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INTRODUCT ION

An ex tens i ve  a lgae  b loom occu r red  i n  t he  t i da l  f r eshwa te r  po r t i on  o f  t he
Po tomac  R ive r  du r i ng  t he  summer  o f  1983 .  The  b loom was  cha rac te r i zed  by
th ick sur face scums of  a lgae in both the embayments and the mainstem of  the
r i ve r  ove r  a  20  m i l e  s t re t ch  ex tend ing  f rom P isca taway  Creek ,  MD to
Quan t i co ,  VA  ( see  F igu re  1 ) .  A t  t imes  the  r i ve r  gave  the  appea rance  o f
having been painted br ight  green.  This par t  of  the Potomac has exper ienced
la rge  nu i sance  b looms  ove r  t he  pas t  t h ree  decades .  The  magn i tude  o f  t he
1983  b loom was  i nd i ca ted  by  peak  ch lo rophy l l - a  concen t ra t j - ons  i n  excess  o f
300  ug /1 ,  w i t h  concen t ra t i ons  g rea te r  t han  100  ug /1  pe rs i s t i ng  f o r  nea r l y
two months aE many locat ions.  The species that  became increasingly
dominant  as the summer progressed was ident i f ied as the b lue-green a lgae
Mic rocys t i s  ae rug inosa  ( I 'MCOG 1984 )  .

The magni tude and unmistakable presence of  the b loom was the cause of
a larm and concern to many in the Washington Metropol i tan Area.  Recent
improvements in  Potomac r i /a ter  qual i ty  had been observed over  the previous
decade (GKY 1982i  I " I I {COG 1933),  and substant ia l  amounts of  money had been
spent  on pol lu t ion abatement ,  The return of  nuisance b loom condi t ions was
not  ant ic ipated and i t  generated much debate about  potent ia l  causes and the
e f fec t i veness  o f  wa te r  qua l i t y  managemen t . '

Weather  condi t ions over  the summer of  1983 were unusual  and thought  to
.  be  a  con t r i bu t i ng  f ac to r  t o  b loom deve lopmen t .  An  a rea  o f  h i gh  p ressu re

was anchored over  the eastern hal f  o f  the Uni ted States dur ing Ju1y.  This
s j - tuat ion brought  many except ional ly  c lear  sunny days,  above normal
tempera tu res ,  l i gh t  w inds ,  and  ve ry  l i t t 1e  p rec ip i t a t i on .  These  cond i t i ons
pers is ted through August  and into September.  River  f low in the Potomac a lso
dropped steadi ly  over  the course of  the summer.  The physical  envi ronment
appea red  to  be  p resen t i ng  op t ima l  cond i t i ons  f o r  t he  g row th  o f  a l gae ,  and
i t  was hypothesized that  these condi t ions could to some degree expla in the
occurrence and the magni tude of  the unexpected a lgae b1oom.

The  ob jec t i ve  o f  t h i s  i nves t i ga t i on  was  to  eva lua te  phys i ca l
envi ronmental  condi t ions observed dur ing 1983 and to contrast  them wi th the
h i s to r i ca l  r eco rd  i n  o rde r  t o  de te rm ine  the  un iqueness  o f  t he  summer  o f
1983 .  A t ten t i on  was  thus  d i rec ted  a t  a  sma11  g roup  o f  hyd rome teo ro log i ca l
measures that  would tend to af fect  a lgat  growth.  The intent  was not  to
i den t i f y  t he  de f i n i t i ve  cause  o f  t he  l - 983  b loom and  i t s  pe rpe tua t i on ,  bu t
to  p rov ide  some exp lana t i on  f o r  t he  occu r rence  o f  t he  M ic rocys t i s  b loom in
te rms  o f  espec ia l l y  f avo rab le  bu t  unusua l  cond i t i ons  w i th in  t he  phys i ca l
env i ronmen t .  I n  add i t i on ,  t he  eva lua t i on  o f  t he  j o i n t  occu r rence  o f
favorable hydrometeorological  condi t ions could be usefu l  in  predl -c t ing the
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F igure 1.  Map o f  T ida l  Fneshwater  Potomac
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recurrence interval  or  return f reouencv
support ing an a lgae b loom.

