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N 5Jit CI I ON 

This pTIper contal us most: 01 t he methods 01 a I r pci lutiori sampi lug and ni:il\rsj s in use today. 	An earl icr paper by I 5errarj (see Pci I) Covered che automatic measrcflt -  of pol liltants in the ambient 
at.rnosphcj- e . but Here IL is intended to inCreruse the Ii ed ol uiio 5 uremcnt to e compass ho Lii SOui-ce and anhi Cut leve I.s and to give ode-pita to references for those who recju ire i.ndept:h knowl edge on the suihlect . 	Thoch the met:hod oF Sampi i os for eouurcc 
c.nncc - tiouis relate mainly La sLat ionarv sit_-uations the methods 
of 	analysis in general ci so Ap)ly La pa1 Jiit:ant .c from t:he automobIle. 

The pal iutant:s di scussed include part: I culates as .siispc-ndd , deposited 
and IcC tall ft alSo SiIl pinur t.r toxide , sulphur (1 i.oxide , carhon monoxide nitric, oxide, In t rage-u (l'ioxicjc . hiydrocarhoins , iiiuor Ides, hydrogen 
en I plodc , mercnpt ocs ozone, ci' lo' Inc , carbon dioxid0 , hydrogen 
cli 1 (IC do , a I hehyrles , odoiirs and PAN . 	Common Sourcs for each no 	Intact -I rc, 	ven and then rnanhlri'l and a:it:omat Ic methods for ccl It amh ent' and son eec I eve i are d I scussed . Comments where 
arp')ropi - i ate are :icnde on advact ago:; and di sadvanLa gey 01 Lhc method. 

The ph i 1 osophu of maniuc 1 ha t;ci'i methods versus cant; i nuoi is automat I C ItiCth0dc for the esvimnLi on  of pollutant iC\2 05 in recent; Limes has become more C lcur cut; with a prcdcrence to the I ott er, 

In general manIla 1 methods have a reasonable amount: of specificity 
for thy poi Jut ant' in qulest:ioii, have :i low to average sonsi l;ivi ty 
and can ouilv Ove an. integratecl \-'ri Pie over the sample period. I he cost Of the  sonipi ing appaiatu'-''j s relatively cheap and the 
inalysi5 is carried out: wit ti inst:rnurienj;.s that; rre frequently lound in an nor lv t i c a I I aboratorv . 	I however . anal ys i s has t;o he pc rtorrned on ench individual sample and the labour cost involved in the 
Cc) I I Ce; t I on and ccc I vs i :: oi tIc e.nmp I e can ho c on 'I clerr: 1)1 c 

Ai,it;orn,i t. i C continuous ulieasurcmeui t in fllaiiV CaSes has Prof res ecl through the I irst goncral- ion of 	nstriimr'nt rut' ion urN I cli earn c-h out the rn'flyi' ic.aI chemistry of the iraniitui methods, 	aut.omat;jcrIll\r hh i S pv r 1 0(1 . in re trospec I; , \.'a 	ito L \'pry sat; i s ftc t; cry as it 
ireqiint Iy re I cd on react ions id:ic.It 'were s low, insens it ftc 
non - spec i i cand reagc;n t s wli i cli were i inst. at 1 c and hu I kv . 	The no 
was a ronsidernhlp elf oiL rrqit red to keep the instrnrurts in 
snrv I cc-itia in! n iii I no reapent-  s , ii pu i (1 puliups , a i r pumps and 
numrroue pluIIHhi ng [ii 1; ings . 	Tiuc Oct Iirricv of nicasuireIlc-nt re-i ted on malt 
ti in log t lie rat I a of tItesamp] e air to the reagent hoc'. 	Current nuit:orn,it uc inst rulment rut ion isa 	[lst. improvement and is generally 
high Iv spec I flc, very sons it lye and Lends to rely on gs phase react. ions or a phv.s i ccl nierislircment in the gas phase. 	ee Pef.  . 2 
orric' of I hese mc thods 1 '1 be nond'i spers ire I nina red (N. P. 'I . R . 

St I sea II none sconce . sec and her i vat. i yenephe I one try and 
OflC I tV en I v on a I I xed sample pat: Ii w- it' ho:: t. the need t;o cr I t icc fly 

- alit rol the sample [low - 	This freedom sign iii c.aot I y increases 
I ic pot'.en:; i a I 	I ong t C rm ac (:lii[ruC' \; of I'uc'asllrcl'Ilefl I . 	-hit cisc t i c 

:1 Cotit i nuouts readout or levels measured which 
can He Ptnres on a str u pchrirt or compute-c tape - TWO initial 
coet is high and they are ded 1 cate:1 I nstrumeu-its but they give 
coot lflhIOliS I'IlCflslliements at a I over coot per read log. 

2/. 
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h/li I le 1. he area nIT aut:omatic measurement of pollutant level s in the 
a r has hoc n dove] op iig over t:iie I is L two decades I t is only cecc'iit lv t nit this trend has moved into the Source or cmi ssi on 

IL 1(1. 	The [ost:ing of omi ssions From St:nt:iofir!r\r  sources has 
changed r:ii lea liv over tThc inpt, 5 years. 	liii s change has boon 
brou;hL ahonl: largely because of the need For the coot: 10110115 
measurement of pal lutant:s hi ing cud tLod From l:hese sources 
'I r:nli Li on:i 1  ly t liso OSII 551015 hOVe 1)0011 tii0[ldUred by taking a 

5:1/dole from the C1]ie 	 ri flev or eussion point. (liSSOlVng or rei tiiig it in tomp siti tab L I iqii id phase and returning it
t. 	to h 	1 ahorr 1 err [a r ana irs 1 s 	I t 1 s obvious t:lia t 1: h I s type of L cs I ng S I ra s rcsu it: s wh i c 1: con Id he and in many crises .are 
inn-I vpica I 	liii 	occurs br many reasons: - 	[he process being 
(5HLircd nii' he cyc I Ic. or at least: iion iiiii [orm or the control 

pment he nig tested can ei Lher he tuned above normal elf ic i encv 
5 1 10 1 and on the plant: reduced for the diirati on of the tsL. 

I 	ad ol Lot i nn a '5ra1Y' S'Illll) 10 of [1 iC\', C111) Ic i!)etrec of st ack 
'IS, 11/04. net,  inStrument S niiike it: possible to monitor emissions 
OS Per i odo of dnvs or weeks. 	TI: nil ow 	for measlirciiiorit-  in pen od' such as I he iuidd Jo nF t:he night when IUOH\T people [eel thai 

INcluries hnvp AM hiH)CL,t CfltS5 100/i. 

'the adnan Lagos of thi s type o [ moi I t or 1:0 0 C 01! t ro I agency a re oLi 1)115. 	but it is also or [1d\'a1]t,ae to the suner'oi sing staff of 
the famorieF, They are I hen unadc aware, by checking the insLrumei' 
roadol!! . when t ho ceil :d I 01)5 from the p lint :ire over mn oflli SS IOfl 
I ri 1: 011(1 COfi lake corrective ac Li on Let ore t:hie si Lieit 1011 
(letcniorates [nrtlier. 	It also gk'ec them a iheck of nperat:ions 
011 	ii ::ii t: ' h I [t when Sl1[:c rr 1 s i on P I i ml I: oil 

The !;nVir011ment al Protec Li on Agency o[ the ItnI ted hI rites of \n:enica 
(V. l.A.) have recent ly made K fl1'Illdator\; for lance inst:al lotIons 
to ci.nt inilalisly morn t:or 1 hel r cmi ssion (see [ci'. 	). 	1hese inc lude 
ron-I [no I-fl red st C[II1 wencratnrs, 1]! t:ric acid plants, sulphuric 
or 1(1 pints and fluid bc-(l catalytic u'rrIcl(inc unit catalyst 
r(•(r1c/ra[ ors at Petroleum rc[incri cs 	The parnmetcry Li he 
mciyurcd 1 111/ tilde op:ic ity . Silipillin di xide. ox\u:en and oxides of 
Hi trc)cen ; the part i eular poraneter or parameters to he measured 
drpunding OH the type 01 plant:. 	The reiuI 1 t:s of the 11101)1 tor JTi 
010 Po he returned to the F.P.A. for analysis [10(1, in spite of 
I he Firih ;L!llldlrIcnt COIl III he used to proseciit:e the c:ornpan los 
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Part iciIate can be defined as any dispersed matt(,r, solid or I iqtii in 	h eb [he i ndivjdijn 1 aggregcnt:c's are larger than single smal 1 
mOl (ciii e 	(about-  0 0002iim in diameter ) but emal her than about 
5(0)1)1) ( See Del. 4). 	Ilovever a Netter wonijo:- dci in it: ion may he so 	0 part: i : 1 es o I e i s.c greater t:han 0. () 1iii. 

Part i en late p01 lut: ion in [he atmosphere 
TIIa' be classi lied into ti:o art) it iir 50Up s, based on iiiet:liode of measurement- 

a) 	
o I I d mate cia 1 such as gr I L ishi oh 1 s 1 arge enough to he 

dpoe it ad on the ground by the act I on of gray i l:y. 	Par tic 1 a this cat:eOor\r arc lflr5nr than 10 t:o l2nm and arc common IL ISliSd uS ilys 	01st deposit: gauge or high volume sampler 

inn material such I no smoke and aerosols ichich re-main 
Si) P - Oacd in the air by broiian movement . 	PartIcles in 
this cateecry range up t;o lOom and are measured using 
coo If I ci cut of havc n1eael1reiTIcL . nephel Omet:ry Or the 
hr i t I eN Standard ma [hod. 

Ihe 	Sit u:ii 	S1lrC 	s 	of 	nt:lIlosphenic 	part icuilat:es 	are 	legion. Fxcludin n - i 	111011 !)CC ipi Lat Lon 	or 	\Cnt:er \anoor. 	part Ic hos 	can 	arise from Cnmhit 	I 

(10051 	ot 
i on 	I 	f05 .s LI 	fuel , coiidenia I: I on, 	vol can i C 	C rupt i on . 	break Irgr 	art Ic Los 	in [he 	Linoepliere , 	puilver i vat ion of 	road ibis I 	) 

sea-- s;: I 
01 h 	LIC., , 	tvre 	\cear. icincI 	(- roe ion. 	SOI 1 	process 	dusL t 	an 	pbot-  oc inn I Ca I ri-ac N 	one 

1 . I 	i.nHi cut: levels 

N f liods 

(a) 	Dust: Dopos It 	e (fee PcI. 

(It-,  I)OQ it nauigr normally Used 
rn n 5lg:e . and COnE sts of a 
[lie flue]: of a 7 litre bottle. 

a I lv 30 ulays , part in 1 as are 
funnel . 	'INc boLt-  In is placed 

COil) iui 	IeveI 

and 0 

in Aiitra1 ía is silni mr to a 
I SOmm di ame 1: en Inane 1 support-  cc-I inside 
Dii ci up lOinpcii nO of exposure 
ilepos i ted ii ito [lie hot L Ic via the 

in a stand appi-oximnat- eh' 1 	rum t:re 

TO] lov'i np exposure the ineo1iial;7c dpos I [sd nrt I sr i 	net: im:ited :sravinnt r lea I lv and I hail ached. 	]h 	resin I t:s arc expressed as a 
10 	0 1115.5 spar liii N OrC 	per month 

dt 	
lId 0 toO of analysis of the (le-pOSIL cauge sample is 

1 isciiscd iii Dri t I s[u Otandarcl 1747 Part 1. 	The z\ustr'il -in gauge is 	omc..0iat different: to the cange described in the On t ish tandard. 
Iyp Ha I level C ui1edlsunre-d 1151111 lv fall in [lie range 0. H-7h/m/niouitT1 

\nothcr :aiipe (Icc-as tonally used is a 0 i'rect.ionai deposit gauge and 
t is used to access the source of (ieposit:cct matter in terms of 

vind direct-  ion. 	IL has fain-  cvi indnical Containers, slotted 
ocr L e: I y e pac: cd sit O) 	I n t erva I e to each o tIer and suspended 

3 inn I 	 a ha\ -c s rouse] 1 eve i 	[lie naupe: 1 	a II good to co 1 1 cc t 
sol Jut Ioi from the four Tiotni 	0) the COT111 555 
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flommen. 	INc resul to From a depos it paupci are not a \'cry a ccur -ite 
r 	01 (lust dcpos iLl on and are ver \ r (Jopeildant 00 meteoroiogcaI 

scasonal I Iiictuat I on. 	The ma n advanta5e or the dcvi cc is that 
it: is inexpoi i':. 

(N) H li Voliinia Sampler (Sec Ref. 7 and 5 

A lush volume sampler is used to collect: the smaller particles 
of (}Cf)OO it cd dust: and suspended nit:Lcr on a glass I ibre 111 [or 
paper in the nivc range I rent U . 1 to 1 Oflien. 

A ir 	is (frown 	into the 	covered lions I op and 	throu 	
7 

h a 	500 .cm 	p lass 
I i1)rc I 	I t.or 	paper at 	a 	I bc 	rate 	or 	approximately 	1 	7m'/min . 	'[he 

[or paper 	lieq Nor i 700 ta I lv 	and 	the 	c: ovorod 	lieu S 	rip 	protects 
I ic 	F 	I ito a 	I rots 	(I I reeL 	In I I out 	and 	rn in . 	The 	a I r 	samp Ta is 	clram 

at 	1)1111(1 the 	hanoi is and 	onto 	the 	Ill tar paper. 	A 	sample in 	taken 
o'er 	a coot, i noons 24 	luotu- 	period 	(midnight 	to 	midnidit) . Samples 
're 	norma liv 	tal:cn at 	intervnl y 	or 	a days 

The mans c QOC en [rat ion of samp 1 e coil act ed in the amb ion t oh r is 
do I a FIll 1 no I nrnvinwLricaIJy and knuwi iv: the total \0) ii ItflC Of s r 
SOTOpId (I, the Conce'nL'rot ion is exuessed as up/rn . 	'I ypcal 
raupt's treasured :ir Lap this technique are 2031:0 50005/un . 

	
Ta areas 

\oliera 1:1 lout sig"If boot H ooeeds 200up/nU an S or 12 hour sample 
can he Lal:cu 

Comment: 	A 'relatively inox'ens lye dcvi cc Nut: in nee'fr manual 
,hNHJ Ha of Ii 1 t or 

(c) 	tn t lob Standard Mct:hed (See Pol. U) 

This one the loll e'i op taco methods measure particles in the 
canoe 01 to 10-?uu. 

\ (:ont: inuuouo air sample is drown Lhroii.h a No, 1 Phat:nnn Filter 
he Id Ne:.wsan a Ii icr hoIdy. 	'[lic: usual diameter oF the Ii it:or 
is 2. Them. 	the [low rate IsIS 1 itVeS per minute and the sample is 
take ii ave r 2: hon ro. 	The no 1 1 on the Ii It or paper in [hen 
deterntine'd by Coinpa'ri op lh 	I ight rei lectanco of th 	stain to the 

I I 0h t cc 11 ec I one c From the 1)1 a uP I I It or. 	I I no thin re II ec t anco 
I lie sun ace concentrat' ion is determined from the 0.I".0 .fl. 
Internat lanai ('utree (P.S. 1747 iP. 2 p1 '1) from vhiclu the 
conueuul rut ion, ("pieoseci in uv'in 	I 	ai'tarlluil(J Np (,ilc,ttlJt 100. 

[t must: he rememivred Lhal: I ova I o recorded us i op thi s Lechn I quo are 
only arhi i:rary. 	Due to the phivs ical nature of the particles which 
'ire lie hip mc''usurc'd , [or example opac it a and sire, absolute 
meosuromonV is not pes si fulc' 

[vp Ha I level s which tn9y be flIOOSUi€:Id us i np tiui 	method ranee 
hetwcau I U and 2u(tup/nu' . 	'1 f meaqurementq are rociui'irc'd in regions 
whore I eve 1 s 1 I o out s I do thu i s ranpe t he a 0 51110 1 I r (1 . 27cm) or larger 

3. ( 4cu) 	ill en hinidi-  shnHLd To used. 

