






















































































































































































































































































NATIONAL RESEA RCH INSTITUTE OF HEALTH : WELL A4 (AXUMl, 2111/94 l 
1 
Temperalure It Ibe time of coll ection : -
Appearanct : Colourles s 
Odour: Qdourhea 
Taste: rast.tee a 

_Settleable Solids : Pr080at 
flo:l.t inl Solidi : Absen t 
Suspcodcd Solid . : pros •• t 
Colour •• tf\lc: Colour lo e ll 
Turbidity: Clear 

' Filtcnblc Ru iduc dried at 105 ·c: 
Filter'able RCl iduc dried II ·c: 
Total SoUd. dried :1t ' C: 
Electrical Conducti ... ityjR.uitti ciIJ at 2S'C : 
pH at 20'C: 
Carbon lle AllcaJinily a. Caco J : 

D:cllrbonate Alblinity as CaCOI : 

Hydroxyl Alknlinity as CaCOJ : 

Acidity as CoCO, : 
Tot.!1 Hardness as CICOI: 

Nitrogen (N): 
Phenolic Compounds as Phenol: 
Cl1rbondioxide (CO) : 
Oxygen (0'), 

823)41lhoa7C. 
6 . 8 

Nil 
120 . 0 

-
336 . 0 

-
Chlorine, res idUAl (C1v! -
OJorine. total (CI)): 

-Sulphide at Hyd rogen Sulphide: -
Sillell, 10lal (SiOl ): 7 2 . 0 
')xygen from Permanganl te at I --'- - for 

VI 
MiJ(elJ.!Ineou s 

n 
c. tlOtl .1 ---
H + : -
NHt , Nil 
N . ... : 71 . 0 
K· . -, ".0 
lj;' : -
AS'" : -
Ba" ,. , -
eat< , 74 . 0 
1'.1& ... + : 
Fe"" : -
Fe"';-;' , -
Fe, (o(lll , Hil 
Mo.· .. : No&Ugibh 

ZIl++ , -
Cu" , -
AI"++ -
So.+ + + .. , -
HI 
Arsenic , 
Cadmium: 
Chromium, 
Cobal t , 
Cyan ide , 

IV 
Doron: 

Sodium';!. 
N. , 

Na+K'tMg+C. 

I Eu"",,, ;o, 

- - , 
, -
' ''- -:-- . 

Aniont -OH-: -
a- , 
NOi" : 0 . 03 
NO, , 2.0 
1- , -
Dr- : -
F- , 0 . :2:0 

Heo;- : G12.0 
co, - : Nil 
50;:'- , 11.0 . 
PO; --Ortbo : "edh;lbh 
PO; - - mttAJpoly : -

. .. - ' L ",, -. -. 

Lead : 
Mucury , 
Nickel : 
Sc:lcnium , 
Strontium: 

, 100 , 

Note :- Unit is maiL unJes3 olher""ise l Uted 
c_ ........ phj ....... . '" 

., , 

:l \' .. • t "'J .I..P-:'" 2:_ ..: - _. ... - - ----:.;. _. . .... .. .... 
"\, "' ... 't 

-

.. 
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NATIONAL RESEAR CH OF HEALTH ~ WELL N' A7h (AXUMJ, !jf02/94 

I n 
Tempcratur e: al the time of coUeclion : Clliotol Anion, 
ApptJ.r4CCC :_ Co l ourless 
Odour : Odourlc66 
TaUt: Ta& teless 
Sc lt!ublt Solids : E:r:cscc 1 
FloJ.tina Solid , : At!f; ent. 

Suspended Solid s: 2:[e ac nt 
Colou r, l(1,It: ~21 2!.! rl e8e 
Turbidity: Cl t l! I: 
Filterable Ruidue dried u 105 ' C: 567 . 0 
Filtetable: Ruidue: dried at ·C: 
TOlal Solid , dried :1.1 ·C, 
3 cctrical Conductivity/ ltc . il k , it) a.t 2S'C : 759 . 0 JLro,hos/c.m 
pH at 2O"C: 

, 
2. 2 

Carbon.ltc Alkali:1 ilY u CaCO,: Nil 
Bicarbonate Alkalinity at CaCO, : J QQ . Q 
Hydr oxyl AlkAlinity as CaCO, ! 

A'tidilY as OleO, : 
Total Hardness as CaeO,: 295 .. 0 

--- - ---H+ : OH- : -
NHt , 2. 12 a- , 2!1 . 1 
Na": i4 . tS NO,: 0 . 08 
K· : ~ . ~ NO, : 20 0 
LI~ : - 1- : -
AS" : - Br- : -
Ba -t-t , - F- : 0 ,23 
Ca · + , 4 8 . 0 BeOj: Jfl6 . C 
1'.1, .. ~ , 12 . 8 CO;- - : Nil 
Fe ...... : - SO;- .:- , g7 . 2- 1 , 

Fe '"'' , - PO~ --Ortho : N\l~ 
Fe. total , Nil PO;--- Dltt~Jpoly ; - , . 

-
M il"" , Ni l 
Zll ... ·~ , -
CU .. : -
AI""· : 
Sa++ · " : -

~ 

,I 

Orcftnic N ilrogen (N) : 
Phenol ic Compounds as Phenol: 
Cllrbondioxidc (COl): 
Oxygen (Orl : 
Chlorine, r tsidunl (el:,) : 
Chlorine:, lot~ (C1.v : 
Sulphide as Hyd roac!} Sulphide ; 

III 
Arsenic , Le ad: 
Cadmium: Mercury : 
Chromium, hcxava/.;nt: Nickel : 
Cobalt , Selen ium , 
Cyan ide , Strontium: 

Silicn, lotal (SiOl ): :Z~ . § 
OJl:ygcn absorbed (rom Permnncanate It 

ror 
IV 
Dor on : 

I ~!iceJlZl n e out 
. .. . 

Sodium% 
N. 

100 , , , 
Nn. K+MR+Ca 

I
V ~ - J C 
Radiologic31 ... min.lion ... . =--=-

" "r . '---'~----------------______ -J 
--- Not e:· Unit il mul un leu otherwise ' l tlted 

c_".. ....... """' .... 

