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The Effects of NTA on the Growth of Phytoplankton with Particular Considera-
tion given to Iron as a Microelement

Hans-Rudolf Birgl

Phosphorus playsthe key role in eutro-
phication of Swiss lakes. On the average
20 to 30% of the P-loading of our lakes
originates from detergent builders.

Today NTA (nitrilotriacetate) is widely
used both in Canada and Sweden, Culiure
experiments carried out by various
authors indicated that anincrease in pho-
tosynthetic production could result from
addition of iron {Ill} in presence of NTA
or EDTA. There was some concemn that
theiron remaining from phosphate remo-
val treatment could triggersimilar growth
developments in lakes. We examined the
effects of iron and NTA directlyina lake in
a cuiture unit of 7000 liters (Fig. 1).

Experimental Procedures

In seven tests of three weeks duration
{3 in mesotrophic Lake Lucerne and 4
in highly eutrophicGreifensee) theeffects
of addition of NTA {100-3000 ug/ 1},
of Fe () {15-50 ug/l) and of NTA +
Fe (i) on the growth response of phyto-
plankton were investigated, by measur-
ing {1) productivity by C-14 of Stee-
mann-Nielsen, {2) pigment analysis of
{SCOR), and{3) by determination of bio-
mass {cell counting of Utermoehil)}. lron
was determined spectrophotometri-
cally with bathophenanthroline-di-sul-
fonate.

Chemical composition and character-
istics ofthe twolakes {meandforepilim-
nion during summer) are given below.

Culture units for in situ lake experiments.

Results and Discussion

The responses of the two lakes to the
addition of Fe {ill} and/or NTA was dif-
ferent tFigures 2 and 3)}. The addition of
NTA, of Fe {lil} or of both chemicais
raises the productivity in Lake Lucerne
but depresses the productivity in
Greifensee.

In either case alterations in productivity
and in biomass were transient. Iron does
not appear to act as a growth limiting
factor; for example, in Greifensee where
the needfor Fe mustbe largerthaninbLake
Lucerne because of six times larger bio-
mass, the addition of Fe{lll) decreases
praductivity. Fe {{ll) and/or NTA appear
to affect the growth response of phyto-
plankton by altering the entire inter-
dependent complex system of trace
metals and inorganic and organic ligands.
NTAisnotcapable of keeping Fe ()il enti-
rely in solution. The dispersed Fe (OH)a
or Fe OOH acts as a cation exchanger,
especially in solutions above pH=7.
Hence addition of Fe (lll}, or NTA, or of
both chemicals may cause the tieing up
{adsorption on complex formation,
respectively) of some trace metals such
as Cu{ll) {Stumm 72) thereby either re-
ducing the availability of an essential
trace metal or reducing the concentration
of a possibly inhibiting metal species. The
different responses of the waters of the
two lakes may perhaps be explained by
such an argument. In an oligotrophic or
mesocirophic lake, the addition of com-
plexing agents may enhance temporarily
photosynthesis because the concenira-
tion of sorme inhibiting metal ions may be
reduced; in eutrophic lakes (e.g.Greifen-
ses) on the other hand, where metal ions
areto a larger extent complex boundthan
in less productive waters, addition of

Lake Lucerne Greifensee
PO;~P 2 ug/! 50 ug/1
Total P 22 g/l 600 pg/|
NOz-N 130 pg/i 500 ug/|
NH,-N 10 ug/l 300 ug/!
Total N 220 ug/l 1700 ug/!|
Oxygen content 12 mg/! 10 mg/|
Alkalinity 1.7 equiv./1 3.7 equiv./|
Total Fe 25 pg/l 45 ug/|
Total Cu 10 ug/l 10 ug/|
Total Zn 8ug/! 18 ug/l
Total org. C in filtered water 0.8 mg/| 5 mg/!
Visibility depth 486m 1.2m




complexing agents may tend to reduce
the availability of some essential trace
elements and thus mitigate the growth
of phytoplankton. There was no signifi-
cant change in the groupings of algal
species within any of the brief 3-week
fest pericds.

We may thus conclude that iron does not
function as a limiting element in meso-
trophic and eutrophic lakes. Similar to
NTA, iron changesthe complex chemistry
of trace metals.

