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Prediction of Thermal Hazard Data of Benzene
Derivatives by Multivariate Statistical Analysis
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by Yasuhiro FUJIMOTO**, Takayuki ANDO**,
Haruhiko ITAGAKI** and Shigeru MORISAKI**

Abstract: Evaluation of chemical hazards is important in the chemical industries because explosions
or fires occasionally occur in the batch processes where fine-chemicals including pharmaceuticals
or functional resins are produced. If the evaluation of these chemical hazards is possible by easy
calculation, this may save chemical industries’ money and time.

Therma) hazards of chemical substances must be evaluated from the two aspect; sensitivity,
which shows how easily chemicals may decompose or ignite, and severity, which shows how
much or how fast energy is liberated when chemicals decompose. One of typical methods for
evaluation of thermal hazards is DSC, which gives information on sensitivity (exo-thermic onset-
temperature) and severity (decomposition heat) at the same time with easy operation. This
report consists of results of multivariate regression analysis and discrimination analysis between
DSC-data and chemical structures of benzene derivatives (307 samples). If these results could
predict chemical hazards accurately enough, they would be used for direct evaluation of thermal
hazards from chemical structures which are easily known without any experiments.

(1) Regression Analysis ‘

The following three sets were selected as suitable variables for pre-regression analysis in mono-
substituted nitrobenzenes (51 samples) for the prediction of decomposition heat (kcal/mol).

SET 1; Types of functional groups

SET 2; Atoms in functional groups

SET 3; Chemical bonds in functional groups

From the results of calculating of the coefficient of determination (R?) and the correlation
coeficients, SET 3 was found out to be the most suitable model. The regression analysis using the
variables in SET 3 in benzene derivatives (307 samples) gave relatively good result, showing R?
of 73.5%. However, another set of variables including influence of interaction between functional
groups may be needed to improve the accuracy of this prediction. For the prediction of exothermic
onset-temperature, SET 1 and SET 3 were also selected as suitable sets of variables in the same
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way. But the both models didn’t show good prediction. This reason may due to the fact that
exothermic onset-temperature is primarily influenced by minimum bonding energy in chemical
substances.

k (2) Discrimination Analysis

Identification of thermal hazard rank of each di-substituted benzenes (128 samples) was car-
ried out using discrimination technique on decomposition heat (cal/g). The kind of chemical
bonds in functional groups was adopted as variables and the correct discriminate ratio was over
90%. '

However, our chemical knowledge is not enough to explain the meaning of the coefficients in
the discrimination analysis. And more, it was difficult to decided the rank of chemicals which
had the values of decomposition heat near the border (ex. 200 cal/g). It may be effective to
apply fuzzy theory on this discrimination analysis to solve the above problem.

Key Words: Thermal Hazard, Multivariate Analysis, (Regression, Discrimination), DSC, Exother-

mic Onset-temperature, Decomposition Heat
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Fig. 1 Tests for hazard evaluation of reactive chemical
substances.
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Fig. 2 Pre-tests for hazard evaluation of reactive chem-
ical substances.
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Table 1 Classification of chemical hazards and their
evaluation indications.
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Fig. 3 Thermal hazard informations from DSC curve.
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Fig. 6 Frequency distribution of types of substituent
groups.
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Table 3 Classification of functional groups.
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Table 4 A result of multivariate regression analysis
for decomposition heat by kinds of functional
groups. (mono-substituted nitrobenzene)
HREBOTE 1 —FEEEOEE
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Variables Coeflicients Std.Dev.

Const. +62.8 6.3

—CH=CH—(Alkene) +58.1 22.2

—(C=0)—(Carbonyl) +12.8 11.9

—(C=0O)NHNH; +48.0 28.9

~N—(Amine) +17.5 10.8

—O—(Ether) ~7.2 12.4

O—P(Phosphate) +133.5 61.3

AR TIX S 22 HWTWEE, AEY) —
DEHTERLOBNT—F TXTITO>WT, ki
DFTRTCHOBERZERE LLBREIARTETH > 72,
T, BT OWHEATHE—EHR=I1
~NrEy (REBESLH) Eor—2 2FE L TR
PHEDT, RBEELNIUATHELEY, K
FOHBAEEEE BT, BRI HRE
At (307 1) DIRITEIT - 72,

