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INTRODUCTION	  
Fe,	  P,	  and	  DOC	  are	  chemical	  constituents	  that	  play	  critical	  roles	  in	  regulating	  water	  
quality	  due	  to	  the	  control	  they	  exert	  on	  pollutant	  mobility	  and	  biological	  
productivity.	  In	  aquatic	  systems	  Fe	  can	  act	  as	  both	  a	  micronutrient	  (Sorichetti	  et	  al.	  
2014)	  and	  a	  carrier	  for	  pollutants	  like	  phosphorus	  and	  arsenic	  (Baken	  et	  al.	  2015a).	  
The	  form	  that	  Fe	  is	  found	  in	  ultimately	  determines	  its	  behavior	  in	  terrestrial	  and	  
aquatic	  systems.	  In	  riverine	  environments,	  Fe	  is	  predominantly	  found	  in	  two	  main	  
forms:	  inorganic	  colloids	  (Fe	  oxyhydroxides)	  and	  ‘truly	  dissolved’	  nano-‐organic	  
colloids	  	  (Rabajczyk	  et	  al.	  2014;	  Stolpe	  et	  al.	  2013).	  Inorganic	  Fe	  oxyhydroxides,	  
hereinafter	  referred	  to	  as	  colloidal	  Fe,	  have	  been	  implicated	  as	  a	  transport	  vector	  for	  
P	  due	  to	  their	  high	  surface	  area	  and	  charge	  (Baken	  et	  al.	  2015b;	  Stolpe	  et	  al.	  2013).	  
Truly	  dissolved	  Fe,	  has	  been	  shown	  to	  covary	  with	  DOC	  due	  to	  the	  tendency	  of	  DOC	  
to	  form	  complexes	  with	  dissolved	  Fe	  (Stolpe	  et	  al.	  2013).	  	  

Since	  they	  often	  constitute	  the	  majority	  of	  Fe,	  DOC	  and	  P	  export	  from	  temperate	  
watersheds,	  the	  biogeochemical	  nature	  of	  storm	  events	  is	  particularly	  important	  to	  
understand.	  Previous	  studies	  in	  forested	  watersheds	  in	  Vermont	  have	  demonstrated	  
that	  DOC	  concentrations	  may	  increase	  up	  to	  nine	  fold	  above	  baseflow	  levels	  during	  
storm	  events	  due	  to	  the	  flushing	  of	  surficial	  flowpaths	  (Sebestyen	  et	  al.	  2009).	  While	  
it	  is	  well-‐documented	  that	  high	  flow	  events	  serve	  as	  a	  “hot	  moment”	  for	  DOC	  export	  
(Inamdar	  et	  al.	  2011;	  Raymond	  et	  al.	  2010;	  Vidon	  et	  al.	  2010),	  the	  impact	  of	  these	  
events	  on	  Fe	  export	  has	  been	  relatively	  understudied.	  Rosenberg	  &	  Schroth	  (2017)	  
demonstrated	  that	  a	  particularly	  reactive	  fraction	  of	  Fe	  and	  P	  are	  exported	  from	  the	  
study	  catchment	  during	  summer	  storms,	  however,	  this	  relationship	  has	  yet	  to	  be	  
examined	  for	  storms	  occurring	  after	  autumn	  leaf	  fall.	  	  

As	  recent	  studies	  have	  suggested	  that	  the	  autumnal	  window	  is	  changing	  due	  to	  
climate	  change	  (Creed	  et	  al.	  2015;	  Capell	  et	  al.	  2012),	  there	  is	  increasing	  motivation	  
to	  understand	  the	  role	  of	  this	  period	  as	  a	  hot	  moment	  for	  biogeochemical	  cycling.	  It	  
has	  been	  suggested	  that	  high	  discharge	  storms	  are	  occurring	  more	  frequently	  
during	  late	  autumn	  due	  to	  an	  intensification	  of	  the	  hydrological	  cycle	  (Creed	  et	  al.	  
2015).	  These	  storms	  can	  be	  expected	  to	  contribute	  a	  large	  pulse	  of	  DOC	  into	  
receiving	  waters	  of	  forested	  catchments	  due	  to	  the	  amount	  of	  labile	  organic	  matter	  
available	  as	  leaf	  litter	  following	  autumn	  leaf	  fall	  (Meyer	  et	  al.	  1998).	  These	  pulses	  of	  
DOC	  may	  exacerbate	  “browning”	  of	  water	  (darkening	  of	  water	  leading	  to	  diminished	  
biodiversity,	  fish	  production	  and	  water	  quality)	  (Weyhenmeyer	  et	  al.	  2014;	  
Williamson	  et	  al.	  2015),	  and	  may	  contribute	  to	  algal	  blooms	  in	  receiving	  waters	  by	  
providing	  an	  influx	  of	  dissolved	  Fe	  bound	  to	  labile	  DOC,	  which	  can	  be	  easily	  
scavenged	  by	  cyanobacteria	  (Molot	  et	  al.	  2014;	  Sorichetti	  et	  al.	  2014).	  	  

While	  these	  high	  flow	  events	  have	  a	  disproportionate	  impact	  on	  annual	  loading	  and	  
may	  contribute	  a	  biogeochemically	  distinct	  nutrient	  load	  due	  to	  the	  activation	  of	  
new	  flowpaths	  (Sebestyen	  et	  al.	  2008),	  they	  are	  notoriously	  difficult	  to	  capture	  due	  
to	  their	  episodic	  and	  unpredictable	  hydrologic	  nature.	  Recent	  deployment	  of	  an	  in-‐
situ	  optical	  sensor	  network	  (North	  East	  Water	  Resource	  Network,	  NEWRnet)	  in	  
streams	  in	  northern	  Vermont	  affords	  the	  opportunity	  to	  measure	  changes	  in	  water	  
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chemistry	  at	  the	  timescale	  in	  which	  these	  changes	  occur	  during	  events	  (e.g.	  15	  
minute	  intervals).	  Collecting	  measurements	  with	  high	  temporal	  resolution	  enables	  
the	  observation	  of	  rapid	  changes	  in	  water	  chemistry	  that	  have	  been	  historically	  
challenging	  to	  capture,	  especially	  during	  storms	  (Birgand	  et	  al.	  2010).	  This	  
particular	  sensor	  technology,	  the	  s::can	  spectrolyserTM,	  measures	  nitrate	  and	  DOC	  
concentrations	  from	  UV-‐Vis	  light	  absorbance	  spectra.	  Recent	  studies	  have	  
demonstrated	  the	  capability	  of	  this	  technology	  to	  measure	  other	  light-‐absorbing	  and	  
non-‐absorbing	  elements	  by	  establishing	  statistically	  significant	  correlations	  
between	  their	  concentrations	  and	  the	  obtained	  absorbance	  spectra	  (Birgand	  et	  al.	  
2016;	  Etheridge	  et	  al.	  2014).	  Statistical	  dimension	  reduction	  techniques	  such	  as	  
partial	  least	  squares	  regression	  (PLSR)	  allow	  large	  sets	  of	  absorbance	  data	  across	  
hundreds	  of	  sequential	  wavelengths	  to	  be	  reduced	  to	  a	  few	  explanatory	  
components,	  which	  can	  be	  used	  to	  project	  concentrations	  of	  many	  different	  
parameters	  of	  interest	  in	  catchments.	  	  