Comments: 	Ti' only gives a once c1i Ip i nteprat:ed reach lap but the 
to I H can 

 
be compared Atdì \on1cl Health Orpani sat ion (\Ii0) goals. 
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1 . I 	Au I: orna t c Ne t: h on s 

( 	f1perTn Pc Sa1pIcr (Coefficienco F Ilaze) ( e e Re F. 10) 
by mea as of 0 Vi cniiin pamp. ami: en L a i.r is ant: orna t: i ca ii y clra kwvn 
aLa flow ratE? of 7 1 itres per minul:e , for a per Lod of 2 hours 
throiiji a sampling noI e that. c lamps and shroiids a No. 4 
\Thai flLIi Ii It cc paper tape. 	however, on most commerc ialiy 
[MO) I :11) 1 e iflS L t 1Ui(fl (:5 lii I S 5[IIfi) I I flO per i on is VOV a hi e from 
10 minutes to .3 hours or I onzer. 	fuspended matter in the air 
is ii Lc red on the tape t:l:rousli a 2. f4cm diarunt:er spat. 	After each ama1 e is t Len the II 1 ten tape is automat: (a i V p05 i Li oned to [1 F ronh sect. ion and sarnpi ing CoiiLinues 

fanipirs so coIlectcl are measured by comparing the 1 1 ght t:ransrni ssion 
Lhm(neh the Ii it or stain t:o tfist. transmi tied through the blank tape. 

nis t he opI i( a dens I tv obtaind from, t lie transmi nsi on readjn 
nd Lnnunl ny the number oi I iiiear FeEL of air sampled, the level of 
epcnded mat ter is co1cnlatcd1 and expressed as a Coefficient of 

tOOt: (Cull). 	hnjn .as dTSC5:1 iii Section 1.1 1 (c) 	this is only an arbit -rary no toe and in this •2ae it is not expressed as a 
COflC Em I rat I on 

Ps fig two hniw sampling pe nods . mc st instruments are (IC S I toed to 
operate unattended for up Le six weeks, tome instruments 
automatically qample. measure and r cord the read lao-c. 	Coeffic lent haze tin to rane between 0 to 1 

Comments: N rc F 1 cxi 1)1 C than the p rev I mis method hut the re sul t s 
caoIn)t bc related directly to (IL) yoal. 

(b) 	cnhelometr\r (Sc-c Ref. ii 01(1 12 

The I I tk t scott cr1 ng ahiliLy of aerosols provides the WAS, 
for a c cot: I ni touts inca su comen t of suFppndod mat. t:e r in 1 lie atmosphere 

One Coilirne re i a I mc t hod avnillhic (Indies; a C ant: i nUoflS air snnipl 0 at 
opprox i riot ely 300 1 1 trc s per in i nvtc t hirouicl1 a sample cell where it 
in l:heii oliHoctccl to pulsed I itit: [rem a xc non lamp. 	The resulting 
OcaLlereti 1 i ght due to the iriterlerenc e rau;ep by the particles is 
detected usinf a I i:hit sensi Lice pliotomul tiul icr tube whirl? 15 
shi c 1(11(1 from (II reeL: exposure from t is xenon I I tht source. 	The 
si gino] produced by the phot:omnuil I i ni icr tithe in averaged and compared 
to the reference vol tage of 0 seccitid phoLoriT Lip! icr tube which 
looLt-  1111 t:otH intensity n1 1- hp xenon I itlit 

For a 51\mn part 1CC siZe of a known material there is an accurate 
mint i ondi i p bet ecemi the mass ol t he smip Ic 	nocli rigs and the 
cottem-ed 1 itht. 	Iloweu-cr. this cerrelat iou (icCredIses in the 

proc ii cii m(ns(iretnant Of suspended niott En-  due to the heterogeneous nature of I he s He and type oF part ic h sin l:he ambient air. 

Himini di Ly severely E F fcct;s this Lypp of nicasurernerit although the 
inlerference is great ly reduc :d by prehcat:in the air sample during 
its poscace tlirauiti the Fnmpl!ng I inn. 	Aerosol ''Freon' are quite 
comnn1v used a a Sti SFactory means of ca [ibrat: ing neplic lometeis. 
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(,onuiie Iits: 	'lii i s i S the only method wh I ch gives a cont inuolis 
Cc. S 	I of I: ho concrnLrnLionn W p  r L I c I c s in the a tnto sphere 
t a I c) assesses vi suol (1 istanco 

(c) Low Energy_bet:aAbsoption ($ee Pci. 13) 

The pri nc i pie of us ing bet:a rrid I air ion for measuring suspended 
tti'il:Ler leve Is in claimed to he 1 ndependcotr of the chemical 
compcsitioo or p1_I sical prc)p(rtics of particles in the size 
rnn, 0. 1 	 I liii. 

The method rcjti 1 f?S that a kl_I0W11 VU I UtflC of atni) lent: Fl In be drawn 
lirougli a filter pIr ( s irni Hr to a paper tape sampler) and the 

:ra 	col icc ted determined by the absorpt: ion of low energy beta 
cdi at. on toil cwi og its passac:e Lit rough the qnmple. 	The mdi at ion 
:HsoI'Ncd Is proportional only to tile mass of sample col icc ted 
(Ii I PC fi 11cr paper and H independent: of 1)0th 1 1.5 density or 

sill en 1 contpo I t H_It_I , and pliys I Cf I or opt i cs 1 proper t 1 es . 	Knowing 
5 )1 ii the vo I tune of a i r samp I ed and the mass of sarimp 1 e co 11cc ted 

then nlie resit 11: (mu be expressed 05 an absolute c:oncentrat i_on 
in ughn 

One coinmere ml iy available instritrnent: has a range of sampling time 
from ii) ml miles to 12 hours. 	For a one hur sanipl log period the 
Weaniri nO COngo is Iietwceii 10 tc 200 ug/m - 

Conments . 	1 t gives a d i reel: mass concentra IL I on readout but only 
oc rated read logs 

1.2 	gonrcr level s 

1.9.1 	Nlaniia 1 Mpthods 

Post notni:ii tnct Pods are hirised ensen[: ml Iv on the same principal. 
r t iii I -tI: e tint [er is wit lid rrncn I sol: i oct i ca i I y from the source 

and its mass cleternim nod gravinotrical lv after the removal of 
tine onTh i ned water.  . 	1 sol: inc t i c snrnpi ing is necessary becau se 
part iculotes do noL behave as ideal gases and are not homogenously 
fluxed in the exhaust: sireani rind precaiit: lot_Is have to t)e taken to 
aelt love a represent at: ive sample 

[ii I sok met Ic sampi log the vel nd tv of the gas entering the 
sample nozzle is adlllste(1 as unar as posH ble to the velocity 
of the gas in the st:aclr at I itat: nnmpi ing poll_It. 	If the veloc ity 
I ut:o the nozzle does not equal the veloci Lv in the stack, the 
samini c wi 11 he biased (Inc to the behaviour of the (Ii fferent sized 
part: ides eot rained in the gas stream. 	For example. if the 
velocity throngh the nozzle is grcnter than in the stac;k, smaller 
nan: Is I ms H I Lend to be over-represented due to the fact that 
I icy are more ens i ly able to [01 low the flow I Inc s . 	For 
e1oci Lies lower though the nozzle 	linger part:icles will he 

over-represented for s imi bar reasons. 	oLe t:I_IFtt the assumpt ion 

is made 11 tnt part: i c es are t in -e 1] 1 ng at the same ye br. i ty as the 
rIm I: gas 

7/. 



\Ivi Or it v of 	gas 	in a 	st rick can vary qu I Le 001)5 I derably from 00 	nt 	t:o p01 nt: 	in 	c:ros 	sectJ on. 	as cnn the part: Lculat.e C0000n 1: rat: ion. 	I I: 	s 	Lheroiorc 	necessary to choose a number of 	sampi I ng 	point:, 	the 	actual 	niiruber and pos i.t:ion 	depending 	on he 	s 	n and 	geometry 	of 	the 	stack. (See Id 	. 	14, 	15 	and 	I b) 

To perform an em Lssion test: [or part i cul aLes , the vol cci ty prof 	I I he stack Trust: l:e I:nowo. 	This is normally det:ermined 
Nv iuea su semen of [lie ye 1 oc 1 ty Nv a P 1 Lot: lube or 1 n some i n Lanci 
by a mass 11 ow mc t:er . The ye 1 cc: I ty i S men mmd at a numberof 
paints, predcl errnined as above, the gas is then withdrawn 1 sokin-
CL - cal lv I ronj t he stack and the part I Cl1la1.s separated by a Ii it rat ion step 	The HiLered particles are then dried and 

i Lhed and the COflCoflLmaL ion expressed as crams per ciii) C metre. 
ui'ic metre be log defined as that volume of dry gas which 

up I cm a cub I c. met re at: SbP. 	[or inc I no ral:or.s aid ho 1 1 ers H 	coT1cei)tr:t ion is usual iv corrected to 12 	carboji dioxide 
at i ow for Ui1j form t amhust ion., LIi is requirin 	the concurrent 

ilt TI111eJiienL of Carbon H OXic( dtirinm the Let 

1 SOdneLic methods for samplins 
t

por:icies all [ci low t:his broad 
ip 	 f 	h 	ila prior 	, 

 

Hen Izni semen 

F.P.A. Mt}iocI 5 (See Ref. 17,1S and 19) 

Tb I 	is hcconiI ilg the eletliod most: used throughout: the world. 	The v 1 r:c I t:y ci i st.ri but on is determined during the sampl lug traverse 
[he eriipie is drawn t:Iu-ouig1 the sampling train as fo] lows. 	The 
(Just. I: supirat oci from i ic gas st:rcoii by 01) external (to the 
stack) heated Ii lt;er efficient: f o r  0. 1 uni) . 	Au external 
(vC I onO for separr:t: Ion of the part i:uiates 1 5 opt i onal and if 
usol, precedes tie Ii I [or. 	ihi s is followed hr an iiupinrer 
Ira c-i ( OilS 1st mc: of 1 Crcenhiirg-5i111 Lii 00(1 	modi lied Creenburg- 
Snil Lb impi nruers t:o cool the 	as. remove an 	residual particles, 
0 ci r I rap for 1 i qu 1(1 reinova I and a •s 1 1 i en so 1 I: rap fir ma I s t.ure 
removal . 	the gas then runs I a a pump, and a dry gas meter, an 
or i 	cc gauce and a tlierinome tar 	or t hi 	rue Lluod I: lie mci s Lure 
cool cot and the molecular weiht of [lie st:ack gas are to he 
1i101'1rired and md oded in [lie en lcu1tios . 	Pc [oH ty is determined 
by an 5 -l:voe Pit rt, and stack temperature is measured with a 

he CHiOC Oil p P 

Comments: 'the me [hod can Only be used for vertical stacks and 
thu 	v')le is colic cLod in [we or thrc 	ecpa::il c cones ccl: ing 
1: sonicrliat 	ted I ouc: for anaiyc: 1-:, 

Canadian F. P.S. flethocl (See Ref.20) 

is very siunHuir to thin t1 .S.l:.P.A. met:hcd 5, except that a 
re lone is rsnndntory hclore Lh filter, and t:he thermocouple is to 
bc 	I or 1 tided in [lie cot 

Conimcnt s : 	As for (a) above 
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iovwp - 50 Part I ciii ate Train (s(1e Ref. 2 ) 

Thi s method uses in-stack Ii I trat: ion with the Iii Ler lug medium, 
usual lv an a liinduni thimble,, placed i ght: after the nozzle. 	'Ihi s 
[ol I(IYcd by a wcL CO l Iec:tor. :i total volume gas meter and 
the rniom tar and a piinm. but no I low ra tc nleasurement, 

Cemmeiii:s: 	I n-stack Ii I trat:ion is considered an advantap hut 
the L.k of a [low rate device means (10 I ans in at La 'i in- I scd(inetjc 
rates at. each point. 

los Angeles County Air Pollution Cont-rolDistrict_Particulate 
iii (cc }etT 	22) 

There arc three methods developed by the APCD. For hot gases. 
external ceramic filter is used to collect the dust lol lowed 

lv 	1 no I cal bet or, 	For gases of 1 ower temperature, a paper 
h 1mb Ic is uod 	For incinerat:ors a cal bet: ion head is used 

nhicii also sizes the part:ici.ilat:cs collected. 	'[he gas corcli Lions 
are measured by a the rmometer . LoLa I no mine meter, and a pump 
with no I low rate measurement' 

Coniment: 	The [.1 exib iii ty maRes the method pract: i cal , hut: no 
1 ()v 	Le ntea sulrcment, I s a hand cap 

A.g,'I'.M. Partjcuiiat- e Train (fec Ref 23) 

'fbi s method I s very ci ml 1 ar to the Joy train except t:here is a 
ion' rate measiui- in: ahiiit:y and the [I ltering medium is flexible, 

dope ad ion on the type of part: ictiiat:e t - o he ccl lectecl 

Comments : 	A proc t: I ca I inc thod - 

(I) 	\.f.M.F.Particulate 'frain (fee Ref. 24) 

This lays done r 1 1st OF speci lications such as nozzle type, 
Ii it cr1 ITa mod i urn, vol oc ity measurement , volume measurement, and 
ni imp sys 1: em; most. In 	Dads meet t:hie so spec i F 1 eat 1 ()S 

(c) 	fan Franc Hoe County Air Pal lution Cont:rol District (See Ref. 25) 

'1 h I 	met lied us s in - sE ac P Ii I tc r I us . uc 1 Lh the nozzle 	ncl f i I t:er 
holders )0 i ilL: fliad 	of Pyrex and the filter msdo oI gI:is wool 

Comments: 	In -- s tach Ii Itrat: 1 on I s con' 'I iic-red an advantage but 
I lie pv r x novz 1 e and I i I Lcr ho do as are [rag i I e 

(11) 	Rn tish ft andard Me.thd 	(See Ref. 'if) 

tn it I sh Standard 3b0.5 : 1961 del - iii 	a number of methods For dust 
ni ssion t estinr, based 011 I'M - stach Ii lterLng with thimbles or 
\'clnnc.s . 	lion' i-ate measurE mont: is (10110 Wi Lb an on lice sauge 

:aicj vol tuiro measiuremefll by nnani'n true I 'I on and t i ire. 

Comment : 	Prac t 1 ca 1 - 

9 /. 



i .S.1%7 , Clean Ar Act Recnt;ion Method 	Ref. 16) N 

This method is lias.e(j on {P7 3•C : 1061 , but with many rnocljficat i.ons 
it; is probably t;he most; I lexil;1 c nict;hod al lowinp for heated or 
non-  

lietid probes, many typos at 	ii tor lug med I tim (normal  stool; ' and has 1 he ahi it;y to he used on vertical or tiori?ofltnl 
(tile L 

Comments: The 11 exib ii i ty makes I t very practical. 

( i ) 	American Petroleum tusH t;ut;e 11.1 trat;i on Method (fe(,  Ref. 26) 
In th i 	method, the gas is sampled at; only one point. 	The 
lii t;rnHon is in - st:acic usin; paper or Cl050claLl-  Ii lt;ers, and 
t;hesas voltnne is by ms meter. 	there is no flow measin- ing 

C 	'sni ol Lot scaR inco are taken Prior 	t;Ins test. 

Thimoir : 	 :o: in (ar pos I Li on make the rnet;hod rather I naccitrate 

k ) I.Im1 0 o 	 Pod (fee Re 1. 27) 
ii is cia I hod I 	ye ry s rn i 1 or to :;lio 	I I t rat 1 on met hod , but; uses 

I nip i.fle so i not 0011 0 	t Ii i 111)1 C S 	01-  dii t. CO 1 1 cc I on 

Com [Ti ents : 	As for ( j ) above 

(I) 	ir±CL 2± 1.±._rnt. tUteiT11{0 CtlOfl1\1CLhQd (fee Ref. 2f 

[is met laid iaoss a Cascade impnctoi to cci led. poiticles. 	The 
1 cfl0P IrIl000tor consist o 'n r A jet;s with glass slides he law the 
t: I 	. 	ihc 	e to are at r i i j L ring 1 eo to each ci her 011(1 the s I ides 
:tie I ared and P11 Cioscopiea I Iv c Ieaii. 	The vei (ic i LV thiotili t lie 	et s 11Croars 05 the 005 IPOVCS on and partc Leo bit wean 7(i(j urn and 0. mm 
cnn he 	ol iv 	L ad. 	lbs 	;arupl ins SysLcsl is 51111 tsr t;o t1i 	otiter 

P 1 	mit ii 

5 omrfleiiLs: 	Rat tar I muted in app icotion but: gives a separation 
if] I (:5155 at port ide SiZE rant. 

