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CA 7  FATE AND BEHAVIOUR IN THE ENVIRONMENT 
Data on the fate and behaviour of deltamethrin in soil, water, sediment and air were submitted within 
the EU Dossier (Baseline Dossier), which resulted in the Annex I inclusion under Directive 91/414/EEC 
in 2003. In the Supplemental Dossier for renewal of approval of deltamethrin presented here only those 
environmental fate studies are described in sections 7.1 to 7.5, which were not submitted within the 
Baseline Dossier. However, for a better understanding of the behaviour of deltamethrin in soil, water 
and sediment, and air, short summaries including the results of all environmental fate studies which 
were considered relevant during the first EU evaluation (compare  EU Monograph Annex B7) are given 
additionally in this summary in sections CA 7.1, CA 7.2 and CA 7.3. To differentiate between studies 
already evaluated during the last Annex I listing and new studies, the references or author(s) given in 
tables are written in grey for studies already evaluated and in bold black for new studies. 

The proposed residue definitions for each compartment are given in CA 7.4.  

The results from monitoring studies published in literature, which were regarded relevant for the EU, 
are summarized in CA 7.5. Generally they well confirmed the knowledge about fate and behaviour of 
deltamethrin in the environment. 

The studies concerning the fate and behaviour of deltamethrin in the environment were conducted using 
different radiolabel positions (vinyl-, gemi dimethyl-, benzyl-, cyano- and phenoxy- 14C-label), as well 
as unlabelled deltamethrin. These radiolabel positions are sufficient to define the route of degradation 
of deltamethrin. The structure of deltamethrin and the positions of the different radiolabels are as 
follows: 

 

 
The results of the studies are summarized in the following sections, the proposed degradation pathways 
in soil, water and sediment are given in Figure 7.1.1- 1 and Figure 7.2- 1, respectively. 

In addition, studies have been performed with the radiolabelled and unlabelled major degradation 
products Br2CA (AE F108565; cis) and mPBacid (AE F109036): 
 

 
Structural formula of Br2CA (AE F108565; cis): 
 
 gemi dimethyl-14C-labeling position was used,  

indicated by *   OH

O

Br CH3

CH3
Br

H

H

*

*

 
 
Structural formula of mPBacid (AE F109036): 
 
benzyl-14C-labeling position was used,  

indicated by *    
 

O

OH

O
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O

CN

14C vinyl

14C gem dimethyl

14C benzyl

14C cyano
14C phenoxy

Bayer CropScience

  
  

  
    

  
  
  

 T
hi
s 
do
cu
me
nt
 i
s 
th
e 
pr
op
er
ty
 o
f 
Ba
ye
r 
AG
  

 a
nd
/o
r 
an
y 
of
 i
ts
 a
ff
il
ia
te
s.
  

 I
t 
ma
y 
be
 s
ub
je
ct
 t
o 
ri
gh
ts
 s
uc
h 
as
 i
nt
el
le
ct
ua
l 
pr
op
er
ty
 a
nd
  

 c
op
y 
ri
gh
ts
 o
f 
th
e 
ow
ne
r 
an
d 
th
ir
d 
pa
rt
ie
s.
  

 F
ur
th
er
mo
re
, 
th
is
 d
oc
um
en
t 
ma
y 
fa
ll
 u
nd
er
 a
 r
eg
ul
at
or
y 
da
ta
 p
ro
te
ct
io
n 
re
gi
me
. 
 

 C
on
se
qu
en
tl
y,
 a
ny
 p
ub
li
ca
ti
on
, 
di
st
ri
bu
ti
on
, 
re
pr
od
uc
ti
on
 a
nd
/o
r 
pu
bl
is
hi
ng
 a
nd
  

 a
ny
 c
om
me
rc
ia
l 
ex
pl
oi
ta
ti
on
 a
nd
 u
se
 o
f 
th
is
 d
oc
um
en
t 
or
 i
ts
 c
on
te
nt
s 
 

 w
it
ho
ut
 t
he
 p
er
mi
ss
io
n 
of
 t
he
 o
wn
er
 o
f 
th
is
 d
oc
um
en
t 
ma
y 
th
er
ef
or
e 
 

 b
e 
pr
oh
ib
it
ed
 a
nd
 v
io
la
te
 t
he
 r
ig
ht
s 
of
 i
ts
 o
wn
er
. 
 



Page 6 of 117 
2015-12-02 

 
Document MCA: Section 7 Fate and behaviour in the environment 
Deltamethrin 

 

 

 
 

 

 

 
In original reports study authors may have used different names or codes for degradation products of 
deltamethrin. In this summary, a single name or a single code is used for each degradation product. If 
not otherwise noted, the name Br2CA is referring to the cis-isomer, always. A full list containing 
structural formula, various names, short forms, codes and occurrences of degradation products is 
provided as Document N3.  
Upon request by the RMS UK the notifier Bayer CropScience has prepared the two position papers M-
533554-02-1 and M-539732-01-1 providing a comparison of the metabolic pathway in rat with those in 
plants, goats and the environment. The document M-539732-01-1 also includes a table of all significant 
metabolites identified in the different compartments and their quantitative occurrence. 
 

CA 7.1  Fate and behaviour in soil 
Deltamethrin is well degraded in aerobic soil to the final degradation product CO2 (36% - 70% at day 
64 to 90 depending on 14C-label) and the substance is not expected to accumulate in soil. In parallel to 
mineralization, indicating a complete degradation of the molecule, non extractable residues (NER) 
ranged from 18 to 48% of the total radioactivity applied. The bound residues are mainly associated with 
the humin and fulvin acid fractions of humus, and the major part of this humus bound residues consists 
of bound degradation products.  Degradation of deltamethrin in soil is a microbial process and the main 
degradation pathway in soil can be described by ester cleavage followed by oxidation leading to the 
formation of Br2CA (AE F108565; cis) and mPBacid (AE F109036). Only Br2CA was identified at 
levels >10%, at a maximum of 23% of applied radioactivity. No other metabolites exceeded 10% of 
applied radioactivity although the metabolite mPBacid was detected at >5% on at least 2 consecutive 
occasions.  
A minor route of transformation, which was observed only in some of the soil degradation studies, is 
the oxidation of the nitrile group of deltamethrin resulting in deltamethrin-amide (D-CONH2,  
AE 0035077), followed by further oxidation to deltamethrin-carboxylic acid (D-COOH, AE 0035100), 
which was also rapidly degraded by ester cleavage, oxidation and mineralization to CO2.  

Deltamethrin is extensively degraded in soil under anaerobic conditions as well. However, degradation 
is somewhat retarded in comparison with aerobic degradation (DT50 ranges from 32 to 105 days, n = 5). 
The principal degradation pathway under anaerobic conditions is the same as observed under aerobic 
conditions. Since degradation is lowered down the main metabolite Br2CA was found at a maximum 
level of 52 % of the radioactivity applied at day 59.  

Photolysis will not significantly contribute to the degradation of deltamethrin in soil since extensive 
transformation was observed also in the dark control. Photo induced R/S epimerisation forming the 
alpha-R-isomer of deltamethrin and ester cleavage leading to mPBacid and cis-Br2CA, respectively, was 
observed. The trans-Br2CA was formed as a minor metabolite by photo induced opening of the 
cyclopropane ring of cis-Br2CA and subsequent recombination to the trans-isomer. 

The kinetics evaluation of the laboratory rate of degradation studies resulted in overall best fit trigger 
DT50 values of 5.3 to 59.3 days for deltamethrin. The DT50 values normalised to 20 °C and pF2 were 
calculated to range between 12.5 and 231 days, and modelling endpoint geometric mean DT50 of 54.8 
days for deltamethrin. 
Both major soil metabolites of deltamethrin, Br2CA and mPBacid, degrade very rapidly in soil. The 
DT50 values of Br2CA normalised to 20 °C and pF2 were calculated to range between 3.2 to 16.8 days,  
(geometric mean of 5.0 days), that of mPBacid ranged from 6.9 to 9 hours (geometric mean of 7.5 
hours), only. More details for the route and rates of degradation of deltamethrin and its major 
degradation products in soil are given in section CA 7.1.1 and section CA 7.1.2, respectively. 

Field soil dissipation studies conducted in Minnesota (US) and at four sites in Germany confirmed that 
Deltamethrin shows a relatively fast to moderate dissipation from soil under field conditions with field 
DT50 ranging from 8 to 28 days (SFO, n = 5) and DT90 between 25 and 94 days, even after multiple 
application of exaggerated doses. Deltamethrin residues were mainly confined to the upper 15 cm of 
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soil. Br2CA was not detected above the limit of quantification (LOQ = 0.01 mg/kg soil) under field 
conditions. 

Deltamethrin and its major degradation products are strongly to weakly adsorbed in soil, more details 
for the adsorption and desorption in soil of deltamethrin and its major degradation products are given in 
section CA 7.1.3.1. 

CA 7.1.1  Route of degradation in soil 
The route of degradation of deltamethrin in soil has been investigated in a comprehensive series of 
laboratory studies using different soils and radio-labels (e.g. vinyl-, gemi dimethyl-, benzyl-, cyano- and 
phenoxy- 14C-label). The proposed degradation pathway in soil is shown in Figure 7.1.1- 1. 

Deltamethrin is well degraded in aerobic soil to the final degradation product CO2 (36% - 70% at day 
64 to 90 depending on 14C-label) and the substance is not expected to accumulate in soil. In parallel to 
mineralization, indicating a complete degradation of the molecule, non extractable residues (NER) 
ranged from 18 to 48% of the total radioactivity applied. The bound residues are mainly associated with 
the humin and fulvin acid fractions of humus, and the major part of this humus bound residues consists 
of bound degradation products.  Degradation of deltamethrin in soil is a microbial process and the main 
degradation pathway in soil can be described by ester cleavage followed by oxidation leading to the 
formation of Br2CA (AE F108565; cis) and mPBacid (AE F109036). Only Br2CA was identified at 
levels >10%, at a maximum of 23% of applied radioactivity. No other metabolites exceeded 10% of 
applied radioactivity although the metabolite mPBacid was detected at >5% on at least 2 consecutive 
occasions.  
A minor route of transformation, which was observed only in some of the soil degradation studies, is 
the oxidation of the nitrile group of deltamethrin resulting in deltamethrin-amide (D-CONH2,  
AE 0035077), followed by further oxidation to deltamethrin-carboxylic acid (D-COOH, AE 0035100), 
which was also rapidly degraded by ester cleavage, oxidation and mineralization to CO2.  

Deltamethrin is extensively degraded in soil under anaerobic conditions as well. However, degradation 
is somewhat retarded in comparison with aerobic degradation (DT50 ranges from 32 to 105 days, n = 5). 
The principal degradation pathway under anaerobic conditions is the same as observed under aerobic 
conditions. Since degradation is slowed down the main metabolite Br2CA was found at day 59 at a 
maximum level of 52% of the radioactivity applied. Levels of other metabolites found in the anaerobic 
soil studies (D-COOH, mPBacid, mPBalcohol, D-CONH2) were much lower (maximum 4%). 

Photolysis will not significantly contribute to the degradation of deltamethrin in soil since extensive 
transformation was observed also in the dark control. Photo induced R/S epimerisation forming the 
alpha-R-isomer of deltamethrin and ester cleavage leading to mPBacid and cis-Br2CA, respectively, was 
observed. Trans-Br2CA was formed as a minor metabolite by photo induced opening of the 
cyclopropane ring of cis-Br2CA and subsequent recombination to the trans-isomer. 

The maximum occurrences of degradation products in percentage of applied radioactivity [% AR] are 
given as means of duplicates (see Table 7.1.1- 1). Normal written values were taken from the List of 
Endpoints (SANCO/6504/VI/99-final, 17 October 2002). The underlined figures are not new and were 
part of the EU Monograph Annex B7 already, but had not been listed in the above-mentioned List of 
Endpoints. Due to new EU requirements to address metabolites >5% on two sequential sampling dates, 
the mPBacid is newly addressed as a major soil degradation product in this Supplemental Dossier. 
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Table 7.1.1- 1: Summary of maximum occurrences in soil of major deltamethrin 
degradation products derived from laboratory studies  
(AR = percentage of applied radioactivity) 

Compound Aerobic Soil Anaerobic Soil Photolysis 
[% AR] [% AR] [% AR] 

Br2CA (AE F108565; cis) 23.0 52 54 (dark controls) 
mPBacid (AE F109036) 5.6 4.3  11 (in a pre-test) 
Carbon dioxide 70 71 9 (dark controls) 
Non-extractable residues 48 28 35 

 
 
 
Figure 7.1.1- 1: Proposed degradation pathway of deltamethrin in soil (major metabolites 

are highlighted in bold writing) 
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CA 7.1.1.1  Aerobic degradation 
The route of degradation of deltamethrin in soil under aerobic conditions in the laboratory was evaluated 
during the Annex I inclusion (compare EU Monograph Annex B7) and was accepted by the European 
Commission (SANCO/6504/VI/99-final, 17 October 2002). The following four of six studies included 
in the Baseline Dossier were regarded as relevant during the Annex I inclusion: 
 
Author(s) Year Document No. 
W_e$. W, W, 1991 M-136659-01-1 
N5.ä3(? X, ,Ä; Ve.3J?f Y, s,; ゅyJäi.Jj ぃ,; ャziI$z/. Z, Y, 1979 M-149530-01-1  
Yョrc2.e O, ,Ä; Äzc(.oJ V, s,; Ccc!8j/. T, O,; üJ:tBJa. ォ, 1979 M-149541-01-1 
dだd.Äc!ä ,Q O,; zJ-.Xk? G, ,s; zoci.ぉ-j L, U,; wxc?:/J. F, W,; ぉ
*JJz//. ォ, X, 

1978 M-063775-01-1 

 
No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval. The degradation product mPBacid (AE F109036) is newly addressed as major soil degradation 
product in this Supplemental Dossier because it was formed above the new identification triggers in 
aerobic soil degradation studies (see Table 7.1.1- 1).  
A summary of the route of degradation of deltamethrin in soil is given in section CA 7.1.1 and 
Figure 7.1.1- 1. 
 

CA 7.1.1.2  Anaerobic degradation 
The route of degradation of deltamethrin in soil under anaerobic conditions in the dark in the laboratory 
was evaluated during the Annex I inclusion and was accepted by the European Commission 
(SANCO/6504/VI/99-final, 17 October 2002). The following two of three studies included in the 
Baseline Dossier were considered as relevant during the Annex I inclusion:  
 

Author(s) Year Document No. 
Wä.・5 W, W, 1991 M-136665-01-1  
-pHc゛z. Q, A,; VbcJzI. s,H,; Jzj.ォ9Ji C,; ぃä`zl$l. 
,Z,Ä 1980 M-149538-01-1  

 
No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval. A summary of the route of degradation of deltamethrin in soil is given in section CA 7.1.1 and 
Figure 7.1.1- 1. 
 

CA 7.1.1.3  Soil photolysis 
The route of degradation of deltamethrin in soil under photolytic conditions in the laboratory was 
evaluated during the Annex I inclusion and was accepted by the European Commission 
(SANCO/6504/VI/99-final, 17 October 2002). The following one of two studies included in the Baseline 
Dossier was considered as relevant during the Annex I inclusion: 
 

Author(s) Year Document No. 
Weo.v W, W,; v/üJ.ォz01 ,s ,Z 1991 M-136671-01-1  

 
No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval. A summary of the route of degradation of deltamethrin in soil is given in section CA 7.1.1 and 
Figure 7.1.1- 1. 
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CA 7.1.2  Rate of degradation in soil 
Deltamethrin was degraded in soil under aerobic and anaerobic conditions in the laboratory (see section 
CA 7.1.1 before), as well as under field conditions. The kinetic models and DT50 values in soil of 
deltamethrin and its major degradation products used for modelling purpose and trigger evaluation (best-
fit) as well as the formation fractions in soil for major degradation products are summarized in 
sections CA 7.1.2.1 and CA 7.1.2.2. 
 
Modelling input values for the calculation of predicted environmental concentrations (PECs) of 
deltamethrin and its major degradation products in soil (PECsoil), groundwater (PECgw) and surface water 
(PECsw) were derived from studies and kinetic evaluations (acc. to FOCUS kinetics (2006) 1 summarized 
in sections CA 7.1.1, CA 7.1.2 and CA 7.2, and are submitted within this Supplemental Dossier for the 
deltamethrin renewal of approval.  

The DT50 values and maximum occurrences / formation fractions in soil and aquatic systems of 
deltamethrin and its major degradation products used as modelling input values for the calculation of 
PECs are summarized in Table 7.1.2- 1 and Table 7.1.2- 2. 
 
Table 7.1.2- 1:  DT50 values and maximum occurrences in soil of deltamethrin and its 

major degradation products used as modelling input values for calculation 
of PECsoil 

Modelling Input Parameter Endpoint Comment 
deltamethrin 

DT50 in soil [days] 231 laboratory, normalised, worst case 
maximum occurrence in soil [%] 100 worst case 

Br2CA (AE F108565; cis) 
DT50 in soil [days] 16.8 laboratory, normalised, worst case 
maximum occurrence in soil [%] 23.0 laboratory, aerobic soil, worst case 

mPBacid (AE F109036) 
DT50 in soil [days] 0.38 laboratory, normalised, worst case 
maximum occurrence in soil [%] 5.6 laboratory, aerobic soil, worst case 

 
 

                                                 
1  FOCUS kinetics (2006): “Guidance Document on Estimating Persistence and Degradation Kinetics from 

Environmental Fate Studies on Pesticides in EU Registration”, Report of the FOCUS Work Group on 
Degradation Kinetics, EC Document Reference Sanco/10058/2005 version 2.0, 434 pp. 
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Table 7.1.2- 2:  DT50 values and formation fraction / maximum occurrences in soil of 
deltamethrin and its major degradation products used as modelling input 
values for calculation of PECgw 

Modelling Input Parameter Endpoint Comment 
deltamethrin  

DT50 in soil [days] 54.8 geometric mean, laboratory, normalised 
Br2CA (AE F108565; cis) 

DT50 in soil [days] 5.0 geometric mean, laboratory, normalised 
FF deltamethrin  →  Br2CA in soil 1.0 worst case assumption 

mPBacid (AE F109036) 
DT50 in soil [days] 0.31 geometric mean, laboratory, normalised 
FF deltamethrin  →  mPBacid in soil 1.0 arithmetic mean field 
FF: formation fraction 

 

CA 7.1.2.1  Laboratory studies 
CA 7.1.2.1.1  Aerobic degradation of the active substance 
 
The rate of degradation of deltamethrin in soil under aerobic conditions in the laboratory was evaluated 
during the Annex I inclusion (compare EU Monograph Annex B7) and was accepted by the European 
Commission (SANCO/6504/VI/99-final, 17 October 2002). The following four of six studies included 
in the Baseline Dossier were regarded as relevant during the Annex I inclusion: 
 
Author(s) Year Document No. 
c・.W_ W, ,W 1991 M-136659-01-1  
?k.UI?゜ Ö, Ä,; Ü*)cJ?. ,Üs,; kJJziC:. ,ノ; e!ü:ゅäj. TK, 1979 M-149530-01-1  
w?üケ.Ic6 ,K Ä,; 2Jaカe). ,Q,s; fäぃe゜j/. ZG,,; ヶvJJc/i. ノ,  1979 M-149541-01-1  
?3`.H&äp カ, ,N; wJz)ä3. U, s,; -9cl.ォc: T, w,; Q/J.zba: F, ,W; JJt.ゅ
ozt ヶ, ,K 1978 M-063775-01-1  

 
No additional “rate of degradation study for the active substance” is submitted within this Supplemental 
Dossier for the deltamethrin renewal of approval.  

However, updated kinetic evaluations of the degradation behaviour of deltamethrin in soil under aerobic 
conditions in the dark in the laboratory have been performed according to FOCUS kinetics (2006) 1 to 
derive kinetic parameters suitable for modelling purpose and environmental risk assessment (see Error! 
Reference source not found. 2013, report M-462053-01-1, below).  
A summary of the degradation rates of deltamethrin and its major degradation products in soil in the 
laboratory is given in Table 7.1.2- 1 and Table 7.1.2- 2 before. 
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Report: KCA 7.1.2.1.1 /10; U?.!゜5 `, X, s,; 2013 
Title: Deltamethrin: Kinetic Modelling Evaluation of Data from Aerobic Soil 

Degradation Studies to Derive Trigger and Modelling Endpoints 
Report No: VC/11/026A 
Document No: M-462053-01-1 
Guidelines: - EU Council Directive 91/414/EEC, as amended by Commission Directive 

95/36/EC of July 1995, Section 5, Point 7 and Commission Regulation (EC) No 
1107/2009 of 21 October 2009; 

- FOCUS kinetics (2006) 1 
GLP: No (modelling calculation) 

 
EXECUTIVE SUMMARY 

A kinetics evaluation of the relevant aerobic soil degradation studies with the insecticide deltamethrin 
has been conducted using the computer program KinGUI2 according to FOCUS Kinetics guidance 
[FOCUS, 2006] 1). The trigger and modelling endpoint DT50 values derived for deltamethrin can be used 
in environmental exposure assessments along with the modelling endpoint DT50 for the mPBacid and 
Br2CA metabolites. However, the updated kinetics results for both the metabolites are summarized later, 
i.e. in the relevant section CA 7.1.2.1.2. 

The resulting DT50 values and maximum occurences in soil of deltamethrin and its major degradation 
products used as modelling input values for the calculation of predicted environmental concentrations 
in soil (PECsoil) are summarized in Table 7.1.2- 1, those for predicted environmental concentrations in 
groundwater (PECgw) in Table 7.1.2- 2. 
 
I.  METHODS 

Laboratory degradation data for deltamethrin and the metabolites (see sections CA 7.1.1 and CA 7.1.2) 
were evaluated against the FOCUS Kinetics flowcharts for the determination of parent trigger/modelling 
and metabolite modelling endpoints. The chemical structure and names of deltamethrin and the 
metabolites mPBacid and Br2CA are shown in section 2 of report. The used data on degradation of 
deltamethrin are shown in the following tables. 
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Table 7.1.2.1.1- 1:  Soil degradation study information - deltamethrin 

Soil Label Rate Temp. 
(oC) 

Moisture 
content 

Texture 
(USDA) Reference 

Dubbs Methylene High 25 75% 1/3 bar Sandy loam 

enてcÜ)゜ c: c,i [1978] 
M-063775-01-1 

Dubbs Methylene Exag’d 25 75% 1/3 bar Sandy loam 
Dubbs Vinyl High 25 75% 1/3 bar Sandy loam 
Dubbs Vinyl Exag’d 25 75% 1/3 bar Sandy loam 

Hagerstown Methylene High 25 75% 1/3 bar Silty clay loam 
Hagerstown Methylene Exag’d 25 75% 1/3 bar Silty clay loam 
Hagerstown Vinyl High 25 75% 1/3 bar Silty clay loam 
Hagerstown Vinyl Exag’d 25 75% 1/3 bar Silty clay loam 

Dubbs Cyano High 10 75% 1/3 bar Sandy loam 
qヂNc)z5 /? z:, [1979a] 

M-149530-01-1 
Dubbs Cyano High 25 75% 1/3 bar Sandy loam 
Dubbs Vinyl High 10 75% 1/3 bar Sandy loam 
Dubbs Vinyl High 25 75% 1/3 bar Sandy loam 
Dubbs Cyano Normal 25 75% 1/3 bar Sandy loam 

じz*-z2上 ci ?:, [1979b] 
M-149541-01-1 

Dubbs Cyano High 25 75% 1/3 bar Sandy loam 
Dubbs Phenoxy Normal 25 75% 1/3 bar Sandy loam 
Dubbs Phenoxy High 25 75% 1/3 bar Sandy loam 

Memphis Cyano Normal 25 75% 1/3 bar Silt loam 
Memphis Cyano High 25 75% 1/3 bar Silt loam 
Memphis Phenoxy Normal 25 75% 1/3 bar Silt loam 
Memphis Phenoxy High 25 75% 1/3 bar Silt loam 

Casa Grand Benzyl High 25 75% 1/3 bar Sandy loam Wq?o [1991] 
M-136659-01-1 Casa Grand Gem High 25 75% 1/3 bar Sandy loam 

Dollendorf - - 20 pF2 Clay loam /JäS`ä9  じJ)8äi/lä 
[2011] 

M-413119-01-1 
(refer to MCA 

7.1.2.1.2/02) 

Höfchen - - 20 pF2 Silt loam 

Wurmweise - - 20 pF2 Sandy loam 

Wurmweise Gem - 20 55% 
MWHC Sandy loam 

!>/゜ek 5$d p23äs 
[2013] 

M-455519-01-1 
(refer to MCA 

7.1.2.1.2/01) 

AXXa Gem - 20 55% 
MWHC Loamy sand 

Höfchen Gem - 20 55% 
MWHC Silt loam 

Dollendorf Gem - 20 55% 
MWHC Loam 
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Table 7.1.2.1.1- 2:  Deltamethrin residue data for study by ぃ51u-ツx .1 uj 1978, M-063775-01-
1 

Time Methylene (benzyl)-label Vinyl-label 
High rate Exaggerated rate High rate Exaggerated rate 

(days) (% AR) (% AR) (% AR) (% AR) 
Soil Dubbs 

0 92.52 91.20 101.54 97.61 
4 52.95 60.85 62.33 70.11 
8 37.15 47.61 43.31 44.78 

16 26.38 32.37 29.42 30.21 
32 17.22 19.65 18.70 20.80 
64 10.57 11.33 13.71 12.46 

Soil Hagerstown 
0 88.92 93.09 95.69 90.94 
4 59.25 63.08 61.20 66.78 
8 41.62 46.57 44.54 53.28 

16 30.34 29.55 30.30 30.11 
32 22.53 19.45 13.24 19.34 
64 14.49 11.82 13.36 6.55 

 % AR = % of applied radioactivity 

Table 7.1.2.1.1- 3: Deltamethrin residue data for study by oけ)cNao iz ct 1979, M-149530-01-1 

Time  Cyano-label Vinyl-label 
(days) (% AR) (% AR) 

Soil Dubbs, incubation temperature 10°C 

0 94.6 96.3 
4 86.5 91.8 
8 82.3 83.5 

16 74.2 82.2 
32 58.9 72.8 
64 25.9 41.4 

Soil Dubbs, incubation temperature 25°C 

0 94.6 96.3 
4 74.5 74.1 
8 60.4 63.7 

16 33.3 50.7 
32 25.2 38.8 
64 9.2 13.9 

% AR = % of applied radioactivity 
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Table 7.1.2.1.1- 4: Deltamethrin residue data for study by ど・*`x4 Id Lj 1979, M-149541-01-
1 

Time Cyano-label Phenoxy-label 
 Normal rate High rate Normal rate High rate 

(days) (% AR) (% AR) (% AR) (% AR) 
Soil Dubbs     

0 93.8 93.8 90.0 92.0 
4 75.6 77.9 70.6 77.8 
8 58.7 68.7 54.5 65.5 

16 43.8 49.5 39.8 50.5 
32 27.7 37.2 32.7 30.7 
64 19.9 22.9 21.4 23.3 

128 15.6 15.2 15.1 17.3 
Soil Memphis     

0 91.6 101.6 98.0 93.8 
4 78.8 77.2 77.0 78.6 
8 70.1 74.2 63.9 68.4 

16 55.5 53.3 55.4 53.0 
32 40.7 33.5 32.3 36.0 
64 25.1 20.2 21.3 20.6 

128 12.9 13.8 15.6 17.2 
% AR = % of applied radioactivity 

Table 7.1.2.1.1- 5:  Residue data for the study by Error! Reference source not found. 1991, M-
136659-01-1 

 Benzyl-label Gem-label 
 Replicate 1 Replicate 2 Replicate 1 Replicate 2 

Time 
 

Deltamethrin Deltamethrin Deltamethrin Deltamethrin 

(days) (%AR) (%AR) (%AR) (%AR) 
Soil Casa Grand 

0 92.61 94.62 85.94 97.23 
1 91.28 93.04 94.31 95.50 
3 78.34 82.89 84.30 86.57 
7 65.63 67.87 79.20 81.08 

14 50.33 49.80 48.45 54.20 
30 33.71 30.39 31.94 35.42 
59 15.51 12.50 19.35 20.83 
90 9.04 8.10 12.30 11.39 

120 5.80 5.63 9.47 9.82 
181 4.06 3.38 6.66 8.99 

% AR = % of applied radioactivity 
 
Modelling strategy for data processing: 
For time zero when metabolites are detected, the concentration was set to 0 and their detected 
concentration was added to concentration of parent.  Values reported as <LOQ were set to ½ LOQ for 
the first occurrence and subsequent <LOQ values not used in the kinetics. 
 
Optimisation model: 
The sampling times and residue data (Table 7.1.2.1.1- 1 to Table 7.1.2.1.1- 5) were entered into 
KinGUI2 (compare Figure 1 and Figure 2 and section 4.2 of report) and optimisations carried out for 
deltamethrin (and the metabolites mPBacid and Br2CA, see later) in a stepwise procedure according to 
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FOCUS Kinetics guidance for the determination of trigger and modelling endpoints (FOCUS, 2006; 
Flowcharts 7-1, 7-2, 8-5 and 8-6).  Equations 1-4 describe the SFO, FOMC, DFOP and HS kinetics 
models used. The kinetic evaluations and the statistical calculations were conducted with KinGUI (v2.0) 
using iteratively re-weighted least-squares (IRLS) optimisation (for details on optimisation statistics see 
section 4.3 of report).   
 
II.  RESULTS 

Table 7.1.2.1.1- 6 to Table 7.1.2.1.1- 9 summarise the optimised SFO, FOMC, DFOP and HS model 
parameters. The detailed KinGUI2 output files are shown in Appendix 8.1 of the report. 

For the determination of trigger endpoints, the SFO, FOMC and DFOP model fits (Table 7.1.2.1.1- 6 to 
Table 7.1.2.1.1- 8) were evaluated according to Flowchart 7-1 (FOCUS, 2006) in order to determine the 
best-fit kinetic (Table 7.1.2.1.1- 10).  For a number of soils, HS kinetics wase determined to be the best-
fit kinetic by expert judgement (case-by-case decision). 
For the determination of modelling endpoints, the SFO, FOMC, DFOP and HS model fits  were 
evaluated in order to determine the best-fit kinetic (Table 7.1.2.1.1- 11) according to Flowchart 7-2 
(FOCUS, 2006). Two trials resulted in the selection of SFO as acceptable fits for modelling.  Four trials 
were within the experimental DT90, thus the modelling endpoint DT50 was derived as the best-fit biphasic 
kinetic DT90/3.32 (two soils FOMC and two soils HS). The majority of trials resulted in the selection of 
the modelling endpoint DT50 based on the DFOP or HS slow-phase k2 degradation rate. Table 7.1.2.1.1- 
12 shows the calculated FOCUS correction factors (Q10 2.58 and B-factor 0.7) for each soil.  An overall 
geometric mean normalised (20oC and pF2) modelling endpoint DT50 of 54.8 days is calculated for 
deltamethrin (Table 7.1.2.1.1- 11). 
 
Table 7.1.2.1.1- 6:  Optimised SFO kinetic model parameters for deltamethrin 

Soil Label Info Kinetic 
DT50 

(days) 
DT90 

(days) 

Chi2 
error 
(%) 

t-test 
(-) 

Visual fit 

Dubbs Methylene Exag’d SFO 11.6 38.7 11.7 0.006731 Poor 
Dubbs Methylene High SFO 7.9 26.3 16.7 0.016958 Poor 
Dubbs Vinyl Exag’d SFO 9.9 32.9 13.1 0.008436 Poor 
Dubbs Vinyl High SFO 8.5 28.1 15.4 0.014121 Poor 

Hagerstown Methylene Exag’d SFO 10.5 34.8 12.1 0.006708 Poor 
Hagerstown Methylene High SFO 11.7 38.9 15.8 0.027242 Poor 
Hagerstown Vinyl Exag’d SFO 11.4 37.9 7.2 0.000732 Good 
Hagerstown Vinyl High SFO 9.0 29.9 12.8 0.006150 Acceptable 

Dubbs Cyano 10oC SFO 39.4 131 3.5 0.000171 Good 
Dubbs Cyano 25oC SFO 13.6 45.3 7.9 0.00149 Acceptable 
Dubbs Vinyl 10oC SFO 59.3 197 3.8 0.000857 Good 
Dubbs Vinyl 25oC SFO 22.3 74.0 7.5 0.00182 Acceptable 
Dubbs Cyano High SFO 27.6 91.8 10.0 0.00369 Acceptable 
Dubbs Cyano Normal SFO 19.5 64.9 13.4 0.00948 Poor 
Dubbs Phenoxy High SFO 25.7 85.4 11.6 0.00662 Poor 
Dubbs Phenoxy Normal SFO 23.5 78.1 15.1 0.023765 Poor 

Memphis Cyano High SFO 23.0 76.3 9.8 0.00215 Poor 
Memphis Cyano Normal SFO 32.2 107 6.6 0.00043 Acceptable 
Memphis Phenoxy High SFO 27.0 89.8 9.7 0.00272 Poor 
Memphis Phenoxy Normal SFO 24.5 81.3 11.2 0.00477 Poor 

Casa Grand Benzyl High SFO 19.0 63.2 6.6 1.12e-11 Acceptable 
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Casa Grand Gem High SFO 22.9 76.2 9.2 8.35e-09 Poor 
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Table 7.1.2.1.1- 7:  Optimised FOMC kinetic model parameters for deltamethrin 

Soil Label Info Kinetic 
DT50 

(days) 
DT90 

(days) 

Chi2 
error 
(%) 

t-test 
(-) 

Visual fit 

Dubbs Methylene Exag’d FOMC 8.4 84.9 1.0 - Excellent 
Dubbs Methylene High FOMC 5.3 78.3 1.2 - Excellent 
Dubbs Vinyl Exag’d FOMC 7.7 70.4 5.4 - Excellent 
Dubbs Vinyl High FOMC 6.0 78.2 2.3 - Excellent 

Hagerstown Methylene Exag’d FOMC 7.9 75.9 1.9 - Excellent 
Hagerstown Methylene High FOMC 7.6 132 2.9 - Excellent 
Hagerstown Vinyl Exag’d FOMC 9.8 53.7 3.3 - Excellent 
Hagerstown Vinyl High FOMC 6.8 64.9 4.7 - Very good 

Dubbs Cyano 10oC FOMC 34.1 113 5.1 - Very good 
Dubbs Cyano 25oC FOMC 11.7 64.7 5.4 - Very good 
Dubbs Vinyl 10oC FOMC 52.1 174 4.8 - Very good 
Dubbs Vinyl 25oC FOMC 17.3 136 5.9 - Good 
Dubbs Cyano High FOMC 19.8 216 2.2 - Excellent 
Dubbs Cyano Normal FOMC 13.9 186 3.8 - Very good 
Dubbs Phenoxy High FOMC 18.7 226 3.9 - Very good 
Dubbs Phenoxy Normal FOMC 13.9 291 3.3 - Excellent 

Memphis Cyano High FOMC 17.6 153 4.7 - Very good 
Memphis Cyano Normal FOMC 25.2 192 0.9 - Excellent 
Memphis Phenoxy High FOMC 20.3 205 2.9 - Very good 
Memphis Phenoxy Normal FOMC 17.2 206 4.1 - Very good 

Casa Grand Benzyl High FOMC 15.8 85.9 2.2 - Excellent 
Casa Grand Gem High FOMC 19.0 111 6.3 - Excellent 
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Table 7.1.2.1.1- 8:  Optimised DFOP kinetic model parameters for deltamethrin 

Soil Label Info Kinetic 
DT50 

(days) 
DT90 

(days) 

Chi2 
error 
(%) 

k2 t-test 
(-) 

Visual fit 

Dubbs Methylene Exag’d DFOP 8.3 71.0 2.2 0.02523 Excellent 
Dubbs Methylene High DFOP 5.3 67.7 1.4 0.00773 Excellent 
Dubbs Vinyl Exag’d DFOP 7.5 86.3 4.3 0.15611 Excellent 
Dubbs Vinyl High DFOP 6.0 82.6 1.8 0.03016 Excellent 

Hagerstown Methylene Exag’d DFOP 7.8 80.0 0.5 0.00332 Excellent 
Hagerstown Methylene High DFOP 7.3 102 1.4 0.01286 Excellent 
Hagerstown Vinyl Exag’d DFOP 9.7 55.0 3.5 0.09334 Excellent 
Hagerstown Vinyl High DFOP 7.2 98.1 5.5 0.35090 Very good 

Dubbs Cyano 10oC DFOP 39.4 131 4.4 0.03239 Good 
Dubbs Cyano 25oC DFOP 11.5 68.0 5.8 0.22264 Good 
Dubbs Vinyl 10oC DFOP 59.3 197 4.8 0.04907 Good 
Dubbs Vinyl 25oC DFOP 18.8 85.7 3.2 0.00881 Very good 
Dubbs Cyano High DFOP 19.3 192 2.3 0.02473 Excellent 
Dubbs Cyano Normal DFOP 13.6 254 1.8 0.04306 Excellent 
Dubbs Phenoxy High DFOP 18.1 372 1.7 0.11369 Excellent 
Dubbs Phenoxy Normal DFOP 12.8 190 2.8 0.01213 Excellent 

Memphis Cyano High DFOP 17.9 188 5.0 0.25730 Excellent 
Memphis Cyano Normal DFOP 25.0 158 0.8 0.00089 Excellent 
Memphis Phenoxy High DFOP 20.5 528 1.7 0.29731 Excellent 
Memphis Phenoxy Normal DFOP 17.5 210 5.0 0.21500 Excellent 

Casa Grand Benzyl High DFOP 15.7 87.2 2.7 0.00051 Excellent 
Casa Grand Gem High DFOP 18.9 131 6.0 0.19300 Excellent 
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Table 7.1.2.1.1- 9:  Optimised HS kinetic model parameters for deltamethrin 

Soil Label Info Kinetic 
DT50 

(days) 
DT90 

(days) 

Chi2 
error 
(%) 

k2 t-test 
(-) 

Visual fit 

Dubbs Methylene Exag’d HS 9.6 78.5 7.5 0.21873 Very good 
Dubbs Methylene High HS 5.6 66.6 4.9 0.05695 Excellent 
Dubbs Vinyl Exag’d HS 7.3 73.1 2.8 0.02211 Excellent 
Dubbs Vinyl High HS 6.2 74.5 4.2 0.04858 Excellent 

Hagerstown Methylene Exag’d HS 7.7 71.9 2.7 0.01985 Excellent 
Hagerstown Methylene High HS 7.1 93.1 1.6 0.00716 Excellent 
Hagerstown Vinyl Exag’d HS 9.8 55.7 2.5 0.01182 Excellent 
Hagerstown Vinyl High HS 8.2 24.4 8.7 0.50000 Acceptable 

Dubbs Cyano 10oC HS 41.2 104 1.3 0.00343 Very good 
Dubbs Cyano 25oC HS 11.3 67.3 3.1 0.03251 Very good 
Dubbs Vinyl 10oC HS 57.0 155 2.9 0.02149 Very good 
Dubbs Vinyl 25oC HS 19.1 85.2 3.2 0.00695 Very good 
Dubbs Cyano High HS 17.5 163 2.9 0.00672 Very good 
Dubbs Cyano Normal HS 13.7 201 3.6 0.03646 Very good 
Dubbs Phenoxy High HS 18.0 226 1.9 0.00613 Excellent 
Dubbs Phenoxy Normal HS 11.1 164 2.9 0.00330 Very good 

Memphis Cyano High HS 17.6 147 5.9 0.05617 Very good 
Memphis Cyano Normal HS 27.3 136 2.7 0.00128 Very good 
Memphis Phenoxy High HS 19.2 178 4.4 0.03393 Good 
Memphis Phenoxy Normal HS 17.9 178 6.4 0.08073 Good 

Casa Grand Benzyl High HS 17.2 88.6 4.5 0.00466 Excellent 
Casa Grand Gem High HS 19.0 129 6.1 0.01714 Excellent 
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Table 7.1.2.1.1- 10:  Selection of optimised kinetic model parameters for deltamethrin – trigger 
endpoints 

Soil Label Info Kinetic 
DT50 

(days) 
DT90 

(days) 

Chi2 
error 
(%) 

t-test 
(-) 

Visual fit 

Dubbs Methylene Exag’d FOMC 8.4 84.9 1.0 - Excellent 
Dubbs Methylene High FOMC 5.3 78.3 1.2 - Excellent 
Dubbs Vinyl Exag’d HS 7.3 73.1 2.8 0.02211 Excellent 
Dubbs Vinyl High DFOP 6.0 82.6 1.8 0.03016 Excellent 

Hagerstown Methylene Exag’d DFOP 7.8 80.0 0.5 0.00332 Excellent 
Hagerstown Methylene High DFOP 7.3 102 1.4 0.01286 Excellent 
Hagerstown Vinyl Exag’d HS 9.8 55.7 2.5 0.01182 Excellent 
Hagerstown Vinyl High FOMC 6.8 64.9 4.7 - Very good 

Dubbs Cyano 10oC SFO 39.4 131 3.5 0.00017 Good 
Dubbs Cyano 25oC HS 11.3 67.3 3.1 0.03251 Very good 
Dubbs Vinyl 10oC SFO 59.3 197 3.8 0.00086 Good 
Dubbs Vinyl 25oC HS 19.1 85.2 3.2 0.00695 Very good 
Dubbs Cyano High FOMC 19.8 216 2.2 - Excellent 
Dubbs Cyano Normal DFOP 13.6 254 1.8 0.04306 Excellent 
Dubbs Phenoxy High HS 18.0 226 1.9 0.00613 Excellent 
Dubbs Phenoxy Normal DFOP 12.8 190 2.8 0.01213 Excellent 

Memphis Cyano High FOMC 17.6 153 4.7 - Very good 
Memphis Cyano Normal DFOP 25.0 158 0.8 0.00089 Excellent 
Memphis Phenoxy High HS 19.2 178 4.4 0.03393 Good 
Memphis Phenoxy Normal FOMC 17.2 206 4.1 - Very good 

Casa Grand Benzyl High FOMC 15.8 85.9 2.2 - Excellent 
Casa Grand Gem High HS 19.0 129 6.0 0.01767 Excellent 
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Table 7.1.2.1.1- 11:  Selection of optimised kinetic model parameters for deltamethrin – 
modelling endpoints 

Soil Label Info DT50 derivation 
DT50 

(days) 

DT50 
20oC and 

pF2 (days) 

Chi2 
error 
(%) 

t-test 
(-) 

Dubbs Methylene Exag’d Slow-phase DFOP k2 32.9 43.2 2.2 0.02523 
Dubbs Methylene High Slow-phase DFOP k2 36.7 48.3 1.4 0.00773 
Dubbs Vinyl Exag’d Slow-phase HS k2 36.1 47.4 2.8 0.02211 
Dubbs Vinyl High Slow-phase DFOP k2 52.4 68.8 1.8 0.03016 

Hagerstown Methylene Exag’d Slow-phase DFOP k2 47.4 62.2 0.5 0.00332 
Hagerstown Methylene High Slow-phase DFOP k2 53.6 70.4 1.4 0.01286 
Hagerstown Vinyl Exag’d HS DT90/3.32 16.8 22.0 2.5 0.01182 
Hagerstown Vinyl High FOMC DT90/3.32 19.5 25.7 4.7 - 

Dubbs Cyano 10oC SFO 39.4 12.5 3.5 0.00017 
Dubbs Cyano 25oC Slow-phase HS k2 26.9 35.3 3.1 0.03251 
Dubbs Vinyl 10oC SFO 59.3 18.8 3.8 0.00086 
Dubbs Vinyl 25oC Slow-phase HS k2 28.5 37.4 3.2 0.00695 
Dubbs Cyano High Slow-phase DFOP k2 96.5 127 2.3 0.02473 
Dubbs Cyano Normal Slow-phase DFOP k2 176 231 1.8 0.04306 
Dubbs Phenoxy High Slow-phase HS k2 113 149 1.9 0.00613 
Dubbs Phenoxy Normal Slow-phase DFOP k2 92.4 121 2.8 0.01213 

Memphis Cyano High Slow-phase HS k2 67.2 88.3 5.9 0.05617 
Memphis Cyano Normal Slow-phase DFOP k2 64.3 84.5 0.8 0.00089 
Memphis Phenoxy High Slow-phase HS k2 78.6 103 4.4 0.03393 
Memphis Phenoxy Normal Slow-phase HS k2 85.0 112 6.4 0.08073 

Casa Grand Benzyl High FOMC DT90/3.32 25.9 34.0 2.2 - 
Casa Grand Gem High HS DT90/3.32 39.0 51.2 6.0 0.01767 

Geometric mean 54.8*   
* Geometric mean of the Dubbs (56.7 days), Hagerstown (39.7 days), Memphis (96.3 days) and Casa Grand (41.7 days) soils 

calculated first. 