32 RBEDTHE

3.2.1 EFLOKE

=Y, RRBZTHT0REELTTNV GLH
TE) OMET2IT-oRERERT,

BN, —Bf= oy rERRICLT, TR
DETFNTENBAORBENTRINEZ RO, #
NZENDETIIVIEIE (b) ~ (d) DHAZEEE T
&2, (a) DBHERORY FEELLLNTH 5.
HERIZOWTIE, IEI’)M#\%UJ‘?“C&L\%)@% Table 4
~BICDETH B, TIRAUILITOEY TH 5,

1. BEReRoBHEEsPLELIZET IV

(2.0)+(b)+(c)+(d)
(Table 4, R2=76.6%)

2. EFN 1 ICEREPDOETOREIER OB % En

LizETFNV
(a.0)+(a.1)+(b)+(c)+(d)
(Table 5, R2=87.1%)

3. EF)V L ICERREFOEANOEKEEMLE

FL
(a.0)+(a.2)+(b)+(c)+(d)
(Table 6, R*>=82.4%)

B, ZOFT, (a0) DHMAEK/IHIZLET S

RERE LW ERYE RIIS-RR-90

Table 5 A result of multivariate regression analysis
for decomposition heat by kinds of functional
groups and their atoms.

(mono-substituted nitrobenzene)
RBEOTHE 2 —FHEEB IUVUETFDOER
(—B#-to~>EY)

Variables Coefficient Std.Dev.

Functional Group ‘

—(C=0)— (Carbonyl) —13.3 6.1

O—P(Phosphate) +133.9 16.5

Atoms in Functional Group

Unsaturated Carbon +12.4 3.4

Saturated Carbon - —12.8 4.3

Total Oxygene —12.5 4.8

Unsaturated Sulfur —83.5 26.7

Saturated Sulfur —41.8 22.8

Molecular Weight +0.70 0.09
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BE3INb,

Q =213 x0.7 (4FE& 213)
+1x—133 (ANVK=NLEF)
+1x 12.4 (RPEIFIRE 1 1H)
+1x —12.8 (FAFIIRE 1 {@)

%3R 2 1)
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= 68.6(kcal/mol)
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Table 6 A result of multivariate regression analysis for
decompositon heat by functional groups and
their bonding. (mono-substituted nitroben-
zene)

RBBDOTHE 3 —HBEOER
(—B#=to~xrtEy)

variables Coeflicient Std.Dev.

Const. +65.7 3.0

C=C—(C=0)0OH +55.3 10:3

C-N +15.2 6.9

C-X +23.2 12.5

N-N +23.2 8.7

O-P +32.6 4.2

P-Cl +-81.9 8.9

Table 7 Estimate decomposition heats(kcal/mol) from

a result fo multivariate regression analysis on
kinds of bonding.
(mono-substituted nitrobenzene)
HBEBDOTHE (kcal/mol) —HE&DIEH
(—B#®=ta~xrEy)

Chemicals Functional

groups Obs. Pred.

p-nitrotoluene —CHs3 54.1 65.7

p-nitrobenzoic acid —(C=0)0OH 67.8 65.7

p-nitrobenzamide —(C=0)NH; 76.7 80.9

p-nitrophenylhydrazide —NHNH2y 91.1 88.9

parathion —OP(OC2Hs)2S - 140.0 163.5

ERMEEOK & SRFENLEN L BRSFRD (35
E0RY, FRTARL 2LEMETH S,

ZRUTH LT, BRIDEECTlIER O REE ICHREEY
HYNZ) LEREPOEEEEEL LI2E 7 (Table
6) ic & 5 FHIRIE, LHEOTRIR & R fEHHE
T3 30D, ZOTRIRNITIERBELTH» ) S,

CORREACTEEN= P uRr XU HEED
REBOTAHEITE ERBCITI, FIZIE, 20
THHE LT, RBLRALLAMEEZ 5, nfk
BDEA, BEHHICIE Table 6 Ik 2HEAEE
FLWwDT, TORBEOTIEIIELKHNA L L
%, EH15Q=65.7(kcal/mol) TH %, fsHfFl & LT,
= nEUADERERE L LT, —CCl,—NH—-NH, %
oM ELEL 5L, BREPIC-X (X3
) HAEN296Y, C— NEAHH1D, N-N
AW 12BN T, ROANTTFHEEEZ KD 5FEH
T&5%,
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Table 8 A result of multivariate regression anal-
ysis on kinds of bonding.
(di-substituted benzene)

RBBOTE 4 —HEOES
(ZE#~REY)

Variables Coefficient Std. Dev.

