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by"  
Although the  River Nile is one o f .  the  l c r g e s t  i n  

" .  
2 t h e  world it is  no t  t he  beot'knovm r ive r .  Only few 
-, parts of the Nile system within t he  Sudan have been 
;-1 - studied equally well while most of the s tud ies  ca r r i ed  

a .  

out a re  r a t he r  i ncom~le t e  .# : Unfortunately no .detai led 
' 8  programne of c h e n i c a '  and biological  s tud ies  on Sudan- 

ese r i v e r s  had been ca r r i ed  out before t h a t  could give 
su f f i c i en t  knowledge of the  ecology of .our r i v e r  which 

w i l l  he lp  i n  pol lu t ion control.  Determination of t h e .  
b iolo@ical  e f f e c t s  and ' ind ica to rs  of d i f fe ren t  types 
of pol lu t ion under Sudanese 'condi t ions  a r e  l a rge ly  
neglected. 

During tlla past  sixty years the I l i le ,  pa r t i cu la r ly  
the  Blue Nile, has undergone hydrological r q o n s t n t c  t i o n  

causing,, a .  change. i n  its regime. Sennar Dam was -co'nb' 
s t ruc ted  i n  1925, an3 Xoseires D a n  w a s  b u i l t  i n  1966 
across the  Blue Nile. Gebel A u l i a  D a m  was completed 
in'1937 across t he  White Rile. These dams no doubt 

have t h e i r  influ?nce upon the ecology. :and ,pro duc.tlvity . . 
of these r i v e r s  s i k 6  they"create rese rvo i r s .  i n  whio'n 

, current  ve loc i ty  is.much reduced and l a k e  conditions 
a re  i n i t i a t ed .  Horeov~r ,  the Mile i s  used o r e r  a l a rge  
part' o'f i ts leng th  by towns, indust ry  and agriculture.  
Therefore it' seems beyond question t h a t  the be s t  prospect 
o f  increasing the countryq s wealth . l i e s  . i n  the-,further . . , ...... 
ix&i%dtion . . of the Nile waters (Nap 1 ) .  ~nv i ro jms$XL . ..,.l. . . "  
s c i e s t i s t d  m;e increas ingly  d m e d  by the  f a c t  . t h a t  
the  lfhi may su f f e r  from contamination. as  a ' r e s u l t  "of 

. . .  
pb&&tion p o M h  and expansion i n  +ndustry. m e  , 

preseht ' , .wkiter&ngree wiih Hynnerton (1976),. t h a t  
a  dild ' d e b c o  of eu t roB ica t i on  from industrial' and 

ag r i cu l t u r a l  develbpnent could have .a' se r ious  e f f ec t  
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on t h e  Nile becauae of the  high temperature m d  high 
%j+ 
$I- a- r ad i a t i on  i n m t s .  ~ e n c e  tho' control  of population 
2: .. 
3\ 
L-  has  t o  be a r i g i d  pract ice ,  I t  is obvious t ha t  a 
. * I  d e t a i l ed  programme to  determine ind ica to rs  of 

environmental changes i n  t he  Nile need to  be i n i t i a t e d ,  
I- 

". The present repor t  describes the  scope, nature and 

r e s u l t s  of the research ca r r i ed  out  on the Nile system 

within  the  Sudan s ince  the tu rn  of t h i s  century. . 
Inforiiiation raviewed i n  t h i s  repor t  includes prev- 
ious ly  unpublished data, mater ia l  contained i n  
accepted theses and d a t a  ext racted from published 

papers. Thesc mater ia ls  w i l l  serve a s  the baseline 
upon which the impact of any fu tu re  e f fec t  can be 

assessed and a lso  w i l l  provide some information on 
enviromenta3 changes which have occurrod i n  recent  
times. 

' Since the River Mile system covers very l a r g e  
distances,  the Blue Nile Rivcr was cho~en  to  carry  
the  s tud ies  o f  ind ica to rs  of  environmentaJ chanees. 

song thc-Bluc Nile the a r e s  most subject  t o  changes 

(Khartoum-Sennar) w a s  se lec ted  as the study area. 

Increase i n  golnilation, ialpoundment of water dams, 
and loca t ion  of f a c to r i e s  along the  Blue Nile together 

formed the c r i t e r i a  f o r  se lec t ing  the study area. 

The Nile Study G r o u ~  i s  one of seven groups . 
monitoring ind ica to rs  of environment82. changes i n  

t he  Sudan, This monitorink is par t  of ElllA Programne 
(Environmental Training and Management i n  A f r i c a )  
which i s  a collaborative project  t ha t  works with 
African i n s t i t u t i o n s  to  support environmental t ra in-  
i n g  and resourge management. Once this study had 
been completed, further research on the  Blue Nile 

a rea  was removed out o f  the EmA Programme and was 
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oonfined under a new indepmlent project on the Blue 
34.- $d -,,' 
p- Nile Watershed bIansgement i n i t i a t e d  by the Ins t i tu te  

hi: o f  Environmental Studies (IES) , University of Khartoum. 
52 I 





11. SPATIAL AND TEI-POEAL TIiAWSECTS.. 

For t h e  purpose of the present  e v a l u t i o n ' - t h e  'I.' 

~l'ue' ' ~ i l k i -  '5s ' divi'dkd intd s i x  ' zones.  (Rap 2) a long  
i t s  l eng th  wi th in  t h e  Sudanese border', thus: .. 

Zone I: -.- - -  
A zone of  n a t u r a l  r i v e r  f low n o t  a f f e c t c d  by t h e  
back water  of  Rose i r e s  d m .  5 i s  zone extends from 

I - 
Sudanese border  with E th io2 ia  t o  Rose i r e s  r e s e r v o i r .  

r -3 
Zone 11: . , L. , .. - . - .. -- .- - *. .. . . . 

The Rose i res  r e a e r v ~ i r  w i t h  a back water .  a f f e c t  

ex tending  100 km .upstream. 

Zone 111: 
A zone of f r e e  r i v e r  f l o b  not  a f f e c t e d  by t h e  back 
wa te r  of Sennar dam. It extends from Rose i r e s  dam 

t o  Sennar r e s e r v o i r .  

zone IV: 
The Sernar  r e s e r v o i r  with a back water  e f f e c t  ex tending  
140 !an upstream. 

Zone V: 
A zone o f  f r e e  r i v e r  f l o w  extending from Sennar dam 
t o  a few k i lome t re s  south  o f  Xhartoum. 

Khartoum a r e a  
Hydrobiological  i n v e s t i g a t i o n s  of t h e  N i l e  began 

wi th  casua l  observa t ions  some 80 y e a r s  ago. For  t h e  

purpose of  this  r e 5 r t % i s  per iod  o f  time c m  be 
d iv ided  i n t o  t h r e e  "erasc:, S ince  dams have profound 
in f luence  upon p r o d u c t i v i t y  an2 ecology of  r i v e r s  t h e  
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th ree  areas  were marked by the construction of d a ~ s  

Ir. across  t he  Blue Nile. Thus: 
h. .- . - *' 
i. F i r s t  era: 

iL The period ending i n  1925 before the completion 
of Sennar dam. 

Second era:  
The period beginning with the formation of 
Sennar reservoir  i n  1925 and ending i n  1966 b 

before the completion o f  Roseires dm. 

Third era: 

The period beginning with the  fornotion of 
Roseires resz rvo i r  i n  1966 t o  present date. 
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'111. THE STUDY JU?EA 

Physical  backmound of t h e  Blue Nile s y s t m  

The n i l e  3s thc second longest r i ve r  i n  the world 
flowing from i t s  d i s tan t  sowce  a t  Lake Victor ia  
( l a t i t u d e  0' 9 ' ~ )  on the C - t r n l  African ~ a k k  Plateau 
'for about 5695 km t o  i ts  mouth a t  the Mditeliranean Sea 
( l a t i t u d e  31°N.) Tho' seccnd source of t h e  sgstfm i s  
Lake . . - = .  Tana on . t he  ~ b ~ s ' i i n i a n  ~ l - k t c a u  and. which l i e s  
4600 I& may  h b m  i ts  mouth. The Nile. systun cb.iieists 
of two min r ivers :  the Vhite Nile which Aerges  f r o m  
the f ~'irner;~lrake~ an2 the Blue Ni le  which:ooyes out from 
t h e  la-kt.-!.one. The two. r i v e r s  ma& a t  t h g i ~ .  :.. .,,. . 

confluence '~MouranU a t :  Khortbum. Frop., KhqGaygh.t.he 
two Nile's cons t i tu te '  jo'intly . the M:ain N&le.. . The..; 
'topo@aphy of t he  Nlle have. been c ~ t e n s i v e l ~ y  studied 
by' Hur'st. (193,19.52) ;..Bur,st and Phi l1  ips  (1932-1945) 
an6 HuPst e t  al. (1954). I t  i s  suff ic ient  .to , (  

r ecap i tu l a t e  heFe. , 

T A B l u e  Nile: 

Tha Blue Nile flows out of Lako Tana ( a l t i t u d e  
3800 m; a rea  3100 sqm) a t  l a t i t u d e  12"'~ over. a 

8 .  . ( - ..' :. 
so r i e s  of  rap ids  and qcickly descends in to  a deep 
gorge u n t i l  i,t i n t e r s  . . the  Sudan p la in  sdu'th of Roseires 

. . '. . 
a t  l a t i t u d e  12%. Between Lako ~ n n n  and the  &dm 
p l a in  the  Blue Nile r w e i v e a  many tribut,arieo,.,gf 
t o r r e n t i a l  nature,! .which. supply most  of t he  r iver .  The 
annual. diecharge from Lako Tana is  'only  75, of t he  
corresponding water reaching Khsctom. The flood 
ocdurrlng ;atmually. a t  ~hartoume:(late ~ u n c ~ ~ c t o b e ~ )  is  
mainly ,duo' t o .  tho torrent ivl : .  r a i n s  on the  Abyssinian 
Pla teau 'which drain '  in to  .the 2ourse of. the! Bluo Nile 
by thcso t r ibu ta r ies .  The r iver  i s  .not navigable a-.. 

anywhere, except Cur short  s t re tches ,  , u n t i l  well ' d t h i n  
the  Sudaqese , . . # .  bospder. . . , I n  the, lower ..,, P.iirt . oroi  its-'Course " . "  .. I., . , ' , ,:. 
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; J:, : i n  the Sudan, t h e  Blue Ni le  r m e i v e s  two 
s 5 . -  
J .,- . 
1 : .  

t r i b u t a r i e s :  t b  Dinder and t h e  Rahad Rivers, both 
-1 ,: , 

v- 
flowing down t h e  Abyssinian Plateau.  The contr ibu- 

?+ - 
: ,:> 
!4 t i o n  of these  ~ w o  t r ibu ta r i r j s  i s  l i t t l e ,  t h e i r  
-";"' 

-8  " 
coinbinrd annual discharge ba re ly  exceeding 85 of 

" ' , .  t h a t  of the main r i v e r .  Tho contr ibut ion  of t h e ~ s  
t r ibut ;ar ies  i s  only noticeable during the r a i n y  
season on the  Abyssinian Plateau.  No other  
t r i b u t a r y  d ra ins  in to  t h e  r i v e r  u n t i l  i t  joins t h o  
White Ni le  (Map 3 ) .  

The Blue Ni le  has the  c h ~ r a c  t e r i s t i c  of . 
mountain streams. For ins tance  i t s  course i s  
genera l ly  'hdeper and i t s  bonks a r e  s teeper than  
those o f  the White Nile. A t  the peak of i t s  
f lood ( ~ u g u s t / ~  spternb s r )  the  Blue N i l e  n t  Khartoum 
may r i s e  t o  more than 5 m a3ove i t s  lowest l e v e l  
of May. Huge amounts o f  s i l t  a r e  c a r r i c d  annually ' 

by t h e  Blue DTile, exclus ively  dur ing  t h e  f lood 
period (1.a t e  ~ u n e - 0 ~  tober)  t ranspor t ing  a t o t a l  o f  

6 100-130 X 10 t o n s  of  s l  l t  annually. 

The na tu ra l  flow of t h e  Blue Nile has been 
a l t e r e d  by a r t i f i c a l  hydrological regimes within 
tho Sudan. Two dams have been b u i l t  ac ross  t h e  
Blue Nile: Sennar dam and Roseires d m .  

Sennar dam: 
Sennar dam (360 km upstream ~ h a r t o u q )  was 

9 b u i l t  i n  1925. The dam bids 1 X 10 of  water 
producing a back,+ater af fec t  f o r  140 km. The 

2 
reservofr  liss an ar0eci uf 160 km , m~ximum depth  
17 m and mean rc ten t i c i l  time of 32 days. Sennar dam 
was b u i l t  t o  s t o r e  water fo r  i r r i g a t i o n  from 
February t o  A p r i l .  

Roseires dam: 
Th i s  dam (650 km upstream ~ h a r t o u m )  was . 

9 3 completed i n  October 1966. The dam holds 3 X 10 m 
o f  water, prodwing a backwater e f f e c t  far 100 km. 

2 
T h o  r e se rvo i r  he3 an a r e a  of  290 km and maximum 
depth of 45  m. 
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Since t h e  Blue N i l 6  i s  abundantly r i c h  i n  

&p * g..-- silt during t h e  flood, a spec ia l  system is used 
F.. when i t s  water is stored.  The f i l l i n g  of the  - .\ 
$:,- 't 

r e s e r v o i r s  behird the  t w o  dms is c a r r i e d  o u t  i n  -.. 
two s t a g e s  i n  order  to avoid s d v c ~ o e  silt despos- 

;i 
-, , i t i o n .  An i n i t i a l  f i l l i n g  is c a r r i f f l  out during 

the f lood period ( ~ u l y - ~ e p t  anbe?) when most of 
t h e  water passes through t h ?  dams. When t ho  
mood subsides t h e  f i n a l  M.l l ing of  both 
r e s e r v o i r s  is completed. Usually by end of 
Novcmbor t h e  r e s e r v o i r s  reach t h e i r  f u l l  capaci t -  
i e s .  Tho unter  i n  Sennar r e se rvo i r  i s  gradual ly  
re leased f o r  i r r i g a t i o n  purposes u n t i l  April-May 
when l i t t l e  remains and condi t ions  o f  fPee r i v e r  
flow re turn .  Roseires dam i s  u t i l i z e d  i n  regul- 
a t ing  the  l e v e l  i n  Sennar r e se rvo i r .  

R a i n f a l l  : 

On the  Abyssinian Pla teau  t h e  r a i n  is heavy 
although i t  v a r i e s  with l a t i t u d e  and a l t i t u d e .  I n  
general the average annual r a i n f a l l  over the  
p la teau  is  1200 mm. There is a w e l l  marked ra iny  
season on t h e  Abyss:lnian P la teau  from June- 
Soptembsr with the maximum r a i n f a l l  occurring a t  
about tho end of 3~1~'. On the  o ther  hand t h e  
amount of r a i n f a l l  a t  Khartoum d i s t r i c t  is much 
smaller with an annual average of about. 148 mn, 
m o s t  of  t h e  r a i n  f a l l i n g  with t h e  period July- 
Septenb e r  . 



IV. IND1CA'M)RS OF H i V I R O ~ N T A L  CK4NGE 

. - .  
Ind ica to rs  o f  environmental .kh&ge' chosen i n  this . .  . .. . . --- 

work a r e  grouped i n  3 ~ a t e - r i e s :  - '  . 

A. Physical ind ica to rs  
B. Chemical ind ica to rs  
C. Biological  inCicators 

. - 
A. Phvsical  indicators :  

1. Current ve loc i ty /Disch~rge  ' 
2. Tercperatwe 

3. ~ransparency/~urbic l i ty  

4. Suspended mat ter  

B. Chemical indicators :  . . 

Conductivity . - 
8 
Dissolved oxygen 
i3'iologic& oxygen demand (B.'o.D.) 

Che ;icaJ. opjgen demand ( C .O .D. ) . .  1 

2lan t  nu t r i en t s  , , . ,  

a) P h o d ~ a t e  - Phosphorus, b) Nit ra tc  - Nitrogen . 
c) Amoniain a Nitrogen 

Henw Ket212 
a) Coppe:, b) Iro:i, c) Lead, d) Zinc, o) Nickel 
Major ions  
a) Calcium, b) Kagnesiwn, c) Potas9iwn, d) Sodium 

Orcanic p o l l ~ t a n t s  

a) ~ d r b k d e s ,  b) .Fungicides, c) Insec t i c ides  I .  

C. Biological  indicators:.  ' 
, , . .  . . .  . . I .  ,. - . 

14. Nacrophytes 
: ., .: , I  .. 15. Bacteria I ., , . .  . , ,.. . . . .  -. ,.-. - . . ... ... . 

16, Phytoplankton , 

17. Zooplankton . . . . , .  
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8% , & A =- q A.  Charncter is t ics  of Physical  Indicztors  
Ye', 
=? .. 1. Current v c l o c i t y / ~ i s c h e r ~ e  
$ 2  ; - - - - -  
stst% 
3;- D = V x A  
2. ' :. 
. a  

D = River discharge at a ce r ta in  point,  
b.+ - V = Current ve loc i ty  

A = Cross sec t iona l  a rea  o f  c e r t a i n  point  

me current  o r  discharge i n  any r i v e r  system 
plays a  major r o l e  i n  dc t smin ing  the a q ~ ~ a t i c  rJver 
hab i t a t ,  which i n  turn  determines the t y ~ e  o f  b i o t a  

u.hich l i v e  on it (Fit. 1). 

