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5 CLT 7IQJW7Q7RI FRGJHFDC HJJCJJX CFKO 78MHDKG7FO XGYKRICJ 7M7Q7IHFKJO 78MHDK7IL GFKCIHDKG7FJO 7Q7RI GFKCFJGKL
HJJCJJX CFKOZJLDE7ZELJGDH88HT J9
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+ L\ 7FHF7 7NFHDNCFGH GFKCFJLT F7]DG NHZHDER Z7T GCKINH NHFGCDNLJNDN7FĈ 7 DL\ 87EC\ JHFCX _! `O
DL\ 87EC\ JHF7FCX _a ` 7IHN DL\ 87EC\J HFCX N Q7XGCJN\HX G DL\ 87EC\J HF7FR _X GCJNHFGFL - %O- : G - ?b
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7 JKf gCFGR # c BV@@=?V@@ZZX 7JNHD7T HF7 JKH8h GFKCIH\DiGav= BBV=B?@j 9 . H Z7QJKHT GC TLFG\ dT T CILMG\ HDiG
NFHFLDE X 7QC8G GFKCIH\DiGJKTGCIQN7F7OgCX 7g8GT 7]DGGDE NHJK7J7T HFGHQ7 ZINCT GQLTHFGHGFKCFJLTF7]DGNHZHDER
XGCJNHFGF DL\ 87EC\ JHFR GDL\ 87EC\ JHF7FR Jh 7^IHFGDN7FC9
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' 6H8RHKG7FJ 7M7Q7RI GFKCFJGKL 7MKEC HGI Z788RKCQ T GKE DLD87ECYHFC _! `ODLD87ECYHF7FC _a ` HFQ DLD87k
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D7FJKHFKav= %BV=B?: j T HJ CJKGX HKCQ M7I KEC X GYKRICJ9 &CIGMGDHKG7F 7M\ F7T F X 7QC8J 7M7Q7RI GFKCIHDKG7F 8CQ
K7 KEC D7FD8RJG7F KEHKZ7JJGP8C HZZ8GDHKG7F 7MKEC X 7QC8J M7I ZICQGDKG7F 7M7Q7RI GFKCFJGKL 7MKEC HGI Z788RKCQ
T GKE X GYKRICJ 7MDLD87ECYHFCHFQECYHFCGJ 8GXGKCQ9
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/ EC IHF̂ C 7M7Q7RI FRGJHFDC7MJ7RIDCJ 7MHGIP7IFC Z788RKG7F DHF PC ZICQGDKCQ 7F
KEC PHJGJ 7MJCFJ7IL XCHJRICXCFKJ 7MKEC CX GJJG7F9 / EC XCHJRICXCFKJ 7MCX GJJG7F
D7FDCFKIHKG7FJ 7M7Q7IHFKJ PHJC7F KECQCKCIX GFHKG7F 7MQG8RKG7F CYKCFK7MKEC ^HJCJ M7I
TEGDE EH8M7MICZICJCFKHKG6C^I7RZ 7MZC7Z8CQCD8HICJ F7 7Q7RI9 ( CFJ7IL QCKCIX GFHKG7FJ
HIC GFD7F6CFGCFKHFQ KGXC=D7FJRX GF̂ 9 / ECICM7IC KECZ7JJGPG8GKGCJ K7 ICZ8HDC KECJCFJ7IL
QCKCIX GFHKG7FJ T GKE D8HJJGD HFH8LJCJ 7MZ788RKHFKD7FDCFKIHKG7FJ HICPCGF^ JCHIDECQ9

/ ECJ78RKG7F K7 KEC ZI7P8CX JCCX J K7 PC 6CIL QGJKHFKM7I KEC DHJC7MKEC GFQRJKIGH8
7MM=̂ HJCJ KEHK HIC D7XZ8CY X GYKRICJ 7MKCFJ HFQ ERFQICQJ 7MD7X Z7RFQJ9 / EC X7JK
HQ6HFDCQ GJ ICJCHIDE 7MW
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<=> ?@ABC=DEF CGBCH?IBC? DJDAH=EC?EF=CK CD CDCBI LDEL?ECHBC=DE DMN=OCAH? <LDEFCBEC
PHDPDHC=DE DMLDNPDE?ECF>.

