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Abstract

This study was conducted to investigate heavy metal contents in Guan-sin algal reefs coast of
Taoyuan, northwest Taiwan, in order to confirm the location and direction of pollution sources.
Twenty-eight stations were set up in ten sampling lines in Guanyin District and Sinwu District, Taoyuan
City. Eight sampling stations were set up as controls in Shimen District and Sanzhi District, New Taipei
City, north Taiwan. In total 84 samples were obtained from the studied northwest region and 24 from the
north coast region. Every sample was measured by X-ray fluorescence for 32 heavy metal contents.
Multivariate statistical analysis, Ordination of principal component analysis and dendrogram of cluster
analysis were used for the quantitative analysis. This has confirmed several main elements for discussion.
Concentrations of Titanium (Ti), zirconium (Zr), thorium (Th), iron (Fe), vanadium (V) were different,
but trends of change between samples were highly similar. Calcium (Ca), strontium (Sr), scandium (Sc)
were another group of highly similar elements. In addition, barium (Ba), cerium (Cs), tellurium (Te),
antimony (Sb), tin (Sn) were low in concentration, but some radioisotopes were similar in the changes of
element concentration, indicating possible sources of elements consistent between samples. These
elements should be included in monitoring efforts. Zirconium concentration in Taoyuan Guan-sing algal
reefs reached 4,462 ppm andon average it was 747 ppm. In comparison, the maximum value in north
coast algal reefs was 181 ppm, and on average it was only 78 ppm. Especially in the coastal areas of
Guanyin, zirconium was still in high concentration of 1,800 ppm at 250 m offshore, showing land-based
sources of zirconium. Titanium was 5,735 ppm in Guan-sing algal reefs coast, and the maximum in north
coast was 1,883 ppm; Strontium was 4,622 ppm, and the maximum value was 1,808 ppm in the north
coast. Strontium, titanium, zirconium contents were higher than that in the control samplings of north
coast, showing external contamination. Evidently pollutants have infiltrated the earthwork fillings in
artificial snake-cage dyke and Hsiaofanli Creek, Hsinwu Creek, Houhu Creek and Shetzu Creek. Shihmen
Reservoir silt piled on the beach of Yongan Fishing Port, and Sinwu District, Taoyuan might also contain
pollutants. Further stringent investigations should be conducted to examine possible sources of pollution.
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Fig. 1. Stations of nine algal reef sampling lines (L1-L9) on the Guan-sing algal reef coasts in Taoyuan of

northwest Taiwan, 2012.
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Fig. 2. Eighty-eight sampling locations in Guanyin algal reefs coast in Taoyuan of northwest Taiwan, 2011.
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Fig. 3. Stations of beach sampling lines (L10) on the south side of Yongan Fishing Port in Taoyuan of

northwest Taiwan, 2012.
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Fig. 4. Sampling stations at algal reefs of Shimen District and Sanzhi District in north coast of Taiwan, 2012.
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Table 1. Statistics of 32 heavy metal contents fromsamples in Taoyuan coast of northwest Taiwan and

north coast of Taiwan

Taoyuan coast of Taiwan(n=84)

north coast of Taiwan(n=24)

max average stdev max average stdev

Sr 4622 996.3 820.7 1808 918.9 343.9
Ca 173621 40325.8 35163.3 180674 72523.5 40616.6
Sc 320 86.8 69.0 333 151.3 76.0
S 1696 687.2 419.8 3199 1681.6 835.0

Fe 63623 18334.0 9568.9 66310 16985.5 13696.7
Zr 4462 746.5 796.9 181 78.3 43.3
Rb 70 39.5 15.0 102 311 20.0
Th 54 14.4 9.0 24 9.3 5.4
Ti 7950 1392.2 1220.6 1883 637.0 457.5
\% 166 41.2 24.0 92 46.3 19.4

K 8586 4295.1 2025.6 6688 3100.3 1436.0

Zn 188 80.3 28.6 210 71.8 43.2
Cr 126 64.0 16.7 99 57.6 13.0
Pb 53 20.8 8.0 61 20.3 11.7
Cu 213 57.5 32.2 152 44.2 36.1
Mn 15202 1460.5 2152.0 7569 904.9 1463.6
As 159 18.7 19.0 65 16.2 14.8
Mo 21 8.4 5.6 22 7.7 4.5
u 16 1.6 2.9 10 0.9 2.2