f  or  condi- t i "ons capable of

METHODS

Hydrometeoro logical  Data

Thir ty-seven years of  hydrometeorological  records spanning the 1949 to
1 -985  pe r i od  we re  eva lua ted .  The  spec i f i c  measu res  o f  i n te res t  we re  pe rcen t
o f  t o ta l  poss ib le  sunsh ine ,  w ind  speed ,  and  Po tomac  R ive r  d i scha rge .  These
measu res  we re  chosen  because  they  a re  e i t he r  d i rec t l y  o r  i nd i rec t l y  re la ted
to  a lga1  g row th ,  and  l ong  te rm reco rds  we re  ava i l ab le .  Sun l i gh t  p rov ides
the  ene rgy  fo r  pho tosyn thes i s .  Ca lmness  and  the  m in im iza t i on  o f
wind-dr iven sur face waves tend to promote l ight  penetrat ion in to the water
co lumn .  Th i s  occu rs  because  the  ang le  o f  i nc idence  rema ins  i n  an
advantageous posi t ion over  longer per iods of  t ime when i t  is  ca lm (p insak
I976 ) .  Ve r t i ca l  m ix ing  and  the  resuspens ion  o f  so l i ds  a re  a l so  m in im ized
dur ing calm per iods,  and th is  leads to reduced turb ib i ty  and enhanced l ight
pene t ra t i on .  Low 1eve1s  o f  d i scha rge  p lay  an  equa l l y  impor tan t  ro le  s i nce
the  de l i ve ry  o f  suspended  so l i ds  i s  l essened  du r i ng  l ow  f l ow  pe r i ods
(B lancha rd  and  Hah l  1984 ) ,  and  th i s  reduces  tu rb id i t y .  f n  add i t i on ,  1ow
leve l s  o f  d i scha rge  i nc rease  the  re ten t i on  o r  " f l ush ing "  l ime  o f  t he
Po tomac ,  and  th i s  p rov ides  t ime  fo r  b looms  to  deve lop .

Pe rcen t  o f  poss ib le  sunsh ine  and  w ind  speed  were  obse rved  a t  Wash ing ton
Na t i ona l  A i rpo r t  (See  F igu re  1 ) ,  a  s ta t i on  immed ia te l y  ad jacen t  t o  t he
t i da l  Po tomac  (NOAA,  1949 -1985 ) .  Bo th  o f  t hese  measu res  a re  obse rved  on  a
da i l y  bas i s .  The  fo rmer  i s  de r i ved  as  a  pe rcen t  f r om reco rded  m inu tes  o f
sunshine and the tota l  possib le mj-nutes of  sunshine per  day of  year ,  and i t
r anges  f rom 0% to  100  %.  Ave rage  w ind  speed  i s  a l so  obse rved  da i l y  and  i t
r ep resen ts  t he  mean  o f  obse rved  w ind  ve loc i t i es  i n  me te rs  pe r  second  (m /s )
rega rd less  o f  d i r ec t i on .  Fo r  PoLomac  d i scha rge ,  t he  s t reamf low  reco rd  i n
cub i c  me te rs  pe r  second  ( cms)  a t  L i t t l e  Fa11s ,  MD was  u t i l i zed  (usGS,
1 9 4 9 - 1 9 8 5 ) .  T h e  d r a i n a g e  a r e a  a b o v e  t h i s  g a g e  i s  2 9 , 9 4 0  k m z  ( 1 1 , 5 6 0
mi&s2 ) ,  wh i ch  rep resen ts  nea r l y  90% o f  t he  t o ta l  d ra inage  to  t he  t i da l
r i v e r .

Obse rved  mean  va lues  fo r  t hese  measu res  fo r  t he  mon ths  o f  Ju l y  and
August  were combined into two-month t 'summer 

averagest t  for  each of  the 37
yea rs .  These  mon ths  we re  s ing led  ou t  because  they  i nco rpo ra te  t he  g rea te r
pa r t  o f  t he  summer  and  the  pe r i od  du r i ng  wh i ch  nu i sance  b looms  t yp i ca l l y
deve lop .  F rom a  da ta  ava i l ab i l i t y  s tandpo in t  t h i s  cho i ce  was  a l so  qu i t e
convenient  s j -nce monthly  averages for  the measures of  in terest  were readi ly
ava i l ab le  i n  t he  p rev ious l y  re fe renced  pub l i shed  repo r t s .

