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m Collaboration
model cost at call 161 : 262,230 Generic guidance for Estimating
odel cost at ca : . - r—r
flodel cost at call 171 : 242.2305 Persistence and Degradation Kinetics from
Model cost at call 175 : 242.2306 - - =
done successfully Environmental Fate Studies on Pesticides in

EU Registration
Executing test function test.SFO_selution_types done successfully
,,,,,,,,,,,,,,,,,,, UNIT TEST SUMMARY -~ -----oooeooaooaa

RUNIT TEST PROTOCOL -- Fri May 9 16:30:24 2014

Nunber of test functions: 8
Nunber of errors: @
Nunber of failures: o

1 Test suite
mkin Unit Tests - 8 test functions, O errors, O failures

www.r-project.org - focus.jrc.ec.europa.eu/dk
R CMD check mkin_0.9-27.tar.gz .
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Model cost at call 175 : 242.2306 " - =
done successfully Environmental Fate Studies on Pesticides in

EU Registration
Executing test function test.SFO_selution_types done successfully
,,,,,,,,,,,,,,,,,,, UNIT TEST SUMMARY -~ -----oooeooaooaa

RUNIT TEST PROTOCOL -- Fri May 9 16:30:24 2014

Nunber of test functions: 8
Nunber of errors: @
Nunber of failures: o

1 Test suite
mkin Unit Tests - 8 test functions, O errors, O failures

www.r-project.org - focus.jrc.ec.europa.eu/dk
R CMD check mkin_0.9-27.tar.gz - github.com/jranke/mkin irwb.de
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Isometric logratio transformation (ILR) for fitting formation fractions
together with René Lehmann (UBA) in 2012

Parameter confidence intervals based on transformed parameters
(2013)

mkin (> 0.9-27) allows for fitting models with or without formation
fractions, with or without parameter transformations.

Ranke and Lehmann, SETAC World 20-24 May 2012, Berlin

mkin 0.9-27 published on CRAN 10 May 2014 jrwb.de
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s s s v s ¢ w01 neon
f_ |Dums |Modd & kphenoisink T205_0 1.03ge402 1260000 S8.760000 1.050: 4.282e401 1.447e-19 7.2362-20
T sosese A o 1.6366-02 00163600 -0,022250 5. 458e-03 9,50Le-0L 3.0516-01 1
R =rorercyere TR SR RAREor e cormrorh hoereecon i B
P o050 K_phenol_anisole v o + SrmELE LI QR U G a4
i phenol_amisole 4.051e-0L 0,1608000 0.0€7030 7,43le-GL 2.5L8er00 2
Fomtrote ik 6675003 0.000138 0.004358 . 0t 8146010 1 o
s 1 sososon H anisolo_sink
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2
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PD Dr. 8 & Equations:
o [1] d_T245 = - k_T245_sik * T245 - k_T245_phenol * T245
Johanne [21 d_phenol - + & _T345_phenol * T245 - & phenol_sizk * phenol - k_phenol anisole * phensl
Ranke [3] d_anisole = + ¥_phenol_anisole * phenol - k_anisole_sink * anisole
FECE I Method used £or solution of differential equation syste
ER 243 eigen
3 E;
g ok
e 9 o Weighting: mamual
T T T T T M
0 50 100 150 200 Starting values for optimised parameters:
Confidence Time ndays value  type transformed
X T285.0 100.0000 stave 100,000
intervals J_T245_sink 0.1000 deparn 0.1000
¥_T245_phenol 0.1001 deparn  0.1001
T245.0 et K_phenol_sink 0.1002 deparn 0.1002
k_phenol_amisole 0.1003 deparm  0.1003
T T T T T T Fanisole_sink  0.1004 deparn  0.1004
0 20 40 60 80 100
Fixed paraneter values:
K_T245_sink T GEe
phenol_0 0 state
amisole 0 O state
= K_T245_phenol
Optimised, tramsformed paramsters:
Estinate Std. Error  lower  Upper tvalus Pe(>ltl)  Pr(>t)
L sink 2850 1.039e+02 2. 4260000 98.7E0000 1.0S0e+02 4.282e401 1.4476-19 7. 236e-20
k_T245_sink 1.636e-02 0.0183800 -0,022250 5.4502-02 8,901e-01 3.851e-01 1,26e-01
k_T245_phenol  2.70le-02 0.0L78E00 -0.D10720 6.474e-02 L.504e400 1.500e-01 7. 495e-02
K phenol_anisole —— PrTrN (T AT () TRANHS <G SEe fEEE) AT O
k_phenol_anisole 4,051e-0L 0.1608000 D0,067030 7.431e-0L 2.5182+00 2,151e-02 1,075¢-02
k_anisole_sink  £.679e-03 0.0008199 D0.00495E 8.401e-03 8.145e+00 1.894e-07 ©. 450e-08
K_anisole_sink
T T T T T T Estimate  Lower  Upper
06 04 02 00 02 04 08

