L FTH0-50

Deutsche
- Forschungsgemeinschaft

Immunochemical
Detection of
Pesticides and their
Metabolites in the
Water Cycle

Edited by
Bertold Hock
and Reinhard NieBner

Research Report

L

VCH S{é

70

DFG



- Contents

Preface

...................................................

Part I The Immunoassay Approach

1

1.1

1.2

1.21
1.2.2
1.2.3

1.3

1.3.1
1.3.2
1.3.3
1.3.4
1.3.5

1.4
1.5

2.1
2.2
2.3
2.4

Immunochemical Assay of Environmental Pollutants Using
Pesticidesasan Example .................. ... . .

Bertold Hock
Introduction ......... . 0 i e e e e

Antibodies and Antigen . . ......... ... oo
Antibody production for pesticide assays ................
Polyclonal antibodies . . ........ ... ... i i
Monoclonal antibodies. ... ....... ... ... . . e,

Basic Principles of Immunoassays . ............c.....o.,
Immunoassay classes ............covh i PN
The heterogeneous competitive enzyme immunoassay .....
Data processing and statistics .........................
Cross-reactivity . ... oo i
Validation . .......... i e

SUMMATY ...t e

References ... . i i e e e e e

Production and Application of Monoclonal Antibodies for
the Determination of Pesticides .. .....................

Thomas Giersch, Karl Kramer

Introduction .......... ...
Methods ... it e e
Results ....... .. i e

DiscusSion. . . . v v e e e e e i



Contents

2.5
2.6

3.1

3.2
3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6
3.2.7
3.2.8
3.2.9
3.2.10
3.2.11

3.3
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.3.6

3.4
3.5

4.1
4,11
4.1.1.1
4.1.1.1.1
4.1.1.1.2
4.1.1.2
4.1.1.3

VI

CSUINIMATY «vvv et

References .. oo v it i e e e e e

Validation of Inmunoassay for Determination of Triazine
Herbicides . ........ ... ... .. i

Ludwig Weil, Reinhard NieBner, Rudolf Schneider, Thomas
Ruppert, Michael Weller

Introduction ........ .. i e

Experimental Sections . ........ .. i
Apparatus . . ... o e e
Chemicals. . ... .o e
Antibodies ....... ...
Standard and buffer solutions ................ ... ... ...
Enrichment by solid phase extraction ...................
Gaschromatographic conditions .......................
Synthesis of haptens .. ......... ... ... .. ... .o

\ Synthesis of enzyme tracers ................... . ... ...

ELISA procedure. . ... ... vt i e
Evaluation of standard curves .........................
Experiments with the variation of tracer incubation time . ..

Results ... e
Variation of enzyme tracer . ........ ... ... .. o
Variation of the tracer incubation time............... ...
Affinity (equilibrium) constants for antibody/analyte ......
Cross-reactivity ...... ..o i
Influence of water constituents on the ELISA .............
Validation of natural water samples by GC and ELISA . ... ..

Immunochemical Detection of Biomarkers Using
Metabolites of Triazines and Organophosphorus
Pesticidesas an Example ............................
Petra M. Krimer, Anne D. Lucas, Adam S. Harris, Bruce D.
Hammock

Introduction ............ ... .
Immunochemical detection of biomarkers ...............
BIOMATKETS o v oottt e
Metabolites of triazines . ............. ... ... oo
Metabolites of organophosphorus pesticides..............
ELISA (enzyme-linked immunosorbent assay) .............
Integrated HPLC-ELISA . . . .. ... it e



Contents

4.2
-4.2.1

4.2.2
4.2.3

4.3

4.3.1
4.3.2
4.3.3

4.4
4.5

5.1

5.2
5.2.1
5.2.2
5.2.3
5.2.3.1
5.2.3.2

5.3
5.4
5.5

Methods . ....... S 66
Enzyme-linked immunosorbent assay for atrazine and

atrazine-mercapturate ................ ... ..o 66
Enzyme-linked immunosorbent assay for nitrophenols ... .. 66
HPLC-ELISA for nitrophenols. . ........................ 68
Results and Discussion . . ........ ... . vt 69
Triazine metabolites. . ... ....... ... ... . . i i, 69
Metabolites of organophosphorus pesticides.............. 70
HPLC-ELISA ... i i 71
SUIMNIMATY .+ ¢ vt vttt i e e 73
References . ... ... i 75

