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Intercomparison	
  of	
  Mobility	
  Particle	
  Size	
  Spectrometers	
  

Project	
  No.:	
  MPSS-­‐2016-­‐4-­‐2	
  
	
  

Basic	
  information:	
  

Principal	
  Investigator:	
  	
   	
   	
   Eleftheriadis	
  Konstantinos	
  
	
  
Home	
  Institution:	
   	
  National	
   Centre	
   of	
   Scientific	
   Research	
  

“Demokritos”	
  
Neapoleos	
  str.	
  Athens	
  

	
  
Participant:	
   	
   Maria	
  Gkini	
  
	
  
Instrument	
  No.1:	
   	
   GR-­‐NCSR	
  Demokritos-­‐INRASTES	
  (NCSRD)	
  
	
   	
   TSI	
  MPSS	
  modified	
  by	
  TROPOS	
  
	
   	
   TSI	
  CPC	
  Model	
  3772,	
  SN:	
  3772135302	
  
	
  
Location	
  of	
  the	
  quality	
  assurance:	
   	
   TROPOS	
  Leipzig,	
  lab	
  118	
  
	
  
Comparison	
  period:	
   	
   May	
  30,	
  2016	
  –	
  June	
  03,	
  2016	
  
	
  
Last	
  Intercomparison	
  (with	
  Project	
  No.):	
  	
  	
  	
   k.A.	
  
	
  
	
  
	
  
Summary	
  of	
  Intercomparison:	
  	
  
	
  
Pre-­‐Status:	
  
The	
  GR-­‐NCSR	
  TSI	
  MPSS	
  was	
  not	
  in	
  a	
  good	
  condition.	
  The	
  system	
  is	
  out	
  of	
  the	
  +/-­‐10%	
  range	
  
of	
  the	
  Reference	
  MPSS	
  No.1	
  from	
  TROPOS.	
  	
  
	
  
Final	
  Status:	
  
The	
  GR-­‐NCSR	
  TSI	
  MPSS	
  passed	
  the	
  quality	
  standards	
  of	
  ACTRIS	
  and	
  GAW.	
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List	
  of	
  Components:	
  
	
  

	
   Specification	
   Reference	
  MPSS	
  No.1	
   GR-­‐NCSR	
  TSI	
  MPSS	
  

Position	
  (Line)	
   	
   1.5	
   1.4	
  

Company	
   	
   TROPOS	
   GR-­‐IPTOS	
  

Software	
   	
   TROPOS	
  6.1	
   TROPOS	
  

CPC	
   	
   TSI	
  CPC,	
  Model	
  3772	
   Model	
  3772	
  

Flow	
  ratio	
   	
   1.0	
  :	
  5.0	
   1.0	
  :	
  5.0	
  

Source	
   	
   Kr85	
   Kr.85	
  

HV	
  cassette	
   	
   positive	
   negative	
  10.0kV	
  

DMA	
   	
   Hauke	
  medium	
   TSI	
  

Flow	
  meas.	
  
	
  

aerosol	
  

	
  

ü 	
   ü 	
  

Dryer	
   ü 	
   ü 	
  

RH	
  sensor	
   ü 	
   ü 	
  

T	
  sensor	
   ü 	
   ü 	
  

RH	
  sensor	
  
	
  

Sheath	
  air	
  

ü 	
   ü 	
  

T	
  sensor	
   ü 	
   ü 	
  

Dryer	
   ü 	
   ü 	
  

p	
  sensor	
   	
   ü 	
   	
  

	
  

• 30.05.2016:	
  System	
  arrived	
  in	
  Leipzig.	
  Setup	
  in	
  lab	
  118	
  including	
  checks	
  and	
  calibrations.	
  

• 30.05.2016:	
  Important:	
  GR-­‐NCSR	
  came	
  without	
  source.	
  We	
  used	
  from	
  TROPOS	
  a	
  Kr.85	
  source.	
  

• 30.05.2016:	
  TSI	
  MPSS	
  showed	
  an	
  offset	
  of	
  25V	
  during	
  the	
  first	
  setup.	
  During	
  the	
  pre-­‐status,	
  we	
  used	
  the	
  original	
  
settings.	
  TROPOS	
  advised	
  to	
  check	
  all	
  collected	
  data	
  on	
  the	
  station	
  and	
  measure	
  the	
  high	
  voltage	
  more	
  frequently	
  
in	
  the	
  future	
  –	
  minimum	
  monthly.	
  	