Se 3 0.2 0.5 3 0.4 0.9
Hg 28 4.7 6.6 23 6.3 8.0
w 141 28.2 30.9 114 24.1 28.9
Ni 75 19.8 20.6 45 12.8 15.7
Co 266 39.7 47.1 246 45.7 77.6
Ba 408 202.9 98.3 339 173.6 94.8
Cs 116 34.8 26.7 101 36.6 25.9
Te 184 40.1 46.7 170 43.2 47.3
Sh 41 6.3 9.4 34 6.2 9.4
Sn 47 12.9 13.1 41 12.9 133
Cd 17 1.7 3.1 12 2.0 31
Ag 9 0.7 1.8 5 1.0 1.7
Pd 13 0.9 2.1 6 1.0 1.7
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Fig. 5. Ordination of 32 heavy metal contents in 84 samples along the first two PCA axes in Taoyuan

coast of northwest Taiwan, 2012.
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Fig. 6. A dendrogram showing weighed pair-group method with the mean character difference of 84

samplings among 32 heavy metal contents in Taoyuan coast of northwest Taiwan, 2012.
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Fig. 8. A dendrogram showing weighed pair-group method with the mean characteristic difference of 24

samplings among 32 heavy metal contents, 2012.
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Table 4. Statistics of 26 heavy metal contents in sampling lines in Taoyuan coast of northwest Taiwan, 2012

linel (n=9) line2 (n=9) line3 (n=9) line4 (n=9) line5 (n=6)

max average stdev max average stdev max average stdev  max average stdev  max average stdev
Mo 20.7 10.6 5.7 11.8 5.6 4.3 12.6 7.1 28 203 9.8 49 213 143 4.3
Zr 28675 624.6 928.2 1386.0 562.7 491.3 7958 4196 226.8 13515 509.0 416.5 22453 11329 6794
Sr 24441 1138.1 553.7 2804.4 1077.9 705.8 1538.7 1056.3 444.2 19146 9619 561.5 2070.0 9484 677.6
U 5.9 11 2.3 31 0.4 1.0 3.3 0.4 1.1 157 2.6 52 10.2 34 4.6
Rb 698 46.0 187 65.9 418 178 534 388 136 557 453 96 640 385 16.2
Th 40.1 143 9.9 224 11.8 59 211 115 45 267 155 74 235 16.6 5.6
Pb 342 205 9.8 36.0 21.2 9.8 29.6 217 49 251 20.2 48 529 282 147
Se 0.7 0.1 0.2 3.2 0.7 1.2 1.4 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0
As 58.7 189 1738 26.8 13.2 6.6 275 175 6.7 404 111 114 159.0 408 58.2
Hg 281 7.2 9.5 17.1 6.3 6.5 20.9 8.3 7.1 5.6 0.6 19 117 4.2 5.2
Zn 1346 945 39.1 1876 925 46.2 1402 885 270 1296 818 293 1209 937 241
W 372 135 150 86.9 256 323 494 108 205 1376 474 422 943 351 371
Cu 116.7 798 337 2133 706 57.0 994 58.0 246 1251 720 283 917 692 246
Ni 475 215 176 65.8 150 224 571 158 218 612 122 200 711 432 285
Co 827 327 337 747 323 317 982 198 337 714 292 307 1767 662 719

Fe 243290 15632.2 6536.1 22988.1 15725.1 5356.2 25493.4
Mn 2961.6 10852 762.3 1896.3 776.2 469.1 1997.2

Cr 788 615 9.8 92.9 648 144
\% 499 335 102 46.3 355 9.5
Ti 1439.8 9258 4431 21951 13174 620.7 18
Sc 1590 915 394 2579 1066 798 1