The use of P-free builders toreplace poly-
phosphates in washing-products would
effectively and rapidly reduce the pollu-
tion load in our lakes. Other investiga-
tions, reported by Little, indicate that
NTA causes no acute or chronic toxicity
effects. From a limnological point of view
there are little objections to the use of
NTA as a substitute.

STUMM, W.: Gewasserschutz-\Wasser-
Abwasser, Book 8, 57-87 (1972}
LITTLE,A.D.: Report on NTAby Procter&
Gamble, 1972,
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Lake Lucerne. Response of Phytoplankton
to the addition of

— NTA+Fefill)

e Fefiil)

e N TA
Experiments carried out in 7000 liter cul-
ture units during the summer. Mean for
each separate addition for the three ex-
perimems.
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Greifenisee. Response of Phytoplankton
to the addition of the reagents

o March to April 1872
Junetoduly 1971
— August to September 1971
October to November 1371
{overturn}
Mean of alf reagents per experiment as
the iron-curve runs parallel to the respec-
tive curves NTA and combined NTA +
Fe (I}, but shows varisbility with time.

Yuan-Hui Li and Peter Erni Calculate Erosion Rates in the Drainage Area of the

Rhein River

Using factor analysis techniques and
gecchemical mass balance calculations,
Li and Erni have shown on the basis of
chemical data of the International Com-
mission for the Protection of the Rhein
against Pollution that the chemical com-
position of the Rhein water is mainly con-
trolled by {1) the ion inputs from the dis-
solution of rocksalt, carbonate rocks and
anhydrite, and NOz~ + NHa™ from fertili-
zer and sewage, and {2) its subsequent
modification by calcite buffering of

[Ca®*] and [HCO3-], the seasonal biotogi-
cal uptake and release of NOa~ and Si0:
and the in situ formation of chlorite and
hydroxyapatite in the rivers.

The total chemical denudation rates are
quite similar in the various tributary drai-
nage areas of the Rhein {range from 10-
30 mg/cm? year} and average about
18 mg cm~2 yr.-". They are about 3-10
times the world average, on the other
hand, the mechanical denudation rate in

the aipine Rhein area is exceedingly high
{ ~ 115 mgem-2yr-') ascompared tothat
in the Rhein drainage areas below the
Swiss lakes {3 mg cm-2 yr-1). Most of the
detrital materials from the Alpine area
were deposited in the Swiss lakes.

A detailed publication by Li and Erni on
“The Factor Analysis and Geochemical
Miass Balance of the Rhein and Upper
Rhone Rivers” is forthcoming.

Petroleum-derived and Indigenous Hydrocarbons in Recent Sediments of Lake

Zug, Switzerland (summary)
Watlter Giger, Martin Reinhard, Christian Schaffner and Werner Stumm

Hydrocarbons of recent sediments of
Lake Zug have been analyzed by infrared
spectroscopy and gas chromatography.
Samples of the sediment surface were
taken at six locations near the shores in
water depths varying from 2 to 8 meters.
The amounts of the total extractable hy-
drocarbons were determined by IR-spec-
troscapy according to a modified AP
method. Gas chromatography was per-
formed on glass capillary columns.

The gas chromatograms of samples col-
lected near the densely populated nor-
thern shore show a continuous distribu-
tion curve of n-alkanes in the range of
n=10-24, indicating a high content

(160590 mg per 1000 gwetsediment)
of petroleum and petroleumn products.
n—Ci7 the main component in biogenic
hydrocarbon mixtures is often found to
be more abundant than the adjacent
straight chain hydrocarbons. This fact is
explained by a superposition of indi-
genous and polluting hydrocarbons.