T2a5_0 1.0392+02 98.7£0000 1.080e+02 A

k_phenol_sink negligible - fix to zero jrwb.de
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2 & i
* - erential equation syste:
8 =
= L
T T T sarameters:
Confidence 100 150 200 se transformed
X e sviosuu vace 100,000
intervals J_T245_sink 0.1000 deparn 0.1000
k_T245phenol  0.1001 depamn  0.1001
T245 0 et K phenol_sink 0,100 deparn 0,100
k_phenol_anisols  0.1003 deparn  0.1003
T T T T T T k_enisole_simk  0.1004 depamn  0.1004
0 20 40 60 80 100
Fined paramersr valuza:
K_T245_sink w G
phemol 0 0 stave
anisole 0 D stacs
el k_T245_phenol
Opcimised, transformed paramscers:
Estimate Std. Error Lover Upper € walue Pr(>|t|) Pri>t)

L sink 245 0 1.0396402 2. 4260000 55.760000 1.050=+02 4.262e+01 1.4d72-15 7. 236e-20
kK.T245_simk  1.636e-02 0.0183800 -0.022250 §.4505-02 B.90Le-0 3.851e-01 1.92¢e-0L
k_T285 phenol  2.701e-02 0.017800 -0.010720 €.474e-02 1.504e400 1.500e-01 7. 435e-02

iphenol_anisole —_— K_phenol_simk  3.0502-05 0.291L000 -0.SS0Z00 5.506e-0L 1.0SSe-08 1.000e+00 S.000z-0L
k_phenol_anisole 4.051e-0L 0.160S000 0.DE7030 7.43le-0L Z.518+00 2,151e-02 1.075¢-02
k_anisole sink  6.679e-03 0.00DELSS 0.0DASSE 8.401e-03 8145400 L.B9de-07 5. 4£Se-08
k_anisole_sink - -
T T T T T T Estimate Lower Upper
06 04 02 00 02 04 05 1.0392+02 98.7£0000 1.080e+02 c

k_phenol_sink negligible - fix to zero jrwb.de
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regulatory ® 2
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< |
] e 4
PD Dr. 8 8 Parameters
hannes <
Ranke ° 50 100 ' Name Type Initial Fixed Optimised
E T245 0 state 100.00... FALSE 103.85503
3
& phenol_0 state 0.00000  TRUE
) anisole_0 state 0.00000  TRUE
Confidence Time in days N
el k_T245_sink deparm 010000 FALSE 0.01636
2450 k_T245_phenol deparm 010010  FALSE  0.02701
k_phenol _sink w hepa w |0 3.0902649e-9
0 20 40 60 .
k_phenol_anisole deparm
. Update Cancel
k_anisole_sink deparm
=
stimate Sed. Error  lower  Upper cvalus Prlel)  Prie)

L sink o 1.0396402 2. 4260000 55.760000 1.050=+02 4.262e+01 1.4d72-15 7. 236e-20
 Tas_sink L.636e-02 0.0183800 50 5.4585-02 B.90Le-01 3.851e-01 L. 52ce-0l
k_T285 phenol  2.701e-02 0.017800 -0.010720 €.474e-02 1.504e400 1.500e-01 7. 435e-02

iphenol_anisole —_— K_phenol_simk  3.0502-05 0.291L000 -0.SS0Z00 5.506e-0L 1.0SSe-08 1.000e+00 S.000z-0L
k_phenol_anisole 4.051e-0L 0.160S000 0.DE7030 7.43le-0L Z.518+00 2,151e-02 1.075¢-02
k_anisole sink  6.679e-03 0.00DELSS 0.0DASSE 8.401e-03 8145400 L.B9de-07 5. 4£Se-08
k_anisole_sink
T T T T T T Estimate Lower Upper
06 04 02 0.0 02 04 06

T2a5_0 1.0392+02 98.7£0000 1.080e+02

k_phenol_sink negligible - fix to zero jrwb.de
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PD Dr g w© o Starting values for optimised parameters:
- I 2g-Bg D e e
Johanne & 5 les 205 0 100.0000 state  100.0000
Ranke . °‘ . . . k_T245_sinks 0.1000 deparm 0.1000
o 50 100 15 200 k_T245_phenol 0.1001 deparm 0.1001
k_phenol_anisole  0.1003 deparm 0.1003
Time In days. k_anisole_sink 0.1004 deparn 0.1004

