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POST IMPO IJNDMENT SURVEY OF

WATER— QUALITY CHARACTERISTICS OF RAYSTOWN LAKE ,

HUNTINGDON AND BEDFORD COUNTIES , PENNSYLVANIA

By Donald R. Williams

ABSTRACT

W a t e r —q u a l i t y  data , col lec ted  f rom May 1974 to September  1976 at
thirteen sites within Raystown Lake and in  the in f low and outflow channels ,
def ine the water—quality characteristics of the lake water and the
effects of impoundment on the quality of the lake outflow. Depth—
profile measurements show Raystown Lake to be dimictic, with two overturn
periods annually——one in the spring and one in the fall. Thermal
stratification is well developed during the summer .

Generally high concentrations of dissolved oxygen throughout the
hypolimnion during thermal stratification , low phytop lankton concentrations ,
and small did fluctuations of dissolved oxygen , pH, and specific conductance
ind icate that the lake is low in nutrients , or oligotrophic. Minor
vertical changes in pH were due ma inly to variations in the carbon
dioxide—bicarbonate—carbonate equilibrium. The comparativel y low nutrient
content and minimal littoral area tend to reduce the growth of nuisance
aquatic vegetation. Algal assays of surface samples indicate that
orthophosphate was a growth—limiting nutrient. The settling of I’ine
sediment and a decrease in the phytop lankton biomass result in increasing
water transparency from the head of the lake to the dam. Chemical
analyses of the lake waters in contact with the bed material indicated
no potentiall y toxic concentrations of metallic ions.

The diatoms (Chrysophyta) were the dominat phyto~~~~~tor~ group
found throug hout the study period. Green algae (Ch lo rophv ta)  and b lue—
green algae (Cyanophyta) were also found . The lake waters contained
very low populations of zooplankton. Focal coliform and fecal streptococcus
densities measured throug hout the lake indicated no potentiall y dangerous
areas for water—contact recreation.
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u s ’ a I I t s ’S . A i m  ou t t I I s ’w ~‘I I s ’ i t ;  C l i i i  . i ’h mu s ’ ’ ’ t t  1,1 u s ’ ’n i l t i i i

i s ’S i f  i, ’ .int _ i s i ’ s s ’ t  - s  . t i ! s ’ s ’ I ‘; t o  t in ’  si s ’i,’ n m ; t  i s i t u  , i s t t i , I t  i s ’ e5 ’ t t i t t i t t i u u t  I . ‘,, ‘, T ’ t i C e

s i t  , s i . ’ , I s ’i, ’t t  i i i  C I t s ’ l a s s ’ i i i ’ s  os ’ ,’ i t u  d i i i  m i t , ’ i t t , S I V  I s ’ s ’ t ‘ I t  i t t

‘ i i t s ’ l t  i s  ,‘ . . mm s i t  , l t  , i s 5 1 5 ’wn s ’ . l i i  l ’ s ’ s ’ \ t ’ s ’ s ’ (  5 , 1  O u t s ’ s ’ s ’’s ’ s ’t  I ‘ ‘ s e _ i l ’ ’.



R , m  v st own a h. stippo I t  u_ ,i v i i  i c C  v s ‘ I  s ’ s i s a t  i s’,t.e 1 1 s t  Iv  I t  ie s ,
i ut s ’l ud i u : s ~ b,i ,i t t u g  • I i siting . w~mt s t  •- b i  i t t .  t i umuu t Liis ~ , s ’ i u sp  L u g ,  a nd sw L t ’ mmmm i m u s ~.

Ii ,  t ’ 1 eva I i ot t  s i t  I, tie u .‘s ’u t’,m t i s i t u  l ’ s ’s ’! s ’t  R , i  V St 5 ’Wfl 1,,m ke ’ i ‘ ‘s C Cut
.mI’ov,’ mc.mut s, ’ ,i I e ’vs ’ I . lI t is poti 1 l i , i  ‘~ a Si l t  1 ,1cc  5 I’ e ’ .t 01 • 

l i i i ,) hum u u • a
shot’ .’ I I t t , ’ 01 1 ~ O kim i , anti it e~ t ,‘ti el ~~~,I ’ hun t i p  m ; C  t’e’.iun I t out f l i t ’ sl.i m . F i t s ’
.‘ 1 e v a  t iou ol t tie t los ’s T — s ’ s i i i t  i s ’ I ~

s s ’~’ I i _c ‘ . nu .mbs ive ’ mmm. ’ a uu sea i s v , ’ I • I t
lia -’, a s i u i ’  I - m e  s ’ , t m ’ t - .t ot  e , i ’d titus S it s 1  ext e’u lsl s ‘i’s km u m p s t  re ’, u tu u ( m o m s  t hu .’ ,t , smmm
l’Iic t o t a l  s t o r ~m 5; . ’ s’ . ipat ’ L i v  s it  t lie’ 1 , m k e ’ a t  t’ t ’ e’I ’ s ’, i t  io ui— ~ osil t ’ l e ’V , i t  iou  ,smtd
at  t 1 oo , t— ,,’sin t t o  1—p oo 1 e’ I ev.t t ion ~ 5 5 “s hut ‘ .tuisl ‘4 I s ’ hmui • t’es pe’c t iv.’i V

hi ’  S CR1 I’’!’ I ~iN OF’ S’I ’t il)\ ’ AREA

Rsvst own Lake ’ is sin t lie Ravst own II t’ ai ic Ii , I t t t i  i . i t  a R iv s i  i t i  I l i t u i l  i u i g de ’mi
and h. ’d t si rd Couui i ics , sotm t h—t’emi t u’s 1 l’enusv  ivau t  is. i,See I ig . 1 . 1 i t . ’
slSCfl is a lion t ii • ‘s km son t it ea st s i t  t t ie  t OWCI  01 Iluut t ing don .tuid 8.5 km .m I’ov e

he ,‘ou t  I ueuc e s it  t li e’ ks v s t oWn 11 t’atic hi w i t  ii t lie’ ,I t t t i  i at a R iv ci’ . Tttt’ d , i mt t
s-oU t  vo l  $ t lie’ ~I ra iitage ’ t ron .~ -s~~ C km— , niost s i t  wit  icim Is wsisided amid ott ! v a
s:mi ,t 11 p a r t  of wit  ic h is cu l t i v a te d  • in add i t  Ion t o  t im e ’ R - m v s t  owi i l lr an , - Ii ,
Ss ’Vt ’u t o~ h ot- t r j b t m t, a r It ’s t o  t he I she have p e r e n n i a l  t’ l o w .  liawu s kn it ,
J .m m e s  Creek , Cot  1 cc Run , and Shiv lieavt’t’ Creek t’ l ow into f lit ’ west  s i d e  sit
R.i~’st own l ake  ,m t S •“s , ,l 0 ., s 

• ‘40 . 2 , and s ”s . -
, kin , t ’espe’ct Ive l  ‘s’ , .thi s , i~ ’ e’ I lie ’ C

dam . Ci ’,’a t Tr sieug li &‘t’e’ek , i _ i t  man Ruin , and Shoup Ruin I’ l ow i n t o  t i t t ’ c.t st
side o t  R .mvst owi i l a k e  .m t  1 .‘., .12 .2 , and ~s8..I kin, r e spec t  (~‘elv , above
the it,un.

R a v st  siwui 1, .m he is L C 1 t he V ,i 11ev and R i d ge sect Ion of t h e  A ppa l  ,tc ii ian
II i g l i l an d  s p ltvs iogr .mp lt Ic  prov tui ce • Ravst own l a k e  is  bounded liv t h e
l i - r i  act’ M ount  a in range’ on the east ~nd flit’ Al I cgr ipp Is R id ge on f lit’
w e st  • The I .ike i s  t inder  l a i n  pr l i i , ’ i pa 11 v liv Devon tan  sl i al  e and sandst s’uie
The east ernmost  h ;iv areas of t h e’ I mi ke ’ occas b u s  liv cross onto  the Mis i i i  its i pp i an
I’ocsimio Sandstone. The dend r  i t  ic embavinent s on the west em shore over l i e ’
lower  Dt,’vonian sIts Ic and the  l l e ldemrb erg  Format ion.

So i l s  of t lie Ra~-s towu i, .ike’ a re ,i m i r e  predom inauit l v  01 t h e  Bar l io tur ,
Phi  lo , and Basher  ser it’s (I i  • S. Dept • of Agr Icu It tire , 1972) , whic  It a r e
hi ghl y I e rt  i i i’ and of s l i t — l o a m  and sandy—l oam t ex tuz-es .  These soils
a r e’ ,-l assi f  ted as  deep anti m s id er a t t’iv  w e l l  d r a i n e d .

The ci ins t t’ Is cont  inent a 1 — t e m p e r a t e  • and the  average  annual
t empera t im re is 10. 5° C. The li ighest annual  t emup erat t i re  usual  lv  occurs  Ill
,lui y or Atu gu st  , and t lie lowest in December t h roug h F e b r u a ry .  l’ltt ’ average
annua l  prec ip i t m i t  Ion is 9f ~5 nun ; t h e  g r e a t e s t  amount of m on t h l y proc ip i ta t  l ou t
USULI 1 lv  occUrS  in J u ly  (l’ .S. Dept .  of Commerce , 1971) . The average
am i n t u a l  evaporat  loll I ron t h e  lake s u r f a c e , as e s t ima ted  f rom a 1,1 .8.

Weathe r  Bureau  pul i l  i ca t  Ion liv K oh l e’r and ot h e r s  (1959) , is 737 mm.
P r e v a i l i n g  winds  .i re f rom t he’ west In t’al 1, w i n t e r , and spring and I ron
t lie ’ sout ltwe’st during summer.
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Table 1.——fl ata--collec tion sites

Distance above
Stat ion No. USGS Reference No . the dam (kin) Station Nam e

1 01562000 62.3 Raystown Branch Juniata
River at Saxton , Pa.

2 401842078105301 39.9 Raystown Lake near
Entriken , Pa.

3 402117078082501 29.8 Raystown Lake near
Ma r kl esburg,  Pa.

4 402246078034201 17.9 Raystown Lake near
Hesston , Pa.

5 402535078014701 5,6 Raystown Lake near C
Huntingdon, Pa.

6 01563200 Jul 1.6 Raystown Branch Juniata
River near Huntingdon , Pa.

2A — 39.1 Raystown Lake at Coffee
Run inlet.

2B — 43.3 Raystown Lake just above
Shy Beaver Creek inlet.

3A — 29.0 Raystown Lake at Trough
Creek inlet.

3B — 28.3 Raystown Lake at James
Creek inlet.

4A — 18.7 Raystown Lake near Seven
Points Recrea t ion Area .

4B — 1,6.6 Raystown Lake at small
cove.

4C — 19.6 Raystown Lake near swimming
beach area.

5A — 0.2 Raystown Lake near tunnel
intake.

6A — 0.0 Raystown Branch Juniata
River at tunnel outlet.

!/ Kilometers below the dam .
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DATA—COLLECTION SITES

Table 1 and figure 1 give the name and locations of all data—
collection sites. The main inflow site (site 1) was at the USGS gaging
station on Pennsylvania Route 913 at Saxton, Pennsylvania, about 3.2 km
upstream from the lake. The outflow site (site 6) was at the USGS gaging
station 1.6 km downstream from the dais. Prior to October 1, 1969 , this
gaging station was at Hawns bridge, 7.2 km upstream from it~ present
location.

The four principal lake—sampling sites (5, 4, 3, 2) were 5.6, 17.9,
29.8, and 39.9 km. respectively, above the dam .

During the last 6 months of sampling, fecal coliform and fecal
streptococcus bacteria counts were made at three additional lake sites;
the Seven Points swimming beach area (site 4C), Coffee Run inlet (site 2A),
and James Creek inlet (site 3B). In the last two months of sampling,
lake—profile data were collected at five additional sites (2A, 2B , 3A,
4A , 4B). Samples for metallic—ion analyses were collected from water
near the lake bottom just above the darn (site 5A) and f rom the tunnel
outflow (site 6A).

SAMPLING FREQUENCY AND METHODS

Sampling at the inf low, outflow , and the four main lake sites was
generally conducted bimonthly from May 1974 to March 1976 (except in
January 1976) and monthly from May through September 1976.

On July 20 and 21, 1976, a diel study of bihourly flu’-tuations in
temperature, dissolved—oxygen concentration, pH, and specific conductance
in the verti’~al profile was made at site 4. Sampling began at 1800 hours
on July 20 and ended at 1600 hours on July 21.