<==> H?IBC=DEFG=P Q?CR??E DJDAH=EC?EF=CK BEJ H?IBC=S? FGBH? DMCG? LDNPDE?ECF =E
F=NPI? Q=EBHK BEJ C?HEBHK N=OCAH?FDMDJDHBECFT

2G=F PBP?HJ=FLAFF?F CG? FCBC? DMUEDRI?JV? =E CG? M=?IJ BEJ PH?F?ECH?F?BHLGCH?EJFT
2G? H?FAICF DMN?BFAH?N?ECF DMDJDAH=EC?EF=CK DMCG? B=HPDIIAC?J R=CG Q=EBHK N=OCAH?F
DMDJDHBECF BH? BIFDPH?F?EC?JT
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, @ABC=DEF H?IBC=EV DJDAH=EC?EF=CK CD CDCBI LDEL?ECHBC=DE DMDJDHBECF BH? UEDRE BF
PFKLGDPGKF=LBI IBRF <8 ?Q?H6Y?LGE?HZ IBR BEJ 9C?S?EFZ IBR>T ' EDRI?JV? DMCG? ?@AB[
C=DEF =F ?FF?EC=BI MDHMDH?LBFC=EV DMDJDAHEA=FBEL? DM=EJAFCH=BI ?N=CC?HF DMB=HQDHE?
PDIIACBECFT 2G? ?@ABC=DEF ?EBQI? MDH?LBFC=EV DMDJDAH=EC?EF=CK =E CG? E?BH6VHDAEJ IBK?H
DMCG? B=HDE CG? QBF=FDMCG? ?N=CC?J PDIIACBECF J=FP?HF=DE NDJ?II=EV H?FAICF \] 6 _̂T

- ?IBC=DEFG=PF Q?CR??E DJDAH =EC?EF=CK BEJ H?IBC=S? FGBH?F DMCG? LDNPDE?ECF =E
F=NPI? Q=EBHK BEJ C?HEBHK N=OCAH?F BH? LBII?J P?HL?PCABI BEJ PFKLGDPGKF=LBI NDJ?IF DM
DJDAH=EC?HBLC=DEFT

7?HL?PCABI NDJ?IFDMDJDAH=EC?HBLC=DE H?IBC? DJDAH=EC?EF=CK DMCG? N=OCAH? (/A8) CD
CG? =EC?EF=C=?F DMCG? N=OCAH?ZLDNPDAEJF ([A, /8). %NDEV CG?N BH? CG? MDIIDR=EV ?@AB[
C=DEF \ ` _a

IAs=k (IA+IB) 
IAB= (I/+ I/)°'5 

IAB=(!/+ I/+ 2 IAhcos avJ°'5 

IAB= IA+ h + ] cos au· (IA.J8)°'5 

<: ?HVIAEJ. : ?HVIAEJ BEJ 3=EJSBII `bc` >
<7BCC? BEJ 3BMMDHC̀bcb>
<S?LCDHFANNBC=DEd1RBBHJ?NBU?H`b" e>
<NDJ?I Wd 7BCC? BEJ 3BMMDHC̀bcb>

(1) 

( 2) 
<! >

( 4) 

RG?H? k, av, au BH? CG? ?NP=H=LBI LD?MM=L=?ECF LGBHBLC?H=FC=L DMCG? V=S?E N=OCAH? %f : T
*C=F BFFAN?J CGBC=EC?HBLC=DE LD?MM=L=?ECav =E ?@ABC=DE <! > =F BPPHDO=NBC?IK LDE[

FCBECMDHB V=S?E N=OCAH?T 2KP=LBIIK =CMBIIF =E B HBEV? `" b6̀` gh. CGDAVG IDR?HSBIA?F
<bb6̀" ] h> R?H? BIFD H?PDHC?J \I_T i ?LCDHFANNBC=DE PDFCAIBC?F CGBCCG? N=OCAH? =EC?E[
F=CK =F CKP=LBIIK IDR?HCGBE CG? FCHDEV?HLDNPDE?ECZ=EC?EF=CK <j% k 18, IAB l *%>T 2G?
DQF?HSBC=DE F??NF CD Q? NDFCSBIABQI? MHDN CG? FCBEJPD=ECDMCG? @ABI=CK BFF?FFN?ECDM
CG? ?ES=HDEN?ECT2G? =EC?EF=CK DMN=OCAH?F DM?@ABIIK FCHDEV LDNPDE?ECF =F EBHHDRIK
G=VG?HCGBE =EC?EF=C=?FDMCG? LDNPDE?ECF PH?F?EC?J BIDE? (/A= 18 l IA8). 