Fixed parameter values:
value  type

Confidence T245_0 ] phenol 0 0 state
A I anisole_0 0 state
intervals . . . . . . k_phenol_sink 0 deparm
0 20 40 60 80 100 .
Optimised, transformed parameters:
Estimate Std. Error Lower Upper t valus Pr(>|tl) Pzi>t)
a K_T245_sink T245 0 1.039e402 2.3520000 98.930000 1.088e402 44.160 1.292e-20 €.462e-21
k_T245_sink 1.636e-02 0.00Z1€50 0.011820 Z2.090e-02 7.545 3.957e-07 1.978e-07

k_T245_phenel  2.701e-02 0.0013510 0.024160 2.984:-02 19,990 3.213e-14 L.607e-14
k_phenol_anisole 4.05le-01 0.1239000 0.145800 6.643e-01  3.270 4.027e-03 2.014e-03

° K_T245_phenol
K_anisole_sink  6.679e-03 0.0007465 0.005115 B.243e-03  8.42 3.088c-08 L.544e-08
Backtransforned paramscers:

K_phenol_anisol Estimate  Lower  Upper
2450 1.035e+02 58.930000 1.088e+02
k_T245_sink 1.636e-02 0.011820 2.080e-02

i K_anisole_sink K_T245_phenol  2.70le-02 0.024180 2.984e-02

k_phenol_anisole 4.05le-01 0.145800 &.£43e-0L
k_anisole_sink  6.£7%e-03 0.005115 8.24%e-03

jrwb.de
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2,4,5-T in Commerce soil, no path to sink
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PD Dr. E 1 e, " Starting values for optimised parameters:
Jol ) H PYE S
ohanne g w & " - =
Ranke ; 2 T . ; Par: Ed Fit y
o 50 100 150 200
Timein days solution_type: eigen w
atol: 1e-8
Confidence T245.0 "
X rtol: 1e-10
intervals
T T T T T T
0 20 40 80 80 100 transform_rates
. tl Pzi>t)
a wresss || || transform_fractions 20 6. 45202
s MiLubL s UsUSLUSU  UiUsivsu eusue us seume weswre-D7 1.978e-07
k_T245_phenol .70le-02 0.0013510 0.024180 984e-02 19.990 3.213e-14 L.607e-14
. « 7245, phenol k_phenol_anisols 4.051=-01 0.1235000 0.145800 6.643=-01  3.270 4.027e-03 2.014=-03
k_anisole_sink €.679e-03 0.0007469 0.005115 B.242e-03 B.942 3.088e-08 1.544e-08
Backcranscornsd pazamscers:
k_phenol_anisol Estimate Lower  Upper
2850 1.0362402 88.830000 1.088e+02
k_T245_sink 1.636e-02 0.011B20 2.090e-02
o k_anisole_sink k_T245_phenol 2.70le-02  0.0241B80 2,984e-02
¥_phenol_anisols 4.051=-01 0.145800 &.543e-0L
- T - - T T k_anisole_sink €.679e-03 0.005115 8.242e-03
0.0 01 02 0.3 04 05 06
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PD Dr 2 i + Starting values for optimised parameters:
: g o Japyt A e
Johanne R 2450 100.0000 state 100.000000
> -1 A o, a o
Ranke T . : . . k_T245_sink 0.1000 deparn  -2.302585
k_T245_phenol 0.1001 @ 301588
o 50 100 150 200 kg P
%_phenel_anisole  0.1003 deparm  -2.299580
Time In days k_anisole_sink 0.1004 deparm  -2.298593
Fixed parameter values:
wvalue type
CanfiaeEs T245_0 [ phenol 0 0 state
. | anisole_0 0 state
intervals . . . k_phenol_sink 0 deparm
0 20 40 60 80 100 )
Optimised, transforned parameters:
Estimate Std. Error Lower Upper t valus Pri>|tl) Pzi>t)
" K_T245_sink 205 0 103.9000  2.35200 98.930 108.8000 44.l€0 1.2822-20 £.452e-21
k_T245_sink -4.1130 0.13250 -4.350 -3.8350 -31.030 9.646e-18 4.823e-18
k_T245_phenol -3.6120 0.05002 -3.716 -3.5070 -72.200 1.199&-24 5.997e-25
. « 7245 phenal k_phenol anisols -0.9037  0.30580 -1.544 -0.2637 -2.855 8.1272-03 4.063e-03
k_anisole_sink -5.0090 0.111B0 -5.243 -4.7750 -44.790 9.901e-21 4.950e-21
Backtransforned paramsters:
noh
k_phenol_ Estimate  Lower  Upper
205 0 1.0392402 S8.930000 108. 80000
k_T245_sink 1.636e-02 0.012400 0.02159
b k_anisole_sink k_T245_phenol  2.70le-02 0.024320 0.02999
k_phenol_anisole 4.05le-0l 0.213800  0.7€820
. T T k_anisole_sink £.679e-03 0.005285 0.00844
00 02 04 06
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Instead of testing rate constants for significant difference from
Confidence Zero:

intervals

m Use best available estimate

m Consider if it is neglibly small
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2,4,5-T in Fargo soil
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Fixed parameter values:
value  type
T245.0 e phenol_0 0 state
anisole 0 0 state
r - - - - . k_phenol_sink 0 deparm
0 20 40 60 80 100
Optimised, transformed parameters:

. Estimate Std. Error Lower Upper t value Pr(>itl)  Pr(>t)
.Confldence b k_T245_sink T245_0 101.300 2.25600 96.£10 106.100 44.910 9.396e-21 4.698e-21
intervals k_T245_sink -5.922  0.76330 -7.518 -4.324 -7.758 2.638e-07 L.318e-07

k_T245_phenol -4.020  0.08497 -4.198 -3.842 -47.310 3.530e-21 1,785e-21
b K_T245_phenol k_phenol_anisole -2.570  0.16670 -2.919 o 1.697e-12
k_anisole sink -5.499  0.34400 -6.213 -4.779 -15.980 L. 8.948e-13
K phenol_anisole Backtransforned parameters:
Estimace Lower Uppex
T245_0 1.013e402 9.661e+01 1.061+02
k_T245_sink 681e-03 5.425e-04 1.3256-02
gl k_anisole_sink k_T245_phenol  1.796e-02 1.503e-02 2.1452-02
k_phenol_anisole 7.654e-02 5.399¢-02 1.085¢-01
T T T T k_anisole_sink  4.080=-03 1.951=-03 8.404=-03

T
0.00 0.02 0.04 0.06 0.08 0.10
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2,4,5-T in Fargo soil
Model with formation fractions
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Ranke Fixed paramster values:

T245.0 & value  type

- phenol 0 0 state
. . . . . . anisole_0 0 stace
o 2 P 0 0 100 £_phenol_to_anisole 1 deparn

Optimised, transformed parameters:

Confidence Estimate Std. Error lower Upper tvalue Pr>Itl)  Pr(>T)
X | T245_0 101.3000  2.25600 96.6100 106.100 44.910 5.3%e-21 4.688e-21
intervals k_T245 -3.8810  0.07455 -4.0370 -3.725 -52.050 5.828e-22 2.81de.
—_—
k_phenal f£_T245_to_phenol  0.8701  0.09293 0.6756 1.065 9.363 1.502e-08 7.511e-09
¥_phenol -2.5700  0.16€70 -2.5180 -15.420 3.394e-12 1.697e-12
K_anisole -5.4390  0.34400 -£.2190 -15.980 1.78%-12 B.947e-13
e K_anisole

Backtransformed parameters:

Estimate Lower Upper
000 002 004 0.06 0.08 010 T245_0 101.30000 S6.£10000 1.061=+02
k_T245 0.02064 0.017660 2.412e-02

1_T245_to_phenol — £_T245 to_phenol 087010 0.£75€00 1.085e+00
k_phenel 0.07654 0.053950 1.085e-01

T T T T k_anisole 0.00408 0.001951 8.404e-03
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Confidence
intervals

2,4,5-T in Fargo soil
Model with transformed formation

Te45_0 et
T T T T T T
0 20 40 60 80 100
= k_T245
k_phenol —
=S k_anisole

T
0.00 0.02 0.04

T T T
0.06 0.08 010

1_T245_to_phenol

Fixed paramster values:
valus  type

phenol_0 0 stace
anisole 0 0 stace
£_phenol_to_anisole 1 deparn

Optimised, transformed parameters:
Estinmate Std. Error

T245_0 101.300 25600
k_T245 -3.881  0.07455
k_phenol -2.570  0.16670
k_anisole -5.499  0.34400
£.T245_to_phenol  1.345  0.58140
Backtransformed paramecers:

Estimate Lower
T245_0 101.30000 €.£10000
k_T245 0.02064 0.017860
k_phenol 0.07654 0.053990
k_anisole 0.00409 0.001891
£.T245_to_phenol  0.87010 0.545100

fractions

Lower  Upper € valus Pr(>|tl
96.610 106,100 9.396e-21
-4.037 -3.725 5.828e-22
-2.819 -2.221 D
-6.218 -4.779 1.790e-12