(m) 	hachiararji Test 	(fee PcI. 16) 

This is a method [or test;ins the emissions from oil or gas fired 
uqui pn1en. . 	the eNlioust; gas is drawn froru the staci; wi tP a hand 
pump at ot an(lar-  cI 1 arc L11r011 11 a Ii I Ler paper and alter l() strokes 
the so ii ed spot on [iii s napes I s c ompared to s andard 	spot  
S t;anoai-d . pOt S arc Ililtilbered I whi I e , So 10 hi :c 

[lii 	I 	not an 	o oPine;; ft IlIeasiircrncnt-  and resril ts Co 

loLialite to at her ineiiiuds - 	Ire simple app: iatic Cnab Ie 	ropcd 
- 	 ot i ny :111(1 1  P15100 i at e read air L 

a) 	Ti I rige I mann Clvi rt (Sec Re I. If) 

his in 	mt.hod to \'iouriHy assess the tnt EnS itv of smoke coming 
[rotc an amiss n pHnL . Tho ch.nrt. is a seHos of S panels graded 
o1]rfll)ei I L 	5. vi I) U loch; hatch lug 00 a 	1ti Le background. 	Inch 
ascend I itO nuirihir represents a 2CC, increase in blackness. 	To take 
a rcd lag I lie ohoervel st:irids SC) to SC) met;res heli md the chart; 
rind ol I ns it. wi ttl the pa lilt; of 01111 ssi on. 	the 1 i 110C!nlann nurnher 
approach In 	I hc shade at [lie smoke ishion viewed in this fashion is 
the i-at 1116. 	A iliiliatlIic i'ingelmaiin chart 	is also avni lblc 
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Couimni: 	This is a remote Lest andenables a s i.rnpl o rapc1 result 
I t 	i 	on I soP I DeLi C 	eeL. ye and the re sic I ts rio not re late to other methok . 	IL can only he used in (layI iglit 

For more det:ai led information on methods of testing for particu 1 ate 
Cliii S Si OIlS 510 Ref. 2Q 

1 .2.2 	Automat Ic Met:ho(Is 

(a 	)pt:y Meters (see Ref. 30) 

Opac.i y meters re v on the pr Lee I plc of sh Ln 1mg ai.ght across a 
si- ack and measuriny I lie rediict ion n i 	I iglit received aL the other 
side. 	there is ag rent variation in uhe sophisticat ion ci 

Iterent I nst.rumeets 01 this class ranging From the simple smoke 
I :irj to the very sophie' t: I cated on sLack transnii t:omet:er. 	these 

Jot I r inSLrujiie 11  ts have so Teeter] cave length 1 yht to reduce 
t or [err e nc . no crow ang I c of beam acceptance to reduce ci feet S ()f 

scat I red I i cut , chnppe sample and rcference beams to reduce 
stray 1 i:JiL intcr[erence 	self cieaninr optics and in built 
cal i brat. ion and sOro checks. 	The nstrunient-  can be call bra ted 
to rca:1 dii-ectly in enussion ccncent.rat:ioi by performing manual 
cmi ss ion tests bud relat ing this to the ocac: i Ly reswCieiiLs 

(InmenL: 	I L i .s not an I soP I net I c me thod and water drop 1 e I: 
Its ad\J[intaCes are that: i t provides in stack measurement 

\vlI icli eve en es I ice toL:i I cro 	section C) f the cmi ssi on. 	it provides 
a Cofltjnçc. readout. 

(h) Beta ay ttenua!:ion (Ice 11ef.13.31, and 32) 

psincipI C relies on the sequential sampling of particles 
from bc si ack onto a t ape and then hc i.)ardint the so I led spot 
Wi tic hiyb ye I oc. I I y e 1 cc t eons . 	'The at )scrpt I on of r lee t ron s by 
the part.c los , is coniparecl id Lb tie nbsorpt ion on a fresh tape 
and 	tIle at. I: enitat. I on i s prol)ort I ma 1 to t: bc nun: s of part i c 1 C 
on Ii Cc I c(I . 	lb I s met hod i s i1oL s Li I cI ft cont-  I lilIOTlS 1)11 t. g i yes a 
series ui ml egrat cc!readins over :1 1 imc percod. 	('enerally 
I: he sarnp I I nc, I s. in one spot of thcc; tack and I 	not st r I c L I 
I soP I net c 

Cocinien: 	T t l S not. I SOld 1 nc t: ft hat givesa mass concent intl on 
foc odut.j L . 	It: I S not a coi t: 1 on ous met tioct 

_____ 	
• - 	:n. -:-•.'" 	---y•.- - :r;jç-:........•1•• c-t.'.1 	. _,._; 

.' 	 . 	., 
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2. 	'lld.ATS 

Measurement-  of pollution by fumes or part:lcles of metals is 
iisua I ly cool nod to the more coiro 	l:oxic e icinents such as lead, 
arsenic, nut unonv, cadnu.uirn, mercury or any of their compounds ( sec Re I . 5) . 	However,  , the me thod of sampi I up for any flIC to 1 ii c 
eloHwnr is essential ly the some 	Lho  method  of analysis he i n 
the e iii or d i I Ic r ci is 

Sources: 

Part ci cs and tunics come from a diverse number of sources . lead 
comes largely from motor vcmh isle exhausts, usmia I ly in the form of 
100(1 hal ide, whi is lead smo (Ihig. refining and mining arc- other 
laree cool LiiOltors . 	Merciury is cmi Li:ed by chior-ol kal i plants 
and is  used widelv as a li nc .i c I dc . 	Other mc La 1 s in the 
a mo cpfierc owe their or I p 1 u nirli ni y t a e I the r sine 1 t i ng , ref in i up 
or Win& of I he respect: ive metals and their conupotinds 

2. I 	-AmhicnL Lcv 1 s 

2. 1 . I 	Manual Methods 

Me t:a 1 part i c Ic ' are rout: inc 1 y co 1 1 cc ted from the a Lmo sjThc: cc by I .h 	I uTIle samjii i ti 	(See 1 . I . 1 (H) ) and in spec i I Ic en sc s by 
low Vol"mc Snmpling. IIoevor, there are a number of methods of 
analysis which differ quite niarl:od I y from ens Ii other. 

For 105 -c ury , ii I ph volume sampl op is not normal I y used . There are 
mci hurk inihi I shod on these a I tcrrnal:o procedures (See Ref .31 and 34) 

Analys 

Cou:djan F.P.S._Met hod (See Ref 35) 

Tn this method a poition of the filter is emit-  out: with a wad 
punch and the port ion di ssol\ed in livdcolluori c acid. 	The 
rssuhIHni soiui ion is (iriscI, fliLricacjcIaddc.cj 	tiltcrcd and 
di Jut cd. 	This saint ion is then ;inalvsod by at- omic abcoi'pt ion 
We I rapho t( me t ry 

(b) 	iI[.PTSOCjet\T Method We Ref. 36) 
'[Ii is or- t hod I uvo Eves the use of a I ow tempera Lure asher.  . 	A 
port no is c"L from the Ii I tcr and ached at ISO P (750 watts 
1 111 M. ch:mtbei- pressure, 50 cc per minute oxygen). 	The ashcd 
II iter is ct costed with IIydrocL!orjc/njtrjc acid, then 
ojicont at cd, (Ii iuted. centrifuged and analysed by atomic 
hso C [) I: i 00 . 	I I is a Very long me I hind 

(c) 	1ytr:ict ive Matliocis (See PcI. 37 and 35) 

xtrai t he methods involve the direct: extraction of metal 
Mrtic&Otel I mit a ac Id , e it: ic-i' ii I ti- i c , o I L r i ( i'pc rch I or-i 	or 
nil ric/hvhi-ocluicri-ic 	44y penerni iv have an mi ml dry nhing, 
the Icinpe rat urn depending on the metal or mc talc bein.v analysed. Ihe Sinai so Nit I on is analysed by atonu c absoi-pt ion. 

12/. 
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(d) 	Nflfl_flfç truc 1: i ye Me thuds 

Till S typo of mc thod Involves the (1 iroc 1; measlirement of 
the me La 1 

Cont:ent of the snmIlle(l part: iciil Lcs . 	A number OF methods are u s ed ,  the ulost popular 1)01 n 	<-llay ii IOCSCCI1CP 	however.  . to use these riOt hods . 1 Ow VOlUnln same I in mut be enpi oved , us lug a membrmie typc Filte r. 	This is neCc[u'\ becaurr the dust: must: be on t 110 a r Inc 	o I the Filrer, 	Ca 1 	OH t Oil 	 1 5) (ji I I ic n I 
I. 10 SC' 	HO I I O( I' 

2. 2 	Sonrce lve I 

2. 2.1 Manual Me t hod s 

There are no commere I al 1 y ava 1 able instruments spec i fl call y for 
the Sampling OF entisS ions of metals. 	hTowc\'er, any of the 
sok I let C part iculat:e test met ilods could be used, and the 

p1 r t Oil [It OS :111:1 1 V sod for 1110 1 [1 1 nontert by [1 Lofll I C nI)sorpt I on 
:pecIrocoT)\r 	:\1 I ernat: iVel\7, the I I It ering ned ium on tlic 

I net Ic Lest on ip,.fj en L can bc removed and tile sampi ilig train 
COIlS si in of the probe and mmpingers of d lute ni t:ric acid used. 
he ac Id in t:Iie imp igers both removes and djssol veo the metal 

from Lho pa c s I recmn. 	C ee Cc I . 	P 

lercury i s a sepal-n Le case and a number of me thocis have been 
ibi I mc 1 for the en 1 Icc t I on and non I ys I s of mercury from 
Lnt. oi1[ir 	sOI1rCc 	(Ccc Ref. 144). 	These involvO either: - 

( 1 ) 	lb sorp L 1 on by Cqlleou o 1 odi nu ni000ch 1 or i (Ic 
I I I ) 	Abso rptr I Oil by Potas I tim PeriIloog:lJel t:c 

1.1 ) 	Ailalanla 	on with Ci Iver or Cold; 
( iv) 	;\050i-nt 1 OIl by charcoal - 
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]. 	SUIJIlU]? t]QV ilIf AND EJi PILL] 	ETC ACID NIST 

Sources - 

The majori ty of aiULpliur oa a in Lhu atmosphere COma from tiic 
combusLian of the sulphur contained in fossil fuels. Between 
90-100) af this sulphur is emit had as Sulphur Diox de, but 
(lepending on the combustion condihions, oxidation must go further 
to form Sulehu Trioxi do. This ci be cmi L Led as Sulphur 
Trioxide or Sulphuric acid mist, depending on the temperature of 
emission, but will become mish chouhly alter emission into the 
utmosT hare. Other soirees of Sulphur Trioxido are Sulphuric 
Acid Plants, Smelters, processes using sulphur or sulphuric acid 
mud FaL.toieirn ia !ir.iing. 

. 1 Ambi orb; Level a 

At this time there are no methods succifically designed for ta 
usuiement oh sulphur triox;i cia in Lhe atmosphere. 

.5 Source Levels 

5. I-Jamal ilethods 

Nanual methods are based on two principles. Firstly the Sulphur 
trioxi de Es sepanated from the gas streais by selective coridensahion 
and hi the second mehhod, the sulphur trioxide is absorbed in a 
Li quid mcdi urn, bO) Iso-propyl. alcohol, which inhibits the oxidation 
of any sulphur J±oxide absorbed. Note that manual method-- also 
involve the simultaneous estimation of Sulphur Diox;i do. 

(a) Iritorsociety Coirnittee on Nethads of Air Samplinif and Anal ais 

I hue gas is drawn from the stack, non-isokinetically, through a 
heated hElter (ho remove particulate mat her) Lhen through a 
heated glass probe (to prevent condensahion and reac Lion). In 
[he resul Lant ga sulpluiri.c acid s stream, sulphur trioxLde :is condensed as 

by controlled cooling and the resulting aerosol 
is coLlected on a r Lass tnt; .fi.Lter. The sulphuric acid is then 
uaslseu off and determined by react on wi Lii liar [aim Chi oronil.abe 
mud mc. asuicjueiit Of Lb e coloured complex on a spectra pho home her 
at; 5i0  nc). A.! Lemuah ivoly the an] phahe cwi be (tetemmined bIT alkali 
LitrahLon wihLi bard urn Perch] o:rahc un.Lng thonin indicator. The 
volume sampled i a measured wi );h a gas meter. 

Common ha 

in 	some 	situahioria, like 	sumpi.i.ng  from glass tanks, fine narticmilates 
can cause freqcceri L hi acking of the filLs. 	Non-i soki.not;i c sampling 
could cause 	L accurahe 
am I a L. 

mc aol. t; a 	if the comapoLuld 	in u resent 	rim; 	a 

b) U.S. F.]hA. linthod S (See Ref. L) 	7 and b) 

.1(1.5 method is primarily for the de henri Lust Lou of sulphur dioxide 
am stationary sources, but since it also involves the separation 
Sulphur Trioxide, it could be used as a method of analysis. 

us is propoiLmommal ly drawn from the stack, through a heated 
robe x-Lth a glass wool filter, into a bubber of 8O Isopronyl 
rc ohol, at a ii ow rule of apmrox-LrrLat ely l litres per ffliflUt 0. 

Analysis ma per..armed by titration with Barium 2erchloraL agnst 
tltortn. Total volume is measured with a gas meter. 

Comments 

For the sampling of sulphuric acid mist, the method suffers 
because it is not i aokinetic. ALso any au:Lphu n di cia] h di asolved 
in time Lsopropammoi would have to be allowed la.. 
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If 
1J..h. P. A . Mntiiod l (boo Ref. 

ThF s me Load L SpeCs fILcally for t-he detcrmsnatson of sulphur 
0xi.dc and suijdiu ri.c acid 	Lst From sri pliuri.c acid I Lciits. 

A gas seinpi c is cL Lhdrawn i sokine t;ic all 	 sa through 
a heated 	obe into an 	opropyi Alcohol 

 
at a 

flow rate al approximately O lites per minate 	This is followed 
by a f.i breglass lii F or (NSA type 	O6 PH or eqeihalc'nt) wh F ch 
ontrains seiphuro c acid mist. The tilt or is add(--  d to the solution 
and the mix analysed for sulphat;c by ti trat i on with Barium 
l'erchior.ane agc:Liiot thonin. Total volume is ;aasued 	LLi a 
gas moron. 

d) Central fiectricity Resenrch Ta custom ( C . F. Ii. I. ) Ilnihad 

(. ( 	. j•• It 

In this me thod gas i s drawn froro Lite st ack ;iL I litre per minut u 
and passed througii a tube packed wit i-I glass heads. AL the srmrc 
Line Lhe glass in ads aie washed with 3C lsopropyl alcohol to 
arm a simple concurrent; packed scrubber where mosta IT the 
;wLplior hi.oxide seed sulphuric acid mist are dissolved. The 
r'ernaixii ng gas and the i so-propyl. alcohol rce then passed through 
an i riergatod nintored glass (H 5C chore any mist 1 s collected. 
Loom there the gas passes on and the iso-propyl alcohol with the 
so 	di ssolvot in it is collected in a call ecting flask. Analysis 
of sulphate is performed by preci n Ftation 0 F barium sulphate 
and measening tue Lurbidii;y of the no suit ant mixture. Alt cnn- 
ativeLy, rho suiuhat;e can be analysed by B 	u m 	r 	e ari Pechiorat 
titrat von against thorin. Volume measuremeat; s by nay of flow 
met or asP ri ThO imasarement. 

Comments 

for the sampflng of sulphuric acid mist, the method suf tens 
because i t is not; I sokinel; Fe. Also, any sui:phur dioaide dissolved 
in the iscproponol would love to be all owed for. 

() Pui Fish 5Lodand Ni Lhod (See  

FL a Fir F Li sh sUandard nre thod is basct mi the C. d.h. I. method 
scop I that andy; s runist be pen o;net by L slum Perch FossiL e 

Ii Lrati on. 

1) If. b.W. Ileguisti on Netbod (Pee JIef. 16) 

The New Pouth Wales method is based on the British standard 
c 	h 	 he sopropylrcthod ex 	t  	 by  

alcohol is extracted by bubbling nitrogen through the solution. 
There 1 s also a difference in the roe thod of analysis whi ch is by 
gravimctnic analysis of the nrecipitated Barium Sulphate. 

Comments 

A suitable me1;hod for general use hut for the namniLing of,  sulrharic 
dci (t ii i s Lu , Lh( method. su Ffeis bar a*:.ne it is no L i sob I n. Lic. 

P.0 Automatic Nothods 

Lb the present time there are no instrumental methods for the 
atermi nati on ci omissions of sulphur tn oxide, mainly because 
stoi L( STOrOItUT'CS of P0IO00C, 505 exists as bu1phtic Acid mist. 

I; 	StIl,PtTuJlR TTOXIPTi 

Pull phu:o do oxide ron many years was used as the yardstick of 
gaseous pollutants in Lhe ambient aosphere and this possibly 
cxcns 	va 	age of 	

m
ecrtinuous rding 

 
analyscrs available 

to uric asupe I t. 



cnces:- 	 / 

1lT)Jutr' ) LoxLdu Ji,i idie atmo sphei e comes from a number of Sources, 
beth iiat cial and man made. B atural sources are main] y related to 
volcanic action Mich as volcanos and .fLlmarolcs. The combustion 
of toss 1 fuels is the largest; Jn-made source, whiic the 
oiiio L tnt ng of sulpiuhde ores, the refining 
lacture  

	pa t;roloxn 
of  	

, the monu- 
of sofuse are rn so 

COIlt]:tbu Lou:;. 

