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Preface 

In the framework of the auth-0rization of plant protection products 

the applicant has to submit extensive documents to the Federal 

Biological Research Centre for Agriculture and Forestry 

(Biologische Bundesanstalt = BBA) for evaluation. The present 

booklet shows which criteria and within which framework the 

documents submitted for the various test areas are evaluated in 

the authorization procedure by the BBA. 

The present issue is a translation of the booklet of the series 

"Mitteilungen aus der Biologischen 

Forstwirtschaft, Berlin-Dahlem" Vol. 

of the translation werk further 

Bundesanstalt für Land- und 

284, 1992. During the course 

discussions led to some 

differences to the original German text in some chapters. 

lt becomes clear from the individual chapters that, as rule, the 

decision-making cannot be reduced to keeeping fixed limits, but,· in 

m,rny cases values are discussed which are a basis of the overall 

evaluaticn of a plant protection product in the framework of a 

risk benefit analysis. However, in certain cases, based on the 

evaluaticn results of single test areas an authorization can be 

refused by so-called cut-off criteria. 

The authorization procedure involves not only the BBA, but their 

decisions with regard to human health and animal health are made 

in agreement with the Federal Health Office (Bundesgesundheitsamt 

= BGA) and concerning the prevention of damage as a result of 

water and air pollution and 1-rnste disposal in agreement i.iith the 

Federal Environmental Office (Umweltbundesamt= UBA). 

The BGA too publishes in this booklet its assessment criteria of 

plant protection products in the authorization procedure. the 

assessment procedure of the UBA was taken into account in the 

respective chapters, as far as possible, by the authors of the BBA 

so that the present text is widely agreed by the jnvolved 

partners. 

I would like to thank the authors of the indi vj dual chapters 
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as well as the members of the editorial committee who ensured, 

a,s far as possible, a uniform structure of the chapters 

and who introduced certain comments of the institutes 

of the Federal Biological Research Centre for Agriculture 

and Forestry (BBA): Dr. Frost, Dr. Heimbach, Dr. Hommes, Dr. 

Joermann, Dipl.-Biol. Köpp, Dr. Nolting, and Dr. Wilkening. 

Further thanks are due to Mrs. Siadat for typing the manuscript. 

An important purpose of this brochure is to make the evaluations 

in the authorization procedure transparent and to make them 

available to the public for discussion. 

Braunschweig 

December 1992 ~~~r,/ 
Professor Dr. Fred Klingauf 

President of the Federal Biological Research 

Centre for Agriculture and Forestry 
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Introduction 

According to Article 15 of the Plant Protection Act the BBA grants 

an applicant authorization if the application fulfils the 

requirements set out in Article 12 and an examination of the plant 

protection product shows that 

1. the plant protection product is sufficiently effective in the 

light of scientific knowledge and technique 

2. the precautions necessary for the protection of human and ani

mal health in dealings with dangerous materials do not require 

otherwise, and 

3. the plant protection product, when used for its intended pur 

pose andin the correct manner, or as a result of such use, 

a) does not have any harmful effects on human and animal health 

or on g ound w ter and 

b) doe not have any other effects, particulary with regard to 

the natural balance, wh eh are not justifiable in the light 

of the present state of scientific knowledge. 

The application must contain the data and samples required for 

proving the authorization preconditions. The requirements are 

specified by the Regulation on Plant Protection Products of 28 

July 1987 and are described in detail in numerous national 

guideline of the BBA and, in part, also in international 

guidelines. 

The BBA as well as the BGA and the USA being authorities of 

consent for the authorization 

criteria according to which 

have often been asked about which 

the authorization documents aren 

evaluated and how, for example, decisions on denial of 

authorizations come about. 

Suchinformation is particularly important for applicants, since 

in advance of the authorization they are able to estimate to what 
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extent their respective products have a chance to be authorized 

after examination in the evaluation procedure. Also the public has 

a right to know that the decisions of the authorities are being 

transparent. 

In this booklet the current evaluation principles of the BBA for 

examining plant protection products within the framework of the 

authorization procedure are described in chapters 1 17. The 

procedure of the BGA within the framework of the examination of 

toxicology is presented in Chaptsr 18. In the assessment 

concerning fate in water, air, 

water organism the attempt 

consideration a s far as possible 

waste disposal, 

has been made 

the procedures 

and effects on 

to take into 

of the UBA ( see 

UBA-Princip es on criteria and procedur s for environmental 

assessment of pesticides, Chemosphere, 24/6, p. 793-815, 1992). It 

should be noted however, hat the evaluation criteria are 

continuou ly being revised and adapted to the current status of 

informa ion, e g. further discussions resulted in some 

differences to the original Germ n te t. 

This framevrnrk of evaluation has been considered in the draft 

vers ons of the anne VI, "Uniform Principles of the Evaluation of 

Plant Protection Products" provided for the "Council Directive of 

15 July 1991, Concerning the Placing of Plant Protection Products 

on the Market" of the EC, tobe achieved by the twelve EC-members. 

After adoption of the "Uniform Principles" by the Council of the 

EC the evaluations on hand, in single cases, have to be adapted to 

the EC-regulations. 

The attempt has been made to structure the individual chapters 

according to a scheme as uniform as possible. After a short 

description of the subject a listing of the respective relevant 

guidelines is given, according to which the trial resul ts should 

be worked out. Where possible, it is also presented when products 

and claimed uses, respectively, can be excluded from corresponding 

examinations. 

Furthermore, the chapters contain as much as possible 

- a listing of when on the basis of the data situation an assess-
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ment is not possible; 

the presentation of the decision-making produced from the 

submitted data; 

- flow diagrams for clear presentation of the decision-making. 

As a rule, the evaluations are to be seen in connection with the 

guidelines of the BBA. These guidelines are available from "Saphir 

Verlag Heike Kramer, Gutsstraße 15, D-3171 Ribbesbüttel". A 

corresponding list of publications of the BBA with respect to 

evaluation, authorization, and application of plant protecticn 

products can be requested there as well. 

The here evaluation-framework does not replace the 

commentary for instructions to fill in the BBA-application form AP 

01-05 given in the BBA-guideline part I, 1-2. 

The following decisions are possible in the various test areas. 

- authorization without restriction; 

- authorization with placing of labelling requirement ; 

- ind vidual claimed uses are not provided for authorization; 

- decision on authorizat on dependent on risk-benefit analysis; 

- no author a ion of the product (cut off criteria). 

In the analysis of the risk benefit and decision-making on what is 

to be understood as other effects in particular on the natural 

balance, which are not j ustifiable in the light of the present 

stete of scientific know edge, reference in made to the so called 

"Paraquat decision" by the Federal Administrative Court of 10 

November 1988. Conce ning these questions the Federal 

Administrative Court hasset up the following principles: 

"Other effects" ("side effects") in the meaning of article 15, 

para. 1, no. 3, letter b of the Plant Protection Act ( 1986) ere 

all effects that cannot be precluded with probability bordering 

in certainty. 

- For the decision whether the other effects of a product are "not 

scientifically acceptable", the probability of the occurrence o~ 

the effects, the weight of the disadvantages of the effects, the 
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replacability of the product and the disadvantages of not using 

the product are tobe weighed against one another. 

- In the decision on the scientific unacceptability of the other 

effects, the authority is not entitled to any latitude in 

assessment. 
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K. Claussen, W. Dobrat, G. Menschel 

1. Chemical and physical properties, composition 

For the authorization of a plant protection product the applicant 

has to submit data on 

1. chemical and physical properties of the product and of the ac

tive ingredients; non-active ingredients and impurities con

tained therein, as well as the decomposition and reaction pro

ducts, and 

2. methods of analysis to determine the active ingredients and, if 

appropriate, the non-active ingredients and impurities in the 

formulated product. 

The data, studies and procedures required are described in detail 

in the BBA Guideline I, 1 2. All data and documents must be 

complete asse sable and plausible. If appro the BBA will 

carry out experiments to verify them. 

assessment of the test area 

lllo authorization of the 

criteria): 

protec:tion (cut-off 

The required methods of ana si were not submitted, or the 

methods submitted are obviously not suitable for the formulation 

in question. 

- In the experimental testing the analytic method proved tobe un

suitable (since, for example, no or only insufficient separation 

of other active ingredient(s), impurities of active ingre

dient(s), non-active ingredients, etc. can be achieved, the 

active ingredient content cannot be determined). 

- The chemical composition of the product does not agree with that 

reported in the application form (range of tolerances for active 

ingredient contents: acc:ording to FAQ specification or "Manual 

on the development and use of FAQ specifications for plant pro

tection products"). 
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- The product contains 

hazardous non-active ingredients (carcinogenic substances of 

groups A 1, A 2 and B and/or teratogenic substances of groups 

A and B according to Technische Regeln für Gefahrstoffe (TRGS 

900)). 

in toxicologically relevant concentrations substances that, 

on the basis of the Gefahrstoffverordnung or other regula

tions, may not be marketed. 

- The impurities of the active ingredient(s) exceed the limits 

established in the FAD specifications, the BBA guideline I, 3-4, 

and/or the new version of the EC Guideline 79/117/EEC. 

- Lack of physical properties (insufficient suspensibility or 

emulsion stability etc., e. g. according to CIPAC as contained 

in FAQ specifications) cannot be corrected by slight reformule 

tion (minor change), rather the product must be roformulated on 

a larger scale, so that new tests of efficacy, residue, and/or 

environmental behaviour become nece sary. 

- The product cannot be handled/applied/stored. The besis far the 

evaluation are physical properties of the pr duct, the scope of 

which is described, e. g. corresponding to the FAD specifica 

tions (guidelines) for the individual formulation types. To the 

extent that these specifications contain recommendations for 

certain parameters (such as storage temperature 54 °C or O °C) 

or recommendations for limits, these can be used for evaluating 

the product. Deviations are not automatically exclusion crite

ria, rather the applicant is reque ted to submit statements. The 

product should be rejected only if in the physical-chemical or 

technical application properties distinct deviations from these 

guidelines or international quality standards occur. 

- Despite suitable protective measures the user is endangered by 

the product, e. g. by an untolerably high dust formation or the 

like. 
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K. Claussen 

2. Waste disposal 

As waste particularly in need of monitoring, plant protection 

products that can or may no langer be used are tobe disposed of 

in a way that poses no threat to humans or the environment. 

Reference is made in BBA Guideline I, 1-2, to the tests necessary 

with regard to waste disposal. 

Comprehensive studies of the combustibility 

products for the purpose of disposal have 

protection product wastes can be incinerated 

of plant protection 

shown that plant 

in household trash 

incinerator plants without significantly 

of chlorinated dibenzodioxins and -furans 

equivalents. 

increasing the emission 

expressed in toxicity 

On the basis of results available, further tests with active 

ingredients currently on the market do not appear tobe necessary. 

In the case of new active ingredients with a halogen content of 

more than 60 % (guideline level now being discussed), studies of 

combustion behaviour are to be worked out as required. A 

corresponding guideline is in preparation. 

Details on the actual disposal rnethod for the separately collected 

plant protection product wastes that are then to be incinerated in 

the household trash incinerati.on plants are still to be arranged 

among the participating federal authorities, the competent offices 

of the states and the operators of the household trash 

incineration plants (UWSF-Z. Umweltchern. Ökotox. 4(3) 1992, p. 

136-145). 

Only in the case of a few products an incineration along with 

household trash will not be possible. It is planned to get rid of 

these products in special incineration plants or to store them in 

pit dumps. The dump rnethod of disposal should be precluded in the 

future in view of the generating new waste burdens. 
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M. Blacha-Puller, J. Siebers 

3. Residue analysis 

Monitoring methods and test report methods are required from the 

applicant. 

3.1 Monitoring methods 

The analytical methods submitted in the authorization procedure 

are to be available to the official food control, the water, 

environment and heal th administration as well a the concerned 

industries for determination of the residues of plant protection 

product , including relevant metabolites, in soil, water, food, 

feed and processed products. 

A position is to be taken an the applicability of the multimethods 

S 8 and S 19 of the "Manual of Pesticide Residue Analy is, Vol. I" 

of the Deutsche Forschungsgemeinschaft (VCH-Verlag gesell chaft, 

Weinheim) used predominantly in food monitoring and cited n the 

"Official Collection of Test Methode According to § 35 LMBG 

(Amtliche Sammlung von Untersuchungsverfahren na h § 35 LMBG)." 

The r sults of the validation are to be submitted for the most 

important crops. If it is apparent from the properties of the 

active ingredient/metabolites that the rnultimethods cited are not 

applicable, a brief justification suffices. In these cases another 

multimethod or single method is to be subrnitted. Excepted from 

these requirements are substances such as grafting waxes, carbon 

dioxide, nitrogen, rape seed oil, several game gnawing products. 

Effective January 1st 1993 rnethods for the direct determination of 

plant protection products in the air are also required. 

The required data are explained in BBA Guideline I, 1-2 ( November 

1990, pages 20-22). 

3.2 Testreport rnethods 

To be subrnitted are those analytical methods that are used to 

produce test reports on degradation in the soil, leaching 

behaviour, on residue behaviour in crops and processed products, 
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as well as for animal materials and for testing the volatili ty 

bahaviour. These methods are assessed together with the test 

reports in the respective schemes. 

3.3 Data reguired 

The following documents or data are absolutely required for 

evaluation of the analytical methods: 

- detailed, reproducible, quotable working instructions; 

- limit of determination and limit of dection; the limit of 

determination must be validated by recovery experiments; 

- recovery rates and variation of the recovery rate; 

- blank values, 

- typical chromatograms. 

The methods submitted will be evaluated acc to the follow,ing 

principles. In certain cases the methods are tested experimentally 

by the BBA. A negative decision in thi scheme will oc ur in the 

following cases 

- limit of determination for active ingredient and/or metabolites 

not a uate for checking the maximum residue limits or the 

drinking water regulations. For soil, a determination limit of 

~ 0,05 mg/kg is required. 

Mean recovery rates outside of 70 - 110 %, except in special, 

justified cases. 

- Relative standard deviation of the recovery rates > 20 %, except 

in special, justified cases. (The overall relative standard de

viation and the relative standard deviation for each fortifica

tion level is tobe indicated separately for each test 

material.) 

- Method too non-specific. Blank values as a result of interfering 

substances frequently > 30 % of the limit of determination. 

- Unacceptable experimental or apparatus expenditure in methods 

for monitoring purposes. 

Method not reproducible in experimental testing. 

With negative decision in this scheme an authorization certificate 

for the product will as a rule not be granted (cut-off criterion). 
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E. Bode, G. Heidler, J. Martin 

with collaboration by: 

K.-H. Berendes, H. Ehle, H. T. Laermann, U. Meier 

4. Efficacy and crop tolerance (phytotoxicity) 

An essential purpose of the Plant Protection Act is to protect 

crops and plant products against harmful organisms and non

parasitic impairments (Art. 1 nos. 1-2 Plant Protection Act). In 

addition to other measures, the application of effective plant 

protection products in particular contributes to realizing the 

goal of this Act. 

The BBA has published a large number of guidelines that serve the 

experimenter as instructions in the testing of plant protection 

products for efficacy end crop tolerance \A1ithi the framework of 

the authorization process (Guidelines for the Testing of Plant 

Protection Products, Part II Efficacy). If in the individual 

case no guideline exists, the tests are to be de igned and 

evaluated based as far as possible on the guidelines for simi1ar 

testing projects. 

4.1 

To demonstrate the authorization prerequisites in the sub-schemes 

"efficacy" 

for every 

and "crop 

claimed 

tolerance" 

use listed 

(phytotoxicity) it is 

in the application 

necessary 

form for 

authorization to submit test reports that permit an evaluation of 

the efficacy (Art. 12, para. 3, sentence 2 of the Plant Protection 

Actin conjunction with Art. 15, para. 1, o 1 Plant Protection 

Act and Art. 1, para. 2, no. 2 letter a, of the Regulatory 

Ordinance on Plant Protection Products and Plant Protection 

Equipment). It is also tobe tested whether the use of the product 

causes damage to the plants to be protected or quality impairment 

to crops or processed products. Any damage or deterioration 

occurring are tobe described by nature and extent. 

In the testing of a product for sufficient efficacy the greatest 

possible spectrum of variable influencing factors is to be 

encompassed. 
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Detailsare found in the section of the "Guideline for the Testing 

of Plant Protection Products in the Authorization Process, Part II 

Efficacy, 1 General and Part I General on the Procedure for 

Testing and Authorization, 1-2 Application for First/Renewed 

Authorization of a Plant Protection Product, Instructions for 

Completion." 

4.2 Course of testing 

The course of testing is shown 

"Efficacy" and "Crop Tolerance" 

of a plant protection product. 

4.2.1 

in diagram 4a for assessing the 

(Phytotoxicity) for a claimed use 

The claimed use is first to be examined to determine whether the 

harmful organisms cited in the application form for authorization 

involve organisms according to Art. 2, para. 1, no. 7 of the Plant 

Protection Act which in one or all development stages cause 

unacceptable damage or quality reduction to plants or plant 

products, sharply hinder the harvesting of a crop or present a 

hazard. In other cases, e. g. with growth egulators, sprouting 

inhibi tors or animal repellent i t is to be e amined whether 

through non-use of a product considerable (economically 

unacceptable) damage, including quality lasses, actually occur. 

It is of no significance here whether the damage is caused 

regularly. Exclusively decisive is the scientific fact, or the 

fact founded on ex nce, that considerabl damage can be 

caused. 

4.2.2 .:::.::.:.:::.::=::=.-=-.L..-::::..:.:..:::_::::.::::::.::.:::..:::..t:._:=.....:.:..:::.:.:.::=:::__:..:.:.::_r:_:::...::..::..:::.::..::. 

The description given in the application form regarding the time 

of application of the product and the crop, or regarding the 

protective purpose is first examined for its plausibility. In the 

second step the wording intended by the applicant on the claimed 

use is compared in the point cited for agreement with the 

corresponding data of the test reports on efficacy. Any 

discrepancies are to be clarified in a dialogue with the 

applicant. 
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The practical test of efficacy yields indications on the ability 

to handle the product (e. g. foam formation, blockage of nozzles, 

flowability of powder formulations) that can lead to a detailed 

testing in the authorization process. 

4.2.3 Choice of dosage (fixing the minimum effective dosage) 

It is tobe founded in the application form for authorization that 

the intended dosage of a product ha s been selected as low as 

necessary for achieving adequate efficacy (minimum effective 

dosage, see Guideline for the Testing of Plant Protection 

Products, Part I, 1-2). 