 

Table 7.1.2.1.1- 12:  FOCUS soil temperature and moisture content correction factors 

Soil Temperature 
(oC) 

Moisture content FOCUS 
correction 

factor 
Measured 

pF2.5 (% w/w) 
Incubation 
conditions 

Incubation 
(%w/w) 

Reference  
(%w/w) 

K$0üJ 25 23.7 75% 1/3 bar 17.8 23.7* 1.313 
c9j・O?-J7 25 32.6 75% 1/3 bar 24.5 32.6* 1.313 
み&tJaq2 25 37.6 75% 1/3 bar 28.2 37.6* 1.313 
RJee w(cb0 25 23.4 75% 1/3 bar 17.5 23.4* 1.313 
゜_ロ3J 10 23.7 75% 1/3 bar 17.8 23.7* 0.317 
WIcj*だUJ 20 - 55% MWHC 31.6 21.8+ 1.000 
AXXa 20 - 55% MWHC 26.7 15.0+ 1.000 
レeöao-b 20 - 55% MWHC 29.7 37.5+ 0.849 
A85hr゜:iz 20 - 55% MWHC 49.0 36.5+ 1.000 

* Measured pF2.5 > FOCUS default, so measured pF2.5 used  + measured pF2 
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III.   CONCLUSIONS 

Deltamethrin is degraded in aerobic soil kept under standardized laboratory conditions with a DT50 of 
54.8 days. The DT50 values and maximum occurences in soil of deltamethrin used as modelling input 
values for the calculation of predicted environmental concentrations in soil (PECsoil) are summarized in 
Table 7.1.2- 1, those for predicted environmental concentrations in groundwater (PECgw) in 
Table 7.1.2- 2. 
 
The following laboratory study on degradation of deltamethrin in soil was found in the literature. It is 
summarised in the following. The outcome was not included to derive endpoints since non-EU soils 
were used, and not all EU study requirements for such a study type were fulfilled. The resulting DT50 
was not worst case and thus covered by the used data. 
 

Report: KCA 7.1.2.1.1 /11; Chen, L.; Gu, X.; Dai, R.; Yu, Y.; Zhang, G.; 2008 
Title: Persistence and dissipation of synthetic pyrethroid pesticides in red soils from the 

Yangtze River Delta area 
Source: Journal:Environ. Geochem. Health, (2008) 30 (1):67–77 
Document No: M-460924-01-1 
Guidelines: None 
GLP: No, published study (peer-reviewed article) 
Literature 
review 

 

classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 
 
EXECUTIVE SUMMARY 
Laboratory incubation trials were conducted to investigate the effects of several factors on the persistence 
as well as the dissipation of three synthetic pyrethroid pesticides among them deltamethrin in “red” soils 
obtained from the Yangtze River Delta region in China.Dissipation half-lives (T1/2) tended to correlate 
with soil pH and soil organic matter contents, but not with soil cation-exchange capacity. The rates of 
pyrethroid dissipation also tended to increase with increasing initial soil concentration, but were largely 
unaffected by whether the pesticides were present in the soil separately or as a mixture. Microbial activity 
appeared to dominate the degradation process. 
Dissipation half-lives of 18.4 and 18.1 days were reported for deltamethrin in unsterilized soil when being 
applied as single compound or as pyrethroid mixture, respectively. 
 
I. MATERIAL AND METHODS 

A. Material 
1. Test material  
Test item: Deltamethrin 
Active substance(s): Deltamethrin 
Chemical state and description: not reported 
Source of test item: ぱ-prüelbEÄjjx Ltb. (USA) 
Batch number: not reported 
Purity: 98% 
Storage conditions: not reported 
Water solubility: not reported 

2. Soil:  

Name / Classification not reported 

Source, sampling date, storage 
conditions 

Top soil field samples (0-20 cm deep, red), collected from 
farmland in the three locations in the Yangtze River Delta 
region:  
S01, ortho red soil: e8äFb79njv $t:hz/z fj1 ゛j7s/c0 /.älb` 
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Zhejiang province;  
S02, yellow-red soill g9§Bä9Jo agriculture and ecology 
experimental station tu l§b$A・c6? /8G4 -jh 1゜うc*J*4 d?/j(. 
sä・j5$J ゜xq!/käz;  
S03, brown red soil: ?7jpNtz experimental station :・ läutソ?9 
/4K2 ft゜ 7vuJBe21 ä/r.:§ c゛3bs:J fq/üa?7y. 
Air-dried, sieved 60-mesh, storage in the dark at 20 °C. 

Soil type: not reported 

Particle size: 

S01: Clay (<5 µm): 34%, Silt (5-50 µm): 59%, Sand (>50 µm): 
7% 
S02: Clay (<5 µm): 28%, Silt (5-50 µm): 57%, Sand (>50 µm): 
15% 
S03: Clay (<5 µm): 29%, Silt (5-50 µm): 58%, Sand (>50 µm): 
13% 

pH: S01: 6.07, S02: 6.86, S03: 7.13 
Organic matter content: S01: 24.53 mg kg-1, S02: 30.79 mg kg-1, S03: 33.64 mg kg-1 

 
B. Study design and methods 

1. Sampling 
 

Sample preparation: Soil samples were subdivided into 4 batches for treatment with 

the pyrethroides separately and as a mixture.  

Product label-specified max. application rate of 2 mg kg-1. 

Monitoring soil subsamples of 10 g were sampled for 

quantification of residue contents at intervals of 0, 7, 14, 21, 28, 

35, 49, 70, 91, and 112 days following pyrethroid treatment. 

The following test parameters were investigated: 

1) Three pyrethroides among them deltamethrin present in soil 

separately versus a mixture 

2) Sterilized versus unsterilized soil: 3 x autoclavation for 30 

min at 121 °C 

3) External carbon source: 1 mL of a glucose solution (200 g 

L-1) was added to each subsample 

4) Pesticide concentration: 2, 5, and 20 mg kg-1 

Sampling frequency: 0, 7, 14, 28, 35, 49, 70, 91 and 112 days following pyrethroid 

treatment 

Number of samples per site/soil 

type: 

not reported 

Storage of samples: The lab soil samples were kept in an incubation box at 25 °C 

and a soil moisture content of 25% by weight. 

2. Chemical analysis  

Method validation: not reported  

Guideline/protocol: not reported 

Method: Gas chromatograph (GC) equipped with electron capture 

detector (ECD) and a capillary HP-5 column 

Pre-treatment of samples: The extraction and clean-up procedure is described in detail in 

literature2.  

                                                 
2 Gu, X. Z., Zhang, L., Zhang, G. Y., Fan, C.-X., Chen, L. (2010). Preliminary Evidence that Copper and Zinc 
Inhibits the Dissipation of Synthetic Pyrethroid in Red Soil. Water Air Soil Pollut, 212: 345-355. 
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Briefly, the subsamples were repeatedly (3 x) extracted 

(extraction step: 50 mL of petroleum ether/acetone (2:1, v/v) at 

25 °C for 24 h, 30 min ultrasonic bath, 3,000 rev min-1 

centrifugation for 15 min, collect 30 mL of the supernatant into 

different test tube).  

The supernatants of the 3 extractions were combined and in 

total concentrated to ~2 mL (pre-concentration to ~20 mL with 

rotary evaporator at 40-45 °C, further drying by anhydrous 

Na2SO4 and pre-concentrated in the rotary evaporator to ~ 

2mL). 

The 2 mL extract was cleaned using a florisil column (20×1.5 

cm, absorbent cotton, 2 cm anhydrous Na2SO4, 3 g florisil) at 4 

mL min−1. The analyte was eluted with 60 mL petroleum 

ether/ethyl acetate (9:1, v/v), followed by a concentration until 

nearly dry with rotary evaporation.  

The dried eluate was then re-dissolved in 1 mL petroleum ether 

and analysed by GC-ECD. 

Conduction: Apparatus: GC equipped with ECD  

Column: capillary HP-5 column (30 m length, 0.32 mm i.d., 

0.25 μm film thickness) 

Carrier gas: Nitrogen, 40 mL min-1 

Column head pressure: 50 kPa 

Column oven temperature: 210 °C (initial time, 1 min) to 285 

°C at a rate of 10 °C min-1 and held thereupon for 10 min. 

Injector temperature: 270 °C 

Detector temperature: 320 °C 

Injection volume: 1 µL 

Compound identification: Retention time 

Reference item: not reported 

Recovery: 89.7 – 93.0% 

Limit of detection: 1.0 pg 

Limit of quantification: not reported 

 
II. RESULTS  
1. Validity criteria: 
None. 
 
2. Analytical findings: 
The data from the present study tend to suggest that pyrethroid dissipation in soil is not affected by 
whether the pesticides are present in soil separately or together as a mixture. Deltamethrin dissipated 
with half-lives of 18.4 and 18.1 days in unsterilized soil with separate compound application and 
application as a mixture, respectively. 
Increasing concentrations of deltamethrin in soil (2, 5, and 20 mg kg-1) lead to a considerable increase 
of the half-life of deltamethrin from 18.4 days to 29.2 days in unsterilized soil. Comparing the study 
data and half-lives between unsterilized and sterilized soils, the results reveal that microbial activity 
played a dominant role in the pyrethroid degradation in soil, at least up to the first 70 days of cultivation. 
On the other hand, in the present study, soil pH, soil organic matter contents, and external carbon source 
were all seen to affect the half-lives of the three pyrethroids in soil somewhat, although to a lesser extent 
compared to microbial activity. 

The results of the study are summarized in the following table. 
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Table 7.1.2.1.1- 13:  Deltamethrin dissipation equations and half-lives (days) in soil resulting 
from various treatments: sterilized, unsterilized, single compound 
application, pyrethroid mixture application, pyrethroid soil concentration, 
external carbon source, soil types 

Soil 
sample 

Treatment Dissipation 
equation 

Correlation 
coefficient r² 

Half-life 
[day] 

 

Single compound or mixture application 

S02 Sterilized - Single Ct= 2.35·e−0.0087t −0.9836 79.7 
Sterilized - Mixture Ct= 2.27·e−0.0082t −0.9941 84.5 
Unsterilized - Single Ct = 2.14·e−0.0376t −0.9239 18.4 
Unsterilized - Mixture Ct = 2.05·e−0.0383t −0.9551 18.1 

External carbon source – glucose addition 
Dissipation rate 
constant 
(mg kg-1 day-1) 

S01 None (CK) Ct = 2.26·e−0.0341t −0.907 20.3 0.0341 
Glucose added Ct = 1.90·e−0.0426t −0.8811 16.2 0.0426 

S02 None (CK) Ct = 2.14·e−0.0376t −0.9239 18.4 0.0376 
Glucose added Ct = 2.40·e−0.0447t −0.9644 15.5 0.0447 

S03 None (CK) Ct = 2.25·e−0.0440t −0.9072 15.7 0.0440 
Glucose added Ct = 2.16·e−0.0501t −0.9225 13.8 0.0501 

Deltamethrin concentration (mg kg-1) 
Dissipation rate 
constant (mg kg-

1 day-1) 
S02 2 Ct = 2.14·e−0.0376t −0.9235 18.4 0.0376 

5 Ct = 2.03·e−0.0355t −0.9758 19.5 0.0355 
20 Ct = 2.37·e−0.0237t −0.8789 29.2 0.0237 

 
Regressions of dissipation half-lives on pH, OMC, and CEC were performed for deltamethrin. The half-
lives appeared to correlate with soil pH (r = -0.9301) and soil OMC (r = -0.9514), but not with soil CEC 
(r = -0.2987). 
 
 
III. CONCLUSIONS 

Considering single compound application and pyrethroid mixture application in microbial active soil, 
dissipation half-lives of 18.4 and 18.1 days were reported for deltamethrin, respectively.  

Considering the influence of soil type, dissipation half-lives for deltamethrin ranged between 15.1 and 
20.3 days in different red soils.  
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CA 7.1.2.1.2  Aerobic degradation of metabolites, breakdown and reaction products 
Maximum formation fractions of Br2CA (cis) and mPBacid, as well as the degradation rate of Br2CA in 
soil under aerobic laboratory conditions in the dark were evaluated during the Annex I inclusion using 
the parent study of Error! Reference source not found. (1991) and ヌ2b゛§`ゔ üf 1j (1978). From the 
data of 14-90 days samples a DT50 of 21 days (r2 = 0.95) for Br2CA in one soil was indicated and 
accepted by the European Commission (SANCO/6504/VI/99-final, 17 October 2002). Not any DT50 

data were stated for the metabolite mPBacid since it was not regarded as a major metabolite that time. 
The following still relevant studies needed for both metabolite assessments are included in the Baseline 
Dossier:  
 
Author(s) Year Document No. 
W゛c3. W, W, 1991 M-136659-01-1 
z$rx.D? Ö, X,; Ä$)zJc. w, ,s; c゛aォ)/i. Z, ,カ; ycÄ?l/J. F, W,; ?jゅ
7JJt. ,ぉ V, 

1978 M-063775-01-1 

 
In order to fill data gaps new rate of degradation studies (Error! Reference source not found. 2013, 
report M-455519-01-1, and ?aF/ö`s ä: zt 2011, report M-413119-01-1) have been performed for both 
major degradation products. They are submitted within this Supplemental Dossier for the deltamethrin 
renewal of approval, together with an updated kinetics evaluation of their degradation kinetics 
considering all respective relevant data (see Error! Reference source not found. 2013, report M-
462053-01-1) in order to derive kinetic parameters suitable for modelling purpose and environmental 
risk assessment (a summary of the respective final data is given in Table 7.1.2- 2. 
 
 

Report: KCA 7.1.2.1.2 /01; P:(ä4.*? Ä,; sxg5z. ,E; 2013 
Title: [Gemdimethyl-14C]AE F108565 (Br2CA): Degradation in four aerobic soils 
Report No: EnSa-13-0193 
Document No: M-455519-01-1 
Guidelines: OECD Test Guideline No. 307 

DRAFT SANCO 11802/2010/rev 7 in accordance with Regulation (EC) 
No 1107/2009 
US EPA OCSPP Test Guideline No. 835.4100 / 835.4200 

GLP: Yes 
 
EXECUTIVE SUMMARY 

The rate of degradation of [gemdimethyl-14C]AE F108565 (Br2CA) was studied in four soils under 
aerobic conditions in the dark in the laboratory for 21 days at 20.1 °C and 54.6% of the maximum water 
holding capacity. Formation of significant amounts of non-extractable residues and carbon dioxide 
indicates a participation in the natural carbon cycle of soil and the potential for a complete mineralization 
of Br2CA.  

The experimental data could be well described by a single first order model for all soils tested. The half-
life of Br2CA under aerobic conditions was less than 6 days in all soils (see Table 7.1.2.1.2- 1).  

From this study it is concluded that Br2CA and its degradation products have no potential for 
accumulation in the environment. 
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Table 7.1.2.1.2- 1:  Best fit kinetics of Br2CA degradation in soils under aerobic conditions 

Soil Best Fit DT50 DT90 Chi2 Error Visual 
(Soil Type) Kinetic Model 1 [d] [d] [%] Assessment 2 

Zzöz?z) b-X :zaWx(ハとJ SFO 5.8 19.2 1.4 + 
pcfZe?e Ö・- AXXa SFO 3.0 10.2 1.3 + 

d?V4c(eq c Y・?yn7J? 4a SFO 4.1 13.7 4.2 + 
1äd!rA:i$1 II SFO 3.2 10.6 4.9 + 

1 SFO: Single first order  
2 Visual assessment: + good, o = moderate, - = poor 

 
I.   MATERIALS AND METHODS 
 
A.  MATERIALS 

1.  Test Item 

Radio-labelled Br2CA [Gemdimethyl-14C]AE F108565 
Batch Code KML 9443 
Specific radioactivity 7.04 MBq/mg (190.3 µCi/mg) 
Radio-chemical Purity: > 99%  
Chemical Purity: > 99%  
Diastereomeric Purity > 99%  

 

 
2.  Test Soils 
Four soils were used (see Table 7.1.2.1.2- 2, for more details see Table 1 of report). The soils were taken 
from agricultural use areas representing different geographical origin and different soil properties as 
required by the guidelines. No plant protection products were used for the previous 5 years. The soils 
were sampled freshly from the fields (upper horizon of 0 to 20 cm) and sieved to a particle size of 
≤ 2 mm. Soil collection and handling were in accordance to ISO 10381-6. Microbial biomass 
determination confirmed that the soils were viable. 
 
Table 7.1.2.1.2- 2:  Physico-chemical properties of test soils 

Soil Source Texture (USDA) pH * OC [%] 
ヮ0?e?zI 4D) y:zJäW!ハロ 2み04a/. Germany Sandy loam 5.2 1.8 
eacTä$( Ün` AXXa 5れk6?l. Germany Loamy sand 6.5 1.7 
どa5zyz)2 eグ 8*dc.D?Jv4a zcl.ゕx`J§$ Germany Silt loam 6.3 1.8 
:cIw4j81ö! II ヶüa5?だ:ey3t. Germany Loam 7.3 4.7 

* pH value derived from suspensions of soil / 0.01 M CaCl2 = 1/2. 
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B.  STUDY DESIGN 
 
1.  Experimental Conditions 
The static test system for degradation in soil under aerobic conditions consisted of Erlenmeyer glass 
flasks (volume e.g. 300 mL). Each flask was closed with a polyurethane (PU) foam plug allowing free 
oxygen exchange.  
For preparation of the test systems, 100 g dry weight equivalents of the sieved soils were weighed into 
each flask. Soil moisture was adjusted to 55 ± 5% of the maximum water holding capacity (MWHC) for 
the individual test systems by addition of de-ionized water. The flasks were then closed with PU foam 
plugs and equilibrated to study conditions for 3 days prior to application. 

The amount of test item for the treatment of test systems was based on the single maximum 
recommended field application rate (FAR) of the parent active substance Deltamethrin, 12.5 g per 
hectare, and a maximum formation of approximately 25% of degradation product Br2CA in a 
Deltamethrin soil degradation study (see Error! Reference source not found. 1991, report M-136665-
01-1). Due to analytical reasons, a 40-fold application rate was used, resulting in a nominal study 
application rate (SAR) of 197 µg per kg soil dry weight following OECD TG No. 307. The FAR was 
converted to the SAR by assuming a homogenous distribution of Br2CA in a soil layer of 2.5 cm depth 
and a generic soil bulk density of 1.5 g/cm3. 

The test item (141896 Bq equal to 20.2 µg, 100% AR) was applied dropwise onto the soil surface of the 
respective test systems in 400 µL methanol/water 1/1 (v/v) using a pipette. After application, the test 
vessels (except DAT-0 samples) were closed with PU foam plugs.  

The test systems were incubated in the dark for 21 days at mean temperature of 20.1 °C (MIN 19.8 °C, 
MAX 20.3 °C) and soil moisture of 54.6% (MIN 52.3%, MAX 55.4%) of MWHC in a walk-in climatic 
chamber. 
 
2.  Sampling 
7 sampling intervals were distributed over the entire incubation period of 21 days. Duplicate samples 
were processed and analysed 0,  1, 2, 4, 7, 14 and 21 days after treatment (DAT). Microbial soil biomass 
was determined at the start and after termination of the study (DAT-0, DAT-22).  
 
3.  Analytical Procedures 
At each sampling interval, the entire soil of each test system was extracted three times at ambient 
temperature using acetonitrile / water 4/1 (v/v). Furthermore, two microwave-accelerated extraction 
steps were performed using acetonitrile / water 1/1 (v/v) at 70 °C and methanol / water 1/1 (v/v) at 50 
°C. The amount of test item in soil extracts was determined by liquid scintillation counting (LSC) and 
by HPLC/radiodetection analysis. The amounts of volatiles and non-extractable residues were 
determined by LSC and combustion/LSC, respectively. The test item was identified by HPLC-MS(/MS) 
including accurate mass determination. The LOD of the HPLC/radiodetection method was determined 
as 6.0 Bq absolute on column or 0.4% AR. 

The degradation kinetics of the test item was determined according to FOCUS kinetics (2006) using the 
software KinGUI 2 with three different kinetic models: single first order, first order multi compartment 
and double first order in parallel. Model input datasets were the residual amounts found in each replicate 
test system at each sampling interval. The initial recovery at DAT-0 was included in the parameter 
optimization procedure, but for optimal goodness of fit, the value was allowed to be estimated by the 
model. The best-fit kinetic model was selected on the basis of the chi2 scaled-error criterion and on the 
basis of a visual assessment of the goodness of the fits. DT50 and DT90 values were calculated from the 
resulting kinetic parameters. 
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II.   RESULTS AND DISCUSSION 

Results indicated that the anticipated standardized aerobic conditions were maintained and that the soils 
were microbially active over the duration of the laboratory study. Further, the results demonstrated that 
the sample processing method was well suited to recover high amounts of the applied test item from the 
soil and that the test item was stable under these conditions. 
 
A. DATA 
 
Table 7.1.2.1.2- 3: Degradation of Br2CA in soil cäァ?a1! KüI d`/zJzWN under aerobic 

conditions (expressed as percentage of applied radioactivity (mean ± SD)) 

Compound 
Mean DAT 

SD 0 1 2 4 7 14 21 

Br2CA Mean 96.3 85.7 78.4 60.9 41.4 18.9 6.6 
SD ± 0.5 ± 0.4 ± 0.5 ± 1.4 ± 0.7 ± 0.8 ± 1.7 

Sum of Unid./Diff. Residues 1 Mean < LOD 3.9 5.9 8.5 9.5 7.2 5.1 
SD   ± 0.2 ± 0.5 ± 0.7 ± 0.5 ± 0.1 ± 0.0 

Total Extractable Residues 2 Mean 96.3 89.6 84.4 69.4 50.9 26.1 11.7 
SD ± 0.5 ± 0.6 ± 0.1 ± 0.7 ± 1.2 ± 0.9 ± 1.7 

Carbon Dioxide 3 Mean n.a. 1.5 3.4 7.2 12.4 29.8 37.2 
SD   ± 0.1 ± 0.1 ± 0.1 ± 0.0 ± 2.6 ± 1.2 

Volatile Organic Compounds 3 Mean n.a. 0.1 0.1 0.3 0.4 0.5 0.5 
SD   ± 0.0 ± 0.0 ± 0.0 ± 0.0 ± 0.1 ± 0.1 

Non-Extractable Residues 3 
Mean 0.9 7.3 12.9 23.8 36.3 44.3 48.6 
SD ± 0.2 ± 0.2 ± 0.6 ± 0.7 ± 1.0 ± 1.1 ± 2.4 

Total Recovery 2 Mean 97.1 98.4 100.9 100.6 100.0 100.7 98.1 
SD ± 0.3 ± 0.9 ± 0.5 ± 0.1 ± 2.1 ± 2.4 ± 0.6 

 
Table 7.1.2.1.2- 4: Degradation of Br2CA in soil ァäceey) D)b AXXa under aerobic conditions 

(expressed as percentage of applied radioactivity (mean ± SD)) 

Compound 
Mean DAT 

SD 0 1 2 4 7 14 21 

Br2CA Mean 98.6 79.8 64.6 41.2 19.7 3.0 1.3 
SD ± 0.2 ± 0.1 ± 1.5 ± 1.0 ± 1.3 ± 0.6 ± 0.0 

Sum of Unid,/Diff. Residues 1 Mean < LOD 5.4 8.8 9.4 8.4 5.5 5.4 
SD   ± 0.2 ± 0.3 ± 0.1 ± 0.1 ± 0.4 ± 0.2 

Total Extractable Residues 2 Mean 99.0 85.2 73.4 50.6 28.1 8.5 6.7 
SD ± 0.6 ± 0.3 ± 1.2 ± 1.1 ± 1.1 ± 0.2 ± 0.2 

Carbon Dioxide 3 Mean n.a. 2.1 6.3 12.3 19.5 33.3 37.1 
SD   ± 0.1 ± 0.1 ± 0.4 ± 0.3 ± 0.6 ± 0.8 

Volatile Organic Compounds 3 Mean n.a. 0.1 0.1 0.1 0.3 0.3 0.2 
SD   ± 0.0 ± 0.0 ± 0.0 ± 0.1 ± 0.0 ± 0.0 

Non-Extractable Residues 3 Mean 0.5 10.5 19.5 34.3 47.6 51.7 50.1 
SD ± 0.0 ± 0.5 ± 0.1 ± 0.9 ± 0.5 ± 0.4 ± 0.1 

Total Recovery 2 
Mean 99.5 98.0 99.2 97.3 95.6 93.8 94.1 

SD ± 0.6 ± 0.9 ± 1.2 ± 0.2 ± 0.3 ± 0.8 ± 1.2 
n.d.: not detected, n.a.: not analyzed, DAT: days after treatment, SD: standard deviation 
1 Minor degradates are summed up to unidentified residues, see Appendix 10 and 11 of report for max. amounts 
2 Difference to material balance values due to rounding errors as well as clean up and chromatographic losses 
3 Values taken from material balance 
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Table 7.1.2.1.2- 5: Degradation of Br2CA in soil ua(egソgz にz ÜgxJävä* under aerobic 
conditions (expressed as percentage of applied radioactivity (mean ± SD)) 

Compound 
Mean DAT 

SD 0 1 2 4 7 14 21 

Br2CA Mean 96.9 84.4 75.7 52.5 28.2 5.2 3.8 
SD ± 0.4 ± 0.8 ± 0.4 ± 2.3 ± 0.2   ± 1.1 

Sum of Unid./Diff. Residues 1 Mean < LOD 3.6 6.0 8.5 6.6 4.6 4.3 
SD   ± 0.3 ± 0.1 ± 0.3 ± 0.1   ± 0.3 

Total Extractable Residues 2 Mean 97.2 88.0 81.7 61.0 34.8 9.9 8.1 
SD ± 0.7 ± 0.4 ± 0.4 ± 2.6 ± 0.1   ± 0.7 

Carbon Dioxide 3 Mean n.a. 1.4 4.0 8.8 17.0 32.2 36.5 
SD   ± 0.1 ± 0.1 ± 0.5 ± 0.3   ± 0.7 

Volatile Organic Compounds 3 Mean n.a. < 0.1 0.1 0.1 0.2 0.2 0.3 
SD   ± 0.0 ± 0.0 ± 0.0 ± 0.0   ± 0.0 

Non-Extractable Residues 3 Mean 0.9 8.8 14.8 28.7 43.0 50.5 47.7 
SD ± 0.0 ± 0.3 ± 0.4 ± 2.4 ± 0.3   ± 0.2 

Total Recovery 2 
Mean 98.1 98.2 100.6 98.7 95.0 92.8 92.6 
SD ± 0.7 ± 0.1 ± 0.2 ± 0.3 ± 0.2   ± 0.2 

 *: Material Balance of one sample was < 90% AR, presumably due to a leakage during determination of carbon 
dioxide.  Therefore, the values of this sample were not used for calculations. 

 

Table 7.1.2.1.2- 6: Degradation of Br2CA in soil K/`)1:?b$h II under aerobic conditions 
(expressed as percentage of applied radioactivity (mean ± SD)) 

Compound 
Mean DAT 

SD 0 1 2 4 7 14 21 

Br2CA Mean 93.6 69.9 58.7 41.0 22.0 3.9 1.6 
SD ± 0.5 ± 2.6 ± 1.3 ± 5.3 ± 2.6 ± 2.5 ± 0.9 

Sum of Unid./Diff. Residues 1 Mean 0.5 3.9 5.1 5.6 6.2 5.2 4.9 
SD ± 0.0 ± 0.2 ± 0.1 ± 0.4 ± 0.1 ± 0.7 ± 0.4 

Total Extractable Residues 2 Mean 94.0 73.8 63.8 46.6 28.2 9.1 6.6 
SD ± 1.0 ± 2.8 ± 1.2 ± 4.9 ± 2.7 ± 1.8 ± 0.5 

Carbon Dioxide 3 Mean n.a. 2.2 5.6 11.5 19.1 34.5 37.7 
SD   ± 0.2 ± 0.2 ± 0.9 ± 0.6 ± 0.6 ± 0.5 

Volatile Organic Compounds 3 Mean n.a. < 0.1 0.1 0.1 0.1 0.2 0.1 
SD   ± 0.0 ± 0.1 ± 0.0 ± 0.0 ± 0.1 ± 0.0 

Non-Extractable Residues 3 Mean 2.3 21.4 29.1 39.0 46.1 52.3 50.5 
SD ± 0.2 ± 1.5 ± 1.0 ± 3.3 ± 1.1 ± 2.0 ± 1.7 

Total Recovery 2 Mean 96.3 97.4 98.6 97.3 93.5 96.0 94.8 
SD ± 0.8 ± 1.1 ± 0.0 ± 0.8 ± 1.0 ± 0.9 ± 1.7 

n.d.: not detected, n.a.: not analyzed, DAT: days after treatment, SD: standard deviation 
1 Minor degradates are summed up to unidentified residues, see Appendix 10 and 11 of report for max. amounts 
2 Difference to material balance values due to rounding errors as well as clean up and chromatographic losses 
3 Values taken from material balance 

 
B. MASS BALANCE AND DISTRUBUTION OF RADIOACTIVITY 

Mean material balance was 99.8% AR (range from 97.5 to 101.6% AR) for soil cä?(T5c uと! lW6`ダ
ソcJc. 97.0% AR (range from 94.1 to 99.6% AR) for soil äIァzz5c Ö゜I AXXa, 96.8% AR (range from 
92.8 to 100.8% AR) for soil どucä5!ao グ? Ö1J8゜ä_z and 96.4% AR (range from 93.9 to 98.6% AR) 
for soil A゛/cx!(:öb II. 
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Extractable residues decreased from DAT-0 to DAT-21 from 96.6 to 12.3% AR in soil Zcz・fää と!_ 
Wk(にXlaa.J from 99.1 to 7.0% AR in soil zァczöa( とk` AXXa, from 97.4 to 8.3% AR in soil u)7vÜa?c 
ハc Ugbä2gaJ and from 94.2 to 6.6% AR in soil 4:j・・とäö`r II. 

Non-extractable residues (NER) increased from DAT-0 to DAT-21 from 0.9 to 48.6% AR in soil 
zca!Z3ä 1Iど Wd`ÖlaJaダ. In soil zcaァä9I N0I AXXa, NER increased from DAT-0 to DAT-14 from 
0.5 to 51.7% AR and slightly declined to 50.1% AR until DAT-21. NER increased in soil zuäKgz)ö c 
1yJ9Üüa? from DAT-0 to DAT-14 from 0.9 to 50.5% AR and declined to 47.7% AR until DAT-21. In 
soil H/p$ja6qf- II, NER increased from DAT-0 to DAT-14 from 2.3 to 52.3% AR and slightly declined 
to 50.5% AR until DAT-21. 

The maximum amount of carbon dioxide was 37.2, 37.1, 36.5 and 37.7% AR at study end (DAT-21) in 
soil ァeäz-vz G-7 W?JapIと:, ヮ?x!??ä (K・ AXXa, kebcレaIx えz xcpJD7?o and di9IO/cö_! II, 
respectively.  

Formation of volatile organic compounds (VOC) was insignificant as demonstrated by values of ≤ 0.5% 

AR at all sampling intervals for all soils. 

 
C. DEGRADATION OF TEST ITEM 

The amount of Br2CA in the soil extracts decreased from DAT-0 to DAT-21 from 96.3 to 6.6% AR in 
soil ヮä)ca9ä Xd! h`cJäWつD/, from 98.6 to 1.3% AR in soil ?n-Zäzz §!N AXXa, from 96.9 to 3.8% 
AR in soil 0?vz$Äa( ?ダ n?J゜Yn2a and from 93.6 to 1.6% AR in soil w6j?7h):v) II. 

The experimental data could be well described by a single first order (SFO) kinetic model. The half-life 
of Br2CA under aerobic conditions was 5.8, 3.0, 4.1 and 3.2 days in soil ヮ)zc?_c ど1r Wo(äハÄ:aJ, 
eapIァez Y)k AXXa, rcYkazö7 zグ K_äzö7J6 and j?kfIOut71 II, respectively. Table 7.1.2.1.2- 1 
summarizes the best-fit results of the DT50 and DT90 calculations.  
 
 
III.   CONCLUSIONS 

Br2CA, a major degradation product of deltamethrin, is fast degraded and mineralized in aerobic soil in 
the dark. The half-life of Br2CA under standardized aerobic laboratory conditions was less than 6 days 
in all soils.  

From this study it is concluded that Br2CA and its degradation products have no potential for 
accumulation in the environment. 

The results are included in the summary of the degradation rates of deltamethrin and its major 
degradation products in soil in the laboratory given in section CA 7.1.2. 
 
 
 

Report: KCA 7.1.2.1.2 /02; ja.P!Jaü ,w; z:z1ÖjJj). ,s; 2011 
Title: AE F109036: Aerobic degradation in three European soils 
Report No: S11-01624 
Document No: M-413119-01-1 
Guidelines: OECD Test Guideline No. 307 
GLP: Yes 

 
EXECUTIVE SUMMARY 

The rate of degradation of AE F109036 (mPBacid), a degradation product of deltamethrin, was studied 
in three soils under aerobic conditions in the dark in the laboratory for 48 hours at 20 °C. The average 
soil moisture content was 55 % of the maximum water holding capacity over the entire period of the 
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study. The application rate of AE F109036 was 5.72 µg per vessel and 50 g air dried soil, which was 
equivalent to 0.11 mg AE F109036/kg soil. 

The mPBacid was rapidly degraded in all three soils under standardized aerobic laboratory conditions. 
The experimental data could be well described by a single first order model resulting in a max. DT50 
and DT90 value of 9 and 30 hours for mPBacid (see Table 7.1.2.1.2- 7).  

From this study it is concluded that mPBacid has no potential for accumulation in the environment. 
 
Table 7.1.2.1.2- 7:  Best fit kinetics of mPBacid degradation in soils under aerobic conditions 

Soil Best Fit DT50 DT90 Chi2 Error Visual 
(Soil Type) Kinetic Model 1 [hrs] [hrs] [%] Assessment 2 

ヮ5?!ece Nq( WにH/z?1IJ SFO 7 23 4.6 + 
と$(öz?3ä eだ X8?ö§2J? 4a SFO 9 30 2.5 + 

ソ・・k//ä6)- II SFO 7 23 0.9 + 
1 SFO: Single first order  
2 Visual assessment: + good, o = moderate, - = poor 

  

 
I.   MATERIALS AND METHODS 

1.  Test Item 

Unlabelled mPBacid AE F109036 
Batch No. AE F109036 00 1B99 0001 
Certificate: AZ 16815 
Chemical purity: 98.6 %  

 

 
2.  Test Soils 
Three soils were used (see Table 7.1.2.1.2- 8) for more details see Appendix 4 of report). The soils were 
taken from agricultural use areas representing different geographical origin and different soil properties 
as required by the guidelines. No plant protection products were used for the previous 5 years. The soils 
were sampled freshly from the fields (upper horizon of 0 to 20 cm) and sieved to a particle size of 
≤ 2 mm. Soil collection and handling were in accordance to ISO 10381-6. Microbial biomass 
determination confirmed that the soils were viable. 
 
Table 7.1.2.1.2- 8:  Physico-chemical properties of test soils 

Soil Source Texture (USDA) pH * OC [%] 
ァze1ä)a 9-ソ W?J゛(レt? üpäjだみ1. Germany Sandy loam 5.1 1.7 
$ä(äoaGh cダ Upö・?Jzu,4a Jaxさh-c/8. Germany Silt loam 6.5 1.6 
nc*qv)Yjt) II 2゜ä0ハヶiexäl.Germany Clay loam 7.3 4.8 

* pH value derived from suspensions of soil / 0.01 M CaCl2 = 1/2. 
 
B.  STUDY DESIGN 

1.  Experimental Conditions 
The static test system for degradation in soil under aerobic conditions consisted of Erlenmeyer glass 
flasks (volume e.g. 300 mL). Each flask was closed with a closed by cotton wool plug allowing free 
oxygen exchange.  

For preparation of the test systems, 50 g dry weight equivalents of the sieved soils were weighed into 
each flask. Soil moisture was adjusted to 55 ± 5% of the maximum water holding capacity (MWHC) for 
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the individual test systems by addition of de-ionized water. The flasks were then closed with PU foam 
plugs and equilibrated to study conditions for 3 days prior to application. 

The study application rate (SAR) was based on a single field application rate of deltamethrin of 12.5 g 
per hectare and a maximum theoretical formation of 100% of mPBacid in soil, resulting in a nominal 
SAR of 118 µg mPBacid per kg soil dry weight.  

The test item (actually 5.72 µg / 50 g dry weight of soil) was applied dropwise onto the soil surface of 
the respective test systems in 200 µL methanol/water 1/1 (v/v) using a pipette. After application, the test 
vessels (except DAT-0 samples) were closed with PU foam plugs.  

The test systems were incubated in the dark for 48 hours days at 20 °C and at 55% MWHC soil moisture 
in a climatic chamber. 
 
2.  Sampling 
Two treated flasks per soil were taken for analysis at the following sampling dates:  
0, 3, 6, 24 and 48 hours after treatment  
Note: The selected sampling intervals should guarantee to have at least two data points before the degradation 

half-life, which is recommended by the referenced OECD TG 307. On the other hand, due to the observed 
rapid degradation just 5 sampling intervals were investigated within 48 hrs in this study (the test guideline 
recommendation is at least six, but that during a time period of up to 120 days. 