Because of its adverse effect-s on property emd vegetation and 
also its eflhctn; on health in the presence or suspeoded matter 
Lt continura La receive considerable attent ton in many industrialised 
countries. AustaJ ia is no ('xcepti on (7Llt;hough fortunately the 
situation is rclh eyed by local sources 0:1 ion-i sulphur bearing 
I ci. 

ibient concentrations of sulphur dioxide usually encountered 
n atrnoslicric noun lion moo Ltori ng range be Lucun 11) to OO'J ug/m. 

he numerous methods available for continuous monitoring of 
'iilp].nur dioxide include conductosiet sic , coiourjmnty c, coulometric, 
lane photornetrc and more recently second derivative spectroscopy 
aid pulsed lluore sconce. 

'LI Ambient hcvels 

iianuaj. hcthods 

) liii U I nil Gtar1dard gcthlQ(i  

This method is a reiativij cheap means of determining atmospheric 
concentrations of sulphur diox:i do. llcu1t s obtained may be 
related to the World Health Organisation 's Long Terni Goals for 
euiplrui dioxide. The method :1. s applicable to a sampling period 
al 24 hours. 

Ambient air is scrubbed through or acidified solution of hydrogen 
emtoxhde contained wi thin a 150 ml d.reschei hot tie. Using 
Land cud a] Pal I the not U ac cPi tn ec an] Ii ng from the react ion is 

nil-; ;cL r e d by tul-IratLon bach an h. si-i gina] p11 of the reagent, 
lie reaction equation :is - 

209  + 119O' 	211k SO 

A pH of 4.5 is used to prevent intsrference from carbon dioxide 
Lu the atmosphere. interference from other acid and alkali gases 
present in the atmosphere does not cie this method speci nc for 
nul phun di occi de. Under normal cLrcum st ace as however sulphur 
dioxide is the predominant species measured - in excess of 70 
of the total concentration meusured 

Comments 

This method is useful because it requires little eensive equip- 
ant an;] ste taluas obtained relate to W.H.O. goals 	However. 
ic IflC thod is not an accimate measure of sulphur dioxide in the 
an. 

b) 	do] earl ci U i e -- Fur-arc r'ruoi:iiic (lce R of.  

Air is scrubbed through a colnt ion of cotassiuns tetrachloromercurate 
(TOIl) in a hubbler and a camp] cx L n canned. When tiii s In; 
reacted with pranarasanoline cd.forona.Ldehyde a purnle dye is 
ioiuiod. Thin ubsorbwice of thin dye L c: pro'ort iona.L to the amount 
of suluhur dioxide dissolved. For further details see  

Comment s 

The method is more specific than the Br:iti sh Standard method but 
Ut are see problems ni Lb the stabili ty 01' the dye:; tolls. 



P i 1; om a; i r, Noth od a 
41 

a) Con ctometyic (See Ref. 'and 4p) 

Historically, conductometric measurement was the principle first 
applied to the continuous measurement of sulphur dioxide. Sulphur 
dioxide is oxidiced by hydrogen nowioxide to form sulphate ions 
and, in so doing increases the conductivity of the rcuuw solution. 
The reaction can be expressed - 

110
+  

+ 11202 - fllf 20h2 

Early analysers adopting thi s principle had two conductivity cells 
- the first to deterniine the conductivity of the unreacted 
acid lied hydrogen perioxide reagent and the second to likewise 
measure the conductivity of the reagent following its reaction 
with any sulphur dioxide present in the ambient; air sample. 
The di Florence in conductivity is related to the concentration 

nur dioxide present in the ambi ent air. 

Tb 	;ieo of analysis however is not specific to sulphur dioxide 
alone. Gases which form electrolytes in aqueous solution, or in 
other words increase the conductivity of a solution, interfere in 
such conductivity te mear'urcmcnts 	Gases such as hydrogen 
chloride, nitrogen dioxide, hydrogen sulphide, chlorine and 
emmoni a are some the gases ulil ch interfere. It is therefore more 
correct to apply the term 'acid gases' to the species measured 
using this techni nue. Inter Lerence from dissolved carbon 
dioxide at concentrations normally emperienced in the atmosphere 
is eliminated by maintaining the peroxide reagent et; a p11 of 4.5. 

Eanly commercial instruments had a lower InoaoiJx'Lng range of only 
0-5500 ug/m and lackecj the sensitivity to aucqLrately measure 
qencrel background levels in Sydney. LaLsr commercial analysers 
I) cc ainu more Porkabla l  were I ear; t rn erature dep endent and 
provided a more ;seihii lower rango in the order of 5 to  1200 ug/m°  

Conmur 1 L s 

The main problem with thor e i no rrun into I the Li r nor a 1 cc tivi 
for sni iar dioa.do 

h) Cal ourimetri c (bee Ref. 'b 

Analysers are commercially available to measure sulphur dioxide 
bused on the well known colour;imetrjc West-Gaeke reaction. 

If an air sample containing sulphur dioxide is scrubbed through 
a solution of potassium 'tetrochloromercurate (TaM), an extremely 
stable oxidant resistant complex is formed. This complex is then 
reacted with rnura:i'osanaline and formaldehyde to yield an intensely 
coloured purple dye pararosorioline methyl sulphonic acid. The 
absorbancc of the resulting colour is measured srectrophotometrically 
in a liquid flow cell and is logarithmically pronorta.onal to the 
concentration of sulphur dioxide present in the air sample. 

Due to the complex nature of the chemical reactions, the response 
nme in continuous analysers is approximately 50 minutes. This 
rchni que is also saitable for batch tqe measurements up to 24 
hours. Typical concentration ranges measured are between 25 to 
'iUOO 'ug/rn°  although variations may he achieved by optimising 
c eitain aam,t i.eg criteria, for "s'un.  ic, ('.1 ow rate. 

Iii trogen dioxide, ozone and chlorine interfere with the reaction 
aLt horigli the use of sulphonic acid in the reagent solution reduces 
the interference by chlorine. A prefilter will remove any inter-
lerence by ozone. 



Comment, 

T P 	s trio L}-iod su[':ter s in that it r(i Cs Cr1 a comlic at ed wet chcmic al 
L 	( IUO and 	tlSSOC]. oWed problems. 

c) Cauloinetric (See Ref. 40) 

Caulomc-tric measurements of sulphur dioxide are based on the 
redvcin5 prorerties of sul.pfmr dioxide with a halogen  contained w Lthin  

an electIo-ceijca] Ci trat;ion cell. 

A cOntinuous air siple containing sulphur dioxide is scrubbed 
th.rou0h a therinostat;-icaily controlled titration cell containinp; 
mi aqueous solution of halogen , halide and sulphuric acid. In 
the presence of sulphur dioxide some of the haloCen is reduced 
to halide. Tiij s rcductjoj of PaL de concentration reduces the 
redox potential between the two ers n 	e i
T  	

l 	 traton cell. 
pareo 

 
a ri.ference voitaqe and the current 

required to obtain the orig±nal red ox potential is three bly 
Proportional to the concent-nation 01 sulphur dioxide in the air 
treaT). [Pie electrode reaction equations result-irp when the 

- 	hycpe are 

Cathode 	+ lir 	iv 2_ + 2 Br 

Anode 	 213r 	Br, + 2e 

Comrior ci al instruments available usinq ti1is method normally have 
a rneaeui Ln5 rrme of between 0- 500 ug/m° or 0 to 000  
Cases such as n troen dioxide, hydroqen selphide, chlorine, 
ozone and mocataisinterfere with this ana.Lysis technique. 
The use of ii chemical pro-filter will lessen the effect at u:uC 
interferents althou0ll such multi-purpose ill tens are subj oct to 
a loss in efficienc-y, particularly over ext ended periods of use. 

Ileagent replenishment is not necessary in this tc of instricnt 
as :11 reCcncrates autorna-ti caIy. AL -least one commercial analyser 

a ulseftu] LfliDilil t source of,  ruluhur dioxi.(te uhi CII OP able 
auLomafic call trat 1 on. 

Comment ii 

TM s method though relying on a wet oh emical nni.niipIl. o is still 
üpu 1 11P. 

ID) Solid flectxoife Nembremie - Far:i. star (See Ref. C-C) 

Another method for sulphur dioxi cle measurement is based on an 
Nherometru C rCiLc L on T151 C a soLid electrolyte membrane. The 

e.Lec Lrolyt e in a eL-iike orCanic compound which acts an a inesibrane 
between the two ci ectrodes. Air is saumpled throulth the electrolyte 
in the centre of ti-ic membrane, in contact with an inner electrode 
and the sulphur dioxide in the sample peime at en throup;hi the 
rnembrnne to the outer electrode, takinC peot: the c;iectrochemjcal 
reaction. The membrane is claimed to he specific for sulphur 
Loxide but usually chemical prefilters are required to remove 
- rterIerip puLses. The 0 ange of the instrument- is linean between 
.005 and 5 ppm. The gel electrolyte needs rerlacing several 
lines a year. The stability of the method is doubtful and daily 
alibration i z recommended. Temperature fluctuations cause chanec 
l p e rifle abi li ty of the membrane web. oo no I n oti OrlOpt n h CLOO Inbui it 

temperature compensation. 

Common to 

The main (lisadvantaCe with this method are interferences from other 
and the rcCiiarpu1u of the gel. Their compact size is an  advimt aCe. 
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scquerit;ially in a positive and negative sense with absorption 
bands of sulphur dioxide, by rotat ion of the disc in the exit 
plane. Energy modulation is determined by a photomultiplier 
and transmitted as an electronic vol tape which is 1. inearly 
proporti anal to the gas concentraL on in the range 3 to 2000 ug/m 
when measured over a 1 1 000 meter range. 

Comments. The unique feature of this technique is that it 
measures the average sulphur dioxide concentration over a 
distance and not from a point source as do other monitors. it 
is a very expensive instrument. 

4.2 Source Levels 

There are a large number of methods for the testing of sulphur 
dioxide in emissions from stationary sources, both manual and 
instrumental 	Manual methods have tradit Lonaily been used for 
many years hut with improved technology now available at 
reasonable cost, instrumental methads are preferred. 

4.2.1 Manual Methods 

Most manual methods for the measurement of sulphur dioxide 
emissions are made s Lmul.taneously with the measurement of 
sulphur trioxide and are performed with the same sampling train. 
That is, having removed the sulphur trioxide from the sampled 
gas stream, sulphur dioxide is then absorbed and analysed. 

I_tersocieLCommittee on Methods of Air Sjlinp and 
Analysis Method 	(See Ref. 30 and 40 

Following sulphur trioxide removal by controlled condensaticn, 
the sulphur dioxide containing gas is then passed to a bubbler 
containing 31 hydrogen peroxide solution. The sulphur dioxide 
is cal lee ted and oxidized to sulphuric acid. The sulphate is 
then analysed by a colourimetric procedure using Barium 
(ThI oron ii auc or by t i Lretuion with either sodium hydroxide or 
barium perchiorate . Flow rate should he limited to 1 1 itre /min. 

U.S. F.P.A. Method 6 (See Ref. 4, 17, and 18 

Sulphur trioxide is removed by scrubbing with 80 isopropyl alcohol 
and the gas passed to 2 midget iinpinpers containing 3 hydrogen 
peroxide in an ice bath. The sulphur dioxide is collected and 
oxidized to sulphur acid and analysad by titration using Barium 
Perch I orat: e against Thor in. 

U.S. E.P.A. Method 6 See Ref. 4.17,18 and 19) 

This is specifically for the determination of sulphur oxides 
cmi ssion from Sulphur Acid Plants. After the removal of Sulphur 
Trioxide/Suiphur Acid Mist, the gas is passed to 2 Creenburg-
smith impingers in an ice bath at the flow rate of 30 litres/ 
minute, where the sulphur dioxide is collected and oxidized to 
sulphiiri c acid. This is analysed by Barium Pc  rehiorate/Thorin 
ti trot ion. 

------------------------ 



(d), Central Fiect:rictty Research Laboratory 
C. l . R .1,. Mc t hod (See Ref. 42) 

After the removal of sulphur trioxide from the stream, the gas 
is passed to a bubbler containing a measured quantity of an 
iodine solution. The iodine is decolourIzed by the sulphur 
doxide and the time taken for this decolourization (at a flow 
of 1 i/mm) is proportional to the sulphur dioxide concentration. 

Comments. The method is not specific for sulphur dioxide and 
other oxdising or reducing gases interfere. Volatilization of 
iodine and absorption of sulphur dioxide in isopropyl alcohol 
introduces errors. 

British Standard Method (See Ref. 43) 

The British standard method is identical to the C .E.R.L. method 
except that the small quantity of sulphur dioxide absorbed 
Cv the isopropyl alcohol is also estimated. 

Comments. As for (d) above except that the sulphur dioxide 
in the isopropyl alcohol is allowed for. 

N.S.W. Regulation Method (See Ref. 16) 

Similar to the british Standard Method except that instead of 
decolourizing the iodine solution, the test is stopped before 
total decolourization. Instead of following the iodine bubbler 
with an empty motsti.ire trap, it is followed by a bubbler 
containing an equLvalent amount of sodium thiosulphate. This 
measure ensures that iodine volat I ized from the solutIon is 
collected by the thiosuiphate and is not calculated as sulphur 
dioxide. After sampling the contents of the two bubblers are 
mixed and the sulphur dioxide concentration calculated by 
tack titration with iodine. 

Comments. Overcomes most of the problems of (d) & (e) above 
but is still subcct to interferences in some situations. 

( g ) Cas Detector Tubes (See Ref. 54. 55 and 56) 

A known volume of air or stack gas at a standard flow rate is 
drawn through a glass tube containing a solid adsorbent 
impregnated with a reagent that reacts with sulphur dioxide 
to form a coloured stain. The length of the stain or depth 
of the col our is proportional to the quant i ty of siil phmir dioxide 
in the air beina tested. 

Usually the air is sampled by means of a portatle hand pump 
which is factory calibrated or can be calibrated as shown in 
reference 54 and 36. The pump delivers a knowi. amount of air 
at a standard flow rate. 

Pumps and tubes are commercially available from a number of 
manufacturers or can be made in the laboratory. This method is 
applicable to measurements of many c>ther gaseous pollutants, 
both ambient and stack levels. The reagent, which is sensitive 
to the specific pollutant being measured. is the only difference 
in the methods. 



Comments. [hese tubes should only be used as an indicator only 
arid not for accurn tie ann I ys i. s 

(h) 	Canad ian E. P.S. Method (See Ref. 5 7 ) 

Very similar to the U.S. E.P.A. Method 6. 

4.2.2 instrumental Methods 

Lnstrurnental methods can be divided into three classes, those 
that w:i Lhdraw a representative sample, condit ion it. and measure 
the sulphur dioxide concentration, those which measure in-situ 
in the duct, and those which could be described as remote sensing. 

(a) 	Non I) i spers ive infra Red 

This was the first of the continuous methods of measurement of 
sulphur dioxide to become accepted. Gas is drawn from the stack 
Lhrough a heated particulate filter. through a heated (1000c) line 
Lo a refriseration unit to remove wa:er vapour, and then to the 
instrument. The accuracy of detection in NDIR instruments is not 
dependent on sample flow rate. 

The prInciple is that lR energy is absorbed quantitatively by 
Sulphur Dioxide. The narrow hand IR source is chopped into two 
identical beams, which are alternatively transmitted through 
a sample gas cell and a reference gas cell before passing into 
a detector cell. The detector contains a gas which absorbs 
energy at a particular wavelength thus heating and expanding 
the gas. When sulphur dioxide is not in the sample flow cell, 
equal energy reaches the detector which remains in balance. 

When sulphur dioxide passes through the sample cell, absorption 
of the 1R energy occurs and the detector becomes imbalanced, 
alternatively heating and cooling the gas sealed in the detector 
cell. By using a metallic diaphragm as part of a capacitor the 
puls ing of the capaci tar plate is converted into a D.C. voltage. 

interferences caused by co-existing gases such as carbon dioxide, 
nitrogen oxides and water vapour can be reduced by including 
concentrations of these gases in the reference cell. Water vapour 
is largely removed by the refrigeration step. 

A refinement of this type of instrument involves the alternative 
measurement of the degree of absorption in the sample at two selected 
wavelengths. One of these wavelengths corresponds to an absorption 
peak in the measured component, and the other is a nearby wavelength 
where the absorption is low. The absorption at the latter wavelength 
is used as a reference to compensate for changes in energy caused 
by (llrty cell windows, change of detector sensit ivity and water 
vapour, SO that no refrigeration is necessary. 

The instrument is calibrated with gas calibration standards or 
with permeation tubes, which can be inbuilt for automatic calibration. 

Comments. This is a well proven method and the only problems 
that arise in use is usually with the sample conditioning. 
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b) 	Fni;tor r 	- Solid Electrolyte Membrane 

'ibis instrument operates on the seme principle as the ambient 
instruments (4.1.2 (1). Sample conditioning is necessary and this 
would involve particulate removal, withdrawal of sample through 
a heated line, refrigeration to remove water vapour, and for 
this type of instrument, removal by prefilters of interfering 
gases such as nitrogen, oxides 

Comments. Interferences of other gases is a source of concern, 
as is sample conditioning. 