  	
  

• 30.05.2016:	
  Pre-­‐status	
  overnight	
  run	
  from	
  30.05.2016,	
  6	
  pm	
  to	
  31.05.2016	
  8	
  am.	
  

• 31.05.2016:	
  CPC	
  Workshop	
  in	
  lab	
  130.	
  More	
  details	
  in	
  the	
  ACTRIS	
  CPC	
  Workshop	
  report.	
  	
  

• 31.05.2016:	
  Back	
  to	
  lab	
  118	
  and	
  setup	
  including	
  checks	
  and	
  calibrations.	
  Change	
  the	
  offset	
  and	
  recalibrate	
  the	
  HV.	
  
During	
  the	
  week	
  we	
  also	
  checked	
  the	
  performance	
  GR-­‐NCSR	
  with	
  a	
  positive	
  HV	
  power	
  supply	
  from	
  TROPOS,	
  to	
  
see	
   if	
  we	
  have	
  the	
  same	
  problems.	
  After	
  one	
  night	
   the	
  HV	
  had	
  also	
  an	
  offset	
   from	
  5V.	
  We	
  changed	
  the	
  power	
  
socket	
  and	
  placed	
  the	
  TSI	
  System	
  in	
  a	
  separate	
  socket	
  from	
  the	
  laptop.	
  We	
  had	
  the	
  chance	
  to	
  run	
  the	
  TSI	
  MPSS	
  
over	
   the	
   following	
  weekend.	
   Kay	
  Weinhold	
   checked	
   the	
   HV	
   on	
  Monday	
   (06.06.2016)	
   again	
   and	
   there	
  was	
   no	
  
offset	
   anymore.	
   TROPOS	
  advises	
  GR-­‐NCSR	
   to	
  place	
   the	
   instrument	
  on	
   the	
   station	
   also	
   in	
   separate	
   sockets	
   and	
  
measure	
  the	
  voltage	
  for	
  one	
  month	
  twice	
  per	
  week.	
  	
  Please	
  send	
  TROPOS	
  a	
  feedback	
  of	
  these	
  checks.	
  	
  

• 31.05.2016:	
  Nafion	
  dryers	
  are	
  checked.	
  It	
  was	
  necessary	
  to	
  change	
  the	
  membrane	
  of	
  the	
  sheath	
  air	
  dryer,	
  because	
  
it	
  was	
  not	
  drying	
  efficiently.	
  	
  	
  

• 31.05.2016:	
  Overnight	
  run	
  from	
  31.05.2016,	
  6	
  pm	
  to	
  01.06.2016	
  8	
  am.	
  	
  

• 01.06.2016:	
  Checking	
  and	
  cleaning	
  of	
  the	
  DMA.	
  

• 01.06.2016:	
  Overnight	
  run	
  from	
  01.06.2016,	
  6	
  pm	
  to	
  02.06.2016	
  8	
  am.	
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• 02.06.2016:	
  Instruction	
  in	
  handling	
  and	
  calibrating	
  the	
  MPSS	
  

• 02.06.2016:	
  Final-­‐status	
  overnight	
  run	
  from	
  02.06.2016,	
  6	
  pm	
  to	
  03.06.2016	
  8	
  am.	
  

• 03.06.2016:	
  GR-­‐NCSR	
  is	
  running	
  over	
  the	
  weekend	
  to	
  check	
  the	
  HV	
  on	
  Monday.	
  	