Periodic temperature measurements were made using a calibrated ,
handheld thermometer. Specific conductance and pH were measured using
standard meters. Alkalinity was determined immediately after sample
collection by titration with 0.01639 N sulfuric acid to a pH of 4.5.
Dissolved—oxygen concentration was determined by the Winkler method , as
described by Brown and others (1970). Vertical lake—profile measurements
were taken with a Yellow Springs instrument.a/ temperature—dissolved—
oxygen meter between May 1974 and May 1975, and with a NERA Environmental
Monitor between July 1975 and September 1976. Because of lake instability
during the filling process, only prof ile data collected after February
1975 are used in the discussion.

2/ The use of bran’l names in this report is for identification purposes
only and does not imply endorsement by the U.S. Geological Survey.
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L a b o r a t o r y  s’ Item [cal  m m m i a  1 ~‘Se -~ ; s it’ vat e’r were ’ u t um me l t ’  u ms  l ug  t lie ’ t ci ’ l i i i  I s l i t s - m m

desc r iheel i i i  Brown and s it  hers , (1 ~)70) . ‘ h u e ’ AOl ’ w m l m m  51.’t c’rmi ~ esi us In 1 ’,
met  h o d  s d i s c  r [bed by Shi oa I mine ! I~ I 1mm ( 1 975)  . P h  au k t  on sminm p l es We i’ s ’ ~‘~‘ l 1. ’~’t i - si

w i t  Ii a u iu essL’u i g er — t  t i pped 1 tm c I t o  wa I esi’ _ s m m m h u  I lug ho I t  h e .  Emich i  p I . m u t k t  s u i t

samp le , e’O Elec t eel at a d e p t h  ei 2 uut , s’ouis  I ~;t c’.i 01’ ‘1 1 si t w.it em that w.,s
I l I t  e’re’eI t l ir oug it mm W I sconsimi—t yp e p I ank t ott ute ’ t and prs ’se ’rved w i t  ii ,u st . iuus l . i  u ’d
in ert ,  h j ,o l a te’ (Webe -r , I 5 ) 7 3 )  so i t t t ,  ion.  Cstncei i t  r a t  louts s it ’ san itti rv l imit -I ,‘m imm
we-ri ’ dc’t e ’rtu mj u e ’d by r lie’ itie’mhraut’ I (it r a t  Ion nmt ’t h o d  , as descrihe’tI liv S lack
anti  s it  hot’s 1, 19/ b ’h . 1, 1 g lu t pen e’t rat lout in  t lie 1 t mk e’ was me’tm st mt’o d w i t  lu a
Secclii disc’ liav im ig a d iamet or ot 203 mmmi (We ’Ie ’li , 1948 , p. 159)

PII \ ’ SIC A L AND CIIE M I CAL I)ATA

Dep t h—Profile—Measurements

Tempera tu re

I e mp e r m i t t m r e  is i m p o r t a n t  to the  c hemica l  reac t ions  and b io log ical
processes t l imit  occur  in lake waters. From the temperature data collec t esl , C
R a v s t o w n  l ,m uke  can he classified as a dimlct ic lake’, or one’ hav ing two
over t  tu r u t s  e’ac Ii year , one in spring and one- In au tumn • Thermal St ra t  if I cat  ion
was direct in summer , but p r o f il e  measu remen t s  taken in January 1475 Indicate
that inverse thermal stratificat ion will occur , part Icularly when the lm ’,ke
an t i  ac t ’ i s  f rozen

In Marc h I ’)75 and again Iii March  1976, water temperatures t’rom t he
sun m ice to t h e  bo t tom of t h e  l ake  wei’e near l y homoth ermous.  In  Mmiv l~) 7 5
t h e  temperature gradtmall y dropped from 24.5° c to 6.5°C f rom I he su r t ’ace ’ let ml
slept Ii o I S iii . From 1 5 itt to t he lake bo t torn , t he tempera t nr c  rena in ed it t ’S t

h.  5° C. I n  Hay 1976 from the surface to a depth of 15 m, the t emn p t ’r at t u r e
ci cc teased I ro ut  1 5. 0° C to 7. 0° C, and f rem 15 mu to t lie bottom t he tempera  t t i r e
elrop pe ’d 2 .0° C. Tempera tu re  p r o f i l e s  taken in May of 1975 and l97(t In d i c a t e d
t limi t t hter mum t 1 st ra t  if icat ion had begun. I n  Jul y 1975 and again En Jul v 197 ii ,
t hernia l st r a t  If t ea t  ion was w e l l  dove’ loped throughou t t lie la ke. In .Ini v 1975
t e m p e r a t u r es  f rom the s u r f a c e  to a dep th  of about 5 m ( t h e  op ii. imnion)
v a ri e d  b y onl y 2 .00  or 3. 0° C. From a depth  of 5 mu to about 9 mu (11w
me tmi  I imn [ott ) , t e m p e r a t u r e  dcc l  m c d  12° C. From a dept ii of 9 mu to t ime hot I situ
( t h e  liypo I Imui lon)  , the  t emperature dec l ine’ was again gradual  . Tltcrma I
st rat if icat ion was well cstabl l~ hed again in Jul y 1976 , hut the sIt-p t  ii ansI
thickness of t he metal itniu ion was different. SuCmner thuormal st rmit it’ k - m i t  ion
probably will be an annual  event in Ritystown Lake, hut because of
climatolog ical t’actors , such as wind action , light absorption , air
t e’mperature , and va r ia t ions  in the level of release front  t h u ’ dam , the
timing and degree of stratif [emit Ion will vary from year to year.
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~l 1 5( 1 l I u t u t  (s un ( l i n t  t ’ t i ( u i m t s u n  • I~ ) ’ ’i , ~
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, ‘ ~~~, 1 s i ’ , u I
i i t , 1 i 1’ lic ’ uu  i’ m ’ sit u , I i i  1’s .. I

h i , ’ 1i 1  c ’ I s ,  m a u i  I , i ,  s ’ Is _ u I s,’u ’ m ; ‘s’ , t u I ,‘~l ‘ v an I t , ‘ . I , ¶ i , ’ : :  _ i  l i l t  s , t  ~‘ . ‘, , i l u  I i i i ’
:‘ i , ’ , C  s ’ I t h i s ’ s i t  t I i~~~~t t  1:015 u m m 1, 5 . i  p~i , ‘ I S . s h i m  u i i i , ’ I t i ,  i i  i s l i t

~ l’~” I C  u ,  ,, , a i ,j u s ’ t  ~ut~’,’ ‘s i t ’  i t c h  a n t ’ s  m ; 1 1 , 1 : 1  l ’ s  s l u t  i i i , ’, t h i s  ,‘ s ’ -’ h m s ’ u u u  ‘ s t i , ’s h .
,\ m : , i x  t t ’ u u i : : :  m i t t  i s ’ s ’ s ’ O I I , l u i , ’t  au t o , ’ c i t  1 I mt~’u , ‘ ::Oi , ’ ,; l ’ s ’r ,‘,‘ m , t 1 5 , 1  s m  mt d ’ s ’ P

‘s,’ , i : ’, - ’ : s ’ , u ’ m i  s d  . m t  2 - . i ~L 1 i l ~ s i l t , ;  ci i i  l i i i  v 2 1 1 ca l  , i  I S i t t  I : ’ : i t : ”  m i l l  I i , , ’ s ’ s ’ i i s i s s ’ C , t m l , ’ , ’
a C 1 ‘ i , , m : : h i s s / , ‘: : m  a t , ,  ::i , ’ , i  , ; i i  t’ ,d  .t C 2 (h iP his i u i  I ’ m ; s s u h  , hi  I v ‘P.

‘s t y  I li e ’ C~ ’ iu i  ‘, : i . m u i i t ’I ,‘t ’ mi m: :~’,isuu’ ,’,h sI tu ’  i n ’, t b: , ~i i ,’I m ; I u i s h ’ , • I ‘ - t ’ ’,~ , ‘ i , m t  i i i , ’
j m ;  I lie s u i t  I v O u t ’ t t u , u  t 1~ - I ut~ls ’ii s’ut 5l s ’ut a t  Ii t s ’l  sat, I s _ i  I s~ ,’t t , h  i I t o u t : ;  m i t  I l u ,  h a  Is s ’

1” I t t s ’ u t . ’,t  I 0 115 i ii ~h i  :;‘;ci l v  s ’,l ~~\ \ ‘ O s ’ i l  s’ Osi I s u i t  , p h I , ,i t t , t  Spec I t  i s  s’ s iu i ’s I i t s ’ t ,u t s ’ c ’
r .’ u s ’ L i t  ~‘sI , ‘ t t  I t e m ’  .1 t i ’ t ’c I I v  s ’i’ l u s h  I i s ’s t  lv t s ’ I I t s ’ I i ’ , s 1i l t i s ’ St . m t  s ’ s ’t I h i ,  l i i , , ’ .

h i  R,uvs t si’s,st i  I , . m k e  1 , _ m a  i l l  . i i l  s5 t t  t’ s i 1 i l i i c ’ t’ ,it lust’ I h u . m u i  . t t u  a l  i~~’, s ’ C  t’s i l s h u j , ’ m l  s t  s ’ ,
s i t  ,_ ‘ 1 I h u m s ’ I u i , m  I I ‘ t i m ;  ~‘I  0 1 m m  5am l v  ,‘~l s ix  ‘s’,~,’m t s ’ ,u u t, ’ s — t i  t u _ i t  i si i t m m , 1i hh , _ t t t s l m l : , 0 i t  i s ’

s’ s ’ mc l i i  s ’ t .51  is ’ s ’ w~mui I sI h i . i  us’ s’ ii e e’il tuus ,u u’ ,’ 1ii ’ s u i l s i Si  i t s ’ ccl

,\ 1 k , i I  i t t i l  v

~\ 1 ka 1 i i i  it  v I , ;  .i me ’.i ~lui u’s c u t  t lu s ’ l i i i  C I . 1 ’  l u g  s’.1 1u .ic I I  V , ‘ i’ t h i s ’ . m h ’  i i  I t  V , i t

va t  , ‘ i  t s i u i es i l r . il  1 . 0  ,ic ’ (sI~~. ‘flue , i l h , t l  [ t i l t  ‘s’ s it  I i i , ’ : 1 t m I ’ t . I s ’ s ’ vat , ‘ m .1 1 s ’, i s ’ h u
I . m k e  S l i t ’ . u i t ch  m i t  I l i t ’ t u t I lsiu ,’ mi t t s !  si tu  I l s iw W.t ~~ t t ts ’,t S u i  I’ s’s! m i t t  t ’m i c ’h t  m ; . m i m : j s  I t i s ~

V is it • F igul i ’ t ’ ~ mmt t o ws I lie i’ 5imtg t ’ .ius~I t t us ’m u u t  s’ci i t s ’ e ’t t t  i t t  l ou t s  ults ’, i : I t m i  s d  . m t

ta me ’ It s i t  e . F lue ’ .11 Ks I i ii  It  v g r , i s h t i . m  1 E v  s i t ’s’ u’t’ast’sI I roam I hue l i t  I low I s  I lm e
stilt low ; t it ’s ~~~~ t’ S,i Sc wa tt Itiuc 1’, 1 c’ m i m i  app~i r e nt  1 rsuutt l ,i Ks ’ 5’i t  t ’ 1 c’s I Its ’
out I l o ’s~’. ‘ l’ht e ’ six 10.11 t s u t t  of atu t meuul i _ i t i lt Fog en 1st it  i l i ’  I t  e’ .uut s i  m i t t  i . I I  5 ’ s ’ ,i t i m l , ’S

a t h o m - i t  rt u s’ t tout  c i t  m i t  kIt l iii it v 4, Svutteuuts , I 9to4) , wit  I s ’ li i s  a p.m u ’t t. i 1 e’xp 1 .uut.i t I c’u
I sir ’ t his ’ sit ’s’ r emiss’ l i t  a I ka 1 I m u  i t  v t rota iii t’ low I si si tu  I t  s~W .
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Lake N u t r i e n t s

Aqsua t is Voge l  ,it  Ion n&.ed at ~ east 15 n u t  r t en t  ~~ ~ of whic ii .urt ’
n i t  rogen am id phosphorus , fo r  gr ov t  lt. Nit rogt’n i tusi p hosphorus us u mu ii
occur iii i,ow e’ot is’ent rat ions l u ’s ittost na t t i rmi I vat t-r s  , ,ut is ,l phosp hisirus mi u v
he’ comp le t  el v removed f rout solut  ion by p h t y t s i p l a nk t ein slur tng h i gh p r o d u c t  Is tu l
per l,ods • When adeqtiat e’ supp i ies sit i he’se’ nu t  r ten t  s m u t e  . i v m ~ I Imi l t l 0 , hi 1gb
produ c t  ion ot aquat  Ic vogel at t on s’ m i t u occur  • Chie’m is’a I ~t t t . u I \ ‘St’ S ,i t  I tie
sstr t ,us ’ s’ and hot, torn wct t s’rs of R m t y  st own l a k e ’ wer e made to  dot i ’m ins ’
s’esut u cent  rat t ou t s s it  m u t t  r~’geCu .uuu d p it o m -m p l ’ort ms spt ’e’ is’s iii sirsi t’r to  e’St taint e
t ite’ t rop ht Is’ stat t’ of t his’ i a kt ’ • A summary sit’ nit rogot i  mind p ht osphsiru s
d a t m u col I e’c t t ’d In Ray stown Lake is g iven In t m u h i s ’ 2 .

