Slell dpalall dmand]
Royal Scientific Society

For Jordan, since 1970 = 1aV- i bgll d-opue

ASlaal) b slsgll A gi 485
(YY) ¥ ogls = Yovy S Qi)

() pika

a—iall Byl

e

9“9@\ Ql-ubé e.u.é
AL il ALy slual) e

dSlal) d_salel) d_smaall




:..n ‘:é »

Al 815 s0 Ad8 sl pil) (3 gla
2 AN 138 852 ) o) il glaal) Jlarid) Jeaa ¥y

- ‘. . - « Yex
51350 ¢ Aokl A3 ga o guanll 22y Y]



AR

AR
\RY
14

Qlﬁ* ‘93;43\

SR pal ada Bl JISEN 1y gual) daill
SUA el Gada Bajlgll Jglaadl daild
L) Al L)

Lplasy) Laltl Aadia)

sall b Algaidl lalidl

Jaadl Y=Y

sl Y=Y

Lallal) v—y—)

Taua)ll €1

gl 03—
Ayl Calaal
bl b a5 ) Ll elsgl) lfsle
(SO.) oyl a6 V==Y
(NO, NO; & NOX) (sns5iil) aulSf YY)
(PMyo & PM,5) Cilasusal) ¥—Y—)
(H2S) Cnngongll aiyS €7
(NH;) LiseY) o=¥—)
2a)ll adlga
Aaxdial) bl Bigals danll Cslad

lupl) mili -

(SO) oyl ansl 35
(H2S) Conaprell amys

daadall

ARl

Y-y

\-¥
Y-V
A



vY (NO, NO, & NOX) (s siill 2l =Y

Ve (PMyo & PM,5) Clasunll 0—Y
Yo Wl oladls Aoy 1Y
¥4 Hlall dayyg il Lighayll V=Y
o Ayl il Lsdlia —¥
to gall VY
v ddua)ll Y-V
o Lalal) v-v
oY Agdl €Y
ot daid) o-Y
oV Gluagill —¢

Al Gl jalaag sajll adlse i haila @ (V) Gala
daddieall Guldll 8gaY Bplaally Aol Llsall malyy ¢ (Y) Gale

A5lad) cliplall phga S B Alancall duasally o lad) c¥snal) oY i) ad : (F) Gale



AR el Crada Balsll JISEY g ) guall daild

sl elsgll 8 Slapnll Agiyl) plaasl 1(V-)) 3, IS

ekl 2l e 3(Y-)) 8y S

Aol & sl alge (YY) A IS

Sl B aa)l adse 1(£7)) a8y JSA)

AR sl aBse 1(0)) p (KA

ple Pla duadll sea )l adlgn b cilats Sl cup€l a6 Sl 5 e Ll eV el ey gl eV aeall 1(V-Y) ) IS

REAR

XYY ale DA Ladll aa )l allse & cdad Al cuQl 2T 6 Sle 5S deal) eV e ((Y-Y) A <Al

YY) = Y e8) al g DA dea )l g paen (8 Sl 2T 65U Lsiad) ¥ aed) G A3ylae (YY) 8y IS

Yord) eyl st DA 2a )l s paen 3 ) ansT 8 A e Ll ol Aladll Sslatl de oy Aylae (£ p) (<A
.(Y~Y\ -

Yorq) eyl st DA 2a )l adlse paen 8 Sl 2l B B endl 0l Alaudl sl sae o Alke 1(0-Y) p (<A
.(Y~Y\ -

ole DIs Aaidl 8 2uayl) aige & ot A Congpael) 2yS 5le SSIE Ge Ll e axdl els Apeall e axal (1Y) o35 J<S

REAS!

YY) ale (DA Akl sl pise 8 el ) Cong gl ayS Sl SIAL Lyedll e asall 1(V-Y) 3y JSS

ATY) = Y 8) aal g DUS Aeidl 8 deayl) pdse (8 Comaagl S SR Augiadl NV aeall Cp Alae 1(A-Y) 8, IS

S DA Ledd) 3 aayl) pise 8 Cpmytel 25yS 5 Luenlly e Ll ¥ aedl dpaal clislatll sae oy A3ylae :(3-Y) py (<A
YY) = Yeid) syl

YY) ale DA LA G aa)l adse b st Sl Lised) Sl S0 Ao bl e andl lels Lagall ¥aadl 1() - Y) 8y JSs

XYY ple DA Lallal b aca)l aBse & clade Al Liged) Sle 5aSI Anedll el sl 1(VV-Y) ) OKS

AT YY) = Y d) aa)l st (DA DAl b acayl) alse b LigaV ] U] Al V) G A3lae 1() YY) ) IS

— Yoo ) aal i P DAl b scayl) alige 8 Ligad) Sl casad) Jaaad) aad clslatll axe o dlae 1(VFY) A3, IS

