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GPS Nominal Constellation
24 Satellites in 6 Orbital Planes

4 Satellites in each Plane
20,200 km Altitudes, 55 Degree Inclination
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05 iy Sl SIS 9a5 Sogaiuzss (siid> 6 0,lo; Saig

SaSuy g lawlay  auSleg, (ubis aS womily aSalliSw ubss ils
oelgidd oslw sSayaiuSeld a4 daSaaS,> al Mo jianslS laa 300
1099 (V)99

b ¥ olS = (sujg9d ce(3)

Clwdl ddUiSw aS Sl sa5 (silsiy (w9 U 8 VS0,103lS (SULS 090,
Sy Is)as aJ" aS,=dlwe 1 Las aSallSw 5\ii9aSlg> Cl549.> (Caj9aS 0,0
300 ailBo> aS wlSos wawg)> >aSau,g9y (sulsty a Jaddas [M"da,as,>

Liaegl,S

rolSadldow 3.2
16)



GPS

bl S gaSaVaianw (sujgai So,U505 sy loly as w00 iaewislbw

(W,Salgn & 58S 995 JaSal (alas SasallSw
.P (Precise), C/A (Coarse/Acquisition)

58S | umadsSeyd Lo, | @ Jgann (v
MHz M0
C/A 0.1*10.23=1.023 293 S
P 1.0*¥10.23=10.23 29.3 W\/WM/\/\/\/\/

Ol SalSw csuihs 9 ,ao,al 9 UIS633S (1 o,loj Saiins

‘UlquL;iev_wo)')ﬁ oSJau (yub olgs s ado,al 4y LlSesES aS oy Sid
)qu)iJ Al w aS @090 WSenldas «@as Ll L8 wShdo,d as
WL @ wgaSesles il wily iewdeids ;awha Ulkiwas 35 VA

Wloowl subigy sulSo;lobi> aiu>

99> S pidai 009 Lo cogalSAULSw (s, 503,99 Wz il Sogd &
S0 @illos U cuzonwy LilEiw SailS o6 (uloy & awad ogum
sSJaSa, 5 0993909 9 liide SaSEsleSa aS @lSessS (siloxy UlwaSay
ol "phase "oy, A ULES (Ulgly Csuamaisy 00995 b wlSaue;laids o)lS
1 s sleSas anaaSilbes 9 cumdoes,Sas IsaSauiusl, alSiw Sauwss
| S

G S aaidaiwhl 995 990 Lleiwaaoe 755 (8995 Sogd §y Ailgas
aJas ISogl,aw (sus,Selz0, (sv

099380 iS00 9 liVaiaw Olst S(5)viee> Sogl &1 wlgas
L Jgwasss svids - loiwusl

AgiiwaS U ogaias o,lLggs aSalgai > vas aily « vSagas So,loj -
N aSo,5 09

T aSo,5 09 aigiiwas vax> 4 «wlS -

58 300 o € it @ auSlss, csubi> o, aS @Salisas caulyis -
JaSayas ,> al 0 500808

r =n.L+ T.c .4

09,8 gl> vl das ilSogls,anw A plSzus dsaainSyla oal
Jshas oushy  wad Ologleas  (sJgian Bl cwged  Soediuzss 8

1 o>, 8 uluis g wlS wlSalgan aswa & play i, Say
(17



GPS PN

Cr—a
995> Ulgis (03,05 -3, - iy @ 50,4 aS) (suyiioda> (swiggd wilyal ¥ 5
) aiy Jis

pk”=J(Xk—Xp)2+(Yk—Yp)2+(zk—zp)2 .. (5)

9 Lo Vasauw U|_9.u CN)99S (Si9aASGwWOd (Suig> S 0w 0_9._)“_950 )C@CU Lo
9U 9 (vrEeda> (99> Lo "S8ST Al auiuy il puileil (uaSy liS o
0D Cwg)d (15aS0,5,09 a c0gailS Salas Sidas Sauy 99>

= \/(Xk - XV +(Y, -Y) +(Z,-Z,) +cdl, )

k ,5509 9 P sVaiaw 8 isls
(X, Y. Z,) 'q-.’.qso)g)°9 B Bogllas gy 9 UL
AaSapVaiaw silSeglyl; 82 9 0L(X,.Y,.2))
ar.  (slslsa) 15,5,09 a @ilS sajas

AU Gailein So9U § s «ad gl Llgx > 6 SaisSele a o9
0904 (o gxoa) SaiuSeld Llox 4 Lleiwsly (A LBl waiSele
U losuwgly uS..JL> S§ 9 UL Sogaudy § aS Sanlxidi,es 9ai auaSds

ad woVdiaw Hlg> a4y oganas suauVNay

s st d dad ulSogls aw .4

9 9 ulSauVaiauw (suy99> 9 ulSClJL&u.u owliowas  sosl), SulS
Uik WjgaSo6s Uloswos Iy (sStosww wliaad) Sy a anls SaugyilgSa
@ wls,g anlwas,05 9gab wljes aS wos plw,aw Wl Sols Gy
090,955 [>aJas Sogls,aw o1i0gas