The microbial biomass of the soil was determined by short term respiration immediately after arrival 
and directly after treatment. It was confirmed that the test soils were viable (see Table 3 of report).  

44 untreated flasks containing 50 g (dry weight) soil e(Zczba 0IK WÄlJä2!? were used for the 
concurrent recoveries. At every sampling date two samples were fortified with the same amount of test 
item as the treated flasks and two samples were treated with an amount at the LOQ level. 
 
3.  Analytical Procedures 
The test item was extracted from the soil with 80 mL acetonitrile/water (1/1, v/v). The suspension was 
shaken for at least 30 min. The dispersed soil was transferred to a 200 mL glass centrifuge tube. The 
extract was separated from the sediment by centrifugation at 2600 rpm for 5 minutes. The extraction 
was repeated for one time.  

The additional extraction of the samples was done using a soxhlet extractor. For this the complete soil 
samples were transferred to soxhlet hull and extracted with 120 mL acetonitrile/water (1/1, v/v) for 3 
hours.  

After this the ambient and soxhlet extracts were combined for the final analysis. About 1 to 2 mL of the 
supernatant was filtered over 0.45 µm single-use RC filters and transferred into a glass vial for HPLC-
MS/MS analysis. 

Concentrations of the test item in extracts and application solutions were determined by HPLC-MS/MS 
within 3 days after sampling. The test item was also used as analytical standard. The HPLC-MS/MS 
method was validated with regard to linearity, accuracy and precision (for more details see sections 5.7.4 
and 7.2 of report). The fortified samples were processed and analysed as described for the degradation 
samples. Blank soil matrix solutions were used to determine the background abundance of the test item 
in the respective soils.  

The disappearance time of the test item was calculated using the software package MATLAB 
(KINGUI), including information about the dissipation/degradation kinetics according to the 
recommendations of EC document 9188/VI/97 rev. 8 (2000).  The kinetic analysis followed the 
recommended procedures to derive modeling endpoints outlined by FOCUS (2006) with three different 
kinetic models: single first order, first order multi compartment and double first order in parallel. Model 
input datasets were the residual amounts found in each replicate test system at each sampling interval. 
The initial recovery at DAT-0 was included in the parameter optimization procedure, but for optimal 
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goodness of fit, the value was allowed to be estimated by the model. The best-fit kinetic model was 
selected on the basis of the chi2 scaled-error criterion and on the basis of a visual assessment of the 
goodness of the fits. DT50 and DT90 values were calculated from the resulting kinetic parameters.  

 
II.   RESULTS AND DISCUSSION 

Results indicated that the anticipated standardized aerobic conditions were maintained and that the soils 
were microbially active over the duration of the laboratory study. No significant differences in biomass 
of the samples were observed within 7 days.  

A. DATA 

Table 7.1.2.1.2- 9: Degradation of mPBacid in soils under aerobic conditions (mean values and 
SD expressed as % AA) 

 
Sample Hours after Treatment 

Soil 0 3 6 24 48 

ex!ァzzc U1( !:W・グUcJz 
A 102 68 55 12 6 
B 103 74 55 11 4 (<LOQ) 

Mean 102 71 55 12 5 * 

X)゜8?ä$c けä DdgcJ・
*a,4a 

A 106 83 61 21 LOQ 
B 105 83 66 15 5 

Mean 106 83 64 18 5 * 

npどjjz*7)- II 
A 98 76 57 10 (<LOQ) 
B 98 69 51 8 (<LOQ) 

Mean 98 73 54 9 2 * 

AA: Applied Amount  
*: Value taken for kinetics calculation 

 
B. METHOD VALIDATION 

Analyses of the samples were performed using a HPLC-MS/MS method, which was validated as 
required by the SANCO/3029/99 rev.4 working document prior to analysis of the samples. During 
method validation, recoveries of AE F109036 in soil WW were between 90-100 %, in soil DD between 
80-90 % and in soil HH were between 94-104 %. The determined values of the blank samples were less 
than 20 % of the assigned LOQ of the test item in all soils. 
In addition, the extraction efficiency was demonstrated by investigating the concurrent recovery samples 
at each sampling interval (for data see Table 7 of report). The mean recoveries of all concurrent 
recoveries were between 100 - 107%. 
 
C. DEGRADATION OF PARENT COMPOUND 

The amount of AE F109036 decreased fast during the incubation time from 106 % of the applied amount 
directly after application to 5 % in soil HH at the end of the study (48 hours). In soil DD the amount of 
AE F109036 decreased from 98 % to 2 % and in soil WW from 102 % to 5 % during the study. The 
extraction efficiency during the study was demonstrated by concurrent recovery samples.  
The disappearance time (DT50 and DT90) of the test item was calculated and is represented in the 
Table 7.1.2.1.2- 7. 

 
III.   CONCLUSIONS 

AE F109036 (mPBacid), a major degradation product of deltamethrin, is rapidly degraded in aerobic 
soil in the dark. The half-life of mPBacid under standardized aerobic laboratory conditions was less than 
10 hours in all soils.  
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From this study it is concluded that mPBacid has no potential for accumulation in the environment. 
The results are included in the summary of the degradation rates of deltamethrin and its major 
degradation products in soil in the laboratory given in section CA 7.1.2. 
 

Report: KCA 7.1.2.1.2 /03; Aq$.zI ,f G, s,; 2013 
Title: Deltamethrin: Kinetic Modelling Evaluation of Data from Aerobic Soil 

Degradation Studies to Derive Trigger and Modelling Endpoints 
Report No: VC/11/026A 
Document No: M-462053-01-1 
Guidelines: - EU Council Directive 91/414/EEC, as amended by Commission Directive 

95/36/EC of July 1995, Section 5, Point 7 and Commission Regulation (EC) No 
1107/2009 of 21 October 2009; 

- FOCUS kinetics (2006) 1 
GLP: No (modelling calculation) 

 
EXECUTIVE SUMMARY 

A kinetic evaluation of the relevant aerobic soil degradation studies with the insecticide deltamethrin 
and its major soil metabolites has been conducted using the computer program KinGUI2 according to 
FOCUS Kinetics guidance [FOCUS, 2006] 1. The updated kinetics results for the parent compound were 
summarized earlier, i.e. in the relevant section CA 7.1.2.1.  
In the following, the modelling endpoint DT50 values derived for the metabolites mPBacid and Br2CA 
are summarized, which can be used in environmental exposure assessments.  

The resulting DT50 values and maximum occurences in soil of deltamethrin’s major degradation 
products used as modelling input values for the calculation of predicted environmental concentrations 
in soil (PECsoil) are summarized in Table 7.1.2- 1, those for predicted environmental concentrations in 
groundwater (PECgw) in Table 7.1.2- 2. 
 
I.   METHODS 

Laboratory degradation data for the metabolites of deltamethrin (see sections CA 7.1.1 and CA 7.1.2) 
were evaluated against the FOCUS Kinetics flowcharts 1 for the determination of metabolite modelling 
endpoints. The chemical structure and names of the metabolites mPBacid and Br2CA are shown in 
section 2 of the report. The used data on degradation are shown in the following tables. 

Table 7.1.2.1.2- 10: Residue data for the study performed by Error! Reference source not found. 
1991, M-136659-01-1 

 Benzyl-label Gem-label 
 Replicate 1 Replicate 2 Replicate 1 Replicate 2 

Time   mPBacid  mPBacid  Br2CA  Br2CA 
(days)  (% AR)  (% AR)  (% AR)  (% AR) 

SSoil Casa Grand 
0  n.d.  n.d.  0.00  0.00 
1  n.d.  n.d.  2.45  2.74 
3  n.d.  n.d.  6.83  7.94 
7  n.d.  n.d.  10.61  12.20 

14  n.d.  n.d.  21.08  25.48 
30  n.d.  n.d.  22.91  21.35 
59  n.d.  n.d.  8.86  8.35 
90  n.d.  n.d.  1.75  2.32 

120  n.d.  n.d.  0.00a)  0.00a) 
181  n.d.  n.d.  0.00  0.00 

%AR = % applied radioactivity;  a) lowest tabulated value is 0.17%AR, ½ LOQ is be set as 0.09% for the 
calculations 
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Table 7.1.2.1.2- 11: mPBacid residue data for study performed by F(eispz jä et 2011, report 
M-413119-01-1 

Time 
(hours) 

mPBacid (mg/kg) 
Qtuf゛iz゜8` uGn!ä?y WダÜjcdfcJ 

0 0.113 0.121 0.117 
0 0.112 0.120 0.117 
3 0.087 0.095 0.078 
3 0.079 0.095 0.084 
6 0.065 0.070 0.063 
6 0.058 0.076 0.063 

24 0.011 0.024 0.014 
24 0.009 0.017 0.012 
48 < LOQ < LOQ 0.007 
48 < LOQ 0.006 <LOQ 

LOQ level 0.0058 mg/kg 
 
Modelling strategy for data processing, optimisation model and statistics:  
See earlier in report summary of Error! Reference source not found. 2013, report M-462053-01-1. 

 
II.   RESULTS 

The mPBacid data (Table 7.1.2.1.2- 11) were entered into the Figure 1 of KinGUI scheme and 
optimisations conducted in a stepwise procedure according to the FOCUS Kinetics Flowchart 7-2 for 
the determination of parent modelling endpoints (mPBacid dosed study).  

Table 7.1.2.1.2- 12 summarises the optimised model fits for mPBacid for the determination of modelling 
endpoints.  Detailed KinGUI2 output files are shown in the Appendix of report. The three soils from the 
mPBacid dosed study (Error! Reference source not found. et al. 2011, report M-413119-01-1) 
afforded excellent fits. The resp. study was conducted at 20°C and pF2 and thus the calculated DT50 
values do not require further normalisation.   

The geometric mean DT50 of 7.5 hours (Table 7.1.2.1.2- 13) can therefore be used in exposure 
assessments, along with a conservative formation fraction of 1.0. 

Table 7.1.2.1.2- 12: Optimised kinetic model parameters for mPBacid – modelling endpoints 

Soil Label Info 
Parent 
kinetic 

DT50 
(hours) 

DT90 
(hours) 

ffm 
(-) 

Chi2 
error (%) 

t-test 
(-) 

Visual fit 

$:rÖiabvgf N/A N/A (SFO) 6.9 23.0 - 1.3 3.41e-09 Excellent 
ロä`a724? N/A N/A (SFO) 9.0 29.9 - 1.9 1.96e-08 Excellent 

7lc?W(ど N/A N/A (SFO) 6.9 22.9 - 4.2 2.87e-08 Excellent 
 
Table 7.1.2.1.2- 13: Optimised kinetic model parameters for mPBacid – modelling endpoints 

(20°C and pF2) 

Soil Label Info 
Parent 
kinetic 

DT50 
(hours) 

Norm. 
DT50 

(hours) 

ffm 
(-) 

Chi2 
error 
(%) 

t-test 
(-) 

Visual fit 

ソ82`y:tzyI N/A N/A (SFO) 6.9 6.9 - 1.3 3.41e-09 Excellent 
ö(zyäDad N/A N/A (SFO) 9.0 9.0 - 1.9 1.96e-08 Excellent 

Wz0(だÜ/J N/A N/A (SFO) 6.9 6.9 - 4.2 2.87e-08 Excellent 
Geometric mean 7.5     
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The Br2CA data (Table 7.1.2.1.2- 11) were entered into the Figure 1 of KinGUI scheme and 
optimisations conducted in a stepwise procedure according to the FOCUS Kinetics Flowchart 7-2 for 
the determination of parent modelling endpoints. Detailed KinGUI2 output files are shown in Appendix 
8.2.1 and 8.2.2 of the report. The Casa Grand soil (Error! Reference source not found. 1991, report 
M-136659-01-1) is considered to give an acceptable DT50 value of 12.8 days (see Table 7.1.2.1.2- 14), 
16.8 days when normalised to 20oC and pF2 (see Table 7.1.2.1.2- 15). 

Table 7.1.2.1.2- 14: Optimised kinetic model parameters for Br2CA – modelling endpoints  

Soil Label Info 
Parent 
kinetic 

DT50 
(days) 

DT90 
(days) 

ffm 
(-) 

Chi2 
error 
(%) 

t-test 
(-) 

Visual fit 

Casa Grand Gem High HS 12.8 42.5 0.809 12.0 2.3e-10 Very good 
 
Table 7.1.2.1.2- 15 summarises the optimised model fits for Br2CA for the determination of modelling 
endpoints, thereby including the further data listed in Table 7.1.2.1.2- 3 to Table 7.1.2.1.2- 6, i.e. of 
Br2CA rate of degradation study report r4/öäPä aj /c 2013, report M-455519-01-1, on four soils. 

Altogether a geometric mean DT50 of 5.0 days can therefore be used in exposure assessments, along 
with a conservative formation fraction of 1.0. 

Table 7.1.2.1.2- 15: Optimised kinetic model parameters for Br2CA – modelling endpoints 
(20°C and pF2) 

Soil Label Info 
Parent 
kinetic 

DT50 
(days) 

Norm. 
DT50 

(days) 

ffm 
(-) 

Chi2 
error 
(%) 

t-test 
(-) 

Visual fit 

:W9!けQJ? Gem N/A (SFO) 5.8* 5.8 - 1.4 1.82e-15 Very good 
AXXa Gem N/A (SFO) 3.0* 3.0 - 1.3 3.10e-16 Very good 

ソrzz*z§・ Gem N/A (SFO) 4.1* 3.5 - 4.2 4.51e-11 Very good 
$gpNdti?!- Gem N/A (SFO) 3.2* 3.2 - 4.9 1.07e-09 Very good 
Casa Grand Gem High HS 12.8 16.8 0.809 12.0 2.3e-10 Very good 

Geometric mean 5.0     
* Results taken from ,eÄlyqä h. ni 2013, report M-455519-01-1 

 

CA 7.1.2.1.3  Anaerobic degradation of the active substance 
The degradation rate of deltamethrin in soil under anaerobic conditions in the dark in the laboratory was 
evaluated during the Annex I inclusion and was accepted by the European Commission 
(SANCO/6504/VI/99-final, 17 October 2002). The following two studies included in the Baseline 
Dossier were regareded relevant:  
 

Author(s) Year Document No. 
Weu6. W, W, 1991 M-136665-01-1   
X?üヴ(ä3. ,A A,; vJÄ?ä). w,s,; C$JJ:/.a ぉ,; ヶe::(2ä. 
T,,K 1980 M-149538-01-1  

 
Deltamethrin is extensively degraded in soil under anaerobic conditions, DT50 ranges from 32 to 105 
days (n = 5), however, degradation was somewhat retarded in comparison with the aerobic degradation. 
The principal degradation pathway under anaerobic conditions was the same as that observed in aerobic 
conditions.  
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No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval. In general, anaerobic conditions are unlikely to occur in soil when deltamethrin is used.  

CA 7.1.2.1.4  Anaerobic degradation of metabolites, breakdown and reaction products 
During the Annex I inclusion information on degradation of deltamethrin metabolites under anaerobic 
conditions in the dark in the laboratory was accepted by the European Commission 
(SANCO/6504/VI/99-final, 17 October 2002), and it was not regarded as a relevant process in soil. 
Therefore, no additional studies on this topic are submitted within this Supplemental Dossier for the 
deltamethrin renewal of approval.  

In general, anaerobic conditions are unlikely to occur in soil when deltamethrin is used. In the 
exceptional case that anaerobic conditions occur in soil after deltamethrin was used, it is expected that, 
temporarily, the major metabolites Br2CA (cis)  and mPBacid will be more stable in an anaerobic soil 
environment, however, will then be rapidly degraded once aerobic conditions are established again (see 
section CA 7.1.2.1.2 before); subsequently they do not have the potential to reach unaerobic aquifers 
(see for PECgw calculations in the MCP dossier section 9.2.4).  
 

CA 7.1.2.2  Field studies 
The dissipation of deltamethrin in soil under field conditions was evaluated during the Annex I inclusion 
and was accepted by the European Commission (SANCO/6504/VI/99-final, 17 October 2002).  

No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval. In general, the field studies confirmed the results received by the set of laboratory studies. 

CA 7.1.2.2.1  Soil dissipation studies 
The following two studies, one from USA and one from Germany, included in the Baseline Dossier 
were regarded relevant during the Annex I inclusion:  
 

Author(s) Year Document No. 
れädJ/?äp. s, ,み; R?)??.eb゜l s, ,s 1991 M-149730-01-1  
ノez゛?ii. Ü,; )J:?8/3. Y, ; YIäJ_. C, 1990 M-127756-01-1* 

*: German language; the English translation is report M-127756-01-2. 
 
In the terrestrial field soil dissipation studies conducted in Minnesota, US and at four sites in Germany 
Deltamethrin showed a relatively fast to moderate dissipation from soil under field conditions with field 
DT50 ranging from 14 to 29 days (SFO, n = 5) on bare soil, even after multiple application of exaggerated 
doses. In the US study soil cores were analysed for deltamethrin and its major soil metabolite Br2CA 
down to a depth of 90 cm and 30 cm, respectively. Deltamethrin residues were mainly confined to the 
upper 15 cm of soil, Br2CA was not detected above the limit of quantification (LOQ = 0.01 mg/kg soil) 
under field conditions. 
 
Table 7.1.2.2.1- 1:  Agreed EU field DT50 values estimated for deltamethrin according to 

Appendix II of SANCO/6504/VI/99-final, 2002) 

Study No. DT50 Comment 

M-149730-01-1 2 – 3 weeks Both cropped and bare soil (US) 

M-127756-01-2 1 – 4 weeks 
Four bare soils in GER,  

overall realistic estimate: 3 weeks 
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CA 7.1.2.2.2  Soil accumulation studies 
Field accumulation and soil residue studies have not been performed and are not required for 
deltamethrin.  
 

CA 7.1.3  Adsorption and desorption in soil 
CA 7.1.3.1  Adsorption and desorption 
The adsorption and desorption behaviour of deltamethrin, Br2CA and mPBacid in soil was evaluated 
during the Annex I inclusion (compare EU Monograph Annex B7) and was accepted by the European 
Commission (SANCO/6504/VI/99-final, 17 October 2002). However, not any adsorption and 
desorption data were stated in the LoEP for the metabolite mPBacid since it was not regarded as a major 
metabolite that time. 
 
The following table summarizes the adsorption constants KOC(ads) in soils to be used for modelling 
purposes:  
 
Table 7.1.3.1- 1:  Overall summary of adsorption constants KOC(ads) in soils of deltamethrin 

and its major degradation products 

Compound KOC(ads) 1 Freundlich  
[mL/g] exponent 1/n 1 

Deltamethrin 10,240,000  0.93 
Br2CA 25.6 0.89 
mPBacid 158.3 0.96 
1 arithmetic mean 
 

 

CA 7.1.3.1.1  Adsorption and desorption of the active substance 
The adsorption and desorption behaviour of deltamethrin in soil in batch equilibrium experiments was 
evaluated during the Annex I inclusion and was accepted by the European Commission 
(SANCO/6504/VI/99-final, 17 October 2002). The following study included in the Baseline Dossier 
was regarded relevant during the Annex I inclusion: 
 

Author(s) Year Document No. 
Pヴ゛.tj ,K ,み 1990 M-135594-01-1 

 
The measured Koc values ranged from 460,000 to 16,300,000 mL/g, the arithmetic mean Koc was 
10,240,000 mL/g and the arithmetic mean Freundlich exponent 1/n was 0.93 (see table below). No pH 
depencency was stated.  
It was concluded that adsorption and desorption data of deltamethrin indicate that the substance does 
not have a leaching potential. 
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Table 7.1.3.1.1- 1  Adsorption data of deltamethrin (P/pて/ 1990; M-135594-01-1) 

Soil 
 

Kf value 
[mL/g] 

Koc value 
[mL/g] 

Kom value 
[mL/g] 

1/n 
 

Arizona I (sandy loam)  9,600 16,300,000 9,500,000 0.77 
Arizona II (sandy loam) 30,000 12,800,000 7,400,000 1.20 
Arizona III (clay) 26,700 11,400,000 6,600,000 0.74 
Mississippi (silty clay loam) 3,790 460,000 270,000 1.01 
Arithmetic mean: 17,520 10,240,000 5,940,000 0.93 

Note: In March 2008 the former RMS Sweden (KemI) informed the EU Commission and MS in a letter about the 
Swedish re-evaluation of the Koc-values stated in Appendix II to the review report on the insecticide 
deltamethrin (Review report for the active substance deltamethrin (6504/VI/99-final, 17 October 2002). Sweden 
was RMS for the application of deltamethrin as a biocide (PT 18), in which an adsorption study by n)jJuゕ/Jzva 
(1993; M-152148-01-1) was evaluated. This study provides three new Koc-values ranging from 204 000 to 
577 000 mL/g in soils with organic carbon contents of 0.46-0.81%. This study was regarded as acceptable by 
Sweden. A new mean Koc of 408 250 mL/g was proposed by the former RMS which still indicates a very high 
adsorption to soil and a classification as immobile. The use of this value would not significantly change any 
predicted environmental concentration calculations. This Koc was also used by KemI in the evaluation of 
deltamethrin as a biocide. KemI was of the opinion that a harmonised approach for the Draft Assessment Report 
and the Competent Authority Report is to prefer. However, officially the endpoint was not changed in the list of 
endpoints under EU directive 91/414 and, therefore, the official value is still used for PEC calculations. 

No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval. A summary of the adsorption and desorption behaviours of deltamethrin and its major 
degradation products in soil is given in section CA 7.1.3.1. 

CA 7.1.3.1.2 Adsorption and desorption of metabolites, breakdown and reaction 
products 

The adsorption and desorption behaviour of Br2CA and mPBacid in soil in batch equilibrium 
experiments was evaluated during the Annex I inclusion and was accepted by the European Commission 
(SANCO/6504/VI/99-final, 17 October 2002). The following studies included in the Baseline Dossier 
were regarded relevant during the Annex I inclusion: 
 

Author(s) Year Document No. 
W.äüü W, W, 1991 M-150487-01-1  
pöty.BavJ s, ,Z 1992 M-149517-01-1  

 
The sorption of Br2CA was investigated by Error! Reference source not found. 1991 (report M-
150487-01-1) in a batch equilibrium study with five soils. Sorption values for two of the soils were not 
included here, following a recommendation in the EU Review Report of Deltamethrin (EU, 2002). The 
remaining measured Koc values ranged from 10.1 to 43.7 mL/g (see table below). No pH depencency 
was stated.  

Modelling simulations should be conducted with the arithmetic mean Koc = 25.6 mL/g and with the 
arithmetic mean Freundlich exponent 1/n = 0.89. 
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Table 7.1.3.1.2- 1:  Adsorption data of Br2CA (Error! Reference source not found. 1991, report M-
150487-01-1) 

Soil 
 

Kf value 
[mL/g] 

Koc value 
[mL/g] 

Kom value 
[mL/g] 

1/n 
 

Arizona II (sandy loam) a) 0.089 38.2 22.2 1.00 
Arizona III (clay) a) 0.109 46.8 27.1 1.00 
Mississippi (silty clay loam) 0.355 43.7 25.4 0.96 
USA (sandy loam) 0.587 23.0 13.3 0.89 
Michigan (clay loam) 0.267 10.1 5.9 0.83 

Arithmetic mean: 0.403 25.6 14.9 0.89 
a) not included in the average of 26 mL/g, following the recommendation of the EU Review Report (EU, 2002) 

 

The sorption of mPBacid was investigated by Error! Reference source not found. 1992 (report M-
149517-01-1) in a batch equilibrium study with four soils. The measured Koc values ranged from 50.7 
to 287.8 mL/g (see table below). No pH depencency was stated. 

Modelling simulations should be conducted with the arithmetic mean Koc (Kom) = 158.3 mL/g 
(91.8 mg/L) and with the arithmetic mean Freundlich exponent 1/n = 0.96. 
 
Table 7.1.3.1.1- 2  Adsorption data of mPBacid (Error! Reference source not found. 1992, report 

M-149517-01-1) 

Soil Kf value Koc value Kom value 1/n 
 [mL/g] [mL/g] [mL/g]  

Arizona (clay) 0.6677 287.76 166.9 0.9898 
Mississippi (silty clay loam) 1.5421 189.90 110.2 1.0068 
Maryland (sandy loam) 2.6806 105.03 60.9 0.9386 
Michigan (clay loam) 1.3397 50.65 29.4 0.9218 

Arithmetic mean: 1.558 158.3 91.8 0.96 
 
No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval. A summary of the adsorption and desorption behaviours in soil of the major degradation 
products of deltamethrin and is given in section CA 7.1.3.1. 

CA 7.1.3.2  Aged sorption 
Studies are not required under Commission Regulation (EU) No 283/2013 in accordance with 
Regulation (EC) No 1107/2009. 
 

CA 7.1.4  Mobility in soil 
The mobility of deltamethrin in soil was evaluated during the Annex I inclusion and was accepted by 
the European Commission (SANCO/6504/VI/99-final, 17 October 2002). Soil column studies and one 
of the field dissipation studies (see Error! Reference source not found. et al 1991, report M-149730-
01-1) confirmed the conclusion that deltamethrin has a very low potential to leach through soils and 
contaminate groundwater or surface water via this route.  

Studies on the column leaching of deltamethrin are not required anymore. The leaching behaviour can 
be assessed from the available adsorption/desorption values combined with other relevant input data by 
accepeted modelling estimations, i.e. PECgw calculations submitted by the respective MCP section 
9.2.4. 
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CA 7.1.4.1  Column leaching studies 
CA 7.1.4.1.1  Column leaching of the active substance 
The following studies included in the Baseline Dossier were regarded relevant during the Annex I 
inclusion: 

Author(s) Year Document No. 
zJ・j.Gäc み,; cにc.sj S, 1977 M-149491-01-2  
Uec._!だd カ, Ö,; ャJbJ?tj. R, O,; 
.Ü?dJzI ,O s, 

1980 M-149493-01-1 

 
No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval.  
 

CA 7.1.4.1.2 Column leaching of metabolites, breakdown and reaction products 
No relevant studies are included in the baseline dossier, and no additional studies are submitted within 
this Supplemental Dossier for the deltamethrin renewal of approval.  

The leaching behaviour can be assessed from the available adsorption/desorption values combined with 
other relevant input data by accepeted modelling estimations, i.e. PECgw calculations submitted by the 
respective MCP section 9.2.4. 
 

CA 7.1.4.2 Lysimeter studies 
No relevant studies are included in the baseline dossier, since such were not required. No additional 
studies are submitted within this Supplemental Dossier for the deltamethrin renewal of approval.    
 

CA 7.1.4.3  Field leaching studies 
No relevant studies are included in the baseline dossier, since such were not required. No additional 
studies are submitted within this Supplemental Dossier for the deltamethrin renewal of approval.  

CA 7.2  Fate and behaviour in water and sediment 
Deltamethrin is hydrolytically stable in water under neutral (pH = 7) and acidic conditions (pH = 5) at 
25 °C. The degradation of deltamethrin in water due to hydrolysis is significant only at elevated pH 
conditions, with a DT50 of 31 days at pH = 8 (at 23 °C) and 2.5 days at pH = 9 (at 25 °C). The two major 
hydrolytis products, mPBaldehyde and Br2CA, i.e. found at pH 9, result from the ester cleavage of 
deltamethrin. . If oxygen is present in such aqueous solutions it is expected that the final products of 
hydrolytic cleavage would have been mPBacid and Br2CA. Under environmental conditions in the 
presence of oxygen, mPBaldehyde is rapidly oxidised to mPBacid. 

The UV-VIS absorption data in the environmentally relevant pH range showed that deltamethrin in 
aqueous solutions does only absorb very low amounts of light at wavelengths above 290 nm. Further, 
the quantum yield of direct photo-transformation in water is rather low (Φ = 8.72 x 10-4). Therefore, no 
contribution of the direct photodegradation to the overall elimination of deltamethrin in the aqueous 
environment is to be expected (DT50 ≥ 48 days). However, the indirect photodegradation of deltamethrin 
in surface water is faster in the presence of natural photosensitising substances with a DT50 of 4 days. 
There, the main degradation product detected was mPBacid at maximum amounts of 47% of the applied 
radioactivity in the sensitised system. 

The studies evaluated during the last Annex I listing with deltamethrin in two different natural 
water/sediment systems showed that the compound was thoroughly degraded leading to CO2 as the end 
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product of the mineralization process. The adsorption of deltamethrin from water to the sediments 
accounts for 60 to 88% of the applied radioactivity, and is the most important dissipation route in natural 
surface water. 50% of the deltamethrin in the water disappeared from the water column within 1 day. 
The DT50 for the entire system (water + sediment) ranged from 40 to 90 days under standard conditions 
in the dark. Main metabolites in water/sediment systems were: α-R-isomer of deltamethrin (max. 24% 
of applied radioactivity in sediment,); 4'-OH-deltamethrin (maximum 8% in sediment) and mPBacid 
(maximum 6% in water). Position of 14C- labelling (benzyl-14C) did not allow measurement of Br2CA. 

The dissipation DT50 of deltamethrin in the water column of several micro-/mesocosm and natural pond 
studies ranged from 1.5 to 24 hours. It was concluded that the substance will rapidly disappear from the 
water column with an expected half-life of about 1 day. Deltamethrin will mainly be distributed to 
suspended organic material, biota, and eventually to sediments. Further bioavailability is reduced, which 
in part may explain the slow biodegradation. In the outdoor microcosm study (V9゛$ekz 0: 9i 2001, 
report M-200619-03-1), with three applications at 7 day intervals, trans-isomer of deltamethrin was 
observed in the water column at up to 16.6% of TRR (= total radioactive residue) one day after the 1st  
application. 

A conservative DT50 of 1000 days for trans-isomer of deltamethrin in water and sediment was used in 
the FOCUS STEP 1 and 2 calculations. 

Despite the low vapour pressure of deltamethrin (1.1×10-6 Pa at 20°C)  volatilisation from water 
surface appears to be an additional dissipation route, as deltamethrin may form a microlayer film onto 
the water surface after spray drift. Volatilisation from this surface microlayer can be explained by the 
Henry’s law constant of deltamethrin of 2.1×10 Pa×m3/mol (referring to distilled water of a final pH 
6.8).  

The dossier supporting the approval renewal of deltamethrin includes an additional mesocosm study 
with realistic spray exposure (k46ヌfッph /7 1j, 2005, M-246137-01-1) using 12 test tanks of 6 m3 water 
and 1 m water depth, as representative of a small stagnant water body. It was completed after the Annex 
I inclusion. Deltamethrin decreased after all applications quickly and steadily with an average half-life 
in the water column of 22.4 hours, and the DT50 for the whole system (water plus sediment) was 
determined to be 31.6 hours, only. 

An additional aerobic water-sediment study for the parent compound (fö:c゛in/P$vl äI jö 2012, M-
434820-01-1) is included using a second label position, 14C-gemi-dimethyl label of deltamethrin to allow 
the investigation of the second half of the deltamethrin molecule. The new study performed with two 
different water/sediment systems included acidic sediment, also. Both topics had been mentioned as a 
kind of data gap during the earlier EU evaluation.  

Again it was shown that deltamethrin is thoroughly degraded during the study duration leading to 14CO2 
as the end product of the mineralization process (max. 39% of AR at 99 days). Further, in total five 
major metabolites were detected during the study: α-R-isomer of deltamethrin, Br2CA, Serinyl-BrCA, 
and BrCA (isomer 1 and 2). The new metabolites resulted from the degradation of Br2CA which could 
not be followed by the earlier study performed with the other radiolabel. The proposed updated 
degradation pathway of deltamethrin in water and sediment is shown in Figure 7.2- 1.  
 

In summary, the major routes of degradation or dissipation of deltamethrin in natural water systems are 
adsorption to the sediment (as well as to suspended solids and aquatic macrophytes), chemical and 
photochemical conversion to the trans- and alpha-R-isomer of deltamethrin, and hydrolysis with 
subsequent oxidation of the transformation products.  

In addition, several authors have also stated that volatilisation may be a route of dissipation of 
deltamethrin from a water surface microlayer.  

Altogether deltamethrin has no potential to be present in open waters. 
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Figure 7.2- 1:  Proposed degradation pathway of deltamethrin in water and sediment 

 

 
 
 
 

In the following a summary of input data, considering the respective new kinetic evaluations of Error! 
Reference source not found. 2013 (report M-461952-01-1) and Error! Reference source not found. 
2013 (report M-462042-01-1) on degradation in aerobic water/sediment systems according to FOCUS 
kinetics guidance, is given for deltamethrin and its metabolites in order to be used for surface water and 
sediment exposure assessments. 

Table 7.2.2.3- 14 and Table 7.2.2.3- 15 summarise the resulting optimised modelling and trigger 
endpoint DT50 values for deltamethrin resulting from the new water sediment study.  

Table 7.2.2.3- 16 summarises the resulting optimised total system modelling endpoint DT50 values for 
alpha-R isomer of deltamethrin, a primary degradate of the parent compound. The α-R-isomer was 
observed in the water column at up to 11.6% and in total water sediment system up to 36.5% of the total 
applied deltamethrin 1 day after the application. In FOCUS STEP 1 and 2 calculations a DT50 value of 
34.0 days can be used to quantify the degradation in water and sediment.  

Table 7.2.2.3- 25 summarises the optimised modelling endpoint DT50 values for the sum of deltamethrin 
and alpha-R isomer of deltamethrin considering the data from the water/sediment studies with both 
radiolabels, the study with the benzyl-14C-label already evaluated and the new study with the gemi-
dimethyl label. In FOCUSsw evaluations, a total system DT50 value of 52.2 days can be used as a 
conservative approach for the water phase degradation along with a default DT50 value of 1000 days for 
the sediment phase degradation.  
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Table 7.2.2.3- 26 summarises the calculated water phase and total system DT50 values for the sum of 
deltamethrin and alpha-R isomer of deltamethrin considering the data from the water/sediment studies 
with both labels suitable for use as trigger endpoints. 

Table 7.2.2.3- 27 summarises the optimised total system modelling endpoint DT50 values for Br2CA 
(cis). In the new laboratory water/sediment study with deltamethrin, Br2CA was observed in the water 
column at up to 32.2% and in total water sediment system up to 43.9% of the total applied deltamethrin 
7 days after the application. In FOCUS STEP 1 and 2 a DT50 value of 10.7 days can be used to quantify 
the degradation of Br2CA in water and sediment. 

In the new laboratory water/sediment study with deltamethrin, BrCA isomer 1 was observed in the water 
column at up to 20.4% and in total water sediment system up to 32.4% of the total applied deltamethrin 
30 days after the application. BrCA isomer 2 was observed in the water column at up to 7.7% and in 
total water sediment system at up to 9.9% of the total applied deltamethrin 50 days after the application. 
A conservative DT50 of 1000 days for BrCA isomer 1 and 2 in water and sediment can be used in the 
FOCUS STEP 1 and 2 calculations for these metabolites. 

In the new laboratory water/sediment study with deltamethrin serinyl-BrCA was observed in the water 
column at up to 7.8% and in total water sediment system up to 10.0% of the total applied deltamethrin 
73 days after the application. A conservative DT50 of 1000 days for serinyl-BrCA in water and sediment 
can be used in the FOCUS STEP 1 and 2 calculations for this metabolite. 

In the laboratory water/sediment study with deltamethrin (Error! Reference source not found., 1993; 
M-131938-01-1) 4´-OH-deltamethrin was observed in the sediment at up to 8.5% of the total applied 
deltamethrin 7-14 days after the application. For FOCUS PECsw STEP 1 and 2 calculations the 
maximum occurrence of 1% in water of study M-131938-01-1 can be used. A conservative DT50 of 1000 
days for 4´-OH-deltamethrin in water and sediment can be used in the FOCUS STEP 1 and 2 calculations 
for this metabolite. 

In the laboratory aqueous photolysis study of deltamethrin (Wc*x グ ォくg:3ckJ 1991; M-136754-01-
1) mPBacid was observed at up to 11%. A conservative DT50 of 1000 days for mPBacid in water and 
sediment can be used in the FOCUS STEP 1 and 2 calculations for this metabolite. 

Table 7.2- 1 and Table 7.2- 2 summarise the substance related parameters to be used for deltamethrin 
and its metabolites in the calculations at FOCUS SW Step1-2 level.  

For PECsw calculations the maximum occurrence in the water column is used. For PECsed calculations 
the maximum occurrence in total water/sediment system is used. For PECsw calculations of metabolites, 
for which measured Koc values are not available, a Koc of 0 mL/g is used.  

For PECsed calculations measured Koc data can be used if available. For the alpha-R isomer and trans-
isomer of deltamethrin, for which measured Koc values were not available, the Koc of Deltamethrin 
was used. For metabolites, for which measured Koc values were not available, the default Koc of 1000 
mL/g can be used. 
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Table 7.2- 1:  Substance parameters for deltamethrin and its metabolites used in PECsw 
calculations  

Parameter Unit Deltamethrin alpha-R-isomer 
of deltamethrin 

trans-isomer 
of deltamethrin 

Br2CA BrCA 
 isomer 1 

Molar Mass 
Water Solubility 
Koc 
Degradation 
   Soil 
   Total System 
   Water 
   Sediment 
Max Occurrence 
   Water / Sediment 
   Soil 

g/mol 
mg/L 
mL/g 
 
days 
days 
days 
days 
 
% 
% 

505.2 
0.00027 

10240000 
 

54.8 
52.2 
52.2 
52.2 

 
- 
- 

505.2 
0.003 

0A 
 

1000* 
34.0 
34.0 
34.0 

 
11.6 

0.001 

505.2 
0.0042 

0A 
 

1000* 
1000* 
1000* 
1000* 

 
16.6 

0.001 

298.0 
9000 
25.6 

 
5.0 

10.7 
10.7 
10.7 

 
32.2 
23 

219.1 
10000 

0A 

 
1000* 
1000* 
1000* 
1000* 

 
20.4 

0.001 
 

Parameter Unit BrCA 
isomer 2 

Serinyl-BrCA 4-OH-
Deltamethrin 

mPBacid 

Molar Mass 
Water Solubility 
Koc 
Degradation 
   Soil 
   Total System 
   Water 
   Sediment 
Max Occurrence 
   Water / Sediment 
   Soil 

g/mol 
mg/L 
mL/g 
 
days 
days 
days 
days 
 
% 
% 

219.1 
10000 

0A 

 
1000* 
1000* 
1000* 
1000* 

 
7.7 

0.001 

306.2 
140000 

0A 

 
1000* 
1000* 
1000* 
1000* 

 
7.8 

0.001 

521.2 
0.1 
0A 

 
1000* 
1000* 
1000* 
1000* 

 
1 

0.001 

214.2 
9100 
158.3 

 
0.31 

1000* 
1000* 
1000* 

 
11 
5.6 

A No measured Koc available, in a very conservarive approach no adsorption assumed and Koc set to 0 
* Default value used 

Table 7.2- 2:  Substance parameters for deltamethrin and its metabolites used for PECsed 
calculations 

Parameter Unit Deltamethrin alpha-R-isomer 
of deltamethrin 

trans-isomer 
of deltamethrin 

Br2CA BrCA 
 isomer 1 

Koc 
Max Occurrence 
   Water / Sediment 

mL/g 
 
% 

10240000 
 
- 

10240000A 

 
36.5 

10240000A 

 
16.6 

25.6 
 

43.9 

1000* 
 

32.4 
 
Parameter Unit BrCA 

isomer 2 
Serinyl-BrCA 4-OH-

Deltamethrin 
mPBacid 

Koc 
Max Occurrence 
   Water / Sediment 

mL/g 
 
% 

1000* 
 

9.9 

1000* 
 

10 

1000* 
 

8.5 

158.3 
 

11 
A Koc of deltamethrin used 
* Default value used 
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CA 7.2.1  Route and rate of degradation in aquatic systems (chemical and 
photochemical degradation) 

CA 7.2.1.1  Hydrolytic degradation 
The hydrolytic route and rate of degradation of deltamethrin in buffers under sterile conditions in the 
dark in the laboratory were evaluated during the Annex I inclusion using two radiolabel positions, [14C]-
benzyl and [14C]-gemdimethyl], and were accepted by the European Commission (SANCO/6504/VI/99-
final, 17 October 2002). The following studies included in the Baseline Dossier were regarded relevant 
during the Annex I inclusion: 

 
Author(s) Year Document No. 
れe゜!z). E,; 4z`Pzc?-. ,カ 2002 M-206738-01-1  
Fヂti8. カ, み, 1990 M-129026-01-1  

 

Deltamethrin is hydrolytically stable in water under neutral (pH = 7) and acidic conditions (pH = 5) at 
25 °C. The degradation of deltamethrin in water due to hydrolysis is significant only at elevated pH 
conditions, with a DT50 of 31 days at pH = 8 (at 23 °C) and 2.5 days at pH = 9 (at 25 °C).  

