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B y 	   m a k i n g 	   t h e	   s a m e	  
correla5on	   between	   fine	   and	  
fi n e + c o a r s e	   m o d e s	   a s	  
performed	   in	   figure	   X,	   but	  
upwardly	   limi5ng	   the	   absner	  
condi5ons,	  when	   the	  biogenic	  
aerosol	  is	  predominant.	  

Introduc-on	  
The	   Amazon	   Basin,	   during	   the	   wet	   season,	   has	   one	   of	   the	   lowest	   aerosol	   concentra5ons	  
worldwide,	  with	  air	  masses	  covering	  thousands	  of	  kilometers	  of	  pris5ne	  forest	  with	  very	  low	  
or	   negligible	   human	   impact.	   The	   atmosphere	   in	   such	   regions	   is	   strongly	   coupled	   with	   the	  
biosphere	   through	   primary	   biological	   aerosols,	   biogenic	   salts	   and	   secondary	   aerosols	   from	  
oxida5on	  of	  biogenic	  VOCs.	  	  
	  
Aerosol	   absorp5on	   is	   a	   key	   aerosol	   property	   and	   cri5cally	   important	   for	   the	   proper	  
calcula5on	   of	   aerosol	   radia5ve	   forcing.	   Especially	   in	   the	   tropics	   with	   the	   dominance	   of	  
natural	   biogenic	   aerosol	   and	   the	   so-‐called	   brown	   carbon,	   the	   anomalous	   absorp5on	   is	   of	  
par5cular	  interest.	  

A	   special	   experiment	   was	   designed	   to	   study	   the	   wavelength	   dependence	   of	   aerosol	  
absorp5on	   for	   PM2.5	   as	   well	   as	   for	   PM10	   par5cles	   during	   the	   wet	   season	   in	   Central	  
Amazonia.	   	  Aerosol	  analysis	  began	   in	   the	  8th	  of	  May	  of	  2014	   in	   the	  ZF2	  ecological	   reserve,	  
located	   about	   55	   km	  North	   of	  Manaus,	   usually	   in	   pris5ne	   condi5ons,	   and	  was	   carried	   out	  
un5l	  late	  in	  August	  when	  the	  dry	  season	  had	  already	  started,	  with	  the	  impact	  of	  long	  range	  
transported	  biomass	  burning	  aerosols.	  
In	   this	   experiment,	   four	   aerosol	   absorp5on	   instruments	   were	   used	   to	   measured	   the	  
concentra5on	   of	   Equivalent	   Black	   Carbon	   (BCe).	   Two	   sets	   of	   7	   wavelengths	   AE33	  
Aethalometers,	   and	  MAAPs	   (Mul5angle	   Aerosol	   Absorp5on	   Photometer)	  were	   operated	   in	  
parallel	   using	   PM2.5	   and	   PM10	   inlets,	   characterizing	   both	   coarse	   and	   fine	   aerosol	   op5cal	  
proper5es.	   Aerosol	   light	   sca^ering	   for	   3	   wavelengths	   was	   measured	   using	   a	   TSI	  
Nephelometer	  with	  PM10	  inlet.	  Par5cles	  were	  measured	  under	  dry	  condi5ons	  using	  diffusion	  
dryers.	  	  A	  detailed	  protocol	  comparing	  MAAP	  with	  AE33	  for	  both	  PM10	  and	  PM2.5	  inlets	  was	  
used.	  
These	  instruments	  are	  all	  filter	  based	  absorp5on	  photometers,	  but	  differ	  in	  the	  measurement	  
technique:	   AE33	   measurements	   are	   based	   on	   the	   transmission	   of	   light	   (7	   wavelengths)	  
through	   two	   sample	   spots	   with	   different	   flow	   rates,	   whereas	   the	   MAAP	   is	   based	   on	   the	  
transmission	   and	   sca^ering	   of	   light	   (637nm)	   at	   two	   different	   angles	   to	   derive	   the	   BCe	  
concentra5on.	   All	   data	   measured	   by	   the	   Aethalometer	   was	   corrected	   for	   the	   mul5ple	  
sca^ering	  effects.	  