Tempe nahwes of running w n  t c r s  are  more var iab le  

than are those of standing bodies of water, but t h e i r  

absolute range i s  srnLallor.  Seasonal va r ia t ion  as well 
a s  diurnal  va r ia t ions  i n  temperatures of r i v e r s  and 

streams are  two  cha r ac t e r i s t i c s  of al l  r ive rs .  This 
va r ia t ion  i s  due t o  the many micro fac to rs  which 
operate t o  detcrnLnc the  value of temperature. 

Direct  and indi .rect  a c t i v i t i e s  of man i n t e r f e r e  t o  

change the  temperatmes of raturrd. vraters. X o s t  obvious 
r 

of these is  thomaJ. pol lu t ion,  where water i s  used i n  
cooling various indc.stria.1 processes and operations, - - -  i'n 
addi t ion to  beillg used f o r  waste disposal.  Fig. 2 
summarizes the  f twtors  determining the temperatures. ' 

of water bodies and the  influence of temperature on 

other  systems. .._ . - . . 
3. ~;~n_~~arcncy/~i&hj~e~ra t ion 

The pr incipal  importance of l i g h t  t o  aquatic , 

. . ecosystems i s  tha t  l i g h t  serves  a s  the  energy source 

t o  support prirrary food production i n  surface waters. 
Often l e s s  than 1% of sunl ight  is  changed i n t o  photo- 
synthet ic  products (Fig. 3) .  



Fifi. ( 1 )  Current Velocity o r  River Discharae - Indicator o f  Bnviromenta Chan~e 
=I 

Factors Affecting : Indicator of 
LL Indicator* s Effects  

Indicator - Environmental Change Reflecte-1 on: 

1. IJature of gradient. 
2. S u r f ~ c e  of the bed, 

3. Wind ( in very l u g e  
slow-flowing rivers).  

4. Distanco from w a t e r  
fall. 

5. Horpholosy o f  the 
ckannel . 

6. Seasonality of rain- 
f a l l  

Current Velocity 

River Discharge. 

4 
Impacts of Ran o n  Indicator: 

2. Water withdrawal. 

3. Return water uses. 

4. Flood control. 

1. Distribution of 
1 iving bio t z  , 

2. S i l t  transport. 

3 .- Temperat-me mixing. 

4. Suspended matter 



3 F ~ R .  (21 Factors affect in^ Water Temperature i n  Rivers 

Factors Affecting . Indicator o f  Indicators Effects - 
Tndicator Environmentel Change , Reflected on: 

Presence of  lakes. 
Presence of impoundments 
along the course of the 
river. 
Nature of the source o f  
the river. 
~resence/~bsen, ee of 
shading vegetation. 
~at ; . tude/~ tt i tude of 
the river. 
me-1 pollution. 
~eason/Climate. 

1. Them1 strat if icat ion,  
2. Netabolic ra tes  o f  aquatic 

l i f e .  
3. Acceleration of ra tes  of 

synthesis turd decomposition 
of organic matter. 

4. Biotic and nutrient cycles, 
5. Rate o f  growth, development 

and distribution of aquatic 
organisms. 

6 .  Time a ~ d  success of spawning, 
7. Incidence of diseases. 



z!fLm Srana~arencs a s  Indicator of Environmental Chawe 
r )  

Factors Affecting Indicator of , Indicator' s Effects 
Indicator Environmental Change Reflected on: 

1, Absorption by water. 

2. Absorption by dissolved 
or suspended material. 

3. Scattering by particles.  

1. Source of energy. 

2. Photoperiodic 
reswnses  for: 
a) regulation of 

reproduction. 
b) migration 

patterns. 



4. S~g~en~sLk!,a,t,t,er 

Inorganic p a r t i c u l a t e s  a r e  material  s held 
i n  ampension because of water turbulence, o r ,  '* 

r a r e l y ,  unusual chemical condit ions.  Most important 
is the suspension of s i l t  and clay. These a r e  
der ived from t ranspor t  i n t o  the ecosys tm ( ~ i g . 4 ) .  

B. Chemical Indica tors :  

5- ~ Q B ~ % ~ & Y & ; x  
The e lec  t r o l y t k  conduct iv i ty  of  a  so lu t ion  

of e l e c t r o l y t e s  r e f e r s  to the a b i l i t y  of the  
so lu t ion  t o  c a r r y  an elec t l d c  current .  Since 
e l e c t r i c i t y  i s  c a r r i e d  i n  t h e  solu t ion  by migrat ion 
o f  ions,  t h e  conduct iv i ty  under standard cond i t ions  
may be  expected to  bear some r e l a t i o n s h i p  t o  the 
t o t a l  ion  concentration. 

The changes i n  r i v e r  water q u a l i t y  brought 
about by modern c i v i l i z a t i o n  can  be assessed by t h e  
changes i n  t h e  na tu ra l  q u a l i t y  of water a s  measured 
i n  t h i s  p a r t i c u l a r  case  by conductivi ty,  e.g., 
changes i n  l e v e l s  of t o t a l  dissolved ions  o r  
conduct iv i ty .  

On t h e  o ther  hand, s ince  change i n  t h e  
r i v e r  discharge ( a s  a r e s u l t  o f  water impoundment 
caused 
can be 
i n  t h e  

by  man) a f f e c t  conduct iv i ty ,  conduct iv i ty  
used a s  an ind ica to r  o f  envi romenta l  changes 
r i v e r  systan (Fig.  5 ) .  

H 6 .  E- 

3' i s  t h e  logarithm of  the r ec ip roca l  of t h e  
hydrogen i o n  concentrat ion,  I t  i s  used t o  express 
how a c i d  o r  how a l k a l i n e  t h e  water is. Most important 
when cons?-dering this  parameter a r e  3ho f a c t o r s  ..'I> 

which produce the  hydrogen i o n  concentrat ion r a t h e r  



m e n d e d  Matter 8s an Indicator of Environmental Change 

Factors Affeothg Indicator of Indicator' s Effects 
Indicator - Environmental Change * Reflected on: 

1. Water turbulence. 

2, Unusual aemical 
conditiohs. 

3. Current velocity. 

4. Wave action by wind. 

1. On settlment load 
of the water body. 

I 

2. Scatter of sunlight. 

3. Depth of l ight 
penetration. 



J Fig. ( 5 1  PI Conductivits a s  an Indicator of Environmental Chawe 

Factors :Affecting L, Indicator of Indicator* s Effects  
Indicator . Environmental Change -' Reflected on: 

1. Geological nature of 
r ivers  

2. Rainfall Oonduc t i v i t y  

1, Degree of water sa l in i ty .  
2. Quality of drinking water. 
3. Distribution o f  animals 

and plants. 
4. F e r t i l i t y  of water, 
5. Level o f  ionic  pollutant 

increase i n  conductivity 
indicates  increase of ions 
i n  the source o r  discharged 
i n  the river.  
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2: .. i t s  absolute  value. Pure water is weakly d issocia ted  
3- . 
f# - and is neu t ra l  i n  reac t ion ,  i. e., H+ and OH- i ons  are . - 
f- + presen t  i n  equal proportions. If an acid, base or 

- s a l t  i s  added to this  water, it d i s s o c i a t e s  and 

c o n t r i b u t e s  H+ or OH- ions, t h u s  a l t e r i n g  t h e i r  . concentra t ions  i n  t h e  solut ion.  Big .  6 l i s t s  t h e  
d i f f e r e n t  va r i ab le  f a c t o r s  which c ause changes i n  
H p value. 

I n  aquatic environments oxygen i s  f requent ly  
a l i m i t i n g  f a c t o r  o f  major importance. Dissolved 
oxygen e n t e r s  and leaves  f'rash water through t h e  
photosynthetic or  t h e  r e s p i r a t o r y  a c t i v i t i e s  (or 
both) of the b io ta .  A l i t r e  of water i n  equilibrium 
with a i r  a t  20°c conta ins  only  6.4 m l  of oxygen. 
This  i n i t i a l  sca rc i ty  of dissolved oxygen imposed 
by physical  processes i s  o f t  en i n t e n s i f i e d  by 
sub sequent chemic a1 events. This is  p a r t i c u l a r l y  
t r u e  of waters  conta in ing l a r g e  amounts of organic 
matter  ( ~ a y l y  end Willians, 1973), Fig.7. 

8. E i o L n ~ i c a l - ~ , x ~ ~ g e s ~ T ! ~ , a ~ ~ - i ! ~ ~ ~ ~ ~ ~  
E.O.D. ( m g h )  i s  an a r b i t r a r y  measure of the  

amount of oxygen taken up by a sanple of water . 

incubated a t  2 0 ' ~  f o r  a g iven period ( 5  days). The 
amount of oxygen absorbed i s  dependent mainly on ': 

the  amoukt of  organic ma te r i a l  present  ( t h e  g rea te r  
the  amount, t h e  l a r g e r  the  danand), but  i t  should 
be s t r e s s e d  t h a t  numerous o ther  f a c t o r s  a r e  of 
s igni f icance .  The basic mechenisn of t h e  test is 
s i m i l a r  t o  t h a t  causing deoxygenation i n  s t r e m s  
po l lu t  ed by  organic wastes: b a c t e r i a  break down 
the  complex organic m a t e r i a l s  i n t o  simpler substances 
and i n  the process remove oxygen from t h e  water 
( ~ a y l y  and Williams, 1973). 



FIR. (6) as an Indicator  of Envimnmental Chanae 

Factors Affecting Indicator of  Indicator 's  Effecta 
Ind ica tor  ~arironmental -e - Reflected on: 

1. Addition o f  acids, bases 
o r  salts. 

2. Temperature. 

3. Rainfall . 
4. Areas of limestone or  

o ther  zalcium-bearing 
rocks (bicarbonate amounts. 

5. Free C02 in water. 

6. Metabolic a c t i v i t y  of 
the  biota. 

1. Extremes of  8 a f f e c t  
osmotic system o f  l i v i n g  
organisms, 

' 2. ve y low $ water often . % . - 
. contains  l a r g e  amounts 

of dissolved organic 
matter  and mall amounts 
of clacium, 4. 

3. Wh%n the  t o t a l  a l k a l i n i t y  

3 a habitat is constent, 
change is proportional  

t o  902 change and is - &herefore a useful measure; 
pf the l a t t e r .  



. . 
. F ~ R .  (71 Dissolved Omaen as an Indicator of Environmental Chanue 

Factors Affecting Indicator o f  Indicator1 s Effect 
. Indicator Environmental Change Reflected on: 

1. Current or Discharge. . . 
2. %emperature. 
3. Respiration o f  plants 

and animals. 
4. Photosynthetic a c t ~ v i t y  

of plante. 
5. Oxidation breakdown 

processes. 
6 .  Atmospheric pressure/ 

altitude . 
Dissolved 

. .  . 

1. Respiration. 

2. Photosynthesis. 



Because t h e  t i m e  requi red  fo r  comp'ietion of a 
B.O.D. analys is ,  which may be 5 days, is  too g r e a t  
f o r  the  t e s t  t o  have app l i ca t ion  i n  many s i tua t ions ,  
t h e  ana lys i s  o f  C.O.D., which r e q u i r e s  3 hr. o r  
l e s s ,  i s  o f t e n  preferred. 

The C.O.D. procedure is based on t h e  f a c t  
that most organic compounds can be oxidized t o  c e o n  
dioxide and water by s t rong oxidants  under a c i d  
oondit ions.  

Most s m p l e s  conta in  a high pexcentage of 
ma te r i a l  which can be chemically, but  n o t  b iochwic-  
a l l y ,  oxidized, such samples w i l l  have C.0  .?I. 

va lues  g r e a t e r  than t h e i r  B.O.D. va lues -  For 
example, t e x t i l e ,  paper, m i l l  end other  wastes 
conta in ing hi& concentrations of  c e l l u l o s e  have 
a high C.O.D,, but r e f i n e r y  wastes have a high B . D . ~ ;  
and low C.O.D. (Caccio 1972). 

10. Elanf -Nntrien$s, 
Nutr ients  discharged t o  a water course  promote 

b io log ica l  responses which may i n t  erf er with some 
des i red  uses  of the  water, Plankton blooms and 
excessive growths of attached a lgae  such a s  
Cladophera r e s u l t  from the  over, f e r t i l i z a t i o n  of 
l a k e s  and r ive r s .  The increaae  i n  t h e  concentra t ion  
of n u t r i e n t s  i n  a body of water i s  c a l l e d  
eut rophica t ion  and is  one o f  t h e  most important 
po l lu t ion  problems ( ~ a c c i o  1972). 

a. Phosphate - Phosphorus 
Phosp jorus i s  an important cons t i tuen t  of 

l i v i n g  organisms and o f t e n  present  i n  then i n  
s i g n i f i o ~ n t  amounts, t h e  q u a n t i t i e s  of phosphorus 



. . 
?,*, ; 
*, 
. . 

occ.urr$r& i n  most ' n a t W  waters  a r e  very, low,. 'A' 
. . .  l a r g e  propor ti& of  t h e  ph~zphorus  i n .  sur face  : 

2. . .  
f . . waters ori-gidates from munlciphl waste effluents. .  

.V A l a rge 'p ropor t ion  of t h i s  phosphorus comes from . -:., . 
household3 detergents .  Also runoff from manured , - - -- 
land: and urban runof t contr ibut  a a considerable .. 

amount of  phosphorus t o  water bodies (Maitland, 
1978 1. 

ammonia, .ni trate,  n i t r l t e  and ,organic compoupds,' . 
are t h e  k o s t  abundht forms of 'ni t rogen i n  na tu ra l  . . 
waters. 

Nitrogen is an important component of t h e  
c e l l s  of l i v i n g  organ1 q s ,  . and, t h e  amounts ava i l ab le  . . . . .: ' .' I 

. . . . . . .  . .  ! :: . 
. . . .  i n  a water,, body, though o f t e n .  mall ,  a r e  of , 

. ., , . . : t 1 7  . . . .  .. , 

major si&M'icenco ..: *..,. ti;... to.  t h e  pa tpre  of,; the k o g y s t m .  
I , . ' .  , . I  . :,. . . . . . . .  

I n  t h e  majori ty cf na tu ra l  aerobic 'waters, most 
.!.$?,.. : .  

nitrogen occurs a s  n i t r a t e .  I n  eutrophic waters 
with l a r g e  standing cropsaf a l g a e  o r  macrophyte$, 
almost"d1 t h e , n i t r a t e  pr~sent, ,may..have, been taken 
vp'!&d-'incorpo~ated in. the, ,pla.nt  cel ls . ,  In : . 

anaerobic s i t u a t i o n s ,  n i  t r a t e s  a r e  *of t e n  broken . ' . . 

down through n i t r i t e  and n i  t roue  o.xide, occasion- .. 

. .  . . .  a l l y  a s  ,far am nitrogen.  itself. I n .  addif ion; in- : 

t h e  absence of  d issa lved oxygep f r e e  amonia m a y  

occur . as  a , r e s u l t  .of. pro te in  br.eakdown. ( ~ a i t l a n d ,  ,- .:. 
. . .  . . . . . . .  1978). ,::; . r :  : . . . .  ,.: . . . . .. .I. .  . . .  , .  .... 



?? Nitrogen and phosphorus discharged t o  b water- 
I cour se  promote b i o l o g i c a l  responses  which may 

i n t e r z e r e  with some'desirsd u s e s  of  t h e  a d t e r .  
Plankton blooms and excess ive  growths of a t tached  
a g a e  k c h .  a s  Cladophera r e s u l t  from t h e  over 
f e r t i l i z a t i o n  : ~ f  l a k e s  and r i v e r &  The unaes the t i c  
appewance and odor of plankton growths make 
water  u n f i t  f o r  r e c r e a t i o n  and alfio f o r  o the r  
purposes such a s  municipal  and i n d u s t r i a l  water  
supply. The q u a n t i t i e s  o f  n i t rogen  and a l g a e  i n  . 

water  have been shown t o  l i m i t  a l gae  populat ions.  
Both a r e  common p o l l u t a n t s  e r i s i n g  from municipal 
and i n d u i t r i a l  wastes  and a g r i c u l t u r a l  runoff .  ' 

knmonie i s  favoured a s  t h e  most r e l i a b l e  
s i n g l e  parameter  f o r  measuring t h e  q u a i  t y  of 
r i v e r  water. Ammonia is p r e s e n t  i n  sewage and some 
i n d u s t r i d  was tes  and t h e  h igher  t h e  degree of 
p u r i f i c a t i o n ,  t h e  lower t h e  emmonio concen t r a t i on  
of  the  e f f l u e n t s ,  t h e  ammonia be ing  oxidized t o  

. . 
Some heavy m e t a l s  a r e  among t h e  most harmful 

of t h c  e l & e n t n l  p o l l u t a n t s .   he& elements,  which 
a r e  i n  gene ra l  t he  meta l s  i n  t h e  lower r i g h t  hand 
c o r n e r  o f  the  pe r iod i c  t a b l e ,  f a s l u d e  e s s e n t i a l  
elements l i k e  i r o n  a s  w e l l  ss t ox i c  metals l i k e  
l ead ,  cadmium and mercury. Most o f  then have a 
tremendous a f f i n i t y  f o r  sulf'ur and a t t a c k  su l fu r  
bonds i n  emymcs, t h u s  immobilizing the  enzyme 
(Manhan, 197'~). 