C=C—-(C=0)0H +49.0 13.4

Cc-0 +4.6 2.9

Cc-Cl +47.3 6.4

C—Br +40.6 6.4

N—-N +33.4 7.6

N-O +70.2 18.5

O=N=0 +56.5 3.8

N=O +27.6 18.9

0-0 +76.6 26.3

O-P +32.0 6.4

O=P +53.0 22.7

S—Cl +23.7 13.1

P-Cl +54.8 8.3

Table 9 A result of multivariate regression anal-
ysis on kinds of bonding.

(benzene derivatives)
HBENOTH 5 ~BEOELH
(R € BERFHER)

Variables Coeflicient Std. Dev.

C=C—(C=0)0H +37.3 14.8

C-0O +5.4 1.9

C-Cl +59.1 6.8

C—Br +40.6 . 7.3

N-N +34.8 7.8

N=N=N +87.9 18.8

N-O +57.5 13.5

O=N=0 +67.4 2.8

N=O +28.2 13.9

0-0 +69.2 23.1

Oo-P +23.7 5.2

O=P +61.9 26.6

S—N +25.5 12.0

(S=0)C=C +48.5 . 32.6

P-Cl +52.8 10.3

Q(kcal/mol) = 65.7+2x 23.24+15.2423.2 = 104.1

Table 7 122D FHIRIC & 2 FRIME L ERHEDHF
2K —EWART, L) ffELTRIRICL TR
R EREE TEAE L IZE - L Tw5,

ZZTC, LitoKeoEEEHMAEKRELLZET
NERACTTFEMNREE2 ZBREICLT, BT
AT 2R 2R (Table 8, R2=75.4%) . R*®
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Table 10 Functional groups which have large errors in composi-
tion heats between observed and predicted values.
FRAEDEEI K & RIEFHEOTHESE
Functional Groups Errors
Cl Cl Cl OH 138.0
Cl Cl Cl OCH2;COOH 84.9
Cl Cl Cl O(CO)OC(CHs)s 104.6
Cl Cl Cl NH; 78.8
Cl Cl COCl H 85.9
Cl Cl OCH2;COOH H 111.0
Cl Cl NHC2Hs NH;, 82.0
Cl Cl NHCOOCH3; H 102.6
Cl Cl NO2 NO, 104.8
Cl COOH SO,NHNH; H 107.7
Cl COCl H H 91.9
Br Br Br NH, 92.1
I I I OH 80.3
CF3 N(CzH7)s NOg NO3 85.2
CHsz NO» NOs NO5 89.8
H H NO» NO, —-82.3
Table 11 A result of multivariate regression anal- YrNTFT—2 LI RE{EDLT WV,
ysis fro decomposition heat by kinds of LLEA S, BRBEOTFAEFLE LTI EREET
bonding and halogen bonded to benzene A e . N
ring. (benzene derivatives) DIEAELRL LTRHCSEIARMEEL LN b,
EHEBOTH 6 322 FHEHR
BEOWELREE O/ 05> H HREF D EHEANOBE L& LeBHHEED
(R MIRE ) L s 7 42
ETNT, (LENICLHLBEMSTELHERERE
Variables Coefficient Std. Dev. LRBLFOWDT, TITIRFNETNLEFEST
Bonding N BERLCAW S (307 %) DT EIT 72,
g=g—<C=O)OH s 183 ZORR, TURNRSEHLbTHFERIR?=
- + . . )7;_ \ /‘\ Y . N N S"E
Gl 4512 6.9 66.9% L% NP3, BT LHRWTRARIELN
C—Br +39.7 6.5 %% - 72 (Table 9) o
N-N +32.8 7.0 ZNTLERLNREEFOEBIGEIE B R~ L
o e o YERRE LERRERELVEFBLA, O
O=N=0 +66.1 2.5 THhEAVETRROERBHBHEELTWT, 4
N=0 +30.5 12.5 BT - PBICEMEINTV-THIHIZERELE
o2 oo o LAWEREENE, 2O Eh b, REMOILA
O=P 156.0 93.9 MORBEOTHUEFT L E LTRRELZRYE LW
S—N +18.0 10.8 LBRbns,
(8=0)C=C +48.5 29.2 MEBRHFSEINIWELDT, YDk kil
— 4.7 9.3 . . N
111 101 — - DILAH EFCFRTE g, B (R
alogen bonded to benzene ring s A b P S A P 7
5-X +20.8 5.3 THHE) OFTHEP SN, ThE, REOKE R

