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Dual-Channel LC-MS/MS: general diagram

Autosampler Columns Divert valve Divert valve
(two injection valves) Altis




Dual-Channel LC-MS/MS: sample throughput
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Dual-Channel LC-MS/MS: sample throughput
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Dual-Channel LC-MS/MS: sample throughput
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Dual-Channel LC-MS/MS: sample throughput
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Dual-Channel LC-MS/MS: independent mobile phases

Elution Reequilibration
. \ A
Gradient 1 / \
Water:MeOH
Formicacid (0.1%) I L L T T T T T T T T e
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Methamidophos Pyridalyl
Elution Reequilibration
A A

Gradient 2 B Sasme 3min
Water:AcN

Acetic acid (0.05%) o ir s s fe e e o
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. To waste




Dual-Channel LC-MS/MS: independent mobile phases

Time (min)

On a dual-channel instrument with optimized mobile phases, sample analysis is 18 min

Improved method efficiency without time loss — no compromises




&9 Dual-Channel LC-MS/MS: total ion chromatograms
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Dual-Channel LC-MS/MS: total ion chromatograms
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| .. Dual-Channel LC-MS/MS: total ion chromatograms

Onion »1 TIC positive polarity
» TIC negative polarity




Dual-Channel LC-MS/MS: total ion chromatograms
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DuaI Channel LC-MS/MS: improved 1onisation
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Dual-Channel LC-MS/MS: improved ionisation

NEG_003pph_Apple_BF_dilx5 Lukasz 2,40 miz: 160.96 POS_010ppb_Apple_BF_dix5 2,40 miz: 160.96
F: - CESI SRM ms2 2187062 [124.999-125.001, 160.957-160.950] F: - ¢ ESI SRM ms2 2187962 [124.999-125.001, 160.957-160.959]
RT: 1.32 RT: 4.38
AA: 11408 AAC33
AH: 1598 AH: 1004
1,563 1.0E3
.E E f—é‘ 8.0E2]
2 1083 £ 6.0E2]
3 4.0E2-]
5.0E2 ]
E 2.0E2]
0 T T T T T T T T T T 01 T T T T T T T T T
11 1.2 13 1.4 15 42 43 44 45 46
RT{min) RT{min)
0.003 mg/kg 2,4-D 0.010 mg/kg
NEG_003ppb_Apple_BF dil5 Lukasz2,4D miz: 162.95 o) POS_010ppb_Apple BF _dixb 24D miz. 162.05
F: - c ESI SRM ms2 220,970 [124.999-125.001, 162.953-162.955] F: - ¢ ESI SRM ms2 220,970 [124.999-125.001, 162.953-162.955]
RT: 1.35 o\)LOH RT: 4.38
AR TTT AMC3T12
AH: 1140 AH: 852
E Cl Cl 8.0E2-]
5 10E3] - ]
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Dual-Channel LC-MS/MS: improved ionisation
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MEG_001ppb_Apple_BF_dilxb Dithianon m/z: 264.04
F: - ¢ ESI SRM ms2 295.950 [264.041-264.043, 267.957-267.959]

RT: 1.36
AA: 4051
15633 AH:3488
Z 3
(72} .|
& 1.0E34
E 3
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0 E T T T T T T T T T T
12 13 1.4 1.5 1.6
RT(min)

0.001 mg/kg

NEG_001ppb_Apple_BF_dilx5> Dithianon m/z: 267.96
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POS_020ppb_Apple_BF_dilx5 dithianon m/z: 162.93
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Akl 426
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Dual-Channel LC-MS/MS: improved ionisation

NEG_003ppb_Apple_BF_dilx5 Lukasz-MCPA miz: 140.97
F: - cESI SRM ms2 199.016 [140.969-140.971]
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nannel LC-MS/MS: apple validation

Gradient 1

Water:-MeOH
Formic acid (0.1 %)
Ammonium formate (5 mM)

Gradient 2

Water:AcN
Acetic acid (0.05 %)

