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In the field of stream-quality monitoring some bio- 
assays have been developed to a high standard: the 
Haematococcus pluvialis-test (MACKLE 1977), the Gna- 
thonemus-test (GELLER & MACKLE 1977) and other 
fish-tests (in the FRG especially the Goldorfen-test 
(FISCHER & GODE 1978). A survey of the application 
of bioassays monitoring the toxicity of water pollu- 
tants is given by OTT & IRRGANG (1977), VON OERTZEN 
(1977), BESCH (1977), LITTLE (1976) and BENECKE (1980). 

A standard bioassay must concentrate on organisms, which 
have a representative sensitivity to a wide spectrum 
of pollutants and a low sensitivity to matrix-effects. 
We wish to present a new bioassay procedure, which ~ 
uses algae (Scenedesmus, Chlorella) as test-organisms. 
The test is based on the registration of the sponta- 
neous, variable fluorescence as one parameter of the 
algal physiological state. The change of the fluores- 
cence curve due to substances, which affect or block 
photosynthesis, is described by KAUTSKY (1943) and 
FRANCK et al. (1969). ARNDT (1972, 1974) was the first 
to employ this measurement to look at the effects of 
air-pollution. Todays research mainly concentrates 
on the problem of chlorophyll recording in vivo 
(HEANEY 1978; NUSCH 1982). 

This paper describes the apparatus for the continous 
recording of the algae suspension fluorescence curve 
and demonstrates the possible use of the bioassay for 
stream-quality monitoring. 

The fluorescence phenomenon 

All influences, which retard the primary processes of 
photosynthesis, cause variations in the extent of the 
fluorescence emission of a plant. These changes refer 
to the spontaneous, variable fluorescence as well as 
to the delayed. During the excitation with.short-waved 
light the electrons of the chlorophyll-molecule are 
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Place of detection 

Herbicide-product. 

Draina@e 

Surface discharge 
5-I 0 m distance 
(highest recommen- 
ded amount) 

Artificial rain 

Rain 

Active 
substance 

MCPB 
2,4-D 
S-Triazine 
2,4-DP 

Alachlor 
Atrazine 
Cyanazine 
Propazine 
Atrazine 
Cyanazine 
Cyprazine 
Metribuzine 
Atrazine 
Simazine 
Atrazine 

Concentraticn 

660.000 
3.900.000 
250-1000 

1 

98.8 
I .074.8 

54.0 
269.4 

I .49 
0.68 
0.57 
1.65 
3.5 

32. 800 

Diuron 
Sumitol 

2,4-D 
2,4,5-T 
Picloram 
Atrazine 

Atrazine 
Dichlorobenil 

Diuron 
Linurcn 
TCPA 
Trif luraline I 

I. 800 
500 

4.200 
I. 400 
2.700 

900 

11. 000 
5.300 

10 
124 
310 

(0 m) 

.9 

Author 

SCH~BEL et al. (1972) 

TO~IR (1977) 
STRUIF et al. (1978) 

KADOUM & MOCK (1978) 

MUIR et al. (1976) 

von STRYK & BOLTON (1977[ 
DJUMJA ~t al. (1977) 

EVANS & DUSEJA (1973) 

BAILEY et al. (1974) 

WILLIS et al. (1975) 

PercolatiQn water 

Percolation and 
spring water 

Ground water 
(Lysimeter) 

Ground water and 
drinking water 

River and drainage 

River 

River (300 m down- 
stream a sprayer- 
cleaning) 

2,4-D 

Buturcn + Metabol. 

Picloram 
2,4,5-T 

Picloram 
Prometryne 
MCPA 

Atrazine 
Atrazine 

Benthiocarb 

2,4,5-T 
(ester) 
2,4-D 

Dinoseb 

8.1 

6 

I 

4 
48.2 
? 

? 