205 ULSGuad sowl siysSa posas Jgas 10,

OlSoe03lS sdas 4.1

Wl @ iy dawgey Sogass A aei Segal,ual Wlady iy Jog
Gty 95J9 o wheSa UlailSo,i03lS Lan Jai aSi)S 185 W (rw s
o bS " olo” 51U8,Sigw US0,3 509 9 LISALYAAW S)5035lS

vlSauVaiaw S ue5ls 4.1.1

18



GPS

(o S asuVaiaw jas a (Wlegs ulSiSay ,ad a ielS J8= 99>
(Jalg> 995) 123,6S Soglo A WISA i owg)s> 35 aS M pguawe, UloaSay
305 Sogle A 0,,35> il aS " edawS" 099>

OUlS0,003lS  swyidely 09alsyusS wlSasu il il vax [aSg3s,
ewg)d 9lodi aS utly S gy (S0

UlS06,5,09 S u05ilS 4.1.2
d abs "day 1aSBgde " as,28,0b a vhassslgSa as suljas SHeslS
wall L84 luagosluds oS al aqyass,> pa ol cos,Ba 135150,3 09
oVasaw a> g J.:JL> u|9+; Lj\))SS) BV]L ul.oCL& GJ as 6909% LS\J)VQJ QJ_SJ

S wdoids Salas 4.2

Sogle «wlSo> lg jwands (wazoes lg UISCLJLS\_w Siewdidl 9 Hxe.wdsg
B> .uad aS Sogd) Jog LS 0,05 il VSe,S,09 9 LSaLVaaLWL LlgL
ol JCU)CL@ LNqu{)lS 609%@9) Y YaAd waul -.SCl.quBL& as gSOgCLI
aJ ul.u|9u 99D AS (;Ugia dl.> 99> lulS day, aJ SogU ‘CLJCL& LSCU|9L>')CL.uJ
GlSes aSig> «wlS63,05 WSalgy @ awdlad pdb (wwa b, yaeslsS 10
P LA |58 wdeids "Uleas" a4 uISaLSw

Ionosphere

50 - 1500 km

* As in much of GPS literature,
Troposphere is combined with
Tropopause and stratosphere.

Atmosphere layers around the earth

15905 5,905 (sulSau 18 wdoil Au> 7 o,lo; Saijg

(19)



GPS PN

S

Multipath ulSallSw SogailSi 4.3

@ly (01S6,5,09 WS SO9E sy WeaSsS aSus sidguir ,u VISl w lils
aSig>  WAd Dasiwuw pad aS awaad ouyileid A .ugaSeslys
wlid) Sy as 093, Sly avwaed ,ad aw Ssleile Saawlyy
wad dbwds,au L85 1o, le al pulisucs>

a Salgas" 09a50,5,09 (503988 g o9 Lsuulis il b ogls Jgas clias
a aS 0,8 AUlSw e S, 09a0aS vV @ ("wis, S lausigs), SIS
- 099U &)Y 099499

SAilbolxdi 9ab jawd wad vy, Jwy S,asSl Glds slhe,aw
V99l (swiiig> @il cwlSanVaiaw Sieds> dlgad (cugaSes Uleiwos
o_9CL;_o)Lg o . 09|).uubxv DOP a ClS ‘OSQSJﬁJOS "uSgl.>__," ad vlSauVaiaw
Sawa diVaiaw asS asiuls Y(DOP=1) aS «S,io8a>  riardiggol
lo) ogaiinggs ol 15"8wl" @y ddsaly 15 Sj3a @ Giuslow 5 vy ogaSalls
(luloless aJ 120 saLasS
lg swluas 2-4 Ulgs aJ DOP (Js,Sis ilS a (swiniS sSauogiiy

Wk Vawdy lwoslaudas sHIS al aS egaiwosa wlisas

high DOP Low DOP

vaVaiaw S,sedn> (8 0,lo; Saig

SaiuSold « (5)aiuSsld Sogaills Slgs S0 glsyaal alas pas clisls
1o Saosiiw pau (6) o)le;

v =pf+cldi-dT)+d,, +d, +¢& )
oS
lsuVaiaw o olS saas : da
15,3 ,09 &) WS Salas : o7
> )50 wgigsU aJ ogaiigaSlys S4DU das ion
> 58 wdyg,i al ogaiigaSlys Siday alas : Ao 20),



GPS

XVii

Dad %y 9 UlSalSow Sega S Hog Sy silSalas :

obew @l Solyla sl aS Gaiwes ((uasSs (6)SauuSsld Spaw a8
GBS U 095 A LwlS @ wauli JuSiSas (aSo,S5 509 S§y 9 UL @ waul
S0l §y WAd 0,8> SaiuSld Hlg> 4 Uleiwugy 0gawasS (svaNa, as
S8y 9 VU (sidgaSiwos & > gg0ad Ay . waSy Lw UlSeglilar cuilen
Ao /oUvq._; Aad wlaw Hlg> oganasS svaVNay a4 Uloiwwgiy s
iy cwiwey Jagm,as d il Saosian a4 JolS aw dus,S
a coVdiaw Guvaus SILSG "oganaS soauVa," (suolgos,as @ s UlSCL]’_é,_J_

