habilitation thesis was entitled «Radiociso-
topes as Tracers of Sediment-Water Interactions in Con-
trolled Experimental Ecosystems: Case Studies». In this edi-
tion of EAWAG-News, Santschi and his co-workers K. Far-
renkothen, H.Hippi, A.Lick and Esther Werth and Dr
E. H6hn, from the Swiss Federal Institute of Reactor Re-
search (EIR), describe the use of tritium as a tracer of water
residence time and of river water infiliration into a ground-
water system.

Since 1980, the Institute for Water Pollution Control {(IGW)
and the Institute for Hydraulics and Water Resources Mana-
gement {IHW) of the Swiss Federal Institute of Technology
{ETH) have been offering a postgraduate course in Sanitary
Engineering and Water Pollution Control. It is one of the
eight accredited postgraduate courses of the ETH. A fifth
course will begin at the end of October 1984,

[t/ R TR St o/ Rk
Participants of the fourth postgraduate course:
Fram left to right, first row. Christian Voegtli, Basil Stotz, Dr. Jirg
HMeldstab, Martin Adammer, Rolf Knoll; second row: Hanspeter Zel-
ler, Verena Sturzenegger, Bettina Schumpslick, Christian Schafi-
ner; third row: Bernhard Wehrli, Annette Johnson, Ulrich Sieber,
Alfred Wilest, Heinrich Senn, Bo Gunnar Swensson, Colin Anthony
Mason.

The postgraduate course is designed for biologists, che-
mists, physicists and engineers holding a degree equivalent
to an ETH diploma. Practical experience in the figld of envi-
ronmental sclence and technology is desirable. A good
reading knowiedge of German and facility with applied ma-
thematics are required.

The course, which runs 32 weeks, is divided into 3 parts. The
first nine weeks are reserved for an introduction into basic
Sanitary Engineering. Engineers holding a diploma in Civil
and Rural Engineering need not participate in the first sec-
tion. The following two parts of 10 and 13 weeks each, re-
spectively, iast from the beginning of January until mid-July
with a break of three weeks in the spring. The course may
also be attended over a period of two years. The number of
participants is limited to 15.

Interested candidates should contact Dr. Markus Boller, EA-
WAG, Secretary of the postgraduate course {preferably be-
fore July 1984).

EAWAG has begun a research program on the chemistry of
atmospheric deposition (dry deposition, rain, fog and aero-
sols} and its impact on aguatic and terrestrial ecosystems.

The research, sponsored by the Swiss National Science
Foundation's National Program on «Air Quality and Air Re-
sources», is directed jointly by Dr. Jirg Zobrist (Methods of
collection}, Dr. Laura Sigg (Inorganic chemistry} and Dr. Wal-
ter Giger (Organic chemisiry),

The photograph below shows the following apparatus: rain gauge
{1}, bulk colector (composite sampies, large volumes, 2}, bulk col-
tector {glass, 3; plastic, 4; for single events), wet-only collector {5),
wet-only collector (8}, sensor for wet-only collector § (7), fog coi-
iector {io be installed, 8).

In 1983, the following guest research scientists visited the
respective deparimenis of EAWAG:

Ahel Marijan, Dipl. Chem., Institut Rudjer Boskovic, Zagreb,
Jugoslawien {Oct. 82 — Sept. 83);

Chin-Feng Pao-Kuo, Prof., Fairleigh-Dickingson Univ,, Tea-
neck, N.t., USA (June - Aug. 83);

Christensen Erik, Prof., Dept. of Civil Eng. der Univ. of Wiscon-
sin, Milwaukee, WI, USA {June — Aug. 83);

Goncalves Maria de Lurdes, Prof., Centro de Quimica Estru-
tural, Instituto Superior Tecnico, Lishoa, Portugal (July —
Aug. 83);

Murray James, Prof., Dept. of Oceanography der Univ. of Wa-
shington, Seattle, Wash,, USA (Jan. - Sept. 83);