(c) U.V,Pulsed Fluorescence Method 

This method also involves the withdrawal of a sample from the 
stack through a filter, a heated line and a refrigerator. It 
operates on the same principle as the ambient instrument (4.1.2 e). 

Comments. The principle gives sensitive interference free 
measurement and the problems would be only with sample conditioning. 

Flame Photometry Method 

The sample is (IrEiwn from the stack, through a filter and heated 
line. The ana lyer unit is the same unit as the ambient monitor 
(4.1.2.f), so the gas must he diluted with clean air before going 
to the separation column. This step removes the necessity to 
remove water vapour. As with the ambient analyser, a simultaneous 
analysis of methyl mercaptan and hydrogen suiphide can also be 
ohtaned. 

Comments, it has the ability to also measure other sulphur 
compounds hut it needs compressed hydrogen as a consumable. 

Second Derivative Spectrometer Method 

This is a method involving the simuTtaneous determination of 
sulphur dioxide and nitric oxide tnsitu. The principle of 
measurement is the same as the ambient monitor, (4.1.2 g), that 
of derivative spectroscopy, but the operation of the instrument 
is different. The sample cell is at the end of a probe with the 
spectrometer and electronics at the other end. The probe is inserted 
into the stack with the spectrometer outside. The sample cell is 
sealed with an alundum thimble so that stack gas will diffuse through 
the cell. but partjculate matter will be excluded. The light path 
is from the spectrometer, through the probe. through a quartz 
window lot o L[ie sample cell where it is reflected back to the 
spectrometer by a reflector in the end of the sample cell. The 
instrument: has inbuilt calibration using sealed cells of the 

* 	measured gas and inhuilt zero. 

Comments. The sensor sited inside the gas stream being measured, 
a significant plus factor. 

(f) Remote U.V. Detection 

This method uses the same apparatus as the ambient monitor (4.1.2 1i). 
Its value in source monLtoring lies in its ability to measure 
levels of sulphur dioxide in a plume from a distance. It would be 
set up to scan a number of stacks or to follow the path of a plume. 
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Hoever, it is not a method for continuous measurement or 
measuronient for regulation purposes. 

Comments. Its advantages lie in the ability to sense remotely. 
[Ls dtsalvantages are its cost, its poor accuracy and it is 
no really meant for continuous use. 



CARBOT,I [IONOXTDD 

Carbon iionoxJc can occur as a 'pot li.Harit in the atmosphere in 
OJIC(OI toatLolls gJ(OIL OF LJii C' oth or {aOCOUO cont aminet - 

Concentrations vary from approximately I to 120 mg/ill). The motor 
vehicle 1 F tdc major source oF carbon monoxide and JLii large 
ci ties con txibiitc; s to most of t1e ground level concentrations 
measured. Carbon monoxide is formed as a result oF incompi etc 
co;nbi;stien of ions] I fuels. 

'1 Ambi ipt Levels 

o.i.I f[cual Methods 

(a) Gas Detector Tube (Ccc JR.F. 50) 

'The principal is described in 4.2.1 (g). The tubes are frequently 
used for bile estimation at carbon monoxide iii ambient concentraLi ann. 

Comment s 

The tuber nhoaid only be used as an i ndicat;icn of the levels 
ecoun L cod md not [or accurate Iloan uefficO L. 

5I.0 Automatic Methods 

(a) liTer 	oncinive inf:ra-red (RIDIPL) (Coo Ref. 5(_I) 

The abili i:ci cr:rbon monoxide to coantitat I V( I y abcs H' I nr'c-. I 
iadi at i on is i;he nroperty xihich most ideal 1:1  1 uds t c 1 to 
iris Liiunontai ana lyL I of carbon monoxide. 

The princ:Lnle of TTDIR is described under nection 11.2.2 (a) too 
11ulpinlr  

The major interference to this method for the determination of 
carbon monoxide is water vapour. WLthout correction the error 
could be as high etc 12 mg/mO. This interference however can be 
Ff Oct ively millimmised by passing the air sample through a drying 

:igcn t noel ito cii 1 ca gel or b;,' passing it 1;hnough a (I edmaidilier 
or s mp Ly by nctu:iating the air sample pri or to analysis. Other 
more m:Lno:r intorjerences are carbon dioxide and some hydrocarbons 
omid tbeee can be reduced by adding t'pical atmoel heel c consent-
i.tiop 01 these pasos to the reference call. 

rLl]1O path length of the sanpie cell deteirnilnes the sensitivity of 
the inn erument and with 	a 	pal;h 	1. on[ft;h 	of' 	a 	etrj, ii illeilsereng 
range a] 120 	ffi/'ifl) is usual. 

Recent instruments however claim an increase in sensitivity of 
about 10 Jo] i 

Comment; s 

This is the accepted method for the long term measurement of 
carbon monoxide. Water wapour in the only real interference 
and hence the need to ot abili so the water vapour cont ent; O1 
si ii leSion and steeple. The fixed cell length means the somple 

Ho in  not critical and there are no consumables. 

ocalit;e or Crecialisel Catalytic Combustion Analvseec 

(1101 L- I. 

Cat al:yti  c co,lan Lion analysers rely on a heated catalytic 
lii amen], iTiseli is part of a wheatstone bridge circuit and is 
increased in• 	 by combusting sample gases in the presence 
of oxygen. This increase in temperature causes an increase in 
resist si-ice 

 
of this _a,in of the circuit, which is proportional to 

the concentration of carbon monoxide passing over the catalytic 
filament. 11115 princirle should not generally be applied to the 
dot ection ci carbon monoxide because of -the ;interference from 
thin; gane;. 
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1 )ps± iip'I I'ietllocl  

Carbon I) oxtd U 	5 tins 1; isv oil 	( uid measured) by a mc ttind 
u 	U ad SI) if) L iOO L

,
b 	Lliod. 	Tb e 	i. s then   p 	over a 

CO ppo 	CaL ib  t 	u ai don monox he is oxid ized 
tO 	CiiiHi 	C 	iC [1 LCJ1 	s L hUrl 	S 	smi sod 	II the absorption 

I. 

c) (as Pet scion iub' 

'fiLO TIULTIbOC is (loncnibed in 4.2.1(C) 

Common t s 

The method is not very satisfactory for source use, because 
of moasuninC errors and the I act ci siip10 conditioniri{. 

.2.2 Automatic Notlio(Is 

) T. 

ihe method is described under 5.1fl (a) emd 	.2 (a). 

Coiriment s 

As for 5.1.2 (a) 	i 'ouira SOlo niLos oH 	u o 
loss inLoH:crencoi La LII nuiio Sb 01 caidn 1:bolLnioc. 

h) Catal'/tic Cámbustion 

This pni neiple is described in Section 5.1.2 (b) and for source 
concenbrat; ions usua1 ly employs the catalytic filament. 

Comment ii 

In source use these instruments tend to he unsatisfactoy as they 
respond t;c other combustj.hl {aoes and are not specific for carbon 
monoxide. 

C. 	IJTTPOGIIT 01<11)173 

NitraCI n ox) Coo in this paper refers to nitric cxi do and nitronn 
(f..L 0 5.1 U 

eurccs: - 

Nrtr:i C OX] Jo 1 5 1 LU, product ofto sd I fuel coiribus Li on eid occuro 
from the oxtdation of ntroenous compounds in the fuel but 
oaf nil' tHorn cxi dation al the nitrofen in the combustion atr. 
Gencrai 17 the hi OPen the temperature of combustion the more nitric 
oxide )ioducod 

The laresu sources ane motor vehicles, fossil fuel power generation 
and losoil fuel boilers. Ninor sources ane nitric acid plants, 
other chemIcal opoiations usin5 nitric acid and any other orocoss 
silo foss ii fuels as a heat source. 

To fuel burning more than 9051  of the oxides of riitroen formed is 
Ltnic oxide. Nitric oxide slowly oxidises in the air to 

'1 troen dioxide. The main concern about ambient concentrations 
ni l;ro[cin o sides is because they are TprecL1i5ernI  to photo-

chemicall. dm00 or ozone. 

ho 11i oxides wi U he di scussod. too Lb or and the methods ).riil be 
noted as applTin to one or both oxides. 



	

C . 	b: nt hnvcl1 

C .fl.l II exual Nethod s 

a)Coioi:rjmot -r'jc (Nitrogen Dioxide :mdNit-c cOxide) 

(See her. 61 6 64) 

The 1inciple is described, later in  

Comment s 

The method is suitable for short term samples of nitrogen 
dioxide but unsuit able for ::IL:a:e C.j n±t at nitric oxide. 

b) Jacobs - Hochheiser Coioe::Lmntr;c (Nitrogen DLoxide) (See Ref. 6 

HEtrogen dioxide may be determined colourimetnicall-y using the cob 	- iIoclIhD e r method 	it is slmLlar to the bilL 7mCmn 
i'C1i1 cue although it is not applicable to continuous automatic 
aacureu;un L 

.2obient; air contalneng nitrogen dioxide is bubbled through a 
Lotion, polypropylene or glass bubbler containing a solution of 
sodium hydroxide at a flow rate of 0.2 litres per minut;e. The 
formation of a very stable solution of sodium nitrite resultes. 

hollowing sample collection, the resulting nitrite ion is reacted 
with phosphoric acid, sulpinamilamide and N-I naphUhyJ ethyl(?fld11;jp0 
dihydrochior Lde which forms a red azo-d'ye. The colour produced 
is measured sPect.ropllotometrical]y. Interference by sulphur 
dioxide is eliminated by adding hydrogen perioxide prior to 
anaiys a. 

Comments 

This method is satistactory for the collection of hatch samples 
Of up to 21 1 wurs duration within a concentral: on range of 20 to 
:240 meg/mi'. 

a ) Gas Detector Tubes (Nit: i c Quid e and Nitrogen Di cxi be) 

The principle in bescrihed in 4.2.1 (g) 

Comment; a 

The tilt) CS should be used as mdcc n.tors only mu:d no t for accurate 
S. 

13. 1 . 2 A1,Lt;crnatic 'L1thod 

	

(a) 	Cab iii: metric (Ui L reran Plea:;. Je :'siu Ni L ri. e Oy :L do) 

(Sec Ref. 63 mmd 

The long established Slatzmmmn method can be used to colourimetrically 
Jet ermine arahi cut concentratj Ons Of nitrogen dioxide on an automated 
sasi a. 

a knoin volmnne of air is continually passed through a bubbler 
ontaining CUD acetic acid solution of N-l-napthlethylonedimnjne 
wrliydrochloridc. The nitrite ion formed in the reaction fronis a 
red azo dye t,}'ie intensity of which is then measured using a 
uhoto cell. The op'l;i cal absorption due to the red dye is then 
ccmpared to the light: absorption of the unreacted reagent through 
the reference flow cell. The optical absorption is logaritnically 
propo:Ctional to the concentration of nitrogen dioxide in the air 
'i amp 1 0 



PILLS ted nLque is LpCClfic to nuIvEnji djcycj6p, 	iou(veu Lb 
.flOLpO]ICie LLITIO in Li (.)\'f, COMMOndiur I;o  the time ieqid :ied for 

* the iod dye to form. Liquid and air pumus, iLornie Lers, iamge 
ouan Li tics of glassware and numbing mdcc s this method trouble-
some and dif Licull. I; to keen running. 

The method is used to measure nitric oxide by pietroating the 
air wiLd an oxidisiug medium such as hydrogen penioxi do, acidified 
potass turn permanf'5ate or chrosi c acid the resulting nitrogen 
dioxide may be analysed as outlined above. It is not recommended 
however as the oxidation is usuniLly only about 70-20 efficient. 

Comment; s 

The method is not recommended Lou continuous ooasuTc'mc'nt of 
nitrogen oxicec'. 

(h) Cou.Lometry (NO and 1T02) 

'The principle of coul ometry as applied to the measurement of 
nitrogen dioxide is similar to that for sul nlcur dioxide measure-
ment as pvoylously discussed in Bectiori B. '1 .2 (c). 

In this measurement however, the electrolyte consists of an 
aqueous solutiouc of po tasSLUIfl iodide which is within a thenirco-
'tati cal ly controk.l ed cell containing two electrodes. The 
Lodide Loris in solution react with nitrogen dioxide to form the 
Lu i-iodide ion u}LJ ch is then reduced at the cathode to form 
i odine. The ciecd rode reaction at the Whode promuces an 
electric current srhich is measured, amplified and recorded on 
a strip chart recorder. Thi s measurement is directly related to 
the concentration of nitrogen dioxide in the ambient air sampi o. 

Facilities for automatic zero and span cali brati ens are avail-
able in conuTI(rcIL a] ly avail abi e instruments. 

hit cut crone as such as hydrogen sulphide, hydrogen chloride, 
anuumon'i a and chlorine are claimed to be efFectively removed by 
the UCO of a chomi eal lilter prior to the reaction cell. However, 
there i a doubt regni ding the e ft Lci. ency of such tilt ens as prev-
iously discussed in Gection CAI. 

Nitric oxide may be measured using this techn:Lque by firs-t passing 
the amb i out air sampi cu through a emil table oxidation mcdi urn. The 
ilL IroguJi (I I 0 ide i''siiltirig from thic oxidation is them measured 
u a] ng the I ccenti cal procedure as discussed above. 

Comments 

IBeccnt automatic methods, part] cularly chemilrnni nnscncc, has made 
their met Iiccl coucierfluas obsolc to. 

(c) Ciic'm] l.u;ci r!escencc (Nitric Oxide B Nit.eogon Dioxide) 

(Bee iRef. 62 iced (_'8) 

ditnic oxide can he measured using the principle of chemilurnine-
cencuc. 11 Lcd c oxide (ifo) reacts with ozone (0;)  to form oxygen 
cid about 'lOB eiectron:Lcally excstcd nitrogen dioxide 002). 
cans LII on of the excited nitrogen dioxide to its normal ground 

,:Late does so LLLI1 the emission of li['hct or 	5,' 'dcii ':r,v 1.0u'i II 
according to the follow] ng reactioic,'. 

TiC + 0 - iTO2  + 02 

Thin - NO + isv (600-,000mn) -- 

I. 	, 
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a icus .L U In i.iChb cmi anion, which is measured by a 1iht 

iuO 
sitvc T)hotomuit1p.ier tube and ampiLH ad, is proportj anal to OJilount 	of flLtri.c oxide 	rucacuiP in 	hue 	ambient; 	ai i 	aaa 	Jo. 

As apnlied to instriont- at-jon, a continuous stream of sample sir is  
(!:-amn into a ioacbion chamber where it is mixed wjb-h a 

anreac a ozone-rich oigoii. The actuaj reachion takes pJ ace 
;mdcdiaheisr prior to Uhe photomuthpijer cathode surface. In 

en inatxiueecits the reac bien took placc under vacuum however 
Un latter analysers the reaction occurs near atmospheric pressure. 
dualysera of this typo CL he asod ho measure nihric oxide 
concentrations up ho 11 %, alhhough for ambient auplicah-ions, los than COO ung/rit , the photomuit:Lp] icr bubc should be Uherma-
cieot;r.Lcar cooled to beiou - ICOC. Using Phis technique then 
offers a continuolL; ii near onhput between f ug/rn) to 1,. 

Cliemiiurnjnescance also lends itself o the measurerneni; of 
rii.trom dioxide. A catalytic converher is used as a means of 
onverLi.ng  any nitrogen dioxide prosenb in the Lcsb Lent air 
;Lreoj{i to nibric oxide. The rca ].ting nitric oxtde -is then 
.nalyaod by the hochyh quo as anti tried above and so in mash 
ommercj oily evai ibie analyscrs sohh nitrJ c oxide and nUbrogen 
cioxide can be simitaneously determined. Converters normally 
sod are of stainless stool, molybdenum or gold all of uhich 
macrate at h yh temperatures. Charcoal may also be used, 
however, it has La be periodl calty replaced. On the credit side 
cJiaccoa] aufiers less ononia Lntorferencc and is l LgiJ.y efficient 
n .rc C acing nitiogei dioxide. 

Comjn(e P a 

Crrni11nnineacercc -i s the accepted methodfa: nitrogen oxide 
measurements but for nitrogen dioxide measurement does suffer 
irom I ni; ei.ierence a from some other uL hroppn cent aiml ng gases 
such as J hOT and nit ni c ac I d. 

d) Cc ii d El cc t;roly U Nernhrane 	(ITO and NO) .. .... 

Analys rn ol IlL La type use Pile s 	pr nc I p
.
ie as tile U p 	lane 

LI son C.  	
revioun 

 Lp 	.x 	oi 	1 
 

(d)). Thu only 
djl:feence is that a membrane apociiLc to nitric OXJ (10 or 
niL trogen (ioXLde :1 a used. 

Coinmenh 5 

As ;Pon 11.1.2 (d. 

