
M~lhod for Ihe Continuous Determination
of Carbon Monoxide in the AtmOlSphm! by

Non-disprrsiv~Infrared Spe<:lrometry

I. FIELDOFAPPUCATION

1.1 Thi' method is .ppUcable to the determina'ion of carbon monoxide in
Imbienl .ir Ind In lhe anlly.is of gale. under pr=ure.

1.2 R1lnp and fO'Mi'Mty

lomumen" are commerci.lly .VlUlble lhOl mellSure in Ih' 'lIlgt of 0 10
58m1/ma, which inciud.. the ,oncent"lion, mO$I COItlITIonly encountered
in .."bienl urbllllit.

1.3 InltTf~nff.

Interference' val)' .ccordini 10 the nllUre of the "mple. The interference
cauled by c.,bon dioxide i' minimll.t nonnalllmO$pheric con""nrr.tion,.
On Ih' other hind, wiler ' ..por coo produce an interrerence equi,"I,nl 10
12 m~1igt3m. of corbon monoxidt per cubic metre, if Ihis is 001 co'rected.
W..er ....por inlerference elll he minimized by (a) pas.ing Ihe .ir sample
Ihroush .iBel gel Or .imilar dry,ng agents, (b) maintaining coll1lont
humidity in Ihe ..mple Ind c.hbrotion g.... by rerrig'rotioo. (oj ..Iumini
Ihe lit ..mpl, lnd caliblllion g.... to mlinlain con.lInt humidity or (d)
USing narrowblnd opticil fill'" in combio"ion with lOme of lhele
mellSur... HydrQClrbon. at Ih' le..1s found In .mbienl.ir do not ordin.lily
interf're,

1.4 A 'la'ement from th' manufacturer mould be obrain,d IS to the
'pedfro'lion, fo' disc,imin01ion aglin.l expected interfering ,ub"",,,,,•.

2. PRINCIPLE

Thi' method i' b...d on lhe ab.orplion of inrrlred rodia'ion by corbon
monoxide. En,rgy, from a .ou,ce emilting rodi"ion in the infrlred region,
i. 'plit into ,wo plroll,1 b..m,. one pawng lhrough the ..mple compart.
ment. Th' lwo be.m, fin.hy P'" the detector which con.im of two
mltched cell. eleb containinl; carbon monoxide, Th.., two cell> .re
"PIrated by 3 diap~rogm, The carbon monoxide in th. de"c!or cen. only
abwrbl radialion correlponding to ill chatllcteliltic frequoncios. Wilh a
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non.•boomin.... in 'he reference celllnd w;,h no ""rbon m""oxide in the
..mp" cen. ,~.i&,nah from both de,..,tors are balanced electronically. Any
""<bon m""oxide inlloouced into the sample cell ....ilI .boo,b radiation,
which reduces the lempemure :md pressure in the detector cell and
di,place, a di.phragm. This displacement i' detected electronically >rid
.mplified to pro,id••n output signal (I OJ).

3. Df;FINITlDNS

Ronge: _ The minimum md moximum m"'urom.nt limits,

OUlput_ Electrical ,,;gnal ...hkh is proportion.1 10 th. me..urement.
Usu.lly expressed .. milli_oIts or milliamps full s.:ole at .prtn impedonce.

Full seal. - The mlJtimum me..uring limit fo,. p ..n ran8<.

Minimum d.,.".ble ..nsil;';'y - Th. ,m.lI." unount of ;npul cOltcen·
t",tion that can be d.,«ted

Loa Time - Th. ';m. inletval f,om • It.p chang. in inpu' <""""ntration at
the instrument inlel 10 the rorst corre'pondinB <han.. in inlt""""n, ou'put.

TIme 10 9O'Jl> re.porI>< - The ,im. inler",) f,om a ".p chan.. in tho input
oonce"lfui"" at the instrum.nt inlel 10 a reading of 90% of the ultim.,.
,"corded concentrl1ion

Ri.. lime - Th. in,."..1 belween 10% ...pon.. tim. and lim. '0 90':',....,.... .f,.,. >l'P in<,""" in the inlOl <oncent,.,km

Fall time - Th. interval bet .....n 90% ,..pon.. lime .nd lime 10 l~

, ..ponse .ft.,. ".p in"."" in the int<t ~oncentralion.

Zero drift _ Th. change: in instrumenl ou'PUt over' stat.d lime period.
usu.lly 24 hours. of un.djust.d continuous opemion....hen th. input
cOltcentr.,ion i' Uro, u.ually .xpre01e<l., percent full ",.le.