In	  this	  study,	  we	  examine	  the	  export	  of	  Fe,	  P,	  DOC,	  Al,	  manganese	  (Mn),	  and	  silica	  
(Si)	  from	  a	  forested	  catchment	  in	  Vermont	  to	  determine	  the	  extent	  to	  which	  
seasonality,	  storm	  timing	  and	  magnitude,	  and	  antecedent	  conditions	  influence	  
stream	  loading	  during	  storms.	  In	  particular,	  we	  focus	  on	  the	  post	  leaf	  fall	  period	  in	  
autumn	  and	  the	  storms	  that	  follow	  in	  an	  attempt	  to	  characterize	  this	  hot	  transport	  
moment	  in	  comparison	  to	  spring	  and	  summer	  storms.	  We	  utilize	  high	  frequency	  
data	  obtained	  from	  spectrophotometric	  sensors	  to	  quantify	  seasonal	  trends	  and	  
project	  concentrations	  of	  the	  parameters	  mentioned	  above.	  Our	  objective	  is	  to	  gain	  
insight	  into	  the	  impact	  that	  forested	  watersheds,	  which	  constitute	  70%	  of	  the	  Lake	  
Champlain	  basin	  (US	  EPA,	  2015),	  have	  on	  the	  delivery	  of	  reactive	  Fe	  and	  P	  to	  Lake	  
Champlain,	  a	  water	  body	  historically	  plagued	  by	  eutrophication	  issues.	  	  
	  
METHODS	  
Study	  area	  and	  field	  sampling	  
The	  study	  was	  conducted	  at	  Wade	  Brook,	  a	  tributary	  of	  the	  Missisquoi	  River	  in	  
Northern	  Vermont,	  which	  drains	  into	  Lake	  Champlain	  at	  Missisquoi	  Bay	  (Fig.	  1).	  
This	  site	  was	  selected	  both	  to	  represent	  forested	  watersheds	  in	  the	  Lake	  Champlain	  
basin,	  as	  it	  is	  >95%	  forested,	  and	  to	  utilize	  in	  situ	  spectrophotometric	  sensors	  that	  
have	  already	  been	  installed	  as	  part	  of	  the	  NEWRnet	  sensor	  network.	  The	  installed	  
sensors	  include	  an	  s::can	  spectrolyser,	  an	  EXO	  water	  quality	  sensor,	  and	  a	  HOBO	  
water	  level	  logger.	  The	  s::can	  sensor	  measured	  UV-‐Vis	  absorbance	  from	  220-‐750	  nm	  
in	  2.5	  nm	  increments	  while	  the	  EXO	  sensor	  measured	  pH,	  conductivity,	  temperature,	  
turbidity,	  and	  dissolved	  oxygen.	  Discharge	  was	  calculated	  using	  a	  rating	  curve	  to	  
relate	  pressure	  and	  stage	  data	  as	  measured	  by	  the	  HOBO	  sensor.	  DOC	  
concentrations	  were	  calculated	  by	  the	  s::can	  sensor	  using	  built-‐in	  algorithms	  that	  
were	  locally	  calibrated	  using	  laboratory	  analyses.	  The	  s::can	  and	  EXO	  sensors	  were	  
configured	  to	  take	  simultaneous	  measurements	  every	  15	  minutes	  throughout	  the	  
duration	  of	  the	  study	  (April	  –	  November).	  	  	  

	  
Baseflow	  sampling	  occurred	  weekly	  to	  bi-‐weekly	  from	  June	  through	  November	  with	  
extra	  samples	  taken	  during	  or	  immediately	  after	  storms	  to	  capture	  high	  flow	  events.	  
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All	  samples	  were	  collected	  immediately	  downstream	  of	  the	  sensors,	  in	  concurrence	  
with	  sensor	  measurements,	  to	  allow	  for	  high	  temporal	  resolution	  comparisons	  
amongst	  chemical	  constituents	  of	  interest,	  as	  well	  as	  to	  verify	  the	  DOC	  estimations	  
obtained	  from	  the	  s::can	  absorbance	  data.	  Samples	  analyzed	  for	  DOC	  were	  collected	  
in	  50	  mL	  syringes	  before	  being	  passed	  through	  clean	  0.45	  μm	  PES	  filters.	  These	  
samples	  were	  then	  stored	  at	  4°C	  until	  analysis.	  Trace	  metal	  samples	  were	  collected	  
in	  250	  mL	  acid	  washed	  bottles	  (Optima	  Trace	  Metal	  grade	  HCl)	  before	  being	  filtered	  
into	  a	  <	  0.02	  μm	  ‘truly	  dissolved’	  fraction	  and	  a	  ‘colloidal’	  fraction	  that	  was	  <	  0.45	  
μm	  but	  >	  0.02	  μm	  following	  the	  Shiller	  (2003)	  method.	  These	  filtered	  metals	  
samples	  were	  stored	  in	  new	  acid	  cleaned	  15	  mL	  bottles	  until	  analysis.	  This	  filtering	  
process	  was	  carried	  out	  within	  4	  hours	  of	  sample	  collection.	  	  

	  
Sample	  preparation	  and	  analysis	  
All	  filtered	  trace	  metal	  samples	  were	  acidified	  to	  1%	  HNO3	  using	  Optima	  ultra-‐pure	  
concentrated	  nitric	  acid.	  These	  samples	  were	  analyzed	  for	  Fe,	  Mn,	  Al,	  Si,	  and	  P	  by	  
inductively-‐coupled-‐plasma-‐mass-‐spectrometry	  (ICP-‐MS;	  Element	  2,	  Thermo	  
Scientific)	  at	  Woods	  Hole	  Oceanographic	  Institution’s	  plasma	  facility.	  A	  spike	  of	  
scandium	  and	  indium	  was	  added	  to	  each	  filtered,	  acidified	  sample	  to	  calculate	  
trace	  metal	  concentrations.	  Data	  quality	  assurance	  and	  control	  were	  addressed	  by	  
measuring	  Canadian	  Reference	  Material	  SLRS-‐4	  once	  for	  every	  10	  uncharacterized	  
samples	  and	  by	  consistently	  measuring	  duplicate	  samples	  and	  full	  process	  blanks.	  
All	  SLRS-‐4	  measurements	  were	  within	  10%	  of	  the	  mean	  value	  for	  each	  measured	  
element	  and	  all	  duplicate	  samples	  had	  less	  than	  5%	  deviation	  from	  the	  mean	  value	  
for	  each	  measured	  element.	  DOC	  was	  measured	  using	  combustion	  catalytic	  
oxidation	  with	  a	  Shimadzu	  TOC-‐L	  Analyzer	  in	  order	  to	  calibrate	  and	  verify	  DOC	  
estimations	  provided	  by	  the	  s::can	  sensor.	  	  
	  