------.:--~-~~, 

• ~~ , r?\ .. " ---~- ~-- -- .... , . -- "7:':- -- ~ \ ... • .. 
- a . • ~ -.w- - • - . -- • - - f 

-' "" .. ~I - -, -

" 

> • 

''/ 
gfi 

-~ 

• 



NATIONAL RESEARCH INSTIT UTE OF HEALTH· WELL N21 (AXUM).J8/0J/94 
..... '· .. .. --............ ~1 

1 -
TC:\PC Tl IUlt 1\ the tim: of coUcction : 
Appu ullcc: Co l ourl os 4 
Odour : Odourl e s s 
TaUt : Toat:oles 8 
Sctllclblc Solids: Pre ll en t 

Flo~tini Solidt : AS sent 
Suspe nded Solids: Pre s ent 
Colour, true : Co l o urlos15 
Turbidity : - Cl oAr 
Filterable Residue dried at 105 ' c: 1' 59 . 0 
Filterable Ru iduc dried at 'C, 
Totlll Solids d ried .:u 'c : 
Electrical ConductivilY~J at 2S"C: 620 .0 JlJ,..mho a / c m 
pH I I 20·C: 8 . 0 
Ctl rbon llt c Alkalinity a. Ca CO, : Nil 
Dlcarbonlt e Alblinil), as CaCOJ : 300 . 0 
Hydroxyl Alkalin il), a l CaCOJ : -
AtldilY as CacoJ : -
TotAl Hardness LI CaCO,: 240.0 
Ottfl[li~_Nitro.Ben (N): -
Phenolic Compoundl u Pheo ol: -
CorbondioIide (COa) : -
Ollygeo (O1l : -
Chlorine, t~.iduo.l (CIa) : -
Ct>Jorine, tot~ (Ch): -
Sulphide as Hydrogeo Sulph id c: -
Si/icn, .IOtaJ (SiO)) : 69 . 0 
O.lYi:en absorbed rrom PermaogaDuc II 

rOt . . -

yJ 
Misce ll:. ncom 

C-,...nopht ~.", 

1 .\ 

= ~-.-

,__ .IffI. ' ..... 
-- ::t- .- a:..---- -

n 
C. tlo.l IUllon, - --U ... : - 01-1- : -
NHi , 0 . 08 Q- , 28 .0 
N." : 511.0 NO;"" : C . UIl - • • K· , 4.0 NO;- , 0 , 4 , 
Ll+ : - 1- : -
Ag+ : - Dr- : -
Da" ,. , - F- , 0.70 
Ca' • , 1,6 . 0 HeOl : ) 66 . 0 
M,'" , jO . O COj -: Nil 
Fc"'· : - 50;- -:: : 20 . 0 
Fe·"" - PO;---Ortbo : N.~'llgib l e , 
Fe, total , lilI PO;--- c ct3/poly : -MD."· : Nil 
Zo ... ... , -
Cu" -, 
Al+ ++ -, 
SnH .. -, 
III 
Arstnic , Lead: 
Cadmium : Mercu ry , 
Chromium, h.:xavnknt: Nickel : 
Cobalt , Selenium , 1 I· ; Cyanide , Strontium : ." . 

, . 
JV 
Doron: 

SodiumX N. 
Joo : , , 

Na+K+ M g+Ca . 

I ~diOJO'i"J E""".,,io, 

Not c:- Unit il m~l Ilnleu otherwise Jtlted 

-= 
... ~ -~ 
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NATIONAL RESEARCH INSTITUTE OF HEALTH ; WELL N2 5 (AXUM), 18/01/94 

1 
Te mpe rature at the lime of collection: 
Appear.allce: CI:i Ii:m rU§s 

Odour: Oddur l ee8 
Tute: Tas tel ess 
Settleable Soljds : Pres ent 
Flo::tinE Solid, : Absent 
Suspe nded Solid, : piresen t. 

Colou r, true: CoI ourI oss 

Turbidity : Cl ear 
'Filttrable Ruiduc dried at ,,65 ·c: o ~ c·. O 

Fillcr'ablc Ru iduc dried at ·c: 
Total Sol id, dried ~t ·C, 
Electrical Conductivity,'Rui.,j, il) at 2S·C : 1 ('0 .u~hoaZco • pH at 20·C: 7. 4 
C..uboniue -AlkroJili ity aI CaCO l : Nil 
Bicarbonate Alblinil), as CaCO) : )20. 0 
Hydroxyl Alko.lini ty at CaCa j : 

Acidity II CaCO, : 
Tota l Hlltdn ess IlS Caca, : 364 . 0 
Or,an;c Nitroscn (N): 
Phenolic Compou nds as Phenol : 
Corbondioxidc (CO}): 
Ox)'gco (01): 

Chlorine, r c.idun! (CI}): 
Ct-Jotine, total (eli!: -, ' 

~!phidc as Hydrogco Sulp~ide: 
Silic'n;tolal (SiOn: 65. 0 

Oxygen Ibsorbed from Permanganale It 

VI 
MilccJ/OIn eOU I 

ror 

~--

~- ;-. - ~ 
-~ • -

C_"..,,0h.4 PnnO . .. ., 

IT 
Clrloa, Anlol) ' - -1-1 '" : - OH- : -

- }mZ" , O. Ot a- : 66. 0 
NI ~ : b:>. 0 NOz: 0. 05 
K' , 3. 0 NOj , 19.0 
Lit : - 1- , -
A&'" : - Dr- : -
B.a .... , - F- , 0 .40 

c." , 102 . 0 HCOl ! )90. 0 , , 

MgH , 26, 0 CO, - : un 
Fe;' '' : - 50 ;-- , 45· 0 
Fe:,"t '" - PO; - -Ortho : 0. 09 
Fe, lotal , t: ll , 

PO;- - - me:13/poly : 
Mo· '" : Negl1g1Dl~ 

Zn+ + , --
Cu" , -
AJ"'+ + , ,- -
5n ~ ..... , - -...... =....-7. 

1II 
Arsenic , Lud : 
Cadmium: Mercury , 

_Chrom ium, bo.:uvak nt ! Nickel : 
Cobalt , Sele:nium , 
Cyanide: , Strontium : 

IV 
Doron : 

Sodium% 
N. 