S t a t  i s t  i c a l ana l ys  i s

The complete 37 -year  record of  average summer values for  the
hydrometeorological  measures is  summarized in Table 1,  a long wi th an Index
va lue  desc r i bed  be low .  The  summer  ave rages  fo r  pe rcen t  o f  t o ta l  poss ib le
sunsh ine  and  ave rage  w ind  speed  were  found  to  be  no rma l l y  d i s t r i bu ted .
Po tomac  d i scha rge  had  a  skewed  d i s t r i bu t i on ,  bu t  t he  1og  o f  d i scha rges  r ^ ras
no rma l l y  d i s t r i bu ted .  D i scha rge  was  thus  rep laced  by  t he  1og  o f  d i scha rge
in  t h i s  ana l ys i s .  I l eans  and  s tanda rd  dev ia t i ons  we re  ca l cu la ted  fo r  a l l
t h r e e  o f  t h e  m e a s u r e s .
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Deve lopmen t  o f  t he Index

In  o rde r  t o  eva lua te  t he  j o i n t  occu r rence  o f  f avo rab le  env i ronmen ta l
condi t ions dur ing 1983,  an Algae Encouragement Index ( the Index)  i ras
conce i ved  and  deve loped .  The  Index  i s  a  s imp le  mode l  based  on  summer
ave rages  fo r  t he  hyd rome t .eo ro log i ca l  cond i t i ons  as  shown  i n  Tab1e  1 ,  w i t h
each  g i ven  an  equa l  we igh t .  The  Index  was  deve loped  i n  o rde r  t o  eva lua te
the col lect ive departure of  the envi ronmental  factors away f rom indiv idual
mean or  average condi t ions for  each summer.  The Index was calculated in  a
manner that  ass igned posi t ive values to condi t ions thought  to favor  a lgal
growth such as above normal  sunshine,  below normal  wind,  and below normal
d i scha rge .  Nega t i ve  va lues  were  ass igned  to  cond i t i ons  wh i ch  tend  to
d i scou rage  a1ga1  g row th  such  as  be low  no rma l  sunsh ine .  Depa r tu res  f r om
norma l  we re  re la ted  to  t he  s tanda rd  dev ia t i on  f o r  each  measu re .  and  the
fndex  ( I )  f o r  yea r  n  v ras  ca l cu la ted  as

- -(sr, - s) (w - l{n) (ia - La,r)

n

S = percent  sunshine

s
w

- T n
! Y

where

W =  w ind  ve loc i t y  i n  m /sec

?
LQ =  common  l oga r i t hm (base  10 )  o f  d i scha rge  i n  m- / sec

s -  =  s tanda rd  dev ia t i on  f o r  each  measu re  i

The  ca l cu la ted  Index  va lue  (Tab le  1 )  p rov ides  a  common  measu re  o f  t he
extent  to  which hydrometeorological  condi t ions were favorable or
un favo rab le  f o r  t he  g row th  o f  a l gae  fo r  each  summer .

Compar i son  w i th  Ch lo rophy l l - a  da ta

In  o rde r  t o  t es t  t he  p red i c t i ve  ab i l i t y  o f  t he  I ndex  as  a  means  o f
exp la in ing  the  occu r rence  o f  a l gae  b looms ,  I ndex  va lues  were  eva lua ted
against  the observed body of  Potomac a lgae data in  the form of
c h l o r o p h y l l - a  m e a s u r e m e n t s  ( R e f e r e n c e s ) .  C h l o r o p h y l l - a ,  a  p l a n t  p i g m e n t ,
i s  t he  mos t  common  measu re  o f  t he  ove ra l l  a l gae  o r  phy top lank ton
popu la t i on .  Su f f i c i en t  amoun ts  o f  da ta  f o r  t he  70  km o f  t he  t i da t  r i ve r
be low  the  Fa11  L ine  were  ava i l ab le  f o r  t h i r t een  summer  pe r i ods  f rom the
m i d - 1 9 6 0 ' s  t o  t h e  p r e s e n t .  A i 1  m a i n s t e m  n e a r  s u r f a c e  ( < 1 m )  o b s e r v e d
ch lo rophy l l - a  va lues  fo r  ca lenda r  summers  r , r e re  i nc luded .  The  sou rces  o f
da ta  we re  the  Chesapeake  Bay  Ins t i t u te  (7966 ) ,  t he  FWPCA Chesapeake
Techn i ca l  Suppo r t  t abo ra to ry (Jaworsky  e t  a1  1959a ,  7969b ,  I 977 ) ,  t he  U .S .
EPA Annapo l i s  F ie ld  O f f i ce  (C la rk  e t  a l  .  7978 ,  1980  and  unpub l i shed  da ta ) ,
t h e  U . S .  G e o l o g i c a l  S u r v e y  ( 1 9 8 1 ,  1 9 8 4 ) ,  u n p u b l i s h e d  d a t a  f r o m  t h e  S t a t e  o f
I f a r y l and  and  the  D is t r i c t  o f  Co lumb ia ,  and  the  da ta  base  ma in ta ined  by  t he
Metropol i tan Washington Counci l  o f  Governments for  the Potomac Coordinated
I fon i t o r j - ng  P rog ram ( I982 -1985 ) .  Tempora l  and  spa t i a l  d i f f e rences  i n  t he
a v a i l a b i l i t y  o f  c h l o r o p h y l l - a  d a t a  f r o m  y e a r - t o - y e a r  i , r e r e  s i g n i f i c a n t ,
w i t h  t he  t o ta l  number  o f  obse rva t i ons  rang ing  f rom 36  to  681  pe r  summer .