oo ds LoloowU

.5 DGPS—Differential GPS

I9ASEwod §1 wid, B aS saluSai gl aSiSay (w8l ewbivs>
d diSay climan @ cousuos JB 995 1018 Jay @l 1oy il Ssil,eSas
ilSauadias K, 3 @ agees & b sl sasy 9 ol wlSalls
9% lodi iy ,i0aS pS 10 ) aAls 995 90 Vlgli (svy995> ,ASU (099999,
owleids ady (W a0 |5 e wieids Ubad a4 UlSe,S 09 waSes SaULScw
099) Cawwg,yd 1100995 sl (sulgxy @l aS uass alas g5 Sau,y; Soojan
K, ssaas Sogai o Wlogloly Sogai Llgti  (suslole>  Sogaiyses (s
swdd ,il; Isegilals (s a .oggigaS Ulosiwos 0g9aumgiigg, (sulSanaldas
009305 [uSalgs al adad (silSogls,aw (593,505 (ki

o

1. Base station

2. An observed pont

widls d hailgy A Huild,Sa uSaALEow Seg), UL usS Jai (wlSessS
1) .09l ,.wU Relative GPS a, aLwg,y Uload laoogg>



GPS PN

S

O awdy vbad oo Ibdgg> A g cugailess salls g5 jaSas
ouirsh, SuSiud @ Oloduussy 150,10 cdes ob MM SLiloluS o>
S09dis ,Siwl,y & wawugly syl ‘0_90).3.0 Q\SJ_,g)o_g a oga,dd U (ayaa
L.S)S)OS S8 ,J\J_).Jb)cbob ‘kS)LQ.AJlb a . )y ClSQSg)VClS 0)5)09 Ls\JlSQJ 9 ol
SésileSa @ 9 0saisi,S (sily 990ad (Lin, S Spumiirhy, Sog aS Si>
08 9 b, Ly waSes (b & 9 Wb dasiyiaesle vax

™ 0lSo;lgl> B50590ls & (olSas (swilwl,lS

_Skagen

£ ( Vestermarie
/Loekken
Ensti\olm
ﬁw\ Hals
\ e Suldrup
(vl
Temvig fSI((Ljve .,J“’
o
"L f, _ Rander‘s"kIls aaaaa
2 > 7 J‘:? i
v :
HER /gﬁr’ : W ook
2 g,} Skanderborg
:LBrande -(m Ngkoeb ng o

0 Odense
>,

ung l eb.]erg

! \
HJ\[‘ Roesnaes
. 8 - 1 Taarnbu
o %%
Esb jerg Kold T 1\\!
0 o
(¢ 2

3 vlSauii ey, (s 10 o,lo; SaujgReal Time Kinematic GPSS ;) lowils aJ «

Relative GPS (sv03i) (s sus> .6

0990aS (Ve aS uasy Glwosh iloh A b uilgias dils auls ol
S lyg wldl (wigaSiwos () Ulosiwiwan uad Ule,S,09 995
o ulSaue;luas o)l (sSlasa

PaB 0,95 pad (i, S I5quuuiiy o0 JaSal aS Sail,iel 98 WlegS
9 ulSClJLS.uw -.SCl.w_gs ol 99), L;\JL.@)lScu >, Ulowl PYEVIse ._109 ¢).u|)5
S 9)d CLSO)S)Og uSC{JLS....w 9U 9 9|)).u Q\JLS.A_W u|9u ._5\1)|9l...> S09u ;59>
190 s bzl 150, aSig> cogaiwos a whras Hiwl Sl eSS wlSos
(09aS0 1 5 0 Ul aijgaSes aS) ¢usin aSaAlSiw SxSesz by Lwleids
U S 19 0 Vlg Sogle aS glxiiusy 09l 09U AW Sogai>,Sigg), il &
Oloogds LS« pgin UISALSw s 0.01 bas uwlgias ailS ga5 eganias 100
0ydowiilw 19 g 24 sauy (L2 L1 lSdgans uihy aS v wdd
Sy iq0ullie 2 sasuy ulSalgasi (w3 0.01 alSqas

22)



GPS

i 1
(] P
= Sattelite signal /’ M
, \
] / N
H 180 360 / \
] y ] \
] ! ]
[} 270 \
[} [} \ 0
: Signal generated by reciever : l
2
i ! ]
! 1
180 60 \ '
\ ]
270 \ Y}
]
| - \ ’
Phase shift, 1/4 of a wave length. N ’
S - —,

olSallScwannas silgiy (11 o,loj Saisg

9 Wilg gl ulSClJLiuuCLwCU w3LSsby & vleau,lS0s 599 LU Aol
gloai (aly 360 — 0 ) whaSo,gw Sogds ik UIS6,S 09 GaSas aS SLULS w
9hSswg,d 9 9l ILSw Sog), wilalex (93,5l vgalisigad (wasy

OIS AULE i 3 US0sle@ WLS s Csus,Sort05 12 0,loj Sauds

) iy aSalliSiw u3d ShSH aS csaSes,0s 0901
P soVaiaw Qka(to) =wi(t,)+ N[ () ...®

q waVaaw & () = () + N/ (1) ....0
s
Ni(t,) = N (t,) - aSoglgai alliSw So,loj
Wity 03,05 UISALScw Sog) cswslob>
90 lwysSls Slos oS 09 iilS (auo9ai oy nxiyaw 10,4 aS5,S Sogas
onoeSiVaiaw i Vloslods AlSiw Sojlos 9 95y wwlob>