.(Y.Y\



2ol adlge paes (& clat I (NO, NOX & NO) comg il anlsh cile 58l e Ll c¥ sl el 1() €-Y) o3, J<al)
XY e Pla

ple Pla a)ll allse poas b clad A (NO, NOX & NO2) oang il anlSl cifile 5l dagll c¥ana) 3(V0-Y) o) J<al
YY)

XYY ale DA Ladl) aea )l allse b st S cpmg il 2T 6 Sl ST Aeal) el sl (V1Y) ) J<al

YY) = Y 0) aal) Sl (DA dayl) aBlse en b gl 2l B 5D Lgid) Y amal) G Alae 1(V YY) 5 (S

ra)l) g A dea)ll ailse g (o G il 2] AU LT el aall Als vl cjglail) sae g A3l 3(VASY) o3, ()
.(Y~Y\ —Yu‘l)

rall g DA sea)ll adlon aoen 3 Gy il 2l A ST gl aall Als il cslatll sae o &5)lae 1(V4-Y) A3, IS
.(Y~Y\ —Yu‘l)

XYY ale DA Ll 8 syl plge 8 clads ) (PMys) Clasal) 5SIa Ll caaall 1(Y4-Y) o8, ISl

YY) ale PlA AN 2a)l) aBlse A clals Al (PMyg) clasall 5800 duagl) i aadll o(YV-Y) 8, J<al

XYY ale DA L) aa)ll adlse b cilat S (PMyg & PMys) clasall 58050 dujgtl) eV aeal) 3(YY-Y) &8, J<al)

Laasall ¥ anal) Cada s das ) aia )l adlse A clads S (PMig & PMys) @ilasual) 5805 dupgall e ana) 3(YF-Y) o8, ISl

SOVET ) a3 L) Al saclil) 8 ade ageatd) asadl Jasal aad @fislat LB das LS
XYY Gle D ST gl aia)ll adlge (e cppmise

= Yerd) el Glgin PlA sa)ll aBlse paen 6 Alaisd) (PMs & PMyg) clasuall gindl e onal) (p &5)lae (YY) o3, J<A)
.(Y~Y\

(PMzs & PMg) clamaall Yo e 1/0) €0 a8 4dll sac i) b anle aguaiall casl) aall cliglatll sae oy 45)lke 3(YO-Y) a8, IS
Yo = Yeed) sl Gl DA

YY) ale PDIS daiid) 8 sl aBge b (53) ZLl depu ays (YY) o) <l

YY) ale (DA Ll b sa)l gise bz Ul elad) s (YY) 8y A

YY) ale PDIA sl b aa)ll alge A (3352) mLll Aoy auysi (YASY) o8y ISl

YY) ale DA Bl 8 syl gise Ll oladl ajst 1(YA-Y) Ay (<

YY) e DA Al sl aige b (s3ie) Z L Ao g aist 1T Y) 8y (<A

YY) ale Pa Al b syl gige b 2Ll sladl g 1(TY-Y) ) UK

Q



XY e DA el bl adse b (535) 2l Aoy i (YY) pd) IS

YY) ale Pla jisall b sea)l gise bz Uyl elad) s (YY) B8y S

YY) ale PIA disa)l) B sl alge b (53ke) Ll Ao ays (TE-Y) ) <l

YAYY e DS Aia)ll 8 sl age 3zl ol s 1(TO-Y) o8, U<

XYY oo Dla sa)l) allse auas bzl 525l Talada 1(FI-Y) o8, I

Pla Losadl) soa)ll wilse 3 (RH) Ll Ligha )l Laagy Alasdll (53 (gpamdl) EieLid) ¥ ey Lasall <NV aedl) 3(YFY=Y) 3, (<2

RERR e\.c.

YY) e DA 2ol ailse puen 3 (RH) Gpsl) Zugha 1l pgll N anall 3(FA=Y) o8y (<)

dle Pla Laadl) sl alse 8 plhall dayal Liags Alssdll 5y (ggaail Lo L) ¥ delly Lasall i aadll 3(Y-Y) a3, J<al
YY)

oYY ale (DA aa )l adlse paen 3 Bhad) Ayl Auelll Vel 1(£0-Y) 8y <A

O Aol S 83Ll 2 Ll depdy cpmg yil) a8 Sley o€l ] S Sl 5uS Adiadlly gl ¥ aed) 1(V ) <Al
Yo bl Bla sl 8 psdl clels

Bac il adde at () agal) aall jslat Led das A LYY (DA Sal 8 sa )l plige b (835) Ll ey asisi 3(Y-Y) By Sl
YY) ale Pla PMyp @lamall (Yoo 1/V1 €0 ) o8) Janall elsgl) due gil dudasll 40l

2l 5ae Wl anle ali (531 asd) 2nll 3lat Lgd o 1 LYY (DS 5nll 3 sl aise 3 2Ll oladl ajss 3(T-Y) o8y S
YY) ale Pla PMyp clasall (Yo o /1Y €1 ) o8 Jasall elsgll duc il duidal)