(50kcal/mol LI k) {t&MoiEE LR e LT,
VR VBIEBEALLAAQS Y EESATW LA
MR ICZWEIlbY» 5, (Table 10)

ZIT, COMELLTRICEALTW A Y
YOBREPEHRELTEMLT, HEBINEIT-o72 F



{LEEREE 2 & DBERIET — 8 DTl — X v ¥ v BERFER — -69 —

Table 12 Estimate decomposition heat(kcal/mol) from a result of multivariate regression (benzene deriva-

tives).

RRBOTFAE-HSOBE+BERES/  ATF Y

(Rt BBFEF)
Chemical Substances Functional Group Obs.  Pred.
Mono-substituted nitrobenzenes
p-nitrotoluene —CHs 54.1 66.7
p-nitrobenzoic acid —(C=0)0OH 67.8 70.4
p-nitrobenzamide —(C=0)NHz 76.7 66.1
p-nitrophenylhydrazide —NHNH> 91.1 98.9
parathion —OP(0OC2Hs)2S8 140.0 134.7
Another benzene derivatives
benzoyl chloride —(C=0)Cl -H —-H -H 67.8 51.2
3,4-dinitrobenzylalcohol —CH;0OH —-NOy; —NO; —H 164.0 136.5
p-chloroanilidophosphoric acid —NHPO(OH), —Cl —H -H 106.0 116.8
3,4,5-trimethoxycinnamic acid —CH=CHCOOH —0OCH3z —OCH3z —OCH3 54.0 52.5
2,4,5-trichlorobenzenesulfony]l hydrazide —SOaNHNHz —CI —Cl1 —Cl 168.0 113.2

Table 13 Typical chemicals with large error.
BREDKELBILEYD
Chemical Substance Functional Group Obs.  Pred.

5-chloro-2-nitrobenzotrifluoride
2,6-dinitrobenzoic acid
1-chloro-3,4-dinitrobenzene
4-fluoro-3-nitrophenylazide
2-chloro-3,5-dinitrobenzoic acid
2,4,6-trinitrotoluene

* —=NO3 —NO; —COOH —-H
—NOy; —NO5y —-Cl —H
—NO5; —N3 —F —H
—NO3; —NO3y; —COOH —Cl
—NOy —NO3 —NO2 —CH3s

—NQOs —Cl —CF3 —H 9.5 86.9
52.1 136.5

81.7 153.0

218.0 161.4

245.0 157.3

292.0 198.3

B5#IFR? = 73.5% & W{ bREI N, £OTH
X Table 11 12, 72 TRUHENHFIIE Table 12 /R L
Twd, LL, FEAROBSZ2H6bTHSH
F7N& L, ERICRIMEAYOfEIRE (REE) %
EHCTATADIZEAEAENH D,

72T, BUKE (RRME—THE) o576z
~, BENKEL (st 50kcal /mol LI E) {La¥y
ZOWTEFDEELNFEEE A5 ERDEFLY S,
T FFAED F /N VLAY FRENIE) DR
i1, BROBZEETF, H5WdBEN=uX2ET
BEhEW, TLTABEOH K E LAY FREN
H) 245k, THLLEHRD=PoEEEATHS
Eh 2w, ZLT, BEo=1toE2ELLEWT,
BREOTRAEDFHFRENLAWE DI LA L
rro=runUNoERETCHRT S L, TR
OFEFICKELE NI LS, BL 503 20HAE
bEREANMETTH 5B (Table 13, Fig. 10) ,
CnZri, SBTHRDEFESEEILICEITS