Compound ol;eoc;) \Il:ri/eks 0 003R i? 7k olt)e;g \::ri/e: 0 OOGR? 7k calibt::;,::tlevel calibk:;gilz':ftlevel
—hemgikg ) BARema/ikg ) AT ma/kg ) D.OT5 Ma/kg (mg/kg) (mg/kg)
24D 97-% 11-% 109 % 6% 0.004 0.02
Bromacil 100 % b % A% 3% 0.0005 0.02
Diitthimon 96 % 3% 96 % 3% 0.0005 0.02
Diuron 1918 % 3% 199 % 2% 0.0005 0.02
Fensulfothion % 3% 108 % 3% 0.0005 0.02
Fensulfothion-oxon-sulfone 100 % 8% B% 2% 0.0005 0.02
Fipronil 108 % 1% 1% 1% 0.0005 0.02
Fipronil-desulfinyl B % 2% 100 % 2% 0.0005 0.02
Fipronil-sulfone 9B % 2% 108 % 2% 0.0005 0.02
Flutbemd] mmdde A% 228686 98 % 2% 00]0) ¢ 0.02
Fludioxonil 5% 6% 1032 % % 0.0005 0.02
Haloxyfop 98 % 3% BRL% B % 0.003 0.02
Hexaflumuoon 94 % 5% 108 % B % 00ames 0.02
onynil 108 % 2% 108 % B8 % ooamas 0.02
Lufenuron BB% 2% % RB% [0L]0) 65 0.02
IMCPA 114 % 7% 99 % B% 0.001 0.02
|MCPIB - - 115 % 10-% 0.006 0.02
Meptyitimaeap 86-% 14 % 128 % % 0.008 0.02
(6)-Metaflumizone BB% 2% 85 % & % Oamas 0.02
(H-Metaflumizone 102 % 3% 103 % 3% amas 0.02
Penthiopyrad 108 % 3% 100 % 1% 0.0005 0.02
Prothioconazole 108 % B % 90 % 5% 10110)¢] 0.02
Prothioconazole-desthio 106 % 2 % 0% 3% 0.0005 0.02
Teflubenzuron 100 % 9% 95 % 2% amas 0.02
TFNA - - 98 % 7% 0.006 0.02
TFNG 288686 W% B% 0.02




Bias
100%
Technique <70% 70-120% >120% " 90%
v 0
Dual-Channel E 80%
1 257 - S S0y
0.003 mg/kg 7 °
8 60%
Dual-Channel 5 260 i - .
0.006 mg/kg S 50%
= 40%
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256 pesticide residues validated at 0.003 mg/kg 2 20%
260 pesticide residues validated at 0.006 mg/kg * 10%
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0.003 mg/kg m 0.006 mg/kg



Dual-Channel LC-MS/MS: apple validation

264 total pesticide residues (ESI+ and ESI-)
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Dual-Channel LC-MS/MS: apple validation

Lowest calibration level

264 total pesticide residues (ESI+ and ESI-)
100%

Calibration level No. of
(mg/kg) analytes 90%
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Non detections

0.006 mg/kg
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Emamectin B1b




nannel LC-MS/MS: banana & orange validation

Gradient 1

Water:-MeOH
Formic acid (0.1 %)
Ammonium formate (5 mM)

Gradient 2

Water:AcN
Acetic acid (0.05 %)

Compound ol;eoc;) \Il:ri/eks 0 003R i? 7k olt)e;g \::ri/e: 0 OOGR? 7k calibt::;,::tlevel calibk:;gilz':ftlevel
—remaskg ) ARemaskg ) TR markg o BETR markg (mg/kg) (mg/kg)
24D 94- % 10-% 9B % 8% Qa3 0.02
Bromacil 9% b % D% 2 % 0.0005 0.02
Diitthimon 81-% 6% 86 % 6% 0.003 0.02
Diuron 106 % 3% 100 % 2% 0.0005 0.02
Fensulfothion 99 % 3 % 102 % 2% 0.0005 0.02
Fensulfothion-oxon-sulfone 5% 3% 100 % 8 % 0.0005 0.02
Fipronil 97 % 2% B% 0% 0.0005 0.02
Fipronil-desulfinyl 98 % 8 % 5% 1% 0.0005 0.02
Fipronil-sulfone 99 % & % 2% 1% 0.0005 0.02
Flubendiamide 98 % 3% % 2 % Oamas 0.02
Fludioxonil 102 % 1% BR% 8% @b 0.02
Haloxyfop TRP% B2 % BB% D% 0.001 0.02
Hexaflumouoon 95 % 6% 83 % B% 0R10]0) (55 0.02
onynil 103 % 2% 102 % 2% 0.0005 0.02
Lufenuron 96 % &% 103 % D% Oamas 0.02
MCPA % B% 98 % 0% 0.003 0.02
|MCPIB - - 115 % 18 % 0.006 0.02
MeptyltHimaeap 93% 16 % 119 % 14 % 0.008 0.02
(B Nktdflunpzoae 89 % D% 98 % 1B% 0.0005 0.02
(H-Metaflumizone R % 8% 9B % 8% 0.0005 0.02
Penthiopyrad 99 % 2% 100 % 2% 0.0005 0.02
Prothioconazole 98 % 5% 102 % 2% (00110033 0.02
Prothioconazole-desthio Y % 8% 106 % 2% 0.0005 0.02
Teflubenzuron 196 % W% 100 % W% oamas 0.02
TFNA - - 99 % 3% 0.006 0.02