  

• 06.06.2016:	
  Data	
  check	
  and	
  backup.	
  Finalize	
  all	
  for	
  shipping.	
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Laboratory	
  setup:	
  
	
   	
  

	
  
GR-IPTOS  
TSI MPSS 

modified by 
TROPOS 

	
  

	
  

TROPOS 
Reference 
MPSS No.1 

	
  

	
  

TROPOS 
Reference 
MPSS No.4 

	
  

LINE	
  2	
  
	
  

LINE	
  1	
  
	
  

lab	
  118	
  

atmosphere	
  

	
  

Reference 
TSI CPC 

3010 
#2337 

	
  

	
  

TROPOS 
Reference 
MPSS No.5 

	
  

	
  
FI-FMI  

Total CPC 
3010 
	
  

	
  
CZ-CAS   

TSI MPSS 
	
  

	
  
	
  

	
  	
  
FI-FMI 

DMPSS 

	
  
SI-NLZOH 

MPSS 
	
  

	
  

Reference 
TSI CPC 

3010 
#2353 

	
  

vacuum	
  
flow	
  

	
   	
  

PSL	
  generator	
  –	
  Latex	
  203nm)
	
   	
  

1.5	
  	
   	
  	
  	
  	
  	
  	
  1.6	
  

1.3	
  	
   	
  	
  	
  	
  	
  	
  1.4	
  

1.1	
  	
   	
  	
  	
  	
  	
  	
  1.2	
   2.1	
  	
   	
  	
  	
  	
  	
  	
  2.2	
  

2.3	
  	
   	
  	
  	
  	
  	
  	
  2.4	
  

2.5	
   	
  	
  	
  	
  	
  	
  2.6	
  

total	
  flow	
  
20l/min	
  

Additional	
  Equipment:	
  	
  	
  

• Bubble	
  flow	
  meter	
  ‘Gilibrator’,	
  Gilian	
  (Sensidyne)	
  
• Thermo	
  Scientific	
  Nanosphere	
  Size	
  Standard	
  “PSL“	
  

203nm	
  (±4nm)	
  
• Aerosol	
  nebulizer	
  for	
  PSL	
  (homemade	
  TROPOS)	
  
• Voltcraft	
  multimeter	
  (0-­‐1000V),	
  Keysight	
  

Technologies	
  

	
  

zero	
  line	
  	
  

2x	
  Nafion	
  dryers	
  
rel.	
  humidity:	
  <	
  30%	
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TROPOS	
  Total	
  CPC	
  Status	
  	
  

Instrument	
   Variable	
   Status	
  

	
  

TROPOS	
  

Total	
  CPC	
  3010,	
  

#2337	
  

Power	
   good	
  

Laser	
   good	
  

Flow	
   good	
  

Liquid	
  level	
   full	
  

	
  
TROPOS	
  Reference	
  Instrument	
  Status	
  

Instrument	
   Variable	
   Status	
  

	
  

TROPOS	
  

Reference	
  

Instrument	
  No.1,	
  

TSI	
  CPC	
  3772	
  

#3772141701	
  

Saturator	
  Temp	
   39.0°C	
  

Condenser	
  Temp	
   22.0°C	
  

Optics	
  Temp	
   40.0°C	
  

Cabinet	
  Temp	
   32.8°C	
  

Ambient	
  Pressure	
   98.7	
  kPa	
  

Orifice	
  Pressure	
   69.8	
  kPa	
  

Nozzle	
  Pressure	
   2.8	
  kPa	
  

Laser	
  Current	
   50	
  mA	
  

	
  
Instrument	
   Variable	
   Status	
  

	
  

TROPOS	
  

Reference	
  

Instrument	
  No.4,	
  

TSI	
  CPC	
  3772	
  

#71011009	
  

Saturator	
  Temp	
   39.0°C	
  

Condenser	
  Temp	
   22.0°C	
  

Optics	
  Temp	
   39.9°C	
  

Cabinet	
  Temp	
   33.3°C	
  

Ambient	
  Pressure	
   99.2	
  kPa	
  

Orifice	
  Pressure	
   78.7	
  kPa	
  

Nozzle	
  Pressure	
   2.8	
  kPa	
  

Laser	
  Current	
   46	
  mA	
  

	
  

	
   	
  

Institute	
   Variable	
   Status	
  

	
  

TROPOS	
  

Total	
  CPC	
  3010,	
  

#2353	
  

Power	
   good	
  

Laser	
   good	
  

Flow	
   good	
  

Liquid	
  level	
   full	
  

Instrument	
   Variable	
   Status	
  

	
  