213, HERETFICERROmE GREFEDLEME
BEnibat) 2XAITELEF (LEENERENLL
W b3, BREEMOMAEEHAERTRTFLEZSL
na) 2EMTEVEIFrHBHIEERLTWS, B
FENEZH, ENL) HHMEFEZEMTLUTRY
PIREEE LD TREL, ABROBREPLETDH 5,

33 RARAMEEDOTHE

331 EFNLOKE :
RBBBIBEEICOWT, —BfR=bexrErz
Wz, RBEODEFNELTHELTWERED
B EREROBANOKEHAERE LcET
W EIT -7,
1. BReEofEIEE L ELZET L
(Table 14, R* = 71.4%)
2. EFN 1 ICEREFOEANOKEZEML:E
) . .
(Table 15, R?=60.3%)
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Cl COOH

@ NOZ@NOZ
NOT~NO-

B#% = -71.3 BE = -844

COOH

@
NO-z NO-

BZE = +87.7

Fig. 10 Typical chemical structure with large error.

REDKEBILEHDOEERX DOH

B, COHRT1IDETFNMI, RBBEHVETDE
ALK, ZUTIEREOEEYENERELT,
BB ERE—2FE L CEBIFEIT-> T B,

REE 2 T LR LB, REGIAEE
DFRRDEL RITEEEOEAOTER 2 HALHK
YLAEEFAE D bEREOEIEE ALK L,
EFINDFHHFR N,

LMD REET, ST 2ERED KBS IR
DZANX—DBHNTEIND EELLNBEDTH
AERE L CEREDEANTEEE AV TN
BRHTHolon, Zhickt L CREBIBIEEE, (L
AT E I N EROBE BHEANRT, 208
AZANF—DEL NS VIO SRAIE T 2 IBE
YEZLNDE, BARHHAERLTEIET LTI
FFLBMBTERWEELILNE, BRWETLVOE
RIIABNRETH b,

4. HAGHORER

41 HBEHEEICL LBREDHB SR

ST, ko BEHENL S VDN
%, bibAMoBEENFER» cEREZDORREE
HETZTFRERZHNFTEZRACTRDEZ L ZR
A2, BEETIRRBBABEENFYU LT ET NI E
RO >TnZnwnT, SEIEREHEL HW T
HANLRBREICOWTOABITE B IR, 272
LERyiziE, TRHEEE L TEITLBEENIEE (B
BERIEE) RURNTOERE (RBE) nzhzth
22anT, F— 2B LNTWwBLamEnFEND
BRI TrOREE LT, ZOWEDS Fig. 4 D4y

ERESWEFTHRHE RIIS-RR-90

Table 14 A result of multivariate regression anal-
ysis for exothermic onset-temperature by
kinds of functional group.
(mono-substituted nitrobenzene)
HEMFMBEOTHE 1 —FEEEOEH
(—B#-bo~RrEY)

Variables Coefficient Std.Dev.
Const. 291.8 28.8
—(C=0)—(Carbonyl) +69.6 23.5
—(C=0)NHNH, —62.6 414
—Y(Amine, Ether) +47.3 25.3
—NN-—(Hydrazine) —118.9 18.5
O-P(Phosphate) —45.6 54.2

Position(metha,para) +18.2 27.7

HTHLAYMOfEREE L, 20EH W THE
GWEITINETH B, \

COHBIGITIZB VTS, FRIEFVELT, [EH
RN CTHWLEREPOBANEE 2 HPERL
LAEF N e Mo CTHEITEIT) BE T 5, BRSH
T3, REBOMMELT1EL YY) ORBES
B 7ahs, HEICLAYO fERRE 2 FHl§ 5 BRI,
HEBEBEYTOINAEFL) B BEENABRIELZERT
EEZLNBDT, fEREDHET HENEBMEIC
IFBALE LT cal/g 2 iz,

AN IEBRIEHED DD EEMEDRUFITE
R FEFRH D LB OB, 2Tk ASTM @
CHETAH 7'u 75 L D{LEWE O FREITIRDL B
BMES O EAE & LT 300cal/g & 700cal/g H¥Fw
LENTWBIEDL, COBRVWFOREZ BRI,
CHETAH % DSC O FAME & ) K& WEEEHE
LT, 200cal/g % faltr T DPIRrEdE L L7,