Statistics	  
All	  statistical	  analyses	  were	  carried	  out	  using	  R	  statistical	  software	  (R	  Core	  Team,	  
2015).	  Correlations	  were	  assessed	  using	  the	  function	  lm	  (α	  <	  0.05).	  Partial	  least	  
squares	  regressions	  (PLSR)	  were	  carried	  out	  using	  the	  function	  plsr	  from	  the	  PLS	  
package	  (Mevik	  et	  al.	  2011).	  This	  technique	  was	  utilized	  in	  order	  to	  predict	  analyte	  
concentrations	  using	  UV-‐Vis	  absorbance	  data.	  PLSR	  is	  a	  dimension	  reduction	  
technique,	  which	  reduces	  absorbance	  spectra	  measurements	  at	  hundreds	  of	  
wavelengths	  to	  a	  smaller	  number	  of	  components	  that	  are	  highly	  correlated	  to	  
analyte	  concentrations.	  It	  is	  well	  suited	  for	  situations	  with	  many	  highly	  correlated	  
explanatory	  variables,	  as	  is	  expected	  for	  absorbance	  values	  from	  sequential	  
wavelengths.	  The	  number	  of	  PLSR	  components	  for	  each	  analyte	  calibration	  was	  
selected	  by	  choosing	  the	  lowest	  number	  of	  components	  that	  produced	  a	  near-‐
minimum	  root	  mean	  square	  error	  of	  predicted	  concentration	  value	  (RMSEP)	  
following	  the	  method	  in	  Birgand	  et	  al.	  (2016).	  PLSR	  was	  conducted	  using	  the	  raw	  
spectra	  as	  well	  as	  turbidity	  compensated	  spectra.	  
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RESULTS	  
Dissolved	  and	  colloidal	  species	  
The	  mean	  truly	  dissolved	  Fe	  concentrations	  were	  2.4,	  2.8,	  and	  12.8	  µg/L	  and	  mean	  
colloidal	  Fe	  concentrations	  were	  4.8,	  7.7,	  and	  30.0	  µg/L	  for	  baseflow,	  summer	  
storms,	  and	  autumn	  storms,	  respectively	  (Table	  1).	  Throughout	  the	  course	  of	  the	  
study	  Fe	  was	  found	  predominantly	  in	  the	  colloidal	  phase	  (70%)	  with	  a	  smaller	  
fraction	  in	  the	  truly	  dissolved	  phase	  (30%).	  Manganese	  concentrations	  were	  evenly	  
split	  between	  the	  truly	  dissolved	  and	  colloidal	  phases	  and,	  unlike	  Fe,	  did	  not	  
increase	  significantly	  during	  autumn	  storms.	  Mean	  truly	  dissolved	  Mn	  
concentrations	  were	  2.8,	  3.4,	  and	  2.2	  µg/L	  while	  mean	  colloidal	  Mn	  concentrations	  
were	  2.1,	  2.8,	  and	  3.8	  µg/L	  for	  baseflow,	  summer	  storms,	  and	  autumn	  storms	  
respectively.	  Aluminum	  was	  measured	  only	  in	  a	  total	  dissolved	  fraction	  (<	  0.45	  µm)	  
as	  the	  0.02	  µm	  Anotop	  filters	  are	  made	  from	  alumina	  and	  therefore	  leach	  aluminum.	  
Dissolved	  Al	  concentrations	  were	  10.9,	  11.8,	  and	  51.2	  µg/L	  for	  baseflow,	  summer	  
storms,	  and	  autumn	  storms	  respectively.	  Dissolved	  and	  colloidal	  Fe	  and	  dissolved	  Al	  
concentrations	  varied	  with	  discharge	  while	  Mn	  concentrations	  did	  not.	  	  
	  
Dissolved	  Si	  concentrations	  were	  inversely	  related	  to	  discharge,	  with	  mean	  
concentrations	  of	  2.37,	  2.39,	  and	  1.76	  mg/L	  for	  baseflow,	  summer	  storms,	  and	  
autumn	  storms,	  respectively.	  Dissolved	  P	  concentrations	  showed	  little	  variation	  
over	  time	  and	  did	  not	  increase	  greatly	  during	  storm	  events.	  Like	  Al,	  dissolved	  P	  was	  
measured	  only	  in	  a	  total	  dissolved	  fraction	  (<	  0.45	  µm)	  as	  the	  0.02	  µm	  Anotop	  filters	  
leach	  P,	  consistent	  with	  observations	  from	  Shiller	  (2003).	  Mean	  dissolved	  P	  
concentrations	  were	  1.2,	  1.3,	  and	  1.5	  µg/L	  for	  baseflow,	  summer	  storms,	  and	  
autumn	  storms,	  respectively.	  There	  were	  no	  statistically	  significant	  relationships	  
between	  dissolved	  P	  and	  dissolved	  or	  colloidal	  metals	  during	  baseflow.	  During	  fall	  
storms,	  however,	  there	  were	  statistically	  significant	  positive	  correlations	  between	  
both	  dissolved	  and	  colloidal	  phases	  of	  Fe	  and	  Mn,	  and	  dissolved	  P	  (Table	  2).	  
Dissolved	  Al	  was	  positively	  correlated	  with	  dissolved	  and	  colloidal	  Fe	  (R2	  =	  0.86	  and	  
0.70	  respectively).	  
	  