TROPOS	
  

Reference	
  

Instrument	
  No.5,	
  

TSI	
  CPC	
  3772	
  

#71011008	
  

Saturator	
  Temp	
   38.9°C	
  

Condenser	
  Temp	
   22.0°C	
  

Optics	
  Temp	
   40.0°C	
  

Cabinet	
  Temp	
   38.3°C	
  

Ambient	
  Pressure	
   99.0	
  kPa	
  

Orifice	
  Pressure	
   73.6	
  kPa	
  

Nozzle	
  Pressure	
   2.5	
  kPa	
  

Laser	
  Current	
   52	
  mA	
  

Instrument	
   Variable	
   Status	
  

	
  

GR-­‐NCSR	
  TSI	
  

MPSS,	
  	
  

TSI	
  CPC	
  3772	
  

#3772135302	
  

Saturator	
  Temp	
   39.0°C	
  

Condenser	
  Temp	
   22.0°C	
  

Optics	
  Temp	
   40.0°C	
  

Cabinet	
  Temp	
   38.8°C	
  

Ambient	
  Pressure	
   98.7	
  kPa	
  

Orifice	
  Pressure	
   68.0	
  kPa	
  

Nozzle	
  Pressure	
   2.6	
  kPa	
  

Laser	
  Current	
   42	
  mA	
  



ACTRIS-­‐2	
  ECAC	
  Workshop	
  May	
  30,	
  2016	
  –	
  June	
  03,	
  2016	
  

7	
  
	
  

TROPOS	
  Reference	
  Systems	
  during	
  the	
  pre-­‐status	
  May	
  30-­‐31st	
  

Time	
  Series	
  

	
  
Figure	
  01:	
  Time	
  series	
  (May	
  30,	
  2016	
  06:00	
  pm	
  –	
  May	
  31,	
  2016	
  08:00	
  am)	
  of	
  the	
  integrated	
  particle	
  number	
  concentration	
  
(N10-­‐800nm)	
   of	
   the	
   TROPOS	
   Reference	
  MPSS	
   and	
   total	
   number	
   concentration	
   (Ntotal)	
   of	
   the	
   Reference	
   TSI	
   CPC	
   3010.	
   The	
  
inversion	
   was	
   performed	
   using	
   TROPOS	
   software.	
   Multiple	
   charge	
   correction,	
   internal	
   diffusion	
   losses	
   and	
   CPC	
   flow	
  
corrections	
  are	
  included.	
  

	
  
Pre-­‐	
  Status	
  of	
  the	
  Candidate	
  (May	
  30-­‐31th)	
  

Components	
  and	
  zero	
  check	
  

Instrument	
   Line	
   Flow	
   	
   Zero	
   	
  

TROPOS	
  Reference	
  MPSS	
  No.1	
   1.5	
   1.026	
   l/min	
   0	
   #	
  cm-­‐3	
  

TROPOS	
  Total	
  CPC	
  3010,	
  #2337	
   1.6	
   1.015	
   l/min	
   0	
   #	
  cm-­‐3	
  

GR-­‐NCSR	
   1.4	
   1.003	
   l/min	
   0	
   #	
  cm-­‐3	
  

	
  

High	
  voltage	
  calibration	
  

Instrument	
   [V]	
   0	
  V	
   4	
  mV	
   80	
  mV	
   800	
  mV	
  
TROPOS	
  Reference	
  MPSS	
  No.1	
   final	
   0.0	
   4.9	
   99.5	
   999.1	
  

	
   [V]	
   0	
  V	
   5	
  mV	
   200	
  mV	
   800	
  mV	
  
GR-­‐NCSR	
   final	
   25.0	
   26.0	
   -­‐	
   -­‐	
  

	
  

Latex	
  203nm	
  ±4nm	
  (pressure	
  988	
  hPa,	
  23.0°C)	
  

Instrument	
   Latex	
  203	
  [nm]	
   slope	
  

TROPOS	
  Reference	
  MPSS	
  No.1	
   201.01	
   5.27	
  
GR-­‐NCSR	
   203.73	
   -­‐	
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Figure	
  02:	
  Measurement	
  of	
  latex	
  203	
  nm:	
  Particle	
  size	
  distribution	
  (raw	
  concentration)	
  for	
  latex	
  203	
  nm	
  on	
  May	
  30th,	
  2016.	
  