i ?LCDHFANNBC=DE JD?F EDCPH?J=LCCG? F=CABC=DE RG?E CG? =EC?EF=CK DMN=OCAH? <j%e>

=F G=VG?HCGBE BH=CGN?C=L FAN DMLDNPDE?ECFZ=EC?EF=C=?F (/A f j8). 9ALG LBF?F BH? PH?[
J=LC?J QK CG? W NDJ?I DM=EC?HBLC=DE <?@ABC=DE ^>T

7FKLGDPGKF=LBI NDJ?IF DMDJDAH=EC?HBLC=DE BH? CG? DE?F CGBCH?IBC? DJDAH=EC?EF=CK
DMCG? N=OCAH? CD CG? LDEL?ECHBC=DEF DMDJDHBECFT 2G? NDJ?IF BH? QBF?J DE PFKLGDPGKF=[
LBI IBRF 6H?IBC=DEFG=PF Q?CR??E =EC?EF=CK DMF?EFBC=DE BEJ FCH?EVCG DMCG? FC=NAIAFT
$ JDAH=EC?EF=CK <j> BEJ DJDHBECLDEL?ECHBC=DE <C) BH? H?IBC?J CD ?BLG DCG?HIDVBH=CGN=[
LBIIK DH?OPDE?EC=BIIKT 2G? IBRF LBE Q? V=S?E QK MDIIDR=EV ?@ABC=DEF \m6e_a
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I = kF - log (CI Dh) 

I ks· C n 

or I ks ·(C-DTs t 

(Weber-Fechner law) 

(Stevens law) 

(Stevens law) 

(5) 

( 6) 

( 7) 

Symbols kF, ks, DT and n denote empirical constants. Among them only DT - odour 
detection threshold - is clear-cut defi ned from the psychophysical standpoint. It is con­ 
centration of the odorant(s) that cause(s) olfactory sensation in half of representative 

group of people. Symbol Dh stands for the odour detection threshold determined using 

extrapolation toward I= O, in a system I - log (C), after assessments of odour intensities 
of samples of different odorant concentrations. 

Supporters of the Stevens' law often use equation (6) which suggests that they limit the 
research to concentration range C >> DT (Stevens law assumes that DT = 0). In the case of 
lower concentration range the equation (7) should be used. Most reliable values of DTs can 
be obtained during direct sensory measurement (determination of odorants concentrations 
that causes odour sensation in half of representative group of people) [6]. 

The results of the research made so far do not allow the opinion that one of the laws 

has advantage over the other. 
Example psychophysical models of odour interaction presented in this paper are 

based on the exponential Stevens' law [l ]. 
The UPL2 model (Laffort, Etcheto, Patte and Marfaing; 1989) [l ] is a modifi ed 

version of the U model (equation 4). In the UPL2 model the interaction coeffi cient au is 

replaced with coeffi cient auPL2. The latter coeffi cient is calculated using information 
about relative shares of mixtures' components and values of constants: ks and n in Stev­ 

ens' equations for the components alone. Mathematicall y the coeffi cient auPL2 is given 
as follows: 

where: 

I - k C11
A A - S,A. A 

I - k cne 8 - S,B. B 

cosa A= [1- P"A -(1- Pj1A ]/[2P11
A 12. (1- Pj1A 12] 

cosa8 = [1- P11e - (1- P r-: /[2P11e 12 . (1 - p yie 12
] 

p = 11j"e /[l~nA + 11jne] 

(8) 

( 9) 

(10) 

(11) 

(12) 

(13) 