Copper i s  an e s s e n t i a l  t r a c e  e l m e n t ,  no't very 
toxic  t o  gnimals,  t ox ic  to -p lants  ~ n d  a lgae  a t  
moderate l eve l s .  1ts' sources are: 

- metal p la t ing ,  - i n d u s t r i a l  mil: domestic wastes, 
- mining and mineral leaching. 

b. I r o n  
I&& i s  an. e s s e n t i a l  nu t r i en t ,  a component.of 

hemoglobin. I t  i s  not very toxic.  However i t  can 
damage m s t e r i a l s  such a s  bathroom f i x t u r e s  and 
clothing.  I t s  sources a r e  corroded metal, Indust r i rL 
wastes and acid mine drainage. ' 

c. Lead I I 

Lead its a toxic substom e, I t  c.an .cAUse anenia, 
kidney diseas;; d i so rde r s  of t h e  nor7ous system and 
w i l d l i f e  des t ruct ion .  I ts  sources are industry,  
mining, plumbing, coal  and gasoline. 

d. Zinc 
Zinc is  an e s s e n t i a l  e l m e n t  i n  many metal- 

l o e n z b e s  and a i d s  he 'h ing bf wounds. However it 
can be toxic  t o  pf ant s a t  higher l eve l s .  Zinc can 
be a major component of sewage sludge l i m i t i n g  land 
disposal  of sludge. I t s  sources are: i n d u s t r i a l  
waote, metal p l a t i n g  and plumbing. 

a. C ~ l c i u n ,  B. Magnesium, c .  Potassium, 
. . .. . 

d. Sodim . !. 
Although major ions  are  genera l ly  not  

considered indic  ntor  s of po l lu t ion  or . environment al 
change, they a r e  parameters of t h e  ambient q u a l i t y  
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I :  of  water and a r e  t h e r e f o r e  included i n  s tandard 
: 

a n a l y s i s  procedures.  
3 .  

: ,  . , Calcium i o n  is  a common , cons t i t uen t  of : 4.: a ' !  
' 1  . . 

n a t w a l  vrat-s,' r e ' s u f i n g  from t h e  d X s ~ o l u t i o n  of  . . 

l imestone,  dolomite  and.gypsum. While. not u s u a l l y  
I. import an t  from a phys io log ica l  standpoint ,: .c  alc'ium 

i o n  i s  unique i n  b e i n g  d e s i r a b l e  in:modorate. 
...,I ! ' ' 

concent ra t ions .  Small, ponc en tha t ions  Eire ncc e s s a r y  
t o  f o r m  n p r 0 t k  t i v e  c o s t i n g  on t h e  i n s i d e  o f .  

'. 
i .  . . . :. . : _ ,  ( ?  .,.. : 

s t e e l  p ipes  and bo i l e r s , : bu t  high c o n c e n t q ~ t ~ o ? s  . . , - ,  . . ,.,. . .( .  . 
r e s u l t  (If; hamkul '  scale , '$orhat ion .. ?nd waste i f f . .  . . 
soap - .  by pk'ccipit . e t i o n  . .  o f  . i n s o l u b l e  . . . .  f a t t y  ac id  ' . .. ;. , . .. . L  I.'.: 

sal't'k~ ' (c ia&,  1972 ) .  , .  . i . . -,,.,. 

Unlike ca l c iun ,  which i s  phys io log ica l ly  . . . 
without effect i n  m o d e r s t e  co,ncentrat ions,  . . 

..,l' . . . .  . . . a .  

magriisiuy i o n  i n  c o n c c n t r a t i i n s '  ~ b p v e ,  325 ppm, Can.,..,,. : 
i t  . .!~.. r., ,  .... 

produce c a t h a r t i c  nnc? . d i u r e t i c  . . - L . .  ,; , e f  f e ~ t $ .  ~ i k a  , . '  . : .+ . ,, to 1 , 

~ ~ c i u m , " i ? k 6 ~ ~ u s e s  ..,. s c a l e  format ion  i n . p i p e 5  , .  and , , . .  , L- .  
b o i l e r s .  

Potassium r a n k s  seventh,  i m @ i a t e l y  below 
d . . 

and a ~ r o x i m s t d y  equal*  t o  sodium i n  r e l a t i v e  
abundance i n .  the l i t h o s p h e r e ,  bu t  it o conc e n t r a t i ~ n s  
i n  n a t u r a l  vratebs g e n e r a l l y  are much lqwer than . ,  
sodi& i o n ,  conc ont rn t ion .  

. . 
, ., , Sodium i o n  i s  found. i n  most na tu ra l  waters  . ' '..' 

and v a r i e s  i n  concen t r a t ions  from 1 ppm.oy l e s s .  t o  
.. - - .... . . 

seve ra l  hundred p a r t s  p e r  m i l l i o n  i n '  s ~ f k e  and 
. .  . .' ground waters. 

. . 
13.  Qrgagic-poLlutp&s 
 most n i l  n a t u r a l  ' r i t e r s  cdn ta in  m&a~urnble '  . , . . ,. , . .  . . . .  

concentrzition6 of organic  mat te r .  The organic . .  . . . 
m e t e r i a l s  mi& through ' t h e  nd tu ra l '  ~ r o c e s s & ~ ' o f  ' ' ' 



b i o l o g i c a l  s y n t h e s i s  and degrada t ion  and through t 
t h e  v a r i o u s  a c t i v i t i e s  o f  man. Most important of 
t h e s e  a r e  pes t i c ides ,  herb ic ides ,  i n s e c t i c i d e s  - 
and fungic ides .  Large q u a n t i t i e s  of t hese  compounds 
e n t e r  water e i  t h e r  d i r e  t l  y, i n  appl . icat ions such 
a s  mosquito c o n t r o l ,  or  i n d i r e c t l y ,  from .tile 
dra inage  of a g r i c u l t u r a l  l ands .  Most of  t h e  water- 
p o l l u t a n t  p e s t i c i d e s  belong' t o  the major groups of  
c h l o r i n a t e d  hydrocarbons and organic phosphate, of 
which the  l a t t e r  group i s  g e n c r a l l y  more biodegrad- 
able .  

An example of harmful e f f e c t s  of p e s t i c i d e s  
upon human beings i s  t h e  a c t i o n  of  DDT. Like many 
i n s e c t i c i d e s ,  DDT a c t s  upon t h e  c e n t r a l  nervous 
system, where i t  i n t e r f e r e s ' w i  t h  t h e  t r anmis ' s ion  
of  nerve  impulses; t h i s  might r e i h t  i n  sebere 
c a s e s  i n  k i l l i n g  o f  the  t a r g e t  organisn (Manhm, 
1979). 

It c a n  be summarized here t h a t  p e s t i c i d e s  may 
be carc inogenic  07,- t ox i c  t o  human beings. 

C. B i o l o ~ i c a l  I n d i c a t o r s  . . 
14. Q c i g ~ b y t g s  
Macrophytes c o n s i s t  p r i n c i p a l l y  of the a q u ~ t i c  

f lowering p l an t s ,  but a l so  inc lude  t h e  aquat ic  
mosses, l i v e r w o r t s  and f e rns .  Three\ types  of 
macrophyt e s  c a n  be i d e n t i f i e d :  f l o a t i n g ,  submersed 
and emersed. 

Macrophyt es a r e  d i s t r i b u t e d  i n  var ious  water 
bod ie s  depending on t h e  physic sl and c  henical  
c h a r a c t e r i s t i c s  of t he  ecosystem. Current  p l ays  t h e  
most important r o l e  i n  d i s t r i b u t i n g  p l a n t s  and i t  
i s  a determining f a c t o r  i n  p l a n t  e s t ~ b l i s h m e n t  



supply, t h e  q u a n t t t y  and q u a l i t y  of  l i g h t ,  reduces  
t& d a i l y  p a r i a t i o n  .between. oxygen and carbon - .-. 
d io f id s  and ,mixtimix e s  t knperature f l u c  t q a t l a n s i  . 

Most important  of: a l l ,  however, i s  i t s  e f f e c t  on ..: . 
t h e  r i v e r  bed, ,which i s  both t h e  so.uroe of! . : 

miner-&, - n u t r i e n t  and r o o t i n g  subst7!atum. 

I n  r e c e n t  y e a r s  aquat ic  macrcphytes have '  
been used a s  i n d i c a t o r s  'b-f po l lu t ion .  Some 
macropGtes  grow on ly  in' c l e a n  water;  o t h e r s  on ly  

' 

i n  pol lu ted  water and ye t  s t h i r d  group i s  . . 
i n d i f f e r e n t  .to t h e  p o l l u t i o n  ( ~ e s o u g i ,  1980 ). 

. ., 
1'5.- BsCkeri-a . -  . 

. . <  
Boc t e r i a  are very mall' mostly u n i c e l l u l a r  " ' '  

organisns.  . B a c t e r i a  spec i e s  a r e  found i n  a l l  p a r t s  

of  t h e  world . i n  mmino, f reshwater .  arid t e r r e s t r i d . ' "  
envirorments a s  f r ' ee - l iv ing  ' T o m s  and. ins'j.de t h e  : ..' 
bodies  of  many p l a n t s  and animals. B a c t e r i a  are -. 
r e spons ib l e  f o r  a l a r g e  nybeq.;ofj..plant and animal 
d i seases ,  i nc lud ing  many fatal .%o man... A s  such t h e i r  
presence i n  water can  be used a s  an i n d i c a t o r  of.  

. . 

water qua l i t y ,  e.g., s u i t a b i l i t p . . &  . . dr ink i&:o r  
. - ...--. ..-- ....... ... swinning, e tc . ,  . . . . .  

. . . . . . . .  - .. 
 stho hods t o  identify'..$nd quan t i fy  b a c t o r i a  o r e  

many, b u t  the m o s t  common . t e s t ; i s  t h e  Standard 
P l a t e  Count f o r , . t  he. indir-ec,k measuranent of v i a b l e  . . 

number o f  b a c t e r i a  i n  a water environment. T o t a l  .. !! 

Coli  form Group Densi ty Test,: which indic3ate.s the :,. . . . .  '\ ". . ' '. * I ', .T , ' 

d c g ~ e e  o f  f e c 4  p o l l u t i o n  . . i s  ;'.stsndard . test . of the. , ~. - 
s s n i t g y  . . iu&.ity of water .  . . 

. . . ,  .. ' . - 3  

. , . . :. t 



Phytoplankton may be regarded a s  one' of  t he  
bes t  b i o l o b b a l  i nd i c i t o r  s ' of envirorment a i  changes' 
which may occur i n  bodies of water. , 

The chepical  f e a tu r e s  of any body of water, 
a8 &&;,-as i t s  op t i c a l  proper t ies ,  influence t h e  
biomas-s d lve r s i  ty, species composition and r a t e s  o f .  
production of t h e  phytoplankton, Fig. 3. 

Ifi teqns,.of! biomass,, bodies of water w i t h  

high nu t r i en t  . . l eve l s  . .and ,high,.transpare.nc y.. support,. 
dense a lga l  growth. Biomass, is.  obiribusly t h e  bes t  ., . 
index . . o f  eutrophic a t ion  and heme of enviromental  
change, s ince  one of t h e  prominent . ,  phenomena 
assoc-iated with eutrophication is e x c e s s i v e . ~ ~ r b ~ t h  . , 

o f '  algae. Algal biomass .can be expressed. . a s  c e l l  
volume o r  c e l l  carbon by conversion f r o m  c e l l , .  . . 

nunbers. Chlarophll _a of waters has been ., . . 

demonstrated. , t p  c o r r e l a t e  . . well. with.@lgal biomass ' . 

expressed a s  t o t a l  vol&e. ,~&~rn@,tih o f .  :. . , .- 

chlorophyll  _a i s  t h e  simplest,  most rap id  and ,  . -  . 

most widely used method i n  determining t o t a l  a lgal  .:. 

biomass. I n  the  Blue Ni le ,  Rzgskai ,Brook & Prowse *1. . 

(1955),  alli in^.&- RZO sks"(1967) .:an$, ~ i n a d a  (1972) 
have a l l  made some 'algal counts wNch can be 
converted t o  biomass,. Unfortunately no records of , 

chlorophyll  _a have, been made. 

The e f fec t  o f  increakel  nutrientiinput i n to  a 
body ofitwater i s  also reflected i n  t h e  a$&ies-  
d ive r s i t y  ;of plankton. Hero by d ivers i ty  is'meant 
a meeswe.of the number of species. A high;:&'Yersity 

*.* * , i .  8 * 
means t h a t  ,many kinds of algae a r e  present. I n  low 
d ivers i ty  thero  i s  a monotony of a few species. A 



?, , 

h igh ly  eutrophic body of  wat&.'has a m a l l .  nmber 
o f  genera  and abundant popula t ion  whereas a less 
eutrophic one has  a popula t ion  which c o n s i s t s  of a 
vdde range  of genera and a mall number of  each 
genus. Brook (1.954) and l a t e r  Sinada (1972) 
presented comprehensive s y s t e n a t i c  accounts of t h e  
phytoplankton. Comparing t h e i r  accounts  t o  f u t u r e  
similar accounts  may throw l i g h t  on chazges i n  

I .  

d i v e r s i t y .  

I n  t e r n s  of specie  s composi t i on ,  i nc rease  i n  
n u t r i e n t  supply, change i n  o p t i c a l  p r o p e r t i e s  o f  t h e  
water  o r  t h e  changing the  regime o f  t h e  r i v e r  i s  
u s u a l l y  accompanied by t h e  appearance of new spec i e s  
which favour t he  new cond i t i ons  and t h e  disappear- 
ance o f  e x i s t i n g  spec i e s  which do not favour t h e  
new condi t ions .  Different  s p e c i e s  of a lgae  
undoubtedly have d i f f e r e n t  environmental requi re -  
ments anC i t  could be t h a t  a p a r t i c u l a r  spec i e s  
dominates i n  a p a r t i c u l a r  body of water because 
t h e  p r e v a i l i n g  cond i t i ons  favour i t .  Therefore  tho  
appearance o f  new s p e c i e s  of o rgan i sns  and the  
disappearance o f  e x i s t i n g  ones cou ld  perhaps be  
u s e f u l  i n d i c e s  of  environmmtal  changes. The 
spec i e s  l i s t  made b y  Sinada (1972) during 1968- 
1970, compared to  t h a t  made by Bropk (19%) 
during 1951-1953, shows t h a t  many s p e c i s s  appeared 
and few disappeared from the Blue N i l e .  Such a 
change i n  t h e  algal f l o r a  of t h e  Blus  N i l e  within 
t h e  s h o r t  per iod  of time of about 15 years  imp l i e s  
changes i n  t h e  environment. sirnil & spec i e s  l i s t s  
made i n  t h e  f u t u r e  dl1 help  t o  d e t e c t  chsnges i n  
t h e  env i romen t  of phytoplankton. 
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.:. . 1. Dischar~e:  ' 

< 

. . (Phe fizkt' e r a  '(1912-1926) .. - . 
r:, 

-.-'S-C--- . - . . 
~ i s c h a r ~ e  data doliected from t h e  Kin i s t ry  of 

I r r i g a t i o n  ahd. Hydroelectric Power i s  given in Table 1; i . 

The f luc tua t ion  i n .  arm& discharge ranged betwden 139 '. .,' 
3..1.. . .  . . 3 . , 

and 157 im, . :, Lowest m e 6  value recorded (9.6. rn ) was .,, , , 
. I *  . .: . i n  A2ril  during tbe period 1917-1921 . . . . . .  . . . . . .  '** .  . . ! 

I :. .... . I ' . a  
, . 

Second&a . i .  
--.i.---- I.*. ' :  ' ..: ! 

This period followed t h e  building .of  S e n n y  'dam[ . ., - .  . - . . .  
.., i. Fluctuat ibn on snnual dischzrge passing ~ h a r t o *  l i e s  ', .;, , 

be tween 132-i56 : Loyest monthly .; . mean, (10.4 'id1 recordb'd. .. , .: 1, 
- .  . 

was again i n  .April d u r i n i  "t& periods 1927-~931 i and ' 1 ., ,.-' 2. , : 
. . . .  ::,. ,.:' , 

1937-1941 .! '- ' " .'. . 1. 

.-. . " 

.. , . . _ . !  . ' . . , - Vi. .' :.. !.' I ! 
. _ .  - I .  . 

? ;ib -..- - .  . .  , . - -  . . ..;- i '  g l ; g g - g g ,  . . . .  . : . : .  . .  
I 

!ibis ei;a.%foll&ed the  building of koseires '  dam. 