N i t  r s ige’n

N i t  ro sen in wt u tot’ 5i c cci t’s in Iwo re’duu c i’d t’orni s , o rgan i c  n i t  rogen
(n itroge’Iu bound in ccl lu lar  m a t e ’z’ i m u l )  mind t his ’ amnu sm n iuun lou (N 1l 4 +) . The’
oI ’ g.ml i  Is’ nitrogen s’ouitont is a vs lu;tlile inch i s ’aI  lou t  of t he’ pr o du e’t i v it  ‘s’

sit ’ .i hotl y ~i t  vat t’r hes’ause itt ottt of t he’ s’s r g min l’s’ ti lt t’ogoui Is  tu it lu tu at  el
t r a ns for nt e’d in to  I sim s t h a t  can ent  or t u t s i  prodtis - I ion cu t l i v i n g  nt ,it I t~r
About  .10 p e r cen t  of t i l t ’ t o ta l  n i t  rogen nu ea s t t re ’d iii Ra~’st own Lake was p
i n the  t orun 01 ci rgan  ic n i t  roge’n. ‘l’hu r suug iu ou t  t h e  stiisi v per hid , a t i st ’rvc’d

l ake ’—st ir  t ace s’ou icent  rim t Lot us  o t’ sir g~u tu to  u u l t  rogou i’mui ig t ’sl I rs’snu 0. II I ’s’s
0, 70 m g / I , ,  m m m d  hot torn s’OItCt ’ut t rat ie ’suus ranged f rsmui i 0. 13 t si 0. 5t~ m g / I . .
There  w.is ut sl~~c tea so iii the average  s’s t’gmtu Is’ ii it t’Ogt ’tl cons’ent t’mi t [ot is In
t lte ’ s u rf ac e  w a t e r s  a t  sit e s  1~ ~ , 4 , and “s ‘sit 0. t 7 , 0. 34 , 0. ~. ansi 0.2~
ing / L , respec t ive 1 y . ‘l ’ht~ ave rage  hot t sm ut colic’ out  mat lout s sit  s’s rgmun is nit t’ogt’u
mi t  sites 2, ,t , ‘i , and ‘i , We’re’ 0.3$ , 0. 15 , 0 .37 , mind (1~ i t s  utg , ’I , r e s jut ’s’t ive l  v .

N it rogon t h at Is s’ltemis’i.m l lv bound i t t  su u’ gau i  I s ,’ comim p si tumd s Is  r e ’t u u m n s ’d Is ’s
t he’ environment t hr oug h i dec omps’s sit tout liv in is’ remo rgan I suit :;; t lie end p rc ’eluc t ci t

t lit ’ 1 f r i - i t s t ag e’ 01 ox 1,1st ive’ degrm i d a t  tout is  munni si n i m u . lu t  u u i p o u l t m t i ’d w .t t er s ,
aunutton is ansi tlmtuioui hint c c’impound s 00 cur in u’ e l,ut i ve l  v suuta 11 quiuu’u t I t  ti’s,
usttaulv out th i’ o rder  of 1.0 mg/ I ,  sir l ess  ( R t ’ te l , 1 9tm I , 1t . IS S) . Mc’mt s ’sure’sI

~utttnton isuni consent  rat iotis of t he st i r f a c t - Wmi t  ers sit’ Ravstowti Luke’ were a h i
l ess  t han 0. 17 mg/I., mind 8ii percen t sit sui t .u,’.’ s . iuu i i i  I e ’tt c’s’s i i i’s’ I i’d 1usd
consent t ,ut louis loss  t hiatt 0.10 aug/I . Tlt t ’ l . tk e ’ hot I oat vat eu’s h u s h  h i g her
s ’ O m i c i ’ui t  maC ions of  ammsittium , wh is’hu prcmhmi lilv WmiS dlii’ Is) b a st e r  lii i shi’s’ornpsm u t i t  ion
01’ or gaui i s’ ma ter  itu l • About .0  percent si f ( lie hot I out smint p ies lut i st mimms’n luit ’,
s’O f lcel it  r a t  ions of I t’ss t Itan 0. 50 mg/ i , .  As t ak e  conct i t  t ou ts  hi’s’m t u n s’ mu st’s

st alt Ic in ~Iarc hi 197 ~~, sinai 1 or amount s ot zurnnt oui I t um wers’ P~ 
t’SOfl ~ In hot It

su r f a s ’ t’ and bottom waters.

l ’ i _



Tab l e .h .——Su mlna ry of n i t r o g e n  and ph o s p h o r u s  d a t a  c o l l ec te d  iii Rutystowii
I ,akc t’ ronu Mmm v 1974 t hroug h .I n I  us’ 1976.  (A u i a l v s s ’s in m i l l  ig rams
per liter)

Anunonlum Nitrat e— Ortho— Total
S i t e  O rg a n i c  N i t r o g e n  N i t r o g e n  phosphate  Phosp horus

N o .  N i t r o g e n  ( N )  ( N )  (P )  (P )

Maximum 0,55 0. 16 1. 40 0.04 0 . 0 7
S u r f a c e  Minimum .16 .00 .4 1 .0 0 .01

Mean . 37  .0 6 .84 .01 .02

Maximum .53 .77 1. 41) .02 .07
Bottom Minimum .16 .01 .04 .00 .01

Mean .38 .17  .83 .01 .04

Maximum . 56  .09 1 . 50 .02 .04 P
S u r f a c e  Minimum .17 .00 .34 .00 .01

Mean .34 .05 .78 . 01 .02
3

Maximum .55 .82 1. 40 .02 .04
Bottom Minimum .15 .00 .04 .00 .01

Mean .35 . 26  .83 .01 .02

Maximum .7 0  .17 1. 3 0 . 01 .03
Surface Min Imum .17 .00 . 3 2  .01) .00

Mean .33 .05 .76 .00 .01
4

Max imum .54 .22 1.30 .01 .04
Bo ttom Minimum . 2 6  .01 .54 .00 .01

Mean .37 .08 .94 .00 .02

Maximum .47 .13 1.20 .00 .02
S u r f a c e  Min imum .11 .00 .34 .01 .00

itean .29 .05 .75 .OC .01.
5

Maximum .56 .19 1.40 .02 .01
Bottom Mm m cm .13 .1)0 .68 .00 .01

Mean • 3tm - • 08 1 • 01 • 00 .1) 1

Ifs

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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N i l  i ,‘ s~~ ’i i  ‘ ,‘ s ’ u u i  i i i  w m u t  e l  i i i  t v , u ,‘x t , i  i , i,,l I , ‘t ’nt :; , m s  li l t  i l l s ’ IN O  , ‘ muu ’ ss l
i t  i t t  ,m t s’ m, Nm ’s () . N i t  r i t e ’— m I t  t’sigd ’u t lN O ~~~ ’ — N )  c’s s’c’tu i ’ s i m t  vs ’iv a t tu t t ut o spuant it i s ’ :- ,
ih at t I  I , iii uinp ol lu tt ed vat  i’r: ; . N I t u ’ :ut  c’— i i l t  i c ’~~ s ’i’s I N i ’s (— N ) is t hi t ’ t ,ii ’ ui’s

tao ~~ .‘.u ~
; i I us’ I a ks-it tip )~ us’ fl ’s, i st m t q u imt t is ’ veg  s ’t a t  i s il t I sir  pu’ si t s - l i t :; vii I i t s ’s t

~
‘5’s 1 ’s , ’ ent  r a t  l s ’ i i  01  N i ’s (—N i i i  t his ’ m m l i i  1 m m , ’ ,’ u,’a u t ’t ’ , t s ’r ml 1 l u t is t’ ‘ s u i t  i’ m; , i’mt u igc sh
i s ’t ’si ‘i . 2 u s ’ 1 • 

‘‘ ru O l - , ;u i t s h  h i5 ’t t out c’ s ’si , ’ s’u t t  u mm t i on s  u ;m u t g e d  I m o m  i’h . I ’s ’4  t o
1 . 4 mmm, ’~/ )  . the , m v s ’i 5 , ’ , ’ m u ll .155’ s’Oi is ’ e’i t t  i’ m m t  b u s  s’t Ni ’s (—N uui e mu suuu’ s’sl a t  s i t  s’ :tm

-, ansI  ‘s 
• ‘s,’ i’i s’ i ’s . ~ . k ’s . 

‘ , k ’s . ti , ~ nsl m ’s . ‘ ‘ mg ,“ I • u ’ s ’sl ’ s ’ s ’ t I u s - e l  v . r hu t ’
,l~ ’ s’i , l O s ’ i’ ,’t , t 01:: ,‘ou’, ,’ ,’ t u t  u a t  1 0 1 ’ s : .  ot  N i t (— N  nt s ’ s s u u re s l  m i t  mu i t s ’S .‘ , • 4 , m mmd S
\~

‘,‘ c 0 , ‘ , ‘s . • i ’s , ‘)~4 ;ni,1 I . m ’s m~ . 1 , u s ’ m p . ’~’ I m us’ s i  us’

i , ’ i i i  ,‘ Ii “. it ciW s  h, ’ ;s ’ , m s , ’i u.u 1 t j u t s - I  t u m u t  t ’ stu ’us  j u t  t lte .lveu’,is-’,s’ Ni’s ‘ s — N
s’c~its ’e’nI u . i t  i s iu t : ;  m s ’, t s i s i ’ i’,i a t  t h e  s smu ’ h , t s ’i’ .un,I hot  t c ’i ’si I i i i  ,‘is(ss ’ it t  l i i i ’ m l

ps ’i j s ,s,i . liii ’ she , ’ I j u t s ’ o h t i t o su i t  m m , ’ ,’ N O (— N  c’ ’siuis ’e’it t  l i l t  i on s  a l t  eu l iii ’
s ’.t i  I v :; 1’u it max i m m u t t m m ’ s : ;  i i i  ) s m  

~~, 
) s )  ‘ i 

• m m t t c i  I ’m ‘ ti i s  t his’ i s ’ s i m  l t  c i i  N i ’s (— N
, 3 ’ s ; ’ s ;  j m m i j 1 . m t  i o u  l’v t h i s ’  p imus’ t si1i l m t u u k t  s ’u t ,

l i i i ’ ms ’m m : t  t s ’t mu p h t osp hioi’ t t s  ‘‘out  et i t  s ’ s t  nu c i s t  l ake’s u ’imu ’ s sm, s’ m ; I t o m  0,0 1 10
i ’s , m ’s “ mo — 1, Re ’ i 0 , 1 ‘~~~‘ I , p • I 5$) • i c i t  SI  j Ot , ’ :;j ’h ’ s5 ’u’ u s  s’s’ns ’s’ui l t a t  lo u t s  ,‘~~ t h is ’
‘ m i s t  t i s ’ s’ ‘,s’,t  1 s ’ i m m ‘‘I Rm u V st o’s.’u t I m u ise i i i  ~~~ i’d I i ’ s’fl 0. Os ’s si 0 , 07 aug - I . Thi s’ mi’mln
‘ ‘ i i i  I t . ’ s s ’ s ’ u ’ s s ’ s u i t  l i lt  i c ’u oh  t s~t m i l  p h i s i s 1 sh t s ii ’u t s  I h t i ’o t ig It s iu i t  t it o  st tush~ i’~~ u’ iod it
- i t e m ;  ,‘ amid 1 Wit s 0.i ’s ,’ ntg 1 ansI  I is’ uu t eaui CO t t s ’ s’u i t  m’ :ut I s ii l . t t  S i t  ( ‘S ‘~ .iui d ‘

P . 01 tag / I • Os ’ i t  omit s’ O u i s ’ eu t t  r a t  I diii  S s it  t cit  a t  p his’s spho mci s m i t  u t i  I sit s’s w e t . ’
ml t ,~ u t  I us’ m u  o hs  u , tv ,’ i , i  o_ i i i s~ i’s . ‘s’s I iu t c, , I m,’ l ’ s’ t h i a t t  sum i’ t u t s ~ e’ s’oui s ’ t’ut ( t a t  i on:; .