Schnoor Jerald, Prof., Dept. of Civil and Environmental Engi-
neering, Univ. of lowa, lowa City, USA (March — June 83);

Sharefkin Mark, Dr., Resources for the Future, Washington
D.C, USA (Dez. 83 — March 84);

Sherrard Joseph, Prof.,, Dept. of Civil Eng., Virginia Poly-
technic Inst. and State University, Blacksburg, Virginia, USA
{Sept. 83 — March 84),

Wan Guojian, Dr. sc. techn,, Institute of Geochemistry, Aca-
demia Sinica, Guiyang, Province Guizhou, China (July 83 —
July 84);

Zengh Shu-Di, The Third Designing Inst. of the Ministry of
Chemical Industry, Shanghai, China (Jan. 82 — Aug. 83).

As in previous years, the course on «Hydraulics and Pollu-
tion of Ground Water» was held at the ETH Hénggerberg
from March 12-16 (1984). The lecturers were: Prof Dr. Jacob
Bear (Haifa, Israel}, Prof. Dr. Ghislain de Marsily (Fontaine-
bleau, France) and Dr. René Schwarzenbach (EAWAG, Swit-
zerland).

The Third International Waste Treatment and Utilization
Symposium {(IWTUS-3) is being organized by EAWAG and
will be held in Frauenfeld in northeastern Switzerland from
27-31 August 1984. The symposium proceedings will be
published by Pergamon Press. For further information con-
tact either Prof. G. Hamer or Dr. J. D. Bryers of the Technical
Biology Department at EAWAG. An application form for sym-
posium participation can be found on page 15. Registration
fees inciude accomodation, meals, excursions and a copy of
the proceedings.
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EAWAG-Publications

Corrections and supplementary data

8937
Haag W.R. Hoigné, J.: Czonation of Water Containing Chiorine or
Chicramines. Water Research, 17, 1397-1402 {1983).

343

Jones, D.M., Douglas, A.G., Taylor, J., Giger, W., Schafiner, C.: The
Recognition of Biodegraded Petroleumderived Aromatic Hydrocar-
bons in Recent Marine Sediments. Marine Poil. Bull, 74, 103-108
(1983},

947

Grob, K.; An Attempt to Extend Ordinary Capillary Gas Chromato-
graphy o Supercritical Fluid Chromategraphy {SFC). J. HRC & CC
6, 178-184 (1983).

3850

Stumm, W., Schwarzenbach, R., Sigg, Laura: From Environmental
Anailytical Chemistry to Ecotoxicology — a Plea for More Concepts
and Less Monitoring and Testing. Angew. Chemie, Int. Ed., 22, 380-
388 (1983).

853
Bundi, U.: 8iand und Perspektiven der Gewdsserschutzforschung
in der Schweiz. Schweiz. Ing. & Architekt 107, 629-632 (1983).

New Publications

954

Koch, M., Dolfing, J., Wuhrmann, K., Zehnder, A.J.B.; Pathways of
Propionate Degradation by Enriched Methanogenic Cultures. Appi.
& Env. Microbiol. 45, 1411-1414 (1983).

855

Stumm, W, Furrer, G., Kunz, B.: The Roie of Surface Coordination in
Precipitation {Heterogenous Nucieation) and Dissciution of Mineral
Phases. Croatica Chemica Acta 56, 585-603 (1983}.

8956

Ingvorsen, K., Zehnder, A.J.B., Jorgensen, BB.: Kinetics of Suifate
and Acetate Uptake by Desulifobacter postgatei. Appl. & Env. Micro-
biol. 47, 2, 403-408 (1984).

a57

imboden, D.M., Lemmin, U., Joller, T, Schurer, M.: Mixing Pro-
cesses in Lakes; Mechanisms and Ecological Relevance. Schweiz.
Z. Hydrol. 45, 1, 11-44 (1983).