. . .  The maximdischarge of w a t e r  tecorded passing Khartoum . : 
3 .. 1 . 

is 139 m . This appfoxinatcly'~'equdls . .... the lowest values,  ..: ; s.:, 

_ . _ . -  . "  -. - 
. ..:. 1 

recorded f o r  t h e . . a 5 w  mentioped two er&. Lo~ieest.~a.?.?bal:: I :  . 1 'i 
. . .  

record is 104 rmb? f o r  %he 1971-1976. 
. I ' . . .  :,I :, ' 1 1 ' .  . . . . .  . . .  . '. . . :- 1 

I I 
' ; 1: Bast 8 i g k i ~ i ; u z - t  i s ,  the  '&y l g w  ,discha& !,&pe i * 

' 3. k,! ., , 1 
during 1982 wh<&.~eached on1; 71 nim . On a n h y s i n g  the . . I #  ! . 

monthly digcharge at i;hartoua~~.hu$ing We l&st 3' ye'nrs ' 
(1980', 1981 d h  1982) 'one no t i ge s  t h a t  the  lowes t  . . .  aischarge , : 

y ; ,  values i n  .the his tory o f  &he ' s l ue  Nil-e R ive r  arb recorded,! i 1; 
' 3 3 \ . .: -1 e.g. ,  4 mm i n  February 1980, 4; 5 'mn i n ,  February 1981 and . i 

I . '  
I I . -.i.. . .  i i.; 4.4 m3 auring March 1983 .: ' ' ' 

. , I .  ; ! !. ..-- 
~he 'conoe&~cen  of these lowerdischarge values I . are . o i ,  \ 

r e f l e c t ed  i n  the aggearanceof squat$.iyeeds alon&$he ; : 

).. - . . 1 , :  

Blue Nila a t  Khartoum ( r e f e r  t o  sect ion on l~acrophy$es ... :.. . .  . 

f o r  more &tail.'s). Also a.pfe&pc,e of  new. "i l l sds  'on 



Table 1 
3 5 Years Averafze Monthly Nean Blue Nile Water Discharpe i n  mrn a t  Khartoum (Soba Station1 

. . 
Era Year f~an. iFeb. iXarchf 

t f F i r s t  
e r a  

Second 
e r a  

Third 
e r a  

Source: Ministry o f  I r r i ga t i on  and ~ ~ d r o - ~ l e c t r i c  Power. 

w 
-0 : 'ear , 

.t 



t h e  course o f  the  r i v e r  is  another indicator  of envi- 
ronmental change caused by the  human in terference w i t h  
t h e  natur&'regirne of the r iver .  

2.  ; .. . Temperature : . .  . . . .  
F i r s t  second a d  th i rd '  e r a s  

' .' . " .  : ~--.t;,,,-,,-,--,,, 

. . -, .: . . . . Water. temperature i n  the Blue Nile was found always 
.!to be .below t h e .  air temperature. The due reached 
idepends upon the season of the  year and on the time of 
! t h e .  day ,... e ,g., Desougi (1980) record2d a 1 0 : ~  di f ference 
between. a i r -  (30Pc) and water- ( 20'~) temperature a t  

(4: 40 pm) in January 1979 a t  Senna- reservoir .  , 

FJo&raby (1972) recorded temperature ranges along - . . . . - . - 
t h e  Blue Nile from Khartoum t o  the Ethiopian border t o  
be between 1 7 ' ~  and 3 0 ' ~  during the  period 1965-1970. 

Thermal s t r a t i f i c a t i o n  is absent over most of the  

Nile. Howevar, s t r a t i f i c a t i o n  is recorded i n  dam 
rese rvo i r s ,  e.g., Roseires rese rvo i r  (Hanmerton 1972 b 

and 1972 c) .  Clear va r ia t ions  along the Blue Nile in 
temperature a r e  noticed only between the Sudanese p l a in s  
and Lake Tana i n  the Ethiopian Plateau. - . .  .... 

Diurnal changes i n  temperature were recorded by 
A l i '  (1982) a t  Khartoum ranging between 23-28°~, wi th  

the  highest value at  4 pm and the  lowest at 6 am (29. 

April  1982) , I . .  

Thermal pol lu t ion i s  possible i n  the Blue Nile, 

because' the ~ u n i e d  sugar Factory uses Blue Njlle water 
i n  i ts coolin'g 9rocess. 

3. ~ r a n s ~ a r e n c ~ / l i r h t  genet:-ation; . I  ._ _... 
' F i r s t  e r a  . ------ 

No transparency data on the Blue Nile is avai lable  

ixi t h i s  period. - .  
- 

r 
r .  . I  . 

h:;,. . 'L 
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S econd-=s_ 
i. 
1 - During t h i s  per iod  t ransparency measurement of 

1.1 meters  w a s  recorded at lake  Tana on 1 2  M a ~ c h  196'4 
( T e l l i n g  and Rzoska 1967).  Gradual changes from f lood  
t o  low water cond i t i ons  caused t h e  depth of t ransparency 
t o  i nc rease  from 0 t o  0 .5  m and more (~ammerton,  1976). 
This observa t ion  on  seasbnal  changes i n  t ransparency  w a s  
a l s o  recorded a t  Khartoum by T a l l i n g  and Rzoska (1967), 
where t ransparency  dur ing  f l o o d  season ( ~ u l y - ~ e p t e m b e r )  
w'as n i l  bu t  gradual ly  s t a r t e d  to i nc rease  as t h e  flood 
passes. 

Third e r a  

Hmunerton (1972) no.t;ed t h a t  t ransparency (Secchi  
d i sc )  i nc reased  from 0.5 to 2.8 i n  t h e  r e s e r v o i r  o f  t h e  
new Rose i r e s  dam wi th  va lues  of 1.8 m a t  Sennar and 0.6 m 
a t  Khartoum. A f t e r  t h e  dan s t a r t e d  func t ioning ,  silt 
began t o  s e t t l e  down above t h e  d m ;  t h i s  increased  depth 
o f  the  euphotic zone 670 km downstream t o  Khartoum. 

4. Suspended matter :  

F i r s t  e r a  ------- 
Beam (1yGS) recorded suspended ma t t e r  i n  t he  Blue 

N i l e  water a t  Khartoum t o  be i n  t h e  range o f  4.1 ppm 
( i n  February 1905) and 993.5 ppm August 1905).  It 
should be s t r e s s e d  here  t h a t  information concerning t h e  
sediment l o a d  of t h e  Nile  is l i m i t e d  c o n ~ a r e d  t o  the  
w e d t h  of a v a i l a b l e  r i v e r  discharge d a t a ,  

Second e r a  ------- 
Measurements were taken on t h e  Blue Ni l e  (1954 and 

1955) a s  p a r t  of  the  s t u d i e s  f o r  Rose i res  d&n by t h e  
1,I inis t ry of  I r r i g a t i o n .  f he avmage  annual suspended 
sediment ( m i l l i o n  tons)  was found t o  bc 134; composed 
o f  62 m i l l i o n  tons  of sand and 72 silt  and c l a y *  Maximum 
sediment concent ra t ion ,  i n  m g / l ,  measured was 10,530 and 

1 
the maximum was 170.00. 



'Phird e r a  ----- 
Studies  on t ranspor t  o f  sediment i n  the  Blue Nile 

River'  were ca r r i ed  out by E l  Bedri (1-969/1970) during 
his Ph.D. work. El Bedri calculated t h a t  i n  the 1969 ., 
f lood period, 69 mil l ion tons of sediment were trans-  
ported past  h%artoum, of which 40 mi l l ion tons were, 

sand-si l t  and the remainder was f i n e  clay -par t ic les .  
T h e ~ e ~ f i g u r e s  compared with a t o t a l  of 36 mi l l ion tons 
i n  1968, composed of 22 mi l l ion tons of sand a n d . s i l t  
and i 4  mi l l ion tons  of clay. ' 

'Phe above values are  much lower than those obtaihed 

i n  the 1959-60-61 seasons by the hydi%logists of the 
~ i d s t r y  of I r r i g a t i o n  and H.E.P. It i s  thought tha t  
deposit ion o f  s i l t  i n  the new Roseires reservoir  is 

l a r e e l y  responsible f o r  the lower quant i ty  now trms- 
ported past  Khartoum. 

5. Conduc t iy i ty :  
Firs-b e r a  

I ----- 
S a l i n i t y  measured a s  so l i d s  i n  solut ion i n '  mm 

was found higher during the low water f l o w  than high 

flow (Beam 1906). . 

Second e r a  -. .. -- ... .- -- 
. I  Seasop3  .changes i n  conductivi ty a t  Khartoum were 

invest igated by. Tall ing and Rzoska (1967) during' 

1954-1956 an& ,were found t o  be l e s s  than two .hundred 

with n few hi'gh values (conductivity ,200,,umho/cm) . I n  
September, Harch and April  sampJes' 8rgm 1556, 1963. and 

. . 
196.4 the  .values  .redo,rded were;. . respectively,  145, 228 . . *.. and . 238. .: . . .. . . . .. , t. . ,.: ... . .. 

 ton (1972 'd) gave a range o i  1 4 0 - ~ 9 0 . ' ~ b ~ o m  
f o r  values recorded at  Khartoum i n  the  period 1965-67. 

9.. 

1 

-- 
! 



Mom.nby (1972) 
cokduct iv i t  of t h e  

du r inz  1965-1970 showed the  
slue Nile  t o  be i n  t h e  range 

120-350 uml.lo/cm. This  i n d i c a t e s  a moderate amount of 
10  

s o l u t e s  i n  so lu t ion .  The minimum values  o f  conduct iv i ty  
were found during t h e  f lood  and i r i  October and November. 
These were followed by a n  inc rease  towards January aqd 

va lues  shot  u; to  a maximum dur ing  A pril-June. hloghraby 
worked on eleven s t a t i o n s  a long  t h e  Blue Nile .  I t  
should be noted he re  t h a t  (1) d a t a  between t h e  same 
month from year  t o  :.rear vary g r e a t l y ,  e.g., du r ing  

Januai-y 1969 conduc t iv i ty  was 230 umho/cm and i n  January 

1970 it was 160 umho/cm and ( 2 )  no measurements have 

been made dur ing  f lood  periods,  except  a t  Khartoum 
s t a t i o n .  

Desougi (1980) measured t h e  conduct iv i ty  a t  Sennar 

r e s e r v o i r  i n  November 1978; he found it t o  be 145 umho/cm. 

A l i  (1982) gave t h e  value of  23 5 umho/crn at; Khartoum 

during Apr i l .  

6 .  J& 
F i r s t  e r a  . .# -------c- 
No d a t a  from t h i s  per iod  a r e  -va i lab le .  

Second e r a  ------- 
According t o  T a l l i n g  and Rzoska (1967),  the  va lues  

of a l k a l i n i t y  i n d i c a t e  t h a t  a t  equi l ibr ium wi th  atmos- 

phe r i c  carbon dioxide,  pH va lues  o f  8.1-8.3 would be 

expected, ( e . ~ .  T a l l i n g  and T a l l i n g  1965). Appreciably 
lower va lues ,  below 8.0, were focnd only i n  s i l t - l aden  

water  and probably correspond t o  i nc reased  concent ra t ions  
of carbon dioxide r e s u l t i n g  from o r g a i ~ i c  decomposition. 

H Much h ighe r  p va lues ,  around 9.0, were reached from t h e  . . 
photosynthe t ic  consumption of carbon dioxide du r ing  t h s  

two season&l mexima of  phytoplankton ( ~ a n u a r y 4 9 a r c h  and 
H ~ a y - J u n e ) .  The h ighes t  p value recorded i n  t he  Blue 



Nile,  9.2, was found ih January (16.1 
during the f irst  knabaena maximum. 

Third r r a  . ---- 
I 

.Several 'research&s have measured the.-? value i n  
t he  Blue Nile wzter during t h i s  period. Their r e s u l t s  - 

were a s  follows': , .... . . . ' I ,  

- . 1  

~ a m o r t b h  i1976) 7.9-9.1 iH during 196 5-67 
' ' at:Khartoum. 

- .  . .  , Sinada (1972) ,7.5-9.3 pH during 1968-70 at 
Khartoum. 

H Noghraby (1972) 7.4-9.4 p during 1966-70 
a t  Khartoum. 

.- a t  eleven s t a t i o i s  f rom TKhartoum to  the ~ t h i o ~ i a n  border. 
.: ' "  

~ e s o u g i  ( 1 9 8 ~ )  8.8 November 1978 Sennar reservoir .  
: A l i  (1982) 7 .9-8.7 diurnal  va r ia t ion  during ~ p r i 1 / 8 2  

' a t  Wartown, maximum a t  7:@0 and 8:00 am and lowest 
a t  1 2  midnight till 2:00 tun. 

r 

T ' i r s t  e r a  ------ 
No data are recorded f o r  t h i s  period. . . 
~ e c o i d  e ra  - . 1  

Tal l ing and Rzoska (1367) showed t h a t  during 
1953-55 i n  the Blue Nile a t  Khartoum t h e t  seasonal t rend 
f o r  surface water ind ica tes  .a moderate degree o f  s u b  

-: - , , -  *:,. . - I . f -  

. ' s a t u r a t i on  during the phase of flo6d-water, and a 
, . 

slight super-saturation during the  t w o  dgxima of 

phytoplankton. A pronounced oxygen deficienby, e.g., 
below 50% of sa tura t ion,  was never found. This oxygen 
seasonal i ty  is  accompanied with seasonal va r ia t ion  i n  
tsmperature of t he  surface water. 

Hammerton (1976) while studying the  linnology o f  
t h o  Blue Nile, before building Roseires dam, recorded 
t h a t  the percentage sa tu ra t ion  of  oxygen i n  surface 



water  v a r i e d  w i t h ~ o c c a s i o n a l  supezwmtura t ion  i n  
January-Febrwry ( Cyanophycean bloom) ; abso lu t e  

concen t r a t ions  were lower during t h e  f l o o d  period. 

Thi rd  ': ,. f 
5---.- - 
Moghraby du r ing  h i s  Ph.D. s t u d i e s  (19664970) s t a t e d  

t h a t  i n  tQe Blue Ni le  t he  strrface waters  a r e  u s u a l l y  i n  

a s t a t e  o f  s l i g h t  supe r sa tu ra t ion  (6.0 m g / ~ i t r e  = 7% 
s a t u r a t i o n )  ; During t h e  f lood,  however, moderate degree 

o f  s u b s a t u r a t i o n  i s  sometimes found. One incidence o f  

oxygen Pe$iciency below WO s a t w a t i o n  w r s  recorded a t  
Khartoum dur ing  t h e  f lood  of  1968. 

Hammerton (1972 a , b  -and 1976) r e i ~ o r t e d  t h a t  per iods  
of v a r i a b l e  deoxygenation have o c h r r e d  i n  the  Rose i r e s  

r e s e r v o i r ,  inc luding  an episode of  complete deoxygenation 

soon a f t e r  its f i rs t  f i l l i n g .  

Divsnal v a r i a t i o n s  i n  d isso lved  oxygen i n  -the 

Rose i res  r e s e r v o i r  were s tud ied  by Koghraby (196.5-70) 
He found a maximum value  of 10.4 m g / l  O 2  dur ing  t h e  

period o f  h igh  photosynthe t ic  u c t i v i  t y  a t  12100 noon 
and lowes t  value of  6.5 m g h  O 2  a t  18:00 hours. 

A l i  (1982) found diurnal v a r i a t i o n s  between 

7.8 m g / ~  and 8.2 m g / l  dur ing  A p r i l  1382. The lowest  

concent ra t ion  was recorded at 3:00 am and the  h ighes t  
one at 3:00 pm afternoon.  From t h e  above d a t a  c l e a r  

day and n i g h t  v a r i a t i o n s  i n  d isso lved  oxygen va lues  

can be seen. Oxygen sur face-supersa tura t ion  was 

recorded by T a l l i n g  and Rcoska (1967) du r ing  t h e  per iod  
o f  annu-3 phytoplankton maximum. 

8-9. B.o.D./C.O.D.: 

To da to  no s t u d i e s  for t he  3,O.D. and C e O v D e  

parameters  have been made, 



10. P l a n t  Nut r ien ts :  
a )  phosphate-~hosphorus 

g ~ s t  e r a  . . 
N o  da t a  a r e  a v a i l a b l e  f o r  t h i s  per iod.  

L 
- 8 .  

Second e r a  ------ . 0 

. : I > .  

According to  T a l l i n g  (1976) concent ra t ions  of  
so lub le  orthophosphate were about lo@--= W~-F/L i n  

' t h e  'Blue N i l e  before  t h e  main period o f  phytoplankton 
development (Prowse a n d  Ta l l i ng  1958; T a l l i n g  and 

Rzoska 1967; E-:ar~:erton 1972 d),  but  dec l ined  there- 
a f t e r  t o  LO ug  PO^-., The f i r s t  p a r t  o f  t h e  dec l ine  
may be inf luenced  by hydrological' changes upstream, 

such as t h e  cont inued dec l ine  o f  flood-water in  t h e  
Blue Nile .  This  phase included the  in i t id .  growth o f  
t h e  major d i a ton  x e l o s i r a  granuln ta  in t h e  Blue Nile 

, _ r i v e r  which occurred i n  a r e l a t i v e l y  'pho~phhle r i c h  
medium. 