100 , 
NIl +K + M g+Ca 

I ~'d;OI~' ;" 1 En";,,,;., I 
Not e;· Un it is m&lL unJes~ otherwise " Ited 

... " .-
~ . 
f' 

r<'f') 
, -' 
~,-

" , 
~ 

t 

, 
"7 \ 

J 'll 2 , 
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NATIONAL RESEARCH INSTITUTE OF HEALTH : MAISHUM SPRING (AXUM), 18/01/94 ~-
I IT ' ~ , 
Te mpe rl ture I' tbe time of collcction : - Cl tloe.1 A.nions '" 
App ea rloce: Li6ht ~'cIIO\i - - " 

H+ : - OH- : -
Od our : Udourlcss NHt 0 . :<0 O,QI Q' , ~ 1 . 0 , 0,.3 I 

TUle: '.rus t Qlcss Na" : J . O O'i!$ NO; : 0 . 01 
Se ttleabl e Solids: l"'rcsent K " : ) . 0 NO)" 

, 
2 . 0 

flo:tlin. Solid. : zI.bscnt 
Q 13 , 0'03 

!'resen t - L'· : 1- , -
SUjpend ed Solid. : Ag+ : Br- : 

125 un i ts of chlor o olatinate - -
- Colou r, true : Bit., , - F- ; . 0 . 0:'", -

Turbidity ; 46 to''TtJ c.. .. 7 , 0 Q ,:., Heo, : 2l~ . 0 0' ,3.1] 

105 87 . 0 
, , 

t="ilterl ble Re,idue dried at ·c; 3 .0 .-
Filter'able Ru idu e dried al ' C: 

MgH : 0 ,2.,5'" CO, - : lIU - -;-- I 
- Fe ""'" : 50 -; - 15 . 0 ;,3c~ - , " . Total Solids dried :tt ' C : - Fe t +t - PO. -- Or tbo : 0 . ,0 -

122 ;u,mttos7cm 
, 

Electrical Conductivity}R:ni.li. it, at 2S"C: 
. 

Fe, total , 1 .§Q 0 " J PO;- - - mtla/pcly : -
pH at 20·C: 6 .5 , 

Mo ..... : Nil 
Corbon lle Alkalin ity a. Caco j : J'iil Zn "'" '~ .;.-- \ ,ok / , -
Bicarbonate Alk3lin ity .., CaCO} : 20 . 0 Cu" /-
Hydroxyl Alkalinity as Cacoj : 

, \, \'1.-

- AJt.+ 'L , 1~' 1 ' , -
Acidity a. CaCO) : - So· ... ,. ... -
Total Hardness as CaCO): I 2 · 0 ' -
Or&ftn lc N ili'ogen. (N): -
Phenolic Compounds as Phenol: 

III -
Co.rbondloiide (CO) : 

Arsen ic , Lead: -Oxygen. (Ov : - Cad mium : Mercury 

Chlorine, rc!. idual (C1v: 
Chromium, bcxo.v:lk nl : Nickel : -

Chlorine, IOI~ {Clv : , Cobalt , Selenium : 
-

Sulphide as Hydrogen Sulphide: 
- Cyanide , Strontium : - " 

SiliClI , .lotl1 (SiOl) : . 14 . 0 
, 

Oxygen ablorbed (rom Perma n gao ate at IV 
- Doron : 

• 
fo, , 

Sodium% : 
N. 

' 00 , , 
NII. +K . Mg. C. ,~ , ' "J , - , ,-

VI -"-. 

Mi.ee]J llne ou l I ~dIOIO" '" ' ' ' ,,"''''00 "I " , 

, 
Note :. Unit is mg/L unlcu otherwise Ita ted , 

~ 
e __ ~~_ .... 

,- , i " \ ~) " , 
, ~ 

v 
~ . 

'\' .. . 
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NATIONAL RESEARCH INSTITUTE OF HEALTH : MAl GODAE (HATELA CREEK) (AXUM) ,11I02l94 '~ 

I 
Tcmpcral1.lt e at the time of eoUection : -
ApPucl\cce: CoIO'llrlt!SB 
Odour: Odourless 
Tute: Tasteless 
SU Ueablt Solids: .?rescoe 
Flo:l.tin . Solid s: Aosen'C 

Suspended Solid , : ¥resenl:: 

Colour. Iree: Colourless 
Turbidity: Clear 
Filterabl e RC'l iduc dried .t 105 ·c, 228•0 
Fil terable Rc:sidut dried at ' C, -
Total Solids dried :I t ' C, -Electrical Condllctivi ty/ ihuiJlilit, at 2S·C:516 . 0 iJ..,hos / cn 
pH at 20·C: B. !! 
Cttrbonll.tc Alkalinity " CaC01 : ,2'1 ,0 
DiC4r.l?o.E l!e AlhUn il)' &J caeo, : ~1 2 . 0 

Hyd roxyl Alkalinity as ecco, : -
Atidity as <:nCO, : -
Tot~ 1 Ha rdness as c. eo) : 200 . 0 
Or,IInic N itrogen (N) : -
Phenolic Compounds as Phenol: -
Corbondioxide (COl) : -
Oxygen (0,) : -
Chlorine, res idull! (CIt>: -Chlorine, tl?t~ (Clll: -
Sulphide as Hyd rogen Sulphide: -
Silicn, .total (SiCl ) : 65 .5 
Ox'rgcn absorbed from Permancanatc at 

VI 
Mj,celllln e ou ~ 

- .. ~ 

ro, 

, 
• --'\.-

, 

~ --~ 
~5· 

• -, -
~ 

c_ ....... J11>4 ,.,.,. . ,.. 

' .. ~- '" ' . ----\ ... 
'" _. • •• • -• ~ 

1 • ..... 

n ' 
C.tloe1 AniOIU - -1-1 + : - 01-1- : - ,- - ,-
NH t , 0.16 0 ,01 0 - , 20 .6·~;:gs 
Na· : 42 . 6 2- . 01- NO; : 0 . 02 fl. 

