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Application of Principal Component Analysis (PCA ) for the Estimation of Source
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Abstract: Concentrations of heavy metals and organic matter in the bottom sediments of Jiaozhou Bay were determined and the average
enrichment factors ( AEFs) were used simultaneously to evaluate the extent of metal enrichment-contamination. Results show that
heavy metal contamination in this bay could be divided into three groups: negligible to low contamination ( AEFs< 2), which is the
case of Zn (AEF= 1.11), Pb (AEF= 1.15), Cr (AEF= 1.52), Mn (AEF= 0.80) and Fe ( AEF= 0.45); moderate
contamination (AEFs= 2~ 3), which is the case of Cu (AEF= 2.79) and Cd (AEF= 2.52); certain to severe contamination ( AEFs
> 3), As (AEF= 3.03) and Hg (AEF= 8.08) being included in this group. Principal component analysis ( PCA) was applied to
17.37% and

15. 60% of the total variance respectively exhibited that industrial wastewater, degradation of organic matter and erosion of rocks

estimate the sources of heavy metal contamination. Results that the first three components accounted for 52.61% ,

were the main sources of heavy metal contamination. The Q-analysis of PCA indicated that 14 stations could be divided into five
groups. This result not only reflected the pollution characteristic of surface sediments, but also provided fundamental evidences for the
putative analysis that industrial discharge is the main source of heavy metal contamination in Jiaozhou Bay.
sediments; heavy metal; sources of
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Fig. 1 Loeation of monitoring stations
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obtained in the present study with certified values
JLF AHIE G W A ZEAN St iR 2 Y%
Cu/mgkg ™' 28.2 28. 1 0.36
Zn/ mgrkg ™' 60. 1 61.5 2.28
Ph/ mgekg ™ ' 23.6 24.0 1. 67
Cd/mgrkg ™' 0.034 0.035 2. 86
Hg/mge kg™ ' 0.0169 0.0173 2.31
As/mg*kg ' 9.21 9.56 3.66
Al %% 14. 49 14.9 2.75
Cr/mg*kg™ ! 78. 48 79.9 1.78
Mn/mg*kg ' 1110.6 1063 4. 48
Fel % 3. 06 3.07 0.33
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Table 2 Concentrations of metal elements and LOI in surface

sediments of Jiaozhou Bay

T H 0 [ SR AEFsy.
LOV/ % 0.89~ 27.71 5.50

Cu/mgkg™ ' 9.74~ 498.9 71.97 2.79
Zn/mg*kg ! 47.64~ 170. 4 100. 3 1.11
Phimg*kg ! 23.09~ 89.76 38.94 1.15
Cd/mgekg™ ' 0.072~ 1.94 0. 604 2.52
Hg/ mgekg™ ' 0.029~ 2. 11 0.323 8.08
As/mgokg ! 21.02~ 37.84 30. 27 3.03
Al % 9.57~ 17.41 13.25

Cr/mgkg ™' 42.7~ 430. 4 99. 21 1.52
Mn/mg*kg™ ! 242.9~ 882.7 473.5 0. 80
Fel % 1.11~ 2.07 1.73 0.45
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Table 3 Background values of heavy metals of fine sediments

in South Yellow Sea /mg*kg !
JLE Cu Zn Pb Cd Cr Mn Fe As Hg
Hai
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25.8 90.5 33.9 0.24 65.3 590 3.83 10 0.04

2.2 iz PCA Hie 5 99 KU

T 5E0T I MV DU b £ B s Yedn gt AT IR 7 4
BT, A5 IS PR SCHR bR, R IE TS e 2 ) FLAT A
SEE A G P, H Bartlett EK 8 A0 56 A £F K 4
0. 000, /NS FPEAKF 0. 05, K AT 57 1) Hc i
WA TAER T 0. WK 4 nTLUE W, i 3 s 40
Bk B0, DO 11 Bhis B 11 AN ) 14
Al 1 3 AN T (FFAEAH: 5.787+ 1.911+
1. 815= 9. 513 A4 Jz Wk 86. 48% , BT 3 4~
gy HEAT 23 M O 28 BE W5 e e 4 30 K 30 (%0 K3 4
i B

A I TR N 52. 61%, FF R RN
[KF42 5 4F Cr, Cu, Zn, Cd 19K & A 5w 1 1F 4%
fof. BT S VR R SRS ) ON GBS E RT AN, S
Cr FECRAM T & EAHE Co BTEXRAWK
&), MR A HES DBEN BN, Brek, Kk 28