The two major hydrolytis products, i.e. found at pH 9, result from the ester cleavage of deltamethrin into 
mPBaldehyde and Br2CA. However, under less artificial conditions mPBaldedhyd is rapidly oxidised 
by oxygen to mPBacid. If oxygen is present in such aqueous solutions it is expected that the final 
products of hydrolytic cleavage would have been mPBacid and Br2CA.  
Remark: In the LoEP the Br2CA was listed just to be found in trace during the hydrolysis studies. However, the 
method used was designed mainly to analyse for parent compound and the mPBaldehyde, which were adequately 
extracted from the water samples by hexane. The conclusive 2nd hydrolysis product, probably mainly present in 
the extracted water phase (i.e. Br2CA) was not adequately quantified. However it is regarded as major degradate 
as well.  

A summary of the route and rate of hydrolytic degradation of deltamethrin in the aquatic systems is 
given in section CA 7.2. In respective Figure 7.2- 1 the mPBaldehyde is not marked to be major since 
in all other studies (except in the highly artificial hydrolysis study, where the test solution is lacking of 
oxidation potential), the respective mPBacid was found as the major terminal degradation product.  

No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval.  
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CA 7.2.1.2  Direct photochemical degradation 
The route and rate of direct photochemical degradation of deltamethrin in buffers under sterile 
conditions in the dark in the laboratory were evaluated during the Annex I inclusion, e.g. using two 
radiolabel positions, [14C]-benzyl and [14C]-gemdimethyl], and were accepted by the European 
Commission (SANCO/6504/VI/99-final, 17 October 2002). The following studies included in the 
Baseline Dossier were regarded relevant during the Annex I inclusion: 

 
Author(s) Year Document No. 
c5.W§ W, W,; C゜__:J.z7 ,s E, 1991 M-136754-01-1  
9ヴq.ゅUz ,ゅ L,; ヶcä$(-2jä. れ, 1987 M-124981-01-1  
ü94.Gac F, 1993 M-149258-01-1* 
みäb!a(. L, 2000 M-197547-01-1 * 

*: this information was filed in the pys.-chem section, earlier. 

Two tests of aqueous photolysis (M-136754-01-1 and and M-124981-01-1) led to the conclusion that 
transformation by direct photochemical reactions is insignificant in natural environments, as laboratory 
DT50 values of approx. 48 days were obtained. This conclusion is also in agreement with the absorption 
spectrum of deltamethrin (M-149258-01-1), which shows only a small absorption of wavelengths above 
290 nm, and no absorption above 300 nm, and the quantum yield Φ for direct photodegradation of 
deltamethrin was calculated to be 8.72 x 10-4, only (M-197547-01-1).  
A summary of the route and rate of degradation of deltamethrin in water and sediment is given in 
section CA 7.2 and Figure 7.2- 1. 

No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval.  
 

CA 7.2.1.3  Indirect photochemical degradation 
Route and rate of indirect photochemical degradation of deltamethrin in the laboratory were evaluated 
during the Annex I inclusion using [14C]-benzyl deltamethrin, and were accepted by the European 
Commission (SANCO/6504/VI/99-final, 17 October 2002). The following study included in the 
Baseline Dossier was regarded relevant during the Annex I inclusion: 
 

Author(s) Year Document No. 
C.8Gä2 ノ, ,E; ぉz?ifくuä-. れ, 1987 M-124981-01-1  

 
Indirect photochemical reactions are more likely to occur than direct photochemical reactions, since the 
laboratory DT50 in a sensitised system was 4 days. However, due to the fast partitioning of deltamethrin 
to the sediment within one day, deltamethrin is only expected to remain available for such reactions for 
a very short period of time, only.  
The results are included in the proposed degradation pathway of deltamethrin in aquatic systems shown 
in Figure 7.2- 1 and in the summary given in section CA 7.2. Not any new main degradation products 
were found in the sensitised test system. 

No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval.  
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CA 7.2.2  Route and rate of biological degradation in aquatic systems 
CA 7.2.2.1  "Ready biodegradability" 
The “ready biodegradability” of deltamethrin was evaluated during the Annex I inclusion using 
unlabelled deltamethrin, and was accepted by the European Commission (SANCO/6504/VI/99-final, 
17 October 2002). The following study included in the Baseline Dossier was regarded relevant during 
the Annex I inclusion: 
 

Author(s) Year Document No. 
W7?j1(5le. A, 1994 M-149487-01-1  

 
The parent compound deltamethrin showed less than 2% degradation after 28 days and therefore, is 
classified as “not readily biodegradable”.  

No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval.  
 

CA 7.2.2.2 Aerobic mineralisation in surface water 
Since this topic was not yet part and thus not evaluated by the European Commission during the last 
Annex I inclusion of deltamethrin, no respective study is included in the Baseline Dossier. However, 
the applicant believes that the circumstances in which the study is required are not fulfilled for 
deltamethrin, considering its intrinsic properties (i.e. available information on the fate and behaviour in 
the environment) and realistic exposure conditions. 

 “Studies on aerobic mineralisation in surface water shall be provided unless the applicant shows that 
contamination of open water (freshwater, estuarine and marine) will not occur” (Commission Regulation 
(EU) No 283/2013, L 93, Section 7.2.2.2, page 52). 

Deltamethrin is used as spray application in various crops, and the main exposure of surface water is 
spray‐drift. However, in order to reach an acceptable risk for aquatic organisms, it is necessary to 
implement mitigation measures such as drift reduction nozzles or buffer zones to limit the amount of 
deltamethrin that will reach the water bodies at the edge of the field. It is thus very unlikely that 
contamination of open water (i.e. surface water far away from the edge of the field) will occur. 
Moreover, deltamethrin is immobile in soil (see below and section CA 7.1.3.1); accordingly, drainage 
entires to water bodies are very unlikely.  

Deltamethrin is very low soluble in water, CS at 20°C in distilled water of pH 6.8 is 0.27 μg/L (ref. §tヶ
2önj, 2012: M-439336-01-1, KCA 2.5/03 and please refer also MCA 2.5). In addition, deltamethrin 
shows a very strong adsorption on particles and surfaces thus the substance must be classified as 
immobile in soil (compare SANCO/6504/VI/99-final, 17 October 2002). 

Due to both before mentioned properties any presence in a water phase should be minimal whenever 
some particles and solid surfaces are present. In particular due to the quick and strong adsorption and 
portioning to the sediment, the very low quantities of deltamethrin present in water do not have enough 
time to reach any open water after its use on a cropped field. This fact was confirmed by the evaluation 
of monitoring studies published in the literature (see section CA 7.5). 

Deltamethrin is stable to hydrolysis at a pH up to 7, but hydrolyses under alkaline conditions (see section 
CA 7.2). It should be noted that the majority of surface waters in agricultural areas tend to be slightly 
alkaline (around pH 8) and are thus in a pH range where hydrolysis of deltamethrin starts. This further 
reduces the small quantities of deltamethrin that might occur in open water bodies. 

The most important situations of exposure and degradation of deltamethrin at the edge of a treated field 
are described by all the laboratory studies summarized in the following section. The applicant therefore 
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believes that no further testing is required to meet the current section 7.2.2.2 of Commission Regulation 
(EU) No 283/2013.  

Further, the following article was found in the literature well supporting above mentioned position that 
deltamethrin can hardly be present in open waters. 

 
Report: KCA 7.2.2.2 /01; Wang, Q.; Liu, Q.; Li, J.; Chi, H.; Wang, J;.2011 
Title: Residual elimination and kinetics of low concentration of deltamethrin in water. 
Source: Nongye Huanjing Kexue Xuebao 2007, 26 (5): 1725-1728 
Document No: M-461213-01-2 (English translation) 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

EXECUTIVE SUMMARY 

The degradation of deltamethrin in different water environments was studied to assess aquaculture 
ecology and environments of freshwater and seawater systems in China. The test was performed in eight 
separate groups: sterilised freshwater, sterilised freshwater bottom mud, natural freshwater, natural 
freshwater bottom mud, sterilised seawater, sterilised seawater bottom mud, natural seawater and natural 
seawater bottom mud; with an initial concentration of deltamethrin of 5 µg/L in the water. Deltamethrin 
detection was performed by using HPLC. 

Deltamethrin degraded quickly after pesticide application. As time went on, its degradation rate 
gradually slowed and became undetectable by day 21 in each group. Half-lives (DT50) of deltamethrin 
ranged from 1.34 (water + mud) to 4.45 (water) days in the seawater system, and from 1.32 (water + 
mud) to 5.99 (water) days in the freshwater system. 

MATERIAL AND METHODS 

A. Material 

1. Test material  
Test item and source: 2.5% deltamethrin miscible oil prepared agent, 

manufactured by the Sichuan Huaqiang Fishery and Animal 
Husbandry and Pharmaceutical Company. 

Active substance(s): Deltamethrin standard (chromatographically pure, Agro-
Environmental Protection Institute of the Ministry of 
Agriculture) 

Chemical state and description: 2.5% miscible oil prepared agent 
Batch number and Purity Not given 
Storage conditions: Not given 

2. Water and bottom mud samples:  
Sampling area: Freshwater and bottom mud were obtained from the ätJC$c 

う゛:z(. z9§zyVjad nGヮ6. ぉ゛?hekuvo レJ(/:izl. ö- lka ッ
゜l: 7r 02?5Ul7. China. 
Seawater and bottom mud were obtained from PJ15üc cッp 
cj Ytce・た/ Jtfc゜ü jh iga e0deEJq lJjItjGa 0r /4z j2R: 3! lö
゜eとüh, China. 

B. Study design and methods 

1. Sampling  
Sampling interval: Not reported 
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Sampling method: Not reported 
Test design: The test was performed in eight separate groups:  

- sterilised freshwater,  
- sterilised freshwater bottom mud,  
- natural freshwater,  
- natural freshwater bottom mud,  
- sterilised seawater,  
- sterilised seawater bottom mud,  
- natural seawater  
- natural seawater bottom mud. 
The tests were performed in PP household boxes (44 cm x 
31.5 cm x 28.5 cm). Test with bottom mud included a 
bottom mud thickness of 4.6 ±0.3 cm with a water volume 
of 25 L. 
Water temperature was 18-20 °C, pH value was 8.2 – 8.3 
(seawater) and 7.0 – 7.2 (freshwater). 

Sample processing: Sterilized water was natural water boiled for 20 minutes; the 
sterilised bottom mud was wet heat sterilised at 120°C for 
15 minutes. 
The properties of bottom mud are summarized in 
Table 7.2.2.2- 1 

Test item concentration: 5 µg/L in the water phase 
Sampling point: 2 hours after pesticide application 
Replicates: 3 

2. Chemical analysis  
Guideline/protocol: Not given 
Extraction: 250 mL of water was added to a 500 mL liquid separation 

funnel, 10 mL normal hexane was added. The sample was 
shaken vigorously for 5 minutes and was set aside for 15 
minutes. The liquid was separated and the upper layer of 
liquid (normal hexane) transferred into a 10 mL glass 
centrifuge tube, blown dry with the nitrogen blower. Then 
0.5 mL mobile phase added, mixed thoroughly for 1 minute 
on a vortex mixer and a 0.22 µm filter membrane used to 
filter it into a 1 mL centrifuge tube, to await testing. 

Analytical method: The ultraviolet detection wavelength was 230 nm; for the 
solid phase a Hypersilo ODS column (250 mm × 4.6 mm, 5 
µm) was used with a mobile phase methanol: water (85:15); 
flow rate 1 mL/min; column temperature was room 
temperature; sampling quantity was 30 µL. The external 
standard method was used for quantification. 

Recovery: For the amount of 0.05, 0.1, 1, and 5 µg deltamethrin/L 
added: 
Freshwater: 94.33 – 98.87% 
Seawater: 95.22 – 99.52% 

Limit of detection: LOD: 0.02 µg/L 
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Table 7.2.2.2- 1: Summary of the bottom mud properties  

Property Freshwater Seawater 
pH 7.6 8.2 
Quantities of bottom mud of different grain diameters (1-0.05mm) [%] 32.42 43.24 
Quantities of bottom mud of different grain diameters (<0.05mm) [%] 67.58 56.76 
Quantity of organic material [g/kg] 52.97 46.32 
Total quantity of positive ion exchange [cmol/kg] 59.21 53.48 

RESULTS  

1. Validity criteria: 

No validity criteria defined. 

2. Analytical findings: 

Deltamethrin degraded quickly after pesticide application. As time went on, its degradation rate 
gradually slowed and became undetectable by day 21 in each group (see Figure 1 of article for the 
deltamethrin degradation curve in seawater, and see Figure 2 of article for the degradation curve in 
freshwater. 

The half-lives of deltamethrin ranged between 4.98 – 5.99 days for freshwater and 1.32 – 1.60 days for 
freshwater mud, and between 4.28- 4.45 days for seawater and 1.34 – 2.10 days for seawater mud (for 
summary of results see Table 7.2.2.2- 2). The role of microorganisms in freshwater was significant while 
their role in seawater was not significant. 

Table 7.2.2.2- 2: Elimination Equation of Each Deltamethrin Sample in Water 

Kind of Sample Equation 
Correlation 

coefficient (r²) 
Half-life  

[day] 
Natural seawater bottom mud Ct = 4.920 3e-0.5168t 0.9347 1.34 
Sterilised seawater Ct = 4.944 5e-0.1620t 0.9779 4.28 
Natural seawater Ct = 4.640 5e-0.1556t 0.9769 4.45 
Sterilised seawater bottom mud Ct = 5.145 0e-0.3307t 0.9571 2.10 
Natural freshwater bottom mud Ct = 4.843 1e-0.5276t 0.9379 1.32 
Sterilised freshwater Ct = 4.742 6e-0.1156t 0.9815 5.99 
Natural freshwater Ct = 4.515 7e-0.1611t 0.9774 4.98 
Sterilised freshwater bottom mud Ct = 4.801 1e-0.4319t 0.9791 1.60 

 Ct = C0e-kt 

In the formula: C0 is the first sediment quantity after pesticide application, k is the elimination rate constant, 
t is the number of days after pesticide application and Ct is the deltamethrin concentration at interval t after 
pesticide application. 

III. CONCLUSION 

Comparatively short half-lives of deltamethrin in different Chineese water environments were 
determined in order to assess aquaculture ecology and environments of freshwater and seawater systems. 
The outcome indicates that any longer presence of deltamethrin in open waters should be minimal. 
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CA 7.2.2.3  Water/sediment study 
Route and rate of degradation of deltamethrin in water/sediment systems under aerobic conditions were 
evaluated during the Annex I inclusion using [14C]-benzyl labelled deltamethrin, as well as unlabelled 
deltamethrin, and were accepted by the European Commission (SANCO/6504/VI/99-final, 17 October 
2002). During the evaluation the summary of micro/mesocosm/pond studies on the fate of deltamethrin 
in water were listed under this section, too. Nowadays, however, those studies should be better grouped 
into the new section where influence of natural sunlight is included (see next section). 
The following studies included in the Baseline Dossier were regarded relevant during the Annex I 
inclusion: 
 

Author(s) Year Document No. 
れ3/-. ,H う, :と, äXBp. H, F,j E5dJ2.Xa2 
ぃ, ァ,/ E§ängefl. W, T/, (zäq゛c6Vt9. ぉ, 1985 M-124982-01-1  

j:czみhi:. ,S ), 1993 M-131938-01-1  
 
The studies with deltamethrin in two different natural water/sediment systems showed that the 
compound was thoroughly degraded leading to CO2 as the end product of the mineralization process. 
The adsorption of deltamethrin from water to the sediments accounts for 60 to 88% of the applied 
radioactivity, and is the most important dissipation route in natural surface water. 50% of the 
deltamethrin in the water disappeared from the water column within 1 day. The DT50 for the entire 
system (water + sediment) ranged from 40 to 90 days under standard conditions in the dark. Main 
metabolites in water/sediment systems were: α-R-isomer of deltamethrin (max. 24% of applied 
radioactivity in sediment, lacks insecticidal activity); 4'-OH-deltamethrin (maximum 8% in sediment) 
and mPBacid (maximum 6% in water). Position of 14C- labelling (benzyl-14C) did not allow 
measurement of Br2CA. 

The dossier supporting the approval renewal of deltamethrin includes the following new aerobic water-
sediment study for the parent compound using a second label position, 14C-gemi-dimethyl label of 
deltamethrin, to allow the investigation of the second half of the deltamethrin molecule. The new study 
performed with two different water/sediment systems included acidic sediment, also. Both topics had 
been discussed to be clarified better during the earlier EU evaluation.  

 
Report: KCA 7.2.2.3 /04; ?i$2thI.O:u:z ,Z; ね0o.z? ,w; Wax.8lx? み,; 2012 
Title: [gem-dimethyl-14C]Deltamethrin: Aerobic Aquatic Metabolism 
Report No: EnSa-12-0181 
Document No: M-434820-01-1 
Guidelines: OECD Guideline for the Testing of Chemicals No. 308,  

Commission Directive 95/36/EC amending Council Directive 91/414/EEC 
(AnnexesII and III, Fate and Behaviour in the Environment), 1995 
US EPA Fate, Transport and Transformation Test Guidelines, OPPTS 835.4300 
and OPPTS 835.4400, Aerobic and Anaerobic Aquatic Metabolism, 2008 

GLP: Yes 
 
EXECUTIVE SUMMARY 

The aerobic transformation of [gem-dimethyl-14C]deltamethrin was studied in two types of 
water/sediment systems for a maximum of 99 days in the dark at 20 ± 2 °C. The water/sediment systems 
were taken from Öz゜゜(n:vz W/zIz* [water: pH 7.6, TOC =  4 mg/L; sediment: loam, pH 6.1 (CaCl2), 
TOC = 4.6%)] and 4/)J?O2?c [water: pH 7.7, TOC < 2 mg/L; sediment: sand, pH 7.2 (CaCl2), TOC = 
0.34%].  
The nominal application rate of 7.8 µg deltamethrin per test system was the 12-fold overdose of an 
application rate calculated according to a single maximum field use rate of 12.5 g/ha. Laboratory 
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microcosm flasks, filled with a volume ratio of water to sediment: 3:1 were treated with 14C-
deltamethrin. During incubation the supernatant water was in smooth motion.  
Samples were taken after 0, 0.125, 0.5, 1, 2, 3, 7, 14, 30, 50, 73 and 99 days of incubation. Water phase 
and sediment extracts were analyzed by LSC and HPLC. The evolved 14CO2 as well as the non-
extractable residues were determined. At the last sampling date, sediment aliquots were also used to 
determine the amount of 14CO2 in the sediment. 
The test conditions outlined in the study protocol were maintained throughout the study. The overview 
of material balance and distribution of radioactivity in the two test series is summarized by 
Table 7.2.2.3- 3, for more detailed data see Table 7.2.2.3- 8 and Table 7.2.2.3- 9. Shortly after treatment 
the radioactivity in the water phase of both test systems decreased rapidly, then it increased until DAT-
30 and declined to less than 6% of AR towards the end of the study. Extractable 14C residues in the 
sediment increased to a maximum of 80.0% at DAT-0.5 and declined then to towards the end of the 
study.  
 
Table 7.2.2.3- 3: Results synopsis on material balance and distribution of applied 14C 

Water/Sediment System ・qc`w*c・t Wj7ä`z Q/)zoxaJä 
Material Balance [% AR] * 85.8 – 99.7 85.4 – 101.0 

Water Phase [% AR] 4.2 – 56.7 5.6– 62.7 
Sediment Extract [% AR] 24.6 – 80.0 7.2 – 77.8 

Max. 14CO2 [% AR] 21.3 39.1 
Max. NER [% AR] 36.8 33.4 

*: minimum values at the last samplings, always;  NER = non extractable residues 
 
In the water phase of z)Ü8zü*/v W?(ä:4 and Nüja゛cfJa. respectively, the amounts of deltamethrin 
decreased to amounts < LOD from DAT-30 onwards. In the sediment phase of ソ・z゜_jka` Wä:1?f, 
the amounts of deltamethrin increased from 36.0% of AR at day 0 to a maximum of 57.3% at DAT-0.5 
and declined then to 4.0% of AR towards the end of the study. In the nafど0tJza sediments the amounts 
of Deltamethrin accounted for 36.5% of AR at day 0, increased to 54.6% of AR at DAT-0.5 and declined 
to 1.0% of AR towards the end of the study. 

The dissipation of Deltamethrin from the supernatant water phase was characterized by translocation 
into the sediment as well as by degradation. This was best described using the DFOP kinetic model with 
DT50 and DT90 values of 0.03 and 0.64 days for 2Q4ah4ta` av.WläI and using the HS kinetic model with 
DT50 and DT90 values of 0.06 and 0.84 days for ど・iäz6`Jc, respectively. The corresponding modeling 
endpoints were either determined using the DFOP kinetic model (c1jÜdbhc) :äWäü(), resulting in a 
DT50 value of 0.2 days, or the HS kinetic model (ncJY・/fä?) with a DT50 value of 0.3 days.  

In both entire water/sediment systems, deltamethrin was degraded well which was best described using 
the FOMC kinetic model. The estimated DT50 and DT90 values were 1.0 and 28.8 days for 6c0_/4Yc( 
W/)ä*?. and 0.9 and 20.6 days for V(ä.$§i?Jz respectively. The corresponding modeling endpoints were 
determined with DT50 values of 8.7 days for 9ax?`O・uj ?t9?(W and 6.2 days for täJäzKh8-. 
respectively. 
 
Table 7.2.2.3- 4: Results synopsis on “best fit” dissipation kinetics for deltamethrin in the 

supernatant water layers (persistence endpoints)  

Test System Kinetic 
Model 

DT50 
[days] 

DT90 
[days] 

Chi2 Error 
[%] 

Vkc_taü9) WäuI:? DFOP 0.03 0.64 8.35 
ütcレ$c!Jä HS 0.06 0.84 7.97 

DFOP = Double First Order in Parallel Model; HS = Hockey stick model 
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Table 7.2.2.3- 5: Results synopsis on “best fit” dissipation kinetics for deltamethrin in the 
entire test systems (persistence endpoints)  

Test System Kinetic 
Model 

DT50 
[days] 

DT90 
[days] 

Chi2 Error 
[%] 

vlzGz゜o3( W?4`j? FOMC 1.02 28.8 11.34 
$tä!cソ5Jä FOMC 0.88 20.6 12.21 

FOMC = First Order Multi Compartment Model 
 
In the water/sediment systems from 5ä§・l8(Dä W:)zv?, three major transformation products were 
detected. They were identified as α-R-isomer of deltamethrin, Br2CA (AE F108565, cis), and an isomer 
of BrCA (BrCA-isomer 1). In the water/sediment systems from Vdä)Jc7jä, α-R-isomer of deltamethrin, 
Br2CA, Serinyl-BrCA, BrCA-isomer 1 and 2 were found as major degradation products. 

 
Table 7.2.2.3- 6: Results synopsis on metabolism of deltamethrin in the entire test systems  

Sediment D・2lzzqo( Wä゛aj- (Nv$:aJ?a 
Type Loam Sand 

Major transformation 
products 

CO2 

NER 
α-R-Isomer of Deltamethrin 

Br2CA 
 

BrCA-isomer 1 

CO2 

NER 
α-R-Isomer of Deltamethrin 

Br2CA 
Serinyl-BrCA 

BrCA-isomer 1 and BrCA-isomer 2 
Minor transformation 

products 
Serinyl-BrCA 

BrCA-isomer 2 
- 

* Criteria for "major":  
> 10% of AR in total system,  
> 5% of AR at two successive DAT’s per compartment 
> 5% and increasing at the end of the study per compartment 
NER = non extractable residues 

 
From this study it is concluded that deltamethrin and its degradation products have no potential for 
accumulation in the aqueous environment. 

 
I.   MATERIALS AND METHODS 

1.  Test Item 

[Gem-dimethyl-14C]deltamethrin:  Batch KATH 6385 
Specific Radioactivity: 3.96 MBq (106.9 µCi) / mg 
Radiochemical Purity: > 99% (HPLC, radioactivity-detector) 
 > 99% (TLC, scan) 
Chemical purity: 98.6 %  
Diastereomeric purity: > 99% (HPLC, radioactivity-detector) 

 

 
2.  Test Systems 
The study was carried out with natural water/sediment systems from two locations: 
 qtzV3z9dI Wa:fua fyJätz 5i Wlkz-lg§)`nä. Germany): This is an artificially dammed pond in the 

course of the "$゛y?(X6a/ BIazb" -bIyたju u?*"Uüjxä( W:8!zz". On account of it’s in- and outlet 
the pond (approx. 1000 m2 in surface area) has strong water current.  
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 cIzレh_/Jä iJrä_c /n Tb(J5cc3゛z. Germany): in the raw data it was named 43cO?゛N:(jä), always. 
However, since it is a small lake, i.e. a reclaimed gravel-pit which is used for fishing only, it was 
re-named within the current report. The lake is entirely enclosed by a fence.  

Fresh water and sediment samples were taken separately and poured into plastic containers prior to the 
start of the study. A description of water and sediment collection and storage is given in Appendix 2 of 
report. The results of the on-site measurements as well as the other system characteristics are given in 
following Table 7.2.2.3- 7. 

Table 7.2.2.3- 7: Physico-chemical properties of water and sediment 

Properties of Waters 
Parameter 5:Dnä_§ä- Wäläb`  どu゛j-Jazä  
Temperature [°C]1 17.8 21.0 
pH1 7.6 7.7 
Hardness [mmole/L]* 0.60 1.7 
Oxygen Concentration (saturation)  
[mg/L]1 8.8 10.0 

Total Organic Carbon (TOC) [mg/L]*,2 4 / 5 < 2 / 9 

Dissolved Organic Carbon (DOC) [mg/L]* 2 < 2 
Redox Potential Eh [mV]1,4 433.9 414.6 
Properties of Sediments 

Geographic Location 
ä/cnJ :n W00`)jbÖ゙8jpjcfn! 

BWJ/§7c:t3l*?!zä 
Germany 

cn)p゜? !゛ァzJ$Ö2/ Ctc`J・
zq5Wc/h:tc 
Germany 

Soil Taxonomic Classification (USDA)# Loam Sand 
Sand (2000 – 50 µm) [%]# 45 97 
Silt (< 50 – 2 µm) [%]# 42 0 
Clay (<  µm) [%]# 13 3 
pH1 6.5 7.1 
pH# 6.1 (CaCl2); 6.6 (H2O) 7.2 (CaCl2); 7.8 (H2O) 
Temperature [°C]1 17.6 21.6 
Organic Carbon [%]*,5 4.6 / 4.3 0.34 / 0.29 
Organic Matter [%]*,3 7.9 / 7.4 0.6 / 0.5 
Sediment Microbial Activity 
[mg CO2 /hr/kg sediment (dry wt)]2,6 30.83 / 20.42 / 19.58 1.25 / 2.50 / 1.25 

Cation Exchange Capacity [meq/100 g] # 8.1 2.9 
Total Nitrogen [mg/kg] 4400 < 1000 
Total Phosphorus [ppm]* 1000 150 
Redox Potential Eh [mV]1,4 197.6 201.3 

* Analyzing laboratory: _fääヶ`1i üロアロ に ,B6 ÄNK. 0§uo3 ョä6・゜?f5Jz, Germany 
# Analyzing laboratory: GOw!Fゝ Zy`:5l?.evc)J Uqj§1b)ロ゜. AU v5u8_, USA, start of acclimatization 
1 Measurement at day of sampling 
2  Measurement at DAT-0 and at the end of the study 
3 %organic matter =%organic carbon x 1.724  
4 Potential difference between used electrode and H2-electrode at 20°C: 210 [mV] 
  Theoretical potential of used buffer solution for Pt-Ag/AgCl electrode at 25°C: 220 [mV] 
5 start of pre-equilibration and at the end of the study 
6 Measurement at the start of pre-equilibration 
n.a. = not analyzed 
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B.  STUDY DESIGN 

1.  Experimental Conditions 

The collected sediment samples were sieved with 2 mm mesh-size to remove parts of e.g. plants and 
stones. The collected water phases were filtered through a 0.06 mm sieve. Water and sediment phases 
were stored in the laboratory until the assembling of the water/sediment test systems (1 day). Static test 
flasks, laboratory microcosm flasks, for degradation in aquatic systems under aerobic conditions were 
used. For the assembling of the water/sediment systems, sediment aliquots, either 74 g (Aux/c_c゜- 
Wty?z-) or 250 g (GüiafJzäy) dry weight sediment corresponding to a volume of 175 mL (height approx. 
2.5 cm) were poured into the vessels and 520 mL (height approx. 6 cm) of the corresponding natural 
water were added. Then, the systems were closed with a solid trap attachment for absorbing volatile 
compounds. The water to sediment ratio was about 3/1 (v/v). The microbial biomass of the sediment 
was determined by short term respiration measurements.  

For technical reasons the study application rate (SAR) of of 7.8 µg [14C]deltamethrin dissolved in 
approx. 1 mL of acetone per test system was the 12-fold overdose of the application rate calculated 
based on the intended single maximum field use rate of 12.5 g/ha. Since deltamethrin is very low soluble 
in water a co-solvent was inevitable. During incubation the supernatant water was in smooth motion. 
 
2.  Sampling 

Two treated flasks per test system were taken and processed completely for analyses at the following 
sampling dates:  
0, 0.125, 0.5, 1, 2, 3, 7, 14, 30, 50, 73 and 99 days after treatment and respective aerobic incubation 
 
3.  Analytical Procedures 

Aliquots of the water phase were taken to determine the dissolved amount of 14CO2. Then, the water 
layer was decanted and centrifuged with 5 mL acetone to avoid adsorption on the walls. After 
centrifugation, the volume of the supernatant water was determined and doubled by the addition of 
acetone. One half of the mixture was deep frozen while the other half was treated with formic acid (20 
µL / 10 mL) to stabilize the ratio of the test item and the α-R-isomer of deltamethrin.  

The moist sediment was extracted with 2 x 80 mL acetone containing 1% formic acid and subsequently 
with 3 x 80 mL pure acetone (ambient organic extracts). Afterwards, the sediment was extracted once 
more with 80 mL acetone using a microwave-accelerated solvent extraction (10 min. at 50 °C, 
aggressive organic extract). The acidified water phase, the combined extract of the ambient extraction 
steps as well as the aggressive extract were concentrated and analyzed by LSC and HPLC in order to 
determine the amounts of the test item and its transformation products. Identification of the test item 
was achieved by NMR and GC-MS/MS or co-chromatography (HPLC).  

The transformation products were identified by HPLC or TLC co-chromatography and / or HPLC-MS 
and HPLC-MS/MS with accurate mass determination (for more details see section 4.5 of report). 

The extracted sediment phase was air-dried, homogenized and combusted in an oxidizer. The evolved 
14CO2 was trapped in a scintillation cocktail and measured by LSC to determine the non-extractable 
residues. At the last sampling date, sediment aliquots were also used to determine the amount of 14CO2 
in the sediment. 

The data of dissipation/degradation kinetics according to the recommendations of EC document 
9188/VI/97 rev. 8 (2000) were directly taken from Error! Reference source not found. 2013, report 
M-461952-01-1, which is summarized later. Respective print-outs of modelling calculations were filed 
in the raw data.  
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II.   RESULTS AND DISCUSSION 

Results indicated that the anticipated standardized aerobic conditions were maintained and that the 
supernatant water was aerobic (approx. 4.7 – 8.7 mg O2/L) during the entire incubation period in the 
dark. The mean incubation temperatures were 20.4 ± 0.1 °C for Dagöä-$vt W/qäIz and 19.6 ± 0.04 °C 
for j)Jzと_゛?ä test systems.  
The pH value in the water phase of the water/sediment systems varied throughout the study period and 
showed a slight decrease during the course of the study, ranging from pH 5.8 - 8.4 for 9ä(Yc゛ql゛ 
WtcIc8 and from pH 7.3 - 8.7 for §jÄ゛äIJäz. The redox potential Eh in the supernatant water of test 
systems ranged from 278 – 503 mV for _:2cNä4゜( a:5Wc! and from 325 – 455 mV for ntIJ?Ö6z?.  
The pH value in the sediment of the test systems slightly decreased in ?3äfDh・/n Wä:xäI. Overall it 
varied between pH 6.2 - 7.2 for 97äN9al4I aWa/0f and from pH 6.5 - 7.9 for Üd/a(??gJ. The redox 
potential Eh in the sediment ranged from 47 – 175 mV for 8g゛oIとäj? Wcg/äf and from 70 – 386 mV 
for dt)cYkaJä. 
The microbial activity in the sediments indicated that the systems were biologically active during the 
entire period of the test (see Table 7.2.2.3- 7). In the xp9/äVä5- :Wcoz( systems, a reduction of the 
microbial activity in the course of the experiment was observed. This is characteristic for a laboratory 
experiment due to the gradual depletion of nutrients in the sediment and lacking supply of organic matter 
as a source of energy. 
 
A. DATA 

All calculations for radioactivity (as % of applied radioactivity) in water and sediment extract, in the 
solid materials and in the trap attachments are listed in Table 7.2.2.3- 8 and Table 7.2.2.3- 9, the 
overview was presented in Table 7.2.2.3- 3, already.  

Complete material balances were found for all sampling dates except for the last sampling interval for 
4z8vl8zÜ! W?j_?( and for the last two sampling intervals for w:!caü9äJ where the material balance was 
below 90% of AR. The losses were obvious in those flasks where higher amounts of 14CO2 radioactivity 
were measured; probably the large formed gaseous portions have not entirely been trapped and were 
thus lost from the test flasks, or some parts were lost during processing of the matrices.  
Significant formation of 14CO2 was observed in both water/sediment systems. At termination of the 
study, the 14CO2 recovery (mean values of duplicates) was 21.3% and 39.1% of the applied radioactivity 
in systems from ゜p0tzDzd( W/5?zI and x?fc.U4tJa respectively. From these data it can be concluded 
that deltamethrin is mineralized in water/sediment systems. The majority of total 14CO2 accounted for 
the volatile 14CO2 trapped by soda lime. Just a minor portion included in those values was found to be 
14Carbonate dissolved in the water phases or contained in the sediments. No significant amounts of 
organic volatiles were found (≤ 0.2% of AR). 

The mean radioactivity in the water phase of V§*lyc-äv Woz)zj test systems decreased rapidly from 
56.7% of the applied radioactivity at day 0 to 14.6% at DAT-0.5. Afterwards, the radioactivity increased 
to 32.0% of AR until DAT-30 and declined then to 5.4% of AR towards the end of the study. The 
radioactivity in the water phase of どq6ja`Jäz test systems showed a similar pattern. It decreased from 
62.7% of the applied radioactivity at day 0 to 19.2% of AR at DAT-0.5. Then, it increased to 39.7% 
until DAT-30 and declined to 5.6% of AR towards the end of the study. 
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Table 7.2.2.3- 8: Distribution of radioactivity during aerobic aquatic metabolism in 
Ouhzcb:6) jzWakf, expressed as percent of applied radioactivity (% AR) 

    Replicate DAT 
    No. 0 0.125 0.5 1 2 3 7 14 30 50 73 99 
Volatiles              
 14CO2 1 n.a. <0.1 0.1 0.1 0.2 0.2 0.6 2.1 3.8 16.9 14.8 21.3 
   2 n.a. <0.1 <0.1 0.1 0.3 0.3 0.6 2.0 0.9 12.5 20.0 21.2* 
   Mean   <0.1 0.0 0.1 0.2 0.3 0.6 2.0 2.4 14.7 17.4 21.3 
 Volatile 

organics 
 

1 n.a. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 0.1 0.2 
 2 n.a. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 0.1 0.1 
 Mean   <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.1 0.1 0.1 
 Total 1 n.a. <0.1 0.06 0.1 0.2 0.2 0.6 2.1 3.9 17.1 15.0 21.4 
   2 n.a. <0.1 <0.1 0.1 0.3 0.3 0.6 2.0 1.0 12.6 20.2 21.4 
    Mean   <0.1 0.0 0.1 0.2 0.3 0.6 2.0 2.4 14.8 17.6 21.4 
Extractable Radioactivity 
 Water (W) 1 66.1 14.6 13.8 31.1 25.2 26.4 24.5 35.0 33.8 15.8 4.4 4.8 
 2 47.3 25.1 15.4 23.0 23.6 22.2 22.2 27.6 30.2 13.8 4.0 5.9 
  Mean 56.7 19.9 14.6 27.1 24.4 24.3 23.3 31.3 32.0 14.8 4.2 5.4 
  Ambient 

Extract 
(SO) 

1 29.5 75.5 79.9 64.0 71.1 67.2 60.8 44.4 43.4 25.5 33.0 22.7 
  2 47.1 67.2 75.9 72.2 66.1 67.0 65.3 55.5 48.4 35.5 29.5 25.2 
  Mean 38.3 71.3 77.9 68.1 68.6 67.1 63.1 50.0 45.9 30.5 31.3 24.0 
  Aggressive 

Extract 
(SH) 
 

1 0.8 2.1 2.1 2.0 1.8 1.7 1.5 1.1 1.1 0.8 0.9 0.6 
  2 1.4 1.7 2.1 2.3 1.8 1.9 1.7 1.3 1.2 1.0 0.8 0.7 
  Mean 1.1 1.9 2.1 2.2 1.8 1.8 1.6 1.2 1.1 0.9 0.9 0.6 
  Total 1 96.4 92.2 95.7 97.1 98.1 95.3 86.8 80.5 78.3 42.1 38.4 28.2 
    2 95.7 94.0 93.4 97.5 91.5 91.2 89.2 84.5 79.7 50.2 34.3 31.8 
    Mean 96.1 93.1 94.6 97.3 94.8 93.3 88.0 82.5 79.0 46.1 36.3 30.0 
Bound Residues 1 0.8 1.9 2.6 2.1 2.1 2.8 8.0 11.8 12.0 27.5 37.0 34.4 
   2 1.1 1.6 2.2 2.5 2.5 2.8 7.5 11.5 12.5 30.9 36.6 34.5 
   Mean 1.0 1.7 2.4 2.3 2.3 2.8 7.7 11.6 12.3 29.2 36.8 34.5 
Material Balance 1 97.2 94.0 98.4 99.3 100.4 98.3 95.4 94.3 94.2 86.6 90.3 84.0 
   2 96.9 95.6 95.7 100.1 94.3 94.2 97.3 97.9 93.3 93.7 91.1 87.7 
   Mean 97.0 94.8 97.0 99.7 97.3 96.3 96.4 96.1 93.7 90.1 90.7 85.8 
n.a.: not analyzed, DAT: day after treatment 
* Due to a leak during the determination of volatile CO2, the results of the first replicate were taken 
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Table 7.2.2.3- 9: Distribution of radioactivity during aerobic aquatic metabolism in 
V14:aa)Jc. expressed as percent of applied radioactivity (% AR) 

    Replicate DAT 
    No. 0 0.125 0.5 1 2 3 7 14 30 50 73 99 
Volatiles              
 14CO2 1 n.a. 0.1 0.1 0.2 0.9 1.2 2.6 6.4 12.0 14.7 15.4 37.7* 
   2 n.a. <0.1 0.1 0.1 1.0 0.5 2.3 7.1 11.1 17.0 20.2 40.5 
   Mean  0.0 0.1 0.1 1.0 0.8 2.4 6.7 11.6 15.8 17.8 39.1 
 Volatile 

organics 
 

1 n.a. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.2 0.1 0.2 0.2 
 2 n.a. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.2 0.3 0.2 
 Mean  <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.0 0.1 0.2 0.2 0.2 
  Total 1 n.a. 0.1 0.14 0.2 0.9 1.2 2.6 6.4 12.2 14.8 15.6 37.9 
    2 n.a. <0.1 0.12 0.1 1.0 0.5 2.3 7.1 11.2 17.2 20.5 40.7 
    Mean  0.0 0.1 0.1 1.0 0.8 2.4 6.7 11.7 16.0 18.1 39.3 
Extractable Radioactivity 
 Water (W) 1 70.2 32.3 22.6 31.5 28.5 27.5 39.0 33.8 38.4 36.8 24.8 8.4 
 2 55.2 37.8 15.8 34.0 25.1 37.9 39.0 41.6 41.0 36.4 20.8 2.8 
 Mean 62.7 35.0 19.2 32.8 26.8 32.7 39.0 37.7 39.7 36.6 22.8 5.6 
 Ambient 

Extract 
(SO) 

1 30.2 59.5 67.2 59.6 62.1 61.1 46.1 39.4 25.7 22.5 16.5 7.8 
 2 44.4 55.5 82.5 59.2 65.3 52.6 49.2 30.1 22.1 19.6 14.1 6.0 
 Mean 37.3 57.5 74.9 59.4 63.7 56.8 47.6 34.8 23.9 21.0 15.3 6.9 
  Aggressive 

Extract 
(SH) 
 