The ERM interaction model (Equiratio Mixture Model, Frijters arid Oude Ophuis, 
1983) [ l ] applies to binary mixtures of odorants or tastants with constant ratio of the 
components (p,q). It was affi rmed that odour or taste intensity of the AB mixture of the 
CAB.pq concentration can be calculated using Stevens' equation in a following form: 

I - k C"Ae AB.pq - S,AB. AB,pq ( 14) 
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<=>?> ! " #$%& @AB ' " # @?> C=> DEAFC@ACF D=@?@DC>?GFGAH I GJCK?>F <GC= DEAFC@AC?@CGE EL
DEI MEA>ACF (%$NOP

(15) 

QE?D@RDKR@CGEAELC=> DEAFC@ACF LERRE<GAH>SK@CGEAF@?> KF>BP

E?

' " # T p ' " + q ' )
! *+" # T P · ! *+" + & , ! *$#

! *+" # = ! *$-, ! *$#.

(16) 
UVWO
UVXO

2=> FDEM>ELC=>?>F>@?D= @GI >B@CY>?GLGD@CGEAELM?>F>AC>BI EB>RFGFAECR@?H> FE L@?Z
*CF>>I F Y>?[ @MM?EM?G@C> CE DEI MR>C> C=> >JGFCGAH F>CEL@Y@GR@\ R> B@C@<GC= GALE?I @CGEA
@\ EKC\ GA@?[ IGJCK?>F ELBGLL>?>ACEBE?@ACFZ *C<@F B>DGB>BC=@CC=> ?>F>@?D= F=EKRB \ >
I @B> GA F[ FC>I F ELEBE?@ACF ELFGIGR@?@AB BGLL>?>ACM=[ FGDED=>I GD@R@AB ERL@DCE?[ D=@?]
@DC>?GFCGDFZ 3@?H> F>CELFKD= B@C@F=EKRB L@DGRGC@C> C=> >JMR@A@CGEA EL?>@FEAF ELE\ F>?Y>B
M=>AEI >A@Z

4=EEFGAH C=> E\ >̂DCEL?>F>@?D= GC<@F @FFKI >BC=@CC=> EBE?@ACFKF>BD@A AEC\ >
=@?I LKRLE?C=>FK\ >̂DCFZ 2=>EBE?@ACF F=EKRBAEC\ >B>C>DC@\ R> GA @?@AH> ELY>?[ RE< DEA]
D>AC?@CGEAFLE?<=GD= C=> I >@FK?>I >ACF@?>\ K?B>A<GC=FGHAGLGD@AC>??E?FZ

2=>DEABGCGEAFI >ACGEA>B@\ EY> @?> I >C. @I EAHEC=>?DEI MEKABF. LE?=>J@A>. D[ DRE]
=>J@A>. D[ DRE=>J@AER@ABD[ DRE=>J@AEA>Z *CGFMEFFG\ R> C=@CC=> ?>FKRCFEL?>F>@?D= ELGAC>?]
@DCGEAF\ >C<>>A DEI MEKABF<GC= C=> F@I > AKI \ >?ELD@?\EAF GA I ER>DKR>F <GRR>A@\ R> C=>
>JMR@A@CGEAELC=>?ER>ELC=>I ER>DKR>FFC?KDCK?>Z

QG?FCF>?G>F ELC=> I >@FK?>I >ACF <>?> D@??G>BGA @F[ FC>I D[ DRE=>J@A> 6=>J@A> _̀ aZ
2=>?>FKRCFELC=>A>JCFC@H>EL?>F>@?D= @?>M?>F>AC>B\ >RE<Z

7b-7 $9, %&+ 94$7, $Q2c, -, 9, %-4c

2=> D=@?@DC>?GF@CGEA ELC[M> ELEBEK?GAC>?@DCGEA GA C=> I GJCK?> ELD[ DRE=>J@A> U%O
@ABD[ DRE=>J@AEA> U: O<@FC=>MK?MEF>ELM?>F>AC>B?>F>@?D=Z

, Y@RK@CGEAF ELEBEK? GAC>AFGC[ ELC=> @G?MERRKC>B <GC= FGAHR> EBE?@ACF >A@\ R>B B>]
C>?I GA@CGEA ELC=> DEAFC@ACF ! / @AB Dh GA 8 >\ >?6Q>D=A>?d >SK@CGEAZ Dh Y@RK>F <>?>
KF>B CED@RDKR@C>C=>DEAFC@ACF ! * @AB' GA 9C>Y>AFd>SK@CGEAP

