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Comparison of excrements of cattle, food of insects and birds after one week

UBA 29.9.2004 Dr. Boers: Ausgewählte Therapeutika in der Tierzucht – Applikation und Umweltrelevanz, aus
Arzneimittel in der Umwelt – Zu Risiken und Nebenwirkungen fragen Sie das Umweltbundesamt,  Texte 29/05 ISSN 0722-186X

Drugs in the environment, Example: Drugs in the environment, Example: IvermectinIvermectin
Motivation concerning bioactivity based analysisMotivation concerning bioactivity based analysisMotivation concerning bioactivity based analysisMotivation concerning bioactivity based analysis
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TroutsTrouts, , fishedfished byby anglersanglers fromfrom SwitzerlandSwitzerland

Motivation concerning bioactivity based analysisMotivation concerning bioactivity based analysis
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Initial SituationInitial Situation
Environmental Illness Society of Canada
La société canadienne pour les sensibilités environnementales

1.1. In 1989, the world production of pesticides amounted to 5 billioIn 1989, the world production of pesticides amounted to 5 billion n 
pounds or about 1 pound for every person in the world annually.pounds or about 1 pound for every person in the world annually.

2.2. This production included 1600 chemicals.This production included 1600 chemicals.

3.3. Pesticide use in the United States alone amounts to 2.2 billion Pesticide use in the United States alone amounts to 2.2 billion pounds pounds 
a year, roughly 8.8 pounds per capita.a year, roughly 8.8 pounds per capita.

4.4. Annually, American farmers use over 560 million pounds of herbicAnnually, American farmers use over 560 million pounds of herbicides ides 
and fungicides (not counting other pesticides).and fungicides (not counting other pesticides).

5.5. Every year about 600 different species of pesticides are spread Every year about 600 different species of pesticides are spread out out 
into the environment. Every year about 500 into the environment. Every year about 500 –– 1000 new pesticides are 1000 new pesticides are 
producedproduced
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Biotests
1. The Bioactivity of water 

soluble  toxins on test 
organisms in unprocessed 
water samples are 
detected.

2. Discussion of synergistic 
effects 

3. It is not possible to identify 
only one single substance

Trace Analysis
1. The toxins in a water 

sample are selectively 
enriched

2. Analytical separation

3. Toxins are identified 
using selected reference 
substances

4. Identified toxins can be 
quantified

BioresponseBioresponse--linked instrumental analysis:linked instrumental analysis:
Bridging the gap between Cause and Effect?Bridging the gap between Cause and Effect?
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TLC/HPTLC   
e.g. AMD

Physical Identification

UV/Vis, Fluoreszenz, FTIR, Raman

microchemical
reaction

biochemical  
detection

biological     
evaluation  

PrinciplePrinciple of of BioactivityBioactivity BasedBased AnalysisAnalysis
in HPTLC/AMDin HPTLC/AMD
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TheThe principleprinciple of of thethe AMD AMD procedureprocedure

(AMD = (AMD = AutomatedAutomated Multiple Multiple DevelopmentDevelopment))

1. The chromatogram is developed repeatedly in the 
same direction. 

2. Each partial run goes over a longer solvent 
migration distance than the one before. 

3. Between partial runs, the solvent is completely 
removed from the developing chamber and the 
layer is dried under vacuum. 

4. Each partial run uses a solvent of lower elution 
strength than the one used before. In this way, a 
stepwise elution gradient is formed. 

5. The combination of focusing effect and gradient 
elution results in extremely narrow bands. Their 
typical peak width is about 1mm.

GRADIENT ELUTION IN PLANAR CHROMATOGRAPHY
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TheThe principleprinciple of of thethe AMD AMD procedureprocedure

(AMD = (AMD = AutomatedAutomated Multiple Multiple DevelopmentDevelopment))
GRADIENT ELUTION IN PLANAR CHROMATOGRAPHY

1. Pesticides in drinking 
water (German 
Standard Method DIN 
38407 Part 11) 

2. Complex samples 
from environmental 
analysis 

3. Phospholipids 

4. Carbohydrates 

5. Anabolics in the meat 
and urine of cattle
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TheThe principleprinciple of of thethe AMD AMD procedureprocedure

(AMD = (AMD = AutomatedAutomated Multiple Multiple DevelopmentDevelopment))
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TheThe principleprinciple of of thethe AMD AMD procedureprocedure

(AMD = (AMD = AutomatedAutomated Multiple Multiple DevelopmentDevelopment))

Caffeine
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proliferation of cells

inhibition of growth

Induction of enzymes

PrinciplePrinciple of of biologicalbiological indicatorsindicators and and responsesresponses
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Application of a test-
lsolution; incubation

detection of effects

Addition von Substrat
oder Farbstoff; Inkubation

Fließrichtung

Immersion

identification, quantification

PrinciplePrinciple of of BioactivityBioactivity BasedBased AnalysisAnalysis
in HPTLC/AMDin HPTLC/AMD



Berlin Berlin 15.10.200615.10.2006

HPTLC plate
after development 

application of test 
organism; incubation

detection of effect

addition of substrate
or dye; incubation 

solvent flow

physical / chemical 
detection 

immersion

Screening methods for detection of bioactive compounds in complex mixtures
Pharmaceutical research1, environmental analysis2, 3

1 Hostettmann et al. Phytochem. Anal. 1991, 2, 199-203. 
2 Weins, C.; Jork, H. J. Chromatogr. A 1996, 750, 403-407. 3 Eberz, G. et al. Chromatographia 1996, 43, 5-9.

identification, quantification (reference compounds, 
absorbance, fluorescence, MS, NMR1)

PrinciplePrinciple of of BioactivityBioactivity BasedBased AnalysisAnalysis
in HPTLC/AMDin HPTLC/AMD
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Bioluminescent 
inhibition

Fungicides
Penicillium exp.