5 

10 

3 

1.5 

4.800 

WHITE et al. (1976) 

HAQUE et al. (1977) 

HOVE%{ et al. (1975) 

11 

LA FLEUR et al. (1975) 
SYNEK et al. (1973) 

WOLFE et al. (1976) 
JUNK et al. (1976) 

SUZUKI et al. (1977) 

THARALDSEN (1973) 

~TSON (1977) 

ZITKO et al. (1976) 

TABLE I 

Content of Herbicides in Waters 
Origin and Quality 
(References in BENECKE 1980) 

of different 

387 



Place of detection 

Surface water 

River 

Brook 
(measured 2,5 mth. 
aft. an accident ) 

River 

River 

River 

River 

River 

Pond 

Rhine 
(Dfisseldorf) 

Active 
substance 

2,4-D + 2,4,5-T 
(acid + ester) 
Atrazine 
Atrazine 

Pentachlorophenol 

Ccncentraticn 

2,4-D-Acid 

2,4-D 
2,4-D 
(Butylester) 
2,4-D 
(Amine) 

CNP 

2,4-D 
MCPA 
MCPp 
MCPB 
2,4,5~ 

Simazine 
(+~tab.) 
Atrazine 
(+~tab.) 
Terbutryne 

Ametryne 

m~ 

1o.ooo 

2 

2.000 
5OO 

Author 

JUNK et al. (1976) 

PIERCE et al. (1977) 

Rhine (km 865) 

Rhine (km 865) 

Rhine (km 698) 

Wupper (mouth) 

Rhine (km 698) 

Rhine (km 640) 

Rhine (km 640) 

4-Chloranil 
(Buturon + 

O. 249 

3.7 
6.3 

82 

FOUNTAINE et al. (1976) 

CHOI et al. (1976) 

CROLL (1975) 
ANANEV & BELGIBAEV 

(1977) 

Monolinuron dgrdn. 
pr.) 

Buturcn 

Chlorotolurcn 

Linuron 

Diuron 

Metc~uron 

Monolinuron 

Rhanm~i~am 

20 

16.6 

21.000 
0.3 
1.3 
0.15 

40 

100 
(after 14 d) 

20 
(after 56 d) 

25 
(after 14 d) 

8 
(after 7 d) 

0.076 

0.20 

0.09 

0.28 

0.21 

0.21 

0.09 

SUZUKI et al. (1978) 

STRUIF et al. (1978) 

MAIER-BODE (1972) 

HERZEL & SCHMIDT (1977) 

STOBER & REUPERT (1978) 

TABLE I (continued) 
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lifted to a higher energy-level. Normally, the ex- 
citation energy is transmitted from the chlorophyll 
to acceptor-molecules (see Fig. I). The quantity of 
acceptors is limited, so that 2-20% of the energy is 
lossed as fluorescence. Excitated ions emit quanta 
in the red range of the spectrum during their return 
to the normal level. The fluorescence reaches high 
values after a dark period: acceptor-molecules have 
to accomodate during sudden radiation to the new si- 
tuation. 

Herbicides may inhibit photosynthesis; Fig.1 combines 
a model of photosynthesis with possible inhibition 
positions. Table I shows the concentration of several 
herbicides in the water. A decision about the influen- 
ce of herbicides on the plant based on the knowledge 
of the concentration in the water is impossible. 

Fluorescence measurement 

In the fluorometry we use the optical characteristics 
of the photosynthetic pigments to measure certain para- 
meters. These pigments emit fluorescent light at 660 
rum. Maximum values are reached after a dark period 
when the pigments are excitated with red light (650 nm) 
or blue light (450 nm). Fluorescence intensity is de- 
pendent on temperature, pH, 02 and other factors. 

Fig. 2 shows a normal fluorescence curve. After a 
first increase, we notice a typical depression follo- 
wed by a second increase. The phases I-5 are typical 
for that curve. 

Fig. 3 illustrates the measuring device we have chosen. 
The algal culture in field A is a normal chemostate. 
Field B includes light source and a photomultiplier, 
a flow-through cell and an oscillograph. The instru- 
ments are fitted on an optical bench. 

The algae are pumped from the culture into the cell. 
The flow-through cell guarantees stable temperature 
and aeration during the dark phase. After a defined 
time in the dark the aeration is stopped and the algae 
are exposed to light. A shutter controls the exposure 
time. The light passes a blue-filter, the cell and 
a red filter with a transmission maximum at 660 nm. 
The photomultiplier amplifies the signal and the curve 
is recorded on the oscillograph. With a Polaroid-ca- 
mera the curve can be photographed. 

We can dose certain substances or raw-water to the 
algae in the cell. If a water sample is analyzed, the 
water first passes a filter to remove suspended matter 
and thus prevent light scattering. 
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RESULTS 

The results presented here show the principle function 
of the bioassay and its sensitivity. Till now, we 
concentrated on the reproduction of the normal fluores- 
cence curve and the dosage of single substances. 