In-‐situ	  sensor	  data	  
Spring	  and	  fall	  storms	  delivered	  a	  relatively	  large	  fraction	  of	  DOC	  in	  a	  relatively	  
short	  period	  of	  time.	  Spring	  storms	  and	  snowmelt	  delivered	  25%	  of	  total	  study	  
(April	  –	  November)	  DOC	  in	  the	  two	  weeks	  from	  April	  1	  –	  14,	  and	  autumn	  storms	  
delivered	  23%	  of	  total	  study	  DOC	  in	  the	  2	  weeks	  from	  October	  22	  –	  November	  5	  
(Fig.	  4).	  Those	  storm	  events	  that	  occurred	  post	  leaf	  fall	  (Oct.	  10)	  displayed	  
disproportionate	  export	  of	  DOC	  in	  comparison	  to	  storms	  that	  occurred	  during	  the	  
spring	  and	  summer	  months.	  Post	  leaf	  fall	  storms	  had	  a	  mean	  DOC	  concentration	  of	  
5.20	  mg/L	  compared	  to	  2.35,	  3.19,	  and	  4.48	  mg/L	  for	  baseflow,	  spring	  storms,	  and	  
summer	  storms,	  respectively	  (Table	  1).	  In	  terms	  of	  total	  study	  water	  budget,	  post-‐
leaf	  fall	  storms	  accounted	  for	  15%	  of	  total	  discharge	  and	  23%	  of	  total	  DOC	  export.	  In	  
comparison,	  spring	  storms	  and	  snowmelt	  made	  up	  32%	  of	  total	  discharge	  and	  32%	  
of	  total	  DOC	  export	  and	  summer	  storms	  made	  up	  9%	  of	  total	  discharge	  and	  12%	  of	  
total	  DOC	  export.	  There	  were	  strong	  positive	  correlations	  between	  DOC	  and	  
dissolved	  Fe	  (R2	  =	  0.950,	  r	  =	  0.975),	  colloidal	  Fe	  (R2	  =	  0.833,	  r	  =	  0.913),	  and	  
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dissolved	  Al	  (R2	  =	  0.904,	  r	  =	  0.951)	  (Fig.	  3)	  throughout	  the	  duration	  of	  the	  study.	  A	  
negative	  correlation	  was	  observed	  between	  DOC	  and	  dissolved	  Si	  (R2	  =	  0.767,	  r	  =	  -‐
0.876).	  
	  
Covariability	  between	  analyte	  concentrations	  and	  “color	  matrix”	  of	  water	  
Significant	  correlations	  were	  established	  between	  absorbance	  spectra	  and	  dissolved	  
and	  colloidal	  Fe,	  dissolved	  Al,	  and	  dissolved	  Si	  (Table	  3).	  These	  results	  must	  be	  
taken	  with	  caution,	  as	  the	  number	  of	  samples	  used	  for	  PLSR	  calibration	  is	  small	  (n	  =	  
22),	  and	  the	  range	  in	  analyte	  concentrations	  used	  for	  each	  calibration	  is	  also	  
relatively	  small.	  Additionally,	  the	  uncertainty	  associated	  with	  each	  predicted	  
concentration	  value	  is	  higher	  than	  what	  is	  typically	  considered	  acceptable	  for	  
laboratory	  analyses.	  Despite	  these	  limitations,	  PLSR	  appears	  to	  be	  a	  very	  powerful	  
technique	  for	  relating	  absorbance	  spectra	  to	  analyte	  concentrations.	  The	  coefficient	  
of	  determination	  (R2)	  was	  used	  to	  determine	  goodness	  of	  fit	  for	  each	  regression	  by	  
comparing	  lab-‐measured	  values	  to	  those	  predicted	  by	  the	  model.	  Validation	  plots	  
depicting	  this	  relationship	  as	  well	  as	  the	  concentration	  range	  over	  which	  each	  
parameter	  was	  calibrated	  can	  be	  found	  in	  Fig.	  5.	  Residual	  Standard	  Error	  (RSE)	  of	  
each	  regression	  was	  calculated	  to	  determine	  the	  uncertainty	  associated	  with	  the	  
predictions	  of	  each	  model.	  	  
	  
DISCUSSION	  
Source	  of	  dissolved	  species	  
Throughout	  the	  study,	  dissolved	  Si	  concentrations	  varied	  inversely	  with	  discharge	  
(R2	  =	  0.737,	  r	  =	  -‐0.859),	  remaining	  relatively	  constant	  under	  baseflow	  conditions	  
while	  becoming	  diluted	  during	  periods	  of	  high	  flow.	  This	  trend	  is	  consistent	  with	  
previous	  studies	  (Kerr	  et	  al.	  2008)	  and	  indicates	  that	  the	  majority	  of	  dissolved	  Si	  is	  
groundwater-‐derived	  and	  likely	  associated	  with	  silicate	  weathering	  in	  local	  soils	  
and	  shallow	  aquifers.	  This	  relationship	  proved	  to	  be	  useful	  in	  describing	  likely	  
sources	  of	  other	  elements	  of	  interest.	  The	  strong	  covariance	  between	  
concentrations	  of	  Al,	  Fe,	  and	  DOC	  throughout	  the	  study	  (Fig.	  3)	  is	  evidence	  that	  
these	  chemical	  constituents	  follow	  similar	  geological	  flowpaths.	  Dissolved	  Al,	  
dissolved	  and	  colloidal	  Fe,	  and	  DOC	  all	  exhibit	  statistically	  significant	  (α	  <	  0.05)	  
negative	  correlations	  with	  Si	  and	  positive	  correlations	  with	  discharge,	  indicating	  
that	  they	  are	  enriched	  in	  surface	  runoff	  and	  streambank	  erosion	  more	  so	  than	  
groundwater.	  Increased	  export	  of	  colloidal	  Fe	  during	  storms	  is	  consistent	  with	  
previous	  work,	  which	  suggests	  that	  Fe	  oxyhydroxides	  form	  at	  riparian	  and	  
hyporheic	  interfaces,	  where	  anoxic	  Fe(II)-‐enriched	  groundwater	  mixes	  with	  well-‐
oxygenated	  surface	  water	  (Baken	  et	  al.	  2015a;	  Pokrovsky	  &	  Schott	  2002),	  before	  
being	  flushed	  out	  during	  storm	  events	  (Kerr	  et	  al.	  2008).	  	  
	  
The	  elevated	  Al	  concentrations	  observed	  during	  storm	  events	  are	  also	  consistent	  
with	  previous	  work	  in	  the	  northeast,	  which	  found	  greatest	  Al	  export	  during	  high	  
flow	  events	  (Van	  Sickle	  et	  al.	  1996).	  The	  strong	  correlations	  between	  dissolved	  Fe,	  
Al,	  and	  DOC	  have	  previously	  been	  attributed	  to	  the	  propensity	  for	  Fe-‐DOC	  and	  Al-‐
DOC	  complexes	  to	  form	  (Stolpe,	  et	  al.	  2013;	  Kerr	  et	  al.	  2008).	  The	  strong	  
correlation	  between	  DOC	  and	  both	  dissolved	  and	  colloidal	  phases	  of	  Fe	  may	  just	  
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indicate	  that	  dissolved	  Fe	  is	  a	  proxy	  for	  colloidal	  Fe	  and	  that	  no	  binding	  is	  actually	  
occurring	  between	  colloidal	  Fe	  and	  DOC.	  This	  appears	  to	  be	  a	  likely	  explanation	  
given	  the	  strong	  relationship	  between	  dissolved	  and	  colloidal	  Fe	  (R2	  =	  0.806,	  r	  =	  
0.898),	  and	  previous	  findings,	  which	  suggest	  that	  Fe	  associated	  with	  dissolved	  
organic	  matter	  is	  concentrated	  in	  the	  <	  20	  nm	  size	  fraction	  (Shiller	  et	  al.	  2003).	  	  
	  