TFNG

96 %

95 %

5%

0.003

0.02




Dual-Channel LC-MS/MS: banana & orange validation

Bias
100%
Technique <70% 70-120% >120% 5 J0%
()]
80%
Dual-Channel 0 56 i 33 00
0.003 mg/kg s /0%
a8 60%
Dual-Channel 1 261 i - .
0.006 mg/kg 5 50%
o 40%
E 30%
256 pesticide residues validated at 0.003 mg/kg £ 20%
260 pesticide residues validated at 0.006 mg/kg * 10%
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Recoveries

0.003 mg/kg m 0.006 mg/kg



Dual-Channel LC-MS/MS: banana & orange validation

Repeatability
100% (n=75)
Technique _90%
Dual-Channel | — 5 80%
, 7 9 N T~
0.003 mg/kg a0k 37% : g 0%
Dual-Channel : ! o 60%
) o () (o) Y
0.006 mg/kg 3% 25% <% T s0%
o 40%
£ 30%
O
o~ E 20%
0 Ho/(j o 10% l
b -
hedos e ° "/('jr . 0% — -
) NS <5 % 5-10 % 10-15 % 15-20 % > 20 %
Cyhalofop-butyl Avermectin B1a H o K RSD

0.003 mg/kg m 0.006 mg/kg




Dual-Channel LC-MS/MS: banana & orange validation

Lowest calibration level

100%
Calibration level No. of
(mg/kg) analytes 90%
0.0005 200 w 80%
Q
0.001 32 g 70%
0.003 26 % 609
0.006 4 .y
o 50%
0.010 1 g
(o)
0.020 0 g A0%
ND 1 S 30%
&

20%
10%




Dual-Channel LC-MS/MS: banana & orange ND

Non detections

(0]
NS
N F O\rJLo/\v/\\
0.006 mg/kg .
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(0]
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0,,'
Aldicarb-sulfone o H
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Dual-Channel LC-MS/MS: carry over test

Sequence:

1. Calibration curve 0.0005 — 0.020 mg/kg (ppb)
2. 3injections at 0.020 mg/kg

3. Baby food blank

4. 6 injections at 0.020 mg/kg

5. Baby food blank

6. 12 injections at 0.020 mg/kg

7. Baby food blank

Carry over | Carry over | Carry over | Carry over | Carry over | Carry over
after 3 after 3 after 6 after 6 after 12 after 12
Compound c .. e . c .. c .. c e . c e .
injections injections injections injections | Injections injections
[ppb] [%] [ppb] [%] [ppb] [%]
Acetamiprid 0.2 1.0 % 0.2 1.0 % 0.2 1.1%
DEET 0.6 28 % 0.5 27 % 0.5 2.6 %
Demeton-S-methyl 0.9 4.6 % 0.9 4.6 % 1.0 51%
Fluometuron 0.7 34 % 0.6 31% 0.7 33%
Dimethomorph 0.2 1.1 % 0.2 1.2 % 0.2 0.9 %
Fenamiphos-sulfoxide 0.5 2.6 % 0.5 2.6 % 0.5 27 %
Imazalil 0.3 1.3 % 0.2 0.8 % 0.2 0.9 %
Imidacloprid 0.4 22 % 0.5 24 % 04 21 %
Oxadixyl 0.2 11% 0.3 13 % 0.2 11 %
Pendimethalin 3.6 18.2 % 3.2 16.2 % 2.9 147 % |
2,4-D 0.8 41 % 11 53% 11 54 %