GPS PN

Caisdos,8a UlSogleas AlliSaw So,lo; 0,505 Lsu,lily Ulead (ogaus;3305
5 SanVaiaw g aSe,3,09 VlsL (5v)99> LSO9ULES &

oSauVaiaw 9aS0,5,09 Ulgs (sudogay SIS gab Lad aiwl, aeds
ad Ol dasiligs @ aigges 81) «iol LUy 0sd (Siloowl L B (i
(e, aiises,) s vl aJ [ulSo, L

WV)99S 090,dw  sulSaiuSela ._;ulScSX aJ LJLS.U.U b wulasd a

g9aS 0 uwod UleilS6,5 509 9 cuVaiaiw wlgs ")

@)=y (0)A+N{({)A ...(10)
JuwSadad aiwgy (gaSuiwod Ulou,iioda> (80,995 3,9 Sogds & play
109 Lou SaiuSold ayazy

pr )=y (O)A+ N/ (t,)A+ (I, —dt)c+d,, —d,,..(11)
- alls
.,a50,5 509 S,505ilS salaa dT,
aaSauVaiauw S,uoilS salas dt,
Cawg)s [5,560085800 9 518 awdndy U VSAULSw (igenasl i aS aas
auodd, dtmp

Jawbigy @ auslog, (ubis «

3,5 Vlouwly iy Jog «uiidos, Sy ,S509 995 ilS 090y sSaY
Sxgiuo lud,Ba a4 (uasyes vl a vlSdas sy Gulsids
(s> il U dulSaley vlgn aJ s, SL>

Single difference
ad xS vbas aJ as" )§)09 99> 9 S Vaiaw U|9J_"_d V)99 L;\g)lSL_o_ v
:0aSs 13 0,loj Saisg Suaiw "U,503,09 JLSow d9aSiiVaiaw

Pin ()= p,, () = p; (1) - (12)

pr(6) =yl (0).A+ N (t,)A+(dT, —dt )c+d,, —d,, .(13)
pnl; (t) = l//p(t)ﬂ’ + le (t0)2’+ (d]-;n - dtp)‘c + dion _dlrop "'(14)

m

0995l I> 12 SaLiSold al dog ayaiuSeld 995 o (53>,5,005a,al VCL_9|)S_J)U

vlbeaSailgly aJ aSay Jog q 9 pyy aS (td, «uVaaw SyeilS Sadas
24



GPS

Sy ).A.DCLS pS 10 dqop UlS.LJ WS99S )CLSCU ‘OSMU uloasd V) ULSO))O)

9U 090)J 9 Uogs A |>)...o_w9qu ulboad a ulSClJLS.u.u u.u.b U.u|_9JCU
09905 S Juailaa

Double difference

a ub ‘U)SO.B)OQ LJLAS.A_AAJ OQCLu\JCUCL,w 99) aJ |JJLS uboq_m aJ )5)69 99.5 J.uLS
krg(t) pkm(t) pkm(t).” (15)

Pl =|pt ) - pi |-z @) - pf (f)],,. (16)

P aS jgaSod,0> I> 16 aJ 14 9 13 dulSQ.:».ngL& uSOgCUU) L5\.aul.«.>ClJCl.u
090D W HgS WLSO)S)OQ 99>,AD -.S)m)JLS LSClJCLm 09w

Triple difference
aJ )5)69 99> J.uLS CU|9 G 0d wg)b uu.u)su.s JJO.B 99> MCUOSQSJJ v
U)SO:UOS LJLS.U.u 09Cl.u\JCUCl_w 99> aJ |>)|9Lo d\JlS 99>
Pim (8158, = pin (8,) — Pion (t) (17
olSals qJ Jay,as § 16 Sogaills ay
- 8) 1) ={(p ) - 1 )~ (o5 1) - i @)~ {lps ) - P 1))~ (o2 1) - pE @)}

b lilS o ,Ba lulSalgsy @ 0,908 Salad Sogaiusss & "ouis,as Juy
a Sogal )Jo)vg':IS" ulbyy; Sauwslgls xS g9 a) USH,S,09 S 9
dSay d Jayddad aS ool (), cLwdd "paSes (sJyo9ls uloaSoesdiio

cowdd lulSaslgy al

Sailolwds 9a5 aS oggimzul,05 UlSegais, S8l aS el (s> Lsum 50,1
Ao P (NS (8SA0giiI

Jodlw ilSo;5lgl> 05,09 @) pad G, 9 9oLl W pAD (O9BwodL Wl
U bW 9 USageaS Wl Sogd B> A .GLESU lioeas
ad UlSaolds SiuileSaU jawal Ulu,a8L, S i iewdoids (sulSo;lgl>