I I
1 1 1 1 1 1 I I I I I I 1

_ _ _ _
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M J ~ N Si M M Si ~ N M M  Si Si
1974 1975 I9~~~

i- ,~u s i  e’ t ’. --~~,’,s ’ ,,’’, m , uI ¶ ¶ts , ’ l  u i , t ~ t , ’ u u : m  i i i  I it . ’ av s ’ v , m , ’ ,’ n i t  1 , 1 1  s ’ — m u  i t t , ‘,~~‘u ’ ,
s ’ s ’i is ’ s ’ i l i  i t t  j O l t : .  ‘‘, s ’ , i ’ . i i t  s , i  .iI  l it , ’ : ‘ i t i  h a s ’ s ’ :uu ’ ssI  i’, i I  I ~‘m I l i t  , ‘ i u , i :, ’i :t
R,m\’ ‘m l  ,—i , ’m ’ s

- - ~~ - 1~~”~~~~~11T (T~
’
~” 

-
~~~~~~~ ~~~~i-~~_ - .
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Ot t  I~~’ j ’ m~’ :~ j ’ h.s t s ’ Pm ’ s 
— ‘ ) i m u  I lie t i ’ s 5 ’ u ~~.t i t  1~’ 1 0 t i n  0! iih sl mi p h t s s nu mi uti~’ mi t  tu ss~sl

I ’v  . u , ; m s , m t  I s ’ v s ’c, , ’ t . lt ion i i~ iut e t ,u l ’o 1  is ’ j i u’ m ’ s ’ s ’sss ’ m . At e.m,’it I , m k , ’ s i t  s ’ , ( l i t ’
s i t u  ,u , ’ s ’ .u ut c l  h o t  t o::i ,‘ o u t c ’ e u u t  m , m ~ l o u t s  s~ t 1 1 4 

‘ i,’ s ’t ’ s ’ i i t ’~ u i  1 us’ t Os ’ :;, mum: , ’ . h ut t

I s’c.’ ’m .m : ’ ip  l e s , ii i~~~l i s ’v c~’ii~’ i’u t t  u’ , m t  l o u t s  si t  i’ s ’s ,~~ 
‘ ,‘,‘ 5’u i t ’ u ’ ,- sh I i i  t his ’ ~~~ t o r n  w.u t  em’ .

m e t , ’ %.‘. m m ,  cv ic I s ’ m ’ s , ’e o ,  , m c , t , m m l u u , m I  c l s ’c’ v s ’ , i , m s ’ j i m  I i t s ’ m i i i ’s i ,i, ’ s ’ I’ s ’s 1 s’ s’n, ’ s’ui t t ’ .mt  l out
I u 0::: s it s ’ 2 0 S i t  ,‘ S , F l i t ’ , I V , ’l t c , , ’ : m t l  t I  . 1 s t ’ c’o i t s ’s’ui ,  u’ , u t  l o t u s  u t  s I t  i ’ ;  .~ ,

- . . .mu t , 1  “ ws ’u 0 ‘.01 , ‘s ’s . O h  , 0 . Pi ’s , m m m d  ‘s . i ii ’s mc, / 1  , u ’ s’sj ’ s- ,’ t i v , ’ 1 v . :\i’i’ .u i’ t ’u t l  1 v
u~ u ’ ’ , ‘ 

~~~ ~~~~~ ~I~~~ l t ’t i’d h ’ us ’ l it , ’ jshus ’t op I , t i t k t  c i i i  , t i t~ l mmcc i in t en t  , u : m  c,’, m t  ,‘ u ’
u~~

- s~~~~~o t h i s ’ I , t k , ’ .

S5 ’5’ o i i ’ s  i ” s i m i s’ I t ’ ,iu ’sm. 1’.t i s n , ’V

Os ’,’ . m ; i m ; s ’ l O s ’ qc u a u i t  i t  V 01 1 1~~i t t  m i nd  dept  ii t o  ‘s,’h i l , ’hi i t  p s.’u t e t  l i t  s - mm .tu’e
m m i c , m u  i i  i, ’au t l  1 .1, 1 ,‘r m m l i i  ~l~ ’ t s i  mm: i t ’ s  l u g  t i t s ’ ;lflt c ’ t u i t t  .uuis i  I ou t : :  oh  1’ ls~ I s’g i ’ s’ ,i I

i v m l  us’ , mm s ’ a suu ’, ’ i’rn, ’ u t t  mm ,‘~ I i ts ’ w , t t  s i ’ m m I u . m i ’ s m i j ’, mi’ s’i t s ’us ’ wet’ s’ ut ’ , , u s ie  by

I ,‘‘s.’c’i’ i i u c ,  .1 Se~ s s I l l 5 i i  ‘us ’ t u i i t  ii i t  i,’ ,m  m m i t s ’s I ou i c , i’x ’ us’ u mm m I’ I c , u u s i u . m l 1 v wl s ~’it 1 s ’ m i m i
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Table 3.——S ecch ti disc transparencie’s throug hout.
Raystown Lmtke . (Depth’s in meters.)

Date Site Number
__________ 

.1 3 4 5 2A 2B 3A 4A 4B

5—14—74 0. 4o 1.90 3.0 2 ,90

7 — I t ’ s— 7 4  1. 1 2  1.88 3 .b 5.8

‘~—19—74 3 . t ~ 4 .0 (i.l 9.0

1 1 — 2 ( 1 — 7 4  ‘ 6 9  ‘ 4 4  3 ’ s )  4 .0

1—08—75 .84 1.52 4 .7 5•9

3 — 2 0 — 7 5  .10 1.07 1.Q S 2 . 44

5— 2 1 — 7 5  1.07 2 .13  2 . 9 0  .1.92

7 — 2 3 — 7 5  4 .1 4 .b 5.8 5.3

9—24—75 1.52 2.21 2.13 2 .44

11—1 9—75 1.85

11—2 0— 7 5  2 . 7 4  .1.29 3 .0

3— 02—7 6

3—03—76 1.07 .76 1.90 2.67

5— 11—76 6.1

5—12—76 2.59 3.4 5.2

6—15—76 6.2 5.2

6—16—76 5.5 5.0

7— 2 13 — 7 6  2 . 44 2.59

7—21—7b 3.1 5.0

8— 1 7 — 7 6  3 .5 5 .5 3. 4 4 .4

8 — 1 8— 7 1 ’  2 . 44 2.Q0 2 . 9 0  1• 44 2 .59

4 .0 2.59 2.97

9 — 2 i t — 7 6  2 . 4 4  3 .0 1 .98 2 . 1 3

I si

L 
_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- . L.. —~ ~~~~~~~~ .,. -5. “~~‘~~~— ~~~~~~ .~~~~~~~~ ~~, —~~~~~~~ -~~- - — ~~~~- “-~~~~~‘



Metallic Ions

Metallic ions present in a lake ecosystem can greatly affect the
potential utility of the water and can c , ntrol or alter the entire
aquatic environment. Many metallic ions are necessary in trace concentra-
tions for normal plant and animal imietabolisin ; however, when trace concentra-
tions are exceeded , toxic conditions for both plants and animals may
result.

Metallic—ion concentrations determined for bottom waters near the
breast of Raystown Dam (site 5A) and at the tunnel outflow (site 6A)
indicated no toxic levels were present for fish and other aquatic life
(McKee and Wolf , 1971). Results of the analyses are summarized in table 4.

I

I

Table 4 . ——Dissolv ed Meta l l ic—ion concentrat ions measured in the lake bottom
water near Raystown Darn and at the tunnel outflow on March 2, 1976.

(S ymbol < , less than)

5,

Location E 0 E
Ci)anu ~~ 

., .
~ ~~ ~~ ~~ di c di ~~ di.4 ~ E .-4 51) Ci 0 Ci)site 0 ci 0. 0 .0 i)O C) 51) ~ (I

l’s .0 di .0 0, 0 ii ~ di ,‘4 ‘-4 0ci ,~ 0 0 di C) c~ C) 51) ‘~~ ‘4
‘il U 0 0 0 Z u i  u’s 1<

(micrograms per liter)

Raystown Lake
near dam; 5A 30 0 1 <10 0 30 10 7 20 <0.5 0 0 110

Tunnel outflow;
6A 40 0 1 <10 0 0 10 3 20 <0.5 0 0 10

20
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(I ttlot ’op lm V lI 1

Chl or ophy ll i s found  in a l l  g I’ t ’oii  p l a n t  s and is  I lie ’ ilti ’ lo c t i  t o
tha t absorbs l ig ht energy f rout t he ’s sun and I ranstorms it tnt s’ client lost I
energy in the photosynthet ic pr000ss . CIt loruph y Ii prsstluc I ton  a itd t’O f lt  ou t
in any squat  Ic env irotunemit is dependent  upon l i g ht • n t _ i t  r I e’ut t s , t eiutp e ’r al  it ro
and ot t ier f a c t o r s ;  bu t  at  co m t s t  sun t I i ght h it ens I t  Y m u e’tiilS t su I t  l’ s’ I .i t I s su t
appears to cx 1st hetweeut piiotosyutt lit’s Is , uuu ~i c hiurop liy II . I. R~~is i , i ’ S t , i
p 32’)) • T lt is ret 1st tonuml ti p se’rvc ’el Ss a u~~e ’t t u l  iui e’s st ur e ’ ot t it, ’ 

~~ 
Odi um ’ I i s s u u
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, u: ;  t it sl ( s ’m i l  i ’d , is’s’ I h it ’
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St_ it’ I ,l’s’ s’ Wdt .  e’t’ ml ‘1 Ray ~~t own 1.,tke’ I or ~(.s us’ l ’) ’ ’e I o .1 ii i v 1 ‘~ ts , - m u  , p i ’ s ’  cit i i i

tai ’11 ’ 7.

i ’ l a i t k t , ’us

O m i t  d h u t tab I c’s 5 .tnd ‘5 ( mi s t  (s ’ ,u t  c t ha t t it o s l l , i t  , s u t i m ;  ((‘iut’ us’ mt ,ih ihi \’ t ,i ’i le’s ’t ~~’
t tie ’ i sis.’ mit 0 omms.itus lv  t s’t_ tlls ( g t’sil tp  si t  p ity t op I aii ’e’,t oil sh u t ’ I mig I i t, ’ mu I t u e t  \‘ t ’• ’ m  ,i s( ,
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d [ gs ie ’ L i ’ us mu t t  s.sp h’s’t 5i~ W t ’ F e ’ ois~-m~’t’ve ’d l t i 0m ’s t ( u s  d i i i ’ lug t i i , ’ m s u u i s t u m , ’ m

1,’ hu t ’ p 1w t op  I a t ikt  o t t  O s i l l i lt  I ’ ml ~ s’xs ’ oostosl ‘t O O  s’ ,’ l h m ; - ’ u t i l  , ‘I i i , ’ s e t  I
s’s.~i u u i t  I o t  N s ’’s’ e’uuut i e’i’ I’) - P ml\ ’ e ’l’ , m g , ’sl ‘ c i  s ’ , 1 1 m i , ’ im i I  , mu iu st t l s . u r  i , ’u  ~l . m u s  , i u u u t , ’
iiiis l .1 ii 1 v I’),’ ti cu ’ s’ , ’ L . u g  ,‘,h I (‘mi m i t i _ i t  ~ ,‘ ,‘ 1 1 m u ‘ l i s t

l’hie ’ s ’~ iuip 5s i m ’ s I t  (oil  m i t  I ’ I s u s ’ I  i l l ’  t , u i t k i  mi m i s ’ oit t isiuuus E l  i , ‘ mu m ’, u i t  , s t  t e ~ut h i , ’ ,‘ ,‘u u , I , t t  osl
s ’ t t i u  t i s ip i t i s ’ :m t 5igs ’ m i o t  I _ i L , ’ :; 1 _ R e i d , I ’ i u ’ l , p .  ~~~~~~~~ . 01 m g s st  u i ’ i ’ I u i s ’ l ,uk , ’ :u
.11, ’ s.’ l s , t t  .i, ’ t  , ‘ t _  i :s’st t s\ ,s t , ’ l , i t  I ’s’ s ’ l u s  ( , ‘‘sss s i t i m l i l t  I t ’ ,’ s” t  P 1i ’s ’ t s~P I m t t h t  s ’it .im t ,t j’iui
s ’t  I Ieu, ’t iia t to i t um iu i  , i l s i i u l , I , i u t s ’ e ’ • m i t ’~~’ u u t s ’ ,itu u u ’ ss , s u i .  h” i m t  i’s i 1 s i m i , ’ I . i k s ’:. ~‘, s ’u i , ’i  , i  I h ’ s
c-support a Isit’ gs ’ q i u a ut  i t  ‘s’ 01 t s Ous ’ t si t s i . u i t k t  Out , m i t t s t  p it  I m. , ’m .11 ~ ‘ I I s ’ sp i i ’ n I  . u , ’ ’
t h i s ’ 1 j o L t ost ,tuti,’iiitt ot  i s i u v t  s ’ 1 s I , i u t k t  sl u t ,L it  ,u ,‘,‘i i C o t  cii • N i ’s ‘ ;t  ‘‘wi u  I i L , ’ , , ‘ s m  I~I
iii ’ ,‘ t i . u i ’ s i s ’ I , ‘l I , ’ ‘d m i m i  5 5 1  ( g s s t  t s sp hu i s ’ .