Span drifl- The change in in"rumenl OUlput 0'" • ,,".d lime period.
usually 24 hours. of unadjusted c""tinoous <>perati"" hen the input
ooncenlr.,wn is • ">ted upWOl< nl"", usually expr d .. percent fun
",.Ie.

Operotion.1 period _ The period of tim. over ...hich th. in"rum.nt <on be
expecI.d to opera,e un.ttended within .pecifl""ions.

Noi.. _ Devialions f,om the mean OUlpUI not ""used by input ooncenlrOlion

chaltl:e1.
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ACCUT>cy - The degree of agrumenl belw"n. musuftd ",I", and the true
value; usu.lly -.pr<..ed .. 1 pe,cent of full scale.

Precision - The deg ..e of .gft'ment belW<en ,epuled me"ur<ments of lhe
sam, concentration. expressed os the ,,,,ug' d..i.tion of the lingle r<suln
f'om the me'n,

Inl<rfe",n" - An undesired po"m.. or negarive OU1PUt cou..d by •
,ub"ance olher than 1110 one being me..ured.

lnl<,f.,.ence equiv,tent ~ The portion of indiooted input Oonctnlfllion due
10 the presence of.., int<rfering ,ub.lInce or ,ignol.

Opeflting "'''peraIUft ..nge - The range of Il1llbienl lempe,.lur.. 0'"
which the inlllUment will me.. all pe,formance specillcallons.

Operating humidity ,ange _ The 'ange of ambient rtloti,.. humidity ove,
which the inSlrument will me.. on pe,fOfTnonce opedllealions.

Ove,lood ,ecovery lime - The time r<quir<d for the instrumenul syslem to
,oco"r from.n overl<»d .illJlal equ.alto lhe maximum inpul of lhe sy"em.

linearity - The maximum dt'iotion between an actual instrument r<ading
and the rtoding predicted b}' a "rlightline d,awn between upper .nd low.,
calib,.tion points.

4, SUGGESTED PERFORMANCE SPECIFICATIONS

Minimum TOnge: 1}.58mVms.
Minimum OUtput: 1}.10. 0.100, 0-1,000 0' 1}.5.000mV full "'ale.
Minimum detect.ble s.nsitivity O,6mg/m·.
Lag lime: 15 J<cond,. moximum
Time 10 90% rtsponse: 30 .eeOl'd •• maximum,
Rise time, 90%: IS second~ m.ximum.
Foll time. 90%: IS .eronds. maximum.
Moximum ze,o d,ifl: 3% per w..k - Ie.. lbon 1% in 24 hours.
Maximum Ip,n drih: 3% per week _ Ie" lhen 1% in 24 hours.
Precision: NOI mort than to,S%.
Minimum operatioll.11 period: 3 doys.
Noise: Not mo.. thon to.5%.
Mnimum intelfe ..n", t<!u;valent: 1% of full "",Ie.
MinImum ope"ting lemperature range: S-4Q'C.
Minimum ope"'ling humidity 'ange: 10.100%.
Warm-up time: Not mOrt than I hOUT.
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o....rlood ,ec~ry tuTlt: 30 IKOII<h.
Deviation from Un.arily: 1'01 _ ,han 1'J> of foU KIlo.

S. KUCEl-1S

S.l ZDo,.,
SiuoFa 0' Mlilam ill p_ cy\lndt" plO'ri<kd with _ ...cuJalO•
..no. ia roqul:r.d. Thoso pia IlIouId COIl...... lea thalt 0.1 mIIIaram CItbon

_'i"" 1'"' ""bil: ........

S.2 Q/ilft""'_

C:oli>II""" plCl cumpotIdiol 10 10. 20. 40 and a:l')I. of fuB aeaIo are -.I.
Th........111 be prowldod in p........ <)iin<J,r"~ with -.
..pblO. q).... Zero and caIillll_ pia thould be supPlitd with
ClfTtifiea_ or .umnlffil analysia of carl>oD IIlOrI<Wdo contmL Roprdlea
cl _tho. JI'Ilranlftd ..all""" are """"dod or obtaiDod. tho ..soo,. In hiI
own in~"J1. mllll cheek WI lhe doIro. of lmeanly of Iht fOflJ alandardl II
suflicionl. If Ihis d"ll"" of llnnrify ia "". oblained dllrilll calibmi"" rom.
Of all of \he calibmiofl SIR' IhOllld be .. IUn>od 10 the IIIpplio, for
correction.