(25)



m

Double difference

Single difference

Triple difference

.UJ.LL}_).QJ) Lj.u_).l ‘JI._JO) sLj‘iu_uJ 13 O)LD) qu_uvs

wlSalus,Sa, .7
o9y Wl wbhaw lisa,Say g Isbo,auw a aviww o Uloigy Eog
aBo> p il aS" H3>9l8> Sogiwas 1o)les pU e Guliws UlesS
5 wwbjlua Sl d wilke,Sa uvasss JaSal .cos,Sa "au

alunawaiauodi d 58, 58, luSawiosas au,leiae >

O did L lsluas S)ley Al olSas 0988 Sawlwl, S pubicus>
09854 ) (ugily wisdleds saills 9a5 (su,LsL wL ("Line of sight"
S5 lawsinge, S8 A aS wogo i linyS clpliwls sassu
iS00 unbsaels 090y sSaV a aw o) sSiwl g oyl (aoy9a8
U gt v SWibluS (i Mawaas g wanl” eligsShs sawal
(il Uloo, 998 (8SU,99) (w8888 AL dxieS wSwulS d (sulwl
A ULl SSHIS oswsingg), lSauaddas aSj, @y as
lovoslus lge,Sa 3 09aSsd A giSaus” Il ,S8isd o
09,55 SaSaijy aS 09A0,i0lS U S§ 9 LU A LAY (U,Siwogsy
oS, d [uSaiy Sogais,Siwly, d (Al 4 (@ad iaul Sausi,S
d A suggr 13,995 (sow @S Swas SHIS wly «Sg0; S8S " waiaslia”
T (5,995 995 i aS «up0,05 (MlaSaaisai” 13Saygg,

26)




bl audileSa 9 1So,Li @) aS a09al Avsomuw pU (sid,S Lowss U
d LS . wwwgy vlaueslaudi o058,y a clvad & aS ogtiwosa
oSJaS (igaslyd SKses Wogas & S dulSaiosan aylisSianss
Jog liid,Say ) a8 eliglsgg), (sidons 93Sls &1 Gien osd il
24 swld JaSd) liws JowbiowaS @ ol llaosiss @ olenliui,
S0l & 0glboy Juwwiaul (sSi,uol a4 (sviwwgy waibas dbsail;U alibLgo

o bawos Havad wiolly dosias Sauiusa (g plgos,a

.8GLobal NAvigation Satellite System — GLONASS
oS > 1982 Jlw d @asiwww p% siddw slusde wlslS
glgai aSo39, 1991 L;\JLw 99 Ll «09l,S 6QSQ§J9> Sdlgo,, LN.J\Jcl.icl.u.au
SH)U s wsviwl), Sogds 11996 Sbiojauw g weasS lgs o)lg,au pdb play sy
5,5 Sl 09935,Sigi U ASAosww w0905, swiwnsly 9 Loweg), (swr99iU

Ol LS gy SUlgs ggead @ ywallw gl (S ,aa lpias as
I5ja08LS 19.100 (sujy99> U 090ileSsy wuVaiaw 24 d GuawlalsS
lol> 15,8090 JaSa) 64.8 SawsS @ (saSles 3 ,awas Lggubauls
& SiuVaiaw Lad aS @Woed lwd v > JaSal LwbsllS s 9a8

w03 JUiSow Soalo,al
27> 2003 -2002 aJ ,ad g ogl,il> 2001 a) aSaniww Sogais,Sigs M



GPS PN

S

QU aSdoiwaw i ShHl= Iy 2006 a o)L, 9 o9l ,Salge, & VAW 7
So9n,S0,udd0 My Segal 8> LIS 09UJeaSy 09y SUlgi  gg0ad
k_}\JLu.&)lSCU 9 0gJgJ LS\JLAS.A_N.U =V XXIQJXJCUCLw uS.aJCLo_gs L_j\Jb)lJ 9 aS Ao

091,515 2011-2005 vlgy aJ (svo3a0

.OGalileo 9...1..JL§ -

Sogiiugld sSsoimuw bl wSu,as o9 2002 S3 sSile A g 90
silSauVaiaw Is 20075 5 2006 slSadlw a aly 5L S b=
Sl e lSay cuilsi 0g 2008 ) 5 LS OlsS (ilSaSlss Salse,
Ulbods as QogU |.\.a.w_9_9) MLJ_QK 9 UM SN JaSaJ Qo PV
sy CsolS aosiwuaw JaSal U>,S,8 & wogl)S (suedan (S Siouiuiw

w99 A xallgs 3 awas vggwauly (il wwVaiaw 30 d §JJB8
9L Uvoiouuaw U ul.ogs.u 099090, S99, a 090)JQ.09LS o 23616
JaSa) IS cuilgy aS cuwas asauli 5,509 9 J§rusS (sSaaSu das a
Ol IinwlislS o g 9 308

vboijesl, v

.Coordinate '

S o 890U (593,500,b> e ad §) 9 WU Sslober (sSioiunw 1 VlogSH
V8 (o 09908S 995 9 S99 (LA Ol (" wiahlS (o (0995993
www.colorado.edu/geography/gcraft/notes/coordsys/coordsys.html ;U5 csu,lol; 8o
CUIS),_J

Auwo,ac S'adull' 9 S5dSS S ‘Accuracy’ yaw,au aS AV alig 94U §uil,gSas 2
1081 oA «S3lSi @ ULSo,amlay 9 Uleoseogl 9 9ldogl 9 Lleyd 9 oL @y aSaLig

ACCURATIO : N - accuracy, preciseness, care; carefulness, painstakingness; treatment
(medical);

