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Table 2 Eigenvalues of principal factors,

Fig. 1 Three.dimensional plot of the factor
loadings of each item with each of

three common factors.

1 2,594 6 -.070
2 1.438 7 —.107
3 .823 8 --.146
4 .291 9 —.198
5 .156 10 —.263
Sum of positive Eigenvalues 5.304
Sum of negative Eigenvalues —0.784
Total 4,520
Original total communialty 4.520

Table 3 First three principal factors for

ten items.
Pollution | Rainfall Air tem- Communality
Test| factor factor perature
F, Fy factor Fy |Original Calculated
1 L735 —.427 - ‘234 714 ‘807
2 .784 100 - . 275 640 .700
3 497 —.296 —.009 .383 .335
4 .655 —.084 341 571 .B32
5 .670 214 —.064 441 499
6 .090 —.571 114 341 347
7 .064 —.048 —.278 .139 .083
8 .266 - .096 .688 476 553
g 374 630 L0861 449 .540
10 245 610 077 .366 .438
Vo 2.592 1.43% .823 4.520 4.85¢

1. Turbidity, 2. Pottasium permanganate consumed,
3. Color, 4. General bacteria count, 5. Residue by evapo-
ration, 6. Stream flow rate, 7. Total nitrogen, 8. Stream
water temperature, 9. Chlor ion concentration, 10. Hard-
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T : Turbidity, PP :Pottasium permanganate con-
sumed, C : Color, Bec : General bacteria count,
Re: Residue by evaporation, SFR: Stream flow rate,
N : Total nitrogen, SWT : Stream water temperature,
Cl: Chlor ion concentration, H:Hardness.
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Table 4 Varimax solution for ten items.
(Varimax criterion V' =40.332)

Test Polluti(;;: factor Rainlegg factor Air t;%:s:ature;
3
1 .872 —.188 —.109
2 783 325 —.164;
3 557 - .139 072
4 594 107 .433
5 .582 399 .025
6 ,233 —.521 .145
7 L1153 —.025 —.262
8 (179 -.020 722
9 164 711 092
10 045 .654 .090

1. Turbidity, 2. Pottasium permanganate consumecl
3. Color, 4. General bacteria count, 5. Residue by evapo-
ration, 6. Stream flow rate, 7. Total nitrogen, 8. Stream
water temperature, 9. Chlor ion concentration, 10. Hard-

ness.
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Tig. 2 Three-dimensional plot of the factor
loadings of each item with each of
three common factors after axis ro-
tations by Kaiser’s varimax method.
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T : Turbidity, PP: Pottasium permanganate con-
C: Color, Be: General bacteria count,
Re: Residue by evaporation, SFR: Stream flow rate,
N : Total nitrogen,

sumed,

SWT : Stream water tempera-
ture, Cl: Chlor ion concentration, H: Hardness.
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Table § Derivation of 3 weight.

1, Turbidity 54
2. Pottasium permanganate consumed 26
3. Color 09
4. General bacteria count .08
5. Residue by evaporation .12
6. Stream flow rate .02
7. Total nitrogen 0L
8. Stream water tempervature 09
9. Chlor ion concentration .00
10. Hardness W00
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Fig. 3 The relations between composite pellution
index (CP1) and BOD.
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Table 6 Analysis of variance.

(a) Composite pollution index & BOD.

Factor $s | PF | MS Fy
Linear regression term 7.7 ke
(Caay? S 47.72 1 47.72 | 69.41
Residual (€ )] 49.76 103 0.48
Total (5y) 07.48 104

(h) Composie pollution index & Sugito’s relative purity

index.
Factor | ss | or | Ms | A~
Lincar regression term o
(Cy?Ss) 31.38 1 31.38 | 49.03
Residual (4 66.10 103 0.64
Total (S8y) 97.48 104
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FACTOR ANALYSIS ON STREAM POLLUTION OF
THE YODO RIVER

By M. D., Hikaru Shoji, C. E. Member, M. D. Takeo Yamamaoto, C. K. Member,
Takakazu Nakamura, C. E. Member and Konosuke Nishida, C. E. Member

Since the “Water Quality Conservation Act
of Public Water Buasins” and the “Industrial
Wastes Regulation Act” were promulgated by
the Japanese Government is 1958, ccnservation
measures in regard to river water quality have
gained great interest in this country. In order
to establish conservation measures for rivers, it
is necessary to make clear the present status
and the causes of river pollution. The authors
carried out a factor analysis of the stream
pollution of the Yodo River using monthly data
from the Kunijima intake crib water qualities
from 1923 to 1958. The work reported here is
the first trial designed to explain the various
causes of river pollution hy the present method
and to obtain a composite pollution index of
river water quality.