K~ : 4 . 3 0." NO)" : 0 .$ 0 ' 0 1 
U · : - t - : -
AI" : - Dr- : -

D." , - F- , O'i Q.' O~ 
CaH : 33 . 2 1· "& HCO;- : 258. jI ' 2.4 
MIH : 28 . 2 '2 . .3). Co;- - : 28 . " .9 & 
Fe tt : - 50;-- : 21 . 0 O,(1'~ 

Fe tH - PO;- --Orcho : 0.04 - t.....-
Fe, lotal : 0 . 03 - po; - - mcta./poly: -
Mo.-· : Ni 
ZOH , _ ? ~ ~1-
Cu·· : - L ' 
AI-++ ' - 'I 
SOH- ' ; - 0,6'-1 I 

lU 
Arscnic : Lcl!.d.: _________ _ 

Cadmium : Mcrcury _. 

Chrom iu m, ho.: .l.e.valo:nl: Nickel : '.1-_ = . . i . 

Cobalt ; Selenium : I ' 
Cyanide : Stronlium : . 

IV 
Doron: 

Sod
. ./ Na ______ _ 
lum/ . : l 100 : 

Nn.K.Mg+C. 

I ~d;O I~';"1 En"';, on 

Note :- Ull it is mg,IL unleu otherwise . lated 

(~ 

r -
~~ ~-" l ..... '1 '" ~ ft·-" -z_ --3 --- -... • • --.' • ~ 

.' -

'i , , 

! 

.../' 

" {. 
,. 

~ 
• , 



- NATIONAL RESEARCH INSTITUTE OF HEALTH:MAlGONA (HARMA CREEK) (AXUM) ,18 /01194-

! ~&llJl e II the lime of collection: -
App~ara..a C: t : Colourless 
Odour : QdourloRI!I 
TIUe : T:r.st e less 
SctUeabJe Solids : Prese nt 
A O"I:.n, Solid . : Absent. 

Swpcnded Solid i : frcscnt 
Colour, true: Co lourleS6 
Turbidity: C) C' :: r 

' Fil terable Residue d ried at 10 5 ·c: 352 . 0 
Filterable RCJ idue dried at ·c: -
Total Solids dried a.t 'e: -
Elcctric:1l ConductivitYlB •. " ..... , It 2S'C: 597 .Alohos7cl:I 
pH at 20'C: 7 . 8 
Carbonate AlkA/ioily AI CaeD, : Nil 
Bicarbonate AU:nllnilY AJ CaeD,: 2010 .0 
Hyd roxyl AlkD.linity u Caeo, : -
Acid ily as CnCOl : -
Toul Hardness os CaeO): 
Ors;an ic Nitrogen (N): 172.0 

.Phenolic Compound. as Phenol : -
CDrboodioxidc (CO,): -
Oxygen (OJ: -
Chlorine, residual (CIll : -
Chlorine, total (CI0: -
Sulphide ai Hydrogen Sulpbide : -
. SilicA • . total (SiOl) ; 10. 0 
OXYBcn absorbed from Pcrounganatc at 

VI 
MisceJJancouli 

ror 
, 

: I 
, 

C_M"'ph,j """'~ 

, , 

n 
Cauo.. An ion, ---
H '" : - OH- : -
NHt : 0 . 05 - a- : 31 . 0 p.'tt-
Na~ : 61.0 'I. . ~.s- NO,: 0 . 02 
K- : 1 . 0 D - I Q NOj" : 2 , 0 0'01, 
Li+: - 1- : -
AS'" : - Dr- : -
na"" ~ : - F- : O , 1Q o ·O l-

ea·- : 35 . 0 I, .. S- HCDj" : 293 . 0 ~ · S O 
Mg+ " : 20 . 0 1·1, 4 COj'"- : NIl -
Fc++ : - 50;-- : 22.0 o ' '11. _ 
Fc+ ++ - . PO;- -On ho : 0 , 02 -
F~. toul - Nil PO; - - mct.:l/poly : -
Mn++ : ;-;- ::;:::. , - j. .. - - 1-
Z.n~ of' : - b" ~' ~1-- , '_ Cu++ : -

\ . -oS l Aj+++ : -
So."++* : -
III 
Arsenic : Lead : 
Cadmium. : Mercury 
Chromium, h~xnvn!.m t : Nickel : 
Cobalt : Seleniu m : 
Cyanide : Strontium : 

[ IV Doron : 

Sodium1. 
N. 

100 , 
Na+K+MgtCa 

V 

RAdiological Eu rn,inalion 

r ~ -. , 
Note :- UDit is mg/L unlcs~ olhcrwisc: ltatcd -_ i....~ :::........:: - --

\ :::: 

-

, 
:; 

, 

, 

J 

( / 

~ 

J 
f ' 

" , 

'--, 
:! 

.1 

;1 
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NATIONAL RESEARCH INSTITUTE OF HEALTH; MAl ZERO (GEBRU CREEK) lAXUMI. 16/01/ 94 

1 
Temperature , \ the time of coU cetion : 
Appearance : 
Odour : 
Taste : 
Setlleable: Solids : 
Flo:ltin l Solid . : 
S\!Jpcndcd Solid . : 
Colour, Ina : 
Turbidity: 

' Fill ctablc: Ruidue dried at l OS 'C: 
Filterabl e RCJ idue drie d It ' C: 
Total Solids dried At ' C : 
Electrical ConductivityPl cr id.i,¥ at 2S' C: 
pH It 20'C: 
Carbonate Alkaliuity II Caco J : 

BicArbonlte Alk o.linity as CIICO, : 
Hydroxyl Alkalinity as Caco J : 

A'cidily aI OICO, : 
Totll Hardness as CICO,: 
Or~.n ic Nitrogen (N): 
Phenolic Coropou nds as Phceol: 
Cnrbondioxide (COll : 
O.a:ygce (Oll: 
Chlorine, r~l idual (Clll : I 
Chlorine, tOI~ (Cli): 
Sulphide a.s Hyd roBce Sulp~idc: , 

·Silicn, .total (SiOl ): 

6'~;gen absorbed from Penn.ngleale It 

VI 
Misccll~ne ous 

for : 

"\ .­- . -;;-

-
Co l our le 88 
QdQurle l'ls 
TI'l6 tele 89 
f:re s en t 
Abse nt. 