4.2.4 

Foreword 

One of the most important authorization prerequisites in the prove 

of sufficient efficacy according to the state of scientific 

knowledge and technology. The indefinite term "sufficient 

efficacy" indicates that with a test product when used as intended 

(application according to the purpose obvious from the 

instructions for use) and with proper application (corresponding 

to good agricultural practice) it is possible to achieve an 

efficacy that meets the average requirements of the practice or 

that is comparable to the reference pro du et. The level of these 

requirements depends on various factors. These include, for 

example, the state of plant protection product development and 

equipment technology, the biological properties of the harmful 

organism to be controlled or repelled, taking into consideration 

the influence of antagonistic species, the significance of the 

protective purpose to be met (sprouting inhibition, repelling 

birds, etc.) and the demands on the quality of the crops or 

harvest tobe protected. 

The studies on the efficacy of a product are to be conducted in 

various regions of the Federal Republic of Germany or also at 

comparable locations in neighbouring countries and, as a rule, 

during two test periods. This procedure checks on whether the 

sufficient efficacy can also be achieved in unfavourable 

conditions in practice (e. g. with regard to infestation pressure, 

infestation severity, soil conditions, weather conditions or 
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development stage of the harmful organism). 

4.2.4.1 Frequency and technique of application 
Closely connected to the determination and evaluation of 

sufficient efficacy are application technique and application 

frequency. Without suitable application technique the required 

efficacy is tobe achieved, if at all, only with increased product 

dosages. Negative effects of the application technique can be 

derived indirectly from the test reports on efficacy of a plant 

protection product. 

The number of product applications necessary to achieve sufficient 

efficacy is different depending on the harmful organism or 

protective purpose and mode of action of the product. If the 

number is not of necessity found from the claimed use (e. g. "seed 

treatment products" or "application at sowing" to be used only 

once), establishment of the maximum application frequency lies 

with the applicant. The necessity of more than one application is 

always to be indicated whenever in order to achieve its purpose a 

product must be available in an effective dose continuously over a 

lengthy period of time. This i true especially for most 

fungicides, but also for products against virus vectors in 

potatoes, for rodenticides (anti-coagulants must be applied 

several times and taken up; in the case of commensal harmful 

rodents elimination of the infestation is considered the goal of 

control) or, e. g , for biological and biotechnical plant 

protection products with a short duration of efficacy. 

4.2.4.2 

In only a few cases 

absolutely necessary 

requirements apply to 

is an efficacy of 100 

or at least to be 

fumigants in stock 

% or 

sought. 

almost 

These 

protection and 

100 % 

high 

with 

quarantine fumigation, in controlling commensal, disease-carrying 

harmful rodents, in some fungicidal seed treatment products andin 

applications to crops that, because of legal regulations or 

economic requirements, must satisfy high quality demands (e. g. 

seeds or plantings, ornamental plants, hops, raw tobacco). 

In the remaining cases no degree of efficacy is established which 
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must at least be attained, but no efficacy is accepted that does 

not make it p·ossible to control a harmful organism or achieve a 

protective purpose under unfavourable practical conditions. This 

strict criterion in product testing must be maintained, because 

uneffective or insufficiently effective products can cause severe 

economic lasses and additionally unnecessarily stress the 

environment. Moreover, the amount of a product needed because of 

the efficacy requirements, if necessary including the possible 

number of applications during a vegetation period, forms the basis 

for a large number of tests in the authorization process, 

especially with regard to possible effects on the health of humans 

and animals, on the ground water and the environment. Thus, in 

addition to sufficient efficacy of the product even under 

difficult conditions, the user of a plant protection product 

authorized under the prerequisites cited can also with authorized 

and proper application assume that all legal requirements for the 

protect on of the heal th of humans, animals, ground water and 

environment are being observed. Consequently, a user should not 

apply a higher amount of a product than provided for by the 

authorization and thus indicated in the instructions for use. 

Applicant 

confronted 

and 

by 

authorization 

an insoluble 

authority 

problem to 

would, 

establi.sh 

however, 

within 

be 

the 

framework of the authorization process the amount of a product 

needed under certain more favourable conditions. These necessary 

decisions, e. g. reduction of the amount of a product provided for 

in the authorization, must be made on the spot by the advice 

service and the user himself with knowledge of the respective 

facts of the matter (e. g. resistent varieties, low infestation 

pressure). 

Similarly rnanifold influencing factors which cannot be 

appropriately covered in the authorization process determine the 

economic darnage threshold, the level of which depends not least of 

all an the economic condi tions of the producer concerned. Aside 

from the fact that today there are quite few reliable economic 

damage thresholds, their 

offer any reliable basis 

efficacy of a product. 

necessarily great variability does not 

for the evaluation of the sufficient 
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In addi tion to the evaluation of the efficacy, yield response 

a~companying the reduction of harmful organisms is an index of the 

efficacy of the test product. If yield assessments are viewed as 

necessary, it can be seen from the respective guidelines for 

testing plant protection products in the area "efficacy." 

4.2.5 Plant tolerance and quality of the harvested crop 

During the investigations on the efficacy of a plant protection 

product special attention is given to the observation of possible 

damage to crops ("phytotoxicity") as e consequence of applications 

of the product. In special cases, e g for testing the 

germination ability of treated seed or for detecting quality 

deteriorations in crops and stocks or special processed plant 

products, special tests become necessary (e. g. off-flavour and 

taste tests for strawberries, fermentation and taste tests for 

wine). In case of doubt, or if no test guidelines are available, 

the tester should contact the BBA. 

The use of a plant proction product should in no case cause plant 

damage, quality deteriorations or other negative effects (e. g. 

for hay bales, pl nting substrate). Should such effects 

occasionally occur, i t must be amined to what extent they are 

acceptable or to be avoided by observing the restrictions in this 

regard issued in the authorization certificate. 

4.2.6 

Data on the mode of action of the product or of the active 

ingredient are also to be submitted with the application form for 

authorization. In addition, effect on subsequent crops are also 

studied. For estimating the risk of plant damage to subsequent 

crops data for the potential products are required as part of the 

authorization process. The documents on decomposition behaviour 

with regard to possible damage to subsequent crops both main and 

break crops, through uptake of the active ingredient and still

effective decompo ition products from the soil are to be compiled 

(see also diagram 4b "Tolerance of Plant Protection Product in 

Subsequent Crops"). 

especially herbicides 

These plant protection products include 

- for the active ingredient of which an average DT90 value of 
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> 120 days has been determined in decomposition tests in the 

soil under Central European field conditions, or 

which in reference to sensitivity to various crop species exhi

bit a ratio of sensitivity of > 1 : 100 to one another. 

Assessment 

The decision paths in the scheme "Efficacy and Crop Tolerance" 

(Phytotoxicity) are shown in diagram 4a. 

Only claimed uses in which a product is sufficiently effective are 

provided in the authorization. Ineffective products are not 

authorized since they unnecessarily stress the environment and 

cause the user superfluous costs for the product or through lass 

in yield. If the testing has shown that the product is indeed 

effective, but that damage occurs to crops that reduces the 

quality of the crop (including seed and processed products such as 

wine) or causes problems in subsequent crops, the claimed use 

cannot be provided in the authorization, or the product can be 

authorized only to the extent that these effects can be avoided in 

practice wi th observation of special precautionary measures. In 

addition, the authorization must always be in conjunction with 

restrictions of use if only thereby is proper application of the 

product possible. The instructions for use can then from the 

scheme nefficacy and crop tolerance" contain data and references, 

among others, 

- regarding the number of applications ("When used against spider 

mites the application can be repeated several times at intervals 

of about 7 days if necessary"), 

regarding the spectrurn of harmful organisms ("The product acts 

only against young, m ating larvae;" "positive-negative list 

for weed control"), 

- regarding varietal tolerance ("Note varietal sensitivity for 

wheat"), 

- regarding subsequent crops ("Under unfavourable climatic condi

tions darnage to subsequent crops, especially winter cereals, is 

possible"), 

- regarding occurrence of resistance ("Repeated use can lead to 

reduction in efficacy"), 

- regarding application techniques ("Apply with suitable rnetering 

device and with uniform grain flow"). 
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4a. Efficacy and Crop Tolerance (Phytotoxicity) 

no 

no 

no 

no 

yes 

yes 

yes no 
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yes 

no 

yes no 

Claimed use Oaimed use 
will not be 

in the authorization 
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4b. Tolerance of Plant Protection Products in Subsequent Crops 
(using the example of herbicides) 

Herbicide 

110 

yes 

Subsequent crop tests necessary 
Field, biotest and analysis 

110 

[ 

No subsequen_t __ 

crop tests 
-----
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K. Hohgardt 

5. Toxicology 

5.1 Toxicological data for assessing the effects on humans and 
domestic animals; conclusions and toxicological limits 

Information on the extent and execution of the necessary studies 

is given in the following guidelines: 

- BBA Guideline Part I, 1-2, "Instructions for appl1cation for 

registration of a plant protection product" 

- OECD Test Guideline for Testing of Chemicals, especially Section 

4, Health Effects. 

Many assessment principles have been published; some of these 

publications are cited below as examples. 

World Health Drganization 

Principles for the Toxicological Assessment of Pesticide 

Residues in Food, Environmental Health Criteria 104, 1990 

Commission for Plant Protection Products, Plant Treatment 

Products and Stock Protection Products of the German Research 

Association 

Report VIII: Criteria for the toxicological assessment of 

plant protection products, plant treatment pro

ducts and stock protection products (July 1974) 

Report XV: Criteria for the assessment of studies on geno-

toxicity with plant protection products (1985) 

Report XVII: Criteria for the assessment of studies an carci

nogenicity with plant protection products (1990) 

-- Report XVIII: Criteria for the assessment of studies on repro

duction toxicity with plant protection products 

(1990) 

Recommendations of the working group on toxicology: 

Toxicological studies in fish (1983) 

Procedural principles for determining safety factors for the 

health assessment of plant treatment products in: 

Data collection on the toxicology of herbicides, 4th install

ment 1983 
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The assessment principles of the Federal Health Office are 

specified in chapter 18. 

5.2 User protection 

Information on the extent and execution of the necessary studies 

is given in the following guidelines: 

- BBA Guideline Part I, 1-2, "Instructions for application for re

gistration of a plant protection product" 

- BBA Guideline Part I, 3-3, "Labelling of plant protection pro

ducts - health protection - information on the instructions for 

use to protect the user, etc." 

- BBA Guideline Part I, 3-3/1, "Labelling of plant protection pro

ducts - health protection - risk assessment for the selection of 

suitable safety phrases and other measures for the protection of 

the user in the handling of plant ction products" 

- BBA Guideline Part 1, 3-3/2, "Labelling of plant protection pro

ducts - health protection description and suitability testing 

of the universal protective glove (plant protection), and the 

standard protective suit (plant protection)" 

The assessment principles have been published: 

5.3 

Commission for Plant Protection Products, Pl nt Treatment Pro

ducts and Stock Protection Products of the German Research 

Association 

Report XIII: The assessment of health hazards for the user of 

plant protection products (1985) 

J.-R. Lundehn, D. Westphal, H. Kieczka, B. Krebs, S. Löcher

Bolz, W. Maasfeld and E. D. Pick 

Uniform principles for safeguarding the health of applicators 

of plant protection products (Uniform Principles for Operator 

Protection), Mitteilungen aus der Biologischen Bundesanstalt 

für Land- und Forstwirtschaft, Berlin-Dahlem, no. 277, 1992. 

The necessary documents and assessment principles are expleined in 

the following guidelines and regulations: 

- BBA Guideline Part I, 1-2, "Instructions for application for re

gistration of a plant protection product" 

- OECD Test Guidelines 401-405 
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- BBA Guideline Part I, 3-2, "Labelling according to the regula

tions on hazardous materials" 

- Regulations on Hazardous Materials (Gefahrstoffverordnung

GefStoffV) of 6 August 1986, in the wording of the announcement 

of 25 September 1991 
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K. Hahgardt, U. Banasiak, H. Parnemann, W. Starzer 

6. Residue behaviour 

6.1. General aspects 

The requirements an residue behaviaur cited in the fallawing 

sectians apply in principle far 

pratectian praduct. Depending 

exceptians are possible at any 

definable they are cited in the 

cases it can nevertheless prave 

data for information 

every active ingredient/plant 

an variaus factars, hawever, 

time. Where these are clearly 

sectians below. In particular 

ta be necessary ta submit some 

If the authorization is being called in question, a risk-benefit 

analysis has to follow. This analysis is done taking into 

consideration always the results of the toxicological tests. 

The authorization 

claimed uses is not the 

or individual 

cases 

- The use of an active ingredient that is contained in plant pro

tection product foreseen in the authorisation procedure is re 

stricted or completely forbidden in accordance with the Regula

tions on Plant Protection Application {Pflanzenschutz-Anwen

dungsverordnung). 

The active ingredient tends to accumulate in the food chain. 

This property is undesirable. Taking into consideration the re

sults of other side-effects and the results of the toxicological 

studies it should lead thereto that the plant protection product 

or individual claimed uses cannot be authorized. The testing of 

the residue behaviour provides sufficient indications of enrich

ment factors for accumulation (see also items 6.6 and 6.7). 

6.2 

The data on uptake, distribution and mode of action as a rule form 

an essential basis for assessing the residue situation. These 

documents are normally worked out in laboratory tests by means of 

radioactive labelled active ingredients. 

Special guidelines on examining uptake, distribution and mode of 
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action do not ex ist at present. Indications of the nature and 

content of the necessary documents are given in the following 

guidelines: 

- BBA Guideline Part IV, 3-1, "Testing of residue behaviour -

Generalinformation on nature and extent of the required 

studies/documents -" 

These studies are required for each active ingredient. Exceptions 

are, for example, nitrogen, carbon dioxide, sulfur, game

repellents, products for wound-sealing and grafting. 

There can be no assessment if corresponding test reports are not 

available. 

The information on uptake, distribution and mode of action are 

assessed neither 

Examination of the 

positively nor negatively 

information however has 

at this 

effects an 

point. 

other 

aspects of this scheme (nature and extent of the required residue 

trials, rotational crops). Use restrictions are not issued. 

6.3 

The concept provides for a stepwise procedure beginning with a 

suspension cell culture test and ending with field/model tests on 

entire plants (a corresponding guideline is in preparation). The 

suspension cell culture test is required for every organic active 

ingredient. Studies going beyond this are required only for active 

ingredients used with plants or plant products used as food for 

humans and/or feed for animals. As in the section on uptake, 

distribution and mode of action, exceptions are also possible 

here. 

The information on breakdown, transformation, and metabolism forms 

an essential basis for the assessment of the residue si tuation. 

These data are usually generated by means of radioactive labelled 

active ingredients. 

Information on the scope of the necessary examinations is given in 

the following guidelines: 

- BBA Guideline Part IV, 3-2, "Testing the Residue Behaviour -
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Fate of Plant Protection Products in and on Plants - Metabolism, 

Metabolizing and Breakdown (Metabolism Guideline - Plant) -" 

- BBA Guideline Part IV, 3-2/1, "Testing the Residue Behaviour -

Quick Test of the Metabolizing and the Breakdown of Organic Ac

tive Ingredients of Plant Protection Products in Plant Cell 

Cultures -" 

The evaluation procedures are attached as flow diagrams 6a und 6b. 

An assessment is not possible if 

- no corresponding test reports are available 

- the suspension cell culture tests were not conducted with cells 

of the crops soybeans and wheat 

- larger metabolite fractions have not been characterized, with 

larger metabolite fractions being meant those that have a por

tion of > 10 % based on the recovered radioactivity or > 0.01 

mg/kg in the plant material examined 

- a transfer of the results from one crop group to another is not 

shown tobe possible. 

If an authorization is sought for the application of a product in 

different crops, metabolism studies have to be conducted for one 

relevant crop from each group of crops. If studies are available 

for crops from three of these groups and the results indicate that 

the route of degradation is the same in all three groups then the 

transfer of the results is demonstrated and it is unlikely that 

any more studies will be needed. First hints of a possible 

transfer of the results are given by the plant cell culture tests. 

Assessment of suspension cell culture tests on the basis of BBA 

Guideline Part IV, 3-2 and 3-2/1 (flow diagram 6a). 

The suspension cell culture test is obligatory for all organic 

active ingredients in plant protection products. If the studies in 

the wheat and soybean cultures lead to a different behaviour, no 

comparability of the results of one crop to the other can be 

assumed. More extensive metabolism studies are to be carried out 

on selected representatives of each crop group for which a 
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registration is sought. If the active ingredient proves to be 

persistent, the authorization is for the time being called in 

question. A comparison with the longevity in other environmental 

compartments and a risk-1:rnnefit analysis must be performed. More 

extensive studies are nece sary for active ingredients that are 

used for plants or plant products used as food for humans and/or 

feed for animals. 

Asse sment of more extensiv metabolism studies is performed on 

the basis of BBA Guideline Part IV, 3-2 (flow diagram Sb). 

If residues of an ctiv ingredient and/or its metabolites occur, 

which are to icologically unacceptable a cording to their nature 

and amount, the reg stration is not (cut-off criteria). 

The toxicological acceptability is derived from the testing of the 

behaviour with regard to a e, sub-chron c and chronic toxicity, 

the mutagen c, em 

fertility, as wel 

animals and human 

otoxi carcinogenic effects, influence on 

a from th behaviour in metabolism studies in 

Since the metabolism here nnot be influenced 

by external factors, it regu ation by use restrictions is also 

not possible. For further se sment, therefore, further special 

to icological udies with the active ingredient and/or its 

metabolites wo ld have to b performed, or it would 

to dispense wi th use nts or plant products. 

i ient proves to be persistent lso in these 

for the time called in 

be necessary 

If the active 

studies, the 

A 

comparison wi th the longevi ty i oth r environmental areas and a 

risk-banefit mu follow. 
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Flow Diagram 6a 

Evalution of the Metabolism - Cell-Culture-Suspension Test 
BBA - Guidelines Part IV, 3-2 and 3-2/1 

yes 

L Ceil-Culture-Suspension Test 

Metabolism Rate 
<50% 

yes 

110 

Negative Evaluation 
Risk-Benefit Analysis 

no 

no 

yes 

No Metabolism Study 
on Cell-Culture-Suspension 

Necessary 

Use on Plant/ 
Plant Products to be used as 

Food or Feed 

yes 

Flow Diagram 6b 

Authorization Possible 

no 
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Flow Diagram 6b 

Evaluation of the Metabolism - further Metabolismus Studies 

BBA - Guidelines Part IV, 3-2 and 3-1 

no 

yes 

Studies on Plants 

110 

yes 

No Authorization 

yes 

Flow Diagram 6a 

yes 

Negative Evaluation 
Risk-Benefit Analysis 

Authorization Possible 
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6.4 Residues in food and feed of plant origin 

The residue situation is examined in supervised trials. The most 

unfavourable condi tions which are possible for use are selected 

(warst case). This warst case is defined as test conditions which 

in predictable circumstances will accomodate even the highest 

residues which may reasonably arise (maximum number of intentional 

applications, use of the maximum envisaged dosage), but which 

remain representative of conditions encountered in practice (test 

covering more than one growth period, but, as a rule, not more 

than two, account taken of regions where target plants are the 

principal crop, effect of choice of variety, routine methods of 

application and timing of application). The test results form the 

basis for establishing pre-harvest intervals and maximum residue 

limits for foodstuffs, but also for use restrictions for the 

protection of the consumer. 