1 0.4 1.0 5.3 0.9 1.0 0.8 0.6 0.7 0.4 0.4 0.3 0.3 
  2 0.7 0.7 0.5 0.9 1.0 1.0 0.8 0.5 0.5 0.5 0.4 0.3 
  Mean 0.5 0.9 2.9 0.9 1.0 0.9 0.7 0.6 0.5 0.5 0.3 0.3 
  Total 1 100.8 92.8 95.2 92.1 91.6 89.4 85.7 73.9 64.6 59.6 41.6 16.5 
    2 100.2 94.0 98.8 94.1 91.4 91.5 88.9 72.2 63.5 56.5 35.3 9.2 
    Mean 100.5 93.4 97.0 93.1 91.5 90.5 87.3 73.0 64.1 58.1 38.5 12.8 
Bound Residues 1 0.5 1.0 4.9 1.2 3.4 5.5 8.9 16.0 18.1 20.2 29.3 35.3 
   2 0.6 0.8 1.5 1.8 3.5 3.1 9.2 16.1 17.8 23.9 28.4 31.5 
   Mean 0.5 0.9 3.2 1.5 3.5 4.3 9.0 16.1 18.0 22.1 28.8 33.4 
Material Balance 1 101.2 93.9 100.2 93.5 95.9 96.1 97.1 96.3 94.9 94.6 86.5 89.7 
   2 100.8 94.8 100.4 96.0 95.9 95.0 100.4 95.4 92.6 97.6 84.2 81.5 
   Mean 101.0 94.3 100.3 94.8 95.9 95.6 98.8 95.8 93.7 96.1 85.4 85.6 
n.a.: not analyzed, DAT: day after treatment 
* Due to a leak during the determination of volatile CO2, the results of the second replicate were taken 
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Table 7.2.2.3- 10: Biotransformation of deltamethrin in b*Kcxplz- Wcal゛! under aerobic 
conditions, expressed as percent of applied radioactivity (mean ± SD) 

  Mean DAT 

Compound Source SD 0 0.125 0.5 1 2 3 7 14 30 50 73 99 

Deltamethrin 

Water Mean 54.1 14.3 7.5 12.0 7.1 4.0 0.7 0.7 0.0 0.0 0.0 0.0 
 SD ±9.4 ±4.5 ±1.1 ±2.5 ±0.5 ±0.9 ±0.3 ±0.7 ±0.0 ±0.0 ±0.0 ±0.0 
Sediment Mean 36.0 54.3 57.3 33.1 32.7 23.9 15.0 12.1 10.1 3.0 8.6 4.0 

 SD ±8.8 ±3.2 ±1.1 ±4.0 ±1.7 ±1.3 ±1.3 ±2.2 ±1.5 ±0.2 ±0.3 ±0.1 

α-R-Isomer of 
Deltamethrin 

Water Mean 1.5 3.1 2.6 9.3 5.9 3.5 0.0 0.3 0.0 0.0 0.0 0.0 
 SD ±0.8 ±0.2 ±0.3 ±1.7 ±0.3 ±1.0 ±0.0 ±0.3 ±0.0 ±0.0 ±0.0 ±0.0 

Sediment Mean 0.0 5.9 11.5 14.6 20.5 18.6 9.1 8.5 7.9 3.2 9.9 3.8 
 SD ±0.0 ±2.0 ±2.9 ±0.3 ±3.7 ±2.0 ±0.6 ±1.7 ±1.7 ±0.7 ±1.8 ±0.2 

Br2CA  
(ROI 3) 

Water Mean 0.0 1.0 3.8 4.6 9.7 13.8 16.8 13.2 2.8 0.5 0.0 0.0 
 SD ±0.0 ±0.1 ±0.5 ±0.0 ±2.0 ±0.0 ±0.7 ±2.0 ±0.9 ±0.1 ±0.0 ±0.0 

Sediment Mean 1.9 8.6 7.8 18.0 10.2 13.3 27.0 10.8 6.6 11.1 0.0 10.7 
 SD ±0.3 ±0.3 ±0.5 ±0.4 ±2.1 ±0.2 ±0.9 ±0.3 ±1.4 ±3.7 ±0.0 ±1.3 

ROI 4 

Water Mean 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.4 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 

Sediment Mean 0.0 0.2 1.2 0.7 2.9 3.3 3.7 3.4 1.6 1.1 2.0 0.8 
 SD ±0.0 ±0.2 ±0.6 ±0.0 ±0.6 ±0.5 ±0.7 ±0.6 ±0.4 ±0.1 ±0.0 ±0.3 

ROI 5 

Water Mean 0.0 0.0 0.0 0.0 0.3 0.6 0.0 0.0 0.0 0.0 0.0 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.3 ±0.1 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 

Sediment Mean 0.0 0.6 0.9 0.6 2.3 2.5 3.5 3.7 1.4 1.7 1.9 1.1 
 SD ±0.0 ±0.2 ±0.2 ±0.2 ±0.0 ±0.2 ±0.3 ±0.4 ±0.1 ±0.1 ±0.1 ±0.5 

BrCA-isomer 1 
(ROI 9) 

Water Mean 0.0 0.0 0.0 0.0 0.2 0.4 3.5 11.4 20.4 4.2 0.0 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.2 ±0.4 ±0.5 ±0.0 ±1.0 ±1.2 ±0.0 ±0.0 

Sediment Mean 0.0 0.0 0.0 0.0 0.0 0.6 2.2 6.8 12.0 4.3 1.7 0.6 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.1 ±0.1 ±0.2 ±0.3 ±0.2 ±0.5 ±0.0 

Serinyl-BrCA 
(ROI 10) 

Water Mean 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.8 2.3 7.0 4.0 5.2 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.1 ±0.0 ±0.3 ±1.2 ±0.2 ±0.6 

Sediment Mean 0.0 0.0 0.0 0.0 0.0 0.7 0.2 0.7 0.9 2.3 4.8 2.4 
  SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.7 ±0.2 ±0.1 ±0.0 ±0.4 ±1.0 ±0.3 

ROI = region of interest in chromatogram 

Continued on next page 
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Table 7.2.2.3- 8 cont.: Biotransformation of deltamethrin in wä4/4äI6$ Wjäfcx under aerobic 
conditions, expressed as percent of applied radioactivity (mean ± SD) 

  Mean DAT 

Compound Source SD 0 0.125 0.5 1 2 3 7 14 30 50 73 99 

BrCA-isomer 2 
(ROI 11) 

Water Mean 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.7 2.3 2.6 0.0 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.3 ±0.3 ±1.4 ±1.0 ±0.0 ±0.0 

Sediment Mean 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.0 1.8 1.4 0.0 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.1 ±0.0 ±0.1 ±0.1 ±0.4 ±0.0 ±0.0 

Non-char. RA 

Water Mean 1.0 1.5 0.7 1.2 1.1 1.7 1.0 2.2 4.2 0.5 0.3 0.2 
 SD ±0.4 ±0.5 ±0.3 ±0.4 ±0.4 ±0.5 ±0.3 ±0.7 ±1.7 ±0.2 ±0.1 ±0.1 

Sediment Mean 1.6 3.6 1.4 3.3 1.7 5.8 4.1 4.2 4.8 3.2 3.2 1.2 
 SD ±0.5 ±1.0 ±0.5 ±0.9 ±0.7 ±1.6 ±1.1 ±1.1 ±1.3 ±1.0 ±0.9 ±0.4 

TER 

Water Mean 56.7 19.9 14.6 27.1 24.4 24.3 23.3 31.3 32.0 14.8 4.2 5.4 
 SD ±9.4 ±5.2 ±0.8 ±4.1 ±0.8 ±2.1 ±1.1 ±3.7 ±1.8 ±1.0 ±0.2 ±0.5 

Sediment Mean 39.4 73.2 80.0 70.3 70.4 68.9 64.7 51.2 47.1 31.3 32.1 24.6 
 SD ±9.1 ±4.3 ±3.0 ±4.3 ±0.0 ±0.0 ±2.3 ±5.7 ±2.5 ±5.1 ±1.8 ±1.3 

Total 14CO2 
Entire Mean n.a. 0.0 0.0 0.1 0.2 0.3 0.6 2.0 2.4 14.7 17.4 21.3 
System SD  ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±1.4 ±1.6 ±2.6 ±0.0 

Total organic 
volatiles 

Entire Mean n.a. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 
System SD  ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 

NER 
Sediment Mean 1.0 1.7 2.4 2.3 2.3 2.8 7.7 11.6 12.3 29.2 36.8 34.5 

 SD ±0.2 ±0.1 ±0.2 ±0.2 ±0.2 ±0.0 ±0.2 ±0.1 ±0.3 ±1.7 ±0.2 ±0.0 

Total recovery 

Water Mean 56.7 19.9 14.6 27.1 24.4 24.3 23.3 31.3 32.0 14.8 4.2 5.4 
 SD ±9.4 ±5.2 ±0.8 ±4.1 ±3.0 ±2.1 ±1.1 ±3.7 ±1.8 ±1.0 ±0.2 ±0.5 

Sediment Mean 40.4 75.0 82.4 72.6 72.7 71.7 72.4 62.8 59.3 60.5 68.9 59.1 
 SD ±9.1 ±4.3 ±3.0 ±4.3 ±2.5 ±0.0 ±2.3 ±5.7 ±2.5 ±5.1 ±1.8 ±1.3 

Entire Mean 97.0 94.8 97.0 99.7 97.3 96.3 96.4 96.1 93.7 90.1 90.7 85.8 
System SD ±0.2 ±0.8 ±1.3 ±0.4 ±3.0 ±2.0 ±0.9 ±1.8 ±0.5 ±2.9 ±0.5 ±1.8 

n.a.: not analyzed, DAT: day after treatment, SD: standard deviation  
Non-char. RA: Non characterized radioactivity (including minor peaks and diffuse radioactivity) 
ROI = region of interest in chromatogram 
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Table 7.2.2.3- 11: Biotransformation of deltamethrin in kJäV8:c`z under aerobic conditions, 
expressed as percent of applied radioactivity (mean ± SD) 

  Mean DAT 
Compound Source SD 0 0.125 0.5 1 2 3 7 14 30 50 73 99 

Deltamethrin 

Water Mean 57.3 22.5 9.3 13.1 4.6 4.6 1.1 0.8 0.0 0.0 0.0 0.0 
 SD ±6.1 ±2.7 ±1.3 ±0.4 ±1.2 ±1.2 ±0.5 ±0.3 ±0.0 ±0.0 ±0.0 ±0.0 

Sediment Mean 36.5 45.7 54.6 31.4 30.7 24.9 17.2 9.2 5.0 4.3 2.7 1.0 
 SD ±7.1 ±2.4 ±6.2 ±1.2 ±1.4 ±2.8 ±2.0 ±2.8 ±0.4 ±0.3 ±0.3 ±1.0 

α-R-Isomer of  
Deltamethrin 

Water Mean 3.2 9.3 6.2 11.6 5.9 4.8 0.8 0.2 0.0 0.0 0.0 0.0 
 SD ±1.1 ±0.4 ±2.3 ±0.9 ±0.8 ±1.4 ±0.2 ±0.2 ±0.0 ±0.0 ±0.0 ±0.0 

Sediment Mean 0.0 11.9 20.0 24.8 23.2 21.1 12.6 7.5 5.2 4.5 4.0 1.4 
 SD ±0.0 ±0.2 ±1.2 ±0.8 ±0.2 ±0.4 ±1.3 ±1.4 ±0.9 ±0.8 ±0.8 ±1.4 

Br2CA  
(ROI 3) 

Water Mean 0.0 1.5 3.3 7.7 14.7 20.4 32.2 24.4 13.5 3.0 0.0 0.0 
 SD ±0.0 ±0.1 ±0.6 ±0.2 ±0.9 ±1.6 ±1.1 ±4.3 ±2.3 ±0.3 ±0.0 ±0.0 

Sediment Mean 0.0 0.0 0.4 0.3 1.4 1.9 3.9 4.1 2.1 0.5 0.3 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.3 ±0.0 ±0.1 ±0.5 ±0.2 ±0.2 ±0.0 ±0.3 ±0.0 

ROI 4 

Water Mean 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.2 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 

Sediment Mean 0.0 0.4 1.9 1.0 4.6 3.9 5.2 3.1 1.5 1.1 0.3 0.0 
 SD ±0.0 ±0.0 ±0.5 ±0.2 ±0.1 ±0.3 ±0.2 ±0.4 ±0.2 ±0.1 ±0.3 ±0.0 

ROI 5 

Water Mean 0.0 0.0 0.0 0.0 0.4 0.8 0.0 0.0 0.3 0.0 0.0 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.4 ±0.3 ±0.0 ±0.0 ±0.3 ±0.0 ±0.0 ±0.0 

Sediment Mean 0.0 0.0 0.5 0.8 3.2 3.1 5.8 3.8 2.2 1.5 0.0 0.0 
 SD ±0.0 ±0.0 ±0.1 ±0.0 ±0.3 ±1.0 ±0.1 ±0.5 ±0.2 ±0.6 ±0.0 ±0.0 

BrCA-isomer 1 
(ROI 9) 

Water Mean 0.0 0.0 0.0 0.0 0.0 0.4 1.1 6.2 14.4 17.3 6.5 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.4 ±0.7 ±1.2 ±0.1 ±1.2 ±0.3 ±0.0 

Sediment Mean 0.0 0.0 0.0 0.0 0.0 0.0 1.4 3.9 4.6 4.3 2.1 0.0 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.1 ±0.3 ±0.0 ±0.8 ±0.2 ±0.0 

Serinyl-BrCA 
(ROI 10) 

Water Mean 0.0 0.0 0.0 0.0 0.0 0.0 1.2 2.1 4.1 7.4 7.8 5.5 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.5 ±0.2 ±0.4 ±0.4 ±1.7 ±2.7 

Sediment Mean 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.0 1.5 2.2 1.5 
 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.4 ±0.0 ±0.1 ±0.5 ±1.5 

ROI = region of interest in chromatogram 

Continued on next page 
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Table 7.2.2.3- 9 cont.: Biotransformation of deltamethrin in Oj?)Jcbbz under aerobic 
conditions, expressed as percent of applied radioactivity (mean ± SD) 

  Mean DAT 
Compound Source SD 0 0.125 0.5 1 2 3 7 14 30 50 73 99 

BrCA-isomer 2 
(ROI 11) 

Water Mean 0.0 0.0 0.0 0.0 0.0 0.0 1.1 1.5 4.3 7.7 7.2 0.0 

 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.6 ±0.9 ±1.9 ±0.1 ±0.9 ±0.0 

Sediment Mean 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.4 2.2 2.2 0.0 

 SD ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.1 ±0.1 ±0.0 

Non-char. RA 

Water Mean 2.1 1.9 0.4 0.3 1.2 1.4 1.5 2.5 3.2 1.2 1.2 0.1 

 SD ±0.6 ±0.6 ±0.2 ±0.1 ±0.4 ±0.5 ±0.6 ±0.9 ±1.1 ±0.5 ±0.5 ±0.1 

Sediment Mean 1.4 0.4 0.3 1.9 1.6 2.7 2.1 2.6 1.4 1.6 1.8 3.4 

 SD ±0.5 ±0.1 ±0.1 ±0.6 ±0.5 ±1.0 ±0.6 ±0.8 ±0.4 ±0.6 ±0.5 ±1.6 

TER 

Water Mean 62.7 35.0 19.2 32.8 26.8 32.7 39.0 37.7 39.7 36.6 22.8 5.6 

 SD ±7.5 ±2.7 ±3.4 ±1.2 ±1.7 ±5.2 ±0.0 ±3.9 ±1.3 ±0.2 ±2.0 ±2.8 

Sediment Mean 37.8 58.3 77.8 60.3 64.7 57.7 48.3 35.4 24.4 21.5 15.7 7.2 

 SD ±7.2 ±2.1 ±5.2 ±0.2 ±0.0 ±4.2 ±1.6 ±4.8 ±1.8 ±1.3 ±1.2 ±0.8 

Total 14CO2 
Entire Mean n.a. 0.0 0.1 0.1 1.0 0.8 2.4 6.7 11.6 15.8 17.8 39.1 

System SD  ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.1 ±0.0 ±0.5 ±1.2 ±1.7 ±0.0 

Volatile organics 
Entire Mean n.a. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.2 

System SD  ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.0 ±0.1 ±0.1 ±0.0 

NER 
Sediment Mean 0.5 0.9 3.2 1.5 3.5 4.3 9.0 16.1 18.0 22.1 28.8 33.4 

 SD ±0.1 ±0.1 ±1.7 ±0.3 ±0.1 ±1.2 ±0.2 ±0.1 ±0.1 ±1.8 ±0.4 ±0.0 

Total recovery 

Water Mean 62.7 35.0 19.2 32.8 26.8 32.7 39.0 37.7 39.7 36.6 22.8 5.6 

 SD ±7.5 ±2.7 ±3.4 ±1.2 ±0.0 ±5.2 ±0.0 ±3.9 ±1.3 ±0.2 ±2.0 ±2.8 

Sediment Mean 38.4 59.2 81.0 61.9 68.2 62.0 57.4 51.4 42.3 43.6 44.5 40.6 

 SD ±7.2 ±2.1 ±5.2 ±0.2 ±1.6 ±4.2 ±1.6 ±4.8 ±1.8 ±1.3 ±1.2 ±0.8 

Entire Mean 101.0 94.3 100.3 94.8 95.9 95.6 98.8 95.8 93.7 96.1 85.4 85.6 

System SD ±0.2 ±0.4 ±0.1 ±1.2 ±0.0 ±0.8 ±1.4 ±0.1 ±1.1 ±1.5 ±0.4 ±2.5 

n.a.: not analyzed, DAT: day after treatment, SD: standard deviation  
Non-char. RA: Non characterized radioactivity (including minor peaks and diffuse radioactivity) 
ROI = region of interest in chromatogram 
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Table 7.2.2.3- 12: Biotransformation of deltamethrin in total water sediment system ゜4-Ü*ä
・/? t§c`Wä under aerobic conditions, expressed as percent of applied 
radioactivity 

Compound Replicate Sampling Times [days] 

  0 0.125 0.50 1 2 3 7 14 30 50 73 99 

Deltamethrin 
1 90.7 67.2 62.6 43.5 41.0 27.5 14.7 11.2 8.6 2.8 9.0 4.1 
2 89.5 69.9 67.1 46.5 38.6 28.3 16.7 14.2 11.5 3.2 8.3 3.9 

Mean 90.1 68.6 64.9 45.0 39.8 27.9 15.7 12.7 10.1 3.0 8.6 4.0 

α-R-Isomer of 
Deltamethrin 

1 2.3 10.7 17.3 26.0 29.8 25.1 8.5 7.5 6.2 2.6 11.7 4.0 
2 0.7 7.2 10.8 22.0 23.1 19.0 9.7 10.2 9.7 3.9 8.2 3.5 

Mean 1.5 8.9 14.0 24.0 26.5 22.0 9.1 8.9 7.9 3.2 9.9 3.8 

Br2CA  
(ROI 3) 

1 1.6 9.8 12.6 23.0 19.8 26.9 45.4 25.7 11.7 8.0 0.0 9.3 
2 2.1 9.5 10.6 22.2 20.0 27.4 42.3 22.3 7.0 15.3 0.0 12.0 

Mean 1.9 9.7 11.6 22.6 19.9 27.1 43.9 24.0 9.4 11.6 0.0 10.7 

ROI 4 
1 0.0 0.0 1.8 0.7 3.6 2.7 3.0 2.8 1.2 1.2 1.9 0.5 
2 0.0 0.5 0.5 0.6 2.3 4.6 4.3 4.0 2.0 1.0 2.0 1.1 

Mean 0.0 0.2 1.2 0.7 2.9 3.7 3.7 3.4 1.6 1.1 2.0 0.8 

ROI 5 
1 0.0 0.4 0.7 0.4 2.3 3.3 3.2 3.4 1.2 1.6 1.9 1.6 
2 0.0 0.8 1.0 0.8 3.1 2.9 3.8 4.1 1.5 1.8 1.8 0.7 

Mean 0.0 0.6 0.9 0.6 2.7 3.1 3.5 3.7 1.4 1.7 1.9 1.1 

BrCA-isomer 1 
(ROI 9) 

1 0.0 0.0 0.0 0.0 0.0 1.6 5.2 18.0 31.1 7.2 2.3 0.6 
2 0.0 0.0 0.0 0.0 0.5 0.5 6.0 18.4 33.7 9.9 1.2 0.6 

Mean 0.0 0.0 0.0 0.0 0.2 1.0 5.6 18.2 32.4 8.6 1.7 0.6 

Serinyl-BrCA 
(ROI 10) 

1 0.0 0.0 0.0 0.0 0.0 1.3 1.1 2.3 2.9 10.8 8.0 6.8 
2 0.0 0.0 0.0 0.0 0.0 0.0 0.5 2.6 3.4 7.7 9.6 8.5 

Mean 0.0 0.0 0.0 0.0 0.0 0.7 0.8 2.5 3.2 9.3 8.8 7.6 

BrCA-isomer 2 
(ROI 11) 

1 0.0 0.0 0.0 0.0 0.0 0.3 1.0 2.4 2.8 5.3 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 0.2 0.3 3.0 5.4 2.6 0.0 0.0 

Mean 0.0 0.0 0.0 0.0 0.0 0.3 0.7 2.7 4.1 4.0 0.0 0.0 
ROI = region of interest in chromatogram 
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Table 7.2.2.3- 13: Biotransformation of deltamethrin in total water sediment system wdvaJj-
zä under aerobic conditions, expressed as percent of applied radioactivity 

Compound 
Replicate Sampling Times [days]  

  0 0.125 0.50 1 2 3 7 14 30 50 73 99 

Deltamethrin 
1 92.8 67.9 59.1 42.9 35.1 31.2 16.7 13.1 5.4 4.6 3.0 1.9 
2 94.8 68.4 68.8 46.1 35.6 28.0 19.8 7.0 4.6 4.0 2.4 n.d. 

Mean 93.8 68.1 63.9 44.5 35.3 29.6 18.2 10.0 5.0 4.3 2.7 1.0 

α-R-Isomer of 
Deltamethrin 

1 4.3 20.6 29.8 36.3 29.7 25.0 15.0 9.2 6.0 5.3 4.8 2.7 
2 2.1 21.7 22.7 36.7 28.5 27.0 11.9 6.1 4.3 3.7 3.2 n.d. 

Mean 3.2 21.1 26.3 36.5 29.1 26.0 13.4 7.7 5.2 4.5 4.0 1.4 

Br2CA  
(ROI 3) 

1 0.0 1.6 3.1 7.9 15.2 20.9 34.5 24.4 13.5 3.9 0.7 0.0 
2 0.0 1.3 4.3 8.1 16.9 23.8 37.7 32.6 17.6 3.2 0.0 0.0 

Mean 0.0 1.5 3.7 8.0 16.1 22.3 36.1 28.5 15.5 3.5 0.3 0.0 

ROI 4 
1 0.0 0.4 1.4 1.2 4.5 4.3 5.0 3.5 1.8 1.0 0.5 0.0 
2 0.0 0.4 2.4 0.9 4.8 4.0 5.5 2.7 1.3 1.2 0.0 0.0 

Mean 0.0 0.4 1.9 1.0 4.6 4.1 5.2 3.1 1.5 1.1 0.3 0.0 

ROI 5 
1 0.0 0.0 0.6 0.8 4.2 2.6 5.7 4.4 2.9 2.0 0.0 0.0 
2 0.0 0.0 0.4 0.9 2.8 5.2 5.9 3.3 2.0 0.9 0.0 0.0 

Mean 0.0 0.0 0.5 0.8 3.5 3.9 5.8 3.8 2.4 1.5 0.0 0.0 

BrCA-isomer 1 
(ROI 9) 

1 0.0 0.0 0.0 0.0 0.0 0.8 3.1 8.6 19.2 19.6 8.7 0.0 
2 0.0 0.0 0.0 0.0 0.0 0.0 2.0 11.7 18.8 23.5 8.7 0.0 

Mean 0.0 0.0 0.0 0.0 0.0 0.4 2.6 10.1 19.0 21.5 8.7 0.0 

Serinyl-BrCA 
(ROI 10) 

1 0.0 0.0 0.0 0.0 0.0 0.0 0.6 3.0 4.7 9.5 11.2 11.2 
2 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.8 5.5 8.3 8.9 2.8 

Mean 0.0 0.0 0.0 0.0 0.0 0.0 1.2 2.4 5.1 8.9 10.0 7.0 

BrCA-isomer 2 
(ROI 11) 

1 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.4 7.6 9.7 10.1 0.0 
2 0.0 0.0 0.0 0.0 0.0 0.0 1.7 3.2 3.9 10.1 8.6 0.0 

Mean 0.0 0.0 0.0 0.0 0.0 0.0 1.1 2.3 5.7 9.9 9.4 0.0 
ROI = region of interest in chromatogram 

B. METHOD VALIDATION 

In pre-tests it was shown that α-R-isomer of deltamethrin was stable in acetone over a period of 96 hrs. 
It was also shown that deltamethrin and α-R-isomer of deltamethrin were not stable in mixtures of 
deionized water and acetonitrile (80/20, v/v) under neutral conditions (pH 7) but in mixtures of deionized 
water and acetonitrile (80/20, v/v) adjusted to acidic pH of 3 over a period of 92 hrs. Therefore, the 
water phase was acidified with formic acid prior to processing within this study. 

In order to investigate if the metabolites are stable under acidic conditions, acidified water phase of 
Anglersee (DAT-50, replicate 1 and 2) was re-analyzed with the primary chromatographic method after 
55 days of freezer storage. The results were compared with those obtained by first analyses, as well as 
with the results obtained for samples that were deep frozen without acidification. The corresponding 
fractions for Br2CA, Serinyl-BrCA and the 2 isomers of BrCA were well comparable, showing that the 
mentioned metabolites were stable under the prevailing experimental conditions. 

In addition, various tests (see Section 3.6.5.1 of report) demonstrated that Br2CA (AE F108565; cis) is 
stable under acidic, neutral and alkaline conditions in deionized water as well as in the water phase of 
N0h/_*acf and N§i(Jbzaz. 
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The extraction procedure of sediment was established in pre-tests prior to the start of this study. In order 
to stabilize the ratio of deltamethrin and α-R-isomer of deltamethrin, the extraction solvent acetone was 
acidified for the first and second extraction step. Throughout the entire study, the portions extractable 
with the aggressive extraction method were low (≤ 2.9%). At the last sampling date, the amount of 

radioactivity extracted with the aggressive extraction method was remarkably lower than the amount of 
radioactivity determined in the ambient extracts. This indicates that the extraction was exhaustive. 

The test item was stable under the conditions of the extraction procedure and sample processing. The 
DAT-0 recoveries for deltamethrin were 90.1 and 93.8% of AR for the entire systems from a1ö?(Q3j3 
p!W?:? and Qx`J?8/az. respectively. This shows that the extraction method was well suited to extract 
Deltamethrin from the sediment matrix.  

The recovery of radioactivity after the concentration procedure was checked for samples taken at DAT-
0.5 and DAT-50 and ranged from 94.0 – 108.4%. 

A reversed-phase HPLC method was used for data evaluation. A good reproducibility demonstrated the 
suitability of the separation and quantitation. A retention time of approximately 53.2 min was 
determined for the test item deltamethrin. The HPLC limit of quantification (LOQ) for a single peak in 
the water phases and sediment extracts was ≤ 1% of AR. The recovery of radioactivity after HPLC 
analysis for a representative aged sample was 98.6% indicating that no radioactivity was lost on the 
HPLC column. Representative samples were analyzed with a confirmation method (normal-phase 
HPLC). The analysis was not performed immediately after sampling, but after a storage period of about 
three month, in which the water phases and sediment extracts were deep-frozen. For storage stability 
testing samples were re-analyzed with the primary chromatographic method, and the results of these 
analyses were used for comparison. 
With the normal-phase HPLC method it was only possible to confirm the results for deltamethrin and 
α-R-isomer of deltamethrin; the metabolites could not be detected with this method. Since the 
radioactivity bound in metabolites would be added to deltamethrin or α-R-isomer of deltamethrin, the 
ratio “α-R-isomer of deltamethrin/deltamethrin” was used to compare the results with the primary 

chromatographic method (see Appendix 12 of report). For most samples the ratios were in a similar 
range.  
In order to confirm the results for the polar metabolites, several HPLC-runs were performed from which 
all peaks were collected and applied separately onto a TLC plate. For Br2CA and the two BrCA-isomers 
one radioactive spot besides the origin was visible on the TLC plates, respectively, and the results of 
both methods were comparable. This confirms that no major hidden peaks were present. However, the 
radioactivity eluted with the retention time of Serinyl-BrCA was distributed into several peaks, 
especially in the water phase. 
 
C. DEGRADATION OF PARENT COMPOUND 

A synopsis on biotransformation of deltamethrin in aerobic water/sediment test system is shown by 
Table 7.2.2.3- 6, and the results were included in the proposed pathway of degradation in water and 
sediment (see Figure 7.2- 1). More detailed data (expressed as percent of applied radioactivity, mean ± 
SD) are summarized for the 9h(Qa*xtc W/§zz- and Hx$J??/a` in Table 7.2.2.3- 10 and Table 7.2.2.3- 
11.  

Water phase: 
In the water phase of §u?`Äya4j äkcIWt and ÄcäöhtIJa. respectively, the amounts of deltamethrin 
decreased from 54.1% and 57.3% of AR at day 0 to amounts < LOD from DAT-30 onwards. 
Three major transformation products accounting for 2 x > 5% of AR or increasing towards the end of 
the study were detected and identified in the wväkql(4? Wtba(a water: α-R-isomer of deltamethrin, 
Br2CA and one isomer of BrCA (BrCA-isomer 1). The α-R-isomer of deltamethrin accounted for up to 
9.3% of AR (DAT-1), Br2CA for up to 16.8% of AR (DAT-7) and BrCA-isomer 1 for up to 20.4% of 
AR (DAT-30). 
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In addition, four minor transformation products were characterized according to their retention times in 
HPLC-analysis. Two of them were identified as Serinyl-BrCA and BrCA-isomer 2 and accounted for 
up to 7.0 and 2.6% of AR (DAT-50), respectively. Two minor transformation products were 
characterized according to their retention times (ROI 4 and ROI 5) and accounted for maximum amounts 
of 0.4 (DAT-3) and 0.6% of AR (DAT-3), respectively. 

In the kocäÄ/)J? water, five major transformation products were detected and identified: α-R-isomer of 
deltamethrin, Br2CA, Serinyl-BrCA and two isomers of BrCA (BrCA-isomer 1 and BrCA-isomer 2). α-
R-isomer of deltamethrin accounted for up to 11.6% of AR (DAT-1), Br2CA for up to 32.2% of AR 
(DAT-7), Serinyl-BrCA for up to 7.8% of AR (DAT-73), BrCA-isomer 1 for up to 17.3% of AR (DAT-
50) and BrCA-isomer 2 was found with a maximum amount of 7.7% of AR (DAT-50). The minor 
unidentified transformation products ROI 4 and ROI 5 accounted for maximum amounts of 0.2% and 
0.8% of AR (DAT-3), respectively. 
The maximum amount of the non-characterized radioactivity in the water phases was 4.2% of AR (DAT-
30, j゛Duaxgä- WäIjy?). It contains various minor transformation products as well as the diffuse 
radioactivity which was not assigned to individual peaks. 

Deltamethrin was eliminated from the supernatant water via translocation into the sediment as well as 
via degradation (for a summary of DT50 and DT90 values of deltamethrin in the supernatant water see 
Table 7.2.2.3- 4. In the following just the best fit dissipation kinetics graphs and their outcome were 
shown.  

In case of ど*c5c-yj0 cäW:1- FOMC was better than SFO, so DFOP and HS were additionally 
evaluated. DFOP was overall best-fit (time expressed as days after treatment): 

 
 
 

Persistence endpoint:  Modelling endpoint:  
DFOP DegT50 = 0.03 days 
DFOP DegT90 = 0.64 days 

within measured DT90,  
so DT50 = DFOP DT90/3.32 = 0.2 days 
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In case of xja)J?H8a FOMC was better than SFO, so DFOP and HS were additionally evaluated. HS 
was overall best-fit (time expressed as days after treatment):  

 

 
 

Persistence endpoint:  Modelling endpoint:  
HS DegT50 = 0.06 days 
HS DegT90 = 0.84 days 

within measured DT90,  
so DT50 = HS DT90/3.32 = 0.3 days 

 
Sediment phase: 
In the sediment phase of ゜゜/zUzxuI Wc!?/q, the amounts of deltamethrin increased from 36.0% of 
AR at day 0 to a maximum of 57.3% at DAT-0.5 and declined then to 4.0% of AR towards the end of 
the study. In the t?-äÜ0vJz sediments the amounts of deltamethrin accounted for 36.5% of AR at day 0, 
increased to 54.6% of AR at DAT-0.5 and declined to 1.0% of AR towards the end of the study. 
In the sediment extracts of v44t・レcz! Wl9ca), α-R-isomer of deltamethrin, Br2CA and BrCA-isomer 
1 were found as major transformation products and accounted for up to 20.5 (DAT-2), 27.0 (DAT-7) 
and 12.0% of AR (DAT-30), respectively. Serinyl-BrCA and BrCA-isomer 2 which were identified in 
the water phases of samples applied with the ten-fold application rate were detected with maximum 
amounts of 4.8 (DAT-73) and 1.8% of AR (DAT-30), respectively. Furthermore, two unidentified 
transformation products were characterized according to their retention times (ROI 4 and ROI 5). Both 
of them accounted for up to 3.7% of AR. 

In the sediment extracts of Qz?.yxjä(J α-R-isomer of deltamethrin was detected as a major 
transformation product and accounted for up to 24.8% of AR (DAT-1). Furthermore, several minor 
transformation products were detected. Br2CA accounted for up to 4.1% of AR (DAT-14), Serinyl-
BrCA for up to 2.2% of AR (DAT-73), BrCA-isomer 1 for up to 4.6% of AR (DAT-30) and BrCA-
isomer 2 was found with maximum amounts of 2.2% of AR (DAT-50, DAT-73). The unidentified minor 
transformation products ROI 4 and ROI 5 were characterized according to their retention times and 
accounted for maximum amounts of 5.2% of AR (DAT-7) and 5.8% of AR (DAT-7), respectively. 

The maximum amount of the non-characterized radioactivity in the sediment extracts was 5.8% of AR 
(DAT-3, O゛l`7ädxc ?4äW:f). It contains various minor transformation products as well as the diffuse 
radioactivity which was not assigned to individual peaks. 
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The bound and thus non-extractable residues (NER) in test systems from x?Qkhlü?- Walbzf accounted 
for 1.0% of the applied radioactivity at day 0 and increased to 36.8% of AR until DAT-73 (before 
slightly decreasing to 34.5% of AR at DAT-99). The maximum amount of bound residues (36.8% of 
AR) was detected on DAT-73. For ?JaÜx9:(z water/sediment system, the amount of bound residues was 
0.5% of the applied radioactivity at day 0 and increased to 33.4% towards the end of the study (DAT-
99).  

The bound residues were further characterized into humic acids, fulvic acids and insoluble humins for 
representative samples. For the test system from U゛pj゛ä2?! t7zIWc. most of the radioactivity was 
found in the humic acid fraction (17.4% of AR) while similar amounts were associated with the fulvic 
acids (9.6% of AR) and the insoluble humins (7.9% of AR). For the V`a31tcJz test system, a different 
pattern was observed. The major part of radioactivity (17.4% of AR) was detected in the fulvic acid 
fraction whereas only 4.7% of AR where observed in the humic acid fraction. In the humin fraction, 
12.0% of AR was found. 
 
Total test system: 
Table 7.2.2.3- 12 and Table 7.2.2.3- 13 show the content of deltamethrin and its transformation products 
in the total water/sediment test systems. The elimination of deltamethrin from total water/sediment body 
occurred via degradation (for respective DT50 and DT90 values of deltamethrin see Table 7.2.2.3- 5). In 
the following just the best fit dissipation kinetics graphs and their outcome were shown.  

In case of X$xz?6ol) Wfz/*c FOMC was better than SFO, so DFOP and HS were additionally evaluated. 
FOMC was overall best-fit (time expressed as days after treatment): 
 

 
 
 

Persistence endpoint:  Modelling endpoint:  
FOMC DegT50 = 1.0 days 
FOMC DegT90 = 28.8 days 

within measured DT90,  
so DT50 = FOMC DT90/3.32 = 8.7 days 
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In case of wx)J?$j?a FOMC was better than SFO, so DFOP and HS were additionally evaluated. FOMC 
was overall best-fit (time expressed as days after treatment): 
 

 
 

Persistence endpoint:  Modelling endpoint:  
FOMC DegT50 = 0.9 days 
FOMC DegT90 = 20.6 days 

within measured DT90,  
so DT50 = FOMC DT90/3.32 = 6.2 days 

 
 
III.   CONCLUSIONS 

The dissipation of deltamethrin from the supernatant water phase was characterized by translocation 
into the sediment as well as by degradation. This was best described using the DFOP kinetic model with 
DT50 and DT90 values of 0.03 and 0.64 days for Xy3tacy9) W.ctoaf and using the HS kinetic model with 
DT50 and DT90 values of 0.06 and 0.84 days for Ü*:c`äpJ?. respectively. The corresponding modeling 
endpoints were either determined using the DFOP kinetic model Ü・öa)*a/x! c:qIWä`. resulting in a 
DT50 value of 0.2 days, or the HS kinetic model fレ9äIJaI゜/a with a DT50 value of 0.3 days.  

In both entire water/sediment systems, deltamethrin was degraded well which was best described using 
the FOMC kinetic model. The estimated DT50 and DT90 values were 1.0 and 28.8 days for aレ§85j5?( 
l8-.Waz and 0.9 and 20.6 days for ofJcz.wh:z respectively. The corresponding modeling endpoints were 
determined with DT50 values of 8.7 days for Ü・$:1?xä! y)W?jz and 6.2 days for /!J?Üö3?ä, 
respectively. 

Altogether in the water/sediment systems tested five “major” transformation products were detected. 
They were identified as α-R-isomer of deltamethrin, Br2CA (AE F108565; cis), Serinyl-BrCA, BrCA-
isomer 1 and BrCA-isomer 2. 
Along with degradation significant mineralization of deltamethrin to 14CO2 (max.  39.1 %) and 
formation of bound residues (NER, max.  36.8 %) occurred in the viable aerobic water/sediment 
systems.  

From this study it is concluded that deltamethrin and its residues have no potential for accumulation in 
the environment. The outcome is included in the summary of the degradation rates of deltamethrin and 
its major degradation products in soil in the laboratory given in section CA 7.2. 
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Report: KCA 7.2.2.3 /05; ä_3.Y) `, V, s,; 2013 
Title: Kinetic Modelling Analysis of Deltamethrin from a Water/ Sediment Study 
Report No: VC/11/015A 
Document No: M-461952-01-1 
Guidelines: - EU Council Directive 91/414/EEC, as amended by Commission Directive 

95/36/EC of July 1995, Section 5, Point 7 and Commission Regulation (EC) 
No 1107/2009 of 21 October 2009 

- FOCUS kinetics (2006) 1 
GLP: No (modelling calculation) 

 
EXECUTIVE SUMMARY 

The aim of this evaluation was to conduct a kinetic modelling analysis of the data from a water/ sediment 
degradation study with deltamethrin (ソ:1süidvt,yj 7, gjt 2012; report M-434820-01-1) in order to derive 
DT50 values for use as trigger and modelling endpoints.   

For the determination of DT50 values for deltamethrin, all datasets were evaluated according to FOCUS 
Kinetics guidance (2006)1 using the water/sediment Level P-I flowcharts for trigger or modelling 
endpoints. The alpha-R isomer of deltamethrin in the total system was evaluated using the Level M-I 
flowchart. 

Table 7.2.2.3- 14 summarises the resulting optimised modelling endpoint DT50 values, Table 7.2.2.3- 
15 summarises the resulting optimised trigger endpoints DT50 values for deltamethrin.  

Table 7.2.2.3- 16 summarises the resulting optimised total system modelling endpoint DT50 values for 
alpha-R isomer of deltamethrin, a primary degradate of the parent compound. 

Table 7.2.2.3- 14: SFO DT50 values for deltamethrin for use as modelling endpoints 

Water/ sediment system 
SFO DT50 

(days) 
Comment 

(kinetic, determination of DT50) 
Dbö5?$jcf ?ä)Wl゜ – water phase 0.19 DFOP, DT90 0.64/3.32 
5J?N_iä-z – water phase 0.25 HS, DT90 0.84/3.32 

Geomean 0.22  
t2K゜zbuzI Watü?! – total system 8.7 FOMC, DT90 28.8/3.32 
N2c!4/Jzz – total system 6.2 FOMC, DT90 20.6/3.32 

Geomean 7.3  

Table 7.2.2.3- 15: DT50 values for deltamethrin for use as trigger endpoints 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Best-fit kinetic 

?y?ロ゜*x:! lIWäba – water phase 0.03 0.64 DFOP 
oic!J?cソ9 – water phase 0.06 0.84 HS 

Geomean 0.04   
$?4j9fソpä W5alzf – total system 1.0 28.8 FOMC 
Gzfääqv:J – total system 0.88 20.6 FOMC 

Geomean 0.95   
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Table 7.2.2.3- 16: DT50 values for alpha-R-deltamethrin for use as modelling endpoints 

Water/ sediment system 
SFO DT50 

(days) 
Comment 

(kinetic, determination of DT50) 
$fw_cö0/? Wqätä! – total system 63.1 HS, DT90 210/3.32 
4-zÜb/cJc – total system 18.3 DFOP, DT90 60.8/3.32 

Geomean 34.0  
 
 
I.  METHODS 

Laboratory degradation data for deltamethrin and its alpha-R isomer (Error! Reference source not 
found. et al. 2012, report M-434820-01-1) were evaluated against the FOCUS Kinetics flowcharts1 for 
the determination of trigger and modelling endpoints.  