P r cRe nt. 
Co l ou rl ess 
C l en r , 
612 . 0 , 

-
-

91~ . 2 ~lnho$ 'em., 
7~B 

~il 

""2. 2 -
-

32.0 
-
-
--
--
-

~il , O 

[;_",~PrW .... 

•• 

n 
C. tio.J An ionl --- ---
H"" : - OH- : -
NHT : 2. 2i - a- : fi2 . Q I · ~~ 

N.' : 119 . 0 !H1: NO; : 2, 23 
K+ : 4.0 Q' I2 NO;- : 3 . Q o 'OS' 
U"" : - 1- : - -
Ag"" : Br- : '- , - _ !wo- -
Ba 1''' : - F- : Q . ;lQ - 0·0 l-
c. .. : 32 .. 0 I · bO lI CO, : ~ ;rz . 2 s · S'C. I' 

Mg"''' : 1 9 . 0 ~ 4 , o3 C01 - : Nil ~ 
Fe'" : - 50;-:: : 18 s 0 

Q '''''" Fc,. ...... : - Po;- - - Ortbo : 0 .1 -
Fe, toUI : , Po;- - - Dlttll/poly : -
Mo1-" : ~:1 _..-w:1 0 I O~ I~ Zo ++ : 

'! 
CU" : -

4\ ° ~ AJ "'++ : - 0 50,. ... + .. : 

HI 
Arsenic : lead : 
Cadmi um: Mercury : 
Chromium, bC:llI,vaknt: Nickel : 
.Cobalt : Selenium. : 
Cyanide : Stroc tium : 

IV ,- - . i ' 
Doron : " . - .. , 

Sodium/. 
N. 

100 " : , : . 
NI1+K+Mg+Ca 

. -

I ~d;OIO'i"l En,,","io' 

Note :. Unit i l m"L unlen olherwhe Hlted 

---" 
I'-' 

/ 

,,, 

• 
<~ 

Ill · 



~ 

,-

A IV NG><()(LG 33-

Table'2 Mic robiology Results from March 26. 2002. 
Volul11 ~ 

Location an:al n .cd 

Conuol 100 ,"I 

Control looml 

St , Mary Hospital I ml 

SI. Mary Hoso ital IOml 
SI M31) Hos;;-Ita l 100 ml 

Afr ica Hotel Well - . I ml 

~ea Hotel Weil_ 1 10 mi I 

.. , . . 
Mai Shum Well 10 lilt 

Mai Edal!,a 10 mi 

Queen of Sheba's Bath Iml 

ZoratfMishlam 10 mi 

- TC "" Too numerous to count. 
< - Less l h:'" 

:"Itull iply T Olal Coliro nn 
Hcsull h , Cou nt llC' r p1:u C' 

I 0 
I 0 

100 0 
10 II 
I 5 

' 00 5 
10 JJ 

J 
10 • 
10 5 
100 12 
10 TNTC 

l o ta l Colirorlll 
nc r 100 ml 

0 
0 

<100 
110 · 
5 

500 · 
no · 

-
40 • 
SO · 

1200 
nne 

Table 3. Micrdbiology Resulls from Apri l 2,2002 
Volume Multiply T Olal E. C/I/i E. cnli per T nla\ Coliform Totnl Cnliforln 

LOCAt io n anAh'7.eti answer by Per olalc 100 nIl COllll l/nla\c \'cr 100 OIl 

tychaRes , iii 10mi 10 0 < \0 5 SO 
Yeha Cistern 10 m\ 10 TNTC TNTC TNTC TNTC 
Still Reservoir 10 ml 10 0 <\0 I I 11 0 

r Sheba Tank In let 10 ml \0 0 <10 2 20 '" 
ShebATnnkOullel _ 10mi 10 0 <\ 0 " 40 \ .. , 
Axum Hc"llh Center 10 !Ill 10 0 < \0 (; 60 .". 
Abraha we A tsbaha e - - I 101111 10 0 < 10 ~ !i O 
Primary School ' .~ , , 

I AXUIII High Sel~ool . - 10 Ii,; • 10 0 <1 0 
K Ilty,. , Nt.(A.'{ . ,.. .' ...... . 10 111 1 10 0 <1 0 '\ .10 

( 

Hand pump well behino 101111 10 <I ;10 ~l 27 270) ... / •. 

. 'mh~y HOlel - ~ 

./ 
..., 
" 

~ '-:B;dernKidaneweH 10ml 10 13 130 ( 60 600 i !- -

- '. : ~TC - Too numerous to count. ,./ -

11
~~ ~ .- .... :. '9 )- -~ . ,, - = - -
.:- T _ , _ _ __ _ _ "" .". 

_... - - ~- -- .: ... .. --:z:i ., , ~ - . ) --,;~- --~-__ ~ . ~ 1/ t I 
~ .". -- - - - F 

", v / ~i t · . 
~-. &.- !'. - ~ 

-~--
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Water Works Design & supervision Enterprise 
Water Laboratory 

SELEC TED PHYSICAL AND CHEMICAL WATER ANALYSIS RESULTS 

CLIENT A A U Cepartmen t o t Geo ogy and Geophysics Science Faculty 

:IATURE OF SAMPLE 
I Ground Ground Ground I Ground Ground 

Nalel • ..... a:er ~ . a'er . u~:J;>r '''''Het 
DATE OF COLLECTION 31/04/04 31104104 31101.104 
~!: REC EIVED 

! 
I .,;UENTS 10 NO 

LAB,IO NO. 

COIOu,. taool 

TOlal Solids 105 C (mom 

o 

SV/II 

319196 

~o .: P:anl 
I JUf~er~ 

320196 

S'N · ' 

321/96 

SW2 Hand pump 

:323196 324/'J'l 

3920 5820 2800 I 6920 4220 392 

378 oJ 575 a 21500 I 574 0 3;0 a 360 0 

$..;dlum(mc/!'.Ja) 300 400 160 550 330 460 

-

C,u:)on£lIe !mg/l C') ! Trace I Trace I Trace I Trit:!.,. f---,T::,;;a::ce::--+--,T;;,~., __ .e;---f 
l 3~55C ! 3:!~ 1 I :'(\99 t <1831 300 1 351 ~ 9::::.a:to~:a:e ::':1;" ~:::"': ' 

REMARK · 

----- -

cneC KedbY~ 
Date 6/0" I 1 o s&' --

r f 



Water Works Design & supervision Enterprise 
Water Laboratory 

SELECTED PHYSICAL AND CHEMICAL WATER ANALYSIS RESULTS 

CLIENT : A.A. U Department of Geology and Geophys ics Sc ience Faculty 

'lATURE: OF S"\M?LE 

OATE OF COLLECTION 

:lATE RECEIVED 

CLIENTS ID.NO. 

kAB.lO NO. 

