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ABSTRACT

Environmental monitoring system has been adopted and supplemented as inspection measures for the quantitative and
qualitative changes of environmental impact assessment (EIA). This study compares the results of environmental impact
assessment with the results of post-environmental investigation using a correction and principal component analysis
(PCA) in the housing development project. Correlation analysis showed that most of air quality variables including TSP,
PM,o, NO,, CO were linearly correlated with each other in the environmental impact assessment and the post-envi-
ronmental investigation. In the water quality, pH and BOD were well correlated with the DO and SS, respectively. As
a result of correlation analysis in the noise and vibration, noise in day and night and vibration in day and night were
related to each other between EIA and the post-environmental investigation. From the results of analysis of soil, Cu with
Cd, Cu with Pb, and Cd with Pb were related to each other in EIA. Principal component anatysis (PCA) showed a pow-
erful pattern recognition that had attempted to explain the variance of 4 large dataset of inter-correlated variable with
a smaller set of independent variables (principal components). Principal component (PC1) and principal component
(PC2) were obtained with eigenvalues > | summing almost 90% of the total variance in the all of the items(air, water,
noise, vibration and soil) in EIA and post-environmental investigation

Keywords: environmental impact assessment (EIA), post-environmental investigation, correlation analysis, principal
component analysis (PCA)
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Fig. 1. The elements of post-environmental investigation and
relationship.
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Fig. 2. Investigation area and location based on the building site
project.

Table 1. Contents of post-environmental investigation

Iterns  Sampling point Analytical parameters

Air 7 TSP, SO,, NO,, CO, PM-10
Water 6 pH SS, BOD, DO
Soil 3 TS(%), VS(%), Pb, Cu, Cd, CN
Noise & 10 Noise levels equivalent(Leq(A))
Vibration Vibration levels (L, dB(V))
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Table 2. Measurement and analysis method

Analytical

Items Analytical method
parameters

TSP High Volume Air Sampler Method
PM-10 -Ray Method

Air SO, Pulse U.V. Fluorescence Method
NO, Chemilumi nescent Method
CO Non-Dispersive Infrared Method
pH Direct measurement with pH meter
SS Gravimetric method

Water BOD Winkler's Method
DO Direct measurement with Membrane

Electrode

TS(%), VS(%) Weighing method

Soil CN Colorimetric Method
Pb, Cu, Cd  Atomic Absorption Spectrophotometer

Noise & Leq(A) Noise level measurement

Vibration L, dB(V) Vibration level measurement
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Fig. 3. The objective, goal, and class in multivariate statistical
analysis.
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Fig. 4. The monitoring procedure for environmental impact
assessment(EIA) using principal component analysis

(PCA).
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Table 3. The value of minimum, mean, maximum, and standard deviation on analytical parameters between Environmental Impact
Assessment (Before) and Post-Environmental Investigation (Post)