This regulatory work serves to limi t dangers that could emanate 

from the unavoidable residues. 

Information on the scope and realization of the required 

investigations is given in the following guidelines: 

- BBA Guideline Part IV, 3-3, "Testing of residue behaviour 

Generalinformation on design, preparation and realization of 

residue tests -" 

- BBA Guideline Part IV, 3-3.1.1, "Design and preparation of resi-

due tests 

maize -" 

Testing the residue behaviour in grain exclusive of 

- BBA Guideline Part IV, 3-8, "Testing residue behaviour - crops 

tobe analyzed -". 

As a rule the studies are required for all plant protection 

products used on plante or plant products and serving as food for 

humans and/or feed for animals. 

The evaluation procedure is attached as flow diagram Sc. 

In the assessment no distinctions are made between food and feed 

of plant origin, since pre-harvest intervals and max im um residue 

limits are established and use restriction issued for both food 
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and feed. 

An assessment is not possible if 

- the required tests have not been performed or the corresponding 

test reports are not available 

essential information is lacking in the test reports 

- metabolites relevant by their amount or toxicology were not 

analyzed (see metabolism guideline) 

- the residue analysis on which the test reports are based could 

not be assessed or were assessed negstively (see also chapter 3) 

Negativeassessment of this scheme; 

decision on authorization of an individual or all claimed uses 

depending an risk-benefit 

The authorization is called in on if 

- the conditions of use in the supervised trial do not correspond 

to the Good Agricultural Practice statet in the authorizaticn 

request 

an existing maximum residue limit can be e ceeded 

- the highest dose in feeding studies with farm animals is lower 

than the sum of the residues in feed. 

Depending on the authorization request and according to the 

information already available 

- the development of further residue trials, 

- the change of a maximum residue limit, 

- the change of a waiting period, 

- the issue of a use restriction or 

- the rejection of individual claimed uses or of the plant protec-

tion product are possible. 

Negativeevaluation of this scheme; 

individual or all claimed uses are restricted from authorization. 

The authorization of a claimed use is not if the level of 

the residues of the active ingredient and/or metabolites is not 

acceptable from the toxicological point of view. The acceptability 

is derived from the results of the toxicological studies with 

regard to acute, subchronic and chronic toxicity, mutagenic, 
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embryotoxic, carci.nogenic effects, influence on fertility as well 

as to behaviour in the metabolism of animals and humans (see also 

assessment criteria toxicology). 
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Flow Diagram 6c 

Evaluation of the Residues in Foodstuffs and Fodder of Plant Origin 
BBA - Guidelines Part IV, 3-8 and 3-3 

no 

yes 

no 

yes 

yes yes 

no 

no 

yes 

yes 

Authorization Questionable 

No Authorization Possible Authorization Possible 
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6.5 Residues in rotational crops 

The guideline provides for a stepwise testing. This begins with a 

basic data file. The final stage requires supervised trials wi th 

all important rotational crops. The data are required for every 

plant protection product with which the rotation of plants serving 

as food for humans and/or feed for animals is possible. 

The necessary data and the realization of the required studies are 

explained in the following guideline: 

- BBA Guideline Part IV, 3-10, "Testing of residue behaviour of 

plant protection products in rotational crops (crop rotation 

guideline)" 

With the following areas of use data on the residue situation in 

rotational crops are as a matter of principle not necessary: 

- railroad herbicides 

non-cultivated land 

- nurseries 

- vine grafting 

storage protection 

- permanent cultures 

With permanent cultures, however, special attention is to be given 

to the accumulation of an active ingredient used as a result of 

annual application of plant protection products (see also point 

5.6 of the guideline cited above). Further exceptions can arise 

from the possible exception arrangements in section 6.4. 

The evaluation procedure is attached as flow diagram 6d. 

An assessment is not possible if 

- the necessary data are not available 

- the required tests have not been performed or the corresponding 

test reports are not available. 

The obj ective of the testing is, through a stepwise approach, to 

free from testing in the field those active ingredients for which 

an exposure of the rotational crops by residues can be ruled out. 
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The assessrnent of the field trials that rnay becorne necessary is 

accornplished according to the sarne criteria that were also applied 

with treated cultures; 

- rnaxirnurn residue level suggestions for the rotational crop are 

worked out, 

- pre-harvest intervals for the target culture are reconsidered 

and 

- use restrictions for the rotating are issued. 
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Necessity of Implementation of Residue Trials 

on Rotational Crops 
BBA - Guideline Part IV, 3-10 

Estimation of the Residue 
Quantity at Harvest of the 

Rotational Crop 

Estimation of the 
Transition Factor 

Soil - Plant 

Realization of 
Model Experiments 

no 

/U) 

no 

no 

Realization of Field Tr~·als 
According to Chapter 6.4 and 

Flow Diagram 6c 

yes 

Authorization Possible 

Flow Diagram 6d 

no 
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6.6 Residues in prepared and processed plant products 

As a rule, the residue situation is examined in selected cultures 

of a culture group in two basic studies. Here the quantitative 

distribution of the residues over the various intermediate and end 

products is to be studied. In addition, a more realistic estimate 

of the intake of residues of active ingredients via the food is to 

be made possible. In individual cases the fixing of maximum 

residue levels in processed products is considered. The necessity 

for the studies depends on the significance of the processed 

products used for consumption by humar.8 and animals, the level of 

the residues in the plants or plant products being processed, and 

the physical-chemical properties of the active ingredients. As a 

rule, no basic studies are necessary if residues in the plant or 

plant product to be processed are not detectable or if residues 

are detectable, but the plant or plant product will nearly always 

be eaten unprocessed. On the other hand processing studies (two 

basic studies and four follow-up studies) are always necessary if 

residues in the plant or plant product to be processed are 

detectable and processed products are of great significance for 

consumptj_on by humans and animals. In all other cases i t can be 

taken as an estimate for the need of processing studies that the 

TMDI value (Theoretical Maximum Daily Intake) does not exhaust the 

AOI value (Acceptable Daily Intake) by more than 10 %. This 

estimate is depending on the knowledge about the active ingredient 

as for example the physical-chemical properties. At least 

processing studies are necessary if the TMDI value exceeds the ADI 

value. 

Information on the scope and realization of the required studies 

are given in the following guidelines: 

- BBA Guideline Part IV, 3-4, "Testing the residue behaviour - Re

sidue tests on processed plant products (processing guideline)-" 

- BBA Guideline Part IV, 3-3.4, "Testing the residue behaviour -

Studies on grape must end wine -" 

The evaluation procedure is attached as flow diagram 6e . 

An assessment is not possible if 

- the required tests have not been performed or the corresponding 

test reports are not available 
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- essential data are lacking in the test reports 

- relevant met&bolites were not analyzed (see also chapter 6.3) 

(These metabolites should be taken into consideration in the re

sidue studies.) 

- the residue analysis on which the test reports are based could 

not be assessed or were assessed negatively (see also chapter 3) 

Assessment 

Negativeassessment of this scheme; 

decision on authorization of an individual or all claimed uses 

depending on risk-benefit 

lhe authorization is called in if 

- an existing maximurn residue level can be exceeded. 

- an undesirable accumulation takes place in some products during 

processing. The acceptance is strongly correlated with the ac

ceptance of the results of the toxicological studies. 

- the highest dose in feeding studies with animals is lower than 

the sum of the residues in processed products that serve as 

feeds. 

Depending on the registration request and according to the 

information already available 

- the development of further residue tests, 

the change of a maximum residue level, 

the change in a waiting period, 

the issue of a use restriction, 

- the rejection of individual claimed uses or of the plant 

protection product are possible. 

evaluation of this scheme; 

individual or all claimed uses are restricted from authorization 

The authorization of a claimed use is not possible if the level of 

the residues of the active ingredient and/or the metabolites is 

not acceptable from the toxicological point of view. The 

acceptability is derived from the r sults of the to icological 

investigations with regard to acute, sub chronic and chronic 

toxicity, the mutagenic, em otoxic, carcinogenic effects, 

influence on fertility, as well as the behaviour in the metabolism 

in animals and humans (see also assessment criteria toxicology). 
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Evaluation of Residues in Prepared and Processed Food 

and Feedingstuffs of Plant Origin 
BBA - Guidelines Part IV, 3-4 and 3-3.4 

yes 

yes yes 

yes 

yes 

no 

Flow Diagram 6e 

Authorization Possible Authorization Questionable 

Authorization Not Possible 
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6.7 Residues in food of animal origin after feeding residues-
containing animal fodder 

The data on residues in food of animal origin are worked out on 

the basis of metabolism studies end feeding studies with farm 

animals. It is possible here to work with radioactive labelled 

active ingredients and/or metabolites. Metabolism studies are 

necessary when relevant resudies can occur in the animal fodder. 

Residues greater than 0.1 mg/kg are always relevant. In some 

cases, residues lower or equal than 0.1 mg/kg can also be 

relevant. Feeding studies are not necessary when the results from 

metabolism studies taking into consideration the residue levels in 

feedingstuff clearly indicate, that the lower limit of 

determination is sufficient as maximum residue limit for food of 

animal origin. 

The results obtained in these tests form the basis for 

establishing slaughtering times and permissible maximum residue 

limits for animal foodstuff, but also for use restrictions for the 

protection of the consumer. Use in veterinary medicine i 

given appropriate consideration. 

to be 

Special guidelines for testing the residue situation in food of 

animal origin do not exist at present. Information on the nature 

and extent of the data required is provided in the following 

guidelines: 

- BBA Guideline Part IV, 3-1, "Testing of residue behaviour - Ge

neralinformation on nature and extent of the required studies/ 

documents -" 

OECD Guidelines for Testing of Chemicals, Section 4, no 417, 

"Toxicokinetics." 

The data are required for every active ingredient the use of which 

leads to relevant residues in potential feed 

The evaluation procedure is attached as flow diagr~m 6f. 

An assessment is not possible if 

- the required tests have not been performed or the corresponding 

test reports are not available 
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- essential data are lacking in the test reports 

- relevant met~bolites were not analyzed (see also chapter 6.3). 

(These metabolites should be taken into consideration in the re

sidue studies.) 

- the residue analysis on which the test reports are based could 

not be assessed or was assessed negatively (see also chapter 3) 

- data on metabolism in laboratory animals are not available. 

Negativeassessment of this scheme; 

decision on authorization of an individual or all claimed uses 

depending on risk-benefit 

The authorization is called in if 

- an existing maximum residue limit can be exceeded 

- an accumulation can occur. 

The acceptabili ty is strongly correlated wi th the resul ts of the 

toxicological studies. 

Depending on the authorization request and according to the 

information already available 

- the development of further residue tests, 

the change of a maximum residue limit, 

the change of a waiting period, 

- the issue of a use restriction or 

- the ection of individual areas of application or of the plant 

protection product are conceivable. 

evaluation of this scheme; 

individual or all claimed uses are restricted from authorization. 

The authorization of a claimed use is not if the level of 

the residues of the active ingredient and/or metabolites is not 

acceptable from the toxicological point of view. The acceptability 

is derived from the results of the toxicological studies with 

regard to acute, subchronic and chroni toxicity, mutagenic, 

embryotoxic, carcinogenic effects, influence on fertility as well 

as from the behaviour in the metabolism of animals and humans (see 

also assessment criteria toxicology). 
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Flow Diagram 6f 

Evaluation of the Residue Situation in Foodstuffs from Animal 
Origin after Feeding Residue-Containing Animal Fodder 

BBA - Guideline Part IV, 3-1 and OECD-Guideline 417 

Metabolism Studies 
( Goats and Hens, if needed Pigs) 

Feeding Studies 
(Daity Cows, Hens, if needed 

yes 

Authorization Questionable 

no 

no 

no 

yes 

110 

Authorization Not Possible 

Authorization Possible 

* Expection is correlated with limit of determination; see above, need for feeding studies 
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6.8 Maximum residue limits and waiting periods 

Information Of'1 the procedure in establishing waiting periods and 

maximum residue limits is provided in the following guideline: 

- BBA Guideline Part IV, 3-6, "Testing of residue behaviour - eva

luation of residue studies: Waiting periods and proposals for 

maximum residue limits II 

The necessary risk assessment is described in detail in the 

following guidelines and publications: 

- "Guidelines for predicting dietary intake of pesticide residue," 

WHO, Geneva 1989 

R. Hans and H. Hübner, "Establishing maximum residue limits for 

residues of plant protection products in/on foodstuffs 

Estirnate of intake of residues with food," Bundesgesundhbl 

5/92, pp. 246-250 

- BBA Guideline Part IV, 3 7, "Testing of residue behaviour 

Estirnating the intake of residues of plant protection products 

with food -" (in preparation). 

For the procedure for applying for an import tolerance see· 

- BBA Guideline Part IV, 3-1, "Testing of residue behaviour -

General inforrnation on nature and extent of the required 

studies/documents -" 

"Announcernent regarding the procedure for establishing rnaximum 

residue levels in and on food for plant protection products not 

authorized in the Federal Republic of Germany but used abroad" 

dated 16 October 1991, Bundesanzeiger No. 202, p. 7286, 29 Octo

ber 1991. 

As a rule, the data are required for all plant protection products 

that can lead to residues in food and feed. The objective here is 

to develop proposals for rnaxirnum residue lirnits and waiting 

periods for new active ingredients or for uses claimed for the 

first time in the authorization, and to examine the existing 

standards for registered active ingredients. 

The fixing of a permissible rnaximurn residue 

the Federal Health Minister. Examination 

lirnit takes place by 

is the task of the 

Federal Health Office as subordinate federal authority. 
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The Federal Biological Research Centre for Agriculture and 

Forestry submits a proposal for a maximum residue level to the 

Federal Health Office. This proposal contains the maximum residue 

level required according to the residue data and taking into 

consideration "Good Agricultural Practice." The Federal Health 

Office examines the toxicological defendability of the proposal 

and, f appropriate, introduces the procedure for inclusion of the 

maximum residue evel in the Rückstands-Höchstmengenverordnung 

(Maximum Residue Limits-Regulation). 

In clarifying the question which metabolites are to be included in 

fixing maximum residue limits (MRL), in addition to the 

toxicological assessment of the metabolites the possibilities and 

the limits of food monitoring and cost/benefit estimates are also 

to be taken into consideration. In the toxicological assessment a 

comparison of metabolism in anirna s (rat) end in the plant is 

made. Combination effects with other plant protection products are 

taken into consideration According to the arrangements of the 

FAO/WHO, the inclusion of metabolites in the MRLs regulation is to 

be restricted to the extent absolutely required ( single compound 

concept). As a rule, in fixing MRLs only those metabolites are 

included that do not occur in animal metabolism or of which it is 

known, or of which it can be assumed that toxicologically they are 

more hazardous than the active ingredient, and which therefore as 

a rule require separate toxicological studies. 

Two statistical methods for calculation of proposal for MRLs are 

described in BBA Guideline Part IV, 3-6. In addi tion, methods are 

offered for 

- being able to identify outliers, 

being able to interpolate missing residue data when the waiting 

period is given and 

- being able to calculate the waiting period when the MRL is 

given. 

MRLs and waiting periods are divided into classes. In addition, at 

this point a risk assessment is also nececcary in the form 

described by R. Hans and H. Hübner. This is a matter of conversion 

of the corresponding guideline of the FAO 
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The fixing of a wai ting period is orientated essentially to the 

most unfavourable residue case and Good Agricultural Practice, and 

is frequently prescribed by the time of application and/ or the 

harmful organism tobe controlled. Variations are only obtained to 

a limited exent. Where this latitude is available, it is used in 

the assessment and drafting of a proposal for MRLs. 

A possible or actual exceeding of a permissible MRL always assumes 

util zation of the latitude given by the waiting period. 

On the other hand, permissible MRLs are nor permanently fixed 

values. A change is possible under the precondition of 

toxicological acceptability. Thus here too a raising or lowering 

of the permissible MRL can lead to a change in the authorization, 

even if the waiting period no langer permits any latitude. 

The assessment of the residue behaviour of a plant protection 

product is inseparably connected to the assessment of the effects 

on the heal th of humans and animals. The decisions in this area 

are therefore always made with the approval of the Federal Health 

Office. 

The evaluation procedure is attached as flow diagram 6g 

An assessment is not possible if 

the required tests have not been performed or the corresponding 

test reports are not available (residues in food and feed of 

plant origin, in rotational crops, in prepared and processed 

plant products, in food of animal origin) 

- essential data are lacking. 

assessment of this scheme; 

decision on authorization of an individual or all clai111ed uses 

on risk-benefit 

The authorization of the 

question if 

protecticm produc:t is called in 

the TMDI value (theoretical maximum daily intake) exceeds the 

ADI value (acceptable daily intake) 
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the EMDI value (estimated maximum daily intake) exceeds the ADI 

value. 

Depending on the authorization request and according to the 

information already available 

- the development of further data on the residue behaviour, 

the change in a MRL , 

the change in a waiting period, 

- the issue of a use restriction or 

- the r ection of individual claimed uses or of the plant 

protection product are possible. 

Negativeevaluation of this scheme; 

individual or all claimed uses are restricted from authorization. 

The authorization 

claimed uses is not 

protection product or of individual 

an already existing MRL is exceeded. It should be borne in mind 

here that the MRL regulation is eo clusive, e. that a MRL 

exists for every cornbination of crops and active ingredient 

- there is a formation of relevant rnetabolites in plants that oc

cur only in slight amounts, if at all, in the animal organism. 

The qualitative detection suffices here. In this case the rneta

bolites rnust be included in the residue studies andin the resi

due definition. 

- the EDI value (Estimated Daily Intake) exceeds the AD! value. 

- the proposed MRL is not acceptable from the toxicological point 

of view. The acceptability is derived from the results of the 

toxicological studies with regard to acute, sub-chronic and 

chronic toxicity, the mutagenic, embryotoxic, carcinogenic ef

fects, influence on fertility as well as to the behaviour in the 

metabolism of animals and humans (see also assessment criteria 

toxicology). 
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Flow Diagram 6g 

Derivation of Maximum Residue Levels and Pre-Harvest Intervals 

BBA-Guidelines Part IV, 3-6 and 3-7 

yes 

Maximum Residue Level
Preharvest Interval Proposal 

and 

Risk Assessment 

Authorization Not Possible 

no 

yes 

Authorization Possible 
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R. Kloskowski, H.-G. Nolting, K. Schinkel 

7. Fate in the soil 

In the course of the authorization procedure for plant protection 

products there are also required test reports on the behaviour of 

the products in soil. 