6. APPARATUS

6.1 Qub<>n ""'lKUidt Q""I)'u,

Com_Tolany ...U.bl. lnllrumenu should be in'talled on loclllQl\ and
demonsrlll.d, pref.llbiy by 1110 manufa<tu,eT. 10 meel 0' ox,ted manu·
faclure,', ,peciflCllion, and Ih.... d....tibed in 1h.la m.thod. A Iypkal
anal)"!e, aplCm is ilIul!tll.d In Few. I (Page 212).

6.2 Slrmplt InnodWIiO" 0""''''
Pump, n- conlrol n1... and Row......,

6.3 FiluT

A iii,.. _b a porotIl)' 012 10 10 ........... should be vxd to I'f""'"ftt b'l"
panid.. from .0,""", rM .....pIe ",n.

6.~~ <tHtDOI

R.f!t#1I1J<lft lIOllS a.. PfOI'Idod ..-ith _ com_rcuI imU"''''flU for
mIfflWlmt tOft$l.,' hun\;dily D!')iflI 'ohn «>n\tlinifl. lndieJl..,".



lnhydrou, cokium ,ulph." or indicoling 'ilic. gel m.y be u..d. The..
$lIould be of large capacity, ,uch as 72 hours or mor., so thit tOO f'"'Iuent
changing may b< ..oid«l. Th... fIItm musl be changed befol'< mil..
throug/1 of wll... In lddi'ion, ,uiuble fIIte.. m"'l be inm.ll.d downstream
from the drying cl"ridge 10 pre""nt the entry, to the optical cells, of
particulate duSt from lit< drying moterial.

I. OPERATINC PROCEDURE

1,1 Sp«:ilic operating pr""edur" must b. 'upplied by mlnufaClurer in a
detliled m.nual which co"..pond, in .""ry detoli with tit< inmument
under "".

1.2 The ruSt s"p common to all analy"" i' 10 turn on the power 'upply
and anow the nec<Ullry worm-up tim. befol< >Clua! operation i' begun
using ".nd.,d or "mpl. g.''''. Thi< tim. von., amoflg analyu" and tl><
I.ngth of time the .nalyzer h...pent without POW" .ppli'd. It 'hould no'
b. mol'< than 30 minut... 10 ony "st, warm·up tim. "'ould be 10ng.noug/1
10 <ubili,. drift

1.3 5<',,,al cl..,ificotion, of proc.dure, oro acmally involv«l. First is
p..liminlry or initial setup, ..cond, 'out in. operation; and third, trouble
shooting, The first lod third clas,ification, "'ould be carried Out by a
compeltnt l<choician. Th.y involve U>e of internol ldju'tm.nt', lod oflen
..quire ,ped.1 .kerroni, in'lrumenlltion. Routine operations invol.... th.
"" of exltm.1 conlrols only and require rellli",ly littl' "oIning.

1.4 Typical initial or "a"-up procedure< a,. ..wng of .lewkll ,ero,
netking co.'" adjuSlmenu of infrared source'. oscillator tuning. if uled,
<igJ1al ph... adjusting, .mplifi., g.in adjusting, and initial 'pon ond ""r<'
adjusting.

7.5 Routine operation, that mig/11 ordinarily be invol.,d are described in
the Wjuenc< b.low·

7.S,1 Turn power 00,

1.5.2 Allow analy"", to worm up for lime perioo ...Iier found 10 be
necessary,

7.S ,3 Introduc. """0" g", and ldju" zero oontrolto proper reading.

7.S,4 lntroduct "sp.n'" i'S<S and adju" <pan control to proper ,..ding.

7.S.S Check ..mple now role. Thi' mu" not be in ex".. of rot< fouud to
""us< p,""urt df.cu. Minimum '"te i' .djusted on the requiremenl fo, the
resolution of fine !Imple ttructUft,
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7.5.6 loI aU Opt,"'klnl. control "Uings. adjult",.nll, and the time of
thtu optr.,ion•.

7.6 Trouble Ihooting .nd "",in,e""n,e mu,t l>t "'tried oul routinely.1Id
moy l>t ",quiled without notko. The principal routine "roidng ,nclud..
replocement of panicle liller, water rem"",,1 check and record....rvicing.
Othe, ",vicil\i tN.t co.n 1st "'ptCltd includ...... Ii'ivity chech, ."alyze,
lignal outpu' det<rmitution. infnrtd sonr« clltck, "",plif.., ..rvicing,
urnplt cell cl..ning. pho.. adjuSlmonll••nd ..nidng or ch..,ging deltcto,.
Rocor<le' "nice requi"menll art the .am, .. fo, .ny slm~", null·bol."dng
!nslrument n..d fo, lignal recording,