"olour 'aop) 

Ground 
w ater 

31/04/04 

Ground 
water 

SW-5 ~ HC31ih 
I ·"~'n, e' ... or,:" ... ,\ _, 

325196 326/96 

Ground Ground Ground 
waler water wat~1 

31104/04 31/041Ot: 311041(l 1 

Hotell'(31Co 

327196 328JOO 329/9tl 

Turt'ldr ty tNTUj 30 1 0 Trace 20 60 

ictal Solids 105 C tmoJI) 3480 , 22300 330 0 366 a S201 

Ground 
w",ter 

SW3 

330196 

, 0 

d26 
- Olss~I'.ad $0110 -;:)5 C(ma/l 3230 22050 328 a 334 0 886 0 I ~eoo 
Electrical Conductl'. ltv (uS/em) i 577 0 3090 0 I 5100 0150 1260 0 9500 
:r 7 13 717 I 674 721 66~ i 1S 

~'~m~m~o~",~a~(~m~'~I1~>:~~~l~ ____ -4 __ ~O~3~3~B __ +' __ ~2~o~' ___ I~~0~30~8 __ ~0~27~'~ __ ~O~4~~8~~. 
Soolum In19/1 Nal 280 ! 1 <:0 (; I 250 813 0 50 

DotasSlum (mQII t< ) Oil 1,90 111 12 33 111 

!~ac:ncs!um (m",~ ' .. Iq) 163 ' 877 11 7 56 1 20 I! 31 11 

iOl"llion (mQII Fe- 0 Gi6 : a 023 0019 0019 0024 0 J2a 
\'1anoanese (moll ~n) 0 1 I 01 01 0 1 01 

=Iuonde (mgtl Pi 0 ·:2 I 062 006 35 

hlorlde:mcil cn 1060 ~94 ~ 2895 15.l 

' htnte (mgll NO.) - _L--,;-ii-:";--4---;;-";-+-::;;-~ I ~=7'",:,~c,---------+--~:;--+--,;;;-;';-;;- "60 7 "O~:> -r -:;"7 ! I I'J llIa:e (r:'i;!fl NO: I 1': ~O:3 Q ! f1 - 9 - - ~ . L~_--=---:--1. 
, I 23 15'6 26'01 "~ I , '.'12 Eo~lka~I~'n~'~~lm~'~II~C~'~C~O~) ____ -i __ ~2~76~0 __ .r-~29~~-r~~-=--t~:u~+-;'~~';-'T- ~~' --. 

(-C=.'~bo~n::.~:'':.I~'m,!!'9~!I,-,=~J~.~) ::-;-____ +~T~'.~c~e;-+__I~T'~'~ce;_+_iT~'a~c~.~t_T;.'~.c~e~--:;T'~"~«~t-1 __ Tr .J<:~ I 
lalcadxmate (mg/l '-iCO) I 336 70 J 3572 lai <1 351 .: 2518 I .1"'73 , 

• ,-"" ·t'\~O' 8"' ,",0 ,::'-"''''! ".50 i .. '"::-'~Pi-".:,-te:..,::.m-"g"II:..S:..·~=,'::-; .,-_____ '---;C-=:'·';;'--Il-- 1'-, --= v 1;1 !:I"- ... """ ~ • 

h r 1 0 .:89 1"\17~ 0"'" i ,:t,~ r'o::,s~O~'::l.~"e-,!r~.~" :O::0"'.1 ______ ..L.....!O:.:':..'~'~ __ __"O~'='.:.9 __ L_'__'_ __ ..L.:c-_"_-:..--'---'- - - _.L. • _, 

~EMAPK 



Water Works Design & supervision Enterprise 
Water Laboratory 

SELECTED PHYSICAL AND CH EMICAL WATER ANAL YSIS RESULTS 

CLIENT : A.A.U Department of Geology .nd Geophvsics Science Faculty 
~ Ground I ! 
, \ ' '~.HURE OF S . .t..MPLE I "Ha,~ ; 

--~- -, 

, ' \ '1 ! A)(..J I~ ,':'. :~ \ 

I port well ! CLIENTS IO.NO, i 
l A8.ID NO. 331 /96 i 

I'C~O~IO~"JG~~aap~O)~-----i'-~-~~'---~I~~\---t-----'r------i------, 
:-urb;~rrr"lJ" Trac~ ! \ 

Electr'cal CcndL::!lv! iv (IJSlc~~ I 1355 IJ : 1 \ ! 
, 

p' 1!_!:-7 ~Gl,," -:----~---+'\-__i'---t' '----,--,c-:=-- - . ...,,' n.'_. q. , , 1\ Ommonla 1fT',]" " H-I .) w i \ 

, 430 I I \ 

\ " I 3: . ' 
3150 \ ' I 

- , 1 92' __ -,-' ___ , __ L- _1 
F"~a~"~'o~~~'~m~'~~"~~~'~' _____ -T'_~~ ___ '_ ! ! ~ \ 

"'ct31 Hardness ('ngil (;a C0 . 

\ l - ~ ~"'sIU'~ -~ " il1") I""C . I I 

12'~·'!'.'''-~'!!!'' '£!l"'i£"'!'l' ·_" __ --+I~O·~~-5'--'---+--- .: I -\ !, iOlalllon rlTl~f1 Fe) 
, - I! , t M "3~e . 