ACCUR : V - take care of, attend to (duties/guests), give attention to; perform with care;
ACCURAT : ADJ - accurate, exact, with care, meticulous; carefully performed/prepared;
finished;

ACCURATE : ADV - carefully, accurately, precisely, exactly; nicely; painstakingly,
meticulous;

http://www.incunabulabooks.com/ibrflat].htm:ogl> yaw
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Table 5. Substances and Parameters in drinking water that may
rise to complaints from consumers
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Gurdelines for Drinking-Water Quality - Table 1. Bacteriological quality

[Guldniln&ﬁ for drinking v wmr ::|1'.|:|I1rt;|r - R

| Table 1. Bacteriological quality of drinllng-w-url i |

| Organisms Il Guideting value _ |

i_ N All water intanded l&l‘:ﬂ]ﬂﬁ .
i ||\

£ eotor tharmataterant coliform bocseria™C “—*“ﬂlhdﬂ-ﬂlﬂnhmwlﬂ-nium

Troated wator entoring the wbuunlrun

|} — —

E coior inermatolernl coddorm Bacleria® | ?.i.llllnnlhlmulnﬂm-ﬂu |
= _I

Total coliform bacieia | Muﬂrﬂlhdﬂﬂ:ﬂtﬂhlﬂjltﬂ-ﬂiﬂrﬂl .I.

P S—

. Treatod woter in the distribition systam |
d

£ eofor thermatalarant colifarm Bactsria® AL ol et chtai N Iy 3 (- ST

Totad colilorm bacievia | Must rot be detectabia in ary 100-md sampds.
In e case of large supplies, where sufficient i
o b ke e
| 2]

o any

. t Immiediate investigative action must be taken if eithef. colfor

i total coliform bacteria are detected. The mimimal action in the case
of total coliform bacteria is repeat sampling; if these bacteria are
detected in the repeat sample, the cause must be determined by
immediate further investigation.

b Although E. coliis the more precise indicator offaccal pollution,
the count of thermotaleranteoliform bacteria is an acceplable
alternative. If necessary, proper confirmatory tests must be carried
out. Tatal coliform bacteria are not acceptable indicators of the
sanitary quality of rural water supplies, particularly in ropical
areas where many bacteria of no sanitary significance occur in
almost all untreated supplies,

l € 1t is recognized that, in the great majority of rural water supplies

- in developing countries, faseal contamination is widespread,
Under these conditions, the national surveillance agency should

| set medium-term targets for the progressive improvement of water

: supplies, as recommended in Volume 3 of Gurdelines for

drinking-water quality

Table 1. Bacteniological quality -1




 Table 2. Chemicals of health significance in drinking-water
A Inorganic constituents
Guideling valus Remarks
- (oo
HOLNGNY D005 mi
Brsenic 0,017 (P) For excess skin cancar ik of 6 =104
parkum o7
berylium NADE
baron 05 (P)
cadium 0.003 i B
| ghremium | oos e
copper 2() | st on acule gustroieatinal stfecs |
i 007
luoride 15 Climatic canditions, volume of water
' ponsumed, and (ntake from other
BoLrcas shiuld be consldered
setting national standards
0.1 Itis recognized that nol all water will
= meet thi wluﬂln&wnﬁm (mmadiataly;
meanwhile, al olher recommanded
fheagiies o raduca the total exposurs
10 leasel should be fmplomantsd
MANgHNEse 0.5 (P) ATod
sy (16101 D001
milybdenuiin 007
nickel a0z(p) —
ﬂ]mumms-} | 60 (acuta)
nitrite tas NOp') S{acpie)
o= . j2ibitsheone)
sl 0,01
o2y |
g v 'un. This term lﬁ'uund for constituen fur
which there s some evidence of a potential hazard but where the availuble
information on health effects is limited; or where an uncertainty factor greater
(than 1000 has been used in the dervation of the tolerable daily intake [DI),

Provisional guideline values are also recommended: (1) for substances for
\which the caleulated guideline value would be helow the practical

Tihle 2 Tnarganie constituents -1




Giuldelings for Drinking-Water Chality - B, Oygansc consiriuents
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*(P) — Provisional guideline value. This term is used for constitucnts for
whr:h there 15 some evidence of a potentinl hazard but where the available
hfunmﬂmmhuhhdfmhhthumd,urmmmmmm*htmm
then 1000 has been used in the derivation of the tolerable daily intake TDI).
Provisional guideline values are also recommended: { 1) for substances for
‘which the calculated guideline value would be below the practical
lmurﬁﬂﬂlunn level, or below the level that can be achieved through practical
nnt:nunmdhuth or (2) wheredisinfectionis likely to resull in the guideline
I‘t.rulm:'ha:mg::nmdﬂ




Guidelines for Drinking-Water Quality - B. Organic constituents

.Guidelines for drinking water quality i
B. Organic constituents
Guideline value (pg/litre) Remarks

Chlorinated alkanes {

carbon tetrachloride 2

dichloromethane 20 ;
¢

1,1-dichloroethane NAD ‘

1.2-dichloroethane 300 For excess risk of 1075 :