LLE] AP IAT 2  ] EE ] D3 [XCE K P Cu A Cr
(iP5 R AE o T I P S A X 20T RIE A Cr, Cu
2 PP G X A (K DR s T CAEE AR S
B AR 22 1R Sz o 75 S0, B s T bk vs Ml A= 3%
ARSI v5 g K 5 0 &5 P 2 811
Pearson FH5¢¢ &, H.tP Cu, Zn, Cr, Cd 2 |8] B A7 &
55 [ AH OGP, AH DG RN 0.653( Cd-Cr) &2 0.943
(Cur Cr), ATANEE — 3 oy B B R VIR T
G2Ja Cr Al Cu AU, [FINE843 SCAC Zn, Cd 12K
W B UTHR R L 17.37%, 78 LOT L3
fi 9 0. 809. 7£ LOT b 1y ey 48 45 Ui W A WLTL A% b 42
JEBETEEWNEEE . NE S WTLLE A
HEIFRCES LOT A5 B2 M IEA ¢, d sk nr LLHE
W7 EET T AL PR 5 P e i 1 4 D 2 1 PR R TS DL
B 4R o0 % 0 3L — R, RIS = ko &
FERAE T A HUT GUR ) b 5 6 g o U5 1) DTk A
2 4 LU RS NS E Zn, Pb, Cd, Hg W% L
(s i e, Serh BL He A d i (0.952), H LOT 5
Hg 2 A [AAHC R B 0. 675, 7843 Ui W M 75 i
Yh He (A7 TERFAE 75 A JCADBIF 98 & 159 Hh 10 4518,
EIFTHLBRE He fEDTR P i RS 4554, Ko &
Sy (0 A8 4L R v He 20 A 10 3 2 4% 4l [N
TR G R R F AT Ph G SR
Zn AL Cd (R, 5 = s 10 BRFAE JEAE Mn
I Fe [P ¥ % bA7 88 @ 10 8 far, 23 54 0.828 Fi
0.765. (1T Mn I Fe st DU i) 3 2402
By, BT XA 2 oy 1 R AR T HERE 2 0 11
XU G e i st TR As A
AL RS B2 M o S AE. P 2 &5 )
F4 EAMRPERSTHEBITHER

rI‘il.hl(". 4 rI‘I](“. l'['lilil] I‘ill(‘lllal(".(l ]'HH[II'S Ilr |1rilll‘i|]&l| l'(}llll](}]"l(".]"ll illlill}'SiS

( PCA) in this study

i H [ DRt £ 1'% R PO oy 12 SR Ve oY 14 §
kSRR I 5.787 1.911 1.815
vT itk 4/ % 52.61 17.37 16. 50
Situriks e 52.61 69. 98 86. 48
Cu 0.966 459  0.212 365 - 0.059 691
Zn 0.625 553 0.622 538 0.263 583
Ph - 0.193 436 0.898 797 0.278 499
Cd 0.546 194  0.778 790 - 0.043 521
Hg 0.051 260  0.952 390 - 0.075 403
As - 0.347 732 - 0.634 387 0.474 388
Al - 0.427 954 - 0.559 270 0.509 577
Cr 0.981 826  0.113 537 0.013 423
Mn - 0.009 045 - 0.487 326 0.764 694
Fe 0.075 368  0.403 545 0.828 403
LOI 0.344 783 0.809 438 - 0.066 780
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F5 ZTLYE Pearson X R (p< 0.05)
Table 5 Pearson correlation coefficients of the pollutants
JLE Cu Zn Ph Cd Hg As Al Cr Mn Fe
Zn 0. 903"
Ph 0.736" 0. 705"
cd 0. 745" 0. 749 0.530°
Hg 0. 934" 0.912 0.780 0.763"
As -0.393  -0.336 -0.231 - 0.187 - 0.371
Al - 0.433 -0.363 -0.125 - 0.349 - 0.446  0.697
Cr 0. 943" 0.934 0.714° 0. 653" 0.881° - 0.354 - 0.301
Mn - 0.020 - 0.072 0.134 - 0.332 - 0.147 0. 648" 0. 600" 0.073
Fe 0.622° 0. 499" 0.842" 0.521° 0.582°  0.077 0.178 0. 596" 0. 385
LOI 0.745 0.732° 0.459° 0.714" 0.675° - 0.354 — 0.481 0.701° - 0.240 0. 398
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