76.8
66.2
77.6
74.0

16787.5 5582.0 18184.6 148754 2673.5 63623.2 283486 18225.1
1182.1 518.0 15201.8 2536.3 4794.2 126437 3584.9 4494.5
618 111 896 678 161 834 645 126
404 130 510 333 126 771 46.0 209
1107.2 674.7 1306.1 966.9 362.6 2901.3 1533.6 764.9
899 585 1747 784 478 1333 643 371

Ca 551429 302116 13696.9 1041132 55937.4 391716 1013348 40897.3 29508.3 679156 26407.2 18890.2 682216 327824 204083

7472.6 4226.4 1939.3 85855  5363.5 2159.6 62
S 13352 861.0 307.8 15535 850.3 4274 11
Ba 2254 1654 523 3337 218.7 1004 2
Cs 481 250 153 78.6 421 310
Te 458 147 193 1184 58.3 509
Sb 10.0 2.6 4.0 25.2 102 112

Sn 19.9 7.1 8.3 31.9 165 139
Cd 4.7 0.9 15 7.8 24 3.2
Ag 1.0 0.2 0.3 5.0 11 17

Pd 6.1 0.7 2.0 3.9 0.9 15

13.7
18.6
74.2
51.6
94.3
7.6
24.1
35
43
2.0

3962.1 1701.0 5865.9 3975.2 1745.5 7190.0 3881.7 2077.6
683.8 2549 980.0 603.3 243.8 1249.3 423.3 4493
1785 551 1957 1444 50.7 3119 1961 86.5
260 173 333 180 134 624 327 237
26.2 322 444 115 145 813 266 412
1.4 2.9 7.2 1.2 25 141 3.4 5.8
6.3 75 252 52 86 260 119 110
0.9 1.4 4.4 0.5 15 7.3 1.6 3.0
0.5 1.4 13 0.2 0.4 1.2 0.4 0.6
0.3 0.7 0.0 0.0 0.0 3.9 13 1.6
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line6 (n=9) line7 (n=6) line8 (n=9) line9 (n=9) line10 (n=9)