, .- 

Hammerton (1972 b) measured a dec l ine  i n  phosphate . . 
and n i t r a t e  i n  t he  Rose i r e s  r e s e r v o i r  f o r  t h e  1967-68 ... . 
i n t e r  f l ood  season, t h e s e  n u t r i e n t s  a l s o  decreased, 

3 - 1  

a long  a longitudFna3 s e c t i o n  towards t h e  @in. 
, s The l a t t e r  p a r t  62 'the'-phosphate. declin'E.ob?e$ved 

'by T a l l i n g  a t  Khartoum was clue t o  uptake a s soc i a t ed  with 

dense ' phyt~planl i i t '~n  whi& inchd-&d - a W . ~ t . . b @ e - p e n  ..' 
&gae - e s p e c i a l l y  Anabaena sos -aquae  f .spiro5des. - 

I . '  , r I 

Desougi (1980) measured va lues  between 64 8i2d 70 

u$l P i n  e l even  o f  t h e  Gezira  i k r i g a t i o n  cana l s  4- , . 
betweell Nedani and Khartoum i n  January 1979. The c a n a l s  
r ece ive  t h e i r  wa te r  from Sennar rcaervoi r .  

A l i  (1982) dete;ted d iu rna l  phosphate concent ra t ions  
at  t h e  Blue Ni l e  a t  Khartouni i n  Apri-1 1982 t o  be i n  t h e  



range of 6-18 u g / ~  wi th  no obvious.changes reoorddd 

between day and night .  . . 
. . . .- .- 

Sinada (1972) r e p o r t e d  a range of  phosphate 
concen t r a t ion  a t  Khartoum t o  be between 14.0 u& 
and 300 u g / ~  during 1968-1970. 

b) N i  trate-Nitrogen: 

F i r s t  e r a  

Beam (1906) measured t h e  n i t r a t e - n i t r o g e n  f o r  one 
yea r  between November 1904 and October 1905. Itlaximum 

va lues  of 0.0 54 ppm were recorded . . in  June tvliile t h e  
- . .  

minimum value of  0.015 ppm .in January. The.re.are no 

d a t a  a v a i l a b l e  f o r  t h e  annual f lood  period ( ~ u l y ,  
August and ~ e p t e m b e r )  . 

T a l l i n g  and Rzoska (1967) showed t h a t  l a r g e  seasonal  

c h a w e s  i n  n i t r a t e -n i t rogen  take  place. During 1954-56 

per iod  t h e  f lood  water contained l a r g a  amounts of  
n i t r a t e - n i t r o e e n  occasiof ial iy  exceeding 500 u g / ~ .  
A dec l ine  to  l e v e l s  below 20 ugh occurred i n  
~ovember /~ecember  du r ing  t h e  f i r o t  maximum bloom of  
t h e  diatom Melosira  ~ r m u l a t a  and low concent ra t ions  

were maintained throughout t h e  fol lowing maximum bloom 

o f  Anabaena nos-aquae f . sp i ro ides .  However in absence 
of  &equate a n a l y s i s  o f  _upstream water,  it i s  n o t  

p o s s i b l e  t o  s epa ra t e  t h e  c'onsequenc e s  o f  subs id ing  f lood  

water  and uptake by phyto~lanlcton.  

Third e rn  ------- 
Noghraby (1972) s t s t e d  t h a t  during t h e  f lood  t h e  

n i t r a t e -n i t rogen  had a concent ra t ion  o f  0.08-C .1 m g h .  

, Thi s  r a p i d l y  decreased t o  0.002 m g / ~  o r  less a t  t h e  end 

of Decernbel~Jmuary. 



., . . ,. , . , . . , - . , - . ... - -.-. . . " . . 

Sinada  (1972) showed t h e  range of .q$frat.e c,oncen- 
t r a t i o n s  a t  Khartoum t o  -be between 80 U ~ L  and 200 ug/~. 

, . . . 
. . 

H ~ e r t o n  (1972). i n d i c a t e d  t h a t  t h e  r i i t ra te -n i t rogen  
. !  . .  

l e v e l s  at,. Khartoum ranged .between 1 100: ugh. ~ t '  
Rose i r e s  ' r e s e r v o i r  he recorded the  fol lowing poncend 
t r a t i o n s  55 ug/l i n  November 1967 and 2 U&L NO3-N i n  
KEY 1968. (1972 b) . . . . .-I .. ,-- 

Desougi measured NO -N i n  t h e  G e z i r a , . i r r i & t i o n  3 
c a n a l s  t o  , be i n  the  range o f  0.52 ~ n t ~  ~'.oo m & / ~  aki& 

, . 0;. ... . t . ..) . , , \  .. .. January.. 1979 4 ' " 
, . 

A l i  (1982) s t aked '  t h a t  at  Kh&-tom, t h e ,  Blue N i l e  
water  performs diurria3 changes in n i t r i t e - n i t r o g e n  
content  Between'O and 25 u&. 

' c )  ~&mniuni-Ni t r o  aen: . ,  
. . 

F i r s t  e r a  
---I-- 

Beam (1,306) meascred amonium-riitrogen t o  be i n  
' _  . t h e  range o f  t r a c e  l i n  December 1904) t o  0.032 &rn .' 

( i n  June 1905) ; no data n2e recorded  f o r  t he  annual 

f l ood  per iod  ( J u l y ,  August ,. September) at  Khartoum. 

The rapge of va lues  recorded was always below 
0 .O5 u g h  N ,  Tal; i n g  and ~ z o s k a '  (1967) . 

I -  

To.  d a t e  t h e r e  have been ng s t u d i e s  done on . " 

ammonium-nitrogen. , I  

J 

11. ' Heavy TJeta3s a )  Cu, b) Fe, c )  Pb, d) Zn. - - 
NO s t u d i e s  have been conducted t o  s tudy th{ heavy 

meta ls  i n  t h e  ~ l u e '  Nile River .  . . 



1 2 .  @lor  i o n s  (Ca, I r l ~ ,  K,  ~ a ) :  

Ca Z~LQZB- 
Beam (190 6 )  recorded maximum va lues  f o r  t h e  

major i o n s  i n  June 190 5 and lower va lues  i n  D& ember 
1904 a's follows: C a l c i m  25.53 and 18.4, Magnesim 
5.89 and 4.34, Potassium 1.90 and 1.4, and Sodium 

7.61 dhd 5.57 pprn. 

Secpnd e r g  --- ----- 
Green and Snow (1939) measured t h e  major i o n s  

i n  t h e  Blue N i l e  ( a t  Iviedmi 1936-37) t o  be i n  t h e  
follows:. Qalcium 20.5-23.4 mg/L, Magnesium' 4.8-5.3 
mg/l and Potassium 8.4-8.9 m&. 

T o l l i n g  and Rzoska (1967) s t a t e d  t h a t  t h e  
major ions  me&sured from Khartoum t o  Singa ( ~ l u e  
Ni le )  i n  December 1955 were a s  fo l lows:  Calcium 1.5, 

. . -  . 
Magnesium 0.72, Potassium 0.06 and sodium .47 W/L. 

Hammerton (1961/1963) found t h e  major i o n s  a t  
Khartoum t o  be Calcium 29.2, Magnesium 4.9, 
Potassium 3.7 and Sodium 3.7 m d L .  

Sinada (1972) gave a range  o f  va lues  f o r  t he  
season 1968-1970 a s  follows: Calcium 18-34.7 m g / ~ ,  
Magnasium 3.5-9.0 m g / ~ ,  Potassium 1.3:3?.3,. .and... . 
Sodium 5.0-15.0 m g / ~ .  

Moghraby (1972) summarized h i s  work a long  t h e  
Blue Ni le  dur ing  t h e  period 1966-1970 i n  t h i s  way: 
"The major i o n s  were always found i n  f a i r l y  high 
concen t r a t ions  (Calcium 12.8-28 mg/L, Magnesium 
3.6-7.8, Potassium 1.2-2.8 m g / ~  and Sodium 4.1-9.5 
m g / ~  " . . . . . 

. . Desougi (1980) gave the  fol lowing va lues  fo r  
Sennar r e s e r v o i r  du r ing  November 1978: Calcium 
18.44, Magnesium 5.10, Potassium 0.94 mg/L and 
3odium 6.90 m g / ~ .  



A l i  (1982) showed t h a t  t h e r e  a r e  no d i u n a l  
changes i n  t h e  v a l u e s  of t h e  rnnjo~* i o n s  a t  Khartoum 
d u r i n g  Apri l  w h - q - ~  h-e.recorded t h e  following: 
Calcium 20.0.-23.0 &L, ~ k n e s i u m  9.6-11.6 mg/L, ' 

~ o t a s i i u n  1;8-2,l--;&iL, and Sodium 8.7-11.2 rng/L. 

13. Organic p o l l u t a n t s :  
To d a t e  t h e r e  have been no s t u d i e s  done on 

organic  p o l l u t a n t s  i n  t h e  Blue Nile .  

C. ' ~ i o l o a i c a l  I n d i c a t o r s  

14. Macrophytes: 
Macrophytes were not abundant i n  t h e  Blue 

Nile ,  they  were assumed t o  be l e s s  important 
primary producers  t han  phytoplankton. According t o  
Desougi (1980 ) the  fo l lowing  s p ~ " i e s  were recordsd 
i n  t h e  l a k e s m  well  a s  i n  t h e  Sudanese plains:  

- Ceratoph?rllum danersum 
- Echinochloa s t a m i n a  
- N,vmphnea c a e r u l a  
- N.mphaea l o t u s  
- P i s t i a  s t r a t i o t e s  
- Typha d o m i ~ e n s i s  

Desougi also noted the  absence of' t h e  . . 
Potamoneton s p e c i e s  (P. c r i s p u s ,  P. nodosus, 
P. pec t i n a t u s  and P. p e r f o l i a t u s )  which' a r e  &y 
common i n  t h e  Gezi ra  i r r i g a t i o n  cana ls .  ' ~ o t & o ~ e t o n  
spec i e s  a r e  a1 so absent  from t h e ,  ,wgp~~, .po.oiL~~ 
"rnayasIt of  t h e  Dinder Nat iona l  ~ & k  and ~eh.a&;:' . .... 
r e s e r v o i r .  . . I : ' + "  

. . < , * 1.. a 

Andrew (1945) and Desougi (1980 ) recorded t h e  .. 
Prevalent  p lan t  s p e c i e s  i n  t h e  Sennar r e s e r v o i r  i - 
( see Table 2 ) .  Thd" absence of Po t amo~e ton  spec i e s  



P l a n t  Spec ies  Recorded b y  Andrews (1945) and 
Desowi  (1980) i n  Sennar Reservoir . 

Ceratophyllum danersum + .  + 
I1  . .- suIm er sum - 

I .  

" + '  
C h a r a g l o b u l ' a r i s  . + + 

. . . . - .  
Cynodon dac t y l o n  - + 

C yperus ro tundus + :  . . . . . . . . . . . . .  + +  

Echinoc h loa  s t sgq inn  . + --' + 
Ipomea r e p t a n s  . . . . . . . . .  + + . . 

Ha j a s  marina r . .  - .  : + 
Na jas .  pet t i n a t a  . . . + + 
Najas  schvyeinf'urthii , -, . .  - + ,. 

Nit ella bat rac  hosp.wma. .---.-.--..., . . . . . . . . .  - :+..:.,. ..... . + 
Nymphaea c ae ru l ea  .:.:, .. :, ,, . .  . . . . . .  + . -  . . . .  . . . . . . .  ..... + 
Nymphaea l o t u s  . . - - - - . .  
O t t e l i a  a l i s n o i d e s  . . +  .. - 
0 t t e l i a  u l v i f o l i a  . I L ;+ . - .-....---- ..... 
Panicum meyeraniurn ' .  -. -- + . + 
P nnicum repens - , + -. 
P i s t i a  s t r a t i o t e s  ' . . . . . . . .  . . . . . . . . . .  . . +.!. . .  + , . . . -  . - - -  . .  .... . . . . . .  . . -  . . . .  . , .  

- -_.. .- 
Polygonm ' g ~ ~ ~ ' & m .  . - , . . .  +!.\;. . +:. , . . ;  . . . . . . .  . . . : . . .  ............ . .  . . .  . . . - - B 

. . 
-..- . . . .  ~ o l y ~ i & n ,  isnigeri@, . . . . . . . . .  . . .  "+ - 

f:., . ) Y ' ,  ,.;. .;. . . . .  . !  . y . ,  . 
Spi  f age* a:: &Jp ;.' - 

. . , . > I '  . I  . , .  . , -+ -.<.;.: . 
~ t r i c ~ a r i *  "inf;'ixa . ' ' . . + : .  

I.. 
. . .  . +  . . . . . . .  . 

utsiculsFit;.: iitellarie + + 



i n  b o t h  r eco rds  is not iceable .  However t h e  l a t e r  
author recorded t h e  presence of P o t a n o ~ e t o n  c r i s p u s  
i n  Apr i l  (1981:)' i n  t h e  Blue N i l e  a t  Khartoum and . 

a long the .  Main Ni l e  up t o  t h e  surveyed 20 kni. The 
appearance o f  Potamoneton i s  a t t r i b u t e d  t o  t h e  
reduced cu r ren t  v e l o c i t y .  The p l a n t  i s  a l so  recorded 
80 km south of Khartoum a t  E l  Massodla. 

15. Periphyton. benthos and bac t e r i a :  
Although t h e  s c i e n t i f i c  and economic import- 

ance of t h e  N i l e  have l o n g  been recognized, many 
a spec t s  of i t . 3  b iology have been l a r g e l y  neglected 
and some biocenoses e s p e c i a l l y  benthos and 
periphyton have no t been examined. 

Surpr i  s ing1 y, b a c t e r i a  have no t  been s t ad i ed  
a t  all. Most of t h e  b i o l o g i c a l  s t u d i e s  have 
concent ra ted  on t h e  phytoplankton and zooplankton. 

16. The Phytoplankton: 

gJrst  =&-.(1831-1925) 
H y d r o l b i ~ l o ~ i c a l  s t u d i e s  were not c a r r i e d  

ou t  on t h e  Blue N i l e  before  the cons t ruc t ion  o f  
Sennar dam i n  1925. Indeed most of t h e  work which 
has con t r ibu ted  g r e a t l y  t o  ou r  knowledge of t h e  
ecology of t h e  N i l e  w i th in  Sudan has been c a r r i e d  
o u t  long  a f t e rwards  by members of and c o l l a b o r a t o r s  
with the  Hydrobiol.ogical Research Unit which was 
e s t ab l i shed  i n  t h e  Un ive r s i t y  of Khartoum i n  1953. 
P r i o r  t o  t h e  formation of t h e  Sennar r e s e r v o i r ,  
eco logica l  r e s s a r c h  was l a r g e l y  neglected i n  t h e  
Sudan, The on ly  m a t e r i a l  pe r t a in ing  t o  t h e  Ni l e  
cons i s t ed  of some occas iona l  no t s s  by pass ing  
b i o l o g i s t s .  These inc lude  notes  on a lgae  and f resh-  
water fauna  by Ehrenburg and Henprich ( l 8 3 l ) ,  



. . . . 
sch&&rur.th (1862), dFunow ( l 8 7 0 ) ,  Ekman (1413), 
&d& (191.6);. ~ u r r i e y  (1911 ) and Chappim (1922) ~.eam. 
(1906) indicated t h a t  t h e  p1,ankton was scanty and . 

: . 
mixed i i t h  d e t r i t u s  &Id advent i t ious  forms, a 

,, 

f inding,  which i s  i n  conformity 'wit'h o u r  pre ient  ' 
. ... . , .  . 
speculations. 

Sec,sixLeca (1925-1966 ) 
A l l  pf ,the work 'rihich has contr ibuted 

s i g n i f i c a n t l x  t o  our knowledge of the  .biology o f  
$he Nile bebifi i n  t h e  e a r l y  1950 's  long a f t e r  t h e  
cons t ruct ion  of Sennar darn. Most of th is '  work, 
however, was c a r r i e d  out within the  v i c i n i t y  of  
Khartoum. 

~ t h i o d i a n  headwaters: 
Due to the 'topography and t h e  na ture  o f  the 

ri;er on t h e  Abyssinian Plateau,  i t  i s  expected 
t h a t  the Ethiopian headwaters do no t  con t r ibu te  ' 

s i g n i f i c a n t l y  t o  the  plankton of  the  N i l e .  ~ a 1 l l . n ~  
and ~zo 'aka  (1967) sampling the Ethiopian headwaters 
during March 1964 found only  a sparse  and 
rudimentary p l  enkton popul ntion. ' 

Zone I ,  Zone I1 and Zone 111: 
Hammerton,(l970 a,b; 1971 a)  i n  three I 

d i f f e r e n t  .surveys ca r r ik  out during February 1964, 
February 1965 ?nd February 1966 found an extremely 
&apse planktdn . .. populat ion i n  400 km sect ion,  of , 

t h e  Giver upstream of Sennar darn. The diatom 
Melosira ~ r a n u l n t a  and t h e  bluegreen a lga  Anabaena 
flos-aquae - two p r i m i p a l  components of t h e  Blue 
Nile ?or th  of the Sennar r e s e ~ v o i r  were Present  i n  
;my small ziunbera around 20 cella.ml.-l * th in '  , 

tNs  s t r e t c h  of the  Nile. A l l  the  samples c o l l e c t e d  



during 1964-1966 contzined v i s ib l e  quant i t ies  of s i l t  
and f ine  sand and some organic de t r i t u s  with a Secchi 
d i sc  v i s i b i l i t y  l e s s  than 50 cm. Therefore poor l i g h t  
penetration, coupled with r e l a t i ve ly  high current 
ve loc i ty  seems to  be the  so le  f ac to r  checking the , 

development of phytoplankton within t h i s  s t r e t c h  of 
the Blue N i l o ,  before the construction of Roseires dam, 

. . 
Zone I V  (Sennar reselvoir)  : 

A s  mentioned before no hydrobiological s tudies  were 
car r ied  out within t h i s  .zone pr ior  t o  the construction 

. \ 

of Sennar dam. 