0.128  2.562 3.207=-02

Uppez

1.0ELe+02
2.4
1.085e-01
8.404e-03
9.740e-01

We get a plausible confidence interval without doing an MCMC

simulation

Pri>t
4.698e-21
2.914e-22
1.697e-12
6.949e-13
1.604=-02

jrwb.de


http://www.jrwb.de

Parallel formation of metabolites
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Optinised,
) Eatimate Std. Error Lower Upper t valus Pr(>[tl]  Pr(>t]
PD Dr. parent_o 93.14000 1.960 69. .9452-24 8.7278-35

transformed parameters:

Johanne ‘ parent_0 et k_parent -2.04600  D0.0671 -3. .101e-23 §5.505e-24
- - - - - : £ parent_to AL 0.53640 . 234e-0
0 20 40 80 80 100 £ parent_to_ Bl -0.14300 .850e-01
£ parent_to_CL 0.01254 .815e-01
L k_parent k_AL -4,48100 .578e-12
ar £A1_to_h2 0.32170 L20%e-01
k_Bl -4.27600 +043e-06
KBl kel -3.40200 .929e-08
ka2 -3. 58800 L570e-01
H k1 -
Confidence
A Backcransorned
intervals - Estinate Lowsr  Upper
k_parent 0.05256 4.5752-02 0.0€038
a f_parent_to_A1 £_parent_to_Al 0.33350 na WA
£ parent_to Bl 0.15€20 oy A
o Lparent fo_B1 £_parent_to_Cl 0.27180 na WA
o { parent_to_C1 kAl 0.01132 §.591e-03 0.02284
£Al_to_hz 0.61180 1.478-04 0.99990
Ao k_BL 0.01389 3.403e-03 0.05673
T T T T kel 0.03332 1.348e-02 0.08234
0.0 02 04 06 08 1.0 k_AZ 0.02765 1.732e-04 4.41500

Confidence intervals only for single formation fractions

(slide corrected after the meeting)

Data from Schafer et al. (2007) Proc. XIII Symposium

Pesticide Chemistry, Piacenza, 2007, p. 916-923 irwb.de
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oD Dr Both possible for metabolites, but with two extra parameters.

DFOP SFORB

variable
— parent
emi

Metabolite
models

Concentration
Concentration

parent slow

0l parent bound

100 125 0 100

50
Time

Time
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Alternative with one extra parameter

Progress in
regulatory
kinetics

PD Dr.
Jot s

We could also use an Indeterminate Order Rate Equation
(IORE) for metabolites

dm
Metabolite dt o

models
This is used in North America for parent compounds as an
equivalent alternative to the FOMC model, with the possibility

to test if n is different from unity.

. — kym"...

NAFTA Technical Working Group on Pesticides, Guidance for
Evaluating and Calculating Degradation Kinetics in ‘rwb.d
Environmental Media (7 p) Jrwb.de
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Challenges for the future
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Ranke

Better collaboration
Improve error model

Evaluate related datasets in one step (mixed effect models)

Improve model comparisons (ANOVA, AIC)

Conclusions
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m With gmkin + mkin, we now have a completely open
sourced software toolset

m Biphasic models for metabolites can conveniently be fitted
m The use of t-tests for parameter significance is questioned

Conclusions m Plausible confidence intervals for rate constants and single
formation fractions are easily available

(slide corrected after the meeting)
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m .
PD Dr ot syt Vignettes
. s o phie  Exanpe oo of FOGLS Laborsary
Johann + xepeaaston f FOCLS s
Installation  Routines for fitting kinetic modale with
Youcan et h st st v o CRAN i b et
Itlokin or theltet foturs, you canstll doctl rom g, .. usig the devtasi packego. Using ek - THIE Dependencies
e e o, et et 4 b, + Deped: e, S
* impore E,coSts

* Suggests: kit RUA

requize (devcools
install_giehu ("arin’, “Jraske”, quick = TRUE)

Authors
Background Johannes Rarke <jranke at un-bremen.de>
Inihe rogultn ovalaton ofchenicalsbstances ke pan protston ks (postides),bocids and b chemicas, o, cre. o)
i tools Katrin Lindeniberger [ctb]
Have been developed as detalled n Cres and historcalremarke’beow: .

Eurcfins Rogulatory AG (oph]

Usage
Avery simple usage exampls would be

Conclusions

Library ("akin)
exampLe_data « daa. Erane

Liseleme

(570, example_data)

Dlot(sFo. £16)

For more examples have a look at the examples provided I the w1t documentation or the package Vignettos raferenced from

the mkin package documentation pago

Features

kinfit.r-forge.r-project.org/mkin_static
jrwb.de
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