Air Descriptive Statistics Sampling sites
Items Unit min | mean | max SD Al A2 A3 A4 AS Ab A7
TSP Before | ug/m’® [ 80.20 | 91.59 | 116 | 1290 | 83.1 | 80.2 | 833 | 965 | 838 | 983 116
Post pg/m® | 86.10 | 51.87 | 1103 | 895 | 90.5 | 1103 | 88.7 | 958 | 86.1 | 104.6 | 91.7
PM, Before | ug/m® | 41.60 | 48.16 | 59.80 | 6.65 | 44.6 | 416 | 423 | 494 | 456 | 538 | 59.8
Post pg/m® | 4540 | 51.87 | 5590 | 347 | 526 | 559 | 509 | 548 | 454 | 532 | 503
NO, Before | ppm | 0.015 [ 0.0196| 0.026 | 0.004 | 0.021 | 0.018 | 0.022 | 0.026 | 0.018 | 0.017 | 0.015
Post ppm | 0.018 | 0.019 [ 0.021 | 0.001 | 0.019 | 0.020 { 0.018 | 0.020 | 0.019 | 0.021 | 0.018
50, Before | ppm | 0.014 [0.0826| 0.25 | 0.111 | 0.017 | 0.014 | 0.019 | 0.023 | 0.240 | 0.250 | 0.015
Post ppm - - - - 0.005 | 0.005 | 0.005 | 0.005 | 0.005 | 0.005 | 0.005
co Before { ppm | 1.53 | 1.647 | 1.76 | 0.084 | 1.68 1.68 1.66 | 1.76 | 1.55 | 1.67 | 1.53
Post ppm | 0450 | 0.559 | 0.720 | 0.088 | 0.57 | 0.60 | 050 [ 0.57 | 0.50 | 0.72 | 045
Water Descriptive Statistics Sampling sites
Items Unit min | mean | max Sb Wi w2 w3 w4 W5 wo
Before - 692 | 7.1 | 724 | 011 | 7.18 | 7.12 | 724 | 714 | 7.06 | 6.92
pH Post - 715 | 730 | 745 | 013 | 747 | 715 | 744 | 731 | 732 | 745
PO Before | mg/l | 550 | 653 | 7.70 | 0.86 72 6.9 7.7 6.0 59 5.5
Post mg/! 7.0 740 | 7.80 | 0344 | 7.6 7.0 7.6 72 7.0 7.8
BOD Before | mg/l | 450 | 104 | 199 | 6.14 45 5.8 5.6 126 | 142 | 189
Post mg/l | 450 | 5.75 7.0 0.94 45 5.0 7.0 6.2 6.4 54
ss Before | mg/l | 5.60 | 1042 | 179 | 441 5.6 79 79 105 | 127 | 179
Post mg/l | 127 | 3840 | 653 | 21.44 | 653 | 309 127 | 17.7 | 57.8 | 45.7
Noise and Vibration Descriptive Statistics Sampling sites
Items Unit min | mean | max SD N1 N2 N3 N4 N5 N6 N7
Noise Before | dB(A) | 45.60 | 5045 | 57.40 | 3.59 52 474 | 456 | 495 | 493 | 468 | 501
(day) Post | dB(A) [ 51.30 | 55.22 | 6230 | 3.71 54 521 525 | 581 | 514 | 542 | 576
Noise Before | dB(A) | 42.50 | 46.36 | 53.40 | 3.77 | 434 | 427 | 454 | 497 | 454 | 425 | 474
(night) Post | dB(A) | 46.30 | 50.32 | 59.30 | 450 | 465 | 47.1 | 473 | 542 | 46.7 | 485 | 545
Vibration | Before [ dB(A)| 19.00 | 26.71 | 3540 | 478 | 224 | 190 | 245 | 275 | 284 | 202 | 302
(day) Post | dB(A)| 24.60 | 3042 | 3840 | 475 | 27.1 | 249 | 27.1 | 32,6 | 342 | 246 | 333
Vibration | Before | dB(A)| 164 | 23.18 | 30.3 | 4.57 | 209 17.0 | 203 | 276 | 292 | 164 | 25.6
(night) Post | dB(A)| 2190 | 26.01 | 3250 | 3.76 | 245 | 22.6 | 22.8 | 293 | 30.7 | 219 | 293
Korean Journal of Environmental Health, Vol. 31(2)
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Table 3. Continued
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Noise and Vibration

Sampling sites

Items N8 N9 N10 | N11 | NI12
Noise Before 493 | 522 | 493 | 565 | 574
(day) Post 538 | 542 | 513 | 61.1 | 623
. . Before 434 | 475 | 432 | 523 | 534
[Noise (night)
Post 469 | 506 | 463 | 559 | 593
Vibration | Before 275 | 256 | 274 | 324 | 354
(day) Post 29.8 | 262 | 292 | 384 | 376
Vibration | Before 243 20.1 21.1 30.3 254
(night) Post 25 23 223 | 325 | 282
Soil Descriptive Statistics Sampling sites
Items Unit | min | mean | max SD S1 S2 S3
S Before | mg/i§ | 77.10 { 80.73 | 875 | 587 | 875 | 776 | 77.1
Post mg/l§ | 89.8 | 91.57 | 94.1 | 225 | 90.8 | 94.1 89.8
VS Before | mg/l§ | 3.02 | 571 | 720 | 233 | 302 | 720 | 6.90
Post mg/§ | 237 | 353 | 5.06 | 1384 | 506 | 2.37 | 3.15
N Before | mg/l§ - - - - ND ND ND
Post mg/l§ - - - - ND ND ND
Before | mg/l§ |0.180 [1.993 |2.93 1.571 | 0.180 | 2.870 | 2.930
Cu Post mg/l§ | 1.08 1.69 [2.08 [0.533 | 1.903 | 2.077 | 1.079
Before | mg/i§ |0.043 (0.394 |0.580 |0.304 | 0.043 | 0.560 | 0.580
« Post mg/l§ |0.037 |0.06 |0.077 [0.02 0.037 | 0.077 | 0.064
Pb Before | mg/l§ 10.038 [0.049 [0.06 |0.011 | 0.038 { 0.050 | 0.060
Post mg/l§ 10.777 (0.864 1099 |0.11 0.828 1 0.777 | 0.987
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Table 4. Correlation matrix on the analytical parameters
between Environmental Impact Assessment and
Post-Environmental Investigation