New Developments of Inmunochemical Detection Methods

for Antimicrobial Drug Residues and Natural Toxins . ... .. 78
Gerhard Terplan, Ewald Usleber, Erwin Mdrtlbauer, Elisabeth
Schneider, Richard Dietrich

S IntroduchOn . ..o . 78
Test Formats of Enzyme Immunoassay .................. 79
Microtiter plate assays . . ... .ov i i e 80
Coupling of immuno- and physicochemical methods ....... 83
Rapid immunochemical test formats .................... 85
Dipstick tests ........ ..o i 85
Immunofiltration assay. . ... ...... ... i i 87
Conclusions . ...... ..ot e 89
SUMMATY . ..o vt e 89
References . ...t e e 89

Part II Advanced’T(;c—hniques

6

6.1

6.2
6.2.1°
6.2.2
6.2.2.1
6.2.3
6.2.3.1
6.2.3.2
6.2.4

Application of Time-Resolved, Laser-Induced Fluorescence
for the Immunological Determination of Pesticides in the

Water Cycle . ......... . 95
Reinhard NieB3ner, Petra Ulrich, Ulrich Panne, Lutz Miiller

Introduction ... ....... . i e 95
Experimental Methods . . ........... ... ..., 96
Synthesis of fluorescent tracers........................ 96
Laser-induced time-resolved fluorescence ................ 97
Determination of decay times .................. ... .. .. 98
IMMUNOASSAYS -+« v v v v e ettt et et 98
Fluorescence immunoassay « . . ... ov vt vn e veen s 98
Fluorogenic substrates for enzymes .................... 99
Application of liposomes in immunoassays . .............. 99



Contents

6.2.4.1
-6.2.4.2

6.3

6.3.1
6.3.2
6.3.3

6.4
6.5
6.6

7.1
7.2
7.3
7.4
7.4.1
7.4.2
7.4.3
7.4.4
7.4.5
7.4.6

7.4.7
7.4.8

7.5
7.6
7.7
7.8

8.1

8.2
8.2.1

8.2.2
8.2.3

8.3
8.3.1

VI

Preparation of a liposome tracer ....................... 100
Testing of liposome tracers .............. .oy 100
Results ...... e e e e e e e e 101
Laser-induced, time-resolved fluorescence ............... 101
ImMmunoassays . ... e e e 102
LiposOme tracCer .. ... .o i it i e 106
Discussion. ......... .. i e e 108
SUIMMATY .« o v vt i i it e et e 109
References ....... ... i i e 110
Dyes for Fluorescence Immunoassays .................. 113
Heinz Langhals
Introduction ........... .. . i 113
AnalysisMethod ......... ... ..o i i 113
. Combinations of Fluorescent Dyes with Antibodies........ 114
Perylene Fluorescent Dyes ............... ... ... 0. 115
Monofunctionalized perylenedyes . .................... 117
Hydrophobic perylenedyes. .. ........ ... ... it 117
Hydrophilic perylenedyes.............. e 118
Perylene-dye-hapten-conjugates. . ... ................... 120
Fluorescent immunoliposomes. . ......... ... 121
Hapten-derived fluorescent liposomes. ... ............... 123
The analysis of fluorescent liposomes. ... ............... 124
Perylene dye colloids in aqueous media .. ............... 125
Perylene Derivatives: 1,7-Diazaperylene................. 127
Materials and Methods. . ........... ... .o v 129
Summar? and Outlook . ......... ... 129
References ............ e e e 130
Immunoliposomes . ............ ... ... .. i 132
Herbert Schott, Reto A. Schwendener
Introduction ... ..... ... .. i 132
Methods . ... i i 132
Preparation of fluorescent liposomes containing functionaliz-
edcouplingagents . .......... . ... i i 132
Preparation of fluorescent immunoliposomes . . ... ........ 134
Cell staining with fluorescent liposomes................. 134
Results . ...... ... i 135
Preparation, size and stability of fluorescent, functionalized
Hposomes . ... .. e e e 135



Contents

8.3.2
8.3.3
8.3.4

8.4
8.5
8.6

The choice of perylene derivative......................
Different methods of coupling antibodies to liposomes .. ...
Chromatographic purification of immunoliposomes . ... ....

