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!
"#$%&'()*+&,-(#!(.!/(0,1,$2!3+&$,'1%!4,5%!4*%'$&()%$%&-!

3&(6%'$!7(89!/344 :;<=>:?:?!
!

@+-,'!,#.(&)+$,(#9!

A('+$,(#!(.!$B%!CD+1,$2!+--D&+#'%9	   	   TROPOS,	  lab:	  118	  
	  
E%1,F%&2!G+$%9	  	   	   	   	   April	  25,	  2016	  	  
!
4%$D*!,#!$B%!1+0(&+$(&29	   	   	   April	  25,	  2016	  
!
H()*+&,-(#! *%&,(G9	  	   	   	   	   April	  25,	  2016	  –	  April	  29,	  2016	  
	  
	  
3&,#',*+1!
"#F%-$,I+$(&!!

J()%!"#-$,$D$,(#! 3+&$,',*+#$! "#-$&D)%#$!

	   	   	   	  

Markus	  
Wallasch	  
	  

UBA	  

Wörlitzer	  Platz1	  
06844	  Dessau-‐Roßlau	  
GERMANY	  

-‐	  

DE-‐UBA	  Zugspitze	  
TSI	  MPSS	  modified	  by	  TROPOS	  
TSI	  CPC	  Model	  3772	  
SN	  :	  70640111	  

	  
	  
4D))+&2!(.!"#$%&'()*+&,-(#9!!
	  
3&%:-$+$D-9!!
KB%!EL:M@N!ODI-*,$5%!K4"!/344!)(G,.,%G!02!KPQ3Q4!R+-!,#!I((G!'(#G,$,(# S!0D$!#($!,#!$B%!
&+#I%!(.!TU:=<V!(.!$B%!$($+1!&%.%&%#'%!K4":H3H!/(G%1!?<=<!.&()!KPQ3Q48!
!
W,#+1!-$+$D-9!
KB%!EL:M@N!ODI-*,$5%!K4"!/344!)(G,.,%G!02!KPQ3Q4!*+--%G!$B%!CD+1,$2!-$+#G+&G-!(.!
NHKP"4!+#G!XNY8!KB%!-2-$%)!-B(R%G!*&(01%)-!.(&!*+&$,'1%!-)+11%&!$B+#!><!#)!+#G!,#!$B%!
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+''D)D1+$,(#!)(G%8!N.$%&!-%F%&+1!*&(01%)-!(F%&!;!2%+&-S!KPQ3Q4!+GF,-%-!M@N!$(!,#F%-$!,#!
+!#%R!-2-$%)8!

¥ 25.04.2016:	  setup	  and	  first	  checks	  of	  the	  system	  
¥ 25.04.2016:	  High	  voltage	  check	  out	  of	  the	  range:	  Pre-‐values	  =	  (0,0)	  (5,0)	  (10,0)	  (80,78.3)	  

(200,187.8)	  (800,789.3)	  
¥ 25.04.2016,	  13:14:	  Zero	  &	  Latex	  check	  
¥ 25.04.2016,	  14:23:	  The	  CPC	  within	  the	  SMPS	  system	  is	  measuring	  particles	  even	  though	  

connected	  to	  zero	  air	  
¥ 25.04.2016,	  15:25:	  Latex	  203	  nm	  
¥ 25.04.2016,	  15:32:	  start	  ambient	  overnight	  -‐>	  26.04.2016,	  08:00	  
¥ 26.04.2016:	  Back	  from	  CPC	  workshop,	  another	  PSL	  &	  zero	  test.	  It	  was	  necessary	  to	  clean	  the	  

CPC.	  
¥ 26.04.2016:	  15:56	  Zero	  test	  
¥ 26.04.2016,	  16:21:	  Flow	  measurement:	  1.035	  l/min	  
¥ 26.04.2016,	  16:25	  –	  16:48:	  Latex	  203	  nm	  (peak	  yesterday	  was	  a	  little	  too	  high,	  now	  we	  

adjust)	  
¥ 26.04.2016,	  16:51	  start	  ambient	  overnight	  
¥ 27.04.2016:	  overnight	  run	  27.-‐28.2016	  18:00	  
¥ 28.04.2016:	  overnight	  run	  28.-‐29.2016	  10:00	  

	  

A,-$!(.!H()*(#%#$-!
! 4*%',.,'+$,(#! P%.%&%#'%!/344!7(8; ! EL:M@N!ODI-*,$5%!K4"!!