Fig. 4 and 5 show several fluorescence curves pho- 
tographed from the oscillograph. The normal fluores- 
cence shows the above mentioned characteristics 
(phases I-5). The height and the curve's slope depend 
on very defined conditions. Chlorophyll concentration 
and physiological state of the algae have the main 
effect on the curve. We can reproduce a normal curve 
at a cell concentration of 4-7xiO 6 cells/mL. The age 
of the culture must be controlled and the culture punc- 
tually renewed. 

The fluorescence intensity is proportional to the ex- 
posure time and the light intensity in certain limits. 
Thus, exposure time can be chosen variable, we used 
I/2 sec., 150 Watt and a dark-phase of 10 min. 

Nearly all curves show two effects: changes in the 
fluorescence intensity and levelling of phases I-3. 
Both effects can be demonstrated by temperature change, 
aeration with N~, several herbicides and other chemi- 
cals. Both effects can be demonstrated together and 
separately, they are not coupled. 

If the pollutants can affect the algae for 15 min or 
longer, a full depression of fluorescence can be no- 
ticed in some cases. 

TABLE 2 

Sensitivity of the Fluorescence-Test in Comparison 
(mg/L) 

Fluorescence Growth (BRINGMANN 
& KUHN) 

Atrazine 0.0325 0.003 
HgCI~ 0.005 0.005 
CuSO~ 0.003 0.03 
Cd(N03) 2 0 . 0 0 7  0 . 0 7  
KCN 0.007 0.07 
Monolinuron O.O14 0.14 
1,3-Dinitrobenzene 0.034 0.17 
2-Chlorotoluene 3.1 31.0 
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DISCUSSION 

With the demonstrated changes of the fluorescence curve 
we can detect an immediate effect on the photosynthe- 
tic process, which mainly results in a change of the 
first fluorescence phases. A curve levelling in this 
phase can be explained as a deactivation of the accep- 
tor regeneration. In the phase I-2, the number of 
acceptors, which have been regenerated in the dark- 
phase, decreases. The following slight depression may 
be caused by a regeneration of these molecules or 
an adaptation. 

Curve-levelling is a characteristic for all dosed her- 
bicides and other chemicals. A change in the curve's 
height may be the result of changing algal concentra- 
tion and not of a damage. A decrease in fluorescence 
intensity could also be interpretated as a direct 
damage of the chlorophyll-molecule. The energy-yield 
of the fluorescence would then be diminished. The 
connection of both effects as a result of a beginning 
damage must still be cleared up. 

Till now, a prediction about the changes of the fluo- 
rescence is not possible. When pollutants influence 
the algae very long we can sometimes measure an adap- 
tation of the algae to the new conditions. We never 
noticed a full regeneration of the normal fluorescence 
curve, but the initial intensity sometimes returns. 

Generally, a pollutant causes a greater damage when 
it can affect the algae for a long time. The beginning 
of a damage depends on the concentration and the che- 
mical nature of a pollutant. We used concentrations, 
which exceeded the concentration of typical pollutants 
in the raw water. A comparison with the concentrations 
used by other authors (BRINGMANN & KUHN 1975) and 
a former research (ZULLEI & BENECKE 1978) shows, 
that we can demonstrate effects on the algae with 
concentrations far below those. The time from the do- 
sage of a toxicant to a clear reaction of the algae 
is very short (30 sec. to 5 mih.; see Table 2). 

An advantage of the system is the use of algae, which 
are simple to culture. A stable algal concentration 
and species-composition is one of the problems, we 
did not solve sufficiently. An algae-screening could 
be successful to find more sensitve species. Algae 
counting and determination of the actual chlorophyll- 
concentration should be replaced by an automatic re- 
gistration. 

A further problem arises with the influences of a he- 
terogenous matrix. A direct influence of the matrix 
could not be measured; on the other hand, we could 
not measure a clear reaction of the fluorescence to 
raw water (River Ruhr). 
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The sensitivity to several toxicants must be tested. 
This is now at work using the substances of other 
authors, especially the list of reference chemicals 
proposed by SCHEELE (1980). If the sensitivity to a 
representative number of chemicals is clear, the inter- 
actions between toxicants, physical parameters and 
the algae can be analyzed. A connection to a data 
system, automatic registration and alarming would 
then be useful. 
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