Air quality
Environmental Impact Assessment
TSP(X,) PMyi(Xs) NOXs) SO(Xe)
PM,((X5) 0976
NO(Xs5) -0.349 -0.440
SOLXy) —0.020 0.166 -0.363
COXs) -0.347 —-0.391 0776  -0.290

Post-Environmental Investigation

TSP(X;)) PMip(Xs) NOJIXs)
PM,o(X;) 0.765
NOJX5) 0.746 0.524
COXs) 0.720 0.560 0922
~‘Water quality
Environmental Impact Assessment
pHX)) DO(X;)  BOD(Xs)
DO(X,) 0.869
BOD(Xs) —-0.885 —0.933
SS(X4) —0.910 -0.860 0976
Post-Environmental Investigation
pHX)) DO(X,)  BOD(Xj)
DO(X,) 0515
BOD(X;) 0.689 -0.117
SS(X,) ~0.342 0.069 -0.588
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Table 4. Continued

Noise and vibration

Environmental Impact Assessment
N(day)(X,) N(night)(X) V(day)}X;)
N(night)(X;)  0.786
V(day)(Xs) 0.735 0.819
Vinigh)(X;) 0534 0.673 0.802

Post-Environmental Investigation
N(day)(X,) N(night)(X,) V(day)(Xs)
N(night)(X;) 0961
V(day)(Xs) 0.735 0.734
V(nighty(Xs)  0.636 0.628 0.906

Environmental Impact Assessment

TS(X) VS(Xy) CuXs)  Cd(X)
VS(Xy) -0.994
Cu(X;) —-1.000 0.997
Cd(X,) -1.000 0.995 1.000
Pb(Xs) —0.910 0.860 0900  0.905
Post-Environmental Investigation
TSX) VS(X2) CuX;)  CdXy)
VS(Xy) -0.552
Cu(Xy) -0.790 0.074
Cd(Xy) 0.584 —0.999 -0.035
Pb(Xs) -0.832 —0.003 -0.997 -0.036
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Table 5. Assessment of air quality on the principal component
analysis(PCA) in the Environmental Impact Assess-
ment and Post-Environmental Investigation

Principal component
Eigenvalue 2.7346 13069 0.7336 02195 0.0054
Proportion  0.547 0261 0.147 0.044 0.001
Cumulative 0547 0.808 0955 0999 1.000

Variable PCI PC2 PC3 PC4 PCS
TSP(X)  —0.480 -0.522 0123 0064 0.691
PMo(X) -0.519 -0403 0259 -0.029 -0.708
NOy(Xs) 0483 -0361 0319 0.728 -0.062
SOXy)  -0223 —0564 0779 0096 0.123
CO(Xs) 0466 -0341 0457 -0675 0.047

Principal component

3.1275 0611  0.191  0.071
Proportion  0.782  0.153  0.048 0.018
Cumulative 0.782 0935 0982  1.000

Eigenvalue

Variable PC1 PC2 PC3 PC4
TSP(X,) —0.517 0267 0791  0.190
PM,o(Xs) 0449 0725 0502 -0.145
NO,(Xs) -0.515 0467 -0.006 -0.719
CO(Xs) -0.516 0431 0349 0.653
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Fig. 5. Distributions of score {a) and loading value (b} by PCA
in the Environmental Impact Assessment (air quality:
TSP, PM,o, NO;, SO;, CO).
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Fig, 6. Distributions of score (a) and loading value (b) by PCA
in the Post-Environmental Investigation (air quality:
TSP, PMy, NO,, CO).
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Table 6. Assessment of water quality on the principal
component analysis (PCA) in the Environmental
Impact Assessment and Post-Environmental Inves-
tigation

Principal component
Eigenvalue  3.718 0.1517 0.1271 0.0031
Proportion 0.930 0.038 0.032 0.001
Cumulative  0.930 0.967 0.999 1.000

Variable PC1 PC2 PC3
pH(X)) 0.493 —0.476 0.705
DO(X5) 0.492 0.769 0.258
BOD(Xj;) —0.510 -0.121 0.463
-0.504 0.409 472