BEFIILEWED I N—713, ST TE
Ry ERBE L, 2L T, 2hThDiLs
W% %HEE (cal/g) DI 5, 200cal/g 2 EHEL L
TRIRM»EPCHEL, 20T -5 2EREFTD
BANEEY HHERE LT N THIT L7,

EATHER(Z Table 1612, %722 DY FIFERIL Table
1T IRLTH B, EERE LTI 90%L EDEA
/oniz, LrL, ZOFRFEITOWTRERIZHER
THE2NDRAESHTHELL, EFNVOFRIVPLELR
b,

2, FICRYOBTLREBRY»ERBRIE LT
PIRFEN BN IE, Z2OHDEA L EMETH S
DT, FEERYH» R EHIIN LRI/ T
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Table 15 A result of multivariate re-
gression analysis for exother-
mic onset-temperature by
kinds of bonding.
{mono-substituted nitroben-

zene)

REHMBEEDTE 2 —He

DiEHE

(—B:-tn~xrEr)
Variables Coefficient Std.Dev.
Const. +262.8 40.5
Cc-C —-16.3 11.5
C—N +53.4 15.3
N-N —145.9 19.8
N=0O +34.3 19.4
O-P —25.0 9.4

b, ATofERlr e EL CHIFS NS &9
WA S PNEAITIT2ITI REFH L, SHIT, F&
HEEMEDLAMIIRBBNHERED 2O, iR
Mt AhEERMET IPEYLbOHY, £
DY ERRPZDZ ZHHINROBELBERT L. 2

DEIZOWTIE, FZE7r o —HEEtoHA LR
WHEDREPLETHS I,
b. 2%

RPEETIE, 2EEMTOFELHNT, LF
WIE D fEE 2 7 D53 & REFRIBE S & T8
TAHTHRIRB I UOHERERDBEZ L 2R AT,

ERSHNERTIE, RBEOTHRELT, H
HWER I ERET OSBRI OBRE L5 LT,
HERR? = 73.5%( Table 11, #5R N ¥ v B
{tA 307 samples) DTFRRP»H LNz, /2,
REBIGEE 2OV T, EURSMIC L 2 TRINZ
KD BHIT, BMEKOREZ LEFEVWHNE
BHEROP TV Wn, 512, {bAMDERED S
VI ERBERD LEEROBZHNRNE, REELE
M REIRMEDHER L2F — % 2 W CHNSHTT
k72, LR 9O%BLLEDFERIE & 755 (Table
17), HIAURBE ORI 2 BRIV EL <, 35612
REHDETH 5,

AEE LN THIR, MR TR, TR
AT AICIEIHEARDTTH BP0, ABOMETIC L -
T, BENEMICHZ 5 2 FRRIE 5N 5 THEE
BRGHDIENRINZERS, 4%, LNEBL
EFNOKRE B LIUSTFENXESZICL), TAI
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Table 16 Discrimination coefficients
for the determination of dan-
gerous chemicals based on
decomposition heat.
(di-substituted benzene)

EREOH B

B ERE /BEDEH

(B EY)
Variables Coeflicient
Const. +5.61
Cc-Cl1 —2.91
C—Br —2.82
N-N —3.62
N—-O —12.26
NOs —10.30
0-0 —-12.26
O-P +10.30
O=P —32.86
S-0 +3.94
S—-P —32.86
P—-Cl +10.30

Table 17 Classification of dangerous chemicals by dis-
crimination analysis. (di-substituted benzene)
HRIRIC & B AIERR
RABEE HEOEH
(zER~ )

SIS & 5 8 HERIC & 35K
Efalat fabim  E
Jefabty 56 6 62
f bty 5 61 66
7 61 67 128
EE 117 91.41%
BE 11 8.59%
FIEDOWHELER Y 724,

k72, WIRDZ L H L, TITHRRTEREZRE
@I & 3 FRIRIE, ThoAa TIREYoERED
EHHTMEAE I LBHITEDL E W) bDOTIIES,
W 7 FEENEE & DA TITONLENETH b,
F7, 2RO PEBAMICEML T, EFRENORRICL
3l SRR % 4T O BB RIBRL 2 RE TN E