(e) Porno he iWotcct-j on 	(See Dci. 

Again Phi a technique is identical to that seeas'd for sulphur a oxide 	(Sectioi C . 1 . 2 h) exce pt tliat 	P he uave.Lenghha rneaain.ed 
in 	Uhe corrcial ion . 	spectrome her are those due to nitrogen 
(hoxide. The rage of detecto s 	ear over the range  of t ho 2000 sg/m) over a measured distance of epproximately 1000 

e t r e 5. 

combined instrument which measures both sulphur dioxide and 
tt.rogen (Aaxi do is col:LwercialiLr available. 

omments 

is for,  4.1.2 h. 

E) Second Denivittvo Stectroncosy (NO S 1102) (Ceo Ref. 145) 

TTLLnic Oxide like sulphur dioxide, chanacteristically absorbs 
energy in Pile ul travi oi.et region. The p:nLncipie is also anulicable 
to ml. L;rogen dl oxi cia, ru i oh absorbs energy in the vi Si 1)1 u region. 

The principal is described in SectIon 4.1.2 (g). 

Comm ant a 

As for section JL 	(g). 
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6.2 Source Levels 

'As with sulphur dioxide there are a large number of methods for 
iiUO uur og or Lri C oxide cmi asious, both inst1LLerIta] and manual. 
However most maeual methods for nitric oxide measurement are in fact 
methods for nitrogen dioxide and involve, as a first step, the 
oxidation of nitric oxide. This oxidation step is critical and 
is subject to many errors, rendering these methods inaccurate. 
Instrumental methods are specific and accurate and manual methods 
for the estimation of nitric oxide from stationary sources are 
being phased out. 

6. 2. 1 Manual Methods 

gourieetric_Methods 	 NO2 	See Ref. 16, 65 and 67) 

The method of Saltzmann and the method of Jacobs - Hochheisep can 
be used for source testing. In this method, gas is drawn from the 
stack through a heated probe, a bubbler or oxidizing agent, a 
eubble of absorbing solution, a pump and a gas meter and the 
inalysis performed as described in the ambient methods. 

The main difficulties in this method arise from the fact that 
rLmost all nitrogen oxides emitted from stationary sources are as 
nitric oxide and so the oxidizing step is critical. 

Comments 

Because of the inefficiency of the oxidation step and the inter-
ference due to sulphur dioxide the method is somewhat outdated. 

Gas Detector Tubes (NO and NO2) 

The principle is described in 4.2.1 (g). 

6.2.2 Instruments Methods 

spersrve Intro red (NO and NO2) 

The non-hi snersive Infra red technique can be used to measure 
nitrogen oxide,-,, using a different analyzer for nitric oxide and 
nitrogen dioxide. The gas is drawn from the stack •by a heated probe, 
heated line, heated particulate filter and refrigerated condensor to 
the instruments. The instruments are calibrated using standard 
gas mixtures (NO) or aemeation tubes (NO2), The principle is 
described in 422 (a. 

Comments 

The method is reliable in operation but suffers from interferences. 
The precondi-tioning step tends to reduce the NO2  in the gas stream. 

(j) Second IDerivative Sctrometry (NO) 

This is a method involving the simultaneous determination of sulphur 
dioxide and nitric oxide. See 4.2.2 (e) for details. 

c) Chemniluminescence (NO and NO7 ) 

the instrumen-t is similar to that used in ambient sampling. There 
re two alternative sampling methods. Gas is drawn from the stack 
rorough a heated line and a particulate filter to a dilution module 
where the gas is diluted approximately OOO to 1. This diluted gas 
is t 	 mn hen passed to an ambient onjtor. Alternatively, a stack monitor 
able to read concentratrons from 0 to 2000 ppm nitric oxide and 
nitrogen dioxide can be used. In this case, gas is drawn through a 
heated line, a particulate filter and a refrigerated condenser to 
the instrument. These instruments are cal i bra ted mis in at cohn ml cc 
mixtures. For further details see 6.1.2 (c 
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Comments 

-The method is very satisfactory, being sensitive and selective and 
using no consumables. 

J_30111(1 Eiectrole I1ecibraneNQ 

Using the same principle as already discussed (Section 4.2.2 (b)), 
nitric oxide and nitrogen dioxide can be measured. The gas is drawn 
from the stack though a heated line, a heated filter and a refrigerated 
coodenser to the instrument. The instrument is calibrated using a 
standard gas mixture (NO) or permeation tubes (No2). 

Comments 

The instrument is compact but can suffer interferences from other 
Cases. 

)_Remote_Sensing UV (Nitrogen_Dioxide) 

This technicue is as already discussed in section 4.1 .2 (H) and 
t. 1 .2 (f). It can only he used to measure nitrogen dioxide and is 
not part11 cularly useful for source testing. 

(F) Second Derivative Spectroscopy (NO and NO2) 

This technique uses the same instrument as discussed in Section 
i.1.2 (g). 

7. HYDROCARBONS 

Naturally occurring hydrocarbons are present in the atmosphere as 
a result of transpiration and decomposition of vegetation and the 
escape of natural gas into the atmosphere and also volcanic action. 
Automobiles, combus-tllon of fossil fuels at stationary sources and 
petroleum processing and handling are sources of hydrocarbons in 
industrai sod cities. 

Naturally occuring methane is present in the atmosphere at 
approximately 1 mg/m3 whiJ e total hydrocarbons range between 1 and 
7  

Methane is of little importance as a pollutart 	However non-rnethase 
hydrocarbons are of prime importance as precursors in photochemical 
smog and, similarly, to nitrogen oxides, early morning hydrocarbon 
concentrations are a contributing factor to the potential OZOflO 
level later in the day. 

The choice of technique in the measurement of hydrocarbons is simple. 
There is only one method and it is based on hydrogen flame ionisation 
detection. 

1 Ambient Levels 

7.1 .1 Manual Methods 

There are no manual methods used for the estimation of ambient 
concentrations of hydrocarbons. 

7.1 .2 Automatic Methods 

(a) Hydrogen Flame lonisation Detector (See Ref. 7, 69, 70, 71 and 72) 

Continuous measurement of hydrocarbons using hydrogen flame ionisation 
detection relies on the measurement of ionised carbon atoms by 
burning the hydrocarbons in the sample in a hydrogen flame. 

'-.u.---' 
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In commercially available instruments, hydrogen from a cylinder or 
hydrogen generator passes through a fine jet in the presence of a 
small' flow of smi ic air. The hydrogen jet, incorporating an 
giiitor filameuL, 	 t acts as one elecrode and an electrical potential 

is applied between this and a nearby collector electrode. The 
detector,  current is measured by means of a sensitive electrometer 
circuit. When organic gases burn in the flame, they emit electrons 
to produce a current which is directly proportional to the number of 
carbon atoms passing through the flame. The rsponse for methane 
is Ii.inear in concentration ranges of 0.03 mg/m to the percent range. 
The response is approximately linear for members of a homologous 
series of hydrocarbons and is used as an organic "carbon counter". 
Functional groups containing oxygen, halogens etc. tend to give 
relatively lower responses than expected and the detector has very 
low response for carbon dioxide, carbon monoxide, sulphur dioxide, 
water vapour etc. 

Some current analysers available offer a dual sampling and detection 
cjstem which facilitates a continuous output of both methane and 
non-methane hydrocarbon concentrations. One major difficulty 
concerning the determination of non-methane hydrocarbons is the 
efficiency of the stripper which separates them from methane. At 
Present there are no manufacturers of hydrogen flame ionisation 
detectors wan can cLaim a 100% efficient stripper. 

For ambient determinations this instrument is the only practical 
means available. The instrument does suffer the disability of 
not beinq able to separate different hydrocarbons unless the 
sample is passed through a gas chromatographic column before the 
detector. 

There are air quality chromatographs available which can separate 
the non-methane component into acetylene ethane ethylene and 
the remaining non-methane hydrocarbon content. Also by the 
catalytic conversion of carbon monoxiie to methane, this pollutant 
can also be determined using this chrsmatographjc technique. 

The more specific methods relating to the detailed analysis of the 
different non-methane constituents are discussed in the following 
methods. 

(b) C2  -_05  HydrocarbonsjSeeRef. 73, 74 and 75) 

Ambient hydrocarbons analysis give continuous measurements of methane 
and total hydrocarbons. The quantities and concentration of each 
individual hydrocarbon are a measure of their photochemical reactivity, 
source and age of the air parcel. 

All methods in this type of analysis involve the use of gas 
chromatography. Samples are taken directly from the air, or from 
bags brought from other locations and either precoricentratecl in 
liquid nitrogen or oxygen or injected directly onto the chromatograph. 

Comments 

The method offers very accurate detailed analysis but requires a 
significant scientific backup. 

(c) High 	Weight Hydrocarbons (See Ref. 76) 

High molecular weight hydrocarbons, although present in small 
concentrations are very important in air pollution studies because 
of their high reactivity in photochemical reactions in the atmosphere. 
The hydrocarbons are collected by absorption on organic porous polymers 
which do not absorb water. The sample is desorbed and separated by 
high-resolution (open tubular column) gas chromatography and 
identified by a mass spectrometry - computer technique. 

Comments 



trorn(_,  Lei - Freeze Out (See hot. 77) 

hydrocarbons are collected in a freeze out trap by pumping air 
iliroLigh a shepherd trap iirunersecl in IL :Lquid nitrogen. The permanent 
gases are pumped off and water and carbon dioxide are reduced to an 
'acceptabi.e level by the use of absorbents. Following the removal 
of these compounds, the residual hydrocarbons are allowed to expand 
into a mass spectrometer and are analysed. This method does not 
measure methane. 

Comments 

As for (b) above. 

q) Irifra Ded Spectrometer (See Ref. 73) 

Hydrocarbons in the atrriosphere are collected in a modified shepherd 
trap immersed in liquid oxygen. Analysis is performed on an 
fnfra red spectrometer calibrated against n-Hexane. 

Comments 

lethane is not collected and aromatics are not effectively measuped. 

.2 Source Levels 

7.2.1 Manual Metho(--Is 

a) Gas Detector TCmbes 

Some gas detector tubes are available for the estimation of 
hydrocarbons at source concentrations. The principle of gas 
detector tubes is described in 4.2.1 (g). 

Comments 

Gas detector tubes have a limited use only and should not be used 
for accurate estimation. 

7.2.2 Automatic Methods 

(a) LPIIR 

Using the non dispersive infra red principle, hydrocarbons can be 
measured finn stationary sources. rI}l  parti culates are first 
removed in a heated fitter, the vent gas taken through a heated 
line, the water remo'ed by refrigeration and the gas then passed 
to the analyser. 

The principle is described in 4.2.2 (a) and relies on the absorption 
of infra red energy of a particular wavelength. Frequently the 
wavelength chosen gives almost linear measurement of parafins but 
only partial measurement of other hydrocarbons. 

Comments 

Sxcept for the measurement of specific paraifins this method is not 
uitable for analysis. 

Gas Chromatography relies on the separation of the components in 
the sample on a column and then measurement of the individual 
components on a flame lonisation detector. See 7.1.2. 

Comments 

The method gives accurate measurement of individual hydrocarbons but 
in complex mixtures can be very tedious. 



(c) Flie ionjsatjon Detector 

a prncipie similar to the ambient instrument (see 7.1.2) this 
technique is the one normally used. The vent gas is filtered, pumped 
to the instrument via a heated line and passed to the flame. The 
instrumcn-t is calibrated using a known gas standard. It is a 
continuous analyser, only restricted by the supply of burner gas. 

Comments 

The instrument does not give equal response for some hydrocarbon 
compounds e.g. oxygenated or halides. 

It also has less accuracy when the oxygen content of the sample 
is low, but This is usually overcome by using a nitrogen/hydrogen 
fuel. It is the usual method for hydrocarbon estimation. 
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.ThiJORIDE 

inorganic fluoride is present in the raw materials of many 
industrial processes and it is evolved in both gaseous and 
prticulate form when these materials are heated to high 
temperatures or treated with acid. Manufacturers of aluminium, 
steel, glass, phosphate fertilizer, cement, bricks and ceramics 
are the main sources. 

Fluorides act as cumulative plant poisons and gaseous fluoride 
at concentrations as low as 0.1 ug/M5 can cause plant damage. 
Animals ingesting vegetation which has accumulated fluoride can 
he affected by iluorosis. This is especially prevalent among 
dairy cattle grazing near fluoride sources (see Ref. 79). 

8.1 	Ambient Levels 

9.1, .1 Manual Methods 

Dry Tube Method (see Ref. 80) 

This is similar to the instumen-t method using coated 
tubes (see 8.1 .2) but the analysis is performed manually 
rather than instrumentally. 

Imnpinger Methods (see Ref. 81 and 82) 

This method involves bubbling air through a solution of 
alkali. Particulate matter is usually removed by a 
membrane filter before the impingers and the two portions 
analysed separately. Gas volume is measured with a gas 
meter. 

Comments 

This method suffers from sensitivity problems and from problems 
associated with evaporation of the liquid in the impingers. 

Dry Fiiteethods (see Ref. 83, 84, 85, 86 and 87) 
Dry filter methods employ a filter impregnated with an 
alkali which coilec-Ls the gaseous fluoride from the ambient 
air pumped through the filter. The particulate matter an 
he removed by a pre filter stage or the two fractions 
collected together. The filter is kept damp by adding 
glycerol to the impregnating solution. 

Comments 

These methods are generally efficient, sensitive and of low 
capital cost. 

LimedPaers (see Ref. 88) 

In this method, papers impregnated with lime water are 
o.cposed to the atmosphere, under a rain cover, for periods 
of time, usually a month. The fluoride content is analysed 
and the results used as a relative measure of fluoride 
concentrations. 

Comments 

IIiis method does not give a measure of the concentration in the 
atmosphere and is subject to metecrological infli.uences which 
affect physical contact with the papers. These results are not 
comparable with other methods. 

8.1.2 Automatic Methods (see Ref. 89) 

These instruments are semi. continucus in that they absorb 
fluoride from a batch of air,  and theii analyse it automatically 
for its fluoride content. 

One such instrument draws air through a spiral -tube coated with 
an alkaline layer,  and the gaseous fluoride is absorbed on this 
layer. 
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The alkali containing the fluoride is then washed into a 
measuring cell, buffer added and the fluoride concentration 
outomaticaJiy reed and recorded using a fluoride ion specific 
electrode. 

Another instrument of similar principle uses a colourjmetric 
procedure as end point analysis. This instruement also has 
slave units so that air can be drai through coated tubes at 
a number of sites and only the tubes returned to the 
insLrument for analysis. 

Comments 

Both these intrumnents suffer the disadvantage of being 
automated wet chemical procedures with the qualities of such 
instrumentation e.g. leaks, baseline drift, sensitivity 
problems, reagent problems etc. 

8.2 	Source Levels 

.2.1 	Manumi Method (see Ref. 16, 19 and 90) 

iicinuai methods for the measurement of emissions of fluoride 
from stationary Sources are based on isokinetjc sampling of 
the gas stream and removal of the fluoride by filtration and 
absorption in an aqueous medium. 

Air is drawn into the probes (heated if necessary) and the 
particulates removed in a paper thimble. To reduce gaseous 
iluoride absorption on the paper, they are impregnated with 
citric acid. The gaseous fluoride is then removed by 
impingers of sodium hydroxide. 

Alternatively the two iractioc can be collected together, 
sampling directly into trripingers. 

Analysis of stack emission samples should be performed by 
distillation (see Ref BLm) 

8, 2. 1 	Automatic Methods - 
These methods Only measure gaseous emissions 
(a) NDIR 

Commercial hIR monitors are not readily available but 
if due care is taken to selection of materlls of 
construction this method is probably the most suitable 
for measurement of specific gaseous fluorides. 

(h) Conductimetric Instruments 

Similar in principle to the sulphur dioxide conductimetric 
monitor (see 4.1.1A) where a sample is dissolved in an 
aqueous medium and the increase in conductance of the 
soTuton measured and related to the fluoride concentration 

Comments 

It is non specific 	any soluble species in the gas stream 
will also register and the method suffers from the usual 
disadvan-tages of automated 'wet chemistry". 

(c) Absorption - Ion Suecifjc Electrode Method (see Ref. 91) 

A vacuum pump draws flue gas and condensate through a 
flask containing sodium hydroxide solution. The air and 
liquid are separated, the air gcing to the pump and flow 
measuring device and the liquid to a cell where fluoride 
is measured with an Ion specific electrode. 
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9. 	HYD500ENI S[JLPHIDE 

Hydrogen sulphide has a number of sources, both natural and man 
madc. it is a gaseous product of the anaerobic degradation of 
biological matter and is emitted by volcanic action. In a similar 
fashion, it is a product of industrial processes where sulphur 
compoinds are processed under reducing conditions. Large emitters 
of hydrogen sulphide are petroleum refineries, Kraft Paper Mills, 
Carbon Black Manufacturers and most industrial processes using 
sulphur compounds 

9.1 	Ambient Levels 

9.1.1 	Manual Methods 

Colourtmetric (see Ref. 19, 29, 92, 93, 94 and 95) 
Air is drawn through a solution of p-aminodirnethylaniline, 
ferric ion and chloride ion, in a bubbler, by means of 
a pump. The hydrogen sulphide reacts with the reagent 
to form methylene blue which is measured on a spectro-
photometer at 670 nm. Alternativel the hydrogen sulphide 
is collected by bubbling through cadmium hydroxide and 
reacted to form methylene blue or Lauth's Violet. 