O Aol S 8Ll 2 Ll deply cpmg yil) a8 Sley oyl anl S Sl 5aSl Adiadlly gl e aed) 1(£-Y) <Al
oYY ale (DA Ayl bl clels

e it 53 asd) aall Holat Lesd dass U ALY DS Bapajl) 3 sa )l adge B (5330) Ll deyus aojsi 3(0-T) o3y IS
oYY ale Bla PMyp Glasall (Yoo 1) €0) a8y Jamall elsgl) e sil didagll dsdl) sac )

Ll sac il adde ais (53 agall aall 3olas g Ja U LYY DS disal) B diayl) alige (& 2Ll slat) g 1(1-Y) o) U<
YY) ale Pl PMyp Glamall (Yoo /11 €4) o8 Jamall ¢lsgll duc gil duidal)

5L Ll Ayl Lisal) Sley umg il anal 5 Sles oSl sl 56 Sle 5K Dladlly dagid) i aaall 1(V-Y) 8, J<al
YY) ale Dla £l 8 sl clelu e el ()

ade ats (53 asal) aall 3olan Lgd o 0 ALY) (Pl LAl 8 2a)ll aBge b (sake) 2Ll deyu ajsi 3(A-T) o3, ISl

YY) ale Bla PMyp classall (Yoo /116 0) o8 Lol elsgll due gil duidagll 4sdl) 5ac )



Ll sac il adde ais (53 agall aall H5lat Lo Ja A ALY) (OIS Bl 8 o)l alse d Ll olad) ayss 1(3-Y) o8, U<l
oYY ale DA PMyp Glasall (Y07 1) €0) &8 Jamall lsgl) dacgil dyilasl)

Aol JS 8Ll 2 Ll ey cpmg i) anaSl U Sley copl) ant 6 Sle 5uSal dbiailly dugiad) e asal) 1V Y) o8, J<al
XYY ale Pl sl b asll el (e

Aoyl Cumg el 2y€ Sles cpmg ) ansl Al Sley oyl a6 Sle SuS dbiadlly ugiad) e aeal) 1(V)Y) 8, J<al
XYY ale Pl &l b asll clels e delu JS0 5250 2L

e i (53 asall aall jolas Lad Jas 3 ALY DS Baid) (8 aa )l afige B (53k0) Ll ey aiss 1(V YY) o8, ISl
XYY ale DB PM,s Glawall (Yo 00 /1) £4) 48y Jamall ¢lsgll duesil daidagll Ayidl) 52 )

Ll sac il adde ait (53 agall aall jolat lgad dans A ALY) DA Aaidl 8 2l alige (G Ll ool auysi 1(V YY) o) U<l

YY) ale BAPMys Glawaall (Yoo 1) 80) o8, Lamall elggll due gil duabasl)



A (el (e Balgl) Jglaal) daile

(YN e ) Al saclall) Auball b sy &5 i Jas) olsgll lslal Lo msansal) (gpeaill 3panll (VY)W oo

Apadlell 453)Y) ASledll & aapll adlga 3(Y =) ad) Jsas

< Asally da g Loalladly Bhally Aaill (3 skl am) adlse laalse o padle (YY) o) dsaa

L) elsgl) Fiesi aay b Aeriiad) 821 1(£7)) ad) Jsas

YY) ale (DA Laadl) sal adlge 8 Sl sl 6 Sl Lol eV andl sy w3 Gadle :(1-Y) o) Jsas

XYY ale DA Ladll tal pilge & cupll 2] 6 S sl cV ) s 5 Gadle (YY) W) Jsan

YY) ale Pl aa)l allse pues b cupSl asl GBSl S duedll NV ae) (YY) o) Jsas

oY) ale DA Ladll aa )l ailge b cup€l) sl B SLT D) e el ((£5Y) Ay dsaa

YY) ole Pla Ll 8 Congsagd) 4 S Eelid) el andl d) 38 padle 1(0-Y) ) Jsaa

XYY ole (PlA Ll A Cung gl 2SS Gl Vel da) # Gadle 3(1-Y) &) g

ple Pla daall 8 aa)ll adse 8 gyl 20,8 Sle ST (Osalall 8 e3a) (gsind) damally Ljell eV andll 1 (V=) ad)y Jsas
YY)

XY ale DA LAl G Lised) ] Lelud) il sadl aa)y il padle 1(AY) ) dsas

XYY Gle (PA Al eaY) 5L Lpegll cV el demy m5 Gadle 3(3-Y) ) Jeas

XYY Gle (PlA Dallal) b aca)l) adse b LigaV] e S (Tafph s Sa) (gstad) aeally duedll NV aedl) 1(V =) ) doan

XYY ale DA Ladll aa)l ailge 3 (NO2) cum sl 2l 36 5] Lo lud) e seal) sn)y m35 padle :(V1-Y) &) Joan