The chemical structure and names of test items are shown in section 2.1 of report; Table 7.2.2.3- 7 shows 
all the physico-chemical properties of the test systems. The used data on degradation used for the 
modelling calculations are shown in the following tables. 

Table 7.2.2.3- 17: Biotransformation of deltamethrin in ・6Ö0?§tc! a:5fWc under aerobic 
conditions at 20 °C in the dark, expressed as % of applied radioactivity 

Compound 
Source 

Rep DAT (days) 
0 0.125 0.50 1 2 3 7 14 30 50 73 99 

Deltamethrin 1 63.5 9.8 6.4 14.4 6.7 4.9 0.9 1.3 n.d. n.d. n.d. n.d. 
Water 2 44.7 18.8 8.6 9.5 7.6 3.1 0.4 n.d. n.d. n.d. n.d. n.d. 
 Mean 54.1 14.3 7.5 12.0 7.1 4.0 0.7 0.7 0.0 0.0 0.0 0.0 
Deltamethrin 1 27.2 57.5 56.2 29.1 34.4 22.6 13.7 9.9 8.6 2.8 9.0 4.1 
Sediment 2 44.7 51.1 58.5 37.1 31.0 25.3 16.3 14.2 11.5 3.2 8.3 3.9 
 Mean 36.0 54.3 57.3 33.1 32.7 23.9 15.0 12.1 10.1 3.0 8.6 4.0 
Deltamethrin 1 90.7 67.2 62.6 43.5 41.0 27.5 14.7 11.2 8.6 2.8 9.0 4.1 
Total system 2 89.5 69.9 67.1 46.5 38.6 28.3 16.7 14.2 11.5 3.2 8.3 3.9 
 Mean 90.1 68.6 64.9 45.0 39.8 27.9 15.7 12.7 10.1 3.0 8.6 4.0 
α-R-isomer of 
Deltamethrin 

1 
2.3 2.9 2.9 11.0 5.6 4.5 n.d. 0.7 n.d. n.d. n.d. n.d. 

Water 2 0.7 3.3 2.2 7.6 6.2 2.5 n.d. n.d. n.d. n.d. n.d. n.d. 
 Mean 1.5 3.1 2.6 9.3 5.9 3.5 0.0 0.3 0.0 0.0 0.0 0.0 
α-R-isomer of 
Deltamethrin 

1 
n.d. 7.9 14.4 14.9 24.2 20.6 8.5 6.8 6.2 2.6 11.7 4.0 

Sediment 2 n.d. 3.9 8.6 14.4 16.9 16.5 9.7 10.2 9.7 3.9 8.2 3.5 
 Mean 0.0 5.9 11.5 14.6 20.5 18.6 9.1 8.5 7.9 3.2 9.9 3.8 
Deltamethrin 1 2.3 10.7 17.3 26.0 29.8 25.1 8.5 7.5 6.2 2.6 n.d n.d. 
Total system 2 0.7 7.2 10.8 22.0 23.1 19.0 9.7 10.2 9.7 3.9 n.d. n.d. 
 Mean 1.5 8.9 14.0 24.0 26.5 22.0 9.1 8.9 7.9 3.2 0.0 0.0 

n.d. non-detect, <LOQ of 0.1% 
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Table 7.2.2.3- 18: Biotransformation of deltamethrin in jJäN21?fa under aerobic conditions 
at 20 °C in the dark, expressed as % of applied radioactivity 

Compound 
Source 

Rep DAT (days) 
0 0.125 0.50 1 2 3 7 14 30 50 73 99 

Deltamethrin 1 63.4 19.8 10.6 12.8 5.8 3.5 1.5 1.1 n.d. n.d. n.d. n.d. 
Water 2 51.2 25.1 8.0 13.5 3.4 5.8 0.6 0.5 n.d. n.d. n.d. n.d. 
 Mean 29.4 48.1 48.4 30.2 29.3 27.7 15.1 12.0 5.4 4.6 3.0 1.9 
Deltamethrin 1 43.6 43.3 60.8 32.6 32.1 22.1 19.2 6.4 4.6 4.0 2.4 n.d. 
Sediment 2 4.3 8.9 8.6 10.7 6.7 3.5 1.0 0.4 n.d. n.d. n.d. n.d. 
 Mean 2.1 9.6 3.9 12.6 5.1 6.2 0.6 n.d. n.d. n.d. n.d. n.d. 
Deltamethrin 1 92.8 67.9 59.1 42.9 35.1 31.2 16.7 13.1 5.4 4.6 3.0 1.9 
Total system 2 94.8 68.4 68.8 46.1 35.6 28.0 19.8 7.0 4.6 4.0 2.4 n.d. 
 Mean 93.8 68.1 63.9 44.5 35.3 29.6 18.2 10.0 5.0 4.3 2.7 1.0 
α-R-isomer of 
Deltamethrin 

1 
n.d. 11.7 21.2 25.6 23.0 21.5 14.0 8.8 6.0 5.3 4.8 2.7 

Water 2 n.d. 12.0 18.8 24.1 23.4 20.8 11.3 6.1 4.3 3.7 3.2 n.d. 
 Mean 63.4 19.8 10.6 12.8 5.8 3.5 1.5 1.1 n.d. n.d. n.d. n.d. 
α-R-isomer of 
Deltamethrin 

1 
51.2 25.1 8.0 13.5 3.4 5.8 0.6 0.5 n.d. n.d. n.d. n.d. 

Sediment 2 29.4 48.1 48.4 30.2 29.3 27.7 15.1 12.0 5.4 4.6 3.0 1.9 
 Mean 43.6 43.3 60.8 32.6 32.1 22.1 19.2 6.4 4.6 4.0 2.4 n.d. 
Deltamethrin 1 4.3 20.6 29.8 36.3 29.7 25.0 15.0 9.2 6.0 5.3 4.8 2.7 
Total system 2 2.1 21.7 22.7 36.7 28.5 27.0 11.9 6.1 4.3 3.7 3.2 n.d. 
 Mean 3.2 21.1 26.3 36.5 29.1 26.0 13.4 7.7 5.2 4.5 4.0 1.4 

n.d. non-detect, <LOQ of 0.1% 
 
Modelling strategy for data processing, optimisation model and statistics:  

The residue data summarised before was used in the evaluations without further processing. For the 
kinetic evaluations to derive DT50 values for use as trigger or modelling endpoints, the recovered time 
zero values were used for deltamethrin in the water phase and total system. During the kinetic 
evaluations, residue data for the first timepoint <LOQ (n.d., non-detect) were set to ½ LOQ of 0.05%. 
Subsequent <LOQ data were not used in the kinetic evaluations.   
Following the recommended procedure for determining modelling endpoints acc. to FOCUS 2006, all 
datasets were initially evaluated using SFO kinetics with free optimisation of parameters.  Where 
datasets were statistically and/or visually unacceptable, further evaluation with FOMC, DFOP and HS 
kinetics were applied.  A comparison between the models was made and the best-fit kinetic model was 
selected. 
Following the recommended procedure for determining persistence endpoints acc. to FOCUS 2006, all 
datasets were initially evaluated using SFO and FOMC kinetics with free optimisation of parameters.  
Where datasets were statistically and/or visually unacceptable, further evaluation DFOP and HS kinetics 
were applied.  A comparison between the models was made and the best-fit kinetic model was selected. 
The kinetic evaluations were performed according to the respective decision flowchart for the 
determination of level P-I parent endpoints for use in modelling (FOCUS, 2006; Figure 10-2, p. 198) 
and as trigger endpoints (FOCUS, 2006; Figure 10-1, p. 197). The sampling times and residue data (see 
tables above) were entered into KinGUI (Figure 1 of report) and optimisations carried out for SFO 
(Figure 3 of report), FOMC (Figure 4 of report), DFOP (Figure 5 of report) or HS (Figure 6 of report) 
kinetics. 
The alpha-R isomer of deltamethrin in the total system was evaluated using the Level M-I flowchart 
(FOCUS, 2006; Figure 10-9, p. 227) and the KinGUI scheme in Figure 2 of report. 
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II.   RESULTS 

Deltamethrin: 

Optimisations using SFO kinetics showed both visually and statistically unacceptable fits to the data 
with Table 7.2.2.3- 19 summarising the calculated DT50 values for deltamethrin.   

Table 7.2.2.3- 19: Deltamethrin parameter optimisation results (SFO) all datasets – free 
optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test 
(-) 

Visual 
assessment 

ä6qhz`N$t ä:ä`W゜ – water phase 0.05 0.15 27.4 1.03E-05 Poor 
Ü9xa8to?I ?6?)Wt – total system 1.8 6.0 21.3 1.04E-05 Poor 
xzJaäロh:` – water phase 0.06 0.19 26.6 9.64E-07 Poor 
Ü4aJ?cx:I – total system 1.7 5.6 22.2 1.61E-05 Poor 

 

Optimisations using FOMC kinetics showed both visually and statistically acceptable fits to the data 
with Table 7.2.2.3- 20 summarising the calculated DT50 values for deltamethrin.   

Table 7.2.2.3- 20: Deltamethrin parameter optimisation results (FOMC) all datasets – free 
optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test 
(-) 

Visual 
assessment 

゜ba-Qcp:p `Wzj4c – water phase <0.01 0.41 12.1 - Acceptable 
と03v?_jä( ctö-W? – total system 1.0 28.8 11.3 - Very good 
w/z(?p*Ja – water phase 0.02 0.63 10.0 - Acceptable 
dIaVn:cJc – total system 0.88 20.6 12.2 - Acceptable 

 

Optimisations using DFOP kinetics showed both visually and statistically acceptable fits to the data with 
Table 7.2.2.3- 21 summarising the calculated DT50 values for deltamethrin.   

Table 7.2.2.3- 21: Deltamethrin parameter optimisation results (DFOP) all datasets – free 
optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test * 
(-) 

Visual 
assessment 

Dg9:0z(zx ?lIW0a – water phase 0.03 0.64 8.3 0.0100 Very good 
レn?u8c`:n Wxäta! – total system 1.3 38.2 14.8 0.0582 Very good 
レqiz(Jzck – water phase 0.05 0.84 8.0 0.00147 Excellent 
:c(JzaK・x – total system 0.90 8.8 12.5 0.0127 Poor 

* worst-case of k1 and k2 results 

Optimisations using HS kinetics showed both visually and statistically acceptable fits to the data with 
Table 7.2.2.3- 22 summarising the calculated DT50 values for deltamethrin.   
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Table 7.2.2.3- 22: Deltamethrin parameter optimisation results (HS) all datasets – free 
optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test * 
(-) 

Visual 
assessment 

と§゜/?ä2§! Wz2z-/ – water phase 0.05 0.64 8.3 0.00995 Very good 
ä1:8?X・1I Wcoc`l – total system 1.6 42.1 16.6 0.0794 Very good 
3v/ä-ÜJäa – water phase 0.06 0.84 8.0 0.00219 Poor 
:c-?Np゛Ja – total system 0.92 15.0 15.1 0.00604 Good 

* worst-case of k1 and k2 results 
 
Table 7.2.2.3- 14 summarises the resulting optimised modelling endpoint DT50 values, Table 7.2.2.3- 
15 summarises the resulting optimised trigger endpoints DT50 values for deltamethrin.  
 

Alpha-R isomer of Deltamethrin: 
According to the respective flowchart, FOMC was chosen as the best-fit kinetic for deltamethrin along 
with SFO kinetics for the alpha-R isomer of deltamethrin. Optimisations using FOMC/SFO kinetics 
showed both visually and statistically unacceptable fits to the data with Table 7.2.2.3- 23 summarising 
the results.  

Table 7.2.2.3- 23: Deltamethrin parameter optimisation results (HS) all datasets – free 
optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test  
(-) 

Visual 
assessment 

zdj2?)Ö0q Wtz(?p – total system 3.3 10.9 22.9 0.000926 Poor 
O6_zc/(Ja – total system 2.6 8.8 18.3 8.55E-06 Poor 

 
Metabolite dissipation fits (decline from maximum) were therefore evaluated according to the Level M-
I flowchart.  HS and DFOP kinetics were determined to be the best-fit for the two datasets, with the 
optimisation results summarised in Table 7.2.2.3- 24.  

Table 7.2.2.3- 24: Level M-I total system metabolite decline DT50 parameter optimisation 
results for the alpha-R isomer of deltamethrin 

Water/ sediment system 
Best-

fit 
kinetic 

DT50 
(days) 

DT90 
(days) 

Min Chi2 
error (%) 

t-test 
(-) 

Visual 
assessment 

X?l?)bb55 W/kz)a – total system HS 3.3 210 15.9 0.1505 Acceptable 
oJäaソ゛/?( – total system DFOP 4.0 60.8 4.0 0.00773 Excellent 

 

SFO modelling endpoint DT50 values were derived for the two systems. Table 7.2.2.3- 16 summarises 
the resulting optimised total system modelling endpoint DT50 values for alpha-R isomer of deltamethrin. 
 
III.   CONCLUSIONS 

Kinetic modelling analysis of datasets from a water/ sediment degradation study for deltamethrin 
showed good model fits when determining trigger and modelling endpoints. The calculated SFO DT50 
values can be used for environmental exposure assessments. 
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Report: KCA 7.2.2.3 /06; *g.Vc- `, G, ,s; 2013 
Title: Kinetic modelling analysis of deltamethrin from two water/sediment 

studies 
Report No: VC/11/015B 
Document No: M-462042-01-1 
Guidelines: - EU Council Directive 91/414/EEC, as amended by Commission 

Directive 95/36/EC of July 1995, Section 5, Point 7 and Commission 
Regulation (EC) No 1107/2009 of 21 October 2009 

- FOCUS kinetics (2006) 1 
GLP: No (modelling calculation) 

 
EXECUTIVE SUMMARY 

The aim of this evaluation was to conduct a kinetic modelling analysis of the data from two water/ 
sediment degradation studies with deltamethrin (Error! Reference source not found. 1993, report M-
131938-01-1 and Error! Reference source not found. et al 2012, report M-434820-01-1) in order to 
derive DT50 values for use as trigger and modelling endpoints. In the first study separate analysis of 
deltamethrin and the alpha-R isomer of deltamethrin was conducted for some sediment samples, only. 
Therefore a separate kinetic analysis of both compounds was not possible with the data of this study.  
As a consequence, all kinetic evaluations were performed using the sum of deltamethrin and the alpha-
R isomer of deltamethrin in each phase (water and total system).  

For the determination of DT50 values for the sum of deltamethrin and the alpha-R isomer of deltamethrin 
all datasets were evaluated according to FOCUS Kinetics guidance (2006)1 using the water/sediment 
Level P-I flowcharts for trigger or modelling endpoints. The metabolite Br2CA in the total system was 
evaluated using the Level M-I flowchart. 

Table 7.2.2.3- 25 summarises the optimised modelling endpoint DT50 values for the sum of deltamethrin 
and the alpha-R isomer of deltamethrin.  In FOCUSsw evaluations, a total system DT50 value of 52.2 days 
can be used as a conservative approach for the water phase degradation along with a default DT50 value 
of 1000 days for the sediment phase degradation.  

Table 7.2.2.3- 26 summarises the calculated water phase and total system DT50 values for the sum of 
deltamethrin and the alpha-R isomer of deltamethrin suitable for use as trigger endpoints. 

Table 7.2.2.3- 27 summarises the optimised total system modelling endpoint DT50 values for Br2CA. 

Table 7.2.2.3- 25: SFO DT50 values for the sum of deltamethrin and the alpha-R isomer of 
deltamethrin for use as modelling endpoints 

Water/ sediment system 
SFO DT50 

(days) 
Comment 

(kinetics, determination of DT50) 
A?q゛lx2?- W/0?`z – water phase 0.78 HS, DT90 2.6/3.32 
Gqx/Jcaäf – water phase 0.85 HS, DT90 2.8/3.32 
GXZ – water phase 0.86 HS, DT90 2.8/3.32 
!たえzUg t・さ/ – water phase 0.09 HS, DT90 0.29/3.32 

Geomean 0.48  
N゜qb?z4:) t6Waz) – total system 72.9 HS, slow-phase k2 (0.009503) 
゛0z?G/IJa – total system 11.9 DFOP, DT90 39.5/3.32 
ZYロ – total system 61.2 HS, slow-phase k2 (0.011322) 
!G・グä さ:td – total system 140 HS, slow-phase k2 (0.004968) 

Geomean 52.2  
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Table 7.2.2.3- 26: SFO DT50 values for the sum of deltamethrin and the alpha-R isomer of 
deltamethrin for use as trigger endpoints 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Best-fit kinetics 

g61?レabj` /z(Wäü – water phase 0.05 2.6 HS 
ど3*:z?`Jä – water phase 0.07 2.9 HS 
OヮY – water phase 0.09 2.8 HS 
(と3? Cld/ – water phase 0.09 0.29 HS 

Geomean 0.07   
ロ゛cö:1pz! W8älaf – total system 3.9 101 HS 
1?`Q9iJaä – total system 3.8 39.5 DFOP 
XZH – total system 38.9 181 HS 
ÜハäIqダ C::9 – total system 109 433 HS 

Geomean 15.8   
 

Table 7.2.2.3- 27: Total system SFO DT50 values for Br2CA for use as modelling endpoints  

Water/ sediment system 
SFO DT50 

(days) 
ffm 
(-) 

Comment 
(kinetics, determination of DT50) 

päxtIV_7? a:aIWb – total system 9.3 0.92 SFO 
X§IJ゜i?zc – total system 12.2 0.64 SFO 

Geomean 10.7 -  
Average - 0.78  

 
 
I.   METHODS 

Laboratory degradation data of two water/sediment studies (Error! Reference source not found. 1993, 
report M-131938-01-1 and i8ヺl8u§xflqI g, di 2012, report M-434820-01-1) were evaluated in order to 
derive DT50 values for use in subsequent exposure assessments. All kinetic evaluations were performed 
using the sum of deltamethrin and the alpha-R isomer of deltamethrin in each phase (water and total 
system). The respective residue data were evaluated against the FOCUS Kinetics flowcharts 1 for the 
determination of trigger and modelling endpoints.  

The chemical structure and names of test items are shown in section 2.1 of report; Table 1 of report 
summarizes the physico-chemical properties of the test systems evaluated.  

The data on degradation used for the modelling calculations are shown in the following tables 
(Table 7.2.2.3- 28 to Table 7.2.2.3- 31). 
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Table 7.2.2.3- 28: Biotransformation of deltamethrin in the z8ök`V9/a Wa/3a) system under 
aerobic conditions (values in % of applied radioactivity) 

Compound 
Source Rep DAT (days) 

0 0.125 0.50 1 2 3 7 14 30 50 73 99 

Deltamethrin 
Water 

1 63.5 9.8 6.4 14.4 6.7 4.9 0.9 1.3 n.d. n.d. n.d. n.d. 
2 44.7 18.8 8.6 9.5 7.6 3.1 0.4 n.d. n.d. n.d. n.d. n.d. 

Mean 54.1 14.3 7.5 12.0 7.1 4.0 0.7 0.7 0.0 0.0 0.0 0.0 

Deltamethrin 
Sediment 

1 27.2 57.5 56.2 29.1 34.4 22.6 13.7 9.9 8.6 2.8 9.0 4.1 
2 44.7 51.1 58.5 37.1 31.0 25.3 16.3 14.2 11.5 3.2 8.3 3.9 

Mean 36.0 54.3 57.3 33.1 32.7 23.9 15.0 12.1 10.1 3.0 8.6 4.0 

Deltamethrin 
Total system 

1 90.7 67.2 62.6 43.5 41.0 27.5 14.7 11.2 8.6 2.8 9.0 4.1 
2 89.5 69.9 67.1 46.5 38.6 28.3 16.7 14.2 11.5 3.2 8.3 3.9 

Mean 90.1 68.6 64.9 45.0 39.8 27.9 15.7 12.7 10.1 3.0 8.6 4.0 
α-R-isomer of 
Deltamethrin 
Water 

1 2.3 2.9 2.9 11.0 5.6 4.5 n.d. 0.7 n.d. n.d. n.d. n.d. 
2 0.7 3.3 2.2 7.6 6.2 2.5 n.d. n.d. n.d. n.d. n.d. n.d. 

Mean 1.5 3.1 2.6 9.3 5.9 3.5 0.0 0.3 0.0 0.0 0.0 0.0 
α-R-isomer of 
Deltamethrin 
Sediment 

1 n.d. 7.9 14.4 14.9 24.2 20.6 8.5 6.8 6.2 2.6 11.7 4.0 
2 n.d. 3.9 8.6 14.4 16.9 16.5 9.7 10.2 9.7 3.9 8.2 3.5 

Mean 0.0 5.9 11.5 14.6 20.5 18.6 9.1 8.5 7.9 3.2 9.9 3.8 

Deltamethrin 
Total system 

1 2.3 10.7 17.3 26.0 29.8 25.1 8.5 7.5 6.2 2.6 n.d n.d. 
2 0.7 7.2 10.8 22.0 23.1 19.0 9.7 10.2 9.7 3.9 n.d. n.d. 

Mean 1.5 8.9 14.0 24.0 26.5 22.0 9.1 8.9 7.9 3.2 0.0 0.0 

Br2CA 
Water 

1 n.d. 0.9 4.3 4.6 11.7 13.8 17.5 15.2 3.7 0.6 n.d. n.d. 
2 n.d. 1.1 3.3 4.6 7.8 13.8 16.2 11.2 1.8 0.4 n.d. n.d. 

Mean 0.0 1.0 3.8 4.6 9.7 13.8 16.8 13.2 2.8 0.5 0.0 0.0 

Br2CA 
Sediment 

1 1.6 8.9 8.2 18.4 8.1 13.1 27.9 10.5 8.0 7.5 n.d. 9.3 
2 2.1 8.4 7.3 17.6 12.2 13.5 26.1 11.1 5.2 14.8 n.d. 12.0 

Mean 1.9 8.6 7.8 18.0 10.2 13.3 27.0 10.8 6.6 11.1 0.0 10.7 

Br2CA 
Total system 

1 1.6 9.8 12.6 23.0 19.8 26.9 45.4 25.7 11.7 8.0 0.0 9.3 
2 2.1 9.5 10.6 22.2 20.0 27.4 42.3 22.3 7.0 15.3 0.0 12.0 

Mean 1.9 9.7 11.6 22.6 19.9 27.1 43.9 24.0 9.4 11.6 0.0 10.7 
n.d. non-detect, <LOQ of 0.1% 
Time zero recovered amount: Rep 1 = 97.2%, Rep 2 = 96.9% 

Values in % of applied radioactivity, sum of deltamethrin + alpha-R isomer of deltamethrin 
Compound 
Source Rep DAT (days) 

0 0.125 0.50 1 2 3 7 14 30 50 73 99 
Deltamethrin+ alpha-
R isomer of 
deltamethrin 
Water 

1 65.9 12.7 9.3 25.4 12.2 9.4 0.9 2.0 n.d. n.d. n.d. n.d. 
2 45.4 22.1 10.9 17.1 13.8 5.6 0.4 n.d. n.d. n.d. n.d. n.d. 

Mean 55.7 17.4 10.1 21.3 13.0 7.5 0.7 1.0 n.d. n.d. n.d. n.d. 

Deltamethrin+ alpha-
R isomer of 
deltamethrin 
Sediment 

1 27.2 65.3 70.6 44.0 58.6 43.2 22.2 16.7 14.8 5.4 20.7 8.1 
2 44.7 54.9 67.1 51.4 47.9 41.8 25.9 24.5 21.2 7.1 16.5 7.4 

Mean 36.0 60.1 68.8 47.7 53.2 42.5 24.1 20.6 18.0 6.3 18.6 7.8 

Deltamethrin+ alpha-
R isomer of 
deltamethrin 
Total system 

1 93.1 78.0 79.9 69.5 70.8 52.6 23.1 18.7 14.8 5.4 9.0 4.1 
2 90.2 77.0 77.9 68.5 61.7 47.3 26.3 24.5 21.2 7.1 8.3 3.9 

Mean 91.6 77.5 78.9 69.0 66.3 50.0 24.7 21.6 18.0 6.3 8.6 4.0 
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Table 7.2.2.3- 29: Biotransformation of deltamethrin in the Üdt!8?Jäc system under aerobic 
conditions (values in % of applied radioactivity) 

Compound 
Source Rep DAT (days) 

0 0.125 0.50 1 2 3 7 14 30 50 73 99 

Deltamethrin 
Water 

1 63.4 19.8 10.6 12.8 5.8 3.5 1.5 1.1 n.d. n.d. n.d. n.d. 
2 51.2 25.1 8.0 13.5 3.4 5.8 0.6 0.5 n.d. n.d. n.d. n.d. 

Mean 29.4 48.1 48.4 30.2 29.3 27.7 15.1 12.0 5.4 4.6 3.0 1.9 

Deltamethrin 
Sediment 

1 43.6 43.3 60.8 32.6 32.1 22.1 19.2 6.4 4.6 4.0 2.4 n.d. 
2 4.3 8.9 8.6 10.7 6.7 3.5 1.0 0.4 n.d. n.d. n.d. n.d. 

Mean 2.1 9.6 3.9 12.6 5.1 6.2 0.6 n.d. n.d. n.d. n.d. n.d. 

Deltamethrin 
Total system 

1 92.8 67.9 59.1 42.9 35.1 31.2 16.7 13.1 5.4 4.6 3.0 1.9 
2 94.8 68.4 68.8 46.1 35.6 28.0 19.8 7.0 4.6 4.0 2.4 n.d. 

Mean 93.8 68.1 63.9 44.5 35.3 29.6 18.2 10.0 5.0 4.3 2.7 1.0 

α-R-Deltamethrin 
Water 

1 n.d. 11.7 21.2 25.6 23.0 21.5 14.0 8.8 6.0 5.3 4.8 2.7 
2 n.d. 12.0 18.8 24.1 23.4 20.8 11.3 6.1 4.3 3.7 3.2 n.d. 

Mean 63.4 19.8 10.6 12.8 5.8 3.5 1.5 1.1 n.d. n.d. n.d. n.d. 
α-R-isomer of 
Deltamethrin 
Sediment 

1 51.2 25.1 8.0 13.5 3.4 5.8 0.6 0.5 n.d. n.d. n.d. n.d. 
2 29.4 48.1 48.4 30.2 29.3 27.7 15.1 12.0 5.4 4.6 3.0 1.9 

Mean 43.6 43.3 60.8 32.6 32.1 22.1 19.2 6.4 4.6 4.0 2.4 n.d. 

Deltamethrin 
Total system 

1 4.3 20.6 29.8 36.3 29.7 25.0 15.0 9.2 6.0 5.3 4.8 2.7 
2 2.1 21.7 22.7 36.7 28.5 27.0 11.9 6.1 4.3 3.7 3.2 n.d. 

Mean 3.2 21.1 26.3 36.5 29.1 26.0 13.4 7.7 5.2 4.5 4.0 1.4 

Br2CA 
Water 

1 n.d. 1.6 2.7 7.9 13.8 18.8 31.1 20.1 11.2 3.4 n.d. n.d. 
2 n.d. 1.3 3.8 7.5 15.5 22.0 33.3 28.7 15.8 2.7 n.d. n.d. 

Mean n.d. n.d. 0.4 n.d. 1.4 2.0 3.4 4.3 2.3 0.5 0.7 n.d. 

Br2CA 
Sediment 

1 n.d. n.d. 0.4 0.7 1.4 1.8 4.4 3.9 1.8 0.5 n.d. n.d. 
2 n.d. 1.6 2.7 7.9 13.8 18.8 31.1 20.1 11.2 3.4 n.d. n.d. 

Mean n.d. 1.3 3.8 7.5 15.5 22.0 33.3 28.7 15.8 2.7 n.d. n.d. 

Br2CA 
Total system 

1 0.0 1.6 3.1 7.9 15.2 20.9 34.5 24.4 13.5 3.9 0.7 0.0 
2 0.0 1.3 4.3 8.1 16.9 23.8 37.7 32.6 17.6 3.2 0.0 0.0 

Mean 0.0 1.5 3.7 8.0 16.1 22.3 36.1 28.5 15.5 3.5 0.3 0.0 
n.d. non-detect, <LOQ of 0.1% 
Time zero recovered amount: Rep 1 = 101.2%, Rep 2 = 100.8% 

Values in % of applied radioactivity, sum of deltamethrin + alpha-R isomer of deltamethrin 
Compound 
Source Rep DAT (days) 

0 0.125 0.50 1 2 3 7 14 30 50 73 99 
Deltamethrin+ alpha-
R isomer of 
deltamethrin 
Water 

1 67.7 28.7 19.2 23.5 12.5 6.9 2.5 1.5 n.d. n.d. n.d. n.d. 
2 53.3 34.7 11.9 26.1 8.6 12.0 1.2 0.5 n.d. n.d. n.d. n.d. 

Mean 60.5 31.7 15.6 24.8 10.6 9.5 1.9 1.0 n.d. n.d. n.d. n.d. 

Deltamethrin+ alpha-
R isomer of 
deltamethrin 
Sediment 

1 29.4 59.8 69.6 55.7 52.2 49.2 29.1 20.8 11.4 9.9 7.9 4.7 
2 43.6 55.3 79.7 56.7 55.5 42.9 30.5 12.5 8.9 7.7 5.6 n.d. 

Mean 36.5 57.6 74.6 56.2 53.9 46.1 29.8 16.7 10.2 8.8 6.7 2.3 

Deltamethrin+ alpha-
R isomer of 
deltamethrin 
Total system 

1 97.1 88.5 88.8 79.2 64.8 56.2 31.6 22.3 11.4 9.9 7.9 4.7 
2 96.9 90.1 91.6 82.8 64.1 54.9 31.8 13.1 8.9 7.7 5.6 n.d. 

Mean 97.0 89.3 90.2 81.0 64.4 55.6 31.7 17.7 10.2 8.8 6.7 2.3 
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Table 7.2.2.3- 30: Biotransformation of Deltamethrin + alpha-R isomer in qäl ZとA system 
under aerobic conditions (values in % of applied radioactivity) 

Compound 
Source Rep DAT (days) 

0 0.25 1 2 4 7 14 28 56 84 
Deltamethrin+ 
alpha-R isomer of 
deltamethrin 
Water 

1 13 12 13 9 11 6 4 na na na 
2 31 13 15 11 8 5 3 na na na 

Mean 22 12.5 14 10 9.5 5.5 3.5 na na na 

Deltamethrin+ 
alpha-R isomer of 
deltamethrin 
Sediment 

1 78 59 59 71 62 60 65 41 34 29 
2 46 54 78 74 73 64 54 37 40 27 

Mean 62 56.5 68.5 72.5 67.5 62 59.5 39 37 28 

Deltamethrin+ 
alpha-R isomer of 
deltamethrin 
Total system 

1 91 71 72 80 73 66 69 41 34 29 
2 77 67 93 85 81 69 57 37 40 27 

Mean 84 69 82.5 82.5 77 67.5 63 39 37 28 

na not analysed, <LOQ of 1% 
Time zero recovered amount: Rep 1 = 103%, Rep 2 = 98% 

 

Table 7.2.2.3- 31: Biotransformation of Deltamethrin + alpha-R isomer in the VIハ2c ッij7 
system under aerobic conditions (values in % of applied radioactivity) 

Compound 
Source Rep DAT (days) 

0 0.25 1 2 4 7 14 28 56 84 
Deltamethrin+ 
alpha-R isomer of 
deltamethrin 
Water 

1 24 16 5 6 3 1 5 na na na 
2 22 10 4 4 5 6 1 na na na 

Mean 23 13 4.5 5 4 3.5 3 na na na 
Deltamethrin+ 
alpha-R isomer of 
deltamethrin 
Sediment 

1 61 47 85 75 88 85 80 68 68 54 
2 58 58 84 84 83 78 80 72 64 52 

Mean 59.5 52.5 84.5 79.5 85.5 81.5 80 70 66 53 

Deltamethrin+ 
alpha-R isomer of 
deltamethrin 
Total system 

1 85 63 90 81 91 86 85 68 68 54 
2 80 68 88 88 88 84 81 72 64 52 

Mean 82.5 65.5 89 84.5 89.5 85 83 70 66 53 

na not analysed, <LOQ of 1% 
Time zero recovered amount: Rep 1 = 99%, Rep 2 = 97% 
 
 
Modelling strategy for data processing, optimisation model and statistics:  

For the kinetic evaluations to derive DT50 values for use as trigger or modelling endpoints, the recovered 
time zero values were used for deltamethrin in the water phase and total system. During the kinetic 
evaluations, residue data for the first timepoint <LOQ (n.d., non-detect) were set to ½ LOQ of 0.05%. 
Subsequent <LOQ data were not used in the kinetic evaluations.  
Following the recommended procedure for determining modelling endpoints, (FOCUS, 2006), all 
datasets were initially evaluated using SFO kinetics with free optimisation of parameters. Where 
datasets were statistically and/or visually unacceptable, further evaluation with FOMC, DFOP and HS 
kinetics were applied. A comparison between the models was made and the best-fit kinetic model was 
selected. 
Following the recommended procedure for determining persistence endpoints all datasets were initially 
evaluated using SFO and FOMC kinetics with free optimisation of parameters. Where datasets were 
statistically and/or visually unacceptable, further evaluation DFOP and HS kinetics were applied. A 
comparison between the models was made and the best-fit kinetic model was selected. 

Bayer CropScience

  
  

  
    

  
  
  

 T
hi
s 
do
cu
me
nt
 i
s 
th
e 
pr
op
er
ty
 o
f 
Ba
ye
r 
AG
  

 a
nd
/o
r 
an
y 
of
 i
ts
 a
ff
il
ia
te
s.
  

 I
t 
ma
y 
be
 s
ub
je
ct
 t
o 
ri
gh
ts
 s
uc
h 
as
 i
nt
el
le
ct
ua
l 
pr
op
er
ty
 a
nd
  

 c
op
y 
ri
gh
ts
 o
f 
th
e 
ow
ne
r 
an
d 
th
ir
d 
pa
rt
ie
s.
  

 F
ur
th
er
mo
re
, 
th
is
 d
oc
um
en
t 
ma
y 
fa
ll
 u
nd
er
 a
 r
eg
ul
at
or
y 
da
ta
 p
ro
te
ct
io
n 
re
gi
me
. 
 

 C
on
se
qu
en
tl
y,
 a
ny
 p
ub
li
ca
ti
on
, 
di
st
ri
bu
ti
on
, 
re
pr
od
uc
ti
on
 a
nd
/o
r 
pu
bl
is
hi
ng
 a
nd
  

 a
ny
 c
om
me
rc
ia
l 
ex
pl
oi
ta
ti
on
 a
nd
 u
se
 o
f 
th
is
 d
oc
um
en
t 
or
 i
ts
 c
on
te
nt
s 
 

 w
it
ho
ut
 t
he
 p
er
mi
ss
io
n 
of
 t
he
 o
wn
er
 o
f 
th
is
 d
oc
um
en
t 
ma
y 
th
er
ef
or
e 
 

 b
e 
pr
oh
ib
it
ed
 a
nd
 v
io
la
te
 t
he
 r
ig
ht
s 
of
 i
ts
 o
wn
er
. 
 



Page 83 of 117 
2015-12-02 

 
Document MCA: Section 7 Fate and behaviour in the environment 
Deltamethrin 

 

 

 
 

 

 

DT50 and DT90 values were determined for the degradation of deltamethrin.  The determinations of the 
kinetic values followed the recommendations of FOCUS rules. These were aimed at deriving DT50 
values for use as trigger endpoints and model input according to the FOCUS guidance document on 
degradation kinetics. The kinetic evaluations were performed according to the respective decision 
flowchart for the determination of level P-I parent endpoints for use in modelling (FOCUS, 2006; Figure 
10-2, p. 198) and as trigger endpoints (FOCUS, 2006; Figure 10-1, p. 197).   

The sampling times and residue data were entered into KinGUI (Figure 1 of report) and optimisations 
carried out for SFO, FOMC, DFOP or HS kinetics (Figures 3, 4, 5 or 6 of report). 

The Br2CA metabolite in the total system was evaluated using the Level M-I flowchart (FOCUS, 2006; 
Figure 10-9, p. 227) and the KinGUI scheme in Figure 2 of report. 

The kinetic evaluations and the statistical calculations were conducted with KinGUI (v2.0) using 
iteratively re-weighted least-squares (IRLS) optimisation. 

Optimisation statistics was described in section 3.4.1 of report. The model fits were evaluated using a 
chi-square (χ2) error statistic and visual inspection of residual plots. The kinetic analyses and 
optimisations were carried out using the replicate data, however for the χ2 analysis the predicted 
concentration is compared to the mean measured value.   
 
II.   RESULTS 

Optimisations using SFO kinetics showed both visually and statistically unacceptable fits to the majority 
of data sets with Table 7.2.2.3- 32 summarising the calculated DT50 values for deltamethrin + alpha-R.   

Table 7.2.2.3- 32: Deltamethrin +  alpha-R isomer of deltamethrin parameter optimisation 
results (SFO) all datasets – free optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test 
(-) 

Visual 
assessment 

Y・cv-゜:va ?/uäWI – water phase 0.05 0.17 39.8 0.000627 Poor 
wo゛)0a7lä Wl_z!a – total system 4.8 15.8 17.5 4.36E-05 Poor 
Q9cfJcauj – water phase 0.08 0.27 39.3 0.000785 Poor 
7aどqi(Jää – total system 4.4 14.8 9.5 5.61E-10 Poor 
EGV – water phase 0.08 0.28 29.9 0.000178 Poor 
ZVÄ – total system 41.6 138 11.0 9.59E-06 Acceptable 
7た?と)だ B:/d – water phase 0.09 0.29 15.9 9.30E-08 Poor 
w-uä ヶl/_ – total system 126 418 8.2 6.51E-05 Acceptable 

Optimisations using FOMC kinetics showed both visually and statistically improved fits to the data with 
Table 7.2.2.3- 33 summarising the calculated DT50 values for the sum of deltamethrin and the alpha-R 
isomer of deltamethrin.  

As FOMC showed improvement over SFO the datasets were also evaluated using DFOP and HS 
kinetics.   
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Table 7.2.2.3- 33: Deltamethrin + alpha-R isomer of deltamethrin parameter optimisation 
results (FOMC) all datasets – free optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test 
(-) 

Visual 
assessment 

ä_lüä`wpu l1Wc?! – water phase 0.005 1.4 21.5 - Poor 
/゜!と3äud? zjd`W? – total system 3.8 70.1 11.3 - Very good 
ö:?)Y§J?ä – water phase 0.04 2.2 16.9 - Poor 
とützJza*) – total system 3.8 30.1 4.8 - Excellent 
ÄァU – water phase 0.003 1.1 10.2 - Poor 
UZÖ – total system 32.8 689.1 9.8 - Good 
IaÄbけけ B/d: – water phase 0.01 0.42 5.3 - Very good 
`8けに?w C/l* – total system 119 395.2 8.6 - Acceptable 

Optimisations using DFOP kinetics showed both visually and statistically acceptable fits to the data with 
Table 7.2.2.3- 34 summarising the calculated DT50 values for the sum of deltamethrin and the alpha-R 
isomer of deltamethrin. Optimisations using HS kinetics showed both visually and statistically 
acceptable fits to the data with Table 7.2.2.3- 35 summarising the calculated DT50 values for the sum of 
deltamethrin and the alpha-R isomer of deltamethrin.   

Table 7.2.2.3- 34: Deltamethrin +  alpha-R isomer of deltamethrin parameter optimisation 
results (DFOP) all datasets – free optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test* 
(-) 

Visual 
assessment 

Üä7cfö9y/ W:z-äb – water phase 0.01 2.6 15.8 0.47877 Very good 
Kqä8a`0:0 W:5faa – total system 3.7 116 10.5 0.12 Very good 
yソbjäfJca – water phase 0.06 2.8 12.6 0.00128 Very good 
K8ä`Jaqic – total system 3.8 39.5 4.2 0.00294 Excellent 
ソQL – water phase 0.01 2.8 4.1 0.474 Excellent 
ZKQ – total system 30.4 473 10.3 0.409 Good 
O`dアけc llさ9 – water phase 0.08 0.30 2.3 0.0498 Excellent 
1HIダc i゜Cl – total system 126 418 9.1 0.4731 Acceptable 

* worst-case of k1 and k2 results 

Table 7.2.2.3- 35: Deltamethrin + alpha-R isomer of deltamethrin parameter optimisation 
results (HS) all datasets – free optimisation 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
Min Chi2 
error (%) 

t-test* 
(-) 

Visual 
assessment 

ö゛l?!Y?d゛ Wc(jv? – water phase 0.05 2.6 15.8 0.00705 Very good 
3ävj4)どüc Wctü?- – total system 3.9 101 10.2 0.043 Very good 
o-U1/aJa? – water phase 0.08 2.8 12.6 0.00243 Very good 
Nyxtc)Ja? – total system 3.6 38.5 5.8 0.00013 Very good 
ァKQ – water phase 0.09 2.8 4.1 8.88E-05 Excellent 
LKQ – total system 38.9 181 10.9 0.02716 Good 
Nfözダ tゕj0 – water phase 0.09 0.29 2.3 0.0466 Excellent 
üaY`たに töさj – total system 109 433 7.9 0.012273 Very good 
* worst-case of k1 and k2 results 
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SFO kinetics was applied to all datasets and verified according to FOCUS acceptability criteria 
(minimum Chi2 error <15%, t-test parameter significance >95% and visually acceptable). For the water 
phase dissipation, SFO evaluations showed poor model fits to the data.  DT90 values were within the 
experimental period for all datasets and therefore conservative modelling endpoint SFO DT50 values 
were calculated from the best-fit (FOMC, DFOP or HS) kinetic DT90/3.32.   
For the total system degradation, SFO evaluations showed poor model fits to the data. DT90 values were 
within the experimental period for the Anglersee dataset and therefore a conservative modelling 
endpoint SFO DT50 value was calculated from the best-fit (DFOP) kinetic DT90/3.32. For the 
remaining three datasets, DT90 values were outside of the experimental period, with conservative 
modelling endpoint SFO DT50 values thus being derived from the HS k2 ‘slow-phase’ degradation rate. 
Table 7.2.2.3- 25 summarises the calculated SFO DT50 values for the sum of deltamethrin and the alpha-
R isomer of deltamethrin, suitable for use as modelling endpoints. In FOCUSsw evaluations, the 
geometric mean total system DT50 value of 52.2 days can be used as a conservative approach for the 
water phase degradation along with a default DT50 value of 1000 days for the sediment phase 
degradation. 