Comments 

It is a sensitive method for ambient use but sulphur dioxide 
interferes. 

Cadmium Sulphide Method 

Air containing hydrogen sulphide is scrubbed through two 
bubblers in series containing ammoniacal cadmium chloride. 
Any hydrogen sulphide present will precipitate out as 
cadmium sulphide. The amount of cadmium sulphide 
precptated is then estimated idometrically and may then 
be related back to the concentration of hydrogen sulphide 
in the air sample. 

Comments - The method is sensitive for hydrogen sulphide 
measurements, up to approximately 700 ug/m3. 

9.1.2 	Automatic Methods 

(a) 	Colourimetric Method 

A colourirnetric technique for the automated analysis of 
ambient levels of hydrogen sulphide relies on the reaction of 
sulphide ion with a mixture of ferric chloride and p-aminodi--
methylaniline to yield methylene blue. 

One commercially available analyser continually absorbs 
hydrogen sulphide in the ambient air through an alkaline 
saspension of cadmium hydro-oxide. An aliquot of the 
resulting sample is then passed from the absorption column 
to an analytical system where it is reacted with p-aminodi-
methylaniline and feric chloride to yield methylene blue. 
The intensity of the colour is then measured colourimetrically 
at 660 nm. Hydrogen sulphide is measured using this technique 
of over a measuring range of 3 to 300 ug/m3. 

Comment - This method is very specific for sulphide detection 
at low concentrations. Strongly reducing agents such as 
sulphur dioxide do interfere with colour development and a 
chromate filter may be used to remove this interference. 

The "wet" chemtstry involvement would make the method rather 
tedious. 

--P 	 ---.----. - 



- 39 - 

C] am e Ph a tehr 

Hydrogen suiphide may be measured using the technique of 
flame photometry as discussed in Section 4.1 .2. It .may 
be measured in conjunction with sulphur dioxide and methyl 
mercaptan measurements or by itself. 

Comments - This method is very satisfactory being very 
sensibive and selective but, requires compressed hydrogen 
as a consumable. 

Pal2er Tape Sampler 

The debermination of ambi3nt levels of hydrogen suiphide 
may be simply achieved by using a paper tape sampler 
identical to that discussed in Section 1.1.2 (a). 

Filter paper sensitised with lead acetate is the reacting 
medium for the hydrogen suiphide present in the air sample. 
On contact with hydrogen suiphide the sensitised paper 
turns brown due to the formation of lead acetate. Samples 
collected in this manner are measured by comparing the 
light transmission through the stained filter to that 
transmitted through the blank filter. Using this transmission 
the concentrat on, in ug/m.3 hydrogen suiphide, present in 
the air sample may be determined by reading off a calibration 
curve. 

This method requires that samples are read as soon as 
practicable following exposure, otherwise the brown lead 
suiphide stain will oxidise to form white lead sulphate on 
exposure to the atmosphere. To eliminate the interference 
of suspended matter,  on the filter paper a pre-filter is used. 
The method is sensitive icr hydrogen suiphide measurements 
from 14 ug/m3 to 30,000 ug/mO. 

9.2 	Source Levels 

9.2.1. Manual Methods 

(a) 	Tutweiler Apparatus Method (see Ref. 96) 

In this method, a gas sample is drawn into an impacted burette 
o:7 Tutweiler design by raising and lowering a leveling bulb. 
The gas sample is reacted in small increments with standard 
iodine solution in the presence of starch ind.icator solution 
until all the hydrogen suiphide has been reacted. 

Comments 

Sulphur Dioxide and mercaptons ineriere and have to be 
removed by proscrubbing. 

(h) 	Ammoniacal Cadmium Chloride Method (see ref. 97) 

In this method, a gas sample is drawn through a bubbler of 
Arrtrnoniacal Cadmium Chloride. The precipitated Cadmium 
luiphicle is filtered off, washed, added to a closed wash 
bcbtle, and Hydrochloric acid and Iodine added. The 
liberated hydrogen suiphide reacts with the iodine and the 
excess iodine titrated with Sodium Thiosuiphate. The gas 
is drawn through the bubblers with a simple train of probe, 
filter, bubblers, pump and gasmneter. 

Comments 

Sulphur Dioxide and mercaptons interfere and have to be 
removed by prescrubbing. 



Slectrometric Titration Jethod (see Ref. 98) 

In this method, a gas sample is drawn through a probe, 
filter and bubblers of Sodium Hydroxide which scrubs out 
hydrogen sulphide and mercaptorn, a pump and a gas meter. 
The Sodium Hydroxide solution is added to an ammoniacal 
alkaline solution and is titrated with aqueous silver 
solution, using as an indicator, the potential between 
a glass reference electrode and a silver sulphide 
indicating electrode. The end points for sulphide and 
rnercaptons are indicated by separate inflections in the 
potential - volume curve. 

Colourimetric Procedures (see Ref 19, 29, 92, 93, 94 and 95) 

These methods are an adaption of methods used in ambient 
measurement. Stark gas is aspirated through a solution of 
paminodimethylaniline, ferric ion and chloride ion, using 
e sample train of probe, filter, bubblers, pump and gas 
meeer. The hydrogen sulphide reacts with th bubbler 
contents to form methylene blue which is measured on a 
spectrophotometer at 670  nm. 

Alternatively the hydrogen sulphide is collected by bubbling 
through Cadmium Hydroxide and reacted -to form methylene blue 
or lauth's violet. 

Comments 

Sulphur dioxide interfe:res in this method. 

Dry Paper Tape Methods (see Ref. 16 and 99) 

These methods are also an adaption of methods used in ambient 
measurement. Stark gas is drawn through a paper filter 
impregnated with a salt of an element which will give a dark 
stain of sulphide and the density of the stain is measured 
using a densitometer. The starck gas can be withdrawn by a 
sample train of probe, filter, pump and gas meter or by a 
calibrated hand pump. The-re are a number of compounds used to 
impregnate the tapes. 

a) 	Silver nitrate 

h) Argentocyariide 

Mercuric Chloride 

Lead Acetate 

Comments 

They all suffer from interference from Sulphur Dioxide 
(see Ref 99  and 100) and mercaptons and the gas stream must 
have a certain moisture content (not normally a problem 
with starck gas). Bleaching of the stain by exposure to 
light is also a problem. The most efficient impregnating 
salt is silver nitrate. 

9.2.2 Automatic Methods 

(a) 
	

Flame Photometric 

This method is semi continuous (frequently sampling every 
20 minutes), precise, sensitive and suffers no interferences. 
It is very quickly becolnin,2 thc most reliable method of 
analysis for hydrogen sulphide. 



The instrument is exactly the same instrument used for 
Sulphur Dioxide (see 4.2.2) in starch gas and can give a 
readout for Sulphur Dioxide, Hydrogen Suiphide, Methyl 
Mercaptan, Carbon Disuliphade and Carbonyl Suiphide. 

Comments 

It is the only reliable method for the automatic measurement 
of hydrogen suiphide but uses compressed hydrogen as a 
consumable. 

(h) 	Automated Paper Tape Method 

The paper tape methods mertioned in manual methods (9.2.1e) 
can easily be automated. The tape is fitted into an 
instrument similar to the instrument used to measure 
suspended matter in the atmosphere (paper tape sampler, 
see 1.1.2). In this instrument the gas filters through the 
tape for a given time and a reading is obtained for an 
integrated sample over that time. The densitometer reading 
can be obtained either by removing the tape and reading 
manually or the instrument can be further automated by 
adding a densi t;orneter. 

C ornment S 

The main disadvantages are interference by sulphur dioxide 
and light bleaching of the stain. 

10 	M72CAPTANS 

The major sources of mercaptans are petroleum refining and 
draft pulp miii operations; minor sources are ferrous 
mnotallur'gcaii operations. Mercaptans are of major interest 
in air pollution because of their extremely low odour 
threshold and their obnoxious odour. 

10.1 	Ambient levels 

1 0. 1 . 1 Manual Methods 

Because of the extremely low concentration normally eflcountered 
in the atmosphere and the interference from the normally 
higher concentration of hydrogen auiphide and sulphur 
d.oxmde no manual method will be recommended. 

10.1.2 Automatic Method 

(a) 	PThme Photometrl 

The instrument described for hydrogen suiphide will measure 
mercaptans without interference. 

10.2 	Source Levels 

10.2.1 Manual Methods 

(a) 	Titratton Methods (see Ref. 100 and 102) 

These methods involve the ooilection of mercaptans in a solvent 
such as alcohol or by precipitation of suiphide. The quantity 
of mercaptan is determined by titration with Copper Alkyl 
Phtialate or Iodine-Sodium ThiosuiLphate. A sample train of 
probe, bubbler/impinger, pump and gas meter is used for the 
ccli act ion. 

-t 
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Comments 

Hydrogen sulphide interferes. 

Potentiometric Titration (see Ref 98, 103 and 10) 

In these methods hydrogen sulphide and mercaptans are 
absorbed from the gas stream by bubbling through sodium 
hydroxide. The sampling train consists of probe, 
bubbler/irnpinger, pump and gas meter. The solution of 
mercaptans is added to an ammoniacal alkaline solution 
and titrated with aqueous silver nitrate. The end points 
for sulphide and mercaptans are indicated by separate 
inflections in the potential-volume curve. 

Colourjmefrjc Methods (see Ref. 125 and 106) 

Stack gas is draim through a probe, bubbler or impinger, 
ump and gas meter. The mercaptans are collected by 
bsorbina in a strongly acid solution of N, N-dimethyl 
'-phenylenediamine and ferric chloride. This produces a 
rod complex which is measured at 500 nm on a Spectrophotometer. 

Comments 

T-Iydrogen sulphide interference can be minimized. 

10.2.2 Automatic Methods 

(a) 	Flame Photometry 

The instruemnt described for hydrogen sulphide will measure 
mercaptans without interference. 

11 	OZONE 

Ozone exists naturally in the upper atmosphere due to the 
action of ultraviolet radiation on oxygen. Ozone is 
formed near the earthts surface by the reaction of ultra-
violet radiation on oxides of nitrogen and reactive 
hydrocarbons. Ozone, which forms over 90% of the oxidants 
in the atmosphere, can cause adverse effects on vegetation, 
rubber and health. 

Ambient concentrations of ozone range between 0 and 1000ug/m3. 
The principle method for ozone measurement include colour-
iinetry, coulometry, and chemiluminescence. 

Ultraviolet radiation absorption is the most recent technique 
applied to the measurement of ozone. 

Throughout the following discussion of the various methods 
employed for the measurement of ozone it will be seen that in 
some instances the term "oxidants' is used. Early generation 
instruments measured as wlll as ozone, peroxy acetyl nitrate 
(FAN), nitrogen dioxide and chlorine and this is expressed 
is Uoxidants I 

Of special note here in respect to the measurements of ozone 
is that a teflon filter and sampling line must be used. 
Although expensive, it is the only material available 
which does not significantly reduce the leveL of ozone as 
it passes through ma the analyser prior to analysis. 
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.1 	Ambient Levels 

l .1.1 Manual Methods 

(a) 	Colourimetric (see Ref. 7, 107, 108, 109, 110, 111, 112 9  
113, 114, 115 and 116) 

The traditional method of measuring oxidants was for many 
years, the sampling of air through a bubbler containing 
potassium iodide reagent (see 11.12a). The sample time 
was usually a period of 24 hours. The ozone oxidises the 
iodide to free iodine which can be measured photometrically 
as outlined in 11.1.2 or citrimetrically. Variations on 
this method use either neutral, alkaline, acidified or 
unfuffered iodide. Other methods use the colour produced 
by the reaction between ozone/oxidant and a dye which is 
ririasured by spectrophotornetry. 

Comments 

The manual colourimetric analysis is unsatisfactory because 
sulphur dioxide negatively interferes and cannot be 
prescrubbed without removing ozone. The reagent is also 
unstable in daylight arid has insufficient sensitivity and 
selectivity. 

There are numerous other methods (see 117)  but they find 
little use now that chemiluininesence has become available. 

11.1.2 Automatic Methods 

(a) 	Colourirnetric (see Ref ii) 

The ability of oxidants tc react with an iodide solution to 
form iodine is the principle by which colourimetry may be 
applied to the measurement of oxidants. The reaction equation 
is 03  + 2K1 + H20 	02 + 2KOH + 12. 

The iodine liberated in the reaction is then analysed 
colourimetrically. One instrumental method available, which 
is very similar in operation to the analyser used in the 
measurement of nitrogen dioxide, continuously draws an 
ambient air sample flowing through an absorption coil 
concurrent with the reagent solution. The solution, which 
colours following the liberation of iodine, passes on to a cell 
where the intensity is photometrically measured. The 
intensity of the colour is logarithmically related to the 
concentration of oxidant in the air sample. 

Comment S 

This type of instrument suffers from the same disadvantages as 
those discussed for the colourimetric determination of 
nitrogen dioxide (see 6.1.2a). Reducing agents such as 
sulphur dioxide and hydrogen sulphide interfere in a negative 
sense to the actual concentration measured. A chromate 
scrubber can be used to oxidise the sulphur dioxide although, 
due to the instability of ozone, such a filter can 
dramatically reduce the level of ozone tc be measured. 
Instruments of this type have ranges in the order of 0 to 
4COOug/md. 



(b) 
	

- 	11. crnetry 	(See Ref. 118) 

An early principle appli ed to the continuous measurement of 
oxidenLs utilised the ci ectrochemjcai oxidation_reduction 
icaction of potassium iodide by oxidant;o. The technique I a ci mLiar to that used in the couiomotrjc measurement of 
the oxidation of sulphur dioxide (Section 4.12 c) although 
bore the ozone is reduced. 

if an ambient air sample containing oxidants is passed 
through an o iectrochemicai cell containing potassium iodide, 
cxidutjort of the iad do occurs at the cathode and free 
LOCl 1 00 .1 a liberated. Due to a palarisati on current, a very 
thin layer of,  hydrogen 15 also produced at the cathode. 
hoac hion of the todino with hydrogen occurs i mmcdi ately 
wi-i I ch rosiil La in a ropolari cation current due to the removal 
of t:he hydrogen. 

The resul ting current is then directly proportional to the 
oOncontraton of oxidant;s in the air sample. 

Instruments using this technique operate over a range of 
apP ruxamately 0 to 2080 ug/m. 

Comments 

Tntorfefnce from sulphur dioxide may be eliminated by 
using a f ii -to r.However, as menti onod in the previous 
section, ac of ozone in the air sample will resul t. 

(c) 
	

Chemiluminocenee (See ref 66,117, 120 and 121) 

The principle of chemiliim-Lnescence as applied in the 
measurement of nitric oxide may be similarly used for the 
continuous Ineasursmon-L of ozone. It is based on the 

a 	 gas- 
phse c}iemilicrijncsconce reatton ofozone, present in the 
ambient air sample, with ethyl one gas, resul I ing in the 
cmi scion of1 ight in the vi a LUTe region. The react ton 
alcoa place at the cathode surface of,  a ligI-it seni Live 

phe tomrfl t I p1 i or tube. The very small amount of i I gh L seen 
r the pba ioriiul tip tier !a Converted to a current, ampli tied 

arid ii nnl ly di splayed on a c trip chart recorder. This 
road I ng -i a linearly reli ttod to the concentra-t, i on of ozone in Ilic a a camp 1 ç • 

Comments 

The ClIemi.luminescont measurement of ozone is a very sensitive 
tecliri I quo and of fors tilo :fol lowing important advantages 
over Lbor wet chemical me t:nods. 

(I) 	Specific -for ozone 

(ii ) 	Very fast re E;ponse time 

Measurement ranges 0, - 500 ug/m3 and higher 

Minimum mel utenance 

No wet chemicals required. 



KM 

Compressed Ethylene however, is consumable. There are 
other matori n].s rivailabI a such as [ilioderni no B which can 
iic 	u cod to give a chern ii lain L rioscen L r eac L I cii wi Lii ozone. 
hlhcdamtno P is more sons 1. Live than ethylene although 
this sensi L:ivity slowly degrades on reaction with ozone. 

(d) 	Ultra Violet Absorption 

The most recent principle applied in relation to the 
continuous measurement at ozone ralLies on the ability 
of ozone to absorb ulLravioi at radiation. 