h ’ e ’’s~’ .‘ ,_ i s’p I ;ttikt s ’l t  W s ’ t  ~‘ pt ,‘ m ’st ’t l t  I i i t s ’’ssg i ss s t t  I its ’ ‘ .t  si,i us’ ps ’ t i , ’,l . l I t , ’

.
~

ss sl
~~’ 

I ,*itkt  ~ ut L , l t ’i t t  i I I ,‘,I I iu I is, ’ 0,1155 15 1 ~‘5 5s’~ ’ i , ’ s’ssit tp s ’:i~ ’ei p m ’ ( ’5 l , ’ltt  1 1 1 , 1 5 1 1  l ’ s s ’
t ’s.~ t it s ’ l ’ i  .u i t , t  u u u ( s ’ i , ’,’i ’ i u c-s t , i s ’ , ’ . i i i : , ~I i . ’ u  , ‘, i s i o t  , m , ’ ,’,I u i m ;  i , !, ’ m t t  u i i s ’,i 5 , 5 1 , ’ O . m j ’ l l I t  1 . 1

i_ i ’i’ , l , ’t  1 ’ i , t s l s , ~s’ s ’i ~m ’i _ i u t , I s ’ ’, ,  t , sj , m ;  1 _ 1 1 i  ~l, ’t’ s ’ s ’i’ , ’s ’ , ’s l _ m ~ . l i i , ’ C I , i , i , ’, ’ s ’u a
5 ’s ’ i u i ’i’~~s I . t  ( j i , , ’ i i i  uI ts ’ m t  I t s ’ : ; I i ’— ss’ . it  , ‘ i  ‘ ‘ s o t s i t s ’ , .  Rot i t  , ‘ i  ‘ , s , l s ’ s s t  I I  I , ’ .! l i t  I t s , ’
[s i k s ’ : i .S lmI p I 0 m m  I ’d s ’u s g s ’ sI I , ’ C is, ’ gc’m u e ’i’.u K_c t  s i t  o l I , a  , l’s , ’ I I t , , ’t  I i . a  , ‘ i ’ I u s  i i  t 1 s t  s

,tttd i t  i s ’ Os ’s ’ c i  5, _ i ,

I’ I i i i  k t s’it m’u~ui Ii I i I I i tg  sit _ i I I ut g I lii ’ m m t  5 1 , 1  us I’’’ i t s ~~t i~’ .I  l i t  ‘ 5 5  I I 5 , ’i it  t 0 1  .1
hi , ’ u s ’ s m p h s  i u i t d o t~~ t .l t lsl  h i p  s _ I t im, ’ i i  I : t m t  i I l s I m I  i , ’i t , , t  i ’ s _ u  m i t  us’ , , m u t s t  , I s ’ u t ’ . I t  I , ’’ s ’t

p 1 , m i t k I , ‘ I t  ~‘, ‘~ 5 i1 I .ut i , s iu : m i ut R.i us ’ :. I ,si,’i i I .aL, ’. 

-
~~~~~

-“
~~~
‘
~~~~~~~~~~~~~~~~~~~~~~~~

_

‘ ~~
- - .

~~~
- -  -- -- -‘ -  : _~~~~~~~~~~ .“,



~~~~~~~~~~ “~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ “ ~~~~~~~~~ ‘~~~~~~~~~ ‘~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~

Tab 1 et 7’ — —Sum uns u u’ ol c l it ot’opluy II ,m conc e ’mt t  rat  i~~ut s in  1 ito
St_i l’ I as ’ s ’ Va t  0 1’ sit  I Itt’ t eS t _ i t ’ mtu ’su In I suk e  m i t t  I’S

Iv He’s ii i  itt Ic  t’ og t’atn s pot ’ 1 it or . S viuttiss I ‘. • I s ’ S c - i  I tutu

S i t ’  .‘ S i t , ’ I S it , ‘. S it , ’ S

‘—I’m -— i c  ~
_ I i) ‘~I .i) ‘1.1) ‘1 .0

‘ — I t s — i ,  ‘‘,‘s 1.8 1.0 ‘ 1.0

‘5— I’ )— ,’ , — S . I “ .0 1 • ‘e

I l — .’ t I — , -’ .’. I , 1 ,~. I (1 , ’)

I’
0. ’e 0 . 1 ~s~~~I

1— ,’s.s— ,-‘ 5 _‘ , 0 ~~ , (l • (s h •

— ,‘~~ s) 1. .. 1 .1

/ — ,‘ s — ‘ P 0. 5 11 .1, i~ .t ’ i’s .

8 . 1 5 .’) % .I .‘, ‘s

I l — 1 ’ u — ~,’5 ,5 , 5,) ‘ s . .’

I— i ’ s  I - 
t ,  • _‘ 1’s .’e It • 1’ 0, ’,

—I ,‘- I ’ . •  1 j1 ,~~’s 5 1 5 1 5 5  ~)

c s — i 5 , — ’  - ‘ 5 ’ s, )~ t _ ’s ii . , 5 ~t • 1t 1 1 . 1 1

t ’,I

“ 5 .— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~
. , ,~~~~~ , ... .~



—~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

en en (‘4 Sri

In~ s C”i ~- - -(“I c-~ iv’s in
Si ‘-i s--s -
5-) (N 511
51) CN r’-l (“4 .-e

s-s Sri
s-So .~~~en -s -.5o O r - . -

(“I in
us i s-s  - a
51) ,_ (N (N ‘it

s-S
0.a Sri Sri

ss’\ en sr’s sri en en
in i~~.n — — — — — — —,t .

~~ ~sit r’. ‘5 ‘-5 -.1 In -‘5 ‘5 ‘
5,

‘5” (1 s—I (“i ,“i C’s) (“1 (“4 c_i’s
‘it - I.e
“i (N (“1 0

0
4’, ‘U

I., 4)
ii.) St’i -,.1’ ’ri , ”’S sri si

sit sit
‘5 -t iN -~~ U

itt. 4 1 5 ,”s - ‘- 4
> s--S sN s” ‘N ‘5,1
0 -

“5 .‘~ 5Si’)

dl 4~
1.1 .,t ~~‘1) sri s ’ s  Sri IN “1 ‘.5 Sri sN Sri -3 ‘.5 ,“ , Si

s_s .0 ., ,S’i , ‘i

~ -.5 In ‘-1 -5 in ‘.5 ‘.5 In
.0 stI r-. - .. . .. — 5”) iN U
‘s’-s 4_i 5-5’ i~’,I “s s”S s”h “i “1 s ’S
I.e 0,s-4

51) (“-1 sN ‘N
a mmsi

s_s
‘1,5 • sit

en
‘U r-. “1 5 ’ s  “i 4)

~~ ,,“ l’s-. ‘0’ IfS sri sri c-i .3 c-i c-i Sri ~t ‘ 4,J
s i t ,~-~4 ,.—, r-.. • —,, .,‘~ ‘.-s

5’..’ “5 — ‘ 5)1
d l l -. ‘-i .—S .5 .5 .5 ,- ‘5  “5
O s - ”  ‘i sN I”,) ‘ 51)

“-4 :1 C-i 5”) . -.:
4 _ i s ,  sit
sit ‘--s
o ‘i~i
“I ‘1’
5._I -5 os .  . . . . ‘5 , • 4_s
si —1’ 5)  • i ’s, , 55 . ‘ s i . ‘s ’s. , • C) • us ’s ,
dl r—~ i : , 0 . . S ~~~~~~~~~ i~~~~ C ) i  i , . • • ~~, C )  Ci
1,1 555 0 ~, ~ 5 0 0 , s ’s., C, , 0 5 ’

‘U “ 0 i .~ 0 5 5’ .’ 5’ ,’ 5’)
“4 i ’ s  0 0 5’5 t_ “I l’s

0’, ‘ - 5  5, ’ ‘, ‘s ,‘ ~, ‘1 t, s i. ‘S “s 51)
il_i ,— C  s\i ‘s 5, 0 05 ~, 05 ~., 5, s ’ s  ( ‘ 5 5 5 0 ’ , ’ ’ , ’ se -s

5” ‘5, 55 5 , 5 ‘s S’S 0 i ’s  ‘s 5 5’) 5 ‘5 , S~ 5.,’ 4 5  5 5  53)
5-5 ‘, ‘s ~, ‘, i —i ‘ 5) 5)  i ’ s 5 50 5 -‘ ‘s ’s 0’ ‘ i ’ I.e

1,_i , i ‘,‘ 1 ,, èi S -‘ s_ ”s 50 5” t~ s\’ i ’ s  (‘5 , ‘s ,
in dl ‘I’ us ’ s Si 05 ‘, ‘s i,\5 5, ‘05 ‘5 , ‘5 5 (5 .5,’5 5 ’S ‘5, ii’
4.) ii) s ’s t.’ 50 ‘ S ‘s ,5 -~ 5’ i ’ S5 ~~,~ (‘5 ‘ us 

~‘, s’s .5 5’ slI
5) I i  C) ‘, ‘s ‘5, ~~

i 50 tI ‘05 ‘s’s s ’s 55 s\’s 5” 5.’ . 5, ’ 4)
in .~~ . i , , :. ‘ i 05 , 5 5 I ’S , i S ‘ i ’ ’ ( ’  i , in

i~ ~J ‘O ‘tO
:1 41 dl

sit ii)
I 154 “—S

I’. 41 s_s
• in

-‘s-s u’s sit
51) in 45 “ iS

s_I s— S ‘ii ii)
.0 dl —, in in 1.1 st s m
in 51) 4) ‘-4
I-’ i n s t  i t s - s  a

O s~ 5.~ Si C_iS 44 ‘It sit 4) ,: ust ,) dl.
4.) 0, 1511 l”.s- 4  ~ s 154) s ’  ‘II s’s ‘0 ~i,1 ‘1) 3)

sit i i
c m’s. ~ 0. P 0.s-S . 5 Silt . -.: i ’s. s—S Ci 1.5 5
in 0 0 0 ç 9 ‘s i  Ii. I i S  i,’ L’ L’ 4.5 : 5

.5 1 , ’, O il) ‘st I.-s 4 - s
0 51) l ’ e s  5 1  i i ’

o i’s ii) ‘-4 I.e 1, “4 it ,“S ii, s - s sO 3.5
•C~ 150 ;‘•-s .t_) ‘‘, 0’s s ’s I’S 05 s

1”~ 5-0 ‘~~ L’ ‘.- sS. ‘- 5- ’ 05 •5 5 5
£1 NJ
0.

- - ‘- 

21i



Os r’. s-S ~~ ‘.o ‘-0 .s -s .-S it-I .5
pin e n s- s  a’s

Si 4.1 5.4 1.4
a a a a
0 0 0 0
U U 

~~~~~~~~ 
U

>s “0 1-4 s-S i t  v.4 I-I i t  s-S ,4 5.4
•-4 r-.. 4)~~~ ,..4~~,) ~~~ 4) ,..4~~~ 4) ,s.4~~~~ ~~W E  ~~~~~~ 

W V ’-.. O E ~~ 4 1 ’ -’. O~~~ 4 1 —..
O~~~ i~~~ U ’-.. ~~~~~~~~ 0 0 1  ~~~~~~~~ O s - S  ~~~ 0 ( 5 1

41 U ‘-I ~ ~~ ‘~~~ v.4 ~~ ~~t •~ ‘st ,..4 ~d ~, ,dtt ,C) s-I s-i ,~~~~ , 4 ,-S~~ ’s ,‘C~~4~~~~’, s-S W ~~~~~ s-4 ,-4
41 4)~~~~4) i n n )  ~~~4 ) U  i n n )  () U 4 )  i n U  ~~~U i n W
Li ~~~~~~~ s J U  ~~‘ + ~~~~ ‘ J O  ~~~~~~~~ 4_i ~~~~. sJo

co’5’~~~ 0 •~i~~~~~ 4) 0 ‘s~~~4 ) 0 1  0 ,-S s”s 4) 0
~~~E 3 . s~ I-e s-S ‘)~~C0 I-S N. ~~~ L) ’iS1 I-S V d~~~L

a enin o ’s ‘sc m’..
o r’._.l “5 .-I
4) 4.1 4.)

a aa
Cit 0 0
- 4 .  U ‘-J U 0
Q. sD i-I
o r-. 510 ‘sO 1--i ~~ s-S s”,t s-S i-I