YY) ale D Ladll aa )l ailse 3 (NO2) crmg sl sl 6 5] Liasll SV aeal) s 85 Gadle :(VY —Y) &) oo

XYY ale DA sa)l allse paen (B oang il ael 6 Gle S Aedl) el (VYY) &) e

YY) ale DA Ladll aea )l allse b comg sl sl B ST Augid) cNaed) 1 (VE-Y) &) Joan

dle Pla a1 aajll adlse & ot U (PMyg & PMys) clarall 5S0 (To/abe g Saa) dyedll e aedl) 3(10-Y) o3) Jsan
YTy

Cida das e aa )l adlge 8 et U (PMip & PMys) clasuall 3800 (Tofphe g Soa) Lpgel) i aedd) :(V1-Y) o3) Jsan
o) A1 L) 5aclal) b ale Gagaaid) asall Jaeall aad cliglat LD dass 3 2L Lpegll Y 2adl
XYY ple (PIA lgnses 5l aal) allsa e BB B (Y1) E0)

YWY ale DA aa)ll aBlse poes (B 53L Z Ll olailg Aoy 1(V YY) a8y Jeas
J



XYY ale 8 aa)l) el DA duedll aa)l allge & s3lull Z L)l (53ie) Ll eyl Lyelll ¥ aadl 1(VA-Y) o) Jgon
ple Pla ol alse paen (5 Lol gh)ll b o5 (548 Jana (g el DSy agn Jana (g (el 2(V4 -Y) o5 Jsan
RERAA

XYY ale DA el adlge aren ( Bhal) Aol dbad 5 (el Jae Sy ol Ky as Jane aly (el (Yo —Y) by s



L4

A2 Al

Ll B33l (e AU ) sae 8ol () ALYl ASladl o2gin (s3) andlly eliall Holaill )
Glalially lSpall anal 82l (e lId dsris Lag yglaal) dupall lalid) (pe doyidl) cilyagll i 83U
e aal) B elsgll duess Ao il Lgls e ) gl Glasl Bl ) gmses a5 dplailly Lo lial)
Ul Ghliall L dals Jaaal elsgl) e gi e daal b La a cdialyy GLad)) daa oy @hliall
e s Lllhe DS Llaa) @) 335 cll la ey RIS ) A5 daerilly duelial) cullablital) (e )il
~ Asall clslfialall ooy cleliall o 8SI Lgd Camend Sl diajan 3halie (ued 8 Jaaadl) el
- (yall adlao/Auallal)g clal) Alabla ofdaially ¢ o831 Adadlaa/dirally ¢ lae Aladlas/Enally ¢ lac dlailaa
29 Asladll 8 A5l dolead Aloadl) dgall o A3l 5l Q18 Y)Y diud (T) ) Al Lilea (58 Cansng
Gllal . 5)lhsl) laadias ) daaledl 3Shall DA (e Lginaling LeilisSay Al pualic (ulds 48l (o Agjudl)
ean) A AL iy 2ully slaall 35e [eloal) iluhs and g Yoo V/AY o8 L8] g 5))ysl) cuald

~ellly alall ASLall dpalad)

ra)l) adlse aran & (NO, NO;, NO,) gyl 2ulSly (SO,) ol anasl S5 5u€5 Adlye o il
Gyl A o SML sl ey (ALl diidl) ClLSially cilelicall 6 3936l (Bya (e g Lail Cana
akdl & (PMys) cilasal) 55 Ahe o LS 001 (3 pasiunal) ) 398y Jianll 3 Lo dadie
AU (A (PMyo) Slareall 50855 48105 dSlaall (e dilladl) dahaially Glae (RS ) AS s (0 g2l
ASked) (3hlie A8IS 4l (myats Lol AdLa] elldg dpe liall cllaliall (g Loyl Sally Adpa)lly Lallall 8 adlse
2ySy LY gl e Lawil AallAl) 8 (NH5) Liigal) iligine ddhe cad 28 . oanlall Ll (e

Adyial) dealall olaall das dlana (e Lousal daid) S (HoS) Cms el

Ll alisld) Gligiue aas I (YWY VY/FY = VoYV N /YY) 5l copaind Ay Aol s2a cidna
) saelal) 8 Lgde asaaiall 350alliy Lt Lad Lgiijliag odtel Lol SLaall (uadll shaliall b cilasually
g lial cila el anaitig bl Jaba Auhyall 038 Ciiaaiy WY+ /1) € 28y Lol elsell due sl 40,
elogl) e si i Lils o lly dal) Cilashea o satiaall Al clehal) 33 e agiaclual 1