958

Mechsner, K.: The Influence of the Dissolved Oxygen Concentra-
tion on the Physioiegy and Ecology of Sphaerotilus natans Kiitz,
QOecoiogia 60, 18~20 {1983).

959

Staehetin, J., Moigné, J.: Reaktionsmechanismus und Kinetik des
Ozonzerfalls in Wasser in Gegenwart organischer Stoffe. Vom Was-
ser, 1, 337-348 (1983).

960

Giger, W, Schwarzenbach, R., Hoehn, &,, Schellenberg, K., Schnei-
der, J.K,, Wasmer, H.R., Westall, J., Zobrist, R.: Das Verhalten organi-
scher Wasserinhalisstoffe bei der Grundwasserbildung und im
Grundwasser. Gas-Wasser-Abwasser 63, 517-531 (1983).

g6t

Leuenberger, Ch., Coney, ., Graydon, JW., Molnar-Kubica, Eva, Gi-
ger, W.; Schwer abbaubare organische Stoffe in Abwéssern der
Zelistoffhersteliung: Auftreten und Verhalien in einer biologischen
Kidranlage, Chimia 37, 345-354 (1983),

962

Géachter, 8., imboden, D, Bahrer, H., Stadelmann, P: Mbgliche
Massnahmen zur Restaurierung des Sempacherseas. Schweiz. Z.
Hydrol. 45, 1, 247-266 (1983).

863

Zehnder, A.: 8. Symposium (ber Fragen der Cyanophyteniaxcno-
mie im Seenforschungs-institut der ETHZ/EAWAG in Kastanien-
baum (Schweiz}, 2.-15. August 1979, Verhandlungsbericht.
Schweiz. Z. Hydrol. 45, 1, 268-310 {1983).

964

Gujer, W, Kreici, V, Fleckseder, H.: Tropfkdrper und Tauchtropfkér-
per hei kleinen Abwasserreinigungsanlagen. Gas-Wasser-Abwas-
ser 63, 330-341 {1983},

265
Bundi, U.: Water Protection in Switzerland. Water Quality Buii. 8,
213-218 {1983).

966
Sigg, Laura, Sturm, M., Davis, Joan, Stumm, W.: Metal Transfer Me-
chanisms in Lakes. Thalassia Jugosiavica 78, 293-311 (18983).

967

Hoehn, E., Zobrist, J., Schwarzenbach, R.: Infiltration von Flusswas-
ser ins Grundwasser - hydrogeologische und hydrochemische
Untersuchungen im Glattal. Gas-Wasser-Abwasser 63, 401-410
(1983).

968
Grob, K., Grob, Gertrud: Practical Aspects of the Dependence of -
Polarity on Temperature, Chromatographia 77, 481-485 (1983},

969
Furrer, G., Stumm, W.: The Role of Surface Coordination in the Dis-
solution of 5—A5203 in Dilute Acids. Chimia 37, 338-341 (1983).

970

Motschi, H., Rudin M.: #Al ENDOR Study of vQ2+ Adsorbed on
O-Alumina; Direct Evidence for Inner Sphere Coordination with
Surface Functional Groups. J. Coil. Polymers (1984).

971

Kohier, H.P, Ahring, B., Albeila, A, Ingvorsen, K, Keweleh, H., Lacz-
ka, E., Stupperich, E., Tomei, F: Bacteriological Studies on the Sul-
fur Cycle in the Anaerobic Part of the Hypolimnion and in the Surda-
ce Sediments of Rotsee in Switzerland. FEMS Microbiology Letters

21, 279-286 (1984).

IWTUS-3
27 Aug. (Monday) — 31 Aug. {Friday) 1984
REGISTRATION FORM

Name: Mr/Mrs

Affiliation:

Mailing Address:

Telex:

Symposium fees are segregated by type of accomodation select-
ed. Please mark the appropriate box,

[J Single Room with Shower/WC 880 SFr.