ThH5b,
(ERL 34 4 A 22 B %ZH)

2 & XMk

1) WAL - KL - Rl FE DSC T -7
DUV O & D F ¥ 7 AT — 58 22 B E & T
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MREREREEE, (1989)

2) WEAURIL - HWEfEZ - UEISE - R TN
vE v WERFHEA D DSC MEHR L £ 0fbg
RS L DB 23 MR THEMRRRSE
B, (1990)

3)  (B) ARRIFEWERAR  LFEWE o falE T8l
VAT LDBFEWTFE IR 60, 61 FEFEE
ZFET TR & (1987, 1988)

4) R BIAREWEOBSREHRIEICET 2
WFE — IR KA X, (1985)

5) iy B TElEZ . RInEWED DSC 57—
s R —EEZEMRMEZLER, RIIS-SD-87,
No. 1 (1987)

6) KEEFEZ - AR - R B SEWE D
DSC 7 -2 % (2) — EEREWERRZLER,
RIIS-SD-89 (1990)

7) T. Ando, Y. Fujimoto and S. Morisaki:
Journal of Hazardous Materials, printing

8) TTHEER ! ZEBMMTAM, (1989), (#) HA
BRI 2

9) MR- SIS B THRURE—- 2%
BT AR, (1976), a4t

10) MiLE—: SHEF—FHHAM, (1983), ()
WREEE

H
FFETAVESEERBRFOEEOBE

EQRSTOBE

y (Bl 2 13, RBBRRE) (3B, 20,3, -, Tp
B2 1, BREON, BREOTENNK NP
PRUTCEMNT 2D ET B, ZOBIRR—ICR

Yi = f(x51, %52, %43, -+, Tip) + € (2)

TRYE D, 21,22,23,24," -, TpP A L7 5 (FDT
b—ZDyrHBoNdblITiE%RL, E60& 2K
TEY, ZNE2RTDIe;DETH b,

{Z31, 42, Ti3, Tia, -+ Tipy Yi}(E = 1---n) DF
— b, BEfRHEEL Tz oy THRILIZWE
CERBSHOECLNG, OB, zj(j=1--n)
H TR, , yof TENESH TH5H,

BEe ltOWTIE, KOWONREFBHPNT B,

a) B ; BFEIEICL 5,

ERRLTRAMEHE RIIS-RR-90

b) MBIYE e, fey BL #4') (ZEVICHMST (48
AEER) , FoEEPAZE S DML,
c) FEHRUE  IX6 o3z, iz k 7w,
d) EHME; e 3 ERSHICHED
BB fE LR OLIE-EN L DI

Yi = Po + B1zi1 + Baziz + - - + Bpzip +e; (3)

ThHb, T (z5,y;) b, PEMEEL, y2TFRIT
53

Y = bo + blxil -+ b2$i2 + - + bpx'ip (4)

ERDB, Y3y DEEMTH B, by, by, -3
BOWEMT, WEVRRETH 5, WEIFEERIZ, v
DERAME L HEEZENZD T OH

Se = Z?:l(yi - @1)2
= Z?:ﬂyi — (bo + bizs1 + bazio+
st bpzp))? (5)

EERAMZT B L) ICHRD B, St TREFHM, T
HY, ToOFHEN TRINTEE THD,

Yi, Ui, SeDBEMR % Fig. 11 12787,

2T, yOITEHF (Sp, Fig. 12) EREEHH
Se b DEIR, yOBELDH: DFLEL LTHMTE 3
T, EIRIC L 2FHFISR, FRIFBICEIRTS
MEMEING, Thbb

Sy (WFHH) =Sk (EFEHFI)
+Se (FRE ) (6)

DL, BEFHE_ ORISR ENS, 7
ENDORGPIBEHFMCED 582N FN, F
5 BERTH D,
HERIFI—WICRZTEEINDG, HEBROBIIE
GRiJz by EMEBERErOZRICELL 5,

RP=1_ 5 (7)