1 Oty Qo i sty il Aulall il e Lol S Lae GRS ol 3



S Al il ekl

B DA adsall (& oyl 2l 6 S gyl Jamall i) sdhpasl) daaly (e (b sa)l adsa o
DL gl Jandd) e s Tyday ol et cAalaad) Ayl 8558 35l Capida (<50 AT 4 )
Selat (ol Jamas iy aly AR Aol 830 45 )lae Aallad) Aol 5y DA Gaag yiil) a3l
Yool N) g A dsdll el B ol cpigl e G seaiall dsially daagaly Lo Ludl 3508l
O9Se ) v b ol e Ji ki elpgl) (b AR Gleraall 2ia) akil s slsgl) el
ragl) Slgn 3 o Al daa )l 8 aagl) adse 8 YY) Gl (DA %Y0 (e Y (PMyo)
sl 2l Tylas ¥ (PM0) ilapnll cllaill sae alig ¢lgh (gsind) Jaeall Clatial a3y of Ml
) elsgll Aot YooY E0 Ana V1 Al Bac ) 8 ade ageatdl)

Cond) dald) b (LAWY (e Al dupta) (o100 ALYl Gl bsd) 3Gal A aa)ll adga o
5y A wlgal) 8 Ala il cpng il 2l Sl Loy copdl) as] Sl Ll digildl e aedl)
Juadd) (Ao s Doy ol Lasay A5Lal) il 5% (8 gibisiae 45)lhe Ciila J<80 Adlal) 2yl
i iy g ARl dyall 3% IS Jasall (gginad) Jaaddls A3lie Cpmng pael) 2atupS Sl (goind)
lesle (aguaiall 3paall g il aansl 5 Gamngsugl) iy cupaSll sl S8 Sl elas
@sindl Janal) (aidily LS L chlad) el Jaaall elogl) duegid Yoo 1/) ) €0 a1 Al saclall &
Al Cioib UK Allad) Aulal) 5% PLA (PMes) 055 ¥,0 gl 5l 0 Ji shi Clarall
PM,s cilaruall (g5l Jamall Slay cljslas V) dpesall clslatll sae il Cua Aaludl dul)all 5550,
dasnd) elogll duesil Yoo T/V) €0 Ana ) Al Bac il b ddde ageatall (goindl aal)

oo by Cilapall (ggiaal) Janall (midi) rBasaad) Bal) dualy fAlal) diles acd ae (B 2a) pBge o
Ayl 5 A3lhe (e IS8 AaT) Ayl 878 (DA adgal) 8 (PMio) GsSe )+ (ssbw 5l 0o
@sindl aal PMyp lasall (ggindl Janall glats WS clyglad £¥ duasdl clyglatll sae alig cdaludl)
Janall iyl Laty awaall elsgl) oesdl Yoo /1) €0 200 ¥) Al saclil) b adde (asaidl
Janall (it cpa A edibadl uhal) 8y A5)lke Canila I8 Cpmg yuill anasl Sl 5L (gl
oLl 3saall olan (gl dinuss wiy adg ARl Ayl 8550 45)lhe oSl ansl Sl S gy
elogll Aol Yoo /N € dna¥) Al sacldl) b oLl il Ladle (ageatall digiudly Al
Lol

Gyl sl G le lisine o Lhall @il cui : Bgally dpailall ¢ 28l Ao sa)l g8sa @

)l Canila I A Ayl 5558 DA Condty) aBgall & Alassdl cpng yuil) Sl SU Sleg

DS dgially Asaglly duebadl agaall jlas (o dinad oy oty cdmladl Al 5% DS Lagiliginas
dasnd) elogl) esil Yoo T/V) £ dna ) Al sac i) G lgle ageaial oplal)

G



Gsbw sl oo Ji s elsgl) 8 Al ilasa) iligine s AR Ll e b 1))l adga o
Cum ALl Al 535 35)lke A0lal) Ll 5y (DI el Leliny) adsall & (PMio) (9)Soe ) s
Glasall (gyiad) Jasall jslaty LD ailsall G AeY) il slas €€ duasill clislatll sae &l
Lt sl elggll duesil Yoo 1/00) 60 da ) &dll sac il 6 anle jageaid) (g5l 2all PM,
bl 85 A5l oSl anSh S Sles cpmg il ansl U 5L A ) eVl cocais)
& o) il Lede Gagiaiall dgiully duasdly Lo bl 35aall 55la% (gl dinas oy o1y ALl
ra )l pse 8 Liga¥) Sle ligive Candily damal elsgll Aol Yoo /0 ) E0 Laa)Y) Asdl) sac )
AL bl 3y DI 43 gine £5)lke Cinala JC Alla) Ayl 558 (DA LAl daly i
i)Y Al saeldl b anle Gasatall (goiudl aall Laigal) 5Lad (gl Jaeall jslas Cum
228 e agiaid) casd) aall jolat (gl diaas iy ol 4l V) Jasmal elsgll due il Yoo/ ) £
) 13 dialsall

LIl va)l) halia & Jaisall ologll daesi Al (& Hhainl) e Sluagill pany ] Luhall cuals ¥,
Bagaayall iliglall dae Eum (1o 2all 50 panigig cASladll (glalie A8 Jadil s il sUarall glaliall 3L