	
  

Time	
  Series	
  

	
  
Figure	
  03:	
  Time	
  series	
  (May	
  30,	
  2016	
  06:00	
  pm	
  –	
  May	
  31,	
  2016	
  08:00	
  am)	
  of	
  the	
  integrated	
  particle	
  number	
  concentration	
  
(N10-­‐800nm)	
   of	
   the	
  MPSS	
   and	
   total	
   number	
   concentration	
   (Ntotal)	
   of	
   the	
   reference	
   TSI-­‐CPC	
  Model	
   3010.	
   The	
   inversion	
  was	
  
performed	
   using	
   TROPOS	
   software.	
   Multiple	
   charge	
   correction,	
   internal	
   diffusion	
   losses	
   and	
   CPC	
   flow	
   corrections	
   are	
  
included.	
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Particle	
  Number	
  Size	
  Distribution	
  

	
  
Figure	
  04:	
  Comparison	
  of	
  mean	
  particle	
  number	
  size	
  distribution	
  of	
  TROPOS	
  Reference	
  MPSS	
  No.1	
  against	
  GR-­‐NCSR	
  from	
  
May	
   30,	
   2016	
   08:00	
   pm	
   until	
   May	
   31,	
   2016	
   05:00	
   am.	
   Multiple	
   charge	
   correction,	
   internal	
   diffusion	
   losses	
   and	
   CPC	
  
efficiency	
  are	
  included	
  for	
  both	
  of	
  the	
  TROPOS	
  Reference	
  MPSS.	
  

	
  

Correlation	
  	
  

	
  

Figure	
  05:	
  Linear	
  regression	
  between	
  the	
  number	
  concentrations	
  of	
  the	
  TROPOS	
  Reference	
  TSI	
  CPC	
  Model	
  3010	
  SN:	
  2353	
  
and	
   TROPOS	
   Reference	
   MPSS	
   No.1.	
   Multiple	
   charge	
   correction,	
   internal	
   diffusion	
   losses	
   and	
   CPC	
   flow	
   corrections	
   are	
  
included.	
  

14x10
3

12

10

8

6

4

2

TR
O

P
O

S
 R

ef
er

en
ce

 M
P

S
S

 N
o.

1 
N 1

0-
80

0n
m

 [#
/c

m
³]

14x10
312108642

Reference TSI CPC 3010 SN 2353 Ntotal [#/cm³]

Curve Fit Results
30.05.2016; 8pm - 31.05.2016; 5am

Coefficient values ± one standard deviation
a =0 ± 0
b =0.97574 ± 0.00926
R² =0.956



ACTRIS-­‐2	
  ECAC	
  Workshop	
  May	
  30,	
  2016	
  –	
  June	
  03,	
  2016	
  

10	
  
	
  

	
  	
  

	
  

Figure	
  06:	
  Linear	
  regression	
  between	
  the	
  number	
  concentrations	
  of	
  the	
  TROPOS	
  Reference	
  TSI	
  CPC	
  Model	
  3010	
  SN:	
  2353	
  
and	
  GR-­‐NCSR.	
  Multiple	
  charge	
  correction,	
  internal	
  diffusion	
  losses	
  and	
  CPC	
  flow	
  corrections	
  are	
  included.	
  
	
  
	
  

	
  

Figure	
   07:	
   Linear	
   regression	
   between	
   the	
   number	
   concentrations	
   of	
   the	
   TROPOS	
   Reference	
   MPSS	
   No.1	
   and	
   GR-­‐NCSR.	
  
Multiple	
  charge	
  correction,	
  internal	
  diffusion	
  losses	
  and	
  CPC	
  flow	
  corrections	
  are	
  included.	
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Final	
  Status	
  of	
  the	
  Candidate	
  June	
  02-­‐03st	
  

	
  

Components	
  and	
  zero	
  check	
  

Instrument	
   Line	
   Flow	
   	
   Zero	
   	
  

TROPOS	
  Reference	
  MPSS	
  No.1	
   1.5	
   1.026	
   l/min	
   0	
   #	
  cm-­‐3	
  

TROPOS	
  Total	
  CPC	
  3010,	
  #2337	
   1.6	
   1.015	
   l/min	
   0	
   #	
  cm-­‐3	
  

GR-­‐NCSR	
   1.4	
   1.010	
   l/min	
   0	
   #	
  cm-­‐3	
  

	
  