EBICEFR 2K 5RI1213, SHEBKROERH:
RLDBEHE, 202 FE->TERFERNZ2ESLD -
FFE L%, TEBREITPBDEHERPEA
TTHHDETFRRE(ES, s TEHER, T
Hb, COHEELTBLETOEENHEASDLEE
KOT, 2OHDPLEWTFHRIRZRDIT2HELH
SWEHENEZTEL, 22T, JITIEIEHKEH



L& D b DBMERIET — 7 DT R — X 22 BERFHEA -

WL 7Ze st PHIK % 57406 L TRl THIRN 2Rk 5,
BRBENEZFET 5,
FOBADOEHEROKHEL LT, TITIIEH
E-SEEETEE (R 2FHT 5. I,
R”2=1—(§§x”ZjTlxnﬁgilﬂ&
g BIRENEHENEK

TEEENB, £LTC, EEE—2FT>OTRRNITHEK
DAATV-T, R*2nEKIC% 5 FRIRNERD 5.
ERICIIR™22E L A YR L2 H O TRIR L
OPBENDEDTEDFH S,

a) BT HEMSBFOMBTHALS

b) FHElZ -3HEIES

c) EERFITROBEITRATEL S D
sl L RFHEL THLBOTRIR ZEL,

¥R S OBE

@‘Jﬁ’?’gl\*ﬁ&i, Eﬁ.ﬁﬁﬂi‘ﬁ(ml,xz,- --,.’EPOCJZ - 7T, &
EBTH 5 HNEKy2 TAITA2RERDBHFET
Hot2. THIONEPENERTH 258, Ti4b

t), iﬁ.ﬂﬂyﬁﬁfﬂl,x% o ')xp@%ﬂ foi’L’C "2 6?#%%7‘&
OnFT) — BT 52 ETRT pFES HAS

iy TH D,

TR, FHIMRE BT A5EEEITH
xR b, TNBA, YOBICEBT B0 AR
BE, FORAEEDEN, Z20FMDOFEDE
5 HIEVWSTHBT 2, 2 I ThHBO&HDIEEET,
KRORTEINIBICFNFNOFOBERFRELH
MELTET, &8, 22T, z0GHAERSAE
TOROSERUHBBESFE L WERAIRE LT
Wb,

ZODEBRDBICHBEIECEAE, FHELD, 22
L, TNENOMEDBEREEs, 528 T 5 &,
BB (x1,22) LEHENEEIRN L) RSN
2, Tebb, ZNENO EDFHE L DFHEILEE
Btug, uold

_ (z1—%1)

U1 31 )

ug = (z2 — Z2) (9)

52

HnT, HEEDHTFIF, D? =ultudbEIND,

2T, Dk wonT /2 ERDFEHEE L (Fig.
13) ,
ZONENEHED T ) ERDTEHEHEE D
L TEDEE KON,
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y );i = bo + bixix + bzxiz + ...

Fig. 11 Relationship between y;,¥;, and Se.
ENEHEARSNICL 3 TIMES KUREFES

e nm*
y
o]
.o
Sz= ; =y y= T
o
i} vy
o i
o )
X

Fig. 12 Relationship between y;, ¥, and St.
BEMZERCHBTERL ORR

z = @iﬁ_) (10)

ZDEBICE ST, ZONHDNELLIZBT20E
YH b DHEDTFEITIEITHM TE S5, 2Tz
T1,29, -, TpD—RRNTRENDE, ZOBEEE TR
B BNEE S, o3 E THBIBEEL &S,
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D% < D%

Sx X

N

1%

Fig. 13 Mahalanobis’' generalized distance D2

NG S EXDEHIER

z=ag+a1x1 +agzy+ - +apTp (11)

H R KD B IciE, BEEREMTOEA & R
KBRENEZ A2, 2OBAOHIEEN BT
NEHEY LTI T oOBOEHEOEED? % & 5,
CNEFHFMBEEMI, T, BEREROKREIE
USRS OGAICHE L T, HHREZEFHEEH %
(D) L EHEE S AWV B,

D**Z —
D2 4n(n—2) 2
D* - ((nga) X larmay % (n+§11>)(12)
C TR ERSINIEROEK, _ F7/n,naldf
ENZODBIEEIND 7y —RADEETRT,

AR B IR OZRIRIERIFH T OSHA & R,
BEHEM» /oM LEHREEERL TIT I,