.0939¥)s (Black Carbon) cibigiue da) dals

ool gilga b ltshell sgiadly Asasdly Ao Lul) ¥ aaal) i) il Uil gl 2 dniall 3 ol
(Y YYDY/EY = YaX VN /1) gl 555 DA dusedl)



AY YT = Y ey ) ]Y) 3l dadd) sal) adiga B dal) @il gadla

53) gsindl il N aral) iy glad aae Y arall cljglad dae
: (C;’glg“ 5 Jaalgal) 3t duagd) dhalgal) aad L) (O3l 2 £33) ags Jira s (O3l 2 63) olu Jna o aisal) cibiglal)
i o) 8 (s gy o) 55 (e lglady
° o o YoVV/ENY YA ARAAVAV AR ER I SO,
VA Sa i YOYA/NY /YA €9 YOYAVNV/YA QA AA day | NO.
-— %14, ¢ vy Apalsall b as am Y YO /1Y/A Yafabis Su YOO YOYV/AY/A XY Yty | | PMIO 7777777777
¥ Sa Jia ARAAVAVATS q YOYVY/YY A Ye SO;
Y o o ARAAYZYAR £ A\ ). . H.S
14 D B Y~YW/H/W'\ 1y V-V\/‘\/Yc ARIEK ARYA
¥afabi s Saa ¥ %, Y ‘ " Balgdl) (& as s Y YoV /¥/YY YafabsSua V10 YOSV e ¥afabs Saa A
) Jha i \RAAVA7AR 1 YTV Y A
AR Ja Ja Y.Y\/M/H v Y~Y\/\~/H AN 1y Saad)
¥ofalis Sua AY %\ Y, ‘ £y Balgdl) (& as s Y YO /1A Yofahg S 00t ARAAVA7A L SRR ¥afabis Sua 40
a Sa Jia Yovy/ifo VA AR RVARVATIR L2 Vet .
sl
1 a B Y~Y\/H/\"l 13 Y~Y\/H/H AR YoV
Y Sa i ARAYATA " AR VAV AN ARVEP 8
Yo Jaa Joa \RAVATAE £ AR AVARVAZIPA YR AA N
Aalal
¥ofob s Sua YV o Loalgdl) 8 s as Y AR AVARVAE ¥afabis Sia AN AR AVARVA I ¥afobs S 1)V £
¥afabis Sua AY %Y, ‘ £ Lalgall b 2s as Y YoV /Y)Yy Yafabis Sua £0A ARRAVA AL SPARET ¥afabis Sua AAO
(Y e 'k/\ Véo (,:BJ @Lﬂ EADU?J\) l,...\,m ‘:,3 Laa) eigﬂ\hgad\ slogd) clislal Lgu CJ‘""“'"“ Gyall) 3gaal
PM:; PM;, NH; H.S NO. SO; ol e
S J— —— Ol (B e Yo Osld) (B 3 YV Ol (A i Yo el aall
Yofahis Sua 0 Yafahes S ) Y Yoafabs S YV Osld) i) Osldl e A Osldl e N £ asdl 2l
olehes S Vo Yolebta S Vo Volehea S A - Osld) (8 g5 0 Osld) (8 o5 £ Soiaall )




Summary

The development of industrial and services sectors in Jordan, in addition to the
migration due to security situations, accompanied with the increase of Jordanian
population and the number of vehicles result in an increase in the pollutants emitted to
the ambient air which in turn causes degradation of the air quality in many areas and
adversely impact the public health. Therefore; it is so important to monitor the ambient
air quality of the residential areas that are close to the air pollution sources. Ministry of
Environment, based on its mandate, signed agreement No. 92/2007 with Air Studies
Division/ Water, Environment & Climate Change Centre at the Royal Scientific Society to
assess the ambient air quality of five areas vulnerable to air pollution, these are; Al-
Baqg'a/Al-Balga, Al-Mowagqar/Amman, Al-Giza/Amman, Al-Russiefeh/Zarga and Al-
Khalidyeh/Al-Mafraq.

Sulfur dioxide (SO.) and nitrogen oxides (NO, NO, & NOx) were monitored in the above
mentioned five locations as these pollutants result from fuel burning in both stationary
and mobile sources, taking into consideration the relatively high sulfur content in the
Jordanian heavy fuel oil and diesel. Particulate matter with aerodynamic diameter equals
to or less than 2.5 micron (PM,s) was monitored in Al-Baq'a since it is close to the main
street connecting Amman and the north region, while particulate matter with
aerodynamic diameter equals to or less than 10 micron (PM,,) was monitored in Al-
Khalidyeh, Al-Russiefeh and Al-Giza since they are close to the industrial activities and
main streets, in addition to the contribution of natural sources to the airborne dust
levels in Jordan's different areas. Ammonia (NH;) was monitored in Al-Khalidyeh which is
close to the cows farms and hydrogen sulfide (H,S) was monitored in Al-Baqg'a which is

close to Al-Bag'a wastewater treatment plant.