.. Hammerton' (197.0 .a, b; . 1971 a) , confirming the findings 
o.f,:Talline; and Rzoska (1967) found tha t  a s  tho water.: 
en*@red- the,  dam basin most o f .  the  silt-. s e t t l e d  out. The 
Secchi disc  v i s i b i l i t y  increased considerably r e su l t i ng  
i n  a dense phytoplankton develolanent within tb.e reseyvoir. 
hlelosira granulata increased from ad&&-20 c e l l s  I&' t o  

2140 c e l l s  ml'l i n  the.;resei-Joir. There was a s imi la r  
increase  i n  the nunbers of Anabaenaq flos-aquae . Unfortu- 
nqtely  no work w a s .  c y r i e d  . . out a f t e r  1970. , 

. 4 ,  . , 
: , , ' . '  z o k  v:' .!.:, 

: r ,  ... .,. '. . .  ...., <. ! ,: . . .  

, ... , .J, . l a l l i n g  . . . , I  . .  and Rzoaka (1967) made the  fir& lbngitudinal  
.. -. . I ., , .I, ., i .'C* ! 7 

; ?&vky of:  i ts  kind  long the Blue Nilo d u r i n g  Picember ... ,.. .,{.I. C . .  

' 1955. . They observed the t  densities of Nelosira gc reased  
. - , T  , , , I i ; ~ . ~ ~  

appreciably i n  the f i r s t  1 %  km stre'tch below the @I 

but not fu r ther  downstream. Increase i n  ~nabaena  ' 
population was much more pronounced in the lower r i v e r  
s t rb t ch  below the dam. Tall ing and Rzoska (1967) 
concl&ed' tha t '  most of the p h y t o p l ~ ~ d o h . ~ ~ b : i o m ~ s s  reabhing 
Khartoum is>$$oduced i n  t r u k  r i v e r  conditidd&:%klow 

4. ;-;, , :.,., ' 
. . 

Sennsr reservoir .  - i .  ' . . + , , ;, $ (.-. 

. . . . . .  . . . .  ,. . 



Hammerton (1970 a,b; 1971 a )  i n  h i s  kkree d i f f e r e n t  

l o n g i t u d i n a l  surveys  confirmed t h e  views of  T a l l i n g  and 
Rzoska (1967) . t h a t  the  plankton populat ion which was 
brought t o  full development i n  Sennar dam bas in  p e r s i s t e d  
as a t r u e  r i v e r  plankton throughout zone V over  350'1Qn 
downstream wi th  l i t t l e  l o s s  i n  numbers. 

Zone V I  (Khartoum): 

This zone has  b c m  thoroughly and b e t t e r  s t u d i e d  

than  o t h e r  s t r e t c h e s  o f  t he  Nile.  

Brook (1954) presented sys temat ic  account o f  t h e  
phytoplankton of t h e  Blue Ni le  from samples c o l l e c t e d  

at Khartoum between 1949-1952. Over 90 algal. t axa  were 

i d e n t i f i e d .  This  d e t a i l e d  s tudy was n o t  repea ted  u n t i l  

a f t e r  t he  comple~ ion  o f  Roseires  dam when Sinada (1972, 
unpublished) presented  a similar systematic  account (See  

below), 

Of  t he  90 t axa  repor ted  by Brook (1954) only a few 

con t r ibu ted  s i g n i f i c a n t l y  t o  t h e  t o t a l  phytoplankton . 
.. biomass. Rzoska, Brook-and Prowse (1955) and Tn l l i ng  

and Rzoska (1967) , from records  made dur ing  1 9  51-19 53 
and 1 9  54-1956, r e spec t ive ly ,  have shown t h a t  t he  dominant 

spec i e s  i n  t he  Blue Ni l e  were Melas i r a  g ranu la t a  and its 
v a r i e t y  anpust iss ima,  Anabaena flos-aquae f ,  s p i r o i d e s  
and L,yngb.ya l imen t i ca .  These f i n d i n g s  a r e  summarised 

below. . . . . 

The concen t r a t ion  o f  ?lankton was ve ry  low dur ing  
f l o o d  pe r iod -o f  July-October whcn adverse cond i t i ons  of  

r a p i d  flow and h igh  t u r b i d i t y  ex i s t ed .  A s  t he  cu r r en t  

subsided i n  November diatoms were the  first group t o  
appear  i n  numhers partictCLarly Melocira g r a n u l a t a  which 

was favoured by t h e  post-flood r e l a t i v e l y  h i g h  concentra- 

t i o n s  of n i t r a t e -n i t rogon  and phosphate-phosphorus, The 

formar n u t r i e n t  reduce t o  10-20 uglwl was r e spons ib l e  for 



'Lh'e' prixlary check. t o  t h e  increase of Molosira which ... 

wa&!s&$assed by, Anabaena flog--aquae. ': The ' l a t t e r  alga 
p;;b'd;de& hibh& p b p i L a t i i d i  ' dens i t i e s  i n  January-February 
miC.%e're:+rb6ably resijtlnsi.b~e f o r  tho deplet ion of . .  . . '  

ph'osp'hdfik .' : A declirie .of pwt'oplanlcton occurred be tw6en 
March-April a f  t i e r  'which" a s'econd maximum developed during 

~ay/e&rly June before the en t i r e  planlcton was asshed .out  

by l a t e  June. The. components of the second mycimm' .  weke 

Rlelosira granulata,  Anabaenopsis cunningtonii, 'A. 
tangafiyikaz, ~ n a b a i n a  sceremetievi , Raphidiopsis ' c w a i a  
znd Synedra acus. ~yhgb;ya limne-tica. was a minor component 
of the  m a x i m u m  of >lay-June 1956 (T i l l i ng  and Rzoska, 1967), 

although a major one i n  1953 (Rzoska & &. 1955). 
... . . . , . 

No fu r t ha r  .;eaaon& . . studies on the  phytoplanktbn oi' 
t h e  ~ l u e  Ni le  were ca r r i ed  'out between 1956 and 1962. 

I . I  , . . . . . 
, . 

Howwkr . . th8  Hydyobiological Research u n i t ,  . . Universi ty 
. . 9  

of Khartoum launched a l onp t e rm  study i n  1963 t o  determine 
t h e  impact df . tW Roseires d&:.dn' the .  b i X l o g i c ~  conditions 

of the Blue Nile. ~emmerton (1970 'a, b; 1971 a) sampling 
. . .. , 

t h e  Dlue. Nile a t  Khartoum during 1963-1966 observed 
. , ( I  . 

8 .  

seasonal cycles and succession of phyto'$lankton' which', . . . 
...-A":;, 

were remarkably . . .  predictQble and s i m i l a r  t o  tliose,'recorded 
' .  . . ' ,  

by p r k ~ i 6 ~ k .  ,, .. . wol'li$& withobt c h a n ~ e s  i? the  species 
* .  

cornpsit ion . .  . o f  the  plankton. 
, . .  

. .. . . 

. . . .  . _  . '  

' . . . ' ~~ rk l&kd~ 'T&e~I  have profound in.fluences on the  . .. . . ' " .  " , . . .  . .  ' 

'b iolodical  productiSity and ecology of r ivers .  ; . .  With . . %  .%hi.? . 

i n  mind the  Hydrobiological Research ~ i i t  (univers i ty  '6f . . 
Kharibiin) made plans i n  1963;. three  years b e f o h  the  

cbtnpletiori of kosei+es dam, t o  ca r ry  'a l o n & t h  shudy' 
o f  the  whole. 740 lart..l'ength of .  the Blue Nile t o  determine 
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before and q f t e r  the  dam was put in30 use. The valuable . - , s tud ies  ca r r i ed  out' by Brook (19541, Rzoska e t  al. (1955) , 
Tai l ing and Rzoska (1967) and Hannnerton (1970 a,b; 1 9 n  a) 
have provided nuch of  the baseline data f o r  comparison 
with conditions i n  the newly formed rese rvo i r  and i n  the 
r i v e r  a f t e r  the f i l l i n g  of t h e  I-eeervoir. 

Zone I: 

This zone i s  not a f fec ted  by the  formation of . -  - .  
rioseires' reservoir .  Within t h i s  zone normal r i v e r  . 

condit ions exis ted  with l a rge  d e t r i t u s  suspension and 

few adventi t ious organisms (Moghraby, 1972). 

Zone I1 (The Roseires Reservoir): 

The rese rvo i r  of the Roseires dam wcs f i r s t  f i l l e d  
i n  October 1966. Short ly a f t e r  t ha t ,  Hanmerton (1971 b) 
observed a moderately r i ch  pladcton i n  the reservoir ,  
wi th  Microcystis aos-aquae and Phormidium mucicola as 
important components. Microcystis became rapidly  
dominant and i n  December 1966 the surface o f  the lake 
was bright  green. It  was i n t e r e s t i ng  t o  note t h a t  
Microcystis had never previously been a major component 
of  t he  Blue Nile (Erook, 1954). Melosira aranula ta ,  , 

always an important component b f  the  Blue Nile plankton, 
was present throughout the sampling season with peak 
growths i n  November 1966, Xarch end l a y  1967. The other 
important component o f  the  Blue Nile Anabaona flos-aquae 
did  not  appear u n t i l  January 1967 and reached a peak growth 
in  February 1967. 

Die following season - November 1967 - May 1968 - . . 
the  phytoplankton of Roseires rese rvo i r  showed c o n s i d e r  
ably  heavier  ~rovr th  than during 1966-67 with t h e  dominant 

algae being the  same, namely Melosira aranulata,  Microcystis 
flos-aauae and Anabaena nos-aquae (Hmizerton, 1971 c) . 

. . Many other  slgae were prevent including P e d i a s t m  spp. 

, . 



. . - -  . 
which were pa r t i cu l a r l y  prominent. Melosira manula ta  
was already abundant i n  November 1967 and increased , 

through December t d  o. peak of 4150 c e l l s  kLgl i n '  
Januaryl968.  Durinc February 1968 there  was a sharp 
decreese, recordirq only 44 c e l l s  mlW1 in l a r c h  but 
increased again t o  5220 c e l l s  ml ' l  i n  Hay 1968. . -. 
f l icrocgst is  flos-aquae and Anabaena IZos-aquae were 

present  i n  Movember 1967 but forned dense surface 

blooms during ~ e c e n b e r ~ e h m s r ~  iSS8. I n  march 1968 
Pediastrwn sm. becane dominant while Micro c y s t i s  
reappeared i n  enormous numbers i n  l a y  1968. 

Durirtg 1969-1970 season the  Roseires rese rvo i r  
showed fu r the r  d i f ferences  from the "usualw seasonal 
cycle Yno@ l le los i ra  granulata produced a heavy growth 
in ~ovember (~aqmerton,  1972 c) . Unexpectedly Volvox 
aureus dominated t h e  p'nytoyhnkton i n  December 1969 but ., 

t h i s  disappeared i n  January 1970 t o  be replaced by a . . - ,  - 
l a r g e  growth of ~ & . a s h m  simplex var.  duodenarikn . , 
which continued throughout February 1970. It w a s  

' ' ' 8 ~ r ~ k s l r - i ~ .  t h a t  .only' t r a ce  amounts of Anabacna and 
M i c r ~ c y s t i s  were found during t ha t  season - the _. . 
f i r s t  time t h a t  blue-green algae f a i l e d  to  be a major . , 

component of  the phytoplankton o f  the  Blue Nile. . . 

It i s  apparent t h a t  the rese rvo i r  during t he  f i r s *  
three years 3' it? f i l l i n g  (1966-1970) had not s t ab i l i z ed  

.,bio,logic&Ll.y. . The seasonal cycles, and succession of . . .. . -. .. .. . ... , . 

phytoplenkton as described-.above d i f fe red  from year t o  
year. Unfortunately, a s  far a s  we are aware, no f u r t h e r  

, s tud ies  were undertaken a f t e r  1970 and it i s  not  poasible 
t o  goint  out if and when the biologic& regime of t h e  

+ .  r e s b V Q i r  and thorogughly' s t ab i l i zed .  However it can be -- . .. 
s&i%ed' th~t  t h e  fornatioh of the  ~ o ' s e i r e e  reservoir 

# 1- .. - 
, hedIbr'ought about changes i n  the  species composition and 

-' seas&kl cycles  of t he  plankton i n '  the"B1ue Nile. 



Zone 111: 

m e -  phytoplmkton  wi th in  t h i s  s t r e t c h  h a s  not  been 
g.$udied. However H m m r t o n  (1971 c )  repor ted  t h a t  
phytoplruikton d e n s i t i e s  were reduced t o  40$ of that o f  
Rose i r e s  r e s e r v o i r .  

Zone I V  (The Sennm Reservoir)  : 
Tne p h y t o ~ l a n k t o n  i n  Sennnr r e s e r v o i r  had not  beon 

s tudied:  on a  season& b a s i s  be fo re  t h e  cons t ruc t ion  o f  
Rose i r e s  dam i n 1 9 6 6 ,  However Hmnerton (1971 c ,  d. 1972 b) 
followed -the seasonal cyc les  o f  t h e  phytoplznlcton i n  t h e  
Sennar r e s e r v o i r  f o r  t h r e e  consecut ive seasons, thus: 
November 1967-May 1968, Novenber 1966-Nay 1969 and - 
November 1969-Nay 1970. H i s  f i n d i n g s  a r e  swnnlarised 
below: 

K e l o s i r a  g ranu la t a  was dominant i n  t h e  r e s e r v o i r  
du r ing  the  whole season of 1967-1968 inc reas ing  from 
3145 c e l l s  niL4 i n  November 1967 t o  a l a r g e  peak o f  
11770 c e l l s  nil-' i n  J m j .  1968, t h e n  decreas ing  t o  
1530 c e l l s  ml" i n  ?!arch befork r i s i n g  t o  a second smalley 
peak o f  5000 c e l l s  mlol i n  Hey 1968. Anabaena flos-aquae, 
co-dominant thrcughcut  rmch o f  t h e  season, a l s o  showed 
peak growtlzs i n .  Jan-ry and May 19G8 o f  4900 and 3610 
co i l - t u rns  nil'', r e spec t ive ly .  I t  is  i n t e r e s t i n 8  t h a t  
t o t a l  p o p l a t i o n  d e n s i t i e s  in Sennar r e s e r v o i r  were h i g h e r  
t han  those i n  Roseireo and stil l  h i g h e r  than  sly provious a 

r eco rds  i n  t h e  Blue Nile.  It is s t r i k i n g  t h a t  Hammerton 
(1971. c) d i d  n o t  mention LIicrocsst is  nos-aquae i n  Sennar s 

r e s e r v o i r  L I t h o u ~ $ ~  it was a co-dominant member of  t h e  
phytbylankton o f  Rose i res  r e s e r v o i r .  

During 1968-1969 two of phytoplankton growth 
were noted  i n  Sennar r e se rvo i r .  The f i r s t  per iod  s t a r t e d  
from dc tobe r  1968 to  February 1969 wi th  Melosira  6T~nUata 

I - 
bting dominant; t h e  second per iod  extended from Apr i l  J u n e  

1969 wi th  Microcys t i s  being t h e  dominant d g a  and Melos i ra  



was co-dominant. sowever, s i m i l a r  t o  conditions in 
Roseire s rese rvo i r ,  Anabaena f l o  s-aquae was Kot reported 
t o  cons t i tu te  any phase i n  t he  plankton o f  Sennar 
rese rvo i r  during t h a t  season. 

similarly during 1969-1970 season, two periods 
of maAiinGi-'ZlgEil ' e owth  were' obser?ied: a sho r t e r  period . . 

'- . '.dhring' ootbber-~eceiibkr 19769-XXh' a' dense growth 'of' 

Kelos i ra  i n  Novenber, and a  second period from March to  - . .. . .  
. June 1970. During the l a t ' t e r  period Melosira peaked in 

April ,  to  be followed by Microcystis which dominated the  
pl&ton i n  Nay 1970. 

It is in t e r e s t i ng  t o  note t h a t  Anabaena flos-aquae, 
an  alga prominent f o r  so many years  i n  t he  Blue Nile, 
became l e s s  important during November 1968-May 1970. 
Further s tud ies  .were not ca r r i ed  out a f t e r  1370 t o  
asce r ta in  tne ro l e  played by Anabaena nos-aquae i n  
Sennar rese rvo i r  a f t e r  the  construction o f  :Roseires dam. 
The f luctuat ions  in t he  dens i t i e s .  o f  Uelosira,  Microcgstis 
and ~ n a b a k i a  within the Sennar rese rvo i r  durine 1968-1970 

c losely  r e f l e c t ed  the  seasonal changes of the  numbers 
of these algae i n  Roneires reservoir .  This ind ica tes  
t h a t  the  formation o f  the  Roseires rese rvo i r  g rea t ly  
influenced '.tba.-phyto>lankton composition and qensity 
within the Sennar reservoir .  