3(-,$,(#!ZA,#%[! 	   2.6	   2.2	  

H()*+#2 ! 	   TROPOS	   DE-‐UBA	  Zugspitze	  

4(.$R+&%! 	   TROPOS	  6.1	   TROPOS	  

H3H! 	   Model	  3772	  
SN:	  70835059	  

Model	  3772	  
SN	  :	  70640111	  

W1(R!&+$,(! 	   1.0	  :	  5.0	   1.0	  :	  5.0	  

4(D&'%! 	   Kr85	   Kr.85	  

J\!'+--%$$%! 	   positive	   positive	  10.0kV	  

E/N ! 	   Hauke	  medium	   TSI	  

W1(R!)%+-8!
Aerosol	  

!  	   	  

E&2%&! !  	   	  

PJ!-%#-(&!
Inlet	  

!  	   !  	  

K!-%#-(&! !  	   !  	  

PJ!-%#-(&!
	  

Sheath	  air	  

!  	   !  	  

K!-%#-(&! !  	   !  	  

E&2%&! !  	   !  	  
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*!-%#-(&! 	   !  	   	  
	  

A+0(&+$(&2!-%$D*!

! !

!
EL:M@N!
Y+1GB(.!
KPQ3Q4!
/344 !

!

!

P%.%&%#'%!
K4"!H3H!
?<=<!
];<<> !

	  

!

P%.%&%#'%!
K4"!H3H!
?<=<!
];?^? !

	  

A"7L!;!
	  

A"7L!=!
	  

lab	  118	  

atmosphere	  

rel.	  humidity:	  <	  30	  %	  

!

KPQ3Q4!
P%.%&%#'%!
/344!7(8; !
	  

)

!
!

EL:EYE!
J(B%#*%,_%#

0%&I!!
KPQ3Q4!
/344 !

!
EL:M@N!

7%DI1(0-(R!!
KPQ3Q4!
/344 !

!

	  
EL:M@N!

4'B+D,#-1+#G!!
KPQ3Q4!
/344 !

!

EL:M@N!
ODI-*,$5%!!
K4"!/344!

)(G,.,%G!02!
KPQ3Q4!

!

!
HO:HJ/M!

M-$,!
KPQ3Q4!
/344 	  

	  
JM:NA/Q4!
` :*D-5$+!

J()%)+G%!
E/34 !

!

KPQ3Q4!
P%.%&%#'%!
/344!7(8= !
	  

2x	  Nafion	  dryers	  
	  

F+'DD) !
.1(R!

	   	  

aerosol	  standard	  
-‐ zero	  test	  
-‐ latex	  203	  nm	  

	  

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	  

NGG,$,(#+1!LCD,*)%#$9!!!

¥ 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!
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H3H!4$+$D-!$($+1!H3H!479!; ?^?!

"#-$,$D$%! H3H! \+&,+01%! 4$+$D-! H())%#$- !

!

KPQ3Q4	  

K($+1!H3H!?<=<S!];?^?!

Power	   good	   	  

Laser	   good	   	  

Flow	   good	   	  

Liquid	  level	   full	   	  

!
!
H3H!4$+$D-!P%.%&%#'%!"#-$&D)%#$!7(8; !

"#-$,$D$%! H3H! \+&,+01%! 4$+$D-! H())%#$- !

!

!

KPQ3Q4	  

P%.%&%#'%!"#-$&D)%#$!7(8;S!?aa;!

]a<b?^<^c!

Saturator	  Temp	   39.1°C	   	  

Condenser	  Temp	   22.0°C	   	  

Optics	  Temp	   40.0°C	   	  

Cabinet	  Temp	   32.0°C	   	  

Ambient	  Pressure	   99.4	  kPa	   	  

Orifice	  Pressure	   77.2	  kPa	   	  

Nozzle	  Pressure	   2.7	  kPa	   	  

Laser	  Current	   47	  mA	   	  

!
H3H!4$+$D-!EL:M@N!ODI-*,$5%!K4"!?aa;!

"#-$,$D$%! H3H! \+&,+01%! 4$+$D-! H())%#$- !

!

!

EL:M@N!ODI-*,$5%!!

K4"	  ?aa;!

] a<>d<===!

