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Abstract

This study was an investigation of heavy metal contents in a 50 km coastline in Miaoli. The coast
between Zhinan and Yuanli were divided into 26 segments according to estuary and geographical
locations to obtain habitat samples, which were mainly sand, from 2014 to 2015. In the second sampling

year, in addition to adding more sample stations mainly for repeated sampling purposes, a total of 255
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sand samples were gathered to measure the concentration of 32 heavy metals by X-ray fluorescence
spectrometer. Multivariate statistical analysis was performed on the quantitative data to compare the
samples. Four groups of elements were further categorized based on ordination of principal component
analysis and dendrograms from cluster analysis. At Longfeng Port, measurements showed 9056.6ppm of
titanium, 731.8ppm of manganese, 37719.1ppm of iron, all highest values in Miaoli coast. Estuary of
Houlong showed higher values in zirconium, zinc, lead, thorium, potassium, rubidium, sulfur, indicating
slight contamination. Arsenic was measured at 40.36ppm in Tungshiau, a value much higher than the
overall average of Miaoli coast. This shows the need to investigate the source of arsenic pollution. Dune
in Yuanli Town was developed; fishing port often had seasonal accumulation of sand, and thus it is low in
utilization rate. Currently it is pollution-free.
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Fig. 1. Study area of Miaoli Coast, 2014-2015.
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Fig. 2. Sampling stations of Miaoli Coast, 2-1 estuary of Chungkang; 2-2 estuary of Houlong and Xihu;
2-3 estuary of Yuanli and Fangli, 2014-2015.
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Table 1. Maximum and Mean of 32 heavy metal contents (ppm) from 255 samples in Miaoli coasts,

Taiwan, 2014-2015

ppm
Maximum Mean Std. Maximum Mean Std.

Statistic Std. Error  Deviation Statistic  Std. Error Deviation

Ag 8.87 1.56 A1 1.72 Pd 9.74 1.31 13 2.00
As 40.36 6.61 22 3.54 Rb 76.66 40.06 .65 10.43
Ba 447.51 347.35 2.73 43.55 S 1142.43 345.84 13.55 216.33
Ca  58549.20 3540.64 419.20 6694.06 Sb 45.05 25.97 .52 8.24
Cd 12.40 4.52 18 2.84 Sc 36.89 2.94 .29 4.57
Co 148.54 36.61 2.01 32.02 Se 1.93 .06 .02 24
Cr 207.43 29.78 1.33 21.22 Sn 57.47 34.51 47 7.56
Cs 97.93 69.99 74 11.76 Sr 255.53 61.56 1.45 23.20
Cu 32.86 9.56 46 7.27 Te 200.08 113.61 1.67 26.73
Fe 37719.08 12014.40 251.62 4018.09 Th 15.56 6.96 17 2.73
Hg 18.77 2.49 22 3.46 Ti 9056.55 1970.54 60.72  969.65
K 17556.72 8088.23 165.54 2643.46 U 7.13 .65 .08 1.22
Mn 731.81 190.83 5.53 88.37 v 98.22 27.68 .86 13.73
Mo 5.83 77 .08 1.24 W 117.32 11.61 93 14.91
Ni 50.02 10.20 .69 11.03 Zn 87.55 42.33 77 12.33
Pb 33.03 11.85 27 4.34 Zr 1934.06  230.49 1342 21432
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Pearson Coefficient

3. WS 255 fEEEAHR 32 THE SEITR L EHCRIREHIRE - 2014-2015 4F -
Fig. 3. A dendrogram showing unweighed pair-group method with the Pearson coefficient of 255
samplings among 32 heavy metal contents in Miaoli Coast, 2014-2015.
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Fig. 4. Ordination of 32 heavy metal contents by 255samples along the first two PCA axes in Miaoli
Coast, 2014-2015.
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Fig. 5. Ordination of 255 samples by 32 heavy metal contents along the first two PCA axes in Miaoli

Coast, 2014-2015.
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Fig. 8a. Boxplot of Ti, Zr, Cu contents in sampling stations in Miaoli Coast, Taiwan.
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