Zone V: 

The only avai lable  longitudinal  survey ca r r i ed  out  
along t h i s  s t r e t c h  of the  Blue Nile during t he  t h i rd  

indicated t h a t  the  seasonal ~ a r i a t i o n s  . in species 
composition and dens i t i e s  o f  the--phytoplankton c losely  

re f l ec ted  the changes i n  Sennar reservoir .  However %here 
was a decrease i n  t h e  dens i t i e s  of the  major components 
o f  the phytoplankton downstream of the  S e ~ a r  dam, with 
EI s l i g h t  increase near  Khartoum (Hamr~erton, 1971 d) . The 
populations near Khartoum were l e s s  healthy than a t  Sennar. 



Sinada (1972) studied t he  phytoplaalcton o f  the 
Blue Nile during the period August 1968-December 1970. 
'Phe principal  components of the  ghytoplankton during 
t h i s  period were Melosira 'manulata, g. dis tans ,  
Synedra acus, Microcystis flos-aquae. ~nabaena'f los-aquae 

w a s  prominent only Stwing January-February 1969 

( 800-2800 coil-turns It was surpr is ing t h a t  

t h i s  blue-green a l g a  remained i n  very low numSers during 
' 

t h e  r e s t  of the period of the  above mentioned study as 
found in Roseires rese rvo i r  by Harimerton (1971 c,d. 1972 b). 

Helos i ra  t~ ranu la ta  i n  this zone showed a d e f i n i t e  and 

r egu l a r  sea:;onal. cycle. It appears i n  ~ e ~ t e m b e r / ~ c t o b e r  
and quickly es tab l i shes  e pcak i n  ~~ovcrnber/~ecember a f t e r  

which it decreases sharply t o  lower numbers which a r e  
a naintained - a ... u n t i l  May, I n  l a t e  Nay/carly June a sudden 

, summer peak occurs before being wanhed out i n  l a t e  June 

.. -. ( S-inaga -1972). This seasonal cycle o f  Melosira reported 
during 1968-1970 i s  reminiscent of t h c t  repor.ted by 

Rzoska & 2. (1955) aid Tal l ing and Rzoska (1967) 

fourteen years e a r l i e r .  

The maximum development o f  Helosira d i s tans  i n  the 

Blue Ni le  at Khartoum during 1968-1970 a l w a . y s  oc'curred 

in NovembefiDecember although it was l i k e l y  t h a t  t h i s  
period might extend u n t i l  February (Sinada 1972). - - It . .. . .._ 
is i n t e r e s t i n e  t o  note t h a t  t h i s  diaton was not reported 

in  the  Blue Nile before 1968. - .. 

Micro,cystio . floc-aauae a t t a i n s  i ts maximum develop- 

ment during F e b r u a ~ ~ M a y _  al-though* the magnitude may vary 

considerably from year to  year. The period July-October 

is obviously unfavourable f o r  the  growth of all algae. 
Signif icant  increase i n  numbers of Microcystis occure 

i n  November-December (Sinada 1972). 



Synedra acus showed d e f i n i t e  recurref i t  peaks during 

November-December and 15ay-early June. 

Sinada (1972) showed that  t h e  annual f l ood  of  ,the 
Blut: N i l e  is t h e  most important f s c t o r  l i m i t i n g  numbers 
o f  phytoplankton'. The. s c a r c i t y  of  plslnktonic a lgae  
dur ing  t h e  f lood ,  d e s p i t e  of  h i g h  n u t r i e n t  concen t r a t ions . :  

is a t t r i b u t a b l e  to  t he  h igh  s i l t  content  ( S  4 gl-l 

suspended mat te r ) .  The Secch i  d i s c  v i s i b i l i t y  dur ing  ' 

t h e  f l o o d  season i s  i n  t h e  very low range o f  0-5 cm. 
In a d d i t i o n  the  c u r r e n t  v e l o c i t y  may be as h i &  a s  

1.8 m secol compared t o  +0.09 m secgl during Nay/early 

June when t h e  second maximum of  a l g a l  erowth occurs.  . .-. 
The inc rease  i n  d g a l  d e n s i t i e s  begins i n  l a t e  0ctober/  
e a r l y  Novelhber when the  c u r r e n t  subsiclcs ( v e l o c i t y  
4 0.35 m sec-l)  and m o s t  of t h e  s i l t  s e t t l e s '  ou t  (Sccchi  
d i s c  visibility 20 cm). Thsrefore poor l i g h t  pene t r a t ion  

coupled w i t h  hi .rh c c r r e n t  v e l o c i t j  i :~ t h e  s o l e  f a c t o r  

checking t h e  devalopnent o f  $lytoplanl:ton i n  t h e  Blue 
N i l e  during the  f lood  season (Sinada 1972). These 
cond i t i ons  r epo r t ed  i n  t h e  Blue Ni le  during t h e  a m u d  
phase of t h e  f lood  iiuring 1968-1979 were no d i f f e r e n t  

from those r epo r t ed  before  t h e  cons t ruc t ion  of Rose i r e s  

dam by e a r l i e r  v~o& ~ e r 3 .  
1 .  

Sinada (1972) l i s t e d  ove r  150 a l g a l  spec i e s  

belonging t o  74 genera o f  t h e  vca.rious a;Lgd. c l a n  ase S. 

Com2aring h i s  l i s t  wi th  t h a t  of  Brook (1954) made over '.. 
fou r t een  y e a r s  e a r l i e r  it is  obvicuo t h a t  t h e r e  was a n  

1 

i nc rease  i n  d i v e r s i t y  of spec ies .  Many a lgae  a m e a r e d  ' 

though i n  very small nunhers i n  t h e  Blue Ni le  a t  Khartouni 

dur ing  1968-1970 and a few o t h e r s  disappeared (See Tables).  

O f  t he  important spec i e s  which a?peared dur ing  1968-1970 
were Ne los i r a  d i s t a n s  and Attheya z a c h m i a s i  which 
c o n t r i b u t e d  s i g n i f i c a .  kly t o  t h e  t o t a l  a l g a l  bionaos of 
the  d lue  N i l e  a t  one t i n e  o r  another .  Likewise, one 

spec i e s ,  namely Mia -ocys t i s  flos-aquae which had been 

r epor t ed  by Brook (1354) i n  1951-1953 as being a n  



- - 
an unimportant component of t h s  phytoplankton of 
t h e  Blue N i l e ,  preponderated s h o r t l y  a f t e r  t h e  
cons t ruc t ion  of t h e  Rose i res  dam and cont inued t o  
c o n s t i t u t e  an  important phass  i n  t h e  phytoplankton 
o f  t h e  Blue N i l e ,  throughout 1968-1970. Occasional - I 

s anplee  taken from t h e  Blue Ni le  a t  Khartoun during 
1977-1983 have shown t h a t  Microcys t i s  a s  wel l  as '  
Melosira  d i s t ang ,  have e s t ab l i shed  themselves 
( ~ i n a d a ,  u h ~ u b l i s h e d ) .  On t h e  o the r  hand ce r t a in ,  
blue-green a lga5  l i k e  Anabaeno~s is  spp which were 
recorded by Rzoska et 82 ,  (1953 1- and T a l l i n g  and 

r , 
Rzoska (1967) a s  i m ~ o r t a n t  menbers of t h e  plankton 
of  the  Blue  Ni le  during 1951-1956 were r a r e l y  i--. 

observed d u r i n g  1968-1970 by Sinada. S i m i l a r l y  
Lynnbya l i rnne t ica  which c o n s t i t u t d  an important 
component o f  t he  Blue Nile  i n  t h e  e a r l y  1950 ' s  
( ~ z o s k a  e t  ol., 1955) disappeared from t h e  Blue 
Nile  d u r i n g  1968-1970 ( ~ i n a d a ,  1972). 

It i s  obvious t h a t  the a l g a l  f l o r a  of t h e  
Blue Nile  has  undergone a cons iderable  change within 
a sho r t  per iod  of t ime between 1956 and 1968. 
This  change i n  t h e  algal f l o r a  of t h e  Blue Ni le  
may be a t t r i b u t e d  to  the cons t ruc t ion  of t h e  
Roseires  darn a c r o s s  t h e  Blue N i l e  i n  1966. 

17. The Zooplankton: 
L i t t l e  work has been c a r r i e d  o u t  on zooplankton 

and no s tudy worth mentioning was undertaken,  dur ing  
the  first era .  

B ~ g & 3 r g  (1925-1966): ' 

A s  far a s  we a r e  aware the  only s t u d i e s  . . .  
c a r s i e d  out were those  of Rzoska fi &.(1955) and 
T a l l i n g .  and. Rzoska (1967) and few casua l  obse rva t ions  . . 

. a .  made by Hemmerton (1970- a,b)-, - .  



Zone I, I1 and 111: 
The on ly  a v a i l a b l e  d a t a  were t h e  outcome o f  a  

pre l iminary  survey c a r r i e d  out dulring December 
1955 by T a l l i n g  and Rzoska (1967) and during 
February 1964 and E'ebrukry 1965 by Hammerton 
(1970 a ,b ) .  They showed t h a t  the zooplankton was - 
v e r y  scanty  within t h l s  s t r e t c h  of t h e  Blue Ni le  
be fo re  t h e  cons t ruc t ion  of Rose i r e s  dam.. The 
q u a n t i t i e s  of  t h e  zooplankton were no t  a s se s seb le ,  
w i th  few Moina dubia and Thermoc.yclops species .  - .. - - 
However,, adven t i t i ous  forms vrera numerous i n  t h e  . . 
d e t r i t u s - r i c h  waters.  T h i s  f ind ing  is  n o t  
s u r p r i s i n g  cons ide r ing  t h e  topography of t h e  a r e a  
wi th in  t h i s  s t r e t c h  o f  t h e  N i l e .  

Zone IV (Sennar r e s e r v o i r )  : 
A s  t h e  water supproached t h e  Sennar r e s e r v o i r ,  

t h e  zooplankton b u i l t  up, c h i e f l y  wi th in  t h e  l a s t  
100 km above the dam ( 'Fa l l ing  and Rzoska 1967).. 
Near the  dam a moderately r i c h  and var ied  
zooplankton was presented  i n  t h e  middle of t h e  . 

r e se rvo i r .  The p r i n c i p a l  components were . . 
Ceriodaphnia cornuta ,  C, dubia and Moina dubia.  . 

Zone V: 
No rec'ord of t h e  zooplankton wi th in  t h i s  

s t r e t c h  of N i l e  was a v a i l a b l e  before  1966, . 

Zone VI (~har touin)  : 
The on ly  a v a i l a b l e  record.s.were those  o f  . -. - 

Raoska -- e t -  al. (1955) and T a l l i n g  and Rzoska (1967)'  
who were engsgd  i n  z tudying f h s  N!le  a t  Khartourn 
du r ing  1951-1953. Tho zooplankton during t h a t  
per iod  followed t h e  same p a t t e r n  a s  t h e  phytoplankton 
with two peaks. There was no plankton d i s c e r n i b l e  
i n  t h e  s i l t - l a d e n  waters  of  July-October except fo r  
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few Moina dubia and' adven t i t i ous  forms. Plankton 
began to  appear in'November r i s i n g  sharp ly  i n  . ,  
numbers t o  peak i n  February be fo re  a drop i n  Marchr 
o r  Apri l .  A second r i s e  followed i n  May-early June 
be fo re  t h e  plankton is washed o u t  i n  l a t e  June. 
During the f i rst  per iod  of  maximum growth two . 
s p e c i e s  o f  Periodaphnia were most numerous with - - c. cornuta .  s d o n d  madmun of  ~ a f j ~ u n e  * 

appeared t o  be more ' v a r i a b l e  i n  ~ . ~ m p o s i t i o n  with -. . . 
Diaphansoma exc ism and C. cornut  a being dominant 
i n  1952 and Cyelopoids i n  1953. 

T&irLasa (1966-1983) : . . 
Moghraby (1972) s t a r t e d  a fo&-year ax tkns iv6  ' ' 

- 

i n v e s t i g a t i o n  by t h e  zodblanktbn. of '  the  Blue N i l e  , 

j u s t  a f t e r  t h e  ' f irst  f i l l i n g  o f  Roseires  r e s e r v o i r  
i n  November 1966. H i s  va luab le  s tudy remains t h e  
on ly  a v a i l a b l e  r eco rd  o f  t h e  zooplankton o f  t h e  
Blue Nile a f t e r  t h e  completion of Roseires  dam. 

Zone I: 
Koghraby ('1972)' nbted t h a t  w i  thin t h i s  zone 

* .  - 
normal r i v e r  c o n d i t i o n s  ex i s t ed ,  with l a r g e  m o u n t s  
of d e t r i t u s  suspension and few o r g a n i w s  most of , .  

which a r e  adven t i t i ous  forms. T h i s  f i n d i n g  was i n  
I - - conformity with prev2ous f i n d i n g s  ob t a ined  dur ing  

1955 by T a l l i n g  and Rzouka (1967) i h d i c a t i n g  t h a t  ' 

t h i s  zone is n o t  a f f e c t e d  by t h e  formation of  ' - .  . 

Rosei res  r e s e r v o i r .  No f u r t h e r  r eco rds  were ava i l -  * 
[! i. . 

ab le  a f t e r  1970. . . . 
I .  . . .  

. , 

Zone 11 ( ~ o s t i i ~ d ~ . + k s e r v d i r )  ; ' ' ' 

~oghraby: '(1$72) o u t  thet t h e  . foeat ion . . .  , , , . ,, ! 

of t h e  Roaeiriis r e se rvo i r  r e s u i t e d  i n  a' dense 
' 

community of zooplankton wi th  an inc rease  UE, t o  



316 times more t h a n  i n  t h e  r i v e r  upstream from t h e  

re se rvo i r  within zone I. Rot i feors  which were 
p a r t i c u l a r l y  absent  within zone I were f a i r l y  well 
represented i n  t h e  reservoi r .  The zooplankton i n  
Roseires r e se rvo i r ,  typic a1 of t h a t  of a t rop ic  a1 ' 
reservoi r ,  was charac ter ised  by  l a r g e r  numbers of 
Crustacea than  Rot i f  ers; Cladocera were more 
numerous than Copepoda. The plankton community 
within the  r e se rvo i r  showed a maximum i n  November 
and ano ther  dur ing  February- April. 

No fu r the r  records were made a f t e r  1970 t o  
follow up t h e  impact of Roseires dam on t h e  
zooplankton community. 

Zone 111: 
Moghraby (1972) observed t h a t  the  zooplankton 

downstream from the dm exhibi ted a seasonal cyc le  
similar t o  t h a t  i n  Roseires r e se rvo i r  &though the  

d e n s i t i e s  decreased i n  condi t ions  of f r e e  r i v e r  . .  . 

flow below t h e  dam. No fu r the r  s t u d i e s  were 
undertaken a f t e r  1970 within t h i s  s t r e t c h  of  t h e  - . . . . .  

Blue Nile. 

Zone I V  (Sennar reserved: 
Mograby (1972) noted t h a t  t h e  d e n s i t i e s  of 

the  zooplankton i n  Sennar r e se rvo i r  were g r e a t e r  
than i n  4he r i v e r  above and even g r e a t e r  t h a n e i n  
the Ro s e i r e s  reservoi r .  The .g rea te r  concentrat ion 
a t  Sennar were a t t r i b u t e d  to  the  g rea te r  inoculum 
flowing i n t o  t h e  Sennar basin *om Roseires 
reservoi r .  Comparing the results obtained by 
Moghraby (1972) with those  of  Ta l l ing  and Rzoska 
(1967) obtained ov& a decade previously, it i s  
i n t e r e s t i n g  to n o t e  t h a t '  t h e  p resmably  b io logica l ly-  



s t a b l e  S e m a r  r e s e r v o i r  showed h igher  d e n s i t i e s  of 
zooplankton du r ing  1966-1970 than dur ing  t h e  per iod  
preceding t h e  c o n s t r u c t i o n  of Rose i r e s  dm. 

. b  . _ -  . 
I I' 

The ,seasonal . . .., . . c y c l e  of zooplankton . a t  Sennar.  _I .. _, . . . . 
r e s e r v o i r  .was similar: t o  t h a t  a t  ' ~ o s e i r e s ,  , w i t h  a . 

maximum i n  ~ o v e n b & ,  , a p u l s e  i n  January o r  February . 

and a peak &ing, . . h l a r c ~ ~ p r i l  , I .. . ( ~ o ~ h r a b y ,  . . .  1.972)- 

. . .  . . Zone V: . ' . . . : . . .  

Moghraby ;(1972) .recorded a .decrease i n .  
zooplankton d e n s i t i e s  . a t .  Wed ~ e d a n i  and Hassaheisa , 
(see Map 1). However, . t h e  . .  dens i t ie .9  , .  o f  t h e  ., . . :  . .  . .  