(19) 

+>C>?I GA>B Y@RK>F<>?> KF>BBK?GAHGAC>?M?>C@CGEAEL>Y@RK@CGEAFELEBEK?GAC>AFGC[
ELC=> @G? MERRKC>B <GC= C=?>> I GJCK?>F %: UC=?>> BGLL>?>AC?>R@CGY> DEAD>AC?@CGEAF EL
\ EC= DEI MEA>ACFOZ 7@?@I >C>?F ELMF[ D=EM=[ FGD@R >SK@CGEAF ÙO@AB UVeO <>?> B>C>?]
I GA>B LE? >@D= I GJCK?>Z f @RK>F ELDEAFC@ACF ! / $ 01$ ! * @AB A LE? FGAHR> EBE?@ACF @AB
I GJCK?>F <>?> KF>B BK?GAH @CC>I MCF CE Y>?GL[ C=> F>R>DC>B EBEK?GAC>?@DCGEA I EB>RFP
Y>DCE?FKI I @CGEA U! O. b I EB>RUgO. b73" I EB>RUg @AB X6V! O@AB, -) I EB>RUVg6VWOZ

*A D@RDKR@CGEAF KFGAH>SK@CGEAF UeO@AB UVhOELC=> b73" I EB>R. Y@RK>F ELC=> DEA]
D>AC?@CGEAF2" @AB 2# <>?> ?>MR@D>B <GC= ?>FM>DCGY>BGLL>?>AD>F U2340135+
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The results of verifi cation of the ERM model based on the Stevens' law were com­ 
pared with the results obtained assuming that the Weber-Fechner' law can be used 
similarly: 

(20) 

where: 

For the purpose of distinction of the "classic" ERM model (equation 14-18) and its 
version (equation 20) the models were denoted with symbols ERMs and ERMF respec­ 
tively. 

RESEARCH METHODOLOGY 

The experiments were made in an odour laboratory equipped with a highly effi cient 
air condition install ation. The laboratory consisted of the chemical laboratory with sam­ 
ple preparation room ("dirty" part) and waiting room adjacent to the test room ("clean" 
part with separate entrance). The subjects stay in the "clean" part of the laboratory. The 
window between the sample preparation room and the test room enables contact be­ 
tween subjects and research manager. 

The stimuli were cyclohexane and cyclohexanone (ppa, POCh, Gliwice, Poland). 
High purity of the chemicals was confi rmed using GC-MS technique (HPCHEM). 

The samples were prepared using: 
- 10 drrr' foil containers (bags) with teflon tubes; 
- Hamilton Syringe (Model S-1500) for measuring clean, odourless air; 
- 10 µI Hamilton Syringes (700 Series) for measuring liquid cyclohexane and cy- 

clohexanone. 
The reference scale of odour intensity standards was used. It consisted of ten aque­ 

ous solutions of n-butanol (ppa) in 50 cm3 erlenmeyers with glass plugs. 
The standards of odour intensity were prepared directly before each session of sensory 

assessments. The preparation consisted in graduall y diluting the aqueous standard solution 
(8 crrr' of n-butanol/100 crrr'). The dilution steps differed by factor 2.86 (7 crrr' of diluted 
solution + 13 crrr' of distill ed water). Change of odour intensity corresponding to one step 
of n-butanol dilution was considered the odour intensity scale step (I). 

The samples of the stimuli in the air were prepared by injecting 6 drrr' of the clean 
air into the foil bags and then injecting the liquid chemicals. After 30-40 minute condi­ 
tioning period the bags were emptied and the procedure of preparation repeated. The 
odorant concentration range in all of the assessed samples was O-;- 3460 ppm for hexane 
(index A) and O-;- 722 ppm for cyclohexanone (index B). 