Two  measu res  o f  t he  abundance  o f  a l gae  as  re f l ec ted  i n  t he  ch lo rophy l l - a
obse rva t i ons  we re  chosen  fo r  t he  compar i son .  I n  t he  f i r s t .  a l l



obse rva t i ons  f r om the  en t i r e  70  km s t re t ch  o f  t he  ! i da1  r i ve r  we re  poo led
together  for  the calculat ion of  a summer average for  each year .  In  the
second,  the t ida l  r iver  was l inear ly  subdiv ided into 16 r iver  segments
ranging in  length f rom 3 to 6 km. These segmenLs were or ig inal ly  def ined
fo r  wa te r  qua l i t y  mode l i ng  pu rposes  by  Thomann  e t  a1 .  (1 .974 ) ,  and  they  a re
used herein as a convenj-ent  way in whlch to organize daEa because most  of
t he  p r i nc ipa l  Po tomac  samp l i ng  s ta t i ons  a re  cen t ra l l y  l oca ted  w i th in  t he
segmen ts .  A11  summer  ch lo rophy l l - a  obse rva t i ons  we re  g rouped  by  segmen t .
Ar i thmet ic  means were calculated for  each segment ,  and the h ighest  segment
mean for  each year  was ident i f ied as the maximum or  peak main channel
summer  ave rage ,  wh i ch  o f t en  i nd i ca ted  the  peak  o f  a  b loom.

RESULTS

The Index was found to have an approximately normal distr ibution with a
mean  va lue  o f  0 .00 .  The  h ighes t  I ndex  va lue  o f  a l l  37  yea rs  was  reco rded  i n
1983.  This value was over  two standard deviat ions away f rom the sample
mean ,  and  i t  was  subs tan t i a l l y  g rea te r  t han  tha t  wh i ch  was  ca l cu la ted  fo r
any other  year .  The calculat ion of  the Index reveals the jo int  occurrence
of  very favorable condi t ions for  the growth of  a lgae dur ing 1983.  t r ' rom a
s t r i c t l y  hyd rome teo ro log i ca l  v i ewpo in t ,  t he  p lo t  o f  t he  cumu la t i ve
f requency  o f  I ndex  va lues  on  a  p robab i l i t y  sca le  (F igu re  2 )  sugges ts  a
return f requency for  the jo int  occurrence of  these condi t ions on the order
of  approximately  once in t t f ty  years.

Two at tempts to corre late the fndex values wi th observed- a lgae
condi t j .ons were made.  In the f i rs t ,  Index values were compared wi th summer
average concentrat ions for  the ent i re upper 70 km of  the t ida l  Potomac.
Th i s  re la t i onsh ip  i s  p resen ted  i n  l i gu re  3 ,  and  i t  shows  a  c l ose
assoc ia t i on  be tween  the  Index  and  summer  ave rage  cond i t j - ons  ( r2  =  0 .72 )  ,
rn a l l  four  years in  which the summer average was >75 ug/L,  the rndex was
greater  than one standard deviat ion above the mean.  With regard to low
summer  ave rages ,  i n  f ou r  o f  f i ve  yea rs  w i t h  an  Index  o f  < -1 .0 ,  summer
ave rages  were  <50  DC/L .