1 Double Room with Shower/WC 750 SFn

&1 Guest 550 SFr.
Dormitory Room (2 or 4 person occupancy)

O Participant(s) (give number: _________} 630 SFr.

O Guestis) {give number: ) 400 SFr.

All fees are in Swiss Francs and are per person charges, payable, in
advance, by internaticnal money order or direct to EAWAG, Diben-
dorf, Swiss Postal Account no. 30-520 (in favor of no.
5.501.336.002/9).

Return before 15 July, 1984 to Dr. J.D. Bryers, EAWAG, CH-8G00 Dg-
bendorf, Switzerland.
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972

Eichenberger, E., The Effect of the Seasons on the Growth of Ra-
nunciius fluitans, Lam. Proc. int. Sympos. on Aquatic Macrophytes,
18-23 Sept. 1983, Nijmegen/NL, pp. 63-67.

973
Brunner, RH., Zobrist, J.: Die Milliverbrennung als Quelle von Metal-
ten in der Umwelt. Mall & Abfalt 15, 9, 221-227 (1983).

a74

Eichenberger, E., Schiatter, A, Weilenmann, M.-U.: The Effect of Dif-
ferent Sources of Dissolved Organic Carbon on the Development of
Running Water Microphytic Communities. Coll. int. CNRS No. 331,
Bactériologie Marine, Marseille 1982.

975
Motschi, H.: CGu{ll) Bound to Mydrous Surfaces. Naturwiss, 70, 519-
520 {1983).

are
Boller, M.: Chemical Optimization of Tertiary Contact Filters. J. Envi-
ron. Engng. 110, 1, 263-276 (1984)}.

977

Kohler, H.-P, Zehnder, A.JB.: Carbon Monoxide Dehydrogenase
and Acetate Thiokinase in Methanothrix soehngenii, FEMS Micro-
biol. Letters 27, 287-292 (1984},

978

Gilbert, E., Hoigné, J.: Messung von Ozon in Wasserwerken; Ver
gleich der DPD- und Indigo-Methode. Gas- und Wasserfach, Was-
ser/Abwasser 124, 527-531 (1283}

a79
Diem, D.: Die Oxydation von Mangan{il) im See. Diss. ETHZ Nr. 7358,
Zarich 1883.

980

Hamer, G.: The Integration of Unit Operations for Bulk Product Ma-
nufacture by Continuous-Flow Fermeniation Processes - Lessons
from SCP Process Development. Biochem, Engng. 114, 413, 322-
331 {1984).

981

Staehelin, J.: Ozonzeriall in Wasser: Kinetik der Initiierung durch
OM~-lonen und H,0O, sowie der Foigereaktionen der OH'- und
‘O;-Radikale. Diss, ETHZ Nr. 7342, Zdrich 1983,

982

Graydon, JW., Grob, K, Zircher, F, Giger, W.: Delermination of
Highly Volatile Organic Contaminants in Water by the Closed-Loop
Gaseous Stripping Technigue Followed by the Thermal Desorption
of the Activated Carbon Filters. J. of. Chromatogr. 285, 307-318
{1884}.

983
Zobrist, J.: Die Belastung der schweizerischen Gewésser durch
Niederschidge. VDI-Bericht Nr. 500, 159-164 (1983).

984

Davis, Joan S., Keller, M.M.: Dissolved Loads in Streams and Rivers
- Discharge and Seasonally Related Variations. In: «Dissolved
Loads of Rivers and Surface Water Quantity/Quality Relationshipss,
Proc. of the Hamburg Sympos., Aug. 1983, [AHS Publ, No. 141, pp.
79-89,

985

Biirgi, H.R.: Neue Netzgarnitur mit Kipp-Schliessmechanismus fir
quantitative Zooplanktonfange in Seen. Schweiz. Z. Hydrol. 45, {2),
505-507 (1983).