B..EMAR~ . 
i --- --------

, ' . 
'- :--

\ 

-­
'-

I -, 
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A rv N 6/<.1).e...s-3~ 
ADDIS ABABA WATER AND SEWERAGE A UTHORITY 

CENTRAL LABRTORY SERVIC E 
r.O .BOX 150S.Tel. 112594,AOO I5 ABABA 

LABORATORY REPORT ON BACTERIOLOG ICAL WATER QUALlTV 

Examination Requested by;·Jjgmy Water Bureau (MEKELE) 
Sampled by:- SAMSON THERA 

Lab. Ng
• Code of sample 

-
Time of Oltteof Nature of Free Date of Tota l 

sampling disinfecting Residual EXAmination Examination coli forms 
Chlorine "'lPN/ i OO ml 
m2i1 

REl2038 2010)100' Municipality Health Not - Nil )01031004 10:00 16.000 
Center chlori nated 

REl2039 " Hand Pump " " " " <I 
REl2040 " Africa Hotel " " " " 490 
REl2041 " Kaleb Hotel Well " " " " 110 
REl2042 " OOYl. Plant Nurscrv " " " " 20 
REl2043 " Motorized " " " " <I 
REl2044 " SW\ " " " " <I 

.\. 

E.Coli. 
MPNI10m l 

16.000 

<I 
490 
110 
20 
< I 
<1 

~­---. 

Remark:· Samples laken from Municipality Health Cenler, Africa HOlel, Kalcb Hotel Well and Government Pla nt Nursery arc nOI 
suitable for human cons\lmption since coli fo rms and E.Coli have be ~Fccally poliuted).Thcre fore thesc wa ter sources 
should be disinfected with high strength ofca1cium or Sodium t ~~nto't~fbiRrCvcnl cOnlaminat ion of the well wEller, 

I, ' !J!: ." 
Examined by:- ___ Mtf. __ __ . :2:'1'5 'A~proved by: -,- -------
Microbiologisl ,,}~::-: Head~Laboratory Service 

~" ' . ,'. t -: " -, '. ' . ./ ,,_... ' -

,(~ , .. ,' , .. / '-j, ' 
~ ... \ "" . '.;;0 ~ ' ." ..,. ~ 

t . \.c- . • 
\"'\ 

6.6 • "' IIo~» 
~.f' .... ~ --... ' 
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ADD IS ABABA WATER A N D SE W E RA GE AUTHORITY 
CENTRAL LAIlRTORY SERV ICE 
P.O. BOX 150S,Tcl. 112594,A DD IS A BABA 

LAIlORATORY REPORT ON IlACTERIOLOG ICAL WATER QUA LITY 

Examination Requested by:- Tigray Water Bureau (MEKELE) 
Samoled by:· SAMSON TEFERA - -- ·-r --- -J - z· - , - - - -