. . ' 
zooplankton wi th in  th i s  s t r e t c h  were . g e n e r a l l y  
higher  than  those  recdrded d u r l n g  1951-1953 by 
T a l l i n g  and Rzoska (1967).  The sessonal  c y c l e s  of 

. . 
zooplankton a t  Wad hkdani and Hass ahe isa  were ' .--. '-,' :" ' 

simildb'  ' to.  thosb a t  Sen'nar 'alt bough t h e  succession 
and dorninanc e of 'spec'ies' dilfifcir'ed e s p e c i a l i y  &ong ' 

* . .  
Crus tacea  ( ~ o ' g h r a b ~ ,  1972). . . ~ n ? o r t u h a t e l y  no 
f u r t h e r  8tud ' ies .  ti& ..under',&k&'' a f t e r  1970. . 

I 
3 8 . - I  . .  

Zone VI ( ~ h a r t o u m ) :  . , 

Moghraby (1972) observed t h a t  i n  l a t e  
October  t he  d e n s i t y  and number of spec i e s  of 
zoopl ankton i n c r e a s e  ab rup t l i ' a t '  -Khartoum d t h - - a  , j$w 
peak i n  February followed by a second peak i n  $ay- 
e a r l y  J ~ n k  be fo rd  being"$&hed ' o d ' i n  ' l a t e  June. 
Only Cyclopoids and' Mbinii' dubia  r & a i n  i n  t h e '  silt- 
l a d e n  .wat&r's o f  ,Jt iL+Octdber kith' f e w  adven t i t i ous  



Galdocera were more numerous then  Copepoda and 
Diaptomidae were fewer than,C yclopida, t hus  
fo l lowing  tho-upstream ?$end. 

-- . 
C er iodsphnia  w , . - g .  cornut  a and Diaphono semg 

exc i  sun bec m e  l e s s  dominant than  during 1951-1953. 
Thermodiaptonhm g!, became a prominent member of 
t h e  zooplankton rep lac ing .  T hernoc,yr : lo~s neulec t u s  
( ~ o ~ h r a b y ,  1972). S imi l a r ly  K e r a t e l l a  t rop ica ,  K_. 
c o c h l e a r i s  and F i l i n i a  l o n ~ i s e t a  bcc ame l e s s -  numerous 
i n  t h e  Blue N i l e  while Daphnia lumbol tz i  and 2, 
b a r b a t a  bec arne more prominent t h a n  previous ly  
recorded. These changes i n  t h e  d e n s i t i e s  o f  t h e  
plankton may be a t t r i b u t e d  t o  the inf luence  o f  t h e  
Rose i res  r e s e r v o i r .  



Alnae o f  Blue N i l e  Watsr a t  Khartoum c o l l e c t e d  
durina 1951-142 by Brook (1951) but d i d  no t  

a m e m  dLlPinp: 1968 - 1970 

Goniun pee t o r a l e  
Volvox globator , 

Pediastrum boryanm var.. granulatum 
P.  boryanum var. longicorne 
Sorastrum americanun 
Micratinium radiatun . . 
T etratsdron en&me . , 

T. 1.imneticum ' 

T.. bif'urcatum 
. : Pol -~edr iops l s  quadrispina . . _ _-_ _--.--, 

West e l l a '  .botryo i d e s  



Table 4 
Algae of Blue Nile Water a t  Khartom ol lected 
during 1968-1970 by Sinada (1972) but were not 

present durinn 1951-1952 

Phacotus l e n t i c u l a r i s  
Phacotus sp. 
Pteromonas aculeata 
Golenkinia pauc ispina 
Er re re l la  bronheniensi s 
Podiastrum obtusm 
Echino sphaerella limnetic a 
Treubaris triappendicul a t a  
Lager heimi a spp . 
Selenastrum west i i  
Tetraedron spp. 

Polyedriopsis spinulosa 
Scenedewnus b i  juga 
Scenedemus incrassatulus 
var mononas 

Staurastrum spp. 
P en im margaritac e m  
Closteriurn aciculare 
C. parvulum 
Euglena aous 
E. proxima 
Trac helomonas superba 
T. volvocina 

T. l a c u s t r i s  
T. dybowski 
T. pulchella 
Trac helomonas spp. 
Glenodinium sp. 
G. quadridens 
S t ip i  tococcus sp. 
Mallomonas sp. 

Melosira d i s tans  
M. argus 
Atteya zachariasi 
Synedra cap i t a t a  
Pinnularia gibba 
Epithemia turgida 
Rhopalodia gibb a 
Cpnatopeura solea 
Sur i re l la  capronii 
S. robusta var splendida 
S. l i n e a r i s  var 
cons t r ic ta  
3. tenera 
0 e c i l l a t o r i a  ljmnetic a 
Osc i l l a to r ia  spp. 



VI. G O X L U S I O N  . . 
t, . : f . . J. 

5 -  The ecbloRy ofLthe Blue q i l e  River i s  . . 
. - 

contzolled by t he  nht&al'.reeime of r a i n f a l l  of t h e  
watershed area  of t he  - r i ve r  i n  t h e  ~&hopi*pl&au. -.!. 

transparency.. These,phyeic a1 fac t o r i  by 'theii. .:imn 
t., 

generate ch,angs i n  tht. ch&cal and blolagical  
" 

.. ' - .. .. n. ;-... 3 fi j 
t . " ,  . . .  

const i tuents  . gf . !.the Blue. Nile ~ l v e r ' .  ecos>&t& .The . . . . .  
. broad out l ine  of the changes e i ther  in time ' (  sfnce 

' '  

- 
1900) or in-region.'cfrom the  Sudaneseborder t o  ' ' " 

~har toum) ai;; POT&@ dvti!below. .' . '  ' '' . ' '  ' 

, . . .  . . . .:'.':" ' . . 
Construct io~i  o f  2 d&n& ( ~ c r q a ~  _ 1925 . ,  . 'and . . I s  , ' . . 

~ o s e i r e s  . '1966) . ac soss t h e  dlue mile. ~ i v c d  c hanyjl . ,., - . . .  .. I 

brought changas i n  the  discharged water passing . 2 .  

Khartoum especia l ly  during the .  low flow 'season. 
, ... . , .  . ' 

I n  the l a s t  $3 .  ye:ms ... ,(1980.-1,983.) . rduc t i ' on '  of more . ' 
.., . . : .,, , , . - ':. '.. x, . .. 

then €0 to  .'l()$, ,i,n 'the disch%mgw:was recorded in'  
comparison'.& the mean values before - the  ,construct- ' 
ion  of ~ o a e i r e e '  dm. T hese npw, c o n d i t i o n s r n a d ~  the  1 . .  ...:$ I . '  
r i v e r  habi ta t  ad&ojyiat6 - du&ing the  .low f lood . .  . '  ' ., .., I.; ::, ,,. 4,'. . .  ::.. season - fo r  the '  appearance and p o w t h  of::aquatic 
weeds on the ~ l u e  Nile. 

:', '.. 

Changes i n .  water tqnperaturg. . . .  due t o .  tho  
~ a n . s h w t i ' o n  o f  the' dams were recoroed, , . specia l ly  *: 

in the  rrs$ervoir zone. ,. Thermal, s t r a t i f  i c p i o n .  , : 
. . 

. . : \  I....! . .. 
duringsome ;&$e, of ,tk &bsebV&., , This.:'. s . . : ! 5 1 ' '  

, 

toor place bk'kuse , r: ,. .. of tlio'o+eat,io'nof iar&'masassA - , . . ? .  

., ,. , "  . s .  . , ,. . .,, : c  ..; .,'. t .  . . . !;As. ,.., :,.',:- 
of water. . . 

. & ,.'\ " " , . '. >. 



I n d u s t r i a l  coo l ing  processes  a r e  p o t e n t i a l  
sources  o f  thermal water p o l l z t i o n  along the  Blue 
N i l e .  I n c i d e n t s  were recorded where the  r i v e r  water  
i s  under use  f o r  t h a t  purpose. 

Changes i n  tranaparenc y and s u s ~ e n d e d  ma t t e r  
i n  t h e  Blue Nile  water were a l s o  d i r e c t l y  c o r r e l a t e d  
with t h e  Sennar and Ros e i r  es dans. Where t ransparency 
and s i l t  p r e c i p i t a t i o n  i n  t he  dams' r e s e r v o i r s  
increased ,  lower va lues  were recorded at Khartoum. 
,., . . - 

.The chemical c h a r a c t e r i s t i c s  of the Blue 
N i l e  a r e  un fo r tuna te ly  not  f u l l y  s tudied.  Basic  
inf'ormation on' t h e  fo l lowing  i s  lacking:  Bio logica l  
Oxygen Denand (?~.o.D.) ;  Chemical Oxygen Demand 
(C.0.D. ); t h e  heavy meta ls ,  copper,  z inc ,  i ron ,  
n i cke l ,  l e a d ;  herb ic ides ,  fung ic ides  and 
i n s e c t i c i d e s .  The scarce  a v a i l a b l e  d a t a  on the r e s t  
of  t he '  chosen chemical i n d i c a t o r s  are summarized i n  
t h e  following: 

The conduc t iv i ty  OF the  Blue Nile water 
v a r i e s  with season and from year t o  year. The 
range  recorded was &und between 120-350 wrfio/cm. 

H The p va lues ,  recorded showed t h e  seme 
t r end  of v a r i a t i o n  between beasons. But t he  pH 

v a l u e s  f l u c t u a t e d  around 8 with lower v a l u e s  
r each ing  7.4 and higher va lues  up t o  9.4. 

The s u r f m o  water of the Blue Nile  i s  i n  a 
s t a t e  of s l i g h t  oxygen super -sa tura t ion  ( 6  .O m g / l ) .  
However, i nc idences  o f ,  oxygen de f i c i ency  below 50% 
were recorded. I n  t ho  Roaei res  rneservoir oxygen 
concan t r a t idn  was found to be a func t ion  of depth 
where wi th  i n c r e a s e  of dep th  decrease  of oxygen 
concen t r a t ion  was recorded. I t  i s  to be' noted he re  
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t h a t  t e m p e r a t u r ~  governs the  s o l u b i l i t y  of oxygen 

:r: 
.r, gae  i n  water.  Diurnal v a r i a t i o n s  i n  oxygen 

concen t r a t ion  were s t a t e d  by many workers. 

~ h o s ~ h a t e - p & s ~ h o r u s  was found t,o be  up t o  
100 ug/l, but d e c l i n e s  with t h e  developnent of 
phytoplanktdn to r each  v a l u e s  of 6 ug/l.  

High n i t r a t e - n i t r o g e n  v a l u e s  recorded . 

reached up t o  1000 ug m3-~/% during t h e  f lood  
water o f  t he  Blue N i l e  a t  Khartoum. These va lues ,  
however, va ry  wi th  t h e  season and depends upon the 
developnent o f  phytoplankton. 

Ammonium-nitrogen v r - ~ s  always found t o  be 
below 0.50 ull/ l .  

The major i o n s  were found ranging  between 
18-34.7 hg/l  calcium, 3.5-9.0 mG/l magnesuim, 
1.3-3.3 m g / l  potassium and 5-15.0 m g / l  'sodium. 
These aga in  va ry  wi th  v a r i a t i o n s  i n  season. 

It i s  t o  be concluded h e r e  t h n t  the 
l i t e r a t u r e  review and t rend a n a l y s i s  showed beyond 
doubt ' t ha t  tha d a t a  ava i l ab l e  i n  th phys ica l  and 
chemical i n d i c a t o r s  a r e  scarce ,  s ca t t e r ed  i n  a 
l a r g e  per iod  of t ime and un i f i ed  methods f o r  
ana lys i s  were used. Moreover, the s t u d i e s  were 
n o t  c a r r i e d  out  on the same specFfic  loca t ions /  
s t a t i o n s  t o  ensure  systematic  procedure. For some 
i n d i c a t o r s  complete ignorance h a s  boen recorded. 
I t  i s  t h e r e f o r e  h i g h l y  recommended t h a t  cont inuous 
moni tor ing  o f  t h e  N i l e  s y s t e m  should be c a r r i e d  out .  
Th i s  can  o n l y  be done by c r e a t i n g  an envirorxnental 
agency f o r  p r o t e c t i o n  of t h e  environment. The l i m i t e d  
r e sou rces  of t h e  Univers i ty  of Khartoum al low on ly  
occas iona l  s t u d i e s  on d e t e c t i o n  o f  t h e  changes which 
are taking p l a c e  i n  t h e  env i roman t .  
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Phytoplankton p roduc t iv i ty  i s  a func t ion  of 
n u t r i e n t s  and l i g h t .  L igh t  does  l i m i t  the  aquat ic  
product ion i n  waters  which have l a r g e  m o u n t s  of 
suspended s o l i d s  t h a t  i n c r e a s e  t u r b i d i t y .  The Blue 
N i l e  i n  i t s  upper r eaches  has  always h'ad waters  . , ,-- . 
with l a r g e  q u a n t i t i e s  of silt and d e t r i t u s .  Such 
cond i t i ons  a f f e c t  the  plankton growth adverse ly  and 
t h e  concent ra t iona  o f  phytoplankton and zooplankton . . 
i n  t h e  upper s t r e t c h e s  of t h e  Blue Nile a r e  hlways 
v e r y  low. 

a .  I 

I n  r i v e r s  water s t o r a g e  and low c u r r e n t  ' 

flow favour t h e  i n c r e a s e  i n  number of plankton. 
Therefore t h e  .cons t ruc t ion  o f  dams l i k e  Sennar d m  
and Rose i r e s  dam i n i t i a t e s  l a k e - l i k e  cond i t i ons  i n  
which t h e  s i l t  s e t t l e s  ou t ,  r e s u l t i n g  i n  c l e a r e r  . 
wateF's which favour  t h e  growth o f  t h e  phytoplankton 
and zooplankton. 

, 
"It has  been denonstrated by Hemmerton (1972 a ) ,  

Moghreby '(1972) and ~ i n a d a  (1972) t h a t  the  con.stmG- 
t i o n  oP Rose i r e s  dam i n  1966 has  exerted profound 
i n f l u e n c e  on t h e  b i o l o g i c a l  cond i t i ons  of t h e  Blue 
Ni le  a t  Rose i res  a s  wel l  a s  downstream a t  Khartoum, 
Unfor tuna te ly  no hydrobiologdcal s t u d i e s  were. 
c a r r i e d  o u t -  on t h e  Blue ~ i l e ' b e f o r k  t h e  cons t ruc t ion  
o r  Scnnar d m  i n  1925. The' e f f e c t  of t h e  formation . 

of  Sennar r e s e r v o i r  on t h e  ecology of the  ~ l u e  N i l e  
. '  r m a i n s  l a r g e l y  spe'culative. 

. 1 

The formation of Roser ies  r e s e r v o i r  i n  1966 
has brought x i o t i c u ~ b l o  c h a n p s  i n  tho  spec i e s  
composition and dens1 t i e s  o f .  t h e  phytoplantop and a 

" I :  

zooplankton ( ~ a n m e r t o n ,  1972 a; &oghraby, 1972; 
Sindda, 1972). ~ r e s u n s b l y ,  th3 d o s d r e s  r e s e ~ v o i r  . 
hse. behme ' b io iog ica l ly  s t a b l e  by now. Any , fu tu rea4  

1 ,I - ,  I . %  
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changes i n  a l g a l  f l o r a  o r  zooplankton may r e s u l t  
&- &-L, 

;j.t.*y , 
from changes i n  t he  c h m i c a l  and phys ica l  f e a t u r e s  

8 , o f  t h e  Nile. The chemical f e a t u r e s  of any body of 
:$,. ' ...., water i n f l u e n c e  t h e  biomass, d i v e r s i t y  and s p e c i e s  
-1. 1 

composition. 

Therefore  i t  i s  recommended to monitor: 

i )  To ta l  a l g a  biomass by c h l o r o ~ h y l l  a. 

i i )  D e n s i t i e s  o f  major components of t h e  
qboplankbon and phytoplankton communiti es .  

i i i )  M v e r s i t y  and s p e c i e s  composition o f  t h e  
plankton b y  making sxhaus t ive  spec i e s  
l i s t s  of zooplankton and phytoplankton 
of t h e  Blue Ni le .  

Previous  workws have shown t h a t  t h e  
concen t r a t ions  of plankton wero ve ry  low i n  t h e  
Blue Nile  du r ing  t h e  annual phase of high f lood  
water between l a t e  June-October i nc lus ive .  There  i s  
no reason t o  assume whatsoever t h a t  t h e s e  f lood  
cond i t i on6  w i l l  change i n  t h e  fu ture .  Therefore  i t  
i s  n o t  worth the  e f f o r t  t o  sample t h e  Blue N i l e  

du r ing  t h i s  period. 

D i f f e ren t  workers havs es tab l i shed  t h a t  
r e c u r r e n t  growth peaks of plankton a long  t h e  Blue  
Ni le  occur during November-December, January-March 
and i n  May-earl y June. 

Therefore  i t  is recommended t o  sample t h e  
Blue Nile r e g u l a r l y  t h r i c e  a yea r  du r ing  December, 
February and e a r l y  June. For t h i s  purpose s i x  
s t a t i o n s  were carefU1.v s e l e c t e d  along t h e  Blue 
Ni le  wi th in  the  c o n s t r a i n t  o f  t ime and f a c i l i t i e s  

( s e e  p.2). 
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