The execution of the corresponding studies is explained in the 

following guideline: 

BBA Guideline Part IV, 4-1, "Fate of Plant Protection Products in 

Soil Degradation, Conversion and Metabolism " 

Following products rnay be excluded from the studies described n 

this guideline: 

- plant protection products for food storage such as PH , HCN, CO~ 

- products for wound-sealing and grafting 

For the following products sLudies are required unl y to ,1 J Pducu1 

extent (e. g. orientational data) or upon request: 

seed dressings with an applicaticn rat of less than 100 g r

tive ingredient/ha 

baits which are also intended for use in the field 

- other plant protection products for food storage (e. g. baits), 

products for the treatment of potted cultures in the household, 

spray cans 

game repellents 

In accordance with Guideline IV, 4-1, suffic ent test docurnent 

for assessing the behaviour in soil are required. 

According to step 1 of the Guideline (laboratory tests) an 

assessment is not bla in the case of 

non-presentation of a sufficient number (two or four) of degra

dation studies 

- execution of the degradation and rnetabolism studies using soils 

that are not comparable with standard soils 

- ur.suitable test conditions, e. g. too high temperature during 

the execution of the tests 
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- lack of data on DT90 values 

- lack of metabolism studies and lack of characterization of meta-

bolites 

- lack of data on bound residues 

- lack of data on mineralization 

- lack of laboratory degradation studies with relevant metabolites 

- number of samplings within a degradation/metabolism study too 

low. 

In accordance with step 2 of the Guideline (field tests) an 

assessment is not in the case of 

- non-presentat on of field studies 

- test execution not in accordance with Guideline IV, 4-1 

- lack of data on DT90 values 

- lack of inclusion of relevant metabolites (as a rule the metabo-

ites which are formed to > 10 % at any time of the study) 

- execution of the tests at locations that with regard to climatic 

and soil data do not correspond to Central European conditions 

- insufficient number of test locations (< 4 or < 6) 

- number of samplings within a test too low 

execution of the tests with an unsuitable product (e. g. with 

regard to the proposed application rate, the type of formula

tion, the time of application) 

The evaluation procedures on the behaviour in soil are shown in 

the flow diagrams 7a and 7b. 

In the assessment a distinction is made between the persistence, 

i. e. the remaining residues of active ingredient and/or relevant 

metabolites in the soil and the metabolic pathway especially 

with regard to the formation of bound residues. 

Provided that in the laboratory studies a DT90 value of more than 

100 days i found and no field studies are conducted an 

authorization is not possible. 

If in field studies after one year more than 10 % active 

ingredient and/or relevant metabolites are still present in the 
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seil, and a maximum application rate of active ingredient of more 

than 300 g/ha on bare seil or more than 600 g/ha on covered seil 

is intended, ne authorization is possible, unless a risk-benefi t 

analysis is conducted. 

If in the metabelism study in the laboratory more than 70 % bound 

residues occur after 100 days, no authorization is possible, 

unless a risk-benefit analysis is conducted. 
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Fate in Soil 
Degradation 

yes 

No registrati.on, unless 
results from field experiments 

available 

Field experiments: 
DT-90 > 1 Year 

yes 

Application >300g a.i. 
per ha on bare soil 

or >600g a.i. * per ha on 
crop covered soil ? 

yes 

No authorization** 

Flow Diagram 7a 

no 

no 

110 

Authorization possible 

* a.i.= Active in case of multiple application within one vegetation period 

** 
the total amount has to be considered 
As far as the benefit/risk assessment gives any justifiable results conceming 
following questions: Accumulation in soil? Residues or phytotoxic damage 
to following crops? Influence on soil fauna and soil microflora? High probability 
that such effects will occur? Lack of rnechanisms to compensate these effects? 
Negligible disadvantages resulting from nonapplication? 

Are other products available for the same purpose? 



no 

Metabolism studies 

yes 

yes 
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Fate in Soil 
Metabolism 

yes 

Flow Diagram 7b 

110 

5 Negative valuation; 
on about authorization after 
nefit/risk - assessment 

no 

no 
>--------------,-----------~ 

_ves 

product focusing on metabolites: 
case to case decision 

Authorization possible 
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R. Kloskowski, H.-G. Nolting, K. Schinkel 

8. Entry into the ground water 

For the registration of a plant protection product i t is also 

necessary to examine the movement of active ingredients and 

relevant metabolites in the soil and the possibility of leaching 

into the ground water. 

The execution of the necessary investigations is described in the 

following guidelines· 

1. BBA Guideline Part IV, 4-2, "Leaching behaviour of plant pro 

tection products" 

2. BBA Guideline Part IV, 4-3, "Lysimeter investigations of the 

displacement of plant protection products into the subsoil" 

3. Modification of the lysimeter guideline (Nachrichtenblatt des 

Deutschen Pflanzenschutzdienstes, 43(8), 183 (1991)). 

The following products are excluded from the studies described in 

the guidelines: 

plant protection products for food storage such as PH 3 , HCN, C0 2 
- products for wound-sealing and grafting 

For the following products studies are required only to a reduced 

extent (e. g. orientational data) or upon request: 

- seed dressings with an application rate of less than 100 g ac

tive ingredient/ha 

- baits which are also intended for use in the field 

- other plant protection products for food storage (e. g. baits), 

products for treatment of potted cultures in the household, 

spray cans 

- gerne repellents 

Test documents in sufficient nurnber are required for assessing the 

leaching behaviour. An assessment is not possible if 

in the laboratory investigations according to Guideline IV, 4-2 

- the required tests have not been conducted or the corresponding 

test reports were not presented 
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- investigations were conducted with soils that do not correspond 

to BBA standard soils 

- irrigation was carried out with an amount of water that does not 

correspond to that indicated or prescribed in the guideline 

tests with aged residues (aged leaching) are lacking, which in 

certain cases are required. 

in the lysimeter studies according to BBA Guideline IV, 4.3 

- the lysimeter does not correspond to the standards of the guide

line with regard to the surface, depth, device for collecting 

leaching water 

in case of installation above ground great variations in ternpe

rature may cause falsified results 

the soil used does not correspond to the standards of the guide

line 

the irrigation was not conducted according to the guideline 

- not soil cores, but loosened soil were used 

- the samplings (percolate and soil) deviate from the standards of 

the guidel ne and thus cause difficulties in the interpretation 

of the results in the sense of the statements made in the flow 

diagram 

- the test was conducted under climatic conditions that are not 

comparable with Central European conditions (e. g. regarding 

temperature, precipitation) 

- no studies have been conducted, although their necessity is 

clearly recognizable; protocol or interim report is lacking, if 

the studies are not yet finished 

- the modification of Guideline IV, 4-3 (repeated treatment) was 

not taken into consideration. 

Assessment of 

calculations 

and the 

movement into the subsoil on the basis of model 

wi th the aid of parameters 

results to BBA Guideline IV, 4-2 

The assessment according to the flow diagrams Ba and Sb ( both 

diagrams have tobe taken into consideration in the assessment) in 

certain cases provides for the requirement for lysimeter studies, 

the results of which lead to the following consequences: 
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1. Necessity for further studies: 

If in the percolate of the lysimeters relevant metabolites oc

cur in a concentration of more than 0.1 µg/1 (mean value for 

the duration of the test) it has tobe documented that they 

have no harmful effects on the ground water (e. g. effects on 

algae, bacteria, daphnia, fish, high er plants; c/ERC < 1; see 

chapter 12) and that the concentrations are toxicologically 

acceptable for humans and (domestic) animals (c/TRC < 1). 

2. Negativeassessment of the product (cut-off criteria): 

An entry of the active ingredient into the ground water of 

> 10 µg/1 is simulated in the model calculations (e. g. PRZM/ 

PELMO). *) 

An entry of the main metabolite(s) into the ground water of 

> 10 µg/1 is simulated in the model calculation, the harmless 

ness of which cannot be varified according to 1. *) 

In the lysimeter tests the active ingredient is found in the 

percolate in a concentration of more than 0.1 µg/1 (mean value 

for the duration of the test). 

In the lysimeter tests relevant metabolites are found in the 

percolate in a concentration of more than 0.1 µg/1 (mean value 

for the duration of the test), the harmlessness of which for 

the ground water cannot be varified according to 1. 

*) It is up to the applicant to show e. g. by ysimeter studies 

t hat t h e a c t i v e in g red i e n t an d / o r t h e n, et ab o 1J t e ( s) d o not 

cause harmful effects to the ground water. 
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Mobility and Leaching 
1st Part (see also 2nd Part) 

no 

Model calculations; realistic 
"worst case"-scenario 

110 

No authorization 

yes 

yes 

yes 

yes 

No authorization 

*** 

Authorization possible 

* main metabolite: > 10% at any time during the metabolism study 
** c = concentration in leachate 

ERC = Ecologically Relevant Concentration 
TRC = Toxicologically Relevant Concentration 

*** It is up to the applicant to show e.g. by lysimeter studies, 
that the active ingredient / metabolite(s) do not cause harrnful effects 
to the ground water 

Flow Diagram 8a 



no 

Leaching studies 
(soil columns) 

yes 

Aged !eaching 
study 

yes 

Lysimeter study 

Continue as in 
flow diagrarn 8a 
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Mobility and Leaching 
2nd Part (see also 1st Part) 

yes 

yes 

yes 

no 

Authorization possible 

** For active ingredients which according to their high efficacy are used with very 
low application rates aged leaching experirnents can be required even if the 
concentration in leachate is less than 10% 

Flow Diagram 8b 

1W 
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R. Kloskowski, H.-G. Nolting, K. Schinkel 

9. Degradability and fate in the water/sediment system 

By drift, runoff or via drainage, plant protection products enter 

shallow surface waters. Investigations in water/sediment systems 

are intended to provide information on their behaviour. 

The execution of the required studies is 0escribed in the BBA 

Guideline Part IV, 5-1 "Degradability and behaviour of plant 

protection products in the water/sediment system." 

Excepted frorn the studies are products which in tests for ready 

biodegradability according to current EC or OECD guidelines (e. g. 

OECD 301 A E) have been proven tobe readily degradable. 

In addition, studies are not necessary for plant protection 

products the formulation and/or proper use of which preclude any 

water contamination. This applies e. g. to: 

- products for wound-sealing and grafting 

- plant protection products for food storage 

- rodenticides 

- products which are used only indoors, including bal-

conies 

products in spray cans. 

An assessment of the product cannot be accomplished if: 

- no data were presented 

- the water and sediment selected for the studies deviate exten-

sively from the standards of the guideline 

- the execution of the tests, including acclimatization and recor

ding of the necessary parameters for characterizing the water 

and sediment as well as with regard to the test conditions, de

viates extensively from the guideline standards 

- the number of samplings within the study was too low. 

The assessment of the results is conducted 

diagram 9. The transformation of the active 

according to flow 

ingredient in the 
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water as well as the distribution pattern between water and 

sediment and the behaviour in the sediment have to be taken intc 

consideration. 

Active ingredients that prove to be persistent in water or form 

metabolites which, for their part, are persistent too (> 50 % 

active ingredient and/or > 50 % of the stoichiometric possible 

metabolite(s) after 48 hours) may, depending on application rate 

and application frequ ncy, lead to potentially harmful estimated 

environmental concentrations (c/EEC > 1; see chapter 12) in the 

surface water. In this ase restrictions of use have to be 

considered (see chapter 12). If to icologically relevant 

see chapter 8) must be expected, an concentrations ( c/TRC 1 · 

authorization is not possible. 

In many cases there i 8 r p d movement of the acti ve ingredient 

or i ts conversion products into the sediment. If such an 

% active ingredient and 

metabolites after 24 h) is combined with a slow degradation of the 

active ingredient or with its conversion to persistent metabolites 

so that after 90 days 80 % of the active ingredient or of the 

metabolites are still located in the sediment, an accumulation of 

residues in the sediment is possible. An authorization of products 

incorporation into the sediment ( > 50 

containing such active 

effects on the organism 

ingredients is possible only if adverse 

iving in the sediment can be precluded. 

The results of the water/sediment studies also enter into the 

field of aquatic t xicity 

tests of the to icity 

as supporting information. Corresponding 

of the active ingredient or of the 

metabolites for aquatic organisms, or examination of the effects 

on the benthos neverthle can be considered to be necessary 

independent of the tr gger values cited here. 
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Degradation and Fate in Water/Sediment-System 

Water 

yes 

Estimation of concentration 
in surface water 

yes 

No authorization 

yes 

Restrictions of use 
(see chapter 12) 

BBA - Guideline 
Part IV, 5-1 

no 

c = Concentration in surface water 
EEC = Estimated Environmental Concentration 
TRC = Toxicologically Relevant Concentration 

Sediment 

yes 

Estimation of the 
accumulation potential 

yes 

Negative assessment; 
Examination of the influence 

on sediment inhabitants 
necessary 

110 

Flow Diagram 9 

no 

no 
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D. Gattschild, W. Starzer and A. Wilkening 

10. Volatilization and behaviour in the air 

Subject af the evaluatian is the valatilizatian behaviaur af the 

active ingredients af farmulatians used in practice fram plant and 

sail surfaces. In case of high lasses, the persistence af the 

active ingredients in questian in the air is ta be estimated. 

BBA Guideline Part IV, 6-1 [1] "Testing af valatilizatian 

behaviour and fate af plant protect1on products in the air" serves 

as instructians. 

The studies required by this guideline are explained in the 

follawing guidelines: 

- BBA Leaflet 55 "Testing the behaviaur of plant protection pro

ducts in water" [2] 

OECD Draft - Test Guideline "Phototransformation of Chemicals in 

Water" [3] 

- OECD Draft Test Guideline on Photochemical Oxidative Degrada-

tian in the Atmosphere, "The rate of Photochemical Transforma 

tion of Gaseous Organic Compound in Air under Tropospheric Con 

ditions," July 1991 [4] 

- R. Atkinson, "Kinetics end Mechanisms of the Gas-Phase Reactions 

of the Hydroxyl Radical with Organic Compounds under Atmospheric 

Conditions", Chem. Rev. 86, 69-20 (1986) [5] 

The test concept follows a step-wise approach (see diagram 10). It 

is first tested whether the active ingredient is sufficiently 

stable toward hydrolysis and direct photolysis in water in order 

to be able to reliably evaluate the volatilization of the active 

ingredients from their formulations as determined by indirect 

detection methods. The results of these studies mainly serve as 

exclusion criteria for the necessity of testing of the 

volatilization behaviaur according to step 2. The tests an 

hydralysis are to be performed according to [2], those on direct 

photolysis, according ta [3). 

If within the first 24 haurs the valatility tests shaw a 
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volatilization rate of more than 1/5 of the originally applied 

amount, the extent of photochemical-oxidative degradability of the 

pure active ingredients in the air must be determined following 

step 3. The tests are tobe performed according to [1]. 

It is also accepted to calculate tropospheric DT50 values with 

respect to gas-phase reaction with OH radicals. The estimation of 

rate constants for this reaction according to Atkinson's method is 

based on an annually and globally averaged 12-h daytime OH radical 

concentration of 6 • 10 5 molecules • cm 3 . This estimation does not 

represent a "realistic warst case". 

Substances showing DT-50 values of rnore than 2 days according to 

Atkinson's method are considered as persistent. 

Despite a great tendency toward volatilization and high 

persistence in the air the product can be authorized if, on the 

basis of application pattern and the stability in/on plants, a 

sufficient decomposition of the active ingredient in soil and in 

water is assured. 

assessment of the scheme 

No authorization of the product (cut-off criterion) 

- The product tends to volatilize (volatilization rate> 20 % in 

24 h) and is persistent in the air. Persistent means that the 

DT50 value according to Atkinson's method exceeds 2 days. 

Because of the application pattern and the stability in/on 

plants, in soil, andin water a sufficient degradation of the 

active ingredient is not assured. 

The active ingredient tends to volatilization, is stable in air 

(see above) and, in addition, has an accumulation potential. 

- Negativeassessment of the scheme 

Decision on authorization on risl<-benefit s 

The active ingredient tends to volatilization and is stable in 

air (see above). 
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Behaviour of Plant Protection Products in the Air 
Examination according to BBA-Guideline Part IV, 6-1 

Hydrolysis and direct photolysis 
in water 

Volatilization from plant 
and/or soil surfaces 

Photochemical-oxidati ve 
degradation in air 

Negativeassessment 
Decision on registration depending 

on risk-benefit analysis 

no 

110 

no 

no 

Flow Diagram 10 

Negative assessment 
No authorization 
(cut-off criteria) 

Authorization possible 
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G. Joermann, H. Köpp, A. Wilkening 

11. Bioaccumulation 

In considering bioaccumulation a distinction is made between 

direct bioaccumulation where organisms acquire high concentra

tions of a substance out of the ambient medium and 

- indirect bioaccumulation where organisms acquire h h concentra

tions of a substance out of their food. 

In both cases the accumulation can result in chronic contamination 

of organisms which can cause deleterious effects in these 

organisms or in the next link of the food chain. 

Evaluation with regard to bioaccumulation is accomplished for all 

plant protection products. The required studies are described j n 

the following guidelines: 

- BBA Guideline Part IV, 5-1. Degradability and behaviour of plant 

protection products in the water/sediment system 

- BBA leaflet 55: Testing the behaviour of plant protection pro 

ducts in water 

- OECD Draft Test Guideline: Phototransformation of chemical in 

water 

OECD Test Guideline 305 E: Bioaccumulation - Flow through fish 

test. 

The evaluation is accomplished in tiers; in part it contains 

elements from other schemes. The course of the evaluation is 

presented in 

the active 

considered. 

the appended 

ingredient 

diagram. In all 

the relevant 

11.1 Stability in water and air 

steps, in additi.on to 

metabolites are also 

If an active ingredient is very unstable in the environment, an 

accumulation potential can be precluded. This is assumed if in the 

water/sediment system both DT90 values are shorter than 10 days, 

and if in addition the half-lives for hydrolysis and for direct 

photoysis in pure water are shorter than 4 days. Bioaccumulation 

can also be precluded for those active ingredients that according 
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to current EC or OECD guidelines are classified as biologically 

readily degra~able. If doubts exist regarding a rapid 

degradability, the evaluation proceeds according to the diagram. 

11. 2 

As a rule, the n-octanol/water distribution coefficient (Pow) is 

used as a parameter. Other physical and chemical properties 

(molecule size, solubility in water, degree of ionization) 

likewise have an influence on the accumulation behaviour and, if 

appropriate, must be considered. 

11. 3 .1 

For active ingredients that are not readily degradable and are 

lipophilic according to the criteria given in the diagram a 

bioaccumulation test ,iith fish is required. The bioconcentration 

factor ( BCF), the kinetics of uptake and the kinetics of 

elimination are evaluated. 