~~~ 4 ) i~ s -4 -~ ~~~~~ ‘-S E
~~~0’5 O~~~~ -, W E  O~~~.0 ‘, ,-S iit i ’ s O U  U - ... ~~~~~ U s - I

0 . > ’. 1.4 ~evt t ’~tt ,.4 ~ ‘, •
~~‘5

i’S 41 ~‘, ‘s ’s , 4  s’S s-I 51)
a O 4 )~~~ t i n n )

O~~~, 51) ~~~‘S-’ U 4.1 0 ~~~‘5.i 4)
Li ~~~~~~~~~ 0 o s -s

a ’ s~ 1~~~”t1 I5s. I” ,”I d l i ’~ u- ,V
o a
‘i’S Sit
4.1
(it en
O r -. r”.,-I s - I,vS c’s 4_i 4.1

s-~ ~-S a a
“-I
4.1 1.4 0 0

U 0 U 0
4 1 .0 i’5,

5’-, ,-4~~~ ‘--i U s-’I
•5.4 51) “s ’,4.) it) s - l a  s-S

> (t r-. ~ a) --., ~~~~~~~~ 4 1 ’....
4 1 0  X C ’  0 o s - I  0 U ~~~ 0 5 5 1

,‘S~~~ ‘st s-S .
5’~~~5’.-i • 5~’s ~~I.e f.. ,-5 51) ~• 

.5 4-i ,-4 ,-44 _ m a  51) itt ito 4) t ’ s ’ s U  ( i t W
i n n )  a ‘S~ 4.i 4)~~~ IJ C)
4 ) 5 1 )  41 Cit O s - S  Cit~~~, 4 )  0

I-u i is~~I5,~~t0 ~-i ’sO
4 ) 4 . 4

i n . 0
f-i5 ‘.5 C’ (N N. -,5 C’ C) ,-I so

C’ ‘U in ifS (‘4 Ui (“4 I”- C’.)
51)

Ii 4.1 4.1 S_i
i.e a a a a

it ’ll 4)
s-S .0 I n  0 0 0 (5

4 5 v ’ S  ~~~~~~~ U U U ,.4 U U U 0
> 0 51) 0’ s—S r-~ s—i -~
“5 U ~~ s—I 5-’) l~ s-S “—, “-‘s N s-S “- 5’-’ U E ~“5 U s—i a

0 Vs’s ~ s - S i n  ~~~ V 4 S S ,-‘l ifl ~~~ it ) s~ s- I ”.. ~~~ 4 ) ’~i s-I ”..
‘ t i n  ~~ (it ~~~E:~~’, W s - S  0~~~~~~~ s W s - S  i~~~ 1~~~~ 4) 01 ~~~~~~~~ 4 1 1 ) 5
4 ) 5 3 )  l’s 0~~~~ 4-’s O s-S 3’s O U  O~~.4 “i O U  O s - I  t t O U  O s-S
“5 5-_S 51) s) s’s C~ ii) ~~~~‘5’t 5 ’ .~S 51) ~.~~~ t s - ’) s-S ~~~~~~~~~~~~ s-S
s-S 0 .  dl ~~~~~~ s - S O  s 0 ,~, i ’5 s - S O  ~~~~~ •~4 5 1 )  ~~~~-s •~-S s-S W

41 ‘ 1 1 U~~s~ (it ) 4 ) 1 ’ s~ in 5 ) 4 ) 5 5 5  ( i t o  5 ) 4 ) 5 ) )  ( i t O
Li ‘5~~~’. ’-0 s.I ’sO ~~~ 0 5I s J . ,5 4.1 ~~~4 ’ U  ‘1

Q’ ifl Cit i t ’ s it.’s 0 • i~~~~Cit~~~~, 0 • v’ 5 C it~~~s 0 ’O ‘t) C it~~~s O r - I
‘.~~~t05 5tt~ H s-S (“s - s~~Cs, ~~en C’s ’s5 V~, I.-’ ’-- I:) ’.mil k5 (-s m

C” 545 C’s in ‘5.3’ (55 -5
Ci’s Ci’ C’s

51) 4.) Si 1..) I.)
s-I dl a a a
.0
cit 0 0 0 0
I-, I.e U 0 ..) U 0. . )  0 . . )  0

III 
~
-‘s a ~- dl

.0 s’-’s r’I . 5”) s-I -‘. s-I ‘. s-I dl
dl i/i 5, 5)) s-4 U) ~~ it) s-I U) ~5 s-I (I) ~~ s-I ‘,,
W i - .. ~~~~~~~ stI ,-p 41 .-i O 5 ~ 41 ,-S ci~~~~ W i n
Si C’s in “ s- V’s U s-S 0 0 s-S S i ’ s ,’5 0 s-S SSt ‘5I 0 s-I
0.s-S 1.1 5’, s.’s 45 ~~~~~ 4) ~, ‘0 41 t~’,

.v’ “-S
41 51) s’s .C’, s-S U sC) ~‘, s-I U ~5) ~~‘s s-I U ~5) 4’s s-S 41

dl 05 4) lit 0 4 )  (it it O U  ‘toill ~5 5 )  ~~~~~~ ~~~ 4i si r-. ~~~Si 4.1 c”) ~~~~ SiO ‘ i S C )  0 (‘-4 ‘s.’s 15) 0 in ‘s”s 5’s) 0 0 it 5)) 0 s-_S
‘ s ’ (  I-u s-S C~i ’ ~~ f- s-S 05~~’s05 H s - 4  5 t ) t,) f-5 lJi

4)
Ii •
‘~ S 0
1/i 5. ’ (“4 C”) .4’ LI’)



S.i m i i t  . m i v  lt .is ’ t L~~~
’ i .1

R.m’s’st,iwit I..,ikt’ 1)i,’OVistt ’s’5 id,’.mi S S I S P L ’r ’ t s m m i i t  l s ’ • . S ~‘m se’ , i t  ‘ t ’ — l ’ , i ’ . s ’ ,l i s ’ , m , ‘ . s t  4 5 5 1 5 ,

~(tie ,~li _ I 0 5  SW tliiili i IisS , ~iiisI w.i t  t ’l’ i-,k t l u g ,  , i i is,l I lit ’i’t’t s i t , ’ I t  i s ;  i nj s ,- m’ t  . 1 5 5 1  t ls , it (~~~s
l.’ . l t i ’ 1 ’  l s- t ’ s.s (  ots St  . I t ~~l s ’ soul it . I ( ’ v qts~i! I t us’ t~~~i W I t  s m  — , ‘ ,~ i~ t .R ’ t t s ’ i ’ I ’ ’ , I t  1 , ’ C l . i ’ s s s s l l (  0
s i t  I ,‘s ’ 0 5 i  s i ’s I  ( ( , i ( i 5 5  f, l ” i ’’l , ii i , I  t i ’, ’ , l i  St  i t i i t s ’s s’s’.s ’ s ’ S s O  ( l~~ \ 15 . 1 s t s i  5 , s  s _ s ’ s . ’
sli_ mi ’ tss; t 1 i ’  s ; t  sls!\ l’s~’~

’ j s i~ ’, I , ’ s I s ’t ,‘ FSCS il ls ’ ~‘.(i’t s i  j , t  ,It ’m ss. I t  I i ’S s t  t u S ’ l i i i  I 054.’,
~) ( 5 ( Is O ’~’ • .1 ( 1st  .1 I, st i t O  t (~5,l I Ss ’ . 5  t ( s i 55 ~, se It I si ts t i , b k  s ’ . ‘‘ , 5 I ’ 1~’s u S  ,s s~i I I

s.isii uss,i I i . ’ , t’ t  , i iol I’S ,l ~- i i  i t  S ,  ISIs ’ S  ‘ . s s i  s I  s i s s  I S i t s ’. t 5~~, , (  i c , I  v ~‘ , - i I , ‘iI . ‘ - .

S~i tSq s h o  s’s ’I 1 ,o’ t i ’d . I t  t li~ : . , ‘‘ s’ s ’u i  I ,i I, , ‘ o t t , ’ ” I t , m ~I v s ’i  5 t i ’S. h i S ’ . s t  I s ’S I ’ ’  -
5 ’ . m i i s l  I’S I s ,  I , ‘t i .i . ,\ 1 I i t  t I , ’ Fi ’ , l s ’ is , i t  I s  s l u m’ i i i , ’ I i s ’  l s ,U I i  I s i s - , so t  - ‘, ‘ ss  us. i

W t t  t i t u s  S t i ,  1 t i n i t  S s o t  .iI’I 1 ’ s - I l L ’sI h ’ v I hi’ }‘ t ’ i i u S ’ . 5i b ’ s . i m i i . (  l ’s t ’!’ , i m  I ‘ i s ’ i s t  051 ‘ I i ’s ’  S C  i i i l ’~ s ’ i i t  s i
i t ’S S i ’i  los t  h i s s 4  l’ , ’ , s , ’ t i  s i  , ‘ . 5 s .  ( I ’  \ .  l ’ s t ’ l S t  . s~~S 5 5 ’ , I i  . ‘i o ’ :, ’ s i t  ,t 1 Ri ’ s

I~ fl . R . i t s ’t ’ t S  s.’ s,i u i s i i d , ’ i s ’,! , o u (  is : I n s t  e l  5, 55 ’ s :  ( i s ’ ‘ 5 ’ ,5 s ’O..i( 5,’ ‘1 , 5 0 \ ’ ’ - , s ’ i l ’, ’ l s
s ’ , I l e s t s d  ‘s’\ , ’ s ’ s ’ , lS  i sh ’ s 5~ ‘ si t  ~‘u i (  

~~~ ~‘.~ ‘ I  I s 5 s~ sit ! . i ii, ’ I ts ‘ l i s t l’ s ’ ,h ’ i s ’ . S t  V ‘ l , , ’ I  5 , 5 0

i’r  t Iii ’ ‘si. i s :  l i i i  105w s i t  t ’ l ’~ us,- .s s ‘oh’s ‘ s i  I i ’s S ’s mit!. . s i s I 1 I i . ’ O s ’ ,! 5 . 5 5 5  i l s - I S  - s t  us-

‘‘ l ’ o s ’ ( V , ’ ’sh m t  t l i ’ s ’ s  ~i s ( , ’ 3 i i i  t lu~’ . 3  s s , I ’ , ~i s ’ i  i s si l  s _ i - , “s ‘ s i  I i 5 i ~ ‘:~~ ,,  ‘.5 , s , 5  , ‘ ‘  I ts , ’
1,  ,i en ’  i t  3 ,‘S i i i  t he s’s is t I ~ ‘W 0 I t  ,‘ s _ i ’  5 ~- v ,  F us I s’s. . s ’s_ - s I ’ ; ’ !  s ’ s  e l  I ~‘ s ’ (  ‘ l
i t  l i t  , ‘ i s s  1 1 , iw ,, sd i i ’  ~, ‘i’ 3’S J en • , ( t  i s ’ ’. I h , iu i  se’o .; ,‘‘., ‘ s .c t s ’ ,l • ‘h s us ; s,- .s , , m (  t i s is

e t ii~~ W o t  s i t  U s _ I  ~ss.s pi m i , i  t s ‘ s i  t lu .u  t u s ’ q s s s ’ uI  I ~-s I Is, ’ i s - t i  I I es. s i s ’ s  •

l ’I”Fl-’CI’S ~‘ s )  l i l t I i ’ i ’s ; ’\ l ’~i i N :  s ’sN ‘s iRNS ’, l ’ ,-\~’l l~ R

is , s ’ t I s ’ s t i-i s’s t t lse ( s ’si ’ i ’s s i s s s l s ’ s s ’ s i  I e li  de.’swiis-it 1’ ~‘ , i5n se’,s t , ‘i ,~u u , s  I i t  us - 0 . 1 5 :  l’ s ’
s o ’ S  t o i l S  ‘ j  I i , ’~~ t s 5 5 i s F , ’ liv s ’~~i C 5 5 p . l (  I s-semi et t t t i . ’ l s l s us ’ s s ’ ,S  I . c i s , ’so S s ’ .s 1 • . i s ~ d
‘s , t s ’ s t , ’i si ,~ 5 0.11 c ts.t i s i s ’ I s t  t o t  Is, ’ 5 i (  l ist I ew mtis ~I ~‘si s t  I I i ’w . I!, ’, ’ u s  5 ’ s ’ 0 5 3  t is,’