Discussion........ ... i
SUMINAIY . v v e

2SN (=Y i =Y Vo =Y

Part III Ecosystem Approaches

Relevance of Ecosystemic Studies for the Ecotoxicological

9
Evaluation of Pesticides .......................... ...
Wilfried Huber, Dubravka Hindelang, Vanda Strojic, Karin
Neugebaur-Biichler
9.1 Introduction . ..... ... . i i
9.2 Materialand Methods ......... ... ... .. o i i L,
9.2,1 - Testsystems ......... i e
9.2.1.1 Multi-species indoor systems (indoor microcosms) .........
9.2.1.2 Outdoor-model systems (outdoor microcosms) ............
9.2.2 Pesticides tested . ................. e
9.2.2.1 Analysis of the test substances . .................... ...
0.2,2.1.1 Atrazine ..........co i e e
9.2.2.1.2 Carbofuran . . . . .. ..o e
9.2.3 Contamination concentrations ........................
9.3 ‘Results ... o e e e
9.3.1 Multi-species indoor systems (indoor microcosms) .........
9.3.2 Outdoor-model systems (outdoor microcosms) ............
9.3.2.1 Parallel development of the systems ....................
9.3.2,2 Long-term-effects and resilient behaviour . ...............
9.3.2.3 Combinationeffects............. ... .. .. L
9.3.2.4 Comparison of analytical methods and distribution of pesti-
CIdES . v e e e e e
9.4 DisCcussion. .. ...t e
9.4.1 Single-speciestests . ...... ... i i e e
9.4,1.1 Macrophytes. .. ... ... e
9.4.1.2 Phytoplankton ......... ... .. ...
0.4.1.3 Invertebrates. .. ... ..o e e e e e
0.4.14  Vertebrates . . ..o vv oot e
9.4.2 Model test systems (micro- and mesocosms) ..............
9.4.2.1 MaCropPhytes . . .o\ v ittt e e
9.4.2.2 Phytoplankton ............. .. ... ... e e e
9.4,23 Invertebrates............ .. i e e
9.4.24 Vertebrates ... .. ... e
9.4.3 Effects of atrazine on the ecosystem .. ..................



Contents

9.5 Conclusions ... .cv vttt e e
9.6 SUMINATY 4 0v v v s e v et it s e st
9.7 REFETEIICES .+ v\ ettt e e
10 The Model Ecosystem Approach in Ecotoxicology as Illus-
trated with a Study on the Fate and Effects of an Insecticide
in Stagnant Freshwater Microcosms....................
Theo C.M. Brock, Arthur R. Bos, Steven J.H. Crum, Ronald
Gylstra
10.1 Introduction . ....... ... i
10.2 Model Ecosystems . .......... i
10.3 Advantages and Disadvantages of Model Ecosystems ..... ..
10.3.1  Model ecosystem studies versus laboratory tests ..........
10.3.1.1 Advantages......... .. e
10.3.1.2 Disadvantages. ... ... ...ttt
10.3.2 -Model ecosystem studies versus whole ecosystem studies . . .
10.3.2,1 Advantages............ci i
10.3.2.2 Disadvantages. . .. ..ot vn ittt e
10.4 A Case Study on the Fate and Effects of an Insecticide in
Macrophyte-dominated and Macrophyte-free Freshwater
MICTOCOSINS .« o v v ittt e sttt ettt e tnn o en et
10.4.1 Fateofthepesticide............ . .. i,
10.4.2 Primaryeffects........ ... i i
10.4.3 Secondary effects......... .o
10.4.3.1 Secondary effects in macrophyte-dominated systems . ... ...
10.4.3.2 Secondary effects in open water systems ................
10.4.3.3 Predictability of secondary effects .....................
10.5 SUIINATY + v v et en e it e
10.6 References ....... ..ot i e e
Part IV Summary and Conclusions . . ....................... ...
Part V Publications . ............. ... ... . . . . . i

‘Part VI Addresses of the Authors .............................