Dissolved	  and	  colloidal	  Mn	  and	  dissolved	  P	  exhibited	  no	  statistically	  significant	  
relationships	  with	  discharge	  or	  dissolved	  Si.	  Dissolved	  P	  concentrations	  were	  
relatively	  low	  and	  steady	  throughout	  the	  study	  (Fig.	  2),	  which	  was	  consistent	  with	  
data	  collected	  at	  the	  same	  site	  during	  the	  2014	  sampling	  season	  and	  not	  surprising	  
for	  a	  relatively	  pristine	  forested	  watershed.	  The	  slight	  uptick	  in	  dissolved	  P	  
concentrations	  during	  fall	  storms	  may	  be	  a	  result	  of	  decreased	  biological	  uptake	  
following	  the	  onset	  of	  autumn	  leaf	  fall,	  however,	  any	  effects	  on	  P	  export	  appear	  to	  be	  
very	  minor.	  Mean	  dissolved	  Mn	  concentrations	  were	  lowest	  during	  periods	  of	  
highest	  discharge	  (autumn	  storms	  and	  spring	  snowmelt),	  suggesting	  that	  dissolved	  
Mn	  is	  sourced	  from	  groundwater	  inputs.	  Colloidal	  Mn	  may	  come	  from	  a	  different	  
source	  than	  dissolved	  Mn	  as	  no	  discernible	  trends	  are	  present	  between	  colloidal	  Mn	  
and	  discharge	  and	  no	  statistically	  significant	  relationships	  exist	  between	  dissolved	  
Mn	  and	  colloidal	  Mn.	  	  
	  
Phosphorus	  transport	  
Previous	  studies	  have	  indicated	  that	  Fe	  may	  exert	  a	  strong	  control	  on	  the	  
bioavailability	  and	  transport	  of	  P	  through	  colloidal	  Fe	  oxyhydroxides	  (Baken	  et	  al.	  
2015b),	  Fe	  hydroxyphosphate	  colloids	  (van	  der	  Grift	  et	  al.	  2014),	  and	  Fe	  
oxyhydroxide-‐humic	  substances	  (Baken	  et	  al.	  2016).	  Although	  no	  statistically	  
significant	  relationships	  were	  evident	  between	  P	  and	  Fe	  under	  baseflow	  conditions,	  
some	  patterns	  did	  arise	  during	  storms.	  Colloidal	  Fe	  was	  positively	  correlated	  with	  
dissolved	  P	  during	  summer	  and	  autumn	  storms	  (R2	  =	  0.640	  and	  0.771,	  respectively;	  
Table	  2).	  This	  relationship	  is	  not	  surprising,	  as	  laboratory	  studies	  have	  
demonstrated	  that	  P-‐bearing	  Fe	  oxyhydroxides	  form	  upon	  the	  oxidation	  of	  Fe(II)	  in	  
the	  presence	  of	  P	  (van	  der	  Grift	  et	  al.	  2014)	  when	  anoxic	  groundwater	  mixes	  with	  
well-‐oxygenated	  surface	  water	  at	  the	  riparian	  interface	  (Baken	  et	  al.	  2015a).	  These	  
P-‐bearing	  colloids	  precipitate	  on	  stream	  banks	  and	  are	  subsequently	  flushed	  into	  
streams	  during	  high	  flow	  events.	  This	  explanation	  is	  consistent	  with	  the	  observed	  
results,	  including	  the	  lack	  of	  a	  statistically	  significant	  relationship	  between	  colloidal	  
Fe	  and	  dissolved	  P	  under	  baseflow	  conditions,	  when	  these	  P-‐bearing	  colloids	  are	  
likely	  immobilized	  on	  stream	  banks	  and	  in	  sediment.	  	  
	  
These	  results	  are	  in	  line	  with	  a	  2014	  study	  at	  this	  site,	  which	  found	  statistically	  
significant	  correlations	  between	  colloidal	  Fe	  and	  dissolved	  P	  during	  spring	  runoff	  
and	  summer	  storms	  (R2	  =	  0.904	  and	  0.593,	  respectively)	  (Rosenberg	  &	  Schroth,	  
2017).	  Interestingly,	  dissolved	  P	  was	  also	  positively	  correlated	  with	  dissolved	  and	  
colloidal	  Mn	  as	  well	  as	  dissolved	  Fe	  and	  DOC	  during	  autumn	  storms	  (Table	  2).	  As	  
these	  relationships	  were	  absent	  throughout	  the	  rest	  of	  the	  season,	  we	  are	  hesitant	  
to	  conclude	  that	  these	  constituents	  are	  actually	  carriers	  of	  soluble	  P	  in	  this	  
catchment.	  Due	  to	  the	  relative	  magnitude	  of	  these	  storm	  events	  it	  is	  more	  likely	  that	  
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the	  activation	  and	  flushing	  of	  shallow	  and	  surficial	  flowpaths	  triggered	  the	  
simultaneous	  export	  of	  many	  elements	  that	  are	  not	  necessarily	  associated	  with	  P.	  	  
	  
Post	  leaf	  fall	  period	  
As	  it	  has	  been	  suggested	  that	  autumn	  leaf	  may	  be	  a	  hot	  moment	  for	  DOC	  export	  from	  
forested	  catchments	  (Meyer	  et	  al.	  1998),	  and	  that	  DOC	  may	  be	  an	  important	  
transport	  vector	  for	  dissolved	  Fe	  (Stolpe	  et	  al.	  2013),	  the	  onset	  of	  autumn	  leaf	  fall	  
was	  of	  particular	  interest	  to	  this	  study.	  Storms	  occurring	  after	  the	  onset	  of	  autumn	  
leaf	  fall	  resulted	  in	  the	  highest	  DOC	  concentrations	  of	  the	  study	  and	  delivered	  larger	  
fluxes	  of	  DOC	  than	  spring	  storms,	  normalized	  for	  discharge.	  These	  relatively	  large	  
pulses	  of	  DOC	  during	  autumn	  storms	  are	  likely	  due	  to	  the	  introduction	  of	  labile	  
organic	  matter	  to	  the	  catchment	  in	  the	  form	  of	  fallen	  leaves.	  ‘Rain	  on	  leaves’	  events	  
lead	  to	  the	  leaching	  of	  soluble	  organic	  compounds	  that	  are	  subsequently	  flushed	  
into	  streams	  as	  DOC	  (Meyer	  et	  al.	  1998).	  	  
	  