1. Reduced Correlation Matrix

In the present analysis, the data of the water
examination by the Osaka Municipal Hygienic
Lahoratory and Purification Plant of the Osaka
Municipal Water Works were applied. Ten
jtems 1. e. turbidity, pottasium permanganate
consumed, color, general bacteria count (cmm-
on agar plate count), residue by evaporation,
total nitrogen (albuminoid +ammonia nitrogen),
chlor jon concentration, hardness, stream water
temperature and stream fow rate were selected
as the variables in the factor analysis. After the

observed values of each variable (each testing
item) were transformed to the standardized
values, the correlation coefficients among the
variables were calculated, and Guttman's iterative
approximation method {(convergent method)
was

applied as a procedure for estimating

communalities. The reduced correlation matrix
calculated from the above mentioned procedures
tabulated in Table 1. In principal

diagonal place (pineted in Gothic) there entered

was

communalities estimated by Guttman’s method.
2. Factor Analysis

As a preliminary solution, applying principal
factor solution to the reduced correlation matrix,
factor loadings for three common factors were
calculated. Then, in order to satisfy Thurstone’s
simple structure criteria, orthogonal transforma-
tions of factor axes by Kaiser's normal
varimax method were attemped. The results
after orthogonal axis rotations wera shown in
Fig. 1.

Since the coefficients of the first factor F,
are all positive, this factor may be regarded as
a pollution factor, more specifically, an artificial
As the second factor F, has
large coefficients with stream flow rate and
turbidity, respectively, so it may be regarded as
a rainfall factor.

pollution factor,

Similarly, as the third factor

F, has large coefficients with stream water

Table 1 Reduced correlation matrix.
Test | 1 ! ' 4 ) 5 6 7 8 9 } 10
1 J14
2 847 640 .
3 534 350 .383 |
4 516 | .17 228 3 AN
5 426 | 594 310 .380 A
6 324 | 047 .182 .080 | —.083 .34
7 167 056 .04t 068 051 | —.150 13
] 087 | —.048 .226 488 .129 164 | —.185 .478 ‘
9 .003 .371 .022 ,173 808 | —.356 | —.083 .096 449 |
10 —.112 .262 | —.087 .140 288 | —.207 | —.058 .054 534 1 366

1. Turbidity,
5. Residue by evaporation,
temperature, 9. Chlor ion concentration,

2. Pottasium permanganate consumed, 3. Color, 4.
6. Stream flow rate,
10. Hardness.

bacteria count,
8. Stream water

General
7. Total nitrogen,
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T : Turbidity, PP : Pottasium permanganate consumed
C : Color, Bc: General bacteria count, Re: Residue by
evaporation, SFR : Stream flow rate, N : Total nitrogen,
SWT : Stream water temperature, Cl: Chlor ion concent-
ration, X : Hardness.
Fig. 1 Three-dimensional plot of the f{actor loadings
of each item with cach of three common factors
after axis rotations by Kaiser’s varimax method.

Table 2 Derivation of 8 weight.

1. Turbidity .54
2. Pottasium permanganate consiumed .26
3. Color .09
4. General bacteria count .09
5. Residue by evaporation .12
6. Stream flow rate .02
7. Total nitrogen .01
8. Stream water temperature .09
9. Chlor ion concentration .00
10. Hardness .00

temperature and general bacteria count, it may
be identified as an air temperature factor.

3. Composite Pollution Index

On the basis of multivariate regression theory,
B weights for peollution {acter were calculated,
and the results were shown in Table 2. There-
fore, the composite pollution index (CPI) is

given as follows.

CPI=0.547Z,+0.262,+0.09Z,40.09Z2,4-0.12 Z;
+0.02Z,-0.01 Z,+0.00 Zgeererererrreres (1)

where Z, is turbidity, Z, is pottasium perman-
ganate consumed, 7, is color, Z, is general
bacteria count, 7, is residue by evaporation,
Z; is stream flow rate, Z, is total nitrogen,
In applying
this formula, the measurement data must be
converted to the standard mormal distridution.

Z, is stream water temperature.

Finally, the relations of composite pollution
index (CPI) with BOD and Sugito’s relative
purity index (SI) were investigated, and follow-
ing regression eguation were obtained :
CPI=1.60 log,, (BOD)+0.57
CP1=0.83 log,y (SI)41.59 ccorivvrerrroons

4. Conclusion

Factor analysis was carried out using monthly
water examination data from 1923 to 1958 at
Kunijima intake crib.

The results obtained were as follows.

1) As the three common factors, the pollu-
tion, rainfall and air temperature factors were
identified.

2) Four items, i.e. turbidity, pottasium per-
manganate consumed, color, general bacteria
count and residue by evaporation, all have large
positive correlation cocfficients with pollution
factor. 1t is found that siream flow rate has
large positive correlation coefficient with rainfall
factor, chlor ion concentration and hardness
have large negative correlation coefficients with
rainfall factor respectively. Stream water tem-
perature and general bacteria count have large
positive  correlation  coecfficients  with  air
temperature factor respectively,

3) Computing the B weights for pollution
factor, the composite pollution index was obta-
ined.
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