, 
Lab. N°, Dale of 11 CQd e of sample Nature of Free Date of Time of Total 

sampling disinfecting Residual Examination Examinntion coli form s 

~~~rine MPNIIOO ml 

REl204S 20/0) /004 SWl Not -
chlorinated 

Ni l 30/03/004 10:00 < I 

REl2046 " Shallow Well NI! 4 " " " " <I 
REl2047 " Shallow Well NI! 5 " " " " 70 
REl2048 " Shallow Well Nfl 6 " " " " 2790 
REl2049 " No number " " " " <I 

/ I / / / 
/ / / 7 / , 

E.Coli. 

-
~ 

~­---

MPN/ lOnll 

<I 

< I 
70 

2790 
<1 

Remark:- Samples tnken from Shallow Well NI! 5 and Shallow Well Nil 6 arc not suitable for human consumption since coli fo rms 
and E.Coli have been detected (Fccally pollutcd).Thcrc fo re these wa s should be disinfected with high st rength of calcium 
or Sodium Hypochlorite to prevent contamination o rthe well \ ~et\~",~ 

Examined by:· .4. .... 
Microbiologist 

"'~ 1s-'1~ 
• 6~ 6° --~:~ 

Dnte of Re pon :- 04/0(/fIP4 ~ Ap ,ovcd by:$.---­
'-Ienc!-llnboratory Service 

< .£ . 
• 
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G. hl :L 
MethodO logv 

While indi,;dual chemical parameters can nOI give an overall pictu re o f its 
suitabi lity for drinking, a cri lerion called groundwalcr quality index (GQI) is 
recommended in the study of quality of groundwater (Subba Raa, 1998). In lh is method. 
10 calculate the GQI. the chemical parameters dClcmlincd arc mull'iplicd byappropnate 
weights (\V) based On their importance in the overa ll waler quality (Table I ), fo llowing 
the guidelines o f Tiwari and Mishra ( 1985). A weight o f 4 has been assigned I the 
parameters like pH, TDS, NO, and F,3 to Na, SO, and C I and 2 to Til , a and Mg. In 
Icm1 5 of unit-weights (Wi), the wcightagcs of 4,3 and 2 arc equaled to 0 16,012 :md 
0.08, respect ively. TIle GQI is fina lly calculalCci , lIsing the following fannula 

GQ I = L qi IVi 

Where qi is the degree of groundwater qua li ty (pollution) rat ing, tlssigncd Onc o f Ihe 
va lues of 100, 80, 50 or 0 based on the val lies of lhc paramcters measurcd as cxplalllcd 
in Table 2 and \Vi is the unit-weight. 

111C computed va lue ofGQI is workcd out to be 84.4 , suggesting fhatt he samples 
in thc area are subj ect cd 10 slight raling of po ll uti 0 11 . 

Tal>lc I: Chemical composition of groundwatcrs and it s wcight (W) and unn weight 
(wi) 

Parameter Min Ma Mean lSI Weights Unit wcig.hl 
s , StandaJds ! (II') IJWi) 

LpH 7. 1 18.2 7.8 ! 6.5 to 8.5 4 0. 16 • 
TDS 768 I ~20 1825 500-1500 4 o 16 " 
TA 245 639 387 - -TI-I 193 158 545 300- 600 2 0.08 / 

4 
Ca 30 i 270 87 75-200 2 0.08 , 
Mg 25 / 310 87 30-100 2 008 .. 

120 t 900 354 200 
, 

0.12 / Na 
0 

K 6 ; 25 14 -
HCO, 300 ' 780 469 - / . 

o 12 / CI 100 ! 200 723 250-1 000 3 
!o 

SO, 5 ' 64 28 150-4 00 3 0 12 / 
NO, 13 174 36 45 4 o 16 , 
F 0 .7 2.5 1.1 0.6- 1.2 " 0. 16/ 

-----------.-------------,,-"~.-.--.------------------­. _ ---

'. 

1 
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Table: 2. Scale rating (q i) for ground water quality parameter 

Parameter 
Degree of groundwaler qua lilD Poliution) r .. ina (ail 

PennlSs lble Slight Moderate Severe 
s 100 80 50 0 

oH 7 - 8.5 8.6·8.8 8.9-9.2 >92 
>7 6.8·7 6.5·6.7 <65 

TDS 500 50 1· 1000 100 1-1500 > 1500 
TH 300 30 1·450 45 1·600 >600 
Ca 75 76·137 138·200 -->200 
Mg 30 3 1·65 66- 100 > 100 
Na 200 20 1·400 40 1·600 >600 
C I 250 25 1·625 626· 1000 > 1000 
SO, 150 151-275 276-4 00 > 400 
NO, <14 15-29 30·44 >41 _ 
F 0.6 0.7·0 .9 1- 1.2 > 1.2 - . 

Table 3 Cal culation of GQI based on the mean va lues, as shown in Table I 

Parameter ql Wi GQ I (qiWi) 
s 

oH 100 0. 16 / 16.0 

TDS 50 0.16 - 8.0 

TH 80 0.08 - 6.4 

Ca 80 0.08 ___ 6.4 
Mg 50 0 .08 ~ 4.0 

Na 80 0.12 ~/ 9.6 

CI 50 0.12 - 6.0 

SO, . 100 0.12 ~ 12.0 

NO, 50 0.16 ~ 8.0 

F 50 0.16 8.0 

Total GO I 84.4 

Subba Rao, N ( 1998). Groundwater quality in crystal line terra in of Guntur dlslncl , 

Andhra Pradesh. Visakha Science Joumal , v. 2, No. I, pp. 5 1-54 

'Tiwan , T.N. and Mishra, M.A (1985), A preliminary assignment or water quat It)' IOdc\ of major 

Indian rivers. Indian Journal or Em'ironmental Processes, v 5, pp 276·279 
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Summary or Gcoclcctri ca i un'cy 

Spccific 
YES pL pI S pi*hi T Ilcsist Thickl1CSS r hi A 
No hi/ pi 

(ohlll~ (11\) 
Ill) 

1 44.542 0.0224 0.10 16.9 13 1.3 
0.92 6.24 2.6 2.4 0.0224 
1.38 2.40 7740 7763. 14 75 103.2 106.9 

33.2 
2 7.582 0.13 19 0.08 12.00 12 I 

0.Q3 7.20 15 0.4 0.131 8 
0.56 0.67 23.04 42.24 6.4 3.6 5.08 

288 
3 4.444 0.2250 0.10 10.00 10 I 

1.70 1.90 28.80 38.8 4.12 7 8 0.2250 
196 

4 21.429 0.04667 0.03 78 52 1.5 
1.30 1.33 56.2 134.2 20.8 27 2 .5 0.1476 

120 
5 42.521 0.0235 0.01 121 11 0 1.1 

0.67 181.5 16.5 II 
0.51 1.1 9 2899.05 3201.55 75.3 38.5 50.6 0.0235 

2000 
6 7.674 0. 1303 0.009 135.3 123 1.1 

1.02 1.029 75.63 210.98 8.6 8.8 9.9 0.1303 

7 16.945 0.0590 0.023 28 35 0.8 
1.09 53.2 7 7.6 
2.298 3.411 2.3 83.5 2 1.5 49.4 57. 0.0590 

128.1 

8 7.009 0. 1427 0.048 13.44 16.8 0.8 

1.55 1.598 69.68 83. 12 6.7 10.4 11.20 0.1427 
79 

9 64.486 0.0155 0.044 51 34 1.5 

0.8 40.8 6.8 6 
0.681 1.605 13627.8 13627.H 141 96 103.5 0.0155 

16.6 

10 16.719 0.0598 0.026 28.05 33 0.85 
26.35 0.0598 1.55 1.576 420.75 448. 0 16.5 25.5 

185 

II 28.973 0.0345 0.021 19.2 30 0.64 

0.22 30.68 II. 2.6 
0.0345 

0.422 0.633 540.58 590.46 3 .8 15.1 I .34 

435 

12 32.2 11 0.031 1 0.057 6.3 10.5 0.6 

0.343 3.52 3.2 1.1 

123 
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0.052 55.93 32.9 1.7 
0.023 0.475 6092.8 58.55 512 11.9 15.3 0.03 11 

60 
13 5. 112 0.1956 0.012 2.94 49 0.6 

2.53 1 2.543 60.76 90.16 4.9 12.4 13 0.1956 
264 

14 9.857 0.101 5 0.008 32 64 0.5 
0.444 9 4.5 2 
0.048 3.50 336 377 10.5 32 34.5 0.1015 

35 
15 31.027 0.0322 0.008 64.4 92 0.7 

0.277 92.3 1 IS.4 5.1 
0.6 11 0.S96 792 94S.7 1 36 22 27. 0.0322 

26 
16 6.635 0.1507 0.04 1 14.4 IS 0.8 

0.167 0.21 2.16 16.56 3.6 0.6 1.4 0.1507 
37 

17 8. 141 0.1228 0.21S 6.60 5.5 1.2 
2.073 2.948 250.S 257.40 II 22.8 24 0.1228 

49 

18 3.4 11 0.2932 0.333 3.00 3 I 
0.40 0.733 5.625 8.625 3.75 1.5 2.5 0.2932 

70 

19 22.72 0.0440 0.061 27.3 21 1.3 

0.929 65.52 8.4 7.8 
0.012 5527.2 392 4.7 

0.226 1.228 87843 16498.45 62.3 14.1 27.9 0.0440 
2240 

20 3S.265 0.0261 0.035 55.3 39.5 1.4 

0.035 13.86 19.8 0.7 

0.026 1239 442.5 2.8 

0.3 16 0.392 323.2 1631.36 32 10.1 15.0 0.0261 
90 

21 9.579 0.1044 0.126 790 7.9 I 

0.657 0.783 64.35 72.25 9.9 6.5 7.5 0.1044 
392 

Source: DEVECON Engineers .:md Architects, 1995. Water Supply rind S~ni llltion Study of A.'(um 
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