The data derived for fish a re not transferable wi t haut 

reservations to other aquatic organisms (invertebrates and algae), 

since the metacolizj ng and eliminating mechanisms are different. 

If data an other aquatic organisms are avai1able, the assessment 

is thus far accomplished accordjng to the scheme given for fish. 

11. 3. 2 

For assessing the bi oaccumulat:i on in mammals and birds, first the 

results of the toxicokinetic studies with laboratory rodents and, 

if available, with domestic animals are used. The following 

findings are tobe interpreted es indications of bioaccumulation: 

- low metabolizing rates 

- high affinity to fat tissues 

- 1ong period up to the plateau of tissue concentration 

(> 1-2 weeks) 

slow eliminaticn from 01gans (half-life > 3-5 d). 

Il: such indications of b c,accumu1 ti cn are r,;·t,,,,·nt, test.,, ar·e 

required 

i.e. the 

that provi ce dc,t 

concentrat::cn 

fo1· 

l' E1 t i C 

t h fJ t, J C• a C (um u J E t fict.c,1 IFM), 

bet ~., c er, t iE: s l: feed :in 

equilibrium. The necessity for hioaccumulation tests with b··J.ds i~ 



- 70 -

decided on a case-by-case basis. In assessing the data it is tobe 

taken into consideration that the BAF value of a substance for 

birds as a rule is high er than for mammals, and for carnivorous 

species higher than for herbivorous or omnivorous species. 

Wi th other terrestrial organisms no tests on 

obligatory at the present time. If in-house 

e.g. for earthworms, are available. these 

consideration in the decision. 

bioaccumulation are 

or published data, 

will be taken into 

- Evaluation in the scherne as "negative" (cut-off criteria, no 

authorization) 

Accurnulation potential in conjunction with persistence of the 

active ingredient. 

- Evaluation in the scheme as "negative" (authorization depending 

on risk-benefit analysis) 

Aquatic systern 

BCF > 1000 (whole body, wet weight) 

plateau not reached during an exposure period of 14 days er 

more 

elimination uncomplete (constant concentration in the last 

two sarnplings) 

Terrestrial system 

-- BAF > 1 for mamrnals and birds, based on fat tissue 
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11. Bioaccumulation 

Bioaccumulation 

in fish 

ves 

yes 

no 

no 

110 

yes 

Indirect 

bioaccumulation in 

mammals / birds 

BAF (fat tissue) > 1 

110 

/10 

Authorization 

possible 
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H. Köpp 

12. Side-effects on aquatic organisms 

12.1 

According to Art. 21 para. 3 of the Plant Protection Act, data on 

the effects of the product on the environment are to be submitted 

wi th the application. The testing according to Art. 15, para. 1 

has to clarify, among other things, whether the proper use of a 

product has indefensible effects on the ecology. The definition of 

the term environment in Art. 2, para. 1, 6 clarifies that both the 

structures of ecosystems (the organisms) and the functions (matter 

and energy turnover) are tobe considered. 

12.2 

For assessing 

ecotoxicology 

organisms: 

possible 

uses 

effects 

arily the 

in aquatic 

following 

ecosystems aquatic 

laborator tests and 

Guideline Org nism Duration End points Test substance 

OECD 201 Plankton algae 72-96 h 

OECD 202,I Daphnia magna 

OECD 202,II Daphnia magna 

OECD 203 Rainbow traut 

carp or other 

species 

OECD 204 Rainbow trout 

48 h 

21 d 

96 h 

21 d 

Growth 

inhibition 

Mortality 

Mortality 

Reproduction 

Growth 

Mortality 

Mortali ty 

Behaviour 

Growth 

W ( P) 

W (P) 

W (P) 

w ( p) 

w ( p) 

[For log Pow > 3 or other indications of bioaccumulation 

potential:] 

OECD 305 E Rainbow traut 

or Bluegill 

sunfish 

Uptake period 

up to steady

state, BCF, 

elimination 

w 
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W = Active ingredient (obligatory) 

(P) = Formulated product if the product contains two or more 

active ingredients, or, e.g., in the case of EC and SC 

formulations. For details see BBA Guideline I, 1-2 

As a rule, tests performed according to other internationally 

recognized guidelines are also accepted (e.g. EPA: bioaccumulation 

in fish, early-life stage or life cycle tests). 

Special regulations on the scope of the testing apply, for 

example, for certain seed treatment, wound-sealing, repellent and 

storage protection products as well as spray cans. 

For details see BBA Guideline I, 1-2. 

Tests for bacterial toxicity are not required at present. 

Tests on other organisms (e.g. benthic organisms) or with relevant 

metabolites can be required in justified cases. 

An assessment is possible only with complete and valid documents. 

Missing data lead to interruption of the authorization processing 

and possibly to r ection. 

12.3 

Contamination of surface waters can take place by means of spray 

drift, runoff, drainage or ground water or precipitation. 

Corresponding to currently available data spray drift is in the 

forefront of considerations regarding exposure. The basic values 

agreed upon among the BBA, BGA and UBA regarding spray drift were 

not selected in the sense of a theoretical warst case assumption, 

rather with consideration to common agricultural practice and 

realistic situations. 

The exposure assessment j s performed for a stret.ch of standing 

water 30 cm deep. This corresponds to the conditions of many 

ditches and brooks Eis well as the bank zones of ] arger bodies of 

standing water. The ores of the tody of water is not prescri hed, 

since also small bodies of water belang to the onviranment. Bodies 

of water of this depth are very frequent ir' the cJgri cul tural 
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landscape This "standard water body" therefore does not represent 

any "worst-case scenario", rather a type actually affected by 

agricultural activity. 

12.3.1 

Spray drift is at present calculated 

basic values, which are referred 

application rate (= 100 %) : 

according to the following 

to the maximum foreseen 

Distance Time of 

[m] 

5 

10 

[15 

20 

30 

40 

50 

application 

Application times: F 

V 

D 

Sediment on the water surface in [%] 

Orchards Viticulture 

V F, D ( *) V,D F ( *) 

10 15 4 6 

4 6 1. 5 2.25 

3 1 1.5 

1. 5 2.25 0.5 0.75 

0.7 1. 05 0 2 0.3 

only for early growth stages 

Hops 

F,V,D 

11 

7 

4. 5] 

3 

1. 5 

0.6 

0.2 

only with full foliage; late stages 

generally; treatment in early and late 

stages 

For treatment in hops as well as in orchards and vineyards with 

full foliage the model is thus completed. Since in orchards and 

vineyards the test for early growth stages are still lacking, 

until further notice the provisional basic values indicated by (*) 

apply here. 

For applications with portable equipment (like knapsack sprayers) 

to low-growing crops (e.g. strawberries, cabbages) the 

viticultural values (full foliage) are used. Applications where 

the hand-held sprayer is kept more horizontal or even points 

upward (cane fruit, climbing french beans, etc.), assessment will 

be an a case-by-case basis, since here no generalizing data are 

currently available. 
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spraying equipment in agriculture For field 

based on the ·current data situation, that at 

m no noteworthy sediment occurs. This than 10 

revised. 

it can be 

a spacing 

area too 

assumed, 

of more 

is being 

A promising new application technique for reducing spray drift and 

soil contamination has been developed market-ready for use in 

viticulture while development is being continued for use in 

orchards. These new types of "recycling equipment" 

treated sectjon of the plant row in a small cubicle 

close 

( very 

off the 

similar 

to a shower cubj cJe), thus colJecting end pumping back most of 

those droplets that pass through the foliage without sticking to 

the Jeaves. According to data available so far, the remaining 

spray drift (basis value, see above) 5 m off the vineyard deposits 

only O 5 '.fc, sed:iment ~ihile appU.cation with "standard" equiprnent 

requires 

a w,1ter 

20 m distance to achieve the 

body. Consequently, lesser 

same 

USB 

level of protection of 

restrictions (smaJler 

afety distances) are prescribed for appJicaticns with recycling 

q u i ~, m f::: n t i r, v :i t j c u 1 t ur E' • 

12.3.1.1 

F o 1 r t" d c j r g t h e w t er c c, n t an, in a t j o n t h r o u g h s p r a y d r i f t u e 

rtstrictjcns (at present NW 630-NW 636) are issued which prescribe 

to 1 he usE:r the obsc· 11t,nce of a safety distance to bodies of 

water. Such s2,fety pr ecauti ons must be meaningful and observabJ e 

under pracU cal condj t:i cns. For this reason the three authori ties 

involved in authorizat:ion have establi.shed the following maximum 

limits for safety distances. 

agriculture: 10 m 

orchards, vineyards. 20 m 

hop cultivation: 50 m 

vegetables, ornamental plants, forest: 10 m for fi eld spraying 

equipment, 20 m for portable sprayers. 

In individual cases (e.g. maize, airial applications, treatment of 

timber staples, etc) it is possible to deviate from these values. 

12.3.2 
valid model does not yet ex ist. Field measuren,ents, 
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particularly from American "farm-pond studies" are increasingly 

being used for this. 

Use restrictions specially for reducing contamination caused by 

runoff are in preparation (e. g. buffer zones of certain width and 

structure) . 

12.3.3 

Here too there still exist only isolated data, but no valid 

exposure model. 

12.4 

12.4.1 

- Determination of the initial concentrations t be expected in 

bodies of water according to currently valid exposure models 

(spray drift, runoff), graduated according to the crop-specifi

cally possible and meaningful safety distances or other use 

restrictions. 

- Estimate of the further course of concentration in the body of 

water, taking into consideration the concentration-reducing or 

elevating processes and factors (e g. hydrolysis, microbial de 

gradation, adsorption, photolysis or desorption, multiple appli

cation). Of particular significance here are the results of the 

degradation and distribution study in the water/sediment system. 

The time-dependent course of concentration thus determined 

- hereafter referred to as EEC (Estimated Environmental Concen

tration) - is included in the assessment of the effects. 

- Selection of the most sensitive, for this substance, its proper

ties and intended uses, biologically relevant NOEC and threshold 

values. Obvious "outliers" and "exotic" species are as a rule 

not taken into consideration. The test best simulating the real 

exposure pattern is given the most weight. The ERC (Ecologically 

Relevant Concentration) thus being established must not be ex

ceeded as a result of the intended use. 

- EECs are compared with the ERCs and the thresho~d concentrations 

(TC). Every claimed use (AWG) is viewed differentially taking 

into consideration the use restrictions meaningful there. 

- Greatest possible (without use restrictions) EEC << ERC = > 
positive assessment of this AWG. 
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- Greatest possible EEC close to the ERC/TC ==> change to next 

smaller EEC {= next greater safety distance with corresponding 

use restriction). 

- Etc. up to the smallest EEC (= greatest possible meaningful 

safety distance). 

- Smallest EEC close to the ERC/TC ==> defensibility decision. De

pending on the data situation, mode of action, nature and scope 

of the effects tobe expected and other information on the use, 

significance and effects of the product, a negative assessment 

of the AWG (decision depending on risk-benefit analysis) can be 

made even if the EEC lies below the ERC. The ecologically neces

sary interval between these two concentrations depends on the 

individual case. Rigid factors are not applied so far. Of in 

creasing significance in this area are more extensive studies 

which make it possible to further pursue the effects tobe pro

cured. These include studies in model ecosystems or in the 

field, which in the individual case are tobe coordinated be

tween the applicant end the authorities involved in the authori

zation process. 

- Smallest EEC > ERC ==> negative assessment of this AWG; decision 

depending on risk-benefit analysis. 

12.4.2 

The assessment in aquatic ecotoxicology is undertaken specific all 

to every claimed use with complete data situation. A negative 

assessment of claimed uses or of the product (if all AWGs are 

affected) leads to a risk-benefit analysis on the department level 

according to the juristic standards. In case of missing but 

required data no assessment can be made. In these cases the 

product is evaluated negatively (here, cut-off criterion). 

12.5 

Metabolites or co-formulants can, 

relevant. The more stable they 

necessary to subject them to a 

have tests or physico-chemical 

standards apply correspondingly. 

of course, be ecotoxicologically 

themselves are, the more i t is 

precise examination and also to 

data worked out. The assessrnent 
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12.6 

12.6.1 Ecological value of organisms and endpoints 

Between daphnids and fish there is no different ecological value. 

Both here are representative of systematic and ecological groups 

of animals which, where they occur, represent essential structures 

of the ecosystem. An assessment in the sense that only fish as so

called top members of the food chain are worth protecting is 

therefore rej ected. The concept of the food network, i. e. a high 

grade cross-linking of nearly all structures instead of a linear 

food chain, also includes the knowlecige that many species, which 

because of their rarity were earlier assessed as being unimportant 

for the energy and matter cycles of a system, can now be given 

greater significance as controlling links because of certain 

properties. Reductions of such species through external factors 

can, under certain circumstances, sharply change structures and 

processes of the system. Prediction of this is possible only with 

difficulty, even for precisely known bodies of water. Overall, it 

is impossible within the framework of the authorization process. 

In assessing effects on algae it is taken into consideration that 

what is involved here is not mortality, but the slowing of an 

otherwise exponential growth. The EC50 of the algae tests can 

therefore be weighted lower than, for example, the LC50 for 

daphnids. This does not, however, mean a general downgrading of 

these results, since secondary effects have tobe considered. 

12.6.2 

Incursions into natural populations have not only direct effects. 

The absence of a species 

certain circumstances, 

change/interruption of 

or a 

to 

food 

retarded mul tiplication lead, under 

competition shifts and to 

relationships. Further possible 

consequences in catchwords: changes in species spectrum, dominance 

relationships, succession sequences, energy and matter turnover, 

in the extreme case also gas balance of the body of water. The 

exact extent of such secondory effects is not predictable all

inclusively. 

For direct effects such as acute mortality this naturally applies 

in the same manner. Added to this is the effect of suddenly dying, 
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sedimenting biomass that accumulates n the body of water. The 

following decomposi tion processes consume a great deal of oxygen 

and thus change the gas belance in particular of standing bodies 

of water 

Possible consequences include accelerated sapropel formation (with 

corresponding consequences for the hydroeconomy), change in the 

benthos, formation of hydrogen sulfide, oxygen deficiency in water 

strata near the bottom or except in the uppermost stratum with 

corresponding consequences for all aerobic organisms. The argument 

occasionally expressed in this connection that through external 

mortality factors only the "excess fraction" of the population 

present in any case is affected is not, however, acknowledged 

Rather it is the state of scientific knowledge that high 

reproduction rates represent an adaptation to correspondingly high 

natural mortality rates (predation, abiotic factors), but not an 

excess production that can be dealt with in any way without 

encroaching on the basic population. 

12.6.3 

From the laboratory tests on individual species for narrow y 

defined life stages and functions it is necessary to extrapolate, 

among other things, the totality of all expressions of life, 

populations with non homogeneous age structure, other species, 

inter-specific and intra specific interactions and field 

conditions in general. Even if in some cases the formulated 

product is tested it is to be taken into consideration that 

further substance mixtures occur in the field (tank mixtures, 

narrow spraying sequences with active ingredient change, etc.). 

The uncertainty in 

extrapolation steps 

present quantifiable. 

the prediction is al the greater the more 

that have to be undertaken. It is not at 

Rigid safety factors could therefore be only 

convention. It remains to be seen whether the use of statistical 

distributions brings improvements for the individual extrapolation 

steps (modal by van Straelen and Denneman). 

12.6.4 

Two "repair mechanisms" until the next use of the product are 
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conceivab e: reproduction of the surviving organisms and 

immigration from unaffected systems. For the following reasons, 

however, both mechanisms cannot be all inclusively viewed as 

available at any time and therefore also cannot be considered in 

the assessment. 

Reproduction of many species is tied to spans narrowly defined by 

time and ecology (season, food, ... ). lt is successful in the 

ense of the population only if the offspring succeed, in 

reproducing. This means that the possible reproduction can be 

assessed as relieving only if it is assured that 

a) ndividuals capable of reproduction survive, and 

b) their progeny likewise survive all further applications in this 

crop. 

This would be equivalent to the 

entire spraying sequence, which 

in the Plant Protection Act. 

ssessment (and fi ing) of the 

is neither possible nor provided 

Immigration presupposes the existence of freely mobile stag s 

These frequently exist only briefly or under certain conditions. 

Immigration therefore cannot take place over lengthy periods. 

Ultimately, the immigrated individuals are subject to similar 

conditions (spraying sequence) as the killed population, so that a 

permanent recovery is at least doubtful. Especially for all 

species without flight-capable stages the additional objection 

applies that many bodies of water are so strictly divided by 

hydraulic engineering measures (cross-structures) that an upstream 

m ation is impossible. 

Therefore, both 

effects" with 

mechanisms do 

"probability 

not suffice to preclude the "side 

bordering 

decision) or to reveal their essential 

on certainty" (paraquat 

acceptability. Their merit 

in the assessment of aquatic ecotoxicology is thus considerably 

less than in other test areas of ecotoxicology. This can be 

attributed to, among other things, the essential difference that 

bodies of water are not target areas for the application of plant 

protection products. 
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12.6.5 

Primarily, such studies will serve to examine the distribution and 

stability of an active ingredient in bodies of water and thus the 

availability for the organisms under real-life conditions. 

Furthermore, those compartments and organisms will be examined 

especially intensively that have been identified as most affected 

and/or sensitive. Also essential in the determination of duration 

and extent of the effects, since this is important information in 

the risk-benefit ana sis. As a matter of principle, the objective 

is, also in field tests or model ecosystems, to examine a series 

of different concentrations in order to determine an NOEC of the 

system. 

Whether the NOEC of the tested system can be converted directly as 

tolerable concentration into the decision, or whether a safety 

factor has to e inserted here depends in the individual case on 

the nature, duration and extent of the effects and the slope of 

the dose-response relationship as well as on the extent to which 

the tested system is representative of the bodies of water 

affected. Such a factor, however, can only be lower than that 

considered necessary on the basis of laboratory data. 

12.7 

Regarding the use restrictions regulating the application of the 

product (e. g. NW 630 - NW 636; texts see BBA Guideline I, 3-5) 

see under 12.4.1 Evaluation. 

The labelling NW 261-264 are issued by the BBA if 

- EC50/LC50 < 10 mg/1 (acute tests on daphnids and/or fish) or 

- NOEC/LOEC < 1 mg/1 (chronic or sub chronic tests on algae, 

daphnids and/or fish). 

NW 261: The product is toxic for fish 

NW 262: The product is toxic for algae 

NW 263: The product is toxic for food animals for fish 

NW 264: The product is toxic for fish and food animals for fish. 



12.8 

12.8.1 

The labelling graduated 

users (also consultants) 

fish are considered more 

"fish food-animals" or 

discussed to replace the 

common labelling (like. 
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according to organisms implies for many 

also a graduated value in the sense that 

worthy of protection 

perhaps the algae. 

separation according 

"The product is 

than that so called 

It is therefore 

to organisms by a 

toxic for aquatic 

organisms"). In this way it could be avoided that with the use of 

plant protection products different caution would be taken 

depending on the value that the user affords to the organism at 

risk. 