II. CAUBRATION

1I.100Iilwlion<urw

Dt"'rmin' 'he linearity of 111, dtttclOr "'pon.... tilt optr>!ing flow ute
..,d tempt"'u,e. P"P''' • "'libution cu""' ond check >goins' th. CUM:
fumi$hed wrlh th. instrument. Introduce "ro pI."d ..t th. "ro OOfltrol
to ind;"a... record" reoding of «'0. In"od= ~p." gil and adju't the
~~ control '0 ind"a.. ,h. J'fr>pt, val"". On tht .uk 010 to SlImi/m' ...,
tho 46mi/m' standard at 8($ of full lcale on tho ,"cordo, chart. R.chtd
zero Uld ~pon Unl~ odjuSlmenu .... no longor roe.....ry. IntrodllCC
In.. rmtdi>l' ..Iibra,ion &"'" and plot tilt ....In.. obtained. If. Sl,lig)1t lin.
is no, ob..intd, 0' if dt\'i.stion from lin..rity is not ocupllblt. lilt •..,uracy
of lh. calibration g.....hould l>t que"ion.d and ,ome or .11 of thtu
calibn"kln g..... 'hould bo ,.tumod to the 'uppli'r.

9. EXPRESSION OF RESULTS

9.1 OII""I.:ltoo,

Determine the conetn'''''io", dire<t1y f,orn tltt oo1ib,..Uon en"'. No
calenl.,ions are o.......ry. Corbon mon""id, con""o"..ion. in mglm' '"
"""..nod '0 ppm OS follo",,:

ppm CO· m,g COlm' ·0.873 It 2SoC and 760rnm mtrcury

9.2 J+tdl.,n undutXWutY

Precision dttermint<l with calibration gut, i~ 10.5% full seale in lilt
()'S8m.J1m' ranIII'. Preci,ion iI not dc-ptnd.n' npon w;uracy and preci'ion
con be obtainod "'ilhont tho val"'" being .ccu,..tt. l'r:rf.., Iinurity of tltt
caJibntion curvt. for ox>mplo, may only indictl. p....ision.
OW



A largo .c.1t conaoorali.'••tudy of such caroon monoxide me••ur<m.nu
has boon ma~. (10,1), Coroon monoxido was d<It'mined in bOlh dry Ind
humidjf,.d ItT. Using the t.lminO!ogy of Mandel ....Iou fo' ""ptl1Obility"
0' intnlaooratory pr.d,;on IfId "r.p,ooudbili,}'·· 0' inlt,laborltory
pr.dsion. have been o".blhhed (10.3). For concen"aUOII. of ca,oon
monoxide in air up to 60 milligram, pt, cubic mo"', ,ho.. ,-.I"",.,e ilIu,·
trn.d graphically in Figur. 2, tlk.n from lb. Sludy abo,. cited (Pa£. 212).

From 'hi' f.gur<, i' is ovidon, 'ha' "ptliUoo Or r.plicalion of Inalyse.
wm no' ml1<rillly I..isl in inc'using lhe pT<cision of'ho mO"UT<menlS. h
will. in facI, g.n<llily bo a w.,l. of time Ind dfon. R.p,<X!udbil;ly is ...n
'0 bo opUmala, I concen"..ion of 20 m~ligrant. pt, cubic m.tr<.

Th. limi" of accuracy of ,nch m•.,urerTmll'l II. also ghen in this I'ndy,
ro wltich ",forenco should be mId•. In g"'''all<lm'. ,ho IC,U'lCy of lbe
m.l.ur<d clmon monoxide valuo d.ptnd, upon both lh. overlll inmu­
meniallccullCY and Ih. >ccnrae}' wi'h wltich the known ronco"'ra'io", of
carbon monoxid< ha.. boon modo up in lhe calib,"lion gose. An aceun.cy
of • 1% of fun seal. ,,,ord., chin Cln bo obllin.d in th. rango of
O-S8mllm' of carbon monoxid., Vlrillions in the lempo"ture, amhient to
,h. Inllyzer, can CI\lOt chang.. "'luival.nt to .. much .. O.Smg CO/m' pt,
"c. This dfeet can be minimized by "P<'''litli lhe lfIalyur in I
Itmptra'Ure-«lnlfoU<d 'oom, Pressu", changes btl....n ,pan check' will
cause mom.ntlry chang.. in inwumont re'pon... Z<lO drifl i' u,ually I...
than .1% of full sc.l. pe, 24 houTS. if otl11tmptr""r< and prffiure Itt
maintain.d con.tan,.
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