One instrument currently available passes an air sample 
containing ozone through an absorpt on chamber whicli is 
confinualLly exposed to a source of ultraviolet radiation. 
AL one end of the chamber is a light; cons Ptive photomultiplie 
tube whi oh sees' the amount; of uJtrnvi ol at Ught passing 
thi rouge L ;e air sample Ia I 1 owing absorp t; I on by the ozone 
prosone. The air sample is alternately cycled, as a 
ro forance, through a on Lal ytic conver tar whi I cli converts 
any ozone present to oxygen. 7h.is  ni r sample ml nus 0ZOfl 
is -LI ion passed through the absorpLi on chamber and the amount 
O f transm itt ad ultravi a I Of-  [1 ght is measut -ad by the 
pho Lomulti p1 nor tube. The difference of ultraviolet light 
between t;} ic sainpi e and tofererico iriezauremonts is then 
di recdy rd atnod to the concentratIon of the ozone in the 
sampl.d. rilfie measuring ranges avail able are from 0 - 1000 
ug/m5 	and lii gbcr. rphe advantages are ci rnilLar La those 
IL 1 sLed under chemil umi nascence and it is not flow dependant 
and tL has no consumahi as. 1 Toweve r, the presence at 
suspended mat;ter in the sample may cause i nterterence in 
the rneasurornnnt and ill! -tarot ion may cause (legreila Lion of 
at-none. 

Source levels 

Generally all t;he methods described for the ambient levels 
are app1 i cable to the P ghor source 1 eve Ls. 

iT. 	ChlORINE 

There arc only a very few sources of 
related La manufacturers and users of 
sources are chi or-alkal I plants which 
chlorine and caus Lie sod from br [no, 
whi cli use chi or i no gas or tahlet of 
pert ci' 1 he-i r process and pal p nil 1 s 
a hi 00011 i 11g agent. Ni nor sources are 
users of the gas or :1 ts compounds to 

chloride and these are 
the element. Major 
menu Facture ho th 
metallurgical plants 
chlorine compounds as 

thw 	 e  gas as 
swimming pools, and 
bleach or disinfect 

1 2. 1 	Ambi ant Level s 

1:). 1 . 1 Nariuril 14tthod s 

(o) 	O-Toiiciineflehhod (See ref. 16, 107,  122 and 123) 

Air is sampled through a bubbler and Chlorine is trapped in 
od   	ly in 0-tolid Inc solution  ouonorrec  

and ti yell ow colour produced by the reaction between chlorine 
and 0-tolidine. The en our is read directly on a spectra- 
piiotouo Lou at, either / 25 mm or /HO mm. Alternatively the 
colour is compared with colours produced by standard 
concentrations of PoLass ium Di chromuiLe. 

Axn 
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(b) 	Methyl 0r2ne (See ref. 124 and 12) 

Air is sampled through a bubbler ccntaining a dilute 
solution of methyl orange. Near pH 3.0 the colour of 
methyl orange ceases to vary with acidity and the dye 
is quantitatively bleached by free chlorine and the extent 
of the bleaching can be datermined colourirnetricaily. 

C C ?tfl Cl C Yl + C 

Interference in the measurement is caused by Sulphur 
Dioxide, Nitrogen Dioxide, Bromine etc. 

(C) 	Iodine - Thiosuiphate (See ref. 19 and 107) 

Air is drawn through a bubbler containing iodine. Chlorine 
in the air reacts to form the 	tn-iodine ion and the 
free iodine is titrated with thiosuiphate. 

C C Cl Cl Cr1 + 

Ozone and sulphur dioxide interfere. 

12.12 Automatic Methods 

There are no established automatic methods for the 
measurement of chlorine. 

12.2 	Source Levels 

12.2.1 Manual Methods 

Orthotoli.d:Lne 

In this method gas is drawn from the stack through a probe 
bubbier/impinger, pump and gas meter. It can also be drawn 
out by use of a Standard band pump. The principle is 
explained in Section 12. 1.1 (a) 

CCYflfllClr1+ n 

Compounds which breakdown in the reagent to form free 
chlorine intenfere Q  

Methyl Orange Method 

Sampling is performed by drawing a sample through a probe, 
hubbier/impinger, pump and gas meter. 

The principle is explained in Section 12.1.1 (b). 

Comments 	Interference as for 12.11 (b) 

Iodine -• Thiosuiphate Method 

Gas is drawn through a probe, bubbler/impinger, pump and 
as meter. The chlorine reacts with the iodine in the 
bubbler to form tn-iodide ion. Following collection, 
the free iodine is titrated with th:Losulphate. The 
principle is explained in 12.1.1 (c). 

C 

The prescence of sulphur dioxide would cause an equivalent 
interference. 

—- 	 .......... 



	

3. 	CARBON DIOXIDE 

Carbon dioxide is formed in immense quantities from the 
combustion of fossil fuels, but is not really toxic and 
in this context it will not be treated as a pollutant 
here. However, in particulate testing of boilers and 
incinerators, the concentration of particulates in the 
gas stream is corrected to 12% carbon dioxide. This 
involves the simultaneous measurement of carbon dioxide. 

There are a number of methods used for the determination, 
both instrumental and manual. However, it is important 
that the concentration of carbon dioxide be an integrated 
value for the duration of the test. For manual testing this 
is accomplished by taking an integrated sample and then 
determining the carbon dioxide concentration. For 
instrumental methods this task is considerably eased by 
recording the concentrations over a ILength of the test. 

	

13.2 	Source Levels 

13.2.1 Manual Methods 

Manual methods are all based on the collection of an 
integrated sample and measurement of the absorption of 
carbon dioxide by caustic soda or,  caustic pot ash. This 
is accomplished by the use of an )rsat analyser, Fyrite or 
an equivalent. In an Orsat analyser (see ref. 61) a gas 
sample is drawn from the integraaed sample by the use of a 
levelling bulb till it fills an 100 ml burrette. This 
100 ml of gas is then mixed with a caustic solution a few 
times and the resulting decrease in volume is a measure of 
the carbon dioxide absorbed. In a Fyrite, the gas is pumped 
using a small bulb into a chamber until the gas fills the 
space. This is then mixed with caustic and the resultant 
volume noted. Fyrite is much smaller than an orsat though 
somewhat less accurate. 

The carbon dioxide concenaration could also be analysed 
with a Gas Chromatograph and a thermal conductivity 
detector. 

U.S E.P.A. 	(See ref 17 and 18) 

Gas is passed into a bag through a probe with a particulate 
filter and a bulb which acts as a hand pump. Alternatively, 
gas is passed through a probe with a particulate filter, 
an air cooled condensor to remove water vapout, a pump and 
a flow meter into a bag. The bag is slowly filled over the 
period of the test and then analysed by orsat or equivalent. 

Canadian EPS Method (See ref. 20) 

Lois method is identical to the USEPA method. 

South Australian Clean Air Act Method (See ref. 19) 

This method is essentially the same as the USEPA method. 

13.2.2 Automatic Methods 

(a) 	Non Disuersive Infra Red 

Gas is sampled through a heated probe, a particulate filter 
and a condenser to remove water and measured continuously by 
the instrument. The principle of operation is similar to 
other NDIR instruments, this one being turned to absorption 
wavelengths of carbon dioxide. By the use of this 
instrument, a continuous recording for carbon dioxide is 
obtajned and this can be used to obtain an integrated 

concentration over the period of the test. 
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Comments 

This is the most reliable method of carbon dioxide measurement. 

	

14. 	HYDROGEN CHLORIDE 

Hydrogen chloride is a pollutant emitted by a number of 
industries. Metallurgical plants, ceramic industries, 
incinerators burning poly-vinyl chloride, pulp mills and 
industries using hydrocloric acid are all sources of 
hydrogen chloride. 

	

14.1 	Ambient Levels 

There are no specific methods for the measurement of 
hydrochloric acid in the air although many of the methods 
in Section 4.1 for sulphur dioxide such as conductivity 
and the British Standard also measure hydrochloric acid 
and are not specific. 

	

14.2 	Source Levels 

I 'i. 2. 1 Manual Methods 

Gas Detector,  Tubes 

The principal is described in Section 4,2 

1 - rnmn± q 

This method is unsuitable for accurate measurement. 

Potentiometric_Titration Methods (See ref. 126) 

C-as is sampled through a heated probe, a heated particulate 
filter, a bubbler of water, a pump and a gas meter. After 
collection the sample is titrated potentiornetrically with 
silver nitrate giving a concentration of chloride which is 
then expressed as hydrogen chloride. 

1' r- mm 

Other chlorides interfere. 

Turbidiiiietric methods (See ref. 126 and 127) 

Gas is sampled through a heated probe, a heated particulate 
filter, a bubbler of water or dilute sodium hydroxide, a 
pump and a gas meter. After collection the chloride is 
precipi tubed with silver nitratein the presence of alcohol 
and the absorbance at 420 mm is measured. 

Comments 

Other chlorides interfere, 

Titrimetric Method (See ref. 128) 

Gas is sampled through a heated probe, a heated particulate 
filter, a bubbler of water, a pump and a gas meter. After 
collection the sample is titrated with mercuric nitrate in 
the presence of a mixed diphenyicarbazone - bramphenol 
blue indicator. 

mmrr+ c 

Other chlorides interfere. 

M.;1  - 	: 	.-. 



(e) 	N.S.W. Regulation Method (See ref. 16) 

Gas is sampled through a heated probe, a heated particulate 
filter, two Greenburg Smith impingers of water, a pump and 
as gas meter. The darnpie is then analysed for acidity 
using a titration ofsodium tetraborate against methyl 
red-methylene blue indicator. Another aliquot is analysed 
for chloride by the tureidimetric method. Both results 
are expressed as hydrogen chloride and the lower result is 
taken as the hydrogen chloride present. 

C eminent s 

Chlorides and water soluble acids interfere only if both 
present. 

14.2.2 Ai.tomatic Methods 

(a) 	NDIR 

An instrument urned to measure the infrared absorption 
of hydrogen chloride is the only automatic method available. 
The principle is described in Section 4.2.2a. 

15. 	ALDEHYDES 

Sources 

Aldehydes are pollutants emitted from both stationary and 
mobile sources. Diesel powered mobil vehicles are emitters 
of aldehydes, the odour from these vehicles being largely 
due to these compounds. Coffee roasting and organic chemical 
industries as well as petroleum refineries are also large 
emitters. 

15.1 	Ambient Levels 

15.1.1 Manual Methods 

(a) 	3-Methyl-2 benzothiazolone Hydrazone (MBTH) (Ref 129, 
130 and 131) 

Air is drawn through a bubbler containing a solution of MBTH. 
The solution is then transferred to a volumetric flash, 
ferric chloride and acetone added and the resulting blue 
colour read an aspectrophotometer at 670nm. 

Comments 

This measures water soluble aldehydes and they are expressed 
as formaldehyde. 

15.1.2 No automatic methods are available to measure atmospheric 
concentrations of aldehydes. 

15.2 	Source Levels 

15.2.1 Manual Methods 

(a) 	I4ethvi - 2 - Benzothiazolone Hydrozone (MBTH) Method 
(See ref. 129, 130 and 131) 

Gas is drawn from the starck through a heated probe, 
particulate filter, bubbler of MBTH, pump and gas meter. 
This solution is then transferred to a volumetric flask, 
ferric chloride and acetone added and the resulting blue 
colour read in a spectrophotometer at 670nm. 

- .-.---- -- 	--.- 	- 	-r- .. 	- - 
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Formaldehyde is the predcminant aldehyde but other water 
soluble aldehydes are measured and reported as formaldehyde. 

Bisuiphite Absorption Method (See ref. 132) 

A large bottle is evacuated and gas is drawn from the 
stack through a probe, by releasing the vacuum in the 
bottle. The gas in the bottle is shaken with acidic 
silver sulphate to remove interfering gases. It is then 
shaken with sodium bisuiphite solution and the excess 
bisuiphite is titrated with standard iodine solution at 
ice water temperature. 

Colourimetric Method - Chromatropic Acid (See ref. 133 and 134) 

Gas is drawn from the stack through a probe, bubbler of 
sodium bisuiphite or water, pump and gas meter. The 
colicted formaldehyde is reacted with chromotropic acid 
to form a purple monocatienic chromagen. The absorbance of 
the coloured solution is red in a spectrophotometer at 580 rim. 

2. 2 Automatic Methods 

(a) 	A flame ionisation detector as described in 7.12 can be 
used but it is a difficult technique to accurately calibrate 
for aidehydes. 

There are no other automatic techniques available. 

ODOUR 

Odour sources are legion, both natural and man made. The 
odours themselves can be chemically simple e.g. hydrogen 
suiphide or complex e.g. from stock feed production. The 
major sources of ofour are petroleum refineries, coffee 
roasting, stock feed production, solvent evaporation, 
fermentation processes, pulp mills and rendering operations. 
There are a large number of minor sources and almost all 
process industries are a possible source of odour. 

16.1 	Ambient Levels 

16.1.1 Manual Methods 

Human Nose 

Frequently the human nose is the only method available 
to detect low levels of odour. The N.S.W. Clean Air Act 
makes the human nose the I instrument" to be used for 
detection. Prosecution could result from the use of this 
instrument". 

flrmmriF c 

It is subjective instrument and hard to calibrate. 

Gas Chromatography 

This is described in Section 7.1.1 but frequently the odour 
is a complex mixture of compounds and they are hard to 
estimate collectively in a quantitive manner. 

16.1.2 There are no automatic methods. 

i'r- - 
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Th. 2 	Source Levels 

1 5. 2. 1 Manual Methods 
	

(See ref. 135, 136, 137, and 138) 

The use of instruments ic measure odour is very limited. 
Gas chromatography, infrared spectrometry and mass 
spectrometry can be used but the variability of the chemical 
compounds in odours restricts their use. The most widely 
used technique is dilution. In this method, gas is taken 
from the stack and diltued with odour free air in a known 
ration. The diluted gas is presented to human subjects 
who indicate whether they can detect the odour or not. 
When 50% of the subjects first detect the odour this is 
recorded as the threshold or point of detection. This 
method does not attempt to measure the degree of 
pleasantness or offensiveness of the odour, not its likely 
acceptability by any segment of the population. 

Threshold values are used to implement air pollution control 
measures, based on dilution so that an odour from a source 
rjill not be detected by people outside the factory. 
Instruments can be used to fingerprint an odour. For 
example, a gas chromotographic analysts of an air sample 
can be matched to a threshold value obtained by dilution 
testing. For future odour measurement, a gas sample 
can then be put through the instrument and a threshold 
velue obtained. 

However, this method is open to many errors mainly involving 
the change in chemical corcposition of the gases being 
emitted. 

16.2.2 Automatic Methods 

There are no automatic methods of measurement. 
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17. 	PEPDXYACYL NITRATE (PAN) (SEE REF. 139) 

The peroxyacyl nitrates (PANs) are a homologous series 
of organic nitrogen compounds that are formed when 
sunlight acts on air which is polluted with trace 
concentrations of organic compounds and nitrogen oxides. 
They are of particular interest because of their b.tological 
activity and apart from ozone, are some of the major 
end products of photochemical smog reactions. 

	

17.1 	Ambient Levels 

17.1.1 Nnaual Methods 

Hydrolysis See Ref 14) 

The air sample is passed through aqueous potassium hydroxide 
which hydrolyzes PANS to the nitrate ion. The nitrate ion 
is determined colourimetrically using Saltzman's reagent. 

Comment 

Nitrogen Dioxide interfers and therefore the method is 
inaccurate. However, it can be used in calibration 
procedures. 

Gas Chromotography (See ref. 140 and 143) 

The analysis of PANTs by Gas Chromotography is a fairly 
simple procedure. Approximately 3 mls of air are injected 
into the column to give a relatively large response by the 
Electron Capture Detector. The only difficult part 
of this analysis is the calibration of the instrument. 

This is carried out by synthesising PAN, measuring the 
concentration by Infra Red analysis and diluting to the 
required concentration. 

Comment 

This is very satisfactory and accurate method for the 
determination of PANTs. 

Infra-Red Spectroscopy 	(See ref. 139) 

This is an absolute method of analysis requiring no 
calibration. However, at the concentrations of PAN in the 
atmpsphere even with 120 metre path length cells the 
method is at the limit of detection and so its major use is 
as a calibration procedure. Cost of the equipment is also 
high. 

Elemental Analysis (See Ref 142) 

Using nuclear magnetic resonance spectroscopy analysis for 
methyl groups and neutron activation analysis for total 
oxygen, solutions of PAN in Carbon Tetrachioride can be 
analysed. 

Co rnme nt 

It is not as accurate as as Chromatography and much more 
complicated and expensive. It is of use as a calibration 
procedure. 
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17.1.2 There are no automatic methods of analysis, unless the 
gas chromatographic method is automated. 

17.2 	Source Levels 

There are no source levels encountered in the area 
of air pollution. 
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