During the main experiment the assessors completed the following tasks: 
• indicating number of the standard solution in which they smell "strange" odour; 
• smell ing the sample stream directly from the bag; 
• indicating the number of the standard solution whose odour intensity was equal 

or a little bigger than the intensity of the sample. 
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2<= > ?@A =BC=D@> =AEFGAH@HE=I GJ J@K= H=D@=HGJE<= GI GLD@AE=AH@EM?HH=HH> =AEHGJ
E<= ?@DCGNNLE=I O@E< FMFNG<=B?A= (A), FMFNG<=B?AGA= P: Q ?AI E<D== > @BELD=H GJ E<=
FG> CGLAI HR2<= D=N?E@K= FMFNG<=B?AGA= FGAF=AED?E@GAH@A E<= > @BELD=H PCs SCC> T UPCA 
+ 4 HQSCC> TQO=D= VRW" PHM> XGN) NQYVRVZ PHM> XGN) [ Q?AI VRV[ PHM> XGN) ! QR

2G?KG@I E<= \ =BC=FE?E@GA =DDGD\ E<= H?> CN=H O=D= CD=H=AE=I D?AI G> NMR+ LD@A] GA=
I ?MLC EG E<D== H=HH@GAHGJ > =?HLD=> =AEH O=D= F?DD@=I GLER2<=D= O?H?NO?MHE<= C?LH=
GJ ?XGLE WV > @ALE=H X=EO==A E<= ED@?NHGJ GA= H=HH@GA ?AI E<= C?LH= GJ ! V > @ALE=H X=̂
EO==A E<= H=HH@GAHR

-, 9_ 329

2<= D=HLNEHGJE<= =K?NL?E@GA GJGI GLD@AE=AH@EMGJE<= ?@DCGNNLE=I O@E< FMFNG<=B?A=
?AI FMFNG<=B?AGA= ?D= CD=H=AE=I @A E<= ] D?C< Ù J PNG] C) Pa@] R WRQ?AI @A E<= ] D?C< NG]
I= J PNG] C) Pa@] R [ RQR 2<= F?NFLN?E=I K?NL=HGJ 8 =X=D6a=F<A=Db FG=JJ@F@=AE(kF), GI GLD
I =E=FE@GA E<D=H<GNI P+ cQ ?H O=NN?H =BCGA=AE PAQ ?AI > LNE@CN@F?E@K= FGAHE?AE PdHQ @A
9E=K=AHb=eL?E@GA ?D= ] @K=A @A E?XN= WR

+*94 _ 99*$ &

2<= D=HLNEHGJE<= > =?HLD=> =AEH CD=H=AE=I @A E?XN= W ?AI @A J@] LD=H W ?AI [ =A?XN=
F?NFLN?E@GA GJE<= GI GLD@AE=AH@EMGJH@A] N= FG> CGA=AEH % ?AI : ?H O=NN?HGJ> @BELD=H
) W. ) [ . ) ! R2<= F?NFLN?E@GAH?D= X?H=I GA E<= D=N?E@GAH<@CHf

IA ` WRg[ " h NG] P4% SCC> TUWi R" Q
Is ` ! Rj [ g h NG] (Cs SCC> TUWWR" Q
!Mi ` ! Rgcg h NG] (CM1 SCC> TUWZj RcQ
IM2 ` ! R[ Wi h NG] (CM2 SCC> TU[ ! WRi Q
IM3 = " R! j g h log(CM3 SCC> TU" i ZRgQ

k ?NL=HIM1, IM2, IM3 F?NFLN?E=I LH@A] E<= D=N?E@GAH<@CHO=D= FGAH@I =D=I E<= D=HLNEHGJ
E<= > =?HLD=> =AEHR2<= K?NL=HO=D= FG> C?D=I O@E< D=HLNEHGJK=FEGDHL> > ?E@GA GJE<= /A 
?AI Is K?NL=HP=eL?E@GA ! Q?HO=NN?H O@E< CD=I @FE@GAHGJE<= _ . , - ) H. , -) a ?AI _7 3[
> GI =NHR

2<= K?NL=H GJ @AE=D?FE@GA FG=JJ@F@=AEH av ?AI au JGDO<@F< E<=D= O?H <@] <=HEFGÂ
H@HE=AFMX=EO==A D=HLNEHGJF?NFLN?E@GAH?AI > =?HLD=> =AEHO=D= I =E=D> @A=I @A ? CDGF=HH
GJED@?N?AI =DDGDR- =HLNEHGJE<= I =E=D> @A?E@GA ?D= CD=H=AE=I GA J@] LD=H ! ?AI " R *A XGE<
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Mixture I: MI 
I= -8,513+3,878* log (Cm, [ppm]) 

Cyclohexanone; B 
1 = -3,841+3,628* log (C0 [ppm]) 
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Fig. I. Results of measurements. Dependence of odour intensity of the air polluted with cyclohexane (A) and 
cyclohexanone (B) on logarithm of total concentration of mixture AB. 