1.1.1-trichloroethane 2000 (P) [
i

Chiorinated ethenes ”;
H

vinyl chloride 50 For excess risk of 1075 §

1.1-dichloroethene 30

1,2-dichloroethene 50

trichloroethene 70(P) =
H

tetrachloroethene 40

Aromatic hydrocarbons

benzene 10b For excess risk of 10-5

toluene 700 ATO i

xylenes 500 ATO

ethylbenzene 300 ATO

styrene 20 ATO =
E

benzolpyrene 0P For excess risk of 1075

Chlorinated benzenes

monochlorobenzene 300 ATO

1,2-dichlorobenzene 1000 ATO

Table 2 Organic compounds -1
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"m-mm | _;ﬂ' " ATD

imm: 20 ATO . _
e |
: = = = .
i 2-mitmyihnag{hadicase || 80
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e o5t || For mncansd siak of 10°3

e — '| '“_1H_ i 1

| Fesachiproin adens oo

‘ edubic aod [EDTA) 500 Appbes io (he froe ockd _l[
P bGlrCRlG pead | 00 |
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|-mﬂl 4
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*(P) — Provisional guideline value. This term is used for constituents for
which there is some evidence of a potential hazard but where the available
‘information on health effects is limited; or where an uncertainty factor greater
than 1000 has been used in the derivation of the tolerable daily intake TDI),
Provisional guideline values are also recommended: (1) for substances for
‘which the caleulated guideline value would be below the practical
quantification level, or below the level that can be achieved through practical
treatment methods; or (2) wheredisinfectionis likely to result in the guideline
value being exceeded.

1










Guidelines for Drinking-Water Quality - D. Disinfectants

- Guidelines for drinking water quality
D. Disinfectants and disinfectant by-products

Disinfectants Guideline value Remarks
(mg/litre)
monochloramine . 3
di- and trichloramine NAD
chlorine 5 ATO. For effective disinfection there

should be a residual concentration of
free chlorine of =0.5 mgfitre after at
least 30 minutes contact time at pH <8.0

chlorine dioxide A guideline value has not been
established because of the rapid
breakdown of chlorine dioxide and
because the chiorite guideline value is
adequately protective for potential
toxicity from chlorine dioxide

iodine NAD
Disinfectant by-products Guideline value Remarks
(pgllitre)

bromate 25D (p) For 7 x 1075 excess risk

chlorate NAD

chlorite 200 (P)

Chlorophenols '

2-chlorophenol NAD

2,4-dichlorophenol NAD

24,8-trichloraphenol 2000 For excess risk of 10-5, ATO ] 5
H

formaldehyde 900

MX NAD

trihalomethanes The sum of the ratio of the

concentration of each to its respective
guideline value should not exceed 1

bromoform 100

dibromochloromethane 100

Table 2 Disinfectants by-products -1




Guidelines for Drinking-Water Quality - D. Disinfectants

i| bromodichloromethane gob For excess risk of 105 ‘
chloroform 200
Chlorinated acetic acids
monochloroacetic acid NAD
dichloroacetic acid 50 (P) 3.
il ftrichloroaceticacid 100 (P) i
chloral hydrate 10 (P)
(trichloroacetaldehyde)
{| chloroacetone NAD
Halogenated acetonitriles
dichloroacetonitrile 90 (P)
dibromoacetonitrile 100 (P) :
i
i
bromochloroacetonitrile NAD
trichloroacetonitrile 1(P)
cyanogen chloride (as CN) 70
chloropicrin NAD
E
;




Guidelines for Drinking-Water Quality - Tab.3 Chemicals not of health significance

§§.Guidelines for drinking water quality i‘

Table 3. Chemicals not of health significance at concentrations normally

found in drinking-water
Chemical Remarks
asbestos U
ot ;
- ; |

U — It is unnecessary to recommend a health-based guideline
value for these compounds because they are not hazardous to
human health at concentrations normally found in drinking-water.

e o i B B




Guidelines for Drinking-Water Quality - Radioactive constituents
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Table 4. Radioactive constituents of drinking-water

Screening value (Bg/litre) Remarks
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Guidelines for Drinking-Water Quality - Substances and parameters

-Guidelines for drinking water quality
Table 5. Substances and parameters in drinking-water that may give rise
to complaints from consumers

r Levels likely to Reasons for consumer complaints
give rise to
consumer
complaints 2
Physical parameters
colour 15 TCub appearance {
taste and odour — should be acceptable
temperature —_ should be acceptable
turbidity c appearance; for effective terminal
Ll disinfection, median turbidity =1 NTU,
= single sample =5 NTU H
i
Inorganic constituents :
aluminium 0.2 mg/l depositions, discoloration 3
ammonia 1.5 mg/l odour and taste H
chloride 250 mg/l taste, corrosion
copper « mg/l staining of laundry and sanitary ware
(health-based provisional guideline value 2
mg/litre)
hardness — high hardness: scale deposition, scum
formation

low hardness: possible corrosion

hydrogen sulfide 0.05 mg/l odour and taste

iron 0.3 mg/l staining of laundry and sanitary ware

manganese 0.1 mgi staining of laundry and sanitary ware T
(health-based guideline value 0.5 mglitre)