Dual-Channel LC-MS/MS: carry over test

EZMEUR

ERUITS AND VEGETABLES

Compound Details
Quan Peak ~

Baby_food_05ppb imazall miz: 158.96
F- + c ES| SRM ms2 207 055 [158 957-153 959, 200 862-200 864]

=]

RT- 419
AA 20487
AH: 6613
TOE3H
6.0E3+
= 5.0E3+
g i
= 40E34
£ 4
3.0E34
20E34
1.0E34
0 T T T T T T
40 41 42 43 44
RT(min)
m/fz: 158.96
ApexRT: 419 LeftRT: 4.14 Right RT: 4.28
Compound Details
Quan Peak ~ T %
Baby_food_blanco_20210423062023 imazalil m/z: 158 96
F: +c ESI 3RM ms2 297.055 [158.957-158.959, 200.862-200.864]
RT-419
AA: 5940
AH: 2111
2.0E3
= E
£ 1.5E34
&
z E
1.0E3
5.0E2
o T T T T T T
4.0 4.1 42 43 44
RT(min)
m/z 138.96
Apex RT: 419 Left RT: 4.14 Right RT: 4.27

EUROPEAN
UNION

REFERENC
LABORATORY

L]

Imazalil
0.5 ppb standard in baby food

Quant ion peak area 2.0E4

Cl

Cl

N\
on

Imazalil
Blank baby food after 12 injections of

Confirming lans
Baby_food_05ppb imazalil miz: 200.86
F- +c ESI SRM ms2 297 055 [158.957-158.059, 200.852-200.364]
RT- 419
MA: 9365
MH: 3544
40E34
35637
2.0E3]
= E
w  2.5E3
5 7
£ 20e33
15633
1.0E33
5.0E23
0 T T T T T T T
40 41 42 43 44
RT(min)
m/z: 200.86
40.82% - 61.23% 200.86/158.96 = 45.71%
Cenfirming lons ~ -
Baby_food_blanco_20210423062023 imazalii m/z: 200.86
F: + c ESI 3RM ms2 297.055 [158.957-158.959, 200.862-200.864]
RT-418
AA3203
AH: 968
1.2E34
1.0E3
= ]
2 80E2-|
&
2 1
5.0E2
4 DE2+
2.0E2H
0t T T T T T T T
40 4.1 42 43 44
RT(min)
m/z 200.86

40.82% - 61.23% 200.86/158.96 = 53.92%

20 ppb standard
Quant ion peak area 6.0E3




Dual-Channel LC-MS/MS: carry over test

Compound Details

|

Baby_food_05ppb acetamiprid miz: 125.70
F: + ¢ ESI SRM ms2 223.074 [55.785-55.787, 125.701-125.703
RT. 271
AAI 94423
AH: 41180
4.0E4-
3.5E4-
3.0E4-
=
2 25E4
]
= 20E4
1.5E4-
1.0E4-
5.0E3-
o T T T T T T T T
25 25 27 28 239
RTi{min)
m/z: 125.70
Apex RT: 2.71 Left RT: 2.66 Right RT: 2.84
Compound Details
Quan Peak ~ ¥
Baby_food_hlanco_20210423062023 acetamiprid m/z: 125.70
F: +c ESI SRM ms2 223.074 [55.785-55.787, 125.701-125.703]
RT:2.71
MA: 23878
MH: 10899
1.0E44
8.0E34
=
2 ]
2 6.0E3]
4.0E34
2.0E34
0 T T T T T T T T T
25 26 27 28 29
RT(min)
mfz 12570

ApexRT: 2.71 Left RT: 2.68 Right RT: 2.80

EUROPEAN
UNION
REFERENCE
LABORATORY

ERUITS AND VEGETABLES

|

Confirming lons ~
Baby_food_05ppb acetamiprid m/z: 55.79
F: + c ESI SRM ms2 223.074 [55.785-55.787, 125.701-125.703]
RT. 271
AA 24893
AH: 11372
1.0E4+
= 8.0E3+
g ]
£ 6.0E3-
4.0E3
2.0E3+
0 T T T T T T T
25 26 27 28 239
RTimin)
m/z: 55.79
21.97% - 32.96% 55.79/125.70 = 26.36%
Confirming lons ~ -
Baby_food_blanco_20210423062023 acetamiprid miz- 55 79
F: + ¢ ESI SRM ms2 223.074 [55.785-55.787, 125.701-125.703]
RT:2.71
AA 6951
AH: 2763
25E39
5 2083
5 ]
£ 15e3]
1.0E3]
5.0E2]
0 T T T T T T T T T
25 28 27 28 29
RT(min)
m{z 55.79