The	  highest	  Fe	  and	  Al	  concentrations	  were	  also	  observed	  during	  autumn	  storms,	  
with	  fluxes	  4-‐5	  times	  higher	  than	  those	  observed	  during	  summer	  storms	  or	  
baseflow	  (Table	  1).	  With	  the	  caveat	  that	  these	  autumn	  storms	  were	  some	  of	  the	  
largest	  of	  the	  study	  period,	  it	  appears	  that	  the	  increased	  export	  of	  Fe,	  Al,	  and	  DOC	  
cannot	  be	  adequately	  explained	  by	  increased	  discharge	  alone.	  While	  metals	  samples	  
were	  not	  collected	  during	  the	  spring	  of	  2016,	  data	  from	  the	  2014	  spring	  snowmelt	  
period	  indicate	  that	  DOC	  and	  colloidal	  Fe	  concentrations	  did	  not	  reach	  the	  same	  
levels	  observed	  during	  autumn	  storms	  (Table	  1).	  Likewise,	  DOC	  concentrations	  
during	  the	  2016	  spring	  snowmelt	  did	  not	  reach	  the	  same	  levels	  observed	  during	  
autumn	  storms.	  This	  suggests	  that	  storms	  occurring	  after	  the	  onset	  of	  autumn	  leaf	  
result	  in	  the	  export	  of	  a	  significant	  portion	  of	  the	  annual	  DOC	  budget	  for	  this	  
catchment.	  This	  hot	  transport	  moment	  contributed	  23%	  of	  total	  study	  (April-‐
November)	  DOC	  in	  the	  2-‐week	  period	  from	  October	  22	  –	  November	  5	  (Fig	  4).	  	  	  
	  
The	  spike	  in	  Fe	  and	  Al	  concentrations	  during	  autumn	  storms	  is,	  in	  part,	  driven	  by	  
the	  activation	  of	  new	  flowpaths,	  as	  these	  storms	  were	  some	  of	  the	  largest	  of	  the	  
study	  period	  (Fig.	  2).	  The	  heightened	  export	  of	  dissolved	  Fe	  and	  Al	  is	  also	  likely	  
driven	  by	  increased	  complexation	  with	  DOC,	  as	  water	  is	  flushed	  over	  surficial	  
flowpaths	  and	  leaf	  litter,	  and	  as	  this	  water	  percolates	  through	  soil	  during	  post	  leaf	  
fall	  storms	  (Pokrovsky	  &	  Schott	  2002;	  Soto-‐Varela	  et	  al.	  2015).	  This	  explanation	  
seems	  plausible	  given	  the	  strong	  positive	  correlations	  between	  DOC	  and	  dissolved	  
Fe	  (R2	  =	  0.950,	  r	  =	  0.975)	  and	  dissolved	  Al	  (R2	  =	  0.904,	  r	  =	  0.951)	  (Fig.	  3)	  and	  
previous	  work,	  which	  has	  demonstrated	  the	  tendency	  for	  these	  metals	  to	  form	  
complexes	  with	  DOC	  (Stolpe	  et	  al.	  2013).	  Although	  our	  analyses	  cannot	  provide	  
conclusive	  results	  on	  the	  extent	  to	  which	  DOC	  complexation	  influenced	  the	  export	  of	  
Fe	  and	  Al,	  it	  is	  clear	  that	  storm	  events	  occurring	  after	  the	  onset	  of	  autumn	  leaf	  fall	  
deliver	  a	  disproportionate	  load	  of	  Fe,	  Al,	  and	  DOC	  in	  comparison	  to	  spring	  and	  
summer	  storms.	  	  
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Analyte	  projections	  using	  absorbance	  spectra	  and	  PLSR	  
PLSR	  was	  conducted	  using	  raw	  absorbance	  spectra	  as	  well	  as	  turbidity-‐
compensated	  absorbance	  spectra	  for	  each	  analyte.	  Calibrations	  using	  the	  turbidity-‐
compensated	  spectra	  were	  comparable	  to	  those	  conducted	  with	  the	  raw	  spectra	  for	  
most	  analytes.	  Calibrations	  using	  the	  turbidity-‐compensated	  spectra	  had	  stronger	  
correlations	  between	  measured	  and	  predicted	  values	  for	  total	  Fe,	  colloidal	  Fe,	  and	  
dissolved	  Si	  (Table	  3),	  however	  more	  components	  were	  also	  required	  in	  the	  
calibrations	  of	  colloidal	  Fe	  and	  dissolved	  Si.	  In	  general,	  the	  highly	  significant	  PLS	  
regressions	  suggest	  that	  there	  is	  a	  quantifiable	  covariability	  between	  the	  
concentrations	  of	  these	  parameters	  and	  the	  “color	  matrix”	  of	  water	  (Fig.	  5).	  This	  
idea	  has	  been	  proposed	  recently	  for	  dissolved	  Fe	  and	  Si	  (Birgand	  et	  al.	  2016)	  as	  well	  
as	  a	  variety	  of	  other	  parameters	  (Etheridege	  et	  al.	  2014).	  	  
	  
The	  calibrated	  PLS	  models	  were	  applied	  to	  a	  large	  set	  (n	  =	  21,000)	  of	  high	  frequency	  
absorbance	  data	  collected	  over	  the	  course	  of	  the	  study	  in	  order	  to	  visualize	  seasonal	  
trends	  as	  well	  as	  provide	  insight	  into	  events	  that	  were	  not	  sampled	  manually.	  The	  
models	  were	  able	  to	  project	  large	  fluctuations	  in	  analyte	  concentrations	  that	  
coincided	  with	  high	  flow	  events.	  The	  PLS	  models	  provide	  further	  support	  for	  the	  
hypothesis	  that	  the	  post	  leaf	  fall	  period	  is	  a	  hot	  moment	  for	  Fe	  and	  Al	  as	  the	  
projected	  total	  fluxes	  of	  dissolved,	  colloidal,	  and	  total	  Fe	  as	  well	  as	  dissolved	  Al	  are	  
greater	  for	  the	  7	  weeks	  of	  measurements	  following	  the	  onset	  of	  leaf	  fall	  than	  they	  
are	  for	  the	  preceding	  19	  weeks	  of	  the	  study	  (Table	  4).	  Coincident	  spikes	  in	  specific	  
UV	  absorbance	  at	  254	  nm	  (SUVA254)	  provide	  further	  evidence	  for	  the	  projected	  
increase	  in	  Fe	  export	  following	  leaf	  fall	  (Fig.	  6).	  SUVA254	  is	  typically	  used	  as	  an	  
indicator	  of	  DOM	  aromaticity;	  however,	  previous	  work	  has	  demonstrated	  the	  tight	  
biogeochemical	  coupling	  between	  Fe	  and	  the	  “color”	  of	  dissolved	  organic	  matter	  
(Maloney	  et	  al.	  2005;	  Weyhenmeyer	  et	  al.	  2014).	  Absorbance	  at	  254	  nm	  has	  been	  
shown	  to	  increase	  linearly	  with	  increasing	  dissolved	  Fe	  concentrations	  (Poulin	  et	  al.	  
2014).	  It	  is	  thus	  reasonable	  to	  believe	  that	  the	  observed	  spike	  in	  SUVA254	  following	  
autumn	  leaf	  fall	  is	  a	  result	  of	  Fe	  interference	  due	  to	  large	  fluxes	  of	  dissolved	  and	  
colloidal	  Fe	  from	  the	  study	  area	  (Fig.	  6).	  This	  explanation	  makes	  sense	  in	  light	  of	  
previous	  work,	  which	  suggests	  that	  leaf	  litter	  has	  no	  effect	  on	  the	  portion	  of	  high	  
molecular	  weight	  DOC	  found	  in	  streams	  (Meyer	  et	  al.	  1998).	  
	  