SS(X4)

. PEKPost-Environr
Principal component
Eigenvalue 2.1257 1.2859 0.5155

0.0729
Proportion  0.531 0.321 0.129 0.018
Cumulative 0.531 0.853 0.982 1.000

Variable PC1 PC2 PC3 PC4
pH(X,) -0.602 —0.339 0.312 0.652
DO(X,) —0.183 -0.816 -0.340 —0.431
BOD(X3) —0.605 0.283 0.422 —0.613
SS(X,) 0.488 -0.373 0.781 -0.116

39E He TN F9E0] HARA 85.3%% ¥
T Het oo AA T AEE AT $ sl 4
(S)ylA SS(X, )9l F+) whE AT BE W (pH(X,),
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PCl(before) = 0.493pH(X,) + 0.492DO(X,)
~0.510BOD(X;) - 0.504SS(X,) (4

PCl(after) = —0.602pH(X,) - 0.183DO(X;)
—0.605BOD(X;) + 0.488SS(X,) (5)
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Fig, 7. Distributions of score (a) and loading value (b) by PCA
in the Environmental Impact Assessment (water quality:
pH, DO, BOD, SS).
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Table 7. Assessment of noise and vibration on the principal
component analysis (PCA) in the Environmental
Impact Assessment and Post-Environmental Inves-
tigation

EIA(Environmental Impact Assessment)

Principal component

Eigenvalue 3.1812 0.4940 0.1870
Proportion 0.795 0.1230 0.0470
Cumulative 0.795 0.9190 0.9660
Variable PC1 PC2 PC3
N(day)(X,) -0.480 0.638 0.575
N(night)(X,) —0.517 0.232 -0.775
V(day}(Xs) —0.529 -0.167 0.003
V(night)(X,) -0.472 -0.715 0.261

PEI(Post-Environmental Investigation)

Principal component

Eigenvalue 3.302 0.5775 0.0818
Proportion 0.826 0.144 0.020
Cumulative 0.826 0.970 0.990
Variable PC1 PC2 PC3
N(day)(X,)) -0.506 -0.483 0.128
N(night}(X,) -0.504 -0.492 0.040
V(day)(Xs) -0.511 0.398 -0.761
V(night)(X,) -0.478 0.605 0.635
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(6)
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~0.529V(day(X5)) — 0.472V (night(X,))
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Fig. 9. Distributions of score (a) and loading value (b) by PCA
in the Environmental Impact Assessment (Noise (day,

night) and vibration (day, night)).
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Table 8. Assessment of soil on the principal component
analysis (PCA) in the Environmental Impact Assess-
ment and Post-Environmental Investigation

e Environmental Impact Assessment)
Principal component
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Fig. 10. Distributions of score (a) and loading value (b) by PCA

in the Post-Environmental Investigation (Noise (day,
night) and vibration (day, night)).

Eigenvalue 4.8275 0.1725 0.000 0.000 0.000
Proportion 0966 0.034 0.000 0.000 0.000
Cumulative 0966 1.000 1.000 1.000 1.000
Variable PC1 PC2 PC3 PC4 PCS
TS(X)) 0455 -0.124 0744 0447 -0.159
VS(X,) —0449 0380 -0.108 0790 0.133
Cu(Xs) -0454 0.180 0236 -0.174 -0.822
Cd(Xy) —0454 0147 0.616 -0.333 0.531
Pb(Xs) —0423 —0.887 0.000 0.185 0.000
, Environmental Investigation) =~
Principal component
Eigenvalue 29634 2.0366 0.000 0.000 0.000
Proportion 0.593 0407 0.000 0.000 0.000
Cumulative 0.593  1.000 1.000 1.000 1.000
Variable PC! PC2 PC3 PC4 PC5
TS(X)) -0.581 0.008 0.027 0.156 -0.799
VS(Xy) 0315 0589 0491 03540 -0.147
Cu(X;) -0463 0422 0484 0575 0.204
Cd(Xy) -0334 0574 0541 0413 0311
Pb(X5) 0487 0382 0481 -0428 —0.450
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Fig. 11. Distributions of score (a) and loading value (b) by PCA
in the Environmental Impact Assessment (TS, VS, Cu,
Cd, Pb).
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Fig. 12, Distributions of score (a) and loading value (b) by PCA
in the Post-Environmental Investigation (TS, VS, Cu,
Cd, Pb).
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