The main aim of this study, implemented during the period (January 2021 - December
2021), was to identify the air pollutants levels in the above mentioned five areas and
compare the recorded hourly, daily and yearly averages of different air pollutants with
the Jordanian standards JS 1140/2006. The study aims also to help the decision makers
in identifying and enhancing the implementation of the proper measures that could
improve the environmental conditions in the study areas and accordingly improve the

quality of Jordanian life.



The main results of the study are:

e The NO, annual average in Al-Russiefeh monitoring site in this study
period was equal to the annual average for the previous monitoring
period, while the annual average of SO, increased slightly in this study
period in comparison to its average during the previous monitoring
period, noting that NO, & SO, levels were within the Jordanian standards
allowable limits for ambient air quality. Moreover, PM,, levels exceeded
the daily allowable limit in Jordanian standards 33 days during the study

period.

e The SO, and NO, annual averages in Al-Bag'a monitoring site increased
slightly in this study period in comparison to their averages during the
previous monitoring period and their levels were within the Jordanian
standards allowable limits for ambient air quality. While, the H,S annual
average in this study period was equal to its average during the previous
monitoring period and its levels were within the Jordanian standards
allowable limits for ambient air quality. The PM,s; annual average in this
study period was less than its average in the last monitoring period, and
it exceeded the daily allowable limit in Jordanian standards 11 days

during the study period.

e The PM,, annual average in Al-Giza monitoring site decreased slightly in
this study period in comparison to its average during the previous
monitoring period and exceeded the daily allowable limit in Jordanian
standards 43 days during the study period. The annual average of NO,
increased, while the annual average of SO, decreased in comparison to
the annual averages for the previous study period, and its levels were

within the Jordanian standard allowable limits for ambient air quality.

e The SO, & NO, annual averages in Al-Mowaqggar monitoring site increased
slightly in this study period in comparison to their averages during the
previous monitoring period and their levels were within the Jordanian

standards allowable limits for ambient air quality.

e The PMy, levels in Al-Khalidyeh monitoring site were high in which the
higher levels of PM,, were recorded at this site in comparison to the other
sites and its annual average increased significantly in this study period in

comparison to its average during the previous monitoring period and
o



exceeded the daily allowable limit in Jordanian standards 44 days during
the study period. The annual averages of NO, & SO, decreased slightly in
comparison to its annual averages for the previous study period, and its
levels were within the Jordanian standard allowable limits for ambient air
quality. While, the NH; annual average in Al-Khalideyeh monitoring site
increased slightly in this study period in comparison to its levels during
the previous monitoring period and exceeded the maximum allowable
limit for annual average as stated in Jordanian standards 1140/2006 for
the ambient air quality, but its daily levels were within the Jordanian

standards daily allowable limit.

Some of the recommended actions were suggested including the continuation of
ambient air quality monitoring in the current areas, increasing the number of the
monitoring sites to cover most of the kingdom areas and expanding the monitoring in

terms of pollutants particularly monitoring the levels of black carbon and ozone.
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Table 1: The schedule of the preventive maintenance of sulfur dioxide/hydrogen
sulfide analyzers (UV Fluorescent)

Equipment PM Frequency
SO, / H.S Replace the sample filter element Bi-weekly
Analyzer Optical, electric and fluid parameter check Monthly
model AF22e | Internal zero filter replacement 6 months

KNF pump maintenance 1 year

UV lamp replacement 2 years or when required
Equipment PM Frequency
SO, / H.S Replace the sample filter element Bi-weekly
Analyzer Replace the O-rings Annual
model APSA Replace the pump valves and diaphragms Annual
370 Replace the air filter Annual

Replace (if required) the Xenon lamp Annual

Replace the aromatic hydrocarbon cutter Annual

Replace the scrubber Annual

Replacement of the SOx scrubber unit, A

) nnual
glass filled tube
Replace the pump Biennial or when
required
Change the battery Every 3 years or when
BATT alarm occurs

Table 2: The schedule of the preventive maintenance of nitrogen oxides/ammonia
analyzers (Chemiluminescent)

Equipment PM Frequency
NOx Analyzer | Replace the sample filter element Bi-weekly
APNA 370 Replace the O-rings Annual
Replace the filter packing Annual
Replace the pump valves and diaphragms Annual
Replace the deionizer unit (packing, filter A
S nnual
element and deionizer catalyst)
Replace the UV lamp unit and the UV liner Annual
Replace the dehumidifier unit Annual
Replace the catalyst tube Annual
Replace the air filter Annual
Replace the scrubber Annual
Replace the silica gel Annual
Replace the pump Biannual or when
required
Replace the solenoid valve Every 3 years or when
required
Change the battery Every 3 years or when
BATT alarm occurs
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Continue Table 2...