While	  these	  projections	  must	  be	  taken	  with	  caution	  due	  to	  the	  RSE	  associated	  with	  
each	  analyte	  (Table	  3),	  they	  do	  provide	  valuable	  insight	  into	  seasonal	  fluctuations	  in	  
Fe	  and	  Al	  concentrations.	  We	  did	  not	  attempt	  to	  model	  dissolved	  P	  concentrations,	  
as	  any	  potential	  PLSR	  model	  would	  only	  be	  calibrated	  over	  the	  2-‐µg/L	  range	  in	  
concentration	  that	  was	  observed	  for	  dissolved	  P	  throughout	  the	  study.	  The	  strength	  
of	  the	  PLS	  regressions	  achieved	  using	  only	  22	  samples	  should	  highlight	  how	  
potentially	  powerful	  this	  technique	  could	  be	  to	  obtain	  information	  on	  a	  wide	  variety	  
of	  parameters.	  	  
	  
Conceptual	  Model,	  Implications	  and	  Future	  Work	  
Our	  findings	  demonstrate	  that	  loading	  of	  Fe,	  Al,	  and	  DOC	  varies	  seasonally,	  with	  the	  
post	  leaf	  fall	  period	  in	  late	  autumn	  being	  a	  particularly	  hot	  transport	  moment	  from	  
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this	  forested	  catchment.	  We	  observed	  a	  large	  flux	  of	  DOC,	  representing	  23%	  of	  total	  
study	  export,	  in	  a	  2-‐week	  period	  of	  intermittent	  storms	  following	  leaf	  fall.	  Our	  PLSR	  
models,	  generated	  using	  high	  frequency	  absorbance	  data,	  also	  project	  a	  large	  
fraction	  of	  total	  study	  dissolved	  and	  colloidal	  Fe	  and	  Al	  export	  during	  this	  period.	  
The	  timing	  of	  these	  fluxes	  suggests	  that	  autumn	  leaf	  fall	  is	  an	  important	  driver	  in	  
annual	  stream	  loading.	  Leaf	  fall	  introduces	  a	  large	  amount	  of	  labile	  DOC	  to	  forested	  
catchments,	  which	  is	  subsequently	  flushed	  into	  streams	  during	  storm	  events.	  This	  
DOC-‐enriched	  runoff	  likely	  leaches	  Fe	  and	  Al	  from	  soil,	  contributing	  a	  distinct	  
biogeochemical	  load	  to	  streams.	  	  
	  
As	  it	  has	  been	  suggested	  that	  autumn	  storms	  are	  becoming	  more	  intense	  and	  
occurring	  later	  in	  the	  season	  (i.e.	  during	  the	  post-‐canopy	  leaf	  fall	  period)	  as	  a	  result	  
of	  climate	  change	  in	  the	  northeast	  (Creed	  et	  al.	  2015),	  these	  findings	  are	  particularly	  
pertinent.	  If	  intense	  storms	  can	  be	  expected	  to	  occur	  more	  consistently	  following	  
the	  leaf	  fall	  period,	  our	  results	  suggest	  that	  disproportionate	  amounts	  of	  DOC,	  Fe,	  
and	  Al	  will	  be	  exported	  during	  this	  period.	  Indeed,	  elevated	  Fe	  concentrations	  were	  
reported	  for	  Lake	  Champlain	  at	  Mississquoi	  Bay	  following	  intense	  autumn	  storms	  in	  
2013	  (Giles	  et	  al.	  2016).	  If	  autumn	  lake	  water	  temperatures	  are	  also	  warmer	  in	  the	  
future,	  there	  will	  be	  an	  extended	  period	  of	  opportunity	  for	  algal	  growth.	  This	  
extended	  growth	  period,	  coupled	  with	  the	  shift	  in	  timing	  and	  magnitude	  of	  autumn	  
storms	  on	  freshly	  fallen	  leaves,	  could	  deliver	  a	  large	  pulse	  of	  nutrients	  to	  receiving	  
water	  bodies,	  which	  could	  result	  in	  late	  season	  algal	  blooms	  (Creed	  et	  al.	  2015).	  	  
	  
Future	  work	  should	  examine	  the	  relative	  influence	  on	  annual	  loading	  budgets	  of	  late	  
autumn	  storms	  compared	  to	  spring	  snowmelt.	  In	  this	  study	  we	  lacked	  the	  metals	  
data	  from	  the	  spring	  to	  make	  this	  comparison,	  however,	  data	  from	  spring	  2014	  
suggests	  that	  Fe	  is	  exported	  in	  similarly	  large	  fluxes	  for	  both	  periods	  (Table	  1).	  The	  
PLSR	  method	  described	  in	  this	  study	  shows	  great	  promise	  for	  predicting	  a	  wide	  
variety	  of	  dissolved	  parameters	  and	  should	  be	  explored	  further	  with	  larger	  sample	  
sets	  for	  calibration,	  and	  over	  larger	  ranges	  in	  concentration,	  in	  order	  to	  build	  more	  
robust	  models.	  Refined	  application	  of	  this	  technique	  could	  allow	  for	  in	  situ,	  high	  
temporal	  resolution	  measurement	  of	  many	  chemical	  parameters	  of	  interest,	  which	  
would	  be	  invaluable	  for	  understanding	  stream	  dynamics	  during	  high	  flow	  events.	  
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	   DFe	   CFe	   DMn	   CMn	   Al	   P	   Si	  (mg/L)	   DOC	  
(mg/L)	  