O s ;  i i i  I I I t  V , i 3  ,‘‘ssis I , ms ~~t s i , s (  ( i i i  . 5 5  3 i i , ’ ~~t i 1 I 105W i t  05 5 5 i i ’ s  ( l i t ’ s _ I t  ,‘ 5 , ‘ss_’ ‘~~‘~~i t  s L m t i , ’i s
, ‘i 5 , 5  ‘055555(5 , i 5, ’ 0 , ’~~ V s ’,l t , ’ m I .mLs ’ s s t s ’ ‘ s s_’ , ’i  ,‘ s s s . s ’il ( ‘ 5 , 5 0 ~ ’s ’5S  I hs ’ i ’ l l  s i t ’

I lit ’ iuupot iudrn e’nt si l l  t lit’ 5 ,155 It~~i’ ’s’ ‘s , 5 ’ s ’ 3 t ’t ’  hi ~~~~~~ 1 , 11 l ii i

1 _ m i s ! , ’ I . ’ 1 : ;  .1 ,‘ u,5i1i~i I lo t j~ si ’s e(  ( h~’ ls-~ ”’~ 
j s’ , t i  , s’ t i t ’uti i s ’.t I • 

, i s s , h  l ’ s, ’ t t ’i s s ’I  i s ’s ‘s I
s I,it ,m ,‘~ s I  I,’,’ t  ~‘u, 3 (u,i i - h U t  Is 3 l i i ’ l i s t  l s:iw . iusd ~i~ i (  1 105W , 1 ( ’ , ’ ,S

i’ en~~~’r , m t  t i r e  — R,it t’r t t’mpt-i’.ut i _ i t t ’s l.’s ’i’ ,’ f l s ’ , l i ’  1’s’ ( lit’ sm u ts’ m i t  l i s i t  Ii I I: ,
i m u t  I ew .us~l ‘si t i t  t le’s.’; uss.is , imssns d i i  t s ’t’ eils ’t’ s _ m i s s  ‘i . il ” ’ . ‘l’lss’ its es ’st’ps ’su’~it I i ’s

s ’t  niii I t  
~~ 

I~’ li st ,ike ’ I i’’,’, i s  i ii  t 1st ’ sI.uis ot  r ti~
. t ’u t i ’ s ’ pi ’stO’s’ ide5! I 155 ’ s ’, i ! i m i i s  ii i t  us’ ( s ’

rs’u~uc I .ut e t lit ’ I s’rnpt ’i’ .i t t i l’t’ e t  I lit ’ 5 ) 5 ( 1  5 ls ’sw. l iii’ pel ( c v  of t l it ’ ( s ’s L i ’ s; ~~
ui , ’ , ’i’ s s is 1 0 5  m e~sss I m i t t ’ I iii’ t t’mpt ’ r O  t t i ( ’ 05 ~is 5 (limi t It ~‘1 5)55’ 1 us’ s’t ) Uis ’ ( i l , ~~. i,’ l t  i i

he w.tt , ‘i ’ t t ’iss i it ’i’ .ut t i r ~’ Ut t lit’ .luus i ,mt o R i v t ~t’ i t  t I l t ’ s’eii t ~~~~~~ , i 3  ( Its ’ R . i v ’ .t ‘ ‘ - i i

lt rm mm is ’ l m , t u i m s  i.m t .m Rivt —i ’ . insl  t he  J u m m i  i m i t  05 R l v t— r , S • S kits il ,iws sst L’ t ’ilfll I m’ens Ri ’s’ ‘ -5  , ‘s_’ i i

l’sam.

— flit ’ pH .m t t lie t n t  I s’sw , m t sd out f 1 ow r i l n g &’.d 3 t ’otii (i • 5 ’s ( s ’s S • -
s 
, s _ i s  i s i s

Wa s ceis s 1st emit wit li t Ii t’  p11 ns&’asurt’d t hroug liou t the lake. liii’ u,’,mi’ lsen
d I s i x  I s I i ’— I ’ .  I t ’ , m r lss ’ s n . mt  t ’ — O , I i’I’s ’s i i . i t  e ssvst I’m ~~, m s m s s ’d p 11 s ’ Isam iges m I s  wat  el I’s;I~~~0m ’st

t hrougli t lit ’ 1.1 kt ’ , li~i t  t lit’ t e t a l  i’I t ‘~~‘ t o I’ t lit’. tmpotmssdmt’n t i i i ’ s  (lit ’ sls ’wii .1 1 s i l l ’