12.8.2 

The more stable an ernployed active ingredient, the more it can be 

accumulated by multiple application, especially in water 

sediments. (Stability of a product is critical especially with 

neutral and sl htly basic pH, since most srnall bodies of water in 

agricultural areas are eutrophic and therefore exhibit such 

values.) Regarding the effects an the then greatly exposed benthic 

organisms a standardized test for sub chronic and chronic effects 

under realistic exposure conditions (with sediment) is still 

lacking. 
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12. Side-effects on Aquatic Organisms 

no 

Calculation of initial 
conc. in surface waters 

Ecotoxicological data from labo
ratory tests and other sources 

Degradation, adsorption, mobility, 
physico-chemical parameters, use pattern 

Calculation of estimated 
environmental concentration 

,w 

Assessmem 
of validity 

Selection of 
ecologically relevant 

endpoints and organisms 

More stringent restrictions 
of use (labelling) 

yes 



Authorization 

possible 
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Further tests if sensible 

yes 

Negativeevaluation 
authorization depending 
on risk-benefil analysis 

no 

Authorization 
with restrictions of use 

possible 
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H. Ehle 

13. Side-effects on soil microflora 

The soil microflora contributes considerably to maintaining soil 

fertility (particularly through the decomposition of plant 

material and plant protection products, nitrogen fixation from the 

air and symbiosis with plants, e. g. mycorrhiza and rhizosphere). 

The studies with regard to the effects of plant protection 

products on the soil microflora are performed according to 

guideline VI, 1-1, (March 1990) of the BBA. 

13.1 

For plant protection products that are to be used on areas in the 

open for a culture, horticulture or forestry, data regarding 

effects on activities of the soil microflora are to be submitted. 

Suchdata are not required for plant protection products, if their 

use is intended 

under glass or in rooms, 

- for wound treatment, grafting on fruit and ornamental trees or 

to prevent damage caused by game, 

- as spray cans in fungicidal and/or insecticidal area in the 

open, 

- for herbicidal control of individual plants, 

on paths and open areas with tree growth, 

- for the treatment of seeds, except for seed treatment of pota

toes, 

against rats in the open, 

- on timber/felled trees in the forest, 

- as entomopathogenic micro-organisms or their metabolite products 

(e. g. codling-moth granulose virus, Bacillus thuringiensis). 

The results of the studies should show whether the plant 

protection product tobe tested has effects on activities of the 

soil microflora and, if so, how long negative effects (inhibitions 

and/or stimulations) persist. The effects on the following 

activjties are tested: 

metabolic activity of the microbial biomass (optionally 
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dehydrogenase activity, short-term respiration or metabolic ac

tivity of the· biomass), 

- nitrogen conversion (nitrogen mineralization and nitrification). 

13.2 Testing 

As a rule, the tests are performed in the laboratory with the 

formulated product. Wi th single application the rnaxirnum rate of 

application for which authorization is sought and five tirnes that, 

and with multiple application the maxirnurn rate of application and 

ten times that are tested. 

The laboratory tests are performed with soil samples taken from 

two soils used for agriculture (sandy soil and loarny soil). More 

extensive laboratory tests and possibly glasshouse or field tests 

can be required. The testing modalities and the scope of the test 

are established between the BBA and the applicant 

The assessment is accomplished according to the flow diagrarn 

given The study results for a plant protection product with both 

rates of application in two soils are assessed equally with regard 

to the effects on activities of the soil microflora. 

If the measurement data determined in the laboratory for 

activities studied have a difference srnaller than ± 15 % compared 

with untreated after a maximum test period of 90 days, the 

influence is tolerable. If the difference is greater than ± 15 % 

or if the laboratory results are difficult to interpret, the 

performance of further laboratory tests and possibly glasshouse or 

field tests can be necessary. In glasshouse or field tests after a 

test period of a maximum of 120 days the corresponding limits for 

the measured data are ± 25 % greater or less in comparison wi th 

the untreated. If the effects lie above these limits and the 

application modalities (e. g. repeated applications with high 

amounts of a product) are unfavourable for the soil microflora, 

this can lead to the following consequences for the plant 

protection product in question: 

- authorization with restrictions of use, 

- authorization depending on risk-benefit analysis. 



Authorization 
depending on 

risk-benefit 

- 86 -

13. Side-effects on Soil Microflora 

no 

Laboratory tests 

yes 

Additional laboratory tests, 
if necessary glasshouse 

or field tests 

ycs 

Authorization 

with restrictions of use 

110 

yes 

Authorization 

possible 



- 87 -

C. Kula 

14. Side-Effects on earthworms 

Earthworms are important soil organisms. They contribute 

essentially to the aeration and mixing of the soil and play a 

significant role in the decomposition of organic material Because 

of their different functions in the soil they were selected as 

test organisms in order to find out the side-effects of plant 

protection products on soil fauna. 

The tests are used according to a stepwise testing system. The 

required studies are to be carried out according to the following 

guidelines or guideline drafts: 

- OECD Guideline No. 207 (earthworm, acute toxicity tests) 

Determination of the sublethal toxicity of a substance to earth

worms in an artificial soil (ISO-Draft) 

- Draft for a field test with earthworms (BBA, 1991). 

14.1 

All plant protection products intended for outdoor application 

wh eh can reach the soil have tobe tested for possible effects an 

earthworrns prior to authorization. 

Excluded from testing requirements are e. g.: 

- products for storage protection 

game repellents 

- products for wound treatment and grafting 

products for use in glasshouses and closed rooms 

- products for treatment of single plants only 

- railroad herbicides 

- products for timber treatment only 

- rodentic des, if not used for large-scale treatment 

In the first stage all plant protection products are to be tested 

according to OECD Guideline No. 207 ( 'Artificial soil test'). The 

test is carried out with the species Eisenia foetida with the 

formulated product The aim of this test is to obtain information 

on the acute toxicity (LC50, 14 days). Besides this the test 
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provides information 

course of the test. 

reference substance. 

on the development of body weight in 

The chemical chloracetamide is used 

the 

as 

In a second-stage test on reproduction in the laboratory 

information are obtained on the number of juveniles and the body 

weight development of the adults astest parameters. In this test 

only laboratory bred anirnals should be used. That is why the 

compost warm Eisenia foetida is predominantly used in the second

stage test at present. The breeding of earthworrn species of 

cul ti vated areas needs a lot of time and is not possible in an 

adequate quantity yet. Additionally i t is difficult to find out 

side-effects on reproduction, because of the generation period of 

these species. 

The second-stage laboratory test is intended for cases in which 

the pesticide has proved tobe toxic in the test on acute toxicity 

or if there are sublethal effects ( e. g. reduction of body 

weight). 

Pesticides which are persistent ( see: behaviour of the pesticide 

in soil) and indicate a chronic damage of earthworms from the test 

of acute toxicity (dose-effect relationship) should be tested in a 

second-stage test. This is also valid for plant protection 

products with several applications. Tobe able to draw conclusions 

regarding the side effects in the field the second stage 

laboratory test has to be done with doses or concentrations 

relevant to practical use. In contrast to the first stage with a 

high safety factor only one safety factor of a five-fold applied 

dose is intended in the second-stage test. If effects occur with 

the five-fold applied dose they are assessed as irnpacts. A product 

with the active ingredient benornyl is used as reference substance. 

If the results frorn laboratory tests are not sufficient to assess 

effects, field tests are required as the last test stage. 

Field tests should be conducted under controlled conditions as far 

as possible 

earthworrns 

conditions. 

( e. 

are 

In 

irrigation), 

changing 

g. if necessary, also wi th 

very sensitive concerning 

this way an exposure of the earthworms 

because 

clirnatic 

and an 
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effective sampling could be made possible. The use of a toxic 

standard (e. g. active ingredient benomyl) should be provided for 

these reasons. 

In field test the side effects of plant protection products on 

abundance and biomass of populations of common eartt,worm species 

have to be investigated. The duration of the test should be one 

year at least. Statements have to be made which describe the side

effects on the particular species. 

14.2 

In order to assess effects of a plant protection product on 

earthworms, toxicity (determined in laboratory test) is compared 

with the concentration which is expected to occur initially in the 

field (PIEC = Predicted Initial Environmental Concentration). 

The estimation of the initial concentration in soil is based on 

the following assumptions: 

The plant protection product is evenly distributed in the upper 

2.5 cm of the soil. 

- In case of low growing crops with little plant cover of the soil 

it is assumed that the applied dose reaches the soil in total. 

- In case of low growing crops with high plant cover andin high 

growing crops (fruit, vine, hop) the estimated concentration is 

corrected according to the plant cover of the soil. In case of 

low growing crops the applied dose should be reduced according 

to the developmental stage of the crop. For high growing crops 

it is presently assumed that at the average 50 % of the applied 

dose will reach the soil surface. 

If the LC50 exceeds the estimated concentration in soil by a 

factor of 100 the plant protection product is classified as having 

no or low risk for earthworms. At present a factor of 100 seems to 

guarantee an adequate safety for the hazard assessment - including 

a safety factor to transfer the results of Eisenia foetida to 

other species in arable soil. 

If the LC50 is lower than the 100-fold and higher than the 10-fold 

estimated concentration in soil, additional criteria such as the 
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behaviour of the pesticide in soil, the application pattern and 

the application rate must help to decide whether additional 

laboratory tests are necessary to investigate sublethal effects in 

a second-stage test lt is difficult to define fixed trigger 

values, because additional testing depends on different factors. 

If the LC50 is lower than the 10-fold estjmated concentration the 

application of the plant protection product is assumed to involve 

a high potential risk for earthworms. Additional testing including 

field tests must show whether these effects might occur in the 

fjeld. 

Principles of risk assessment have to take into account that plant 

protection products are intended to be used in the habitats of 

earthworms. Therefore the earthworms are living in the 

contaminated seil during and after application. 

Adult earthworms of some species have the possibili ty to retreat 

into deeper oil layers, but mobility of earthworms is very low in 

general. 1 his means that reinvasion of treated areas will happen 

slcwly. Populetion recovery will according to the present state of 

scienUfic knowlEcdge therofore preforably happen by recovery of 

the survivir,g populations of the treated areas. This fact has to 

be consic:ered in plant protection products which are toxic to 

earthworms. 

Tobe able to assess the effects of a plant protection product on 

earthworms, intensity and duration of the effect are judged on in 

combination with the behaviour of the pesticide in soil. 

If a toxicological effect is observed labelling requirements are 

given as general i nformation to the applicant or as use 

restrictions. 

Possible labelling requiremonts are e. g.: 

- to give general information about a possible damage to earthworm 

populations for a decision aid for users and advisers (e g. 'lhe 

plant protection product is harmful for earthworms') 

- to demand for a certain time interval between treatments (e g. 

'The plant protection product including other soil fumigaticn 
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products is only tobe used on the same outdoor area in inter

vals of two years') 

- to limit the number of treatments per year 

If the intended use of the plant protection product causes a 

damage of earthworm populations and if appropriate labelling 

requirements will not allow the damaged population to recover, the 

authorization is called in question and is depending on a risk

benefit analysis. 
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14. Side-effects on Earthworms 

Exposure 

estimate (PIEC) 

Test of acute 

toxicity (LC50) 

no 

110 

110 

Test of sublethal 

effects (NOEC) 

no 

no 

no 



Authorization 
depending on 

risk-benefit analysis 

yes 

- 92 a -

Authorization 

with restrictions of use 

yes 

Authorization 

possible 
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D. Brasse 

15. Side-effects on bees 

According to Art. 1 ( 2) no. 2 i of 

regulations, test reports on the effects 

products on bees are required as part 

process. A BBA Guideline for compiling 

available in series VI, number 23-1. The 

western honeybee (Apis mellifera L.). 

15.1 

the plant protection 

of plant protection 

of the uthorization 

the test report is 

test s ubj ect is the 

If, under consideration of 

the registration, bees are 

required. 

the intended use as requested for in 

not endangered special tests are not 

Excluded from testing requirements are e g.: 

- products for storage protection 

- game repellents 

- products for wound-sealing and grafting 

- products for treatment of single plants only 

- railroad herbicides 

- products for timber treatment only 

- rodenticides 

The applicant can express this by the following reference to the 

product directions· 

Because of the intended use of the product fixed by authorization 

bees are not endangered (B 3). 

The submission of documents concerning tests conducted according 

to the afore-mentioned guideline is unnecessary if the applicant 

requests with the application for authorization that the product 

should be labelled "hazardous to bees" (see below, NB 661-1) and 

j ustifies this, for example, with information from tests on other 

test organisms. 

In all other cases the testing is carried out according to the 

three-tiered scheme shown under 2. 
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15.2 Course of testing and assessment 

15.2.1 laboratory test 

Testing includes: mortality caused by inhalation, topical 

application, permanent contact with fresh but dry deposit and oral 

uptake (feeding the test product as a sugar solution - Lo 50 ) as 

compared to the water control. 

Bees of a healthy colony are tobe used. 

A precise age determination is not required. The natural mortality 

rate in the test, however, should not exceed 10 to 15 % • The 

assessment of the laboratory test is 

wi th the untreated water) control 

a ccomplished by comparison 

and the reference product 

hazardous to 

classification 

bees 

no 

as the toxic 

percentages for 

standard. With 

the mortality 

established It is 

bees in one of the 

intentionally stated only that harm 

4 test forms eces itate a furth 

regard 

rate 

to 

are 

to the test 

testing in 

the next tier. This wording affords the assessor the possibility 

to take into consideration other forms of harm beside mortality 

and also to accord different weighting to the 

forms. 

ndividu l test 

If no harmful effects occur in the laboratory testing, the test ng 

can be concluded. Wi th the occurrence of effects th testing can 

be continued with the cage test (semi field). 

For the test of growth regulators (IGRs) 

test are required evcrn if no damage to 

occurred in the laboratory 

15.2.2 

Testing includes: 

and development 

mortali ty, behavioural 

of the test colony 

a cage test and field 

the adult honeybees has 

changes of the test bees 

(esp. broodstatus) in 

comparison with water control and the reference product hazardous 

to bees. The testing is accornplished with twice the maximum of the 

recommended concentration in authorization. 

If according to the results of the laboratory testing and on the 

basis of the mode of action of the product a classification of the 

product as 11 8 2" appears possible, the test product (PM) is 
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applied in the evening after the daily foraging activities of the 

be,es until 11 p. m .. As the reference product (VM) the respective 

test product is applied when bees are foraging. 

As with the conversion from laboratory to cage test, no fixed 

numbers of damage are established in the guideline for introducing 

the field test. 

The assessment is accomplished through the comparison of the test 

product with the untreated control and the reference product 

hazardous to bees. Not just the mortality rate, but also a 

possible behavioural change in the bees is included in the 

assessment of the test results. The assessment focuses on the 

question whether the development of the colony, which is regarded 

a segment of a population or as a minimal population, is disturbed 

by use of the product. 

If no harmful effects occur during the cage test, the testing can 

be concluded. If effects occur, the testing can be continued in 

the field. 

15.2.3 

Testing includes· mortality, change in behaviour of adult bees as 

well as development of the colony in comparison with the untreated 

colonies of the harne apiary. Testing is done with twice the 

maximum of the recommended concentration for the authorization. 

In contrast to the cage test, in the field test the effects of 

plant protection products on entire bee colonies are examined 

under conditions approaching actual practice. As in the cage test, 

the assessment of results from field test is concentrated on the 

question whether the development of the colony is disrupted 

because of the use of the product. 

15.3 

If on the basis of the tests the products have proven to be "not 

hazardous to bees" (B 4), the applicant is afforded the 

possihility of including this information in the directions for 

the use of his product. The test results submitted must permit the 
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clear conclusion that the tested product does not endanger bee 

colonies when applied to flowering plants. It should be noted here 

that products with a certain toxicity not absolutely have to 

endanger bee colonies when applied in practice. 

Labelling as "not hazardous to bees" is always tied to the maximum 

recommended rate for application in plant protection. 

Preparations with known active ingredients that in many tests have 

proven to be not hazardous for bees can on the basis of this 

information also be classified as not hazardous to bees without 

renewed testing. 

If, however, on the basis of the test results submitted the 

products have proven to be hazardous to bees, labelling 

requirements for the jnstructions for use will be issued~ The 

following requirements are possible: 

1. NB 661-1: The product is classified as hazardous to bees (B 1). 

The product may not be used on flowering crops or 

those encountered by bees. Note bee protection regu 

lations of 22 July 1992. 

This requirement is also issued if requested by the applicant with 

the application for authorization, and if it is adequately 

justified. 

2. NB 662-1: The product is classified as hazardous to bees except 

when used after the end of foraging activities in the 

evening up to 11 p. m. (B 2). The product may not be 

used on flowering crops or those encountered by bees 

except during this period of time. Note bee protec 

tion regulation of 22 July 1992. 

It must be demonstrated through tests that take into account the 

special mode of application of these products that no harm to bees 

can occur after authorized and proper application. 

The refusal of an authorization of a plant protection product is 

considered only if it is classified as hazardous to bees (B 1) and 

the intended use of the product makes the application in flowering 

crops necessary. 



no 

110 
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15a. Side-effects on Honeybees (IGRs not considered) 

no 

Semi-field Cage test 
(Spray when bees are 

foraging) 

Field 

test 

Laboratory test 

Semi-field Cage test 
(Spray in the evening) 

Field 

test 

110 

no 



Authorization 
(labelling statement 

pennitted (B4)) 

Authorization 
(labelling statement 

pennitted (B3)) 
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Authorization 

not granted 

no 

Authorization 
(labelling statement 

required (B 1)) 

Authorization 
(labelling statement 

required (B2)) 
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15b. Side-effects on Honeybees (IGRs) 

no 

yes 

Laboratory test 

Cage test 
(Semi-field) 

Field test 
(4 colonies per 0.25ha) 

Authorization 

not granted 

Authorization 
'-------i (labelhng statement 

permi tted (B 3)) 

Authorization 
(labelling statement 

required (B l)) 

Authorization 
(labelling statement 1------' 

permitted (B4)) 
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D. Brasse, H. Rothert 

16. Side-effects on beneficial organisms 

According to Art. 

regulations test 

1 ( 2) no. 2 j of the plant 

reports concerning the effects 

protection 

of plant 

protection products an several beneficial arthropods other than 

bees are required, as part of the authorization procedure. [Note: 

The term "beneficial arthropods" in the aforementioned regulations 

will have to be replaced by the term "beneficial organisms".] 

Available for compiling the test reports are various BBA 

guidelines of series VI as well as numerous test methods of the 

International Organization for Biological Control (IOBC). 

16.1 

If under consideration of the intended use as requested for in the 

authorization beneficial organisms are not endangered, special 

tests are not required. 