Hormones
Yeast Test (Sumpter)

Antibiotics
Bacillus subtilis

Herbicides
Algae, Chloroplasts

Insecticides
Enzyme Inhibition

ExamplesExamples forfor toxicologicaltoxicological teststests in in situsitu

Gentoxicity
UMU-test
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DetectionDetection of of HormonesHormones -- HPTLCHPTLC--YES testYES test
YeastYeast EstrogenEstrogen Screen (YES) Screen (YES) AccordingAccording to to RoutledgeRoutledge and Sumpterand Sumpter11
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HPTLC plate
after development 

application of
test organism; 

addition of
Substrate or dye;
incubation 

solvent flow

Physical detection 

Immersion Sumpter cells

incubation

DetectionDetection of of HormonesHormones -- HPTLCHPTLC--YES testYES test
YeastYeast EstrogenEstrogen Screen (YES) Screen (YES) AccordingAccording to to RoutledgeRoutledge and Sumpterand Sumpter11
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10 ng 17-ß Estradiol 10 ng 17-ß Estradiol

Time of incubation 48 h

DetectionDetection of of HormonesHormones -- HPTLCHPTLC--YES testYES test
YeastYeast EstrogenEstrogen Screen (YES) Screen (YES) AccordingAccording to to RoutledgeRoutledge and Sumpterand Sumpter11
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DetectionDetection of of HormonesHormones -- HPTLCHPTLC--YES testYES test
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Detection limit of the HPTLC-YES test with β-Estradiol

DetectionDetection of of HormonesHormones -- HPTLCHPTLC--YES testYES test
YeastYeast EstrogenEstrogen Screen (YES) Screen (YES) AccordingAccording to to RoutledgeRoutledge and Sumpterand Sumpter11
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DetectionDetection of of HormonesHormones -- HPTLCHPTLC--YES testYES test
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Reproducibility of the HPTLC-YES with 17 β-estradiol

DetectionDetection of of HormonesHormones -- HPTLCHPTLC--YES testYES test
YeastYeast EstrogenEstrogen Screen (YES) Screen (YES) AccordingAccording to to RoutledgeRoutledge and Sumpterand Sumpter11
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StepStep 11: : ImmobilizationImmobilization of of thethe test test organismorganism on to on to thethe
HPTLC HPTLC plateplate and and createcreate optimizedoptimized condition of condition of 
cultivationcultivation on on thethe layerlayer (HPTLC (HPTLC plateplate))
inductioninduction of of thethe targettarget enzymeenzyme withinwithin thethe testorganismtestorganism

StepStep 22: : OptimizedOptimized condition condition forfor thethe enzymaticenzymatic turnoverturnover
of of selectivselectiv substratessubstrates ((pHpH, , bufferbuffer,..),..)

StepStep 3. 3. OptimizedOptimized condition condition forfor detectiondetection thethe signalsignal of of 
thethe accumulatedaccumulated productproduct of of thethe enzymaticenzymatic turnoverturnover

DetectionDetection of of HormonesHormones -- HPTLCHPTLC--YES testYES test
YeastYeast EstrogenEstrogen Screen (YES) Screen (YES) AccordingAccording to to RoutledgeRoutledge and Sumpterand Sumpter11

Procedure in general
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ExamplesExamples forfor toxicologicaltoxicological teststests in in situsitu
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Detection of inhibitors of cholinesterase in  a solution of methiocarb

600 400 100 60 20 10 6 2 1 ng

Methiocarb  600 – 1 ng

VerificationVerification of of referencereference substancessubstances
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VerificationVerification of of referencereference substancessubstances
Detection of inhibitors of cholinesterase in  a solution of methiocarb
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VerificationVerification of of referencereference substancessubstances
Detection of inhibitors of cholinesterase in  a solution of methiocarb
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Y
substance
receptor

cells

lysis and
extraction

YYYY
extraction Sample preparation by

biological recognition

biological
tests in situ

identification

Outlook: Outlook: 
BioactivityBioactivity basedbased analysisanalysis and ist and ist futurefuture
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Total risk

Risk
analysis

risk
avoidance

risk
prevention

risk
limitation

Risk management

Risk -
identification

rest risk

risk
transfer

* Lecture about Information-management
of Prof. Dr. Dr. h.c. mult. Peter Mertens, Universitäty Erlangen-Nürnberg

General General AspectsAspects of of RiskRisk assessmentassessment**
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risk analysis and 
identification risk management

Physico-chemical
methods

biological
methods

biochemical
methods

molecular-biological
methods

BioactivityBioactivity basedbased analysisanalysis a a mandatorymandatory of of riskrisk analysisanalysis
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Bioresponse-linked instrumental analysis: 
Bridging the gap between Cause and Effect?

YES