Compar ison wi th the average concentrat ion at  the point  a long the r iver
i . , /here the h ighest  or  peak concentrat ions were observed dur ing each summer
was  a l so  unde r taken .  As  shown  i n  F igu re  4 ,  t h i s  co r re la t i on  aga in  sugges ts
a st rong associat ion between the Index and observed chlorophyl l  -a  data ( r2
=  0 .66 ) .  The  h ighes t  obse rved  peak  occu r red  i n  t he  yea r  t ha t  p roduced  the
h ighes t  I ndex  va lue  (1983 ) .  The  th ree  yea rs  t ha t  reg i s te red  an  Index  va lue
greater  than one standard deviat ion above the mean had the h ighest  observed
peaks .  Fu r the r ,  t he  f i ve  h ighes t  peaks  a l l  occu r red  i n  yea rs  t ha t  had  an
Index  >1 .0 .  I n  con t ras t ,  i n  seven  o f  t he  e igh t  yea rs  i n  wh i ch  the  Index  was
<1 .0 ,  t he  obse rved  peak  concen t ra t i ons  we re  <100  ug /1 .

D ISCUSS ION

Summer t ime  b looms  o f  b lue -g reen  a lgae  rep resen t  t he  mos t  se r i ous
examples of  eutrophic or  hypert rophic condi t ions in  the Potomac.  These
b looms  have  been  recu r ren t  i n  t he  Po tomac  s ince  m id -cen tu ry .  Spec i f i c
b looms  o f  M ic rocys t i s  we re  f i r s t  r epo r ted  i n  t he  t i da l  f r eshwa te r  r i ve r  i n
the la te fSSOTi-  (Stot ts  and Longwel l  1962).  Surveys dur ing the 1965 to
1970  pe r i od  a l so  desc r i bed  l a rge  s tand i -ng  c rops  o f  M ic rocys t i s  (Lea r  and
Smi th  1976 ) .  I t  was  sugges ted  i n  a  repo r t  i n i t i a ted  by  t he  Po tomac
En fo rcemen t  Con fe rence  o f  1969  tha t  t he  nu i sance  b lue -g reen  a lgae  b looms  i n



F igu re  3 .  Re ta t i onsh ip  Be tween  lndex  and  Summer  Ave rage  Ch lo rophy l l - a
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t he  Po tomac  were  assoc ia ted  w i th  l a rge  j - nc reases  i n  phospho rus  and  n i t r ogen
load ings  f rom was tewa te r  p lan ts  ( Jaworsk i  e t  a1 .  L977 ) .  S ince  1970  on l y
two  ma jo r  b looms  have  occu r red .  A  l a rge  b loom o f  t he  b lue -g reen  a lgae
Osc i l l a to r i a  was  obse rved  du r i ng  7977  (C1a rk  and  Roesch  1978 ) .  Howeve r ,
t he re  was  no  su r face  scum assoc ia ted  w i th  t he  Osc i l l a to r i a ,  and  the  v i sua l
and nuisance impacts were not  as great  as wi th s imi lar  h igh concentrat ions
o f  M ic rocys t i s .  The  1983  b loom rep resen ted  a  pa r t i cu la r l y  seve re  ou tb reak
o f  M ic rocys t i s  w i t h  much  a t t endan t  su r face  scumming .  Rep resen ta t i ve
spa t i a l  p l o t s  o f  summer  mean  ch lo rophy l l - a  concen t ra t i ons  f o r  t he  b loom
years  o f  1965 ,  1977  ,  and  1983  f rom Cha in  B r i dge  a t  t he  head  o f  t he  t i da l
Po tomac  to  Quan t i co  ( km 56 )  a re  p resen ted  i n  F igu re  5 .

In spi te of  recent  major  reduct ions j -n phosphorus loadings to the
Potomac due to the implementat ion of  advanced waste t reatment ,  nutr ient
l im i t a t i ons  do  no t  appea r  t o  p reven t  b looms  f rom happen ing ,  espec ia l l y
beyond the 30 km mark.  Previous studies have pointed out  th is  rather
constant  fer t i l i ty  and overenr ichment  (Thomann and Fi tzpatr ick 1-gBZ),  and
the  l i gh t  l im i t ed  na tu re  o f  t he  Po tomac  (Cohen  1933 ) .  G i ven  the  fac t  t ha t
su f f i c i en t  quan t i t i es  o f  nu t r i en t s  t o  suppo r t  b l oom leve1s  o f  a l ga1  g row th
have  been  ava i l ab le  i n  a l l  r ecen t  yea rs ,  bu t  t ha t  nu i sance  b looms  have
occu r red  ra the r  i n te rm i t t en t l y ,  i t  wou ld  appea r  t ha t  phys i ca l
envj - ronmental  condi t ions are j -ndeed inf luent ia l  in  determin j -ng whether  or
no t  a  b loom w i l l  occu r .  Th i s  sugges ts  t ha t  f ac to rs  such  as  sun l i gh t ,
turb id i ty  and res idence t ime may be the chief  determinants,  and that  large
blooms are l ike1y to occur  only  when a l l  are s imul taneously in  an opt i -mal
s ta te  f o r  a1ga l  g row th .  The  need  fo r  t hese  phys i ca l  cond i t i ons  t o  be
op t im ized  a t  t he  same t ime  i s  pa r :amoun t  f o r  t he  success  o f  a  b loom.  Fo r
example,  sunl ight  must  be accompanied wi th 1ow 1evels of  turb id i ty  in  order
fo r  l i gh t  pene t ra t i on  t o  be  max im ized .  Pae r l  ( 1983 )  has  p rev ious l y  no ted
the  impor tance  o f  phys i ca l  f ac to rs  i n  de te rm in ing  b lue -g reen  a1ga l  b l oom
po t .en t i a l  i n  t he  l ower  Neuse  R ive r  i n  No r th  Ca ro l i na .