Baseflow	  	  
(n	  =	  12)	   2.4	  (±	  0.3)	   4.8	  (±	  0.7)	   2.8	  	  

(±	  0.8)	  
2.1	  

	  (±	  0.3)	  
10.9	  	  
(±	  0.7)	  

1.2	  	  
(±	  0.1)	   2.36	  (±	  0.03)	   2.35	  

Summer	  	  
storms	  (n	  =	  7)	   2.8	  (±	  0.3)	   7.7	  (±	  1.0)	   3.4	  

	  (±	  0.7)	  
2.8	  

	  (±	  0.8)	  
11.8	  
	  (±	  0.5)	  

1.3	  	  
(±	  0.2)	   2.39	  (±	  0.04)	   4.48	  

Post	  leaf	  fall	  
storms	  (n	  =	  6)	   12.8	  (±	  2.9)	   30	  (±	  3.6)	   2.2	  	  

(±	  0.5)	  
3.8	  

	  (±	  0.8)	  
51.2	  	  

(±	  11.2)	  
1.5	  	  

(±	  0.3)	   1.76	  (±	  0.13)	   5.2	  

Spring	  (n	  =	  3)	   11.3	   22.6	   1.7	   6.2	   -‐	   3.4	   -‐	   3.19	  
Table	  1.	  Mean	  concentrations	  for	  each	  chemical	  constituent	  of	  interest	  expressed	  in	  
μg/L	  (except	  where	  otherwise	  noted)	  with	  standard	  error	  of	  the	  mean	  in	  
parentheses.	  Values	  in	  italics	  are	  from	  spring	  2014.	  Mean	  DOC	  values	  are	  calculated	  
from	  a	  large	  number	  (n	  =	  21,000)	  of	  continuous,	  in-‐situ	  measurements	  and	  
therefore	  do	  not	  correspond	  to	  the	  n	  values	  listed.	  	  
	  

Dissolved	  P	   Truly	  dissolved	  
Fe	  

Colloidal	  
Fe	  

Truly	  dissolved	  
Mn	  

Colloidal	  
Mn	  

	   DOC	   Number	  of	  
samples	  

Baseflow	   -‐	   -‐	   -‐	   -‐	   	   -‐	   n	  =	  12	  
Summer	  storms	   -‐	   0.640	   -‐	   -‐	   	   -‐	   n	  =	  	  7	  
Autumn	  storms	   0.738	   0.771	   0.654	   0.654	   	   0.842	   n	  =	  6	  
Season	   0.136	   0.135	   -‐	   0.287	   	   0.299	   n	  =	  25	  

Table	  2.	  R2	  values	  for	  statistically	  significant	  correlations	  (p-‐test;	  p	  <	  0.05)	  
between	  dissolved	  P	  and	  dissolved	  and	  colloidal	  phases	  of	  Fe	  and	  Mn	  and	  DOC.	  
	  

	  
Parameters	  

Number	  of	  samples	  
used	  for	  calibration	  

Concentration	  
range	  (μg/L)	  

Number	  of	  
components	  
used	  in	  PLSR	   R2	  

2X	  Residual	  
standard	  error	  

(μg/L)	  

	  
Dissolved	  Fe	   22	   1	  –	  12	   3	   0.89	   1.34	  

Turbidity	   Colloidal	  Fe	   22	   2	  –	  30	   5	   0.93	   3.15	  
compensated	   Dissolved	  Al	   22	   8	  –	  80	   4	   0.96	   5.75	  
spectrum	   Dissolved	  Si	   22	   1375	  –	  2500	   6	   0.99	   43.10	  

	  
Total	  Fe	   22	   4	  –	  40	   4	   0.93	   4.26	  

	  
Dissolved	  Fe	   22	   1	  –	  12	   4	   0.91	   1.22	  

	  
Colloidal	  Fe	   22	   2	  –	  30	   3	   0.80	   4.91	  

Raw	  	   Dissolved	  Al	   22	   8	  –	  80	   5	   0.97	   5.16	  
spectrum	   Dissolved	  Si	   22	   1375	  –	  2500	   5	   0.95	   108.72	  

	  
Total	  Fe	   22	   4	  –	  40	   4	   0.89	   5.20	  

Table	  3.	  Summary	  statistics	  for	  the	  Partial	  Least	  Squares	  Regression	  calibrations	  
used	  to	  estimate	  Fe,	  Al,	  and	  Si	  concentrations	  for	  the	  2016	  sampling	  season	  at	  Wade	  
Brook.	  	  
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Fig.	  1	  Site	  location	  within	  the	  Mississquoi	  Basin	  in	  Vermont.	  	  
	  
	  
	  
	  
	   DFe	   CFe	   TFe	   Al	   Si	  
Summer	  	  
(Jun.1-‐Oct.10)	  

10.11	   21.12	   31.74	   64.24	   2619	  

Post	  leaf	  fall	  
(Oct.10-‐Nov.29)	  

12.94	   39.8	   52.43	   75.95	   2261	  

Table	  4.	  Projected	  total	  flux	  (kg)	  from	  each	  PLSR	  model	  comparing	  the	  summer	  
period	  to	  the	  post	  leaf	  fall	  period.	  	  
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Fig.	  2	  Dissolved	  P	  and	  trace	  metal	  concentrations	  over	  time.	  The	  pink	  window	  on	  
each	  plot	  highlights	  the	  2-‐week	  period	  of	  autumn	  storms.	  The	  hydrograph	  in	  the	  
background	  of	  each	  plot	  is	  for	  reference.	  Refer	  to	  the	  bottom	  discharge	  plot	  for	  
values.	  
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Fig.	  3	  Correlation	  plots	  for	  statistically	  significant	  (p-‐test;	  p	  <	  0.05)	  relationships	  
between	  dissolved,	  colloidal,	  and	  total	  Fe,	  dissolved	  Al,	  and	  DOC.	  R2	  values	  are	  noted	  
in	  each	  plot.	  	  
	  

Fig.	  4	  Cumulative	  DOC	  and	  discharge	  over	  the	  course	  of	  the	  study.	  The	  hydrograph	  
in	  the	  background	  is	  for	  reference	  and	  not	  to	  scale.	  The	  pink	  window	  highlights	  the	  
2-‐week	  period	  of	  autumn	  storms.	  	  
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Fig.	  5	  Validation	  plots	  for	  PLSR	  models.	  Concentrations	  predicted	  from	  the	  
turbidity-‐compensated	  absorbance	  spectra	  are	  plotted	  against	  the	  laboratory-‐
measured	  values.	  

Fig.	  6	  Time	  series	  of	  specific	  absorbance	  at	  254	  nm.	  The	  large	  spike	  observed	  in	  
autumn	  is	  likely	  due	  to	  Fe	  interference	  and	  is	  not	  reflective	  of	  actual	  DOC	  
aromaticity.	  
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