Excluded from testing requirements are e. g.: 

products for storage protection 

- gerne repellents 

- products for wound-sealing and grafting 

- products for treatment of single plants only 

railroad herbicides 

products for timber treatment only 

- rodenticides 

The applicant can express this with a reference worded: 

Because of the intended use of the product fixed by the 

authorization, populations of relevant beneficial organisms are 

not endangered. 

The submission of documents concerning tests performed in 

accordance with guidelines is also unnecessary if with the 

application for authorization the applicant requests that the 

product be labelled as "hazardous" with regard to beneficial 

organisms, and justifies this, e. g. with information from other 

tests or also screening tests. 
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In all other cases the testing is accomplished as a rule according 

to. the three-tiered plan shown under 16.2. 

16.2 Course of testing and assessment 

16.2.1 laboratory test 

Testing includes: Mortality and reduction of beneficial capacity 

(feeding capacity of predators, parasitization capacity of 

parasites), fertility, as compared to the water control. 

The assessment of the data is accomplished according to the 

directions of the corresponding guideline . At present, assessment 

of the test results is done on the basis of the assessment schemes 

devised by the IOBC working group "Pesticides an Beneficial 

Organisms" ( International Organization for Biological Control). 

ssm nt sch 

harmless 

W 2 l htly harrnful 

w moderately harrnfu 

W 4 very harmful 

31-80 % 

81-99 % 

99 % 

Reduction of beneficial 

capacity or mortality 

Reduction of beneficial 

capacity or mortality 

Reduction of beneficial 

capacity or mortality 

Reduction of beneficial 

capacity or mortality 

If no harmful effects for the test organism occur in the 

laboratory testing, the testing can be concluded. If hazards to 

the test organism occur, the testing can be continued in semi

field tests If no uit ble t st methods are avail ble for sem -

field tests, either a field testing may follow, or a negative 

labelling statement referring to the respective species tested in 

the laboratory must be issued (see under 16.3). 

16.2.2 

Testing includes: Mortality and reduction of beneficial capacity 

(reduction of feeding capacity of predators, reduction of 

parasiti ation capacity of parasites), fertility, as compared to 

the water control. 
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The assessment of the documents is accomplished according to the 

directions of the corresponding guidelines. At present, the 

assessment of the test results considers four classes according to 

the assessment schemes devised by the IOBC working group 

"Pesticides and Beneficial Organisms" (= International 

Organization for Biological Control). 

Assessment scheme for semi-field and field tests: 

W 1 = harmless < 5 % Mortality or 

beneficial capacity 

W 2 slightly harmful 

W 3 moderately harmful 

W 4 very harmful 

25-50 % 

51-75 % 

> 75 % 

Mortality or 

beneficial capacity 

Mortality or 

beneficial capacity 

Mortality or 

beneficial capacity 

If the product proves to be harmless for the test organism in the 

semi-field test, the testing an be concluded. If corresponding 

test methods are available, and increasing mortality or reduction 

of beneficial capacity or fertility had to be stated the testing 

can be continued in the field. If in these cases the testing is 

not continued, the product is provided wi th a negative labelling 

statement with reference to the species tested (see under 16.3). 

16.2.3 

Field tests are complicated, time consuming, expensive and 

difficult to reproduce. Also single species tests are possible 

only in few cases. For this reason field tests mostly are 

planned as ecological field studies (multi-species tests). 

16.3 

The question of the concluding classification of the products with 

regard to their effect on beneficial organisms is still not 

satisfactorily solved, since for most test organisms there are 

only laboratory tests, and only for a few organisms semi-field and 

field tests are available. 

From the approach described above it can be seen that the products 
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as a rule can be conclusively evaluated only if no harmful effects 

have been detected in the laboratory or semi-field test. Within 

the course of a laboratory test i t is possible to prove only the 

toxicity of a product for a test organism. It can be concluded 

from this that with regard to their effect on beneficial organisms 

numerous 

toxicity 

impacts 

practice. 

products cannot be conclusively 

found in the laboratory may not 

on beneficial organisms when the 

At present there are still 

assessed, 

result in 

product is 

little data 

since a 

hazardous 

used in 

on the 

correlation of results derived from the laboratory test and the 

field test. 

Nevertheless, the available data must be converted into a 

labelling statement. For this, the procedure is as follows. 

If on the basis of laboratory testing the products have proven to 

be not toxic for the respective species tested, or non hazardous 

on the basis of more extensive testing, the applicant is afforded 

the possibility of including this as information in the directions 

for the use of thi product. The te t contains the following 

wording: 

The product is classified as harmless for populations of 

(respective species tested). 

If, however, on the basis of the data submitted it has been found 

that a hazard is to be expected, depending on the severeness of 

the hazard two different labelling statements are possible: 

The product is classified as moderately harmful for populations of 

(respective species tested). 

The product is classified as harmful for populations of 

(respective species tested). 

For these classifications it is still being examined how the 

assessment steps of the IOBC can be converted. The assessment for 

classification of the effects of products in Typhlodromus pyri in 

viticulture can be found in the BBA Guideline VI 23 - 2.3.4. The 

wording of the statements NN 604, NN 605 and NN 606 cited there 

will be incorporated into the aformentioned general scheme. 
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Predominantly labelling statements will be assigned that refer to 

the respective species tested. The refusal of an authorization as 

a rule does not arise from the results of the beneficial organisms 

testing alone. 



Authorization 

(positive labelling 

statement permitted) 
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16. Side-effects on Beneficial Organisms 

Semi-field 

test 

no 

Laboratory test 

no 

yes 

yes 

Authorization 

(positive labelling 

statement permitted) 

TIO 

no 

Field 
test 

yes 

Multi-species test 

Authorization 

(negative labelling 

statement required) 
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G. Joermann 

17. Side-effects on birds and free-living mammals 

The assessment of this aspect extends to all wild bird and mammal 

species. The testing is not necessary if any exposure of birds and 

mammals is precluded; normally this applies for applications in 

greenhouses andin rooms. 

The required studies are to be conducted according to the 

following guidelines· 

- BBA Guideline VI, 25-1: Guideline for testing of plant protec

tion products for hazards to birds - Acceptance tests 

OECD Guideline 205: Avian dietary toxicity test. 

- OECD Guideline 206: Avian reproduction test. 

17.1 

a) Mammals 

The basic information is constituted by toxicity data on 

laboratory animals generated for the evaluation of human safety. 

Since the 

orders, is 

additional 

necessary. 

transfer to other species, especially those of other 

affected by uncertainties, in exceptional cases 

toxicity studies with wild animals can become 

Furth er toxici ty tests may become necessary in certain cases, e. 

g. for secondary hazards of rodenticides if this risk cannot be 

estimated through model calculations. 

b) Birds 

The basic data consist of the acute oral toxicity of the active 

ingredient for two bird species. A smaller test scope is to be 

justified. The Japanese quail and another species should be 

selected; the bobwhite can be tested in the place of the Japanese 

quail. A data file in accordance with the EPA requirements (acute 

toxicity in one species, 5-day feeding test in two species) can 

also be accepted. 



- 106 -

The acute toxicity of the formulated product is estimated in first 

approximation according to the active ingredient content and, for 

products containing more than one active ingredient, assuming an 

additive effect. If such an estimate is not possible because 

effects by inerts or synergistic effects are to be expected, and 

if on the basis of the remaining data a ris k for birds cannot be 

precluded, the acute oral toxicity of the product is to be 

determined in one bird species experimentally. 

In the case of seed treatment products, baits and granular 

material data on the amount of active ingredient in a certain 

number of seeds or particles are required, and with granular 

material additionally data on the distribution of particle size. 

An acceptance test according to BBA Guideline VI, 25-1 is to be 

conducted with granules if the LD50 (mg/kg) is contained in less 

than 4000 particles of the main size class (thus < 100 particles 

for a bird weighing 25 g), or the lethal threshold dose (mg/kg) in 

less than 1000 particles (thus < 25 particles for a 25-g bird), 

and with treated seed if its exclusive consumption by birds can 

cause toxic effects. 

In the case of baits an acceptance test is required only if actual 

uncertainties exist concerning the attractiveness, e. g. with 

molluscicides; for rodenticides this test is usually not useful. 

In particular cases additional studies can become necessary, e. g 

on the hazard of secondary poisoning, if this risk cannot be 

estimated by model calculations; 

- on reproduction toxicity, if birds, because of the intended use 

pattern (type and frequency of applications), are expected to 

be continuously exposed during the reproduction period, or if 

the active ingredient is persistent and has a bioaccumulation 

potential, so that a long-term contamination of food can occur; 

- determination of residues in food, 

- field tests, if the laboratory data on toxicity in conjunction 

with the exposure estimate are not sufficient for an assessment. 
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17.2 Course of the evaluation 

F or e stimating possible effects of a plant protection prod uct o n 

birds and free-living mammals the exposure to be expected is 

compared with the toxicity. 

a) Acute hazard 

The maximum intake of the active ingredient to be expected per day 

is to be compared with the acute oral toxicity (unit: mg/kg body 

weight) or the short-term residue in the feed to be expected with 

the results of the 5-day feeding test (unit: mg/kg feed). The 

basis of the exposure estimate is the concentration of the active 

ingredient in available items or products. This information is 

immediately available for granular material, baits, and treated 

seeds. With spray applications the initial concentration in feed 

plants and invertebrates is derived as far as possible from actual 

residue measurements, otherwise estimated on the basis of 

empirical data (Kenaga EE, 1973: Factors tobe considered in the 

evaluation of the toxicity of pesticides to birds in their 

environment. Environmental Quality and Safety II, New York, pp. 

166-181). Further factors in the exposure estimate are the 

fraction that the contaminated material has in the total amount of 

feed of the relevant animals and the daily feed demand in relation 

to body weight. 

As a rule the most sensitive bird or mammal species is used for 

the exposure-toxicity comparison. LD50 and lethal threshold dose, 

resp. LC50 and lethal threshold concentration are taken for the 

first rating of the product to be assessed. In the final 

evaluation, however, sublethal effects are also to be taken into 

consideration, and the assessment is to be based on the actually 

safe dose. 

The hazard of poisoning by inhalation or contact is also estimated 

by comparing exposure and toxicity. However, present methods or 

models do not enable a satisfactory estimation of the exposure of 

free-living animals to contaminants via these routes. 
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b) Chronic hazard 

The expected 

NOEL of the 

feed). 

l,o n g -t er rn r es i du e in t h e f e e d i s c o rn p a red w i t h t h e 

(sub) chronic or reproduction toxicity (unit: mg/kg 

Assessment 

If from the ratio of exposure and toxicity it is concluded that a 

hazard exists for birds or marnrnals, i t is examined whether the 

exposure can be precluded or reduced by posing restrictions on the 

use or by requiring safety precautions on the label. Ci ted below 

for several possible labelling requirements are the conditions 

under which they are issued. 

Labelling 

Collect remai ing bait at the 

conclusion of the control 

operation. 

Not tobe applied on areas 

free of vegetation in order 

to prevent uptake by garne 

and birds. 

Da not place baits uncovered 

Rernove dead rats and mice 

during and after rodent 

control Operation. 

Work granules carefully into 

soil or cover with soil. 

Condition 

If rodenticide baits are inten

ded for placing at defined bait 

sites. 

If rodenticide bait are inten

ded for an open and large scale 

pplication. 

For all rodenticides unless 

access for non-target species is 

prevented otherwise. 

If dead rodents can be met by 

predators and the active ingre 

dient can cause secondary 

poisoning. 

If in acceptance tests mortali

ties occurred or fewer than 10 

particles are lethal for a bird. 



In vegetables tending to form 

puddles on the leaves spray 

applications only up to the 

16-leaf-stage. 
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If the LD50 (mg/kg) is contained 

in less than 10 ml spray liquid 

(=2. 5 ml for a 25-g bird); the 

calculation is based on the 

dosage applied to plants up to 

a height of 50 cm and on 600 1 

water per ha. 

The evaluation in thi scheme result in negative if it cannot be 

prevented through restriction of use or labelling requirement 

that birds or mammals with the int nded appl cation of the product 

will be harmed or estricted in their ab lity to urvive or 

produce. In thi case the authorization is c lled in question 

and i dep nding on a ri k-benefit analy 
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17. Side-effects on Terrestrial Vertebrates 

no 

no 

Exposure estimate 

Basic toxicological data 

Exposure-toxicity-ratio 
Hazard assessment 

Further tests 

Authorization 



- 111 -

Federal Health Office (BGA) 

18. Principles for health assessment of plant protection 
products in the authorization procedure 

Toxicology 

18.1 Introduction 

Ta be taken as a basis for the health assessment of plant 

protection products is the intention of the Plant Protection Act, 

according to which the authorization certificate for a plant 

protection product is tobe granted, when it is used for its 

intended purpose andin the correct manner, or as a result of such 

u e a) it doe not ha e any h rrnful ffects on human or animal 

health or on ground water, and b) does not have any other effects, 

particularly with regard to the natural balance, which are not 

justifiable in the light of the present stete of scientific 

knowledge (Artic , para 1, No 3 Pl nt Protect o Act). 

Th health se sment of 1 nt protection pr ducts accomplished 

fundamental y according to scientific lly re ognized rules and 

princ le that a also applied internation lly. In special 

case , how ver, this 

certific will be 

do not preclude that n uthorization 

denied (or granted) although in other 

countrie an authoriz tion c rtificate exists (or does not ex st). 

A plant prot ction product, with great probability, ha no harmful 

heal th effects if there i an adequ te margin of safety betvieen 

the pos ble posure and the do without or with effect. The 

1 ve of h afety factor i determined by the severi ty of the 

effect found in he toxicologic 1 inve tigation . 

To the extent 

ingre i nt 

potenti 1 , 

Regulation , 

or 

acc 

h 

h t the toxicol gical studies with the active 

th commerc al prep tion i dicat h zard 

ding o the provi ion of th Ha ardous Materials 

product i to be labeled with corresponding 

comment to pecial dangers (R lauses) and with warning 

safety 

acute 

ymbols, 

ugge i n lause Th h zard l beling encompas es 

effects and long-term effect of the plant protection 

product and the ctive ingredient, respectively, regardless of 

whether these effects are tobe attributed to a single or repeated 

or lengthy exposure. Accord n to the Haz rdou Materials 
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Regulations it is 

to provide the 

the purpose of the classification and labeling 

public and those persons who handle these 

substances and preparations essential information on their 

hazardous properties 

labelling takes into 

and possibilities for avoiding 

consideration dangers that can 

dangers. The 

occur with 

customary handling and use of hazardous substances and 

preparations. The information refers to substanc s and 

prepa ations such as are m rketed, but not to the form in which 

they c n be used (e. g. diluted) (Ha ardous Mater 1 Regulation, 

Annex No. 1.1.1. 2). 

The labeling of plant protection products is pre cribed by the 

Federal Health Office. In addit on, the nece sa y, mors far

reach ng condi tion for the protection of the user for inclusion 

in the instructions for use are also provided. The protective 

conditions are dapted to th pe fic uirement in the 

individual use it on 

Es entially, e agr ement to auth 

such p nt protection product h t 

i ion 

n be hand 

grant d only for 

d nd pre d with 

rea on le p anal protective q ipment for th re p ctiv 

planned 

granted 

appl cation area. A 

if ind ation from 

greement to 

test document 

authori tion not 

or other empiric 1 

reports are av lable indic ting the product or he ctiv 

ingredients or inert ingredient con iderable, un ontroll b e 

h al th h ard wi th customary h nd ing and orag , but 1 o wi th 

unintended expo ure (e .. a a ult of negligence). 

Addition 1 general princip 

protection product n th 

briefly xpl ined b low. 

18. 

Th 

toxicity fter al, derm 1 

nd eye irrit nd for 

ex eri nce the e 

Re ult from estin pro 

a imal periment k 

i the he 1th 

registration pro 

periment 

re p 

st 

and nh l t ve giving, test 

en iti ng. I appro te, 

et on hum n will b 

dure dev 1 

into con id on h 

of pl nt 

ented nd 

for a ute 

for kin 

pr et C 1 

appl ed. 

tiv s to 

st hav 
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been performed according to internationally recognized scientific 

methods. 

As a rule, no agreement to authorization will be granted for plant 

prot ction products that a) le d to death or to severe health 

damage de pite immediate therapeutic measures, or b) that lead to 

severe sk n or eye damage with single, short-term contact despite 

immedi te therapeutic mea ures, or c) lead to severe allergic 

reactions in a con iderable number of persons or if, on the b si 

of other studies, these reactions re to be expected wi th great 

prob bility. This means that ven with foreseeable mistakes, e. g. 

non-observance of imple afety me ures (wearing of protecti ve 

glove or protective goggles), an irreversible health impairment 

may not occur. 

HI 3 

The 

ub utaneou ubchronic and 

animal-experiment test 

hronic to icity a well 

tox cok net c and biotran formation propertie If appro 

for 

for 

at , 

further pecia studie are to b included, g. in order t 

e pos ible neuro o c or immunoto i propert e . 

Pl nt prote ion product for wh eh with repeated or lengthy 

upt k no dequate safety factor between e po ure nd th 

hazardo 

mamma 

prop 

do e x st will not be horized. 

1 ng erm c cinogenicity 

hort-term test for c rc noge i nd 

nd, i ppro te, p demiolo ic 1 studi 

udi s on 

mut g nie 

F ub wit rcinogen C propert es there no 

intern ti n 

pl nt 

nt of 

i d r t 

ly uniform gul 

on product 

ub nce th 

0 neopl ms. 

tion r g rding h ir authori t on 

Thi i e pec ally rue for h 

in imal perim nt h ve led to n 

n t e EC, with he current st t of informatio , ubst nc with 

carcinog n propert e d v ded into three c egorie 
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(according to Guideline 91/325/EEC): 

Category 1: Substances that are known to have a carcinogenic 

effect in humans. Sufficient evidence is available for a causal 

relationship between the exposure of a human to the substance and 

the development of cancer. 

Category 2: Substances that should be regarded as carcinogenic for 

humans. There is adequate evidence for the j ustified assumption 

that the exposure of a human to the substance can produce cancer. 

This assumption is generally based on the following: 

suitable long-term animal experiments, 

- other relevant information. 

Category 3· Substances that because of possible carcinogenic 

effect in humans give cau e for concern, but con erning wh eh 

insufficient information is available for a sati factory 

assessment. From suitable animal experiments there some 

evidence wh eh, however, is ot ufficient fo c i ing a 

substance in category 2. 

The inclusion of substance n i a compli hed o h 

ba is of epidemiological in C tegorie 2 nd 3 i 

bas d primar on animal experiment . 