Table 7.2.2.3- 26 summarises the calculated water phase and total system DT50 values for the sum of 
deltamethrin and the alpha-R isomer of deltamethrin suitable for use as trigger endpoints. 

Br2CA metabolite of deltamethrin: 
According to the flowchart, HS Kp?!7(3?:9 ?tWuz`( and DFOP Hq*/(f?Jcc( were chosen as the best-fit 
kinetic for the sum of deltamethrin and the alpha-R isomer of deltamethrin along with SFO kinetics for 
the Br2CA metabolite. 

Optimisations using FOMC/SFO kinetics showed both visually and statistically acceptable fits to the 
data with Table 7.2.2.3- 36 summarising the results.  

Table 7.2.2.3- 36: Level M-I total system DegT50 parameter optimisation results for the 
Br2CA metabolite of deltamethrin 

Water/ sediment system 
DT50 

(days) 
DT90 

(days) 
ffm 
(-) 

Min Chi2 
error (%) 

t-test 
(-) 

Visual 
assessment 

a8ya)ロ9tq $-Wal? – total system 9.3 30.8 0.92 26.2 0.000134 Acceptable 
と1/Jä9?f? – total system 12.2 40.4 0.64 11.2 3.43E-14 Excellent 

Table 7.2.2.3- 27 summarises the optimised total system modelling endpoint DT50 values for Br2CA. 

 
III.   CONCLUSIONS 

Kinetic modelling analysis of datasets from two water/ sediment degradation studies for deltamethrin 
showed good model fits when determining trigger and modelling endpoints. The calculated SFO DT50 
values can be used for environmental exposure assessments. 

The results are included in the summary of the route and rate of degradation of deltamethrin and its 
major degradation products in water and sediment given in section CA 7.2. 
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Further information on the behaviour of deltamethrin in the water/sediment system was published in the 
literature by Meyer, et al, 2013 (for respective summary see below).  

 
Report: KCA 7.2.2.3 / 07; Meyer, B.; Jones, R.; Moore, S.; Lam, C.; 2013 
Title: Laboratory Degradation Rates of 11 Pyrethroids under Aerobic and Anaerobic 

Conditions 
Source: J. Agric. Food Chem. 2013, 61, 4702−4708 
Document No: M-462374-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

 
EXECUTIVE SUMMARY 
Degradation of 11 pyrethroids was measured over approximately 100 days in three sediment/water 
systems under aerobic and anaerobic conditions at 25 °C in the dark. The three California sediments 
represented a range of textures and organic matter. Deltamethrin was analyzed by liquid 
chromatography/tandem mass spectrometry using deltamethrin-phenoxy-13C6 as an internal standard. 
First-order half-lives under aerobic conditions ranged from 11.7 to 44.6 days. Under anaerobic 
conditions, the range was from 59.9 to 100 days. 
 
I. MATERIAL AND METHODS 

A. Material 

1. Test material  

Test item: Deltamethrin 
Active substance(s): Deltamethrin; CAS 52918-63-5 

Chemical state and description: (S)-cyano(3-phenoxyphenyl)methyl (1R,3R)-3-(2,2-
dibromoethenyl)-2,2-dimethylcyclopropanecarboxylate 

Source of test item: Not reported 
Batch number: Not reported 
Purity: 99.4 % 
Storage conditions: Refrigerated and stored in the dark 
Water solubility: Not reported 

2. Soil:      See Table 7.2.2.3- 37. 
 
B. Study design and methods 

1. Sampling  

Sampling technique: All sediments were sieved (2 mm) and thoroughly mixed; 
The time between sediment collection and dosing ranged 
between 2 and 8 weeks. Test systems were sampled in 
duplicate at seven intervals (approximately 0, 3, 7, 14, 28, 
60, and 100 days post-treatment). 

Sampling frequency: 5 replications 

2. Measurements   

pH, redox: On day 0, DO concentrations, pH, and redox were 
measured: pH was between 5.6 and 8.4 

Bioactivity: 
Bioactivity was determined at Agvise Laboratories, 
Northwood, ND, by aerobic or anaerobic plate counts in 
representative untreated flasks at day 0 and approximately 
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day 100 
3. Chemical analysis  
Guideline/protocol: None 
Method: LC-MS 
Pre-treatment of samples: For analysis of deltamethrin, a 10 mL aliquot of the filtrate 

was applied to a conditioned 1 g ENVI-Carb cartridge 
(Sigma-Aldrich, St. Louis, MO), rinsed with acetonitrile/ 
water (3:2) and methanol, and eluted with dichloromethane 
(DCM). The internal standard (deltamethrin-phenoxy-13C6) 
was added to the eluate, which was concentrated to dryness 
and redissolved in methanol/water (9:1). 

Conduction: Prior to treatment of the test systems, a pre-incubation 
period (ranging from 12 to 32 days) was used to acclimate 
and establish the appropriate conditions (aerobic or 
anaerobic) as judged by dissolved oxygen (DO) and redox. 
Also during this period, the analytical method was validated 
for the specific batch of sediment. 

Reference item: Deltamethrin-phenoxy-13C6 
Recovery: 71 – 114%; the overall mean of concurrent recoveries was 

95.8% (standard deviation of 6.2%) 
Limit of detection: Ranged from 0.2-1.4 ppb 
Limit of quantification: 1-8% for 50ppb 

  
Table 7.2.2.3- 37: Description of the three California sediments 

 
II. RESULTS  

1. Validity criteria: 
Recovery was within the range of 70-120 % (usual acceptance criteria). 
 

Bayer Crop

parameter sediment 1 sediment 2 sediment 3

location
description sandy creek, east of San Diego white slough (King Island) Franks Tract State Recreation Area
county San Diego Contra Costa Contra Costa
latitude 33° 0' 54.22 N 38° 04.991' N 38° 02385' N
longitude 116° 37' 4931 W 121° 26350' W 121° 36.850' W

texture*1
flaw sand day sandy day loam
sand (%) 903 20.4 49.5
silt (%) 13 30.1 25.9
day (*) 7.9 493 246

PH"
1:1 soi/water 63 6.0 6.9
saturated paste 7j0 6j0 63
<101 M CaCL 6.4 53 63

organic matter*1 (%) 1j0 13.7 4.7
organic carbon*1 (%) 0 3 7.4 2.7
cation- exchange capacity (mcq/lUOg) 6j0 19j0 148
moisture capacity*1

at 033 bar (%) 8.4 80.4 37.2
at 15 bar (%) 33 53.7 19.0

bulk density*1 (g/cm') 1.19 030 0.79

by Agvise Laboratories, North wood, ND.
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2. Analytical findings: 
The data showed a decline in residues in all of the total water/sediment systems, and the rate of decline 
varied among the three sediments. Degradation rates appear to follow first-order kinetics until about 
50−75% of the compound has degraded, and then degradation rates slow. To provide an indication of 

the degradation curve, Table 7.2.2.3- 38 provides the times required for 50 and 90% of the material to 
degrade (in cases where this occurs within the study period) and the amount remaining at the end of the 
study period. Single first-order degradation rates are provided in Table 7.2.2.3- 39, along with 
confidence intervals for deltamethrin. 
 
Table 7.2.2.3- 38: Characterization of the degradation curves in the aerobic and anaerobic studies  

 DT50a DT90a 
End 

amount 
b 

DT50a DT90a 
End 

amount b 
DT50a DT90a 

End 
amount b 

Aerobic 
Deltamethrin 9.8 88 8f, 4f 36 d 27, 26 12 64 8f, 14 

Anaerobic 
Deltamethrin 106 d 53, 46 54 d 46, 43 60 d 28, 31 

a The time to 50 and 90% degradation of the starting material was determined by the best fitting kinetic model if these points 
were reached during the study period.  

b The duplicate values from the last time interval are reported. The last time interval was 100 days for the aerobic studies 
with sediments 1 and 3 and the anaerobic study with sediment 3, 103 days for the aerobic study with sediment 2, 101 days 
for the anaerobic study with sediment 1 (except for deltamethrin, which was 108 days), and 104 days for the anaerobic 
study with sediment 2. 

c Test mixture 1.  
d Not reached during the study period.  
e Test mixture 2.  
f The concentration in the sample was below the LOQ.  
g The amount remaining in the samples at the end of the study at 100 days corresponded to 90% or greater degraded. The 

model prediction was slightly longer than the study length. 
 
Table 7.2.2.3- 39: Summary of the degradation rates (expressed as half-lives) obtained with 

nonlinear regression using single first-order kinetics 

 First order half-life (days) 
 Sediment 1 Sediment 2 Sediment 3 
 aerobic anaerobic aerobic anaerobic aerobic anaerobic 

Deltamethrin 
11.7 (6-18) 100 (81-131) 44.6 (37-56) 68.4 (51-103) 14.4 (11-22) 

59.9 (55-
66) 

 
 
III. CONCLUSIONS 

First-order half-lives for deltamethrin under aerobic conditions ranged from 11.7 to 44.6 days. Under 
anaerobic conditions, the range was from 59.9 to 100 days. 
These published DT50 results on aerobic US test systems were in good agreement with the before-
mentioned data for the EU, but not worst case. Therefore, they were not included in the set of data used 
as input parameter for EU exposure assessments (compare section CA 7.2).  
Data for anaerobic aquatics are a special US requirement but not needed for the EU. 
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CA 7.2.2.4  Irradiated water/sediment study 
Degradation of deltamethrin in water/sediment systems under outdoor conditions were evaluated during 
the Annex I inclusion, and were accepted by the European Commission (SANCO/6504/VI/99-final, 
17 October 2002). The following studies included in the Baseline Dossier were regarded relevant during 
the Annex I inclusion: 
 
 

* Please refer to the baseline dossier for Deltamethrin EC 25g/L. 
 

The dissipation DT50 of deltamethrin in the water column of several micro-/mesocosm and natural pond 
studies ranged from 1.5 to 24 hours. It was concluded that the substance will rapidly disappear from the 
water column with an expected half-life of about 1 day. Deltamethrin will mainly be distributed to 
suspended organic material, biota, and sediments. Further bioavailability is reduced.  

Despite the low vapour pressure of deltamethrin (1.1 × 10-6 Pa at 20°C) volatilisation from the water 
surface appears to be an additional dissipation route, as deltamethrin may form a microlayer film onto 
the water surface after spray drift (M-124144-01-1). Volatilisation from this surface microlayer can be 
explained by the Henry’s law constant of deltamethrin of 2.1 Pa × m3/mol at 20°C.  

The dossier supporting the approval renewal of deltamethrin includes an additional mesocosm study 
with realistic spray exposure (Error! Reference source not found. et al 2005, report M-246137-01-1, 
see nex page) using 12 test tanks of 6 m3 water and 1 m water depth, as representative of a small stagnant 
water body. It was completed after the Annex I inclusion.  
Test mesocosms were treated with deltamethrin, formulated as Deltamethrin EW 015, at five different 
treatment levels.  

In conclusion deltamethrin present in a mesocosm pond was subject to fast dissipation by biotic and/or 
abiotic processes. Deltamethrin decreased after all applications quickly and steadily with an average 
half-life in the water column of 22.4 hours, and the DT50 for the whole system (water plus sediment) 
was determined to be 31.6 hours, only. A slight increase in sediment residues was detected 
approximately seven weeks after application at higher test concentrations, and thereafter steadily 
decreased. 
  

Author(s) Year Document No. 
zP?ä8j). ,S Y, 1991 M-136641-01-1 
みog:!ä?. ッ, s,j Rä.e)3 s, ,Ät z.GIi s, V,: ・
cz.Lc ッ, ,ls ?cE. Y, ,R 

1989 M-124144-01-1 
See  KCP 9.2.4/03* 

I.れ9; K, B, Xi, ッcXo. H, ,jS Y(:!i. ,H F, 1985 M-113322-01-1  

みl.゜` N, ぉ, Ö,j äcklU`ä?QJy. ,K ヮ,l at.Ae , 1991 M-151693-01-1 
See  KCP 9.2.5/03* 

6§aS6zz. ,ノ/ xz9 `5a A・l*. s,  2001 M-200619-03-1  
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Report: KCA 7.2.2.4 /01; Öj1eく.?ä S,; Ü(3.yib ,み; ュyc(f77. ,ノ; 2005 
Title: Biological Effects and Fate of Deltamethrin EW 015 in Outdoor Mesocosm Ponds 
Report No: HBF/BT 07 
Document No: M-246137-01-1 
Guidelines: - OECD Guidance Document “Simulated Freshwater Lentic Field Tests (Outdoor 

Microcosms and Mesocosms)”, July 2004 (Draft) 
- Guidance Document on Testing Procedures for Pesticides in Freshwater 
Microcosms (SETAC-Europe Workshop, Monks Wood, UK, July 1991) 
- Community-Level Aquatic System Studies – Interpretation Criteria (2002) 
(Proceeding from the CLASSIC Workshop) 

GLP: Yes 
 
EXECUTIVE SUMMARY 

Only the part of the study relevant to the environmental fate of deltamethrin is summarised in section 7 
Fate and behaviour in the environment. The data relevant to the ecotoxicological assessment is 
summarised in the MCP section 10. 

The distribution and degradation of deltamethrin was studied in mesocosm ponds containing natural 
sediment and water in Gemany for 105 days. Test mesocosms were treated with deltamethrin, 
formulated as Deltamethrin EW 015, at five different treatment levels. The nominal test concentrations 
ranged from 4.8 to 111 ng deltamethrin/L. The formulation was applied on three occasions with an 
interval of 7 days between each application.  

Deltamethrin dissipated very rapidly from water by degradation and partitioning to sediment, with a 
mean DT50 value of 24 hours. Only two thirds of the total deltamethrin detected in pond water was 
dissolved in water, with the remaining third adsorbed to algae or particulate matter. The mean DT50 for 
the whole system (water plus sediment) was 32 hours. 

Deltamethrin present in sediment was also subject to dissipation by biotic and/or abiotic processes. A 
slight increase in sediment residues was detected approximately seven weeks after application at higher 
test concentrations, and thereafter steadily decreased. From this study it is concluded that deltamethrin 
has no potential for accumulation in the aqueous environment. 

 
I.   MATERIALS AND METHODS 

1.  Test Item 

Deltamethrin EW 015, an oil/water emulsion containing 1.64% w/w of deltamethrin 

 
2.  Test Systems 
The study was carried in mesocosm ponds: 
Natural water and sediment from the Nespen water reservoir in Oberbergisches Land, 80 km from the 
test facility were used to fill artificial ponds to a sediment level of about 15 cm. Additional local ground 
water and water from an uncontaminated pond near Monheim, Germany was added up to 1 m depth. 
The ponds were filled 7 months before application of the test item.  
 
3.  Experimental Conditions 

The distribution of deltamethrin, formulated as Deltamethrin EW 015, was investigated in aquatic 
mesocosm containing natural sediment and water under realistic outdoor conditions. The mesocosms 
were installed at the Bayer CropScience /aik!zÜ0!htt z?I゜ぉcJz うpj(ca 2j み0ä0゜jつ. Germany. The 
twelve test tanks used in this study are part of system designed to establish virtually identical conditions 
in each tank. The tanks were covered with a layer of natural sediment. The water was composed of local 
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ground water and water from a nearby uncontaminated pond. Natural biological communities developed 
during the months before the start of the study. Each pond was 2.75 m in diameter, with a water layer 
of ca. 1 m in depth, a sediment layer of ca. 15 cm and contained 5940 L of water. 

The test substance was applied three times during the early growing season in May 2004 at an interval 
of 7 days onto the water surface of nine test ponds. Each application was made with a commercial 
compressed air sprayer. The treatment levels were 4.8, 10.5, 23, 51 and 111 ng a.s./L per application 
(two replicates of 4.8 to 51 ng a.s./L, one replicate for 111 ng a.s./L). Three further tanks were used as 
untreated controls. 

The mesocosms were investigated for a period of 14 days before and 105 days after the first treatment. 
Water and sediment samples were taken for biological and chemical analysis at time points up to 105 
days. Further biological parameters were investigated but are not directly relevant for the evaluation of 
the fate and behaviour of deltamethrin in aquatic systems, and therefore are not addressed in this dossier 
chapter. The data relevant to the ecotoxicological assessment is summarised in the MCP section 10. The 
water temperature of the mesocosms ranged from 12 to 16°C in the pre-treatment phase, increasing 
during the summer to 23 °C. Dissolved oxygen values ranged between 8 and 26 mg/L. The pH ranged 
between 8 and 10.1 before and during the three treatments. Thereafter, the pH was between 9.8 and 10.3. 
 
Table 7.2.2.4- 1: Physicochemical and biological characteristics of water and sediment of the 

mesocosm ponds 

Origin 1・h§JG?-ä(tJ?z $7.Tä Germany 
Sediment 
Texture class (USDA) silt loam 
Sand 31.5 % 
Silt 54.5 % 
Clay 14.0 % 
Organic carbon  4.2 % 
Nitrogen 0.4 % 
Phosphorous 820 mg/kg 
Cation Exchange Capacity 11.8 Meq/100 g 
Water 
pH (during experimental period) 9.9 (mean, range 8.3 - 10.4) 
Hardness (mean values) 4 – 8 mg/L 
Alkalinity (mean values) 3 – 7 mg/L 
Conductivity (mean values) 384 – 521 µS/cm 
Oxygen content 6.5 - 26.1 mg/L 

 

4.  Sampling 

Water samples for residues analysis (approx. 500 - 800 mL) were collected at 0 (1 hour before and 4 
hours after 1st application), 1, 2, 4, 7 (1 hour before and 4 hours after 2nd application), 8, 9, 11, 14 (1 
hour before and 4 hours after 3rd application), 15, 16, 18 and 21 days after the initial application. Later 
timepoints were taken but not analysed as the levels of deltamethrin in water rapidly dropped below the 
limit of detection. On selected occasions, water samples were obtained from four depths (approx. 10 – 
30, 30 – 50, 50 - 70 and 70 – 90 cm beneath water surface), to reveal the distribution of the test substance 
in the water column during the first 48 hours after each application. Sediment samples were collected at 
0 (1 hour before 1st application), 2, 4, 7 (1 hour before 2nd application), 9, 11, 14 (1 hour before 3rd 
application), 16, 18, 21, 29, 35, 42, 49, 56, 63, 70, 84, 91 and 105 days after the initial application. 
Sediment samples were taken at two positions in each pond by means of a grab sampler. The upper 2 
cm of both samples were mixed and used for analysis.  
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Samples were frozen and stored at < 18 °C until analysed. Analytical samples in the control mesocosms 
were taken before the first application and one day after each application for water samples or two days 
after for sediment samples. 
 
5.  Analytical Procedures 

Water samples (ca. 500 and 800 mL) were diluted with 150 mL of acetonitrile + 10 mmol/L ammonium 
acetate, and analysed by HPLC-MS/MS using an internal standard. The limit of quantification (LOQ) 
was 5.0 ng a.s./L and the limit of detection (LOD) was 2.0 ng a.s./L.  

The percentage of adsorbed deltamethrin in selected water samples was determined by filtering the 
sample and extracting the filter with acetonitrile. Acetonitrile was evaporated to dryness and the sample 
reconstituted in test water / acetonitrile (4/1, v/v) + 10 mmol/L ammonium acetate.  The reconstituted 
sample and the filtered water were analysed by HPLC-MS/MS as described above. 

Deltamethrin was extracted from sediment with acetonitrile / 10 mmol/L ammonium acetate (9/1, v/v) 
using a microwave extractor.  The extract was centrifuged to remove any fine particles of sediment and 
analysed by HPLC-MS/MS using an internal standard. The LOQ was 0.1 µg a.s./kg dry weight sediment 
and the LOD was 0.03 µg a.s./kg dry weight sediment. 

No deltamethrin was detected in control water or sediment above the limits of quantification.  

 
II.   RESULTS AND DISCUSSION 

1. Data 

For all tested concentrations the distribution of the active substance in water (given as ng deltamethrin 
equivalents/L) is shown by Table 7.2.2.4- 2, that in the sediment (given as µg deltamethrin 
equivalents/kg dry weight) by Table 7.2.2.4- 3.  

The water sample results taken four hours after each application indicate that the test systems were 
correctly dosed, with measured concentrations on average 94.1% of nominal.  

The distribution of the active substance in water and sediment given as % of applied amount is shown 
by Table 7.2.2.4- 4 for the three highest test concentrations. The residues in sediment were too low to 
calculate mass balances for lower test concentrations. 

During the first 48 hours after each application the distribution of deltamethrin in the water column was 
investigated by sampling water from four different depths, on the other sampling occasions mixed 
samples of the whole water column were analysed. Clear stratification of deltamethrin concentrations 
was detected four hours after each application, when the major part of the test amount was found in the 
uppermost water layer. 24 hours after application deltamethrin was distributed homogeneously 
throughout the entire water column. Deltamethrin residues declined rapidly in the water phase after all 
applications, with no residues > LOQ (5 ng a.s./L) remaining by the following application days at 7 and 
14 days. At selected sampling dates, the percentage of adsorbed deltamethrin in water was determined. 
Approximately two third of the total deltamethrin in pond water was dissolved in water, with the 
remaining third adsorbed to algae or particulate matter. 

The test substance was detected only once, shortly after the first application, in sediment from the two 
lowest test concentrations (4.8 and 10.5 ng/L, LOD = 0.03 µg/kg dry weight). The results of the higher 
test levels (23 - 111 ng/L) show a slight increase in sediment concentrations for about 7 weeks after 
application resulting in up to 20% of the total applied amount in sediment, followed by a steady decline 
to less than 6% of the total applied amount by the end of the study at 105 days.  

As the study was conducted under outdoor conditions, the influence of volatilisation into the air was not 
possible to evaluate.   
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2. Dissipation of parent compound 

The mean DT50 value for dissipation of deltamethrin from the water phase was 22.4 hours and 31.6 
hours for the entire system (water plus sediment) assuming FOMC kinetics, reported as providing the 
best fits.  Simple first order fits of the water phase and whole systems gave DT50 values of 23.6 hours 
and 32.1 hours, respectively. 

 

Table 7.2.2.4- 2: Distribution of the active substance in water after spray application of 
Deltamethrin EW 15 to mesocosm ponds and incubation under German 
outdoor conditions (given as ng deltamethrin equivalents/L) 

Time after 
application 

(days) 

Application Rate 
4.8 ng a.s/L 10.5 ng a.s/L 23 ng a.s/L 51 ng a.s/L 111 ng 

a.s/L A B A B A B A B 
0/+4h a) 6.6  10.6 10.8 26.9 26.6 78.0 (67.1) b 87.4 

1 a) < LOQ < LOD 6.6 < LOQ 14.9 16.0 33.9 16.8 36.7 
2 a) < LOD < LOD < LOQ < LOQ 10.4 b) 24.9 < LOQ 12.0 
4 < LOD < LOD < LOD < LOD < LOQ < LOQ 10.3 < LOQ 7.1 

7/-1h n.d. n.d. n.d. n.d. n.d. n.d. < LOQ < LOD < LOQ 
7/+4h a) 7.1 < LOQ 15.8 7.2 34.6 (35.9) b 77.8 44.2 126.1 

8 a) 6.3 < LOQ 7.7 7.6 9.1 10.0 19.8 13.4 24.6 
9 a) < LOQ 9.2 7.3 < LOQ 9.3 (9.4) b 17.1 11.0 18.3 

11 n.d. < LOD < LOQ < LOD < LOQ < LOQ 8.0 < LOD 7.7 
14/-1h < LOD < LOD < LOD < LOD < LOD < LOD < LOQ < LOD < LOQ 
14/+4h a) < LOD < LOQ < LOQ < LOQ 10.0 15.4 35.8 14.4 26.3 

15 a) < LOD < LOD < LOQ < LOQ 7.3 12.2 29.2 7.9 17.4 
16 a) < LOD < LOD < LOQ < LOD < LOQ 5.0 15.6 < LOQ 15.7 
18 n.d. n.d. n.d. n.d. n.d. < LOD < LOQ < LOQ < LOD 
21 n.d. n.d. n.d. n.d. n.d. < LOD < LOQ < LOD < LOD 

n.d.: not determined  
a) average value for four depths 
b) sample broken 
LOQ: Limit of quantification = 5 ng a.s./L 
LOD: Limit of detection = 2 ng a.s./L 
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Table 7.2.2.4- 3: Distribution of the active substance in sediment after spray application of 
Deltamethrin EW 15 to mesocosm ponds and incubation under German 
outdoor conditions (given as µg deltamethrin equivalents/kg dry weight) 

Time after 
application 

(days) 

Application Rate 
4.8 ng a.s/L 10.5 ng a.s/L 23 ng a.s/L 51 ng a.s/L 111 ng 

a.s/L A B A B A B A B 
0 (-1h) < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 

2 < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 
4 0.18 0.52 < LOQ < LOD < LOQ < LOD 0.16 0.18 0.16 

7 (-1h) < LOD < LOD < LOD < LOD < LOD < LOD 0.38 < LOQ 0.28 
9 < LOD < LOD < LOD 0.24 < LOQ < LOQ 0.31 < LOQ 0.79 
11 < LOD < LOD < LOD < LOD 0.16 < LOQ 0.70 < LOQ 0.42 

14 (-1h) < LOD < LOD < LOD < LOD 0.40 0.29 0.44 > LOD > LOD 
16 < LOD < LOD < LOD < LOD 0.26 0.51 0.47 0.17 0.30 
18 < LOD < LOD < LOD < LOD 0.31 0.55 0.36 0.37 0.29 
21 n.a. n.a. n.a. n.a. 0.14 < LOQ 0.71 0.29 0.23 
29 n.a. n.a. n.a. n.a. 0.23 0.14 0.35 0.32 0.28 
35 n.a. n.a. n.a. n.a. 0.46 0.13 0.69 0.19 0.29 
42 < LOD < LOD < LOD < LOD 0.31 < LOQ 0.32 < LOQ 0.73 
49 < LOD < LOD < LOD < LOD 0.31 0.56 0.29 0.39 0.59 
56 < LOD < LOD < LOD < LOD 0.39 0.18 0.60 0.27 0.70 
63 < LOD < LOD < LOD < LOD 0.35 0.32 0.51 0.15 0.22 
70 < LOD < LOD < LOD < LOD 0.39 0.15 0.37 0.33 0.34 
84 < LOD < LOD < LOD < LOD < LOQ 0.25 0.33 < LOQ 0.24 
91 < LOD < LOD < LOD < LOD < LOQ 0.22 0.31 0.15 0.31 

105 < LOD < LOD < LOD < LOD < LOQ 0.19 0.26 0.24 0.14 
LOQ: Limit of quantification = 1.0 μg a.s./kg dry weight 
LOD: Limit of detection = 0.3 μg a.s./kg dry weight 
n.a. = not analysed  
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Table 7.2.2.4- 4: Distribution of the active substance in water and sediment after spray 
application of Deltamethrin EW 15 to mesocosm ponds and incubation 
under German outdoor conditions (given as as % of applied amount) 

Time after 
application 

(days) 

Application Rate 
23 ng a.s/L 51 ng a.s/L 111 ng a.s/L 

water sediment sum a) water sediment sum a) water sediment sum a) 
0 (+4h) 116.55 n.a. 116.55 144.04 n.a. 144.04 79.17 n.a. 79.17 

1 67.59 n.a. 67.59 50.57 n.a. 50.57 33.22 n.a. 33.22 
2 38.77 0 38.77 29.37 0 29.37 10.84 0 10.84 
4 10.99 1.33 12.32 12.93 4.05 16.97 6.45 1.76 8.21 
7 n.a. 0 0 2.56 5.15 7.71 2.28 3.11 5.39 

7 (+4h) 155.86 n.a. 155.86 123.85 n.a. 123.85 114.77 n.a. 114.77 
8 42.16 n.a. 42.16 33.52 n.a. 33.52 22.36 n.a. 22.36 
9 41.18 2.66 43.83 28.26 4.02 32.28 16.63 8.41 25.05 

11 10.92 5.54 16.46 8.04 8.26 16.30 6.97 4.47 11.44 
14 0 18.34 18.34 2.47 4.88 7.36 2.25 0 2.25 

14 (+4h) 54.78 n.a. 54.78 49.53 n.a. 49.53 23.66 n.a. 23.66 
15 41.67 n.a. 41.67 36.51 n.a. 36.51 15.59 n.a. 15.59 
16 17.49 17.47 34.96 18.66 7.10 25.77 14.05 3.35 17.4 
18 n.a. 19.34 19.34 4.86 8.27 13.13 0 3.24 3.24 
21 n.a. 4.11 4.11 2.44 11.17 13.60 0 2.57 2.57 
29 n.a. 8.35 8.35 n.a. 7.57 7.57 n.a. 3.06 3.06 
35 n.a. 13.23 13.23 n.a. 9.74 9.74 n.a. 3.22 3.22 
42 n.a. 7.95 7.95 n.a. 4.07 4.07 n.a. 8.04 8.04 
49 n.a. 19.72 19.72 n.a. 7.88 7.88 n.a. 6.46 6.46 
56 n.a. 12.57 12.57 n.a. 9.80 9.80 n.a. 7.72 7.72 
63 n.a. 15.14 15.14 n.a. 7.32 7.32 n.a. 2.45 2.45 
70 n.a. 11.88 11.88 n.a. 8.03 8.03 n.a. 3.70 3.70 
84 n.a. 6.93 6.93 n.a. 4.16 4.16 n.a. 2.60 2.60 
91 n.a. 6.11 6.11 n.a. 5.16 5.16 n.a. 3.41 3.41 

105 n.a. 5.41 5.41 n.a. 5.68 5.68 n.a. 1.55 1.55 
n.a. = not analysed 
a) Assuming that only a negligible part of the applied amount reached the sediment during the first 24 hours after application 

 

 
III.   CONCLUSION 

Deltamethrin disappeared very rapidly from water by degradation and partitioning to sediment, 
suspended organic matter and to biota (e.g. macrophytes). The mean DT50 for dissipation of deltamethrin 
in the water column of mesocosms was 24 hours. The mean DT50 for the whole system (water plus 
sediment) was 32 hours.  

Deltamethrin present in sediment is also subject to dissipation by biotic and/or abiotic processes, albeit 
more slowly than in the water phase. 
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CA 7.2.3  Degradation in the saturated zone 
The degradation of deltamethrin in the saturated zone was not studied since deltamethrin is not expected 
to reach the saturated zone after its use according to good agricultural practices.  
A summary of the route and rate of degradation of deltamethrin in water and sediment is given in 
section CA 7.2 and Figure 7.2- 1. 

No additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval.  

 

CA 7.3  Fate and behaviour in air 
Deltamethrin has a low vapour pressure of 1.1 x 10-6 Pa (at 20°C), indicating a low volatility of the 
active substance. In wind tunnel experiments, deltamethrin showed a negligible volatilisation from bean 
leaves and soil with 0.6 – 1.1% and 0.2% of the applied radioactivity over 24 hours, respectively.  
Volatilisation of deltamethrin from a water surface microlayer was observed in laboratory and pond 
studies. This is in agreement with the calculated Henry´s Law Constant of 2.1 Pa m3/mol at 20°C, which 
indicated some volatilisation of deltamethrin from the water surface.  
The indirect photolytic degradation after reaction with OH-radicals is rapid, with a calculated 
atmospheric DT50 of 16 hours, assuming the 24 hours average OH radical concentration for calculation. 

According to these results, an accumulation or long-range transport of deltamethrin in the air and a 
subsequent contamination by wet or dry deposition are not to be expected. This fact was confirmed by 
the evaluation of monitoring studies published in the literature (see section CA 7.5). 

Despite the new pys.-chem data on vapour pressure, Henry´s Law Constant (see section MCA 2) no 
additional studies are submitted within this Supplemental Dossier for the deltamethrin renewal of 
approval.  
 

CA 7.3.1 Route and rate of degradation in air 
Route and rate of degradation of deltamethrin in air was evaluated during the Annex I inclusion and was 
accepted by the European Commission (SANCO/6504/VI/99-final, 17 October 2002). The following 
study included in the Baseline Dossier was regarded relevant during the Annex I inclusion: 
 

Author(s) Year Document No. 
?äれc/・J3(. ,ぉ 1999 M-184105-01-1  

 
The potential persistence of the compound in air has been estimated according to the models developed 
by Atkinson. Half-life for reaction with OH-radicals was calculated to be 16 hours and the half-life for 
reaction with ozone was calculated to be 51.4 days (M-184105-01-1). 

It can be concluded from its degradability in air that deltamethrin will not accumulate in the atmosphere, 
or be transported in gaseous phase over large distances.  
 

CA 7.3.2  Transport via air 
In the Baseline Dossier this section includes one laboratory study on volatilisation from water, one study 
on volatilisation from dwarf bean plants in a wind-tunnel, one field study on volatilisation from soil and 
field beans, and finally, one field study on volatilisation from soil, glass beads and various plants (letuce, 
kohlrabi, green beans and wheat). All studies were evaluated during the Annex I inclusion and were 
accepted by the European Commission (SANCO/6504/VI/99-final, 17 October 2002). The following 
studies included in the Baseline Dossier were regarded relevant during the Annex I inclusion: 
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Author(s) Year Document No. 
*゛jä.み?` ,ッ ,s  1991 M-136601-01-1 

See KCP 9.2.4/02* 
ュ2fh:??. W, E,  1993 M-132365-02-2 

See also KCP 9.3/02* 
ォ93c.?: ,Y; W2てz.cöb ュ, 1993 M-131700-01-2  
C6cJ/)/ai. w,; Kt-zlq. ヶ,; W`a(.z3 A, ,s 1993 M-132706-01-2  
ぉ9IJia/ä/. Q,; wi`äxj. ャ,; Wg.afc- Ö, s, 1993 M-132707-01-2  

Boehnecke, A., Siebers, J., Nolting, H. G. (Publication) 1990 M-151719-01-1 
See KCP 9.3/01* 

 
* Please refer to the baseline dossier for Deltamethrin EC 25g/L. 

As overall conclusion, small amounts of deltamethrin may be lost by volatilisation from plants and soil 
in the field. Indirect measurements in the field most probably overestimated the volatilisation rate. 
Tunnel results were considered more reliable by the former RMS Sweden. From water, a significant 
volatilisation may occur. 

Since the substance is not likely to be susceptible to direct phototransformation, the rate of reaction with 
OH-radicals is the most important dissipation route (see section CA 7.3.1 before). Model calculation 
indicates that deltamethrin reacts with photochemically produced hydroxyl radicals in air, with a half-
life of 16.4 hours. From its degradability in air it can be concluded that deltamethrin will not accumulate 
in the atmosphere, or be transported in gaseous phase over large distances. 
 

CA 7.3.3  Local and global effects 
Local and global effects of deltamethrin are not to be considered since its half-life in air is ≤ 2 days 
(Error! Reference source not found. 1999, M-184105-01-1, see section CA 7.3.1).  
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CA 7.4 Definition of the residue 
CA 7.4.1  Definition of the residue for risk assessment 
The proposed residue definitions relevant for exposure assessments, which can be used as basis for risk 
assessments in each compartment, are the following: 

Compartment Residue Definition 

Soil 
Deltamethrin (AE F032640) 
Br2CA (AE F108565, cis) 
mPBacid (AE F109036) 

Groundwater 
Deltamethrin (AE F032640) 
Br2CA (AE F108565, cis) 
mPBacid (AE F109036) 

Surface water 
and  
sediment  

Deltamethrin (AE F032640) 
Alpha-R-isomer of deltamethrin (AE F108569) 
Trans-isomer of deltamethrin (AE 0035073) 
4´-OH-Deltamethrin (AE 0035082) 
Br2CA (AE F108565, cis) 
BrCA isomer 1 (code not given) 
BrCA isomer 2 (code not given) 
Serinyl-BrCA (BCS-CW57835) 
mPBacid (AE F109036) 

Air Deltamethrin (AE F032640) 

CA 7.4.2  Definition of the residue for monitoring 
For the compartments soil, groundwater, surface water, sediment and air the proposed residue definition 
for monitoring is deltamethrin.  
 

CA 7.5 Monitoring data 
Monitoring data of deltamethrin were evaluated during the Annex I inclusion, and were accepted by the 
European Commission (SANCO/6504/VI/99-final, 17 October 2002). The following study regarded 
relevant for the current section is included in the Baseline Dossier: 
 

Author(s) Year Document No. 
ァy0o.äf? み, S,l ぉ*gjü.Jia: L,t C(z/.゜1c w, 1991 M-136600-01-1  

 
More recent monitoring data received from literature review have been evaluated and are submitted 
within this Supplemental Dossier for the deltamethrin renewal of approval. Data were available for 
deltamethrin in soil, surface water, ground/drinking water, sediment and air.  

The results from monitorings published in literature, which were regarded relevant for the EU, are 
summarized in the following. Generally they well confirmed the knowledge about fate and behaviour 
of deltamethrin in the environment and the used endpoints for exposure modellings.  

If detected at all, the observed concentrations of deltamethrin in all mentioned compartments are very 
low. 
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Soil Compartment: 
 

Report: KCA 7.5 /02; Goncalves, C.; Alpendurada, M. F.; 2005 
Title: Assessment of pesticide contamination in soil samples from an intensive 

horticulture area, using ultrasonic extraction and gas chromatography-mass 
spectrometry 

Source: Talanta, 65, 5, p. 1179-1189 
Document No: M-460866-01-1 
Guidelines: None 
GLP: No, published study 
 
Literature review 

Literature review 

classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 
 
EXECUTIVE SUMMARY 

This paper describes the development and application of an ultrasonic extraction (USE) technique 
combined with gas chromatography and mass spectrometric detection for the analysis of OCPs, OPPs, 
triazines, pyrethroids, acetanilides and other miscellaneous pesticides in soil samples from an intensive 
horticulture area in North Portugal. 
The implemented monitoring program is expected to allow observing temporal trends on pesticide 
contamination as well as variations according to depth in five sampling points, during two years. 
Material and methods as well as results are summarized for validation of the method and the monitoring 
study of deltamethrin.  
An uncontaminated bulk soil sample was selected to use in the validation experiments and spiked with 
10 µg/kg deltamethrin (Pestanal® grade; ぉ:a゛cj`hä c?どd -Pziac?. Germany). Real soil samples from 
five sampling points at three depths (surface, 10 and 20 cm) were collected in four sampling dates and 
analysed with the USE method. This monitoring program was scheduled to include a sampling event 
approximately every 3 months. After collection and transport to the laboratory in aluminium foil packets, 
the samples were dried in an oven at 40°C during 48 h, sieved at 500 µm, perfectly well homogenized 
and kept refrigerated at 4 °C before analysis. 
For extraction, 5 g of soil samples was placed in small Erlenmyer flasks and 5ml of a suitable organic 
solvent added. The soil samples were firstly manually agitated and then exposed to USE in a Bandelin 
RK 100H (80/160 W) ultrasonic bath (Sonorex, Germany) for 15 min, three times. After each extraction 
period, extracts were collected by pouring the extractant through a funnel plugged with a small piece of 
cotton wool overlaid by a portion of anhydrous sodium sulfate, which had been previously washed with 
the same solvent. In order to achieve the adequate concentration factor, 5 g aliquot of sample was 
submitted to extraction and the final extract (ca. 15 ml) evaporated to dryness under a gentle stream of 
nitrogen without need of any clean-up procedure and redissolved in 200 µl of ethyl acetate. The 
following chromatographic analyses were carried out in a gas chromatograph Agilent 6890 (Palo Alto, 
CA, USA) interfaced to an Agilent 5973N mass selective detector. 
Limit of detection and recovery was 4.0 µg/kg and 111% (n=6), respectively. No deltamethrin was found 
in the soil samples.  
 