pH WOs i n s ign i t  ( 5 ’ . i i i t  •

-
~~~ ~~~i~-



Table lO.——Fecal coliforin densities observed for all bacteria
sampling sites. (Colonies per 100 nilliters.
Symbol < , le ss than.)

‘3’ ‘5)1 ~~ U
s-I ) (“4 C”) 51’) ‘0 0 (N 5”) ‘5

0 5-I
5) 5-4 5) 5) Cl 4) Q) 5.~ 4) 5) 4)
Si 55.4 4.) Si S’i 4._i Si 4_i Si Si 4_i
‘S’S dl ~~ .~4 ‘,‘5 ,s-5 ~ .~,5 .,,5 .5_ S
51’, i’4 (I)  C)) LI) C)) Cl) 0 Cl) LI) 51)

5—

I)a t c

5 — 14 — 7 4  960 10 <1 <1
5— 1. 5 — 7 4  2 1 0  8
7 — 1 5 — 7 4  4 7
s — i t ’ s — i ’s ‘..l ‘~1 ‘~l <1
q— 19—74 ‘~1 <1 ‘1 <1
~— 20 —74 21 73

l1— 1J)—74 33 <1
11—20—74 2 4 1 ‘s-i

1— 07—75 5 7
1 — 0 8 — 7 5  170 18 ‘~l <1
3 — 2 0 — 7 5  530 1 <1 <1 <1
3 — 2 1 — 7 5  320

5— 2 0 — 7 5  68 ‘-1
5 — 2 1 — 7 5  6 <1 ‘-1 ‘.1
7—22—75 10 3
7— 2 3 — 7 5  <1 cl “- 1 <1
9 — 2 3 — 7 5  190 11
‘s) — 2 4 — 7 5  2 <1 ‘~l <1

1 1 — 1 9 — 7 5  180 190 4
I 1 — . :o—7 5 26 <1 <1

3—02—76 41 < 1

<1 <1 <1 2 <1 2
23  ‘.1. 2

)—12 7() <1 ~1 1 2 ‘- 1 ‘ 1
n— l6—7 6 ‘— 1 56 3 ‘s.l
7—20—76 130 < 1 1 2 ‘.1 ‘-1 4
7 — 2 1— 7 6  2 “ 1
5 — 1 7 — 7 6  390 1 1 2
8—18—76 1 2 ‘.1 1
i5 28 76 590 “si 1 2
5 1 — 2 9_ 7 6  1 ‘~1 - 10 ‘ I
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Tj hle  11 • — — F eca l  S t r e p t o c o c c i _ m s d~ m i s i t  less observed for .il I I’.,mi’t t’ r i mu
samp l ing s i t e s . (i ,~~l~~t i t e s  pet’ 100 m illIU t e r s .
S yniho 1 ‘. , I e ss t tW i ll •

) ‘~~ Cs) Li’
(N 5’) st 5 ” )  ‘s’ 0 5”) 5”S -,

0 5-5
555 55) 4) ‘1) i S.’s 555 ii)

5_i ‘4. 5.s Si Si Si 5.5 *~5 Si Si
dl “4 “-5 ‘,‘-s ‘ - -I — 5:, ‘S’S “1 ‘ .s-

(.1) 5—4 1,1’) (1) s ’S VS 5 )  0 S ’S S ‘ SO

P .m I

4 80 ~~l ‘.1

‘s— l S — 7 4  100 37
1 — 1 5 — 7 4  ‘S  ti ( ’s
7—1 6—74 8 2 3 4

16 .1 1 2
‘~— 20— 74 _‘4

1 1— 1 9—74 44 5
11—20—74 ‘4 8 ~l ‘.1

1—07—75 37 2
1— 0 8—75 193 58 ‘~1 1
3—20—75 16 ,000 27 1 ‘4 1 5
3 — 2 1 — 7 5  420
5—2 0—75
5 — 2 1 — 7 5  2 ‘.1 “1
7 — 2 2 — 7 5  81 26
7 — 2 3—7 5 ‘.1 ‘.1 4 1
9—23—75 580 140
9—24—7 5 4 12 10 16

11—19—75 36 53 4
11—20—75 14 ‘~1 ‘.1

3—02—76 18
3—03—76 ‘~1 4 5 2 2 3
5—11— 76 4 5 ‘4 6
5—12—76 ‘-1 1 1 2 si ~i
6—1 5—76 80 ‘4 ..1 10 20
6—16— 76 ‘.1. 6 3 2
7—20— 76 15 ‘4 ‘1 36 2 1 19
7— ’ 1— 7 6 8 6
8—1 7—76 84 1 2 16 ‘~1
8— 18—76 1 2 2 7
9— 2 8 — 7 6  760 1 ..1 TNT (’* ‘.4

9—2 9— 76 2 2 14 ‘-1

* Too numer ous  to count .
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Specific conductance — The specific conductance at the inflow was
generally higher than the specific conductance at the outflow. Raystown
Lake stores much of the above—normal flows, which are low in dissolved solids
and have low specific conductances; thus , the great storage capacity of the
lake contributes to the low specific conductance of the outflow. Biological
growth processes in the lake extracted nutrients from the water, and these
processes also decreased the specific conductance. Raystown Lake tended to
stabilize seasonal fluctuations in the specific conductance measured at
the inflow. This was expected because storage reservoirs generally have
an equalizing, or smoothing, effect on mineral concentrations (Churchill,
1958 , p. 456).

Alkalinity — The impoundment had the same general effect on alkalinity
as it had on specific conductance. It reduced the total alkalinity
considerably and suppressed its seasonal f luctuat ions.

Dissolved oxygen — The effect that the impoundment had on the dissolved
oxygen concentration cannot be accurately evaluated by comparing concen-
trations at the inflow and outflow, because water released through the
outflow chute was aerated. However, all measured dissolved oxygen concen-
trations for both the inflow and outflow were near saturation which suggests
that the impoundment had no detrimental effect on dissolved oxygen content.

Nitrogen — The fluc tuat ion  in the organic nitrogen concentration at
the inflow was greater than the f luc tua t ion  at the outf low. There was also
a slight decrease in the organic nitrogen concentration at the outflow.

Aimnonium—N concentrations at the outf low were greater than concentrations
at the ~nf low in seven out of nine corresponding samples.

The impoundment caused a decrease in the ni t ra te—N concentration
between inflow and outf low.  The phytoplankton r emoved the ni t rate—N faster
than it was rep lenished by runoff, rainfall, and nitrogen fixation.

Phosphoru s — The impoundment had a signif icant effect  on the removal
of phosp horu s from the water . The total—phosphorus concentrations determined
for the inflow exceeded those for the outflow in 7 out of 10 correspond ing
samples. Orthophosphate was present in 80 percen t of the samp les collected
at the inflow , but onl y in 10 percent of the samples collected at the outflow.
The uptake of orthophosphate by phytop lankton and possibly by other form s
of aquatic vegetation and the loss of orthophosphate to the lake sediments
almost completely eliminated this ion from the lake waters.

Total organic carbon — Total—organic—carbon concentrations of the
inflow were generally greater than those of the outf low. Through oxidation ,
decomposition , and settlement of organic matter , the organic carbon was
gradually lost to the lake sed iments. On November 19, 1975 , the total—
organic—carbon concentration at the outf low was almost seven times greater
than tha t of the inflow. The shore of Raystown Lake is nearly 80 percent
forested ; it is postulated tha t dead—leaf l i t ter contributed more than
anything else to the high total—organi c—carbon concentration at the outflow
on this date.
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Bzis ’ t s ’r i . t  — Ob served  f e ’c a l — c s s l i f o t ’ m d en s it  les ot the  s u r f a c e  waters
,i t l ake  site’ 5 did  not  xeee’d 1 col ois~ ’ per 100 ml., and the max imuns f e c a l —
st rs-p tococs’u s density was It s C u l ois Is ’ S p s-r  100 1111, • rhC p r esence  01 1’ ecal
csi l  i to n n  and t e’s a l  st reptococcsss bas’tt’r ia ,it t h e  o u t t l e w  i~as essentiall y
c i ins [f la t  ed , owing  to t h e  long r et  s- l i t  ion t [me in t hi’ lake2~ and t lie rap id
d i c— u t f r a t s ’ of t liese bac er hi

SI, 5 MMARY

r l i i~ ph y si ca l , c heniical , and biolog i c a l  ms ’asu rensent  s taken du r ing  t he
s t u d y per iod ins! [cute that R.iv~ t~ wii Lake is s it  gocd qua l  it and can suppor t
a ba lanced  and d i v e r s e  p l an t  and a n i ma l  p op u l at  ion . Pro f l ie  measurements
tha t included temperature , di ssolved oxygen , p it , and spec i t ic conductance
were  used to desc r ibe  some i n i t i a l  l irn i ioleg i c i t  l s ’at u rc s  of the lake.

1 iav s te s wss Lake is t hernial I y St I- .st i f  led d u r  ing summer , par t  icu l a r lv  t rons
J u ly  to September. Inverse thermal s t ru t  if i ca t  ion was observed in January
1975 , and wi l l v e ry  l i k e l y o c c u r  a n nua l l y w h i l e  the lake surface is frozen .
Tu e lake was generally homotherinous during November and March.

D isso tved—o xy gen  concent  ra t  ions rena m e d  relativel y hi gh t h roug hout
t i l e’ v e rt i c a l  w a t e r  column at s i t e s  4 and 5, except for the metalimnic
o x y gen  minimums measured in July , September , and November , 1975 , and Augus t
and September  1976 On a f ew occasion s , the re was a marked dec l ine  in t he
isypolisun ic disso lved oxygen concentrat ions at sites 2 and 3.

Neasured p11 in Raystown Lake was between 6.5 and 8.5. V e r t i ca l ly
d i s t r i bu t e d  v a r i a t i o n s  in p11 were- attributed ma inly to carbon dioxide—
b i c a r b o n a t e— c a r b o n a t e  r e a c t i o n s .

S p e c i f i c  conduc tance  generally decreased from the lake surfac e to t h e ’
lake bottom.

A d id s tudy  conducted at s i t e  4 on Ju l y 20 and 21 , 1976 showed very
l i t t l e  change in temperature , dissolved oxygen , p11, and s p e c i f i c  conduc tance
of th e surfacs- and throughout the vertical.

A l ka l i n i t y  measurements taken at the inflow , outflow , and of t his’ lake
su r f a c e  ins! ica ted  the water had a high but fering capacity, part Iculari y
.l t  t h e inflow site.

Nutrient anal yses, w h i c h  included nitrogen and phosphorus compounds ,
conduc ted on surface and bottom waters I rid icat  ed that surface &‘oncent rat  ions
ot organic ni trogen , n i t r a t e  n i t  rogen , total phosphorus , and Ott  hop liosp hat c
de-i’rs ’ased f rom sit.’ 2 to site 5. Bet torn concent rat ions of nit rats’ n itrogs-n
increased f r o m  s I t s’ 2 to s i t e  5. AVL’rag L ’ L’oncen t rat  Ions 01 ammonium , ortho—
p hospha te  and t o t a l  phosphorus were’ found  to be great er at the  b ot tom t han
at the  surface.

3/ Theoret i ca l l y ,  a comp lete exchange of wa te r  w i l l  t ake  p lace in Ra~’s tewn
Lake every 22 9 days , based on an average annual tnf low of l2ns t / s .
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GLOSSARY OF SELECTED TERMS

Aerate (v) . To charge or trea t wi th  air  or other gases , usuall y w i t h  oxvgs’n.

Al gae (i t) , algal ( ad j) .  A group of simple primit ive p lan t s  tha t live’ in wet
or damp p laces , and generall y are microscop ic in size , c o n t a i n i n g
chlorop hy ll and lacking roots , stems, and leaves.

Aliguot (n) . An equall y divided port ion of a whole samp le.

Assay (n) . Quantitative estimation of active substances by the amount ci’
their actions in standardized conditions on living organ isms or par t s
of organisms.

Bed material  (i t) . Lake bottom or stre am bottom substanc e , usuall y co n s is t i n g
of a combination of c lay,  si lt , sand , gravel , bou lde r s, or sol id rock .

Biomass (i t) . The weight of all life in a specified unit of environment.
An expression dealing with the total mass or weight of a given
community.

Blue—green al gae (n) . A group of al gae wi t h a blu e pi gmen t , in addition to
th e green chlorophy ll. Blue—green algae are the group tha t usuall y
causes nuisance conditions in water .

Decomposition (it) . The breakdown of the dead p lant and anima l tissue by
bacteria to the elemental state.

Dendritic (adj). A geometricall y shaped bod y of water that is highly
branched or has many arms.

Dia tom (it) . A group of al gae that are characterized by the presence of
silica in the cell walls , which are scul ptured with striae and oth se r
markings , and by the presence of brown pigment associated with 11w
chlorop hy ll.

Diel (adj). Periodic measurements taken throughout a 24—hour period .

Dimictic (n). A lake in which two overturns take place each year——in
spring and autumn ; therma l stratification is inverse in winte r ansi
direct in summer; typ ical of lakes in the temperate ’ zone and in hi gher
alti tudes in subtropical regions.

Dinoflagellate (n). Typicall y a unicellular alga tha t swim s by means of
two la terally at tached appendages called flagella.

Ecosystem (n). An ecolog ical system — the interaction of a group of living
organism s with their environment and the ex c hange of matter and
energy between the living and the nonliving .

Enteric (adj). Living within the intest inal tract .
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Epilimnion (n) . The upper relativel y warm , circulating zone of water in a
thermally stratified lake.

Euphotic zone ( i t ) . That reg ion in a bod y of water in which there is
sufficient light penetration for photosynthetic activity.

Feca l colifor m (n) . A bacteria group tha t thr ives in the intest ines of
warm—blooded animals , and is used as an indicator organism for recent
fecal contamination.

Fecal streptococcus (n). A bacteria group tha t thrives in the intestines
of warm—blooded an imals , part icularl y livestock and poultry, and is
used as an indicator organism for recent fecal contamination.

Green algae (it) . Algae tha t have p igments similar in color to those of
higher green plants. Some forms produce algal mats or floating “moss”
in lakes.

Genu s, genera (it). The taxonotnic category consisting of species , and the
first part of the scientific name of organisms.

Growth (it) . The increase in biomass by synthesis of living matter.

Homotherinous (adj). Same water temperature throug hout all depths of the
lake.

Hypolimn ion (n). The lover, relativel y cold , noncirculating water zone
in a thermally str atified lake.

Ion (i t) . An elec tricall y charged atom or group of atoms that results from
the loss or gain of one or more electrons: the loss of electrons
results in a positivel y charged ion (cation), the gain of electrons
is a nega t ively charged ion (anion).

L imnetic zone (it) . The euphotic zone of the open—water region of the lake .

Limnological (adj). The physical , chemical , and biolog ical aspec ts of
inland waters.

Littoral area (n). The shoreward reg ion o f a bod y of wat er where there
is suffic ient light transmitted to support attached vegetation.

Metalimnion (n). The middle layer of water in a thermall y stratified lake ,
in whic h temperat ure decreases rapidl y with dep th.

Microcr ustacean ( i i ) . Microscopic animals of the class Crustacea which
occur in the p lankton of fresh and marine waters.

Microo rganism (n). An organism tha t is invisible or barel y v isible to
the unaided eye.

Nitrogen f ixation (v). The proces s that transforms elemental nitrogen into
form s of nitrogen tha t can be used by plants in protein svuthe’sis.
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~~itr _~,~~tt , ~ ui~ . Any e hem i5’ a 1 ci eineuit • ion , or c osnpounsl l It ., I is r i’qu I red h~’
.isi organ  t stst for  the’ e’Oflt  Intui t tout o I growt ii , reprodsus’ t ton , and sit i ter

I tI e processes.

01 Igo t rc,~ h t i c  t u)  . Wat ers 01 low i tut  1’ [cuit s’Oflt cult w h I c h  c t t . i i ’ . is ’ (cr1 St t e .t  I 1 v
have lit t Ic organ Ic product  ion.

Organism ~st~ . Anvt hing t ha t is a l i v e ;  tha t t~ , rt’sp lr tu g.

0-v . ’r t t i r n n . 1’ht~ p roe’ ~‘ss ti n  wh u L e t s  h a k e  vat  e’l’ s ht ’.’outu. ’ ‘t’nnp I t ’t t ’ 1 ~‘ fin i xi ’.I

Oxid ,s t Ion I_ n) . I’[ie proc  s’s s In whit s’li s’x\’gs’st I s  .tslsl est 10 .1 subst ~snc e en hu t
wit Is’ Is .ini e I cisus’ut l s ’st s ci Cs’ t rons

Phtøt ~~s~vnt  ht ’t ’ts ( n ’I , p hu~ t~~~ ,sith~ t is.  I_ -LI I • A p r s ’ss wltt ’rc ’b~’ gr een  p l an t  ;.

ill ii i.~ c I ight .is an cut ’ n ’gv 5011 i’ s’ s’ .l t lsI  s’s iu tve r  1 c Item Ic . n l  s’cu ttp sitund  s I s . ’

s.’ .t rbehtvd r5n t “s. In  t lie p i e s .’ es’s , s. . t t ’  bs.’n .1 lox Ist~ i s n u t  i l l . r ed au th

ox v s .~cuu is r e’i eased.

I’hy top lankton (.u~) . 1’ Lint stile I ’ s’s’ us ga ls  I susis , such ~is  .~ n ( . u  h u t ,nl gas’, liv tug
unat  t .nc bed in t he  wa t er

1’ lankton I, nt ’t • The’ c ommun it V s.’t su spends’s! o t  t I oat  Ing  ~ tgan I 5555 5 1 bat
d r i t t  pass iv e l~’ wi th water currents.

Produc tivity In) . The total amount ci organ I s’ uttat t t’t pt’ odus.’ t ’d ron raw

m a t e r i al s  iii an area per until t [me.

Re’dus’t b it i,n) . ‘thic pr o~’ s’ss in wh lets ox’,-c, t ’u is i s~ st t ron .t stubst ante,’, on’
in which aut s’lt’mt’ut t gains elect rons .

R o t i f e r  (n)  . A group ol nnsanv—s.’t’l led , uit’ros5~op ie , ;itluu .it Is’ lnvertt’hrsite
an imals 01 the zocp iiinktøn .

Secetti dj~ c (ii) . A circular metal p I. ut  .‘ • 20 cen t tuue’t eu’ s In d tams’t ~‘r , th e ’
slppe ’r su r t.ls ’ e ci wh 1.’ h is shiv Idesi into tour c’quss I gr.tslrasit s inst SO

p.s h i t  i’d I li~t t  two qu~’id t’ ,ss lt  s si I res’ 1 1 v oppos I t s’ si’,’ hi sit her .1 us e  t~l , t ek

,insl t lie t n t  t ’rven tug O f t’s wit i t  s’.

Sc’sI init’nt (n )  . Fragmental mater i.ti , h u t  it mi ne ra l  and organic  • t h t . u t  Is  in
suspens ton or I s be tu g t ransport e’d by t he vat ci mass or iks s been
stepos it i’d en t be t ’et t outs o t the squat Ic cnv i rs~nunentt

S ’s t o u i  (n) . this’ mass et var ions living .intd noni lv Ing s tuhst an s’e’s In 1 he vat  •-r

I .iu s . ’e (it)  . ~ measure  s i t  t he ’ ab t i l t  v o t .u Wa I er t o  condo.- I
. t u u elec t r i . ’ .u I current .ini,t is e ’xpr esni e’st In mt s’rt imho s per cent inset er

at 2S ” & ’ .

‘i’axouwm Ic I_ad j  ) . lhav tug to do w I t  hi C lue ’ ci .iss I t  I s’at ion .und nan ing ot
s1rg~uu5 liens.
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Tropitic state (i t )  . Hav ing  to  do with n u t  r it tonal status ( i .e. , s t ags- 01
cut rophicat  ion) .

Trop ho~ enic zone (n)  . The suri’icial stratum of .u la ke ~~ w h i c h  o rgan i c
production from miuteral substancu’s takes p la ce  out the basis  of
light energy.

Tr~~ holytic zone (i t ) . The deeper par ts  ot a lake , whe r e organ ic decomp os i t ion
p redominates  because of l i glt t  d e f I c i e n c y  -

~oopiankton (n). An ima l microorgan isms liv ing unattached is-u wate r .
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