For classific t on of a carcinogenic substance of 

ei ther positive resul t for two anim l pecies or 

positive proof for one animal peci.e a d supporting ind cation 

such as genotoxicity studi metabolic or biochem c l stu ie , 

triggering of ben n tumor , struct ral relationships to other 

known carcinogenic substance or data from epidemiological stu i s 

that suggest a connection should be vailable. 

currently comprises two sub-groups. 

that have been w 11 studied, but for which the de 

monstration of a tumor-triggering effect is not suffi ient to 

lassi them in Category 2 No further informatio relevant 

for the classification is expected from ddit anal tests. 
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b) Substances that have not been adequately investigated. The 

available data are inadequate, but they give cause for concern 

for humans. This classification is provisional. Further studies 

are necessary for a final decision. 

Important for distinguishing between Categories 2 und 3 are the 

following arguments which reduce the significance of the 

experimental tumor-triggering with regard to a possible exposure 

of humans. In most cases these arguments, especially in 

combination, would lead to a classification in Category 3, even if 

tumors were triggered in animals: 

Carcinogenic effects only in very high doses that exceed the 

"maximum tolerated dose.• The maxirnum tolerated dose is charac 

teri ed by toxic effects that do not yet reduce the life expec

tancy, but which are accompanied by physical changes such as a 

eduction by about 10 % in the body weight increase. 

Occurrence of tumors, especially frorn high doses, on in spe 

cial organs of certain pecies, of which it is known that they 

have tend ncy toward a high spontaneou tumor formation. 

Occurrence of turnors only at the site of application in very 

ensitive test systems (e. g. i.p. or s giving of certain 

locally effective compounds), if the respective target org n i 

not relevant for humans. 

No genotoxicity in hort-term tests in vivo or in vitro. 

- Presence of a secondary effect mechanism from which a threshold 

value can be de ved (e. g. hormonal effects on target organs or 

on physiological regulation mechanisms, chronic stimul in of 

cell growth). 

E pecie - pecific mech ism of tumor formation ( . 

g. via specific metaboli paths) that i of no s gnific nce for 

human . 

The following rguments, n which cause for 

precluded, apply to distingu shing between 

cla sification: 

oncern for hum ns i 

C tegory and no 

A ub ance hould not be cla sified in any of the categories if 

th me han m of tumor formation ha definitely been determined 

in a t stand it ha been demonstrated that it ca not b ex 

trapolated to human 
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- If there are only data on liver tumors in certain especially 

sensitive strains of mice with no other additional evidence, the 

substance is not classified in any of the categories. 

- Special attention hould be given to cases in which only tumor 

data on neopla ia at localizations andin strains in which they 

are known to occur at a high spontaneous rate are available. 

For plant protection products that conta n an active ingredient 

classified in Category 1 no agreement for uthori ation will be 

granted. For plant protection product that contain an active 

ingredient classified in Category as a rule no ag ement for 

authorization will be granted. 

In exceptional cases the 

granted for subst nce 

agreement with an uthorizat on c n be 

of Category 2 if for the e ctive 

ingredients a 

ubstance with 

great benefit i demonstra ed and repl cement 

the quantit tive 

ess critical propert s are 

ri k as essment hows 

u e 

a 

not va 1 ble, nd i 

n gl gibly ddition l 

ri k of ncer. A ule, 0 b here the st cte 

calculation model 

stage model ) . If 

a linear 

ri k o les 

extrapol tio (or al o th "multi-

th n 1·10 6 r ult with e po 

the additional risk of c n er t b expected prob b y 1 e in h 

s me orde of magni tud a that o a arge numb r o other 

ubstances cont ined in food or pre ent in th environment. Al o 

in the USA the apparently acceptabl o canc 

through plant protectio product i g 

dditional risk 

ven as 1:10 6 t 1 10 5 with 

life long expo ure. The corre p nding dose i referred to 

virtu 1 do e. Accordingly, plant prot cti n products or 

i ingredients with rc nogenic nd genotox C propert C n 

in exce anal C se also be uthoriz d if the life-long expo ure 

of US r nd con umer lie elow he "virtually fe do e' 
II and no 

detect bl re udie oc ur in foodstuffs. 

18.5 

The b nim 1-experiment studi s in mammal 

i vitro test on mammal cell nd microorganisms and po ib y 

epidem 1 studies. 
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In the EC, with the present state of knowledge, substances with 

mutagenic properties are divided into three categories (according 

to Guideline 91/325/EEC): 

Category 1: Substances that are known to have a mutagenic effect 

in humans. There is sufficient evidence for a causal relationship 

between the exposure of a human to the substance and inheritable 

damage. 

Category 2: Substances that should be reg rded as mutagenic for 

humans. Sufficient evidence exists for the justified assumption 

that exposure of a human to the substance can lead to inheritabl 

damage This assumption is generally based on the following: 

suitable animal experiments, 

- other relevant information. 

Category 3 Substance that give cause for concern because of 

possible mutagenic effects on human . From 

tests som evidence is available, but it 

clas the substance in Category 2. 

In order to include substance in 

from epidemiological studies on 

Examples of such substances are as yet not 

that it is extraordinarily difficult 

suit ble 

i not 

mutagenicity 

sufficient to 

n human i 

known. It is 

to obtain 

information from studies of the frequency of mutation 

populations or of the increase in frequency. 

required 

admitted 

reliable 

in human 

Necessary for classifying substance in are po itive 

results of studies that can demonstrate the following: 

a) mutageni effects or 

b) other cellu ar interactions, relevant to mutagenicity, in germ 

cells of mammals in vivo, or 

c) mutagenic effects in somatic cells of mammals in vivo together 

with sufficient evidence that the substance or a re evant 

rnetabolite resches the germ cells 

The following processes are currently suitable for classification 

in 
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Category 2: 

2a) Mutagenicity test on germ cell in vivo: 

- test for specific locus mutation, 

- test for inheritable translocation, 

- test for dominant-lethal mutation. 

These test systems show whether the offspring is affected or 

whether a defect occurs in the developing embryo; 

2b) In-vivo investigations that show relevant interactions with 

germ cells, as a rule DNA: 

- studies of chromosomal abnomalities as determined in cyto

genetic analyses, including aneuploidies caused by malsegre

gation of chromosomes, 

- test for sister-chromatid exchanges (SCE), 

test for unscheduled DNA synthesis (UD), 

- studies of (covalent) bonds f th mutagenic substan e to 

the germ cells DNA, 

- studies of other types of DNA damage. 

These studies provide more or less indirect evidence. Positive 

results in these studies as a rule are supported by positive 

results from in v vo mutagenicity studies of omatic cells of 

mammals or humans (see also Category 3, preferred procedures 

as under 3a). 

2c) In-vivo studies, which show the rnutagenic effects on sornatic 

cells of rnarnmals (see 3a), in conjunction with toxicokinetic 

or other processes with which it can be shown that the sub 

stance or a relevant metabolite reaches the germ cells. 

Positive results from host-mediated assay tests or the 

demonstration of undoubted effects in in-vitro studies can be 

used to support the results according to 2b and 2c. 

In order to include a substance in it is necessary to 

have positive results from studies with which 

a) mutagenic effects or 

b) other cellular interactions, significant for the mutagenicity, 

in somatic cells of mammals in vive can be dernonstrated. 

Especially the latter are as a rule supported by positive 

results from in-vitro mutagenicity studies. 



- 119 -

The following procedures are currently suitable for the detection 

of effects in vivo: 

3a) mutgagenicity studies in vivo: 

- micronucleus test or bone marrow or metaphase analysis, 

- metaphase analysis on peripheral lymphocytes, 

- mause coat colour spottest. 

3b) Studies of DNA interactions in vivo: 

- test for sister chromatid-exchange ( CE) in somatic cells, 

test for unscheduled DNA synthesis (UDS) in somatic cells, 

- studies of DNA damage, e. g. alk line elution, in somatic 

cells. 

Substances that yield positive results only in one or several 

in vitro mutagenicity tests should as a rule not be classified 

However, further studies by in vivo investigations are absolutely 

called for. 

that yield 

for which 

In exceptional cases, e. g. 

distinct effects in several 

no relevant in vivo data 

in the case of a compound 

in vi tro investigations 

are available and which 

exhibits similarities with known mutageni or carcinogenic 

substances, a classification in Category 3 can be considered. 

As a rule, no agreement for authorization will be grar:ted for 

plant protect on products that contain a substance classified in 

Category 1 or 2. 

18.6 

The basis for assessment are animal-experiment studies in mammals 

(multigeneration and segment studies), epidemiological studies and 

possibly in vitro studies 

In the EC, with the current stete of knowledge, 

reproduction-toxic properties are divided into 

(however, a division into three categories is 

future) (according to Guideline 91/325/EEC): 

substances wi th 

two categories 

planned for the 

Category 1: Substance that are known to have a embryo /fetotox ; 

effect in humans. Sufficient evidence is available for a causal 
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relationship between the exposure of a human to the substance and 

non-hereditary maleformation of the direct progeny. 

Category 2: Substances that should be regarded as embryo-

/fetotoxic for humans. There is sufficient evidence for the 

justified assumption that the exposure of a human to the substance 

can lead to non-heredi tary maleformation of the direct progeny. 

This assumption is generally based on the following: 

- suitable animal experiments, 

other relevant information. 

In assigning substances to 

observe the criteria 

these 

listed 

categories i t 

by the 

is necessary to 

DFG (Deutsche 

Forschungsgemeinschaft) and customarily applied internationally in 

order to prevent an unjustified classification and labelling. 

In order to assign a substance to unambiguous 

epidemiological findings must be available. As a matter of 

principle, agreement for authorization is not granted for plant 

protection products that contain an active ingredient classified 

in Category 1. 

In order to assign a substances to unambiguous results 

from suitable animal experiments must be available that show that 

the oral, dermal or inhalative exposure of a mammal can cause a 

lasting disruption of the fetal development in the dam or a 

lasting impairment of the postnatal development of the offspring 

which cannot be classified as a maternal-toxic effect. The amounts 

administered should, taking into consideration an adequate safety 

factor, correspond to the possible exposure of humans. In the view 

of the Federal Health Office the classification of a substance in 

Category 2 requires a labelling of the plant protection product if 

the active ingredient content of the commercial preparation is so 

high that a not-negligible risk exists for the user or the 

consumer. The potential risk is estimated with the aid of safety 

factors (or possibly suitable extrapolation models) and taking as 

a basis realistic exposure possibilities, including foreseeable, 

inadvertent exposures. The classification results in corresponding 

safety advice and conditions for the protection of the user. 
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Exclusion criteria for a classification in Category 2 are present 

if unlimitedly usable negative results in at least two laboratory 

animal species or exonerating arguments from studies of 

toxicokinetics or of effect rnechanism, or convincing in vitro 

studies are available. Exoneration arguments can be: 

a) The toxic effect is detectable only in non-physiological 

exposure, e.g. after intraperitoneal or subcutaneous injection, 

but not with way of administering relevant to practice. 

b) The toxic effect is based on mechanisms or biological 

preconditions that pertain to humans only to an extremely 

slight extent, if at all, and even with unfavourable exposure 

cannot lead to fetotoxic effects. 

c) Resorption, metabolizing and elimination of the substance in 

laboratory animals proceed qualitatively or quantitatively 

different than in humans. 

d) The increase in the incidence of maleformations related to the 

active ingredient cannot be delimited with certainty in com

parison with historic controls, and refers predominantly to 

effects with high spontaneous rate that occur specific to 

strain and species in typical localization. 

18. 7 

Studies on toxicology, including reproduction toxicology of plant 

protection products in animals 

living in the open are not as a 

by the registration authorities 

from toxicological studies in 

used in agriculture 

rule customary, and 

only in exceptional 

laboratory animals 

assess the exposure to plant protection products. 

and mammals 

are required 

cases. Data 

are used to 

In contrast, for determining maximum residue limits of plant 

protection products in foods of animal origin it is as a rule 

required that residue studies be conducted in ruminants, poul try 

and possibly swine. At least two dosages should be tested. If such 

studies are carried out over several days or weeks and clinical 

parameters are also examined, they can also be suitable for ma~ing 

statements regarding the tolerance of the active ingredient in the 

animal species affected. 
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For agricultural animals the level of the residues in feeds, such 

as in/on meadow grass, can be reduced by imposing waiting times 

until the cattle are driven to pasture. The mammals living in the 

open, however, 

animals as a 

protective measures such as 

rule are not possible. For 

fences ag inst wild 

this reason, plant 

protection products the residues of which can, immediately after 

application or later, lead to irreparable injury or death in wild 

animals as a rule are not authorized. 

Because of the differences in the physiological and anatomical 

situations in birds and mammals, toxicological data from studies 

with rodents can be used only to a limited extent for estimating 

the risk for birds. It is therefore internationally customary to 

test the range of acute toxicity for birds separately. For 

estimating an acute hazard, knowledge of lower threshold range of 

mortality is 

of the LD 50 

of greater significance than 

value. The Japanese quail 

laboratory animal of choice, since it is 

easy to procure and easy to handle 

the exact determination 

has proven to be the 

ufficiently sen itive, 

As a rule it is sufficient to test the acute toxicity of the 

active ingredient and of the plant protection product on one bird 

species. For reasons of the comparability of the studies the same 

bird species should always be used, the Japanese quail being given 

preference. A scientifically plausible explanation for the 

necessity of a separate toxicological testing in aquatic birds 

(ducks) is not available. Acute toxicity studies and reproduction 

studies in ducks for the purpose of comparing with the 

corresponding studies with the Japanese quail or the bobwhite 

should therefore be omitted for reasons of animal protection. 

For assessing the risk through granulated material, bait and 

treated seed uptake tests can become necessary (see Guideline 

25-1 of the BBA in order to examine conditions of the formulation 

on the uptake behaviour of the birds. In addition to Japanese 

quail, ducks, pheasants or pigeons can also be used in such 

studies. From the behaviour of the birds wi th regard to the test 

sample as well as the occurrence of intoxication symptoms or 

deaths the po sible risk th t ex sts for birds in the open a a 
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result of exposure to the formulated grains can usually be 

recognized already in advance. It is considered probable and in 

part has been experimentally demonstrated that color, shape and or 

of the formulation can exert an infuence on the uptake behaviour 

(see also Bundesgesundheitsbl. 27 no. 3, March 1984, pp. 67-76 and 

30 no. 11, November 1987, pp. 381-392). 

In order to recognize possible hazards of environmental chemicals 

and plant protection products for the health and reproduction of 

birds a six-week feeding test with Japanese quail is suitable. For 

plant protection products that in laboratory animals lead to 

impairment of reproduction or even to deformities, as a rule a 

testing for reproduction-to ic properties in birds should be 

carried out. Products used on large scale for the treatment of 

seed should likewise be examined in the afore-mentioned subchronic 

test processes for negative effects in birds. 

For plant protection products which with authorized and proper us 

lead to acute intoxications of bird or pose such a thre t, or 

which can represent a reproduction risk for birds, as a rule no 

agreement for authorization is granted. 

18.8 

Acute In the sense of a classification test the acute 

fish test makes possible the orientating assessment of the fish 

toxicity with short-term exposure. The acute toxicity to be tested 

for 96 hours for all plant protection product active ingredients 

in two fish species. rainbow traut and carp or another suitable 

cyprinida . 

The testing of the acute toxicity of the plant protection product 

in fish is particularly required when it can not be precluded that 

inert ingredients influence the toxici ty. This means that 

especially plant protection products that contain emulsifiers, 

detergents, solvents or also several active ingredients must be 

tested for their toxicity toward fish (rainbow traut). 

Deterrnined from these investigations are the Lc 50 , the threshold 

concentration and the highest tested concentration at which after 
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the test (96 h) all fish are still alive. An active ingredient or 

a preparation is to be classified as "very ichthyotoxic" if the 

Lc 50 (96 h) is less than 1 mg/1, and as "ichthyotoxic" if the LC 50 
(96 h) is 1-10 mg/1. 

In investigations an fish i t is to be taken into consideration 

which active ingredient variant was tested, if an active 

ingredient has several variants. In addi tion, water-solubili ty, 

hydroly i , decomposition, adsorption/de orption, photolysis and 

n-octanol/water distribution coefficient are also considered. 

Corre ponding studies can a o be required for ichthyotoxicologi 

cally relevant metaoblites. 

Subacute The test serves to determine the highest 

concentration without observed effect (no-effect level) and should 

pro ide information on sublethal damage with the action of 

constant oncentrations of the test ubstance. 

For test ng pl nt protection product in the ubacut test a test 

duration of at least 21 days is currently required In general, 

fi h test are currently conducted over 21 or 28 d y with traut, 

because a a rule hey eact more ensitively than carp to plant 

protection products. To the extent that in e ceptional cases a 

cy nid in he acute test proves to be more sensitive than the 

traut to a plant protection product, the subacute test is then to 

be arried 

out with the more sensitive fish species. As a matter of 

princ e, for a itve ingredients in plant protection products 

that re to be used in the field longer-term studies on fish over 

at l ast 21 day are to be submitte . If it has been found in the 

acute toxicity test hat a preparation i more toxic than the 

ctive ingredient, the longer-term studies must be carried out 

al o wi th the preparation. In addi tion to the NOEC, the symptoms 

o curring during the entire period of the test and the other 

observations are studied and, where elevant, u ed for the 

assessment. 

The nFish Early Life Stage Test" is more far-reaching test (e.g. 

over 60 day with traut) which after approval of an OECD test 
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guideline will be preferentially required. (In the past these 

studies were submitted only in isolated cases.) 

Chronic toxicity: "Life-cycle tests" serve for recognition of 

fertility, growth and reproduction damage and provide essential 

evidence of possible population-damaging effects. They extend from 

the fertilization of the egg (F 0 generation) to the young-fish 

stage of the F1 generation capable of feeding. Preferably species 

with short generation cycle (e g. Brachydanio rerio) are suitable 

for chronic tests. For this reason, for example, the "life-cycle 

test" on Brachydanio rerio should encompass the exposure of the 

fertilized eggs for the F0 generation to the young-fish stage of 

the F1 generation capable of feeding. "Life-cycle tests" on native 

edible fish (carp, traut) are regarded as hardly practicable. 

Chronic long-term tests serve to determine late damage and to 

determine the "no effect level". The chronic toxicity studies can 

be necessary for plant protection product active ingredients that 

are difficultly decomposable in surface water, accumulate in fish 

or form toxic metabolites. Such a test is to be performed only if 

with authorized and proper use a long-term exposure of fish in 

water wi th relevant concentrations is to be expected ( e. g. great 

expendi ture amounts, great expendi ture frequency, persistence of 

the substance), and as far th s seems to be necessary according to 

the results of the tests on acute and subacute toxicity. 

Bioaccumulation The testing and assessment of the bioaccumulation 

in fish is also of significance for the use of fish as food. At 

present there can only be an individual-case decision taking into 

consideration the exposure of fish actually tobe expected and the 

other toxicological properties of the acti ve ingredient. If the 

log P
0

w is > 3, bioaccumulation tests with fish must be performed. 