Methodology	  

Black	   carbon	   equivalent	   (BCe)	   concentra5ons	   were	   measured	   by	   two	   sets	   of	   MAAPs	   and	  
Aethalometers,	  both	  with	  inlets	  PM10	  and	  PM2.5,	  and	  the	  whole	  5me	  series	  can	  be	  observed	  on	  	  
figure	   1.	   At	   a	   first	   sight,	   all	   the	   instruments	   show	   very	   similar	   behavior,	   measuring	   BCe	  
concentra5ons	  of	  about	  0.11	  µg/m3	   from	  May	  to	   June,	  and	   increasing	  to	  values	  of	  4	  µg/m3	   in	  
August,	  when	  the	  dry	  season	  has	  already	  started.	  

Results	  

Figure	   1–	   BCe	   concentra,on	   ,me	   series	   of	   	   two	   sets	   of	  
MAAPs	   and	   two	   Aethalometers	   with	   PM10	   and	   PM2.5	  
during	  the	  experiment	  in	  the	  T0z	  site.	  

The	   regression	   between	   MAAP	   PM10	   and	  
MAAP	   PM2.5	   is	   shown	   in	   figure	   2.	   The	  
instruments	   show	   a	   significant	   correla5on	  
(R²=0.93)	  and	  they	  agree	  each	  other	  within	  
1%,	  a	  very	  good	  result.	  	  

Figure	  8–	  	  Plots	  of	  AAE	  for	  different	  ranges	  of	  absorp,on	  coefficients	  for	  PM	  10	  (a)	  and	  PM2.5	  (b)	  inlets..	  The	  central	  
line	  represents	  the	  group	  median,	  the	  ver,cal	  boxes	  represent	  data	  points	  between	  25th-‐	  and	  75th-‐	  percen,les,	  the	  
whiskers	  represent	  data	  points	  between	  5th-‐	  and	  95th-‐	  percen,les.	  

Figure	   2	   –	   Correla,on	   of	   the	   BCe	   concentra,on	  
measured	   by	   MAAPs	   with	   PM10	   and	   PM2.5	   inlets,	  
showing	  30	  min	  averages	  of	  data.	  

BCe	  measured	  by	   the	  MAAP	  and	  AE33	  with	  PM10	  and	  PM2.5	   inlets	  are	  shown	   in	  figure	  4	  and	  5,	  
respec5vely.	  The	  correla5on	  between	  the	  instruments	  is	  significant	  at	  the	  95%	  level	  (R2=0.93	  and	  
R2=0.97)	  and	  they	  agree	  within	  10%	  for	  PM10	  and	  8%	  for	  PM2.5.	  This	  agreement	  works	  well	  for	  the	  
whole	  data	  set	  spanning	  all	  measured	  values.	  

During	   the	   whole	   experiment	   at	   the	   ZF2	  
sampling	  site,	  the	  two	  Aethalometers	  AE33	  
and	  the	  two	  MAAPs	  were	  compared	  to	  each	  
other	  at	  the	  same	  inlet	  and	  same	  dryer	  for	  
careful	  comparison.	  

Figure	   4–	   Comparison	   of	   the	   BCe	   concentra,on	  
measured	   by	   AE33	   and	   MAAP	   with	   PM10	   inlet,	  
showing	  30	  min	  averages	  of	  data.	  

Figure	   5–	   Comparison	   of	   the	   BCe	   concentra,on	  
measured	   by	   AE33	   and	   MAAP	   with	   PM2.5	   inlet,	  
showing	  30	  min	  averages	  of	  data.	  