High	
  voltage	
  calibration	
  

Instrument	
   [V]	
   0	
  V	
   4	
  mV	
   80	
  mV	
   800	
  mV	
  
TROPOS	
  Reference	
  MPSS	
  No.1	
   final	
   0.0	
   4.9	
   99.5	
   999.1	
  

	
   [V]	
   0	
  V	
   5	
  mV	
   200	
  mV	
   1000	
  mV	
  
GR-­‐NCSR	
   final	
   0.0	
   5.0	
   -­‐	
   1000	
  

	
  

Latex	
  203nm	
  ±4nm	
  (pressure	
  988	
  hPa,	
  23.0°C)	
  

Instrument	
   Latex	
  203	
  [nm]	
   slope	
  

TROPOS	
  Reference	
  MPSS	
  No.1	
   202.92	
   5.27	
  
GR-­‐NCSR	
   202.94	
   -­‐	
  

	
  

	
   	
  

Figure	
  08:	
  Measurement	
  of	
  latex	
  203	
  nm:	
  Particle	
  size	
  distribution	
  (raw	
  concentration)	
  for	
  latex	
  203	
  nm	
  on	
  June	
  02th,	
  2016.	
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Time	
  Series	
  

	
  
Figure	
  09:	
  Time	
  series	
  (June	
  02,	
  2016	
  06:00	
  pm	
  –	
  June	
  03,	
  2016	
  08:00	
  am)	
  of	
  the	
  integrated	
  particle	
  number	
  concentration	
  
(N10-­‐800nm)	
   of	
   the	
  MPSS	
   and	
   total	
   number	
   concentration	
   (Ntotal)	
   of	
   the	
   reference	
   TSI-­‐CPC	
  Model	
   3010.	
   The	
   inversion	
  was	
  
performed	
   using	
   TROPOS	
   software.	
   Multiple	
   charge	
   correction,	
   internal	
   diffusion	
   losses	
   and	
   CPC	
   flow	
   corrections	
   are	
  
included.	
  
	
  

Particle	
  Number	
  Size	
  Distribution	
  

	
  
Figure	
  10:	
  Comparison	
  of	
  mean	
  particle	
  number	
  size	
  distribution	
  of	
  TROPOS	
  Reference	
  MPSS	
  No.1	
  against	
  GR-­‐NCSR	
  from	
  
June	
   02,	
   2016	
   08:00	
   pm	
   until	
   June	
   03,	
   2016	
   05:00	
   am.	
   Multiple	
   charge	
   correction,	
   internal	
   diffusion	
   losses	
   and	
   CPC	
  
efficiency	
  are	
  included	
  for	
  both	
  of	
  the	
  TROPOS	
  Reference	
  MPSS.	
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Correlation	
  	
  

	
  

Figure	
  11:	
  Linear	
  regression	
  between	
  the	
  number	
  concentrations	
  of	
  the	
  TROPOS	
  Reference	
  TSI	
  CPC	
  Model	
  3010	
  SN:	
  2337	
  
and	
   TROPOS	
   Reference	
   MPSS	
   No.1.	
   Multiple	
   charge	
   correction,	
   internal	
   diffusion	
   losses	
   and	
   CPC	
   flow	
   corrections	
   are	
  
included.	
  
	
  	
  

	
  

Figure	
  12:	
  Linear	
  regression	
  between	
  the	
  number	
  concentrations	
  of	
  the	
  TROPOS	
  Reference	
  TSI	
  CPC	
  Model	
  3010	
  SN:	
  2337	
  
and	
  GR-­‐NCSR.	
  Multiple	
  charge	
  correction,	
  internal	
  diffusion	
  losses	
  and	
  CPC	
  flow	
  corrections	
  are	
  included.	
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Figure	
   13:	
   Linear	
   regression	
   between	
   the	
   number	
   concentrations	
   of	
   the	
   TROPOS	
   Reference	
   MPSS	
   No.1	
   and	
   GR-­‐NCSR.	
  
Multiple	
  charge	
  correction,	
  internal	
  diffusion	
  losses	
  and	
  CPC	
  flow	
  corrections	
  are	
  included.	
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Curve Fit Results
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Coefficient values ± one standard deviation
a =0 ± 0
b =0.96862 ± 0.00588
R² =0.93