21.97% - 32.96% 55.79/125.70 = 29.11%

Acetamiprid
0.5 ppb standard in baby food
Quant ion peak area 9.4E4

Z

I\ W
7

Cl N

Acetamiprid

Blank baby food after 12 injections of

20 ppb standard
Quant ion peak area 2.4E4




Dual-Channel LC-MS/MS: carry over test

Compound Details

.
Baby_food_05ppb bupirmate m/z: 165.93 N
F: +c ESI SRM ms2 317.164 [165.928-165.930, 237.011-237.013] £

RT 6.02
AAC 35453
AH: 11571
1.0E44
=~ 8.0E34
]
5
E 6.0E3]
4 0E3+
2.0E3-
o T T T T T T
58 5.0 6.0 6.1 6.2
RT(min)
m/z 165.93
ApexRT: 6.02 Left RT: 5.97 Right RT: 6,12
Compound Details
Quan Peak o -

Baby_food_blanco_20210423062023 bupirimate miz: 165.93
F- +cES|I SRM ms2 317 164 [165 928-165 930, 237 011-237 013]

4.0E2

3.0E2

Intensity

2.0E2

1.0E24

T
58 59 6.0
RT(min)
m/z 16593
ApexRT: N/F Left RT: 0.00

Right RT: 0.00

EUROPEAN
UNION
REFERENCE
LABORATORY

ERUITS AND VEGETABLES

6.1

6.2

®

Al

Confirming lons

Baby_food_05ppb bupimate m/z: 237.01
F: + c ESI SRM ms2 317.164 [165.928-165.930, 237.011-237.013]
RT:6.03
AAI 22349
AH: 7224
7.0E3

6.0E3

5.0E3

4.0E3

3.0E3

2.0E3

Intensity

1.0E34

Bupirimate
0.5 ppb standard in baby food

0 T T T T T T T T
58 59 8.0 6.1 6.2
RT{min)
m/z 237.01
42,04% - 63.06% 237.01/165.93 = 63.04%

4l

Confirming lons ~

Baby_food_blanco_20210423062023 bupirimate miz: 237.01
F- + ¢ ESI SRM ms2 317 164 [165 528-165 930, 237 011-237 013]

2.5E2

2.0E2

1.5E2

Intensity

Quant ion peak area 1.2E4

Bupirimate

Blank baby food after 12 injections of

20 ppb standard

1.0E2
5.0E1
0= T T T T T T
6.0 6.1 6.2

58 5.9 .
RT{min)
m/z: 237.01
42.04% - 63.06% 237.01/165.93 = NaN%

Quant ion peak area 0.0EQ




Dual-Channel LC-MS/MS: carry over test

Compound Details

Quan Peak ~

Baby_food_05ppb carbendazim miz: 159.93

F: + c ESI SRM ms2 192.076 [131.928-131.930, 159.928-159.930]
RT-219
AAC 144935
AH: 68578

6.0E4—

5.0E4—

4.0E4~

Intensity

3.0E4—

2.0E4-

1.0E4+

0 T T T

4l

T
20 21 22 23
RT(min)

m/z: 159.93
Apex RT: 2.19 Left RT: 2.14 Right RT: 2.25

Compound Details

Quan Peak ~

Baby_food_blanco_20210423062023 carbendazim m/z: 158.93
F- + ¢ ESI SRM ms2 192 076 [131 928-131.930, 159 928-159 930]

2.5E4-
2.0E4-

1.5E4-

Intensity

1.0E4-

5.0E3-

4l

T
20 21 22 23
RT(min)
m/z: 159.93
Apex RT: N/F Left RT: 0.00 Right RT: 0.00

EUROPEAN
UNION
REFERENCE
LABORATORY

ERUITS AND VEGETABLES

Confirming lons ~

4l

Carbendazim
0.5 ppb standard in baby food
Quant ion peak area 1.4E5

H
N

)—NH

N o

(o)