Equipment PM Frequency
NOx/NH; Replacement the sample inlet filter Biweekly
Analyzer Review and evaluate the Test Functions Biweekly
T201 Change chemical for ozone filter Annually
Clean the reaction cell window Annually or as needed
Change the pump dry filter unit (DFU) Annually
Change the ozone particulate filter (DFU) Annually
Check for leaks in gas flow paths Annually
Replace reaction cell O-rings and sintered Annually
filters
Rebuilding the pump When the RCEL
pressure exceeds 10 in-
Hg (at sea level), noting
that the RCEL will be
checked biweekly as
mentioned in this table.
Replace the inline exhaust scrubber Annually
Replace the NO2 Converter Every 3 years
or when the converter
efficiency drops below
96%
Replace the Desiccant Bags (any time PMT Any time PMT housing is
housing is opened for maintenance) opened for maintenance
Equipment PM Frequency
NOx /NH; Replacement of sample inlet filter Monthly
Analyzer Clean the fan inlet Monthly
Model AC32M | Checking of fluid parameter and span Monthly
factors
Replacing the charcoal cartridge Quarterly
Check flow rate and air tightness Semi-annual
Cleaning of ozone generator cathode Semi-annual
Check and change (if required) the pump Annually
valves and diaphragms
Changing the molybdenum cartridge When required
Cleaning of measurement chamber When required
Equipment PM Frequency
NOx /NH; Sample inlet dust filter Monthly or 2-4 weeks according to
Analyzer replacement dust amount
Model AC32e | Flow rate check Monthly
Parameter check Monthly
Internal zero filter replacement Annually
Dryer filter replacement Annually
Ozone filter replacement Annually
KNF pump maintenance Annually
Dust filter replacement Annually

NOx Molybdenum converter
replacement

Biennial or When required depending
on the analyzer response to the NO2
reference

Ozone scrubber maintenance

Biennial
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Equipment

PM Frequency
Ozone restrictor cleaning If required
Sample restrictor cleaning If required
Test for leaks If required

Cle

chamber, restrictors, flow circuit.

aning of measurement

Annually or when required depending
on the span coefficients which will be
checked on a monthly basis as
mentioned in the parameter check

Table 3: The schedule of the preventive maintenance of particulate matter (PM,,/PM.;)
monitors (Beta Gauge Monitors)

Equipment PM Frequency
Particulate Clean the outside case using a damp cloth Monthly
Matter Analyzer | Inspect and empty the water collector bottle Monthly
5014 Beta located on the inlet
Dismantle and clean the sampler inlet Monthly
Check the O-rings of the inlet and replace as Monthly
necessary
Inspect and clean the fan filter Monthly
Conduct leak test If required (check
flow rate on semi-
annual basis)
Clean the sample tube and the heater tube Annually
Rebuild the sample pump If required
Replacement of filter tape In case the filter
tape breaks or if it
runs out
Apply metal assembly paste around the When changing the
parameter of the cam filter tape
Equipment PM Frequency
Particulate Nozzle and Vane Cleaning Monthly
Matter Analyzer | Leak Check Monthly
BAM-1020 Met Flow Rate Verification Monthly
One Clean Capstan Shaft and Pinch Roller Tires Monthly
Clean the Sampling Head Monthly
Replace Filter Tape When required
Run SELF-TEST Function Quarterly
Full Flow Audit and Calibration Quarterly
Verify BAM-1020 Settings Quarterly
Set Real-Time Clock Quarterly

Test Pump Capacity

Semi-annual

Test Filter RH and Filter Temperature sensors

Semi-annual

Test Smart Heater Semi-annual
Clean Internal Debris Filter Annual
Check Membrane Span Foil Annual
Beta Detector Count Rate and Dark Count Test Annual
Clean Inlet Tube Annual
Perform 72 hour BKGD test (BX-302 zero filter) Annual
Check the flow rate and rebuild Vacuum Pump Biennial

(If required)
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Equipment PM Frequency
Check and replace (If required) the Nozzle O- Biennial
ring (Special tools required)

Check and replace (If required) Pump Tubing Biennial

Table 4: The schedule and type of calibration.

No. | Instrument Name

Calibration Type

1 Sulfur dioxide/hydrogen
sulfide analyzer

2 Nitrogen
oxides/ammonia analyzer

- Check of zero point
This operation consists of comparing the monitor

response for zero air.
Frequency: monthly

- 1-point calibration
This is a procedure for checking and correcting the

response of the monitor at a span point.

Frequency: monthly

3 PM,,/PM.; analyzer (Beta
gauge monitor)

- Particles measurement calibration
It is a Beta gauge calibration by using a reference

gauge.

Frequency: Annually for BAM-1020 and quarterly for
5014i

- Flow rate test
It is a flow rate audit by using a flow meter.

Frequency: Quarterly conducted for BAM-1020 Met
One at 3 sites (Gally s jall s daill),

4 Weather parameters

- Verification only on the wind direction
This procedure is conducted manually by directing

the sensor to a specific direction, comparing the
results that appeared on the screen with the actual
direction and adjusting the wind direction sensor
offset if needed.

Frequency: Annually
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