The occurrence of  b looms in the Potomac is  cer ta in ly  a compl icated
phenomena re lated to many factors inc luding spr ing runof f ,  sediment
phospho rus  re lease ,  and  o the r  chemica l  and  b io log i ca l  p rocesses .  Howeve r ,
the Index demonstrates that  physical  envi ronmental  condi t ions are
extremely important  j -n  determin ing whether  or  not  an a lgae b loom is  1 ike ly
to occur .  t r 'ur ther ,  the Index suggests that  the magni tude of  a b loom is
1 iab1e  to  j - nc rease  the  more  favo rab le  t hese  phys i ca l  env i ronmen ta l
condi t j -ons are.  Since the indiv idual  and jo int  f requency of  occurrence of
hydrometeorological  condi t ions upon which the Index is  based is  known,
p red i c t i ons  o f  t he  f r equency  w i th  wh i ch  b looms  w i l l  occu r  due  p r imar i l y  t o
env i ronmen ta l -  cond i t i ons  a re  poss ib le .  Use  o f  t he  I ndex  to  p red i c t  t he
f requency  o r  re tu rn  pe r i od  o f  h i gh  ch lo rophy l l - a  o r  "b loom-  l i ke "
cond i t i ons  i s  poss ib le .  Fo r  examp le ,  t he  reg ress ion  i n  F igu re  4  imp l i es
that  peak main channel  summer average concentrat ions in  excess of  100 ug/1
can  be  expec ted  i n  yea rs  i n  wh i ch  the  Index  equa l s  o r  exceeds  +0 .5 .  The
cumulat ive f requency graph in F igure 2 indicates the l ike l ihood of  the
Index  exceed ing  +0 .5  i n  any  g i ven  yea r  i s  rough l y  40%.  Th i s  sugges ts  t ha t
two years out  of  f ive would be expected to have envi ronmental  condi t j -ons
favorable enough to encourage and support  a peak summer average
concen t ra t i on  equa l  t o  o r  g rea te r  t han  100  vc / I .  Tak ing  th i s  a  s tep
fu r the r ,  ch lo rophy l l - a  1eve l s  can  be  expec ted  to  exceed  725  ug /1  once  i n
t e n  y e a r s .
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Appl icat ion to summer average condit ions can also be made. The
probabi l i ty graph (Figure 2) indicates there is a 50,"/"  chance that the Index
for  a  g iven year  w i l l  be  grea ter  than or  less  than 0 .0 .  S imi la r ly ,
one- in - ten  year  cond i t ions  cou ld  be  expec ted  to  p roduce an  Index  o f  2 .0 .
App ly ing  th is  to  ch lo rophy l ' l -a  leve ls  and the  regress ion  in  F igure  3 ,
summer average concentrat ions for the ent ire 70 km stretch of the upper
Potomac can be expected to exceed 50 to 55 ug/ l  in one of every two years.
Further,  a summer average >75 ug/ 1 can then be expected once in ten years.

Use of the Index to make predict ions of chlorophyl l -a concentrat ions
shou ld  be  va luab le  to  water  qua l i t y  managers ,  espec ia l l y  those concerned
wi th  the  deve lopment  o f  ch lo rophy l l -a  goa ls  o r  s tandards  fo r  the  Potomac.

Figure  5 .  Summer  Average Ch lorophy l l -a  Va lues  fo r  1966,  1977 and 1983
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