Saturator	  Temp	   39.0°C	   	  

Condenser	  Temp	   22.0°C	   	  

Optics	  Temp	   40.0°C	   	  

Cabinet	  Temp	   30.1°C	   	  

Ambient	  Pressure	   98.2	  kPa	   	  

Orifice	  Pressure	   80.4	  kPa	   	  

Nozzle	  Pressure	   2.6	  kPa	   	  

Laser	  Current	   37	  mA	   	  

!
! !
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KPQ3Q4!P%.%&%#'%!42-$%)-!GD&,#I!$B%!*&%:-$+$D-!#,IB$!)%+-D&%)%#$!
K,)%!4%&,%-!

!
W,ID&%!<=9	  Time	  series	  (April	  28,	  2016	  10:00	  am	  –	  April	  29,	  2016	  06:00	  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.!
!
!
!

3&%:!4$+$D-!(.!$B%!H+#G,G+$%!ZN*&,1!;^ :;> $B[!
!
H()*(#%#$-!+#G!5%&(!'B%'e!

"#-$,$D$%! 42-$%)! A,#%! W1(R!
	  

O%&(!
	  

KPQ3Q4! Ref2	  	   2.6	   =8<=?! l/min	   0	   #	  cm-‐3	  

KPQ3Q4! Total	  CPC	   2.5	   =8<=;! l/min	   0	   #	  cm-‐3	  

EL:M@N!ODI-*,$5%! Total	  CPC	   2.4	   =8<^d! l/min	   	   #	  cm-‐3	  

EL:M@N!ODI-*,$5%! TSI	  MPSS	   2.2	   =8<=>! l/min	   0	   #	  cm-‐3	  
	  

!

J,IB!F(1$+I%!'+1,0&+$,(#!

"#-$,$D$%! 42-$%)! f\g ! <!\ ! d!)\ ! b<!)\ ! b<<!)\ !

!KPQ3Q4!
!Reference	  
MPSS	  No.2!

.,#+1! <8=! ^8=! cc8c! ccc8 !̂

! 	   f\g ! <!\ ! ^!)\ ! ;<<!)\ ! b<<!)\ !
EL:M@N!ODI-*,$5%! TSI	  MPSS	   .,#+1! <8b! a8b! =cb8;! acc8c!

!
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A+$%h!;<?#)!id#)!Z*&%--D&%!cc=!B3+S!;?8<jH[!

"#-$,$D$%! 42-$%)! !! A+$%h!;<?!f#)g! -1(*%!
KPQ3Q4! Reference	  MPSS	  No.2	   .,#+1! ;<^8a=! d8c!
EL:M@N!
ODI-*,$5%!

TSI	  MPSS	   .,#+1! =cc8 !̂ d8 !̂

!

!

	   	   	  
W,ID&%!<; 9	  Measurement	   of	   latex	   203	  nm:	   Particle	   size	   distribution	   (raw	   concentration)	   for	   latex	   203	  nm	   on	  
April	  25th,	  2016.	  

!

K,)%!4%&,%-!

!
W,ID&%!<?9	  Time	  series	  (April	  25,	  2016	  04:00	  pm	  –	  April	  26,	  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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 'DE-UBA Zugspitze TROPOS MPSS'Zugspitze, 25.04.2016
Latex 203 nm +/- 4 nm
Peak at Dp = 199.5 nm

160

140

120

100

80

60

40

20

0

ra
w

 c
on

ce
nt

ra
tio

n 
in

 #
/c

m
!

300280260240220200180160140120100

particle diameter Dp in nm

 'TROPOS Reference MPSS No.2'Tropos Reference MPSS No.2, 25.04.2016
Latex 203 nm +/- 4 nm
Peak at Dp = 205.71 nm
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3+&$,'1%!7D)0%&!4,5%!E,-$&,0D$,(#!
!

	  
W,ID&%!<d9	  Comparison	  of	  mean	  particle	  number	  size	  distribution	  of	  DE-‐UBA	  Zugspitze	  TSI	  MPSS	  and	  TROPOS	  
Reference	  MPSS	  No.2	  from	  April	  25,	  2016	  9:00	  pm	  until	  April	  26,	  2016	  05:00	  am.	  Multiple	  charge	  correction,	  
internal	  diffusion	  losses	  and	  CPC	  efficiency	  are	  included	  for	  the	  TROPOS	  Reference	  MPSS	  No.2.	  	  

H(&&%1+$,(#!	  

!