I. MATERIAL AND METHODS 
A. Material 

1. Test material  
Test item: Deltamethrin 
Source of test item: ぉc`9at$z/ Quc? fPja?aa, Germany) 
Batch number: - 
Purity: Pestanal® grade; 
Storage conditions: - 
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2. Site description   
Location/country: North Portugal )S*3ä au レ(?/eえ. 2001/2002) 
Amount of sampling areas: 5 soil sampling points at 3 depths (Surface, 10 and 20 cm) 

3. Soil:  

Soil type: Soil 1: Sand, Soil 5: Sandy-loam, Soil 18: Sand, Soil 22: 
Sandy; Soil 25: Sandy-loam (Reference soil: Bulk soil: 
sandy-loam) 

Particle size: - 
pH: - 
Organic carbon content (% w/w): Soil 1: 1.69, Soil 5: 7.82, Soil 18: 4.08, Soil 22: 8.62; 

Soil 25: 8.01 (Reference soil: Bulk soil: 7.44) 
Humidity: Soil 1: 0.12, Soil 5: 0.73, Soil 18: 0.33, Soil 22: 0.75; 

Soil 25: 0.89 (Reference soil: Bulk soil: 7.44) 
 
B. Study design and methods 

1. Test procedure   
Test system Monitoring and validation test 
Test concentration(s): 10 µg/kg 
Application method: - 
Number of replicates: - 
Application interval: - 

2. Sampling  

Sampling technique: - 
Sampling frequency: Every 3 months 
Number of samples per site/soil type: 3 
Sampling depth: Surface, 10 and 20 cm 
Transport/storage of samples: Aluminium foil packets 

4. Chemical analysis  

Guideline/protocol: - 
Method: Ultrasonic extraction procedure and gas chromatography 

with mass selective detector 
Extraction: Ultrasonic extraction (three repetitions), evaporation to 

dryness under a N2 stream and redissolved with 200 µl ethyl 
acetate 

Analysis: Gas chromatograph Agilent 6890 (Palo Alto, CA, USA) 
interfaced 
to an Agilent 5973N mass selective detector 

Reference item: Deltamethrin 
Recovery: 111±9.7% (n=6) 
Limit of detection: 4.00 µg/kg 
Limit of quantification: - 

 
II. RESULTS  
1. Validity criteria: 
No validity criteria were mentioned.  
 
2. Analytical findings: 
Limit of detection and recovery was 4.0 µg/kg and 111% (n=6), respectively. No deltamethrin was 
found in the soil samples.  
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III.  CONCLUSION 
No deltamethrin was found in the soil samples from an intensive horticulture area. Therefore, it is not 
regarded as a persistent compound in soil. 
 
 

Report: KCA 7.5 /03; Fernandez-Alvarez, M.; Llompart, M.; Lamas, J. P.; Lores, 
M.; Garcia-Jares, C.; Cela, R.; Dagnac, T.;  2008 

Title: Simultaneous determination of traces of pyrethroids, organochlorines and other 
main plant protection agents in agricultural soils by headspace solid-phase 
microextraction-gas chromatography 

Source: J. Chromatogr., A, 1188, 2, p. 154-163 
Document No: M-455938-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

 
EXECUTIVE SUMMARY 
A solvent-free and simple method based on headspace solid-phase microextraction (HS-SPME) was 
developed in order to determine simultaneously 36 common pesticides and breakdown products (mostly 
pyrethroids and organochlorine compounds) in soil. The analysis was carried out by gas chromatography 
with micro-electron-capture detection (GC-µECD). As far as we know, this is the first study about the 
SPME of pyrethroid insecticides from soil. However, material and methods as well as results are 
summarized only for the monitoring of deltamethrin.  
Different soil samples (A–G) were collected from several gardens (A, B) and agricultural locations (C–

G) of NW Spain. The soil samples (0.5 g) were placed in 10mL vials. Sodium chloride was added in 
proportion of 20% (w/v) in the required experiments. The vials were then sealed with aluminium caps 
and PTFE-faced septa. Samples were let to equilibrate in a water bath at the working temperature for 5 
min and the SPME fiber was then exposed to the headspace over the sample for 30min under stirring. 
Once finished the exposition period, the fiber was thermally desorbed for 5 min into the GC injector 
port and the chromatographic analysis was carried using GC-µECD.  
In order to assess the performance of the HS-SPME procedure, analytical quality parameters were 
measured using spiked soil samples with known concentrations of the target compounds. Therefore, 
garden soil A (7.4% of organic matter –OM- content) was spiked at levels raning from 0.5 to 200 ng/g. 
Fortification of the sample was carried out by weighing 30 g of soil in a big beaker and adding 15 ml of 
the corresponding working solution so that the entire sample got covered with organic solvent. The 
slurry was allowed to stand and stirred occasionally until the acetone completely evaporated (9–12 h). 
Afterward, 0.5 g fractions were collected and kept in a freezer at −20 ◦C until 5–10min before the 
analysis. For the analytical performance assessment, aliquots of the same soil sample (A) spiked at 
different concentration levels ranging from 0.5 to 200 ng/g were analysed as described before. 
The calculated LOD and LOQ for deltamethrin were 1.2 and 4.0 ng/g, respectively. Recovery efficiency 
of optimized method was 81%. No deltamethrin was found in non-spiked real soil samples.  

I MATERIAL AND METHODS 

A. Material 
1. Test material  
Test item: Deltamethrin 
Adjuvant / Surfactant: - 
Source of test item: F8öctex rjöl.ッajcIqä K.S USA) 
Lot/Batch number: - 
Purity: - 
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Storage conditions: - 

2. Soil:  

Name / Classification - 
Source, sampling date and storage 
conditions 

Different soil samples (A–G) were collected from several 
gardens 
(A, B) and agricultural locations (C–G) of NW Spain. 

Soil type: - 
Particle size: Sieved to 2 mm 
pH: - 
Organic carbon content: A: 7.4%; B: 13.7%, C: 8.7%, G:11.2% 

 
B. Study design and methods 

1. Test procedure  
Test system (study type): Monitoring and analytical quality test 
Treatments: Analytical quality test: Deltamethrin 
Application rate: Analytical quality test: 0.5 to 200 ng/g 
Number of replicates - 
Application: Analytical quality test: 15 ml working solution was added to 

30 g of soil in a big beaker. The slurry was allowed to stand 
and stirred occasionally until the acetone completely 
evaporated (9-12 h).  

Sampling technique: - 
Sampling frequency: Analytical quality test: Only once 
Storage of samples: Analytical quality test: -20°C 

3. Chemical analysis  

Guideline/protocol: - 
Method: HS-SPME and GC-µECD 
Extraction: Headspace solid-phase microextraction using sodium 

chloride (20% w/v) and SPME Fiber  
Analysis: Hewlett-Packard 6890 GC system equipped with 63Ni -

ECD system, 
Reference item: Deltamethrin 
Recovery: 81% 
Limit of detection: 1.2 
Limit of quantification: 4.0 

 
II. RESULTS  
1. Validity criteria: 
No validity criteria were mentioned. 
 
2. Analytical findings: 
No deltamethrin was found in non-spiked real soil samples. 
 
III.  CONCLUSION 
Deltamethrin was not found in real soil samples from agricultural areas. Therefore, it is not regarded 
as a persistent compound. 
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Aquatic Compartment: 
 

Report: KCA 7.5 /04; Figueiredo, F.; Ribeiro, M.; Rocha, M.; Cruzeiro, C.; 
Rocha, E.; 2012 

Title: Development and validation of a GC-MS method for determination of 39 
common pesticides in estuarine water – targeting hazardous amounts in the 
Douro River estuary 

Source: Intern. J. Environ. Anal. Chem. Vol. 92, No. 14, 10 December 2012, 1587–

1608 
Document No: M-457780-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

 
EXECUTIVE SUMMARY 
An analytical method based on solid-phase extraction followed by gas chromatography mass 
spectrometry (GC-MS) was developed and validated for the quantification of 39 pesticides with distinct 
physico-chemical characteristics (including some degradates), in estuarine water samples. Method 
detection limits were between 3.6 and 61.2 ng/L. The obtained sensitivity and accuracy, associated with 
the inherent confirmatory potential of GC-MS, validate the method as a tool in environmental 
monitoring. Analyses of water samples (n=84) taken from the Douro River estuary, from March to May 
2009, showed the presence of deltamethrin.  
The measured concentrations ranged from 151.2 ng/L in March to 276.6 ng/L in April, however, the 
methodology used was not adequate to rule out that detects were caused by particles trapped on the 
filters.  
 
I.  MATERIALS AND METHODS 

A.  MATERIALS 

Test item:  Deltamethrin (chemical state and description: not reported) 
Source of test item: F9eソ・$/たf/(te IP/jハätkkz, Germany). 
Batch number:  Not reported 
Purity:   Analytical grade 
Storage conditions: prepared in methanol to produce a final stock solution of 1000 mg/L and kept 

in the dark @  -20°C 
Water samples: Surface water samples were collected from the ・゛Ö!p Bl_zI estuary. After 

sampling, all water was kept refrigerated (-4°C), transported in the dark to the 
laboratory 

B. STUDY DESIGN AND METHODS 

Sampling: Water samples were collected into 2.5-L amber glass bottles, which were 
rinsed in the laboratory with ultrapure water and later, on site, with water 
sample. 

Sampling frequency: Twice a day according to both high and low tides, from late March to late May 
2009 (n=84). 

No. of samples/site: N=84 in total 
Storage of samples: All samples were maintained at 4° C in dark until extraction 
Sampling depth: Sampled from a depth of approximately 1m using a peristaltic pump (Global 

Water, model: WS 3000, California, USA). 
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Measurement of 
temperature and pH: Temperature and pH were measured immediately after collection using a 

Consort C868 electrochemical apparatus 
Statistics: After checking assumptions of normality and homogeneity of variances 

(Kolmogorov-Smirnov and the Bartlett tests), data sets were analyzed by one-
way analysis of variance (ANOVA) (Holm-Sidak test or post-hoc Tukey test 
with ranked sums).  

Chemical analysis of samples  
Guideline/protocol: none 
Method: GC-MS 
Pre-treatment: After sampling all water was kept refrigerated and then immediately vacuum 

filtered through 0.45 mm glass fibre filter to remove suspended particles. 
Thereafter, each filter was washed with approximately 2mL of methanol and 
this volume was added to the filtrate. Solid-phase extraction followed. 

Conduction: After extraction 1 g of anhydrous sodium sulfate was added to the sample bottle 
to remove any residual water and the bottle was rinsed three times with 
approximately 4 mL of dichloromethane. This volume, reduced to 1mL under a 
gentle nitrogen stream, was added to the ethyl acetate fraction which was 
concentrated to 200 mL. 

Reference item: Standard solutions of pesticide standards purchased from Sigma-Aldrich 
Recovery: 107.2% (RSD 8.6%) 
Limit of detection: 4.8 ng/L 
Limit of quant.: 15.8 mg/L 
 
II.  RESULTS AND DISCUSSION 
 
1. Validity criteria (IUPAC validation guidelines): 
- evaluation of linearity: blank matrices (free of all target pesticides) 
- accuracy: percentage of agreement between the method results and the nominal amount of added 

compound  (three replicates of each QC samples) 
- precision: relative standard deviation (%RSD) of the replicate measurements (three replicates of each 

QC samples) 
- limit of detection and quantification: was determined evaluating the signal/noise ratio (S/N 3 for 

LODs and S/N 10 for LOQs) 
 
2. Analytical findings: 

Deltamethrin was detected in 94% of all measured water samples. In April its amounts were higher than 
in March and May (Table 7.5- 1). Deltamethrin values reported for water include the extraction of 
particles on filters. 
 

Table 7.5- 1: Environmental levels of deltamethrin in the どyp-1 8z!ッl estuary (n = 84). 
Deviation to the mean is represented by +/- SE [ng/L] 

Frequency March (n=2) April n (=8) May (n=4) 
[%] 4th week 1st week 2nd week 3rd week 4th week 2nd week 4th week 

94.0 
151.2  
+/-8.1 

228.0  
+/-18.5 

179.5  
+/- 13.8 

184.6  
+/-13.7 

276.6  
+/-24.5 

133.9  
+/-7.5 

132.5  
+/-4.7 

 
III. CONCLUSION 

Deltamethrin was found in 94% of analysed samples (n = 84) taken from the N)vpü /6Cc( estuary, from 
March to May 2009 in concentrations up to 276.6 ng/L. However, the methodology was not adequate to 
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rule out that detects were caused by particles been trapped on the 0.45 mm glass fibre filters.  
Since the amount of trapped particles is not given, but the filter wash solution was added to the filtrate, 
the interpretation of results is quite difficult. It is reasonable for a very well adsorbing compound like 
deltamethrin that the major portion of deltamethrin reported for the water phase in fact was bound to 
particles of samples, which were not specified in detail.  
 
 

Report: KCA 7.5 /05; Menkissoglu-Spiroudi, U.; Tsochatzis, E.; Papageorgiou, 
M.; Tzimou-Tsitouridou, R.; Karpouzas, D.; 2012 

Title: Development and validation of an HPLC-DAD method for the simultaneous 
determination of most common rice pesticides in paddy water systems 

Source: Intern. J. Environ. Anal. Chem. Vol. 92, No. 5, 548–560 
Document No: M-457791-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

 
EXECUTIVE SUMMARY 
Rice crop is mainly cultivated in large river basins which constitute unique ecosystems and their ecological 
quality is invaluable. However, the high loads of pesticides used in rice cultivation contribute to the 
contamination of the water resources in such rice-cultivated regions. To regularly monitor the quality of 
such water resources there is a need for a rapid and sensitive multi-residue analytical method. This study 
presents the development and validation of a new analytical method for the simultaneous determination of 
most rice pesticides including deltamethrin.  

A solid-phase extraction (SPE) procedure followed by high performance liquid chromatography (HPLC) 
with diode array detection (DAD) was used. A C18 RP column operated at 30 °C was utilised and the 
analytes were separated with a mobile phase of acetonitrile/water mixture in a linear gradient. Clean-up of 
water samples and isolation of pesticides was performed on SPE Bakerbond octadecyl cartridges and an 
ethyl acetate-dichlomethane mixture (9:1 v/v, 2 mL) was used for elution.  

Method validation was performed by means of intra-day (n=5) and inter-day accuracy and precision (n=8), 
sensitivity and linearity. The relative recovery of the deltamethrin in paddy water samples was acceptable 
(99.2 %) and the relative standard deviation (RSD%) ranged from 3.0 to 4.2 %. Limits of detection (LOD) 
and limits of quantification (LOQ) were 0.2 ng/mL and 0.6 ng/mL respectively. 
Deltamethrin was not detected at the 10 sampling sites. 
 
I. MATERIAL AND METHODS 

A. Material 
1. Test material  
Test item:      Deltamethrin 
Chemical state and description:  Not reported 
Source of test item:    Not reported 
Batch number:     Not reported 
Purity:     Not reported 
Storage conditions:   Not reported 
2. Soil:  
Ten water samples were collected from rice paddies and receiving canals located in the Öo/nJ river 
basin. These paddies (organic and conventional fields) were experimental field facilities 0` üia う?(ctä 
§J8`lt/jz d( b?JJg/.Z?ib゛/ ä:äjUlqb Kq(ä゛5/t/(z/ ぃz_cJäc( P5y8n5e::_ of Greece rÜSÄÜッZr, Five 
samples were collected at mid-June 2008, while five more samples were collected during the period 
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from end of July to mid August 2008. 
Soil parameters like soil type, particle size, pH, OC content were not reported. 

 
B. Study design and methods 

1. Sampling  
Sampling technique: Not reported 
Sampling frequency: Not reported 
Number of samples per site/soil type: Not reported 
Storage of samples: In refrigeration for safe preservation between + 2°C and  

-2°C until analysis. 

2. Measurements  

Temp., soil moisture, pH, OC : Not reported 

3. Chemical analysis  

Guideline/protocol: Not reported 
Method: HPLC-DAD 

Pre-treatment of samples: 
The paddy water samples analysed were first filtered 
Through a Glass Fibre filter (GF/A) and then transferred to 
J.T. Baker BAKERBOND octadecyl SPE cartridges. 

Conduction: Not reported 
Reference item: Not reported 
Recovery: 99.2 % 
Limit of detection: 0.2 ng/mL 
Limit of quantification: 0.6 ng/mL 

 
II.  RESULTS  

1. Validity criteria:  No validity criteria defined. 
 
2. Analytical findings: 

Table 7.5- 2: Pesticide concentrations (ng/mL) detected in the water samples collected from 
rice paddies and receiving drainage canals located in the $JG6/ river basin 
(Northern Greece) and processed using the analytical method developed.  

Sample
1  

Sample
2 

Sample
3 

Sample
4 

Sample
5 

Sample
6 

Sample
7 

Sample
8 

Sample
9 

Sample1
0 

< LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD < LOD 
Samples 1–5 were collected at mid-June while samples 6–10 were collected during a period from end of July to mid-August. 
 
III. CONCLUSION 

Deltamethrin was not detected at all 10 sampling sites (common paddy rice water system).  
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Report: KCA 7.5 /06; Laubel, A.; Friberg, N.; Kronvang, B.; Larsen, S.; 2003 
Title: Pesticides and heavy metals in Danish streambed sediment  
Source: Hydrobiologia, 494, p. 93-101 
Document No: M-460841-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

 
EXECUTIVE SUMMARY 
The role of streambed sediment as a sink for pesticides and heavy metals was investigated in 30 Danish 
lowland streams. For heavy metals, material and methods as well as results were not summarized. The 
investigated streams drain catchments varying in hydrology, topography, soil type and land use. The 
<250 μm newly accumulated fraction of the uppermost 1–2 cm layer of streambed sediment was 
analysed for 19 old and modern pesticides and 9 heavy metals by using GC-EC and GC-MS (using both 
EI-ionisation and NCI-ionisation).  
DDE was present in the sediment of all the streams. Of the herbicides, fungicides and insecticides 
currently in use, the most frequently detected was diuron (50.0%), fenpropimorph (66.7%) and lambda-
cyhalothrin (6.7%), respectively.  
The pesticides detected in the highest concentration were fenpropimorph (1700 ng/g), propiconazole 
(130 ng/g) and isoproturon (110 ng/g).  
Deltamethrin was found in Danish lowland stream sediment samples at concentrations up to 50 ng per 
g DW; detection frequency was comparatively low (< 5%).  
The average number of pesticides detected in the 27 streams draining predominantly agricultural 
catchments was (3.7±2.0) being higher (p = 0.077) than in the three streams draining non-agricultural 
catchments (1.7±0.6). Pesticides were significantly related to catchment size, soil type and hydrological 
regime.  
 
I. MATERIAL AND METHODS 
A. Material 

1. Site description  
Location/country: Small headwater streams / Denmark 
Nr. of catchments: 30 

B. Study design and methods 
2. Sampling  
Sampling technique: Kajak corer  
Sampling date: Autumn 1998 
Number of samples per site: 30-50 core-samples 
Sampling depth: 1-2 cm of newly accumulated fine sediment and detritus 

Transport/storage of samples: 
Samples were pooled and to one composite sample for each 
stream and transported in 2 l glass bottles. The <250 µm 
portion was stored frozen in an aluminium foil tray. 

3. Measurements   
Grain size distribution: Laser diffraction spectrometer 

Organic matter content: 
The content of organic matter was measured as the loss on 
ignition in a subsample by combusting the sediment samples 
at 500 ◦C for 4 h. 
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4. Chemical analysis  
Guideline/protocol: - 

Method: GC-EC and GC-MS (using both EI-ionisation and NCI-
ionisation) 

Pre-treatment of samples: Samples were extracted with acetone/dichlormethane 1:1 in 
a Soxtec Avanti 2050 Auto system 

Conduction: 
Half of the extract was analysed with GC-EC. The other half 
of the extract was analysed with GC-MS using both EI-
inonisation and NCI-ionisiation. 

Recovery: Deltamethrin: 106% 
Limit of detection: 10 ng/g DW 
Limit of quantification: - 

 
II. RESULTS  
1. Validity criteria: No validity criteria were mentioned.  

2. Analytical findings: 
DDE was present in the sediment of all the streams. Of the herbicides, fungicides and insecticides 
currently in use, the most frequently detected was diuron (50.0%), fenpropimorph (66.7%) and lambda-
cyhalothrin (6.7%), respectively.  
Deltamethrin was found in sediment samples in concentrations up to 50 ng/g DW; detection frequency 
was comparatively low (< 5%). The average number of pesticides detected in the 27 streams draining 
predominantly agricultural catchments was (3.7±2.0) being higher (p = 0.077) than in the three streams 
draining non-agricultural catchments (1.7±0.6). Pesticides were significantly related to catchment size, 
soil type and hydrological regime. 

3. Other measurements  
Median grain size was 17.7 μm, median clay content 16.3% and median organic matter content 15.4%. 
 
III. CONCLUSION 
Deltamethrin was found in Danish lowland stream sediment samples up to 50 ng/g DW, detection 
frequency was comparatively low (< 5%). 
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Drinking Water: 
 

Report:  KCA 7.5 /07; Nazimek, T.; Badach, H.; Kaminska, I.; 2007 
Title: Pesticide content in drinking water samples collected from orchard areas in 

central Poland 
Source: Ann. Agric. Environ. Med.,14, 1, p. 109-114 
Document No: M-458077-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

 
EXECUTIVE SUMMARY 
Samples of drinking water collected in c`uz)VIdic?W ló!?09 of central Poland were tested for the 
presence of pesticides. Data obtained from analysis of water samples will be used for future 
epidemiological and environmental studies in the region. Samples were collected during spring and 
autumn of 2002-2003 from dug wells, deep wells and water mains in 81 randomly-selected rural 
households scattered throughout this region of extensive agriculture. The concentration of pesticides 
from four main chemical groups was determined by gas chromatography: organochlorines (lindane, 
DDT, methoxychlor), triazines (atrazine, simazine), organophosphates (acephate, diazinon, 
fenitrothion) and pyrethroids (alpha-cypermethrin, deltamethrin). Two-year monitoring of drinking 
water samples indicated the presence of DDT and methoxychlor contamination. Pyrethroids e.g. 
deltamethrin, were generally not detected, with the exception of alpha-cypermethrin found in only a few 
samples. Triazines were also found in water samples collected in the course of the study with higher 
incidence during spring period. Organophosphates were by far the most common contaminants of 
drinking water in this region. Almost all samples were contaminated by significant amounts of 
fenitrothion.  
 
I. MATERIAL AND METHODS 
A. Material 

1. Site description  
Location/country: Water mains (20%), Water dug (40%) and Water deep weels 

(40%); Poland -WI*ä? z゜7 -V6/ze !aInt$4 
Amount of sample sites - 
Cultivated crops: Study area in the immediate vicinity of large orchards 

B. Study design and methods 
1. Sampling  
Sampling technique: - 
Sampling frequency: Single samples 
Sampling date Spring and autumn of 2002-2003 
Number of samples: 81 water intakes 
Sampling depth: - 
Transport/storage of samples: - 

2. Chemical analysis  
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Guideline/protocol: Badach et al. 20003; Juhler 19974; LeBel et al. 19795 
Method: Gas Chromatography 
Pre-treatment of samples: Solid Phase Extraction with Octadecyl C18 columns 
Conduction: A Hewlett-Packard 5890 Series II (Hewlett-Packard, 

Germany) gas chromatograph equipped with an electron 
capture detector and a capillary RTX column was used. 
(Duplicates were tested) 

Reference item: - 
Recovery: 89% for pyrethroide 
Limit of detection: Deltamethrin: 0.10 µg/L 
Limit of quantification: - 

 
II. RESULTS  
1. Validity criteria: No validity criteria were mentioned.  
 
2. Analytical findings: 
Two-year monitoring of drinking water samples indicated the presence of DDT and methoxychlor 
contamination. Pyrethroids were generally not detected, with the exception of alpha-cypermethrin found 
in only a few samples. Organophosphates were by far the most common contaminants of drinking water 
in this region. Almost all samples were contaminated by significant amounts of fenitrothion. In the 
following tables just the results for deltamethrin are shown. 

Table 7.5- 3: Concentration and prevalence of pesticide-contaminated samples collected from water 
mains in the ä)zHaeW9)(2t region during spring and autumn of 2002/2003  

Compound 

Total 
number 

of 
samples 

Number of contaminated samples Range of concentrations 

Spring Autumn Spring Autumn 

N n. % n. % µg/L µg/L 
2002 
Deltamethri
n 

17 0 0.0 0 0.0 not detected not detected 

2003 
Deltamethri
n 

17 0 0.0 0 0.0 not detected not detected 

 

Table 7.5- 4: Concentration and prevalence of pesticide-contaminated samples collected 
from deep wells in the W(_zIソfizäeb region during spring and autumn of 
2002/2003 

Compound 
Total no. 

of 
samples 

Number of contaminated samples Range of concentrations 

Spring Autumn Spring Autumn 

                                                 
3 Badach H, Nazimek T, Kamiński R, Turski AW: Organochlorine pesticides concentration in the drinking water 
from regions of extensive agriculture in Poland. Ann Agric Environ Med 2000, 7, 25-28. 
4 Juhler RK: Optimized method for the determination of organophosphorus pesticides in meat and fatty matrices. 
J Chromatogr A 1997, 786, 145-153. 
5 LeBel GL, Williams DT, Griffith G, Benoit FM: Isolation and concentration of organophosphorus pesticides 
from drinking water at the ng/L level, using macroreticular resin. J Assoc Off Anal Chem 1979, 62, 241-249. 
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N n. % n. % µg/L µg/L 
2002 
Deltamethri
n 

32 0 0.0 0 0.0 not detected not detected 

2003 
Deltamethri
n 

31 0 0.0 0 0.0 not detected not detected 

 

Table 7.5- 5: Concentration and prevalence of pesticide-contaminated samples collected 
from dug wells in g:c W!xefüzQ(icä region during spring and autumn of 
2002/2003 

Compound 

Total no. 
of 

samples 

Number of contaminated samples Range of concentrations 

Spring Autumn Spring Autumn 

N n. % n. % µg/l µg/l 
2002 
Deltamethrin 32 0 0.0 0 0.0 Not detected Not detected 
2003 
Deltamethrin 32 0 0.0 0 0.0 Not detected Not detected 

 

III.  CONCLUSION 

During two year monitoring of drinking water samples in Polish orchard areas no deltamethrin residues 
were detected.  
 
Air Compartment: 
 

Report: KCA 7.5 / 08; Hart, E.; Pastor, A.; Yusa, V.; Coscolla, C.; 2013 
Title: GC-MS characterization of contemporary pesticides in PM10 of Valencia 

Region, Spain 
Source: Atmospheric Environment 62; 118-129 
Document No: M-462167-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

 
EXECUTIVE SUMMARY 
Better knowledge of the occurrence of pesticides in the inhalable fraction of particulate matter (PM10) 
could be very useful for future exposure assessment in individuals of the general public. The present 
work studies the spatial and temporal distribution of the occurrence of currently used pesticides (CUPs) 
in PM10. Ambient air samples were collected from January through December 2010 at one remote, one 
urban and three rural sites in Valencia Region (Spain) and analyzed for 42 CUPs using a gas 
chromatography coupled to mass spectrometry in tandem (GC-MS/MS) approach.  
Deltamethrin was not detected in any sample. 
 
I. MATERIAL AND METHODS 

A. Material 

Bayer CropScience

  
  

  
    

  
  
  

 T
hi
s 
do
cu
me
nt
 i
s 
th
e 
pr
op
er
ty
 o
f 
Ba
ye
r 
AG
  

 a
nd
/o
r 
an
y 
of
 i
ts
 a
ff
il
ia
te
s.
  

 I
t 
ma
y 
be
 s
ub
je
ct
 t
o 
ri
gh
ts
 s
uc
h 
as
 i
nt
el
le
ct
ua
l 
pr
op
er
ty
 a
nd
  

 c
op
y 
ri
gh
ts
 o
f 
th
e 
ow
ne
r 
an
d 
th
ir
d 
pa
rt
ie
s.
  

 F
ur
th
er
mo
re
, 
th
is
 d
oc
um
en
t 
ma
y 
fa
ll
 u
nd
er
 a
 r
eg
ul
at
or
y 
da
ta
 p
ro
te
ct
io
n 
re
gi
me
. 
 

 C
on
se
qu
en
tl
y,
 a
ny
 p
ub
li
ca
ti
on
, 
di
st
ri
bu
ti
on
, 
re
pr
od
uc
ti
on
 a
nd
/o
r 
pu
bl
is
hi
ng
 a
nd
  

 a
ny
 c
om
me
rc
ia
l 
ex
pl
oi
ta
ti
on
 a
nd
 u
se
 o
f 
th
is
 d
oc
um
en
t 
or
 i
ts
 c
on
te
nt
s 
 

 w
it
ho
ut
 t
he
 p
er
mi
ss
io
n 
of
 t
he
 o
wn
er
 o
f 
th
is
 d
oc
um
en
t 
ma
y 
th
er
ef
or
e 
 

 b
e 
pr
oh
ib
it
ed
 a
nd
 v
io
la
te
 t
he
 r
ig
ht
s 
of
 i
ts
 o
wn
er
. 
 



Page 112 of 117 
2015-12-02 

 
Document MCA: Section 7 Fate and behaviour in the environment 
Deltamethrin 

 

 

 
 

 

 

1. Test material  
Test item: deltamethrin 
Chemical state and description: Not reported  
Source of test item: Not reported – monitoring study 
Batch number: Not reported – monitoring study 
Purity: Not reported – monitoring study 
Storage conditions: Not reported – monitoring study 
Water solubility: Not reported 
2. Site description:  
Location/country: Valencia Region, Spain 
Sampling sites (air samples): one remote (::み§-zc), one urban (Ug?c/al?) and three rural 

(i.Va:)ä うb)e)tc$ zuü Poie v!yjs) sampling sites 
Cultivated crops: Citrus fruits, irrigated herbaceous crops, wooded forest and 

unirrigated fruit trees and olive grooves 
Pesticides used on fields: Not reported 

 
B. Study design and methods 

1. Sampling  
Sampling technique: Collected using a high volume sampler from Digitel 

(Madrid, Spain) and quartz fiber filters of 150 mm in 
diameter were supplied by Munktell filter AB (Falun, 
Sweden). The sampling flow was 30 m3 h1 for 24 h, giving 
a total volume of filtered air around 720 m3. In order to 
determine the possibility of background pollution, blank 
filters were routinely deployed in the field to determine any 
contamination during sample handling. 

Sampling frequency: Not reprted (between January and December) 
Number of samples per site/soil type: A total of 217 samples were collected from January to 

December 2010 
Transport/storage of samples: Samples were either analyzed immediately or were stored 

at 18 °C until ready for analysis. To check for loss and 
degradation during retrieval, transportation and storage, 
spiked blank filters were used. In general, no loss or 
degradation was detected. 

2. Chemical analysis  
Guideline/protocol: Following a previously published method (Coscollà et al., 

2011) 
Method: GC-MS/MS 
Pre-treatment of samples: Extraction of PM10-bound pesticides by microwave-assisted 

extraction (MAE) followed by gel-permeation chromatogr. 
(GPC) clean-up 

Reference item: Not reported 
Recovery: Not reported 
Limit of detection: Not reported 
Limit of quantification: 13.16 pg m-3 

 
II. RESULTS  

1. Analytical findings: 
Deltamethrin was not detected by analytical method of microwave-assisted extraction (MAE) followed 
by gel-permeation chromatography (GPC) clean-up and determination by GC-MS/MS. 
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III.  CONCLUSION 
Deltamethrin was not detected in any sample sampled from January through December 2010 at one 
remote (゜äれ(j:?), one urban (Y0eäeta:) and three rural (Qjä.at! うdfj?・)ä äoh Fcl4 v`üls) sampling 
sites located across Valencia Region, Spain. 
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Title: Screening method for pesticides in air by gas chromatography/tandem mass 

spectrometry 
Source: Rapid Commun. Mass Spectrom., 18, 5, p. 537-543 
Document No: M-455826-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011; 9(2):2092) 

 
EXECUTIVE SUMMARY 

A multiresidue method for determining more than 70 pesticides in air has been validated using a single 
injection with gas chromatography/tandem mass spectrometry (GC/MS/MS). However, material and 
methods are summarized for recovery and monitoring of deltamethrin only.  
The efficiency of the extraction method was studied by spiking sampling cartridges containing the 
granular sorbents (Tenax TA or Chromsorb 106) with standard solutions, and applying the extraction 
method. Three analyte levels were assessed (30, 60 and 100 ng Deltamethrin (purity: > 99%, ?゛ッtäj 
7ä e゛Dz -Fziz!c8!z?Öoü§z, Germany)). Cartridges were extracted by eluting with ethyl acetate at a 
flow of 1 ml/min for 10 min. The eluents were concentrated close to dryness with a nitrogen flow, the 
internal standard (caffeine) was added, and the final volume adjusted to 2 mL with ethyl acetate. Another 
extraction method was tested, in which the sorbents were treated with three sequential portions of 20mL 
of ethyl acetate, and sonicating each for 15 min. The solution was transferred to a round-bottomed flask 
and concentrated to dryness under vacuum; the internal standard was then added, and the volume made 
up to 2 mL with ethyl acetate. The two extraction methods yielded similar results, but the first is more 
amenable to automation, allowing savings of solvent and time. The gained extracts were used for 
GC/MS analysis using a Varian 3800 gas chromatograph, equipped with electronic flow control (EFC) 
and a Staturn 2000 ion trap mass spectrometer (Varian Instruments, Sunnyvale CA, USA). Six replicates 
were performed.  
For the monitoring study, 30 samples were analysed. 20 of these were collected close to urban areas 
surrounded by greenhouses with intensive agricultural activities (therefrom 15 during afternoon and 
evening and 5 in the morning), and 10 others were collected in areas close to open fields (southern 
Spain). Ambient temperature and relative humidity were recorded during the sampling periods. 
Sampling duration was in general 6 h. Extraction and analysis procedure was conducted as described 
for the efficiency test.  
Efficiency test with 30 ng deltamethrin indicated a LOQ of 4.0 ng and a recovery of 85%. However, no 
deltamethrin was found in the air samples.  
 
I. MATERIAL AND METHODS 

A. Material 
1. Test material  
Test item: Deltamethrin 
Chemical state and description: - 
Source of test item: /äctぉy c゛ zwc8 a97a`rPaäiafw?gb, Germany) 
Batch number: - 
Purity: > 99%, 
Storage conditions: - 
Water solubility: - 
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2. Site description (for soil)  

Location/country: Southern Spain 

Amount of sampling sites: 

30 (15: close to urban areas surrounded by greenhouses with 
intensive agricultural activities (afternoon to evening); 5 
close to urban areas surrounded by greenhouses with 
intensive agricultural activities (morning); 10: areas close to 
open fields) 

Temperature/Humidity: 15 afternoon to evening samples (25-28°C and 85% 
humidity); 5 morning samples (19-25°C and 60% humidity) 

Other specifications: Delete if not stated 
 
B. Study design and methods 

1. Test procedure  

Test system Monitoring study and Efficiency study 
Test concentration 30, 60 and 100 ng (Efficiency study) 

Sampling technique: Cartridge container with granular sorbents (Tenax TA or 
Chromsorb 106) 

Sampling frequency: Once over approx. 6 h (Monitoring study) 
Number of samples per site/soil type: - 
Storage of samples: - 

3. Chemical analysis  

Guideline/protocol: - 

Method: 
Elution or sonication of the cartridges containing sorbents 
with following analysis with gas chromatography with 
electronic flow control and ion trap mass spectrometer.  

Extraction: 
Eluation with ethyl acetate at a flow of 1 ml/in for 10 min or 
three sequential extractions using a ultrasonic homogenizer 
with 20ml of ethyl acetate for 15 min 

Analysis: 

The gained extracts were used for GC/MS analysis using a 
Varian 3800 gas chromatograph, equipped with electronic 
flow control (EFC) and a Staturn 2000 ion trap mass 
spectrometer (Varian Instruments, Sunnyvale CA, USA) 

Reference item: Deltamethrin 
Recovery: 85% (30 ng initial concentration) 
Limit of detection: - 
Limit of quantification: 4.0 ng 

 
II. RESULTS  

1. Validity criteria:  No validity criteria were stated. 
 
2. Analytical findings: 
Efficiency test with 30 ng deltamethrin indicated a LOQ of 4.0 ng and a recovery of 85%. However, no 
deltamethrin was found in the air samples.  
 
III.  CONCLUSION 
No deltamethrin was found in the air samples from Southern Spain taken close to urban areas surrounded 
by greenhouses with intensive agricultural activities and close to open fields.   
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Wennig, R.; Millet, M.; 2010 
Title: Temporal variations of concentrations of currently used pesticides in the 

atmosphere of Strasbourg, France 
Source: Environ. Pollut. Volume 158, Issue 2, p. 576-584 
Document No: M-457521-01-1 
Guidelines: None 
GLP: No, published study 
Literature review  
classification: b) supplementary information (EFSA Journal 2011;9(2):2092) 

 
EXECUTIVE SUMMARY  

Deltamethrin was determined in atmospheric samples collected in ik3*.P(zJ(* France, between April 
17th and May 29th, 2007, by a multimethod comprising 71 pesticides in total.  

The number of pesticides detected in atmospheric samples is very low given the total number of 
molecules that were monitored. This may be due to a non-application of them during the sampling period 
or to applications at very low amounts, to too high limits of detection, for example for Deltamethrin 
(LOD = 230 pg m-3) that give very weak analytical responses in mass spectrometry when it is operated 
in electron impact mode, or to the physic-chemical properties of the molecules. In fact, the detection of 
atmospheric pesticides requires good stability of the compounds for them to remain in atmosphere. 
Many of the pesticides that were not detected are not persistent in the atmosphere. 
 
The detected concentrations of deltamethrin ranged from 5.8 - 79 ng/m3 with an average of 27 ng/m3. 
Deltamethrin was mostly present in the solid phase with a gas-particle distribution of less than 5:95. 
This indicates that the deltamethrin present such samples is strongly bound to particles which are 
transported in the air. 
 
I.  MATERIALS AND METHODS 
 
A.  MATERIALS 

1.  Standards 
Deltamethrin and tecnazen, which was used as internal standard, were of certified quality (purity 
> 98%). 
 
2.  Test Site 
Air samples were collected in P:e_§76!J` with a highvolume sampler, which was placed in the botanic 
garden 0( PicJö`9゜!* :ä:Y・x`Jjp, approximately 0.5 km from the town centre, 2 km from industrial 
zones and about 5 km from the first exploitation of high maize and cereal crops. Trifloxystrobin was not 
used in the botanical garden. 
 
B.  STUDY DESIGN 

1.  Experimental Conditions 
A high volume sampler collected simultaneously particulate and gaseous samples on 30 cm (diameter) 
glass fibre filters and 20g XAD-2 resin, a copolymer of styrene/divinylbenzene and macroporous acrylic 
ester, at a flow rate of 9.96 L/min. 
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2.  Sampling 
Air samples were collected at 10 sampling intervals for 48 hour periods on average between April 17th 
and May 29th, 2007. After sampling, filters and resins were stored in the dark at -20 °C for a maximum 
of 4 days until extraction. 
3.  Analytical Procedures 
Prior to sampling, the glass fibre filters and the XAD-2 resin were Soxhlet-cleaned for 24 hours with n-
hexane/CH2Cl2 1/1 and dried. After drying, they were individually wrapped in clean plastic bags or 
aluminium foil, and stored in the dark at -20 °C.  
The extraction of the pesticides from the filters and the resin was done separately by Soxhlet extraction 
for 20 hours with n-hexane/CH2Cl2 1/1. After extraction, the solvents were concentrated to 
approximately 1 mL in a rotary evaporator at 40 °C, and spiked with tecnazen, which was used as 
internal standard.  
A multimethod was developed for the determination of 71 pesticides in air by GC-MS/MS or GC-ECD, 
including deltamethrin. Intraday and interday accuracies and variabilities were determined by spiking 
blank filters and resin samples with two different concentrations. The analysis has been performed on 
samples of particulate and gaseous phases, respectively. The results of both phases were combined to 
obtain the concentration found in the total atmosphere. The limit of detection in air was approximately 
230 pg m-3 for deltamethrin. 
 
II.   RESULTS  
 
Table 7.5- 6: Summary of concentration data obtained in 10 air samples  

(expressed as ng/m3) 

Compound No of Detections Range Average ± 95% CI 1 
Deltamethrin 8 5.8 – 79.0 27.41 ± 28.03 

CI: confidence interval 
1  Average and CI were calculated from the arithmetic mean and standard deviation of 

samples with concentration superior to the LOD. 
 
III.  CONCLUSIONS 

The detected concentrations of deltamethrin in air were low and therefore of no toxicological or 
ecotoxicological relevance, even during the period of main use. The detected concentrations of 
deltamethrin ranged from 5.8 – 79.0 ng/m3 with an average of 27 ng/m3.  

Deltamethrin was mostly present in the solid phase with a gas-particle distribution of less than 5:95. 
This indicates that the deltamethrin present in such samples is strongly bound to particles. 
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