dissolved oxygen = indirect effects 7 i

pH — low pH: corrosion

high pH: taste, soapy feel i

preferably <8.0 for effective disinfection

H

i

with chlorine i

H

i

sodium 200 mgll taste |
sulfate 250 mg/l taste, corrosion

Table 5 -1




Guidelines for Drinking-Water Quality - Substances and parameters

total dissolved solids 1000 mg/l taste i
zinc 3 mgh appearance, taste :
Organic constituents “ t
toluene 24-170 pg/l odour, taste (health-based guideline value
700 pgh) i
H
]
xylene 20-1800 pgh odour, taste (health-based guideline value ||
500 ugn)
ethylbenzene 2-200 pg/l odour, taste (health-based guideline value ||;
300 pgh) ;
styrene 4-2600 pg/l odour, taste (health-based guideline value
20 pg/l)
monochlorobenzene 10-120 pg/l odour, taste (health-based guideline value §
300 pg/) :
i
1,2-dichlorobenzene 1-10 pg/ odour, taste (health-based guideline value t
1000 pg/)
i
1,4-dichlorobenzene 0.3-30 pg/n odour, taste (health-based guideline value ||}
300 pgh) ‘
: trichlorobenzenes (total) 5-50 pg/l odour, taste (health-based guideline value
20 pg/)
synthetic detergents — foaming, taste, odour :
Disinfectants and disinfectant by-products
chlorine 600-1000 pg/ taste and odour (health-based guideline
value 5 pg/l) ;
i
chlorophenols [ i
E
2-chlorophenol 0.1-10 pgll taste, odour l f
2,4-dichlorophenol 0.3-40 pgfl taste, odour J §
H
2,4 B-trichlorophenol 2-300 pg/l taste, odour (health-based guideline value ||:
200 g/) g

4 The levels indicated are not precise numbers. Problems may
occur at lower or higher values according to local circumstances.
A range of taste and odour threshold concentrations is given for
organic constituents.

b TCU, true colour unit.

¢ NTU, nephelometric turbidity unit.

Table 5 -2




Annex -7 —

A comparison of Iraqi Standards (IS) and WHO Guidelines (WG)

Iraqi Standards 417 /2001:

General: Drinking Water should not contain any chemical, microbiological and
poisonous substances that would cause any danger to the public health. The water
should be colorless, odorless and accepted aesthetically.

This Standard is regarding drinking water supplied to the public from any source

104

except bottled water.
Potable Water Monitoring ~ Maximum Health/YWHO
Parameters Allowable Units Guidelines
Physical Properties:
Color 10 Units IS TCU
Turbidity 5 NTU The same
Taste Acceptable The same
PH 6.5-85 Not Considered
Chemical Properties: All in mg/L All in mg/L
Aluminum 0.200 The same
Arsenic 0.010 The same
Antimony Not Considered 0.005
Barium 0.700 The same
Boron Not Considered 0.3
Cadmium 0.003 The same
Calcium 50.000 Not Considered
Chloride 250.000 The same
Chrome (Cr +6) 0.050 The same
Copper 1.000 2.00
Cyanide 0.030 0.07
Floride 1.000 1.50
Total Hardness as CaCo3 500.00 Taste & Scale
Iron 0.300 Not Considered
Lead 0.010 The same
Magnesium 50.000 Not Considered
Manganese 0.100 0.5
Mercury 0.001 The same
Molybdenum Not Considered 0.07
Nickel 0.020 The same
Nitrate / NO3 50.000 The same
Nitrite/ NO2 3.000 Not Considered
Selenium 0.010 The same
Sodium 200.000 The same




Potable Water Monitoring Maximum Health/WHO
Parameters Allowable Units Guidelines
Sulfates 250.000 Not Considered
Total Dissolved Solids - TDS 1000.000 Not Considered
Zinc 3.000 The same
Organics:
Soluble Hydrocarbons 0.010
Carbon Chloroform Extract 0.300
Detergents 0.300
Phenol Compounds 0.002
Pesticides, Insecticides:
Chlorinated Organics 0.070
Phosphoric Organics 0.0000050
Chlorinated, Phenol 0.001
Radiation: Bq/ Liter
Alpha 0.100 The same
Beta 1.000 The same
Health / Microbiological:
Health: As Iraqi food manufacturing standards No. 356
Microbiological: As Iragi Food Standards No. 365

References used in preparing IS standards:
e  WHO Guidelines, 2nd Edition, Vol. 1, 1993
e Many of the Arab countries standards
e Standards Methods for the examination of Water and Waste Water.

General Remarks:

e It i®an updated standards (2001), the above shows that WG was a primary
reference for most of the standards are the same or more stringent than WG.

e Microbiological standards are most likely following WG.

e Details of Organic Constituents, Aromatic Hydrocarbons and Chlorinated
Benzenes, other miscellaneous organic constituents, disinfectants and
disinfectant by-products as WG were not considered in the Iraqi Standards
due to lack of equipment and/or qualified staff needed.

s e sk sk ok e sk s ok ok ke s ok e o o o ok ok ok s ok ok ok ok sk ke ok ok ko sk ok ok ok ok

References:
1. Republic of Iraq, Iragi Drinking Water Standards, No. 417/ 2001.

2. WHO Guidelines, 1993
http://www.who.int/water_sanitation_health/dwg/en/2edvollc.pdf
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