Carbendazim

Blank baby food after 12 injections of

20 ppb standard

Baby_food_05ppb carbendazim m/z: 131.93
F: +c ESI SRM ms2 192.076 [131.928-131.930, 159.928-159.930]
RT 2.19
AR 28772
AH: 12425
1.2E44
1.0E44
= ]
E 8.0E3+
g ]
6.0E3+
4.0E3+
2.0E3+
0 T T T T T T T T
20 21 22 23 24
RT(min)
m/z 131.93
14.17% - 21.26% 131.93/159.93 = 19.85%
Confirming lons ~ -
Baby_food_hlanco_20210423062023 carbendazim m/z: 131.93
F: +c ESI SRM ms2 192 076 [131.928-131.930, 159.928-159.930]
2.0E3
z ]
2 1.5E3
s 3
E E
1.0E3
5.0E2
0 T T T T T T T T T T
20 21 22 23 24
RT(min)
m/z 13193
14.17% - 21.26% 131.93/159.93 = NaN%

Quant ion peak area 0.0EO




Dual-Channel LC-MS/MS: carry over test

Compound Details

L]

Quan Peak v
Baby_food_05ppb Demeton-S-methylsulfoxide m/z: 169.05
F: + ¢ ESI SRM ms2 247.000 [109.041-109.043, 169.053-160.055]
RT. 2.08
AA: 54495
AH;: 24557
2564+
2.0E47
= 3
2 15E4
5 K
= ]
1.0E47
5.0E33
o 3 T T T T T T T T T
19 20 21 22 23
RT(min)
m/z 169.05
ApexRT: 208 LeftRT: 204 RightRT: 216
Compound Details
Quan Peak ~ ¥
Baby_food_blanco_20210423062023 Demeton-S-methylsulioxide miz: 169.05
F: + ¢ ESI SRM ms2 247.000 [109.041-109.043, 169.053-169.055]
| v
2 0E3]
= 3
% 15E34
2 ]
z ]
1.0E37
5.0E2
0 T T T T T T
19 20 21 22 23
RTimin)
m/z: 169.05
ApexRT: N/F  LeftRT: 0.0 RightRT: 0.00

EUROPEAN

LABORATORY

L]

Demeton-S-methylsulfoxide
0.5 ppb standard in baby food

Confirming lons v
Baby_food_05ppb Demeton-S-methylsulfoxide m/z: 109.04
F: + ¢ ESI SRM ms2 247.000 [109.041-100.043, 169.053-169.055]
RT. 2.08
AA: 31906
AH: 14188
1.4E4
12E4]
.. 10E4]
£ 80E3
E
6.0E3
4.0E3
2.0E3-
o T T T T T T T T T
19 20 21 22 23
RT(min)
m/z 109.04
39.72% - 59.58% 109.04/169.05 = 58.55%
Confirming lons L4
Baby_food_blanco_20210423062023 Demeton-S-methylsulioxide m/z: 109.04
F: + ¢ ESI SRM ms2 247.000 [109.041-109.043, 169.053-169.055]
30E3]
25€3]
-4 ]
& ]
§ 2083
= =i
15E37
1.0E3
5.0E25
04 T T T T T T T T 1
19 20 21 22 23
RT{min)
m/z 109.04
30.72% - 59.58% 109.04/169.05 = NaN%

Quant ion peak area 5.5E4

(o) o)
1l

1}
\/S\/\s’ l?\o/
O\

Demeton-S-methylsulfoxide

Blank baby food after 12 injections of

20 ppb standard
Quant ion peak area 0.0EQ




Dual-Channel LC-MS/MS: accepted for publication

1 Cutting-edge approach using dual-channel chromatography to overcome the sensitivity issues
2 associated with polarity switching in pesticide residues analysis

3  Abstract

4

5 Optimal mobile phase modifiers are not equivalent for positive and negative ionisation modes in

6 electrospray. For this reason, the use of polarity switching in a multiresidue analysis with a mobile phase

Work on baby food with two mobile phases
submitted to scientific journal

------

REFERENCE
ooooooo



Conclusions

This technique can be used to improve selectivity without sacrificing analysis time

Furthermore, two different mobile phases can be employed simultaneously

Most compounds could be validated on baby food at 0.003 mg/kg, with minimum

carry-over

In summary, Dual-Channel instrumentation provides laboratories advantages in analysis

time, selectivity, and sensitivity
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