386

Ambiihl, H.: Eine transportable Motor-Durchiaufwinde (Winch} zum
Einsatz in beliebigen Booten; Ein neuser grossvolumiger Was-
serschapfer far den Fang von Zooplankton; Ohne Faligewicht ar-
heitender Fernausidser. Schweiz. Z. Hydrol. 45{2), 495-504 (1983).

987

Matter-Mitier, Christina, Stumm, W.; Water Properties. In: «Encyclo-
pedia of Chemical Technology», Ed. R.E. Kirk & D.F. Othmer, Vol. 24,
3rd. Edition. Wiley interscience New York 1983, pp. 276-294,

988
Kunz, B., Stumm, W.; Kinetik der Bildung und des Wachstums von
Calciumcarbonat. Vom Wasser, 62 (1084).

889

Gachter, R., Mares, A, Tilzer, M.M.: Determination of Phytoplankton
Production by Radiccarbon Methed: A Comparison between the
Acidification and Bubbling Method (ABM) and the Filtration Techni-
que. J. of Plankton Res. 6, 2, 359-364 (1984).

980

Zinder, Beitina, Heriz, J., Oswald, H.R.: Kinetic Studies on the
Hydrolysis of Sodium Tripelyphosphate in Sterile Solution. Water.
Res. 18, 5, 5609-512 (1984).

991

Frutiger, A.: Untersuchungen zur Okologie der riuberischen Stein-
fliege Dinocras cephalotes Curt. {Plecoptera: Perlidae) in einem
Fliessgewasser der schweizerischen Voraipen. Diss, ETH Zorich,
Nr. 7400, Zarich 1983,

992

Egli, T, Harder, H,: Growth of Methyictrophs on Mixed Substrates.
Appl. & Environ. Microbiol. In: «Microbtai Growth on G, Com-
pounds», Ed. R. L. Crawford & R. 8. Hanson, Proc. of the Fourth int.
Sympos., 1884, Pubt. by the American Society of Microbiology.

993

Haag W., Hoigneé, J., Bader, H.: improved Ammonia Oxidation by
Ozone in the Presence of Bromide lon During Water Treatment. Wa-
ter Research (1984), in press.

994

Haag, W., Hoigne, J., Gassmann, E., Braun, A.M.; Singlet Oxygenin
Surface Waters - Part ; Furfuryl Alcohol as a Trapping Agent; Part li:
Quantum Yields of its Production by some Naturai Humic Materials
as a Function of Wavelength. Chemosphere (1984), in press,

985

Giger, W, Ahel, M., Schafiner, C.: Determination of Crganic Water
Poliutants by the Combined Use of High-Performanee Liquid Chro-
matography and High-Resolution Gas Chromatography. In: <Analy-
sis of Organic Micropoliutants in Water (Ed. by G. Angeletti & A.
Bjorseth). D. Reidel Publ. Co., Dordrecht 1884, pp, 91-109.

996

Ahel, M., Giger, W,, Molpar-Kubica, Eva, Schaifner, C.: Organic Mi-
cropoliutants in Surface Waters of the Glatt Valley, Switzerland. In:
«Analysis of Organic Micropollutants in Water» {Ed. by G. Angeletti &
A. Bjorseth}, D. Reide! Publ. Co., Dordrecht 1984, pp. 280-288.

897

Zutic, Vera, Stumm, W.: Effect of Organic Acids and Fluoride on the
Dissolution Kinetics of Hydrous Alumina. A Model Study Using the
Rotation Disc Electrode. Geochim, et Cosmochim Acta, 48, (1984).

998

Kunz, B.: Heierogene Nukleierung und Kristallwachstum von
CaCQ, (Calcit) in natlrlichen Gewéssern. Diss. ETH Zirich, Nr.
7355, Zirich 1983.

Books:

Wasser ~ £ine Dokumentation ber Wasser und Gewésserschutz
EAWAG (Hrsg) ISBN 3-806484-01-7, Ditbendorf 1883, 164 S.
SFr 30.~-.
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