max average stdev max average stdev max average stdev  maxaverage stdev = maxaverage stdev
Mo 114 6.1 4.2 7.4 6.1 1.2 170 123 50 193 131 4.8 2.3 0.6 1.0
Zr 44619 17940 14741 802.8 3443 259.2 1848.8 968.4 585.2 2179.2 867.7 538.8 849.7 236.6 234.1
Sr 2517.3 12418 713.2 4622.2 2386.8 1764.7 1957.7 973.4 4378 7156 5386 1286 1008 87.6 8.4
U 0.8 0.1 0.3 1.6 0.3 0.7 6.0 2.3 24 8.2 2.8 3.5 6.9 2.6 2.6
Rb 572 405 11.0 37.7 26.0 13.0 36.1 239 92 596 365 113 612 533 6.6
Th 473 203 146 14.6 9.1 4.9 223 136 6.0 271 16.6 53 535 140 150
Pb 287 190 5.0 17.6 13.1 3.2 332 231 70 38 232 83 274 181 5.4
Se 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.5 0.7 1.2 0.2 0.4 0.2 0.0 0.1
As 339 204 106 19.6 10.1 7.7 503 261 145 378 16.2 95 272 174 7.2
Hg 4.7 1.1 1.8 9.4 3.6 4.0 17.2 7.4 73 272 6.8 9.5 4.7 0.9 1.6
Zn 1103 833 197 61.9 48.4 7.9 90.0 674 145 1214 716 209 924 749 9.2
W 66.2 311 2438 60.9 28.0 224 775 309 332 1412 348 470 560 26,7 145
Cu 1045 663 251 42.1 335 103 90.3 436 235 842 509 190 418 274 102
Ni 746 308 235 52.8 243 236 29.9 93 106 330 147 145 396 205 129
Co 2660 458 889 1217 317 484 981 549 350 916 331 326 1124 578 435
Fe 51657.7 29059.0 12309.2 20067.9 11433.7 6486.8 26747.4 15325.8 6800.8 22245.4 14787.2 4604.6 39006.2 22404.0 8489.8
Mn 4442.4 1401.7 1283.8 1826.4 926.9 521.0 3850.9 2209.5 1090.2 2416.2 1006.9 770.9 723.6 4259 162.2
Cr 982 715 17.6 76.5 581 107 1258 712 288 840 561 152 1126 61.2 20.3
\% 166.1 689 46.8 42.3 36.0 5.0 69.2 386 143 470 275 98 1392 519 351
Ti 5735.4 2821.3 1702.7 1268.7 760.8 402.6 1678.3 838.7 557.7 1360.3 7215 405.2 7950.2 2765.2 2077.9
Sc 1227 817 400 3201 2054 1174 196.2 1212 483 1484 524 378 149 8.9 41
Ca 68028.8 51163.9 21701.8 173620.5 108118.7 56937.2 93711.5 53153.1 25118.1 54888.9 19153.8 14272.4 8537.8 5516.2 2176.5
K 73244 5261.4 1555.1 5309.6 4072.1 787.4 3571.0 2291.3 1114.4 4124.2 2601.9 1274.8 7887.4 7103.3 689.2
S 14514 6776 4844 1199.1 855.9 414.4 1696.1 1190.9 376.9 802.2 501.8 236.3 396.1 191.8 121.7
Ba 2720 1520 76.1 296.5 2253 631 4081 2448 156.0 296.8 159.8 79.1 388.1 3489 247
Cs 63.6 209 19.2 63.7 46,5 178 1163 553 409 783 224 259 763 62.0 8.8
Te 778 117 259 1151 526 421 1841 847 73.0 1040 268 387 1142 879 193
Sh 12.2 14 41 18.0 5.7 8.9 406 153 166 248 44 84 210 161 24
Sn 22.8 9.8 9.7 29.1 15.6 10.6 470 228 182 218 5.0 83 409 293 8.8
Cd 0.0 0.0 0.0 5.7 1.2 2.3 16.9 5.1 6.6 5.6 1.3 24 5.8 2.6 1.8
Ag 0.0 0.0 0.0 1.8 0.4 0.7 6.8 2.1 2.8 9.3 2.3 3.6 0.3 0.0 0.1
Pd 44 0.5 1.4 6.5 1.3 2.6 7.4 1.9 3.0 131 1.9 4.4 1.2 0.2 0.4
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Table 5. Statistics of Sr, Ti, Zr, Cu, Zn contents in samplesfrom Taoyuan coast of northwest Taiwan and

north coast of Taiwan, 2012

95 % Confidence Interval

Area Mean S_td'. Std. Error t df Sl_g' _Mean of the Difference
Deviation ~ Mean (2-tailed) Difference

Lower Upper

Sr 996.33 820.69 89.54 11.13 83 .000 996.33 818.23 1174.43
Taoyuan Ti 1392.18 1220.57 133.17 1045 83 .000 1392.18 1127.30 1657.06
coast Zr 746.50 796.95 86.95 8.59 83 .000 746.50 573.56 919.45
Zn 80.26 28.57 3.12 25.75 83 .000 80.26 74.06 86.46

Cu 57.54 32.21 3.51 16.37 83 .000 57.54 50.55 64.53

Sr 918.92 343.89 70.20 13.09 23 .000 918.92 773.71 1064.13

Ti 637.02 457.51 93.39 6.82 23 .000 637.02 443.84 830.21

’(\:I(())e:: Zr 7831 43.32 8.84 8.86 23 .000 78.31 60.02 96.60
Zn 71.79 43.16 8.81 8.15 23 .000 71.79 53.56 90.01

Cu 4423 36.08 7.36 6.01 23 .000 44.23 28.99 59.46
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Fig 9. Histogram of Sr, Ti, Zr contents at sampling lines and stations in Taoyuan coast of northwest

Taiwan, 2012.
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Fig. 10. Histogram of Sr, Ti, Zr contents at sampling stations and lines in north coast of Taiwan, 2012.
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Fig. 11. Boxplot of Cu, Zn contents in sampling lines in Taoyuan coast of northwest Taiwan and north

coast of Taiwan, 2012.
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Fig. 13. Boxplot of Zr contents at three sampling stations in Taoyuan coast of northwest Taiwan, 2012.
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