W,ID&%! <^9	   Linear	   regression	   between	   the	   number	   concentrations	   of	   the	   TROPOS	   Reference	   MPSS	   No.2	   and	  
TROPOS	  Reference	  TSI	  CPC	  Model	  3010	  (SN	  2353).	  Multiple	  charge	  correction,	  internal	  diffusion	  losses	  and	  CPC	  
flow	  corrections	  are	  included.	  	  
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Curve Fit Results
25.04.2016; 4pm - 26.04.2016; 7am

Coefficient values ± one standard deviation
a =0 ± 0
b =0.88209 ± 0.00187
R" =0.99
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W,ID&%! <>9	   Linear	   regression	   between	   the	   number	   concentrations	   of	   the	   DE-‐UBA	   Zugspitze	   TSI	   MPSS	   and	  
TROPOS	  Reference	  TSI	  CPC	  Model	  3010	  (SN	  2353).	  	  
!
!

	  

W,ID&%! <a9	   Linear	   regression	   between	   the	   number	   concentrations	   of	   the	   DE-‐UBA	   Zugspitze	   TSI	   MPSS	   and	  
TROPOS	  Reference	  MPSS	  No.2.	  Multiple	  charge	  correction,	   internal	  diffusion	   losses	  and	  CPC	   flow	  corrections	  
are	  included.	  	  

!
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Curve Fit Results
25.04.2016; 4pm - 26.04.2016; 7am

Coefficient values ± one standard deviation
a =0 ± 0
b =1.2595 ± 0.00438
R" =0.98
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Curve Fit Results
25.04.2016; 4pm - 26.04.2016; 7am

Coefficient values ± one standard deviation
a =0 ± 0
b =1.4271 ± 0.00525
R" =0.98
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W,#+1!4$+$D-!(.!$B%!H+#G,G+$%!ZN*&,1!;b :;c !$B[!
K,)%!4%&,%-!

!
W,ID&%!<b9	  Time	  series	  (April	  28,	  2016	  10:00	  am	  –	  April	  29,	  2016	  06:00	  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.	  
!
!
3+&$,'1%!7D)0%&!4,5%!E,-$&,0D$,(#!
!

	  
W,ID&%!=<9	  Comparison	  of	  mean	  particle	  number	  size	  distribution	  of	  DE-‐UBA	  Zugspitze	  TSI	  MPSS	  and	  TROPOS	  
Reference	  MPSS	  No.2	  from	  April	  28,	  2016	  10:00	  am	  until	  April	  29,	  2016	  05:00	  am.	  Multiple	  charge	  correction,	  
internal	  diffusion	  losses	  and	  CPC	  efficiency	  are	  included	  for	  the	  TROPOS	  Reference	  MPSS	  No.2.	  	  
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4,#I1%!-'+#-!GD&,#I!$B%!.,#+1!&D#9!	  
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H(&&%1+$,(#!	  

!

W,ID&%!=; 9	   Linear	   regression	   between	   the	   number	   concentrations	   of	   the	   TROPOS	   Reference	   MPSS	   No.2	   and	  
Reference	  TSI	  CPC	  3010	  SN	  2353.	  Multiple	  charge	  correction,	  internal	  diffusion	  losses	  and	  CPC	  flow	  corrections	  
are	  included.	  	  

	  

W,ID&%!=?9	   Linear	   regression	   between	   the	   number	   concentrations	   of	   the	   DE-‐UBA	   Zugspitze	   TSI	   MPSS	   and	  
Reference	  TSI	  CPC	  3010	  SN	  2353.	  Multiple	  charge	  correction,	  internal	  diffusion	  losses	  and	  CPC	  flow	  corrections	  
are	  included.	  	  
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Curve Fit Results
28.04.2016; 10am - 29.04.2016; 5am

Coefficient values ± one standard deviation
a =0 ± 0
b =0.9044 ± 0.0053
R" =0.99
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DE-TROPOS RR  total TSI CPC 3010 SN 2353 Ntotal [#/cm!]

Curve Fit Results
28.04.2016; 10am - 29.04.2016; 5am

Coefficient values ± one standard deviation
a =0 ± 0
b =0.85745 ± 0.0159
R" =0.86
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W,ID&%! =d9	   Linear	   regression	   between	   the	   number	   concentrations	   of	   the	   DE-‐UBA	   Zugspitze	   TSI	   MPSS	   and	  
TROPOS	  Reference	  MPSS	  No.2.	  Multiple	  charge	  correction,	   internal	  diffusion	   losses	  and	  CPC	   flow	  corrections	  
are	  included.	  	  
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DE-TROPOS RR MPSS No.2 N10-800nm [#/cm!]

Curve Fit Results
28.04.2016; 10am - 29.04.2016; 5am

Coefficient values ± one standard deviation
a =0 ± 0
b =0.95131 ± 0.0157
R" =0.89