As	   such	   regression	   coefficients	   and	   correla5ons	   are	   dominated	   by	   high	   values	   of	   BCe,	   the	  
correla5on	  slope	  was	  re-‐calculated,	  but	  applying	  upper	  cut-‐offs	  in	  the	  considered	  data.	  	  The	  results	  
of	   this	   analysis	   is	   shown	   in	   figure	   6,	   clearly	   depic5ng	   an	   absorp5on	   threshold	   in	   which	   coarse	  
par5cles	  (linked	  to	  primary	  biogenic	  aerosol)	  start	  to	  play	  a	  significant	  role	  	  on	  the	  light	  absorp5on.	  
Above	  such	  value	  (~0.2	  µg	  m-‐3	  of	  BCe)	  no	  significant	  contribu5on	  of	  coarse	  aerosol	  is	  observed.	  

Figure	   6	   –	   Slopes	   of	   the	   correla,on	   between	  	  
BCe	  measured	   by	  AE33	  with	   PM10	  and	  PM2.5	  
inlets,	  as	  a	   func,on	  of	   the	  maximum	  BCe	  used	  
in	  the	  linear	  regression.	  

(a)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (b)	  

Figure	  9	  –	  	  Histograms	  of	  ScaSering	  Angstrom	  
exponents	  for	  the	  experiment.	  

The	   Absorp5on	   Angstrom	   Exponent	   (AAE)	   was	  
calculated	   	   for	   several	   ranges	   of	   absorp5on	  
coefficients	  values	  during	  the	  experiment.	  As	  shown	  
in	   figure	   8,	   Angstrom	   exponent	   is	   about	   1.6	   for	  
lower	  absorp5on	  values,	   increasing	  to	  values	  up	  to	  
2	   for	   absorp5on	   greater	   than	   11	   Mm-‐1,	  
approximately.	   Absorp5on	  Angstrom	  values	   of	   2	   is	  
related	  with	  biomass	  burning	  emissions.	  
The	   Sca^ering	   Angstrom	   Exponent	   (SAE)	   was	  
calculated	  from	  January	  to	  August	  in	  T0z	  site	  and	  a	  
histogram	   containing	   its	   values	   for	   wet	   (Jan-‐May)	  
and	   dry	   (Jun-‐Aug)	   seasons	   are	   in	   figure	   9.	   The	  
reason	  for	  reduced	  Angstrom	  exponents	  during	  the	  
wet	   season	   can	   be	   a^ributesd	   to	   the	   increase	   of	  
par5cle	   size,	   with	   larger	   presence	   of	   primary	  
biological	  par5cles	  (PBA).	  
	  

Figure	   3	   –	   Comparison	   of	   the	   BCe	   concentra,on	  
measured	   by	   AE33	   with	   PM10	   and	   PM2.5	   inlets,	  
showing	  30	  min	  averages	  of	  data	  compensated	  for	  
the	  loading	  effect	  and	  mul,ple	  scaSering.	  

In	   figure	   3,	   it	   is	   shown	   the	   comparison	   of	  
AE33	   measurements	   with	   PM10	   and	   PM2.5	  
inlets.	   The	   Aethalometers	   are	   well	  
correlated	   in	   the	   period	   (R²	   =	   0.98),	   and	  
forcing	   the	   linear	   regression	   line	   through	  
the	  origin,	  they	  agree	  within	  the	  es5mated	  
instrument	  accuracies.	  
	  

Figure	  7	  –	  Linear	  regression	  between	  AE33	  with	  
PM10	   and	   PM2.5	   inlets	   using	   all	   data	   (blue	  
line),	   and	   aUer	   applying	   an	   upper	   cut-‐off	   of	  
0.1µg/m3	  (red	  line).	  	  

In	  order	  to	  highlight	  the	  absorp5on	  of	  biogenic	  par5cles,	  we	  correlated	  PM10	  and	  PM2.5	  considering	  
only	  the	  cases	  when	  BCe	  is	   lower	  then	  0.1µg/m3.	  This	  correla5on	  is	  shown	  in	  figure	  7	  (red)	  and	  is	  
compared	  with	  the	  general	  	  case	  (blue).	  	  