The isoprencids pristane {Czo) and phy-
tane {Cz:} which are major constituents
of many crude oils are found in high
abundance near the urbanized northem
shore, whereas in the sediments adjacent
to the less populated areas they are ab-
sent or present enly in trace amounts. In
the unpoliuted areas the hydrocarbons

found {15 -85 mg per 1000 g wet sedi-
ment) are produced by algae and other
photosynthetic organisms. Near the
mouth of River Lorze a remarkable in-
crease in the concentration of odd num-
bered n-alkanes Cza, Czs and Ca7 is ob-
served, which is also a typical feature of
terrestrial plants. The n-Cy7/ pristane ra-
tio of samples from the northern shore
variesfrom 2.8 to1. This may be attribut-
ed either to different sources or to dif-
ferent degrees of biodegradation of the
fossil oils. The pristane/phytane ratio
however remains close to unity. Studies
are planned to evaluate the biological
effects to this pollution {Figure 4}.
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Figure 5: Figure 6: 51,4-dichlorocbenzene

Reconstructed GC of pentane extract of
activated carbon collected from a surface
water treatment plant, GC conditions:
Temperature 30° {o 100° at 29 per min.
Column: 20 m glass capiliary OV 101

Limited mass range chromatogram of
m/e143-147
Abbreviations: n~C: n—alkanes the
numbers refer to the chain length.)
Peak number 1 Tetrachloroethylene

2 Cz — benzenes

3 C3 — benzenes

4 C4 — benzenes

6 1,3-dichlorobenzene
71,2-dichlorobenzene
81,2,4-trichlorobenzene
91,2,3-trichlorobenzene
10 not identified
% indication for saturated
hydrocarbons by LMR
chromatograms



Trace Analysis of Organic Compounds in Water Using a Gas Chromatograph/
Mass Spectrometer/Computer System

by Martin Reinhard

Recognizing the international scope of
environmental pollution by persistent
organic contaminants produced by in-
dustrial activity, the European Economic
Community and associated states have
established an administrative program o
coordinate and to accelerate research
wark on the analysis of organic micro-
poliutants in the environment. Such criti-
cal analytical steps as enrichment, sepa-
ration, detection, identification and com-
puter data processing are being studied
and information is exchanged between
collaborating institutions. The EAWAG is
the Swiss member of this program.

The most promising tool for gualitative
and guantitative analysis of micropotlu-
tants is the GC/MS combination with a
computer data processing system.

This combination overcomes many of the
limitations of the gas chromatographic
technique allowing an identification of
individual compounds in terms of mass
specira.

By single or multiple peak monitoring, a8
detection of specific compounds or spe-
cific classes of compounds in the pico-
gram rangeis possible evenif twoormore

constituents are present in one GC peak.
Thus tedious physical and chemical pre-

separations can be avoided. At the .

EAWAG, a Finnigan 1015 D GC/MS sys-
tern with the interacting data system
6000 is used for micropeliutant analysis.

One example of the application of this
instrument, which has recently been
tested in our laboratories, is the identi-
fication of chlorinated hydrocarbons,
that may be partially removed by adsorp-
fion on activated carbon during water
treatment of surface waters.

Samples of carbon have been collected
from a water treatment plant and the or-
ganic compounds extracted after freeze
drying with pentene.

Figure b shows the reconstrucied gas
chromatogram of this extract. The total
ion current is plotted on the ordinate and
the scan number {2 seconds per scanj on
the abcissa. To determine the types of
compounds presentina GC peak, one asks
the computer to plot the spectra found in
the corresponding peak. A more elegant
and sensitive way to search for spacific
compounds is to plot separate limited
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mass range chromatograms of fragments
that are primarily sensitive for the types
of compounds ofinterest. Thisis especial-
iy useful in the analysis of very complex
mixtures of oil and polychiorinated aro-
matics.

Figure 6 shows a limited mass range plot
for m/e 143-147 which is primarily cha-
racteristic of poly-chlorinated benzenes.
The mass spectra of the positional iso-
mers are difficult to distinguish so that
positive identification must be confirmed
by comparison of the retention time with
reference compounds.

GC peaks of paraffin type hydrocarbons,
of substituted benzenes and naphtha-
lenes are accentuated LMR plois with
m/e 43, 91 and 141 respectively.

Comparison of the various hydrocarbons
present in the activated carbon extract
with diesel fuel revealed close similarities.
This could be easily shown by the specific
gas chromatograms. However, the un-
used charcoal aiso provided hydrocar-
bonsofsimilarcompositionsothatnodef-
inite conclusions can be made about their
origin. For tracing oil poliution, the
technique offingerprinting will be refined.

The co-author of the Club of Rome Re-
port by an MIT-Group “The Limits to
Growth” spoke at the EAWAG on the ap-
plication of the methodology of the MIT
study to water resources management.
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