MixtureMl-molarshareofB: Xe=0,14 
Mixture M2 - molar share of 8: Xe= 0,05 
Mixture M3 - molar share of 8: xe = 0,02 
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Table I. Parameters of Weber-Fechner' and Stevens' equations determining odour intensity of cyclohexane 
(A), cyclohexanone (B) and mixtures of the two compounds 

Psychophysical law 

I = kF · log (C/DTF) I = ks ·(C-DTp)" 

Odorants kF DTF (ppm) ks n 
Cvclohexane (A) 3,628 12 0,540 0,388 
Mixture Ml; x8=0,14 3,878 157 0,087 0,517 
Mixture M2; x8=0,05 3,219 232 0,081 0,475 
Mixture M3; x8=0,02 4,368 496 0,030 0,602 
Cyclohexanone (B) 1,824 19 0,321 0,310 

and 4b) modell ing of odour intensity gives better results for values av"' 126° and au "' 
124°. 

The results of calculations made for mixture AB of the relative admixture concen­ 
tration x8 = 0.02 (mixture 3, figures 3c and 4c) and with values av and au from the 
range 126-128° are significantly different than values from measurement. The differ­ 
ence is larger than one step of the odour intensity scale. That allows the conclusion that 
possibili ties of applying both vector and U models should be rejected. 

The ranges of good and limited reliabili ty of methods of odour intensity calculation 
are illustrated in figure 5. 

Figure 6 presents comparison of results of measurement and results of calculations 
using UPL2, ERM5 and ERMF models. It shows low reliabili ty of modell ing results. 

In the light of observed effects it is evident that the research should be aimed at 
formation of new models of psychophysical odour interaction. The new models should 
be based on the knowledge concerning the mechanisms of perception of olfactory sen­ 
sations. Simpli fications in existing models, such as assumption of additivity of the de­ 
tection thresholds and values of constants ks, kF and n, cause occurrence of large errors. 
The magnitude of deviations from additivity observed for mixtures of cyclohexane (A) 
and cyclohexanone (B) is shown in the figure 7. The character of presented functions 
should be established during further research. 

CONCLUSIONS 

1. Odour intensity of the air polluted with cyclohexane, cyclohexanone or mixture of 
the two compounds can be predicted on the base of psychophysical laws provided 
that values of respective constants in equations / = f (C) were previously deter­ 
mined. 

2. Possible application of known models of odour interaction for prediction of odour 
intensity of the air polluted with mixtures of cyclohexane and cyclohexanone is 
limited. When total pollutant concentration of the mixtures is not lower than 1500 
ppm the results of calculations using the vector model are consistent with the re­ 
sults of measurements for values of interaction constant av= 115°-132°. The lower 
shares of cyclohexanone in mixture the larger correction of the av value. For lower 
concentrations of pollutants value of odour intensity calculated using such correc­ 
tions is significantly higher than the measured one. The effect occurs especially in 
the case of very low relative concentrations of admixture (x8 < 0.05). 
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a) Verification of U model; mixture 1 (x13=0,14) 
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b) Verification of U model; mixture 2 (x8=0,05) 
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c) Verification of U model; mixture 3 (x8=0,02) 
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Fig. 4. Evaluation of constant of odour interaction between cyclohexane and cyclohexanone in mixtures 
of diff erent component proportions (mixtures I, 2, 3); au - interaction constant of U model 
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a) Mixture l (xR=0, 14) 
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Fig. 6. Veri fi cation of ERM and UPL2 models of odour interaction on example of mixture of cyclohexane (A) 
and cyclohexanone (B) 
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